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We discuss the dependence of the complete gluon self-energy tensor on the second
light-like vector in the light-cone gauge. The Piguet-Sibold identities are verified.

1. Introduction

The light-cone gauge has become increasingly popular with the revival and
intensive research of string theories. The gauge is not only ghost-free, but can
also be used to remove from the theory all unphysical degrees of freedom associa-
ted with gauge transformations?’. It is also the only gauge in which a quantum
formulation of superstring theories is known. However, there are problems about
defining axial gauges carefully. The most convenient way of defining the light-
cone gauge seems to be by introducing two light-like vectors » and »*, satisfying

n? =n*2 =0, n-A=0. (6]

The prescription for the gluon propagator after Mandelstam? is

1
G’"=I-z-2+is

(— aﬂy + k"n, + k’n” )

n -k + ign*k 2)
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and after Leibbrandt is?®

1
Cw = Th [‘5#' +

(R + k) n* - k] 3)

n-kn*-k+iyg

Gauge-invariant quantities should be independent of the choice of »* as well as ».
This invariance is guaranteed by the Piguet-Sibold identity®

A =I'x I, O]

The infinitesimal change in the generating functional of one-particle-irreducible
vertices AI" due to an infinitesimal change An* in n* is given by the BRST con-
volution® of the generating functional with the functional containing the extra
vertex

TAN,(9) 4, (5)
where N (A) is the functional in the gauge-fixing term and ¢ the antighost field

.1
lim o [N - 4] (6)

Mandelstam'’s prescription corresponds to the choice for N in (6):

Ny=mn, +inm; Q)

and so the ghost propagator is
(n - k + ign*E)=1 ®)

and the ghost-gluon vertex is
n, + inm. ®

Leibbrandt’s prescription corresponds to the gauge-fixing term®
N-A=n-A4+inpE*d~1 O 144, (10
with the ghost propagator
(n-kn*-k+in? (11)
and the vertex

n* - kn, + in (k)" k,. (12)
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According to Piguet and Sibold, to ensure the gauge independence, the gluon
self-energy tensor to one-loop order has to satisfy the identity

'624I" a2r ar

An(9) = A 6AG) ~ MM@AE  wm@edp T 13

where u(z) is the source in I

u‘DAC. (14)
When we Fourier transform this, we get

An,, (0} = (P02 — 8u40%) Iy + (02 — 8:1) Lis (15)

2. Complete I to one-loop order

Here we calculate the ultraviolet divergent part (in dimensional regulariza-
tion) as well as the finite part of the two-point function under the change in An*,

oI
du, (x) 64, (y)°

U,n,l P:f:m

u,n, oL A A A A"
” p.r_f: m

Fig. 1. The two graphs contributing to Eq. (16). The cross signifies the action of the term (5),
and the circle indicates the action of the source (14). Wavy lines are gluons and dotted lines re
present ghosts.
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There are two graphs, shown in Fig. 1, which contribute, respectively,

a"k An* - & 1
Qay n-knr - E+iql? B2 %
X [ng(p — 2k)y + 8pp(n - B — 2p - n) + n (B + p)p] X
n*(p — B)
O LAy rey ey TRy
X [ng(p — R)p + np(p — R)ol}

P' (l) = ngchMamn

and
d"k dn* - kn, i
re= ng’Cm&mJ‘ Ony Ikt ke RS
n*(p —k)n,
X Fp—Rnp—ktin (16)

Let us choose a frame in which

n=(1,0,0,1), n* =(1,0,0, —1) ¢

and make a Wick rotation k, - iks. Then we write

E, = (k43 0,0, k3) + K,

where K3 = K, = 0 and rescale

ks = ' 2k, ky > nli2k,.
Now, we perform the integration over k; and k&,
Jdk,dh (k2 + B —~in)~2 = ‘—::- (18)

and after a simple algebra we get

, A" 2K dn* - K
I" = _gchlfamnﬂf Ay R? (pn__ g x

X {“ZP 'R [daa -

1
" p (By Py + Mp, — 1Ky — 2, KJ] +

+ n, 2K, +

e (K =PI (19)
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However, here 1/K? and 1/(p — K)? are still in n-dimensional space. First, we
have to set them into (n — 2)-dimensional space, which means that

1

1

1 1
— 2 = - - L
=K pp. —(F-R)?

dw* - P= —dn* - p,
P? = —p2, (20)
Here p, and p_ are Mandelstam's variables
Py =1n"°D
p-=n*-p.

It means that in (» — 2)-dimensional space

I = _gzcyuam__n_ An,‘,fd"'zK{ K,-,. _ by
@y pop- —(B—K3 "°P

Ky 1

R p+p- -(7’ - 1-{')2

2
[—2p . nam — n_p- > nen, + 2n.p, +

+ 2np, — 2n,K,”. 21

To evaluate I, we need only three different integrals:

(l) J‘dn_zK-—h- — ---;K;‘I = = PF [P(4 ;ﬂ) - ln(_P+P—)]s
K2—-2P K+ P*—p,p_

@ [akm g = — el
K2—2P-K+ P2 —p,p_ Pz P
K.K, . 1 — 1

(3) fd"-zK_Kr = > - =,
K2 —2P- K+ P*—p,p_
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1 P> PP 1
+ 5 82— In(—p.p)] - 2%»1 e+ RR(- o

2
+ 2 12 (22)
P+ ?
Owing to AnP, = —An*p, I'"" becomes
Nty 4—n
I Gt = —dn'p { > [I’( 5 ) - 1n(—p+p-)]} -
dn*p | pip- p?
- Y [—Zp'néea—T,—p nng + 2npe + 2np,| +
+ ndn} [F(4 ; ”) + 2 —In(—psp-) ———lnp+p ]
p p?
* 1
—2n,,Af,P( 1+ 2 1n2el- ) (Po —%n’;p»f — = e~ )
P? Pz P
where
C = g*Cypmbpma - in"2 27)~". (23)
We can write
p2
In(—p4p-) = —In(—p*) +1n (24
i D+p-

and after a simple algebra we get

- 4 £+p l Pz
rc !_——[1‘( . )—I—Z—ln(—p)-l— Ayl e
o * * P2 Rl
% (An*p : » — n.Adn ) -+- [2'3«?9 natp, — nhp- + 2p2 n_E]

5k
_-A"pln%

—2p:nd —@inn + 2n,p, + 2n,p, +£(2n,p—
Fz P 4 ox n,poa a e Ly f,)z e

=, NN
—nyn3p, — nagp_ + 2P? ,7*;,)]
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We want to check Eq. (15) which is the Piguet-Sibold equation for the gluon self-
energy. With our I, the right-hand side of Eq. (15) becomes

= ¢}
(Pppa - am Pz) {_znuPe + nu’.”;lp.p + ﬂg”?p— - ZPZ %} +

4TI‘0
P ]

+ (/‘He)=Rug—

1
Bupe — 0u 27 ( L Awkp — ny Ang ) + )= _IIAR”,

2 2
(Bube = Bu D) (20 " 18y + 2 Mt — 2o — 2] +

2

on=_%
+ (e p) a Sue> (25

where
Ry, = 2p*p_nm, + 15 (9, + po) — pap_ (pute + pim,) —
— 274 (m0 + 1ng),
Suv = D20, + P38, — 94 (Pu1e + pum)s
= (p2)* muny + 0’0400 — 02+ (Dunty + Pim),
Quy = 920y — Dy (26)
Finally, the r. h. s. of Eq. (15) is

(ube = 8t T + w2 ) = 5 8R [P (257} 2 — 1) +
+

pip- ] ap_ o A
‘e =1 m_ ‘.27 (- wt w)
An*p 2 p+p-
In —R v + vl —
G- -2 ? [=R, Tl
K. 2
An P 1nP+P— . 4P S (27)

T pep-—22 PpE py ™
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3. Complete ™ to one-loop order

In Eq. (34) of Ref. 7 we evaluated the complete self-energy tensor to one-
loop order. The graph is shown in Fig. 2.

p: m, p p.r n.l 14
Fig. 2. The gluon self-energy.
Itis
Ty Cl=— [F( ) —In (_pZ)] an - Ryv ) +
P+P- ] 4p_ pz
2 —In(—p? In - T,
+ =29+ psp- — 9> pap-l  ps (p4p- —p’) w ot
4?— 2 2
+-—-— p+ PEF(p%p4P-) Sums (28)
where
1 1
F= fdxf dy(d —y+x29)~ [=psp- +y(Psp- —pI]7!
o 0
= [y 1m0 =) pup- =3 o0 = P71, @9
o
The change in 4n* in F is
oF
= . Ak
AF oo cpsdp. ap o p s np - An*. (30)
We introduce the variable
P+p-
1= = 31
psp- —p* GL
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In fact, we want

g 0~ F0h 1001 = g | fldy (=) [+ 755]) =

0
1

— P2 (pap)- 22 f dyln(l —5) (A — )2, (32)
0

This we integrate by parts to get

T
- “tin ——.
+p » Db

Now it is trivial to check that the change in 4n* of =, in Eq. (28) is identical to
Eq. (27).
In a similar way we can verify the Piguet-Sibold equation for a change in 4n.

4. Conclusion

We have verified that the dependence of the gluon self-energy on »* is con-
sistent with the Piguet-Sibold identity to one-loop order. We have studied ultra-
violet divergent parts as well as the finite parts contributing to x,, and I".
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VLASTITA ENERGIJA GLUONA U BAZDARNOM UVJETU
SVJETLOSNOG KONUSA I PIGUET-SIBOLDOV IDENTITET

ANDELKA ANDRASI
Institut »Ruder BoSkoviée, 41001 Zagreb
UDK 539.12.01
Originalni znanstveni rad

Razmatrana je ovisnost potpunog tenzora vlastite energije gluona o drugom svje-
tlosnom vektoru u baZdarnom uvjetu svjetlosnog konusa. Verificirani su Piguet-
-Siboldovi identiteti.
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