Out of equilibrium dynamics
of the vortex glass

Daniel Dominguez
C. A. Bariloche - Argentina
Sebastian Bustingorry, Bariloche, Argentina

Leticia Cugliandolo, Jussieu, Paris.

March 12, 2005

-
_;.-'-’ Y v CON[CET







Outline

Vortices in Superconductors

Vortex dynamics model and vortex glass
Single vortex line: Aging and FDT
Vortex glass: Aging and FDT

Conclusions



——_ HcX(T)

Yortex 5State

Heizsner State

Type Il Superconductors:Vortices

Hormnal State

__ Hel(T)



——_ HcX(T)

Type Il Superconductors:Vortices

Hornal State

Yortex 5State

__ Hel(T)

Heissner State T




Type Il Superconductors:Vortices

T HcX(T)

Hormal 5tate
Yortex 5State

—_ Hcl(T)

Heissner State




\Vortices

-]
-
1]
-
(2]
-
1]
=
[
=]
=

Type Il Superconductors

Yortex State

ssner State

Hei




T HeX(T)

Yortex State

Type Il Superconductors:Vortices

Hormal 5tate

———— Hcl(T)

Heizsner State




T HeX(T)

Yortex State

Type Il Superconductors:Vortices

Hormal 5tate

———— Hcl(T)

Heizsner State




| planes

Vortex Interactions

I\L,r, pancakes



Random Pinning




P
8rlz(t')\
n

ot

Vortex dynamics model
interactions

~ N ~ ~=
=67 + £ () + £ (1)

z

_|_

/-7{\
ﬂz(t)

Y

(1)



Vortex dynamics model

e interactions

arlz(t) in - elast /,y TR
N =) O+ )

r;.. 2D position of [-th vortex in z-th plane.
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Vortex dynamics model

P interactions
or, (t — celas ~ —~N— /-/\
o0+ Lo+ Lo &

r;,. 2D position of [-th vortex in z-th plane.

Friction force: n = ‘I’(CJQLPC%Z
In-plane interaction force: fl@'gt — _Vrlep[{rzz(t)}] with
|r U I'lz|
Wmmmzzu(lA , .
141
with



Elastic (inter-plane) force:  £7*" = -V, U°[{r..(t)}] with

Uy = v (R

2r,
Vv <‘r(zl)l — rlz|> ,
271,
V(x]) = 2¢i(]x|—1)for|x| >1

¢;(|x|? — 1) for |x| < 1,

with x = |r,, — .| /27y, 2 = 2 £ 1,
ry = d€ap /€., d interplane distance, and

€0 A
Cj = — 1—|—1n—
wd a

(4)
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Random pinning force:

T —Vr,, d°r'u(r’, 2)p(|ri, — '), (6)

lz

(u(r, 2)u(r’, 2)) = v6(r —r')é

zz!
and
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Random pinning force:

lz

(u(r, 2)u(r’, 2')) = ~v6(r — '),

and
2£2

p(r) = 5128 2e2

Thermal (Langevin) force:

(fizu(t)) =0,

(Fro @) For o (£)) = 2nkpT(t — t')8,.18,6,,,,

(F = —v,_ [ dr'u(’, 2)p(|r. — 1)),

©)
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Vortex Phase diagram without disorder
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Vortex Phase diagram with disorder

quasi-ordersd-aitice
{Bragg glass)

From experimental data in BiSrCaCuO

Schematic Phase Diagram
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Vortex Glass transition

500 t/t0 1000

Reichhardt et al, PRL 2000

C(t) = e~ OO /a®  o~t/tp

Scaling theory : p ~ |T — Tg,v(z—l)
v=13—-2,2=3.1-6.5

Volger-Fulcher law : p ~ e~ 1/(T=Ty)
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Out of equilibrium systems

Out of equilibrium:

* Very slow relaxation Tequilibration > Tobservaiion

* External forces: f(x) # —0V/0x, f(x,t)

Examples: spin glasses, window glasses polymers, colloids, gels, dense liquides, granular
matter, sheared fluids, etc,.....\Vortex Matter?

15



Out of equilibrium dynamics of glasses

Energy flow, partial equilib ration, and effective temperatures in systems with slow dynamics,
Cugliandolo, Kurchan, Peliti, PRE, 1997.
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Out of equilibrium dynamics of glasses

Energy flow, partial equilib ration, and effective temperatures in systems with slow dynamics,
Cugliandolo, Kurchan, Peliti, PRE, 1997.

Fluctuations: C(t + tw, tw) = (O(t + tw)O(tw)), (O(t)) =0

Response: x (¢ + tu, tw) = lim._.g <O(t)>e;<o(t)>0, (H. = H — ¢(t)O)

Equilibrium: ( tw > Teq)

() = ,{BiT[cm) o))
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Out of equilibrium dynamics of glasses

Energy flow, partial equilibration, and effective temperatures in systems with slow dynamics,
Cugliandolo, Kurchan, Peliti, PRE, 1997.

Fluctuation - dissipation relations

equilibrinm (rlass: non-equilibrinm

—L":I'"Eff
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Simulations

Vortex ex 56 pancakes per plane
50 planes
start — Y.
Quench from T;pe = 0.3 > Ty t0 T

Bragg Glass
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Correlation functions measured

Dynamic wandering

Wiz, t,ty) =

1

(i

D ra(®) = ro(®)] = [riz(tw) — rio(tw)]l)
l

Mean square displacement (MSD)

B(t, 1) = (- D lwis(t) — zi-(B)])

lz
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Single Vortex Line wihout disorder (Vortex Liquid)
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Single Vortex Line wihout disorder (Vortex Liquid)
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Finite Size effect

T=1—1y,

T
W(Z7 T) e { ZQCT

¢ = ¢r = 1/2 (thermal line wandering)

Fort > t; (.—n,) finite size effect
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Finite Size effect

T=1—1y,

T T <T@

W(Z7 T) e { ZQCT

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

B(1) ~ /2 t1,2=1) < T < 11,2=Ny)
T U1,(z=N,) < T

elastic line
center of mass
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Single Vortex Line with Disorder: Aging

I2PIOSIP IN0YIM

I2PIOSIP Yl
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Integrated Response

Response Function




Response Function

Integrated Response

Random force fort > t,. f. = es;.X,
€ : perturbation strength, s;., = £1 , random

<% le Slz.CUlz(t>>€ _ <% le le'Z?J’(t)>€:()

X(ta tw) —
€

x1,, x-component of vortex position,
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Multiplicative Scaling

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

Define )
B(t,t,) = B(t)t
2kTx(t, tw) = )2(£>t_a

with t = t/t,, and

| a(m(E - 1)@
B(t) — { Cg(T)(g— 1)—a(T)

~rT\N Cl(T)(g— 1)—a(T)
x(®) = { y(T)ea(T)(E — 1)~

t <1
t>1

t<1
t>1
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Single Vortex Line with Disorder: Scaling

27



with y(t, t,) =

T

Tef (t7tw)

Violation of FDT



with y(t, t,) = W
fort > t,

Effective temperature:

Violation of FDT
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Single Vortex Line with Disorder: Violation of FDT

29



Vortex Glass: Aging and Scaling
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Scaling Exponents  «(T)

v =0.0001 v =0.00001

&—© without lateral interactions
®—® with lateral interactions
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Vortex Glass: Violation of FDT
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Effective Temperature
v =0.0001 v =0.00001

o’
= 0174 4 &2 kT .= 0.156

eff

ki'l:ﬁ,: .20

G—€ without lateral interactions
®—® with lateral interactions

y(T) = Ters(T)
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Conclusions

Slow dynamics dominated by elastic line relaxation

Aging : multiplicative scaling (as polimers in random media)

Violation of FDT after a quench to the vortex glass
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