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Abstract. In this work, we investigate the cosmological dynamics of the f(Q,T ) =
αQ+βT gravity model by considering a time-dependent scale factor as a(t) = (sinh(λt))1/n.
The corresponding field equations are solved to obtain the cosmological parameters
in terms of redshift. The model parameters are constrained employing observational
datasets consisting of Hubble, DESI BAO, and Union3 supernova data using the
Markov Chain Monte Carlo (MCMC) method. The physical behavior of the derived
model is examined by analysis of the deceleration parameter,pressure, energy density,
equation of state parameter, and the Om(z) diagnostic, while the physical credibility of
the model is investigated using the energy conditions. Collectively, the model provides
a consistent description of the accelerated expansion of the Universe at late-times and
remains compatible based on observational data.
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1 Introduction

Understanding the dynamical evolution of the Universe remains one of the central problems
in modern cosmology, particularly in explaining its transition from an early decelerated
phase to the present accelerated phase [1,2]. This transition has been strongly supported by
various independent observations, which have significantly shaped our current understand-
ing of cosmic dynamics [3]. Observational evidence from Type Ia Supernovae [1,2,4], cosmic
microwave background radiation [5,6], and baryon acoustic oscillations [7,8] has firmly es-
tablished that the Universe is currently undergoing an accelerated expansion phase [9–11].
This unexpected behavior has motivated extensive efforts to identify a consistent theoret-
ical framework capable of explaining the late-time acceleration of the Universe [3,12,13].
Although General Relativity has been highly successful in describing gravitational phenom-
ena, it faces difficulties in describing the late-time cosmic acceleration and the dark sector of
the Universe [10,14]. These limitations have encouraged the development of modified theo-
ries of gravity, where the standard Einstein-Hilbert action is extended to include additional
geometrical or matter contributions [15–18]. Different approaches, including f(R), f(R, T )
and teleparallel gravity, have been widely investigated in this direction [19–22].

Among these, symmetric teleparallel gravity where gravitation is described by non-
metricity, the f(Q) theory [23] was introduced as a natural generalization to explain cosmic
acceleration without invoking dark energy [24–27]. Motivated by effective low-energy ap-
proaches to gravity and the possibility of matter–geometry interaction, this framework was
further extended to f(Q,T ) gravity [28], where the gravitational Lagrangian is expressed
as a function of both Q and the trace of the energy-momentum tensor T . The presence
of the T term introduces a direct coupling between matter and geometry, which can sig-
nificantly affect the cosmological dynamics and provides additional flexibility in describing
the evolution of the Universe [29–31]. Consequently, f(Q,T ) gravity has recently attracted
considerable attention as a promising modified gravity theory with significant applications
in modern cosmology [32–35]. In the present work, we consider a linear form of the func-
tion given by f(Q,T ) = αQ + βT , and study its cosmological implications [28,36]. The
field equations are solved by adopting a suitable time-dependent scale factor [37], and the
resulting cosmological quantities such as energy density and pressure and equation of state
parameter are obtained.

To examine the dynamical behavior of the model, we analyze the evolution of the decel-
eration parameter, which describes the transition from decelerated expansion to accelerated
expansion of the Universe [38,39]. In addition, the equation of state parameter is stud-
ied to examine the nature of the cosmic fluid. The physical viability of the model is later
investigated by analysis of energy conditions. The observational consistency of the model
is tested using Markov Chain Monte Carlo (MCMC) techniques with Hubble, DESI-BAO,
and Union3 datasets [40–54]. The obtained constraints are used to study the evolution of
cosmological parameters and to examine the model behavior against the standard cosmo-
logical scenario.Thus, the work provides a consistent framework to study the cosmological
evolution of the Universe in f(Q,T ) gravity [28,55] and explores its capability to describe
the transition from deceleration to acceleration in agreement with observations.

This research is motivated by the aim of investigating the nature of the accelerated ex-
pansion of the Universe beyond standard dark energy paradigm. Such a framework enables
the study of the combined influence of non-metricity scaler Q and the trace T of the energy–
momentum tensor on the dynamical evolution of the cosmos within modified gravity theory.
Thus, the f(Q,T ) gravity framework is adopted in the present work to investigate cosmic
acceleration in the presence of matter–geometry coupling. Using observational Hubble data
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in reconstruction methods provides an effective approach for examining the consistency of
theoretical models with current cosmological observations and constraining their parameters.
These investigations can improve our understanding of cosmic acceleration, structure forma-
tion, and possible modifications to General Relativity on large cosmological scales. Future
applications of this research employ the use of machine learning algorithms and Bayesian
statistical techniques for more accurate estimation of cosmological parameters with forth-
coming observational datasets. In addition, reconstructed f(Q,T ) gravity models may offer
valuable perspectives on dark energy behavior, gravitational physics, and the evolution of
the early and late Universe.

The remainder of the paper is organized as follows. In Section 2, the basic framework of
f(Q,T ) gravity and the corresponding field equations. Section 3 is devoted to the analysis
of cosmological quantities, involving the deceleration parameter, energy density, pressure,
equation of state parameter, Om(z) diagnostic, and energy conditions, to study the cos-
mological evolution of the model. Section 4 is devoted to the observational viability of the
model using different observational datasets and statistical analysis. Section 5 summarizes
the results and presents a detailed discussion of the present work. And Section 6 provides
the conclusions and future perspectives.

2 Framework of f(Q, T ) Gravity and Solution of Field
Equations

The gravitational action in f(Q,T ) gravity defined as [28]

S =
1

16π

∫
f(Q,T )

√
−g d4x+

∫
Lm

√
−g d4x, (2.1)

where Q is the non-metricity scalar, T is the trace of the energy-momentum tensor, f(Q,T )
is an function of Q and T , Lm is the matter Lagrangian density, and g = det(gµν).

The non-metricity scalar Q is given by [25]

Q = −gµν(LαβµL
β
να − LαβαL

β
µν), (2.2)

where Lαβγ denotes the disformation tensor

Lαβγ = −1

2
gαλ(∇γgβλ +∇βgγλ −∇λgβγ). (2.3)

The traces of the non-metricity tensor are expressed as

Qα ≡ Q µ
α µ, Q̃α ≡ Qµ

αµ. (2.4)

Pαµν is the superpotential tensor given by [28]

Pαµν =
1

4

[
−Qα

µν + 2Q α
(µ ν) +Qαgµν − Q̃αgµν − δα(µQν)

]
= −1

2
Lαµν +

1

4
(Qα − Q̃α)gµν −

1

4
δα(µQν).

(2.5)

In terms of superpotential, the nonmetricity scalar which is

Q = −QαµνP
αµν . (2.6)
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In addition, the energy–momentum tensor is known to be defined as

Tµν = − 2√
−g

δ(
√
−gLm)

δgµν
, (2.7)

and

Θµν = gαβ
δTαβ
δgµν

. (2.8)

Then the field equations by varying the gravitational action (2.1) w.r.t the components of
the metric tensor are obtained as

8πTµν = − 2√
−g

∇α

(
fQ

√
−gPαµν

)
− 1

2
fgµν + fT (Tµν +Θµν)− fQ

(
PµαβQ

αβ
ν − 2Qα

βµP
β
αν

)
.

(2.9)
Now, let us assume that the Universe is described by the homogeneous, isotropic and spa-
tially flat FLRW metric given by

ds2 = −dt2 + a2(t)δijdx
idxj , (2.10)

where a(t) denotes the scale factor. The expansion rate is expressed in terms of the scale
factor as H = ȧ

a . The function H represents the Hubble parameter and the non-metricity
given by Q = 6H2

From (2.9) and (2.10), the field equations [28] are obtained as

8πρ =
f

2
− 6FH2 − 2G̃

1 + G̃
(ḞH + FḢ), (2.11)

and

8πp = −f

2
+ 6FH2 + 2(ḞH + FḢ). (2.12)

Here, (·) denotes differentiation with respect to cosmic time, while F ≡ fQ = ∂f/∂Q and
8πG̃ ≡ fT = ∂f/∂T . The relation 8πG̃ ≡ fT defines G̃ and does not assume fT to be
constant in the general f(Q,T ) framework.

Combining (2.11) and (2.12), the evolution equation for the Hubble function H takes
the form

Ḣ +
ḞH

F
=

4π

F
(1 + G̃)(ρ+ p). (2.13)

In terms of the effective pressure and effective energy density, the field equations take the
form

3H2 = 8πρeff =
f

4F
− 4π

F

[
(1 + G̃)ρ+ G̃p

]
, (2.14)

2Ḣ + 3H2 = −8πpeff =
f

4F
− 2ḞH

F
+

4π

F

[
(1 + G̃)ρ+ (2 + G̃)p

]
. (2.15)

The effective thermodynamic quantities satisfy the following conservation equation:

ρ̇eff + 3H(ρeff + peff) = 0. (2.16)
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3 Mathematical Formulation, cosmological evolution and
Dynamical Quantities

We consider a linear f(Q,T ) gravity model as

f(Q,T ) = αQ+ βT, (3.1)

where α and β are constant parameters. For this linear form, the derivatives reduce to
fQ = α and fT = β, and hence G̃ = β/(8π) is constant. These relations simplify the
Friedmann equations (2.11) and (2.12) for our model.

The linear form is considered to keep the contributions of Q and T explicit and to study
the matter–geometry coupling without introducing additional nonlinear terms. The model
provides a convenient framework for cosmological evolution described by the non- metricity
scaler Q and the trace of the energy momentum tensor T .

From the first field equation, we obtain the energy density.

ρ =
α
[
β
(
1 + 3β

2

)
Ḣ − 3

2 (2 + 5β + 3β2)H2
]

(1 + 3β + 2β2)
(
1 + 3β

2

) . (3.2)

In same way, we get the pressure p from the second equation.

p =
(1 + 3β

2 )(2αḢ + 3αH2)− 3αβ
2 H2

1 + 3β + 2β2
. (3.3)

The equation of state parameter is defined as ω = p
ρ and it becomes

ω =
(1 + 3β

2 )2(2Ḣ + 3H2)− 3β
2 (1 + 3β

2 )H2

β
(
1 + 3β

2

)
Ḣ − 3

2 (2 + 5β + 3β2)H2
. (3.4)

The standard approach in the cosmological modeling, we consider the Hubble parameter
in a parametrized form and we consider a time-dependent deceleration parameter, which
is consistent with recent observational evidence indicating a transition from decelerated to
accelerated expansion of the universe. The corresponding scale factor can be obtained, which
helps in analyzing the evolution of the universe [56–58].

Following the standard parametrization approach, we consider a suitable form of the
scale factor to describe cosmic evolution. Hence, we assume the scale factor as [56,59]

a(t) = (sinh(λt))
1
n ,

where λ and n are positive constants. This form is employed because it gives simple an-
alytical expressions for the Hubble and deceleration parameters and provides a convenient
description of the cosmic evolution. The corresponding Hubble parameter is given as

H(t) =
λ coth(λt)

n
.

To describe the cosmological evolution in terms of redshift, we use

1 + z =
a0
a(t)

,
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where a0 is the present value of the scale factor.
The energy density is obtained as a function of cosmic time and subsequently expressed

in terms of the redshift.

ρ(t) =
αλ2

(1 + 3β + 2β2)
(
1 + 3β

2

) [
−β

n

(
1 +

3β

2

)
csch2(λt)− 3

2n2
(2 + 5β + 3β2) coth2(λt)

]
,

(3.5)

ρ(z) = − αλ2

n2(1 + β)(1 + 2β)

[
3(1 + β)

(
1 + (1 + z)2n

)
+ βn(1 + z)2n

]
. (3.6)

The pressure is determined in terms of cosmic time and then converted into redshift space.

p(t) =
αλ2

1 + 3β + 2β2

[
− 2

n
(1 +

3β

2
)csch2(λt) +

3

n2
(1 + β) coth2(λt)

]
, (3.7)

p(z) =
αλ2

n2(1 + β)(1 + 2β)

[
3(1 + β)

(
1 + (1 + z)2n

)
− n(2 + 3β)(1 + z)2n

]
. (3.8)

Using the above expressions, we obtain the equation of state parameter, which is further
obtained in terms of redshift.

ω(t) =

(
1 + 3β

2

) [
− 2
n

(
1 + 3β

2

)
csch2(λt) + 3

n2 (1 + β) coth2(λt)
]

[
−β
n

(
1 + 3β

2

)
csch2(λt)− 3

2n2 (2 + 5β + 3β2) coth2(λt)
] , (3.9)

ω(z) = −
3(1 + β)

(
1 + (1 + z)2n

)
− n(2 + 3β)(1 + z)2n

3(1 + β) (1 + (1 + z)2n) + βn(1 + z)2n
. (3.10)

Thus, the Hubble parameter is expressed as a function of the redshift z

H(z) = H0

[
1 + (1 + z)2n

2

] 1
2

. (3.11)

At the present epoch, the relation H0 =
√
2λ/n gives λ using the best-fit values n = 1.315

and H0 = 71.316.
The deceleration parameter q(z) is a fundamental quantity describing the expansion

dynamics of the Universe. The evolution of q(z) is presented in Fig. 1, where it can be seen
that q(z) remains positive at higher redshifts and becomes negative at lower redshifts.

The expression for the deceleration parameter is given by

q(z) = −1 +
n(1 + z)2n

1 + (1 + z)2n
. (3.12)

This behavior indicates a transition from an early decelerated phase to a late-time ac-
celerated expansion. The transition redshift zt, determined by the condition q(zt) = 0, is
evaluated as zt ≈ 0.548 for the present model, we get the constraint in the range 1 < n < 2,
which ensures the physical viability of model.The present value q0 < 0 confirms that the
Universe exhibits accelerated expansion at the present epoch.

For the graphical analysis, we fix α = −1 and use the observationally constrained value
n = 1.315. In the convention adopted in this work, the uncoupled limit β = 0 gives
8πρ = −3αH2. Therefore, α = −1 recovers the standard first Friedmann equation. For the
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Figure 1: Evolution of the deceleration parameter q(z) versus Redshift z

present value of n, the positive coupling branch begins close to the critical value βc ≃ 0.392,
associated with an approximately matter-like high-redshift behaviour. Thus, we use the rep-
resentative values β = 0.40, 1.00, and 2.00 to examine the influence of the matter–geometry
coupling on the cosmological evolution. The same set of parameters is used consistently in
the following physical analysis.

Figure 2: Evolution of the normalized energy density ρ(z)/ρ0 with redshift z for α = −1
and different representative values of β.

The evolution of the normalized energy density ρ(z)/ρ0 is shown in Fig. 2 for different
representative values of the coupling parameter β. The normalized energy density remains
positive throughout the considered redshift range and increases monotonically with z, in-
dicating a larger energy density at earlier epochs.The three curves follow nearly the same
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evolutionary pattern, although a slight increase in ρ(z)/ρ0 is observed for larger values of β.
This shows that the energy-density evolution is only mildly sensitive to the matter–geometry
coupling in the considered parameter range. Compared with the ΛCDM curve, the present
model exhibits a similar overall growth with redshift, with a modest deviation becoming
visible at higher z. Such deviations from the standard cosmological evolution are relevant
when examining dynamical alternatives to the cosmological-constant scenario [60,61].

Figure 3: Evolution of the normalized pressure p(z)/ρ0 with redshift z for α = −1 and
different representative values of β.

As illustrated in Fig. 3, the normalized pressure p(z)/ρ0 shows a noticeable dependence
on the coupling parameter β. For larger values of β, the pressure is positive at higher
redshift and crosses the zero-pressure line during the cosmic evolution, becoming negative
towards the present epoch. In contrast, the lower-β case remains negative and shows a
comparatively mild variation. Thus, the pressure evolves towards more negative values as
the redshift decreases, indicating that the negative-pressure contribution becomes important
at late times. This behaviour is consistent with the accelerated phase of cosmic evolution
[62]. The dashed ΛCDM curve is included as a reference for comparison with the dynamical
pressure predicted by the present model.

Figure 4 presents the behaviour of the equation-of-state parameter ω(z) for different
representative values of β. At higher redshift, ω(z) remains close to zero, showing an ap-
proximately matter-like behaviour. As the Universe evolves towards the present epoch, ω(z)
becomes more negative and enters the range −1 < ω < −1/3, indicating a quintessence-like
regime [63,64].The coupling parameter β affects the magnitude of ω(z), with larger values of
β giving comparatively less negative values of the equation of state. This late-time negative-
pressure behaviour is consistent with the accelerating phase obtained from the background
evolution.



Arti
cle

in
pre

ss
10 Adesh Meshram et al.

Figure 4: Evolution of the equation-of-state parameter ω(z) with redshift z for α = −1 and
different representative values of β. The dashed line denotes the cosmological-constant limit
ω = −1.

Figure 5: Evolution of the Om(z) diagnostic with redshift z for n = 1.30, 1.315, and 1.33,
where n = 1.315 represents the best-fit value.

3.1 Model Discrimination via the Om(z) Diagnostic
The Om(z) diagnostic [65,66] provides a useful geometrical test of the cosmic expansion
history and is defined as

Om(z) =
E2(z)− 1

(1 + z)3 − 1
, (3.13)

where E(z) = H(z)/H0. For the ΛCDM model, Om(z) remains constant with redshift,
whereas its variation can distinguish different dark-energy behaviours. A decreasing Om(z)
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with increasing redshift is associated with a quintessence-like evolution [67], while an in-
creasing trend corresponds to a phantom-like behaviour.

For the present model, Fig. 5 presents the Om(z) diagnostic for the best-fit value
n = 1.315 together with the representative neighbouring values n = 1.30 and 1.33. All
three trajectories decrease smoothly as the redshift increases, indicating a quintessence-like
cosmological behaviour. The same qualitative trend is preserved around the best-fit value,
showing that this behaviour is not restricted to a single choice of n. Moreover, larger val-
ues of n shift the Om(z) trajectory towards higher values, reflecting the sensitivity of the
expansion history to the model parameter.

3.2 Analysis of Energy Conditions

Energy conditions provide an important test of the physical behaviour of cosmological models
and are widely used to examine different phases of cosmic evolution in modified gravity
[68,69].For the analysis presented in Fig. 6, we fix α = −1 and consider the representative
coupling value β = 1, while the remaining parameters are taken from their adopted best-fit
values.

From Fig. 6, the quantities ρ + p and ρ − p remain positive over the entire redshift
range, indicating that the NEC and DEC are satisfied, while the positive energy density
also supports the WEC. The main feature is observed in ρ + 3p, which changes sign near
the present epoch and becomes negative below approximately z ≃ 0.11. This indicates the
violation of the SEC in the late-time region, consistent with the accelerated phase of cosmic
evolution [70]. This result also agrees with the quintessence-like behavior obtained from the
equation of state.

Figure 6: Redshift evolution of the null, dominant, and strong energy conditions for α = −1
and the representative coupling value β = 1.
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4 Observational Viability of the Model

Hubble Dataset
In this present work, we make use of the observational Hubble parameter data, which pro-
vide information about the expansion rate of the Universe across various redshifts. The data
set consists of 30 data points that cover the redshift range 0.07 ≤ z ≤ 1.965. These mea-
surements are mainly obtained using the differential age cosmic chronometer method, where
the expansion rate is determined from the variation of redshift with cosmic time [71–76].

The Hubble function H(z) is defined as

H(z) = − 1

1 + z

dz

dt
. (4.1)

To compare the theoretical model with observations, we use the standard chi-square mini-
mization technique given by [77]

χ2
H =

30∑
i=1

[Hth(zi)−Hobs(zi)]
2

σ2
H(zi)

, (4.2)

where Hth, Hobs, and σH(zi) represent the theoretical value, observed value, and the corre-
sponding uncertainty of the Hubble parameter, respectively. The H(z) data points used in
this work are listed in Table 1.

Table 1: Compilation of observational measurements of the Hubble parameter H(z).
z H(z) σH Ref. z H(z) σH Ref.

0.070 69 19.6 [78] 0.4783 80.9 9 [81]
0.090 69 12 [79] 0.480 97 62 [82]
0.120 68.6 26.2 [78] 0.593 104 13 [80]
0.170 83 8 [79] 0.6797 92 8 [80]
0.1791 75 4 [80] 0.7812 105 12 [80]
0.1993 75 5 [80] 0.8754 125 17 [80]
0.200 72.09 29.6 [78] 0.880 90 40 [82]
0.270 77 14 [79] 0.900 117 23 [79]
0.280 88.8 36.6 [78] 1.037 154 20 [80]
0.3519 83 14 [80] 1.300 168 17 [79]
0.400 95 17 [79] 1.363 160 33.6 [83]
0.4004 77 10.2 [81] 1.430 177 18 [79]
0.4247 87.1 11.2 [81] 1.530 140 14 [79]
0.4497 92.8 12.9 [81] 1.750 202 40 [79]
0.3802 83 13.5 [81] 1.965 186.5 50.4 [83]

DESI BAO Datasets
We use the DESI Year-1 BAO dataset which contains 12 data points obtained from multiple
tracers, including Bright Galaxy Samples (BGS), Luminous Red Galaxies (LRGs), Emission
Line Galaxies (ELGs), and quasars (QSO), and dataset covers the redshift range 0.295 ≤
z ≤ 2.33 [84–87].
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The BAO observations provide geometrical constraints through the scaled distance quan-
tities DM (z)/rd, DH(z)/rd, and DV (z)/rd, where rd denotes the sound horizon at the drag
epoch [88].

Here, DH(z) is the Hubble distance and DM (z) denotes the transverse comoving distance,

DM (z) ≡ c

∫ z

0

dz′

H(z′)
, DH(z) ≡ c

H(z)
, (4.3)

The volume-averaged distance DV (z) is defined as

DV (z) ≡
[
z D2

M (z)DH(z)
]1/3

. (4.4)

Table 2: DESI BAO measurements across different redshift values.
Redshift z Observable Tracer Measured Value

0.295 DV /rd BGS 7.93
0.51 DM/rd LRG1 13.62
0.51 DH/rd LRG1 20.98
0.71 DM/rd LRG2 16.85
0.71 DH/rd LRG2 20.08
0.93 DM/rd LRG3+ELG1 21.71
0.93 DH/rd LRG3+ELG1 17.88
1.32 DM/rd ELG2 27.79
1.32 DH/rd ELG2 13.82
1.49 DV /rd QSO 26.07
2.33 DM/rd Lyα QSO 39.71
2.33 DH/rd Lyα QSO 8.52

Union 3 Datasets
We use Type Ia supernova data from the Union 3 compilation Type Ia supernovae are
well established standard candles and are widely used to study the expansion history of the
Universe [89–91]. The full Union3 sample contains a large number of supernova observations.
However, for the present analysis, we consider a subset of 22 data points covering the redshift
range 0.05 ≤ z ≤ 2.26.

The observable quantity is the distance modulus, defined as

µ(z) = m−M = 25 + 5 log10

(
dL(z)

Mpc

)
, (4.5)

The luminosity distance dL(z) is given by

dL(z) = c (1 + z)

∫ z

0

dz′

H(z′)
. (4.6)

These observational data are utilized to constrain the cosmological model through compar-
ison with the theoretical predictions.

Fig 7 displays the MCMC Marginalized distributions and confidence regions for the pa-
rameters H0 and n inferred from the Hubble dataset. The corresponding MCMC contour
analysis for the combined Hubble+DESI BAO dataset is presented in Fig 9, while Fig 11
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Figure 7: Marginalized distributions and confidence regions for the parameters H0 and n
inferred from the Hubble dataset

Figure 8: Observational H(z) measurements with error bars together with the ΛCDM model.

illustrates the MCMC posterior behavior for the combined Hubble+DESI BAO+Union3
observational dataset. The off–diagonal panels represent the two–dimensional confidence
contours between the model parameters, whereas the diagonal panels denote the associated
one-dimensional marginalized distributions obtained from the Markov Chain Monte Carlo
(MCMC) analysis. In these contour plots, the darker inner shaded regions correspond to
the 1σ (68%) confidence level, indicating the region most consistent with the observational
data, while the lighter outer shaded regions denote the 2σ (95%) confidence level with com-
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Figure 9: Confidence regions and posterior distributions corresponding to the parameters
H0 and n constrained by the Hubble, DESI BAO and Combined datasets.

Figure 10: Combined Hubble + DESI BAO observational data with error bars compared
with ΛCDM model

paratively broader parameter uncertainties. It can be clearly noticed that the inclusion of
additional observational datasets leads to progressively tighter and more compact confidence
contours, reflecting improved constraints on the cosmological parameters H0 and n. In par-
ticular, the combined Hubble+DESI BAO+Union3 dataset provides more restricted bounds
on the parameters compared to the individual datasets, indicating improved precision and
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Figure 11: Confidence regions and marginalized distributions for the parameters H0 and n
derived from the Hubble, DESI BAO, Union3 and Combined datasets

Figure 12: Combined Hubble + DESI BAO + Union3 observational data compared with
the ΛCDM model

stability of the obtained cosmological results. Moreover, the overlap and smooth behavior
of the posterior distributions indicate a well-converged MCMC analysis and support the
consistency of the obtained parameter estimations with recent cosmological observations.

Fig 8 shows the comparison of the Hubble parameter H(z) with the observational Hubble
data and the ΛCDM model. The blue curve represents the best-fit behavior of the present
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Table 3: Best-fit parameter estimates and associated 1σ confidence limits obtained from
observational data.

Data used Parameters Best fit values

Hubble
H0 65.911+2.280

−2.409

n 1.294+0.088
−0.085

Hubble + DESI BAO
H0 67.009+0.540

−0.997

n 1.320+0.019
−0.019

rd 143.548+2.460
−2.068

Hubble+DESI BAO+Union3
H0 71.316+0.697

−0.701

n 1.315+0.019
−0.018

rd 135.330+1.570
−1.526

Table 4: Statistical estimators of the model derived from various observational datasets.
Data used χ2 Red χ2 AIC BIC ∆AIC ∆BIC

Hubble 14.943 0.534 18.943 21.746 0.402 0.402
Hubble + DESI BAO 31.757 0.814 37.75 42.97 7.484 7.484

Hubble+DESI BAO+Union3 47.116 0.772 53.11 59.59 9.943 9.943

model, while the black dashed curve denotes the prediction ΛCDM. It is observed that the
Hubble parameter increases smoothly with redshift, illustrating the expansion behavior of
the Universe at distinct cosmic epochs. The model follows the observational trend quite
well and remains close to the ΛCDM curve over most of the redshift region, showing good
agreement with the available Hubble observations.

Fig 10 displays the comparison of the combined Hubble+ DESIBAO observational data
with the ΛCDM model. It can be observed that the Hubble parameter increases continuously
with increasing redshift, reflecting the continuous expansion of the Universe over distinct
stages of cosmic evolution. The obtained model remains close to prediction throughout
ΛCDM for the redshift region considered and a reliable and physically consistent description
of the current cosmological observations. Fig 12 establishes the comparison between the
combined Hubble+ DESIBAO +Union3 observational data set and the ΛCDM model. It
can be noticed that the Hubble parameter increases steadily with redshift, depicting the
expansion pattern of the Universe over different cosmological periods and seen that the
best-fit model obtained remains very close to the ΛCDM behavior throughout the redshift
interval and follows the observational data points with good accuracy. This implies that
the present analysis exhibits strong consistency with current observational evidence and
supports the viability of the proposed cosmological model.

Table 3 presents the best-fit parameter estimates together with their corresponding 1σ
confidence intervals of H0 and n derived from the Hubble, Hubble+DESIBAO, and Hub-
ble+DESIBAO+Union3 observational datasets through the MCMC analysis. These obser-
vationally constrained parameter values are used in subsequent cosmological analysis and
graphical investigations discussed in the present work. Table 4 summarizes the statistical
estimators of the present cosmological model for different observational datasets. The values
of χ2, Red χ2, AIC, BIC, ∆AIC, and ∆BIC are used to examine the statistical performance
and observational compatibility of the model.
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5 Results and Discussion

The model parameters are constrained using the Hubble, DESI BAO, and Union3 datasets,
both individually and in combination. For the Hubble dataset alone, the MCMC anal-
ysis gives H0 = 65.911+2.280

−2.409 km s−1 Mpc−1, n = 1.294+0.088
−0.085. The reduced chi-square,

χ2
red = 0.534, indicates a satisfactory fit, with ∆AIC = ∆BIC = 0.402. For the com-

bined Hubble+DESI BAO analysis, the constraints become significantly tighter, yielding
H0 = 67.009+0.540

−0.997 km s−1 Mpc−1, n = 1.320+0.019
−0.019, and rd = 143.548+2.460

−2.068 Mpc. The sub-
stantial reduction in the parameter uncertainties, particularly for n, highlights the comple-
mentary constraining power of the DESI BAO data. The corresponding χ2

red = 0.814, with
∆AIC = ∆BIC = 7.484, indicates a satisfactory fit while providing a useful comparison with
the reference model. With the further inclusion of the Union3 dataset, the combined analysis
gives H0 = 71.316+0.697

−0.701 km s−1 Mpc−1, n = 1.315+0.019
−0.018, and rd = 135.330+1.570

−1.526 Mpc. The
parameter n remains tightly constrained, while the uncertainty in H0 is also substantially
reduced compared with the Hubble-only analysis [92]. The resulting χ2

red = 0.772 indicates
a good overall fit, whereas ∆AIC = 9.943 and ∆BIC = 9.943 indicate a stronger statistical
preference for the reference model.

Overall, the results demonstrate the importance of combining complementary obser-
vational probes. The joint analyses substantially improve the precision of the parameter
constraints and reduce degeneracies compared with the Hubble-only analysis. At the same
time, the increasing ∆AIC and ∆BIC values indicate that, although the proposed model
provides a satisfactory fit to the observations, the reference model remains statistically
favored in the model-comparison analysis. The present work provides an observationally
constrained framework for exploring holographic dark energy in f(Q,T) gravity, where the re-
constructed Hubble parameter offers a natural geometric basis for implementing holographic
prescriptions. The stable constraints from the combined Hubble+DESI BAO+Union3 anal-
ysis demonstrate observationally viable cosmic dynamics, thereby supporting the potential
of the reconstructed f(Q,T ) framework for studying holographic descriptions of the dark
sector.

From the analysis of cosmological evolution, the deceleration parameter q(z) exhibits a
clear transition from positive to negative values, indicating a shift from an early decelerated
phase to a late-time accelerated expansion. This behavior is in good agreement with current
observational evidence.

The normalized energy density increases with redshift and shows only a mild dependence
on the coupling parameter β, with a modest deviation from the ΛCDM behaviour at higher
redshifts. The normalized pressure evolves towards more negative values as the Universe
approaches the present epoch; for larger β, it changes from positive values at higher redshift
to negative values at late times. The equation-of-state evolution indicates a transition from
an approximately matter-like state at higher redshift to a quintessence-like regime near the
present epoch. Consistently, the decreasing Om(z) trajectories, including the best-fit case
n = 1.315, support the same quintessence-like behaviour. Thus, both diagnostics provide a
consistent picture of the late-time evolution of the model.

Such persistent phantom-like behavior, ω(z) < −1, and negative effective pressure are
qualitatively consistent with holographic dark-energy scenarios, providing a useful basis for
comparing the reconstructed f(Q,T ) cosmology with holographic descriptions of late-time
cosmic acceleration.

The energy-condition analysis shows that the null, weak, and dominant energy conditions
are satisfied, while the strong energy condition is violated at late times. The quintessence-
like evolution obtained in the model. Overall, the observational and cosmological results
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show that the proposed model consistently describes the late-time accelerated evolution of
the Universe.

6 Conclusion

In this work, we have investigated the cosmological implications of the f(Q,T ) = αQ+ βT
gravity model using observational datasets including Hubble, DESIBAO, and Union3. The
model parameters were constrained through MCMC analysis, providing reliable estimates
consistent with observational data. The cosmological analysis shows that the decelera-
tion parameter indicates a transition from early-time deceleration to late-time accelera-
tion, consistent with observational evidence. The equation-of-state parameter evolves from
an approximately matter-like behaviour at higher redshift to the quintessence-like region,
−1 < ω < −1/3, towards the present epoch. The energy-condition analysis shows that the
NEC, WEC, and DEC remain satisfied, whereas the SEC is violated at late times. It is
concluded that the proposed model provides a consistent description of cosmic evolution
and offers a viable framework for explaining the present accelerated phase of the Universe.

The results indicate that the proposed framework remains compatible with observational
data, with a slight deviation from the ΛCDM model. Hence, this research develops viable
reconstructed cosmological models within the framework of f(Q,T ) gravity that accurately
fit observational Hubble parameter measurements and effectively explain the observed ex-
pansion behavior of the Universe.
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