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A dimensional recularization sunersymmotric schere -anp’l'lcab‘le to theories
without Ks has been recently sugaested [l] . In the work presented here
this scheme is generalized so that 1t becomes applicable to all supersym-
retric theories. Its application to two models with extended supersyrmetry
[2] f1s discussed.

tthen deriving supersymmetric Slavnov-Word identities in a functional in-
tegral for a generaiing funct'lonﬂZ('J) a-supersymmetric field shift is
done. This generates terms of the type {’kd‘xp 7ﬂ° Xbﬁr K‘ v*ich may break
up supersymmetry [3] . At a natve level H.jig.» sithout regularization) in a
four-dimensional space one can prove witlr:;iﬁel help of Firtz transformations
that these terms are zero. To preserve the Slavnov-Word naive identi tjles
the regularization must be such that this term could give no contribution in-
to the generating functional Z ('J) . It is of great importance for this
to preserve the Y . -matrix indices M of this term four-dimensional.
This actually provides the equality of boson and fermion degrees of freedom
and, as a result of that, supersymmetry in the regularized theory, too.

Formulate the reqularization scheme.
The generating functional Z. s defined by the functional integral
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Z=fl)¢2>7\expijdx(.2’ +Jg +EA+AE) (1)

where Z is a Lagrangian, Y , A are the set of boson and fermion
fields, J . g are boson and fermion sources. ¥e shall give meaning to
each term of expansion Z  in sources in momentum representation, i.e. to

each mean term of the type

3 : ) Y (2)
KIPR)-TR(R)EA(H,)ee § A(Kn)A(q1)§ )\(c,n)§ >

The mean term (2) 1s a set of Feynman diagrams, and by the Feymman rules
some mathematical expression corresponds to it. These expressions contain

contractions of the type
. a (3)
Xﬂ E,... 2,‘ KJ“ , Sfj‘u

1. Carry out the contractions of the type (3) in a 4-dimensional space.

2. Take traces also in four iimension. This will cause new ﬁontractions
of the type (3) as well as products of antisymme.ric tensors GJ" Vel
The antisymmetric tensors products we shall rep.ace in accor;i with the well-
known formula by the determinant of the matrix constructed by tensors %J"‘).
Then carry out more new contractions also in four dimension. Note that such
a technigue removes the problem of determining the .l‘l. -dimensional tensor
€M% P  and the difficulties connected with 1t [3] .

3. Now we pass on to the n -dimensional space, 1.e. we consider all
the nomenta and indices Y of matrices ¥ 3 n -dimensional ones,
and integrate over interhal momenta in the nh -th dimension. After the in-
tegraticn new contractions of type (3) may arise. They must be contracted

already in the I -th dimension by the following formulae:
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'. {EJ“ K9}= 29}"0 (4)
6;=lfﬂxﬂ= n=4-2¢&

For example, after the procedures 1 and 2 there may arise the integral of

the type:
" A A A (5)
eK € o _[Bubgfil e
e3(€-k)? £%(€-n)®

. A
The result of the intearation contains a term of the type 51.1( ¥t and

to sclve (5) unambiguously one should contract cver index 1 according to
(4), i.e. in the 1N -th dimension.

4, Affer that all the external momenta, snurces and K’-mafrices we
put in the four-dimensional space.

Thus we obtain an unambiquous answer for each =mean term of the tyre {2)
and hence Zf(:f) within the framework of the perturbation theory {is reou-
larized. .

Now we consider two models [2] with extended supersymmetry and orove
that the above scheme provides their supersymmetric regularization. The

Lagrangian of these models has the form
_ 1 o apy | Ta M\ .
Ly ==t Fay F %50 T (D"2) ;
where

Fao = 3u Ay =3, Ay + g £*°° A% A,

(DuA)™= 3u A - g2 A%, A©



L]

jndex D indicates the space dimension { D = 6.10). in which Lagra--

gian (6) 1s considered. [ are Dirac matrices in tie  D-th dimension
{,n.bc

are structure constants of the gauge arosp. If at D = £ one im-

poses on A the deyl condition

| (I-R)a=o0
where F, = [;... s » then Z‘ is invariant under the fc'.lowine super-

transformations
SAua 4 (A~ X o) o

{ M
At D =10 the condition of 'lcyl and Yayorama s imposed on A :

(1-R)A=0
A=CAT,
Y
Then L., 1s invarfant under the transformations
SA,=id [
SA =564, FMd

()

The 2-dimensional theory is cbtained from (6) after the dimensional reduc-
tion which consists in the assumption that all the fields depend on

Xi ( L=0.....3) only and are 1Wmt of the rest of coordinates
Xy ( A=4,....D -1). The 4-dimensiona] Lagrangian is derived from (6)

by the replacement:



M= (i, )

-
w0
.t

3, =0

1%0,...,3; oA=4,..., D1

It has the form: -
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Supersymmetric Lagrangian transformations {10) are derived from (7} and ()
with the help of the same replacement (9). Further on. usina the explicit
representé"fion 9f matrices [ solving also the additional conditions
imposed on N the Lagrangian [10) can be rewritten in the terms of
four-component spinors and KJ“ matrices ( 2] . Aftercthat the theory is
reqularized in accord with the above scheme. But one may act differently.
One may ‘operate directly by Lagraﬁgian (10) (i.e. in sunermultiplet re-
presentation) and reformylate the regulari‘zation sf.heme‘ as applied to the
supernuitiplet representation of the theory. The regularization scheme will
differ from the above-described one only by the fact that instead of the

former four-dimensional contractions the following ones will arise:
A N ) N
[‘N c"". E“ r > 6 » (11)

o=, d

'instead of the four-djuensional antisymmetric tensors ] -dimensional ones
arise and their products are replaced as' before by the dg_teminant from the
‘matrix formed of tensors gi'j R 3‘”5 . A1l the cuntractions of (11)
type are carried out by the formulae:



{nhy=2g,,
Rrieg' =4
&' =T, r*D-4 (12)

o
=g V=j, p
1:3:'0)--')35 d; P=h,... , D-1

Then, according to item 3, all the integrals over internal momenta are to
be taken. The occurred after the integration contractions are carried out

already in accord with the algebra

{rnni=2q,,
L.t o b~
: o
I:t rd =6, = D- 4
After that in all the formulae the r_ -dimensiona)l indices, momenta we
consider 4-dimensfonal ones again (ftem 4) and finish with that the proce-
dure of the theory regularization in the supermultiplet representation.

Now we shall prove the regularization superinvariance. After the super-

shift in the functional integral for Z
AJ\I - Aﬂ +8 A.ﬂ

A=A+ SA
where SAJ,, . & X\ are determined by formulae (7), (8), in the integrand
exponential the term will arise (both for D =6 and D = 10)

£ RN () 3 (x) T X (%) dx Ho



Prove that within our regularization (14) does not contribute in .,
Owing to the fact that in our scheme M remains actually ] -dimensio-
nal we avoid the difficulty mentioned in Ref.[4] .
The proof is common both for D =6 and D = 10.
abé
Let us introduce the quantity F\‘P, (5) :

ﬂ;b: (9) = {d" K, K d S (R, o, s )2 (K 1) (1>

This quantity 1s calculated unambiguously within the framework of the above
regularization scheme. In (15) ']  1is the qeneralized designation of all

abc .
the external sources. n » evidently satisfies the relations:

abe cbha
Mapy=Mypa (16)
abe -t bac
Mgy =~ Caw Cop Myay
abe q.bc
{ =
= (1o )as Mapy = Mgy
abc q,bc

{
'a'(‘“ rnu)bs n&a; = na.m'
where the chirality of fields A is taken into account.
The contribﬁt'lon of (14) to Z 1s the sum of expressions of the tvpe:

{17)
abe

- - . be
A= (), (M)py £ Mipy
In our scheme M remains D ~-dimensional (and not D-2€), and o ,

p v X take 2”2 values, therefore we can use Firtz transformation:

abe be i i
ndpx =8, (n:'p'u' Oprg: )/ 6" ¢, (18)



where &% s the Firtz basis in D dimension. Usina 112) we rearize
A ir the form:
(19}

abc

g e bc H H
A=l ™)y £ (Mg Epar) [ €61
Fror Eﬁs.{}ﬁ) we obtain

obe ; abe 4 A
- — - — *
n&.P.K 6B-d- n‘px a (1 r)ﬁp, 6p’y a (1 r)d.d
wvhence it follows that 6" can t . c2veosed af only odd nurber of nat-
rices [~ . 6L is antisvemetric contination of [0 ~gtricaes and

v 7 denotos the nurter of indices ir 6" . For exarrla,

6.a= r(J“ re rhl

(%

Thus in (19) L  takes only odd vaiues: L =1, ...D/2 ,...D-
¢ D =¢. 10).

Taking into account the formulae

l:.,s‘ ™ = (—1)i (I)~aa)61 (20}

Mowefog _ P o
& X = g’ v MMt Mo 6"%"'“’0 rn+1

wiere Q. s some constant, one car readiiv prove tihat for D =6 tte
contribution in (19). from 6’ is eaual to that from &' . anc the con-
tribution from &3 is zero. For D = 11 the contribution from 6s is
equal to that from &' , the contribution from &’ to that of &
and the contribution from 65 is zero. Taking into account all the mention:

-ed above and making use of the second fornula of (16) we obtain:

10



A:_Ja.A for D =10
A=-A for D =6

Thus A= O in the models L and Z,, and hence we have proved
that after a supersymmetric shift of fielJs in the functionel inteqral for
the generating functional Z (J) we ottain Z (j,d) coinciding in form
with 7 ('J,o() received by a shift from -onreqularized functional in-
 tegral. This means that the naive supersymretric identities of Slavnov [5]
hold at a regularized level, and the above -described regularization scheme

preserves supersymmetry.

In conclusion the author would 1like to express his gratitude to A.A.Slav-

nov and S.G.Matinyan for the useful discussions.
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