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What is the HI Mass Function?

! Number density of galaxies in the Universe 
as a function of their HI mass.
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ALFALFA (Jones et al 2018)
ALFALFA (Haynes et al 2011; 2018)



What is the HI Mass Function?

! Number density of galaxies in the Universe 
as a function of their HI mass.
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Well fit by a Schechter Function:

Slope
Knee

ALFALFA (Jones et al 2018)



Why is the HI Mass Function 
important?
! Number density of galaxies in the Universe 

as a function of their HI mass.
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Well fit by a Schechter Function:
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Environmental dependence 
on the HIMF?
! Depends on your sample, definition of environment, and the 

scales which these probe. (e.g. Rosenberg & Schneider 2002; Zwaan 
et al 2005; Springob et al 2005; Moorman et al 2014; Jones et al 2016) 

! Virgo Cluster HIMF apparently flattened compared to 
surroundings: gas processing?
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Galaxy groups: the primary site 
of galaxy evolution

! 50-60% of galaxies live  
in group environment 
(Huchra & Geller, 1982; Crook 
et al 2004; Berlind et al 2006, 
2009; Yang et al 2007, 2012; 
Tempel et al 2014; etc) 

! Low velocity dispersion, 
high galaxy density —> 
opportunity for strong 
interactions and gas 
processing
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Table 3
USGC U207a: H i Detections

Galaxy α δ NED NED Velocity SH i MH i

(J2000) (J2000) Morphology (km s−1) (Jy km sec−1) (109 M⊙)

IC 0527 9 09 41.8 +37 36 05 S? 6889 ± 11 9.8 20
CGCG 180-045 9 09 24.3 +37 41 09 · · · 7138 ± 65 0.49 0.97
UGC 04799 9 08 47.6 +37 30 06 SB 6873 ± 27 0.55 1.1
FGC 0841 9 07 38.5 +37 40 21 Sc 6976 ± 24 1.9 3.8
IC 2434 9 07 16.0 +37 12 55 SB? 7158 ± 29 4.6 9.4

Note.
a Also known as RASSCALS NRGb019 (7 members).

Figure 2. Total intensity H i contours for USGC U207 overlaid on an R band
optical WIYN 0.9 m image. The contours correspond to a three sigma detection
with the lowest at a column density of 8.2 × 1019 cm−2 and increasing by

√
2.

The beam size is 61′′ × 60′′ and is shown in the lower left. All group members
are labeled except for CGCG 180-048 which is beyond the field of view of this
image and our H i data.

Our USGC U207 cube covers a velocity range from
6350–7450 km s−1, which corresponds to distances of
85–99 Mpc. The region of uniform sensitivity on the sky is
square with 40′ on a side which corresponds to 0.99 Mpc at
a 85 Mpc distance, 1.1 Mpc at the distance of the group, and
1.2 Mpc at a 99 Mpc distance. Thus, the volume surveyed for
this group is 17 Mpc3.

4.3. USGC U070

USGC U070, also known as the NGC 664 group, has five
spectroscopically identified members in ZM98: NGC 664, IC
0150, and UCG 01204 are classified as spirals while 2MASX
J01431801+0411322 and NGC 664:[ZM98] 057 (NED iden-
tification) have unknown morphologies. The group velocity
is 5399 ± 80 km s−1 and the group velocity dispersion is re-
ported to be 130+244

−99 (ZM98). Mulchaey et al. (2003) give
an upper limit of 40.98 erg s−1 for diffuse X-ray emission
from the intragroup medium using ROSAT PSPC data with
an exposure time of 7.5 ks. We detect H i in the three group

Figure 3. Total intensity H i contours for the USGC U070 group overlaid
on a blue DSS image. Newly detected galaxy, FSW J014526.92+043619.1,
is shown, along with IC 1726, in an enlarged panel in the upper right. Near
FSW J014526.92+043619.1 we detect 4.4 × 108 M⊙ of H i without an optical
counterpart. The contours correspond to a five sigma detection with the lowest
at 8.7 × 1019 cm−2 and increasing by

√
2. The beam size is 67′′ × 60′′ and

shown in the lower left corner. All group members are labeled except for
NGC 664:[ZM98] 057 (NED identification) which is beyond the field of view
of this image and our H i data.

members previously classified as spirals, as well as two new
galaxies: IC1726 and its uncataloged neighbor (α(2000) =
01h45m27s, δ(2000) = +04 36′19′′) which we are designat-
ing FSW J014526.92+043619.1 according to IAU Nomencla-
ture conventions. Additionally, we detect 4.4 × 108 M⊙ of H i
near FSW J014526.92+043619.1 without an optical counter-
part which may be tidal material or an H i cloud. We do not
detect H i in either of the two group members with unknown
morphologies. Although NGC 664:[ZM98] 057 and 2MASX
J01431801+0411322 both have emission lines in their spec-
tra (Zabludoff & Mulchaey 1998), NGC 664:[ZM98] 057 is
spatially beyond the coverage of our H i data and 2MASX
J01431801+0411322 is optically very compact compared to
the other galaxies in this group. Its H i mass may fall below
our detection limit. Table 4 lists the H i detections in this group
and Figure 3 shows the total intensity H i contours on an opti-
cal image of the group with an inset showing the uncataloged
galaxy.

Our NGC 664 cube covers a velocity range from
5120–5750 km s−1 which corresponds to distances of 68–
77 Mpc. The region of uniform sensitivity on the sky is square
with 40′ on a side which corresponds to 0.79 Mpc at a 68 Mpc
distance, 0.85 Mpc at the distance of the group, and 0.89 Mpc
at a 77 Mpc distance. Thus, the volume surveyed for this group
is 6.0 Mpc3.

Freeland et al (2009)
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Group HI Mass Function

! Ursa Major; 32 HI detected galaxies (Verheijen et al 2001) 
! Canes Venatici; 69 HI detected galaxies (Kovac et al 2005) 
! 5 groups; 33 HI detected galaxies (Freeland et al 2009) 
! 6 groups; 61 HI detected galaxies (Pisano et al 2011)
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Freeland et al (2009) Pisano et al (2011)



SDSS Optical Group Catalogs 
   (n≥3 members)
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 Friends-of-Friends  Iterative Halo Finders

 Berlind et al (2006, 2009) 
SDSS DR7 
All Mr<-18 
Volume limited 0.02<z<0.42 
1462 opt grps; 2346 HI gals

 Yang et al (2007, 2012) 
SDSS DR12 
Centrals Mr<-19.5 
Complete to z<0.08 
2317 opt grps; 2753 HI gals

 Tempel et al (2014) 
SDSS DR10 
All Mr<-18 
Volume limited z<0.45 
4023 opt grps; 1900 HI gals

 Lim et al (2017) 
SDSS DR13 
No mag limit 
Complete z<0.05; Mgrp~1011.5 
3770 opt grps; 2043 HI gals



Group HIMF Vmax Method

HIStoryNU - Groningen, The Netherlands - September 2018 

Berlind Yang

LimTempel



! Sensitivity to HI sources depend on both their flux and 
velocity width; broad sources are harder to detect. 

! Vmax & Veff methods correct for this if your sample 
extends to d=0 Mpc because it samples the full 
distribution of velocity widths at a given HI mass. 

! Group catalog is a collection of galaxy subsamples: must 
correct for  

! Large scale structure along the line of sight produces a bias

Details and corrections to 
the Group HIMF
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Vmax for Group Galaxies
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! Vmax - correct by the ratio of the volume in which a galaxy 
can be detected over the volume of the survey



Vmax for Group Galaxies

HIStoryNU - Groningen, The Netherlands - September 2018 

Max detection 
distance

! Vmax - correct by the ratio of the volume in which a galaxy 
can be detected over the volume of the survey



Max detection 
distance

! Vmax - correct by the ratio of the volume in which a galaxy 
can be detected over the volume of the survey 

! Velocity width - correct for not fully sampling mass-width 
distribution

Vmax, velocity width correction 
for group galaxies
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ngrps∝r2dr

Max detection 
distance

! Vmax - correct by the ratio of the volume in which a galaxy 
can be detected over the volume of the survey 

! Velocity width - correct for not fully sampling mass-width 
distribution 

! Large Scale Structure correction                                        
(a relative correction from                                               
the groups themselves):                                                                  

! Correct for over-                                                  
density of groups in                                                  
shells dr=4 Mpc 

! “Group volume” weighted                                   
average number of groups                                         
per bin

Vmax, velocity width, LSS 
correction for group galaxies
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Group HIMF Vmax Method
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Berlind Yang

LimTempel



Large Scale Structure Correction
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Berlind Yang

LimTempel



Group HIMF Vmax Method
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Berlind Yang

LimTempel



Lim Group HI Mass Function

Group HIMF is the sum of groups of range of halo masses: 
! High mass end is dominated by galaxies in more massive halos 
! Low mass end is dominated by nearby low mass groups
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Preliminary Results of the  
Group HI Mass Function 

! Investigating the HIMF in 4 different SDSS group catalogs. 
! Highlights differences between the group catalogs &  

their shortcomings. 
! Number of groups and galaxies increased by ~2-3 orders of 

magnitude over previous studies. 
! 2000-3500 galaxy groups, with ~2000 HI galaxies. 

! Group HIMF M* is dominated by galaxies that live in high 
mass groups.  

! Low mass slope appears flatter than global HIMF. 

! Dominated by galaxies in low mass groups
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