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'1. INTHODUC'I'ION 

~opological nontrivial solutions of nonlinear olassical field equa
tions continue to play an increasing role in particle pbysic~. Un
for~unately, the quantlzatton of corresponding field theories car
ried out ,!ith 1;he'-help of path integraIs suffers from the' fact tha.t 
(presently) it ia impossible to take tnto account t~e whole manifold 
of field c9nf1gurations. 'I'he globai evalut10n of the path integral
ia therefore approximated by means. of ~he saddle point' method; topo
10glcal nont~ivial con!igurations are considered at the classical 
'levei only, 'and the lntegration is perfotmed over small fluctuations 
aroun~ them. According to this appro~imation the contributions to 
any pbysical quantity orig1nate from sectors of different topOlogi
cal char~e. I'i,ithin eac h -sec t or the renormalized perturbation....theory 
works consistently 'as has been proved by different methods for vari~ 

ous cases, In the case of instantons this has been shown'by using 
the'formalisID of quantum action principIe and solving' some associ
ated cohomology problems /1/, , 

For conceptional reasons and also to fac1litate the pr~ctical 

evaluation of physical effects i t seems to be useruí, t'o have stat'e
ments ~oncerning the r~lat10n between 'differ;nt ~opologi~al seétor~. 
Her~, ....e show tha.t the .c;uclidean tireen fUD,ctio-ns in the B.t"'ST-instan
ton background /5/ - 1f restr~cted to gauge fields transversa to th~ 
zero' modes and to vanishing ghost sources - ar~, obtained from appro
priately determined ~reen functions 1n th~ perturbative vacuum, i.e., 
the 8ector of zero topological charge, by a mere trans~ation. The 
method to obtain that result ia the same as has been introduced by 

A. Rouet /2/ to stu~ th8 dependerice of p~sical Gr,en functions on 
/ 
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arbitrary background fields in the perturbat1ve Vllouum for Y'ang-" 

Miils theorl' in Minkowski space ,	 ' ,I 

2~ T~E METHün OF A. RODET 

In tb1a preparatory section we' shortly review Rouet's method wh1ch'
 
in a natural wfI:Y may be extented to a mor e generel casa of tbe
 
1-inatanton sector. For the sake of conoeptional clarity we do not
 
specify explicitly either the underlying gauge theory Slr the corre

sponding seetor. Thus only the general structure of the theory is
 
charácterized in an appropriate mannez , and tben tbe dependence of
 
the, theory on the back&.round field 04..... is studied in general terms'.
 
The ful.l,contens of this general description becomes more obvious
 
in seetion , where tbe 'SU(2) Yang-Mills theory in the BPST-instan


ton backgro'U,n.d is formulated, and in section 4 where their cft,r--

depe nde nce iS\ studied. \" \. 
A perturbati~ely renormalized J anoma!y free gauge theory origi

, nating from a local gauge invariant classical Lagrangian with semi..;,	 .' 
simple gauge gnoup is ·properly defined by requiring the ,Slavnov 

identity/ 

" yz o	 -(2.1) 
L'" 

which expresses the invariance of the effectiv-e (tree) Lagrangian L!' 
under thé global BRS-transformàtion of tbe gauge fielq Q/", the 
ghost fields {c j and the antighost fields { c} i here, the ;enor
malized generating functional of tbe complete Green functions ~ = 
ZJ ú'f/-, " i... , (jJ ' (f J, (2 J)depends -on the aourues j.... ,( J) and 
rj j \Of the gauge, ghost and, antighost fields reapect1vely, some 

external aources (r; J which are coupled to the ~onlinear BRS-trans
:forms of t.bese fields, as well aa on the background field tÂ/-' • The 

nilpotent ,Slavnov operator.!f' aeting on Z ia lin~ar ip. the de

rivatives with respect ~o these sourcee. \ 
In pt'inciple every -euch statement about the structure 'of the 're

~ normaliz~d tlieory can be dr,awn from the Siavnov operator. Thereby, 
to bé,true in ev-ery order of the perturbation theory any suoh asser

_ ti-on must be formulated like (2.1) as an oper~.:t.<>r iden,tity w1th re-
Bpeet to 15.· We sha"11 keep this in mind in the follow1ng. k 

/	 . '

Óf courBe, as a guide to find these etruetural identit10a tM 

,knowledge of the most general tree La@;rangian e sllt1efy1D8 (2.1) , 

will be usaful. If Y ie known,the Lagrangian: L: ma.y bo O<lD.

/ 

structed acéording to the methods expla~neü in~ef,/3/. It depends 
.011 a eet of fre,e parameters { H 'j wh1ch indicate gi-fferen11 BRS

1nvariant, parte of iJ . Through the fuIfillment of suitable nor
malization conditions some of tIl.ese parameters rélate<i to }"addee-v
Popov (FP) ghost equations- of motion, wb:ich f'ol'low f~o~ the nilpo
tancy',.;p'z = o , can be fixed., vV-ith respect to the remaining 'para

./ "	 " 
meters' there corresponds.. a linearly Lndependerrt set. of BRS- symme-
trical insertfons - ~{" ,. i. e • ,insertions sa tisfying . 

[ Y D~} Z = o	 ~2.2j
J 

In thê fol~owing these insertions, which are a~so lirear operators, 

play a crucial role. 
As 1s well known the .Locaâ -gauge ,invariance oi the cilassical 

Lagrangian is missing in :the tree Lagrangian L: due ~o the gauge 

fixing. But, in the presence of a background field if the field 
strength depends 00' the sum <fi- + Q and the gauge is fixed cova

i 
I	 riantly according to' L:r;", = -~( -r /;oe-) ( ;?~ ((54/ Q ) 2 the Lagrangian 

is invariant under Lccak type-I transformations 74/ . However, aí nce 
the most general Lagrangian ;:;- sat1s:fying(2~ 1) ia nob' type.-l in

va~iant, the action of the type-I operator -1'2: r » ) on ~ does not 

",	 
vanish, but is given by the divergence of a loeal BRS~symmetrical 

i.~sert10n L'-. (J (X r which '1s uniqueÍy de-termined. ConsequeDt-ly~-'the. ..... 
local symmetry benavã our of the theory ia cba.raGterized by the fol

....,"""'" 
lowi~ ident1ty 

~~w 

,
 
~. :;7 a 

( .• ,.i! o (2.}-)
 

wi~h the ~-symm&trical operator -

í? ~"') :l? C< + d L\.	 (2.4)(.xl ,'X), 

o ,;U """"" 

lf the hq•. ~2"'4} ie intfigrated over the space-;time"~ the correspon":" 
ding ident1ty ia npth1ngelse than the global isoepin symmetry of 

the Green funct{iopal generat~s by the operator J d ':.- .7?.oa. (x-}. 

Info~mation aboLlt'the,dependence af the generating functional 
o.n the ba-ckgro~nd field Z is obtained from the treatment of the 
conne~tion of the \íns-e'~tion )d!fx q:- J/ dt1;...~ to other' indepen
dent insertions whicrr are 31so proportion~ü to Ol(~ . In fact, 

I 
guiaed by the Btructur~ 01' e i t. can be shown tbat the fol~owing 

relation holds 

'\~	 3 
2 

\ 



( j 01").' 
Cl d:' 

);E= (Q+i':::,)c) (? ",5)

&f."'órfi'
 

\'" 

where S2 i8 a Ctinite) non-symmetrical insertion related to the 
specia~ 'chóice of the gauge, and ~ i8 a linear combination of sym

'rmet:dcal insertions which are also proportional to ,fi-"...<:< • :1 

Unfortunately, taking into consideration the actual form of these 
iqsertions (aee Eqs , 0.14) - 0.16) and (4.2) below) it seems to be 

almost impossible to solve ~q. (2.5) without any 10S8 of'generality 
with .regard to 15·" .. Indeed, if 'we restrict ourselves to the conaid
eration'of physical Green functions it ia easy to see that the action 
of the symm.etrical insertion ~'ppearing in, ~q. (2.5) 'one h~ rep nya 
duces -solely to, a multiplication with a factor b / of"x c9'f;:' .i....C< , l!\lr 

the'rmore, pb;ysical lIreen í'unc1;ions wi th i'nsertions ..Q __ can be shown 

to vaní.sh., irom this it foLl.ows (for a precise definition of .cpb;ys 

aee ~q. (4.4) below)~ 

e » o (bjd;" ,fi- 0.; a ) Z lo /J(2.6)13phYf ['d1-) j J (' "........ rh)'f )
 
J, 

where b 1s a (finite) parameter. 
The normalizat'ion co ndí.trí.orí- < Q.I'" ') = <fi..... for the renormalized 

fielda corresponding to b = 1 is consistentwith the type-I inva
riance. Using ~q. (2.3), one cari prove tbat gauge invariance of 

E pbys /0J LmpLde s type-I :ínvariance of Z physI;AJ. In this w~y' it
 
is\ shown that physical Green func~ions in a background field are ob

tained fro~ corresponding Green í'unctions in ~he perturb~tive vacuum
 
by a mere translation, thereby the correct symmetry behaviour is
 

manifest, 
~ 

3 . .J:)URli: ::>U(2) GAUG~ 'rllliúl-{[ IN :rIRE BP,s'r_INdTANilIUN BACKGH.oUND 
l~ 

I~l 

Accordingly, on the basis of ~he analysis.of the general structure 
\'" 

of non-abélian gauge theory in a Q.ackground fi'eld in sect. 2. t'ms 
formali_~m' also enables ~8 to discuss thEYmor~ general case of apure 
~uclidean SU(2) lang-~lills theory in the ~~T-instanton background-
Itield. ,., I 

':rhe B.t'ST~instanton con:figuration wl::ú.ch we shall use is gi"eo
 
by l5/ '
 

ab 
2 1'7. '2 b/'-'''- f,x y -, a,..) 

.. e;tf-.a f x) 
;1, 0.1 ) 

/'-' 90 ((.x-a)Z +- yZ)2 

4, 

~> 

where 30 is the coupling constant and pO/,,'" is the well-known 
t'Hooft tensor /6/; i~e.,the instanton ~ith global gauge orientation 

Rab and sca.Le S is located at a/", ,\ For later c onverrí.ence we de
note the field configuration (3.1) multiplied with the coupling con

1 a ( I 
~tant as ar/", • Iq a covariant basis the not normal.ized) gauge, 
translation and dilation zero ~odes corresp9nding to the quadratic 
part of the classical Lagrangian 

L
c r I
 

J 
= - r » / f 30s ) 't.,..'" f +- Q 'f; ~ Q f -+- ) ( ~ • ?)
O( .90 A (Y/ 30 Q 

are giV6~ by /1/ 

,?..... 
oh 

~,.. 
a 

"ar I and X,.. ~~a 1 (J.3 )fO(I Óf,x -)'1) C/f) 

respectively, Iwhere the following convention has baen used: 
-.b c~bC .. cp",C<ó

r or ) d g
r< 

+ é C1;

C)-- "'. f ot) = ;) ar 
~y r'" r: 

- êJ ,.. or.... -+- r >:» Ofr. )and 

" . Now, the Slavnov identity with r'espect to the Green 1'unct1oDB;l 
Z ~ which defines t.he Yang-I'lÜ.ls theory around the instanton, ls 

g í.ve'n .by 

di' A -"" "Doh 
r or ) '-d 

'YZ == " [ 91'/(1' --~C< -+ +{ j 01 x ..;I~ c/ (?,..... (.o( 1 <X ! /'",) é'" ./.>< 1c/./.•

) • - o d
+(-! +~.x !)~ 101) __ "" c/ Jr r: ~". - J f.><1 -- 

/3 á' c/ J .....~.><) 
c/ (' ~-") 

-J..... - 8
_ ) Z = o (J.4 ) 

8?~ 

J "'r.x) ,Jr< and j are the sourcea of .the gauge , translatio'q. and 

d1lat10n ghost fields c "(/(1, c........ and c respectively; f "r.xJ , J 
.. - '("" 

~nd J are' the sources of the related anti-ghost fielda c ",(.... ) , c........
 
- a' l'.0

and C ,whereas p.... ()(), (' (:,., and?"... are 'external sources coupled 
to approp,;riate products of field operators (see Eq. 0.6) below). o<: t' 

~ ,cf are the parameters. wh1ch fix the gauge. Canonic~ dimens10n 
and FP charge of tho quantum f1elds and sources are assigned a~

corMiIg to the following table: 

\ 

5 

'".. 

, I 



~Il,l,' 

I' 
\ 

\ 

quantum dimension FP charge external 
field 

a'	 / 
Q.,.... (~I 1 O 

C ar..- I 2 -1 

C 1 -1 
~, 

C 2 -1 

C a ( .x I ( O +1 

C-", I -1 +1 

C O '+1 

field 
a 

oY...... (~) 

)';: (XI. 

'J a ou 
(P 

L á (~I' 

'( ,... 

'11 

dimension' FP charge 

1 O 

1 O 

3 -1 

4 -2 

1 -2 

I. 

Of. ccurae , -quantrí,ties wi th odd, integer FP charge !inticommute, al~ the 
others commute , The negativ~ sign in front 'of the last two terms 

l 

of (3.4) ia due to our convention to write qlJ?ntities with a bar al 

ways on the right of the corresponding quantj.ties wi thout a bar;· 
furthermore, the derivatives d !ó! and ó/dJ, etc., are under,stood as 
.left derivatives. Final,ly we remarll: in passing that tbe fi'e-lds and 
sources related to the translation and dilatation zero mddes do not I 

depend 'on space-tlme as w~ ha~ indicated explicitl~ in.' Eq. 0.4). 
In the tree' approximation tbe IIl.ost general act~on 5 = / c;I ~ L:(.x) 

satisfy~ng (3.4) ia given by /7/ 
_~ oh b ~ 

5 = 5 - r2 oc ) /'d"~ ( p"" ('0'() Q.,... .J L 

(3.~). 

_ (2/3),-"( /»>, ~~(Of~o.,...~) .: - fZY<"'( JeI".x. Xr~",;~(C"fJ Q..-C<)2 

with ,,( 2Q,...·~ '" a ~ 
.5 cA ~ -: ( A /4'6 J. ~ r: (G Q ) '7-........ (CÁ Q) +
I 

~ ... b c.t.b....... ::::. b /'o. a	 '-' ...,.
 

+ ?,u ! E.,. ?"'" (G Q J C + [2 C .... ay Q"" + E3 C (~. + X .... 'd y ) Q;: )+ 

1
 
a 4 ~ ~ a
+? ! - z: E., G ( C X C j + ( [2 C.... + EJ C .x.y ) ~y C a- } + 

0.6),( \ + EJ ?"" c::-' C ) ' 

where 

a 
G QQ(X) /3.,. 01'-,,", (X I + G Q"",OCI -C~~?) 

a 

",... ,
 
, ,
 

~a .La @f a (,/r/	 (3.8)C (.)(1 C {XI - (J:3.z C-,,", ,+ /3;'] C x..... 
,.. -""' 

'> 

6 
~ , 
"\ 

aó h a 
;;; ( or J C r.« / -r- (C +.x" r- C) "'}- ( ar) I (J.9 )

A	 C< 

7",...°0 '2'.... a 
(X) (.~ r """'r 

q
 
'" ~ I a "
1...... r x ) = (/ ~ '-< r x , + r.3z ?'"'}	 0,.10,)~ (X) 

is íntrop.uced to- si~plify the no~tion. lVe are g01cg to see immedi
ately that the modified açtion 5 depends on the background f~e~d 

only via expressions '3.~) - (3.1ü). This indiç;tes' that'the Green 
i	 . a 

fl.\nctions in the background field ~ could· be obtained from- the 
Green funct10ns in the vacuum sector by an appropr~ate transfo~ma

tion of cqrresponding áource terms - by re~triction to Green func
tion transverse to the zero modes. . 

J 
The parámeters A, Bi , Ei <1=1,2,3) and G may be chosen arbitrari-· 

ly. l~ut" wherea~ Ei and A can be absorbed: by resc'aling the quanbum 
f:l.elds, the external sources (7 j and the ébupling c onsbant G, and 
1~h1ch therefore will be assumed to be one. thi~ is not the case for 
Ri and G which have to be normalized otherwise. ... > 

Owing to ~he\mUltiplicative renormalizability of the theory de~ 

flned by (3.4) and the jtist defined action /7/ the correspond±ng' pa

rame1iers after renormaliiation - which will be denoted by" smail le.t 
' ..	 ters - can be fiie,d in the f!amlf manner. Then tq.e· (finite) ·constànta 

b1, b2 and b j 'may be c onsfdexed as de~ermining the strengt,h of, 
switching on the background field Ol'/,,< relat~ve to the renormaIized 
fields\3 Q tA., c and c respect~vely.· Of, course, if Bi = O,1, then ,,.... ;,..<-< 

13/ ~c. is no more a solution of the fl.eld, equation.
 
The n;ilpot~ncy óf .::P leads to the e quatLon '
 

/ 

" (A - <> ob ,.,' A _ <> dh c/ Zj '.01' x - 5 D, or ) -I- (- J + - x ... J ) d , o- ) c/ j --- = o 
o< c> /.J r J''-Y' b 

I dp"",,"'') 

i'n every order of t,he perturbation tbeory. Owibg to the orthogonal: 
ity of t~e zero modes ~q. (j.3) this equation breaks up ±n~o three 
independent equations. Because of the 'anticommutativity of sources 

with odd integer FP charge ~eir solution are g~ve~ by ~ 

oh d
 
f ! (/<I ?.... ,ó-fj --b- ) Z o,
 o 

" 
d	 {.-u("'} 

0.11 J 
« ....... d


{ J j 01 "'..... ~ .... (Of/ --- í Z o
 
y 

~	 d("(~....., , 

,/ 

7, . 

,. 



I 

" 

It is eas11y vérified ~hat these insertions satisfy (2.2). The~ may 
ó }Z o be obtained from < s s r-s » '> by usi,ng the equation 'of mobaon for the(! '4 cr r cn ) Q 

- j ot ~ .x,. r'V c/ (?.,../-"I quantrua fields expressed by derivativas with respect.,to the associ
ated sourcse ,

i. e., by the equation of motion for' the ghost fields. Hera we remark 
The symmetry behaviqur ..of the theory is ~,haract~rized by t he>

.tbat we could have introduced tliree independent parameters Fi 
identity \2.3) whera .72 arx J is given by

(i=1,2,3) in front of the three different gauge terms appearing 
, simultaneously ~n (3.~) ànd (3.9), Through the ~equiring (3.11) 

these parameters are normalized to Fi = 1. _ 
Now, ''to'' any free 'parameter which OCCUl.'S in .5 ã,s assoc;Lated an 

independent8RS-symmetrical insertion 

(3.14) 

C3~!2) 

·(3.15 ), 

-+.i r : 
d..f 

0.13) 

J .e: 
~ -' 

dJ'7 

r «:>:» o r s ) 

h dcor f.DfJ__ 
...... b 

<r: ()'! 

a ;3' )-+ ( (;X) --

Ôt.... 

A '" ah o:> 
-c ( D.... (ar) O'f.... J0" r cr) -,
c.< ( -;,. { cf ," 

/" 

0<':< ~ 'J----a cf )(".:.. + ---= -r 
dê: <r" 

'" 8I J ("'1 -

8}.... 

A 

( x .. %~ (O/) O1'ú ) j c/"y y-" ~:-rrYJ -L j 
.... I 

~ cf./A"(y) 

CJ1 <4('.A),.... 

-.:!- (~:'rorj O/~a ) / dj, 
/3 

D~i!..= Id~ 

.A A í Í/ a A <4-" ~ 
.6 = - ---;;- ,..J e;I.x ~ v r; ~ Q / t;..... v (C' Q) -r 

1:::,<:> "" j of"~ ( ..! a .s/. + 
, .-<-< cí..../,...O 

6°.,= jÇJf".x (./;<-,0 qr......c: " 

i "'h 

ltJ rI 

t 
l' 

,<' 

.:J? ~X) 

0.20 ) 

) +
a a 

+ ( -
. a Cr' 

A a6 toc 
+ -,-- 1?-J. (01 j pr: r or i .e: -

<r: 
,A C< ) o Ó%". (OU) 0'/ 0v r or ) -

.. - d';/ ",b ()' J 

( Ja~ 
8}"" 

C< a]J x"" 8} . 

/3 

A ~ ,,~b .d 
- X". ~v (01 )·1 01 J' y~ "''''X' (01) ~ ) + 

d ' Ó"'/A(YJ 

/ 

-+ Cz 

+ CJ 

+ ~ [ c" ( i: 

= [ 1) ab( or ) .s: cí a 
x~+ (J'A X ) + ( ?..... ) + 

(.AA dar b 
Ó../-,", <r,..... -

ó 'o JÓ c( ~ cf a ++(?X-) -(Jx~) (Jx---) 

ó( dJ df 

/.3 ' 

jj, ::J= J d",x 

é J .vzj, 4'= çI.x 

d 

'. o"+ '{ r>:':
-e> 

r (.xl 
x..... dJ07 '" 0<1 

.-<-< 

<> d(. ~ 1/) -_s «r ';;Xj ) (J ..17) 

0.16) 

I t " 

The first part ~ the type~I operator J7,:rxJ and in the ~eéond part
the expressiona accompanying t~e parameters c i (í=1,2,3) are unique
ly determineu, linearly indep~d:nt local BRS-symmetrical, insertions 
which transform as Lorentz v~ctors. ~ne paramet~rs ci mày'be com
puted; in the tree approximation ~q8. (3.5) - (3.10) they are g1ven 
by 

I' 6E'z= a 
f- -;},.. + 

.. 

a 
~.., 

c 'e (3.18) c" = 
..AC (..A - rJA ) c'=I 

(~ 
E.., c: 

r.3 I ) r = 2, :3. .. 0.21) , 
e 

é6.7= J3} (3.19) 
ác cordingly , if V/e r,equire coD,formity with reapeçt to ths- type-I 
transtórmat~on,(3.21) implies Bi = 1. In the other case Bi * 1 the 
gauge covar1ance related to the backgz-ound field ia destroted. 
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4--. DEPENDENCE' OE' PHYSICAL GREEN FUNCTIONS ON THE 

After we have character1zed the prop'ertiéa of E 

INSTANTON FIELD 

let us now 

I 
'(\1 

.''l-t 

I 

I 
~ 

.\ 
wh1ch, 1s f1nite 1n the 11m1t é-O. T·herefore, a, 'poss1ble dí.ver

, E 
gent p~rt of Q fon E - O must be a symmetr1eal 1nsert10n. For 
,Q é be1ng' proportional to' 01': th1s insert10n must be '8, linear 

- , 

study 1ta ~:  dependence. For ti. moment we aball aaaume ;the ,báck
ground f1eld ia rep-Iaced "by\,À. 'CJf;: in... the gauge dependent terms· of 

comb~nation of insàrtions ~~. (1=1,2,3). 
,+,0 proceed ,further we 1ntroduce the notat10n.of p~61cal ~reen 

tne tree act10n 5 • 1.é .• 1n E~s. (3.5) and (3.9). ~hen, tne oper runcta.one wÜih insertion (//(XI -. the .latter being defined; via func
ator 01;'''>' c/ / c/ q.a,act1ng 00 5 ia giveo by "1 tio~ derivatives with respect to the corres~onding sources - ac

J 

j ' ~ a. d.5 .j ar.5 L d"5
t'I,-K 01 - = /L- + /3'-

/'"' a I 

<for,..,... c/ .r'-' ,. ~" .c/ 0" 

l!'or the r-eaaon; relq..ted to the f1rst term in Eq. 
the following non-symmetrical 1nsertion : 

né" J [ Ó <t d.JG = 01'''.x t n.> --' ) _ (~ -I 
, d.1..... (.x - é. 1 c/'J a r x'" ,,) 

\ 
I 

{ 

(4.1), 

(4.1")' 

we cons1der '. 
·l 
) 

I 

I 

'f, 

" 

' 

(/ ) 
r~ 7< c:J (X J Q (r. I .. , Q r Y.... I »r), r s 

# .] n ~ ·z I (4.4) 

,., • ..,dJ~Y"') /Jj3/f;=(?j=o I 

Y,.,vy.., I ~ •• I 

ó 

.x " 

j - do ~ , ),., 
d..Jrxl d r> 

G;ohyS ( 1Y 1) 

cording to 

I 

I' 
i.e.,aftercarJ:.ying out al.L derivatives on"Z t'he sources (except

.4 

o< 

(O(...... 
Ó 

.x 
ó./"" 

)rx'-E"} 
( -u ab 

'( y (01) .e 
d ../ ...b (X'" C I 

] + 
.i': ') are 

s!l11ty" :1:8 

to set equal to zero; 

def1ned 'as 

thereby the, notiatn.ou çf "transver

+' j or".x ( 
- ab 
1);.. I' OI)
(; 

b 
CJ1 

s-, 

Cf b b 
1) ( 0/) or 
( r: . ~ 

) . (4. ?) ?... "(Of)...!!-:. ~ 
.ój.... 'I'.x) 

o / 

~ cf e 

( 1d?:' r,q 8]-~ 
/f 

/-3 

d 

d ./...c<rXI 

/. ofy (~,~ (OU d 

c/./~,b(rI 

) ] + J t?f,li"k 'r"",.. (01) L z 
Ó'/;;I',>(I 

o 
(4.5') 

I 

+ 
[ 

d e 

d?::.rx 1 eJ 
.4 Ó 

V ' 
a .cf., <:> 

J.,LA (XI 

j 01" 
)" 

.. t> 
y x '7:",. 

J'L,l x 
r or ) d' ] J 

d y./lrrI \ . 

/ c:I'f.x X ... ~. {Cf) ~ j! 
ó./:rxl 

o. 

For tlÍ~ t1me be í ng We have regular1zed this expreaaãon by point
In ~he following,the r.h.s. of Eq. (4.~) w111 be symbol1zed by 

sp11tt1ng t~ av01d aQY poas1ble 111-detln1feness due to products of 
field operators at coinc:fd1ng pçã nts , of pourse, this 1s not neces~ 

e; r.xl 'Z phys • . 
1 ,Next we 1ntroauce the follow1ng operatorfi 
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defioed for ooo-coiociding poiots y . Because of (2.1) we obtain'	 n 

o n é Y Z	 j _ = 52é c' (4.8)fJI = /1J = (? j ~ o I" h y s: 

..n Z I	 13.., 'j " 
0'= I~ .!P'(fJ'lf~'r7.J-o = (L1 - 01 /( q.'../~ }Z/,h,Y.5) 

(4.9) 
io additioo to the trivial relatioos 

a; 
,6, Z r h 'y .5 = o,4 

(4.10)' 

O,, \ 

~ rhJ:-S" ,(4.11) 
.1'13 Z' = 

Now we, aasume ·~ha~ the sym.metrical. part 52:ym of Q,[ nil be 

proportio,DB.l to L:::.13", orily, then, ás a consequence of tho above ré

sUl ts, i t followa that (.Q ~oo-sym + QCsy m) is fini~e Ln the limit 
t: - O, sd nca othernse a i'in1te and'inf'inite part in (4.8) had to 
canceL each other. If, contrary to tMs assump.tion, Slf· eçntaine 

~ 13 ' 
also the symmetrical inaertio,ns ~:e and ~".1, t he n the correctness 
of 'the considerations below ia not deatroyed; because of (4.10) a nd 
(4.11)'~the C'Çleff'fcient of Ê"" must be finite b; the sa~' argument 

I	 n~
/	 just given, and the divergent part ·of .JG coUld on1y be proportion

al to a linear combination of L).1:J.z and .L::,,/.JJ whí.ch how~ver ma.y ~~ 

subtracted f'rom QL order by order; thereby, a new operato,r S2é is 
r 1defioed 'flhich has the same noo-symmetrical part as Q ,aod which 

i's ·rinit.e io the limit E - (j". So, finally it holds . 
, 
I	 ~ 

Q, z.r h y .5 =	 o, 
(4.1.?) 

Now we consider the ins.ertion / e;t""" orad /do,/"acting 00 Z . It 
ia eaaily ahown -' as it is obvidua fromt4.1) -: tbat the nón-symmet

rical. part of/e;t""" c:;:.O"Óloc;:.C<is givenby Q oon-sym = li non-sym, 
i. e., 

, r 'o j ",,, c, Ó J'J, of~ q.. (AI --o Z I Y Q] E 
J J

dO: l->O 

and theref'ore. it holds 
.t J 

I	 eX ">'~ Df,-Q rx J d Z ~ O, )--, ( Q +,;; b / .9--f Z (4.13) 
dota 

~ lX; 

where the bi are (finite) parameters which reduce to B in tlie tree
i

approximation ,(cp. Eq. (4.1». 

"\ 
12 

Using Eqs. (4.9) - (4.12) we obtain 

" '" o":	 cr ".». 
J cf .x/or , {,..-; - Z .ahv,> = b-f ( / ot~x _-__ ./'Ci (AJ ) Z t. 

....../ a'- , ..... r )'f 
. dOf",,(--<J .!1 

which ia solved by 

Z h [ar '1'J = e-x/, (b...,j(7f"?o' ~ o;.,.C>;t_C> JZ.,oho'5 /0,././. 
~ y.f J ./	 • 9 .. J 

(4.14) 

b'ormaJ.ly, this' relation coincides wi th the cor-reepo nding relation 

in reference /2/. Howaver, a few remarks are in order here: 
I", I 

I - (1) The r.h.s. of Eq. (4.14) correaponds to physical Gree~ func
tioos in the pertlll'bat1ve vacuum wit.h insertioos' ex/" (b" // q,../- ) ." 

However', here the terminus "pbyBical" is adapted from the 1-instan
ton sec.tor, i.e.,transversality isdefíned according to the rules 
(4.5) where 1nstead of 0/;: a.D;y externa! 'field con:figuratib.n J~ ôf 
topological charge zero and with the same zero modes as 01;: can be 
used, of course, then the aama adóitional ghost fields,etc.,aa above 
c0'!1e into play. But, because of (4.12) neither O'f/"c, nor J"-ct appears 

axplicitly in Z h ....S; this is obvious from the fact that Z hva 
p~ , . p~ 

caunof depend on a special gauge f'ixicg. 
(2) In agreement witn Eq. (2;6) it holds 

E Lt:JZl.~,..i_.l ;: ex~ (b
A

/ ç;I"~ i Clf_c>,/ ....C, )'2".,H)'J fO,./~].5 

r	 h 1 
.... ,	 (4.15) 

in ·the case of the BPST-instanton backgroundi this proceeds fróm the 
necf1Ssaity 1;0 renor~11ze áiso the '-'coupling constant wh1ch appeárs in 

Eq-. 0.1). ,-" 
(3) To define the theory completely, the fres paraineters, espe'-' 

cially b ' ha:ve to be f'ixed 'by corresponding normàl.ization condi
1 . " , .." f/J ..

tions. The, nor1llal:izatlon < ~ 1, "" O impIlas b 1 = 0, and the 'for~l 

; appea2'ance of' ~<> in Z 'hv is only a gauge.,' artefact; ori t'he o'ther
 
, ,P::-'ba (/J •
l	 band, the normalization <Q.-;> := '0',.....Q 

-I~ J.mplies b1 = 1 wh1ch cor-

responde .to the PnYsical intere~ting s1túatiori. 
(4),'~n the latt~r ca.se it 'must be shown t'hat ,the Green' funct'ioDS 

in the 1-in.atanton backg'round have the correot symmetry' behaviour 
.pxov;ided rhe Green functions to the pe~turbative va.cuUÍJ1-~rom wh1ch "ti 

they ar~ determÍned aceording t"o Eq. (4.15) bave the 'correct" beha
vto4X'~ The correàpond1ng proot 'ma;r be 'take-n: ~ver from /2/ S:}.lI1os't 

literall:y as a consequence of tli.e Éqs. (4.9) -'(4.11). The áctiO"li of 

, - Jl '( XI on Z phys[Of] is given by 

, 13 

\, 



':.,~ 
1"-

-, ab	 ,;;5? ~XI ~hy.5 [or..<j/ /J f + c" €o. J".. 
. '? 

+	 ~ ror• -
c7 

+- (.J~ .x ~ ). ) _ ':rhis" _ result refera onlJ" to tho (FIo;: -dépêndence Df Z p hY2 me di
, cror" ~. ated by b~. and d~es oot make sny aseertion eoneerRing the párame

.~ y~ 

't~rs b2 aod b j wh1ch reB~lt fróm ~ chaDge .of the ,~nt~-ghost fierd 
.\Z,r"hr.r I o:.-,~./ ./ , ~ C <;''''.1 and of" the souroe (,IA sccording to tha l!:qs. (3.8) 'e.nd {3.1u);f ( b.., /.9 +- c..,) € -./'- ". + 1'-.1"" d/a) z;,.h'y_c[~,fj'x-

but, the	 physical 00 shell ~reen fuoctions do not depend on ~hem! To 
dJ~ 

get an assertion coneero1ng the dep..endence of the 'Grà~n functions on 
o . a , cr a - r .; \~ b2 and b j we ha~e to gp of! shell. Then., ~q. (4.12)has tç be solved- (+ <; ~ J~ +- r r: x --:-) ) ~j,;.f C ~./_, = 0

·ÓJ_. w1thout ady restrietion wh:j,ch will bea hard task. lat. hav1ng in. 
(4.16)," mind the result of Gauthier' and ..J.iouet 11/ 00 the 11'1-vertex'func

where we have used Eq. (4.14) for the seeo~d re~tion. e
1

0 is the . tions in the 1-instanton background a result analogous to ~q. (4.14) 
value of c", fo~ the theory with ,b1 = Ü which is characterized by coneeroing the eoupling of ~; to the ghost sources may be antici 
Z I 5:/ y~"', / fi, 11J, !?) j ~ '11her e r or e . 1t hoLds c ; =° 0 - b / g l>ated.

1 1and the first relation in '.c;q. (4.16) can b~ written as 1 Finally, we comment on the p~sic~l relevance of.· tne result ~q• .... 
(4.14). Problema do not oceure-from the	 Green functiona being def1nedc.,o > 

_ O) d
( l[ -!!.... ) +-	 in Euclid~an space-time but mainly from the faet that any computat~on

b.., ",.... c/ (j4,'" +- (04"" (.J:" >: Ú J ai Z,/7h/ / <~..: ./ jí 
/~ (ffi.-- dJ-

S o of phys1cal effec~s depending on topologieal éonfiguratio~s aecessa
,... rily has -to take "into acc ounb ali instanton confi~urationa, i •.e., c on

'2Ma shows thatr lor b'1- = 1 type-l invariane-e ho.I da for tb,e ren?rmal	 tributions from all aeetora of different topological charge. Thereby, 

ized theory (of e ourse., in the tree approxfmation i t holeis c 0 = 1.. ). 1ntegrations' over the Lnsnancon parameters (like group or1entatio~, 

1-	 -G instanton seale and location,etc.) must be carriad out. Also in the 
5. CONCLUSIOW";, dilute gas apPTóximation where knowleUg~ only or the 1-instanton sec

tor ia required :this Lsads to the well-known difficulti~s steming 

In seet. 4-we have shown that the ~uelidea~ physical Green functions f'rom the divergenee C:f integ:ration over 1nstanton scale "(otlferwise, 

1,n th& background of a 1:UJ,0'1'-instanton C'onfigUf~t;bn are obt~ined by there must~be introduce~ a c~t off essential1y by hand). 
a me're tranBlat.!on :from the 1!:uclld~an, pl:\Ya1cal 'Gre~n functioos in . On 1;ihe other hand our reàu1t to be- useful in applieations requ:l.res 

the ·pert~patJ.ve vacuum whi.ch are transversal. notr 'o'Dly with respect th~ knowledge of more geDera~ Green functions in the vacuum Becto~ as 

to the gauge 'zero modesbut alao to the translat10D. and dilat10n ze 'usual. The determi~tion of theae functions 8e8ms to be as compli-. 

ro mo~s, and wh1ch are computed with the eorresponding ghost f~e.lds cated as a direct determination of-inatanton-related Green funetions. 
and some1os&rt10Da correspcrnding to e~eraal sounces , 

-, 
Therefore. we concfude that à.dditional workhas' to be done , to find 

The .cE?ml>~1c""tio~ whic~ or~ginate.from the occurrence',o:f add.t-« # a connect10n -of (-P'l\Y8ical) Green funetionS in the instanton baek


tional Z~ro modes are only of ao algebra1c natura; they are get over ground with the usual Green functiona. with reapeet to th1~ both
 
by 1ntroduction of add1tional ghoat r1elds and external sourees. problema jUBt ment10ned are related t~ eaeh other.
 

wh1ch amount t'o ao extra coupling of' the background field wíth t"hese
 
aux{11ary ~letds. Bowever. by re~triction our considáratio~s to Tne authors are 1ndebted to D. Robasehik for usefUl diseuBsions.
 

( ~~sical Greeo fqnctions thes~ couplings are oot further relevant. 
,Ao another formal complieatioo waEi the explictt' dependencê of the
 

instanton- eOnf'igur!l'tion 00 thE: coupliog caostant whic'h has to be. :J».e RE:~ERENOES
 

normaliz.ed. Bat. becaus~ the'- depen,dence of r5"P;: 00 Y. is rathe-r
 
tríy1al the resu1t (4.14) could be wrttterÍ down in terrns of Q;: and
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)J;epcPenb B., Pnt10ll Il. t M!OJtm n.	 E2-85-95 
-06 Op,HOM cacncmu ODK/lUAOUOO l1Jym<UKIi rpJillll 
norreü 5hIra-MHJlJICn flpyrrnbl BU (2) D nona HHCT8KTOHa 

BIIlllT-THna 

TIPHMOHSl1t MOTOAJiKY, 'P1J.~DKTYto .t\. PI03" K IlOnJIM 5IHrq,-Mlmnca 
B rrorre HHC'l'IlHTOIIlJ. nrn'IT-TKnn noxsaano , "tITO I eBI<JIHAoBbt! lilYHKlJ;l'1H 
I'paxa nonopcxnax KMHC5pODOtlHb1X rrorreü Ha xaccoaoa nOBepxtÚ)CTII 

B npwcYTcTDKH HUCTanTOHB nonyqaWTCH rrpOCTb~ CABHrOM 113 COOT

BeTcTBOHHO ortP0,t(O,nOHllbIX q,YHKUIIH T'pnrta , Bbll·mcneHHblx B rrepTYP
õaTHBHoM DOKYYMG. 

Pn(5oT8 asmonaeaa B JIa60paTOplI1I TeOpeTIIl-IeCKOlI 1Íl1I3HKlI ornm. 

éoo6meHHe 06~eAHHeHHOro HHCTHTYTa RAepHWx HCcn~AoQaHHA. nyOHa 1985 

Dorfel B" Geyer B., Mülsch D. E2-85-95 
.Qn a Pr'ope r t y of Euclidean Green Furict i.ons o f SU (2) 
Yang-Mills Fields in BPST~Instanton Background 

Applying a method o,f A.Rouet to pure pU(2) Yang-Hills 
theory in the backgrouud of the BPST-inscanton configuration 
one ShOW9 that the (Euclidean) on~shell Green functian~ of
transvarco gougo fields in the instanton background are 
obtainod from nppropriately determined Green functions in 
the perturbativo vacuum by a mere translation. 

Tha invootiBution haa boon porformed at che Laboratory 
of Theoretianl PhYDiao. JINR. 

Co~nication ar tha JolnU Xnatltuto for Nualaur ncaoofch. Dubnn 1985 


