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Second order phase transitions
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Dynamical phase transitions
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Kibble Causality

J. Phys. A: Math. Gen. 9: 1387. (1976)
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Cosmological experiments in
superfluid helium? Doable for “He!!

W. H. Zurek

Theoretical Astrophysics, Los Alamos National Laboratory,
Los Alamos, New Mexico 87545, USA Nature 317, 505 (1985)

Scaling
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Generation of defects in Transient

superfluid “He as attenuation of
an analogue of the

formation of cosmic strings second sound
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Nonappearance of Vortices in Fast Mechanical Expansions of Liquid *He
through the Lambda Transition
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No vortices in 4He!! G. Karra, R. J. Rivers, PRL. 81, 3707 (1998)




Vortex formation in neutron-
irradiated superfluid *He as an

analogue of cosmological defect
formation
Ruutu, Nature 382, 334-336 (1996)

Laboratory simulation of cosmic
string formation in the early
Universe using superfluid He

C. Bauerle et al. Nature 382, 332 (1996)

Thin SC films, nematic
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Spontaneous vortices in the formation of
Bose-Einstein condensates

Chad N. Weiler!, Tyler W. Neely', David R. Scherer', Ashton S. Bradley*}, Matthew J. Davis® & Brian P. Anderson’
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Observation of the Kibble-Zurek scaling law
for defect formation in ion crystals
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KZ scaling with the

guench speed
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Extension to guantum phase
transitions

Zurek, Zoller, et al, "Dynamics of a quantum phase
transition." , PRL 95.10 (2005): 105701.

Analytical demonstration of KZ
scaling in 1d Ising chain in
transverse field

Dziarmaga "Dynamics of a guantum phase transition:
Exact solution of the quantum Ising model." PRL 95.24
(2005): 245701.

Calculation of correlation
functions

Kibble-Zurek problem: Universality and the scaling limit
PRB 86, 064304, (2012), Gubser, Sondhi et al.




week ending

PRL 110, 215302 (2013) PHYSICAL REVIEW LETTERS 24 MAY 2013

Kibble-Zurek Scaling and its Breakdown for Spontaneous Generation of Josephson
Vortices in Bose-Einstein Condensates

Shih-Wei Su,1 Shih-Chuan GDu,2 Ashton Bradley,3 Oleksandr Fialk0,4 and Joachim Brand*
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Too few vortices !




|Issues with KZ s~ 11D s 70D/ 142

Too many vortices

When does KZ scaling stop?

Fast guenches?

Can be t;..,. be truly relevant ?



Dynamic does not
have to be
adiabatic at t; ...

Another scale In
the problem

No defects without
a well formed
condensate

t > trreeze IS
relevant

Chesler, AGG, Liu



t > trreeze Linear response

Holograph
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Non adiabatic growth after t; ...,
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Slow quenches
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Fast quenches

t > tfreeze
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Fast growth |[((t))|* @ # of vortices for fast
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Holography?

Defects survive
large N limit

Universality

Real time




Backreaction
Murata, et al., arXiv:1005.0633
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Oscillations in space
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Conservation laws!



Oscillations In space: BdG
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Instability to spatial iInhomogeneity

Dzero et al., EPL 85 (2009) 20004
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Defects in 1d holographic superconductor

Only Check of KZ scaling



Dual gravity theory
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PDE's in X1t
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Stochastic driving YW = p(t, x)

(™ (t,x)p(t',x")) =76(t —t")6(x —x")

Field theory: ((T,v)

Quantum/thermal fluctuations
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Slow quenches:
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vorticity
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condensate square t=1
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condensate square t=1
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t = 2Ffreeze
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~25 times less defects
freze  than KZ prediction!!
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phase correlator
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Physics beyond
Kibble-Zurek

More efficient than
SGPE

Cracking

thermalization?
Vortex physics
BKT transition






