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Intreduction

The method of BRST quantization of Batalin-Fradkin-Vilko-
visky (BFV) [1] permits a large choice of gauge fixing for
the quantum action of the relativistic spinning particle [2].
It leads to a class of second-quantized field theory actions.
We prove in this work that one can choose such a gauge fixing
function W , that the second quantized action of the particle
with spin 1/2, as in the case of a spinless particle [4].,
will have a linear supersymmeiry instead of a nonlinear BRST
symmetry.

When edding an interaction in the supersymmetric manner,
the obtained supersymmetric field theory coincides with that
[3] obtained from stochastic quantization.

Such an approach to the second quantization can be useful
for the construction of the string field interection and the

analysis of the string perturbation theory.

1., The First BRST Quantization

Let us consider the naive action for the pasrticle with

spin 1/2 end mass m [7]

5=gd'c(prﬂ+sf§P+ 8 8~ ALy~ ALip) (1)
~here 35, y B, are the ordinary coordinates and momenta,



respectively; SF and Ss are real Grassman variables des-

cribing *the sping; Ly, Lz are the first-class constra’ats
{ 2 2 = M
L=z (P-m*), L=B 5"-ms5,

satisfying the following conditions:

{Low}=0, {L,l}=2L, {L,L}=0.
The action (1) has a local supersymmetry defined by two gene-
rators L, ’ LZ (superreparametrization).
L.et us apply the BRST quantization of BFFV to this system.
The phase space has the following additional variables:
1) canonical momenta ﬁi and ﬁTx for Lagrange multipliers
A and X

2) a pair of Grassman ghosts C and C and a pair of

-e

boson ghosts § and S
3) canonical conjugate momenta for ghosts and antighosts:g ,5
for ¢ , C and % . Pg for & , S . The BRST charge

is defined as:

Q= CLI1 +SL¢2+ gﬂ'k.’- Pé'ﬂx + 5250 (2)

The quentum action is .
S? i gdt{e“%ﬁ SJ'-'\'S}“- Ss§s+ﬁai+ﬂxi*8é +BE +

+R5+RE-{a,v}, )

where {Q ¥ } = Hg is the quantum Hamiltonian, and W
is an arbitrary gauge fixing function with the ghost number
-1,

For our purpose it is convenient, instead of ordinary
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relativistic gauge A=x=0 [2] corresponding to ‘F=J\5+7CP_¢, ,
to choose W in she following way:

W, = AB(1-Cc)+uaxp, ,
where of 1is an arbitrary numerical parameter. The value of

the functional integral does not depend on the choice of ¥

and hence, on the value of o . The quantum action is:

o2 = (de (a5, 805 yvbe B+ o
s

+ @,5 +

§-HS,

where
H: ={J\L« - ES‘MI'ABC}(i-Ec)wc(xL,z -R B+
2
+2288 + 2x8b}. (4)

Now, in the functional integral

Z%= gexp{-s:}.ﬂ(acj,g,,c,é, B,8,A,%,...)

we shall change the variables with trivial determinant

J‘Tx — o Ny B — aAb

P; —aPs c—-a'c (5)
~ _ bBc

g —=olS Ty — dty - 3,

Then in view of ol -independence of 2z« , choose o = 0.

The quantum action will be rewritten in the form:

5.;=°= gdc{%iﬂ*‘%‘ 8+ SpSgrbe b+ B A-H]

where

H&5= {AL,;JLES-A.’:TA-'E-(%c—cG)}(Pc'xc) , 6)



Importan. is the fact, that under quantization and
are rpealized by the gemma-matrices &F ’ 55 e:.:.! though
the constraint L2= 3, 'S_F‘ 35m is dropped in the gauge in (..,

the states of the system are described by Dirac spinors.

2. Second Quantization and Quantum Supersymmetry

Proceeding from ref.[4] , we'll define the quantum field
theory by an action, the equation of motion of which coinecides
with the stationary Shrodinger equation for the Hamiltonian
(6). Thus, our wave function depends on T, ¢, c, A,
and .s a Dirac spinor. This choice of the wave function follows
from the Hamiltonian (6), where, due to the choice of the gauge
there is no dependence on X , S | S .

Suppose an ordinary realization of the first quantizaticn,

2 s . 3 ]

; ;9
i.e. subgtitution of a, s 8 , B , Jia by"’a?,,""a—c""ﬁ

.9
“l3xX ,amdof 5, , F, Y Y ¥, ¥ - The Hemiltonian

isg replaced by the operator

A A cc
HGS={-E(U+m2)—aaEaC+Acaca,\--a-aA}(1*:\-).. 7

The second-quantized action is now written as follows:
-~ A 2 c
S=fd"x dadedc W'(E (-O-m"+24,3; +2c8c8,;8,)(1-§7c)\l’;(3)

T, v - irac aps
where ) are arbitrary Dirac spinors.

After the transformations
_Ce ‘_ AS o
(I-)¥W'=v¥, F¥-v

the action (8) can be rewritten in the form:
6



S =Sd“a: dadeds W (-iF+ m){if-me+(iFem) (23,3 * 2cad BV, %

Now let us connect &f and W in the following way:

-

‘Tf(-i.ﬁ+m)= V=v*y (10)

Note, that under the requirement of equal dimensions for the
tields W' anda W/ (equal to 3/2 for fermions), the equa-

tion (8) could be written in the form:
g = gd‘rm dadeds ¥/ (kT 'H*® Y/,

where K is an operator with dimension 1. In this case the

eq.(10) is equivalent to the following choice of :

K=igd+m, V-5V, V=¥=v'y,

Pinelly, we get the action

5% Sdzi\-;(z)(;.ﬁ-m+(i,ﬁ+m)"[n, DIV (2, (11)

where z_:(ac,,,A,c,E) and D, D are supercovariant deri-
vatives in chiral representation of the one-dimensional linear

supersymmetry:
D=8, D=8-cdh, {D,D}=-a.

The corresponding supergenerators are:

Q=9 +¢g,, Q =3z ) {‘a)ii}=:aa.

Hence, the quantum action for fermions, as in the case with a

~



spinless particle [4], has @ one-dimensional supersymmetry

SY=(cQ+EQ)Y, b5V =(eQ+EQV

and, as in ref.[4], the physical sector is defined by the con-
ditions

Q¥ =awv=0,

This means, that the source in the functional integral is in-
troduced only for the first component of the fields ¥ and ﬁj
taken in the point A = O.

The Lagrangian (11) coincides with the supersymmetric Lag-
rengian obtained in the stochastic quantization of fermions

[3] . That is why it is evident that the functional integral

Zss('l (L), X)) = SExP {- 5% $d4x (T ) ¥ex) + P @) }o%2) 0¥ (2)

#ill be equal to
2 (@), L) [exp{-$(¥, )+ [t @9+ T} ov@ 2%

where W(x)= W(Z)IJ\=C=E=O- and ¥(x)= W(Z)|A=C=E=0
In conclusion note, that such linear supersymmetry guaran-
tees renormalization and unitarity of the 5-dimensional super-

theory [5,6] .

The author is thankful to S.G. Matinyasn, Ed.Sh. Egorian

and A,G. Sedrakian for useful discussions.
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