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From the five dimensional Myers-Perry solution and consider that de metric MP corresponding to the Kaluza-Klein ansatz (zero mode), we
obtained4D solution with non-minimally coupled scalar and electromagnetic fields, characterized by three parameters,r0, a, b, related to
the mass, angular momentum and electromagnetic field, respectively and proposing that the4D solution is a solution type black hole. Then
for a 6= 0, b = 0 the electromagnetic field vanishes and the black hole is stationary. Fora = 0, b 6= 0 the solution is static with electric field.
If a 6= 0, b 6= 0 the solution is stationary with electric field and, due to the rotation, a magnetic field appears. The scalar field that arises from
the dimensional reduction is present in all cases. At infinity the solution is asymptotically flat and the trace of the scalar field get lost, turning
out that this solution is in agreement with the no hair conjecture.

Keywords: Exact solutions; higher dimensions; black holes.
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1. Introduction

Kaluza’s theory (1921), complemented by Klein’s interpreta-
tion (1929), known as Kaluza-Klein theory (KK) is the pro-
posal to unify the theories of general relativity and electro-
magnetic theory in a five dimensional vacuum space-time.
The Einstein’s equations (EE) for a vacuum five dimensional
space-time are equivalent to four dimensional EE with mat-
ter consisting of scalar and electromagnetic fields. A com-
plete analysis of the KK theory can be consulted in [1], where
among other results,4D space-times are interpreted as per-
fect fluids and also geodesic trajectories are studied.

Previous work on this line includes the thermodynamic
properties and classification of stationary, spherically sym-
metric, asymptotically flat solutions of the Kaluza-Klein the-
ory corresponding to regular black holes in four dimen-
sions [2]. It has been shown that the regular black holes
that are constructed from the Kaluza-Klein reduction are in-
terpreted as rotating bound states of D0 and D6 branes [3].
Moreover, structures similar to a Kaluza-Klein bubble arise
when five dimensional deSitter space-time with a deficit an-
gle is considered [4]. In [5] charged axisymmetric station-
ary black holes for a wide class of scalar tensor theories
with minimally coupled scalar field were generated from the
known general relativity electrovacuum solutions. For these
solutions no regular horizons coexist with scalar field as well
as they reinforce the Bekenstein’s statement that there is no
asymptotically flat, stationary and stable black holes in Gen-
eral Relativity endowed with a scalar field.

In [6] it is demonstrated that a solution for a rotating black
hole with electric and scalar charges can be generated by a
boost transformation of the fifth coordinate from the Kerr so-
lution.

The Myers-Perry black hole [7] is the N-dimensional gen-
eralization of the Kerr geometry; in five dimensions it is a
regular black hole with two angular momenta. Previously,
in [8] it was addressed a reduction from five to four dimen-

sions of the Myers-Perry solution ; there the region corre-
sponding to the ergosphere, possessing two Killing vectors,
was interpreted as colliding gravitational waves. In this work
by applying the idea Kaluza-Klein to the five dimensional
Myers-Perry solution we obtained a4D solution with scalar
and electromagnetic fields. The obtained solution is char-
acterized by three free parameters interpreted as mass, an-
gular momentum and electromagnetic field. Particular cases
are static or stationary, with or without electromagnetic field,
while the scalar field that arises from the dimensional reduc-
tion is always present, but at infinity its track is lost.

The 4D solution is consider a solution type Black holes,
then the derived black hole is regular, except in the case that
the two parameters related to rotation and electric field are
both zero. The fact that the solution is derived from a reg-
ular 5D black hole does not guarantee that the4D solution
be singularity-free. Actually, the lift to5D of singular4D
space-times has been used as a mechanism to release of sin-
gularities [9].

Another aspect of interest to be extracted from the derived
solution is if the scalar field that arises from the dimensional
reduction(zero mode), can be detected at infinity, being then
a counter example of the no hair conjecture. In all cases the
energy density associated to the scalar field vanishes at infin-
ity. However the Riemann tensor associated to the black hole
with scalar field vanishes more rapidly compared to the corre-
sponding Schwarzschild’s black hole, in a sort of smoothing
of the curvature produced by the scalar field.

The paper is organized as follows:in Sec. 2 it is pre-
sented the5D Myers-Perry solution; in Sec. 3 the obtained
4D space-times, their fields and asymptotic behavior are ana-
lyzed; the horizons of the4D solution are studied and the new
interpretation of the Myers-Perry’s parameters is discussed.
Section 4 presents interesting particular spaces-times for the
different values of the parameters; in some cases the thermo-
dynamics is discussed. Final remarks are given in the last
section.
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2. Myers-Perry solution

The Myers-Perry (MP) solution [7] is a solution of vacuum
Einstein equations in an arbitrary dimension. In particular we
address the five dimensional (5D) case representing a regu-
lar rotating black hole (two rotations) that is a generalization
of the Kerr solution. This solution possesses three Killing
vectors and one Killing tensor [10]. In the Boyer-Lindquist
coordinates(r, t, θ, φ, ψ) [10] the MP line element is;

ds2 =
ρ2r2

∆
dr2 + ρ2dθ2 − dt2 + (r2 + a2) sin2 θdφ2

+ (r2 + b2) cos2 θdψ2

+
r2
0

ρ2
[dt + a sin2 θdφ + b cos2 θdψ]2, (1)

where

ρ2 = r2 + a2 cos2 θ + b2 sin2 θ,

∆ = (r2 + a2)(r2 + b2)− r2
0r

2. (2)

the anglesφ andψ take values from the interval[0, 2π], andθ
takes values in[0, π/2]; a andb are the two angular momenta,
r0 is related to the black hole mass. The black hole horizon
(double root) is located at ;

r2
± =

1
2

[
r2
0 − a2 − b2 ±

√
(r2

0 − a2 − b2)2 − 4a2b2

]
(3)

and represents aS3 sphere. The MP solution is regular ex-
cept if a = b = 0 that corresponds to the Tangherlini´s solu-
tion [11] and only in this case it has a singularity atr = 0.

3. Myers-Perry in 4D

It is well known that the5D Kaluza-Klein theory in vacuum
is equivalent to a4D space-time equipped with scalar and
electromagnetic fields [1]. There are several ways to reduce
from five to four dimensions, in here we adopt the Klein’s
compactification approach,i.e. to consider that the fifth co-
ordinate has a circular topology at a small enough scale; this
is also known as the cylinder condition.

The relation between the5D Kaluza Klein metricĝAB

and the4D space time (gαβ) is given by

ĝAB =


 gαβ + κ2φ̃2AαAβ κφ̃2Aα

κφ̃2Aβ φ̃2


 , (4)

where we have scaled the electromagnetic potentialAα by
a constantκ, and φ̃ is the scalar field. [A,B] run over
{0, 1, 2, 3, 4} and [α, β] over {1, 2, 3, 4}. The obtainedgαβ

is a solution to the action [1]

S = −
∫

d4x
√−gφ̃

(
R

16πG

+
φ̃2

4
FαβFαβ +

2gαβ

3κ2

∂αφ̃∂βφ̃

φ̃2

)
. (5)

The previous action is written in the string frame (coupling
between the scalar field andR); it is well known that is re-
lated to the action in the Einstein frame via a conformal trans-
formation of the metric tensor.

We establish a comparison between the5D Myers-Perry
solution to interpret it in4D (zero mode and coordinater is
not the radius ofS1). There are three possibilities to select the
fifth coordinate (Killing directions:φ, t andψ) but only two
are spacelike,φ andψ. Given the symmetry betweenψ andφ
and betweena andb in a phase ofπ/2, it is physically equiv-
alent to chooseφ or ψ as the compact coordinate. Choosing
ψ as the fifth coordinate, the scalar field and electromagnetic
potential are given by:

φ̃2 = gψψ = cos2 θ

(
r2 + b2 +

r2
0

ρ2
b2 cos2 θ

)
, (6)

κφ̃2At = gtψ = b cos2 θ
r2
0

ρ2
, (7)

κφ̃2Aφ = gψφ =
r2
0

ρ2
ab sin2 θ cos2 θ, (8)

notice thatAφ = a sin2 θAt, as in Kerr-Newman black hole,
and that the coupling between the scalar and electromagnetic
field is through the parameterb. The line element in4D has
the form:

ds2
4D =

(
r2
0

ρ2
− 1− κ2φ̃2A2

t

)
dt2 +

ρ2r2

∆
dr2

+
[
(r2 + a2) sin2 θ +

r2
0

ρ2
a2 sin4 θ − κ2φ̃2A2

φ

]
dφ2

+ ρ2dθ2 +
(

a sin2 θ
r2
0

ρ2
− κ2φ̃2AtAφ

)
dtdφ (9)

this line element represents a stationary space-time
with scalar field (̃φ) and electromagnetic potential
Aµ = (At, 0, Aφ, 0). The corresponding components of
the Maxwell tensorFij = ∂iAj − ∂jAi are given by,

Ftr = Er = ∂tAr − ∂rAt

= −∂rAt =
br2

0 cos4 θ

k

(b2 + r2 + ρ2)

ρ4φ̃4
(10)

Ftθ = Eθ = ∂tAθ − ∂θAt = −∂θAt

= −r2
0b cos4 θ sin 2θ

k

[(a2 − b2)(b2 + r2) + b2r2
0]

ρ4φ̃4
(11)

Fφr = Br = ∂φAr − ∂rAφ = −∂rAφ = a sin2 θEr (12)

Fθφ = Bθ = ∂θAφ − ∂φAθ = ∂θAφ

=
abr2

0 sin 2θ cos4 θ

k

[(a2 + r2)(b2 + r4) + b2r2
0]

ρ4φ̃4
(13)

Rev. Mex. Fis.60 (2014) 95–101



BLACK HOLES FROM MYERS-PERRY SOLUTION 97

and
Ftφ = 0 Frθ = 0 (14)

From these expressions we see that it is a stationary solu-
tion with a rotation parameterized bya: if a = 0 the solution
becomes diagonal and therefore static. Particularly interest-
ing is the fact that the stationarity is not derived from boost-
ing a static solution. The scalar field is present no matter
the value of the parameters, as an effect of the dimensional
reduction. This circumstance implies that the obtained solu-
tions are not subject to the unicity theorems valid in4D for
the Einstein-Maxwell solutions.

The electromagnetic field derives from the5D angular
momentumb, since whenb = 0 the electromagnetic field
vanishes. Moreover, the magnetic field componentsFφr and
Fθφ are associated to the angular momentuma since the so-
lution with a = 0 andb 6= 0 does only possess electric field
(componentsFtr andFtθ).

3.1. Event Horizons

Since that the4D solution comes from a solution that repre-
sents a black hole in5D, we search for the possible horizons
considering that the4D solution (9) is a solution that repre-
sent a black hole. We obtained that the4D space-time (9)
has one horizon derived fromgrr → ∞ (∆ = 0) that corre-
sponds to the horizon in5D (3), but in this case is aS2 sphere
with the same restrictionr0 ≥ a + b.

We determine the event horizon solving forgtt = 0; the
solution is the double root:

r2
± =

1
2

[
B ±

√
B2 + 4Q

]
(15)

where

B = r2
0 − a2 cos2 θ − b2 sin2 θ − b2

Q = −b2a2 cos2 θ − b4 sin2 θ + r2
0b

2 sin2 θ (16)

Whenξα
t is the time like Killing vector andξα

φ is the ro-
tational Killing vector, they both satisfy Killing’s equation
ξα;β + ξβ;α, then the norm of the time like Killing vector is
ξαξα = gtt.

If the norm of Killing vector goes to zero, we obtain the
Killing horizon which is the information described in (15)
(ergosphere).

From Eq. (15) onlyr2
+ is physically acceptable since

r2
− < 0. In Fig. (1) we show the two horizons, one corre-

sponds to a spherically symmetric (∆ = 0) and the other is
an ergosphere whose shape depend on the values of the pa-
rametersa andb:

The previous statement can be posed in terms of trapped
surfaces, whose existence is determined from the invariant
K, [13]: the marginally trapped surfaces are defined when
K = 0 and coincide in many instances with the classical
horizons. On the other hand the space-time presents singu-
larities if K diverges.

FIGURE 1. Numerical result for the horizonrh and possible er-
gospherere. The first graphic is fora = b = 3 andr0 = 8. The
second one corresponds toa = 5, b = 0 andr0 = 9

Considering fixed coordinatesxa = {t, r}, the invariant
K is given by;

Kt,r =
∆

ρ6 cos4 θ

M2

N2
, (17)

N = [r2
0b

2 cos2 θ + ρ2(r2 + b2)]

× [(r2 + a2)(r2
0b

2 cos2 θ + ρ2(r2 + b2))

+ a2r2
0ρ

2(r2 + b2) sin2 θ],

M = (ρ2 + r2 + a2)[r2
0b

2 cos2 θ + ρ2(r2 + b2)]2

+ r4
0a

2b2(ρ2 + r2 + b2) cos2 θ sin2 θ, (18)

K is zero only if∆ = 0, and in this case we say that a hori-
zon is present (horizonrh); otherwise, Eq. (15) determines
the ergospherere. K does not diverge except in the case
a = b = 0, in whichK ∝ 1/r2 and the4D solution (black
hole) is singular atr = 0.

Rev. Mex. Fis.60 (2014) 95–101
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3.2. Interpretation of parameters

In five dimensions the parametersa andb are related to the
two angular momenta of the MP black hole andr2

0 is related
to its mass. After we apply the KK reduction, the interpre-
tation of the MP parameters in 4D may be obtained from the
asymptotic behavior of the metric components in Weyl co-
ordinates (̃r, z). The transformation that relates the Boyer-
Lindquist(r, θ) and Weyl(r̃, z) coordinates is given by [14]:

r̃ =
r

2

√
∆sin 2θ,

z =
r2

2
cos 2θ

(
1− r2

0 − a2 − b2

2r2

)
,

∆ = r2

(
1 +

a2

r2

)(
1 +

b2

r2

)
− r2

0, (19)

In these coordinates the following limits at infinity apply√
r̃2 + z2 → ∞ with z/

√
r̃2 + z2 =finite. The asymptotic

behavior of the metric functions in4D Minkowski-spacetime
is (cf. Eqs. (4.8) in [14]):

G11 = −1 +
2M√

r̃2 + z2
+ O[(r̃2 + z2)]−1

G12 = − 2Jr2

(r̃2 + z2)3/2
+ O[(r̃2 + z2)]−1 (20)

And comparing Eqs. (20) with the expansions from
Eq. (9), the mass and angular momentum in4D are:

M4D =
2M5D

3π
=

r2
0

4
J4D =

J5D

2π
=

ar2
0

8
(21)

In this case the parameterr0 is related to the mass anda
to the angular momentum. On the other side the parameterb
is related to electromagnetic field.

3.3. Asymptotic Behavior

The asymptotic behavior of the4D solution whenr →∞ is:

ds2
4D = −dt2 + dr2 + r2dθ2 + r2 sin2 θdφ2, (22)

that is a Minkowski space in spherical coordinates, then the
space time in4D is asymptotically flat.

In the limit r → ∞ apparently the scalar field
φ̃ → √

r2 + b2 cos θ diverges, however, the energy density
T 0

0 that corresponds to the scalar field vanishes asymptoti-
cally, as we shall show in the next subsection. Moreover, on
the axial axisr → 0 the scalar field is constant.

In the limit r → 0, the electromagnetic field is constant;
while in the limit r →∞ the field behaves like

Er → 2br2
0

κr6
∼ 1

r6
,

Eθ → 2 sin θ cos θbr2
0(b

2 − a2)
κr6

∼ 1
r6

. (23)

Br → 2br2
0a sin2 θ

κr6
∼ 1

r6
,

Bθ =
abr2

0 sin 2θ

κr4
∼ 1

r4
. (24)

The magnetic field arises from the rotation, since ifa = 0, the
magnetic field vanishes. As for the electric field, its asymp-
tote is signing some kind of electrical multipole. If one com-
pares with the electric field components for a given multipole,
qlm, whose dependence onr goes like1/(rl+2); m being re-
lated to the azimuthal angle [12]. On this basis we can think
of a electric multipole of orderl = 4.

3.4. Energy-momentum tensor of the scalar field

To calculate the total energy-momentum tensor of the com-
plete scalar and electromagnetic fields is very cumbersome.
Since we have shown that at infinity the electromagnetic field
vanishes, then it is important to determine what the behav-
ior of the scalar field is at infinity. To this end we calculate
the scalar component ofTµν . If the electromagnetic param-
eter vanishes,b = 0, the solution (9) represents a station-
ary (a 6= 0) or static (a = 0) black hole with scalar field;
the information about the scalar matter can be extracted from
(see [1])

Tαβ =
1

8πG

∇β(∂αφ̃)

φ̃
, (25)

with the scalar field (̃φ) given by Eq. (6), the component cor-
responding to the energy density is

T t
t =

r2
0(r

2 + 2a2 − a2 cos2 θ)
(r2 + a2 cos2 θ)3

. (26)

In the limit of large distances,r →∞, the energy density
associated to the scalar field vanishes asT t

t ∝ r2
0/r4; then

the scalar field is associated to the source, vanishing at large
distances, this in agreement with the asymptotic flatness of
the metric (22).

The no scalar hair conjecture excludes the availability of
any knowledge of a scalar field from the far away exterior
geometry of a black hole even when a scalar field is present
in the space-time along with gravity. Our results are then in
agreement with the no-hair conjecture.

4. Particular cases

The4D space-time (9) has three free parametersa, b andr0,
making it possible to obtain different space-times depending
on the different values of these parameters. We shall address
separately these cases as follows:

Rev. Mex. Fis.60 (2014) 95–101
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4.1. Caser0 6= 0, b = 0 and a 6= 0

From Eqs. (7) and (8) it is clear that ifb = 0 anda 6= 0, both
At andAφ vanish (stationary Brans-Dicke case); the scalar
field reduces tõφ2 = r2 cos2 θ. The line element (9) takes
the form:

ds2
4D = −

(
1− r2

0

r2 + a2 cos2 θ

)
dt2

+
(

r2 + a2 cos2 θ

r2 + a2 − r2
0

)
dr2

+ (r2 + a2 cos2 θ)dθ2 +
a sin2 θ2

0

r2 + a2 cos2 θ
dtdφ

+
(

r2 + a2 +
r2
0a

2 sin2 θ

r2 + a2 cos2 θ

)
sin2 θdφ2 (27)

Moreover the line element (27) is non diagonal (gtφ 6= 0),
being then a stationary solution with scalar field. It has a
spherical horizonr2

+ = r2
0 − a2 hidden by the ergosphere

r2
+ = r2

0 − a2 cos2 θ. The case whenr0 = a the line ele-
ment (27) is singular atr = 0, singularity that lies behind the
horizonr2

+ = a2 sin2 θ

4.2. Caser0 6= 0, a = 0 and b 6= 0

In the casea = 0, b 6= 0, one of the electromagnetic potential
components is zero,Aφ = 0, but we still have the electric
field associated toAt, and since there is no rotation,Bi = 0.
The line element (9) represents a static space-time (gtφ = 0),
with a spherical horizon with radiosr2

+ = r2
0−b2, whose size

is reduced fromr0 as an effect of the electromagnetic field.
The line element is given by:

ds2 =
(

r2
0

ρ2
− 1− κ2φ̃2A2

t

)
dt2 + r2 sin2 θdφ2

+ (r2 + b2 sin2 θ)
[
dθ2 +

dr2

r2 + b2 − r2
0

]
(28)

Whenr0 = b the line element (28) presents a naked sin-
gularity atr = 0.

4.3. Caser0 6= 0, a = 0 and b = 0

In this case the electromagnetic field vanishes and we have a
static space-time with a scalar field. The metric is given by

ds2
4D = −

(
1− r2

0

r2

)
dt2

+
dr2

(
1− r2

0
r2

) + r2 sin θdψ2 + r2dθ2, (29)

The solution (29) presents a spherical horizon atr2 = r2
0

and has a singularity atr = 0; it is very similar to the
Gibbons-Maeda black hole [15] but without axion charge.

In this case the expressions for the Riemann tensor com-
ponents can be handle, some of them are,

Rtrtr
sc = −3r2

0

r4
, Rtθtθ

sc = − r2
0

r4(r2
0 − r2)

,

Rφθφθ
sc =

r2
0

r8 sin2 θ
, Rrθrθ

sc =
r2
0(r

2
0 − r2)
r8

, (30)

And one can compare them with the corresponding to a
Schwarzschild solution with massm,

Rtrtr
Schw = −2m

r3
, Rtθtθ

Schw =
m

r4(r − 2m)
,

Rφθφθ
Schw =

2m

r7 sin2 θ
, Rrθrθ

Schw = −m(r − 2m)
r6

, (31)

From the comparison we see that for the black hole with
scalar field, its corresponding Riemann tensor vanishes, for
instanceRφθφθ, as r−8 while the Schwarzschild’s goes as
r−7, meaning that at infinity Schwarzschild’s gravitational
field persists farther than the corresponding to the black hole
with scalar field. Roughly speaking,

Rabcd
scalar ∝

Rabcd
Schw

r
, (32)

It indicates that the scalar field has a smoothing effect
on the curvature. In principle such effect should be de-
tectable with very fine precision experiments, for instance,
in geodesic deviation near a black hole of known mass, the
measured deviation should be stronger in absence of scalar
field.

In this case is also easy to check the energy conditions
satisfied by the scalar field. The necessary condition for the
existence of a black hole with spherical symmetryT t

t ≤ 1
r2

h

is satisfied and does not impose additional conditions onr0;
the weak energy conditionT r

r − T t
t ≥ 0 is satisfied as well.

The line element (29) corresponds to a static space-time
with spherical symmetry and scalar field and the mass is
given by [16]:

M(r) =
rh

2
− 1

2

r∫

rh

T t
t (r)r2dr =

r2
0

2r
(33)

where rh is the radio of the horizon that in this case is
rh = r0. Testing the condition for tidal forces at the horizon
2M

′ − rhM
′′

< 1, it is satisfied. The regularity of geom-
etry at the horizon ensures that tidal gravitational forces are
bounded there. Test particles following geodesics feel noth-
ing particular as they cross the horizon.

4.4. Caser0 6= 0, a = b

In this case the space-time has a spherical horizon at
r2
± = 1

2 (r2
0−2a2±

√
r4
0 − 4a2r2

0) wrapped by the ergoshere
r2
± = 1

2 (r2
0 − 2a2 ±

√
r4
0 − 4a2r2

0 cos2 θ). The electromag-
netic and scalar fields do not vanish.

Rev. Mex. Fis.60 (2014) 95–101
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4.5. Caser0 = 0, a 6= 0, b 6= 0

When the parameter related to the massr0 is zero, the solu-
tion is static without electromagnetic field,

ds2
4D = −dt2 +

ρ2

(r2 + a2)(r2 + b2)
r2dr2

+ (r2 + a2) sin2 θdφ2 + ρ2dθ2 (34)

This space-time is regular and does not posses horizon;
the scalar field is given bỹφ = (r2 + b2) cos2 θ; there is no
energy density associated tõφ, beingT t

t = 0.

5. Black Hole Thermodynamics

Thermodynamic properties of black holes4D in vacuum are
well known, and is interesting to determine the thermody-
namic quantities of the stationary solution (no electromag-
netic fields,b = 0) that represents a black hole (27) with
scalar field. The surface gravity [16] is given by:

κ̂ = lim
r→rh

1
2

∂gtt

∂r
= 2πT, (35)

whererh is the radio of horizon andT is the black hole tem-
perature. The specific in terms of the energy density (only
scalar field is present):

Cq = −2πr2
h

1 + r2
hT t

t (rh)

1− r2
hT t

t (rh)− r3
h

dT t
t

dr (rh)
(36)

For the stationary black hole the surface gravity and the
specific heat are given, respectively, by:

κ̂ = lim
r→rh

1
2

∂gtt

∂r

= lim
r→rh

r2
0r

r2 + a2 cos2 θ
=

r2
0

√
r2
0 − a2

(r2
0 − a2 sin2 θ)2

(37)

Cq = −2π(r2
0 − a2)

M(r2
0 − a2 sin2 θ)

N
(38)

where

M = (r2
0 − a2 sin2 θ)3 + r2

0(r
2
0 − a2)(r2

0 + a2 sin2 θ)

N = (r2
0 − a2 sin2 θ)4 − r2

0(r
2
0 − a2)(r4

0 − a4 sin4 θ)

+ 4r2
0(r

2
0 − a2)2(r2

0 + 2a2 sin2 θ) (39)

in this case the temperature and specific heat depend on the
coordinate (θ). The denominatorN does not vanish for any
value and therefore we can not conjecture about a phase tran-
sition.

On the other hand when we consider the static black hole
(a = 0), the behavior is very similar to Schwarzschild’s,
being the surface gravity,̂k = 1

r0
; and the temperature

T = κ̂
2π = 1

2πr0
. The specific heat is given byCq = −πr2

0.

6. Conclusions

A 4D space-time a scalar and electromagnetic fields is ob-
tained through the Kaluza-Klein reduction from a5D Myers-
Perry black hole; the angular momentum and mass of the MP
solution are related in the4D solution to mass and angular
momentum; the second angular momentum of the MP so-
lution becomes associated to the electromagnetic field. The
event horizon is regular and in the stationary case there is
an ergosphere. The4D space-time is asymptotically flat and
regular. There are several interesting particular cases: it may
be static or stationary and the electromagnetic field may van-
ish or not depending of the chosen values of the parameters;
the scalar field is present in all cases, as a result of the dimen-
sional reduction.

Near the horizon the energy density of the scalar field is
nonzero. Moreover we check that in the spherically symmet-
ric case the weak energy condition holds and the tidal grav-
itational forces are bounded in the vicinity of horizon. The
no-hair conjecture holds in this three-parameter solution: at
infinity there is no trace of the scalar field because the en-
ergy density associated to the scalar field vanishes at large
distances.

Acknowledgments

L. A. López acknowledges the PROMEP project for financial
support.

1. J. M. Overduin and P. S. Wesson,5D Kaluza-Klein Gravity,
Phys. Rep. 203(1997) 303.

2. G. W. Gibbons and D. L. Wiltshire,Black Holes in Kaluza-
Klein Theory, Ann. Phys. 167(1986) 201.

3. F. Laser,Rotating Kaluza-Klein Black Holes, Nucl. Phys. B575
(2000) 211.

4. T. Shiromizu, S. Tomizawa, Y. Uchida and S. Mukohyama,

Kaluza-Klein bubble like structure and celestial sphere in the
inflationary universe, Gen. Relativ. Gravit. 37 (2005) 1823.

5. S. Sen and N. Banerjee,On the absence of scalar hair for
charged rotating black holes in non-minimally coupled theo-
ries, Phys. Rev. D58 (1998) 104024.

6. V. P. Frolov, A. I. Zelnikov and U. Bleyer,Charged rotating
Black Holes from Dimensional Point of View, Ann. der Physik.
7 (1987) 371.

Rev. Mex. Fis.60 (2014) 95–101



BLACK HOLES FROM MYERS-PERRY SOLUTION 101

7. R. C. Myers and M. J. Perry,Black Holes in Higher Dimen-
sional Space-Time, Ann. Phys. 172(1986) 304.

8. E. Halilsoy, M. Halilsoy and O. Unver,Colliding wave solu-
tions from five-dimensional black holes and black p-branes, J.
Math. Phys. 47 (2006) 012502.

9. A. Feinstein,Some aspects of pre Big Bang cosmology, Rev.
Mex. Fis. 49S1(2003) 30-37; arXiv: 0106001.

10. V. Frolov and D. Stojkovic,Particle and light motion in a
space-time of a five-dimensional rotating black holes, Phys.
Rev. D68 (2003) 064011.

11. F. R. Tangherlini,Schwarzschild field in N dimensions and the
dimensionality of space problem, Nuovo Cim., 27 (1963) 636.

12. J. D. Jackson,Classical Electrodynamics, (Third Ed. John Wi-
ley and Sons, Inc. 1998).

13. J. M. M. Senovilla,Trapped surfaces horizons and exact so-
lution in higher dimensions, Class. Quantum Grav.19 (2002)
L113.

14. T. Harmark,Stationary and axisymmetric solutions of higher-
dimensional general relativity, Phys. Rev. D70 (2004) 124002.

15. G.W. Gibbons and K. Maeda,Black holes and membranes in
higher-dimensional theories with dilaton fields. Nucl. Phys. B
298(1988) 741.

16. A. E. Mayo and J. D. Bekenstein,No hair for spherical black
holes: Charged and nonminimally coupled scalar field with
self-interaction, Phys. Rev. D54 (1996) 5059.

Rev. Mex. Fis.60 (2014) 95–101


