Small scale problems of the ACDM model
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: In MW 500 satellites with circular velocities
larger than Draco and Ursa-Minor i.e. bound masses >108M. and tidally limited sizes >
kpc

Simulated galaxy

Now and 4 billion years ago

o Virgo cluster data
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If reionization occurred z=9 - 14 , dwarf galaxy
formation strongly suppressed

Cumulative number (N > v,)
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51 Most Massiie
Via LActea subhaloi
51 subhalos with largest
masses at the time they were
accreted by the main halo.
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Ostriker & Steinhardt 2003
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: ~10 sub-halos too massive and dense with repect MW, M31
(Boylan-Kolchin+2011, 2012 Wolf & Bullock 2012; Hayashi & Chiba 2012)

Boylan-
Kolchin+12
)
b) : scale-free nature of gravity if Maqis scaled to have a mass My (8x1011)
Vera-Ciro+2013
o)) better fit satellite than NFW
d) - (Penarrubia+10); . Tidal stripping+disk (Zolotov+12;

Brooks+13; Brooks & Zolotov 14)
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( 1991, |
1998, 2000, 2000)

momentum catastrophe

j-profile mismatch: SAM distribution in simulations Y e

different from observations ( 1999, M(< 5) 1.5/ o |I\J4 shape Ta;:_tor
2000) VA Ry et b | M: cumulative mass
Mvir =1+ 3/ Jmax distribution of SAM

log-normal distribution

Exponential Disk
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Associated with the problem of
also seen in hydrodynamical simulations,

(van den Bosch et al. 2002;
Navarro & Steinmetz 2000; Governato+2010).

, artificial viscosity used in SPH simulations
(Sommer-Larsen & Dolgov 2001; also Marinacci,
Pakmor & Springel 2014).
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CUSP/CORE PROBLEM

e Cusp/Core Problem: Dark matter cusps absent in galaxy centers,
LSBs and dwarf Irr (CDM dominated)

NFW Density Profile Pseudo-isothermal Density Profile
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Parametrize density profile as p(r) o« r -«
— Observations show a ~ 0 (constant-density core)

— Simulations predict o ~ 1 (central cusp)

Flores & Primack 1994

Moore 1994

Swaters et al. (2003)

Diemand et al. (2004)

Simon et al. (2008)

De Blok et al. (2008)

Kuzio de Naray and Kaufrmann (2011)
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Unified baryonic solutions to
the small scale problems
(SF,DF)
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cuspy
satellites survive to tides more than cored satellites (Penarrubia 2010)

Cusp-> Core transformation (due to SF or DF)

Interaction of CORED satellites with host: tidal stripping and
heating+photoionization of satelllites-> gas loss, diruption of satellites
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QT'da Stripping
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Dynamical
Friction

Satellites subject to the force due to halo, disk, and
DF

Tidal Stripping: evaluation of the tidal radius and
mass loss

Tidal heating:

a. calculation of the velocity change produced by
the tidal acceleration through impulse
approximation

b. calculation of the inner energy change
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Vvir

48.6
65.5
48.6
126.3
56.2
65.8
78.8
532
41.2
62.2
93.1
42.8
478
68.9

ﬁlisc

0.024
0.018
0.037
0.003
0.041
0.012
0.012
0.026
0.055
0.062
0.068
0.102
0.033
0.040

Jeas

0.801
0.715
0.541
0.672
0.570
0.691
0.500
0.769
0.865
0.770
0.405
0.710
0.760
0.869

Adise

0.061
0.056
0.074
0.007
0.052
0.044
0.025
0.062
0.107
0.103
0.099
0.168
0.078
0.081

m(@j): Cumulative AMD K ARt WL R r) (1)

2)

1
jtot - jma.x [1 _/ 771(]\)(1]1:|
0

Spin parameter (3)

p(j)dj: mass fraction
having SAM in j-j+dj (4)

Shaded areas: AMDs for dwarf galaxies: Right: UCG 6446 in van den Bosch+01 sample, normalized to f disc/ f bar.
p(t): AMD of Bullock et al. (2000) , representing the median of the AMDs of LCDM haloes. 15
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In VL2, 28 bright galaxies [Lo) [Mg)
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Vc‘lrc(1 kpC)/km3_1

N
o

with VIlpc >20 km/S Fornax 17t82 x 107

In MW maybe 5: LMC,
SMC, Ursa Minor, Draco, Sag. (being

disrupted)

Leol
Sculpt
Leoll
Sextans
Carina
UrsMin
CVnl

Draco

5.0115 x 106
2.570:2 x 10°
7.8175 x 10°
59120 x 10°
43108 x 10°
3.9717 x 10°
2.310-3 x 10°
22707 x 10°

74753 x 108
56755 x 108
6.6778 x 108
24731 x 108
1.9‘:3:; x 108
1L.8%5 5 x 108
117570 x 10°
1.972:0 x 108
12720 x 10°
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of the dark matter densities in the centers of low-
mass galaxies

(e.g., Penarrubia+2010; Zolotov+12;
Brooks+13)

in order to mimic the effect of
(1) the flattening of the dark matter cusp due to angular momentum and energy transfer to DM through
DF, and (2) tidal stripping, enhanced tidal stripping due to the presence of a baryonic disk, and tida{6
heating



Vinfall km/s

A(Vikpe) = 0.3Vinran — 0.3 km/s  for 10 km/s< Vipeay < 50 km/s
A Similar correction was obtained by Zolotov+12

A(Vikpe) = 0.2Vipean — 0.26 km/s  for 20 km/S< Vijnrai < 50 km/s
(no tidal heating (not enough resolution) ; no disk shoking; etc)
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(following Pennarubia+10)
Satellites stripped off
A) loose >97% of their mass

B) loose 90% mass, and having Vi > 30 km/s, and have pericentric passages <20 kpcs
(Penarrubia+10)

(Okamoto+08): photo-ionization, uniform ionizing background, He II
reionization happens at z = 3.5, that of H, and HeI at z = 9.

M; (2): typical halo mass retaining 50% of cosmic baryon fraction->f,-> V(z)
If Vpeak™>V: -> enough baryons -> luminous

Vinfall 0.1( Uinfall )5.5
kms™ kms—!

(Zolotov+12;Brooks+2013
R RUR Y v nshi+13; Del Popolo
& Le Delliou 201418
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—1 In VL2, 28 bright galaxies

1 with Vipe>20 km/s

of IN MW maybe 5:LMC,

1 SMC, Ursa Minor, Draco, Sag. (being
disrupted)

Number of satellites after we correct
for:

1) Density profile flattening due to
infalling clumps inter. with DM through
DF. Tidal stripping

2) Tidal stripping and heating: satellites with
pericenter passages <20kpc+loose 90% mass
-> fully disrupted X

3)Subhaloes must excees z-dependent
threshold (Okamoto+2008) to allow gas
to cool and form stars. ()

@ Luminous satellites, do not experience enough

stripping to satisfcy destruction criteria; have
lost enough mass that stars should be stripped;
luminosities should be considered upper limits



; & All VL Subhalos
i B MW dwarfs
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King into nt nic ph re problermn GENUINE (the reement between
? nl:tio acco bod%osimu is not ue to Rurr?ericaleartlfacts c(;r prghlae'ﬁ\s with
rmulstions)

BUT APPARENT (disagreement related to the fact that the dissipationless simulations are not
taking account of baryons physics)

Taking into account baryonic physics: no angular momentum catastrophe
Correcting for the A(vy,.) due to baryonic physics +effects of tides+photo-ionization
Applying the previous correction to VL2 subhaloes -> MSP, and TETF problem solved

HEISPECUVES T EN ULUTEN G ECESSATY SO UNIISELISITIUIdUOISIUIG W EPEEHIENTTSSHTIOUENTY
JnJJ:JIJrg d SElIZCONSISLEREU EUTIENEOT U EAIERY ORISR ENYIY BCOMMPORERTINICN Y SEEXIER U IR
WdSEdOnE:



: In MW 500 satellites with circular velocities
larger than Draco and Ursa-Minor i.e. bound masses >108M. and tidally limited sizes >
kpc
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: ~10 sub-halos too massive and dense with repect MW, M31
(Boylan-Kolchin+2011, 2012 Wolf & Bullock 2012; Hayashi & Chiba 2012)

Boylan-
Kolchin+12
)
b) : scale-free nature of gravity if Maqis scaled to have a mass My (8x1011)
Vera-Ciro+2013
o)) better fit satellite than NFW
d) - (Penarrubia+10); . Tidal stripping+disk (Zolotov+12;

Brooks+13; Brooks & Zolotov 14)
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( 1991 I:| > Angular»

1998, 2000, 2000)

momentum catastrophe

j-profile mismatch: SAM distribution in simulations _
different from observations ( 1999, -
2000) =

Associated with the problem of “

also seen in hydrodynamical simulations,
Gas Cooling

(van den Bosch et al. 2002;
Navarro & Steinmetz 2000; Governato+2010).

Tidal Stripping

O

, artificial viscosity used in SPH simulations Dynamical
(Sommer-Larsen & Dolgov 2001; also Marinacci,
Pakmor & Springel 2014).
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