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It has recently been pointed out that a gravitational transition taking place at a recent redshift zt, reducing
the effective gravitational constant Geff by about 10% for z > zt, has the potential to lead to a resolution of
the Hubble tension if zt ≲ 0.01. SinceHðzÞ2 ∼ Geff , such a transition would also lead to sharp change of the
slope of the Hubble diagram at z ¼ zt and a sharp decrease in the number of galaxies per redshift bin at zt.
Here, we attempt to impose constraints on such a transition by using two robust low-z redshift survey
datasets (z < 0.01), taken from the Six-Degree Field Galaxy Survey (6dFGS) as well as the 2MASS
Redshift Survey (2MRS). In both surveys, we bin the data in redshift bins and focus on the number
of galaxies in each bin [ΔNðziÞ]. We observe a peak in the distribution of galaxies near a distance of
approximately 20 Mpc in both datasets. This feature could be attributed to galactic density fluctuations, to
coherent peculiar velocities of galaxies or to an ultra-late-time gravitational transition in the same era. In the
context of the later scenario, we show that this feature could have been induced by a sharp change ofGeff by
ΔGeff=Geff ≃ 0.6 at zt ≃ 0.005. Thus, in a conservative approach, this method can be used to impose
constraints on a possible abrupt change of the gravitational constant taking place at very low redshifts.
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I. INTRODUCTION

In recent studies [1–4], a gravitational transition has been
proposed as a resolution of the Hubble tension [5–13]. In the
context of this approach to the Hubble tension, an abrupt
10% change of the gravitational constantGeff takes place at a
redshift zt ≲ 0.01 such that gravity is about 10% weaker at
early times. This shift would change the Chandrasekhar
mass mCh ∼G−3=2

eff and thus the intrinsic luminosity of
type Ia supernovae (SnIa) [14,15], thus making them dimmer
after the transition and changing their absolute magnitudeM
byΔM ≃ 0.2 (the magnitude shift required for the resolution
of the Hubble tension [2,16]).
Such a profound event could have signatures in a wide

range of astrophysical data including effects on the history
of the Solar System, Cepheid standard candle data, Tully-
Fisher data, and galaxy redshift survey data. At the level of
the Solar System, the well-known increase of the number of
impactors on the Moon and Earth surfaces during the last
100 Myrs (z < 0.007) [17] may be consistent with this type
of gravitational transition. In addition, interesting related
features consistent with such a transition have been found
recently in Cepheid [10,18] and Tully-Fisher data [19].

An abrupt shift of Geff would also result in a corre-
sponding shift of the Hubble expansion rate. Such a shift
would be hard to detect directly at such low redshifts as
z < 0.01 but could be detectable indirectly as a signal in the
observed number of galaxies per redshift bin at z < 0.01. It
would therefore be interesting to quantify the expected
form of this signal and search for it in existing redshift
survey data. This is the goal of the present analysis.
In addition to the effects of a gravitational transition on

the background expansion rate investigated in the present
analysis, the dynamical evolution of cosmological systems
would also be affected. The corresponding effects of a Geff
transition by up to 10% on the particle dynamics is also an
interesting issue that deserves investigation. However, in
the present analysis, we focus on the effects of a gravita-
tional transition on the background evolution (Hubble
expansion rate) and not on its effects on the particle
dynamics. The investigation of the effects of a transition
on cosmological system dynamics at various scales is a
separate and very interesting issue which is beyond the
scope of the current analysis. For example, the stability of
N body systems under an abrupt change of the strength of
gravity is highly nontrivial because N-body systems are
chaotic and their stability is not easy to investigate with
numerical methods. Even systems as small as the Solar
System have a Lyapunov time of more than 10 Myrs [20],
which implies that the timescale of any such instability
would be similar to the time in the past when a such a

*g.alestas@uoi.gr
†leandros@uoi.gr
‡tanidis@fzu.cz

PHYSICAL REVIEW D 106, 023526 (2022)

2470-0010=2022=106(2)=023526(8) 023526-1 © 2022 American Physical Society

https://orcid.org/0000-0003-1790-4914
https://orcid.org/0000-0001-9330-2371
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.106.023526&domain=pdf&date_stamp=2022-07-26
https://doi.org/10.1103/PhysRevD.106.023526
https://doi.org/10.1103/PhysRevD.106.023526
https://doi.org/10.1103/PhysRevD.106.023526
https://doi.org/10.1103/PhysRevD.106.023526


possible destabilizing effect would have taken place. Thus,
for such late time events, it is unlikely that an instability
would be manifest by the present time.
The structure of this paper is the following. In the next

section, we specify the form of the expected signal in the
detected number of galaxies ΔNðzÞ in each redshift bin of
width Δz centered around z. In Sec. III, we search for such
a signal in the data of two galaxy surveys: The Six-Degree
Field Galaxy Survey (6dFGS) and the 2MASS Redshift
Survey (2MRS). We then compare the 2MRS dataset with
corresponding simulated catalogs based on the standard
ΛCDM (Λ cold dark matter). Finally, in Sec. IV, we
conclude, summarize our basic results, and discuss possible
future extensions of this analysis.

II. EFFECTS OF A GRAVITATIONAL
TRANSITION ON REDSHIFT SURVEY DATA

In the context of the scalar-tensor modified gravity
theories, the gravitational constant acquires dynamical
properties and thus the Friedman equation in redshift space
may be expressed as

HðzÞ2 ¼ 8πGeffðzÞ
3

ρtot; ð2:1Þ

where ρtot refers to the total energy density including matter
and an effective geometric dark energy component induced,
e.g., by the nonminimally coupled scalar field. Also, Geff is
the dynamical gravitational constant which is proportional
to the inverse nonminimal coupling function FðΦðzÞÞ of
the scalar-tensor theory. The dynamical evolution of Geff is
severely constrained by a wide range of experiments and
astronomical observations which constrain the time and

redshift derivative of Geff to
_Geff
Geff

< 10−12 at various specific
time ranges [21–23] including the present time constrained
mainly using Solar System tests. Abrupt transitions of Geff ,
however, cannot be constrained by local constraints of the
time derivative of Geff since, by definition, in the context of
an abrupt transition Geff would remain constant at (almost)
all times. The overall change of Geff between the present
time and nucleosynthesis is weakly constrained to be less
than about 10% [24].
Based on the generalized Friedman equation (2.1),

an abrupt change of Geff at z ¼ zt would also lead to a
corresponding abrupt change of HðzÞ such that

ΔGeff

Geff
¼ 2

ΔH
H

: ð2:2Þ

In the Hubble flow zt > 0.01, such a transition is well
constrained by detailed Hubble diagram data based on
SnIa [15]. For zt < 0.01, the Hubble diagram involves
significant contributions from galactic density inhomoge-
neities and peculiar velocity effects, and thus similar
constraints are expected to be significantly weaker.

Using galaxy redshift surveys at z < 0.01, it is possible
to bin the observed galaxies in redshift bins of width Δz
such that there are ΔNðziÞ galaxies in the i bin. In the
presence of random peculiar velocities, the measured
redshift of a given galaxy may be written as

cz ¼ H0sþ cΔzr; ð2:3Þ

where H0 is the Hubble expansion rate at the galactic
distance s and cΔzr is a perturbation due to peculiar
velocity effects and may be approximated to have random
Gaussian distribution (μ ¼ 0, σ ¼ 300 km s−1).
The number of galaxies that exist in a spherical shell with

radius s is given by

NðsÞ ¼ 4π

3
s3ρðzÞ; ð2:4Þ

where we approximate the density at the redshift ρðzÞ ¼
ρ0ð1þ zÞ3 ≈ ρ0 as homogeneous. The number of galaxies
in the i redshift bin may be easily obtained from Eq. (2.4) as

ΔNðziÞ ¼ 4πρ0

�
c
H0

�
3

ðzi − ΔzrÞ2Δzi; ð2:5Þ

where Δzi is width of the i redshift bin assumed to be the
same for all bins. Thus, the predicted number of galaxies in
the i bin ΔNðziÞ is related to the number of galaxies in the
j ¼ 1 bin as

ΔNðziÞ ¼ ΔNðz1Þ
�
czi − cΔzr
cz1 − cΔzr

�
2
�
H01

H0i

�
3

: ð2:6Þ

Violation of Eq. (2.6) may be induced by either large
density fluctuations of galaxies or coherent velocity flows.
Equation (2.6), however, allows for a transition in the
Hubble diagram slope H0 at some redshift zt. Such a
transition could be expressed as

H0i ¼ H01 − ΔH0Θðzi − ztÞ: ð2:7Þ

In this case, Eq. (2.6) takes the form

ΔNðA; δ; zt; ziÞ ¼ A

�
czi − cΔzr
cz1 − cΔzr

�
2

½1 − δΘðzi − ztÞ�−3;

ð2:8Þ

where A ≃ ΔNðz1Þ and δ≡ ΔH0

H0
are parameters to be fitted

by survey data.

III. ANALYSIS OF REDSHIFT SURVEY DATA

It is straightforward to implement the maximum like-
lihood method by minimizing χ2 with respect to the
parameters A, δ≡ ΔH0

H0
and zt. Thus, we minimize
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χ2ðA; δ; ztÞ ¼
XNtot

i¼1

½ΔNðziÞdat − ΔNðA; δ; zt; ziÞ�2
σ2i þ σ2s

; ð3:1Þ

where Ntot is the total number of bins, σ2i ¼ Ntot=ΔNðziÞdat
is the Poisson distribution error for each bin, and σs is the
scatter error fixed such that the minimum χ2min is equal to 1.
Also, ΔNðziÞdat is the number of galaxies in each redshift
bin after a random perturbation Δzr is imposed on each
measured galaxy redshift czi to account for the random
component Δzr in the parametrization (2.8).

A. 6dFGS z < 0.01 subset

We use the 6dFGS [25–32] focusing on the galaxies with
z < 0.01 (≈2800 galaxies). The peculiar velocity sample
consists of 8885 galaxies in the Southern Hemisphere
with z < 0.055. The sky distribution of our low-z galaxy
subsample is shown in Fig. 1 split in four redshift bins of
Δz ¼ 0.0025 increments. The corresponding distribution
of the galaxy sample in redshift space is shown in Fig. 2,
where we split the sample in 25 redshift bins.
As shown in Fig. 2, there is a peak/dip feature in

the redshift space number density of galaxies around
1500–2000 km s−1 (21–28 Mpc for a conservative value
of H0 ¼ 70 km s−1 Mpc−1). This abrupt break in the red-
shift density is most probably due to density fluctuations of
galaxies and/or coherent peculiar velocity flows. However,
it may also be induced by a steplike transition of the
Newton’s constant Geff occurring for czt in the above
range. Such gravitational transition would induce a similar

transition in HðzÞ ≃H0 in accordance with Eqs (2.1) and
(2.2). This type of transition could be expressed as [2]

μGðzÞ≡Geff

GN
¼ ½1þ ΔμGΘðz − ztÞ�; ð3:2Þ

where GN is the locally measured Newton’s constant and
ΘðzÞ is the Heaviside step function. This ansatz has been
thoroughly explored in Refs. [1,3], in which it is proposed
that it would have the dual effect of solving both the Hubble
and growth tensions. There have also been observational

FIG. 1. The sky coverage of our collection of low-z 6dF data (z < 0.01) plotted in a Mollweide projection, using galactic coordinates.
The data are split in four bins, of Δz ¼ 0.0025 increments. It is evident that data homogeneity is present when considering the different
redshift increments.

FIG. 2. The ΔN − cz histogram plot corresponding to the data
of the 6dFGS dataset. It is evident that a large peak in the
distribution of galaxies exists at cz ¼ 1500–2000 km s−1.
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hints for such a transition at ≈20 Mpc in Cepheid [18,33]
and Tully-Fisher data [19].
Assuming that the gravitational transition is the only

cause of the observed dip in the ΔNðzÞ distribution, we
may use Eq. (2.8) to minimize χ2 [Eq. (3.1)] and thus obtain
the best-fit parameters A, δ, and zt. Such a fit for
δ≡ ΔH0=H0 should be interpreted as an upper bound for
the transition amplitude δ and therefore also for the
gravitational transition amplitude as obtained from Eq. (2.2).
We thus obtain the best-fit parameter values as

czt ≈ 1810� 150 km s−1, A ¼ 20.9� 0.5, and δ ¼ ΔH0

H0
¼

−0.275� 0.01 for a fixed value of σs ≈ 3.7. In the left
panel of Fig. 3, we show the likelihood contours corre-
sponding from inner to outer to the 68%, 95%, and
99.7% confidence level (C.L.) intervals in the parameter
space A − δ, while in the right panel, we show the best-fit
(blue curve) form of Eq. (2.8) (with its 68% C.L. error
band shown as the cyan area) superposed with the ΔNðziÞ
data points (red error bars). In the context of the fit, we
have included the random Gaussian perturbations of red-
shifts with (μ ¼ 0, σ ¼ 300 km s−1) due to the effects of
peculiar velocities in the data and have set Δzr ¼ 0 in the
ansatz (2.6), (2.8).1

We may therefore conclude that a possible transition of
the Hubble diagram slope H0 has to be smaller than the
best-fit value δ ¼ ΔH0

H0
≤ −0.275� 0.01. This upper bound

for a Hubble diagram slope transition may be translated to
an upper bound for an underlying gravitational transition

using Eq. (2.2), which leads to ΔGeff
Geff

≲ 0.6. Such an upper
bound can easily accommodate the gravitational transition
amplitude ΔGeff

Geff
≃ 0.1, which has been proposed for the

resolution of the Hubble and growth tensions [1], which
implies that this scenario remains viable in the context of
the 6dFGS data.

B. 2MRS z < 0.01 subset

We have repeated the analysis, in the same manner, using
this time the larger and more recent 2MRS [34–38] dataset.
This survey provides an almost full coverage of the sky
(∼70%) including more data points than the 6dFGS
peculiar velocity sample with a total number of 44,599
spectroscopically observed sources at z < 0.15 (the sub-
sample with z < 0.01 consists of ≈3200 galaxies). We
simulate the peculiar velocities in the data as described in
Sec. III A. The sky distribution of these galaxies is shown in
Fig. 4 in four redshift bins up to z ¼ 0.01.
The galaxy distribution in redshift space is shown in

Fig. 5, in which a similar dip may be seen at
cz ≈ 1500 km s−1. As in the case of the 6dFGS dataset,
this feature is most likely due to density variations of the
galaxy distribution and to peculiar velocity flows. If,
however, we assume that it is due to a gravitational
transition of the form (3.2) leading to a transition of the
Hubble parameter, then we can derive an upper bound
on ΔGeff

Geff
.

In this case, the best-fit parameter values are similar
as in the 6dFGS and take the form A ¼ 17.5� 0.5,
δ ¼ ΔH0

H0
¼ −0.28� 0.01, and czt ≈ 1783� 150 km s−1

for σs ≈ 3.4. We have plotted the confidence contours in

FIG. 3. Left panel: theΔH0=H0—A likelihood contours corresponding from inner to outer to the 68%, 95%, and 99.7% C.L. intervals.
The best-fit value is at the center (black bullet). The projected contours are taken at the best-fit value of the transition redshift zt. Right
panel: the ΔN—cz plot of the best-fit (blue curve) of Eq. (2.8) corresponding to the best-fit values of the parameters δ≡ ΔH0=H0, A,
and zt along with the 68% C.L. (cyan area). The binned numbers of galaxies in each redshift bin and their Poisson error are also shown
(red error bars).

1This approach is equivalent to keeping the galaxy redshifts in
their original form while including the random redshift pertur-
bation in the ansatz (2.6).
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the A − δ parameter subspace (left panel) as well as the
best-fit form of ΔNðzÞ based on Eq. (2.8) (right panel),
in Fig. 6.

C. Comparison with simulated galaxy surveys

To see how commonly, if at all, the abrupt peak/dip in the
galaxy distribution would appear also in the simulated data
based on a standard ΛCDM cosmology, we have used the
Cosmological Lofty Realizations (CoLoRe) [39] software
package that supports log-normal fields to generate syn-
thetic realizations for the 2MRS galaxy survey. We opted to

generate mock catalogs for this survey since, as we saw in
Sec. III B, it is more complete than the 6dFGS peculiar
velocity sample. In particular, for the simulated catalogs on
top of the assumed standard ΛCDM model for the input
Gaussianized matter power spectrum PðkÞ at z ¼ 0, we also
included a constant galaxy bias with redshift bðzÞ ¼ 1.3 (a
value found to be a good approximation at nonlinear scales)
and the approximated fitting function for the redshift
distribution of the 2MRS found by Ref. [40] that reads

dN
dz

¼ Ngβ

z0Γ½ðmþ 1Þ=β�
�
z
z0

�
m
exp

�
−
�
z
z0

�
β
�

ð3:3Þ

with β ¼ 1.64, z0 ¼ 0.0266, m ¼ 1.31, and the total
number of sources Ng ¼ 44599; see Fig. 7.
Then, we set up 500 simulations with the aim to clarify if

the peak/dip feature in ΔNðzÞ would occur naturally in
them in the context of a standardΛCDM cosmology. In this
case, the best-fit value of δ derived in the context of our
analysis can only be viewed as an upper bound.
As expected, the simulated data indicate that peaks and

dips like those found in the real data occur commonly in
the corresponding simulated datasets based on standard
ΛCDM cosmology due to density and peculiar velocity
effects. This is demonstrated in the two simulated 2MRS
datasets shown in Fig. 8 randomly chosen from the 500
mock catalogs to showcase here. The magnitude of these
features overwhelms any possibility of interpreting the
observed peak/dip feature in the real ΔNðzÞ data as a
signature of the presence of a ΔH0=H0 transition and only
allows the interpretation of the best-fit value of ΔH0=H0 as

FIG. 4. The sky coverage of our collection of low-z 2MRS data (z < 0.01) plotted in a Mollweide projection, using galactic
coordinates. The data are split into four bins, of Δz ¼ 0.0025 increments.

FIG. 5. The ΔN − cz histogram plot corresponding to the data
of the 2MRS dataset. The same peak/dip feature in the distri-
bution of galaxies as in the 6dFGS dataset exists at
cz ¼ 1500–2000 km s−1, albeit it is less prominent.
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a bound on the magnitude of a possible corresponding
Hubble and gravitational transition.

IV. CONCLUSION

We have analysed the low-z distribution (z < 0.01) of
galaxies in the 6dFGS peculiar velocity sample and the
complete 2MRS galaxy survey searching for a signal
consistent with a gravitational abrupt transition. We have
identified such a signal consistent with a gravitational
transition ΔGeff

Geff
≃ 0.6. Such a signal, however, is degenerate

with corresponding expected features emerging due to
density fluctuations in the number density of galaxies
and peculiar velocity flows. This was demonstrated by
simulating the expected redshift distribution of the galaxies
for the more complete 2MRS catalog in the context of
standard ΛCDM without gravitational transition. Thus, the

FIG. 6. Left panel: same as the left panel of Fig. 3 but for the 2MRS sample. Right panel: same as the right panel of Fig. 3 but for the
2MRS sample.

FIG. 7. The number of galaxies in each redshift bin for the
entire 2MRS sample (light gray histogram), as well as for our
subsample with z < 0.01 (magenta histogram), superimposed
with the fitting function Eq. (3.3).

FIG. 8. The ΔN − cz histogram plot corresponding to the data of two random simulated datasets based on ΛCDM. Features like the
one shown in the real data appear to be common due to galactic number density inhomogeneities.
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detected signal can only be interpreted as an upper bound
on the magnitude of such a gravitational transition. Even
though this bound is weaker than corresponding bounds
obtained using nucleosynthesis and CMB power spectrum
data implying ΔGeff

Geff
≲ 0.1, it remains interesting for two

reasons:
(i) It is based on a novel method for constraining a

gravitational transition.
(ii) It focuses on a very specific ultralate redshift range.
(iii) It indicates that the proposed magnitude of a

gravitational transition ΔGeff
Geff

≃ 0.1 for the resolution
of the Hubble and growth tension is consistent with
current galaxy survey data.

An assumption used in our analysis is that of uncorrelated
Gaussian random peculiar velocity field, which was super-
posed in the Hubble velocity flow. This assumption ignores
the local bulk flows and the possible correlation among the
redshift bins in estimating the uncertainties. The use of a
diagonal covariance matrix, instead of using the full covari-
ance matrix, is a simplification which we had to implement,
since the detailed form of the velocity flows on the
considered scales is not precisely known and thus we do
not have access to a reliable and detailed form of the full
covariance matrix. However, it is clear that the use of the full
covariance matrix would weaken the constraint on Geff
derived here. We have verified this result using toy covari-
ance matrices that fully correlates only neighboring redshift
bins. Following this approach, we have observed a very
small (few percent) increase in the uncertainties of the best-
fit parameters. This indicates that, even after the inclusion of
velocity correlations and the full covariance matrix, the
constraint would remain consistent with a 10% gravitational
transition at z < 0.01. Thus, our approach can indeed lead
to new constraints on a gravitational transition at redshifts
z < 0.01 (last 150 Myr), but these constraints are not
powerful enough to rule out the gravitational transition class
of models for the resolution to the Hubble tension.

Interesting extensions of the present analysis include the
following:

(i) The identification of actual distances and peculiar
velocities of the galaxies included in the considered
surveys. In that way, it can be estimated towhat extent
the identified feature in ΔNðzÞ is due to galactic
density variations and/or peculiar velocity flows. If
this feature cannot be fully explained as a density and
peculiar velocity effect, then it is possible that at least
part of it may be due to a gravitational transition.

(ii) The identification of additional astrophysical data-
sets beyond galaxy surveys, Tully-Fisher data, and
Solar System history, which may lead to constraints
on the magnitude of such a profound effect like an
ultralate gravitational transition.

(iii) The simulation of the Solar System evolution (and in
particular of the Oort cloud) to identify the change of
impactor rate in the context of a late gravitational
transition. In this context, the Solar System history
could become a useful laboratory for the constraint
of such a transition.

The numerical files for the reproduction of the figures
can be found here [41].
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