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Motivatioh

| °ACDM fails, to explaln observed propertles of galax1es and
| cluster of galax}ps - | o

. Pl -

°Mlssmg Satelhtes Problem g7 :
~ *Cores vs Cusps

*Pure Disk Galaxies

.Whéi#e_.kis_ the WIMP.A‘?E"I_ o



i aa’ 3 * Motivation

'Warm dark matter. (WDM) provides the best alternative”to cold dark matter
(CDM) candldates since it can be tested with astrophys1cal observatlons on
small scales whereﬂ'le €DM.model Is-challenged . gy

*WDM has a non- neghglble Veloelty d1spers10n which dampens the small scale
fluctuation spectrunr and sets a phase space 11m1t to cosmic structures 2
*More recently we have seen renewed interest in warm dark matter'since a
candidate may ‘occur naturally within- extensions to the standard model of :
particle phys1es | ' |

*The ster11e neutrine can explain some key phys1ca1 phenomena including
neutrino oselllatlons the dark matter and the baryon asymmetry of the universe.



Simulating the Warm Dark Matter - The Challenges
How to treat the particles?
How to cut the power speetrum‘?
What about Velpcrtles ? The 1mpact of Ve1001ty dlsperson
How to compare WDM SImS w1th CDM sims and observatrons :
_Resolution and softemng | ’ |
Fragmentatlon
Structure formation and its hidden treasures

Halo 1nternal structure

The trustworthy faetor and the catch’ 22
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“Simulating the WDM...

P(K) = k" *T2(k,z) n~1

f-_.li' DM
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Figure 1. Three snapshots of different simulations at redshift =z = 0. CDM, WDM3 and WDM4 are shown from left to right.

Table 1. Details of the simulations

Label particle mass yelocities 5 I 5 softe ] halo me
CDM D 40 : B 2.6 % 1073 7 x 101

7 % 1011
7w 1011
7 % 1011

WIDNMI1
WDM2
WDM3
W4

LD b b b

WIDMS5 o : ] 103 1013
WDM6G 200 eV 200 eV 42.5 3003 0.66 % 10—3 1013
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b A-ssump’rion_s in determining the core radius:

. - i

| *Iso’rhermal spheres

“ALiouville = Phase space densu’ry (PSD) is"
conserved =

APauli exclusuon prmcuple

APSD constant as mixing occurs | |
A Velocity dispersion in central halo constant”
Aﬁ[ﬁ)ensn‘ry profile in central hgjpi: constant
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Constraints on the core radius of Fornax as a function of the
central phase-space density and maximum circular veIOC|ty derived
from the velocity dispersion proflle -
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Figure 1. Comparison betwesn core size in simulations {open
symbols) and the theoretical expectation for a M 1082 A
halo (solid line). The dashed horizontal line is the gravitational
softening of our simulations. All points below this line should be

iz a linear fit to the simulation results.
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Figure 2. Expectad core size for the typical dark matter mass
of Milky Way satellites as a function of the WDM mass m,,. The
shaded area takes into account possible different valoes of the
local density parameter 015 < [im < 06, The wertical dashed
line shows the current limits on the WDM mass from large scale
strecture observations.
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How to cook a big core...

Simulations of CDM-+gas+AGN feedback+star formation fine-tuned

If one tunes it for solv'i'ng the missing satél’lite_s problem looses the core
_and vice-versa . |

Another Catch 22 SN el

| Unfortunat_e,ly,_proper-' KeV -simulations+baryons haven't been performed yet. "

The formation of disc galaxies in high resolution
moving-mesh cosmological simulations

' . . "-_:l - . T i~ - ':
Federico Marinaccil?, Riidiger Pakmor! and Volker Springel!:?

1118 Hei ETTIATLY

y
ELRET], (rETTRANY

<<There is ‘no" evidence for any dark matter core formation in our simulations,
even so they include repeated baryonic outflows by supernova-driven winds and
black hole quasar feedback.>> ; '



Fermionic warm dark matter produces galaxy cores in the

observed scales because of quantum mechanics

C. Destn®, H. I. de Vega®*!, N. G. Sanchez"

= Diparimante o Fizica . Occhialing Unheersist Wilama-Bicocca and INFI, secione df Milane-Bicocca, Piazza deila
Scienza 3, 226 Milme, Falia.
LI PTHE, Univarsite Piavre er Warie Curde (Paris TT), Labormioire Arsocie ou ONRS UME 73588 Tour 13-14, déme. &
Jame. ¢rxee, Bome 126, 4, Place Jussieu, 75252 Paris, Cedex 00, France
“Qbnervrieire de Poris, LERMW A, Faboratoine Associé au CNRS UMRE 5112, 41, Avenue de ["Observatoire, 75014 Raris,
France

Abstract

We derive the mam physical galaxy properties: mass, hale radius, phase space denzity and veloc-
ity dispersion from a semiclassical gravitational approach in which fermionie WD 1= treated
gquantum mechamecally. They tum out to be fully compatble with observations. The Pauh Prin-
ciple implies for the fermionic DM phase-space density {7 = o)/ () the quantum bound
2 < K m*/K, where m is the DM particle mass, o{#} is the DM velocity dispersion and E
15 a pure mumber of order one which we estmate. Cusped profiles from N-body galaxy simm-
lations produce a divergent (M) at r = 0 violatmg this quantum bound. The combination of
this guantum bound with the behaviour of O{r) from smmulations, the vinal theorem and galaxy
observational data on {F implies lower bounds on the halo radms and a mimimal distance rg,
from the centre at whach classical galaxy dynamies for DM fermions breaks down. For WD,
¥y trms to be m the parsec scale. For cold dark matter (CDR). rpy 15 between dozens of kilo-
meters and a few meters, astronomically compatible with zero. For hot dark matter (HDM), raus
15 from the kpe to the Mpe. In summary, thas guantum bound rules out the presence of zalaxy
cusps for fermiome WDIM., in agreement with astronomical obhservations, whach show that the
DM halos are cored. We show that compact dwarf zalaxies are natural quantom macroscopic ob-
jects supported aganst gravity by the fermiome WDA guantum pressure {quantum degenerate
fermions) with a mmmmal galaxy mass and minimal velecity dispersion. Cuantum mechanical
caleculafions which fulfil the Pauli pnineiple become necessary to compute galaxy structures at
kpe scales and below. Classical N-body simulations are not valid at scales below rawe. We apply
the Thomas-Ferm semiclassical approach to fermionic WDM galaxies, we resolve 1t numen-
cally and find the phy=ical galaxy magnitudes: muass, halo radms, phase-space density, velocty
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Mildly non=linear regions at z=3 in CDM dnd WDM (200ey)
i.e. overdensities between 1 and 5 w.r.1. mean

_—



Virialiséd-'~regions-af z=3 in CDM and WDM (éOOev)
i.e. overdensities higher than 100 w.r.t. mean

_—
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(CONCLUSIONS and COMPLICATIONS

A Formatlon of haloes in WDM models dlffers from CDM. Top-Down, Hlerarchlcal
Grid Down. Lookmg at high-redshift galax1es for T-D memory.

"a The exact recipe for. structure formatlon seems to depend only on the ‘topology”’of
“the environment - . .

¥ Q uantum Pressur_e.,*Baryons and theif-physics

~ A The finite initial fine grained PSD is also a maximum.of coarse grained PSD.

A The turn over in PSD results in constant density core 'with characterisﬁé siZe';'

A Spurious fragmentation below the free streammg scale hard to overcome — 1n case
of infinite resolution a filament collapses into a two: d1mens1onal line

$$ Adaptive softening?

R

A Warm dark matter haloes contain visible ca_ﬁsﬁcs and shells.
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