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The two-loop anomalous dimension in iV = 1 supersymmetric electrodynamics 
regularized by loop momentum cutoff has been calculated. 

INTRODUCTION 

One of the interesting questions in the study of the dynamics of supersymmetric theories is the inves-
tigation of quantum corrections. For example, in [1], an expression for the /З-function exact in all orders of 
perturbation theory was constructed on the basis of the requirement of the renorminvariance of instanton 
contributions. Afterwards, repeated efforts to obtain such a /З-function by other methods, e.g., based on 
studying quantum anomaly [2, 3] or with the use of direct calculations, were made. It was shown that the 
scheme independent two-loop /З-function is consistent with the predictions suggested by the exact expression 
given in [1], but calculations in the three-loop approximation with the use of the MS-scheme and dimensional 
reduction [4-6] have shown that the results are still inconsistent with the predictions following from the exact 
^-function. Nevertheless, the inconsistency can be removed by redefining the coupling constant [5], and the 
very possibility of such a redefining is quite nontrivial [7]. In other words, there exists a subtraction scheme 
different from the MS-scheme under dimensional reduction, in which the Novikov, Shifman, Vainshtein, 
and Zakharov exact ^-function is obtained. In principle, the scheme in which the exact /З-function is 
obtained can be constructed by establishing its relation to the MS-scheme in each order of perturbation 
theory [8]. However, we may try to construct such a scheme by selecting regularization while using some 
sufficiently simple subtraction scheme. A candidate for such a regularization is the method of higher 
covariant derivatives [9, 10], which, as opposed to dimensional reduction, involves no problems in studying 
higher loops. Nevertheless, calculations by the method of higher derivatives turn out to be technically 
complicated. It is known [11, 12] that, in the one-loop approximation, the higher derivative method always 
gives the same result as the dimensional regularization method. For the first time, two-loop contributions to 
the effective action were studied in [13, 14], where the /3-function and the anomalous dimension for N = 1 
supersymmetric electrodynamics were calculated. In particular, it was shown that the two-loop contribution 
to the /9-function does not depend on the form of the regularizing term and always vanishes. In principle, 
this result is not unexpected, because in the theory under consideration, the axial current anomaly and the 
anomaly of the energy-momentum tensor trace belong to the same supermultiplet. Note that this result 
does not contradict the results obtained by Novikov, Shifman, Vainshtein and Zakharov, because, as was 
shown in [15], the /^-function of the model under consideration depends on the normalization condition used 
for matter fields. In particular, a scale transformation of renormalized action, which reduces the matter 
fields to the canonical normalization condition, gives the exact /i-function at the two-loop level; in N = 1 
supersymmetric electrodynamics, it has the form 
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where 7(a) is the anomalous dimension of the matter superfield. 
However, of most interest is the verification of this formula at the three-loop level, i.e., a comparison 

of the three-loop contribution to the ^-function with two-loop anomalous dimension, because both these 
values are scheme dependent and, generally, the result of comparison depends on the regularization and 
subtraction scheme used. Thus, it would be interesting to know the two-loop anomalous dimension for var-
ious regularizations (under minimal subtractions) in order to compare them with the three-loop /3-function. 
For dimensional reduction and the method of higher derivatives, the result is known. However, the most 
simple regularization can also be considered by the loop momentum cutoff. Generally, such a regularization 
violates gauge invariance. Nevertheless, there exists a renormalization scheme, which gives Green functions 
that automatically satisfy the Word identities both in the usual [16] and in the supersymmetric [17] theories. 
The two-loop ^-function in the special case of N = 1 supersymmetric electrodynamics regularized by the 
loop momentum cutoff was calculated in [18]. The two-loop anomalous dimension is calculated in this paper. 

1. N = 1 SUPERSYMMETRIC ELECTRODYNAMICS 

N = 1 supersymmetric electrodynamics in superspace is described by the action 

S0 = Re J d4xd2$WaCabWb+j J d*xd4 (ф*е2Уф + ф*е~2Уф) , (1) 

where в is the anticommuting majoranaspinor, Cab is the matrix of charge conjugation, and e is the coupling 
constant. By ф and ф, we denote the chiral superfields, whose spinor components i]> and -ф can be combined 
to form one Dirac spinor 

Ф = ^ ((1 + 7s)V' + (1 " 75)^) • 

In action (1), V denotes the Abelian real superfield, which includes the gauge field Afl as a component. The 
superfield Wa is a supersymmetric analog of the stress tensor of the gauge field; in the Abelian case, it is 
determined as 

Wa = 1 - 7b)D [(1 + 75 )D a V], 

where the supersymmetric covariant derivative D has the form 

The quantization of model (1) is described in detail in book [19] and is not discussed here. It should 
only be noted that gauge invariance was achieved by adding the explicitly supersymmetric terms 

Sgf = - — L J d*xd4 (VD2D2V + VD2D2V) , 

where 
£>2 = ^ ( l + 75)£>; D2 = ^D{l-lb)D. 

On adding such gauge-fixing terms, the kinetic term of the gauge field is represented in simple form 

Sgauge + Sgf = J d4X d4e Vd2V. 

Since the model under examination is Abelian, there are no diagrams with gost loops. 
By virtue of supersymmetric gauge invariance, we have 

V -^(А + А+У, ф^елф; ф^е~Аф, 
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where A is an arbitrary scalar chiral superfield. The renormalized action in the model under consideration 
can be represented as 

Sren = Re J d"xd2eWaCabWb + Z(M/fi)^ J d^xdH (ф*е2Уф + ф*е~2Уф) (2) 

with 

e e0 

where eo is the bare coupling constant, which must not depend on the parameter ц, M is the momentum 
of ultraviolet cutoff, and e = e(M/fi) is the renormalized coupling constant. 

Having constructed an expression for Sien, we can find the expressions for the /^-function and anomalous 
dimension, which are defined in our notation as 

d ( e2\ d\nZ 
P = - 7 T — 7 - ; 7 — d In [i \ 47Г / ' d In /x 

Note that, generally, the values thus defined as functions of e depend on the renormalization scheme. When 
f3 and 7 are expanded with respect to e2, the coefficients of the /^-function starting with the third one and 
the coefficient of 7 starting with the second coefficient appear to be scheme dependent. 

2. TWO-LOOP ANOMALOUS DIMENSION 

The one-loop anomalous dimension and /3-function for model (1) have the form (see, e. g., [13]) 

7 { а ) = - - + 0(а2у, /?(<*) = — ( l + 0 ( a ) ) . (3) 
7Г 7Г 

Expression (3) is obtained because the counterterms necessary to compensate the one-loop divergences in 
the minimal subtraction scheme are chosen in the form 

A 5 l = _ J _ l n ^ R e J d^xd2eWaCabWb+^_lnM, J d4xd*e (ф*е^ф + ф*е-2Уф). 

The two-loop anomalous dimension can be obtained on calculating the diverging two-loop diagrams 
with two external lines of the superfield V, which are shown in Fig. 1. (This figure also shows the diagram 
determining the one-loop anomalous dimension.) Calculation of these two-loop diagrams after performing 
the Wick rotation in Euclidean space gave 

Alf> = J (>(P) Ф(~р) + Ф*(Р) Ф(~Р)) 

{.м м 

_ [ d*k е 2 4 [ d*k А 1 
J (2тг)4 2к2(к+р)2 + в J Щ* (2тг)4 к2q2{q+p)2 м 

(k + q + 2р)2 2 ^ е4 ^М [ d*k 
(к + р)2 (k+p)2(k + q + p)2 (k + q)2J 4тг2 ц J (2тг)4 к2(к + р) \2 ( ' 

where 
М М 1г тг 2 к 

J d*k = J dk к3 J d6i sin2 9i J d92 sin в2 J d9z, 
0 0 о 0 

(к, Ox, 62,63) are the four-dimensional spherical coordinates, and M is the ultraviolet cut-off momentum. 
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Fig. l 
The Feynman diagrams that make nontrivial contributions to the two-loop anomalous 
dimension in N = 1 supersymmetric electrodynamics. 

On calculating the integrals, we have obtained 
м 

I d4k 1 1 / M 1 
m h -

(2тг)4 k2(k + p)2 8тг2 V P 2 

м 

! d*k d4q 1 1 / 1 , 2M , M 1 - ' - In2 — + In — + -
(2ir)4 (2тг)* q2(q+p)2k2(k + q)2 (8тг2)2 \2 p p 2 

M _ M 
[ (k + q + 2p)2 Г d^k_ _cPq 1 

J (2тг)4 (2тг)4 q2(q+p)2k2(k+p)2(k + q+p)2 J (27r)4 (2тг)4 + p)2A;2 (fc + p)2 + I ^ 
Therefore, to compensate for the divergences in formula (4), it is necessary to supplement the minimal 
subtraction scheme by the counterterms 

AS<a> = 1 [ d*x d*e (ф*е2Уф + ф*е~2Уф) ( ^ In * + ^ In2 ^ - ^ In ̂ } , (5) 
J \ J у TT fx тгг jx TTz fx ) 

where 

a = e2/47r. 
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(In the subtraction scheme under consideration, at M — ц, the counterterms are assumed to be zero.) 
Therefore, the function Z in formula (2) is equal to 

л . a . M a2 . о M a2 , M ,„, Z { M p) = 1 + - In— + - J b 2 — - - j In — + 0 ( « 3 ) , (6) 
7Г Ц 7Г /X 7Г /.L 

which corresponds to 

7 = + ^ + (7) 7Г 7Г 
This two-loop anomalous dimension does not coincide with the results obtained with the use of dimensional 
reduction and the MS-scheme [5] and with the use of the method of derivative of higher order [13, 14] in a 
subtraction scheme similar to that used in this paper. However, in the case under consideration, the results 
need not necessarily be coincident, because the two-loop anomalous dimension is scheme dependent. It is 
more interesting to compare the obtained results with the three-loop /З-function calculated in the scheme 
suggested above with the use of the canonical normalization condition for matter superfields. 

CONCLUSION 

The main result of this work is the expression for the two-loop anomalous dimension in N = 1 
supersymmetric electrodynamics regularized by the loop momentum cutoff. Renormalization was performed 
by adding counterterms constructed from the diverging part of the effective action so that they vanish 
at M = ц. Since the two-loop anomalous dimension is scheme dependent, it must also depend on the 
regularization when such a renormalization scheme is used. The physical values, undoubtedly, are scheme 
independent, because the addition of some counterterms to the theory can be compensated by changing the 
value of the renormalized coupling constant so that the bare coupling constant remains intact. In principle, 
under the requirement that the residues of the renormalized Green functions at the poles on physical masses 
be equal to 1, the anomalous dimension is also independent of regularization. But such a requirement 
corresponds to the fixation of the arbitrariness in the choice of the subtraction scheme. Since we did not 
impose it in this work, the result differs from those obtained by the methods of dimensional reduction [5] 
and higher covariant derivatives [13, 14]. Nevertheless, the coincidence of the results should not be expected 
because of scheme dependence. Note that the twice logarithmic terms in the constant of matter field 
renormalization (see formula (6)) turned out to be independent of the choice of regularization and are 
consistent with the predictions of the renormgroup method, which can be regarded as a verification of the 
correctness of calculations. 
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