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Role of disorder
on the shape & dynamics of
the interface?
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Can we engineer given
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by tuning disorder?
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Interfaces can be found everywhere...

4= Crack in a pavement

Scale invariance?

Crack at the Moon’s
surface =




Experimental examples of 'disordered elastic systems’

Imbibition front

B Contact line

‘

suspension

.....

Buldyrev et al., Phys. Rev. A 45,8313 (1992).



Experimental examples of 'disordered elastic systems'

Imbibition front

meniscus

Moulinet et al, Eur. Phys. |, E 8,437 (2002).

® Burning front



Experimental examples of 'disordered elastic systems'

— B |IMbibition front

B Contact line

- ;* ‘f‘
#‘f p
b meniscus

Moulinet et al., Eur. Phys. |. E 8,437 (2002).

® Burning front

B Ferromagnetic domain walls ¥ A

(Ultrathin film of Pt/Co/Pt) &

800 um

Magnetic pulse
. (a)

B Crack fronts

90x72um?2

S S o R e G ) Santucci et al, Phys. Rev. £ 75,016 104 (2007).



Experimental examples of 'disordered elastic systems'

Imbibition fronts in porous media

e o L

Burning fronts in paper/forest fires

Fracture/cracks fronts

meniscus

Vortices in high-Tc supraconductors
Moulinet et al., Eur. Phys. J. E 8,437 (2002).

Proliferating bacteria/cell fronts

etc.

Two competing ingredients:

B Ferromagnetic domain walls / Y/ elasticity & disorder
(Ultrathin film of Pt/Co/Pt) * *

(e

h  Magnetic pulse
PRy & ey s

'r-{':")‘_‘?“ 3

90x72um?2

Lemisiie St el SRR L aOh SR Ol o)) Mini-review: E.Agoritsas, V. Lecomte, T. Giamarchi, Physica B 407, 1725 (2012).




Experimental examples of 'disordered elastic systems’

B Contact line Imbibition fronts in porous media

=

Burning fronts in paper/forest fires

Fracture/cracks fronts

Vortices in high-Tc supraconductors

Proliferating bacteria/cell fronts

etc.

Two competing ingredients:

B Ferromagnetic domain vvaIIs/j} elasticity & disorder
(Ultrathin film of Pt/Co/Pt) ¢ 4
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J. Gorchon et al., Phys. Rev. Lett. 113,027205 (2014). Mini-review: E.Agoritsas,V. Lecomte, T. Giamarchi, Physica B 407, 1725 (2012).




Statistical-physics approach: effective mesoscopic description

m Ubiquitous in nature, large variety of lengthscales & microphysics.

BUT do they share nevertheless common (universal?) features?

m Increasing complexity starting from a microscopic ‘bulk’ description.
= Need of a mesoscopic effective starting point MICRO

m Emergent structures, supported by a disordered underlying medium.

= Only statistical characterization of disorder

m Effective description depending on the lengthscale considered. MACRO
= Expectation of some kind of scale invariance

How do they look like?
Probe of disorder-conditioned features

How do they respond when one pulls at them? ) : :
in statics/dynamics

How does disorder modify a pure system!?



Disordered Elastic Systems (DES) — Generic theoretical framework

B Competition of three physical ingredients:

e ——
= = ——

C TEMPERATURE

- —

® Exploration of disordered energy landscapes Simplest extended objects in a

quenched disordered landscape

-

Mini-review on DES: E. Agoritsas,V. Lecomte, & T. Giamarchi, Physica B 4

7,1725 (2012).



Disordered Elastic Systems (DES) — Physical ingredients

® Dimensionality  Interfaces or periodic systems

Internal dimension: d

Transverse dimension: 77

Physical space dm. D = d + m

Dimensional crossover?

d=m=1
€& |D interface

2D interface m
d=2m=1



Disordered Elastic Systems (DES) — Physical ingredients

® Dimensionality  Interfaces or periodic systems
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P Le Doussal and T. Giamarchi, , "Moving glass theory of driven lattices with disorder”, Phys.Rev. B 5/, | 1356 (1998).



Disordered Elastic Systems (DES) — Physical ingredients

® Dimensionality  Interfaces or periodic systems

® Elasticity: Long-range versus short-range, e.g. He X System size

® Disorder: - Quenched versus annealed disorder

Hprs = Hel + Hais

- ‘Random-bond’ versus ‘random field’

- Collective weak pinning versus strong individual pinning centers

® No bubbles nor overhangs ® Finite width / Disorder correlation

¥ Internal degree of freedom?

® Equilibrium / Out-of-equilibrium?
Mini-review on DES: E. Agoritsas,V. Lecomte, & T. Giamarchi, Physica B 40/, 1725 (2012).




Disordered Elastic Systems (DES) — Observables for probing disorder

How do they look like?
How do they respond when one pulls at them?

How does disorder modify a pure system!?

( @ Dimensionality
® No bubbles/overhangs

DES recipe

B Elasticity

® Disorder
| @ Temperature

- >
xr /

Geometrical fluctuations
& roughness
as function of the lengthscale

¥ Internal structure (width, internal DofF, ...)

B At (non-)equilibrium / external drive

1, Probe of disorder-conditioned features
A Y. in STATICS/DYNAMICS

N\

Center-of-mass dynamics:
Steady-state velocity
under an external force

Mini-review on DES: E. Agoritsas,V. Lecomte, & T. Giamarchi, Physica B 40/, | 725 (2012).




Disordered Elastic Systems (DES) — Selective bibliography

About ~50 years of literature in theory/lexperiments/numerics! = See reviews with refs therein

. . . . , Introduction to
T. Giamarchi, Encyclopedia of Complexity and Systems Science (2009), DES

"Disordered Elastic Media"

E. Agoritsas,V. Lecomte, T. Giamarchi, Physica B 407, 1725 (2012),

"Disordered elastic systems and one-dimensional interfaces" Statics

T. Giamarchi, A. B. Kolton, A, Rosso, Lecture Notes in Physics 688,91 (2006) [arXiv:0503437], « ynamics

"Dynamics of disordered elastic systems"

K. J.Wiese, Reports on Progress in Physics 85, 086502 (2022),
"Theory and experiments for disordered elastic manifolds, depinning,
avalanches, and sandpiles”

Very recent
extended review

D. S. Fisher, Physics Reports 301, |13 (1998),

"Collective transport in random media: from superconductors to earthquakes" Lectures (1996)

G. Blatter, M.V. Feigel'man, V. B. Geshkenbein, A. |. Larkin,V. M.Vinokur,
Reviews of Modern Physics 66, | 125 (1994), "Canonical review"
"Vortices in high-temperature superconductors”
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Observable 1: Geometrical fluctuations & roughness

Ferroelectric domain wall (£ ~ 1nm)

RESOLUTION: 5nm

PbZro2Tio8O3 70nm / SrRuO3 30nm (electrode) /
SrTiO3 (substrate)

Ferromagnetic domain wall (¢ ~ 50nm) |
RESOLUTION: 1um |

Ultrathin film of Pt/Co/Pt (a few atomic layers)

~ 90x72pm?

|

S. Lemerle, |. Ferré, C. Chappert, V. Mathet, T. Giamarchi,
& P Le Doussal, Phys. Rev. Lett. 80, 849 (1998).

J. Guyonnet, E. Agoritsas, S. Bustingorry, T. Giamarchi,
& P Paruch, Phys. Rev. Lett. 109, 147601 (2012).



Observable 1: Geometrical fluctuations & roughness

B Statistical analysis of a snapshot of an interface configuration = access to the roughness

® Lengthscale 7 - Relative displacement Au(’r)

= Probability distribution function P (Awu(r))

= Roughness function: B(r) = (Au(r)2) ~ Ar?

Roughness exponent (:

Signature of the predominant physics
= Universality classes?

Different roughness regimes!?
Amplitude(s)/Crossover(s)

® Roughness exponent for |D interface: Cthermal = 1/2
Ckpz = 2/3

(short-range elasticity & random-bond disorder)

Mini-review on DES: E. Agoritsas,V. Lecomte, & T. Giamarchi, Physica B 40/, | 725 (2012).



Observable 1: Geometrical fluctuations & roughness

(0.28ym) logr log r

S. Lemerle et al., Phys. Rev. Lett. 80, 849 (1998). Buldyrev et al, Phys. Rev. A 45,8313 (1992).



Observable 2 — Steady-state velocity-force characteristics

v (AF) = Orucm(t)

QUASISTATICS DEPINNING LARGE VELOCITY
F < F, F=F, F>F,
= T Nature of the moving phase?
ermally Assiste
Flux Flow (TAFF) B(r,t),5(q,1)
vr(F) ~ e AT Thermal rounding
Creep UT(FC) ~ T Y

versus UT(F) ~ 6_?(T)

Depinning exponent 3

vr—o(F 2> F.) ~ (F — F,)P

0 F F
‘Creep’ regime: E. Agoritsas et al., Physica B 407, 1725 (2012).
quasistatics at low temperature 1. Giamarchi et al,, Lecture Notes in Physics 688,91 (2006).
& small force E. Ferrero et al, Comptes Rendus Physique 14, 641 (2013).

e —

E. Ferrero et al, Annu. Rev. Con. Math. Phys. 12, 1 1 1 (2021).

—_ s _—— -

B Focus on low temperature 1"/ small force f / large system size L: creep prediction?

r —Ue (Ee ) ID interface, short-range elasticity = d—2+2¢ (6=2/3) _ 1
UT( ) ~ € (elastic limit), random-bond disorder 2 —( (d=1) 4

In ferromagnetic domain walls: S. Lemerle et al., Phys. Rev. Lett. 80, 849 (1998).



Observable 2 — Steady-state velocity-force characteristics

Elastic line, short-range elasticity
® Vortices in high-Tc supraconductors (elastic limit), random-bond disorder

A. I. Larkin, Sov. Phys. JETP 31,784 (1970),

"Effect of inhomogeneities on the structure of the mixed state of superconductors”
VOLUME 63, NUMBER 20 PHYSICAL REVIEW LETTERS 13 NOVEMBER 1989

Theory of Collective Flux Creep

M. V. Feigel’'man, V. B. Geshkenbein, A. I. Larkin, ® and V. M. Vinokur ®

PHYSICAL REVIEW B VOLUME 41, NUMBER 13 1 MAY 1990
The nat . . .. .

The Ande Thermal fluctuations of vortex lines, pinning, and creep in high-7", superconductors
tion barri
exponent M. V. Feigel’'man

- Institut fir Theoretische Physik, Eidgenossische Technische Hochschule, Honggerberg, 8093 Zirich, Switzerland

and Landau Institute for Theoretical Physics, 117940 Moscow, U.S.S.R.*
V. M. Vinokur
VOLUME 64, NUMBER 20 PHYSICAL REVIEW LETTERS 14 MAY 1990

: value of the

Scaling Approach to Pinning: Charge-Density Waves and Giant Flux Creep in Superconductors  in the pres-

single-vortex

Thomas Nattermann

Institu
PHYSICAL REVIEW B VOLUME 52, NUMBER 2 1 JULY 1995-11
- Elastic theory of flux lattices in the presence of weak disorder
ren
su Thierry Giamarchi*
Poe Laboratoire de Physique des Solides, Université Paris-Sud, Batiment 510, 91405 Orsay, France

wa

Pierre Le Doussalt
Laboratoire de Physique Théorique de I’Ecole Normale Supérieure, 24 Rue Lhomond, F-75231 Paris Cedex, France
(Received 16 January 1995)



Observable 2 — Steady-state velocity-force characteristics

Elastic line, short-range elasticity
® Vortices in high-T. supraconductors (elastic limit), random-bond disorder

F) = Orucm (¢
A. I. Larkin, Sov. Phys. JETP 31,784 (1970). vr(F) = dyucwm(t)

M.V. Feigel'man et al,, Phys. Rev. Lett. 63,2303 (1989). Rl Ay e
M.V. Feigel'man & V. M.Vinokur, Phys. Rev. B 41, 8986 (1990). ——p— Natur; E»fthe)mgzmgp)hase?
ux Flow r,t),S5(q,t _
T. Nattermann, Phys. Rev. Lett. 64, 2454 (1990). i R
T. Giamarchi & P Le Doussal, Phys. Rev. B 52, 1242 (1995). o (P o y| (LA ~TY |
Etc.
Individual vortex v.s. Scaling argument
collective pinning for the creep iy D el 3ol

vr=o(F 2 Fe) ~ (F_FC)ﬁ

B Ferromagnetic domain walls in ultra-thin films | B
120 | i

90x72um?2 S. Lemerle et al, Phys. Rev. Lett. 80, 849 (1998).

00 | LA,
PtUColPt | | Ferré P T. Metaxas, A Mougin, J-R Jamet, J. Gorchon, | & |
& V. Jeudy, Comptes Rendus Physique 14,651 (2013). g

S. Bustingorry et al., Phys. Rev. B 85, 214416 (2012).
J. Gorchon et al, Phys. Rev. Lett. 113,027205 (2014). =i

30

C@GQ I’
V. Jeudy et al, Phys. Rev. Lett. 117,057201 (2016). 00 00 1‘(')"(')"(')' 500
etc. H (Oe)

= Other dimensionality/elasticity/disorder

B Ferroelectric domain walls in thin film (e.g. Pb(Zro2Tio.8)O3)
P Paruch & J. Guyonnet, Comptes Rendus Physique 14, 667 (201 3).

B Imbibition fronts, fractures, fluid invasion in porous medium, etc. via DES modelling



Roughness and creep exponents

Domain walls in ultrathin Pt/Co/Pt ferromagnetic films

In(v)

Coxp = 0.69 & 0.07

In(v)

S. Lemerle et al., Phys. Rev. Lett. 80, 849 (1998). | (1/H)'"* (koe™ "%




Model: 1D interface with finite width / short-range correlated disorder

B Short-range elasticity & Elastic limit / Quenched random-bond weak disorder HDES — 7—[61 —+ Hdis

o o V) = [ d- [ngu(z)fr [tz peta = @) V)

Elasticity Effective random potential V' (2, u(z))

B Density pe(r —u(2))& random potential 17(7;, )

‘7(,2,%) =0

~ ~

V(z,2)V(2,2') = Dé(z — 2')o(x — x')

B Alternative: correlated effective potential V' (z,u(z))

V(z,2)V(2',2") = Dd6(z — 2" )Re(x — )

® Exponentially decaying with following scaling:

R IR R¢ (x) e
L) = X e.g. xr) =
Elastic constant ¢ / Width & / Disorder strength [)/Temperature T° I
B Overdamped dynamics:‘quenched Edwards-Wilkinson'”: (en (2, t)nen (27, 1)) = 29T (2 — 2/)5(t — t')

v Opu(z,t) = cO2u(z,t) + Fais(2,w(2)) + foxt + Nthermal (2, t) Fais(z,x) = =0,V (z,x)



Model: 1D interface with finite width / short-range correlated disorder

B Short-range elasticity & Elastic limit / Quenched random-bond weak disorder HDES — 7—[61 —+ Hdis

o o V) = [ d- [ngu(z)ﬁr [tz peta = @) V)

Elasticity Effective random potential V' (2, u(z))

B Density pe(r —u(2))& random potential 17(7;, )

v(z,x) =0

~ ~

V(z,2)V(2,2') = D6(z — 2")o(x — o)

B Alternative: correlated effective potential V' (z,u(z))

V(z,2)V(2',2") = Dd6(z — 2" )Re(x — )

® Exponentially decaying with following scaling:

Re(z) = € 'Ri(z/€)| eg Rg(w) =

e_xQ/(2£2)

V2r¢

Elastic constant ¢ / Width & / Disorder strength [)/Temperature T° I

= S ————— —

—
==

verdamped dynamics:‘quenched Edwards-Wilkinson’:

(e (= O (2 )) = 29T (2 — )3t — ¥

(2, Fais(z,x) = =0,V (z,x)




Experimental realisation: moving ferromagnetic domain wall

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

Y 8tu(z, t) — Cﬁgu(za t) + Fdis(za U(Z)) + fext + nthermal(za t)

B V. Repain et al. @ Orsay (Pt/Co/Pt)




Experimental realisation: moving ferromagnetic domain wall

BV, Repain et al. @ Orsay: Pt/Co(0,5 nm)/Pt/SiO;
MR H = 1.00U0 Oe

& | |
rame 0-45




Overdamped dynamics / RB vs RF disorder

® Overdamped dynamics for numerics / field-theory: HpES = Hel + Hdis
Helu]  0Hais|u, V]
cX erma Y t
5u(z, t du(z,t) Fext F Mhermar (2, 1)

TV TV

Fel(zvt) Fdis(zvt)

& Gaussian noise of zero mean and 2-pt correlator: {(mn (2, t)nen (2, 1)) = 29T6(z — 2")o(t — ')

B Here focus on ‘quenched Edwards-Wilkinson' (gEW): *

Y 8tu(z, t) — Cagu(za t) + FdiS(Z7 U(Z)) + fext + nthermal(za t)

& Random force: Fyis(z,x) = =0,V (2, x) A(z) = —D R"(z)
V(z,2)V(z',2'") = Dé(z — 2" )R(x — x') /da;A random-bond (RB)
Fais(z, %) Fais(2/,2") = 0(2 — 2") A(x — 2') /de A(x random-field (RF)

¢ Typically with periodic boundary condition:  w(z + L.) = u(z) ,and also Ly ~ LS

Numerics: E. E. Ferrero, S. Bustingorry, A. B. Kolton, A. Rosso, Comptes Rendus de Physique 14, 641 (2013)




Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')

& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,z)V(2,2') = Dé(z — 2")R(x — 2') /dx A(x) =0 random-bond (RB)
Fais(z, %) Fais(2,2') = 8(2 — 2') A(z — &) /dgc A(xz) >0 random-field (RF)

& Be careful about slightly alternative definitions:

V(z,2) = V(2,2)]* = 26(z — 2)D [R(0) — R(z — 2')] = —25(2 — 2'(R -

) random held
@) raILdom bozd(u)J @ ) Au) 1

N \ /N

P Chauve, T. Giamarchi, P Le Doussal, "Creep and depinning in disordered media", Phys.Rev. B 62, 6241 (2000)




Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')

& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,z)V(2,2') = Dé(z — 2")R(x — 2') /dx A(x) =0 random-bond (RB)
Fais(z, %) Fais(2,2') = 8(2 — 2') A(z — &) /dgc A(xz) >0 random-field (RF)

B Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D,y Olu, 1 e~ Slwtl

. . 1 A N
Slu, 4] = / i, (70 — cO2 ) Uy —5 / WUyt WUyt AUyt — Uzpr) — foxt / iU 5t
2t ztt’ 2t

+’7T/ Z.ﬂzt iﬂzt
zt



Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

Y atu(za t) — Cagu(za t) + FdiS(Z7 U(Z)) + fext + 77ther1r1r1al(za t)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

]
& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')
& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,2)V(2',2') = Dé(z — 2 )R(x — ') /dw A(x) =0 random-bond (RB)
Fais(z,7)Fais(2', ') = 0(2 — 2') Az — =) /d:c A(x) >0 random-field (RF)

® Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D Olu, ) e~ Slwtl

Slu, 4] = / i, (70 — cO2 ) Uy —5 / WUyt Ty A(Usp — Uzpr) — fext / iU 4
2 ztt! 2t

—|_/7T/ Z.ﬂzt iﬂzt
zt



Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

]
& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')
& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,2)V(2',2') = Dé(z — 2 )R(x — ') /dx A(x) =0 random-bond (RB)
Fais(z,2)Fais (2, 2') = 0(2 — 2") A(x — o) /d:c A(z) >0 random-field (RF)

B Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D,y Olu, 1 e~ Slwtl

. . 1 A N
Slu, 4] = / i, (70 — cO2 ) Uy —5 / WUyt WUyt AUyt — Uzpr) — foxt / iU 5t
zt ztt/ zt

—|_/7T/ Z.ﬂzt iﬂzt
zt



Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

1
& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')
& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,2)V(2',2') = Dé(z — 2’ )R(x — ) /dx A(xz) =0 random-bond (RB)
Fais(z,2)Fais (2, 2') = 0(2 — 2") A(x — o) /d:c A(z) >0 random-field (RF)

B Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D,y Olu, 1 e~ Slwtl
. o 9 1 o .
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Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

]
& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')
& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,2)V(2',2') = Dé(z — 2’ )R(x — ) /dx A(xz) =0 random-bond (RB)
Fais(z,2)Fais (2, 2') = 0(2 — 2") A(x — o) /d:c A(z) >0 random-field (RF)

B Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D,y Olu, 1 e~ Slwtl

. . 1 A N
Slu, 4] = / i, (70 — cO2 ) Uy —5 / WUyt WUyt AUyt — Uzpr) — foxt / iU 5t
2t ztt’ 2t

—|_/7T/ Z.ﬂzt iﬂzt
zt



Overdamped dynamics & MSR dynamical action

Hpres = Hel + Hais

v Ou(z,t) = c@?u(z, t) + Fais(z,u(2)) + fext + Mthermal (2, 1)

B Here focus on ‘quenched Edwards-Wilkinson' (gEW):

& Gaussian noise of zero mean and 2-pt correlator: {nn (2, ) (2, ') = 29T6(z — 2")o(t — ')

& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R ()
V(z,z)V(2,2') = Dé(z — 2")R(x — 2') /dx A(x) =0 random-bond (RB)
Fais(z, %) Fais(2,2') = 8(2 — 2') A(z — &) /dgc A(xz) >0 random-field (RF)

B Martin-Siggia-Rose (MSR) dynamical action: (O(t)) = /Duzt/ D,y Olu, 1 e~ Slwtl

. . 1 D N
Slu, 4] = / i, (70 — cO2 ) Uy ~5 / iUyt 1y A (Usp — Uspr) — foxt / i
2t ztt’ 2t

o

R Force-force correlator
+~T U 54 1U
! /zt A = central object for FRG




Interlude: random-bond versus random-field

B Two equivalent formulations of the disorder Hamiltonian:

—V.V(x,z) = h(x, 2)

Hais = /ddz d"x - py(z,2)- Vi(x,z) = /ddz d"zx - Py (x,2)- h(x,z)

~

density random potential profile random field
H VaPu(z,z) = pu(z, 2)

/

B Random-bond « delta-correlated random potential:

HEB [u, V] = /dz/dxpuxz -V (x, ) /sz(uz,)

effective random potential

V(z,2)V(a',2') =D-6(z—2")-0(x—2a)
= = — | R3° (uz, ul) = D/dm-pu (2, 2) pu (z,2)
Vi(z,2) V(e 2) =6(z—7) -REB (us,ul,)

A

B Random-field « delta-correlated random force:

HEF [y ] :/dzdx-Pu(x,z)-h(x . /

A DERLS

— | AN, u) = D [ dopu(.2) pu (2:2)

(&) |

hz,z)h(z',2") =D-6(z—2") 6 (x—2)
h(z,2)h(z!,2) :5(z—z’)-AEF(x,x’)




Interlude: random-bond versus random-field

B Quenched Gaussian disorder = Focus on the mean & two-point correlator

& Random force: Fyis(z,x) = =0,V (2, ) A(z) = —D R"(z)
V(z,2)V(z',2') = Dé(z — 2" )R(x — x') /dx A(x) =0 random-bond (RB)
Fais(z,2) Fais(2/,2') = 0(2 — 2') A(x — 2') /d$ A(x) >0 random-field (RF)

& Be careful about slightly alternative definitions: R(u), random bond

u A) |

o

V(za) = V() N/ \, !
= 20(z =)D [R(0) ~ R(z — )] random f1e1d

— —26(2 — Z’)R(az — Qj/)— R(U) u (u) A

.

\ VAN

P Chauve, T. Giamarchi, P Le Doussal, "Creep and depinning in disordered media", Phys.Rev. B 62, 6241 (2000)




Case study of the 1D interface in short-range correlated disorder (£ > 0)

Experimental motivation:
relevant e.g. for ultrathin ferromagnetic domain walls Pt/Co/Pt looking
for characteristic length- and energy-scales

Statistical-physics motivation:
simplest extended object in a quenched disorder

— Model reduction! Center-of-mass dynamics,
effective disorder/noise! Mean-field descriptions?

® Technical motivation:
comparison of analytical approximation schemes on a well-defined
system, while predictions possibly relevant more broadly for the 1D
KPZ universality class

Universal scalings: Non-universal features:
roughness exponent {=2/3 at characteristic crossover scales &
asymptotically large scales roughness amplitude
* Accessible assuming uncorrelated disorder * It correlated disorder, no exact solutions
(because of ad hoc exact solutions & symmetries, anymore but possible pathologies/divergences
renormalization fixed points, ...) are regularized
* How does universality emerge from specific * Allows for existence of physically relevant

microphysics, e.g. from correlated disorder? temperature-induced crossover
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