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General structure of the graviton self-energy

F. T. Brandt and J. Frenkel
Instituto de Fisica, Universidade de Sdo Paulo
Sédo Poulo, SP 05315-970, BRAZIL
(November 13, 1999)

The graviton self-energy at finite ternperature depends on
fourteen structure functions. We show that, in the absence
of tadpoles, the gauge invariance of the effective action im-
poses three non-linear relations among these functions. The
consequences of such constraints, which must be satisfied by
the thermal graviton self-energy to all orders, are explicitly
verified in general linear gauges to one loop order.

The non-linear relation imposed by gauge invariance on
the thermal self-energy of gluons, has been recently dis-

- cussed by Weldon in an interesting paper [1]. He proved

<

that in QCD, the Slavnov-Taylor identities [2,3] require

:a non-linear constraint among the structure functions

*

which occur at finite temperature. In this brief report,
we show that a similar behavior occurs in the gauge the-
ory of gravity. In this case, local gauge invariance leads
to three non-linear relations which restrict the form of
the thermal self-energy of gravitons.

The Einstein theory of gravity is described by the La-
grangian density [4-6]

L= 2 Jgh, )

where x? = 327@, @ is the Newton constant and R is
the Ricci scalar. The graviton field Ay, can be defined in
terms of the metric tensor as

(2)

Using this parametrization, the Einstein action will be
invariant under the gauge transformation [7]

Shyw = [6)8, + 838, + K (B8, + hYB, + 8 hyw )] 61
=G, (3)

Gur = My + 5h;w'

where £, is an infinitesimal gauge parameter.

In this gauge theory, the corresponding identities
which occur at finite temperature, differ from those at
T = 0 because of the appearance of one-particle gravi-
ton functions (tadpoles). Their thermal contribution is
purely leading, being proportional to T2 +1) at the n-
loop order. Hence, we may assume that the tadpoles are
important, in the Ward identities, only for the leading
thermal contributions to the graviton self-energy. (To
one-loop order, for example, the tadpcles can be ne-
glected for the purpose of studying the sub-leading T2,
log(T) and T = 0 contributions).

At finite temperature, the graviton self-energy may
depend on the four-velocity ue of the plasma, so that

it can be a linear combination of the 14 independent
tensors glven in Table I. This contains three traceless
tensors Ta B8, Taﬁ v and Ta 8, which are transverse
with rwpect to the wave 4-vector k, . They are also,
respectively, completely transverse, partia.lly transverse
and longitudinal with respect to the spatial component
E [8]. These tensors depend individually on the plasma
four-velocity, but their sum is a Lorentz covariant tensor
which is independent of «,

(TA + TB +TC) af, pv =
1

3
where Pog = nag — kakpg/k?.

In terms of this basis, which is convenient for our pur-
pose, the graviton self-energy can be parametrized as

Pa,uPﬁu + PauPﬁ#) aﬁP,uV; (4)

_Ho‘n@r#“’ 4T, af, py + 5Ty of, Mv+HCT B,
14
+D WiTos (3)
i=4
1,2,3 A,B,C
Taﬁ, B Taﬁ. v
%ﬁ’ na = N Npr

afd, py T = Uy Uy Tap + o Ug v

Tgp“u,y [u,B ( vnay+k#?7my) ‘I’kﬁ (uy'i?ag"i"‘up'f?av)"f’
g (b npp + by ) + ko (wwngy -+ upngn)] [k - u
Tls 0 = [y e uguy +hpuaugunt
kg ua uyty + ko ug up ] [k u
T, e = g b Nos + Kip K Now + Ko Koy My + ko b mign| /2
ngp = [ky by Ua ug + ko kp u, ) K
738" = (i + Ko i) (it ) /(- )
TIL = [k ki Ko e + K Ky o gt
ko k:ﬁk'yup—!—k kﬁk u,]/(kgku)
T2 = (ko kpky k) k!
Téﬁ,,u.u (k ky Nap + ko kﬁﬂw) /k
Taﬂ, = [ up + K ) Nap + (kp ta + Katp) Ml /(5 - )

TABLE 1. A basis of 14 independent tensors.




