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"~ the cold dark matter (CDM)

- Paradigm
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-~ the “overabundance problem” of
CDM

“missing satellites”

“void phenomenon”

flatness of stellar & HI mass functions
sizes of mini-voids in local volume

etc...
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the ALFALFA survey

* ALFALFA is a blind, wide
area 21-cm line survey
done at Arecibo telescope.

|

* Presently available catalog:
e ~3,000 deg? of sky
e ~11,000 ‘Code 1’ detections.

* ALFALFA has produced
the largest Hl-selected
sample to date.
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-~ the ‘velocity width function’ of
galaxies

* the velocity width of

a galaxy is ~twice its | ‘ ot
‘
maximum circular M “
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* the ‘velocity width
function’ of galaxies

should be :

dynamically related N

to the halo VF. L A
Vhalo W
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"~ the ALFALFA velocity width

function

* Well described by a modified Schechter function,
with a “shallow” low-width slope (x = -0.85)
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add baryons

does the halo host a single galaxy ?
what is the stellar mass of the galaxy ?
what is the gas mass of the galaxy ?

is the DM halo distorted under the influence of
the baryons ?
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4 Milky Way

Trujillo-Gomez+ (2011)

add the tracer (HI)

how extended is the HI disk ?

(b)
'w 100
3
\‘/
>
8
w S50¢ o
-
C
9O
=
©
B 2h
0 - i r—
0 100 200

Radius (ercsec)



Rotation velocity (km s~

\
/

100

S0

 (b)

T
2h

A

100

Radius (crcsec)

-)

+ thermal broadening

+ spatial integration

=F= projection on line-of-
sight

== Doppler & instrumental
broadening

+ noise

o s
— Betelires peztrum recibo Leaacy Fast ALFA Surwved
AR

62 -
=52
ES
>
Ead-
z -
233
e 20 =
=
b )

3 . N N 2 . 2 N
Z501 3007 3501 4031 ¢5C1 SCO1 5507 6007 6531 7331 7501
cz [kmis] (hellocamiric)




P

| observation vs. theory

* the ALFALFA WF
is in fair : E
agreement with il -

theoretical L

predictions for P

massive galaxies. = :
< F § — ALFALFA ]
?\ —4;— Gonzalez et al. (2000), spirals =

— Obreschkow et al. (2009)
—-—- Obreschkow et al. (2009), late—types
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observation vs. theory

* at low widths (w <
150 km/sec) the
observational and
theoretical
distributions
disagree.
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observation vs. theory
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Possible solutions ?




ICP(k)

P —

warm dark matter (WDM)

in a ~keV warm dark

matter universe, far less
low-mass halos would be
formed.
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warm dark matter (WDM)
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HI disk extent

HI disks in dwarf galaxies are often rising to the last
measured point.

P —

DISTRIBUTION OF DARK MATTER IN NGC 3198
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V.ot — Vhao Felation in CDM universe
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V.ot — Vhao Felation in CDM universe

® V., =15V, for MW-sized galaxies
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stacked weak lensing & satellite
kinematics:
Dutton+ (2010)
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V... — V., Felation in CDM universe
My (h7' My,0)

* HI rotational S [ e o
velocities must ggé z ~a===iiiii ==
underestimate 2001 = \
the true halo ] l :
mass. v af :

* The 3o ” |
underestimate is 0
a factor of ~2 at il |
v, =20 km/sec.
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the “mini-void” size pro

blem

* Galaxies brighter then My = -12 should be hosted by

halos with v__ > 35 km/sec.
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Name MB

E349-031,SDIG  -12.10 0.82
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KK16 —12.65 0.37
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KKH34,Mail3 —12.30 0.56
E489-56,KK54 —13.07 0.53
KKH46 —-11.93 0.86
U5186 —12.98 0.23
E321-014 -12.70 0.43
KK144 —-12.59 0.33
E443-09KK170 —12.03 0.75
KK182,Cen6 —11.89 0.60
DDOI181,Ug8651  —12.97 0.57
DDO183,U8760 —13.13 0.32
HIPASS1351-47 —11.88 0.60
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420 216
398 220
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42 237
30.0 1538
388 242

Tikhonov & Klypin (2009)



the “mini-void” size problem

* Galaxies brighter then My = -12 should be hosted by
halos with v__ > 35 km/sec.
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dwarf galaxy rotation curves
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Summary

The HI velocity width function is the galactic distribution
which is most directly related with the DM halo mass
function.

There is a large discrepancy at low velocities between the
observed and theoretically expected distribution.
There are 2 possible solutions:

e warm dark matter

e HI velocity # halo velocity

In the latter case, the HI velocity must underestimate the
host halo velocity by a factor of ~2.5 at v = 20 km/sec.

A quantitative v, , - vy, relation in a CDM universe has
been statistically obtained, through abundance matching.



thank you!

Questions?










CDM is (still) just a model!

r'<17.55, d>2" 8%lice
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The CDM ‘velocity function’

cold dark matter clumps pws
quickly and effectively, Kiladaialis
creating a large number
of low-mass halos

larger halos grow
hierarchically through
mergers, but most low
mass halos are left

behind

Diemand, Kuhlen, Madau 2006

Diemand, Kuhlen & Madau (2006)
“Via Lactea simulation”
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The CDM ‘velocity function’

cold dark matter clumps

quickly and effectively, -

creating a large number ;'°*

of low-mass halos i&lo—s

larger halos grow ;O 4

hierarchically through .-

mergers, but most low =i} AN
mass halos are left o A,
behind 5x101 102 Vdrc(km/58>)<102 103

Klypin+ (2011) “Bolshoi simulation”
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* The mass of the sterile
neutrino can be

warm dark matter

X—ray Background

Cluster X—ray

constrained by: R ESONTE

e small scale power from ‘

e X-ray line fluxes from | B
above af

e the cosmic density of 8, oomecies ommenes :
DM in conjunction with 3[4 :
their production I
mechanism ) '-

Dark matter particle mass [keV]
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the velocity width function

* We want to link observed galaxies to their halos
dynamically...




the ALFALFA survey

* ALFALFA can directly measure T T e
3 properties of a galaxy:

e 21-cm flux
e redshift i

My (Mg) = 2.3510° x D? (Mpc) x Si; (Jy kmsec™?)

20
e velocitywidth = jle————= T
* ALFALFA cannot directly T kmsy
measure any spatially resolved B : X
- petelires spe:trun—l Arecibo I.eﬁll;:‘.r:::g!ul Sur vey

property:

e galaxy size

e inclination

e rotation curve
e surface density
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how do we make a WF?

2500 1.5 2.0
_ 2000
_% 1500
1000
500

2.5 3.

1642

1464
1532

1183

1111

872

416
614
640

| B R
78
280
331
L 9

o
131
1

J 266
35
3

46

1.5 2.0 2.5 3.0
log w (km s™")



2500
2000
& 1500
1000
500

B 1.5 3.0+
n . ]
[ ¢ 5 B ER YT : :
] —
1.5 2.0 3.0
log w (km s7')



.

how do we make a WF?




