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Avalanches in a sandpile:
a paradigm for SOC?

I am never content until I have constructed a mechanical
model of the subject I’m studying. If I succeed in making one,

I understand; otherwise, I do not” Lord KelvinThis was a real 
experiment!
(Ramos & Altshuler, 2003)
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Goals

To determine how much 
vortex avalanches depend 
on the flux penetration
“landscape” where they take place

To improve the relatively poor statistics 
in avalanche size distributions 
previously reported 

To determine avalanche correlations 
along x, y and z
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Previous reports
(those including avalanche statistics)
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A couple of previous reports
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Experimental
H
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Experimental: 
hiking in vortex piles



Avalanches from a single probe

Applied field (Oe)
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Fingers vs. dendrites
⇒ avalanches vs. flux jumps?

Repeatible fingers
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Avalanche statistics
from a set of probes

Avalanche size (number of vortices)
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Robustness in the
avalanche statistics
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Robustness in the
avalanche statistics

150 µm

1 10
0.1

1

10

100

1000

10000

100000

1000000

 IIt, all fields (626058 datapoints)
 Linear fit, slope=-3.23(0.1)
 Linear fit, two extremes removed,

           slope=-3.24(0.09)

Exp binning from 0.5 to 37, 12 bins

N
um

be
r o

f a
va

la
nc

he
s 

Avalanche size (number of vortices)
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Avalanche size
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Avalanche size (number of vortices)
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Avalanche correlations
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measurement
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Avalanche correlations:
results along x,y
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Avalanche correlations:
results along z
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Conclusions

2 We have found power laws in the avalanche size 
distribution for over two orders of magnitude

1 Quenched disorder determines the dynamics of the 
”overall” magnetic landscape, but it does not 
determine by itself the detailed avalanche behavior

3 The power laws are robust relative to the flux 
penetration landscape

Suggests 

SOC

4  Correlations along x, y are not anisotropic, and 
suggest a vortex bundle size of the order of 100 
microns at 4.8 K, which agrees with collective 
pinning estimates
5 At least 20% of the bundles move in a ”stiff”
fashion when they participate in an avalanche       
(at 4.8 K)


