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LCritical phenomena out-of-equilibrium

LFeatures of aging

Experimental example

@ Cipelletti et al, Phys. Rev. Lett. 84, 2275 (2000)
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LCritical phenomena out-of-equilibrium

LFeatures of aging

Autoresponse and integrated autoresponse

@ Fluctuation-dissipation theorem :

1 1
T kBiT(C(t,S) — C(t,0))
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R(t,s) = 9sC(t,s)  prrm(t,S) =
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LCritical phenomena out-of-equilibrium

LFeatures of aging

Experimental example

@ Hérisson & Ocio, Phys. Rev. Lett. 88, 257202 (2002)
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LCritical phenomena out-of-equilibrium

LFeatures of aging

Features of aging

@ Slow, non-exponential relaxation

@ Two-time functions depend ont and s

@ Two-time quantities depend on scale-invariant functions
@ Deviation from the fluctuation-dissipation theorem
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LCritical phenomena out-of-equilibrium

LFeatures of aging

@ Inside the domains : reversible fluctuations
(spins equilibrated)
@ Domains walls : non-reversible growth
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LCritical phenomena out-of-equilibrium

LFeatures of aging

Scaling hypothesis

@ Only one characteristic length at each time :
£(t) ~ tt/ze

T &(ty)

r/ g(ty)
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LCritical phenomena out-of-equilibrium

LScaling theory of two-time functions

The autocorrelation

@ At equilibrium :
C(t,s) = (Si(t)Si(s)) ~ (t —s)™™

where ac = 23/(vz.) = n/Zc.

@ Out-of-equilibrium :

Clt,s) ~  (t—s)*f(£(t)/<(s))
~ (t=s)T(t/s) ™

t,s—oo

~  sTA(t/g) /%

t,s—o0

where )\; is a new exponent (¢ = \¢/Z¢ — ac).
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LCritical phenomena out-of-equilibrium

LScaling theory of two-time functions

The fluctuation-dissipation ratio

(o) 150

h=0

@ At equilibrium :
ks TR(t,s) = 0sC(t,s)

@ Out-of-equilibrium :

ks TR(t,s) = X(t,s)0sC(t,s)
Because R(t,s) ~ s~ 1(t/s)~*/Z we get for \, = X :

t;iLnOOX(t,s) = X0

@ X : universal
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LStatic critical properties

The 2d fully-frustrated XY model

@ Hamiltonian on a square lattice (FFXY) :
Herxy = — ZJij§i ’§j
(i.j)

where S; is a planar spin and the Jjj ensure
the full frustration of the lattice

@ Hamiltonian of an array of
Josephson junctions in a tranverse field
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LAging of the 2d Fully-Frustrated XY model

LStatic critical properties

Plaquette in the ground state

@ Symmetry U(1) for angles
@ Symmetry Z, for chiralities
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LAging of the 2d Fully-Frustrated XY model

LStatic critical properties

Ground state structure
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LAging of the 2d Fully-Frustrated XY model

LStatic critical properties

Equilibrium properties

@ Two transitions at different temperatures for the angles
(Tekr) and the chiralities (Tch) where Tkt < Ten

@ Angles : Berezinskil-Kosterlitz-Thouless transition (BKT)
with a critical line

@ Low-temperature : spin-waves approximation

@ Chirality : second order phase transition
in the 2d Ising universality class
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LAging of angles

QuenchfromT =0to T < Tgkt

@ Langevin equation :
) sw
a6i(t) _  oH>T[6] L a

ot 56; 10F

where ]
HWI = =3 (6 - 6)°
[] 2\/§<ij>(| J)

is the FFXY hamiltonian in SW approximation.
Q is a gaussian noise
@ We get the autocorrelation :

C(t,5) = (cOS(6i(t) — (S))) ~ (t — 5) /2 (

where 1(T) = ke1y2
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LAging of the 2d Fully-Frustrated XY model

LAging of angles
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LAging of the 2d Fully-Frustrated XY model

LAging of angles

QuenchfromT =0to T < Tgkt
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LAging of the 2d Fully-Frustrated XY model

LAging of angles

QuenchfromT =ocoto T = Tekr

t-9"°C(t,9)
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® ¢ = 0.74(3) # XY model (¢ = 0.613(4))
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LAging of the 2d Fully-Frustrated XY model

LAging of angles

QuenchfromT =ocoto T = Tekr
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@ FFXY : Xo = 0.385(15) # XY model (Xo = 0.215(15))
@ Log. corrections in both cases : BKT-like transition
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LAging of chiralities

QuenchfromT =ocoto T = Tch
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@ \c/zc = 0.98(5) # Ising model (A\¢/zc = 0.738(21))
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LAging of chiralities

QuenchfromT =ocoto T = Tch
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@ X = 0.410(10) # Ising model (Xo = 0.328(1))
@ Log. corrections : influence of topological defects
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LConclusion
Aging of the FFXY

@ Aging of angles
@ Quench from the ground state to the critical line :

@ Estimation of 1(T)
@ Evidences of the validity of SW approximation

@ Quench from HT phase to Tgkr :

@ Universal quantities ® = 0.74(3) and X.. = 0.385(15).
@ Logarithmic corrections in the scaling variables

@ Aging of the chirality from HT phase to T¢y

@ Universal quantities \¢/z. = 0.98(5) and X, = 0.410(10)
incompatible with the Ising model. Cross-over ?
@ Influence of topological defects on the scaling variables.

Work available at : J. Stat. Mech. (2009) P10017
& cond-mat/0907.1474
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