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Contact line wetting

(C) E.Rolley

e jisobutanol on a randomly
silanized silicon wafer
* hydrogen on disordered
Cesium substrate




fracture between 2 plexiglass plates (C) Stephane Santucci
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The model

X
e ——
Displacement field xeR — u( )ER
. ddk m?
Elastic energy: I \uk\ Ek—l—/
for contact angle 6 = 90°: k2 + K2 — —V
k! = m~? kapillary length (mstead of g = kz)
Disorder energy JDHo = /d xV (x,u(x))

with correlations V(x,u)V(x,u)=6%x—x)R(u—u)



Functional renormalization group (FRG)
(D. Fisher 1986)

g [

—%/ Z R(u“(x)—uﬁ(x))

Ya,B=1
Functional renormalization group equation (FRG) for the disorder
correlator R(u) at 1-loop order:

d 1
—R(u) = (€~ 40)R(u) + CuR (u) + 5R" ()R () R'(0)
Solution for force-force correlator —R"(u):

_R”(u) | ~R”(u)

renormalization
=
= =
U u

Cusp: R"(0) = -0 appears after finite RG-time (at Larkin-length)




Why is a cusp necessary?
... calculate effective action for single degree of freedom...




Renormalized Disorder Correlator in FRG

m2

] = / % V() 4+ (. u(x)) + - () — w]? d
Local minimum u,,(x) satisfies:

5%W[u]_— 2l/t X)— X, Uy X m2M X)— W
S = V() F (ot (5)) o () — ]

Center-of-mass u,, fluctuates around w

w—W ——/ iy, (x) —w]dx = : 2/F(x,uw()c)) d?x

Lem

0=

Thus naively

hh,y = |, —w| [u,y — W] =

FRG - Legendre-transform ... confirm this picture !

P.Le Doussal, EPL 76 (2006),457; Annals of Physics 325 (2009) 49



Measuring the cusp = effective action
A. Middleton+PLD+KW, PRL 98 (2007) 155701
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A = renormalized disorder correlator



Depinning in 1+1 dimensions
{ =£+0.04777¢*: 1.0 (1 loop), 1.2+0.2 (2 loop), 1.25 (numerics).
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Experiments on contact line

A[Emzl experiment by Etienne Rolley
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T he renormalized force-=force correlator
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Slope at the cusp and avalanche size moments

AX
Avalanche < ‘W W/| — Ld | MW o uW/| — Ld |W o W/‘
>#avalanches/un|t length
P <52 Y w—w| = Ly, — uy|*
A/
(o O
m*
together: [V < > A'(0T))]

(exact) 208 mt



Avalanches

e avalanches appear in many systems: contact-lines, vortex
lattices, domain walls, earthquakes, etc.

* Oldest example: Galton process
e Galton process = Mean Field (MF) = ABBM model
* Brownian force model (BFM) = starting point for field

theory
¢ center-of-mass mode of BFM = ABBM

e avalanches in SK model are different (7 = 1) (M. Mueller,
PLD, KW)

* Self-Organized Ciriticality (SOC)
* Manna model: mapping on disordered elastic manifolds
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The Galton process

* old quesstion: survival probability of male line
(Galton,Watson 1873)
uivalent: driven particle in random force

landscape which itself is a Brownian = records with
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avalanche duration T

avalanche size S = area under curve



The ABBM model

B. Alessandro, C. Beatrice, G. Bertotti and A. Montorsi, J. Applied Phys. 68 (1990) 2901; ibid, 2908
A particle subjected to force which is a random walk:

di(t) =m*[v—u(x,t)] + o F (u(t))  {([F(u)—F@)]*)=|u—u|
=\Vu(t)s (1), (§@)E(t) =6(t—1)

The Brownian force model (BFM) PLD+KW

Jd L’t(x t) = Vzu(x ) +m*[v—u(x,t)] + ,F (u(x,t),x)

O,F (u = Vu(x,0)E(x,1) (ExD)ER)) =8%x—x)8(t—1)

Short-ranged rough disorder A Dobrinevski, PLD+KW

OF (u(x,1),x) = —yi(x,1) F (u(x,1),x) + /1i(x,1)€ (x1

e_}’|u_u,|

disorder correlator
2y in steady state

F(u,x)F(u/,x') = 6%(x —x)



The ABBM model

B. Alessandro, C. Beatrice, G. Bertotti and A. Montorsi, J. Applied Phys. 68 (1990) 2901; ibid, 2908
A particle subjected to force which is a random walk:

Oyii(t) = m” [v—u(x, 1) + A F (u(t))  ([F(u) —F()]*) = |u—u

OF (u(t)) = Vi(0)E(1) , (§()E()) =8(t 1)

MF = model for 1 degree of freedom = ABBM

Key Results
size and duration distributions

P(S)~ 8§~ 3/20= 45, P(T) ~ 1/sinh* (%) ~ T2
steady state velocity distribution "

( )Nuv 1e—u/um
shape at fixed duration T (small durations):

(1)) g = 1(1 ~1/T) 2
shape at fixed size S (any size) (u(t))=/Se™" /S



The Brownian force model (BFM)
PLD+KW, EPL 97 (2012) 46004; Phys. Rev. E 88 (2013) 022106
dii(x,t) = VZi(x,t) +m2 [v —u(x,t)| + o F (u(x,t),x)
o F (u(x,t), \/u (x,2)&
(S (x,t)é‘(xt )> = 5% (x—x )5(2‘ —t’)

(space dependent) field theory formulation for dynamics

THEOREM |

the zero mode of the field theory is the same random
process as ABBM

THEOREM 2

The field theory of this process = sum of all tree diagrams




Short-ranged rough disorder AD+PLD+KW
oii(x,t) = V2u(x,t) +m* [v —u(x,1)] + 0, F (u(x,1),x)
force is an Ornstein-Uhlenbeck process

O,F (u(x,t),x) = —yu(x,t) F (u(x,1),x) + /u(x,1)E (x,t
(E(x,1)E (1)) = 8%(x—x)8(t —1')

equivalent to (we use u(x,t) > 0)
OuF (u,x) = —YF (14,) + & (1, )
(Ex)E( . x)) = S(u—u)3(x—)

disorder correlator in steady state is short-ranged
—Yu—u|
e

2y

F(u,x)F(u,x) = 8% x—x)




A tiny little bit of field theory...

Langevin equation
nou(x,t) = Viu(x,t) +m*[w —u(x,t)] + F (x,u(x,t))
this is now a theory of the velocity, not of the position:

S — / () Au(x,0) = V(e 1) +m (v = a(x,0) | ~A (e, 1)i(x, 1)

_ / i, 1)it(x, 1), (u(x.1) — (e, 1))
Disorder Vertex:
(?t(?t/A(v(t — t/) —+ Ut — uxt/)
— (’U 4 ?:th)at’ A/(’U(t — t/) —+ Uyt — qut/)
= (v + Uy )A (0T)Opsgn(t — ) + ...

simplifies to
Stree — A/(0) / Gt it (0 + at)
xt

simple local cubic theory = Brownian Force model (BFM)



Avalanche Instanton

Since the action is linear in #(x,t) , the instanton equation
5.1, i
u(x,t)

(8 — m? + V)ii(x, 1) + |A(0M)|i(x,1)? = —A(x,1)
For A(x,t) = A8(¢) and setting m*=|A'(0")| =1

(0 — D)ty + a7 = —A3(¢)
A

=0 IS exact:

Solution 1 = N )\)e_te(—t)
Zoew2) = (H0-1)| = [ d=-mn(1-2)
=0 t<0 MF
ol = ABBM
Prree(ll) = . for COM

higher-point functions also possible. observables



Scaling laws

suppose that there is a small-m limit of response to kick

Iim

ou(x,t)

m—(

of

This implies a plethora of scaling laws:

= finite < idi(x,¢) unrenormalized

Z(S) P (Sy) (1) (1) P (iky)
§-T S(;be T TG u;%
d—2
SR|7=2-z17 | =237 | &= 1+T+§ a=2— g1 |3 =2~ 7
d—1
LR TZZ—ﬁ T¢_ _dq)——l-C OCZI—I— Z+ a—2—d+1€_z a¢:2—ﬁ
dil ¢ 2z T To o a 7y
S ~ T7
1(1.25(1.433 | 1.11| 04 |1.17 | —0.45 | 1.57 S<K1
SR |2|/0.75| 1.56 || 1.27 | —0.67 | 1.48 | 0.32 | 1.76
3035|175 ||140|-3.71 | 1.77 | 0.75 | 1.91 _ d+¢
LR|1/(039)|0.77 ||1.28| —-0.56 | 1.61 | 0.39 | 1.81 7 2




Velocity distribution in avalanche: tree + loops

1VoPéV) 5Z(N) := / N K2d(k?) [T (k, £) 4+ Teounter(k, £)] = £2(1 — In4) + f: K"
}\BFM _ (n=3)(n—2)?log(n—2) _ 6log(2) — 2n(n+1)(log(2) ~ 1
-\ " 2n? n?(n+1)
0.8 i “ (n=1)(n((n—6)n+2)+6)log(n—1) N (n® — 8n + 3) log(n)
\ n*(n+1) 2n + 2

L ;;J
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Preliminary data by Alejandro Kolton

field theory pre

iction
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Shape at fixed duration

<u (x = %)> = N[Tx(l —x)] T (z—o‘ [Lig(l — ) — Li (1 3 x) + "”fg_(?lw) L@ +21()110_g(x:c)+ 1)])

(W(x)) =~ [T:v(l — w)]7_1 exp (A B — xD A~ —0.336 (1 - d%)

10r scaling approximation
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The shape at fixed duration

data by Lasse Laurson

U = Uy




The shape at fixed duration 0.2?:-(

data by Lasse Laurson 0.1]

U - UnF
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Shape at fixed (small) size

i9-5(2) 1L/ (D))

02

0.6

04"

0 = ho+ 580

fo(t) = 2te "

MF shape is
size independent!

scale dependence
eliminated
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The shape at fixed size

v - 2(8) (X

data (Lasse) = solid |
theory = dashed |
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Manna sandpiles to C-DP

Manna sandpile rule: If 2 or
® more grains are on a site,
K | O topple them to randomly
PR chosen neighbours.
® Q@ — 2 grains can end up on same site.

KW, arXiv:1501.06514 Mean-Field Equations
Ora; = —ai@(i > 2)—|—CL¢+2—|—2{ZCLJ} (CLZ'_l —CLi)

i>2
\ Mean-Field Solution
1
W= T o
in (3211)
— A;>0 — 1 .

\\ ‘ fractlon of sites
05 oo s 200 s with i grains




Beyond Mean-Field

number of grains n:=)» a;i
empty sites e := ag activity p:=) ai(i—1)

i>2

sumrules Y ai=1 and n—pte=1

1

The CDP field theory rMF
activity\ 1
Oup(,t) = =V2p(a,1) + [2n(z,t) = 1] p(a, 1)
number — 2p(x, 1) + \/2p(z,t) £(x, t)
of grains ~. | \
Lo
on(x,t) = dV p(x,t) Coise

€z, )&(2, 1) = 6%(z — 2")o(t —t') .



. The C-DP field theory -D*KW,PRL
activity ~— arXiv:1410.1930

atp(xat) — [n(xat) o l]p(xat) —p(x,t)2

number )
of grains ~~a +V2p(x,1) + v/ p(x,1) § (x,1)
ain(x,t) = (V2 —m?)p(x,1) \
“dissipation” A noise

(E(x,0E (1)) = 8%(x—x)(t 1)

Change of variables to random manifold:
i(x,1) = p(x,t) , F(x,t) = p(x,t) —n(x,1)+1
A

=e(x,t)

leads to
du(x,t) = (V2 —m*)u(x,t) + 0,F (x,t)
O,F (x,t) = —F (x,1)u(x,t) + \/u(x,2) & (x,1)

an interface in a short-range correlated disorder!
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Conclusions

*ABBM model = MF model for avalanches

*Brownian force model (BFM) = field theory
ezero-mode of BFM equivalent to ABBM = MF

field theory can be constructed in an expansion around
the upper critical dimension

*non-trivial scaling relations and functions in all
dimensions

*Manna sandpile = CDP = disordered elastic manifolds
*many theoretical results in search for high-precision
experiments



Title: The Field theory of avalanches

Abstract: When elastic systems like contact lines on a rough substrate, domain walls in disordered
magnets, or tectonic plates are driven slowly, they remain immobile most of the time, before
responding with strong intermittent motion, termed avalanche. | will describe the field theory behind
these phenomena, explain why its effective action has a cusp, and how such intricate objects as
the temporal shape of an avalanche can be obtained.



