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Figure 12 : (from [45]) Left : Effect of various cooling procedures on the ZFC magnetization of the Au:Fe8% spin-
glass. Comparison of fast and slow cooling, with and without stops. Right : difference with the magnetization 
obtained after fast cooling. 

On one hand, we can observe the effect of a slow cooling in comparison with that of a fast cooling: 
the slow-cooled curve lies below the fast one in the whole temperature range. There is indeed a 
cooling rate effect in spin glasses, provided that one chooses an appropriate procedure to bring it to 
evidence. On the other hand, memory effects can be demonstrated by stopping the cooling at 
several distinct temperatures and waiting. The magnetization measured during re-heating after this 
step-cooling procedure shows clear dips at all temperatures at which the sample has been aging. 
These effects are emphasized in the right part of Fig.12 where we have plotted the difference 
between the curves obtained after a specific cooling history and the reference one obtained after a 
fast cooling. Sharp oscillations (memory dips) show up on top of a wide bump (cumulative aging). 

5.c Discussion 

Thus, aging effects in spin glasses can be described as a combination of rejuvenation and memory 
effects, which are strongly temperature specific, with some more classical cooling rate effects [56]. 
Structural glasses are usually considered to be dominated by cooling rate effects [12,13]. However, 
experiments in various glassy systems have been designed these last years to search for possible 
rejuvenation and memory effects. Interesting examples of such phenomena can be found for 
instance in [78,79] with PMMA and in [80,81] with gelatine. New experimental ways have been 
developed more recently for the investigation of aging effects in colloids and soft matter, like 
microrheology techniques using optical traps [82,83]. There is now a growing interest for the out-of-
equilibrium properties of active colloidal systems (chemically powered colloids [84], biomolecular 
motors [85], Janus particles with asymmetric surface coating [86], etc.) 

5.c.1 Hierarchical picture 

The rejuvenation and memory effects reveal a strong sensitivity of the aging state of the spin glass to 
temperature changes, which have very different effects when the temperature is decreased or 
increased. The Saclay group proposed to account for these phenomena in terms of a hierarchical 
organization of the metastable states as a function of temperature, as pictured in Fig.13, which we 
now explain ([87,65], see details in [52,44]).  
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