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Preface
Welcome to PQE-2011. This is the 41st annual Winter Colloquium on the Physics
of Quantum Electronics, one of the longest running conferences on laser and quantum
physics.
There are 199 talks scheduled over 4 days, including 31 plenary and 168 invited
talks, covering a wide range of physics from semiconductor lasers to fundamental
effecs such as Unruh and Hawking radiation, theory and experiment, applied and less
so. There are 40 posters scheduled for our poster session.
Our setting, Snowbird, is one of the world’s premier ski resorts. Set in Little
Cottonwood Canyon in the beautiful Wasatch Mountain range, this breathtaking
landscape is here to inspire you. Your afternoons are free so you can take advantage
of this setting.
No conference of this magnitude could ever be conducted without help from many
people. Without hesitation, I would like to acknowledge Prof. Marlan O. Scully,
of Texas A&M and Princeton Universities. It is Marlan’s vision that makes this
conference possible, and his insight as a scientist that guides the formation of all the
sessions.
I am extremely grateful to the efforts of a large number of session organizers, who
have invited and arranged most of the sessions. Robert W. Boyd, Alberto Bramati,
Howard E. Brandt, Leonid Butov, Kent D. Choquette, Weng Chow, Nir Davidson,
Jonathan P. Dowling, Jrg Evers, Ron Folman, Claire F. Gmachl, Godfrey Gumbs,
Mark Havey, Philip Hemmer, Randall G. Hulet, Robin Kaiser, Mark A. Kasevich,
Olga Kocharovskaya, T. S. (Willie) Luk, Frank A. Narducci, Adriana Palffy, Ernst
M. Rasel, Serge Reynaud, Jorge J. Rocca, Ralf Rhlsberger, Wolfgang Schleich, Ralf
Schtzhold, Tamar Seideman, Yan Hua Shih, Aaron Slepkov, Alexei Sokolov, Phillip
Sprangle, A. Douglas Stone, Dmitry Strekalov, Vladislav V. Yakovlev, and Aleksei
Zheltikov all contributed their organizational skills to this program.
I would also like to thank the highly skilled staff at Snowbird for making the
conference run smoothly. Jim Dixon helped with booking the facility, Craig Thomas
was our lodging coordinator, and Kelly Wilkins has done all the interfacing between
us and the facilities people in the Cliff Lodge.
It is my hope that this conference is useful and interesting.
George R. Welch, Texas A&M University
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Schedule

The conference takes place on January 2-6, 2011. The program consists of three
parts: there is a reception on Sunday evening, January 2; the technical sessions are
on Monday through Thursday mornings and evenings, January 3-6; and the poster
session with dinner is on Thursday afternoon, January 6. All events take place in the
Cliff Lodge at Snowbird.
Event

When and Where

Reception

Sunday evening, January 2
Time: 7:00 p.m.
Room: Golden Cliff
Notes: Includes pizza and crudités buffet dinner.

Continental Breakfast

Monday-Thursday mornings, January 3-6
Time: 7:00 a.m.
Room: Ballroom 2
Notes: Includes coffee and tea, juice, and pastries.

Technical Sessions

Monday-Thursday, January 3-6
Time: 7:30 a.m. – 1:00 p.m.,
7:00 p.m. – 10:30 p.m.
Rooms: Ballrooms 1 and 2
Magpie Rooms A and B
Wasatch Room A.
Notes: The technical sessions occur morning and evening.
See the program for information about rooms for individual talks. Your afternoons are free to enjoy the
atmosphere.

Poster Session and Buffet
Dinner

Thursday evening, January 6
Time: 5:00 p.m. – 7:00 p.m.
Room: Ballroom 3
Notes: Posters may be put up starting Wednesday morning, January 5. The “official” session is listed above, and
includes a buffet dinner.
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Location

All conference events are in the Cliff Lodge at Snowbird. Please refer to the diagrams
on the next page to determine the location of the various conference events.
Most events are on level B in the Cliff Lodge. For reference, this is the level with
the automobile entry-way, and the bell desk. The hotel reception desk is on level C.
Level C is directly above level B.
• Reception (Sunday evening): Golden Cliff room, Cliff Lodge level B.
• Plenary sessions: Ballrooms 1 and 2, Cliff Lodge level B.
• Breakout session 1: Ballroom 1, Cliff Lodge level B.
• Breakout sessions 2 and 3: Magpie rooms, Cliff Lodge level B.
• Breakout session 4: Wasatch A room, Cliff Lodge level C.
• Poster Session (Thursday afternoon): Ballroom 3, Cliff Lodge level B.
To reach the Snowbird Center, or other parts of Snowbird Village, it is common
to take the exit on the West end of the Cliff Lodge, and walk across the snow to
Snowbird Center. The Center is the building where the gentle “Chickadee” chair lift
terminates. It may also be possible to take a Snowbird Village shuttle to other parts
of the resort. You can ask about this at the concierge or bell desks.
A map of Snowbird Village follows the diagrams of the Cliff Lodge after this page.
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3.1

Information for Participants
Eating

The conference provides dinner on Sunday and Thursday evenings, and breakfast on
Monday through Thursday mornings. All other meals are the responsibility of the
participants.
Dinner on Sunday will be served during the reception, starting at 7:00 p.m. We
will provide a pizza buffet, with cheese plates and crudités. Soft drinks and two
alcoholic beverages per person will be free. Subsequent alcoholic beverages will be
sold for cash.
A continental breakfast of coffee and tea, pastries, and juice will be provided each
morning at 7:00 before the first plenary session. The breakfast will be in Ballroom 2.
A buffet dinner will be provided during the poster session on Thursday evening.
This will commence at 5:00 p.m. in Ballroom 3.
Many participants choose to eat lunch each day in the Atrium restaurant, on level
B of the Cliff Lodge, just outside the ballrooms. This restaurant serves a buffet lunch,
in the spectacular setting of the Cliff Lodge atrium. The other lunch possibility in
the Cliff Lodge is the Superior Snack Bar on level 3 of the Cliff Lodge, just beside
the outdoor pool. In Snowbird Center, there are several lunch possibilities, including
the Forklift restaurant, the Rendezvous cafeteria, and a fresh pizza oven. Also in
Snowbird Center is a small grocery store called General Gritts located on the lower
level.
For dinner, there are a large number of restaurants spanning the entire range from
bar food to fine dining, as well as several àpres ski possibilities. There will be a dining
guide in your hotel room, or the concierge at the Cliff Lodge level C can provide you
with one.
3.2

Entertainment

It goes without saying that one of the most common afternoon entertainments during
the conference is skiing. Many people ask if there is any discount for lift tickets
for conference attendees. We do get a small discount of approximately 10% which
varries depending on the type of ticket purchased. PQE attendees should show either
a lodging card or a name badge to receive the discount. The lodging card is issued
to guests when they check in. The card will identify them as being with the PQE
conference. The name badges that you receive at registration should work as well.
Participants also receive a $10.00 access fee to the Cliff Spa (normally $20.00) and a
20% discount on treatments there.
If you want more variety, you can also ski at the Alta ski resort – just a few miles
up Little Cottonwood Canyon from Snowbird. You can get a combined lift ticket,
and reach Alta via Snowbird lifts (weather permitting). Or, you can ride the UTA
bus (at Snowbird Center, or the East end of the Cliff Lodge, level 1) for free. Alta is
one of the few ski resorts in the country that does not allow snow-boarding, so plan
only to ski there.
PQE-2011
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If you stay in the Cliff Lodge, you can ski on the Chickadee lift (between the Cliff
Lodge and Snowbird Center) for free. Just tell the vendor at the lift ticket window
in the Cliff Lodge level 1 that you have a room in the Cliff Lodge and want a free
Chickadee pass.
3.3

Information for Speakers

• Please try to attend as many sessions as possible. This means staying through
Thursday evening. No one likes for their audience to be only the other speakers.
The only way the meeting can work is if all participants attend as many talks
as possible.
• Talk duration:
– Plenary talks are 30 minutes, including questions and laptop setup.
– Invited talks are 20 minutes, including questions and laptop setup.
• The meeting rooms will have LCD projectors (aka beamers) and standard overhead projectors. Computers are not provided.
• The LCD projectors (aka beamers) that are provided have standard XGA (1024x768)
interfaces. If you have a higher resolution laptop, please adjust it accordingly.
The connector is a standard VGA-style connector. If you have a Macintosh
computer that needs an adapter, please do not forget to bring it.
• If you plan to use your computer with the LCD projectors that are provided,
please learn to use your computer before your talk begins. The sessions must
proceed on time, so the time for configuring your laptop must be included in your
speaking time. The conference organizers cannot usually know how to connect
your computer for you.
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3.4

Special Issue Papers

Call for Papers
A special issue of the Journal of Modern Optics will be published in celebration
of PQE-2011. The special issue will be edited by George R. Welch of Texas A&M
University and Frank A. Narducci of the Naval Air Systems Command.
Please note that this is not a “conference proceedings” but rather a special issue
of a regular journal. Plenary and invited speakers are encouraged to submit papers,
but high quality papers are expected. Submissions from poster presenters will be
considered, but again we emphasize that high quality, original work is requested. For
further inquiries, please contact one of the editors.
Please note:
• These will be refereed papers published in a peer-reviewed journal. Manuscripts
will be reviewed according to normal journal procedures. These papers must
constitute original research material and cannot contain a substantial fraction
of material repeated from elsewhere. Special Issue submissions are subject to
the same rules concerning publication of original material as any other papers
submitted to any other journal.
• Because of the anticipated number of manuscripts, please do not submit if
you are not willing to review two other manuscripts.
• Manuscripts are due by February 28, 2011 (marked for the PQE special issue).
Contributions from invited speakers should be no longer than eight journal pages,
or about 4000 words less any space utilized by figures, equations, and tables. Contributions from plenary speakers should be no longer than 16 journal pages, or about
8000 words, again less the space used by figures, equations, and tables.
Here are instructions for paper submission:
• First, general information about the Journal of Modern Optics and submission
can be found at
http://www.tandf.co.uk/journals/titles/09500340.asp .
• Next, instructions for authors can be found at
http://www.tandf.co.uk/journals/authors/tmopauth.asp .
But please note that the website says that papers can be up to 8000 words long.
We need to impose a stricter page limit for the PQE special issue because of
space limitations.
• Finally, manuscripts are submitted by using the online submission system:
http://mc.manuscriptcentral.com/tmop .
• Important: You must make sure the paper is designated for the PQE special
issue. There is a box in the submision process where the author may state
whether the paper is for a special issue or a regular issue, and which special
issue it is for. In addition to this, authors may write in their cover letter that it
is intended for the PQE special issue.
PQE-2011
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Manuscripts are due by February 28, 2011 to ensure publication in the special
issue. If you need more time than this, or if you have difficulty with the online
submission system, please contact either George or Frank at the addresses below.
Editorial contacts:
George R. Welch – grw@tamu.edu
Frank A. Narducci – frank@aps.org

PQE-2011

10

4

Lamb Award

The Willis E. Lamb Award for Laser
Science and Quantum Optics.
The Willis E. Lamb Award for Laser Science and Quantum
Optics is presented annually at PQE for outstanding contributions to the field. The award honors Willis E. Lamb, Jr.,
famous laser scientist and 1955 winner of the Nobel Prize in
physics, who gave us many seminal insights and served as our
guide in so many areas of physics and technology.
The award is sponsored by the Physics of Quantum Electronics (PQE) conference
and presented at its Winter Colloquium in Snowbird, Utah. The award will be presented at PQE-2011 at 10:50 a.m. on Wednesday morning, January 5, 2011. The
2011 winners are:
Ron Folman, Ben-Gurion University
For pioneering contributions to the development of the atom chip and for the
application of material science to atom optics.
Randall G. Hulet, Rice University
For pioneering studies of ultra cold Bose and Fermi systems and their application to the understanding of fundamental processes.
Mark A. Kasevich, Stanford University
For pioneering contributions to the study of atom optics and interferometry,
and its application to quantum metrology.

Ron Folman

Randall G. Hulet

More information: http://www.lambaward.org/
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Mark A. Kasevich
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Program

There are three sessions each day, Monday through Thursday. Each session consists
of several plenary talks, followed by 3 or 4 parallel breakout sessions.
The first session begins at 7:30 a.m. each morning, following the continental breakfast. After the first breakout session there will be a coffee break, then the second
plenary session will begin. The second breakout session ends at 1:00 p.m. The third
plenary session starts at 7:00 p.m. each evening.
All plenary talks are in Ballrooms 1 and 2. The four breakout sessions are in
Ballroom 1, Magpie A, Magpie B, and Wasatch A. These rooms are shown on the
maps of the Cliff Lodge on page 4.
The following four pages show a block-diagram guide to the sessions, one for each
day. After that is a detailed listing of all the talks.
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Cliff Lodge, Snowbird, UT, USA

Block diagrams of sessions

Monday, January 3, 2011
7:00

Continental Breakfast – Ballroom 1&2

7:25
9:10

Plenary Session 1 – Ballroom 1&2
Invited Session:

Invited Session:

Ultrafast Photonics

Photoacoustics

Ballroom 1

Magpie A

10:30

Magpie B

Coffee Break – Ballroom 2

10:50
12:00

Invited Session:
Semiconductor
Quantum Dots and
Plasmonics

Plenary Session 2 – Ballroom 1&2
Invited Session:
Ultrafast Photonics
Ballroom 1

Invited Session:
Polaritons:
Fundamentals and
Applications

Invited Session:
Inertial and
Gravitational Mass in
Quantum Mechanics

Invited Session:

Magpie A

Magpie B

Wasatch A

Atom
Interferometers

Afternoon free
19:00
20:50

Plenary Session 3 – Ballroom 1&2
Invited Session:

Invited Session:

Invited Session:

Molecular
Modulation

Exciton
Condensates

Semiconductor
Lasers

Invited Session:
Quantum
Information
Processing

Ballroom 1

Magpie A

Magpie B

Wasatch A

PQE-2011

14

PQE-2010

Cliff Lodge, Snowbird, UT, USA

Tuesday, January 4, 2011
7:00

Continental Breakfast – Ballroom 1&2

7:30
9:10

Plenary Session 1 – Ballroom 1&2
Invited Session:

Invited Session:

Invited Session:

Invited Session:

CARS

Quantum Imaging

X-ray Lasers

Novel Optics

Ballroom 1

Magpie A

Magpie B

Wasatch A

10:30

Coffee Break – Ballroom 2

10:50
12:00

Plenary Session 2 – Ballroom 1&2
Invited Session:

Invited Session:

Invited Session:

Invited Session:

CARS

Laser Filamentation

Coherence in
Complex Systems

Whispering-Gallery
Resonators

Ballroom 1

Magpie A

Magpie B

Wasatch A

Afternoon free
19:00
20:50

Plenary Session 3 – Ballroom 1&2
Invited Session:
Fundamental Effects
From a Quantum
(Optics) Perspective

Invited Session:

Invited Session:

Invited Session:

Extreme Light

X-ray Quantum
Optics

Theoretical Optics

Ballroom 1

Magpie A

Magpie B

Wasatch A
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Wednesday, January 5, 2011
7:00

Continental Breakfast – Ballroom 1&2

7:30
9:10

Plenary Session 1 – Ballroom 1&2
Invited Session:
Quantum Metrology
Ballroom 1

Invited Session:
Macroscopic
Quantum
Phenomena
Magpie A

Invited Session:
Possible Realization
of Quantum
Computers with
Atoms
Magpie B

10:30

Coffee Break – Ballroom 2

10:50

Presentation of the
Willis E. Lamb Award for Laser Science and Quantum Optics
Ballroom 1&2

11:20
12:00

Plenary Session 2 – Ballroom 1&2
Invited Session:

Invited Session:

Quantum Sensors

Applications of the
Wigner Distribution

Ballroom 1

Magpie A

Invited Session:
Possible Realization
of Quantum
Computers with
Atoms
Magpie B

Invited Session:
Novel Optics
Wasatch A

Afternoon free
19:00
20:50

Plenary Session 3 – Ballroom 1&2
Invited Session:

Invited Session:

Invited Session:

Invited Session:

Quantum Sensors

Quantum Solar
Energy

Cooperative
Emission

Information on a
Photon

Ballroom 1

Magpie A

Magpie B

Wasatch A
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Thursday, January 6, 2011
7:00

Continental Breakfast – Ballroom 1&2

7:30
9:10

Plenary Session 1 – Ballroom 1&2
Invited Session:
NV Diamond
Quantum and Bio
Optics
Ballroom 1

10:10

Invited Session:
Superradiance and
Cooperative Effects

Invited Session:
Nuclear GammaRay Optics

Magpie B

Wasatch A

Coffee Break – Ballroom 2

10:30
11:40

Invited Session:
Coherent Perfect
Absorbers and PT
Symmetric Optical
Structures
Magpie A

Plenary Session 2 – Ballroom 1&2
Invited Session:

Invited Session:

Invited Session:

Invited Session:

Photonics of
Graphene

Quantum Coherence
Effects

Disorder Effects in
Atomic Physics

Unruh, Hawking, and
Casimir

Ballroom 1

Magpie A

Magpie B

Wasatch A

Afternoon free
17:00

Poster Session and Buffet Dinner – Ballroom 2&3

19:00
20:50

Plenary Session 3 – Ballroom 1&2
Invited Session:
NV Diamond
Quantum and Bio
Optics

Invited Session:
Improved Coherence
Times in Quantum
Systems

Invited Session:
Artificial Gauge
Fields in Cold-Atom
Systems

Ballroom 1

Magpie A

Magpie B
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Invited Session:
Casimir Physics
Wasatch A
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Numbers in brackets refer to the page number of the abstract

5.2

List of all sessions in detail

Monday, January 3 2011
Monday Morning Plenary Session 1
Location: Ballroom 1 and 2 — Frank A. Narducci, Chair
7:25 George R. Welch, Texas A&M University, “Welcoming Remarks”
7:30 Aleksei Zheltikov, Moscow State University, “Nonlinear optics of fast-ionizing media:
From the nanosecond to attosecond time scale” [ 281 ]
8:00 Lihong Wang, Washington University in St. Louis, “Photoacoustic Tomography: Ultrasonically Breaking through the Optical Diffusion Limit” [ 265 ]
8:30 J. Gary Eden, University of Illinois, “Three Body Photoassociation in the Pumping of
Atomic Lasers by Free-Free Optical Transitions” [ 115 ]

Monday Morning Invited Session 1
Breakout Session 1: Ultrafast Photonics.
Location: Ballroom 1 — Aleksei Zheltikov, Chair
9:10 Takao Fuji, Institure for Molecular Science, Japan, “Time resolved photoelectron imaging
of polyatomic molecules with 15 fs UV pulses” [ 121 ]
9:30 Joseph W. Haus, University of Dayton, “Unusual Linear and Nonlinear Optical Properties
of Metallodielectrics” [ 129 ]
9:50 Igor Lednev, University at Albany, SUNY, “Advanced Vibrational Spectroscopy for Structural Characterization of Amyloid Fibrils” [ 168 ]
10:10 Jinghua Sun, Heriot-Watt University, UK, “Phase-coherent ultrafast sources spanning
from the UV to the mid-infrared” [ 249 ]

Breakout Session 2: Photoacoustics.
Location: Magpie A — Lihong Wang, Chair
9:10 Hao F. Zhang, Northwestern University, “Imaging the retina with multiple optical contrasts” [Runner up — PQE-2011 Best Abstract. See page 278 ]
9:30 Tak Buma, University of Delaware, “Wavelength agile photoacoustic microscopy with a
pulsed supercontinuum source” [ 84 ]
9:50 Shai Ashkenazi, University of Minnesota, “Photoacoustic lifetime imaging (PALI) of dissolved oxygen using Methylene Blue” [ 65 ]
10:10 Vladislav V. Yakovlev, University of Wisconsin - Milwaukee, “Stimulated Raman excitation with ultrasound detection” [ 275 ]
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Breakout Session 3: Semiconductor Quantum Dots and Plasmonics.
Location: Magpie B — J. Gary Eden, Chair
9:10 Eric Shaner, Sandia National Laboratories, “Strong Coupling Between Surface Plasmons
and Conduction State Transitions in InAs Quantum Dots” [ 232 ]
9:30 Alexander Carmele, Theoretische Physik, Technische Universität Berlin, “Theory of
quantum dot cavity-QED: LO-phonon induced antibunching of thermal radiation and cavity
feeding” [ 87 ]
9:50 Julia Kabuss, Technische Universität Berlin, “Theory of quantum emission from semiconductor quantum dots: coherently controlled photon statistics” [ 145 ]
10:10 Dan Wasserman, University of Massachusetts Lowell, “Enhanced transmission through
subwavelength apertures using ENZ metamaterials” [ 268 ]

Monday Morning Plenary Session 2
Location: Ballroom 1 and 2 — Virgil Sanders, Chair
10:50 Alberto Bramati, Lab. Kastler Brossel, UPMC, Paris, “Propagation of Polariton Quantum Fluids” [ 81 ]
11:20 Wolfgang Schleich, Universität Ulm, “Inertial and gravitational mass in quantum mechanics” [ 225 ]

Monday Morning Invited Session 2
Breakout Session 1: Ultrafast Photonics.
Location: Ballroom 1 — Joseph W. Haus, Chair
12:00 Ming-Lie Hu, Tianjin University, “From the ultraviolet to terahertz and from white- to
black-light generation with photonic-crystal fiber sources of ultrashort pulses” [ 135 ]
12:20 Andrius Baltuska, TU Wien, “Ponderomotive energy scaling with a 0.1-TW peak power
mid-IR few-cycle source” [ 68 ]
12:40 Alexei Sokolov, Texas A&M University, “Controlled femtosecond laser filaments for remote sensing” [ 238 ]

Breakout Session 2: Polaritons: Fundamentals and Applications.
Location: Magpie A — Alberto Bramati, Chair
12:00 Pavlos Savvidis, University of Crete / FORTH, “A New Generation of Electrically Driven
Polariton Devices” [ 221 ]
12:20 Yoan Léger, LOEQ - EPFL, “Multi-valued spin switching, towards novel spin-optronic
devices” [ 177 ]
12:40 Maria Vladimirova, CNRS - University Montpellier 2, FRANCE, “Polariton-polariton
interaction in microcavities” [ 262 ]
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Breakout Session 3: Inertial and Gravitational Mass in Quantum Mechanics.
Location: Magpie B — Wolfgang Schleich, Chair
12:00 Ernst Maria Rasel, Leibniz Universität Hannover, “Testing the Equivalence Principle
with degenerate quantum matter” [ 209 ]
12:20 Hartmut Abele, Atominstitut-TU Wien, “The Quantum Bouncing Ball and Gravity Resonance Spectroscopy” [ 57 ]
12:40 Philippe Bouyer, CNRS-Institut d’Optique, “Underground and airborne matter-wave inertial sensors: towards fundamental tests of gravitation” [ 79 ]

Breakout Session 4: Atom Interferometers.
Location: Wasatch A — Christoph Weiss, Chair
12:00 Frank A. Narducci, Naval Air Systems Command, “Raman Resonances in Magnetic
Fields” [ 193 ]
12:20 Holger Müller, University of California, Berkeley, “Precision tests of General Relativity
with matter waves” [ 192 ]
12:40 Evan Salim, JILA/University of Colorado, “High Resolution Through-Chip Imaging for
Atomtronics” [ 219 ]

Monday Evening Plenary Session
Location: Ballroom 1 and 2 — Howard E. Brandt, Chair
19:00 Masayuki Katsuragawa, University of Electro- Communications, Japan, “A Raman approach for ultrafast optical technology” [ 152 ]
19:30 Leonid Butov, University of California, San Diego, “Spin Texture in a Cold Exciton Gas”
[ 85 ]
20:00 Alan Aspuru-Guzik, Harvard University, “Quantum Computation for the Simulation of
Chemical Systems” [ 66 ]

Monday Evening Invited Session
Breakout Session 1: Molecular Modulation.
Location: Ballroom 1 — Masayuki Katsuragawa, Chair
20:50 Andy Kung, National Tsing Hua University, Taiwan, “Multiple harmonics generation:
molecular modulation vs cascaded generation by QPM” [ 162 ]
21:10 Deniz D. Yavuz, University of Wisconsin - Madison, “Continuous Wave Light Modulation
at Molecular Frequencies” [ 276 ]
21:30 Fetah Benabid, University of Bath, “Quantum fluctuation initiated coherence in multioctave Raman frequency comb” [ 73 ]
21:50 Miaochan Zhi, Texas A&M University, “Pulse-shaper-assisted phase optimization of an
ultrabroadband spectral comb” [ 282 ]

PQE-2011

21

Numbers in brackets refer to the page number of the abstract

Breakout Session 2: Exciton Condensates.
Location: Magpie A — Leonid Butov, Chair
20:50 Jacqueline Bloch, LPN/CNRS, France, “Spontaneous formation and optical manipulation
of polariton condensates” [ 76 ]
21:10 Dmitriy Krizhanovskii, Sheffield University, UK, “Role of interactions on the properties
of collective polariton states in strongly coupled microcavities” [ 159 ]
21:30 Na Young Kim, Stanford University, “An Exciton-Polariton Laser Diode” [ 155 ]
21:50 Makoto Kuwata-Gonokami, The University of Tokyo, “Stability of an ensemble of excitons in a quantum degenerate regime in a bulk semiconductor of Cu2O - Search for BoseEinstein Condensation of excitons” [ 164 ]

Breakout Session 3: Semiconductor Lasers.
Location: Magpie B — Dan Wasserman, Chair
20:50 Mikhail Belkin, The University of Texas at Austin, “Lambda∼2.6-3.6um InGaAs/AlInAs
quantum cascade laser sources based on intra-cavity second harmonic generation” [ 72 ]
21:10 Kent Choquette, University of Illinois, “Leaky-Mode Coherent Vertical Cavity Laser
Arrays” [ 96 ]
21:30 Claire F. Gmachl, Princeton University, “Spectral innovations for mid-infrared Quantum
Cascade lasers” [ 125 ]
21:50 Gottfried Strasser, TU Vienna, “InGaAs/GaAsSb/InP Quantum Cascade Lasers” [ 245 ]

Breakout Session 4: Quantum Information Processing.
Location: Wasatch A — Alan Aspuru-Guzik, Chair
20:50 Franco Wong, Massachusetts Institute of Technology, “Defeating Passive Eavesdropping
using Quantum Illumination” [ 272 ]
21:10 Ari Mizel, Laboratory for Physical Sciences, “On Fault-tolerant Ground-state Quantum
Computation” [ 189 ]
21:30 Frank Gaitan, Laboratory for Physical Sciences, “Robust high-fidelity universal quantum
gates” [ 123 ]
21:50 Howard E. Brandt, Army Research Laboratory, “Warp-Speed Causal Connectivity” [ 82 ]

Tuesday, January 4 2011
Tuesday Morning Plenary Session 1
Location: Ballroom 1 and 2 — Phil Szuromi, Chair
7:30 Aaron Slepkov, National Research Council of Canada, “Facile integration of CARS
spectro-microscopy with traditional nonlinear optical microscope platforms” [ 237 ]
8:00 Yanhua Shih, University of Maryland Baltimore County, “Multi-photon Interferometry
with Incoherent Thermal Light - simulation of multi-photon entangled states” [ 234 ]
8:30 Jorge J. Rocca, Colorado State University, “Advances in compact high brightness soft
x-ray lasers: sub-10 nm wavelengths and smaller size” [ 212 ]
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Tuesday Morning Invited Session 1
Breakout Session 1: CARS.
Location: Ballroom 1 — Aaron Slepkov, Chair
9:10 Marcos Dantus, Michigan State University, “Imaging Reactive Flows and Trace Quantities of Hazardous Substances Using Single Beam Cars” [ 107 ]
9:30 Evgeny Shapiro, The University of British Columbia, “CARS spectroscopy by interfering
noisy broadband light” [ 233 ]
9:50 Chris Lee, University of Twente, “Sub-Diffraction-Limited-Resolution CARS Microscopy
via incoherent saturation of vibrational transitions” [ 169 ]
10:10 Norihiko Hayazawa, RIKEN, “Towards Tip-enhanced Nonlinear Raman Spectroscopy &
Nanoscopy” [ 131 ]

Breakout Session 2: Quantum Imaging.
Location: Magpie A — Yanhua Shih, Chair
9:10 Ron Meyers, Army Research Laboratory, “Turbulence-free ghost imaging [ 186 ]
9:30 Giuliano Scarcelli, Harvard University, “Towards ghost imaging with cosmic ray muons”
[ 223 ]
9:50 Sanjit Karmakar, University of Maryland, Baltimore County, “The first ghost image from
Sun light [ 150 ]
10:10 Hui Chen, University of Maryland, Baltimore County, “Two-photon Anti-correlation and
Interference with Incoherent Thermal Radiations” [ 92 ]

Breakout Session 3: X-ray Lasers.
Location: Magpie B — Jorge J. Rocca, Chair
9:10 Carmen Menoni, Colorado State University, “Movies of nanoscale dynamics by extreme
ultraviolet microscopy” [ 185 ]
9:30 Sergei V. Bulanov, APRC-JAEA, Japan, “Relativistic Mirrors in Laser Plasmas - Novel
Path towards Compact Source of Coherent X-Rays” [ 83 ]
9:50 Nina Rohringer, Lawrence Livermore National Laboratory, “Photoionization Based
Atomic Inner-Shell X-Ray Laser in Neon at 850 eV Realized at the Linac Coherent Light
Source” [ 214 ]
10:10 Pankaj Kumar Jha, Texas A&M University, “Lasing Without Inversion in XUV-Regime”
[ 141 ]
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Breakout Session 4: Novel Optics.
Location: Wasatch A — Xi Wang, Chair
9:10 Vitaly Kocharovsky, Texas A&M University, “Microscopic theory of phase transitions”
[ 158 ]
9:30 Holger Schmidt, University of California, Santa Cruz, “Slow light and EIT on a hollowcore waveguide spectroscopy chip” [ 226 ]
9:50 Harald Kübler, Universität Stuttgart, “Coherent Rydberg Excitation in Thermal Microcells” [ 165 ]
10:10 Eric Van Stryland, CREOL, University of Central Florida, “Extreme Nondegenerate
Two-Photon Absorption in Semiconductors” [ 259 ]

Tuesday Morning Plenary Session 2
Location: Ballroom 1 and 2 — Edward S. Fry, Chair
10:50 Phillip Sprangle, Naval Research Laboratory, “Remote Atmospheric Lasing and Lasing
without Inversion in the XUV” [ 240 ]
11:20 Tamar Seideman, Northwestern University, “Coherence in Complex Systems” [ 230 ]

Tuesday Morning Invited Session 2
Breakout Session 1: CARS.
Location: Ballroom 1 — Marcos Dantus, Chair
12:00 Eric Potma, University of California, Irvine, “Four-wave mixing in gold films” [ 205 ]
12:20 Marcus Cicerone, NIST, “Broadband coherent Raman microscopy: chemical imaging for
biology” [ 98 ]
12:40 Hyunmin Kim, NIST, “Imaging of four-wave-mixings from sub-micrometer scale structures” [ 154 ]

Breakout Session 2: Laser Filamentation.
Location: Magpie A — Phillip Sprangle, Chair
12:00 Daniel Gordon, Naval Research Laboratory, “Computer Modeling of Photoionization”
[ 126 ]
12:20 Martin Richardson, Townes Institute, UCF, “Air filamentation – today and in the future”
[ 211 ]
12:40 Pavel Polynkin, University of Arizona, “Filamentation of beam and pulse shaped femtosecond laser pulses” [ 203 ]

Breakout Session 3: Coherence in Complex Systems.
Location: Magpie B — Tamar Seideman, Chair
12:00 Maxim Sukharev, Arizona State University, “Ab initio electrodynamics of multi-level
media optically coupled to metal nanostructures” [ 248 ]
12:20 Greg Engel, The University of Chicago, “Imaging Excited State Dynamics: Uncovering
Design Principles behind Quantum Biology” [ 116 ]
12:40 Victor Batista, Yale University, “Tunneling Under Control by Sequences of Unitary
Pulses” [ 70 ]
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Tuesday Evening Plenary Session
Location: Ballroom 1 and 2 — Vladislav V. Yakovlev, Chair
19:00 Ralf Schützhold, Universität Duisburg-Essen, “Squeezing in fundamental quantum phenomena and quantum optics” [ 228 ]
19:30 Margaret Murnane, University of Colorado/JILA, “Capturing Electron Dynamics in
Materials using Bright Coherent X-Rays” [Runner up — PQE-2011 Best Abstract.
See page 191 ]
20:00 Jörg Evers, Max Planck Institute for Nuclear Physics, “X-ray and gamma-ray quantum
optics” [ 117 ]

Tuesday Evening Invited Session
Breakout Session 1: Fundamental Effects From a Quantum (Optics) Perspective.
Location: Ballroom 1 — Ralf Schützhold, Chair
20:50 William Unruh, University of British Columbia, Vancouver, “Measurement of Thermal
Spectrum of Hawking radiation in an Analog system” [ 258 ]
21:10 Gerald Dunne, University of Connecticut, “The Schwinger Effect (Pair Production from
Vacuum): Interference Effects and Laser Pulse Shape” [ 113 ]
21:30 Daniele Faccio, Heriot-Watt University, “Hawking radiation and horizon physics in ultrashort laser pulse filaments” [ 118 ]
21:50 Dietrich Habs, LMU Munich, “QED cascades at the Extreme Light Infrastructure - Nuclear Physics (ELI-NP)” [ 128 ]

Breakout Session 2: Extreme Light.
Location: Magpie A — Margaret Murnane, Chair
20:50 Wim Leemans, Lawrence Berkeley National Laboratory, “Advances in laser plasma accelerators at LBNL” [ 170 ]
21:10 Chris Barty, Lawrence Livermore National Laboratory, “Nuclear Photonics with MonoEnergetic Gamma-rays (MEGa-rays)” [ 69 ]
21:30 Henry Kapteyn, Univ. of Colorado/JILA, “Ultrahigh resolution imaging using Tabletop
Coherent EUV Light Sources” [ 149 ]
21:50 Olga Kocharovskaya, Texas A&M University, “Few-cycle attosecond pulses via periodic
resonance interaction with hydrogen-like atoms” [ 157 ]

Breakout Session 3: X-ray Quantum Optics.
Location: Magpie B — Jörg Evers, Chair
20:50 Steve Southworth, Argonne National Laboratory, “Optical control of excitation and decay
of core-excited states” [ 239 ]
21:10 Eric R. Hudson, University of California, Los Angeles, “A thorium doped solid-state
optical frequency reference” [ 137 ]
21:30 Kei Sawada, RIKEN, “Enhanced translation of x-rays by a Berry-phase effect” [ 222 ]
21:50 Hui Xia, TAMU/Princeton, “Observing population of HeI excited states during recombination after optical field ionization with ultra-fast spectroscopy” [ 274 ]
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Breakout Session 4: Theoretical Optics.
Location: Wasatch A — Kent D. Choquette, Chair
20:50 Hakan Tureci, Princeton University, “Collective Multi-mode Effects in Quantum Optics”
[ 257 ]
21:10 Viktor Podolskiy, University of Massachusetts Lowell, “Analytical technique for subwavelength far field imaging” [ 202 ]
21:30 P. Scott Carney, University of Illinois, “Coherence theory for pulse trains” [ 88 ]
21:50 Shiyao Zhu, Beijing Computational Research Center, “The role of Lamb shifts in the
quantum interference of spontaneous emission” [ 283 ]

Wednesday, January 5 2011
Wednesday Morning Plenary Session 1
Location: Ballroom 1 and 2 — Alexei Sokolov, Chair
7:30 Mark A. Kasevich, Stanford University, “Quantum metrology with cold atoms” [ 151 ]
8:00 Randall G. Hulet, Rice University, “Propagation of Bose Condensates and Matter-Wave
Solitons Across Disordered or Barrier Potentials” [ 138 ]
8:30 Ron Folman, Ben-Gurion University, “Engineering the environment of quantum information processing on atom chips: where material science meets quantum optics” [ 119 ]

Wednesday Morning Invited Session 1
Breakout Session 1: Quantum Metrology.
Location: Ballroom 1 — Mark A. Kasevich, Chair
9:10 James K. Thompson, JILA/NIST/University of Colorado, “Spin-Squeezing of a Large
Ensemble via the Vacuum Rabi Splitting” [ 254 ]
9:30 Murray Holland, JILA, “Prospects for a superradiant laser” [Winner — PQE-2011
Best Abstract. See page 133 ]
9:50 Dan Stamper-Kurn, UC Berkeley, “Collective atomic motion and spin in an optical
cavity” [ 243 ]
10:10 John Close, Australian National University, “High Visibility Gravimetry With a Bose
Einstein Condensate” [ 100 ]
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Breakout Session 2: Macroscopic Quantum Phenomena.
Location: Magpie A — Randall G. Hulet, Chair
9:10 Simon Cornish, Durham University, “Bright matter wave solitons: formation, dynamics
and quantum reflection” [ 103 ]
9:30 Alexej I. Streltsov, Heidelberg University, Germany, “Non-equilibrium dynamics of fragmented states in attractive BECs” [ 247 ]
9:50 Christoph Weiss, University of Oldenburg, “Spatial mesoscopic quantum superpositions
generated via scattering of bright solitons” [ 269 ]
10:10 Boris Malomed, Tel Aviv University, “Suppression of the quantum-mechanical collapse
by repulsive interactions” [ 178 ]

Breakout Session 3: Possible Realization of Quantum Computers with Atoms.
Location: Magpie B — Ron Folman, Chair
9:10 Roman Schmied, University of Basel, “Multiparticle Entanglement on an Atom Chip”
[ 227 ]
9:30 Dana Z. Anderson, University of Colorado, “Atom Chips, Atomtronics, and Quantum
Signal Processing” [ 63 ]
9:50 Eric Charron, Université Orsay, France, “Towards realistic schemes for quantum logic
gates on atom chips” [ 90 ]
10:10 Robert J. C. Spreeuw, University of Amsterdam, “Magnetic mictrotrap arrays as a
platform for quantum information science” [ 241 ]

Wednesday Morning Plenary Session 2
Location: Ballroom 1 and 2 — Marlan O. Scully, Chair
10:50 Lamb Award, “The presentation of the 2011 Willis E. Lamb Award for Laser Science and
Quantum Optics”
11:20 Jönåthán P. Døwlı̂ng, Louisiana State University, “Quantum Optical Computing, Imaging, and Metrology” [ 114 ]

Wednesday Morning Invited Session 2
Breakout Session 1: Quantum Sensors.
Location: Ballroom 1 — Jonathan P. Dowling, Chair
12:00 Christopher Wildfeuer, Louisiana State University, “Techniques for enhancing the precision of measurements with photon number resolving detectors” [ 271 ]
12:20 Petr M. Anisimov, Louisiana State University, “Squeezing the Vacuum and beating
Heisenberg: Limits? Where we’re going we do not need any limits!” [ 64 ]
12:40 Eugeniy E. Mikhailov, College of William and Mary, “Generation of squeezed vacuum
with hot and ultra-cold Rb atoms” [ 188 ]
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Breakout Session 2: Applications of the Wigner Distribution.
Location: Magpie A — Vitaly Kocharovsky, Chair
12:00 Leon Cohen, City University of New York (Hunter College), “Propagation and Spread of
Non-Stationary Noise in a Dispersive Medium” [ 101 ]
12:20 Justin Peatross, Brigham Young University, “Quantum behavior of free-electron photoemission in strong laser fields” [ 199 ]
12:40 Patrick Loughlin, University of Pittsburgh, “Detection with the Wigner Distribution”
[ 175 ]

Breakout Session 3: Possible Realization of Quantum Computers with Atoms.
Location: Magpie B — Dana Z. Anderson, Chair
12:00 Xianli Zhang, University of Wisconsin, “A neutral atom quantum gate and entanglement
using Rydberg blockade” [ 279 ]
12:20 Trey Porto, Joint Quantum Institute, “Control of Neutral Atoms in Optical Lattices”
[ 204 ]
12:40 Tom Stace, University of Queensland, “Scalable quantum computing with atomic ensembles” [ 242 ]

Breakout Session 4: Novel Optics.
Location: Wasatch A — Dmitri Voronine, Chair
12:00 Edward S. Fry, Texas A&M University, “Integrating Cavity Ring-Down Spectroscopy”
[ 120 ]
12:20 Norbert Kroó, Hungarian Academy of Sciences, “Hanbury Brown and Twiss type correlations with surface plasmons” [ 160 ]
12:40 Sándor Varró, Hungarian Academy of Sciences, “On the question of the existence of needle
radiation. The 100 years old experiment on wide-angle interference by Pál Selényi and the
modern concept of photons” [ 260 ]

Wednesday Evening Plenary Session
Location: Ballroom 1 and 2 — Claire F. Gmachl, Chair
19:00 Gang Chen, Massachusetts Institute of Technology, “Thermal Radiation Transport in
Nanostructures” [ 91 ]
19:30 Ralf Röhlsberger, Deutsches Elektronen Synchrotron DESY, “Cooperative Emission in
the X-ray Regime” [ 217 ]
20:00 Robert W. Boyd, Universities of Ottawa and Rochester, “Information in a Photon” [ 80 ]
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Wednesday Evening Invited Session
Breakout Session 1: Quantum Sensors.
Location: Ballroom 1 — Eugeniy E. Mikhailov, Chair
20:50 Geoff Pryde, Griffith University, “Optimal multiphoton phase sensing and measurement”
[ 207 ]
21:10 Jonathan C. F. Matthews, University of Bristol, UK, “Entangled Multi-Photon States
in Waveguide for Quantum Metrology” [ 181 ]
21:30 Kevin McCusker, University of Illinois, “Efficient Quantum Optical State Engineering”
[ 182 ]
21:50 Xi Wang, Texas A&M University, “Self-Implemented Heterodyne CARS by Using Its
Intrinsic Background” [ 266 ]

Breakout Session 2: Quantum Solar Energy.
Location: Magpie A — Gang Chen, Chair
20:50 Zhengdong Cheng, “Photoelectrochemical Hydrogen Production from Water/Methanol
Decomposition Using Nanocomposites” [ 93 ]
21:10 Harry Atwater, California Institute of Technology, “Surpassing Conventional Light Trapping Limits in Photovoltaics” [ 67 ]
21:30 T. S. (Willie) Luk, Sandia National Laboratories, “Anomalous enhanced emission from
PbS quantum dots in photonic crystal microcavities” [ 176 ]
21:50 Gregory N. Nielson, Sandia National Laboratories, “Toward high efficiency and low cost
solar power systems through independent solar cell junctions and scale effects” [ 195 ]

Breakout Session 3: Cooperative Emission.
Location: Magpie B — Ralf Röhlsberger, Chair
20:50 Alexander Poddubny, Ioffe Institute, St. Petersburg, Russia, “Collective radiance from
semiconductor quantum wells and quantum dots” [ 201 ]
21:10 Vasily Temnov, Massachusetts Institute of Technology, “Photon statistics in superradiance” [ 252 ]
21:30 Anatoly Svidzinsky, Texas A&M University, “Cooperative spontaneous emission of N
atoms: collective non-local effects” [ 250 ]
21:50 Arthur Dogariu, Princeton University, “High Gain Backward Lasing of Oxygen in Air”
[ 110 ]

Breakout Session 4: Information on a Photon.
Location: Wasatch A — Robert W. Boyd, Chair
20:50 John Howell, University of Rochester, “Mutual Information Characterization of Tranverse
Entanglement” [ 134 ]
21:10 Anand Kumar Jha, University of Rochester, “Orbital Angular Momentum: Interference,
Entanglement, and Precision Measurement” [ 140 ]
21:30 Jonathan Leach, University of Glasgow / University of Ottawa, “Full-field quantum correlations and the efficient sorting of quantum states of light” [ 167 ]
21:50 Dan Gauthier, Duke University, “High rate quantum key distribution” [ 124 ]
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Thursday, January 6 2011
Thursday Morning Plenary Session 1
Location: Ballroom 1 and 2 — Arthur Dogariu, Chair
7:30 A. Douglas Stone, Yale University, “Coherent perfect absorbers, time-reversed lasing and
PT-symmetric amplifier-absorbers” [ 244 ]
8:00 Robin Kaiser, INLN, CNRS, Nice, “Cooperative Scattering with Cold Atoms” [ 146 ]
8:30 Adriana Pálffy, Max Planck Institute Heidelberg, Germany, “Excitons, entanglement and
coherent control with nuclei” [ 208 ]

Thursday Morning Invited Session 1
Breakout Session 1: NV Diamond Quantum and Bio Optics.
Location: Ballroom 1 — Philip Hemmer, Chair
9:10 Jeorg Wrachtrup, Stuttgart University, “Diamond defects: Sensitive probes for their magnetic and electric environment” [ 273 ]
9:30 Paola Cappellaro, Massachusetts Institute of Technology, “Ensemble diamond magnetometer” [ 86 ]
9:50 Alexei Trifonov, Harvard University, “Some application of nanodiamonds in bio-imaging
and neuroscience” [ 256 ]

Breakout Session 2: Coherent Perfect Absorbers and Parity-Time-Reversal Symmetric
Optical Structures.
Location: Magpie A — A. Douglas Stone, Chair
9:10 Demetri Christodoulides, CREOL, University of Central Florida, “PT-Symmetry in
Optics” [ 97 ]
9:30 Wenjie Wan, Yale University, “Time-reversed Lasing and Control of Absorption in a Twochannel Coherent Perfect Absorber” [ 264 ]
9:50 Gregory Salamo, University of Arkansas, “Observation of PT-Symmetry Breaking in
Optics” [ 218 ]

Breakout Session 3: Superradiance and Cooperative Effects.
Location: Magpie B — Robin Kaiser, Chair
9:10 Cristiano Ciuti, Université Paris Diderot-Paris 7, “Ultrastrong coupling circuit-QED:
vacuum degeneracy and quantum phase transitions” [ 99 ]
9:30 Kristian Baumann, ETH Zürich, “The Dicke quantum phase transition with a superfluid
gas in an optical cavity” [ 71 ]
9:50 Karyn Le Hur, Yale University, “Quantum Phase Transitions of Light: From Superradiance to Circuit QED” [ 166 ]
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Breakout Session 4: Nuclear Gamma-Ray Optics.
Location: Wasatch A — Adriana Pálffy, Chair
9:10 Sebastien Couet, Katholieke Universiteit Leuven, “Directly probing the magnetic field
inside a superconducting Nb film by nuclear resonant scattering” [ 105 ]
9:30 Bernhard Adams, Argonne National Laboratory, “Manipulation of nuclear gamma-ray
superradiance” [ 59 ]
9:50 Lee Bernstein, Lawrence Livermore National Laboratory, “Using NIF to study the interaction of hot nuclear matter with neutron-rich plasmas” [ 75 ]

Thursday Morning Plenary Session 2
Location: Ballroom 1 and 2 — Jon P. Davis, Chair
10:30 Godfrey Gumbs, Hunter College of CUNY, “Effects of Electric and Magnetic Fields on
Plasma Excitations and Electron Transport in Graphene” [ 127 ]
11:00 Mark Havey, Old Dominion University, “Disorderly Conduct in Ultracold Atomic Gases”
[ 130 ]

Thursday Morning Invited Session 2
Breakout Session 1: Photonics of Graphene.
Location: Ballroom 1 — Godfrey Gumbs, Chair
11:40 Oleg Berman, New York City College of Technology of CUNY, “Electromagnetic wave
propagation through a graphene-based photonic crystal” [ 74 ]
12:00 Wei Pan, Sandia National Laboratories, “Some recent experimental results in high quality
epitaxial graphene films” [ 197 ]
12:20 Danhong Huang, Air Force Research Lab, “Enhanced mobility of semiconducting
graphene nanoribbons in nonlinear transport regime” [ 136 ]
12:40 Klaus Ziegler, Universitaet Augsburg, “Optical properties of graphene mono- and bilayers”
[ 284 ]

Breakout Session 2: Quantum Coherence Effects.
Location: Magpie A — Olga Kocharovskaya, Chair
11:40 Nina Meinzer, Karlsruhe Institute of Technology (KIT), “Plasmonic Metamaterials Coupled to Single-Quantum-Well Gain” [ 183 ]
12:00 Matthieu Bonarota, Laboratoire Aimé Cotton - CNRS, “Efficiency and capacity of an
Atomic Frequency Comb based quantum memory” [ 78 ]
12:20 Alexey Kalachev, Texas A&M University, “Quantum storage via refractive index control”
[ 148 ]
12:40 Chris O’Brien, Texas A&M University, “Coherently Controllable Photonic Structures
with Zero Absorption” [ 196 ]
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Breakout Session 3: Disorder Effects in Atomic Physics.
Location: Magpie B — Mark Havey, Chair
11:40 Gabriel Lemarié, SPEC - CEA Saclay, “Critical State of the Anderson Transition: Between a Metal and an Insulator” [ 171 ]
12:00 Romain Pierrat, Institut Langevin, Paris, “Photonic local density of states and coherent
effets in cold atomic gas” [ 200 ]
12:20 Dmitriy V. Kupriyanov, St. Petersburg State Polytechnic University, “Coherent Control
of Diffuse Light Dynamics in an Ultracold Atomic Gas” [ 163 ]
12:40 Matt Pasienski, University of Illinois at Urbana Champaign, “Disordered insulator in an
optical lattice” [ 198 ]

Breakout Session 4: Unruh, Hawking, and Casimir.
Location: Wasatch A — Anatoly Svidzinsky, Chair
11:40 Marlan O. Scully, Texas A&M and Princeton University, “Virtual Photons From Unruh
Radiation and the Lamb Shift to Dicke’s Superradiance” [ 229 ]
12:00 Michael Duff, Imperial College London, “Black holes and qubits” [ 112 ]
12:20 Eric Akkerman, Technion Israel Institute of Technology, “Thermal radiation and photon
statistics on fractals” [ 61 ]
12:40 Israel Klich, University of Virginia, “Casimir, Entropy and Entanglement Entropy” [ 156 ]

Thursday Evening Plenary Session
Location: Ballroom 1 and 2 — Eric Akkerman, Chair
19:00 Fedor Jelezko, University of Stuttgart, “Towards scalable quantum registers in diamond”
[ 139 ]
19:30 Nir Davidson, Weizmann Institute, “Spectral narrowing and dynamical decoupling in a
dense ensemble of optically trapped atoms” [ 108 ]
20:00 Serge Reynaud, LKB CNRS ENS UPMC Paris, “Casimir effect : quantum optics in
vacuum” [ 210 ]

Thursday Evening Invited Session
Breakout Session 1: NV Diamond Quantum and Bio Optics.
Location: Ballroom 1 — Fedor Jelezko, Chair
20:50 Nick Melosh, Stanford University, “Diamondoid as coatings for electron emission materials” [ 184 ]
21:10 David Simpson, University of Melbourne, “The NV centre as a fluorescent quantum probe
in biology” [ 236 ]
21:30 Victor Acosta, University of California, Berkeley, “Broadband magnetometry with
nitrogen-vacancy ensembles in diamond and related optical and spin-relaxation properties”
[ 58 ]
21:50 Philip Hemmer, Texas A&M University, “Subwavelength imaging with NV diamond”
[ 132 ]
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Breakout Session 2: Improved Coherence Times in Quantum Systems.
Location: Magpie A — Nir Davidson, Chair
20:50 Peter Rosenbusch, SYRTE - Observatoire de Paris, “Spin self-rephasing and very long
coherence times” [ 215 ]
21:10 Renbao Liu, Chinese Univ of Hong Kong, “Control of solid-state qubit decoherence in spin
baths” [ 173 ]
21:30 John Bollinger, NIST, Boulder, “Dynamical Decoupling Experiments with Ion Crystals
in Penning Traps” [ 77 ]
21:50 Kristiaan De Greve, Stanford University, “Complete optical coherent control and spin
echo of single InAs quantum dot spins.” [ 109 ]

Breakout Session 3: Artificial Gauge Fields in Cold-Atom Systems.
Location: Magpie B — Ernst M. Rasel, Chair
20:50 Naceur Gaaloul, Leibniz Universität Hannover, “Non-abelian Gauge-field simulators with
cold atoms” [Runner up — PQE-2011 Best Abstract. See page 122 ]
21:10 Brandon Anderson, University of Maryland, “Interferometry with Synthetic Gauge
Fields” [ 62 ]
21:30 Karina Jimenez-Garcia, NIST / Joint Quantum Institute, “Artificial gauge fields for
ultracold neutral atoms” [ 143 ]
21:50 Gergely Szirmai, ICFO-The Institute of Photonic Sciences, “Layered Quantum Hall Insulators with Ultracold Atoms” [ 251 ]

Breakout Session 4: Casimir Physics.
Location: Wasatch A — Serge Reynaud, Chair
20:50 Ho Bun Chan, Hong Kong Univ. of Science & Technology, “Geometry and material
dependence of the Casimir force on nanostructured silicon surfaces” [ 89 ]
21:10 Umar Mohideen, University of California, Riverside, “Controlling the Casimir Force with
Light and Shape” [ 190 ]
21:30 Alejandro W. Rodriguez, Harvard/MIT, “Computing Casimir Forces in Complex
Nanosystems” [Runner up — PQE-2011 Best Abstract. See page 213 ]
21:50 Joël Chevrier, Institut Néel Grenoble, “Casimir and heat transfer” [ 94 ]
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5.3

Poster session

5:00–7:00 p.m., Thursday, January 6, 2011.
Victor Acosta, UC Berkeley
“Broadband magnetometry with nitrogen-vacancy ensembles in diamond and related optical and spin-relaxation
properties” [ 58 ]
Bernhard Adams, Argonne National Laboratory
“Manipulation of nuclear gamma-ray superradiance” [ 59 ]
Bernhard Adams, Argonne National Laboratory
“Precise Orbital Tracking of an Asteroid with a Phased Array of Radio Transponders” [ 60 ]
Alan Aspuru-Guzik, Harvard University
“Quantum Effects in Photosynthetic Energy Transfer”
Matthieu Bonarota, Laboratoire Aimé Cotton - CNRS
“Efficiency and capacity of an Atomic Frequency Comb based quantum memory” [ 78 ]
Yidong Chong, Yale University
“The Steady-state Ab Initio Laser Theory And Its Application To Photonic Crystal Surface-Emitting Lasers”
[ 95 ]
Michael Cone, Texas A&M Univsersity
“Measuring the Absorption Coefficient of Pure Water in the UV Using an Integrating Cavity Absorption Meter”
[ 102 ]
Simon Cornish, Durham University
“A Quantum Degenerate Mixture of 87Rb and 133Cs.” [ 104 ]
Sebastien Couet, Katholieke Universiteit Leuven
“Probing internal fields and Ghz dynamics in thin film by nuclear resonant scattering” [ 106 ]
Konstantin Dorfman, Texas A&M University
“Cooperative spontaneous emission of N atoms in spheroidal geometry” [ 111 ]
Pankaj Kumar Jha, Texas A&M University
“Carrier-Envelope Phase Effects on Atomic Excitation” [ 142 ]
Karina Jimenez-Garcia, NIST / Joint Quantum Institute
“Spin-Orbit coupled Bose-Einstein condensates” [ 144 ]
Robin Kaiser, INLN, CNRS, Nice
“Random Lasing with Cold Atoms” [ 147 ]
Barnabas Kim, Texas A&M Univsersity
“Wigner Function Method to Bose-Einstein Condensation” [ 153 ]
Norbert Kroó, Hungarian Academy of Sciences
“Theoretical aspects of Hanbury Brown and Twiss type correlations mediated by surface plasmons” [ 161 ]
Jonathan Leach, University of Glasgow / University of Ottawa
“Full-field quantum correlations and the efficient sorting of quantum states of light” [ 167 ]
Gabriel Lemarié, SPEC - CEA Saclay
“Thermal Enhancement of Interference Effects in Quantum Point Contacts” [ 172 ]
Renbao Liu, Chinese Univ of Hong Kong
“Revealing quantum dynamics by higher-order correlations of weak measurement” [ 174 ]
Boris Malomed, Tel Aviv University
“Splitting, recombination, and interferometry of matter-wave solitons in potential landscapes” [ 179 ]
Ron Meyers, Army Research Laboratory
“Quantum Ghost Imaging Experiments in Turbulence and Obscurants” [ 187 ]
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Frank A. Narducci, Naval Air Systems Command
“Variations of Dispersion and Transparency in Four-Level N-Scheme Atomic Systems” [ 194 ]
Justin Peatross, Brigham Young University
“Quantum behavior of free-electron photoemission in strong laser fields” [ 199 ]
Nicholas Proite, University of Wisconsin - Madison
“Observation of Atomic Localization using Electromagnetically Induced Transparency” [ 206 ]
Oleksiy Roslyak, Hunter College, CUNY
“Plasmon oscillations of dressed Dirac electrons in graphene.” [ 216 ]
Giuliano Scarcelli, Harvard University
“Biomechanical Microscopy of Tissue and Biomaterials” [ 224 ]
Eyob A. Sete, Texas A&M University
“Transient lasing without inversion in He-like Boron” [ 231 ]
Daniel Sikes, University of Wisconsin – Madison
“Negative Refraction in a Raman Chiral System” [ 235 ]
Robert J. C. Spreeuw, University of Amsterdam
“Magnetic mictrotrap arrays as a platform for quantum information science” [ 241 ]
Dmitry Strekalov, MPL, JPL
“Triple-resonant whispering gallery mode resonators for THz photons visualization by upconversion” [ 246 ]
Maxim Sukharev, Arizona State University
“Ab initio electrodynamics of multi-level media optically coupled to metal nanostructures” [ 248 ]
Vasily Temnov, Massachusetts Institute of Technology
“Ultrafast acousto-magneto-plasmonics” [ 253 ]
Andrew Traverso, Texas A&M University
“Counter-Propagating Coherent Stimulated Raman Spectroscopy for Remote Sensing in Air” [ 255 ]
Sándor Varró, Hungarian Academy of Sciences
“Attosecond shot noise and electron interference” [ 261 ]
Dmitri Voronine, Texas A&M University
“Efficient backward emission from optically pumped air” [ 263 ]
Lihong Wang, Washington University in St. Louis
“Photoacoustic Tomography: Ultrasonically Breaking through the Optical Diffusion Limit” [ 265 ]
Xi Wang, Texas A&M University
“Coherent anti-Stokes Raman scattering (CARS) optimized by exploiting optical interference” [ 267 ]
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Harald Kübler, Universität Stuttgart
Tuesday morning, first invited session, abstract on page 165
“Coherent Rydberg Excitation in Thermal Microcells”
Karyn Le Hur, Yale University
Thursday morning, first invited session, abstract on page 166
“Quantum Phase Transitions of Light: From Superradiance to Circuit QED”
Jonathan Leach, University of Glasgow / University of Ottawa
Wednesday evening invited session, abstract on page 167
“Full-field quantum correlations and the efficient sorting of quantum states of light”
Jonathan Leach, University of Glasgow / University of Ottawa
poster session, abstract on page 167
“Full-field quantum correlations and the efficient sorting of quantum states of light”
Igor Lednev, University at Albany, SUNY
Monday morning, first invited session, abstract on page 168
“Advanced Vibrational Spectroscopy for Structural Characterization of Amyloid Fibrils”
Chris Lee, University of Twente
Tuesday morning, first invited session, abstract on page 169
“Sub-Diffraction-Limited-Resolution CARS Microscopy via incoherent saturation of vibrational transitions”
Wim Leemans, Lawrence Berkeley National Laboratory
Tuesday evening invited session, abstract on page 170
“Advances in laser plasma accelerators at LBNL”
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“InGaAs/GaAsSb/InP Quantum Cascade Lasers”
Dmitry Strekalov, MPL, JPL
Tuesday morning, second invited session, abstract on page 246
“Triple-resonant whispering gallery mode resonators for THz photons visualization by upconversion”
Dmitry Strekalov, MPL, JPL
poster session, abstract on page 246
“Triple-resonant whispering gallery mode resonators for THz photons visualization by upconversion”
Alexej I. Streltsov, Heidelberg University, Germany
Wednesday morning, first invited session, abstract on page 247
“Non-equilibrium dynamics of fragmented states in attractive BECs”
Maxim Sukharev, Arizona State University
Tuesday morning, second invited session, abstract on page 248
“Ab initio electrodynamics of multi-level media optically coupled to metal nanostructures”
Maxim Sukharev, Arizona State University
poster session, abstract on page 248
“Ab initio electrodynamics of multi-level media optically coupled to metal nanostructures”
Jinghua Sun, Heriot-Watt University, UK
Monday morning, second invited session, abstract on page 249
“Phase-coherent ultrafast sources spanning from the UV to the mid-infrared”
Anatoly Svidzinsky, Texas A&M University
Wednesday evening invited session, abstract on page 250
“Cooperative spontaneous emission of N atoms: collective non-local effects”
Gergely Szirmai, ICFO-The Institute of Photonic Sciences
Thursday evening invited session, abstract on page 251
“Layered Quantum Hall Insulators with Ultracold Atoms”
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Vasily Temnov, Massachusetts Institute of Technology
Wednesday evening invited session, abstract on page 252
“Photon statistics in superradiance”
Vasily Temnov, Massachusetts Institute of Technology
poster session, abstract on page 253
“Ultrafast acousto-magneto-plasmonics”
James K. Thompson, JILA/NIST/University of Colorado
Wednesday morning, first invited session, abstract on page 254
“Spin-Squeezing of a Large Ensemble via the Vacuum Rabi Splitting”
Andrew Traverso, Texas A&M University
poster session, abstract on page 255
“Counter-Propagating Coherent Stimulated Raman Spectroscopy for Remote Sensing in Air”
Alexei Trifonov, Harvard University
Thursday morning, first invited session, abstract on page 256
“Some application of nanodiamonds in bio-imaging and neuroscience”
Hakan Tureci, Princeton University
Tuesday evening invited session, abstract on page 257
“Collective Multi-mode Effects in Quantum Optics”
William Unruh, University of British Columbia, Vancouver
Tuesday evening invited session, abstract on page 258
“Measurement of Thermal Spectrum of Hawking radiation in an Analog system”
Eric Van Stryland, CREOL, University of Central Florida
Tuesday morning, second invited session, abstract on page 259
“Extreme Nondegenerate Two-Photon Absorption in Semiconductors”
Sándor Varró, Hungarian Academy of Sciences
Wednesday morning, second invited session, abstract on page 260
“On the question of the existence of needle radiation. The 100 years old experiment on
wide-angle interference by Pál Selényi and the modern concept of photons”
Sándor Varró, Hungarian Academy of Sciences
poster session, abstract on page 261
“Attosecond shot noise and electron interference”
Maria Vladimirova, CNRS - University Montpellier 2, FRANCE
Monday morning, second invited session, abstract on page 262
“Polariton-polariton interaction in microcavities”
Dmitri Voronine, Texas A&M University
poster session, abstract on page 263
“Efficient backward emission from optically pumped air”
Wenjie Wan, Yale University
Thursday morning, first invited session, abstract on page 264
“Time-reversed Lasing and Control of Absorption in a Two-channel Coherent Perfect Absorber”
Lihong Wang, Washington University in St. Louis
Monday morning, first plenary session, abstract on page 265
“Photoacoustic Tomography: Ultrasonically Breaking through the Optical Diffusion Limit”
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Lihong Wang, Washington University in St. Louis
poster session, abstract on page 265
“Photoacoustic Tomography: Ultrasonically Breaking through the Optical Diffusion Limit”
Xi Wang, Texas A&M University
Wednesday evening invited session, abstract on page 266
“Self-Implemented Heterodyne CARS by Using Its Intrinsic Background”
Xi Wang, Texas A&M University
poster session, abstract on page 267
“Coherent anti-Stokes Raman scattering (CARS) optimized by exploiting optical interference”
Dan Wasserman, University of Massachusetts Lowell
Monday morning, second invited session, abstract on page 268
“Enhanced transmission through subwavelength apertures using ENZ metamaterials”
Christoph Weiss, University of Oldenburg
Wednesday morning, first invited session, abstract on page 269
“Spatial mesoscopic quantum superpositions generated via scattering of bright solitons”
Christoph Weiss, University of Oldenburg
poster session, abstract on page 270
“Quantum dynamics of few ultra-cold atoms in a periodically shaken optical superlattice”
Christopher Wildfeuer, Louisiana State University
Wednesday morning, second invited session, abstract on page 271
“Techniques for enhancing the precision of measurements with photon number resolving
detectors”
Franco Wong, Massachusetts Institute of Technology
Monday evening invited session, abstract on page 272
“Defeating Passive Eavesdropping using Quantum Illumination”
Jeorg Wrachtrup, Stuttgart University
Thursday morning, first invited session, abstract on page 273
“Diamond defects: Sensitive probes for their magnetic and electric environment”
Hui Xia, TAMU/Princeton
Tuesday evening invited session, abstract on page 274
“Observing population of HeI excited states during recombination after optical field ionization with ultra-fast spectroscopy”
Vladislav V. Yakovlev, University of Wisconsin - Milwaukee
Monday morning, second invited session, abstract on page 275
“Stimulated Raman excitation with ultrasound detection”
Deniz D. Yavuz, University of Wisconsin - Madison
Monday evening invited session, abstract on page 276
“Continuous Wave Light Modulation at Molecular Frequencies”
Luqi Yuan, Texas A&M University
poster session, abstract on page 277
“Electromagnetically Induced Coherent Backscattering”
Hao F. Zhang, Northwestern University
Monday morning, first invited session. Runner Up — PQE-2011 Best Abstract. See page 278
“Imaging the retina with multiple optical contrasts”
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Xianli Zhang, University of Wisconsin
Wednesday morning, second invited session, abstract on page 279
“A neutral atom quantum gate and entanglement using Rydberg blockade”
Xianli Zhang, University of Wisconsin
poster session, abstract on page 279
“A neutral atom quantum gate and entanglement using Rydberg blockade”
Xiwen Zhang, Texas A&M University
poster session, abstract on page 280
“Valve Effect in a 3 level ladder system”
Aleksei Zheltikov, Moscow State University
Monday morning, first plenary session, abstract on page 281
“Nonlinear optics of fast-ionizing media: From the nanosecond to attosecond time scale”
Miaochan Zhi, Texas A&M University
Monday evening invited session, abstract on page 282
“Pulse-shaper-assisted phase optimization of an ultrabroadband spectral comb”
Shiyao Zhu, Beijing Computational Research Center
Tuesday evening invited session, abstract on page 283
“The role of Lamb shifts in the quantum interference of spontaneous emission”
Klaus Ziegler, Universitaet Augsburg
Thursday morning, second invited session, abstract on page 284
“Optical properties of graphene mono- and bilayers”
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7

Abstracts

The following pages contain the abstracts submitted by the participants.

7.1

Best abstract award.

We are delighted to announce the winners of the PQE-2011 annual “Best Abstract” awards. Without
further ado, the winners are:
• Winner: Murray Holland, Wednesday Morning Invited Session 1, “Prospects for a superradiant
laser” “Prospects for a superradiant laser”. See page 133.
• Runner up: Naceur Gaaloul, Thursday evening invited session, “Non-abelian Gauge-field simulators with cold atoms” “Non-abelian Gauge-field simulators with cold atoms”. See page 122.
• Runner up: Margaret Murnane, Tuesday evening plenary session, “Capturing Electron Dynamics in Materials using “Capturing Electron Dynamics in Materials using Bright Coherent
X-Rays”. See page 191.
• Runner up: Hao F. Zhang, Monday Morning Invited Session 1, “Imaging the retina with
multiple optical contrasts” “Imaging the retina with multiple optical contrasts”. See page 278.
• Runner up: Alejandro W. Rodriguez, Thursday evening invited session, “Computing Casimir
Forces in Complex Nanosystems” “Computing Casimir Forces in Complex Nanosystems”. See
page 213.
The selection committee for the 2010 best abstract award consisted of George R. Welch from
Texas A&M University, Frank A. Narducci from the Naval Air Systems Command, and Mark D.
Havey from Old Dominion University. The committee considered 3 factors in reaching their decision:
1. Clarity. The abstract should effectively communicate what the talk will be about. It should
entice the reader to come to the talk.
2. Presentation. The abstract should look good. This pretty much requires at least one nice
figure. Graphics are good. Clear, pretty, graphics are better!
3. Efficient use of space. PQE allows an 8.5x11 inch page (minus 2 cm margins). This is a lot
of room, and we would like to see it used well. One short paragraph leaving most of the page
blank is bad. An entire page crammed with single-spaced 8 point font is also bad.
The winner receives dinner at the Aerie Restaurant at Snowbird, and recognition in this book.
The first runner up receives recognition in this book. This was the second year for the “Best
Abstract” award, and we believe it continues to be a success. Please note the high quality of many
of the submitted abstracts. The organizers thank all the participants who took the trouble to prepare
good abstracts, and we welcome all feedback on this effort.
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7.2

Rendering of the abstracts.

The actual PDF files submitted by the participants were rendered into 600 dpi monochrome bitmaps
using the pdftoppm open source software, which is part of the xpdf software suite, and then printed
for this book.
A version of this book including the original PDF submitted by participants, preserving color, is
included on the CD-rom distributed to all conference participants.
If you are interested in why this was done, keep reading.
Although the “P” in PDF stands for “Portable,” these files are often not as portable as some
people would like. Issues of font embedding are among the worst, but versioning issues also persist,
and there are others. It is our desire that when you submit your abstract, we show you exactly what
it will look like when we print it. If we attempt to print your PDF files directly, we will never be
sure that what we print is what you expect. By rendering the file to bitmaps immediately after they
are submitted, and showing you the resulting bitmap, we can at least make sure that you know
what you will get.
None of that requires us to render the files to monochrome, but that will be to save on printing
cost.
Besides, the xpdf rendering software is very mature, open source, and really cool.

7.3

Abstracts

All the submitted abstracts follow.
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Speaker: Hartmut Abele
Session: Inertial and Gravitational Mass in Quantum Mechanics
Schedule: Monday Morning Invited Session 2

The Quantum Bouncing Ball and Gravity Resonance Spectroscopy
Tobias Jenke1, Peter Geltenbort2, Hartmut Lemmel1,2 & Hartmut Abele1
1
2

Atominstitut, Technische Universität Wien, Stadionallee 2, 1020 Vienna, Austria

Institut Laue-Langevin, 6 Rue Horowitz, 38042 Grenoble Cedex 9, France

This talk is about a test of gravitation at small distances by quantum interference
deep into the theoretically interesting regime of 10000 times gravity. The method is
based on a new spectroscopy technique, devoid of electromagnetic coupling. The
quantum bouncing ball allows us to observe transitions between gravitational
quantum states, when a Schrödinger-wave packet of an ultra-cold neutron couples to
the modulation of a hard surface.

Fig. 1: qBounce, the quantum bouncing ball,
R. Reiter, B. Schlederer, D. Seppi,
PA TU Wien
The technique is related to Rabi spectroscopy usually used in atom optics, and the
experiment has the potential to test the equivalence principle and Newton’s gravity
law at the micron scale, because Newtonian gravity and hypothetical fifth forces
evolve with different phase information. Such forces can be mediated from gauge
bosons propagating in a higher dimensional space and this experiment can therefore
test speculations on large extra dimensions of sub-millimetre size of space-time or
the origin of the cosmological constant in the universe, where effects are predicted in
the interesting range of this experiment and might give a signal in an improved setup.
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Speaker: Victor Acosta
Session: NV Diamond Quantum and Bio Optics
Schedule: Thursday evening invited session
Broadband magnetometry with nitrogen-vacancy ensembles in diamond and related
optical and spin-relaxation properties

V. M. Acosta,1 A. Jarmola,1 E. Bauch,1 L. J. Zipp,1 M. P. Ledbetter,1 and D. Budker1
1

Department of Physics, University of California, Berkeley, CA 94720-7300
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Magnetometers based on nitrogen-vacancy (NV) centers in diamond oer an exceptional combination
of sensitivity and spatial resolution in a wide temperature range, from 0 K to above room temperature.
However, the typical uorescence-based readout suers from reduced signal-to-noise due to high background uorescence and poor collection eciency. Here we demonstrate detection of the spin state of
ensembles of NV centers using optical absorption at 1042 nm [Fig. 1(a)]. With this technique, measurement contrast and collection eciency can approach unity, leading to an increase in magnetic sensitivity
compared to uorescence detection [1]. Working at 75 K with a ∼ 50-micron-scale sensor [Fig. 1(b)], we
project shot-noise limited sensitivity of 5 pT in one second of acquisition. Operating in a gradiometer
conguration, we realize a sensitivity of 7 nT in one second acquisition [Fig. 1(c)]. Applications to the
study of high-Tc superconductivity [2] and low-eld NMR in microuidic chips [3] will be discussed.
We also report studies of the basic physics of the NV center, which shed new light on the optical
pumping mechanism [4] and temperature-dependent magnetic resonance parameters [5], as well as work
in optimizing samples for ensemble magnetometry [6]. We conclude with results on the temperature
and magnetic eld-dependence of T1 relaxation, a topic of interest for magnetometry and quantum
information applications. This work was supported by NSF grant PHY-0855552.
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(a) Level structure of the NV center and allowed optical transitions. Radiative (non-radiative) transitions are
represented by solid (dashed) lines. (b) IR absorption gradiometer apparatus. The green pump and IR probe beams
were focused near the surface of the diamond, and two halves of the transmitted IR beam were detected with separate
photodiodes. (c) Frequency-domain response of the magnetometer output, revealing an IR absorption gradiometer noise
oor of 7 nTrms for acquisition time tm = 1 s. The best sensitivity achieved using the red uorescence technique was
60 nTrms for tm = 1 s.

FIG. 1:
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Speaker: Bernhard Adams
Session: Nuclear Gamma-Ray Optics
Schedule: Thursday Morning Invited Session 1

Manipulation of Nuclear γ-Ray Superradiance
Bernhard W. Adams
Advanced Photon Source, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, Il. 60439
Superradiance [1], i.e., collective spontaneous emission from an ensemble of atoms or nuclei is interesting both
for fundamental reasons, and for potential applications. Telltale signs of superradiance are a speedup of emission
compared to the natural excited-state lifetime and, in the case of a sample larger than the wavelength, directional emission. Speedup is due to the multitude of potential absorption-emission pathways through multiple
atoms/nuclei in the ensemble, and occurs even in the case of a single-photon excitation. Directionality is due to
“storage” of the phase of the incident wave at the location of each potentially excited atom, so that it is present
at re-emission [2, 3].
The present work is a proposal on how the emission direction can be changed through spatial control of the
dynamic-phase evolution of the nuclei in the ensemble, as shown in Fig. 1. One possible way of doing so is to
run a current pulse through a thin wire next to the sample to produce a spatially inhomogeneous, transient
magnetic field lasting much less than the excited-state lifetime. Through hyperfine energy-level shifts, this leads
to spatially inhomogeneous dynamic-phase evolution in the potentially excited nuclei. This differential dynamicphase evolution happens only during the presence of the magnetic field - thereafter the phases stored in the
ensemble are reset to new values given by the time integral of the magnetic field. With 57 Fe as the resonant
nucleus, magnetic fields of the order of 10 Tesla lasting for 10 ns, and field gradients of the order of 1 Tesla per
micron would be required for directional changes of 100 µradians. This angular separation is sufficient for further
separation with crystal x-ray optics. These high magnetic fields may seem outlandish at first, but they are well
within the realm of the possible. For example, fields of 50 Tesla for about 30 ns within a micron-sized volume
have been demonstrated using a microcoil and kA currents switched by a laser-triggered spark gap [4].
For a clean re-direction of the emission, a spatially linearly variable magnetic field would be required. This is not
provided by a simple wire, but can be achieved with the help of multiple wires in a three-dimensional assembly.
Other emission patterns can be programmed as well, such as emission towards a focus. Especially in conjunction
with magnetically switched optical thickness (the “spectral scooper”, [5]), this idea can be applied to solve the
prompt-pulse problem of time-domain nuclear-resoance spectroscopy where detectors tend to get blinded by the
huge out-of-resonance part of the excitation pulse: the re-directed resonant pulse is not unnecessarily intense and
makes detectors see the early times of the resonant decay.
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Figure 1: A micron-sized wire carrying a 10-ns, kA current pulse produces a magnetic field that drops off in the
transverse direction (left). This leads to a differential dynamic-phase evolution and re-direction of any subsequent
emission (center). An application would be a clean separation of on-resonant from off-resonant radiation in timedomain nuclear-resonance spectroscopy.

References
[1] R.H. Dicke. Coherence in spontaneous radiation processes. Phys. Rev., 93:99–110, 1954.
[2] M.O. Scully, E.S. Fry, C.H.R. Ooi, and K. Wódkiewicz. Directed spontaneous emission from an extended ensemble of n atoms:
Timing is everything. Phys. Rev. Lett., 96:010501, 2006.
[3] M.O. Scully. Correlated spontaneous emission on the Volga. Laser Physics, 17:635–646, 2007.
[4] K. Mackay, M. Bonfim, D. Givord, and A. Fontaine. 50 T pulsed magnetic fields in microcoils. J. Appl. Phys., 87:1996–2002,
2000.
[5] B.W. Adams. presentations at pqe 2010 and fnp 2010 conferences.
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Speaker: Bernhard Adams
Session: Poster Session
Schedule: poster session

Precise Orbital Tracking of an Asteroid with a Phased Array of Radio Transponders
Bernhard W. Adams
Advanced Photon Source, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, Il. 60439
Impacts of large (>100 m) asteroids are rare but potentially devastating events. For this reason, the U.S. congress
has tasked NASA with detecting, tracking, and characterizing all Near-Earth Objects (NEOs) larger than 140
m in size by the year of 2020 [1]. Optical observations in conjunction with celestial-mechanics computations can
identify NEOs that may pose an impact risk many years in the future. Impact risks are hard to quantify due
to the limited accuracy of optical observations and hard-to-model nongravitational orbital perturbations due to
the Yarkovsky effect (sunlight pressure, which, over several years, can amount to microns per second velocity
changes). Many NEOs have solar orbits that are resonantly locked to Earth’s. One example is Apophis [2],
which comes close to Earth once in 7 years. In 2029 it will aproach closer than the geostationary orbit. If, at
that time, it should pass through a 100-meter “keyhole” in space, Earth’s gravity will set it up for an impact
in 2036. Deflecting an asteroid from an Earth impact trajectory requires only small velocity changes, typically
of the order of microns per second, if done many years ahead of time. In the case of Apophis, it is also much
easier to deflect from the 100-m keyhole than from the entire planet after a keyhole passage. Therefore, a highly
precise method of determining the need, magnitude, and direction of a deflection is required that goes beyond
the range of ca. 0.1 astronomical units (1 AU = radius of Earths orbit) and cm/s in radial velocity possible with
passive radar. One possibility is the use of a radio transponder near the asteroid for an active radar echo. For
the highest, micron-per-second accuracies the transponder has to be fixed on the asteroid surface.
Challenges are landing on an unknown surface in low gravity, tracking the direction to Earth as the asteroid
rotates, supplying power even in the shade, and survival in the space environment. To address these, the present
proposal relies on a large number of solar-powered radio units operating a total of ca. 10000 antennae that
constitute a phased array. The radio units are linked by thin cables that contain carbon fibers for mechanical
strength, metal wires for electric-power distribution, and glass fibers for precision timing synchronisation. The
array is made to collide slow-motion (cm/s) with the asteroid, entangling it in the process, and radio units that
may initially bounce off will eventually settle into random but fixed locations. Then, by comparing a signal from
Earth with a local clock distributed through the fibers, the exact locations of the antennae are determined, and
the array becomes operational. The original proposal [3, 4] contains a sample design with detailed calculations of
the radio power required (including spectral broadening due to interplanetary-plasma scintillations), the resulting
power requirements, total mass to be delivered, and minimum-energy trajectories from Earth to destination. The
same technology could be used for other applications such as gravitational-wave detection, radio astronomy with
baselines the size of the inner solar system, or studies of the solar wind.

Figure 1: Left: orbits of Earth and Apophis (http://ssd.jpl.nasa.gov/sbdb.cgi?sstr=99942;orb=1); right: a
phased array on an asteroid

References
[1] U.S. Congress, NASA Authorization Act of 2005. http://impact.arc.nasa.gov/news_detail.cfm?ID=171.
[2] S.R. Chesley. Potential impact detection for near-earth asteroids: the case of 99942 apophis (2004 mn4). Asteroids, Comets,
Meteors Symp., s22:215–228, 2005.
[3] Bernhard W. Adams. Orbital tracking of an asteroid with a phased array of radio transponders. contribution to the Apophis
mission design competition of the Planetary Society, 2007.
[4] Bernhard W. Adams. Orbital tracking of an asteroid with a phased array of radio transponders. http://arxiv.org/abs/0809.2616,
2008.
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Speaker: Eric Akkerman
Session: Unruh, Hawking,Thermal
and Casimirradiation
Schedule: Thursday Morning Invited Session 2

and photon statistics on fractals
E. Akkermans

Department of Physics, Technion-Israel Institute of Technology, Israel
We propose a consistent thermodynamical treatment of a massless scalar field (a ”photon”) confined to a fractal spatial manifold. The equation of state, which relates pressure to internal energy,
is P Vs = U/ds , where ds is the spectral dimension, and we introduce the notion of the ”spectral
volume”, Vs , as the natural thermodynamically defined volume. For regular manifolds, Vs coincides with the usual geometric spatial volume, but on a fractal this is not the case. We express
the thermodynamical quantities, such as the partition function, in terms of the heat kernel, because on a fractal there is no well-defined mode decomposition nor phase space. Nevertheless, using
known results for the Weyl expansion of the heat kernel, we show that the thermodynamic limit
exists. Our analysis also provides a natural definition of the vacuum (Casimir) energy of a fractal.
Spontaneous emission of atoms embedded in such fractal volumes can be strongly enhanced in a
more efficient (but reminiscent) way than for the Purcell effect. Implications for photon statistics in
these structures will be mentioned. We suggest ways that these unusual properties might be probed
experimentally.
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Speaker: Brandon Anderson
Session: Artificial Gauge Fields in Cold-Atom Systems
Schedule: Thursday evening invited session

Interferometry with Synthetic Gauge Fields
Brandon M. Anderson,1 Jacob M. Taylor,1, 2 and Victor M. Galitski1
1

Condensed Matter Theory Center and Joint Quantum Institute, Department
of Physics, University of Maryland, College Park, MD 20742-4111
2
National Institute of Standards and Technology, 100 Bureau Drive, MS 8423, Gaithersburg, MD 20899
We propose a compact atom interferometry scheme for measuring weak, time-dependent accelerations. [1] Our proposal uses an ensemble of dilute trapped bosons with two internal states that
couple to a synthetic gauge field with opposite charges. The trapped gauge field couples spin
to momentum to allow time dependent accelerations to be continuously imparted on the internal
states. We generalize this system to reduce noise and estimate the sensitivity of such a system to
2
√
.
be S ∼ 10−7 m/s
Hz

A quantum interferometer must have two properties: a degree of freedom for which quantum interference can
be performed, and a method of manipulating this degree of freedom to accumulate phase that depends on external
fields. Our proposal uses a “synthetic gauge field” that arises from optical coupling to satisfy these conditions. The
spatial dependence of the optical fields can be viewed as coupling spin to position continuously. This is in contrast to
traditional interferometry schemes that only couple spin to momentum through a discrete set of Raman pulses. The
continuous coupling generates a sensitivity to time-dependent signals.
The synthetic gauge field we use has the form of a trapped particle with two degrees of freedom, called “pseudospin”. [2–4] Each psuedo-spin behave as if it is in the presence of a magnetic field oriented out of plane, however,
the psuedo-spins couple to the synthetic field with opposite charges. This means the two particles will travel along
paths that are mirrored. We can view the pseudo-spin states traveling along different trajectories as the two arms of
a Michelson interferometer. In the presence of time-dependent perturbations the symmetry between the two paths
is broken. This leads to a path-dependent phase accumulation that be extracted through standard interferometric
techniques.
A physical interferometer would use a dilute thermal cold atomic gas confined to two dimensions. We do not use a
condensate to avoid complications due to density-density interactions. We focus on the measurement of high frequency
(∼ 1kHz) signals and show that for a pulse sequence similar to the Carr-Purcell sequence such a setup can obtain a
2
√
sensitivity of S ∼ 10−7 m/s
on this frequency scale.
Hz

FIG. 1. A potential implementation of our interferometer based upon Ref. [3]. The Raman beams
Ω1,2 couple a three level atom by two parallel Gaussian profiles with peaks that are spatially offset.
Two of the dressed states become degenerate in
the large detuning limit, ∆ → ∞, and couple to a
“synthetic magnetic field” with opposite charges.

FIG. 2. The trajectory two psuedo-spin states of
Fig. . At time t = 0 the trap minimum is displaced
by r0 . The synthetic magnetic field causes the two
particles to deflect, and then travel along a path
mirrored across r0 .

References:
[1]
[2]
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Speaker: Dana Z. Anderson
Session: Possible Realization of Quantum Computers with Atoms
Schedule: Wednesday Morning Invited Session 1

Atom Chips, Atomtronics and Quantum Signal Processing
Dana Z. Anderson, Murray Holland and Anna-Maria Rey
Department of Physics and JILA, National Institute for Standards and Technology and University of Colorado, Boulder
CO , 80309-0440; Telephone (303) 492-5202; eMail: dana@jila.colorado.edu
and

Alex A. Zozulya
Worcester Polytechnic Institute, 100 Institute Road, Worcester MA, 01609

The term “atomtronics” evokes a useful metaphor of electronics in which atom chemical potential and
flux substitute for electric potential and current. It brings to mind a picture in which atom-mediated
signals are generated, manipulated, and detected, in much the same spirit as electron-mediated signals
are with electronics [1,2]. In contrast to the electrons of conventional electronics, though, the atoms of
atomtronics are ultracold and their quantum wave nature is purposefully brought into the foreground.
Thus interest in atomtronics is for its potential as a general approach to quantum signal processing
which parallels that of electronics for classical signal processing. Quantum signal processing should be
seen as distinct from quantum information processing, as the former is concerned with the generation,
manipulation, and detection of physical entities without regard for the information content of the signal
per se. Essentially the opposite is true for quantum information processing, for which the focus is on
the information without regard for its physical embodiment per se. An example that highlights the
distinction is the process of Bose-Einstein Condensation (BEC) through forced evaporation. It is easy
to cast BEC as a signal processing task in which a (nearly) pure quantum mechanical state is derived
from a highly mixed state. No one seems to be inclined to refer to BEC as an information processing
task, yet generally speaking pure state extraction from a mixed state is a very important information
processing function.
Still, quantum signal and information processing are closely related, and our interest here is to
understand better how to do very practical quantum signal processing in the atomtronics framework
utilizing atom chips. Conventional electronics is more than a technology, it is a problem solving
paradigm and a very powerful one at that. Electronic circuit functionality is derived from a very few
physical and heuristic principles. Among the potent heuristic principles are gain, feedback, and
interconnectivity. The utility of the vast majority of non-trivial circuits is a manifestation of these and a
few other principles used over, and over, and over again. There is a heuristic concept that is so taken for
granted in electronics, it is hardly given a second thought: it is the concept of a battery, properly
speaking, a power supply, which provides both particles and energy to maintain the functionality of
essentially every useful electronic circuit. Indeed, every nontrivial electronic circuit is a system in nonthermal equilibrium, and it is the battery which keeps things that way. Treating the battery as an open
quantum system, and utilizing atom transistor gain and feedback we illustrate how atomtronic concepts
can be utilized to prepare some useful quantum states. We also present some more speculative systems
for carrying out quantum signal processing tasks, such as a pure state extraction from a mixed state
beyond the specific case of BEC.
1.
2.

Stickney, J., D. Anderson, and A. Zozulya, Transistorlike behavior of a Bose-Einstein condensate in a triple-well potential. Physical
Review A, 2007. 75(1): p. 013608.
Pepino, R.A., et al., Atomtronic Circuits of Diodes and Transistors. Physical Review Letters, 2009. 103(14): p. 140405.
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Speaker: Petr M. Anisimov
Session: Quantum Sensors
Schedule: Wednesday Morning Invited Session 2

Squeezing the Vacuum and beating Heisenberg:
Limits? Where we’re going we do not need any limits!
P. M. Anisimov, G. M. Raterman, H. Lee, and J. P. Dowling
Hearne Institute for Theoretical Physics and Department of Physics and Astronomy,
Louisiana State University, Baton Rouge, Louisiana 70803, USA

Using quantum states of light or matter in combination with new detection schemes has lead to novel
measurement strategies that surpass the current standards [1]. Development of these measurement
strategies resulted in the now flourishing field of quantum metrology. However due to a convenient testbench that phase estimation in a Mach-Zehnder interferometer (MZI) provides, most of the advances in
this field could be related to the search for very accurate and super-resolving phase estimation protocols.
We have recently proposed a phase estimation protocol based on quantum light in a two-mode
squeezed vacuum state with photons on average and with measuring parity of the state (even or odd
number of photons) of the output modes of MZI [2]. Our study showed that phase estimation is superresolving, signal demonstrated a narrow feature at the origin, as well as super-sensitive, estimated
uncertainty of the detected phase was lower than 1/ limit. These results, together with recently reported
generation of the two-mode squeezed vacuum state with 11 dB of squeezing [3] and homodyne
implementation of parity detection protocol for the Gaussian states such as the two-mode squeezed
vacuum [4], stimulated these study. Here we report how our phase estimation technique performs in the
presence of loss and with experimentally available sources of quantum light.
Figure 1: Schematic representation of the
apparatus. Laser light is upconverted through
second harmonic generation (SHG) process.
An upconverted portion pumps an optaical
parametric ampliphier (OPA) to stimulated
nondegenerate parametric down conversion
and generation of light in a two-mode
squeezed vacuum state. This scheme also
suggests that a non-converted portion of the
light form the laser could be used for the
homodyne based parity detection protocol [4].

We rely on a Wigner quasiprobability distribution function formalizm to describe the performance of
our phase estimation technique in the presence of loss and inefficient parity detection. We observe
degradation of phase sensitivity and lessening of phase resolution and discuss the conditions that warrants
experimental observation of super-resolution and better than 1/ sensitivity. We also study a possibility
of using two single-mode but phase-locked sources of squeezed vacuum and found out that most of them
are two noisy for super-sensitive phase estimation with the best one reported in Ref. [5].
[1] J.P. Dowling, Contemp. Phys. 49, pp. 125-143 (2008).

[2]
[3]
[4]
[5]
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P. M. Anisimov et al., Phys. Rev. Lett. 104, 103602 (2010).
A. Eckstein et al., arXiv:1006.5667v2 [quant-ph].
W. N. Plick et al., New J. Phys. 12, 113025 (2010).
M. Mehmet et al., Phys. Rev. A 81, 013814 (2010).
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Speaker: Shai Ashkenazi
Session: Photoacoustics
Schedule: Monday Morning Invited Session 1

Photoacoustic lifetime imaging (PALI) of dissolved oxygen using
Methylene Blue
Shai Ashkenazi
Department of Biomedical Engineering, University of Minnesota, Minneapolis, MN 55455
Tel: 612-625-6107, Email: ashke003@umn.edu

Abstract

Measuring distribution of dissolved oxygen in
biological tissue is of prime interest for cancer
diagnosis, prognosis and therapy optimization.
Tumor hypoxia indicates poor prognosis and
resistance to radiotherapy. Despite its major
clinical significance, no current imaging
modality provides direct imaging of tissue
oxygen. We propose a new technique for
oxygen imaging in tissue by using
photoacoustic lifetime imaging (PALI). The
technique is based on photoacoustic probing
of excited state lifetime of Methylene Blue
(MB) dye. MB is an FDA approved, water
soluble dye, with a peak absorption at 660 nm.

Figure 1: (Top) PALI image of a phantom
containing two tubes of MB solution at
different O2 partial pressure. Color code
indicates oxygen partial pressure in mmHg.
Areas where pO2 cannot be resolved due to
low photoacoustic signal are represented by
light gray. (Bottom) Photoacoustic signal
amplitude image in dB gray scale. Front and
back sides of each tube appear as a double
spot in the image (true location of tubes is
indicated by yellow dashed circles).

A double pulse laser system (pump-probe) is
used to excite the dye and probe its transient
absorption by detecting photoacoustic
emission. The relaxation rate of MB in its
excited state depends linearly on oxygen
concentration. Our measurements show high photoacoustic signal contrast at a probe
wavelength of 810 nm where the excited state absorption is more than 4 times higher than the
ground state absorption. Imaging of a simple phantom is demonstrated in Figure 1.
To conclude we will discuss the possible implementations of the technique in clinical settings
and combining it with Photodynamic Therapy (PDT) for real time therapy monitoring.
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Speaker: Alan Aspuru-Guzik
Session: Quantum Information Processing
Schedule: Monday evening plenary session

Quantum Computation for the Simulation of
Chemical Systems
Alán Aspuru-Guzik
Department of Chemistry and Chemical Biology
Harvard University
aspuru@chemistry.harvard.edu
Abstract
In this talk, I overview some of the aspects that intersect quantum information science and problems in chemistry. In particular, I
will describe the simulation of chemical dynamics and electronic structure using quantum computers, both in terms of quantum algorithms
and their experimental implementations that we have carried out in
collaboration with the group of Andrew White. I will also discuss
the use of quantum adiabatic or annealing devices for solving lattice
heteropolymer models associated with protein folding.

1
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Speaker: Harry Atwater
Session: Quantum Solar Energy
Schedule: Wednesday evening invited session

Surpassing Conventional Light Trapping Limits in Photovoltaics
Harry A. Atwater, Jeremy N. Munday, Dennis M. Callahan, Emily Kosten
Thomas J. Watson Laboratories of Applied Physics,
California Institute ofTechnology, Pasadena, CA,

We describe approaches for designing thin film and wire array solar cells that have lighttrapping intensity and absorption enhancements that can exceed the conventional ergodic lighttrapping limit using both wave optics and ray optics methods. From thermodynamic arguments,
Yablonovitch and Cody determined the maximum absorption enhancement in the ray optics limit
for a bulk material to be 4n2, where n is the index of refraction of the absorbing layer [1]. Stuart
and Hall expanded this approach to study a simple waveguide structure; however, for the
waveguide structures they considered, the maximum absorption enhancement was <4n2 [2].
Using a combination of analytical and numerical methods, we describe why these structures do
not surpass the conventional ergodic limit, and show how to design structures that can.
We present here a physical interpretation in terms of the waveguide dispersion relations
and describe the necessary criteria for surpassing the conventional limit. In particular, the
wavevector β needed for a mode to surpass the ergodic limit is given by β > (2n2hω2)/(Γπc2),
where Γ is the waveguide confinement factor and h is the waveguide thickness.
Another perspective on this issue is that the conventional light trapping limit can be
exceeded in waveguide-like structures when the active region has an elevated local density of
optical states (LDOS) compared to that of the bulk, homogeneous material. Additionally, to
practically achieve light trapping exceeding the ergodic limit, the modes of the structure must be
appreciably populated via an appropriate incoupling mechanism. We find using full wave
simulations that ultrathin solar cells incorporating a plasmonic back reflector can achieve
spatially averaged LDOS enhancements of 1 to 3, and a metal-insulator-metal (MIM) structure
can achieve enhancements over 50 at a wavelength of 1100 nm, the bandedge of Si.
Interestingly, incorporating the active solar cell material within a localized metallodielectric
plasmonic or metamaterial resonator can lead to nearly spatially uniform LDOS enhancements
above 1000 within the active material. We also have examined the possibility of structuring and
combining ultrathin solar cells with dispersive dielectric structures such as photonic crystals to
exceed the ergodic light trapping limit. We find that LDOS enhancements of ~2-5 inside an
untextured, planar solar cell can be achieved by simply placing a photonic crystal above or
below the active material.
We have also developed a ray optics model for high aspect ratio wire array light trapping
that suggests intensity enhancements within the wires can exceed the conventional limit for
arrays with low wire area fractions on a Lambertian back reflector. We have applied this model
to wire arrays with area fractions from .1% to 90%, and with aspect ratios between 30 and 200.
The intensity enhancement at low wire area fraction can increase cell open circuit voltage, but
low wire fraction results in a reduced short circuit current per unit area, and we explore
optimizing cell efficiency within this parameter space. We compare with experimental Si wire
array optical absorption data for wavelengths between 500 and 1100 nm for Si wires of varying
sizes. We find reasonable agreement for large Si wires (radius 4um) but the model
underpredicts optical absorption for smaller wires (radius 1um), suggesting that wave optics
effects are important for the strong absorption observed in the small wire arrays.
Overall, we find many opportunities for exceeding the previously anticipated intensity
enhancement and light trapping factor in dispersive dielectric and metallodielectric photovoltaic
structures. These results can guide future solar cell designs that incorporate dispersive
dielectric structures, plasmonics and metamaterials to achieve unprecedented light trapping.
[1] Yablonovitch and Cody. IEEE Trans. Elect. Dev. 29 300 (1982)
[2] Stuart and Hall J. Opt. Soc. Am A 14 3001 (1997)
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Speaker: Andrius Baltuska
Session: Ultrafast Photonics
Schedule: Monday Morning Invited Session 2

Ponderomotive Energy Scaling with a
0.1-TW Peak Power Mid-IR Few-Cycle Source
G. Andriukaitis, T. Balčiūnas, I. Diomin, A. Pugžlys, A. Baltuška
Photonics Institute, Vienna University of Technology, Gusshausstrasse 27-387, A-1040, Vienna, Austria
E-mail: baltuska@tuwien.ac.at

Abstract: We demonstrate a compact versatile high-field parametric source operating at 1.5 and 3.9 μm and
delivering 600-nm-wide >6 mJ compressed mid-IR pulses that are compressed to 75±10 fs (< 6 optical cycles).

Recent discoveries in theoretical and experimental strong field physics have stimulated the quest for intense
long-wavelength few-cycle driver sources which promise distinct advantages with respect to traditional
Ti:sapphire-based amplified ultrashort pulse systems at 800 nm [1]. The increase of the optical cycle duration
plays a crucial role in many areas: the development of secondary sources of radiation, in particular coherent
sources of extreme UV and X-ray pulses, laser-driven elementary particle acceleration, femtosecond mass
spectroscopy, etc. The key advantages for such applications are the λ2 scaling of the ponderomotive energy in a
strong-field interaction and the ability to suppress multiphoton ionization in favor of the tunneling ionization
mechanism. Phase-matched generation of high-flux coherent keV-photon-energy X-ray pulses in atomic gas
targets via the mechanism higher-order harmonic generation (HHG) was recently made possible by the use of
OPAs operating in the near-IR range of 1.3–2.1 μm [2] and is predicted to be further enhanced when intense
longer-wavelength sources become available.
We demonstrate the first multi-mJ mid-IR few-cycle source based on a hybrid of CPA and OPCPA technologies.
The achieved ponderomotive energy equals that of a large 1.6-TW-peak-power Ti:sapphire system as the result of the λ2

scaling. The collinear OPCPA is pumped at the wavelength of 1.064 μm and emits a tunable signal wave around
1.5 μm (about 20 mJ, uncompressed) and an idler wave around 3.9 μm (~9 mJ before the grating compressor,
>6 mJ compressed) at the repetition rate of 20 Hz. The wavelength configuration resembles a traditional KTAbased nanosecond OPA used for countermeasures, since both the signal and the idler waves correspond to
transparency windows of the atmosphere. Because of the ability to generate femtosecond filaments [3] in air, the
developed source holds significant promise for defense and remote sensing applications. The talks will explain
the design and performance of the novel parametric system and present the results of several test applications.
Ongoing efforts to upgrade the repetition rate to 1 kHz and to implement a carrier-envelope stabilization lock to
the superposition of 1.5 and 3.9-μm will also be presented.
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Fig.1:
Characterization of MIR OPCPA
(a) measured and retrieved idler
wave spectra; (b) temporal
envelope measured with two
different
FROG
techniques;
(c) measured and (d) reconstructed
3rd harmonic FROG traces;
(e) photograph showing the onset
of filamentation with 3.9-μm

pulses focused in air with an
f=30 cm optic. The resultant
white-light continuum stretches
into the visible along with
prominent perturbative oddorder harmonics.

References:
[1]
[2]
[3]
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P. Agostini and L. F. DiMauro, “The physics of attosecond light pulses” Rep. Prog. Phys. 67, 813–855 (2004).
T. Popmintchev, et al.,"The attosecond nonlinear optics of bright coherent X-ray generation", Nat. Phot. 4, 822-832 (2010).
O.D. Mücke, et al., "Self-compression of millijoule 1.5μm pulses", Optics Letters 34, 2498 (2009).
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Speaker: Chris Barty
Session: Extreme Light
Schedule: Tuesday evening invited session

Nuclear Photonics with Mono-Energetic Gamma-rays (MEGa-rays)
Dr. C. P. J. Barty
Lawrence Livermore National Laboratory
Livermore, California
barty1@llnl.gov
The optimized interaction of short-duration, pulsed lasers with relativistic electron
beams (inverse laser-Compton scattering) provides a path to unrivaled MeV-scale
photon source monochromaticity, pulse brightness and flux. In the MeV spectral range,
such Mono-Energetic Gamma-ray (MEGa-ray) sources can have many orders of
magnitude higher peak brilliance than even the worldʼs largest synchrotrons (Figure 1).
They can efficiently perturb and excite the isotope-specific resonant structure of the
nucleus in a manner similar to resonant laser excitation of the valence electron structure
of the atom.
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This presentation will review the design, optimization and development of past and
future MEGa-ray machines and will survey the range of nuclear applications being
pursued with them. It will present in depth the ongoing efforts at the Lawrence
Livermore National Laboratory to create compact, tunable (1 MeV to 2.3 MeV), narrowband MEGa-ray sources that will have up to 5 orders of magnitude higher flux and 2
orders narrower bandwidth than existing MEGa-ray machines. Such capability will be
transformational to an astonishingly wide variety of unresolved nuclear problems and
issues. Examples include: rapid (fractions of a second) detection of concealed nuclear
material, high precision (<100 parts per million) non-destructive assay of spent nuclear
fuel assemblies, isotope-specific, high-resolution (~10 micron) imaging of complex
objects in 3D and simultaneous measurement of the magnitude and direction of moving
isotopic material in dynamic, multi-component material systems.
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Speaker: Victor Batista
Session: Coherence in Complex Systems
Schedule: Tuesday Morning Invited Session 2

Tunneling under Coherent Control by Sequences of Unitary Pulses
Rajdeep Saha and Victor S. Batista*
Yale University, Department of Chemistry, P.O. Box 208107, New Haven, CT 06520-8107

Abstract: A general coherent control scenario to suppress, or accelerate, tunneling of
quantum states decaying into a continuum, is investigated. The method is based on
deterministic, or stochastic, sequences of unitary pulses that affect the underlying
interference phenomena responsible for quantum dynamics, without inducing
decoherence, or collapsing the coherent evolution of the system. The influence of control
sequences on the ensuing quantum dynamics is analyzed by using perturbation theory to
first order in the control pulse fields and compared to dynamical decoupling (DD)
protocols and sequences of pulses that collapse the coherent evolution and induce
quantum Zeno (QZE) or quantum anti-Zeno effects (AZE). The analysis reveals a subtle
interplay between coherent and incoherent phenomena, demonstrating that dynamics
analogous to evolution due to QZE or AZE can be generated from stochastic sequences
of unitary pulses when averaged over all possible realizations.
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Speaker: Kristian Baumann
Session: Superradiance and Cooperative Effects
Schedule: Thursday Morning Invited Session 1

The Dicke quantum phase transition with a superfluid
gas in an optical cavity
Kristian Baumann1 , Ferdinand Brennecke1 Silvan Leinß1 Rafael Mottl1 Tobias
Donner1 , Tilman Esslinger1
1

Institute for Quantum Electronics, ETH Zürich, 8093 Zürich, Switzerland

A phase transition describes the sudden change of state in a physical system, such as
the transition between fluid and solid. Quantum gases provide the opportunity to establish a direct link between experiment and generic models which capture the underlying
physics. A fundamental concept to describe the collective matter-light interaction is the
Dicke model which has been predicted to show an intriguing quantum phase transition.
We have realized the Dicke quantum phase transition in an open system formed by a
Bose-Einstein condensate coupled to an optical cavity, and have observed the emergence
of a self-organized supersolid phase1 . The phase transition is driven by infinitely longranged interactions between the condensed atoms, which are induced by two-photon
processes involving the cavity mode and a pump field. We have shown that the phase
transition is described by the Dicke Hamiltonian, including counter-rotating coupling
terms, and that the supersolid phase is associated with a spontaneously broken spatial
symmetry. The boundary of the phase transition is mapped out in quantitative agreement
with the Dicke model (see Fig. 1).

Figure 1: Phase diagram of the self-organized atom-cavity system

1 K.
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Baumann, G. Guerlin, F. Brennecke and T. Esslinger, Nature 464, 1301 (2010)
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Speaker: Mikhail Belkin
Session: Semiconductor Lasers
Schedule: Monday evening invited session

2.6-3.6m InGaAs/AlInAs quantum cascade laser sources
based on intra-cavity second harmonic generation
M.A. Belkin1*, M. Jang1, R.W. Adams1, K. Vijayraghavan1, J. X. Chen2, W. O. Charles2, C. Gmachl2, L.
W. Cheng3, F.-S. Choa3, A. Vizbaras4, M. Anders4, S. Katz4, C. Grasse4, G. Boehm4, R. Meyer4, M.C.
Amann4, X. Wang5, and M. Troccoli5
1

Department of Electrical and Computer Engineering, The University of Texas at Austin, Austin, TX 78758
2
Department of Electrical Engineering and MIRTHE, Princeton University, Princeton, NJ 08544
3
Department of Computer Science and Electrical Engineering, University of Maryland Baltimore County, Baltimore, MD 21250
4
Walter Schottky Institut, Technische Universität München, Am Coulombwal 3, 85748, Garching, Germany
5
Adtech Optics, Inc., 18007 Cortney Court, City of Industry, CA91748
*E-mail: mbelkin@ece.utexas.edu

InGaAs/AlInAs/InP quantum cascade lasers (QCL) have been developed into reliable high-power
sources that operate continuous-wave at room temperature in the spectral range 3.7-12m [1]. Their
fabrication process is compatible with telecommunication diode laser production lines, which enables cost
effective QCL manufacturing. However, the operation of these devices at shorter wavelengths suffers
from inter-valley scattering, even when highly strained heterostructures are used [2]. It has long been
suggested that intra-cavity second harmonic generation (SHG) may help to extend the spectral range of
QCLs to shorter wavelengths, and several design architectures have been proposed [3]. However, none of
these lasers operated at room temperature. Here we demonstrate a novel approach for producing SHG
QCL sources based on monolithic integration of a passive optical nonlinear section, patterned for quasiphasematching on top of a QCL active region. Our devices operate at room temperature at =2.6-3.6m
with low threshold current densities. The light output-current density characteristic and emission spectra
of a 3m SHG QCL source are shown in Fig. 1 as an example. While current SHG power output is in
10s of W range, these devices are expected to produce milliwatt-level SHG output when fully optimized.
We believe that our devices may provide a cost-effective solution for spectroscopic applications in the
3-3.5m range. Furthermore, intra-cavity SHG may lead to broadband QCL chips with spectral output in
both the 2.5-5m spectral range (using SHG light) and the 5-10m spectral range (using fundamental
light). We will theoretically discuss the possible design of such devices.

Fig. 1. Room-temperature SHG light output-current
density characteristic of a SHG QCL source designed
for 3m emission. Inset: room-temperature SHG
emission spectrum of this device. The laser is 3mmlong with high reflection coating on the back facet.
The peak fundamental power of this device at pump
current density of 9kA/cm2 is approximately 600mW,
which translates into SHG conversion efficiency in
this laser of approximately 0.1mW/W2.

[1] See, e.g., M. Razeghi, IEEE J. Sel. Top. Quant. Electron. 15, 941 (2009).
[2] See, e.g., W.T. Masselink, M.P. Semtsiv, S. Dressler, M. Ziegler, M. Wienold, Phys. Stat. Sol. (b) 244, 2906
(2007).
[3] See, e.g., C. Gmachl, A. Belyanin, D.L. Sivco, M.L. Peabody, N. Owschimikow, A.M. Sergent, F. Capasso,
IEEE J. Quantum Electron. 39, 1345 (2003).
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Speaker: Fetah Benabid
Session: Molecular Modulation
Schedule: Monday evening invited session

Quantum fluctuation initiated coherence in multioctave Raman frequency comb
F. Benabid and Y. Y. Wang
Gas-Phase Photonic Materials Group, Centre for Photonics and Photonic Materials,
Physics department, University of Bath, Bath, BA2 7AY, UK
f.benabid@bath.ac.uk

In optical physics, the boundary between quantum and classical
realms is often delineated by the strength of the interaction of an atom
or molecule with the vacuum electromagnetic-field compared to that
with the field from an exciting laser. In quantum optics the atomvacuum interaction through spontaneous emission plays a central
role. Experimentally, this regime of light-matter interaction is
encountered, e.g, in cavity quantum electro-dynamics [1] or in
spontaneous parametric down-conversion, wherein the photon
statistics exhibit non-classical features. On the other side of this
boundary lies the predominantly classical regime of lasers and
nonlinear optics. This regime applies e.g. to attoscience [2] through
the generation of multi-octave coherent optical “comb” via highharmonic generation (HHG) or higher-order stimulated Raman
Scattering (SRS) [3] in gases. In both processes, the regime of lightmatter interaction is classical and the medium coherence is driven so
quantum vacuum-fluctuations play no direct role. Because of these
seemingly opposite light features, quantum optics and “fast” optics
have progressed, hitherto following different paths. Recently we have
shown experimentally that the spectral components of a multi-octave
optical-comb-like spectrum created by SRS in a hydrogen-filled
hollow-core photonic-crystal fibre exhibit strong self-coherence and
mutual coherence within each driving 12 ns laser-pulse [4, 5]. This
coherence arises in spite of the field’s initiation being from quantumnoise. At the same time, the spectral components show an overall
large phase fluctuation and large energy fluctuation with superPoissonian statistics; inherent from the initiating quantum zero-point
fluctuations. The results indicate that the comb is triggered by two
highly correlated spontaneously-emitted photons at the 1st order
Stokes and anti-Stokes frequencies, which point to the intriguing
possibility of a nonclassical spectral comb, thus creating a new
platform that bridges attoscience and quantum optics.
Fig. 1(A) shows the interferometeric set-up used to measure the
mutual coherence and the photon statistics of the comb components.
Two pieces of identical H2-filled HC-PCF[4] [6] are excited with a
single-frequency 12 ns large Nd-YAG laser pulses with a 50-Hz
repetition rate to independently generate identical Raman combs. The
interferometer acts as a versatile phase auto- and cross-correlator. A
section of a typical comb-like spectrum from each HC-PCF is shown
in fig.1 (B) along with the interferograms of selected degenerate
spectral line-pairs of the combined combs. All comb-line spatial
interferograms exhibit deep interference-fringes, despite that the two
combs are initiated by separate uncorrelated and independent
quantum events. This indicates “self-coherence” of each Raman line
arises from our distinctive transiency and the guided nature in the
Raman process in HC-PCF [7]. In this configuration, the number of
spatial-temporal modes of the vacuum-initiated Stokes field that are
amplified to the macroscopic level is reduced to one. Fig. 2
illustrates the “dual” nature of the photon statistics in the Raman
comb. Fig. 2(A) shows the shot-to-shot distributions of the visibility
and the phase difference between 2 shots (i.e. Δϕ ( i ) = ϕ ( i+1) − ϕ ( i ) ) of
the Raman lines, which, despite exhibiting self-coherence, show a
strongly fluctuating visibility and a uniform phase distribution. The
measured average visibilities are consistent with the theoretical
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Figure 1. (A) Self and mutual coherence experimental-setup.
(B) Comb Self-coherence

prediction for with the interference of two spatiallycoherent, monochromatic, thermal light beams.
These indicate the underlying quantum nature of the
S/AS lines. Furthermore the self-coherence of each
comb line substantiates that the initiating multimode
vacuum field becomes heavily filtered temporally
and spatially during amplification, thus selecting a
single coherent wave-packet with a deterministic but
random amplitude and phase for each shot.

Figure 2. (A) Shot-to-shot visibility and phase-distribution.
(B) Comb-component mutual coherence.

In parallel, fig. 2(B) shows that the intra-shot mutual
phase between two arbitrary Raman orders n and m
(i.e. Φ nm = mΔφn( i ) − nΔφm( i ) ) exhibits histogram with
Gaussian distribution. The strong peaking of the
distribution around zero unambiguously indicates
the presence of strong phase correlation between the
Raman comb components. Furthermore a quantum
theoretical model shows that under our experimental
conditions the growth of S1 and AS1 takes place
simultaneously and are constituents of a nonclassical squeezed state.
[1] S. Haroche, and J.-M. Raimond, Exploring the Quantum, Atoms,
Cavities, and Photons (Oxfors University Press, Oxford, 2006).
[2] M. Hentschel, et al., Nature 414, 509-513 (2001).
[3] M. Y. Shverdin, et al., Phys. Rev. Lett. 94, 033904 (2005).
[4] F. Couny, et al., Science 318 (2007).
[5] Y. Y. Wang, et al., Phys. Rev. Lett. 105, 123603 (2010).
[6] F. Benabid, et al., Science 298, 399-402 (2002).
[7] F. Benabid, et al., Phys. Rev. Lett. 95, 213903 (2005).
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Speaker: Oleg Berman
Session: Photonics of Graphene
Schedule: Thursday Morning Invited Session 2

Electromagnetic wave propagation through a graphene-based photonic
crystal
Oleg L. Berman
Physics Department,
New York City College of Technology,
the City University of New York,
Brooklyn, NY 11201, USA,
E-mail: oberman@citytech.cuny.edu

A novel type of photonic crystal formed by embedding a periodic array of constituent stacks
of alternating graphene and dielectric discs into a background dielectric medium is proposed [1].
The frequency band structure of a 2D photonic crystal with the square lattice of the metamaterial
stacks of the alternating graphene and dielectric discs is obtained. The electromagnetic wave
transmittance of such photonic crystal is calculated. The graphene-based photonic crystals have
the following advantages that distinguish them from the other types of photonic crystals. They
can be used as the frequency filters and waveguides for the far infrared region of spectrum at the
wide range of the temperatures including the room temperatures. The photonic band structure of
the graphene-based photonic crystals can be controlled by changing the thickness of the dielectric
layers between the graphene discs and by the doping. The sizes of the graphene-based photonic
crystals can be much larger than the sizes of metallic photonic crystals due to the small dissipation
of the electromagnetic wave. The advantages of the graphene-based photonic crystal are discussed.
[1] O. L. Berman, V. S. Boyko, R. Ya. Kezerashvili, A. A. Kolesnikov, and Yu. E. Lozovik, Phys.
Letts. A 374, 4784 (2010).
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Using NIF to study the interaction of hot nuclear matter
with neutronrich plasmas
L.A. Bernstein
LLNL, 7000 East Avenue, Livermore CA 94551
The National Ignition Facility (NIF) at Lawrence Livermore National Laboratory
(LLNL) is the first Inertial Confinement Fusion facility designed to achieve sustained
thermonuclear burn through laser‐driven implosion of a capsule containing a
mixture of deuterium and tritium “fuel”. The extreme conditions in the imploded
NIF capsule (kT≈2‐10 keV, ρ≈103 g/cm2, τburn≈20‐500 ps) lead to neutron, electron
and photon fluences > 1030‐34 cm‐2s‐1. These enormous fluences, which are
comparable to that found in supernovae and shortly after the Big Bang, cause
nuclear reaction rates that are comparable to the lifetime of highly excited nuclear
states (E≥2 MeV). In this unique scenario nuclear matter at finite temperature will
interact with the neutron‐rich high energy density plasma prior to its deexcitation
from previous nuclear reactions. In this talk I will present early results from NIF,
discuss the implications of these interactions on astrophysical nucleosynthesis, and
present a plan for measuring these effects using NIF.
This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE‐AC52‐07NA27344.
The figure to the left is a
comparison between the
neutron flux in a NIF
capsule and other
neutron facilities
including LANSCE/WNR
at LANL) a typical high
flux reactor core, and the
SNS at ORNL. The
shaded area represents
the range of values at
each of these facilities.
Note that the y‐axis
covers 40 orders of
magnitude.
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SPONTANEOUS FORMATION AND OPTICAL MANIPULATION OF POLARITON
CONDENSATES
E. Wertza, L. Ferriera, A. Lemaîtrea, I. Sagnesa, P. Senellarta, R. Johneb, D. Solnyshkovb, D.
Sanvittoc, T.C.H. Liewd, T. Ostatnickye, A.V. Kavokine, G. Malpuechb and J. Blocha
a

LPN/CNRS, Route de Nozay, 91460 Marcoussis FRANCE
LASMEA, Université Blaise Pascal, 24, av des Landais, 63177 Aubière, FRANCE
c
Departamento de Fisica de Materiales, Universidad Autonoma de Madrid, Madrid 28049 SPAIN
d
Institute of Theoretical Physics, Ecole Polytechnique Fédérale de Lausanne, CH-1015, Lausanne SWITZERLAND
e
Physics and Astronomy School, University of Southampton, Highfield, Southampton, SO171BJ UK
b

Cavity polaritons have been shown these last years to be a model solid state system to investigate
the physics of bose condensates in a solid state system. However, their very short life time has,
up to now, prohibited the formation of a condensate showing spatial coherence far from the
excitation spot. In the present work, we report on the spontaneous formation under non resonant
excitation of coherent polariton condensates in wire cavities. These condensates expand over
macroscopic distances while preserving their spatial coherence (see fig 1a).
We show that these condensates can be manipulated via optical means. This is illustrated with
two experiments: i) the synchronization of two condensates through an optically controlled
tunnel barrier, and ii) the relaxation of polariton condensates in an optically controlled trap (see
fig.1b).
These results open the way toward the development of new optical circuits based on the ultra-fast
propagation and manipulation of polariton condensates.
a)

b)

Figure 1: (a) Generation of an extended polariton condensate when exciting a single microwire cavity; (b)
Generation of an optical trap where polaritons get confined when exciting a single wire cavity close to its end.

Ref: “Spontaneous formation and optical manipulation of extended polariton condensates”, E. Wertz, L. Ferrier, D.
Solnyshkov, R. Johne, D. Sanvitto, A. Lemaître, I. Sagnes, R. Grousson, A.V. Kavokin, P. Senellart, G. Malpuech
and J. Bloch, Nature Physics 6, 860 (2010)
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Dynamical Decoupling Experiments with Ion Crystals in Penning Traps
John J. Bollinger1 , Michael J. Biercuk1,2 , Hermann Uys1,3 , Joseph W. Britton1 , Wayne M.
Itano1 , and Nobuyasu Shiga1,4
1

National Institute of Standards and Technology, Boulder, CO 80305, USA
2 School of Physics, Univ. Sydney, Australia
3 Council for Scientific and Industrial Research, Pretoria, South Africa
4 National Institute of Information and Communications, Tokyo, Japan

We discuss dynamical decoupling experiments with planar (two-dimensional) arrays of 9 Be+
ions trapped in a Penning trap. Our qubit is the 124 GHz electron spin-flip transition in the
ground state of 9 Be+ in a 4.5 T magnetic field. High fidelity (> 99.9 %) qubit rotations are performed with a phase-locked microwave source at 124 GHz. We measure a T2 free induction
decay coherence time of approximately 2 ms limited by fast (>100 Hz) magnetic field fluctuations of the superconducting magnet.
We have used this system to study the noise filtration capabilities of different dynamical
decoupling sequences [1,2]. Of particular interest is the performance of the recently proposed
Uhrig dynamical decoupling (UDD) pulse sequence [3] which uses unevenly spaced π-pulses,
in contrast to the standard Carr-Purcell-Meiboom-Gill (CPMG) mulitpulse spin echo which uses
evenly spaced π-pulses. We engineer the noise environment of our trapped ion qubits to mimic
the environment of qubits realized in other technologies. We find strong agreement between
experimental data and theoretical predictions for qubit coherence. Further we are able to confirm that in noise environments dominated by high-frequency spectral components, the novel
UDD sequence outperforms standard CPMG in suppressing error and prolonging qubit coherence. In addition we show that further improvements in performance can be obtained through
variation of the inter-π-pulse delays through a real-time feedback optimization.
This work was supported by DARPA, by the DARPA OLE program, and by IARPA.

References
[1] M. J. Biercuk, H. Uys, A. P. VanDevender, N. Shiga, W. M. Itano, and J.J. Bollinger, Nature
458, 996 (2009)
[2] H. Uys, M. J. Biercuk, J. J. Bollinger, Phys. Rev. Lett. 103, 040501 (2009)
[3] G. S. Uhrig, New J. Phys. 10, 083024 (2008)
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Efficiency and capacity of an Atomic Frequency Comb based quantum memory

Matthieu Bonarota⋆ , Thierry Chanelière, Jérôme Ruggiero, Jean-Louis Le Gouët
1. Laboratoire Aimé Cotton, CNRS/Université Paris-Sud, Orsay
⋆ matthieu.bonarota@lac.u-psud.fr

Rare-earth ion doped crystals present very interesting properties for quantum light storage purposes. Their
remarkable coherence properties allow long memory time and their large inhomogeneous broadening allows highbandwidth operation.
Several protocols have been proposed to tap these features. One of the most promising in terms of storage
efficiency, bandwidth and multi-mode capacity is based on an Atomic Frequency Comb [1]. This protocol first
requires a spectrally periodic absorbing structure (the comb). This initial preparation is performed by frequency
selective spectral hole burning. When a signal is sent into the medium, its storage process can be interpreted as
blazed diffraction on the atomic comb. The first order echo in the time-domain defines the retrieved signal.
We investigate experimentally this protocol in Tm3+ :YAG. We focus on two figures of merit of our light
memory:
• the diffraction or retrieval efficiency. In order to increase it a large optical depth and a well-contrasted comb
are required [2]. We optimally shape the comb to increase the efficiency for the given optical depth of our
material (see fig. 1) [3].
• the multi-mode capacity. Thanks to a new preparation method based on frequency modulation of the pumping beam we store 1060 temporal modes (pulse train) over a 1GHz bandwidth (see fig. 2) [4]

Fig. 1: a) Transmission of the atomic
comb from the simplest preparation
sequence (pulse pairs) and c) from
the optimized preparation sequence (61
pulses). b-d) AFC echo from the structures a) and c) respectively. The retrieval efficiency is higher for the optimized preparation sequence.

Fig. 2: a) Storage of 1060 pulses: the
retrieved train appears 1.6 µ s later. b)
Zoom on the incoming train transmitted
by the crystal (in black). c) Zoom on
the retrieved pulses of the AFC echo

References
[1] M. Afzelius, C. Simon, H. de Riedmatten, and N. Gisin, Phys. Rev. A, 79, 052329 (2009).
[2] T. Chanelière, J.Ruggiero, M.Bonarota , M. Afzelius and J-L Le Gouët, New J. Phys., 12, 023025 (2010)
[3] M. Bonarota, J. Ruggiero, J.-L. Le Gouët, T. Chanelière, Phys. Rev. A, 81, 033803 (2010).
[4] M. Bonarota, J.-L. Le Gouët, T. Chanelière, arXiv:1009.2317 (2010).
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Underground and airborne matter-wave inertial sensors: towards fundamental
tests of gravitation
P. Bouyer
Laboratoire Photonique, Numérique, Nanoscience, Institut Optique Bordeaux
LP2N, Univ. Bordeaux, IOGS, CNRS (UMR 3328), 351 cours de la libération, 33 Talence, France
Matter-wave inertial sensing relies on the capability of manipulating the coherent wave nature of matter
to build an interferometer and accurately measure a phase difference. Since the massive particle
associated to the matter wave senses inertial effects, the interferometer represents an accurate inertial
probe. Atom interferometers have benefited from the outstanding developments of laser-cooling
techniques and reached accuracies comparable to those of inertial sensors based on optical
interferometry. Thanks to their long term stability, they offer a breakthrough advance in accelerometry,
gyroscopy and gravimetry, for applications to inertial guidance, geoid determinations, geophysics and
metrology. They are also excellent candidates for laboratory-based tests of general relativity that could
compete with the current tests using astronomical or macroscopic bodies. For example, they may
provide new answers to the question of whether the free fall acceleration of a particle is universal, i.e.
independent of its internal composition and quantum properties.
Picture of the experiment in the plane during
the 0g phase. The parabolic maneuver
consists of a 30 seconds pull-up hypergravity
(2g) phase, a 22s free-fall (0g) parabola and
a 30s pull-down 2g phase. In the science
vacuum chamber, the atoms are laser cooled
and then interrogated by the Raman beam
which is collinear to the Y axis.
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The data show the acceleration signal
measured by the quantum sensor ( on board
of the A300-0g aircraft. The instrument
operates continuously during the 1g and the
0g phases of the flight. The sensitivity is
estimated to 0.3 mg while the vibration noise
in the plane is 30 mg.

We report here the first operation of an airborne quantum inertial sensor. We highlight their promising
applications to inertial navigation and Earth observation. We also describe the improvement of the
quantum sensor sensitivity in weightlessness,
and discuss the possibility to conduct airborne or
spaceborne tests of the Universality of Free Fall
with quantum objects. We finally describe a
matter-wave laser based interferometric
gravitational antenna (MIGA). This infrastructure
will allow for measuring with unprecedented
resolution variations of the Earths gravity and of
the strain of space-time allowing for enhancing Figure of the possible implementation of MIGA : atoms are
the capabilities of existing and future imbedded in a laser interferometer to provide the long term
stability.
gravitational wave detectors.
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Information in a Photon
Robert W. Boyd
Department of Physics, University of Ottawa, Ottawa, ON K1N 6N5 Canada
The Institute of Optics and Department of Physics and Astronomy
University of Rochester, Rochester, NY 14627 USA
By its conventional definition, a photon is one unit of excitation of a mode of the
electromagnetic field. The modes of the electromagnetic field constitute a countably
infinite set of basis functions, and in this sense the amount of information that can be
impressed onto an individual photon is unlimited. In this presentation, we describe how
this large information content can be exploited for applications in quantum information
science. As one example, we are developing a system to perform quantum key
distribution at a high transmission rate by exploiting the transverse degree of freedom of
the photon. Specifically, we aim to transmit more than one classical bit of information
per photon by making use of this large information capacity. More generally, we describe
how image formation making use of quantum states of light allows dramatic new
possibilities in the field of image science. The field of quantum imaging strives to make
use of the quantum aspects of light fields to achieve image formation with enhanced
performance. One such example that we are studying is the possibility of performing
imaging by impressing an entire image onto a single photon. We recently completed one
study [1] that shows that by means of a holographic method we can discriminate between
two objects even when they are illuminated by only a single photon. In a related study
we have shown that we can discriminate among four objects using a single biphoton in a
ghost-imaging configuration [2]. We have also studied [3] the properties of light fields
with transverse distributions that impart orbital angular momentum (OAM) onto the
photon. These OAM states constitute a complete basis, and thus any quantum image can
be described in terms of these states. Our work has quantified the thought that these states
can be used as effective carriers of quantum information [4].
[1] Discriminating Orthogonal Single-Photon Images, C. J. Broadbent, P. Zerom, H.
Shin, J. C. Howell, and R. W. Boyd Phys. Rev. A 79 033802 (2009).
[2] Quantum Ghost Image Discrimination with Correlated Photon Pairs, M. Malik, H. Shin, M.
O’Sullivan, P. Zerom and R. W. Boyd, Phys. Rev. Lett 104, 163602 (2010).
[3] Violation of a Bell inequality in two-dimensional orbital angular momentum state
spaces, J. Leach, B. Jack, J. Romero, M. Ritsch-Marte, R. W. Boyd, A. K. Jha, S. M.
Barnett, S. Franke-Arnold, and M. J. Padgett, Opt. Express, 17, 8287 (2009).
[4] Quantum Correlations in Optical Angle–Orbital Angular Momentum Variables, J.
Leach, B. Jack, J. Romero, A. K. Jha, A. M. Yao, S. Franke-Arnold, D. G. Ireland, R.
W. Boyd, S. M. Barnett, M. J. Padgett, Science 329, 662 (2010).
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Propagation of Polariton Quantum Fluids
Alberto Amo1, Claire Adrados1, Simon Pigeon2, Jérôme Lefrère1, Cristiano Ciuti2, Iacopo
Carusotto3, Romuald Houdré4, Elisabeth Giacobino1, and Alberto Bramati1
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One of the most striking manifestations of quantum coherence in interacting boson systems
is superfluidity [1, 2]. Exciton-polaritons in semiconductor microcavities are two-dimensional
composite bosons (exciton-photon mixtures) which can manifest many-body quantum effects at
elevated temperatures (5-300 K) due to their very light mass. Interestingly, polaritons are
predicted to behave as particular quantum fluids due to their out of equilibrium character, arising
from their reduced lifetime.
Here we report the observation of superfluid motion of polaritons resonantly excited in a
GaAs-based semiconductor microcavity [2]. Superfluidity manifests itself as the suppression of
scattering from defects when the flow velocity is slower than the speed of sound in the fluid.
Moreover, a Cerenkov-like wake pattern is clearly observed when the flow velocity exceeds the
speed of sound.
The observation of both the superfluid and supersonic regimes fulfills the criteria for the
description of superfluidity according to the Landau criterion, originally developed to explain the
observations in liquid helium and recently applied to demonstrate superfluidity of atomic BoseEinstein condensates. Our experimental findings are in excellent quantitative agreement with the
predictions based on a generalized Gross-Pitaevskii theory [3], showing that polaritons in
semiconductor microcavities constitute a very rich system for exploring the physics of nonequilibrium quantum fluids.
In addition, very interesting effects like hydrodynamic formation of vortices and solitons
are predicted by recent theoretical studies as a result of the interaction of the polariton superfluid
with a spatially extended defect [4]. Preliminary experimental data and progress on the
measurements will be discussed.

[1] A. Amo, D. Sanvitto, F. P. Laussy, D. Ballarini, et al., Nature 457, 291 (2009).
[2] A. Amo, J. Lefrère, S. Pigeon, C. Adrados, et al., Nature Phys. 5, 805 (2009).
[3] I. Carusotto and C. Ciuti, Phys. Rev. Lett. 93, 166401 (2004).
[4] S. Pigeon, I. Carusotto and C. Ciuti, arXiv: 1006.4755v1 (2010)
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Warp-Speed Causal Connectivity
Howard E. Brandt
U. S. Army Research Laboratory, Adelphi, MD 20783
Canonical quantum field theory in Minkowski spacetime suffers from the divergences occurring
at very small distances and/or very high energy. This long standing issue is also manifested in
the singular delta function appearing in the microcausality relation involving the commutator of
the quantum field at two points separated in spacetime. It has been argued that an implication of
a physical upper bound on allowed proper acceleration relative to the vacuum is that the
canonical microcausality relation is modified to include dependence of the field on the fourvelocity of the device measuring the field, so that the delta function is replaced by a function
concentrated near the Planck scale of spatial separation between the two devices measuring the
field, or at much larger separation when the relative speed of the two measuring devices is near
the canonical speed of light [1]-[3]. A consequence is that the causal boundary, canonically
defined by the light cone, is warped at these scales so that the timelike region extends into the
canonical spacelike region. The speed of the associated causal connectivity can exceed the
canonical measured speed of light. The condition for this warp-speed causal connectivity to
occur optimally with instantaneous transmission is when the spatial component of the relative
four-velocity of the two measuring devices is orthogonal to their spatial separation, and for
spatial separations near the Planck scale. When the relative speed of the measuring devices is
very large, the range for warp-speed causal connectivity may extend well beyond the Planck
scale, but if the wavelength is much less than the range, the field is extremely reduced. It is also
significant to note that the modified quantum field is Lorentz invariant, and causal connectivity
backward in time remains impossible.
[1] Howard E. Brandt, “Lorentz-Invariant Quantum Fields in the Space-Time Tangent Bundle,”
International J. Math. and Math. Sci. 2003, 1529-1546 (2003).
[2] Howard E. Brandt, “Quantum Vacuum Heuristics,” J. Mod. Optics 50, 2455-2463 (2003).
[3] Howard E. Brandt, “Causal Domain of Minkowski-Spacetime Tangent Bundle,” Found.
Phys. Lett. 13, 581-588 (2000).
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Relativistic Mirrors in Laser Plasmas – a Path towards
Compact Source of Coherent X-Rays
S. V. Bulanov, T. Zh. Esirkepov, M. Kando, H. Kiriyama, A. S. Pirozhkov
Advanced Photon Research Center, JAEA, 8-1-7 Umemidai, Kizugawa, Kyoto, 619-0215, Japan
Telephone:+81 774-01-3005, Fax: :+81 774-01-3316, E-mail: bulanov.sergei@jaea.go.jp

The advent of chirped pulse amplification resulted in the dramatic growth of peak power
of lasers and opened the new branch of high field science, delivering the focused irradiance,
electric fields of which drive electrons into the relativistic regime [1]. In a plasma a strongly
nonlinear breaking wake wave driven by an intense laser pulse can act as a partially reflecting
relativistic mirror [2] (the flying mirror [3, 4]), producing an extremely time-compressed
focused tightly pulse with a frequency multiplication factor ~ 4γ2 (the double Doppler effect).
We present the results of experiments [5] on the high intensity laser pulse collision in the
underderdense plasma, in which the photon number detected in the reflected radiation
approached theoretical limit [6]. This leads to the possibility of very strong pulse
compression and extreme coherent light intensification.
The flying mirror is able to generate intense coherent ultrashort XUV and X-ray pulses
that inherit their temporal shape and polarization from the original optical-frequency (laser)
pulses. This scientific area promises the development of the sources of ultrashort x-ray pulses
with the parameters required for studying of complex structures in nanometer scale and in
attosecond range.

Fig. 1. Left. 3D PIC simulation of two counterpropagating laser pulse interaction.
Enlarged: the reflected electromagnetic pulse. Centre. Experiment setup [4], overlapping
laser pulses, and detected signal demonstrating narrow band XUV radiation. Right.
Schematic of experimental setup [5], spectra of reflected signal.
References
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Wavelength agile photoacoustic microscopy with a pulsed
supercontinuum source
M. Liu and T. Buma
Department of Electrical and Computer Engineering
University of Delaware, Newark, DE 19716
Email: buma@ece.udel.edu

Photoacoustic microscopy (PAM) provides excellent image contrast based on optical absorption [1,2].
Spectroscopic imaging requires a wavelength tunable pulsed nanosecond laser, which can be expensive
and difficult to rapidly switch between wavelengths. We are developing a multiwavelength photoacoustic
microscopy system based on a pulsed optical source with high repetition rate (i.e. several kHz) and rapid
wavelength tunability [3].
The key feature is the generation of an ultrabroadband spectrum by propagating sub-nanosecond
pulses from a Q-switched microchip laser through several meters of photonic crystal fiber (PCF) [4]. The
supercontinuum is sent through a prism-based monochromator that can rapidly select the desired
wavelength. The selected wavelength is sent to a photoacoustic microscopy system, where seven different
wavelengths (575 to 875 nm) are acquired in less than one second for each image pixel.
Multiwavelength imaging is tested on an optically scattering phantom containing cotton threads
stained with different color dyes. The figure below shows the photoacoustic images at 575 and 675 nm.
All images are shown over a 600 x 600 µm region. Multiwavelength processing correctly identifies the
color of each fiber. A major advantage of our tunable source is the rapid access to widely separated
wavelengths. We believe this tunable laser can significantly benefit spectroscopic applications of optical
resolution photoacoustic microscopy.
Filtered
Output

575 nm

675 nm

Spectrally Processed

Supercontinuum
input

Prism

Concave
mirror

Mirror

Moving
aperture

(a)

(b)

(c)

(d)

Fig. 1: (a) Rapidly tunable filter to select the desired wavelength from the pulsed supercontinuum. Maximum
amplitude project (MAP) images taken at (b) λ = 575 nm and (c) λ = 675 nm. The scale bar represents 150 µm.
(d) Images taken at seven different wavelengths are processed to form the color coded image.
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Spin Texture in a Cold Exciton Gas
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An indirect exciton is a bound pair of an electron and a hole confined in spatially
separated layers. They have long lifetimes and long spin-relaxation times, can cool
down to low temperatures well below the temperature of quantum degeneracy, can
travel over large distances before recombination, and can be in situ controlled by
voltage. Due to their properties, indirect excitons form a model system both for the
studies of basic properties of cold bosons in condensed matter materials and for the
development of excitonic devices [1].
In this contribution, we present new phenomena in cold exciton gases. We report on the
observation of a spin texture in a cold gas of indirect excitons in a GaAs/AlGaAs
coupled quantum well structure. The spin texture is observed around the rings in the
exciton emission pattern. The observed phenomena include: a ring of linear
polarization, a vortex of linear polarization with polarization perpendicular to the radial
direction, an anisotropy in the exciton flux, a skew of the exciton fluxes in orthogonal
circular polarizations and a corresponding four-leaf pattern of circular polarization, and
a periodic spin texture.
We also report on the observation of fork-like dislocations in the interference pattern for
a cold gas of indirect excitons in a GaAs/AlGaAs coupled quantum well structure. A
fork-like dislocation in an interference pattern is characteristic for a topological defect
with a phase singularity.
Spin textures, topological defects and the previously studied exciton spatial ordering
[2], as well as spontaneous coherence and condensation [3] emerge when the exciton
gas is cooled below a few Kelvin.
1. Y.Y. Kuznetsova, M. Remeika, A.A. High, A.T. Hammack, L.V. Butov, M. Hanson,
A.C. Gossard, All-optical excitonic transistor, Optics Letters 35, 1587 (2010).
2. L.V. Butov, A.C. Gossard, D.S. Chemla, Macroscopically ordered state in an exciton
system, Nature 418, 751 (2002).
3. Sen Yang, A.T. Hammack, M.M. Fogler, L.V. Butov, A.C. Gossard, Coherence
length of cold exciton gases in coupled quantum wells, Phys. Rev. Lett. 97, 187402
(2006).
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Ensemble diamond magnetometer
Paola Cappellaro
Nuclear Science and Engineering Department
Massachusetts Institute of Technology

Isolated electronic spins associated with Nitrogen-Vacancy (NV) centers in diamond have been
recently proposed as sensitive magnetic sensors. This novel approach to magnetometry is
enabled by the good coherence properties of the NV centers, as well as by advanced techniques
for their coherent control. Higher sensitivity, combining high spatial resolution with large field of
view, can be obtained using ensemble of NV centers to image magnetic surfaces.
The ultimate sensitivity limit is set by the interaction of the sensor spins with their environment
and in particular the nuclear and electronic spin bath. Engineering, controlling or harnessing the
environment can lead to better sensitivity. For example, NV-NV couplings that would limit the
sensitivity could be used instead to create a squeezed state, yielding enhanced sensitivity.
Squeezing can only be achieved by using coherent control to engineer the desired Hamiltonian,
while protecting the system from decoherence.
Finally, I will outline exciting applications enabled by the improved sensitivity in areas ranging
from materials science to biophysics.
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Theory of quantum dot cavity-QED: LO-phonon induced antibunching
of thermal radiation and cavity feeding
Alexander Carmele1 , Julia Kabuss1 , Marten Richter1 , Andreas Knorr1 , and Weng W. Chow2
1 Inst.

für Theoretische Physik, TU Berlin, Hardenbergstr. 36 EW 7-1, 10623 Berlin, Germany
2 Sandia National Laboratories, Albuquerque, NM 87185-1086, USA

Cavity quantum electrodynamics (CQED) addresses the properties of atom-like emitters such as InAs/GaAs
quantum dots (QDs) strongly coupled to a single light mode in a microcavity. QD excitons not only interact
with the cavity photons, but also with their solid-state environment [1]. Common approaches to treat several
interactions rely on a perturbation approach often within the Markovian approximation. Here, we investigate
theoretically the photon statistics and phonon signatures in quantum light emission from a QD based on a nonperturbative equation of motion approach [2]. Our model includes non-Markovian effects in the calculation of
the combined electron, photon, and phonon dynamics [3].
In Fig.(a), the absorption spectrum α (ω , ∆) for different detunings ∆ is depicted for a temperature of 300 K. For
the case of a detuning between the QD and the cavity mode of an LO-phonon frequency, LO-phonon assisted
cavity feeding is visible and additional strong coupling signatures (anti-crossings) appear in the spectrum (at
2 and 3). Remarkably, phonon-induced anharmonicities in the photon density dynamics prove the mixing of
transition and phonon sidebands dynamics beyond the Markovian limit. At elevated temperatures, a temporal
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beating occurs in the photon density dynamics and the photon statistics is degraded from an initially thermal
distribution into the anti-bunching regime [3]. The photon statistics, experimentally accessible via the intensityintensity function g(2) (t, 0), is strongly affected by the presence of the LO-phonons. The average value of the
g(2) (t, 0)-function is reduced from 1.1 at 3 K within the bunching regime to 0.8 at 300 K, the anti-bunching
regime. This result is depicted in Fig. (b) for 3 K and (c) for 300 K. The occurrences of a given g(2) (t, 0)-value
is plotted, taken from the time traces over a time interval chosen so that further increase in measurement time
does not change the basic shapes of the shaded regions. For 300 K, the occurence of g(2) (t, 0)-values larger
than 1 is drastically decreased. The energetically flat phonon dispersion imparts regularity in the beating of the
different Rabi oscillations and introduces hereby non-classical features into the light field.
We propose in our presentation more experimental studies of quantum optical properties in semiconductor
nanostructures [1] and provide a fully solvable quantum mechanical model to investigates such properties,
which is extendable to further interaction schemes [2].
References [1] G. Khitrova, H.M. Gibbs, M. Kira, S. W. Koch and A. Scherer, Nat. Phys. 2 (2006)
[2] J. Kabuss, A. Carmele, M. Richter, W.W. Chow, and A. Knorr, Phys. Status Solidi, accepted (2010)
[3] A. Carmele, M. Richter, W. W. Chow, and A. Knorr, Phys. Rev. Lett. 104, 156801 (2010)
[4] M.C. Teich, and B.E.A. Saleh, Phys. Today 43, 23 (1990)
A. Carmele ( alex@itp.tu-berlin.de )
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Coherence theory for pulse trains
P. Scott Carney and Robert W. Schoonover
University of Illinois-Department of Electrical and Computer Engineering and the Beckman Institute for Advanced Science and Technology
Urbana, Illinois 61801 Email: carney@uiuc.edu

Coherence theory is a statistical measurement theory for stochastic fields. Standard statistical optics fields are assumed
to be stationary, ergodic, random processes [1]. These assumptions fail for ultrafast pulsed sources. A cyclostationary
model for the fields retains many of the advantages of the stationary model, e.g. (cyclo)ergodicity, power spectra,
simplified second-order correlation functions [2]. In this talk we present the foundations of a coherence theory for
stochastic pulse trains and demonstrate effects in propagated fields not seen in the stationary theory.
As a standard example we will consider Young’s two pinhole experiment with partially spatially coherent cyclostationary fields. We will present both analytic and simulated results. Diffraction patterns for near, intermediate and far
zones are presented for a variety of time scales of pulse duration, spacing and coherence [3, 4]. See Fig. 1.
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For stationary optical sources, the power spectrum at the source and the power spectrum far from the source differ in
a way not predicted by standard (deterministic) diffraction theory. This change in the power spectrum is known as
the Wolf shift, and is a propagation-induced effect, dependent on spatial correlations [5]. We present an analog to the
Wolf shift for cyclostationary fields [6].
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Figure 1: Simulated interferograms for a source with period T0 = 200f s, pulse duration T = 50f s, coherence time
τc = 600f s, and coherence length σg = 4mm.
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[2] B. Davis, “Measurable Coherence Theory for Statistically Periodic Fields,” Phys. Rev. A 76, 043,843 (2007).
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[6] R.W. Schoonover, B.J. Davis, P.S. Carney, “The generalized Wolf shift for cyclostationary fields,” Opt. Express
17, 4705–4711 (2009).
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Geometry and material dependence of the Casimir force on
nanostructured silicon surfaces
Ho Bun Chan
Department of Physics, the Hong Kong University of Science and Technology, Hong
Kong, China.
The Casimir force is usually regarded as an extension of the van der Waals (vdW)
interaction between molecules in the retarded limit. By dividing two solid plates into
small elementary constituents and summing up the vdW force, it is possible to recover
the distance dependence of the Casimir force between them. For smooth curved surfaces,
the Casimir force is often calculated using the proximity force approximation (PFA)
when the separation is small. However, the PFA breaks down when the deformation is
strong. In fact, one important characteristic of the Casimir force is its strong dependence
on geometry. The Casimir energy for a conducting spherical shell or a rectangular box
has been calculated to have opposite sign to parallel plates. Whether such geometries
exhibit repulsive Casimir forces remains a topic of current interest.
We performed an experiment to demonstrate the interplay between geometry and finite
conductivity effects for the Casimir force [1]. A micromechanical torsional oscillator is
used to measure the interaction between a gold sphere and a silicon surface with an array
of nanoscale, rectangular corrugations. The measured Casimir force is found to deviate
from the PFA by up to 10%, in good agreement with calculations based on scattering
theory. Our results show that the optical properties of the material must be included in the
calculation of Casimir forces between structures of non-conventional shapes, due to the
non-trivial interplay with geometry effects.

a)

b)

c)

Figure 1: (a) Cross section of the nanoscale rectangular trenches on a silicon surface. (b) Schematic of the
experimental setup (not to scale) including the micromechanical torsional oscillator, gold spheres and
silicon trench array. (c) Ratio ρ of the measured Casimir force gradient to the force gradient expected from
PFA, The solid line is the prediction from scattering theory that includes both geometry and finite
conductivity effects. The dashed line represents calculations assuming perfectly conducting surfaces.
[1] Y. Bao, R. Guérout, J. Lussange, A. Lambrecht, R. A. Cirelli, F. Klemens, W. M. Mansfield, C. S. Pai
and H. B. Chan, arXiv: 1009.3487
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Towards realistic schemes
for quantum logic gates on atom chips
Eric Charron
Institut des Sciences Moléculaires d'Orsay
Unversité Paris-Sud 11
91 405 ORSAY cedex
FRANCE
Several schemes for quantum logic gates with atoms have been presented in the recent
years. Such schemes often use simple theoretical models and/or simplifying assumptions. In
a real experimental setup these schemes must be reconsidered, carefully analyzed, and even
sometimes deeply modified.
After a general introduction of the context, I will present a realistic scheme for a phase gate
with Rubidium atoms on atom chips that take into account many features of a real experimental setup [1]. I will show that an implementation of the scheme on atom chips with current technology and realistic values of all relevant parameters is feasible. Numerical simulations estimate the gate operation time on the order of 10 ms and very high fidelity.

Schematic view of the atom-chip conﬁguration.

_____________
[1] E. Charron, M. A. Cirone, A. Negretti, J. Schmiedmayer, and T. Calarco
“Theoretical analysis of a realistic atom-chip quantum gate”
PHYSICAL REVIEW A 74, 012308 (2006).
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Thermal Radiation Transport in Nanostructures
A. Mavrokefalos, P. Sambegoro, S.E. Han, and G. Chen
Department of Mechanical Engineering
Massachusetts Institute of Technology
Cambridge, MA 02139, USA

ABSTRACT
Radiation heat transfer in nanostructures can differ significantly from that in
macrostructures due to wave effects. Max Planck himself realized that the blackbody
radiation law that now bears his name was limited to geometries much larger than
wavelength of thermal radiation. In this talk, we will discuss two examples of radiation
heat transfer in nanostructures. In one example, we will show that at near field, thermal
radiation heat transfer between two surfaces separated by tens of nanometers can exceed
that of Planck’s blackbody radiation law by several orders of magnitude, mediated by
surface phonon polaritons. We will also show that existing fluctuating electrodynamics
theory cannot predict experimental results in the extreme limit of small separation
between two surfaces. In another example, we will discuss thermal radiation exchange in
photonic crystal structures, which can lead to interesting photon recycling and spectral
control strategies.
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Two-photon Anti-correlation and Interference with Incoherent Thermal Radiations
Hui Chen, Tao Peng, Sanjit Karmakar, Zhenda Xie, and Yanhua Shih
Department of Physics, University of Maryland, Baltimore County, Baltimore, MD 21250

Quantum computing requires entangled states with a large number of particles. However, we still have diﬃculty in
preparing entangled three (or more) quanta. Thus, we ask instead: is it possible to simulate the behavior of entangled
states in the computation by a diﬀerent mechanism other than entanglement, such as multi-photon interference of
thermal light? Based on a set of recent experiments, the answer is positive. Recently, we successfully simulated AlleyShih experiment by two-photon interference of chaotic thermal light, and observed anti-correlation and polarization
correlation with more than 71% visibility. This paves a way to implement multi-particle superposition with thermal
light.
In this talk, we will report our recent observations of two-photon anti-correlation and polarization correlation
with thermal light. In our experiment, we created two independent and mutual incoherent thermal sources A and
(1)
(2)
(1) (1)
∗
B. They are ﬁrst-order incoherent, GAB = EA EB
 = 0, and even second-order incoherent, GAB = GAA GBB +
(1) 2
|GAB | =constant. With the sources A and B, we built an interferometer and simulated two-photon interference of
entangled states. Surprisingly, we obeserved anti-correlation with visibility more than 90%. In the report, we will
formulate the experiment with quantum mechanics theory, and depict how we simulated the entangled state in a
proper way.
Moreover, we stepped further to make the sources A and B orthogonally polarized and simulate Alley-Shih experiment. Essentially similarly to Alley-Shih experiment, we constructed a Bell-state with thermal light and implemented
Bell-type measurements which results in observations of anti-correlation and polarization correlation as well, indicating
the correlation of two-photon Bell state or qubit,

1 
|Ψ = √ |X1 |Y 2 − |X2 |Y 1 ,
2
where X and Y correspond to the two mutually incoherent and orthogonally polarized sources A and B respectively.
Although thermal light was used throughout the measurements, the visibilities in all the observations are more
than 71%, which indicates a successful simulation of the Bell-state. Afterwards, we may start to simulate N-photon
entanglement, since it is easily to generate multi-photon interference in thermal light.
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Photoelectrochemical Hydrogen Production from Water/Methanol Decomposition
Using Nanocomposites
Zhengdong Cheng, Artie McFerrin Department of Chemical Engineering,
Texas A&M University, College Station, TX 77843, USA
Hydrogen is the best transportation fuel, the most versatile, most efficient, most environmentally
compatible, safest and most cost effective fuel to society [1]. The splitting of water with sunlight
to produce hydrogen is the basis for one of the most promising new energy industries, both in
terms of high projected growth and low environmental footprint. Extensive studies have been
carried out to study the best material candidates for solar hydrogen production via water splitting
since its discovery by Fujishima and Honda in 1972 [2]. Here, we present the results of Cu/TiO2
nanoparticles [3], and Ag/CuInS2/TiO2-x.Nx thin films under sunlight from water/methanol
solution. The Ag/TiO2 nanofiber fabricated using electrospinning which proposed as effective
supporter for nanocomposite photocatalysts will be also discussed. Time courses of hydrogen
production were recorded using the high throughput detection method established in our
laboratory. [4]
200

Figure 1 Left: Time course of
hydrogen production of
Ag/TiO2 nanofiber under UV
light (100W/m2), from a
water/methanol solution.
Hydrogen production rate is
17.63±0.14 µmol/h/g. Right:
SEM image of Ag/TiO2
nanofiber.
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Figure 2 Left: Hydrogen
production of
Ag/CuInS2/TiO2-x.Nx thin film
under sunlight is
57.1±9.2µmol/h/g. Right:
Hydrogen production of
Cu/TiO2 nanoparticle
suspensions under sunlight is
24.88±0.58µmol/h/g.
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Measurements of the Casimir force and
of the near-field radiative heat transfer
Joël Chevrier
Institut Néel,
CNRS and Université Joseph Fourier,
38042 Grenoble France
Non contact interactions and energy exchanges between two objects due
to quantum and thermal induced electrodynamic fluctuations give rise to
Casimir/van der Waals forces and to near field radiative heat transfer far
exceeding the far field black body contribution described by the StefanBoltzmann formula.
While quantum fluctuations, related to zero point energy, lead to the
formulation of the Casimir/van der Waals force, near-field radiative heat
transfer is only due to classical thermodynamical charge fluctuations.
Although significant progresses have been made in the past in the precise
measurements of the Casimir force, a detailed quantitative comparison
between theory and measurements in the sub-micron regime was still lacking
when speaking about heat transfer.
I shall first make a simple introduction on how the charge fluctuations
give rise to these two effects that are nowadays most effectively detected using
MEMS or AFM technologies. This will lead me to question the relevance of
these effects in the use of MEMS.
After description of our quantitative measurements of the Casimir force
and comparison with theory, I shall report on our experimental data on the
thermal flux distance dependence. Theory based on the Derjaguin
approximation, successfully used here for the first time to describe radiative
heat transfer from the far field to the near field regimes, reproduces the
measured dependence.
1- Radiative heat transfer at the nanoscale,
Nature Photonics 3, 514 - 517 (2009)
E. Rousseau, A. Siria, G. Jourdan, Sebastian Volz, Fabio Comin, Joël Chevrier
& Jean-Jacques Greffet
2- Quantitative non-contact dynamic Casimir force measurements,
G. Jourdan, A. Lambrecht, F. Comin, J. Chevrier,
EPL 85 No 3 (February 2009) 31001 (6pp)
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The Steady-state Ab Initio Laser Theory And Its Application To Photonic
Crystal Surface-Emitting Lasers
Y. D. Chong, Li Ge, and A. Douglas Stone
Department of Applied Physics, Yale University, New Haven, CT 06520
Song-Liang Chua, Marin Soljac̆ić, and Jorge Bravo-Abad
Department of Physics, MIT, Cambridge, MA 02139
A realistic steady-state ab-initio laser theory (SALT), based on the work of Türeci et. al. [1, 2], is
formulated and tested on an exemplary complex laser cavity. In this theory, the steady-state laser
equations are solved self-consistently with exact outgoing boundary conditions. This frequency-domain
approach is computationally more efficient than finite-difference time domain (FDTD) simulations, as
there is no need to time-step to the steady state.
We have added several important pieces to the SALT [4]: (i) a novel basis set that naturally incorporates
the effects of non-uniform index and/or gain, allowing the laser modes to be computed efficiently; (ii) a
“single-pole approximation” allowing high-Q above-threshold modes to be computed without a non-linear
solver, by keeping each mode’s frequency and structure fixed after it first turns on (unlike third-order
theory [3], this holds well above threshold); and (iii) the use of a realistic four-level gain medium instead
of two-level atoms.
The improved SALT is applied to a 2D TM model of a photonic crystal surface-emitting laser (PCSEL)
[5]. In comparison with FDTD simulations, the laser frequencies agree to within 4% and the thresholds
to within 9%, much of the difference being attributable to the limited FDTD resolution achievable in
this complex geometry; furthermore, the single-pole approximation remains accurate for pump strengths
three orders of magnitude above threshold [6]. These results point the way to using the SALT as a tool
for simulating realistic complex microfabricated laser cavities.
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H. E. Türeci, A. D. Stone, and B. Collier, Phys. Rev. A 74, 043822 (2006).
H. E. Türeci, L. Ge, S. Rotter, and A. D. Stone, Science 320, 643–646 (2008).
H. Haken and H. Sauermann, Z. Phys. 173, 261 (1963).
Li Ge, Y. D. Chong, and A. D. Stone, Phys. Rev. A (in press); arxiv:1008.0628.
H. Matsubara et. al., Science 319, 445 (2008).
S.-L. Chua, Y. D. Chong, A. D. Stone, M. Soljac̆ić, and J. Bravo-Abad, submitted to Optics Express.
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Leaky-Mode Coherent Vertical Cavity Laser Arrays
Kent D. Choquette
Electrical and Computer Engineering Department
University of Illinois, 208 N. Wright St., Urbana, IL 61801
e-mail: choquett@illinois.edu
Abstract: Arrays of vertical-cavity surface-emitting lasers (VCSELs) have been investigated as potential
high-power, single-mode sources. Proton-implantation definition of laser apertures has been
demonstrated as a simple and effective method to create coherently-coupled vertical-cavity surfaceemitting laser (VCSEL) arrays. In this work, the thermal and carrier characteristics of these arrays are
considered and it is demonstrated that the coupling between implant apertures is a result of index antiguiding. Thus it is possible to make strongly coupled leaky-mode VCSEL arrays whose measured
behavior compares favorably to our theoretical models.
Coherently coupled VCSELs arrays have long been pursued to develop
high power narrow linewidth optical sources [1, 2].
One recent
application of compact high power sources are for laser cooling and
atomic trapping for high performance frequency standards [3]. A side
view schematic and near-field images of the VCSEL arrays under
investigation are shown in Fig. 1. The lasers utilize both a photonic
crystal and ion implantation to provide optical and electrical confinement.
A thermal and carrier model is used to describe the behavior of the
arrays [4]. Although the temperature is relatively constant, the index in
the coupling region is higher than that of either array elements. This is
characteristic of leaky-mode arrays.
Using the calculated index profile, a one-dimensional finite difference
method is used to solve for the modes of the anti-guided arrays [5].
Solving the finite difference problem gives the modal gain for the different
waveguide modes. The gain discrimination for the dominant mode (i.e.
the one experiencing the most gain) is shown in Fig. 2(a) and (b) as a Fig. 1: (a) Cross section and (b)
function of element separation and heat, respectively. The dominant top view of VCSEL array.
mode is indicated in the
insets.
The
mode
profiles are in good
qualitative
agreement
with those observed
experimentally. These
near-field cuts exhibit
the same inter-element
fringes in the field that
are predicted. A full
image of a two-lobe
(out-of-phase)
mode
can also be seen in Fig.
Fig. 2: The gain discrimination for the preferred modes (indicated by insets) versus
1(b). Implementation of (a) element separation and the (b) power as heat.
the modeling methods
described here will be
useful for designing single-mode, in-phase laser arrays of arbitrary size.
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PT-Symmetry in Optics
Demetri Christodoulides1 and Gregory Salamo2
CREOL, The College of Optics & Photonics, UCF, Orlando, FL 32816
2
Department of Physics, U. of Arkansas, Fayetteville, Arkansas 72701

1

The concept of parity-time (PT) symmetry was spawned few years ago within the framework of
quantum field theory by Bender and colleagues who first noted that a broad family of nonHermitian Hamiltonians can exhibit entirely real spectra [1]. This counterintuitive result is
possible provided that the system itself respects parity-time symmetry-in which case the
Hamiltionian and the PT operator happen to share the same set of eigenfunctions. From here, one
can directly show that a necessary condition for a Hamiltonian to be PT-symmetric is
V ( x)  V * ( x) , e.g. the complex potential involved should display a special mirror symmetry.
While the impact of PT symmetry in these fields is still open to debate, we have recently
recognized that these basic concepts can be transferred to the field of optics with exciting
possibilities [2-5]. This can be
achieved through a judicious
design that involves a
combination of gain and loss
and the process of index
guiding. In fact, initial
theoretical
results
[2]
demonstrate
that
light
propagating through a PTsynthetic medium can exhibit
intriguing and unexpected
behavior that may have
implications in optics. Effects
ranging
from
power
oscillations and band merging
at exceptional points to nonreciprocal wave propagation
and double refraction have Figure 1(a) PT symmetric structure realized in LiNbO3 (b)
been suggested in such spatial and temporal energy oscillations below and above the
systems. Very recently PT- PT-symmetry breaking point.
symmetry breaking has been
experimentally observed in non-Hermitian structures [4] while slow down of energy oscillations
has been demonstrated close to the exceptional points [5]-as shown in Fig. 1. In this talk we
provide an overview of recent developments in this field.
1. C. M. Bender and S. Boettcher, Phys. Rev. Lett. 80, 5243 (1998).
2. K. Makris, R. El-Ganainy, D. N. Christodoulides, and Z. Musslimani, Phys. Rev. Lett. 100,
103904 (2008).
3. Ramezani, Kottos, El-Ganainy, and Christodoulides, Phys. Rev. A 82, 043803 (2010).
4. A. Guo, G. J. Salamo, D. Duchesne, R. Morandotti, M. Volatier-Ravat, V. Aimez, , G. A.
Siviloglou, and D. N. Christodoulides, Phys. Rev. Lett.103, 093902 (2009).
5. C. E. Rüter, K. G. Makris, R. El-Ganainy, D. N. Christodoulides, M. Segev, D. Kip, Nature
Physics 6,192 (2010).
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Broadband coherent Raman microscopy:
chemical imaging for biology
M. T. Cicerone,a Y. J. Lee,a K.H. Aamer a
aNational

Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, MD, 20899-8543,
USA

Fingerprint Raman spectroscopy has proven to be remarkably powerful for
determining functional state of cells and tissues without labeling.
However,
spontaneous Raman has not been widely adopted as a primary tool because it is too
slow and inefficient. Broadband coherent anti-Stokes Raman (CARS) shows promise
in rectifying this and other drawbacks with spontaneous Raman. We have recently
shown that by utilizing native heterodyning of weak resonant signals with a strong
nonresonant background,[1] B-CARS achieves excellent spectral sensitivity over the
“fingerprint” frequency range of (500 to 1800) cm-1,[2] something heretofore not
achieved for CARS. Furthermore, we obtain these at dwell times of less than 50 ms;
significantly faster than spontaneous Raman. The spectra we obtain are of sufficient
quality to clearly discriminate cell phenotype and identify chemical changes in
subcellular compartments. All this is done without labeling, and with minimal sample
preparation. I will discuss signal generation and extraction of quantitative chemical
information for label-free, imaging of cells and tissues. I will also discuss prospects
for significant improvements needed to transform this method to a widely used tool in
cell biology, biomedical research, and clinical applications.

REFERENCES
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Ultrastrong coupling circuit-QED:
vacuum degeneracy and quantum phase transitions
Pierre NATAF and Cristiano CIUTI
Laboratoire Matériaux et Phénomènes Quantiques, Université Paris Diderot-Paris 7 and CNRS,
Bâtiment Condorcet, 10 rue Alice Domon et Léonie Duquet, 75205 Paris Cedex 13, France

This talk will be devoted to cavity and circuit quantum electrodynamics (QED) in the
ultrastrong coupling regime. Such an unconventional limit is achieved when the vacuum
Rabi frequency (quantifying the light-matter interaction) is comparable or larger than the
two-level transition coupled to the bosonic field of a resonator. The ultrastrong coupling
regime is being explored both theoretically and experimentally in semiconductor and
superconducting systems[1]. Here we will describe theoretically the quantum properties of a
chain of Josephson atoms in a transmission line resonator, both in the case of inductive[2]
and capacitive[3] coupling with the resonator field. In the ‘thermodynamic’ limit of a large
number of artificial atoms, predictions and constraints will be presented for the occurrence of
‘superradiant’ quantum phase transitions, with a doubly degenerate vacuum (ground state).
In the finite-size case, the robustness and protection of the vacuum degeneracy and of
quantum information stored in a ‘vacuum’ qubit in the ultrastrong coupling regime will be
explained both analytically and numerically.
[1] For semiconductors, see C. Ciuti, G. Bastard, I. Carusotto, Phys. Rev. B 72, 115303 (2005); C. Ciuti, I.
Carusotto, Phys. Rev. A. 74, 033811 (2006); G. Günter et al. Nature 458, 178 (2009); Y. Todorov et al., Phys.
Rev. Lett. 105, 196402 (2010). In the case of superconducting circuits, see e.g. : M.H. Devoret, S.M. Girvin,
R.J. Schoelkopf, Ann. Phys. 16, 767 (2007); T. Niemczyk et al., Nature Physics 6, 772-776 (2010).
[2] P. Nataf, C. Ciuti, Vacuum degeneracy of a circuit-QED system in the ultrastrong coupling regime, Phys.
Rev. Lett. 104, 023601 (2010) and references therein.
[3] P. Nataf, C. Ciuti, No-go theorem for superradiant quantum phase transitions in cavity QED and counterexample in circuit-QED, Nat. Commun 1, 72 doi:10.1038/ncomms1069 (2010) and references therein.

PQE-2011

99

Speaker: John Close
Session: Quantum Metrology
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High Visibility Gravimetry With a Bose Einstein Condensate
J. D. Close, J. E. Debs, T. H. Barter, D. Döring, G. R. Dennis. G. McDonald,
N. P. Robins
The Australian Centre for Quantum Atom Optics
and the Department of Quantum Science,
The Australian National University, Canberra, 0200, Australia
In this talk, we discuss Bose Einstein condensate based gravimetry exploiting
large momentum transfer beam splitters realized with both Bragg and Bloch
processes [1].
We report on the operation of a cold atom gravimeter exploiting an expanded Bose
Einstein condensate (BEC) as the source of atoms, achieving fringe visibility as
high as 85%. The density of the condensate after expansion is sufficiently low that
we observe no detrimental mean field effects in the measurement. We compare the
performance of the gravimeter using cold thermal atomic clouds just below BEC
phase space density to the performance achieved using a BEC and find an
increase in visibility using the condensed source.
Bose Einstein condensates and atom lasers are the matter wave analog of optical
lasers, the preferred source for optical precision measurements. The use of BECs
in precision atom interferometry is not widespread because of density related shifts
and dephasing due to mean field effects or atom interactions and due to the
comparatively low flux. To our knowledge, thermal atomic clouds have been used
in all previous gravimeters realized to date.
In the experiments we describe here, the freely falling condensates undergo
expansion to low density before entering the interferometer pulse sequence. The
advantage of the BEC source is that it exhibits a narrow momentum both parallel
and transverse to the direction of propagation of the probe lasers increasing the
efficacy of large momentum transfer beam splitting. We discuss and compare the
flux for state of the art BEC experiments to that of state selected thermal sources
and discuss the implications for the sensitivity of future precision measurements of
gravity exploiting freely falling condensates and atom lasers [2].
[1] J. E. Debs et al, arXiv:1011.5804 (29 November 2010).
[2] N. P. Robins et al, Nature Physics 4, 731 (2008).
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Propagation and Spread of Non-Stationary Noise in a Dispersive Medium

Leon Cohen
Hunter College of the City University of New York
695 Park Avenue, 10065 New York, NY.
email: leon.cohen@hunter.cuny.edu.

We discuss how to transform wave equations into phase-space equations and apply the method
to the time-varying autocorrelation function and to time varying spectral distributions. We give
a number of examples and argue that the phase space equation is often more revealing than the
original wave equation. The methods developed are applied to the propagation of noise fields in
wave guides wherein we obtain relations for how the nonstationary autocorrelation function changes
in position and time. We also give an explicit expression for the spread of a noise field.

1
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Speaker: Michael Cone
Session: Poster Session
Schedule: poster session

Measuring the Absorption Coefficient of Pure Water in the UV Using
an Integrating Cavity Absorption Meter
Michael Cone, Zheng Lu, Edward S. Fry
Texas A&M University TAMU-4242, College Station, TX 77843-4242, United States
The Integrating Cavity Absorption Meter (ICAM) provides an excellent means to
measure the optical absorption coefficient of pure water. This is due to the long effective
path length provided by the high reflectivity walls of the ICAM, as well as its inherent
elimination of the effects of scattering [1].
Pope and Fry (1997) were able to demonstrate the ICAM’s effectiveness for 380-700 nm
[2]. However, the region from 250-380 nm was still problematic due to a limitation in
the reflectivity of the cavity wall materials used in the original ICAM design.
We have developed a new diffuse reflecting material with the highest known reflectivity.
The material is a fumed silica powder and has reflectivities of 0.998 at 532 nm, and more
importantly 0.996 at 266 nm. This is significantly better than Spectralon, the current
industry standard for diffuse reflecting materials, which has reflectivities of 0.991 at 532
nm, and 0.96 at 266 nm. The new material has been further improved by baking the
powder under vacuum and backfilling with an inert gas. This was then used to design a
new UV-ICAM that can measure the absorption coefficient of pure water from 250-600
nm.
References
[1] E. S. Fry, G. W. Kattawar, and R. M. Pope, “Integrating cavity absorption meter,”
Appl. Opt. 31, 2055-2065 (1992).
[2] R. M. Pope and E. S. Fry, “Absorption spectrum (380-700 nm) of pure water. II.
Integrating cavity measurements,” Appl. Opt. 36, 8710-8723 (1997).
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Bright matter-wave solitons: formation, dynamics
and quantum reflection.
Simon L. Cornish
Department of Physics, Durham University, South Road, Durham DH1 3LE, UK.
Tel: +44(0)191-3343574, email: s.l.cornish@durham.ac.uk

We discuss the conceptually simple question: what happens to a Bose-Einstein condensate
when the atomic interactions are switched from repulsive to attractive? The experimental
observations of the collapse of 85 Rb condensates reveal the formation of a robust configuration of bright matter-wave solitons or solitary waves that oscillate along the (weaker)
axial direction of the trap, colliding repeatedly in the trap centre [1]. We show that, within
the framework of the Gross-Pitaevskii equation (GPE), such collisions exhibit a rich behaviour [2] that indicates the need for a π relative phase between neighbouring solitons to
explain the stability observed experimentally [3]. However the question remains whether
the GPE model accurately captures the essential physics in this case? We describe new
experiments planned to address this issue and discuss a new method to split an attractive
condensate into two bright solitary waves with controlled relative phase and velocity. Finally we outline our plans to use bright solitons to study quantum reflection from a solid
surface [4].
(a)
a>0
Repulsive

(b)

BEC

a<0
Attractive

(c)

(a) Tuning the interactions in a 85 Rb Bose-Einstein condensate from repulsive to attractive using
the broad Feshabch resonance in the F = 2, mF = −2 state. False color images of (b) two and (c)
three solitary waves that emerge from the condensate collapse.

[1]
[2]
[3]
[4]
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S. L. Cornish, S. T. Thompson and C. E. Wieman, Phys. Rev. Lett. 96, 170401 (2006).
N. G. Parker, A. M. Martin, S. L. Cornish and C. S. Adams, J. Phys. B 41, 045303 (2008).
N. G. Parker, A. M. Martin, C. S. Adams and S. L. Cornish, Physica D 238, 1456 (2009).
S. L. Cornish, N. G. Parker, A. M. Martin, T. E. Judd, R. G. Scott, T. M. Fromhold and
C. S. Adams, Physica D 238, 1299 (2009).
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Speaker: Simon Cornish
Session: Poster Session
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A Quantum Degenerate Mixture of

87

Rb and

133

Cs.

D. J. McCarron, D. L. Jenkin, M. P. Köppinger, H. W. Cho and S. L. Cornish
Department of Physics, Durham University, South Road, Durham DH1 3LE, UK.
Tel: +44(0)191-3343574, email: s.l.cornish@durham.ac.uk

Quantum degenerate mixtures of two or more atomic species open up many new research
avenues, including the formation of ultracold heteronuclear molecules. Here we present the
attainment of a two species Bose-Einstein condensate with 87 Rb and 133 Cs. Initially 4x108
87 Rb atoms and 2x107 133 Cs atoms are collected in an ultra high vacuum magneto-optical
trap (MOT) from a pyramid MOT source and transferred into a magnetic quadrupole trap.
Forced RF evaporation is used to cool the 87 Rb atoms, while interspecies elastic collisions
ensure that the 133 Cs atoms are cooled sympathetically. This cooling is performed in the
quadrupole trap until Majorana losses become significant. We then load the mixture into
an optical dipole trap formed at the intersection of two crossed laser beams by ramping
down the magnetic field gradient. Typically 4x106 87 Rb atoms and 1x106 133 Cs atoms are
loaded into the dipole trap. By reducing the depth of the dipole trap further evaporation
and sympathetic cooling allow us to produce two species Bose-Einstein condensates containing 2x104 atoms of each species. Preliminary observations of the degenerate mixture
reveal immiscible behavior via a dramatic spatial separation of the two species.

87Rb

133Cs

Bimodal distributions for 87 Rb (left) and 133 Cs (right) created simultaneously in the same trap.
The thermal components of each cloud are miscible whereas the condensed fractions of each cloud
are observed to be immiscible.
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Directly probing the magnetic field inside a superconducting Nb film by
nuclear resonant scattering
S. Couet1, M. Trekels1, R. Rüffer2, C. Petermann1, J. Cuppens3, A. Vantomme1, M.J. Van Bael3
and K. Temst1
1

Instituut voor Kern-en Stralingsfysica and INPAC, K.U.Leuven, Celestijnlaan 200D, B-3001 Leuven, Belgium
2
European Synchrotron Radiation Facility (ESRF), BP 220, F-38043 Grenoble Cedex, France
3
Laboratorium voor Vaste-Stoffysica en Magnetisme and INPAC, K.U.Leuven, Celestijnlaan 200D, B-3001 Leuven,
Belgium

Although there exists a vast body of theoretical and experimental knowledge on the properties
and geometries of the magnetic flux line lattices that appear in type II superconductor subjected
to a magnetic field, it has always remained a challenge to directly probe the magnetic field
present within the superconductor body. This, to a large extent, is due to the strong diamagnetic
response of the superconductor, which prevents to probe the internal fields present in the film
using conventional methods as magnetometry. Only in the last few decades advanced techniques
such as muon spin rotation (µSR) [1] or polarized neutron reflectometry (PNR) [2] succeeded in
retrieving information on internal field present, for example, at the vortex cores.
In this presentation, we develop an alternative method to probe the internal magnetic fields within
superconductor films which is based on the nuclear resonant scattering of synchrotron radiation
on isotopic probe layers [3]. The advantages of the method lies in the fact that it is isotope
sensitive, leading to a background free signal solely originating from the probe layer and the
sensitivity to the hyperfine parameters of the probe nucleus. This sensitivity to local environment
is used to probe the electromagnetic field around the atomic probe. Since it is a resonant
excitation process, and thanks to the high photon flux available at third generation synchrotron
sources, experiment on very small sample volumes can be achieved.
In this work we prepared a 100 nm thick Nb film on MgO substrates, with an ultrathin
superparamagnetic Fe layer embedded in its center. We performed nuclear resonant scattering
experiment at the ID18 beamline of ESRF in a He-cryostat. 4-points resistance measurement
where carried out at the same time, allowing to track the superconducting transition through the
experiment. By measuring nuclear timespectra above and below Tc in applied magnetic field, we
are able to quantify the average magnitude of the magnetic field inside the superconductor, at the
probe location, and to calculate the number of vortices and the magnitude of the magnetic field in
the vortex cores. This new approach allows designing a number of new experiments aiming at a
better understanding of the magnetic fields in superconductor thin films.
[1] J.E. Sonier, Rep. Prog. Phys. 70, 1717 (2007)
[2] A.J. Drew, M.W. Wisemayer, D.O.G. Heron, S. Lister, S.L. Lee, A. Potenza, C.H. Marrows,
R.M. Dalgliesh, T.R. Charlton, S. Langdridge, Phys. Rev. B 80, 134510 (2009)
[3] R. Röhlsberger, Nuclear Condensed Matter Physics with Synchrotron Radiation, Springer
Tracts in Modern Physics, Vol. 208 (Springer-verlag), Berlin, 2004)
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Probing internal fields and Ghz dynamics in thin film by nuclear
resonant scattering
S. Couet1, M. Trekels1, R. Rüffer2, C. Petermann1, J. Cuppens3, A. Vantomme1, M.J. Van Bael3
and K. Temst1
1

Instituut voor Kern-en Stralingsfysica and INPAC, K.U.Leuven, Celestijnlaan 200D, B-3001 Leuven, Belgium
2
European Synchrotron Radiation Facility (ESRF), BP 220, F-38043 Grenoble Cedex, France
3
Laboratorium voor Vaste-Stoffysica en Magnetisme and INPAC, K.U.Leuven, Celestijnlaan 200D, B-3001 Leuven,
Belgium

In thin film technology, it remains difficult to obtain direct, local, microscopic information on
materials. This is mainly due to the fact that conventional experimental techniques relies on the
measure of a still macroscopic (or ensemble averaged) quantity, such as the total (net)
magnetization in magnetic thin films. In this contribution, I will present some examples where
the local probe technique of nuclear resonant scattering [1] of synchrotron radiation is used to
probe internal magnetic fields on thin film. As will be shown, the local moment behavior of the
method allows analysis that cannot be simply obtained from conventional techniques. In addition,
I will present preliminary results where the method is applied on the
superparamagnetic/ferromagnetic transition appearing upon cooling Fe nano-islands below their
blocking temperature. As will be shown, the sensitivity to Ghz dynamics of the methods allows to
retrive inormation such as flipping rate, average angular distribution of the local magnetic
moments. This unique view on local spin dynamics can then also be applied on systems relevant
for applications, in spintronics and spin-torque devices.
[1] R. Röhlsberger, Nuclear Condensed Matter Physics with Synchrotron Radiation, Springer
Tracts in Modern Physics, Vol. 208 (Springer-verlag), Berlin, 2004)
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Speaker: Marcos Dantus
Session: CARS
Schedule: Tuesday Morning Invited Session 1

Imaging Reactive Flows and Trace Quantities of Hazardous Substances Using
Single Beam Cars
Paul J. Wrzesinski,a Marshal Bremer,a Dmitry Pestov,b Vadim V. Lozovoy,a Bingwei Xu,b Sukesh Roy,c
James R. Gord,d and Marcos Dantusa,b
a
Department of Chemistry, Michigan State University, East Lansing, MI 48824
b Biophotonic Solutions, Inc., 1401 East Lansing Drive, Suite 112, East Lansing, MI 48823, USA
c SpectralEnergies,LLC,5100SpringfieldStreet,Suite301,Dayton,OH45431, USA
d Propulsion Directorate, Air Force Research Laboratory, Wright-Patterson AFB, OH 45433, USA

Our group has been exploring a number of strategies involving phase, amplitude and
polarization shaping of ultrashort laser pulses aimed at improving applications of ultrafast shaped
pulses. This talk will cover pulse compression of sub-5fs pulses and strategies aimed at selective
excitation of single vibrational modes in gas, liquid and solid state molecules for the purpose of
imaging using the single beam CARS approach. The presentation will discuss the basic principle,
and provide the evaluation of alternative pulse shaping approaches by numerical simulation and
experiments in gas and condensed phases.
Application of these methods to imaging turbulent reactive flows such as those involved in
combustors (as shown in Figure 1) and for standoff imaging of trace quantities of hazardous
substances will be highlighted.

Fig. 1. Selective single-beam CARS of CO2. Selective Raman excitation is achieved through pseudorandom binary
phase shaping within the Fermi dyads near 1280 and 1380 cm−1. (a) Experimental CARS spectra acquired for ΩR equal to
1200, 1280, 1330, 1380, and 1500 cm−1 The multimode, single-beam CARS spectrum of CO2 (obtained with TL pulses) is
shown as a reference. The other CARS spectra are scaled in intensity by a factor of 6. Imaging of a CO2 gas jet without (b)
and with (c) selective excitation at 1280 cm−1.

S. Roy, P. Wrzesinski, D. Pestov, T. Gunaratne, M. Dantus, J. R. Gord “Single-beam coherent anti-Stokes Raman
scattering (CARS) spectroscopy of N2 using a shaped 7-fs laser pulse” Applied Physics Letters, L09-03549R1
(2009).
Paul J. Wrzesinski, Dmitry Pestov, Vadim V. Lozovoy, Bingwei Xu, Sukesh Roy, James R. Gord, and Marcos
Dantus, Binary phase shaping for selective single-beam CARS spectroscopy and imaging of gas-phase molecules, J.
Raman Spectrosc. DOI: 10.1002/jrs.2709 (2010)
D. Pestov, V. V. Lozovoy, and M. Dantus "Single-beam shaper-based pulse characterization and compression using
MIIPS sonogram," Opt. Letters 35, 1422-1424 (2010)
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Spectral narrowing and dynamical decoupling in a dense ensemble of
optically trapped atoms
Yoav Sagi, Ido Almog, Rami Pugatch and Nir Davidson
Dept. of Physics of Complex Systems, Weizmann Institute of Science, Rehovot 76100, Israel

Atomic ensembles have many potential applications in quantum information
science. Owing to collective enhancement, working with ensembles at high densities
increases the overall efficiency of quantum operations, but at the same time also
increases the collision rate and markedly changes the time dynamics of a stored
coherence. We study theoretically and experimentally the coherent dynamics of cold
atoms under these conditions. A closed form expression for the spectral line shape is
derived for discrete fluctuations in terms of the bare spectrum and the Poisson rate
constant of collisions. For Gaussian fluctuations we show deviations from the
canonical stochastic theory of Kubo [1]. We report on experiments showing a
prolongation of the coherence times of optically trapped 87Rb atoms as their density
increases, a phenomenon we call collisional narrowing in analog to the well known
motional narrowing effect in NMR [2]. We explain under what circumstances
collisional narrowing can be transformed into collisional broadening [3].
On account of collisions, conventional echo techniques fail to suppress this
dephasing, and multi-pulse dynamical decoupling sequences are required. We present
experiments demonstrating a 20-fold increase of the coherence time when a sequence
with more than 200 pi pulses is applied [4]. We perform quantum process tomography
and demonstrate that using the decoupling scheme a dense ensemble with an optical
depth of 230 can be used as an atomic memory with coherence times exceeding 3 sec
(see figure). Further optimization can be made utilizing specific features of the
collisional bath, which we are able to measure directly.

Figure: Quantum process tomography of dynamical decoupling with 70 pi pulses per second
after 1,2 and 3 seconds. The contraction of the Bloch sphere is more pronounced on the
equatorial plane which shows that the main noise process is phase damping
[1] Y. Sagi, R. Pugatch, I. Almog, and N. Davidson, Phys. Rev. Lett. 104, 253003 (2010).
[2] Y. Sagi, R. Pugatch, I. Almog, N. Davidson, and M. Aizenman, submitted.
[3] Y. Sagi, I. Almog and N. Davidson, Phys. Rev. Lett. 105, 053201 (2010).
[4] Y. Sagi, I. Almog and N. Davidson, Phys. Rev. Lett. 105, 093001 (2010).
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Complete optical coherent control and spin echo of single InAs
quantum dot spins.
K. De Greve1, P. McMahon1, D. Press1, B. Friess1,3, T. D. Ladd1,2,†, C.
Schneider3, D. Bisping3, M. Kamp3, S. Höfling3, A. Forchel3 and Y.
Yamamoto1,2
1

2

E. L. Ginzton Labs, Stanford University, Stanford, CA 94305, USA
National Institute of Informatics, Hitotsubashi 2-1-2, Chiyoda-ku, Tokyo 101-8403, Japan
3
Technische Physik, Physikalisches Institut, Wilhelm Conrad Röntgen Research Center
for Complex Material Systems, Universität Würzburg, Am Hubland, D-97074 Würzburg,
Germany
†
Currently at HRL laboratories, HRL Laboratories, LLC, 3011 Malibu
Canyon Rd., Malibu, CA 90265.

We report on the complete optical coherent control of individual spin
qubits in InAs quantum dots. With a magnetic field in Voigt geometry,
broadband, detuned optical pulses couple the spin-split ground states,
resulting in Rabi flopping. In combination with the Larmor precession
around the external magnetic field, this allows an arbitrary single-qubit
operation to be realized in less than 20 picoseconds[1].
Slow fluctuations in the spin’s environment lead to shot-to-shot
variations in the Larmor precession frequency. In a time-ensemble
measurement, these would prevent a measurement of the true decoherence of
the qubit, and instead give rise to ensemble dephasing. This effect was
overcome by implementing a spin echo measurement scheme, where an
optical π-pulse refocuses the spin coherence and filters out the slow
variations in Larmor precession frequency. We measured coherence times
up to 3 microseconds[2].
Finally, our optical pulse manipulation scheme allows us to probe the
hyperfine interaction between the single spin and the nuclei in the quantum
dot. Interesting non-Markovian dynamics could be observed in the freeinduction decay of a single electron spin. This could be modeled as a
feedback effect resulting from both the strong Overhauser shift of the
electron spin and spin dependent nuclear relaxation[3].
[1]

D. Press, T. D. Ladd, B. Zhang and Y. Yamamoto, Nature 456, 218 (2008)
D. Press, K. De Greve, P. McMahon et al., Nat. Phot. 4, 367 (2010)
[3]
T. D. Ladd, D. Press, K. De Greve et al., Phys. Rev. Lett. 105, 107401
(2010)
[2]
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High Gain Backward Lasing of Oxygen in Air
Arthur Dogariu,1,* James Michael,1 Marlan O. Scully,1,2 and Richard B. Miles1
1
2

Mechanical and Aerospace Engineering Department, Princeton University, Princeton, NJ 08544,
Institute of Quantum Science and Engineering, Texas A&M University, College Station, TX 77843
*
adogariu@princeton.edu

Backscattered (0.006 steradians)
emission (V)

Many remote detection methods rely on the use of lasers in an attempt to identify and
quantify trace species at long distance. The distance at which optical methods can be reliably
used for trace species detection is limited by the ability to collect photons from afar. Incoherent
light emitted at the target is non-directional, while phase-matching forces nonlinear processes to
generate coherent light propagating away from the source. These limitations have motivated the
exploration of backward lasing and stimulated gain concepts, which can produce coherent
scattering that returns to the pump laser location. Of particular interest is the stand-off gainswept concept for backward amplification [1]. This concept uses a two or more photon process to
generate backward gain in sequential regions of overlap of trains of short pulses propagating
with different group velocities. The pulses are sequenced such that the regions of overlap are
synchronized with the backward propagating coherent light, so step wise gain occurs.
We propose one such concept
involving two photon pumping, which
produces coherent light propagating
backwards from a remotely generated
high gain air laser. For this example
two photons of a single UV
wavelength are used, however, in
general, two different wavelengths
1000
can be used as long as the sum of the two photon energies is the
same. The UV laser pulse is tuned to a two-photon atomic oxygen
C
electronic resonance at 226 nm. At this wavelength it simultaneously
dissociates the oxygen molecules in air, and excites the resulting
atomic oxygen fragments [2-4] both through two photon interactions.
100
Due to the long focal region of the pumping laser, a long region of
high gain is created in air for the atomic oxygen emission at 845nm.
We demonstrate that the gain in excess of 60 cm-1 is responsible for
both forward and backwards emission of a strong, collimated,
10
coherent laser beam. We present evidence for coherent emission and
0.1
0.2
0.5
1
characterize the backscattered laser beam while varying the pumping
Spherical (4π steradians)
PL emission (V)
conditions. The optical gain and directional emission allows for six
orders of magnitude enhancement for the backscattered emission when compared with the
fluorescence emission collected in the same solid angle as the stimulated emission. This opens
new opportunities for the remote detection capabilities of trace species, and provides much
greater range for the detection of optical molecular and atomic features from a distant target.
[1]
[2]
[3]
[4]

V. Kocharovsky et al., “Gain-swept superradiance applied to the stand-off detection of trace impurities in the atmosphere,” Proc. Nat. Acad.
Sci. 102, 7806 (2005).
M. Aldén, H. Edner, P. Grafström, S. Svanberg, “Two-photon excitation of atomic oxygen in a flame,” Opt. Comm. 42, 244 (1982).
J. E. M. Goldsmith, “Photochemical effects in two-photon-excited fluorescence detection of atomic oxygen in flames,” Appl. Opt. 27, 3566
(1987).
A. Dogariu, J. Michael, E. Stockman, and R. Miles, “Atomic Oxygen Detection Using Radar REMPI,” Conference on Lasers and ElectroOptics CLEO’2009, Baltimore, MD (2009).
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COOPERATIVE SPONTANEOUS EMISSION OF N ATOMS IN
SPHEROIDAL GEOMETRY
Konstantin E. Dorfman, Anatoly A. Svidzinsky, and Marlan O. Scully
Texas A&M University, College Station, TX 77843-4242, USA
Princeton University, Princeton, NJ 08544, USA

Problem of cooperative spontaneous emission of atomic ensembles is subject of long standing interest [1–3].
We study collective Lamb shift and decay rate of a single scalar photon stored in spheroidal (prolate or oblate)
2
x2 +y 2
2
+ zb2 = 1). We find eigenstates of the system in
cloud of volume V = 4π
3 a b of N two-level atoms ( a2
Markovian approximation and analyze asymptotic solution in the small and large sample limits. General
spheroidal geometry allows us to study evolution of eigenstates as the cloud changes shape from a sphere to
a cylinder, slab or disc and make a comparison between the limiting geometries.
Cooperative spontaneous emission is an example of a many-body problem of N atom collectively interacting
with electromagnetic field. It reduces to finding all eigenstates for probability amplitude β(r, t) = e−λt β(r)
that obeys integral evolution equation with exponential kernel [4]
Z
N
exp(ik0 |r − r0 |)
∂β(t, r)
= iγ
dr0
β(r0 ),
(1)
∂t
V V
k0 |r − r0 |
where γ is the single atom decay rate, k0 = ω/c. FIG. 1 shows eigenvalues λ obtained by solution of Eq. (1)
as the atomic cloud changes its shape.

FIG. 1. Real part (cooperative decay rate) -[(a) and (c)], and imaginary part (collective Lamb shift)- [(b) and (d)] of
dimensionless eigenvalue λ̃0l = k0 V λ0l /4πγN as a function of k0 a (a < b in prolate and a > b in oblate geometry) for
the spheroid of volume V for different values of flattening factor f = 1 − min(a, b)/max(a, b) that defines the shape
of the cloud. f = 0 corresponds to sphere and f = 1 corresponds to infinite slab (oblate) and cylinder (prolate). Solid
line corresponds to for spheroid [5], dash line is a solution for infinite cylinder [6], and dot line is a solution for sphere
[4]. (e) and (f) are examples
q of oblate (a > b) and prolate (a < b) spheroids, respectively. (g) and (h) are real and
imaginary parts of αnl = 1 − i/λ̃nl for n = 0, l = 1 as the atomic cloud changes its shape from sphere f = 0 to
infinite slab or cylinder f = 1 at fixed k0 a = 0.1 (solid line), 0.5 (dot-dash line), 5 (dash line), 10 (dot line).

[1]
[2]
[3]
[4]
[5]
[6]

R. H. Dicke, Phys. Rev. 93, 99 (1954).
M. O. Scully, and A. A. Svidzinsky, Science 325, 1510 (2009).
M. O. Scully and A. A. Svidzinsky, Science 328, 1239 (2010).
A. A. Svidzinsky, J.-T. Chang, and M. O. Scully, Phys. Rev. A 81, 053821 (2010).
K. E. Dorfman, A. A. Svidzinsky, and M. O. Scully (preprint).
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Speaker: Gerald Dunne
Session: Fundamental Effects From a Quantum (Optics) Perspective
Schedule: Tuesday evening invited session

The Schwinger Effect (Pair Production from Vacuum):
Interference Effects and Laser Pulse Shape
Gerald V. Dunne
Department of Physics, University of Connecticut, Storrs, CT 06269
The Schwinger effect is the non-perturbative production of electron-positron pairs when
an external electric field is applied to the quantum electrodynamical (QED) vacuum. The
inherent instability of the vacuum in an electric field was one of the first non-trivial predictions of QED, but the effect is so weak that it has not yet been directly observed. However,
new developments in ultra-high intensity lasers may bring us to the verge of this extreme
ultra-relativistic regime.
I describe recent developments concerning the effect of pulse shape, such as carrier phase
and chirp, on the spectrum of produced particles. This requires an extension of the standard
WKB treatment of Bogoliubov transformations, to incorporate the Stokes phenomenon, in
order to describe interference effects quantitatively rather than merely qualitatively. The
result is a simple and practical expression for interference between multiple saddle points.
Many of these effects have direct analogues and applications in strong-field AMO physics.
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Schwinger Vacuum Pair Production,” Phys. Rev. D 80, 111301 (2009), arXiv:0908.0948.
5. F. Hebenstreit, R. Alkofer, G. V. Dunne and H. Gies, “Momentum signatures for Schwinger pair
production in short laser pulses with sub-cycle structure,” Phys. Rev. Lett. 102, 150404 (2009),
arXiv:0901.2631.
6. C. K. Dumlu and G. V. Dunne, “The Stokes Phenomenon and Schwinger Vacuum Pair Production
in Time-Dependent Laser Pulses,” Phys. Rev. Lett. 104, 250402 (2010), arXiv:1004.2509.
7. B. King, A. Di Piazza and C. H. Keitel, “A matterless double slit”, Nature Photonics 4, 92 (2010);
M. Marklund, “Probing the Quantum Vacuum”, Nature Photonics 4, 72 (2010).
PQE-2011

113

Speaker: Jönåthán P. Døwlı̂ng
Session: Quantum Sensors
Schedule: Wednesday Morning Plenary Session 2

Quantum Optical Computing,
Imaging, and Metrology
Jonathan P. Dowling
Hearne Institute for Theoretical Physics
Department of Physics and Astronomy
202 Nicholson Hall, Tower Drive
Louisiana State University
Baton Rouge, LA 70803 USA

Ab s tract. Quantum states of light, such as squeezed states or entangled states, can be used to make
measurements (metrology), produce images, and sense objects with a precision that far exceeds what is
possible classically, and also exceeds what was once thought to be possible quantum mechanically. The
primary idea is to exploit quantum effects to beat the shot-noise limit in metrology and the Rayleigh diffraction limit in imaging and sensing. Quantum optical metrology has received a boost in recent years with
an influx of ideas from the rapidly evolving field of optical quantum information processing.
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Speaker: J. Gary Eden
Session: Semiconductor Quantum Dots and Plasmonics
Schedule: Monday Morning Plenary Session 1

THREE BODY PHOTOASSOCIATION IN THE PUMPING OF ATOMIC LASERS BY
FREE FREE OPTICAL TRANSITIONS
Presented by:
Professor J. Gary Eden
University of Illinois at Urbana-Champaign
Department of Electrical and Computer Engineering
Urbana, IL 61801
Free
free optical transitions of pairs (or trios) of thermal atoms provide the opportunity to
pump atomic lasers with a four level system in which excited molecules produced by
photoassociation are never in a bound state. Experiments are described in which lasing on the
852.1 nm and 894.3 nm transitions of atomic Cs has been realized by photoexciting the blue
satellite of the D2 (852.1 nm) line of Cs in Cs-rare gas mixtures. Alkali-rare gas
photoassociation also allows for the continuous transition between a four level laser system and a
two level system, in which lasing is forbidden, to be observed directly.
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Speaker: Greg Engel
Session: Coherence in Complex Systems
Schedule: Tuesday Morning Invited Session 2

Imaging Excited State Dynamics: Uncovering Design Principles behind Quantum Biology
Gregory S. Engel
The University of Chicago, Chicago, Illinois
Excited states in the condensed phase have extremely high chemical potentials making them highly
reactive and difficult to control. Yet in biology, excited state dynamics operate with exquisite
precision driving solar light harvesting in photosynthetic complexes though excitonic transport and
photochemistry through non-radiative relaxation to photochemical products. Optimized by
evolution, these biological systems display
manifestly quantum mechanical behaviors
including coherent energy transfer, steering
wavepacket trajectories through conical
intersections and protection of long-lived
quantum coherence. To image the
underlying excited state dynamics, we have
developed a new spectroscopic method
allowing us to capture excitonic structure in
real time. Through this method and other
Three types of transfer elements are contained in the Redfield
ultrafast multidimensional spectroscopies, we
relaxation superoperator, and evidence for all three hase now
have captured coherent dynamics within
been found in photosynthetic system. Classical incoherent
photosynthetic antenna complexes. The data
hopping (green) is insufficient to recreate the observed quantum
efficiency. Coherence transfer (red) and quantum transport
not only show how biological systems operate,
(blue) are necessary.
but these same spectral signatures can be
exploited to create new spectroscopic tools to elucidate the underlying Hamiltonian. New data on
the role of the protein in photosynthetic systems indicates that the chromophores mix strongly with
some bath modes within the system. This mixing manifests as “Rabi-like” oscillations in the absence
of an optical field. The implications of this mixing for excitonic transport will be discussed along
with prospects for transferring underlying design principles to synthetic systems.

Coupling between coherences and populations arises
because of entanglement with the surrounding protein
bath. The signature 90 degree phase-shift predicted
for this process is clearly demonstrated in the data .
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Speaker: Jörg Evers
Session: X-ray Quantum Optics
Schedule: Tuesday evening plenary session

X-ray and γ-ray quantum optics
Jörg Evers
Max-Planck-Institut für Kernphysik, Heidelberg, Germany
joerg.evers@mpi-hd.mpg.de

Ideas from quantum optics based on coherence and interference have proven extremely successful
for the study and manipulation of atoms and molecules, and this success heavily relies on the
availability of suitable light sources. Naturally, upcoming novel coherent x-ray light sources prompt
the question whether similar techniques could also be applied beyond atoms and molecules. This
on the one hand would promote preparation, control, and detection, e.g., with nuclei, but on the
other hand would open the door for coherent and non-classical effects in x-ray science.
Motivated by this, I will first discuss possibilities to directly drive nuclear transitions with free
electron lasers [1]. Particularly interesting model systems are nuclear isomers which are long-lived
excited nuclear states. Isomers have been suggested for fascinating applications such as nuclear
batteries, but also play an important role in the formation of the universe [2].
I will then discuss prospects to advance to even shorter time scales and higher photon energies,
which is of interest for high-precision spectroscopy and structural studies at the nuclear scale. First,
I will show that high-energetic photon pulses down to the yoctosecond timescale can be produced
in heavy ion collisions [3]. In particular, I will discuss the light emission from the initial phase of
an expanding quark-gluon plasma (QGP), and show how the time evolution and properties of the
plasma may influence the duration and shape of the photon pulse.
Finally, I will discuss methods to characterize and detect high-energy γ-ray pulses above the MeV
energy and below the attosecond time scale, with a technique inspired by atto-second streaking,
but building up on electron-positron pair creation from the vacuum [4]. This technique could be
the first viable application for pair creation, exploiting it as a measurement tool.

FIG. 1: (a) Possible setup for the direct driving of nuclei with x-ray free electron laser sources. A suitable
acceleration of the nuclei would help to bring higher transition frequencies in resonance with the laser.
(b) Schematic setup for the generation of yoctosecond pulses in a heavy-ion collision. After the collision
of the two nuclei, a quark-gluon plasma is formed, which emits a short burst of light. (c) Setup for the
characterization of high-energy γ-ray pulses above the MeV energy and below the attosecond time scale
based on electron-positron pair creation.
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Speaker: Daniele Faccio
Session: Fundamental Effects From a Quantum (Optics) Perspective
Schedule: Tuesday evening invited session

Hawking radiation and horizon physics in ultrashort laser pulse
filaments
Daniele Faccio
School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK
Eleonora Rubino1, Sergio Cacciatori1, Vittorio Gorini1, Giovanni Ortenzi2, Francesco Belgiorno3
1Diparitmento di Fisica e Matematica, Universita’ dell’Insubria, Como, Italy
2Dipartimento di Matematica e Applicazioni, Universita’ di Milano-Bicocca, Milano, Italy
3Dipartimento di Fisica, Universita’ degli Studi di Milano, Milano, Italy
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In 1974 Hawking predicted that the space-time curvature at the event horizon of a black hole is
sufficient to excite photons out of the vacuum and induce a continuous flux, referred to as Hawking
radiation [1]. Not many years later, Unruh first suggested the possiblity to reproduce the essential
settings for the observation of Hawking radiation, namely the creation of an horizon immersed in a
quantum field vacuum, in the laboratory [2].
We report on recent measurements using a gravity analogue based on a laser induced perturbation in a
transparent dielectric medium. In a few words, referring to the case of optical pulses in a dielectric
medium proposed by Philbin et al. [3], a laser pulse with large intensity, I, propagating in a nonlinear
Kerr medium will excite a refractive index perturbation (RIP) given
by n = n2I where n2 is the so-called nonlinear Kerr index. Light
experiences an increase in the local refractive index as it approaches
the RIP and is thus slowed down. By choosing appropriate conditions
it is possible to bring the light waves to a standstill in the reference
frame comoving with the RIP, thus forming a white hole event
horizon, i.e. a point beyond which light is unable to penetrate.
We performed measurements using ultrashort laser pulse filaments, i.e. high intensity laser pulses
shaped in such a way that the main central peak propagates
over long distances without diffraction. Moreover, we may
<'%#
3+5
)#
precisely control the velocity at which the laser peak, hence
<#%#
!'#
the RIP, propagates inside the medium. This is a crucial
'!#
(#
condition as it allows to precisely control the horizon and the
9-=
nature (e.g. color) of the emitted radiation. Our model
'#
predicts a very precise spectral emission window that is
related to the RIP velocity for Hawking radiation and that is
#
quantitatively verified by our measurements. This gives a
clear indication of a photon emission mechanism that is
!"#$$$$$$$$$$$$$$$$%"#$$$$$$$$$$$$$$$&"#
related to the presence of an horizon and is interpreted as
*+,-.-/012$3/45
evidence of Hawking radiation.
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The figures show: a schematic representation of the travelling RIP,
and excites photons from theJ<#
$<$$$$$$$$$$$$$'$$$$$$$$$$$C$$$$$$$$$$$$($$$$$$$$$$$$"
'I#
<(#spectrum from the RIP with different
vacuum state; an example of the measured spontaneously emitted
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input laser pulse energies (indicated in the figure).
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Speaker: Ron Folman
Session: Possible Realization of Quantum Computers with Atoms
Schedule: Wednesday Morning Plenary Session 1

Engineering the environment of quantum information processing on atom chips:
where material science meets quantum optics
Ron Folman, Ben-Gurion University, Israel
Quantum information processing (QIP) is a far reaching goal of quantum technology.
Whether QIP will ever be useful is yet unknown. It is also not clear what systems would
eventually give rise to this technology. Would it be some room temperature spin system
or superconducting solid state devices, or perhaps ions or photons would become the
system of choice? Whatever the answer to both questions, the field of quantum
computing has brought about an intense study of the foundations of quantum theory as
well as a fascinating encounter between the fields of material science and quantum optics.
Issues of isolation and control will eventually demand the highest available standards
from material science.
In this brief presentation, I will give a very short introduction to QIP with neutral atoms
and to the concept of the atom chip. I will then overview some of the methods used, as
well as introduce some of the work which will be presented in the two QIP sessions
which will follow.
I will end the talk with three examples from my own work, all concerning noise. The first
concerns how noise couples to systems in which both internal and external degrees of
freedom are at work in a coupled way. For example, in a typical 2-qubit gate the external
potential is dependent on the internal (qubit) state. In the second example, I will describe
how contaminating the metal of current carrying wires giving rise to magnetic traps, may
reduce thermally induced noise. Finally, I will describe how utilizing electrically
anisotropic materials may suppress decoherence and magnetic potential corrugations.

Atom Chip, Joint project of BGU and Vienna, Science 2008
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Speaker: Edward S. Fry
Session: Novel Optics
Schedule: Wednesday Morning Invited Session 2

Integrating Cavity Ring-Down Spectroscopy
Measuring Absorption Spectra even in the Presence of Severe Scattering
Edward S. Fry, and Michael Cone
Department of Physics & Astronomy
Texas A&M University, College Station, Texas 77843-4242
Tel: 979-845-1910;

FAX: 979-845-2590;

email: fry@physics.tamu.edu

In conventional Cavity Ring Down Spectroscopy (CRDS), light is admitted to a high
finesse Fabry-Perot cavity and bounces back and forth between its two highly reflecting mirrors.
If the light input is terminated, the intensity in the cavity will decay to zero and the rate the
intensity decreases (rings-down) depends on the energy losses at each reflection from a mirror
and on the absorption of the medium between the mirrors. Although CRDS is a powerful tool
for direct absorption spectroscopy of atoms and molecules in the gas phase, it is compromised by
the presence of any scattering (including scattering by the molecules themselves). Conventional
CRDS cannot distinguish between loss of a photon by scattering and loss of a photon by
absorption.
We are introducing a powerful new technique we call Integrating Cavity Ring Down
Spectroscopy (ICRDS). Our ICRDS concept does distinguish between scattering and absorption
losses; it provides a measurement of absorption that is completely independent of scattering
effects in the medium. Basically, the idea is to build a cavity whose wall is made of a diffuse
reflecting material whose reflectivity is extremely high. An optical fiber that penetrates the
cavity wall provides an input pulse of light to the cavity; this light is diffusely reflected by the
walls and bounces around in all directions inside the cavity. Since the light is already diffusely
reflected in all directions, scattering by particles in a medium filling the cavity cannot change
anything. A second optical fiber that also penetrates the cavity wall samples the optical energy
in the cavity. The decay of the latter provides a measure of the energy loss at each reflection by
the cavity wall as well as of absorption losses of the medium filling the cavity.
Implementation of ICRDS has only now become possible because we have successfully
developed a new diffuse reflector whose reflectivity is substantially greater than that of any
previously known diffuse reflecting material. ICRDS will open new research vistas by providing
very sensitive and accurate direct absorption measurements on a sample independent of any
scattering in the sample.
Examples of ring down data for a
spherical cavity whose diffuse reflecting
wall has reflectivity ρ=0.9991. Three
cases are shown: an empty cavity (α=0);
and two cases with the cavity filled with
media whose absorption coefficients are
α=1×10-5/cm and α=5×10-6/cm. These
are easily distinguished; careful analysis
shows capabilities reach α=1×10-9/cm.
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Speaker: Takao Fuji
Session: Ultrafast Photonics
Schedule: Monday Morning Invited Session 1

Time resolved photoelectron imaging of polyatomic molecules
with 15 fs UV pulses
T. Fuji1,2,3 , Y.-I. Suzuki1,2,4 , T. Horio1,2,4 , and T. Suzuki1,2,4
1

Chemical Dynamics Laboratory, RIKEN Advanced Science Institute, Hirosawa 2–1, Wako, Saitama, 351–0011, Japan
2
Japan Science and Technology Agency, CREST, Sanbancho, Chiyoda-ku, Tokyo, 102–0075, Japan
3
Institute for Molecular Science, 38 Nishigonaka, Myodaiji, Okazaki 444-8585, Japan
4
Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan

Ultrafast electronic spectroscopy can track the motion of a nuclear wave packet by determining the time dependence of the
spectral distribution [1]. However, the distribution is not necessarily sensitive to ultrafast changes in the electronic character. A more general and direct indicator of electronic character is the electronic transition dipole moment. In photoelectron
spectroscopy, the transition dipole moment from a nonstationary state to the ionization continuum varies with nonadiabatic
electronic transition, resulting in the variation of the photoelectron angular distribution (PAD). In the present work, we employed time-resolved photoelectron imaging (TRPEI) [2] to visualize the time dependence of the photoelectron kinetic energy
(PKE) distribution and PAD simultaneously with an unprecedented time resolution of 22 fs, and we clarified how internal
conversion in this benchmark system can be detected by photoelectron imaging.
The details of the experimental setup were shown in elsewhere [3]. 15-fs two-color ultraviolet pulses (260 nm and 200 nm)
were produced by four-wave mixing of fundamental and second harmonic of ultrashort pulses from Ti:sapphire amplifier in
Ne [4]. The pump (260 nm) and probe (200 nm) pulses were focused onto a supersonic molecular beam of pyrazine seeded
in He. The photoelectrons generated by the (1+1’) pump-probe photoionization were projected onto a two-dimensional (2D)
position-sensitive detector, and 3D photoelectron velocity distributions were reconstructed.
Figure 1(a) shows the pump-probe photoelectron intensity as a function of time. The pump pulse is resonant with the
S 2 ← S 0 transition near its origin, and the probe pulse spectrum slightly overlaps with S 3 ← S 0 . Except for an oscillatory
feature due to a vibrational quantum beat, the time profile is well explained by three components, i.e., rapid decay and a
corresponding growth in the positive time range and decay in the negative time range. These respectively correspond to the
decay of the optically excited S 2 (dotted line), the corresponding growth of S 1 (broken line) by internal conversion from S 2 ,
and the decay of S 3 (dash-dotted line). The last component originates from the 200 nm pump and 260 nm probe process in the
negative time range. From the least-squares fitting, we obtained the S 2 → S 1 internal conversion time constant to be 23±4 fs.
We have determined the 2D map of anisotropic parameter (β2 ) of photoelectron as a function of PKE and time as shown
in Fig. 1(b). Positive and negative β2 correspond to the preferential ejection of an electron parallel and perpendicular to the
ionization laser polarization direction, respectively. A rapid change in β2 is clearly identified within 30 fs at approximately
PKE=0.9 eV. Since a molecule cannot rotate within such an ultrashort time period (<50 fs), this change is solely attributed to
the ultrafast evolution of the electronic character due to the S 2 → S 1 internal conversion.
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Fig. 1 (a) Temporal profile of total photoelectron signal in (1+1’) REMPI of pyrazine via S 2 . (b) Photoelectron anisotropy
parameter β2 determined for each time delay and PKE.
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Speaker: Naceur Gaaloul
Session: Artificial Gauge Fields in Cold-Atom Systems
Schedule: Thursday evening invited session
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PQE−2011 Best Abstract

Non-abelian Gauge-field simulators with cold atoms
N. Gaaloul, T. A. Schulze, H. Ahlers, W. Ertmer, and E. M. Rasel
Institute of Quantum Optics, Leibniz University of Hanover
30167 Hannover, Germany
The study of strongly correlated regimes using the versatile cold-atom systems is a longstanding challenge for physicists. The charge neutrality of the atoms and the consequent absence
of a Lorentz force are strong limitations towards the observation of an atomic analogy of the
celebrated Fractional Quantum Hall Effect (FQHE) for example.
The experimental realization of rotating degenerate quantum gases evidenced by the
observation of quantized vortices as a hallmark of superfluidity demonstrated the potential of
atomic systems to simulate charged particles subject to a uniform magnetic field. However, due
to centrifugal forces and technical issues this method turned out to be of limited use.
Recently, several proposals (see [1] and references therein) showed that preparing
coherent combinations of Zeeman sub-states of atoms which evolve slowly enough to follow
adiabatically an appropriate laser field configuration could drive the matter wave to acquire a
geometric or Berry phase [2]. This phase translates into an artificial vector potential and
consequently into a non-vanishing synthetic magnetic field which could be used to engineer a
Lorentz force-like for atoms.
We present a practical scheme where atomic populations of a degenerate spinor system
are driven by appropriate laser arrangements leading to the appearance of gauge field structures.
The use of realistic parameters and atomic spectral data make of this method a receipt to
implement quantum simulators of gauge fields including the general class of non-abelian (noncommutative) gauges, so far never observed for atoms.
Simple gauge fields were lately experimentally demonstrated [3] and the field is getting
more and more interest since it is expected to give birth to a novel set of exciting effects i.e.
double and negative reflection, the non-Abelian Aharonov-Bohm effect, the quasi-relativistic
behavior of cold atoms, or spin-orbit coupled BECs (see figure below).

Density (left) and phase (right) plots of
the ground state of a spin-orbit
coupled BEC in a dark state
configuration. The non-abelian gauge
field induced here leads to an unusual
distribution of the atoms with a
topological excitation (vortex) in the
center of the BEC.
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Speaker: Frank Gaitan
Session: Quantum Information Processing
Schedule: Monday evening invited session

2011 PQE Conference Abstract

TITLE: Robust high-fidelity universal quantum gates

AUTHORS: Ran Li, Kent State University, Stark Campus, North Canton, OH;
Frank Gaitan, Laboratory for Physical Sciences/University of Maryland, College Park, MD

ABSTRACT: We show how a robust high-fidelity universal set of quantum gates can be produced using a
single form of non-adiabatic rapid passage whose parameters are optimized to enhance
gate fidelity and robustness. All gates in the universal set are found to: (i) operate with
fidelities in the range 0.999 — 0.99999, and (ii) use control parameters requiring no more
than 14-bit precision. Such precision is within the reach of commercially available arbitrary
waveform generators, suggesting the feasibility of an experimental study of this approach to
high-fidelity quantum control.
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Speaker: Dan Gauthier
Session: Information on a Photon
Schedule: Wednesday evening invited session

High rate quantum key distribution
Daniel J. Gauthier
Duke University, Department of Physics, Box 90305, Durham, NC 27708 USA
It is now well established that the nonclassical features of entangled photons can be used to
enable a provably secure quantum communication (QC) channel. There have been many proofof-principle quantum key distribution (QKD) experiments and now even a few vendors of firstgeneration commercial systems. However, one limitation of all of these is speed – the final
secret key rates are much lower than one would like for a practical system. One reason is that
nearly every implementation to date has used only binary encoding (e.g., polarization ‘qubits’ in
a 2-dimensional Hilbert space), which transmits at most one secret bit per photon (and actually
less, due to quantum error checking for an eavesdropper).
One method to improve the rate of secret key transmission is to send multiple bits per photon
(bpp). For example, if each photon is allowed to appear in one of 1024 time-bins or spatial
‘pixels,’ then a single detection event in principle could yield log2 1024 = 10 bpp. I am part of
an interdisciplinary team of researchers that is developing a free-space quantum key distribution
system that will be of transmitting over 10 bpp at a data rates in excess of 109 bits per second
(bps).
In this talk, I will review our approach to this problem, which involves entanglement in multiple
degrees of freedom, including polarization, time bin, and spatial mode, with error checking
taking place in a restricted sub-space. I will then focus on our preliminary approach to
developing a very high brightness source of polarization entangle photons and on high speed
single photon detection with low deadtime using multi-pixel avalanche photodiodes.
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Speaker: Claire F. Gmachl
Session: Semiconductor Lasers
Schedule: Monday evening invited session

Spectral innovations for mid-infrared Quantum Cascade lasers
Yu Yao,1 Peter Q. Liu,1 Richard Cendejas,1 Tracy Tsai,1 Gerard Wysocki,1 Kamil Sladek,1,2
William O. Charles,1 Xiaojun Wang,2 Jen-Yu Fan,2 and Claire F. Gmachl1
1

2

Department of Electrical Engineering, Princeton University, Princeton, NJ 08544, USA
Institute for Bio- and Nanosystems, Forschungszentrum Jülich, 52425 Jülich, Germany
3
Adtech Optics, Inc., 18007 Cortney Court, City of Industry, California 91748,USA

Amongst semiconductor lasers, Quantum Cascade (QC) lasers are unique for their practically unlimited
design potential stemming from the quantum design of several 100’s of quantum wells and barriers that
constitute the lasers’ active region. Lately, we focused our attention to innovative approaches broadening
the spectral capabilities.[1-5] This work will provide an introduction into these new developments.
First, a spectrally broadband QC laser based on a ‘continuum-to-continuum’ design (Fig. 1) is
presented, which differs from conventional, artificially spectrally broadened QC lasers in that almost no
trade-off has been made between gain-bandwidth and laser performance with respect to laser threshold
and output power. [1] When this laser is put into an external cavity, a wide, continuous single-mode
tuning range of well over 300 cm-1 is achieved, as is shown in Fig. 2.[2]
Next we explored opportunities for obtaining single-mode and tunable emission without the need
of dispersive gratings, such as external dispersive cavities or gratings etched into the lasers as distributed
feedback or distributed Bragg reflector gratings. Three geometries, folded cavities (Fig. 3, left) [3],
candy-cane-shaped lasers [4], and extreme multi-section lasers (Fig. 3, right) [5] have all shown great
potential for achieving single-mode emission at reduced fabrication complexity and cost.

Fig. 1. Conduction band
diagram with wavefunctions
squared of a portion of the
active regions and injectors of
the ‘continuum-to-continuum’
design QC laser.[1]

Fig 2. External cavity tuning
range and spectra for a
‘continuum-to-continuum’
QC
laser in an external cavity. The
laser spectra and corresponding
threshold currents are shown.[1,2]

Fig, 3. (Left) Scanning electron
microscope image of a folded
cavity QC laser; (right) optical
microscope image of extreme
multi-section QC lasers. [3,4,5]

This work is supported in part by MIRTHE (NSF-ERC) and DARPA-EMIL. K.S. acknowledges a
fellowship from DAAD.
[1] Y. Yao, et al. “High performance “continuum-to-continuum” quantum cascade lasers with a broad gain
bandwidth of over 400 cm-1,” Appl. Phys. Lett. 97, 081115, 2010.
[2] Yu Yao et al. “Broadband Quantum Cascade Lasers Based on Strongly-coupled Transitions with an External
Cavity Tuning Range over 340 cm-1”, in preparation 2011
[3] Peter Q. Liu et al. “Single-mode Quantum Cascade lasers based on a folded Fabry-Perot cavity”, submitted to
Appl. Phys. Lett. 2010
[4] Peter Q. Liu et al. “Single-mode Quantum Cascade Lasers Employing a Candy-cane Shaped Fabry-Perot
Cavity”, in preparation 2011
[5] R. Cendejas et al. “Effects of Longitudinally Inhomogeneous Current Injection in Quantum Cascade Lasers”, in
preparation 2011
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Computer Modeling of Photoionization
D.F. Gordon1, B. Hafizi2, P. Sprangle1, A. Morozov3, Y. Luo3, S. Suckewer3
Research Laboratory, Plasma Physics Division, Washington, DC 20375
2Icarus Research, Inc., Bethesda, MD 20824
3Princeton University , Princeton, NJ 08544

1Naval

Photoionization by strong laser fields plays an important role in laser‐plasma
interactions and their applications, such as x‐ray lasers [1], THz generation [2], and laser
acceleration of electrons [3]. In modeling laser‐plasma interactions, the particle‐in‐cell
(PIC) technique is often used. In order to incorporate photoionization in such models,
simple analytical expressions for the ionization rate as a function of the applied field are
needed. Often, these expressions make approximations which are not well satisfied for
visible and near infrared radiation. This may contribute to discrepancies that are
sometimes observed between simulation and experiment. An alternative to analytical
models is to numerically solve the time dependent Schroedinger equation [4]. Although
such a calculation is too time consuming to be directly applied to the solution of the many
body problem, a study of the results may lead to a better understanding of the limitations
of the analytical models. We developed a new code to model the evolution of an electron in
an arbitrary scalar potential and spatially uniform vector potential. The code is up to three
dimensional, and supports arbitrary orthogonal coordinate systems. It is fully parallelized,
which is crucial due to the fact that large simulation volumes are needed in order to avoid
reflections from the simulation boundaries. The code also strictly conserves probability
regardless of the laser field strength or the geometry of the numerical grid. In this talk, we
discuss the motivations for the model and the numerical techniques used to develop it.
Preliminary results, such as the one in the figure below, are also presented.

Simulated probability density of an electron in a Coulomb potential as it interacts with an 800
nm laser, whose amplitude is 8% of the atomic field. The colors are referenced to a log scale,
with dark red the highest probability and dark blue the lowest.

[1] A. Morozov et al., Phys. Plasmas 17, 023101 (2010)
[2] J. Penano et al., Phys. Rev. E 81, 026407 (2010), and references therein
[3] D. Kaganovich et al., Phys. Rev. Lett. 100, 215002 (2008)
[4] see, e.g., J. Javanainen et al., Phys. Rev. A 38, 3430 (1988)
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Effects
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and Magnetic Fields on Plasma Excitations and Electron Transport
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in Graphene

Godfrey Gumbs
Department of Physics and Astronomy, Hunter College of City
University of New York, 695 Park Avenue, New York, NY 10065-50085
(Dated: October 27, 2010)
We report recent advances on the effects of external electric[1] and magnetic fields on the plasma
excitations[2] as well as ballistic conductance in graphene and graphene nanoribbons.[3] Since
graphene is a truly 2D system, we shall briefly compare it with the conventional 2DEG. Both
of them provide two types of excitations: electron-hole pairs and collective modes such as plasmons.
Electron-hole pairs are incoherent excitations of the Fermi sea and a direct consequence of the Pauli
exclusion principle along with neglecting Coulomb interactions. Those exist whenever =m χ2D 6= 0,
where χ2D is the response function. . On the other hand, the plasmons are related to the screening
mechanism. If a test charge is placed in the 2DEG, the mobile electrons are set into motion in order
to screen its electric field. As a result of the finite electron effective mass, they overshoot and the
electron density starts to oscillate. Due to the absence of the mass of the Dirac electrons, one can
assume that the plasmon oscillations in graphene should be qualitatively different from those of a
conventional 2DEG.
We have calculated the dielectric function, the loss function, the magnetoplasmon dispersion
relation and the temperature-induced transitions for graphene in a uniform perpendicular magnetic
field B. The calculations were performed using the Peierls tight-binding model to obtain the energy
bandstructure and the random-phase approximation to determine the collective plasma excitation
spectrum. The single-particle and collective excitations have been precisely identified according to
the resonant peaks in the loss function. The critical wave vector at which plasmon damping takes
place is clearly established. This critical wave vector depends on the magnetic field strength as well
as between which levels the transition takes place. The temperature effects were also investigated. At
finite temperature, there are plasma resonances induced by the Fermi distribution function. Whether
such plasmons exist are mainly determined by the field strength, temperature, and momentum. The
inelastic light scattering spectroscopies could be used to verify the magnetic field and temperature
induced plasmons.
Recent advantages in the fabrication techniques of graphene nanoribbons (GNR) together with
the long electron mean free path have stimulated considerable interest in their potential applications
as interconnects in nano circuits. We have demonstrated that when GNRs are placed in mutually
perpendicular electric and magnetic fields, there are dramatic changes in their band structure and
transport properties. The electric field across the ribbon induces multiple chiral Dirac points,
whereas a perpendicular magnetic field induces partially formed Landau levels accompanied by
dispersive surface-bound states. Each of the fields by itself preserves the original even parity of
the subband dispersion, maintaining the Dirac fermion symmetry. When applied together, their
combined effect is to reverse the dispersion parity to being odd with Ee,k = -Eh,-k and to mix
electron and hole subbands within an energy range equal to the potential drop across the ribbon.
Broken Dirac symmetry suppresses the wave function delocalization and the Zitterbewegung effect.
The Butikker formula for the conductance holds true for the odd k symmetry. This, in turn, causes
the ballistic conductance to oscillate within this region which can be used to design tunable fieldeffect transistors.

[1] O. V. Kibis, Phys. Rev. B, 81, 165433 (2010)).
[2] B. Wunsch, T. Stauber, F. Sols, and F. Guinea, New Journal of Physics. s 8, 318 (2006).
[3] O. Roslyak, Godfrey Gumbs, and Danhong Huang, Physics Letters A 374 4061 (2010).
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QED Cascades at
the Extreme Light Infrastructure - Nuclear Physics (ELI-NP)
Prof. Dietrich Habs, LMU Munich
At ELI-NP [1, 2] it is planned to use a brilliant intense electron beam of up to 600 MeV
in combination with a dedicated laser as a linear Compton back-scattering source for intense
brilliant γ-beams. At the same time, two powerful APOLLON lasers [3] will be installed, which
allow to reach in a common laser focus intensities of up to 1024 W/cm2 or normalized vector
potentials of a0 = 1000. Here we explore in Monte-Carlo simulations the possibility to produce
QED cascades [4] of hard γ’s and e+ e− pairs by focusing the 600 MeV electron bunch directly into
the focus of the two APOLLON lasers, which will be circularly polarized, counter-propagating
and produce in the focal plane an intense rotating E-field. The strong nonlinear radiation forces
[5, 6, 7] on the seed electrons in the laser focus lead to typically 500 MeV γ’s , which in the laser
focus, over a very short length, convert into e+ e− pairs. The lepton pairs then are immediately
accelerated by the laser E-field of typically 1GV/µm to typically 500 MeV and an exponentially
increasing QED cascade is predicted. In comparison to the experiment, the description of the
new forces can be tested. At the same time, the 600 MeV electron bunch can be used to optimize
the alignment of the two lasers in space and time. These studies were performed together with
Nina Elkina and Hartmut Ruhl from LMU Munich.

References
[1] ELI-NP http://www.eli-np.ro/
[2] D. Habs and T. Tajima, “Extreme Light Infrastructure - Nuclear Physics (ELI-NP) ,New
Horizons for Photon Physics in Europe”, Nuclear Physics News, in press (2011).
[3] J.P. Chambaret, The Extreme Light Infrastructure Project ELI and its Prototype APOLLON/ILE “the associated laser bottlenecks”, LEI Conference, Brasov, Romania, Oct.16-21,
2009
[4] A.R. Bell and J.G. Kirk, Phys. Rev. Lett. 101, 200403 (2008).
[5] A.M. Fedotov et al., Phys. Rev. Lett. 105, 080402 (2010).
[6] N.V. Elkina et al., arXiv:1010.4528v1 (2010).
[7] A.I. Nikishov, and V.I. Ritus, Sov. Phys. JETP 19, 529 (1964), JETP 25, 1135 (1967).
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Unusual Linear and Nonlinear Optical Properties of Metallodielectrics
Joseph W. Haus1, Nkorni Katte1, Peter Powers1,2 and Michael Scalora3
1 Electro-Optics Program, University of Dayton, Dayton, OH 45469
2 Physics Department, University of Dayton, Dayton, OH 45469
3 Charles M. Bowden Research Facility, RDECOM, US Army Aviation and Missile Command,
Redstone Arsenal, AL 35803
Email: jwhaus@udayton.edu
Metallodielectrics consist of multiple thin films alternating a metal layer to elicit plasmonic effects and a
dielectric layer. Over the past decade metallodielectrics (MDs) have been explored by researchers to
explore unusual optical phenomena normally considered in the context of metamaterials. The layered MD
approach allows hundreds of nanometers of layered MDs to become transparent even in the mid-wave
infrared regime range and beyond with carefully chosen design parameters [1].
Simulations identify two super-resolution regimes: a focusing regime at shorter wavelengths of
the pass band with no surface plasmon excitation; and a beam channeling, or super-guiding regime at the
center of the pass band that favors the onset of transverse surface plasmons [2,3].
MD photonic crystal structures also display slow group velocity effects that can be exploited to
enhance nonlinear effects. Lower group velocities are effective in accumulating more phase and
amplitude nonlinear effects in the materials. MDs give access to nonlinear effects in metals because the
field penetrates the entire structure, including providing access to the metal nonlinearity. MDs made from
copper and silica have reported third-order nonlinearities with effective index variations of order 0.1 [4]
by designing samples with fields localized in the metals. However, high transmission does not have to be
sacrificed at the expense of field localization inside the metal layers. By chirping the layers and using
higher index dielectric film layers the transmittance can be higher while retaining the field localization
and considerable optical limiting capabilities across the entire spectrum.
The third order nonlinear coefficient of metals is several orders of magnitude larger than that of
ordinary semiconductors and nonlinear effects are enhanced beyond what is possible to achieve for
ordinary materials. Giant phase modulation effects and nonlinear absorption are expected [1]. The access
to the bulk metal nonlinear properties combined with design and control of the field distribution inside the
MD stack and control of the group velocity enables a more detailed understanding of the underlying
physical origin of optical phenomena in MDs, which can lead to technological applications. We used the
finite element technique and the transfer matrix method to calculate the fields, within MDs, for which we
find significant nonlinear enhancements. We focused our investigation on the nonlinear absorption
process which significantly dominates the nonlinear refraction within these materials. Also we
numerically simulate Z scan experiments for two MDs.
References
1. M. Scalora, M. J. Bloemer, and C. M. Bowden, Optics & Photonics News, September 10, 23 (1999).
2. M. Scalora et al., Optics Express 15, 508-523 (2007).
3. D. De Ceglia et al., Phys. Rev. A 77, 033848 (2008).
4. N. N. Lepeshkin, A. Schweinsberg, G. Piredda, R. S. Bennink, and R. W. Boyd, Phys. Rev. Lett. 93,
123902 (2004).

PQE-2011

129

Speaker: Mark Havey
Session: Disorder Effects in Atomic Physics
Schedule: Thursday Morning Plenary Session 2

Disorderly Conduct in Ultracold Atomic Gases
M.D. Havey
Department of Physics, Old Dominion University, Norfolk, VA 23529

Quantum optics in ultracold and high-density, but non quantum degenerate, atomic gases is a relatively
little explored but promising area of research. Studies of light trapping in coherently prepared samples, enhanced molecule formation, and ultracold plasma physics in the strongly coupled regime are intriguing areas
of current activity. Exploration of the role of spatial disorder on light propagation in such systems, including
the possibility of novel types of random lasers [1], disorder-mediated formation of subradiant and superradiant configurations [2, 3], and disorder-modified cooperative light scattering [4] are also topics of considerable
interest. Recent research with ultracold matter derived from Bose-Einstein condensates has revealed complex matter wave fragmentation and transport phenomena. In beautiful and complementary experiments,
one-dimensional Anderson localization of matter waves by quenched disorder has been demonstrated [5].
More recently, incisive measurements by Deissler, et al. [6] have demonstrated a controlled delocalization
transition arising from repulsive interatomic interactions.
In this presentation we trace the exploration, from the first observations of coherent backscattering of light
in 85 Rb by the Kaiser group, of aspects of disorder in the dynamics and interactions of ultracold atomic gases.
Recent research on light scattering in the weak localization regime, including coherent control of multiple
light scattering will be discussed, along with experimental efforts to observe Anderson localization of light
in three dimensions.

[1]
[2]
[3]
[4]

L. Froufe-Prez, W. Guerin, R. Carminati and R. Kaiser, Phys. Rev. Lett. 102, 173903 (2009).
I.M. Sokolov, M.D. Kupriyanova, D.V. Kupriyanov, and M.D. Havey, Phys. Rev. A 79, 053405 (2009).
E. Akkermans, A. Gero, and R. Kaiser, Phys. Rev. Lett. 101, 103602 (2008).
T. Bienaime, S. Bux, E. Lucioni, Ph.W. Courteille, N. Piovella, and R. Kaiser, Phys. Rev. Lett. 104, 183602
(2010). [41]
[5] J. Billy, V. Josse, Z. Zuo, A. Bernard, B. Hambrecht, P. Lugan, D. Clement, L. Sanches-Palencia, P. Bouyer,
and A. Aspect, Nature 453, 891 (2008); G. Roati, C. D’Errico, L. Fallani, M. Fattori, C. Fort, M. Zaccanti, G.
Modugno, M. Modugno, M. Inguscio, Nature 453, 895 (2008).
[6] B. Deissler, M. Zaccanti, G. Roati, C.D’Errico, M. Fattori, M. Modugno, G. Modugno, and M. Inguscio,Nature
Physics 6, 354 (2010).
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Towards Tip-enhanced Nonlinear Raman Spectroscopy & Nanoscopy
Norihiko Hayazawa1,2,3 , Kentaro Furusawa1,2, and Satoshi Kawata1,2,3,4

2

1
Nanophotonics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
Near-field Nanophotonics Research Team, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
3
CREST, Japan Science and Technology Agency, Kawaguchi, Saitama 332-0012, Japan
4
Department of Applied Physics, Osaka University, Suita, Osaka 565-0871, Japan
hayazawa@riken.jp
https://sites.google.com/site/hayazawa/

Our contribution in the CARS session should be extreme spatial resolution in CARS. Yes, we
have been working on the development of variety of
tip-enhanced near-field spectroscopy and nanoscopy,
Near - eld Photonics
which can go beyond the classical limit of the spatial
beyond the di raction limit
resolution, well known as “diffraction limit”. Our
NF-SHG
NF-Rama n
NF-TP F
research concept is schematically described in Fig. 1
NF-IR
consisting of three optical techniques, near-field
NF-CARS
optics, vibrational spectroscopy, and nonlinear optics. Vibrational SpectroscopyNF-SFG
No nlinear Optics
Direct obse rva tion of
We have developed several near-field spectroscopic
High
se nsitivity & resolution
CARS
molecular vibration
techniques such as fluorescence1, Raman2, TPF3 and
SFG
crystal phonon
CARS4,5. In tip-enhanced CARS based on two
narrowband laser pulses (NB-CARS), we have
achieved the spatial resolution down to 15nm, which Fig. 1 Concept towards high sensitivity and
is, to our knowledge, the best spatial resolution ever high resolution.
in CARS nanoscopy (not microscopy anymore).
In this presentation, we show the development of tip-enhanced broadband CARS (BB-CARS)
to enhance the spectroscopic coverage of the tip-enhanced CARS nanoscopy. The key technologies
involved in TE-BB-CARS can be categorized into two. One is a non-optical feedback system for the
tip-sample distance control of a metallic tip, which is essential since a BB light source is apt to interfere
with the optical feedback. Another is the suppression of the nonlinear light emissions from both a
sample and the metallic tip that become evident as the pulse duration becomes shorter. One of such
nonlinear light emissions is four wave mixing (FWM) from a metallic tip itself, which used to be
considered as a background of CARS5 but recently gains a renewed interest as a tunable nanoscale light
source6. In terms of SNR, either enhancing ‘S’ or reducing ‘N’ is the way to improve the ratio. In the
case of ‘S’, there is another ongoing debate7 whether a nonlinear or coherent nature (CARS) can
provide a better sensitivity than the spontaneous case (Raman) for a given sample volume. Here we
focus on the reduction of ‘N’ by using BB-CARS. Recently, several groups reported the three-color
mechanism of BB-CARS that can be used in a time resolved manner for suppressing the nonresonant
background8,9. The same idea is also applicable to the background emission from the metallic tip. We
employ either fundamental of BB ultrashort laser pulse (~10fs)10 or white light continuum from a PCF.
Combined these light sources with our in-house non-optical AFM, we visualize single walled carbon
nanotubes for G and D bands, simultaneously.
References
1
N. Hayazawa, et al, J. Microscopy 194, 472 (1999); 2N. Hayazawa, et al, J. Chem. Phys. 117, 1296
(2002); 3N. Hayazawa, et al, J. Appl. Phys. 106, 113103 (2009); 4T. Ichimura, et al, Phys. Rev. Lett. 92,
220801 (2004); 5N. Hayazawa, et al, J. Appl. Phys. 95, 2676 (2004); 6S. Palomba and L. Novotny,
Nano Lett. 9, 3801 (2009); 7M. Cui, et al., Opt. Lett. 34, 773 (2009); 8R. Selm, et al., Opt. Lett. 35,
3282 (2010).; 9Y. J. Lee. Appl. Phys. Lett. 92, 041108 (2008); 10K. Furusawa, N. Hayazawa, S. Kawata,
J. Raman Spectrosc. 41, 840 (2010).
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Subwavelength imaging with NV diamond
For biological applications it is desirable to image and track fluorescent tags on the
nanometer scale. I will review progress on imaging nitrogen-vacancy (NV) diamond with
nanometer-scale resolution using magnetic resonance imaging (MRI). I will also compare
MRI to other subwavelength imaging schemes and show that the use of a microwave
transition can give better resolution than an optical transition.
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Prospects for a superradiant laser
Murray Holland, Dominic Meiser, and Jun Ye
JILA and the Department of Physics, University of Colorado at Boulder.

Abstract

Superradiance

HAtomic collectivityL
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N -1 YJ + J - ]

In the past few years there has been substantial progress in the development of cavityQED systems with optical transitions that have decay lifetimes of hundreds of seconds or
more. One example is optical atomic clocks that have now reached the level of precision
of a few parts in 1016 and are thus competitive with the best clocks in the world. As a
consequence of the narrow linewidth and small decay rate, long-lived macroscopic atomic
coherences at optical frequencies can play an important role. These coherences offer the
potential for making a a light source with a linewidth in the millihertz regime—two orders
of magnitude better than the best state-of-the-art reference cavity stabilized lasers. Such a
light source, if realized, would be based on steady-state superradiance, a purely collective
atomic phenomenon.
Even though the light generated by
N4
such a system would have the longest
coherence length ever produced, this
light source should not be called a laser.
Crossover
H this talk L
The reason for this is that stimulated
Laser
emission would not play an important
role, since the cavity photon occupancy
1
would be microscopic.
Instead the
atomic dipoles of all the atoms would
Subradiance
phase-lock and radiate collectively by
1
superradiant emission, so that the co`
Xn\
HField collectivityL
herence is derived from the collective
atom behavior, rather than from the Figure 1: The collectivity landscape of cavity
field. In order to go from this system to QED. On the horizontal axis is the photon occuthat of a typical laser, all one has to do pancy of the cavity which determines the imporis swap the respective decay rates of the tance of stimulated emission. On the vertical axis
atomic transition and the cavity field, is the atomic dipole moment which characterizes
giving rise to the picture of a crossover the importance of collective emission.
landscape shown in Figure 1. The goal
of this talk will be to unify the theory of steady-state superradiance, where collective emission is important, with the theory of the laser, where stimulated emission is important, and
to consider the intermediate regime.
[1] D. Meiser, M. J. Holland, Intensity fluctuations in steady state superradiance, Phys.
Rev. A 81, 063827 (2010).
[2] D. Meiser, M. J. Holland, Steady-state superradiance with alkaline earth atoms, Phys.
Rev. A 81, 033847 (2010).
[3] D. Meiser, Jun Ye, D. R. Carlson, and M. J. Holland, Prospects for a millihertz linewidth
laser, Phys. Rev. Lett. 102, 163601 (2009).
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Mutual Information Characterization of Tranverse
Entanglement
John Howell1, Mikhail Fedorov2, K.M. Chan1, Curtis Broadbent1 and Joseph Eberly1
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Department of Physics and Astronomy, University of Rochester, Rochester NY, 14627
A. M. Prokhorov General Physics Institute of Russian Academy of Sciences, 117942, Moscow, Russia

2

Entanglement has proven to be a crucial resource for quantum information. There has been much
recent interest in exploring the larger vector spaces spanned by continuously entangled systems, in part,
for the purpose of increasing the information content in quantum information processes. There is strong
motivation for using the continuously entangled degrees of freedom in quantum protocols, because of
their resilience to noise, improved security and the potential for increased channel capacity. Here, we
use the classical mutual information to quantify the shared information (e.g., in bits) between two
parties constrained to using local operations and classical communication upon measuring a
transversely entangled biphoton with pixilated arrays. Essentially, mutual information describes how
much information can be determined about a random variable X with probability distribution p(x), by
knowing the value of Y (also a random variable) with probability distribution p(y). The mutual
information can be written as I(X,Y)=H(X)+H(Y)-H(X,Y), where H(X), H(Y) and H(X,Y) represent the
entropy of X and Y and the joint entropy of X and Y, respectively. Using a pixilated array of detectors
as a set of POVMs, we show that the classical mutual information is equal to the Schmidt number in the
limit of perfect resolution. We also theoretically model a system, which accounts for finite pixel
resolution, collection/detection efficiency and noise. We show the experimental results.
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From the ultraviolet to terahertz and from white- to black-light gene
ration with photonic-crystal fiber sources of ultrashort pulses
Ming-Lie Hu1, Aleksei M. Zheltikov2 and Ching-Yue Wang1
1

Ultrafast Laser Laboratory, College of Precision Instruments and Opto-electronics Engineering, Tianjin
University, Tianjin 300072, e-mail: huminglie@tju.edu.cn
2
Physics Department, International Laser Center, M.V. Lomonosov Moscow State University, 119992
Moscow, Russia; e-mail: zheltikov@phys.msu.ru

It has been shown by intensive research activities in the optics and optoelectronics fields that
many novel properties unimaginable with conventional optical fibers can result from the photonic
crystal fibers (PCFs). Recently, basing on some of these properties, photonic crystal fibers have
been successfully applied in femtosecond laser technology and pushed the performance of
femtosecond fiber laser to match with the solid-state femtosecond laser system. A brief review of
recent work on high power femtosecond photonic crystal fiber laser oscillator, amplifier and their
applications is presented. A compact nonlinear amplification without stretcher is applied in this
system and phase locked amplification with multi-core large mode area PCF (which is shown in
Fig.1) greatly enhances the system performance. A 150 MW peak power [1] and 50 W average
power femtosecond laser are obtained respectively. New wavelengths, from the ultraviolet [2] to
terahertz [3] and from white-[4] to black-light [5] are obtained from the PCF sources of ultrashort
pulses. We believe that a feasible scenario in future applications of high pulse energy
femtosecond PCF laser will come soon.

(a)
Fig. 1. Scanning electron microscope image of the cross section of the seven-core PCF(a). Beam profiles of the
multicore PCF output measured with out of phase (b, c) and in phase (d, e) in the near (b, d) and far (c, e) fields.

Reference
[1] Xiao-Hui Fang, Ming-Lie Hu, et.al, Opt. Lett., 2010,35(14): 2326-2328
[2] Huagang Liu, Ming-Lie Hu, et.al, JOSA B, 2010,27(11): 2284-2289
[3] Feng Liu, Youjian Song, et. al.,IEEE Photon. Technol. Lett. 2010,22(11): 814-816
[4] Bo-Wen Liu,, Ming-Lie Hu, et.al,Opt. Express, 2008,16(19), 14987-14996
[5] Bo-Wen Liu, Minglie Hu, et. al., Opt. Lett., 2010,35(23): 3958-3960
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Enhanced mobility of semiconducting graphene nanoribbons in
nonlinear transport regime

Danhong Huang,1 Godfrey Gumbs,2 and O. Roslyak2
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and 2 Department of Physics and Astronomy,
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(Dated: October 13, 2010)

Abstract
The calculated electron mobility for a graphene nanoribbon as a function of applied electric field
has been found to have a large threshold field for entering a nonlinear transport regime. This field
depends on the lattice temperature, electron density, impurity scattering strength, nanoribbon
width and correlation length for the line-edge roughness. An enhanced electron mobility beyond
this threshold has been observed, which is related to the initially-heated electrons in high energy
states with a larger group velocity. However, this mobility enhancement quickly reaches a maximum
due to the Fermi velocity in graphene and the dramatically increased phonon scattering. Superlinear and sub-linear temperature dependence of mobility seen in the linear and nonlinear transport
regimes. By analyzing the calculated non-equilibrium electron distribution function, this difference
is attributed separately to the results of sweeping electrons from the right Fermi edge to the left
one through the elastic scattering and moving electrons from low-energy states to high-energy ones
through field-induced electron heating. The threshold field is pushed up by a decreased correlation
length in the high field regime, and is further accompanied by a reduced magnitude in the mobility
enhancement. This implies an anomalous high-field increase of the line-edge roughness scattering
with decreasing correlation length due to the occupation of high-energy states by field-induced
electron heating.
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From	
  global-‐positioning	
  to	
  cellular	
  telephones	
  to	
  the	
  synchronization	
  of	
  modern-‐day	
  electrical	
  
power	
  grids	
  much	
  of	
  the	
  world’s	
  most	
  useful	
  technology	
  relies	
  on	
  the	
  timing	
  precision	
  of	
  atomic	
  clocks	
  
for	
  their	
  daily	
  operation.	
  Despite	
  their	
  impressive	
  precision,	
  however,	
  atomic	
  clocks	
  have	
  been	
  unable	
  to	
  
conclusively	
  answer	
  one	
  of	
  the	
  most	
  interesting	
  questions	
  in	
  fundamental	
  physics:	
  are	
  the	
  constants	
  of	
  
nature	
  actually	
  constant?	
  Current	
  theories	
  that	
  attempt	
  to	
  unify	
  gravity	
  with	
  the	
  other	
  fundamental	
  
forces	
  as	
  well	
  as	
  recent	
  astrophysical	
  measurements	
  suggest	
  that	
  nature’s	
  constants	
  may	
  be	
  variable;	
  
however,	
  at	
  the	
  current	
  level	
  of	
  precision,	
  laboratory	
  measurements	
  have	
  been	
  unable	
  to	
  resolve	
  any	
  
such	
  variation.	
  	
  
To	
  address	
  this	
  interesting	
  problem,	
  we	
  are	
  developing	
  a	
  new	
  type	
  of	
  clock	
  based	
  on	
  a	
  nuclear	
  
transition	
  inside	
  the	
  A	
  =	
  229	
  isotope	
  of	
  thorium	
  [1].	
  A	
  nuclear	
  clock	
  has	
  several	
  advantages	
  over	
  
traditional	
  atomic	
  clocks.	
  First,	
  because	
  the	
  nuclear	
  
oscillator	
  is	
  screened	
  by	
  atomic	
  electrons,	
  many	
  of	
  the	
  
detrimental	
  environmental	
  effects	
  which	
  limit	
  atomic	
  
clock	
  performance	
  are	
  removed.	
  And	
  second,	
  because	
  of	
  
the	
  large	
  interaction	
  energies	
  associated	
  with	
  the	
  strong	
  
nuclear	
  force	
  the	
  clock	
  frequency	
  is	
  roughly	
  one	
  million	
  
times	
  more	
  sensitive	
  to	
  any	
  variation	
  in	
  the	
  fundamental	
  
constants	
  of	
  nature.	
  These	
  traits	
  combine	
  to	
  suggest	
  it	
  
may	
  be	
  possible	
  to	
  measure	
  e.g.	
  any	
  variation	
  of	
  the	
  fine-‐
structure	
  constant	
  α	
  to	
  better	
  than	
  1	
  part	
  in	
  1020!	
  
	
  
In	
  the	
  last	
  year	
  our	
  collaboration	
  has	
  constructed	
  

Fig.	
  1.	
  Th:LiCaAlF6	
  crystal	
  under	
  laser	
  
illumination.	
  The	
  nuclear	
  clock	
  will	
  operate	
  
by	
  locking	
  the	
  frequency	
  of	
  a	
  vacuum	
  
ultraviolet	
  narrowband	
  laser	
  to	
  the	
  
absorption	
  signal	
  produced	
  by	
  the	
  A	
  =	
  229	
  
thorium	
  nuclei	
  contained	
  in	
  the	
  crystal.	
  

prototype	
   fluoride	
   crystals	
   to	
   be	
   used	
   as	
   thorium	
  
host	
   in	
   the	
   nuclear	
   clock	
   (cf.	
   Fig.	
   1).	
   These	
   crystals,	
  
which	
   were	
   doped	
   with	
   the	
   more	
   common	
   A	
   =	
   232	
  
isotope	
  of	
  thorium,	
  were	
  found	
  to	
  be	
  satisfactory	
  and	
  
as	
   a	
   result	
   the	
   project	
   has	
   moved	
   onto	
   the	
  
construction	
   of	
   an	
   actual	
   nuclear	
   clock.	
   We	
   will	
  
explain	
  the	
  operation	
  of	
  a	
  nuclear	
  clock	
  and	
  describe	
  
the	
   results	
   of	
   the	
   prerequisite	
   work,	
   as	
   well	
   as	
   the	
  
planned	
  implementation	
  of	
  the	
  nuclear	
  clock.	
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Propagation of Bose Condensates and Matter-Wave Solitons Across
Disordered or Barrier Potentials
Randall G. Hulet, Daniel Dries, and Scott E. Pollack
Department of Physics & Astronomy, Rice University, Houston, Texas 77005
Superfluid transport is one of the hallmarks of Bose-Einstein condensation. Landau showed that
superfluid transport is dissipationless for velocities below the speed of sound, a result now known
as the Landau criterion. We have explored superfluid flow of a weakly-interacting Bose-Einstein
condensate in the presence of disorder or a single Gaussian defect, either a barrier or a dip [1].
Disorder is known to play an important role in the transport of particles in a variety of contexts,
including electronic materials, granular superconductors, and liquid helium in porous media.
A condensate of 7Li is confined in a highly elongated trap formed by a focused far-detuned laser
beam. By suddenly displacing the center of this potential axially the condensate begins to
oscillate with the characteristic axial frequency of a few Hz. The disorder potential is formed
from optical speckle, while the Gaussian defect is created from a cylindrically-focused laser beam
that passes through the axial center of the trap, at right angles to the axial direction. Due to the
versatility afforded by this experimental setup, the main parameters of the system are readily
tunable: disorder or defect strength via their laser intensities, condensate velocity via the initial
amplitude of oscillation, and interatomic interactions via a Feshbach resonance [2]. It is even
possible to explore the effects of 1D vs. 3D confinement.
Our main experimental result is the confirmation of the Landau criterion under variation of these
parameters, as long as the criterion is applied locally, that is, the speed of sound must properly
account for the inhomogeneous distribution of density for a trapped condensate. Our
measurements of the dissipative damping rate help us to understand the underlying damping
mechanisms. In the case of single defect potentials, we have directly observed the creation of dark
solitons and confirm the importance of this mechanism.
While the previously described experiments were performed with repulsive condensates, we have
also studied the interaction with matter-wave solitons formed from a Bose condensate with
attractive interactions incident on a single potential barrier. We find that the barrier height can be
adjusted to give total reflection, transmission, or partial reflection/transmission. In the latter case,
the soliton splits with a part transmitting through the barrier, while the rest is reflected. After a
half period, the two parts meet again at the barrier. In a preliminary experiment, we have observed
that they recombine onto a single side of the barrier, and continues to oscillate. Whether this is
coherent recombination or not is being investigated by more experimentation. If it is coherent,
this setup contains all the ingredients of an atom interferometer.
[1] D. Dries, S. E. Pollack, J. M. Hitchcock, and R. G. Hulet, “Dissipative Transport of a BoseEinstein Condensate”, Physical Review A 82, 033603 (2010).
[2] S. E. Pollack, D. Dries, M. Junker, Y. P. Chen, T. A. Corcovilos, and R. G. Hulet, “Extreme
tunability of interactions in a 7Li Bose-Einstein condensate”, Physical Review Letters 102, 090402
(2009).
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Towards scalable quantum registers in diamond
F. Jelezko, J. Wrachtrup, B. Naydenov, F. Dolde, P. Neumann, G. Waldherr, F. Rempp, H. Fedder
3. Institute of Physics, Stuttgart University
D. Twitchen, M. Markham
Element Six Ltd, Ascot

P. R. Hemmer
Texas A&M University
J. Meijer, S. Pezzagna
Bochum University
Owing to optical readout technique, spins in diamond are considered among most promising
candidates for scalable quantum information processing. This paper shows the current progress
towards realizing efficient entanglement between engineered electrons spins base on dipolar
magnetic interactions. We also show the new readout technique enabling single shot projective
readout of nuclear spin associated with nuclear spin of NV defect. Notably, new readout techniques
allow identifying several charge states of NV defect. QND readout based experiments towards testing
quantum correlations like temporal Bell inequalities will be presented.
Figure:
Repetitive QND measurements reveal quantum jumps of a single nitrogen nuclear spin

References1,2
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doi:DOI 10.1126/science.1189075 (2010).
Neumann, P. et al. Quantum register based on coupled electron spins in a room-temperature
solid. Nat Phys 6, 249-253, doi:Doi 10.1038/Nphys1536 (2010).
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Orbital Angular Momentum: Interference, Entanglement,
and Precision Measurement
Anand Kumar Jha1 , Girish S. Agarwal2 , and Robert W. Boyd1
The Institute of Optics, University of Rochester, Rochester, New York 14627, USA
Department of Physics, Oklahoma State University, Stillwater, Oklahoma 74078, USA
1

2

Abstract: We present a brief overview of orbital angular momentum (OAM) entanglement
and describe how OAM-entangled photons can be used for precision measurement.
In generic classical schemes for optical phase measurements,
the sensitivity is limited by what is known
√
as the standard quantum limit, which scales as 1/ N , where N is either the average number of photons
in the coherent state input to the interferometer or the number of times the experiment is repeated with
one-photon fock-state input [1]. More recent works have shown that the use N -photon entangled-state input
to an interferometer can improve the sensitivity beyond the standard quantum limit by giving rise to phase
super-resolution [2, 3], that is, the narrowing of interference fringes by N times compared to the fringes
obtained with classical schemes, and phase super-sensitivity,
that is, the scaling of the sensitivity of optical
√
phase measurements as 1/N , in contrast to the 1/ N scaling obtained in classical schemes. [4].
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Fig. 1: Schemes for supersensitive measurement of angular displacement using (a) two entangled photons
and (b) four entangled photons. θ is the angle of rotation of the Dove prism in mode g. Da and Db are
detectors set to detect one photon each in the mode characterized by index l and −l, respectively. Da1 , Da2 ,
Da3 and Db1 are detectors set to detect one photon each in the mode characterized by index l, l, l, and −l,
respectively. PDC stands for parametric down-conversion, BS for beam splitter and DP for Dove prism.
We consider an analogous type of measurement, namely, angular-displacement measurements. We seek to
answer the question as to how accurately the angular displacements (rotations) introduced in a beam of light
inside an interferometer by an optical component, such as a Dove prism, can be measured. Using a 4×4
matrix formulation, we explicitly analyze measurement schemes for two and four entangled photons. We
find that the use of entangled photons with non-zero orbital angular momentum increases the resolution of
angular displacement measurement by a factor of N l while the sensitivity increases as 1/2N l, where N is
the number of entangled photons and l the magnitude of the orbital-angular-momentum mode index [5].
References
1.
2.
3.
4.

M. Scully and M. Zubairy, Quantum Optics (Cambridge Univ Press, Cambridge, UK, 1997).
A. N. Boto et al., Phys. Rev. Lett. 85, 2733 (2000).
P. Walther et al., Nature 429, 158 (2004); M. Mitchell, J. Lundeen, and A. Steinberg, Nature 429, 161 (2004).
A. Kolkiran and G. S. Agarwal, Opt. Express 15, 6798 (2007); T. Nagata et al., Science 316, 726 (2007); K. Resch et al., Phys.
Rev. Lett. 98, 223601 (2007).
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It is well known that a conventional laser requires population inversion on the lasing transition. But in late
80’s it was proposed [1] and later demonstrated experimentally [2] that this condition does not hold in
general when more than two levels are involved in the interaction. In a typical three-level configuration
(shown in Fig. 1), it is possible to break the detailed balance and cancel stimulated absorption while
keeping the stimulated emission intact. This is the basis of lasing without inversion (LWI) (see in Fig. 2).
Lasing without inversion has gained enormous attention because it holds a great potential for generating
short wavelength lasers in the UV and X-ray regime. In such regions of the spectrum, the conventional
lasing approach, i.e., population inversion on the lasing transition is difficult to achieve, due to fast
spontaneous decay. Until recently [3], the merits of LWI has been used mostly in the visible and IR
region of the spectrum which involved continuous incoherent pumping. For short wavelengths of the
spectrum incoherent pumping is via electron-atom collision that can destroy the coherence needed for
LWI. So for these regimes a transient approach to LWI is taken.

Fig 1: Three-level atoms in Λ−configuration. Here transition
ac is coupled by a strong driving field Ω. Transition ab is
the lasing transition. Decay in the channel ac and ab are
quantified by the parameters Γ and γ respectively.

Fig 2: Atoms in coherent superposition of the
ground states b,c which are driven by microwaves. The radiation indicated by the lighter
(brown) line draws equally from levels b and c.
The probability of emission amplitudes i.e
Pabs= |Aa+Ab|2 and can be zero. The probability
of emission goes |Aa2+Ab2| and does not vanish.
This is the basis of LWI.

References:
[1] T.W.Hansch and P.E.Toscheck, Z. Phys. 236, 213 (1970); O.Kocharovskaya and Ya. I. Khanin, Pis’ma Zh.
Eksp. Teor. Fiz. 48, 581 (1988) [Sov. JETP Lett. 48, 630 (1988); S.E.Harris, Phys. Rev. Lett. 62, 1033 (1989);
M.O.Scully, S.-Y.Zhu and A. Gavridiles Phys. Rev. Lett 62, 2813 (1989).
[2] A.S.Zibrov, M.D.Lukin, D.E.Nikonov, L.Hollberg, M.O.Scully, V.L.Velichansky and H.G.Robinson. Phys. Rev.
Lett. 75, 1499 (1995); G.G.Padmabandu, G.R.Welch, I.N.Shubin, E.S.Fry, D.E.Nikonov, M.D.Lukin and
M.O.Scully,.Phys. Rev. Lett. 76, 2053 (1996).
[3] S.E.Harris and J.J.Macklin, Phys. Rev. A 40, 4135 (1989); S.Ya.Kilin, K.T.Kapale and M.O.Scully, Phys. Rev.
Lett 100, 173601 (2008).
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As is well-known, the electric field of a laser pulse given by can be characterized by its amplitude E , its carrier
envelope f(t) its frequency ν and its carrier-envelope phase (CEP) φ. The CEP is most difficult to control and even to
measure. Recently, a lot of research has been devoted to the CEP. Namely, the CEP strongly affects many processes
involving ultrashort few-cycle pulses [1]. In particular, CEP effects on high-harmonic generation [2] strong-field
photoionization [3] the dissociation of HD+ and H+2 [4], the electron dynamics in a strong magnetic field [5], the
population inversion during a quantum transition [6], and the external- and internal- photo-effect currents [7,8] have
been demonstrated by few-cycle pulses.
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For longer laser pulses, the influence of the CEP becomes smaller (very often it is beyond the experimental abilities
to be measured). So the important question is what is the maximal duration of laser pulses that can still have the CEP
effects? It is a fundamental question, but also it brings new interesting possibilities to measure and control parameters
of laser pulses and applications. In this work, we investigated the CEP effects in the population transfer between two
bound atomic states interacting with pulses consisting few [9] and many cycles pulse. For our experiment, we use
intense radio-frequency (RF) pulses interacting with the magnetic Zeeman sub-levels of Rubidium (Rb) atoms. We
have found that, for long pulses consisting two frequencies, the CEP of the pulse strongly affects that transfer.
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Fig1: Oscillatory nature of the population transfer by introducing phase difference between the two components of the bichromatic RF
Pulse. (a) (I) Changing the phase of φ100 and φ60 =0 (II) Changing the phase of φ 60 and φ 100=0 (b) Effect of the pulse length T (FWHM)
on the population transfer. (I) T=130 µs (II) T=100 µs. Here we changed the phase of φ 100 while keeping φ 60 =0.
Fig 2: A few-cycle RF pulse with different carrier-envelope phases: (a) φ = 0; (b) φ = π/2 .The dotted curves indicate the envelope of the
pulses. (c) Two-level system with a as the excited state and b as the ground state. (d) Population of level a excited by an RF pulse as a
function of the frequency difference of the two-level system. The two curves correspond to the results of the cosine and the sine pulses.
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Spin-Orbit coupled Bose-Einstein condensates
Karina Jiménez-García1,2, Yu-Ju Lin1, Ross A. Williams1, and Ian Spielman1
1

Joint Quantum Institute, Dept. of Physics, University of Maryland and NIST, College Park, MD
Departamento de Física, Centro de Investigación y Estudios Avanzados del Instituto Politécnico Nacional, México

2

Spin-orbit (SO) coupling –the interaction between a particle’s spin and its momentum– is ubiquitous in
nature. Here we present the first realization of SO coupling (a sum of equal Rashba and Dresselhaus
terms) in a neutral atomic Bose Einstein condensate achieved by dressing two atomic spin states with a
pair of far detuned Raman lasers. Furthermore we found that in the presence of the laser coupling the
interactions between the two dressed spin states are modified, and are able to drive a quantum phase
transition from a spatially spin-mixed state (lasers off) to a phase-separated state (above a critical laser
intensity). The location of this transition is in quantitative agreement with our theory. Our SO coupling
–equally applicable for bosons and fermions– sets the stage to realize topological insulators in
fermionic neutral atomic systems.
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Theory of quantum emission from semiconductor quantum dots:
coherently controlled photon-statistics
Julia Kabuss1 , Alexander Carmele1 , Marten Richter1 , Andreas Knorr1 , and Weng W. Chow2
1 Inst.

für Theoretische Physik, TU Berlin, Hardenbergstr. 36 EW 7-1, 10623 Berlin, Germany
2
Sandia National Laboratories, Albuquerque, NM 87185-1086, USA

Optical scattering experiments and cavity-quantum electrodynamics (CQED) involving semiconductor quantum
dots (QDs) are widely used to investigate their otical properties [1]. Typical quantum effects, such as vacuum
Rabi splitting [2], quantum coherence phenomena [3] and non-classical photon statistics can be studied in
complex solid state enviroments. Here, we develop a microscopic description for the quantum electrodynamics
of a semiconductor QD with a fixed number of electrons. Within an inductive equation of motion approach,
we calculate the photon probability distribution Pn (t) of a L-type semiconductor QD, coupled to a single cavity
mode. Pn (t) is calculated via the photon coherences:
Pn =

1 nend (n + j)!
1 †n n
hc c i − ∑
Pn+ j .
n!
n! j=1
j!

(1)

Simultaneously, the QD is driven by an external laser field. Both the laser and the cavity frequency are equally
detuned from the respective transition. Replacing the Stokes laser in the commonly used stimulated Raman
adiabatic passage scheme (STIRAP) [4] with the action of the cavity, coherent population transfer between the
lower levels is investigated. During this transfer, photon number squeezed photons can be injected into the
cavity. In Fig. b) the impact of the population transfer on the photon statistics is demonstrated, showing the
photon probability distribution Pn (t). The cavity is initially prepared in a thermal statistics and the electron in
level |bi [c.f. Fig. a)]. The states, coupled to the cavity mode transition |ci → |ai are assumed to be empty.
During the laser pulse, which drives the transition |bi → |ai, the electron can be trapped in the lower states,
oscillating between the two lower levels [inset of Fig. ]a). The distribution Pn (t) is shifted one photon number
n to the right, so that it is now most probable, finding n = 1 photons with the detuned cavity frequency in the
system.

b)

a)
Pulse
Cavity field

This external control of the photon statistics via coherent population transfer can be useful for many applications
like quantum information processing or the generation of single photons within semiconductor enviroments.
References
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Cooperative Scattering with Cold Atoms
R. Kaiser1
1

Institut Non Linéaire de Nice, CNRS and Université de Nice
Sophia-Antipolis,
1361, route des Lucioles, 06560 Valbonne, France

Cooperative scattering of light by an extended object such as an atomic
ensemble or a dielectric sphere is fundamentally different from scattering from
many pointlike scatterers such as single atoms. Homogeneous distributions tend
to scatter cooperatively, whereas fluctuations of the density distribution increase
the disorder and suppress cooperativity. In an atomic cloud, the amount of
disorder can be tuned via the optical thickness, and its role can be studied via the
radiation force exerted by the light on the atomic cloud. Monitoring cold 87Rb
atoms released from a magneto-optical trap, we present the first experimental
signatures of radiation force reduction due to cooperative scattering (1) .
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The results are in agreement with an analytical expression interpolating between the disorder and the cooperativity-dominated regimes : for larger optical
thickness, the center of mass of the atomic cloud is ”pushed” less than if the
atoms would scatter independently. These experiments open the way for further
experimental investigations of the role of cooperative scattering of light, with
the connection to Anderson localization in the limit of dense atomic samples
being of particular interest.
1
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Random Lasing with Cold Atoms
N. Mercadier, W.Guerin, V.Guarrera, Q.Baudouin, R.Kaiser1
1 Institut

Non Linéaire de Nice, CNRS and Université de Nice Sophia-Antipolis,
1361, route des Lucioles, 06560 Valbonne, France

Atoms can scatter light and they can also amplify it by stimulated emission. From this simple
starting point, we examine the possibility of realizing a random laser in a cloud of laser-cooled
atoms. Random lasers have been realized with a variety of gain and scattering media. Atomic
vapors allow to study additional features and can also simulate situations realized in astrophysical
systems. (1)
We have shown that cold atoms can be used not only for coherent multiple scattering (2) , but also
to produce gain and give rise to a variety of lasers (3) . Theory predicts it should be possible to
combine both scattering and gain in the same atoms to produce a random laser (4) , indicating that
the on-resonance optical thickness b0 is a crucial parameter.

We will present recent experimental results on our system with large optical thickness (b0 up 300).
We have measured power (total fluorescence) and spectra (using a Fabry-Perot cavity) to look for
signatures of random lasers with cold atoms, i.e. a combination of gain and scattering in dilute
atomic vapors.

1
S. Johansson, V. Letokhov, Phys. Rev. Lett. 90, 011101 (2010); V. Letokhov, S. Johansson, Astrophysical
Lasers, Oxford University Press, 2009
2
G. Labeyrie et al, Phys. Rev. Lett. 83, 5266 (1999).
3
W. Guerin, F. Michaud and R. Kaiser, Phys. Rev. Lett. 101, 093002 (2008).
4
L. Froufe-Prez, W. Guerin, R. Carminati and R. Kaiser , Phys. Rev. Lett. 102, 173903 (2009).
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Quantum storage via refractive index control
Alexey Kalachev1,2 and Olga Kocharovskaya1
1

Institute for Quantum Studies and Department of Physics,
Texas A&M University, College Station, TX 77843-4242, USA,
2
Zavoisky Physical-Technical Institute, Sibirsky Trakt 10/7, Kazan, 420029, Russia

Optical quantum memories are usually assumed to store and recall optical pulses, such
as single-photon wave packets, exploiting inhomogeneous broadened transitions or
modulated control fields [1-3]. Here we suggest one more possibility. We consider offresonant Raman interaction of a single-photon wave packet and a classical control field
in an atomic medium with controlled refractive index. We show that a continuous
change of refractive index during the interaction leads to the mapping of a single
photon state to a superposition of atomic collective excitations (spin waves) with
different wave vectors and visa versa (Fig. 1). For a single pulse to be stored or recalled
the change of refractive index must be of the order of  / L , where L is the sample
length and  is the photon wavelength. Possible schemes of implementation are
considered and suitability of refractive index control for developing multimode
quantum memories is discussed.
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Fig. 1: Storage and retrieval by means of refractive index modulation n  n(t ) on frequency of the
control field. S 12 is an amplitude of the spin wave created on the long-lived transition 1  2 , k and k
are wave vectors of the input/output and control fields, respectively.

[1] K. Hammerer, A. S. Sørensen, and E. S. Polzik // Rev. Mod. Phys. 82, 1041 (2010).
[2] W. Tittel, et. al. // Laser & Photonics Reviews 4, 244 (2010).
[3] C. Simon, et. al. // Eur. Phys. J. D 58, 1 (2010).
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Ultrahigh resolution imaging using Tabletop Coherent EUV
Light Sources
Henry C. Kapteyn and Margaret M. Murnane
JILA, University of Colorado at Boulder, Boulder, CO 80309-0440 USA
kapteyn@jila.colorado.edu

Abstract: EUV light generated through high-harmonic upconversion of the output from an
ultrafast laser exhibits full spatial coherence, ideal for implementing coherent diffractive imaging
(CDI) and time-resolved coherent diffraction. By employing shorter-wavelength 13 nm light for
CDI, we have recently obtained the highest resolution (27 nm) obtained to-date from a tabletop
label-free optical imaging technique. This coherence can also be used to probe ultrafast acoustic
dynamics in nanostructures with dimension ~30 nm.
By virtue of its short wavelength, soft x-ray microscopy has made possible nanometer-scale resolution imaging of
whole unstained cells, magnetic permalloy wires, internal structures in nanocrystals, and magnetic domains in thin
film samples. Recent developments promise to open up soft x-ray microscopy techniques for more widespread use.
First, new diffractive imaging techniques using coherent x-ray beams have made possible nanometer-scale
resolution imaging by essentially replacing the imaging optics in a microscope with an oversampling iterative phase
retrieval algorithm [1]. Second, advances in coherent soft x-ray generation using tabletop ultrafast lasers now
provide sufficient coherent flux for tabletop soft x-ray imaging [2, 3].
In past work, we demonstrated coherent diffractive imaging using iterative phase retrieval and a coherent, tabletop,
high harmonic generation (HHG) source at λ=29 nm for illumination [3]. In this work, we significantly improve the
spatial resolution to <30nm, using bright 13nm high-harmonic light to illuminate the sample. This demonstrates a
record spatial resolution for any tabletop microscope using any label-free imaging modality.
The schematic of the experimental setup is shown in Fig. 1 (a). A coherent beam from a tabletop 13nm HHG source
is focused onto a sample, and the diffraction pattern is detected in the far field on a CCD. The numerical aperture of
the imaging system was ~0.3. To test the resolution of the coherent diffraction imaging system, we imaged two
chevron style air-force patterns. A SEM image of the first pattern shown in Fig. 1 (b) displays a minimum feature
size of 60nm providing an approximate resolution limit. The sample was placed 4.6cm from the CCD corresponding
to an NA= 0:3. The image in Fig. 1 (c) exhibits resolution of 27 nm.

Fig. 1. (a) Tabletop x-ray diffraction microscope with 13nm HHG source illumination. (b)-(c) SEM and retrieved image of a test pattern with
smallest feature size of ∼ 60nm. The 10-90% edge resolution is 27 nm.

The coherence of the HHG source can also be used to detect time-resolved dynamic diffraction from surface
acoustic waves excited by impulse heating of nanostructures,[4] making it possible to characterize ultrasmall
structures and sub-10nm films.
[1] J. Miao, P. Charalambous, J. Kirz and D. Sayre, Extending the methodology of X-ray crystallography to allow imaging of micrometer-sized
non-crystalline specimens, Nature 400, 342 (1999).
[2] T. Popmintchev, M.M. Murnane and H.C. Kapteyn, The Attosecond Nonlinear Optics of Bright Coherent X-Ray Generation, Nature
Photonics 4, 822 (2010).
[3] R.L. Sandberg, D.A. Raymondson, C. La-o-vorakiat, A. Paul, K. Raines, J. Miao, M.M. Murnane, H.C. Kapteyn, B. Schlotter, Closing the
Gap to the Diffraction Limit: Tabletop Soft X-Ray Fourier Transform Holography with 50nm Resolution, Optics Letters 34, 1618 (2009).
[4] M. E. Siemens, et al., High-frequency surface acoustic wave propagation in nanostructures characterized by coherent extreme ultraviolet
beams, Applied Physics Letters 94, 093103 (2009).
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The First Ghost Image Using Sun as a Light Source
Sanjit Karmakar, Yan-Hua Zhai, Hui Chen and Yanhua Shih
Department of Physics, University of Maryland, Baltimore County, Baltimore,
MD 21250
sanjitk1@umbc.edu

Ghost imaging was first demonstrated experimentally by Pittman et al.[1]in 1995 using entangled photon
pairs as the light source. Later, using a chaotic radiation or pseudo-thermal light source, a 50% contrast
ghost image of the object was observed in terms of coincidences between the CCD and a bucket detector
that receives the scattered and reflected photons from the object [2]. In 2004, Gatti et al. demonstrated
speckle-to-speckle classical correlation between two distant planes to image the speckles of the source onto
both the object and ghost-image planes [3]. In 2005, Zhang et al. demonstrated an experiment of two-photon
correlated imaging with true thermal light from a hollow cathode lamp [4]. In this paper, we wish to report
first experimental demonstration on two-photon ghost imaging using the Sun as a light source for field
imaging applications.
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Fig. 1. (a) Experimental setup and (b) temporal correlation where t1 and t2 are the registration time of the
photons at the detectors D1 and D2 respectively and the red line is the fitting .

The setup of this experiment is inside the light-tight small black box shown in Fig. 1(a) and Fig. 1(b) shows
the measured temporal correlation between two spatially separated detectors D1 and D2 . The width of
this measured correlation agrees with our expected results very well. Right now we are working on spatial
correlation and very soon we will be able to observe the ghost image of an object mask with sunlight as a
source.
This result can be interpreted as a nonlocal point-to-point image-forming correlation which is the result
of interference between two-photon amplitudes, corresponding to different yet indistinguishable alternative
ways of triggering a joint photodetection event. As a result of two-photon interference, ghost imaging has two
peculiar features:(1) it is nonlocal and (2) its spatial resolution which is better from that of classical imaging.
Consequently, ghost imaging using the sun as a light source could achieve spatial resolution equivalent to
that of a classical imaging system taking pictures at a distance of 10km with a 92m-diameter lens.
In conclusion, this experimental demonstration of sunlight-based ghost imaging raises a fundamentally important question about whether the nonlocal ghost-imaging effect of classical thermal light is caused by
quantum-mechanical two-photon interference.
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SPIE News, Electronic Imaging and Signal Processing, July, (2009).
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A Raman approach for ultrafast optical technology
M. Katsuragawa
University of Electro-Communications,
1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan
Email: katsura@pc.uec.ac.jp

Abstract
Optical processes in a resonant three-level system, using quantum interference as a key,
resulted in a wide variety of fascinate phenomena, ranging from electromagnetically
induced transparency (EIT), through ultraslow light, to manipulation of quantum
coherence at the single-photon level. On the other hand, the extension of an equivalent
three-level system to far-off resonance is opening various applications to use it as light
sources including collinear generation of broad stimulated Raman scattering (SRS),
ultrashort pulse generation, and the like. The key point in the far-off resonance
three-level system is to drive the maximal Raman-coherence adiabatically by
controlling a small two-photon detuning from the Raman resonance [1]. Figure 1 shows
an example of collinearly generated octave-spanning high-order SRS series based on
near-maximal coherence produced at a rotational Raman transition of J = 0 to 2 in
parahydrogen [2]. In our talk, we will review the studies on the far-off resonant three
level system [1 - 14], including recent progresses such as an arbitrary optical waveform
generation and so on.

Fig. 1. octave-spanning spectrum of high-order SRS series generated by controlling the absolute
frequencies of the driving single-frequency lasers.
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Wigner Function Method to
Bose-Einstein Condensation
B. Kim, A. Svidzinsky, and M. O. Scully
Texas A&M University and Princeton University
After the experimental observation of the Bose-Einstein Condensation (BEC)
in dilute ultracold gases [1], BEC has been manifested in many systems. However, the theoretical investigation for these phenomena is usually done by the
mean field approach: one of them is the Gross-Pitaevskii (GP) type equations.
Although the condensation behavior can be well described by these GP-like
equations, the fluctuation residing in the system is not easily describable in
mean field approach: it is non-Gaussian even in the thermodynamic limit[2].
To analyze the fluctuation behaviors, the master equations derived in [3] was
used to characterize them quantitatively. Here, we will reconstruct the master
equation with Wigner function[4] instead of the usual density operator ρ, and
show its solution to describe the BEC.
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Imaging of four-wave-mixings from sub-micrometer scale structures

Hyunmin Kim1, 2, Garnett Bryant 1, 2, Stephan Stranick1
1
2

National Institute of Standards and Technology, Gaithersburg, Maryland 20899

Joint Quantum Institute, University of Maryland, College Park, Maryland 20742

We demonstrate imaging of gold nanorods and silicon microstructures using a picosecond pulse
four-wave-mixing microscope. Coherent Stokes Raman scattering (CSRS) is utilized to resolve
different size and shape nanorods having the same plasmon resonance and boundary element
electromagnetic calculations assist the clarification of the experimental observations. We also
image four-wave-mixings by two size-controlled silicon microstructures, revealing a strong
optical interference that selectively occurs at the boundaries of the “chessboard” shaped silicon
gratings for the specific wavelength of the emission. The experimental results support that the
shape of this emission is controlled by the optical geometry (polarization, beam size, wavefront,
etc) and a preliminary theoretical description will be suggested as well. Figure 1 shows a
photoemission from gold nanorod agglomerate by two incident beams, which is overlaid to
plasmon absorptions of two different sized nanorods; figure 2 shows coherent anti-Stokes Raman
scattering (CARS) images of two different silicon microgratings with regards to the polarization
directions of two parallel incident beams (yellow arrows).

Figure 1. Photoemissions from gold nanorods
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An Exciton-Polariton Laser Diode
Na Young Kim1*,
Christian Schneider2, Arash Rahimi-Iman2, Wolfgang Nitsche1,
Sven Höfling2, Alfred Forchel2, and Yoshihisa Yamamoto1,3
1

Edward L. Ginzton Laboratory, Stanford University, Stanford California, USA
2 Technische Physik, Universität Würzburg, Würzbur, Germany
3 National Institute of Informatics, Tokyo, Japan
*nayoung@stanford.edu

Microcavity exciton-polaritons are quantum quasi-particles arising from the strong light-matter
coupling [1]. They have exhibited rich quantum dynamics rooted from bosonic nature and inherent nonequilibrium condition including dynamical Bose-Einstein condensation at much elevated temperatures [2-6].
The dynamical condensation of exciton-polaritons in semiconductor microcavities promises a novel and
alternative coherent light source without population inversion, which consequently operates at an ultra-low
threshold. Up to know, the exciton-polariton laser has been demonstrated by optical pumping in various
material systems such as CdTe [3], GaAs[2,4-6] and GaN [7,8]. For the development of practical polaritonic
devices, electrical pumping scheme has many advantages over optical pumping method.
We recently realize an electrically pumped exciton-polariton laser with a InGaAs/GaAs/AlAs based pi-n junction diode. We present a collection of experimental findings of the condensate properties including
spatial coherence shown in Fig. 1. We anticipate that our polariton laser diode scheme can be extended to a
room-temperature polariton laser diode in other materials like GaN.

Figure 1: Young’s double-slit interference patterns of the exciton-polariton laser diodes at various pump current values normalized
by the threshold current Ith, where the current density equals to 22 A/cm2.The slit separation is 7.14 μm and the slit width is 0.57
μm. The scale bar indicates normalized intensity.
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Casimir, Entropy and Entanglement Entropy
Israel Klich
Department of Physics, University of Virginia,
Charlottesville, VA 22904

The interaction of quantum fields with material bodies typically results in a state of the
field which is mixed. This happens when the frequency dependence of the dielectric function
of the bodies can not be ignored. The average free energy and internal energy of the field
as well as Van der Waals/Casimir forces in such system have been extensively studied.
In this work we look instead at the full entropy content of the electromagnetic field due
to this interaction. Concretely, we consider the entanglement entropy of the field relative to
the dielectric material, defined as the full von-neumann entropy of the field density matrix
ρf ield :
Sf ield = −Trρf ield log ρf ield .

(1)

Within a scalar field model, we discuss the effects of conductivity, spatial dispersion and
spatial separation on the field entropy. We compute Sf ield analytically for homogenous
systems, and numerically for the a system of two parallel slabs.
Another entropy, which has been discussed extensively in relation to Casimir forces is
the so called “Casimir entropy”. This entropy has been discussed due to it’s interesting
behavior at low temperature, and as a possible guide to understanding the role of the zeroth
matsubara frequency contribution to the Casimir energy.
In this context, for two dielectric bodies placed in vacuum, the Casimir entropy is usually
defined via the thermodynamic relation SC =

EC −FC
,
kb T

where EC and FC are the Casimir

energy and free energy of two distinct bodies, obtained by subtracting reference energies
where the two bodies are infinitely separated.
We discuss the differences between full quantum mechanical entropy Sf ield and the
Casimir entropy SC .
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Few-cycle attosecond pulses via periodic resonance interaction
with hydrogen-like atoms
1,2

V.A. Polovinkin , Y.V. Radeonychev1, and Olga Kocharovskaya2,1
1
2

Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, 603950, Russia,

Department of Physics and Astronomy, Texas A&M University, College Station, TX 77843-4242

We show the possibility to produce nearly bandwidth-limited few-cycle attosecond pulses based on
periodic-resonance interaction of a quasi-monochromatic radiation with the bound states of hydrogen-like
atoms. A periodic resonance is provided by a far-off-resonant laser field with intensity much below the
atomic ionization threshold via adiabatic Stark splitting of the excited energy levels [1] and periodic
tunnel ionization from the excited states (Fig.1a). Without external synchronization of the spectral
components it is possible to produce 135 as three-cycle pulses at 13.5 nm in Li2+-plasma controlled by
radiation of a mode-locked Nd:YAG-laser, as well as 1.25 fs three-cycle pulses at 122 nm in atomic
hydrogen controlled by radiation of a CO2 laser (Fig.1b).
[1]. Y.V. Radeonychev, V.A. Polovinkin, O. Kocharovskaya, Phys. Rev. Lett., 105, 183902 (2010).
Fig. 1.
(a) Instantaneous shift and broadening of the relevant atomic states in hydrogen-like atom.
(b) Output radiation in the case of Li2+. Envelope of output three-cycle pulse compared to the
corresponding bandwidth-limited pulse (bold red line) in the inset.
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MICROSCOPIC THEORY OF PHASE TRANSITIONS
V. V. Kocharovsky1,2 and Vl. V. Kocharovsky2
1

Department of Physics and Astronomy, Texas A&M Univ., College Station, Texas, USA
2
Institute of Applied Physics, Russian Academy of Science, Nizhny Novgorod, Russia

We find a solution to a long standing problem of a microscopic theory of phase
transitions that describes a development of an ordered state at low temperatures
from a disordered state at high temperatures through the whole critical region,
i.e., goes far beyond a known renormalization group theory. In this talk we explain
(i) why all previous attempts to solve the problem of phase transitions failed,
(ii) what are the most essential points of the new microscopic theory, and
(iii) what is a universal microscopic mechanism of a spontaneous symmetry breaking.
As an example, we consider Bose-Einstein condensation in a weakly interacting gas.
References
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Role of interactions on the properties of collective polariton states in strongly
coupled microcavities
D. N. Krizhanovskii,1 D. M. Whittaker,1 R. A. Bradley,1 K. Guda,1 D. Sarkar,1 M.Sich 1, D.
Sanvitto,2 L.Vina,2 E. Cerda,3 P. Santos,3 K. Biermann,3 R. Hey,3 and M. S. Skolnick1
1. Department of Physics and Astronomy, University of Sheffield, Sheffield, S3 7RH, UK
2. Departmento Fisica de Materiales, Universidad Autonoma de Madrid, 28049 Madrid, Spain
3. Paul-Drude-Institut f¨ur Festk¨orperelektronik, Berlin, Germany

Microcavity polaritons are composite bosons and arise from strong exciton-photon coupling in
semiconductor microcavities. They exhibit very interesting phenomena, like superfluidity [1],
parametric scattering and spontaneous condensation.
We investigate quantized vortices in the spontaneously formed polariton condensate, which is a
characteristic property of a quantum fluid [2]. We demonstrate that vortices can be created in a
controlled way using a weak external imprinting beam. We find that the vortex core diameter or the
healing length is determined by polariton-polariton interactions and show that these lead to a decrease
of the diameter with increasing particle density (Fig.1 c-d). Importantly, healing length is inversely
proportional to sound velocity of
condensate excitations[1]. The low
polariton mass plays an important role
enabling us to observe in situ the
vortex profile and its density
dependence, unlike in atom BoseEinstein Condensate experiments.
We also probe interactions
between polaritons of different spin.
Polaritons with the same spin repel,
whereas spin-up and spin-down
particles attract. When the polariton
branch (LP) at k=0 is resonantly
pumped, both its inner polariton
population and polariton polarisation
Fig 1: a) Schematic of microcavity consisting of Bragg mirrors
degree exhibit bistable behaviour as a
and quantum wells in the antinodes. b) Diagram of polariton
function of pump power due to spin
condensation in k-space. c-d) Vortex in polariton condensate
anisotropy in polariton interactions.
shrinking with pump power. e-f) Images of polariton soliton
We observe formation of spatial spin
propagating along X taken at 7 ps (e) and 34 ps (f) after
patterns and reveal the influence of
initialisation.
polariton diffusion and incoherent
excitons on its properties.
Finally, we observe formation of polariton solitons (Fig.1 e-f), which are nondispersive strongly
localised wavepackets supported by bistable behaviour of resonantly pumped polariton modes. We
show that solitons with the size down to 2-3 microns (of the order of λ) can be excited on a ps
timescale and propagate over distances ~50-100 μm. Spatial spin patterns and polariton solitons may
lead to novel optical/spin-based devices such as fast spin switches and polariton logic elements
(polariton neurons) [3]. .
1) A. Amo et al, Nature Physics 5, 805 - 810 (2009)
2) D. N. Krizhanovskii et al, Phys. Rev. Lett. 104, 126402 (2010)
3) T. C. H. Liew et al, Phys. Rev. Lett. 101, 016402 (2008); I. A. Shelykh et al, Phys. Rev. Lett. 100, 116401 (2008)
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Hanbury-Brown and Twiss type correlations with surface plasmons
N. Kroo, S. Varro, A. Czitrovszky, A. Nagy and D. Oszetzky
Research Institute for Solid State Physics and Optics of theHungarian Academy of Sciences
XII.Konkoly Thege str. 29-33, Budapest, Hungary

Abstract: Statistical properties of surface plasmons (SPO) were studied by analizing the
properties of photons, emitted by them.
In one of our previous papers [1] the statistical properties of SPO-s were studied by an SPO
near field STM, where we found an indication of non-classical behaviour of SPO-s.
In the present work a CW He-Ne laser was used to excite SPO-s in the Kretschmann
geometry and the SPO emitted and simultaneously the prism reflected photons were detected.
Auto- and cross-correlation (between the 2 detectors) functions were determined and it was
found, that the SPO emitted photons show non-Poissonian behaviour, namely bunching and
also anti-bunching properties. We were able to measure only relatively small effects because
of the large number of relevant modes due to the low resolution of our apparatus.
A theoretical estimate of our findings is also given and compared with the experimental data.
References: N Kroo , S. Varro at al. J. MOd. Opt 54.2679 (2007)
M.S.Tame at al. PRL 190504 (2008)
A. Cuche at al. arXiv 1011.2357v1 (10 Nov 2010)

The schematic diagram of the experimental set-up is shown int the figure.
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Theoretical aspects of Hanbury Brown and Twiss type
correlations mediated by surface plasmon oscillations
Sándor Varró and Norbert Kroó

Research Institute for Solid State Physics and Optics
of the Hungarian Academy of Sciences,
H-1525 Budapest, P. O. Box 49, Hungary, E-mail: varro@mail.kfki.hu
Abstract. Intensity-intensity correlations are studied for cases when in the beam splitter surface plasmon
oscillations are generated in the Kretschmann geometry.

Due to the possibility of attenuated total reflection (ATR) and the associated generation of
surface plasmon oscillations (SPOs), the response of a dielectric-metal-vacuum system can be
considerably different, depending on which boundary the exciting radiation impinges. If
such a system is used as an “active beam splitter”, nontrivial correlations may show up
between two detectors, placed on the opposite sides (see Left and Center in Fig. 1).
NN

Figure 1. Illustration of three possible arrangements for measuring intensity (count number) correlations in split
beams. Left: Vacuum→Metal→Dielectric (“V→M→D scattering”); ordinary beam splitter situation. Center:
“D→M→V scattering”; ATR situation (the supressed reflection and the generated and decaying SPOs are
symbolized by a vertical black arrow and a red rectangle, respectively). Note, that, depending on the angle of
incidence, the reflected signal need not necessarily be exactly zero. Right: The excitation is same as in the centre
figure, but now the light stemming from the SPO (dotted blue arrow) is split by a second (ordinary) beam
splitter, and the counters are at the opposite side of this beam splitter. Various other arrangements for the
excitation, detectors and sampling are possible. E.g., besides laterally shifting one of the detectors, one can shift
them longitudinally and measure the autocorrelation function of the beam in one of the arms.

Both the conversion of the incoming photons to SPOs [1] and the decay process [2], or simply
the interaction of photons with the free electrons [3] can cause non-classical effects. In the
present work we attempt to estimate, how these effects may manifest themselves in
Hanbury Brown and Twiss type correlations “mediated by surface plasmon oscillations”.
References
[1] M. S. Tame, C. Lee, J. Lee, D. Ballester, M. Paternostro, A. V. Zayats and M. S. Kim, Single-photon excitation of
surface plasmom polaritons. Phys. Rev. Letters 101, 190504 (2008)
[2] S. Varró, N. Kroó, Gy. Farkas and P. Dombi, Spontaneous emission of radiation by metallic electrons in the
presence of electromagnetic fields of surface plasmon oscillations. Journal of Modern Optics 57, 80-90 (2010)
[3] S. Varró, Entangled states and entropy remnants of a photon-electron system. Physica Scripta T140, 014038
(2010). Concerning earlier work on non-classical features in photon-electron interactions, in particular squeezing,
see J. Bergou and S. Varró, Nonlinear scattering processes in the presence of a quantised radiation field. J. Phys. A:
Math. Gen. 14, l469-l482 (1981); Y. Ben-Aryeh and A. Mann, Production of squeezed states in the interaction
between electromagnetic radiation and an electron gas. Phys. Rev. Lett. 54, 1020 (1985); W. Becker, K. Wódkiewicz
and M. S. Zubairy, Squeezing of the cavity vacuum by charged particles. Phys. Rev. A 36, 2167-2170 (1987).
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Multiple harmonics generation: molecular
modulation vs cascaded generation by QPM
Andy Kung1,2
1

Institute of Photonics Technologies, National Tsing Hua University, Hsinchu,
Taiwan
2
Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei 10617,
Taiwan
E-mail: akung@pub.iams.sinica.edu.tw
Abstract

The synthesis of periodic field waveforms of various shapes has been reported using a
comb of frequencies consisting of laser harmonics generated by molecular modulation in
H2.[1-6] As an alternative to molecular modulation, the harmonics of a fundamental
frequency covering two and a half octaves have been generated in a
multiply-periodically-poled lithium tantalate crystal by cascaded quasi-phase-matched
frequency mixing.[7] The frequency comb that is composed of these harmonics will permit
the synthesis of a train of periodic sub-cycle pulses in a manner similar to those synthesized
from molecular modulation but in a more compact setting. Details of the cascaded
approach will be described and the relative merits of the two approaches will be discussed.
References
[1] S. E. Harris and A. V. Sokolov, Phys. Rev. Lett. 81, 2894 (1998).
[2] J. Q. Liang, M. Katsuragawa, Fam Le Kien, and K. Hakuta, Phys. Rev. Lett. 85, 2474
(2000).
[3] Shu Wei Huang, Wei-Jan Chen, and A. H. Kung, Phys. Rev. A 74, 063825 (2006).
[4] Takayuki Suzuki, Masataka Hirai, and Masayuki Katsuragawa, Phys. Rev. Lett. 101,
243602 (2008).
[5] Wei-Jan Chen et al. Phys. Rev. Lett. 100, 163906 (2008).
[6] Zhi-Ming Hsieh et al. Phys. Rev. Lett. 102, 213902 (2009).
[7] Wei-Chun Hsu et. al. Opt. Lett. 34, 3496 (2009).
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Coherent control of diffuse light dynamics in an ultracold atomic gas
Dmitriy V. Kupriyanov
St.-Petersburg State Polytechnic University, 195251, St.-Petersburg, Russia
e-mail: kupr@dk11578.spb.edu
Organization of controllable and lossless light transport through a bulk medium is an important task for
various applications in quantum information science, and for implementation of quantum memories in
particular [1,2]. The crucial problem is in identifying those physical systems where transport of a signal light
pulse could be reliably delayed, safely stored and retrieved on demand. Light propagation in a disordered
atomic medium prepared at ultra-low temperature represents a promising candidate for this process. In this
paper we show that diffuse light propagation in a disordered atomic medium, prepared at ultra-low
temperatures, can be effectively delayed in the presence of a strong control field initiating a stimulated Raman
process. On a time scale of a few milliseconds, when the atomic system can preserve its configuration, the
scattered signal pulse, diffusely propagating through the medium, can be stored in the spin subsystem via its
stimulated Raman-type conversion into spin coherence. We demonstrate how this mechanism, potentially
interesting for developing quantum memories, would work for the example of a coherent light pulse
propagating through an alkali-metal atomic vapor under typical conditions attainable in experiments with
ultracold atoms.
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Figure: Geometry of the proposed experiment
and the excitation scheme, see Ref.[3] for
details. The diffuse propagation of a signal
mode of frequency  is indicated by pink thin
F0=3 lines and arrows. The diffusion process is
affected by a strong control mode of frequency
c indicated by red and thick arrows.
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Stability of an ensemble of excitons in a quantum degenerate regime in a bulk
semiconductor of Cu2O - Search for Bose-Einstein Condensation of excitons
Kosuke Yoshioka1 and Makoto Kuwata-Gonokami1,2
Department of Physics, Graduate School of Science, The University of Tokyo, and CREST-JST,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan
2
Photon Science Center, Graduate School of Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

1

At low temperature and high density, an ensemble of electrons and holes is predicted
to form a Bose-Einstein condensate (BEC) of excitons: quasi-bosons of electron-hole pairs. The
observation of an exciton BEC has been eagerly sought in the past half-century. The
electron-hole system is in nature a complex many-body quantum system, since electrons and
holes are very light particles with strong Coulomb interactions. Therefore it is a non-trivial
question whether nature chooses the exciton BEC as the ground state of electrons and holes.
Various systems have been examined in bulk [1-3] and two-dimensional semiconductors [4,5].
In a single crystal of Cu2O, the 1s paraexcitons, pure spin triplet excitons, have been a prime
candidate for realizing three-dimensional BEC. The large binding energy and long lifetime
enable preparation of cold excitons in thermal equilibrium with the lattice being decoupled from
the radiation field. By using the excitonic Lyman transitions, from 1s to np states, we can
visualize the optically silent paraexcitons. Recent systematic experiments revealed that the
inelastic collision cross-section of 1s paraexcitons diverges when the temperature is lowered, as
a universal quantum mechanical feature of cold s-wave inelastic collisions as shown in Fig.1.
[6] This process severely limits the conditions to accumulate
excitons to a quantum degenerate regime above the liquid
helium-4 temperature. On the other hand, the high density
super-cooled excitons can be directly generated by the
resonant two-photon transition using phase manipulated
pulses.[7] We confirmed the robustness of the excitons at
least up to the density of 1016 cm-3. These results imply that
the exciton BEC phase could be observed at moderate density
if we cool the excitons below 1 K. In this presentation, we
will update the current status of our search for BEC phase of
1s paraexcitons under the presence of the strong inelastic
collision process[8].
Fig. 1 Inelastic scattering cross
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Coherent Rydberg Excitation in Thermal Microcells
H. Kübler1, B. Huber1, T. Baluktsian1, A. Kölle1, R. Daschner1, J. Shaffer2, R. Löw1 and T. Pfau1
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5. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart Germany
Homer L. Dodge Department of Physics and Astronomy, The University of Oklahoma, 440 W. Brooks
Street, Norman, Oklahoma 73019, USA
2

In order to create quantum devices based on the Rydberg
blockade mechanism, it is necessary to have a confinement
of the excitation volume to less than the blockade radius in
a frozen gas of atoms; i.e. the excitation times need to be
shorter than the timescales of the respective dephasing
mechanisms.
While ultracold gases seem to be the obvious choice, our
approach utilizes thermal atomic vapor in small glass cells
[1] which offer multiple advantages like good optical access
and scalability.
Such a system can be realized by confining the atoms to
geometries in the µm regime.
Decoherence effects like resonant interactions of the
Rydberg atoms with polaritonic excitations in the glass
have been studied and can be minimized by the appropriate
choice of Rydberg states [2].
Using a bandwidth-limited pulsed laser system for the
Rydberg excitation we observe coherent Rabi oscillations
on the nanosecond timescale.
We discuss future perspectives for Quantum information
processing.
[1] Baluktsian, T., Urban, C., Bublat, T., Giessen, H., Löw, R. and Pfau, T.
Fabrication method for micro vapor cells for alkali atoms,
Opt. Lett. 35, 1950 (2010)
[2] Kübler, H., Shaffer, J. P., Baluktsian, T., Löw, R. & Pfau, T.
Coherent excitation of Rydberg atoms in micrometre-sized atomic vapour cells,
Nature Photon. 4, 112–116 (2010)
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Quantum Phase Transitions of Light: From Superradiance to Circuit QED
Prof. Karyn Le Hur, Yale University
In this Talk, we describe quantum phase transitions involving two-level systems (atoms
or artificial atoms) coupled to light, resulting in spin-boson Hamiltonians [1]. First, we
discuss the superradiant quantum phase transition in the Dicke model and possible
experimental realizations [2]. Second, we show that circuit-QED comprising artificial
two-level systems or Cooper pair boxes can also be used to engineer novel Hamiltonians
such as the Jaynes-Cummings lattice Hamiltonian allowing to realize a superfluid-Mott
insulator transition of light [3,4]. We build a correspondence with the Bose-Hubbard
model [4]. We also explore the possibility of realizing artificial gauge fields in such
photon systems [5].
Collaborators:
A. Houck (Princeton), J. Koch (Northwestern), S. Girvin (Yale)
[1] Karyn Le Hur, Chapter in the book on "Understanding Quantum Phase Transitions",
edited by Lincoln D. Carr (Taylor and Francis, Boca Raton, 2010), arXiv:0909.4822.
[2] P. Nataf and C. Ciuti, Nat. Commun. 1:72 (2010); K. Baumann et al. Nature 464,
1301 (2010).
[3] A. D. Greentree, C. Tahan, J. H. Cole, and L. C. L. Hollenberg, Nat. Phys. 2, 856
(2006); M. J. Hartmann, F. G. S. L. Brandao, and M. B. Plenio, Nat. Phys. 2, 849 (2006);
D. G. Angelakis, M. F. Santos and S. Bose, Phys. Rev. A 76, 031805 (2007).
[4] J. Koch and K. Le Hur, Phys. Rev. A 80, 023811 (2009).
[5] J. Koch, A. Houck, K. Le Hur and S. M. Girvin, Phys. Rev. A 82, 043811 (2010). See
also Viewpoint A. D. Greentree and A. M. Martin, Physics 3, 85 (2010).

Possible Realization of the Jaynes-Cummings Lattice Model in Circuit-QED [4,5]
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Full-field quantum correlations and the efficient sorting of quantum states of light
J. Leach1,4 ,∗ R. Warburton2 , D. Ireland1 , M. Lavery1 , J. Courtial1 ,
F. Izdebski2 , G. Buller2 , J. Berkhout3 , R. W. Boyd4 , and M. J. Padgett1
1
SUPA, University of Glasgow, UK. 2 SUPA, Heriot Watt, UK.
University of Leiden, Netherlands. 4 University of Ottawa, Canada.

3

Quantum entanglement, one of the defining features of quantum mechanics, is the process where the outcome of
measurements on spatially distant particles cannot be separated. It underlies many important quantum information
protocols and goal of loop-hole free test of quantum mechanics, sub diffraction-limit imaging and robust high-data
rate quantum key distribution are a few examples that continue to drive forward the field of efficient sorting and
detection of quantum states of light.
We demonstrate a scheme which achieves full field quantum correlations by using multi-point detectors placed in
the signal and idler arms of a two-photon downconversion system. We separate different spatial modes by the use
of different length optical delays which are connected to the outputs of a fibre array. The entry position at the fibre
array therefore corresponds to a unique arrival time at the detector allowing us to take advantage of the high timing
resolution of the SPADs and resolve the location of the coincidence. We find strong correlations in the position and
momentum bases which correspond to the near-field and far-field of the crystal respectively, see figure. Through
the use of spatial light modulators in each arm, acting as variable focal length lenses, we show that the correlations
persist in intermediate fields provided that geometrical imaging is satisfied. The conditional variance product of the
correlations in the near and far-fields is found to be significantly below the bound required for separability.
We also present a method to sort orbital angular momentum (OAM) states of light using two static optical elements
[1]. The optical elements perform a Cartesian to log-polar coordinate transformation, converting the helically phased
light beam corresponding to OAM states into a beam with a transverse phase gradient. A subsequent lens then focuses
each input OAM state to a different lateral position. We demonstrate the concept experimentally by using two spatial
light modulators to create the desired optical elements, applying it to the separation of eleven OAM states.
High efficiency multi-point detectors and efficient OAM sorting schemes are important developments when using
the position/momentum basis or the angle/OAM basis for implementing high dimensional quantum key distribution.
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FIG. 1: Experimentally recorded coincidence count rates for different focal lengths of the lenses in the signal and idler arms
and corresponding count rates from the fibre arrays for near-field and far-field geometries. The dashed lines correspond to the
geometrical imaging conditions, where in the context of a Klyshko picture, the signal detector is imaged to the idler detector.

[1] G. C. G. Berkhout, M. P. J. Lavery, J. Courtial, M. W. Beijersbergen, and M. J. Padgett, Phys. Rev. Lett. 105, 153601
(2010).
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Advanced Vibrational Spectroscopy for Structural
Characterization of Amyloid Fibrils
Igor K. Lednev, Dmitry Kurouski and Ludmila Popova
Department of Chemistry, University at Albany, SUNY, 1400 Washington Ave., Albany,
NY 12222, lednev@albany.edu
Understanding fibrillogenesis at a molecular level requires detailed structural
characterization of amyloid fibrils. Protein structural transformations on the molecular level
during in vitro fibril formation are accompanied by substantial changes in macroscopic
properties, such as formation of a gelatinous phase and the formation of insoluble
particles. These changes limit the application of classical tools of structural biology,
solution NMR and X-ray crystallography. The combination of deep UV resonance Raman
(DUVRR) spectroscopy and postmortem hydrogen-deuterium exchange (HX) was utilized
for probing parallel vs. anti-parallel β-sheet in fibrils prepared from full-length Aβ1-40 and
Aβ34-42 peptides, respectively.1 Using previously published structural data based on solid
state NMR analysis, we verified the applicability of Asher’s approach2 for the quantitative
characterization of peptide conformation in the Aβ1-40 fibril core. We found that the
conformation of the parallel β-sheet in Aβ1-40 fibril core is atypical for globular proteins
while, in contrast, the anti-parallel β-sheet in Aβ 32-42 fibrils is a common structure in
globular proteins. In contrast to globular proteins, the conformations of parallel and antiparallel β-sheet in Aβ fibril cores are substantially different, and their differences can be
distinguished by DUVRR spectroscopy.
Application of DUVRR spectroscopy allow us to dicover a new protein folding/aggregation
phenomenon, spontaneous refolding of amyloid fibrils.3 Mature fibrils prepared from apo-αlactalbumin spontaneously refold from one polymorph to another as a result of a mild
alteration in solution temperature and salinity. This discovery changes the very concept of the
extraordinary stability of amyloid fibrils and presages a new approach for potentially regulating
the biological activity of fibrils and their associated toxicity.
The controlled reversal of supramolecular helical chirality in protein fibrils ws observed
using vibrational circular dichroism (VCD).4 Normal or reversed insulin fibrils were grown
by precise adjustment of pH. AFM images show two polymorphs corresponding to
opposite senses of helical twist of the supramolecular structure with the same cross-β
core.
1. Popova, L. A.; Kodali, R.; Wetzel, R.; Lednev, I. K., Structural variations in the cross-beta core of amyloid
beta fibrils revealed by deep UV resonance Raman spectroscopy. J Am Chem Soc 2010, 132, 6324-8.
2. Mikhonin, A. V.; Bykov, S. V.; Myshakina, N. S.; Asher, S. A., Peptide Secondary Structure Folding
Reaction Coordinate: Correlation between UV Raman Amide III Frequency, Ψ Ramachandran Angle, and
Hydrogen Bonding. J Phys Chem B 2006, 110, 1928-1943.
3. Kurouski, D.; Lauro, W.; Lednev, I. K., Amyloid fibrils are "alive": spontaneous refolding from one
polymorph to another. Chem Commun 2010, 46, (24), 4249-51.
4. Kurouski, D.; Lombardi, R. A.; Dukor, R. K.; Lednev, I. K.; Nafie, L. A., Direct observation and pH control of
reversed supramolecular chirality in insulin fibrils by vibrational circular dichroism. Chem Commun 2010,
46, 7154-6.
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Sub-Diffraction-Limited-Resolution CARS Microscopy via incoherent
saturation of vibrational transitions
Willem P. Beeker1, Chris J. Lee1, Petra Groß2, Carsten Cleff2, Herman L. Offerhaus3, Carsten Fallnich2,
Jennifer L. Herek3, Klaus J. Boller1
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Enschede, the Netherlands
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3 Optical Sciences Group, MESA+ Research Institute for Nanotechnology, PO Box 217, University of Twente, 7500AE Enschede, the Netherlands

KEY WORDS: CARS, sub-diffraction-limited-resolution, density matrix
We have performed a numerical investigation, based on the density matrix model, into the
coherent anti-Stokes Raman scattering (CARS) emission process and identified a modified
CARS configuration that leads to sub-diffraction-limited resolution. The process is based on the
spatial manipulation of the coherence between the ground state and a vibrational state via a
control state (|4〉) and a control laser that is resonant with the |1〉-|4〉 transition (see Fig. 1(a)).
We will discuss a particular case, called saturation-CARS [1], where the non-radiative coupling
between |2〉 and |4〉 is strong, so the control laser populates |2〉 and |4〉 equally and incoherently.
This is a saturable process that results in the population equally distributing itself between |1〉, |2〉,
and |4〉. As a result, there is no population difference between |1〉 and |2〉, preventing the build up
of the coherence required for CARS emission (Fig. 1(b)).

Fig. 1: (a) Level scheme for the calculations. (b) CARS emission intensity (filled circles) and vibrational
coherence (open circles) as a function of the control laser intensity when |2〉-|4〉 transition rate is high.

To obtain sub-diffraction-limited resolution images using saturation-CARS, one must illuminate
the sample with a mid-infrared pulse from the control laser before the pump, Stokes and probe
laser pulses are incident on the sample. The spatial profile of the control laser pulse must have a
donut-mode spatial profile so that CARS emission is suppressed everywhere but the node. Our
calculations, based on vibrational-population pumping experiments performed by Witte et al. [2]
and signal-to-noise ratio considerations, show that a resolution of λ/(22NA) may be possible.

[1] W. Beeker, P. Groß, C. Lee, C. Cleff, H. Offerhaus, C. Fallnich, J. Herek, K. Boller, Opt. Express 17 (2009)
22632-22638
[2] T. Witte, J. Yeston, M. Motzkus, E. Heilweil, K. Kompa, Chem. Phys. Lett. 392 (2004) 156-161
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Advances in laser plasma accelerators at LBNL
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An	
   overview	
   will	
   be	
   presented	
   of	
   progress	
   on	
   laser	
   plasma	
   accelerator	
   (LPA)	
  
research	
  at	
  LBNL,	
  following	
  the	
  2004	
  demonstration	
  of	
  high	
  quality	
  electron	
  beams	
  
[1]	
  and	
  the	
  2006	
  demonstration	
  of	
  GeV	
  class	
  beams	
  from	
  a	
  3	
  cm	
  long	
  accelerating	
  
structure	
   [2].	
   Experiments	
   are	
   underway	
   with	
   10-‐50	
   TW	
   lasers	
   to	
   explore	
  
longitudinal	
   and	
   transverse	
   tailoring	
   of	
   plasma	
   structures.	
   	
   This	
   is	
   seen	
   as	
   an	
  
essential	
  step	
  towards	
  control	
  of	
  these	
  compact	
  LPAs	
  and	
  to	
  use	
  them	
  for	
  generating	
  
coherent	
   light,	
   including	
   THz	
   and	
   XUV	
   radiation.	
   When	
   the	
   PW-‐class	
   BELLA	
   laser	
  
will	
   become	
   available,	
   experiments	
   will	
   commence	
   to	
   demonstrate	
   the	
   production	
  
of	
   10	
   GeV	
   electron	
   beams	
   from	
   meter-‐scale	
   structures	
   and	
   their	
   use	
   in	
   producing	
  
nm	
  wavelength	
  radiation.	
  Such	
  a	
  10	
  GeV	
  module	
  also	
  represents	
  a	
  building	
  block	
  for	
  
a	
  future	
  laser	
  plasma	
  based	
  collider	
  [3].	
  
[1]	
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  et	
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Critical State of the Anderson Transition:
Between a Metal and an Insulator
Hans Lignier, Julien Chabé, Pascal Szriftgiser, and Jean Claude Garreau
Laboratoire de Physique des Lasers, Atomes et Molécules, Université Lille 1 Sciences et Technologies, UMR CNRS 8523;
F-59655 Villeneuve d’Ascq Cedex, France

Gabriel Lemarié, Benoît Grémaud, and Dominique Delande
Laboratoire Kastler Brossel, UPMC-Paris 6, ENS, CNRS; 4 Place Jussieu, F-75005 Paris, France

Phase transitions often share similar characteristics. Of special interest is the behavior of the system at
the critical point, and in its immediate vicinity. The advent of cold atom physics has offered new possibilities of direct experimental observation of such characteristics. We show that the Anderson metal-insulator
transition, a transition driven by the phenomenon of Anderson localization (Anderson, 1958) in quantum
disordered systems, obeys scale invariance at the threshold, defining a new state of matter between a metal
and an insulator.
By placing laser-cooled atoms in a pulsed standing wave, we realise a quantum-chaotic system which has
allowed us recently to observe experimentally the Anderson transition (Chabé et al., 2008; Sadgrove, 2008).
We study (Lemarié et al., 2010) the transport properties at the threshold of the transition by measuring the
expansion of a wavepacket initially localised in momentum space. We show that it displays a scaling invariance
characteristic of this second-order phase transition. We also provide an explicit analytical expression for
the critical wave function, overarching all three regimes of Anderson insulation, criticality, and diffusive
metallicity.
ln |Ψ(p, t)|2

Cold-atom experiment
|Ψ(p, t)|2 × t1/3
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Figure 1 Left: Numerical simulation of the temporal expansion of a wave-packet at the threshold of the Anderson
transition. The shape of the critical state is found to be in excellent agreement with our analytical prediction (shown
in red). Right: Direct experimental observation of scale invariance at the threshold of the Anderson transition. The
measured momentum distributions at different times are all brought into coincidence by rescaling of the momentum
by t1/3 .

References
Anderson, P. W., 1958, Phys. Rev. 109(5), 1492.
Chabé, J., G. Lemarié, B. Grémaud, D. Delande, P. Szriftgiser, and J. C. Garreau, 2008, Phys. Rev. Lett. 101(25),
255702.
Lemarié, G., H. Lignier, D. Delande, P. Szriftgiser, and J. C. Garreau, 2010, Phys. Rev. Lett. 105(9), 090601.
Sadgrove, M., 2008, Physics 1, 41.

PQE-2011

171

Speaker: Gabriel Lemarié
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Thermal Enhancement of Interference Effects in Quantum Point
Contacts
Adel Abbout, Gabriel Lemarié, and Jean-Louis Pichard
Service de Physique de l’État Condensé (CNRS URA 2464), IRAMIS/SPEC, CEA Saclay, 91191 Gif-sur-Yvette,
France

We study (Abbout et al., 2010) an electron interferometer (Jura et al., 2009) formed with a quantum
point contact and a charged scanning probe tip (Scanning Gate Microscope (Topinka et al., 2000)) in a
two-dimensional electron gas. The images giving the conductance as a function of the tip position exhibit
fringes spaced by half the Fermi wavelength λF . For a contact opened at the edges of a quantized conductance
plateau, the fringes are enhanced as the temperature T increases and can persist beyond the thermal length lT .
This unusual effect is explained assuming a simplified model: The fringes are mainly given by a contribution
which vanishes when T → 0 and has a decay characterized by a T -independent scale.

Figure 1 The correction of the conductance δg(T ) = g(T )−g0 (T ) (g0 (T ) is the conductance of the unperturbed system
at temperature T ) as a function of the charged tip position (in units of λF /2). The figures (a) and (c) correspond to
T = 0, while T 6= 0 for the figures (b) and (d). g0 is biased as indicated by the arrow in the insets (giving g0 (T = 0)
as a function of EF ). Figs. (a) and (b): QPC opened at the beginning of the first plateau with kB T /EF = 0.01 for
Fig. (b) (2lT /λF ≈ 14.6). Figs. (c) and (d): QPC opened at the beginning of the second plateau with kB T /EF = 0.035
for Fig. (c) (2lT /λF ≈ 4).

References
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Control of solid-state qubit decoherence in spin baths
Nan Zhao and Ren-Bao Liu*
Department of Physics, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong, China
* Email: rbliu@cuhk.edu.hk

A qubit loses its quantum coherence when it interacts with a bath. A quantum theory has been
developed to treat qubit decoherence in interacting spin baths [1]. Repeatedly flipping a qubit
can eliminate the qubit-bath interaction to certain orders. Thus, the spin coherence is preserved.
This method, called dynamical decoupling (DD), has been experimentally proved an efficient
approach to prolonging the qubit spin coherence time [2].
In a nitrogen-vacancy (NV) center in diamond, the electron spin is coupled to hundreds of
13
C nuclear spins. We find that some characteristic oscillations, which arise from a bonded 13C
nuclear spin pair (a dimer), are imprinted on the electron spin decoherence profile. The
oscillation features are sensitive to the position and orientation of the dimer, and can identify the
dimer. Therefore, we propose a magnetometer with single-nucleus spin sensitivity and atomicscale resolution (Fig. 1) [3].
We further find that qubit decoherence under the many-pulse DD controls reveals
information about elementary excitations and many-body correlations in baths. As shown in
Fig. 2, under the 100-pulse periodic DD control, the sharp dips correspond to the excitations in
the nuclear spin bath of an NV center. Their relative distances between the dips reveal the manybody correlations in the spin bath.

Figure 1. (a) NV center as a magnetometer to
detect nuclear spins in a single C60 molecule. (b)
Strong oscillation features of the qubit coherence
depending on the position and orientation can be
used to characterize the spin-labeled molecule.

Figure 2. NV center spin coherence under the 100pulse periodic DD control for two different spin baths.
Sharp dips arise from the elementary excitations of the
interacting spin bath. The relation t1−1 + t2−1 =
t3−1 reveals
a 3-spin correlation in the bath.

References:
[1] W. Yang and R. B. Liu, Phys. Rev. B 78, 085315 (2008).
[2] J. Du, X. Rong, N. Zhao, Y. Wang, J. Yang, and R. B. Liu, Nature 461, 1265 (2009).
[3] N. Zhao, J. L. Hu, S. W. Ho, J. T. K. Wan, and R. B. Liu, arXiv:1003.4320.
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Revealing quantum dynamics by higher-order correlations of weak measurement 1
Ren-Bao Liu
Department of Physics, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, China
E-mail: rbliu@phy.cuhk.edu.hk

Tracing the dynamics of a single quantum object is difficult for two reasons. First, the interaction
between a probe and the object is usually weak, and therefore the measurement yields much less
information than a bit per shot. Second, measurement will cause a quantum state to collapse
randomly. There is, however, compensation between the two restrictions, related to the quantum
complementary principle: Under weak measurement with a low information yield rate, the rate of
state collapse and hence the disturbance to the object are accordingly low. In this spirit, the
present paper puts forward an idea of reconstructing the dynamics of a quantum object by
analyzing the random output of a sequence of weak measurement, or more generally, timedistributed weak measurement. The authors consider a system relevant in quantum computing
and spintronics, namely, a single electron spin in a quantum dot, and employ the tiny Faraday
rotation imparted by the spin to the polarization of a sequence of laser pulses as a proof-ofconcept weak measurement. The setup involves only linear optics and photon counting, requiring
no initialization or spin rotation as in conventional spin resonance spectroscopy. The photon
counts appear as shot noise, but the correlation functions reveal the precession of the spin under
a magnetic field with decaying amplitude. Interestingly, the spin decoherence is isolated from the
inhomogeneous broadening effect in the third-order correlation function. The correlation analysis
of time-distributed quantum measurement complements the noise-spectrum method rooted in
Einstein's work on the dissipation-fluctuation relation.
Figure 1: Different time
separations of the third-order
correlation of sequential weak
measurements reveal a range of
phenomena in a spin precession:
rapid dephasing due to static
inhomogeneous broadening and
relatively slow decoherence in
dynamical environments.
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Detection with the Wigner Distribution
Patrick Loughlin
University of Pittsburgh
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Abstract:
Detecting events of interest or the presence of targets in noise arises in many
fields. The classic method, devised some 70 years ago, is the “matched filter,” whereby one passes
the received signal x(t) through a linear time-invariant (LTI) filter h(t)
R designed to maximize the
output signal-to-noise (SNR) ratio. The frequency response H(ω) = h(t)e−jωt dt of the optimal
(“matched”) filter is
Z
S ∗ (ω) −jωt0
H(ω) =
h(t)e−jωt dt = k
e
(1)
Pη (ω)
where S(ω) is the Fourier transform of the signal s(t) to be detected, Pη (ω) is the power spectrum
of the noise η(t), k is a constant typically chosen so that the filter is unit-energy, and t0 is a constant
typically chosen so that the filter is causal. If the signal s(t) is present, the output of the matched
filter will exhibit a distinct peak at time t0 (for moderate-to-low noise levels). Detection is thus
made by comparing the maximum of the output of the matched filter against a threshold, typically
chosen based on the given or desired false-alarm rate.
Explicit in the classic matched filter above is the assumption that the noise is wide-sense stationary.
If the noise is nonstationary, one can not design an LTI filter via eq. (1), since the power spectrum
for that case is time-varying. An alternative is to consider the Wigner spectrum of the noise, defined
as the expected value of the Wigner distribution,
 Z 

1
τ  −ωτ
τ ∗
W̄η (t, ω) = E
η t+
η t−
e
dτ
(2)
2π
2
2
which has been shown to be a reasonable definition of the time-varying power spectrum for nonstationary processes.
In this talk, we consider the detection of signals in nonstationary noise, by formulating the problem
in terms of the Wigner distribution of the received signal x(t). Specifically, we derive the 2-D
time-frequency filter F (t, ω) to apply to the Wigner distribution of x(t),
ZZ
R̄x (t, ω) =
F (t − t0 , ω − ω 0 ) W̄x (t0 ω 0 ) dt0 dω 0
(3)
in order to maximize the SNR at a particular time and frequency. The solution depends on the
statistics of the noise; one solution is
F (t, ω) = k

Ws (−t, −ω)
W̄η (−t, −ω)

(4)

Further details and examples will be presented in the talk.
[Acknowledgment: Supported by the Office of Naval Research]
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PL signal [au]

Quantum-dot (QD) emission in a microcavity has been intensively investigated recently due to rapid
advances in achieving simultaneously high Q and small mode volume cavities. Semiconductor quantum
dot emitters in microcavities have the potential to realize practical devices such as zero threshold
lasers[1] and single and entangled photon sources[2]. In addition, the ability to enhance the emission
rate by virtue of Purcell effect is also important to silicon photonics[3], solid state lighting and solar cell
[4] applications. Current understanding of non-ideal or “bad emitter” systems in which the dephasing
width is much larger than the radiative width and the cavity linewidth, is less clear.
In this study, we place a monolayer of close-packed PbS QDs film (20-50nm thick) onto the surface
of a photonic crystal microcavity where these quantum dots are located only at the interface between
the polymer and the photonic crystal. A typical emission spectrum of PbS quantum dots located at the
microcavity is shown in Fig. 1. The
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Multi-valued spin switching, towards novel spin-optronic devices
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Ultra-fast all-optical switching appears as a milestone towards the development of optical computing and
optical routing.[1,2] However, spin-based optical switching has not been widely investigated so far. Indeed,
achieving all-optical spin switching requires accurate knowledge and control over spinor interactions in the
investigated system as well as the robustness of spin coherence.
Recently, important proposals pointed out that microcavity polaritons could exhibit polarization-controlled
spin multistability [3]. Arising from the strong coupling of cavity photons with quantum well excitons,
polaritons show many advantages for spin switching: they demonstrate both a high coherence degree and
strong nonlinearities (see Figure 1a). The two polariton spin populations (+1, -1) can thus interplay and
generate spin-multistability. Subsequent efforts in designing devices like localized spin-memories [4] and
spin logic gates [5] showed the great potential of polariton-based spin switches. However, the
implementation of such devices still requires the existence of polariton spin multistability to be
demonstrated.
In this work, we demonstrate the first
realization of a multi-valued spin switch
with a semiconductor microcavity in the
strong coupling regime.[6] Under quasiresonant excitation and for a given
excitation power, the polariton population
displays a double-hysteresis spin-behavior
when the excitation polarization is varied.
For a given excitation condition, the system
can switch between three stable spin states
(see Figure 1b). We also demonstrate a
regime of collective spin-flip with
extremely high contrast (>97%), thus
behaving as a Schmitt trigger for spins.
Phase fluctuations represent the main
obstacle against precise and ultra-fast
manipulation of a polariton spin ensemble.
Still, the dominant process provoking
multistability in our system is found to be
nonlinear losses arising between polaritons
of opposite spins. Because it is incoherent,
this effect is very robust against any phase
fluctuation. Microcavity polaritons thus
appear as an ideal system to design ultrafast all-optical spin memories.

Figure 1 : (a) Polaritons are light-matter
quasiparticles
appearing
in
semiconductor
microcavities. We excite quasi-resonantly the ground
state of 0D trapped polaritons (see inset) to achieve
spin multistability. (b) Up to three stables polariton
spin states can be obtained for a given set of excitation
parameters depending on the history of the system.
(b-right panel) By tuning the experimental conditions
we can realize a spin Schmitt trigger.

[1] L. Liu et al., Nature Photonics 4, 182 (2010)
[2] M. T. Hill et al., Nature 432, 206 (2004).
[3] N. A. Gippius et al., Phys. Rev. Lett. 98, 236401 (2007)
[4] I. A. Shelykh et al., Phys. Rev. Lett. 100, 116401, (2008)
[5] T. C. H. Liew et al., Phys. Rev. Lett. 101, 016402 (2008)
[6] T. K. Paraïso et al., Nature Materials 9, 655-660 (2010)

PQE-2011

177

Speaker: Boris Malomed
Session: Macroscopic Quantum Phenomena
Schedule: Wednesday Morning Invited Session 2
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The quantum-mechanical collapse (alias fall onto the center of particles attracted by
potential –U0r–2) is a well-known issue in the quantum theory [1]. It is closely related
to the quantum anomaly, i.e., breaking of the scaling invariance of the respective
Hamiltonian by the quantization. We demonstrate that the mean-field repulsive
nonlinearity prevents the collapse and thus puts forward a solution to the quantumcollapse problem different from that previously developed in the framework of the
linear quantum-field theory. This solution may be realized in the 3D or 2D gas of
dipolar bosons attracted by a central charge, or in the 2D gas of magnetic dipoles
attracted by a current filament. In the 3D setting, the dipole-dipole interactions are
also taken into regard, in the mean-field approximation, which results in a redifinition
of the scattering length which accounts for the contact repulsion between the bosons:
as → as + md 2 = 2 , where m and d are the mass and dipole moment of the bosons.
The scaled form of the corresponding Gross-Pitaevskii equation, which also includes
the external harmonic trap with strength Ω2, is
iψ t = −(1 / 2) ( ∇ 2 + U 0 r −2 − Ω 2 r 2 ) + | ψ |2 ψ .
In lieu of the collapse, the cubic nonlinearity creates a 3D ground state (GS), which
does not exist in the respective linear Schrödinger equation in the case of U0 > 1/4.
For U0 < 1/4, when the Schrödinger equation still does not lead to the collapse, the
cubic nonlinearity makes the GS wave function normalizable (with Ω2 = 0), on the
contrary to the situation in the linear Schrödinger equation. In the same case, the
addition of the harmonic trap (Ω2 > 0) gives rise to a tristability.
In the 2D setting, the cubic nonlinearity is not strong enough to prevent the collapse;
however, the quintic term does it, creating the GS, as well as its counterparts carrying
the angular momentum (vorticity). Counter-intuitively, such self-trapped 2D modes
exist even in the case of a weakly repulsive potential, +U0r–2 (with Ω2 = 0). The 2D
vortical modes avoid the phase singularity at the pivot (r = 0) by having the
amplitude diverging at r → 0, instead of the usual situation with the amplitude of the
vortical mode vanishing at r → 0 (the norm of the mode converges in spite of the
singularity of the amplitude at r → 0). In the presence of the harmonic trap, the 2D
quintic model with the weakly repulsive potential gives rise to three confined modes,
the middle one being unstable, spontaneously transforming itself into a breather. In
both the 3D and 2D cases, the GS wave functions are found in a numerical form, and
also in the form of an analytical approximation, which is asymptotically exact in the
limit of a large norm.
[1] L. D. Landau and E. M. Lifshitz, Quantum Mechanics: Nonrelativistic Theory
(Nauka publishers: Moscow, 1974).
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An important application of Bose-Einstein condensates is the use of matter waves for interferometry, which may
feature superb accuracy, in comparison with optical schemes [1]. This work aims to build an interferometer
based on bright matter-wave solitons, and develop a theoretical model of the device. A prototype is built as a
one-dimensional trap with a weak parabolic potential acting along its axis (with strength ~ 5 Hz, while the
strength of the transverse confinement is ~ 250 Hz), and a narrow potential barrier (with width ~ 3-5 μm and
height ranging between 300 Hz and 3 KHz) induced by a laser beam close to the central point. A soliton is
created and released at a distance of few hundred microns from the center, which implies that it will strike the
7
barrier with a kinetic energy of up to 700 Hz. The number of Li atoms in the setting is between 5000 and
10000. It is observed that, upon hitting the barrier, the soliton, whose width is ~ 10 μm, may split into two parts,
reflected and one transmitted ones. After the completion of half a cycle of oscillations in the axial trap, the
secondary solitons collide again. Tuning the parameters, it is possible to implement their nearly ideal
recombination, after one or two collisions, into a soliton resembling the original one. Theoretical considerations
predict that the recombined soliton may exit in either direction (see an example of simulations in Fig. 1), which
is indeed observed in the experiment. In particular, the exit direction of the recombined soliton, as well as the
degree of the completeness of the recombination, can be controlled by a shift of the splitting barrier from the
central point. The extension of the experiment and theoretical analysis will be carried out with an "object" (at
first, an obstacle created by a detuned laser beam) placed into one arm of the interferometer, with the aim to
extract information about the object from the change of the recombination picture, due to a phase shift of the
secondary soliton passing the obstacle. The same setting may be used for the creation and investigation of
quantum "Schrödinger-cat" states, via splitting and recombination of coherent quantum wave packets of
nonlinear matter waves.

Fig. 1. Splitting and recombination of a soliton in the interferometer (after two collisions, in this case), as
predicted by a simulations of the Gross-Pitaevskii equation.
[1] C. Gross, T. Zibold, E. Nicklas, J. Estève, and M. K. Oberthaler, Nature 464, 1165 (2010).
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Quantum	
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Whispering gallery mode resonator and incoupling
prism (artwork by M. Förtsch).

Hundred	
   years	
   ago	
   Lord	
   Rayleigh	
  
studied	
   the	
   intruiging	
   effect	
   of	
  
propagating	
   sound	
   waves	
   along	
   the	
  
curved	
   walls	
   of	
   the	
   dome	
   of	
  
London’s	
   St.	
   Paul’s	
   cathedral	
   [1].	
  
These	
   whispering	
   gallery	
   waves,	
   or	
  
modes,	
   have	
   recently	
   found	
  
applications	
  not	
  with	
  sound	
  but	
  with	
  
light.	
   The	
   small	
   volume	
   and	
   high	
  
confinement	
   of	
   these	
   modes	
   inside	
  
optical	
   microresonators	
   enables	
   one	
  

to	
  reach	
  high	
  energy	
  densities.	
  These	
  conditions	
  sound	
  like	
  optimal	
  prerequisits	
  for	
  the	
  
efficient	
   generation	
   of	
   quantum	
   states	
   of	
   light.	
   However,	
   most	
   materials	
   used	
   for	
   those	
  
resonators	
   suffered	
   from	
   the	
   fact	
   that	
   they	
   could	
   only	
   provide	
   weak	
   nonlinearities.	
   This	
  
prevented	
   the	
   observation	
   of	
   quantum	
   light	
   generated	
   in	
   these	
   devices	
   as	
   the	
   quantum	
  
properties	
   could	
   be	
   easily	
   buried	
   in	
   classical	
   noise	
   also	
   present	
   in	
   the	
   system.	
   However,	
  
recently	
   we	
   succeeded	
   to	
   leverage	
   the	
   power	
   of	
   second-‐order	
   nonlinear	
   material	
   in	
  
these	
  resonators,	
  that	
  provides	
  for	
  much	
  stronger	
  nonlinear	
  response	
   [1].	
  Indeed,	
  with	
  
this	
  system	
  we	
  were	
  able	
  to	
  show	
  the	
  generation	
  of	
  non-‐classical	
  light	
  inside	
  whispering	
  
gallery	
  mode	
  resonators.	
  We	
  used	
  the	
  process	
  of	
  optical	
  parametric	
  oscillations	
  where	
  a	
  
high	
  energy	
  photon	
  gets	
  split	
  into	
  two	
  low	
  energy	
  photons,	
  which	
  are	
  then	
  shown	
  to	
  be	
  
quantum	
  correlated	
   [2,3].	
  The	
  threshold	
  value	
  of	
  pump	
  power	
  where	
  these	
  oscillations	
  
start	
  is	
  more	
  than	
  one	
  order	
  of	
  magnitude	
  lower	
  than	
  in	
  previously	
  known	
  systems.	
  It	
  
had	
   been	
   predicted	
   theoretically	
   that	
   not	
   only	
   the	
   two	
   light	
   fields	
   of	
   the	
   low	
   energy	
  
photons	
  are	
  quantum	
  correlated,	
  but	
  that	
  also	
  the	
  individual	
  light	
  fields	
  possess	
  noise	
  
lower	
   than	
   the	
   quantum	
   noise	
   limit	
   if	
   the	
   pump	
   power	
   rises	
   far	
   above	
   the	
   threshold	
   ![6].	
  
The	
  extraordinary	
  low	
  oscillation	
  threshold	
  of	
  the	
  presented	
  system	
  enabled	
  the	
  authors	
  
to	
  experimentally	
  directly	
  prove	
  these	
  predictions	
  for	
  the	
  first	
  time.	
  
[1] L. Rayleigh, Scientific Papers (Cambridge University Press, Cambridge, 1912)
[2] K. J. Vahala, Nature 424, 839 (2003)
[3] J. U. Fürst et al., Phys Rev Lett. 104, 153901 (2010)
[4] J. U. Fürst et al., arXiv:1010.5282v1 (2010)
![5] J. U. Fürst et al., arXiv:1008.0594v6 (2010)
![6] C. Fabre et al., J. Phys. France 50, 1209 (1989)
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Entangled Multi-Photon States in Waveguide for Quantum Metrology
J C F Matthews1, A Politi1, D Bonneau1, and J L O’Brien1
1

Centre for Quantum Photonics, H. H. Wills Physics Laboratory & Department of Electrical and Electronic
Engineering, University of Bristol, UK

Multi-photon quantum metrology aims to increase precision of measuring phase Δϕ using large superposition
states of photons, entangled in number and one other optical degree of freedom (typically path or polarization).
So-called “NOON” states are typical examples capable of Heisenberg limited (Δϕ~1/N) “super-sensitive”
precision, beyond the classical shot noise limit Δϕ~1/√N [1].

(

Defined with N photons entangled across modes a and b, N :: 0 = N

a

0 b + e iNφ 0

a

N

b

)/

2 , NOON

states have been experimentally demonstrated, observing increased resolution in sensitivity of optical phase φ
using large scale bulk optical circuitry. Here we explore the implementation of integrated waveguide circuits as
an avenue for practical quantum metrology, exploiting key benefits such as miniaturised circuitry and inherent
€
interferometer stability.

Figure 1 Examples of waveguide chips used for integrated quantum metrology investigation. (A) Mach Zehnder
inteferometer consisting of evanescent couplers used as 50:50 beam splitters, for observing post-selected two- and fourphoton super resolution fringes. (B) Cross section the Silica-on-Silicon waveguide architecture used, featuring a resistive
heating element (R) placed above one waveguide to control optical phase. (C) Simulation of the single mode at 780nm in
the architecture. (D) Schematic of the linear optical circuit used to herald 2- and 4-photon NOON states.

We present the manipulation of NOON states within integrated waveguide circuits [2]. We also report results for
a four- and six-photon heralding scheme for NOON state generation [3]. Using only linear optics and projective
measurements, we experimentally analyse the scheme for heralding two- and four-photon NOON states as well
as an entangled four photon state more robust to balanced loss [4]. With these results, we highlight the potential
application of integrated linear optical circuitry for practical of quantum metrology that will use either NOON
states or similar number entangled states more robust to loss.
[1]
[2]
[3]
[4]

V. Giovannetti, S. Lloyd, L. Maccone, Science 306, 1330 (2004),
J. C. F. Matthews, A. Politi, A. Stefanov, J. L. O’Brien, Nature Photonics. 3 346 (2009).
H. Lee, P. Kok, N. J. Cerf, J. P. Dowling Phys. Rev. A 65 030101 (2002).
J. C. F. Matthews, A. Politi, D. Bonneau, J. L. O’Brien arXiv:1005.5119 (2010).
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Efficient Quantum Optical State Engineering
Kevin T. McCusker and Paul G. Kwiat
University of Illinois at Urbana
Urbana-Champaign

While it is well-known
known [1] that multi-photon states can be used for improved quantum
sensing,, reaching the Heisenberg limit of 1/N phase uncertainty for N00N states,
s
it remains a
challenge to produce such states efficiently. Most proposals depend on using linear optics, with a
heralded probability of producing the state that scales exponentially poorly with increasing
photon number [2]. Our method uses
down-conversion
conversion
to
pseudo
pseudodeterministically add photons one at a
time to a state in a cavity (see Fig. 1) [3].
Although the process of down
downconversion is non-deterministic,
deterministic, if we
continually try to add a photon to a state
state,
waiting until a (heralded) photon is
Fig. 1. Diagram of proposed N00N-state
N00N
source. Photons are
added,, we can effectively turn the added one at a time to the cavity, with a Pockels cell (PC2) to
process into a deterministic one. With rotate the polarization of the photons as they are created. A
independent switch [made up of a beam splitter
the addition of a Pockels cell to change polarization-independent
(BS),
half-wave
wave
plate (HWP), and Pockels cell (PC1)] allows
the polarization of the photon
photons, we can
the state to leave the cavity. The inset shows the linear
build up any state of the form
polarization of 4 photons in the desired state.

N −1

ψ = ∏ (α a + β a ) 0 .
n=0

†
n H

†
n V

A N00N state in the right/left circular polarization basis can be put in this form:
N −1

(aR† )N − (aL† )N = ∏ [cos(nπ /N )aH† + sin(nπ /N )aV† ] ,
n=0

so our source can operate as a pseudo-deterministic source of N00N states.
In addition to discussion of this method, we will examine the experimental limitations
and how they affect both thee state that is created and the efficiency of producing it,
it as well as the
experimental use of the state.. We will also consider additional states,
states such as “M&M” states, that
are more robust to loss [4].
[1] J. P. Dowling, Contemp. Phys. 49, 125 (2008).
[2] P. Kok, H. Lee, and J. P. Dowling
Dowling, Phys. Rev. A 65, 052104 (2002).
[3] K. T. McCusker and P. G. Kwiat, Phys. Rev. Lett. 103, 163602 (2009).
[4] S. D. Huver, C. F. Wildfeuer, and J. P. Dowling, Phys. Rev. A 78, 063828 (2008).
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Plasmonic Metamaterials Coupled to Single-Quantum-Well Gain
Nina Meinzer,1 Matthias Ruther,1 Stefan Linden,1 Costas M. Soukoulis,2
Galina Khitrova 3 Joshua Hendrickson,3 Joshua D. Olitzky,3 Hyatt M. Gibbs,3
and Martin Wegener1
1

Institut für Nanotechnologie, Institut für Angewandte Physik and DFG-Center for Functional
Nanostructures (CFN), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
2
Ames Laboratory and Department of Physics and Astronomy, Iowa State University, Ames, U.S.A. and
Research Center of Crete, and Department of Materials Science and Technology, Heraklion, Greece
3
College of Optical Sciences, The University of Arizona, Tucson, U.S.A.

Over the last decade strong interest has been developed in photonic metamaterials as artificial media with
specially designed properties, which are not provided by nature. However, the building blocks of
metamaterials are mostly metal-based nanostructures suffering from intrinsic losses, which are – at least in
the visible spectral region – large enough to keep metamaterial applications from becoming technology.
One promising way of overcoming these losses is to combine the metamaterial with a second
medium providing optical gain [1]. This can be experimentally realized by, for example, fluorescent dyes
[2] or quantum dots [3]. In our work we have, however, focused on the use of semiconductor quantumwells as they provide the possibility of electrical carrier injection, which we believe to be important for any
technological application of metamaterial-based devices.
For the above approach to work, substantial coupling between the metamaterial and the gain medium
is an essential prerequisite. We therefore study the coupling between silver split-ring resonators (SRRs),
being typical metamaterial building blocks, and InGaAs-single-quantum wells (QW) positioned close to the
surface of the substrate in order to provide sufficient overlap of the SRRs' near-fields and the electronic
wavefunction of the quantum well [4]. Employing femtosecond-pump-probe spectroscopy we find
evidence of strong coupling effects: For resonant situations the differential transmittance of the combined
system of SRRs and QW differs significantly from that of the bare well. Not only does the magnitude of the
signal increase by upto a factor of four it also becomes negative in sign and we observe a change in the
temporal behavior. For off-resonant situations all these effects are found to be absent.
As the exact behavior of the coupled system depends on a number of parameters, of which the
spectral detuning is only one, we fit our experimental data with an analytical toy model [5]. This allows us
to quantify the coupling in terms of a phenomenlogical constant within the model and to thus compare the
coupling efficiency of SRRs and single QWs upon variation of their respective separation.

Differential transmittance data for the bare quantum well (dash-dotted blue curve) and for the combined system of SRR
and QW (solid red curve). The left panel is for resonant excitation (i.e., probe polarization) of the SRR, the right panel for
the off-resonant case. Probe wavelength is 1480 nm, corresponding to the gain maximum of the well.

References
[1] D.J. Bergman and M.I. Stockman, Phys. Rev. Lett. 90, 027402:1-4 (2003).
[2] S. Xiao et al., Nature 466, 735-738 (2010).
[3] E. Plum et al., Opt. Express 17, 8548-8551 (2009).
[4] N. Meinzer et al., Opt. Express 18, 24140-24151 (2010).
[5] W. Wegener et al., Opt. Express 16, 19785-19798 (2008).
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Abstract: Diamondoids are a new class of molecular carbon nanomaterials composed of several
fused diamond unit cells. Here we explore their ability as a work-function lowering coating on
metallic surfaces. In particular, we show dramatic work function reduction on gold coated
nanowires, equivalent to the best reported cesium coatings. We explain this unexpected
phenomenon through a relatively stable radical carbocation. In addition, we describe how these
types of high-temperature stable, low-work function materials could play an important role in a
newly described high-temperature stable solar cell. These devices, based on photon-enhanced
thermionic emission, operate by harvesting both heat and light from solar illumination, allowing
direct electric power generation at high temperatures. Such devices could be combined with
traditional thermal conversion cycles for high-efficiency combined cycle solar harvesting.
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Movies of nanoscale dynamics by extreme ultraviolet
microscopy
C.S. Menoni1,2 , S. Carbajo1,2†, F. Brizuela1,2, A. Sakdinawat1,4, W. Chao1,3, E.H. Anderson1,3, A. V. Vinogradov5, I. A. Artioukov5,
D.T. Attwood1,4, M. C. Marconi1,2, and J.J. Rocca1,2
1NSF ERC for Extreme Ultraviolet Science and Technology
2Electrical and Computer Engineering, Colorado State University, Fort Collins, USA
3Center for X‐ray Optics, Lawrence Berkeley National Laboratory, Berkeley, USA
4ECE Department, University of California, Berkeley, USA
5P. N. Lebedev Physical Institute, Moscow, Russia
†Corresponding author: sergio@engr.colostate.edu

Table-top full-field microscopes operating at extreme ultraviolet and soft x-ray
(EUV/SXR) wavelengths can routinely image nanostructures and biological specimens with a
spatial resolution better than 50 nm [1,2]. This high spatial resolution, combined with the recent
demonstration of single laser shot imaging [3], opens the possibility for these laboratory-based
microscopes to implement time-resolved imaging of repetitive nanoscale dynamics. Here, we
demonstrate the capability to make movies of nanoscale dynamics from a sequence of timesynchronized EUV single shot images.
In a proof of principle experiment, the motion of an electrically driven cantilever tip, 60 nm in
diameter, was characterized was captured with a single laser shot using a full field EUV
microscope operating in transmission configuration. [1] The periodic motion of the cantilever
tip driven by a 0.6 VRMS, 269.8 kHz signal was reconstructed from these images. The position of
the tip with respect to the a reference surface is singularly determined along its periodic motion
with ±24 nm accuracy. The recent demonstration of pulse energies above 10 μJ at  = 13.9 nm
from table-top lasers with duration shorter than 5 ps extends the possibility of time-resolved
imaging of nanostructure dynamics to the GHz range with sub-30 nm spatial resolution [1,3].
(b)

(c)

(a)

(d)

(e)

[1] C. A. Brewer et al., “Single-shot extreme ultraviolet laser imaging of nanostructures with wavelength resolution,” Opt. Lett. 33, 518-520
(2008).
[2] G. Vaschenko et al., “Sub-38 nm resolution tabletop microscopy with 13 nm wavelength laser light,” Opt. Lett. 9, 1214-1216 (2006).
[3] D. H. Martz et al., “High-energy 13.9 nm table-top soft-x-ray laser at 2.5 Hz repetition rate excited by a slap-pumped Ti:sapphire laser,” Opt.
Lett. 10, 1632-1634 (2010).
Work supported by the National Science Foundation through Award EEC-0310717.
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Turbulence Free Ghost Imaging: Experiments and Results
Ronald E. Meyers and Keith S. Deacon
US Army Research Laboratory, Adelphi, MD, 20783
ABSTRACT
We present and analyze experiments at ARL that achieve remote turbulence-free ghost imaging that is virtually
free from the adverse eﬀects of turbulence distortion. Obscurant penetrating GI experiments are also presented.
Recently remote imaging and stand-oﬀ detection have been accomplished using ghost imaging (GI)1 . These
experiments suggested that ghost imaging might be free from the eﬀects of turbulence distortions1, 2 . In this
study we report the first experiments that achieve turbulence-free ghost imaging that is virtually free from the
adverse eﬀects of turbulence. Single sensor, obscured, Bessel, and compressive GI experiments are also presented.

Figure 1. Ghost images of “ARL”: Left: No Turbulence. Right: With Turbulence.

Turbulence is induced by instability mechanisms such as mechanical forcing and buoyancy and produce timespace variations in light propagation and photon counts, i.e. optical turbulence. Common optical turbulence
power law scaling are based on idealized assumptions of isotropy, homogeneity, and stationarity of the turbulence
as formulated by Tatarskii, Kolmogorov, Wolf, Fried, Twiss, and colleagues. In practice and by Navier-Stokes
solutions3 , turbulence in the atmosphere is never stationary and is generally inhomogeneous and anisotropic.

Figure 2. Left: Laboratory layout of Turbulence Free ghost imaging experiments. Middle: Real-time imaging of GI
experiment turbulence. Right: Classical distorted instantaneous image through turbulence.

In our experiments we performed ghost imaging through turbulence caused by heating of the air inducing
turbulent motion in the target and reference beam paths. Real-time imaging of the turbulence allows us to
investigate more detailed physics in the analysis of turbulence-free ghost imaging and its applications.

REFERENCES
1. R.E. Meyers, K.S. Deacon, Y.H. Shih, "Ghost-imaging experiment by measuring reflected photons," Phys. Rev. A 77,
041801 (2008).

2. R.E. Meyers, K.S. Deacon, Y.H. Shih, "A new two-photon ghost imaging experiment with distortion study," J. Mod.
Opt., 54: 16, 2381-2392 (2007)

3. M.Zak, J.P.Zbilut, R.E.Meyers, From Instability to Intelligence: Complexity and Predictability in Nonlinear Dynamics, Springer-Verlag, 1997
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Quantum Ghost Imaging Experiments in Turbulence and
Obscurants
Ronald E. Meyers, Keith S. Deacon, and Arnold Tunick
US Army Research Laboratory, Adelphi, MD, 20783
ABSTRACT
We present and analyze experiments at ARL that demonstrate proof-of-principle ghost imaging inspired imaging
(GIII) capabilities in the presence of turbulence and obscurants. The GIII experiments used a single sensor
bucket detector and structured (Bessel) or unstructured random illumination. Results are compared with our
stand oﬀ and remote ghost imaging of 2D and 3D objects1—3 .
In this study we report the first experiments that achieve remote GIII where the illumination propagated
through turbulence and obscurant distortion and attenuation. We were able to achieve recognizable images of
both 2D and 3D objects including the letters “ARL” and images of a 3D toy soldier shown in Fig. 1. Single
sensor, obscured, Bessel, and compressive GI experiments are also presented in Fig 1.

Figure 1. L: Single sensor GIII layout. R: Compressive GI/GIII Results: (A1) GI “ARL” with no disturbing media. GIII
of 3D Soldier model with (A2) 1 and (A3) 3 pixel random pixel illuminations. (B) GIII of “ARL” with Bessel illumination
propagating thru turbulent media. (C) GIII of “A” with Bessel illumination propagating thru cloudy water.

The experimental setup is depicted in Fig. 1. A laser beam propagates through a spatial light modulator
(SLM), lenses and filters, to illuminate a target with either random pixel patterns or randomly translated Bessel
patterns impressed on the beam by the SLM. Three case studies are depicted above: Case (A) has no intervening
disturbing media (GI Fig. 1 (A1)), (GIII Random pixel patterns: Fig. 1 (A2, A3)), Case (B) has turbulence
induced by heating elements (GIII Fig. 1 (B)), Case (C) has cloudy water (GIII Fig. 1 (C)). Turbulence has
also been imaged to investigate its influence on GIII3 .
Self-mending properties of "diﬀraction-free" Bessel beams aided penetration of obscurants and turbulence to
enable GIII of targets. Compressive techniques in GIII and GI increased the eﬃciency of imaging calculation of
remote targets although, sometimes direct (2) calculation is preferred to preserve the integrity of the physics.

REFERENCES
1. R.E. Meyers, K.S. Deacon, Y.H. Shih, "Ghost-imaging experiment by measuring reflected photons," Phys. Rev. A 77,
041801 (2008).

2. R.E. Meyers, K.S. Deacon, Y.H. Shih, "A new two-photon ghost imaging experiment with distortion study," J. Mod.
Opt., 54: 16, 2381-2392 (2007)

3. R.E. Meyers, K.S. Deacon, "Turbulence Free Ghost Imaging: Experiments and Results," PQE 2011, Invited Presentation (2011)
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Generation of squeezed vacuum with hot and ultra-cold Rb atoms
Eugeniy E. Mikhailov,1 Travis Horrom,1 Salim Balik,2 Arturo Lezama,3 and Mark Havey2
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Optical measurements with coherent states of light are fundamentally limited by quantum
ﬂuctuations. The Heisenberg uncertainty principle sets the standard quantum limit (SQL) for
the product of the amplitude and phase light quadrature ﬂuctuations. However, it is possible to
decrease (squeeze) the quantum noise of one of the quadratures below the SQL and generate so
called “squeezed” light with a noise level below shot noise.
Due to their unique properties, squeezed states of light ﬁnd applications in precision metrology
and as a carrier of quantum information. The latter requires matching the squeezed light wavelength to the atomic transition of the atom used for the quantum storage, for example a 795 nm
Rb D1 line.
Here we report our results for squeezing generation via the polarization self-rotation (PSR)
eﬀect in hot and ultra-cold Rb atoms. The PSR eﬀect leads to rotation of the light polarization
axis due to the nonlinear interaction of the orthogonal circular polarizations constituting the light
polarization basis. The same nonlinear interaction leads to the squeezing of the vacuum mode
orthogonal to the linearly polarized laser pump ﬁeld.
The beneﬁts of this method for squeezing generation are the simplicity of the experimental
apparatus, low demand of the laser pump power (several mW is enough), and most importantly,
generation of squeezing at the atomic transition wavelengths suitable for quantum memory and
storage. The frequencies of the squeezed noise sidebands match the quantum memory bandwidth
as well.
While we see a quantum noise modiﬁcation with a hint of squeezing in the ultra-cold Rb vapor,
we obtain the noise sideband suppression of ≈ 1.4 dB below shot noise level in the hot Rb vapor
spanning from acoustic (less then 20 kHz) to MHz frequencies at the Rb D1 line wavelength.
We would like to note that our method could be extended to other atomic transitions, and bring
squeezing to much shorter wavelengths unobtainable with conventional non-linear crystal squeezers
due to increased absorption in crystals at these wavelengths.
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ON FAULT-TOLERANT GROUND STATE QUANTUM COMPUTATION
ARI MIZEL, LABORATORY FOR PHYSICAL SCIENCES

In the standard picture of quantum computation, bits are spatially-localized, timedependent two level systems. In a classical digital circuit, bits are spatially-extended,
time-independent patterns of voltage.
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In this talk, we argue that spatially-extended, time-independent bits possess stability advantages and show how to frame ground state quantum computation based upon this
observation. We note that ground state quantum computation implies universal adiabatic
quantum computation as an immediate corollary and then pay special attention to issues
of fault-tolerance.
References
[1] Energy Barrier to Decoherence, Phys. Rev. A 63, 040302 (2001), quant-ph/9908035.
[2] Scaling considerations in ground state quantum computation, Phys. Rev. A,
022315 (2002), quant-ph/0007001.
[3] Mimicking time evolution within a quantum ground state: ground-state quantum
computation, cloning, and teleportation, Phys. Rev. A, 70, 012304 (2004), quantph/0312083.
[4] Simple proof of equivalence between adiabatic quantum computation and the circuit
model, Phys. Rev. Lett. 99, 070502 (2007), quant-ph/0609067.
[5] arXiv: 1002.0846.
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Title: Controlling the Casimir force with light and shape
Author: U. Mohideen, University of California, Riverside, CA 92521
The optical modification of the Casimir force, measured between a gold sphere and silicon plate, will be
discussed. When light is incident on the silicon surface, it changes the dielectric properties leading to
an altered Casimir force. Our experiments of this optical modulation of the Casimir force agree with
theoretical results which neglect the DC conductivity of silicon as shown in Figure 1 below. The inclusion
of the DC conductivity leads to deviations.
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Figure 1: The change in the Casimir force due to the
incidence of 8.5mW of 514 nm light on the silicon surface
is plotted as a function of the separation distance
between the Au sphere and Si plate as squares. The
different theoretical predictions including and neglecting
the DC conductivity of the silicon with the incident light is
shown by the dashed and solid lines respectively. The
dotted line is theory at zero temperature.

500

Separation Distance (nm)

Experiments exploiting the geometry dependence of the lateral Casimir force will also be presented.
Two sinosoidally corrugated surfaces lead to a lateral component to the Casimir force. The
measurement shows agreement with theories that take complete account of the geometry of the
surfaces. Approximate theories such as the proximity force approximation are shown to significantly
deviate from the observations. This is shown in Figure 2.

Figure 2: The lateral Casimir force between a
sinusoidally corrugated sphere and plate plotted as a
function of the separation is shown. The complete
theory is shown by the solid line and the proximity force
approximation by the dashed line.

References:
1. M. Bordag, G. L. Klimchitskaya, U. Mohideen & V.M. Mostepanenko, “Advances in the Casimir
effect,” Oxford University Press, Oxford, U.K. (2009).

2. G.L. Klimchitskaya, U. Mohideen and V.M. Mostepanenko, Review of Modern Physics,
Vol. 81, p.1827‐85, (2009).
3. . HC. Chiu, G.L. Klimchitskaya, V.N. Marachevsky, V.M. Mostepanenko, U. Mohideen,
Physical Review B, Vol. 81, Article Number: 115417 (2010).
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Speaker: Margaret Murnane
Session: Extreme Light
Schedule: Tuesday evening plenary session

Runner Up
PQE−2011 Best Abstract

Capturing Electron Dynamics in Materials using Bright Coherent X-Rays
M.M. Murnane and H.C. Kapteyn
JILA, University of Colorado at Boulder, Boulder, CO 80309

X-rays are powerful probes of the nanoworld. They penetrate thick samples and, by virtue of
their short wavelength, image small objects. Moreover, using elemental absorption edges, they
can provide element and chemical species-specific information. In this talk, I will highlight new
experiments that use ultrafast laser and x-ray pulses to uncover electron dynamics in molecules
and materials. In a ferromagnetic alloy, where the spins can align (i.e. strongly exchangecoupled), an interesting question to ask is if the magnetic moments of the individual elements
can decouple on ultrafast time scales. This is an important fundamental question because the
underlying physics of all ferromagnetic behavior is the cooperative interaction between
individual atomic magnetic moments. Moreover, next generation data storage devices will use

Breakdown of exchange coupling in ferromagnets on ultrafast timescales: (left) A fs laser heats an
FeNiCu ferromagnetic alloy. (right) The demagnetization times for Fe and Ni are different, indicating that
the exchange coupling in the ferromagnet breaks down because hot electrons screen the interaction.

heat-assisted magnetic recording. By rapidly heating an Fe/Ni ferromagnetic alloy with a fast
laser pulse, we show for the first time that the magnetic moments of Fe and Ni transiently
decouple. This breakdown of the exchange interaction in a ferromagnet is likely due to screening
by the laser-induced hot electron distribution.[1]
This talk will also discuss using reaction microscope techniques to capture the entire valence
shell electron density in a molecule rearranging, from molecular-like to atomic-like, as a bond
breaks. This is the first experiment to image the dynamics of multiple electrons in a bond.[2]
Finally, this talk will highlight advances in the extreme nonlinear-optical process of high
harmonic generation, allowing attosecond and zeptosecond pulses to be generated in the keV
region - essentially realizing a coherent version of the Roentgen x-ray tube on a tabletop.[3, 4]
1. S. Mathias et al., “Ultrafast Decoupling of Magnetization Dynamics in an Alloy”, submitted (2010).
2. W. Li et al., “Direct Observation of the Transition from Molecules to Atoms”, to be published in PNAS (2010).
3. M.C. Chen et al., “Bright, Coherent, Ultrafast Soft X-Ray Harmonics Spanning the Water Window from a
Tabletop Source”, Physical Review Letters 105, 173901 (2010).
4. T. Popmintchev et al., “The attosecond nonlinear optics of bright coherent x-ray generation”, to be published in
Nature Photonics (Dec 2010). DOI: 10.1038/nphoton.2010.256
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Speaker: Holger Müller
Session: Atom Interferometers
Schedule: Monday Morning Invited Session 2

Precision tests of General Relativity with matter waves
Michael Hohensee and Holger Müller,
Department of Physics,
University of California, Berkeley, CA 94720, USA.
The gravitational redshift was the first consequence of General Relativity described by Einstein,
and its measurement remains fundamental to our confidence in the theory. Clock comparison
tests have reached an accuracy of 7×10-5 [1]. Redshift experiments based on matter waves, in
which redshift anomalies modify material particles' Compton frequencies, have reached an
accuracy of 7×10-9 [2]. For verifying the Einstein Equivalence Principle (EEP), these experiments are complemented by tests of Lorentz symmetry and universality of free fall (UFF).
UFF is closely linked to the redshift since the proper time experienced by a freely falling
clock or matter waves is maximized on geodesics of the same metric responsible for the redshift.
On such grounds, it has been argued [3] that matter wave experiments do not measure the
gravitational redshift but merely test UFF. Similar arguments have been raised about clock
comparisons since the 1960s [4,5].
To investigate this issue, we have
developed a comprehensive framework for tests
of the EEP, based on the Standard Model
Extension [6]. We show that the relationship
between UFF and the redshift depends upon the
underlying mechanism responsible for violating
EEP, and not upon whether clocks or matter
waves are used. Thus matter wave and clock
comparison tests are both valid measurements
of the gravitational redshift.
This framework allows us to propose
new tests of relativistic gravity like searching
for velocity-dependent effects. These are a con- Fig. 1: accuracy of selected redshift measurements
sequence of nonlinear terms in the metric, versus vertical distance of ther clocks.
which are proportional to 1/c4 (The Newtonian
effects of gravity are described by terms in the metric which are proportional to 1/c2). These
terms have never been measured in the laboratory but are responsible for the perihelion shift of
mercury. Matter wave experiments allow their measurement, because the Compton frequency
mc2/ħ cancels two powers of c.
[1] R. F. C. Vessot. et al., Phys. Rev. Lett. 45, 2081–2084 (1980).
[2] H. Müller, A. Peters, and S. Chu, Nature 463, 926–929 (2010).
[3] P. Wolf et al., Nature doi:10.1038/nature09340 (2010); H. Müller, A. Peters, and S. Chu, Nature
doi:10.1038/nature09341 (2010).
[4] L. Schiff, Am. J. Phys. 28, 340–343 (1960); R. H. Dicke, Am. J. Phys. 28, 344–347 (1960).
[5] K. Nordtvedt, Phys. Rev. D 11, 245–247 (1975)
[6] M. Hohensee et al., arXiv:1009.2485 (2010).
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Speaker: Frank A. Narducci
Session: Atom Interferometers
Schedule: Monday Morning Invited Session 2

Raman Resonances in Magnetic Fields
1
2

S. A. DeSavage1 , K. H. Gordon 1 , J. P. Davis2 , and F. A. Narducci2∗
Aerospace Mass Properties Analysis, Inc., 214 North Main Street, North Wales, Pa 19454
Naval Air Systems Command, EO Sensors Division, Bldg 2187, Suite 3190, 48110 Shaw Rd
Patuxent River, MD. 20670

We investigate the possibility of driving Raman resonances of atoms in the presence of magnetic
fields to coherently transfer population from one ground hyperfine state to another. In the case of
8
5Rb, the presence of 12 magnetic sublevels leads to 11 distinct Raman resonances. We present
measurements of these resonances and the scaling of the frequency difference between resonances
with applied magnetic field. We compare theoretical calculations based on a realistic 36 state model
to our experiments. Implications for an atom interferometer with magnetically sensitive transitions
will be discussed.

Most atom optics techniques for atom interferometry are by necessity based on coherent methods
to transfer population. Raman transfer is one such standard technique used in many light-pulse atom
interferometers [1, 2]. However, for interferometers designed to measure magnetic fields or magnetic field
gradients, the process becomes more complicated in that the mF = 0 to mF 0 = 0 transitions can not be
used. New methods to coherently drive magnetically sensitive Raman resonances need to be developed for
such applications.
In this paper, we present our measurements of Raman resonances in the presence of a magnetic field.
Based on selection rules, we anticipated that the 12 magnetic sublevels would lead to 11 possible Raman
spectral lines. We report on our observation of these 11 resonances and their response to changes in an
applied magnetic field.
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FIG. 1: A measurement of one of the eleven Raman resonances present in our system. The measurement shows that
the Raman resonance has a width of 5.6 kHz.

[1] F. Riehle, Th. Kisters, A. Witte, J. Helmcke and Ch. J. Borde. , Phys. Rev. Lett., 67,177, (1991).
[2] M. Kasevich and S. Chu, Appl. Phys. B, 54, 321-332, (1992).
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Speaker: Frank A. Narducci
Session: Poster Session
Schedule: poster session

Variations of Dispersion and Transparency in Four-Level N-Scheme Atomic
Systems
T.Y. Abi-Salloum1 , S. Snell 1 , J.P. Davis2 , and F.A. Narducci2∗
1

2

Widener University, One University Place, Chester, PA 19013
Naval Air Systems Command, EO Sensors Division, Bldg 2187, Suite 3190, 48110 Shaw Rd
Patuxent River, MD 20670

Positive and negative dispersions are of interest for numerous applications especially when accompanied by transparency. In this work, we study the variation of the sign of dispersion in the
case of four-level N-Scheme system. The different dynamics of the sign and value of dispersion and
transparency are explored in light of three resonances.

The dependence of the group velocity of a pulse on dispersion makes the sign of the dispersion and its
value a delicate subject of interest in a variety of applications which depends on slow, fast, superluminal, or
negative propagations of light. After the anomalously negative dispersion in the highly absorptive two-level
system, and the positive dispersion in the transparent three-level system (typically the standard lambda
scheme), comes the two-sign dispersion in the transparency varying four-level N-Scheme (Fig. [1]). This
system was first proposed by Harris [1] and later experimentally studied by Braje et. al [2] and also Kang
et. al [3].
4
3

ΩS

ΩC

Ωp
FIG. 1: Four-Level N-Scheme Systems (the population decays and
detunings have been excluded for
the sake of simplicity of the figure)

2
1

In this work, we study the variations of the dispersion and transparency of a probe field in a four-level
N-scheme system in terms of three resonances which we derived in a previous work [4]. The changes in the
resonances function of the varying fields are directly responsible for the sign and value of the dispersion, the
creation of a reduction or induction of absorption, and the ranges over which these characteristics occur.

[1]
[2]
[3]
[4]

S. E. Harris and Y. Yamamoto; Phys. Rev. Lett., 81, 3611 (1998).
D. A. Braje, V. Balic, G. Y. Yin, and S. E. Harris; Phys. Rev. A., 68, 041801(R) (2003).
H. Kang, G. Hernandez, Y. Zhu; Phys. Rev. A., 70, 011801(R) (2004).
T. Y. Abi-Salloum, B. Henry, J. P. Davis, F. A. Narducci; Phys. Rev. A., 82, 013834 (2010).
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Speaker: Gregory N. Nielson
Session: Quantum Solar Energy
Schedule: Wednesday evening invited session

Toward High Efficiency and Low Cost Solar Power Systems
through Independent Solar Cell Junctions and Scale Effects
Gregory N. Nielson1, Jose Luis Cruz-Campa1, Anthony L. Lentine1,
Murat Okandan1, Mark Wanlass2
1
Sandia National Laboratories, Albuquerque, NM 87185
2
National Renewable Energy Laboratory, Golden, CO 80401
Creating a solar power system that is cost
competitive requires high solar conversion
efficiency as well as very low system costs. We
report on a solar cell and system concept that takes
advantage of microsystem technologies and
scaling effects within solar cells to allow new
levels of conversion efficiency and reduce total
system costs.
There are numerous scaling effects present in solar
power systems related to the physical size of the
solar cells. These scaling effects can provide
Fig. 1 Photomicrograph of 20 micron thick
fundamental solar cell performance benefits such crystalline silicon solar cells. Smallest cell is 250
as improved light capture and carrier collection.
m across. The largest is 1 mm.
Scale effects also extend to the system level where
system complexity can be reduced and performance can be enhanced. We are developing GaAs
and crystalline silicon solar cells that are between 3 to 20 m thick with lateral dimensions down
to 250 m [1]. Figure 1 is a scanning electron microscope image of representative silicon cells.
We report on the performance of these cells and provide simulated device performance exploring
various geometry and processing dependent parameters to optimization the performance of these
very small cells.
One particularly compelling use of these small cells is the creation of multijunction solar cells of
normally incompatible materials through 3D integration techniques. Through this approach, we
can eliminate fundamental challenges faced by monolithically grown multijunction cells such as
non-ideal bandgaps due to crystal lattice matching requirements, non-ideal junction thicknesses
resulting from current matching requirements, and spectrum dependent performance [2].
References
[1] Microscale PV cells for concentrated PV applications, G. N. Nielson, M. Okandan, P. J.
Resnick, J. L. Cruz-Campa, P. Clews, M. Wanlass, W. C. Sweatt, E. Steenbergen, V. P. Gupta,
24th European Photovoltaic Solar Energy Conference, Sept. 21-25, 2009, Hamburg, Germany, 3936338-25-6
[2] Optimal cell connections for improved shading, reliability, and spectral performance of
microsystem enabled photovoltaic (MEPV) modules, A. L. Lentine, G. N. Nielson, M. Okandan,
W. C. Sweatt, J. L. Cruz-Campa, V. P. Gupta, IEEE PVSC, June 20-25 2010, Honolulu, HI, 9781-4244-5890-5

PQE-2011

195

Speaker: Chris O’Brien
Session: Quantum Coherence Effects
Schedule: Thursday Morning Invited Session 2

Coherently Controllable
lable Photonic Structures with Zero Absorption
Chris O’Brien and Olga Kocharovskaya
Department of Physics and IQSE, Texas A&M University,
College Station TX 77843-4242

Resonant enhancement of the refractive index with vanishing absorption in coherently
driven multilevel systems was a subject of intense recent theoretical and experimental studies
(see [1-2]
2] and the references there in). In this work we show an attractive possibility for coherent
modulation of the refractive index in space and/or in time maintaining zero absorption.
To illustrate an idea we consider a three level ladder system with populated intermediate
state and equal strengths and widths of the 11-2 and 3-2
2 transitions. The remarkable property of
this system is that the probe field tuned to one half of atomic transition frequency ω 31
experiences neither absorption no
nor gain
ain independently on the intermediate level position. On the
other hand, spatial or temporal modulation of this level position on the scale of the optical
linewidth would result in corresponding modulation of refracti
refractive
ve index from the minimum
resonantly decreased to the maximum resonantly enhanced value. Temporal modulation could
coul be
provided withh a rate much smaller than the frequency of the atomic transitions by applying a
time varying electric or magnetic field via the dc-Stark
Stark or Zeeman effects. Spatial modulation
may be provided by the AC-Stark
Stark effect, by applying a strong far-off
off resonant laser to create a
standing wave. The Bragg scattering condition can be easily met providing efficient and
coherently controllablee (in particular, optically switchable) photonic structures.
The strength and width of the upper atomic transition 3-2 can be tuned by application of a
strong control field at the adjacent to 3-2 transition forming a far-detuned
detuned lambda system at twophoton resonance which behaves as a two
two-level
level system with controllable properties.
properties We discuss
possible implementation of such system in the rare
rare-earth
earth doped crystals with excited state
absorption.
3

2

1
(a)
(b)
Fig 1. (a) Energy diagram of the three--level ladder system. (b) Normalized real part of susceptibility
usceptibility of the probe
field plotted as a function of the displacement of the intermediate level. Imaginary part of susceptibility
susceptibili is identically
equal to zero.

[1] C O’Brien, O. Kocharovskaya, JMO 56, 1933 (2009)
[2] N. Priote, B. Unks, J. Green, D. Yavuz, PRL 101, 147401(2008)
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Speaker: Wei Pan
Session: Photonics of Graphene
Schedule: Thursday Morning Invited Session 2

Some recent experimental results in high quality epitaxial graphene films
Wei Pan
Sandia National Laboratories, Albuquerque, NM 87185, USA
The unique electronic properties of graphene and its promising potential as a next
generation electronic device material have stimulated the development of synthesis routes
for improved film quality [1,2]. Recently, a new approach that involves heating SiC in
argon at atmospheric pressure has led to significant improvement in the domain size and
electronic properties [3,4].
In this talk, I will first present our recent low temperature magneto-transport
measurements in a Hall bar device made of a single-layer epitaxial graphene film on the
silicon-face of silicon-carbide (SiC) prepared via argon-assisted graphitization. The twodimensional electron gas exhibits a low-temperature (at 4K) carrier mobility of
~14,000cm2/Vs at the electron density of 6.1×1011cm-2. Integer quantum Hall effect states
at the Landau level fillings =2, 6, 10 were observed in high magnetic fields. Close to
B=0, a strong weak-localization (WL) peak was seen. We fitted this WL peak based on
the theoretical model developed by McCann et al. [5] and obtained the values of the
phase coherence (L), intravalley scattering (L*), and intervalley scattering (Liv) lengths.
L first increases with decreasing temperature (T), L  T-1/2, and then saturates below T
~ 1K. L* and Liv are in the order of half nanometer and in general independent of T.
In the second part of my talk, I will present some preliminary data on infrared
spectroscopy in epitaxial graphene films grown on the silicon-face of SiC, in
collaboration with Z. Jiang at Georgia Institute of Technology and L.C. Tung at National
High Magnetic Field Laboratory.
Sandia National Laboratories is a multi-program laboratory operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin company, for the U.S.
Department of Energy’s National Nuclear Security Administration under contract DEAC04-94AL85000.
References:
[1] W. A. de Heer, C. Berger, X. Wu, P.N. First, E.H. Conrad, X. Li, T. Li, M. Sprinkle, J.
Hass, M.L. Sadowski, M.Potemski, G. Martinez, Solid State Communications 142, 92
(2007).
[2] A. K. Geim and K. S. Novoselov, Nature Materials 6, 183 (2007).
[3]K. V. Emtsev, A. Bostwick, K. Horn, J. Jobst, G.L. Kellogg, L. Ley, J. L. McChesney,
T. Ohta, S. A. Reshanov, E. Rotenberg, A.K. Schmid, D. Waldmann, H.B. Weber, and T.
Seyller, Nature Materials 8, 203 (2009).
[4] C. Virojanadara, M. Syväjarvi, R. Yakimova, and L. I. Johansson, A. A. Zakharov,
and T. Balasubramanian, Phys. Rev. B 78, 245403 (2008).
[5] E. McCann, K. Kechedzhi, Vladimir I. Fal'ko, H. Suzuura, T. Ando, and B.L.
Altshuler, Phys. Rev. Lett. 97, 146805 (2006).
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Speaker: Matt Pasienski
Session: Disorder Effects in Atomic Physics
Schedule: Thursday Morning Invited Session 2

Disordered insulator in an optical lattice
Matt Pasienski, David McKay, Matt White, and Brian DeMarco
Department of Physics, University of Illinois at Urbana-Champaign
We report the observation of a disorder-induced superfluid-to-insulator transition in an atomic realization
of the disordered Bose-Hubbard model [1, 2]. Controllable and completely characterized disorder is generated
using a fine-grained optical speckle field that is superimposed on ultra-cold 87 Rb atoms confined in a threedimensional lattice in the strongly correlated regime [3]. Using transport measurements, an insulating state is
observed above a critical disorder level. The impact of this result on recent quantum Monte-Carlo simulations
and long-standing questions regarding this model will be discussed [4].

Figure 1: Transport of neutral atoms is measured in a disordered lattice. The disordered lattice potential
is created by combining a (green) disordered optical speckle beam with a (red) three-dimensional optical
lattice(a). A slice through the lattice along a plane orthogonal to one of the lattice beams(b) is shown
combined with the disorder potential of depth ∆ in green. The combined potential (far right) demonstrates
the fine-grain disorder size to scale, and is calculated from a speckle intensity distribution measured ex-situ.

References
[1] Fisher, M. P. A., Weichman, P. B., Grinstein, G. & Fisher, D. S. Boson localization and the superfluid–
insulator transition. Phys. Rev. B 40, 546–570 (1989).
[2] Pasienski, M., McKay, D., White, M. & DeMarco, B. A disordered insulator in an optical lattice. Nature
Physics 6, 677–680 (2010).
[3] White, M. et al. Strongly interacting bosons in a disordered optical lattice. Phys. Rev. Lett. 102, 055301
(2009).
[4] Gurarie, V., Pollet, L., Prokof’ev, N. V., Svistunov, B. V. & Troyer, M. Phase diagram of the disordered
Bose–Hubbard model. Phys. Rev. B 80, 214519 (2009).

1

PQE-2011

198

Speaker: Justin Peatross
Session: Applications of the Wigner Distribution
Schedule: Wednesday Morning Invited Session 2

Quantum behavior of free-electron photoemission
in strong laser fields
John Corson, Eric Cunningham, Scott Glasgow, Michael Ware, and Justin Peatross
Brigham Young University, Provo, UT 84602; Email: peat@byu.edu

Abstract: We examine the role of wave-packet localization in the dynamics of radiation
scattering by free electrons. The applicability of classical field assumptions is discussed.
Quantum analyses of Thomson (or Compton) scattering generally presume that both the electron and the
incident photon are in exact momentum states, entirely delocalizing them. We investigate scattering when
both the electron and the incident light are localized packets. Such packets are comprised of a range of
plane waves, introducing the possibility of quantum interference. At first glance, one might expect
interference to be most pronounced when the electron wave packet spreads spatially beyond the
wavelength of the driving laser field (as depicted in Fig. 1(a)) because different spatial portions of the
same electron packet oscillate out of phase.
Does the size of the packet influence the rate of scattering? In a semi-classical framework, one
might consider the electron probability current as a source in Maxwell’s equation (i.e. the so-called
Schrödinger interpretation). In this scenario, the scattering rate is strongly suppressed if the size of the
packet exceeds the laser wavelength. In quantum field theory, however, radiation scattering is
independent of the phases of electron momentum components in the case of a single-mode incident
photon. This insensitivity to momentum phase allows one freedom to choose a broad range of electronpacket spatial sizes without altering the scattering probability.
.

(a)

(b)

(c)

Fig. 1 (a) Computed electron wave packet after natural spreading from an initial size of 1Å . The spreading takes
places during 100 cycles in a plane wave with intensity 5.4 × 10 4 W/cm 2 and wavelength 800 nm . The frame has
dimensions of two wavelengths per side. (b) Trajectory and (c) far-field emission pattern for a single point-like
electron released in a laser focus with wo = λ .

We give a progress report on photoemission measurements for individual electrons driven by a strong
laser field. The experiment is designed to test how large electron wave packets radiate, whether with the
strength of point emitters or as extended emitters capable of interference. The two viewpoints predict
orders-of-magnitude differences in the emission rates of free electrons in directions perpendicular to the
driving laser field.
References
1. Lacki, J., H. Ruegg, V. L. Telegdi. “The Road to Stueckelberg's Covariant Perturbation Theory as Illustrated by Successive
Treatments of Compton Scattering,” Studies in History and Philosophy of Science Part B: Studies in History and
Philosophy of Modern Physics 30 (1999).
2. Peatross, J., C. Müller, C. H. Keitel. “Electron Wave-Packet Dynamics in a Relativistic Electromagnetic Field: 3-D
Analytical Approximation.” Opt. Express 15, 6053-6061, (2007).
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Session: Disorder Effects in Atomic Physics
Schedule: Thursday Morning Invited Session 2

Photonic local density of states and coherent effets in cold atomic gas
Romain Pierrat1 , Alexandre Cazé1 , Rémi Carminati1 , Maryvonne Chalony2 , Dominique
Delande4 and David Wilkowski2,3
1 Institut Langevin, ESPCI ParisTech, CNRS UMR 7587, 10 rue Vauquelin, Paris, France
2 Institut Non Linéaire de Nice, Nice Sophia-Antipolis University, CNRS UMR 6618, Valbonne, France
3 Centre for Quantum Technologies, National University of Singapore, Singapore 117543, Singapore
4 Laboratoire Kastler Brossel, Pierre et Marie Curie University, 4 Place Jussieu, Paris, France

In this talk, we will show how cold atomic gas can be very usefull tools and model systems to study light
propagation in strongly disordered systems. We will in particular focus on the theoretical and numerical
aspects of two very interesting effects.
• First, we analyse the Local Density Of States (ldos) statistics in a strongly scattering system
(equivalent to the fluorescence decay rate statistics of an emitter embedded in a disordered system)
and show that coherent multiple interactions and near-field interactions with one or more scatterers
can have substantial effects [1, 2].
• Second, we analyse the coherent propagation of a laser beam through an ensemble of resonant
scatterers and show that a light “flash” appears in transmission when switching off the incident
laser. We analyse the dynamics of this “flash” in terms of optical thickness and temperature of the
gas. The results are in perfect agreement with the experiments carried out by M. Chalony and D.
Wilkowski [3].
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Figure 1 – (a) ldos distribution ρ normalized by the ldos in vacuum ρ0 . (b) Intensity I0 of the incident laser (dasheddotted line) and intensity I transmitted through a cold atomic gas (solid line) showing the “flash” effect.

References
[1] R. Pierrat and R. Carminati. Spontaneous decay rate of a dipole emitter in a strongly scattering
disordered environment. Phys. Rev. A, 81(6):063802, 2010.
[2] A. Cazé, R. Pierrat, and R. Carminati. Near-field interactions and nonuniversality in speckle patterns
produced by a point source in a disordered medium. Phys. Rev. A, 82(4):043823, Oct 2010.
[3] M. Chalony et al. In preparation. 2011.
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Speaker: Alexander Poddubny
Session: Cooperative Emission
Schedule: Wednesday evening invited session

Collective radiance from semiconductor quantum wells and quantum dots
A.N. Poddubny
Ioffe Physical-Technical Institute, St. Petersburg, Russia
Optical properties of semiconductor nanostructures are now in focus of research. Effective
interaction between photon modes and excitons can be attained, allowing to control light emission and
to study quantum electrodynamics in the solid state system. This talk is focused on the nanostructures
with several emitters, either quantum dots or quantum wells.
In particular, we consider one-dimensional deterministic nonperiodic arrays of quantum wells,
proposed recently [1-2]. Example of such object is Fibonacci photonic quasicrystal, where the
spacings between two adjacent wells are in order of light wavelength, take one of the two values, A or
B, and are arranged in Fibonacci sequence ABAABABAABAAB...(see Fig. 1a). If the structure is
tuned to Bragg diffraction condition, excitons in different wells are efficiently coupled by light and
collective superradiant mode is formed. Optical spectra also demonstrate the presence of subradiant
modes, contrary to the periodic case. Our general analytical theory of optical spectra is supported by
the results of experiments [2] and can be also extended to a two-dimensional Penrose quasicrystal of
quantum dots [3].
We also address the nonlinear emission spectra of several quantum dots, strongly coupled to the
photonic mode of zero-dimensional microcavity (see Fig. 1b). At low (incoherent) pumping the
photoluminescence spectrum is determined by the competition of collective superradiant mode and
disorder, while the increase of pumping leads to destruction of superradiant regime. In the case where
the spread of resonance energies of quantum dots is negligible, the non-linear emission spectra at
moderate pumping rates exhibit either a single or a double peak structure depending whether the
number of dots in a cavity is even or odd, respectively (see Fig 1c).
[1] A.N. Poddubny, L. Pilozzi, L., M.M. Voronov, and E.L. Ivchenko, Phys. Rev. B 77, 113306 (2008),
Phys. Rev. B. 80, 115314 (2009),
[2] J. Hendrickson, B. C. Richards, J. Sweet, G. Khitrova, A. N. Poddubny, E. L. Ivchenko,
M. Wegener, and H. M. Gibbs, Opt. Express 16 15382-15387 (2008).
[3] A.N. Poddubny, arXiv:1009.2351.
[4] A.N. Poddubny, M.M. Glazov, N.S. Averkiev, Phys. Rev. B (in press), arxiv::1007.0244v1.

Fig 1. (a) Fibonacci multiple quantum wells.
(b). Illustration of microcavity with several quantum dots.
(c). Calculated emission spectra for cavity with 3 and 4 dots.
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Analytical technique for subwavelength far field imaging
Viktor A. Podolskiy1,3,*, Sukosin Thongrattanasiri1, Nicholas Kuhta1, Anthony J. Hoffman2, Matthew Escarra2,
Claire F. Gmachl2
1
Department of Physics, Oregon State University, 301 Weniger Hall, Corvallis, OR 97331, USA
Department of Electrical Engineering, Princeton University, Engineering Quadrangle, Olden Street, Princeton, NJ 08544, USA
3
Department of Physics and Applied Physics, University of Massachusetts Lowell, One University Avenue, Lowell, MA 01854, USA
*viktor_podolskiy@uml.edu
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Abstract: We develop a computational technique for imaging with subwavelength resolution
based on far-field intensity measurements.
High-resolution imaging is of interest for a broad class of applications spanning all parts of the electromagnetic
spectrum. Unfortunately, conventional far-field imaging is fundamentally limited by the free-space wavelength. The
diffraction limit can be halved with structured illumination microscopy where the spectrum of the incident light is
effectively doubled via interference[1]. Alternatively, in the far-field superlens, part of the evanescent radiation
emitted by an object is resonantly enhanced via surface plasmon polaritons, and is subsequently converted into
propagating waves with a subwavelength diffraction grating[2]. Both techniques rely on multiple measurements and
numerical reconstruction algorithms to perform imaging of an unknown object and achieve
resolution. Here
we present an approach capable of non-resonant imaging with resolution on the order of
with far-field
measurements[3].
The fundamental difference between the diffractionlimited and subwavelength images is seen in wavevector
space. The spectrum of a subwavelength focal spot is
dominated by high-wavenumber components that
exponentially decay away from the focal spot. The grating,
that plays the role of image-reconstructing structure,
located at the image plane, and translates the spectrum of
the source according to
,

(1)

where
is the incident field wavevector,
is the diffraction order,
is the grating
wavevector, is the grating period, and is the diffracted
Fig.1. solid lines: images of single-slit sources of different
wavevector. Note that diffraction gratings can convert the
sizes, obtained with the developed technique
originally evanescent information into propagating waves
which can be measured in the far field. Provided that the
far-field measurements of the same object are performed for different values of incident angle (different values of
), the contributions of different diffraction orders to the final intensity distribution can be separated from each
other, and the original field distribution can be calculated. Typical examples of the restored intensity distribution of
subwavelength objects are shown in Fig. 1.
This work has been partially supported by ONR (grant #N00014-07-1-0457), NSF (grant #ECCS-0724763), and
AFOSR (grant #FA9550-09-1-0029).
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Filamentation of Beam and Pulse Shaped Femtosecond Laser Pulses
Pavel Polynkin
College of Optical Sciences
University of Arizona
1630 E. University Blvd., Tucson, Arizona 85721, USA
Email: ppolynkin@optics.arizona.edu

I will review the experimental program on ultrafast laser filamentation at the University
of Arizona. The objectives of our work are to gain deeper understanding of this complex,
highly nonlinear phenomenon and to devise practical tools for controlling it. Our
approach is based on the application of smart beam engineering and temporal pulse
shaping. In particular, we use various diffraction-free beam arrangements such as Airy
and Bessel beams for the controllable generation of weakly-ionized extended plasma
channels in air. Another approach that we develop is based on the so-called igniter-heater
excitation scheme, in which a femtosecond laser pulse with a particular beam shape
creates an array of weakly ionized seed plasma channels, and the plasma density in these
channels is boosted by the subsequent application of a high-energy nanosecond laser
pulse. Potential applications of these arrays of dense plasma channels will be discussed.
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Control of Neutral Atoms in Optical Lattices
J.V. Porto1, R. Chicireanu1 , S. Olmschenk1, K. Nelson1 and N. Lundblad2
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Joint Quantum Institute, National Institute of Standards and Technology and University
of Maryland, Gaithersburg, Maryland 20899, USA
2
Department of Physics & Astronomy, Bates College, Lewiston, Maine 04240, USA

Optically trapped neutral atoms provide a good platform for quantum information and
simulation. In particular, optical lattices are an extremely simple approach to providing
large arrays of traps, with the ability to simultaneously perform parallel operations on
many atoms at once. I will discuss recent progress in trapping and controlling atoms in
lattices, discussing strengths and challenges to be faced in the future.
At the single-qubit level, we have recently demonstrated techniques to mitigate
inhomogeneous differential light shifts [1,2], and used randomized benchmarking to
demonstrate average single-qubit rotation fidelities lower than 2x10-4 [3]. We use a
double-well lattice that allows for sub-lattice addressing of spin states as well as
vibrational control, allowing for controlled two-atom spin-dependent interactions.
Combined with recent impressive progress in optically addressing individual sites of
optical lattices [4,5], these techniques provide a good starting point for coherent quantum
control of arrays of neutral atoms.
[1] N. Lundblad, M. Schlosser, and J.V. Porto, Phys. Rev. A 81 031611 (2010)
[2] R. Chicireanu, et al., arXiv:1010.1520
[3] S Olmschenk1, R Chicireanu, K D Nelson and J V Porto, NJP 12 113007 (2010)
[4] W.S. Bakr et al. Nature 462, 74 (2009)
[5] J. F. Sherson et al. Nature 467, 68 (2010)
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Four-wave mixing in gold films
Yong Wang, Xuejun Liu, and Eric O.Potma
Department of Chemistry, University of California, Irvine, CA 92697
Tel: 949-824-9942, Fax: 949-824-8571, E-mail: epotma@uci.edu
Abstract: Four-wave mixing in gold films is studied using a coherent anti-Stokes
Raman excitation configuration for remote excitation of third-order nonlinearities.
Coherent nonlinear excitation of single molecules is an experimental challenge. One of the complications arises from the high fields strengths needed to engender a nonlinear response from a single
molecule. Such field strengths are likely to generate unwanted heating and photodamaging effects.
One way to avoid such artifacts is to localize the strong electric field close to the molecule while
the rest of the sample is spared from high illumination doses. This can be accomplished through
excitation of surface plasmon polaritions.
Using high numerical objective lenses, surface plasmon polaritions (SPP) can be excited in a gold
film with micrometer precision. Subsequent propagation of the SPP allows excitation of molecules
at remote locations. Whereas remote excitation through SSPs has been realized in the linear
regime, challenges remain to accomplish a similar fate in the nonlinear excitation regime. We have
investigated a dual-color excitation scheme, based on an electronic coherent anti-Stokes Raman
process, for launching SPP modes in a gold film. We have found that upon proper phase-matching,
linear and nonlinear propagating modes in the film can be launched in a controlled manner. We
show that such a scheme allows for nonlinear excitation of quantum dots at distances up to 50 µm
from the excitation site.

Figure 1: Surface plasmon polarition generation in a patterned 40 nm thick gold film with a high numerical
aperture lens (NA = 1.2 W). (a) Coupling of a SSP mode excited at 820 nm into a gold ’finger’. The blue
spot indicates the location of excitation. SPP mode is visualized through the leakage radiation onto a CCD
camera. (b) FWM excitation of the SSP mode by using 820 nm (pump) and 940 nm (Stokes) pulses. The
nonlinearly excited SPP is detected through the FWM (CARS) leakage radiation.
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Observation of atomic localization using
Electromagnetically Induced Transparency
N. A. Proite, Z. J. Simmons, and D. D. Yavuz
Department of Physics, University of Wisconsin - Madison
1150 University Ave. Madison, WI 53706, USA

It is well-known that traditional optical techniques cannot resolve or write features smaller
than half the wavelength of light. Recently, Agarwal and others [1, 2] have proposed to use
the dark state of electromagnetically induced transparency to address atoms at potentially
nanometer spatial scales. This technique relies on the sensitive dependence of the dark state
to the intensities of the driving probe and coupling laser beams. If a standing-wave coupling
laser is used, the population of the excited Raman level can be very tightly localized near the
intensity nodes, allowing for sub-wavelength control. Here, we present a proof-of-principle
experiment that demonstrates the key ideas of this approach. By using ultracold Rubidium
(Rb) atoms in a magneto-optical trap (MOT) and pulsed coherent transfer, we demonstrate
atomic localization to spots much smaller than the spatial period of the coupling-laser intensity profile [3].
coupling intensity
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FIG. 1. Fluorescence images of the MOT for (a) weak and (b) strong coupling beam. The images
are obtained by fluorescing the excited Raman level via the cycling transition after the EIT beams
are turned-off. The fringes are confined to the intensity nodes of the coupling beam and become
more localized as the intensity of the coupling laser increases. (c) shows horizontally-averaged line
profiles of each fluorescence image for more direct comparison. The solid line is for part (a) and
the dashed line is for part (b). The lower right diagram shows the experimental timing cycle.

[1] G. S. Agarwal and K. T. Kapale, J. Phys. B: At. Mol. Opt. Phys. 39, 3437 (2006).
[2] A. V. Gorshkov, et. al., Phys. Rev. Lett. 100, 093005 (2008).
[3] N. A. Proite, Z. J. Simmons and D. D. Yavuz, arXiv:1011.2754v1 [physics.atom-ph].
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Optimal multiphoton phase sensing and measurement
1
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Multipartite entangled states can help to increase the precision of phase sensing. When the N
photons are in a maximally entangled state, the phase uncertainty can be as low as 1/N, which is
sqrt(N) times more precise than the standard quantum limit (SQL) [1]. To achieve this optimal
phase sensitivity, it is necessary to distinguish even and odd photon numbers by performing a
parity measurement at the output of the interferometer. However, parity measurements are
extremely difficult to realize with current photon detection technologies, since they require highfidelity resolution of N+1 different photon distributions between the output ports. In recent
experiments, researchers have demonstrated precision beyond the SQL, for two and four photons,
using only one or two photon-number detection patterns instead of parity measurements [2]. To
realize efficient phase sensing at higher photon numbers, it is therefore important to consider the
optimal phase sensitivities obtained when only a single interference fringe is detected.

6-fold coincidences/4 hours

Here we show that for single fringes, the maximally-entangled NOON state [1] does not achieve
optimal phase sensitivity when N > 4 . Instead, the optimal single fringe sensitivity is achieved by
the Holland-Burnett (HB) state [3], which is generated by the interference of two input beams
with equal photon numbers. We experimentally demonstrate the enhanced phase sensitivity of a
single photon-counted fringe of the six-photon HB state and show that it has higher phase
sensitivity than a single NOON fringe of equivalent visibility. Specifically, our single-fringe sixphoton measurement achieves a phase variance three times below the standard quantum limit.

80

Figure: Single measurement fringe
corresponding to the 3,3 projection
at the output of the interferometer, as
the phase shift is varied. The state
inside the interferometer is a 6€
photon Holland-Burnett state.
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We will also discuss the use of adaptive measurements with sequences of 4, 2 and 1-photon pathentangled states to achieve ab-initio measurement of an unknown phase, demonstrating an
experimental uncertainty below the SQL [4].
References:
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Excitons, entanglement and coherent control with nuclei
Adriana Pálffy
Max-Planck-Institut für Kernphysik, Heidelberg, Germany
email: palffy@mpi-hd.mpg.de
Coherent control of nuclear excitations has been a long-time goal in nuclear physics, as it is related
to a number of promising applications such as nuclear quantum optics, isomer triggering or nuclear
lasers. An interesting aspect of coherent control has been already achieved more than a decade ago in
nuclear forward scattering (NFS) of x-ray light by exploiting the properties of delocalized excitations
in systems of identical particles. The coherent cooperative decay of nuclei excited by monochromatized
synchrotron radiation in NFS was switched on and off by changing the direction of the hyperfine field
in a magnetic sample [1].
Based on this switching technique, we investigate more advanced coherent control schemes and show
that the accelerated nuclear forward scattering allows for the generation of two correlated coherent
decay pulses out of one excitation, providing single-photon entanglement in the keV regime [2]. With
a proper choice of switching parameters, specific transitions between hyperfine levels can be restored
thus controlling the polarization of the emitted x-ray light [3].
As a further aspect, we address the possibility to control the nuclear population in typical nuclear
three-level systems that are suitable for isomer depletion. Using the magnetic switching technique,
one can steer the nuclear x-ray pumping and nuclear dynamics in NFS in a nuclear Λ three-level
system where only one of the transitions is driven by x-ray radiation. We show that the collective
nuclear dynamics renders the coherent control of the cooperative nuclear branching ratio possible [4].
Apart from NFS setups, another possibility is offered by the advent of new coherent x-ray sources
as the X-ray Free Electron Laser. Inspired by atomic quantum optics techniques, we investigate the
possibility of coherent nuclear population transfer between two ground states in a Λ-level scheme using
two overlapping coherent x-ray light beams in a stimulated Raman adiabatic passage (STIRAP) setup
[5]. We show that with temporally coherent pump and Stokes laser fields, and acceleration of the target
nuclei to achieve the resonance condition, significant coherent nuclear population transfer is achieved
at intensities within the present designed values. As relevant application, the controlled pumping or
release of energy stored in long-lived nuclear states is discussed.

Figure 1: (a) The relevant nuclear scheme for 97 Tc. The initial nuclear population is concentrated in
the isomeric state |1i. The pump laser P drives the transition from |1i to |3i, and the Stokes laser S
drives the transition |2i to |3i, resulting in coherent population transfer between states |1i and |2i. (b)
The two partially overlapping x-ray laser pulses interact with relativistically accelerated nuclei. The
Doppler effect ensures that laser and nuclear transition frequencies are in resonance.
References:
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Testing the Equivalence Principle with degenerate quantum matter
E. M. Rasel for the Quantus team
Institute of Quantum Optics, Leibniz University of Hanover
30167 Hannover, Germany
Atomic Quantum Sensors are a key-technology for the ultra-precise monitoring of
accelerations and rotations. These sensors evolved from a new kind of optics based on matter
waves rather than light waves. Matter wave optics is still a young, but rapidly progressing science
which recently generated sensational Nobel-prize awarded inventions such as laser cooling and
atom lasers [1,2].
The applications of atomic quantum sensors are truly interdisciplinary, covering diverse
and important topics such as tests of fundamental physics, the realization of SI-units, prospecting
for resources, GALILEO technology, environment monitoring and major Earth-science themes.
Matter-wave sensors are therefore considered as one of the most promising fields to progress in
metrology and fundamental tests.
In this talk, we report about the development of a miniaturized and robust experiment
using ultra cold atoms in a free fall environment as a test-bed for matter-wave interferometry on
long timescales. More than 200 experiments were successfully performed in microgravity and a
BEC was observed after free expansions of up to 1s [3]. The implementation of an atom
interferometer operating with a Bose-Einstein Condensate was recently demonstrated (see figure
below). Within the project, the next step is to operate a 2-species atom interferometer to perform
a test of the Einstein’s Equivalence Principle. These experiments pave the way in the direction of
utilizing the technology of matter-wave interferometry for future space missions.

ZARM drop tower facility in Bremen and the
capsule containing the BEC experiment (left).
The future QUANTUS-II capsule will be
launched from a catapult. Hence, the time of
free fall can be almost doubled.
In the upper figure typical fringes observed
after a 100 ms BEC interference experiment
consisting in applying two π/2 pulses to split
and recombine the atomic cloud.
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Casimir effect : quantum optics in vacuum

Serge Reynaud
Laboratoire Kastler Brossel, ENS, UPMC and CNRS, F-75252 Paris 05, France
The Casimir effect is a jewel with many facets1. It is an observable mechanical effect of
vacuum fluctuations, which deserves attention as a prediction of quantum field theory.
Then, it has connections with the puzzles of gravitational physics through the problem of
vacuum energy or the tests of the gravity law at short ranges. Finally, the Casimir and
closely related Van der Waals forces, which are dominant at micron or sub-micron
distances, have strong relations with atomic and molecular physics, condensed matter
and surface physics, chemical and biological physics, micro- and nano-technology2.
Considering a pair of perfectly flat and
perfectly reflecting parallel plates at zero
temperature, Casimir found a simple
universal expression for the force. But it
is clear that this idealization does not
describe real experiments3. The effect of
imperfect reflection of the metallic
mirrors used in the experiments has to
be taken into account carefully4. The
correction to the Casimir expression
associated with thermal fluctuations at
ambient temperature is also important
and it is correlated to the effect of imperfect reflection5.
Finally, precise experiments are performed between a plane and a sphere. Up to
recently, the estimation of the force in this geometry was done through the Proximity
Force Approximation (PFA) which amounts to average the force calculated in the twoplanes geometry over the distribution of local inter-plate distances. Pushing the theory
beyond PFA has been done in the past few years6 and it is now possible to calculate the
Casimir force between plane and spherical metallic plates coupled to electromagnetic
vacuum at non zero temperature7.
The current status, after years of improvements in measurements as well as calculations
of the Casimir force, is nevertheless that we have still to face difficulties in the
comparison between theory and experiment8.
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Air filamentation – today and in the future
Martin Richardson*1, Matthieu Baudelet1, Demetrios Christodoulides1, Robert Bernath1,
Matthew Fisher1, Nicholas Barbieri1 Matthew Weidman1 Eric Johnson2, Menelaos Poutous2 &
Zachary Roth2
1

Townes Laser Institute, CREOL College of Optics and Photonics, UCF ,Orlando, Florida * mcr@creol.ucf.edu
Micro-Photonics Lab, Center for Optoelectronics & Optical Communications, UNCC, Charlotte, North Carolina.

2

Ultra-fast laser filamentation in air has received considerable attention over the last decade, both for its
intriguing properties as well as its tantalizing potential to open new paradigms in remote sensing, lightingguiding communications and other applications. We have had a robust program exploring the creation and
manipulation of filaments and their applications in a number of domains for some time 1, and have a number of
laser systems capable of creating filaments in air. When the initial beam has sufficient power, multiple filaments
can be created. Early experiments showed random distributions of filaments in high power fs laser beams.
However engineering the intensity, phase and spectral content of the pulse allows for the creation of many new
filamentation modalities.
We are exploring the control and ordering of multiple filament regimes for several applications. Curved
filaments, known as ‘Airy filaments’ are created by imprinting a cubic phase to the beam 2-5 and are explored for
energy deposition and interrogation along interfaces and sustainability of the filament. We have also created
Vortex Bessel intensity profiles to produce helical filaments by vortex plates 5 or by constructive interference of
Bessel beams6. The influence of helical beams on the filament emissivity (white light generation and THz
emission) useful for stand-off sensing is studied and advanced configurations are explored for control of white
light generation at distance7. A number of different optical techniques are used to generate these advanced
filamentation structures including the use of reflective spatial light modulators and specially designed
transmissive meta-optical components.
The interaction of filamented laser beams with dielectric, transparent and metallic materials is also being
studied. The energetics of single filament interaction with solid surface interfaces is studied using highresolution femtosecond optical backlight imaging8. The influence of the carrier field on the plasma produced and
on the light transmitted through the interface has been studied in detail. High frequency EM emission from the
plasma has also been characterized in spectrum and intensity 9.
Filamentation of ultra-short laser beams offers considerable potential for plasma-based stand-off
detection and other applications10-13. We will summarize research activities on a number of these applications.
This work is funded under ARO contracts
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Advances in compact high brightness soft x-ray lasers:
sub-10 nm wavelengths and smaller size
J. J. Rocca1,2,3, D. Alessi,1,2, D. H. Martz,1,2 , Y. Wang,1,2 , B. Reagan 1,2, B. M. Luther1,2
F. Furch 1,3, A. Curtis1,2, K. Wernsing ,1,2, M. Berrill,1,2
1. National Science Foundation ERC for Extreme Ultraviolet Science and Technology; 2. Electrical and Computer Engineering Department,
Colorado State University, Fort Collins, CO 80523; 3. Physics Department, Colorado State University, Fort Collins, CO 80523

Abstract. : We report recent progress in the development of table-top soft x-ray lasers that includes the extension
of compact high repetition rate to sub-10 nm wavelengths, and the first demonstration of an all-diode-pumped soft
x-ray laser
The success in the development of compact soft x-ray lasers based on the amplification of soft x-ray light in
population inversions created in ion transitions in dense plasmas has enabled table-top experiments with intense
coherent soft x-ray light. There is interest in extending the operation of table-top soft x-ray lasers to shorter
wavelength, increasing their pulse energy and average power, and in further reducing their size for applications.
However, the steep wavelength scaling of the energy necessary to pump such lasers has limited the use of table-top
lasers in applications to wavelengths above 13.2 nm [1]. We recently reported the extension of gain-saturated tabletop lasers to =10.9 nm. Lasing was obtained in the 4d1S0→4p1P1 transition of nickel-like Te at 1 Hz repetition rate.
Soft x-ray laser pulse energies up to 2 J and an average power of ~ 1 W [2]. We are now working in extending
these table-top lasers to wavelengths below 10 nm by scaling along the isolectronic sequence of the same transition
. Very recently we have observed strong amplification in the 8.85 nm line of nickel-like La by traveling wave
excitation of a solid lanthanum target with Ti:sapphire laser pulses. The optimization of the amplification in this and
other laser transitions will generate high brightness beams of microjoule pulses at sub-10 nm wavelengths.

Fig.1.On axis spectra of lanthanum laser-created plasma showing strong laser amplification in the 8.85 nm
line of nickel-like La.
In a related effort we have demonstrated the first all-diode-pumped soft x-ray laser. Direct diode pumping of the
optical driver laser promises to result in the development of a new generation of significantly more compact soft xray lasers for applications with repetition rates of 100 Hz and high average power for applications. In this first
demonstration of an all-diode-pumed soft x-ray laser we achieved lasing at  = 18.9 nm by transient electron-impact
excitation of Ni-like Mo ions [3]. The laser is pumped by a newly developed a cryo-cooled Yb:YAG chirped-pulseamplification laser system that generates 1 J pulses of 8.5 ps duration at 10 Hz repetition rate.
1. F. Brizuela, S. Carbajo, A. Sakdinawat, D. Alessi, D.H. Martz, Y. Wang, B. Luther, K.A. Goldberg, I. Mochi, D.T. Attwood, B. La Fontaine,
J.J. Rocca, C.S. Menoni Optics Express, 18, 14467 (2010).
2. D.Alessi , Wang, D. Martz, M. Berrill, S. Domingue, D. Kemp, B. Luther and J.J. Rocca, , Optics Letters, 35, 414 (2010).
3. F. Furch, B. Reagan, B M. Luther, A. H. Curtis, S. P. Meehan, J. J. Rocca, Optics Letters 34, 3352, (2009)
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Speaker: Alejandro W. Rodriguez
Session: Casimir Physics
Schedule: Thursday evening invited session

Runner Up
PQE−2011 Best Abstract

Computing Casimir Forces in Complex Nanosystems
Alejandro W. Rodriguez
School of Engineering and Applied Sciences, Harvard University
Department of Mathematics, Massachusetts Institute of Technology

Quantum and thermodynamic fluctuations give rise to a wide range of effects on nanoand micro-systems, including Casimir forces between neutral objects that are believed to
cause nano-devices to fail in a process known as “stiction”. Recent developments in
nano-fabrication are pushing devices to smaller and smaller scales, making the Casimir
force an important component in their fabrication and operation. Although the first
prediction of Casimir forces was made in 1948, in a geometry consisting of perfectly
conducting parallel plates in which the force was shown to be attractive and
monotonically-decaying as a function of plate–plate separation, only recently have
numerical tools capable of computing the force in more complicated geometries been
developed.
I will describe how one can compute the Casimir force in nanosystems of arbitrary
complexity using sophisticated, free and widely available numerical software based on
standard and well-established tools and techniques from classical nanophotonics [1–2].
Decades of work in the field of computational electromagnetism paved the way for the
rapid growth and exploration of nanophotonic systems and have in the last few years also
allowed us to study a number of geometries exhibiting interesting and unusual Casimir
phenomena, illustrated in Fig. 1, including repulsive forces between designed metallic
geometries in vacuum, stable suspensions and orientation transitions between objects in
fluids, and stiction effects in complicated opto-micromechanical devices.

Figure 1: Schematic of recently proposed geometries exhibiting unusual Casimir phenomena, including: a
non-monotonic dependence of the force between two waveguides as a function of their separation from two
adjacent slabs; a repulsive force between an elongated object and a plate with a hole; an orientation
transition between two finite “hokey pucks” suspended in a fluid; the actuation of Casimir stiction via
optomechanical forces on a photonic-crystal single-membrane suspended above a layered substrate.

References:
[1] Alejandro Rodriguez, Mihai Ibanescu, Davide Iannuzzi, J. D. Joannopoulos, and Steven G. Johnson.
Virtual photons in imaginary time: Computing exact Casimir forces via standard numericalelectromagnetism techniques. Physical Review A, 76(3) 032106, 2007.
[2] Alejandro W. Rodriguez, Alexander P. McCauley, J. D. Joannopoulos, and Steven G. Johnson.
Casimir forces in the time domain: Theory. Physical Review A, 80(1) 012115, 2009.
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Session: X-ray Lasers
Schedule: Tuesday Morning Invited Session 1

Photoionization Based Atomic InnerShell XRay Laser in Neon at 850 eV Realized at the
Linac Coherent Light Source
N. Rohringer1, D. Ryan2, M. Purvis2, J. Dunn1, F. Albert1, J. D. Bozek3, C. Bostedt3, R. A. London1
and J. J. Rocca2
Lawrence Livermore National Laboratory, Livermore, California 94551, USA
2 Colorado State University, Fort Collins, Colorado 80523, USA
3 Linac Coherent Light Source, SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA
1

Since the invention of the laser fifty years ago, laser amplification of atomic transitions have been extended
to increasingly high power and shorter wavelength. The photoionization inner‐shell x‐ray lasing scheme was first
proposed in 1967 [1], but due to the requirement of an extremely fast and intense x‐ray pump, has not been realized
so far. Since then a broad variety of pump sources and gain media have been proposed, including optical‐laser
pumped plasma sources [2,3], synchrotrons [4], and VUV and x‐ray free‐electron lasers [5‐7]. A K‐shell neon laser
pumped by a laser‐created plasma was proposed in 1992 [2]. More recently, the pumping of several K‐shell neon
transitions by the Linac Coherent Light Source (LCLS) was analyzed [7]. We now report on the first demonstration of
a photoionization based atomic inner shell x‐ray laser in atomic Neon at 850 eV using the first operating X‐ray free‐
electron laser, the LCLS at SLAC.
The figure shows a typical raw‐image of the
spectrum as detected on the CCD camera (linear scale). The
vertical direction of the CCD is along the entrance slit of the
spectrograph, the dispersive direction is along the horizontal.
The transmitted LCLS corresponds to the line on the right at
960 eV and has a width of ~20 eV. The LCLS is based on self‐
amplified spontaneous emission and the spectrum is
fluctuating and varies on a shot‐to‐shot basis. The atomic x‐
ray laser line has a well‐reproducible spectrum, with an
instrument‐limited width of 2 eV (line on the left at 850 eV).
Parameters of the LCLS: pulse energy 1.3 mJ, pulse duration
80 fs.
LCLS delivers x‐ray pulses containing up to 1013
photons in 80 fs, of photon energies ranging from 0.5 to 8 keV. By focusing LCLS pulses into a dense neon gas sample
to a micrometer‐sized spot, a long narrow plasma column is produced on a fs time scale by photoionization of a K‐
shell electron. Thereby, a population inversion of the 2p‐1s transition (850 eV) in singly ionized neon is established,
lasting for only 2.7 fs due to the subsequent Auger decay of the created core hole. Fluorescence photons emitted at
the front end of the plasma column get amplified by stimulated emission, resulting in ultra bright, high‐intensity x‐
ray pulses at 850 eV photon energy of fs duration at the exit of the plasma column. The maximum energy in the Ne K‐
 line was estimated to be ~0.5 µJ resulting in ~4×109 photons. Increasing the LCLS pulse energy by a factor of 2,
resulted in an increase of the Ne K‐ signal by 4 orders of magnitude. With this experiment, a first step in the
virtually unexplored field of non‐linear quantum optics in the x‐ray regime is made, which will potentially open a
pathway to novel, non‐linear spectroscopic x‐ray techniques at new x‐ray free electron laser sources.
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE‐AC52‐07NA27344 and was supported by LDRD grant 09‐LW‐044. The CSU
researchers acknowledge support of DOE, grant DE‐FG02‐04ER15592. Portions of this research were carried out at
the Linac Coherent Light Source, a national user facility operated by Stanford University on behalf of the U.S.
Department of Energy, Office of Basic Energy Sciences.
_________________________________________________________________________________________________________
[1] M. Duguay and G. Rentzepis, Appl. Phys. Lett. 10, 350 (1967).
[2] H. C. Kapteyn, Appl. Opt. 31, 4931 (1992).
[3] G. Strobel, D. Eder, R. London, M. Rosen, R. Falcone and S. Gordon, Proc. SPIE 1860, 157 (1993).
[4] P. Csonka and B. Craseman, Phys. Rev. A 12, 611 (1975).
[5] K. Lan, E. Fill, and J. Meyer‐Ter‐Vehn, Laser Part. Beams 22, 261 (2004).
[6] J. Zhao et al., Opt. Express 16, 3546 (2008).
[7] N. Rohringer and R. London, Phys. Rev. A 80, 013809 (2009).
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Speaker: Peter Rosenbusch
Session: Improved Coherence Times in Quantum Systems
Schedule: Thursday evening invited session

Spin self-rephasing and very long coherence times
C. Deutsch1, F. Ramirez-Martinez3, C. Lacroute3, F. Reinhard1, T. Schneider1, J.-N. Fuchs2, F.
Piechon2, F. Laloe1, J. Reichel1 and P. Rosenbusch3
1

2

Laboratoire Kastler Brossel, Ecole Normale Supérieure, Paris, France
Laboratoire de physique des solides, Université Paris-Sud, Orsay, France
3
LNE-SYRTE, Observatoire de Paris, Paris, France

Atomic clocks, nuclear magnetic resonance and other precision techniques are based on the
coherent manipulation of an ensemble of spins ½. Highest sensitivity requires narrow linewidth
and good signal-to-noise i.e. long coherence times and the interrogation of many spins. Usually
these are contradictory as interactions destroy coherence and field gradients create dephasing.
Known mechanisms to battle dephasing include experimental techniques like spin-echo or
interaction-driven random fluctuations leading to motional narrowing and exchange narrowing.
Here we present a new deterministic mechanism that may be seen as a continuous intrinsic spinecho. In contrast to exchange narrowing, the exchange interaction results in a deterministic
rotation of two spins around their sum. Many of such “identical spin rotations” (ISR) eventually
result in spin-rephasing. The mechanism’s two simple ingredients, particle indistinguishability
and exchange interaction, are of such fundamental nature that a wide observation of our
mechanism is expected.
We perform Ramsey spectroscopy on the ground state of ultracold 87Rb atoms magnetically
trapped on a chip in the Knudsen regime. The compensation of 2nd order Zeemann effect and
mean field shift is employed to reduce field inhomogeneities over the sample to 80 mHz [1]. This
should limit the 1/e contrast decay time to about 3 s in agreement with previous work, while
decay times of 58+/-12 s are actually observed [2]. Furthermore, slightly off the compensation
point, we observe contrast revivals increasing with atom density, which reveal our mechanism as
deterministic and interaction driven. Solving a kinetic equation for the spin variables based on the
ISR, we obtain good agreement with the data. Our findings are reminiscent of earlier calculations
for a trapped gas which predict localized polarization revivals and synchronization within spatial
domains in the hydrodynamic regime. This similarity bares a first indication of the general nature
of our mechanism.
The long coherence
times open a truly
new approach to
higher
spectral
resolution in many
applications. We present our trapped atom clock on a chip currently showing a frequency stability
of 1.6 10-12 at 1s in a compact set-up [3,4]. Technical improvements under way aim towards the
full exploitation of the long coherence times, which should gain another order of magnitude.
[1] P. Rosenbusch, Appl. Phys. B, 95, 227 (2009)
[2] C. Deutsch et al., Phys. Rev. Lett, 105, 020401 (2010)
[3] C. Lacroute et al., IEEE Trans. Ultrason. Ferroelectr. Freq. Control 57, 106 (2010).
[4] F. Ramirez-Martinez et al, Advances in Space Research 47 (2011) in print
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Speaker: Oleksiy Roslyak
Session: Poster Session
Schedule: poster session

We have considered plasmon excitations of dressed Dirac electrons in single and double layer graphe
ne.
Dressing of the electrons with circularly polarized photons opens the dynamic gap
of several orders of magnitude larger than that of spin-orbit type.
In double layer configuration the electron dressing may be combined with
sub-lattice symmetry breaking mechanism thus making one of the layers gapless.
In such case the energy loss of an energetic particle demonstrates an anomalous
behavior of the acoustic plasmon branch.
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Session: Cooperative Emission
Schedule: Wednesday evening plenary session

Cooperative Emission in the X‐ray Regime
Ralf Röhlsberger

Deutsches Elektronen Synchrotron DESY, Hamburg, Germany

The interaction of many identical two‐level atoms with a common radiation field leads to a
profound modification of the temporal, directional and spectral characteristics of their
collective emission compared to that of a single atom. A prominent example is the
phenomenon of superradiance that manifests as a strong acceleration of the collective
spontaneous emission [1]. A multitude of superradiant and other cooperative optical
phenomena have then been studied in the regime of visible light, particularly after short‐
pulsed laser systems became available for time‐resolved studies. Later it was noticed that
the superradiant emission goes along with a radiative shift of the transition energy, the
collective Lamb shift [2,3]. In the optical regime this shift appeared to be extremely difficult
to observe due to its small magnitude and atom‐atom interactions masking it.
The availability of pulsed x‐ray sources (synchrotron storage rings and X‐ray lasers) and
nuclear two‐level systems with transition energies of several 10 keV a.k.a. Mössbauer
isotopes, makes it possible to study cooperative effects also in the regime of hard X‐rays.
The outstanding energy resolution of the Mössbauer effect enables one to analyze spectral
properties of the cooperative emission with very high accuracy. Recently, we succeeded to
observe the collective Lamb shift for superradiant emission from ensembles of 57Fe atoms
[4]. The essential trick of this experiment was the use of a planar X‐ray cavity in which the
57
Fe atoms were embedded and from which the X‐rays were resonantly reflected under
grazing angles [5], as sketched in Fig.1. Such a cavity is an important tool to study properties
of superradiant emission in general, not only in the x‐ray regime.
A0
Pt
C
57
Fe
C
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ϕ

Fig. 1. Geometry of a planar x‐ray cavity to study the properties of superradiant cooperative emission.

In this contribution I will discuss cooperative effects in resonant x‐ray scattering, involving
not only nuclear but also inner‐shell resonances as two‐level systems. Particular emphasis
will be given to cooperative emission from extended samples where first experimental
results will be presented.
[1] R. H. Dicke, Phys. Rev. 93, 99 (1954).
[2] R. Friedberg, S. R. Hartmann, and J. T. Manassah, Phys. Rep. C 7, 101 (1973).
[3] M. O. Scully, Phys. Rev. Lett. 102, 143601 (2009).
[4] R. Röhlsberger, K. Schlage, B. Sahoo, S. Couet and R. Rüffer, Science 328, 1248 (2010).
[5] R. Röhlsberger, J. Mod. Opt. 57, 1979 (2010)
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Session: Coherent Perfect Absorbers and Parity-Time-Reversal Symmetric Optical Structures
Schedule: Thursday Morning Invited Session 1

Observation of PT-Symmetry Breaking in Optics
Gregory Salamo
Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701
Demetrios Christodoulides
College of Optics & Photonics-CREOL, University of Central Florida, Orlando, Florida 32816,
In 1998, Bender and Boettcher found that a wide class of Hamiltonians, even though non
Hermitian, can still exhibit entirely real spectra provided that they obey parity-time requirements
or PT symmetry. Recent studies described the analogy to PT-symmetry breaking within the realm
of optics1-3. What makes this analogy possible is the formal equivalence between the quantum
mechanical Schrödinger equation and the optical paraxial equation.
In our presentation we will discuss the first experiment4 to explore the analog of PT
symmetry breaking in any optical system and the observation of an unexpected loss induced
optical transparency resulting. Our experiment made
use of a two-waveguide strictly absorptive system,
where the absorption has considerable imbalance
between the waveguides, whereas the refractive index
structure is fully symmetric. We fabricated two coupled
waveguides, one with loss and one without loss. A PT
phase transition was predicted once the loss in one of
the arms exceeds a certain critical value at α = 4 κ,
where α is the absorption coefficient and κ is the
coupling strength between the two waveguides. As the
loss initially increases, the overall transmission
significantly drops (Fig.1). Surprisingly, once the loss
exceeds the critical transition value, the transmission is
Fig.1. Experimental observation of
predicted to increase in spite of the increase in losses in
spontaneous passive PT-symmetry
one of the waveguides. This remarkable and
breaking. Output transmission of a
passive PT Two-waveguide system
counterintuitive prediction is purely an outcome of a
as the loss in the lossy waveguide
spontaneous PT symmetry breaking. To test this
arm is increased. The transmission
prediction a TM-polarized laser beam at λ = 1.55 μm
attains a minimum at 6 cm-1.
was focused and launched into the no loss waveguide
and the output power was recorded. In fig.1, the blue curve shows numerical simulation results,
the green dots show experimental data. This passive PT-phase transition behavior is clearly
demonstrated experimentally. The overall transmission drops from 66% at loss level of 0.65 cm-1
to 7% at a loss level of 4 cm-1 and subsequently starts to increase and eventually reaches almost
65% at a loss of 37 cm-1! This abrupt transition was revealed by varying the loss in one arm of a
PT double well potential system. Good agreement is obtained between theory and experiment4.
1. K. G. Makris, R. El-Ganainy, D. N. Christodoulides, and Z. H. Musslimani, Phys. Rev. Lett. 100,
103904 (2008).
2. R. El-Ganainy, K. G. Makris, D. N. Christodoulides, and Z. H. Musslimani, Opt. Lett. 32, 2632-2634
(2007).
3. Z. H. Musslimani, K. G. Makris, R. El-Ganainy, and D. N. Christodoulides, Phys. Rev. Lett. 100,
030402 (2008).
4. A. Guo, G. J. Salamo, D. Duchesne, R. Morandotti, M. Volatier-Ravat, V. Aimez, and D. N.
Christodoulides, Phys. Rev Letters, 103, 093902 (2009).
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Session: Atom Interferometers
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High
H Reesolution Th
hrough-Chip Imaging for
Atom
mtroniics
Evvan A. Salim
m, Seth C. Caliga, andd Dana Z. Anderson
Department of Physics and JILA,
J
Universiity of Coloradoo, Boulder
In the past few years theere have been some spectacu
ular demonstrrations of highh resolution op
ptical access too
ms in
samples off cold and ultrra-cold atoms,, where it has been shown ppossible to obsserve and addrress single atom
optical lattice potentialss [1-3]. Such intimate accesss to the atom
ms enables the creation of alm
most arbitraryy
l
witth feature sizess small compaared to the nattural length sccales of the sysstem. So far tthese
potential landscapes
systems haave been focussed on studies that are prim
marily of intereest to the opticcal lattice com
mmunity; how
wever
such a devvice can play a crucial role in
n the emergin
ng field of atom
mtronics[4, 5]].
We presen
nt a chip based
d BEC apparaatus that gives optical accesss to an atomic sample with n
numerical
apertures as
a high as 0.8.. Specialized fabrication
f
tecchniques enabble production
n of atom chip
ps made with
coplanar laayers of silicon
n and glass thaat allows for in
n-chip opticall windows. T
These window chips make itt
possible too place the priimary objectivve of an imagin
ng system as cclose as 500μm
m from the atooms with no n
need
for optics inside of the vacuum
v
cham
mber. We show
w progress on our system w
which allows foor both high
C
annd the projecttion of an opttical field with
h an
resolution fluorescence imaging of Boose-Einstein Condensates
off the sheelf microscopee objective, as well as novel atom chip geoometries that ffacilitate throu
ugh chip imagging
and projecction. We willl discuss the future
f
use of th
his system forr our ultimate goal of demonstrating an aatom
transistor and describe how
h such a deevice can be ussed to enable aatom chip bassed interferom
meters and
gyroscopess.

ms in a hybrid magnetic-optica
m
al trap near a w
window chip (left). Schematic of the
Fig.1 Artistic rendering of ultracold atom
atom chip
p based projectioon and imagingg system (center). Experimenttal setup of the atom transistor experiment (rright).

1.
2.
3.
4.
5.
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Speaker: Anatoliy Savchenkov
Session: Whispering-Gallery Resonators
Schedule: Tuesday Morning Invited Session 2

All-optical comb in dielectric whispering gallery mode resonators based on
transverse mode sequence.
A. A. Savchenkov, A. B. Matsko, W. Liang, V. S. Ilchenko, D. Seidel, and L. Maleki
OEwaves Inc., 1010 East Union Street, Pasadena, CA 91106∗
We demonstrate stokes-sideband all optical comb operating close to 795nm, the wavelength of
Rb85 atomic cell. Unlike in regular whispering gallery mode Kerr comb new developed technique
exploits non-collinear intracavity four wave mixing and allows for generation of all-optical comb at
any given wavelength in any given transparent media.
0

Optical power, dBm

Recent development of all-optical comb [1] inspired
a wave of work toward this direction of research [2–5].
It is a general rule that all-optical comb does not
appear when combined second order dispersion of the
cavity at pump wavelength is large, i.e. f− + f+ −
2f0 À ∆f , where ∆f is the width of the mode. For
small CaF2 and SiO2 resonators this wavelength is
close to 1600nm. Far from this point comb does not
appear.
We demonstrate new approach based on noncollinear four wave mixing where components of the
comb belong to different mode families of the cavity,
i.e. they have different profile of electromagnetic field
in cross-section of the resonator.
This non-collinear scheme of all-optical comb allows for repetition frequency substantially different
than FSR of dielectric cavity. This technique is suitable for dispersion compensation within wide range of
wavelength in many different materials including materials with strong Pockels effect for voltage tunable
comb.
Special pattern of non-collinear comb emission
∗
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FIG. 1: Output spectra of critically coupled CaF2 resonator. The transverse mode of the resonator is pumped
with 2mW 795nm emission. No stimulated raman lasing
observed. Resonator shows 8GHz free spectral range, fundamental mode has 200kHz optical bandwidth. Multiple
stokes lines separated by 24GHz are clearly visible in spectra.

provides a simple way to separate strongly correlated
stokes and anti-stokes components of the comb.

Electronic address: Anatoliy.Savchenkov@oewaves.com

[1] P. Del’Haye, A. Schliesser, O. Arcizet, T. Wilken, R.
Holzwarth, T.J.Kippenberg, ”Optical frequency comb
generation from a monolithic microresonator”, Nature,
Vol 450, 1214 (2007)
[2] A avchenkov, A Matsko, V Ilchenko, I Solomatin, D
Seidel, L Maleki, ”Tunable optical frequency comb
with a crystalline whispering gallery mode resonator”,
Phys. Rev. Lett, 101, 093902 (2008)
[3] D Strekalov, N Yu, ”generation of optical combs in a
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whispering gallery mode resonator from a bichromatic
pump”, Phys Rev Lett, A79, 041805(R) (2009)
[4] W. Liang, V. Ilchenko, A. Savchenkov, A. matsko,D.
Seidel, L. Maleki, ”Passively mode locked Raman
Laser”, to be published.
[5] Generation of optical frequency combs with a CaF2
resonator, I.S. Grudinin, Nan Yu,. Lute Maleki, Opt.
Lett. 34, 878-880 (2009).

220

Speaker: Pavlos Savvidis
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A New Generation of Electrically Driven Polariton Devices
S.I. Tsintzos1, T. Gao1,2, G. Christmann2, N. T. Pelekanos1,2, Z. Hatzopoulos2
J. J. Baumberg2 and P. G. Savvidis1,2
1

Department of Materials Science &Technology, University of Crete, 71003, Crete, Greece
2
Foundation for Research and Technology, IESL, Heraklion, Crete, Greece
4
Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, England, UK
psav@materials.uoc.gr

Owing to their composite light-matter nature, polaritons exhibit strong nonlinearities and
their behavior is often governed by a distinctive bosonic character, which is responsible for a
series of spectacular demonstrations such as stimulated scattering of polaritons, condensation,
superfluidity and polariton lasing. From a device point of view, a particularly attractive feature of
polaritons and of their use in lasers is the two orders of magnitude reduction of threshold carrier
density compared to conventional semiconductor lasers demonstrated in optical experiments.
Essential prerequisites to achieve a real-world electrically pumped polariton laser are to
combine in the same MC device, i) persistence of strong coupling under electrical injection up to
room temperature, ii) efficient population of k//~0 polariton states at the bottom of the trap,
bypassing relaxation bottleneck effects. Here, we report experimental realization of a room
temperature GaAs polariton LED (Fig.1), which directly emits from polariton states[1,2]. The
strong coupling regime is evidenced by the characteristic anticrossing observed in temperature
and angle-resolved EL measurements. We also show that by increasing microcavity finesse it is
possible to enhance polariton relaxation on the lower branch and achieve ultralow polariton
lasing threshold under nonresonant optical excitation up to a temperature of 50K opening the way
to the future realization of an electrically pumped polariton laser.

Fig. 1: RT Polariton LED device Fig. 2: Polariton lasing under nonresonant optical pumping
Finally, we demonstrate a new technique for manipulating polariton interactions, by
incorporating electronic tunneling in the active region of the microcavity diode. Tunnelling of
electrons is played off against exciton light coupling to control the polariton amplification
process on ps timescales. This scheme allows direct control of parametric scattering efficiently (>
90% for V=100 mV applied bias), and can be used in a variety of ultra-high speed modulation
schemes.
These results strongly suggest that the GaAs system is well suited for polaritronics
applications, given the maturity of GaAs based technologies. Clearly, the whole field of
polaritronics could see unprecedented development should this technology become available.
[1] Tsintzos S.I. et al., Nature 453, 372 (2008), Tsintzos S.I. et al., APL 94, 071109 (2009)
[2] Christmann G. et al., Phys. Rev. B 82, 113308 (2010)
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Session: X-ray Quantum Optics
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Enhanced translation of x-rays by a Berry-phase effect
Kei Sawada1, Yoshiki Kohmura2, and Tetsuya Ishikawa1, 2
1RIKEN,

XFEL Project Head Office, 1-1-1 Kouto, Sayo, Hyogo 679-5148, Japan

2RIKEN,

SPring-8 Center, 1-1-1 Kouto, Sayo, Hyogo 679-5148, Japan

In x-ray optics, it is useful to consider geometrical optics to describe a beam
trajectory. Usually bending of an x-ray trajectory is due to refraction that a
propagating direction perpendicular to its wave front, as shown in Fig. 1(a). Here
we reveal an anomalous behavior of x-rays, distinct from the refraction
phenomenon, as an enhanced beam translation [1,2], as represented in Fig. 1(b). We
demonstrate experimentally an x-ray beam translation over millimeter distances in
a deformed silicon crystal [2]. This enhanced translation is a consequence of the
Berry-phase effect in generalized geometrical optics, which enables interplay
between the gap in the dispersion in momentum space and the atomic
displacements in real space [1]. Such interplay in phase space enhances the beam
translation by some 5 orders of magnitude, leading to the macroscopic effect.

Figure 1. Schematic pictures of two kinds of beam bending, (a) refraction and (b) translation. At the
sample edge, a difference between them is most evident in an exiting direction of the wavepacket.
The face orientation, normal to the wavefront of the wavepacket, is represented for intuitive
understanding.

References
[1] K. Sawada, S. Murakami and N. Nagaosa, Phys. Rev. Lett. 96, 154802 (2006).
[2] Y. Kohmura, K. Sawada and T. Ishikawa, Phys. Rev. Lett. 104, 244801 (2010).
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Towards ghost imaging with cosmic ray muons
Giuliano Scarcelli1*, Milena D’Angelo2,3, F. Di Lena2, A. Regano4, F. Romano2,3, and A. Garuccio2,3
1

Harvard Medical School and Wellman Center for Photomedicine, Massachusetts General Hospital, Boston MA
2
Dipartimento di Fisica- Universita degli studi di Bari
3
INFN Bari, Bari, Italy
4
Museo Storico della Fisica, Centro studi e ricerche Enrico Fermi, Roma Italy
*
E-mail: scarcelli.giuliano@mgh.harvard,edu

Abstract: We study the possibility of performing ghost imaging using massive particles,
cosmic ray muons. Using a fundamentally different correlation mechanism than previous lightbased methods, the protocol promises to enable very long-distance remote imaging.
Ghost imaging has recently emerged as a promising low-light-level sensing tool that gathers information on a
distant object without necessity of employing imaging optics or high-resolution detectors near the object [1].
This is achieved by using two correlated beams of light: one (probe) interacts with the distant object and is
revealed by a “bucket” detector, with no spatial resolution; the other (reference), in a local laboratory, goes
through imaging optics and is detected by a high spatial resolution detector. The structure of the remote object is
retrieved from a coincidence measurement between the two detectors. Here, we extend ghost imaging from
photons to massive particles, i.e. muons from cosmic ray showers.
Muons generated by cosmic rays are a fundamentally interesting source to study in the context of ghost imaging.
With light, ghost imaging either employs the quantum correlations exhibited by entangled photons from SPDC,
or the Hanbury-Brown and Twiss effect exhibited by chaotic light sources. Interestingly, muon pairs detected
from cosmic ray showers exhibit both a spatio-temporal correlation due to the energy-momentum conservation
of the high-energy decay process and a chaotic/thermal component due to the multitude of incoherent cosmic
rays that simultaneously reach the earth atmosphere.

Figure 1: (a) Location of the schools (picture taken by Ref. [4]); (b) Measured Coincidences (data extracted by those presented
in Ref. [2]); (c) Experiment layout.

The project Extreme Energy Events (EEE) is the ideal platform for the first experimental demonstration of this
effect. To detect cosmic ray muons, EEE uses “telescopes” composed by three Multigap Resistive Plate
Chambers (MRPC) with lateral spatial resolution of 1cm. Figure 1(a) shows two neighbor schools of L’Aquila,
Italy, 180 m apart, on whose roofs MRPC telescopes were installed to detect coincidences between muons [2].
As shown in Fig. 1(b), by tracing a histogram of the temporal distribution of muon coincidences, we observed a
highly visible correlation peak obtained from 5 days of data accumulation. The observation of a time correlation
peak represents an encouraging starting point to demonstrate the feasibility of ghost imaging with cosmic ray
muons.
To demonstrate the spatial effect, a mask composed by “Veto detectors” will be superimposed to one of
detectors (telescope 1 in the right side of Figure 1). Telescope 1 will be operated as a gate (ON/OFF)
coincidence counting without spatial information on the collected muon. Instead, Telescope 2 will register
exact x-y location of the coincident muon. By repeating such measurement for many simultaneous muons,
image of the mask will appear in the x-y distribution of the coincidence counts.
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[1] Belinskii and Klyshko, JETP 105 (3), 487 (1994); Pittman et al. PRA 52 R3429 (1995); Valencia, Scarcelli, D’Angelo and Shih, PRL 94
063601 (2005); Scarcelli, Nature Physics 5, 252 (2009).
[2] A. Regano, XCV Congresso Nazionale della Societa’ Italiana di Fisica, Bari (2009); Abbrescia, et al., Nuovo Cimento B 125, 243 (2010).

PQE-2011

223

Speaker: Giuliano Scarcelli
Session: Poster Session
Schedule: poster session

Biomechanical Microscopy of Tissue and Biomaterials
Giuliano Scarcelli and Seok Hyun Yun
Harvard medical school and Wellman Center for Photomedicine, Massachusetts General Hospital.
scarcelli.giuliano@mgh.harvard.edu

Purpose: The mechanical properties of biological tissues and biomaterials are closely related to their
functional abilities, and thus play significant roles in many areas of medicine. For example, hardened
coronary arteries by calcification can cause heart problems; changes in the elasticity of crystalline lens
and cornea are thought to be central in the development of ocular disorders such as cataracts,
presbyopia and corneal ectasia; biomechanical compatibility is crucial in tissue engineering
procedures; and, the stiffness of extra-cellular matrix influences drug delivery and cell motility.
However, measuring such biomechanical properties remains a significant challenge due to a dearth of
non-invasive technologies. Our goal is to develop a novel diagnostic technique, Brillouin confocal
microscopy[1], to probe the biomechanical properties of tissue in vivo without contact, quantitatively,
and with high spatial resolution.

Materials & Methods: Brillouin light scattering arises from the interaction between light and sound
waves inside material. Such interaction induces a small frequency shift in the scattered light that is
directly related to the viscosity and elasticity of samples. We have developed a high-resolution optical
spectrometer that is able to measure such tiny frequency shift with unprecedented detection efficiency
and we integrated it with a home-built confocal microscope.

Results: Using Brillouin microscopy, we have obtained the first 3D images that use elasticity as
contrast mechanism (Fig.1a); we monitored fast dynamic changes in elastic modulus during polymer
cross-linking (Fig.1c); and we performed the first in vivo measurement of crystalline lens in the mouse
eye (Fig.1b). We have also obtained the first in vivo demonstration of age-related stiffening of lenses
(not shown).

Fig. 1: (a) Brillouin images of an intraocular lens (ellipse) immersed in fluid (blue). (b) In situ measurement of
the elastic modulus of a mouse crystalline lens. (c) Real-time monitoring of elasticity variation in a polymer due
to UV-induced cross-linking.

Conclusion: Brillouin confocal microscopy can indeed characterize in vivo the biomechanics of
tissue and biomaterials non-invasively and with micron-scale resolution. The first areas of biomedical
applications we are exploring are in ophthalmology where Brillouin microscopy may enable
measuring changes in corneal and lens elasticity by aging, by the progression of disease, or in response
to treatment and drugs; and in tissue engineering for the optimization of procedures by mapping and
monitoring in situ and in real time the micromechanical properties of host and implanted tissue.
[1] G. Scarcelli & S. H. Yun, Brillouin confocal microscopy for 3D mechanical imaging, Nature
Photonics 2, 39-43 (2008).
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Inertial and gravitational mass in quantum mechanics
W.P. Schleich
Ulm University, Germany
Abstract
The equivalence principle is a cornerstone in the foundations of general relativity. Indeed, the
assumption of the proportionality of inertial and gravitational mass implies that in a linear
gravitational potential all bodies experience the same acceleration and fall with the same rate.
Without this universality of free fall, the geometrization of gravitation and its reinterpretation as
curvature of spacetime would not be possible. The fact that several alternative gravitational theories
predict the breakdown of the universality of free fall is one of the main reasons that drives physicists
to test this bedrock of modern physics to higher and higher accuracy. Motivated by the seminal
papers on neutron interferometry and the more recent, impressive matter wave experiments, we
address in the present talk the question how the inertial and gravitational mass enter in
nonrelativistic quantum mechanics. We show that in the case of a linear gravitational potential,
quantum dynamics only involves the ratio of the two masses in complete accordance with classical
Newtonian mechanics. However, depending on the specific preparation of the initial state, inertial
and gravitational mass may appear in a more complicated way in the time evolution of a physical
state. As an example of such an initial state, we discuss the energy eigenfunctions in a linear
potential, which have been analyzed e. g. in the context of the coherence of an atom laser or in
connection with the so-called atom trampoline, also known as the quantum bouncer. Indeed, the
energy eigenstate in this system is non-classical since the corresponding phase space equations
for the Wigner function do involve Planck’s constant. As a result such states are ideal objects to
study the role of inertial and gravitational mass in quantum mechanics.
Reference
E. Kajari, N.L. Harshman, E.M. Rasel, S. Stenholm, G. Süßmann, and W.P. Schleich
Inertial and gravitational mass in quantum mechanics
Appl. Phys. B 100, 43–60 (2010)
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Slow light and EIT on a hollow-core waveguide
spectroscopy chip
Holger Schmidt
School of Engineering, University of California, Santa Cruz, 1156 High Street, Santa Cruz, California 95064

Hollow-core waveguides form the foundation of a new class of atomic spectroscopy
chips that allows for large light-matter interactions at ultralow power levels [1-3]. In this
talk, I will review the recent demonstration of large quantum interference effects in hot
rubidium vapor on such spectroscopy chips [4]. These include 44% optical transparency
and a group index of 1,200. The concomitant reduction in the group velocity of light
results in the largest slow light effects observed in waveguide-based environments to
date.
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Fig. 1: Quantum interference in hot Rb vapor on a chip. (a) schematic view of Rb
spectroscopy chip, Rb-filled hollow-core waveguides in red; bottom: SEM cross section
of hollow-core waveguide, view of 4 inch Si wafer with 32 spectroscopy chips; (b) 44%
electromagnetically induced transparency on 85Rb D2 line (circles: data; line: fit); (c)
slow light propagation of 20ns pulse with group index 1,200 (symbols: data; red line:
parameter-free calculation of delayed pulse, including group velocity dispersion and
frequency-dependent absorption; adapted from [4]).

[1] W. Yang, D.B. Conkey, B. Wu, D. Yin, A.R. Hawkins, and H. Schmidt, "Atomic
spectroscopy on a chip", Nature Photonics 1, 331 (2007).
[2] B. Wu, J.F. Hulbert, A.R. Hawkins, and H. Schmidt, "Planar Hollow-core Waveguide
Technology for Atomic Spectroscopy and Quantum Interference in Alkali Vapors",
Journal of Lightwave Technology, 26, 3727-3733 (2008).
[3] H. Schmidt and A.R. Hawkins, “Atomic Spectroscopy and Quantum Optics in
Hollow-core Waveguides”, Laser and Photonics Reviews 4, 720 (2010).
[4] B. Wu, J.F. Hulbert, K. Hurd, E.J. Lunt, A.R. Hawkins, and H. Schmidt, “Slow light
on a chip via atomic quantum state control.”, Nature Photonics 4, 776 (2010).
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Roman Schmied, Max F. Riedel, Pascal Böhi, and Philipp Treutlein
Department of Physics, University of Basel, Switzerland
Quantum information technology will one day tear down
the speed barriers that limit our understanding of
complex quantum systems. At its core lies the
deterministic and robust generation of entanglement.
Our group has succeeded in generating multiparticle
entangled states of trapped atoms for the first time, by
spin-squeezing a two-component Bose-Einstein
condensate of 87Rb atoms.1 A full state tomography
allows for the reconstruction of the Wigner function of
Wigner function of a
the squeezed states. Such entangled states are
squeezed state of ~1250
87Rb atoms
immediately useful for quantum metrology, as they open the
possibility of overcoming the standard quantum limit of
interferometric measurements.
Our experiments take place on atom chips, which
provide a versatile and reliable laboratory for
quantum-mechanical experiments with ultracold
atoms. The next generation of atom chips calls for
a dramatic increase in the complexity of the
spatially structured electromagnetic fields
required for trapping and manipulating these
atoms. We have developed a general and reliable
tool2 for designing the best possible electromagnetic chip surface structures which will
generate the desired electromagnetic field
topology. This will allow atom-chip based
quantum technology to be extended to arrays of
microtraps with state-dependent potentials,
opening the way to constructing quantum
processors and quantum simulators through
interacting ultracold atoms.
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optimized surface magnetization
pattern for a triangular lattice of
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References:
1 M. Riedel, P. Böhi, Y. Li, T. W. Hänsch, A. Sinatra, and P. Treutlein, Atom-chip-based generation
of entanglement for quantum metrology, Nature 464, 1170 (2010)
2 R. Schmied, D. Leibfried, R. J. C. Spreeuw, and S. Whitlock, Optimized magnetic lattices for
ultracold atomic ensembles, New J. Phys. 12, 103029 (2010)
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Squeezing in fundamental quantum phenomena and quantum optics
Ralf Schützhold
Fakultät für Physik, Universität Duisburg-Essen, D-47048 Duisburg, Germany
Squeezing – which is a purely quantum phenomenon – lies at the heart of many fundamental
quantum effects, such as cosmological particle creation [1], the dynamical Casimir effect [2], Hawking
radiation [3], the Unruh effect [4], and the Schwinger mechanism [5] etc. Therefore, there are deep
connections between all these effects, as well as to quantum optics phenomena, such as parametric
down conversion. This talk will highlight some of the universal features inherent to these effects
and possibilities for their experimental realization – directly or by means of analogue systems [6],
see, for example, [7–11].

[1] N. D. Birrell and P. C. W. Davies, Quantum Fields in Curved Space, (Cambridge University Press,
Cambridge, England 1982).
[2] H. B. Casimir, On the Attraction between two Perfectly Conducting Plates, Kon. Ned. Akad. Wetensch.
Proc. 51, 793 (1948).
[3] S. W. Hawking, Black Hole Explosions, Nature 248, 30 (1974);
S. W. Hawking, Particle Creation by Black Holes, Commun. Math. Phys. 43, 199 (1975).
[4] W. G. Unruh, Notes on Black Hole Evaporation, Phys. Rev. D 14, 870 (1976).
[5] F. Sauter, Über das Verhalten eines Elektrons im homogenen elektrischen Feld nach der relativistischen
Theorie Diracs, Z. Phys. 69, 742 (1931); ibid. 73, 547 (1931);
W. Heisenberg and H. Euler, Consequences of Dirac’s Theory of Positrons, Z. Phys. 98, 714 (1936);
J. Schwinger, On Gauge Invariance and Vacuum Polarization, Phys. Rev. 82, 664 (1951).
[6] W. G. Unruh, Experimental Black Hole Evaporation?, Phys. Rev. Lett. 46, 1351 (1981).
[7] R. Schützhold, M. Uhlmann, L. Petersen, H. Schmitz, A. Friedenauer and T. Schätz, Analogue of
cosmological particle creation in an ion trap, Phys. Rev. Lett. 99, 201301 (2007).
[8] M. Uhlmann, G. Plunien, R. Schützhold, and G. Soff, Resonant Cavity Photon Creation via the
Dynamical Casimir Effect, Phys. Rev. Lett. 93, 193601 (2004);
G. Plunien, R. Schutzhold and G. Soff, Dynamical Casimir effect at finite temperature, Phys. Rev.
Lett. 84, 1882 (2000).
[9] R. Schützhold and W. G. Unruh, Hawking radiation in an electro-magnetic wave-guide?, Phys. Rev.
Lett. 95, 031301 (2005);
R. Schützhold, G. Plunien and G. Soff, Dielectric black hole analogues, Phys. Rev. Lett. 88, 061101
(2002);
R. Schützhold, Detection Scheme for Acoustic Quantum Radiation in Bose-Einstein Condensates,
Phys. Rev. Lett. 97, 190405 (2006).
[10] R. Schützhold, G. Schaller and D. Habs, Signatures of the Unruh effect from electrons accelerated by
ultra-strong laser fields, Phys. Rev. Lett. 97, 121302 (2006);
R. Schützhold, G. Schaller and D. Habs, Tabletop Creation of Entangled Multi-keV Photon Pairs and
the Unruh Effect, Phys. Rev. Lett. 100, 091301 (2008).
[11] R. Schützhold, H. Gies and G. Dunne, Dynamically assisted Schwinger mechanism, Phys. Rev. Lett.
101, 130404 (2008);
G. V. Dunne, H. Gies and R. Schützhold, Catalysis of Schwinger Vacuum Pair Production, Phys. Rev.
D 80, 111301 (2009).

PQE-2011

228

Speaker: Marlan O. Scully
Session: Unruh, Hawking, and Casimir
Schedule: Thursday Morning Invited Session 2

Virtual Photons From Unruh Radiation and the Lamb Shift to Dicke’s Superradiance
Marlan O. Scully
Texas A&M University, College Station, Texas 77843, USA and
Princeton University, Princeton, New Jersey 08544, USA

One of the most intriguing results of modern quantum
ﬁeld theory is the proof by Davies et al., and others,that
ground-state atoms, accelerated through vacuum, are
promoted to an excited state just as if they were in contact with a blackbody thermal ﬁeld. These studies predict that a (two-level) ground-state atom, having transition frequency ω, and experiencing a constant acceleration a, will be excited to its upper level with a probability
governed by the Boltzmann factor exp(−2πω/α), where
α = a/c, c is the speed of light in vacuum. Unfortunately, even for large acceleration frequency α ≈ 108 Hz,
and microwave frequency ω ≈ 1010 Hz, this factor is exponentially small, ∼ 10−200 , and is not of experimental
interest.
Thus we were motivated to study a simple gedanken experiment based on a model consisting of a high Q “single
mode” cavity through which we pass accelerated twolevel atoms, as in Fig. 1. We ﬁnd that the radiation is
thermal (in the typical case) and the eﬀective Boltzmann
factor is now given by α/2πω. For the above example,
α/2πω ∼ 10−3 ; hence, it is many orders of magnitude
larger than that for the usual Unruh eﬀect and is potentially observable. The reason for such a strong enhancement is a fast nonadiabatic switch of the interaction
of atoms with the ﬁeld at the boundaries of the cavity.
Moreover, this nonadiabatic boundary contribution, in
most cases, prevails over the standard Unruh eﬀect.
The Lamb shift and Dicke’s superradiance are two of
the most intriguing eﬀects in atomic physics and quantum optics. Lamb measured the electromagnetic level
shift in hydrogen and provided the stimulus for renormalized quantum ﬁeld theory. Dicke gave us a simple
formalism for calculating the collective spontaneous emission from a small cloud of N atoms yielding fascinating
results; e.g., one symmetric excitation of such a cloud will
decay N times faster than a single isolated atom. We call
this “single photon superradiance.”
The focus of the present talk is a toy model yielding
the dynamical evolution of the atomic system described
by |B0 , associated with real (decay) and virtual (level
shift) photon emission. Speciﬁcally we ﬁnd to a good
approximation that the probability amplitude B0 for the
large sample state |B0  obeys the simple small sample
superradiance type equation
β̇0 = −(Γ + ΓN + iLN )β0 ,

while the N atom Lamb shift [3,4] of |B0  is given by
LN = −

Γ
π



ln

K + k0
K 2 − k02
− N ln
k02
k0



+

ΓN λ
S,
4π 4R
(1b)

where K is the Bethe cutoﬀ, k0 = ω/c, and S is an
uninteresting shape factor of order one. The ﬁrst term
in Eq. (1b) is the usual single (two level) atom level
shift; the second term is a collective shift common to
the ground state. The last term is the interesting one.

(1a)

where Γ is the single atom decay rate and the collective
decay rate of the atomic cloud containing N atoms in
Γ N −1 2
a volume V of radius R is given by ΓN = 2π
V λ R,
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FIG. 1: (a) Atoms in the ground state |b are accelerated
through small holes in the corner reﬂectors of a microwave
(or optical) cavity by, e.g., a strong gravitational ﬁeld. This
is depicted as a unidirectional, single mode, ring cavity to
convey the idea. (b) “Vibrating reed” piezoelectrically driven
oscillator containing a two-level atom is placed in the cavity
yielding strong mazer action. (c) Parametric conversion of
vibronic energy pω0 into photon and atom energies ν and
ω, respectively. (d) An atom is excited (deexcited) as it simultaneously absorbs (emits) a photon in a resonant process.
(e) The counter-resonant processes that are usually neglected
as compared to the resonant processes in the “rotating wave”
approximation; i.e., an atom is excited (deexcited) as it simultaneously emits (absorbs) a photon.

[1] M. O. Scully, V. V. Kocharovsky, A. Belyanin, E. Fry, and
F. Capasso, Phys. Rev. Let. 91, 243004 (2003).
[2] M. O. Scully, Phys. Rev. Let. 102, 143601 (2009).
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Coherence in Complex Systems
Tamar Seideman
Northwestern University
We address the fascinating questions whether quantum coherence can be observed in
large, complex systems and, if so, how, under what conditions, what does it mean, and
how can it be utilized. After introducing the session about “Coherence in Complex
Systems”, we first establish several general concepts and next explore a number of model
systems subject to dissipative environments. These include molecular junctions, where
vibronic coherences are subject to the dissipative effects of the phonons and electron-hole
pair excitations in the two electrodes; solutions, where rotational coherences are subject
to the dissipative effects of the colliding solvent atoms; and molecular nanoplasmonics,
where vibrational coherences are subject to the dissipative effects of the metal
nanoparticles. We conclude with an example of quantum control in a dense environment.
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Transient lasing without inversion in He-like Boron
Eyob A. Sete1, Anatoly A. Svidzinsky1, Y. V. Rostovtsev3, H. Eleuch1, Pankaj K. Jha1,Szymon Suckewer2, and
Marlon O. Scully1,2
1

Department of Physics and Astronomy and Institute for Quantum Science and Engineering, Texas A & M University, College Station, TX 77843
2

Applied Physics Group, Department of Mechanical & Aerospace Engineering, Princeton University, NJ 08544-5263
Department of Physics, University of North Texas, Denton, TX 76203

3

Abstract: We demonstrate transient lasing at 6.1 nm without population inversion in the x-ray regime using
He-like Boron as a gain medium.
Quantum coherence and interference has numerous applications in quantum optics. Of the many applications of
quantum coherence effects, we here discuss lasing action in short wavelength spectral regions without the requirement
of population inversion in He-like Boron.
The phenomenon of lasing without inversion (LWI) [1-4] is attractive in realizing lasers operating in the short
wavelength (XUV and X-ray) regimes. We propose schemes which utilize He-like Bororn as a gain medium to realize
such devices. In particular, we consider three-level He-like Boron in the so-called  configuration as sketched in Fig.
(1a). Our scheme involves interaction of two laser pulses with an ensemble of He-like Boron ions (N=1016 atoms/cc).
We start off with no population inversion between levels |c〉 and |b〉 and apply strong driving field of Rabi frequency,
Ω which couples levels |c〉 and |a〉 , followed by a very weak probe field (Ω l). The driving field induces coherence
between levels |c〉 and |b〉 , which help cancel the resonant absorption in the lasing transition |a〉→|b〉 . This leads,
under certain conditions, to gain without population inversion.
Our numerical result shows that lasing without population inversion at 6.1nm for initial non inversion condition (see
Fig. 1b). This plot clearly indicates that there is amplification of the output lasing field in the absence of population
inversion in the |a〉→|b〉 as well as |a〉 and |c〉 transition at all times.

(a)

Fig.1 (a) A three-level  scheme for LWI in He-like Boron. (b) Plots of the square of output field Ω l (solid curve) and vs retarded time
µ =t-z/c, / =3, l/ =0.01Exp[-(t-3)2/5], N=1016 ions/cc and for initial condition different initial conditions. The dashed curve shows
that the inversion is always negative. The unit of time is τ1=0.55 ns which is the |a〉→|b〉 transition lifetime. The energy output is a nJ
compared to the input energy 0.01 pJ.

References

1.
2.
3.
4.
5.

O. Kocharovskaya and Ya. I. Khanin, JETP Lett. 48, 581 (1988)
S. E. Harris, Phys. Rev. Lett. 62, 1033 (1989).
M. O. Scully, S. Y. Zhu and A. Gavridiles, Phys. Rev. Lett. 62, 2813 (1989).
A.S. Zibrov et al., Phys. Rev. Lett. 75, 1499 (1995); G. Padmabandu, et al., Phys. Rev. Lett. 76, 2053 (1996).
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Strong Coupling Between Surface Plasmons and Conduction
State Transitions in InAs Quantum Dots
Eric A. Shaner1, Weng W. Chow1, Brandon S. Passmore1, Stephen Lyon2, David C. Adams3, Troy Ribaudo3
and Dan Wasserman3
1

Sandia National Laboratories, Albuquerque, NM 87185-1086
Department of Electric Engineering, Princeton University, Princeton, NJ 08544
3
Department of Physics and Applied Physics, University of Massachusetts, Lowell, MA 01854
2

Abstract: We demonstrate strong coupling between a surface plasmon and intersublevel
transitions in electrically injected self-assembled InAs quantum dots. The surface plasmon mode
exists at the interface between the semiconductor emitter structure and a periodic array of holes
perforating a metallic film that also serves as the top electrical contact for the emitters. The fact
that this Rabi oscillation can be observed in an incoherently-excited, highly inhomogeneouslybroadened system demonstrates the utility of intersublevel transitions in quantum dots for
investigations of coherent transient and quantum coherence phenomena.
Rabi oscillations underlie all light-matter interactions involving coherent transient, quantum interference and (in the
case of vacuum Rabi oscillations) cavity quantum electrodynamics. Our experiments were performed on midinfrared emitters utilizing self-assembled InAs quantum dots (QDs), whose intersublevel transitions are coupled to a
surface plasmon (SP) excitation. The SP mode exists at the interface between the semiconductor emitter structure
and a periodic array of holes perforating a metallic Pd/Ge/Au film that also serves as the top electrical contact for
the emitters as shown in Fig. 1 (a). The InAs QDs were embedded in GaAs/AlGaAs quantum-cascade-like
heterostructures (see Fig. 1 (b)) which were grown on n+ GaAs substrates. Optical transitions in these structures
occur between discrete QD states. The heterostructures were designed to maximize electron injection into an upper
QD state and removal from the QD ground state. The electroluminescence spectra of a device designed for emission
at 10 micron wavelength is shown in Fig. 1 (c).

Fig. 1: Quantum dot device, material, and spectra. (a) Top view of plasmonic mesh device designed for
10 micron emission. The conduction band profile of the electrically injected InAs quantum dot material
is shown in (b). The 10 micron device electroluminescence spectra and fit is shown in (c).
To explain the spectral splitting, we considered a quantum mechanical approach that models an ensemble of QDs
that emit radiation via spontaneous emission while strongly interacting with an electric field of a plasmon mode and
predicts the entire emitted spectra including the observed Rabi splitting. An example fit using parameters that place
the system in the strong coupling regime is shown as the solid trace in Fig. 1(c). Our demonstration of Rabi
oscillation proves that inter-conduction-state transitions in self-assembled QD samples can serve as a platform for
quantum-optics experiments and opens up the possibility of non-classical long-wavelength plasmonic optoelectronic
devices.
This work was supported by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences
through the Energy Frontier Research Center (EFRC) for Solid-State Lighting Science. This work was performed, in
part, at the Center for Integrated Nanotechnologies, a U.S. Department of Energy, Office of Basic Energy Sciences
user facility. Sandia National Laboratories is a multi-program laboratory operated by Sandia Corporation, a
Lockheed-Martin Company, for the U. S. Department of Energy under Contract No. DE-AC04-94AL85000.
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CARS spectroscopy by interfering noisy broadband light.
Evgeny A. Shapiro1 , Stanislav O. Konorov1 , Valery Milner2 ,
Departments of Chemistry1 and Physics2 , The University of British Columbia
2036 Main Mall, Vancouver, BC, Canada V6T 1Z1.

We propose and demonstrate a spectroscopic method for comparing a sample in question
with a reference. This is done by interfering the signals generated in the sample and the
reference in coherent anti-Stokes Raman scattering of broadband laser pulses with noisy
spectra. In the proposed method, no knowledge of the spectrum of the sample, of the
reference, or of the probing light is required. An integral measure, rather than a spectral
analysis, is used to establish the degree of likelihood between the sample and reference.
The idea of the method is depicted in Fig. 1. The probing laser pulses pass through the
reference and sample specimen - in the Figure, they are illustrated by two glasses of wine,
- generating a spectroscopic response in each of them. If the two glasses are similar, their
spectroscopic responses are similar as well. If the sample and reference differ, then the two
spectroscopic responses are different. We vary the phase Φ added to one of the signals, and
look at the visibility of their interference pattern. Using toluene and ortho-xylene samples
as an example, we demonstrate that the CARS interference can serve as a good measure of
similarity/difference between the sample and reference Raman spectra.

e i

e i

sample

reference

FIG. 1: Noisy broadband light generates spectroscopic responses form the sample and reference,
illustrated by two glasses of wine. Interference of the two signals provides a measure of likelihood
of the two wines.
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Multi-photon Interferometry with Incoherent Thermal Light
- simulation of multi-photon entangled states
Yanhua Shih
Department of Physics
University of Maryland Baltimore County
Baltimore, MD 21250

Coincidence Counting Rate

In this talk, we analyze a set of recent experimental observations on multi-photon interference
with first-order and second-order incoherent thermal light. This talk covers the following topics: (1)
How to build a thermal light two-photon interferometer to simulate the behavior of an entangled
biphoton state or qubit; (2) How to build a thermal light N -photon interferometer to simulate the
behavior of GHZ states; (3) How to construct a superposition among a large number of multi-particle
amplitudes and keep their relative phase relation in an ensemble average to simulate the behavior
of a multi-photon pure state.
In a Young’s double-slit interferometer, if the separation between slit-A and slit-B is greater than
the coherence length of the input radiation, there would be no first-order observable interference.
(1)
∗
We say the radiation fields at slit-A and slit-B are first-order incoherent, GAB = hEA
EB i = 0. For
(1) 2
(1) (1)
(2)
thermal light, since G = GAA GBB + |GAB | , the second-order coherence function G(2) will be
(1) (1)
a trivial constant, G(2) = GAA GBB = constant, in this case. We say the radiation fields at slit-A
(1)
∗
and slit-B are also second-order incoherent. Under the condition of GAB = hEA
EB i = 0, can we
observe interference from the joint photodetection between two or more photodetectors?
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Figure 1: The observed polarization correlation of orthogonally polarized incoherent thermal
radiations A and B as a function of θ1 − θ2 with arbitrary values of θ1 and θ2 , where θ1 and
θ2 are the chosen angles of the polarization analyzers relative to the polarization direction
of EA . Indicating the behavior of a two-photon Bell state, or a qubit.
In a set of recent measurements on incoherent thermal light, we have observed second-order
interference from incoherent thermal light. Figure 1 reports an experimental result in a recent
experiment of Chen et al., which observed the polarization correlation from orthogonally polarized
incoherent thermal radiations A and B, indicating the behavior of a two-photon Bell state, or a
qubit
1
|Ψi = √ [|X1 i|Y2 i − |Y1 i|X2 i],
2
where X and Y define the orthogonal linear polarization of the radiation.
This talk will provide a simple quantum model to explain the observation and address an
interesting perhaps also useful problem: how to simulate the behavior of an entangled N -photon
pure state, or qubit, in an N -fold joint photon counting measurement of incoherent thermal light.
1
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Speaker: Daniel Sikes
Session: Poster Session
Schedule: poster session

Negative Refraction in a Raman Chiral System
D. E. Sikes and D. D. Yavuz
University of Wisconsin – Madison, Department of Physics
1150 University Avenue, Madison, WI 53706
In the last decade there have been many exciting developments concerning a new class of
materials that exhibit a negative index of refraction, n < 0. Negative refractive index
materials have potential applications in electro-magnetic cloaking and development of a
“perfect lens” that can go beyond the diffraction limit. Recently, experimentally
developed “metamaterials” have demonstrated empirical proof that negative refractive
index can be achieved. Unfortunately current techniques in designing metamaterials
suffer from large absorption in the optical region of the spectrum.
We propose a new scheme to achieve negative refraction in an atomic system using laserinduced magnetoelectric cross-coupling in atomic systems [1-2]. Our scheme uses a
combination of one photon and far-off-resonant Raman transitions to coherently drive the
electric and magnetic responses for a probe beam according to a chiral approach for
negative refraction. The key idea of a chiral cross-coupling is that the medium’s electric
polarization is additionally coupled to the magnetic field of the wave and the medium’s
magnetization is coupled to the electric field. Under such conditions, a negative
refractive index can be achieved with a fraction of the density required by non-crosscoupled systems. The energy level structure of this scheme has an advantage over other
proposed schemes in that it does not require the existence of electric and magnetic dipole
transitions at the same resonant frequency. By allowing a separation of electric and
magnetic transition wavelengths we hope to apply this scheme toward realizable
experiments with rare-earth atoms such as dysprosium. The interference of two Raman
transitions allows tunable negative refraction with low absorption.

Index of refraction, n

1.5

The real (solid blue line)
and the imaginary (dotted
red line) parts of the index
of refraction for an atomic
density of N= 5 1016 / cm3.
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[1]J. Kästel, M. Fleischhauer, S. F. Yelin, and R. L. Walsworth, Phys. Rev. Lett. 99, 073602 (2007)
[2]D. E. Sikes and D. D. Yavuz, Phys. Rev. A, 82, 011806 (2010)
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Speaker: David Simpson
Session: NV Diamond Quantum and Bio Optics
Schedule: Thursday evening invited session

The NV centre as a fluorescent quantum probe in biology
Liam P. McGuinness1,2, Yan Yan3, Alastair Stacey1, David A. Simpson1,2, Liam T. Hall1,2, Dougal
Maclaurin1,2, Steven Prawer1,2, Paul Mulvaney4, Jörg Wrachtrup5, Frank Caruso3, Robert E.
Scholten1,6 and Lloyd C. L. Hollenberg1,2
1

School of Physics, University of Melbourne, Victoria 3010, Australia.
Centre for Quantum Computer Technology, University of Melbourne, Victoria 3010, Australia.
3
Department of Chemical and Biomolecular Engineering, University of Melbourne, Victoria 3010,
Australia.
4
School of Chemistry, Bio21 Institute, University of Melbourne, Victoria 3010, Australia.
5
3. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring, D-70550 Stuttgart, Germany.
6
Centre of Excellence for Coherent X-ray Science, University of Melbourne, Victoria 3010, Australia.
2

Over the past decade, there have been enormous advances in the quantum control, measurement
and readout of single qubit systems. These advances have been driven from a quantum
communication and information perspective, however in light of recent experimental
demonstrations of nano-scale magnetometry[1, 2] these single spin systems may find important
and far reaching applications in biology[3]. The nitrogen-vacancy (NV) defect centre in diamond
represents a promising single spin system for use in biology, possessing a broad absorption band
from 512-560 nm, sustained fluorescence from 630-750 nm and proven bio-compatibility[4]. These
defect centres have been used as fluorescence beacons to track the position and diffusion of
diamond nano-crystals in vitro[5, 6] and in vivo[7]. In this work, we further explore applications
based on the quantum properties of this unique fluorescent emitter.
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Speaker: Aaron Slepkov
Session: CARS
Schedule: Tuesday Morning Plenary Session 1

Facile integration of CARS spectro-microscopy with traditional nonlinear
optical microscope platforms
Aaron D. Slepkov1, Adrian F. Pegoraro1,2, Andrew Ridsdale1, Douglas J. Moffatt1,
and Albert Stolow1,2
1

Steacie Institute for Molecular Sciences, National Research Council of Canada, Ottawa,
Ontario, K1A 0R6 Canada
2
Department of Physics, Queen’s University, Kingston, Ontario, K7L 3N6 Canada
Contact: aaron.slepkov@nrc.gc.ca

Interest in stimulated Raman scattering processes are experiencing a strong resurgence, due largely to
the demonstration of their utility as label-free and chemically-specific contrast agents in microscopy [1].
Picosecond laser pulses have the ideal bandwidth for optimal excitation of most vibrational resonaces,
particularly in the fingerprint region. Typical nonlinear optical microscopy utilizes femtosecond lasers, due
to high repetition rates and high pulse peak-intensities. Thus, there has been strong impetus for the
development of femtosecond oscillator-based CARS microscopy for seamless integration into existing
nonlinear microscopy platforms. The primary obstacle hindering such integration has primarily involved
overcoming the large interaction bandwidth to provide sufficient spectral resolution to make spectromicroscopy viable (and in doing so, improving the resonant-to-nonresonant signal ratio). In an effort to
overcome such obstacles, various clever techniques and schemes have been demonstrated by spectroscopers
[2], however many of these schemes are seemingly incompatible with laser scanning microscopy geometry
or with the short pixle-dwell-times necessary for live cell imaging.
Our approach to multimodal CARS microscopy utilizes a broadband supercontinuum Stokes pulse
generated in a commercial microstructured fibre device, pumped at 800 nm by a single 60-fs Ti:Sapphire
oscillator [3,4]. Improvements in spectral resolution and the subsequent reduction in nonresonant
background signal are obtained by a simple implementation of spectral focusing [3,5] (chirp-matching
between Stokes and pump beams) using a pair of high-dispersion glass blocks. This embarrassingly simple
approach is sufficient to allow for the seamless and simultaneous integration of rapid spectral-scanning
CARS microscopy with second-harmonic generation and two-photon-excitation-fluorescence imaging, with
pixel dwell-times as short as 4 µs.
In my talk, I detail the experimental foundation of our technique, describe recent advances we have
made towards improving our CARS microscopy capabilities, and present biomedical and biomaterial
research to which we have applied label-free multimodal microscopy.

a

b

c

d

Sample images from femtosecond-based CARS microscope: (a) Potato starch grains (red:
CARS at 2870 cm-1; green: second-harmonic generation with vertically polarized light). (b)
WHHLMI rabbit aorta section with atherosclerosis (green: endogenous TPA from elastin; blue:
SHG from collagen; red: CARS at 2880 cm-1 from lipid deposits). (c) African violet pollen grain
(Red: CARS at 2880 cm-1; green: endogenous TPEF). (d) CARS images of myelin sheath in rat
dorsal nerve section.
1. A. Zumbusch, G. R. Holtom, and X. S. Xie, Phys. Rev. Lett. 82, 4141-4145 (1999).
2. C. L. Evans and X. Xie, Annu. Rev. Anal. Chem. 1, 883-909 (2008).
3. S. Murugkar, C. Brideau, A. Ridsdale, M. Naji, P. K. Stys, and H. Anis, Opt. Express 15, 14028-14037 (2007).
4. A. F. Pegoraro, A. Ridsdale, D. J. Moffatt, Y. Jia, J. P. Pezacki, and A. Stolow, Opt. Express 17, 2984–2996 (2009).
5. T. Hellerer, A. M. K. Enejder, and A. Zumbusch, Appl. Phys. Lett. 85, 25 (2004).
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Session: Ultrafast Photonics
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Controlled femtosecond laser filaments for remote sensing
A. V. Sokolov*

Department of Physics and Astronomy, and Institute for Quantum Science and
Engineering, Texas A&M University, College Station, Texas 77843-4242, U. S. A.
Femtosecond laser filamentation starts when Kerr-induced self-focusing overcomes beam diffraction.
When a threshold power is reached, the transverse intensity profile of the laser beam contracts. What
eventually stops the collapse of the beam profile is defocusing due to a mechanism such as for example
production of plasma via multi-photon ionization, multi-photon excitation of conduction-band electrons, or
defocusing due to negative higher-order optical nonlinearities. The balance between self-focusing and
defocusing processes results in formation of a filament whose size is determined by the parameters of the
medium. Femtosecond laser filaments have been shown to propagate over distances orders of magnitude
longer than the Rayleigh range corresponding to their transverse dimensions.
Control of propagating laser filaments is an important goal. In my talk I will review the latest ideas
and the most recent experimental results that pave the way toward this goal. One of the better-understood
filament-control techniques in the arsenal of present-day researchers is the control of the distance from the
pump laser source to the filamentation region by a negative pre-chirp of the femtosecond laser pulse. Not
only a single filament can be controlled this way, but a whole sequence of many filaments can be produced
along one line using a “backward” sequence of pulses with varying pre-chirp such as to excite air
molecules and thereby provide transient laser gain swept at a speed of light in the backward direction,
toward the pump laser source.
A somewhat less-known idea is that filament cross-coupling is a potential method for controlling the
direction and/or energy content of a propagating filament, and for extending the filament length. Energy
transfer from one filament to another has recently been demonstrated in several experiments involving
optical filaments in air; it has been shown that the direction of this energy flow depends on the relative laser
pulse delay. In our work we have studied filament-coupling behavior in transparent bulk media. We have
found a previously undocumented fine time-scale oscillation in the two-beam energy exchange which is
apparently governed by the relative phase of the filament-forming pulses and has a time-delay period equal
to that of the incident radiation (2.6 fs). We observe substantial fraction of laser energy transferred from
one filament to the other, which can be useful in for example extending the length of filament propagation.
In a separate experiment, we have demonstrated a scheme which allows sub-diffraction-limited
imaging of remote objects by using femtosecond laser filaments. In our sestup, the pump laser beam was
limited by a 2 mm aperture and the distance from the aperture to the target was ~5 m, such that the
diffracion-limited spot size at the target was 2 mm. Nevertheless, by utilizing laser filamentation and
scanning the filament over the target (and measuring the back-scattered light), we were able to obtain
images with ~0.1 mm resolution.

* A large number of people have contributed to this work; some have lead the experiments, many have
participated and helped, others contributed with ideas, advice, guidance, and through many discussions; I
am grateful to everyone: Ben Strycker, Kai Wang, Matt Springer, Cynthia Trendafilova, Xia Hua, Wenlong
Yang, Miaochan Zhi, George Kattawar, Phil Hemmer, Alexandre Kolomenskii, James Strohaber, Hartmut
Schroeder, Hans Schuessler, Pankaj K. Jha, Dmitri Voronine, Aleksey Zheltikov, and Marlan Scully.
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Session: X-ray Quantum Optics
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Optical control of excitation and decay of core-excited states
Steve Southworth
Argonne National Laboratory, Argonne, IL 60439
-1

Abstract: Laser coupling of Ne 1s nl (l = 0, 1, 2, ...) core-excited states modifies the x-ray absorption
-1
spectrum and produces transparency at the 1s 3p resonance. Applications include generation of
femtosecond x-ray pulses and modification of resonant Auger decay. The intense x-ray fields produced
by free-electron lasers are also expected to modify the resonant Auger decay process. Results of a
recent experiment on resonant Auger decay using LCLS-FEL pulses are discussed.

The x-ray absorption spectrum of Ne exhibits a 1s → 3p, 4p, ... Rydberg series leading
to the ionization threshold at 870.2 eV. Direct excitation of the 1s-1ns and 1s-1nd coreexcited states is dipole forbidden, but an 800-nm, 1013 W/cm2 laser field couples those
states with the 1s-1np states and redistributes the x-ray absorption oscillator strength
[1,2]. The most prominent effect can be described in a three-level model in which
coupling between the 1s-13p and 1s-13s states splits the 1s-13p resonance into two lines
with transparency at the field-free resonance energy. The transparency was utilized for
x-ray/optical cross correlation measurements [2] and is the basis for a proposed method
of generating ultrashort x-ray pulses [1]. Resonant x-ray absorption to laser-coupled
states is illustrated in the figure. Also indicated are the Auger-decay transitions
assuming a simplified model in which the coreexcited electron retains its quantum numbers.
Only the 2p-23p final states are observed in the
field-free case. Refs. [1,2] assume that a weak
x-ray field probes atoms in a strong laser field.
At the high x-ray intensities of ∼1018 W/cm2
producible by x-ray free-electron lasers, the
resonant Auger-decay process is modified by
Rabi oscillations between the ground and coreexcited states [3]. A recent experiment to
explore this effect at the LCLS free-electron
laser will be discussed.
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Remote Atmospheric Lasing and Lasing without Inversion
in the XUV
Phillip Sprangle1, Joseph Peñano1, Daniel Gordon1, Bahman Hafizi1
Szymon Suckewer2, Richard Miles2 and Marlan Scully2,3
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We discuss the physical processes
]
Inversion
cm
underlying the propagation of ultra short
z[
density [a.u.]
pulse lasers (USPL) in the atmosphere and
their application to atmospheric lasing of N2.
The propagation of high intensity, ultrashort
UV pulse
(~ 100 fsec) laser pulses in the atmosphere
intensity
has applications for remote sensing of
[a.u.]
chemical and biological agents, induced
discharges (artificial lightning), and other
directed energy applications. Localized UV
radiation generated at a remote location can
be a source for active fluorescence
spectroscopy.
High intensity USPLs
undergo a broad range of physical processes,
time
[pse
c]
e.g., Kerr focusing, dispersion, spectral
Simulation of atmospheric N2 lasing
broadening,
ionization,
and
plasma
defocusing [1]. Longitudinal pulse compression
is achieved by introducing a negative frequency chirp on the pulse while diffraction can
be offset by the atmospheric Kerr effect. In combination, a greatly enhanced laser pulse
intensity can result in plasma filament ~ 1 m in length. Population inversion in N 2 is
induced by collisional excitation of electrons which are initially generated in the plasma
filament and are subsequently heated ( ~ 1 eV) with a second, higher energy, longer
duration laser or millimeter wave pulse. The thermalization of the electrons further
increases the electron density through collisional ionization. Molecular nitrogen has an
electronic/vibrational transition in the UV at 0.337 μm and the laser gain along the heated
plasma column can be sufficiently high to achieve saturation. The Maxwell-Bloch
equations are solved together with the electron generation and thermalization equations
for a pulsed N2 lasing process. The inset figure shows the result of a simulation of N 2
lasing in the atmosphere. A heater pulse generates a localized population inversion
which gives rise to a ~2 psec UV pulse within a plasma filament of length ~ 20 cm.
In addition, we discuss lasing without inversion for generating XUV. As an
example we consider the generation of 6.1 nm radiation in B3+ (Princeton experiment)
and the role played by collisions on the lasing process. Methods for reducing the
electron-ion collision frequency are discussed.
[1] “Propagation of Intense Short Laser Pulses in the Atmosphere” P. Sprangle, J.R. Peñano and B. Hafizi,
Phys. Rev. E 66, 046418 (2002).
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Speaker: Robert J. C. Spreeuw
Session: Possible Realization of Quantum Computers with Atoms
Schedule: Wednesday Morning Invited Session 2

Magnetic mictrotrap arrays as a platform for quantum information science
Robert J.C. Spreeuw, Vanessa Leung, Ben van Linden van den Heuvell,
Caspar Ockeloen, Atreju Tauschinsky, Shannon Whitlock
Van der Waals-Zeeman Institute, University of Amsterdam, the Netherlands
We investigate arrays of microtraps defined on a magnetic-film atom chip [1] as a potential
novel quantum information science platform. This approach aims to combine the best of two
worlds: (i) neutral atoms with their weak coupling to the environment and concomitant long
coherence times, and (ii) solid-state systems providing robustness, compactness and largescale integration possibilities.
In previous work[1] we have shown loading of the array with mesoscopic ensembles of
atoms, cooling these microclouds to quantum degeneracy, single-site addressing, and
shuttling of the array across the surface. More recently we have demonstrated that rapid
three-body losses can produce small ensembles with sub-Poissonian atom number statistics [2].
This is an important step towards establishing ensemble qubits, storing information in the
hyperfine ground states. We are now investigating the use of Rydberg excitation to control
switchable long-range interaction between the qubits. We have performed the first Rydberg
excitation in the vicinity of the atom chip and use a narrow electromagnetically induced
transparency (EIT) resonance to measure Rydberg level shifts down to below 20 µm from the
chip surface. This reveals the presence of electric fields caused by adsorbed Rb atoms [3].

Ieq

Figure: Upper left: pattern etched into an out-of-plane magnetized film of FePt. Lower left: absorption
image of a few hundred magnetic microtraps filled with cold 87Rb atoms. Central sites contain ~1000
atoms. The raised zoom-in shows two vacancies made by a focused laser beam. Right: electric fields in
the vicinity of the atom chip, measured using EIT. The fields are caused by Rb atoms adsorbed on the
gold-coated chip surface.
[1] S. Whitlock, et al., New J. Phys. 11, 023021 (2009).
[2] S. Whitlock, et al., Phys. Rev. Lett. 104, 120402 (2010).
[3] A. Tauschinsky, et al., Phys. Rev. A 81, 063411 (2010).
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Session: Possible Realization of Quantum Computers with Atoms
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Scalable quantum computing with atomic ensembles
Thomas Stace,
Department of Physics, University of Queensland, Brisbane, Australia 4072
Atomic ensembles, comprising clouds of atoms addressed by laser fields, provide an
attractive system for both the storage of quantum information [1], and the coherent
conversion of quantum information between atomic and optical degrees of freedom [2].
We describe a scheme for full scale quantum computing with atomic ensembles, in which
qubits are encoded in symmetric collective excitations of many atoms [3]. The basic
building block of our proposal is an atomic ensemble, which may be realised in an atomic
vapour cell. The atoms in the vapour are either 3- or 5-level atoms, depending on the details
of the implementation, as shown in the figure.
We consider the most important sources of error − imperfect exciton-photon coupling and
photon losses − and demonstrate that the scheme is extremely robust against these
processes: the required photon emission and collection efficiency threshold is 86%. Our
scheme uses similar methods to those already demonstrated experimentally in the context of
quantum repeater schemes, yet has processing capabilities far beyond those proposals.

Scalable quantum computing with atomic ensembles
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Figure 1. Configuration and atomic level structure for (a) internal-state encoding:

[1] L.-M. Duan, M. D. Lukin, J. I. Cirac, and P. Zoller, Nature, 414:413, (2001)
a qubit is encoded in the two internal atomic states |H(i) � and |V(i) �, of atoms in a
[2] M. D. Eisaman,
L. Childress,
al. Phys.
Rev. Lett.,
93(23):233602,
single ensemble
and (b) etdual-rail
encoding:
a qubit
is encoded (2004)
in the single atomic
state ofP.atoms
in two
ensembles
identical
atoms, (2010)
labelled ‘H’ and ‘V ’.
[3] S. D. Barrett,
P. Rohde
andseparate
T. M. Stace,
New J.ofPhys.
12:093032,
The ensembles may be two distinct regions within the same vapour cell, addressed by
spatially separated lasers. When operated in ‘excitation’ mode, a weak, oﬀ resonant
PQE-2011 laser field drives the upward transition (straight lines), and a Stokes photon is emitted
(wiggly lines). In ‘readout’ mode, the frequencies are reversed, producing an anti-Stokes
photon in the output mode.
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Collective atomic motion and spin in an optical cavity
Dan StamperKurn
Department of Physics, University of California, Berkeley, and Materials Sciences Division,
Lawrence Berkeley National Laboratory
Abstract
The confluence of ultracold atomic physics and cavity quantum electrodynamics has enabled new
investigations of quantum phenomena arising from the collective motion and collective spin dynamics of
atomic ensembles strongly coupled to highfinesse optical resonators. Here, I present two new research
directions along these lines.
In one, the collective motion of the atomic ensemble serves as the macroscopic mechanical
element in a cavity optomechanical system, analogous to systems constructed otherwise with solidstate
cantilevers or large mechanical oscillators. This atomsbased approach to cavity optomechanics offers the
advantages of giving immediate access to the quantum regime of mechanical motion, owing to the
extremely low temperatures attainable by laser and evaporative cooling of atoms; of being amenable to ab
initio theoretical descriptions based on elementary quantum optics and atomic physics; and of allowing
unique access to a strong singlephoton/singlephonon regime of optomechanics (the “granular” regime)
for which theoretical treatments are mostly lacking. Experimental results on nonlinear cavity optics with
tunable optomechanical parameters, quantitative characterization of several optomechanical effects 1, and
efforts to observe ponderomotive squeezing of light will be presented.
In a second research direction, I consider the dynamics of a macroscopic quantum spin coupled to
an optical cavity by analogy with cavity optomechanics. This analogy helps identify novel spin dynamics
and optical phenomena such as cavityspin bistability, spin optodynamics Larmor frequency shifts,
coherent amplification and damping of the collective spin, and spin optodynamic squeezing of light 2.
Cavitybased detection of the collective atomic spin are exemplified by experiments on magnetic
resonance imaging of atoms in an optical lattice3.
This work was supported by NSF Grant #PHY0801827 and the AFOSR. D.M.S.K.
acknowledges support from the Miller Institute for Basic Science, and T.B. acknowledges support from Le
Fonds Québécois de la Recherche sur la Nature et les Technologies.
1

2
3
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Coherent Perfect Absorbers, Time-reversed Lasing and PT-symmetric
amplifier-absorbers
A. Douglas Stone, Y. D. Chong, Li Ge, and H. Cao
Department of Applied Physics, Yale University, New Haven, Connecticut 06520
The ”coherent perfect absorber” (CPA) is a device which realizes the time-reversed process of
lasing. A cavity with a “loss medium” is shown to perfectly absorb coherent incident fields corresponding to the time-reverse of the lasing mode of the corresponding cavity with gain, while strongly
scattering other incident modes, realizing a compact absorptive interferometer. A distinct device is
the “parity-time-reversal-symmetric” (PT) amplifier-absorber, consisting of a cavity with appropriately balanced gain and loss regions. Such PT cavities can act as amplifiers or absorbers depending
on their illumination conditions and display a spontaneous symmetry-breaking transition. In the
broken symmetry phase, at discrete singular points, they behave as both a laser and a CPA.

Log10 [scattered intensity]

A laser at threshold can be described as a solution of the linear amplifying wave equation with a specific modal
pattern of outgoing waves at frequency Ωµ . The time-reversal symmetry property of the wave equation implies
that the corresponding cavity with loss replacing gain [n1 (~r) − in2 (~r) → n1 (~r) + in2 (~r)] will absorb perfectly at
the same frequency, Ωµ , the same modal pattern of incoming waves [1]. Such a device, a cavity with absorbing
complex index tuned to one of a set of discrete values, has been termed a “Coherent Perfect Absorber” (CPA). The
physical origin of the perfect absorption is the formation of a perfect “interference trap” for incoming radiation,
such that eventually it is entirely absorbed, even if the single-pass absorption is not large. The electromagnetic
scattering matrix (S-matrix) describing scattering from such a device has an eigenvector with eigenvalue equal to zero.
Except in the special case in which the cavity is only accessible by a single propagating channel, this S-matrix
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strongly. Hence in a CPA one is able to control the
-1
absorption in the cavity loss medium by varying the
0
-2
relative phases of the incident beams, either enhancing
-3
-0.5
it to full absorption or reducing it substantially. This
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mechanism for coherent control of absorption is distinct
from other methods such as electrically-induced trans942
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parency or metamaterial enhancement of the photon
density of states.
FIG. 1: (a) Coherent perfect absorber (CPA): logarithmic scatWe have shown [1] that CPAs can be realized in silitering intensity (log10 |s|2 , where s is an S-matrix eigenvalue)
con. In the simplest case a waveguide or fiber of neglivs. wavelength, for a 100µm silicon slab, showing several even
gible loss inputs radiation on two sides of a silicon slab
parity (blue) and odd parity (red) CPA resonances (b) S-matrix
causing the two incoming beams to interfere within the
eigenvalues for PT-amplifier-absorber: At low frequencies, the
scattering eigenvalues are unimodular, causing no net amplifimaterial. When the beams have the appropriate phase
cation or dissipation; as the frequency increases, they undergo
they are completely absorbed; as their phase is vara symmetry-breaking phase transition so that the device can
ied scattering turns on and can even be enhanced far
either strongly amplify or strongly absorb, depending on input
beyond the value for incoherent illumination, as shown
conditions. If the complex index is tuned to specific discrete
by a recent proof-of-principle experiment [2]. The CPA
values then one eigenvalue will diverge while the other vanishes
thus functions as a compact absorbing interferometer,
at some frequency, and the device is a CPA-laser.
easily fabricated on-chip, with potential applications
for silicon-based integrated optics.
A similar S-matrix analysis can be applied to bodies that contain parity symmetric, balanced gain and loss, n∗ (~r) =
n(−~r)[3]. The scattering shows a spontaneous breaking of PT symmetry as a function of frequency [4], after which
two input beams can be either amplified or attenuated, depending upon their relative phase. At discrete singular
points the system can even toggle between lasing and perfect absorption [4, 5] (see Fig. 1).
[1]
[2]
[3]
[4]
[5]

100μm

Y. D. Chong, Li Ge, Hui Cao, and A. D. Stone, Phys. Rev. Lett. 105, 053901 (2010).
W. J. Wan, Y. D. Chong et. al., submitted for publication.
K. G. Makris et al., Phys. Rev. Lett. 100, 103904 (2008); Phys. Rev. A 81, 063807 (R) (2010).
Y. D. Chong, Li Ge, and A. D. Stone, arXiv:1008.5156.
S. Longhi, Phys. Rev. A, .82 031801 (2010).
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InGaAs/GaAsSb/InP Quantum Cascade Lasers
G Strasser, H. Detz, P. Klang, M. Nobile, A. M. Andrews, W. Schrenk
Center for Micro- and Nanostructures and Institute for Solid-State Electronics
Vienna University of Technology, Vienna, Austria

C. Deutsch, A. Benz, K. Unterrainer
Photonics Institute
Vienna University of Technology, Vienna, Austria

Abstract: We report on an aluminum free type II material system suitable
for intersubband devices. QWIPs, MIR and THz quantum cascade lasers
will be presented.
Quantum cascade lasers (QCLs) [1] cover a wide range of the mid-infrared (MIR) and
terahertz (THz) [2] spectral regions. Presently efforts are made to design more efficient
devices to allow higher optical output powers or slope efficiencies in the MIR and to reach
higher operating temperatures for THz QCLs. In addition to design improvements of the
active region itself and advancements in cavity designs, there are more favorable material
combinations for specific applications [3]. The well-established In0.53Ga0.47As/In0.52Al0.48As
material system, which is commonly used for state-of-the-art MIR QCLs, and the
GaAs/AlxGa1-xAs material system, which allows both, MIR and THz designs. QCLs based
on the material combination In0.53Ga0.47As/GaAs0.51Sb0.49 were demonstrated [4]. Both
compounds can be grown lattice-matched to InP substrates, showing a type-II band
alignment with a CBO of 360 meV and comparably low effective masses for electrons of
0.044 in the InGaAs wells and 0.045 in the GaAsSb barriers [5].
We present InGaAs/GaAsSb based QCLs for both, the MIR [4] and the THz [7] spectral
regions. The InGaAs/GaAsSb material system is an interesting alternative to the
GaAs/Al0.15Ga0.85As and In0.53Ga0.47As/In0.52Al0.48As material systems, where THz QCLs
were realized so far [2,6]. The lower efffective mass allows higher matrix elements
compared to GaAs based designs, while the barrier thickness can still be kept at
reasonable values due to the moderate CBO compared to InGaAs/InAlAs
heterostructures. Presently the MIR QCLs show 1.2 W optical power at 11 µm with a
threshold of 0.6 kA/cm². InGaAs/GaAsSb THz QCLs are operating at 80 µm with an
maximum operating temperature of 135 K.
[1] J. Faist, F. Capasso, D.L. Sivco, C. Sirtori, A.L. Hutchinson and A.Y. Cho,
Science 264, 553 (1994).
[2] R. Köhler, A. Tredicucci, F. Beltram, H.E. Beere, E.H. Linfield, A.G. Davies, D.A. Ritchie,
R.C. Iotti and F. Rossi, Nature 417, 156 (2002).
[3] E. Benveniste, A. Vasanelli, A. Delteil, J. Devenson, R. Teissier, A. Baranov, A.M. Andrews,
G. Strasser, I. Sagnes and C. Sirtori, Appl. Phys. Lett. 93, 131108 (2008).
[4] M. Nobile, P. Klang, E. Mujagić, H. Detz, A.M. Andrews, W. Schrenk and G. Strasser,
Electron. Lett. 45, 1031 (2009).
[5] H. Detz, A.M. Andrews, M. Nobile, P. Klang, E. Mujagić, G. Hesser, W. Schrenk, F. Schäffler
and G. Strasser, J. Vac. Sci. Technol. B 28, C3G19 (2010).
[6] M. Fischer, G. Scalari, C. Walther and J. Faist, J. Cryst. Growth 311, 1939 (2009).
[7] C. Deutsch, A. Benz, H. Detz, P. Klang, M. Nobile, A.M. Andrews, W. Schrenk, T. Kubis, P. Vogl,
G. Strasser and K. Unterrainer, Appl. Phys. Lett. accepted.
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Triple-resonant whispering gallery mode resonators for THz photons
visualization by upconversion.
Harald G.L. Schwefel, Dmitry V. Strekalov, Florian Sedlmeir, Sascha Preu,
Sebastian Bauerschmidt, Stefan Malzer, Gottfried H. Döhler, and Gerd Leuchs
Max Planck Institute for the Science of Light and Department of Physics,
University of Erlangen-Nuremberg, Erlangen, Germany.

Detection of very weak (few photons level) THz signals is important in astronomy, spectroscopy, imaging
and communications. Direct detection of THz radiation requires cryogenic sensors. Indeed, a 1 THz photon
has an energy corresponding to 48 Kelvin, which means that a warm detector would be flooded by its own
THz radiation. Only few of the THz applications are compatible with cryogenic technology. One way to
circumvent this difficulty is to “visualize” the THz photons by converting them to the optical range. Then
one could take advantage of the low-noise, high-bandwidth, high quantum efficiency optical detectors that
operate at room temperature. The up-conversion efficiency of this approach is limited by the optical secondorder nonlinearity. For example, one of the highest quantum efficiencies (approximately 1.9 × 10−6 peak and
3.7 × 10−9 average) was achieved by irradiating an up-converting crystal placed inside an optical cavity by
sub-THz radiation [1]. This required 500 W peak (1 W average) optical pump power. Taking advantage of
high optical Q-factors of a whispering gallery mode (WGM) resonator made from lithium niobate, it has been
possible to enhance this approach and to achieve the constant wave (CW) quantum efficiency of 5.2 × 10−6
with less than 20 mW CW optical pump [2]. Further improvement is expected from realizing a triply-resonant
frequency converter, supporting simultaneously the optical pump, sub-THz signal, and up-converted signal
WGMs. The theory predicts [3] that with feasible Q-factors and coupling parameters such a system can
approach unity quantum efficiency. With the available high-speed optical photon counting detectors one
then will be able to resolve individual events of sub-THz photon detections at room temperature [2].

FIG. 1: A ring-shaped triply-resonant WGM resonator with the couplers (in the center) and the observed optical (on
the left) and sub-THz (on the right) WGM spectra.

To approach this spectacular goal we have manufactured a lithium tantalate WGM resonator shaped as
a ring, see Fig. 1. The resonator ring is is mounted on a dielectric post and equipped with the optical
and THz couplers (a diamond prism and a tapered dielectric waveguide, respectively). The ring shape has
been carefully calculated to simultaneously achieve the optimal overlap between the interacting sub-THz and
optical modes; the optimal coupling of external fields in and out of these modes; and the phase matching
between these modes which is necessary for the up-conversion. Our choice of the nonlinear crystal allows us
to couple the sub-THz WGM to the optical WGMs from different families (TE and TM). As a result, either
the frequency-sum or the frequency-difference can be generated for a continous range of sub-THz frequencies
[4]. We characterize the optical and sub-THz quality factors and coupling efficiency of our resonator based
on the measured WGM spectra (see Fig. 1) and report the observed frequency conversion.

[1]
[2]
[3]
[4]

M. J. Khan, J. C. Chen, and S. Kaushik, Opt. Lett. 32, 3248 (2007).
D. V. Strekalov, A. A. Savchenkov, A. B. Matsko, and N. Yu, Opt. Lett. 34, 713 (2009).
A. B. Matsko, D. V. Strekalov, and N. Yu, Phys. Rev. A 77, 043812 (2008).
A. A. Savchenkov, W. Liang, A. B. Matsko, V. S. Ilchenko, D. Seidel, and L. Maleki, Opt. Lett. 34, 1300 (2009).
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Non-equilibrium dynamics of fragmented states in attractive BECs
1

Alexej I. Streltsov1 , Ofir. E. Alon1,2 , and Lorenz S. Cederbaum1
Center for Quantum Dynamics, University of Heidelberg, Germany
2
Department of Physics, University of Haifa at Oranim, Israel

By solving the many-boson time-dependent Schrödinger equation we show that dynamical Schrödinger
cats can be formed when a one-dimensional attractive Bose-gas cloud is scattered off a potential barrier
[1, 2], or threaded by a potential barrier [3]. We call the new objects in a low-dimensional attractive Bose
gases – Catons.

An attractive Bose-gas cloud threaded by the barrier is split - the split object is the dynamical Schrödinger cat
state – Caton. Left panel - evolution of the reduced one-body density matrix. Middle panel - evolution of the
expansion coefficients in Fock space spanned by the |N, 0i, |N − 1, 1i, . . . , |1, N − 1i, |0, N i configurations; the
probabilities |Cn (t)|2 are plotted as a function of time. The initial wavepacket is a slightly depleted coherent state.
Its pattern of the expansion coefficients in Fock space is mainly formed by the |N, 0i configuration augmented by
few neighbouring excited configurations responsible for the depletion of the cloud. The respective natural orbitals
at t=0 are plotted on the right bottom panel. During the evolution the expansion coefficients’ pattern evolves from
mainly coherent initial state at t = 0, to two well-localized groups after the split has occurred. Whithin each
group the major contribution is provided by either |N, 0i or |0, N i configurations. The natural orbitals after the
split, depicted at the right upper panel, describe two distinct objects of almost identical shapes but localized in different parts of space. We conclude that the split object obtained is a dynamical quantum superposition state – Caton.

[1] Weiss, C. & Castin, Y. Phys. Rev. Lett. 102, 010403 (2009).
[2] Streltsov, A. I., Alon, O. E. & Cederbaum, L. S. Phys. Rev. A 80, 043616 (2009).
[3] Streltsov, A. I., Alon, O. E. & Cederbaum, L. S. J. Phys. B: At. Mol. Opt. Phys. 42, 091004 (2009).
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The field of nano-optics has been tremendously impacted by both a fast growth of laser technology and
significant progress in nanofabrication techniques in recent years. These advances led to a wide variety of
applications ranging from photonic circuitry and plasmonic solar cells, to metamaterials and nano-optical
bio-detectors. Among such exciting applications lies the yet-to-be explored sub-field of nanoscale optical
atomic and molecular physics that deals with ensembles of quantum particles interacting with nanomaterials such as metal nanoparticles. It has been recognized that optical properties of metallo-dielectric
structures at the nanoscale may lead to single atom/molecule optical trapping. The ability to control the
geometry of nano-materials (nanoparticles’ sizes, their relative arrangement, etc.) with an outstanding
precision is the key to successfully manipulate individual atoms and molecules. The fundamental basis of
that is a significant spatial dependence of evanescent fields on the environment providing considerably
large electromagnetic field gradients suitable for optical trapping. In this presentation I will discuss recent
data obtained via rigorous numerical experiments on spatiotemporal dynamics of multi-level quantum
media optically coupled to metal nanostructures of various geometries. The basis of the proposed
approach is centered at the numerical integration of three-dimensional Maxwell-Liouville equations in a
time domain utilizing multi-processor computers. In particular I will present data on optical properties of
atomic nano-clusters and discuss numerical simulations of superfluorescence driven by surface plasmon
waves.
One of the several advantages of the proposed scheme is
to directly capture collective effects that play pivotal role in
electrodynamics of nano-systems. The questions to be
addressed are:
1) How does a size of the system affect scattering/absorption
of EM radiation?
2) What is a role of dephasing and relaxation effects?
3) When does one observe collective response of atoms to
external EM excitation?
These and other closely related questions are not only
important from the fundamental point of view (how optically
!"#$$%&'()* "&+,,-,%"$'+(* +.* $/%* #$+0'"* "12,$%&*
induced atom-atom correlations depend on structural/material #,* #* .2("$'+(* +.* $/%* '("'3%($* .&%42%("56* 7/%*
parameters), but also essential for general understanding of 1%.$* '(,%$* ,/+8,* %(%&)5* 1%9%1* 3'#)&#06* 7/%*
optics of many-body systems. For example, an atomic cluster &')/$0+,$* '(,%$* 3%:'"$,* ,$%#35-,$#$%* ;<*
with a radius of 35 nm is exposed to a linearly polarized %(%&)5* 3',$&'=2$'+(* #,,+"'#$%3* 8'$/* 1+8*
external contious wave excitation. It should be noted that the %(%&)5*&%,+(#("%*>,2&.#"%*0+3%*?*#(#1+)2%*+.*
$/%* 1+"#1'@%3* ,2&.#"%* :1#,0+(-:+1#&'$+(A6* 7/%*
peak amplitude of the incident field is low such that the system '(,%$* '(* $/%* 0'331%* 3%0+(,$&#$%,* $/%* 9+120%*
exhibits only linear response. Each atom in the cluster has an 0+3%*#$*B6C*%D6*
energy level diagram depicted in the inset with transition
frequency of 3.1 eV. Maxwell-Liouville equations are integrated utilizing numerical algorithm discussed
above. The resulting EM fields are then used to calculate scattering cross-section at a given incident
frequency. Simulations are repeated for several frequencies. The data obtained show that the atomic
cluster exhibits two resonances (unlike for an individual atom, where one would observe a single
fluorescent spike) illustraiting a significance of collective effects.
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Phase-Coherent Ultrafast Sources Spanning
from the UV to the Mid-Infrared
Jinghua Sun, Teresa I. Ferreiro, Richard A. McCracken, Derryck T. Reid
Ultrafast Optics Group, School of Engineering and Physical Sciences,
Heriot-Watt University, Edinburgh, EH14 4AS, UK

Carrier-envelope offset (CEO) control of ultrafast optical pulses is essential in many
research areas, such as precision optical atomic clocks [1], attosecond pulse generation [2],
frequency-comb spectroscopy [3], etc. These areas have much to offer from a fundamental
perspective.
This talk will describe our research in CEO-controlled ultrafast sources based on optical
parametric frequency conversion.
With CEO and repetition-rate stabilized optical
parametric oscillators (OPOs) we have achieved frequency combs from the UV to the
mid-IR, across nearly three octaves of bandwidth, with modal line widths of less than
3 kHz [4]. Related work has also shown that the pulses generated in this way can be
interferometrically combined with as little as 30-attosecond timing jitter [5], allowing the
coherent synthesis of ultra-broadband "daughter" pulses from a set of relatively narrowband
"parent" pulses. These results may provide an enabling technology for performing
phase-coherent measurements across an unprecedented spectral range, and may also allow
certain time-domain "attosecond" measurements to be translated to the frequency domain in
the UV / visible by using only oscillators.
Fig. 1. Coherent pulse synthesis using the
pump and the signal second harmonic
pulses with corresponding spectrum
(right). When the CEO frequency of the
two sources were not controlled, the
auto-correlation showed a 6:1 contrast
ratio, i.e. not a single pulse (upper left).
But once both were locked to a common
frequency, the autocorrelation had an 8:1
ratio, indicating single pulse synthesis
(lower left) .
1. T. Rosenband, D. B. Hume, P. O. Schmidt, et al. , Science 319, 1808 (2008).
2. G. Sansone, E. Benedetti, F. Calegari, et al., Science 314, 443 (2006).
3. J. Mandon, G. Guelachvili and N. Picque, Nature Photonics 3, 99 (2009).
4. J. Sun, B. J. S. Gale and D. T. Reid, Opt. Lett., 32, 1414 (2007).
5. J. Sun and D. T. Reid, Opt. Lett., 34, 854 (2009).
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Cooperative spontaneous emission of N atoms:
collective non-local effects
Anatoly A. Svidzinsky
Department of Physics, Texas A&M University, College Station TX 77843
Many-body effects in spontaneous emission from N atoms are a subject of current interest [1–4]. Here
we investigate influence of non-local (memory) effects
on evolution of collective atomic states (for details see
[5]). We assume that atomic cloud has a shape of an
infinitely long cylinder (or a slab) of radius (thickness)
R. For a dense cloud of volume V evolution of the
atomic system is described by equation [4]
∂β(t, r)
Vph N
=−
∂t
(2π)3 V

Z

dk′

Z

dr′ gk2′

Z

t

We found that cross-over between local and nonlocal behavior occurs at

R ∼ R0 =



c V
2πγ N

1/4

,

(2)

where γ is the single atom decay rate. For R ≪ R0
the system evolution is local. In the local regime eigenfunctions of Eq. (1) have the form (for cylinder)

dt′ β(t′ , r′ )×

0

β(t, r) = Jn (αρ)einφ+ikz z e−λt .

i
h
′
′
ei(νk′ −ω)(t −t) + ei(νk′ +ω)(t −t) exp[ik′ · (r − r′ )], (1)

where β(t, r) is the probability amplitude to find atom
at position r excited at time t, Vph is the photon volume, ω is the atomic frequency and νk′ = ck ′ . Eq.
(1) is non-local, that is evolution of the system at time
t depends on β(t, r) values in the previous time moments.

For kz ≥ k0 = ω/c the eigenvalues λ are purely imaginary. The corresponding eigenstates do not decay and
yield no photon emission.
In contrast, in the non-local limit (R ≫ R0 ) solution
of Eq. (1) is
β(t, r) = β0 (ρ)einϕ eik0 z cos(Ωt),
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For current experiments on collective excitation of
Fe nuclei in solid-state samples [6] N/V = 1022
cm−3 , γ = 7 × 106 s−1 and Eq. (2) gives R0 ∼ 160 nm.
Experiments of Ref. [6] are conducted for slab thickness ∼ 1 nm which corresponds to the local regime.
By increasing thickness of the nuclear layer one can
observe non-local behavior of collective many-particle
emission.
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FIG. 1: Probability P (t) to find atoms excited in local and
non-local regimes for guiding states.

[1] M.O. Scully, E. Fry, C.H.R. Ooi, K. Wodkiewicz, Phys.
Rev. Lett. 96 (2006) 010501.
[2] A.A. Svidzinsky, J.T. Chang and M.O. Scully, Phys.
Rev. Lett. 100 (2008) 160504.
[3] R. Friedberg and J. T. Manassah, Phys. Lett. A 372
(2008) 2514.
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where Ω = 2πγc3 N/V ω 2 is the collective Rabi frequency which is proportional to the square root of
atomic density N/V and analogous to plasma frequency in classical electrodynamics. In the non-local
regime the probability to find atoms excited P (t) oscillates with frequency Ω (see Fig. 1). Such oscillations
indicate that photon is emitted and then reabsorbed.

[4] A.A. Svidzinsky, J.T. Chang and M.O. Scully, Phys.
Rev. A 81 (2010) 053821.
[5] A.A. Svidzinsky, Opt. Comm. 284 (2011) 269.
[6] R. Röhlsberger, K. Schlage, B. Sahoo, S. Couet, R.
Rüffer, Science 328 (2010) 1248.
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Layered Quantum Hall Insulators with Ultracold Atoms
A. Zamora1 , G. Szirmai1,2 and M. Lewenstein1,3,4
ICFO-The Institute of Photonic Sciences, Castelldefels (Barcelona), Spain
2
Research Institute for Solid State Physics and Optics, Budapest, Hungary
3
ICREA-Institució Catalana de Recerca i Estudis Avançats, Barcelona, Spain
4
Kavli Institute for Theorethical Physics, University of California, Santa Barbara, California
1

Three-dimensional layered fermion systems, where tunneling is suppressed along a direction, can be found
in many areas of condensed matter physics ranging from graphite to high-temperature superconductors.
In the limit when inter-layer tunneling is zero one can think about the layer index as a conserved quantity
related to a global gauge symmetry generated by the discrete momentum along the direction perpendicular
to the layers. By adding coordinate dependence to the symmetry group one arrives to a system with
reduced dimension but in the presence of a gauge field with the Heisenberg-Weyl group as the gauge
group. The Heisenberg-Weyl group is generated by the momentum p̂z , coordinate ẑ, and the identity 1,
with the commutation relation [ẑ, p̂z ] = i 1.
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We investigate the integer quantum-Hall effect [1] with
ultracold fermions in a 3-dimensional layered optical lattice described by the above dimensional reduction, i.e., by
a 2-dimensional tight-binding model subjected to an artificial Heisenberg-Weyl gauge-field. The gauge-field coordinate is mapped to the third coordinate direction. By varying the strength (λ) of a staggered potential, changing sign
from layer-to-layer, we see that nontrivial combinations of
edge states (and therefore the transverse conductivities)
can be engineered in some analogy to the quantum spin
Hall effect [2]. As an example we calculate the zero temperature phase diagram of the system as a function of the
Fermi energy EF , and the strength of the staggered potential λ (Fig. 1.) for a flux of π/2 per plaquette [3].
We relate the different phases to the possible edge state
configurations (Fig. 2.).
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Fig 1: The phase diagram of the system.
The different regions show different transport properties. The hatched regions represent metallic phases. The insulating regions have (or miss) edge states, according
to the illustration in Fig. 2, and therefore
can have different transverse conductivities
σ⊥ .

Fig 2: The edge state configurations of the different
phases. (a) all of the layers are metallic, (b) all of
the planes are trivial insulators without edge states,
(c) all of the layers are quantum Hall insulators, but
with alternating edge states from layer to layer, (d)
all of the layers are quantum Hall insulators with
accumulating edge states, (e) half of the planes are
trivial and half of them are quantum Hall insulators,
(f) half of the layers are metallic, the other half is in
a quantum Hall state.

(f)

References
[1] K. v. Klitzing, G. Dorda and M. Pepper, Phys. Rev. Lett. 45, 494 (1980)
[2] M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010)
[3] A. Zamora, G. Szirmai and M. Lewenstein, arXiv:1008.5365 (2010)
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Photon statistics in superradiance
1

Vasily V. Temnov1 and Ulrike Woggon2

Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
2
Institut für Optik und Atomare Physik, TU Berlin, 10632 Berlin,Germany

While the most widely known feature of the cooperative spontaneous emission of atomic ensembles
(Dicke’s superradiance [1]) is related to the modification of radiative lifetime, its further striking evidence
is represented by a pulsed stochastic nature of superfluorescent pulses [2]. Motivated by explosive
development of photon-correlation spectroscopy to study temporal fluctuations of light intensity at singlephoton level (second-order photon correlation function g(2)( ) leading to observation of photon bunching or
antibunching) we have investigated the statistics of superradiant photons by numerical Monte-Carlo
simulations [3-4]. A collection of N two-level systems incoherently and continuously pumped at the rate
-1
pump is coupled with strength g to a single damped cavity mode with photon life time (2 ) . A weak
coupling regime is assumed, i.e. g< . The polarization of the atoms can be additionally destroyed at the
elastic dephasing rate deph.

Fig. 1: (a) Second-order correlation function g(2)( ) of photons emitted from a single mode cavity resonantly interacting
with two incoherently pumped two-level systems shows giant photon bunching with g(2)( =0)>>1. (b) Photon bunching
can be explained by pumping the system from the ground state |1,-1> via the dark state |0,0> into the upper state |1,1>,
followed by emission of a photon pair through the bright state |1,0>. See Ref. [4] for simulation details and parameters.

It comes out that in the absence of dephasing the magnitude of photon bunching g(2)( =0)~30 is largest
for N=2. This is a rather unexpected result in context of a common view that superradiant effects are
enhanced for larger N. As expected for superradiant phenomena, the bunching maximum is strongly
suppressed for higher elastic dephasing or pump rates (often denoted as excitation-induced dephasing).
For N=2 and in the absence of dephasing, incoherent pumping through the subradiant (dark) state into the
upper fully inverted state on a time-scale ~ p-1 leads to the subsequent emission of photon pairs via the
superradiant (bright) state on a time-scale ~ (g2/ )-1 leading to a strong bunching peak. The emission rate of
the second photon 4g2/ is twice as large as compared to emission rate 2g2/ of a single two level system,
which in same fingerprint of superradiance in macroscopic atomic ensembles. In fact, the analysis of
semiclassical Langevin equations of superradiance also predicts a strong bunching peak in the second order
intensity autocorrelation function, which is the macroscopic counterpart of g(2)( ) obtained from true singlephoton statistics [4].
The resonant coupling of optical emitters to a single cavity mode considered so far is very difficult to
achieve in solid-state based systems like quantum dots even for N=2, due to their strong inhomogeneous
broadening [3]. Therefore we have performed extended simulations assuming that the dots can be tuned
through the resonance with each other and the cavity mode, keeping in mind the possibility to shift
quantum dot excitonic energy levels by applying external magnetic or electric fields. Our preliminary
results show the pronounced dependence of bunching peak amplitude on the detuning, which will hopefully
trigger the development of a new experimental technique – the photon bunching spectroscopy [4].
[1] R.H. Dicke, Phys. Rev. 93, 99-110 (1954).
[2] M. Gross and S. Haroche, Physics Reports 93, 301 (1982).
[3] V.V. Temnov and U. Woggon, Phys. Rev. Lett. 95, 243602 (2005).
[4] V.V. Temnov and U. Woggon, Opt. Express 17, 5774 (2009).
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Ultrafast acousto-magneto-plasmonics
V.V. Temnov1, C. Klieber1, K.A. Nelson1, G. Armelles2, A. Garcia-Martin2, A. Cebollada2,
J.M. Garcia-Martin2, D. Martin-Becerra2, J.B. Gonzalez-Diaz2, M. Ujue-Gonzalez2,
T. Thomay3, A. Leitenstorfer3, D. Makarov4, M. Albrecht4 and R. Bratschitsch3,4

1
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
Instituto de Microelectronica de Madrid-IMM (CNM-CSIC), 28760 Tres Cantos, Madrid, Spain
3
Department of Physics and Center for Applied Photonics, University of Konstanz, D-78457 Konstanz, Germany
4
Institute of Physics, TU Chemnitz, D-09126 Chemnitz, Germany
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Nanostructured metal surfaces are presently used to effectively couple light to surface plasmons. This
technology is also key to on-chip miniaturization of plasmonic sensors. We present a new plasmonic
sensor, based on a tilted slit-groove interferometer, milled into a single noble metal film [1] or into a hybrid
metal-ferromagnet-metal structure [2]. Surface plasmons are excited at the groove and propagate towards
the slit, where they interfere with incident light (Fig. 1). Due to the tilt angle the optical transmission
through the slit shows a pronounced periodic interference pattern. A modulation of the complex surface
plasmon wave vector results in a measurable change of the contrast and phase shift of the plasmonic
interference pattern [1]. The wave vector of surface plasmons in our hybrid magneto-plasmonic metalferromagnet-metal system may be changed by switching in-plane magnetization using a weak external
magnetic field (Fig. 1). Magneto-plasmonic modulation depth of up to 2% is achieved is this geometry. It
can be further increased by covering the microinterferometer with high-index dielectric material [3].

Fig. 1: Active magneto-plasmonic interferometry, see Ref. [2] for details.

When combined with time-resolved optical pump-probe spectroscopy, our technique allows to monitor
ultrafast processes in laser-excited species with femtosecond time resolution [1]. Beyond the natural
possibility to study ultrafast magnetization dynamics and explore the ultimate switching speed limit of
magneto-plasmonic devices we were able to generate and characterize ultrashort femtosecond acoustic
strain pulses in hybrid acosuto-plasmonic gold/cobalt multilayer structures. Propagation and attenuation of
ultrashort acoustic pulses in bulk gold reveals some unexpected properties of longitudinal THz phonons
and opens a way to the acoustic spectroscopy in metals over the entire Brillouin zone [4].
[1] V.V. Temnov et al, Optics Express 17, 8423 (2009)
[2] V.V. Temnov et al., Nature Photonics 4, 107 (2010)
[3] D. Martin-Becerra et al., Appl. Phys. Lett. 97, 183114 (2010)
[4] V.V. Temnov et al., to be published
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Spin-Squeezing of a Large Ensemble via the Vacuum Rabi Splitting
Zilong Chen, Justin G. Bohnet, Shannon R. Sankar, Jiayan Dai, and James K. Thompson
JILA, Department of Physics, University of Colorado, Boulder, CO 80309
Large atomic ensembles are used to average quantum noise and enable more precise
atomic sensors and tests of fundamental physics. We demonstrate a collective quantum
nondemolition measurement scheme that preserves coherence, and allows the conditional
preparation of spin-squeezed states
with 3.4(6) dB of enhanced
spectroscopic sensitivity below the
standard quantum limit for a coherent
spin state. Critically, this is achieved
in a large ensemble of N = 7x105 87Rb
atoms, demonstrating that the method
scales to the large atomic ensemble
sizes used in state of the art atomic
inertial sensors, optical lattice clocks,
and primary frequency standards.
Fig. 1 Quantum mechanics imposes uncertainty on where a
Further, this work emphasizes the collection of N pseudo-spin ½ atoms point in space. This
critical role of the collective uncertainty is visualized as a classical probability distribution
cooperativity parameter of cavity for the position of the tip of the collective spin vector, whose
QED (equivalent to optical depth for length is J=N/2. The uncertainty in the projection along the zfree space experiments) for achieving axis Jz is conditionally reduced via a series of coherence
preserving population measurements. The prepared spincoherence preserving quantum non- squeezed state is verified with a second measurement.
demolition measurements.

	
  
Fig. 2 (a) The collective pseudo-spin ½ system is composed of the clock states of 87Rb. (b) The measurement
of the number of atoms in ↑ is converted into a frequency measurement by resonantly coupling the atoms in

↑ to a TEM00 mode of a low finesse F= 710 optical cavity and measuring the collective vacuum Rabi

€

splitting that appears in the transmission and reflection spectrum. Here, 2g is the single particle vacuum Rabi
frequency. (c) Each measurement of the collective spin projection Jz undergoes quantum fluctuations from
one iteration of€the experiment to the next, but the fluctuations of the two measurements Jz1 and Jz2 are
correlated. From the degree of correlation we infer a single measurement precision 4.9(6) dB below the
quantum projection noise level. (d) A single sub-projection noise level measurement of Jz does not destroy
the coherence between the spin states. The open circles are the measurement of the initial contrast of 97(1)%.
The solid circles are the contrast measurement of 82(2)% after the first measurement Jz1. Accounting for this
loss of signal, the net gain in signal to noise for quantum phase estimation is 3.4(6) dB below the standard
quantum limit for a coherent spin state.

Quantum mechanics imposes uncertainty on where a collection of N pseudo-spin ½ atoms point in space. This
PQE-2011
uncertainty is visualized as a classical probability distribution for the position of the tip of the collective spin
vector, whose length is J=N/2. The uncertainty in the projection along the z-axis is conditionally reduced via
a series of coherence preserving population measurements. The prepared spin-squeezed state is verified with a
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Counter-Propagating Coherent Stimulated Raman Spectroscopy for Remote
Sensing in Air
Andrew Traverso* , Luqi Yuan* , Dmitri V. Voronine* , Pankaj K. Jha* , Kai Wang* , Alexei
Sokolov* , George Welch* , Marlan O. Scully*, §
*

Institute for Quantum Science and Engineering, Texas A&M University, College Station, TX 77843
§
Mechanical and Aerospace Engineering Department, Princeton University, Princeton, NJ 08544

We analyze phase-matching conditions in various four-wave mixing schemes for coherent
nonlinear optical spectroscopy in the counter-propagating beam configuration. Coherent stimulated
Raman spectroscopy satisfies the conditions and gives a signal containing specific molecular
spectroscopic information. A counter-propagating broadband and a narrowband pulses are used to
measure the Raman spectrum with a single shot. In addition, the non-resonant background due to the
non-degenerate four-wave mixing is suppressed. Using this technique, we develop a new scheme for
standoff spectroscopy in atmosphere by using nitrogen molecules in air as a gain medium for remote
lasing.

Fig 1: Energy Level Diagram of the SRS process. The 720 nm and 805 nm pulses counter-propagate through the sample region.
Either the depletion in the 720 nm pulse or the enhancement in the 805 nm pulse can b e measured.

References
V. Kocharovsky, et al. Proceedings of the National Academy of Sciences of the United States of America, Vol.
102, No. 22 (May 31, 2005), pp. 7806-7811
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Some application of nanodiamonds in bio-imaging and neuroscience
Naryanan Kasthuri, Hirohide Iwasaki, Richard Schalek, Jeff W. Lichtman
David Glenn, Huiliang Zhang, Alexei Trifonov, and Ronald Walsworth
Harvard University, Cambridge, MA 02138

The necessity of high-resolution imaging in biology and neuroscience dictates the need for
multicolor biomarkers that are stable and nontoxic. Nanodiamonds are the most promising
candidate for such biomarkers. In this talk the recent activity carried by the Department of
Physics and Center for Brain Science both at Harvard University will be highlighted. The work is
done in several directions; the first one is the use of the nanodiamonds as the biomarkers for
scanning electron microscope (SEM). Unlike the other dyes, the nanodiamonds can be
effectively excited with the electron beam without the bleaching or damage. Using the fact that
nanodiamonds can be of different colors (distinguishable cathodoluminescence spectra) given the
color center it contains, multicolor SEM imaging becomes possible.
The second part of the talk is about the use of the nanodiamonds for optical superresolution
imaging while being functionalized. Here again we would like to make use of the fact that the
nanodiamonds are stable and nontoxic biomarkers with different colors that can be attached to
different proteins thus enabling the cell multicolor imaging with resolution over the diffraction
limit.

PQE-2011

256

Speaker: Hakan Tureci
Session: Theoretical Optics
Schedule: Tuesday evening invited session

Collective Multi-mode Effects in Quantum Optics
Bojan Skerlak1,2 , Matthias Liertzer3 , Stefan Rotter3 , Hakan E. Türeci1,2
1

3

Department of Electrical Engineering, Princeton University, Princeton, NJ 08544, USA
2
Institute for Quantum Electronics, ETH Zürich, 8093 Zürich, Switzerland
Institute for Theoretical Physics, Vienna University of Technology, A-1040 Vienna, Austria

Controlling the photon emission of quantum systems is at the heart of a number of fields ranging from
quantum information processing to single-molecule spectroscopy. A way to tune the spontaneous emission
rate and directionality of a quantum emitter is to place it in a suitably designed photonic structure. Much of
the earlier work has focused here on the resonant coupling of the emitter to a single, carefully chosen mode
of this photonic structure with favorable emission properties, while the coupling to the rest of the modes
of the photonic environment is regarded as having a parasitic influence. This approach results in stringent
requirements on the spectral and spatial overlap of the emitter and the resonant mode in question. Here we
investigate the opposite approach: coupling an emitter to a large number of modes of a cavity. In particular,
we show how this multi-mode coupling can be engineered to lead via interference to a robust collective
enhancement of directionality which is more pronounced than that of each mode.
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In 1974 Hawking predicted that black holes should emit thermal
radiation. This talk will present the first measurement of the thermal
spectrum from an analog system, a horizon created in the flow of water
over an obstacle. While the temperature is too low to be measured
directly, using the well known relation between the quantum noise and
the properties of a linear amplifier system, we show that this system
would have quantum noise, which is just the Hawking radiation, with a
thermal spectrum of emission.
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Extreme Nondegenerate Two-Photon Absorption in Semiconductors
Eric Van Stryland,1 Claudiu Cirloganu,1,2 Dmitry Fishman,1 Scott Webster,1
Lazaro A. Padilha,1,3 and David Hagan1

1

CREOL & FPCE, The College of Optics & Photonic, University of Central Florida, 4000 Central Florida Blvd.,
Orlando, FL 32816-2700, USA
2
Currently with The School of Electrical and Computer Engineering and Center for Organic Photonics and
Electronics, 777 Atlantic Dr., Atlanta, GA 30332, U.S.A
3
Currently with Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, NM 87545, USA.

Abstract: Using photon pairs having energy ratios of ~10, gives 2-4 orders of magnitude increases in
two-photon absorption in several bulk semiconductors and semiconducting devices (~1 cm/MW in
the visible) compared to the frequency degenerate case.

ZnSe Data

Output Voltage (mV)

2PA coefficent (cm/GW)

Applications of two-photon absorption (2PA) have been limited, and knowledge of the magnitude of the effect (2PA
coefficient α2) has been needed, mainly because it is a limiting factor for applications such as all-optical switching,
short wavelength frequency conversion etc. Here we show orders of magnitude increases in 2PA in direct gap
semiconductors by using extremely nondegenerate pairs of photons (energy ratios ~ 10/1) that will allow
subfemtosecond gated detection, all-optical switching etc.[1] Figure 1 (Left) shows these effects in ZnSe (GaAs,,
CdTe, ZnO, and ZnS show similar results). We demonstrate gated detection of femtosecond blue light pulses (~390
nm) using femtosecond infrared pulses (~5.6 μm) in a GaN photodiode in Fig. 1 (right), infrared gated
measurements are currently underway and show very promising results. As 2PA is a nearly instantaneous process,
this gating is limited only by the gating pulse length (here ~200 fs). A plot of signal vs. time delay between the
pulses gives the cross-correlation function while the data for Fig. 1 (Left) are the results of that fitting. The signal
here is linear in both the pump energy and 390 nm energy as expected from the 2PA loss given by: dIp/dz = (α1+2α2Ig)Ip, where the I’s are irradiances and frequencies of probe (p) and gating (g) pulses respectively, and α1,
α2(ωp;ωg) are the one and 2PA coefficients, here indicating that the 2PA is of the probe by the gate. It is also seen in
Fig. 1 (Right) that the residual linear absorption of the 390 nm light leads to a signal ~ 3 orders of magnitude smaller
than the 2PA signal. In addition, degenerate 2PA of femtosecond, 730 nm pulses of approximately the same pulse
energy are nearly 4 orders of magnitude smaller. Note that the 5.6 µm pump energy is held fixed at 280 nJ while the
other energies are varied. This demonstrates the very large 2PA enhancement seen with nondegenerate photons. As
an example of how this could be used for all-optical switching, the high Q of an integrated optical ring resonator
pumped just below the direct gap could be easily spoiled by a small level of nondegenerate 2PA as in a ZENO
effect. Along with the large 2PA is a greatly enhanced nonlinear refraction; however, this falls within the range of
large 2PA.
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for two gating wavelengths. (Right) Log-log plot of the output voltage of a 4 V, reverse-biased GaN diode vs. 390 nm input probe energy in the

presence of temporally overlapped, 280 nJ, 5.6 μm gating pulses. Also shown are outputs vs. 390 nm without the gating pulses, signal from
degenerate 2PA of 730 nm pulses, and linear detection of 365 nm pulse (above the band edge).
This work is supported by the DARPA ZOE program grant W31R4Q-09-1-0012 and by the U. S. Army Research Office under grant 50372-CH-MUR.

[1] M. Sheik-Bahae, D.C. Hutchings, D.J. Hagan, and E.W. Van Stryland, JQE, 27, 1296-1309 (1991).
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On the question of the existence of needle radiation.
The 100 years old experiment on wide-angle interference
by Pál Selényi and the modern concept of photons
Sándor Varró

Research Institute for Solid State Physics and Optics
of the Hungarian Academy of Sciences,
H-1525 Budapest, P. O. Box 49, Hungary, E-mail: varro@mail.kfki.hu
Abstract. An overview on the conceps of needle radiation and of wide-angle interference experiments is given.
The fundamental significance of Selényi’s experiment (1911) and its relevance in recent research are emphasized.
Earlier and recent theories on localized configurations of radiation (e.g. ‘photon wave functions’) are discussed.

According to the concept of needle radiation, as introduced by J. J. Thomson in his Silliman
lectures of 1903, in the elementary process of light emission, the radiations from a source are
not distributed equally in azimuths, but are concentrated in certain directions. In 1905 A.
Einstein introduced his point-like “Lichtquanten” (‘light quanta’ or ‘photons’) with the
assumption that, “by spreading from a point, in the outgoing light rays the energy is not
distributed continuously to larger and larger spatial regions, but these rays consist of a finite
number of energy quanta localized in spatial points, which move without falling apart, and
they can be absorbed or created only as a whole”. These two concepts are clearly different,
and, moreover, both of them contradict to the experimental results found by Selényi [1] in
1911. The significance of Selényi’s classic wide-angle interference experiment has often been
emphasized by Kossel [2], who considered it as an optical analogon and the first precursor of
the observation of fine structure in x-ray interference in crystals (see Fig.1). One may safely
state that Selényi’s result gave the first experimental evidence for the coherent elementary
emission of ‘spherical photons’, according to modern quantumelectrodynamics.

Figure 1. Left: Sketch showing the analogy between the formation of Kossel lines in x-ray interferometry [2] and
in Selényi’s experiment [1]. In the latter one a thin fluorescent dye layer (thickness less then 100nm) was put
between a plate and a prism. The elementary radiation is coherent over 2π (note that this coherence is washed
out with a thick layer). Selényi observed interference up to 100 degrees angle differences between ’rays’. Center:
shows one fringe pattern stemming from an outer source of radiation. The components of the secondary wave
are coherent only between each other (they are stemming from the same incoming ray). The lattice fixes definite
phase relations, but the initial phase drops out. Right: The primary source in the layer emits spherical waves, and
the constructive or destructive interferences with the secondary waves result in the fine structure of fringes.
References
[1] P. Selényi, Über Lichtzerstreuung im Raume Wienerscher Interferenzen und neue, diesen reziproke
Interferenzerscheinungen. Annalen der Physik 17, 444-460 (1911). See also (connection to much later theory work);
P. Selényi, Wide-angle interference and the nature of the elementary light sources. Phys Rev. 56, 477-479 (1939)
[2] W. Kossel, Röntgeninterferenzen aus Gitterquellen. Ergebnisse der Exakten Naturwissenschaften XVI (Springer,
Berlin, 1937), pp. 295-352.
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Attosecond shot noise and electron interference
Sándor Varró

Research Institute for Solid State Physics and Optics
of the Hungarian Academy of Sciences,
H-1525 Budapest, P. O. Box 49, Hungary, E-mail: varro@mail.kfki.hu
Abstract. The intensity-intensity (current-current) correlation properties of attosecond light pulses and electron
pulses have been studied, and the deviations from the Poisson shot noise level have been estimated.

An attosecond pulse train of light is usually viewed as a special, extreme signal,
stemming from a nonlinear dipole moment induced by the strong incoming laser field [1]. By
the exclusive usage of classical Fourier synthesis of the very high-order harmonics, the
resulting attosecond field is automatically (and tacitly) set to be a many-mode coherent
radiation, in the strict sense of quantum optics. According to Glauber’s coherence theory, all
the moments characterizing the correlations in such polychromatic signals would factorize,
showing the usual shot noise ratio <I2I1>/<I2><I1>=1 in the intensity-intensity correlations.
We attemp to show reasons for modeling the attosecond pulses by multi-mode quantummechanical phase eigenstates. These should result in a ~4/3 increase relative to the Poisson shot
noise level in a delayed coincidence experiment, or in the two multiplied signals of a high
resolution split detector.
In a recent study, by analogy with the attosecond light pulses, we have introduced
the concept of attosecond electron pulse trains [2], stemming from the interference of abovethreshold photoelectron de Broglie wave components. We have found a sort of ’temporal
Talbot effect’, being a consequence of the dispersion relation En=E0+nÑω=[(cpn)2+(mc2)2]1/2 of
the free electrons. This effect manifest itself in the appearence of ’collaps bands’ and ’revival
layers’ in the outgoing current over macroscopic spatial regions. On the basis of preliminary
calculations, we attemp to estimate the effect of this spatio-temporal structures on the fermion
antibunching in a Hanbury Brown and Twiss type experimental arrangement.
References
[1] Gy. Farkas and Cs. Tóth, Proposal for attosecond light pulse generation using laser induced multipleharmonic conversion processes in rare gases. Physics Letters A 168, 447-450 (1992). On recent developments see the
review paper by F. Krausz and M. Ivanov, Attosecond physics. Reviews of Modern Physics 81, 163-243 (2009)
[2] S. Varró S and Gy. Farkas, Attosecond electron pulses from interference of above-threshold de Broglie waves.
Laser and Particle Beams 26, 9-19 (2008). Concerning recent experimental results on multiphoton electron sidebands, see L. Miaja-Avila, J. Yin, S. Backus, G. Saathoff, M. Aeschlimann, M. M. Murname and H. C. Kapteyn,
Ultrafast studies of electronic processes at surfaces using the laser-assisted photoelectric effect with longwavelength dressing light. Physical Review A 79, 030901(R) (2009)
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Polariton-polariton interaction in microcavities
Maria Vladimirovaa, Steeve Cronenbergera, Denis Scalberta, Kirill V. Kavokinb,
Audrey Miardc, Aristide Lemaîtrec, Jacqueline Blochc, Alexey V. Kavokind
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d
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Polaritons in semiconductor microcavities are formed due to the strong coupling between cavity optical
modes and excitons in the quantum well embedded in the cavity. Polaritons exhibit very unusual
polarization properties1. This is because the interactions between polaritons are strongly spindependent: the interactions between polaritons with parallel (α1) or antiparallel (α2) spins are
different2. It was shown theoretically, that depending on the relative sign and strength of these
interactions, the polaritons may undergo condensation either in reciprocal or in real space, and the
polarization of the condensate can be either linear or circular1,3. Although up to now only linearly
polarized reciprocal space polariton condensates were observed3, quite different values of α1 and α2
were deduced from different types of experiments1,4-6.
Here we report on the direct measurement of the ratio α2/α1 from nonlinear polarization-resolved
transmission experiments. We found that this ratio is strongly dependent on the detuning between
exciton and photon modes. Our result is mapped on the theoretical polariton phase diagram by green
symbols. One can see, that at some conditions polaritons might rather condense in the real space, than
form a condensate in reciprocal space. This is partly understood as a result of detuning dependence of
the polariton exchange coupling and bi-polariton formation in the singlet configuration.
Phase diagram of a gas of interacting microcavity polaritons.
1

IV

α2 (arb. units)

III

I

The values of interaction constants for different
values of the exciton-photon detuning are shown
by green squares. The arrow points the direction,
where the detuning changes from negative to
positive.

RECIPROCAL
0

REAL

One can see that at slightly positive detuning
one may expect polariton condensation in real
space.

II

-1
-1

1

0

α 1 (arb. units)

1

I. A. Shelykh et al, Semicond. Sci. Techol 25, 013001 (2010).
C. Ciuti et al, Phys. Rev. B 58, 7926 (1998).
3
J. Kasprzak, Nature 443, 409 (2006)
2

PQE-2011

4

M. Vladimirova et al, Phys. Rev. B 82, 075301 (2010)
P. Renucci et al, Phys. Rev. B 72, 075317 (2005)
6
C. Adrados, et al, Phys. Rev. Lett. 105, 216403 (2010)
5

262

Speaker: Dmitri Voronine
Session: Poster Session
Schedule: poster session

Efficient backward emission from optically pumped air
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Abstract: We investigate the generation of backward emission from optically pumped air and identify
conditions for maximum emission energy and highest beam quality.
Efficient tools for remote optical sensing are in high demand, since they facilitate applications ranging
from environmental diagnostics and probing to chemical surveillance and biohazard detection.
Availability of a laser-like light source emitting radiation in a controlled directional fashion from a point
in the sky back toward a detector would revolutionize the area of remote sensing [1].
We demonstrate the generation of backward emitted coherent light in atmosphere centered at 845 nm
generated from the dissociation of molecular oxygen and subsequent two photon excitation via optical
pumping by a single 226 nm ~10 nanosecond pulsed pump beam.
We demonstrate an unprecedented energy output in a laser-like backward emission signal, identifying
physical conditions for the generation of nanosecond emission pulses with energies above 300 nJ at 10Hz repetition rate. We also present direct beam-profile measurements on the backward emission beam,
demonstrating its high spatial quality and revealing its potential for the practical realization of highsensitivity all-optical stand-off detection concepts.

Fig. 1. LEFT: Pulse shapes in the time domain of both the 226 nm pump pulse and the backward emitted 845 nm
beam. RIGHT: 3D spatial beam profiles of the oxygen emission for different pump pulse energies.
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Time-reversed Lasing and Control of Absorption in a
Two-channel Coherent Perfect Absorber
Wenjie Wan, Y. D. Chong, Li Ge, Heeso Noh, A. D. Stone, Hui Cao
Department of Applied Physics, Yale University, New Haven, Connecticut 06520, USA

In the time-reversed process to laser emission, incident coherent optical fields are perfectly absorbed within a
resonator which contains a loss medium, instead of a gain medium. The incident fields and frequency must coincide
with those of the corresponding laser with gain. We demonstrate this effect for a silicon cavity in the case of two
counter-propagating incident fields, showing that absorption can be enhanced by two orders of magnitude. A unique
feature of the two-channel case is also demonstrated, that by varying the relative phase of the incident fields,
absorption can be suppressed substantially as well. Thus the device, a “coherent perfect absorber”, functions as an
absorptive interferometer, with potential practical applications in integrated optics.
Recently Chong et. al. [1] have explored theoretically an exact time-reversal symmetry property of optical
systems: the time-reversed analog of laser emission. In the lasing process, a cavity with gain produces outgoing
optical fields with a definite frequency and phase relationship, without being illuminated by coherent incoming
fields. Chong et. al. showed that, due to the time-reversal symmetry of these equations, the same cavity with the gain
medium replaced by an equivalent absorbing medium will perfectly absorb the same frequency of light if it is
illuminated with incoming waves with the same field pattern. This new device was termed a “coherent perfect
absorber” (CPA).
The simplest possible CPA is a single port reflector that uses a cavity resonance to enhance material absorption.
Several existing devices operate on this principle, including asymmetric Fabry-Perot reflectors [2] , resonant
cavity-enhanced photodectors [3] and critically-coupled resonators [4]. However, some key properties of the CPA
can only be observed in a system with multiple ports, and hence non-trivial scattering eigenvectors. For example, if
the CPA cavity is illuminated with coherent field patterns not corresponding to the time-reversed lasing mode, that it
is possible to decrease the absorption well below the value for incoherent illumination. These properties of CPAs
point to a new method for controlling absorption through coherent illumination. In the current work we present the
first experimental system which demonstrates both the enhancement and reduction of absorption in this manner.
(f)

Wavelength (nm)

Fig. 1: Phase modulation of beam absorption. (a) Theoretical plot of normalized total output intensities, as a function of wavelength λ, for parityeven (blue) and parity-odd (red) scattering eigenmodes. (b-d) Theoretical output intensities at three representative λ, as the relative phase of the
input beams is varied, showing intensities emitted to the right (magenta) and left (green) sides of the slab, and the total intensity (black). Λ
corresponding to (b)-(d) are marked by vertical lines in (a); (b) is the CPA resonance. (e-g) Experimental results at λ approximately
corresponding to (b)-(d); solid lines are fits to the data, not theory curves. (f) Modulation depth—the ratio of maximum to minimum output
intensity obtainable by varying the relative input phase, M = max(Iout)=min(Iout), as a function of wavelength. The wavelength spacing of
adjacent M-peaks is around 1.27 nm, closely matching the free spectral range of the wafer. Between these maxima, M goes nearly to unity,
corresponding to the “phase-insensitive points”.
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Photoacoustic Tomography:
Ultrasonically Breaking through the Optical Diffusion Limit
Lihong V. Wang, Ph.D., Gene K. Beare Distinguished Professor
Optical Imaging Laboratory
Department of Biomedical Engineering, Washington University in St. Louis
Email: lhwang@biomed.wustl.edu; URL: http://oilab.seas.wustl.edu
We develop photoacoustic imaging technologies for in vivo early-cancer detection and functional
or molecular imaging by physically combining non-ionizing electromagnetic and ultrasonic
waves. Unlike ionizing x-ray radiation, non-ionizing electromagnetic waves—such as optical
and radio waves—pose no health hazard and reveal new contrast mechanisms. Unfortunately,
electromagnetic waves in the non-ionizing spectral region do not penetrate biological tissue in
straight paths as x-rays do. Consequently, high-resolution tomography based on non-ionizing
electromagnetic waves alone—such as confocal microscopy, two-photon microscopy, and
optical coherence tomography—is limited to superficial imaging within approximately one
optical transport mean free path (~1 mm in the skin) of the surface of scattering biological tissue.
Ultrasonic imaging, on the contrary, provides good image resolution but has strong speckle
artifacts as well as poor contrast in early-stage tumors. Ultrasound-mediated imaging modalities
that combine electromagnetic and ultrasonic waves can synergistically overcome the above
limitations. The hybrid modalities provide relatively deep penetration at high ultrasonic
resolution and yield speckle-free images with high electromagnetic contrast.
In photoacoustic computed tomography, a pulsed broad laser beam illuminates the
biological tissue to generate a small but rapid temperature rise, which leads to emission of
ultrasonic waves due to thermoelastic expansion. The short-wavelength pulsed ultrasonic waves
are then detected by unfocused ultrasonic transducers. High-resolution tomographic images of
optical contrast are then formed through image reconstruction. Endogenous optical contrast can
be used to quantify the concentration of total hemoglobin, the oxygen saturation of hemoglobin,
and the concentration of melanin. Melanoma and other tumors have been imaged in vivo.
Exogenous optical contrast can be used to provide molecular imaging and reporter gene imaging.
In photoacoustic microscopy, a pulsed laser beam is focused into the biological tissue to
generate ultrasonic waves, which are then detected with a focused ultrasonic transducer to form a
depth resolved 1D image. Raster scanning yields 3D high-resolution tomographic images. Superdepths beyond the optical diffusion limit have been reached with high spatial resolution.
Thermoacoustic tomography is similar to photoacoustic tomography except that lowenergy microwave pulses, instead of laser pulses, are used. Although long-wavelength
microwaves diffract rapidly, the short-wavelength microwave-induced ultrasonic waves provide
high spatial resolution, which breaks through the microwave diffraction limit. Microwave
contrast measures the concentrations of water and ions.
The annual conference on this topic has been doubling in size approximately every three
years since 2003 and has become the largest in SPIE’s Photonics West as of 2009.
References
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Self-Implemented Heterodyne CARS by Using Its Intrinsic Background
Xi Wang, Kai Wang, Alexei V. Sokolov, George R. Welch, and Marlan O. Scully
Institute for Quantum Studies and Departments of Physics, Texas A&M University,
College Station, TX 77843
In our multiplex coherent anti-Stokes Raman scattering (CARS) configuration, i.e., broad-band
femtosecond preparatory pulses and a time delayed narrow-band probe pulse [1], we reveal that breaking
asymmetry of the top-hat-like probe spectrum results in an imaginary contribution of the probe field in the
time domain at the node of its real part. Consequently, the probe field changes its phase by π when
crossing the node, creating a temporal “Gouy phase” [2]. Since the four-wave-mixing (FWM) background
is an instantaneous process [3] and directly related to the probe, its phase can be controlled by changing
its temporal overlap with the pump and Stokes pulses. On the contrary, the resonant Raman signal is an
accumulation process due to the vibrational coherence so it is insensitive to the probe delay [3].
We also show that more asymmetry of probe spectrum produces stronger probe field at the node
by comparing the experimental results from two different probe spectra. Therefore, we have the flexibility
to control both the relative phase by adjusting the probe delay and the relative amplitude by choosing
desired probe spectrum between the resonant Raman and FWM fields. As a result, we can extract the
imaginary part of the third order resonant susceptibility χ R(3) when the relative phase is π / 2 and the
resonant signal can also be amplified by the background. The heterodyne effect is then achieved without a
complicated interferometer [4].
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Coherent anti-Stokes Raman scattering (CARS) optimized by exploiting
optical interference
X. Wang, A. Zhang, M. Zhi, A. V. Sokolov, G. R. Welch, and M. O. Scully
Institute for Quantum Studies and Departments of Physics, Texas A&M University,
College Station, TX 77843
We study interference between a local oscillator and coherent anti-Stokes Raman scattering (CARS)
signal fields by controlling their relative phase and amplitude. This control allows direct observation of
the real and imaginary components of the third-order nonlinear susceptibility ( χ (3) ). In addition, this
heterodyne method can be used to amplify the CARS signal.
We present here a simple and effective CARS interferometric scheme [1] reminiscent of previous
heterodyne schemes [2], where the relative phase of the signal and local oscillator fields is adjusted to
achieve constructive interference with either the real (in-phase) or imaginary (out of phase) part of the
sample’s response. We use broad-band femtosecond preparatory pulses and a narrow-band probe pulse to
coherently excite multiple Raman lines simultaneously[3] so as to readily obtain spectra resembling
spontaneous Raman spectra over a sufficiently broad vibrational band, through the extraction of Im( χ (3) ).
We find that χ (3) from water, which contributes a broadband background in the CARS signal
due to a broad Raman band of water[4], has a substantial (60%) resonant (90 degrees out of phase)
component; this finding may have important implications to heterodyne CARS microscopy of biological
species that have water as a major constituent.

Fig.1. (a) Experimental interferometric spectra of aqueous methanol solution at different phases f between the LO
and signal arms. Dependence of the spectra at fixed frequencies (dashed lines in (a)) on f (b) at resonant Raman
shifts of methanol 1025.6,1042.6, and 1059.6 cm−1, with offset 0.3,0.15 and 0, respectively (c) at nonresonant
Raman shifts 900.6 cm−1 and 1200.8 cm−1. Dots are experimental data and solid curves are sine fittings.
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Enhanced Funneling of Light Through Subwavelength
Features Using Epsilon-Near-Zero Materials
D. Slocum, D.C. Adams, S. Imampudi, W.D. Goodhue, V. Podolskiy, and D. Wasserman
Department of Physics and Applied Physics, University of Massachusetts Lowell, Lowell, MA 01854

Abstract: We demonstrate enhanced light funneling through subwavelength features at optical
frequencies using an epsilon near zero (ENZ) material layer. The bulk optical properties of our
material are characterized, as well as the transmission through a subwavelength slit filled with the
epsilon near zero material. Our results are supported by numerical simulations and semi-analytical
mode matching techniques.
Next-generation photonic structures designed for integration with electronic devices, or for subwavelength imaging,
will require the development of effective methods for confining and controlling light in subwavelength geometries.
In particular, understanding and enhancing the coupling of optical frequency free-space, or classically wave-guided,
modes to subwavelength optical components, using semiconductor-compatible materials with controllable optical
properties, is of primary importance. To this end, there has been much recent interest in ENZ materials [1,2].
Subwavelength waveguides filled with ENZ materials have been studied [3] and tunneling through these
waveguides at ENZ-frequencies has been observed [4,5]. Other work has shown efficient transmission through
subwavelength ENZ-filled waveguides with 90⁰ and 180⁰ bends [6]. Here we show enhanced transmission, at
optical frequencies, through a subwavelength slit filled with a bulk ENZ material free of resonant inclusions.
Our material consists of a thin (1.15µm), highly-doped, InAsSb layer epitaxially grown on a semi-insulating GaAs
substrate. Broadband spectral characterization of the material shows the plasma frequency at p=8µm. Samples
with subwavelength slits fabricated into the ENZ layer were characterized, and clear transmission peaks were
observed for TM polarized light at ENZ wavelengths (Fig. 1(c)). For larger slit widths, the significant free carrier
absorption of the charge carriers in our highly doped InAsSb layer prevents enhanced transmission at ENZ
frequencies when compared to control samples fabricated with undoped GaAs filling the slit (no InAsSb layer).
However, as the slit size decreases (Fig. 1(d)), more light is transmitted through the ENZ samples when compared to
the control GaAs samples, despite the significant free carrier absorption. These results demonstrate the possible
utility of ENZ materials for enhanced coupling to ultra-subwavelength photonic structures and geometries.

Fig. 1. COMSOL simulation of =8µm TM-polarized light transmission through a 1µm slit (a) without and (b)
with InAsSb ENZ layer. (c) Experimental (solid) and Modeled (dotted) transmission spectra for 1 µm slit for
TM (red) and TE (blue) polarized light. (d) Transmitted intensity at ENZ frequency for TM (red) and TE
(blue) polarized light incident on subwavelength slit with (solid) and without (dashed) ENZ layer as a function
of slit size.

This work was sponsored by the AFOSR Young Investigator Program under Grant #FA9550-10-1-0226 (DW) and
NSF Grant #ECCS-0724763 (VP) and Office of Naval Research Grant # N00014-07-1-0457 (VP).
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Spatial mesoscopic quantum superpostions generated via scattering of bright
solitons
Christoph Weiss1 , Bettina Gertjerenken1 and Yvan Castin2
(1) Institute of Physics, Carl von Ossietzky University, D-26111 Oldenburg, Germany
Christoph.Weiss@uni-oldenburg.de
(2) Laboratoire Kastler Brossel, École Normale Supérieure, UPMC and CNRS, 24 rue Lhomond,
F-75231 Paris Cedex 05, France
We investigate the scattering of a quantum matter wave soliton on a barrier in a one-dimensional
geometry via a mathematically justified effective potential approach. We show that it can lead to
mesoscopic quantum superposition states, where the atomic gas is in a coherent superposition of
being in the half-space to the left of the barrier and being in the half-space to the right of the barrier.
We propose an interferometric method to reveal the coherent nature of this superposition, and we
discuss the experimental feasibility. Recent results on applications of the effective potential are also
presented.

FIG. 1: Rather than producing a cat which is in a superposition of alive and dead, the aim of this theoretical proposal is
to prepare a quantum matter wave soliton of some 100 atoms in a spatial quantum superposition of being in the right and
left of a barrier.

This idea can be treated analytically on the N -particle level by combining the Lieb-Liniger model with attractive
interaction and an effective potential approach [1]. The mathematically justified [1] effective potential approach
was tested numerically for two interacting particles [2], for numeric investigations on the N -particle level see
Ref. [3]. As an experimental signature of the mesoscopic quantum superposition we suggest to use interference
fringes of the center of mass coordinate. To achieve such a spatial quantum superposition of some hundred atoms
is a challenge of fundamental research.
Motivated by recent experiment in the group of Prof. R. G. Hulet [4], we also investigate bright solitons in
one-dimensional harmonic trapping potentials [5].

FIG. 2: The left panel demonstrates the improvement of the exact numerics if the center or mass approximation V (x1 ) +
V (x2 ) ≈ 2V [(x1 + x2 )/2] is replaced by the effective potential [2]. The right panel demonstrates how the interference
patterns of the center of mass coordinate could be detected via fluoresence imaging [1].
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Quantum dynamics of few ultra-cold atoms in a periodically shaken optical
superlattice
Martin Esmann, Kirsten Stiebler, Bettina Gertjerenken, Niklas Teichmann, and Christoph Weiss
Institute of Physics, Carl von Ossietzky University, D-26111 Oldenburg, Germany
Christoph.Weiss@uni-oldenburg.de
Photon-assisted tunneling is investigated both numerically and analytically in periodically shaken
superlattices. While fractional photon-assisted tunneling was previously shown to be a small effect
[1–4], for few particles (cf. [5]) in each of the double wells of an optical superlattice it can actually
be a leading order effect. Experimentally, this should be observable with the existing experimental
setup of Ref. [5]. Two-particle Schrödinger cat-states in three-well lattices are also investigated.

FIG. 1: Tunneling control via periodic shaking [6] is currently established experimentally for ultracold atoms [3, 7,
8]. Our focus lies on less than 5 particles per double well
as realized in the optical superlattices of Ref. [5].

FIG. 2: Sketch of a one-third resonance: One photon has
enough energy to make three particles tunnel which only
works for interacting particles. The “photons” are timeperiodic potential modulations in the kilo-Hertz regime.
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FIG. 3: The time-averaged probability - shown as a function of both shaking frequency ω and shaking amplitude µ1
- to find all three particles in the second well often is very
small [2] (cf. [1, 3, 4, 8]). Nevertheless, our focus will be
on experimentally realizable parameters [5] for which fractional photon-assisted tunneling is a leading order effect [9].
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FIG. 4: Three-well lattices have also been proposed [10].
In periodically shaken three-well lattices, two-particle
Schrödinger cat-states will emerge via controlled quantum
dynamics which can easily be distinguished from statistical mixtures [11] which would offer the possibility to study
the influence of decoherence-mechanisms in detail. Both for
double-well lattices and for three-well lattices, it is possible
to experimentally discard tunneling to neighboring double
wells / three wells.
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Techniques for enhancing the precision of measurements with photon number
resolving detectors
Christoph F. Wildfeuer, Jonathan P. Dowling
Hearne Institute for Theoretical Physics, Department of Physics and Astronomy,
Louisiana State University, Baton Rouge, Louisiana 70803, USA∗

The Rayleigh diffraction bound sets a limit for the resolution of two separated points in an
image. Various quantum enhanced metrological schemes exist to overcome this limitation [1].
Nonclassical states of light in combination with photon number resolving detectors have been
proposed and used for quite some time in the laboratory. However, a few schemes with ’classical’
states of light and photon number resolving detectors have also recently demonstrated beating the
Rayleigh diffraction bound [2–6]. These schemes are also robust when loss is applied.
We give an overview of some of the latest quantum enhanced metrological schemes that use
photon number resolving detectors.

∗

Electronic address: wildfeuer@phys.lsu.edu
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Defeating Passive Eavesdropping Using Quantum Illumination
Maria Tengner, Tian Zhong, Franco N. C. Wong, and Jeﬀrey H. Shapiro
Research Laboratory of Electronics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA
Quantum illumination is an entanglement-based technique for enhancing measurement sensitivity under high-loss and high-noise operating conditions [1]. Recently it has been adapted for
devising a novel two-way communication protocol that is secure against passive eavesdropping [2].
In this talk we report on our initial tabletop implementation of this protocol.
Figure 1 shows the basic experimental scheme. Alice generates multi-temporal-mode entangled
signal and idler beams using spontaneous parametric downconversion (SPDC). She sends the signal
to Bob over a lossy channel while retaining the idler. Each T -sec-long transmission (one bit) from
Alice comprises M = W T  1 signal-idler mode pairs, where W is the bandwidth. Each of
these modes has a mean photon number NS = NI  1. Bob encodes the desired information by
modulating the received signal phase using binary phase-shift keying (BPSK). He then ampliﬁes the
signal with an erbium-doped ﬁber ampliﬁer (EDFA)—to compensate for loss and add a signiﬁcant
amount of noise—before sending it back to Alice, again over a lossy channel. Alice makes a joint
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Figure 1: Experimental setup for quantum illumination-based secure communication.
measurement on the returned signal (plus noise) and the retained idler to extract Bob’s information.
We assume that Eve obtains all the photons lost en route from Alice to Bob and from Bob to Alice,
and that Eve has access to an optimal quantum receiver while Alice only has access to a receiver
we know how to build, viz., the optical parametric ampliﬁer (OPA)-based receiver described in [3],
Alice then enjoys several orders of magnitude better error probability than Eve. This advantage
originates from the stronger-than-classical phase-sensitive cross correlation between the entangled
signal and idler, which gives her enhanced sensitivity despite the fact that the entanglement between
the noisy returned signal and the idler has been destroyed by loss and noise.
The joint signal-idler measurement is performed with a low-gain OPA followed by direct detection of the idler. The phase-sensitive OPA converts the phase modulation of the input signal to an
amplitude modulation of the output idler. At the OPA input we have ∼100 pW of idler power and
an estimated signal of ∼200 nW embedded in 1.6 mW of noise power, which yields an output idler
power of ∼15 nW. The signal phase modulation results in a ∼0.3 nW peak-to-peak modulation of
the idler power that can be directly detected and its bit error rate measured. We will report on
the progress of this proof-of-principle experiment including the eﬀects of ﬁber dispersion.
[1] S. Lloyd, Science 321, 1463 (2008).
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Diamond defects: Sensitive probes for their magnetic and electric environment
J. Wrachtrup, F. Jelezko, F. Reinhard, B. Naydenov, F. Dolde
3. Institute of Physics, Stuttgart University, Germany
Sensitive, point-like probes of electric and magnetic fields are of potential use in a variety of areas in
science. Traditional methods comprise scanning probe like methods, e.g. tunneling or force
microcopy in addition to SQUID and atom vapor based methods. Diamond defects are a new addition
to the family of potentially useful methods. They are point-like sensors since single impurity atoms
can be read out. Additionally favorable relaxation parameters result in an exquisite sensitivity well
below nT/sqrt(Hz) for magnetic and few tens of V/cm for electric fields. The talk will highlight recent
results on how to achieve improved sensitivity and detection of small magnetic moments with this
technique.
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Observing population of HeI excited states during
recombination after optical field ionization with ultrafast spectroscopy
H. Xiaa,b,*, C. Lua, J. Rena, Y. Avitzoura, Y. Luoa, S. Suckewera and M.O. Scullya,b
a Princeton University
b Texas A&M University
* Presenter
We probed population of HeI excited states after optical field ionization with technique
based on ultra-fast spectroscopy. The study is motivated by the recent proposal of
realizing gain in the XUV and X-ray regime via quantum coherence in He and He-like
ions1. He atoms are ionized with 800nm 50fs Ti: Sapphire laser with intensity on the
order of 1015W/cm2. Both the emission spectra and absorption spectra following the
ionization are recorded indicating the population evolution during the recombination
process. At initial helium density of 5x1018/cm3, the population in excited HeI due to the
ionization process and the recombination process can be distinctly seen as the fast peak
and slower peak. The technique will be useful in monitoring population in recombination
based lasers with or without population inversion, as well as in other applications such as
plasma diagnosis.

Peak absorption on probe (%)

Emission Spectra

100

1500
1000
500
0
580
585
590
150

595

Wavelength(nm)

90
80
70
60
50
40
30
20

668nm
587nm
1080nm

10

100
600

50
0

Delay(ns)

0

0

2

4

6

8

10

12

14

16

Delay(ns)

Fig: (left) Emission spectra for the 33D-23P transition (right) peak absorption for the
transitions 33D-23P, 31D-21P and 23P-23S of He I following optical field ionization.
(initial Helium density: 5x1018/cm3).
1. E. A. Sete, A. A. Svidzinsky, Y. V. Rostovtsev, H. Eleuch, P. K. Jha, S. Suckewer, M. O.
Scully “Using quantum coherence to generate gain in the XUV and X‐ray: Gain swept
superradiance and lasing without inversion”, to be submitted for publication
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Stimulated Raman excitation with ultrasound detection
Vladislav V. Yakovlev
1

Department of Physics, University of Wisconsin – Milwaukee, Milwaukee, WI 53201, USA
Phone: 414-229-3978, Fax: 414-229-5589, Email: yakovlev@uwm.edu

Abstract: Molecular specificity affordable through stimulated Raman excitation can be
combined with high-frequency ultrasound detection allowing chemically specific sensing
and imaging in scattering media.
Photoacoustic (PA) Raman spectroscopy [1] was originally proposed and developed as the way to
improve the sensitivity of Raman spectroscopy measurements at the times, when photomultiplier tubes
and photodiodes lacked the sensitivity. However, the greatest advantage of utilizing ultrasound waves for
detection comes from their low scattering in optically turbid media, thus, providing the means to attain
spatial information about molecular species through PA microscopy [2] or PA tomography [3] imaging.
Recently, we were able to successfully utilize stimulated Raman photoexcitation mechanism for PA
imaging [4-5]. In this report I attempt to understand the sensitivity limits of this detection and the ways to
improve in order to achieve label-free, chemically-specific imaging of deep-tissue structures not only with
great specificity, but sensitivity as well.
In order to compare the sensitivity of optical and ultrasound detection, we used mineral oil as a model

Figure 1. Left panel: energetic of stimulated Raman scattering in mineral oil; right panel: the amplitude of
photoacoustic signal as a function of the output optical signal.

system, which has Raman spectrum similar to the one of lipids. We found that photoacoustic signal is
highly correlated with the optical system detected through stimulated Raman scattering process (Fig. 1).
However, a commercially available ultrasound transducer with a specified sensitivity of 10 kPa and
bandwidth 10 MHz was nowhere near the sensitivity of optical detection, which could be as low as single
photon sensitive. In my talk I will discuss the ways of improving the signal strength both in transparent
and scattering media and on enhancing the sensitivity of high-frequency ultrasound detection.

References:
[1] S. Y. Nechaev, and Y. N. Ponomarev, Sov. J. Quant. Electron. 5, 752-753 (1975).
[2] H. F. Zhang, K. Maslov, G. Stoica, and L. V. Wang, Nat. Biotech. 24, 848-851 (2006).
[3] L. V. Wang, IEEE J. Sel. Top. Quant. Electr. 14, 171-179 (2008).
[4] V. V. Yakovlev, et al, J. Mod. Opt. 56, 1970-1973 (2009).
[5] V. V. Yakovlev, et al, Proc. Natnl. Acad. Sci. USA 107, 20335-20339 (2010).
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Continuous-Wave Light Modulation at Molecular Frequencies
Deniz D. Yavuz, J. Tyler Green, and Josh J. Weber
Department of Physics, 1150 University Avenue, University of Wisconsin, Madison, WI, 53706
It is well known that when light is modulated, one typically produces three equally spaced
frequencies: one carrier and two sidebands. These frequencies can be used, for example, to synthesize frequency-modulated (FM) or amplitude-modulated (AM) temporal waveforms, depending
on their relative phase. Light can be modulated at rates exceeding 10 GHz using nonlinear optical
effects such as electro-optic light modulation. Modulating light at much higher rates has proved
to be difficult. It was only in 2001, more than four decades after the invention of the laser, that
light modulation at molecular frequencies was demonstrated using Q-switched (nanosecond-pulsed)
spectral components [1]. In this work, we extend this idea to the continuous-wave (CW) domain
and demonstrate CW light modulation at a frequency of 90 THz.
Our experiment builds on the work of Carlsten and colleagues who were the first to demonstrate
stimulated Raman scattering in gases with CW laser beams [2]. In stimulated Raman scattering,
molecules pumped with sufficiently intense light at frequency ωp produce Stokes light at ωs =
ωp −ωv , where ωv is the selected vibrational or rotational frequency of the molecule. If the molecules
are placed inside a cavity with a high finesse at the pump and at the Stokes wavelengths, efficient
Stokes generation in molecular gases can be achieved with CW laser beams. The key difference of
our work when compared with earlier experiments is that we drive a sufficiently large molecular
coherence such that we not only generate the Stokes beam, but also produce substantial anti-Stokes
light at a frequency of ωa = ωp + ωv . Specifically, by using the fundamental vibrational transition
in molecular Deuterium (D2 ), we produce a CW spectrum with three discrete components at
wavelengths 1.56 µm, 1.06 µm, and 807 nm. We then show that these beams have almost perfect
mutual phase coherence and thereby infer the synthesis of a near single-cycle optical waveform.
1.56 µm 1.06 µm
807 nm

Figure 1: The experimental setup. The expertypical OSA scan
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Electromagnetically Induced Coherent Backscattering
Luqi Yuan1 , Konstantin E. Dorfman1 and Marlan O. Scully1,2
1

Texas A&M University, College Station, TX 77843, USA
2
Princeton University, Princeton, NJ 08544, USA

ABSTRACT

Possibility of generation of a strong coherent backward wave oscillation using only forward propagating
fields has been demonstrated in [1]. The physics of backscattering has much in common with the Electromagnetically Induced Transparency (EIT). Here, we study possibility of EIT backscattering in a gas of
cesium molecules and make proposal for experiment. We also discuss backscattering without EIT in cesium
molecules. Our numerical simulations show that a large backward output signal can be produced (see figure).
This can be used for remote sensing in the atmosphere.
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Fig: (a) Cesium molecule energy level diagram and applied ﬁelds for EIT backscattering; (b) Numerical simulation
result for the EIT backscattering signal Ω4 as a function of propagation distance z and time t after ﬁeld Ω3 is turned
on; (c) Diagram for non-EIT backscattering; (d) The same as (b) but for the non-EIT backscattering signal.

[1] Y.V. Rostovtsev, Z.E. Sariyanni, and M.O. Scully, Physical Review Letters 97 113001 (2006).

PQE-2011

277

Speaker: Hao F. Zhang
Session: Photoacoustics
Schedule: Monday Morning Invited Session 1

Runner Up
PQE−2011 Best Abstract

Imaging the retina with multiple optical contrasts
Hao F. Zhang, Ph.D.,
Assistant Professor
Department of Biomedical Engineering, Northwestern University, Evanston, IL
hfzhang@northwestern.edu

We have developed a novel ophthalmic imaging technology, photoacoustic
ophthalmoscopy (PAOM), to quantitatively measure optical absorption in the eye. We
have further combined PAOM with spectral-domain optical coherence tomography (SDOCT) and confocal scanning laser ophthalmoscopy (cSLO) to achieve multimodal
imaging, which provides comprehensive functional information of the retina.
The geometry of PAOM is shown in Figure 1. A highfrequency small-footprint ultrasonic detector was placed on
the eyelid while the collimated laser beam (for both PAOM
and SD-OCT) was delivered to the retina through the pupil.
The collimated light was then focused on the retina by the
anatomical components of the eye itself (cornea and lens).

Ultrasonic transducer

FOV

Pupil
A two-month old Long Evans rat (body weight 300 g) was
imaged. A 30-MHz needle ultrasonic transducer was placed
(a)
in contact with the eyelid coupled by ultrasound gel. The
Figure 1. Geometry of PAOM
laser pulse repetition rate was 24 kHz; B-scan (containing
256 A-lines) frame rate was 93 Hz; and a volumetric data containing 256 B-scans were
acquired within 2.7 seconds [1]. The PAOM projection images and SD-OCT fundus
images of the retina containing the optic disc and retinal vessels at different
magnification levels are shown in Figure 2. The later resolution of PAOM and SD-OCT
in rat was comparable and was around 15 µm; the axial resolution of the PAOM was
around 20 µm, which is
limited by the ultrasonic
bandwidth; and the axial
resolution of the SD-OCT
was 5 µm. It is clearly
observed that PAOM, relying
on the strong optical
absorption of hemoglobin,
a
b
c
provides much better image
contrast in visualizing retinal
blood vessels comparing with
SD-OCT.
The
natural
combination of these two
modalities has the potential
to improve both fundamental
d
e
f
investigation and clinical
diagnosis of several blinding Figure 2. Simultaneously acquired PAOM (a)-(c) and SD-OCT (d)(f) images of a rat retina under different magnification levels.
diseases.

1. S. Jiao, M. Jiang, J. Hu, A. Fawzi, Q. Zhou, K. K. Shung, C. A. Puliafito, and H. F. Zhang,
“Photoacoustic ophthalmoscopy for in vivo retinal imaging,” Optics Express 18, 3967-3972 (2010)
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A neutral atom quantum gate and entanglement using Rydberg blockade
X. L. Zhang, L. Isenhower, A. T. Gill, T. G. Walker, and M. Saffman
Department of Physics, University of Wisconsin, Madison, WI 53706
Abstract: We present the first demonstration of a quantum CNOT gate and
deterministic entanglement of two individually addressed neutral atoms using
Rydberg state mediated interactions.
Recent experiments using Rydberg state mediated interactions of neutral atoms [1] have
demonstrated bipartite correlations just below the threshold of F = 0.5 for quantum entanglement
[2, 3]. We present here the first deterministic preparation of entangled states of two individually
addressed neutral atoms with F >0.5 using improved experimental techniques [4]. The CNOT
gate was performed using a standard H – CZ operation with a fidelity of 0.91± 0.06, and was
used to generate the two-qubit entangled Bell states. Entanglement fidelity is 0.58 ± 0.04 by
parity oscillation measurements without any atom loss correction, and 0.71 ± 0.05 after
correcting for background collisional losses. The gate and entanglement fidelity results are in
good agreement with a detailed error model. Progress towards deterministic single atom loading
using Rydberg blockade will be discussed.

Fig. 1. Left: Measured probabilities for CNOT gate matrix with fidelity of 0.91. Right: Measured probabilities for
preparation of Bell state |B1> = (|00>+|11>)/Sqrt(2) with entanglement fidelity of 0.58 by parity oscillation
measurements.

This work was supported by the NSF.
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Two-photon Fluorescence in Three Level Coherently Driven Systems
Xiwen Zhang, Chris O’Brien, and Olga Kocharovskaya
Department of Physics and IQSE, Texas A&M University,
College Station TX 77843-4242

There has been extensive study of the resonant fluorescence of three level systems [1, 2].
But resonant fluorescence at the two-photon transition has not been considered since two-photon
transitions in atoms are electro-dipole forbidden due to the selection rules. Resonant
fluorescence at the two photon transition can be allowed when one of the two driven transitions
is a magneto-dipole allowed hyperfine transition driven by a radio frequency field. Another
possibility is to have all three transitions partially allowed as may be the case in transition
element doped solids due to the admixture of the crystal field, or for the dimensional
quantization levels in asymmetric quantum wells.
The two photon fluorescence intensity of these driven systems can be larger than the one
photon fluorescence intensity. For the case of a ladder scheme with a strongly driven radio
frequency transition and a gamma ray transition this has been seen both theoretical and
experimentally [3-6]. This has also been predicted for the case of a ladder scheme with radio
frequency driving and an optical transition [7].
We study all possible configurations of two-photon fluorescence in three-level atomic
systems, including when all three transitions are at optical frequencies. It is shown that the total
intensity of two-photon fluorescence under certain conditions may exceed the intensity of both
one-photon fluorescence channels in all these schemes, though the origin of this effect is not the
same for different schemes. The influence of decoherence, inhomogeneous line broadening, and
non-radiant population transfer on this counter-intuitive effect is studied for both optical and
radio frequency transitions.

Figure 1: The fluorescence spectrum of a RF + Optical transitions with arbitrary amplitude is plotted, the solid line
is the two photon fluorescence and the dashed line is the one photon fluorescence. a) Fluorescence Spectrum for the
Cascade scheme. b) Fluorescence Spectrum for the V scheme. Note that the center frequency of the two photon
fluorescence spectrum has been shifted to more easily compare to the one photon fluorescence in both a) and b).
[1] A. Manka, H. Doss, L. Narducci, P. Ru. Phys. Rev. A. 43 3748. 1990.
[2] L. Narducci, M. Scully, G. Oppo, P. Ru, J. Tredicce. Phys. Rev. A 42 1630. 1990.
[3] E. Sadykov, L. Zakriov, A. Yurichuk, V. Arinin. Physics of Solid State 44 1439-1443. 2002.
[4] E. Sadykov, V. Arinin, F. Vagizov. JETP Lett. 82 484. 2005
[5] E. Sadykov, V. Arinin, G. Petrov, A. Pyataev, F.Vagizov, O. Kocharovskaya. Hyperfine Interact 167 893. 2006.
[6] E. Sadykov, V. Arinin, F. Vagizov, O. Kocharovskaya. Laser Physics 17 727. 2007.
[7] S. Gao, O. Kocharovskaya. J. Mod. Opt. 56 1941. 2009.
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Nonlinear optics of fast-ionizing media:
From the nanosecond to attosecond time scale
Aleksei Zheltikov
Institute for Quantum Science and Engineering, Department of Physics and Astronomy,
Texas A&M University, College Station, TX 77843
Physics Department, International Laser Center, M.V. Lomonosov Moscow State
University, Vorobyevy gory, 119992 Moscow, Russia
Ionization is one of the key processes accompanying the interaction of high-intensity
laser radiation with matter. It generates charged particles, resulting in a dynamic
modification of linear and nonlinear optical properties of the medium. Methods of
nonlinear-optical spectroscopy, powered by modern laser technologies, offer unique
tools for all-optical studies of complex physical processes involved in ultrafast
ionization dynamics and the evolution of light fields in fast-ionizing media on a time
scale from nanoseconds to attoseconds. A broad assortment of four-wave mixing
techniques (Figs. 1a – 1c), including coherent anti-Stokes Raman scattering (CARS),
has been used over the past decades to understand the dynamics of charged-particle
generation and relaxation in gas and condensed media [1, 2]. In recent experiments, the
nonlinear-optical methodology has been extended to enable time-resolved studies of an
ultrafast build-up of the electron density in the ionized gas [3, 4], quantum-pathwayselective CARS spectroscopy of autoionizing states [5], and an all-optical mapping of
attosecond electron tunneling dynamics [6, 7]. In nonlinear-optical bioimaging, an
accumulation of free electrons generated by high-repetition-rate ultrashort laser pulses
tends to initiate cascades of unwanted processes in biotissues, including the formation
of reactive oxygen species, causing the death of cells, as well as DNA-strand breaking
by low-energy electrons due to the rapid decay of transient molecular resonances
localized on DNA constituents. These issues raise concerns regarding the
noninvasiveness of nonlinear-optical neuroimaging techniques, calling for in-depth
quantitative studies of ultrafast ionization phenomena accompanying nonlinear-optical
interactions of laser pulses with brain tissues. An ionization-induced blue shift of the
CARS signal can serve as an indicator of this ionization penalty in nonlinear-optical
bioimaging [8]. This talk will give an overview of new techniques and approaches in
the nonlinear-optical spectroscopy of fast-ionizing media.
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Pulse-shap
per-assistted phase optimiization off an ultrrabroadb
band
spectral coomb
M. Zhi,
Z K. Wanng, X. Hua, aand A. V. Sokolov
Deppartment off Physics annd Institute oof Quantum Science andd Engineeriing, Texas A
A\&M
U
University, C
College Stattion, TX, 778843
Syntthesis of ultraashort single-ccycle optical pulses requires an over-ann-octave-widee coherent speectrum.
In thhe past, broaadband collinnear Raman ggeneration inn molecular ggases has beeen used to produce
p
mutuually coherentt equidistant frequency
f
siddebands spannning several octaves
o
of opttical bandwiddths [1].
It haas been arguedd that these sidebands
s
cann be used to ssynthesize optical pulses aas short as a ffraction
of a femtosecondd (fs) [2]. Thhe Raman teechnique reliees on adiabatic preparatioon of near-m
maximal
moleecular cohereence by drivving the moleecular transittion slightly off resonancce so that a single
moleecular superpposition state is excited. Molecular m
motion, in tuurn, modulatees the driving laser
frequuencies and a very broadd spectrum iss generated, hence the teerm for this process “moolecular
moduulation”. By phase lockinng, a pulse traain with a tim
me interval oof the inverse of the Ramaan shift
frequuency is generated.
We apply the “m
molecular moodulation” m
method to Ram
man active ccrystals and generate broadband
l
beams non-collinear
n
rly into a synnthetic single--crystal
specttral sidebandds by focusingg two 50-fs laser
diam
mond. The cennter wavelenggths of the twoo pulses are 11200 nm and 1030 nm. Thhe spectral siddebands
comee out at different angles aand cover infrrared, visible and ultraviollet spectral reegions. We coombine
the ssidebands intoo a collinear beam
b
by usingg a spherical m
mirror and a prism
p
[3].
i is used to m
measure
Pulsee shaper (Phaazzler, FastLitte) serves sevveral purposess in our experriment. First it
and then
t
compenssate the phasee of each sideeband to be cclose to Fouriier Transform
m Limited. Seccondly,
we use
u the pulse shaper for compensating the phase diifference betw
ween the sideebands. At laast, the
pulsee shaper can bbe used for m
measurement of
o the synthessized pulse.
The frequeency combs tthat are generrated in
the crystall have some special propeerties--the sum freequency geneeration signall (SFG)
between thhe AS 1 and AS 3 overlapps both
in time aand spectrum
m with the second
harmonic generation (S
SHG) of AS 2 (left
figure), which leads too beating whhen we
vary the phhase of AS 2 by the pulse shaper
(left figuree). This demoonstrates the mutual
coherence of the specctral sidebandds, and
shows thee pulse shapper’s capabiility to
control theeir phases in a precise andd stable
manner. When
W
the phhases across the 3
sidebands’ spectra are adjusted to all be
equaal, the resultannt pulse durattion is expectted to be 11 ffs (FWHM). O
Our limitationn so far is sett by the
pulsee shaper whicch operates att wavelengthss range from 530
5 nm to 930 nm, so at m
most 6 sidebannds can
be ussed for pulse shaping; utiliization of thiss full bandwiddth will enablle us to produuce pulses as sshort as
4.8 ffs. Significannt advances beyond
b
that ppoint can be obtained whhen two (or m
more) pulse shapers
s
coveering adjacentt spectral rangges are used.
A. V. Sokolovv and S. E. Harris,
H
“Ultrasshort pulse geeneration by molecular
m
moddulation,” Jouurnal of
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The role of Lamb shifts
in the quantum interference of spontaneous emission
Shi-Yao ZHU
Beijing Computational Science Research Center
Hong Kong Baptist University
Abstract
The role of the Lamb shifts quantum interference is investigated, which has significant
influence on the effective decay rates of two levels of a multilevel system, even when the
transition dipole elements of the two are the same and the energy separation of the two is small.
We also show that the energy shift has also substantial influence on the spectrum emitted by the
atom. The Lamb shifts come from the emission and then re-absorption of virtual photons as well
as the real photon emission. The experiment to test the effect of the role of the Lamb shift is
suggested.
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Optical properties of graphene mono- and bilayers
K. Ziegler
Institut für Physik, Universität Augsburg, D-86135 Augsburg, Germany
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Graphene, a genuine two-dimensional material formed by carbon atoms, has remarkable electronic and optical properties. It is a transparent semimetal and colorless because
its optical properties are independent of the frequency of the transmitted light. This is
very different from the conventional Drude-type behavior of other materials.
The properties of mono- and bilayer graphene are intimately related to the existence
of a spinor wave function and a nodal structure in the quasiparticle spectrum. The spinor
is associated with a number of interesting features such as Klein scattering, a minimal
conductivity and a constant optical conductivity. The optical properties are strongly
affected by a change of the spectral properties though. For instance, opening of a gap in
the electronic spectrum creates a frequency-dependent transmittance. This enables us to
design the optical properties of graphene. Here we discuss the optical properties of monoand bilayer graphene with gapless and gapped spectra. Our study includes an analysis of
the effect of disorder, a periodic potential and electron-phonon interaction.
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Figure 1: Optical conductivity (left) and optical Hall conductivity (right) in gapped
graphene. left panel: the optical conductivity of graphene with a fixed gap decreases with
increasing Fermi energy. right panel: The optical Hall conductivity has a characteristic
singularity at the gap 2m and is thermally very robust.
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