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Abstract: The accelerated expansion of the Universe has motivated extensive studies of modified 

theories of gravity as alternatives to dark energy. In this work, we investigate the power-law  

gravity model in the framework of symmetric teleparallel gravity using recent cosmological 

observations. The model parameters are constrained through a Bayesian Markov Chain Monte Carlo 

analysis employing two combinations of datasets: Pantheon+SHOES + Hubble measurements and 

Pantheon+SHOES + Hubble measurements + DESI baryon acoustic oscillation data. The modified 

Friedmann equation corresponding to the power-law  model is solved numerically to reconstruct 

the cosmic expansion history. The resulting constraints are compared with those obtained for the 

standard CDM cosmology. Model performance is assessed using the Akaike Information Criterion (AIC) 

and the Bayesian Information Criterion (BIC). This analysis provides updated observational constraints 

on power-law  gravity and examines its consistency with current cosmological observations. 
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Introduction 

Observations of Type Ia supernovae have provided compelling evidence that the Universe is currently 

undergoing an accelerated phase of expansion [1,2]. The standard CDM model successfully describes a 

broad range of cosmological observations and remains the most widely accepted cosmological 

framework. Nevertheless, the physical nature of the cosmological constant remains uncertain, 

motivating the search for alternative explanations of the late-time acceleration of the Universe. 

Among the various approaches proposed in the literature, modified theories of gravity offer a geometric 

explanation of cosmic acceleration without introducing an additional dark energy component. Within 

the framework of Symmetric Teleparallel Gravity, gravitation is described by the non-metricity scalar , 

rather than curvature or torsion. This formulation leads naturally to  gravity, where the 

gravitational action is generalized from the non-metricity scalar to an arbitrary function of  [3,4]. 

Owing to its rich cosmological phenomenology and mathematical simplicity,  gravity has attracted 

considerable attention in recent years. 

Several forms of  gravity have been investigated using cosmological observations. In particular, the 

power-law model has emerged as one of the simplest extensions of the symmetric teleparallel 

equivalent of General Relativity and has been shown to provide viable cosmological solutions [5,6].  
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In this work, we revisit the power-law  gravity model using Pantheon+ SHOES, Hubble and DESI 

BAO data. The model parameters are constrained through a Bayesian Markov Chain Monte Carlo 

analysis and compared with the standard CDM cosmology using Akaike Information Criterion (AIC) and 

the Bayesian Information Criterion (BIC) statistics. 

 

Related work and Key Contribution 

Lazkoz et al. [5] investigated observational constraints on  gravity using multiple cosmological 

probes and showed that non-metricity-based gravity can successfully describe the late-time expansion 

history of the Universe.  More recently, Mhamdi et al. [6] constrained the power-law and exponential 

 models using Pantheon+, , and RSD data and found that the exponential model is statistically 

preferred. Motivated by these studies, we revisit the power-law  model using recent 

Pantheon+SHOES, Hubble, and DESI BAO observations.  

 

Method, Experiments and Results 

Theoretical Framework of  Gravity 

Symmetric teleparallel gravity provides an alternative geometrical description of gravitation in which the 

gravitational interaction is characterized by the non-metricity of spacetime rather than curvature or 

torsion. The action of  gravity is given by [3,4] 

 
where  denotes the determinant of the metric tensor and  is the matter Lagrangian density. The 

fundamental geometrical quantity is the non-metricity tensor , whose traces are defined 

as , . To construct the gravitational dynamics, one introduces the superpotential 

tensor  

 
Using which the non-metricity scalar is defined as  

Variation of the action yields the  gravity field equations, 

 

Where   and , the energy momentum tensor of the matter. 

Cosmological Equations 

To study the cosmological evolution, we consider a homogeneous, isotropic, and spatially flat FLRW 

background 

 

For this geometry, the non-metricity scalar assumes the simple form , where  denotes 

the Hubble parameter. 

Assuming the cosmic matter content can be described by a perfect fluid and adopting the 

decomposition , the modified Friedmann equations become 
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Where  and . These equations determine the background dynamics of the Universe 

within the  framework. 

Power-Law Model 

In the present work, we investigate the power-law realization of  gravity [3,4, 6], given by 

, where   and   are model parameters and  denotes the current value of 

the non-metricity scalar. The model redices to the symmetric teleparallel equivalent of General 

Relativity when . whereas the CDM cosmology is recovered for λ=0. Introducing the normalized 

Hubble parameter , the first Friedmann equation can be rewritten as 

 

Evaluating the above equation at the present epoch  yields . Substituting this 

result into the earlier expression we get, 

 
This equation is solved numerically to reconstruct the cosmic expansion history and to compute the 

theoretical observables employed in the MCMC analysis. 

Observational Data and Statistical Analysis 

To constrain the parameters of the power-law  model, we employ Hubble, Pantheon+SHOES 

supernova compilation, and DESI baryon acoustic oscillation (BAO) data. The Hubble dataset consists of 

32 cosmic chronometer measurements that provide direct estimates of the expansion rate of the 

Universe. The Pantheon+SHOES sample offers precise luminosity distance measurements from Type Ia 

supernovae, while the DESI dataset contributes 19 BAO measurements spanning different redshift 

ranges. 

The model parameters are estimated using a Bayesian Markov Chain Monte Carlo (MCMC) analysis 

implemented through the Cobaya framework. The likelihood function is constructed from the total chi-

square statistic. For the Pantheon+SHOES + Hubble combination,  whereas for the 

Pantheon+SHOES + Hubble + DESI combination,  .  

The posterior distributions obtained from the MCMC analysis are used to determine the best-fit values 

and confidence intervals of the model parameters. The models are compared using the AIC and BIC 

criteria.  

 
where  the number of free parameters and  denotes the total number of observational data points.   

 

Result and Discussion: The observational constraints on the CDM and power-law  gravity models 

were obtained using the H(z)+Pantheon+SHOES and H(z)+Pantheon+SHOES+DESI datasets. The best-fit 
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are listed in Table 2. For the combined dataset, both models provide similar estimates of the 

cosmological parameters. The power-law model yields a positive value of , indicating a mild deviation 

from the CDM limit. The statistical comparison is presented in Table 1. According to the AIC criterion, 

both models provide comparable fits to the observational data. However, the BIC criterion moderately 

favors the simpler CDM model due to its smaller number of free parameters. Figures (fig 1) and (fig2) 

show the posterior distributions and the reconstructed expansion history. The confidence contours 

exhibit the expected negative correlation between  and . Furthermore, the reconstructed Hubble 

expansion rate is in good agreement with the observational measurements, demonstrating the 

consistency of the power-law  model with current cosmological data. 

 

Models   AIC IC BIC  
CDM 1450.397 0.8866 1458.397 0 1480.007 0 

Power Law 1448.764 0.8861 1458.764 0.367 1458.577 5.769 

Table 1. Comparison of Cosmological Models for combined Hubble+ Pantheon+SHOES+ DESI BAO data 

Figure 1: posterior distributions and 1  - 2  confidence contours and for the Power-law  model 

(fig. a) and CDM and Power-law  models using the combined Pantheon+SHOES, , and DESI 

BAO datasets. (fig. b) 

Models Parameters Priors H(z)+Pantheon+SHOES H(z)+Pantheon+SHOES+DESI BAO 

CDM 

 [60,80]   

 
[0.1,0.5]   

 [120,180]   

 [-20,-18]   

Power - 
Law 

 [60,80]   

 
[0.1,0.5]   

 [120,180] -  

 [-2, 2]   
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 [-20,-18]   
Table 2. Best-Fit value  of parameters from different models using H(z)+Pantheon+SHOES and 

H(z)+Pantheon+SHOES+DESI BAO datasets. 

Conclusion: In this work, we constrained the power-law  gravity model using cosmic chronometer, 

Pantheon+SHOES, and DESI BAO observations through MCMC analysis. The main conclusions of this 

study can be summarized as the power-law  model successfully reproduces the observed expansion 

history and provides a fit comparable to CDM. For the combined dataset, only a mild deviation from 

the CDM limit is observed. Model comparison using AIC indicates nearly equivalent performance, while 

BIC moderately favors the simpler CDM model 

 

Figure2: Reconstructed  (fig c) and  (fig d) functions with  and 2  for the power law model. 
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