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Plan

• Introduction (RS2 and M-theory, gravity tests)

• Accretion on PBHs in RS2 braneworld

collisionless approximation

PBH mass growth in RS2

new accretion efficiency

new PBH mass growth coefficient

• New PBH constraints in RS2 braneworld

– constraints in 4D case

– constraints from the total matter density

– constraints from the diffuse photon background

– constraints from the antiprotons excess

– constraints from He abundance

– constraints from D photo-disintegratin

– constraints from CMB spectrum distortion

– constraints from H ionization

• Conclusion
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Gravitational field penetrates into the bulk

from Roy Maartens gr-qc/0312059
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M-theory

SUSY

braneworld

Pr. grav. waves

Pr. neutrinos

Pr. Black Holes
***
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Randall Sundrum one brane (RS2) model

25
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l
−=Λ – 5D cosmological constant,

– brane tension (4D cosmological constant),

l – curvature radius,

5Λ and σ are, thus,  fine tuned 04 =Λ⇒
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Geometry modification at r ~ l

– 5D PBH (“Schwarzschild”) radius
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Torsion pendulum putts 

the inverse-square low to the test at r ~ 0.1 mm
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,1010/ 3020

4 −=ll

upper l experimental bound:
S.J. Smullin et al. Phys.Rev.D72:122001,2005.
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= – time of PBH evaporation

4

4max
l

l
MM = – maximum 5D PBH mass
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max 10, >>>>⇒⇒⇒⇒≥<
l

l
ttMM Hevapf

lower l bound is determined by Hawking evaporation:
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Collisionless ultrarelativistic particles:

accretion rate
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4D case: ,
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B.J. Carr, S.W. Hawking, MNRAS, 168, 399 (1974);

B.J. Carr, Astrophys. J. 205, 1 (1975).

PBH mass growth is negligible
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Frequent  particle collision limit:

F > 1   or F < 1 ?

5D case: ,
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A.S. Majumdar, PRL 90(2003) 031303
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considerable PBH mass growth is possible

4D case don't changes due to F is only coefficient, which  didn't change a 

structure of equation
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F < 1 ?
R. Guedens et al, Phys. Rev. D66, 083509 (2002); 

D. Clancy et al, Phys. Rev. D68, 023507 (2003);    

Y. Sendouda et al, Phys. Rev. D68, 103510 (2003);

Y. Sendouda et al, Phys. Rev. D71, 063512 (2005).

no, F > 1 !
V. V. Tikhomirov and  Yu. A. Tsalkou,  Phys. Rev. D72, 121301 (2005).

Cosmological background accretion  

in continuous approximation
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PBH mass growth can be quite substantial:

Mass growth coefficient for l / l4 = 1021, 1026 and 1031 for 

F=1.54 (solid), F=1 (dashed) and F=0.5  (dotted lines).
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Experimental 

PBH 

search
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Constraints on 4D PBHs
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Paper “Search for Gravitational Waves from PBH

Binary Coalescence in the Galactic Halo”
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Constraints on initial PBH mass fraction 

by the total matter density

at a moment
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Dotted, long dashed and short dashed lines correspond to 

fixed accretion efficiencies F=1.54, 1 and 0.5, respectively.
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Constraints on initial PBH mass fraction 

by the total matter density
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Constraints on initial PBH mass fraction by 

the high-energy diffuse photon background
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Diffuse photon background measure by HEAO-1 A2 (3-60keV), 

HEAO-1 A4 (80-450keV), SMM (0.45-1MeV), EGRET (~1MeV)
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Constraints on initial PBH mass fraction by 

the high-energy diffuse photon background

Evolution of PBH number density:
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Constraints on initial PBH mass fraction by 

the high-energy diffuse photon background

Dotted, long dashed and short dashed lines correspond to 

fixed accretion efficiencies F=1.54, 1 and 0.5, respectively.
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P.D.Nael’skii, Pis’ma Astron. Zh. 4, 387 (1978) [Sov. Astron. Lett. 4, 209 (1979)].

Constraints on initial PBH mass fraction by 

H ionization
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Constraints on initial PBH mass fraction by 

H ionization
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Constraints imposed by ionization at z = 1100 and 20
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Constraints on initial PBH mass fraction α
i

at l = lmin, l = lmax and maximum constraints at l = l*

-28-4228-2919-41H Ionization  at  z = 20

-28-4127-2918-41H Ionization  at  z = 1100

-21-3427-2218-34SZ effect  at  z = 1100

-21-3124-2116-30SZ effect  at  z = 2·106

-17-2519-1714-27He destruction

19-3027-1918-30D destruction  at  1013 sec

-19-2924-2016-28D destruction  at  108 sec

-18-2820-2015-27D destruction  at  400 sec

-29-3630-2820-35Antiproton excess

-27-3930-2720-39Diffuse photon background

-18-3130-1820-30Total mass density

α
i

in 4Dαi(l
*)l*/l

4
α

i
(l

min
)l

min
/l

4
α

i
(l

max
)

Logarithms of

Source of constraint



4 Aegan

28

Unexampled constraints

on PBH initial mass fraction exist

In  braneworld RS2  scenario
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