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The LCDM small scale crisis

v Missing satellite problem

v “Too-big-to-fail” problem
v Cusp-core discrepancy

v Velocity function of galaxies
v" Diversity of rotation curves
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Problem # 1: missing satellites
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Problem #2 : TBTF in the LG
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Problem #3: CUSP-CORE discrepancy

p(r) /I <p>

Springel+05 Oh+11

109§III][] EI [EIIIIIIE| ;I T IIIIII| T T IIIIIII T T I? I ] 1 1 T T T ]ll

- A 1 109 = el et s
10° z=00 - = Cork matter anly -
wE . s } _
106 ;F N H 4 ?; =3

- AgA2 : L
10° = i 4 qpe U

- Ag-Ai3 ] - N
10*L- i i _ C ——— WP (> B0 kg

g P E - s WP (< B0 ke

- Ag-A4 . -
10° . - 3

- e oI 257
102 ?Aq_A_S _ D woe 2385 Y obo 53

; E WV Hal
101_|I§IIII| iI I§IIIIII§| §I 1 IIIlII| 1 1 IIIIIII 1 L1 ‘:]Ij":\:‘=‘§ .—=‘°H@ [[

01 1.0 10.0 100.0 = I . : o
7 [kpe ] -
10=0 Re
Simulations find ‘CUSPY’ profiles Observations show ‘CORED’
Inner slopey =21
pey OAC-Cordoba 31/03/2016 profiles

Inner slopey <1



Problem #4 :Velocity function
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Problem #5: Diversity of dwarfs RCs
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Solution #1: CDM +baryonic physics

Making Galaxies 1n a Cosmological Context
MaGICC project

(Brook+12b, Maccio’+12, Penzo+14, Herpich+14, Kannan+14, Obreja+14 etc)
Stinson+13, Brook +12

Hydrodynamical simulations of galaxies
including dark matter, gas, stars and..
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Making (Galaxies In a Cosmological Context

MaGICC Hydro simulations

Stinson+13, Brook+12
GASOLINE N-body + SPH code Wadsley 04

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

Stinson+06,+13
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s Credit:Greg Stinson
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Inner slope dependence on M,/M, .,
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Peak in CORE formation efficiency
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Core creation mechanism
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Result confirmed with other sims/

feedback implementations
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Predictions for observed galaxies
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THINGS galaxy survey

107<M*/M <10, provides mean
v=-0.3 (Oh+08, Oh+11)

Flattest profiles in galaxies with
V,:~50km/s

Clear observations of cores in LSB
galaxies with V_,< 100km/s

(de Blok+08, Kuzio de Naray
+08,+09)



A double power law profile
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Mass dependent DM profile
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Mass function of the Local Group
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Abundance matching in the LG
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M, /M, ,in the LG
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M, /M, ,,1n the LG with NFW
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M.,/M, ,,in the LG with DC14 profile
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Zavala+09

° ° Papastergis+11
Galaxy velocity function
Klypin+14
Brook & Di Cintio 2015b  Measurement radius counts! See also Brook & Shankar 2015
Sales+2016
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TF and BTF relation
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Diversity of RCs explained by core
formation

Dwarf galaxies RCs diversity: is it really
a problem for LCDM? (Oman+2015)
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Read+2016 NIHAO collaboration in prep
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Fit full RCs with NFW and DC14 profile

Katz, Lelli, Mc Gaugh, Di Cintio, Brook, Schombert 2015, submitted
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Self consistent results M*-M, .., c-M,
RCs for the DC14 profa

Katz, Lelli, Mc Gaugh, Di Cintio, Brook, Schombert 2015, submitted
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\ { T2
To self-consistently explain

TBTF, RCs shape, M*-Mhalo,
IRCs diversity, Velocity
"Function etc...

:
ONE NEEDS CORES IN LCDM
with a particular mass

dependence
S ARSI P A -
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Solution #2:Alternative DM models

TBTF in Warm Dark Matter Schneider +15

" T 1 T
WDM (3 keV) VDM (4 keV)

f‘[kbC] r [kpcl

To solve the TBTF problem with WDM we need to
create cores of ~Kpc size, which 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 models

. . Zavala+13
TBTF in Self Interacting Dark Matter " R _
*°r com SIDM10 - —

SIDM1

Self-interactions lower the central density — — > Y@°'oMe vesibME

alleviating TBTF problem e
Vogelsberger+12, Zavala+13, Rocha+12 =
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Solution #2:Alternative DM models

Velocity Functions and TF relation in 2 keV WDM and vdSIDM model
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Solution #3: WDM+baryons

SF in WDM-2 keV- model is reduced and delayed by 1-2 Gyr due to delay in halo
assembly. Central DM density more affected by baryonic physics than WDM
physics—=> Same Vcirc distribution in CDM and WDM that solves TBTF

Redshift
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Solution #3: SIDM+baryons

SF and resulting feedback dominates over SI: dm inner slope, SFH, star and
gas content are indistinguishable between CDM and SIDM+baryons

T
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constant
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. —— h516 SIDM+baryons
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N>Mstar(Mhalo)

Current and future work

SIDM+baryons with constant =10 cm?/g vs CDM+ baryons
BH physics and SNae feedback included, focus on massive galaxies
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1011

Effect of subhalo evaporation in SDIM
is not strong, relaxing the constraint on
constant o (see also Rocha+12)->

Sat luminosity function well within
observational constraints

Di Cintio, Tremmel, Governato + in prep.



Current and future work

SIDM cores wins over adiabatic contraction in MW size galaxies
Massive spirals have a lower DM density in SIDM already at 20 kpc!
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Current and future work

BH feedback regulate SF in the massive MW ->allows SIDM to win
In smaller systems, BH feedback is not sufficient to quench SF-> adiabatic

contraction wins
Dwarfs have similar SF in CDM and SIDM,low SF efficiency and ‘“usual”

SIDM core
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Current and future work

Realistic My;-M* relation - only few ACTIVE (L>10%%erg/s) BHs at z=0.5
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Current and future work

Off-centered BHs in SIDM galaxies :
High My~ fast sinking to the center

Low central density—> longer dynamical friction timescales
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Conclusions

v'Baryonic physic affects dark matter profiles in galaxies:
CDM has a peak in core formation efficiency at M. = 103> M

v Looking at global properties of galaxies to get the mass
dependence of core formation = will help disentangle the DM
models?
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