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Conformal anomaly in SU (3) theory
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Conformal anomaly in a SU (3) model
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is the Gauss-Bonnet density topological term.



Conformal anomaly in SU (3) model
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Conformal anomaly with scalar fields

Renormalization requires to add a vacuum term.
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∫
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√
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{
a1C2 + a2E4 + a3 �R

}
[M. Duff]

Renormalization

Γ (1)
ren = S + Scv + Γ̄

(1)
div + Γ̄

(1)
fin +ΔS(1),

The surface terms �Φ2, E4, and �R are not Weyl
invariant, but Noether identity holds.



Noether identities
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Conformal anomaly
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Scalar Structures of Conformal Anomaly

i) Real conformal terms

Xc = (∇Φ)2 +
1
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RΦ2.

Y (gμν,Φ) = wC2 + γΦXc −
1
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4.

ii) Topological term
E4

iii) Total derivative terms

�R �Φ2



Effective Induced Action
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i)Total derivative terms

− 2√−g
gμν
δ
δgμν

∫
d4x

√
−g R2 = 12�R(

− 2√−g
gμν
δ
δgμν

+
1√−g
Φ
δ
δΦ

)∫
d4x

√
−g RΦ2 = 6�Φ2.

Paneitz operator

Δ4 = �2 +2Rμν∇μ∇ν −
2
3

R�+
1
3

(∇μR)∇μ,



Effective Induced Action

gμν = e2σ ḡμν, Φ = e−σ Φ̄,

√
−g

(
E4 −

2
3
�R

)
=

√
−ḡ
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Effective Induced Action
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Effective Induced Action

Local expression in terms of two extra auxiliary scalar
fields φ and ψ
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Universality and Ambiguities

i) Real Conformal terms UNIVERSAL

ii) Topological terms UNIVERSAL

iii) Total derivative terms NON-UNIVERSAL

where the ambiguities associated to total derivative
terms come from?



Pauli-Villars Ambiguities

Pauli-Villars regulators (scalar)
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Pauli-Villars Ambiguities

where τi = � /m2
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Pauli-Villars Ambiguities

Then the Pauli-Villars regularized effective action can
be defined as
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Pauli-Villars Ambiguities

A possible solution to these conditions corresponds to
N = 5 and

s1 = 1, s2 = 4, s3 = s4 = s5 = −2;
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Effective Induced Action
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The ambiguities in the R2 and RΦ2 terms allows a very
large R2 terms which will drive cosmological inflation
according to Starobinsky scenario.



Effective action in the infrared
Assumptions (1010Gev < E < 1019 Gev):

i) All matter field are massless and ξ ≈ 1
6

ii) Scalar terms Φ4 and Xc are dominating over the
curvature terms∣∣∣Φ2

∣∣∣ 	 ∣∣∣R....

∣∣∣ and
∣∣∣(∇Φ)2

∣∣∣ 	 ∣∣∣R2
....

∣∣∣
iii) Gravitational field is weak |�R| 	 |R2

....| for all
curvature contractions.



Effective action in the infrared
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Effective action in the infrared
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Effective action in the infrared
Scalar field effective action

Xc −→ X̄c(1 + γΦσ), λΦ4 −→ Φ̄4(λ+ β̃λσ)

as it should be under the renormalization group -
based improvement.

Effective potential

Φ̄ −→ Φ, σ −→ ln
Φ
μ
,

V (1)
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1
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)
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Coleman-Weinberg
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• Covariant form of the metric-scalar induced
effective actions

• Non-local terms are universal but local terms are
ambiguous

• We have explicitly found ambiguities in the local
terms using Pauli-Villars regulators

• The ambiguous terms correspond to pure
derivative terms in the anomaly

• Room for stable Starobinsky inflation
• At low energies the effective potential can be

fully recovered
• Beyond one loop the situation is less clear


