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I\/Iotivatio'r":):
ACDM fails to explaln observed properties - of gaIaXIes and
cluster of gaIaX|es~ s
-Missing ‘Satd‘li;f_fés"’Problem - -
- _Cores Vs G-U:SPSf-" %9 -
Pure Disk Galaxies
-Merger-free galaxies

Where is the WIMP? £ 5 % -



Motivatioh

s

Warm dark NEUCE (WDM) provides the best alternative*ta cold-dark matter
(CDM) candldates since- it can be tested with astrophysmal observations on
small scales where!he CDM. model-ls-challenged j R O

WDM has a non- negllglble velocity dlspersmn which dampens the smaII scale
fluctuatlon spectrum and sets a phase space limit to cosmic structures _' ' -
.More recently we have seen renewed interest in warm dark'matter since a
candidate may ‘occur naturally W|th|n extensions to the standard model of -
particle physics. -

-The sterile neutrino. can explain some key phy's-ijcé[ phenomena including
neutrino oscillations, the dark matter and the bakyon asymmetry of the universe.



Simulating the Warm Dark Matter - The Challenges

How to treat the particles?

How to cut the power spectrum? A

What about ve}pmtles ¥ The |mpact of veIOC|ty dlsperson
How to compare WDM sims with CDM sims and observatlons
_Resolution and softenlng i
Fragmentation

Structure formation and itshidden treasures
Halo internal structure 23
The trustworthy factor and the catch’22
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"Simulating the WDM...
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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 1=k WK HiEe no.of particles {r200) halo mass  rapp ( kpe)

CDM o 40 Mpe &0° 2.6 % 1073 160

140
140

WIDNMI1
WDM2
WDM3
W4

Sy Ny E

=

WDMS
WDMG
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£ A'ssump’rior_\,fs‘ in determining the core radius:

s -

- -

AIsoTher'mal 5pher'es | V
“iLiouyille - Phase space densu’ry (PSD) is conser'ved‘
«Pauli excluslon prmcnple ' |
PSD cons’ran’r as mixing occurs -
.Velocity dispersion in central halo = cons’ranT

ADensﬁry profnle in central halo = consTanT

N el
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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 veIOC|ty dispersion proflle
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Figure 4. Phase space densmity profile
WDMS models at = =1L

Cores in warm dark matter haloes: a

Andrea V. Maccid,'* Sinziana Paduroiu,® D
and Ben Moore”
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Figure 3. “Phase-space density” (PSD) profiles of the same
haloes shown in Figure 1, calculated using p/o.
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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 solving the missing satellites problem looses the core
‘and vice-versa = f |
Another Catch 22, # . B

- Unfortunately, pr"oper.erV simUIations+baryons haven‘t been performed yet. |

The formation of disc galaxies in high resolution
moving-mesh cc:-s-anu:rh:rglcal simulations

. . .19 . - ~ . y
Federico Marinaccil?, Riidiger Pakmor! and Volker Springel!+?
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<<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. 1. de Vega®™"!, N. G. Sanchez"

o Diiparamente & Fitiea &, Occhigling Uhiersit Molano-Bicocea and INFN. sezione &f Wilamoe-Bicocce, Piazza deila
Scierea 3, 20026 Milme, Talia.
I PTHE, Universite Pierre er Marie Curde (Paris FI), Loboratoire drsacie au CNRS UME 7389, Tour 13-14, 4éme. &
Jeme. ¢nrse, Bonte 1246, 4, Place Jussieu, 75232 Paris, Cedex 07, France
“Qbsenaioire de Poris, LERM A, Laboraiodre Avsech au CNES UMR 5112, 41, Avenus de I"Odcervaraire, 75014 Raris,
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Abstract

We derve the mam physical galaxy properties: mass, halo radius, phase space density and veloc-
ity dispersion from a semiclassical grasntafional approach in which fermionic WDM 15 treated
guanfum mechamically, They tum out to be fully compatible with ebservations. The Pauh Prin-
ciple implies for the fermionic DM phase-space density {7} = p(F)/ = (7) the quantum bound
27} < E m*/ 1, where m is the DM particle mass, () is the DM velocity dispersion and E
15 a pure pumber of order one which we estmate. Cusped profiles from N-body galaxy simoan-
lations produce a divergent (N7} at r = 0 violatng this quantum bound. The combination of
this quantum bound with the behaviour of Ofr) from spmulations, the vinal theorem and galaxy
observational data on O imphes lower bounds on the halo radms and a minimal distance
from the centre at which classical galaxy dynamaes for DM fermions breaks down. For WD
¥pun TS to be m the parsec scale. For cold dark matter (COM), rpy 15 between dozens of kilo-
meters and a few meters, astronomically compatble with zero. For hot dark matter (HDM), raun
15 from the kpe to the Mpe. In summary, this quantum bound rules out the presence of galaxy
cusps for fermiome WDM, 1n agreement with astronemical observations, which show that the
DM halos are cored. We show that compact dwarf zalaxies are natural quantum macroscopic ob-
jects supported agamst gravity by the fermiome WD quanfum pressure {quantum degenerate
fermions) with 3 mmmmal galaxy mass and monimal velocity dispersion. Chiantum mechameal
caleulafions which fulfil the Pauli pninciple become necessary to compute galaxy stuctares at
kpe scales and below. Classical N-body simulations are not valid at scales below rewm. We apply
the Thomas-Fermm semiclassical approach to fermionie WDM galaxies, we resolve it numen-
cally and find the phy=ical galaxy magnitudes: mass, halo radms, phase-space den=aity, velooty
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Mildly hoh;lin’e_ar' regions at z=3 in CDM d"nd WDM (200ev)
i.e. overdensities between 1 and 5 w.r.t. m_ean
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Vir'ialiséd ’.regions at z=3 in CDM and WDM (éOOev)
I.e. overdensities higher than 100 w.r._T.-mean
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_ Why velocities?
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Miller 19'64"4 Tracks.of the
separation of phase points
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Label
CDM
WDM1
WDM2
WDM3
WDMA4

particle mass

200 eV
200 eV
1 KeV
1 KeV

velocities

no

no
200 eV

no

1KeV

&L

hax size
40 Mpc/h
40 Mpc/h

40 Mpc/h
40 Mpc/h
40 Mpc/h

no.of particles
300+
300
300°
3002
3002

Simulations detalls 2. 72x105 \Y/ partlcle
355 pc spllne gravitational softening
- WMAP7 cosmological parameters
z=100 initial redshift

highest density
critical
4.77el2
4.81e02
4.80e02
4.74e02

average density
critical
2.64e-1

Label size first collapse

- b ¥

lu.avi 4.88

_‘Illl 1
A ||_'-I_-1

ri.avi 4.18
rd.avi 4.64

1d. avi 4.18 2.58e-1




During the early stages one sees ’rhe for'ma’rlon of well con’rour'ed
fllamenTs

In the h| her densn’ry regions, usually sn’rua’red at the intersection of
,such fllamen’rs the first halos ‘@are formed through gravitational
“collapse. These halos continue growing into Iar'ger ones by accreting
- particles from ’rhe dlsrup’red fulamen’rs o

“In medium densﬁy reglons haloes show a huerarchlcal formation
~trend. Small haloes collapse flr's’r and then merge into bigger haloes

‘In less dense reglons the ‘ones isolated by voids and have a very
slow evolution, we have observed filaments that .collapse very late.
The top down formed “halo- survives wu‘rhou‘r any mer'gers until
redshift zero.

Finally.there is the more complex scenarro in whlch we observe large
haloes formed earlier which merge ’roge’rher'



The mowies...
~ obswww.unige.ch/~paduroiu
on demand
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'CONCLUSIONS and COMPLICATIONS

.+ Formation of haloes in WDM models differs from CDM. Top-Down, Hierarchical,
Grid Down. _Looking at high.redshift galaxies for T-D memory.

The exact recipe for structure formatlon seems to depend only on the “topology”of
the environment® .

£+ Q uantum Pressure,,Baryons and theu;,physu:s

.+ _The finite initial fin,e grained PSD is also a‘maximum of coarse grained PSD.

. The turn over in PSD results in constant density core.with characteristic size;

. Spurious fragmentation below the free streaming scale hard to overcome —*in case
of infinite resolution a filament collapses into a two dlmen5|onal line

$3$ Adaptive softening?

s Warrﬁ dark matter haloes-contain visible caustité and shells.






