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Non-equilibrium Dynamics in "Electron Glasses"
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Electronic Coulomb glass ? 
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Empty site 
(ni = 0) 

Occupied site 
(ni = 1) 

Electron Coulomb glass model 

Electron Coulomb glass interpretation 

Fixed gate voltage Vg=0: 
 system proceeds slowly to the 
equilibrium state (of minimum 
conductance) 

After fast gate voltage change: 
system in a highly excited state 
(higher conductance) 
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A few words on the theory side 
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Experiments on granular Al films 
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Insulating granular Al films 



Out of equilibrium effects 
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Out of equilibrium effects 

T 

t t = 0 

4.2K 

Vg 

t t = 0 

Vgeq 

80s scans 

R!=30M% at 4.2K 

0.8% 

G(t, Vg) after a quench at 4.2K 



-! at low T (most measurements 
at 4K) 

Is this a small effect ? 

! in more insulating samples 
!  when measured fast  

- it is most prominent (in %): 

-  for practical reasons we study samples were the anomaly is not so large ("1%) 
but it can be a large effect (several tens of %)-

-  the anomaly is always seen 
in gran Al insulating films 



Cusp dynamics 

Recall: after a cooling  

After a gate voltage change:   

Formation of a new dip and erasure of the 
old one: 

& 'G ~ -ln t ? but see later … 

T 

t 

4.2K 

Vg 

t t = 0 

Vgeq1 

Vgeq2 



Is the dynamics activated ? 
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Is the dynamics activated ? 
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If it is a glass … does it age ? 

T 

t 

creep  
time t 

stress (0 
strain )"

0 

 age te 

0 

Tg 

Ex: creep tests on polymers 
Creep compliance (t) = ) (t) / (0 

PVC quenched from 90°C to 40°C (Tg=80°C) 
L.C.E Struik, 1978 

The dynamics depends 
on time: the « older » the 
system, the slower the 
response to a stimulus ! 

AGEING:-



Standard ageing protocol (1) 

T 

t 

 age teq 

Vg 
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New dip growth: NOT like Ln(t) when teq NOT very 
large 

 (i.e. when system has not already aged !)  



Standard ageing protocol (2) 

the departure from Ln(t) scales with teq 

 i.e. «effective» relaxation time distribution depends on the system’s age:   

! AGEING ! 





Example of spin glasses 
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Zero field cooling relaxation Magnetization (t) 
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E. Vincent, 2006 
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Universal behaviour ? 
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In InOx at 4K 
no slow 

dynamics for 
n < 1019cm-3 

Universal behaviour ? 
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 Why study other systems ? 
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 Nb1-xSix 
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Discontinuous metals: activation 



Ni, T=12K 

Vg1 Vg2 

+~1000s 

Discontinuous metals: activation 
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Discontinuous metals: activation 
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Discontinuous metals: cooling effect ! 

+ thermal history memory 
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Discontinuous metals: cooling effect 



Discontinuous metals: Temperature chaos ? 
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