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Description of the simulation

i\ : Cosmological parameters :
-y o, - o Q=45%;02 =30%;02,=70%
: ‘t‘ ' Kl Includes DM, stars & gas. Full hydro with :

‘ - gas radiative cooling
¥4 - star formation

- SN feedback
- chemistry

code : AMR Ramses (R. Teyssier)
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Galactic disc and bulge

Stars




Comparison with Milky Way

DM halo mass 2.35x10%2 M,

Bulge mass 1.8x10*° M,

Disc mass 6.5x10° M,

Disc scale radius 3.5 kpc

I

Sofue, Honma, Omodaka 2008, arXiv:0811.0859

# | ow mass halo

* Bulge too fat - generic problems of
* Disctoosmall simulations with baryons
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Q1 : Is there a dark disk 1n
the Milky Way ?

Q2 : Does the dark disk affect
DM signals ?
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thick disk of DM co-rotating with the galactic disc of stars
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Dark Disk

* New DM component found (?) in cosmological N-body simulations :
thick disk of DM co-rotating with the galactic disc of stars

* Origin of dark disc and rotation :
Accreted DM from mergers, preferential drag towards galactic plane

# Characteristics depend on merger history and correlate with those of accreted stars

Ppp =0.25 ... 1.5 py,

Vigg = O ... 150 km/s

* Velocity dispersion : - small in controlled simulations o~ 50 km/s




Implications for searches

* Direct detection: -Enhanced signal @ low energy recoil
- Enhanced annual modulation

- Modulation phase : maximum occurs earlier

* |ndirect detection : - Enhanced capture in the Sun

- Enhanced capture in the Earth

—> Larger muon neutrino flux




Growth of galactic disk

* DM halos & galactic disks grow dominently by mergers with
M.,: My =1:10 Purcell et al. 2008, arXiv:0810.2785

* Dark disk : low inclination merger leads to a thick disk of DM

thin D
thick D

DH
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- Controlled simulations Read et al. 2008, arXiv:0803.2714



Read et al. 2009, arXiv:0902.0009

* Dark disk characteristics depend on merger history

—> Fully consistent cosmological hydrodynamics simulations
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# Thick disk : stars from the satellite halo settle in a thick disk of the host halo

* Comparison between accreted DM and accreted stars

0g.=59.24
Opam=107.04
Tpamsx=50.00

0.3F 04gmex=79.41

MW1
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Read et al. 2009, arXiv:0902.0009
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Comparison with Milky Way

— Controlled simulations
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= MW merger history must have been unusually quiescent
= Dark disk contribution small (<20% host halo density at Sun’s location)

— Velocity dispersion of accreted stars # final thick disk stars velocity dispersion

Purcell et al. 2009, arXiv:0906.5348



Velocity distributions

vo=1311;a=1
x?/dof = 31785.7/197

B)  u=2009
o =976
K=7.02

vo=896;a=1

w=270.,vo=30, f = 0.58
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b) u=0,v=250,f=0.75 vo=2146;a=1
x2/dof = 49.9/47

x2/dof = 102.9/49




Velocity wrt galactic center

vo= 2357 a = 1 Generalized Gaussian and
x?/dof = 617.6/48

Maxwellian distributions

Nshell = 16 500



Velocity wrt galactic center

Tsallis distribution

v0 = 265, g = 0.79
x?/dof = 53.0/47
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Velocity distributions 1ng = 2650

vo=1311;a=1
x?/dof = 31785.7/197
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Is there a Dark Disk ?

* Resolution is not sufficient to clearly disentangle a rotating dark disk from a static halo

* Velocity distributions compatible with mild dark disc

Ppp=0.25 (P + Ppp )

Vigg = 70 km/s

* Velocity dispersion: o~ 100 km/s

but platykurtic (K < 3) distributionsinrand z !!




Velocity wrt the Sun

Standard Maxwellian Halo :

v,=220km/s; a=1
oX = oy = 0Z = 155 km/s

Maxwellian
: Strong DD
SH + Strong Dark Disk : : , Mild DD
Vopp =70 km/s ; atpp =1
OXpp = OYpp = OZpp = 50 km/s L
vlag = 50 km/s %
Pop/Pr=1/1 2
<
Mild Dark Disk :

v, =300 km/s ;
ox=qy=az=2
> ox=o0y=o0z=175km/s

Vypp = 170 km/s

OXpp = &Ypp = AZpp = 2
> OXpp = OYpp = OZpp = 100 km/s
vlag = 70 km/s
Pop/Pr=1/3



Velocity wrt the Sun

Standard Maxwellian Halo :

v,=220km/s; a=1
oX = oy = 0Z = 155 km/s

: Strong DD
SH + Strong Dark Disk : Mild DD
Vopp =70 km/s ; atpp =1 N
OXpp = OYpp = OZpp = 50 km/s =
vlag = 50 km/s =
Pop/Py=1/1 E
<
Mild Dark Disk :

v, =300 km/s ;
ox=qy=qz=2
- ox=o0y=0z=175 km/s

Vypp = 170 km/s
OXpp = &Ypp = AZpp = 2

> OXpp = OYpp = OZpp = 100 km/s
vlag = 70 km/s

Ppo/Pr=1/3



Direct Detection - Event rate

: 7B WIMP
N WIND

w
Differential rate %Y ‘ ;
AN s

astrophysics

do M, ,(fZ+(A-2)1?)

F*(Eq)
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Annual modulation

Modulation of the Earth velocity

June
WIMP Wind Vi<
B

=Vg +Vg ¢ SiN y s ot —t,)

V@,G

December

t, =t +—+£arctan 2 ~151.5

20 @ V; -6

Modulation of the differential event rate

D(Eq t) =170 (Eg) +77,(Eq) ~2sin y cos at —t,)
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Annual modulation

Standard Halo
t,=152.5 > June 2"

Fast rotating Dark Disk
t,=131.5 2> May 12t

- 3 weeks earlier

DAMA (2 <Eee<6 keV): t, =144 7.5 (10) > May 24



DAMA S i g n a 1 Eur. Phys. J. C56: 333-355(2008) arXiv:0804.2741

DAMA/Nal (0‘29 tonEyr)—
(ta}‘get mass = 87‘3 kg)
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Di r\ec-t deteCt iOn Bruch et al. 2008, arXiv:0804.2896
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Exclusion limits

Mass [GeV/c?]



DAMA vs. Null experiments

Elastic scenario

Channeling region
little affected by
Dark Disk

DAMA vs. other
- no improvement
in compatibility
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Inelastic Dark Matter

D. Tucker-Smith and N. Weiner, Phys. Rev. D64, 043502(2001), arXiv:hep-
ph/0101138.
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Mgy = 50 Gev, 100 GeV, 10 TeV
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DAMA vs. Null experiments

Inelastic scenario
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Summary

* We have presented a recent cosmological hydrodynamics N-body simulation that
contains DM, stars and gas. The central part contains a Milky-Way sized galaxy with
a beautiful spiral disc. However, size and weight of galactic components (DM halo,
disc & bulge) still differ from MW expected values.

* The DM halo is oblate and co-rotates with the galactic disc. Local DM density at the
Sun’s location is around 0.4 GeV/cm3, compared to an average value of around
0.3 GeV/cm3 at a distance of 8 kpc from the GC.

* Resolution is not sufficient to disentangle the possible dark disk component.
Velocity distributions can be described as the sum of a static and fast rotating
iIsotropic components. Non-gaussianities are important.

* Mild effect of dark disc : fraction of slow moving particles (wrt the Sun) is only slightly
increased. Therefore, no strong boost in the event rate at low recoil energy
(direct detection), and in the capture rate in Earth or Sun (indirect detection).

* |Improvement of compatibility between DAMA and null experiments mainly due to
non-gaussianities, which is most relevant in the inelastic scattering scenario.
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Muon flux for Eﬂ>1 GeV -
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