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Abstract: Weplace observational constraints on a cosmological model with a specific deceleration parameter that depends
on the scale factor that has been discussed recently. This form of the deceleration parameter has been discussed by authors
in several papers, but none of them have applied observations to constrain the variables of the model. We carry this out
with the cosmic chronometer, supernovae and the baryon acoustic oscillation datasets. Use is made of Markov Chain
Monte Carlo analysis which implements Bayesian methods in cosmology. This is used to obtain the optimum values for
the relevant parameters, which are then used to plot the kinematical and physical parameters of the model. We discuss the
verious cosmographic parameters of the model, such as the deceleration and state-finder parameters. There are several
issues with any cosmological model based on this deceleration parameter concerning the values of some of the parameters.
The transition redshift of the model and the current value of the deceleration parameter do not match with the Planck data.
Thus the model does not seem viable.

Keywords: cosmology, dark energy, accelerated expansion of universe, observational constraints, specific deceleration
parameter
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1. Introduction
The deceleration parameter q in cosmology is defined as:

q =− äa
ȧ2 (1)

where a is the scale factor, and a dot denotes a time derivative. This parameter indicates whether the universe is accelerating
or decelerating. A positive value of q means deceleration, and a negative value acceleration. This notation stems from
historical reasons, when the universe was believed to be decelerating. If q = 0, then there is no acceleration, and the
universe is expanding at a constant rate.
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Observations indicate that the universe was decelerating in the past, but that, as from a certain time onwards, the
universe started accelerating [1, 2]. Cosmology has to be able to explain this. The standard Lambda Cold Dark Matter
(ΛCDM) model in general relativity has the most support amongst the community to explain the current acceleration. In
this model, the existence of some hypothetical matter with negative pressure is postulated. This exotic matter causes
the present acceleration. However, the model has several shortcomings [3, 4], such as the cosmic coincidence and
cosmological constant problems. Hence, there is a strong motivation to study modified gravity theories with a view
towards explaining the transition, as well as solving some of the problems of the ΛCDM model. Many modified theories
possess solutions with late time accelerationwithout exotic matter that has negative pressure. However, there are situations
when, to get solutions, researchers in the field have to make a choice for some parameter, such as the deceleration
parameter, Hubble parameter, scale factor, or equation of state parameter.

In this work, we investigate a specific choice of the form of the deceleration parameter q, viz.,

q =−1+
η

1+aη . (2)

where η > 0 is a positive constant. One very obvious motivation for this is that at late times, for large scale factor a
(assuming that for the model, the scale factor a is increasing at late times. This may not always be the case, e.g., for
oscillating models), the deceleration parameter q tends to −1, the value for the ΛCDM model at late times. Hence the
assumption of this condition ensures that the model will approach the ΛCDM model in future, or equivalently, for large
a. Another motivation is that, as we shall see later in detail, it has only two parameters that need to be constrained by
observations. We shall give more motivation at a later stage.

We first describe briefly the models in the literature with this form of the deceleration parameter q. Singha and
Debnath [5] investigated a quintessential cosmological model, with a minimally coupled scalar field, assuming the form
(2) of the deceleration parameter q. A barotropic fluid and models dominated by Chaplygin gas provide a transition
from deceleration to acceleration. For this, the potential function V (ϕ) is always decreasing with the scalar field ϕ . The
behaviour of the models at different stages during their evolution was illustrated by plots of the statefinder parameters
(r, s) (these parameters will be defined later).

Bali and Singh [6] studied a Bianchi I model with bulk viscosity and variable cosmological parameter. They assumed
a relationship of the formH(a)≡ ȧ/a= ζ (an+1), where ζ > 0 is a constant. This form is equivalent to equation (2). They
found that they get a transition from deceleration to acceleration, a decreasing cosmological parameter, and that the model
tends to the de-Sitter stage at late times (exponential expansion as for the ΛCDM model), becoming isotropic. These
authors, inter alia, only worked with cosmic time t instead of the redshift z, did not apply any observational constraints,
did not provide any figures, and apart from the deceleration parameter, did not work out any of the other cosmographic
parameters.

Chirde and Shekh [7] investigated a symmetric plane non-static space-time in f (R, T ) gravity containing a perfect
fluid, with R being the Ricci Scalar, and T the trace of the energy-momentum tensor Tab. In order to get a specific solution,
a special form of q as in (2) was used. The other relation that was assumed was that the equation of state parameter and the
metric potentials are proportional to the skewness parameter. The anisotropy initially increases, reaching a maximum at
some finite time, and then decreases to zero in keeping with current observations. For n≥ 1, the model initially decelerates,
and then later accelerates. Some kinematical and physical properties of the model was also studied.

The study of the spatially homogeneous and anisotropic Bianchi type-I universe in f (R, T ) gravity was undertaken by
Sahoo et al. [8]. They assumed two different forms of f (R, T ), viz., f (R, T ) = f2(T )+ f1(R) and f (R, T ) = 2 f (T )+R
and and incorporated bulk viscosity. A form (2) of the deceleration parameter was employed. Exact solutions of the
field equations were found, and the kinematical and physical properties of both sets of models were studied in detail
as far as the future of the universe as concerned. The nature of the weak, dominant and strong energy conditions for
both cases were investigated. The analysis revealed that both models incorporating a bulk viscosity matter component
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exhibit an acceleration of the universe during late times. Furthermore, the cosmic jerk parameter aligns well with the three
kinematical data sets. All energy conditions were also investigated.

Recently, Pawde et al. [9] conducted an investigation into an anisotropic model within the framework of f (R, Lm)

gravity where Lm is the matter Lagrangian. They adopted the specific form f (R, Lm) = R2+Lα
m+β , where β represents a

constant. This study focused on elucidating the dynamics of the universe by examining a variable deceleration parameter of
the type (2). Furthermore, the researchers employed energy conditions, jerk, equation of state, and state-finder parameters
to enhance the understanding of the evolution of the universe in this modified gravity context. They reported that their
results were consistent with recent observational data and aligned with the ΛCDM model. However, it is noteworthy that
no observational diagrams depicting cosmic chronometer, supernovae or baryon acoustic background data were included,
nor was any Markov Chain Monte Carlo (MCMC) analysis carried out.

In this investigation, we constrain the parameters of the model studied in ref. [9] by utilising observations. This
is the major motivation for the choice of deceleration parameter as in equation (2). We carry this out with the cosmic
chronometer, supernovae and baryon acoustic datasets. The optimum values for the relevant variables are found, as
opposed to the ad hoc choices that Pawde et al. [9] made. We plot the kinematic parameters of the model, such as the state-
finder parameters (r, s), jerk parameter j, and deceleration parameter q. Whilst the model does exhibit a transition from
deceleration to acceleration, we find that this model as in [9] is not viable as it does not satisfy observational constraints.

2. Kinematic quantities
We first discuss the kinematical quantities associated with the choice of function for q as in equation (2). The Hubble

parameter H(a) is defined as H(a)≡ ȧ/a, where a is the scale factor (or as is sometimes called the radius of the universe).
Since H is essentially the derivative of the scale factor, a positive value of H indicates expansion of the universe, and a
negative value, contraction. A zero value indicates no expansion or contraction, i.e., a static universe. From equation (2),
the Hubble parameter can be obtained as:

H(a)≡ ȧ
a
= ξ (1+aη) (3)

where ξ is an integration constant. The scale factor a(t) as a function of time t can be calculated from H = ȧ/a:

a(t) = (eηt −1)1/η (4)

Now the redshift z in terms of a is given by:

a = (1+ z)−1 (5)

where z is the redshift. The redshift z is an alternative to the time t, and has advantages when discussing observations and
observational constraints. It should be noted that an increase of time is accompanied by a decrease in the redshift z, with
z = 0 referring to the present time. Hence, we find the Hubble parameter in terms of redshift from equations (2), (3)-(5)
as:

H =
H0

2
[1+(1+ z)η ]. (6)
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where H0 is the current value of the Hubble parameter. The deceleration parameter in terms of redshift from equations (2)
and (5) is given by:

q(z) = q =−1+
η

1+(1+ z)−η (7)

We now provide additional motivation for our choice of deceleration parameter q as in equation (7). The study of
cosmological models within the climate of late time acceleration relies heavily on kinematic variables. The deceleration
parameter, e.g., characterizes the behavior of the universe, such as whether it is undergoing deceleration, acceleration, or
in a transition phase.

The motivation behind a parametrization of the deceleration parameter comes from the fact that the deceleration
parameter is an important cosmological parameter that characterizes the dynamics of the universe. It is defined as the
ratio of the cosmic acceleration to the cosmic expansion rate, i.e., q =−ä/(aH2). In the past, the deceleration parameter
was thought to be constant, indicating that the universe is either slowing down or maintaining a constant rate of expansion.
However, observational evidence in recent years suggests that the universe is in fact accelerating at present, which requires
a modification of the deceleration parameter. To account for this acceleration, various parametrizations of the deceleration
parameter have been proposed in the literature [10] (and references therein). For our choice of q, we can make some
qualitative remarks about how q varies with redshift.

• The parameter η relates to the present value of the deceleration parameter, i.e., q0 =−1+η/2. The present state
of the universe depends upon the value of η . If η = 2, then q0 = 0, and the universe is undergoing constant expansion.
If η > 2, then q0 > 0, and we have decelerated expansion. Finally, if 0 < η < 2, then q0 < 0, and we have accelerated
expansion.

• In the distant past, z >> 1, and q(z)→−1+η . For η > 1, we have q > 0 =⇒ deceleration, i.e., the radiation and
matter dominated eras.

• In the far future, from the form of q(a) as in equation (2), and the discussion following that equation, we have seen
that q →−1, the asymptotic form for q for the ΛCDMmodel. Hence this model will asymptotically approach the ΛCDM
model in future.

3. Observational constraints
In this section, a statistical analysis is performed to compare the predictions of the theoretical model with

observational data. The goal is to establish constraints on the free parameters of the model, namely H0 and η . Some
more recent studies that discuss advances in observational constraints are Sudharani et al. [11], Pawar et al. [12], Pawar
and Mapari [13], Pawar et al. [14].

The Cosmic Chronometer (CC), Type Ia Supernovae (SNIa) (Pantheon), and the Baryonic Acoustic Oscillations
(BAO) datasets are used. The first two datasets are made up of 31 and 1,048 data points, respectively. A software
package in Python [15] is used, implementing MCMC analysis which implements Bayesian methods in cosmology [16].
To estimate the posterior distribution of the model parameters, the MCMC sampler is used. Multiple iterations of MCMC
sampling are used to compute the posterior distribution, and observational data is used to construct the likelihood function.
To get the best-fitting results, we use 1,000 steps and 100 walkers in our MCMC analysis. The likelihood function is
[17, 18]:

L ∝ exp(−χ2/2) (8)
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where the pseudo chi-squared function is given by χ2 [16]. This seems to be the most common likelihood function L
used by observational cosmologists, and hence we have adopted this form. The motivation for this particular form is the
following. The formula for the probability density function for a normal distribution contains the term. So when one takes
the log of that function, it becomes just the usual−χ2/2. Now in basic MCMC analysis, we want to calculate the posterior
probability function, which is nothing but usually a joint probability function for a normal distribution case. So in this case,
the posterior probability for the joint case becomes exp[−∑(−χ2/2)]. Nowwe have to find the maximum of this posterior
probability. So for ease of calculation, we calculate the maximum of log (Posterior), which simply becomes a (−χ2/2)
function. Now these two optimization problems, viz., firstly to calculate the maximum of the log (Posterior), and secondly,
the minimum of of (−χ2/2) become equivalent. So the expression exp(−χ2/2) is due to the normal distribution, and we
take the log of the Likelihood to make thins simpler. Given a particular L, it is sometimes easier to rewrite the likelihood
as the log of the likelihood. This entails no loss of generality as maximizing a log likelihood is the same as maximizing
a likelihood. There are several other likelihood functions and methods that can potentially be used, but many of them
are still in the trial/developmental phase. Some of these are machine learning emulators [19], partition function approach
[20], renormalisation group computation [21], principal component analysis [22], Copula method (should yield a more
accurate likelihood function in future [23, 24]).

Bayesian parameter estimation involves exploring the parameter space θ , often with algorithms like Metropolis-
Hastings [25], which helps guide a random walker through the space, preferring regions with higher likelihoods. The
mean and uncertainty of each parameter are usually found by analyzing where the walker spends most of its time and
how far it deviates within the parameter space. In situations where we have a nearly Gaussian posterior distribution,
information criteria offers a simpler approach to model selection [26]. In this work, we investigate the form (2) for the
deceleration parameter. A MCMC analysis with the emcee package [27] is used to properly cover the parameter space
in order to get reliable estimates. The GetDist package [28] is employed to visualize and plot the posterior distributions.
This enables the proper determination of contraints for the parameters. The analysis was performed with 30 walkers
and 30,000 iteration, allowing efficient sampling of the parameter space. The prior distributions were chosen based on
observational constraints and set as: H0 ∈ [50, 100] km/s/Mpc and η ∈ [0, 4]. These priors ensure a broad but physically
meaningful parameter exploration while preventing over-restriction of the search space. The GetDist package [29] is
employed to visualize and plot the posterior distributions and the 1σ and 2σ confidence intervals for each parameter
are presented in Table 1. The likelihood function was constructed by summing the χ2 contributions from each dataset,
ensuring a robust and unbiased estimation of cosmological parameters. To ensure consistency and reliability, the datasets
were combined without additional weighting, treating each dataset equally in the likelihood function. This approach
prevents any individual dataset from disproportionately influencing the constraints, thereby providing a well-balanced
parameter estimation. The convergence of the MCMC chains was assessed by analyzing the posterior distributions and
verifying that the results remained stable over multiple runs. Convergence was checked using Gelman-Rubin statistics.

The selection of observational datasets in this study was motivated by their complementary roles in constraining
different aspects of cosmic expansion (For the latest datasets that we used, we refer to the recent preprint by Du et al.
[30] who give a very comprehensive review of all the datasets, including Dark Energy Spectroscopic Instrument (DESI)).
CC provide a direct, model-independent measurement of H(z) based on galaxy age estimates, making them essential
for tracking the universe’s expansion history. SNIa-Pantheon+ data, on the other hand, offer precise luminosity distance
measurements, playing a crucial role in constraining the equation of state of dark energy and the deceleration parameter
q(z). Finally, BAO serve as a standard ruler, allowing precise constraints on the Hubble constant H0. The combination of
these datasets ensures that the parameter constraints obtained in this study are independent, robust, and cross-validated.

By utilizing these three independent probes, we mitigate potential biases that might arise from relying on a single
dataset. This approach enables a more comprehensive analysis of cosmic acceleration and dark energy evolution.

3.1 Observational H(z) data
By measuring the relative ages of galaxies that are passively evolving, the CC dataset can estimate the Hubble

parameter. Galaxies can be recognized by certain characteristics in their color profiles and spectra [31]. CC get their
data from the estimated ages of galaxies at different redshifts. Use is made of the 31 independent H(z) observations in
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the redshift range 0.07 ≤ z ≤ 2.41 in the analysis [32]. The formula H(z) = − 1
1+ z

dz
dt

is used to acquire these H(z)

measurements. In this case,
dz
dt

is taken as
∆z
∆t
, where ∆z and ∆t indicate the different redshifts and corresponding ages of

two galaxies. Then the corresponding χ2 function is:

χ2
Hz =

31

∑
k=1

[Hth(zi)−Hobs, i]
2

σ2
i

. (9)

where
• µobs, i is the observed distance modulus of the i-th object,
• µth, i is the theoretical distance modulus predicted by the cosmological model,
• σi is the uncertainty in the observed distance modulus.
The best-fit values of the model parameters are obtained by minimizing the chi-square statistic χ2. This is illustrated

in Figure 1 corresponding to the 1σ and 2σ error bars obtained from the CC data. The best-fit values of the model
parameters are obtained by minimizing the chi-square statistic χ2. This is illustrated in Figure 1 corresponding to the 1σ
and 2σ error bars obtained from the CC data.

Figure 1. This figure corresponds to 1σ and 2σ error bars obtained from CC data

3.2 Pantheon dataset and observational constraints

The Pantheon dataset is a comprehensive compilation of 1,048 Type Ia Supernovae (SNIa) observations over a
redshift range of 0.01 < z < 2.3. It is widely used to constrain cosmological parameters and test various cosmological
models, including the standard ΛCDM model and models in modified theories of gravity. The key observable in the
Pantheon dataset is the distance modulus µ(z), which is related to the luminosity distance dL(z) by:

µ(z) = 5log10

[
dL(z)

1 Mpc

]
+25, (10)
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where dL(z) is the luminosity distance in Megaparsecs (Mpc). The luminosity distance depends on the cosmological
model and is given by:

dL(z) = (1+ z)
∫ z

0

dz′

H(z′)
(11)

where z′ is an arbitrary variable of integration and H(z′) is the Hubble parameter.
Again we minimize the chi-square statistic to obtain the best-fit values of the model parameters:

χ2
SNIa =

N

∑
i=1

[µobs, i −µth, i]
2

σ2
i

, (12)

The best-fit parameters (H0, n) are those that minimize χ2, yielding the maximum likelihood estimate of the
parameters. In Figure 2, the likelihood contours at 1σ and 2σ levels for the Pantheon data are illustrated. We have
illustrated only the Pantheon data, and not the CC + SNIa data, as the values for this, for some reason or the other, were
very close to those of the CC dataset.

Figure 2. This figure corresponds to 1σ and 2σ error bars obtained from SNIa datasets

3.3 BAO datasets

BAOs are pressure waves produced by cosmological perturbations in the baryon-photon plasma during the
recombination epoch, appearing as distinct peaks on large angular scales. In this study, we utilize the 26 BAO dataset
points from the six degree Field Galaxy Survey (6dFGS), the Sloan Digital Sky Survey (SDSS), and the Low-Redshift
Galaxy (LOWZ) samples of the Baryon Oscillation Spectroscopic Survey (BOSS) [33]. The surveys have provided highly
accurate measurements of the positions of the BAO peaks in galaxy clustering at different redshifts. The dilation scale,
Dv(z) is given by
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Dv(z) =
[

d2
A(z), cz
H(z)

]1/3

, (13)

where d2
A(z) is the angular diameter distance, and c is the sped of light. The chi-square for BAO data, χ2

BAO, is expressed
as

χ2
BAO = XTC−1X, (14)

where the vector X is the ratio of the luminosity distance dA(z) to the dilaton scale DV , and C denotes the covariance
matrix [34].

3.4 Hz + SNIa + BAO datasets

In addition, use is made of χ2
total in order to get, from the combined H(z), Pantheon+ and BAO data, constraints on

the parameters H0, and η . So, the definition of the required chi-square function is:

χ2
total = χ2

Hz +χ2
SNIa+χ2

BAO (15)

Gaussian priors are used as follows for analysing: [1, 5] for η , and [60, 80] for H0. For the CC data, SNIa and CC +
SNIa + BAO data, the corresponding 1−σ and 2−σ contour plots, are shown in Figures 1, 2, and 3, respectively.

Figure 3. This figure corresponds to 1σ and 2σ error bars obtained from CC + SNIA + BAO data

With 68% confidence limit, the results are as follows: H0 = 64.00 and η = 1.25, for the CC data; H0 = 70.54 ± 0.14
and η = 1.3082+0.0016

−0.0081 for the SNIa data; H0 = 69.30 ± 0.02 and η = 1.20 ± 0.02, for the CC + SNIa + BAO data. We
note that the values that Pawde et al. [9] have used for η are 1.4, 1.6 and 1.8, which are somewhat outside the values as
obtained from observations.
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In the Table 1 below, we display all our values for the different datasets:

Table 1. Values of parameters for different datasets

Parameters CC dataset SNIa dataset CC + BAO + SNIa dataset

H0 64.00 70.54 ± 0.14 69.30 ± 0.02

η 1.25 1.3082+0.0016
−0.0081 1.20 ± 0.02

Figure 4. This figure displays the H(z) curve using CC + SNIa + BAO data with error bars indicated

Figure 5. This figure displays the µ(z) curve using CC + SNIa + BAO data, with error bars indicated
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In Figure 4, we have displayed the H(z) curve using the CC + SNIa + BAO dataset, which shows the close
correspondence between the ΛCDM model and our data. At present, the data for both the models converge, but as
we go back into the past, the curves tend to diverge. This is due to the different dependencies for both models, with the
H(z) for the ΛCDM model varying as (1+ z)1.5, whereas our model varies as (1+ z)1.2 for the combined CC + SNIa +
BAO dataset. Figure 5 shows the µ(z) curve using the combined CC + SNIa + BAO data, and once again we see a close
relationship with the ΛCDMmodel. The curves behave similarly as previously described for H(z). This is not surprising,
noticing the definition of the distance modulus µ(z) in equation (10), together with equation (11).

4. Cosmographic parameters
Cosmography is an important branch of cosmology for which a description of the universe is sought independently

of any cosmological model [35–41], and references therein. One expands a suitable parameter, such as the equation of
state parameter, deceleration parameter, Hubble parameter, or scale factor, in a Taylor series around the current time. This
enables comparing these quantities with observational data. So, cosmography is a technique which, in a certain sense, is
independent of any specific cosmological model. It may be utilised to match parameters with observational constraints.
However, there are some limitations on its use as far as re-constructions of models are concerned. The easiest parameter
to use for expansion in a Taylor series is the scale factor. The terms of the Taylor series can be compared to various
cosmographic parameters as follows:

H ≡ 1
a

da
dt

, q ≡− 1
aH2

d2a
dt2 , j ≡ r ≡ 1

aH3
d3a
dt3 , (16)

s ≡ 1
aH4

d4a
dt4 , l ≡ 1

aH5
d5a
dt5 , m ≡ 1

aH6
d6a
dt6 etc. (17)

where j (or also called r) is the jerk parameter (or jolt), s the snap (or facetiously called jounce), l the lerk (or facetiously
called crackle) and m the pop parameter. Less common alternative names for the j parameter are pulse, impulse, bounce,
surge, shock and super-acceleration.

We now discuss these parameters in more detail. The jerk parameter indicates the rate of change of the deceleration
parameter. A positive j refers to an increase in q, and a negative q a decrease. The standard ΛCDM model has a
constant j given by j = 1. Generally other models/theories have a changing j indicating a change in the dynamics of
those models/theories. Now before the parameters above the Hubble and deceleration were introduced, Sahni et al. [42]
came up with the concept of a diagnostic pair. This was motivated by the necessity of consideration of more general
models of dark energy than just a cosmological constant and the remarkable increase in the accuracy of cosmological
observational data during the last few years. This compelled them to advance beyond just H and q. For this reason, a
new geometrical diagnostic pair for dark energy was introduced. This diagnostic pair was constructed from the third order
derivative of the scale factor, and can successfully differentiate between various different dark energy models, hence its
importance. The pair (r, q) can also serve the same purpose. A few more recent references on statefinder studies are Patil
et al. [43, 44]. The lerk and pop parameters are given just for convenience, but are not used further.

We now plot several of these parameters usingη = 1.20 from the combined data, and compare with theΛCDMmodel.
For all subsequent Figures, we use this value for η = 1.20. The other values for η do not make much of a difference to
the picture.

Firstly, in Figure 6, we plot the deceleration parameter against redshift using the combined data value η = 1.20. From
equation (7), we see that the current value of the deceleration parameter q is q(0) =−0.38, using the value η = 1.25 (from
the CC data). The transition redshift zt , i.e., the redshift zt for which the universe changes from deceleration to acceleration,
is given by q(zt) = 0, from which we get zt = 2.03. For the SNIa dataset, η = 1.31, we get q(0) =−0.345, zt = 1.44. For
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η = 1.20 from the CC + SNIa + BAO data, we get q(0) = −0.40 and zt = 2.82. The ΛCDM model has q(0) ∼ −0.55,

zt =

[
2(1−ΩΛ0)

Ωm0

](1/3)

− 1 = 0.67 using the Planck 2018 data [45]. The values obtained with the present choice of

deceleration prameter q in this model are higher than the ΛCDM model for q(0), and much higher for the transition
redshift zt . They do not match, indicating that the present model is not viable. This is a very serious problem with the
model of Pawde [9].

Figure 6. Deceleration parameter q vs redshift z for the combined CC + SNIa + BAO dataset with error bars shaded. q on Y -axis, z on X-axis

The jerk parameter is given by

j = 1+
η2(

1
1+ z

)η
+1

+
η2((

1
1+ z

)η
+1

)2 − 3η(
1

1+ z

)η
+1

(18)

The snap parameter is given by

s =
2η2

((
1

1+ z

)η
+1

)
−6η

6η −9
((

1
1+ z

)η
+1

) (19)

The evolution of the r−q curve is given in Figure 7 (note that the formula for r is the same as that of j). The curve
does not continue just after q > 0. This is due to a singularity at that point, and this is also reflected in the corresponding
figure of Pawde et al. [9]. For clarity we point out the in Figures 7 and 8, the region above the line r = 1 is the Chaplygin
gas region, and the region below that line is the quintessence region.

In Figure 8, we have illustrated the (r, s) state-finder parameter curve. In Figures 6-8, we used the CC + SNIa + BAO
data to plot the curves.
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Figure 7. State-finder parameter r against deceleration parameter q for the CC + SNIa + BAO dataset

Figure 8. State-finder parameter (r, s) curve for the CC + SNIa + BAO dataset
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5. Discussion
In this work, we have applied observational constraints to the model discussed by Pawde et al. [9] in f (R, Lm) gravity.

These authors chose a particular form for the deceleration parameter of the form equation (1). Those authors did not apply
observational constraints to determine the parameter η of the model, but rather chose values of η equal to 1.4, 1.6 and
1.8, respectively. One needs to apply observational constraints to determine η . This is the major issue with the model.
We have applied observational constraints from CC, SNIa, and BAO datasets to determine η . We find that η = 1.25 for
the CC dataset, 1.31 for the SNIa dataset, and 1.2 for the combined CC + SNIa + BAO datasets. The values of [9] are
somewhat higher than the above-mentioned. Their current values for the deceleration parameter, viz., −0.11, −0.21 and
−0.32 as well as the transition redshift, viz., 0.92, 0.4 and 0.15 do not match with those of the ΛCDM model −0.55 and
0.67, respectively, and this presents a serious problem for the model studied here.

We began by giving some background in the introduction to the particular form of q. Then in section 2, we discussed
the basic formalism of f (R, Lm) gravity. Then in section 3, we studied the Locally Rotationally Symmetric (LRS) Bianchi
I metric in the theory, giving the field equations. Then we choose the required form for f (R, Lm) gravity in section 4. In
section 5, we gave the forms for the scale factor a, Hubble parameter H and q both in terms of the time t and redshift z. A
detailed motivation for the chosen parametrization of q(z) was given.

The next section deals with the observational constraints that we find using the CC, SNIa and the combined CC +
SNIa + BAO datasets. Best fit values for the present Hubble parameter H0 and the parameter η were determined. We then
plotted the H(z) and µ(z) graphs in Figures 4 and 5, respectively. For subsequent analysis, we chose the value η = 1.20
from the combined set (the other values do not affect the picture to any large extent). We have plotted curves of the relevant
cosmographic parameters q, (r, q), and (r, s) in Figures 6-8. These Figures show how the model differs from the ΛCDM
model, and also gives some idea of how the model evolves. Some other relevant references are [46–48].

In conclusion, we can say that the present model of Pawde et al. [9] and choice of deceleration parameter q does
not fit in with observational constraints. However, the model does possess many positive attributes, e.g., its simplicity.
It does have a transition from deceleration to acceleration. Those authors gave an excellent analysis of the form (19) of
the deceleration parameter and its properties. Beautiful color figures were drawn of the scale factor, Hubble parameter,
deceleration parameter and several statefinder parameters. In addition a complete application to the Bianchi I model in
f (R, Lm) gravity was provided, including an analysis of the equation of state. They showed how the different phases of
the evolution of the universe could be obtained. We are currently attempting to determine how to modify the choice of
q so that a better model could be obtained. Most likely, the reason for this could be that there is only one parameter in
the model (apart from the current Hubble parameter), and perhaps one needs more than one parameter. We are currently
investigating this possibility, e.g., including a parameter ν in q as follows: q = −1+

η
1+aν , or even two additional

parameters, q = −1+
η

1+ζ aν . Then one could run through the entire observational analysis as we carried out in this

paper to determine if better models could be obtained. If so, then an application to a specific theory can be done. We and
hope to report on the result soon.
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