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ABSTRACT

In order to investigate discrepancies between recent published estimates of thasd function (HIMF), we
explore the impact of distance uncertainties on the derivation of the faint-end slope of mass and luminosity
functions of galaxies in the local volume by deriving HIMFs from mock $dirveys. We consider various survey
geometries and depths and compare the HIMFs measured when using “real” distances, distances derived by
assuming pure Hubble flow, and distances assigned from parametric models of the local velocity field. The effect
is variable and dependent on the exact survey geometry but can easily lead to incorrect estimates of the HIMF,
particularly at the low-mass end. We show that at least part of the discrepancies among recent derivations of the
HIMF can be accounted for by the use of different methods to assign distances. We conclude that a better
understanding of the local velocity field will be necessary for accurate determinations of the local galaxy luminosity
and mass functions.

Subject headings: galaxies: distances and redshifts — galaxies: luminosity function, mass function —
radio lines: galaxies

On-line material: color figures

1. INTRODUCTION sufficient volume and are thus most susceptible to uncertainties
associated with distance errors in the nearby population.

One of the perplexing discrepancies between observations Primary distances (e.g., Cepheids, the tip of the red giant
and cold dark matter (CDM) theory revolves around the “miss- branch, or surface brightness fluctuatlons, the bgst of which
ing satellite” problem. Numerical simulationsh€DM predict ~ 9ive distances ta: 10%) are available for600 galaxies, most
a value for the logarithmic slope of the faint end of the halo Within ~30 Mpc. Secondary distances (which rely on the above
mass functiong, which is close to the value of1.8 thatarises ~ Methods for calibration) carry larger errors16%—-30%) but
analytically from the Press-Schechter formalism (Press & do account for peculiar velocities for some 5000 objects. For
Schechter 1974), but most recent determinations of the opticalall other galaxies, the only indication of distance is their red-
luminosity function (LF) in the local volume yield values of shift. Outside ofcz = 6000 km s', pure Hubble flow works
o that are significantly flatter. Complementary to the results on well, since a typical peculiar velocity of a few hundred kilo-
the optical LF, several determinations of the locah lthass meters per second creates an uncertainty on the redshift distance
function (HIMF) have likewise yielded relatively flat faint-end of less than 10%. For closer galaxies, however, the relative
slopes. The overprediction of the number of low-mass objectserror is much larger, and, for the nearest objects, whose re-
relative to those actually observed is considered one of the lasicessional velocities are dominated by peculiar motions, the
remaining stumbling blocks fokCDM and points toward a  error can be a factor of 2 or more. Furthermore, peculiar ve-
new understanding of the baryon physics of galaxy formation. |ocities are not random but exhibit coherent flows toward local
It is obviously desirable that all of the uncertainties in the gverdensities. In some directions, the redshift distances of all
observed luminosity and mass functions be well understood. (nearby) galaxies will be systematically under- or overestimated

To derive a Iummosny (or mass) function from.observatlonal if peculiar velocities are ignored.
data, the sample selection effects must be considered carefully. The effects of peculiar velocities on distance determinations
In most surveys, the lowest luminosity (or mass) objects are ¢an he mitigated by the use of parametric models of the local
only visible nearby, and their contribution must be weighted \e|5city field. While clearly oversimplifications of the real

?cclordlngl)t/). Frg'cu?nal célstanct(ra] errﬁrs can be Ia:ge for rela'tﬂows, such models give a direction-dependent redshift distance
Ively nearby ODJects and can thus have a very strong impac prescription. A recent example of such a model is the multi-

on determinations of the faint-end characteristics of luminosity attractor model of Tonry et al. (2000, hereafter TBOO; also see
(or mass) functions. When those functions are evaluated USing\NiIIick & Batra 2001) y ' ' '

data obtained in clusters, the principal source of uncertainty ; . . .
lies in the assessment of membership; assuming that uncertaintY In orde.r to _mvestlgate the ef.fECtS of dlstanpe uncertainties on
ocal luminosity or mass functions, we consider here the deri-

is to first order independent on luminosity (or mass), it can - L
have a small impactpon the estimate of IE/F(5|0peS_ )Determi-V3t'°” of the HIMF. Recent determinations of the local HIMF

nations of the HIMF, however, have to rely on relatively shal- Nave yielded discrepant results on the abundance of loméss
low, wide-area surveys to detect lowHnass objects over a  Objects, namely, Zwaan et al. (1997, hereafter Z97), Rosenberg
& Schneider (2002, hereafter RS02), and Zwaan et al. (2003,
* Center for Radiophysics and Space Research, Cornell University, SpaceNereafter Z03). The Z03 HIMF is based on tha Rarkes All
Sciences Building, Ithaca, NY 14853; masters@astro.cornell.edu, haynes@Sky Survey (HIPASS) Bright Galaxy Catalogue (BGC), while
astro.cornell.edu, riccardo@astro.cornell.edu. the Z97 and RS02 HIMFs are both based on drift scan surveys

2 National Astronomy and lonosphere Center, Cornell University, Space ; : : :
Sciences Building, Ithaca, NY 14853. The National Astronomy and lonosphere conducted at Arecibo during the period of its recent upgrade

Center is operated by Cornell University under a cooperative agreement with (reSDECtiYely called the Arecibo HStrip Survey [AHISS] and
the National Science Foundation. the Arecibo Dual Beam Survey [ADBS]). A summary of the
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results of those surveys is provided in Table 1, parameterized

as Schechter functions,

#(x) = = In 10¢, x“* Ve, (1)

n
dlogM
wherex = M/M, ,M is the H1 mass, andh is the total number
density of galaxies. The faint-end slopes of the HIMF derived
by the three surveys vary betweeri.20 and—1.53, yielding
extrapolations belowl,,, = 10" M, that disagree by an order
of magnitude, the RS02 HIMF having the steeper slope.
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TABLE 1
PARAMETERS IN PUBLISHED HIMFS

Parameter AHISS (Z97) ADBS (RS02) HIPASS (Z03)
6, (R MPC™®) ....oeevnen. 0.0048 0.0047 0.0070
log M./Mg) + 2 loghy, ..... 9.86 9.94 9.85
O i —1.20 —1.53 —1.30
Survey area (déy........... 65 430 20600
Dy, for 10 Mg, (Mpc)....... 100 13 7
Number of galaxies......... 61 265 1000

to-noise ratio can be derived from the standard radiometer equa-

Previous studies of the impact of distance errors (from ig- tion such that

noring peculiar velocities) on HIMFs have modeled the effect,

often called the “Eddington effect,” by adding random Gaussian
noise to the distances. Using this model, RS02 conclude that

the effect is negligible in their survey volume until velocity
dispersions of 600 km$ are reached, while Z03 find that for
an assumed velocity dispersion of 50—100 krhia the local

universe ¢z< 3000 km s") the slope of the low-mass end of

6.06(V,,,/10° M, )(W,,/100)f,t42CBWI25 kHz
DT, /G ’

)

_ T where y = —2 for W,, <100 km s* andy = —1 for
the HIMF probably steepens by <0.05 . Since the peculiar v, > 100 km s, accounting for the effects of smoothing;
velocity field in the local universe is not random but rather ¢ s the fraction of the source covered by the telescope beam;
dominated by infall onto the Virgo Cluster, these models could t_ is the integration time; CBW is the channel bandwidth, and
easily hide the main bias. In this Letter, we investigate whether T.,/G describes the gain of the telescope. Specific details of
all or part of the discrepancy among the three HIMF deter- the simulated observations are given in § 3 below.
minations can be accounted for by the effects of distance un- The observed Hi mass of a galaxy isM,,. = M. %
certainties introduced by the different methods used by 797, (D../D )% WhereD.,. is the distance assigned to the galaxy
RS02, and Z03 to assign distances. o andD,,, is its true distance. From the set of “detections,” we
Here we construct mock catalogs designed to mimic the H  construct HIMFs by summind/V,,, (the total volume within
surveys conducted by 297, RS02, and Z03 and then derive mocKyhich a galaxy can be seen) weighted by the average density in
HIMFs under different distance assumptions. The value of that volume (from the PSC density field) in bins of
Ho = 70km s Mpc * is assumed throughout, and the depen- |og (M,,,/M,,). This method prevents over- or underdense
dence onH, is explicitly listed using,, = Ho/(70 km s regions from giving an over- or underestimate of number counts
Mpc™). in certain bins. ID,,; = D ., We recover the input HIMF. We
investigate below the effectthaf,, # D,,. hasontherecovered

2. SURVEY SIMULATIONS HIMF for various survey geometries and depths.

We first construct a mock catalog of Hrich objects in the
local universe, which is then “observed.” In order to account
for the known local variations in the three-dimensional distri-
bution of galaxies, a version of the density and velocity fields
derived from thelRAS Point Source Catalog Redshift Survey
(PS@) with a valueg = Q28 /b = 0.5 is used (kindly pro-
vided by E. Branchini; see Branchini et al. 1999 for details).
This map extends to a distance of 180" Mpc with a grid effects of cosmic variance, an average obtained from 10 sim-
spacing 0.937% 1! Mpc in the inner 60h~* Mpc and twice ulations is used.
that in the outer shell. The map has been smoothed with a Most of the galaxies in the real BGC have their distances
Gaussian filter of radius 3.8°* Mpc. estimated using Hubble’s law and yet are witltim= 3000

The volume is seeded with Hrich galaxies according to  km s*. We investigate what effect this assumption has (if any)
the density field, and masses are assigned from a given HIMF.on the derived HIMF. As noted in Table 1, the HIMF derived
The Hi sizes of the galaxies and velocity widths are calculated from the HIPASS BGC has a shallower low-mass end slope
according to empirical scaling relations derived from our own than that derived from the ADBS in RS02. We will see if any
H 1 survey data and from Broeils (1992). Inclinations are ran- part of this discrepancy can be accounted for by the use of
domized, realistic scatter is added to the scaling relations (asHubble’s law to assign distances by Z03.
measured from the empirical fit), and a turbulent velocity of  Figure 1 shows the difference between the input and recon-
10 km s'is added to construct the observed velocity width. structed HIMFs for the input (or “true”) distances, distances

The H1 mass of a galaxy at a distand (in units of derived by assuming Hubble flow, and distances from the multi-
megaparsecs) can be approximated Mg /M = 2.356 x attractor model of TB0O. Clearly, significant variations arise
10°D°S,.. Wy, WhereS,.,, is the peak flux in the Hline in among the HIMFs constructed from the mock HIPASS BGC
units of janskys andl,, is its width in kilometers per second. when different distance estimators are used. The HIPASS sur-
The detectability of an H-rich galaxy depends on both the vey volume does not contain the Virgo Cluster and therefore
peak flux and the width of the H line. If we assume that has a fairly quiet local velocity field; however, as can be seen
smoothing of the spectrum is applied to match the width of from the figure, the low-mass slope of the HIMF will be-
the lines, up to a maximum &f,,, = 100 km's the signal- derestimated if pure Hubble flow is assumed. In Figure 1, the

3. RESULTS AND DISCUSSION
3.1. Smulated HIPASS BGC

First, we consider a mock catalog constructed to mimic the
HIPASS BGC, which contains the 1000 galaxies in the southern
sky with the largest peak Hflux (see Z03). To remove the
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Fic. 1.—Difference between input and reconstructed HIMFs for a mock  Fig. 2.—Difference between input and reconstructed HIMFs from simulated
HIPASS BGC survey (shown are the average of 10 simulations). The HIMF ALFA drift scans of Virgo (shown is the average of 10 simulations; roughly
derived when “true” distances are usair¢les and dotted line), along with 4000 galaxies are seen in each survey). As in Fig. 1, the input HIMF (that of
the HIMF constructed when multiattractor model distances are useddles Z03, but with« steepened to-1.4) has been subtracted, but note that here the
and long-dashed line) reconstructs the input HIMF within the errors (here y-scale has been extended down to accommodate the huge deviation when Hubble
typical Poisson counting errors are shown only on the “true” distance points). flow distances are used. Line and point types are the same as in Fig. 1. When

When pure Hubble flow is assumesjares and short- dashed line), the low- the “true” distances are used, the fit to the low-mass slope of the HIMF is
mass end of the HIMF is underestimated. The solid line shows the Z03 HIMF, « = —1.37 the multiattractor model distances give= —1.36 , while the Hub-
which differs from the input byAa = 0.1 .Jee the electronic edition of the ble flow distances givex = —1.28 .Spe the eectronic edition of the Journal
Journal for a color version of this figure.] for a color version of this figure.]

input HIMF is the same as in Z03 (see Table 1), except that Of the sky is not accessible to Arecibo, but for the purposes of
the low-mass slope has been steepened te —1.4 . Theillustrating the effects of distance uncertainties on the construc-

HIMF recovered from this mock HIPASS BGC is close to that tion of HIMFs, the combination of such a Virgo—anti-Virgo sur-
reported by Z03 when Hubble flow is assumed. vey provides a good comparison between the nearest regions of
We suggest that an adjustment &f = —0.1  should be high and low cosmic density.

applied to the Z03 low-mass slope, makingait= —1.4 + In the Virgo region, we are able to reconstruct the input
0.1 This correction makes the resgatinsistent with the RS02 HIMF well when the “true” distances are used and reasonably
result ofa = —1.53+ 0.2 (wWhere here the error on the RS02 Well with distances taken from the multiattractor model of
result is estimated by scaling that reported for Z03\bly, ). TB0O. However, if pure Hubble flow is assum_ed, th_e number
This change in low-mass slope, while interesting in the light of galaxies at the low-mass end of the HIMF is seriously un-
of comparisons witt\CDM, has little effect on the total H derestimated (see Fig. 2). The lowest mass galaxies in our mock
mass density implied by the surveys. The total mass density,survey are seen only in the foreground of Virgo (the mass limit

dominated byM, galaxies, is already in agreement betweenat 17 Mpc, the approximate distance of the Virgo Cluster, is
the two surveys. ~10° M, from eq. [2] assumingW,, = 100 km $ and

CBW = 25 kHz). If pure Hubble flow is assumed, the vast
3.2. Smulated Virgo Cluster Survey majority of these foregrounq galaxies will havg their dis;ances
(and hence masses for a giveni lux) overestimated, since

As the nearest rich cluster to us, Virgo represents the highestthey are infalling toward Virgo.
density region in the local universe and thus constitutes the ob- The two recent Arecibo-based derivations of the HIMF (297
vious choice for the study of the HIMF in a high-density en- and RS02) include part of the Virgo Cluster within the overall
vironment. The northern hemisphere sky accessible to the Are-survey area. The low-mass end slopes derived from these sur-
cibo telescope covers both the Virgo Cluster and comparably farveys differ byAa = 0.3 (with Z97 having the shallower slope).
regions of lowest cosmic density located roughly in the anti- In RS02, the multiattractor model of TBOO is used to assign
Virgo direction. The arrival in 2004 of the Arecibo L-Band Feed distances, while in Z97 pure Hubble flow is assumed. However,
Array (ALFA) will revolutionize mapping capability at the Are-  the difference between the two HIMFs cannot be explained by
cibo telescope and will allow study of possible variations in the their use of different distance estimators. The Z97 survey was
HIMF in different density environments, already suggested by designed to be extremely sensitive but covers a very small area.
RSO02 but with low statistical significance. Here we investigate In deeper surveys, we expect the effect described above di-
the potential of a proposed ALFA survey of an are& 30 minishes. We have constructed a Z97-like survey (of similar
30° centered on the Virgo ClusteR(A. = 11"-13' decl.= depth and area), and, as expected, the HIMF can be recon-
0°-27), assumingT, /G = 3 Jy, and with,, = 12 s (drift  structed equally well in such a deep survey with all three dis-
scan) andCBW = 25 kHz. The mean noise in such a survey tance estimates. We therefore must resort to the usual arguments
would be~4 mJy beam' (at our assumed maximum resolution of small-number statistics (noting that there were only 65 gal-
of 5 km s). This can be compared to 20 mJy bearfor axies in the Z97 HIMF) and differing treatments of complete-
HIPASS and~8.6 mJy beam for the ADBS (see Barnes et al. ness to explain the discrepancy between the HIMFs of Z97 and
2001 and RS02); here both values have been scaled to a resdRS02.
lution of 5 km s*. We also consider an equal area in the anti-  In the anti-Virgo region, the input HIMF can be reconstructed
Virgo region R.A. = 23"-1", decl.= —27-C). This region  well using either “true” distances or by assuming Hubble flow.
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Here the use of the multiattractor model of TBOO causes the 04

largest bias, acting to create an underestimate of the number L L L
of low-mass Hr galaxies (see Fig. 3). The multiattractor model
of TBOO is based on distances+800 elliptical galaxies. There
are approximately 30 of these galaxies in the Virgo region
discussed here, but fewer than five in the anti-Virgo region. At
the depth of these Hsurveys, the anti-Virgo region is relatively
underdense, making it unavoidable that there will be few tracer
galaxies in that direction. This undersampling has the effect of
forcing the model for the velocity field to fit better toward
Virgo at the expense of the fit in the anti-Virgo direction. The
multiattractor model of TBOO consistently overestimates the
distance for a given velocity in the anti-Virgo direction, leading

; 7
to the observed underestimate of the number of low-mass gal- ?0 (h2. M /gM ) 10
axies (as discussed above). 8\ N30 Mur/ Mo
Fic. 3.—Difference between input and reconstructed HIMFs from simulated
4. CONCLUSIONS ALFA drift scans of the anti-Virgo region (shown is the average of 10 sim-

ulations; roughly 3000 galaxies are seen in each survey). Line and point types

We have used mock H survey data to demonstrate that are the same as in Figs. 1 and 2. Note that this region will not be accessible
distance uncertainties can create serious biases in the Iow-mas‘s% rAvlc_al;/s_\ gfutth‘: iwnecg:gstdrgirgntso;Ifllasigt?tgntg?o(\j/\i/ﬁ(:ec:grr;cig g:;‘gft‘h‘;oénegarab'e
g][](tjhoef ::‘Peel ng\&/:l';’X;ngﬁL;r gLuFT%CLSeEOE:S k;?f:gg“g? ;[lf])esﬁlcj)?:laels tronic edition of the Journal for a color version of this figure.]
peculiar velocity field are ignored, incorrect estimates of the
HIMF will be derived. The exact nature and size of the bias
will depend on both the survey geometry and its depth.

In a survey constructed to simulate the HIPASS BGC, the
low-mass HIMF slope isinderestimated if peculiar velocities
are neglected. We suggest that the HIMF reported by Z03 suf-
fers from this problem, which when corrected, would bring the
Z03 and RS02 HIMFs into agreement within their errors. The
adjusted value of the Z03 low-mass slopecdis= —1.4 +
0.1, which is to be compared with the RS02 value cof=
—1.5 + 0.2 This change does not affect the implied Fhass
density since it is dominated by,  galaxies.

For a survey where low-mass galaxies are seen only in the
foreground of Virgo, the distances (and therefore masses) of
the nearby low-mass galaxies will be overestimated and the

low-mass end of the HIMFeriously underestimated if infall derstood. Other applications where distances to galaxies are

onto Virgo is neglected. In deeper surveys, the effect becomes, g geq will also benefit from a better understanding of local
negligible, so that differences in the adopted distances aloneg,\\ s

cannot explain the discrepancy between the 297 and RS02

limitations of currently available models for the local velocity
field. In such a survey, use of distances taken from a multi-
attractor model for the local velocity field leads to an under-
estimate of the low-mass HIMF slope. Currently available flow
models are not well constrained in the anti-Virgo direction
because of a lack of galaxies with primary distances in the
region. Velocity field models based on larger numbers of tracer
galaxies will be required to solve this problem.

The use of a good model for the local peculiar velocity field
is found to be essential to provide distances for nearby galaxies
for which no redshift-independent distances are available. With-
out such a model, it is difficult to derive an unbiased HIMF
and in particular, the low-mass end may be in error. Disentan-
gling the effects of environment and evolution of the HIMF
will not be possible unless the local flow model is well un-

HIMFs. This research was supported by NSF grants AST-9900695,
A simulated survey in the anti-Virgo region points to the AST-0307396, and AST-0307661.
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