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Abstract: The concept of a rapidly sign-switching cosmological constant, interpreted as a
mirror AdS-dS transition in the late universe and known as the ΛsCDM, has significantly
improved the fit to observational data, offering a promising framework for alleviating
major cosmological tensions such as the H0 and S8 tensions. However, when considered
within general relativity, this scenario does not predict any effects on the evolution of the
matter density contrast beyond modifications to the background functions. In this work,
we propose a new gravitational model in which the background dynamics predicted by
the ΛsCDM framework are mapped into f (T) gravity, dubbed f (T)-ΛsCDM, rendering
the models indistinguishable at the background level. However, in this new scenario,
the sign-switching cosmological constant dynamics modify the evolution of linear matter
perturbations through an effective gravitational constant, Geff. We investigate the evolution
of the growth rate and derive new observational constraints for this scenario using RSD
measurements. We also present new constraints in the standard ΛsCDM case, incorporating
the latest Type Ia supernovae data samples available in the literature, along with BAO
data from DESI. Our findings indicate that the new corrections expected at the linear
perturbative level, as revealed through RSD samples, can provide significant evidence in
favor of this new scenario. Additionally, this model may be an excellent candidate for
resolving the current S8 tension.

Keywords: cosmology; modified gravity; cosmological parameters

1. Introduction
Several extensions of general relativity (GR) have been proposed and extensively

studied to address key observational challenges in cosmology and astrophysics (see [1–5] for
reviews). Notably, modified gravity (MG) models, which introduce additional gravitational
degrees of freedom, extend the standard ΛCDM framework and can account for the
accelerated expansion of the universe at late times. Although many of these models fit
observational data well, they often lead to theoretical degeneracies where different models
yield similar observational signatures, complicating their differentiation. Among the viable
MG theories, those based on torsion, particularly the teleparallel equivalent of general
relativity (TEGR) [6], have gained significant attention due to their unique formulation of
gravity using torsion instead of curvature. In TEGR, where the Lagrangian is represented by
the torsion scalar T, the simplest extension is f (T) gravity, which generalizes the Lagrangian
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to a non-linear function of T (see [7–9] for reviews). This extension introduces additional
degrees of freedom that can potentially address current cosmological tensions, such as
the discrepancies in the Hubble constant H0 and the amplitude of matter fluctuations S8,
making f (T) gravity an attractive candidate for probing deviations from GR.

Increasingly precise measurements of cosmological parameters are challenging the
consensus on the ΛCDM model [10]. The most prominent discrepancy concerns the current
rate of cosmic expansion, quantified by the Hubble constant, H0. Analysis of Planck-CMB
data within the minimal ΛCDM framework yields H0 = 67.4 ± 0.5 km s−1 Mpc−1 [11],
which is in approximately 5σ tension with the local measurement reported by the SH0ES
team, H0 = 73.30 ± 1.04 km s−1 Mpc−1 [12]. Furthermore, multiple independent late-time
observations also suggest higher values for the Hubble constant, reinforcing the significance
of this tension (see discussions in [10,13,14]).

Cosmic shear surveys and Planck-CMB anisotropy measurements reveal another sig-
nificant discrepancy related to the weighted amplitude of matter fluctuations, defined as
S8 = σ8

√
Ωm/0.3, where σ8 characterizes the amplitude of matter fluctuations on scales of

8 h−1 Mpc, Ωm is the present-day matter density parameter, and h is the dimensionless re-
duced Hubble parameter, defined as h = H0/100 km s−1 Mpc−1. This so-called S8 tension,
which has direct implications for the growth of cosmic structures, has emerged alongside the
well-documented H0 tension, prompting significant interest in potential extensions to the stan-
dard ΛCDM paradigm (see reviews in [10,13,14]). The Planck-2018 CMB anisotropy analysis
under the ΛCDM framework reports a best-fit value of S8 = 0.834 ± 0.016 [11], indicating
a 2–3σ discrepancy when compared to results from cosmic shear surveys [15–17]. Redshift
space distortion (RSD) data further reveal a 2.2σ tension with Planck-2018 findings, measuring
S8 = 0.762+0.030

−0.025 [18]. When data from cosmic shear, real-space clustering, and RSD analyses
are combined within a modified gravity context, the growth tension escalates, increasing
from 3.5σ (using only f σ8 data) to 6σ when Eg measurements are incorporated [19]. These
persistent discrepancies, unlikely to be resolved by systematic errors alone, have motivated
comprehensive investigations into whether new physics beyond the standard model could
address these fundamental tensions.

On the other hand, it is well established that modifications to GR can significantly
influence the growth of density fluctuations, the formation of large-scale structures, and
CMB anisotropies, among other cosmological phenomena (see [1,2,5] for comprehensive
reviews). The f (T) gravity model, a prominent extension within modified gravity theories,
has been extensively studied using geometric data to compute the modified expansion
rate of the universe, characterized by the Hubble parameter H(z) [20–35]. Additionally, its
implications on sub-horizon scales have been investigated through analyses of the growth
rate of cosmic structures [23,36–40], while full CMB datasets have been employed to explore
its broader impacts on cosmic microwave background anisotropies [41–43].

Beyond their ability to explain the late-time accelerated expansion of the universe [44,45],
f (T) gravity models can lead to an effective dark energy (DE) that exhibits phantom and
phantom divide line (PDL) crossing behaviors [46–49]. The phenomenological DMS20
model [50] proposed that a PDL crossing at z∼0.1 is a promising candidate for alleviating
the H0 tension. However, a recent examination [51] showed that the DMS20 model’s
capacity to reach negative energy densities for z ≳ 2 and mimic a negative cosmological
constant at higher redshifts plays a critical role in mitigating this tension. This aligns with
the findings of the ΛsCDM model [52–54], which suggests an anti-de sitter (AdS) to de
Sitter (dS) transition in DE (interpreted either as an effective field arising from modified
gravity or as an actual field within the framework of GR) at redshift z†∼2, as conjectured
through the graduated dark energy (gDE) model [55]. It is important to highlight that the
values of z†∼2 are not arbitrarily fixed. Estimates for the transition redshift are obtained



Universe 2025, 11, 2 3 of 17

by allowing z to be a free parameter in robust statistical analyses using cosmological data
(see [52–54,56,57]). The ΛsCDM model has shown promise in addressing major tensions,
such as those involving H0 and S8. Recently, the dark energy spectroscopic instrument
(DESI) BAO data have provided evidence for dynamical DE with more than 2σ confidence
when using the Chevallier–Polarski–Linder (CPL) parameterization [58]. Moreover, non-
parametric DE reconstructions using the same data suggest that the DE density may become
negligible or even negative for z ≳ 1.5–2 [59,60]. This trend aligns with pre-DESI findings,
including those derived from SDSS BAO measurements [60–62]. The ΛsCDM model
provides one of the most economical frameworks for such a scenario, having only one
additional parameter compared to the standard ΛCDM model: the redshift of the AdS-to-
dS transition z†. Despite theoretical challenges initially anticipated in realizing the ΛsCDM
scenario, recent studies have proposed mechanisms to account for it, such as Casimir forces
in dark dimension models [63–65] and successfully embedding the ΛsCDM into a type II
minimally modified gravity known as VCDM [56,57]. This embedding elevates the ΛsCDM
model to a fully predictive framework. When considered within the framework of GR, the
ΛsCDM model modifies the background dynamics relative to ΛCDM while preserving the
equations of motion for perturbations. In contrast, the ΛsVCDM model, equipped with
a well-defined Lagrangian, introduces modifications in both the background evolution
and perturbative equations. Therefore, implementing the ΛsCDM framework in different
theories, particularly when a smooth transition is considered, would differ at the level of
linear perturbations even for the same background dynamics. Since observables depend
on both the background evolution and cosmological linear perturbation dynamics, it is
expected that different realizations of the ΛsCDM model will yield different constraints
from observational data. This allows us to further study, distinguish, and choose among
the theories in which the ΛsCDM scenario can be realized. Recently, it was shown through
the exponential infrared f (T) gravity model [66], which shows considerable potential in
addressing the cosmological H0 tension [67,68], that there could be previously overlooked
solution spaces holding even greater promise [51]. Specifically, by relaxing the customary
assumption of a strictly positive effective DE density, natural in general relativity, new
possibilities arise. It was demonstrated that ensuring consistency with CMB data, the model
yields the widely studied case of phantom behavior, while the previously overlooked case
features a sign-changing DE density that transitions smoothly from negative to positive
values at redshift z†∼1.5, aligning with recent approaches to alleviating cosmological
tensions. Following all these developments, it is compelling to attempt embedding the
ΛsCDM scenario into teleparallel f (T) gravity and investigate its feasibility. If possible,
studying this embedding could be valuable, as even for the same background dynamics, it
could introduce modifications in linear perturbations.

Building on these developments, the novel aspect of the present work is to map the
background dynamics predicted by the ΛsCDM model into the framework of f (T) gravity
theories. While both models are equivalent at the background level, they differ in their
predictions for linear perturbations. Given that the ΛsCDM class of models provides a
better fit to observational data than the standard ΛCDM model and effectively addresses
the H0 tension, our aim is to construct an f (T) gravity model whose background dynamics
replicate those of the ΛsCDM model. This approach ensures that f (T) gravity can also
tackle the H0 tension. However, this new scenario modifies the linear perturbations of
matter beyond the alterations in the Hubble parameter H(z), which are not accounted
for in the standard ΛsCDM dynamics. In this article, we will quantify the growth rate of
structures within this new model and derive new observational constraints using robust
redshift space distortion (RSD) datasets. A more comprehensive and detailed analysis of
the proposed model will be presented in a future communication.
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The manuscript is organized as follows. In Section 2, we briefly review the fundamental
aspects of the ΛsCDM model and f (T) gravity. We introduce a new parameter within this
gravitational framework that governs the linear perturbations and present the f (T)-ΛsCDM
model. In Section 3, we define the datasets and the statistical methodology employed to
analyze the data used in this work. In Section 4, we present and discuss our main results,
providing insights into the implications of the model. Finally, in Section 5, we conclude with a
summary of the key findings and outline future perspectives for further investigation.

2. The ΛsCDM Scenario in f (T) Gravity
The ΛsCDM paradigm is inspired by a recent conjecture proposing that the universe

underwent a spontaneous mirror AdS-dS transition, characterized by a sign-switching
cosmological constant (Λs) around z∼2 [52–55,69]. This conjecture arose from studies of the
graduated dark energy (gDE) model [55], which showed that a rapid, smooth transition from
an AdS-like to a dS-like dark energy component at z∼2 could mitigate major cosmological
tensions, such as the H0 and BAO Ly-α discrepancies [55]. The ΛsCDM model modifies the
standard ΛCDM by replacing the constant cosmological term (Λ) with a sign-switching
cosmological constant, which can be represented by sigmoid-like functions, such as
sgn x ≈ tanh kx for k > 1, with x as the redshift (z) or scale factor (a = 1/(1 + z)) in
a Robertson–Walker metric. A specific example is Λs(z) = ΛdS tanh[η(z† − z)], where
η > 1 controls the rapidity of the transition, and ΛdS = Λs0/ tanh[η z†]. For transitions
with η ≳ 10 around z†∼1.8, ΛdS ≈ Λs0 holds. In the limit η → ∞, the model becomes the
abrupt ΛsCDM model, a one-parameter extension of the standard ΛCDM model commonly
studied in the literature [52–54]. This limiting case is expressed as follows:

Λs(z) → Λs0 sgn[z† − z] for η → ∞, (1)

where Λs0 > 0 represents the present-day value of Λs(z), providing an idealized picture
of a rapid AdS-dS transition. While this phenomenological approach within GR has
been informative [52–54], it lacks a Lagrangian formulation necessary for probing the
model’s implications on other physical observables, such as solar system constraints and
cosmological linear perturbations. To address this limitation, we embed the smooth ΛsCDM
model into f (T) gravity. This approach is advantageous because f (T) gravity, a well-
defined extension of the teleparallel equivalent of general relativity (TEGR), allows for a
modification of GR through a Lagrangian based on the torsion scalar T rather than the
curvature scalar in GR. Embedding the ΛsCDM framework in f (T) gravity provides a
consistent theoretical basis for analyzing the model’s impact on both background and
perturbative levels. This embedding enables a comprehensive assessment of the model’s
viability against a wider range of cosmological and astrophysical observations, bridging
the gap between theoretical proposals and empirical tests. In this work, we consider a
smooth ΛsCDM model (implied by finite η) that alters the Hubble parameter H(z) of the
ΛCDM model by replacing the constant Λ with the following functional form for Λs(a):

Λs(a) = ΛdS tanh[ζ(a/a† − 1)], (2)

where we set ζ = 101.5 to model a fast transition that closely approximates the background
evolution of the abrupt ΛsCDM model. This approach retains the same number of free
parameters as the abrupt ΛsCDM model, with only one additional parameter, z†, defining
the AdS-dS transition redshift, compared to the standard ΛCDM model1. By embedding
this smooth ΛsCDM background into f (T) gravity, we provide a model with a Lagrangian
formulation that facilitates deeper exploration of its theoretical and observational properties.
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The action for generalized teleparallel gravity can be expressed as follows:

S =
1

2κ2

∫
d4x ||e|| f (T) + SM, (3)

where T denotes the torsion scalar, ||e|| = det
(
eµ

a) = √−g is the determinant of the tetrad
(or vierbein) field, and κ2 ≡ 8πG with G is Newton’s constant. The term SM represents
the action for matter fields, including baryons, cold dark matter (CDM), photons, and
neutrinos. We define the generalized teleparallel function as f (T) = T + F(T), where F(T)
encapsulates deviations from the teleparallel equivalent of general relativity (TEGR).

We assume that the background geometry of the universe is described by a spatially flat
Friedmann–Lemaître–Robertson–Walker (FLRW) metric. Thus, we consider the Cartesian
coordinate system (t; x, y, z) and the diagonal vierbein:

eµ
a = diag[1, a(t), a(t), a(t)], (4)

where a(t) is the scale factor and t is the cosmic time. This vierbein generates the spatially
flat FLRW spacetime metric:

ds2 = dt2 − a(t)2δijdxidxj. (5)

The teleparallel torsion scalar is then defined as follows:

T = −6H2, (6)

where H = ȧ/a is the Hubble parameter, and the overdot denotes differentiation with
respect to t.

By varying the action with respect to the vierbein, we derive the following field
equations:

e−1∂µ(eeρ
ASρ

µν)(1 + FT) + eρ
ASρ

µν∂µ(T)FTT

−(1 + FT)eλ
ATρ

µλSρ
νµ +

1
4

eν
A[T + F(T)]

= 4πGeρ
A

[
T (m)

ρ
ν + T (r)

ρ
ν
]
, (7)

where FT = ∂F/∂T, FTT = ∂2F/∂T2, and T (m)
ρ

ν and T (r)
ρ

ν are the energy–momentum
tensors for matter and radiation, respectively.

Substituting the vierbein (4) into the field Equation (7), we obtain the modified Fried-
mann equations:

H2 =
8πG

3
(ρm + ρr)−

F
6
+

TFT
3

, (8)

Ḣ = −4πG(ρm + Pm + ρr + Pr)

1 + FT + 2TFTT
, (9)

where ρm and ρr are the energy densities of matter and radiation, respectively, and Pm = 0
and Pr = ρr/3 are their corresponding pressures.

From the first Friedmann Equation (8), we identify that in f (T) cosmology, the modifi-
cations introduce an effective dark energy component of gravitational origin. Specifically,
we can express the effective dark energy density as follows:

ρDE ≡ 3
8πG

(
− F

6
+

TFT
3

)
. (10)
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To connect the model with observations, we introduce the following:

H2(z)
H2

0
=

T(z)
T0

, (11)

with T0 ≡ −6H2
0 as the present-day value of the torsion scalar. Henceforth, a subscript zero

on any quantity indicates its value at the present time. Furthermore, using the relations
ρm = ρm0(1 + z)3, ρr = ρr0(1 + z)4, we rewrite the first Friedmann Equation (8) in a more
observationally useful form [70]:

H2(z, r)
H2

0
= Ωm0(1 + z)3 + Ωr0(1 + z)4 + ΩF0y(z, r), (12)

where ΩF0 = 1 − Ωm0 − Ωr0, with Ωi0 = 8πGρi0
3H2

0
as the present-day density parameters.

The function y(z, r), normalized to unity at the present time, encodes the effects of f (T)
modifications and depends on the f (T) functional form parameters r1, r2, . . . [70]:

y(z, r) =
1

T0ΩF0
(F − 2TFT). (13)

In this work, we introduce a new parametric form for the function f (T), designed
to reproduce the background evolution of a smooth ΛsCDM model while allowing for
deviations at the level of linear perturbations. While ΛsCDM models typically conform
to general relativity (GR) regarding structure formation, especially in the evolution of
the matter density contrast δm, they do not inherently predict deviations from GR on
these scales. In contrast, we propose that such deviations can naturally arise within a
modified gravity framework represented by f (T). To explore this possibility, we consider
the following functional form:

F(T) = T0ΩF0 tanh
[

ζ

(
a
a†

− 1
)]

+ α
√
−T. (14)

Substituting (14) into (13), we find that the expansion rate of the universe, represented
by the function H(z), at the background level, remains approximately consistent with the
abrupt ΛsCDM scenario [52–54], as we model the AdS-to-dS transition using ζ = 101.5

for a rapid transition. At the background level, it also matches exactly with the smooth
ΛsVCDM model [56,57] (a smooth ΛsCDM framework embedded in type II minimally
modified gravity, known as VCDM) that was observationally examined in [57]. However,
the smooth f (T)-ΛsCDM model considered here deviates from these models at the level of
linear perturbations.

In the context of f (T) gravity, the equation for linear matter perturbations in the
subhorizon limit can be expressed as follows [38]:

δ̈m + 2Hδ̇m = 4πGeffρδm, (15)

where Geff denotes the effective Newton’s constant, which typically depends on both the
redshift z and the cosmic wave vector k. For the specific limits and datasets considered in
this work, Geff can be approximated as independent of k. Accordingly, to facilitate analysis,
we introduce the linear growth function D(a), defined as follows:

D(a) =
δ(a)
δ(1)

, (16)
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where D(a) is normalized such that D(1) = 1, representing its present-day value. By
employing conventional non-relativistic perturbation theory, we can rewrite (15) in terms
of conformal time (η) as follows:

D′′ +HD′ − D
(

3
2

Geff
G

a2ρ

)
= 0, (17)

where a prime denotes a derivative with respect to conformal time, H is the Hubble
parameter in conformal time units, and ρ represents the total matter density. Using the
quasi-static approximation and the modified Poisson equation in the context of f (T) gravity,
we have [41,71]:

Geff(z)
G

=
1

1 + FT
, (18)

where Geff(z) is the effective Newton’s constant that governs perturbations, while G is the
standard Newtonian constant that governs the background dynamics, such as H(z).

In our model, characterized by (14), this expression becomes:

Geff
G

=
1

1 + α
2
√

6H

, (19)

indicating that the parameter α directly modulates the gravitational strength, thereby alter-
ing structure growth predictions compared to the standard ΛCDM and ΛsCDM scenarios,
based on GR, in a specific manner. Substituting (19) into the modified perturbation equation
and using H = aH, we obtain the following:

D′′ +HD′ − 3
2

a2ρmD
(

1 − αa
2
√

6H

)
= 0, (20)

for small values of α (viz., α ≪ 2
√

6H a−1). From this equation, it is clear that if α > 0,
the effective gravitational strength is reduced, resulting in a suppression of the growth of
perturbations. Conversely, if α < 0, the effective gravitational strength is enhanced, leading
to an increase in the growth rate of perturbations.

Thus, the f (T)-ΛsCDM model under consideration, as defined in (14), can be regarded
as effectively equivalent to the widely studied phenomenological abrupt ΛsCDM model,
which assumes GR, at the background level when a fast AdS-to-dS transition epoch is
assumed. This makes our f (T)-ΛsCDM model nearly indistinguishable from the abrupt
ΛsCDM model based on current background-level observations. Additionally, similar to
the abrupt ΛsCDM model, our f (T)-ΛsCDM model matches the standard ΛCDM model’s
expansion rate, H(z), after the transition at z < z† (a > a†). However, as shown by (20),
differences arise at the linear perturbation level, governed by the parameter α, which
modifies the effective gravitational strength. When α = 0, the f (T)-ΛsCDM and abrupt
ΛsCDM models become equivalent at both the background and perturbative levels. Since
these deviations manifest solely at the perturbative level, α can only be constrained through
CMB data and structure formation observations. In this work, we specifically focus on
using RSD (redshift-space distortions) data to probe these perturbative differences and the
influence of α on the growth of cosmic structures.

With the main equations outlined, we now turn our attention to how structure for-
mation is affected, focusing particularly on linear scales. To efficiently assess the impact
on the evolution of matter perturbations, it is essential to compare theoretical predictions
with cosmological observables, such as redshift-space distortions (RSD). These distortions
result from velocity-induced effects that arise when mapping from real space to redshift
space due to the peculiar motions of objects along the line of sight. Such distortions intro-
duce anisotropies in the observed clustering patterns, which are directly influenced by the
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growth of cosmic structures. RSD measurements are sensitive to the combination f σ8(z),
or equivalently f (a)σ8(a), where σ8(a) represents the variance of the mass distribution
smoothed on a sphere of radius R = 8h−1Mpc, and f (a)is the logarithmic derivative of the
linear growth function D(a) = δm(a)/δm(1) with respect to the scale factor:

f (a) ≡ d ln D(a)
d ln a

, (21)

where the matter density perturbation δm is given by ρmδm = ρbδb + ρcδc, representing the
combined contributions from baryonic and cold dark matter.

Given these new properties, we refer to this class of models as f (T)-ΛsCDM gravity
models. In the following sections, we will explore the new observational constraints for
this scenario.

3. Data and Methodology
To derive constraints on the model baseline, we utilize the following datasets:

• Redshift Space Distortions (RSD): Numerous measurements of f σ8(z) from various
surveys are documented in the literature, each involving different assumptions and
subject to distinct uncertainties. Before incorporating any of these measurements, it is
essential to assess their internal consistency. Such an evaluation is undertaken using
a Bayesian model comparison framework, as detailed in ref. [72]. This framework
includes a comprehensive analysis of the f (z)σ8(z) measurements listed in Table I
of [72], encompassing 22 data points spanning the redshift range 0.02 < z < 1.944. We
refer to this dataset as RSD.

• Cosmic Chronometers (CC): Measurements of the expansion rate H(z) derived from the
relative ages of massive, early-time, passively evolving galaxies, known as cosmic
chronometers [73]. In our analyses, we conservatively use only a compilation of
15 CC measurements in the redshift range 0.179 ≲ z ≲ 1.965 [74–76], accounting for
all non-diagonal terms in the covariance matrix and systematic contributions. We refer
to this dataset as CC.

• Baryon Acoustic Oscillations (DESI-BAO): Baryon acoustic oscillation (BAO) measure-
ments provided by Dark Energy Spectroscopic Instrument (DESI) collaboration from
observations of galaxies and quasars [77] and Lyman-α tracers [78], as summarized
in Table I of Ref. [58]. These measurements consist of both isotropic and anisotropic
BAO data in the redshift range 0.1 < z < 4.2 and are divided into seven redshift bins.
The isotropic BAO measurements are represented as DV(z)/rd, where DV denotes
the angle-averaged distance normalized to the (comoving) sound horizon at the drag
epoch. The anisotropic BAO measurements include DM(z)/rd and DH(z)/rd, where
DM is the comoving angular diameter distance, and DH is the Hubble horizon. Addi-
tionally, the correlation between the measurements of DM/rd and DV/rd is also taken
into account. We refer to this dataset as DESI.

• Type Ia Supernovae (SN Ia): Type Ia supernovae act as standardizable candles, providing
a crucial method for measuring the universe’s expansion history and supporting
Λ-dominated models. In this work, we use the following recent samples:

(i) PantheonPlus: We incorporated SN Ia distance modulus measurements from
the PantheonPlus sample [79], which consists of 1550 supernovae spanning a
redshift range from 0.01 to 2.26. We refer to this dataset as PP.

(ii) Union 3.0: The Union 3.0 compilation, consisting of 2087 SN Ia, was presented
in [79]. Notably, 1363 of these SN Ia are common with the PantheonPlus sample.
This dataset features a distinct treatment of systematic errors and uncertainties,
employing Bayesian hierarchical modeling. We refer to this dataset as Union3.
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(iii) DESY5: As part of their Year 5 data release, the dark energy survey (DES)
recently published results from a new, homogeneously selected sample of
1635 photometrically classified SN Ia with redshifts spanning 0.1 < z < 1.3 [80].
This sample is complemented by 194 low-redshift SN Ia (shared with the Pan-
theonPlus sample) in the range 0.025 < z < 0.1. We refer to this dataset as DESY5.

In all analyses presented in this work, we incorporate state-of-the-art Big Bang nu-
cleosynthesis (BBN) data, comprising of measurements of the primordial abundances of
helium YP [81] and the deuterium measurement yDP = 105nD/nH [82]. It is known that the
BBN likelihood is sensitive to constraints on the physical baryon density ωb ≡ Ωbh2 and
the effective number of neutrino species Neff. We fix Neff = 3.046 in the present work. For
theoretical predictions, we use the baseline likelihood provided by the PArthENoPE 2.0
code [83].

All cosmological observables are computed with CLASS [84] and MontePython [85,86].
We assess the convergence of the Markov chain Monte Carlo (MCMC) chains using the
Gelman-Rubin parameter R − 1, requiring R − 1 < 0.01 for convergence. In our analyses,
we assume flat priors for all baseline parameters with wide ranges: ωb ∈ [0.0, 1.0], ωcdm ∈
[0.0, 1.0], σ8 ∈ [0.2, 2.0], z† ∈ [1.0, 5.0], and α ∈ [0, 1]. Values of α are assumed to be positive
to ensure the stability of model variations, maintaining a positive effective Newton’s
constant throughout the evolution of the matter density contrast. In the following sections,
we present and discuss our main results.

4. Main Results and Discussions
Table 1 summarizes our statistical results for the f (T)-ΛsCDM model, considering only

geometric measurements. In other words, it does not include the effects of the evolution
of matter density contrasts, i.e., RSD measurements. Essentially, these results represent a
revision of the discussions recently presented in [57]. As a novel aspect, we present updated
results incorporating the latest SNe Ia data from the DESY5 and Union 3.0 compilations. It
is important to emphasize that none of the results discussed here incorporate CMB data.
The inclusion of BAO+BBN in our analyses provides constraining power similar to that
of CMB data, as these scenarios predict only theoretical changes in the Hubble parameter
H(z). However, similar constraint strength does not imply identical correlations within the
parameter space of the baseline model. Therefore, the potential benefits of incorporating
CMB data will be addressed in a future study, as the perturbative developments in the
context of f (T) modified gravity are still underway.

Table 1. Marginalized constraints and mean values with 68% CL on the free and derived parameters
of the ΛsCDM model from combinations of the DESI, PP, Union3, DES5Y, and CC datasets.

Dataset PP+CC+DESI Union3+CC+DESI DES5Y+CC+DESI

Ωm 0.309+0.012
−0.011 0.307+0.013

−0.012 0.3232+0.0094
−0.0071

H0 69.60 ± 0.75 69.58 ± 0.75 69.62 ± 0.68
z† 2.96+0.46

−0.64 2.97+0.45
−0.64 2.77+0.74

−0.55

We begin by interpreting the redshift of transition from a combined analysis of PP, CC,
and DESI data. In this case, we find z† = 2.96+0.46

−0.64 at 68% CL, which is highly consistent
with previous estimates [52–54,57]. It is also important to highlight that our analysis
includes DESI data, which were not present in earlier studies. Following this, we consider
joint analyses of PP+CC+DESI, Union3+CC+DESI, and DESY5+CC+DESI, and we observe
similarly robust observational constraints on the parameter z†. As previously discussed
in [57], the inclusion of BAO data tends to keep the values of H0 lower compared to
local measurements inferred by the SH0ES team [12,87]. Figure 1 (left panel) presents the
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marginalized one- and two-dimensional distributions (68% and 95% CL) for the ΛsCDM
model, derived from geometric data analyses. This reanalysis incorporates updated DESI
data and the latest SNe Ia samples from the DESY5 and Union 3.0 compilations, offering
refined insights into the model. The estimates for z† remain consistent with previous
results [52–54,57].

Table 2 includes RSD data but only considers effects due to changes in the Hubble pa-
rameter, i.e., via a modified H(z) function. In other words, we assume α = 0 in all analyses
quantified in this table. From the perspective of the joint analysis PP+DESI+CC+RSD, we
find z† = 2.87+0.72

−0.53, which can be compared to z† = 2.96+0.46
−0.64 without RSD data. That is,

we observe a small gain in precision in the constraints, but the results remain consistent
with each other. We interpret a similar trend for the other analyses. On the other hand, the
inclusion of RSD now allows us to constrain the S8 parameter within this new scenario. In
general, we observe that S8 tends to remain at lower values across all analyses (see Table 2).
This trend is expected, as no effects on the growth function are being accounted for; instead,
we are only considering modifications in the H(z) function.

Table 2. Marginalized constraints and mean values with 68% confidence levels (CL) on the free
and some derived parameters of the f (T)-ΛsCDM framework, assuming a fixed α = 0, from the
combinations of the RSD, DESI, PP, Union3, DES5Y, and CC datasets.

Dataset PP+CC+DESI+RSD Union3+CC+DESI+RSD DESY5+CC+DESI+RSD

Ωm 0.299 ± 0.011 0.306 ± 0.012 0.322+0.010
−0.0072

H0 67.93 ± 0.16 69.58 ± 0.74 69.61 ± 0.69
σ8 0.759 ± 0.028 0.753 ± 0.027 0.740 ± 0.028
S8 0.758 ± 0.027 0.761 ± 0.027 0.767 ± 0.028
z† 3.09+0.32

−0.65 2.99+0.43
−0.65 2.73+0.84

−0.51

In Table 3, we present the results of our constraints, considering all theoretical cor-
rections predicted by the f (T)-ΛsCDM scenario. Specifically, we include the presence
of a transition, z†, while also treating α as a free parameter. The transition z† remains
consistent with all previously discussed cases, but significant impacts are now observed
in this scenario. The potential change in the growth function induced by f (T) gravity
through the parameter α introduces new correlations between the parameters H0 and S8

(see Figure 1). More specifically, α exhibits a positive correlation with both S8 and H0,
naturally leading to higher values for both parameters.

Table 3. Marginalized constraints and mean values with 68% CL on the free and some derived
parameters of the f (T)-ΛsCDM framework, assuming α as a free parameter, from combinations of
the RSD, DESI, PP, Union3, DES5Y, and CC datasets.

Dataset PP+CC+DESI+RSD Union3+CC+DESI+RSD DES5Y+CC+DESI+RSD

Ωm 0.311+0.012
−0.010 0.310+0.012

−0.011 0.320 ± 0.010
H0 69.56 ± 0.74 69.80 ± 0.70 68.56+0.49

−0.32
σ8 0.884 ± 0.034 0.876+0.027

−0.022 0.839 ± 0.017
S8 0.900+0.050

−0.045 0.890+0.043
−0.036 0.867 ± 0.031

α 0.00073+0.00027
−0.00033 0.00068+0.00024

−0.00029 0.00052+0.00019
−0.00024

z† 2.538+0.099
−0.25 2.65+0.25

−0.29 2.94+0.36
−0.60
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Figure 1. Marginalized posterior distributions and 68% and 95% CL contours for some selected
parameters of ΛsCDM model (left panel) and f (T)-ΛsCDM model (right panel) from different
combinations of datasets, as indicated in the legends.

As previously discussed, due to the presence of BAO data, even with the introduction
of a new positive correlation between α and H0, the values of H0 remain insufficient to
resolve the H0 tension. On the other hand, the new correlation in the α-S8 plane significantly
strengthens the constraints on the S8 parameter. It is important to note that, in the absence
of α, S8 exhibits lower values, as expected (see Table 2). From the perspective of interpreting
a potential tension in S8, this suggests that this new class of f (T)-ΛsCDM models has the
potential to resolve the S8 tension by increasing its value, thus making it compatible with
CMB measurements. Typically, this problem is approached in the opposite direction in
the literature, with models proposed to lower the expected values from CMB to match the
lower S8 measurements from large-scale structure observations.

Another interesting point is that the data show a significant preference for α ̸= 0
in all analyses conducted. For the combined analysis of PP+CC+DESI+RSD, we find
α = 0.00073+0.00027

−0.00033 at 68% CL. This joint analysis provides evidence for α > 0
at more than 2σ CL. We observe a similar trend in the Union3+CC+DESI+RSD and
DES5Y+CC+DESI+RSD analyses.

Thus, by considering linear perturbative effects not predicted in the standard ΛCDM
and ΛsCDM models based on GR, we identify a significant preference for modifications
in the growth function of structures. Figure 2 presents a statistical reconstruction of
the observable f σ8(z) at 2σ CL, along with the best-fit prediction from the combined
PP+CC+DESI+RSD analysis.

Figure 3 presents a theoretical reconstruction of the deceleration parameter q(z) us-
ing the joint analysis of DES5Y+CC+DESI data. This combination provides comparable
constraining power to any other dataset considered in this work for background-level pa-
rameter inference, effectively constraining the parameters necessary to predict q(z). From
z = 0 to z = 2, the behavior of q(z) follows the expected trend, aligning well with the
predictions of the standard ΛCDM model, including the transition from decelerated to ac-
celerated expansion at z∼0.55. Beyond z = 3, q approaches 0.5, consistent with the standard
cosmological model during a matter-dominated universe. As first suggested in ref. [57], our
model predicts an additional, temporary phase of accelerated expansion occurring shortly
after the AdS-dS transition begins. This phase emerges when the effective dark energy
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density becomes positive with an equation of state (EoS) less than −1, triggering a brief
period of accelerated cosmic expansion lasting for ∆z∼0.15 around z∼2.7. Subsequently,
the universe exits this temporary accelerated expansion phase and gradually approaches
the behavior predicted by the ΛCDM model near z∼2.5, corresponding to a stage before the
present-day accelerated expansion begins at z∼0.55. This distinct feature in the behavior of
q(z), induced by the rapid dynamics associated with a mirror AdS-dS transition, represents
a novel prediction of the smooth ΛsCDM model. Its potential to serve as smoking-gun
evidence or to falsify the model highlights the theoretical richness of this cosmological
framework. Since no direct observational data currently exist at z∼2.7, this prediction
strongly motivates future exploration of this redshift range in cosmological studies.

0.0 0.5 1.0 1.5 2.0 2.5 3.0
z

0.2

0.3

0.4

0.5

0.6

f
8(

z)

best-fit
RSD data

Figure 2. Statistical reconstruction of the theoretical prediction f σ8(z) at 2σ confidence levels for the
f (T)-ΛsCDM model through the joint analysis of PP+CC+DESI+RSD, compared to RSD measurements.
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z
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0.4

q(
z)

best-fit

Figure 3. Statistical reconstruction of the theoretical prediction q(z) for the f (T)-ΛsCDM model using
best-fit values obtained from the joint analysis of DES5Y, CC, and DESI data.

5. Final Remarks
The concept of a rapidly sign-switching cosmological constant, interpreted as a mirror

AdS-dS transition in the late universe at z ∼ 2 and known as the ΛsCDM, has significantly
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improved the fit to observational data, offering a promising framework for alleviating
major cosmological tensions such as the H0 and S8 tensions [52–54,56,57,69]. Within the
standard framework of general relativity (GR), these models predict alterations in the
universe’s expansion rate exclusively through modifications to the Hubble parameter H(z)
without influencing the rate of structure formation beyond what is expected from GR.

Conversely, the processes of structure formation and evolution provide crucial astro-
physical and cosmological insights into the dark sector of the universe and may even hint
at modifications to general relativity (GR). In this work, we propose a new cosmological
model that generalizes the frequently studied ΛsCDM model within the GR framework by
introducing a novel phenomenological parametrization within the f (T) gravity framework.
Dubbed the f (T)-ΛsCDM model, this framework remains indistinguishable from the stan-
dard ΛsCDM model based on GR at the background level but exhibits different behavior at
the level of linear perturbations, which has significant implications for structure formation
and cosmological observations.

The key results and contributions presented in this work can be summarized as follows:

• We update the observational constraints within the context of the ΛsCDM frame-
work using the latest BAO-DESI and SNe Ia measurements, incorporating the recent
DESY5 and Union3 compilations. The AdS-to-dS transition redshift z† is found to be
compatible with previous results reported in the literature.

• We introduce a novel gravitational model within the framework of f (T) gravity
that remains indistinguishable from the standard GR-based ΛsCDM model at the
background cosmological level but predicts differences in the growth rate of structures.
A new degree of freedom, α, is introduced to quantify these perturbative effects.

• We apply RSD data for the first time in both the context of the ΛsCDM model and the
newly proposed f (T)-ΛsCDM model in this work. With the inclusion of RSD data,
we find that α > 0 at more than 2σ confidence level (CL), suggesting that this model
fits the data better than the standard ΛCDM model.

• Due to a new positive correlation in the α-S8 plane, this scenario has the potential
to resolve the current observational S8 tension identified in large-scale structure
observations.

In conclusion, the f (T)-ΛsCDM model proposed in this work successfully implements
the ΛsCDM scenario within teleparallel f (T) modified gravity by introducing a new
degree of freedom through the parameter α. This parameter alters the growth rate of
cosmic structures without affecting the background cosmological evolution. Our results,
particularly the finding that α > 0 at more than 2σ CL using RSD data, indicate that this
new model provides a better fit to current observational datasets, including BAO and SNe
Ia. Furthermore, the positive correlation between α and S8 suggests that this model has the
potential to resolve the so-called S8 tension identified in LSS observations. Specifically, this
model predicts higher values for S8, making them more compatible with CMB data.

Future work will focus on extending our analysis by incorporating CMB data, which
is not included in the present study. The perturbative effects of f (T) gravity on CMB
anisotropies, particularly concerning linear growth and structure formation, remain an open
question. Including CMB data will provide a more comprehensive test of the f (T)-ΛsCDM
model and help clarify its potential for resolving the H0 and S8 tensions in a consistent
manner. As the framework of f (T) gravity continues to develop, further investigations into
non-linear effects and their implications for the late-time universe will also be crucial. These
efforts will pave the way for a more robust understanding of modified gravity theories and
their role in the evolution and dynamics of the cosmos.
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thank TUBITAK for their support. This article/publication is based upon work from COST Action
CA21136, addressing observational tensions in cosmology with systematics and fundamental physics
(CosmoVerse) supported by COST (European Cooperation in Science and Technology).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Note
1 Larger finite values of ζ are theoretically possible but would be indistinguishable with current cosmological data. Additionally,

for ζ = η(1 + z), Equation (2) aligns with Λs(z) = ΛdS tanh[η(z† − z)]. Since both η and ζ are relevant around z ∼ z† for rapid
transitions, this transformation is effectively a scaling, ζ ≈ η(1 + z†). Here, we assume η is fixed, as in [57].
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