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A descr i pt i on of  t he l ow t emper at ur e phase of  f i ni t e di mensi onal  spi n 
gl asses has r emai ned one of  t he cent r al  open pr obl ems i n st at i st i cal  
mechani cs f or  sever al  decades.  Ther e ar e sever al  compet i ng model s,  t he 
most  pr omi nent  among t hem bei ng t he t heor y of  r epl i ca symmet r y 
br eaki ng,  and t he dr opl et  model .  The l at t er  appr oach has a di r ect  
physi cal  i nt er pr et at i on,  but  has so f ar  been phenomenol ogi cal  i n 
appr oach,  and has not  of f er ed a f r amewor k f or  quant i t at i ve mi cr oscopi c 
comput at i on.  
 
Aspel mei er  and Moor e pr opose t o addr ess t hi s l ast  shor t comi ng by r e-
exami ni ng t he l ar ge- m l i mi t  of  an m- component  spi n gl ass,  and f i nd some 
sur pr i s i ng compl exi t y t hat  has so f ar  been over l ooked.  
 
The physi cal  i dea goes back t o ear l y wor k of  Her t z,  Fl ei shman,  Ander son 
( Phys.  Rev.  Let t .  43,  942 ( 1979) )  and Br ay,  Moor e ( J.  Phys.  C 15 L765 
( 1982) ) .  Consi der  t he onset  of  spi n- gl ass or der  f r om t he hi gh 
t emper at ur e par amagnet i c st at e.  One can vi ew t he i ni t i al  or der  as a 
condensat i on i nt o an ei genmode of  a cer t ai n suscept i bi l i t y  mat r i x wi t h 
t he smal l est  ei genval ue.  However ,  t hese l ow- l y i ng ei genst at es ar e 
i nevi t abl y l ocal i zed,  and t he l ar ge r epul s i ve i nt er act i on bet ween 
` bosons'  occupyi ng t he same mode pushes t he ei genval ue of  t he l ocal i zed 
modes hi gher  as one appr oaches t he t r ansi t i on.  At  t he cr i t i cal  
t emper at ur e,  t he l ocal i zat i on l engt h of  t he l owest  ei genmode di ver ges,  
and a condensat i on t r ansi t i on becomes possi bl e.  Thi s i s  an el egant  
exampl e of  t he i nt er pl ay bet ween l ocal i zat i on and i nt er act i ons,  and has 
of f er ed a val uabl e per spect i ve on ot her  syst ems over  t he year s:  s i mi l ar  
i deas have been used near  quant um cr i t i cal  poi nt s ( Har t man and 
Wei chman,  Phys.  Rev.  Let t . 74,  4584 ( 1995) )  and i n r ecent  wor k on t he 
onset  of  magnet i c or der  i n super conduct i ng vor t ex l at t i ces.  
 
Aspel mei er  and Moor e ext end t hi s appr oach t o ver y l ow t emper at ur es 
wi t hi n t he spi n gl ass st at e,  a r egi me whi ch,  sur pr i s i ngl y,  has not  been 
st udi ed so f ar .  They consi der  a f i ni t e s i ze syst em wi t h N spi ns,  and 
f or mal l y l ook at  syst ems wi t h m >> N.  Thei r  mai n f i ndi ng i s t hat  t he 
l owest  ei genmode acqui r es a l ar ge degener acy i n t he l i mi t  of  l ar ge N,  
wi t h t he degener acy scal i ng r oughl y as t he squar e r oot  of  N.  These 
degener at e modes pr esumabl y capt ur e t he compl exi t y of  t he spi n gl ass 
st at e.  The mai n advant age of  t he pr esent  appr oach i s t hat  t hi s 
compl exi t y can be st udi ed di r ect l y i n f i ni t e di mensi ons,  and f or  any 
speci f i c  mi cr oscopi c model .  
 
Thi s wor k suggest s many addi t i onal  quest i ons t hat  need t o be addr essed.  
What  i s  t he s i gni f i cance of  t he pecul i ar  manner  i n whi ch t he 
t her modynami c l i mi t  was t aken? What  i s  t he r ol e of  t he l ar ge number  of  
Gol dst one modes pr esent  f or  l ar ge m? What  i s  t he nat ur e of  t he 1/ m 
cor r ect i ons,  and do t hey l ead t o an i mpr oved under st andi ng of  t he 
cr i t i cal  poi nt ? 
 
NOTE ADDED 11/ 25/ 03:  The exi st ence of  a l ar ge number  of  l ow- l y i ng 
ei genmodes i n t he i nf i ni t e r ange,  l ar ge- m spi n gl ass was st udi ed 
ear l i er  by M.  Hast i ngs,  J.  St at .  Phys. ,  99,  171 ( 2000) .  


