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The construction of 0-local superfield Lagrangian BRST quantization in non-Abelian hypergauges for generic
gauge theories based on the action principle is examined in the case of reducible local superfield models (LSM)
on the basis of embedding a gauge theory into a special 6-local superfield model with antisymplectic constraints
and a Grassmann-odd time parameter 6. We examine the problem of establishing a new correspondence be-
tween the odd-Lagrangian and odd-Hamiltonian formulations of a local LSM in the case of degeneracy of the
Lagrangian description with respect to derivatives over 0 of generalized classical superfields .4/ (8). We also
reveal the role of the nilpotent BRST-BFV charge for a formal dynamical system corresponding to the BV-BFV

dual description of an LSM.

Keywords: Lagrangian (superfield) BV quantization; Odd Lagrangian and Hamiltonian formulations; Second-class con-

straints; Reducible multi-level non-Abelian hypergauges

I. INTRODUCTION

Local superfield Lagrangian BRST quantization [1] was
originally proposed for irreducible gauge theories and Abelian
hypergauges [2], which introduce the gauge-fixing procedure
following the BV method [3], and then extended to arbitrary
gauge models in reducible non-Abelian hypergauges of finite
stage of reducibility [4]. The quantization rules [1] com-
bine, in terms of superfields, a generalization of the “first-
level” Batalin—Tyutin formalism [5] (the case of reducible hy-
pergauges is examined in [6]) and a geometric realization of
BRST transformations [7, 8] in the particular case of 6-local
superfield models (LSM) of Yang—Mills-type. The concept of
an LSM [1, 2, 4], which realizes a trivial relation between the
even 7 and odd 6 components of the object x = (z,0) called
supertime [9], unlike the nontrivial interrelation realized by
the operator D = dg + 00, in the Hamiltonian superfield N = 1
formalism [10] of the BFV quantization [11], provides the ba-
sis for the method of local quantization [1, 2, 4] and proves
to be fruitful in solving a number problems that restrict the
applicability of the functional superfield Lagrangian method
[12] to specific gauge theories. The idea of an LSM makes
it possible to obtain an odd-Lagrangian and odd-Hamiltonian
form of the classical master equation as a condition that pre-
serves a 0-local analogue of the energy by virtue of Noether’s
first theorem with respect to the evolution along the variable
0, defined by superfield extensions of the extremals for an
initial gauge model, i.e., by odd-Lagrangian (LS) and odd-
Hamiltonian (HS) systems. The concept of an LSM provides
an inclusion of the dual BV-BFV description [13, 14] of a
reducible gauge theory in terms of a BRST charge for for-
mal topological dynamical systems (i.e., systems without a
definite time parameter) subject to first-class constraints of
higher-stage reducibility in the problem of embedding a gauge
algebra of a special reducible LSM into that of a general[25]
LSM. Finally, the idea of an LSM proves to be an adequate

extension of a usual gauge model in a superfield construction
of the quantum action as a superfield analogue of the Koszul—
Tate complex resolution [15, 16] in Lagrangian formalism on
the basis of interpreting the reducibility relations as special
gauge transformations of ghosts transformed into a unique 6-
integrable odd HS.

Along the lines of our previous works, we consider it an
interesting task to solve two of the problems mentioned in the
conclusion of the first paper of Ref. [1]. The first problem is
that of establishing a different (from the one given by a Legen-
dre transformation [1, 2, 4]) correspondence between the odd-
Lagrangian and odd-Hamiltonian formulations of an LSM in
the case of degeneracy of the Lagrangian description with re-
spect to derivatives over 0 of generalized classical superfields

4'(9), i.e., 39/‘71’(9). The second problem is to reveal the
role of the nilpotent BRST-BFV charge for a formal dynami-
cal system corresponding to the BV-BFV dual description of
an LSM.

We devote this paper to the solution of the following prob-
lems:

1. A construction of an odd-Hamiltonian formulation for
an LSM starting from an odd Lagrangian in the case
of a degenerate Hessian supermatrix ||(S{)s| (6) of
Refs. [1, 2, 4] as the supermatrix of second deriv-
atives of the Lagrangian classical action, Sp(0) =
SL(A(8),094(0),0), with respect to odd velocities
(004",0927) (8) on the basis of Dirac’s algorithm in
terms of a 0-local antibracket.

2. An application of the BFV method [11] to a construc-
tion of formal counterparts of the BFV-BRST charge,
gauge fermion and unitarizing Hamiltonian of a z-local
field theory in terms of a 8-local Dirac’s antibracket, re-
flecting, in view of general gauge invariance, the pres-
ence of a subsystem of second-class constraints among
all of the antisymplectic constraints.
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3. Establishing a correspondence between the resulting
odd-Hamiltonian formulation of an LSM with the BV
quantum action for the gauge model corresponding to
an LSM.

The paper is organized as follows. In Section 2, we ap-
ply Dirac’s algorithm [17] to realize an odd Hamiltoniza-
tion of a Lagrangian degenerate LSM, being an extension of
a usual model of classical fields A\, i = 1,....n = ny +n_,
on a configuration space M., to a 6-local theory defined on
an odd tangent bundle ToqaMcL = T ML = {47,004},
I=1,....N=Ny+N_, (ny,n_) < (Ny,N_) with N, (N_)
bosonic (fermionic) superfields. The generalized classical su-
perfields 47(0), 4! (0) = A’ +-\/@, parameterize the base Mcr.
(M C Mcyr) of the bundle I17 My, and transform with re-
spect to a J-superfield representation 7' of the direct prod-
uct of supergroups J,P: J =J x P, P = exp(iupg) [1, 2, 4],
with J chosen as a spacetime SUSY group[26], and u, pg
being the respective nilpotent parameter and generator of 0-
shifts. The non-Lorentz [18] character of superfields 4/ (8)
defined on M = {(M,0)} = {X}, M Ci C 1, is reflected
by a possible inclusion in their spectrum of additional (be-
sides 4/(8)) superfields corresponding to the ghosts of the
minimal sector in the BV quantization scheme [3]. In Sec-
tion 3, following the BFV prescription, we construct 8-local
counterparts of the ghosts on the basis of a complete system
of antisymplectic constraints and a Hamiltonian action Sy, (6)
defined on IIT*Mcy, = {,‘2[’,/‘41*}, a bosonic BRST charge
Sa(0), a unitarizing Hamiltonian action S,4(8), and a gauge
fermion Fy(0). We specify to the case of a singular LSM a
derivation of Lagrangian and Hamiltonian master equations
from Noether’s first theorem [19] applied to 0-shifts, and es-
tablish a relation between the complete Hamiltonian action,
St (0) = S4(0) + (Sa(6),Fp(0))ep, constructed via B-local
Dirac’s antibracket, and the quantum action of the BV method
[3].

We mostly follow the conventions of Refs. [1, 4] based
on DeWitt’s condensed notation [20] and distinguish between
two types of superfield derivatives: the right (left) derivative

3 F(8)/0r7(6) (5’ 7(6) /arl’(e)) of a function 7 (8) for a

fixed 8, and the right (left) variational derivative SF /804(0)

SF /8@“‘(6)) of a functional F. In the same manner, su-
perfield right (left) covariant derivatives with respect to a
superfield I'”(8) are denoted by gp(G)F (?,,(G)F) for a

fixed 6, and variational derivatives are denoted by %,,(G)F

ZL[’q] = aSSL(e)’ Ez‘(ZL) :E(e) = (1707 1)7 Ez’(SL) = 67
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(5 p(O)F ) Derivatives with respect to super(anti)fields and

their components are understood as acting from the right
(left), for instance, 8/3)\; or 8/8P4(0); in the opposite case
we use arrows “—" (“«") for left (right) differentiation. For
right-hand derivatives with respect to 4/(8) for a fixed 6,
we use the notation F;(0) = 9F(0)/04(8). Asin [1, 4],
following the definitions of Refs. [21, 22], a smooth super-
surface [27]Z, is parameterized by local coordinates z'(8),
and the rank of an even 6-local supermatrix ||G(0)|| with Z,-
grading € is characterized by a pair of numbers 711 = (m.,m_):
rank||G(0)|| = rank[|G(0) ||, dimX = dimX|q_, with X|g_ pa-
rameterized by z'(0). We characterize the property of a quan-
tity F' to be bosonic or fermionic by a triplet of Z,-gradings,
€ = (ep, €/, €), so that the basic Grassmann parity €, according
to [1, 2, 4], is given by the sum, € = €7+ €p, of Z-gradings
€7, €p, being the Grassmann parities of coordinates of the cor-
responding representation spaces of supergroups J, P.

II. CLASSICAL FORMULATION OF A DEGENERATE
6-LOCAL SUPERFIELD MODEL

In order to provide an equivalent description of a general
LSM degenerate with respect to superfields (9g4)” (6) in odd-
Lagrangian and odd-Hamiltonian formulations, we consider a
procedure of the odd Hamiltonization of a Lagrangian LSM
that preserves J-covariance. Using these results, in the next
section we will apply the BFV-BRST approach in order to
construct from the odd Hamiltonian formulation of an LSM a
complete Hamiltonian action Sy(0) and extend the BV-BFV
dual description inherent in the 0-local approach to the case
of a degenerate LSM. We will also establish a relation with
the quantum action of the BV method for the physical gauge
model contained in an LSM.

2.1 Odd-Lagrangian Formulation

Let us recall that the Lagrangian formulation (based on the
variational principle) of an L,-stage reducible LSM of gener-
alized classical superfields ,’Zﬁ(e), Al = ((ep)1, (€f)r,&1) =
€/, is defined by a Lagrangian action Sy, IIT Mcp, x {6} —
A1(8;R), being a C=(IIT My )-function taking its values in
a real Grassmann algebra A;(0;R), and (independently) by
a functional Z [4], whose 6-density is defined with accu-
racy up to an arbitrary €-bosonic function f((4,0¢.2)(0),0) €
ker{de},

2.1

invariant with respect to general gauge transformations, 8,4/ (6) = fdeoi(,go(e;eo)aﬂo(eo), 0 eC(M),EED) =84, A=

1,..., My = Moy +Mop_ :

AL

% 541(8)

%(9;90) =0, forrankHZJ(e) {ZI(G)SL(G)} H

=N-M_,, 2.2)

—
L gS.=0
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with a superfield Euler—Lagrange derivative Z,(G) that determines LSM dynamics and (on the assumption of locality and J-
covariance) with functionally dependent generators % (6;69)

Sza [ 9 bs 9 . B
541(0) = 941(6) —(=1)"9 68(39/’41(9)):| SL(0) = L,(6)SL(6) =0, (2.3)
Riy(0:60) =Y ((ae)ks(e—eo))f(kélo((ﬂl,89%)(6)79) for rank || Y Ry, (0) 00)"||  =M_1 <M. 2.4)
k=0 k=0 LxSL=0

The dependence of ‘JA{JQO (0;80) implies an existence (on solutions of the odd LS (2.3)) of proper zero-eigenvalue eigenvectors,
Zﬁ? (ﬂ(eo),a%ﬂ(e@),e@;el), with a structure similar to %(9;60) in (2.4), which exhaust the zero-modes of the generators
and are dependent in case rank HZk ij?(eo) (Beo)k ‘2 =My—M_| <M. Thus, a general Lg-reducible LSM is defined by the
reducibility relations, fors = 1,...,Lg, A4, = 1,..., My = My +M,_,

/ 40’52 (0,2:0/) 51 (6:6,) = / d0'L (8L ((4,962)(85-2),8,-2,0':6,),

s—1
=Y (-1)"M_y— < M,_y,

2 A, k
rankHZkZO 2y g2 (85-2) (9, ) s=0 =

Ly - -
=Y (—1)"Mp, 1 =My,
LgSL.=0 k=0

k
rank

2 A1
‘Zkzo ZkﬂLz (0r,-1) (aGLg—l)

8Ly ") =Ea_, +Ea,+(1,0,1), 25" (0_1:00) = R} (01:00),

L7 (61,0:0)) =K (6-1,01:0,) = —(— 1)Vl (6 6_;:0:). (2.5)

For Ly = 0, the LSM is an irreducible general gauge theory.

Due to the J-scalar nature of Z; [4] it is only Si,(0), among the objects St.(0) and Z; [A4] invariant under the action of a
J-superfield representation T restricted to J, T|j, that transforms nontrivially with respect to the total representation 7' under
a'(8) — A(8) = (T|;A)" (6 — u).

851(6) = S1. (41'(6),302'(8),8) — SL.(6) = —u | 3 /96 + Po(8) (96U)(8) | SL.(6). (2.6)

Eq. (2.6) is written [1, 2, 4] in terms of the nilpotent operator (dgU)(0) = 89}4[(9)3/8}4’(9) = [ds,U(0)]-, U(B) =

P1)Zl’(9)§>/8ﬂl’(9), by means of projectors onto C=*(ITT ™) Mcy) x {8}: {P,(8) = 8,0(1 —0dg) + 8,109¢,a = 0,1}. The su-
perfield Euler—Lagrange equations (2.3) are equivalent (in view of 83}4’ (6) = 0) to an odd LS characterized by 2N formally
second-order differential equations in 6,

O b
0,(0) = (~1)" (sm (0)- | s+ (0)(0) 3 s ) -0, @8)

so that the subset of formal equations (2.7) does not af-
fect LSM dynamics, in particular, identities (2.2) and re-
lations (2.5); however, it determines, depending on the
(non)degeneracy of the supermatrix ||(S{)7(8)]|, a possibil-
ity of presenting LS (2.3) in the normal form. The Lagrangian
constraints (2.8), ©;(8) = ©;((4,0-4)(0),0) are functionally
dependent as first-order equations in 0, restricting the setting
of the Cauchy problem for the LS, and thus determine the gen-
eral gauge algebra of an LSM by Egs. (2.2)—(2.5).

For an LSM which enables one to represent Sp(0) in
the form of a natural system in usual classical mechan-
ics, S.(8) = T (dgA4(0)) — S(A4(6),0), the functions ©;(0),
©;(8) € C= (McL x {8}) are given by the relations

®,(0) = —S,/(A4(8),0) (—1)¥ =0, 2.9)
being, for & = 0, the extremals of the functional Sp(A) =

§(4(0),0), So(A) € C*(McL), McL = Mc1lp=o. Relations
(2.2) and (2.5) assume the standard (in case 6 = 0) form
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of the relations of a special gauge algebra with linearly de-
pendent generators ']{ofqo (A(0),0) of special gauge transfor-

mations, 84! (0) = Rofqo (4(),0) 5,07‘0(9), that leave invariant

S,(4(8),6) Ro'y, (A(8),0) =0, forrank||S,1; (4(8),0) ||

4, a,_
Z,72(A(0),0) 2,

i A 4J
(24130 = (%KY ) K = ~(- 1)KL

(A(6),8) =S, (0)L

. . . . . a,_
in the rank conditions for the special zero-eigenvalue eigenvectors 2’ '(8):

/qs—]
rank HZ%‘ ‘

S,1(8)

ALy

s
B :k):‘z)(_UkMs_k_l <M, s=0,..,Ly—1.

1249
only S(6), in contrast to 7'(8),
LS00 =N—M_j, (2.10)
27 (2(0),0) &2y ) =Ea, +Ea,
@.11)
(2.12)

In case rank HZﬂLgil Hs 00 = ngzo(—l)kMLg—k—l = MLg’ an LSM defined by relations (2.10), (2.11) is called a special gauge
,1(0)=

theory of L,-stage reducibility.

The special gauge algebra of this LSM is 6-locally embedded into the gauge algebra of a general gauge theory with the
functional Zp,[4] = (d¢T — S)(0), which leads to a relation between the eigenvectors,

~A,

and to a possible parametric dependence of the structure func-
tions of a special gauge theory on d¢.4' (8). As noted in [1, 4],
an extended (in comparison with {P,(0)}, a = 0,1) system
of projectors onto C**(ITT Mcr. x {0}), {Py(6),060/00,U(8)},
selects in (2.10), (2.11) two kinds of gauge algebra: one is se-
lected by means of the subsystem {Py(0),U(0)}, with the cor-

responding structure equations and functions [S, Z;Lf" 1¢A(0))
not depending explicitly on 6, and another with the help of
Py(0) with the standard (in case 8 = 0, (€p); = (€p) g, = 0,
s = 1,...,L,) relations for the gauge algebra of a reducible
model with quantities [So, Zg' '](A) under the assumption
of the completeness of reduced generators and eigenvectors

[Riy» 2o 1(A(6))-

As shown in Refs. [1, 2, 4], a characteristic feature of the 6-
local extension of a usual field theory to an LSM is the appli-
cation of Noether’s first theorem [19] to provide the invariance
of the density d8Sy (0) under global 8-translations as symme-
try transformations of the superfields 4/(8) and coordinates
(zM,0), (a',z1,0) — (A',zM,0 4 u). It is easy to see that the
function

Se ((1,901)(6),6) = 964/(8) - SL(6)

(2.14)
is an LS integral of motion, namely, a quantity preserved by
0-evolution, assuming the fulfillment of the generalized La-

2 (A(8,-1),0,-1:6,) = 8(8; —B,1) Zy " (A(8,-1),8,-1),

(2.13)
\
grangian master equation
El
%SL(G) +2(deU)(0)SL(0) =0. (2.15)

£;S1.=0

Eq. (2.15) follows from the principle of dynamical symmetry
in contrast to the standard (Hamiltonian-like) master equation
in the minimal sector of the BV method [3] which is based on
differential-algebraic reasons as a generating equation encod-
ing the standard relations of the gauge algebra and the struc-
ture functions [So, Zg:~'](A). The function Sg () may also be
an LS integral in the case of an explicit dependence on 0, un-
like its analogue in a #-local field theory, the energy E(z), in
case S.(0) admits the representation

51((A4,002)(8),6) =

S7.(41,902) (8) —26(0eU)(0)S7.(8), E(SY) =0.  (2.16)
If S1.(0) does not depend on 6 explicitly, %SL(G) =0,
Eq. (2.15) transforms into a Lagrangian master equation,
(96U)(8)SL(0)| 5, —0 = 0. As was announced in Ref. [2],
a sufficient condition for the existence of a proper solution
SL(G) for the Lagrangian master equation is the presence of
an independent special Lagrangian constraints for a certain
division of the index I,

=0, (A1 UAQ) =1.

(302" (0), TsL(0)/022(0))
o 2.17)



1250 Brazilian Journal of Physics, vol. 37, no. 4, December, 2007

2.2 Odd Hamiltonization In this case, the LSM is reformulated in the odd-
Hamiltonian description [1, 2, 4] on the odd phase
space IIT*Mcr, = {5 (8) = (4/,47)(8)} in terms of
a Hamiltonian action being a C*(IIT*Mcy )-function, Sy:
7T*McL x {8} — A1(0;R), constructed from the Lagrangian
formulation through a Legendre transformation of Sy, (6) with

—
respect to 0 5.4'(9),

A possibility of presenting the odd LS (2.3) in the normal
form (which, in a #-local field theory, provides a basis for the
generalized canonical quantization of a given dynamical sys-
tem) depends on the existence of an inverse for the superma-
trix ||(S{)1s(0)| in (2.7).

2.2.1 Nondegenerate Case

951(0)

Su(TcL(0).0) = 47 (0) 9 02(8) — SL.(6), /() = 3(3,04(0))

L E(A) =% +(1,0,1). (2.18)

The action Sy (0) coincides with Sg(0) in terms of the I17* Mcy -coordinates.
An odd HS equivalent to the LS follows from (2.3) due to transformations (2.18) and is implied by the condition of the
existence of a critical superfield configuration for a fermionic functional Zy[I'cy.] identical to Zy,[4],

Za[Ti) = [ @8 [Va(Tk(8)) 6T (8) - Su(Ti(0).0)] 219)
3z
7 (‘;) — @by (Tk(6)) [aerg(e) - (SH(e)I,? (9)) e} —0,k=CL; (2.20)

it is written in the square brackets in Eq. (2.20) with the help of a 8-local antibracket and an antisymplectic potential, Vp(I'x(8)) =
1/2(FQ(1)"QP)(6), defined with respect to an odd Poisson bivector (x)fQ(G) (DfQ(G) = (r{j(e),r,?(e)) K and a flat antisymplectic
. P ..
metric u)ﬁ‘,Q(G), me(e)mgQ(e) =8y, [(okQ,(x)PQ}(G) = antidiag[(—8",8)), (85, —8"))].
The equivalence of HS (2.20) and LS (2.7), (2.8) is provided by the fact that the Lagrangian constraints ©;(0) transformed

into the Hamiltonian constraints ®§I(9) in terms of the II7T*Mcy -coordinates coincide with half of the HS equations due to
transformations (2.18) and their consequences:

Ol (I(8),8) = ©;(A4(8),00A(I'(8),6),0), O (I'(8),0) = —3921*(6) — Su,1(8)(—1)%. (2.21)

The equivalence between the LS and HS is guaranteed by the corresponding [formal, in view of the degeneracy conditions (2.2)]
setting of the Cauchy problem (8 = 0, k = CL) for integral curves 4! (8), I'¥(6), modulo the continuous part of /,
—— —_ =\ . e — S(6) _, =
a9 ﬂ’) 0= (3, 3ea ), 0= (@ a): A =pP |2 _| (7. 344 ). 222
( 0 ( ) ( 0 k( ) ( 1) 1 0 a(aeﬂl(e)) 0 ( )

The definition of a special gauge algebra (2.10), (2.11) remains the same in the Hamiltonian formulation, whereas the definition
(2.2), (2.3) of a general Lg-stage reducible LSM is transformed by the rule

Zy 7y (Te(05-1),06-1:6,) = 2" (A(85-1), 06, A(Tk(05-1),05-1),08,-1:8;) , 5 =0,..., Ly, (2.23)

871 [ﬂ SZH Fk] /de 5 Zu [Fk
54/(6)  54/(6 5/(6

LRH/%(F/(( ),0;80) = 0. (2.24)

The fulfillment of the generalized Lagrangian master equation (2.15) for S;(6) implies, in view of definition (2.14), transforma-
tions (2.18) and their consequence, a% (SL+Su)(0) = 0, that the Hamiltonian action is an HS integral of motion (i.e., a quantity
invariant under 6-shifts along arbitrary solutions ff (0) by (ep,€)-odd u) due to a generalized Hamiltonian master equation,

Qcompl(e)SH(e) = [a/ae - (SH(9)7 )9] SH(e) =0 (6,uSH(9) ’fk(e) = ,uQcompl(e)SH(e) = 0) . (2.25)

The equation Qcompi(6)SH(8) = 0, written in terms of an odd operator Qcompi(0), holds true also in the case of an explicit
dependence of Sy(6) on 6, according to (2.16),

Sh (T(8),0) = Sk (T(8)) + 6 (S (T(8)) , S} (Tx(8))) (2.26)
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where S%(0) is a Legendre transform of S (6), and (9gU)(0)SL.(0) = % (Su(0),Su(8))g. If S(8) does not depend on 6 explicitly,
(0/00) Su(6) = 0; then Eq. (2.25) transforms into the Hamiltonian master equation (Sy(0),Su(0))e = 0. This imposes the
condition [3] for Sy(0) to be proper, which has no counterpart in a ¢-local field theory. Sufficient conditions of the solvability
of the latter equation is the presence of irreducible special Hamiltonian constraints @,(I'x(0)) [2], equivalent to the constraints
(2.17), being of first-class with respect to the antibracket:

(6) = ( SO ;;fgg;) =0, (04(6), 25(6)) = C5, (1 (6)0.(6).

1
=M* <N+ (N_,N,), M = EN. (2.27)
‘Pa(e):owfk

As a consequence, the 0-superfield integrability of HS (2.20) is guaranteed by the properties of the antibracket, including the
Jacobi identity

9 04(0)
ary(e)

(36T (8) = 5 (TL(6), (Su(Tx(6)), Su(Tk(6)))g)y =0 (2.28)

and the @-translation formula written in terms of a nilpotent BRST-like generator 5*(8) of ©-shifts along an (ep,€)-odd vector
field Q(0) = adSy(0) = (Su(0), - )e, acting on C*(TIT* Mcy, x {6}), namely,

5 j:( ) :uQu)mpl( )F(9) E‘ufl(ﬂ)f(e), (2.29)

Following Refs. [1, 2, 4] and depending on the realization of additional properties of a gauge theory, we assume the fulfillment
of the equation

—

k _ Koy — (—1)F -1 El PO 0
0)5(6) =0, 8(0) = 0™ S (a0 g
D ik o) (I 0
= 0ol (0) (T{ ()0 (T7(0). ) ). (2:30)

for a trivial (in the case of a flat odd phase-space) choice of the density function p(I'(6)), p = 1, which is equivalent to a vanishing
—
antisymplectic divergence of Q(6), ( ad /arf(e)) Q(6) = 2A%(6)Su(6) =0.

2.2.2 Degenerate Case

The degeneracy of ||(St )1/(8)]| implies the impossibility of applying the above procedure of odd Hamiltonization and requires
the use of an odd counterpart of Dirac’s algorithm in order to reduce the odd LS (2.3) to a normal form (with only J-covariance
preservation). Let the degree of degeneracy of ||(S{)1s(0)| be given by the relation

rank | (S{)1s(0) =TIN—-R_y, TIN = (N_,N;) (2.31)

||ZKSL:O

-
valid almost everywhere in [7¢p. It means the impossibility to express each 9 ¢4/(8) as a function of I'f(6) using equations

A;(0) = (aSL(0)) /o( 0 eﬂl (0)) in (2.18), which is equivalent to a functional dependence among the antifields 4;(8) in the
form of primary antisymplectic constraints,

0 — —
@(I7(0),0) =0, Ag = 1,....RY, (@) =4, rankH( " ,rk(e))em’,gQHq)m —R_, <RY. 2.32)
Ao
In view of the preservation of J-covariance, the constraints CIDZ(JO)(O) may be dependent for R_; < R(()O), and assuming the
existence of an analog of the regularity conditions [16], these constraints define a (2N — R_1)-dimensional submanifold smoothly

embedded in I1T{; . The above regularity conditions imply the existence of an open covering of the constraints surface, <I>/(410) (6)=
0, by open regions on each of which there exists a local separation of constraints:

(1) 1) &) ) (1) g A
o) (0) = (cpAé,cp%)(e) rankH( $ ’rp(e))e‘”;QH@jy:o:R*" ) (6) = @) (e)cﬁg(rk(e),e), (2.33)
0

where Ag = (A}, o)) = (1,....R_1,1,...,RY =R ).
For an LSM with primary constraints, there hold the following statements:
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Theorem 1 For any C*(IIT* Mcy,)-function F (I'cL(0),0) vanishing on the constraint surface, F (0) =0, there exist

oo
functions fA(Tcp(0),0) € C*(IIT* McL) such that F (8) is a linear combination of constraints: F (8) = IIDI(L\IO) (8)f40(8).
Theorem 2 Due to the solution of the equation Ap(Tcy(8),0)8% (8) = 0 for arbitrary variations 8T'Y; (8), the functions
1
Ar(Tx(6),8) = U (T(0).8) (@) (8).T2(6) ) wyp(0), k= CL (2.34)
are tangent to the constraints surface.

A sketch of a proof: the validity of Theorem 1 follows from the partition of unity on IIT*Mcy, and from the fact that
from the local validity of representation (2.33) follows the existence of an invertible change of variables, I'} (8) — I'7(8) =

(<I>/(11,),XM0) (Tx(8)), My =1,...,2N — R_, so that CID/(;O) (0,XM0) = 0. Therefore, in a regular coordinate system I, one has
0

1 1 —
Fru®) = a7 x)@)d -0 6) [ — 0 5ol x)(0)d -
k 0/ & K 0/ Al e)

= @) (0) /" (I"(1(6)).6) = () = (@) (6) with £%(6) =0.

The validity of Theorem 2 follows from the fact that the variations 8I' (6) tangent to the surface CID/(‘IO) (6) = 0 at a certain point

form a (2N — R_; )—dimensional superspace so that there exist R_; independent solutions of (Ap8IY)(6) = 0. By virtue of the
regularity conditions (2.33), the above solutions may be chosen as a linear combination (2.34) of the antisymplectic gradients,

[((D/(;é)) ,I? (9)) ) (o’;,Q} (6), with functions U% (8) unambiguously defined for R(()O) >R_j.

The Hamiltonian action Sy (I'%(0),6) in (2.18) is well-defined as a Legendre transformation of St.(0) only on the surface
CIJ/(JO) (8) = 0. The definition of the Hamiltonian action by the rule (2.18) on the entire I17* M, is possible due to an extension of
SH(0) by the addition of linear combination of constraints:

S (T, A)(8).8) = Su(8) + A% ()} (6), E(A™) =, (235)

Actually, Egs. (2.18) implies the following equations under a variation on the constraints surface:
(St (8) + S, (8)) 84 (0) + 8.4, (8) (
which, in accordance with Theorem 2, admit the solution
S gl _ I Ao (1) gIy. Ao (1) o=
004 ;—SL,|(0) = |adSu(4")+ A ad®, (A");Su,1 +A ad®d, (45| (8). (2.36)

In the case of independent constraints, the unknown functions A%°(8) can be uniquely obtained from the first equations for
39/‘41 in (2.36) as functions on I1T My, A% = A%0(4,094) for A7 = A} (A4,0¢4) in contrast to dependent CID/(JO) (0).

The invertible Legendre transformation, corresponding to Egs. (2.36), of Si,(0) from II7T Mc; to the surface CDE,IO)(G) =0of
THE bundle N¢, = IIT* Mcy, & Mp = {(TF ,A%)} and its inverse are given by the relations

* 9SL(6) a
I g A)(0)= | 4, ,A (4,0 0), 23
(a', 4 ) (8) <ﬁ1 2T.40) A (g eﬁl)>() (2.37)
(ﬂ’ , 094! ,cpg';) (8) = (ﬂl’ Ladsl)) (4! ),0) (0). (2.38)

We assume that the local consideration of the Legendre transformation made in Egs. (2.36)—(2.38) holds globally.
The corresponding odd HS equivalent to LS (2.3) is implied by relations (2.18), (2.35)—(2.38) following from the variational

principle for a fermionic functional Zl(_ll) [Tk, A] extended, as compared with Zy[I] in (2.19), by means of linear combinations of

the constraints <I>£\10) (8) with superfields A% (8) as Lagrangian multipliers,

24T A = [ a0 [VE(Ti(6)) 302" (6) — 511 (T A)(©).0)| (239)

S F S0
(;}im Siz(e)> = (who(T(8)) [2r2(0) — (517 (0).T2(6)) | .—})(8) ) =o0. (240)
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A relation between the Cauchy problem (or the boundary
problem) for an LS and HS should be specified in view of

CI>I<410>(6), whereas the restriction of the action Sg >(6)\ o_o
Ay~

remains an expression of the function Sg(0) in terms of
I1T* My -coordinates.

By the Legendre transformation, the consequence (2.37) is
a change of Sy, (0) by SI(_II),I (0) in expression (2.21) for the
Hamiltonian constraints @ ((T,A)(8),0) = ®§1>H(9), pre-
serving the equivalence of a generalized HS that consists of

the constraints G);l)H(G) and HS (2.40) itself. In this case, the

1253

definition of the gauge algebra (2.23) in case of a nondegen-
erate supermatrix ||(S});;(0)|| is not affected by the change

Zully] — Zl(_l1 ) [Tk, A] by virtue of the identities 8Z}; /8.4 (8) =
52\ /54! (8) implied by Egs. (2.37).

Locally, having assumed that condition (2.31) is fulfilled in
a vicinity of the configurations (A},9¢.4}) = (0,0) the struc-

ture of the primary constraints <I>210> can be specified. Now,
as the regularity conditions (2.33), one can assume, while ne-
glecting J-covariance, that there exists a separation of the su-
perfields (A,0¢.4!, 4}) compatible with (2.31),

(2.41)

(4,004, 47) = ((;4107;4/46),(aeﬂlo,ae,qA{)),(ﬂ;;, ;6)) :rank||(Sﬁ)1010(9)||zKSL:0 =TIN-R_,.

In this case, the action Su((Ik)(0),6) = Su((4,4;)(0),0) depends neither on the antifields A, nor on the primary non-
0

expressible superfields aeﬂAb due to the direct Legendre transformation (2.37), in which, instead of A40, one writes aeﬂAé, and

due to the fact that the action Sy (8) is at most homogeneous of degree 1 with respect to dg4%. The action S(Hl) (T, A)(0),0)
has the form

35.(0)

S L , 2.42)
d(dpA"(0)) 36210 =2 210 (.ﬂl,ﬂ}‘o,ae.ﬂA6>

St (0) = (Su+ A%a)) (0), @) (8) = 5, (6) -

!
0 T A

95.(0)

where the odd velocities dg.4% (8) are resolved from the relations A5 (8) = 35 A6
¢}

. In turn, Egs. (2.38) imply the coincidence

of the Lagrangian multipliers A% and 99 2%.

Having obtained an equivalent description of the LSM in terms of the Hamiltonian action Sl({l) (0), and following the 6-local
analog of Dirac’s algorithm, we need to check the compatibility of the odd HS in (2.40), being the preservation of the constraints

by the B-evolution generated by the vector field Q(l) (0), Q(l) (06)= [a/ 26 — adSI({1> (9)] = Qcompl (0) — A0 ad<I>/(,‘]0)(9),

compl compl

92} (8) = Quompi(0) (4 (6)) —A™ (@4 (0). 04,/ (9)) =0 (2.43)

Egs. (2.43) may contain a subsystem with Rgl)
to find a part of A% as functions of I'7(6) if (CIDXO) (6),@83(9))

©

equations independent from A% with residual (Ry ) R:)(l) ) equations permitting
o |<I>“):o # 0. In the former case, if a subsystem of Rél) < R;)(l)
equations does not depend on @glo) (0), i.e., if there exists a set {@211) ()} of {(I:/&? (0)} such that

1 1 1 B 1 1 B
(Qnp @4 ) (8) = (Quomp @ ) () = UL (Tu(6),0)})(8), A1 = 1,..,R(! for U(8) = 0.
The above expression defines dependent (in general) secondary antisymplectic constraints CDfl) (0) € C(IIT* My),

) (6) = (Qeom® ) (6) = 0. (2.44)

The constraints <1>£\21) (6), in contrast to CD;?(G), are not valid identically in the entire IT7* M, but only on solutions of the odd
HS (2.40).

The consistency conditions for the secondary constraints @1(423(9) of the form (2.43), (Q(l) o

compl ~Aj > (9) = 0, lead to new

(generally dependent) secondary antisymplectic constraints, d)fé)(e) = (Qcompld)fz)) (0) =0, A4, = 17...,R(()2>,R(()2) < R()(z)

Ré)(l) - R(()1> among RE)(Z) equations not containing A% in the relations for the subset {d?ff;} c {<I>1(412) =

(Q®S ) () = (Quomp®fY ) (0) = (Ushly) + UF1 @} ) (6), for UL (6) = U (6) = .

2 2
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) _ gl _ g2))

The remaining part of (R equations in Q CID(2 0) = 0 permits one to define, in the case of
0

compl

( o) 5 (8), <I>}(_,;l C] )) | £ o _p?_g # 0, a part of the superfields A% as functions of ' (8). A proof of consistency conditions

for the constraints CID( >(9) permits one to obtain new secondary antisymplectic constraints d><4) (8) and a part from A%, etc.
As a result of this algorithm, the complete set of Ry dependent antisymplectic constraints CIJ 1,(T'%(8),8) = 0 consisting of the
primary CID/(M) (0) and the remaining CID/&1 )(6), called secondary ones, is defined as

D, (0) = @»gpmgé) (0), @) = (q><2) B, ) To= 1R, Ro, E( 1) =y, (2.45)

From the nonhomogeneous linear equations with unknowns A0 (8), whose number is R(()l),

9601 (8) = (QUonp®i ) () = (Quompis,) (8) — A% (@) (8). 01, (8)) =0, 2.46)

with the symbol “a” for a weak equality in view of Theorem 1, 7 (6) ~ G(8) < (F — G)(0) = C0(I'x(8))®}, (8), the consis-
tency of Dirac’s algorithm implies the existence of a general solution in the form

AY(8) & AN (T(8),8) + A (B)EL (Tx(8),0), ap = 1,...,ro < RY. (2.47)

Here, A’Sgn(G) is a particular solution of the nonhomogeneous equations and the functions Ef?(?(e) define linearly independent

(@4 (6),21(0))

solutions of homogeneous equations associated to (2.46), with (QcompldJ 10) (0) =~ 0 for rank, I. eHCIJ =
=0

const[28]. The coefficients kgo (0) in Egs. (2.47) are arbitrary.
Relations (2.47) allow one to rewrite HS (2.40) in terms of a total Hamiltonian action S§; ((I',A)(8),8)),
36T} (8) = (ST,(6).T7(8)) , = adSi, (B)(IF (8)) + Mg (8)addly) (8) (I (6)) =0, (2.48)

with Sy, (I'x(0),0) = (SH-FApm‘P( )) () and linearly dependent constraints o )(9) = (E?é’fl{&l())) (0), and proper zero-

eigenvalue eigenvectors, Zg (I'x(0),0),a1 = 1,...,r; > R(() ) —Ré)“) — 1y for a rigorous inequality being dependent as well.
Following Dirac’s terminology, the concept of (8-local) quantities of first and second classes is defined by the fact that an
arbitrary C*(I1T* M, )-function F (I'x(6),0) either obeys the relations

(@1,(8), F (8))g ~ 0 <=> (P, (8), F (8)) = g7 (8) D, (6) (2.49)

(and is said to be a first-class function) or is a second-class one if it does not obey Egs. (2.49). Jacobi’s identity for the antibracket
(-, ) implies that the set of first-class functions forms a Lie algebra Gr with a multiplication with respect to the antibracket, i.e.,
for any F(0), G(0) € G, (F(0),G(8))q € Gi. By definition, it follows that the total action Sf;() is the sum of certain quantities

St () and (xgoqnﬁ,})))(e) in view of the non-uniqueness of the particular solution A part Of Egs. (2.46) which are given by the

gauge algebra of reducible antisymplectic primary first-class constraints [Sg,, P 5,}))] (0):
1 1 c 1 1 1 a
( o) (), ®} >(e)) = U, (0)@)(0), (sﬂo(e),cpgo) (e))e = Va(0)@}!)(0), (¢go)z o) () =0, (2.50)

with €-odd quantities (U, V) and €-even 2.

The primary constraints <I>( >(6) may be related with the reducible antisymplectic gauge transformations, §I'f(8), in
C>(TIT* M) (different from general gauge transformations, 8,4/ () = [ deof{H’ﬂO(e; 80)E™(8)) which correspond to the dif-
ference between the values of '} (8) at © and at (6 + u) under two different choices of the Lagrangian multipliers A’ (6), 7»‘60 (0):
e (0) = (Ag* — 5\.80 )u = () with arbitrary functions 1 (8) on M,

5T (6) = 81" (6) (4 (8).I7(8)) =1 (0) (i (6).T7(8) ) , E(u™) =&,y +(1,0,1). @51)

For the choice y®(0) = (u Z5?)(8) with arbitrary functions * (8) on M, being the Grassmann parities &(u* ) = €, +(1,0,1)
if €(25?) = (€4 +€a, ), the above transformations vanish on the constraint surface, 8T’} (6) ~ 0.



D.M. Gitman et al. 1255
The functional Z; [T, A, given by
S P T
ZRI0A] = [ d8 [Va(Tk(8)) 9 6T (6) ~ Sh((T12)(6).6)]

is invariant not only with respect to the transformations 8,4/ (6), in view of the relation Zy = Zg ) = Z} and Eqs. (2.23), but
also with respect to extended antisymplectic transformations in C* (IIT* Mc & M,),

8r{(6) = —4(6) (@4, (©).17(9)) .

SAG(8) = —4™(8) (82006 — Ve (6) ~ AU, (B)(—1)) — (1 Z60)(8), E(u™) = 252)

Following an analog of “Dirac’s conjecture” in the usual Hamiltonian treatment of a gauge model, one may suggest that the
structure of Sy, () for an LSM be such that secondary first-class antisymplectic constraints are generators of antisymplectic
gauge transformations as well.

A characteristic feature of odd Hamiltonization is the possibility of an explicit identification of so-called antisymplectic gauge
freedom in comparison with the odd-Lagrangian formulation of an LSM which is related to the construction of an extended
Hamiltonian action SE(6) and a functional Zf, including all the constraints @, (8),

E _ S P E E/n\ _ I
ZE[Tk A] = / d8 [V (Tx(8)) 9 L% (6) — SE((Tx, A)(0).6)] , SE(8) = (S, + AL D) (6). (2.53)
The variational principle for ZEI encodes an HS, which is not entirely equivalent to LS (2.3),

oL} (8) = (S5(60),T((6)), =0, ®4,(6) =0. (2.54)

The system of antisymplectic constraints {®,(8)} contains two subsystems {®; } = {@z,,Er,} of first-class @z, () and
second-class Eq,(0) constraints extracted from the initial system by means of certain quantities ydf(e): 0Oy (0) = ( ]dlgcb 5)(0)
so that only the functions A% (8) from the set of Lagrangian multipliers A (8), A% (8) = (A% ]él(?)(ﬂ), remain completely unde-
termined by the evolution of HS (2.54).

By definition, we consider that an (L§{*,L5*)-stage reducible system of antisymplectic constraints ®,(8) = (04, Zr,) () is
divided to a subsystem of L{*-stage reducible first-class constraints {®g,(0)} and that of L}*-stage reducible second-class ones
{E4,)(0)} for (L{*, L") € N§ if

(®ﬁ0 (e)7®[;0 (e))e = |:UI€0” ®50 + UH;?)Z:E‘EOEG()} (e)a (SH() (e)7®ﬁ0(e))9 - [Vlgg® +VHTOGO—"C()TG()} (e)v (255)
(‘ET() (6)7360 (9))9 - |:E’E()(S() + UHT()G():P():| (9)7 (SH() (9)73’50 (9))9 = [Vllg(?zco} (e)v (256)

where HETOGOH(I,I():O;é 02400 l1> @0, 50,0 = 1,..., 7 < Ro, T0,00 = 1,...,Ro — rfy = ri and

rankH (@ao,rf(e))emj;QHq) = =7 <7, rankH (ETU(G),Ff:(G))ew]}QHq)I » =7 <7y (2.57)
- o=

G 5 ) s b S A
(@ﬁozlg?) (8) =0, (zl;’s 2710 1)(9) O3, L™, s = 1, L dy = 1,

14, v kgl e = k

s— 2 = ] —]

rankHZ P 9)H®:0 :];)(—1)  kon <Th_y, rank ZLagl '(0) o = ];) (=1) r}‘ilisikil = rILelis,
(&g Z'% " = (€, +Es,—gh,_, +ghy) (ZIZUUL? tbo 1 )E (®4,,0,71), (2.58)

where we have used the standard distribution [1, 3] of ghost number in TI7* Mcy .
A complete definition of the subsystem of second-class antisymplectic constraints {&,(8)} may be obtained directly from

Egs. (2.57) under the change <®aO,ZIZ§ ! Lf 2bo 1 L‘“) — (B, 25, L2, 1 L3). For L3 = 0 (LY = 0), the subsystem

’ S7
{®4,(0)} ({zto(e)}), is referred to as 1rreduc1ble first-class (second-class) antisymplectic constraints. The definitions in Eqs.
(2.55)—(2.58) generalize, to the case of reducible mixed antisymplectic constraints in the context of a dynamical LSM, the formal
definition [6, 23] of irreducible second-class antisymplectic constraints for 6 =0 .
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The presence of the reducible constraints {Z¢, } permits one to construct a so-called weak Dirac’s antibracket possessing all
the properties of the odd Poisson bracket on the constraint surface Z, = 0 by means of a degenerate odd Poisson—Dirac bivector:

ofg(0) = (T{(6).02(0))

= o%(0) (0)157(9) — L LEY%(9)

a3 (6) (@) )% @

with the quantities E©0% (I';(8)) determined on the surface Z¢, = 0, (A(T%(8)), Zx, (8))gp =0, for any A(I'(8)) € C=(ITT* M),

characterizing the Dirac antibracket, by the equations

E"0°0() (Ec(8), Epy (9))9 = 8%, — (an?dé})) (6).

(2.60)

The functions dg) (Tx(8)), €(dg), ) = &, +&, in (2.60) may be specified due to the consequence (Ezs,Z5") (8) &~ 0 of relations
(2.56), (2.58), applied to the constraints Er,(8) in the form (an‘l’d%‘) (0) ~ 8?1‘.

The fact that Dirac’s antibracket obeys the generalized Jacobi identity in the entire [TT* M or on the surface Z,(6) = 0 can be
extended according to the construction of a weak even Dirac bracket for infinitely reducible second-class symplectic constraints
[24] used to quantize the N = 1 Brink—Schwarz superparticle and the N = 1,d = 9 massive superparticle with the Wess—Zumino

term.

As in the case of the initial antibracket, there exists an odd weak nilpotent (on E¢,(0) = 0) Laplacian Ak (8), corresponding
to antibracket (-,-)gp, such that Dirac’s antibracket weakly equals to the failure of A¥ () to act as a derivative on the product of

two functions in C*(TIT* My ),

0= 90)—

(-1

d
—1
2 P arf(e)( are(e)

PpW,p )x(0) =

P’ whe(0) (T ().pn (TR(0).-) ). 6D

with an €-even density function pp(I'x(8)). The operator A¥ (8) generalizes the properties of its analogue for irreducible anti-
symplectic second-class constraints in Ref. [6], for U Hﬁgco =01in Egs. (2.56).

From the definition of Dirac’s antibracket and relations (2.56)—(2.59), there follows, for any first-class C*(I1T* M}, )-functions
[F, G](8) and arbitrary C*(I1T* M;,)-function K (), the validity of the weak equalities

(F(8),G(8))gp ~ (F(8),G(8))g, (F(8),(G(8),R(0))gp)gp ~ (F(8),(G(8),R(8))g)-

By virtue of the fact that SE(8) is a first-class quantity, the
Dirac antibracket generates the odd HS (2.54), where it is pos-
sible to change the antibracket (-,-)g by (+,-)gp. In turn, the
definition of the first-class constraint subsystem (2.55), with
allowance for relations (ref2.61), may be rewritten in terms
of Dirac’s antibracket with a weak equality which means an
equality modulo Z¢,(6). Note that in view of the inequality
ZIT{ #* Zg, the functional ZII% is not invariant under the general
gauge transformations 8,4 (0) due to the presence of the sec-
ondary constraints @%’l' (0).

III. ODD-LAGRANGIAN FORM OF BFV-BRST METHOD
APPLICATION
TO ODD-HAMILTONIAN LSM

Let us apply the BFEV-BRST method [11] to an LSM in
the odd Hamiltonian formulation which has been made more

85T (8) = (T1(8), 04y (8)) o, ™ (), (€,gh)u = (€, + (1,0,1),—1 — ghy, ), gh;, = gh(Og)),

(2.62)

complex by the presence of the (L3*,L5*)-reducible first- and
second-class antisymplectic constraints. The construction of
an analog S (0) of the BEV-BRST charge, encoding, in terms
of Dirac’s antibracket, the gauge algebra structure functions
of the antisymplectic first-class constraints ®, and the eigen-
vectors ZIZj’l ,s=0,...,L%, as well as the enhanced antisym-
plectic gauge transformations, can be described by a super-
field algorithm similar to the construction of the superfield
BV action in Refs. [1, 4]. Let us consider the gauge transfor-
mations (2.52) restricted in the minimal sector of superfields
{T'P(0)} = IIT* M for all first-class constraints O,

3.1
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which, due to the definition sasrj(e) =TP(O0+u) — rg(e) = ‘5@5 (8)u, (€, gh)u = ((1,0,1),—1) and the substitution, instead
of arbitrary 1 (6), u®(8) = di® (8), of the ghosts di (8) = C%(8)d#, (€, gh)C% = (&4, —ghy, ), are embedded into the odd
HS in IIT* M, with 2N equations (for u = d0)

96IL(8) ~ (TL(8).507(8)) gp » Sal(B) = (94,C%) (), (E,2h)Sal(8) = (0,0). 3.2)

In view of (2.58), the function Sg(f () is invariant, modulo Z, (), with respect to antisymplectic gauge transformations of ghosts
C%(8), with arbitrary functions 41 (8) € C=M, (€, gh)u™t = (€a,, —ghy, ).

§4C%(0) = (C%(8),04,(8)) 4,1 (8), O4 =Cj, Z1do (.2h)Ch, = (€4, +(1,0,1),gh;, —1). (3.3)

ap?
Making the substitution p%1(0) = di (8) = C%(0)d6 and extending r}) first-order equations in © with respect to unknown
C% (@) in transformations (3.3) to an HS-like set of 2, equations with the even Hamiltonian Sq|(I'x,Cj,C1) = (C;EOZIZ:?C‘QI )(8)
for unknown 391"0})" (0), l"go = (Cdo , C;fo) , we obtain a system of the form (3.2). An extension of the union of the latter HS with
Egs. (3.2) is formally identical to the system (3.2) under the replacement
Po

P %
(0 $a8(6)) — (T Sapy) + {Tg) = (0.1, I = (C*.G5,). Sayy = Sa +Sal }.

The iteration sequence related to a reformulation of the antisymplectic gauge transformations of ghost variables C%, ..., C%-2
obtained from relations (2.58), leads, for an L{*-stage reducible LSM at the s-th step, with 0 < s < L and FgL = F}i’ll , to invariance
transformations for Sgsfl (6), modulo the constraints ®;,, namely,

Sascﬁﬁl(e): (CdH(9)79@(9))9[)#&.?(9)7 [G)ﬁ.v?SQi [ : lzlas 1 Fk @a 1C s— 1} (9)’
(&, gh) [, Sai '] = [(Ea, + (s — 1)(1,0,1), —ghg +5—1), (6 0)]- (3.4)

The substitution % (8) = du®(8) = C%(8)d8 transforms the antisymplectic gauge transformations (3.4) to r;_; equations for
unknown C%-1 (0), extended by the superantifields of odd momenta C;H (0), into an HS on TIT*M;_| = {I‘ffl' }:

oIy (6) = (I (6).501(6)) . Sai(8) = (G, 25 (TIC™)(0), I} = (C*1.C, ). (3.5)

s— oD dg—1 dg

Having combined the system (3.5) with an HS in HT*?\/[[X = {FPX[‘FII]} of the same form with 391"P[“71]]] (6) and the even
BFV-BRST charge (Hamiltonian) ngf] ©0)=x_ ( ) and having expressed the result for 2 (N +Yj_,r;) equations with
ngﬁl (0) = (Sa [1] '+ 503)(8), we obtain, by 1nduct10n, the following HS:

as P as as as ~ Lzllg ﬁ ~
aer[Lis]](e) - (F[L[;;f(e) Sap) (8 )) . Saf}) (6) = (@docau Zc;\_,zlﬁ;;‘(rk)cas> (0). (3.6)
6D s=0

The even function SQ[LF]S(G) quadratic in the powers of @, FLQS] = [‘Pk( 0)= (cI)ﬂh(I)jqk)(G), Z=1,....N+ ):lLiSO ri, k=MIN}
with vanishing ghost number provided by the (€, gh)-spectrum for I1T* M-coordinates

(&,gh) C% = (&5, +5(1,0,1),—gh,, +s), (€ gh) = (:c:(qﬂk) +(1,0,1), -1 —gh(qﬂk)) :

is a solution of the classical master equation written in terms of Dirac’s antibracket trivially extended in IIT* M={I'}*(6) ,
k = MIN} with accuracy up to O(C?%), modulo @, (),

(SQ[LIT (0).Sa (e))eD ~ 0(C%). 3.7)

Additionally, the function SQﬁl]A (0) is subject to the BFV-like condition of properness in the sense that
5) p) SQL ( ) |:L‘f52+1:|
k

9 = 2 = 71 — as = Z17
ol (8) 31",?"(9) ;I_%S,} =0 2570 25—(L% mod 2)

rank

1, . R S . \
Ly = 5 (codim +codim )TIT"Z{ + 7 Y I (dim +dim_)TIT* 94, (3.8)
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where the codimension of the surface 3% = {T'%, (0)|@4,(0) = 0} is calculated with respect to IT7*Mcy.. The integrability of
the HS in (3.8) is guaranteed by a double deformation of SQ[LII] (0): first in the powers of fbqu(e) and then in the powers of

C&S(G), in the framework of the existence theorem [3] for the classical master equation in the minimal sector, in the case of a
purely topological theory (i.e., one without the potential term So(A) = S (4(0),0) in Sec. 2.1 presenting the classical action of a
standard gauge model for (ep); = (ep); = (ep)s, = 0):

(S (Tk(8)), Sk (Tk(8)) ) ~ 0, (€, h) Seus = (0,0) , k = MIN. (3.9)

Theorem 3 : There exists a solution of equation (3.9), in IIT* Myn, as a power series in the ghost coordinates @Zjh(e) =

{C9(8), s =0,...,L%}, subject to the boundary conditions

[S0(6). (S0x(8).C5,(6)) g (€7 (8).50(8) g+ G5, (6)) g 0, -0 = [0:@a 215 '] 9.

and to the condition of properness (3.8) written for Sq.(0).

(3.10)

A sketch of a proof: the proof of Theorem 3 repeats the Koszul-Tate construction in Hamiltonian formalism [15] for the

antisymplectic case.

IV. CONCLUSION

Let us summarize the main results of the present work.

We have examined a 0-local description of an arbitrary de-
generate reducible superfield theory as a natural extension of a
usual gauge theory, defined on a configuration space M1|9:0
of classical fields A, to a local superfield model. Namely, we
apply Dirac’s algorithm to realize an odd Hamiltonization of
a Lagrangian degenerate local superfield model (LSM), being
an extension of a usual gauge model of classical fields A’, i =
1,...,n =n4 +n_, on a configuration space M, to a 8-local
theory defined on an odd tangent bundle Tygg Mcr, = IIT Mcy,
={a',004'},1=1,....N=N; +N_, (ny,n_) < (N+,N-)
with N4, (N_) bosonic (fermionic) superfields. The gener-
alized classical superfields 4'(8), 4'(8) = A’ + '@, para-
meterize the base Mcr, (M C Mcy) of the bundle TIT My,
and transform with respect to a J-superfield representation
T of the direct product of supergroups J,P: J =Jx P, P =
exp(iupg), with J chosen as a spacetime SUSY group, and ,
po being the respective nilpotent parameter and generator of
@-shifts. The non-Lorentz character of superfields 4!(0) de-
fined on M = {(ZM,G)} = {ZK}, M cicCl, is reflected by
a possible inclusion in their spectrum of additional, besides
(), superfields corresponding to the ghosts of the minimal
sector in the BV quantization scheme. Following the BFV
prescription, we construct their 6-local counterparts on the ba-
sis of a complete system of antisymplectic constraints and a
Hamiltonian action Sy, (6) defined on IIT* Mcr = {47, 4; },

a bosonic BRST charge S (0), a unitarizing Hamiltonian ac-
tion S4(0), and a gauge fermion Fy(6). We specify to the
case of a singular LSM a derivation of Lagrangian and Hamil-
tonian master equations from Noether’s first theorem applied
to O-shifts, and establish a relation between the complete
Hamiltonian action, Sy (0) = S4,(8) 4 (Sa(8), Fy(6))gp. con-
structed via 0-local Dirac’s antibracket, and the quantum ac-
tion of the BV method.

We have constructed an odd-Hamiltonian formulation for
an LSM starting from an odd Lagrangian in the case of a
degenerate Hessian supermatrix [|(S});s|| (6) as the superma-
trix of second derivatives of the Lagrangian classical action,
SL(8) = SL.(A(8),064(0),0), with respect to odd velocities
(094!,0027) (6) on the basis of Dirac’s algorithm in terms of
a O-local antibracket. We apply the BFV method to a con-
struction of formal counterparts of the BFV-BRST charge,
gauge fermion and unitarizing Hamiltonian of a 7-local field
theory in terms of a 8-local Dirac’s antibracket, reflecting, in
view of general gauge invariance, the presence of a subsystem
of second-class constraints among all of the antisymplectic
constraints. We present a plan of establishing a correspon-
dence between the resulting odd-Hamiltonian formulation of
an LSM with the BV quantum action for a gauge model cor-
responding to an LSM.
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