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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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ark matter haloes in
-body simulations

redit: AKravtsoy, A. Klypin e, A o . ;. ' f. L3
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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

General double-power law model
% MW halo (Hernquist 1990; Jafte 1983) has 5 free
Credit: CLUES project p arameters:
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The NFW profile

A UNIVERSAL DENSITY PROFILE FROM HIERARCHICAL CLUSTERING
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 Navarro, Frenk & White 1997
CDM haloes in N-body
simulations have a universal
density profile

* NFW has logarithmic inner slope
vy=-1 and outer one of =-3 NFW
profile (o,p,y)=(1.,3,1)
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Aquarius simulations
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Concentration-Mass relation
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Mass/Velocity of a NFW halo

Rvir
Ry =cR, M= / 4mr? p(r) dr = 4mpy R2 lln(l +c) — c ]
0 1+c

100 ¢

o2(r) = o2 lln(l + cz) — (cx)/(1 + cx)
¢ D2 In(14¢)—c/(1+c)

Vcirc(r)l.km/sj

10 ¢

Steep central density franslate
Into a fast-rising rotation curvel

T
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The Einasto profile

pEIN(T) {_z o } log,y (r/r_)
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« Einasto shape parameter a~0.17
resembles a NFW profile

Einasto
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The Einasto profile has a finite

Density log,, [P(r)/P-z]
o

IRSEE a=0.12
central density unlike the NFW S
profile which has a divergent - 0'35 COON
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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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V. km

Cusp-core issue arising in

250

galaxy rotation curves
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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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Role of baryons #1
adiabatic contraction
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Adiabatic approximation
may not be valid in reality

Outflows necessary to solve the angular
momentum catastrophe Brook +11
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Role of baryons #2
SNae feedback and outflows
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Credit:A. Dutton, NIHAO simulations




From gas outflows to DM

‘cores’

Gas driven away
from centre

Dark matter
particle

Gas cools &
flows back in

Force returns to
original

strength...

&0“_‘?'}?. : Gravitational force X
5;0 o ‘L insufficient R B
3 - o: "
: \ 3 =i k |
. @ a: T /\
N v ... but is weaker at large
Dens.e, star- L Particle migrates distances, so the particle
forming gas outwards cannot be pulled back
to its old orbit.

Process can repeat. Analytic arguments and simulations
show effect accumulates with each episode.
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The role of SNae-driven gas
outflows in creating ‘cores’

Governato +12 Nth=10=100 mh cm-3 Di Cintio +14a
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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

® Cosmology @ Fuerteventura 22/9/2017 ®



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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constrained via X=log,,(M,/M,.)
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From cusps to cores to cusps

sun

 M.=7.2e5M

Mi=2.5¢8M,,,

M.=6.3¢9M. ) Mx=2.4e10M,

1 Radius™(kpc) 1 Radi@s (kpc) *°©°
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Mass/Velocity of a DC14 halo

Once o,fB,y are specified by the M*/M, ,,, value, the profile
reduces to a 2 free parameters one, just like the NFW

a = 2.94 — log[(10%F2:3%) 7108 4 (10%+2:39)2:29]

B=4.23+1.34X + 0.26X?
= —0.06 — loglo [(10X+2.56)—0.68 + (10X+2.56)]. 100 !
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' 2 S 10 / = E
M(r) = 4mp, . o —dr’ >’ 108 1
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Testing ACDM with

different density

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
different density profil

We want to
reproduce both 3
observational Z
relations and >
theorefical

predictions :

Rotation curves
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Testing ACDM with
different density profiles

O CVnldwA ® WLM ® DDO52 O NGC2366 @ NGC3109 © M33 ® NGC3198
O UGC8508 @® DDO087 O NGC3741 O UGC7603 @ NGC2976 @ NGC2403 ® NGC5055
© DDO126 ® DDO154 O UGCA442 © DDO168 © 1C2574 ® NGC3621
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s
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Take home point: DC14 can produce dark matter haloes that
simultaneously provide good fits to the rotation curves and agree with the

scaling relations C-M,,,, and M, ,,-M*
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Outcome of core formation in
LLCDM => UDGs

Stellar mass of dwarf | ' dwarf elliptical
Galaxies i gt galaxy
¥ r uftra-diffuse galaxy
Spatial extent of large
MW-like spirals
See Van Dokkum+15, e
Koda+15, Roman & : _
Trujillo+16 etc.. Andromeda

galaxy

Credit: Schoening/Harvey/van Dokkum/HST)
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UDGs in simulations

10

UDGs are isolated dwarfs

and lots of gas

y [kpc]
o

Stellar distribution “expanded” by

the same SNae-driven outflows that
expands DM distribution

i : .
-10 -5 0 5
x [kpc]

Di Cintio +17b using NIHAO simulations
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Take home points

€ The inclusion of baryonic physics in simulations has a profound impact on the
distribution of matter within DM haloes

€ Evidence that brightest dwarfs and LSB/UDG have a shallow rising rotation
curves => signature of central DM core

€ Fast gas outflows are the key mechanism to create DM cores in simulations

€ A DM profile that takes into account core formation between M*= 107 Msun

can reproduce observed RCs and at the same fime agree with LCDM
expectations
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The nature of dark matter

Cold Dgrk.l\/\oﬂer 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  smq|i structures are  Small galaxies are different
first, then merge erased
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