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Research Experience

» Ultra-cold Atoms and Molecules, Quantum Optics, Nanofabrication,
Advanced Electromagnetics, Quantum Cryogenics, Solid-state Physics

Research Interests

_ANE b ) Quantum systems for computing, sensing and fundamental research
Pl: Sebastian Will Postdoc: Raman Kumar, BNL (100%)

Appointments: 1. Columbia U. (80%), Prof. Physics Previously: CUNY (Postdoc), UIUC (PhD)
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nature

Explore content ¥ About the journal ¥ Publish with us ¥

Fig. 1: BEC of dipolar NaCs molecules enabled by microwave shielding.
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WHAT IS A QUANTUM SYSTEM?

A quantum system is composed of quantum objects whose internal states and interactions can be manipulated in a
controllable manner
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) To access quantum properties of atoms in a controllable fashion, cooling is necessary
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QUANTUM SIMLUATION OF LATTICE GAUGE THEORIES
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Computational Approaches

m=) Theoretical approaches to study properties of
nuclei and neutron stars

=) Hard to treat analytically
Supercomputer and Quantum Computing
=) Require non-perturbative analysis

m=) Sign problem in simulating Fermionic systems
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Standard Model Experiment

leptons

Computational Approaches

m=) Theoretical approaches to study properties of
nuclei and neutron stars
=) Hard to treat analytically
Supercomputer and Quantum Computing
=) Require non-perturbative analysis

photon

Higgs boson

=) Sign problem in simulating Fermionic systems

weak bosons

Another Approach: Quantum Simulation Using Cold Atoms

Basic Idea mm) Engineer a synthetic system to emulate physics of a target model to provide qualitative/quantitative insights
A simple example: Simulate dynamics of charged particles
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QUANTUM SIMLUATION OF LATTICE GAUGE THEORIES

nature physics PHYSICAL REVIEW LETTERS 135, 101902 (2025)
Editors’ Suggestion

Review article https://doi.org/10.1038/s41567-024-02721-8

COld-atom q.uantum SimUIatorS Of String-Breaking Mechanism in a Lattice Schwinger Model Simulator
gaugetheories

Ying Liu,"** Wei-Yong thlg.l’z‘* Zi-Hang Zhu 2 Ming-Gen He,"? Zhen-Sheng Yuan,"** and Jian-Wei Pan'??
'Hffei National Research Center for Physical Sciences at the Microscale and School of Physical Sciences,
University of Science and Technology of China, Hefei 230026, China
Received: 26 March 2024 Jad C. Halimeh®'%% |, Monika Aidelsburger @'**, Fabian Grusdt®2?, XCAS Center for Excellence in Quantum Information and Quantum Physics, University of Science and Technology of China,

Philipp Hauke ® %€ & Bing Yang®’ Hefei 230026, China
gHefei National Laboratory, University of Science and Technology of China, Hefei 230088, China

Accepted: 29 October 2024

Dublished online: 15 January 2025
Gauge theories constitute the basis of the Standard Model and provide

® Check for updates useful descriptions of various phenomena in condensed matter. Realizing
gauge theories on tunable tabletop auantum devices such as cold-atom

™ (Received 20 November 2024; revised 14 May 2025; accepted 26 June 2025; published 3 September 2025)

Recent Literature: Proof-of-concept simulations of 1+1D QED
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Recent Literature: Proof-of-concept simulations of 1+1D QED

Challenge == Scaling to 2+1D and 3+1D model to simulate QED, Electroweak and QCD problems
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FIG. 2. Hlustration of a 3d optical superlattice structure with
gauge-invariant hopping along cach axis. Atoms are prepared
in cach layer.
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THE PROPOSED PLATFORM

) The BNL Advantage: Attack the QCD problem with extensive in-house Nuclear Physics expertise

»» Use 173Yb atoms with a nuclear spin I = 5/2 = Total 6 nuclear spin states 2
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ULTRA LIGHT DARK MATTER SENSING

m=) Ultralight Dark Matter (ULDM): 10712 to 10722 eV

m=) A distributed set of entangled atomic sensors can improve sensitivity and bandwidth

ULDM
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ULTRA LIGHT DARK MATTER SENSING

ULDM

m=) Ultralight Dark Matter (ULDM): 10712 to 10722 eV

m=) A distributed set of entangled atomic sensors can improve sensitivity and bandwidth
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Precision Metrology Meets Cosmology: Improved Constraints on Ultralight Dark Matter
from Atom-Cavity Frequency Comparisons

Colin J. Kennedy®," Eric Oelker,"" John M. Robinson,' Tobias Bothwell,' Dhruv Kedar,'
William R. Milner,' G. Edward Marti,"” Andrei Derevianko,” and Jun Ye®'
ILA, National Institute of Standards and Technology and University of Colorado,
Boulder, Colorado 80309-0440, USA
2I.)ejwzrltl'rmm of Molecular and Cellular Physiology, Stanford University, Stanford, California 94305, United States
3Department of Physics, University of Nevada, Reno, Nevada 89557, USA

™ (Received 19 August 2020; accepted 7 October 2020; published 12 November 2020)

We conduct frequency comparisons between a state-of-the-art strontium optical lattice clock, a
cryogenic crystalline silicon cavity, and a hydrogen maser to set new bounds on the coupling of ultralight
dark matter to standard model particles and fields in the mass range of 107'% — 10~2' eV. The key
advantage of this two-part ratio comparison is the differential sensitivity to time variation of both the fine-
structure constant and the electron mass, achieving a substantially improved limit on the moduli of
ultralight dark matter, particularly at higher masses than typical atomic spectroscopic results. Furthermore,
we demonstrate an extension of the search range to even higher masses by use of dynamical decoupling
techniques. These results highlight the importance of using the best-performing atomic clocks for
fundamental physics applications, as all-optical timescales are increasingly integrated with, and will
eventually supplant, existing microwave timescales.

DOIL: 10.1103/PhysRevLett. 125.201302

Ultralight Dark Matter Search with Space-Time Separated Atomic Clocks and Cavities

Melina Filzinger®,"" Ashlee R. Caddell®,™ Dhruv Jani®,” Martin Steinel®,' Leonardo Giani®,”
Nils Huntemann ,' and Benjamin M. Roberts 21
'.”hysfkaﬂjr.'h—?}zchnische Bund, It, Bundesallee 100, 38116 Braunschweig, Germany
28School of Mathematics and Physics, The University of Queensland, Brishane, Queensland 4072, Australia

™ (Received 21 December 2023; revised 17 September 2024; accepted 18 December 2024; published 23 January 2025)

We devise and demonstrate a method to search for nongravitational couplings of ultralight dark matter to
standard model particles using space-time separated atomic clocks and cavity-stabilized lasers. By making
use of space-time separated sensors, which probe different values of an oscillating dark matter field, we can
search for couplings that cancel in typical local experiments. This provides sensitivity to both the temporal
and spatial fluctuations of the field. We demonstrate this method using existing data from a frequency
comparison of lasers stabilized to two optical cavities connected via a 2220 km fiber link [Schioppo et al.,
Nat. Commun. 13, 212 (2022)], and from the atomic clocks on board the global positioning system
satellites. Our analysis resulls in constraints on the coupling of scalar dark matter to electrons, d,,_, for

masses between 107 and 2 x 107" eV/ ¢, These are the first constraints on d,,, alone in this mass range.

DOI: 10.1103/PhysRevLett. 134.031001
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OUR LAB SPACE AND RESULTS SO FAR
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WHY BNL? == Aligns well with ‘Understanding the Basic Building Blocks of the Universe’
=) Extensive Facilities: 10, CFN, Physics, and CAD
m=) Extensive expertise in nuclear and high-energy physics
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FUNDING TABLE

Item Cost (Including Burden
and Overhead)
FY27 Labor (Pl+Postdoc) $250K $600K
UHV System and Accessories $50K
Cooling Lasers (399 nm and 556 $250K
nm)
Misc Materials and Supplies $50K
FY28 Labor (Pl+Postdoc) $250K $450K
Low Noise Camera $80K
Wavemeter $70K
Misc Optics and Electronics $50K
FY29 Labor (Pl+Postdoc) $250K $450K
Trapping and Cavity Lasers $100K
Misc Optics and Electronics $100K

Other Ideas ™% Spin polarization measurements of relativistic electron bunch
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