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A B S T R A C T

Due to universality and attractor properties, 𝛼-attractor quintessential inflation establishes direct relations
between inflationary observables such as the scalar tilt 𝑛𝑠 and the tensor-to-scalar ratio 𝑟, and late-time dark
energy equation of state parameters 𝑤0 and 𝑤𝑎. In this work, we examine three different physically motivated
regimes, considering complete freedom in the parameter 𝛼, models inspired by supergravity where 𝛼 takes
on values up to 𝛼 = 7∕3, and Starobinsky inflation (𝛼 = 1). We investigate the consistency and constraints
imposed by Cosmic Microwave Background measurements from the Planck satellite, B-mode polarization data
from the BICEP/Keck collaboration, and low-redshift observations. Additionally, we consider small-scale CMB
measurements released by the Atacama Cosmology Telescope, which give results approaching the Harrison–
Zel’dovich spectrum (𝑛𝑠 ≈ 1). Here 𝛼-attractors lead to an improved fit over 𝛬CDM. For the large-scale CMB
measurements, 𝛼 ≳ 2 models can provide equally good fits as 𝛬CDM.
. Introduction

An undoubtedly fascinating aspect of modern cosmology is that,
ccording to the standard 𝛬CDM model, our universe appears to have
ndergone two distinct phases of accelerated expansion.

The first one – inflation [1] – is expected to occur at very early times
nd thus at very high energy scales. From a geometrical point of view,
he inflationary universe was almost de Sitter (i.e., a maximally sym-
etric solution of the Einstein Equations with a positive cosmological

onstant). The rapid accelerated expansion experienced by the space-
ime in this stage is expected to set the correct initial conditions for
he subsequent Hot Big Bang theory evolution, stretching the universe
owards spatial flatness and simultaneously solving other issues such as
he horizon and entropy problems, and the apparent lack of topological
efects [1–3]. On the other hand, at the perturbation level, inflation
lso offers an elegant mechanism to explain the physical origins of the
irst fluctuations in the universe, which eventually gave rise to observed
tructures such as galaxies and clusters of galaxies [4–7].

A second phase of accelerated expansion is instead observed to
ake place at present, as firstly determined via observations of distant
ype Ia Supernovae [8,9], and subsequently (directly and indirectly)
orroborated by a wide variety of other probes [10–21].

The acceleration characterizing the dynamics of the universe, both
n its early moments and at present, has garnered and continues to
ttract significant research interest within the cosmology and high-
nergy physics community. This interest is, in part, driven by the
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intrinsic implications of observations pointing towards an asymptoti-
cally de Sitter universe. This stands in contrast to expectations from
extensions to fundamental physics, where several theories/models of
quantum gravity typically propose an asymptotically anti-de Sitter
universe. However, it is also motivated by the fact that all known
forces and components in nature would decelerate the expansion of
the Universe. Therefore, from a dynamical point of view, acceleration
forces us to consider the existence of a physical mechanism beyond the
standard model of fundamental interactions, able to induce a phase
of repulsive gravity, whether through vacuum energy, new fields, or
modified gravity. For instance, within the standard 𝛬CDM cosmological
model, we assume that inflation is driven by a single scalar field
minimally coupled to gravity, undergoing slow-roll evolution on its
potential. Instead, to explain the second phase of accelerated expansion,
the standard cosmological model introduces a form of Dark Energy
(DE) represented by a positive cosmological constant 𝛬 in the Einstein
equations.

Given our limited understanding of the microphysical realization
of both epochs and the fact that, although profoundly differing in
characteristic energy scales, Inflation and DE share several common
aspects, an interesting possibility to explore is whether they could both
originate from the same underlying physics. Although significant chal-
lenges arise when attempting to simultaneously explain two periods of
accelerated expansion spanning energy scales that differ by over 100
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orders of magnitude in characteristic energy density, several ideas have
been proposed to connect them through particle physics or gravitation,
see, e.g., Refs. [22–28,28–49]. Models in which DE can arise from the
ame potential that gave inflation at early times are typically referred
o as quintessential inflation. In particular, 𝛼-attractors [50–56] have

been identified as a promising category of models to obtain quintessen-
tial inflation [38,45,57–62]. Indeed, they can have desirable properties
uch as robustness against quantum corrections, shift symmetry, and at-

tractor behavior enabling insensitivity to initial conditions. In addition,
they can be highly predictive in their implications for both inflation
and DE observables. This predictivity for instance implies that current
measurement of the scalar power spectrum tilt 𝑛𝑠 will point towards
llowed regions of the tensor to scalar power ratio 𝑟. In addition,
ince 𝛼-attractor quintessential inflation is distinct from a cosmological
onstant, it predicts specific DE dynamics of a thawing field [58,62],

with 𝑤0 ≠ −1, 𝑤𝑎 ≠ 0.
As this model class is theoretically quite attractive, it is worthwhile

to test it against observations. We confront 𝛼-attractor quintessential
inflation against the latest cosmic microwave background (CMB) and
osmic distance and redshift space distortion measurements. We aim
o understand what insights these data can offer about the expected
arameter range and whether upcoming experiments can detect them.

Our approach involves a thorough and consistent analysis of the model,
connecting different evolutionary phases as per theoretical predictions.
To the best of our knowledge, this represents one of the first stud-
es assuming quintessential inflation from the outset of the analysis,
aking it a pivotal work from which we can draw pioneering in-

ights. The manuscript is organized as follows. In Section 2, we review
he most crucial theoretical predictions of 𝛼-attractor quintessential

inflation, along with its connection to inflation and DE quantities.
oving to Section 3, we explain how we consistently incorporate these

elationships into the data analysis methodology. In Section 4, we
analyze observational constraints on the model based on Planck CMB
measurements, considering various physically motivated choices for the
rior range on the key 𝛼 parameter. In Section 5, we repeat the analysis

focusing instead on small-scale CMB measurements from the Atacama
Cosmology Telescope (ACT) and examining the impact of higher 𝑛𝑠
typically favored by this dataset. Finally, Section 6 summarizes the
results and discusses implications for upcoming surveys.

2. 𝜶-attractor properties

𝛼-attractors have a pole in their kinetic term, which when trans-
formed to a canonical form involving 𝜙 =

√

6𝛼 ar ct anh(𝜑∕
√

6) stretches
the canonical field value 𝜙 out to infinity, giving a long flat plateau
ideal for inflation. The characteristic scale of the stretching is deter-
mined by the value 𝛼 that can be identified with particular character-
istics within particle physics theories such as supergravity [50–52]. In
particular, within maximal supergravity, 𝛼 is related to Poincaré disks
f the symmetry group and takes on discrete values 𝛼 ∈ {1∕3 , 2∕3 , … ,
∕3}. In this work, we will investigate results for three ranges of 𝛼
o determine their impact on the observables: an uninformative prior
𝛼 = [0, 𝛼max ≫ 1], a continuous range 𝛼 = [0, 7∕3] inspired by
supergravity, and a fixed value 𝛼 = 1 corresponding to Starobinsky and
Higgs inflation.

Regardless of the value of 𝛼, due to their pole structure 𝛼-attractors
ave a universality class behavior

𝑛𝑠 = 1 − 2
𝑁

, (1)

where 𝑛𝑠 is the scalar tilt of the primordial density power spectrum
and 𝑁 is the number of e-folds of inflation between horizon crossing
of the mode at the pivot scale 𝑘⋆ = 0.05 Mpc−1 and the end of inflation.
urthermore, as the field rolls off the plateau to end inflation, the

steepness involves 𝛼, determining the tensor (primordial gravitational
ave) to scalar (density) power

𝑟 = 12𝛼 . (2)

𝑁2 𝑁

2 
The high Hubble friction during the radiation and matter dominated
eras freeze the field which is only released to roll (thaw) recently,
putting the model into the thawing class of DE dynamics [63,64]. The
pole structure does not determine the specific dynamics at late times,
owever: this depends on the form of the potential near 𝜙 = 0. Many
rbitrary choices exist for this, but two desirable characteristics guide
ur choice. First, we do not allow an explicit cosmological constant —
hat would exacerbate fine tuning and remove much of the motivation
or any dynamics, making late time observations to be indistinguishable
rom a cosmological constant alone. Second, we seek some protection
rom quantum radiative corrections by employing a shift symmetry,
nd so we adopt a linear potential as initially used for inflation [65]

and explored for DE (e.g. [66,67]). Happily, after the field redefinition
he linear potential becomes an exponential potential with attractor
ehavior. This is named the ExpLin 𝛼-attractor [62] (following [58,

60]).
The attractor enforces a DE equation of state 𝑤(𝑎 ≫ 1) = −1 + 2∕(9𝛼),

reating a distinct offset from the cosmological constant value of 𝑤 =
1. As demonstrated in [62] from exact solutions of the Klein–Gordon

ield equation and Friedmann equations, as long as the field is frozen
t large enough values the late time dynamics for viable models gives
E equation of state parameter relations

𝑤0 = −1 + 4
3𝑁2 𝑟

, (3)

and

𝑤𝑎 ≈ −1.53 (1 +𝑤0) ⟹ 𝑤𝑎 ≈ − 2
𝑁2 𝑟

. (4)

Note that since the DE density contribution diminishes rapidly into
the past, the exact form of 𝑤(𝑎) is unimportant for the CMB, just the
istance to the last scattering surface. The 𝑤0–𝑤𝑎 parameterization has

been demonstrated as accurate to 0.1% for these purposes [68,69].
Thus we see a close relation between the late time dark energy behavior
and the early universe inflation characteristics, i.e. (𝛼 , 𝑁) → (𝑛𝑠, 𝑟) →
(𝑤0, 𝑤𝑎).

3. Methods and data

To parametrize the effects of 𝛼-attractor quintessential inflation on
he inflationary observables, we assume the usual power-law spectrum
f primordial adiabatic components, given by:

logs(𝑘) = log𝐴s +
(

𝑛s − 1) log
(

𝑘
𝑘⋆

)

, (5)

where we fix 𝑘⋆ = 0.05 Mpc−1. We keep the amplitude of the spectrum
𝐴s a free parameter, while we compute the spectral index 𝑛𝑠 in terms
of the number of e-folds 𝑁 by using Eq. (1). Similarly, for primordial
gravitational waves, we assume a power-law spectrum

logT(𝑘) = log(𝐴T) + 𝑛T log
(

𝑘
𝑘⋆

)

, (6)

computing the amplitude 𝑟 ≡ T(𝑘⋆)∕S(𝑘⋆) in terms of the number of
e-folds 𝑁 and the additional parameter 𝛼 by means of Eq. (2). As for
the tensor tilt 𝑛T, we assume the usual slow-roll relation 𝑛T = −𝑟∕8.

In 𝛼-attractor quintessential inflation, the parameters related to
the DE equation of state 𝑤0 and 𝑤𝑎 – which describe the dynamical
evolution of the second phase of accelerated expansion of the universe
– can be determined starting from the same inflationary parameters
(or, alternatively, from 𝛼) through Eqs. (3) and (4). Therefore, within
the parameterization resulting from this model, the entire evolutionary
history of the universe can be completely described by specifying
only 7 free parameters: the energy density of baryonic matter (𝛺𝑏 ℎ2),
he density of cold dark matter (𝛺𝑐 ℎ2), the optical density during
eionization (𝜏r eio), the current rate of expansion of the Universe (𝐻0)

– or equivalently the angular size of the sound horizon (𝜃MC), the
mplitude of the spectrum of primordial perturbations (𝐴𝑠) and two
dditional free parameters of the model, namely the number of e-folds
and 𝛼. Note there are the same number of parameters as in 𝛬CDM.
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We compute theoretical predictions for (relevant) observables using
he Boltzmann integrator code CAMB [70,71] while we explore the pa-
ameter space of our models by means of the publicly available sampler
COBAYA [72]. The code explores the posterior distributions of a given
parameter space using the Monte Carlo Markov Chain (MCMC) sampler
developed for CosmoMC [73] and tailored for parameter spaces with
peed hierarchy implementing the ‘‘fast dragging’’ procedure developed
n [74].

Our baseline data-sets consist of:

• The full Planck 2018 temperature and polarization (TT TE EE)
likelihoods [14,75,76] in combination with the Planck 2018 lens-
ing likelihood [77], reconstructed from the temperature 4-point
correlation function. We refer to this dataset as P18.

• The Atacama Cosmology Telescope temperature and polarization
(TT TE EE) ACTPol-DR4 likelihood [78], in combination with
the recent ACTPol-DR6 lensing likelihood [79]. We refer to this
dataset as ACT.

• The 2018 B-modes polarization likelihood from the BICEP/Keck
Collaboration [80]. We refer to this dataset as BK18.

• Baryon Acoustic Oscillation (BAO) and Redshift-Space Distortions
(RSD) measurements from the completed SDSS-IV eBOSS survey.
These include isotropic and anisotropic distance and expansion
rate measurements, as well as measurements of 𝑓 𝜎8, and are
summarized in Table 3 of Ref. [20]. We refer to this dataset as
BAO (though it also includes RSD).

• 1701 light curves for 1550 distinct SNeIa in the redshift range
0.001 < 𝑧 < 2.26 collected in the PantheonPlus sample [81]. We
refer to this dataset as SN.

The convergence of the chains obtained with this procedure is tested
using the Gelman–Rubin criterion [82] using a threshold for chain
convergence of 𝑅 − 1 ≲ 0.01.

4. Results for Planck

In this section, we present the results obtained by focusing on CMB
measurements released by the Planck satellite, combined with other
datasets listed in Section 3. In particular, we consider three different
cenarios of quintessential inflation, assuming different priors on the
arameter 𝛼. Therefore, we divide this section as follows: In Section 4.1,

we discuss the most general case where this parameter is free to vary
over a wide uninformative range 𝛼 ∈ [0, 𝛼max] with 𝛼max ≫ 1. Instead,
in Section 4.2, we focus on a continuous range 𝛼 = [0, 7∕3], inspired
by models of supergravity where 𝛼, being related to Poincaré disks of
the symmetry group, can take on (discrete) values up to 𝛼max = 7∕3.
Finally, in Section 4.3, we fix 𝛼 = 1, corresponding to Starobinsky and
Higgs inflation.

4.1. 𝛼 ∈ [0 , 𝛼max ≫ 1]

The results obtained by allowing 𝛼 to vary over a wide range are
summarized in Table 1, along with the flat priors adopted for all
free parameters. The marginalized one-dimensional probability distri-
bution functions and the two-dimensional correlations among different
parameters are shown in Fig. 1 for various combinations of data.

By focusing solely on temperature and polarization CMB measure-
ments released by the Planck satellite, in combination with B-mode
polarization measurements from the Bicep/Keck collaboration, we are
able to derive precise constraints on all parameters. When comparing
our results to those documented in the literature, where all quantities
are treated independently, it becomes apparent that assuming the the-
oretical relations predicted by the quintessential 𝛼-attractor allows us
to establish more stringent constraints on both inflationary parameters
and those linked to the DE equation of state. For the number of e-
folds 𝑁 and the parameter 𝛼, we obtain 𝑁 = 63+6.1−10 and 𝛼 = 5.8+1.6−5.1
oth at the 68% confidence level (hereafter, we will quote all the
3 
two-tail constraints on parameters at the 68% confidence level and all
upper/lower bounds at the 95% confidence level, without repeating
his information each time). These constraints translate into a bound

on the spectral index 𝑛𝑠 = 0.9676 ± 0.0043, while for the DE parameters,
we obtain 𝑤0 = −0.963+0.016−0.038 and 𝑤𝑎 = −0.056+0.057−0.024. A point that
ertainly deserves to be highlighted is that the interdependence of these

parameters gives rise to testable predictions. An illustrative example
upporting this claim is the authentic prediction of a non-zero value
or the tensor amplitude 𝑟 = 0.0168+0.0071−0.011 . Notice that this result (as
ell as all results on 𝑟 discussed in this work) should not be interpreted
s direct observational evidence of a non-zero tensor amplitude in the
ata. In fact, as it is well known, analyzing the standard 𝛬CDM+𝑟
ase (thus without assuming any model of inflation or quintessential
nflation), the detection of primordial tensor modes remains elusive,
nd the combined analysis of Planck and BK18 data only sets an upper
ound of 𝑟 < 0.037 at a 95% CL [80]. That being said, in 𝛼-attractor

quintessential inflation, 𝑟 is linked to 𝑛𝑠 and the late-time parameters
𝑤0 and 𝑤𝑎. Therefore, constraints on these parameters translate into
constraints on 𝑟. Within this model, given the joint constraints on the
different early and late-time parameters, 𝑟 should lie in this interval at a
certain confidence level. Clearly, the results obtained on both inflation-
ary parameters and those associated with the late-time evolution of the
niverse represent significant joint predictions that can undergo testing

through future CMB and large-scale structure experiments, ultimately
providing support for or ruling out the model.

As a next step, we incorporate into the analysis large scale structure
measurements in the form of BAO, always considering them in conjunc-
tion with Planck and BK18 data. The inclusion of BAO significantly
enhances our constraining power, as we become more sensitive to
the effects resulting from the dynamical behavior of DE at late times.
As a matter of fact, much tighter constraints are obtained on 𝑤0 =
−0.9793+0.0061−0.014 and 𝑤𝑎 = −0.0311+0.022−0.0091. From Fig. 1 it is easy to see that
he contours shrink around values closer to the standard cosmological
odel (i.e., 𝑤0 = −1 and 𝑤𝑎 = 0), reinforcing the general preference

f BAO for an equation of state consistent with a cosmological con-
tant. Given the link between inflation and DE, the increased ability
o constrain the late-time Universe also influences the constraints on
he inflationary Universe. Specifically, the refined constraints on the
E equation of state translate into a preference for a higher value of

he number of e-folds, 𝑁 = 68.6+6.7−10 , leading to a larger scalar tilt
𝑠 = 0.9703 ± 0.0037. In contrast, predictions for the tensor amplitude
= 0.0193+0.0069−0.011 remain nearly unchanged, as higher values of 𝑁 are

ounterbalanced by larger values of 𝛼 = 7.7+2.4−5.3.
Finally, we consider the combination P18+BK18+BAO+SN. Incor-

porating luminosity distance measurements obtained through super-
ova observations yields results similar to those discussed so far, al-
hough the error bars on most parameters appear to be slightly reduced.
owever, from Fig. 1, it is evident that all model predictions for key
uantities such as 𝑛𝑠 = 0.9695 ± 0.0036, 𝑟 = 0.0171+0.0063−0.011 , 𝑤0 =
0.9745+0.0077−0.018 , and 𝑤𝑎 = −0.038+0.028−0.012 remain essentially unchanged.

As a final important test, we assess whether the model can precisely
fit the various observations considered in the analysis. To do so, for
each given dataset , in Table 1 we present the corresponding 𝛥𝜒2


omputed with respect to the standard cosmological model:

𝛥𝜒2
 = 𝜒2

 − 𝜒2
,𝛬CDM , (7)

where 𝜒2
 is the minimum 𝜒2 obtained for the dataset  within

uintessential 𝛼-attractor inflation, and 𝜒2
,𝛬CDM is the minimum 𝜒2

btained for the same dataset within 𝛬CDM (the results for 𝛬CDM, as
ell as 𝜒2

,𝛬CDM, are presented in the supplementary material for the
ame combinations of data). Notice that 𝛥𝜒2 is defined in such a way
hat negative (positive) values represent improvements (worsening)
n the fit compared to 𝛬CDM. Across all three data combinations in
he table, we consistently observe a marginal improvement in 𝛥𝜒2,

demonstrating that the model can provide a fit to data as good as that
achieved within the standard cosmological model.
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Fig. 1. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend and adopt a prior 𝛼 ∈ [0, 𝛼max ≫ 1].
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4.2. 𝛼 ∈ [0 , 7∕3]

As a second step, we examine the same combinations of data, nar-
rowing the prior for 𝛼 to the range 𝛼 ∈ [0, 7∕3]. The results obtained in
this case are reported in Table 2, while the one-dimensional probability
distributions and correlations among different parameters are shown in
Fig. 2.

Reducing the prior range for 𝛼 has a significant impact on the
conclusions we can draw from the analysis of P18 and BK18 data.
ocusing on inflationary parameters, we obtain a slightly lower num-
er of e-folds 𝑁 = 58.9+5.5−8.3, which nevertheless remains largely in

agreement with the values expected for this parameter to successfully
escribe the inflationary Universe, as well as with the results obtained
onsidering a wider prior on 𝛼. Regarding this latter parameter, we
ow obtain a lower limit 𝛼 > 0.424 which clearly reflects the choice
f adopting a more restrictive prior (note the best fit is 𝛼 ≈ 2). The
ame argument applies to the difference observed in the prediction
or the amplitude of primordial gravitational waves. Referring back

2), it is easy to see that if 𝑁 does not change significantly,
o Eq. (

4 
limiting the value of 𝛼 implies confining ourselves to models that
redict a lower 𝑟. For this reason, when performing the full MCMC
nalysis, we get 𝑟 = 0.0051+0.0021−0.0028 which is much lower than what was
iscussed in the previous subsection. This unequivocally demonstrates
hat models in which 𝛼 is correlated with the Poincaré disks of the
ymmetry group and can only assume discrete values up to 𝛼max = 7∕3
ead to predictions for the tensor amplitude that are challenging to
easure directly. This range of 𝑟 (note best fits are 𝑟 ≈ 0.006) is a major

oal of future CMB experiments. As for the parameters governing the
volution of the Universe in later epochs, we note that the differences
ntroduced by limiting the prior of 𝛼 recast into 𝑤0 = −0.895+0.027−0.074 and
𝑤𝑎 = −0.158+0.11−0.041, namely a strong preference for dynamical DE in the
quintessence regime (note that |𝑤𝑎| is approximately double the value
obtained by leaving 𝛼 free to vary).

A similar dynamical DE component impacts the evolutionary his-
ory of the Universe at later times, leaving imprints in its related

observables that we can test with current data. Therefore, as before,
we introduce BAO measurements in the analysis to cover later cosmic

epochs and gain some constraining power on cosmological parameters.
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Table 1
Results for different combinations of data involving Planck-2018, BK18, BAO, and SN. The constraints on parameters are given at 68% CL,
while the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well in brackets. Parameters are varied
in the prior range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor
quintessential inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter P18+BK18 P18+BK18+BAO P18+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02241 ± 0.00015 0.02248 ± 0.00013 0.02246 ± 0.00013 [0.005 , 0.1]

Bestfit: [0.022380] [0.022534] [0.022446]

𝜴𝐜𝒉𝟐 0.1196 ± 0.0012 0.11860 ± 0.00089 0.11885 ± 0.00087 [0.001 , 0.1]

Bestfit: [0.120385] [0.119258] [0.119496]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04097 ± 0.00031 1.04108 ± 0.00029 1.04106 ± 0.00029 [0.5 , 10]

Bestfit: [1.040969] [1.040933] [1.041011]

𝝉𝐫 𝐞𝐢𝐨 0.0563 ± 0.0076 0.0604+0.0069−0.0081 0.0600+0.0067−0.0076 [0.01 , 0.8]

Bestfit: [0.052943] [0.060925] [0.057164]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.048 ± 0.015 3.054 ± 0.015 3.054 ± 0.014 [1.61 , 3.91]

Bestfit: [3.053140] [3.064418] [3.056218]

𝑵 63.0+6.1−10 68.6+6.7−10 66.6+5.9−9.2 [10 , 200]

Bestfit: [56.916153] [68.145933] [61.063004]

𝜶 5.8+1.6−5.1 7.7+2.4−5.3 6.3+1.9−4.6 [0 , 100]

Bestfit: [1.523394] [3.748671] [3.217857]

𝒏𝐬 0.9676 ± 0.0043 0.9703 ± 0.0037 0.9695 ± 0.0036
Bestfit: [0.964861] [0.970651] [0.967247]

𝒓 0.0168+0.0071−0.011 0.0193+0.0069−0.011 0.0171+0.0063−0.011

Bestfit: [0.005643] [0.009687] [0.010356]

𝒘𝟎 −0.963+0.016−0.038 −0.9793+0.0061−0.014 −0.9745+0.0077−0.018

Bestfit: [−0.927063] [−0.970360] [−0.965470]

𝒘𝒂 −0.056+0.057−0.024 −0.0311+0.022−0.0091 −0.038+0.028−0.012

Bestfit: [−0.109405] [−0.044460] [−0.051794]

𝜴𝒎 0.3188+0.0081−0.012 0.3099 ± 0.0062 0.3122 ± 0.0059
Bestfit: [0.329243] [0.315068] [0.317412]

𝑯𝟎 66.92+0.98−0.62 67.63+0.52−0.47 67.44 ± 0.49
Bestfit: [65.998056] [67.237179] [67.023797]

𝝈𝟖 0.8058+0.0084−0.0058 0.8084 ± 0.0064 0.8082 ± 0.0065
Bestfit: [0.804539] [0.813136] [0.809256]

𝛥𝜒2
𝚕𝚘𝚠−𝚃𝚃 −0.18 +0.12 +0.09

𝛥𝜒2
𝚕𝚘𝚠−𝙴𝙴 +0.14 +1.54 +0.70

𝛥𝜒2
𝚃𝚃𝚃𝙴𝙴𝙴

−1.96 −0.42 +0.43

𝛥𝜒2
𝚕𝚎𝚗𝚜𝚒𝚗𝚐

+0.20 +0.06 −0.45

𝛥𝜒2
𝙱𝙺𝟷𝟾

−0.23 −1.19 +0.71

𝛥𝜒2
𝙱𝙰𝙾

– −0.81 −0.30

𝛥𝜒2
𝚂𝙽

– – −1.24

𝛥𝜒2
𝚝𝚘𝚝

−2.03 −0.70 −0.06
As extensively documented in the literature, BAO data align well with a
osmological constant. Therefore, when this dataset is considered, 𝑤0 =
0.9334+0.0084−0.021 and 𝑤𝑎 = −0.0999+0.031−0.013 shift significantly towards the di-

ection of the standard cosmological model. Given the interconnection
f the two cosmological epochs, this preference for a 𝛬CDM-like late-
ime cosmology produces changes in the constraints on the inflationary
arameters as well. For instance, we observe a shift in the number
f e-folds 𝑁 = 65.5+6.1−9.1, while the limit on 𝛼 > 1.04 moves above
he Starobinsky inflation value of 𝛼 = 1. However, these differences
n 𝑁 and 𝛼 compensate for each other, with negligible effects on the
redictions for the tensor amplitude (𝑟 = 0.0052+0.0016−0.0019).

Including supernova measurements, our conclusions remain un-
changed. By considering P18, BK18, BAO, and SN data altogether, the
main difference we observe is a tiny reduction in the uncertainties
for the vast majority of parameters, particularly 𝑤0 = −0.9366+0.0072−0.017
and 𝑤𝑎 = −0.095+0.025−0.011. Concerning inflationary parameters, despite a
further shift in 𝛼 > 1.18, including SN measurements leaves the results
discussed so far largely unaffected.
5 
We assess whether restricting 𝛼 ∈ [0, 7∕3] the model still provides an
adequate description of all the datasets involved in the analysis. Specif-
ically, following the previous subsection, we compare it to the standard
cosmological model and evaluate the 𝜒2 in both cases for the same
combinations of data. Our results reveal minimal improvements in the
𝜒2 value for P18+BK18 and for P18+BK18+BAO+SN, while a minor
worsening is observed for P18+BK18+BAO. Overall, these differences
are not substantial, leading us to the overarching conclusion that the
model’s ability to explain current observations remains comparable to
𝛬CDM.

4.3. 𝛼 = 1

As a final case, we consider a model of quintessential inflation
where 𝛼 = 1 is fixed according to Starobinsky and Higgs inflation.
In this scenario, the inflationary sector of the theory is described by
a single degree of freedom, parameterized by the number of e-folds
𝑁 . Additionally, when considering Eqs. (3) and (4), it is noteworthy
that fixing 𝛼 = 1 completely determines the parameters describing
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Fig. 2. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend and adopt a supergravity-inspired prior 𝛼 ∈ [0, 7∕3].
s
b

the dynamical behavior of the DE equation of state. This sets 𝑤0 ≃
−0.89 and 𝑤𝑎 ≃ −0.16, deviating significantly from the cosmological
onstant. Consequently, although the total number of free parameters
n this case is six (just like in 𝛬CDM with fixed 𝑟 = 0), the theory
redicts a distinct late-time evolution of the Universe characterized by
 dynamical quintessence DE component. Therefore, analyzing such a
odel can be intriguing to understand whether and to what extent it

s effectively supported by current observations, which, in turn, impose
ignificant constraints on late-time (new) physics.

The results are presented in Table 3 and depicted in Fig. 3. When
considering the minimal combination of P18 and BK18 data, the num-
ber of e-folds 𝑁 = 58.8+5.5−8.2 remains consistent with values obtained
earlier by varying 𝛼. Consequently, no significant differences are ob-
served for the spectral index. In contrast, in this scenario, we predict
a tensor amplitude that, at the same 𝑁 , is smaller by a factor of 𝛼
compared to previous results: 𝑟 = 0.00363+0.00076−0.00093. Additionally, despite
the fewer parameters involved in the model, leading to very precise
predictions for 𝑟 (i.e., fixing 𝑁 via 𝑛𝑠 completely determines 𝑟), it
is crucial to note that these predictions are identical to those of the
6 
Starobinsky model. Therefore, a joint analysis of early and late-time
cosmology would still be necessary to provide evidence or rule out
the model itself, just like in all the cases considered so far. As for the
other parameters, most of them are in good agreement with the values
obtained within 𝛬CDM. However, it is important to discuss a significant
(albeit expected) aspect. For the Hubble parameter we obtain 𝐻0 =
65.43 ± 0.49 km/s/Mpc, significantly lower than what is inferred within
the standard cosmological model. This result increases the well-known
Hubble tension [83–87] between the value of the present-day expan-
ion rate of the Universe derived from CMB data (that, as highlighted
y this analysis, depends significantly on the theoretical framework we

assume) and the result for the same parameter directly measured by
the SH0ES collaboration using Cepheids and Type Ia supernovae (𝐻0 =
73 ± 1 km/s/Mpc [88]). Truth be told, such a trend towards lower values
of 𝐻0 is also observed when 𝛼 is varied within different prior ranges.
Given the well-known degeneracy between parameters describing the
DE equation of state (mainly 𝑤0) and the Hubble constant, as exten-
sively documented in the literature, in order to increase 𝐻0 by altering
the late-time cosmology, one needs to consider a phantom equation of
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Table 2
Results for different combinations of data involving Planck-2018, BK18, BAO, and SN. The constraints on parameters are given at 68% CL, while
the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well. Parameters are varied in the prior
range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor quintessential
inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter P18+BK18 P18+BK18+BAO P18+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02237 ± 0.00014 0.02248 ± 0.00014 0.02248 ± 0.00013 [0.005 , 0.1]

Bestfit: [0.022478] [0.022555] [0.022412]

𝜴𝐜𝒉𝟐 0.1200 ± 0.0012 0.11872 ± 0.00093 0.11868 ± 0.00089 [0.001 , 0.1]

Bestfit: [0.119982] [0.118382] [0.118677]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04091 ± 0.00030 1.04108 ± 0.00030 1.04107 ± 0.00029 [0.5 , 10]

Bestfit: [1.040871] [1.040984] [1.041175]

𝝉𝐫 𝐞𝐢𝐨 0.0553 ± 0.0076 0.0610 ± 0.0077 0.0611+0.0071−0.0081 [0.01 , 0.8]

Bestfit: [0.057438] [0.061664] [0.064106]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.047 ± 0.015 3.056 ± 0.015 3.057+0.014−0.016 [1.61 , 3.91]

Bestfit: [3.056608] [3.057068] [3.063715]

𝑵 58.9+5.5−8.3 65.5+6.1−9.1 65.4+6.2−9.2 [10 , 200]

Bestfit: [61.178771] [68.034857] [60.336977]

𝜶 > 0.424 > 1.04 > 1.18 [0 , 7∕3]

Bestfit: [2.038146] [2.198705] [2.273368]

𝒏𝐬 0.9655 ± 0.0041 0.9690 ± 0.0037 0.9690 ± 0.0037
Bestfit: [0.967309] [0.970603] [0.966853]

𝒓 0.0051+0.0021−0.0028 0.0052+0.0016−0.0019 0.0054+0.0015−0.0019

Bestfit: [0.006535] [0.005700] [0.007493]

𝒘𝟎 −0.895+0.027−0.074 −0.9334+0.0084−0.021 −0.9366+0.0072−0.017

Bestfit: [−0.945484] [−0.949465] [−0.951125]

𝒘𝒂 −0.158+0.11−0.041 −0.0999+0.031−0.013 −0.095+0.025−0.011

Bestfit: [−0.081774] [−0.075802] [−0.073313]

𝜴𝒎 0.3332+0.0079−0.016 0.3182+0.0058−0.0066 0.3174 ± 0.0055
Bestfit: [0.323674] [0.313517] [0.315015]

𝑯𝟎 65.6+1.4−0.61 66.77+0.54−0.44 66.84 ± 0.43
Bestfit: [66.492485] [67.200828] [67.076766]

𝝈𝟖 0.796+0.013−0.0063 0.8021 ± 0.0066 0.8024 ± 0.0064
Bestfit: [0.807680] [0.803760] [0.807374]

𝛥𝜒2
𝚕𝚘𝚠−𝚃𝚃 −0.55 −0.04 +0.30

𝛥𝜒2
𝚕𝚘𝚠−𝙴𝙴 +1.01 +1.69 +3.20

𝛥𝜒2
𝚃𝚃𝚃𝙴𝙴𝙴

−1.74 +1.22 +0.12

𝛥𝜒2
𝚕𝚎𝚗𝚜𝚒𝚗𝚐

+0.11 −0.11 −0.64

𝛥𝜒2
𝙱𝙺𝟷𝟾

−0.25 −1.31 −0.28

𝛥𝜒2
𝙱𝙰𝙾

– −1.21 −1.53

𝛥𝜒2
𝚂𝙽

– – −1.37

𝛥𝜒2
𝚝𝚘𝚝

−1.42 +0.24 −0.20
c

state 𝑤0 < −1. Conversely, a quintessential component has the opposite
ffect, reducing the value of 𝐻0. Therefore, this preference for smaller
0 can be seen as an expected peculiarity of any quintessential model

f DE, with quintessential 𝛼-attractor inflation not being an exception.
hat being said, varying 𝛼 provides more freedom and the possibility
o somewhat move towards the cosmological constant regime (formally
ecovered in the limit 𝛼 → ∞) obtaining values of 𝐻0 close to 𝛬CDM.
nstead, fixing 𝛼 = 1 (and to some extent limiting 𝛼 to the range
0, 7∕3]), confines us to a completely quintessential region. In addition,
he fewer numbers of free parameters reduce the error bars. As a result,
e observe a genuine increase in the Hubble tension.

In this case, adding local universe observations (either in the form
f BAO or SN measurements) is certainly interesting for several reasons.
irstly, the values of 𝑤0 and 𝑤𝑎 are fixed by the model to non-standard
alues and cannot be altered in any way. Therefore, maintaining a
ood fit to low-redshift data could represent a considerable challenge.

In this regard, we note that the inclusion of BAO or SN produces
nteresting results. Firstly, focusing on Fig. 3, we observe that the

geometric degeneracy between 𝛺 and 𝐻 (i.e., the fact that various
𝑚 0

7 
combinations of 𝛺𝑚 and 𝐻0 can lead to the same value of the distance
to the last scattering surface, and thus to the same value of the acoustic
scale 𝜃𝑠, if the sound horizon 𝑟𝑠 remains unchanged [89–91]) is partially
overcome in the presence of late-time measurements. The reason is that
CMB data are very sensitive to 𝛺𝑚ℎ2, while both SN and BAO allow
precise measurements of 𝛺𝑚. Therefore, considering only CMB data,
higher values of 𝛺𝑚 could always be compensated by lower values of
𝐻0, while adding late-time data disrupts this trend. As a result, BAO
and SN exclude large values of 𝛺𝑚, thereby increasing 𝐻0 (although
lower values are still obtained compared to 𝛬CDM). Given the positive
orrelation between 𝐻0 and 𝑛𝑠, fixing 𝛺𝑚 with low-redshift data leads

to a shift in 𝑛𝑠 towards slightly higher values, 𝑛𝑠 ∼ 0.97.
However, the real question to answer is whether, by fixing 𝑤0 ≃

−0.89 and 𝑤𝑎 ≃ −0.16, the model is still appropriate for explaining ob-
servations. Comparing the best-fit 𝜒2 with the one obtained in 𝛬CDM,
we note that for P18+BK18, there is still an improvement. However, for
the reasons highlighted earlier (particularly the geometric degeneracy
among parameters), CMB measurements typically leave large room to

accommodate new physics at late times. The true challenge comes from
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Fig. 3. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend fixing 𝛼 = 1 (and so 𝑤0 ≃ −0.89, 𝑤𝑎 = −0.16 bt Eqs. (3) and (4)).
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including low-redshift measurements. Not surprisingly, both consider-
ing BAO and SN, we notice a global worsening 𝛥𝜒2 ∼ 3 − 4 compared to
the standard cosmological model. This stems from the limited freedom
we are left with, as none of the parameters describing the DE equation
of state can be altered in any way. Therefore, based on current data,
we can conclude that the deterioration of the fit and the worsening of
the Hubble constant tension suggest that fixing 𝛼 = 1 may not be the
best choice for integrating inflation and DE within the quintessential
-attractor models.

Overall, considering the three cases studied thus far, the best option
based on Planck satellite data, BK18 likelihood, and low-redshift mea-
surements seems to be to consider models that allow greater freedom in
the value of the parameter 𝛼. Values 𝛼 > 1 allow approaching 𝛬CDM
at late-time (though still showing some dynamics) while not spoiling
Inflation. Interestingly, they also lead to higher values of the tensor
amplitude 𝑟 that could be visible by future CMB probes.
8 
5. Results for ACT

In this section, we consider the same 3 scenarios of quintessential
inflation already analyzed in light of Planck data, thus varying 𝛼 ∈
[0 , 𝛼max] for 𝛼max ≫ 1 and 𝛼max = 7∕3 or fixing 𝛼 = 1. However, now we
use the temperature, polarization, and lensing measurements released
by the Atacama Cosmology Telescope.

Before proceeding further, we wish to elaborate on the reasons
prompting us to replicate the same analysis for a different CMB ex-
eriment. Indeed, several persuasive aspects have led us to believe that
eproducing the analysis for the ACT data is worthwhile. Firstly, this ex-

periment is independent of Planck, offering us a significant opportunity
to test previously obtained results with independent measurements.
Secondly, ACT explores angular scales different from those measured by
the Planck satellite. For instance, ACT has sensitivity in the spectrum of
temperature anisotropies covering the multipole range 𝓁 ∈ [650, 4200].
Therefore, it probes much smaller scales compared to Planck which for
the same spectrum covers the multipole range 𝓁 ∈ [2, 2500]. Since the
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Table 3
Results for different combinations of data involving Planck-2018, BK18, BAO, and SN. The constraints on parameters are given at 68% CL, while
the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well. Parameters are varied in the prior
range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor quintessential
inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter P18+BK18 P18+BK18+BAO P18+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02237 ± 0.00014 0.02249 ± 0.00013 0.02252 ± 0.00013 [0.005 , 0.1]

Bestfit: [0.022504] [0.022418] [0.022494]

𝜴𝐜𝒉𝟐 0.1201 ± 0.0012 0.11857 ± 0.00091 0.11824 ± 0.00088 [0.001 , 0.1]

Bestfit: [0.119260] [0.118064] [0.118799]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04090 ± 0.00030 1.04110 ± 0.00029 1.04114 ± 0.00029 [0.5 , 10]

Bestfit: [1.040867] [1.041104] [1.041049]

𝝉𝐫 𝐞𝐢𝐨 0.0553 ± 0.0077 0.0621+0.0070−0.0082 0.0635+0.0073−0.0083 [0.01 , 0.8]

Bestfit: [0.052012] [0.059842] [0.060756]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.047 ± 0.015 3.058 ± 0.015 3.060+0.014−0.016 [1.61 , 3.91]

Bestfit: [3.048496] [3.060888] [3.052388]

𝑵 58.8+5.5−8.2 66.6+6.2−9.5 68.6+6.6−10 [10 , 200]

Bestfit: [55.505557] [69.105377] [62.982350]

𝜶 – – – 𝛼 = 1
𝒏𝐬 0.9655 ± 0.0041 0.9695 ± 0.0037 0.9703 ± 0.0038
Bestfit: [0.963968] [0.971059] [0.968245]

𝒓 0.00363+0.00076−0.00093 0.00283+0.00060−0.00074 0.00268+0.00060−0.00073

Bestfit: [0.003895] [0.002513] [0.003025]

𝒘𝟎 – – – 𝑤0 ≃ −0.89
𝒘𝒂 – – – 𝑤𝑎 ≃ −0.16
𝜴𝒎 0.3343 ± 0.0075 0.3247 ± 0.0055 0.3226 ± 0.0053
Bestfit: [0.329125] [0.322297] [0.326075]

𝑯𝟎 65.43 ± 0.49 66.06 ± 0.38 66.21 ± 0.37
Bestfit: [65.779160] [66.172437] [65.976614]

𝝈𝟖 0.7953 ± 0.0058 0.7954 ± 0.0059 0.7953+0.0057−0.0064

Bestfit: [0.792095] [0.795467] [0.793471]

𝛥𝜒2
𝚕𝚘𝚠−𝚃𝚃 +0.11 −0.24 −0.14

𝛥𝜒2
𝚕𝚘𝚠−𝙴𝙴 −0.01 +1.06 +1.73

𝛥𝜒2
𝚃𝚃𝚃𝙴𝙴𝙴

−1.41 +1.57 +0.51

𝛥𝜒2
𝚕𝚎𝚗𝚜𝚒𝚗𝚐

−0.22 −0.04 −0.45

𝛥𝜒2
𝙱𝙺𝟷𝟾

−0.72 +0.44 −0.10

𝛥𝜒2
𝙱𝙰𝙾

– +0.57 +1.84

𝛥𝜒2
𝚂𝙽

– – +0.45

𝛥𝜒2
𝚝𝚘𝚝

−2.25 +3.36 +3.84
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effects of new physics may manifest themselves differently at different
angular scales, considering small-scale CMB data can be crucial when
testing models beyond 𝛬CDM. Interestingly, a few intriguing hints for
new physics have emerged from ACT, as highlighted in a multitude
of studies [92–96]. Even sticking to the standard 𝛬CDM cosmology,
he constraints on the 6 free parameters of the model obtained from
CT show some important differences from those derived by the Planck
atellite [97]. Particularly relevant for our discussion is that this dis-

agreement mainly involves inflation as Planck suggests 𝑛𝑠 ≠ 1 with a
ignificance level of about 8.5𝜎, whereas ACT indicates a preference
or a scale-invariant Harrison–Zel’dovich spectrum (𝑛𝑠 = 1) [97,98],

introducing tension between the two experiments that can be quantified
at approximately 2.5𝜎 Gaussian equivalent level [99,100].

In the context of the 𝛼-attractor quintessential inflation, this dis-
repancy raises several interesting questions that we seek to explore.
or instance, assuming a standard post-inflationary cosmology, models
ommonly favored by large-scale CMB measurements (particularly 𝛼-
ttractor or Starobinsky inflation) somehow fail to explain small-scale
MB data [101]. This creates a dichotomy in the conclusions drawn
bout which model best describes current data when considering ex-
eriments probing different angular scales. One may wonder whether
imilar results extend to 𝛼-attractor quintessential inflation. In this sce-
ario, inflation not only shapes the early Universe but also influences
 t

9 
its late-time evolution, posing the question of whether the preference
or 𝑛𝑠 ∼ 1 observed in ACT remains upheld or whether it is possible to
aintain a good fit to the ACT data while adjusting the value of the

pectral index closer to the measurement by the Planck collaboration.
n a broader context, we aim to study the implications of a scalar
pectrum approaching the scale-invariant regime.

5.1. 𝛼 ∈ [0 , 𝛼max ≫ 1]

The constraints obtained by varying 𝛼 in the range 𝛼 ∈ [0, 𝛼max ≫ 1]
re presented in Table 4 and Fig. 4. Focusing on the temperature, po-

larization, and lensing measurements released by ACT in combination
with the BK18 B-mode polarization measurements, the first noticeable
difference is that now we obtain a lower limit for the number of e-
folds 𝑁 > 107 and an upper limit 𝛼 < 77.4 (both at 95% CL). As
largely expected from previous considerations, the loss of constraining
power on 𝑁 primarily stems from the ACT preference for a scale-
invariant Harrison-Zel’dovich spectrum. From Eq. (1) it is easy to see
hat 𝑛𝑠 = 1 is formally recovered in the limit 𝑁 → ∞, explaining why
he constraints on 𝑁 shift towards such large values. On the other hand,
arge values 𝛼 ≫ 1 have the effect of increasing the tensor amplitude
while simultaneously driving the parameters describing the DE equa-

ion of state towards the cosmological constant regime 𝑤 → −1 and
0
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Fig. 4. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend and adopt a prior 𝛼 ∈ [0, 𝛼max ≫ 1].
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𝑤𝑎 → 0. Although one might expect the effects on the tensor amplitude
to rule out exceedingly large values of 𝛼 (as it happens analyzing the
Planck data), it should be noted that in Eq. (2) large values of 𝛼 can
lways be balanced by large values of 𝑁 . In turn, because of Eq. (1),

large values of 𝑁 lead to a shift in 𝑛𝑠 = 0.9871+0.0031−0.0013 towards a scale-
invariant spectrum, which is strongly favored by ACT data. As a result,
we observe a clear degeneracy between these two parameters, allowing
for 𝛼 ≫ 1 without compromising the result on the tensor amplitude
(𝑟 = 0.0147+0.0068−0.011 ) that remains consistent with B-modes polarization
measurements. Concerning the late-time effects produced by 𝛼 ≫ 1, as
we move in the direction of a cosmological constant, we still remain
in good agreement with ACT data, getting 𝑤0 = −0.98969+0.0060−0.0084 and
𝑤𝑎 = −0.0155+0.013−0.00091. Notice also that restricting ourselves to a region
of the parameter space close to a standard late-time 𝛬CDM cosmology
allows us to recover familiar values for the Hubble parameter, 𝐻0 =
67.2 ± 1.1 km/s/Mpc.

Including low-redshift data in the analysis leads to a reduction in
ncertainties for most parameters due to the various effects discussed
10 
in the preceding sections. These effects include breaking geometric de-
eneracy between 𝐻0 and 𝛺𝑚 (see also Fig. 4), as well as enhancing the
onstraint power on parameters describing the background evolution

of the late-time Universe. However, since the ACT preference for a
large 𝑛𝑠 already forces us very close to a 𝛬CDM late-time cosmology,
including BAO or SN measurements has a marginal impact on the
conclusions we can draw regarding the relevant parameters of the
model. In fact, the same considerations pointed out in the CMB analysis
remain fundamentally unchanged.

For the three studied datasets, we compare the 𝜒2 value correspond-
ing to the best fit obtained in quintessential 𝛼-attractor inflation with
that obtained within the standard 𝛬CDM model. We observe that for
ACT+BK18(+BAO), the difference between the two models is not par-
ticularly significant in terms of improvements or deteriorations in the
fit. On the brighter side, for ACT+BK18+BAO+SN, we observe a slight
improvement, with 𝛥𝜒2 ∼ −2 compared to 𝛬CDM. A substantial portion
of this improvement appears to come from the lensing likelihood of

ACT-DR6 and the SN measurements.
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Table 4
Results for different combinations of data involving ACT(DR4+DR6), BK18, BAO, and SN. The constraints on parameters are given at 68% CL,
while the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well. Parameters are varied in the prior
range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor quintessential
inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter ACT+BK18 ACT+BK18+BAO ACT+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02174 ± 0.00026 0.02179 ± 0.00025 0.02176 ± 0.00026 [0.005 , 0.1]

Bestfit: [0.021748] [0.021825] [0.021877]

𝜴𝐜𝒉𝟐 0.1197 ± 0.0021 0.1186 ± 0.0012 0.1190 ± 0.0012 [0.001 , 0.1]

Bestfit: [0.119103] [0.118734] [0.117713]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04203 ± 0.00067 1.04214 ± 0.00062 1.04209 ± 0.00060 [0.5 , 10]

Bestfit: [1.042179] [1.042366] [1.042224]

𝝉𝐫 𝐞𝐢𝐨 0.064 ± 0.013 0.070 ± 0.010 0.0682 ± 0.0099 (0.065 , 0.015)

Bestfit: [0.069651] [0.071363] [0.081290]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.068 ± 0.025 3.078 ± 0.019 3.075 ± 0.019 [1.61 , 3.91]

Bestfit: [3.074046] [3.083627] [3.098476]

𝑵 > 107 > 111 > 106 [10 , 200]

Bestfit: [195.813910] [173.832850] [191.776030]

𝜶 < 77.4 < 80.6 < 75.6 [0 , 100]

Bestfit: [1.365259] [21.082788] [2.136796]

𝒏𝐬 0.9871+0.0031−0.0013 0.9874+0.0028−0.0011 0.9871+0.0031−0.0012

Bestfit: [0.989786] [0.988495] [0.989571]

𝒓 0.0147+0.0068−0.011 0.0154+0.0069−0.011 0.0137+0.0069−0.011

Bestfit: [0.000427] [0.008372] [0.000697]

𝒘𝟎 −0.98969+0.0060−0.0084 −0.9935+0.0028−0.0071 −0.9905+0.0034−0.012

Bestfit: [−0.918615] [−0.994730] [−0.948001]

𝒘𝒂 −0.0155+0.013−0.00091 −0.0098+0.011−0.0042 −0.0143+0.018−0.0051

Bestfit: [−0.122077] [−0.007905] [−0.077998]

𝜴𝒎 0.315+0.011−0.014 0.3079 ± 0.0069 0.3112 ± 0.0064
Bestfit: [0.323245] [0.307630] [0.309959]

𝑯𝟎 67.2 ± 1.1 67.68 ± 0.53 67.43 ± 0.48
Bestfit: [66.161587] [67.750116] [67.262908]

𝝈𝟖 0.8285+0.0082−0.0070 0.8300 ± 0.0072 0.8297 ± 0.0071
Bestfit: [0.818662] [0.833249] [0.828021]

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟺 +0.24 +1.41 +1.22

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟼 −0.68 −0.38 −1.12

𝛥𝜒2
𝙱𝙺𝟷𝟾

+0.38 −0.29 +0.11

𝛥𝜒2
𝙱𝙰𝙾

– +0.03 −0.60

𝛥𝜒2
𝚂𝙽

– – −1.72

𝛥𝜒2
𝚝𝚘𝚝

−0.06 +0.77 −2.11
A
f
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5.2. 𝛼 ∈ [0 , 7∕3]

Following the same narrative thread as the Planck results section,
we take an intermediate step and restrict the prior for 𝛼 to the interval
𝛼 ∈ [0, 7∕3]; a choice inspired by Supergravity. The results are presented
in Fig. 5 and Table 5. Focusing solely on CMB measurements, from

CT+BK18, we consistently obtain a lower limit 𝑁 > 82.9 for the
number of e-folds. Once again, this reflects the ACT preference for a
arger scalar spectral index constrained to 𝑛𝑠 = 0.9852+0.0051−0.0022. Notice that

large values of the number of e-folds lead to small values of the tensor
amplitude, and limiting the prior of 𝛼 does not allow us to balance this
effect. Consequently, the value we obtain for 𝑟 = 0.00092+0.00034−0.00084 is an
order of magnitude lower than the one predicted when 𝛼 is allowed
to vary over a broader range. Additionally, the constraints we obtain
for 𝑤0 = −0.851+0.047−0.15 and 𝑤𝑎 = −0.224+0.22−0.071 now deviate further from
their standard values, deeper into the quintessence regime, albeit with
large uncertainties stemming from the fact that 𝛼 remains unbounded
for this combination of data. As discussed at various points previously,
the preference for a quintessential DE equation of state produces a
constraint 𝐻0 = 64.8+2.4−0.97 km/s/Mpc that is shifted towards smaller
values than those characteristic of the standard cosmological model.
11 
That being said, the poor constraining power we have on 𝛼 and the
geometrical degeneracy with 𝛺𝑚 substantially increase the error-bars
on 𝐻0.

Including low-redshift data, as usual, breaks the degeneracy be-
tween parameters, making the results more precise. For instance, we
can now derive an upper limit 𝛼 > 0.818 (𝛼 > 1.04) for

CT+BK18+BAO(+SN). As a known trend emerging from the dif-
erent cases considered, including BAO and SN also shifts the con-
traints for the DE sector towards the cosmological constant. Consid-
ring ACT+BK18+BAO and ACT+BK18+BAO+SN, we obtain 𝑤0 =
0.924+0.013−0.031, 𝑤𝑎 = −0.114+0.047−0.019, and 𝑤0 = −0.931+0.010−0.021, 𝑤𝑎 =
0.103+0.032−0.015, respectively. This is also reflected in the results on 𝐻0:

ooking at Fig. 5, we can observe that including low-redshift data
pushes the central value of the distribution towards the standard
cosmological model. However, reducing the prior on 𝛼 does not allow
us to reach the values preferred in 𝛬CDM, forcing instead to smaller 𝐻0.
Given the reduced uncertainties, this exacerbates the Hubble tension,
similar to the case when analyzing Planck data for the same model.

As a final remark, we conclude this section by comparing the best-
fit 𝜒2 of 𝛼-attractor quintessential inflation with the one obtained
within the standard cosmological scenario. The improvement 𝛥𝜒2 ≈ −2
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Fig. 5. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend and adopt a supergravity-inspired prior 𝛼 ∈ [0, 7∕3].
i
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observed for ACT+BK18+BAO+SN persists, even when restricting 𝛼 to
the range 𝛼 ∈ [0, 7∕3] while the differences in 𝛥𝜒2 remain marginal for
both ACT+BK18 and ACT+BK18+BAO.

5.3. 𝛼 = 1

We conclude our investigation considering, as a final case, a model
inspired by Starobinsky and Higgs inflation, where 𝛼 = 1. As explained
in previous sections, this choice constrains the DE equation of state
n the quintessence regime, setting 𝑤0 = −0.89 and 𝑤𝑎 = −0.16. Our

findings are summarized in Table 6 and depicted in the contour plot
Fig. 6. The results do not significantly deviate from expectations based
on the discussions in the preceding sections. Specifically, focusing on
emperature and polarization spectra measurements, as well as lensing
ata from ACT and BK18, the overall trend towards somewhat large
alues of 𝑛𝑠 is mostly confirmed, leading to a lower limit of 𝑁 > 81.8.
urthermore, fixing 𝛼 reduces the amplitude of gravitational waves
redicted in this model. For this particular dataset, it is constrained

+0.00019
ithin the interval 𝑟 = 0.00073−0.00051. Similarly, restricting ourselves to C

12 
quintessential values for 𝑤0 and 𝑤𝑎 influences the late-time evolution
of the Universe, favoring a lower value of 𝐻0 = 65.37 ± 0.80 and the
well-known degeneracy between 𝐻0 and 𝛺𝑚.

As consistently observed in this study, BAO and SN contribute
to precisely determining 𝛺𝑚, breaking the 𝛺𝑚 ℎ2 degeneracy typical
of CMB measurements and allowing for more precise constraints on
parameters. That said, the constraints on 𝐻0 = 66.13 ± 0.48 km/s/Mpc
and 𝐻0 = 66.28 ± 0.45 km/s/Mpc, obtained with ACT+BK18+BAO
and ACT+BK18+BAO+SN, respectively, clearly show that fixing 𝛼 (and
consequently 𝑤0 and 𝑤𝑎) prevents us from recovering values of 𝐻0 ∼
67.5 km/s/Mpc typical in 𝛬CDM, thereby exacerbating the Hubble
tension. We emphasize once again that the reason for this lies in fixing a
quintessential component for DE, which alters the late evolution of the
Universe, potentially impacting the value we can obtain for the angular
diameter distance from the CMB, 𝐷𝐴(𝑧CMB). This distance is determined
by the simple trigonometric relation 𝐷𝐴(𝑧CMB) = 𝑟𝑠(𝑧CMB)∕𝜃𝑠, where 𝜃𝑠
s the angular scale corresponding to the position of the first acoustic
eak in the temperature anisotropy CMB spectrum (well-measured by

MB experiments), and 𝑟𝑠(𝑧CMB) represents the value of the sound
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Table 5
Results for different combinations of data involving ACT(DR4+DR6), BK18, BAO, and SN. The constraints on parameters are given at 68% CL,
while the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well. Parameters are varied in the prior
range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor quintessential
inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter ACT+BK18 ACT+BK18+BAO ACT+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02174 ± 0.00026 0.02183 ± 0.00026 0.02182 ± 0.00026 [0.005 , 0.1]

Bestfit: [0.021677] [0.021615] [0.021789]

𝜴𝐜𝒉𝟐 0.1199 ± 0.0021 0.1181 ± 0.0012 0.1181 ± 0.0012 [0.001 , 0.1]

Bestfit: [0.121080] [0.117962] [0.117344]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04200 ± 0.00068 1.04222 ± 0.00063 1.04220 ± 0.00061 [0.5 , 10]

Bestfit: [1.041856] [1.042178] [1.042044]

𝝉𝐫 𝐞𝐢𝐨 0.064 ± 0.013 0.074 ± 0.010 0.074 ± 0.010 (0.065 , 0.015)

Bestfit: [0.056704] [0.083767] [0.079482]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.069 ± 0.025 3.088 ± 0.019 3.088 ± 0.020 [1.61 , 3.91]

Bestfit: [3.049062] [3.103518] [3.093932]

𝑵 > 82.9 > 85.9 > 87.3 [10 , 200]

Bestfit: [198.365310] [199.058100] [179.855190]

𝜶 – > 0.818 > 1.04 [0 , 7∕3]

Bestfit: [1.673989] [1.934750] [1.767304]

𝒏𝐬 0.9852+0.0051−0.0022 0.9854+0.0048−0.0021 0.9856+0.0047−0.0020

Bestfit: [0.989918] [0.989953] [0.988880]

𝒓 0.00092+0.00034−0.00083 0.00113+0.00033−0.00084 0.00116+0.00032−0.00081

Bestfit: [0.000511] [0.000586] [0.000656]

𝒘𝟎 −0.851+0.047−0.15 −0.924+0.013−0.031 −0.931+0.010−0.021

Bestfit: [−0.933625] [−0.942571] [−0.937130]

𝒘𝒂 −0.224+0.22−0.071 −0.114+0.047−0.019 −0.103+0.032−0.015

Bestfit: [−0.099563] [−0.086144] [−0.094306]

𝜴𝒎 0.3408+0.0075−0.030 0.3165+0.0070−0.0084 0.3153 ± 0.0065
Bestfit: [0.333162] [0.313697] [0.310758]

𝑯𝟎 64.8+2.4−0.97 66.66+0.70−0.55 66.78 ± 0.51
Bestfit: [65.606992] [66.857695] [67.066745]

𝝈𝟖 0.808+0.022−0.0088 0.8203+0.0085−0.0073 0.8213 ± 0.0075
Bestfit: [0.817592] [0.831355] [0.823040]

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟺 −0.29 +1.22 +1.29

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟼 −0.17 −0.16 −1.00

𝛥𝜒2
𝙱𝙺𝟷𝟾

+0.28 −0.34 −0.64

𝛥𝜒2
𝙱𝙰𝙾

– −0.05 −0.34

𝛥𝜒2
𝚂𝙽

– – −2.26

𝛥𝜒2
𝚝𝚘𝚝

−0.18 +0.67 −2.95
f
m

horizon, which is sensitive to physics prior to recombination that, in our
odel, remains mostly the same as in 𝛬CDM. Therefore, both 𝑟𝑠(𝑧CMB)

and 𝜃𝑠(𝑧CMB) are essentially fixed, so that 𝐷𝐴(𝑧CMB) cannot change as
well. As a result, to compensate for a quintessential DE component,
we need to adjust other parameters involved in the calculation of
𝐷𝐴(𝑧CMB), namely 𝐻0 and 𝛺𝑚. As both BAO and SN measurements ac-
curately determine 𝛺𝑚, this parameter cannot shift significantly. Hence,
we are left with only one option: in the presence of a quintessence DE
component, when considering CMB and low-redshift data together, to
maintain a constant 𝐷𝐴(𝑧CMB) and preserve 𝜃𝑠, we need to decrease the
value of 𝐻0. This is what we observe here as well as in the analysis of
Planck data.

Regarding the 𝜒2 analysis, the results presented in Table 6 align
ith the conclusions drawn in the previous two cases, confirming an
verall improvement in the fit to ACT+BK18+BAO+SN (now 𝛥𝜒2 ∼

−1).
Overall, when considering the same three cases in light of the ACT

mall-scale CMB data, BK18 likelihood, and low-redshift measurements,
e can conclude that the ACT preference towards a scale-invariant

pectrum persists. This preference significantly shifts the results ob-
ained for the inflationary parameters. A large 𝑛𝑠 requires 𝑁 to ap-
roach very large values. Depending on the prior adopted for 𝛼, this
13 
can influence the predictions for the tensor amplitude as well as alter
the constraints on late-time cosmology. Restricting the prior to models
inspired by supergravity or fixing 𝛼 = 1 following Starobinsky or
Higgs inflation leads to very small values of 𝑟, while simultaneously
pushing the model into a DE quintessence regime lowering 𝐻0. Re-
gardless of the prior adopted for 𝛼, an overall improvement in the
it to ACT+BK18+BAO+SN is observed compared to 𝛬CDM. However,
odels that allow greater freedom in the value of this parameter

appear to be the only ones able to not exacerbate the Hubble tension
significantly.

6. Conclusions

In this study, we focused on 𝛼-attractor quintessential inflation.
From a theoretical standpoint, the model has desirable features such
as robustness against quantum corrections, shift symmetry, and at-
tractor behavior that ensures insensitivity to initial conditions. On
the observational front, the universality and attractor properties of 𝛼-
attractor quintessential inflation establish direct relationships between
inflationary observables (like the scalar tilt 𝑛𝑠 and the tensor-to-scalar

ratio 𝑟) and the parameters describing late-time DE equation of state,
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Fig. 6. One-dimensional posterior probability distribution functions and two-dimensional contours at 68% and 95% CL for the parameters of interest in 𝛼-attractor quintessential
nflation. We consider three reference datasets indicated in the legend fixing 𝛼 = 1 (and so 𝑤0 ≃ −0.89, 𝑤𝑎 = −0.16 by Eqs. (3) and (4)).
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𝑤0 and 𝑤𝑎. Consequently, predictions for the inflationary epoch of the
theory influence the dynamics of the Universe at late times, predicting
a dynamic DE component lying in the quintessential regime. These
predictions have repercussions on various cosmological observables,
both at early and late times. For instance, the spectrum of primordial
scalar and tensor perturbations produced during inflation can lead to
signatures in the cosmic microwave background radiation, while the
quintessential behavior of the DE at late times influences local distances
in the Universe.

The central question we aimed to address in this paper is whether
this model aligns with the most recent CMB measurements as well as
with low-redshift data such as BAO and SN. To answer this question, we
implement the theoretical predictions of the model in the Boltzmann
solver code CAMB and perform a full MCMC analysis, which assumes
this model from the outset. To the best of our knowledge, this work
represents one of the first studies where quintessential inflation is
assumed from the starting point in the analysis, making it a pivotal
analysis from which we derived some interesting conclusions.
14 
6.1. Conclusions based on Planck CMB measurements

In Section 4, we examined the model in light of temperature polar-
ization and lensing measurements released by the Planck satellite, as
well as B-mode polarization data from the BICEP/Keck collaboration.
Additionally, we considered local Universe probes such as BAO and SN
measurements for the PantheonPlus catalog. We analyzed these data
in the context of three theoretical scenarios, differing in the priors
dopted for the parameter 𝛼. Initially, we varied 𝛼 continuously in
he range 𝛼 ∈ [0, 𝛼max ≫ 1], and subsequently constrained it to a

continuous range 𝛼 = [0, 7∕3]. This choice was inspired by models of
supergravity, where 𝛼 is related to Poincaré disks of the symmetry
group and takes on discrete values up to 𝛼max = 7∕3. Finally, we
considered the case corresponding to the Starobinsky inflation setting
= 1. The most relevant conclusions drawn from the analysis of Planck

and low-redshift) data for the three cases are the following:
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Table 6
Results for different combinations of data involving ACT(DR4+DR6), BK18, BAO, and SN. The constraints on parameters are given at 68% CL,
while the upper/lower bounds are given at 95% CL. For each parameter, the best-fit value is provided as well. Parameters are varied in the prior
range (or fixed to the values) reported in the last column of the table. We provide the 𝛥𝜒2 between the best fit for 𝛼-attractor quintessential
inflation and 𝛬CDM for each likelihood used in the analysis.
Parameter ACT+BK18 ACT+BK18+BAO ACT+BK18+BAO+SN Prior/Value

𝜴𝐛𝒉𝟐 0.02175 ± 0.00026 0.02182 ± 0.00026 0.02185 ± 0.00025 [0.005 , 0.1]

Bestfit: [0.021644] [0.021857] [0.021895]

𝜴𝐜𝒉𝟐 0.1199 ± 0.0021 0.1179 ± 0.0012 0.1175 ± 0.0012 [0.001 , 0.1]

Bestfit: [0.119138] [0.116887] [0.117471]

𝟏𝟎𝟎𝜽𝐌𝐂 1.04201 ± 0.00067 1.04225 ± 0.00062 1.04228 ± 0.00062 [0.5 , 10]

Bestfit: [1.042161] [1.042115] [1.042554]

𝝉𝐫 𝐞𝐢𝐨 0.064 ± 0.013 0.075 ± 0.010 0.078 ± 0.010 (0.065 , 0.015)

Bestfit: [0.071574] [0.088287] [0.083763]

𝐥𝐨𝐠(𝟏𝟎𝟏𝟎𝑨𝐬) 3.069 ± 0.026 3.091 ± 0.020 3.095 ± 0.019 [1.61 , 3.91]

Bestfit: [3.080345] [3.115583] [3.101780]

𝑵 > 81.8 > 86.1 > 89.1 [10 , 200]

Bestfit: [191.694030] [131.671060] [174.979570]

𝜶 – – – 𝛼 = 1
𝒏𝐬 0.9852+0.0051−0.0022 0.9856+0.0048−0.0020 0.9857+0.0045−0.0020

Bestfit: [0.989567] [0.984811] [0.988570]

𝒓 0.00073+0.00019−0.00051 0.00068+0.00017−0.00046 0.00067+0.00016−0.00043

Bestfit: [0.000327] [0.000692] [0.000392]

𝒘𝟎 – – – 𝑤0 ≃ −0.89
𝒘𝒂 – – – 𝑤𝑎 ≃ −0.16
𝜴𝒎 0.333 ± 0.013 0.3211 ± 0.0069 0.3187 ± 0.0064
Bestfit: [0.329088] [0.315778] [0.317430]

𝑯𝟎 65.37 ± 0.80 66.13 ± 0.48 66.28 ± 0.45
Bestfit: [65.555668] [66.438988] [66.413532]

𝝈𝟖 0.8129 ± 0.0072 0.8150 ± 0.0070 0.8151 ± 0.0070
Bestfit: [0.816935] [0.820810] [0.818648]

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟺 +0.28 +2.68 +2.02

𝛥𝜒2
𝙰𝙲𝚃−𝙳𝚁𝟼 −0.72 −0.68 −1.15

𝛥𝜒2
𝙱𝙺𝟷𝟾

+1.08 −0.53 −0.52

𝛥𝜒2
𝙱𝙰𝙾

– +0.34 +0.14

𝛥𝜒2
𝚂𝙽

– – −1.57

𝛥𝜒2
𝚝𝚘𝚝

+0.64 +1.81 −1.09
Table 7
Table summarizing 𝛥𝜒2

t ot for the three 𝛼 prior cases and the two CMB experiments in
ombination with BAO and SN data.
Prior P18+BK18+BAO+SN ACT+BK18+BAO+SN

𝛥𝜒2
t ot 𝛥𝜒2

t ot
𝛼 ∈ [0, 𝛼max ≫ 1] −0.06 −2.11
𝛼 ∈ [0, 7∕3] −0.20 −2.95
𝛼 = 1 +3.83 −1.09

• When adopting a broad prior 𝛼max ≫ 1, the data show good
agreement with the model. We consistently observe an improve-
ment in the 𝜒2 of the best fit when compared to the 𝜒2 of the
standard cosmological model for the same combination of data.
Although such improvement is not sufficient to conclude that
𝛼-attractor quintessential inflation is favored over 𝛬CDM, these
results demonstrate that connecting the two epochs of accelerated
expansion in the Universe within a framework that, in terms
of assumptions, is certainly more economical than the standard
cosmological model, does not lead to a deterioration of the fit to
cosmological observables, neither at early times (i.e., CMB) nor
at late times (i.e., BAO and SN), see also Table 7. Given that
in this model, we are constrained to a regime of quintessential
DE (well-known for predicting values of 𝐻0 that are typically
smaller than those observed in the standard cosmological model),
15 
it is important to note that in this case, we recover values of 𝐻0
consistent with 𝛬CDM, without exacerbating (or reducing) the
well-known tension surrounding the value of this parameter.

• When focusing on models inspired by supergravity and restricting
the prior to 𝛼 ∈ [0, 7∕3], the situation becomes somewhat more
intricate. On the one hand, we still observe an improvement in the
fit compared to 𝛬CDM for most data combinations, see Table 7.
However, limiting 𝛼 forces us into a more quintessential region
of the parameter space, reducing our freedom to move towards
the cosmological constant regime (see also Eqs. (3) and (4)). This
also implies that the values inferred for 𝐻0 in this case are lower
than in the standard cosmological model, increasing the Hubble
tension.

• The situation worsens when fixing 𝛼 = 1. In this case, the model
fixes DE parameters to non-standard values 𝑤0 = −0.89 and
𝑤𝑎 = −0.16 with no freedom left. Since in our model the value
of the sound horizon at recombination remains the same as in
𝛬CDM, to compensate for the effects produced by a quintessential
DE component in the angular diameter distance from the CMB,
𝐷𝐴(𝑧CMB), and preserve 𝜃𝑠 = 𝑟𝑠(𝑧CMB)∕𝐷𝐴(𝑧CMB), we need to
adjust other parameters involved in the calculation of 𝐷𝐴(𝑧CMB),
namely 𝐻0 and 𝛺𝑚. As both BAO and SN measurements accu-
rately determine 𝛺𝑚, when considering CMB and low-redshift

data together, to maintain a constant 𝐷𝐴(𝑧CMB) and preserve



W. Giarè et al.

i
a
p
e
a
u
p
r
o
t

r
s
i
W

D

I
f

a

Physics of the Dark Universe 46 (2024) 101713 
𝜃𝑠, we need to decrease the value of 𝐻0, significantly increas-
ing the Hubble tension. Additionally, in the presence of such
a quintessential component, we observe a significant worsening
in the fit compared to 𝛬CDM when including late-time data as
evident from Table 7.

Based on these considerations, we can certainly conclude that a
quintessential model allowing more freedom in 𝛼 seems to be the
preferred choice based on current observations. Interestingly, when
𝛼 > 1 the model predicts values of the tensor amplitude 𝑟 that could
be visible by future CMB probes.

6.2. Conclusions based on ACT CMB measurements

In Section 5, we explored the same three scenarios of quintessential
nflation, replacing the Planck data with temperature, polarization,
nd lensing measurements from ACT. This independent experiment
rovides a significant opportunity to test our results without relying
xclusively on Planck. Additionally, ACT exhibits a preference towards
 scale-invariant Harrison–Zel’dovich spectrum with 𝑛𝑠 ≈ 1, enabling
s to investigate the implications of approaching scale invariance. This
reference substantially alters the results obtained for inflationary pa-
ameters, as achieving 𝑛𝑠 ≈ 1 pushes 𝑁 to very large values. Depending
n the prior adopted for 𝛼, this can influence both predictions for the
ensor amplitude and the constraints on late-time cosmology:

• Exceedingly large values 𝛼 ≫ 1 were ruled out for Planck as
they increased the tensor amplitude 𝑟 too much. For ACT, large
values of 𝛼 can always be balanced by large values of 𝑁 that shift
𝑛𝑠 towards a scale-invariant spectrum. Such values are strongly
favored by ACT data, leading to a clear degeneracy between these
two parameters. Additionally, values 𝛼 ≫ 1 drive the parameters
describing the DE equation of state towards the cosmological
constant regime, providing a good fit to the late-time Universe, as
well. Therefore, we are now free to move towards 𝛼 ≫ 1 without
compromising the result on the tensor amplitude, which remains
consistent with B-mode polarization measurements.

• Restricting the prior to models inspired by supergravity reduces
our freedom to vary the parameter 𝛼. Consequently, we can no
longer compensate for large values of 𝑁 , significantly reduc-
ing the amplitude of tensor perturbations. Furthermore, akin to
Planck, at late times we are constrained to a quintessential DE
regime. For this reason, the model prefers lower values of 𝐻0
compared to 𝛬CDM.

• Both of these issues are exacerbated when fixing 𝛼 = 1. This
further reduces the amplitude of gravitational waves (now just
𝑟 = 12∕𝑁2) while leaving us with no freedom in late-time
parameters. With the model now grounded in the quintessential
regime, we infer significantly smaller values of 𝐻0 compared to
𝛬CDM, thereby increasing the Hubble tension.

Regardless of the prior adopted for 𝛼, an overall improvement in the
fit to ACT+BK18+BAO+SN is observed compared to 𝛬CDM, see also
Table 7. This improvement is mostly coming from ACT-DR6 lensing
data and SN measurements. However, the conclusion reached for the
Planck satellite remains mostly true: models that allow greater freedom
in 𝛼 seem to be the preferred choice to avoid further exacerbating the
Hubble tension.
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