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Decoding the identity of the dark
matter from Milky Way data
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@ B€C L | The cosmic power spectrum: from
the CMB to the 2dFGRS
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The v minimal standard model

* Neutrino Minimal Standard Model (vIVISM) proposed
to explain neutrino masses (Asaka & Shaposhnikov ’05)

* Adds three sterile neutrinos to the SM. The lightest of
these would be the dark matter
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the CMB to the 2dFGRS
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Astrophysical key to identity of dark matter:

Subgalactic scales

( )

Constraints from (mildly non-linear) Ly-o. forest -~ Mateo Viel's talk







Cold Dark Matter Warm Dark Matter

13.4 billion years ago




cold dark matter warm dark matter
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Lovell, Eke, Frenk, Gao, Jenkins, Wang, White, Theuns,
Boyarski & Ruchayskiy ‘12




@ICC Warm DM: different v mass
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+JBECE N-body simulations: CDM vs WDM

University of Durham

Simulations make 2 important predictions on galactic scales:

® Large number of self-bound substructures (10% of mass) survive

*The main halo and its subhalos have “cuspy” density profiles

® Far fewer self-bound substructures (5% of mass) survive

® Main halo profile identical to CDM; subhalos still “cuspy” but less
concentrated than in CDM
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The DM halos of dwarf spheroidals

University of Durham
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Inferred density profiles
for 6 dwarf spheroidals

“...dark matter forms cored
mass distributions, with a
core scale length of greater

than about 100pc...”

“... (keV) sterile neutrino particles have been discussed as relevant in
just the spatial and density range we have derived here.”
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l*; Core radii in WDM halos

University of Durham

The thermal velocities of WDM particles induce cores

see Shaun Cole’s talk

C
Phase space arguments ->: 7, = L

7 \2 1/2 1/2
I_:fs m.c O 8
(S.ZkeV) (km/s) (2)

core radius

For mypy> 1.5 keV, the core radii in WDM models are of 10
times smaller than the values derived by Gilmore etal '07!

= core radii and NOT relevant in WDM models

Shao, Gao, Theuns, Frenk ’13

& Maccio et al ‘12

Institute for Computational Cosmology




+JBCC | The DM halos of dwarf spheroidals
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But what about these?
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Milky Way Dwarfs
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Milky Way Dwarfs

with a 3D profile of the form:
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Dwarf sphs: cores or cusps?
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1JBECE | The DM halo of the Sculptor dwarf
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niversity of Durham

The DM halo of the Sculptor dwarf

Strigari, Frenk & White ‘13

When sufficiently general models for p.(r), o(r) are considered, do
Sculptor data require a core or could they be consistent with NFW?

Fits to Sculptor metal-rich & metal-poor populations assuming NFW
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1 BCC |The DM halo of the Sculptor dwarf

niversity of Durham

Strigari, Frenk & White ‘13

When sufficiently general models for p.(r), o(r) are considered, are
the Sculptor data consistent with NFW?
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Cores or cusps in the dwarf
sph. satellites of the MW?




+JBECE N-body simulations: CDM vs WDM

University of Durham

Simulations make 2 important predictions on galactic scales:

® Large number of self-bound substructures (10% of mass) survive

*The main halo and its subhalos have “cuspy” density profiles

® Far fewer self-bound substructures (5% of mass) survive

® Main halo profile identical to CDM; subhalos still “cuspy” but less
concentrated than in CDM
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The mass function of substructures

Subhalo mass function

WDM
— 2.3 keV
— 2.0 keV
~— 1.6 keV
— 1.4 keV
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How can we distinguish between CDM & WDM ?




HEPEM Cosmology on small scales




The satellites of the Milky Way

~25 satellites known
in the MW

100,000 light years
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Making a galaxy in a small halo is hard because:

- Early reionization heats gas above T,

VIr
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@ T D Luminosity Function of Local
Universty of Duhan Group Satellites
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HEPEM Cosmology on small scales







Rotation curves of Aquarius subhalos

Boylan-Kolchin et al. “11
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€@ | Number of massive subhalos

niversity of Durham

Number of massive
subhalos increases
rapidly with halo mass

- Milky Way halo mass
cannot be too large if
CDM is right!

Wang, Frenk, Navarro, Gao ‘12
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+JBECE |Probability of massive subhalos
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HEPEM Cosmology on small scales

How about WDM?
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Lovell, Eke, Frenk, Gao,
Jenkins, Wang, White, Theuns,
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HEPEM Cosmology on small scales

How about WDM?




Tests of the nature of the DM

cold dark matter warm dark matter

Lovell, Eke, Frenk, Gao, Jenkins, Wang, White, Theuns,
Boyarski & Ruchayskiy ‘12




Luminosity Function of Local
Group Satellites in WDM
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Luminosity Function of Local
Group Satellites in WDM
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Limits on WDM particle mass

Institute for Computational Cosmology




Limits on WDM particle mass

University of Durham
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+JBECL |Estimates of the MW halo mass

University of Durham

— Li & White = Moo= 2.4x10"2Mo; Ma20o > 8x10" M, at 95% CL

— Guo et al > 8x10" Mo < M2oo
— Deason et al 9< M1s0kpc < 1X1072 Mo

— Xue et al 2 8x10" Mo < M100 < 1.3x10'2 Mo

— Battaglia et al > 6x10" Mo < M10o < 3x10"2 Mo

Institute for Computational Cosmology




;? Constraints on CDM & WDM from
University of Durham th e M'Iky Way sg te||| tes

With our standard assumptions: at 95% confidence

Ruled out unless M, ,, < 1.5 x 1072

0]

(from abundance of massive satellites)

Ruled out unless M, ,,, > 1.2 x 10"2M,

(from abundance of satellites)

halo

From X-ray decay limit, for resonantly produced sterile vs
- need mypy < 5keVand M, > 1.4 x 10'2M,
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The cores of dwarf galaxy haloes
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ABSTRACT

We use N-body simulations to examine the effects of mass outflows on the density
profiles of cold dark matter (CDM) haloes surrounding dwarf galaxies. In particular,
we investigate the consequences of supernova-driven winds that expel a large
fraction of the baryonic component from a dwarf galaxy disc after a vigorous episode
of star formation. We show that this sudden loss of mass leads to the formation of
a core in the dark matter density profile, although the original halo is modelled by
a coreless (Hernquist) profile. The core radius thus created is a sensitive function of
the mass and radius of the baryonic disc being blown up. The loss of a disc with mass
and size consistent with primordial nucleosynthesis constraints and angular
momentum considerations imprints a core radius that is only a small fraction of the
original scalelength of the halo. These small perturbations are, however, enough to
reconcile the rotation curves of dwarf irregulars with the density profiles of haloes

formed in the standard CDM scenario.




CC Baryon effects in the MW satellites

e
RC o
E Y
B 2
&
¥

University of Durham

The cores of dwarf galaxy haloes L75
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The dot-dashed line is the equilibrium profile of the 10 000-particle realization of the Hernquist model run in isolation at =200. (a)

Pontzen & Governato ‘12 Me=02. (b) My =0.1. (c) M, =0.05.
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Cores in dwarf galaxies
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The satellites of the Milky Wa

SPH simulations of galaxy formation in
three Aquarius halos
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- gas simulations |
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Parry, Eke, Frenk & Okamoto ‘11




v B | Baryon effects in the MW satellites
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on effects in the MW satellites

Subhalo 33




Baryon effects = unlikely in dwarf satellite gals

either:
they are tidally disrupted (

or there is are not enough SNe (




‘t-?i-*s DM & sats of the MW: conclusions

* The core radii in WWDM halos are tiny - not astrophysically relevant

* There is no evidence for cores in the dwarf sph sats of the MW

* Abundance and kinematics of MW sats set strong constraints
on nature of dark matter

Sat Lum Fn Massive sats Comments
CDM OK M. <1.5x1072 M, UrMgss on
effec@ffeduce
cepifal Sity
WDM  M,0> 1.2x10%2 M, OK Predicted to have
very small core radi




