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Path Integral Quantization and the Ground-State
Wave Functional for Multiplier Scalar-Vector
Field Systems
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With the help of path-integral quantization and Fradkin’s approach, we obtain a
new representation in the Schrédinger picture of the multiplier scalar-vector fields
and the ground-state functional. We show that the model is equivalent to free
scalar fields with the same mass.

Recently, Fradkin (1993) formulated a relationship between the path-
integral partition function and the absolute value squared of the ground-state
wave functional in the Schrodinger representation. This method has been
used to calculate the ground-state wave functional of a number of models,
e.g., the Thirring—Luttinger model, coset models, and the Sutherland model
(Fradkin and Moreno, 1993). In particular, it was shown that the wave
functionals of the liquid ground states of fractional quantum Hall systems,
in the thermodynamic limit, are universal at long distances and they have a
generalized Laughlin form (Lopez and Fradkin, 1992). In previous work
(Feng and Qiu, 1995) we obtained the correct ground-state wave functional
for the Maxwell-Chern—Simons model using this method, and showed that
Fradkin’s approach can apply to singular systems without special difficulty
and that the Maxwell-Chern—~Simons model does not have fractional statis-
tics. In this paper we quantize the multiplier scalar-vector fields model pro-
posed by Li (1991) by path-integral quantization. We find that the model is
equivalent to a model of free scalar fields with equal masses.
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The Lagrangian of the model considered is
L = — {FWF,, + Im*A*A, — mA,0%¢ + 16%¢d,¢ )

where F,, = d,A, — 9,A,, and ¢ is called the multiplier scalar field. The
canonical momenta are given by definition as

11'“=:§%=F“°, ﬂ=%=¢—on )

The Poisson brackets are
{m(x), A (N }i0=y0 = —8d(x — y) 3
{7(0), e(N}10=y0 = —d(x — y) Q)

The canonical Hamiltonian is
=74, +7¢ - &
[ ) 1,2 1 i
= 711"11',- + 3T + TF,-J-FU

—ImAAT — L0i0dp + mAdp + Ay(mm — 3;m) 3)

(i=1,2,...,d, the spacetime is assumed of dimension D = d + 1). From
equation (2), we have the primary constraint
@ =1"~0 6)
so the total Hamiltonian is
HT = J ddx %T = ‘[ ddx (%c + )\(X)(gl) (7)
where A\(x) is the Lagrangian multiplier. From
{6, Hr} ~ 0 ®
we have a secondary constraint
G, =mm —om=~0 )

It can be checked that there exist no further constraints and the constraints
6,, 6, are first class

(€, 6} ~ 0 10)

So there should be two gauge-fixing conditions (Dirac, 1964). In the
(D = d + 1)-dimensional case, the physical phase space is of dimension
2(D + 1) — 4 = 2d. We choose the first gauge condition as the familiar
Coulomb condition
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Ql = aiA,' =~ () (11)

The consistent condition ), ~ 0 and the definition of 7' suggest that the
second gauge condition could be chosen as

Qz = 6,-11'i - 6i6iA0 ~ (0 (12)
Since Det{{), €;} = const, the source-free partition functional is

ZI0) = f D DA, DT D 8(6,)3(6,)d(£2,)8((2,)

X exp{i J dPx (w*A, + me — %c)} (13)

Because of 8(%6,), 8(£),), the last term and the term A'd,p in ¥, can be
neglected. Since

3(Q),) = const-d(4, — V29,7 (14)
70 and A, can be integrated first,

Z[0] = f?l)’n'" DA; D Do 8(6,)d(Q))

X exp{i J dPx (wiA,- + wp

1 1 | - 1 A
+ - wim, — - W — — FIF,; + - A A + = d¢d;
> ™, 3 T 1 F; > A 3 a<pa,q>)} (15)

After integrating 1, we have

. di 1. N 1 o
Xexp{zfd”x [W(Ai—’—n-(?icp)+§’rrK,~ﬂr’

1. 1 A
— - FYF. + = A;A' + — 9'p0;
a FYF; 2A,A > acpa,(p]} (16)
where K; = m; + (1/m*)d;0;. Integrating 7' gives

X AU(A,- - 'rlfl a,¢) - %F"J'F,j + -;—A,-A" + % o a,.cp]} (17)



where

o'y

M=

V2 = —-6'9,-

Because of 8({),), the first term in the exponential is

1/, 1 1 1

2
Since
R v7)

N .
o WM = b ¢

m
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AWZ A\ N

(19)

we may define a new scalar field ¢ which is a new representation of the

original field ¢,

_V2
b=

So

(20)

s oMo + 2 Fede = 1[0 + GV 0] QD)

2m?

Hence

2

2

+ l mZAiTAiT + % (i)2 + ';'¢(V2 - m2)¢]}

(22)

where Ay is the transverse part of A: A; = (n; + a,.a,./VZ)Af. We can rewrite

Z]0] as

ZI0] = J DA Db CXP{—% i J dPx [A(a*9,, + m*Ay

+ d(o*a, + m2)¢]}

(23)
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Incorporating external sources Jy J, 3;/- = 0, we have

Zl)r, J1 = J DA;r D exp{iJ dPx [——;— A(9*d, + mHAr

- -21- d(3*9, + mHd + JTA + Jd)]} 24)

The absolute value squared of the ground-state wave functional is (Fradkin,
1993; Feng and Qiu, 1995)

1WA, b]1°

— f DI %) DI(X)

x (exp{ —i j dx [JH(0A(x) + J(x)¢(x)]})z,o 25)

where
Z,, = Z1I 1, I i3109=370086°- 1) S =S80~ 1)
1. . )
= eXP{—§ i f d* d% [ (x)Gy(x — YWY + J®G(x — y)J(y)]}
(26)

eik(x—-y)

Gx—y= (2;),, f d%k o)’ Gij(x —y) = —m;G(x — y) 27
and o(k) = Jk? + m?. So
IV, [Ar, $11% = Nexp{—Z J d% (0 /—V% + m*¢p (28)

. A,szTm,)}
It can be easily checked that
Vi[Ap ] = N exp{—j d% (b/—V* + m*$ 29

+ AT\/ _VZ + m2AT)}
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It can be seen from equation (24) that the model is equivalent to d free
scalar fields with the same mass m. In the case d = 2, we may define a
scalar field associated with Ar,

9;
_— V2

The model is then reduced to a model of free fields ¢’, ¢ with equal masses m.
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