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ABSTRACT

We estimate the baryonic (stelamold gas) mass function of galaxies in the local Universe $sigming a
complete sample ofwo Micron All Sky Survey and Soan Digital Sky Survey galaxies a gas fraction based on
a statistical sample of the entire population, under tharapsion of a universally-applicable stellar initial mass
function. The baryonic mass function is similar to the stethass function at the high mass end, and has a
reasonably steep faint-end slope owing to the typicallfltigld gas fractions and low stellar mass-to-light ratios
characteristic of low-mass galaxies. The Schechter Foméitiparameters aig* h™ =0.0108(6) Mpc? log;oM ™2,
M*h? = 5.3(3) x 101°M, anda = -1.21(5), with formal error estimates given in parentheses skiéav that the
HI and H mass functions derived using this indirect route are in exgient with direct estimates, validating our
indirect method. Integrating under the baryonic mass fancind incorporating all sources of uncertainty, we
find that the baryonic (stellacold gas) mass density implied by this estimat€isid paryon= 2.4*%-5 x 1073, or

829 of the Big Bang nucleosynthesis expectation.
Subject headings. galaxies: general — galaxies: luminosity function, masgfion — galaxies: stellar content

1. INTRODUCTION we estimate a stellar MF (82.1) and then add representaiive g
masses to each galaxy (82.2), allowing us to estimate tiré-dis
bution of galaxy baryonic masses (83). We assuipe= 0.3,

Q4 =0.7, andHg = 10chkm s Mpc™.

The distribution of the mass in collapsed baryons (cold gas
and stars) in galaxies is a fundamental prediction of galaxy
mation models. Unfortunately, to date there is no robust est
mate of the baryonic mass function (MF) of galaxies, leaving
modelers with the non-trivial task of predicting stellar ssas
or, even worse, galaxy luminosities. Discrepancy betwhent  We construct the baryonic MF using a combined sample of
model and data may indicate a problem with the predicted dis- galaxies from théwo Micron All Sky Survey (2MASS; Skrut-
tribution of galaxy baryonic masses, or could representlgoo  skie et al. 1997) and th&8oan Digital Sky Survey (SDSS;
constrained star formation (SF), stellar population ott ghs- York et al. 2000). We use the SDSS early data release (EDR;
scriptions. In thid_etter, we present a first estimate of the bary- Stoughton et al. 2002) to provide an 84% redshift complete
onic MF of galaxies by assigning galaxies gas fractionssstat I < 17.5 sample of galaxies with accuratgriz fluxes over
cally (based on an independent sample), under the assumptio 414 square degrees, which~gl0% less than the whole EDR
of a universally-applicable stellar initial mass functighF).* imaging area because some spectroscopic plates that weere no

The time is ripe to attempt this for the first time. With the attempted (Stoughton et al. 2002). The 84% redshift coraplet
advent of large, relatively complete surveys, the lumityosi ness within this area is our own direct estimate based on the
function (LF) is now well-constrained in the optical and nea fraction of galaxies fulfilling the Strauss et al. (2002)teria
infrared (NIR) (Gardner et al. 1997; Cole et al. 2001; Koatlan  that have spectra, in agreement with the EDR analysis of Naka
et al. 2001; Norberg et al. 2002; Liske et al. 2003; Blanton et mura et al. (2003). To account for light missed by the Pedrosi
al. 2003; Bell et al. 2003). Furthermore, under the assump- magnitude estimator (Strauss et al. 2002; Blanton et al3R00

2.1. Egtimating the Sellar Mass Function

tion of a universally-applicable stellar IMF, the distritmn of we add 15% to the fluxes of galaxies morphologically classi-
stellar masses is reasonably well-constrained, with amative ~ fied as early-type using the SD$®and concentration param-
normalization uncertainty caused by our relatively poankh eter following Strateva et al. (2001). This correction proels

edge of the faint end slope of the IMF (Cole et al. 2001; Bell et only a < 5% effect on the LFs and MFs (Blanton et al. 2003;
al. 2003). Crucially, there are also relatively large saamf  Bell et al. 2003). We also correct for an8% overdensity of
galaxies withK-band data and gas masses, allowing a reason-galaxies in the EDR, as estimated by comparing the number of
ably accurate characterization of the gas mass of galagias a 10< K < 13.5 galaxies in the EDR spectroscopic area with that
function of their physical parameters (Bell & de Jong 2000).  from the sky with|b| > 30deg.
We use the now complete 2MASS extended source and point
2. THE DATA AND METHODOLOGY source catalogs to augment the SD#fz fluxes withK-band

Because of the lack of a large galaxy survey with both gas fluxes, and for extended sourcksband half_-light radii. We
mass and-band data, we take a sampling approach, analo- correct 2MASSK-band fluxes to total following a comparison

gous to that used by Loveday (2000) to estimateKhiand with deeperK-band data from Loveday (2000); for extended

luminosity function from &B-band limited survey. Essentially, \S/\(/)eu:jctfi é?ijs?z?\xxté SEOO?HO 't;?]?jg d‘;?gﬁg?g%é%gﬂse; 3Jle2c%0r\3

1A time-varying IMF, as speculated on by Hernandez & Ferrae0() or ; i ;
Ferguson, Dickinson, & Papovich (2002), would invalidatis ssumption. Eﬁaggr;?a?étggimgg?gﬁiirSaI\;nIlairlg;s-;?]zi)opt(l)cfirma:;r’(\e”s?;?:?
1
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tively, and the random errors are 0.05 mag (optical) and @@ m
(NIR).

To estimatek-corrections, evolution corrections, and the pre-
sent day stellar mass-to-light ratios (M/Ls), we fit thgrizK
observed fluxéswith model stellar populations. These popu-
lations have a range of metallicities and SF histories avergi
redshift. We use thelsAsEstellar population synthesis model
(see Fioc & Rocca-Volmerange 1997, for a description of an
earlier version of their model) with a ‘diet’ Salpeter IMFo[f
lowing Bell & de Jong 2001) that has the same colors and lu-
minosity as a normal Salpeter IMF, but with only 70% of the
mass (due to a smaller number of low-mass stars). Correction
derived using this technique are consistent with those bged
Blanton et al. (2003). The stellar M/Ls we derive are within
10% of those from the spectral modeling technique of Kauff-
mann et al. (2003), accounting for differences in IMF; the-ra
dom and systematic uncertainties from dust and bursts of SF
dominate, however, and arg 25% (Bell & de Jong 2001).
This IMF is ‘maximum disk’, inasmuch as IMFs richer in faint
low-mass stars over-predict the rotation velocity of Ursajdi
Cluster galaxies witliK-band photometry and well-resolved H
rotation curves. This prescription thus gives the maximas: p
sible stellar M/L. Naturally, a different choice of IMF alls
lower M/Ls. For example, the popular Kennicutt or Kroupa
IMFs have~37% lower M/Ls than this IMF, and are thus ‘sub-
maximal’ (see Bell & de Jong 2001, for more discussion of this
point).

We calculate LFs and stellar MFs using t#éVmax formal-
ism (Felten 1977), taking into account foreground Galaetic
tinction, k-corrections, and evolution corrections. In Bell et al.
(2003), we match precisely published LFs; in particularree
produce they-band anK-band LF and luminosity densities to
within < 10% (Blanton et al. 2003; Cole et al. 2001; Kochanek
et al. 2001). Furthermore, this method produces accurelte st
lar MFs that match the estimate of Cole et al. (2001}&% in
total stellar mass density (accounting for IMF differencbat
can do so using LFslimited by optical or NIR magnitude limits
(Bell et al. 2003). For thid etter, we choose 11848 galaxies
with 13<r < 17.5 andg < 17.74, which ensures that we have
accurateg—r color estimates providing a stellar M/L accuracy
of better than 25%, while avoiding potential biases agdovst
surface brightness galaxies in 2MASS (Bell et al. 2003). The
stellar MF estimated using this technique is shown in Fig. 2
along with the stellar MF of Cole et al. (2001) for comparison
A much more extensive description of the LF and stellar MF
construction is given by Bell et al. (2003).

2.2. Estimating Gas Masses
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FiG. 1.— K-band magnitude and half-light radius for the 6573 lateetyp
SDSS2MASS galaxies in our sample (contours) and for the 156 gataxn-
parison sample of Bell & de Jong (2000, filled circles).

estimate gas masses by multiplying thegds mass by 1.33 to
account for helium, and by the morphological type-depehden
H, to Hi ratio presented by Young & Knezek (1989). For the
21% of the galaxies withow-band luminosities and sizes, we
adopt ther-band half-light radii and estimate tieband lumi-
nosity by dividing theg-band-derived stellar mass by the model
K-band stellar M/L. Our assumptions are accurate to betder th
40% in both cases, and make no difference to our results.

Each SDS$2MASS galaxy is assigned a gas mass from a
galaxy in the Bell & de Jong (2000) comparison sample with
similar half-light radius and-band luminosity. For galaxies
morphologically classified as late-type we assign gas msasse
using a randomly chosen comparison galaxy that is within a
factor of two in size, and within one magnitudeKnband lu-
minosity. Galaxies are morphologically classified usingrth
band concentration parameter following Strateva et al0{20
We scale the gas mass by the difference in luminosity to con-
serve the galaxy gas fraction. As a consistency check, vee als
assign gas masses by choosing the nearest galaxy in Half-lig
radius—luminosity space, and by assigning gas to galafies o
all morphological types (see Fig. 2). These changes make no
appreciable difference to our results.

3. THE BARYONIC GALAXY MASS FUNCTION

Our baryonic galaxy MF is shown as the solid line with open
circles in the left panel of Fig. 2. Shown for comparison is th
stellar MF from Cole et al. (2001), and tgeselected stellar MF

Because there are no samples of galaxies with good numbegyescribed above and in Bell et al. (2003). The baryonic galax

statistics, deep optical/NIR data and gas masses, we éstima
the gas masses of SDEBVIASS galaxies indirectly. We use
galaxies from Bell & de Jong (2000) witk-band luminosi-
ties, half-light radii and gas masses to statisticallygrssi gas
mass to every SDSEMASS galaxy, appropriate to it6-band
luminosity and half-light radius.

Fig. 1 shows th&-band half-light radii and luminosities for
the late-type subsample of the SDRBASS galaxies (con-
tours) and for the comparison sample of 156 galaxies with gas
masses (filled circles) taken from Bell & de Jong (2000). We

2Not all galaxies haveigrizK fluxes. We have checked that missing pass-

bands do not significantly bias the estimatedorrections, evolution correc-
tions or stellar M/Ls (but do, of course, increase the ranéamr somewhat).

MF follows the stellar MF at high masses, shows a modest off-
set at the ‘knee’ of the MF, and shows a reasonably steep faint
end slope. This behavior is expected, as low-mass field galax
ies tend to have high cold gas fractions and more ongoing SF
(Bell & de Jong 2000; Kauffmann et al. 2003b), which steep-
ens the baryonic MF compared to optical/NIR LFs that typi-
cally havea ~ -1.0. The Schechter Function fit parameters are
¢*h™3=0.0108(6) Mpc3logioM ™1, M* h? = 5.3(3) x 10'°M,,
anda =-1.21(5), where the formal error estimates are in paren-
theses.

In the middle panel of Fig. 2, we show the effects of the
systematic uncertainties. In particular, the dashededaind
dot-dashed lines show the effects of changing the gas mass as
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FIG. 2.— The baryonic mass function of galaxies. In the left hpadel, we show the stellar MF of Cole et al. (2001, naked éraos) corrected to our ‘maximum
disk’ IMF, the stellar MF derived using our SD®fband selected sample (solid grey line), and the baryonicoMgalaxies, assuming the ‘maximum disk’ IMF
(solid line with open circles and error bars, with a Schechieas the thin solid line). In the middle panel, we showetliént versions of the baryonic MF, illustrating
the different sources of uncertainty. The solid line witteogircles again is the baryonic MF defined using the defastrgass estimation technique, the dashed
line shows the effect of choosing the nearest galaxy on ttidiglat radius—luminosity plane for estimating the gasssathe dotted line shows the effect of allowing
SDSS2MASS early-type galaxies to also have gas, and the two Boéd are the effect of choosing a Kennicutt or Kroupa IMR(tar line), or a M/L consistent
with a Bottema disk (lowest line). In the right hand panel e& the gas mass estimation method by comparing tleaéiH, MFs predicted using this method with
observations. The solid line with open circles and erros lugnotes the match of SDEBMASS spirals with randomly-selected nearby galaxies, taaddotted
and dashed lines are as in the middle panel. The solid blask ésithe blind H MF of Rosenberg & Schneider (2002). The balaxy MF is shown as the grey
line with open circles and error bars, and the SchechteoFite first observational estimate of the MF (from Keres, Yun, & Young 2003) is shown as the solid

grey line.

signment (see the figure caption for more details); these un-

certainties have only small effects. The two bare soliddine
show the effect of assuming different stellar IMFs. As slate

vey of Rosenberg & Schneider (2002) is plotted as the smooth
solid curve. We also show our prediction of the ¢hlaxy MF
as the lower solid grey line with open circles and error bBcs.

earlier, we adopt as our default an IMF that has the largestcomparison, we plot the Schechter Fit to the first obsermatio

stellar M/L permitted, without over-predicting the rotative-
locities of spiral galaxies in the Ursa Major Cluster (sdiick
with open circles; Bell & de Jong 2001). Yet, the stellar M/L
may be lower than this maximal value; thus, we show two
cases. First, we plot (upper solid line) the increasinglp-po
ular Kroupa, Tout, & Gilmore (1993) and Kennicutt (1983)
IMFs, which both have M/Ls 0f70% of maximal IMF (-50%
Salpeter). The other case is an IMF that has M/Ls of only
40% of our maximal IMF (the lowest solid line), which cor-
responds roughly to the 63% disk velocity contribution te th

rotation curve as argued by Bottema (1997). It is clear that,

assuming a universal IMF, the factor-of-two uncertaintytia
stellar M/L dominates the error budget in terms of total cold
baryonic mass in the local Universe. Given the stellar IMF,
the systematic uncertainties gfe25%. We estimate these un-
certainties using different passbands to estimate steikss,

estimate of the HIMF (Keres, Yun, & Young 2003). Given the
uncertainties, it is clear that our method for estimatintagya
gas masses reproduces theddd H galaxy MFs with aston-
ishing precision. Therefore, the sample of galaxies thatisee

to assign gas masses is indeed reasonably representative, a
lends considerable credibility to our estimate of the bargo
galaxy MF.

4. DISCUSSION

Even with the factor-of-two uncertainty from the contribu-
tion of low-mass stars to the overall stellar M/L, we canl stil
draw some conclusions about the local Universe. It is cleatr t
the overall efficiency of galaxy formation is very low. Flyst
the faint end slope of the baryonic MF4s-1.2, which is much
shallower than the- —2 expected for the halo MF (e.g., White
& Frenk 1991). Secondly, integrating under the MF, we de-

using different gas mass assignment methods, and accguntinrive Qo4 baryorN = 2.4'97 x 1073, including the IMF and 25%

for the effects of dust and bursts of SF on the M/Ls (Bell
& de Jong 2001; Bell et al. 2003). The Schechter Func-
tion fit parameters for the Kennicutt/Kroupa case and the Bot
tema case arep*h™ = 0.0116(5)0.0142(8)Mpc®log;oM 2,

M* h? =3.78(11) 2.24(8)x 10'*°M,, anda =-1.22(3), -1.20(3).

It is important to make sure that our statistical procedsre a
signs gas masses consistent with the true galaxy populagion
comparing with the Hor H, MF of galaxies (the right hand
panel of Fig. 2). The solid black line with open circles anaer
bars is our H MF derived in this way. The dashed and dotted
lines show the effects of using the closest galaxy to eséimas
mass and allowing elliptical galaxies to have gas massemsp
tively. For comparison, the HMF of the blind H Aricebo sur-

systematic stellar M/L uncertainties. Our estimate agvesb
with the value of 20+ 1.5 x 1072 from Fukugita et al. (1998),
and is preferred due to our better accounting for stellarsvi/L
compared with Fukugita et al. (1998) who use (harder to con-
vert into stellar massB-band luminosity densities assuming a
similar IMF to the maximum-disk IMF we adopt here. Tak-
ing the value of the total baryon density from the Big Bang
nucleosynthesis value of O’'Meara et al. (2001), and assgmin
h=0.7+0.07, we findcoid baryoy/ 26 ~ 872%, where the error
estimates account for the uncertainties in IMi, By, our gas
assignment method, and tH@5% uncertainties in stellar M/Ls
from dust and bursts of SF. Our value is quite consistent with
the low galaxy formation efficiency characteristic of most-c
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rent models, which have low efficiencies at the low and high-

al.
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