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1. Introduction.

There 1s a class of first-quantized actions of a relativistic particle,
corresponding to gauge fixing functions X 1in the BFV [1] approach. This
brings to a class of second-quantized field theory actions. We prove in
this work, that one can choose such a x at first-quantized level, that
the corresponding second-quantized theory should have a inear supersymmetry
instead of a nonlinear BRST symmetry. Our approach with one-dimensional
linear supersymmetry is an alternative to Neveu-West approach [2] with
Parisi-Sourlas supersymmetry. '

The interacting particle field theory is constructed with the require-
ment to preserve the 1inear supersymmetry. The resulting supersymmetry fielc
theory coincides with one [3] obtained from stochastic quantization.

This quantum supersymmetry as applied to the strings can give a good
instrument for constructing the string field interactions and analysing the

- string perturbation theory.



2. First Quantization.

The reparametrization-invariant action for a spinless relativistic part-

tcle
T
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0
has the fullowing infinitesimal local symmetry

§c’'= 2€Pﬂ , 8a=2¢€ , gp'u= 0 (2)

where the local infinitesimal parameter £(T) 1s restricted at the end
poiats [4]:

E(0) = &(T)=0 (3)
The quantum BFV-Hamiltonian for the arbitrary gauge function X may be
written in terms of the following Poisson bracket:
H={a,2B-&x], ®
where 3 1s the BRST charge:
Q=ﬂ5+%C(p2+ma) (5)

c, C are the ghost and 3, E the corresponding anti-ghost variables.
We take

x = Abc
(6)

insteac of X =0  in Ref. [4]. The resulting Hamiltonian is

H=[AZ(p*+m?)+ &8 + AmBc](1+Ec), (7)

—



shere 5 s the canonfca! momentum to 4 .

3. Second Quantization.

We now postulate the second-quantized action, which leads to the
stationary Schrodinger equation with Hamiltonian H (Ea. (7)), where the

foilowing operator replacements are made:

I I
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# . - ) 2 : -
P — 3;:;—’" 7 8 e L -«;u . 5 —~—r - f 2;:?; . ? ‘f-! —r & -é}

we consider a phase space of wave functions “F{Z)} of the coordinute:

4 - ,
= . c The act is
,?_{»(.'JC‘,J\’C,...,, . The action

s=5azi7H'f | =

e N “F are arditrarv funoitosp:

Let us maxe a few remaryz copcerning sur cnaice of the wave fumetYows
phase space and. the action (9}, Our phase space certainly containg the
physicai-state wave functions which depend on The coordinates :ﬁ:““ only.
Qur space is the staiionsry subspace of the Newsu-West space of functions
“f'(.z?’(' % . The independerioe of physical amelituces o the arbitrary nara~
metrization is an arcument “cr one to nesiect The T -dependence in the
second-quantized theory frow the beginntoc. But the hzsic argument for owr
choice of functional space ‘}:”(2; and the action (9) is our final result.

After the transfourmations

(1rCeiy — ¢ .
¢ X'e (10)
3y -

e



the action (9) can be rewritten in the form:
s={dzP[+(m-a%)+ 2 2--0.cq,19 (11)
2 ) dc ac c A] .

To describe a scalar particie field theory, one must reduce two arbit-

| rary functions ‘P, $  to one. There are two reasonable possibilities to
do this: either the BRST or the linear supersymmetry invariant way.

The BRST invariant choice is ‘—P-(x,l,c,é) = Y(x,-A,-c,C)
in Eq. (9).

We choose the 1inear supersymmetry invariant way:
qD(.r,.A,c,E)-.:cp(ac,J\,c,E) (12)

In this case the supersymmetry replaces the BRST {nvarfance.
Taking tnto account Eq. (12) and supersymmetrizing the kinetic operator
in £q. (11), we get:

S:%Sdz‘b(mz-aa*ﬂ)‘l’, (13)

where

B= 298.3; *2¢3,8) - 3 (14)

and the superfield @ has the following expansion:
$(2) = P(x, A+ (FA)¢ +Tn(X,A) +Eco (X, A) (15)

ihe action (13) has the following supersymmetry:
A= A+Ce y c'= c-€, ¢'=¢c-¢ (16)

¢I(m;x; ¢,¢')= ¢(m7 J,C,E)



with the generators
a - )
A=37+¢4h , Q=37. (17)
The operator B (Eq. (14)) can be rewritten in the explicit super-

invariant form:
8={D,D],

3 - 3 (18),
D=3 » D=z .
The derivatives I), ].3 correspond to 2 chiral renresentation of the
supersymmetry transformations with the generators Q ’ ﬁ
The action (13) coincides with one [3] obtained from stochastic quanti-
zation. The coordinate A  plays the role of additional time.
The physical-state (off shell) condition is:

G‘P=a¢=0 . (19)

which has the solution:
¢(m,&,c,5)= P(x) (20)

The Eq. (20) tells us that just the first component of the superfield
& s the physical field.

4, Interaction.

We construct the interacting particle tield theory under the require-
ment that the linear supersymmetry (16) should be preserved at the inter-
action level. This supersymmetry guarantees the unitarity (the phystcal-
-state condition (19) {is preserved after scattering) and the renormalizabi-



(3

Wty of the five-dimensionai supersymmetric ¢* theory [5.6] . The super-
symmetric interaction term is:

S = ¥ (02
(21}
3. )
V(®) = ad’(z)+ gdh(z),

In conclusion, we bring the formula from Ref. [3], which gives the
connection between the five-dimensional supersymmetric and usual four-dimer-

sfonal scalar field theories:

gexp gdz [ -%—4)(_m’"~ AP VIR T HT P2 =

(A

i
1

b }f;— WLy 7? AEYprr s v )+ h@)p(x) [ Dy

agexp -

where

The author is thapkful to 5.7, dztinyvan, R. Manvelyan, & Mkrism,

and A, Sedrakyvanr ¥or usefu’ digtussion.
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