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The minimal superconformal field theories SMp , p =

« 3» 4»..., are described in [2-4] . We present some facts

with the aim to fix notations. The central charge of the

Neveu-Schwarz-Ramond algebra for SMp is given by the formula:

A

С is connected with the usual Virasoro central charge by the

relation C=-|-C . In [4] it is shown that the SMp models

exhaust all two-dimensional superconformal solutions of field
A

theory with С < 1 » satisfying the positivity condition.

The space of fields Я which form closed algebra with respect

to the operator expansion contains primary Neveu-Schwarz super?

fields •„ . (E,E) - Ф„
 m
 + вЧ»

п
,
т
 i(Е,г)г(н,в,г,э) are superspace

coordinates, where Z and Z are even, and 6 and § are

odd coordinates) and Ramond fields R ^ ( E , I ) (n= f,2, ..., P-1;

m=1,2,...,P + 1; m + n « Н
т 0
^ 2 1 ) , oCs ± . The dimensions

(see [4] } of lowest components of superfields and Ramond



fields are:

T (™P-MP+2))
2
-4 1

V =
 A
nm- 8PIP + Z)

 +
3

( 2 а
>

while the dimensions of Н*
п m
 , 4n

((n
 » ф

п m
 are respectively

The structure constants of the operator algebra of SMp models

are calculated in [5] « It is essential for what follows that

the superconformal classes [ Ф
1 П
] and [Ri,n] form a subalgebra!

Я, с Я .

Consider now a fixed point corresponding to the SMp the-

ory with P&i . From (2a,b) one can see that at (l«P three

series of spinless fields ф
П ) П + г

 , Ф
П
^

2 } П
 and Э

г
%ф

П г
„ have

dimensions close to 1• Therefore one may expect that the the»

ory perturbed by these operators exhibits nontrivial renorm-

group behavior already at small (of 1/P order) values of

coupling constants, which makes it possible to apply standard

perturbation theory. Below we'll study the field theory

arising at perturbation of the SMp model by operator Ф,,
 3
 •

Its dimensions are:

Such consideration is self-consistent, since ф is the

эп1у field from subalgebra Я
л
 having dimensions close to 1.

Let J-f (2,2,Q) be the action density of such perturbet

theory ( ffi (E,E,O) describes a fixed point S M p ):

(4)



Following [7] , we choose a such that

2
-

ef
 = 1 . (5)

The trace of the energy-momentum tensor can be written as

(6)

where $(9) is the Gell-Mann-Low function.

The first terms of expansion of s -function in о have
J с

the form (see, e.g. [6] ):

The value of the structure constant C =

can be derived from the general formulae [5] :

^ ) (8)

Thus

• • • •

We have written out in (9) only the terms having order € 2

at Q ~ € . From (9) it follows that there exists a fixed

point

гпго*=</зГе(1+0(е)).
3
 do)

It should be noted that the perturbation by operator <p>
3

does not violate global supersymmetry, which is obvious from

the identity



therefore not only conforraal but also superconformal symmetry

restores at point Q . Zamolodchlkov's theorem on C-function

decrease [6] allows one to predict preliminarily that the

fixed point (10) corresponds to some model SMq with Q < P

(the positivity condition in perturbed theory is not broken).

Moreover, due to the additional discrete symmetries available

in SMp models [5] under which the considered perturbation

is invariant, there follows that p- Oy
 e
 0(rnod2) . with the

use of formula (see [7] )

we find:

; = c
p
- g e

3
 + o(e

4
). (13)

A

Comparison with (1) shows that Cp-
2
 with required

accuracy equals С(a*) 5 hence the fixed point о is described

by the model SM
p
_

2
 . The в -function slope at fixed point

determines anomalous dimension of field ф(2,2,9 ) :

*
A = I-

=9*
(14)

hence

where index P~2 denotes that the corresponding field refers

to the SMp_
2
 model. The constructed field theory (denote it

SMp p-2 " ) corresponds to the renormgroup trajectory that ,

connects fixed points S M
p
 and SMp-г . In the ultraviolet



region it approaches SMp > while the infrared asymptotics

of this theory is described by the model SMp.g • The

equality (15) shows that SMp
|P
_2 may be considered as SMp-g

theory perturbed by operator ф
3,1

In what follows we'll study renormalizations of super-

fields ф
пт
 in perturbed theory SM

P P
.

2
 and establish rela-

tions between the fields of "asymptotic" theories SMp and

SMp_j. » for which we'll use the method from [73 which needs

some reformulation allowing to derive benefit from supersym-

metry.

Under infinitesimal superscale transformation 66 - "g" 66 •

o*2 = £E , superfield У is transformed as follows:

A

where operator оЭ describes the f field variation at

origin* In particular, for action we have

(17)

Suppose our theory depends on a-parametric family of

"coupling constants" Q
l
 = (£f, ..., gn) . Denote '

&*(«•*•••*). C18)

If the theory is renormalizable, then the f ie ld® (Z,2,0,0)

from (17) can be presented in the form:

* ) . (is)

Prom above-said one can readily obtain the Callan-Symanzik



equation:

(20)

л л п . g

where operator r = *O + Z p all i s called the anomalous-
i1 * °9dimenensions matrix. Gonaistency of (16), (17), (18) and (19)

requires a fulfilment for the following equality:

л»

Return now to the case of perturbation by operator <b » •

When calculating the anomalous-dimensions matrix with the use

of perturbation theory one should take into account that only

fields with close dimensions mix effectively, so it is easier

to examine fields ^^{^,^,9)
 w i - | ; h n<<

P * having at Q = C

dimensions

"•
n
 2PCP+2) '

In the considered approximation they do not mix with other

fields (this can be seen from operator expansion structure

[5] ), so

( 2 3 )

Standard perturbation theory gives

3q



(24)

Explicit dependence of db,
n
 on Q may be chosen such

that the r.h.a. of Eq.(24) vanished at Е
1 г
 Z

1 2
 = f (this cor-

responds to special choice of coordinates in coupling-constant

space). Comparison of (24) with (20) yields:

At

3_ rt
&
-j_

 f
 4ч

"г(Ре)Р
 1 ;

" (26)

In (26) we have taken into account that ^
1п
',п-цп,п)

а
 Ц.Ж €

[5] . Thus,

^Д^Ф^Лг^
 (27)

Consider now Ф
 я
.
о
 and ^„„.p fields. In this case it

is necessary to take account of mixing with superfield

t,,,r£Znil?^n,n • where u-h+oiz and«»^ + e ^
are covariant derivatives, and -the normalization factor —

ensures validity of the equality



(28)

By analogy with the previous case, there take place

2qualities

С

where [5]

n±1
(30)

n 6

10



where terms ~€(€<sr 1) are neglected^

If we choose

ДГ

л Д

%then the r.h. sides of Eqa.(29) at Z
IZ

relation

(31)

vanish, and the

(32)

is valid, where #, , <|>
г
 , <fl>

3
 are Ф

П1
„.

г
 ,<$„,„ , •„.п+г » respect-

ively. Using the Callan-Symanzik equation (20) for the two-

point correlation function < ФЛ1) ф*(2)^ with respect to (29)

and (32) one can readily obtain the following expression for

the anomalous-dimension matrix at Q = g* :

/ 2СП-1) > гг-1

n-n
n п

г
-1 ? n+1

V
n

n-i

(33)

This matrix's eigenvalues which determine spectrum of anoma-

"n.nta
lous dimensions of fields ф (Z,Z,g*) ; are:

n+i
(34)

11



Hence at Q= Q
#
 each of these fields is equal to certain

linear combination y
n±z n

 and Я Я fl
n n
 . Analogously

one can examine other $
n m
 fields (although this is more

difficult to do from the algebraic point of view). Note, that

the Ramond sector can be studied using word for word the me-

thod of Ref. [7] , therefore we have not dwelt on it here»

The author is sincerely thankful to A.B.Zamolodchikov for

valuable discussions and to S.G.Matinyan for his interest to

the work.
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