
                                                                                                               Paris, August 5, 2013

To whom it may concern,

This is a report for the doctoral thesis “Hierarchical solution and structure of order parameters in 
the mean field theory of spin glasses and related materials” by Antonin Klic from Institute of Phys-
ics, ASCR, supervised by Prof. Vaclav Janis.  

In this thesis the candidate studies the Sherrington-Kirkpatrick model and the mean field Potts 
glass model, both these are important models of disordered systems and their solution was es-
tablished in the literature couple of decades ago (as testified by the list of references that are 
mostly not very recent ones). Arguably, there is still a number of questions about these solutions, 
and the present thesis addresses some of them (see the list in section 1.3).  

The candidate carried out an extensive study to answer questions 1 and 2. The corresponding 
results may be interesting to some researchers as they include some explicit expansions of the 
solutions around the corresponding critical points, and improvement of the corresponding meth-
odology. However, their interest to the wider community is rather limited by the fact that there is 
nothing unexpected (as far as I can tell) about the results. 

The only surprising and hence, in my opinion, the most interesting finding of this thesis concerns 
question 3, and the finding of another (i.e. not the commonly accepted one) equilibrium solution 
for the Potts glass for p*<p=<4. I have couple of questions concerning this point:  

Question 1: What would be the quantity to measure numerically to be able to test if the true equi-
librium solution of the Potts model is the commonly accepted 1RSB or the newly suggested 
FRSB? In the conclusions the candidate writes "There are measured correlations between repli-
cas and reconstructed distribution of overlaps." from which it is still not clear to me what exactly 
should one measure in the simulation. In the view of strong finite size effects and other difficulties 
that are present in finite-dimensional spin glasses and due to which it is still not decided what is 
the true nature of the 3D spin glasses, may it be that such a validation would be an extremely 
hard task even for the mean field system? 

Question 2: In section 6.5 the connection between the order-parameter function x(q) and the 
probability distribution of the overlap P(q) is questioned, because for the FRSB solution found by 
the author the P(q) computed from x(q) would not be non-negative. However, one can always 
define P(q) as the probability distribution of the overlap over equilibrium configurations, and such 
an object should be possible to compute from the theory. This would be in particular useful be-
cause P(q) is usually evaluated in numerical experiments, hence it is important to know how does 
the author’s prediction for P(q) differ from the prediction of the standard and accepted 1RSB solu-
tion. Could the candidate comment about how the P(q) of the alternative FRSB solution could be 
computed? 

Question 3: The FRSB solution was evaluated in the SK and Ising p-spin models several decades 
ago, what is the principal numerical difficulty in doing so in the case of the Potts model and why is 
the present work restricted to the expansion around the critical temperature? Arguably, results 
that hold in a range of temperatures would be much more amenable to testing (e.g. numerical). 
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Question 4: The simplest model for a spin glass is the spherical p-spin model and its mixed vari-
ant. Although this model does not have a clear physical realisation, it is still an extremely useful 
playground for theoretical studies since the FRSB here is relatively easily solvable in the whole 
range on temperatures. Uncommonly behaved FRSB solutions were also reported in this model 
(Kurchan J, Parisi G and Virasoro M A 1993 J. Phys I France 3). Why did not the candidate study 
this model? It might have been much easier to see if an analogous FRSB solution with larger free 
energy but negative P(q) if evaluated from x(q) exists. It would be also interesting to see if that 
solution is related to the one mentioned in:  Kurchan J, Parisi G and Virasoro M A, Barriers and 
metastable states as saddle points in the replica approach, 1993 J. Phys I France 3 (eq. (64) in 
the article and the page that follows) 

The English of the thesis could be improved, but it is well within limits acceptable in the scientific 
community. The organization and presentation of the material is well done. 

In conclusion I think the candidate proved to some extent that he has good potential for creative 
scientific work. He is surely not afraid to attack a hard problem and to carry on  careful and exten-
sive computations to validate or to question the seemingly established solutions. He has made at 
least one very interesting finding, but unfortunately did not carry on to prove or disprove its valid-
ity - by either numerical means, by the study of more tractable models such as the mixed spheri-
cal p-spin model or other means. If such a validation was present and the suggested solution 
turned up to be the correct one then the impact on the field of spin glasses could be relatively 
high. 

Sincerely yours,

Lenka Zdeborova
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