
Magnets:	  even	  a	  bit	  of	  disorder	  
can	  make	  a	  great	  difference.	  

With	  M.Zanne,,	  E.Lippiello,	  
A.Decandia,	  S.Puri,	  A.Mukherjee	  …	  



Outlook	  

•  Coarsening	  in	  clean	  magnets	  

•  Coarsening	  in	  dirty	  magnets	  (d=1)	  

•  Coarsening	  in	  dirty	  magnets	  (d>1)	  
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Equilibrium	  
T>Tc T=Tc T<Tc L

If	  Disorder	  Present	  Must	  not	  Alter	  This	  Structure	  



Model	  
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H = −J SiS j
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∑ (Or	  other)	  

Dynamics	  



Never	  EquilibraPng	  Processes	  
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Ordering	  



Building	  up	  an	  infinite	  length	  
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(Dynamical)	  RG	  interpreta5on	  



Dynamical	  Scaling	  
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For	  large	  Pmes	  	  
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Simplest	  case:	  d=1	  
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Only	  interface	  diffusion	  	  
	  	  	  	  	  +	  annihilaPon	  
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D>1	  
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	  	  Driven	  



Quenched	  disorder	  
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DiluPon	  



Some	  open	  issues	  

•  Growth	  of	  L(t)	  ?	  
•  Superuniversality?	  
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Disorder	  independent	  

	  	  	  	  	  Average	  over	  	  
Quenched	  Disorder	  



Simplest	  Case:	  RF	  d=1	  
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ReacPon-‐Diffusion	  (Biased)	  



Single	  interface	  
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CharacterisPc	  Length	  associated	  to	  
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Numerical	  check	  



Analogously	  for	  L(t)	  



Scaling	  
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In	  general	  



Superuniversality?	  No!	  



RG	  interpreta5on	  
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Linear	  Response	  FuncPon	  
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Scaling	  
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StaPcs-‐Dynamics	  
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1	  

Peq(q)	  

q	  
m2	  

1	  

Peq(q)	  

q	  
m2	  

€ 

Tχ

€ 

C
1	  

€ 

Tχ

€ 

C
1	  

m2	  

1-‐m2	  

1	  

1	  

€ 

J = ∞

+reflecPon	  



  

€ 

lim
t→∞

lim
ε→ 0
 ≠ lim

ε→ 0
lim
t→∞


€ 

lim
tw →∞

Tχ (t,tw ) = lim
tw →∞

lim
ε→ 0

T
Nε 2

Si(t) hi
i=1

N

∑

€ 

lim
ε→ 0

lim
tw →∞

T
Nε 2

Si(t) hi
i=1

N

∑ = 0

1	  

€ 

J = ∞

€ 

ε N



  

€ 

lim
t→∞

lim
ε→ 0
 ≠ lim

ε→ 0
lim
t→∞


€ 

lim
tw →∞

Tχ (t,tw ) = lim
tw →∞

lim
ε→ 0

T
Nε 2

Si(t) hi
i=1

N

∑

1	  

€ 

εN

€ 

Tχ

€ 

C1	  

Peq(q)	  

q	  



D>1	  

Pinning	  



Barriers	  
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Some	  results	  (SD	  d=2)	  

d	  is	  diluPon (ε)	




Some	  results	  (SD	  d=2)	  
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Substrate	  



Scaling	  
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Numerics	  
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RG	  interpreta5on	  



Scaling	  of	  C	  
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Scaling	  of	  C	  

1 2 3
x

0.5

0.7

1

C
(t

,t
w

,d
)

d=0.3 , t
w

=10

d=0.3 , t
w

=42

d=0.3 , t
w

=162

d=0.3 , t
w

=626

d=0.3 , t
w

=2420

C
d

*

(x)

C
d

c

(x)

d=d
c

d=d
*

1 2 3
x

0.3

0.5

1

C
(t

,t
w

,d
)

C
0
(x)

C
d

*(x)

d=0.05 , t
w

=10

d=0.05 , t
w

=42

d=0.05 , t
w

=162

d=0.05 , t
w

=626

d=0.05 , t
w

=2420

d=0.05 , t
w

=9358

d=d
*

d=0



Role	  of	  topology	  (?)	  	  	  	  	  	  
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Role	  of	  Topology	  (?)	  
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Some	  results	  (RF	  d=2)	  
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Some	  results	  (RF	  d=2)	  
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Figure 2: (Color online) Effective exponent zeff vs. t in d = 2. The horizontal
dashed lines indicate z, the plateau values of zeff .

In Fig. 2, we show the time-dependence of the effective exponent zeff(t, ε),
defined by Eq. (5). For t > t0, this plot shows the existence of an intermediate
power-law regime, characterized by a plateau where zeff is approximately
constant. This is followed by the late regime where zeff is clearly time-
dependent. The disorder dependent values of zeff on the plateaus, denoted
by z, are listed in Table 1 and plotted in Fig. 3. We encountered a similar
crossover in our study of the d = 2 RBIM [9], i.e., a preasymptotic power
law regime with a disorder dependent exponent, followed by an asymptotic
regime where the growth law deviates from a power law.

The appearance of a disorder dependent exponent z in the intermediate
regime suggests to upgrade the crossover picture, presented in Sec. 2, by
replacing the pure growth exponent z by z in all the scaling formulae. Then,
from Eq. (12) it follows that zeff−z ought to depend only on y = L/λ. Indeed,
as Fig. 4 shows, it is possible to determine numerically the quantity λ such
that the plots of (zeff − z) vs. L/λ, for different disorder values, collapse on a
single master curve. The ε-dependence of λ is displayed in Fig. 5 and is well
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Some	  results	  (RF	  d=2)	  
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Figure 6: (Color online) Plot of tL−z/K(ε) vs. L/λ with various disorder
values. The master curve obeys the exponential form of Eq. (23).
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Some	  results	  (RB	  d=2)	  



Conclusions	  

Not	  concluded	  !	  Thank	  You	  !	  


