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The observational evidence of Dark Matter

Large number of independent observations support DM hypothesis:

CMB, Galaxy rotation curves, Gravitational lensing of background sources , the
measured distribution of hot gas, dwarf spheroidals and the Bullet Cluster
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Small Scale Structure Formation Puzzles

Lambda—CDM model has challenges matching observations on small scales.

Too-big-to-fail problem

Core-cusp problem

!

Diversity problem

ESO/Digitized Sky Survey 2



Small Scale Structure Formation Puzzles

Possible solutions to these problems:

. Limitations to observations -
incomplete data.

. Uncertain baryonic physics

« Deviations from the CDM hypothesis 8 e

ESO/Digitized Sky Survey 2



Velocity dispersion and density profiles of

CDM and SIDM halo
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Windows for alternative DM models to impact the
physics of galaxies.
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Cosmic evolution of an SIDM halo

The time after the Big Bang where an SIDM

halo of current day mass, M5, has
undergone a gravothermal collapse and

formed a black hole:

tgr(M200,0) = tyniverse(z) + Leollapse =

= tuniverse(2) + 382t,(75,2)
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Earliest possible time:
25
Zce = Zform
20}

Latest possible time:

Zee = ZLMM

[wo limits for starting the cusp-core-collapse stage

— tgn(ZLMm) /
| — = Lovell et al. 2022 (in prep.)
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The timescale for the formation of a black

30

hole within SIDM halos
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[Late time evolution of the core

When the inner core is sufficiently dense, mass is continuously lost from its surface as outer
layers cool and expand to join the outer core. Once the energy transfer is almost zero,

M pre — Opep relation settles to

dlog M¢ore/dlog(c?,) ~ —0.85

vel

The seed black hole mass is predicted to be:

2 0.85
Mpu = Mo ( vel )

(c/3)?km?2s—2
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Black hole mass - halo mass relation
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106 [ == M, - Mgy (Marasco et al. 2021)
f = tgn(ZLMm = 0)
tBH(Zform =0)

_ - = |ovell et al., (in prep.)
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Collapsed fraction of halos as a function of
present-day halo mass
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The lognormal distribution of concentrations is 5 g}
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Effective cross section parameter space
Mgy [Mo ]
100 10° 10* 106
1000 g . -
SIDM cusps

— (Umax,z)

- (Umax,o)

100 : ...... n ,~~~ 3 & S A . EOniet_oigEa\ftﬂeLm_aniapse
e
) SRR
AN e e e e
e 10g. . @®
IE' ...........
= i::::::ff::::::::::
= [P R
[ S~ S
ool .
':.:.:.:Q;:.:.:.:.: : \\
0.1 hisisimiminisininia ;
. CDM cusps
107 108 109

RN TLS TEa Tk
Mo [Mo ]



RSIT,

Q\Qﬁ 4)0/"
AR
=

g &
2, TN
p “‘\:7%\\ N
X2 O
/01303“\

UNIVERSITY OF ICELAND

THANK YOU FOR YOUR ATTENTION

"~ tam|5@bhi.is



