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OBJECTIVE 

 To study the accretion and evaporation of the rotating black holes 

using Loop Quantum Cosmology (LQC). 

 To examine the nature of supermassive rotating black hole in the 

background of LQC.   



Introduction  

 Loop Quantum Gravity (LQG) is one of the special features of quantum gravity 

theories which is completely non-perturbative, explicit background independent 

approach to quantum gravity. 

 

 Generally the implication of LQG on cosmology for the study of our universe is 

called as loop quantum cosmology (LQC). 

 

 Kerr explains successfully regarding the geometry of uncharged black holes. As 

we know from the no hair theorem, a spinning uncharged black hole is only 

described by its two quantities. One is its mass (M) and another is respective 

angular momentum (J).  

 

 Depending upon these various quantities such as mass, angular momentum, 

accretion efficiency (f), energy density (𝜌) and dark energy parameter (𝜔), we 

can calculate the evolution of the rotating Kerr black hole. 



SETTING THE STAGE 

 For a spatially flat FRW universe (k=0) filled with dust and dark energy, the 

Friedmann equation, Raychaudhuri’s equation and energy conservation equation in 

loop quantum cosmology respectively take the form 
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 The expression for density 𝝆(𝒕) in radiation and matter dominated era can be 

calculated as  

 



𝝆 𝒕 𝒕<𝒕𝒆 = 𝝆𝟎
𝝆𝟎

𝝆𝒄
+ 𝟐

𝟖𝝅𝑮

𝟑
𝝆𝟎

𝟏

𝟐 𝒕 − 𝒕𝒆 +
𝟑

𝟐

𝟖𝝅𝑮

𝟑
𝝆𝟎

𝟏

𝟐 𝒕𝒆 − 𝒕𝒐 + 𝟏 −
𝝆𝟎

𝝆𝒄

𝟏

𝟐

𝟐 −𝟏

    (4)                                       

  𝝆 𝒕 𝒕>𝒕𝒆 = 𝝆𝟎
𝝆𝟎

𝝆𝒄
+

𝟑

𝟐

𝟖𝝅𝑮

𝟑
𝝆𝟎

𝟏

𝟐 𝒕 − 𝒕𝒐 + 𝟏 −
𝝆𝟎

𝝆𝒄

𝟏

𝟐

𝟐 −𝟏

                                              (5)  

 
 The space time around a rotating black hole with mass M and angular momentum J can be explained by the line 

element (c=G=1 units) 
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 The equation of state parameter  𝜔 which we calculated as 

                                            𝜔 = 0.01971
𝑡

𝑡0

2
 − 1.0442 

𝑡

𝑡0
                                           (6) 

 The accretion of black hole mass with the rate is given by 

                                                                    𝑀 𝑎𝑐𝑐 = 4𝜋𝑓𝑅𝐵𝐻
2 𝜌𝑅                                                (7) 

 The evaporation of black hole mass with the rate is given by  

                                                                    𝑀 𝑒𝑣𝑝 = −4𝜋𝑅𝐵𝐻
2 𝜍𝐻𝑇𝐵𝐻

4                                         (8) 



Calculation  
 Now the modified accretion of black hole mass in the radiation dominated era is  
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 Now the evolution of rotating black hole mass in the matter dominated era is  
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 In this research work, we have checked the effect of rotating parameter on the 

evaporation of rotating black holes 

 



Heart of the Milky way 

Image credit: X-ray: NASA/UMass/D.Wang et al., IR: 
NASA/STScI 

≈ 106 𝑀☉ 



Quasar J0313-1806 

Image credit: NASA/ESA/ESO/Wolfram Freudling et al. 
(STECF) 

≈ 109 𝑀☉ 

≥ 1048 gm 

Swain, S., Sahoo, G. & Nayak, B. 
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rotating black holes in loop 
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Conclusion  

 Accretion of radiation does not affect significantly on the evolution of RBH in 

loop quantum cosmology.  

 Here we found that RBHs formed in the early radiation dominated era 

evaporated quickly than the RBHs formed in the later time period. 

 Also, we examined that rotating parameter does not affect vitally on the 

evaporation of RBHs. 

 we also successfully investigated that those RBHs having mass greater than 

equal to 1048 gm. they all would have been evaporated by the present time due 

to the accretion of dark energy. 
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