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Thermal self-energies using light-front quantization

H. Arthur Weldon
Department of Physics, West Virginia University, Morgantown, West Virginia 26506-6315, USA
(Received 9 April 2003; published 5 June 2003

A recent paper by Alves, Das, and Perez contains a calculation of the one-loop self-engtdield theory
at T#0 using light-front quantization and concludes that the self-energy is different than the conventional
answer and is not rotationally invariant. The changes of variable displayed below show that despite the
complicated appearance of the thermal self-energy in light-front variables, it is exactly the same as the con-
ventional result.
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In Ref.[1], Alves, Das, and Perez introduce the technique 2 Lokt4pt)2
. . . . . . wk+p ( p )
of light-front quantization into thermal field theory using a 9= —
heat bath at rest. As shown 2] the appropriate quantiza- 2\/§(k +p7)
tion evolves the system in the" = (x°+x%)/\/2 coordinate

while keeping constanx',x?, and x. [Normal light-front Y=2y2k* (k" +p*)[ = X, + Xo— p°].

quantization keeps!,x?, and x~ = (x°—x%)/\/2 constant.
H 12 3 012 . .
The momenta conjugate to",x",x* x> arek® k,k*,k" as  The self-energy1) looks quite different from the usual result

can be seen from the identity and is not manifestly invariant und€¥(3) rotations of the
0.0 13u3 0wt .3 external momentunp.
KOOI =k, %, = V2K = V2K X =k, o, The following will describe a change of integration vari-

able fromk™ to a new variablé? that is chosen to make the
In the imaginary time propagatox” is made negative self-energy a function of the two variabled and p?= p?
imaginary: —i 8<2x"<0. In the Fourier transform of the +(2p* —p°2. The final answer is the sum of Eq8), (3),
propagatok®=i27nT whereak™ andk, are real. The re- (4), and(5).
lation (1a) For the term cosh(,/2T)/Y in Eq. (1), whenk™ is
positive change to a new integration variakfedefined by
(k%)2— (k32— K2 =2/2k%* —2(k*)2—

o PR (R

immediately leads to the propagator

V2
1 . .
G(k*™,k, ,n)=- , The range ok?® is —w<k3®<. The Jacobian of the trans-
4\27nk™ —2(k*)?— w?
14y2mn (k7)o formation isdk*/dk®=k*/E,, whereE,=m?+KkZ is the

by ) square root displayed above. Under this change,
wherewg=k? +m? is the transverse energy.

One of the mtergstlng_calculatlons performed by Alves, X, =E, Y=k+[(Ek+p)2—(p°+Ek)2],
Das, and PereZl] using this propagator is the one-loop self-
energy for a scalar field theory with self-interactige®/3!.
The result of performing the summation over the loop intege
nis given in Eq.(40) of Ref.[1]:

yvhereEHp JmZ+ (k+p)2. The factork™ in the Jacobian
cancels a similar factor iy and yields a contribution to the
self-energy;

2 dk™d?k, coth(X/2T)— coth(X,/2T
H(P)ZQ—J (2m ); e )Y e, :g—zf dewadk3 coth(E,/2T)

1 (2m)°) -2 Bk (Eyep)®— (p*+E)?

@

During the summation the external varialg® is an integer  This integrand is invariant invariant under simultaneous ro-
multiple of 27T, but after the summatiop® is continued to  tations of the vectork andp. ThuslII,, depends only ofp|
real values. The quantitieX;,X,, andY are complicated andp®.

functions of the integration variablés ,k, and of the exter- (1b) For the term cosi{,/2T)/Y in Eq. (1), whenk™ is
nal variablesp®,p*,p, : negative make the change of variable
w2+2(k")?

1
Xy= ———— k™ =—[k3—Jm?+ K2+ (k%)2],
1 2\/§k+ \/E[ L ( )]
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where —o<k3<w. The Jacobian of the transformation is

dk*/dk®=—k*/E, and
X1=—Ex, Y=K'[(Exs+p)®—(p°—EW?l.
The corresponding self-energy contribution is
9 dk®  coth E,/2T)
L
(2m)%) == Bk (B p)®—(p°—Ep)

The sum of Eqs(2) and(3) is an even function op®.
(2a) In the second term in Ed1), coshi,/2T)/Y, when
k*+p*>0 then change t&® given by

1
=—=[K3=p%+ym*+ (k_ +p. )+ (K*+p*)?],

2
where—co<k3<eo. Usingdk*/dk3=(k*+p*)/E,,,, and
Xo=Exsp,  Y=(K"+p")[(p°—Eysp)?—EZ],

this contribution is

d%k, (> dk® cothE,, /2T
gJ J k( k+p ) (4)

(2m)3) —=Biip ER— (p°—Eysp)?
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(2b) In the second term in Ed1), cosh¥,/2T)/Y, if k*
+p* <0 make the change of variable

1
=—=[k®=p°—ym?+ (k +p, )+ (K*+p%)?],

V2

where —<k3<e. Since dk*/dk®=—(k* +p*)/Eysp,
and

Xo=—Exsp,  Y=(K"+p")[(p°+Exsp)?—EZ],

the contribution to the self-energy is

9?2 [ d%*, (= dk® coth(Ey.,/2T)
:_f 3] E 2_ .0 > ®
(2m)°J —=EBxk+p Efg— (P~ + Eyp)
The sum of Egs(4) and (5) is an even function op°.
The sum of these four contributions, E@®), (3), (4), and
(5), is the standard answer for the self-enel§} Therefore
the light-front formulation is a different, and in some cases a
more efficien{2], way of organizing the calculation, but the
results are the same.
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