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A description of the |ow tenperature phase of finite dinensional spin
gl asses has remai ned one of the central open problens in statistica
mechani cs for several decades. There are several conpeting nodels, the
nost prom nent anmong them being the theory of replica symetry
breaki ng, and the droplet nodel. The |atter approach has a direct
physical interpretation, but has so far been phenonenol ogical in
approach, and has not offered a framework for quantitative m croscopic
conput at i on.

Aspel nei er and Moore propose to address this last shortcomng by re-
examining the large-mlimt of an mconponent spin glass, and find sone
surprising conplexity that has so far been overl ooked.

The physical idea goes back to early work of Hertz, Fleishman, Anderson
(Phys. Rev. Lett. 43, 942 (1979)) and Bray, More (J. Phys. C 15 L765
(1982)). Consider the onset of spin-glass order fromthe high
temperature paramagnetic state. One can view the initial order as a
condensation into an ei gennode of a certain susceptibility matrix with
the smal | est eigenval ue. However, these |owlying eigenstates are
inevitably | ocalized, and the |large repul sive interaction between
“bosons' occupyi ng the sane nbde pushes the eigenvalue of the localized
nodes hi gher as one approaches the transition. At the critica
tenmperature, the localization Iength of the | owest eigennode diverges,
and a condensation transition becones possible. This is an el egant
exanpl e of the interplay between |ocalization and interactions, and has
of fered a val uabl e perspective on other systems over the years: simlar
i deas have been used near quantumcritical points (Hartman and

Wei chman, Phys. Rev. Lett.74, 4584 (1995)) and in recent work on the
onset of magnetic order in superconducting vortex lattices.

Aspel nei er and Moore extend this approach to very | ow tenperatures
within the spin glass state, a reginme which, surprisingly, has not been
studied so far. They consider a finite size systemwth N spins, and
formally ook at systens with m>> N. Their nmain finding is that the

| owest ei gennmbde acquires a | arge degeneracy in the limt of large N

wi th the degeneracy scaling roughly as the square root of N These
degenerate nodes presumably capture the conplexity of the spin glass
state. The main advantage of the present approach is that this

conpl exity can be studied directly in finite dinensions, and for any
specific mcroscopi ¢ nodel .

Thi s work suggests nany additional questions that need to be addressed.
VWhat is the significance of the peculiar manner in which the
thernodynamic imt was taken? What is the role of the |arge nunber of
Col dst one nodes present for large n? Wiat is the nature of the 1/ m
corrections, and do they lead to an inproved understandi ng of the
critical point?

NOTE ADDED 11/ 25/03: The existence of a |large number of |owlying
ei gennodes in the infinite range, |arge-mspin glass was studied
earlier by M Hastings, J. Stat. Phys., 99, 171 (2000).



