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1. Introduction

After the quantum effect of a black hole was interpreted as the event horizons emitting thermal
radiation particles[1-5] and the black hole entropy was first studied [6], black hole theory developed
from a simple geometric theory into a multidisciplinary theory including quantum theory, relativity,
statistics, astrophysical and differential geometry. Because these discoveries closely contact with the
mathematic similarities between some laws of black hole physics and general thermodynamic laws,
they provide a clear physical explanation for the similarities. Hawking radiation results and other
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deductions can give us the most profound insights about the quantum gravity. Up to now, there are
many methods to calculate Hawking radiation and they have been continually discussed and
improved [7—14]. In order to better understand the physical mechanism of Hawking radiation, Unruh
has proved that in Minkowski space-time when the quantum field is in a general vacuum state, the
observer with a straight uniform acceleration will see a thermal state with temperature that is in direct
proportion to its internal acceleration 7" = a/2m, where a is the acceleration of the observer [4,5,15].
Then the relation between Hawking and Unruh effect has been extensively studied. A unified picture
of the Hawking effect [1,2] and Unruh effect [15] was established by the global embedding of a curved
space-time into a higher dimensional flat space [10], and Refs. [10,16,17] have provided internal
relations between Hawking effect and Unruh effect. Then studying thermal radiation of a black hole by
Unruh effects aroused widespread concern [18-28], but their research are mainly on 4-dimensional
space-times. reference [11] has discussed Hawking/Unruh temperature of 4-dimensional spherically
non-symmetric Kerr-Newman space-time and they derived a satisfactory conclusion.

Recently reference [12], considering the response function of an Unruh-DeWitt detector is not
merely related with space-time but also vacuum state, observed violation of the equivalence principle
and found Hawking temperatures are not consistent with Unruh temperatures. However from the paper
we can find that Hawking temperature and Unruh temperature have a particular relationship locally,
and furthermore the authors studied only the low-dimensional space-time. references. [7,9] show there
are some problems with deriving the Unruh temperature via dimensional reduction and the anomaly
cancellation. However it was claimed that this inconsistency in the dimensional reduction method to
the Unruh effect has been resolved in reference [13], so the Hawking and Unruh effects need further studies.

According to the latest membrane horizon image, the 4-dimensional space-time where we have
lived may be a membrane in a high-dimensional space-time. And the discovery of the remarkable
AdS/CFT correspondence showed that bulk properties of solutions in five dimensional gauged
supergravities are related to properties of strongly coupled conformal field theories on the
four-dimensional boundary of five-dimensional anti-de Sitter space-time [29]. As the energy level of
quantum gravity can reduce to TeV order, it is expected that in a Large Hadron Collider (LHC) there
are substantial micro black holes [30—-32]. This makes it possible to test the Hawking effect and detect
extra dimensionality, so researches on high-dimensional black holes, especially high-dimensional
rotating black holes, are very meaningful. In this article we mainly study the Unruh and Hawking
temperature of the 5-dimensional minimal gauged supergravity black hole by the reduced global
embedding approach [11], and our purpose is to generalize and extend this approach to higher
dimensional space-time.

The contents of this paper are as follows: in Section 2, we will reduce a 5-dimensional black hole
with double rotating parameters to a 2-dimensional spherically symmetric black hole using the
dimensional reduction method near the horizon [it is only (t-r)-sector]. In Section 3 we shall find
the reduced global embedding model of a general 2-dimensional black hole space-time
which is spherically symmetric. The expression of the reduced global embedding model for a
Reissner-Nordstrom-Anti de Sitter (RN-AdS) black hole is given in the next section, and this approach
will be exploited to find the Unruh/Hawking temperature for the black hole in 5-dimensional minimal
gauged supergravity. Section 5 is devoted to presenting our conclusions.
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2. Dimensional Reduction near the Horizon

In this section, motivated from the fact that a n-dimensional black hole metric effectively reduces to
a 2-dimensioanal metric (only the (t-r)-sector) near the event horizon [7,33-35], we will reduce a
5-dimensional minimal gauged supergravity black hole with double rotating parameters to a
2-dimensional spherically symmetric black hole using the dimensional reduction technique near
the horizon.

Chong, Cvetic and Lu provided Kerr-(Anti)-de Sitter metrics of a 5-dimensional black hole [36]. It
is a general non-extremal rotating black hole in minimal five-dimensional gauged supergravity, with
independent rotation parameters in the two orthogonal 2-planes, whose metrics in general describes a
regular rotating black hole, providing the parameters lie in appropriate ranges so that naked
singularities and closed timelike curves are avoided. Its line element is:

2 2 2
ds? =20 (1+g2r2)dt2+2—n;(_Ae—ih—0'j +2 4+ L qe
B2, P \EE, A, 0 0
r+a ., , P +b’ ) )
+————sin” Od¢” +————cos” dy
:‘a :‘b
where:
1
A, = r—z(rz +aer2 +b2X1+g2r2)—2m (2)
A,=1-a’g’cos’@-b’g’sin’ 6 (3)
2, =1-da’g’ 4)
2, =1-bg’ (5)
0':asin2021—¢+bcos2 1961—(// (6)
E, B,
p’=r"+a’cos’ @+b’sin’ 6. %
The two angular momenta are:
2ram
Jo=T052 (8)
4525,
27bm
J, =
b 4Bk, 9

in which the rotating parameters aand b are not equal in magnitude to be the non-extremal case. The
conserved mass, or energy:

_ mr(2E,+28, -5, 5,)

E 4=2=2 ] ' (10)
—a="b
Killing vector is:
€=Q+Qai+§2bi, (11)
ot op oy

with angular velocities:
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_a(1+g27’+2

v (12)
o _b(1+g2rf)

o) (13)

At the outer Killing horizon of the maximum positive root r = r, of equation A, =0, Killing vector
becomes a zero vector. One can then easily evaluate the surface gravity:
B r2A (1)) B i+ g*Q2r} +a’ +b*)]-a’h’
20r) +a’)(rl +b%) r (k4 a’)rl +b%) '

(14)

According to metric (1), we can derive:

rp”sin@cosf
NTET T o (15)

—,—p

Extending the dimensional reduction method proposed by references [33,34] to 5-dimensional space-time,
we will consider matter field, a scalar field for simplicity, in the rotating black hole of D =5 minimal
gauged supergravity background. The action consists of the free part:

Sfree = stx V _ggluva,u¢*av¢ . (16)
By substituting both Equations (1), (15) and (16), we obtain:
Spee =] rdtdrd@dzdz sinfeosd [p*g" @, +2p’g"°0,0,+2p°¢" 8,0, + %a,m,a,
—a""b
(17)

+p2g™0% + P g™ 0% + p2gD,0, +———0,sin Ocos 089}& _

sin@cos @

The transformation of r to tortoise coordinate 7, is defined by:

2 2 2 2
:(r +a’)r - +b )dr— 1

dr, = dr.
A, @) (1"
After this transformation, the action Equation (17) is written by:
s, :J-rdtdndé’did;// sin @ cos 9¢*f(r)[,02g" 0, +2p°g0,0, +2p°¢" 8,0,
—a=b
1 r’+a’)r* +b°
+ rf(r)ﬁn[( )r( )}9& +p°g”0, +p°¢"0, (19)
1
+p°g?"0,0, +———0,sinfcos P } :
P8 % T nbcos0’ ¢

Considering this action in the region near horizon, since f(r)=0 at r —r , we only retain

dominant term in (19), thus we obtain:
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Spe =] 02 2 @)’

a=—7b

rdtdr,dGdpd y sin 2%[ (> +a>)(r? +b?)
L 2
r

by (r* +a>)(r* +b )1+ g°r?) b (r* +a>)(r* +b)A+g°r?)

2 0,0,~ . 0,0,

2 25,2 2 202 25Ny ,.2 2..2\2 (2())
+18, (r"+a’ ))r +b7) 5 _a(r +2b )z(r J;g rY) e
r " r ‘ r’(r*+a’) ’

_bZ(r2+a2)(r2+g2r2)2

3 ab(r’ +g*r*)’
r’(r* +b%) :

o,

2,0, | 9.

Here & runs over the range 0 to 7, and ¢,  take values between 0 and 27 . Then by expanding
the complex field ¢ as:

¢ = Z¢l,m my, (}’, Z)Pl,m (COS Q)eimagﬂeimbv/ ,

1,mg ,my, (21)
and substituting Equation (21) into Equation (20), we have:
dtdr (r2 +az)(r2 +b2)’/‘* 1 (r2 +az)(r2 +b2){ )
free ZJ- —_—— Yl,m,,m, -« | 2 \at)
42 =, r A, r
2 2 2 2 2.2 2 2 2 2 2.2
—Za(r +a” )(r +2b A+g°r 8t8¢—2b(r +a” )(r +2b A+ g°r 5,0,
r r
ZA 2 2 2 2 2..25N\2
+A,0, 2 rz > 2 9, -2 r +2b )2(’” tg = aczo’
(r"+a )r +>b") re(r-+a’)
2 2 2 2 2_.2\2 2 2_.2\2
_b(r +2a )2(r J;gr) a5/_ab(r +2gr) 00 |4
re(r-+b") r e
3 _J- dtdr (r* +a*)(r’ +b2)4.* (r* +a*)(r* +b%)
42, r Vhome my A,
(22)

. ) . 2.2 2 2

(r* +a’) (r* +b%) (> +a’)(r* +b%)

where m, and m, are the magnetic quantum numbers.
From this action we find that ¢, , can be considered as a (1+1)-dimensional complex scalar field

in the backgrounds of the dilaton @, metric g, and U(1) gauge field 4, :

3 (r2 + az)(r2 +b2)

b= , 23
r4e =, 23)
gtt =f(r)’ (24)
1
8y == (25)

@)
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. =0,
& (26)

a(l+g*r?) B b(1+g°r?)
2 +a’) (P +bY) (27)

t

From Equations (23)—(27), we find that the 5-dimensional spherically non-symmetric metric
Equation (1) behaves as 2-dimensional spherically metric in the region near the horizon.

1
ds* = dt* ———dr*.
s” = f(r)dt 0 r (28)

3. Reduced Global Embedding

In this section we will find the reduced global embedding model of a general effective
2-dimensional coordinate near horizon and radiation temperature expressions are provided.

It is interesting to see that the 7 —r coordinate Equation (28) can be globally embedded in a flat
space as:

ds’> =(dz")* —(dz')* —dz'dz,, (29)
where i =23,---. Split the region near horizon into external and internal regions with the event

horizon [8], the relations among the flat and curved coordinates are:

Zou = I ( )f "2 (r)sinh(f"(r,)t/2) (30)

7 = f( )f”z(r)cosh(f (r,)t/2) 31)

z) = f( ) 2 cosh(f'(r,)t/2) (32)

2 =y O i 11 2) (33)

where 7, is the horizon location of the black hole and satisfies the equation f(r,)=0. The subscript

‘6 ”

(“out”) stands for the inside (outside) of the event horizon while variables without any suffix
imply that they are valid on both sides of the horizon. From Equations (30) and (31), we have:
ply y q

dz) = %f”z (r)sinh(f'(r,)t/2)dr + f"'* cosh(f"(r, )t/ 2)dt , (34)
r,
dz! = ;'(—(’?)f”z (r)ycosh(f'(r,)t/2)dr + f''* sinh( f"(r, )t/ 2)dt . (35)

According to refence [11], the Hawking temperature detector moving in the curved space outside
the event horizon on a constant » surface, maps to the Unruh detector on the constant (z*,z°,z',---)

surface. The trajectory of the Unruh detector is given by:

1
() () = o () = (36)

[f( I

leading to the local Hawking temperature:
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_ha_hf'(ﬂ) -1/2
I=™ " (37)

The observer at point r =r, outside the black hole horizon obtains that Hawking radiation

temperature 7, satisfies the following equation [37]:

2, )T, = (T = hf (r) (38)

So:
)
42, (r,) (39)

T, =

From Equations (34) and (35), we have:

ey L{ (ﬂ ?() = ?() ’ [l i [,{}(ri))] } ?() | (40
Comparing Equation (40) with Equations (28) and (29), we find:
d'dz, = [1 —[ j{ ((:)) ﬂ ]‘fz:) . (41)
4. Examples

In the following sub-sections we shall find the global embeddings of effective 2-dimensional
coordinates of different metrics near their respective horizons.

4.1. Schwarzschild Metric

In the Schwarzschild metric [7,11]:

fy=1-2" (42)
r,=2m (43)
g.,(r)=71(r) (44)

Whenr, — oo, from Equation (39) we can obtain that Hawking radiation temperature by an observer

located at infinity is:

T = 87m (45)

Substituting Equations (42) and (43) into Equation (41), we obtain:

jd ((r +r )(V+r)j jd’{ oA +r3jl/2‘ 46)

This result is consistent with the result from reference [11]. For the Schwarzschild metric, we only
let i =2 in Equation (41).
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4.2. RN-AdS Metric
For the RN-AdS metric:
fry=1-#+4 T (47)
r r

g.=f(r). (48)

Gravity mass m = u/ 2 with:

— (49)

and static charge:
5 r-r i+
q =nr. 1+Zz(—) =nr 1+l—2 ) (50)

where r, and r are positive roots of f () =0, and r, is the event horizon radius of the black hole.
Substituting Equations (49) and (50) into Equation (47), we can obtain:

_ (r=r)r-r) B (I”+2 Jrrf)(r+ Jrig)lf—igig(lg2 +r? +rr) —rt

Fir == i

From (39), the observer at point r =7, outside the black hole horizon obtains that Hawking

(51

radiation temperature is as follows:

- W)

H_47r\/l—y/r0+q2/r02+r02/12' (52)
Substituting Equation (51) into Equation (41), we have:
ds® = (dz")" = (dz')’ = (dz*)" = (dz*)* = (dz*)’, (53)
where:
1 1/2
27 =\dr|1+ o+t P+ )| 54
e
1 1/2
2 =|dr i+ (P10 +97° ,
J Lzﬁrrf[f'(m)]z( T ) etor *)} R
24 _[dr P ) 2 (CH3DC i+ ) | (P4
I'r! I'r APH f'(r)T
B r(P+rl+r +rr) B P+l +r e [P+ )+ 40t
AP AL T ©6)
2 C+r2+2 +r )+ )+ Cr + ) + 1)+ 1”+)}1/2
I'r’r’

with:
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2 2 2 2 2 2
:(l +ro4r +rr) r (4 +rr)

4 2 - 2,2 : (57)

When q = 0, Equation (47) reduces to Schwarzschild-AdS metric. Our results consist with the
known results proposed by references. [11,12].

4.3. 5-Dimensional Kerr-(Anti)-de Sitter Metric

For the 5-dimensional Kerr-(Anti)-de Sitter metric:
PP +a’ )l +b%)
rI(r’ +a’)(r’ +b%)

f(r)=01+gr")- (I+g°r}), (58)

where r, is the location of the black hole horizon, and is a positive root of equation f(r)=0.

From Equation (39), the observer at point » =7, outside the black hole horizon obtains that the

Hawking radiation temperature is as follows:

hf'(r) rl+g* (21 +a* +b*)]-a’h’ 1

_47T\/gtt(r0) B 27Z7’+(I’+2+a2)(r+2+b2) \/gtt(ro) ’ (59)
where:
=, = (1+ ZmA
g.(r) =4, (,00 o 2.—gz,—2) js (60)
O'_‘a'_‘b
Py =1 +a’cos’ @+b*sin’ 0. o

When 7, — o, we can obtain Hawking radiation temperature got by an observer located at infinite:

i+ g’ (2rl +a’ +b*)]-a’h’

KA T 62)
Substituting Equation (58) into Equation (41), we obtain:
ds’> =(dz°) —(dz') - (dz°) - (dz*)’, (63)
where:
z° :J.dl”[1+ 4r '(1+g2r2) (-a’t’y { ! (1+g°r})
L)Y f(r) i +a®)(r* +b7) fzr +a’)(r} +b%) (64)
_(r€+az)z(r+j+bz)zD |
(r"+a’ )y (r +b)
. dr(4g2r2(ltg2rf {gz(zrf +§12)(2n2 +f2) _ 2g24r2(2rf - azbz)
LS'GIYf(r) [ +a ) +b7)  (rf+a)(rf +b7) )

B 2r7 +a’ )l +b°)(rt —a’h?) B (rt=a’b’y
rf (r2 +az)2 (r2 +b? )2 rf (r+2 +az)2 (r+2 +b* )2 ’
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5. Conclusions

In this paper, using the reduced global embedding approach we obtain the Unruh/Hawking
temperature of the 5-dimensional black hole with double rotating parameters in a general
(1 + 1) space-time. Comparing with other methods, we only need investigate the properties of
(1 + 1)-dimensional space-time near the horizon, so the calculation is relatively simple, and the
application of global embedding approach will promote comprehensive understanding of black holes.
It provides a theoretical basis for research on Unruh/Hawking temperatures of complex and dynamic
space-time.
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