Dark Matter Searches

> Evidence for dark matter
* observational data on €2,
* cosmic structures formation: hot/cold constituents

> Origin of relic particles in the Cosmos
* decoupling from the primordial plasma
* relic abundances for hot /cold particles

> Particle candidates for dark matter
* a varilety of candidates in extensions of the SM
* the case of relic neutrinos

> Strategies of search for WIMPs
x direct/indirect signals and detection rates
* dominant /subdominant relic populations

> Distribution of relic particles in galactic haloes
* phase-space distribution function, clumpiness

> The case of the Lightest Supersymmetric Particle
*x supersymmetric schemes

> Relic neutralinos
* models confront experimental results
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Neutralino Dark Matter Signals

® DIRECT:

Recoil energy over a nucleus (Bottino)

® INDIRECT:
Annihilation in the interior of celestial bodies:

— v as up-going u's at neutrino telescopes
(Montaruli, Bottino)
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Annihilation in the galactic halo:
— 7y rays (Spinelli)
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Rare components in cosmic rays

U

ANTIMATTER IN COSMIC RAYS

One must manage:

e the diffusion and propagation in the Galaxy
— TWO-ZONE DIFFUSION MODEL

e the backgroud
— SECONDARY PRODUCTION

e the source of exotic antimatter component
— SUPERSYMMETRY



E. FERMI (PRD 75(1949)1169)

“A theory of the origin of cosmic radiation is proposed
according to which cosmic rays are originated and
accelerated primarly in the interstellar space of the
galaxy by collisions against moving magnetic fields.
One of the features of the theory is that it yields
naturally an inverse power law for the spectral

distribution of cosmic rays. [..]”

OBSERVED SPECTRAL TRENDS:

10% eV < E< 5- 101 eV: ~ E27
galactic

5-10° eV < E <3-108 eV: ~ B3

extragalactic

E> 3- 10 eV: ~ E-2777
UHECR



Different theoretical approaches

Berezinsky et al. Astrophysics of cosmic rays, 1990, North-Holland

1. Leaky Box models

see also Garcia-Munoz et al. ApJS 64(1987)269

2. Slab models
see also Jones PR 2(1970)2787;

Jones, Lukasiak, Ptuskin, Webber ApJ 547(2001)264

3. Two-zones diffusion models
see also Webber, Lee, Gupta ApJ 348(1992)96;
Maurin, Taillet, FD et al. astro-ph/0212111

Strong, Moskalenko ApJ 509(1998)212; Moskalenko et al. ApJ 565(2002)280



A R=20 kpc

L=3-10 kpe

h=0.1 kpe

d A
i ’

' R =8.0 kpe

(axial symmetry around z)



Diffusion on magnetic inhomogeneities

Acceleration by shock wave:



The Two-Zone Diffusion Model
A Semi-Analytical Approach.

The general, high energy diffusion equation for the 7 nucleus:

f_} -Jﬁ\‘r I

0=— = KAN{E, v, z) Diffusion
ot
+ Qilr,z, E) Sources
— Ogunis(z) - Ni(E, 1, 2) Destr. by spallation

e Z Tji Tus(2) - N;j(E;,7,z) Creation by spallation

i

— DLeaaN;(E, 7, 2) Radioactive decay

+ "‘i (vedV;) Convection



9911 [s19voe asd [sbom 1O
21939MIB818(Q

tonillaon noieutib afdT e

; ; : by :
6 (reo\Soqel) oA (%[) oA = A

zesrbidd olsd odT e
(oqal) A

wyiolsv avidoavon odT e
(992\ ) SV

wdibolov oA o T e
(n9e\ool) N

| Crdoage sotwos 5T e

-y oy o !

) E =0

“(v3) o= (RO

0



Testing the model with B/C

We obtain very good quantitative results from a sys-
tematic exploration of the parameters space.

We find a very strong correlation between all the diffu-
sion parameters.

Models without reacceleration and/or convection are
excluded.

Komogorov spectrum (§=1/3) is ruled out.

Maurin, FD, Taillet, Salati Ap.J 555 (2001) 585
Maurin, Taillet, FD A&A, 394(2002)1039
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(m=2 s7! sr! GeV-1!)

Secondary p: propagation uncertainties
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BESS 1995-1997 ouito et al., PRI, 84(2000)1078
BESS 1998 Maeno et al., Astropart. P. 16(2001)121
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Supersymmetric antiprotons in cosmic rays

A. Bottino, F. D., N. Fornengo, P. Salati PRD58(1998)123503
Bergstrom, Edsjé, Ullio, ApJ 526(1999)215
FD, Fornengo, Maurin, Salati, Taillet, astro-ph/0306207, subm. PRD

The source term is:

2
S118 .'0 (Tﬂ' ‘z)
where

dN?

g(Eﬁ) = ZhBXh dTﬁ

Production takes place everywhere: in the
disk and in the diffusive halo

(Barrau, Boudoul, FD, Maurin, Salati, Taillet A&A 388(2002)676)

Possibility to test SUSY dark matter
with low—energy antiprotons??
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ANTIDEUTERONS: a new
signature in indirect neutralino
searches

F. D., N. Fornengo, P. Salati, Phys. Rev. D62 (2000) 043003
F. Donato, astro-ph/0006188

In order for fusion to take place, the two antinuclei
raust be at res..

e kinematics of spallation reactions prevents the pro-
duction of very low—energy particles

=> low-energy cecondary spectrum is strongly de-
pleted

e x-x annihilate almost at rest and the ensuing D’s
are produced with very loww-energies.

=> low—energy primary (supersymmetric) D spectrum
is fairly fat

The low—-energy suppression of spallation D’s
with respect to the primary component is

MUCH MORE effective than for p’s.



SECONDARY D’s

F. Donato, N. Fornengo, P. Salati (1999)
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