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Bio

BIO

Grant Rotskoff studies the nonequilibrium dynamics of living matter with a particular focus on self-organization from the molecular to the cellular scale.
His work involves developing theoretical and computational tools that can probe and predict the properties of physical systems driven away from
equilibrium. Recently, he has focused on characterizing and designing physically accurate machine learning techniques for biophysical modeling. Prior
to his current position, Grant was a James S. McDonnell Fellow working at the Courant Institute of Mathematical Sciences at New York University. He
completed his Ph.D. at the University of California, Berkeley in the Biophysics graduate group supported by an NSF Graduate Research Fellowship.
His thesis, which was advised by Phillip Geissler and Gavin Crooks, developed theoretical tools for understanding nonequilibrium control of the small,
fluctuating systems, such as those encountered in molecular biophysics. He also worked on coarsegrained models of the hydrophobic effect and self-
assembly. Grant received an S.B. in Mathematics from the University of Chicago, where he became interested in biophysics as an undergraduate while

working on free energy methods for large-scale molecular dynamics simulations.

Research Summary

My research focuses on theoretical and computational approaches to "mesoscale" biophysics. Many of the cellular phenomena that we consider the
hallmarks of living systems occur at the scale of hundreds or thousands of proteins. Processes like the self-assembly of organelle-sized structures, the
dynamics of cell division, and the transduction of signals from the environment to the machinery of the cell are not macroscopic phenomena—they are
the result of a fluctuating, nonequilibrium dynamics. Experimentally probing mesoscale systems remains extremely difficult, though it is continuing to
benefit from advances in cryo-electron microscopy and super-resolution imaging, among many other techniques. Predictive and explanatory models that
resolve the essential physics at these intermediate scales have the power to both aid and enrich the understanding we are presently deriving from these

experimental developments.

Major parts of my research include:
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1. Dynamics of mesoscale biophysical assembly and response.— Biophysical processes involve chemical gradients and time-dependent external
signals. These inherently nonequilibrium stimuli drive supermolecular organization within the cell. We develop models of active assembly processes and

protein-membrane interactions as a foundation for the broad goal of characterizing the properties of nonequilibrium biomaterials.

2. Machine learning and dimensionality reduction for physical models.— Machine learning techniques are rapidly becoming a central statistical tool
in all domains of scientific research. We apply machine learning techniques to sampling problems that arise in computational chemistry and develop
approaches for systematically coarse-graining physical models. Recently, we have also been exploring reinforcement learning in the context of

nonequilibrium control problems.

3. Methods for nonequilibrium simulation, optimization, and control.— We lack well-established theoretical frameworks for describing nonequilibrium
states, even seemingly simple situations in which there are chemical or thermal gradients. Additionally, there are limited tools for predicting the response
of nonequilibrium systems to external perturbations, even when the perturbations are small. Both of these problems pose key technical challenges for a
theory of active biomaterials. We work on optimal control, nonequilibrium statistical mechanics, and simulation methodology, with a particular interest in

developing techniques for importance sampling configurations from nonequilibrium ensembles.

ACADEMIC APPOINTMENTS

Assistant Professor, Chemistry

e Member, Bio-X

Member, Institute for Computational and Mathematical Engineering (ICME)

Faculty Fellow, Sarafan ChEM-H

HONORS AND AWARDS
® Sloan Research Fellowship, Alfred P. Sloan Foundation (2026-2028)

o CAREER Award, National Science Foundation (2025-2030)

e Early Career Research Program Award, Department of Energy (2022-2027)
e Research Scholar Award, Google (2022)

e Terman Faculty Fellow, Stanford University (2020-2022)

Teaching

COURSES

2024-25

e Advanced Physical Chemistry: CHEM 273 (Win)

® Machine Learning for Chemical and Dynamical Data: CHEM 263 (Aut)
e Physical Chemistry Ill: CHEM 175 (Win)

2023-24

e Advanced Physical Chemistry: CHEM 273 (Win)

® Machine Learning for Chemical and Dynamical Data: CHEM 263 (Aut)
® Physical Chemistry lll: CHEM 175 (Win)

2022-23

e Advanced Physical Chemistry: CHEM 273 (Win)

® Exploring Chemical Research at Stanford: CHEM 91 (Win)
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® Physical Chemistry lll: CHEM 175 (Win)

STANFORD ADVISEES

Doctoral Dissertation Reader (AC)

Jan Estrada Pabon, Otto Fajen, Colton Hicks, Aditya Shah, Nan Sheng, Javan Tahir

Orals Chair

Theo Yang

Postdoctoral Faculty Sponsor

Sander Vandenhaute

Doctoral Dissertation Advisor (AC)

Anagha Aneesh, Steven Dunne, Ethan Eig, Sebastian Ibarraran, Nicholas Juntunen, Sherry Li, Chih-Wei Joshua Liu, Andy Mitchell, Abigail Park
Doctoral Dissertation Co-Advisor (AC)

Yinuo Ren

Publications

PUBLICATIONS

o Non-equilibrium entropy production and information dissipation in a non-Markovian quantum dot NATURE PHYSICS
Shen, Y., Chen, C., Ma, H., Saunders, A. P., Heide, C., Liu, F., Rotskoff, G. M., Shi, J., Lindenberg, A. M.
2026

o Efficient, Few-shot Directed Evolution with Energy Rank Alignment. bioRxiv : the preprint server for biology
Ibarraran, S., Chennakesavalu, S., Hu, F., Rotskoff, G. M.
2026

o Minimally dissipative multibit logical operations. Physical review. E
Klinger, J., Rotskoff, G. M.
2026; 113 (1-1): 014109

o Nanoparticle Superlattices Assembled via Rapid Solvent Destabilization of Macromolecular Ligands. ACS nano
Ye, M., Pert, E. K., Lee, M. S., Li, Y., Nishimura, A, Li, R. L., Ngo, S. H., Huang, W. Y., Rotskoff, G. M., Macfarlane, R. J.
2025

e Scaling Field-Theoretic Simulation for Multicomponent Mixtures with Neural Operators. Journal of chemical theory and computation
Pert, E. K., Batton, C. H., Li, X., Dunne, S., Rotskoff, G. M.
2025

o Computing Nonequilibrium Responses with Score-Shifted Stochastic Differential Equations. Physical review letters
Klinger, J., Rotskoff, G. M.
2025; 134 (9): 097101

o Coacervation drives morphological diversity of mRNA encapsulating nanoparticles. The Journal of chemical physics
Pert, E. K., Hurst, P. J., Waymouth, R. M., Rotskoff, G. M.
2025; 162 (7)

o Discrete generative diffusion models without stochastic differential equations: A tensor network approach. Physical review. E
Causer, L., Rotskoff, G. M., Garrahan, J. P.
2025; 111 (2-2): 025302

o Universal energy-speed-accuracy trade-offs in driven nonequilibrium systems PHYSICAL REVIEW E
Klinger, J., Rotskoff, G. M.
2025; 111 (1)
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Universal energy-speed-accuracy trade-offs in driven nonequilibrium systems. Physical review. E
Klinger, J., Rotskoff, G. M.
2025; 111 (1-1): 014114

Accurate and Efficient Structure Elucidation from Routine One-Dimensional NMR Spectra Using Multitask Machine Learning. ACS central
science

Hu, F., Chen, M. S., Rotskoff, G. M., Kanan, M. W., Markland, T. E.
2024; 10 (11): 2162-2170

Accurate and Efficient Structure Elucidation from Routine One-Dimensional NMR Spectra Using Multitask Machine Learning ACS
CENTRAL SCIENCE

Hu, F., Chen, M. S., Rotskoff, G. M., Kanan, M. W., Markland, T. E.
2024

Committor Guided Estimates of Molecular Transition Rates. Journal of chemical theory and computation
Mitchell, A. R., Rotskoff, G. M.
2024

Power dissipation and entropy production rate of high-dimensional optical matter systems PHYSICAL REVIEW E
Chen, S., Valenton, E., Rotskoff, G. M., Ferguson, A. L., Rice, S. A., Scherer, N. F.
2024; 110 (4)

Power dissipation and entropy production rate of high-dimensional optical matter systems. Physical review. E
Chen, S., Valenton, E., Rotskoff, G. M., Ferguson, A. L., Rice, S. A., Scherer, N. F.
2024; 110 (4-1): 044109

Sampling thermodynamic ensembles of molecular systems with generative neural networks: Will integrating physics-based models close
the generalization gap? CURRENT OPINION IN SOLID STATE & MATERIALS SCIENCE

Rotskoff, G. M.
2024; 30

Nanocrystal Assemblies: Current Advances and Open Problems. ACS nano

Bassani, C. L., van Anders, G., Banin, U., Baranov, D., Chen, Q., Dijkstra, M., Dimitriyev, M. S., Efrati, E., Faraudo, J., Gang, O., Gaston, N.,
Golestanian, R., Guerrero-Garcia, et al

2024

Microscopic origin of tunable assembly forces in chiral active environments. Soft matter
Batton, C. H., Rotskoff, G. M.
2024

Data-Efficient Generation of Protein Conformational Ensembles with Backbone-to-Side-Chain Transformers. The journal of physical
chemistry. B

Chennakesavalu, S., Rotskoff, G. M.
2024

Adaptive nonequilibrium design of actin-based metamaterials: Fundamental and practical limits of control. Proceedings of the National
Academy of Sciences of the United States of America

Chennakesavalu, S., Manikandan, S. K., Hu, F., Rotskoff, G. M.
2024; 121 (8): 2310238121

Computing equilibrium free energies through a nonequilibrium quench. The Journal of chemical physics
Liu, K., Rotskoff, G. M., Vanden-Eijnden, E., Hocky, G. M.
2024; 160 (3)

Statistical Spatially Inhomogeneous Diffusion Inference

Ren, Y, Lu, Y,, Ying, L., Rotskoff, G. M.

edited by Wooldridge, M., Dy, J., Natarajan, S.

ASSOC ADVANCEMENT ARTIFICIAL INTELLIGENCE.2024: 14820-14828

Ensuring thermodynamic consistency with invertible coarse-graining. The Journal of chemical physics
Chennakesavalu, S., Toomer, D. J., Rotskoff, G. M.
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2023; 158 (12): 124126

Unified, Geometric Framework for Nonequilibrium Protocol Optimization. Physical review letters
Chennakesavalu, S., Rotskoff, G. M.
2023; 130 (10): 107101

Trainability and Accuracy of Artificial Neural Networks: An Interacting Particle System Approach COMMUNICATIONS ON PURE AND
APPLIED MATHEMATICS

Rotskoff, G. M., Vanden-Eijnden, E.
2022; 75 (9): 1889-1935

Physics-informed graph neural networks enhance scalability of variational nonequilibrium optimal control JOURNAL OF CHEMICAL
PHYSICS

Yan, J., Rotskoff, G. M.
2022; 157 (7): 074101

Adaptive Monte Carlo augmented with normalizing flows. Proceedings of the National Academy of Sciences of the United States of America
Gabrie, M., Rotskoff, G. M., Vanden-Eijnden, E.
2022; 119 (10): 2109420119

Learning nonequilibrium control forces to characterize dynamical phase transitions PHYSICAL REVIEW E
Yan, J., Touchette, H., Rotskoff, G. M.
2022; 105 (2)

Learning nonequilibrium control forces to characterize dynamical phase transitions. Physical review. E
Yan, J., Touchette, H., Rotskoff, G. M.
2022; 105 (2-1): 024115

Remembering the Work of Phillip L. Geissler: A Coda to His Scientific Trajectory. Annual review of physical chemistry

Bowman, G. R., Cox, S. J., Dellago, C., DuBay, K. H., Eaves, J. D., Fletcher, D. A., Frechette, L. B., Griinwald, M., Klymko, K., Ku, J., Omar, A.,
Rabani, E., Reichman, et al

2022

Probing the theoretical and computational limits of dissipative design. The Journal of chemical physics
Chennakesavalu, S., Rotskoff, G. M.
2021; 155 (19): 194114

A Dynamical Central Limit Theorem for Shallow Neural Networks
Chen, Z., Rotskoff, G. M., Bruna, J., Vanden-Eijnden, E.

edited by Larochelle, H., Ranzato, M., Hadsell, R., Balcan, M. F., Lin, H.
NEURAL INFORMATION PROCESSING SYSTEMS (NIPS).2020

Structural asymmetry in a conserved signaling system that regulates division, replication, and virulence of an intracellular
pathogen PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES OF AMERICA

Willett, J. W., Herrou, J., Briegel, A., Rotskoff, G., Crosson, S.
2015; 112 (28): E3709-E3718

Structural basis of a protein partner switch that regulates the general stress response of a-proteobacteria PROCEEDINGS OF THE
NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES OF AMERICA

Herrou, J., Rotskoff, G., Luo, Y., Roux, B., Crosson, S.
2012; 109 (21): E1415-E1423
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