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Abstract Recently in (Eur Phys J C 76:341, 2016), Myung
has suggested that the renormalizability of massive confor-
mal gravity is meaningless unless the massive ghost states of
the theory are stable. Here we show that massive conformal
gravity can be renormalizable having unstable ghost states.

Before we address the content of Myung’s paper [1], let us
take a brief look on the results of Ref. [2]. For this purpose,
we consider the massive conformal gravity (MCG) action,
which is given by1 [3]

SMCG =
∫

d4x
√−g

[
α(ϕ2R + 6∂μϕ∂μϕ)

− 1

m2C
αβμνCαβμν

]
, (1)

where m is a constant with dimensions of mass, α is a dimen-
sionless constant, Cα

βμν is the Weyl tensor, R is the scalar
curvature, and ϕ is a scalar field called dilaton. Using the
Lanczos identity, we can write (1) as

SMCG =
∫

d4x
√−g

[
α(ϕ2R + 6∂μϕ∂μϕ)

− 2

m2

(
RμνRμν − 1

3
R2

) ]
, (2)

where Rμν is the Ricci tensor.
By performing a perturbative quantization of (2) about the

background field expansions

gμν = ημν + hμν, (3)

ϕ =
√

2

α
(1 + σ), (4)

1 Here we use “absolute units” in which c = h̄ = 16πG = 1.
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it can be shown, after a long but straightforward calculation,
that the Feynman propagators for the quantum fields σ and

μν = hμν − ημνh/2 are given by [2]

Dσ = i
∫

d4 p

(2π)4

e−i p·(x−y)

p2 + m2 − iχ
, (5)

Dμν,αβ

 = − i

2
(ημαηνβ + ημβηνα − ημνηαβ)

×
∫

d4 p

(2π)4

m2e−i p·(x−y)

(p2 − iχ)(p2 + m2 − iχ)
, (6)

where χ is an infinitesimal parameter. Since the residues at
the poles for both massive terms in (5) and (6) are negative,
its corresponding quantum states are taken to have negative
energy or negative norm. In either case quantum MCG is sup-
posed unphysical. However, if the states of negative residues
(ghost states) are unstable, the theory is unitary.

In his paper [1], Myung argues that the massive ghost
states prevents MCG from being treated perturbatively if such
ghost states are unstable [4]. In this case, however, we can
use a modified perturbation series in which only diagrams
without self-energy parts for the unstable ghost states are
included, with the bare propagators for these states D(p2)

replaced by the dressed propagators [5]

D(p2) = [D−1(p2) − �(p2)]−1, (7)

where �(p2) is the sum of all 1PI self-energy parts. Since
renormalization concerns only the high-energy behavior of
the propagators, the use of dressed propagators does not
affect it. So the p−4 behavior of the bare propagator (6)
at high momenta makes MCG renormalizable regardless of
whether the ghost states are unstable or not.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative

123

http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-016-4543-5&domain=pdf
http://dx.doi.org/10.1140/epjc/s10052-016-4165-y
http://dx.doi.org/10.1140/epjc/s10052-016-4165-y
mailto:fff@uespi.br
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


11 Page 2 of 2 Eur. Phys. J. C (2017) 77 :11

Commons license, and indicate if changes were made.
Funded by SCOAP3.

References

1. Y.S. Myung, Eur. Phys. J. C 76, 341 (2016)
2. F.F. Faria, Eur. Phys. J. C 76, 188 (2016)

3. F.F. Faria, Adv. High Energy Phys. 2014, 520259 (2014)
4. M.J.G. Veltman, Physica 29, 186 (1963)
5. I. Antoniadis, E.T. Tomboulis, Phys. Rev. D 33, 2756 (1986)

123


	Reply to ``Comment on `Quantum massive conformal gravity'  by F. F. Faria''
	Abstract 
	References




