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The Cold Dark Matter paradigm

Halo Velocity Function

Bolshoi simulation
(Klypin+ 2011)



the ALFALFA survey

ALFALFA is a blind 21-cm line survey,
performed with the Arecibo
radiotelescope (Giovanelli+ 20035).

Largest Hl-selected sample to dafe:
> 11 000 galaxies
~ 3000 deg? of sky

Hl—selected
(N=7195)




the ALFALFA survey
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the ALFALFA survey

HI125351 54094249  FWHM level

ALFALFA directly measures:

redshift




the ALFALFA survey
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ALFALFA directly measures:
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the ALFALFA survey

HI125351 54094249  FWHM level

ALFALFA directly measures:

redshift
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The velocity function of galaxies

(hay Mpc > dex™)

e o ALFALFA VF (this work)
mod. Schechter fit
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Galaxies vs. ACDM halos
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Galaxieswvs. ACDM halos
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Which velocity<¢
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Which velocity<¢
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the ALFALFA survey

ALFALFA cannol measure:

size
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rotation curve
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(Image from Jones+ 2015)



AN easy way oute
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V.or — V3 relation in ACDM
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AM result
(this work)
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UGC8490
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The field *too big to fail” problem
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Noft the first fo nofice...

Also for field dwarfs:;
Ferrero+ 2012, Garrison-Kimmel+ 2014

12 km/s

Milky Way satellites
(Boylan-Kolchin+ 2011,2012)






The rochSRiEREiEGblem

1. Large difference between
abundance of small halos and dwarf 2. Impossible to fit dwarf kinematics
galaxies with massive halos
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Baryonic solutions in ACDM?e

1. Reionization feedback 2. Core creation through star-
formation feedback

all halos (DMO) oll halos (reion.)

(di Cintio+ 2015; also Governato+ 2010,
2008, etc.) Brooks+Zolotov 2014, Onorbe+ 2015, etc.)

(Sawala+ 2015; also Okamoto+



Do baryonic solutions worke
1. Reionization

A MW dSph

e hydro
¥ M31 dSph

== hydro+incomplet.

This work (z=0)
o centrals
« satellites
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Sawala+ 2015: Papastergis+ 2015:



Do baryonic solutions worke

2. Reionization + cored profiles
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Brook+diCintio 2014: Papastergis+ 2015:

(based on hydro sims of Governato+ 2012,
Brooks+Zolotov2014, Christensen+ 2014)



Conclusions

» “Too big to fail” problem: it is challenging to reproduce
simultaneously the number density and internal kinematics of dwart
galaxies in ACDM

» A solution must have the following characteristics:
» Lower the number of low mass halos

» Lower the velocity in the central parts of small halos

» Within ACDM, there exist potential baryonic solutions. However, it is
not yet clear whether they work or not













The rochSRiEREiEGblem
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Warm dark mattere

WDM 4 keV

WDM advantages:

1. Fewer low-

mass halos
30 40 60 100 150 250 350 20 30 40 60 100 150 250 350
Vitormee  (hm s71) Vit mee (km s7')
_ 2. Less
WDM 4keV WDM 2 keV ' concentrated
WDM 2keV . _ak halos

WDM 1keV
galaxies
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Warm dark mattere

** The WDM particle mass must be < 2 keV **
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The velocity widths of ALFALFA galaxies
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The velocity widths of ALFALFA galaxies
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Galaxies vs. ACDM halos

Milky Way

Dwarf
DM+Baryons
— — — — DM+Baryons+AC

(Trujillo-Gomez+ 2011)

Building a realistic rotation
curve:

e Qpu# Qp,

e Baryons (stars, gas)
conftribute to RC

« Adiabatic confraction of
halo (¢)



Observations vs. theory

o
o

e
-

T
——
O
2,
=
1
o
=
———
g
=
S
=
a0
=
"y
T
=
o

40 60 80 100
Vs (km s71)

(Klypin+ 2015)



Which velocity<¢
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AN easy way oute

o
o

e
-

T
——
O

a.,
=
1
o
=
———
g
=
S
=
)
=
"y
T
=
o

40 60
Vlos (km S-l)

(Klypin+ 2015)



The field “too big to fail” problem in simple
terms:

The rotation curves of dwarf galaxies in the field indicate that
their host halos are quite " light’" (Vi max = 20-40 km/s).
However, in a CDM universe there are so many halos of this

mass that we should be observing many more dwarf galaxies
than we are.




The Cold Dark Matter paradigm

Halo Velocity Function

Bolshoi simulation
(Klypin+ 2011)



