
  

Spin glass models with stable 1-step RSB

1.  Random-energy model  (Derrida)  as  p  limit of  “p-spin glass”:
     elementary analysis

2.  Replica solution in the p  limit (Gross & Mezard)

3.  Replica solution for general p > 2  (Elizabeth Gardner)

4. Random directed polymer problem (Feigel'man, Ioffe, Mezard 2010)



  



  



  



  



  



  

Replica solution for infinite-p limit

Overlap:

Overlap distribution function 
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1-step RSB
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Free energy is a function of   q
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(Appendix A)



  

General p > 2  spin glass



  



  

These solutions are all unstable (can be checked directly for p=2+  and  p >> 1)



  

Large p  first
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Now we consider region  of   p  slightly larger than 2:
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Stability condition

close to  T
c



  

Where  c   is related to the temperature  via 
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Second transition temperatures T
2
   are the same as for

 the SK model  in presence of external field h 

T
2 
 is the temperature of local instability.

 Below it continuous  RSB  state is formed    



  

Random directed polymer problem

XY model with transverse random field on a Bethe lattice

Static mean-field approximation 

K 



  

Search for instability leading to nonzero 
self-consistent BB

B
0

Traveling  wave method 



  

Replica method
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Physical meaning of the RSB in the present problem:
broad distribution of local fields B  without  even 1st 
momentum <B>:

Typical value of B



  

Few problems to solve

● Calculate critical behavior of entropy at the glass 
transition in p-spin glass model, in the limits  p >> 1  
and  p-2 << 1

● Calculate average participation ratio <Y> and its 
square <Y2>  in the RSB phase of the random directed 
polymer model

● Find critical value of  K(g)  for the RDPM  described in 
the lecture,  such that temperature-driven  transition to 
the ordered state must be described via RSB scheme.
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