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|. Dark Matter Simulations: The State Of The Art

VIA LACTEA Il (Diemand et al. 2008) AQUARIUS A-1 (Springel et al. 2008)
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Once appropriately scaled,
VL-Il, GHALO, and Aquarius
agree with each other.




Comparison with Bolshoi simulation
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Some differences remain, e.g. in the radial distribution of subhalos.

T T
| I
VLIT GHALO.
| |
102:_ = | _:103 100_002. T ‘|‘
F | [ E !
[ | 1 Faee |
beveenn . | ! |
[ | | 10.00 I 3
A | | ‘g E |
§ 1of 1 130y '
~ F | | Y 2 [ !
E 1 | C v 1.00 .
A 2lan/s < Vi, < 5km/s ] | . = TTE e Mg< M, < 10° Mg g !
5lm/s < Vo, < 10km/s I I = Foo10f Mg<M,, <10 Mg I
| | r o< M,y Mg
g 10 ]ﬂn/:s < vm_, < 17km/s = R 10" Mge M, < 10° Mg I}
17 /s < Ve < 25km/s 1] 1] 0.10F | Mg< M, <10° Mg !
25 lan/s < Vo vl ] b c . :
F --- Springel et al. 2008 (MNRAS) . 7 [ !
o1l o . L N B L L ivdea 0011 vyl Ll T R
10 100 10 100 10 100 1000
r [kpe] r [kpc] o]

Possible explanations:
» Slightly different cosmology? 0,=0.76, n;=0.96 in VL2/GHALO
0,=0.9, n=1 in Aquarius
> Different subhalo finders? 6DFOF vs. SUBFIND
> Different sample selection? V__ vs. M




phost(r) ’ nsub(r)

o
M > 1.6x10° M, (6,003)

v (z=0) > 3.5 km/s (6,011)
peak(V,..) > 5.0 km/s (5,991)
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The subhalo radial distribution is
anti-biased with respect to the DM
density: fewer subhalos in the
center.

(cf. Ghigna et al. 2000; de Lucia et al. 2004)

Depends on how one selection:
* strongest for M(z=0)-selected,
» weaker for Vmax(z=0)-selected,

» disappears down to ~30 kpc for
peak(Vmax)-selected.

(cf. Nagai & Kravtsov 2005; Faltenbacher &
Diemand 2006)




Subhalo n(R) normalized with Bolshoi. The subhalo radial distribution is
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Velocity Space Substructure

Whereas previous simulations were almost completely smooth in the central region,
with VL-1l we resolve lots of subhalos and tidal streams even down to 8 kpc.
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Velocity Space Substructure

Whereas previous simulations were almost completely smooth in the central region,
- tidal streams even down to 8 kpc.

Phase Space Density

5318e-05 -

Dec. (deg. J2000)

1414606 .-

Grillmair & Dinatos (2
e e %
R.A. (deg, J2000)

| of Streams Belokurov et al. (2006)

Crphon
stream




Substructure Relevance for Direct Detection

Cryogenic phonon detection Liquid Xenon scintillation Directionally sensitive
(e.g. CDMS) detectors (e.g. Xenon100, LUX) (e.g. DRIFT, DMTPC)
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WIMP elastic nuclear
recoils deposit < 50keV
of energy at a rate 10 to
2x102 event/day/kg

= phonons, photons and
charge whose relative
proportions and /or
characteristics depend on
dE/dx = particle type
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Low-mass WIMPs 5-50GeV (with no coupling to Z9)

DAMA, CoGENT, CDMS, CRESST-Il, XENON10/100
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Low-mass WIMPs 5-50GeV (with |
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Substructure Relevance for Direct Detection

Directionally sensitive

Cryogenic phonon detection Liquid Xenon scintillation
(e.g. CDMS) detectors (e.g. Xenon100, LUX) (e.g. DRIFT, DMTPC)
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Substructure Relevance for Direct Detection

Cryogenic phonon detection Liquid Xenon scintillation Directionally sensitive
(e.g. CDMS) detectors (e.g. Xenon100, LUX) (e.g. DRIFT, DMTPC)
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Halo restframe Earth restframe (Summer)
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See also: Hansen et al. (2005), Vogelsberger et al. (2009)



Substructure Relevance for Direct Detection

Cryogenic phonon detection Liquid Xenon scintillation Directionally sensitive
(e.g. CDMS) detectors (e.g. Xenon100, LUX) (e.g. DRIFT, DMTPC)
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Substructures can be important if g

> Inelastic DM (6>0)
> Light DM (M,<10GeV)

» Directionally sensitive experiments often require high E,__;, large B,
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Maxwell-Boltzmann (isotropic) Spherical Shell (8 kpc <R <9 kpc)
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Maxwell-Boltzmann (isotropic) Spherical Shell (8 kpc <R <9 kpc)
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Maxwell-Boltzmann (isotropic) Spherical Shell (8 kpc <R <9 kpc)
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At v_. =500 km/s the hotspot is more than 10° away from the
direction of Earth's motion in ~80% of all cases!
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Conclusions

> The number of subhalos resolved in the to-date largest simulations (Via
Lactea I, GHALO, Aquarius) is ever increasing: >300,000 at latest count.

> The simulations indicate copious DM velocity substructure from subhalos
and tidal streams. Corresponding stellar streams are being discovered:
will there be a Missing Streams Problem?

> Velocity substructure in the DM distribution function might noticeably
affect DM direct detection experiments, especially for DM models or
experimental setups that are sensitive to high velocity DM particles: e.g.
Inelastic DM, light DM, directionally sensitive experiments.

> At high velocities (>500 km/s) the direction of incoming DM patrticles is
more than 10° away from the direction of Earth's motion in ~80% of all
cases!

> The annihilation boost factor from substructure depends on radius: at the
GC or at the Sun it's not likely to be important.
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