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Abstract Recently, two kinds of deformed schwarzschild
spacetime have been proposed, which are the black-bounces
metric (Simpson and Visser in J Cosmol Astropart Phys
2019:042, 2019, Lobo et al. in Phys Rev D 103:084052,
2021) and quantum deformed black hole (BH) (Berry et al. in
arXiv:2102.02471, 2021). In present work, we investigate the
rotating spacetime of these deformed Schwarzschild metric.
They are exact solutions to the Einstein’s field equation. We
analyzed the properties of these rotating spacetimes, such as
event horizon (EH), stationary limit surface (SIS), structure
of singularity ring, energy condition (EC), etc., and found
that these rotating spacetime have some novel properties.

1 Introduction

In general relativity (GR), physicists understand the detailed
properties of the gravitational field by solving the solutions
to Einstein’s field equations (EE). However, because of the
nonlinear characteristics of Einstein’s field equation, it is very
difficult to solve it. So far, physicists have only obtained some
exact solutions in special cases, such as the Schwarzschild
solution, Kerr solution and wormhole solution in vacuum.
These solutions have been studied extensively and deeply
by physicists [1]. In recent years, the Laser Interferometer
Gravitational-Wave Observatory (LIGO) gravitational wave
measurements and the Black Hole Event Horizon Telescope
(EHT) black hole shadow measurements have provided reli-
able evidence for the existence of black holes in the universe
[2,3]. These observations further energized physicists, mak-
ing the search for an exact solution to Einstein’s equations of
the gravitational field all the more important.

a e-mail: zyxu@gzu.edu.cn (corresponding author)

In the work of [4], they proposed a new solution to a grav-
itational field equation that links a normal Schwarzschild
black hole to a wormhole by simply introducing a parame-
ter that can be written into the same mathematical expres-
sion. Through adjusting the range of values of the param-
eter, the space-time metric corresponding to Schwarzschild
BH, normal black hole, unidirectional wormhole and MT
wormhole can be obtained. Since this work, people have
done a lot of research on this black-bounce spacetime. For
example, the properties of black hole/wormhole spacetime
are studied by using gravitational wave echo signal [5],
Huang and Yang studied the transformation of electrically
charged Alice wormholes into BHs [6], Bronnikov and Kono-
plya studied the influence of the black-bounce solution on
the gravitational echo signal under the model world model
[7], Lobo et al. studied the dynamic properties of the black
hole/wormhole transformation solution [8], Nascimento et al.
proposes to verify the properties of this transformation solu-
tion by gravitational lensing, and studies the absorption pro-
cess of massless scalar waves under this transformation solu-
tion [9,10]. Lobo et al. extends the black-bounce solution to
a more general case [11]. Recently, Jacopo Mazza, Edgardo
Franzin and Stefano Liberati first generalized the Simpson–
Visser (SV) spacetime to the Kerr case with Newman–Janis
algorithm (NJA), and analyzed the properties of the exact
solution [12]. Later in their work, they extended this situa-
tion to the Kerr–Newman spacetime [13].

For this regular BH metric, there is another kind of solution
that people pay much attention, that is quantum deformed
black hole [14–16]. Scientists can use it to link quantum
gravitational effects to astronomical observations, such as
gravitational lensing and black hole shadows. However, just
as one has only the spherically symmetric metric, for the very
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important metric of a rotating BH, the exact solution has not
been obtained.

However, these studies only focus on the exact solutions
of spherical symmetry. As we know, for BHs or wormholes,
the rotation case will be very interesting, so the study of the
black-bounce solution and quantum deformed BH of rota-
tion case will be of great significance. On the other hand,
Newman–Janis algorithm (NJA) has long proposed that the
rotation metric can be obtained through a series of complex
transformations, in which the key is to transform the gravita-
tional field equation into a set of partial differential equations
[17–19]. In this work, we will use the NJA to derive the exact
solutions in the rotation case, and two special cases, namely
the black-bounce and quantum deformed BH, are discussed
and analyzed.

The outline of this work is as follows. In Sect. 2, we
introduce the deformed Schwarzschild solution, they include
the black-bounce spacetime and quantum deformed BH. In
Sect. 3, we derived the analytical form of deformed Kerr BH.
In Sect. 4, we analysis the properties of these deformed Kerr
BH metric. The summary are present in Sect. 5.

2 The regular Schwarzschild-like spacetime

2.1 Black-bounce spacetime

The regular spacetime metric is currently a hot topic of dis-
cussion in GR and BH physics, which gives possible distor-
tions of the Schwarzschild metric. The black-bounce space-
time is described here. The black-bounce spacetime is the
regular spacetime that connects the Schwarzschild BH to the
traversable wormhole [11]. The general black-bounce space-
time is given by

ds2 = − f (r)dt2 + 1

g(r)
dr2 + h(r)(dθ2 + sin2θdφ2),

(1)

where

f (r) = g(r) = 1 − 2M(r)√
h(r)

,

M(r) = M
√
h(r)rk

(r2n + m2n)
k+1
2n

,

h(r) = r2 + m2, (2)

M is the mass of the BH as the metric degrades to the
Schwarzschild BH, m is the non-negative parameter, which
determine the type of metric (BH or traversable wormhole).
k and n are positive integers, which equal to 0, 1, 2, 3 . . . .

By valuing the model parameters, the spacetime metric can
degenerate into the following types:

A. Simpson–Visser model [4], k = 0 and n = 1. For this
case, the metric coefficients simplify to

f (r) = g(r) = 1 − 2M√
r2 + m2

, h(r) = r2 + m2. (3)

This space-time metric interpolates between a Schwarzschild
BH and a traversable wormhole. For different value of param-
eter m, the space-time metric reduce to different space-
time metric. Specifically, for m = 0, spacetime metric is
a Schwarzschild BH; for 0 < m < 2M , spacetime metric is
a regular BH; for m = 2M , spacetime metric is a one-way
traversable wormhole; for m > 2M , spacetime metric is a
Morris–Thorne traversable wormhole.

B. regular Bardeen-like BH model (with change m to q,
�2 → r2) [11], k = 2 and n = 1. For this case, the metric
coefficients simplify to

f (r) = g(r) = 1 − 2Mr2

(r2 + m2)
3
2

, h(r) = r2 + m2. (4)

The metric changes in various forms with different param-
eter values (m, k and n), which makes the black-bounce
spacetime contain a large number of space-time metric. Refer
to [11] for a discussion.

2.2 Quantum deformed black hole

Quantum deformed BHs due to quantum fluctuations in GR
are introduced here. The quantum deformed BHs are caused
by quantum fluctuations in two-dimensional dilaton gravity
[14,20,21], the action is

S = −1

8

∫
dz2√g

(
r2R(2) + 2

κ
U (r) − 2(�r)2

)
, (5)

where R(2) is the Ricci scalar, U (r) is the dilaton potential
and κ is the constant. By variating the action, the correspond-
ing field equation can be obtained, and the space-time metric
can be expressed as follows

ds2 = − f (r)dt2 + 1

g(r)
dr2 + r2(dθ2 + sin2 θdφ2),

f (r) = g(r) = −2M

r
+ 1

r

∫ r

U (ρ)dρ. (6)

Based on this theory, Berry–Simpson–Visser [20] proposed
a more general quantum deformed BH, which space-time
metric is

f (r) = g(r) = −2M

r
+

(
1 − A2

r2

) n
2

, (7)

where n = 0, 1, 3, 5 . . . , r � A and 0 < A < ∞. Because
of the different values of n, the spacetime metric can be clas-
sified as follows [20]:
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A. Schwarzschild BH, n = 0. The metric coefficients
simplify to

f (r) = g(r) = 1 − 2M

r
. (8)

B. Metric-regular, n � 1.

C. Christoffel-symbol-regular, n � 3.
D. Curvature-regular, n � 5.

3 Deformed Kerr spacetime

From spherical symmetry space-time metric to rotational
symmetry space-time metric. There are many approaches to

solve the Einstein’s field equation. Here, we use the NJ algo-
rithm to study the exact solution of Einstein’s field equa-
tion with rotational case [17–19]. The NJ algorithm main
includes the complex transform and system of partial differ-
ential equations (PDE).

According to the NJ algorithm, we need to transform
the line element of spacetime to advanced null coordinates
(ANC) (u, r, θ, φ), and the transform equation is

du = dt − 1

f (r)g(r)
dr, (9)

from the metric coefficients of black-bounce spacetime and
quantum deformed BH, the metric coefficients f (r) =
g(r) = 1 − 2M√

r2 + m2

rk
√
r2 + m2

(r2n + m2n)
k+1
2n

and

(
1 − A2

r2

) n
2

−
2M

r
, then the Eq. (9) reduce to

du =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

dt −
(
r2n + m2n

) k+1
n

(
(r2n + m2n)

k+1
n − 2Mrk

)2 dr, for black-bounce spacetime

dt − 1((
1 − A2

r2

) n
2

− 2M

r

)2 dr, for quantum BH.
(10)

In the advanced null frame, the corresponding inverse of
spacetime metric is given by

gμν = −lμnν − lνnμ + mμmν + mνmμ, (11)

where the base vector are

lμ = δμ
r , (12)

nμ =

⎧⎪⎪⎨
⎪⎪⎩

δ
μ
μ − 1

2

(
1 − 2M√

r2 + m2

rk
√
r2 + m2

(r2n + m2n)
k+1
2n

)
δ
μ
r , for black-bounce spacetime

δ
μ
μ − 1

2

((
1 − A2

r2

) n
2 − 2M

r

)
δ
μ
r , for quantum BH.

(13)

mμ =

⎧⎪⎨
⎪⎩

1√
2(r2 + m2)

δ
μ
θ + i√

2(r2 + m2) sin θ
δ
μ
φ , for black-bounce spacetime

1

2r
δ
μ
θ + i

2r sin θ
δ
μ
φ , for quantum BH.

(14)

mμ =

⎧⎪⎨
⎪⎩

1√
2(r2 + m2)

δ
μ
θ − i√

2(r2 + m2) sin θ
δ
μ
φ , for black-bounce spacetime

1

2r
δ
μ
θ − i

2r sin θ
δ
μ
φ , for quantum BH.

(15)

From the advanced null frame, these base vectors sat-
isfy orthogonality condition lμlμ = nμnμ = mμmμ = 0,
lμnμ = −mμmμ = 1 and lμmμ = nμmμ = 0. If we want
to obtain the rotational space-time metric, we should need a
complex transformation. In NJ algorithm, the transformation
is

u −→ u − ia cos θ,

r −→ r + ia cos θ. (16)

For this case, the corresponding metric coefficients should
change to higher dimensions. Specifically, there are f (r) −→
F(r, θ, a), g(r) −→ G(r, θ, a) and h(r) −→ 	(r, θ, a)

(here h(r) = r2 + m2). Based on these changes, the new
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base vectors can be written as

lμ = δμ
r ,

nμ =
√
G

F
δμ
μ − F

2
δμ
r ,

mμ = 1√
2	

(
δ
μ
θ + ia sin θ(δμ

μ − δμ
r ) + i

sin θ
δ
μ
φ

)
,

mμ = 1√
2	

(
δ
μ
θ − ia sin θ(δμ

μ − δμ
r ) − i

sin θ
δ
μ
φ

)
. (17)

Through these basis vectors, we can calculate the correspond-
ing inverse metric component gμν , which is given by

guu = a2 sin2 θ

	
, gθθ = 1

	
,

gur = gru =
√
G

F
− a2 sin2 θ

	
,

gφφ = 1

	 sin2 θ
,

guφ = gφu = a

	
,

grφ = gφr = a

	
, grr = G + a2 sin2 θ

	
. (18)

From these inverse metric component, we obtain the Kerr-
like space-time metric of black hole/wormhole transition in
Eddington–Finkelstein coordinates (EFC), and they are

ds2 = −Fdu2 + 2

√
F

G
dudr + 2a sin2 θ

(√
F

G
+ F

)
dudφ

−2a sin2 θ

√
F

G
drdφ + 	dθ2

− sin2 θ

[
−	 + a2 sin2 θ

(
2

√
F

G
+ F

)]
dφ2. (19)

Let’s define a new function k(r) = h(r)
√

f (r)/
√
g(r) =

(r2 + m2)
√

f (r)/
√
g(r) (for black-bounce spacetime) and

r2√ f (r)/
√
g(r) (for quantum deformed BH), we can con-

vert space-time metric from EFC to Boyer–Lindquist coor-
dinates (BLC) by the following relation

du = dt − k + a2

h(r) f (r) + a2 dr,

dφ = dφ − a

h(r) f (r) + a2 dr. (20)

According to the previous results, the functions F(r, θ) and
G(r, θ) are

F(r, θ) = −h(r) f (r) + a2 cos2 θ

k(r) + a2 cos2 θ
	,

G(r, θ) = −h(r) f (r) + a2 cos2 θ

	
. (21)

On the other hand, we make the following agreement, �2 =
k(r)+a2 cos2 θ , 2 f = k(r)−h(r) f (r), 
(r) = h(r) f (r)+

a2 and A = (k(r)+a2)2 −a2
 sin2 θ . The spacetime metric
in BLC is

ds2 = − 	

�2

(
1 − 2 f

�2

)
dt2 + 	



dr2

−4a f sin2 θ	

�4 dtdφ + 	dθ2 + 	A sin2 θ

�4 dφ2.

(22)

From the spacetime metric (22), we don’t know the exact
form of function 	. But the spacetime metric (22) has to
satisfied two conditions, the rotational symmetric Grθ = 0
and Einstein’s field equation Gμν = 8πTμν . At the same
times, we set y = cos θ , 	,r y2 = ∂2	/∂r∂y2 and k,r =
∂k(r)/∂r . Let’s plug spacetime metric (22) into above two
equations, and these conditions become

(k + a2y2)2(3	,r	,y2 − 2		,r y2) = 3a2k,r	
2, (23)

and

	[k2
,r + k(2 − k,rr ) − a2y2(2 + k,rr )]

+(k + a2y2)(4y2	,y2 − k,r	,r ) = 0. (24)

For the spacetime metric of black-bounce, f (r) = g(r),
h(r) = r2 + m2, therefore k(r) = h(r)

√
f (r)/

√
g(r) =

r2 + m2. From Eqs. (23) and (24), we obtain the exact form
of function 	, the result is 	 = r2 +m2 +a2 cos2 θ . For the
spacetime metric of quantum deformed BH, f (r) = g(r),
h(r) = r2, therefore k(r) = h(r)

√
f (r)/

√
g(r) = r2.

Therefore, the rotating spacetime metric of black-bounce
spacetime and quantum deformed BH are:

A. Rotating spacetime of black-bounce

ds2 = −

⎛
⎜⎜⎝1 − 2M(r2 + m2)rk(

r2n + m2n
) k+1

2n
�2

⎞
⎟⎟⎠ dt2 + �2



dr2

−4a sin2 θ

�2

M(r2 + m2)rk(
r2n + m2n

) k+1
2n

dφdt + �2dθ2

+ sin2 θ

�2

(
(r2 + m2 + a2)2 − a2
 sin2 θ

)
dφ2,

(25)

where �2 = r2 +m2 +a2 cos2 θ and 
 = h(r) f (r)+a2 =
r2 + m2 − 2Mrk(r2 + m2)(

r2n + m2n
) k+1

2n

+ a2. When the non-negative

parameter satisfies k = 0, n = 1 and BH spin a = 0,
the Kerr-like space-time metric of black-bounce degener-
ates into SV spacetime [4]. If the non-negative parameter
m = k = 0 and n = 1, the Kerr-like space-time met-
ric of black-bounce degenerate into a Kerr BH. If the BH
spin a = 0, this Kerr-like space-time metric of black-bounce
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degenerate into a general spherical symmetry black-bounce
spacetime [11]. As the parameter m goes from 0 to infinity,
then the space-time metric becomes Kerr BH, Kerr-like BH,
one-way rotating traversable wormhole and rotating Morris–
Thorne traversable wormhole. As the values of parameters n
and k increase, the rotation metric represents many BH and
wormhole metrics.

A special case of this rotating space-time is discussed.
When k = 0, n = 1, the rotating space-time degrades into the
rotating SV space-time, which has been studied in detail by
Mazza et al. [12]. This is also the most important special case
of rotating spacetime (25). Like SV spacetime, this rotating
space-time contains both the rotating BH space-time and the
rotating wormhole space-time.

B. Rotating spacetime of quantum deformed BH

ds2 = −

⎛
⎜⎜⎝1 −

r2 + 2Mr − r2
(

1 − A2

r2

) n
2

�2

⎞
⎟⎟⎠ dt2 + �2



dr2

−2a sin2 θ

�2

(
r2 + 2Mr − r2

(
1 − A2

r2

) n
2
)
dφdt

+�2dθ2 + sin2 θ

�2

(
(r2 + a2)2 − a2
 sin2 θ

)
dφ2, (26)

where�2 = r2+a2 cos2 θ and
 = h(r) f (r)+a2 = r2
(

1−
A2

r2

) n
2 −2Mr+a2. When the parameter A = 0, the Kerr-like

space-time metric of quantum deformed BH degenerate into
a Kerr BH. If the BH spin a = 0, this Kerr-like space-time
metric of quantum deformed BH degenerate into a general
spherical symmetry quantum deformed BH [20]. Since the
parameter A represents the quantum correction of the BH, the
value of A should be very small, so the quantum correction
Kerr BH is very close to the Kerr BH. On the other hand, As
the values of parametersn, the Kerr-like BH metric represents
many BHs.

4 Properties of deformed Kerr spacetime

4.1 Black-bounce spacetime

A. Rotating spacetime of black-bounce
If the non-negative parameter m satisfies 0 ≤ m < mc

(where mc is the threshold at which the metric changes from
a BH to a wormhole, We’ll talk about that later), the spacetime
metric (25) degenerate into a regular Kerr BH. In the classic
GR and BH physics, the properties of BH are determined
by line element (25). Here we consider horizon structure,
stationary limit surfaces and singularity structure.

Firstly, the horizon structure of BH is determined by the
equation 
 = 0, then the event horizon (EH) r+ and Cauchy

horizon (CH) r− are

r2± + m2 − 2Mrk±(r2± + m2)
(
r2n± + m2n

) k+1
2n

+ a2 = 0. (27)

The appearance of m makes the radius of the EH of regular
BHs more interesting. For example, if consider SV model
(k = 0 and n = 1), the critical parameter mc will be incon-
sistent with the spin of different BHs, and mc can be found
by EH formula

mc =
√

2M2 − a2 + 2M
√
M2 − a2. (28)

From the expression for mc, when we consider that regu-
lar Kerr BH reduces to spherical symmetry case ((a = 0)),
the critical parameter mc = 2M . when the regular Kerr BH
close to extreme BH ((a = M)), the critical parameter mc =√

2M . Therefore, the critical parameter
√

2M � mc � 2M .
Secondly, the stationary limit surfaces (SLS) of BH are

determined by following condition

1 − 2M(r2
SLS± + m2)rkSLS±(

r2n
SLS± + m2n

) k+1
2n

(r2
SLS± + m2 + a2 cos2 θ)

= 0.

(29)

For the SV model (k = 0 and n = 1), the two SLS are

rSLS± =
√

2M2 − a2 cos2 θ − m2 ± 2M
√
M2 − a2 cos2 θ.

(30)

Through analysis, it can be found that the parameter m can
reduce rSLS±. If m keeps increasing, then rSLS+ would keep
decreasing until it is zero, at which point the BH event horizon
and SIS would disappear, and the regular BH metric would
transition to the wormhole.

Thirdly, for a rotational regular BH, it has ring singularity,
and the radius of the ring is a. For regular BH (25), we find
that Kretsmann scalar R = RμνρδRμνρδ = Z/�12, where
Z is a polynomial function. Then, we find that there have
singularity at r = √

a2 − m2 and θ = π/2. Therefore, the
singularity reduce to point with m = a, this is a interest
property.

B. Rotating spacetime of wormhole
If the non-negative parameter m satisfy m > mc and

m = mc, the spacetime metric (25) degenerate into a rota-
tional Morris–Thorne traversable wormhole and a rotational
one-way traversable wormhole, respectively. As we know
from the previous analysis, the EH, SIS and the singularity
ring disappear, so the space-time metric (25) would have no
singularity, and the whole space-time would be connected as
one. For rotating wormhole spacetime, the metric obtained
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by the NJ algorithm can be written as follows [19]

ds2 = −�2


�̃
dt2 + �2�̃




dr2

1 − b(r)

r

+�2dθ2 + �̃ sin2 θ

�2 (dφ − ωdt)2, (31)

where �̃ = (r2+m2+a2)2−a2
 sin2 θ and ω = 2a f (r)/�̃.
Some preliminary analyses are as follows:

Firstly, by calculating the Kretsmann scalar R, we know
that the metric (31) has no singularity when m > mc, which
is a direct feature of the wormhole spacetime.

Secondly, For the rotating wormhole metric, the shape fac-
tor is a very important physical quantity. In order to obtain the
shape function of the rotating wormhole, refer to the Morris–
Thorne metric form (equation 11 in [19]) , and the following
conditions should be met between the metric coefficients

1 − B(r, θ)

r
= 


�2�̃

(
1 − b(r)

r

)
, (32)

when consider the geometry of the throat (r = r0), the
B(r0, θ0) = r0. At this time, the geometry near the throat
of the rotating wormhole is a complex hypersurface, rather
than an a spherical surface.

Thirdly, if the derivative of equation (32) in the r direction
is taken, the flare-out condition can be obtained, which is
expressed as

1

r2

(
B(r, θ) − r

∂B(r, θ)

∂r

)
= 


r2�2�̃

(
b(r) − r

db(r)

dr

)

+ ∂

∂r

( 


�2�̃

)(
1 − b(r)

r

)
,

(33)

when r → r0, the 1 − b(r)

r
→ 0, therefore, the flare-out

condition make B(r, θ) satisfied

r
∂B(r, θ)

∂r
< B(r, θ). (34)

It′s the same condition as a spherically symmetric wormhole.
Due to the B(r0, θ0) = r0, the flare-out condition reduce to
∂B(r, θ)

∂r
|r0,θ0≤ 1.

Fourthly, the rotating wormhole metric satisfies the asymp-
totic condition, that is, when r → ∞, the spacetime metric
coefficient gtt → −1.

According to traversable wormhole physics, the average
null energy condition (NEC) is violation at the throat, and
the method is check the Raychaudhuri equation. For general
case, this equation reduce to ρ + Pr ≥ 0. Based on the form
of energy-momentum tensor Tμν = diag(ρ, Pr , Pθ , Pφ),

the energy density ρ and pressure Pr are given by

ρ = 1

	
− a2(20y2(k + a2) + 24y2F + (1 − y2)k2′r )

4	�4

+3
(H′r + a2Hψ′r )2 − 4a4y2(1 − y2)H2ψ2
′r2

4H2	
+ 2a2

	�2

+2a2(a2y2(1 + y2) − (1 − 3y2)k)ψ′ y2

	�2

− 1

2H	

(
8a2y2(1 − y2)Hψ′ y2 y2

+
′r (H′r + a2Hψ′r ) + 2
(H′rr + a2(2H′rψ′r

+H(a2ψ2′r + ψ′rr )))
)

(35)

and

Pr = −ρ + 2a2y2


	�4 − 
(H′r k′r + a2Hk′rψ′r )

H	�2

+ 


2H2	

(
3H2′r − 2HH′rr

+2a2HH′rψ′r + a4H2ψ2′r − 2a2H2ψ′rr
)
, (36)

where 	 = r2 +m2 + a2 cos2 θ , a2ψ = ln[(k + a2y2)/H ],
k = H = r2 + m2 and F = f (r) = 1 − 2Mrk(

r2n + m2n
) k+1

2n

.

Therefore, for spacetime metric (25), the NEC can be express
as

Pr + ρ = 2a2y2


	�4 − 
(H′r k′r + a2Hk′rψ′r )

H	�2 + 


2H2	

×
(

3H2′r − 2HH′rr + 2a2HH′rψ′r + a4H2ψ2′r − 2a2H2ψ′rr
)
.

(37)

By calculation, we found that NEC was not satisfied even
with the throats of wormholes, suggesting that these worm-
holes are just like Eills wormholes and Morris–Thorne worm-
holes. Even so, this kind of wormhole is very interesting,
because the value of n and k are different, the properties of
wormhole will be greatly different.

4.2 Quantum deformed black hole

In the previous section, we analyzed the basic properties
of the Kerr-like black-bounce metric. Here we will analyze
the main properties of quantum deformation of black holes,
including the structure of black hole event horizon, stationary
limit surfaces, black hole singularity, non-zero components
of energy-momentum tensors and energy conditions, etc.

Firstly, from the Eq. (26), the BH event horizon are deter-
mined by radial component, and satisfy condition


 = r2±
(
(1 − A2

r2±
)
n
2 − 2M

r±

)
+ a2 = 0, (38)

where r+ and r− are EH and Cauchy horizon, respec-
tively. Case I: n = 0, the quantum deformation of BH

123
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reduce to Kerr BH, the two horizon are r± = M ±√
M2 − a2; Case II: n = 1, the spacetime is metric-regular,

r±
√
r2± − A2 − 2Mr± + a2 = 0, the r± = 1

2
(A2 +

4M2 ± √
A4 + 8A2M2 + 16M4 − 4a4); Case III: n = 2,

metric-regular, r2± − 2Mr± + a2 − A2 = 0 lead to r± =
M±√

M2 − a2 + A2. A brief analysis is made here, and the
contribution of quantum fluctuation to the BH is completely
reflected in A. It can be seen that the effect of A is opposite to
the BH spin a. The increase of the BH spin reduces the radius
of the BH event horizon, while the increase of the quantum
fluctuation parameter increases the radius of the BH event
horizon.

Secondly, the SIS of quantum deformed BH are deter-
mined by gtt = 0, which reduce to

1 −
r2

SLS± + 2MrSLS± − r2
SLS±

(
1 − A2

r2
SLS±

) n
2

r2
SLS± + a2 cos2 θ

= 0,

(39)

where rSLS+ and rSLS− are out SIS and inner SIS, respec-
tively. Case I: n = 0, the quantum deformation of BH
reduce to Kerr BH, the two SIS are rSLS± = M ±√
M2 − a2 cos2 θ ; Case II: n = 1, the spacetime is metric-

regular, rSLS±
√
r2

SLS± − A2−2MrSLS±+a2 cos2 θ = 0, the

rSLS± = 1

2
(A2 + 4M2 ± √

A4 + 8A2M2 + 16M4 − 4a4 cos4 θ);

Case III: n = 2, metric-regular, r2
SLS± − 2MrSLS± +

a2 cos2 θ−A2 = 0 lead to rSLS± = M±√
M2 − a2 cos2 θ + A2.

The generation of quantum fluctuations reduces SIS, which
reduces the ergosphere region of the rotating BH. It can be
speculated that such an effect would have an impact on the
Blandford–Znajek mechanism, particle acceleration and so
on.

Thirdly, by calculating the Kretsmann scalar R corre-
sponding to the BH, it can be found that the singularity struc-
ture of the BH is exactly the same as that of Kerr BH, and the
quantum correction parameter A does not have any effect on
the singularity, which is very difficult to understand.

5 Summary

In this work we obtain two exact solutions of Einstein’s field
equation, the rotating spacetime of black-bounce and quan-
tum deformed BH. The properties of these rotating space-
times are discussed in detail and some interesting properties
are found. For rotating black-bounce spacetime, the BH spin
changes the value of critical parameter mc, and found that
it satisfies the following range

√
2M � mc � 2M . This is

very different from the spherical symmetric case. For rotating
quantum deformed BH, we find that the effect of quantum

modification parameters on BHs is opposite to the effect of
BH spin, including black hole event horizon and SIS, which
may indicate some repulsive effect of quantum effects on
space-time. It is hard to understand that the singularity of
BHs is not affected by quantum corrections.
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