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Abstract — In this letter, we show that in a particular braneworld scenario with variable brane
tension, we obtain matter acting as dark energy while the gravitational constant G promoted
to a scalar field on the brane plays the role of matter (both in the sense that they have an
“effective” equation of state equivalent to that of dark energy and matter, respectively). This
result is interpreted from the Friedmann equation obtained from our model that exactly matches
the standard Friedmann equation of general relativity with a cosmological constant A in terms of
the aforementioned quantities. The universe is assumed to consist of only matter and dark energy
in this model which is a good approximation for our universe.

Copyright © 2024 EPLA

Introduction. — The problem of dark energy is one of
the most challenging problems in cosmology. The need
for dark energy emerged out of necessity to explain the
observation that the universe is expanding in an acceler-
ated manner [1]. It has remained a mystery since and is
yet to be solved. In the framework of general relativity,
a small and positive cosmological constant A [2] is con-
sidered as dark energy and since it is proportional to the
metric g,,, it is interpreted as vacuum energy. However,
its true nature remains elusive since it has an equation
of state w = —1 and also violates the strong energy con-
dition (T — $Tgu)u"u” < 0. A number of alterna-
tive approaches have been proposed such as quintessence
field [3], modified gravity theories (see [4] for a discus-
sion), and braneworld cosmology (see [5] for a review).
In the braneworld scenario, for instance, it was shown
in [6] by considering the brane in 5D Minkowski bulk,
that the Newtonian potential is that of 5D theory at large
distances explaining dark energy [7]. This theory effec-
tively has a 4D massless graviton plus a scalar field as its
tensorial structure. Recently, it was shown in [8] that a
variable brane tension can explain dark energy where the
brane tension was proposed to depend upon the scale fac-
tor. There has also been a growing theoretical effort to
apply the holographic principle to the dark-energy prob-
lem called the holographic dark-energy paradigm (see [9]
for a review). It has led to Kaniadakis holographic dark
energy [10] (which is based on Kaniadakis entropy and
is a generalization of Boltzmann-Gibbs entropy), Barrow
holographic dark energy [11] (which uses Barrow entropy

(2) E-mail: namankumar5954@gmail.com (corresponding author)

instead of the standard Bekenstein-Hawking entropy) and
power-law holographic dark energy [12].

In this paper, we use the braneworld model with a vari-
able brane tension to explain the problem of dark energy.
It is shown that matter effectively acts as the dark en-
ergy and the 4D Newton constant G promoted to a scalar
field on the brane plays the role of matter. The idea is
elaborated in the next section.

Emergence of dark energy. — For a constant brane
tension, Einstein’s equation on the brane (with no cosmo-
logical constant) reads

2

2
K4 K4
G = H%ﬁl)Tﬁ + %Sw —&uw + %FMV' (1)

Here, T}j) is the matter energy-momentum tensor, S, is
the quadratic energy-momentum tensor, §,, is the non-
local Weyl tensor and F),,, is the matter field in the bulk.
Ii%4) = 8GNy = /145))\ is the constant with A being the
constant brane tension. Let us assume that the bulk is
empty so that F},, = 0 and, therefore, the pullback on the
brane is also zero, which is related to the non-standard
model fields [13] as well as the bulk is AdSs such that the
Weyl term &,,,, vanishes. This gives

2
o)

S

2
Guv = Ky T, + (2)
Let us now consider the case where the gravitational con-
stant is promoted to a scalar field G such that n24 =8rG
and the five-dimensional gravitational constant is related
as usual as k?s))‘ = 87 G. In this case, the field equation
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becomes
(3)

where T}” is the energy-momentum tensor of the scalar
field G on the brane given as

G
GMV = k215))\(11% + zj;tl/) + kzl5) Sl“’a

TG, = (0,6)(0,C) g | 30,0V °C) - V(G)|. (4

Note that since the brane tension is now a variable and
the energy-momentum tensor of matter and scalar field is
divergenceless, Einstein’s equation requires the following
relation to hold:

ks TV uh + ki) VuS* — V.84 = 0, (5)
where T"" is the energy-momentum tensor of matter plus
the scalar field G. The field equation (3) can be derived
from the action S = Spuix + Sprane On the brane where

1

Shulk = BTN d°x _9(5)R(5)a (6)
(5)
Sbrane = d4$ \% _9(4)

« K _ %g””@MG&,G _ V(G)> + EM} o

where L) is the matter Lagrangian on the brane. Consid-
ering the flat FLRW geometry of the brane, the Friedmann
equation on the brane reads

2 _ 14 _ Pi
3H k(5))\2p1<1+2>\>,

where Yp; = par + pr + pe is the total energy density (of
matter, radiation, and scalar field G, respectively). Since
we are interested in late-time cosmology, the second term
in the brackets of (8) drops out in the low-energy limit
and we can write the above Friedmann equation in terms
of redshift factor z as

(8)

H? = HZMQ0(1+2)3 4+ Qao(1+2)309) 40,0 (142)1)],
9)

where the density parameter §2,(t) is given by

k}4

i(t) = 3o

(10)

and is the same as that in general relativity in the sense
that they carry the same information. w is the Equation
of State (EoS) of the scalar field G. For the scalar field
(assuming no spatial variation in G), we have

pi = T +V(), ()
ro=S v (12)

If we now consider the kinetic term to be much greater
than the potential term G2 >> V/(G) which can be thought
of as the scalar field G rolling down a very steep potential,
then we have w = 1. Using the divergenceless property
of the scalar-field energy-momentum tensor (V,T5"” = 0)
and egs. (11) and (12), the Equation of Motion (EoM) of
the scalar field coupled to gravity is given by (assuming
no spatial variation in G)*

. . dV(G)
G+3HG =0. 13
+3HG+ (13)
Thus, w = 1 means that the friction term due to the

Hubble parameter H is non-dominant and the scalar field
easily rolls down the potential generating a larger kinetic
term. The (variable) brane tension A is taken to be the
function of the redshift factor z as
Az) = Xo(1+2)72. (14)
Inserting this value of A and w = 1 in (9) with Q.0 =0
for our universe, we obtain
H? = H§[Ao (a0 + Qeo(1 + 2)*)]. (15)
This is equivalent to the standard Friedmann equation of

general relativity with cosmological constant A (and Q.0 =
0) such that

)\OQMO = QAO ~ 0.77
)\OQGO = Qmo ~ 0.3.

Therefore, in this braneworld model, the scalar field G
effectively acts as the matter in the sense that although
its EoS is w = 1, the “effective” EoS (i.e., after taking
the effect of the variable brane tension) is that of matter.
This can be interpreted from the Friedmann equation (15)
while the matter field effectively acts as the cosmological
constant! This result is quite surprising.

Conclusion. — In this letter, we presented a possi-
ble explanation of the dark-energy problem by using the
braneworld model with a variable brane tension. The four-
dimensional Newton constant is promoted to a scalar field
on the brane. Counterintuitively, it turned out that the
matter on the brane acts as an effective dark-energy term
while the scalar field on the brane effectively acts as mat-
ter. Considering the late-time cosmology, the Friedmann
equation obtained using this model exactly matches the
standard Friedmann model of general relativity with a cos-
mological constant and €2, = 0 for our universe. There-
fore, in this particular braneworld scenario, we success-
fully achieved our aim of explaining dark energy without
the need to introduce any extra field.

Data availability statement: No new data were created
or analysed in this study.

IThe EoM of the scalar field can also be obtained by extremizing
the action (7).
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