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What the hell iIs an IMBH ?

(review in Miller & Colbert - astro-ph/0308402)

IMBH: black hole with mass between
stellar BH and supermassive BH
(20 < MryBH/Me < 10°)

Hints provided by detection of
ultra-luminous X-ray sources (ULX) not
associated with AGN

R, (12000

Theoretically interesting because could be
seeds for SMBHSs that seemed to have
formed early in the universe (1 Gyr)

IMBHs may originate from remnants of O-
metallicity pop Il stars, or from primordial
(H2) gas cooling in early-forming halos.
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IMBH and dark matter profile

The slow formation of a BH induces conserva-
tion of adiabatic invariants. The consequence is o
the compression of the density close to the BHZ

(Gondolo & Silk, 1999). Given p oc r—" < Adiabatic compression
— Initial NFW O r?
— 10’ — Compressed O r "3
Yin T Yfin — 4_,)7::
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We define the intrinsic effective volume: 10°
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such that the intrinsic luminosity is:
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Many-object configuration — boost factors !!!
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Boost factors for Antimatter CRs

Boost factor for antimatter CRs:

Long believed to be simple rescaling of 34

fluxes ... e
30

This picture is wrong. Due to
propagation effects, boost is a
non-trivial function of energy (J.L,
Pochon, Salati & Taillet, 2006).
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Precise properties and location of eac
object unknown — statistical
uncertainties must be infered
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Variance depends on the number of 10

clumps within the volume bounded by
propagation length A p: increases when
the population when A p decreases

Effective boost factor ge“ and its 1-0 range
®

(~ 1/VNeff)- OE

Need of full phase space distribution of
objects

J. Lavalle, J. Pochon, P. Salati & R. Taillet (2006)
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Connecting primary fluxes to statistical properties

A general expression for the primary flux from a single clump is given by:

Particle physics factor:

2
5= £59> (%)

Effective annihilation volume

(internal clump properties)

&= Jy, A3z (%)2

'LE’@)E):ngiX

E
x _)f( _:Y) > PV(Q?'L)
T — Zo|?

x [ dBsG(B. 50 — Es.7) x

Py (Z;) x f(Es)

In a many clump scenario, ¢; is a stochastical variable !
PDFs of £ and G translate to the PDF of ¢.

dP
do
Ptot

Py dP
v " de
NX <p>=Nx<E>X <G>
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The effective boost factor

The mean boost factor (averaged on the IMBH phase space dis-
tribution) reads:

Beff(E)21—|—<NBH> X < &> X‘;—Ql

which is independant of M;, with :

P\ s

In = / dE / Clg_) ( )> X G(fs,Es — f@,E)Q(fS,ES)
lab

dP
n_/ dES/ BFs——(Ts) x G™(T, Es — To, E)Q(s, Es)
lab

ENERGY-DEPENDENT AND NOT
EQUAL TO THAT OF GAMMA-RAYS
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The Bertone, Zentner and Silk model
(astro-ph/0509565).....
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Positrons (energy loss, diffusion)

I:I Boost uncertainty, Identical black holes (1o)
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SUPERSYMMETRY

bino (140 GeV) (bb, 7777)

higgsino (108 GeV) (WTW —, Z°Z%)
EXTRA-DIMENSIONS

LZP (50 GeV) (gq, v, 1T17)

LKP (1000 GeV) (gq, I+, 7v)

WIMP models

Julien Lavalle, RICAP-07 Roma, 20-22/06/2007 — p.9/2!



10

10-12

10713

10714

10-15

10-16

10-17

Injected spectra x annihilation rates

Positrons

IIIIII|T| IIIIIIII| IIIIII|T| IIIIIIII| T TTT

Injected e” spectra

— Bino m, =140 GeV
---.Higgsino m = 108 GeV
LZP m, = 50 GeV

----LKP m, = 1000 GeV

=

10 10°

E.. [GeV]

10°

X< oV >2/7 Xm

—9/7
X

Antiprotons

Injected p spectra

— Bino m, =140 GeV
____Higgsino m = 108 GeV
LZP m, = 50 GeV

-~-»LKPmX:1000 GeV

'

\
I ]
I | Lo 1ty

N
| |

z|=
© o
X 10"
N~
~
9 <
S 10t
N~ E
~ —
o~ -
/\ -
> 1012 E-
o] =
\ C
10™ E
10 =
10—15 _F
10-16 _E
10-17 _?
108
10™

1

10 10°

Julien Lavalle, RICAP-07 Roma,

10°

T5 [GeV]

20-22/06/2007 — p.10/2!



e /p fluxes for a 140 GeV bino-neutralino

Positrons
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Positron flux (GeVlcm2srls?

e /p fluxes for a 108 GeV higgsino-neutralino
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Positron flux (GeVlcm2srls?

e /p fluxes for a 50 GeV LZP
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Positrons

e /p fluxes for a 1 TeV LKP
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Relevant points

Keys for interpretation

Uncertainties due to propagation effects studied in Bringmann & Salati
(2007)

Low energy positron data sensitive to far away regions: integrate a large
number of IMBHs (energy loss dominant)

Low energy antiproton data sensitive to close regions: integrate a small
number of IMBHs (no energy loss, but convective wind and spallations at
low energy)

Low energy positron data seem to disfavour any candidate but — heavy —
LKPs. Not statistically significant (< 10) effect).

LKPs affect the high energy antiproton spectrum (no data at the moment)

...The closest IMBH contribution dominates over the others !
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How far the closest IMBH ?

For a single IMBH with ¢ =< & >~ 10° kpc? located close to the GC plane.
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Summary and conclusion

We explicitally determined how to correctly semi-analitically predict cosmic
ray fluxes and errors given inhomogeneity properties

Antimatter CRs give strong constraints on closest objects, especially
positrons

Higher energy measurements will provide unique tests of validity of the
IMBH DM scenario (mainly antiprotons)

WARNING: better understanding and predictions of backgrounds mandatory
(secondaries/primaries)

PAMELA and future AMS-02 are very powerful in order to kill/discover
models of inhomogeneously annihilating DM in the Galaxy

Complementarity with ~v-rays and neutrinos mandatory to check consistency

We are impatient to know more ...
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Backup

T TUNK Sou SHOULD 22 MORE
EXPLICIT HEZE N STEP TWo.
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Cosmic ray propagation: The slab picture

Diffusive cylindrical halo :

R ~ 20kpc, L ~ 3kpc
spallation on ISM and diffusion
on magnetic inhomogeneities

Disc (h ~ 0.1kpc) :
convection and reacceleration
in addition

Propagation model free
parameters:
K(E)7 La R) VC) VA

..... (Figure by D. Maurin)
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Cosmic ray diffusion: Constraints

Secondary/Primary : I*Y 4 (p,He,...) — ... + II?Y (spallation). Bet-
ter kowledge of nuclear cross sections for B/C : usually used to fit the
propagation parameters

Maurin, Taillet et al., 2002
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Example : Systematics for secondary antiprotons

Maurin, Taillet et al.,

2002

antiproton flux (particie /(m~srs GeV))

T (GeV)

10

10

[y
o

(=Y
o

(=Y
o

=Y
o

[y
o

' (Strong & Moskalenko)

Lionetto et al., 2005

I LBR

" with the galprop code

* CAPRICE 94 ® AMS 98
O BESS 95+97 O MASS 91
m CAPRICE 98 IMAX 92
E A BESS 98 v BESS 93
11 ‘ Il Il Il Il I ‘ Il Il Il Il I ‘
-1
10 1 10

kinetic energy (GeV)

Julien Lavalle, RICAP-07 Roma, 20-22/06/2007 — p.21/2!



Diffusion equation for e* /p

The diffusion equation for a positron density dn/dE:

0, dn = + 0 (b(E) 42) + Q(E. 7,1) = 0

Energy losses :

IC on star light and CMB convection
+ synchrotron
_ _E?
b(E) = EoTg
with 75 ~ 1016s source :

injected spectrum
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Propagators for e™ /p

p (see e.g. Maurin et al 2001)

= exp Fv?
G (r2) = 27I;KL 8 &

> e ' Ko(ry/k2 + k2) sin[ky, L] sin[ky, (L — 2)]

e’ (see e.g. Lavalle et al 2006)

2

5 A\ 0(7) r 1D/, A
g@(T,Z,T) — 47TK()7A' exXp (_4[{0%) X g (Z7T)

with G'¥ image-like or Shrodinger-like depending on the source
location.
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Where does a et of 200 GeV come from ? (p o< 1)

Simplest view of propagation
_1Zs-3p?
G < exp 2

D
with A\p = /4K At
(At = f(Eg, E) decreases as E @
Es)

— Detection volume scaling
sphere of radius A\ p

190 GeV 150 GeV

Figures:

galactic plane at z=0 kpc

square side of 40 kpc (x and y fro
-20 to 20)

Earth located at (x = 8,y = 0) kpc
2D plots of

G(Z,200GeV — X, E) x p?

100 GeV

Julien Lavalle, RICAP-07 Roma, 20-22/06/2007 — p.24/2!



Entries per realization

Probability distribution function for boost (™)
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General Monte Carlo
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