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1. BRST symmetry has been discovered "/ in connection with the
quantization of non-abelian geauge theories. At present time it re-
ceived much attention in connection with string theory. 1t plays a
central role in the attempts to construct a covariant string field
theory /2’3/.

Fradkin and Vilkovisky propesed the hamiltonian BRST formalism
working in an extended phase space for treating systems with first

class constraints /51 Extensions of the BRST symmetry in the

/6/

Siegel and Zwiebach 73/ used the BRST symmetry -extended to the group

lagrangian formalism have been discussed in a number of papers

0OSP(1,41 2) in order to reconstruct a gauge-covariant string field
theory from the gauge-fixed light-cone formalism. The OSP(1,1}|2)
supersymmetry, rather in the euclidean form OSP(2{2), was encoun-
tered already by Parisi and Sourlas 77/ in analyzing the mechanism
of dimensional reductlon in the critical behaviour of systems in a
stochastic background. This reduction mechanism was used in stocha-
stic quantization /8/. Relating different approaches to string field
theory Neveu and West 79/ pointed out the connection of the BRST
formalism to the Parisi - Sourlas reduction; see also

The OSP(1,112) extension of the hamiltonian BRST approach has

/9,11,12/

been applied to the relativistic point particle General

systems with first class constraints have been considered under this
aspect by Aratyn, Ingermanson and Niemi /12/. They showed that for
a system with an abelian constraint algebra the BRST hamiltonian
can always be chosen in such a form, that the symmetry is extended
to 0SP(1,112). Then the Parisi - Sourlas reduction provides a clear
understanding of how the extended phase space formalism works. The
generalization to the case of a non-commuting set of first class
constraints requires a construction which relates these constraints
to an abelian comstraint algebra.

In discussing the relation of the BRST formalism to the Parisi-
Sourlas reduction the emphasis in the mentioned papers was put on
the possibility of extending the BRST symmetry. Especially in /12/
the hamiltonian formalism has been presented in a form to exhibit
this relation, In the present note we consider more closely the
other side of this important relation. We point out that it is not
necessary to require the full OSP(4,1|2) symmetry for the Parisi -
Sourlas reduction. A subgroup directly related to the BRST symmetry
without extension is enough. In this way we are able to uanderstand
on the basis of the Parisi - Sourlas reduction how the extended
phg?e space formalism works -also in the general case, if the BRST

003 o ikl RACTHTYY i .
HA-PHNEX HEo 22 RORABED ¢
, E‘l:ijj{:il'if!@";'EHA

e —— e ——




symmetry is not extended. Starting from the reduction based on the
2/, to treat the
case of non-commuting constraints. Only the BRST and the fermionic

subgroup only it becomes simpler, compared to ref./’]

ghost charges have to be constructed from the subgroup generators.
It is not necessary to comstruet a relation to an abelian constraint
algebra,

2. Farisi and Sourlas /74 discovered that the mechanism of dimen-
sional reduction by 2 units in the critical behaviour of systems in
a stochastic background is pased on the supersymmetry OSP(Z2|2) rota-
ting two bosonic )(l‘ )(Z and two fermionic 9, é coordinates. Ehe essen—~
tial point is that the integral of a function of X,) X, 91 4 depen-
ding on .these variables only via the combination >(1‘+ xz‘!.;- 670—

( and tending to zero for x,z+ )(zl-‘-.» o0 ) reduces to the value of the
function at argument zero. Thére is a cancellation in the sum over
all configurations such that only the one with x, =4 = 0 ,8-= 67:' o
remains., The same holds if we choose in the bosonic part of the qua-
dratic form the pseudoenelidean metric, i.e. require, the function to
depend only on the combination ¥X*X~+ X , X5 =X X .

Our point is that in both cases the reduction works for func-
tions depending on )(';)(', 9, £ in a more general way. Consider a func-
tion depending on these variables via x*x+08 and x* :

,{(X", XYY+ 963) . We assume that the depéndence on the second argu-
ment can be represented by a Fourier integral which convérges uni-
formly -

’ . _ 71 . . _4‘55(
Calculate the integral '

[derd-d0dd fex xr+98) =

D)

(2)

,{; r"ls f‘o(X' 7()(*,5) fol’(_folﬂofé g-JS(X*x'\«Bb’)

A non-vanishing contribution ta the integral over 9 , & 1is obtained
only from ‘the  term in the decomposition proportional to 08 . The
integral over x~ yields the J—function. We have

) 3{{,]_4,"{5 fo/AC+ is Av or(sx*) ?"'(X*J$} =

2.

4'?1{; Flosy = i< {(0‘ 0): L3

The integration interval over x* should include x*= 0 , but it needs
nat to cover the whole axis.

Thus we have shown that also with less restrictions on the
function of X7, X7, 9,5 the sum over all cenfigurations reduces to the
contribution at x=¥= (0, §=6=0. & further generalization is possible,
allowing for an additional dependence on eituer Hor@.

3. The restriction on the function to depend on x*, %7, 8,6 oniy
via x*x~ + €8 can be expressed by the condition of invariance with
respect to OSP(1,1{2), acting on these variables as fellows.

90 = 60 - 60
j g =0 J G = J Xj‘:()_ (ay

+- 8o -
; and J generate ’UU) subgroups and define bosonic and fermienic
charges (B , 6 , x¥ have fermionic charges £, -1, 0, respectively).
The remaining generators are milpotent. J_+g ge

Consider the subgroup generated by ¢ . an&()r . It leaves x*
and x*x"+ P8 invariant. There are more invariant combinations, but
they reduce to functions of these two. Therefore the conditien on 2
function to have the form {(){“/‘ ¥*(+08) ean be expressed by the con-
dition of imvariance with respect to this subgroup.

If we would demand invariance with respect to cT only but admit
the fermionic charge 9'99 to have non-negative values, we would allow
for an additiomal dependence on 96 R 26

The subg_roup ;enerated _%y J ’50 and or works equally well. The
subgroups (‘)_ o v e ) or « ,J )} play an analogous role for x*
replaced by X~ . '



In the framework of h_a}miltonian formalism we introduce variables
* 'S’/’P conjugate to x¥, 8, # with the Poisson brackets

Ler,xf = Lo, 0]
[7,6] =1% 8f =1, )

and represent the action of the .generators J by Poisson brackets
with operators R .
5 C

B

A XC: { X/ f A )

= X*P"X'P"’ ) R = 9?'9?,
9

R = 0P )

13

-,08), (@

4, Consider a hamiltonian system with first class constraints 5{ N
4=1-,n, The action including the constraints via Lagrange multi-

plyers 14 is glven by

j‘“ ( Pa Qu — gp(Pb,Cfb) - A ‘lgé(Pb,qb)) )
a,b=4.,4>n.

In general the constraints do not commute strongly with each other or

with the hamiltonian
{ &, ¥

8, %]

4 e R {

We restrict ourselves to Vt’f , U( independent of cﬁl . The treatment
/451 and there is nothing to be added
from the viewpoint of Parisi - Sourlas reduction,

Following Fradkin and Vilkovisky we introduce for each ¢ the
momentum 7, ( {) conjugate to 2{f) and anticommuting variables{)(?), 9([)
with their conjugate momenta ?(f) and F.(1). For each ¢ and time f/
the constraint and the additional variables 4>1(t) i), 6; [}) 9 %)
and their conjugates shall be related to, the above varla‘bles xt, x~

0, § and their conjugates, respectively. The BRST operstor (L
restr:ncted to the subspace of variables of a given ¢ shall act just
as()‘ , whereas the fermionic -charge F is counted by J".

(8

(9

of the general case is known

W

In the case of commuting constralnts the correspondlng operators

are represented by the sums e/
n " -
(oh +0 2 ed
Z R 7:— = Z ]?(- ] . ’
i=1 ! =1 (10)

A AF
where the RA-B are obtained from R™ in (7) by replacing X X B, B
and their conjugates b_y .4, A, 6 ), g:({) and their congugates.
In the general case Q ' has to be modified since ’

o © -
{Q,Q}:Zﬂi}-\aj%;m 11)
]k
and therefore it does not generate a supersymmetry transformation.
The proper BRST operator is

Q- 0"- $R% V6 @)

The extended action invariant under @ and £ is written in the usual
oy /445/
T

Sm = idt[f)aqq+mi(+ié‘g+f{ﬁi‘~
%(Pb,qb) {{l;j,ﬁ‘ @J. + {Q, "f/), )

'*f is an arbitrary function of the variables with fermionic chz;rge
-1 . ,

Consider a transition amplitude calculated with thié action het-
ween states invariant with respect to @ and ¥ . We insert a com~
plete set of intermediate states at time ¢ ,0<é<T, characterized by
the values of a complete set of commuting variables inciuding 9 Cz") ,
B; (8 Li(t) (A= 1..,n) and @({) . We show that in the sum over a1l
intermediate states only the ones obeying the comstraint ﬁ(t‘? =0
contribute. Consider the integral over all varlables but g, g, ). .

R® and F act on the latter as o ° and; on b8 x- in {4). The
action of R on these variables deviates from that of Q@ only vy
terms involving 91 . Espec1ally, the 1nvar1ants 0 9} and {(2 A 9]
coincide with <§ and §(Z,+ 99 up to terms involving £ . The addi-
tional 9 terms are projected out in the integral- over all 0 6’4 .
Because Of the condition F-= 0 all 9~ come in pairs with some’ 9; .
Performing the integral over jl{ , Q1 9 we obtain. the ¢ -function of
@ . We are left with a set of 1ntermediate states with 2, = é 0 ,

9, = 91 = (0 . This set can be parametrized by the values of commuting
variables imcluding 9 , B- ’ A (4=4,-~1) and 51, . The above argument
can be repeated. ‘

“13)




In this way we understand on the basis of the Parisi - Soutrlas

reduction caused by a subgroup of OSP{1,1[2) generatedby the same

algebra as @

and ¥ that in the extended phase space formalism.

invariance with respect to (! and F ensures unitarity.

The author is grateful to V.I. Ogievetsky for discussions and

encouragement.
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i Kupmuep P. E2-87-676
: CummeTpusa Tuna llapusu u Cyprnaca
M raMHINIBTOHOB ¢opmanusm BPCT

SUBJECT CATEGORIES ‘
* CumMerpua BPCT B dopmannsMe pacuupeHHOro $asoBoro mpo-—
OF THE JINR PUBLICATIONS ‘ cTpancTBa PpanKUHA M BHNKOBHCKOTO CBSi3aHA C MOACDYMHOH
rpymmel OSP (1, 1/2). Sror dopMamH3M MOXHO MOHMMATL Ha
ocHoBe penykuuu Ilapusm u Cyprilaca, He pacmupsAs anrebpy
BPCT. OxaspiBaeTcsl, YTO HHBAPHMAHTHOCTH OTHOCHTENBHO COOT-
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Index Subiect BeTCTBYWIMEeH MOArpynnel SOCTATOYHA OJIA penyKIMH, KoTopas
J ofecneuHBaeT B3aWMHOe COKpalleHHe BCEeX BKIAfOB, KpoMe

YOOBIIE TBOPAKIMX VCIOBHAM CBSSH.
. High energy experimental physics

Pab6ora BhmnonHeHa B Jla6opaToOpHH TeopeTHUeCKON GU3HKHU
OUsAHN.

Cooomenne O6beIMHEHHOI0 MHCTUTYTAa AepHBIX HccnienoBaHuit. y6ua 1987

. High energy theoretical physics
. Low energy experimental physics

1
2
3
4. Low energy theoretical physics
5. Mathematics
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7. Heavy ion physics
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9. Accelerators
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12. Chemistry Parisi - Sourlas Type Symmetry
13. Experimental techniques and methods and Hamiltonian BRST Formalism

14. Solid state physics. Liquids The BRST symmetry in the extended phase space forma-

lism of Fradkin and Vilkovisky is related to a subgroup
of OSP (1, 1/2). Without extending the BRST algebra we

15. Experimental physics of nuclear reactions
at low energies

16. Health physics. Shieldings understand the formalism on the basis of Parisi - Sour-
17. Theory of condenced matter las redgction. This is because invariance under the cor-

. responding subgroup is sufficient for reduction, which
18. Applied researches ~ guarantees cancellation of all contributions besides
19. Biophysics of those satisflying the constraints.
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