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TOPOLOGICAL DEFECT FORMATION

Signatures of phase transitions which
have occurred m the early universe by
determining the density of defects left
in the broken symmetry phase as a
function of the rate of quench.
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TOPOLOGICAL DEFECT FORMATION

Simulation of phase transitions in the early universe in condensed matter

systems (superfluids and Josephson junctions)

TH: ZUREK ‘85-’88
EXPS:BAUERLE ET AL ‘96,RUUTU ET AL’96}

Extension to quantum phase transitions

ZUREK, DORNER, ZOLLER ’0O5
POLKOVNIKOV 05
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Is it possible in the presence of dissipation and

dephasing to describe universally the production
of defects in an adiabatic quench ?
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v/ The bath does not influence the system for T < A

= = : —= v
v/ Relaxation in the critical region 7,. = o< o’

Saturday, December 19, 2009



“INCOHERENT” DEFECTS

v/ Density of defects € =~ Epz + &,

v/ The bath does not influence the system for T < A

== = : =1 v
v/ Relaxation in the critical region 7. =~ o< o’

dk
S
(27)

d
T Pr = [Pk—P (he)]

Saturday, December 19, 2009



“INCOHERENT” DEFECTS

v/ Density of defects € =~ Epz + &,

v/ The bath does not influence the system for T < A

== = : =1 v
v/ Relaxation in the critical region 7. =~ o< o’

dk
S
(27)

d
5 = L [~ P (ko)

=5 ==
toc — 21 Ty



“INCOHERENT” DEFECTS

Saturday, December 19, 2009



“INCOHERENT” DEFECTS

Saturday, December 19, 2009
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DENSITY OF DEFECTS

The density of defects (or the residual energy) is obtained by
evaluating the average number of excitations after the quench
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& For fast quenches the bath is unable to affect the system and the KZ
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& For very slow quenches only thermal excitations contribute to defect
formation 1s dominated by the coupling to the environment.
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& For fast quenches the bath is unable to affect the system and the KZ
scaling 1s preserved.

& For very slow quenches only thermal excitations contribute to defect
formation 1s dominated by the coupling to the environment.

& In the crossover region both thermal and non-adiabatic excitations
contribute.
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DENSITY OF DEFECTS

THE BATH HAS TWO EFFECTS:
- IT CREATES EXCITATIONS NEAR
THE CRITICAL POINT

- IT RELAXES THE SYSTEM TO ITS
GROUND STATE AFTER LEAVING
THE QUANTUM CRITICAL REGION

& For fast quenches the bath is unable to affect the system and the KZ

scaling 1s preserved.

& For very slow quenches only thermal excitations contribute to defect
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formation 1s dominated by the coupling to the environment.

& In the crossover region both thermal and non-adiabatic excitations
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RELAXATION TIME

§=+/T2 F (.

Close to the critical
point curves collapse
into a unique scaling
function

F(A/T) = a(1 + bA/T) exp {—A/T}
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COMPARISON OF THE
KINETIC EQUATIONS WITH
THE SCALING ANALYSIS
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