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B. ACADEMIC HISTORY

6A. RESEARCH ENDEAVOURS
Field: Theoretical Chemical Physics

(a) Quantum transport and dissipation. Our research is focused on the development of analytical
and computational methods for describing charge and energy transport processes in condensed phases.
This includes: (i) Formulation of methodologies for following the dynamics of many-body quantum sys-
tems driven out-of-equilibrium by a potential bias or/and a temperature gradient. (ii) Analysis of simple
model systems for elucidating basic transport mechanisms, including single-molecule conduction, molec-
ular thermoelectrics.

(b) Energy transfer at the nanoscale. We aim to understand the relationship between a microscopic
description of a system and its energy transport characteristics—in the quantum regime—going beyond
particular realizations. This includes the study of phononic, excitonic, and photonic energy flow in low
dimensional systems. We are interested in elucidating nonlinear energy transport effects such as thermal
rectification and in modeling molecular heat engines. This work connects with the fields of “quantum
thermodynamics” and “nanophononics”.

(c) Quantum statistical mechanics. We are interested in validating the heat exchange fluctuation
theorem, quantifying violations of the second law, in strongly-coupled many-body quantum systems. By
acquiring the cumulant generating function of nontrivial models we calculate the corresponding (quan-
tum) heat current and its moments.

(d) Finite time thermodynamics. We are exploring fundamental issues in classical and quantum

thermodynamics such as the universality of the maximum-power efficiency, Landauer’s erasure principle,
and information theory exorcism of Maxwell’s demon.

C. SCHOLARLY AND PROFESSIONAL WORK
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”The Ozxford Handbook of Nanoscience and Technology: Frontiers and Advances” A. V. Narlikar
and Y. Y. Fu, editors. (Oxford University Press, Oxford, 2008)- Vol I, chap. 22, 823-864.

7. Heat transfer in nanostructures, D. Segal, "Proteins: Energy, heat and signal flow”, (2009), D.
Leitner and J. Straub, editors. CRC Press.

9. MANUSCRIPTS SUBMITTED

1. N. Anto Sztrikacs and D. Segal, Strong coupling effects in quantum thermal transport with the
reaction coordinate method, arXiv:2103.05670. Under review in New. J. Phys.

2. S. Saryal, M. Gerry, L. Khait, D. Segal, and B. K. Agarwalla, Universal Bounds on Fluctuations in
Continuous Thermal Machines, arXiv:2103.13513. Under review in Phys. Rev. Lett.

3. J. Liu and D. Segal, Boosting quantum battery performance by structure engineering, arXiv:2104.06522.
Under Review, Phys. Rev. Lett.

10. PRESENTATIONS at MEETINGS and SYMPOSIA (Invited) (2008-onward)

Over the past 5 years I had received invitations to present my work (invited speaker) in ~ 6 — 8 focused
conferences, per year. I had accepted invitations and presented my work in the following meetings:

e National University of Singapore, Singapore, “Transmission of Information and Energy in Nonlinear
and Complex Systems (TIENCS)” (May 2008).



Helsinki University of Technology, Finland, Conference on “Micro and Nanocryogenics” (Aug.
2008).

The 92nd Canadian Chemistry Conference and Exhibition, Hamilton, Ontario, Canada “Quantum
Chemical Dynamics Symposium” (June 2009).

Telluride, Colorado, Workshop on “Quantum Transport in Nanoscale Molecular System” (July
2009).

e UCSD, La Jolla, California, A meeting on “Optimization at a small scale” (July 2009).

Stuttgart, Germany, International symposium “Quantum Thermodynamics: Energy and Informa-
tion Flow at the Nano-Scale” (Sep. 2010).

Erice, Sicily, Italy, “New trends in nonlinear dynamics: Heat control and thermo-electric efficiency”
HEAT2010 (Oct. 2010).

e Snogeholm, Sweden, “Thermodynamics: Can macro learn from nano?” (May 2011).

Telluride, Colorado, Workshop on “Chemistry and Dynamics in Complex Environments” (June
2011).

Telluride, Colorado, Workshop on “Quantum Transport in Nanoscale Molecular Systems” (Aug.
2011).

Hebrew University, Israel Institute for Advanced Studies, Jerusalem, Workshop on Molecular Elec-
tronics (July 2012).

Telluride, Colorado, Workshop on “Quantum Transport in Nanoscale Molecular Systems” (July
2013).

University of Toronto, CQIQC-Fields Institute CQIQC-V Conference on Quantum Information and
Quantum Control (Aug. 2013).

e Bremen, Germany, CECAM workshop on nanophononics (Aug. 2013).
e Tel Aviv University, CECAM workshop on “Quantum Dynamics in Molecular and Nano-Materials:

Mechanisms and Functionality” (Nov. 2013).

e Telluride, Colorado, Workshop on Condensed Phase Dynamics (June 2014).
e University of British Columbia, Conference on “Coherence and Control in the Quantum World: the

Legacy of Moshe Shapiro” (Aug. 2014).
Weizmann Institute of Science, Conference on “Coherence and Control in the Quantum World:
Current and Future Trends” (Dec. 2014).

e Telluride, Colorado, Workshop on “Quantum effects in condensed-phase systems” (July 2015).
e University of Hong Kong, CECAM workshop: “Open Quantum Systems: Computational Methods”

(Nov. 30 to Dec. 4 2015).
San Sebastian, Spain, “Towards Reality in Modelling of Molecular Electronics” (June 2016).

e Telluride , Colorado, Workshop on “Condensed Phase Dynamics”, (June 2016).
e Paris, France, CECAM meeting on “Seeking synergy between dynamics and statistics for non-

equilibrium quantum processes”, (June 2017).

ITAMP, Harvard University, Cambridge MA, Workshop on Quantum Thermodynamics (Oct. 2017).
Waterloo, Canada, Symposium on Chemical Physics (Nov. 2017).

ACS March meeting, Symposium on “The Chemistry of Molecular Electronics” (March 2018).
The 101 Canadian Chemistry Conference and Exhibition (CSC101), symposium on ‘Assessing com-
plex free energy surfaces from molecular simulations: From electronic structure to mesoscopic pro-
cesses’, Edmonton (May 2018).

Telluride , Colorado, Workshop on “Condensed Phase Dynamics” (July 2018).

e School and Workshop on Quantum and Nano Thermodynamics, University of Uppsala, Sweden

11A.

(Sep. 2018).

CSC 2019, Quebec City: Symposium on 'Recent Developments in Quantum Molecular Dynamics
Algorithms and Applications’ (June 2019)

Banff International Research Station Workshop on Charge and Energy Transfer Processes: Open
Problems in Open Quantum Systems Aug. 2019 (co-organizer)

QTD2020 — Conference on Quantum Thermodynamics, Barcelona, Spain (Virtual, Oct. 2020).

INVITED LECTURES
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University of Toronto, Condensed Matter Physics Seminar Series (November 2009).

Tel Aviv University, Israel, Chemical Physics Seminar Program (December 2009).

University of Pennsylvania, Physical Chemistry Seminar (November 2011).

Department of Chemistry, University of Toronto, John Valleau Special Lecture, (November 2011).
Department of Physics and Astronomy, Uppsala, Sweden, Seminar (May 2012).

School of Chemistry, Tel Aviv University, Physical Chemistry Seminar (Dec. 2012).

Department of Chemistry, Weizmann Institute of Science, Physical Chemistry Seminar (Dec. 2013).
Department of Chemistry, UCSD, Physical Chemistry Seminar (Feb. 2014).

Department of Chemistry, University of Pittsburgh (April 2015).

Department of Chemistry, Tulane University, New Orleans (September 2015).

Department of Physics, Bar-Ilan University, Israel (December 2015).

Colloquium, Department of Physics and Astronomy, McMaster University (Nov. 2016).
Colloquium, Department of Physics, Technical University Berlin (Dec. 2016).

Quarantine Thermodynamics virtual seminar series, Trinity College Dublin (May 2020).
Department of Chemistry, UC Berkeley, Pitzer Center for Theoretical Chemistry (Virtual seminar,
June 2020).

e Department of Applied Physics, University of Geneva (Virtual seminar, Nov. 2020).

e Greater Boston Area Theoretical Chemistry Lecture Series (Virtual, April 2021).

11B. INVITED LECTURES (May. 2021-)

Colloquium, Center for Nonlinear Studies Los Alamos National Laboratory (May 2021).

Workshop on Quantum Transport, Telluride Science Research Center (July 2021)

ACS Fall meeting, symposium on Synthesizing Quantum Coherence (Aug. 2021).

KITP Program and conference on Application for Transport and Efficient Energy Conversion in

Quantum Systems (Santa Barbara, Aug 2021).

e American Conference on Theoretical Chemistry, Squaw Valley, CA, (July 2022)

e PacificChem Hawaii, Quantum coherence in energy transfer symposium (Dec. 2021)

e PacificChem Hawaii, Molecular Electronics: The synergy of synthesis, measurement and theory
(Dec. 2021).

o WE-Heraeus-Seminar on Photon, Phonon, and Electron Transitions in Coupled Nanoscale Systems
(Postponed from 2021 to 2022).

D. LIST OF COURSES

12. A. UNDERGRADUATE COURSES

CHM 427, Statistical Mechanics 2021

CHM 221/225/223S, Physical Chemistry: The Molecular Viewpoint 2012-2013, 2015-2020

PHY 472H, Supervised Readings 11 2020

PHY 479Y, Undergraduate Research Project 2011-2012, 2017-2018
CHM 135/139S, Chemistry: Physical Principles 2008-2010, 2012, 2015-2019
CHM 326F, Introductory Quantum Mechanics 2012

CHM 423F, Applied Quantum Mechanics 2008-2010

CHM 499Y, Introduction to Research in Chemistry 2008-2010, 2019-2021
CHM 299Y, Research Opportunity 2008-2009

B. GRADUATE COURSES

CHM 14808, Statistical Mechanics 2021

CHM 1443F, Intermediate Quantum Mechanics: Focus on open systems 2014, 2016, 2018
CHM 1490Y, Physical Chemistry Seminar 2012-2013

CHM 1478, Quantum Mechanics for Physical Chemists 2009, 2011
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C. THESIS SUPERVISION: MSc and Ph.D. STUDENTS

Matthew Gerry Thermodynamics uncertainty relation in quantum systems  2020-
Na’im Kalantar Thermal rectification in classical chains 2020-
Francisco Lai-Liang Spin filtering in chiral biomolecules 2020-
Nicholas Anto-Sztrikac Reaction Coordinate method in quantum transport 2019-
Hava Friedman Quantum transport and quantum thermodynamics 2015-2020
Roya Moghaddasi Fereidani  Energy transport in molecules 2016-2018
Michael Kilgour Molecular conduction: From principles to functionality 2014-2019
Salil Bedkihal Quantum transport in Aharonov-Bohm interferometers 2010-2014
Yelena Simine (nee Nicolin)  Theory of charge transport through vibrating molecules 2009-2014
Claire Xue Yu Energy transfer at the molecular scale: 2008-2013

open quantum systems methodologies

RESEARCH SUPERVISION:
POSTDOCTORAL FELLOWS/RESEARCH ASSOCIATES

Ilia Khait Machine learning techniques in quantum thermodynamics 2020-
Junjie Liu Mixed quantum-classical simulations 2019-
Abhay Shastry Flicker noise in atomic scale junctions 2018-2019
Bijay K. Agarwalla Thermoelectricity of nanojunctions 2015-2017
Edward Taylor Quantum bounds for quantum transport 2014-2015
Manas Kulkarni Equilibration in closed quantum systems 2012
Savannah S. Garmon Exceptional points in open quantum systems 2009-2012
Malay Bandyopadhyay DNA bubble dynamics and 2009-2012
energy transfer in nanoscale junctions.
Yun Zhou Heat engines and information theory 2008-2010
Lianao Wu Quantum energy transfer at the nanoscale: 2008-2009

fundamentals and applications

UNDERGRADUATE RESEARCH SUPERVISION

Felix Ivander Quantum transport at the nanoscale CQIQC Summer Fellow 2021

Jiaming Wang Thermal conduction in molecules NSERC USRA 2019

Na’im Kalantar Classical transport NSERC USRA 2018, CQIQC 2019

Robert Adam Lang Quantum absorption refrigerators Summer 2018

Angi Mu Quantum thermodynamics CQIQC Summer Fellow 2017

Roman Korol Molecular thermopower CQIQC Summer Fellow 2017
Excellence Research Award 2016-2018

Hyehwang Kim Tunneling-hopping conduction in DNA Chemistry Research Scholarship 2016

Nazim Boudjada Spin dynamics and heat transport CQIQC Summer Fellow 2014

Amro Dodin Landau Zener transitions in open systems NSERC USRA 2013

Wei Jia Chen Thermoelectricity of molecular junctions NSERC USRA 2013

Kunal Tiwari Equilibration in interacting quantum systems PHY 479Y 2011-2012

Pengcheng Dong Heat capacity of nonlinear chains CHM 499Y 2009-2010

Yelena Nicolin Dimers diffusion on temperature gradients CHM 499Y 2008-2009

Guillermo Toro Silvero The damped-anharmonic oscillator CHM 299Y 2008-2009

D. OTHER TEACHING and OUTREACH ACTIVITIES

Second annual “Ask a Laureate event”; Poster, Judge 2011, 2013
Science Rendezvous, Pueblo Science 2012-2014
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E. ADMINISTRATIVE POSITIONS

13. A. UNIVERSITY SERVICE

Department of Chemistry:

Information Technology and Cyber security committee, chair. (2015-2018)
Search Committees (2019, 2020)

Building Oversight Committee (2020-)

Departmental Advisory Committee (2020-)

Promotions Committee (2020-)

Undergraduate Studies Committee (2010-2013, 2018-2019)

Progress Through the Ranks Research Committee (2015, 2018)
Colloquium Committee (2007-2010, 2019-2020)

Graduate Student Committee (2007-2010)

Outside the Chemistry Department: Interim Director (April 2021 - ),

PhD Committees:

Centre for Quantum Information and Quantum Control (CQIQC)
Dean’s representative in Search Committees (2018-2019)

Dean’s Working Group on Cyber Risk Mitigation (2015-2017)
Scinet Local Resource Allocation Committee (2010-2011)

Ongoing: ~15 students from the Departments of Chemistry and Physics

13. B. OUTSIDE THE UNIVERSITY SERVICE

Journal Referee (~ 20 in 2020)
Ontario Graduate Scholarships:
Guest Editor

Conference Organization:

External Thesis Examiner

APS, ACS, RSC, AIP, Elsevier and IOP Journals, AAAS including:
Phys. Rev., JCP, JPC, JACS, Science, Nature, PNAS, Nano Lett., PCCP,
Chemical Science, EPL, ACS Nano, Small, NJP.

Member of adjudication panel (2012)

Journal of Physical Chemistry A

Abraham Nitzan Festchrift 2019 (with M. Galperin, J. Subotnik)

(i) Condensed Phases Dynamics (Telluride 2020, turned virtual)

(ii) Banff International Research Station BIRS (2019),

Co-organizer of the workshop “Charge and Energy Transfer Processes:
Open Problems in Open Quantum Systems”.

(iii) Penn Conference in Theoretical Chemistry (PCTC) (2019)

(iv) 100th Canadian Chemistry Conference and Exhibition (2017),
Co-chair, PT division program (12 symposia)

Co-organizer, Symposium on “Quantum Dynamics in Chemistry”

(v) Theoretical Chemical Physics Symposium,

93rd Canadian Chemistry Conference and Exhibition (2010)

Physics, University of Bordeaux (2020)

Physics, University of Konstanz (2019)

Chemistry, University of British Columbia (2018)
Physics, National University Singapore (2015)
Physics, Raman Research Institute Bangalore (2009)

Grant and Fellowship Review (2007-2020) NSF, DOE-BES, RCSA, BSF, Alfred P. Sloan Foundation,

NSERC Discovery Grant,
GIF, NWO, DFG, ISF, Research Corporation (Cortell)
US Air Force (AFOSR), BSF, ISF, Ikerbasque foundation.
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