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the ALFALFA survey

http://egg.astro.cornell.edu/alfalfa
/

ALFALFA is a 21-cm survey of local
galaxies, done with the Arecibo
radiotelescope (PI: R. Giovanelli, Cornell).

ALFALFA is a blind survey, and detects

alaxies based on their atomic
ydrogen (HI) content.

So far, it has detected 15 ooo+ sources,

producmg the largest HI-selected £

sample to date.

— ALFALFA
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(N=22587)

* ALFALFA:
7 000 sq.deg. * 9380 sq.deg.
median z ~ 0.025, max z = 0.06 e median z ~ 0.1, max z ~ 0.3
30 000+ sources * ~ 030 000 spectr. sources
volume ~ 0.003 Gpc3 e volume ~ 0.6 Gpc3




the ALFALFA survey

http://egg.astro.cornell.edu/alfalfa
/
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* ALFALFA directly measures
three galactic properties:

|

» redshift ‘i )
¢ integrated flux (& HI mass)
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" the ALFALFA survey

http://egg.astro.cornell.edu/alfalfa
/
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* ALFALFA directly measures

three galactic properties: 5 | M
ﬁ- |
* ntegrated flux (& HI mass) :
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* velocity width




" the ALFALFA survey

http://egg.astro.cornell.edu/alfalfa
/
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* ALFALFA directly measures
three galactic properties:

» redshift e

* Integrated flux (& HI mass

* velocity wic
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" the ALFALFA survey
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* ALFALFA directly measures
three galactic properties:

» redshift

o integrated flux (& HI mass) . M A




" the ALFALFA survey

http://egg.astro.cornell.edu/alfalfa

/

* ALFALFA directly measures
three galactic properties:

» redshift

¢ integrated flux (& HI mass)

* velocity width

* for most exgal sources, ALFALFA ”§
RAE

cannot measure spatially-resolved
broperties:

* size, shape, inclination,
rotation curve
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galaxy-halo connection

“Via Lactea” halo

M83 galaxy (Diemand+ 2007)

Establishing a connection between observed galaxies and dark
matter halos is the key to understanding galaxy formation.
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baryonic contents of galaxies

l:l 118.75863, 26.77633

stellar mass: SED-fitting
HI mass: ALFALFA flux of SDSS u,g,1,i,2
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Huang+ (2012a)




~ baryonic contents of galaxies

baryonic mass function

optically—selected sample:
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optically-selected sample:
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optically-selected sample:

total baryonic mass (range)

stellar mass

~ HI mass (range)
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e matching
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optically-selected sample:

dn/dlnM [A3Mpc™3]

== total baryonic mass (range)

—t~ stellar mass

=== H mass (range)
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optically-selected sample:

total baryonic mass (range)
stellar mass

Hl mass (range)
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" abundance match
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optically-selected sample:

dn/dlnM [A3Mpc™3]
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optically-selected sample:

total baryonic mass (range)

stellar mass

Hl mass (range)
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~ stellar content of galaxies

stellar mass fraction vs. halo mass

Mandelbaum et al. 2006
Hoekstra 2007
Leauthaud et al. 2010
Conroy et al. 2007
More et al. 2011
Geha et al. 2006
Pizagno et al, 2007
Springob et al, 2007

Reyes et al. 2012

L COMPARISON WITH PREVIOUS WORK
Baldry et al. 2008
- — - Moster et al. 2010
.. Behroozi et al. 2010
Evoli et al. 2011
| — Leauthaud et al. 2011
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Yang et al. (2009) SMF/haloes+subhaloes
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Papastergis+ (2012)

no galaxy turns its “share”
of baryons into stars.

MilkyWay-size galaxies are
the most efficient, with
stellar conversion efficiency
of 30%.




~ baryonic content of galaxies

baryonic mass fraction vs. halo mass

* Low mass halos are
severely baryon depleted,
even when atomic gas
content is taken into
account
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~ baryonic content of galaxies

baryonic mass fraction vs. halo mass

* Low mass halos are
severely baryon depleted,
even when atomic gas
content is taken into
account
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galactic feedback

baryonic mass fraction vs. halo mass

* In low mass halos,
expelled gas
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galactic feedback

galactic feedback in hydro simulations

* Extremely efficient SN
feedback?

10.0 10.5 11.0 171.5
logo[M, (Mg)]

we? ¥

«c o o7 . * “Invisible” baryons?

v
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“the era of cosmological HI surveys

Wallaby survey virtual sample

Near-future HI
surveys

e Wallaby (ASKAP,
Australia)

e WNSHS (WSRT,
Netherlands)

e FAST (China)

Will measure

>500 000 galaxy
redshifts

credit: Alan Duffy (ICRAR)
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~ —advanced gataxy modeling &
cosmology

we predict this... ... but we measure this

A detailed model of the galaxy-halo connection is necessary
for using galaxy surveys for cosmology
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ALFALFA galaxies
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* HI mass is not tightly related to host halo mass
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relatlon
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|0g MHI (h;g MSM)

relation
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* In conclusion:

e The My, - M, ,,, relation has large scatter
e Not all, but some subhalos host HI galaxies



near-field cosmology
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“~HI cosmolo oy with ALFALFA

* The velocity width of a galaxy is a direct indicator
of dynamical mass.

HITZE351 5+004249  FWHM level

Distance from center (arcmin)




{he ALFALFA velocity width function

* “shallow” low-velocity slope, & =-0.85

100 200 500 800
T T T

§ ALFALFA
. modified Schechter fit
Zwaan et al. (2010), mod. Schechter fit

log w (km s77)

Papastergis+ (2011)




{He ALFALFA velocity width function

* “shallow” low-velocity slop

30 100 200 500 800
T 1 T T 1 T T

§ ALFALFA
. modified Schechter fit
Zwaan et al. (2010), mod. Schechter fit

log w (km s77)

Papastergis+ (2011)




dark matter only rotation curve

add baryons

0.0r

Stellar mass of the galaxy
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Adiabatic contraction?

| \
11 12 13
log M;, /M,

Milky Way

| N | .
10 20

Trujillo-Gomez+ (2011)




Milky Way

| L

20

Trujillo-Gomez+ (2011)

add the tracer (HI)

HI disk extent

T
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Rotolion velocity (km s )
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Radius {orcsec)

+ thermal broadening

+ spatial integration

== projection on line-of-
sight

== Doppler & instrumental
broadening

II
LY

100

0
Fons / [km s7')

100




—
I
>
L8]
-
7
[&]
Q.
=
o
¥~
L
e
©
cn
o

observation vs. theory

20 100 200 500 800
T T T T 11 | T T T T T 1714

the theoretical and

observational

: distributions disagree

CoM orediction: . at low widths (w < 100
5 km/s).

Trujillo—-Gomez et al. (2010)

DM + Baryons

CM + Baoryons + Adiabotic Centraction

a factor of 8 at w=50
Zavala et al. (2009)

— CDM, modeled gaolaxies é l(m/S, a fElCtOI' Of ~100

' ' ' at w=20 km/s.
1.9 2.0 1 2.5

log w (km s7')
Papastergis+ (2011)

(modeling: Trujillo-Gomez+ 2011, Zavala+ 2009)



observation vs. theory
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the theoretical and

observational

: distributions disagree

CoM orediction: . at low widths (w < 100
5 km/s).
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CM + Baoryons + Adiabotic Centraction

_ a factor of 8 at w=50
Zavala et al. (2009) .
— CDM, modeled galaxies ; l(m/S, a fElCtOI' Of ~100
: at w=20 km/s.

1.5 2.0 2.5
log w (km s7")
Papastergis+ (2011)

(modeling: Trujillo-Gomez+ 2011, Zavala+ 2009)
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Warm Dark Matter ?

in WDM universe
number of low-mass
halos suppressed.

.0 10.0
k (h/Mpc)

Zavala+ (2009)
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¢ — ALFALFA

Zavala et al. (2009)
— CDM, modeled galaxies

— WDM, modeled galaxies
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log w (km s7")
Papastergis+ (2011)
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rotation curve shape?

rotation curves in dwarf galaxies are often rising to
the last measured point.

DISTRIBUTION OF DARK MATTER IN NGC 3198

T 1 I ¥ T ) 1 I T T ¥ 1

NGC 3198
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Radius (kpe) Radius (kpc)

‘flat’ rotation curve ‘rising’ rotation curves
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e for dwarfs, HI
velocities may
systematically
underestimate true
halo masses.

COM prediction:

Trujillo—Gomez et al. (2010)
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— V,.,, relation in CDM universe
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V... — Vi, Felation in CDM universe
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— Warm dark matter or baryonic

physics?

* placing data for
individual galaxies
on the Viot ~ Vhalo
diagram, can
distinguish between
alternative dark
matter and baryonic

CDM 1 effects.

20 30 40 50 70 100 150 200 250 300350

thla (km 5_1)




thank you for your attention!
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