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Many Physical Systems

. Interfaces

- Classical Crystals

 Quantum crystals



Interfaces

- Magnetic domain walls

. Ferroelectrics

- Contact line In wetting

- Epitaxial growth



Magnetic domain wall




500 nm

Ferroelectrics
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‘Classical’ Crystals

- VVortex Lattice

- Magnetic bubbles

- Charges spheres

- Charge density waves
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Classical crystals
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Quantum Crystals

- SpIn density waves

o Luttinger liquids (1D interacting electrons)

« Two dimensional Wigner crystal



Quantum systems

e Strong repulsion : Wigner crystal

e Quantum fluctuations instead (Iin
addition to) thermal fluctuations



Wigner Crystal

FREQUENCY (GHZ)
0] 0],5 1 1
[T T T T | T T T T[T T Ti

SIGNAL (ARB. UNITS)
3
+
;
}T‘Q..—__

il
20p
I

|
30
1

FIG. 1. Absorption spectrum at 28 T and 60 mK for density
0.77%10" cm ~2 (filling factor v=1/8.7, reduced temperature
t =0.33) showing successive resonances and their identification
as pth spatial harmonics (g =pgo) of the exciting structure.
The values of p are chosen for the best alignment with the ori-
gin (full line) on the accompanying plot of f, vs p*% the
dashed line is the zero-order @ priori calculation of the fre-
quency of the lower hybrid mode of the solid,

(a)
30
[}
~ 2
g ®r
-
“x
Q_‘
10—
173
[v] —-J-'\l 1 L .
0 5 o] 15 20
Magnetic Field (T)
T T 1
b
(b) 100mK
190 mK
15= -
o 260m
@
2 o
- 175
-y
a 143 440mK
5 ] -
Classical
Hall Line
o] 1 1 I
0 5 10 15 20

Magnetic Field (T)

FIG. 1. (a) Diagonal resistivity psx and (b) Hall resistance
py of a low-density (n=4.8x10" cm~2) high-mobility
(e=1.7%10°% cm?/Vsec) two-dimensional electron system at
various temperatures.
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eBasic Features :

ONO,

(Thermal, quantum) fluctuations
O .Q.
o ¢ @
“Elasticity’ Disorder




New type of physics

e Very controlled (e.g. magnetic
field)

e Can pull on on the system

e Plunged In an external disorder




Questions

e Melting
e Glassy phases

e Statics

e Dynamics
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Dynamics

- Competition between disorder and elasticity:
glassy properties

e Dynamics ?
Large v:
A
v T#0 Nature of
moving phase ?
7
7 "Depinning:

Creep:
v=777? /




How to model

» Elastic description

—»

U

H = %/ daz(Vu(a:))Q = Zqzu*(Q)u(Q)
q

N | O



Elastic description of crystals

RO.: crystal

u. : displacements

n=2 d=3 vortices

Elastic hamiltonian



Limitations

e Interfaces e Periodic
(overhangs, bubbles) dislocations, etc.

H=0.03 Hz dr=500s

J. P Jamet, V. Repain M. Marchevsky, J. Aarts, P.H. Kes



What to measure (statics)

Positional order



Structure ® “

Factor

Fourier transform of: / \

Ko

Decorations Neutrons



Should we care about disorder?
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Loss of translational order (Larkin)

CRd—ZaZ VRd/ZIOO

a a

e2a¢ V' No crystal below
four spatial
a 2 2

VY dimensions




Very difficult stat-mech problem

e Optimization :

’r" many solutions
e Glass E‘ ii :
f




Disorder (point like defects)

o9
e O

P(X) = py = P VU(X) + pOZeiK(X‘“(X))
K




Larkin Model

 Exactly solvable

Exponential loss
of translational
order

* Not valid at large distance
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. v O

Not valid when :

* New length Rc

e Larkin model has no metastable states and
pinning

* Rc Is related to pinning



General Model

o Classical systems

e Quantum problem (disorder is time
Independent)



How to solve ?

e TWo main methods :

Variational approach

Renormalization (functional RG)



Interfaces: only one length

e Larkin length

R <R.;u(R) = R&d2



Interfaces

C 2 14 d
He,zgj'(Vu(r)) d’r  Hg = [V(ru(m)d’r

V(z,x)V(z',x')=Do(x—x")o(z-12")

CUZLd_Z D1/2Ld/2u—m/2
4—(
oC L4+m

Flory argument (mean field)



C : roughness exponent

d=1; ¢ =2/3 (random bond)
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Crystals: Two crucial lengthscales

e Positional order  * Larkin length

C(r) \_

Ra r



Crystals

e |dentical to interfaces ?
u» LS

« Above R,

« Exponential loss of positional order ??



Nalve vision of a D.E. crystal

e Loss of translational order beyond Ra

* (Wrong) argument: disorder induces
dislocations at Ra

Crystal broken
In crystallites
of SiZe-R¢




Periodic systems: new universality
class



Asymptotic

Random
manifold

A

Larkin

(

/)

B(r)

N/

RC

hihibib4»4&!»4»#4&#1}1}1}1#

AAFF I P I I
4__.##4»1!1&@«#&#”,

A e AATAVaYaY,

Y ATATAVANANAY g o AVAAYAYA

)
V)
S
o
o
&)
S
—
m

A

S(a)

Ko

T.G. + P. Le Doussal Phys. Rev. B 52 1242 (1995)



10 |
g Birr(T)
reversible
(Liquid)
irreversible
— (Glass)
< 1
m .
i T,
- Bu(T)
Quasilattice
0.1|||||||||||t||||||1]| |
0 5 10 15 20
T (K)
. —e—0.40T | 70
- —e—061T ﬁ i . ‘\
- = 073T o 1 i i
—=—1.00T m 60 - \ experimental resolution

E 08T e 1407 #ﬁm : - E E %\l R ~§ |
e - Y i L ]
& fol z e O N ‘s

04 %ﬁ\ﬂﬁi\ 5 ém 30 - \%i ‘Tm E
B . %ﬁf\m' ] 20 - i\J’ B

O‘I = 1 N e n ne | 1 = n
—L.J -1 “uU.2 v V. L 1.2 U

L AATE Sepig o e

0.5 1 1.5 2
B u H (T)



Dynamics



TAFF vs Creep

 TAFF : typical barrier

. Voce MF
e LInear response



Creep

e Glassy system

 Slow dynamics determined by statics gty

CRd—2+2g FRd+§

(loffe + Vinokur; Nattermann)
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FRG: other scales than
naive version of creep

P. Chauve + T.G. + P. Le Doussal Phys. Rev. B 62 624 (2000).

Molecular dynamics:

(A. Kolton, A. Rosso, TG, H i
cocr)1d—mat/0408284) Lo f+”m”wﬂ%]% H{jw
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Questions



In frelocity /&)

Ferroelectics
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(V. Repain et al. (Orsay))

echantilon Si02,AVI

Pt/Co(0,5 nm)/Pt/SIO,
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