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Halo internal structure 23
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Bode, Ostr-ik-e'r' &‘Tur_ok 2001

Assumptions: entropy production &,n.egligAibIe‘chemical potential
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Different Assumptions:

** number conservation

* non-entropy production

* quantum pressure

. sthermalization caused by an exchange potential
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"Simulating the WDM...
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Structure formation in warm dark matter cosmologies
Top-Bottom Upside-Down
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ABSTRACT

The damping on the fluctuation spectrum amd the presence of thermal velocities s
propertics of warm dark matter particles like storils noutrines imprint & distinet =ig-
neture found from the structure formation mechanisms to the intermal structures of
halos. Using warm dark matter simulations we explore these effects on the structure
formation for different perticle energics and we find that the formetion of structure
iz more complex than originally assumed, & combination of top-down collapse and
hierarchical {bottom-up) clustering on multiple scales. The degree on which one see-
nerio is more prominent with respect to the other depends globally on the encrgy of
the particle and locelly on the morpholory snd architecture of the anslyeed region.
The presence of shells and ceustics in warm derk matter halos 5 another important
offect seon in simulations. Furthermore we diseoss the impect of thermal veloeities o
the structure formation from theoretical considerstions as well sz from the analy
ting the
valocity dispersion for warm dark metter particles that have been adopted in pre-
vious works for more than s decade and we give an independoent estimation for the
velocitios. We identify some inconsistencies in previows published results. The relation
hotween the warm derk matter particle mass and its corresponding velocity dispersion
iz strongly model dependent, hones the constraints on particls mess from simuolation
results are weak. Finally, we review the technical difficulties that arise in werm dark
metter simulations along with possible improvements of the methods.




Mildly non=linear regions at z=3 in CDM

i.e. overdensities be’rwee_n 1 and 5 w.r.t.
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-+ The moyies...
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Hybrid mechanism of structure formation

During the ear‘ly s’rages one sees the for'ma’rlon of well contoured
fllamen‘rs

&, In ‘rhe hlgher densn’ry regions, usually situated at the intersection of
~such filaments,” the first halos are formed through gravitational

collapse. These halos continue growing into Icrrger' ones by accreting
particles from»‘rH"e disrupted fitaments.

*.In meduum densu'ry regions, haloes show a hler'ar'chlcal formation
“trend. Small-haloes collapse first and then mer'ge into blgger' haloes '

In less dense regions, 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 mergers until
redshlf‘r zero.

Fmally there is the-more complex scenario in which we observe lar'ge
haloes formed earlier which merge m‘ro clusters.

—
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£ A'ssump‘rionfs‘ in determining the core radius:

s -

- -

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

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

Strigari et al 2006 T = = ah




Cores in warm dark matter haloes: a Catch 22 problem

Andrea V. Maceid!*, Sinziana Paduroiu?, Donnino Anderhalden®
Aurel Schneider®, Ben Moore®

' Moz Planck-Insifute for Astronomy, Kéonigsfubd 17, D-62017 Heidelberg, Germang
* Geneva Observafory, University of Ceneva, OH- 1250 Sauverny, Switzerland

' Institute for Theoretical Physics, University of Zdrich, CH-8057 Zdnich, Switzerlond
11 May 3012

ABSTRACT

The free streaming of warm dark matter particles dampens the fuctustion spec-
trum, fattens the mass function of haloes and zet a fine grained phase density hmit
for dark matter structures. The phase space densmty limit 15 expected to imprint a
constant density core at the halo center on the contrary to what happens for cold
dark matter. We explore these effects using high resolution stmulations of structure
formation in different warm dark matter scenanos. We find that the size of the core we
obtain in simulated haloes 1= 1o good apgreement with theoretical expectations based
on Liouville's theorem. However, our simulations show that in order to create a signif-
icant core, (T. ~ 1 kpe), in a dwarf galaxy (M ~ 10'9M ), a thermal candidate with &
mass as low as 0.1 keV 15 required. This would fully prevent the formation of the dwarf
ralaxy in the first place. For candidates satisfving large scale structure constrains (m,,
larger than 22 1 — 2 keV') the expected size of the core is of the order of 10 (20) pe for
a dark matter halo with a mass of 100" (10%) Mz We conclude that “standard” warm
dark matter = not viable solution for explamming the presence of cored density profiles
in low mass galaxies.

Key words:
Dark matter: N-body simulations — galaxies, haloes,
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Figure 4. Phase space density profile for the CDM, WDM3 and
WDMS models at =z =1L
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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 loses the core
“and vice-versa = f o |
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
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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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CONCLUSIONS and COI\/IPLICATIONS

Formation of haloes in WDM models differs from CDM.
Hybrid mechamsm - Top-Down & H|erarch|cal long distance & nearest neighbours
Looking at high redshift gaIaX|es for T-D memory.

+ The exact recipe for structure formation seeTns to depend onIy on the morphology and
~ architecture of the enVironment

£+ Quantum Pressure* Baryons and their phyS|cs

Warm dark matter haloes contain visible CauStics and shells.

_ The finite initialfine grained PSD is also-a maximum of coarse grained.._BSD, e
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 dimen5|onal line

$$ Adaptive softening?

- » , R e :
The velocity disp_ersion is crucial in describing warm dark matter particles!
There is no universal one to one correspondence between mass and thermal velocity
Mass constraints on the particle’s mass, are not acctlrate






