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The Dark Universe
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cold dark matter — axions, Wl MP's

Supersymmetry

5 invariance of the theory under the exchange boson<«>fermion,
B & spontaneously broken, unknown breaking mechanism
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* R-parity is conserved —»
the Lighest Supersymmetric Particle is stable

neutralino x = a B+aW > +aH.>°+a,H}

-Stable and weakly interacting,
Q consistent with data,
freeze-out Ty ~m, /20 — CDM




Photons from neutralino annihilation

X indirect searches (xy annihilation) X in the Galactic halo
and other compact objects
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We use the implementation of a SUSY scheme directly at the EW scale, called eMSSM (effective
Minimal SuperSymmetric Model). The number of parameters is restricted to those which shape
the model at the EW scale

X100 GeV <|u|,M,< 6 TeV X M;=5/3tan? 6,, M, x 100 GeV <m,< 3 TeV
x90 GeV <m,<1 TeV X -3 <A p.My<3 X 1<tan p<50




Experimental sensitivity

H. Fornenge, L. Pier, 5. Scopel (2004}

Galactic Centre
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The cosmological factor ¢cOSMO
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~ 2
— o 10
n 107°F
a - GG 10 zoom on small angles
T
@ 1M B MO
E —  MNFWSY
N -
= 1 F —— Iso—core
m -
D N =
e [ s E
g 'L AR=107sr o0k
[+] =
2 E
_B- 10_ C 1 | |‘| i 1 1 1 | i 1 1 1 1
2 1 2 b
—2
10 §
-3
10k
_4_
10 =
_s|
10
_E_
10 F
NI B R BN R N R AN SR AN B A BT RN B R A B
0 21 40 g0 an 100 120 140 180 180

1 (degrees)

N. Fornengo, LP and S. Scopel PRD 2004




Influence of subhalos revised infiation

initial data
\

op _ Ak,z) = T ?(k,2) Ak, Z)
1

transpaort function

Large scale structure formation for CDM

gravitational evolution

A(k,z) ocIn(k/ kqq) No linear regime VK

Substructure crisis: What about small scales?

X The damping of the primordial power spectrum due to collisional damping (after
chemical decoupling and just before kinematic decoupling a local thermal equilibrium is
achieved by elastic scattering processes which give viscous coupling to the radiation)

and free streaming of WIMPyY CDM halos has been calculated.
The free streaming leads to a CDM power spectrum cut-off at about 106 Mo

X The transfer function taking into account the suppression in the growth of the CDM
density contrast after matter-radiation equality due to the baryons has been calculated

to obtain a CDM power spectrum

A.M.Green, S. Hofmann, D.J. Schwarz JCAP 2005
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Influence of subhalos revised
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2 2
kfs kd
Kis~10° Mo @ m =1 TeV
Kis = 10° Mo @ m, =100 GeV

ky~10° Mo @ m =1 TeV
ky~10° Mo @ m,=100 GeV

Typical first halos:

Xz,~60x10 O R 3
X M(r)=21.6 x10°" M —=1X
R 0.14| Ipc
X r=1.05 1+z—lfgax ~0.02pc@R,;,=1pc

X Ay=(0.2 - 1.8) x 108 ->cNFW,_ ~ 40

A.M.Green, S. Hofmann, D.J. Schwarz JCAP 2005




Influence of subhalos revised

dn(M) / dlog M [(h""Mpc) ]

. Diemand, B. Moore and J. Stadel, Nature 2005




Modeling subhalos

Density distribution function p(Mg,,Ig) =AM

MW MW

r r

NORMALIZED TO : 10% of the MW mass is in subhalos with masses > 10" Mo

l

about 50% of the MW mass is in subhalos with masses > 10-® M
the total number of subhalos is abut 1.5 x 10%¢

the local population of subhalos is about 100 pc3

LP, E. Branchini and S. Hofmann 2005
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A subhalo sky: the large halos
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A subhalo sky: the small halos
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3D contribution
of the whole population
of subhalos
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3D contribution
of MW+subhalos
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MW + subhalos
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Is there any hope for detection with GLAST?

The cross section for the
neutralino annihilation
can hardly exceed

oVv>, = 2x10-26 cm3st
However, to detect the y-lines
one can take into account

the energy resolution of
next-coming experiments,
such as GLAST.

SIGNAL FROM MINIHALOS
SEEMS TO BE TOO FAINT

LP, E. Branchini and S. Hofmann 2005
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Conclusions

Particle physics and astrophysics/ cosmology of Dark Matter
phenomenology has been explored

"To see” dark matter at y-rays is a very challenging task, unless a spiky
profile of dark matter halos is assumed.
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