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Charged AdS black holes with finite electrodynamics in
4D Einstein-Gauss-Bonnet gravity
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Abstract: Using a modified expression for the electric potential in the context of 7-duality [Gaete and Nicolini,
Phys. Lett. B, 2022], we obtained an exact charged solution within the 4D Einstein-Gauss-Bonnet (4D EGB) theory
of gravity in the presence of a cosmological constant. We show that the solution also exists in the regularized 4D

EGB theory. Moreover, we point out a correspondence between the black hole solution in the 4D EGB theory and

the solution in the non-relativistic Horava—Lifshitz theory. The black hole solution is regular and free from singular-

ity. As a special case, we derive a class of well known solutions in the literature.

Keywords: black holes, 4D Einstein-Gauss-Bonnet gravity, 7-duality, exact solutions

DOI: 10.1088/1674-1137/acaaf4

I. INTRODUCTION

The black hole singularity predicted by Einstein's the-
ory is one of the main problems of general relativity. Dif-
ferent regular black hole solutions have been reported in
the literature, e.g., the regular Bardeen black hole and
charged black hole obtained from 7-duality [1, 2] as well
as black holes obtained in noncommutative geometry
[3—5]. Such solutions are described by regular geometry,
and the singularity predicted by classical general relativ-
ity is removed. In particular, one of the key concept used
is the 7-duality, which basically identifies string theories
on higher-dimensional spacetimes with mutually inverse
compactification radii R. The replacement rules are de-
noted as R— R*’/R and n < w, where R* = Va’' is
known as the self-dual radius; in addition, o’ represents
the Regge slope, n represents the Kaluza-Klein excitation,
and w denotes the winding number [3-5]. As reported by
Padmanabhan [6, 7], using the concept of 7-duality, one
can find the propagator that encodes string effects. This
leads to modified gravitational and electric potentials [1,
2, 8]. Meanwhile, the Einstein-Gauss-Bonnet theory is
known to be topological in 4D given that the Lagrangian
in this theory is a total derivative and, as a result, it does
not contribute to the gravitational dynamics. Therefore,
we expect a non-trivial contribution when D >5. The
problem of the EGB theory in 4D was addressed by
Glavan & Lin [9] with the main objective of rescaling the
Gauss-Bonnet coupling constant o as «/(D-4). After
taking the limit D — 4, it was shown that a non-trivial
gravitational dynamics is recovered. Interestingly, it was

also shown that a regularized 4D theory at the level of ac-
tion exists as a special case of the 4D Horndeski theory
[10, 11]. Regarding the static and spherically symmetric
black hole solutions, it was demonstrated that the regular-
ized solution (obtained by rescaling the coupling con-
stant) coincides with the original solution obtained by [9].
In the present study, we aimed to further understand pos-
sible exact black hole solutions in the 4D EGB theory in-
spired by the concept of 7-duality.

This paper is organized as follows. In Sec. 1I, we ob-
tain a charged black hole solution in the string 7-duality
using the method proposed by Glavan & Lin [9]. In Sec.
II1, we obtain the same solution using a regularized meth-
od. In Sec. IV, we point out a connection with the GUP
principle. In Sec. V, we study thermodynamics. Finally,
in Sec. VI, we elaborate on our results.

II. CHARGED BLACK HOLE SOLUTIONS WITH
FINITE ELECTRODYNAMICS IN 4D EGB
GRAVITY

Let us start by the momentum space propagator in-
duced by the path integral duality (for the massless case),
which is expressed as [1]

___b
G =LK (zo \/k_) (1)

where [, denotes the zero-point length of spacetime and
Ki(x) is a modified Bessel function of the second kind.
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We have two special cases. First, at small momenta, i.e,.
for (lok)> — 0, we have the conventional massless propag-
ator:

G(k) = k2, if k2 < 1/ly°. )

For large momenta, we have the following expression:
Gk ~ =12 () " e VE i k2 11 ()

We can obtain the potential corresponding to the virtual-
particle exchange via path integral of the force-mediating
field. It was shown that for the potential of the system,
which consists of two pointlike masses, i.e., m and M, at
relative distance 7, one can write [1]

M

m : (4)

To generate a new solution that includes the electric
charge, we must consider the energy contribution of the
electric field encoded in the electromagnetic field given
by [2, 8]

¢(r) = —

Q

,/r2+l(2). )

Next, we can write the general action in EGB gravity
in D-dimensions:

V(r)= -

1
T

a

D-4

s de\/—_g[R+ LGB]+Smam, 6)

where g is the determinant of the metric, g = detg,,, and «
is the Gauss-Bonnet coupling constant. We assume that a
physically acceptable solution has to be non-negative,
i.e.,& > 0. Furthermore, Lgg is the Lagrangian in GB
gravity given by

LB = RP7 R0 — 4R Ry, + R (7

where S naer corresponds to the matter fields appearing
in the theory. If we now vary the action expressed by Eq.
(6) with respect to metric g,,, we obtain [9]

(07
(;#V'+ 23——:inﬁy = 87ﬁlﬁv. (8)

In the present study, we also included the cosmological
constant. However, we added the term on the right hand
side of the Einstein field equations as part of the energy-
momentum tensor. Thus, the total contribution is given

by the quantum corrected term, the electromagnetic field,
and the cosmological constant:

Ty = T;‘; + T + T )

along with

1
Guv :Ryv - ERgﬂv,

Hyyy =2(RRyy = 2RyusR”y = 2RyypR7 = Ryrps R, )

1
- E-EGBguv’ (10)

where R is the Ricci scalar, R, is the Ricci tensor, H,,is
known as the Lancoz tensor, and R,,,, is the Riemann
tensor. The objective is to scale the coupling constant as
/(D -4); by considering maximally symmetric space-
times with curvature scale K, we obtain [9]

8 0Lon _ a(D-2)(D-3)
V=8 0w 2AD-1D)

2 v
%25, (11

Note from Eq. (11) that the variation of the GB action
does not vanish for D=4 owing to the re-scaled coup-
ling constant, which is the main concept in this method
[9]. The first contribution is due to the string quantum
corrected tensor:

2 S(VEL) 0

g g

The simplest choice is to take £ =—p*", where the en-
ergy density of the modified matter can be obtained by
using the Poisson equation as follows [1]:

3102M

pM(r) =
47r(r2 +19?

. (13)
)5/2

Concerning the energy-momentum of the vacuum, we
have

W A
=2 g (14)

This has the form of a perfect fluid with

A
pvac = _pvac = g (15)

We will assume that the form of the energy-tensor of the
electromagnetic field is
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1 1
T = g \FurFs” = g8wFucF?”).(16)

where F,, =V,A,-V,A,. Finally, from the total energy
momentum, we can write (I¥,) = diag(—p", p,, ps, Pr).
Here, p, and p, are the radial and transverse pressures,
respectively, and the total density is expressed as
04 r) = o™ (r) + p*™(r)+p¥(r). The general solution in
case of a static, spherically symmetric source reads

2
ds? = —f(rdr* + ]% +r2(d6* +sin0d¢?).  (17)

For the r—r and r—¢ components of the Einsteins field
equations, we obtain (see also for example [12])

B f(r . fz(r)a/ +(r2- 2a)f(r)— o+ 87r,or4 _0
rf(r) rf(rQaf(r)—r*—2a) o
(18)
f(r fz(r)cy+(r2—2a)f(r)—r2+cy—87rpr4 o (19)

rf(r) r2f(r)(=2af(r) + 2 +2a)

Note that the spherical symmetry existing in the
spacetime metric imposes only non-vanishing compon-
ents for the Faraday tensor [2]:

Or

_____555’

Fyp=-F;=-
(r2+l(2)

(20)

and the energy density of the energy-momentum field and
pressure components are respectively [2]

Q2 r2

em _ _ . em —
P =P =

21

Q2 1’2

MNr)y= —————.
P () 872 +12)}

(22)

Then, one can easily obtain the following exact solu-
tion:

fe)=1+—1x |1+
2a

where

8Ma_ Q%aF(n) _4a
(r2+l%)3/2 (r2+l(2))2 2y

(23)

5 3L 3 +15)? r
== +— - ————arctan|—|. 24
F(r) >t 52 20 arc an(lo) (24)

Considering a series expansion in a, the two branches of
the solution can be easily derived:

2M7? 3 50%
(r2 +l%)3/2 8(’,.2 +l%)2

30y 302 ( r
-+
8(r2 +l§)2 8lgr

fur) =1+

and

2Mr? . 5021
( +,(z))3/2 8(r2+ )
30’ 3¢? ( r

2
,
—— 9 % arctan|- |+ —. (26
8(r2+12)2 Blor lo) 12 (€

for)=1-

It was shown in Ref. [2] that in the large limit » >> [y,
the ADM mass M is related to the mass parameter M as
follows:

3nQ?
320

M=M+ 27)

Thus, we can rewrite the black hole solution as

r? 3Ma Q%aG(r) 4a
— 1|11 - _Ly

) +2a{ +\/ T RrRR T (2r R P

(28)
where

5 32 3a(?+B)Y 302+ 1) r
=+ - tan| — |.
G(r) >+ 52 + Tl TS arc an( 0)

29)

There are also two branches of solutions. For a phys-
ically acceptable solution, one can choose the negative
branch. In addition, we have the Maxwell's equation,
which is expressed as V,F* =4nJ”, where JV = (p,)) is
the four-current. It can be demonstrated that for the black
hole solution, p(r) = 3ly>Q/4n(r* + 10>’ In what fol-
lows, we specialize our solution.

A. Case: @ — 0 (charged AdS black hole with string
T-duality)
In this limit, one can take the negative branch of the
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solution and rewrite it in terms of the ADM mass to ob-
tain

2Mr? 0*r? r?
+ H(r)+ -, (30)
(2 + ,%)3/2 (rr+ 2y I

fn=1-

where

5. 35 3n(?+1)' 2
+ —_—
8" 8 161

3 12 2
—uarctan(li). (31)
0

8[0}’3

In the limit of the vanishing cosmological constant, it can
be demonstrated that this solution coincides with the
Gaete-Jusufi-Nicolini metric [2]. Interestingly, this solu-
tion can be viewed as a generalization of the well known
Ayobn-Beato —Garcia solution obtained in the context of
non-linear electrodynamics [13]. Furthermore, in the lim-
it r > Iy, we obtain

H(r) =

37rr 3r

;
— —1. 2
1 610 8lo arctan( ) (32)

H(r) ~

We can introduce the relation x = [y/r < 1 and use the

identity arctan(1/x)+ arctan(x) = /2, along with the fact

that arctan(x)/x =1 in the limit x — 0. Thus, taking the

limit of Eq. (32), the term 3nr/16ly cancels and we ob-

tain H ~ 1. Finally, in this limit, we also obtain the AdS
RN solution:

2
f()-l—ﬂ+Q—+l—2 (33)

B. Case: Q — 0 (AdS Bardeen black hole)

Another choice is to take the limit Q — 0. In that
case, we obtain

r? SMa 4a
f(r): ]+Z[li\/l+m—l—2], (34)

which was reported in [14]. This solution was obtained
again in the context of nonlinear electrodynamics.

C. Case: [y/r < 1 (AdS charged black hole in 4D EGB
gravity)

Finally, let us consider the special case with ly/r < 1.
Introducing x =1Iy/r as in the above case and using the
identities pointed out above, we obtain the following res-
ult from the metric expressed by Eq. (28) :

G(r)~ = E - 3 arctan(lr)
0

1610 2l

Taking the limit of this equation we obtain G ~ 4,
thereby yielding

The solution expressed in Eq. (35) represents the charged
AdS black hole in the 4D EGB theory reported in Ref.
[10].

III. CHARGED BLACK HOLE SOLUTION IN
REGULARIZED 4D EGB GRAVITY

In the previous section, we showed that by taking the
naive limit of D =4, the action expressed by Eq. (6) be-
comes ill-defined. We also showed that a well behaved
action exists and belongs to what is known as the scalar-
tensor formulation of the regularized 4D Einstein-Guass-
Bonnet theory, which can be expressed as [8, 9, 15]:

§ =1 de V=8|R+a(4G"V, ¢V, - 6G
167r

+4u¢<V¢>2+2<V¢>4)]+smm. (36)

Here, D =4 and S pnauer encodes the effect of string cor-
rections, finite electrodynamics, and cosmological con-
stant as part of the energy-momentum tensor of the mat-
ter fields. As was shown in Refs. [11, 15], the regulariza-
tion can be achieved by adding a counter-term of the
form

D
D4dJ_g (37)

where the tilde denotes quantities constructed from a con-
formal geometry g, = gue* . Then, we take the limit

limp_4(,,d°xv=8G - [, d°x=2G)/(D—4). If we now
vary Eq. (6) with respect to the metric, we obtain [8, 9,
15]:

Guw+aH, =81T,,, (38)

where [8, 9, 15]

035108-4



Charged AdS black holes with finite electrodynamics in 4D Einstein-Gauss-Bonnet gravity

Chin. Phys. C 47, 035108 (2023)

Hiay =2G 1y (V) + 4Pyuars (VY6 — V7 6VF9)
+4(VadV,ud = VaV,i0) (V2 9V, — VOV, )
+4(Vu8V,0—V,,8) 06 + 2.(2(09) - (V)"
+2V5 Va2V 9VP 6 - VPV0)), (39)
and [16]

Paﬁyv == Rﬂﬁyv - gaVR,B/l + g[mRﬁv - gﬁuRm’ + gﬁvRaru
1

- E (gozygﬁv + gavgﬁp)R' (40)

By contrast, if we vary the action with respect to ¢, it
yields

ROV, ¢V, — GV, V¢ — 06 (Vh)* +(V,V,¢)*

1 41
—(0¢)* =2V, ¢V, ¢V V¢ = gg 4D

Remarkably, one can use the above relations to find a
simple closed form [15, 11]:

R+%g= 87T (42)

It was also shown that the action in Eq. (42) is a spe-
cial case of a more general well defined action presented
in[17]:

S = f d°x\=g|[R-2A + (¢ G +4G" 3,00,
—2ARe™ — 4(3¢)* T + 2((3)*)>
- 12/1(6¢)26_2¢ - 6/126_44))] +S matter - (43)

In [18], the authors used the Kaluza-Klein-like procedure
to generate the limit of Gauss—Bonnet gravity by means
of compactification (see also [19]). This action depends
on a parameter A that describes the curvature of the (max-
imally symmetric) internal space [17]:

R/.lV(T,B = /l(gy(rgvﬁ - gyﬁgvrr), (44)

and the equivalence with the action expressed by Eq. (36)
is achieved by vanishing A. Assuming that the black hole
solution is expressed in terms of the metric, we obtain

ds? = —f(r)d* + +7r2(d6* +sin?6dg?).  (45)

dr
S(h(r)

For simplicity, we consider the cased =0. Then, we can
obtain the differential equations for the metric and scalar

field by inserting the above metric into the field equa-
tions, i.e., Eqs. (38) and (39). Alternatively, one can use
the above metric ansatz to obtain the effective Lagrangi-
an. Then, by varying w.rt. f,h,¢, we obtain the same
equations of motion. Note, however, that we search for a
solution for the metric function with 2 =1. When vary-
ing w.r.t. f, the following equation is obtained [15, 17]:

(¢ +¢")(fr°¢" ~2rf¢' + f~1) =0. (46)
The solution for the scalar field is [8, 10, 18]

1+ f(r)

Pr)=+—/—— (47)

rJfn

The remaining equation of motion from which we can
find the metric for the static and spherically solution is as
follows (see also a similar approach in [20]):

_ 2
Foys L0

Q2 r2 + 61%M 3

(2e2) (eer)” P

r r2 r3

£ 1=f0) +a(2—2f(r)

+

(48)

Solving this differential equation and setting the constant
of integration to zero, as expected, we obtain the follow-
ing solution:

r SMa Q*aF (r) 4a
fn=1 +£(1 + \/1 + R R Ti

(49)

where F(r) is given by Eq. (24). If we now express this
solution in terms of the ADM mass given by Eq. (27), we
obtain the final form of the solution expressed by Eq.
(28). Note that going beyond the spherical symmetry, the
naive limit of the D =4 is not valid.

Even in that case, the obtained solutions are in agree-
ment with the regularized 4D EGB gravity. It was poin-
ted out in Refs. [21-23] that the crucial problem in this
theory is that the additional dynamical scalar field has to
be infinitely strongly coupled if one tries to reproduce the
results reported in Ref. [9]. This means that the theory
can reliably provide neither physical predictions nor the
results of [9]. Moreover, many follow-up studies based
on the regularized 4D EGB gravity are problematic be-
cause of the infinite strong coupling. To reproduce the
results of [9], the authors in Refs. [22, 23] pointed out
that the only way to solve this issue is by adding the ap-
propriate counter term to the Hamiltonian [22, 23], lead-
ing to the Lorentz violating theory. Specifically, this was
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made possible by breaking a part of the diffeomorphism
invariance, which is consistent with the Lovelock theor-
em. In addition, they described how to construct a con-
sistent theory of 4D EGB theory under reasonable as-
sumptions (see [22, 23] for further details). In what fol-
lows, we will thoroughly address [24] an alternative regu-
larization method of the 4D EGB via the 3+1 decomposi-
tion, which is closely linked to the solution in the Horava-
Lifshitz theory, which is in turn a Lorentz violating the-

ory.

A. Correspondence with the Horava-Lifshitz theory

Using the formalism of the 3+1 decomposition, one
can write the metric as [24]

ds? = =N?de> +g;; (dx' + Nidr) (do/ + NVdr) . (50)

along with the action in this theory [24]:

f drd®x \/_N[ (KiK' - /le)—Z—C,jC’

o S g g, K o gy
2w2 8 v
K 1-44
+ S(T#S/l) ) (R¥)? +ﬂ4R(3)] +S matters 62
where
1
Kij =55 (gz] ViNj—VjNi) ; (52)

which is the second fundamental form, and
S 1 .
CY = v, (RG)J( - ZRG)(S;) , (53)

which is known as the Cotton tensor. If we consider a
static and spherically symmetric background, we have
that

ds® = =N(r)*di® + — dr> +r*(d6? +sin6?d¢?), (54)

fr)

and by adding the matter fields in our case and closely
following [24] for the Lagrangian, we obtain

e Ut
L2505 \/—(” b e
Ly —2w<1—f—rf’>)+1:mmter, (55)

where we define w = 84%(31—1)/«*and

=L+ Lem+LA. (56)

Lmatler

For the total Lagrangian, we have to consider the stringy
corrections, electromagnetic field, and cosmological con-
stant. Thus, we obtain

N 32PM 2,4 2
_[_7 0 5/2—40' ZQ;23+36%,
Vr 47r(r2+l02) (r*+1)

(57)

Lmatter =

where y, o, 0 are constants that we need to fix. After we
vary with respect to N and we set A = 1, we obtain the fol-
lowing equation of motion:

—1?
=12 202D = mrg
1.2 2M 2,4 2
gy ST 2 2Q - w3L2=o, (58)
(r2+10%) 2+ ¢
Where we have applied o =1/k*, §=4/K*, y=4, and
u*k? = 2. Therefore, by rescaling
- 1 (59)
Y72
we obtain
-1)? -1
a[(f 1,0 >f,}_(1_f_rf,)
r r
2.2 2.4 2
6ly“r M o°r 3L o (60)

(R+1?)” PHRP O

If we divide this equation by 72, we obtain the differen-
tial equation expressed by Eq. (48), which leads to the
same exact solution given by Eq. (49). This shows that
there is a correspondence with the charged AdS solution
in the 4D EGB and Horava-Lifshitz theories. Finally, we
point out that in the limit /[y — 0, we obtain the charged
black hole, for which a similar correspondence was
demonstrated in [25].

IV. CONNECTION WITH GUP

In this section, we show a close connection with the
generalized uncertainty principle (GUP). Note that a con-
nection between the Bardeen black hole and GUP was
shown in [26]. In the present study, we show a connec-
tion from another point of view based on the GUP prin-
ciple for a black hole with modified ADM mass [27, 28].
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This is another argument supporting that the Bardeen reg-
ular solution can be viewed as a quantum corrected solu-
tion. In fact, the Bardeen solution is mostly considered as
a solution of general relativity coupled to a nonlinear
electrodynamics; however, the string corrections lead to
the same form of the metric [1]. For simplicity, let us as-
sume a vanishing charge Q =0 and a vanishing cosmolo-
gical constant A = 0. Keep in mind that the GUP has been
recently interpreted as the quantum mechanical hair. Let
us start with

1 “éUPl%’l
Ax= —+—2—" A 61
X D, (61)

where agup is the GUP parameter and [Ip =
VAG/c3 ~ 1073 cm is the Planck length. Solving
f(ry) = 0 for the mass we obtain

(2 i)

2r2

M= (62)

Iy
and approximating the leading order terms we obtain

2 _ 62
\J4M? 612 63)

2

re =M=+

In the limit /[y — 0, we have that the ADM mass is
given by Mapm = M. This suggests that we can write

re =2Mo, (64)

where M, can be interpreted as the bare mass of the black
hole. The ADM mass can then be written as

2
30 /4} ©5)

2
2M2

M ADM = MO (] +
The second term on the right hand side can be interpreted
as the quantum mechanical hair due to the GUP. We set
Ax — R, Ap - cM, where M, is the mass forming an
event horizon if it falls within its own Schwarzschild ra-
dius Ry =2GMy/c* [here we have restored the constants
¢, h, and G]. Using the f (GUP corrected constant) form-
alism, it was shown in Ref. [27] that GUP has an import-
ant effect on the size of the black hole as follows:

2
Ry = 2920 [1 +/_’(@) ] (66)

C2 2 A4b

where Mp = Vhc/G ~ 107> g. With appropriate units and
the scaling

3
BM3, — 2 2 (67)

it can be easily shown that Eq. (66) suggests a modified

GUP ADM mass with Ry =2Mapm. Concerning the
ADM mass, we obtain [27, 28]

2
Mapm = GCAZ/IO [1 +é [@) ] (68)

2| M,

Recently, a similar connection was derived using the
string solution obtained in Ref. [29] by rescaling the
string coupling parameter in a D-dimensional Callan-My-
ers-Perry black hole given by the following expression
[29]

ro= e YA Z20 (69)
2

Hence, we can see that Iy = +/A/3. This shows the
quantum origin of the Bardeen black hole. As was
already pointed out in Ref. [2], there exists a value of the
mass such that for masses fulfilling M > M.y, there exists
an outer event horizon, but for M < M, the spacetime
has no horizon that can be viewed as a particle model.

V. THERMODYNAMICS

The black hole solution given by Eq. (28) has inner
and outer event horizons, as shown in Fig. 1. The Hawk-
ing temperature of the black hole can be computed as fol-
lows:

T= el N (70)

In Fig. 2 (left panel), the Hawking temperature is plotted
for a specific domain of parameters. Note that the negat-
ive values of temperature are not of physical interest. Set-
ting f(r,) =0, we obtain M, and T,. Then, by integrat-

105
0.5¢ ‘/,/"——————_———""_-_-_--_----
0.0
f(r)
—-1.0"
— 15 L
0 2 4 6 8 10
/M
Fig. 1. Metric function f(r) as a function of r for specific

choice of parameters.
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0.101

0.08"
0.06 "
0.04

T 0.02"

0.00
-0.02}
—-0.04-

0 2 4 6 8 10

/™M

Fig. 2.
capacity for a particular choice of parameters.

ing the first law dM =TdS, the entropy for this black
hole can be obtained as

ds = l(‘9M+) dr,. (71)
O«

and the heat capacity can be evaluated via

oM

oMy _ oM or
T T

. T or ot (72)

Iy

In general, we can evaluate these expressions numeric-
ally. Note here that if C, > 0, the black hole is said to be
stable, and for C, <0, we conclude that the black hole is
unstable. Basically, C vanishes at some r = re, Which
means that not all the values in the range shown in Fig. 2
are allowed for C. Moreover, there is a singularity and a
sign change, which signals a phase transition at the max-
imum temperature.

VI. CONCLUSIONS

We used the modified expression for the gravitation-
al and electric potentials inspired by the string 7T-duality
to obtain an exact charged solution in the 4D EGB theory
of gravity with a cosmological constant. We demon-
strated that the solution also exists in the regularized 4D

500 - — Q=0.1
— Q=05

-500+

—1000+

0 2 4 6 8 10
/M

(color online) Left panel: Hawking temperature 7 plotted as a function of horizon r = r, . Right panel: Plots of the specific heat

EGB theory. We identified a problem regarding the addi-
tional dynamical scalar field, which has to be infinitely
strongly coupled to reproduce the results of the 4D EGB
theory. Following the arguments in [22, 23], one can find
a consistent theory and solve this issue by adding an ap-
propriate counter term to the Hamiltonian [22, 23], which
leads to the Lorentz violating theory by breaking a part of
diffeomorphism invariance. We used the 3+1 decomposi-
tion to show the correspondence between the solution in
the 4D EGB theory and that in the non-relativistic
Horava—Lifshitz theory. The black hole solution reported
here is regular and free from singularity. As a special
case, we obtained well known solutions in the literature
such as the regular AdS Bardeen black hole, AdS charged
black hole in 4D EGB gravity, and AdS RN solution in
general relativity. To this end, we investigated thermody-
namical aspects such as the the Hawking radiation and
specific heat capacity. We showed a close connection
between the quantum gravitational Bardeen black hole
solution and the GUP principle. In the near future, we
will study phenomenological aspects of the solution re-
ported in this study.
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