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Cavity QED: a driven-dissipative open quantum system
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A. Vukics, A. Dombi, J. Fink, P. Domokos, Quantum (2019)



Quantum bistability

Continuously driven cavity with a
strongly-coupled single atom

Transmission output is a
random telegraph signal
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H. J. Carmichael, Phys. Rev. X 5, 031028 (2025)




Quantum bistability observed in circuit QED

3 transmon qubits

Johannes Fink

Experimental observation

Fink, Dombi ,Vukics, Wallraff, and Domokos, Phys. Rev. X 7 (2017)



Driven Jaynes-Cummings model with damping
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Transmission spectrum of single-atom CQED systems
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Photon-blockade

Semiclassical result
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Photon-blockade and its breakdown mechanism
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Photon-blockade-breakdown at strong drive
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Bimodal density matrix

Phase space distribution: mixture of two semiclassical attractors

Random telegraph signal

40 T T
These states are
continuously measured
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PHYSICAL REVIEW X 5, 031028 (2015)

Breakdown of Photon Blockade: A Dissipative Quantum Phase
Transition in Zero Dimensions

H.J. Carmichael

The Dodd-Walls Centre for Photonic and Quantum Technologies, Department of Physics,
University of Auckland, Private Bag 92019 Auckland, New Zealand
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Thermodynamic limit: g —» o, n /g = const.
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Super-quantisation rule for multistability
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Német, Kurko, Vukics, Domokos, New Journal of Physics 2024



Quantum trajectories in the multistability domain
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Quantum bistability without singularity

Bimodal density matrix

* 1st order ~ discontinuity
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* density matrixis a
continuous function of all
system parameters

* C(Co-existence of phases

* Pss = (1 B F) *Pdim T F- Pbright

P(X=0)
Fink, Dombi, Vukics, Walraff, Domokos, Phys Rev X 2017






Experimental setup

87Rb T > 10 uK
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Simple transmission blockading mechanism

drive detunings
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Time-resolved observation of the transmission blockade breakdown

blockading mixture transparent
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Defining and calibrating a finite-size measure
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Finite-size scaling of fluctuations
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Competing optical pumping processes

Three-level scheme with repumper dispersive limit
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B. Gabor et al, Phys. Rev. A 107, 023713 (2023)



Phase diagram

Optlcal bistability
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Time evolution from different points in phase space
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Demonstration of the hysteresis

Cavity drive tuned Repumper tuned
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Switching between stable and unstable phases
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Ground state bistability with two cavity modes
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B. Gabor, D. Nagy, A. Vukics, P. Domokos, Phys. Rev. Research 5, L042038 (2023)



Phase diagram of the ground state bistability

Varying the relative drive stregths at
fixed total power
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Thermodynamic limit: cooperativity C — oo
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Conclusions

- Zero dimensional quantum systems under continuous measurement can host
‘macroscopic’ phases and can undergo phase transitions

- Cavity QED systems are paradigmatic driven-dissipative open quantum systems where a
single or a few atoms in strongly coupled to a cavity mode can produce bistability

- The breakdown of the transmission blockade has been observed with time resolution
and finite-size scaling of the fluctuations has been performed

- We demonstrated experimentally hysteresis in a first-order phase transition

- There is a limit of cavity-induced bistability in whihc the phases correspond to pure
ground states
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