




where t h e  ctjn~plex vtxt,o~; za : za(x)  , 1 2, . . . ,n  aat i~;fy t h e  

normalization cc~ndition C zY( za)* = 1 . zv denotes the metric tens~>r on 

$5' and d 2 x ~  repreaen;s t h e  invariant  volume element. The covariant  

der iva t ive  U = 8 - iAP contains the A k l i a n  "gauge" f i e l d  A which can 
P P P 

k e z i l y  exprr.t:?;ed by *.he z - ~ f  i e l d  ucing t h e  equat,ic~r~~; of  t ti or^. Here we 

want t r~  treat, i t  at. a d y l ~ m i m l  f i e l d  which allows tfi read off the  

tuFnlcgica1 tcl~aree afi a 61.m over winding ~ I I J J I I ~ ~ R  

i n  a ~traight,forwarrl nm-u-~rr. 

The t,heoty is apprwximat& on a t r iangular  l a t t i c e .  In  pr inc ip le ,  t h e  

l a t t e r  ixnlld IF a random one, hit w e  p re fe r  to generate an a h s t  regular  

l a t t i c e .  I t  can sb ta i red  by fitart- frcm a regular  t e t raeder  in 

t h e  corners of which are  placed on t h e  6rAet.r. S' . TI- err successively f i r e r  

l a t t i c e s  en~merat,wc t ~ y  N = 1 , 2 ,  . . . a r e  provided by dividing a l l  t h e  edges 

i n t ~  two phrt,~; each m d  project ing t h e  midminta onto t h e  srAere. 

&nnecting +,he r~ewly p m j w t d  sites with each o ther  by new link13 gives us 

the  next, f i r e r  lat,t,icr-. I n  t h i s  way t h e  l a t t i c e s  prcduced contain 

P = 22N*'+2 sites and L = 3(P-2) l inks .  Every site has s i x  nearest  

r ~ r i g h b n ~ r s  excupt. t h e  or ig ina l  c o m e r  po in ts  o f  t h e  te t raeder  which have 

three .  This l a t t i c u  cur l s tn~c t ion  has the  advantage e a s i l y  to k mapped onto 

t h e  two-dinmsional pl.me by cutting t h e  l a t t i c e  along th tee  of the o r i g i n a l  

edges of the  t r t ramier .  We take t,he simplices of t h e  l a t t i m  tc k plane 

ones in [r3 . Already for N = 2 t h e  a rea  sum of a l l  simplices represents  

88% of the  a rea  of t.he sphere. 

The 1attic.e fomnulation of t h e  &el (2)  looks as follows. We appm~ximate 

t h e  covar ia l t  der iva t ive  a t  l a t t i m  site xL i n  t.he standard uay 

-b 

where lLJ i f i  ttie ler&h of t h e  lirk vectmr lLJ mrulectins t h e  reightxwr 

sites xL , xl . The l ink  var iab le  is defined by 

is given by [ 5 1  

u i t h  t h e  simplex area 

2 1  2 2  2 2  4 4 4 1.12 

The l a t t i c e  ac t ion  can be cast into a form of a fiim over l inks  jo in ins  the 

m a r e s t  n e i g l l w s  i ,  j 

where slr,J1 g e t s  contr ibutions of b t h  adjacent simplices i k and 

C i , j , k 7 j  

UL,L+l;  - e ~ ( - i A ~ ( x ~ ) l ~ , ~ + l ; )  = e m -  i ~ ~ , ~ + ; )  E u( 1 )  

The metric terlfior at, t h e  f l a t  s b l e x  ( i ,  j , k) 
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1, J - l t k - L ,  1, J - l L k  - 1 k  J 

with t h e  m i g h t 6  = 
L J 

lZA, Jk l Z A  t , k ,  

+ + + + 
cl  = lkL - lkJ/12A,lk , 

L J 
0 L J = lk ,; lk,,/12AXlk, I 

I h r  l a t t i c e  ac t ion  is mariifestly 1-lly 0( 1 )  game invar ian t .  In 

contract  to l a t t i c e  act ions invented in e a r l i e r  p a R r s  [ 6 , 7 , 8 ]  it is 

a non- lwal  onr ~ ~ n t a i n i r w  prcducts of two 11( 1 ) l ink  var iab les .  I n  t h e  

fo l lov i r~g  we reet , r ict  ourselvec; t,he (83 model, i . e .  n-4 . 

iii) The m d e l  i e  q i l m t i z d  according to the  functiorml i r l t p ~ r a l  

The quantum f i e l d s  z and u, have been generated in t h e  MC: simulation a m .  

to (9)  by the  heatbath and t h e  standard Metropolis a h o r i t h i m ,  respectively.  

We t r i e d  a s  well d i f f e r e n t  Metrowlie u p d ~ ~ t e  codes f o r  t h e  a - f i e l h ,  k t  
f m d  the w~nf igura t ions  tc be strongly correlated f w  i t e r a t i o n  to 

i t e r a t i o n .  

Cur K nma w e r e  ca r r ied  out f o r  l a t t i c e s  w i t h  divisions N = 2 ,  3 and 4.  

l le~mlly w e  made 400 t h e m l i z a t i c m  sweepe, a f t e r  which w s t a r b x i  

measurerents d u r h  50011 sweeps (except f o r  N = 2 ,  0 = 4.75,  5 .00  where ue 

have run 50000 weem). We c h e c k 4  rMr K d e  by mmmr- the numerical 

r e s u l t s  f o r 0  < zillijz: ' u i t h  a corre8pOnJing s t r c m g  coupling expansion up 

to order pL 

i v )  The t ~ ~ p u l c g i c a l  ctiarge on the  l a t t i c e  f o r  the  @Cg"-l m d e l  is 

defined by 

where the  f i r s t  sum mrm over a l l  s implices 0 and the second one over the 

corresponding l inks  (the l a t t e r  one implies to taka the  angle^ r .  . in the 
15 

r i g h t  o r i e n t ~ t i o n ) .  The t racka te  man the  rwlilctiori t o  t,tre i r ~ t e r v a l  

-0 

By Monte Carlo s h l a t i o n  we measure 1- x t  acc .  t o  Q. (1 1 ,  where the 

average l a t t i c e  s c a l e  : 1 1 .  . / L shculd behave in accordance u i t h  
1J 

[ i , j l  

t h e  r e n o m l i z a t i o n  gmup 

F i r s t  topolmica1  invest igat ions of  the  lat t , ice CP1 &el (wt~ic t~  i s  

i d e n t i c a l  with the  non-linear O(3) cr-&el) showed strong scal ing 
0 

vio la t ions  f o r  lA rt due to the  dominance of d i s l m a t i n n s  u i t h  an ac t ion  

S L ( d i s l )  < n [71. I t  has been argued t h a t  sca l ing  s h m l d  te restored f o r  

1-24 . Moreover, Petcher and LOscher [ 8 ]  have ~ u n s t ~ u c t e d  a d i f i e d  

( " f e r r o m m e t i c " )  l a t t i c e  ac t ion  f o r  which i n  the n=3 case the  MC data  

e r e  in Ag-nt, with sca l ing .  1n c u r  c m e ,  t h e  lr3 ncxJe1, we have nade fi 

ra& check. whettier d i e l r ~ a t r i o r ~ ~  a= e x ~ ~ t a - 1  t ,~)  C F T J ~ ~  sca l ing .  For a 

s i n g l e  simplex o0 with an a r b i t r a r y  posi t ion w e  have chosen the  

s u r m d i n g  l inks  with ( P .  . I = n/3  +a , r c i  1, such t h a t  I. acc. to 
1 J 0 

0 

(11) became j u s t  TI .  A l l  o ther  p ' s  were wt  equal to zero and t h e  z ' s  

equal tm ( 1 , 0 , 0 , 0 ) .  For t h i s  k i r ~ d  of  dislrx2atir~n one f ir& 

a f t e r  averaging over a l l  posi t ions of the  simplex oo. So t h i s  kind of 

exceptional  confi@lrat,ion dr-6 r o t  ca ixe  d w g e r  i r ~  t h e  m~nt,ininm limit, of 

the theory. 



v )  The t o ~ l - c g i c a l  chame ha6 heen measured every 10-th K sweep. In  

t h i s  way cor re la t ions  between sutsf4uent rteasurements were under mnt ro l .  

I h r  r e s u l t s  f o r  t h e  topological  suscept ib i l i ty  - 1 xt 'I' are presented in 

the F ~ L E  f o r  a l l  lat,t;ce s i z e s  con~iderwl .  The e r ror6  i n d i c a t d ,  f o r  

s implici ty,  a r e  t,te r u r e  s t a t i s t i c a l  ones f o r  Q~,'. The s t r a i g h t  l i n e  

cormsmnds tc, t h e  ~ c a l i r g  tehavirxlr a m .  +A Eq. (12). We see  t h a t  a l l  t h e  

data p ~ i r ~ t 6 ' v e t - y  well f i t  t.o t h i s  t e h v i u r ~ r .  A t  the given accuracy we do 

not see  m y  sca l ing  v io la t ion  in  the range 3.25 0 5 5 . 0 .  Very 

s u r p r i s b l y ,  a t  leaf;*, f o r  us ,  t h e   point^ f o r  N = 2.3 m ~ d  4 lie on t h e  sane 

1.miwma1 curve. i .  e ,  t h e m  is not  anu f i n i t e  s i z e  e f f e c t  v i s i b l e !  

Obviously, t h e  t o w l c g i c a l  s u s c e p t i b i l i t y  a t  l a rge  P is dominated by 

short,-range f l ~ ~ c t r x i t i o n s  orlly. For the  N-2 l a t t i c e ,  which c o n t a h  34 

l a t t i c e  sites i ~ n l y ,  w e  found 36 and 13 events with I Q t l  = 1 among the  5000 

masured charges a t  I? = 4.75 and 5 . G ,  respectively.  These non-tr ivial  

eve11t6 were i s o l a t d ,  t,hey d i s a m a r e d  imnediately. Nevert.heless, there is 

a x ~ i o n ,  where LJ-values h a p ~ 1 1  to be "frozen" over up ti] O(100) weeps. 

For N = 4 t h i s  has beer1 o h e n r e d  a t  4.0 P 2 4.5. One ucmld l i k e  to 

in te rpre t  t h i c  ~ ~ ~ J I L X S ~ I ~ ~ I  by the  existem of  lw-rxme f l u c t m t i o m ,  what. 

hae been reported f o r  the d &el as well [81. I f  one -1d l i k e  to 

irsist in suppressing short-range f luc tua t ions  i n  6+ measurements, e. g .  

by "coolirm" (me  Ref. [ I ] ) ,  ttlm f i n i t e  s i z e  e f f e e t s  k m  v i s i b l e  f o r  

# = 4 at 13 2 4 . 5 .  I t  is only in t h i s  case that the s i - c l a s s i c a l  

finite-velum pic ture  13.41 could be es tab l i shed  as w e l l  on the l a t t i c e .  

v i }  t h r  finclirws very mch resemble lattice r e s u l t s  obtain& in SU(2) 

Yam-Mills theory, where Qt ha6 been determined o n  MC equilibrium 

configurations by the g-tric method of  P h i l l i p a  and Stone 191. There is 

seen a beautiful  stalim behavicur [ 101, wheie a t  the same tiroe short-range 

f luc tua t ions  a r e  present .  F i n i t e  s i z e  effects a r e  weak carpared w i t h  those 

eeen a f t e r  ccoli tw [ I l l .  Of m r s e ,  it m l d  lx worthwhile to study t h e  

f i n i t e  v o l i m  e f f e c t s  in the 4D Y a n g - M i l l s  cage OII the sphere i n  the satre 

way as it t m  t e n  p ~ ~ e r l t d  here f o r  t h e  C P ~  m d e l .  
Topolagical s u s c e p t i b i l i t y  as function of 13. Dots, t r i a n g l e s  and stars 

c o r r e s ~ ~ r i d  to l a t t i c e  s i z e s  with N = 4 ,  3 mid 2, r e s m t i v e i y  . The da.shd 
lirie E ~ O W  tt~e m n o m 1 i z a t i o n  ~ ~ T J ~ L P  tetiaviour h. ( 1 2 ) .  



!+ %m*lld like to exprtaa (x~r  g r a t i t u d e  to the d i m t o r y  of  the  LRh3ratory of 
f i r c r ~ t ~ t , i c a l  Elhysics of the  .loir,t. Institute f o r  Nuclear Researuh, h h a ,  f o r  

t.te khd h o q i t a l i t y  extend& t.3 (15. We ackncwledse usefir1 discussicms with 

G .  W ~ i e r ? l o l z  zmd [I. Wiese. 
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U ~ J I ~ T K ~  H. 
Hccnenosa~ne  ~ o n o n o r u q e c ~ o $ i  B ~ K Y Y M H O ~ ~  

CTPYKTYPbI Q B Y M ~ P H O ~ ~  CP3'~0neJIU Ha 
c@epkisec~oii peme TKe 

C TIOMOU[LH) MeToaa MOHT~-Kapno onpenenHeTcn TononorMqec- 
KaH BocnpumsuBocTb Ha c m u n e ~ c ~ o R  pemeTKe annpoKcmapym- 
qeR caepy s*. n o n y s e ~ ~ b r e  naHHbre xopomo cornacyloTcH c  pe- 
HopMrpynnosbm n0BeneHuet.i. B npenene ManeHbKoro o 6 a e ~ a  He 
Ha6JTIO~aeTCH YMeHbmeHUe IIJIOTHOCTM TOnOJIOrMYeCKkfX @J'IyK~yaql& 
B OTJlUrIUe O T  I I P ~ A c ~ ~ ~ H H o ~  UHCTaHTOHHblX ~blrIUCJle~Mfi, 

B o s e @ u ~ u  E., Mnnep-IIpoRc~ep M., E2-89-607 

Jozef  i n i  B . ,  Muller-Preusker M . ,  E2-89-607 
Schu l t ka  N. 
Computation of  t h e  Topolog ica l  S u s c e p t i b i l i t y  
f o r  t h e  2D C P ~  Model on a  S p h e r i c a l  L a t t i c e  

Using Monte Ca r lo  s i m u l a t i o n s  we c a l c u l a t e  t h e  topolo-  
g i c a l  s u s c e p t i b i l i t y  f o r  t h e  C P ~  model on a  s i m p l i c i a 1  
l a t t i c e  approximat ing t h e  sphe re  s2. .  Our d a t a  e x h i b i t  t h e  
r i g h t  s c a l i n g  behaviour  b u t  do no t  show a  supp re s s ion  of 
t o p o l o g i c a l l y  r e l e v a n t  f l u c t u a t i o n s  i n  t h e  smal l  volume 
l i m i t .  

The i n v e s t i g a t i o n  has  been performed a t  t h e  Laboratory 
of T h e o r e t i c a l  Phys i c s ,  J I N R .  
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