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Abstract. In this work, we analyze observational constraints on power-law
cosmology, a simple yet insightful model of the universe’s expansion. This
framework is primarily characterized by two parameters: the Hubble constant
(Ho), which sets the present expansion rate, and the deceleration parameter (q),
which describes the nature of cosmic acceleration or deceleration. By employing
the latest compilation of 31 observational Hubble data points, we place bounds
on these parameters with improved accuracy. Our analysis shows that power-
law cosmology is capable of providing a remarkably good fit to the data, with the
obtained 1o estimates remaining consistent with recent results in the literature.
This agreement highlights the relevance of the model as a phenomenological
description of cosmic expansion. However, despite its success in reproducing
large-scale trends, the model has limitations, particularly in addressing the finer
dynamical features, such as the transition from deceleration to acceleration
in cosmic history. Overall, it is shown that although power-law cosmology
provides an elegant and phenomenologically viable description of many aspects
of cosmic evolution, it remains insufficient to solve all observational problems,
in particular the dynamical transition of cosmic acceleration.

Keywords: Cosmic acceleration, data analysis, Hubble data, redshift, power-law
cosmology

Introduction

The Standard Cosmological Model (SM) of the Universe, namely the ACDM framework
supplemented with an inflationary phase, has been remarkably successful in explaining a
wide range of observations. Nevertheless, the cosmological constant problem continues to
be one of the major unresolved issues of modern cosmology [1], motivating the exploration
of alternative models. Among these, power-law cosmology offers an interesting framework
to address several classical problems of the standard model, including the age, flatness, and
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horizon problems. In this approach, the cosmic expansion is described by the scale factor ,
with as a positive constant. Scenarios with 8=1 have been studied extensively in different
contexts [2-9], while phantom power-law cosmology has been explored in Ref. [10]. Notably,
power-law cosmology naturally avoids the horizon and flatness problems, accommodates
high-redshift objects (mitigating the age problem), and offers dynamical approaches to the
fine-tuning issue associated with the cosmological constant [11-15]. A power-law expansion
with provides an excellent fit to a variety of cosmological observations. Models supporting
such a coasting evolution are falsifiable through classical cosmological tests, as they exhibit
clear and verifiable predictions. Tests such as galaxy number counts versus redshift and
angular diameter distance measurements [16] favor this type of evolution, though their
reliability is limited by evolutionary effects (e.g., mergers). By contrast, Type la supernovae,
being robust standard candles, and H(z) measurements have emerged as far more reliable
probes.

Cosmological parameters form the backbone of any model, as their precise determination
is essential for describing the present cosmic expansion. In particular, the Hubble constant (
H ), which measures the current expansion rate, and the deceleration parameter (q), which
characterizes its acceleration or deceleration, are of central importance. In recent years,
numerous efforts have been devoted to constraining H,,. For instance, Freedman et al. [17]
obtained H, =72+8 km/s/Mpc, while the most recent Planck results give H,= 67.4+0.5
km/s/Mpc [18]. In addition, several works have constrained HO’ g, and B inopen, closed,
and flat power-law cosmologies. Numerical results for the flat case are summarized in Table
2. Recently, Rani et. al. [19] investigated observational constraints on power-law cosmology
using H(z) and SN Ila data, providing a detailed discussion of its viability. In the present
work, we perform a similar analysis for the flat case, employing the most recent datasets
of H(z) measurements [20]. The structure of this paper is as follows: Section 2 outlines
the mathematical framework of the power-law cosmology ansatz. Section 3 discusses the
methodology used to constrain the model’s power index with the H(z data set. Finally,
Section 4 presents a summary of the main results.

Mathematical Framework of Power-Law Cosmology

The observed large-scale homogeneity and isotropy of the universe indicate that its
geometry can be described by the Friedmann-Lemaitre-Robertson-Walker (FLRW) metric.
For a spatially flat FLRW metric, the line element is given by

ds’= 2 dt?- &(t)dr?+r?(d@+sin?0d ¢)), (2.1)

Here, ¢ denotes the speed of light, t represents the proper time, and (r,6,¢] are the
spherical polar co-moving coordinates. The function a(t) is known as the cosmic scale factor
or expansion parameter that describes the time evolution of the universe. In this work, we
consider the general framework of power-law cosmology, where the scale factor evolves as
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t B

a(t)= ao(t—) ) (2.2)
0

with f, denotingthe present age of the Universe and B adimensionless positive constant.

Here and throughout, the subscript O refers to the present-day values of cosmological
parameters. The Hubble parameter in this model is

_a_B -8B
H=8=P p=5 2.3
a t %t (2:3)
The relation between the scale factor and the redshift is
a 1+z
Accordingly, the age of the Universe at redshift , can be written as
tiz= L, (25)
where Hiz)
H(z)= Hy(1+ 2)"*. (2.6)

The acceleration of the Universe is quantified by the deceleration parameter q, defined as

a _1
q=- =—--1, 2.7
aH*> B (27)
where g<O indicates an accelerating universe, while q20 corresponds to a decelerating
or coasting expansion. In terms of q, Eq. (2.6) can be recast as

H (2= H,(1+ 2)"*7. (2.8)
Equation (2.8) highlights that the parameters Fy and 9 govern the cosmic history in
power-law cosmology. In this paper, we focus on constraining these two parameters using the

latest 31 data points of H(z) measurements.

Table 1: Hubble parameter measurements at different redshifts [20]

0.0900 69.0 12.0
0.1700 83.0 8.0
0.2700 77.0 14.0
0.4000 95.0 17.0
0.9000 117.0 23.0
1.3000 168.0 17.0
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1.4300 177.0 18.0
1.5300 140.0 14.0
1.7500 202.0 40.0
0.4800 97.0 62.0
0.8800 90.0 40.0
0.1791 75.0 4.0
0.1993 75.0 5.0
0.3519 83.0 14.0
0.5929 104.0 13.0
0.6797 92.0 8.0
0.7812 105.0 12.0
0.8754 125.0 17.0
1.0370 154.0 20.0
0.0700 69.0 19.6
0.1200 68.6 26.2
0.2000 72.9 29.6
0.2800 88.8 36.6
1.3630 160.0 33.6
1.9650 186.5 50.4
0.3802 83.0 13.5
0.4004 77.0 10.2
0.4247 87.1 11.2
0.4497 92.8 12.9
0.4783 80.9 9.0
0.4700 89.0 23.0

Figure 1. Likelihood contours in the q-H, plane obtained from H(z) data. The 10 (dark
shaded) and 20 (light shaded) confidence regions are shown, with H; in units of km/s/Mpc.
The black dot marks the best-fit values of q and H.
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Figure 2. Observational H(z) data points with error bars. The solid curve represents the best-
fit model, while the dashed and dotted curves correspond to the maximum and minimum
values within the 10 region. The fit shows excellent agreement with the observational data,
particularly at redshifts z < 1. The H(z) is expressed in units of km/s/Mpc.

Data Analysis: Observational Hubble data

We constrain the parameters H, and ¢ using the latest 31 data points of H(Z
measurements in the redshift range 0.07<z<1.75, see Table 1. To complete the dataset, we
additionally include the most precise determination of the Hubble constant from the Planck
results. The results are summarized in Table 2. The X? function is defined as

(3.1)

where H,, is the theoretical prediction from power-law cosmology, Hs the observed
value, and O; the corresponding 10 error. The model involves two free parameters, g and
H . Since power-law cosmology requires B8>0, the parameter space is restricted to g>—1
and H,20. Minimizing the X function yields the best-fit values

g= - 0.1273, Hy= 67.2264 km/sMpc, x3= 0.6404,
where X6= Xain/d.0.f. The 10 confidence intervals are found to be
g= - 012739924 1 = 67.2264* 3747 kmis/Mpc.
These results demonstrate that the power-law cosmological model is consistent with the
most recent H(z) measurements and supports an accelerating universe, in agreement with

other independent observations. The 10 (dark shaded) and 20 (light shaded) likelihood
contours in the g_H, plane are shown in Fig. 1, with the black dot marking the best-fit
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point. Fig. 2 exhibits the observational H(z) data points with error bars. The solid curve
represents the best-fit model, while the dashed and dotted curves correspond to the maximum
and minimum values within the 10 region. The fit shows excellent agreement with the
observational data, particularly at redshifts z<1.

Table 2: Summary of the numerical results for a flat universe

Data q H, (km|s|Mpc) Reference
H(z) (31 points) —0.1273:990724 67.2264707471 This work
H(2) (14 points) -0.187%72 67.2264°%7471 [21]
H(2) (29 points) - 0.04403%% 65.1738: %% [19]

Conclusion

Precision cosmological observations provide a powerful tool for probing the fundamental
properties of the Universe. In this work, we have examined power-law cosmology, characterized
by alt)e t?, which exhibits several distinctive features. For 821, this model naturally addresses
the horizon, flatness, and age problems , and offers a framework to dynamically alleviate the
cosmological constant problem. We have constrained the key cosmological parameters, the
Hubble constant H|, and the deceleration parameter g, using the latest H(z) observations. A
notable advantage of this model is its simplicity, requiring only two free parameters to fit the
data. The resulting numerical constraints are summarized in Tables 2. Our analysis indicates
a negative value of the deceleration parameter, consistent with an accelerating Universe,
confirming that H(z) is well described by the power-law model. The estimated values of
H, agree closely with independent determinations reported in the literature, as discussed
in Section 1. Contour and error bar plots (Figs. 1 and 2) further demonstrate the consistency
of the best-fit model with observational data. Despite its several appealing features, power-
law cosmology is limited in capturing the redshift-dependent transition from deceleration to
acceleration, as the deceleration parameter g is constant in this model. In summary, while
power-law cosmology provides an elegant and phenomenologically viable description of many
aspects of cosmic evolution, it remains insufficient to address all observational challenges,
particularly the dynamical transition of cosmic acceleration.

Acknowledgments
MS acknowledges Integral University, Lucknow for financial support through Seed Money
Grant 2024-2025 (Project Sanction No.: IUL/ICEIR/SMP/2024-04).

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N23(152)/ 2025 13
Qusura. AcmpoHoMusl cepusicol

ISSN: 2616-6836. eISSN: 2663-1296



Rida Fatima, Mohd Shahalam

The contribution of the authors

Rida Fatima - Performed the theoretical part of the manuscript.

Mohd Shahalam - Developed the research idea and framework. Performed the data analysis
part, wrote the manuscript, and supervised the project.

References

1.V.Sahni and A. A. Starobinsky, The Case for a Positive Cosmological Lambda-term, Int. ]. Mod. Phys.
D 9,373 (2000).

2. D. Lohiya, M. Sethi, A programme for a problem-free cosmology within the framework of a rich
class of scalar tensor theories, Class. Quantum Grav., 16, 1545 (1999).

3. Meetu Sethi, Annu Batra, and Daksh Lohiya, Comment on “Observational constraints on power-law
cosmologies”, Phys. Rev. D 60, 108301 (1999).

4. A.Batra, D. Lohiya, S. Mahajan, A. Mukherjee, Nucleosynthesis in a Universe with a Linearly Evolving
Scale Factor, International Journal of Modern Physics D 9, p. 757-773 (2000).

5. S. Gehlaut, A. Mukherjee, S. Mahajan, D. Lohiya, A Freely Coasting Universe, Spacetime & Substance
4 (2002).

6. A. Dev, M. Safanova, D. Jain, D. Lohiya, Constraints on Power-Law Cosmology from Observations,
Physics Letters B 548 (2002) 12.

7. G. Sethi, P. Kumar, S. Pandey, D. Lohiya, “Cosmological Constraints on a Power Law Universe”,
Spacetime & Substance, 6 (2005).

8. G. Sethi, A. Dev, D. Jain, Power-Law Cosmology and Observational Constraints, Physics Letters B
624 (2005).

9. Z.-H.Zhu, M. Hu, ]. S. Alcaniz, Y.-X. Liu, Testing power-law cosmology with galaxy clusters, Astronomy
& Astrophysics 483 (2008).

10. C. Kaeonikhom, B. Gumjudpai, E. N. Saridakis, Observational constraints on phantom power-law
cosmology, Physics Letters B 695 (2011).

11. A. D. Dolgov, (In) The Very Early Universe, Cambridge U.P. Cambridge, England (1982).

12. L. H. Ford, Quantum Instability of De Sitter Space?, Physical Review D 35 (1987).

13. P. Mannheim, D. Kazanas, Exact Vacuum Solution to Conformal Weyl Gravity and Galactic Rotation
Curves, General Relativity and Gravitation 22 (1990).

14. R.E. Allen, “Four Testable Predictions of Instanton Cosmology”, arXiv:astro-ph/9902042 (1999).

15. S. Weinberg, The Cosmological Constant Problem, Reviews of Modern Physics 61 (1989).

16. E. W. Kolb, A Coasting Cosmology, The Astrophysical Journal 344 (1989).

17. W. L. Freedman et al., Final Results from the Hubble Space Telescope Key Project to Measure the
Hubble Constant, The Astrophysical Journal 553 (2001).

18. N. Aghanim et al. (Planck Collaboration), Planck 2018 results. VI. Cosmological parameters,
Astronomy & Astrophysics 641 (2020). doi:10.1051/0004-6361,/201833910.

19. S. Rani, A. Altaibayeva, M. Shahalam, J. K. Singh, R. Myrzakulov, Constraints on cosmological
parameters in power-law cosmology, Journal of Cosmology and Astroparticle Physics JCAP 03 (2015).

20.S.Vagnozzi, A. Loeb, M. Moresco, Eppur e piatto? The cosmic chronometer take on spatial curvature
and cosmic concordance, The Astrophysical Journal 908 (2021).

14 N23(152)/ 2025 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
DQusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Constraining power-law cosmology with observational Hubble data

21. S. Kumar, Observational constraints on Hubble constant and deceleration parameter in power-
law cosmology, Monthly Notices of the Royal Astronomical Society 422 (2012).

Puga ®aruma, Moxg Illlaxanam
dusuka gpakysbmemi, Unmeepas yHueepcumemi, JlakxHay, YHdicman
(E-mail: mohdshahamu@gmail.com)

Xa66J1 Te/IeCKONBIHBIH, 0aKbLIay JepeKTepiMeH AdpekesiK KOCMOJIOTUAJIBIK MO/ e/ib/i eKTey

Anpgarna. bys kyMbicTa 6i3 KOCMOJIOTHSHBIH OaKbLIayllbl IIEKTey/AepiH TaJlalMbI3-FaJaMHbIH,
KeHEeIiHiH KapanalblM, 6ipakK MaFbIHaJIbl MOAeJi. Bys Moze b eki napaMeTpMeH cunaTTatazabl: Kasipri
KEHEI KbLIJIaM/IbIFbIH OesriiedTiH Xa66s1 koHcTaHTackl (Hp) k9He FapbINITHIK Y/eyAiH HeMece
Oasiysiay/iblH TaOUFATbIH CUIIATTAUThIH 6asgysay napameTtpi (q). Xa66uaablH 31 6aKpliay HYKTECiHiH
COHFBI )KUHAFbIH KOJIJJaHA OTBIPHI, 6i3 0Chl MapaMeTpJiepre KOFapbl AJJIIIKIIEH IIeKTeyIep KOSIMbI3.
biz3iH TangaybIMbl3 KepceTKeHAel, KOCMOJIOTUSA JlepeKTepAiH TaHKalapJblKTal »aKChl COMKECTIriH
KaMTaMachI3 eTe aj1a/ibl, AJIbIHFaH 10 6aFasiapbl 9/leOUeTTe XKapHusJaHFAaH COHFbI HOTHKeJIepre CoMKec
KeJsieJli. Bys1 coliKecTiK FapbINITHIK KeHelAiH GeHOMeHO0JIOTUSJIbIK, CUIIaTTaMachl peTiHAe MOJe/bAiH
©3€eKTiJiriH kepceTrefi. /lereHMeH, OHBbIH, ayKbIMJbl TPEHATEPAI COTTI KalTasayblHa KapaMmacTaH,
MoJieJib/le lIeKTey/ep 6ap, acipece TapuxTarbl Oasty/ayAaH yAeyre Kelly CUSIKTbl H93iK JUHAMHUKaJbIK
cUlaTTaMaJjJapAbl KapacTblpFaH Ke3ze. »KaJnbl, KOpCeTIreH KOCMOJIOTUSI FAPBIIITHIK, 3BOJIIOLMSHbIH,
KeITereH acneKTijiepiH TaJfaMias xoHe peHOMEHOJIOTUS/IBIK, TYPFbIAaH THIM/I cUMaTTayAbl KaMTa-
MachI3 eTKEHIMEH, 0J1 6apJibIK 6aKblIay MaceJiesIepiH, aTal al TKAH/1a FAPBIIITHIK YAeY/iH JUHAMHUKAIBIK
aybICYbIH ILlIeLly YIIiH aJ1i Je XeTKIJIIKCi3.

Ty#iH ce3jep: FapbILITHIK KeJeNAeTy, AepeKTepli Tanjay, Xab6s aepekTepi, KbI3bLIFa KbLIXKY,
KyaT 3aHbl KOCMOJIOTUSIChI

Puaa ®aruma, Moxj Illaxaimam
Qusuyeckull pakyremem HHmezpaabHozo yHUsepcumema, J/lakxuay, HHous
(E-mail: mohdshahamu@gmail.com)

OrpaHuyeHH e CTENEHHOI KOCMOJIOTN4YeCcKOi Moje/iIM JaHHBIMM HaG/II0AeHUM TeslecKona
Xa66.J1a

AG6cTpakT. B faHHOW pab6oTe Mbl aHa/JM3UpyeM HaAOGJIOAATE/NbHble OTPAaHUYEHUs] CTeNeHHOH
KOCMOJIOTUM - IPOCTOM, HO COAepXKaTeJbHOM MoJeJu pacliMpeHUs BceseHHOHW. 3Ta Mofesb
XapaKTepu3yeTcs JByMs MapaMeTpaMu: NocTossHHOM Xa66J1a (Ho), koTopas 3a/jlaéT COBpeMeHHYIO
CKOPOCTb pPacClIMPeHHUs, U TapaMeTPOM 3aMe/iyieHus (), KOTOPbIM ONMUCBIBAET MPUPOY KOCMUYECKOTO
YCKOpEeHUs WY 3aMeijieHus. Mcnosib3ys nocaejH00 KOMIUAsALU0 U3 31 Touky HabrojeHui Xa66.1a,
Mbl YCTaHABJIMBaeM OrpPaHUYEHHs HA 3TH MapaMeTpbl C MOBBIMIEHHOW TO4YHOCThIO. Ham aHanus
MIOKa3bIBAET, UTO CTeNleHHAasi KOCMOJIOTHsI CIOCOGHA 06eCeYUTh YIUBUTEBHO XOpOlllee COOTBETCTBUE
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JJaHHBIM, IPY 3TOM IOJyYeHHbI€ OLleHKU 10 0CTal0TCs COTIaCOBaHHBIMHU C HEJIaBHUMHU pe3yJIbTaTaMy,
ony6JIMKOBAaHHBIMU B JIUTepaType. JTO COOTBETCTBHE MOJYEPKUBAET aKTYaJbHOCTb MOJEIU Kak
beHOMEHOJIOTUYECKOT0 ONMKMCAaHUS KOCMHUYECKOTo paciinpeHus. OJlHaKo, HECMOTpPSI Ha eé ycllelHoe
BOCIPOM3BeJleHHe KPYNMHOMAcUITaOHbIX TPEeHJO0B, MOJejb HMeeT OrpaHUYeHHUsl, OCOOEHHO NpH
paccMOTpeHHH 60siee TOHKUX JUHAMHYECKHUX XapaKTEePUCTHUK, TAKUX KaK Mepexo/; OT 3aMe/JIeHUs K
YCKOPEHMI0 B UCTOPHH. B 11eJ10M MoOKa3aHO 4TO, XOTS CTelleHHas KOCMOJIOrMsl 06ecreyrBaeT 3JlIeraHTHOe
¥ GeHOMEHOJIOTHYEeCKH XKU3HEeCIIOCO6HOe ONMCcaHWe MHOTHX aClIeKTOB KOCMUYEeCKOH 3BOJIIOLMY, ee I10-
NpeXHeMY HeJl0CTAaTO4YHO JJIs1 pellleHHs BceX HabJIoaTe/IbHbIX 3a/iay, B YaCTHOCTH JMHAMHYeCKOTO
nepexo/ia KOCMHUYeCKOro YCKOPeHHS.

KinioueBble c/10Ba: KOCMUYeCKOe YCKOpeHUe, aHa/IM3 JJaHHbIX, JaHHble Xa66J1a, KpacHOe CMellleHHe,
CTeneHHas KOCMOJIOTHS
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