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We study the use of type Ia supernovae (SNe Ia) in the context of scalar-tensor theories of gravity,
taking as a working example induced gravity, equivalent to Jordan-Brans-Dicke theory. Winking
at accurate and precision cosmology, we test the correction introduced by a time variation of the
Newton’s constant, predicted by scalar-tensor theories, on the SNe distance modulus relation. We
find that for induced gravity the coupling parameter is constrained from ξ < 0.0095 (95% CL) using
Pantheon SNe data alone down to ξ < 0.00063 (95% CL) in combination with Planck data release
DR3 and a compilation of baryon acoustic oscillations (BAO) measurements from BOSS DR12. In
this minimal case the improvements in terms of constraints on the cosmological parameters coming
from the addition of SNe data to cosmic microwave background (CMB) and BAO measurements is
limited, ∼ 7% on the 95% CL upper bound on ξ. Allowing for the value of the gravitational constant
today to depart from the Newton constant, we find that the addition of SNe further tightens the
constraints obtained by CMB and BAO data on the standard cosmological parameters and by 22%
on the coupling parameter, i.e., ξ < 0.00064 at 95% CL. We finally show that in this class of modified
gravity models the use a prior on the absolute magnitude MB in combination with the Pantheon
SNe sample leads to results which are very consistent with those obtained by imposing a prior on
H0, as happens for other early-type models which accommodate a larger value of H0 compared to
the ΛCDM results.

I. INTRODUCTION

The use of type Ia supernovae (SNe Ia), which can
be calibrated fairly reliably to provide accurate distances
as standard candles, can be used to map the expansion
history of the Universe.

Although for the ΛCDM model SNe data have little
statistical power compared to cosmic microwave back-
ground (CMB) anisotropies and baryon acoustic oscil-
lations (BAO) measurements, they represent a precious
tool to test extended models. The use of SNe Ia for
cosmology has been studied extensively for many appli-
cations from the determination of the Hubble constant
[1, 2] to study models involving evolving dark energy [3–
6] and modified gravity [7, 8].

SNe measurements can be used to determine the Hub-
ble constant using the cosmic distance ladder calibration.
The determination of the Hubble constant from Cepheid
calibrated SNe Ia started to significantly depart from its
inference within ΛCDM from CMB anisotropies since the
first Planck data release (DR1) [9]. This discrepancy has
now grown: the value inferred using CMB data from
the Planck DR3 for a flat ΛCDM cosmological model,
H0 = (67.36 ± 0.54) km s−1 Mpc−1 at 68% confidence
level (CL) [10], is in a 5.0σ tension1 with the measure-
ment from the SH0ES team [11] obtained with cosmic
distance ladder calibration of SNe Ia using the Cepheids
measured in the host of 42 SNe Ia from the revised
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Pantheon+ compilation [12], that is H0 = (73.0 ± 1.0)
km s−1 Mpc−1 at 68% CL. See Ref. [11] for an updated
discussion of uncertainties in calibration or in the lumi-
nosity functions of SNe Ia which could affect the tension
between the local determination of H0 and its inference
in ΛCDM from several cosmological measurements.

Cosmic distance ladder calibration does not directly
extract the value of the the Hubble constant and it has
been suggested to translate the Hubble constant tension
into a SNe absolute magnitude tension rather than in H0

[13–15]. In this regard, late-time solutions to the Hubble
tension have been questioned as valid solutions [14, 15],
since the estimated value of the Hubble constant from
the SNe absolute magnitude depends from the late-time
background expansion. Indeed, the use of a prior infor-
mation on the intrinsic magnitude rather than on the
Hubble constant as already been tested for some exten-
sions of the ΛCDM cosmological model in Ref. [16]. Many
early-time extensions of the ΛCDM model have been pro-
posed in order to tackle the Hubble tension, such as early
dark energy [17–20], modified gravity [21–23], primordial
magnetic fields [24], and variation of fundamental con-
stants [25, 26]; see Refs. [27–33] for reviews on the topic.

Modified gravity has an impact on the astrophysics of
SNe Ia. By allowing the gravitational constant to vary
with redshift, the dependence of the peak luminosity of
the SNe from the mass of the white dwarf progenitors
becomes redshift dependent [7, 34]. The correction due
to the evolution of intrinsic luminosity to an evolution of
the value of Newton’s gravitational constant G has been
studied and it has also been utilized to place constraints
on the variation of G using the observational dispersion
in SNe Ia absolute magnitudes, see Refs. [7, 34–44]. This
means that for accurate cosmological studies of gravity,
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we must carefully consider modified gravity’s impact on
SNe Ia astrophysics and its implication in terms of cos-
mological parameter inference.

In this paper, we assess the impact of adding SNe data
to cosmological analyses alone and in combination with
Planck DR3 and BAO from Sloan Digital Sky Survey
(SDSS) data to constrain as a working example one of
the simplest scalar-tensor gravity model such as induced
gravity (IG), equivalent to Jordan-Brans-Dicke [45, 46],
described by the action

S =

∫
d4x
√
−g
[
ξσ2R

2
− gµν

2
∂µσ∂νσ − V (σ) + Lm

]
(1)

where ξ > 0 is the coupling parameters, σ is a scalar field,
R is the Ricci scalar, and Lm is the Lagrangian density
for matter fields minimally coupled to the metric. We
restrict ourselves to a potential of the type V (σ) ∝ σ4

[39, 47, 48] in which the scalar field is effectively massless
and the effective gravitational constant Geff between two
test masses is [49]

Geff(z = 0) =
1

8πξσ2
0

1 + 8ξ

1 + 6ξ

1

(1 + ∆)
2 . (2)

Following Ref. [26] (see also Ref. [50]), we introduce an
imbalance ∆ between the gravitational constant today
Geff(z = 0) and the Newton constant G. Note that,
scalar-tensor theories of gravity that involve a scalar field
nonminimally coupled to the Ricci scalar naturally lead
to a higher CMB-inferred value of H0 [21–23, 26, 50–54]
and can also help in interpreting the current tensions in
the estimates of cosmological parameters from different
observations. With the working example adopted here
we can therefore also test the difference between a prior
on the absolute magnitude and on H0.2

Our paper is organized as follows. After this introduc-
tion, we describe the distance modulus relation used to
derive constraints from SNe Ia data including the correc-
tion due to the evolution of the Newton’s constant and
we quantify the impact on current cosmological data in
Sec. II. In Sec. III, we describe the datasets and prior
considered and we present our results in light of SNe
Ia data alone and in combination with CMB and BAO
data. We study the impact of using a prior on the ab-
solute magnitude, based on the SH0ES calibration, to-
gether to the SNe Ia sample in Sec. IV. In Sec. V we
draw our conclusions. In the Appendix, we assess the
importance of including the correct redshift dependence
of the Chandrasekhar mass in the SNe likelihood for the
models considered.

2 Note also that a parametric sudden transition of the effective
gravitational constant at late times [44, 55] could also reduce the
tension in the Hubble constant (see Refs. [16, 28] for a review
and comparison of models able to alleviate the H0 tension).

II. THE DISTANCE MODULUS RELATION IN
SCALAR-TENSOR THEORIES

The peculiarity of SNe Ia is their nearly uniform in-
trinsic luminosity with an absolute magnitude around
M ∼ −19.5 [56, 57], and this allows us to promote SNe Ia
to a well-established class of standard candles. To evalu-
ate the underlying best cosmological model, we make use
of the distance modulus µ, derived from the observations
of SNe Ia, and we compare it with the theoretical one
µth, defined as follows

µth = mB −MB (3)

= 5 log10 dL(z) + 25 [mag] (4)

where mB is the B-band apparent magnitude of the
source, MB is the absolute magnitude in the B-band,
and dL is the luminosity distance defined as [58]

dL(z) = c(1 + zhel)

∫ zcmb

0

dz′

H(z′)
[Mpc] (5)

where zhel is the heliocentric redshift and zcmb is the
CMB redshift corrected by peculiar velocities. Finally,
the observed distance modulus µobs is defined as

µobs = mB −MB + αx1 − βc+ ∆M + ∆B [mag] (6)

where α is the coefficient of the relation between luminos-
ity and stretch, x1 is the stretch parameter, β is the co-
efficient of the relation between luminosity and the color,
c is the color, ∆M is a distance correction based on the
host-galaxy mass of the SN, and ∆B is a bias correction
based on simulations. The difficulty in the determination
of the cosmological parameters lies in the identification
of MB , as detailed in [59].

The evolution of Newton constant predicted in the con-
text of modified gravity theories induces special effects to
the physics of SNe Ia; see Refs. [7, 34–39, 41–44]. The
observed magnitude redshift relation of SNe Ia can be
translated to luminosity distance-redshift relation [which
leads to the expansion history H(z)] only under the as-
sumption that SNe Ia behave as standard candles, in par-
ticular the constancy in time of the Chandrasekhar mass.
The peak luminosity of SNe Ia is proportional to the mass
of nickel synthesized which is a fixed fraction of the Chan-
drasekhar mass MCh ∼ G−3/2; see Refs. [35, 41]. There-
fore the SN Ia peak luminosity varies like L ∼ G−3/2 [60]
and the corresponding distance modulus (3) in presence
of a varying effective gravitational constant becomes

µth(z) = 5 log10 dL(z) + 25 +
15

4
log10

Geff(z)

G
[mag] .

(7)
Since the absolute magnitude MB is marginalized in
Eq. (6) as being a nuisance parameter, its possible red-
shift dependence may carry useful information about the
robustness of the determination of H0 using SNe Ia data
and about possible modifications of Geff(z).
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Note also that there are modified gravity models in
which deviations of Geff(z) from G at late times are so
small by construction that the correction due to the red-
shift dependence of the Chandrasekhar mass is expected
to be negligible [23].

III. CONSTRAINTS FROM COSMOLOGICAL
OBSERVATIONS IN COMBINATION WITH

TYPE IA SUPERNOVAE

In this section, we present the constraints on cosmo-
logical parameters including Pantheon SNe to the results
presented in Ref. [26] obtained from the combination of
Planck 2018 DR3 (hereafter P18) with BAO measure-
ments from BOSS DR12. In addition, we show the con-
straints on the modify gravity parameters from the com-
pilation of SNe alone.

We consider the full CMB information from Planck
DR3 [61, 62] including the low-` likelihood Commander
(temperature-only) plus the SimAll (EE-only), the high-
multipoles likelihood Plik, and the CMB lensing like-
lihood on the conservative multipoles range, i.e., 8 ≤
` ≤ 400. The compilation of BAO data includes data
from Baryon Spectroscopic Survey (BOSS) DR12 [63]
consensus results in three redshift slices with effective
redshifts zeff = 0.38, 0.51, 0.61, the measure from 6dF
[64] at zeff = 0.106, and the one from SDSS DR7 [65] at
zeff = 0.15. We consider the Pantheon sample which is a
compilation of 1048 spectroscopically confirmed SNe Ia
that gathers different surveys spanning the redshift range
0.01 < z < 2.33 [59].

We use MontePython4 [66, 67] connected to our mod-
ified version of the code CLASS5 [68, 69], i.e., CLASSig
[21]. For the Markov chain Monte Carlo (MCMC) anal-
ysis including CMB data (P18, P18 + SNe, P18 + BAO,
P18 + BAO + SNe), we vary the six cosmological pa-
rameters for a flat ΛCDM concordance model, i.e., ωb,
ωc, H0, τ , ln

(
1010As

)
, and ns; for the analysis of SNe

compilation alone we vary Ωcdm fixing Ωb = 0.0047. The
extra parameters related to the coupling to the Ricci cur-
vature are ζIG ≡ ln (1 + 4ξ), sampled in the prior range
[0, 0.039] and ∆ ∈ [−0.3, 0.3]. We assume two mass-
less neutrino with Neff = 2.0328, and a massive one with
fixed minimum mass mν = 0.06 eV. We assume adiabatic
initial condition for the scalar fluctuations [70]. We set
the primordial helium abundance according to the pre-
diction from PArthENoPE [71, 72] taking into account the
effect of a different gravitational constant as a source of
extra radiation in YBBN(ωb, Neff) [26, 51]. We vary also
nuisance and foreground parameters for the Planck and
Pantheon likelihoods.

3 https://github.com/dscolnic/Pantheon
4 https://github.com/brinckmann/montepython public
5 https://github.com/lesgourg/class public

In Fig. 1, we compare the marginalized constraints on
cosmological parameters for P18 and P18 + BAO includ-
ing Pantheon SNe. The addition of SNe data slightly im-
proves the constraints on cosmological parameters com-
pared to the P18-only case and P18 + BAO combination,
for IG we find

ξ <



0.0095 SNe

0.00096 P18

0.00080 P18 + SNe

0.00068 P18 + BAO

0.00063 P18 + BAO + SNe

(8)

at 95% CL for coupling parameter and for the Hubble
constant at 68% CL

H0 =


68.8+0.8

−1.7 km s−1 Mpc−1 P18

68.7+0.8
−1.3 km s−1 Mpc−1 P18 + SNe

68.6+0.6
−0.9 km s−1 Mpc−1 P18 + BAO

68.6+0.6
−0.8 km s−1 Mpc−1 P18 + BAO + SNe .

(9)
Relaxing the consistency condition on the current value

of the effective gravitational constant, i.e., Eq. (2) with
∆ allowed to vary, we find (see Fig. 2) that the imbalance
is constrained at 68% CL to

∆ =


−0.032+0.029

−0.025 P18

0.002+0.037
−0.032 P18 + SNe

−0.022± 0.023 P18 + BAO

−0.003+0.034
−0.030 P18 + BAO + SNe

(10)

ξ <



0.0096 SNe ,

0.0021 P18 ,

0.00088 P18 + SNe

0.00082 P18 + BAO

0.00064 P18 + BAO + SNe

(11)

at 95% CL for coupling parameter and for the Hubble
constant at 68% CL

H0 =


70.2+1.2

−3.1 km s−1 Mpc−1 P18

68.7+0.8
−1.4 km s−1 Mpc−1 P18 + SNe

68.6+0.7
−0.9 km s−1 Mpc−1 P18 + BAO

68.6+0.6
−0.8 km s−1 Mpc−1 P18 + BAO + SNe .

(12)
In this case, the addition of SNe data is appreciable lead-
ing to tighter constraints for both the standard param-
eters and the modified gravity ones; moreover the mean
value of the imbalance is more consistent to the Newton
constant, i.e., ∆ = 0. We find that using the SNe data
alone we are not able to put constraints on ∆ on the
prior range assumed in the analysis, i.e., [−0.3, 0.3]. It
is interesting to note that the addition of SNe data to
P18 and to P18 + BAO leads to larger uncertainties on
∆. Reducing the degeneracy between the coupling pa-
rameter ξ and the total matter density parameter Ωm,

https://github.com/dscolnic/Pantheon
https://github.com/brinckmann/montepython_public
https://github.com/lesgourg/class_public
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FIG. 1. Marginalized joint 68% and 95% CL regions 2D parameter space using the Planck 2018 DR3 alone (blue contours) and
in combination with BAO data (orange contours) for IG. The dotted and dashed contours include the Pantheon SNe sample
for P18 and P18 + BAO, respectively.

the addition of SNe data help in constraining ξ. Con-
sequently, the bound on the imbalance ∆, which is not
constrained by the SNe data alone, is relaxed due to the
partial degeneracy with the coupling ξ. We check the
value of the ∆χ2 with respect to the ΛCDM case, calcu-
lated as ∆χ2 = χ2 − χ2

ΛCDM. We find that for IG with
∆ = 0 (∆ allowed to vary) the ∆χ2 corresponds to -1.4
(-2.6) for P18 + SNe, -2.2 (-3.6) for P18 + BAO, and
-2.4 (-3.7) for P18 + BAO + SNe pointing to a slight
improvement of fit for IG. We also calculate the Bayes
factor with respect to the ΛCDM case, calculated as the
ratio of the evidences for the extended model with respect

to the baseline ΛCDM model. We compute the evidence
directly from our MCMC chains using the method intro-
duced in Ref. [73]6. The logarithmic of the Bayes factor
lnB for IG with ∆ = 0 (∆ allowed to vary) corresponds
to -0.4 (-1.9) for P18 + SNe, -1.2 (-2.9) for P18 + BAO,
and to -1.6 (-2.7) for P18 + BAO + SNe showing no
statistical preference for the model analyzed [74]. Note
that, the Bayes factor depends on the prior range of the
parameters and it is enhanced in presence of parame-

6 https://github.com/yabebalFantaye/MCEvidence

https://github.com/yabebalFantaye/MCEvidence
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FIG. 2. As in Fig. 1, for ∆ allowed to vary.

ters not well constrained. We interpret the 1σ shift of
the mean value of ∆, coming with not significant effects
on the ∆χ2 and lnB, as a sign that this parameter is
weakly constrained from the datasets considered and it
can moved along its degeneracy with ξ.

Finally we can project the constraints on ∆ on the
value of the Newton constant which is constrained at 68%
CL to Geff(z = 0)/G = 0.938+0.056

−0.049 for P18, Geff(z =
0)/G = 1.005 ± 0.071 for P18 + SNe, Geff(z = 0)/G =
0.957 ± 0.045 for P18 + BAO, and Geff(z = 0)/G =
1.05+0.05

−0.08 for P18 + BAO + SNe.

IV. THE ABSOLUTE MAGNITUDE AND THE
HUBBLE PARAMETER PRIORS

As explained in Refs. [59, 75], there is a degeneracy
between H0 and M fitting the distance modulus to a SN
sample. For this reason, as pointed out in Refs. [14, 15],
it is useful to look at corresponding constraints on the ab-
solute magnitude MB of Pantheon SNe Ia sample rather
than imposed the H0 prior from SH0ES on the Hub-
ble parameter at z = 0 in order to avoid misleading
findings for late-time ΛCDM modifications as shown in
Refs. [13, 15, 44, 76]. Indeed, the SH0ES Cepheid pho-
tometry [77, 78] and Pantheon SNe peak magnitudes give

MB = −19.2435± 0.0373 [mag] . (13)
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FIG. 3. Marginalized joint 68% and 95% CL regions 2D pa-
rameter space using the Planck 2018 DR3 in combination with
BAO data and Pantheon SNe sample, for IG with ∆ = 0 (top
panel) and IG with ∆ allowed to vary (bottom panel); the
blue contours include a Gaussian prior on the absolute mag-
nitude while dashed contours include a Gaussian prior on the
Hubble constant.

This corresponds to H0 = 73.2 ± 1.3 km s−1Mpc−1 by
fitting the Pantheon sample [59] with the low-redshift
expansion to the luminosity distance in a ΛCDM back-
ground [15].

In Fig. 3, we compare the marginalized constraints
on cosmological parameters for P18 + BAO + SNe
including the SH0ES information [78] as a Gaussian
prior on the Hubble parameter p (H0), corresponding
to H0 = 73.2 ± 1.3 km s−1 Mpc−1, versus a Gaussian
prior on the absolute magnitude p (MB), corresponding
to MB = −19.2435 ± 0.0370 mag [15]. We conclude
that the use of a Gaussian prior on H0 derived from the
inverse distance ladder calibration of SNe, as done in pre-

68 70 72 74
H0 [km s 1 Mpc 1]
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0.0005 0.0015 0.1 0.0 0.1

P18 + SNe + p(MB)
P18 + SNe + p(H0)

FIG. 4. As in Fig. 3, without BAO data, i.e., P18 + SNe.

vious studies of these scalar-tensor models in Refs. [21–
23, 26, 51–53], is fully consistent with the most correct
way of using a prior information on the absolute mag-
nitude MB . This result is robust when we allow for
Geff(z = 0) 6= G. Indeed, we find MB = −19.357± 0.021
(MB = −19.347 ± 0.024) adding a Gaussian prior on
H0 to the combination of P18 + SNe + BAO and
MB = −19.353 ± 0.022 (MB = −19.354 ± 0.023) when
we add a Gaussian prior on MB for IG with ∆ = 0 (∆
allowed to vary). Without including any extra informa-
tion, we find MB = −19.393 ± 0.020 at 68% CL for the
same P18 + SNe + BAO combination of datasets for IG
in both cases fixing ∆ = 0 or varying it.

We find for IG H0 = 71.6± 1.1 km s−1 Mpc−1 at 68%
CL for P18 + SNe + p (MB) for both ∆ = 0 and ∆ al-
lowed to vary; see Fig. 4. For IG with ∆ = 0 (∆ allowed
to vary), we find that the tension goes from 2.9σ (2.9σ)
to 0.9σ (0.9σ) including the prior on the absolute mag-
nitude. With the addition of BAO, we find for IG with
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∆ = 0 H0 = 70.2± 0.9 km s−1 Mpc−1 and for ∆ allowed
to vary H0 = 70.0 ± 0.8 km s−1 Mpc−1 both at 68% CL
for P18 + SNe + BAO + p (MB). For IG with ∆ = 0 (∆
allowed to vary), we find that the tension goes from 3.2σ
(3.2σ) to 1.9σ (2.1σ) including the prior on the absolute
magnitude to the combination P18 + BAO + SNe. We
have reported this last result for completeness although
the tension between H0 from P18 + SNe +BAO and from
SH0ES is superior to 3σ.7

The consistency in using a Gaussian prior on H0 or
on MB is connected to smooth modification of the back-
ground expansion at late time in these models; see [15].

V. CONCLUSION

The near future of cosmology will be fueled by a huge
amount of data that will allow us to extract precise and
accurate cosmological information. The capability to
test extended cosmological models beyond the minimal
ΛCDM will be possible thanks to the combination of dif-
ferent datasets that will allow one to reduce degeneracies
and to shrink parameter uncertainties by testing the evo-
lution of Universe at different redshifts and scales. Thus,
a continuous progress in the modeling of cosmological
observables for extended models is required, in order to
avoid confusing systematics with new physics and avoid
parameter bias.

In this paper, we explore the use and importance of
SNe data for cosmological parameter inference in modi-
fied gravity settings in which the gravitational constant
vary with redshift, by taking as a working example in-
duced gravity (IG), equivalent to Jordan-Brans-Dicke
by a field redefinition. Particularly, we study general
constraints on the coupling parameter from the Pan-
theon compilation of type SNe Ia alone and in combi-
nation with Planck DR3 CMB data and BAO measure-
ments from BOSS. We constrain ξ < 0.0095 (95% CL)
with Pantheon data, ξ < 0.00080 (95% CL) for Planck
in combination with Pantheon, and ξ < 0.00063 (95%
CL) from the combination of Planck, BOSS, and Pan-
theon. Allowing also the imbalance ∆ to vary, con-
nected to an effective gravitational constant today dif-
ferent from the value of the bare gravitational constant
Geff = G(1 + ∆)2, the bound on the coupling parameter
is slightly relaxed to ξ < 0.0096 (95% CL) for Pantheon
data, ξ < 0.00088 (95% CL) for Planck in combination
with Pantheon, and ξ < 0.00064 (95% CL) for the com-
bination of Planck, BOSS, and Pantheon. For the imbal-
ance, we find ∆ = 0.002+0.037

−0.032 (68% CL) for Planck in

combination with Pantheon and ∆ = −0.003+0.034
−0.030 (68%

CL) for the combination of Planck, BOSS, and Pantheon;

7 Here the tension in terms of number of σ has been calculated
on the Hubble parameter with respect to the reference measure
H0 = 73.2 ± 1.3 km s−1 Mpc−1 [78].

Pantheon data alone cannot constrain ∆. In the Ap-
pendix A, we show that the correction due to the redshift
dependence of the Chandrasekhar mass in these models
is small, but appreciable, when SN Ia are added to the
combination P18 + BAO.

We also test the use of a prior on the absolute mag-
nitude MB instead of a prior on the Hubble constant
H0 from SH0ES observations for this class of modified
gravity models finding that the results do not depend
on the choice of prior information. Considering the
combination P18 + BAO + SNe + p (MB), for IG we
find H0 = 70.2 ± 0.9 km s−1 Mpc−1 (68% CL), while
H0 = 70.0± 0.8 km s−1 Mpc−1 (68% CL) when allowing
for the imbalance ∆ to vary. The robustness to different
prior assumptions in H0 or MB is consistent with the fact
that the models studied here alleviate the tension in H0

at early times.
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A. Comparison of constraints with uncorrected
distance modulus relation

We test here the relevance of the redshift dependence
of the Chandrasekhar mass in the SNe distance modulus
likelihood. In Figs. 5 and 6, we compare the marginalized
constraints using the SNe compilation alone with and
without the correction to the distance modulus relation
introduced in Eq. (7). When we analyze the SNe data
alone, we only allowed Ωm to vary (fixing Ωb = 0.047)
in addition to IG parameters, instead we vary Ωm and
H0 analyzing the SNe data in combination to the prior
on the absolute magnitude p(MB). For IG with ∆ = 0,
we find ξ < 0.0093 (95% CL) and Ωm = 0.303 ± 0.023
(68% CL) without correction while we find ξ < 0.0095
(95% CL) and Ωm = 0.320+0.021

−0.029 (68% CL) correcting
for Eq. (7). For IG with ∆ allowed to vary, we find
ξ < 0.0095 (95% CL) and Ωm = 0.302± 0.022 (68% CL)
without correction while we find ξ < 0.0096 (95% CL)
and Ωm = 0.317±0.024 (68% CL) correcting for Eq. (7).
When analysing SNe data alone, we find a 0.5σ shift in
the determination of the mean value of Ωm neglecting the
redshift dependence of the Chandrasekhar mass.

In Figs. 7 and 8, we compare the marginalized con-
straints on cosmological parameters for P18 + SNe +
p(MB) and P18 + BAO and P18 + BAO + SNe + p(MB)
with and without the correction to the distance modulus
relation introduced in Eq. (7). We do not see any effect
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FIG. 5. Marginalized joint 68% and 95% CL regions 2D pa-
rameter space using the Pantheon SNe sample for IG (blue
contours); orange contours include also a Gaussian prior on
the absolute magnitude p (MB). The dotted and dashed con-
tours include the correction included in Eq. (7) for SNe and
SNe + p (MB), respectively.
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FIG. 6. As in Fig. 5, for IG with ∆ allowed to vary.

on means and uncertainties on any cosmological param-
eter for this combination of datasets. Note that for IG
with Geff(z = 0) = G, the difference on the redshift range
of the Pantheon SNe sample (0.01 < z < 2.3) is smaller
than 1%.

We find the same outcome also when we vary the im-
balance ∆, see Figs. 9 and 10. In this case the value
of the Newton constant is constrained at 68% CL to
Geff(z = 0)/G = 1.05+0.05

−0.08 for P18 + BAO + SNe and

to Geff(z = 0)/G = 1.04+0.06
−0.08 for P18 + BAO + SNe

+ p(MB) allowing for small correction from the distance
modulus relation (7). Without including BAO data, we
find at 68% Geff(z = 0)/G = 1.005±0.071 for P18 + SNe
and to Geff(z = 0)/G = 1.004 ± 0.070 for P18 + SNe +
p(MB).
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10, 044 (2020) doi:10.1088/1475-7516/2020/10/044
[arXiv:2004.14349 [astro-ph.CO]].

[23] M. Braglia, M. Ballardini, F. Finelli and
K. Koyama, Phys. Rev. D 103, no.4, 043528 (2021)
doi:10.1103/PhysRevD.103.043528 [arXiv:2011.12934
[astro-ph.CO]].

[24] K. Jedamzik and L. Pogosian, Phys.
Rev. Lett. 125, no.18, 181302 (2020)
doi:10.1103/PhysRevLett.125.181302 [arXiv:2004.09487
[astro-ph.CO]].

[25] L. Hart and J. Chluba, Mon. Not. Roy. Astron. Soc.

http://arxiv.org/abs/1811.04083
http://arxiv.org/abs/1904.01016
http://arxiv.org/abs/2005.14053
http://arxiv.org/abs/1507.00718
http://arxiv.org/abs/2004.14349
http://arxiv.org/abs/2011.12934
http://arxiv.org/abs/2004.09487


13

493, no.3, 3255-3263 (2020) doi:10.1093/mnras/staa412
[arXiv:1912.03986 [astro-ph.CO]].

[26] M. Ballardini, F. Finelli and D. Sapone, JCAP 06,
no.06, 004 (2022) doi:10.1088/1475-7516/2022/06/004
[arXiv:2111.09168 [astro-ph.CO]].

[27] L. Knox and M. Millea, Phys. Rev. D 101,
no.4, 043533 (2020) doi:10.1103/PhysRevD.101.043533
[arXiv:1908.03663 [astro-ph.CO]].

[28] E. Di Valentino, L. A. Anchordoqui, O. Akarsu,
Y. Ali-Haimoud, L. Amendola, N. Arendse, M. As-
gari, M. Ballardini, S. Basilakos and E. Bat-
tistelli, et al. Astropart. Phys. 131, 102605
(2021) doi:10.1016/j.astropartphys.2021.102605
[arXiv:2008.11284 [astro-ph.CO]].

[29] K. Jedamzik, L. Pogosian and G. B. Zhao, Commun.
in Phys. 4, 123 (2021) doi:10.1038/s42005-021-00628-x
[arXiv:2010.04158 [astro-ph.CO]].

[30] E. Di Valentino, O. Mena, S. Pan, L. Visinelli, W. Yang,
A. Melchiorri, D. F. Mota, A. G. Riess and J. Silk, Class.
Quant. Grav. 38, no.15, 153001 (2021) doi:10.1088/1361-
6382/ac086d [arXiv:2103.01183 [astro-ph.CO]].

[31] L. Perivolaropoulos and F. Skara, New Astron.
Rev. 95, 101659 (2022) doi:10.1016/j.newar.2022.101659
[arXiv:2105.05208 [astro-ph.CO]].

[32] P. Shah, P. Lemos and O. Lahav, Astron. Astrophys.
Rev. 29, no.1, 9 (2021) doi:10.1007/s00159-021-00137-4
[arXiv:2109.01161 [astro-ph.CO]].

[33] E. Abdalla, G. Franco Abellán, A. Aboubrahim, A. Ag-
nello, O. Akarsu, Y. Akrami, G. Alestas, D. Aloni,
L. Amendola and L. A. Anchordoqui, et al. JHEAp
34, 49-211 (2022) doi:10.1016/j.jheap.2022.04.002
[arXiv:2203.06142 [astro-ph.CO]].

[34] E. Garcia-Berro, E. Gaztanaga, J. Isern, O. Benvenuto
and L. Althaus, [arXiv:astro-ph/9907440 [astro-ph]].

[35] E. Gaztanaga, E. Garcia-Berro, J. Isern, E. Bravo
and I. Dominguez, Phys. Rev. D 65, 023506
(2002) doi:10.1103/PhysRevD.65.023506 [arXiv:astro-
ph/0109299 [astro-ph]].

[36] A. Riazuelo and J. P. Uzan, Phys. Rev. D 66, 023525
(2002) doi:10.1103/PhysRevD.66.023525 [arXiv:astro-
ph/0107386 [astro-ph]].

[37] R. Lazkoz, S. Nesseris and L. Perivolaropoulos, JCAP
11, 010 (2005) doi:10.1088/1475-7516/2005/11/010
[arXiv:astro-ph/0503230 [astro-ph]].

[38] S. Nesseris and L. Perivolaropoulos, Phys. Rev. D
73, 103511 (2006) doi:10.1103/PhysRevD.73.103511
[arXiv:astro-ph/0602053 [astro-ph]].

[39] F. Finelli, A. Tronconi and G. Venturi, Phys. Lett. B
659, 466-470 (2008) doi:10.1016/j.physletb.2007.11.053
[arXiv:0710.2741 [astro-ph]].

[40] J. Mould and S. Uddin, Publ. Astron. Soc. Austral.
31, 15 (2014) doi:10.1017/pasa.2014.9 [arXiv:1402.1534
[astro-ph.CO]].

[41] B. S. Wright and B. Li, Phys. Rev. D 97,
no.8, 083505 (2018) doi:10.1103/PhysRevD.97.083505
[arXiv:1710.07018 [astro-ph.CO]].

[42] H. Desmond, B. Jain and J. Sakstein, Phys. Rev. D
100, no.4, 043537 (2019) [erratum: Phys. Rev. D 101,
no.6, 069904 (2020); erratum: Phys. Rev. D 101,
no.12, 129901 (2020)] doi:10.1103/PhysRevD.100.043537
[arXiv:1907.03778 [astro-ph.CO]].

[43] D. Sapone, S. Nesseris and C. A. P. Bengaly, Phys. Dark
Univ. 32, 100814 (2021) doi:10.1016/j.dark.2021.100814
[arXiv:2006.05461 [astro-ph.CO]].

[44] V. Marra and L. Perivolaropoulos, Phys.
Rev. D 104, no.2, L021303 (2021)
doi:10.1103/PhysRevD.104.L021303 [arXiv:2102.06012
[astro-ph.CO]].

[45] P. Jordan, Nature 164, 637-640 (1949)
doi:10.1038/164637a0

[46] C. Brans and R. H. Dicke, Phys. Rev. 124, 925-935
(1961) doi:10.1103/PhysRev.124.925

[47] F. Cooper and G. Venturi, Phys. Rev. D 24 (1981), 3338
doi:10.1103/PhysRevD.24.3338

[48] L. Amendola, Phys. Rev. D 60, 043501 (1999)
doi:10.1103/PhysRevD.60.043501 [arXiv:astro-
ph/9904120 [astro-ph]].

[49] B. Boisseau, G. Esposito-Farese, D. Polarski and
A. A. Starobinsky, Phys. Rev. Lett. 85, 2236 (2000)
doi:10.1103/PhysRevLett.85.2236 [arXiv:gr-qc/0001066
[gr-qc]].

[50] S. Joudaki, P. G. Ferreira, N. A. Lima and
H. A. Winther, Phys. Rev. D 105, no.4, 043522 (2022)
doi:10.1103/PhysRevD.105.043522 [arXiv:2010.15278
[astro-ph.CO]].

[51] M. Ballardini, F. Finelli, C. Umiltà and D. Pao-
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