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Correlations and Entanglement
Facilitated by Optical Cavity

Explore fundamental science of quantum sensing and simulation

UseAll of Quantum Mechanics:
Unitary Dynamics, Quantum Measurement, Dissipation



Correlations and Entanglement
Facilitated by Optical Cavity
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Cavity on Resonant with AtomSuperradiance
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Detune the Cavity: SplExchange Interactions
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Spin Exchange versﬁﬂ%erradiance
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MomentumExchange Interaction

4-photon Process l Exchange Interaction
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Binding Wave Packets Together
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Collective Recobedanken
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The atoms collectively recoil as a single object and Doppler dephasing is suppressed
Similar to Mossbauer or Lanibicke spectroscopy.
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Engineering General Hamiltonians: XYZ
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XYZ: Creation of Tvaxis Counter Twisting
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Beyond 2Body Interactions: 3 & 4 Body Interactic
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Generating %Body Interactions
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Correlated Hopping in Large Synthetic Dimensic

Resolve All 10 Ground Nuclear States
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Entanglement Enhancements Beyond SQL
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QND Spin squeezing in a statethe-art Sr optical clock at 10
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Resource for EntanglemebBnhhanced
Matterwavelnterferometer

RubidiumMatterwave Interferometer Next Generation: Strontium
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BCS: Electrons Attract Each Other

Bardeen, Cooper, Schrieffer, Phys. R6&(1) 162,164 (1957)
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Model BardeerCooperSchrieffer Hamiltonian
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Dynamical Phases cfvave BCS Model
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Experiment Status in 2024

Signatures of dynamical

Experimental Status References
phases

Dynamical phase transition betwee n Observed in a quantussimulator { Y I f S Xhy@sSenSci. Ad\s,
distinct nonequilibrium regimes platform eaax1568 (2019)
Higgs oscillations in superconductc n Observed (I\ggtls:l;)naga etalPRI111 057002

. I . Behrle et al.Nat. Phys14, 781
H;%gez oscillations in ultracold Ferm n Observed SHNAMY 0T PREBIRIMO2E
J (2024)
Higgslike modes in unconventional Meassoret al., PREB9, 060503

99 n Observed (2014); Matsunaga et aPRL113

superconductors 247002 (2014)

Matsunaga et al PRL109, 187002
(2012)

Universal £/2 Phasell decay 6 Not established T

Finite pairing gap after excitation n Observed

Phaselll persistent oscillations o Not observed T



BCS Hamiltonian: Anderson PseBSpm Mapping
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Measuring the BCS gap/pairing amplitude

Weak light field leaking
from cavity
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Measurement of Positive and Negative Scattering Lengths in a Fermi Gas of Atoms

C. A. Regal and D.S. Jin*

Radio-Frequency Spectroscopy of Observation of the Pairing Gap in

Ultracold Fermions a Strongly Interacting Fermi Gas
S. Gupta,'* Z. Hadzibabic,” M. W. Zwierlein,” C. A. Stan,’ C. Chin," M. Bartenstein," A. Altmeyer,’ S. Riedl,' S. Jochim,’
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Observation of Quenches1to 2 & 2to 3
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