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ABSTRACT

We continue the study of finite BRST-antiBRST transformations for general gauge theories in Lagrangian
formalism initiated in [1], with a doublet A4, a =1, 2, of anticommuting Grassmann parameters, and find
an explicit Jacobian corresponding to this change of variables for constant 4. This makes it possible
to derive the Ward identities and their consequences for the generating functional of Green’s functions.
We announce the form of the Jacobian (proved to be correct in [31]) for finite field-dependent BRST-
antiBRST transformations with functionally-dependent parameters, A, = SqA, induced by a finite even-
valued functional A(¢,w,2) and by the generators s, of BRST-antiBRST transformations, acting in the
space of fields ¢, antifields ¢, ¢ and auxiliary variables 7%, 1. On the basis of this Jacobian, we present
and solve a compensation equation for A, which is used to achieve a precise change of the gauge-fixing
functional for an arbitrary gauge theory. We derive a new form of the Ward identities, containing the
parameters Aq4, and study the problem of gauge-dependence. The general approach is exemplified by the
Freedman-Townsend model of a non-Abelian antisymmetric tensor field.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.

1. Introduction

In our recent work [1], we have proposed an extension of
BRST-antiBRST transformations to the case of finite (global and
field-dependent) parameters in Yang-Mills and general gauge the-
ories within the Sp(2)-covariant Lagrangian quantization [2,3]; see
also [4]. The idea of “finiteness” is based on transformation param-
eters Aq which are no longer regarded as infinitesimal and utilizes
the inclusion into the BRST-antiBRST transformations [5-7] of a
new term, being quadratic in A,4. First of all, this makes it possible
to realize the complete BRST-antiBRST invariance of the integrand
in the vacuum functional. Second, the field-dependent parameters
Aa = Sq 4, induced by a Grassmann-even functional A, provide an
explicit correspondence (due to the so-called compensation equa-
tion for the Jacobian) between the partition function of a theory in
a certain gauge, determined by a gauge Boson Fg, and the theory
in a different gauge, given by another gauge Boson F. This con-
cept becomes a key instrument to determine, in a BRST-antiBRST
manner, the Gribov horizon functional [8] - which is given ini-
tially in the Landau gauge within a BRST-antiBRST extension of the
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Gribov-Zwanziger theory [9] - by utilizing any other gauge, includ-
ing the Rg-gauges used to eliminate residual gauge invariance in
the deep IR region. For completeness note that the concept of finite
field-dependent BRST transformations has been suggested in [10];
anti-BRST transformations and BRST-antiBRST transformations lin-
ear in field-dependent parameters ®1, ®, have been considered in
[11] and [12], respectively.

The problems listed in Discussion of [1] as unsolved ones in-
clude:

1. the study of finite field-dependent BRST-antiBRST transforma-
tions for a general gauge theory in the framework of the path
integral (2.4);

2. the development of finite field-dependent BRST transforma-
tions for a general gauge theory in the BV quantization
scheme;

3. the construction of finite field-dependent BRST-antiBRST
transformations in the Sp(2)-covariant generalized Hamilto-
nian quantization [13,14].

The second problem within the BV quantization scheme [15],
based on the principle of BRST symmetry [16,17], has been ex-
amined in [18], and earlier in [19]. The third problem has been
recently solved [20]| for arbitrary dynamical systems subject to
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first-class constraints, together with an explicit construction of the
parameters A, generating a change of the gauge in the path inte-
gral for Yang-Mills theories within the class of Rg-like gauges in
Hamiltonian formalism. For the sake of completeness, notice that,
in the case of BRST-BFV symmetry [21], a study of finite field-
dependent BRST-BFV transformations in the generalized Hamilto-
nian formalism [22,23] has been presented in [24]. Therefore, it
is only the first item in the list of the above-mentioned prob-
lems that remains unsolved. In this connection, the main purpose
of the present work is to prove that the ansatz for finite BRST-
antiBRST transformations within the path integral (2.4) proposed
in [1], using formulae (6.1)-(6.5), holds true. We illustrate our gen-
eral approach by a well-known gauge theory of non-Yang-Mills
type proposed by Freedman and Townsend [25].

The work is organized as follows. In Section 2, we remind
the definition of a finite Lagrangian BRST-antiBRST transforma-
tion for general gauge theories. In Section 3, we obtain an explicit
Jacobian corresponding to this change of variables for global fi-
nite BRST-antiBRST transformations and prove the invariance of
the integrand in the partition function. In Section 4, we obtain
the Ward identities with the help of finite BRST-antiBRST trans-
formations. In Section 5, we consider the reducible gauge the-
ory of Freedman-Townsend (the model of antisymmetric non-
Abelian tensor field). In Discussion, we announce the explicit Jaco-
bian of finite field-dependent BRST-antiBRST transformations with
functionally-dependent parameters, formulate the corresponding
compensation equation, present its solution, which amounts to
a precise change of the gauge-fixing functional, derive the Ward
identities, depending on the parameters Aq, and study the prob-
lem of gauge dependence. We use the notation of our previous
work [1]. In particular, derivatives with respect to the (anti)fields
are taken from the (left)right; &;/8¢” denotes the left-hand deriva-
tive with respect to ¢”. The raising and lowering of Sp(2) indices,
s® = gbsy s, = gqps?, is carried out with the help of a constant
antisymmetric tensor %, e%g ) = 85, subject to the normalization
condition 12 = 1.

2. Finite BRST-antiBRST transformations
Let I'P be the coordinates

P =(¢%, ¢} pa, 4% 20%) (2.1)

in the extended space of fields ¢*, antifields Dhar ¢4 and auxiliary
fields 749, A4, with the following distribution of Grassmann parity
and ghost number:

e(¢™, P Pa, TAA) = (en,ea+1,8a, 64+ 1,64),  (2:2)
gh(p”. dhg. da. A% 11)
= (gh(¢™"). (=1 — gh(¢"). — gh(").
(=1 +gh(¢”). gh(e")). (2.3)

The contents of the configuration space ¢4, containing the classical
fields A’ and the Sp(2)-symmetric ghost-antighost and Nakanishi-
Lautrup fields, depend on the irreducible [2] or reducible [3] na-
ture of a given gauge theory.

The generating functional of Green's functions Zg(J), depend-
ing on external sources J4, with £(Ja) = €4, gh(Ja) = —gh(¢?),

Zr() = / dr exp{(i/m)[SF(I") + Jad?]}.

Sk =S+ ¢35, + (pa — F.a)rA — (1/2)eqpmAF apm B (2.4)

and the corresponding partition function Zr = Zp(0) are deter-
mined by a Bosonic functional S = S(¢, ¢*, ¢) and by a gauge-
fixing Bosonic functional F = F(¢) with vanishing ghost numbers,
the functional S being a solution of the generating equations

. . .
(5.9 +VIS=inAls & (A“ + %v“) exp(%S) —0,

(2.5)

where h is the Planck constant, and the boundary condition for
S in (2.5) for vanishing antifields ¢, ¢ is given by the classical
action So(A). The extended antibracket (F, G)? for arbitrary func-
tionals F, G and the operators A%, V¢ are given by

SF 4G 6F 6,G ) )
(F.G)= o T O A% = (—1)f L ,
S¢pA 8dh, S, 84 3¢ 895,
b
Ve =gtgpr 26
Pap 5n (2.6)

The integrand I}F) =dI" exp[(i/h)Sr(I")] for J4 =0 is invariant,
SI(FF ) =0, under the global infinitesimal BRST-antiBRST transfor-

mations (2.7), $I'P = (s"I"'P)uq, with the corresponding genera-
tors s,

SIP = (s"TP) = I'P§%%q = 8(¢%, ¢}y, pa. w0, 24)
= (74,825 A(—=1), e, (~1D)EATT e®AA 0) g, (2.7)
where the invariance at the first order in p, is established by using
the generating equations (2.5).
The above infinitesimal invariance is sufficient to determine fi-

nite BRST-antiBRST transformations I'P — I'P + ATI'P? with anticom-
muting parameters A4, a = 1,2, which were introduced in [1] as

follows:
(F) (F) g
Iriar=1Ir . AP — =IP5" and
a0
51
P— — — —g®PE2 where s% = 5557, §2 = §°%,.
OAp OAg 2

(2.8)

Thus determined finite BRST-antiBRST symmetry transformations

for the integrand I}F )ina general gauge theory, with the help of
the notation

XP=rP35% and YP=(1/2)X0 XPepy = —(1/2)I'P 52,

8G
with G , = —, 2.9
»=357 29)
can be represented in the form
1 1
AP = XP9), — EYPAZ =r? <§”Aa + Z?W)
F F
= Iu) =TI, (2.10)
Equivalently, in terms of the components, (2.10) is given by
1 - 1
Ap? =A%, + EAAAZ, Apa = ePhraph, + 5s,sz,
ARt = —g®) Ay, AM =0,
1
Adje=1aS.a+ (-1
82 g 8S  8%s
x (a7 + Eab g s (<D
( SpAsgB SpB spAspy,
2
—ph ————(—1)%8 )22, 211
¢Ba 8¢A8¢B ( ) > ( )
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In order to make sure that I}F) is invariant under the finite BRST-
antiBRST transformations (2.10) with constant A4, one has to find
the Jacobian corresponding to this change of variables.

3. Jacobian of finite global BRST-antiBRST transformations

_Let us examine the change of the integration measure dr —
dI' in (2.4) under the finite transformations I'P — I'P = TP +
ATP given by (2.10). To this end, taking account of (2.5), we
present the invariance of the integrand I}F) under the infinitesi-
mal transformations §I'P = I'P §% 1, = XP% 1, given by (2.7) in the
form

SrpXP? =inX5', where X)) = —A‘S. (3.1)
The consideration of (2.10) implies that we are interested in

1 S(ATP ) )
str{ M — ~M?), for Mf = ( ) with — L
2 LYK 811 LYK

since, in view of the nilpotency AqApAc =0, we have

(3.2)

. sI°
dI' =dr Sdet<ﬁ> =drI exp[Strin(I+M)] = dI" exp(3),

o (—D)" 1
S = Strin(I+M) = — su(Z TM”) = Str(M - 51\/12>.

n=1
Explicitly,
mp = Arn 8 XP4)q — Tyn2
a s8I srd 2

1
=(-D%XP ' — Eyﬁ,xz,
. 1
with Str(M) = X%'aq — 5(—1)% 145 (3.3)
and
MM = (= 1) X a0 (= 1)% X hp = XB X0 Ay
1
= —EEbaxﬁﬁaXTg)\.z,
1
with Str(M?) = —5 (=D XD X P 002, (3.4)
Therefore,
1
Str(M — —M2>
2
1 1/ 1 b
= Xha — S (=D YEA2 — 5 <—5(—1)€v X5 x4 gbaﬂ)
1 1
= Xlpha — o (“DPYH27 4 (=D XX ey
_ yba _l_a p_lpaqb 2
= Xfpha = S (=D (Y] = - XG' X en |32, (3.5)
Considering
1
p pa y,qb
Yl = 5 X X ena
1 1
= Sébe (X8 x9b (—1)ep(EatD) 4 xPIXT) _ EebaXZ“Xf’;',’
1
_ pa y.qb (8g+1) pay.qb pa y,qb
= isba(x,qpxq (=Dt 4 XBIXY — X5 X%)

1
= 5sbax!’p”q)wb(—1)%, (3.6)

we arrive at

1 1
Str(M - §M2> = XP'ha + Zeabx?,ququz, (3.7)
where (3.1) implies
pa pa b b b
Xfp =—A%S,  X[pgXT =—(A%S) XP"=—s"(A"S),
with G p X' =G ,(s'T'?) =5°G. (3.8)
Hence, (3.7) takes the form

1 1
Str(M - §M2> =—(A"S)Aq — ‘—leab(Aas)’pX"b}\z

1
=—(A"S)rq — Z—1(5,1A‘15)A2. (3.9)
Consider now the change of the integrand
Ir =1 =drexp[(i/m)Sp ()] (3.10)
under the transformations (2.10),
7T =dI Sdet 2 ex iS (I'+ Al
T+AI = ST p h F )
5I° ' 1
Sdet[ — ) =exp N Zinstr( M — ~m?
sr h 2
if.. . ih dena2
=exp & ihA SAa+Z(saA S)A% |1, (3.11)
1
Se(I +AD) =Sp() +5"Sp(Dia+ 35 Se(DA?, - (312)

where any functional G(I") expandable as a power series in I'P,
G+ AN =G + G p(INAT? + (1/2)G pg(IATIAT?
=GN+ AG),

transforms under (2.10) as

1 1
AG =G pXPUq — 5G,I,W’A2 + 5G,,,qxqubxl’”xa

11
= (G pXP") g + 5 (Eeabc,qpxpaxqb(—l)sq - G,pYP>A2

= (%o + (6022, (313)

From (3.11), (3.12), it follows that
. in
Iryar=dr exp{ % [iﬁ(A“S)ka + IZ(SaA“S)AZ] }

x exp[ % [SF + (s"SF)Aa + %(52&)#“

=dr exp(%S;) exp[% (s"SF +ihAS) g

i . 5
+ Esa(s”SF +ihATS)A ]

—dr exp<%8F> — T, (3.14)
since s°Srp + ihA?S = 0, due to (3.1), which proves that the
change of variables I'? — I'P + AI'? in (2.10) realizes finite BRST-
antiBRST transformations. By virtue of (3.9), the Jacobian of finite
BRST-antiBRST transformations (2.10) with constant parameters A4
equals to

exp(d) = exp[—(A“s)xa - %(A”S)‘s_akz]. (3.15)
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4. Ward identities

We can now apply the finite global BRST-antiBRST transforma-
tions to obtain the Ward (Slavnov-Taylor) identities for the gen-
erating functional of Green’s functions (2.4). Namely, using the
Jacobian (3.15) of finite BRST-antiBRST transformations with con-
stant parameters Ay, we make a change of variables (2.10) in the
integrand (2.4) for Zg(J) and arrive at

i 1
<[1 + — Jag? (?ﬂxa + 7?%2)
h 4
1/i
—| 7 )2 Iae? 50 5(7)500% ) =1 41
4\ h F.J
Here, the symbol “(O)f ;” for a quantity O = O(I") stands for
the source-dependent average expectation value corresponding to
a gauge-fixing F(¢), namely,
_ i
(O)F.) =ZF1(J>de 0(r>exp{ﬁ[sF(r>+1A¢A]},
with (1)r j =1. (4.2)

The relation (4.1) is a Ward identity depending on a doublet of
arbitrary constants A, and on sources J4. Using an expansion in
powers of A4, we obtain, at the first order, the usual Ward identi-
ties

JA(¢A§'“)FJ =0 (4.3)
and a new Ward identity, at the second order:
(Jag[5% = 5%/ J5(¢° 5a) ]}, =0 (4.4)

5. Freedman-Townsend model

In this section, we illustrate the above construction of finite
BRST-antiBRST transformations in general gauge theories by us-
ing the example of a well-known theory of non-Yang-Mills type,
being the reducible gauge model [25] suggested by Freedman and
Townsend, whose Lagrangian quantization and investigation of the
unitarity problem have been considered in the BRST [26,27] and
BRST-antiBRST [28,29] symmetries. To this end, let us consider the

theory of a non-Abelian antisymmetric tensor field %’ﬁv given in
Minkowski space R!3 by the action [25]

1 1
so(a, %)= d4x<—28“”p0 FLB 5AﬂAW>, (51)

with the Lorentz indices u,v, p,0 =0,1,2,3, the metric tensor
Ny = diag(—, 4+, +, +), the completely antisymmetric structure
constants f™ of the Lie algebra su(N) for ,m,n=1,...,N2 —1,
where A’;} is a vector gauge field with the strength F,’Z’U =0, A} —

3y ATl + fmAT AL (the coupling constant is absorbed into the

structure coefficients f™), and €#"?° is a constant completely
antisymmetric four-rank tensor, £%123 = 1. The action (5.1) is in-
variant under the gauge transformations

8B}, = D¢y — DY = Ry, ¢,
SAT =0, for D" =5""3, + f™"Al,, (5.2)

where ng are arbitrary Bosonic functions, and Dﬂ” is the co-
variant derivative with potential A"l}. The algebra of the gauge
transformations (5.2) is Abelian, and the generators R;Tf,p have
at the extremals of the action (5.1) the Bosonic zero-eigenvectors
Z"=Dj",

)
5B,

ml In min
RipZ™P = €pvpo f

: (5.3)
which are linearly independent. By the generally accepted ter-
minology [15], the model (5.1)-(5.3) is an Abelian gauge the-
ory of first-stage reducibility. In accordance with the Lagrangian
Sp(2)-symmetric quantization [3] for reducible gauge theories, the
fields ¢4 and the corresponding antifields Dhrar ¢a for the model
(5.1)-(5.3) are given by

¢A — (Amu; %muv, Bm;,c7 Bma’ Cmua’ Cmab)7

$na = (Alas Blivas Blia Bajps Crialps Calbe)s
da= (AT B, B By, Cly. Cl). (5.4)

where B™ and C™® are the respective Sp(2)-doublets of fields in-
troducing the gauge and the ghost fields (symmetric second rank
Sp(2)-tensors) of the first stage, in accordance with the number
of gauge parameters ¢™ for the generators RTﬁv = RITLpZ’“/’. With
account taken of (2.2), (2.3), the Grassmann parity and ghost num-
ber of the variables (¢, ¢%,, #4) are given by

g(ATH; BTV BTt BT CTIA, Cm“b) =(0;0,0,1,1,0), (5.5)
gh(Am;L; %m;w’ Bmu’ Bma7 Cm/m’ Cmab)
=(0;0,0,3—2a,3 —2a,6 —2(a+b)). (5.6)

A solution S = S(¢, ¢*, ¢) of the generating equations (2.5) with
the boundary condition Slpr=p=0 = So for the model (5.1)-(5.3)
can be represented in the form being quadratic in powers of the
antifields,

S=So+ / d*x [SB;;W(DMCW — DVCHe — ghVPI B o A BY)
—e™C*pB" + B (D*BY — DVBH)
+ ClgpDHC? —26C

aibc B — Bjig D" B +2C e D" B

+ %8’“’"" (B0 A %;Jb)c“b}, (5.7)
with the following notation for the fields A™ = A, B™ = B:
A"B™"=AB, D,B=0d,B+A, B,
(AAB)™= frianpgl (5.8)

Choosing the gauge Boson F = F(¢) in the form of a 3-parametric
quadratic functional,

o B b
F(C{, /3’ )/) = /d4X <_Z%MU%MV — EE@CZC“
- %Eabgcdcaccbd),
fora, B,y €R, (5.9)

and integrating in (2.4) over the variables 1, 79, &, @3, we obtain
the generating functional of Green'’s functions

Zr(J)) =/d¢> A (#) exp{(i/M)[So(A) + Sgi(¢)

+ Sip(9) + Jag™]),

identical with that of [29] in the case («, 8, y) = (xo, Bo, Vo) =
(1,2, 1), corresponding to Fo = F(1,2, 1), where

(5.10)
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— BB, B — geabB”Bb) (5.11)
o
Stp = [ d4x(ZGZ‘)Mube[W][M]G;U
- geabecdDMC“D“de>, (5.12)
I 2i Px B MOCR® il
Ay = | dB"exp oh XBoi, M™ B0 | (5.13)
In (5.12), (5.13) we have used the notation
1
Kgluvnm] = f [(Sg(nﬂpnva _ n/wnvp) 4 axgg“"pff],
o
wa =D,C;— DVCZ - Zs,w,,g Y4B (5.14)
and the matrix Mgy, is the inverse of M,
M® =¢g® —o2Xxbe  MTM, =59, (5.15)

while the action of the matrices Xj and Y on the objects E = E™
carrying the indices m is given by the rule

XIE=6pc(CAE),  YE=(B"AE)=—(-D*PEY"

(5.16)

For the vanishing sources, | =0, the integrand in (5.10) is invari-
ant under the BRST-antiBRST transformations [28] in the space of
fields ¢”

SPBHY — —8abecK§[MU][pU]G%U Ua, SAH* =0,
SCHa — (Ducab _ SGbBM),LLb,
SB* =DMB,,  8C%P =Blgbcy . sBY=0. (517)

Indeed, the quantum action and the integration measure under the
change of variables ¢4 — ¢4 = ¢4 + ¢4 are transformed as

8(So + Sgf + Sgp) =0,
ddp Ay (h) = dp Ay (H) Sdet(5¢/5¢)
=dpAy +5(dp)Ag +dpS(Ag) = dp Ay (),

with §(d¢) = §4(0) / d*x Tr W and

Ay = —Aa84(0)/d4xTrW, (5.18)
where §%(0) =§(x — ¥)lx=y and we use the notation
N2-1
W =W =302 My XGY g, for TTw= >y wm
m=1
(5.19)

The functional A, in (5.13) is a contribution to the integration
measure d¢A,, being invariant, §(d¢Ay) = 0, under the BRST-
antiBRST transformations (5.17). At the same time, we notice
that these transformations depend explicitly on the parameter
o of the gauge Boson F in (5.9). Due to a non-trivial integra-
tion measure and BRST-antiBRST transformations depending on a
choice of the gauge Boson, the task of connecting (by finite BRST-
antiBRST transformations) the generating functionals Zg(J) and

Zryar(J) given by different gauges F and F + AF in the rep-
resentation (5.10) cannot be solved literally on the basis of our
approach [1], developed on the basis of a compensation equation
for Yang-Mills type theories, and deserves a special analysis [30].
In this connection, we restrict the consideration to the quantum
theory (5.7), (5.9), with the generating functional Z(J) given by
the functional integral (2.4) in the extended space ¢, ¢, @, T, A,
where (omitting the su(N) indices m)

Aa __ pa, __pva __pa _alb __palb __albc
708 = (7T (a3 T iopy » () Ty ey (T )

A__ (4 .4V U sa ua ab
A= (Aays Mays Mays Ay My M0))- (5.20)

Using cumbersome but simple calculations, one can present the
finite transformations (2.11) for the generating functional Zg(J) in
(2.4) for the model under consideration with the quantum action
S given by (5.7). At the same time, for the purpose of connecting
the integrand I}f°+AF) of Zry+ar(J) given by a gauge Fo+ AF
with the one given by a gauge Fy, so that I}F”AF) :I}FO), as
suggested in Discussion below, it is sufficient, due to the solution
of the compensation equation (6.5), to find the explicit form of
Aa(¢p, T, A|AF) in (6.7). To this end, let us consider a finite change
of the gauge condition:

AF=F(a, B.y) - Fo
a —ag B—PBo b
=/d4x (— 2 B, BHY — Tsabc;cﬂ
Y~V
12

The corresponding field-dependent BRST-antiBRST transformations
(2.11) which provide the coincidence of the vacuum functionals,
Zpy+AF = ZF,, are determined by the functionally-dependent odd-
valued parameters:

eabscdcﬂccbd> . (5.21)

Aa(¢,zr,x|AF)=—L l[LAF?Z} (AFSy). (5.22)

2ih n!| 4ih
n=1
6. Discussion

In the present work, we have proved that the finite BRST-
antiBRST transformations for a general gauge theory in Lagrangian
formalism announced in [1] are actually invariance transformations
for the integrand in the path integral Z(0), given by (2.4). To this
end, we have explicitly calculated the Jacobian (3.15) correspond-
ing to the given change of variables with constant parameters A,.
Using the finite BRST-antiBRST transformations, we have obtained
the Ward identity (4.1) depending on constant parameters A,. The
identity contains the usual Sp(2)-doublet of Ward identities, as
well as a new Ward identity at the second order in powers of Aq.
We have illustrated the construction of finite BRST-antiBRST trans-
formations in general gauge theories by the example of a reducible
gauge model of a non-Abelian antisymmetric tensor field [25].

In conclusion, note that the structure of finite BRST-antiBRST
transformations with field-dependent parameters,

1
AP =TP (?‘lxa + Z?W), ra=5SaA, A=A, 7,7,

(6.1)

is the same as in the case of finite field-dependent BRST-antiBRST
transformations in the Lagrangian formalism for Yang-Mills the-
ories [1], as well as in the case of the generalized Hamiltonian
formalism [20]. Consequently, it is natural to expect that the Jaco-
bian corresponding to this change of variables with functionally-
dependent (due to s'A; + s2Ay = —s2A) parameters, inspired by
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the infinitesimal field-dependent BRST-antiBRST transformations
of [1-3], should have the form'

exp(3) = exp [—(A”S)Aa - %(A“S)‘s_akz] exp[In(1 + f)72],

withf:—%A?z, (6.2)
dI' =dr exp[%(—ih%)]
i, a ih ac\e 42
=dI exp A ih(A S)Aa+Z(A S)Sak
1 2
+ihln<1 - 5/\?2) ]} (6.3)

Here, A(¢,m,)) is a certain even-valued potential with a van-
ishing ghost number, and the integration measure dI” transforms
with respect to the change of variables I' — I'=r+ArI given
by (6.1). Hence, a compensation equation required to satisfy the
relation

(6.4)

as one subjects Zraofr to a change of variables I'? — I'P, accord-
ing to (6.1), has the form

ZpyAF =ZF,

. 1 2 2 1 2
inln(1— =A%) =—=AF¥"
2 2

2 .
1 i
1—-A%?) = — AF§? 6.5
o (12147 —eu( fare). =
or, equivalently,
Las2 o1 exp( L aFs? (6.6)
200 T P\ %in ' '

The solution of this equation for an unknown Bosonic functional
A(¢p,m, L), which determines Aq(¢, 7, A) in accordance with A, =
AS,, with accuracy up to BRST-antiBRST exact (s being restricted
to ¢, 1y, A) terms, is given by

1
A(T|AF) = — AF,
(I'|AF) 2l.hg(y)

for g(y) =[1—exp(y)]/yand y = LAF‘S_Z, (6.7)

4ih
whence the corresponding field-dependent parameters have the
form
1 <
)‘a(r|AF)=ﬁg()’)(AF5a)- (6.8)

Making in (2.4) a field-dependent BRST-antiBRST transformation
(6.1) and using the relations (4.2) and (6.3), one can obtain a mod-
ified Ward (Slavnov-Taylor) identity:

<[1 + %Jm&f‘[?"xam) + %?2A2(A)]

. -2
—%(%)2“(1)/*?“]3((1)3)?@2(/1)]<1 —%Aﬁ) > =1.
F.J

(6.9)

Due to the presence of A(I"), which implies Aq(A), the modified
Ward identity depends on a choice of the gauge Boson F(¢) for

1 The representation for the Jacobian (6.2), (6.3) has been recently proved in [31].

non-vanishing J4, according to (6.7), (6.8). Notice that the corre-
sponding Ward identities for Green’s functions, obtained by differ-
entiating (6.9) with respect to the sources, contain the functionals
Aa(A) and their derivatives as weight functionals. The Ward iden-
tities are readily established due to (6.9) for constant A, in the
form (4.3), (4.4). Finally, (6.9), with account taken of (6.8), implies
the following equation, which describes the gauge dependence for
a finite change of the gauge F — F + AF:

Zryar())

= zFu){l +<%1A¢A[?ﬂxa(r| — AF) + %?W(m - AF)]

. 2
—(—1>83<2'—h) JBJA(¢A‘§“)(¢B?Q)A2(F|—AF)> }
F.]
(6.10)

thereby extending (6.4) to the case of non-vanishing Ja. Note that
we have proved our conjecture as to the representation (6.2), (6.3)
of the Jacobian for field-dependent BRST-antiBRST transformations
with functionally-dependent parameters in [31].

We have shown, on the basis of field-dependent BRST-antiBRST
transformations, the way to reach an arbitrary gauge, determined
by a quadratic (in the fields) gauge Boson (5.9) for the Freedman-
Townsend model in the path integral representation, starting from
the reference frame with a gauge Boson Fg and using finite field-
dependent BRST-antiBRST transformations with the parameters
Aa(¢p, T, A|AF) given by (5.22).
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