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BlackBlack HoleHole Entropy &Entropy & GravityGravity’s’s RainbowRainbowBlackBlack HoleHole Entropy & Entropy & GravityGravity s s RainbowRainbow
[J. D. Bekenstein, Phys. Rev. D 7, 949 (1973). S. W. Hawking, Comm. Math. Phys. 43, 199 (1975).][ , y , ( ) g, y , ( ) ]
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbow
EliminatingEliminating the the brickbrick wallwall fromfrom QFT QFT ProceduresProcedures

•Renormalization of Newton's constant

acac o eo e t opy &t opy & G a tyG a ty ss a boa bo

Renormalization of Newton s constant
•[L. Susskind and J. Uglum, Phys. Rev. D50, 2700 (1994). J. L. F. Barbon
and R. Emparan, Phys. Rev. D52, 4527 (1995) 1995), hep-th/9502155. E. 
Winstanley, Phys. Rev. D63, 084013 (2001) 2001), hep-th/0011176.]Winstanley, Phys. Rev. D63, 084013 (2001) 2001), hep th/0011176.]
•Pauli-Villars regularization
•[J.-G. Demers, R. Lafrance and R. C. Myers, Phys. Rev. D52, 2245 
(1995), gr-qc/9503003. D. V. Fursaev and S. N. Solodukhin, Phys. Lett. ( ), g q , y
B365, 51 (1996), hep-th/9412020. S. P. Kim, S. K. Kim, K.-S. Soh and J. 
H. Yee, Int. J. Mod. Phys. A12, 5223 (1997) gr-qc/9607019.]

Eli i tiEli i ti thth b i kb i k llll ii G li dG li d U t i tU t i t P i i lP i i lEliminatingEliminating the the brickbrick wallwall usingusing GeneralizedGeneralized UncertaintyUncertainty PrinciplePrinciple
• X. Li, Phys. Lett. B 540, 9 (2002), gr-qc/0204029.
• Z. Ren, W. Yue-Qin and Z. Li-Chun, Class. Quant. Grav. 20 (2003), 4885.

G A li C li Cl Q t G 23 2585 (2006) /0506110
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• G. Amelino-Camelia, Class.Quant.Grav. 23, 2585 (2006), gr-qc/0506110.
• G. Amelino-Camelia, Gen.Rel.Grav. 33, 2101 (2001), gr-qc/0106080.
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GravityGravity’s’s RainbowRainbowGravityGravity s s RainbowRainbow

Doubly Special Relativity

G A li C li I t J M d Ph D 11 35 (2002) /001205

   2 2 2 2 2/ /E E E E E

G. Amelino-Camelia, Int.J.Mod.Phys. D 11, 35 (2002); gr-qc/001205.
G. Amelino-Camelia, Phys.Lett. B 510, 255 (2001); hep-th/0012238.
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Curved Space Proposal Gravity’s Rainbow
[J. Magueijo and L. Smolin, Class. Quant. Grav. 21, 1725 (2004) arXiv:gr-qc/0305055]. 
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GravityGravity’s’s RainbowRainbowGravityGravity s s RainbowRainbow
Curved Space Proposal Gravity’s RainbowCurved Space Proposal Gravity s Rainbow
[J. Magueijo and L. Smolin, Class. Quant. Grav. 21, 1725 (2004) arXiv:gr-qc/0305055]. 
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 b(r) is the shape function
  (r) is the redshift function
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbow
[[R.GarattiniR.Garattini P.L.B.P.L.B. B685 (2010) 329B685 (2010) 329 ee--PrintPrint: : arXivarXiv:0902.3927 [:0902.3927 [grgr--qcqc]]]]
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From the equation of motion, we can define an r-dependent radial wave number
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbow

In proximity of the throat, we consider the approximate free energy

acac o eo e t opy &t opy & G a tyG a ty ss a boa bo
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Two interesting cases
Case a) =0 >0 
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbow
AS 
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Case a)

In the limit βEP>>1

24BH
P

S
l

 04 1 ' 9
S

b r 
In the limit βEP>>1

To recover the area law, we have to set   
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This corresponds to a changing of the time variable
with respect to the Schwarzschild time.
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Discrepancy of a factor of 3/2 with the ’t Hooft result
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbow
Work in progress….also rotations can be included

acac o eo e t opy &t opy & G a tyG a ty ss a boa bo

Rotating
Heat bath

Comoving Frame
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbowacac o eo e t opy &t opy & G a tyG a ty ss a boa bo
Kerr metric
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbowacac o eo e t opy &t opy & G a tyG a ty ss a boa bo
Kerr metric ZAMO
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BlackBlack HoleHole Entropy & Entropy & GravityGravity’s ’s RainbowRainbowacac o eo e t opy &t opy & G a tyG a ty ss a boa bo
Kerr metric ZAMO

 42 23

Close to 

ir

r





 
  

 
  

1 2 23
2

2
1 /

sin

/
P

r
tt

rr
Pr E E

r a
g g g g dr

r E E r r
 










   




    

 Property / 0    when / 0P PE E E E      Assumption on / /P P
P

EE E h E E
E




 
  

 


 =0  3
P

For  
 



Free energy close to r

 
 

42 2

2 2

sin1 3 3F - 2,1 1
38

P

P P

r aE
d d

E E r r r


   

  


   

     
                  

 

Guimarães 19Guimarães 19--1212--20162016 IX Black Hole WorkshopIX Black Hole Workshop 1212

     



ConclusionsConclusionsConclusionsConclusions
 ApplicationApplication ofof GravityGravity’s ’s RainbowRainbow can can bebe

consideredconsidered toto computecompute divergentdivergent quantum quantum consideredconsidered toto computecompute divergentdivergent quantum quantum 
observablesobservables..

 NeitherNeither Standard Standard RegularizationRegularization nornor
R li iR li i   i di d   ThiThi ll hhRenormalizationRenormalization are are requiredrequired. . ThisThis alsoalso happenshappens
inin NonCommutativeNonCommutative geometriesgeometries and and G.U.P.G.U.P.
modificationsmodifications

 The The thermodynamicalthermodynamical observablesobservables can can bebe
computedcomputed in the in the contextcontext ofof sphericallyspherically symmetricsymmetric
backgroundsbackgrounds..backgroundsbackgrounds..

 ApplicationApplication toto rotatingrotating blackblack holes…holes…..In In Progress…Progress…. . 
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