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1. Although the supersymmetry ({11 during already more
than a decade is actively studied by many authors, the inte-
rest in it remains unfeding. Theories with extended (N > 1)
supersymmetry are of special interest. While the N=1 super-
gymmetry is well strdied and, in particular, in our considered
cage of interaction of spinor and scalar fields the general
rencrmalizable Lagrangian in terms of superfields is construc-
ted, there are many problems to be solved for N 2 2. In the
lagt years some approaches to constructicn of such models are
worked out. In refs.[2] and [3] by means of introduction of
auxiliary "harmonic" variables and using a related approech
regpectively, there models with N 2> 2 supersymmetry off the
mass shell are glso constructed. However, there arises an
infinitely great number of auxiliary fields. Besidas, the N=2
interaction Lagrangian of the fields of spin O and 1/2 is
not renormalizable. Another approach using the language of the
nonlinear © -model [4] allows one to do without introduc-
tion of infinite number of auxiliary fields, but in tkis case
too, the N=2 Lagrangian of the fields of apin O and 1/2 is
not renormalizable.

The attempts to conatruct a supersymmetric N > 2 renor-
malizable model of interaction of gpinor and scalar fields

had no success, which by itself gseriously indicates that



it is impossible to construct such a model. However, it seems
té us that there ig¢ no explicit proof of such a fact. Ons
familiar to us procof [5] is incorrect, since there, in fact,
the existence of a closed sigebra of supersymmetry off the
mass shell is supposed, which is sbsent already in the simplest
Wess~Zuminc mocel, In the presernt paper we shall givs an ex-
plicit proof of the fact, that it is impossible tc construct
an N=2 supersymmeiric rencrmalizable model which includes only
the fields of the spin O end 1/2. Here we shall proceed from
“he fact that the N=1 gupersymmetry does exisi and we shall
segrch for additional supertransformations for the most gzne-
ral renormalizable N=1 Lagrangian. The final result is, that
there are no additional supertransformations.

2. 3¢, ccnsider the most general renormelizable theory of
interuction of gpinor and scalar fields which hasg N=i supersym-

metry and is described by the Wess-Zumino Lagrangian [€] :
Lo, bt IR ot
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Here <$L is the set of compliex scalar fields, q!i is the set
of Mejorana spinors (i, j, l4...=1, 2,...n), the constanrt
NI g symmetric over all the indices; P, = (1/2)Y(1¢ X5)=
there summetion is supposed over the repeQ:ing indices.

The supersymmetry transformaticns, leaving the theory action

an invariant one, are



= EP_\PL
. . 4. Lk . i.n

SR =i, & (yFRg)+ N P ¢ (P ), (2)
i e =13, L o ik S g

S(P. ¥ )='La,.<P (¥ P+§)*N P P(RE)

As noted in section 1, our task is to investigate the ques-
tion whether there exists together with (2) an adaitional
supersymmetry leaving the theory action (1) an invariant one.
To solve it, we shall proceed as follows, With account of ca-
nonical dimensions of the fields and their Grassmanian pari-
ties we write the most general form of the supersymmetry trans-

formation for the fields ¢' and W'
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where C , D , F , S are arbitrary matrix coefficients;
Slﬁ“} is a matrix coefficient symmetrical over the indi-

ces j, k. Also consider that the Legrangian variation at

supersymmetric transformations is reduced to the total deriva-

tive of some function of field variables:

- Y L
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where A:_ is a Grassman-odd value. Write the most general
expression for it too, with regard to the field dimensions and
the condition of a Hermitian Lagrangian (owing to Majoranity of
spinors the structure 55 %« is reduced to gd At

that is why it is not written in the right hand side of (4) ):
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where T , U ,V , X , Y are arbitrary matrix coefficie-
nts for the time being.

Now vary the Lagrangian (1) using the exﬁressiona (3) for
variation of the fields -¢i end W¢ and substitute the



obtained result into the left hand side of (4), and the
expression (5) for E‘ 4‘: substitute into the right hand
side. Equating the expressions at identical field structures
in the left and right hand sides, we obtain a set of equations
for the matrix coefficients, which after some simpi.cations

are reduced to

1. ler c™ 4 o

2. NMIT ¢ Lo
3. Nirj ﬁlr - Nirl ﬁjr - O
_ler ﬁrnm 5mi + ﬁirn Nrkj ﬁlk =0

5, onidm pmk _ ykim pmj _ gkgm gmi |4 ()

6. nidk g1i _ gifkll

7. c¢ii _ ipgi -0

8. b1 - iril .o 9. s%jk - s%fjk} - 0

Apparently, this set of equations has at least one solution
leading to the supertransformatioas (2). Existence of N=2
supersymmetry would mean, in fact, that of one more solution
of the set (6).

Noi let us analyze the set of equations. Consider the eq.1
Multiply both its sides by ﬁijl and sum up over the indices
J and 1 . We obtain '

Air c™ . 0o , Al o ﬁiJl'Nljr N
Ireating eq.2 the same way; we obtain

alr por 0 (8)



The matrix A is a Hermitian one (A = AT) and is positive
defined.

Note, that the supersymmetry of the Lagrangian (1) is not
broken gt arbitrary unitary transformations of the fields
(this circumstance will be used to reduce the equations in the
set (5) to more convenient for solution forms). In the Lagran-
gian (1) and supertransfermations (3) turn from the fields
(B, ¥ ), (P_¥ )and & to(p, ¥ ), (P_¥ ) and ¢

by means of

(P¥)'=U(PY), (P-¥)=U(P.¥), ¢=u?, (%)

where U is a unitary matrix, and intrcduce new (primed)
matrix coefficients corresponding to the primed fields. In
particular,

'ijk i"'k' +i'i +'i"+k'k ' i-' i’.' +.'.
N'IE o gt dk g idgddgkk 'l 4t gd

i j R T
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(complete symmetry of N'ijk over all indices is conserved).

All the velues in tke set (6) will bhe substituted by primed

ones. The equations (7) and (8) now read

Alimgirn o o Qlirginr o (11)
Now choose the unitary matrix U by the condition that A'ir
. [ H
is a diagonal one: A iT = A,6'F . Obviously, among
! .
the values of A; there may be zero ones. Subdivide the

set }& into subgroups so that

'h'::O) ]\%%07 L=(-"—7L)
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Then, it follows from eqs.{11), which now are written as

] : / ! nt
acin=o0, A =0 (12)

7/ /
(no summation over i) that at A; = A7

C = C = C,
Ia in =+

’
And when ‘RE = A, = 0, then C, is an arbitrary matrix.

’

k
However, for the values of A; =0

we have N'irJ = 0, waich
directly follows from the equality

/
A = F'ird  y'ird
1

f/
It also follows from here, that at Af = AT all the va-

L
T

]
lues of N 'TJ can not simultaneously be equal to zero.
Thus, we obtain that in the section of values of indices
'_irj

where the interaction is absent ( N = 0 ), the correspond-

ing matrix block of‘C(C1 k) is an arbitrary one. While in
thq index section where—i;teraction is present in the theory,
the matrix elements of C turn out to be zero.

Now consider the other equations of the set (6). But, first,
let us make an important notice. Among the set of fields ¢i
and ‘Vl there may, generally speaking, be found ones which
interacting with one part of the fields do not interact with
the other. In other worda, the whole set of the fields.in-
volved in the theory may be subdivided into classes where
each field inside the class necessarily in%gracts with some

field (fields), it being only of the same class, and inside of

each class there are no subclasses having the same propertv.
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It means that the value Nj"jk , in the case with the indices
numerating fields of different classes, is identically equal
to zero. There is, apparently, possible a case when all the
fields form one and the only class.

It is easily understood that the set (6) takes place me-
parately for each class of fields. With regard to the notice
made, it is clear that it is noatrivial just inside one class,
since in case of mixing of fields from different classes the
interaction disappears. Moreover, the matrix element of D1j
(when the indices i and j numerate fields from differeat
classes) are, as we shall show, equal to zero. In other words,
the matrix D is a block diagonal one and its each block cor-
regsponds to one class. Consider the equation 3 for this. Ex-
pand the set of values the indices r, j, 1, ... may have,
into subsets (in accordance with the number of classes equal,
e.g., to K) 830, that the subset elements numerate fields in-
gide the classes. For instance, by the index T« (1€ €NK)
will be numerated fields belonging to the class o . Rewrite

the equation 3 as:

TN MR )0 wpy 1K

and consider it at p¥Y . Let t€{ip} . With regard to

the properties of Nirj we have:

s hphT 20, S (13)

where summation over r is made only over ths class P o

For the values of L€ {15} we obtain

10
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The eqs. (13) and (14) may be solved in the same way as eqs.
1 and 2 of the set (6) in presence of interaction. Here we
obteain DPTr = DHTP =0 at y$p , i.e. D isa block
diagonal matrix.

Our further consideration will be carried out for some one

class of interacting fields. Using ihe eq.3 , rewrite the eq.

4..as

ler(ﬁrnm 5mi _ ﬁinm 5mr) -0,

whence
Nroam pui | ygdomogor o, (15)

This is also easily proved if one follows the way the eqs. 1
and 2 of the set (6) were solved, and takes into account that
here - inside one class - all the diagonal elements A are
other than zero.

Introduce the Hermitian matrix
mi i, i
Q = D™ 4, p®
and the anti-Hermitian matrix

yoi o pod . gpd

Combining eq.{15) with the eq.3 of the set (6) for matrices

Q and V , we obtain

jram Qmi _ Ninm er._ 0 (16)
e O X -
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Consider the first one at first. Using a unitary transforma-

tion diagonalizing the Hermitian matrix Q , reduce it to

N'rni(.ﬁ'{i" f‘r)=0’

w'Tni .
where N is determined by the formula (10),  u; are

the elements of the diagonalized matrix Q . Hence, with re-

v
gard to the properiies of N ™Ml we find

mi mi
M=M= p; @ =p5 (17
Treating the second equation in (16) the same way, we obtain

BE=Ve=v . Va8 (18)

Y are the elements of the diagonalized matrix V . Note,
that the transformation diagonalizing the matrix V does not
change the form (17) of the matrix Q . Proceeding from ex-

presasions (17) and (18) for the matrix D we obtain
pid = 172(p + v) 6%,

Introducing the numericel coefficient (1/2)(p +V) into the
definition of the infinitgly small parameter E (see (3) ),
the matrix D @ay be considered to be a unit one: Dij= Sij o
Hence, eq.5 of the set (6) is trivially satisfied which, tho-
ugh, was still apparent from (15).

Thus, we obtain that in the presence of interaction Cijso,
ptd = §1J | Using these equalities, from the set (6) we have

also
Fpd =0, FH . -i810, s}{kl} = niik

12
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Pinally, substituting these expressions intc (3) we find that
the obtained supersymmetry transformations exactly coincide
with the transformations (2).

So, the analysis of the set (&) has shown that the set has
the only sclution corresgsponding to the supersymmetry trans-
formations (2). This just means that the N=2 supersymmetry

is absent in the model considered.

13
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