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Bose-Hubbard lattice with two-photon driving and
single-photon losses
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Single site i: state can
be written in terms of
‘spin states’
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Spin lattice

* The vacuum is a |[c"))state

* Spontaneous breaking of 7 -symmetry at large G
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Losses lead to a (Markovian) open quantum system.

Described by
* Master equation

O p=~Lp

* Stochastic quantum trajectories
o E.g. Heterodyne unraveling
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Trajectory for expectation values:
1(0Y =i([1,0])a
<ﬁ C)> dt — % <

where 4§, =0- <O>

* Close Hierarchy with Wick’s theorem
= Gaussian ansatz foriy))
* Gives coupled SDEs for

o = ()} {uiy = (8:85) b {o = (819, ]

e ->(Quadratic scaling with #modes

Further reading on the method:



Study of the dissipative PT in
guadratically driven Kerr
lattices:
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Define order parameter
a:=N"13 Im{a;}

Tracked directly with

individual trajectories
U=J=-A =y

Observe symmery breaking

for increasing G values

o Individual trajectories

(top)

o distribution (bottom)
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Quantitative analysis of

distribution: rescaling of

Binder cumulant

e Extract critical
exponent v=1

* Universality class of
classical 2D Ising model

Further reading:
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Regime of lower losses

(U=40y, J=-A =20y)

* v=0,63

* Universality class of
Quantum 2D lsing
model

. Reproduction of

result from

Crossover between quantum and classical
universality depending on y = analogous to
guantum phase transitions at finite temperature
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Now, quench G from disordered phase Goto G: as
G(t)=Go+vt

* Formation of domains with size dependent on v
1 :

v=1.5625E-4] _;

* Known as the Kibble-Zurek Mechanism
* Finite-size scaling
allows extraction of dynamical critical
exponent z
* Find z =2.18: Metropolis dynamics
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Further reading:

In QPT, the gap scales as

Ag ~E2& A ~ g —9.1"" (1)
 What about the Liouvillian gap A in a DPT?
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* Extract A from slow decay to the NESS
* Result: straightforward generalization of (1)
e Same z as from the Kibble-Zurek effect
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