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Indirect Detection by Annihilation
Annihilation rate ∝  ρ2  

� annihilation signal strongly depending on DM
            distribution
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Basic Idea:

ΓA ∝  ρ2

Look for regions where
dark matter accumulates

(galactic centre, halo
clumps, sun, earth…)



Dark Matter Profile and Annihilation in the
Galactic Centre
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Standard parametrization of the dark matter profile with (a,ß ,?), a~20 kpc,
normalized to 0.3 GeV/cm3 at solar circle r~8 kpc:

Examples:
� Kravtsov I: (2,3,0.2)
� Kravtsov II: (2,3,0.4)
� Navarro-Frenk-White (NFW): (1,3,1)
� Moore et al.: (1.5,3,1.5)
� modified isothermal: (2,2,0)

Not many observational constraints on small-r behavior, but both observations
and simulations suggest shallow behavior, ? < 0.7 or even constant density cores
for some galaxies.



Discrepancy between observed (≈ flat)
and predicted (cuspy) density profiles.

N-body simulations predict power-law
profiles with index 1.0 < γ < 1.5 (e.g.
Navarro, Frenk & White 1997, Moore et
al. 1998, Ghigna et al. 1999). On the
other hand observations, suggest flat
core profiles (e.g. Salucci and Borriello
2001), although other groups remain
skeptical (Van den Bosch & Swaters
2000).

Discrepancy between observed (few) and predicted
(many) satellites around the Galaxy

Hot component of DM? Problems with N-body
simulations?

(Image from http://www.nbody.net)



Accretion of DM on the
central Supermassive Black
Hole at the galactic center
can significantly increase the
annihilation signal. Dynamical
effects, such as galactic
mergers, or an off-center
formation of the black hole,
could destroy such a spike
(Ullio, Zhao & Kamionkowski,
2002; Merritt et al, 2002),
but it is unclear whether or
not they have been effective
in our Galaxy.
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R<10^-5 pc: central “spike”, 2.2 < γ <2.5
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Density profile after adiabatic accretion onto
the central black hole: THE SPIKE

(Gondolo & Silk 2000)



Cusp Destruction due to Mergers and its Effect
on Annihilation Radiation

Density profile of the Milky Way dark halo.
Halo profile before (M) and after (S) growth
of central black hole. Other curves show
Profiles following mergers with smaller halos
of mass ratios (A,B) 1:1; (C,D) 1:3; E 1:5; F 1:10

Dimensionless integrated
annihilation flux as a function of
angular acceptance of detector
centered on central black hole.
D.Merritt, M.Milosavljevic, astro-ph/0205140



Close to the central black hole, r < 100 pc, adiabatic accretion with conservation
of dark matter mass and angular momentum could modify the profile to
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This scales roughly as r-2.3 quite independently of γ ! Annihilations can lead
to constant core densities
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mX = dark matter particle
       mass,
tbh = black hole lifetime
       ~ 1010 yr
sv = annihilation cross section



Hot Warm  Cold

Particle dark matter
candidates

Particle dark matter candidates are “hot” if they are
relativistic at the epoch of structure formation, if their mass
is much larger then the temperature then they are “cold”;
“warm” dark matter is in between cold and hot.
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Hot Warm  Cold

Neutrinos
Gravitinos

Sterile
Neutrinos
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Kaluza-Klein
particles
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Kaluza-Klein
particles

Here we focus on

Particle dark matter
candidates

Particle dark matter candidates are “hot” if they are
relativistic at the epoch of structure formation, if their mass
is much larger then the temperature then they are “cold”;
“warm” dark matter is in between cold and hot.



The γ-ray and neutrino signals

The differential flux per solid angle ?  for species i is given by
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where dNi/dE is the spectrum of secondary particles per annihilation.
This is given by particle physics. In case of SUSY, e.g., use DARKSUSY
code which implements certain other constraints such as cosmological
relic density, and accelerator limits such as on b -> s?.

iXX νγ ,→+

There can be direct and indirect (via production of quarks hadronizing
into mesons) production of photons and neutrinos.



Annihilations

To compute fluxes, one has to go through the details of annihilation.
Annihilation cross sections for neutralinos can be computed with the
DarkSUSY code, which also allows to check consistency with relic density
estimates.

E. Nezri, 2001

Servant & Tait, 2002

Servant & Tait  recently worked out annihilation cross sections for B(1)

particles, which, in the non-relativistic limit, only depend on the mass of
the particle.



Fragmentation and decay

Dh
a(x;Q2) is the

probability that
the parton a
fragments into a
hadron h
carrying a
fraction x of the
total momentum
Q.

Adding up the
contributions
from different
quarks we can
evaluate the
resulting
spectrum of
neutral and
charged pions.

Folding pion
decay with
fragmentation
spectrum we can
compute the
spectrum of e+e-,
ν, and photons.

Apart from direct production, particles can be produced through
fragmentation and/or decay of intermediary particles.



Example:

γ-ray spectrum from Galactic centre emission for a Moore (γ=1.5) profile
without a black hole accretion spike, for a scan of SUSY parameters
with neutralino mass < 100 GeV (squares) and > 100 GeV (dots).



γ-ray spectrum from Galactic centre emission for a NFW (γ=1) profile
without a black hole accretion spike, for LKP dark matter scenario for
(top to bottom) MX = 0.4, 0.6, 0.8, and 1 TeV, and typical range predicted
by neutralinos of 200 GeV mass for comparison. EGRET data and GLAST
and MAGIC sensitivities also shown.



Required values of γ to reproduce
EGRET Galactic centre γ-ray flux.

Required annihilation cross section
to reproduce EGRET Galactic
centre γ-ray flux for different
values of γ with central spike
(squares), compared to typical total
annihilation cross sections in SUSY
models (dots).



A black hole accretion spike would increase fluxes by several orders of magnitude

Example: Neutrino fluxes

Gondolo, Silk, PRL 83 (1999) 1719



Maximal inner slope γ of dark matter profile compatible with upper limit on
neutrino emission from galactic centre, for the case with a central spike.

Constraints from the neutrino flux

Gondolo, Silk, PRL 83 (1999) 1719



The radio synchrotron emission
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IF absorption of radio waves is negligible and
IF e± losses are dominated by synchrotron emission and
IF e± loose energy “in place” due to diffusion,
     the differential radio synchrotron flux per solid angle ?  at frequency ?
     can be written as

where Ye=Ye(E?)~Ye(0) where Ye(Eν) is the number of e± produced per
annihilation above the energy

and B(l) is the magnetic field for which we assume
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Observed galactic centre emission at 330 MHz (90 cm)



Fits to the flux emitted within 4” from the galactic centre
for the case with a black hole accretion spike



In the presence of a central spike synchrotron self absorption is significant
and helps explaining the observed slope of the spectrum:

mX=1TeV, sv=10-22cm3s-1 (unitarity limit,
upper curves), sv=10-32cm3s-1 (lower curves)
for γ=1 (solid) and γ=1.5 (dashed)

Absorption coefficient at
?=408 MHz for σv=10-32cm3s-1 



Upper limits on SUSY cross sections from observed
galactic centre radio emission at 409 MHz for inner
profile index γ with a central spike, versus LSP mass.

For NFW without a central spike the limit is less stringent by ~108:

1-3
-1

e
2

28 s cm 
4.8

Y
GeV 100

107.7 �
�

�
�
�

�
�
�

�
�
�

�×≤ − Xmvσ



Profile dependence can be reduced by considering diffuse emission
away from the galactic centre

Most restrictive at a few 100 MHz

But the limit becomes of course much less stringent:
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Predicted radio flux from a 4 arcsec cone around the Galactic centre as a
function of LKP mass for Kravtsov II (dotted), NFW (solid), and Moore
(dashed) without central spike, compared to observation (solid horizontal).



Conclusions

1.) Galactic centre emission is strongly profile dependent.

3.) The strongest limit currently come from radio synchrotron emission.

2.) Dark matter cusps and spikes rule out a significant part of parameter
     space of susy and Kaluza Klein dark matter.


