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Nobel Prize in Physics 2021

“for groundbreaking contributions to our understanding of complex physical systems™

Syukuro Manabe and Klaus Hasselmann

“for the physical modelling of Earth’s climate, quantifying variability and reliably

predicting global warming
Giorgio Parisi

“for the discovery of the interplay of disorder and fluctuations in physical systems from

atomic to planetary scales”
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The second point we have to pay attention to is what we actually mean by the ‘min-
imum’ of S. The problem here is that the number of independent elements of Q. is
n(n—1)/2, which becomes negative in the limit n — 0. It is hard to say what is the mini-
mum of a function with a negative number of variables! There is however a criterion we can
use to select the correct saddle point: the corrections to the saddle point result are given by
the Gaussian integration around the saddle point itself. This integration gives as a result
the square root of the determinant of the second-derivative matrix of S, and thus, in order
to have a sensible result, we must have all the eigenvalues of this matrix positive. Summa-
rizing, we have to select saddle points with a positive-definite second derivative of S [12].
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We clearly see that while the elements ¢, go fix the positions of the peaks, the parameter
m fixes their heights, and therefore the probabilities of the overlaps. We have now to take
the limit » — 0. Here lies possibly the weirdest twist of the replica method. Relation (72)
seems to resist strenuously our efforts to send n to zero. However, in this limit it is clear
that m must also be promoted to being a real number, rather than an integer. To see how
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(iii) Presence of saddles below TC Despite claims based
on numerical results that 7, marks a real change in the to-
pology of the landscape [33—35], there are strong indications
that this is at best only a crossover [36,37], and at worst a
biased interpretation of numerical data [38]. For instance,
careful numerical studies have shown that the saddle index
n(T) remains positive even below T, [36]. Moreover, Ref.
[38] argues convincingly that the data for n(7T) can be de-
scribed by an Arrhenius law, n(T)~exp(—E/T), with E an
energy scale, which means that 7. does not mark any par-
ticular change in the saddle index.
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