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Dark matter and its altern

O Something missing O DM particles candidates
" Dark matter particles = WIMPS, Axions
" MOdlfy graVity: MOND (TeVeS), f(R) " Gterile neutrinos
" MACHOS " Gravitinos
" Primordial black holes
O General classification of DM O DM is expected to be:
" Hot dark matter (eV fermions) = Non relativistic
" Cold dark matter " Non barionic

" Warm dark matter (keV Fermions) ® Stable
" Self-interacting dark matter
" Scalar field DM: Fuzzy (~ 107?%eV)

This work: DM + keV fermions (eg. Sterile neutrinos)



Astrophysical Constrain

Rotation curves of galaxies: Dark matter component is
required in order to reproduce data coming from Hl.

Distribution of dark matter in galaxies: One of the best
observational test of DM is likely to be in the dark matter
distribution of faint dwarf galaxies: Projected velocity dispersion

Galaxy satellites around the MW: Missing problem and
tOO b|g tO fa” Y/G.‘amma-rays
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Gamma-ray excess: indirect dark matter (W
searches by surveying a wide variety of MZVHLT?JEQEB@\ _
astrophysical sources and probing FarTORL = Sayl ¥ s
astrophysical processes that could reveal clues N s
to the nature of dark matter “1\

+afew p/p, d/d
Anti-matter

Strong lensing in
galaxies: deflection
of light due to the

mass distribution




Il. The fermionic DM distrib

O For self-gravitating fermions the equation of state reads

= %m/ fe(p) (1 + %) d’p,

1+e (p)/2mc?
c d’p,
3h3/ Jelp 1—|—e (p)/mc? b

O The phase space distribution function including the energy cutoff
is defined as follows:

1_e(€e—€c)/kT
fe(p) = efe—u)/k:T € < €.
0 € > €.

e =/ 2p2 + m2ct — me?.
O The spherically symmetric space-time is described by the metric

L =diag(e’, —e*, —r?, —r?sin?¢),
9gu g



The Einstein equations

O The Einstein equations can be O Thermodynamic equilibrium
written as conditions and energy

v : NI + A PF3 conservation

dr #2(1—2M/7)

d9  1—Bo(0—6y) M +4nPr?

i Bo #2(1 — 2N /7))

dM
— = 472 ),
dr

.
Y

e"/?T = const.,

e’’%(1n + mc?) = const.,

e’’%(¢ + mc?) = const.

O The model parameters are defined as
B=kT/mc* 6=u/kT, W =e./kT.

There is a particle mass dependent in this prescription!



The DM distribution in the M

O [nitial condition values
M(0) =0, »(0)=0, 6(0)=6, B(0)=0, W(0)=Wy
O boundary halo conditions:
vir=rp) =1v, Blr=ry) =05, Wr=mn)=0.
M, =9x10" My, 7, =20kpc.

DM halo + Compact object
O Rotation curve: DM distribution
v = \/vg(r) + 02 (r) 4+ 05, (r).

O Central compact object: S-star
cluster dynamic

M, =4.2 x 10° Mg,

rp, ~ 0.08 mpc. -




Astrophyscial constraints from
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Quantum core alterna

O The RAR model predicts: Arguelles et. at. (2016)
Dwarfs: M), = 2.7 x 10" Mg, 1, = 4.6 x 10° pc,
Ellipticals: M), =5 x 10" M, r, =9 x 10* pc.
m ~ 50 keV : M, € (3.8 x 10°My,2.2 x 10°My).

O Empirical correlations for galaxies: M, — Mpp, Me — 0 % .

O Compact core alternative: galaxies
without active galactic nuclei
(AGN)

Black hole

0 SMBH: 10”0
BH-seed formation: Collapse+accretion

Accretion disk

Torus of neutral
gas and dust




I1l. Some applications

Local Group
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Phase space density

1. The phase space density: Liouville Theorem

x x

O Colisionless disipationless

dynamics can only lead to the

decrease of the coarse-grained
phase-space density

O The smaller is the DM mass - the bigger
is the number of particles in a given DM-
dominated object.

O Objects with highest phase-space
density: dwarf spheroidal
galaxies

Image Credit: ESO 2



Phase space density approachg

0O ; obs TiMm 4 9(27Th)3
Tremaine-Gunn bound: Q°° < QP™"™. M > 25 2gGor?
m)?/2gGorg

It uses a singular
isothermal sphere

For the RAR model the fermion
mass is constrained directly from
the observed PSD.

QObS —) m:? ——

0
(v2)3/2

O Hogan and Dacalton averaged PSD: () =

gm* [ f(p) 5/2 _ gm?
27h)3 [ f(p) 2d3 [3/2 (27h)3

\_Y_q)

Q= q.
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Fermionic phase space densi
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O Expected core size in dSph MW

galaxies: a hundred pc (Walker 2009)

O Lyman-alpha forest constraint:
m>5.3 keV (Irsic et al. 2017)

O Large scale structure:
m>2 keV
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Catch 22 problem for WDM: “if you want a large

=== COre you won't get the galaxy, if you get the

(2013).

S ——

galaxy it won't have a large core.” Maccio et al.
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Some applications to dwarf

2. The projected velocity dispersion

Jean Equation:
1d BUQ

I

Stellar distribution: Mass profile of DM
O Plummer profile O The RAR model
i L 1 O Hernquist (Cored)
(R) = T [1+ (B/Thaie)?]?

o .
57 ) Pseudo isothermal

" 4 U+ (e )22

2 [ 2
O‘%OS(R) = mL (1_57“2) 7/.2_‘R2Cl’r.




The density profile
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The mass distribution
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OS Velocity dispersion
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LOS Velocity dispersion
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Phase space density for Sculp
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Observed phase space densit
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Conclusions and perpecti

O It was computed the PSD of dSph galaxies with a m> 10 keV being
in agreement with:

bk b

6.

One-halo length scale

Core halo structure

PSD Conservation (Liouville’s theorem)

Observed PSD in dSph MW galaxies

Lower mass bound set by Lyman-alpha forest (m>5.3 keV)
The projected velocity dispersion profile

O The fermion mass was inferred by observations and NOT from PSD
arguments.

O There is not Catch 22 problem within the RAR model.

O Put the RAR model in the context of structure formation: missing
satellite problem.

O Consider further kinematical data of dwarf galaxies of the local
group. 2
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