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Comparison of f(R,T) gravity with type Ia supernovae data
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The expansion of the Universe in f(R,T) gravity is studied. By focusing on functions of the form
f(R,T) = f1(R) + f,(T), we assert that present-day acceleration can be achieved if the functional form of

f2(T) either grows slowly or falls as a function of 7. In particular, we demonstrate that when f,(7T) o 77!,
the Universe transitions to exponential growth at late times, just as it does in the standard cosmological
model. A comparison of predictions of this model with type Ia supernovae shows that this model fits the
data as well or even slightly better than the standard cosmological model without increasing the number

of parameters.
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I. INTRODUCTION

For over two decades, we have known that the expan-
sion of the Universe is accelerating. Originally this was
shown by studying type Ia supernovae (SNe la) [1-3].
Measurements of the cosmic microwave background
radiation [4] and baryon acoustic oscillations show the
same thing [5].

The simplest and most common explanation is to
assume that there is a cosmological constant A, such that
the gravitational action normally proportional to the
curvature scalar R is modified to R + 2A. The evidence
[4] indicates that the Universe is close to spatially flat, and
the resulting A cold dark matter (ACDM) model fits well
with available data.

However, many alternatives have been considered,
including modifications of gravity. In f(R) gravity, the
curvature term R is modified to be some function of the
curvature scalar [6]. Another alternative, proposed first by
Harko et al., is to consider a contribution of the form
f(R,T), where T is the trace of the stress-energy tensor [7].

To find 7, it is first necessary to derive the stress-energy
tensor from the matter Lagrangian £,,. When dealing with
ordinary matter or dark matter, the matter Lagrangian comes
from either the standard model Lagrangian or whatever
extension is responsible for dark matter, thus making the
explicit form of the stress-energy tensor either complicated
or unknown. A common strategy in both standard general
relativity and in these modified theories is to assume a
perfect fluid stress-energy tensor. The method for doing this
in general relativity is well known [8], but there are
additional complications that occur in modified gravity,
as pointed out by [9] and later elaborated by [10]. Multiple
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papers [7,11-15] ignore these complications, making their
conclusions suspect. One attempt to bypass the ambiguity is
proposed by [16]. However, this attempt contained some
sign inconsistencies, partially due to errors in the literature
related to the metric conventions, and a detailed analysis of
their work leads us to conclude that this approach is not
productive.

One of the simplest examples that can be considered is
when f(R,T) is additively separable, such that

F(R.T) = f1(R) + fo(T). (1)

As pointed out by [10], in such theories, f,(7) can, in
principle, be incorporated into the matter Lagrangian £,,
and, as such, perhaps should not be considered as a
modification of gravity at all. This is indeed the argument
of [17]. However, whether this is considered as a modifi-
cation of gravity or not, we can still ask the question of
whether such a theory can account for the accelerating
expansion of the Universe.

In this paper, we focus on the question of how one can
reproduce a currently accelerating universe with a theory
of the form of Eq. (1). Since we are focusing on the effects
of the stress-energy term, we use f;(R) = R and use the
simplest possible form f,(7T) = AT¢. As pointed out
by [17], if we choose ¢ = 2, then standard model con-
straints at the weak scale places strong limits on A. At the
much lower energy densities relevant in current-day
cosmology, the new term would be irrelevant compared
to other terms in the action such as £,,. This argument
generalizes to conclude that any e > 1 is irrelevant for
present-day cosmology, and we will focus on € < 1. The
case when ¢ = 0 corresponds to the standard ACDM. For
comparison we will choose ¢ = —1, which should have an
effect on the late-time Universe. We also assume the
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Universe is flat, so as to not introduce unnecessary addi-
tional parameters. Thus our alternative has the same
number of parameters as standard ACDM, since the
cosmological constant A is replaced by the new coupling
constant A.

In Sec. II, the f(R, T) formalism is laid out, yielding the
modified Einstein’s equations. In Sec. III, perfect fluids as
discussed by [8,10] are reviewed for the particular case of
f(R,T) = R+ AT¢. Then in Sec. IV, the scale factor of the
Universe as a function of time is derived for our model and
compared to ACDM results. Finally in Sec. V, SNe Ia data
from the Pantheon dataset [18-20] are compared against
both our model and ACDM.

Throughout, we use conventions where ¢ = A = 1, the
signature of the metric is (4, —, —,—), and the Riemann
and Ricci Tensors are defined by R*,;, = VI, — - - - and

R,, = R, respectively.

IL f(R,T) FORMALISM

In f(R,T) gravity, the Ricci scalar R appearing in the
Einstein-Hilbert action is replaced by an arbitrary function
f(R,T), where T is the trace of the stress-energy tensor, to
yield an action given by

S = / d*x/=gL, (2a)

1
L=L, - 2—K2f(R, T), (2b)

where k?> = 82G. Varying the action with respect to the
metric and identifying the stress-energy tensor as

2 58,
Tyw=—"=—+0 (3)
V=969
leads to the f(R, T)-Einstein’s equations
1 , oT
(Ryv+guvD_vﬂvy)fR_§fgﬂu:K Tm/_fTanw’ (4)

where the subscripts on f denote partial derivatives [7].
Standard gravity with a cosmological constant A can be
recovered by choosing f(R,T) = R + 2A. Note that the
stress-energy is not conserved in these models [7,21).!
Taking the divergence of Eq. (4) gives

oT
ag

KZV”TIW = VH (fT ) - %fTVDT (5)

'Note a missing term from [7] is corrected in [21].

III. PERFECT FLUIDS

In general relativity, one is rarely interested in the
detailed fundamental Lagrangian. We would prefer to treat
the matter content as a perfect fluid. A perfect fluid is
described in terms of its local four-velocity #* normalized
so that u”uﬂ = 1, the comoving number density n, and the
entropy per particle s. We expect both the particle number
and entropy must be conserved, i.e.

0=V,(nu"), (6a)
0=V,(snu"). (6b)
The stress-energy tensor is given by

Tor = (p + p)u'u” — pg”, (7)

where p = p(n, s) is the energy density and p = p(n, s) is
the pressure. If stress-energy is conserved then, using the
equation V,7* =0, it can be shown that the energy
density and pressure are related by

dp
no =P + p. (8)
We will discover when considering nonstandard gravity
that the naive number density and stress-energy tensor are
not always conserved; nonetheless, we will treat Eq. (8) as a
definition for the naive pressure p.

In standard gravity, it is common to assume L,, = p [7],
but it is worth understanding the origin of this expression,
which for nonstandard gravity turns out not to be so simple,
as was pointed out by [8]. We start with the form

L, =-p(n,s)+J*psV,a* =sV,0-V,0), (9)

where J# = nu* is the current density, a” are a set of index
functions used to label fluid flow line, and f4, 6, and ¢ are
Lagrange multipliers used respectively to ensure that
current flows along the flow lines, entropy is conserved,
and the current is conserved. The number density 7 is now
to be interpreted as an implicit function of J¥, given by

n=/gu.J"N". (10)

Working with the full Lagrangian equation (2b), the
stress-energy tensor and its trace are given by

Tm/ = (p + p)uﬂuu - g/wﬁm’ (113.)

T =(p+p)—4L,, (11b)

while the variation of T with respect to the metric can be
determined, using Eq. (10), as
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oT 1 0
- __ 4+ n— + p). 12
og 2 Uty < " 6n> (0+p) (12)

Considering the additively separable form of Eq. (1) and
the equations of motion of Eq. (9) [8,10]*

0=V, {11 + 21T, (13)
0 = V,{s[1 + 262 £5(T)|J#}. (13b)
0 = [1 + 22 f4(T)]J#V, (13c)
0= =V, B[l + 24T}, (13
0=— [1 +> f’z(T)] [‘;—’; 4 J"V,ﬂ]

— S /A 0+ ) (13¢)

2, op
0= {1 + PfZ(T)} <ﬂAV”aA -sV,0-V,p— %uﬂ>

1 0
—ﬁflz(T)“u%(ﬂ+P)- (13f)
We immediately note from Eqgs. (13a) and (13b) that the
naive number density n and entropy density s are not
conserved. One can obtain the “on-shell” matter Lagrangian

to be

To=pt—T20l(pip). (14

262 +4f}, on

where the bars mean that the functions are to be evaluated
using Eq. (13f) to eliminate all variables except the number
density n and entropy per particle s. It is then trivial to see
that, in standard gravity, £,, = p will occur, but this
equation is not valid when f,(7') is nontrivial.

In order to reproduce Einstein’s equations, the function
must be f(R,T) = R. The next simplest version of (R, T)
should also contain contributions from the stress-energy
tensor, in the form of its trace. A suitable additively
separable function should be of the form

F(R.T) = R+ iT¢, (15)

where A is a coupling constant and € is an arbitrary real
number. The choice of the exponent ¢ will govern how the
modified theory will differ from conventional gravity. In
ordinary gravity, 7 « R, and therefore if ¢ > 1, we should
not be surprised to find that the modification is most
important at early times when the density is high. What we

’Note that a sign error from [10] has been corrected in
Eq. (13e).

want is a contribution that will cause significant changes
only in the late Universe when densities are low, which can
account for the currently accelerating Universe, which
suggests we should try € < 1. In particular, for ¢ =0,
the “new” term corresponds to simply a cosmological
constant with 4 = 2A. To explore a truly new scenario,
we instead focus on other values of e.

Continuing with this form of function, combining
Egs. (11a) and (14), the on-shell stress-energy tensor
becomes

< %o+ p). (16)

7T _— TPF
T = T = 9w 3,27 42" on

Taking the trace, using Eq. (8), and rearranging yields

2€

- - 2ke - d
_ 7PF _ 7 _ € _ e—1
0=T"-T-"5T -7 <4+nan>p. (17)

This equation should be thought of as an implicit equation
for T in terms of n and s.

IV. THE SCALE FACTOR

The initial motivation for considering dark energy was
the study of SNe Ia. A plot of the luminosity distance versus
redshift z seemed to indicate that, unlike a matter- or
curvature-dominated universe, the Universe was currently
accelerating its expansion. It is useful to understand how
this comes about in the standard ACDM model, with
f(R,T) =R+ 2A. We assume a spatially flat universe,
with metric

ds* = di* — a*(1)(dr* + r?dQ?), (18)

where a is an arbitrarily normalized scale factor. It is
evident from Eq. (13a) that in this case the number density
n is conserved, and in the nonrelativistic current universe
we would have p « n, so that pa® will be a constant. The
tt-component of Eq. (4) is then

3(%)2 =K%p+ A (19)

This equation can be solved
a o sinh®3 (2 H,t), where Hy = \/3A, which up to an

arbitrary normalization constant has the asymptotic forms

N(31)%3 t—0
a(r) = -2/3
NH, " exp(Hpt) t— .

exactly to yield

(20)

Can we get a similar outcome from f(R, T) gravity? We
will assume again that the space metric is flat, given by
Eq. (18). The situation is complicated because quantities
like the energy and pressure derived just from the matter
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Lagrangian £,, will not be conserved, nor will be the
number density. However, since the energy density p and
pressure p are being derived simply from the matter
Lagrangian, we expect that in the nonrelativistic era, the
pressure will still be p = 0. We expect the naive energy
density p « n because they are both derived from the
standard matter Lagrangian £,,.

To explore this model explicitly, we will focus on the
model given by Eq. (15), with e = —1. This reduces
Eq. (17) to

- 21

PIT—KziT’ (21)

which can be solved for T to yield

1 81
T=<p+\/p2+2), (22)
2 K

where the positive square root is favored so that T = p in
the limit where the energy density is large or the coupling 1
is small. Because of how useful Eq. (21) is for rewriting the
energy density in terms of the stress-energy trace, this
equation will henceforth be used throughout our work
without referencing it.

Assuming a flat Friedmann-Lemaitre-Robertson-Walker
metric, i.e. Eq. (18), the first Friedmann equation can be
obtained in terms of 7 by combining Egs. (4), (12), and
(15) for € = —1 to yield

3(2)22 <K2—25;2> (T—é?) +% (23)

From Eq. (13a), the effective current density

24 p
J/ﬂ: <1—W>J”:7(nu”) (24)
must be conserved, i.e. V,J* = 0. Recalling that p « n,
this implies that the p?a®/T is constant, which we write as

p? 5 12N3

T

(25)

where the constant was chosen for later comparison and N
is an arbitrary normalization factor. Rewriting the energy
density in terms of the stress-energy trace yields the
relations

12\ /3 T
:(_2) NW’ (26)
T —K—2>

a T\ [ K*T*> + 64
=) ——=. 2
a <T) <3K2T2 - 6/1> 27)

It is useful to define an expansion parameter H,, a rescaled
time 7, and a rescaled stress-energy trace x by the equations

22\ 1/4
H, = (1—;> , (28a)
t=H,, (28b)
T(t) = x(z) % (28¢)

Substituting Eq. (27) into (23) and rewriting in terms of the
rescaled quantities gives the differential equation

d 3(x2=1) [4x*—Tx*+5
dx (); ) [Axt =Tx* + ’ (29)
dr x°+3 2x

effectively describing the behavior of the energy density.

For the early Universe, the energy density is infinite
while for the late Universe, the energy density approaches a
constant, i.e. x - oo and x — 1 + Jx respectively. Solving
Eq. (29) in these limits yields

2
02 T—>0,

x(e) = 1 + aexp (—%1) 7 — 00, G0)

where a =~ 0.9844 was determined numerically. This leads
to a scale factor which has the asymptotic behavior

” N(31)*/3 =0, o1
a =

NHP (V2 explt) 10, D
We note that this is nearly identical to Eq. (20), the only
difference being an overall scale increase in this model that
is smaller by a factor of (v/2a)~*/3 ~ 0.8021. The behavior
of the Hubble parameter is shown in Fig. 1. However, there
is no particular reason to assume the asymptotic Hubble
constants H, and H, should match, since the goal of these
models is not to make the Universe with particular future
behavior, but instead to match the observed redshift-
luminosity curves.

V. LUMINOSITY DISTANCE AND OBSERVATION

The relationship between the luminosity distance and
redshift can be understood as

d, = ap(1 +z) / n_dr (32)

,alr)’

where 1 is the time value for the present and ay = a(ty). In
the ACDM model,
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H/H.
=

FIG. 1. The behavior of the Hubble parameter as a function of
time in the ACDM (solid) and f(R, T) (dashed) models. The end-
time value H, corresponds to H, or H, for ACDM and f(R,T)
respectively.

Hyd; = (142 / (33)

=V QAW + le//

where Q) +Q,, = 1.

Similarly for the considered f(R,T) theory, a relation
between the two can be determined starting by combining
Eqgs. (27)—(29), followed by evaluating at the present time,

2x3

Hy=Ho\l ;w72 15

(34)

=T,

Then by inserting Eq. (26) in terms of x(z) and (34) into
(32) yields

Distance Modulus
T

1072 107" 10°
V4

FIG. 2. The distance modulus y = m — M as a function of the
redshift factor z. The points represent data taken from the
Pantheon survey provided by [18]. The solid line corresponds
to the best fit ACDM model. The dashed line represents the best
fit of our model at 7, = 0.937.

1 4x* —TIx* +5
Hod, = (1 +2) (@17 o
T=T1(
% /10 Mdr’ (35)
. x(') ’
where
x (x*=1)%3
l+z= [(x2—1)2/3] ) e . (36)

From the luminosity distance d;, the distance modulus y
can easily be determined using

dp
=51 . 37
H 0g10<]0 pc) (37)

Figure 2 shows the 1048 supernovae data from the
Pantheon dataset [18-20], superimposed with the best fit
curves for both our model and ACDM. As is clear, the two
theories for an appropriate choice of parameters yield
virtually indistinguishable curves. To clarify what is going
on, we have included Fig. 3, which shows the difference
between f(R,T) predictions and the best fit ACDM, for
different values of A. Also included in Fig. 3 are the
“binned” supernovae data. Again, at least visually, it is not
obvious which theory is better.

To find the best fit values for both our model and ACDM,
we minimize y> with respect to M, given by

poy(Hamaye

i=0

Residual Distance Modulus

0.00 inapec iy

< % HHM ! T{ H{f T}N\Q\

-0.10

-0.15

-0.20

101 | 100

FIG.3. The difference Ay = iy — un between f(R, T) distance
modulus and the best fit standard ACDM modulus. Solid lines
correspond to 7z values 0.90, 0.92, 0.94, 0.96, and 0.98 from
bottom to top. The dashed line represents the best fit of our model
at g = 0.937. The points represent data taken from the Pantheon
binned data provide by [18]. For fitting purposes, the full
Pantheon dataset was used.
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where z;, m;, and o; are the corrected redshift, apparent
magnitude, and error in the apparent magnitude of the
supernovae data, while M is the absolute magnitude. Then,
we scanned through various values of 7, and found a
minimum for our model at 7, = 0.937 & 0.014. The value
of A can be determined by combining Eqs. (28a) and (34),
resulting in

6 T2H}
A= { a ] 0, (39)
=1 K

(4x* —7x? +5)? 2
Subsequently using the best estimate 7, yields

T2H}

A~ (0.246 + 0.005) 2.
K

(40)

For H,=71.5 km/s/Mpc, this corresponds to 1=
5.57(12) x 1077 eV, Our model does not naturally
explain the smallness of this parameter; it must simply
be treated much like the cosmological constant A
in ACDM.

As in the standard ACDM model, Hubble’s constant H,
and the absolute magnitude M for SNe la are degenerate
parameters [18]. Recalling that for the ¢ =0 case the
f(R,T) model is equivalent to the ACDM model, the
second parameter used in both theories is A. In both cases
there are 1046 degrees of freedom.

Our best fit for the ACDM yields 3> = 1035.68 for the
value of Q, = 0.716 where Q, + Q,, = 1, while for our
f(R, T) model, multiple 7, values were tried in order to find
the minimum y? = 1032.64 at the best fit value of
7o = 0.937. Even though the y? scores suggest our model
has a slight advantage in fitting the SNe Ia data, it is not
enough to significantly favor our model over ACDM.

For the best fit values, the two models yield essentially
the same values of M: at Hy = 71.5 km/s/Mpc. This

results in a best fit value of M = —19.32 for our theory,
compared to the conventional ACDM model value
of M = —19.31.

VI. CONCLUSION

We have studied the expansion of the Universe in
f(R,T) gravity with f(R,T) = R+ AT~! assuming a flat
Universe. Like ACDM, we found an exponential growth
transition from the matter-dominated era to present-day
cosmology when considering the analysis of [10]. We also
compared our predictions for luminosity distance versus
redshift with SNe Ia data [18]. Our results show that this
new model is competitive with, or even slightly better
than, ACDM.

It is clear from our analysis that supernovae data
indicate an accelerating Universe, but current data cannot
necessarily distinguish the cause of such acceleration.
Since our f(R, T) model fits the data well, as evident in
Fig. 3, the deviation between standard and nonstandard
cosmologies is most evident at high redshift so that more
supernovae at high z are needed to differentiate between
these models.

In future work, we intend to study alternative models; for
example f(R,T) = R + AT¢ for other values of ¢ < 1. We
also hope to understand how our model affects the
fluctuations in the cosmic microwave background radiation
and possible modifications in the large scale structure.

ACKNOWLEDGMENTS
We thank L. Pryor for helpful comments on this paper.

DATA AVAILABILITY

The data that support the findings of this article are
openly available [18].

[1] Adam G. Riess et al., Observational evidence from super-
novae for an accelerating universe and a cosmological
constant, Astron. J. 116, 1009 (1998).

[2] S. Perlmutter et al., Discovery of a supernova explosion at
half the age of the Universe, Nature (London) 391, 51 (1998).

[3] S. Perlmutter et al. (The Supernova Cosmology Project
Collaboration), Measurements of Q and A from 42 high-
redshift supernovae, Astrophys. J. 517, 565 (1999).

[4] N. Aghanim et al., Planck 2018 results: VI. Cosmological
parameters, Astron. Astrophys. 641, A6 (2020).

[5] Shadab Alam e al., The clustering of galaxies in the
completed SDSS-III baryon oscillation spectroscopic survey:
Cosmological analysis of the DR12 galaxy sample, Mon.
Not. R. Astron. Soc. 470, 2617 (2017).

[6] H. A. Buchdahl, Non-linear Lagrangians and cosmological
theory, Mon. Not. R. Astron. Soc. 150, 1 (1970).

[7] Tiberiu Harko, Francisco S. N. Lobo, Shin’ichi Nojiri, and
Sergei D. Odintsov, f(R,T) gravity, Phys. Rev. D 84,
024020 (2011).

[8] J.D. Brown, Action functionals for relativistic perfect
fluids, Classical Quantum Gravity 10, 1579 (1993).

[9] Olivier Minazzoli and Tiberiu Harko, New derivation of the
Lagrangian of a perfect fluid with a barotropic equation of
state, Phys. Rev. D 86, 087502 (2012).

[10] Sarah B. Fisher and Eric D. Carlson, Reexamining f(R, T)
gravity, Phys. Rev. D 100, 064059 (2019).

[11] Diego Sdez-Gomez, C. Sofia Carvalho, Francisco S.N.
Lobo, and Ismael Tereno, Constraining f(7,7) gravity

024074-6


https://doi.org/10.1086/300499
https://doi.org/10.1038/34124
https://doi.org/10.1086/307221
https://doi.org/10.1051/0004-6361/201833910
https://doi.org/10.1093/mnras/stx721
https://doi.org/10.1093/mnras/stx721
https://doi.org/10.1093/mnras/150.1.1
https://doi.org/10.1103/PhysRevD.84.024020
https://doi.org/10.1103/PhysRevD.84.024020
https://doi.org/10.1088/0264-9381/10/8/017
https://doi.org/10.1103/PhysRevD.86.087502
https://doi.org/10.1103/PhysRevD.100.064059

COMPARISON OF f(R,T) ...

PHYS. REV. D 111, 024074 (2025)

models using type Ia supernovae, Phys. Rev. D 94, 024034
(2016).

[12] Raziyeh Zaregonbadi, Mehrdad Farhoudi, and Nematollah
Riazi, Dark matter from f(R,T) gravity, Phys. Rev. D 94,
084052 (2016).

[13] Hermano Velten and Thiago R. P. Caramés, Cosmological
inviability of f(R,T) gravity, Phys. Rev. D 95, 123536
(2017).

[14] G. A. Carvalho, R. V. Lobato, P. H. R. S. Moraes, José D. V.
Arbaiiil, E. Otoniel, R. M. Marinho, and M. Malheiro,
Stellar equilibrium configurations of white dwarfs in the
f(R,T) gravity, Eur. Phys. J. C 77, 871 (2017).

[15] Debabrata Deb, Farook Rahaman, Saibal Ray, and
B. K. Guha, Strange stars in f(R,7) gravity, J. Cosmol.
Astropart. Phys. 03 (2018) 044.

[16] G. A. Carvalho, E. Rocha, H. O. Oliveira, and R. V. Lobato,
General approach to the Lagrangian ambiguity in f(R,T)
gravity, Eur. Phys. J. C 81, 134 (2021).

[17] Osmin Lacombe, Shinji Mukohyama, and Josef Seitz,
Are f(R,Matter) theories really relevant to cosmology?,
J. Cosmol. Astropart. Phys. 05 (2024) 064.

[18] D.M. Scolnic et al., The complete light-curve sample of
spectroscopically confirmed SNe Ia from PAN-STARRSI1
and cosmological constraints from the Combined Pantheon
Sample, Astrophys. J. 859, 101 (2018).

[19] Jia Lu, Lifan Wang, Xingzhuo Chen, David Rubin, Saul
Perlmutter, Dietrich Baade, Jeremy Mould, Jozsef Vinko,
Eniké Reg6s, and Anton M. Koekemoer, Constraints on
cosmological parameters with a sample of type Ia super-
novae from JWST, Astrophys. J. 941, 71 (2022).

[20] T. M. C. Abbott et al., First cosmology results using type la
supernovae from the dark energy survey: Constraints on
cosmological parameters, Astrophys. J. Lett. 872, 130
(2019).

[21] Barrientos O. José and Guillermo F. Rubilar, Comment on
“f(R,T) gravity”, Phys. Rev. D 90, 028501 (2014).

024074-7


https://doi.org/10.1103/PhysRevD.94.024034
https://doi.org/10.1103/PhysRevD.94.024034
https://doi.org/10.1103/PhysRevD.94.084052
https://doi.org/10.1103/PhysRevD.94.084052
https://doi.org/10.1103/PhysRevD.95.123536
https://doi.org/10.1103/PhysRevD.95.123536
https://doi.org/10.1140/epjc/s10052-017-5413-5
https://doi.org/10.1088/1475-7516/2018/03/044
https://doi.org/10.1088/1475-7516/2018/03/044
https://doi.org/10.1140/epjc/s10052-021-08920-4
https://doi.org/10.1088/1475-7516/2024/05/064
https://doi.org/10.3847/1538-4357/aab9bb
https://doi.org/10.3847/1538-4357/ac9f49
https://doi.org/10.3847/2041-8213/ab04fa
https://doi.org/10.3847/2041-8213/ab04fa
https://doi.org/10.1103/PhysRevD.90.028501

	Comparison of f(R,T) gravity with type Ia supernovae data
	I. INTRODUCTION
	II. f(R,T) FORMALISM
	III. PERFECT FLUIDS
	IV. THE SCALE FACTOR
	V. LUMINOSITY DISTANCE AND OBSERVATION
	VI. CONCLUSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


