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Abstract

We investigate the influence of the higher-order curvature corrections on a static config-
uration with constant density in Einstein-Gauss—Bonnet (EGB) gravity. This analysis is
applied to both neutral and charged fluid distributions in arbitrary spacetime dimensions.
The EGB field equations are generated, and the condition of pressure isotropy is shown
to generalise the general relativity equation. The gravitational potentials are unique in all
spacetime dimensions for neutral gravitating spheres. Charged gravitating spheres are
not unique and depend on the form of the electric field. Our treatment is extended to the
particular case of a charged fluid distribution with a constant energy density and constant
electric field intensity. The charged EGB field equations are integrated to give exact models
in terms of hypergeometric functions which can also be written as a series.

Keywords: EGB gravity; constant energy density; neutral and charged spheres

1. Introduction

The Einstein-Gauss-Bonnet (EGB) gravity theory contains higher-order curvature
corrections which extend general relativity. The EGB gravitational field equations satisfy the
requirements for a physically acceptable gravity theory, and they produce results which are
consistent with observations. There have been a number of recent studies in this direction
related to dense compact objects. The stellar objects which have been studied include quark
stars, gravastars, neutron stars, anisotropic distributions, polytropic equations of state,
and colour—flavour-locked equations of state. The EGB correction terms contribute new
geometrical and physical features leading to interesting insights in the development of
ultracompact astrophysical bodies. These dynamical and geometrical properties have been
studied in several treatments including the analyses in [1-15]. The results obtained can
be related to observed astronomical objects. The additional Gauss—-Bonnet terms in the
gravitational action are therefore physically significant and produce stable compact stellar
structures which have the necessary physical attributes.

In EGB gravity, the Gauss—Bonnet coupling constant and the additional higher-order
curvature terms play a significant role in the gravitational dynamics of stellar structures.
These effects are absent in standard general relativity. Bhar et al. [16] extended the Krori and
Barua stellar solution, which models compact objects, to EGB gravity in five dimensions.
It was shown that the central pressure and energy density of the resulting compact star
model was higher than the general relativity counterpart. This work was extended to
include the dynamics of charge: Bhar and Govender [17] showed that the presence of the
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Gauss-Bonnet parameters affected the charge density of the resulting compact star model.
As the coupling constant increased, the charge density increased. This implies that the
Gauss—-Bonnet coupling constant induces a squeezing effect, packing in more charge. This
behaviour is not observed in standard general relativity. In the context of gravitational
collapse, it was found that collapse in five dimensional EGB gravity ended in a weak
and conical singularity that was initially naked [18]. This behaviour is different from the
standard five-dimensional general relativistic case for which collapse terminates in a strong
singularity obeying the cosmic censorship conjecture.

In addition to the above, recent investigations into compact objects, cosmological
fluids, and applications of astrophysical processes have been illustrated in various mod-
ified gravity theories. For example, the dynamics of compact objects was studied in
f(R) gravity by Ilyas et al. [19]. Compact stars were analysed in the framework of a
scalar—tensor theory and an equivalent f(R) gravity using a quadratic scalar potential [20].
Anisotropic spherical models in the presence of charge were investigated in the framework
of f(R, Ly, T) gravity [21]. Moreover, the cosmological implications of FLRW spacetime
geometry was explored in f(Q) gravity in a non-flat setting using a dynamical systems
approach [22]. Similar treatments in this direction were considered and illustrated in the
following literature [23-28].

It is necessary to obtain exact solutions to the EGB field equations for stellar modelling
in higher spacetime dimensions N > 4. The constant density solutions are of special
significance as they extend the Schwarzschild interior solution. An early study in this
direction [29] led to a constant density model solution by applying the potential of New-
tonian gravity leading to a class of models with potentials which were independent of
spacetime dimension. Interestingly, a particular constant-density EGB solution also arose
in the treatment of Maharaj et al. [30], who formulated an algorithm which generated
new solutions from a given known seed solution. In general relativity, higher-dimensional
constant-density models were studied by Patel et al. [31], Krori et al. [32], Ponce de Leon
and Cruz [33], Shen and Tan [34], and Das and DeBenedictis [35], amongst others.

The concept of higher spacetime dimensions is of fundamental importance in appli-
cations of astrophysics and cosmology. Dimensions profoundly influence the geometry
of spacetime itself and the underlying physics of stellar objects. Most notably, the dimen-
sions appear quite explicitly in the field equations and reveal themselves in the form of
metric functions. The equations of motion and the resulting gravitational potentials differ
significantly from the four-dimensional counterpart. This idea was found in a number of
results in general relativity [36—40] and most recently, in EGB gravity, by Naicker et al. [41].
In a pioneering result, Paul [42] demonstrated that the mass-to-radius ratio changed in a
higher-dimensional constant-density gravitating sphere. Furthermore, spacetime dimen-
sions play a significant role in the process of gravitational collapse and black hole dynamics.
In the case of black hole physics, it was illustrated in [43] that the location of the horizons
of the Vaidya-type radiating black hole changed quite dramatically in comparison to the
four-dimensional counterpart. Moreover, the collapse dynamics of the Boulware-Deser
spacetime metric were analysed in EGB gravity by a number of works [18,44,45]. In the
case of neutral matter, the collapse terminated in an initially naked, weak, and conical
singularity with a delay in the event horizon formation. However, in the presence of higher
spacetime dimensions, collapse was a strong singularity that may or may not be naked.

For matter distributions with isotropic pressures, the field equations reduce to the
EGB condition of pressure isotropy. In general, the EGB condition of pressure isotropy is
difficult to integrate as it is an Abel differential equation of the second kind. However, some
particular exact solutions have been found by Naicker et al. [41,46] and Ismail et al. [47],
which contain earlier exact models. In this paper, we perform a general analysis of the
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EGB field equations with a constant energy density. The field equations in EGB gravity are
more complicated when compared to general relativity and therefore more difficult to solve.
In this treatment, we write the condition of pressure isotropy in a form that generalises
the corresponding equation in general relativity. An equivalent system of the EGB field
equations is generated. We integrate the field equations with a constant energy density for
neutral matter containing the EGB curvature corrections in general. Therefore, we can find
all constant-density neutral EGB models with isotropic pressures. It is possible to match the
neutral interior to the exterior Boulware—-Deser metric. Previous results in N = 5 spacetime
dimensions are regained. Our results arise from the observation that the corresponding
gravitational potential gives a form of the condition of pressure isotropy which is similar to
general relativity. The potentials are uniquely given for neutral fluids. The case of charged
matter distributions with a constant energy density is also considered. The gravitational
potentials are not unique in the presence of a charge, in contrast to neutral fluids. Exact
solutions in terms of special functions are possible for constant electric field intensity. The
functional form of the condition of pressure isotropy is different in the presence of a charge,
and a variety of potentials arise depending on the choice of the electric field.

This paper is structured as follows: In Section 2, we provide an outline of the basic
equations in EGB gravity and present the EGB field equations for a charged fluid distri-
bution in a spherically symmetric static setting and in arbitrary dimensions. We analyse
the condition of pressure isotropy in Section 3. In Section 4, we discuss the formulation
of constant density for neutral fluids in EGB gravity and show that our results regain the
five-dimensional solution in [29]. In Section 5, we provide a detailed analysis of the charged
condition of pressure isotropy by considering a constant density with a constant electric
field. We are able to show that the charged condition of pressure can be solved exactly,
yielding a series solution. Finally, we present our conclusion in Section 6.

2. Field Equations

The gravitational action for EGB gravity in arbitrary spacetime dimensions is

S= / vV _g[R + ‘XLGB}de ~+ Siatter, (1)

where & > 0, and Lgp is the Gauss—Bonnet term defined by
Lgp = R* + RypeaR™ — 4R 4R 2)

Note that when the spacetime dimension is N = 4, the Gauss—Bonnet term acts a topological
invariant. This may lead to a ghost mode that arises for asymptotically flat spacetimes as
pointed out by Boulware and Deser [48] for string-generated models. This ghost mode is
avoided in our treatment as we consider spacetime dimensions N > 5.
In this investigation, we consider a spherically symmetric static spacetime in N dimen-
sions given by
ds? = —e'di? 4 0 dr? 1 12d03, ,, 3)

where A and v are gravitational potentials that are functions of 7, and the unit (N — 2)-
sphere is denoted by

) _ N-2/[i-1 N 2
A0y, ). sin”(6;) | (d6;)* |, (4)
1

i=1

generalising the 2-sphere to higher dimensions.
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It is convenient to define quantities associated with the electromagnetic field. The
Faraday tensor F has the form
Fuh = Ab;a - Aa;h/ (5)

and is defined in terms of the electromagnetic potential A. The electromagnetic matter
tensor E in higher dimensions has the form

1 1

Et‘lb = AN*Z (chFbc — 4gabFCdFCd>, (6)

where Ay _; is the total surface area of the unit (N — 2)-sphere defined in an N-dimensional
manifold by

-1
272
An—2 — @)
r(*)

Note that I'(...) defines the complete gamma function. Maxwell’s equations are given in
covariant form by

Fab;c + Fbc;a + Fcu;b = 0 (83)
Fy = Anoo]". (8b)

The divergence of F is related to J?, which is the current density given by
J*o= o, ©)

for a non-conducting fluid. Here, ¢ is the proper charge density.
In the presence of a charge, we choose

As = (®(r),0,0,...,0), (10)

the electromagnetic potential A. This is consistent with the choice made in general relativity
when studying static spheres. We then obtain the Faraday tensor component

Fo0l 672(v+)\)q)/(1,) _ 67(U+/\)E(T). (11)
We define the electrostatic field intensity by
E(r) = e "N/ (r), (12)

in terms of ®(r).
The energy momentum tensor for neutral matter is defined by

T = (o+p)uatty + pLav,s (13)

in the absence of anisotropy and dissipation. We introduce the following matter variables:
p is the energy density and p is the isotropic pressure. They are measured relative to u,
which is the comoving fluid velocity (u%u, = —1,u® = e~"6")). For a charged relativistic
fluid, the energy momentum tensor 7 is the sum

Tow = Tw+Eaw, (14)

which is the basis of this paper.
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The simplest extension to general relativity is the second-order Lovelock class of
gravitational theories, EGB gravity. In EGB gravity, an additional curvature tensor arises
and is known as the second-order Lovelock tensor. This is described by

Hup = avLop — 4RRyp + 8RRy + 8RR g — 4R, Ryoge- (15)

Note that the second-order Lovelock tensor (15) and the Gauss—Bonnet term (2) are
quadratic in the curvature terms. Varying the action in (1) with respect to the metric
tensor yields an expression for the EGB field equations. The EGB field equations are
defined by

14
EHah = kN Tap- (16)

where « is the Gauss—-Bonnet coupling constant and

Gab -

2(N — g
o = 2= Am T 7)
c4(N—3)r( ; )
When N =4, xy = k4 = S?TQ.
We now consider using the transformation
e2V(1) = v (x), i - Z(x), x=r% (18)

first introduced by Durgapal and Bannerji [49] in general relativity. This transformation was
first applied to a neutron star model. The line element (3) in terms of the above variables is
then given by

ds* = —y?(x)dt* + dx* + xdO3 (19)

4Z()

This form has proved useful in generating exact solutions to the field equations. The EGB
field equations can be expressed as the system

E2 B (N-3)(1—2Z)—2xZ
KN<p+2AN_2) - (NZ)[ 2x
A Cazev-sa-2)), o
£2 B ZZy (N-=3)(Z-1)
() - - 2[5 o
+oc(1x; Z) <4xyZy (N —5)2(1 - Z))} (20b)
2
KN <p+ sz_z) = i[Zny—l—xZ'y'-i-(N—z)yZ]
+(N -3) {Z-i— (1\1—42)352—1)}
1a {4(1\] - 4)ny(1 —2)y 82(1; 2)j
+4Zy’(1y— 32) 2N - S)xZ'(l —-7Z)
_(N- 5)( ] (20¢)
2 = Z{ (N - 2) . (20d)

(An—2)2x(N=2)
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Note that we have set & = a(N —3)(N —4). When E = 0, we obtain the field equations
for a neutral fluid in EGB gravity. In the case where « = 0, then N-dimensional general
relativity is regained.

At this point, we mention some general issues related to matching an interior spacetime
to an exterior spacetime in EGB gravity to describe a static star. The boundary conditions
in EGB gravity were first considered by Davis [50] in the braneworld context, which can be
adapted to describe a relativistic star in EGB gravity. The Davis boundary conditions are
complicated as they contain the trace of the extrinsic curvature, the divergence-free part
of the Riemann tensor, and the Gauss—Bonnet coupling constant. A detailed study of the
Davis boundary conditions was performed by Brassel et al. [51], which reduced the Davis
boundary conditions to a simpler form. If the Israel-Darmois conditions hold, then the
Davis boundary conditions are satisfied. Therefore, it is correct to utilize the continuity of
the first and second fundamental forms to model a bound self-gravitating body in EGB
gravity. In many instances, particularly in spacetimes with symmetry, the continuity of the
second fundamental form is equivalent to imposing the continuity of the first derivatives
in the metric functions, which simplifies the calculations [52,53]. For a charged fluid, the
exterior spacetime is given by the Wiltshire [54] metric

1

. ) !
d2 = — |1+ % (1 — <1 + (N4f 5 (x;ﬁl) W _Sﬁiﬂl\]_z)) dt?
+ ! T dx?
x|+ 5 (1 - (1 + W <x§2<rAv41> - <N—2>Kﬁ§_22xm)> 2
+xd O3 . (21)

For a neutral fluid, we can take the exterior spacetime to be the Boulware-Deser spacetime [48]

Nl—=

i = — 1+’i(1— (1+85‘Nf> dr?
20 (N — 3)x§(N—1)
+ ! - dx?
3
4x |1+ % (1 — (1 + (N;i]\fml))
+xd Q3 5. (22)

The metrics (21) and (22) generalise the Reissner-Nordstrom and exterior Schwarzschild
solutions, respectively, in EGB gravity. It is necessary to find matter distributions in the
interior spacetime that match the exterior metrics (21) and (22).

3. Condition of Pressure Isotropy

The fundamental equation determining the dynamics of the charged fluid is the
condition of pressure isotropy. Equating Equation (20b,c), we obtain the (charged) condition
of pressure isotropy
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4x*7 {x +2&(1 — Z)} i

+2x {x2Z' — 24 (22(1 —Z)—x(1- 32)2)]9

(N-2)
(N-3)

+(xZ—-Z+1) ((N —3)x+2&(N - 5)(1 — Z)>y - X?E’y =0. (23)
When E? = 0, the neutral case arises. Exact solutions of (23) in EGB gravity are difficult to
find. However, we can write (23) in a form which is revealing in our subsequent analysis.
It is interesting to note that (23) can be written in the form

. . . d (1-Z (N—-2)

_ 2 _ a _ 2p2., _
(x+2&(1—2))Igr +4ax“2xZy + (1 — Z)y] Ir < . > N 3>x E‘y=0, (29
where

Icr = 4x*Zj+2x*Zy+ (N-3)(xZ—Z+1)y, (25)

is related to N-dimensional general relativity. Clearly, Zgr does not contain . When a = 0,
(24) gives the condition

Tor — ——=xE%y = 2
GR— N —3*EV 0, (26)

for charged fluids in general relativity. If E2 = 0, then we obtain
Ier = 0O, (27)

and we regain the condition of pressure isotropy in N-dimensional general relativity for a
neutral fluid.

The form of the condition of pressure isotropy in (24) shows that it is possible to have
Zr = 0and a # 0. It is important to observe that if 1 — Z ~ x and E? = 0, then we have
Zgr = 0. In this special case, « # 0 is possible. This is precisely the case that arises for
neutral spheres with constant density in EGB gravity.

4. Constant Density: Neutral Fluids

We first study neutral fluids with constant density. In this case, the energy density is
constant, and the electrostatic field intensity is zero. These have the form

p = constant(#0), (28a)
E> = 0. (28b)

The case of constant density in the stellar interior in general relativity has been considered
by several researchers, and metrics are listed in the review by Kumar and Bharti [55].
The resulting solutions do produce stellar models which are physically reasonable. In
EGB gravity, Dadhich et al. [29] showed that static spheres with constant density existed
and produced masses that contained the Gauss-Bonnet parameter. Even though constant
density is a limiting case, astrophysically reasonable models are permitted. Clearly variable
density models allow for a wider range of physical features.
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After some calculations, we can show that the field Equation (20a) can be written as

d | N-3 . (N-5) 5 KNO  (N-3)
R 2 —_ 2 —_ = 2
7| (1-Z)+ax (1-2) (N—Z)x . (29)

Equation (29) cannot be solved in general when p is a variable depending on r. However,
constant density allows us to make progress. Integrating gives

(N-1)

2KNpX 2
(N-D(N-2)

(N=3) (N-5)
2

x 7 (1-Z)+&x 2 (1-2) (30)

We have set the constant of integration to vanish to avoid a singularity at x = 0. The above
is a quadratic equation in Z that can be solved to give

Z = 1-—ax, (31)

where 4 is given by

—1+4 /1 + 4&pry )
2 '

and we let

I 20

= W=niN=2) (33)
With the potential Z in (31) and E? = 0, the condition of pressure isotropy (24) reduces
to (27). The condition Zgr = 0 can be solved to give the general solution in the form

y = A+BZ3, (34)

where A and B are constants. The condition Zgg = 0 is the same as in N-dimensional
general relativity; Krori et al. [32] were the first to integrate the full field equations in this
context to find (34). The pressure then has the form
N-2
KNP = —%[(N —3)+a(N —5)4]
(N —2)a|2(1+2&a)By/1 — ax
A+ By1—ax

(35)

2

and the field equations have been integrated. The line element for neutral constant-energy-
density spheres in EGB gravity is then given by

i = —<A+BM)2dt2+4x

1
mdxz +xdO3%_,, (36)

where 7 is given by (32) and contains the energy density p. The potentials in EGB gravity
are therefore uniquely determined for a constant energy density for spacetime dimensions
N >5.

For a physical theory, we need to specify the parameters A and B. We can find the
constants A and B by matching the interior spacetime (36) and the exterior Boulware-Deser
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spacetime (22) at the boundary r = R. The free parameters A and B and the masses M and
a are determined as follows

A = (1-B)y/(1—-aR?), (37a)

NI

8aM - (N-5M
( +(N—3)R(N1)) [ +a(N—3)R(N*1) (370)
M = %N(N—?))pR(N*l), (37¢)

—1+4 /1 +4&pry 7d)
24 '

Hence, the spacetime dimension N, the stellar radius R, the Gauss-Bonnet parameter «,
and the energy density p fully specify the constant-density sphere in EGB gravity. The
spacetime dimension N = 5 is a special case yielding

A = (1-B)y/(1—-aR?), (38a)

_1
B = (1+8”‘M) y (38b)

—14 /1 +4ar?p (38d)
4o ’

These regain the results first presented by Dadhich et al. [29].

5. Constant Density: Charged Fluids

We now consider charged fluids with a constant density. This case is more difficult to
study as the charged condition of pressure isotropy (24) has to be solved with E? # 0. The
simplification for neutral spheres considered previously is not possible, and Zggr # 0. To
make progress, a choice for the electric field E? is necessary. We follow an approach first
suggested by Wilson [56] in general relativity. Other choices of E? are possible but lead to
additional complications. This distinguishes the charged case from neutral matter where a
unique solution exists. In the case of a charge, the energy density and the electrostatic field
intensity are taken to be constants and have the forms

p = constant (# 0), (39a)
E? = constant (# 0). (39b)

The field Equation (20a) can then be written as

E2
d [ -3 (N-5) ) KN (P + TN,Z) (N-3)
— 2 (1-Z)+a&ax 2z (1-2Z = ————>x 2 4
ST a2y — (40)
The choice (39) allows us to integrate this equation to give
2 (N-1)
_ _ 2K + £ )x
N-3 N-5 NP
T - Z) +ax T (1-2) = (o4 245) (41)

(N-1)(N-2)
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Note that we have set the constant of integration to zero. Equation (41) is a quadratic
equation in Z, which gives the potential

Z = 1-bx, (42)

where b is given by

=14 /1 +4apxy
b - ~ 7 (43)
2a
and

2o+ 245)

N-1)(N=-2) (44)

When E? = 0, we regain the neutral constant-density models. Note that b > 0 always, since
Q, p~, xy > 0.

To obtain the potential y, we must solve the charged condition of pressure isotropy.
The charged condition of pressure isotropy (23) (or equivalently (24)), with the potential Z
in (42), then takes the form

—2)E?
4x(1 — bx)(1 + 2ab)jj — 2bx(1 + 2&b)y — W = 0. (45)

Note that when & = 0 and N = 4, we regain the general relativity case of Wilson [56]. We
can express (45) as

2x(1 —bx)j—bxy+Cy = 0, (46)
where the constant C is given by

_ (N-2)F?
c = "~ 2(N —3)(1+2ab) 47

Equation (46) governs the gravitational behaviour of y. It is a hypergeometric differential
equation, and its general solution can be given in terms of special functions. Using the
software package Maple 2024, we can write the potential

VBC+b— Vb _\/8c+b+x/15_0_bx]

4b ’ 4vb

VBC+b+3vh VBCHb-3vh
4\/5 7 4% 7 4 7

y = C1'2F1[

—|—2C2bx : 2F1 (48)

in terms of hypergeometric functions where b > —8C, since C < 0 from (47). Hence, the
potentials y and Z can be obtained exactly for both constant energy density and electric
field intensity.

The form of the solution in (48) is not useful in physical applications. Following
the approach of Wilson [56], we can obtain the leading behaviour by performing a series
expansion. Equation (46) is a second-order linear differential equation that can be solved
using the method of Frobenius, since x = 0 is a regular singular point. The series solution
is then expressed by

vy = G+ Gy, (49)
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where
[ee]
y1=Y cpx"t1, (50)
n=0
and
_ (e}
vo = Cyplnx+ ) dx". (51)

n=0

Using standard methods, we can find difference equations for the coefficients ¢, and 4.
These coefficients can be determined by conditions
(C—bn(2n—1))c,—1

= = 2(n+1)n ! (52)

foralln > 1, and

_ [b(n—1)(2n—3) — Cldy—1 —4C(n — 1)c,y—1 + bC(4n — 7)cy—s
= 2n(n—1) ’ 53)

for all n > 2. Note that we can expand the two series to obtain

y1 = cox+ c1x® +opx® + ot +eax® + .., (54)
vy, = C lnx<cox + 122 + e + oax* 4+ egx® + .. )
+d1x + dzxz + d3x3 + d4x4 +... (55)

where the constants are given by

o 75 0, (56)
o = =S 67)
6 = (C— 6sz(Sb - C)CO, (58)
o = (15b — C)(Cll—Sgb)(b — C)col 59)
o — (280 — C)(15b — c42)(c —6b) (b — C)CO’ (©0)
dy = 0, (61)
d # 0, (62)
_ C(b - C)CO bCCO (b - C)d]
d, = 1 et (63)
b 5C(C—6b)(b—C)cy = bC(b—C)co
L 144 T
(6b—C) (bCcy  (b—C)d;
+0 ( I > (64)
4 bBE(C—6b)(b—C)ay _ C(15b — C)(C —6b)(b ~ C)eq
v 128 B 2304
(156 —C) {( 5C(C —6b)(b—C)cog = bC(b—C)co
T <_ 144 + 48

(6b—C) (bCey  (b—C)dy
(@0 (a , 6-0)) -



Universe 2025, 11, 220

12 of 14

References

Hence, we write the potential y in terms of the leading coefficients from the series expansion.
This should be helpful in a physical analysis of the behaviour of a charged compact sphere
in EGB gravity. The presence of a charge clearly leads to more complex behaviour.

6. Conclusions

We established a general framework to study constant-density models in EGB gravity
for both neutral and charged distributions. The EGB field equations for a charged fluid
distribution were generated in N spacetime dimensions for a static spherically symmetric
spacetime. The assumption of constant energy density allowed for the integration of the
field equations for both neutral and charged fluids. Our approach resulted in a linear form
for the gravitational potential Z in both cases. To determine the second potential y, we
presented the condition of pressure isotropy in a form which generalised the corresponding
equation in general relativity to EGB gravity. In the neutral case, the potential y was found
explicitly in terms of elementary functions of x and a complete constant density model
was obtained. This uniquely described the neutral gravitating sphere in EGB gravity for
N > 5. Matching at the surface of the star to the exterior Boulware-Deser spacetime was
possible. When N = 5, we regained the matching conditions in [29]. The charged case was
treated differently to the neutral case as a unique solution was not possible; the electric field
intensity had to be specified to find a particular model. The charged condition of pressure
isotropy, which was a hypergeometric differential equation, contained an additional term
involving the electric field intensity leading to more complex behaviour. To make progress,
we considered the electric field intensity to be constant, as in Wilson [56] in the general
relativity case. We demonstrated that the EGB charged condition of pressure isotropy could
be solved exactly in terms of special functions. Also, the method of Frobenius allowed for
the potential y to be written in terms of a series. It is important to determine the physics
and stability of the resulting gravitational potentials to determine if such solutions describe
compact objects. As such, it is then useful to perform a perturbative analysis to determine
the stability of model. This has been demonstrated in models in general relativity, and
we will pursue this in future work in EGB gravity. We expect the EGB case to be more
complicated due to the effects of the higher-order curvature terms. Furthermore, it would
be desirable to select different forms of the electric field to generate exact solutions to study
charged gravitating spheres. This is also a possible future avenue.
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