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Trace anomaly for 4D higher derivative scalar-dilaton theory
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Trace anomaly for conformally invariant higher derivative 4D scalar-dilaton theory is obtained by means of calculating divergent part of
one-loop effective action for such system. Its applications are briefly mentioned.
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Se obtiene la anomal de traza para el sistema escalar-dilaton en cuatro dimensiones, consideranddaicart@@rivadas altas e invariancia
conforme. Se mencionan algunas aplicaciones.
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The inflationary brane-world scenario at the early uni-  Thus, first we must calculate trace anomaly. For this, it
verse based on a trace anomaly induced effective action iis helpful to remember that effective action is constructed in
the frame of Randall-Sundrum compactification [1] has beersuch a way that its variational derivative with respect to me-
suggested in Ref. 2. However, before developing this scenariwic tensor give us the mean value of stress-energy tensor for
is necesary to calculate conformal anomaly of brane matter.the conformally invariant system which is under considera-

Conformally invariant theories are very interesting ob-tion. Thus, the form of trace anomaly corresponds with the
jects. On the classical level, conformal symmetry is mani-divergent part of such effective action [3]. Then, we calculate
fested in the fact that the stress-energy tensor for the systeone-loop effective action for theory (1) and substract from it
is traceless. But at the quantum level, after applying the reguits divergent part.
larization and (or) renormalization, such symmetry is broken.  The action for higher derivative dilaton coupled scalar is
This fact leads to so-called Weyl, conformal or trace anomaly.

Once the symmetry is broken, the next step is to integrate _ 4,/ 4
this anomaly for finding a finite (non-local) effective action 5= /d =g flo)eVie, @

and then add it to classical gravity for describing the effects i i ) ) i i
emerging from quantum theory. wherey is the scalar fieldy is the dilaton field and there is

So, itis well-known that conformally invariant field theo- non-minimal coupling between scalar and dilaton fields. The

ries give rise to trace anomaly at quantum level [3]. Forself—mteracUon of dilaton is not conS|dere_d here.. _
the 4D higher derivative scalar field theory it was found that ~ We shall calculate the one-loop efective action using the

trace anomaly can be obtained from the following action: background fieldsif., classical fields). For this, we must
split all fields in the action (1) into their classical and quan-

S:/d‘lx,/_g oV, tum parts, according to the rule — &, g — G
andy — ¢ + @, where the fields with tilde are taken as being
where classical.
2 1 - i ion is qi i
VA =2 QRMY Y, + §R 0— g(vaWu’ One-loop effective action is given by the expression [6]
; 2
O = V,V* and* ¢ with dimension/?; V* has the unique ™ — “Trin 0%5[e] )
conformally covariant structure for a fourth-order differen- 2 dp(x)dp(y)

tial operator, and it is self-adjoint [4]. It is interesting that
conformal anomaly can be found also in the case of exter-
nal gravity-dilaton background: Nojiri and Odintsov found a i
similar situation for 2D or 4D conformally invariant scalar- re) = §Tfln H,
dilaton system [5].

In this work we search for the trace anomaly for 4D where
higher derivative scalar-dilaton theory by calculating the di-
vergent part of the effective action for such theory. H=0°+ v, ,0-vev,v, -NV, +U, (2)

Applying this to (1) we get
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and we have adopted the notations

LF =2 (Vﬂf)j VR = [(Df) — 2R:| gMV +2 [R;w + (VHVVf) ,
3 f
_ L,V L gy 2(V) _ @ 1V (VEVYf) 10,

The method for calculating the divergences of one-loop effective action is based on the universal-trace method [7]. The
divergent part of effective action given by the trace-log of operator (2) has been calculated in Refs. 6 and 8 and it is

2i 1 1 1 1 1 1
TrlnH = =Tv{ —U+>LMN,+=LIV,V — ZLFVYV,, ——VIF*L,——VH* I, L,+=P?
rln 5 r{ U+4 ”+6 \Yn%4 5 V'V, 24:V . 12V " —|—2

1 1
+ 15 S S+ S Ry R "——R2+ SRV - fR””VWA—

1 5 1 uw 1 1
o ; VI YRy, 4 F G},(4)

48 24 60 180

whereF = ng o Is the square of the conformal Wey! tensGris the Gauss-Bonnet topological invariant and

1 1_, 1
P= R VL, — LIV, v=v
1 1
S w = V[V ]+ L[ ML A[MBV] = 7(AMBV — AVBH).

2
Substituting relation (3) into (4) and carrying out elementary transformations we obtain

L2 C) L(NVGAER) L (9VU) 1,00 (V)0
Trin H = 5 IT{ 7 3 7 R, 7 R 7 +4 12
(Ve OF) 4, (VDY) AN LY 19 (0F
_3<f>f_3R“” 73 I +12(f>+

1/VEVYFN? 1 1

- —F - —G}.

6( f ) T 50 180G} ®)
In the limit f(o) = 1 (5) is reduced to

TrinH = &Tr F— 1G
60e 3

which (excluding surface terms) is the same result as the one obtained in Ref. 4.
The effective action is related with the trace of the energy momentum téhsdseee.g, Refs. 3, 4 and 6). According to
these results, trace anomaly for theory (1) has the same structure ias. (5),

. B (%) 1 (Vaf)(VER) (VEVY ) 1 _(Of) (V af) V“Df 1
4 (VEONYE)  A(VEHVY VL) 19 /0f S VY f S| 1
EER O ER B +12(f> *a( I ) +60F_180G}' ©

As usual in field theory, the energy-momentum tensor give us information about the kind of matter considered in the
model [3, 6]. Thus, conformal anomaly as quantum effect is related with the quantum matter present in the theory. Furthermore,
one can integrate (6) to find the anomaly induced effective action and take it as a quantum correction for a specific model
(e.g, FRW). It is also interesting that for some value of dilaton (defined to sdfisfy 0) the conformal anomaly is absent.

This indicates that such value of dilaton is kind of fixed point where conformal symmetry may be restored and then in that
point the theory (1) becomes finite. Let us remark that without dildaten,f(¢) = 1, there is no way to avoid divergences in
theory (1) [4].

We are grateful to S.D. Odintsov and O. Ob¥adgor their interest in this work. This research was supported in part by

CONACYT under grant 28454E.

Rev. Mex. 5. 48 (1) (2002) 1-3



TRACE ANOMALY FOR 4D HIGHER DERIVATIVE SCALAR-DILATON THEORY 3

. In this work we shall set, ~ = 1. 5. S. Nojiri and S.D. OdintsovMod. Phys. Lett. Al2 (1997)
. L. Randall and R. Sundrun®hys. Rev. Leti83 (1999) 3370; 2083; Phys. Rev. 567 (1998) 2363; R. Bousso, S.W. Hawk-
Phys. Rev. LetB3(1999) 4960. ing, Phys. Rev. 66 (1997) 7788; for a review see S. Nojiri,

. S.W. Hawking, T. Hertog, and H.S. RealPhys. Rev. D62 S.D. Odintsovint. J. Mod. Phys. A6(2001) 1015.

(2000) 043501; S. Nojiri, S.D. Odintsov, and S. ZerbPinys.
Rev. D62 (2000) 064006; S. Nojiri and S.D. Odints®hys.
Lett. B484(2000) 119; S. Nojiri, O. Obregon, S.D. Odintsov,
and V.I. TkachPhys. Rev. 4 (2001) 043505. 7. A.D. Barvinsky and G.A. Vilkovisky, Phys. Rep. C419

. N.D. Birrell and P.C.W. DaviesQuantum Fields in Curved (1985) 1.

Space (Cambridge University Press, Cambridge, 1992).

. R.J. RiegertPhys. Lett. BL34(1984) 56; E.S. Fradkin and A. 8. E. Elizalde, A.G. Jacksenaev, S.D. Odintsov, and I.L. Shapiro,
Tseytlin,Phys. Lett. BL34(1984) 187. Class. Quant. Gravl2 (1995) 1385.

6. I.L. Buchbhinder, S.D. Odintsov, and I.L. Shapifffective Ac-
tion in Quantum Gravity(IOP, Bristol, 1992).

Rev. Mex. 5. 48 (1) (2002) 1-3



