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Abstract. We reformulate finite field-dependent BRST transformations as
quantum canonical flows in the Batalin--Vilkovisky field-antifield formalism. The
starting point is not an ansatz for the Jacobian but a path between two gauge-fixing
fermions. The change of gauge is represented by a one-parameter family of BV Lagran-
gian submanifolds, while a field-dependent BRST transformation is identified with
the field-space projection of a canonical flow generated by the gauge-fixed BV master
action. This leads to a gauge-fermion transgression equation in which the Jacobian
and the variation of the gauge-fixing fermion are two components of one quantum
canonical transport law.

For an anomaly-free theory satisfying the quantum master equation, we show
that the partition function is independent of the chosen gauge-fixing path. We then
apply the construction to non-Abelian Yang-Mills theory and to the reducible Abelian
rank-two antisymmetric tensor theory. In the latter case, the complete ghost and ghost-
of-ghost hierarchy is incorporated naturally in the BV master action. Covariant/Lorentz
and axial gauges appear as two endpoints of a single BV path. We derive a compact
compensation condition for finite field-dependent transformations and identify the
precise role of the BV Laplacian in the Jacobian. The resulting framework clarifies the
relation between FFBRST transformations, gauge-fixing canonical transformations, and
the quantum master equation. It also shows why a local Jacobian cannot be assumed
in general: locality is a property of the chosen generator and regularization, not of
finite field dependence by itself.
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Introduction

Gauge theories provide the fundamental framework for describing electromagnetic, weak, and strong in-
teractions, with the non-Abelian gauge structure of the Standard Model formulated within Yang-Mills (YM) theory
[1]. A characteristic feature of gauge theories is the redundancy in their description of physical configurations,
which necessitates an appropriate treatment of gauge symmetry during quantization. Gauge fixing is therefore an
essential step in constructing a well-defined quantum theory. Among the various possible choices, Lorentz-type
and axial-type gauges are particularly important. Lorentz-type gauges preserve manifest covariance and provide a
convenient framework for perturbative calculations and the construction of Feynman rules [2]; however, their quan-
tization generally involves a nontrivial Faddeev-Popov ghost sector, which may increase the complexity of practical
calculations [3]. Axial-type gauges provide an alternative formulation in which the ghost contribution can become
trivial under suitable conditions, thereby simplifying the unphysical sector [4]. Understanding the relation between
different gauge-fixed formulations is consequently an important problem in gauge theory. The issue becomes more
subtle in reducible gauge systems, such as the Abelian antisymmetric rank-two tensor theory [5,6], where the gauge
transformations themselves possess redundancies. A consistent quantization of such systems requires additional
ghost fields, including ghosts of ghosts. Antisymmetric tensor and higher-form gauge fields are also of considerable
physical interest because of their appearance in string theory [6], fluid dynamics [7,8], dual formulations of Higgs
models [9,10], supergravity [11], and superstring theories [12,13].

The Batalin-Vilkovisky (BV) field-antifield formalism provides a systematic and unified framework for the
quantization of gauge theories with both irreducible and reducible gauge symmetries [14-17]. In the BV formula-
tion, gauge fields, ghosts, ghosts of ghosts, auxiliary fields, and their corresponding antifields are incorporated into
an extended field-antifield space, while the complete gauge structure of the theory is encoded in the BV master
action. The consistency of the gauge symmetry is governed by the master equation, while its quantum extension
incorporates the contribution of the functional measure through the quantum master equation. One of the essential
features of the BV formalism is that gauge fixing is formulated through the choice of a gauge-fixing fermion, which
specifies a Lagrangian submanifold in the extended field-antifield space. Consequently, different gauge choices can
be viewed as different gauge-fixing realizations of the same underlying BV theory rather than as distinct theories.
This provides a particularly natural description of reducible systems, since the complete hierarchy of ghosts and
higher-generation ghosts is incorporated into the same master-action framework. The BRST symmetry, discovered
independently by Becchi, Rouet and Stora [18] and Tyutin [19], is naturally embedded in the BV construction and
provides an important tool for the analysis of renormalization, unitarity, and the physical sector of gauge theories
[14,15,18,19]. Thus, the BV formalism establishes a direct connection between gauge symmetry, gauge fixing, BRST
symmetry, reducibility, and the quantum measure.

The finite field-dependent BRST (FFBRST) transformation, originally introduced by Joglekar and Mandal
[20], provides a powerful extension of the conventional BRST framework. In an FFBRST transformation, the BRST
parameter is promoted from an infinitesimal constant quantity to a finite field-dependent functional. Such a trans-
formation generally modifies the functional measure and produces a nontrivial Jacobian in the path integral. Under
appropriate conditions, this Jacobian can be represented by an additional contribution to the effective action and
can establish a connection between different gauge-fixed formulations. The FFBRST method has subsequently
been applied to a wide variety of gauge theories and related systems [21-33], while alternative formulations of
field-dependent BRST transformations have also been developed [34,35]. Finite BRST-anti-BRST transformations
provide a further generalization and have been extensively studied in Yang-Mills and more general gauge theories
[36-39]. In the conventional FFBRST approach, the finite transformation is usually constructed first, and its Jacobian
is subsequently evaluated in order to determine the corresponding change in the effective action. The BV formalism
suggests a complementary and more geometric organization of this procedure. Since a gauge choice is characterized
by a gauge-fixing fermion, a finite transformation between two gauges can be regarded as a deformation between
the corresponding gauge-fixing structures in the field-antifield space. A continuous family of gauge-fixing fermions
therefore defines a path through the space of gauge choices, and the associated deformation of the BV Lagrangian
submanifold can be interpreted as a canonical flow. Its projection onto the original field space naturally gives a
field-dependent BRST transformation, while the associated change of the functional measure is governed by the
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quantum structure of the BV formalism.

In the present work, we develop this BV-based interpretation of finite field-dependent BRST transformations
by taking the gauge-fixing fermion as the primary object defining the transformation between two gauge choices.
Rather than treating the functional Jacobian as an independent quantity to be reconstructed after specifying the
transformation, we formulate the finite field-dependent transformation as the field-space projection of a quantum
canonical flow connecting two BV gauge-fixing structures. This provides a unified description of gauge fixing, BRST
symmetry, finite field dependence, and quantum measure effects within the field-antifield formalism. The construc-
tion is first applied to Yang-Mills theory to establish the relation between Lorentz-type and axial-type gauges. It is
then extended to the Abelian antisymmetric rank-two tensor theory, where the reducible gauge structure provides
a nontrivial test of the formulation and where the ghost and ghost-of-ghost sectors are incorporated simultaneously
through the BV master action. In this framework, the change of gauge is understood as a continuous deformation
in gauge-fixing space, while the corresponding FFBRST transformation represents its projection onto the original
field space. The quantum master equation provides the consistency condition for the associated measure transfor-
mation, and the locality of a compensating Jacobian is treated as a property that must be established for the chosen
transformation and regularization rather than assumed a priori. This formulation therefore provides a geometrical
perspective on FFBRST transformations as finite gauge-fixing flows in the BV field-antifield space and offers a sys-
tematic framework for studying finite changes of gauge in both irreducible and reducible gauge theories.

BV geometry and gauge-fixing paths
Fields, antifields and the antibracket
Let the complete set of fields be denoted by

0",

(1)
and introduce an antifield ¢A for every field. The Grassmann parity satisfies
* A
e(¢A) = s(d) ) + 1(mod2)
(2)
The BV antibracket is 8F 8G  8F 8G
(F,.G)=—Z++ — 7+ -7
507 864 84 80
(3)

It is an odd Poisson bracket and obeys graded antisymmetry, the graded Jacobi identity and the graded
Leibniz rule.
The classical BV master action S obeys

(S,5) = 0. @

At the quantum level, with h restored, the master action W satisfies the quantum master equation

1 .
E (W, W) —ih AW = 0, (5)

where the BV Laplacian is formally
5 5

A= (_1)8A 6¢A 6¢;1 (6)

The precise definition of A requires a regularization prescription. This point will be important below.

/H. Tymnaes arsiHaarst Eypasust yareik yausepcuretiniy XABAPIIBICHL \193(] 56)/ 2026 11
Pusuka. ACTPOHOMUST CePUSICHI
ISSN: 2616-6836. eISSN: 2663-1296



S. Upadhyay

Gauge fixing as a Lagrangian submanifold
A gauge-fixing fermion W[¢] has ghost number —1 and odd Grassmann parity. Gauge fixing is implemented
through
B

0, = 5o (7)
The gauge-fixed quantum action is the restriction
* [ 34
Wolo] =W [6.¢° = 3|
LI’[q)] d) ¢ 56 (8)

For a classical solution of the master equation, the induced BRST differential is
Sq/F = (F, W\p) 9

in the standard reduced notation.
The key geometric fact is that changing ¥ changes the Lagrangian submanifold rather than the underlying

BV theory. Let

P =P+ [, di' Py (10)
Then aw
W =3 (11

is a gauge-fixing deformation. In an anomaly-free theory, its contribution to the vacuum functional is BRST/

BV exact.

Gauge-space path
For two gauges labelled by 0 and 1 define

Y, = (1—K)¥, + k¥, (12)

Then
¥, =¥, - ¥, (13)

The present proposal is to regard (12) as the primary input. The finite field-dependent transformation is
constructed so that its endpoint is the field-space projection of this BV transport.

Quantum canonical FFBRST flow
From BRST flow to BV flow
The ordinary FFBRST flow is

d¢” () 4
0 = 5 (1) Ok[9], (14)
where Oy is Grassmann odd. In the BV space, introduce a generator

Gy = W Oy. (15)

When O« depends only on fields and the chosen sign convention is used, the field projection of the antica-

nonical flow generated by G, contains

%4 = 9", Gy) = (6", W) O,. (16)
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Thus the ordinary field-dependent BRST flow appears as a projection of a canonical BV flow.

Equation (16) is not by itself the complete quantum transformation. A field-dependent canonical transfor-
mation changes the measure as well. The BV Laplacian supplies the quantum correction required to describe this

change consistently.
Quantum canonical transformation

For an odd generator G, define the infinitesimal quantum canonical action on a functional F by

= = (F,Ge) — ih AG,. (17)

The second term is the measure contribution. In a regulated formulation, it is understood as the corre-
sponding regulated BV divergence.

For the path integral
Z, = fgx D¢ exp (% W), (18)

the combined variation of the integration Lagrangian submanifold and the measure is controlled by the
quantum canonical flow. The fundamental compensation relation can be written schematically as

Ttk = Wy, G) — ih AG (19)

The precise sign of the A term follows the convention for the BV measure and the quantum canonical
transformation.

For a pure gauge-fixing deformation generated by ¥, , the corresponding quantum canonical variation
reduces to the standard BV gauge-independence identity. In an anomaly-free regularization,

Az,

=0. (20)
dk

BV transgression formula

The central result can be expressed in endpoint form. Let J,. denote the Jacobian associated with the pro-
jected field-dependent transformation. Then

d id
—-Ing,e = 2 (We, — Wep, ), 21)

provided the quantum master equation is satisfied, and the same measure prescription is used along the
path. Hence

i 22
Ing; = é(W\yl — We,)- (22)
Equivalently,

J1 = exp [% (le - W\PO)]. (23)

This equation should be understood as a compensation identity, not as a universal statement that every

field-dependent transformation has a local Jacobian. The right-hand side is local only when the chosen gauge-fixing
deformation and the regulated BV divergence admit a local representation.

Why the gauge-fixing fermion is the natural variable

In the Faddeev-Popov formulation, two gauges appear as two different effective actions. In BV they are two
restrictions of the same master action:

Wy, =Wlg,, We, =Wlg, . (24)
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Therefore, the problem of connecting gauges is geometrically the problem of transporting one Lagrangian
submanifold into another. FFBRST becomes the field-space shadow of this transport.
This is the principal conceptual reorganization of the method.

Yang-Mills theory
Minimal BV master action
For Yang-Mills fields Aﬁ and ghosts Ca, the minimal BV master action is

Smin = Sym + [ d*x [A;ﬂDEBCB —%c;f“ﬁycﬁc”], (25)
where
1
Sy = =2 [ d*x B, 26
The master equation
(Smins Smin) =0 (27)

llows from the closure of the Yang-Mills gauge algebra and the Jacobi identity of the structure constants.
For a practical gauge-fixed path integral one introduces the non-minimal pair (€%, B¥) and their antifields.
A convenient non-minimal contribution is

Spm = | d*x ¢,B®. (28)
The complete proper solution is
S = Smin t Sam- (29)
Lorentz gauge
Choose the gauge-fixing fermion
— 4. =a (Au g A pa
W, = [ d*x o (94A% +2B%). 30)
The antifield elimination gives
Al = ok, (31)
~ _ augna i Apa
Co =20 Au"’EB , (32)
c, =0, (33)
. A_
Ba = ECa. (34)

The resulting gauge-fixed action is equivalent, up to convention-dependent signs, to n#
A _
S, = Sym + [ d*x [B“ or A% +2(B9)? — ¢ oupg* cﬁ]. (35)

Axial gauge and BV interpolation
Let be afixed constant vector and choose

¥, = [ d*x @ (n“Aff + %B“). (36)
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The interpolation is

(37)
Y. =1 —-1)¥, + k¥,
or
38
¥, = [ d*xc® [G,? +§B“], (38)
with
GE = (1 — k) AL + KknHAL. (39)
The tangent vector in gauge space is
¥, = [ d*x c*(nHAL — 0FAD). (40)

FFBRST parameter from the BV path
The field-space projection of the BV transport suggests the finite field-dependent parameter

Opa =1 [ dic [ d*x c%(amA% — nhAT), (41)

with the overall sign changed if the opposite convention is adopted for the BRST differential.
The projected FFBRST transformation is

§AL =D cP O, (42)
Sc® = _%faﬁycﬁcy OLa (43)
6¢* = B%0p,, (44)

5B =0 (45)

The essential point is that the parameter is not guessed independently: its field content is read directly from
the difference of the endpoint gauge-fixing fermions.

Endpoint relation
The BV transgression identity gives

i
Ingpa = ;(SA —SL), (46)
where S, is obtained by restricting the same master action to %y, .Hence

JLaeXp (%SL) = exp (%SA). (47)
Therefore,
ZL = fD(I) eiSL/h — fD(I)’eiSA/h = ZA (48)
In the axial endpoint,

Sa=Sym + [ d*x [B“r]”Aff +%(B”‘)2 — E“n”D;fﬁcﬁ]. (49)
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The ghost sector is particularly simple in the usual axial setting, subject to the well-known qualifications

concerning residual gauge freedom and spurious poles.

Reducible Abelian two-form theory

Classical gauge structure

Consider an Abelian antisymmetric tensor field B, with curvature
Hyyp = 0yByp + 0yByy + 0By, (50)

and classical action

So = = [ d*x HyypHHP. (51)
The gauge transformation is
5By = 9y, — By, (52)
It is reducible because
Ay = 0,0 (53)

produces a vanishing transformation of B, ,. Therefore, a complete BV description necessarily contains a

ghost-for-ghost.

Minimal BV master action
Introduce the vector ghost Px and scalar ghost-for-ghost . Their antifields are B**?, p™* and 0", A min-

imal proper solution is

@

min

=So + [ d*x[B**(8,p, — yp,) + p* 0], (54)

up to conventional factors of i and signs associated with the ghost grading. The classical master equation,

(S ) =0, (55)
encodes both gauge invariance and reducibility.
Non-minimal sector
For a gauge-fixed formulation, one introduces the non-minimal fields
Bw B, G0, (9.0, (56)

together with the corresponding antifields. The non-minimal BV action can be written schematically as

SO = [ d*x[pHB, + 67+ 0'x], (57)

with convention-dependent factors of i.
The complete proper solution is
S(Z) = S(z)

min

+52, (58)

Lorentz-type gauge fermion
A convenient gauge-fixing fermion reproducing the usual Lorentz-type Faddeev-Popov action is

16
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@) _ ~ 2 - Ao -
WP = [ d*x[p, (9,B" ~ 0" + 7BY) + (" = ZX) (59)
Substitution of the antifields determined by

_ s (60)

E3
P4 SDA

produces the gauge-fixed action
S = [ d*x[ < HuypH™P —i9,p,(0"p" — 8"p") + 0,6 oo

+B,(0,B* + 1,BY — V) — iF 9,p*
_i)((auﬁ# - /12)?)].

(61)

where the normalization of the auxiliary terms can be shifted by a redefinition of /11, /12 .

Axial-type gauge fermion
Replace the gauge-fixing derivative by the fixed vector

2 ~ A ~ Ay ~
WP = [ dbx [p, (n,B* + %0 +2B) + 6 (nup" —2X). (62)
The interpolating fermion is

¥ = (1 - w® + 9@, (63)

K

Its tangent is

~ A ~ Ay o 64
WD = [ dx [By (1,8 + "0 +2BY) + 5 (nupt — 2 7)) ©9

BV-induced finite parameter
The corresponding field-dependent parameter is chosen as the integrated gauge-space tangent:

0% = —2 [ dic [ d*x [5,(0,B* — B — "9 —1"p)  (65)
+6(0up" —nup™)],

again with conventional factors of i depending on the definition of the BRST differential.
The FFBRST projection of the BV flow is

8By = —(0upy — 0yp,)0%, (66)
sp, =—id,00%3), (67)
6py =1y Ggq)' (68)
56 =-70%), (69)
sp =-x0%, (70)
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with the remaining BRST variations vanishing in the chosen convention.

Endpoint action
The BV transgression relation gives

@ _i[c@ _ @ 71)
g = +[s§? - s?].
Therefore,
J&)eisf)/h _ eisf)/h_ (72)

The axial endpoint is

ngz) — f d4x[ %H#vaﬂvp + iﬁvnﬂ(aupv —dVpH) — 5'7];1 oMo
+By (M B*Y + LY +1V9) — ¥ nup* (73)
—ix(up* = 27)1,

which is the axial-type gauge-fixed theory in the convention of the starting action.
Consequently,

. (2) )
7P = [ Do et /- [ D' eiSa /h =7, 74)
The important BV observation is that the ghost and ghost-of-ghost contributions have not been appended

independently to the FFBRST construction. They arise simultaneously from the single gauge-fixing fermion and its
corresponding Lagrangian submanifold.

General -form and reducible theories
The two-form example illustrates a general mechanism. For an Abelian p-form field A[p] ,

§Ap) = dAp-1, (75)
there is a reducibility chain
Ap-1): Ap-1) + dApp—z): -+, (76)

The BV master action contains the complete tower of ghosts and ghosts-for-ghosts. Let Wy and W; be two
admissible gauge-fixing fermions containing all levels of this hierarchy. Define

l‘I‘JK = (1 - K)lpo + Kl'pl. (77)

Then
liJK_- = l'pl - l'po, (78)

and the associated finite field-dependent parameter is obtained by projecting the corresponding BV ca-
nonical flow.

The endpoint identity remains ;
InJo; = E(Wllll - Wwo)- (79)
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Thus the complexity of the reducibility tower is moved from a sequence of independent Jacobian calcula-
tions into one BV master action.

This is particularly useful for higher-form theories, supergravity sectors and other reducible systems in
which the Faddeev-Popov description requires several generations of auxiliary and ghost fields.

Locality, anomalies and obstructions

Locality is not automatic

A central advantage of the BV formulation is that it makes the limitation of a local Jacobian explicit. The
formal expression

AG (80)

contains coincident functional derivatives and is therefore regulator-dependent. A finite field-dependent
transformation admits a local compensating action only if the regulated quantum divergence can be expressed as
the functional derivative of a local functional.

Therefore,

fielddependence s localJacobian. (81)

Locality must be demonstrated for the specific theory, measure and transformation.

Nonlocality and physical observables

The possible nonlocality of the compensating Jacobian does not by itself imply a nonlocality of physical
observables in Yang-Mills theory. The Jacobian characterizes the change of the functional measure associated with
a particular field-dependent transformation and may depend on the chosen representation, generator, and regulari-
zation prescription. Physical observables are instead identified through the BRST/BV cohomology and are required
to be insensitive to admissible changes of gauge fixing. Consequently, as long as the quantum master equation is
preserved and the interpolation remains within the admissible gauge-fixing domain, the gauge-independent physical
sector is unchanged even when the intermediate compensating functional or its Jacobian does not admit a local
representation. In this sense, nonlocality is a property of the intermediate gauge-transport description rather than,
by itself, an indication of nonlocal physical observables.

Quantum master equation
If the quantum master equation is violated,

~(W, W) — ihAW # 0, (82)

the gauge-independence argument fails. The obstruction is precisely a quantum anomaly in the BV language.
Hence the present construction provides a natural diagnostic: the existence of a consistent gauge-space transport
requires the quantum master equation to hold in the chosen regularization.

Path dependence

For two admissible gauge-fixing fermions and, the partition function is expected to be path independent
provided the entire path remains in the same admissible region of gauge-fixing space. Different paths can never-
theless give different parameterizations of the finite transformation. The endpoint physics is unchanged, while the
intermediate FFBRST flow is generally not unique.

This non-uniqueness is not a defect. It reflects the freedom to choose different coordinates on the space of
gauge-fixing paths.
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Gribov regions

The construction is local in gauge-fixing space. If an interpolation crosses a Gribov horizon or encounters
a singular gauge condition, the naive continuous flow may cease to be globally valid. In such cases, the relevant
integration domain and the BV measure must be restricted or modified.

Consequently, an FFBRST transformation should not be interpreted as an automatic proof of equivalence
between arbitrary nonperturbative gauge domains. It proves equivalence only under the assumptions used in de-
fining the path integral and the admissible gauge-fixing family.

Relation to conventional FFBRST and BRST-anti-BRST methods
The present construction is closely connected with the standard FFBRST formalism. The ordinary FFBRST
method introduces a continuous parameter ¥, computes

@ _ 83
—- =500, (83)

and evaluates the corresponding functional Jacobian. The present method keeps the same continuous-flow
idea but changes the starting point: the gauge-fixing fermion path is specified first.

The resulting hierarchy is

Y, > ¥, > Y (84)
in gauge-fixing space,
Ll{JO 4 LLpK il LLpl (85)
in BV space, and
$(0) = &(x) > (1) (86)

in field space.

The Jacobian is then the quantum measure contribution associated with this transport.

The construction is also distinct from finite BRST-anti-BRST transformations. BRST-anti-BRST methods
introduce two nilpotent generators and can accommodate a richer parameter dependence. Here there is one BRST
generator, while the antifield sector supplies the geometric information needed to describe changes of gauge.

The distinction can be summarized as:

Table 1. Summary of primary objects and gauge changes across different formulations

Framework Primary object Gauge change

BRST nilpotent differential BRST-exact deformation
FFBRST field-dependent parameter Jacobian-induced action change
BRST-anti-BRST two generators extended canonical structure
BV-flow formulation gauge-fixing fermion path quantum canonical transport

The new viewpoint is therefore not a new replacement for BV quantization. Rather, it is a reorganization of
finite field-dependent gauge changes inside the BV geometry.

Further consequences and extensions

Background-field gauges

The same formalism can connect ordinary and background-field gauges. The background dependence is
incorporated into the gauge-fixing fermion, and the path in can be chosen to preserve background covariance at
every intermediate value of .
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Higher-spin and higher-form systems
For higher-form theories, the BV complex automatically contains the complete reducibility tower. This sug-
gests that the gauge-space flow may be more efficient than direct component-by-component FFBRST calculations.

Nonlinear gauges
Nothing in the construction requires a linear gauge condition. For

Go[d] and Gi[d] (87)

nonlinear in the fields, one may define
Y, =WY[G,], (88)

provided the resulting family remains admissible. The corresponding field-dependent parameter is then
determined by the nonlinear gauge-space tangent.

BV and canonical geometry
The formulation suggests a geometric interpretation of FFBRST:

FFBRST = field — space projection of a quantum canonical BV flow. (89)

Under this interpretation, the familiar Jacobian is not an independent mystery but the quantum divergence
associated with the canonical transport.

This relation may also provide a useful bridge between FFBRST and the broader theory of canonical trans-
formations in odd symplectic geometry.

Conclusions

We have developed a BV-based reformulation of finite field-dependent BRST transformations in which the
gauge-fixing fermion is treated as the primary variable defining the transformation path. The finite transformation
is interpreted as the field-space projection of a quantum canonical flow in the BV field-antifield space.

The principal result is the transgression relation

Ingos = (W, = Wep,), (90)

valid under the assumptions of an anomaly-free quantum master equation, consistent measure regulariza-
tion, and an admissible interpolation between the two gauge-fixing fermions.

For Yang-Mills theory, the construction connects Lorentz and axial gauges. For the reducible Abelian rank-
two antisymmetric tensor theory, it incorporates the ghost and ghost-of-ghost sectors into a single BV master action
and connects covariant and axial-type gauges through one gauge-fixing path.

The main conceptual advantage is that the gauge choice, FFBRST parameter, canonical BV flow, and measure
Jacobian are no longer independent pieces of the calculation. They are different projections of the same quantum
transport problem.

At the same time, the BV formulation makes an important limitation explicit: a finite field-dependent trans-
formation does not guarantee a local Jacobian. Locality depends on the regulated BV divergence and on the specific
generator. This distinction is essential for nonperturbative applications.

Several directions deserve further study. A complete treatment of Gribov regions could formulate gauge-
space transport on restricted BV submanifolds. The relation with finite BRST-anti-BRST transformations may be
studied by embedding the present one-generator flow into an extended anticanonical geometry. Finally, the method
can be applied to interacting higher-form systems, supergravity and theories with open or reducible gauge algebras.

The author acknowledges useful developments in BRST, FFBRST and BV quantization that motivate the
present reformulation.
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The present framework may also be relevant to astrophysical and cosmological applications in which
gauge fixing and the treatment of unphysical degrees of freedom play an important role. In particular, the BV-based
description of finite gauge changes may provide a systematic tool for studying gauge dependence in perturbative
quantum gravity, cosmological perturbation theory, and effective field-theory models involving gravitational and
higher-form gauge sectors. The explicit separation between gauge-fixing dependence, BRST symmetry, and the quan-
tum measure may be useful when comparing different gauge choices in gravitational and cosmological calculations.
A detailed application of the present construction to gravitational and cosmological gauge systems is therefore a
natural direction for future work.
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Anpartna. )KyMbicTa epicTepre Tayeazi napameTpi 6ap akpipabl BRST-typaengipynep batanun-
BU/IbKOBCKUIIiH 8picTep-aHTUepicTep KEHICTIriHAeri KBaHTTbIK KAHOH/IbIK aFbIHAAP TYPFbIChIHAH KapacThIpbLIa/bl.
BacTankp! KypblLabIM peTiHe Iko6uaH yuIiH aH3al eMec, Kaaubpai 6ekiTyiH eki pepMUOHABIK QYHKIUSCHIHBIH,
apachIHAAFhI XK0J1 asblHaAbl. Kanubpaiy esrepyi BV JlarpanxbIK ilki kenTikTepiHiH 6ip napamMmeTpJii TYKbIM/IacChI
apKbLJIbI CUIIATTaJabl, ajl epicTepre Tayesai napamerpi 6ap BRST-Typsienaipy 6ekitinren kanubpaeri BV
MacTep-9peKeTi TyAblpaTblH KaHOH/bIK aFbIHHBIH 6PiCTep KeHiCTIiriHe NpoeKUUAChl peTiHze aHbIKTanaAbl. by
KauopJik GepMUOH/BIK GYHKIIUS YIIiH TPAHCTPECCUSIJIBIK TEHAEYTe dKeJe i, oHAa SIKo6ruaH MeH Kaubpi
6ekiTy pepMUOHABIK PYHKLUHSACBIHBIH BapHaLHUACH] 6ipTyTac KBaHTTBHIK KaHOH/IbIK TaCbIMaJ/IZiay 3aHbIHbIH, eKi
Kypam/Jac 6eJiiri peTiHje kepinefi.

AHOMaJMACHI3 )KOHE KBAHTTBIK MacTep-TeHA eyl KaHaFaTTaHAbIPaTbIH TEOPUS YIUiH CTATUCTHUKAJBIK
KOCBIH/IbIHBIH, TaHJJaJIFaH KaIuOp/i OeKiTy »KosbIHA TAyeJici3 ekeHi kepceTiyei. KoBapuaHTThIK/J/lopeHITIK koHe
aKcUaIAbIK KanubpJiep 6ipTyTac BV xosbIHBIH eKi eTKi Kyii peTiHe KapacTbIpbliaJbl. OpicTepre Tayeai napameTpi
6ap aKbIpJIbl TYPJIEHAIpYyJIep YIIiH bIKIIaM KOMIEHCALUAIBIK IapT MIbIFAPbLIbII, IKOOUAH/ bl KaJbIITaCThIPYAAFb
BV snlansiacuaHbIHbIH HAKTHI peJii aHbIKTanaibl. AnbiHFaH popmanusm FFBRST-Typaenipynep, kanubpai 6ekityai
aHbIKTAaUTbIH KAHOH/BIK, TYPJIeHAIpyJiep )X9He KBAHTTbIK MacTep-TeH/ey apacbIHAaFbl 6altJlaHbICTbl HAKThLJIAN b
CoHbIMeH KaTap, fIkoOraHHbIH JIOKaJABLIBIFBIH XKaJIIIbl XaFAai/ia al/iblH aja KabblijayFa 60/ IMalTHIHBI KepceTiiesi:
JIOKaJIABLJIBIK aKbIpJibl TYPJIEHIPYAiH epicTepre TayeiliriHig 63iMeH eMec, TaHJa/IFaH reHepaTOpPMeH XKaHe
peryssipusanuysijiay npoleAypacbiMeH aHbIKTalabl.

TyiiH ce3aep: epicTepre Toyenai napameTpi 6ap akpipsbl BRST Typienaipynepi; Batalin-Vilkovisky
dopmannsmi; kanubp/i 6eKiTy; KBaHTTHIK KaHOHABIK TypsaeHipyiaep; BRST-BV cumMeTtpusicer; Ako6uaH.

S. Upadhyay

Kagedpa ¢pusuku, Koanedxc K L.S., Hasada, YHusepcumem Mazaodxa, bodxzas, HHOus
(E-mail: sudhakerupadhyay@gmail.com)

Koneunsie BRST-npeo6pa3oBaHus C 10/1eBO3aBUCUMbIM NapaMeTPoOM
KaK KBaHTOBble KAHOHHYeCKHe NTOTOKHU B popmasin3Mme BatasimHa-BuabKOBCKOTO

AHHoTanus. B paboTe koHeuHble BRST-nipeo6pa3oBaHys € 10/1eBO3aBUCUMbIM TApaMETPOM PaCcCMaTPUBAOTCS
B TEPMHUHAX KBaHTOBbIX KAHOHUYECKUX IIOTOKOB B IPOCTPAHCTBe NoJie—-aHTunosieit ¢opmanusma baranuxa-
BuibkoBcKoro. B kayecTBe HCXOJHOH KOHCTPYKIIMH UCIIOJIb3YeTCs He aH3all J/I IKOOMaHa, a My Th MeXAy ABYMs
bepMUOHHBIMU QYHKIMAMHU GUKCALMH KalUOPOBKU. i3MeHeH e KaIMOPOBKY Npe/CTaB/IsIeTCsl O/ HOIapaMeTpUYeCKUM
CceMeMCTBOM JlarpaH»KeBbIX MOAMHOroo6pasuit BV, Torga kak npeo6pasoBanue BRST c nosieBo3aBUCHMBIM
NapaMeTpPOM OTOK/AeCTBJIAETCA C IpoeKI el Ha MPOCTPaHCTBO MoJield KAHOHUYeCKOT0 OTOKA, TOP0XKAaeMoro
MacTep-AeicTBreM BV B dukcupoBaHHOMN KaJHOpOBKe. DTO NPUBOJUT K TPAaHCIPECCUOHHOMY YPaBHEHMUIO 15
KaJMO6pOBOYHOM pepMHUOHHON QYHKILMH, B KOTOPOM sIKOOUAH U Bapualusa pepMHOHHON PyHKIUHU GUKCALUU
KaJIM6POBKH BBICTYNAIOT JIByMs COCTABJIAIOLIMMY eIMHOI'0 3aKOHA KBAHTOBOT'0 KAHOHUYECKOTI'0 NlepeHoca.

Jl1s1 cB0O6OIHOM OT aHOMAaJIMH TeopUH, Y 0BJIeTBOPsitollell KBAHTOBOMY MacTep-ypaBHEHMUI0, I0Ka3aHo,
YTO CTAaTUCTUKAJIBIK KOCBIH/IbI (CTATUCTUYECKAsl CYMMa) He 3aBUCUT OT BbIGPAaHHOTO NyTH GUKCALUU KaJlHOPOBKH.
[losrydeHHass KOHCTPYKL U IpUMeHseTcsl K HeabesieBod Teopuu FHra-MuJiica U K NprBoAMMON abesieBoH TeOpUH
aHTHCHMMETPUYHOT0 TEH30pPHOTI0 N0J1s1 BTOPOTo paHra. B nocjiefHeM ciydae noJiHas Mepapxus LyXOB U AyXOB
BBICLIETO MOPSAAKA eCTECTBEHHBIM 00pa30M BKJIIOYaeTCs B MacTep-aelcTBue BV. KoBapuanTHas/opeHIieBa
Y aKCHa/IbHasA KaJIMGPOBKU pacCMaTPUBAIOTCS KakK JiBa KOHEYHbBIX COCTOSIHUA eAuHOro BV-nmyTu. BoiBeseHo
KOMIIaKTHO€e KOMIIeHCallMOHHOE YCJI0BHUeE [IJIsI KOHeYHbIX Ipeo6bpa3oBaHUH C 10J1eBO3aBUCUMBIM IIapaMeTPOM U
omnpeziesieHa TOYHas PoJib Jlaniacada BV B popMupoBanuu siko6uaHa. [losiydeHHBIN GopMaii3M NPOSICHSET CBSA3b
Mexy npeo6pasoBaHusaMU FFBRST, kaHoOHMYeCcKHMU Tpeo6pa30oBaHUAMH, 3a4aI0LUMU QUKCALUIO KaJIHOPOBKH,
1 KBaHTOBBIM MacTep-ypaBHeHUeM. [loka3aHo Takxke, MO4eMYy JIOKaJIbHOCTb IKOOMAHa B 0611leM cjy4yae He
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MOXKET IMPeANoJIaraTbCsl alpUOPHU: JIOKAJbHOCTD SBJSETCS CBOMCTBOM BBIGPAHHOTO reHepaTopa M NpoLefyphl
pery/isipusanyy, a He caMUM GaKTOM 110J1eBOH 3aBUCUMOCTH KOHEYHOI'0 Ipeo6pa3oBaHHUs.

KimouyeBble ci1oBa: koHeyHble BRST-npeo6pa3oBaHus ¢ 110/1eBO3aBUCUMBIM IapaMeTpoM; popMannsm
BaTannHa-BuibkoBckoro; ¢pukcanusa KaaubpoBKH; KBAHTOBble KAHOHUYECKHe Tpeo6pa3oBaHusi; BRST-BV-
CUMMEeTpHS; AKOOHAH.
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