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Investigatiou of quaut.11111 c:orrcct.ions in supcrsynmwtric I heorics is au interesting all(! 
sonwtinH~s uontrivial problc~m. For example, in N = l s11pernyrnmetric theories it is 
possible to sugg~st [l J the fonu of exact /:I-function 

.B(a) = 
a2 [3C2 - C(R) ( 1 - 'Y(c~))] 

27r(l - C'2<. /27r) 
(1) 

To derive it by usual methods of the perturbation theory is a complicated problem. Here 
we will show that a derivation of this .8-function (more exactly, the matter contribution to 
this function) can be made if a special new identity for the Green functions of the matter 
superfield takes place. We consider N = 1 supersymmetric Yang- Mills theory, which is 
described by the action 

Quantization of this model can be made by standard methods. In particular, we use the 
background field method, which allows preserving the background gauge invariance and 
cousiderably simplifies the calculations of quantum corrections. In order to regularize 
model (2) we add to its action the higher derivative term 

1 J 4 4 (v~r+ 1 

St.= 
2
e2 trRe d xd BV A2n V. (3) 

(In our notation bold letters denote background covariant derivatives.) This term is invari­
ant under the background gauge invariance, but breaks the BRST-invariance. Therefore, 
calculating quantum corrections it is necessary to use a special subtraction scheme, which 
restores the Slavnov-Taylor identities in each order [2]. In order to cancel the remain­
ing one-loop divergences we should also insert to generating functional the Pauli-Villars 
determinants [3]. 

We will calculate a matter contribution to the Gell-Mann·-Low function. If V denotes 
the background gauge field and 

(4) 

298 



where n i8 a rcuorurnlb~ed coupling constant and Z is the renormalization constant for the 
mattc'r :-;npc!rfi<'ld, thrn the Gell-lVIaun--Low func:tiou /3(n) and the anomalous clirneusion 
-y(1Y) are defined hy 

(5) 

Calculation of the matter contribution to the Gell-Mann-- Low function can be mad<' 
substituting solutions of Slavnov -Taylor identities to the Schwinger--Dyson equation for 
tlw two-point Green function of the gauge snperfield [4]. Graphically this equalion can 
be! pn~sented as a sum of two diagrams: 

The result (without subtraction diagrams) can be written a8 

1 d -11 ( ) I d
4
q d { 1 d ( 2 2) Bf } ' 

-l67rdln/\d0 p=O= ... -CR (27r)1dlnA 2q2dq2ln qG -q2G -(Pv)(6) 

where <lots denote contributions of the gauge field and ghosts and (PV) denotes a contri­
bution of the Pauli- Villars fields. The function G is defined by Eq. ( 4) and the function 
f is related with the three-point function 

ov;~:~.15 ¢>,. l,=0 = 1! [ - 21Pn 1i2v ( o;b!i!: ) F(q'l) ~ob ben; ( i5zn:un~8:= ) 1 (q2
) _ 

1 ''G'( 2) ;\ ,, D (n-2xl5 lA ) ln- 2•8 .r8 G( ?.)] T" (7) - J(l(j (/ V"'f 'YD V 71",:;1/ V' - /i ll""'Y"Y~ I] . 

Here ¢0 and ef>o are scalar superfields, introduced in the generating functional by adding 
to the action the term 

(8) 

1\ ·tua lly tho reen fun tion (7) is very simLlar to ' Lh -• ns11a.l :r en fLmdim1 , but one of 
the ma.Lter cuds is n t, ·hi ral. 

T h<! firs Li:rm in Eq. (6) ill au integml or Lhe Lotal derivative~ a11 1 CR11 bi> easil ' 
calculated using the identity 

) - f (k 2 = 0)) . (0) 

Ili>wcvcr, Lhe P~'<pl i ciL rnlc 1dat,ions [5 , Oj a lways sh w t, 1.J at Lh 1;1eco11 d Lcn11 in Eq. (6) 
is ;i.lRo nu integral <>f Lhe Lota! d rivalivr ~U1rl is always r.q 11 al Lo O. This itllowR suggc:;t.ing 
existence of the new identity 
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(10) 

which is 110L a consequence of ~upcrsymrnetric or gauge Slavnov -Taylor identities. (In t.hc 
massive cm;l~ the~ corresponding idlmtity is prnsented in [4].) In functional form the' new 
idc~ntity can be written as 

J 8 8 " d D.)5; Pr I 
tr d xd yVyD Vx-dl ,,2 o·+c5 ) + = 0, 

ni\ u J, V 11 ((/!u.r 
z:::x,p=:.O 

(11) 

where tlw derivative with respect to the sources should be expressed via derivative with 
respect to the fields. The condition p = 0 mea,ns that the background field V depends 
only on (J and is independent of .1;1'. The derivative with respect to ln A is needed in order 
to make all integrals well defined. 

The nc'w identity is nontrivial starting from the three-loop approximation (or the t.wo­
loop a,pproximation for the Green fnnction (7)). Its verification for the Abelian theory 
was made in three- and partially four-loop approximation (6]. A sketch of a possible proof 
exactly to all orders in Abelian case is made in Ref. (7]. However, it is necessary to verify 
if the new identity takes place in the non-Abelian case. For this purpose we considere [8] 
the three-loop diagram 

and construct the corresponding function f, calculating the diagrams, which are obtained 
from it by cutting the matter line and attaching an external line of the background gauge 
field by all possible ways. After substituting the result to the left hand side of identity 
(10), we obtain 

(12) 

Therefore, the new identity and the factorization of integrands to total derivatives also 
take place in the non-Abelian case. 

In order to check if the factorization of integrands to total derivatives is a general 
feature of supersymmetric theories, we calculate the two-loop /)-function for the N = 1 
supersymrnetric Yang-Mills theory without matter. It well known that in this case 

(13) 
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Calculatiug two-loop diagrams, defining the Gell-Maun- Low function (so far without 
diagrarns with insertions of co11ntertc1111s), in t.he limit p -+ 0 we find (in the Euclirlmm 
spac<~ after the Weak rotation) 

This integrals can be calculated by Eq. (9). Then the two-loop Gcll-lVIann- Low function 
agrees with Eq. (1). After taking into account diagrams with countertcrms insertions [9] 
with the higher derivative regularization we find that diVf~rgences arc only in the one-loop 
approximations similar to the supersymrnetric electrodynamics. This is in agreement with 
the results of [10]. However, the physical Gell-Mann--Low function has corrections in all 
loops. 

Therefore, factorization of integrands to the total derivatives seems to be a geueral 
feature of all supersymmetric theories. However, the reason is so far unclear. Actually 
new identity for Green functions (10) is a consequence of this fact. 
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