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1D Circuit-QED chain - model

Resonators coupled to transmons
N

Hon—site = Z [waj'aj + HTQ;j]
=1

Hopping between resonators
N—1
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Drive at the input port
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Master equation
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Transmon qubit relaxation

photon decay




Transmon ~ Bose-Hubbard

Energy Jens Koch, etal., PRA 76, 042319 (2007)
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Theoretical challenges

« Strong coupling: g = 500 MHz
(Detuning A = 2 GHz)

 Drive power over 5 orders of
magnitude:

I _

« Large number of sites: O
roed . i

e Critical behavior:

perturbative treatment




Mean-field treatment
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Small fluctuation

Mean-field approximation:
a; = +Cj bj:ﬂj+dj

Mean-field dynamics equations 144 coupled
q nonlinear ODEs
a5 :
Zd_tj = (56&) — Z%I) a + gﬁj + K (ij_l + &j+1) + 65]'1

Evolve for a long time
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Drive Power [dBm)]

Transmission: theory vs. exp.
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* Low power: resonance
peaks < shifted
resonator modes

* Increasing power:
»  gplitting of low-power
resonance peaks

* High power: suppressed
transmission

e Sharp crossover:
signhature of dissipative
phase transition
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Higher transmon levels
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Mean-field bistability

Transmission
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Switching [1] between

two metastable states
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[1]1 M. Dykman and V. Smelyanskiy, Zh. Eksp. Teor. Fiz94,61 (1988)
T.E. Lee, etal.,,PRL 108,023602 (2012)



Conclusions

 First dissipative phase
transition observed in circuit-
QED chain
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* Rich physics due to higher
transmon levels

* Future work:
» High-power state
« Switching mechanism
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