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Villa San Michele – Axel Munthe 

Axel Munthe (31/10-1857 – 11/2-1949) – Swedish medical doctor  

”The Story of San Michele” 



Spin Glass Characteristics  

1. Critical slowing down from χ(ω,T) 

2. Field dependence from M(T)/H 

3. Non-equilibrium dynamics 



Experiments Model Systems  

FMTO - Fe0.5Mn0.5TiO3; single crystal 
 
RCP – Maghemite nanoparticles d=8 nm  
 
LSCO – La0.85Sr0.15CoO3; single crystal 



FMTO 

Fe0.5Mn0.5TiO3 

Spin moment: ~ 1 µB 
 
A. Ito and H. Aruga-Katori 



RCP 

Maghemite-8nm 
γ-Fe2O3 

Particle moment: ~104 µB 

De Toro J.A. et al. APL 102, 183104 (2013), 
and J. Phys. Chem. C 117, 10213 (2013)  



LSCO 

La1-xSrxCoO3 

Phase separation magnetic-nonmagnetic – magnetic polarons 
Cluster moment: ~ 400 µB, Kumar A.P. et al. to appear 

Samal D. and Kumar PSA,  
J. Phys. Cond. Mater. 23, 016001 (2011) 

S. Yamaguchi et al. 
Phys. Rev. B 52, R2926  (1996) 



Non-linear Susceptibility: M(T)/H 

RCP FMTO 



Critical slowing down 

τ=τ0t-zν 



Critical exponents 



Dynamics - FMTO 

Tg = 21.0 K 
zν = 10.0  
τ0 = 10-13 s 

K. Gunnarsson et al. PRL 61, 754 (1988)  



Dynamics - RCP 

Tg = 140 K 
zν = 9.5  
τ0 = 10-11 s 



Dynamics-LSCO 

Tg = 50 K 
zν = 16.0  
τ0 = 10-13 s 



Non-equilibrium dynamics 

Ageing, Cu(10%Mn)  
Granberg et al. PRB (1988)  

Memory, CdC1.7rIn0.3S4 
Jonason et al. PRL (1998) 



Ageing FMTO 



Memory FMTO 



Ageing RCP 



Memory RCP 



Memory LSCO 



Conclusions 

Spin Glasses have outstanding dynamic and static properties 
 
There are superspin glasses 
 
There may be phase separated superspin glasses   
 
Spin glassiness and superspin glassiness have similar characteristics 
  



1875 

Phoenician Stairs:  
943 (or 921) steps – 300 m  


