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*** Restricted Gauge Theory of QCD,

a la Cho et al.: Motivations and Recap of Basics:

— understanding of QCD and the confinement mechanism is important

— one hopes that the confinement could be explained by condensation of
the non-Abelian monopoles

the dual dynamics of RQCD: — restricted by the Abelian projection of the
QCD potential plays an important role in the confinement of color

** dual dynamics of RQCD describes the interaction between the
chromo-electric gluon and the chromo-magnetic monopole
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Dual dynamics of RQCD is non-trivial because it describes

the dynamics of a constrained system

Restricted gauge theory of QCD, due to Cho et al. and others, makes use
of a mechanism called Cho-Faddeev-Niemi- decomposition (CFND) or the
Cho-decomposition (CD)

CD is a gauge-independent decomposition of the non-Abelian potential A,
into the restricted potential A, (RP) and the valence potential X,, (VP)

v

— the advantage of CD is that it clarifies the topological structure of the
non-Abelian gauge theory

— and it takes care of the topological features in the dynamics of the theory
o
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In fact, it is well known that non-Abelian gauge theory has rich topological
structures manifested by the non-Abelian monopoles, the multiple vacua
and the instantons. )

in view of this, the so-called topological features need to be taken into
account properly in the non-Abelian dynamics.

an important consequence of this CD is that it allows

to view QCD as the restricted gauge theory:

— made of the restricted potential (RP) which is coupled to a
gauge-covariant colored vector field (the valence potential (VP))

Daya Kulshreshtha (Delhi-lowa Collaboration) LFQ of RQCD, September 23, 2015



The restricted potential is defined in such a manner that it allows us to
introduce a co-variantly constant unit iso-vector (/i) everywhere in
space-time which enables one to define the gauge-independent color
direction everywhere in space-time

— and at the same time it allows one to define the magnetic potential of
the non-Abelian monopoles.

also, this RQCD has the full SU(2) gauge d.o.f. even though it is restrictedj

— consequently, RQCD made of the RP, describes a very interesting dual
dynamics of its own
— and plays a crucial role in the understanding of QCD.
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— a natural way to accommodate the topological dof into the theory is to
introduce a topological field (/) of unit length and to decompose the
connection into the Abelian projection part (RP) (which leaves (/) a
covariant constant)

— and the remaining part (called VP) which forms a covariant vector field

v

CD helps in the clarification of the topological structure of the

non-Abelian gauge theory, and it also takes care of the topological features
in the dynamics.
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The restricted QCD is a constrained system, due to the presence of the
topological field i which is constrained to have the unit norm.

The theory is seen to be gauge-invariant (Gl) possessing a set of first-class
constraints. We quantize this theory under appropriate gauge-fixing
conditions (GFC's)

CFEND/CD is gauge-independent, and consequently:

— for a given A,
— one can have infinitely many different decompositions with different A,
and X,, by choosing different A

— and equivalently for a given or fixed A
— one can have infinitely many different A, which are gauge equivalent to
each other
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A natural way to identify the monopole potential is to introduce an
iso-triplet unit vector field /i (of unit norm)

(which selects the Abelian direction (i.e., the color change direction) at
each space-time point).

this also decomposes the connection into the restricted potential (called

A

the Abelian projection) A,
and the remaining valance potential X,,.

Introduction of the topological field A (of unit norm)
also introduces the topological degrees into the theory.
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We introduce a topological field A of unit norm, and we decompose the
connection into the Abelian projection part which leaves A a co-variant
constant and the remaining part which forms a co-variant vector field:

A, = Aui-—

A, = A-A, , P=1

where A, is the “electric” potential and the Abelian projection /A\M is
precisely the connection which leaves 7/ invariant under the parallel
transport and makes /A a covariant constant:

Duh=0,a+ghA, xi=0
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1 R
A, = [Auﬁ—gﬁxauﬁ]+xM=AM+xu (2)
- 1
A, = [Auﬁ—gﬁxauﬁ] , AP=1, A-X,=0
u = ﬁ‘AA,u )
= A-[A,+X,] = A-A,+i-X,
1
= A-[Aufi— =Ax 0,0
[Auf = 57X Ol
1
= AufA-A— =h-(Ax0,h)
g
= Au
= A-A,
A =1, AxA=0

Daya Kulshreshtha (Delhi-lowa Collaboration) LFQ of RQCD, September 23, 2015 11 / 50



Also, under the infinitesimal gauge transformation:

dh=—-axh , 0A,=—-D,a

one has

D.a , 60X, =—-axX,

This shows that A" by itself describes an SU(2) connection which enjoys
the full SU(2) gauge dof.
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The restricted potential Au actually has a dual structure and the field
strength made up of the restricted potential is decomposed as:

/:\;w - (F,uu + H,ul/)ﬁ ) ,ul/ - (a A - &JA#) (3)
Hy = — éﬁ - (Ouh x 9,h) = (9,C, — 8, C,)

Here A, is the electric potential and C,, is the magnetic potential.
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Also one has the identities:

~ ~ 1
OyHuw =0 , H, = EGW,MHW

This allows one to identify the non-Abelian monopole potential by:

1
C,=——nxa,h
w g W

in terms of which the magnetic field is expressed as

1
i = @l Sy = BWCm I (S, X (6 = —E(‘)Mﬁ X Gftl = i (4)
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With the above connection (albeit decomposition) one has:

Fu = (Fuw+Huw)d+ DX, — DX, +gX, xX,
A-Xy = 0, A-DyX,=0

(5)

and for the Yang-Mills Lagrangian density one has:

. 1p a0 14 - gp
L‘, = —ZFMVF'M - E(DMXV - DVXM)z - EFMV : (xll' X XV)

2
g A 2
— 5 (X x X, )2 + A% — 1) + Aufi - X,

(6)

v
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where A and ), are the Lagrange multiplier fields.
The Lagrangian density of the so-called restricted gauge theory made of
the Abelian projection without X, is therefore defined by:

La o .
L= |=7FwF" + (A% - 1)

The theory defined by the above Lagrangian density has a full SU(2)
gauge invariance

— and it describes the dual dynamics of QCD with the dynamical degrees
of the maximal Abelian subgroup U(1) as the electric component and the
topological degrees of SU(2) as the magnetic component.
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Hamiltonian and
Theory of QCD»>

Path Integral Formulations of the Restricted Gauge

We now consider the quantization of the above restricted gauge theory of

QCD, (made of the Abelian projection without X,,) defined by the
Lagrangian density:

- 1. R
L= |=3Fuf" 4+ M@ - 1)}
[ 1 nv a2
= _ZGILVG —i—)\(n —]_)
1
— [+ HdE 1) £ X - 1)
= [ reE e e e @
= | =g FwF" = SR HY = FHW HY + XA~ 1)
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In the IFQ the above Lagrangian density reads:

1 1 1
L = 5((90/41 — 81/40)2 + E(aoAl — 81A0)¢ + @432 + )\(ﬁ2 — 1)%7)
¢ = [aoﬁ o (ﬁ X 81ﬁ)]

Here ® is a pseudo scalar topological field constructed out of the

topological field /i (of unit norm) and its space derivative (01/) as well as
its time derivative (Jpfi), as defined above.

Here, the vector field /i is an O(N) vector and O(2) scalar and other fields
(Ao, A1, A) are O(N) scalars and O(2) scalars

— and equivalently n? (with a = 1,2,....N) represents a multi-plet of N real
scalar fields in 2D.

In fact, the vector field /i or n® maps 2D space-time onto N-dimensional
internal sub-manifold whose coordinates are n?
(a is the QCD color index).
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The canonical momenta obtained for the above theory are:

oL oL

Ny, = =0, MN=—"—"—-=0 8
A A(9oN) 9(9oA0) (8)
oL 1
E(:=N) = —= = (A1 — 1 Ag) + - 9
( ) (00A1) (GoA1 — 01A0) 2 9)
R oL 1 R R
I'Iﬁ = 8(80ﬁ) = g(aoAl — 81A0)(n X 61n)

Here My, M° E(:= M), and [1; are the momenta conjugate canonically
to A, Ao, A1, and 7 respectively.

The above equations however, imply that the theory possesses three
primary constraints:

Xlzn,\zo,Q1=n0%0,¢1:ﬁ-ﬁﬁ%0
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The symbol ~ here denotes a weak equality (WE) in the sense of Dirac,

— and it implies that these above constraints hold as a strong equality only
on the reduced hyper-surface of the constraints and not in the rest of the
phase space of the classical theory

— (and similarly one can consider it as a weak operator equality (WOE) for
the corresponding quantum theory).

The canonical Hamiltonian density of the theory reads:

1
HN = 5/52 + Ed1 Ay — M(A%2 — 1)
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After including the primary constraint x1, €21, and %1 in the canonical
Hamiltonian density H. with the help of Lagrange multiplier field u(x, t),
v(x, t) and w(x, t) which are treated as dynamical, the total Hamiltonian
density of the theory H 1 could be written as:

1
HY = 552 + E0 A0 — M(A2 — 1) 4+ xqu + Qv + 1w

The Hamilton's equations of motion of the theory that preserve the
constraints of the theory in the course of time could be obtained from the
total Hamiltonian: Hr = [ Hrdx?

— Demanding the preservation of PC's x1 and €3 for all time leads to the
secondary Gauss-law constraints 2 and €2, respectively:

X2:(ﬁ2—1)%0, ng@lE%O
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The preservation of 7 for all times does not lead to any secondary
constraint.

— The preservation of x> and €, also does not lead to any new constraints.

— The theory is therefore seen to possess a set of five constraints:

=
(=)

—_~ o~ o~ o~
=
N

~— ~— ~— ~—

pr = Q,=n"~0
p2 = w=0E~=O0
p3 = x1=Ih=0
pp = xo=(F-1)~
ps = Y1 =h-N;=~0

The non-vanishing matrix elements of the matrix R, of the Poisson
brackets among these constraints p; are:

R45 = —R54 = 2ﬁ25(X — y)

v
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Matrix R,gs is clearly singular implying that the set of these constraints
p; is first-class and that the theory under consideration is GlI.

In fact, the theory is seen to be invariant under the LVGTs:

1

tQ)
Q
>,

SN = SE=46N,=06M;=06MN,=6N,=6

=
S

Il
o

where gauge parameter a(x, t) is an arbitrary function of its arguments.
Components of the vector gauge current (J* = JO, J1) are:

L = /dxodxl J°= / dx%dx?! [;310é<30/41 — 01A0 + ;q))] (15)

1 1
o= /dXdel jt= / dx®dx’! [ — ana <30A1 — 01A0 + g¢>]
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The non-vanishing equal-time Dirac brackets (DB's) of the theory under
the gauge-fixing conditions:

GQ=Am0,G=A1~0, G=A~0

are obtained as:

(Mx0) . b0 Obom = 5 (18—t Jox—y) (19
(R0ct) M oe = g (wMh- B )alx—y)  (a7)
(Mx,0), . )oe = (w5 — M20® )o(x - »)

Here one needs to remember that while making a transition from ETDB's
to the ETCR'’s using the DQR one needs to take in to account the
problem of operator ordering — (which occurs here because the results of

the ETCR’s involve the product of the operators).

Daya Kulshreshtha (Delhi-lowa Collaboration) LFQ of RQCD, September 23, 2015 24 / 50



Light-Front Quantization (LFQ) of the theory:

We now consider the LFQ of the theory on the hyperplanes defined by the
equal light-cone (LC) time (7 = xT = %(x0 + x1)) = constant, using the
Hamiltonian, path integral and BRSTQ procedures under appropriate LC
GFC's.

In LFQ the Lagrangian density of the theory reads:

L =

1 1 1
(AT — O AT+ Z(OLAT - AT )+ % (1
2(8+ 0-A7) +g(3+ 0-A7) +2g2 (18)

Here & is another topological scalar field constructed out of the
topological field 7 (of unit norm) and its space derivative (0_1) as well
as its time derivative (04.7), as defined above.
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Here, the vector field /i is an O(N) vector and O(2) scalar and other fields
(AT, A=, \) are O(N) scalars and O(2) scalars

— and equivalently n? (with a =1,2,....N) represents a multi-plet of N real
scalar fields in 2D.

In fact, the vector field A or n® maps 2D space-time onto N-dimensional
internal sub-manifold whose coordinates are n?
(a is the QCD color index).
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The canonical momenta obtained for the above theory are:

. oL _ + oL .
W= ey =0 T T A = (19)
. 1
n- = a(8+A+)_(8+A J0_A )+gd>
A oL
o = 8(8+ﬁ)

1 \ya R I A
= E(6+A+ —0_A7)(A x 0_nh) + ?Cb(n x 0_i)

Here My, M*, M~, and [1; are the momenta conjugate canonically to A,
A=, AT, and A respectively. These equations imply that the theory
possesses three PC's:

yi=M~0, \=Nt~0, Yy1=A-My=~0
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The symbol ~ here denotes a weak equality (WE) in the sense of Dirac,

— and it implies that these above constraints hold as a strong equality only
on the reduced hyper-surface of the constraints and not in the rest of the
phase space of the classical theory

— (and similarly one can consider it as a weak operator equality (WOE) for
the corresponding quantum theory).

The canonical Hamiltonian density of the theory reads:

wV = [ rn Aty — A — 1)
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After including the primary constraint x1, €21, and %1 in the canonical
Hamiltonian density H. with the help of Lagrange multiplier field u(x, t),
v(x, t) and w(x, t) which are treated as dynamical, the total Hamiltonian
density of the theory H 1 could be written as:

1
HY = [5(M7) +N7(0-A7) = \(#* = 1) + xau + Qv + trw

The Hamilton's equations of motion of the theory that preserve the
constraints of the theory in the course of time could be obtained from the
total Hamiltonian: Hy = [ Hrdx™

— Demanding the preservation of PC's x1 and €3 for all time leads to the
secondary Gauss-law constraints 2 and €2, respectively:

Xo=(A—-1)=0, W =0_-MN" =0
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The preservation of 7 for all times does not lead to any secondary
constraint.

— The preservation of x> and €, also does not lead to any new constraints.

— The theory is therefore seen to possess a set of five constraints:

pp = w=N"=0 (20)
pp = Q=0_N"~0 (21)
p3 = x1=1IMh=0 (22)
pe = x2=(AP-1)~ (23)
ps = Pr=1 MN~0

The non-vanishing matrix elements of the matrix R, of the Poisson
brackets among these constraints p; are:

R45 = —R54 = 2ﬁ2(5(X7 — yi)

v
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Matrix R,gs is clearly singular implying that the set of these constraints
p; is first-class and that the theory under consideration is GlI.

In fact, the theory is seen to be invariant under the LVGTs:

JA,

snt

where gauge parameter a(x, t) is an arbitrary function of its arguments.
Components of the conserved vector gauge current density (j* = j1,/7)

are:

it = [;a_a(fmﬁ — 0 A + élrd>>] (25)

i~ = {— gl_a+a <a+A+ —O0_A + 1¢>}

1 1 1
Zh-0,8 = -0y, A= -0,a, A=Axa=0 (24
g iz g“ g+ ( )
SN~ = oMy = 8, = 6N, = 6N, =4M, =0

g
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The theory could now be quantized e.g., under the following gauge-fixing
conditions (GFC's):

G=Ar0,=AT~0,G=A =0

The total set of constraints of the theory under these GFC's becomes:

&L = m==N"=0 (26)
& = p=Q2=0_MN =0 (27)
& = pp=x1=M=0 (28)
& = pp=x2=("-1)=~0 (29)
& = ps=ty1=~A-fz~0 (30)
& = (=)=~ (31)
& = G = At ~ (32)

g = BG=A"~=
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The non-vanishing matrix elements of the matrix M,z of the PB's among
these constraints &; are:

Mig = —Mg = *5(X_ = y_) (33)
My; = +Mp=—-0_0(x" —y7) (34)
Mg = —Mg3 = —(5(X7 = y*) (35)
Mis = —Msy=+2A%5(x" —y~)

The matrix M,z of PB's of the constraints &; is non-singular implying that
the constraints &; form a set of second-class constraints.

Theory could now be quantized using the Dirac’'s HF as well as using the

PIQ.

— Square root of the absolute value of the determinant of this matrix M,z
is:

[[|det(Mag)|[]2 = [282(3(x~ = y))*0-0(x~ — y)]
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The non-vanishing equal-LC-time 7 = x™ = y™ Dirac brackets (DB's) of
the theory are:

(M0, Al ™ os = ﬁl?(”ang— ﬂznb)é(x— ~y7) (36)
{n*(x77) . My~ 7)}oe = ﬁlz<nang - nznb>5(x— )

M3, 7) , nP(y~,m)oe = ‘ﬁ§<nang_ngnb)5(x_y)

Here one needs to remember that while making a transition from ETDB's
to the ETCR'’s using the DQR one needs to take in to account the
problem of operator ordering

— (which occurs here because the results of the ETCR's involve the
product of the operators).
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Also for the later use, for considering the BRST formulation of the theory
we convert the total Hamiltonian density of the theory into the first order
Lagrangian density L :

+ |_|u8+u -+ I_IV8+V -+ HW8+W — HT:|

— B(a+A+ —0_A")? - 222¢2 + A(A? — 1)] (38)

v
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In the PIQ the transition to quantum theory is made by writing the
vacuum to vacuum transition amplitude for the theory

— called the generating functional Z[Ji] of the theory
— (following the Senjanovic procedure for a theory with a set of 1ICC's)

under the GFC's in the presence of the external sources: Jj as:

Z[J] = /[d,u] exp [i/dx+dx_ [Jkd>k + MO A+ TTTOLA™
+ N 0LAT + 01504 A+ Nudyu+N,0.v
+ I'IW8+W—HT” (39)
where the phase space variables of the theory are:

dk = (N, A=, At A, u, v, w) with the corresponding respective canonical
conjugate momenta: M, = (My, 0", 0,40, , M,,M,).
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The functional measure [dy] of the generating functional Z[Jk] under this
gauge-fixing is obtained as:

[du] = [[2A%(3(x~ — y7))*0-0(x™ — y 7 )IldAI[dA][dA][d ] [du]

[av][dw][dM,\][dM*][dN~][d 4] [dpu][dpy][dpu]
S[NT ~ 0]6[0_N~ ~ 0]6[M, ~ 0]5[(A> — 1) ~ 0]

8[A - N ~ 0]6[\ ~ 0]6[AT ~ 0]0[A~ ~ 0] (40)

The Hamiltonian and path integral formulations of the theory are now
complete.
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For BRST formulation, we rewrite the theory as a

quantum system that possesses the generalized Gl called
BRST symmetry

For this, we first enlarge the Hilbert space of our Gl theory and replace the
notion of GT, which shifts operators by c-number functions, by a BRST
transformation, which mixes operators with Bose and Fermi statistics.

We then introduce new anti-commuting variables ¢ and ¢ (Grassman
numbers at classical level and operators in the quantized theory) and a
commuting variable b such that (with 62 = 0):

. 1 . 1 A

N = —0ic, A" =—-0,c, 0AT =—0_c, du=—0,0:c(41
zt z " g 1 04c(41)

SN, = ént=4én-=én,=4n,=4n,=4n, =0

6Ap = bv=4w=0,6c=0,dc=b,5b=0
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We now define a BRST-invariant function of the dynamical phase space
variables of the theory to be a function f such that 5f = 0. Now the
BRST gauge-fixed quantum Lagrangian density LgrsT for the theory
could be obtained by adding to the first-order Lagrangian density L9, a
trivial BRST-invariant function, e.g. as follows:

1 1 .
LersT = |5(0+AT - O_A) — ?qﬂ + M(A* —1) (42)
: 1
+0[C(g04 A™ + g0-AT — gd AT + 5b)]

The last term in the above equation is the BRST-invariant gauge-fixing
term.
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Proceeding classically, the Euler-Lagrange equation for b reads:
—b=(g0;A” +g0_A" —gd,A")
The requirement 6b = 0 then implies
—6b = g0, 6A" + gd_6A" — g0, 0AT

which in turn implies
8+8+C =0

Above equation is also an Euler-Lagrange equation obtained by the
variation of LgrsT with respect to C.

The bosonic momenta is defined in the usual manner:

0
n+ .= WEBRST =gb
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for the fermionic momenta with directional derivatives we set

E) Ef
Ne = LBR5T8(6+C) =0,¢ M= mEBRST =0yc  (43)

implying that the variable canonically conjugate to ¢ is ( 94¢) and the
variable conjugate to € is (04+c). The Hamiltonian density has to be
Hermitian s.t.:

%BRST = |:|_|)\8+>\ -+ |_|+8+A_ + |—|_3+A+ -+ ﬁﬁ . 8+ﬁ + |_|u8+u (44)
+MN,0.v+MN,0+w + ”C(8+C) T (84.5)”5 = »CBRST:|
A 1
= [I’Iu8+u +M,0pv+ - MNaw + 5(|'|—)2 — A(A% = 1)

1
+M~0_A" + §g2b2 + MMz — gb(04 A~ — 9L AT + 8A‘)]
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The consistency of the last two equations could now be easily checked by
looking at the Hamilton’s equations for the fermionic variables. Also for
the operators ¢, ¢,0+c and 04C, one needs to satisfy the anticommutation
relations of dyc with € or of 0, with ¢, but not of ¢, with €. In general,
¢ and ¢ are independent canonical variables and one assumes that

{Ne,Ne} ={¢,c} =04+{¢,c} =0, {0+, c} = (-1){0+¢, ¢}

where { , } means an anticommutator. We thus see that the
anti-commulators in the above equation are non-trivial and need to be
fixed. In order to fix these, we demand that c satisfy the Heisenberg
equation:

[C,HBRST] = I'({9+C

and using the property c> = ¢? = 0 one obtains

[, HersT] = {0+¢, c}(0+¢)
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The last three equations then imply :

(048, ¢} = (~1){0,c, 8} = i

Here the minus sign in the above equation is nontrivial and implies the
existence of states with negative norm in the space of state vectors of the
theory.

— The theory is infact, seen to posses negative norm states in the fermionic
sector. The existence of these negative norm states as free states of the
fermionic part of Hgrst is, however, irrelevant to the existence of physical
states in the orthogonal subspace of the Hilbert space.

The BRST charge operator Q is the generator of the BRST
transformations. It is nilpotent and satisfies Q%> = 0. It mixes operators
which satisfy Bose and Fermi statistics.
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The BRST charge operator of the theory is:

Q= /dx[ (O-N~ 4+ A% —1) —id c(Nt + Ny +A-f5)

The Hamiltonian is also invariant under the anti-BRST transformations
given by:

5 = —18+E,5A__—;8+E, §A+:—;8_‘,§ :—fa+&45)
5 = SNt =én-=4m, =sn, =6n, =én, =0
6p = Sv:SW:O,szo,Sc:—b éb=0

with the generator or anti-BRST charge:

Q = /dX— [—If(an_ = A% — 1) I 16+E(I'I+ + Iy +h- ﬁﬁ)

v
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Hamiltonian density: HpgrrsT of the theory finally reads:

1 1
HBrsT = gr+WﬂA——M#—n+§gE+nmf

We also have

0;+Q=[Q,HersT] =0 , 9:Q=[Q,HgrsT] =0

with  Hprst = [ dx Hprst and we further impose the dual conditi

that both Q and Q annihilate physical states, implying that:

Q) >=0 andQY >=0

on

The states for which the constraints of the theory hold, satisfy both of
these conditions and are in fact, the only states satisfying both of these
conditions
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Thus the only states satisfying @|¢) >= 0 and Q| >= 0 are those that
satisfy the constraints of the theory.

Now because Q|¢) >= 0, the set of states annihilated by Q contains not
only the set of states for which the constraints of the theory hold but also
additional states for which the constraints of the theory do not hold in
particular.

This situation is, however, easily avoided by additionally imposing on the
theory, the dual condition: Q|¢) >=0 and Q¢ >= 0.
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Thus by imposing both of these conditions on the theory simultaneously,
one finds that the states for which the constraints of the theory hold
satisfy both of these conditions and, in fact, these are the only states
satisfying both of these conditions

because in view of the conditions on the fermionic variables ¢ and ¢ one
cannot have simultaneously ¢, d;c and ¢, 0,¢, applied to |[¢) > to give
zero.

Thus the only states satisfying @|¢) >= 0 and Q| >= 0 are those that
satisfy the constraints of the theory and they belong to the set of
BRST-invariant as well as to the set of anti-BRST-invariant states.
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In this work we have studied the Light-Front Hamiltonian, path integral
and BRST quantization of the restricted gauge theory of QCD; a la Cho
et al.

We have studied its quantization using the Hamiltonian, path integral and
BRST formulations, in the usual instant-form (IF) of dynamics (on the
hyperplanes: x* = 7 = constant).

** The theory is seen to be gauge-invariant (GI) possessing a set of
first-class constraints. We have quantized this theory under appropriate
gauge-fixing conditions (GFC's) using the Hamiltonian, path integral and
BRST formulations. )
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Also, it is important to emphasize here that the BRST (gauge) symmetry
of the present theory is maintained even under the BRST gauge-fixing.

** This is in contrast to the Hamiltonian and path integral quantization of
the theory under gauge-fixing, where the gauge-invariance of the theory
necessarily gets broken under the gauge-fixing.

** 1t is therefore desirable to achieve the BRST quantization of the theory
also if possible. This then makes a kind of complete quantization of the
theory.

Thanks for your kind attention.....!!!
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