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Quantum Kibble-Zurek mechanism (KZM)
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Experiment: S=1 condensate
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Sadler et al., Nature 2006

Anquez et al., PRL 2016



Symmetry breaking in the Dicke model
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Esslinger’s group, PRL 2011
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Mott -> superfluid transition in 3D

(Bose-Hubbard Model) Experiment:

DeMarco et al.

PRL 2011, 

Nature Ph. 201532.0....31.0  QexcE 

3/1 QexcE 
Theory Experiment 

Schneider et al.

PNAS 2014
Meisner, JD, Zurek

PRL 2008

n=3,4 atoms per site

n=1 atom per site

???

n infinite



K-Z scaling hypothesis
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scaled time

scaled distance

scaling 

dimension

scaling 

function

scales diverge in the adiabatic limit

unique scales in

long wavelength & low frequency regime
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Jordan-Wigner transformation

quadratic correlator
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n

z

n

x

n c ,

nRnR cc 

Jordan-Wigner transformation

anomalous correlator
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density of quasiparticles

density of work done
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ferromagnetic correlator
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see also M. Kolodrubetz
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more correlation functions
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scaling dimensions 

the same as in the ground state



mutual information

quantum discord
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beyond impulse approximation

cartoon version

correlation range 

grows several times

ferro-correlator in the ``impulse’’ stage



KZ sonic horizon
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1D Bose-Hubbard model: Mott -> superfluid transition
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1D Bose-Hubbard model:  correlation function

RC ˆ 4/1

8.0ˆ
Q 

Kosterlitz-Thouless

previous 

simulations                                                                

& experiment

sRsR aaC 





Experiment: 

``Universal space-time scaling symmetry in 

the dynamics of bosons across a quantum phase transition’’

Chin’s group,

Science 2016

correlator                                                            

scaled

correlator                                                            



HOMEWORK:

classical supercomputer

1) Cold atoms:

perfect job for a quantum simulator
2CO

2CO

2CO

2) D-Wave:
scaling law due to

decoherence, not KZ

Martinis @ Google: 

only 7x7 qubits

but 

better isolated (?)

Ready way to test it~ 2000 qubits

Mott->superfluid with n=1 atom per site:

not integrable, not mean-field


