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The internal structure of DM haloes
in the presence of baryons: can we
distinguish CDM from non

standard DM models ?

DIGESTIVO Project

DIffuse Galaxy Expansion SignaTures In Various Observables

project: understanding the emergence of diffuse, low surface brightness galaxies and the link to
BlgesTIVO their dark matter haloes
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Why is the inner
structure of DM haloes
so important?

« The distribution of matter within galaxies - AKA their
density profile - is a key prediction of galaxy
formation happening within a cosmological
framework!

* |t must agree with observations, and it can

potentially provide constraints about the nature of
DM itself
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Outline

ACDM=> Galaxy formation with sitmulations

e Inner structure of DM halos => “cusp-core” 1ssue

Solution #1: CDM + baryonic physics

Solution #2: SIDM/WDM (+ baryonic physics)
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Galaxy Formation

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Cradit:NASA-WMAP science team




Galaxy Formation in LCDM

HIERARCHICAL GALAXY FORMATION

1. Small mass fluctuatons
revealed by the
p. shown at eft
nhrained ny rhe (COIREF <arelire)
are relics of the Big Bang
of
laxy formation.

below) collapse from the ambient background 3. Primordial gas condensas within the
racing the initial mass fluctuations dark mater halos. Some rs form during
the collapse, and collect into globular
clusters. Mc of the gas callects into
disks (shown in ycllow)
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4. Stars form in the disk, gradually
building up a spiral galaxy

Ealliding spiral galaxies

5. Mergers and collisions of disks
produce elliptical
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The nature of Dark Matter

Cold Dark .Matter Warm Dark Matter Self-Interacting Dark Matter
(Slow moving) (Fast moving) Strongly interact with itself
m~ GeV-TeV m~ keV Large scale similar to CDM,
Small structures form Small structures are Small galaxies are different
first, then merge erased
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Dark matter haloes in N-body
(DM only) Simlo

4
Mhalo — §7TR22'7~ Apcm’t

DM halo mass, Mvir=Mhalo, is the mass within a sphere of radius Rvir containing
A tfimes the crifical density of the Universe
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Density profile of DM haloes

"MW halo
Credit: CLUES project *
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Navarro, Frenk & White 1997 CDM haloes in
simulations have a universal density profile Re
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The cusp-core’ discrepancy

Simulations find ‘CUSPY" profiles Observations of dwarfs and LSB

Inner slope y <=-1 NFW show ‘CORED’ profiles

Inner slope 0>y > -1
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The NFW profile: cusps

V2= GM/r
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V. km

Cusp-core issue arising in
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Solution #1: CDM + baryonic physics
¥

Making Galaxies 1n a Cosmological Context
MaGICC (PIs Stinson-Brook)

&

Numerical Investigation of Hundred
Astrophysical Objects
NIHAO (PIs Maccio’-Dutton)

(Brook+12b, Maccio’+12, Penzo+14, Herpich+14, Kannan+14, Obreja+14.Wang+15,
Dutton+17,Di Cintio+17 etc)
Hydrodynamical simulations of galaxies including
dark matter, gas, stars and baryonic feedback
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Role of baryonic physics

Baryonic physics processes modeled
in hydrodynamical simulations:

baryons for astrophysicists

E A Ay 08.3%

« Gas inflowing and cooling

« Star formation
« Feedback (mechanical, thermal, kinetic,

radiation pressure) from SNae, massive stars,
AGNSs
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MaGICC & NIHAQO simulations

Stinson+13, Brook+12
Wang+15,Buck+17

GASOLINE N-body +
SPH code from
Wadsley + 04

SN feedback with
blastwave formalism
Stinson+06
Early-stellar feedback
from massive stars

=> Reproducing realistic
galaxies

® Annecy-Le-Vieux 28/6/2018 ®



Role of baryons
SNae feedback and outflows
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0.00 Gyr

NIHAO project - NYUAD / MPIA




From gas outtlows to DM

‘cores’

Gas driven away
from centre

Dark matter
particle

Gas cools &
flows back in

Force returns to
original

strength...

&0{_‘?’}?.. Gravitational force A i
5;0 ‘L insufficient R !FS““
a : O: "
N v ... but is weaker at large
e s &7\ Foridomigaes] | dtnoes o the pric
Qutwarcs to its old orbit.

Process can repeat. Analytic arguments and simulations
show effect accumulates with each episode.
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Cores are created in a
partlcular M*/Mhalo range
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Sweet spot of core formation
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Small dwarfs not enough energy from stellar feedback to modify NFW halo
Intermediate dwarfs/LSBs correct amount of energy from Snae
Large spirals can not ‘win’ the large grav potential of 102 halo with SNae alone
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Energetic of core formation
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A mass dependent profile

A mass dependent density profile that takes info account the impact of
baryons on DM haloes (Di Cintio, Brook +14q,b)
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From cusps to cores to cusps

Veirelr) KM /S
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Testing ACDM with
observed RCs of galaxies

Take M* and V(r) from
observations

MCMC fitting V(r)=
(Vzdm (r) +V2905 (I’) +v2$’ror(r) ) e
with different profiles
for the DM — including
or not the effects of
baryons

Derive M,,,, and c

and compare it with
LCDM expectations
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Testing ACDM with
observed RCs of galaxies

We want to
reproduce both
observational
relations and
theoretical
predictions :

Mhalo-M*
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Diversity of RC shapes explained by cores
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For DM cores not be “real’, there must be some conspiracy for which observational errors mimic the presence of a DM
core exactly in the range where we expect DM cores from theoretical models.
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Solution #2: Alternative DM model

TBTF in Warm Dark Matter Schneider +15

We need to create cores of ~Kpc size to explain the
central density of dSphs: in WDM, this requires a
thermal candidate with a mass below 0.1 keV, ruled
out by all large scale structure constraints (see
Schneider+15, Maccio’+15)
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Solution #2: Alternative DM model

TBTF in Self Interacting Dark Matter

3

8
CDM SIDM1
SIDM1
vdSIDMa vdSIDMb

Self-interactions lower the central density
alleviating the problem

The cross section must be larger than
0.1 cm”™2/gr

Vogelsberger+12, Zavala+13, Rocha+12
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Solution #3: Alternative DM model
+ baryonic physics

SF and resulting feedback dominates over SI and WDM physics: dm inner slope, Vcirc

SFH, star and gas content are indistinguishable between CDM — WDM - SIDM +
baryons in DWARF GALAXIES
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We have too many solutions to
the inner DM problem!

 How can we disentangle between different DM
models?

 We should be looking at “cores” in faint, small dwarf
galaxies with M*<10¢ M, => if central “cores” are
found, they can not be due to baryonic physics

« That would set a minimum cross section on SIDM of
O ~2CmA2/gr
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Conclusions and future prospect

« Baryonic physic affects dark matter profiles in galaxies:
CDM has a peak in core formation efficiency at M. =
'|08.5 M@

 Once the effect of baryonic physics is included, it is
hard to distinguish between WDM/SIDM/CDM

« Looking for cores in small dwarfs can help disentangle
CDM from other DM types. Future Extremely Large
Telescopes useful for this task: they will resolve stellar
populations which allows for a befter modelization of
the inner density in dwarfs

® Annecy-Le-Vieux 28/6/2018 ®



Stay tuned..
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