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     The t wo- di mensi onal  el ect r on gas ( 2DEG) ,  r eal i zed i n semi conduct or  
het er ost r uct ur es,  exhi bi t s an ext r emel y r i ch phenomenol ogy at  l ow 
densi t i es wher e el ect r on cor r el at i ons pl ay a ver y i mpor t ant  r ol e.  
Theor et i cal l y ,  t hi s r egi me i s out s i de per t ur bat i ve appr oaches and many 
cr uci al  aspect s of  t hi s i nt er est i ng physi cs st i l l  l ack a sat i sf act or y 
expl anat i on.  Apar t  f r om cor r el at i ons di sor der  pl ays a pr omi nent  r ol e as 
wel l .  I ni t i al l y ,  i t  was t hought  t hat  t he subj ect  was adequat el y deal t  
wi t h i n t he scal i ng t heor y of  l ocal i zat i on by Abr ahams et al. As i s 
al ways t empt i ng,  t hi s t heor y was qui ckl y conf i r med by exper i ment s,  al so 
i n Si - MOSFETs,  but  at  t he expense of   i gnor i ng some devi at i ons.  
Exper i ment s car r i ed out  by Kr avchenko et al hi ghl i ght ed t hese 
devi at i ons and ar gued convi nci ngl y,  at  l east  f or  some r esear cher s,  t hat  
i t  i ndi cat ed t he exper i ment al  obser vat i on of  a met al - i nsul at or  
t r ansi t i on i n 2 di mensi ons,  i n c l ear  cont r ast  wi t h t he pr edi ct i ons of  
Abr ahams et al,  whi ch c l ai m t hat  i n 2 di mensi ons no t r ue met al l i c  st at e 
can exi st .  Si nce t he or gi nal  obser vat i ons of  Kr avchenko et al  t he 
exper i ment al  body of  knowl edge has expanded consi der abl y.  Most  of  i t  i s  
based on Si - MOSFETs,  i n whi ch t he el ect r on cor r el at i ons ar e,  at  
r easonabl e densi t i es,  par t i cul ar l y st r ong ( due t o t he ef f ect i ve mass 
and t he di el ect r i c  const ant ) .   Some mor e r ecent  wor k uses GaAs/ Al GaAs 
het er ost r uct ur es ( Tsui  et  al ,  St ör mer  et  al ,  and ot her s)  i n whi ch 
di sor der  i s  l ess and suf f i c i ent l y l ow car r i er  densi t i es can be r eached.  
I n devel opi ng t heor et i cal  expl anat i ons i t  i s  evi dent  t hat  t he spi ns of  
t he el ect r ons pl ay a pr omi nent  r ol e.  For  hi gh densi t i es t he usual  
par amagnet i c l i mi t  of  t he non- i nt er act i ng 2D gas i s expect ed.  Upon 
decr easi ng t he densi t y one expect s an i ncr ease i n spi n suscept i bi l i t y .  
I t  has been pr edi ct ed t hat  one subsequent l y wi l l  obser ve a quant um-
phase t r ansi t i on t o a f er r omagnet i c l i qui d phase f ol l owed by an 
ant i f er r omagnet i c Wi gner  cr yst al .  For  even l ower  densi t i es one mi ght  
get  a f er r omagnet i c Wi gner  cr yst al .   ( Cf .  f or  exampl e At t acal i t e et  al ,  
PRL 88,  256601 ( 2002)  f or  t he case wi t hout  di sor der ) .  Al l  exper i ment s 
t o dat e ar e based on t r anspor t  measur ement  ( i ncl udi ng magnet o-
t r anspor t ) .  A r ecent  summar y of  t he exper i ment s i s gi ven by Kr avchenko 
and Sar achi k cond- mat / 0309140.   
 
Gi ven t he cr uci al  i mpor t ance of  t he spi n cor r el at i ons t he r ecent l y 
publ i shed paper  by Pr us et al,  whi ch i nt r oduces a new met hod t o measur e 
t he t her modynami c spi n magnet i zat i on i s a ver y i nt er est i ng st ep 
f or war d.  The met hod consi st s of  appl y i ng a smal l  modul at i on on a 
const ant  par al l el  magnet i c f i el d and det ect i ng t he smal l  cur r ent  ( 10- 15 
A)  t hat  f l ows i n r esponse t o t he change i n chemi cal  pot ent i al .  The 
obser ved si gnal  consi st s of  a di amagnet i c cont r i but i on and t he ai med 
f or  spi n cont r i but i on.  They out l i ne a r out e t o i sol at e t he spi n-
magnet i zat i on,  whi ch t hen woul d al l ow f i r m exper i ment al  st at ement s.  
Fur t her  eval uat i on i s c l ear l y needed.  The most  i mpor t ant  r esul t  i s  
however  t he demonst r at i on of  a met hod t o measur e t hese smal l  val ues of  
t he magnet i zat i on i n a ver y di l ut e 2 DEG.  The met hod i s ver y l i kel y t o 
st i mul at e a badl y needed new exper i ment al  appr oach t o t he pr obl em.    
 


