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BRANS-DICKE THEORY
For a flat FRW universe filled with perfect fluid,
the BD gravitational field equations arethe BD gravitational field equations are
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The solutions for      and       for different eras
(Barrow and Carr, Phys. Rev. D 54, 3920 (1996)) 
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PRIMORDIAL BLACK HOLEPRIMORDIAL BLACK HOLE

• Formed in early UniverseFormed in early Universe
• Small mass 

C ld b t d l t l d t• Could be evaporated completely due to 
Hawking radiation

• Could account for Baryogenesis
• Could act as seeds for Structure FormationCould act as seeds for Structure Formation
• Could form a significant component of Dark 

Matter
5
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ACCRETION OF RADIATIONACCRETION OF RADIATION

Accretion  :- Growth by  accumulation
PBHs’ mass increases with the rate

RBHacc fRM ρπ 24=&

where                  , PBH radiusGMRBH 2=

,  radiation energy density                              
surrounding the PBH
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The accreting mass in radiation-dominated era 
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with η is the fraction of horizon mass the black hole 
comprises capturing non stationarity in the

iii ttGM )(1−≈η

comprises capturing non-stationarity in the  
formation process
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Fig 1 : Variation of accreting mass with different value of η = 0.65, 0.3, 
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g g η , ,
0.2, 0.1, 0.05, 0.01 but with same accretion efficiency ƒ=1
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EVAPORATION+ACCRETION

Because of Hawking radiation, PBH mass 
d ith th tdecreases  with the rate

424 BHHBHevap TaRM π−=&

where , Hawking TemperatureGM
TBH 8

1
=

BHHBHevap

where                 , Hawking Temperature
Inclusion of accretion gives

GMπ8
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PBH DYNAMICS IN DIFFERENT 
ERASERAS

Α. 1tt<
Hawking evaporation rate is
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B RADIATION-DOMINATED ERA )(1 ttt <<B. RADIATION DOMINATED ERA

(a) PBH created before t1

)(1 ettt <<

(b) PBH created after t1
During radiation dominated era PBH follows the eq.g
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PBHs formed before radiation dominated era are
completely evaporated during this era.
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But  for PBHs
(i) f d i th di ti d i t d(i) formed in the radiation-dominated era 

and  (ii) 
f
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Considering evaporation from tc onwards
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B. Nayak, L. P. Singh and A. S. Majumdar,  Phys. Rev. D 80, 023529 (2009)
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Fig 2 : Variation of evaporation time of PBH with formation time 10-26s for 
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g p
different η = 0.65, 0.4, 0.1, 0.01, but with same accretion efficiency ƒ=1
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C MATTER-DOMINATED ERA )( 1tt >C. MATTER-DOMINATED ERA
(i) PBHs can not form

)( 1tt >

( )
(ii) Living PBHs are formed in r.d.e.

PBHs live in this era, evaporate accordingly
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At te mass of PBH
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The initial masses of presently evaporating PBHs are
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The initial masses of presently evaporating PBHs are 
shown in Table-1

B Nayak and L P Singh arXiv : 1005 1529 (Accepted in Phys Rev D)
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XIX DAE-BRNS HEP SYMPOSIUM, JAIPUR
13-18 Dec, 2010



Table 1 : The formation times and initial masses corresponding to two 
specific  value of accretion efficiencies for tevap=t0 for different value of η
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THE CONSTRAINT FORMALISM IN 
BRANS DICKE THEORYBRANS-DICKE THEORY

Constraints on abundance of PBHs => upper bounds on pp
mass fraction )( it Mα
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THE PRESENT MATTER DENSITY OF 
THE UNIVERSETHE UNIVERSE

For  any PBHs surviving to the present
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density of                                   ( with          )52
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Thus, for PBHs that are about to evaporate today,

31063.0
×≈

Ω
<αevap

Which gives
2/3

18 3110433 ⎟
⎞

⎜
⎛ −××< − ηα f

0,Ωγ
evap

19

Which gives
2

11043.3 ⎟
⎠

⎜
⎝

××< ηα fi

XIX DAE-BRNS HEP SYMPOSIUM, JAIPUR
13-18 Dec, 2010



THE PRESENT PHOTON SPECTRUMTHE PRESENT PHOTON SPECTRUM
The spectral brightness           is related to the integrated 

energy density
)( 0EI

)(EUenergy density )( 00 EU

0

00
0

)(
4

)(
E

EUcEI
π

=

Observed spectral brightness is (at                  )MevE 1000 =

1112510111 −−−−−×= keVsrskeVcmI b

Our calculation gives
3

1011.1 × keVsrskeVcmIobs

=> )31(10345 26 ηα f−××< −

1112120 )
2
31(1008.2 −−−−−−×= keVsrskeVcmfI iαη

20

=> )
2

1(1034.5 ηα fi ××<

XIX DAE-BRNS HEP SYMPOSIUM, JAIPUR
13-18 Dec, 2010



DISTORTION OF THE COSMIC 
MICROWAVE BACKGROUND SPECTRUMMICROWAVE BACKGROUND SPECTRUM

Hawking radiation emitted at                        can not fully 0
10104 tt −×≥g y

thermalise and disturb CMB spectrum
0

μ
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ρevap : the energy density injected by evaporating pbhs.
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NUCLEOSYNTHESIS CONSTRAINTSNUCLEOSYNTHESIS CONSTRAINTS

PBHs evaporated between 1 sec and 400 secPBHs evaporated between 1 sec and 400 sec

• The Helium abundance constraint
2/119 3

• Deuterium photodisintegration constraint

2/119 )
2
31(1082.3 ηα fi −××< −

• Deuterium photodisintegration constraint
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Table 2 : The variation of the upper bound of the initial PBH mass  
fraction with η at ƒ=1 for different cases is shown in the Table.
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CONCLUSION
• Lifetime of PBHs enhanced due to accretion
• Product of η and Accretion efficiency ƒ can not 

exceed 2/3
• Growth of PBH increases with both ƒ and η value
• Constraints on initial PBH mass fractions are 

ti ht d ith b th i i ƒ d ltightened with both increase in ƒ and η value
• Accretion becomes ineffective for 01.0≤η
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