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Gravitational field penetrates into the bulk

from Roy Maartens gr-qc/0312059 3
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M-theory

braneworld
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Randall Sundrum one brane (RS2) model

S = T6rG. j d°xG"*[*R(G, ) — 24, |+

1
4 1/2 4
J.d X8 [% R(g,uv) — 0+ Lmatter (g,uv WV, aw)j

— brane tension (4D cosmological constant),

As = 7T 5D cosmological constant,

[ — curvature radius,

A and o are, thus, fine tuned = effective A, =0
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Geometry modification at r ~ [

ds’ =—(1—r, /r)dt” + 1 1 dr’ +r’dQ;,

ds*=—(—rg/r)dt’ + ———— dr’+ r'd <, (1)
=7 [r
= \/ 3 L | M / e 5D PBH (“Schwarzschild”) radius
37\, \ M, 6
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Torsion pendulum putts
the inverse-square low to the test at r ~ 0.1 mm
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upper [ experimental bound: [ <0.2m ~10%1,

S.J. Smullin et al. Phys.Rev.D72:122001,2005.

lower [ bound 1s determined by Hawking evaporation:

2
1 (1M, . .
e t, — time of PBH evaporation

8y \ s \ M,
[
M .. =M,— —maximum 5D PBH mass
l
> _l_ 20
Mf<Mmax’ tevap_tH = >10
Ly

[/1, =10 -10",
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High-energy phase of RSII
cosmological expansion

1/4 5
a(t):ao[Lj ) ,0:3M4, t<tC:l/2
fo 32t 1

1/2 )
t 3IM
"(”:““(tgf%z”j Py IPE=12
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Accretion efficiency problem

Collisionless ultrarelativistic particles: lS ; >>Fr 0

1 o’
oo Bl O~
no T
— - i rZI;ff
accretion rate am — 7y’ P(1)
dt .
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3M ? 343

81
4D case: p=32t2, Ty = = r, A:1—3—2fF>O, <1
t M.
M(t)=M, —»>— =M.
At+( - A, A ‘

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: lSC << Iy

dM :
— =Fr rejzf P(1) I is accretion efficiency

dt

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

_3M; _
5D case: P =357 o = 215
2
At
ti A.S. Majumdar, PRL 90(2003) 031303

considerable PBH mass growth 1s possible

F>1 or F<1?
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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

((p +P)u,, u' = —P, —uiRkuk,

(ou*), =0.

(T)—3P(T)—7Z—2 T* a(T)—z—”2 T’
IO 30 geﬁ‘ 9 45 geﬁ‘ 3
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At the “sonic” point:
T" u' 2

3—+—+—=0

. T u r

1 2
r=r.=2r, u =u(r) =5 T2(1+u2—i):const:sz

2
r

222 =Arrioc(ru(r) = 47zr020'(Tb) X s
4

343

inzl.54>l

343
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2F
T

5
M@)=M,| — >>> |
i
PBH mass growth can be quite substantial:

M

min

Mil MiZ Mmax

—
= N B

log [M(t,)/M,]

o AT =

30

log M;lg]

Mass growth coefficient for [ /1, = 10!, 10?6 and 103! for

F=1.54 (solid), F=1 (dashed) and F=0.5 (dotted lines). 15
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Experimental
PBH
search

444444



Constraints on 4D PBHs

&
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Paper “Search for Gravitational Waves from PBH
Binary Coalescence 1n the Galactic Halo”

Search for Gravitational Waves from Prinordial Black Hale Binary Coalescences in the Galactic
Halk

..'l.bb-u&."' .m:w..”n Adhikail A g DED Ak B AmnH S D Andasen,!? W 0. Andasan®
B Avara!? H Auwmndub P B Ashbk; B F .\.m.'n th*! T Aulbar! S Babak,” B Ta boubiaimon’on,
% Palkma B O Baish ! ? T Paka ¥ 0 Ta "'M Pana,! Pait* B A Pabon,? K Boyu B Peoscldil”

K Pekonadd PR ummn,“'ﬁ:J Tazukeli, 21, B Phawal? 1A Piknke, ™G Rilfngaks ' E Bhek!?
L 'E-E:Lbum.."L Phckbuin,* T Blnd, ¥ 'Eu:hnu... L un!;u..." R Bakls Pow P R Tad ¥ B Tagnak, @
LE Baw' 0 A Biown'® A Bullingen, ™A Purkoraki®* A Pucmnne, QAR Puigae ' D Buske* W E Butha ¥
R L B L Codona!* G L_:grnl'li] T Camp e A Canthy, ¥ L Coidenm,? Ko Caba )5 B B my B
1 Cafiglion ¥ A Chand ke, ?1. Chopaky B P Chaleen! Chata Ji''S Chullowala ** v m,"\'chummu.'n
D. Chin,® 1. Chibbsme:nd 0. Chucha T Cokuba ] © Colano B ColdscllH B Colu I D Cooke, ¥ T Covbie, 1
[ Copns' L O E Cuwighton® T 0 Cygshtan,'” 0 R LI Croskge® P Cataday, 'V B 1 Cusseke,® © Cuther,!

E D Aimbcais,” K Donzgnonn,*t * E Das,! O DeTin® T Dull:l.."l'l' D B R DeSahe)? S Dhuiohdha I
A D0 Cudien” BL D™ H Do, " % P Dicec? B 1 Dupuie ) 4 E:I.Iun:l..':ull’ Bhiwna, ¥ E L EMEY T Eeal ¥
I E-:-:."'I.' Erona, Vi Falthuiat © Fallnich ¥ . Faunhaim 2 B B Fupe,® T Fndby, Bl Fine,? L S Fon, @
K% Ranan™ gofoie Bk Ry P Rischl™ ¥ % Rk /¥ 0 Fpliglh K5 Ganeza? 1 Gaddah, ¥ 1A Gien: 2
A Gilkaphe, Bl Geda' G Genzak:)® 5 Geibla,Y P Guandekan:ne] a2 C Gy, A B Gutmasen,'”

0 Grenmtt,” H Gobe” 5. Gunewald! B Guenthi,"¥ B Guatafon U R Guotabon,™ W 0. Hatribon =
[ Hamimend, ¥ | Hansen ) C Hadhan, ™ ). Haem,F G H:lu_l,”..l Hatn'mn, 7). Hedna 77 Hedee 1P G Hene
15 Heng B Hnuasy ek, P A Hepronam ILYBL Heuin™ B Hewlien,” SpHid." 1L Hindman,'¥ P Heaang,
1 Heugh M BL Hipnusyeh,! " Hua ™ B T} T kghe ! A Tvane 17O L ich ¥ lohnzon,!* % W. lchnaon,
W R Johnabon ™ D glona, @ L Jona,'? 0 Jungrinth, LV Kalogaa ™ E H_-tl:r-wn'rﬂ:,"' K Karobe, S Kawmmuin, =
W okelk'? | Kan, phan, ' 5 Killbzn ”EJ Killew € Kan,™ C u.;;,. F h.'n%. 'S Kk, M5 Kamda'™
K Ktha, 1. Ko ale, BH0. Kosak,! 11. Ian:n, Il Lands, "'J Lotk * B R Lawwnes' 4 Lazmni?
Bl L1 1 Liona, ¥ palibbushe,” 4. Lison,” P Lin ..1*. ‘g LR Lu;.n Bl Lovemind, ' Bldubinakd, '
H Lick*** T T Ljon Blach ake! Bl BMacthne, Bl Blapas man, 7 K Blaibed,'® % Rlafid 1000 Blaks 3 ¥
F Lhnn'? 4 Blan,' Maka, TlE bac,'? ) men, T K bmon,™ 0. L, L Moo :-|=~=1-=1=.“
R BieCathy,® D E BoC kilbnd? B MeHugh,'® 1 W © :-l::q:bb,‘u Elundell,'¥ B A Mun.n.,“‘! Blizhken, '
E :-l.;mm:n."‘v: Bl ryge ™ VP, t-l'tu:rfmu-.."ﬁ bliclimakha, ™ R :-nﬂum.,"cu :-|1-=|.:m=, = un.'u
= Duchanky,” g Nuu.rl:l," [ Dnlum!'l.. [ Nul.ll.l.. = :l-luLhLI._LI., F Llwiay, ol ll-llu:, = N@m:ﬂ, T l‘\l:lﬁ,I
R Phak!!' G Blin ¥ F Bloman? 1S Dt 3 P Blutsren, ™ T Ohon, %0 Reilly ¥ D1 Oktanas ¥ A Du:.n.'lll.'ﬂ
] cmnn... H O * B 1 Owen,® ¥ P # B A Pgm,! ¥ Paiamushe adoh!¥ © Pasmasaiah,'®
Bl Pidiaza' P S Punn? 01 Piden 2" B Pleal™ B Ak, % Qusschlo: ¥ F L H Radkna'? kb )

Bl Rakhimanen, % 5 R R:n.' K. Raw rn..”s Ra: -M:_pm...."“\ 23] nmml W Rugeh,! Rughirkm
5 R MR T Reilly,'? K Retheman,' 200 H R.Lu, 5 Richemon,"RllR Rren'™ K R E Rihen,* 4 Ris
[ 1 Rokuakach, Y P A Rebaben B L Rekibach, 178 Raddy '] Rellna!* | O Rommna,” | Remie'? H Rong?
O Reaw:)?E Rnum-!' S Ronan 4 Ridiga” P Rusil’” K Ry, 1 Salomen,* V. Smdbig, G0 H Sandew,!
V. Sonngagle,® T Sothyoprokemh,] PR Sauben,” R s:-:g...'.\. Samnen, R Ech'lll'n!;. K Schiudimn
% Schimide, TR Schnak: L. Schehel ¥ T F Schues” P bag, ¥ 5 ML Seotet 5 E Sndun 0 A C oS
T S, S Sl F 5.“.“.."'.-1 5 Sn LRl Shoplo, P Shaw han,” [ H Shecimbkoa,'* 0. 2 Shu,
A bk P X Samana Bl S P00 S A B Shea " R Smith P B Senith, YR R Senieh,1?

P H. Snodden® R Spac, PG Sepfa i 0 Seusey 8 K A Saan 50 Shom® A4 Saen T Sumemasaha @
0T Surmnea,” P L Suebon? 1Sy hoane, P00 A 'Ei.:m En n T:| Y H g, 1 Ty la) B Tylent R Tap o
Ko A Thene® Ko S Theune® B, Tk, T S Tl | ke W Toktmokon 0 2 Towa, ™ 1 Towhe, 1
G Tyl W Tk D Uein 0 Ungae: 10,2 01 ‘-:m:..n-lﬁ‘l qan Pupan.' 5 e '? A Vizchie® 1 Vikch,®
= Vewrieke,F S P Vyschann,® L Wallaos ¥ H. Waltha /¥ H Wad} B Woe, JHE Wea)? D Wibba )74 Bidna J®

U Wibnd Y A4 Wenaen,” R B!t H mu'ng.” L Wunghl & Wun,® 1 T Bhehn'®S E Bhitcomh,'* B F Bhe
S Wik T Wikimon,* P A Wilkma)*P R wur:m.. B Willormy B %ilke A Wikon [ T 1 Winjurn’’
™ Whnkka,” 5 Wi A O Weeemn 2 G o 2 kep 0 Weden W Wu Y 1 Takushin!* H Tamamots,?
5 Teahida,® Ko [ Zakak't, @ 1. Zanefn, ' 1 Zavbcha A8 L Thang,® R. Zhu,' 1. Zoben )7 B Zukoa,'? and 1. Toizig®
{Thi: LG Selnttie Collbo sion | hitpel . Tio i

LO I»I:n}-‘ 2005

2vl

3

gr-qc/050

arXiv

ladbers Ererremed e, Afar-F hnek- e fifr Gravwaromphrnk, D478 Gode, Gemmany 1 8

4 Aegan



Constraints on initial PBH mass fraction
by the total matter density

[

f
ata moment f, <<t, = 2 PBHs form with masses M, = f8M f —
tC
!
a(M,,t)= ppbh’M(" () ) — PBH mass fraction at moment
prad l

o, =a(M,,t;)) - initial mass fraction

Popit, ) ca®)”, p,,O)cat)” = a(M,,t)ocMt)a(r)

a(t,) < —  Dark Matter density limit on «;

here 1, ~ 13.5Gyr

present

19
4 Aegan



Constraints on initial PBH mass fraction
by the total matter density

EErEa———— ]

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 high-energy diffuse photon background

— o
> :
S -1
52
' [
T =31
s
> 4
2 :
\_4_5j
e [

S

4 5 6 7 8 9

log E[eV]

Diffuse photon background measure by HEAO-1 A2 (3-60keV),

HEAO-1 A4 (80-450keV), SMM (0.45-1MeV), EGRET (~1MeV)
21
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Constraints on 1nitial PBH mass fraction by
the high-energy diffuse photon background

Evolution of PBH number density:

[
nM ,t)=a,(M,) P r;’\";( ) — initial PBH number density
a(t,)’ . .
nM,,t.)= i) n(M,,t;) — PBH number density after accretion
a\lc
. [ .
completion at f =¢_ = N M . =M(t.) - final PBH mass
a(t.)’ .
nM,,t) = ) n(M ,,t.) —present PBH number density
a(f

22
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evap

2
1 (1M, . .
= t, —time of PBH evaporation
8o \Ls \ M,

[
M_ . =M,— —maximum 5D PBH mass

4

[
Mf <Mmax’ tevap 2l‘H = _>1020
l4

-1/2
j g — mass of PBHs evaporating at present

~1/4
J MeV — typical energy of

5
E ~S5T, = z0.4(
Hawking radiation

31
1071,

n(M :kl‘ y) —observed photon spectrum

v 23
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Constraints on 1nitial PBH mass fraction by
the high-energy diffuse photon background

-25
N -30 ¢
=
=
éﬁ -35

—40

6 7 8
log E[eV]

Dotted, long dashed and short dashed lines correspond to

fixed accretion efficiencies F=1.54, 1 and 0.5, respectively. 2
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Constraints on initial PBH mass fraction by
H ionization

P 10
H

X

100eV Q,

a(t,) <107 .
0.7xm c* Qg (2,,)

0.3x938x10° 5.06x10°(1+2z,) m,(t, 1) t t

eq ev

2
. , . t \3
a(l‘,-) < 10_4 S = ml(tev,l) A{/tl (tev’l) e [ eqj

P.D.Nael’skii, Pis’ma Astron. Zh. 4, 387 (1978) [Sov. Astron. Lett. 4, 209 (1979)].
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Constraints on initial PBH mass fraction by
H ionization

Constraints imposed by ionization at z = 1100 and 20

18 20 22 24 26 28 30
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Constraints on initial PBH mass fraction a;

at/=1[ ., 6 [=1  and maximum constraints at [ = [*
Logarithms of

Source of constraint | ¢(L,.) | Lun/ly | 0l | 17 | a(l”) | o in4D
Total mass density -30 20 -18 30 -31 -18
Diffuse photon background -39 20 =277 30 -39 =27
Antiproton excess -35 20 -28 30 -36 -29
D destruction at 400 sec =27 15 -20 20 -28 -18
D destruction at 103 sec -28 16 -20 24 -29 -19
D destruction at 101 sec -30 18 -19 27 -30 19
He destruction =27 14 -17 19 -25 -17
SZ effect at z =2-106 -30 16 -21 24 -31 21
SZ effect at z=1100 -34 18 22 27 -34 21
H Ionization at z = 1100 41 18 -29 27 -41 -28
H Ionization at z =20 -41 19 -29 28 -42 -28

27
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Unexampled constraints
on PBH 1nitial mass fraction exist

In braneworld RS2 scenario

28
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