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We show the equivalence of the Wilson loop with two light-like sides in the Feyn-
man and light-cone gauges to order g2 in perturbation theory. This loop shows
doubly logarithmic ultraviolet divergence already at order g2 (in the sense that
in dimenzional regularization there is a (d — 4)~2 term).

1. Imtroduction

Non-covariant gauges found applications in a wide range of fields, such as
QCDVY, supersyminetric Yang-Mills?’ and string theories?.

However, consistent Feynman rules (especially the presence or absence of
ghosts) and the correct prescription for spurious axial-gauge singularities of the
propagator still remain in dispute. One test to single out possible sets of Feynman
rules and propagator prescriptions can be performed by verifying in SU(N) gauge
theory that the Wilson loop gives the same result as in the Feynman gauge. This
is required by gauge invariance.

A Wilson loop is a path- and time-ordered contour integral:
W = N-1! (0| Tr PT exp (ig§A,, dx#) |0). (1)
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We do not choose the usual rectangular Wilson loop, with one pair of sides in the
t-direction, but the loop with sides in the directions of two light-like vectors, n
and »n*, where

n? = n*2 =,
n= (1’ 0, 0, _1)’ (2)
n* =(1,0,0,1).

The sides in the direction of #* are of length L, and the pair of sides in the direc-
tion of » is of length T.

2. Light-cone gauge

Fig. 1 shows the only diagram contributing to order g2
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Fig. 1. Wilson loop with light-like sides in the light-cone gauge.
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Introducing Mandelstams prescription for spurious singularities (n - k)~!
and variables:

n'k=ko+k3=k+,
n*'k=ko—k3=k_, (4)
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and dimenzional regularization, the vacuum expectation value becomes

dnk 1 1 1

W = —8ig? — —_ —iTk
Big” Cu Q)" kok- — K2 +in ky + ik k_ (1 — cos kL) eiThe
©)

Other diagrams, like self-energy and cusp, vanish owing to the identity

Ry

_ kanv + kv”u o
i (5m 7) =0. (6)

Integrating over dk, in the complex plane closing the contour in the lower
half-plane, we get

1
R —in Fiek

W — —8ng? Ckfdkfdz-“ KO (k)%-(l — cos kL)

% {e = e—aTk} (27)- ++o, 7

Here we have denoted 2_ = & and the poles are shown in Fig. 2.

Imk,

Rek,

2
%’- 6ik.)

-1€ k-8(k-}J|

Fig. 2. Position of the poles in the complex &, plane with Mandelstam’s prescription for spurious

singularities.

To perform integration over d2—2 K, we need only two integrals:

1 1—2 -2 )
= 2~ = 2 flek? — i 2 —_
B Jd K R i ik ] (iek in) I’( 2), (8)
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1 .;Kz—i'l

= 2~w &
A fd Ko ® . ©)

In Eq. (9) we introduce the Schwinger parameter

K= i; FieRT — —if d TS (10)
a
and using
v : 154 Vwjae-ibite for a >0
J‘ dr eilar? +250—ns2 1V—2i (11)
25 T_Z_—V afla| e-#%  for a <0
we obtain

Pl B o) o

The first part is

©o

8 _ -2 _Tpa-
fdxe—m’—v»(x —%)2 = I’(—;i) (ch2—m) Ze ET7 (13)
TIK
The second part is more complicated:
Tik r
f dx €” ("'-'7;)_Mk2 Tn—— -7 = n"?(—sk’ + n)72 x
(i} T *
T
X C—T(‘kz-ﬂ)Y(gs —I(Ekz - '7)), ’ (14)
2 k
which, on expansion of the incomplete gamma function, becomes
1-2 2 —sTainl ( T)-”-
Fiiad P i )
z 2_e F + O (). (15
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The problematic parts (k2 — 7)~2/2 cancel in W and we get

f dkE~ 173 (1 — cos LK) (2m)—++=. (16)

®
2

W = 16i 2~ 7 g*Cr— (1_‘)

The final integration gives

= —16g2Cp nzFTeTﬁ:; I'(— %) cosa{-“—n(TL)T(h)-"W. (17)

This Wilson loop is doubly logarithmically divergent (in the sense that in
dimensional regularization there is an @~ term) and behaves like the power of
the area (TL)/2,

3. Feynman gauge

In the Feynman gauge, the same loop receives contributions from the cusps
shown in Fig. 3.
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Fig. 3. Wilson loop with light—like sides in the Feynman gauge.
Here we show some details of the evaluation of Fig. 3(b).

L-T
4
=ig?Cr j deym f d‘z”vf 6271')“d ; ?E—%E X elkzmm=hsbz=xl,  (18)

W, = 2ig2Cx d* 1 1 [e-iTVo+k) — 1] X
> 2n)* k2 + in (ko +E3)
1 .
X ——— _[1 — eiltko—k3)], 19
TR [ — S0 (19)
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Introducing new variables
ko + ki = k+>
ko - k3 = k_, (20)

and dimensional regularization, the expression for the Wilson loop reads

1
2 2-o —iTk
W, = Ckfdk+fdk fd K P k (1 — e~iThs) X

—00

x é (@Li- — 1), (21)

Owing to the factor e~iT#+, we close the contour in the lower half-plane. The
poles are shown in Fig. 4.
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Fig. 4. Poles in the complex k. plane in the Feynman gauge.
Integration over dk, leads to

. K2—in

_ o 1 - 1
Wb = 2ngZCRf dk_ f d2 Km(l — € k- )k—-(C’Lk‘ b 1). (22)

0

Now, we integrate over d2-* K using Eqs. (8) and (9) and, finally, over d&_
with the help of the formula

J.dkk -3 (1 — cos Lk) = —cos—I’(—%) LT, (23)
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The sum of contributions from Fig. 3 gives exactly the same result which
we have obtained in the light-cone gauge using Mandelstami's prescription (Eq.

7).
4. Conclusion

We have checked the equivalence of the Feynman and light-cone gauges for
the Wilson loop with light-like sides to order g2 in perturbation theory.

Although the contributions arise from different graphs, the total sum is the
same.
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WILSONOVA PETLJA SA SVJETLOLIKIM STRANAMA U
FEYNMANOVOM BAZDARNOM UV]JETU I BAZDARNOM UVJETU
SVJETLOSNOG KONUSA

ANDELKA ANDRASI
Institut sRuder Boskoviés, 41001 Zagreb
UDK 539.12
Originalni znanstveni rad

Pokazana je ekvivalentmost Wilsonove petlje s dvije svjetlolike strane u Feynnia-
novom bazdarnom uvjetu i bazdarnom uvjetu svjetlosnog konusa, do reda g2 u
perturbacionoj teoriji. Ova petlja pokazuje dvostruku logaritmic¢ku ultraljubi¢astu
divergenciju veé kod reda g2 (u smislu da u dimenzionalnoj regularizaciji postoji
&an (d — 4)~2).
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