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STEM Degrees: 0 STEM Participants: 40

Major Goals: Quantum control uses coherent electromagnetic fields to manipulate dynamical processes at the
microscopic scale in order to reach a particular target state or realize a desired evolution in time. The ultimate goal
is to control complex processes at the heart of chemical reaction dynamics, quantum information science or
biological functionality. Until recently, this goal was out of reach due to the overwhelmingly large number of relevant
degrees of freedom, often coupled to one another and the surrounding environment. With the latest technological
advances and progress in our understanding of complex systems, the boundaries of control are constantly
expanding, finally allowing to tame complex quantum systems.

The goal of this conference is to bring together theorists and experimentalists pushing the frontiers in this diverse
field at the intersection of AMO physics, physical chemistry, quantum information science, and applied
mathematics. It will highlight new avenues for quantum control from artificial intelligence all the way to
neuroscience, focusing on the control of ultrafast and ultracold dynamics, many-body correlations and quantum
thermodynamics, with applications in spectroscopy and imaging, nano-plasmonics and quantum technologies.
Poster sessions are an essential and traditionally very lively part of the Conference on Quantum Control of Light
and Matter. Every participant is encouraged to present highlights from her or his most recent, and preferably yet
unpublished, work.

The conference will be preceded by a two-day Gordon Research Seminar organized by and for early-career
scientists. In addition to offering tutorial lectures on various aspects of quantum control, it will provide them with a
unique opportunity to discuss their own research with their peers.

Accomplishments: Quantum control uses coherent electromagnetic fields to manipulate dynamical processes at
the microscopic scale in order to reach a particular target state or realize a desired evolution in time. The ultimate
goal was to control complex processes at the heart of chemical reaction dynamics, quantum information science or
biological functionality. Until recently, this goal was out of reach due to the overwhelmingly large number of relevant
degrees of freedom, often coupled to one another and the surrounding environment. With the latest technological
advances and progress in our understanding of complex systems, the boundaries of control are constantly
expanding, finally allowing to tame complex quantum systems.

The goal of this conference was to bring together theorists and experimentalists pushing the frontiers in this diverse
field at the intersection of AMO physics, physical chemistry, quantum information science, and applied
mathematics. It highlighted new avenues for quantum control from artificial intelligence all the way to neuroscience,
focusing on the control of ultrafast and ultracold dynamics, many-body correlations and quantum thermodynamics,



RPPR Final Report
as of 10-Apr-2020

with applications in spectroscopy and imaging, nano-plasmonics and quantum technologies. Poster sessions are
an essential and traditionally very lively part of the Conference on Quantum Control of Light and Matter. Every
participant was encouraged to present highlights from her or his most recent, and preferably yet unpublished, work.

The conference was preceded by a two-day Gordon Research Seminar (GRS) organized by and for early-career
scientists. In addition to offering tutorial lectures on various aspects of quantum control, it provided them with a
unique opportunity to discuss their own research with their peers.

The use of coherent control techniques to solve problems in quantum mechanical systems is a burgeoning field
that crosses multiple disciplines in science and technology. The ever-widening scope of this field comes about
naturally from the vast application space of the control methods that continue to be developed and refined. From
nascent applications in chemical reaction control, the field of quantum control has expanded to solve problems
spanning from physics and chemistry to biology.

This Gordon Research Seminar (GRS) was the inaugural Seminar held in the field of quantum control of light and
matter. Such Seminars provide graduate students and postdoctoral researchers a unique opportunity to share their
cutting-edge, unpublished research with one another. This allows young researchers to develop their presentation
skills, learn about the wide range of topics in the field, and expand their network of peers and mentors, all in a
welcoming and collaborative environment. In particular, this Seminar focused on the interdisciplinary nature of the
field and seeks to draw from the wide variety of work being done on this field.

Training Opportunities: Speakers, discussion leaders, poster presenters and attendees simultaneously
contributed to and benefited from the collective skills and experience shared throughout the conference. The
funding provided by was invaluable to the success of the Conference.

Results Dissemination: The final program has been posted on the GRC website.

Honors and Awards: Nothing to Report
Protocol Activity Status:

Technology Transfer: Nothing to Report
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Operational Summary

The Gordon Research Conference (GRC) and Gordon Research Seminar (GRS) on Quantum Control of Light and
Matter were held at Salve Regina University in Newport, Rhode Island from August 10-16, 2019. The meeting covered
a variety of scientific topics and the content presented was highly rated by participants.

-
qL Conference Participants

The Conference was well-attended with 148 participants. Scientists from academia represented 95% of the participants
while attendees from government accounted for 3% and those from industry totaled 2%. The meeting also attracted a
strong mix of young investigators and senior scientists. Students and post-docs accounted for 49% of all attendees.
Approximately 21% of the participants at the 2019 meeting were women.

GF§ Gordon Research Seminars

Seminar Participants

The Seminar was well-attended with 52 participants. Scientists from academia represented 96% of the participants
while attendees from industry accounted for 4%. Students and post docs combined accounted for 77% of all attendees.
Approximately 52% of the participants at the 2019 seminar were women.

Affliation - GRS Professional Status - GRS
i Student
m Academic  Post-Doc
 Assistant Professor
® Associate Professor
& Industry ® Professor

H Research Scientist
u Other




Conference Program

Quantum control uses coherent electromagnetic fields to manipulate dynamical processes at the microscopic scale in
order to reach a particular target state or realize a desired evolution in time. The ultimate goal was to control
complex processes at the heart of chemical reaction dynamics, quantum information science or biological
functionality. Until recently, this goal was out of reach due to the overwhelmingly large number of relevant degrees
of freedom, often coupled to one another and the surrounding environment. With the latest technological advances
and progress in our understanding of complex systems, the boundaries of control are constantly expanding, finally
allowing to tame complex quantum systems.

The goal of this conference was to bring together theorists and experimentalists pushing the frontiers in this diverse
field at the intersection of AMO physics, physical chemistry, quantum information science, and applied
mathematics. It highlighted new avenues for quantum control from artificial intelligence all the way to neuroscience,
focusing on the control of ultrafast and ultracold dynamics, many-body correlations and quantum thermodynamics,
with applications in spectroscopy and imaging, nano-plasmonics and quantum technologies. Poster sessions are an
essential and traditionally very lively part of the Conference on Quantum Control of Light and Matter. Every
participant was encouraged to present highlights from her or his most recent, and preferably yet unpublished, work.

The conference was preceded by a two-day Gordon Research Seminar (GRS) organized by and for early-career
scientists. In addition to offering tutorial lectures on various aspects of quantum control, it provided them with a
unique opportunity to discuss their own research with their peers.

The use of coherent control techniques to solve problems in quantum mechanical systems is a burgeoning field that
crosses multiple disciplines in science and technology. The ever-widening scope of this field comes about naturally
from the vast application space of the control methods that continue to be developed and refined. From nascent
applications in chemical reaction control, the field of quantum control has expanded to solve problems spanning
from physics and chemistry to biology.

This Gordon Research Seminar (GRS) was the inaugural Seminar held in the field of quantum control of light and
matter. Such Seminars provide graduate students and postdoctoral researchers a unique opportunity to share their
cutting-edge, unpublished research with one another. This allows young researchers to develop their presentation
skills, learn about the wide range of topics in the field, and expand their network of peers and mentors, all in a
welcoming and collaborative environment. In particular, this Seminar focused on the interdisciplinary nature of the
field and seeks to draw from the wide variety of work being done on this field.

Conference Budget
Funding provided by the Army Research Office supported partial registration for 7 graduate students and 2 post docs
at the GRC.

Conference Feedback

Participants had an opportunity to provide feedback at the end of the Conference. The feedback collected from the
meeting was extremely positive. Evaluations included numerous positive remarks regarding the informal interactions
among colleagues, diversity of topics and excellent talks. The feedback collected from the seminar included positive
comments regarding the poster sessions, diverse topics and the discussions that followed each presentation.

GRC would like to thank the Army Research Office for its continued support of the meetings. The contributions
received have been critical to the success of the conferences and are having a measurable impact in advancing the
frontiers of science worldwide.

Dr. Christiane P. Koch, GRC Chair Dr. Valery Milner, GRC Co- Chair
University of Kassel University of British Columbia

Dr. Nancy Ryan Gray
President and Chief Executive Officer
Gordon Research Conferences




Quantum Control of Light and Matter
Gordon Research Conference
Coherent Control of Quantum Systems with Increasing Complexity
August 11 - 16, 2019
Chairs Christiane P. Koch and Valery Milner
Vice Chairs Kenji Ohmori and Regina de Vivie-Riedle

Conference Program

Sunday

2:00 pm - 9:00 pm  Arrival and Check-in

6:00 pm - 7:00 pm  Dinner

7:30 pm - 7:40 pm  Introductory Comments by GRC Site Staff / Welcome from the GRC Chair

7:40 pm-9:30 pm  Keynote Session: New Challenges for Quantum Control: From Atrtificial Intelligence to
Neuroscience
Discussion Leader: Tommaso Calarco (Forschungszentrum Jilich, Germany)

7:40 pm - 7:50 pm  Opening Remarks

7:50 pm - 8:10 pm  Introduction by Discussion Leader

8:10 pm - 8:40 pm  Roman Krems (University of British Columbia, Canada)
"Machine Learning with Small Data as a Physics Research Tool: From Extrapolation Across
Phase Transitions to Inverse Problems to Quantum Machine Learning"

8:40 pm - 8:50 pm  Discussion

8:50 pm - 9:20 pm  Paul Brumer (University of Toronto, Canada)
"Coherent Control at Two Extremes: Cold Collisions and Neuronal Currents"”

9:20 pm - 9:30 pm  Discussion

Monday

7:30am - 8:30 am  Breakfast

9:00 am - 12:30 pm Quantum Engineering
Discussion Leader: Herschel Rabitz (Princeton University, USA)

9:00 am - 9:20 am  Introduction by Discussion Leader

9:20 am - 9:50 am  Peter Zoller (University of Innsbruck, Austria)
"Hybrid Classical-Quantum Quantum Simulations of Many-Body Systems: Theory and
Experiment”

9:50 am - 10:00 am Discussion

10:00 am - 10:30 am Coffee Break

10:30 am - 11:00 am Ben Sussman (National Research Council, Canada)
"Quantum Control of Quantum Optics with Diamond Phonons"

11:00 am - 11:10 am Discussion

11:10 am - 11:40 am Haidong Yuan (Chinese University of Hong Kong, Hong Kong SAR China)
"Quantum Control in Quantum Metrology and Quantum Hypothesis Testing"

11:40 am - 11:50 am Discussion

11:50 am - 12:20 pm Sebastien Gleyzes (Laboratoire Kastler Brossel, Sorbonne Université / CNRS, France)
"Optimal Control for Quantum Metrology with Rydberg Atoms"

12:20 pm - 12:30 pm Discussion

12:30 pm - 1:30 pm Lunch

1:30 pm - 4:00 pm  Free Time




3:00 pm - 4:00 pm

4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 7:50 pm
7:50 pm - 8:20 pm

8:20 pm - 8:30 pm
8:30 pm - 8:45 pm

8:45 pm - 8:50 pm
8:50 pm - 9:20 pm

9:20 pm - 9:30 pm
Tuesday

7:30 am - 8:30 am
8:30 am - 9:00 am
9:00 am - 12:30 pm

9:00 am - 9:20 am
9:20 am - 9:50 am

9:50 am - 10:00 am

The GRC Power Hour™

The GRC Power Hour™ is designed to address challenges women face in science and issues
of diversity and inclusion. The program supports the professional growth of all members of
our communities by providing an open forum for discussion and mentoring.

Organizer: Regina de Vivie-Riedle (Ludwig Maximilian University of Munich, Germany)

Poster Session
Dinner

Cavity-Based Control
Discussion Leader: Ignacio Franco (University of Rochester, USA)

Introduction by Discussion Leader

Vahid Sandoghdar (Max Planck Institute for the Science of Light, Germany)
"Quantum Optics with Organic Molecules"

Discussion

Selected from Poster Abstracts: Aditya Venkatramani (Harvard University, USA)
"Repulsive Photons via Interaction in a Quantum Nonlinear Medium"

Discussion

Joel Yuen-Zhou (University of California, San Diego, USA)
"Molecules in Cavities: Polariton Chemistry"
Discussion

Breakfast
Group Photo

Chiral Systems
Discussion Leader: Thomas Baumert (University of Kassel, Germany)

Introduction by Discussion Leader

llya Averbukh (Weizmann Institute of Science, Israel)
"Chiral Molecules in Laser Fields with Twisted Polarization"

Discussion

10:00 am - 10:15 am Selected from Poster Abstracts: Lea Ress (Universitat Wirzburg, Germany)

"Accessing Chiral Dynamics via Broadband Time-Resolved Circular Dichroism
Spectroscopy"

10:15 am - 10:20 am Discussion
10:20 am - 10:50 am Coffee Break
10:50 am - 11:20 am Valerie Blanchet (Centre Lasers Intenses et Applications, Université de Bordeaux, France)

"New Approach to Probe the Chirality of a Molecular Potential”

11:20 am - 11:30 am Discussion

11:30 am - 11:45 am Selected from Poster Abstracts: David Ayuso (Max Born Institute for Nonlinear Optics and

Short Pulse Spectroscopy, Germany)
"Locally and Globally Chiral Fields for Ultimate Control of Chiral Light-Matter Interaction”

11:45 am - 11:50 am Discussion
11:50 am - 12:20 pm Reinhard Dérner (University of Frankfurt, Germany)

"lonization and Fragmentation of Chiral Molecules: What We Can Learn from Coincidence
Spectroscopy"

12:20 pm - 12:30 pm Discussion
12:30 pm - 1:30 pm Lunch




1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 7:50 pm
7:50 pm - 8:20 pm

8:20 pm - 8:30 pm
8:30 pm - 8:45 pm

8:45 pm - 8:50 pm
8:50 pm - 9:20 pm

9:20 pm - 9:30 pm
Wednesday

7:30 am - 8:30 am
9:00 am - 12:30 pm

9:00 am - 9:20 am
9:20 am - 9:50 am

9:50 am - 10:00 am

Free Time
Poster Session
Dinner

Cold Collisions
Discussion Leader: Rosario Gonzalez-Ferez (Universidad de Granada, Spain)

Introduction by Discussion Leader

Stefan Willitsch (University of Basel, Switzerland)

"New Quantum Methods for the Manipulation, Spectroscopy and State-to-State Chemistry of
Single Molecular lons"

Discussion

Selected from Poster Abstracts: Illya Tyutyunnykov (Weizmann Institute of Science, Israel)
"Echo in a Single Molecule"

Discussion

Edvardas Narevicius (Weizmann Institute of Science, Israel)
"Collisions Between Cold Molecules in a Superconducting Magnetic Trap"
Discussion

Breakfast

Many-Body Quantum Control
Discussion Leader: Birgitta Whaley (University of California, Berkeley, USA)

Introduction by Discussion Leader

Mikhail Lemeshko (Institute of Science and Technology Austria, Austria)
"Far-from-Equilibrium Dynamics of Molecules in Helium Nanodroplets"
Discussion

10:00 am - 10:15 am Alicia Kollar (Joint Quantum Institute, University of Maryland, USA)

"Lattice Simulators in Circuit QED"

10:15 am - 10:20 am Discussion
10:20 am - 10:50 am Coffee Break
10:50 am - 11:20 am Frank Stienkemeier (University of Freiburg, Germany)

"Extending Coherent Multidimensional Spectroscopy to Dilute Samples and into the XUV"

11:20 am - 11:30 am Discussion
11:30 am - 11:45 am Vladimir Malinovsky (U.S. Army Research Laboratory, USA)

"Quantum Optimal Control of Motion in an Atomic Fountain: Adiabaticity and Robustness

11:45 am - 11:50 am Discussion
11:50 am - 12:20 pm Mohammad Hafezi (Joint Quantum Institute, University of Maryland, USA)

"Quantum Optics Toolbox Applied to Correlated States of Electrons”

12:20 pm - 12:30 pm Discussion

12:30 pm - 1:30 pm
1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:00 pm - 7:30 pm

7:30 pm - 9:30 pm

Lunch

Free Time

Poster Session

Dinner

Business Meeting

Nominations for the Next Vice Chair; Fill in Conference Evaluation Forms; Discuss Future
Site and Scheduling Preferences; Election of the Next Vice Chair

Electron Dynamics




7:30 pm - 7:50 pm
7:50 pm - 8:20 pm

8:20 pm - 8:30 pm
8:30 pm - 8:45 pm

8:45 pm - 8:50 pm
8:50 pm - 9:20 pm

9:20 pm - 9:30 pm
Thursday

7:30 am - 8:30 am
9:00 am - 12:30 pm

9:00 am - 9:20 am
9:20 am - 9:50 am

9:50 am - 10:00 am

Discussion Leader: David Tannor (Weizmann Institute of Science, Israel)
Introduction by Discussion Leader

Stefanie Grafe (Friedrich Schiller University Jena, Germany)
"Strong-Field Control of Molecular Dynamics"

Discussion

Selected from Poster Abstracts: Tom Ring (University of Kassel, Germany)

"Excited-State Rabi Cycling Near the lonization Threshold After Multiphoton Excitation: A
General Concept?"

Discussion

Paul Corkum (University of Ottawa, Canada)

"Vector Beams, High Harmonic Generation and THz Solenoidal Magnetic Fields"
Discussion

Breakfast

Nanostructures

Discussion Leader: Mikhail Lukin (Harvard University, USA)
Introduction by Discussion Leader

Javier Aizpurua (Materials Physics Center, CSIC-UPV/EHU, Spain)
"Tracing the Ultrafast Dynamics of Electron Currents in Plasmonic Nanogaps"

Discussion

10:00 am - 10:30 am Coffee Break
10:30 am - 11:00 am Tobias Brixner (University of Wuerzburg, Germany)

"Phase-Controlled Pulse Sequences for Ultrafast Micro- and Nano-Spectroscopy"

11:00 am - 11:10 am Discussion
11:10 am - 11:40 am Hui Cao (Yale University, USA)

"Coherence Control of Complex Lasers"

11:40 am - 11:50 am Discussion
11:50 am - 12:20 pm Maxim Sukharev (Arizona State University, USA)

"Electrodynamics of Exciton-Plasmon Systems: Strong Coupling and Beyond"

12:20 pm - 12:30 pm Discussion

12:30 pm - 1:30 pm
1:30 pm - 4:00 pm
4:00 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 7:50 pm
7:50 pm - 8:20 pm

8:20 pm - 8:30 pm
8:30 pm - 8:45 pm

8:45 pm - 8:50 pm
8:50 pm - 9:20 pm

Lunch

Free Time
Poster Session
Dinner

Control in Quantum Thermodynamics
Discussion Leader: Ronnie Kosloff (Hebrew University of Jerusalem, Israel)

Introduction by Discussion Leader
Alexia Aufféves (CNRS, France)

"The Energetic Side of Quantum Noise"
Discussion

Selected from Poster Abstracts: Sharly Fleischer (Tel Aviv University, Israel)
"Echo Spectroscopy in Multi-Level Molecular Rotors"

Discussion

Ulrich Poschinger (Johannes Gutenberg University of Mainz, Germany)
"A Spin Heat Engine Coupled to a Harmonic-Oscillator Flywheel"




9:20 pm - 9:30 pm  Discussion

Friday
7:30am - 8:30 am  Breakfast
9:00 am Departure

Contributors
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Quantum Control of Light and Matter
Gordon-Kenan Research Seminar
Quantum Control and Its Applications Across Scientific Disciplines
August 10 - 11, 2019
Chairs Carrie A. Weidner and llan M. Hurwitz

Conference Program

Saturday

2:00 pm - 5:00 pm
3:30 pm - 3:45 pm
3:45 pm - 4:30 pm

3:45 pm - 3:50 pm
3:50 pm - 4:25 pm

4:25 pm - 4:30 pm
4:30 pm - 6:00 pm
6:00 pm - 7:00 pm
7:30 pm - 9:30 pm

7:30 pm - 7:40 pm
7:40 pm - 8:00 pm

8:00 pm - 8:05 pm
8:05 pm - 8:25 pm

8:25 pm - 8:30 pm
8:30 pm - 8:50 pm

8:50 pm - 9:00 pm
9:00 pm - 9:20 pm

9:20 pm - 9:30 pm
Sunday

7:30 am - 8:30 am
9:00 am - 11:00 am

9:00 am - 9:10 am
9:10 am - 9:30 am

9:30 am - 9:35 am
9:35am - 9:55 am

9:55am - 10:00 am

Avrrival and Check-in
Introductory Comments by GRC Site Staff / Welcome from the GRS Chair

Keynote Session: Dissociation of Polyatomic Radical Cations Driven by Vibrational Wave
Packet Dynamics

Discussion Leader: Tom Ring (University of Kassel, Germany)

Introduction by Discussion Leader

Katharine Tibbetts (Virginia Commonwealth University, USA)

"Dissociation of Polyatomic Radical Cations Driven by Vibrational Wave Packet Dynamics"
Discussion

Poster Session

Dinner

Quantum Control in Molecular and Photonic Systems

Discussion Leader: Aditya Venkatramani (Harvard University, USA)

Introduction by Discussion Leader

Stefano Tomasi (University of Sydney, Australia)
"Coherent Enhancements of Light Harvesting: Classification and Control"

Discussion

Eyal Bahar (Tel Aviv University, Israel)
"Coherent Control of the Non-Instantaneous Nonlinear Response in Resonant Nanostructures"

Discussion

Alicia Magann (Princeton University, USA)
"Quantum Tracking Control of Molecular Orientation"

Discussion

Igor Cherepanov (Institute of Science and Technology Austria, Austria)
"An Angulon Quasiparticle Perspective on Rotational Dynamics of Molecules Trapped Inside
Superfluid Helium Nanodroplets™

Discussion

Breakfast

Quantum Control in Atomic Systems
Discussion Leader: Victor Albert (California Institute of Technology, USA)

Introduction by Discussion Leader

Tejumade Durowade (University of Illinois at Chicago, USA)

"Micro-Magnetic Simulations of Nano-Magnetic Elements for Quantum Cellular Automata"
Discussion

Patricia Vindel Zandbergen (Temple University, USA)

"Electron Correlation in Strong Field Double lonization of Cyclohexadiene™

Discussion




10:00 am - 10:20 am Boris Braverman (University of Ottawa, Canada)
"Near-Unitary Spin Squeezing with Ytterbium"

10:20 am - 10:30 am Discussion

10:30 am - 10:50 am Emily Townsend (Joint Quantum Institute, University of Maryland / National Institute of
Standards and Technology, USA)
"Understanding the Emergence of Quantum Properties in Atom-Based Systems for Quantum
Simulation and Control"

10:50 am - 11:00 am Discussion

11:00 am - 12:30 pm Poster Session
Coffee will be served in the poster area from 11:00 am - 11:30 am

12:30 pm - 1:30 pm Lunch

1:30 pm - 2:30 pm  Control of Open Quantum Systems
Discussion Leader: Andres Ordonez (Max Born Institute for Nonlinear Optics and Short Pulse
Spectroscopy, Germany)

1:30 pm - 1:35 pm  Introduction by Discussion Leader

1:35 pm - 1:55 pm  Daniel Basilewitsch (University of Kassel, Germany)
"ldentification of Decoherence-Free Subspaces via Quantum Optimal Control"

1:55 pm - 2:00 pm  Discussion

2:00 pm - 2:20 pm  Alejandro Somoza (Ulm University, Germany)
"Dissipation-Assisted Matrix Product Factorization"

2:20 pm - 2:25 pm  Discussion

2:25 pm-2:30 pm  Closing Remarks

2:30 pm - 3:00 pm  Evaluation Period
Fill in GRS Evaluation Forms

3:00 pm Seminar Concludes

Contributors
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California Institute of Technology
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Max Born Institute for Nonlinear Optics and Short Pulse
Spectroscopy

Tel Aviv University

Institute for Research in Electronics and Applied Physics
University of Kassel

University of Kassel

Johns Hopkins University Applied Physics Laboratory
Joint Quantum Institute, Univ. of Maryland
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