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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 8
Co=1~Fepvey 7 P34, i

A
C is connected with the usuael Virasoro central charge by the

relation E=-‘-2— C . In [4] it is shown that the SMp models
exhaust all two-dimensional superconformal solutions of field
th.eory with e < { , satisfying the positivity condition.

The space of fields A which form closed algebra with respect
to the operator expansion contains primary Neveu~Schwarz supersr
tields ¥, ,(2,2)= §,pn*t OWo + 0Fp + 188D, (n=1,2... P-1;
m=1{,2,...,P+1; ntm=0(mod 2) ; (,Z)=(2,8,2,6) are superspace
coordinates, where 2 end Z are even, and 8 and 8 are
0dd coordinates) and Ramond fielda R(,:,),, (2,3) (n=1,2,..,pP-1,;
m=1,2,...,P+{; me+n={(mod2), =% | The dimensions

(see [4] ) of lowest components of superfields and Ramond
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fields are:

—  _(mp-n(P+2))-4 |
Apm = An,rn' 8P (P+2) + 32

ﬂ+|’ﬂ) ,

(1~ (2a)

’

L d

while the dimensions of ‘I",.,,m s ¢n‘m ,tbn'm are respectively

1 e - 1 -
(Boam* 7 5 8nm); (Bam,Apm+ %) u (Anm*7) Bam* %) . (2b)

The structure constants or‘the operator algebra of SMp models
are calculated in [5] « It is essential for what follows that
the superconformal clesses [5,,,‘] and [Ry,n] form a subalgebra
A, A . '

Consider now a fixed point corresponding to the SMp the-
ory with P»1{ . From (2a,b) one can see that at N« P three
series of spinless fields 5,,’,,,2 , E';m-z,n and 9,8; 9, , have
dimensions close to 1, Therefore one may expect that the the-
ory perturbed by these operators exhibits nontriviai renorm-
group behavior already at small (of 1/ P order) values of
coupling constants, which mekes it possible to apply astandard
perturbation theory. Below we'll study the field theory

arising at perturbation of the SMp model by operatoxr 4’1,3 .

[ts dimensions are:

< , AT
'A1,3=A1n3+?= i-e ; € ] . (3)

~

Such consideration is self-consistent, since ¢ 3 1is the
only field from subalgebra f,; having dimensions close to 1.
[ -
Let H‘ )(Z,Z,g ) be the action density of such perturbet

. P =
theory | H( )(3’2,0) describes a fixed point SMP ):

¢(z,i,g)=%ﬂ“”(z,2,g) ; B(2,E,0)=(2043)'d,4(2,2) (8



oy N T ST

Following [7] , we choose g ‘such that
G(g)= < 55(2,‘.25,3)$(o,_o,9)>lﬂ.z-=1 =1. (5)
The trace of the energy-momentum tensor can be written as
= $(9)9P, (6)

where $(9) is the Gell-Mann-Low function.
The first terms of expansion of @ ~-function in g have

the form (see, e.g. [61 ):

9(9):&3--;—(&!0)321' ey (7N

The value of the structure constent C= c“’g)(1’5)(1,3)(2Ai,3)-3

can be derived from the general formulae [5] :

c=F (1+0(e). @)
Thus
p(g):eg-%92+... (9)

We heve written out in (9) only the terms having order €2
at 9 ~€ , From (9) it follows that there exists .a fixed

poipt

asrg*= e (1+0(e)). (10)

It should be noted that the perturbation by operator $,3

¥

does not violate global superasymmetry, which is obvious from
the identity

(Bacz,Bra%e = -L(#,,(2,F)dzd% (an



therefore not only conformal but also superconformal symmetrj
restores at point 3* . Zamolodchikov's theorem on C-funciion
decrease [6] allows one to predict preliminarily that the
fixed point (10) corresponds to some model SM?' with 9 < P
{(the positivity condition in perturved theory is not broken).
loreover, due to the additional discrete symmeiries available
in SMp models [5] under which the considered perturbation
is invarient, there follows that P-q = o(mod?2) . With the

use of formula (see [7] )
*

g
2(gn-Ep)= - 122y &P (9)dg (12)

we find: ‘
C(g" = Cpmge’+0(e). (13)

A
Comparison with (1) shows that Cp-, with required
A
accuracy equals C(g"} ; hence the fixed point 9" is described
by the model SMp., . The @ -function slope at fixed point

determines anomalous dimension of field 47(2,2,9'):

d -
A’ 1'?5 | gage = 17+ (<) aa)
hence
P~ - »* ~ P-Z) —
$(z,5,9")= ¢ (2,7) , (15)

where index P~2 denotes that the coﬁesponding field refers
to the SM‘,_2 model. r'rhe constructed field theory (denote it
SMP p-2 - ) corresponds to the renormgroup trajectory that s

, ;

connects fixed points SMp and SMp.z . In the ultraviolet



region it approaches SMP s while the infrared asymptotics
of this theory is described by the model SMp_, . The

equality (15) shows that SMp p.; may be considered as SMep-2
theory perturbed by operator ; :-2, .
?

In what follows we'll study renormelizations of super-
fields ¥, in perturbed theory SMy,., and establish rela-
tions between the fields of "asymptotic" theories SMP end
SMg_, » for which we'll use the method from [7] which needs

some reformulation allowing to derive benefit from supersym-

metry.
. 1
Under infiniteaimal superscale transformation 06 = E‘EB s
SZ =¢€2 , superfield ¥ is transformed as follows:
) 1,9 . 4
ge\p=e(za—2+—2-639+8)‘? , (16)

A
where operator & describes the ¥ field variastion at

origin. In particular, for action we have

(d%2d®0 P1(2.5.68) — 22d%0 (9-5)#H =
H=(d*2d% ¥ (2,5,6,6) H+8Sdz @-3)# .

= H+sgd2zd*6 ®(z,%,6,6).

Suppose our theory depends on n -parametric family of

"coupling constants” 3"=(g', ceey g") . Denote
3 - -
b= a4 #(2,3,89), (18)

If the theory is renormalizable, then the field ® (2,Z,0,0)

from (17) can be presented in the form:
— no; —
@(%,%) = ;f‘(g)‘l’i(z,z), (19)

From above-gald one can readily obtain the Callan-Symanzik



equation:
N 3 4 a A n R a
[Z a5z, * 2036, @) ~ Z 6'®Q) 3, 1%
(20)
x <Y, (Z,,Z,) <o ‘fu(zn;iu>> =0,

A A n HR a
where operator l"=4f)"’_Z1 p‘ _ag‘ is called the anomelous-~
“w
dimenensions matrix. Conaistency of (16), (17), (18) and (19)

requires & fulfilment for the following equality:
A n { j
-5 (18- L (21)
ré =& (76 33 )

-~

Return now to the case of perturbation by operator ¢1'3 .
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 @n,n(z,i,g) with N«p , having at 3=G
dimensions

é -1
B = m , (22)
In the considered appréximation they do not mix with other .
fields (this ‘ca.n be seen from operator expansion structure
(51 ), =0 .
r(g) ¢n,n (%, 219) = X-n.n qpn,n (Z, 5;9) ’ (23)

Standerd perturbation theory gives

“» 3)

<¢n’n( 1)3)¢nn( 2 272)), o‘-ﬂ (n,n)(nn)



F(E) re(1- 2e) c €-28pn 3 . 2 .
Frga T Rafal |t <o el )], (24)

REICE-T VO WAFEE RERERELS

Explicit dependence of (#)n'n on g may Ee chosen such
A -
that the r.h.s. of Eq.(24) vanished at Z, =1 (this cor-
responds to special choice of coordinates in coupling-constant

space). Comparison of (24) with (20) yields:
= + 20 61.3 + . (25)
X:z.n (3) Ann T nnnin 9 o

At g = 3*=(2ﬂ)" J3 € (1+0ce))

n®-1  n®-1 3__ni-f et
X:m(ﬂ )= aP(P+2) 4 € 2(P-2)P o(e") (26)
{0 2-1
In (26) we have taken into account that C(:::(n'n) : T ¢ “+ole*)
[5] . Thus, ! ‘
= %, 4P, _ =
' ¢n,n (2;219 )= qpn'n (%,2). (27)

Consider now @ .. and $,,., fields. In this cese it

is necessary to take account of mixing with superfield

M L = b- 3 -—
q)n.n- Znn. 2(#11,01 s Where 2 _é'*eaz and .0 35 * 9 33
L

are covarient derivatives, and the normalization factor

ensuresa validity of the equelity



~ o~ A _A_ -Z(Au,n,f —;-)
< ¢n.n(1) @n,n(a) >,3=0 = (zﬂzlz) * (28)
By analogy with the previous case, there take place
zqualities
3 % + - = A A &-28pp-1
'—“39 <¢n.n“) *’u n(2)> ,3 23"-' Noa C(n n)(n,n) (%2 %e2) +

<35 b, 8@ Mpuo ™ € §,.08 $..2>]50

_ qe(F € - BDp,nzz) | ®
3 <*un( )#n,ntz(a)>|g=o nn(%"’e An n-rz) (n,n)(n,ntz) (29)

% (£1z i,z )G- -Bunsz < 8—83- &;,nu) ‘pn,ntz(a) 7 lgsg' < 5.,_,,(03%‘ ’},'ntz(a)>fr),

25! v (1,3)
< ¢ﬂ ntz( ) 1’1: nta(z) > , C(n n22)(n,nt2) (zﬂ ziz)

Zﬂn.n:z
+

+ < 5%-42!,!112(1) Q,ntz(zj >'ﬂ’° + < ‘t’c,ntau) 382— ¢n,n:2(2)>lg=o ’

where [5]
e ~ud 1 4 4 o~ nt3
—— == LI . (8 )) _ 1 n%3
Az, “omem T3 w1 € 0(1); Coroynnsey™ 78 et tO(E); o
1-e- i ns9 nt2 1
c(z-€-duns) o0 = T3 n n < *+o() ;

c
ZAn,n ('12' +tE - Aﬂ,ﬂtt) (nn){nne2)
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where terms ~€(€«1) are neglected.

If we choose

3 R L PR x(nz? o
53_ L2 g0 T e I3 nt{ "™n2 /3 2(n-1) "'"’5-0 ’
- . (31)
3 F | 41§ .5 T(-D 4
ag "mn 3,0" eJa(n®-1) "™ g €3 2(n+1) "'"’za"g“’
A

A =
then the r.h. sides of Eqs.(29) at Z, £,=1 vanish, and the

relation

<*.‘(1) ‘P’(a)>|i,,i¢=1 =&‘P + 0(33); a,p=1,2,3 (32)

is valid, where §, , P, , P, are n'n,“ti",n , ®¥ane2 » Tespect-
ively. Using the Callan~-Symenzik equation (20) for the two-
point correlation function < Qd(l)- <ﬂ>’(2)> with respect to (29)
"and (32) one can readily obtain the following expression for

the anomalous-~dimension matrix at g= g* :

nd-5  nef A2 .
2(n-1) 7 n-{ n

ol -

\ LI n+4 /n-a 4 . nt fns2"

xﬁ ?SP v € n-,¥ n 2 n-trpet V0 (33)
n-{ [msz . 5-n

nef n 7 2{n+1)

0

This matrix's eigenvalues which determine spectrum of ancme-
g M x ~IE
lous dimensions of fields ‘#’n,ntgl,!,g )i $,.(2,%,9%) eave:

~—_'- .f"
Azt & 4

11



Hence at 9= 3* each of these flelds is equal to certeain
. (P-2) = g (P-2)
linear combination ‘Pn:a,n and 99 *n.n . Anslogously
one can examine other 4hnm tields (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 sinéerely thankful to A.B.Zamolodchikov for
valuable discussions and to S.G.Maetinyan for his interest to

the work.
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