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Research Achievements

Ultrafast and ultrasmall imaging and spectroscopy of excitations in 2D heterostructures: First sub-
nanometer imaging of moiré excitons using correlated optical and low-loss electron energy-loss spectroscopy [3], > 100
citations; discovered electron-phonon mediated energy transport mechanism unique to 2D semiconductor interfaces
using ultrafast electron diffraction [2]; revealed dynamic nature of the moiré potential via measurements of anomalous
exciton transport [1]; determined the effect of hBN encapsulation on cathodoluminescence spatial resolution [4].

Dielectric screening effects in 2D materials: First demonstration of tuning the bandgap of a 2D semiconductor
via the dielectric environment [8], > 1000 citations; discovered a new form of electronic disorder from local dielectric
fluctuations [5], > 480 citations; correlated optical studies with angle-resolved photoemission to reveal rigid band shifts
[6], > 135 citations; clarified competing dielectric screening/dissipation in energy transfer at nanoscale interfaces [10],
> 250 citations; delineated role of screening in exciton-phonon scattering [7,9], > 770 combined citations.

Newly Funded Research Directions

AI for scientific discovery in quantum materials: Building AI-driven, closed-loop discovery workflows that
connect theory, simulation, and experiment across three multi-institution programs.
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� LEAP (Low-Energy, AI-Informed Phase Transitions), co-PI and Project Integration Officer, University of California
AI Science at Scale initiative: Building AI co-scientists that find topological materials for energy-efficient electronics.
Introduced LEAP-Bench, the first benchmark that evaluates whether AI agents can reason from raw instrument data
to scientific conclusions across multiple measurement modalities [11]. Developed Struct-R1, an agentic framework
for materials structure search with multi-fidelity measurements [12]. Leading deployment of agentic DFT workflows
(TritonDFT) across the collaboration.

� Genesis CASCADE, co-PI, DOE Genesis Mission: Developing an AI-driven, closed-loop workflow that bridges
atomic-scale defect physics, photonic simulations, and experimental measurements to accelerate the design of
quantum materials and devices. Leading the LBNL effort in a team spanning UC Irvine, LBNL, ESnet, and
industry partner Single Quantum.

� AlphaFold for Microelectronics, co-PI, DOE Genesis Mission: Generating high-throughput, correlated optical
and structural datasets on ferroelectric HZO and 2DMoS2 to train AI models for microelectronics materials discovery.
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64. S. De, A. Layek, A. Raja, A. Kadir, M. R. Gokhale, A. Bhattacharya, S. Dhar, and A. Chowdhury, “Two
distinct origins of highly localized luminescent centers within InGaN/GaN quantum-well light-emitting diodes,”
Advanced Functional Materials, 21(20), 3828-3835 (2011)

65. S. De, D. K. Das, A. Layek,A. Raja, M. K. Singh, A. Bhattacharya, S. Dhar, and A. Chowdhury, “Optoelectronic
behaviors and carrier dynamics of individual localized luminescent centers in InGaN quantum-well light emitting
diodes,” Applied Physics Letters, 99(25), 251911 (2011)

Selected Invited Presentations

> 60 invited seminars since starting independent career in 2019. Invited presentations between July 2024 and October
2026 are listed below.

1. Bay Area Light Sources Joint Users’ Meeting (ALS/SSRL/LCLS), SLAC National Accelerator Laboratory,
Menlo Park, CA, September 2026, Invited talk at the MeV-UED Workshop “Mapping Structural Evolution
with Relativistic Ultrafast Electrons” “Phonon and Exciton Engineering in Moiré-Patterned van der Waals
Superlattice Heterostructures”

2. Flatlands Beyond Graphene 2026, Dresden, Germany, September 2026 “Multimodal Studies of QuantumMaterials
at the Atomically Sharp Interface: From Non-Equilibrium Phonons to Moiré Excitons”

3. 10th Fundamental Optical Processes in Semiconductors (FOPS 2026), Sugarbush, VT, August 2026 “Visualizing
Energy Transfer and Phonons During Charge Transfer at 2D van der Waals Heterojunctions Using Ultrafast
Electron Diffraction”

4. 2D TMDs 2026 Symposium, National University of Singapore, Singapore, June 2026 “Long-Lived Non-Equilibrium
Phonons in Twisted Van der Waals Heterostructures”

5. Institute for Materials Science Seminar, Los Alamos National Laboratory, Los Alamos, NM, June 2026 “Multimodal
Studies of Atomically Sharp Interfaces: From Non-Equilibrium Phonons to Moiré Excitons”

6. Keynote Speaker at Computational Science Research Center Workshop, San Diego State University, CA, May
2026 “Engineering Nanostructured Materials for Novel Quantum Functionality: Research Stories Bridging Experiment,
Theory, and AI”

7. Arizona State University Department of Physics Colloquium, Tempe, AZ, April 2026 “Long-Lived Non-Equilibrium
Phonons in Twisted Van der Waals Heterostructures”

8. Photonics West, San Francisco, January 2026, in the symposium on Ultrafast Phenomena and Nanophotonics
“Visualizing energy transport at 2D semiconductor interfaces using ultrafast electron diffraction”

9. CU Boulder, Department of Chemistry Physical Chemistry Seminar, September 2025 “Spatial and temporal
dynamics of excitons in van der Waals heterostructures”

10. 2D TMDs Invited Speaker, Cambridge University, UK, July 2025 “Painting potential landscapes on an atomically
thin canvas”

11. Purdue University Department of Chemistry Physical Chemistry Seminar, April 2025 “Painting potential landscapes
on an atomically thin canvas”

12. Seminar at EMPA, the Swiss Federal Laboratories for Materials Science and Technology, Dübendorf, Switzerland,
March 2025 “Painting potential landscapes on an atomically thin canvas”

13. International Winter School on Electronic Properties of Novel Materials (IWEPNM), Kirchberg, Austria, March
2025 “Painting potential landscapes on an atomically thin canvas”

14. Photonics West, San Francisco, January 2025, in the symposium on Ultrafast Phenomena and Nanophotonics
“Anomalous Interlayer Exciton Diffusion in WSe2/WS2 Moiré Heterostructure”

15. MIT.nano seminar, Cambridge, MA, December 2024 “Painting potential landscapes on an atomically thin canvas”

16. MRS Fall meeting, Boston, December 2024 Invited talk at Symposium CH05: Frontiers of Imaging and Spectroscopy
in Transmission Electron Microscopy “Sub-nanometer hyperspectral imaging of exciton confinement within a
moiré unit cell in a WSe2/WS2 heterostructure”

17. MRS Fall meeting, Boston, December 2024 Invited talk at CH06: Exploring Fast and Ultrafast Dynamics of
Matter with Electrons and Photons “Visualizing ultrafast energy and charge transport in semiconducting van
der Waals heterostructures”
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18. University of Chicago Department of Chemistry, Physical Chemistry Seminar, November 2024 “Painting potential
landscapes on an atomically thin canvas”

19. Kavli Japanese-American-German Frontiers of Science symposium, Kyoto, Japan, October 2024 “Painting potential
landscapes on an atomically thin canvas” (Invited Poster)

20. University of Kyoto, Institute of Advanced Energy Seminar, Uji, Japan, October 2024 “Spatial and temporal
dynamics of excitons in semiconducting van der Waals heterostructures”

21. UC Irvine, Department of Physics Condensed Matter Seminar, October 2024 “Spatial and temporal dynamics
of excitons in semiconducting van der Waals heterostructures”

22. Gordon Research Conference on Colloidal Semiconductor Nanocrystals, Les Diablerets, Switzerland, July 2024
“Energy and Charge Transport in Quantum Dot Coupled Van der Waals Heterostructures”

Selected Professional Activities

Conference & Workshop Organization

1. Co-organizer, Molecular Foundry User Meeting Workshop “AI Agents for Automating Computational Materials
Science Workflows,” with hands-on TritonDFT tutorial, Berkeley CA, August 2026

2. Co-organizer, Molecular Foundry User Meeting Symposium “Scalable Solid-State Platforms for Photonic Quantum
Technologies,” with closing panel of academic, national laboratory, and industry speakers, Berkeley CA, August
2026

3. Co-organizer, Molecular Foundry User Meeting Symposium “Nanohybrids for Next Generation Optoelectronics
and Sensing,” LBNL, Berkeley CA, August 2025

4. Co-organizer, APS 2023 March Meeting Symposium “2D Materials: Multi-layer Moiré and Functionalities,” Las
Vegas NV, March 2023

5. Co-organizer, MRS 2022 Fall Meeting Symposium “EQ04: Emerging Chalcogenide Electronic Materials—Theory
to Applications,” Boston, December 2022

6. Lead organizer, MRS 2022 Spring Meeting Symposium “Reconfiguring the Properties of 2D Materials by Post-
Synthesis Design,” Hawai’i, May 2022

7. Co-organizer, Molecular Foundry User Meeting Symposium “Quantum Materials for Classical Computing,”
LBNL, Berkeley CA, August 2020

8. Workshop Chair, ALS User MeetingWorkshop “Layered QuantumMaterials: Electronic and Magnetic Properties,”
Berkeley CA, October 2019

Editorial & Peer Review
Guest Editor, Journal of Chemical Physics, Festschrift in honor of Louis E. Brus (2024)
Reviewer for Nature family (incl.: Materials, Nature Photonics, Physics, Communications, Reviews), ACS Nano, Nano
Letters, Physical Review (incl. PRL, PRX, PRB, PRA, PRM)

Mentorship

Postdocs Current – Dr. Laisi Chen, Dr. Garima Gupta, Dr. Ajit Dash; Former – Dr. Elyse Barré (Senior Optical
Engineer, Viavi Solutions, Canada), Dr. Medha Dandu (Assistant Professor, JNCASR, India), Dr. Daria Blach
(Scientist, ABB), Dr. Jonas Zipfel (Scientist, ZEISS, Germany), Dr. Luca Francaviglia (Senior R&D Engineer,
Lumiphase, Switzerland), Dr. Camille Stavrakas (R&D Engineer, PsiQuantum), Dr. Sunphil Kim (Research Engineer,
Western Digital)

Graduate studentsMisael Campos (current), Dr. Ethan Curling (Founding Scientist, Roca Water); Johan Carlström
(Master’s thesis, currently PhD Student at Stanford)

DOE Office of Science Graduate Student Research (SCGSR): Mashnoon Alam Sakib (current), Meghan Leger
(Penn State University), Dr. Amalya Johnson (Stanford University), Dr. Daria Blach

Undergraduate alumni Aadhish Ramanathan (UCSB graduate program), Vergil Schreiber (Purdue PhD), Justin
Tolentino (UC Berkeley senior), Thy Huynh (MIT PhD), Sriram Sridhar (Apple), Xiaoda Liu (PSU PhD), Rui Xue
(U. Pittsburgh PhD), Ting Gao (Weizmann PhD)
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