PHYSICAL REVIEW D, VOLUME 61, 125019

Extended BRST invariance in topological Yang-Mills theory reexamined
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Extended BRST invariancBRST plus anti-BRST invarianceprovides in principle a natural way of
introducing the complete gauge fixing structure associated with a gauge field theory in the minimum repre-
sentation of the algebra. However, as happens in topological Yang-Mills theory, not all gauge fixings can be
obtained from a symmetrical extended BRST algebra, where antighosts belong to the same representation of
the Lorentz group of the corresponding ghosts. We show here that a field redefinition makes it possible to start
with an extended BRST algebra with a symmetric ghost-antighost spectrum and arrive at the gauge fixing
action of topological Yang-Mills theory.

PACS numbgs): 11.15.Tk, 03.70tk

It was shown by Witteri1,2] how to build up a quantum The quantization procedure of Reff3] is completely
field theory involving the vector gauge potential whose par-based on the sole BRST invariance of the gauge fixing ac-
tition functional generates topological invariants such as théion. The antighosts and auxiliary fields are introduced as
Donaldson polynomials. Soon after that, Baulieu and Singetrivial pairs. They do not belong to the minimum represen-
[3] showed that this so-called topological Yang-Mills theory tation of the BRST algebra. It is known, howevgs] that
can be obtained by an appropriate gauge fixing of the topo@n€ can associate to any classical gauge symmetry an ex-
logical invariant classical action tended BRST(BRST plus anti-BRST algebra. One of the

advantages of considering an extended algebra rather than a

1 - standard one is that the antighosts and auxiliary fields enter
So:f d*x| — ZTF(FWF“”)>, (1) in this formulation as basic ingredients of the minimum rep-
resentation of the algebra and not just as trivial pairs. The
whereT:“”E%eWP”Fpg. idea of introducing anti-BRST transformations in topological

Yang-Mills theory was discussed in Refi6—8]. An ex-
tended BRST algebra associated with this theory was then

standard Becchi-Rouet-Stora-TyutiBRST) prescriptions ) o
but writing out the BRST transformations of the gauge fieldsprese'f]ted n Re_f.9]. Howe\_/er, n th|§ refer_ence the connec-
tion with the action of Baulieu and Singer is only possible by

as the sum of the BRST transformations of standard Yang- f fixi tion involving t ith diff A
Mills theory plus a topological ghost# that by itself re- means of a gauge Tixing action involving terms with diteren

: : ._scaling dimensions. They also use some field redefinitions
Qoyes the degrees of freedom associated with the gauge f'e'?éat do not preserve the dimension and the number of de-

we grees of freedom.
SA =¥ 4D c. 2 The standard way of introducing the anti-BRST transfor-
S mations is to define them in a symmetric way with respect to
Then the field content of the theory is enlarged in order tahe BRST ones. Following this approach one introduces an-
gauge fix the action, taking into account the reducibility oftighosts in the same representation of the Lorentz group as
Eq. (2). Also the topological Yang Mills action was obtained the corresponding ghosts. This would correspond, in the case
from a BRST quantization procedure in an alternative wayof the topological Yang-Mills theory to an extended BRST
by Labastida and Perni¢]. algebra that can be written &3]

Their approach was to quantize the actidn along the

1 _
51AM:"IIM+DMC’ 51C:¢1+ E[C,C], 51\IIM:_DM¢1_[C”‘1IM]' 51¢1:_[C,¢1], 51C:b,

0,b=0, 6¥,=-k,, oN=mn1, 6b1d=m, 061K, =0, 617m=0, 6,7,=0, ()
— — — 1 — - — —
52A,U«:\I,I-L+DI-LC’ 5zc:¢2_§[C,C], 52\1’#:_D#¢)2_[C,\P#], 52¢2:—[C,¢)2], 5202)\_b_[C,C],

8,V ,=D \+k,—[c,V,]-[c,V,], &N=—n—[c,A]—[c, 2],
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Sop1=—m—[C,d1]1—[C\'], &mp=dx(—[c\]—[c,d2]), am=8x(—[c,d]—[c,\]),

8,b=8,0—8,([c,cl),  8k,=8 (D, N+[c, ¥, ]+[c,V,]), (4)

where we are representing BRST and anti-BRST transformaand redefine the fields in such a way that an extended algebra
tions, respectively, a$; and §, and[,] means a graded involving the gauge fixing antighost emerges. The topologi-
commutator. cal Yang-Mills action is then built up from a doublBRST-

This symmetric approach leads to a simpler algebrai@anti-BRST variation of a gauge fixing boson. Let us con-
structure for the extended algebra. However, in general natider the following field redefinitions:
all gauge fixings of a gauge theory can be implemented by
using just this kind of symmetrical ghost antighost pairs.
This is precisely what happens in topological Yang Mills
theory. In order to enforce the self-duality condition i,
one has to introduce a self-dual antisymmetric antighost ten- K,= k;ﬁ D”b;VJr D,d, (5)

sor x "#* corresponding to the ghost vectdt® [3]. The
difference between the so-called geometrical antighosts, su
9 9 Wherexw

‘lfﬂ=‘1’;+ X,uv D

and b+ are antisymmetric self-dual tensor fields
asW*, that come from a symmetrical extended formulatloncarrymg three mdependent components. The primed fields
and the actual gauge fixing antighosts, suchyd¢”, nor-  are necessary in order to find a representation for the ex-
mally introduced as parts of trivial BRST doublets was dis-tended BRST algebra at the interacting level and are as-
cussed in Ref[10]. This reference introduces a general sumed to vanish when the coupling constant goes to giro.
method for starting with a completely symmetrical set ofother words, explicitely including the coupling constat
geometrical ghost antighost pairs and then, by adding somgmitted in the article for simplicity, we would ha\,g

trivial BRST doublets, arrive at a gauge fixing action corre-
sponding to some particular gauge fixing. The idea there is to \p +D XW+D p p and the same kind of thing fde, )

include some appropriate terms in the action that will havéEquatlons(S) are just shifting the f'eldl’w separating the
the role of eliminating the unwanted variables from thefour components in three Q(f plus one ofp. Observe that
model by a supersymmetric compensation in the functionathis shift in the first of Eq.(5) generates a new symmetry.
integration. This general mechanism is called a “transmutaThe new ghosts of the second equation have precisely the
tion” of geometrical antighosts into gauge fixing antighosts.role of fixing this symmetry.

We will show here that it is possible to start with the  Associated to this new set of fields we find the following
symmetric ghost antighost set of algebras of E§sand(4) extended algebra:

8.A,=W,+D,c, &Sc=¢i+cc, 8V,=-D, ¢ +[c,V,], Sid=—[c, ], Sc=b, 6b=0,
Sixpy=—by,. SN=m, &m=0, &idb,=m—[cb], &b),=0, Sp=d, 6,d=0, &n,=[b,b],

8%, =[¥"+D",x,,]+[V,+D,cpl-k,—2D,d, &k, =[W'+D",b},]+[V¥,+D,c,d], (6)
8A, =V, +D"}, +D,p+D,C, Se=dotcc, Sx,,=[ptCx,,]. Sp=—drtpp+[c.pl,
S2,=—[C, ],

Sc=A—b—d+[c,c], &¥,=k,+D"/ +D,d-D,\—[c,¥*]-[c,TH],
sn=[cA+[cc]]—[p,d]+[A— ¢ —b—d—cct[c,clcl, 8h1=—n+[di+cecl-[eA+[ccl], 8,7,=0,
S;m=[c,[c.b]=[d1+cc.cl+ ]+ [ by +ceN]—[d,d]+[hy—ccb]—[[c,¢1—ccl,cl, db=—17,,
5,d=m,—[c+pb+d], &b),=—[b+dyx,,]-[ctpb,,], &V, =[D"xy"+¥ X, ,1+[¥,.ctpl, (7)
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and the anti-BRST transformation fdll; can be calculated This action is different from the one in R¢] that involves
from 6,6,¥ ,=0. Then we consider the gauge fixing of to- the BRST—anti-BRST variation of a sum involving terms
pological Yang-Mills action(1) by adding the gauge fixing A*A, and F*’F ,, that have different scaling dimensions.

action This would make sense only if one includes additional di-
mensionfull parameters. Also our field redefiniti@) is dif-
Ser= _j d4x5152%Tr[A#A#+(?—;)Dflaﬂ\w ferent from the one in Re[@, where;“‘” was introduced
as the exterior derivative o ,, although these two quanti-
—c(c+p)], (8)  ties have different scaling dimensions.

Using Eqgs.(6) and(7) , we find after redefining the fields
where all the terms have the appropriate scaling dimensioras in Eq.(5):

SGF:I d4xTr(AMk'“+A#D“(d—b)—A“D”b;V—AM[\If”+ D#c,c]—(¥,+D,c)(¥,+D"x,,+D,p+D,C)
1 _ _ _ _
—E(c—p)D‘laM(—D”n1+[\w+D“c]+[c,k“]+[¢1+cc,w;+DVX;,,+DMp]—[c,—DM¢1+[\If”,c]]+[b,\If“])
1 - 1
+§(2¢2+cc—pp—[c,p])D‘laM(—D”¢1+[‘If”,c])—nzD‘laM\If“wL Scletpb+d]

1 - — 1 - —
+5(drtee)(ectppt[Cipl) = 5(=b=d)(b+d)+ ny(C+p)| - ©

This action represents a complete gauge fixing of the to- This is the weak coupling limit of the action found in Ref.
pological action(1). We can now see what happens in the[3]. Thus we see that the field redefinitions of Es). provide
limit of weak coupling constant. In this case all the interac-a simple way of separating the relevant variables, that imple-
tion terms and also the fieldB’ andk’, vanish. In order to Ment the gauge fixing conditiortat weak coupling

compare with Ref[3] we can redefine the fields A, =0, F,WHEWIOy R (13)

m=mn, m=0n ¢1=¢, ¢=0¢ (10  from the other unnecessary variables. It is interesting to note
also the way that thi& and » fields cancel just the unwanted

the action then becomes —
parts of¥, andk,, .

A — _ . The consistency of our procedure can be checked by look-
SGF:f d*xTr| x,,0*¥"=(p+c)d, ¥ +b, A" ing at the dimensions of the fields
— T A =C=E=_+ =_=_=1,
— "W ,— (b+d)d,A*— d#cd,(c+p) [Aud=[c]=[c]=[x,]=[7]=[p]
- b2 d? VH=[PH]=[¢]=2, [¢]=0,
+ 306 pn-bd- 2 - L x| an [V¥1=[V*]=[¢]=2, [4]
[N]=[b]=[b*"]=[d]=2, [#n]=[k*]=3.

Path integration over the fields and » leads to functional (14)
deltas ind andp. Thus, integrating over this four fields we  Comparing our results with those of R¢.0] one sees

arrive at the total action that here the gauge fixing action is both BRST and anti-
BRST exact while there the action is only BRST exact. Also,
S:SOJFJ dx Tr(;+ W=tV +bt A one sees that here the antighgst, comes from a shift in
nv mv fo—
v,.
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