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Abstract In this work, we take a short recap of a formal
framework of the Eddington-inspired Born-Infeld (EiBI)
theory of gravity and derive the point-like Lagrangian for
underlying theory based on the use of Noether gauge symme-
tries (NGS). We study a Hessian matrix and quantify Euler—
Lagrange equations of EiBI universe. We discuss the NGS
approach for the Eddington-inspired Born—Infeld theory and
show that there exists the de Sitter solution in this gravity
model.

Contents

I Introduction . . .. ... ...............
2 Eddington-inspired Born—Infeld gravity . . . . . . ..
3 Hessian matrix and Euler-Lagrange equations of
EiBluniverse . . . . . .. ... ............
4 Noether gauge symmetries in EiBI gravity
5 Remarks on exact cosmological solutions . . . . . . .
6 Conclusion . . . ... ... ... ... ...
References . . . . . . ... ... ... ... ... ...

1 Introduction

Various cosmological observations make a strong evidence
that the expansion of the universe is presently accelerat-
ing. These experimental results include Type Ia Supernovae
[1,2], cosmic microwave background (CMB) radiation [3—
9], large scale structure [10, 11], baryon acoustic oscillations
(BAO) [12] as well as weak lensing [13]. An expansion phase
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can be basically explained by the simplest model: the so-
called Lambda cold dark matter (ACDM) [14]. However,
the ACDM model is plagued by the cosmological problem
[15] and the coincident problem [16]. There are at least two
promising explanations to date to describe the late-time cos-
mic acceleration. The first one assumes the introduction of the
so-called “dark energy (DE)” in the context of conventional
general relativity. Another convincing approach is to engi-
neer Einstein gravity on the large-scale methodology (see
for reviews on not only dark energy problem but also modi-
fied gravity theories, e.g., [17-21]). However, the DE sector
remains still unknown and possesses one of the unsolved
problems in physics.

Therefore, it opens opportunities to search for modified
theories of gravity to deal with such problems. By modify-
ing the geometrical part of Einstein field equations or adding
scalar field to the right-hand side of the Einstein field equa-
tions, both alternatives are able to explain effects of dark
ingredients with acceptable assertions [22]. One of the sim-
plest modifications to the standard general relativity is the
f(R) theories of gravity in which the Lagrangian density
f is an arbitrary function of the scalar curvature R [23,24].
Among numerous alternatives, these theories include higher
order curvature invariants, see rigorous reviews on f (R) the-
ories [25,26] as well as on Born—Infeld inspired modifica-
tions of gravity [27]. See also a recent review on modified
gravity theories on inflation, bounce and late-time Evolution
[28]. There have also been works regarding the inclusion on
EiBI on a larger class of theories named Ricci-based gravity
theories [29-31]. Additionally, there have been other works
in EiBI theories appeared to have rigid consequences, see
[32-36].

In cosmological framework, the Noether symmetry (NS)
approach has revealed a useful tool not only to fix physically
viable cosmological models with respect to the conserved

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-021-09144-2&domain=pdf
mailto:thanyagamon1995@gmail.com
mailto:channuie@gmail.com
mailto:naragorn.k@psu.ac.th

357 Page2of 8

Eur. Phys. J. C (2021) 81:357

quantities, but also to reduce dynamics and achieve exact
solutions [37,38]. Moreover, the existence of Noether syme-
tries plays crucial roles when studying quantum cosmology
[39]. The Noether symmetry approach has been employed
to various cosmological scenarios so far including the f(7)
gravity [40], the f(R) gravity [41], the alpha-attractors [42],
spherical and cylindrical solutions in f(7") gravity [43],
f(G) gravity [44], non-local curvature and Gauss—Bonnet
cosmologies [45], and others cosmological scenarios, e.g.
[46-55]. The study of Palatini f(R) cosmology using the
NS approach for the matter-dominated universe was carried
out in Ref. [56,57]. Moreover, the exact solutions for poten-
tial functions, scalar field and the scale factors in the Bianchi
models have been investigated in [58,59].

Apart from the NS approach [37,38], the Noether Gauge
Symmetry (NGS) [60—62] is more generalized. In this work,
we examine a formal framework of Eddington-inspired
Born-Infeld (EiBI) gravity through the NGS approach and
present a detailed calculation of the point-like Lagrangian.
Notice that the point-like Lagrangian derived from the alter-
native form of the EiBI action was proposed by Delsate and
Steindoff [63] instead of using the original form of the EiBI
action suggested by Maximo Bafiadoz [64].

This paper is organized as follows: we will start by mak-
ing a short recap of a formal framework of the Eddington-
inspired Born—Infeld theory of gravity in Sect. 2. Here we
derive the point-like Lagrangian for underlying theory. In
Sect. 3, we study a Hessian matrix and quantify Euler-
Lagrange equations of EiBI universe. In Sect. 4, the NGS
approach for the Eddington-inspired Born—Infeld theory is
discussed. We comment on exact cosmological solutions of
the EiBI theory based on the use of Noether symmetries of
point-like Lagrangians in Sect. 5. Finally, we conclude our
findings in the last section.

2
Seimi(g, T) = = / d*x[ Vg + K Ruo )] = 2/ gl |
+Sm (8- ) + Sp(gur- 9). @1

where L = 14« A is adimensionless constant displaying the
relation between the EiBI free parameter « (with a dimension
of M %, ) and the cosmological constant A (with a dimension
of M;z); whilst S, (g0, W) and Sy (g0, @) represent the
matter field action and the scalar field action, respectively.
The authors of Refs. [65,66] have realised why these theo-
ries (including EiBI) do not propagate ghosts. This is due to
their projective symmetry, which is realised by taking into
account only the symmetric part of the Ricci tensor in the
EiBI action. Therefore, in order to avoid ghosts, the Ricci
scalar of Eq. (2.1) should actually be the symmetric part of
the Ricci tensor, otherwise the theory propagates ghosts.
Throughout this work, we set S”C# = 1. After performing
variation of Eq. (2.1) with respect to Fﬁv, we obtain the rela-
tion between two metric tensors, i.e. g,y = guv + K Ry (T7).
Hence Eq. (2.1) can be written in the bi-metric form as

2
Seip1(g, I') = ;/d4x|:\/|q#v| —A |glw|i|
+Sm(guvv w) + S¢(g/w, P).

With the help of two ansatz forms of a spatially flat FLRW
metric

2.2)

ds? = guvdxtdx’ = —N(t)%dt* + a()*dx?,
ds; = quudx"dx" = —M(t)*dt* + b(1)*dx?,

(2.3)
2.4)

the EiBI action (2.2) can be expressed in terms of the cos-
mological variables as follows:

. . . o« ’;
2 200 Mb b B o BbMN\T

Sept = —vo | dilem = =2 [ dr | Jas | N2 =3k (22 Z2) [ |14 = (—ip + 252 = 222
FiBI KUO/ Lripr = — / \/a [ K(Mb b)“ +a2M2( + M )}

12

— Na*(1+«A) | = Na® [—pm(a) + l}% — 2V(¢>):| , (2.5)

2 Eddington-inspired Born-Infeld gravity

In 2009, Maximo Bafiadoz [64] proposed a new form of the
Born—Infeld action under Palatini formalism. This is the so-
called Eddington-inspired-Born—Infeld (EiBI) gravity. This
action is written as follows:

@ Springer

where vy is the spatial volume obtaining after a proper com-
pactification for spatial flat section. [ = +1 and [ = —1
denote an ordinary scalar field and phantom scalar field,
respectively. It is probably impossible to get rid of all second
order derivative in Eq. (2.5) by performing an integration by
parts. Therefore we neglect to write an explicit form of the
point-like Lagrangian. In 2012, Delsate and Steindoff [63],
however, wisely proposed the bi-metric form of the EiBI
action under the metric formulation written as
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|
SEiBI(g, 9) = A/d“xf [R(q) - = 4= (q Sup —2\/;)]

+S4(8. 9) + Su (g, P). (2.6)

Notice that only g, interacts with matter and scalar fields
whereas g, defines the background metric regarded as the
fundamental reference frame of the universe [67]. Because
the alternative action yields identical field equations as pro-
vided in the Bafiadoz action, this indicates that two action
forms are equivalent. Using a relation, S = vy f dtL [68]
and the relation between two metric tensors, g,y = guv +
k R, ('), the point-like Lagrangian can be extracted from
equation (2.6) as follows

6b> 20 1(N?* a4
= AMP| — —— — = 4+ [ — pl
LEiBI b |: Y +K<M2+3b2>}
¢2
(l— —2V(¢) — me(a)>~ 2.7

Here the number of configuration space (or the minisu-
perspace) variables equal to five due to the appearance of
variables {a(t), b(t), M(t), N(t), ¢(¢)} in Eq. (2.7). Apart
from the kinetic part of the Lagrangian, we can set Vi =
%b} [ZA— (Z—i +3 Z—i)]+2Na3 (V(¢)+,0m (a)) asan effec-
tive potential in the gravity model. It also notes that Eq. (2.7)
is a singular Lagrangian due to the existence of two Lapse
functions, N (¢) and M (¢) as shown in the denominators of
Eq. (2.7).

3 Hessian matrix and Euler-Lagrange equations of
EiBI universe

In the absent of {a, M , N } in the EiBI point-like Lagrangian,
the EiBI Hessian matrix can be written as
2L  9*L  3’L 3L B’L

342 3adb 9adN 9adM dadp

L ’L  9*L  9*L  *L

abaa  0b>  9bON 9bOM 0bdg

[Wijlgipr = | ok Sk PL L. oL
: aNoa ONob N2 9INOM ONdg

L d*L  _9’L 9L 9L
aMda IMdb IMIN IM? OMaid
32

%L 9L 9PL_ 9*L_ L
| 9gda  0dob 3dHIN ogoM  9¢* |
0 0 00 O
122b
0-3700 0
=0 0 00 O 3.1
0 0 00O
2431
[0 0 00

Clearly, the determinant of the Hessian matrix of the
EiBI point-like Lagrangian equals zero indicates again that
Eq. (2.7) is a singular Lagrangian. Accordingly, variables
{a, N, M} do not contribute to dynamics and have to be
considered as a further constraint equations. This tells us

that a(¢), M (¢) and N (¢) are not independent variables any-
more then we can set them to an arbitrary functions of
time [69], i.e. F(t) = F(a, M, N). Variables b(t) and ¢ (¢)
however remain considered independently. With the defi-
nition of the Euler-Lagrange equations, we can show that
[70]

d oL 9L 0 (8£)dqj+ d (a,c)dqf' L
dt 3¢t gl dgi \agi/ dr ' 8¢i \a¢i/ dt g’

9L . 92L AL
= ——+¢ ———--—=0, 32)
g’ gt gl oq! aq'
. 9L . L oL
GWij =4 ——— = =) ——— + —. (3.3)
g’ g’ g’ g’ aq'
Here the configuration space variables are g; = {a, b, M, N, ¢}

and their time derivative on the tangent space are ¢; =
d"’ = {a,b, M, N, ¢}. Because Bqlaq‘ =0 and d;,(,f, =0
for variables {a, M, N} in EiBI gravity, the Euler-Lagrange
equations of these variables can be reduced to 35 = gﬁ =
gf; 0 where @, M, N and &, M, N can be set arbitrar-
ily [70]. As expected, b and ¢ are determined from taking
variation Lagrangian with respect to the dynamical variables
and their time derivative as shown on the right-hand side
of Eq. (3.3). We have to keep in mind that a crucial con-
cept of a gauge theory is the general solution of the equa-
tions of motion which contains arbitrary functions of time
and the canonical variables are not all independent but relate
among each others via the constraint equations [70]. As the
{32_[, _ L _ L 0},

—_ s = = =

results of the vanishing of
the canonical momenta associated to a, N, and M yield
pa = 0L)3d = 0, py = IL/IN = 0, pyy = IL/IM =
0, respectively. The Hamiltonian constraint equation can
be straightforwardly derived from the canonical momenta
via the Lagrangian and theirs Lagrange multipliers {}; =
Aa(t), Ay (t), Ay (1)} as follows:

JLEiBI . OLEiBI ; , OLEBI ;
Heip) = —2BLG — Lrig = —2i8Lp c
EiBI 2, qi iBI Y3 20 —==6 — LEipI.
3.4)
‘HEiBLtot = HEiBI + XA Pis
1246b\ - 24314
= (—M>b+( N >¢ LEiBI + *a Pa

+ANPN +Appm =0,
6:bb%  adlg?
[
M N

N2
} |:2A2Mb3 Ab3ﬁ—3ka2Mb

+2KNa3V(¢) + 2Kp(a)Na3:| +XapPa +Ampm

+inypn =0, (35)

where the Lagrange multipliers,A,(7), Aps(¢),and Ay (t), re
arbitrary functions of time. The total EiBI Hamiltonian
(Hgip1) can be used to evaluate an evolution invoking the

@ Springer
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Hamiltonian equations of motion as follows:

O HE; . O HE;
o ‘HEiBL tot (1), M = HEiBL tot — (0.
9pa pm
. OHp
N = ‘HEiBL tot .
apN
p— OHEBLOL _ PoM b= OHEBL0t _ PpN
o ap, 12407 T dpy 24307
OHE; 6rb? 1
by = — HeiBLot _ ~_ Nezyp?
ob M K
3Ab2N?
- - 3Aa2M] #0,
OHE; 1
by = ——Hgil’“’t = ——[2eNa*V'(@)]
= —2Na’V'(¢) # 0,
OHE; 3a?l¢ 2
po = —EBLL _ 3019 [mabM 6ka* NV ($)
da N
+6Ka2pm(a)N] =0,

. OHEIBI tot a’lg®>  1[20b°N 3
_— ot - —2%a®V
PN ON 2 + o ; ka’V(¢)

—2Kkpm (a)a3i| =0,
. OHEiBLwt _ _6?»1752
PM =" T T e
1 2,3 SN2 2
+—[—2)\b _ 22 3 b]:O. (3.6)
K

For the EiBI Hamiltonian, it should be noted that a =
Aa» N = AN, M = Ay are the primary constraints and
Pa = PN = pm = 0 are the secondary constraints that must
be valid at all times [69] resulting in p, = pyr = py = 0.In
order to obtain the dynamic solutions, we have to calculate
the Euler-Lagrange equations fora(t), b(t), M(¢t), N(t),and
¢ (t) as shown below:

3d%1$*  6rabM
“N¢ O _6Na*V($) + 6N pm(a) = 0, 3.7)
jp_ bM N b* aM?b N bN? N am? 3.8
M 2b 2k 4 deb T
6Abb%  2)2b3  3ra’b  Ab® NZ
- - —=0,(3.9
M? K K Kk M?
a’lg? 2)\19*
- —24°V($) = 24’ pp(a) = 0,
(3.10)
. a N\. V/(¢)N?
3= 4 — — =0,
¢+( ~+ N)¢>+ :
(3.11)

where the conservation equation [68], dp,,/da = —3(om +
Pm)/a, has been used to yield Eq. (3.7).

@ Springer

4 Noether gauge symmetries in EiBI gravity

Noether vector (X s) and the first prolongation vector field
(XI[\}GS) related to EiBI Lagrangian, as shown in Eq. (2.7),
can be constructed as follows:

9 d 0 d
XNGS—Ta +Otaf+ﬁf+ 87N+§7+§08¢ “.1)
(1 0 0
XNGs = XNGs +a—— —|—,3 +%' “4.2)

da Von am T 873’

where the undetermined parameters {z(z,q"), a(t,q’),
B(t.q)), y(t,q"),E(t, q"), o(t, q")} are possibly functioned
by {, qi}={t, a,b, N, M, ¢}. Their time derivative can be
defined as
a(t,a,b,N,M, ¢) = D;a — aDy, 4.3)
for variable «(¢). This can be applied in the same way for
other undetermined variables. The operator of a total differ-
entiation (D;) with respect to ¢ in EiBI gravity
can be defined as
d d d a

D=2 al 45y Mo N +¢—

(4.4)
at ' " da ' ab aM 3

It is worth noting that ME‘BI = 0 because there has no time

variable(t) expressed exphcltly in Lgigr. The vector field
X%]GS is a NGS of a Lagrangian £(t,a,b, ¢, M, N, b, d)),
if there exists a gauge function B(¢, a, b, ¢, M, N) which
obeys the following NGS condition (see Ref. [71] for explicit
derivation):

XNLoL 4+ LD,T = D;B. 4.5)

For NSG without gauge term and the prolongation part of the
vector field, i.e. B(t, ¢') = 0, it requires that 7(z, g') = 0.
Accordingly, Eq. (4.5) can be reduced to £x,; £ = 0 that
is the condition for Noether symmetry [62]. After using the
Noether gauge symmetries condition with the EiBI point-like
Lagrangian, this provides us with eighty terms for XE&]G gL+
LD;1 = D;B as shown below:

6 abM 61a’N
ore 2T Y  6a®Np(a)a — 642NV (d)a
K K
3xa*MB  6AL*MB  3AbENZB  2xdy
+ - + -
K K kM K
20b3Ny 3
= ' 2
t— a’p(a)y
3ra’be 21203 Ab3N?
—2a°V(p)y + 5 L f
K K kM
6ABD%  6AbED?
— 16[ TEZ —2a°Nayp'(a)



Eur. Phys. J. C (2021) 81:357

Page 50f8 357

PNV + 3la’ad? B a3y ¢? B 120bbp;

N N2 M
3ra’bMt,  2)2b°Mt,  2xa’Nt  ABPN2z,
+ - - +
K K K kM

—2a*Np(a)t, — 2a° NV (¢) 7

6Abl;2t, la3gﬁ2r, 21a3q'590,
M N N
24)bbdpBy  6ra*bMTy
- +
M K
4203 Mpty  4raPNory
K K
2003 N2y 3 . 3 .
e 4a®Np(a)pty — 4a> NV (¢)dr,
N 12abb% ¢ty 2acPity  Madd ey
M N N
24\bbM By 6AacbM Mty
— +
M K
423MMty  4raPNMrty  20b3N2 M1y
— — +
K K kM
; ) 5 ) 120bD* M1y
—4a’Np(a)Mty — 4a> NV ($) Mty + —
AaPMPtyy  dla*Mboy  24rbbN By
N N M
n 6Aa2bMNtN 4k2b3MNtN 4Aa3NNrN
K K K
2)\.b3N2NtN 3 . 3 .
— 4a®>Np(a)Nty — 4a° NV (¢)Nty
K
120b0* Nty 2la’N¢?ty  4la*Noy
M N N
240bb2 B, 6ra*bMbt,  4XZDPMbty,
M K K
40a’Nb 203 N2b .
_d t + t —4a3N,0(a)bI;7
K KM
) 120037, 2la’bé*t,
—4a> NV ($p)b -
a (D)ot + i N
+41a3l3¢'><pb 242babB, N 6ra’bMat,
N M K
23 Maz, 4ra*Nat, 2Mb°NZ2az,
— — +
K K KM
120bab?
—4a®Np(a)at, — ANV ($)at, + #
Aadad?t,  4Aladag ) .
— a NW“ — B, +aB, + bB,

+MBy + NBy + ¢By.

If the Noether symmetry condition £x,s Lrig1 = 0 is satis-
fied, then the function Xg = o' 37 is a constant of motion
[72]. This gives

. ;0L ﬂaz: N AL ﬁ[ IZAbB]
1 =0 — = - — = e —
0,EiBI Py 9 <ﬂa¢ M
2a31¢
+o[ N¢], 4.6)

where two unknown functions 8 and ¢ will be studied in
the next section. Up to this point, it is worth mentioning a
dimension analysis of each variable, i.e. [dimensionless] =
[A] = [Il = [a] = [b] = [¢] = [N] = [M]; [a]l =[B]=
[yl = [§] = [¢] = [r] = M} (€] = [M;°]; [a] =
(6] = [§] = [Mp): [e] =B8] =[] = [Mp?].

5 Remarks on exact cosmological solutions

After a separation of monomials, we can quantify the system
equations to yield

T =T,=Ty =TN =7p =0, (5.1)
Ba = B = BN =0, (5.2)
$a = ¢m = 9N =0, (5.3)
61bBy  lagy
=—— 4
0 TR T (5.4)
0 =3a— % —at +4agy, (5.5)
b§
0= —/3+M+b‘[t—4bﬂb, (5.6)
By, =By =By=0 6.7
12008
By = 20 (5.8)
2103<pt
By = 5.
b=t (5.9
6rabM  6).a®N )
B =« — —6a“Np(a) —6a“NV (¢)
K
.y 3rxa’M  622b*M  3)b>N?
~2a>Np' (@) | + - +
K kM

23N

2xa3
+y| - ——+
K

3xa?b 2220 Ab3N? .
+s[ = - ]+<p[—2a NV ()]

3ra2bM  22203M  20aPN Ab3NZ
+7¢ - - +
K K K kM

—2a3p(a) — 2a3V(¢)]

K K

—2a3Np(a) — 2a3NV(¢)i|. (5.10)

From Egs. (5.2), (5.3 ) and (5.4), one found that 8 = B(b)
and ¢(¢). If we choose
B(b) = c1b,
o(P) = c20.

(5.11)
(5.12)

From Eq. (5.1), there is only one possibility left with t; 7 0.
Therefore the polynomial of &, 8, ¢, ¥, and € no longer have

@ Springer
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holdin 7 (¢). Proposing the linearity of the relations expressed
in Egs. (5.5) and (5.6), we have to set

a(a) = caa, (5.13)
Y(N) = caN, (5.14)
§M) = csM. (5.15)

With this setting, we can solve Egs. (5.5) and (5.6) to get

(5.16)
(5.17)

t(t) = (3c3 — ¢4 +4c2)t + ce,
T(t) = (5¢1 — c5)t + 7.

In order to write 7 (¢) in a single form, we have to set ¢ = ¢7
and 3¢3 — ¢4 + 4c2 = S5¢1 — c5. There are three equations
contributed of gauge function,

12).bB; 12¢1bb

= = 5.18
b i v, (5.13)
21a3<p, 2021a3q5
By = = , 5.19
9 N N (5.19)
6ra’bM  6)a’N
B = 03[ M 63Np(a) — 6a*NV ()
K
3 3ra*bM  6)2b3M  3)b3N?
—2a’Np'(a) | + c1 - +
K kM

21b3 N2

2)a’N 3 3
+eu| — + —2a’Np(a) —2a’ NV (¢)
K

|:3Aa2bM 2220’ M Ab3N2]
+c5 — —

K K kM
3na?bM  2)2M  20d’N
K K

+QBc3 —cq4 + 462){

3872
+M’ A;v —24°Np(a) — 2a3NV(¢)] — 2028’ NpV' (),
K
(5.20)
where we use B, = g—g% = clb and ¢; = do dé _ cz(ﬁ to

dt
.9) and (5.8),

NS

]
get Egs. (5.18) and (5.19). From Egs. (5.4), (
it is easy to see that

61b B, la® By
b _ B o By (521)
M 28, N 24
This gives the following relation,
61D la®
APy _ Lagn, (5.22)
M N
By, By
—52 B = 59, (5.23)
27~ 20"

This confirms again that 85 = ¢, = 0, but keeps B, # 0
and ¢, # 0. That also means that B, # 0 and By # 0. The
boundary term can be also partly derived from Egs. (5.18)
and (5.19), that is

6¢1Ab%b +_2cza31¢qé
M N

It is worth noting that ¢ is just an arbitrary constant and we
can redefine it by replacing ¢c; — 2cj. Interestingly, this is

B,y = — (5.24)

@ Springer

exactly matched with the constant of motions of EiBI gravity
by this setting.

12¢1Ab%b +_2cza3l¢¢

¥0.EiBl = — 5.25
0,EiBI i N (5.25)

We hence expect that the rest of the expression for boundary

term, i.e. — % , may relate with B;. The relation between

the the constant of motion and the boundary term has shown
in [71]. Clearly, Eq. (5.20) can be rewritten as

ra>N 3
B; = —12¢c3 —8c2 | +a’Np(a)| — 12¢3 — 8¢

K
-+a2fVV(¢)[——IZC3——862}

ratbM

[301 + 12¢o + 15¢3 — 3c4 + 3C5i|

A2b3M
+

|: —6c1 — 8¢y — 6¢3 + 2¢4 — 205:|

Ab3N2

|:3c1 +4cr +3c3 +c4 — 05:|

-QfNPwhn+QW@ﬂ, (5.26)
where it is very plausible to set ¢4 = ¢5 and c3 = —%cz.
Notice that some terms of B; become zero using simple alge-
bra, i.e.

ra*bM A3 M
B, = 3c1 +2c | + 3c1 + 2
K K
Ab3N?
3 2
+ M |: 1+ 62:|
3 2 1 ’
—2cra’N| — 5,0 (a)+Vi(p)]. (5.27)
If we further set ¢; = —%cz = —% —%)C3 = ¢3, it is worth
seeing that
B, = clazN[ —20'(a) + 3v’(¢>},
P
=6cm2N[£ﬁgli—ﬁEQ—%V%¢ﬂ, (5.28)
a
where the continuity equation, p’(a) = —3(@), has

been used to obtain an expression in Eq. (5.28). Due to the
appearance of c¢; on the right-hand side of Eq. (5.28), it is

reasonable to set B, = —%. This gives the relation
between two scale factors, b(¢) and a(t), as shown below

_3@NOMO)[ pm(@) + Pu(@)
I+xA

bb =

+ V’(¢):|. (5.29)

To explain the expanding phase of the universe at late time,
the exponential potential,i.e. V(¢) = Voe~? is more suitable
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for the model of gravity than the power law potential, V (¢) =
Vo¢?. For the exponential potential, this gives

2
piy = _ JTNOM@®) [pm(a) + Pu(a) Voe_¢] - 0. (530
14+«xA a
whereas
2
I +«xA a

for the power laws potential. Here we are interested studying
a case when Voe™® ~ Vo(1 — ¢(¢)) as an example where
¢ (t) < 1and using the limit ranged of k A as 1.12x 107% <
(A $210x 107 and M = VTHRA N@®) = 1, % =
Hﬁ as given in [73]. It was noticed that the constraints on
the free parameter of EiBI theories leading to the strongest
constraints available in Refs. [74,75]. In the present work,
this gives the de Sitter solution in EiBI gravity model based

on the Noether gauge symmetry,

b 3V 3Vt
-~ —— b(t) = eViter, 5.32
b= Jiren (W= (5:32)

Clearly from Eq. (5.30), if there is no contribution from the
matter fields, i.e. p,, = 0, the scalar field ¢ (r) — 0, yielding
H, = % — const. This is the de Sitter phase of EiBI Uni-
verse. There were previous works by Avelino with weaker
constraints from astrophysical and nuclear physics scenarios
as well [76,77].

6 Conclusion

We revisited a formal framework of the Eddington-inspired
Born—Infeld (EiBI) theory of gravity and derived the point-
like Lagrangian for underlying theory based on the use
of Noether gauge symmetries (NGS). A Hessian matrix
and quantify Euler-Lagrange equations of EiBI universe
have been explicitly quantified. We also discussed the NGS
approach for the Eddington-inspired Born—Infeld theory and
comment on exact cosmological solutions.

We end this work by providing some remarks. As
expected, the NGS method can simplify the complication
of constraint equations and also helps us to simplify fur-
ther the gauge function equations with the linear forms of
BD), p(@),a(a), y(N),E(M) and 7(¢). By assuming the
equality of B, and the constant of motion, the two scale fac-
tors a(t) and b(t) are correlated through the matter fields and
the scalar field. Interestingly, we show that there exists the
de Sitter solution in this gravity model.
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