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A B S T R A C T 

We introduce a theoretical framework to interpret the Hubble tension, based on the combination of a metric f ( R ) gravity with a 
dynamical dark energy contribution. The modified gravity provides the non-minimally coupled scalar field responsible for the 
proper scaling of the Hubble constant, in order to accommodate for the local SNIa pantheon + data and Planck measurements. 
The dynamical dark energy source, which exhibits a phantom divide line separating the low redshift quintessence regime ( −1 < 

w < −1/3) from the phantom contribution ( w < −1) in the early Universe, guarantees the absence of tachyonic instabilities at 
low redshift. The resulting H 0 ( z) profile rapidly approaches the Planck value, with a plateau behaviour for z � 5. In this scenario, 
the Hubble tension emerges as a low redshift effect, which can be in principle tested by comparing SNIa predictions with far 
sources, like QUASARS and gamma ray bursts. 

K ey words: supernov ae: general – galaxies: distances and redshifts – cosmological parameters – dark energy – cosmology: 
theory. 
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 I N T RO D U C T I O N  

odern cosmology (Weinberg 2008 ) suffers from a significant
umber of unexplained features, among which the problem of the
ate Universe acceleration (dark energy) stands for its relevance
n the incoming observational tasks (see, for instance Mortonson,
einberg & White 2013 ; Amendola et al. 2018 ; Huterer & Shafer

018 ; Kase & Tsujikawa 2019 ; Frusciante & Perenon 2020 ). 
Many different scenarios have been conjectured on the nature

f the present acceleration and they could be distinguished into
wo main classes. On one hand, we have models requiring the
resence of exotic sources, leading to matter with ne gativ e pressure
imicking vacuum energy density contribution; on the other hand,
e can consider modified gravity effects able to reproduce the same
henomenology via non-Einsteinian dynamics (Clifton et al. 2012 ). 
Recently, this puzzling picture has been enriched by the so-called

.9 σ ‘Hubble tension’ (Di Valentino et al. 2021b ), consisting of
he non-concealable discrepancy between the value of the Hubble
onstant H 0 (henceforth measured in km s −1 Mpc −1 ) by the Planck
atellite (67.4 ± 0.5) (Aghanim et al. 2020 ) and by the nearby
tandard candles like Supernovae Ia, hereafter SNe Ia (73.3 ± 1.1)
Brout et al. 2022 ). This issue suggests that the Hubble constant
easurement could be affected by the redshift values at which data

re taken. 
 E-mail: giovanni.montani@enea.it (GM); mdeangelis1@sheffield.ac.uk 
MDA); flavio2.bombacigno@uv.es (FB); nakia.carle v aro@gmail.com (NC) 
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Furthermore, the analysis provided in Dainotti et al. ( 2021 ; see
lso Kazantzidis & Perivolaropoulos 2020 ; Krishnan et al. 2020 ;
ainotti et al. 2022a ) outlines the existence of a dependence of the

ype H 0 ( z) ∝ (1 + z) −α where α � 10 −2 from a redshift binned
nalysis of the SNIa distribution in the Pantheon sample (Scolnic
t al. 2018 ). This result has been obtained within 2 σ of statistical
ignificance and it suggests that the Hubble tension can be intended
s an ef fecti ve monotonic decreasing of the H 0 value from z = 0 up
o z � 1100. 

This behaviour for the Pantheon sample could be explained by a
edshift evolution of the SNe Ia as astrophysical sources and, hence,
s standard candles. Ho we ver, this perspecti ve is not entirely shared
y the community investigating these sources (see for instance the
antheon + analysis presented in Brout et al. 2022 ), and it seems

egit to interpret the H 0 ( z) profile of the Pantheon SNIa sample
s the Hubble tension in itself, by introducing a new background
hysics. In this respect, in Dainotti et al. ( 2021 ) it was argued that
he profile H 0 ( z) is the result of the Einstein constant rescaling via
he non-minimally coupled scalar field of metric f ( R ) gravity in the
ordan frame (for other approaches following similar paradigms, see
dintsov, S ́aez-Chill ́on G ́omez & Sharov 2021 ; Nojiri, Odintsov &
ikonomou 2022 ; Banerjee, Petronikolou & Saridakis 2023 ). 
Ho we v er, a Hu–Sa wicki model was tested in Dainotti et al.

 2022a ), and the associated luminosity distance turned out to not
ccount for the desired effect. This is essentially due to the typical
ehaviour of the modified gravity theories providing a Universe
cceleration: they reproduce a Lambda cold dark matter ( � CDM)
odel (Weinberg 2008 ) only at large redshift, while small deviations
© The Author(s) 2023. 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 
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re today available. This feature is quite in contradiction with 
he aim of dealing with the Hubble tension, thought as a H 0 ( z)
rofile, for which the deviation from the standard � CDM model 
ust take place just at large values of the redshift. This has been

uccessfully implemented in Schia v one, Montani & Bombacigno 
 2023 ), where a metric f ( R ) gravity model able to reproduce the
ate Universe acceleration and the H 0 ( z) profile in Dainotti et al.
 2021 ) was constructed. A smooth decreasing behaviour of H 0 ( z)
s indeed obtained, matching with the detected values of the SNIa 
nd the Cosmic Microwave Background (CMB) data. As originally 
onjectured, it is just the non-minimally coupled scalar field of the 
calar–tensor representation to be responsible for the Hubble constant 
caling, making it apparently depending on the redshift of the sources
sed for its determination. 
Here, we want to address the problem of the Hubble tension by

earching for a physical effect able to rescale the Universe expansion 
ate but without requiring a priori the specific dependence on the 
edshift z introduced in Schia v one, Montani & Bombacigno ( 2023 ).

ithin the context of metric f ( R ) gravity, we examine the evolutionary 
ehaviour of the redshift for a dynamical system involving three 
ariables that are not yet determined: the Hubble function, the non- 
inimally coupled scalar field, and its potential term. To prevent the 
odel from having tachyonic properties, we incorporate a dynamic 

ark energy component alongside the conventional matter energy 
ensity contribution. This dark energy component displays a varying 
tate parameter that correlates with the redshift (see also Zhao et al.
017 ; Vagnozzi et al. 2018 ; Banerjee et al. 2021 ; Krishnan et al. 2021 ;

´
 Colg ́ain, Sheikh-Jabbari & Yin 2021 ; Heisenberg, Villarrubia- 
ojo & Zosso 2022 ; Adil et al. 2023 ; Akarsu et al. 2023 ; Di Valentino,
ilsson & Park 2023 ; Heisenberg, Villarrubia-Rojo & Zosso 2023 ; 
alekjani et al. 2023 ). The model we construct is able to provide the

esired rescaling of the Hubble constant. The function H 0 ( z) rapidly
ecreases from the SNIa value to the CMB one, which is already
eached at z � 5 (even at z � 2 if error bars are considered). 

The necessary modified gravity theory deviates from General 
elativity only at low redshifts, and Einstein–Hilbert action in 

he presence of a cosmological constant (up to a rescaling of the
ravitational constant) is promptly reco v ered. The dynamical dark 
nergy is driven by two parameters, ruling the transition from 

uintessence regime to a phantom energy phase ( w < −1), with the
hantom divide line (Xia et al. 2006 ; Hojjati, Pogosian & Zhao 2010 ;
i Valentino, Mukherjee & Sen 2021a ; Zhou et al. 2022 ; Escamilla &
azquez 2023 ; Escamilla et al. 2023 ) occurring around z � 0.83. The
arameters are determined within certain ranges, depending on the 
rror bars of the H 0 measurements at low and high redshifts. 

The most important phenomenological feature of our model is that 
t discriminates between the SNe Ia as testers, through whose sample 
 0 ( z) rapidly decays (also according to the analysis in Dainotti

t al. 2021 , 2022a ) and higher redshift sources, like QUASARS
Colg ́ain et al. 2022 ; Dainotti et al. 2022f ; Bargiacchi et al. 2023 )
nd gamma ray bursts (Cao, Dainotti & Ratra 2022a , b ; Dainotti,
arracino & Capozziello 2022c ; Dainotti et al. 2022d , e ), for which

he value of H 0 has to coincide with the CMB measured one. This fact
ffers an interesting validation perspective of the proposed theoretical 
ramework. 

The paper is organized as follows. In Section 2 , we introduce the
etric f ( R ) theory of gravity and we apply it to the late Universe.
his implementation results in a generalized Friedmann equation that 
ncompasses the presence of both baryonic and non-baryonic matter, 
long with dynamic dark energy fluid. The aim of Section 3 is to
nd a dynamical framework which could be understood as a � CDM
odel, wherein the Hubble constant H 0 exhibits a redshift-dependent 
ariation. This feature arises as a consequence of the evolution of
he non-minimally coupled scalar field φ( z). Moreo v er, we e xpress
he equation of state for the dynamical dark energy. In Section 4 , we
ho w ho w the presence of a dynamical dark energy source is a viable
ool to ensure the absence of tachyonic instabilities which could 
therwise impact the modified gravity model under consideration at 
ow redshifts. Finally, it is discussed the f ( R ) profile which manifests
mall deviations from General Relativity only at low redshift. In 
ection 5 , conclusions are drawn. Space–time signature is chosen 
ostly plus ( −, + , + , + ), and we adopt units for c = 1 with χ

enoting the Einstein constant. 

 C O S M O L O G I C A L  F O R M U L AT I O N  F O R  

ODI FI ED  G R AV I T Y  

ere, we consider a metric f ( R )-model as described in the Jordan
rame (Sotiriou & Faraoni 2010 ; Nojiri & Odintsov 2011 ), in which
he non-Einsteinian features are summarized by the presence of a 
on-minimally coupled scalar field φ. The action of the theory takes
he form 

 = 

1 

2 χ

∫ 

d 4 x 
√ −g ( φR − V + 2 χL m 

) , (1) 

here g and R are the determinant and Ricci scalar associated with the 
etric tensor g μν respectively, and L m 

denotes the matter Lagrangian 
ensity. Here, the potential V ( φ) is fixed by the specific functional
orm f ( R ), according to the following relation 

 ( φ) ≡ φR( φ) − f ( R ( φ)) , R ( φ) = 

(
d f 

d R 

)−1 

, (2) 

eing d f /d R an invertible function. It is worth noting that g μν and
are independent degrees of freedom with respect to which the 

ction ( 1 ) has to be varied, considering also the matter variables. In
articular, the scalar field is a massive propagating mode that could
e detected in the polarization modes of a gra vitational wa ve, see
oretti, Bombacigno & Montani ( 2019 ). 
We now implement the modified gravity picture depicted abo v e

o the late Universe dynamics in which we neglect both the spatial
urvature and the radiation contribution (Weinberg 2008 ). Thus it is
ell described by a line element of the Robertson–Walker form 

 s 2 = −d t 2 + a( t) 2 
(
d x 2 + d y 2 + d z 2 

)
, (3) 

here we adopted Cartesian coordinates and the dynamics of the 
osmic scale factor a is expressed via the synchronous time t . The
eneralized Friedmann equation is then obtained by considering the 
t -component of the metric field equation derived from ( 1 ), resulting
n: 

 ( t) 2 = 

1 

3 φ

(
χρ − 3 H φ̇ + 

V 

2 

)
, (4) 

here H ( t) ≡ ȧ /a is the Hubble parameter (here and in the following
he dot denotes time differentiation) and ρ represents the total energy 
ensity associated with the perfect fluid stress–energy tensor for 
 m 

. We set ρ to accommodate for the non-relativistic component 
m 

( t ) = ρm0 ( a 0 / a ) −3 describing baryonic and non-baryonic matter
where ρm0 denotes the present day value of the mass–energy density 
nd a 0 the corresponding value of the scale factor), as well as for a
ynamical dark energy fluid characterized by the equation of state 
 � 

= w ( t) ρ� 

, with w ( t ) to be specified (see the discussion below).
ventually, by varying ( 1 ) w.r.t. φ, we get the relation 

d V 

d φ
= 6 Ḣ + 12 H 

2 . (5) 
MNRASL 527, L156–L161 (2024) 
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Figure 1. Plot of scalar field versus the redshift z. 

Figure 2. Plot of the dimensionless potential ˜ V ( φ) ≡ V ( φ) / 6 H̄ 

2 
0 . We recall 

that φ = 1 corresponds to z = 0. 
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Figure 3. Plot of the ef fecti ve Hubble constant H 0,eff versus z. 

Figure 4. Plot of the normalized dynamical dark energy density versus z, 
compared with the evolution of the (modulus of) effective w( z) parameter. The 
v ertical gre y line denotes the z value where the transition from quintessence 
to phantom configuration takes place, depicted by the red line at | w| = 1. 
The dashed line represents the behaviour in the limit log (1 + z) � z, and it 
can be appreciated as the two curv es div erge significantly starting from z � 

0.2, where the w 0 w a description does not hold anymore (see discussion in 
Section 3 ). 
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he dynamical system is described by ( 4 ) and ( 5 ), which together
ith the continuity equation for the matter 

˙ + 3 H ( ρ + P ) = 0 , (6) 

ompletely determines the evolution of the degrees of freedom
 ( t ), φ( t ), and ρ( t ) (once w( t ) is assigned). 

 C O N S T RU C T I O N  O F  T H E  M O D E L  

ithin the considered model abo v e, we now search for a solution
ble to reproduce the current Universe expansion and the apparent
ariation of the Hubble constant related to the Hubble tension. In
ther words, we are searching for a dynamical paradigm that can be
nterpreted as a � CDM model in which Hubble constant H 0 acquires
n ef fecti ve dependence on the redshift. We will get this feature as
he effect of the scalar field evolution φ = φ( z). 

It is convenient to rearrange all the quantities in terms of the
edshift-like variable x ≡ ln (1 + z). Here, z is defined from 

 0 /a = 1 + z, (7) 

here a 0 represents the present-day scale factor. Using the conven-
ion a 0 = 1, differentiation in t can be expressed as 

d 

d t 
= −H ( x) 

d 

d x 
. (8) 

Having in mind a scenario that is very close to a � CDM model,
e impose that the potential cancels out (up to a rescaling of the
NRASL 527, L156–L161 (2024) 
ravitational coupling) the modified gravity contribution led by the
calar field, i.e. 

 ( φ) = 6 H φ̇, (9) 
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1 It is worth stressing that, from an observational point of view, the presence 
of the scalar field φ emerges via an integrated effect in the photon path. In 
fact, it enters the luminosity distance d l that, calculated in a generic instant 
x̄ , takes, in the proposed scenario, the following form: 

d l ( ̄x ) = 

e ̄x 

H̄ 0 

∫ x̄ 

0 

√ 

φ( x) d x (

m0 e 5 x/ 2 + 
� 0 e −(1 / 2 −w 0 x) + w 1 x 2 

)1 / 2 . 

Using this luminosity distance to analyse data sets, should reliably remo v e 
the apparent variation of H 0 with the redshift. 
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nd we choose, for the dynamical dark energy component, the 
quation of state 

 � 

( x) = −
(

1 − w 0 + 2 w 1 x 

3 

)
ρ� 

( x) . (10) 

ere, the parameters w 0 and w 1 account for deviations from the 
tandard cosmological constant scenario, which is reco v ered for 
 0 = w 1 = 0. At low redshifts, where x � z, this equation of state

eproduces the so-called w 0 w a CDM model (Scolnic et al. 2018 ). In
articular, as shown in Fig. 4 our expression exactly coincides with a
 0 w a model for z � 0.2. Such a dynamical dark energy contribution,
nce w 0 and w 1 are properly determined (see discussion in Section 4 ),
s necessary to guarantee a consistent f ( R ) gravity devoid of tachyonic
egrees of freedom. Taking into consideration ( 6 ), it follows that ( 4 )
an be rewritten as 

 

2 ( x ) = 

H̄ 

2 
0 

φ( x ) 

(

m0 e 

3 x + 
� 0 e 
x( w 0 + w 1 x) 

)
, (11) 

here H̄ 0 is taken as the Hubble constant measured by the SNe Ia (i.e.
¯
 0 = H 0 ( z = 0)). Moreo v er, 
m 0 and 
� 0 denote the present-day

alues of the matter and vacuum energy density critical parameters, 
espectively . Specifically , we use the following definitions: 
m0 = 

m0 / ρc0 and 
� 0 = ρ� 0 / ρc0 = 1 − 
m0 (flat Universe), where 
c0 is the critical energy density of the Universe today taken as
c0 = 3 H̄ 

2 
0 /χ . Similarly to the � CDM model, from ( 11 ) we can

ow define the following time-dependent effective Hubble constant 
s 

 0 , eff ( x ) = 

H̄ 0 √ 

φ( x ) 
, (12) 

here we naturally fix φ(0) = 1 to obtain H 0 , eff (0) = H̄ 0 . 
Finally, expressing ( 5 ) and ( 9 ) via x , we now get 

d V ( x) 

d x 
= 

(
12 H 

2 − 6 H 

d H 

d x 

)
d φ
d x , (13) 

 ( x) = −6 H 

2 d φ
d x . (14) 

The three equations ( 11 ), ( 13 ), and ( 14 ) can be solved for the three
nknowns H ( x ), φ( x ), and V ( x ). Furthermore, combining the last two
unctions, we can also infer the profile V ( φ) and, hence, the nature
f the considered f ( R ) gravity. 

 TOWA R D S  T H E  SOLUTION  F O R  T H E  

UBBLE  TENSION  

e start our analysis by observing that the ratio of ( 13 ) and ( 14 )
esults in 

d ln V 

d x 
= −2 + 

d ln H 

d x 
, (15) 

hich admits the solution 

 ( x ) = 

H ( x ) 

λe 2 x 
, (16) 

here we fixed the integration constant as V (0) ≡ H (0)/ λ, with λ
 ne gativ e constant with dimension of length. Now, comparing the
quation abo v e with ( 14 ) and taking into account ( 11 ), we get 

d φ

d x 
= − 1 

6 λH̄ 0 e 2 x 

√ 

φ( x) 


m0 e 3 x + (1 − 
m0 )e x( w 0 + w 1 x) 
. (17) 
The behaviour of φ( x ) 1 , which determines the ef fecti ve profile
f H 0,eff ( x ), can be numerically e v aluated using ( 17 ) starting from
(0) = 1 and implementing the following constraints by fixing the

ree parameters λ, w 0 , and w 1 . First of all, we specify that we set
m0 = 0.403, H̄ 0 = 73 . 3 according to the analysis in Brout et al.

 2022 ) referred to the flat w 0 w a CDM model. This choice is justified
y the fact that the evolution of the dark energy contribution is
ssociated with an equation of state of a w 0 w a model for z � 0.2,
s reported in Fig. 4 . Furthermore, H CMB = 67.4, where H CMB =
 0 ( x CMB ) corresponds to the value of the Hubble constant obtained
y the Planck satellite. From the condition H 0,eff ( x CMB ) = H CMB , it
s possible to e v aluate the parameter λ for every pair of ( w 0 , w 1 ) by
nverting the relation ( 12 ). The values of ( w 0 , w 1 ) are selected by
nsuring the positiveness of the mass of the scalar mode associated
o the value of φ close to x = 0, which, for a curved background (we
lso consider the adiabatic limit where time deri v ati ves are neglected,
ee Olmo 2005a , b ; Moretti, Bombacigno & Montani 2019 ), takes
he form 

 

2 
eff = 

1 

3 

(
φ

d 2 V 

d φ2 
− d V 

d φ

)
. (18) 

mplementing the considerations abo v e, we find the following values
or the parameters: 

 0 = 0 . 830 , w 1 = −0 . 683 , (19) 

ith λ = −0.00435. 
To clarify the achieved outcomes, let us now mo v e to the standard

edshift variable z. The behaviour of φ( z) can be appreciated in Fig. 1 .
t can be noticed how General Relativity is rapidly reco v ered for z �
, where the scalar field boils down to a constant value. 
The potential term V ( φ) is instead plotted in Fig. 2 , and it is

btained from ( 16 ) by numerically inverting the scalar field in x =
 ( φ). A few comments are now in order. The behaviour of V ( φ)
isplayed by Fig. 2 shows a significant resemblance with the results
resented in Schia v one, Montani & Bombacigno ( 2023 ), where a
oncave up profile for V ( φ) is likewise obtained. In both cases, in
articular, the saturation effect exhibited by φ with the redshift leads 
o a rapid growth of the potential for values of φ slightly larger
han unity. Near φ � 1, ho we ver, the requirement in Schia v one,

ontani & Bombacigno ( 2023 ) of reproducing the � CDM model
nd consisting in a nearly flat potential results in a depart from Fig. 2 ,
hich is instead related to a w 0 w a CDM scenario. A flat region for φ
 1 is also present in Fig. 3 of Dainotti et al. (), which is in addition

ndowed with a concave down-trend, leading to a decreasing of the
otential for φ > 1. 
Equation ( 12 ) finally provides the obtained behaviour of H 0,eff ( z)

hich corresponds to the central profile depicted in Fig. 3 . 
In Fig. 3 , we plot also the maximal and minimal curves of H 0,eff ,

hich enclose the red-shaded region and are obtained by considering 
he errors of Planck and SNIa measurements: H̄ = 73 . 3 ± 1 . 1 and
MNRASL 527, L156–L161 (2024) 
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 CMB = 67.4 ± 0.5. In fact, using the same approach described
bo v e, we find the following values for ( w 0 , w 1 ): 

 0 , max = 0 . 905 , w 1 , max = −0 . 860 , (20) 

 0 , min = 0 . 651 , w 1 , min = −0 . 627 , (21) 

ith λmax = −0.00393 and λmin = −0.0049. We want to stress that
he same analysis can be performed by using different values of the
osmological parameters 
m0 and H̄ 0 yielding very similar quantita-
ive results. A detailed comparison of cosmological constraints from
ombinations of probes and different cosmological models can be
ound in Scolnic et al. ( 2018 ), Brout et al. ( 2022 ). 

As a result, the non-minimally coupled scalar field is actually
esponsible for the scaling of the ef fecti ve Hubble constant, which
ostly occurs for z � 2, where the quintessence properties of the

ynamical dark energy fluid (see Fig. 4 ) ensure that no tachyon modes
merge in the theory. At higher redshift, the underlying gravitational
cenario approaches General Relativity (up to a rescaling of the
ravitational constant given by the asymptotic value of the scalar
eld; see Fig. 1 ), and a transition from quintessence to phantom dark
nergy model ( w < −1) takes place at z � 0.83, where ρ( z) reaches
ts maximum. 

To conclude our analysis, we present an approximated solution for
he f ( R ) function under the low-redshift condition ( z � 1). To reco v er
he explicit behaviour of the function f ( R ) defined in ( 2 ), according to
he analysis abo v e, we perform the inversion x = x ( φ) enabling us to
btain R = d V /d φ and φ = φ( R ). Finally, by fitting such a numerical
olution up to z = 0.5 and considering a profile of the form 

 ( R) = c 1 + R + c 2 R 

2 , (22) 

here constant, linear, and quadratic terms in R are included. The
eco v ery of the � CDM model occurs when φ = const. (defined
s φ = d f /d R ), thus obtaining the values c 1 = 2 . 72 H̄ 

2 
0 and c 2 =

 . 0045 H̄ 

−2 
0 . As a check for the theory, the positive c 2 coefficient

n front of the R 

2 term ensures the absence of a tachyonic field and
ell-behaved cosmological solutions with a proper era of matter
omination (Sawicki & Hu 2007 ). 

 C O N C L U S I O N S  

n this work, we assumed that the Hubble tension is a consolidated
eature, emerging from the comparison of SNIa Pantheon and
antheon + data (Scolnic et al. 2018 , 2022 ; Huang et al. 2020 ;
urakami et al. 2023 with CMB data Aghanim et al. 2020 ; see

lso Dainotti et al. 2023 for a reduction of the error bars in SNe Ia).
s argued in Dainotti et al. ( 2021 , 2022a ), the Hubble tension can
e associated to an ef fecti ve H 0 ( z) profile, as it emerges from the
NIa sample and is reliable up to the recombination redshift z �
100 (for a theoretical representation of this scenario via a modified
ravity theory; see also Schiavone, Montani & Bombacigno 2023 ).
he present study provides an ef fecti ve H 0 ( z) behaviour that rapidly
ecays across the SNIa samples, approaching Planck measurements
ia a plateau for z ∼ 5. This scenario has been reproduced by
ombining a metric f ( R ) gravity, which controls the dynamics at low
edshift, together with a dynamical dark energy density exhibiting a
hantom divide line for z � 0.83. The whole of these effects concurs
n driving the desired dynamical picture, with the non-minimally
oupled scalar field responsible for the rescaling of the Hubble
onstant, and the dynamical dark energy source guaranteeing the
bsence of tachyonic instabilities, otherwise affecting the considered
odified gravity model at low redshifts. The proposed scenario has

he merit of providing a precise marker for its validation, since it
NRASL 527, L156–L161 (2024) 
iscriminates low redshift sources, like SNIa, from larger ones, like
UASARS (Colg ́ain et al. 2022 ; Dainotti et al. 2022f ; Bargiacchi

t al. 2023 ) and gamma ray bursts (Cao, Dainotti & Ratra 2022a , b ;
ainotti, Sarracino & Capozziello 2022c ; Dainotti et al. 2022d , e ).
ithin the error bars, indeed, there is a possible agreement between

ur predictions and data sets from distant sources, see e.g. Dainotti
t al. ( 2020 ), bearing in mind that the increase of the statistics in
he samples of high z sources will allow more accurate comparison
ith our model. At this stage, we simply observe that by taking into

ccount error bars of H 0 measurements, the behaviour in Fig. 3 is
onsistent with Planck data already for z � 2, suggesting that the
 0 ( z) profile could mainly run within the redshift interval available

o SNIa samples. 
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