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Motivation

Indirect detection of Dark Matter (DM) depends on DM distribution
in the observation target.

® observations do not provide much information
® “spoiled” by baryons

® most of our knowledge on DM halos come from N-body
simulations

® what do N-body simulation tell us about the quantities neutrino
telescopes are interesting in (density and velocity distribution)?




Dark Ghosts - Ist GNN workshop on Indirect DM searches

N-body simulations

® Huge numerical algorithms following evolution of DM
structures from primordial fluctuations (from 5=0.1 to 5=10°)

® Filling a box (side=L) with a certain number of particles N,
requiring the DM density to be the cosmological one Q,

® mass mp of the DM “particle” is fixed (Millennium-Il: L=100
Mpc/h, N=107, mp=6.89% 10¢Mo/h)

z=0.99

Boylan-Kolchin et al. (2009)
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N-body simulations

Springel et al. (2006)
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Caveats

® Mass and “length” resolution

® Simulations are usually DM-only (no baryons)

Navarro et al. (2009)
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Pillepich et al. (2013)
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Galaxy clusters (Phoenix project)

® Smooth halo well fitted by Einasto (or NFW) profiles
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® Self similarity (halo-to-halo scatter)

Gao et al. (2012)
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Subhalos (abundance)

® Subhalo mass function dnsh/dM is a power law with slope
between -1.9 and -2.0

® | ess subhalos in galaxies than in galaxy clusters (more recent
structures are richer in subhalos)
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Subhalos (spatial distribution)

® Independent on subhalo mass
® Well fitted by an Einasto profile (larger o~1)
® Subhalos become important at large radii

® galaxy-cluster halos = | 1%, galaxy-like halos = 7%
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Subhalo boost

® How much DM-induced annihilation flux is
enhanced by the presence of subhalos!?

® Extrapolation to minimal mass of DM halos

Min (Uuncertain)

® Dependent on ¢(M): c=rvi/rs

Sanchez-Conde & Prada (2013)
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Milky-Way like galaxies e
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® subhalos with ~M2 mass function, dominate at
large radii

Navarro et al. (2008)
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Dwarph Spheroidal galaxies

® Tidally-stripped subhalos

® Stellar kinematics provide good
information

® Negligible boost factor (sub-subhalos)

Yo Sanchez-Conde & Prada (2011) Y
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DM velocity distribution f(v)

® f(v) inside one shell/box around the position of the Sun
(different positions are considered with a fixed Ro)

® deviations from Maxwell-Boltzmann: at peak and at large
velocities
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DM velocity distribution f(v)

Mao et al. (2013)
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Determining f(v)

® Using future direct detection data to determine f(v)

® Parametrise f(v) in terms of a (small) number of parameters and
apply Bayesian inference
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Including neutrino telescopes
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Conclusions

* N-body simulations are essential for modelling of DM (mass
resolution and absence of baryons)

* Different objects have been simulated at different masses
e Significant effect of subhalos for DM-induced flux

 Simulations provide an handle on the velocity distribution f(v), not
Maxwellian

* Phenomenological formulas are available but f(v) should be
measured (neutrino telescopes are in a unique position to do that!)
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Self-consistent f(v)
® 6-dimensional phase-space density f(x,v)

_ [ f(x,v)d*x

fv) p(x)

o) = [ Fxv)dty

® |f halo is spherical and the velocity distribution isotropic, the phase-
space only depends on the energy f(E)
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® Once the gravitational potential is fixed, f(E) can be determined
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Self-consistent f(v) o P
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