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1 . The problem of axial anomaly in supersymmetric gauge theo
ries haa recently attracted close at t ention/1 - 6/ • The heart of the 
proble. 1s that according to the Adler-Bardeen theorem the diver
gence of axial current contains only the one-loop contribution/71 

., d..N,,:rO,.Jr =-"". 7,...,,7,..." (1) 

( N belongs to the su eN) gauge group), wheress the Bupercontor
mal anomaly, including the axial one, is proportional to the ~
-function, i.e.treceives contributions from ell orders in ~ 181 

; .1. B (a() [ ... F~ J S ]0rJr = .3 ~ r,...v r + 2. 0,... 1". (2 ) 

Another Bource of disc r epancy i8 the enomal ous dimension of the cur... . 
rent. For the AB current J~ it is not zero. At the S8me time 
the axiel current "J~ is the first component of the supermul
tiplet ~ding also the energy-momentum tensor which, evidently 
has zero anomalous dimension. This appears to be inconsistent with 8 

multiplet structure of the anomalies. 
The solution of the paradox is concealed in the essence of re

normalization procedure. The discrepancies are removed if one takes 
into account the fact that we have two different renormalizaticn 
prescriptions. The AB theorem takes place only i n a special scheme 
which is not 8uperoymmetric. The quantum operators in t he 8upersym
metric Bcheme and in the Adler-Bardeen one do not coincids, but are 
connected by tinite multiplicative transformations. This is true not 
only for the currents , but slso tor the FF operators entering 
into the anomaly expression . (1) , (2). The account of current renorma
l ization only, as it _il l be shown , is not enough and l eads to a 

/1number ot contradictory. st atements in the literature - 4/ • 

2. Consider the renormal ized operators involved in tbe axial 
anomaly equations ( 1 >, ( 2 ) . They obey the standard renormslization 
group e quatioDs writ t en down in the corresponding renormalization 
schelDe: 

• .,--- . 
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Orj;~o.) )=0o " J 	 0)+ 0'(a.,) 11 a. - 0(0.') , 	 -r (0.)lr~r 	 ( 
Trv 	Jr" 
orJ; (A))

+ &(A ) '0 r l A) j ~ = 0 
(4 )'OAl r~r 	 ( Ff"" F,." (A) , 

where f-> ( a. ) and B(A) are the ~ -functions , a. =' cJ. AI!,N 
01. " 	 211"and A E ~ are the renormalized couplings, and 

the matr ices of anoma lous ~imenB10na have the triangular form /6,9/ , 

" _ 	 ( ~H 0 \ F_(r" 0 \ (5)o - (~, (z') - r 2 , rn) . 
The Be matrices may be found by direct computation, however, 80

me general properties fo llow already f rom the renormalizat1on 1nv8
riance of anome 11ee/o,9/: 

(6 )lr~r + ~(a.)~(J l 0r-j: + ~ r;.~t.v) = 0 

r '1 '11 ) \ "B(A) ( ~ 5" tLr " I" + El(A ) 1>A 1.'1,.:::1,... - 3A rr"Frv +2',..J,.. )fO.(7) 
Combi ning eqa. (J) and (6 ) and eqs . (4) Bnd (7) we obtain the mat rices 

(5) in t he form 

<1"1 

~ (0. ') = ( _ 2 ~" -:~)) r (A) = (-2A~~) -A:~~} (8 ) 

where we have t aken into account the t act that the anomalous dimen
oion of tbe S5 current ~ ... ::O i n SS scbeme a On tbe contrary , in 
the AB scheme t he anomalous dimension vanishes only in one-loop or
der being non- zero and equal to 19,2/ ~.f'" ill) = - 3/Z Q2.+ 0 {(\1 ). 

J. Starting from the general statements of the renorma11zation 
theory we conclude t hat tbe renormalized operators of two different 
schemes are r elated by finit e multiplicative renormalizstion of the 
f orm 

o'O,..:J:(A) 	 '1r />r (O,) 
( 9)\ =-(.$,111\) 	 J 

( F;-~ Fr. (A) ) S2' fA) Szz(A)J( tj-v J;,v 1o.) , 
where A~ Z (AJa. . 

2 

With account of eq. (9) the consis tency condi tion for eqa.(l) 

and ( 2 ) takes the form 

, 	 i )- i (10 )e, (A) = - 3A ~ (1- A,$" + 2. S.,

) 	 2. oS,. Z 

Hate that tbe first two coeffic i ents of the 
s cheme-invari ant and are equal t o B (A) =: 

Combining now eqs. ( J), ( 4 ) and (9 ) we 

the equation ,.. f\. 

S .. Z 

~ -function are 
:V2. A2. ( 1 + A ... .. ) . 
get for the matrix .s 

,..,. 

El(A)d.S(A) r,s - SO ( 1 1 ) olA = 

wi th 	the initial c ondi tion .5 (0)= 11 
With accoun t of (8 ) eq . (11) has t he fol lowing solution 

( 12 ) 
o )S(A') = 	 &oA •

"-

(2:A (1- e)-2e 
l>(A) 2(A)B(A) 

where &0 =- - 3/2. i s the first ~ -f\mc tion coefficient 

and e .,. exp (-o~ 0" ( Z -~ A)/B(A) oI.-A ) . 
Here we bave taken i nto account the relation be t ween the ~ -func

tiona of two schemes: 

e,(A ) (i- ZI(I\ ) A)~ ( o.)_ (1 J)
A Z(A)0.. 

Bote that t o satisty the i nit i al condit1on , it is essent ial that the 

expansion of 0""" starts from - 3/2 a.. 2. • 

Substituting eq. (12) into eq. (10) we convince ourselves that 
eq. (10 ) 1s sati s fied identical ly f or any 3"... ... . B and Z in all 

orders of PT . 
4. ThuB , the explicit transforma t ion is f ound .~ch converts 

the operators from tbe Adler-Bardeen Bcheme into the Bupersymmet ric 
one. The axial anomalies (1 ) and (2) are consistent. The anomalous 
dimensions of the two currents are differant a There arises no res
t r i ct i on on the form of the f?:> -func ti on . The constant Z ( A) 
i s not specifie d and may be found ,for example , from eq. (1 ). Hence, 
toe t ransformation (9), (12) sol ves the problem of axial anomaly.

L The author i8 grateful to O.V.Tarsaov and B.Ta Sazdovic for 

numerous useful discussions. 
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Kazakov 0. 1. E2-84-842 
On the Pro blem o f Axial Anoma l y in Supe r s ymme tri c Gauge 
Theories 

The explic i t r e l a t ion i s fo und be tween the axi a l current 
obey ing t he Adl e r-Bard een theor efll and the su per symmctric one 
be l ong i nn t o a supermultiple t. It is s hown tha t the ax i al a nd 
supe r conf ormal a nomalies a r e consi s tent in all ord er s of per 
turbation th eor y . 
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