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Outline

1. Background & motivation

2. Bose-Hubbard dimer _
— In closed system

attraction vs. repulsion ——

—— in driven, damped system

3. General Hamiltonian Sign Inversion mapping



SC qubits: coherence

106 3D Fluxonium
@ 10° [~ _
= Fluxonium
)
E 10t -
©
—
.E 10% 3D transmon
3 Transmon
102
T1
101 +'|'2
100 ! | | | | | |
2000 2004 2008 2012

Year

O —S—-—-
100,000
10,000 §
=
Q
11000 o
Qo
(/)]
100 ©
©
|
S
10 S



JC building block
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Markovian open quantum systems

Lindblad master equation
(Lindblad, Kossakowski, Gorini, and Sudarshan)

—p = —i[H, p] +Z% nPAl — L{AT A, 0}) = Lp

Observables: (M) =tr (Mp,)



System
Operator

Transition

based on:
E.M. Kessler et al.,
PRA 86, 012116 (2012)

Quantum Phase Transition

Hamiltonian
H=HT

Dissipative Phase Transition
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L#£LT
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Houck lab (Princeton): cQED chain

72 resonators and qubits

secondary
input/output

Fitzpatrick et al., PRX 7, 011016 (2017)



Hysteresis in transmission
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Asymptotic Decay Rates
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- discussion on blackboard -
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BH dimer: dynamics
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Symmetry-breaking steady states in BH

dimer

Cao, Mahmod & Hafezi, PRA 94, 063805 (2016)

J/v

(dw/y = =3)

symmetry-breaking

steady states

J
P
oV UN Y o w
“\ “
8
(bw/vy = 3)
J/v
2
3 2 AT
U/~
12




- discussion on blackboard -
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Spin lattice example

| Y

H = Z —6{? -|—I—JJ20§?§7” + Z + (damping)
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Triangular Ising plaguette: dynamics

ow _ .
H = Z 705 +J Z 0507 + Z e(0] + 0. ) + (damping)
J
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Summary

* non-equilibrium dynamics:
no distinction between attraction/repulsion for BH lattice

example of general Hamiltonian Sign Inversion mapping

QQ system Hamiltonian —H
damping rates, ops. Yis TC]'T]L

density matrix pQ(t) = Tpl(t)TT
expectation values <A>2 — <-|-1LAT>’1=

Ql system Hamiltonian H

damping rates, ops. Yis €5 HSI

density matrix p4(t)
expectation values (A) 1

« applications:
exploring nonequilibrium phase diagrams, ...
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