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Тhе proЫem of supersymmetric regularization is of great impor
tance, especia11y, in connection with cance11ations of dive rgences 

in extended super Yang-М111s (SУМ) theories. Аз is shown in ref. / 11 , 
the oonventiona1 dimensiona1 regu1arization (CDR)121 Ъreaks super
symmetry at the two-1o op 1eve1. Тhе regu1arization Ъу dimens ional re
duction (RDR) /J/ is а modification of cDR for supersymmetric theo
ries. A1though Ъetter than CDR, RDR i s not without а f1 aw ei ther. The 
scope of RDR is disoussed in deta11 in ref. / 41. 

In а re cent paper / 5/ R, van Damme and G, 't Hooft c1aimed t hat 
there is а c1ash Ъetween requiring s inшl t <.J.ncous ly Ъoth uni t ari ty and 
supersymmetry Ъecause it i 's 1mposs1Ьle t o transform the theory regu-
1arized Ъу CDR into that r egu1arized Ьу RDR Ьу means of finite 1ocal 
counterterms. This wou1d ca s t doubt on the three-1oop cance11ations 
in N=2,4 SУМ theories found out Ъу using RDR 11•6•71 • We show in 
the Fesent paper that the c1aim of r ef. / 5/ i s due t o some error s 
in ca1 cu1 a ti ons. Тhе corre ct resu1t s exhiЪit no anoma1y. 

Тhе idea of RDR i s the fo11owing . То re gu1ar ize ttltra-vio1et 
divergences, one goes fr om t he dimension d=4 to d~4-2 ~ , thus chan
ging the number of gauge fie1d s . Аз f ar a s in s upersymmetri c the ories 
it is necessary to provide the equa11ty of Bos e and Fermi degrees 
of freedom, one is to add the so-ca1l ed E-sca1 a.rs , the number of 
fermions remaining unchanged as in four dimensions . То find the cont
ribut ::on of t he s e additiona.1 Е. -sca1 ar s to t he regu1ari zed diagrams, 
it is s uffic ient to inc rease the t ot al numbe r of scala r s Ьу 2 ~ 

eve r ywhere it stands. Afte r tha t, a s in CDR, the div ergences are m1-
nima11y subtracted / е/ , 'l'hen t he d i f fere nc e between the two schemes 
shou1d 11е in the fact that the renorma1ized pa r amet er s are re1ated 
Ьу а finite tran sf or mation. 

Тhere are two ways t o .' ind this transformat io n. 1'he first one i s 
to re1ate the ~ -fиnc tions 191 • '1'he second i s to equa11ze in the 
di ff e r ent schemes s ome renormalization-iпvar iant quantit ies, e . g., t he 
Во " / 10/ go1ubov - uhirkov invar i ant charges , In the 1eading order we 
have t o re calcu1ate t he tw o- l oop f->-fun ction s or to extract f inite 
part s of t he one-1 oop diagrams . In re f . 1 5/ i t is c1a imed t hat these 
t wo ways le a.d t o differ ent r esu1t s . Our a i m i s to verify this state
n emt. 
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RDR preserves supersymmetry at the two-1oop 1eve1, аз estaЪlished 
in refs./1 , 11 , 121 • (Although in ref.112/ there is а wrong statement 
that the scheme of ref. / 1/ breaks supersymmetry wh11e RDR does not: 
in fact, the scheшe 111 is RDR). Тье renorma11zed ~УМ theories remain 
s1ng1e-charged with а11 the coup11ngs equal; 

9R = 'jR:: ?iR::: ?2.R 
(1) 

1n the notation of ref.151 with the subscript 8 R8 for RDR. 
Тhе CDR is non-1nvar1ant, so, in order to restore supersymmetry, 

the charges shou1d Ье related through воmе finite ooefficients 
А,~,в2 : 

~с.= 'Ус. L i + A':Jc. ~ ОСУ~)] 
' (2) 

?1L = ':Jc. [. i + в1 ~с.+ о с Ус.2.)] ) 

~2.С. = ~c.L 1 + В2 ~с. +о (Y,z.)] 

with •с• for CDR. Equa11z1ng the iпvariant charges of flDR to thosг 
of CDR we obtain the conneotion Ъetween the coup11ngs. Only the dia
grams with scalars (Figure) do contribute to the one-1oop recalcula-

tion. 
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both for N=2 and N=4 SУМ theories in the саве of the SU(2) gauge 
group. Using eqs. (1) a··td (J) we deduce: 

{ 
в = -2. -'671'1... ) 1 '/ 

2. ~ 
А= -3 16л'L 

in oontradiction with ref. /5/ • 

( 

Bz = 2.. -f67! ~ (4) 

То find А , В 1 , в2 from the f3 -functions, we need the one-1oop 
expressions for arЫtrarily chosen 9, У> f> 1 and Р2. , and 
the two-loop ones in the supersymmetrio oase. We have obtained the 
fo11ow1ng one-1oop f.?- functions, the same in RDR and cDR: 

for the N=2 SУМ theory 
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and for the Na4 SУМ theory 
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in accordanoe with ref. 1'1. In two 1oops we have oomputed only the 
gauge and Yukawa {->- funotionв: 

(1 ьл.,_ )z. r.:, ('L)- О R:DR 
1 d - and. C.DR 

7.. (2) 
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for both N•2 and N~4 sУМ theories. Now the coefficient А oan Ье 
found from the re1ation 

f-'dL&c~>J ~:~ L~) ~(~n] ~) cLy (8) 

and it coinoides with that of eq. (4) for CDR (for RDR, аз mentioned 
above, eq. (1) is obtained). 

Тhus, we conc1ude that the two different ways yie1d the ваше 
reвu1ts. Henoe, no anomaly is observed: RDR and CDR are equiva1ent 
up to two 1oops. Most рrоЬаЫу, their equivalence can Ье proved 
recursi ve1y in al1 orders because the introduction of the с - sca-
1ars deforms the theory not stronger than а change of fermionic traoes 
Ьу 0(t) 12/ • 

Moreover, the true superвymmetry anomaly(an impossibi1ity of renor
malizing t he theory in а supersymmetric way) iв unlike1y to Ье 
found at а11. Тhе renorma11zation in N•1 supersymmetric gauge theo
r ies has been studied in rer.11J/ • Тhе conc1usion is that in the 
minimal-subtraction scheme (it can Ъе conвtruoted in any re,u1ar1-
zation and is gauge-independent for genera1 gauge theories 14/ ) 
the counterterms are supersymmetric in any gauge.One only needв an 
invariant regu1arization to exist. For N .. 1 в aperвymmetric gauge 
theories such а regularization hав been exp11cit1y constructed in 
rer/15/ • If one useв а non-1;-.variant regularization, then super
symmetry can Ье restored w~th finite oountertermв Ьу requirung 
sing1e-ohargeness. In rer. 1161 it has been proved that the sing1e
charged special so1utions of the renorma11zation-groups equations 
neoessar11y exist in higher orders if they have been found in the 
one-1ool 'pproximation. Тhе ca1culations of the present paper and 
of ref. 9 oonfirm this genera1 statement. 

For the N•2,4 extended SУМ theories considered in terms of 
N•1 superfie1ds and in the Wess-Zumino gauge, the preservation of 
N•1 supersymmetry ~d of the g1obal SU(N) iпvariance, together with 
gauge-independence 141, w111 ensure 16 •111 sing1e-ohargeness. 
However, а subatantiation of their higher-1oop finiteness 171 requi
res some further arguments, e i g., the existence of an N•2 super
symmetrio regularization. 
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Аномалия не наблюдается 
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Рассматривается двухпетлевая аномалия в суперсимметричных 

калибровоч J-I ЬIХ теориях, обсуждаемая в недавней работе Р.ван Дам

маи Ж .'т Хоофта , Показано, что она является результатом 

ошибки в вычислениях. В действительности возможно перейти от 

теории, реrуляризованной с помощью обь~ной размерной регуляри

зации, к т е ории, регуляризованной с помощью размерной редукции, 

с и-спользов анием конечных локальных контрчленов. Следователь

но, ан•>мали ll не наблюдается. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
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П1е t "IQ -loop anomaly in s uper symmetric r,ащ:;е theorie s d1 s
cussed in а recent paper Ь у R. van Damme and G. 't Hooft i s con
sidered . We find that this is due to some mistakes in calcula
tions. In fact, it is possiЬle to transform the theory rer,ula
rized Ьу t ]Je conventional dimensional re~ularization into th e 
dimensiona ll y reduced one Ьу means of finite local counter
terms. So, no anomaly is ohserved . 

The i nvesti~ation has heen performed at the Laboratory 
o f Theoret ical Physics, JINR. 

Coппnunicati on of the Joint lnstitute for Nuclear Researcl1. Dubna 198:. 


