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Vortex Glass Transition

Fisher,Fisher, Huse, PRB 1991, V. Glass Scaling theory;
p~|T —T,"*Y  v=09—-172=4—-6

Gauge glass model & frustrated disorded XY model:
Finite 7. in 3d for k = oo

T. = 0for k < oo in 3d (Bokil & Young 1995)

London Langevin model, van Otterlo et al, PRL 1998, Reichhardt et
al, PRL 2000:
Window glass behavior?
Volger-Fulcher law : p ~ ¢~ 1/(T~Tg)

Experiments, YBCO:

A. Petrean et al, PRL 2000, V. Glass scaling in p(T)
Strachan et al, PRL 2001, No IV scaling.
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LONDON-LANGEVIN model

London Langevin model: van Otterlo et al, PRL 1998, Reichhardt et al,
PRL 2000.

friction

P iy interactions randompinning  thermalnoise
20 oo B+ RO .
e r;,. 2D position of [-th vortex in z-th plane.
e In-plane interaction force: f/"' = —V,, UP[{ri.(t)}] with
UP[{ri=(8)}] = Sup U (R, with
U(z) = 3 2,\2K0($)

e Elastic (inter-plane) force: /%" = —V,, U°[{r..(t)}] with

Uy = v (R @
%4 (’r(zl)l - I'lz|> ,
27,
V(x]) = 2¢(|x]—1)for|x| >1 (3)

e;(x]* — 1) for |x| < 1,

withx = |r,, — .| /27y, 2 = 2 £ 1,



e Random pinning force:

fi. = =V, [ dr'u(’, 2)p(Ir: = 1)), (4)
(u(r, 2)u(r’, 2)) = ~v6(r — '),

and
2£2

p(T):m-

e Thermal (Langevin) force:

(fr,u (1)) = 0,

<fl£,u(t)f§l/,u(t/)> — 2TIIQBT’(S(?‘; - t/)5zz’6ll’5ulu’7
p =,y



Out of equilibrium dynamics of structural
glasses

Two-time correlation functions:
C(ty,tw +7) = (O(tw)O(T + tw)), (O(t)) =0

Response: x (tw, tw + 7) = lim_ <O(t)>€;<o(t)>0,
(Ho=H — e¢(t)O), t =ty + 7

AGING: dependence on t,,.
Non-trivial violation of fluctuacion-dissipation relation:

_ Y(tw, t)

X (tw,t) C(tw, )

lim lim y(t,,t) # 1

tw— 00 t—00

relaxation time 7r(t,,) — oo for t,, — oo

I I —

t=0 ty t



Simulation: Structural glasses

e FDT x = A/2T
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FIG. 2. R wversus BA at I' = 1.6 for 1, = 8192 and 1, =
2048 at N = 66 and for ¢, = 2048 at N = 130, The two

straight lines have slope | and 0.62, respectively.
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Parisi, PRL 1997



Simulations
HY A
Vortex \ Vortex
Glass \ Liquid
=0
Bragg Glass
|
T

e 56 pancakes per plane
e 50 planes
e Quench from T4t = 0.3 > Ty t0 T




Correlation functions measured

e Dynamic wandering

Wiz, t,ty) =

1

< N,

D () = rio(t)] = fri(tu) — rio(ta)][)
l

e Mean square displacement (MSD)

B(t, tw) = {1 S lmia(8) — ()]
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Finite Size effect
T=1—1y

T T < t1.(4
W(Z,T) N{ ZQCT 1,(2)

T > tl,(z)
¢ = ¢r = 1/2 (thermal line wandering)
Fort > t (.—n,) finite size effect
T T < t1,(z=1) single pancake

B(T) ~ /2 t1(2=1) < T < t1,(.=n,) elasticline
T U,(2=Ny) < T center of mass



Response Function

e Integrated Response

Random force for t > t,,: fi. = €s..X,
€ : perturbation strength, s;, = +1 , random

L <% le Sllez(t)>e o <% le Slzajlz(t)>e:0

X(t,ty) = -

x1, x-component of vortex position,



Multiplicative Scaling

Yoshino, PRL 1998, Directed Polymer in Random Media (1+1)

Define )
B(t,t,) = B(t)t”
2k Tx(t, tw) = X({)ta

with ¢ = t/t,, and

- | oam@E-1" Tk
B(t) = - —a(T)
co(T)(F — 1) i>1

o e (T) (& — 1)o@ i< 1
X = { y(T)es(T) (I~ 1)@ I3 1
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Violation of FDT

t? tw
(b tw) = X B
with ’y(t, tw) = %
o fort < ty, 3
x =B
e fort > t, 3
x =y(T)B
e Effective temperature:
T
y(T) =

11



Conclusions

e Slow dynamics dominated by elastic line relaxation

e Aging : multiplicative scaling (as polymers in random media)

e Violation of FDT after a quench to the vortex glass

Does the vortex glass freeze like an structural glass??

Yes and No

e Yes
Aging
Single violation of FDT
Ty independent of T

e NoO
Multiplicative aging
Similar to polymers in random media
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