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ABSTRACT
We present new 21-cm neutral hydrogen (H I) observations of spiral galaxies for the 2MASS
Tully–Fisher (2MTF) survey. Using the 64-m Parkes radio telescope multibeam system we
obtain 152 high signal-to-noise ratio H I spectra from which we extract 148 high-accuracy (<5
per cent error) velocity widths and derive reliable rotation velocities. The observed sample
consists of 303 southern (δ < −40◦) galaxies selected from the 2MASS Redshift Survey with
Ks < 11.25 mag, cz < 10 000 km s−1 and axis ratio b/a < 0.5. The H I observations reported in
this paper will be combined with new H I spectra from the Green Bank and Arecibo telescopes,
together producing the most uniform Tully–Fisher survey ever constructed (in terms of sky
coverage). In particular, due to its near-infrared selection, 2MTF will be significantly more
complete at low Galactic latitude (|b| < 15◦) and will provide a more reliable map of peculiar
velocities in the local Universe.

Key words: catalogues – surveys – galaxies: distances and redshifts – galaxies: spiral – radio
lines: galaxies.

1 IN T RO D U C T I O N

In the local Universe, the galaxy distribution reveals large structures
such as walls, filaments and voids on scales up to 100 Mpc (de Lap-
parent, Geller & Huchra 1986; Jones et al. 2009; Scrimgeour et al.
2012). The gravitational effects exerted on individual galaxies by
this inhomogeneous distribution results in peculiar (non-Hubble)
motions that can be used to probe the underlying mass distribu-
tion and constrain the cosmological models (Erdoğdu et al. 2006).
Much of our understanding of the local Universe comes from optical
sky surveys. However, infrared and 21-cm surveys are increasingly
important because of lower dust extinction and their closer corre-
spondence to stellar luminosity and total mass, respectively.

� E-mail: bartonhongtao@gmail.com

An important application obtained from the combination of
galaxy photometry and H I spectra is the infrared Tully–Fisher
relation, which is an empirical relation between the luminosity and
rotational velocity of spiral galaxies (Tully & Fisher 1977). The
near-infrared Tully–Fisher relation has increased precision over op-
tical formulations (Aaronson et al. 1982) and can be calibrated via
primary distance indicators such as Cepheids or the tip of the red
giant branch (Tully & Courtois 2012), it can be used to measure
redshift-independent distances of local spiral galaxies. With these
redshift-independent distances, we can calculate the peculiar veloc-
ity field.

In the last few decades, a number of Tully–Fisher surveys have
been conducted, including those described in Giovanelli et al.
(1997), Springob et al. (2007) and Tully et al. (2008). These are
typically limited by source selection criteria and sky coverage. For
instance, the SFI++ survey (Haynes et al. 1999a,b; Masters et al.
2006; Springob et al. 2007, and references therein), which is the
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largest Tully–Fisher survey to date, was selected optically in I band
and can only cover Galactic latitudes |b| > 15◦. The part of the sky
not covered by SFI++ is known as the zone of avoidance (ZoA)
and is difficult to observe because of the effects of dust and stellar
crowding in the plane of our Galaxy.

The 2MASS Tully–Fisher (2MTF) survey (Masters 2008; Mas-
ters, Springob & Huchra 2008; Hong et al. 2013) gets around this by
using infrared and 21-cm radio observations to improve our knowl-
edge and model of the mass distribution of the local Universe. 2MTF
is based on a source list selected from the Two Micron All-Sky Sur-
vey Extended Source Catalog (2MASS XSC; Jarrett et al. 2000),
and combines high-quality infrared photometry and 21-cm rotation
widths for all bright inclined spirals in the 2MASS Redshift Survey
(2MRS; Huchra et al. 2012). The final 2MTF sample is expected to
contain about 3000 high-quality H I widths, including new observed
H I widths by our group using the Green Bank Telescope (GBT) and
Parkes radio telescope, H I widths from the Arecibo Legacy Fast
ALFA (ALFALFA) survey (Giovanelli et al. 2005; Haynes et al.
2011) and high-quality archival H I widths.

In this paper, we present H I observations of 303 southern 2MTF
galaxies using the Parkes radio telescope. We describe our obser-
vations and data reduction processes in Section 2. In Section 3, we
discuss the statistical properties of the data. Some notable detec-
tions are presented in Section 4. We give the summary in the last
section.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N

The 2MTF survey aims to measure distances for all bright inclined
spirals in 2MRS. We selected galaxies from the 2MRS catalogue that
met the following criteria: total Ks magnitudes Ks < 11.25 mag,
cz < 10 000 km s−1and axis ratio b/a < 0.5. In addition, we added
some galaxies with Ks < 11.75 mag in order to increase the num-
ber of H I detections at declinations south of −40◦. The target list
contains ∼6000 2MRS galaxies that meet our selection criteria. By
2006, when we made our observation plan, 40 per cent of the tar-
get galaxies already had archival rotation width measurements for
Tully–Fisher distances (mainly from Theureau et al. 1998, 2005;
Springob et al. 2005), but with very uneven sky coverage, espe-
cially in the Southern hemisphere. To supplement these archival
measurements, we observed ∼1000 galaxies with δ > −40◦ with
the Green Bank Telescope to peak flux limits Sp ≥ 10 mJy (Masters
et al., in preparation). For δ < −40◦ only about 25 per cent of the
1018 selected 2MRS galaxies had high-quality H I width measure-
ments already available. Of the remaining 754 galaxies, 303 were
deemed not to be confused in the 15-arcmin beam of the Parkes
telescope, and were observed.

The southern galaxies were observed in six semesters between
2006 and 2012 (see Table 1 for more details) using the 21-cm

Table 1. Details of Parkes observations.

Observing dates Observing hours Number of galaxies

2006 November 3–November 12 80 68
2007 May 20–June 3 160 84

2007 November 1–November 7 55 22
2007 December 5–December 14 65 32

2008 May 12–May 22 146 115
2008 September 24–October 1 72 34

2011 October 1–October 6 40 33
2012 March 11–March 16 40 28

multibeam receiver (Staveley-Smith et al. 1996). The multibeam
correlator was used with a bandwidth of 8 MHz, divided into 1024
channels, providing a channel spacing of ∼1.6 km s−1. During the
observation of each galaxy, the band was centred on the 2MRS
redshift of the target galaxy. The observations were done in beam
switching mode (MX mode) using the seven high-efficiency central
beams of the receiver each with two orthogonal linear polarizations.
In MX mode, the target galaxy was tracked in turn with each beam.
When a beam was not pointing at the galaxy (off position), the
data collected by this beam were used as a reference spectrum for
calibration of the on-galaxy spectrum.

Each galaxy was observed for a minimum of 35 min (i.e. each
of the seven beams was on-source for 5 min), with the correlator
writing a spectrum every 5 s. After a preliminary data reduction,
unless the observer estimated the signal-to-noise ratio (S/N) of the
galaxy H I spectrum to be �10, the process was repeated. We define
S/N as the ratio of the peak H I flux per channel divided by the rms
noise. Galaxies with profiles which were deemed too weak to reach
that S/N ratio in a reasonable time were not observed further.

The data were bandpass and Doppler corrected using LIVEDATA

(Barnes et al. 2001) with a MEDIAN estimator, all spectra were
corrected to the Solar system barycentre. Gridding was done by
GRIDZILLA, using a MEDIAN gridding algorithm. In order to obtain
identical H I parameter measurements to the GBT observations
(Masters et al., in preparation), we adopted the same GBTIDL routines.
Using three-channel Hanning smoothing we obtained a velocity
resolution of 3.3 km s−1and rms of 2–17 mJy.

The main source of radio frequency interference (RFI) was the
L3 beacon of the global positioning system (GPS) satellite near
1381 MHz (equivalent to cz ∼ 8306 km s−1), which occurred ap-
proximately every 30 min. In order to avoid contaminating the H I

spectra of galaxies with velocities near this RFI signal, we reduced
their on-source integration time from 35 to 21 min.

Of the 303 observed galaxies: 152 have spectra whose S/N and
spectrum profile are good enough for H I parameter measurements;
36 were poorly detected and the remaining 115 galaxies were not
detected. We report the raw and corrected H I parameters for the 152
well-detected galaxies in this paper. Fig. 1 shows the sky distribution
of all Parkes observed galaxies.

2.1 H I parameter measurements

2.1.1 Integrated line flux and errors

We measured integrated line flux (Fobs) from the smoothed and
baseline-subtracted profiles. We manually marked the part of the
spectrum where the H I emission line was present, and measured
the integrated line flux within these boundaries. A line-free region
was also marked, and the baseline (and noise σ rms in the spectrum)
was measured in this part of the spectrum.

We adopted a jackknife method to estimate the error on the H I

flux. For each galaxy, we built 100 jackknife spectra by leaving out
1 per cent of the original data each time. All 100 jackknife spectra
were then measured automatically using IDL routines, and the errors
in H I flux were taken as

σJ =
[

N − 1

N

N∑
i=1

(
f J

i − f
J
)2

]1/2

, (1)

where N is the number of jackknife samples, f J
i is the measurement

for the ith jackknife spectrum and f
J = 1

N

∑N
i=1 f J

i . We give a
detailed description of jackknife error estimation in Appendix A2.
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Figure 1. The distribution of Parkes observed galaxies. The blue stars indicate the 152 well-detected galaxies; poorly detected galaxies are plotted with red
squares; the black dots are the non-detected galaxies. The thick lines trace the galactic latitudes b = 5◦ and −5◦. The centre of the projection is at the south
pole, the latitude lines are plotted in steps of 10◦.

2.1.2 Systemic velocities and velocity widths

Systemic velocities and velocity widths are measured by selecting
two points on opposite sides of the H I emission profile. The veloc-
ity width is the velocity difference between the highest and lowest
velocities (vh and vl, respectively), W = vh − vl. The systemic ve-
locity is the average of the two velocities, V = (vh + vl)/2. The
choice of measurement algorithm can affect accuracy, especially
for the low S/N spectra. Koribalski et al. (2004) used H I widths
measured at both 50 and 20 per cent level of the peak flux density
(WP50 and WP20). Haynes et al. (2011) adopted algorithms which
measured the widths at the 50 per cent level of each of the two peaks
(W2P50).

Separate from the question of which flux level at which to mark
the two sides of the profile, there is the question of what method
one uses to decide which channel corresponds to the given flux. The
most commonly used method involves either starting from the two
peaks of the profile and moving outwards from the centre until one
finds the first channel below the desired flux threshold, or starting
from the outside of the line profile, and moving inwards until one
finds a channel that exceeds the flux threshold. This approach is
adequate for most Tully–Fisher applications, because the S/N for
most Tully–Fisher galaxies is sufficiently large that any noise along
the sides of the line profile does not greatly complicate the width
measurement. Nevertheless, to guard against the possibility of noisy
spectra perturbing our measurements of vh and vl, we favour a width
measurement algorithm that involves fitting straight lines to either
side of the spectral line profile.

Giovanelli et al. (1997) presented a method (first implemented
in the Arecibo Observatory ANALYZ-GALPAC data reduction software)
which fits a straight line to either side of the emission profile between
15 and 85 per cent of the peak value (fp − σrms), then selected the
left and right points at the 50 per cent level of the peak value from
the fitted lines (WF50). The method was later used by Springob
et al. (2005), who updated the instrumental and velocity resolution
correction. This represents our ‘favoured approach’ to measuring
the line width.

We measured systemic velocities and velocity widths using a
modified version of the GBTIDL routine AWV.PRO (see Masters et al., in
preparation who also use this). This routine provides H I parameter
measurements using five different algorithms: WF50 is the width
measured at 50 per cent of the value of fp − σrms on a linear fit
of both sides of the profile; WM50 is the width measured at 50 per
cent of the mean flux of the profile; W2P50 is the width measured at
50 per cent of each of the two fp − σrms values; WP50 is the width
measured at 50 per cent of the fp − σrms value and WP20 is measured
at 20 per cent of the fp − σrms value. WF50 is the only one of these
width measurements for which vh and vl are measured by fitting a
line to either side of the profile. The measurements of vh and vl for
W2P50 are made by starting at the peaks of the profile and moving
outwards, while the corresponding measurements of vh and vl for
WM50, WP50 and WP20 are made by starting from the outside of the
spectral line profile and moving inwards.

We report all five of these widths here, so comparison with results
in other data bases can be made. However, in this paper, we base our
values for the final corrected value (Wc) on the WF50 measurement.
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As Springob et al. (2005) pointed out, this reduces the dependence
on the S/N of the spectra.

We applied four corrections to WF50 to obtain Wc: the instrumental
correction, the cosmological redshift correction, the correction for
the turbulent motions of H I gas and the correction for the inclination
of the disc:

Wc =
(

WF50 − 2�vλ

1 + z
− �t

)
1

sin i
, (2)

where z is the redshift of the galaxy. �v = 3.3 km s−1 is the velocity
resolution of the spectrum. As given by Springob et al. (2005), λ

is an empirically derived parameter for the instrumental correction
that depends on the S/N and smoothing method (see section 3.2.2
and table 2 of Springob et al. 2005 for more information about this
correction). �t = 6.5 km s−1 is the correction for turbulent motions
(Springob et al. 2005). Finally, the inclination i was estimated using
the co-added axis ratio (b/a) from the 2MASS isophotal photometry
by

cos2 i = (b/a)2 − q2
0

1 − q2
0

, (3)

where we adopt q0 = 0.2 as the intrinsic axis ratio for an edge-on
spiral and set sin i = 1 for objects with b/a below this value.

To estimate errors in the velocity parameters, we used a Monte
Carlo method following Donley et al. (2005). Every galaxy spec-
trum was smoothed by a Savitzky–Golay smoothing filter. 50 mock
spectra were created for each galaxy by adding Poisson noise to
the smoothed spectrum template, with the rms of the noise being
equal to the rms of the original spectrum. Then the error was taken
as the standard scatters of the measurements of the 50 mock spec-
tra. We further discuss this method and compare it with other error
estimating methods in Appendix A.

The errors on the WF50 width are also corrected using equation
(7) in Giovanelli et al. (1997), which contains the uncertainties
on observations and all four corrections adopted for correcting the
widths. We report the corrected width error (εwc) following the
corrected widths in the final data catalogue.

2.2 Catalogue presentation

We present the measured parameters of 152 well-detected galaxies
in Table 2. The contents of Table 2 are as follows.

Column (1) – the 2MASS XSC ID name.
Columns (2) and (3) – right ascension (RA) and declination (Dec.)

in the J2000.0 epoch from the 2MASS XSC.
Column (4) – the heliocentric redshift V2MRS from the 2MRS

(km s−1).
Column (5) – the morphological type code following the RC3

system. Classification comes from the 2MRS.
Column (6) – co-added axis ratio (b/a) from the 2MASS XSC.
Column (7) – the observed integrated 21-cm H I line flux Fobs

(Jy km s−1).
Column (8) – the uncertainty εF of the observed integrated H I

line flux (Jy km s−1).
Column (9) – the heliocentric systemic velocity VH I of the H I

emission profile, generated by the fitting algorithm discussed in
Section 2.1.2, taken as the midpoint of the velocity at 50 per cent
level of fp − rms, in km s−1.

Columns (10)–(14) – the velocity widths of the H I line in km s−1,
using the five measuring algorithms discussed in Section 2.1.2. The
widths are WF50, WM50, W2P50, WP50 and WP20, respectively.

Columns (15)–(29) – the observing error of five widths, esti-
mated by the Monte Carlo method. εF50, εM50, ε2P50, εP50 and εP20,
respectively, also in km s−1.

Column (20) – the corrected velocity width Wc, in km s−1, which
accounts for all four corrections discussed in Section 2.1.2. The
correction is applied to WF50 only.

Column (21) – the uncertainty εWc of the corrected velocity
(km s−1).

Column (22) – peak S/N of the H I line, S/N = fp/σrms.
Column (23) – velocity width instrumental correction parame-

ter, λ.

3 DATA C H A R AC T E R I S T I C S

The sky distribution for all 152 well-detected galaxies is shown
in Fig. 1 by blue stars. As discussed by Springob et al. (2007),
the SFI++ catalogue leaves a large gap near the Galactic plane,
with only a few galaxies included in the region |b| < 15◦. Thus, a
significant number of our Parkes observations were focused on this
low Galactic latitude area where we provide 69 high-accuracy H I

measurements. Note that even in the near-infrared, dust obscuration
and stellar crowding still leave a small ZoA at Galactic latitudes
|b| < 5◦. 28 H I spectra of the Parkes observed galaxies are plotted
in Fig. 2.

Fig. 3 shows the H I systemic velocity distribution of the 152
galaxies. As discussed in Section 2, we limited our sample to cz <

10 000 km s−1 to get better H I profiles. Of the 152 measured sys-
temic velocities, 121 (about 80 per cent) are less than 6000 km s−1,
with a mean value of 152 systemic velocities VH I = 4433 km s−1.
The highest velocity galaxy is at cz = 9066 km s−1, and the nearest
one is at cz = 524 km s−1.

The distribution of the differences between 2MRS and H I sys-
temic velocities is shown in Fig. 4.

The distributions of the peak S/N (S/N = fp/σrms) and rms are
shown in Figs 5 and 6, respectively. All galaxies have a S/N > 5,
and 66 S/Ns are larger than 10. Generally, for the IDL routines we
used to reduce the Parkes H I data, a S/N larger than 5 appears
to be sufficient to measure an accurate width. Fig. 7 shows the
distribution of the observed integrated H I flux Fobs. Compared
to the catalogue presented by Springob et al. (2005), our sam-
ple detects galaxies with larger integrated H I flux, because of
the source selection criteria and the limit of telescope sensitiv-
ity. As indicated by the Fig. 7, the distribution of H I flux shows
a peak at ∼7 Jy km s−1, with a mean value of Fobs = 12.4 Jy
km s−1. Finally, we show the histograms for the corrected widths
Wc and the errors of corrected widths εWc in Fig. 8. In compar-
ison to the catalogue of the 1000 brightest H I Parkes All Sky
Survey (HIPASS) galaxies, our catalogue includes faster rotators,
again mainly because of the selection criteria. For the 2MTF
project, whose final goal is estimating the redshift-independent
distances for spiral galaxies, the accuracy of H I width is one
of the most important target parameters. All but four of the
galaxies have relative width errors below 5 per cent: the profiles
of 2MASX 07361230−6947467 and 12541830−4149141 have
S/N ∼ 6; 2MASX 14242324–8027573 has a well-measured pro-
file (S/N > 10) but its slow rotation (Wc = 74 km s−1) ampli-
fies the relative error; 2MASX 01474280−5245423 has an ex-
cellent profile (S/N ∼ 18) but its unfavourable inclination (b/a =
0.8) causes a very large uncertainty in the width. As the latter
galaxy has b/a > 0.5, it is eliminated from further cosmological
analysis.
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2MTF – II. Parkes data 1183

Figure 2. 28 H I spectra of Parkes observed galaxies. The 2MASS name is given at the top of each spectrum. All spectra are baseline subtracted. All 152
spectra will be available in digital form at http://ict.icrar.org/2MTF.

4 N OTA B L E D E T E C T I O N S

4.1 Discrepant velocities

We compared our derived H I systemic velocities with those listed
in the NASA/IPAC Extragalactic Database (NED) and found five
objects that are discrepant by more than 3σ , as listed below.

(i) 2MASX 01070231−8018277: NED prefers cz = 5047 ±
21 km s−1 (Lauberts & Valentijn 1989), but also lists cz = 4145 ±
27 km s−1 (Wegner et al. 2003) and cz = 4249 ± 27 km s−1 (da
Costa et al. 1991). We determined VH I = 4286 ± 4 km s−1, thus
confirming the alternate velocities.

(ii) 2MASX 18363723−4703153: NED prefers cz = 7005 ±
29 km s−1 (Huchra et al. 2012). We determined VH I = 6824 ± 1
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Figure 3. The systemic velocity distributions of the 152 high-quality Parkes
galaxies, in bins of width 500 km s−1.

Figure 4. VH I − V2MRS versus V2MRS plot of 152 galaxies. The scatter
about the line is 77 km s−1.

km s−1, in agreement with cz = 6857 ± 45 km s−1 from the 6dF
Galaxy Survey (6dFGS; Jones et al. 2009).

(iii) 2MASX 20453927−5826591: NED prefers cz = 6954 ±
45 km s−1 (Jones et al. 2009), but also lists cz = 7105 ± 89 km s−1

from the 2dF Galaxy Redshift Survey (2dFGRS) catalogue. We
determined VH I = 7090 ± 2 km s−1, in better agreements with the
2dFGRS value.

(iv) 2MASX 16375253−6448486: NED prefers cz = 4900 ±
70 km s−1 (di Nella et al. 1997). We determined VH I = 4688 ±
1 km s−1 which agrees with the HIPASS velocity (Doyle et al.
2005) of cz = 4693 km s−1.

(v) 2MASX 02043502−5507096: NED prefers cz = 6293 ±
31 km s−1 (Huchra et al. 2012), but we determined VH I = 6529 ±
1 km s−1.

Figure 5. The distribution of peak S/N of the 152 high-quality Parkes
galaxies, in bins of width 0.1 dex in logarithmic space.

Figure 6. The distribution of rms of the 152 high-quality Parkes galaxies,
in bins of width 1 mJy.

4.2 Non-detected galaxies

Limited by the observing time on the Parkes telescope, our obser-
vation plan mainly focused on the galaxies which had a HIPASS
peak flux density larger than 20 mJy. Of the 303 observed galaxies,
only 152 galaxies were well detected with good spectra which meet
the requirements for accurate Tully–Fisher distance estimation. We
cross-matched the non-detected list with the HIPASS galaxy cata-
logue, and list these galaxies in Table 3 for reference.

5 SU M M A RY

We observed 303 galaxies in the Southern hemisphere (δ < −40◦),
as a part of the 2MTF survey, using the Parkes radio telescope
with the 21-cm multibeam receiver. The velocity resolution of raw
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2MTF – II. Parkes data 1185

Figure 7. The distribution of integrated H I flux for 152 galaxies, in bins of
width 0.1 dex.

spectra is 1.6 km s−1, after the three channel Hanning smoothing
during the data reduction process, the final velocity resolution af-
ter Hanning smoothing is 3.3 km s−1. All galaxies were selected
from the 2MRS catalogue with limits of Ks < 11.25 mag, cz <

10 000 km s−1 and axis ratio b/a < 0.5.
152 galaxies were detected with high-quality spectra. We have

presented a table of both H I spectral parameters and corrected rota-
tional velocities for these galaxies. All 152 galaxies have S/N > 5,
and 66 have S/N > 10. We carefully measured the H I spectral pa-
rameters using a similar method to that applied to the 2MTF GBT
and Arecibo data, and converted the line widths to rotational veloc-
ities, which will be used for calculating the Tully–Fisher distances.
We measured velocity widths with better than 5 per cent precision
(suitable for application of the Tully–Fisher relation) for 148 out of
152 galaxies.

These observations comprise the southern portion of 2MTF and
provide 69 high-accuracy measurements of galaxies in the southern
ZoA (|b| < 15◦). The improved uniformity and completeness will
result in more accurate determinations of local peculiar velocities.

Table 3. Non-detected galaxies.

2MASX ID RA (J2000) Dec. (J2000) V2MRS rms Flag
(◦) (◦) (km s−1) (mJy)

(1) (2) (3) (4) (5) (6)

00011748−5300348 0.3228 −53.0097 9724 5.20 N
00032138−5004494 0.8390 −50.0805 10 333 8.50 N
00034062−4951278 0.9194 −49.8578 8327 7.12 N
00054271−7542251 1.4278 −75.7070 6028 8.19 N
00182593−8306394 4.6081 −83.1110 4534 6.84 Y
00254881−6219480 6.4533 −62.3300 9174 8.53 N
00543231−4042578 13.6347 −40.7161 7273 7.84 N
00571478−4057329 14.3116 −40.9591 3397 7.40 Y
01004798−5148563 15.1999 −51.8156 7449 8.07 N
01013572−5312020 15.3988 −53.2005 7457 7.59 N
01071459−4637191 16.8109 −46.6220 6081 7.52 Y
01093909−6119597 17.4128 −61.3332 7891 3.79 Y
01101993−4551184 17.5830 −45.8551 6968 7.45 Y
01281188−4334337 22.0496 −43.5760 9774 7.94 Y
01284236−5124573 22.1766 −51.4160 9068 7.10 N

Notes. Y: one or more peaks with flux Speak ≥ 20 mJy is found on the
HIPASS spectrum in the velocity region of V2MRS ± 200 km s−1.
N: no peaks with flux Speak ≥ 20 mJy are found on the HIPASS spectrum in
the velocity region of V2MRS ± 200 km s−1.
Table 3 is available in its entirety online. A portion is shown here for guidance
regarding its form and content.
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A P P E N D I X A : ER RO R S IN H I PA R A M E T E R S

To estimate the errors on the H I parameters, we used two different
methods. A Monte Carlo method was used for the errors of line

widths and central velocities, and a jackknife method was adopted
for the errors in flux. We describe these two methods in this section.
We also compare the errors estimated by both methods with the
errors estimated by the method of the HIPASS Brightest Galaxy
Catalog (HIPASS BGC method).

A1 The Monte Carlo method

We adopted a Monte Carlo method to estimate the errors in the
H I velocity parameters. First, we smoothed each galaxy spectrum
using a 17-point Savitzky–Golay smoothing filter (Press et al. 2002,
section 14.8). This low-pass filter can significantly reduce the noise
while keeping high-order features of the spectrum. 50 mock spec-
tra were then created for every galaxy by adding Poisson noise to
the smoothed spectrum. The rms of the random noise was equal
to the rms of the original galaxy spectrum. These mock spectra
were measured with an automatic IDL routine, based on the IDL

routine AWV.PRO. The standard errors of the measurements of the
50 mock spectra were then taken as the errors of the H I param-
eters. Fig. A1 shows the smoothed and mock spectrum of galaxy
2MASX J01474280−5245423 as an example.

Donley et al. (2005) adopted a similar analysis for the Parkes
ZoA survey, and found this Monte Carlo method worked well for
high S/N spectra while the errors became unreliable for S/N < 5.
For the 152 well-detected galaxies in our sample, all galaxies have
a peak S/N > 5. 86 have 5 < S/N � 10, and 66 have S/N > 10.

A2 The jackknife method

The Monte Carlo method operates on the spectra following baseline
correction. Since baseline correction is one of the major sources of
error for the measurement of H I flux, we have adopted an alternative
jackknife method to estimate the errors in H I flux. After bandpass
and Doppler correction with LIVEDATA, we repeated the gridding and
baseline fitting process using an IDL routine instead of the GRIDZILLA.
As mentioned in Section 2, the correlator writes a spectrum every
5 s for each polarization. Thus in a standard 35 min integration, 940
‘subspectra’ are recorded.

Figure A1. The spectrum of galaxy 2MASX J01474280−5245423, to-
gether with the smoothed and mock spectrum. The red line indicates the
original spectrum, the blue line shows the smoothed spectrum using a
17-point Savitzky–Golay smoothing filter and the green line is the mock
spectrum created by adding Poisson noise to the smoothed spectrum.
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Figure A2. The comparison plot of human-measured and machine-
measured H I WF50 widths. The solid line indicates equality. The scatter
of these two measurements is about 2 km s−1.

We built 100 jackknife spectra for every galaxy by removing four
different polarization pairs of subspectra from the original data and
adding the rest of the spectra together using the MEDIAN method.

All the jackknife spectra were measured automatically using the
same IDL routines used in Section A1. Finally, we obtain the jack-
knife estimate of the flux error from equation (1).

A3 Reliability of the machine-measured H I properties

We compare the estimates of manual measurements with the mean
value of machine-measured H I widths, to make sure our automatic

routine can measure the H I profiles correctly. The comparison for
our preferred WF50 widths is plotted in Fig. A2, and shows no sig-
nificant systematic offset between manual and machine-measured
WF50 widths.

A4 Comparison with the HIPASS BGC method

Koribalski et al. (2004) estimated the errors of the 1000 brightest
HIPASS galaxies using

σ (vsys) = 3(S/N)−1(P�v)1/2, (A1)

σ (w50) = 2σ (vsys), (A2)

σ (FH I) = 4 (S/N)−1
(
SpeakFH I�v

)1/2
, (A3)

where S/N is the signal-to-noise ratio, Speak is the peak flux density,
�v = 3.3 km s−1 is the velocity resolution and P = 0.5(w20 − w50)
indicates the slope of the H I profile.

First we compared the WF50 width errors estimated by the Monte
Carlo method with the errors calculated by equation (A2) (Fig. A3).
These two methods are consistent. However, we find that the
HIPASS BGC method tends to slightly overestimate the width er-
rors.

We also compared the flux error which was estimated using the
jackknife method with the errors of HIPASS BGC method (Fig. A4).
These two methods agree with each other, but with a large scatter,
especially for some low S/N spectra. Our jackknife method is more
sensitive to the S/N than HIPASS BGC method, the jackknife gave
very large flux errors for low S/N galaxies. However, for well ob-
served galaxies, the two methods provide similar values.

Figure A3. Comparison of the Monte Carlo width errors and the errors estimated using HIPASS BGC method. The solid line indicates the line of y = x.
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Figure A4. Comparison of the jackknife flux errors and the errors estimated using the HIPASS BGC method. The solid line indicates the line of y = x.

S U P P O RTI N G IN F O R M AT I O N

Additional Supporting Information may be found in the online ver-
sion of this article.

Table 2. H I parameters of well-detected galaxies.
Table 3. Non-detected galaxies (http://mnras.oxfordjournals.org/
lookup/suppl/doi:10.1093/mnras/stt555/-/DC1).

Please note: Oxford University Press is not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

This paper has been typeset from a TEX/LATEX file prepared by the author.

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/432/2/1178/1026127 by Texas A&M
 U

niversity user on 22 Septem
ber 2018

http://mnras.oxfordjournals.org/lookup/suppl/doi:10.1093/mnras/stt555/-/DC1
http://mnras.oxfordjournals.org/lookup/suppl/doi:10.1093/mnras/stt555/-/DC1

