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Many body physics in atom photon coupled systems

Quantum gas-cavity QED setup
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Generalized model

I/J_\ * Photon hopping between the cavities.
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1)N=1,\.= 0 = Nonlinear Jaynes-Cummings model
U(1) symmetry [\[ 7:l] =0 Lindblad Master Eqgn:

2)N>1,U= 0= Dicke model p = —i[H, p +L[a]
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N=1,\;, =0, x =0, Nonlinear JC Dimer

Each cavity is described by the nonlinear Jaynes-Cummings model Ferro
Semi-classical analysis using product state : |¥) = ) \oc)i ® |Z>i
L= 1(w| 0 [w)—(w|H ) FP-F, PST
08 =0 = Lagrange’s EOM for the dynamical variables: (1;,;, 0;, ¢;)

Classification of steady states :

1) Relative phase between photons : 17, — ¢'r
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Quantum signature and decay

Quantum Signature of 7-oscillations and self-trapping
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Self-trapping and entanglement

AS/In?2

Von-Neumann Entropy  S;=-5", A¢ In(\})

Mutual Information Z = Sp, + Sr — SLr

Schrodinger cat - Eyolution of quantum state of photon
of photons
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N>1,U=0, x # 0, Open AD Dimer

Each cavity is described by the anisotropic Dicke Hamiltonian, with cavity loss
in the § — oo limit
Semi-classical limit is obtained _ lassical " f’ "
by considering the ansatz: p = Hi‘az‘><ai| ® |Zi><zi| i)l CES 1oys 0, mf’ on
for xi = (aiy S;s SLv '312)

X; = 0 ==> STEADY STATES with dissipator:  L; =+/ka;

CLASSIFICATION: Spin orientation

NN RNV

Symmetric ~ Anti-Symmetric ~ Mixed
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8/12



Two Dicke transitions occur from the normal to two
superradiant states characterised by © = w 4 J

Second-order transition point

Anisotropy introduces a change in the nature of
transition from second order to first order at TP

Effective Landau-Ginzberg potential
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Effects of anisotropy and dissipation

Route to dissipative chaos
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Self-trapping in a lossy cavity

Phase diagram for ST state
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Measures of dissipative chaos
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Anisotropy and dissipation together enrich

the phase diagram, enabling bistability, limit
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Quantum self-trapping and persistent
oscillations even under photon loss.

Light-matter systems can mimic many-body ‘ -
quantum phases, despite photons being non- B
interacting in isolation. Debabrata Mondal, Dr. Subhadeep Chakraborty

Dr. Subhasis Sinha, NUS, Singapore
Engineered cavity QED systems provide a Dr. Sudip Sinha
powerful testbed for simulating IISER Kolkata, India
nonequilibrium quantum dynamics. Link to my Google Scholar and

papers

THANK YOU ’J

HISER KOLKATA
Funding

12/12



