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We check Ward identities in a special non covariant gauge, defined by n" A,. = 0,. where n is a fixed vector subject to the condition n" n,, = 0. Although this gauge would appear to be a special case of the planar gauge, one cannot pass continuously in the limit n2 � 0, from the latter to the light-cone gauge. The renormalization constants differ from the planar gauge; however, they give the same ratios, i. e. Ward identities identical to the ones in the axial gauge. The P-function is gauge invariant. 
1. Introduction

Recently much attention has been paid to a special non-covariant gauge,. the light-cone gauge, defined by 
n11 A,, = 0, 

where n is a fixed vector subject to . the condition 
n" nµ = 0 . .

(1 .1) 
(1.2) 

Mandelstam 1 > has demonstrated the ultraviolet finiteness of the N = 4 supersym­metric Yang-Mills theory using the light-cone gauge. 
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A major difficulty in both the light-cone and axial gauges is the existence of (k • n)- 1 terms in the A propagator. These terms give rise to ill-defined Feyn­man integrals. We shall use the principal value prescription2> to define the integrals. Once such a consistent prescription is established, we can exploit Lorentz inva­riance for the actual evaluation of the integrals. All the integrals manifestly pro­portional to n2 are set to zero. 
2. Renormalization constants for the gluon field 

The Lagrangian we consider consists of a set of Hermitian gauge fields A� (x) and a multiplet of spin one-half massless fields ,p' (x) , and possesses local gauge invariance with respect to a compact semisimple Lie group G of dimension r. The bare Lagrangian is therefore 
(2. 1) 

where 
and (2.2) 

(2.3) 
Here jabc (a : 1, 2, . . .  , r) are the real, totally antisymmetric structure constantsof G; (R")j is the matrix representation of the a'h generator of G on the fermion multiplet (i: 1, 2, . . • , d (R), where d (R) is the dimension of the representation). In practice, we can use the SU (2) group. The propagator for the gluon in the light-cone gauge is 

a;: = (k2 + ie)- 1 
[- gµ,, + (n • k)- 1 (nµ k,, + n,, kµ)]. (2.4) 

1(2 �

(QJ

-0-
( c )  

( b J  

Fig. 1. O (g)2 contributions to the A self-energy. 

This propagator is identical in form to the propagator in the planar gauge3>. In order to find Z3 constant, we have to calculate O (g2) contributions to the A self-energy shown in Fig. 1 .  The fermion loop (c) is the same as in any other 
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gauge (the fermion propagator does not contain any n ), so for our consideration 
it does not matter. 

In extracting the logarithmic divergence from the self-energy, we use the 
1 a2 

I operations T Pa PP a 0 'Pa 'PfJ Jl""O• 

The integrals manifestly proportional to n2 cancel among themselves, giving 
the same result for the self-energy, i. e. the same Z3 as in the axial gauge. 

g2 
.z:..o. = 1 + 48n2 • 1 1 CrM 1n A2, (2.5) 

Here L. c. denote the light cone and A the ultraviolet cut-off. 

-<( V2 -o( 
l a ) r ts> 

,n
-< 

1/2 -:;( ( c J  

Fig. 2. 0 (g3) contributions to the AAA vertex. 

The same sort; of miracle happens with Z 1• In extracting the logarithmic 
divergence from the vertex graphs in Fig. 2, we use the operation Pa-/- l and 

Pa p=-o 

a special configuration of momenta p = q.

Thus, for the gluon field, the known axial-gauge Ward identity 

holds in the light-cone gauge. 
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Let us mention that the corresponding results for the general planar gauge3• 4> 
:are 

(2.7) 

(2.8) 

,giving the same result for the gauge-invariant P-function ( we obtain the planar
gauge by setting a = 1). 

(2.9) 

3. Renormalfaation constants for the fermion field 

Fermion self-energy to order g2 involves only one diagram, shown in Fig. 3. 
Here we apply the operation Pa f I Pa p:::o

Fig. 3.  0 (g2) contribution to the 'l''P self-energy.

After an easy calculation, the result for the fermion-field renormalization
,constant is 

(3. 1) 

Q) 

Fig. 4. 0 (g3) contribution to the A'P'P vertex. 
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The evaluation of the A'l'1P vertex shown in Fig. 4 gives 

(3.2) 

i. e.
Z� = Zf. (3.3) 

In the planar gauge ( a = 1 ), the corresponding results are

2 

Z.f (,p) = 1 + t!n2 I C2 (R) - C2 (G)l  ln A 2. (3.5) 

4. Conclusion

Althougs the light-cone and planar gauges share the same type of the propa­
gator, the renormalization constants are very different. 

There is no continuous transition from one to the other. The light-cone 
gauge satisfies the same Ward identities as the axial gauge. The P-function in the 
light-cone gauge is gauge invariant. 
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Provjeravaju se Wardovi identiteti u specijalnom nekovarijantnom bazdarnomuvjetu definiranom sa 111' A,.. = O, gdje je nµ :fiksni vektor koji zadovoljava uvjet111' nµ = 0. Premda se cini da je taj bazdami uvjet specijalan slucaj planarnog uvjetau limesu, n2 -+ 0 ne moze se kontinuirano prijeci iz planarnog u bazdarni uvjetsvjetlosnog konusa. Renormalizacione konstante se razlikuju od onih u planarnomuvjetu, medutim one daju iste omjere, tj. Wardove identitete kao u aksijalnombazdarnom uvjetu. Beta funkcija je bazdarno invarijantna. 
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