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Abstract: Using the new global embedding approach we investigate Unruh/Hawking 

temperature of the 5-dimensional minimal gauged supergravity black hole with double 

rotating parameters in a general (1 + 1) space-time. Our results verify that views of Banerjee 

and Majhi, and extend this approach to a higher dimension situation. 
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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 T = a/2π, 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

2 2 2 2 2 2
2

2
(1 )

a b a b r

dtm
ds g r dt dr d 



  
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where: 

(2)
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(5)
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The two angular momenta are: 

2
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
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in which the rotating parameters aand b are not equal in magnitude to be the non-extremal case. The 

conserved mass, or energy: 

2 2

(2 2 )

4
a b a b

a b

m
E
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

 
. (10)

Killing vector is: 
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
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
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 , (11)

with angular velocities: 
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2 2
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( )a

a g r

r a





 


, (12)

.
(13)

At the outer Killing horizon of the maximum positive root  rr  of equation 0 r , Killing vector 

becomes a zero vector. One can then easily evaluate the surface gravity: 

))((

)]2(1[

))((2

)(
2222

2222224
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brarr
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 .  (14)

According to metric (1), we can derive: 

2 sin cos

a b

r
g

  
 

 
.  (15)

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 5D  minimal 

gauged supergravity background. The action consists of the free part: 

5
freeS d x g g 

      . (16)

By substituting both Equations (1), (15) and (16), we obtain: 
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(17)

The transformation of r to tortoise coordinate *r  is defined by: 
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r
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2
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After this transformation, the action Equation (17) is written by: 
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Considering this action in the region near horizon, since ( ) 0f r   at r r , we only retain 

dominant term in (19), thus we obtain: 
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Here   runs over the range 0 to  , and  ,  take values between 0 and 2 . Then by expanding 

the complex field   as: 
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and substituting Equation (21) into Equation (20), we have: 

2
2

2222
*

,,

2222

)(
))((1))((

4 t
r

mml
ba

free r

brar

r

brardtdr
S

ba




 






    




 tr

rgbrar
a

2

222222 )1)()((
2 


 tr

rgbrar
b

2

222222 )1)()((
2  

r
r

rr brar

r













))(( 2222

2

 2
222

2222222

)(

))((





arr

rgrbra
, 

2
222

2222222

)(

))((





brr

rgrarb







 2

2222 )(

r

rgrab
ba mml ,,  

 

2 2 2 2 2 2 2 2
*
, , 2

( )( ) ( )( )

4 a bl m m
a b r

dtdr r a r b r a r b

r r


   
    
  

2

22

22

22

22

)(

)1(

)(

)1(
















br

rgibm

ar

rgiam ba
t bammlr

r
r brar

r
,2222

2

))((

















 , 

(22)

where am  and bm  are the magnetic quantum numbers. 

From this action we find that 
bamml ,  can be considered as a (1+1)-dimensional complex scalar field 

in the backgrounds of the dilaton  , metric g  and )1(U  gauge field A : 
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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. 

2 2 21
( )

( )
ds f r dt dr

f 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 rt   coordinate Equation (28) can be globally embedded in a flat 

space as: 

i
idzdzdzdzds  21202 )()( , (29)

where ,3,2i . Split the region near horizon into external and internal regions with the event 

horizon [8], the relations among the flat and curved coordinates are: 
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(33)

where r  is the horizon location of the black hole and satisfies the equation 0)( rf . The subscript 

“in” (“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: 

dttrffdrtrfrf
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(35)

According to refence [11], the Hawking temperature detector moving in the curved space outside 
the event horizon on a constant r  surface, maps to the Unruh detector on the constant ),,,( 32 izzz  

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

 2021 )()( outout zz
 

)(
)('

4
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rf
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2~
1

a
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leading to the local Hawking temperature: 
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The observer at point 0rr   outside the black hole horizon obtains that Hawking radiation 

temperature HT  satisfies the following equation [37]: 
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From Equations (34) and (35), we have: 
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Comparing Equation (40) with Equations (28) and (29), we find: 

2 2'( )
1

'( ) ( )
i

i

f r dr
dz dz

f r f r

  
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. (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]: 

2
( ) 1

m
f r

r
   (42)

2r m  (43)
( ) ( )ttg r f r (44)

When 0r  , from Equation (39) we can obtain that Hawking radiation temperature by an observer 

located at infinity is: 

8HT
m




. (45)

Substituting Equations (42) and (43) into Equation (41), we obtain: 
1/2 1/22 2 2 2 3

2
3 3

( )( )
1

r r r r r r rr r
z dr dr

r r
          

     
   

  . (46)

This result is consistent with the result from reference [11]. For the Schwarzschild metric, we only 

let 2i   in Equation (41). 
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4.2. RN-AdS Metric 

For the RN-AdS metric: 

2 2

2 2
( ) 1

q r
f r

r r l


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and static charge: 
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where r  and r  are positive roots of ( ) 0f r  , and r  is the event horizon radius of the black hole. 

Substituting Equations (49) and (50) into Equation (47), we can obtain: 
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From (39), the observer at point 0r r  outside the black hole horizon obtains that Hawking 

radiation temperature is as follows: 
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Substituting Equation (51) into Equation (41), we have: 
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Al r f r
 



 
 

2 2 2

2 2

( )r l r r r r

Al r
      


2 2 2 2 2 2 2 2 4

4 3 6 2

( ) [ ( ) 4 ]

[ '( )]

r l r r r r r r r rr r

Al r r f r
       

 

     
  

1/22 2 2 2 4 6 2 3 2 2

4 3 5

2 ( )[( ) ( )( )( )r l r r r r l r r l r r r r r r

l r r
         



       
 

  

(56)

with: 
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2 2 2 2 2 2

2 2 2

( ) ( )l r r rr r l r r r r
A

l r l r
           

  . (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: 

2 2 2 2 2
2 2 2 2

2 2 2 2 2

( )( )
( ) (1 ) (1 )

( )( )

r r a r b
f r g r g r

r r a r b
 




 
   

 
, (58)

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

From Equation (39), the observer at point 0r r  outside the black hole horizon obtains that the 

Hawking radiation temperature is as follows: 

4 2 2 2 2 2 2

2 2 2 2
0 0

'( ) [1 (2 )] 1

2 ( )( )4 ( ) ( )
H

tt tt

f r r g r a b a b
T

r r a r bg r g r
  

  

   
 

 


, (59)

where: 

2 2 2
0 0

0 2 2 2
0

(1 ) 2
( ) a b

tt
a b

g r m
g r 





     

     
,  (60)

2 2 2 2 2 2
0 0 cos sinr a b     .

(61)

When 0r  , we can obtain Hawking radiation temperature got by an observer located at infinite: 

4 2 2 2 2 2 2

0 2 2 2 2

[1 (2 )]

2 ( )( )

r g r a b a b
T

r r a r b
 

  

   


 
. (62)

Substituting Equation (58) into Equation (41), we obtain: 
2 0 2 1 2 2 2 3 2( ) ( ) ( ) ( )ds dz dz dz dz    , (63)

where: 

2 2 2 2 4 2 2 2
2 2 2

2 4 2 2 2 2 2 2 2 2

4 (1 ) ( ) 1
1 (1 )

[ '( )] ( ) ( )( ) ( )( )

r g r r a b
z dr g r

f r f r r r a r b r a r b
 


   

  
       
  

1/2
2 2 2 2 2 2

2 2 3 2 2 3

( ) ( )

( ) ( )

r a r b

r a r b
 

 
    

, 

(64)

2 2 2 2 2 2 2 2 2
3

2 2 2 2 2

4 (1 ) ( )( )

[ '( )] ( ) ( )( )

g r g r g r a r b
z dr

f r f r r a r b
  



   
    


4 2 4 2 2

2 2 2 2

2 ( )

( )( )

g r r a b

r a r b


 




 
 

2 2 2 2 4 2 2

2 2 2 2 2 2 2

2( )( )( )

( ) ( )

r a r b r a b

r r a r b
 



  


 

4 2 2 2

2 2 2 2 2 2 2

( )

( ) ( )

r a b

r r a r b


  




 
.
 

(65)
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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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