Interfaces in random media
shocks and field theory

e model: elastic manifolds in random media
some examples

e statics

e field theory : Functional RG

e measuring R(u) : shocks
e 2D periodic: CO model, fermions

e depinning transition e avalanches
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Elastic manifolds in a random potential
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Elastic manifolds in a random potential
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directed polymer d =1

V;; random variables on each bond
t
bEr = Z Vi energy of path [
el

find optimal path [ ..,

of minimal energy Emin

O (u(z) — u(0))2) ~ |z[%

Exact results for N=1 ( = 2/3
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e Directed interfaces, no overhangs or bubble (large scale)

One interface in the Ising model in ferromagnetic phase

Random bond disorder D=2,3 d=1,2 N=1 D=d+N

Random field disorder D=3 d=2, N=1

e NOT: 2D SAW with quenched random bonds



Infsfu{x+L)-ulx)F )

Magnetic interface

Lemerle Ferre et al. 98

Ising magnetic film Co

(u(z) —u(0))? ~ |z[*¢

domain wall creep, D=1+1, RB

DS NN SO O SUUOE SN S SO A |

1.6 ; + ii*i

exponent 24

[ 5 LY
1.4 '*f"i"'i ‘if ..... # .{_.{. ............ 1

] 5 10 15 20 25 30 35 40
measurament number



e Directed interfaces, no overhangs or bubble (large scale)

One interface in the Ising model in ferromagnetic phase

Random bond disorder  D=2,3  d=1,2 N=1

Random field disorder D=3 d=2, N=1

e NOT: 2D SAW with quenched random bonds

e Crystal (lattice) with no topological defects (dislocations)

Bragg glass phase ? d=3

XY model with random field



Periodic object + weak disorder Abrikosov vortex lattice

Bragg Glass: No dislocation decoration
No translational order

B(r) = (u(r) —u(0))? [
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Elastic Manifold in Random Potential u(z) € RY
r € R4

. H = /ddx g(Vu)Q 4+ V(z,u(z))
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the function e short range random bond magnetic DW

R(u) is e long range random field /nterfaces

e periodic vortex lattice (Bragg glass)

Plu] ~ e HWl/T ((u(z) — u(0))?) ~ |z[2¢

1y ~ L=? few univ class
0 =d—2+2¢ Pinned T=0 C(N,d,..)



e replicas
How to treat the problem e dynamics

T = /Due—ﬁﬂv[“] Byl = [ d%(Vu)? + V(@ u(@))
B=1/T V(z, W)V (2, ) =6z — 2HYR(u — u')

7T = Tre—BHrep w@u(0)) = (ua(x)ua(0))n=0
@) a(0)) = (ua(@)us(0))ns

Hrep= [z Y (Vua)>~ > Rta() ()

starting model: interacting field theory



How to average over disorder

. statics Hlul = [ d"e{5(Va)? + V(@ u(2))]
Replica Field Theory
R(ugqg — uyp)
« dynamics
nopu(z,t) = cVu(a, t)+F(z, u(z, 1)) +&(2, )+ f
pinning force noise force

F(z,u) = 0,V (x,u)

A — _R"
Flo. ) F(a ) = 64a — o) A(u — o) (u) (u)

Dynamical Field Theory (MSR,DJ)

A(u(t) — u(t))



Peculiar features of field theory for glass

e coupling constant is a function of the field R(U) &g ¢4
infinity of relevant operators d<4: Functional RG A(u)

e since 1] = L~ 5 0 there should be
a T=0 fixed point theory, indeed A;(u) — A*(u) = O(e)
BUT A*(w) isnon-analyticat u=0 L > L e=4—d

why? mode minimization instead of integration : shocks

4 CUsp

A(u) A(u) A'(0T) # 0

— O(e)

needs rescaling: yields C



Physics of the Cusp: metastability
2 2
. “Toy RG” H = %u2+/\?|uf|2—l—‘/(u—l—uf)

- ~ Balents, Bouchaud, Mezard.
Veff[u] = MlnufH[u,uf]

V(U+uf) degenerate \\/i(u)\/
states

U+U “shock” u

d d 38 60 d &

F(u) = —V'(u) jumps
F(u) — F(u') finite if shock between U and u/ proba p ~ |u — /|

A(u) — A0) ~ (F(u) — F(u))? ~p~|u—1/] (uniform density )
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v(u,t)

'S




Functional RG T=0

= st = [ n S Va5 5 Ro(ua(e) —u (@)
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R(uq — up) 1= IMNoua(z) = ua, up(x) = up)

Bi(uw) = m™ T4 R(um™°)

—mOmR(u) = (e — 40)R(uw) + ¢uR'(w)

= O R(u) Loy o mns o\ 3
= In(1/m) +o R (w)® = RI(u)R(0) + O(R”)



Analysis of one loop FRG equation T=0

N ~ _ 1. N N D.Fisher 86
O R(u) = (e=4Q)Rt+CuR'+_ R (u)?~R"(u) R"(0)
start with R(u) analytic
alR/l//(O) — ER/”/(O) _I_ RIIII(O)Q R////(C)) 50 —— mj—
R(u) becomes non-analytic at u=0 beyond Larkin scale
=P Uni luti h
Bl t _ nique solution eac
R (u) R"(0t)#0 Univ class (B.C)
O(S) CRB = 0.208e
: Crr =€/3
e=4—d

cusp

—p difficulties at two loop



renormalizable theory for statics at T=0
PLD,Wiese,Chauve 2000

procedure (2 loop): e one loop counterterms are non-ambiguous

e ask for renormalizability cancellation of 1/¢ poles
—> lift ambiguities

A (1) = (-57+AA(0)+A(A2(A-A(0))"

Astat = —1 _%A/(OJF)QA”(“)
- preserves linear cusp A(u) = —R"(v) Crr =¢€/3
Cpp = 0.20829804¢ + 0.006858¢7
d=1 one loop two loop exact

e=23 0.625 0.637 0.666



. Needs testing !
.what is R(u) ?

R (u)
R”(0)

= Y (u/€) /sz(z) =1 random field disorder
d=4 —¢

VY —1-InY—£F(y)
Jo dy\/y—1—Iny—SF(y)

F(y) = 2y—1—|—yll+j’ — 4Iny + Lix(1 — y)

Y =Y(z) « 2z =

. are there exactly solvable examples ?



How to measure R(u) PLD

cond-mat/0605490

exp(~V (1) =

/ Du eTf d?z5m? (u(z)—v)24+3(Vu)?+V (z,u(x))

V)V = LCR(v — )

o one shows that: R(’U) — R(’U) <«— defined
U differences in higher cumulants from I[u]
T — minimum energy configuration uO(CE; v)
u(v) = L_d/ddaz uo(: v) UV — u(v) exhibits shocks

A(u) = —R"(v)
(v —u()) (W —u(@)) = L7 %m A — o)




Measured correlations vs. 1-loop predictions
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random field disorder
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Decaying Burgers equation and shocks

2 d=0 et )= [ du erlam (V)

particle in a random potential V(u)V(0) = Ro(u)

Force F(v) — V’(v) obeys Burgers equation F' «s y

VX u(z,t)
/. /1 o
any N m—2 oyt 8tu—|—umu = VU, velocity field
T — 2v

shocks form then merge (N=1: ballistic aggregation)
e d>0
Functional Decaying Burgers ~ F, = V' |v]

oV [v]/6v,

Yz Yy
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Sequence of .~ in a single sample

L=8, RF, single sample
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V-<U>

L=8, RF, single sample
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mo= 0.016
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| . | |
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Chaos

I |
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— J(z), 1-loop RF
B RF.d=3,1=16
- - H(z). 1-loop RB
® RB,d=2,L1=32
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Solution for Sinai model: particle in Brownian energy lansdcape

random field disorder d=0

(V(u) = V(0))? ~ 2[ul

Ro(u) ~ —|u
« o . _1,3 Too dzy [T dzo >
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Cardy Ostlund model o952

Periodic pinning d=2 Random field XY (excluded vortices) O(2)

/GHCO — %/dQ?“ %(Vu)Q + Re(feiu(r)) —]’L(T‘) - Vu

‘gM S(T)g*(rl) ~ gM(Srr/ h(?")h(?",) ~ gA(STT/

4

super-rough

glass phase (u(r) — u(0))?2 ~ A(T)(Inr)?

T
0 T, AT) =21~ 1)+ ..
H =K Z ‘hz — h-j| A(T — O) ~ 05
<63> Zeng,Middleton,Shapir 96
hi =n; + d; Rieger Blasum 97
. free fermions + disorder « Functional RG

Guruswamy,Ludwig,Leclair(2000) Schehr,PLD (2006)



Driven elastic manifolds in random potential

directed polymer
AAX —}

interface

U1
u-o /
[ velocity v
applied
& force f
statics depinning

v~ (f = fo)P



Scaling picture of depinning

f<fe =1 f>fe
L v >
§ ~ (f fC) g
U~ xCdep
crltlcal blocked configuration moving

v u/T e~ T~ (f = fe)”



Two loop depinning

PLD,K.Wiese,P.Chauve 2001

AQ
O A(u) = (e —2Q)A 4+ CA' — (5 + AN(0))"

—|—%(A’2(A — A0)" + %A’(OJ“)QA”(u)

e different from statics: irreversibility recovered

Astat = —1

€

Cdep = (1—|—O 1433¢ + . )>CNF—§

e single universality class, RB=RF



Numerics new high precision algorithm by Rosso and Krauth

Find exact critical string configuration on cylinder Ld X M
Analytic

d  One-loop Two-loop

CA2
l 1 .44 1.2620.01
2 2/3 0.86 0.753%+0.002
3 /3 0.38 0.355%20.01
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Numerical calculation of FRG fixed point
at depinning

Alberto Rosso
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Deviations from one loop
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Conclusion

e field theory of pinning: statics, depinning and creep
Functional RG

e the FRG allows to compute not only exponents but also
correlation of shocks and avalanches: good numerical test

e experimental tests ? e DW in magnetic film w/field gradient
e contact line of fluid in partial wetting/capillarity

e chaos E. Rolley, S. Moulinet

e 2D connections to fermions, nearly conformal FT

e can it be extended to describe INTERESTING random surfaces ??



