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1. Introduction 

The lattice approximation of quantum chroandynamics does not provide only a 

Bcheme for calculating non-perturbative quantities like hadmn naases. the 

string tension, the critical temperature of the decmnfheent transition 

etc.. h t  also a convenient tool to explore its vacuum structure starthg 

from first principlee. It is of particular interest to study the role of 

those gauge field excitation6 which carry a tomlcgical charge 

As an Micatar of the topologically non-trivial vnauxn etnlctum  mua ally 

e e m  the topological ~~6ceptibility 

Via Ward-Takahashi identitiee and IRJc araunents withtn the quenched 

approximatian it haa been related to t h ~  m s n  of the r)'-meem [I] 

N, denoti- the number of light flavcurs. Eq. ( 1.3) resolves the 8c-called 

UA(l) problem. 

First attempts directly to check relation (1 .31  in SU(2) and StJ(3) lattice 

gauge theories have been undertaken with naive lattice discretizationa of 

4(x) C21, e.g. 



where lJWv d e r ~ j t ~  the Wilson limp ammd an elementary - l_attie_plnquettk of 

s iz a a t  site n in the pv-plane, and E ~ ~ ~ ~ = - E  2134 z-E - s + ~ c  =. . .=I .  
1 %idive(n) cannot t~ written i n  term of a fourdivergenee like 8 .  
Therefoe it ret*iri&  it^ g m t r i c s l  n a t m  only in the continuum limit or  

on sufficiently smoothed la t t ice  fields. The f i r s t  Monte Carlo (MC) 2, 

estimates [2] with expres&ir~n (1.4) failed by two o h m  of m s g n i e .  & I ~ Y  

very m e n t l y  it hat; ~ ~ r i  skm that the =on for the discrepancY can be 

traced tack tm the origirnl rirglect of the pmper renonaalization of the 

operator ( 1 . 4 )  [31. 

In the mean timr several ar~thora invented topolcgical charge definition6 

having a real gecmtriC m i n g  for lattice gauge fields [4,5,61. '!by 

derive the secmtd Ghe~n number related to a from a recon6truction of the 

Lordinate hxidle by irit,erpr~lating the la t t ice  fields. The urxt attractive 

algorithm kcme the orie of F'hillips md Stnne [6]. I t  is very fast  in the 

SU(2) r m  17,8]. The train problem with the geometric algorithm is t.hat 
certain continuity m~riditiom for the la t t ice   field^ e h r ~ l d  be satisfied in 

order to  def i r e  t,he ctnrgr- ixmbirJlw~usly. The c o n d i t i w  quo*& in parem 

[5,61 are unstly v i o l a t d  for m: equilibrium ConfMrations a t  arjce~sjble 

bare crnq~ling~:. kreforr_, different algorithme or  d i f f e m t  waye to  

interpolate the la t t ice  fiekdr; can yield different Q, numbers event by 

event. Mnmver, m t i  md Tewr have recently shim 191 the Wileon action 

tc produce dislcrations due to which 2, masurd with the Phillip-S+;one 
algorithm is e w t e d  to diverge in the continuum limit. This otsenration 

ha6 been canfined in Ref. [10]. ht then the travctifil ~ c a l i n g  behavim 

produced for SU(2) with the Wilson action in a hi& stntieticrr E lun [81 

cal ls  for explamtiori. 

There Ls arxvti~r reciw to find a topological charge. Starting from MC 

equilibrium ~mnfiguratims one can iteratively minimize the action to freeze 

out ultraviolet fluct~uatiom and determine a "backglwmd" topological c m e :  

[11,12,13]. The "~xmling" procedure is aimed to k i l l  dislocations 

disturbing the Q, roea6-b just in the equilibrium. Cooling  ha^ nice 

pmpertief~. king it sufficiently carefully it - to C o w m e  for a 

while fluctuations responsible for confinement [I41 and might be interpreted 

a6 a kind of K renoml iza t iw g r a p  tramfoxmation [lo].  

More obvicusly. cooling can be used to explore the wi -c lass ica l  situation 
and to establish w s i b l e  classical background fields like htantons, 

m p o l e a  etc. C 12,15,161. Harever, it der,ervce further study in  as far  

topoloeically relevant e x c i t a t h  are lost during cooling. W r i c a l  2, 

ea tha tes  wing the omlhI  method are in rr?onable -t with the one 
baaed on &.(1.4) with the remraalization of xaLv, taken into a-t as 

vell ae with the fernionic method invent4 by %it  and Vink 1173. 

For SU(3) all the metha% prrdwe e h i l a r  results. ht in the SU(2) case 

there is a clear d w t  between the geometric mtk& end the other 

cme6 quoted before. 

If this d-t a t  the available I3-values is due to dislocaticns, then 
the d h w r e m m t  h l d  diseppsar for la t t ice  actiom which -reas thm 

frcm the early beLlinnine. Such actions are prwided e.g. by H-1-Kadanoff 

renormalization ~ r m p  t m f o r m a t i a ~  in the space of couplings belcneina to 

different mxw represmtatiars of plaquette term in  the &tion. Bitar 

et al. C181 have ~houn thst for  SU(2) the nigdal-lhk,noff iterati- leed to  

points lyira m a universe1 line in ths plane of oyplinge pr ,  pa 

~rreapcndine to  the -tal and adjoint repreemtatiars, ~ e ~ p e c t i v e l y .  
olmeing the a u p l h g a  a m  thki l ine with fixed Oa/Pf t D  should 
CO- to  ~WsFca -r to  the oontinrurm limit. 

In am investigation pmaented here we uaed just this  &ion. I t  haa been 

a ~ ~ m b t e d  in rraent calculation6 of glueball massee in leedim-sized vol- 

[ I B I ~ .  &re we ~0qcut.e the topological swzeptjbility with the 

Phillips-Stam a l m r i t h  in K-spuilibriuo and during -line. The resulta 

are with the c o r m n p c d ~  ones of the Wilacn action. A8 fa r  as ue 
are g o b  to present thm in units of the lat t ice  epachI of both theories, 
ws have ta fkd m l a t b  betusar thexa, which a t  ~l I3.s mcesaarily 

include ~n-pcrturbat ivc sffacts.  Such relations can be focmd via l/Nc 

arpumDsnta 122.231. lhey a l la r  to express the results in  teras of a u n h w  

effective oouplinq 0*~,=4/2 , eccording to which the h t t i m  specirg has 
to  scale. 

'A f i r s t  -logy study with the mixed fundaasntal-adjoint action uaa 
carried out a axlple of yanm mo by Bhanot and Seiberp 1201. 'hey used 

the a l p o r i t h  of k f  .[I1 and f d  the reeults in a rsasoMble -t 
with universality. 



W e  "111 shcw that in the range of -ling6 2 2 5 Porr (2.4 the  xI-values 

proch~ced with the mixed action are  very eensit ive with to the 

non-perturbative relation 4. In pe r t imla r ,  it tumB cut tha t  t .  method 

proposed by lJekeenko and Polikarpov leads to universality. A t  the - time 

we desmstratk the m i x e d  ther~ry clearly to suppre&~ d.?MeEUB fluctuatioIl6 

wlth small plmuette ~ m p  val- W = ctr U = -1. h r i n g  cooling the 
P 2 w v  

suppression of d i s l w s t i r m  fo r  the mixed actiori temmes even more 

pronorn;oed Nevertheless. the cn-nd- xt values fo r  b t h  the 

actlone are  of the e m  magnitude and definitely smaller than the 

equilibrilnn m ~ a l t ~ .  We are led tn the mnclueion that the w t  

betwen m u l t ~  r ~ f  the geawtr ic  charge mthod and thcee of coolin@ cannot 

be simply explairld by t k e  p r e e r m  of dislr~cations in the former one. 

The outline of rrlr m r  ie  as follows. In &ion 2 we w i l l  6 p x i f y  a m  
choice of  the l a t t i ce  tber~ry. Section 3 is devohd to a brief discussion of 

the topological charge algorif21in md the cocrling mthod we employed. In 

section 4 we y w ~ r ~ t ,  plaquettk value d i ~ t r i h t i ~ ~ l g  and demmetrate the 

~LlppreEEion CJf d i ~ l r * ) ~ t i ~ ~ .  Ihe min lYSult8 of t h  ShlhtiCXI6 be 

fcund in  section 5. Finally we smaarize aar findings and fornulate 

questions deserving fi~rt,kier E t~d ie8 .  

2 .  Specifying tke kttice Action 

The m i x e d  fmhmntal-a4loint,  l a t t i ce  action we w going to use is 

defined as follous 

where the mntrihtim of the adjoint representstion of SU(2) c m  b? 

exm-eesed by the fundmentsl one 

Let the theory be quantized In the standard way by means of the functional 
integral 

dUw denotes the Haar measu2.e for  the link variable P a t  the l a t t i ce  site 
n. C U r  f ina l  aim is to calculate the topoloeical susceptibil i ty for  the 

action (2.1) with such a choice of -1%~ OrrPa which allows to  

suppress l a t t i m  a r t i f ac t s  i n  the longer distance HIYE~CE. Mhdal-Redanoff 
renormalization gmup tramformatiom have been sh rm to lead to pints on a 

s table  trajectory in the (Or,<)-plane with [18] 

In the fo l lw lng  we want to use t h i s  mixed improved action and w i l l  compare 
the reaulta w i t h  those of the Wilson theory (Pa=O) thought to be def in& 

a t  the sam l a t t i ce  scale a. 
In the c lass ica l  continuum limit the ccupllrgs are r e l a t d  by 

In order to f i x  a ccmm l a t t i ce  scale  of the quantize3 tttheory one mually 

coneiders lines in the (0, .P )-plane along which Wilson l m p  and the 

s t r ing  tension, respectively, have the same values. These l ines of constant 

m i c e  are parameterized by an effective coupling 

of the correspording W i l s o n  theory. 1 .e .  the Wilson theory a t  P.,, i s  

viewed ae an effective theory for  the mixed one a t  (0, ,Pa) .  Then Po,, i s  

related to the l a t t i c e  scale by the tm-l rxp ~ r t o r m l i z a t i u n  glrup f o m l a  

( fo r  SU(2)) 

with a unique parameter AL. Wrtuba t ion  theory provides 1213 



However t h i s  is obviously a bad approximation fo r  negative (3- such tha t  

P,+Wa/3 beorme6 small 
The relation can te improved non-pel-turbtively within the framevork of an 

lfic-expansion. In  Ref. [221 the relation 

has keen pmvrrl uith 

to be determirled i r ~  the Wi.l~rm thec~ry. 

Using thic  relation the line6 of conetant s t r ing tension determined 

numerically were quits? ea t is fac tor i ly  reprodwed. The authors of Ref. C191 

liave -nt,ly thiu relation fo r  a cnrrmtatior~ of the s t r ing tension and 

glueball w e  r a t i m  a t  f i n i t e  volumes. Ttceir refiults lpssonebl~ confirm 

universality. 

By taking into a c ~ m n t  a lso  mlf-correlations of plaquettes one can arrive 

uith the relation 1231 

4 P ' ( P ~ , , )  
p,, = q + -rq ZW(<,,) + 7 ] I 

3 (Per,) 

and @-data of Ref. [24]. In order to find the derivatives u '  and p '  

we did a polynmial f i t  which +amed cut to & in gr~od agreeumlt with some 
cmn data fo r  tb3e quantities d imz t ly  prcduced on a 4' l a t t i ce .  

A l l  ambinations of mlplinge used throogha\t t h i e  paper are collected in 

Tab. 1.  h t e  &lo sinulations were done on a 4' lattie with periodic 

lwundary cad i t ione  a t  Perr=2.2 and on a 6' l a t t i ce  a t  Perr=2. 36. Rese 

values ac r r~ rdhg  to expression (2.4) correspnnd to the  same *ysical l a t t i ce  

size.  

Such a small volume, in which the -instanton contribution is expected to 
dominate the vacuumto-vacuum t r ami t ion  amplitude 1251, is well suited for  

a study of the ro le  of short-range fluctuations. For physics1 quantit ies,  

of course, we have to recover strong finite-size ef fects .  

3 .  The Topological and the Cooling Algorithm 

For determining the topological charge we used both the m b i n a t o r i c  

algorithm of Ph i l l im  and S b n e  C61 and the naive charge definit ion (1 .4) .  

Since the f i r s t  method is defined on a simplicial l a t t i ce ,  we  have to s l i ce  

cxlr hypercubic l a t t i ce  into a simplicial one. I t s  diagonal lw variable6 

are generated f- link variables of the original hypercubic ' l a t t i ce  by 

means of interpolation. For s l ic ing and interpolating we adopted the 

procecbrre of Ref. 171 in a s l i&t ly  d i f i e d  way. (Xu. ~ t e r  ccde i s  

approximately ati f a s t  a s  tha t  of Ref. [7]. Sinultar~eously with the 

ccmmtation of the gerrmetric topological w e  have m i t o r e t i  continuity 

~ m d i t i o m  invented in Ref. [61 ( c f .  definit ion (2.7) of t ha t  R e f . )  

is understad in the Wilson theory aa well. w' and p '  denote the 

derivatives uith respect to Per,. By means of (2 .7)  l inee of canetant 

phyeics have been even better =eproduoed. We used both f o m l a e  (2.6 ) and 

(2 .7)  for  cur s imlat ione.  

As an i n w t  fo r  the p r a d i c a l  determination of Perr(Pr .Pa) w e  used w- 

here 1 runs over closed lmpe t armnd a particular simplex and d 

danoteathegeodesicdiatanceinSU(2).  h a l a t t i c e o f  s i ze  L', the 

number of auch oonditicns ia 256 L'. By o w i n g  them a certain samthness 

of the c o m i n g  l a t t i ce  amfiguration is guaranteed. and hence the 

indepedeme of the towlagice1 charge value of a lccal ordering af the 

vertioes of the simplicial l a t t i ce .  The reader s h l d  keep in mind tha t  

these amditions are suff ic ient  but not neo%6ary araea. 
To check whether the a m p ~ t e d  charge d e m  on the way of in t e rn la t ion  to 





Tables 2a. b 

Correlation tables showing frequencies NIJ of K equilibrium 

= j .  configurations with topological chazzee Q'" = i and Q 12)- 

a) m i x e d  iugvm~ved action a t  Pef, = 2.2 [Eq. (2.7)], n&r of 

confimn-atiorrt; invtstifiated Neon, = 244 - 
b) Wilson action a t  Po,, = '2 .2.  Nconf = 200 . 

The l a t t i ce  s i ze  is 4' . 

are shown together with <' , 8'2' and the naive topolcgical charge 

QmLVe. b r i n g  AT i n  the range AT 5 0.05 ue convinced ourselves that  

the  are histories with the ~ a m e  <') - values ocrured only within a 

changed (cunr-uter) time scale.  

Already after a feu w l i n g  steps with AT = 0.05 fo r  both m i x &  and Wilson 

actions we arr ive  in a region where qL) and q2) typically agree. As 

one can 6ee a h  from Table 3 the naive charge a t  the same time usually 

tend8 to a plateau value which exactly c o m p m z k  to the number 

$I1) = $" . (Of cuu-se, the naive charge f a i l s  to provide an integer on 

the eo small l a t t i ce s  we consider.) b t l y  the right g-tric charge is 

well-established ea r l i e r  than the naive one. Cccnparing the mixed with the 

Wilson case we find that the mixed one lovers the ra te  the action is 

minimized s tep  by step.  

After having investigated in very de ta i l  samples of 25 cooling histories.  

for  each action case we decided to measure the topological char8es 

(additionally to the K equilibrium case) only once in that  region, where 

8(') = 4'' ip mostly achieved. We take j u s t  15 cool- steps ("half-way 

w l i n g " ) .  Finally we -te the charges a t  those steys. where d2s/dr2 

changes it8 sim. The l a t t e r  case definitely a t  l a t e r  stages of the 

relaxation p r o ~ s s  and can lrcstly be related to the ccmmeme of 

approximate solutions of the lattice equatione of moticq 6S/6UW = 0 . We 

c a l l  it "down-to-plateau amling".  

The half-way wling stage is characterized by the following observations. 

Indeed, only O(lO%) of d i g u r a t i -  are l e f t ,  whew the values Q:" 

and f a i l  to agree. b r e w e r ,  typically 0.04% of a l l  continuity 

conditions (3.1) are yet violated fo r  both the actions,  compared with 1% 

in the equilibrirao. After 15 i terati-  with AT = 0.05 the average total 

action ha. teen lovered f m  <S/So> = 33.1 5 0 .3  (53.5 5 0.3) doun to 

<S/So> = 3.5 5 0.2 (6.8 5 0.2) fo r  the Wilson (mixed) action. So, we etay 

more or less yet in a range, where Campoatrini e t  a l .  1141 have observed a 

-tent string teneion &ring w l i n g .  From t h i s  point of view the 

"half-way cooling" stage is physically very interesting. The l a t t i c e  field8 

seem to umtain yet a l l  those f l u c t u a t i m  being reswnsible fo r  



Table 3 

Typical cooling h i s t o r i e s  for  t h e  mixed ac t ion  [ /30rr = 2.20, a m .  to 

E l .  ( 2 . 7 ) ]  with relaxation time s t e p  AT = .05 . 
For the  g-tric charge Q:') t h e  measurements corresponding to both 

versions of i n t z l w l a t i o n  a r e  indicated.  Chly one value is shown i f  they 

agree. The l a t t i c e  s i z e  is 44 . 

4. The Role of D i s l m t i o n s  

Dislccat ions i . e .  f luc tua t ions  l iv ing  a t  the  s c a l e  s i x  of m e  l a t t i c e  

spacing and carrying a non-tr ivial  topological  charge can be dangernus f o r  

t h e  existence of t h e  continuum l i m i t  of the  towlogical  suucxpt ib i l i ty  

( 1.2) . This may happen, indeed, i f  such f 1uct.uat ion6 msess an a c t  ion 

value 

Their densi ty " exp-SdrsL)/a4 taken from semi - c l a s s i c a l  a rgments  w i l l  

diverge in the  l imi t  Perr + m and consequently xt  71s wel l .  Ulscher 

has applied t h i e  r e ~ ~ o r ~ i n g  in order tn e x p l a i r ~  t h e  &t,m~rg s m l i r g  v i o l n t i o r l ~  

f o r  the top;llogical e w x e p t i b i l i t , ~  o l s e r v d  i r~  t h e  2D rir~ri-lirrear 0 ( 3 )  

a-male1 1261. 

Recently f o r  the Wilso~ theory Fugh and Teper discoveretl a ditilccation in 

t h e  $ = 1 -;tor (wit.h respect  to t h e  Phillips-Stone charge) with mi 

ac t ion  value SdlPL= 9.8 Or 191. Cijckeler et a l .  uere able  t n  lover t h i s  

numbr by s y s ~ t i c a l l y  minimizing t h e  act ion with the  m i l l i p s - S b m e  

charge held f ixed  a t  Q, = 1 [ 101. They found even s Y : ~ ~  = 6.8  Pr . For 

ax f u r t t ~ e r  argumentatirm it is h p x t a n t ,  that, theae d i s l r x a t , i o r ~ ~  always 

car ry  one plaquette  with t r  Uwv/2 2 -1 a t  t h e i r  o e r t t n  and a f t e r  a em11 

var ia t ion  they run i n m d i a t e l y  i n t o  the Q, = U aec tor  with very high 

probabil i ty.  

Cme can a l s o  m k  hOW the  m i x e d  action ( 2 . 1  ) k h a v e s  for  these 

configurat ions.  (he f inds  1101 

Using f a r  in the continuum l imi t  the c l a s s i c a l  relat,iori /30rr= /1r+@f3a/3 ue 

e a s i l y  convince cureelves t h a t  ( 4 . 1 )  holds f o r  /\ > -0.2.20: ( Or 0 ) .  

' I h e ~ f o r e ,  t , k  ~ I ~ ~ I Y J v ~  m i x e d  mctir~r~ ~ ~ r ~ c p - ~ r t d i r g  tfi Eq. (2.2)  ehcmld 

a l l o v  to determine xt with the  g e r m t r i c  c h a ~ e  algorithm in t h e  l i m i t  

Perf--+ m ,  unless there a r e  y e t  other  d i s l r c a t i r ~ n s  with a soraller ac t ion  

This does mt wm t h a t  ( 4  1 )  cannnt be sat,isfied a t  such small Perf we 

use in cur  p r a c t i o s l  rs lculat , iom. In fact, w e  f irtd 



There is a simple way to check how many dislocations of the  kind &scribed 

above can maximally amear  in the h t e  Carlo equilibrium o r  a f t e r  cooling. 

h e  can cumt  the number of thcee plaquettes with W = trU =z -1 . So wv 
we have c m p a k d  the  d i s t r i b t i o n  of plaquette values P(Wp) in the M2 

equilibrium. I t  is pmsented in Fia. 1 f o r  the Wileon and mixed improved 

action a t  Perf= 2.2 acc. to Eq. (2.7) . F i r s t  of a l l ,  the canpariaon 

shows tha t  the mixed action rea l ly  stronger suppresses plaquettes with 

negative Wp-valuea. 

In perticular w e  tmve 

The suppression becomes stmnger a t  larger Per, . We get  R s 1/6 a t  

Per, = 2.36 . A similar somewhat leas  pmcunced behavicur can be observed 

i f  Eq. (2 .6)  is employed. So the  mixed improved action works in the right 

way. Moreover, the small absolute value of P(W S-0.9). e.g.  f o r  the 

Wilson action a t  Perf = 2.2 it i a  0.03% , tells us t h a t  m l y  s p a k a  

only every -d 44 l a t t i c e  configuration carr ies  me p laqwt t e  w i t h  

W 5 -0.9 . Certainly only a emall number ammg BUCh plaquettss ppreaenta 

dislocations with Q * 0 . b-mequently the pogsibil i ty l x 3  find a 

dislocation of the kind described in Refs. 19,101 is practically very emall 

in s p i t e  of t h e i r  m a l l  action value6 (4.3) . 
Nov l e t  us return to the  correlation Tablee. 2a and 2b , respectively. Are 

the dialocatiom with W Z -1 the rain - f o r  the ambiguity in 

aeslgning the rmt topological charse to the equilibrium l a t t i c e  f i e ld s  ? 

'Ihe anewer is def in i te ly  not. For the Wilaon action there are only 

apprrutimately as nuch violations of q" = 412' a~ s ingle  plaquettes w i t h  

W S -0.9 are available. I t  is highly unpmbable t ha t  a l l  these plaquettee 

below to rea l  dislocations carrying a topological m e .  For the  m i x e d  

ection the number of the  dangenxls plaquettea is even lcuered by the fec tor  

R quoted abcrve, uhereae the - b r  of caees with $" * is of the 

eanb? order of magnitude ae  f o r  the Wilaon action.  So there rmst be other 

short-range fluctuations (see a l so  Ref. C271) a m m m  to both actions due to 

h i c h  the towlogica l  charge ia not uell-definsd event by event. How they 
looh l i ke  and uhether they can spoil the  antimum l imi t  deserves further 

study. 

Fig. 1 Plaquette d i s t r i b t i o n s  P(Wp) in the MC equilibrium a t  /39,,=2.2 
act. to Eq. (2.7) f o r  W i h  &,ion (straight, l ines)  4 and fo r  mixed 

iplproved action (dashed l i ne s ) ,  l a t t i c e  s i ze  4 . 
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Fig. 2 D i s t r i t u t i m  of topological m e  a in the HC equilibrium a t  

per, a m .  to Eq. (2.7) fo r  W i l -  action (daahed lines) and for  

mixed action ( s t r a W ~ t  l ines) ,  l a t t i c e  s ibe  44. For drauine these 

dis t r i tu t ions  both charge v e r s i q  qi' md q2' have been 

taken irito accwnt.  The statkti- is 244 and 200 confieurations 

for  the mixed and nileon action, ~-espectivenly. 

01 
2.1 7.2 .23 U 

Pen 
Fig. 3 Togological m s a w t i b i l i t y  in M: equilibrium as a function of Per, 

am. toprescriptior.  (2 .7 ) .  b ci rc les  oorreapond to n i h  
action, crosses and tr iangles to mixed action. Dots show data 

points of Ref. 181. lhe integers Micate the l inear l a t t i ce  s ize .  

The correlation matrix N allnws to quantify in as f a r  the t o p l c w  i s  
J 

s t a t i s t i ca l ly  111- o r  well-defined for  tK equilibr'ilm gauge f i e lds .  L e t  us 

calculate the quantity 

with N, = INLJ , N., =IN,, and N =INLI . Let. rn be the number of 

J L ' I  

the d i f f e ren t  values Q:"' fcund during the N measurements. Then in the 

l i m i t  N 4 co N p Z  s a t i s f i e s  a ~ ~ d i s t r i l m t i o n  with f = ( r%- l ) ( r z -1 )  

degrees of freedan i f  €2;') and $12' are  a t a t i s t i ca l ly  independent. 

From Tables 2a and 2b w e  obtain for f = 36 Np' = 107 and 205 , 

leepectively. 'Ihe confide- ievel CL fo r  Q:" and $1" to be really 

s t a t i s t i ca l ly  hdepmdent t ,~rnq rut, fo r  the Wil~on action CL < 0.01% . 

For the m i x d  action it is eveq some oderc of m i t ~ d e  analler.  Thus 

there is a strong correlation in btt~ mcee, arid i t  e e m  tn  be s l ight ly  

bet ter  in the mixed action r a e .  He m 1 4  tr, the coml~rsion that, the 

topology is w e l l 4 e f M  in a s t a t i s t i c a l  ssrse- a t  les,t, fo r  em311 l a t t i ce  

sizea.  

h r i n g  -ling the oorrelation between Q:" and 4') bemmea still 

bet ter .  This w a s  m t i r d  a l . ~ ~ r b r  k f ~ r e .  A t  t t e  same t h  a f t e r  

half-way-rmling the average rnir~imal p l ~ u e t t e  

cmin W > = --0.10 5 0.09 in the Wilson case and even 
P P 

cmin W > = +0.30 5 0.03 in the mixed one, respectively. We have convinoed 
P P 

curselvea that in fact  a l l  plaquettea with W 5 -0.9 uere removed. 

Nevertheless, in O(1OX)- of a l l  cases v:' a d P  <') disagree. Thia 

once mre points cut to the existence of other f l ~ x t ~ m t i o n e  rather than 

those of Refs. 19,101 which prevent. the ~x~arnbmu?rs nss ign~ent  of the 

topological rharse. 

5 .  Estimates of t h  Topological Susceptibility 

Nou l e t  IB d h m s  the r e ~ ~ l t s  of m u  n l m r i m l  ~ i m ~ l a t i o r s .  We aml ied  the 

k t r o p o l i s  method and separat& the tnmlrxir~l c tame u e ~ l m n t a  by 50 





Ulr main r e s u l t  is ttat t h e  t o p l o g i c a l  s u s c e p t i b i l i t y  a t  Perf % 
2.2 + 2.4 

does not k m e  smller f o r  the  m i x e d  improved ac t ion ,  a l t h W 1  t h e  lattkr 

c lear ly  s u p p ~ ~ ~ e s  t h o ~ e  e x c i t a t i o m  tlsving small plaquette  lovp value6 

t r  U /2 s -1. This holds f o r  equilibrium configurat ions a s  well as f o r  
W" 

cooled ones. So we have a strong indicat ion that the d i m n t  mentioned 

before cannot be simply explained by the dis loca t ions  kcrited in Refs. 

[9,101. HLW o ther  short-range f luctuat ions causing ambiguitie6 in defining 

t h e  Phillips-Stone charge and being camm to both ac t ions  influence the 

r e s u l t s  esm:ial ly in t h e  continuum l i m i t  desenres further s tud ies .  

W e  have seen t h a t  the topological s u s c e p t i b i l i t y  at  -11 Perf is 

sens i t ive  with mcpec t  to the  n o n - ~ r t u r b a t i v e  l a t t i c e  s c a l e  f ix ing .  I t  

diat inguishee the l/Nc mthcd of Makeenko and Fblikarpov 1231, which 

allows to es tab l i sh  un iversa l i ty  a t  emall l a t t i c e  s i z e s .  I t  seems to be 

worthwhile to reconsider t h e  g lueba l l  and s t r i n g  tension da ta  of  Ref. [I91 
in view of this r e s u l t .  

BY measuring the Phil l ips-Stone charge with two d i f f e r e n t  kinds of 

in te rpola t icns  of l a t t i c e  f i e l d s  we were a l s o  ab le  to d-strate in as f a r  

the tomlogy is well-defined. We have seen that in the equilibrium b t h  

charges a r e  s t a t i s t i c a l l y  strongly w r r e l a t e d  and t h a t  the cor re la t ion  

became s l i g h t l y  b e t t e r  f o r  the mixed ac t ion .  k i n g  cooling the geometric 

charee w a s  f amd to becme properly determined. Thia allowed us to define a 

a m l i n g  s tage ,  where one can study the vacuum structure more thoroughly. 

Nevertheless, even on a small l a t t i c e  f o r  conf%urations having not  any 

plaquette  with tr Dw,/2 < -0.9 ue have o b r v e d  a few cases, &re t h e  

topolw w a s  ambiguaraly defined and where a emall number of  violated 

continuity c o d i t i o n s  (3 .1)  w a s  l e f t .  

W a t  ramins to be dmK? F i r s t  of a l l  the studv presented here hid be 

axtended to larger l a t t i c e  s i z e s  and Perf. A axprison with o t h e r  ac t ions  

e . g .  non-local ones with s ix- l ink  loop cont r i tu t ione  w a s  propaeated in 

Refs. [10,111. M ccuree. un iversa l i ty  should be checked y e t  by expreeaing 

the suscept ib i l i ty  in physical units l i k e  the string tension o r  the O* 

glueball-mass . 

bk gra te fu l ly  admouledge useful  discussions with A .  Di Gi-, J. HoeR. 
E.-M. I l g e n f r i t z ,  A. W e l d ,  V.  K .  Mitrjushkin, G. Schierfiolz and U.-J. 

Wieee. He nxlld l i k e  to tbank cur colleagues of  the ammting cent res  of 

the b b o l d t - U n i v e r s i t y  Berlin and the I n e t i t u t e  f o r  High Energy Physics of 

the Academy of Sciences. Berlin-Zeuthen, f o r  lurmerrue he lp  and f o r  providing 

UE w i t h  commting f a c i l i t i e s .  Two of  u s  (B. J .  a a i  M. M.-P.) take tho 

opportunity +XI e x p ~ a  their gra t i tude  to t h e  directory of the  L a b r a t o r y  of 

Theoret ical  Physics of t h e  JINR, k b a ,  f o r  t h e  kind hospi ta l i ty  e x t e n W  t~ 

them. 
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~ O ~ H U K O B  6.F. H CIP. E2-89-606 
T o n o n o r u ~ e c ~ a n  BOCnPHHMqHBOCTb, ClHCJlOKal&HH 
H YMBepCanbHOCTb B K ~ ~ H ~ P O B O ~ H &  TeOPHH 
Ha PellleTKe CO CMeWdHHblM C ~ ~ ~ C T B H ~ A  

B npeAene ManeHbKoro o b m a  BurncnneTcn TmonornqecKaa 8ocnpnnM'lnBocTb B Te- 
OPHH f l ~ ~ a - M H n n ~ a  CO CMelUaHHMM YnYLUUeHHU* Clek~TBHen C nOMMlbO MeTOAa MOHT~-  

Kapno. P e a y n b ~ a ~ u  cpaeHnsamTcn co cTaHAaprnuw B~nbconoscwn~ ~ e k c ~ a n e ~ .  Rpn~e-  
HneTcn r e o ~ e r p n ~ e c w n k  anropnTM TononoruwcKoro aapuaa Ounnnnca n C T O Y H ~  m 
paeHoaecnux H pna Tex ~on@urypaqnfi, nOnyqeHHuX BO apenu "oxnam~e~na". Pe3ynb- 
TaTU OKa3UBaDTCU qyBCTBHTeJlbHUMH OTHOCHTellbHO MeTOAa OnPeCleJleHHU PWeTOqHOrO 
LUara. Y H H B ~ P C ~ ~ ~ H O C T ~  nOllyWeTCR nQH nPHMeHeHHH MeTOAa BBeAeHHOrO ~ K ~ ~ H K O  H 

Ronn~apnoau~.  flpn  TOM a cnyvae cMeuaHHoro p e k c ~ ~ n n  ancnowaqnn cnnbHo noAAas- 
nnsaloTcn. ~ ~ O ~ T W Y ,  OHH He RsnawTca ~ ~ C H U M H  p.n~ OnpeAeneHna ~ononornqec~ok  
B ~ K Y Y W O ~  CTPYKTYPU nPH ManblX KOHCTaHTaX fl. 
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B o r n y a k o v  V . G .  e t  a l .  ~1-89-606 
Topological S u s c e p t i b i l i t y ,  D is loca t ions  and U n i v e r s a l i t y  
i n  SU(2) L a t t i c e  Gauge Theory w i t h  Mixed Act ion 

I n  a small volume l i m i t  we present Monte Car lo  measurements o f  the topolo-  
g i c a l  s u s c e p t i b i l i t y  f o r  an appropr ia te l y  chosen mixed fundamental a d j o i n t  
a c t i o n  and compare the r e s u l t s  w i t h  the case o f  the standard Wilson ac t ion .  
We apply  the geometric a lgo r i thm o f  P h i l l i p s  and Stone d i r e c t l y  t o  e q u i l i b r i -  
um as we l l  as t o  background con f igu ra t ions  a t  d i f f e r e n t  stages o f  cool ing.  
We show the r e s u l t s  t o  be s e n s i t i v e  t o  the way o f  determining the correspon- 
d ing l a t t i c e  spacing. A method proposed i n  t h i s  respect by Makeenko and P o l i -  
karpov a l l ows  t o  e s t a b l i s h  u n i v e r s a l i t y  f o r  the topologica l  s u s c e p t i b i l i t y  
i n  equ i l i b r ium.  Since p laquet te d i s t r i b u t i o n s  show a s t rong suppression o f  
p laquet tes w i t h  trUw,/2 = -1  f o r  the mixed ac t ion  case, we conclude tha t  
d i s loca t ions  seem not  t o  be dangerous f o r  topologica l  charge measurements 
w i t h  the geometric a lgo r i thm a t  l eas t  a t  small B-va lues i n  the scal ing 
region. 

The i n v e s t i g a t i o n  has been performed a t  the Laboratory o f  Theoret ica l  
Physics, JINR. 
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