out, as the volume of the blind surveys so far conducted is modest (≲ 70 deg^2 each). Therefore large, low column density galaxies, could have been missed due to detection limits. In addition, the surveys conducted so far typically have an H i mass limit of ∼ 10^8M_⊙, which leaves the possibility of a large population of low–mass (M_{HI} ∼ 10^7 M_⊙)H i clouds. To be cosmologically significant however, the numbers of such clouds would have to be ∼ 100 times the number of ‘normal’ 10^9 M_⊙ galaxies.

There have been two notable serendipitous discoveries of clouds of neutral hydrogen, that have no stellar content to faint limits. These are both bound to stellar systems, and are different in their nature. The Leo ring, discovered by Schneider et al. (1983) is a ring of H i gas surrounding the M96 group, and has an H i mass of ∼ 10^9M_⊙. No star formation has been detected in the ring, and an analysis of the dynamics of the ring and surrounding galaxies suggests that the ring is in fact primordial (Schneider, 1989). The other intergalactic H i cloud discovered is the Virgo Cloud, H1225+01 (Giovanelli and Haynes, 1989). This system consists of two H i clumps, the larger, NE clump with an optical counterpart in the form of a faint, dwarf irregular galaxy, and a smaller SW clump, in which no optical emission has been detected to a surface brightness limit of 27.0 V mag arcsec^{−2} (Salzer et al., 1991). The total gas mass of this system is ∼ 3 × 10^9 M_⊙ at a distance of 20 Mpc (Chengalur et al., 1995). Both the Leo Ring and the Virgo Cloud may represent gas clouds that have not reached the critical density for star formation even though they are massive.

There is one population of H i clouds without optical counterparts: The High Velocity Clouds (HVCs). These clouds have velocities that can not be explained with a simple model of galactic rotation. HVCs are widespread across the sky, with a covering factor estimated to be 0.2 – 0.4 for N_{HI} > 7 × 10^{17} atoms cm^{−2} (Wakker and van Woerden, 1997). The distance of these clouds is hard to determine, hence their origin is uncertain. It is likely that the population of clouds cannot be explained using just one formation scenario (Putman and Gibson, 1999). The question of the distance to HVCs was raised with Mathewson et al. (1975) suggesting that HVCs lying in the direction of the Sculptor group were associated with the group. Haynes and Roberts (1979) later determined that the clouds were not related to the group. Mirabel and Cohen (1979) surveyed the vicinity of several dwarf galaxies looking for intergalactic clouds, and found a number of HVCs which they concluded were not related to their nearby dwarf galaxies.

The determination of distances to HVCs is problematic, and all methods are indirect. One method used to estimate the distance to HVCs is to use a relationship between the cloud size

6.1. INTERGALACTIC H I CLOUDS 101

and H i line-width (Haud, 1990). This is a similar method to distance measurements that have been obtained from Hii regions in extragalactic galaxies (Melnick, 1978). The method assumes that the clouds are kinematically similar in nature, and produces distances that are not inconsistent with expected results. A more direct measurement of the distance to HVCs is using stellar absorption. The distance to a handful of clouds has been determined in this manner (eg: Danly et al. (1993), Keenan et al. (1995)). An upper limit to the distance of a cloud can be found in these observations if absorption is observed, however a non-detection does not necessarily mean a lower limit to the cloud, as the stellar line-of-site might pass through a low-column density region of the HVC. Some HVCs form part of the Magellanic Clouds/Galaxy interaction, and therefore their approximate distances are known (eg: Putman (2000)). Hα emission has been detected in the Magellanic Stream and a number of HVCs and using models of the escape of ionising photons from the Milky Way (Bland-Hawthorn and Maloney, 1999; Weiner and Williams, 1996), distance estimates can be obtained from the amount of ionisation present in the clouds. However, accurate models for the escape of photons from the Galaxy are needed, and it is unclear to what extent photons from other nearby galaxies might affect the ionisation of HVCs.

A new sub–population of compact HVCs (CHVCs) has been catalogued by Braun and Burton (1999), who argue these clouds are located at a typical distance of 1 Mpc. CHVCs may be infalling into the Local Group and could represent the remnants of the formation of our Local Group, rather than primordial H i clouds that have not yet formed galaxies. There is some debate about the distances which have been suggested for the CHVCs. Braun and Burton (1999) argue that the clouds must be located throughout the local group as their velocity dispersion is minimised in a reference frame consistent with the Local Standard of Rest. In addition, modelling by Blitz et al. (1999) of the formation of CHVCs in the local group from the interaction if the Milky Way and M31 is consistent with some of the CHVCs being at distances of ∼ 1 Mpc. If the clouds did lie at this distance, they would have a typical mass of ≲ 10^7M_⊙.

Evidence against a Local Group origin of CHVCs comes from Zwaan and Briggs (2000), who found no intergalactic clouds in a blind H i survey using the Arecibo telescope. Zwaan and Briggs (2000) detected 66 H i galaxies, and calculate they should have found up to 200 clouds with the properties of the CHVCs described by Braun and Burton (1999), down to the sensitivity limit of their survey. And from observations of HCO absorption, Combes and Charmandaris (2000) claim that the clouds cannot be at a distance greater than 20 kpc from the Milky Way from their cloud size–line width relationship, assuming the clouds are virialised. Although Braun and Burton (1999) and Blitz et al. (1999) propose a convincing argument for the origin of CHVCs, none of the proposed models are fully consistent with the data.

During the routine cataloguing of galaxies in the SCC region, a nearby H i cloud was discovered. The cloud, HIPASS J1712-64, does not have an optical counterpart to faint limits. The H i structure of the cloud in the HiPASS data was consistent with a nearby, semi–resolved dwarf galaxy, and it was only when cross-checks with optical catalogues were made that it was discovered this object appeared to have no optical counterpart. The follow-up observations of this cloud are now described, and the physical parameters, including H i characteristics and optical limits are derived. A further six H i clouds were catalogued in the SCC region, with properties not inconsistent with them being CHVCs. This Chapter concludes with a discussion about the nature, distance and origin of these H i clouds.

6.2 Observations

HIPASS J1712-64 was discovered by eye in the full sensitivity HiPASS cube H039. A peak image of this cube can be seen in Figure 6.1, with HIPASS J1712-64 identified. As can be seen by this figure, HIPASS J1712-64 is as bright as the nearby galaxies, and has a peak flux of ∼ 150 mJy beam^{−1} in the HiPASS data, which gives it a peak signal to noise ratio of ∼ 12. This source was noted as being unusual when a NED search failed to show a corresponding catalogued optical detection, and inspections of Digital Sky Survey images showed a crowded star field without any obvious extragalactic optical counterpart. A follow-up observation of 1.8h duration was made using the same Multibeam system at the Parkes Telescope, with a 3^o × 4^o field centered on the original detection position. This follow-up observation was made to independantly test that the detection was real. HIPASS J1712-64 was easily detected in this data, even though the RMS of the follow-up cube was much higher than the original (∼ 19 mJy beam^{−1} cf. ∼ 13 mJy beam^{−1}).

6.2.1 H i Observations

Due to the large beam size and coarse velocity resolution of the HiPASS data, H i synthesis observations were made at the ATCA, and narrow-band observations were made at the Parkes Telescope. Table 6.1 lists the details of the observations.

Figure 6.1: Peak image of cube H039 in the velocity range 300km s^{−1} to 3000km s^{−1}. HIPASS J1712-64 is shown with other galaxies of different velocities in the cube.

The first follow-up observations took place on 1999 June 30 at the ATCA, using the 375m array. Approximately 10 hours of data were taken, using an 8MHz bandpass with 512 channels, which gave a channel spacing in the final cube of 3.3 km s^{−1} and a FWHM resolution, before Hanning smoothing, of 4.0 km s^{−1}. The primary flux calibrator PKS 1934-638 was observed twice during the observing run, and a secondary calibrator, PKS 1814-637, was observed every 30 minutes for 4 minutes. The data were reduced using the miriad data reduction package. The data were flagged and calibrated in amplitude and phase, and band-pass corrected. Several bright continuum sources were removed from the data set by fitting spectral base-lines to the line-free channels. Natural weighting was used to form the data into a cube which increased the signal-to-noise of the cube, at the expense of an increase in beam size. The data were cleaned until the absolute maximum residual in each plane fell below 10 mJy. The data were then restored, and the beam size for the cube was 2^′.0 × 1^′.9. HIPASS J1712-64 was easily detected in this ATCA data.

A second set of H i synthesis observations was made on the 1999 November 15, using the 210m array at the ATCA. Approximately 10 hours of data were taken, using the same primary and secondary calibrators as the previous ATCA observations. A 4MHz bandpass with 1024 channels was used to increase the velocity resolution of these observations. The resulting velocity channel separation was 0.82 km s^{−1} before Hanning smoothing. Due to technical difficulties, only 4 antennas were available for the majority of the observations, and inspection of the data during reduction showed severe interference in about 2.5 hours of observations. It was necessary to edit this data out, which resulted in uneven coverage of the U-V plane and a more elongated beam than the 375m array observations. Similar data reduction techniques as previously were used, with the data being cleaned until the absolute maximum residual in each plane fell below 20 mJy. The higher cleaning limit was placed on the data due to the poorer quality compared to the 375m array observations. The data were then restored, with a resulting beam size for the cube of 3^′.6 × 2^′.6. A spatially integrated spectrum of this data with the 375m data and original HiPASS data can be seen in Figure 6.2.

Figure 6.2: Spatially Integrated Spectrum of HIPASS J1712-64, showing low velocity resolution Parkes and 375m ATCA data [Top], and high resolution Parkes Narrow-Band and 210m ATCA data [Bottom]. The interferometric observations miss some of the H i flux at higher velocities, indicating extended H i.

Narrow band observations were made at the Parkes Telescope using the Multibeam receiver in narrow-band mode. The velocity resolution of this data is the same as the 210m array data, ie: 0.82 km s^{−1}. The RMS of the narrow-band cube is 32 mJy beam^{−1} per channel, which is higher than the original cube. However, as the velocity resolution is much higher than the original observations, if the data was smoothed to 13.2 km s^{−1} the noise would be about half that in the original cube. HIPASS J1712-64 has a large flux, so it is still possible to detect the cloud in the narrow-band data. The spatially integrated spectra from the Parkes narrow-band data is shown in Figure 6.2. Combining the 210m array data and the narrow band data produced a detailed velocity field for J1712-64. Channel maps for this data set are shown in Figure 6.3. This high velocity resolution data shows very little rotation in either of the components of HIPASS J1712-64.

The data from the ATCA observations was smoothed to the velocity resolution of the original HiPASS data, and then combined using the miriad task immerge. The resulting combined column density map can be seen in Figure 6.4.

Table 6.1: H i Observations of J1712-64 Observational Integra- Velocity RMS Beam Date(s) Configuration tion Time Resolution (Jy/beam) Size

HiPASS 500 s 18 km s^{−1} 0.013 15^′ 1997-1999 Multibeam 1.8h 18 km s^{−1} 0.019 15^′ 1999 Follow-up June 2 ATCA ∼10 h 3.2 km s^{−1} 0.003 2^′.0×1^′.9 1999 (375m) June 30 Multibeam 24h 0.82 km s^{−1} 0.032 15^′.4 1999 Narrow-Band November 3 ATCA ∼7.5 h 0.82 km s^{−1} 0.005 3^′.6×2^′.6 1999 (210m) November 16

Figure 6.3: Channel maps for HIPASS J1712-64 produced from a combination of 210m ATCA data and multibeam narrow-band data.

6.2.2 Optical Observations Optical observations were made at the MSSSO 40 inch Telescope in I-Band on 1999 April 15, and in B and R-Band on the 1999 May 4, at the Chile CTIO 1m Telescope (see Table 6.2). The data were reduced using the iraf data reduction package, and the B and R-Band images were calibrated using photometric observations of Landolt Standard field 104 (Landolt, 1983). The optical point source magnitude limits for the calibrated images are B ∼ 19.8 and R∼ 19.2.

Observing Band Telescope Integration Time Date B CTIO 40 inch 3600s 4 May 1999 R CTIO 40 inch 1800s 4 May 1999 I MSSSO 40 inch 3000s 15 April 1999

Table 6.2: Optical Observations of J1712-64

6.3 H i Structure

The H i column density map (Fig. 6.4) shows that HIPASS J1712-64 has two components. A main component (hereafter the NE component), and a smaller, possibly infalling cloud (hereafter the SW component), are joined by a bridge of neutral hydrogen gas. The NE component is centered at R.A. 17^h12^m35s, Declination –64^o38^′12^{′′}(J2000), and emission from the component can be seen between velocity channels 450–464 km s^{−1} in the 210m ATCA data. The peak flux of the NE component from the combined image is 151 mJy, and it has a ΔV_{50} of 14 km s^{−1}. (see Table 6.3).

The SW component is much smaller than the NE component. It is centered at R.A. 17^h11^m35s, Declination –64^o45^′11^{′′}(J2000). The systemic velocity of this component is 464 km s^{−1}, and emission is seen from velocity channels 454–474 in the 210m ATCA data. Looking at the velocity contours of HIPASS J1712-64 it can be seen that there is a very small velocity gradient accross the NE component of less than 6 km s^{−1}, and a slightly larger, although still small velocity gradient perpendicular to the major axis of HIPASS J1712-64 in the SW component. The SW component has just one quarter of the integrated flux of the NE component.

The overall structure appears to be that of two separate, but interacting components, which is similar to, although smaller than, the Virgo Cloud (Giovanelli and Haynes, 1989).

6.3. H I STRUCTURE 109

Figure 6.4: H i column density map all data combined. The column density levels are from 8.8 × 10^{18} cm^{−2} to 2.9 × 10^{19} cm^{−2}. The beam is shown in the bottom right hand corner (118 ×111 arcsec). Two main components can be seen to the cloud, along with a smaller clump in the South.

Figure 6.5: Velocity countours of HIPASS J1712-64 from the high resolution ATCA and multibeam data, overlaid on a flux integrated image from the combined data. The contours for the NE component go from 440 km s^{−1} to 450 km s^{−1}, and for the bridge and SW component from 450 km s^{−1} to 476 km s^{−1}, in steps of 4 km s^{−1}.

Table 6.3: Measured H i Parameters for J1712-64. Values were measured from the ATCA/Parkes combined H i data cube unless indicated.

N.E. S.W. Overall Component Component Position:

R.A. 17^h12^m35^s 17^h11^m35^s · · · Declination –64^∘38^′12^{′′} -64^∘45^′11^{′′} · · · l 326^∘.65 326^∘.48 · · · b -14.^∘63 -14.^∘61 · · · Heliocentric Velocity^† 451 km s^{−1} 464 km s^{−1} · · · 50% Velocity Width^† 14 km s^{−1} 21 km s^{−1} · · · 20% Velocity Width^† 18 km s^{−1} 31 km s^{−1} · · · Velocity Dispersion, σ^† 4 km s^{−1} · · · · · · Peak column density 3.5 × 10^{19} cm^{−2} 2.8 × 10^{19} cm^{−2} · · · Total flux density 4.7 Jy km s^{−1} 1.3 Jy km s^{−1} 7.0 Jy km s^{−1} Size 11.^′4 × 8.^′2 4.^′9 × 4.^′1 15.^′9 × 8.^′2 Position Angle 32^∘ 125^∘ 32^∘

†Values derived from combined 210m data and Multibeam narrow-band data.

6.4 Optical limits

HIPASS J1712-64 is close to the Galactic plane, at (l, b) = (326.6^o, –14.6^o), so the foreground extinction needed to be determined at this position. The extinction in the region was estimated using three different methods. Firstly, the extinction based on dust temperature determined from the COBE/DIRBE and IRAS/ISSA maps (Schlegel et al., 1998) is E(B − V ) = 0.11 mag. Using the Burstein and Heiles (1982) extinction map suggests a similar value for the extinction in the region: E(B − V )=0.09. Finally, the local H i column density from the HiPASS data (which was reprocessed to avoid any spatial filtering^1) is 484 K km s^{−1}, which corresponds to N_{HI}= 8.8 × 10^{20} atoms cm^{−2}. Following the conversion formula of Burstein and Heiles (1978), this implies E(B − V ) = 0.12 mag. So although the stellar density in the region is quite high, there is no evidence for large optical extinction in the direction of HIPASS J1712-64.

1Data reprocessing and temperature estimate made by Lister Staveley-Smith

Figure 6.6: Optical BR image with H i contours of HIPASS J1712-64 overlaid.

A search for an optical counterpart using blue and red film copies of the UK Schmidt Telescope (UKST)/ESO southern sky survey revealed no optical counterpart. Subsequently, two deep original plates were obtained from the UKST plate archive and subjected to a photographic enhancement technique (Malin, 1978) that is capable of revealing extended features over 5 mag fainter than the night sky (Malin and Hadley, 1997). At the site of the UKST (Siding Spring) this is typically μ(B) = 22 mag arcsec^{−2}.

Only two suitable plates were available, and an image was made by combining photographicallyenhanced derivatives from them. The plates used were J1659 (IIIa-J/GG 395, 395–530 nm) and OR15092 (IIIa-F/RG 590, 590-690 nm). The plates were of excellent quality, however in both cases the object centre was close to the vignetting region towards the edge of the UKST focal plane.

The IIIa-J passband is the most sensitive to extended stellar light (assuming a solar spectrum) and would reveal extended features at least as faint as 27.5 mag arcsec^{−2}. The derivative from the red-sensitive plate achieves a detection limit of about ∼ 26.8 mag arcsec^{−2} because of the brighter night sky in the red. Nothing unusual is seen on deep derivatives from either plate, or on the combined image. However, it should be mentioned that large, featureless low surface brightness objects are particularly difficult to detect in crowded fields. The surface brightness limit can be used to estimate the H i mass–to–light ratio (M_{HI} /L_B ) for HIPASS J1712-64. Firstly, a limit on the total flux for the cloud is determined using a ‘top–hat’ of radius r arcseconds, with a surface brightness of μ_B > 27 mag arcsec^{−2}, allowing for extinction. In this case,

m_B > μ_b − 2.5 log(πr^2). (6.1)

The possible size of any optical counterpart is uncertain. For an optical counterpart of 1 arcminute in diameter lying just underneath our detection limit, this leads to a B magnitude of m_B > 18.4. Using the distance modulus^2, the calculated absolute magnitude is M_B > −8.8 mag. This gives us a large H i mass–to–light ratio of M_{HI} /L_B > 24 M_⊙/L_⊙ (see Table 6.4). However, for an optical counterpart of 5 arcminutes in diameter lying just beneath the detection limit, a much lower H i mass–to–light ratio is found: M_{HI} /L_B = 2 M_⊙/L_⊙. Thus the limit on the H i mass–to–light ratio for this cloud depends on the assumed optical diameter.

Other HiPASS detections in the same region of sky as J1712-64 have been optically identified using the Digitised Sky Survey. J1712-64 lies within the boundary of two 8^o × 8^o standard HiPASS cubes. Excluding J1712-64, a visual search for galaxies in the two cubes found 19 galaxies in each cube, with three in common, ie a total of 35 galaxies. Optical counterparts can be seen for all but one of these galaxies. The missing detection is a small H i detection near a bright star so an optical counterpart cannot be ruled out. It is concluded that there is nothing unusual about the extinction in the region nearby HIPASS J1712-64.

2M − m = 5 log(D(pc)/10)

Figure 6.7: Number counts of stars in the central region of the B-band image and two surrounding regions. The star symbols show star number counts in the region where we would expect to see an excess of stars. No systematic exess is seen.

An optical counterpart could be overlooked if the galaxy lies close to the Milky Way, and is resolved into stars. One method of detecting a resolved galaxy in a crowded field of stars is to look for a separate stellar population by studying the magnitudes of the stars in the field and nearby comparison fields. This method was successfully used to detect the Sagittarius Dwarf Galaxy (Ibata et al., 1995). The method was applied to the HIPASS J1712-64 B–band CCD image. This image covers an area of about 1 deg^2, which is substantially larger than the H i detection. Fig. 6.7 shows a histogram of stellar magnitudes for a 20^′ field covering the extent of the H i detection, and other nearby fields of the same size. These fields are statistically equivalent, thus there is no evidence for a resolved galaxy in the direction of the H i detection.

Figure 6.8: H-α spectrum of HIPASS J1712-64. No detection is seen above a limit of 30 mR. The other lines marked are caused by emission from the Galaxy.

A 30 minute observation of HIPASS J1712-64 was made using the Taurus Tunable Filter (TTF) on the Anglo-Australian Telescope (AAT) by J. Bland-Hawthorn. The spectrum is shown in Figure 6.8^3. HIPASS J1712-64 is undetected in H-α to a limit of 30 mR. The lines present in the spectrum are caused mostly by emission in the outer regions of our Galaxy. This non–detection compares to the detection of Hα in the Magellanic Stream by Weiner and Williams (1996). They detected clouds of Hα surface brightness between 0.2 and 0.37 R, which is much brighter than the limit obtained for HIPASS J1712-64 from the AAT. The nondetection may lead to the calculation of a lower limit of the distance to HIPASS J1712-64 using models of ionising photons from the Galaxy (Bland-Hawthorn and Maloney, 1999).

3Spectrum provided by M. Putman & J. Bland-Hawthorn

6.5 The Nature of HIPASS J1712-64

Due to the low systemic velocity of HIPASS J1712-64, it is likely that its peculiar and Hubble expansion velocities are comparable. We can apply velocity corrections for the Solar and Galactic motion and then use the Hubble flow to predict the distance to the cloud. However, this method does not take into account any local graviatational influence so it is not clear whether the Hubble flow is relevant for an object with such a low heliocentric velocity. As we have no other distance estimator for this object (and no optical detection), we will firstly derive the distance to J1712-64 using the Hubble Flow, with the caveat that the error might be quite large. We then discuss the chacteristics of HIPASS J1712-64 if it is in fact situated much closer to our Galaxy, and the likelihood of it being an HVC or Magellanic debris.

6.5.1 An Extragalactic Object?

There is a possibility that HIPASS J1712-64 is a member or an outlier of the Local Group. The systemic velocity of Local Group members is plotted in Figure 6.9^4. It can be seen that J1712-64 is removed from the other members of the Local Group, therefore implying that it is not in fact a member of the Local Group.

Assuming HIPASS J1712-64 is not a member of the Local Group, the velocity with respect to the Local Group can be determined using V_{LG} = V_{sys} − 79 coslcosb + 296 sinlcosb − 36 sinb = 240km s^{−1} (Yahil et al., 1977). An alternate correction of 300 sinlcosb gives V_{LG} = 291 km s^{−1} (IAU convention). Finally, the potent program (Bertschinger et al., 1990) gives a velocity of V_{LG} = 172 km s^{−1}. Using a Hubble constant of 75 km s^{−1} Mpc^−1, these values give a distance range of 2.3 Mpc from the potent determination, to 3.8 Mpc for the IAU convention determination. For subsequent calculations, the ’middle’ distance will be used, 3.2 Mpc determined using the Yahil et al. (1977) equation, adopting an error of ±1Mpc.

The velocities within J1712-64 are very low. The velocity separation of the NE and SW components is only 12 km s^{−1} and the velocity dispersions within each component are small. For the NE component, the mean velocity dispersion from the ATCA data is σ ∼ 4 km s^{−1}, and possible slightly more for the SW component.

If the velocity difference between the NE and SW components is indicative of the rotation of a bound, binary system, the minimum system mass is 1.5 × 10^8M_⊙ (Faber and Gallagher,

4Figure produced by Lister Staveley-Smith

6.5. THE NATURE OF HIPASS J1712-64 117

Figure 6.9: Local Group members and outliers

1979), an order of magnitude above the H i mass. The ‘virial’ distance, at which the total mass is 1.3 times the H i mass (to account for He), is implausibly distant (> 20 Mpc) implying that the system contains substantial dark matter, or else is not bound. The orbital period of the two components corresponding to the minimum total mass is ∼ 4 Gyr.

The NE component can be modelled as a pressure-supported sphere of gas of total enclosed mass

M_T = ασ^2r G (6.2)

where σ is the line-of-sight velocity dispersion (∼ 4 km s^{−1}), r is the radius (∼ 4 kpc) and α ∼ 1 − 3 depending on the mass distribution. For an isothermal sphere, α ≈ 2, which gives M_T (NE) = 3.0 × 10^7 M_⊙, which is only ∼ 1.8 times higher than the H i mass for this component.

The critical column density above which local axisymmetric instabilities can occur in a uniformly rotating gaseous disk is given by the Toomre stability criterion:

Σ_c =

2v_sΩ πG (6.3)

where v_s is the sound speed and Ω is the angular frequency (Binney and Tremaine, 1987). Kennicutt (1989) has shown that similar relations for differentially rotating stellar disks approximately predict the column density above which star formation occurs in spiral galaxies. If we use Ω = v/r with v ≈ σ ≈ v_s and r = 4 kpc for the NE component, then we obtain Σ_c ≈ 8 × 10^{19} atoms cm^{−2}. This is more than a factor of two above the peak measured column density of just 2.9 × 10^{19} atoms cm^{−2}, and is consistent with the absence of visible star-formation.

Table 6.4: Derived H i Parameters for J1712-64 N.E. S.W. Overall Component Component Systemic Velocity 451 km s^{−1} 464 km s^{−1} · · · Local Group Velocity^a 332 km s^{−1} 344 km s^{−1} · · · Distance^b · · · · · · 3.2 Mpc H i Mass 1.1 ×10^7M_⊙ 3 ×10^6M_⊙ 1.7 ×10^7M_⊙ Peak Column Density 2.9 ×10^{19}cm^{−2} 1.2 ×10^{19}cm^{−2} · · · Linear Size (kpc) 11 × 8 kpc 5 × 4 kpc 15 × 8 kpc Dynamical Mass, M_T ∼ 3 × 10^7M_⊙ · · · > 1.5 × 10^8M_⊙ Blue Luminosity, L_B^c · · · · · · < 7 × 10^5L_⊙ M_{HI} /L_B^c · · · · · · > 24M_⊙/L_⊙ a Using the formula of Yahil et al. (1977) b Assuming an identical distance for the NE and SW components, and using d = V_{LG}/H_0 c Assuming an optical diameter of 1 arcmin

6.5.2 A High-Velocity Cloud?

An alternative explanation for the classification of HIPASS J1712-64 is that it is an unusual high-velocity cloud (HVC) lying at the edge of our own Galaxy. However, there are two good reasons to exclude the possibility of J1712-64 being a normal HVC. The first is its velocity, which is 40 km s^{−1} higher than any currently catalogued HVC (e.g. those around the Large Magellanic Cloud, Putman (2000)). The second is the structure of HIPASS J1712-64. The majority of HVCs have a core-halo morphology with only 10–50% of the total flux able to be recovered by interferometry (Wakker and van Woerden, 1997). However, the ATCA observa-

6.6. DISTRIBUTION OF H I CLOUDS AND GALAXIES 119

tions were able to recover 80% of the total flux of HIPASS J1712-64.

It is possible the HIPASS J1712-64 is an extreme version of CHVC. Six examples of CHVCs were studied in detail by Braun and Burton (2000). These objects exhibited narrow line-widths and also show apparent velocity gradients. However, similar to general HVCs, these objects displayed a core-halo morphology, which is not seen in HIPASS J1712-64. The velocity gradient of HIPASS J1712-64 lies along the major axis of the main cloud, and this characteristic is also seen in the Braun and Burton (2000) high-resolution data. If HIPASS J1712-64 lies at a distance of 1 Mpc, as suggested by Braun and Burton (1999) for CHVCs, then the total mass for the system is ∼ 10 times less than the extragalactic scenario: M_{HI} = 1.6 × 10^6 M_⊙.

The most likely scenario is that HIPASS J1712-64 originated from gravitational scattering off the Magellanic Clouds/Galaxy system. J1712-64 lies in a 2400 deg^2 region around the South Celestial Cap (Putman et al., 1998), where many of the HVCs appear to have originated from the interaction of the Magellanic Clouds with the Milky Way. However, HIPASS J1712-64 does not lie close to the Clouds (it is 46^o from the LMC), and the Leading Arm, which includes a number of known HVCs from Wakker and van Woerden (1991) (see Figure 3 of Putman et al. (1998)), is ∼ 20^o away. Koribalski (2000) detected a large H i cloud at a slightly lower velocity of ∼ 400 km s^{−1}, only a few degrees away from HIPASS J1712-64. This may provide further evidence that these H i clouds are related to the Magellanic Clouds and the Leading Arm. If HIPASS J1712-64 was formed in this manner, then a velocity separation of ∼ 300 km s^{−1} and a spatial separation from the LMC of ∼ 60 kpc (or ∼ 80 kpc from the Galaxy) would be consistent with an ejection event coinciding with the last LMC/SMC encounter which probably occurred ∼ 2 × 10^8 yr ago (Gardiner and Noguchi, 1996)^5.

6.6 Distribution of H i Clouds and Galaxies

HIPASS J1712-64 was the first (and brightest) of the 7 H i clouds found in the SCC region. None of them have visible optical counterparts, and they lie in the velocity range 318 < V_{cloud} < 460 km s^{−1}. Table 6.5 gives the H i parameters of these H i clouds. Five of the clouds (apart from J1712-64) have been observed with the ATCA, but were not detected. We therefore conclude that they are low column density objects.

The relationship of these clouds with the Magellanic Clouds is not clear. Figure 6.10 shows a velocity integrated map of the clouds, and other galaxies detected in HiPASS, within a

5Calculation performed by Lister Staveley-Smith

velocity range of 320 to 500 km s^{−1}. The clouds are indicated by a name starting with J. For orientation, the Magellanic Clouds are to the top right of the Figure, and the plane of the Galaxy runs across the bottom of the Figure. The majority of the clouds can be seen to the right, and they seem to align with the supergalactic plane. In addition to the clouds found in the SCC region, two clouds were found just outside this region. The largest of the clouds, J1718-59 lies just outside of the SCC region, and was discovered by Koribalski (2000). The proximity of this cloud with HIPASS J1712-64 leads to the conclusion that the two are related, and may be high–velocity tidal gas from the Magellanic Clouds/Galaxy interaction. J1616- 55 also lies outside of the SCC region, and was discovered in the ZOA survey observations (Staveley-Smith et al., 1998).

An alternative explanation for the clouds is that they are an extragalactic phenomenon, and we are seeing the remnants of structure formation along the supergalactic plane. If the clouds are extragalactic, their combined H i mass is small and will not dominate the calculation of the cosmological H i mass density.

Name R.A. Dec. V el ΔV_{20} ΔV_{50} S_{peak} S_{int} (J2000) (J2000) (km s^{−1}) (km s^{−1}) (km s^{−1}) (Jy) (Jy km s^{−1}) HIPASSJ1614–72 16:14:22 –72:15:55 383 35 21 0.155 2.4 HIPASSJ1712–64 17:12:05 –64:41:28 457 69 44 0.194 9.47 HIPASSJ1858–67 18:58:25 –67:22:57 433 82 42 0.079 4.43 HIPASSJ1901–67 19:01:19 –67:27:00 424 119 49 0.043 1.64 HIPASSJ1913–67 19:13:00 –67:05:49 425 71 44 0.092 5.34 HIPASSJ1931–68 19:31:32 –68:03:30 372 82 41 0.074 3.93 HIPASSJ2118–82 21:18:02 –82:32:45 318 57 36 0.113 5.00

Table 6.5: H i Clouds with no optical counterparts found in the SCC region.

6.7 Discussion

Although there have been many previous searches for extragalactic H i in optically blank fields, there has been little success, implying that massive H i “protogalaxies” are rare at this epoch. However, the limit on low-mass H i clouds is not as strict, and it is possible that similar objects to HIPASS J1712-64 exist in abundance in the local universe. Indeed, a number of such clouds were found in SCC region. Some limits to the number of low–mass clouds in the local universe

6.7. DISCUSSION 121

were set by Banks et al. (1999), who found 10 new group members in the 600 deg^2 HiPASS survey of the Centaurus A group. The sensitivity limit for this survey was ∼ 10^7 M_⊙, so it is possible that a population of clouds with even lower H i mass exist. Deeper observations such as Disney et al. (1999) may reveal more low–mass, M_{HI} ≲ 10^7 M_⊙ H i detections in this region.

From a study of the Lyα forest lines and a VLA H i study, Shull et al. (1999) suggest that, at z=0, there may exist clouds, or sheets, of ionised gas ∼ 1 Mpc in extent, that contain ∼ 30 times more baryons than the neutral gas confined to known galaxies. The clouds found in the SCC region may be visible manifestations of these large primordial clouds. So while the H i gas in these clouds is low, there may be sufficient baryons in the region available to form a galaxy if they were able to cool. The possibility that the dynamical mass of HIPASS J1712-64 is ∼ 10 times greater than the H i mass, suggests there may be dark matter of some sort associated with the system.

Isolated H i clouds can be used to set stringent limits on the local metagalactic background radiation. Deep narrow–band CCD images of the Hα line in H i 1225 + 01 and the Leo ring place limits of J_0 < 3 − 8 × 10^{−23}ergs s^{−1} cm^{−1} sr^{−2} Hz^{−1} for quasar-like light (Donahue et al., 1995). Hα observations of J1712-64 returned a null result, so it is possible that a limit may be placed on the distance the cloud is from the Galaxy, and a longer integration time may help to place stronger limits on the local metagalactic background radiation.

The distribution and velocity of the clouds found in the SCC region will have to be investigated further to determine their nature and origin. It is likely that they represent high velocity H i clouds created during the Magellanic Clouds/Galaxy interaction, however the possibility that the clouds represent high–density peaks of much lower density sheets of gas cannot be ruled out. As the mean dispersion of the NE component of HIPASS J1712-64 appears to be low (σ = 4 km s^{−1}), the upper limit to the kinetic temperature is T < 2000 K. This may mean that cool gas is present in the cloud, which might be detected in absorption from a bright quasar. A search for bright quasars nearby HIPASS J1712-64 found PKS 1708-648 19^′.4 from the centre of the cloud. No unambiguous evidence for absorption was detected in the spectrum of this quasar, however the quasar is situated well past the last measurable contour of HIPASS J1712-64. Observations of optical quasars behind the H i clouds may help to elucidate their nature, by providing their metallicities.

Figure 6.10: Velocity integrated map of H i clouds, from 320 to 500 km s^{−1}. Colour indicates velocity: Blue to pink indicates increasing velocity.

Chapter 7

New Detections from the SCC Sample

7.1 Introduction

Optically, the sky has been well catalogued for galaxies, and is complete for galaxies which are optically high in surface brightness, and have large diameters. Blind H i surveys such as HiPASS enable compact high surface brightness (HSB) galaxies and more diffuse low surface brightness (LSB) galaxies to be discovered. One hundred and forty galaxies without previous optical identification were found in the SCC sample. Most of the galaxies catalogued for the first time in the SCC region were either optically compact, or LSB galaxies, or lay behind the plane of the Galaxy where the obscuration was too high for them to be seen in the optical.

The HSB galaxies in this sample were easily visible on the dss i images, and they had a compact stellar–like core. The LSB galaxies were much fainter, and several were not visible in the dss i images. The optical emission in these galaxies was more diffuse, than the HSB galaxies. Eighteen of the new HiPASS detections were detected at the Australia Telescope Compact Array. Table 7.1 gives the observing parameters for these galaxies.

Table 7.2 gives properties of the new galaxies discovered in the SCC region that have been subsequently observed with the ATCA. The systemic velocity of the galaxies was measured by taking the mid-point of the 20% velocity width, then applying the IAU Local Group correction (see Equation 2.1) [Column 2]. The 50% velocity width was found using the miriad task mbspect [Column 3]. The distance was calculated assuming Euclidean geometry, and using H_0 of 75 km s^{−1} Mpc^{−1} [Column 4]. The H i diameter [Column 5] was measured as the major axis of the H i from the lowest plotted contour. The contours were typically 3σ, and the few that were not are marked as such in the Table. The Low and High column densities

(N_{HI} ) are the values of the lowest and highest contours plotted for each galaxy [Column 6 & 7]. The H i mass is calculated using the determined distance in Mpc, and Equation 1.3 [Column 8].

Optical images from dss i are shown for all galaxies, and where no optical counterpart is seen on these images, the dss ii image is also presented.

Source R. A. Dec. Beam Size Array (J2000) (J2000) (arcsec)

HIPASS J0039-76 00 39 08 -76 20 12 55 × 48 750m HIPASS J0116-63 01 16 48 -63 30 01 77 × 40 750m HIPASS J0305-69 03 05 24 -68 56 31 85 × 39 750m HIPASS J0511-72 05 11 34 -72 18 21 131 × 87 375m HIPASS J0554-71 05 54 42 -71 55 50 119 × 92 375m HIPASS J0751-62 07 51 33 -62 19 59 176 × 68 375m/750m HIPASS J0908-64 09 08 21 -64 42 10 57 × 48 750m HIPASS J1005-73 10 05 03 -73 51 15 80 × 56 750m HIPASS J1150-69 11 51 35 -69 48 26 85 × 39 750m HIPASS J1242-77 12 42 06 -77 55 19 71 × 53 750m HIPASS J1247-77 12 47 35 -77 34 53 71 × 53 750m HIPASS J1339-72 13 39 23 -72 54 54 63 × 61 750m HIPASS J1407-75 14 07 28 -75 53 24 63 × 61 750m HIPASS J1456-72 14 56 42 -72 33 10 78 × 39 750m HIPASS J1650-62 16 49 49 -62 33 05 72 × 35 750m HIPASS J1705-68 17 05 55 -68 57 33 79 × 43 750m HIPASS J1816-67 18 15 45 -67 01 36 62 × 45 750m HIPASS J2039-63 20 39 01 -63 46 15 81 × 45 750m

Table 7.1: Observational parameters of ATCA follow-up for new galaxies

7.1. INTRODUCTION 125

HSB Galaxies Name V^a_{LG} ΔV_{50} Distance^b H i Diam.^c Low N_{HI} Peak N_{HI} M_{HI} (km s^{−1}) (Mpc) (kpc) (cm^{−2}) (cm^{−2}) (M_⊙) HIPASS J0039–76 1560 56 20.8 21 1×10^{19} 8.3×10^{20} 6.4×10^8 HIPASS J0116–63 2130 119 28.4 8 5 × 10^{19} 2.1×10^{20} 7.4×10^8 HIPASS J0305–69 1156 117 15.4 8 7 × 10^{19} 2.3×10^{20} 6.4×10^8 HIPASS J0554–71 1227 58 16.4 7 3 × 10^{19} 6.0×10^{19} 1.6×10^8 HIPASS J0751–62^† 5947 56 79.3 23 2 × 10^{19} 7.3×10^{19} 3.1×10^9 HIPASS J0908–64 1562 39 20.8 12 1 × 10^{20} 3.2×10^{20} 1.1×10^9 HIPASS J1407–75 2590 108 34.5 30 9 × 10^{19} 4.2×10^{20} 1.9×10^9 HIPASS J1706–68^‡ 7860 288 104.8 71 6 × 10^{19} 2.6×10^{20} 1.6×10^{10} HIPASS J1816–67 3199 183 42.7 25 6 × 10^{19} 3.8×10^{20} 2.6×10^9 HIPASS J2039–63^‡ 1539 52 20.5 12 3 × 10^{19} 1.5×10^{20} 3.6×10^8

LSB Galaxies: Low Mass Name V^a_{LG} ΔV_{50} Distance^b H i Diam.^c Low N_{HI} Peak N_{HI} M_{HI} (km s^{−1}) (Mpc) (kpc) (cm^{−2}) (cm^{−2}) (M_⊙) HIPASS J0511–72 1289 72 17.2 10 2 × 10^{19} 2.6×10^{20} 3.2×10^8 HIPASS J1005–73 979 42 13.1 8 2 × 10^{19} 4.2×10^{20} 5.0×10^8 HIPASS J1242–77 2433 64 32.4 23 4 × 10^{19} 3.5×10^{20} 6.2×10^8 HIPASS J1247–77 167 29 2.2 1.5 3 × 10^{19} 5.5×10^{20} 4.7×10^6

LSB Galaxies: High Mass Name V^a_{LG} ΔV_{50} Distance^b H i Diam.^c Low N_{HI} Peak N_{HI} M_{HI} (km s^{−1}) (Mpc) (kpc) (cm^{−2}) (cm^{−2}) (M_⊙) HIPASS J1338–72 3017 136 40.2 23 7 × 10^{19} 2.1×10^{20} 1.5×10^9 HIPASS J1456–72 2925 121 39.0 34 4 × 10^{19} 2.5×10^{20} 1.5×10^9 HIPASS J1151–69^‡ 6704 26 89.4 52 7 × 10^{19} 1.7×10^{20} 1.9×10^{10} HIPASS J1650–62^‡ 4125 89 55.0 24 4 × 10^{19} 1.3×10^{20} 9.2×10^9

a Using: V_{LG} = V_{sys} + 300 sin l cos b b D = V_{LG}/H_0 c Assuming Euclidean geometry, and using lowest column density contour † Lowest contour is 2σ ‡ Lowest contour is 2.5σ

Table 7.2: New Galaxies from the SCC Region. The Local Group velocity (V_{LG}), ΔV_{50} and N_{HI} are derived from the ATCA data, and M_{HI} is derived from the HiPASS data. See Table 2.1 for other H i parameters.

7.2 HSB Galaxies

A number of new HSB galaxies were found in the SCC region. These galaxies are optically compact and have a large range of H i masses. The H i disks typically extend well past the observed stellar emission.

Figure 7.1: HIPASS J0039–76 & HIPASS J0116–63 overlaid on dss i images.

HIPASS J0039–76 HIPASS J0039–76 has a very compact, HSB optical counterpart, and a larger disk of H i that is offset to the optical emission by about one beam size. The peak column density at the centre of the H i emission is quite high: 8.3×10^{20}, yet no star emission is seen at this position. The contours of the H i disk are not regular, which may indicate an interaction in the past. The linear size of the H i emission is 20.8 kpc at a distance of 20.8 Mpc.

HIPASS J0116–63 A compact, HSB core is seen to this galaxy, with a fainter disk also visible. The H i mass is not high (8.8 × 10^8M_⊙), and the optical emission is slightly offset to the peak H i contour, by less than a beamwidth. The peak column density for the galaxy is 2.1 × 10^{20} cm^{−2}, and the galaxy has a distance of 28.4 Mpc. The size of the H i disk is comparable to that of the optical, and is 8 kpc in diameter.

Figure 7.2: HIPASS J0305–69 & HIPASS J0554–71 overlaid on dss i images.

HIPASS J0305–69 The optical counterpart to HIPASS J0305–69 is bright, and the H i emission is not a regular disk around the optical emission. There is a second peak of emission, apparently joined by a bridge of H i. The second region of H i emission shows no visible optical counterpart, although there is a stellar–like object just offset from the smaller clump which may in fact be a compact galaxy. Both of the emission regions lie at the same systemic velocity, 1156 km s^{−1}. The peak H i column density in the larger clump is 2.3×10^{20} cm^{−2}, and in the smaller clump it is about half of that. The system has a total H i mass of 6.4 ×10^8 M_⊙. Only 20% of the H i emission detected with HiPASS was detected with the ATCA follow-up observations, so there appears to be a large amount of extended H i in the system.

HIPASS J0554–71 HIPASS J0554–71 was observed with the 375m array, and is quite compact, as all of the single dish H i flux is recovered in the synthesis observations. This may mean the H i is unresolved in this data. The H i mass of this galaxy is M_{HI} = 1.6 × 10^8M_⊙, and its Local Group velocity is 1227 km s^{−1}. HIPASS J0554–71 has a very compact optical counterpart that is easily visible in the dss i image, lying near the centre of the H i emission.

Figure 7.3: HIPASS J0751–62 & HIPASS J0908–64 overlaid on dss i images.

HIPASS J0751–62 This galaxy lies at a Local Group velocity of 5947 km s^{−1}, and has a fairly low peak column density of 7.3 × 10^{19} cm^{−2}. The highest column density region in the H i emission lies directly over the optical galaxy. Approximately 65% of the H i emission was detected in the ATCA observations. There is a small H i detection near the main galaxy.

HIPASS J0908–64 The optical emission for HIPASS J0908–64 lies within the highest density contour plotted, which is 3.2×10^{20} cm^{−2}. The H i disk is about three times that of the optical diameter, and less than one third of the H i gas was detected in the ATCA observations, which leaves scope for a more extended disk. The velocity width for this galaxy is small, with a ΔV_{50} of just 39 km s^{−1}, but the H i mass is not low (M_{HI}= 1.1 × 10^9 M_⊙). This galaxy appears to be seen face–on.

Figure 7.4: HIPASS J1407–75 & HIPASS J1706–68 overlaid on dss i images.

HIPASS J1407–75 HIPASS J1407–75 has two optical galaxies near the centre of the H i emission, and it is uncertain whether the two are related. One is an LSB galaxy, and the other a more compact HSB galaxy. The H i emission comprises of two cores of emission, but neither lies directly over the two optical counterparts. The velocity distribution of the H i emission around the two galaxies shows a smoothly rotating disk with no evidence of disturbance. The H i mass for this system is M_{HI} = 1.9×10^9M_⊙, and the system lies at a Local Group velocity of 2590 km s^{−1}.

HIPASS J1706–68 This H i detection has two optical galaxies nearby. The H i emission surrounds the brighter of the two optical galaxies. The H i mass for the system is large: 1.6 × 10^{10}M_⊙. Only 17% of the H i emission was detected with the ATCA (750m), so it is possible the second optical galaxy lies in a more extended, lower column density H i disk. The peak column density for the H i is 2.6 × 10^{20} cm^{−2}, and the H i emission lies at a Local Group velocity of 7860 km s^{−1}. The size of the H i disk is 71 kpc at a distance of 104.8 Mpc. This galaxy appears to be seen edge–on, and the two highest column density regions of emission are at different velocities, separated by ∼ 200 km s^{−1}.

Figure 7.5: HIPASS J1816–67 & HIPASS J2039–63 overlaid on dss i images.

HIPASS J1816–67 The optical emission associated with HIPASS J1816–67 is very compact, and lies between two concentrations of H i. The H i mass for the system is 2.6×10^9 M_⊙, and the Local Group velocity of the galaxy is 3199 km s^{−1}. The major axis of the H i emission is ∼ 31 kpc, at a distance of 42.7 Mpc. This is more than 10 times larger than the visible optical extent of ∼ 2.3 kpc. The velocity structure of this galaxy indicates it is edge–on.

HIPASS J2039–63 There is a compact optical counterpart associated with HIPASS J2039–63 which lies between the two peaks of the H i emission. The H i emission is more extended than the optical extent of the galaxy. The H i mass of the galaxy is M_{HI} = 3.6 × 10^8M_⊙, and the Local Group velocity is 1539 km s^{−1}. HIPASS J2039–63 is a dwarf galaxy, with a linear extent of 16 kpc in H i and an optical extent of 2 kpc. This galaxy has measured optical magnitudes (see Table 2.2), with a R magnitude of 15.89, and a B magnitude of 14.75. This translates to an M_{HI} /L_B of ≈ 1 M_⊙/L_⊙.

7.3 LSB Galaxies: Low Mass

Four new low–mass LSB galaxies were observed at the ATCA. The number of new low–mass galaxies found in the sample does not represent a large “missing mass” of galaxies, but they are individually interesting to determine the characteristics of star formation.

Figure 7.6: HIPASS J0511–72 overlaid on dss i [Left] and dss ii [Right] images.

HIPASS J0511–72 This galaxy was observed with the 375m array as no obvious optical counterpart could be seen on the dss i image. A very faint optical counterpart can be seen in the redder dss ii image. This galaxy lies behind the Large Magellanic Cloud, so optical light from the companion may be obscured. The Local Group velocity of the galaxy is 1289 km s^{−1}, and its 50% velocity width determined from the ATCA data is 72 km s^{−1}. The H i distribution around the optical counterpart seems to be Gaussian, but is likely to be unresolved as 100% of the H i flux was recovered in the 375m ATCA synthesis observations. The H i mass for this galaxy is M_{HI} = 3.2 × 10^8M_⊙. The peak column density for the galaxy is 2.6×10^{20} cm^{−2}. The size of the H i is ≲ 9.5 kpc, at a distance of 17.2 Mpc.

Figure 7.7: HIPASS J1005–73 & HIPASS J1242–77 overlaid on dss i images.

HIPASS J1005–73 HIPASS J1005–73 is barely visible on the dss i image, and has quite a large disk of H i surrounding it. The disk does not seem to be disturbed at all, and the maximum column density contour of 4.2×10^{20} cm^{−2} includes the optical emission. The H i mass of this LSB dwarf is 5.0 × 10^8 M_⊙, and it lies at a Local Group velocity of 979 km s^{−1}. Approximately half of the HiPASS flux was recovered in the ATCA (750m) observations. The size of the H i disk is ∼ 8 kpc at a distance of 13.1 Mpc. For comparison, the optical companion is ∼ 2 kpc in diameter.

HIPASS J1242–77 In the centre of the H i emission of HIPASS J1242–77 lies a very low surface brightness dwarf galaxy. The contours that contain the optical galaxy are 3.5×10^{20} cm^{−2}, similar to the other LSB galaxies investigated so far. The galaxy lies at a Local Group velocity of 2433 km s^{−1}, and has an H i mass of 6.2×10^8 M_⊙. All of the H i flux from the single dish data was recovered in the ATCA (750m) data. The optical extent of this dwarf is slightly higher than the previous two LSBs, with a diameter of ∼ 4.5 kpc. The H i extent is ∼ 15 kpc, at a distance of 32.4 Mpc.

Figure 7.8: HIPASS J1247–77 overlaid on dss i image.

HIPASS J1247–77 This LSB galaxy is just barely visible on both the dss i and dss ii images. The optical emission is contained within the highest contour on the H i map, which represents a column density of 5.9 ×10^{20} cm^{−2}. HIPASS J1247–77 lies near the Leading Arm of the Magellanic Cloud emission, and is distinguished from the Leading Arm clouds due to its compact nature and small optical counterpart. The galaxy lies at a velocity of just 404 km s^{−1}, and is ∼ 2 degrees away from the dwarf galaxy, IC 3104 which lies at a velocity of 430 km s^{−1}. The Local Group velocity of this galaxy is 167 km s^{−1}, and the H i mass of this object assuming a distance of 2.2 Mpc is just M_{HI} = 4.7 × 10^6M_⊙. However, the distance estimate we have chosen may not be valid due to gravitational influences. The synthesis observations recover ∼ 80% of the total flux for the object. The 20% velocity width of the galaxy is 49 km s^{−1}. Like the other low–mass LSBs, the disk seems Gaussian and undisturbed, and the optical counterpart lies in the highest column density region. The size of the optical companion is just 210 pc, and the extent of the H i emission is 1.3 kpc.

7.4 LSB Galaxies: High Mass

Four LSB galaxies of higher mass were observed at the ATCA. The first two have a modest H i mass of ∼ 10^9 M_⊙, while the last two are quite large, with H i masses of ∼ 10^{10}. Unlike the low–mass LSBs, the H i disks of the larger mass galaxies are more disturbed, and only a fraction of the H i flux is recovered in the follow–up observations.

Figure 7.9: HIPASS J1338–72 overlaid on dss i image.

HIPASS J1338–72 HIPASS J1338–72 lies in a region of high stellar density, however an optical galaxy is visible. The optical emission lies between two higher column density regions in the H i emission. The peak column density for this galaxy is 2.1 × 10^{20} cm^{−2}, and it lies at a velocity of 3254 km s^{−1}. The H i mass is 1.5 × 10^9M_⊙, and the major axis of the H i emission extends 23 kpc at a distance of 40.2 Mpc.

Figure 7.10: HIPASS J1456–72 overlaid on dss i [Left] and dss ii [Right] images.

HIPASS J1456–72 HIPASS J1456–72 lies in a crowded star field (as can be seen in the dss ii image), and no optical counterpart can be seen in the dss i image. The H i emission has a large concentration joined with a smaller clump, and there appears to be a small companion to the south of the larger galaxy, although no optical counterpart can be seen for this small emission region. The H i mass for the system is M_{HI} = 1.5×10^9M_⊙, and the galaxy lies at a velocity of 2925 km s^{−1}. The extent of the H i is ∼ 34 kpc, at a distance of 39 Mpc.

Figure 7.11: HIPASS J1151–69 overlaid on dss i [Left] and dss ii [Right] images.

HIPASS J1150–69 This galaxy is not visible in the dss i image, but is seen as a faint smudge in dss ii. The optical counterpart is not in the centre of the H i emission, but lies on the lowest two contours of the map. The H i mass of this galaxy is quite large, M_{HI} = 1.9 × 10^{10}M_⊙, but only 6 % of the H i flux is recovered in the synthesis observations compared to the single beam observations. The Local Group velocity of the galaxy is 6704 km s^{−1}, and it has a 50% velocity width of 26 km s^{−1} from the ATCA data. The 50% velocity width from the HiPASS data is 306 km s^{−1} so only a small fraction of the emission is being detected in the ATCA observations. The diameter of the H i is 52 kpc, and this is a lower limit to the actual extent of the disk as such little H i flux was recovered in the higher resolution observations.

Figure 7.12: HIPASS J1650–62 overlaid on dss i [Left] and dss ii [Right] images.

HIPASS J1650–62 This galaxy lies as a velocity of 4286 km s^{−1}, and has an H i mass of 9.2 × 10^9M_⊙. No optical counterpart is seen at all in the dss i image, while an amorphous optical companion is visible o the dss ii image. Only 20% of the single dish flux is recovered with the 750m ATCA observations, indicating an extended lower column density disk of gas. The observed H i emission is only a couple of times the extent of the optical emission, and has a diameter of ∼ 24 kpc at a distance of 55 Mpc.

7.5 Combined Properties

Even though this is a small sample of galaxies, there are similarities and differences between the low surface brightness galaxies of low and high–mass and the high surface brightness galaxies. Most of the observed galaxies have H i emission that extends well beyond the optical emission region, in some cases up to 10 times the optical extent (eg: J1816-67). All of the low–mass HSB counterparts are offset from the highest column density region in the H i disk, and with the high–mass HSB galaxies, the optical counterpart is situated between two high column density H i regions in 3 out of 5 cases, and the velocity structure in these galaxies indicates an edge–on disk of H i. The other two HSB companions lie in the centre of the H i emission. In contrast, all of the low–mass LSB optical counterparts lie directly in the centre of undisturbed H i disks, and all of the high—mass LSB have optical counterparts that are offset to the H i.

Figure 7.13: Optical offset from H i centre. The filled circles indicate LSB galaxies and the stars show HSB galaxies. The offsets were measured visually, and took the centre of the highest column density contour of the H i emission and the centre of the optical counterpart.

Figure 7.13 shows the offset of the optical companion versus the H i mass of the galaxy. The offset was measured visually, from the centre of the optical emission to the centre of the highest

7.5. COMBINED PROPERTIES 139

column density H i contour. In this figure, the stars show HSB galaxies and the filled circles show LSB galaxies. The mean offset for the LSB galaxies is 0.2 arcmins, while for the HSB galaxies this is 0.5 arcmins. An optical counterpart offset from the H i emission may indicate an interaction has taken place in a galaxy. In this sample, more HSB counterparts were offset than the LSB galaxies. It is possible that the star formation in the HSB galaxies has been triggered by an interaction, and the offset optical position to the H i is a remnant of this. The LSB dwarf galaxies in the sample showed no evidence of previous interactions. Without such a stimulant to promote their star formation it is possible that these galaxies have quiescently formed stars. Observations of the stellar population of these dwarf galaxies would be useful in determining their age, and star formation history, and thereby determine if this is in fact the first phase of star formation these galaxies have experienced.

The H i surface densities of the HSB and LSB galaxies range from ρ_{HI} ∼ 0.5 M_⊙pc^{−2} to ρ_{HI} ∼ 3.5 M_⊙pc^{−2}. Figure 7.14 shows ρ_{HI} plotted against the linear H i extent of the galaxies. No systematic difference is seen between the HSB and LSB samples. Also plotted is the relationship found by Broeils and van Woerden (1994), who find a H i surface density of 3 M_⊙pc^{−2} for their sample of spiral galaxies. This surface density is consistent with our data, including both LSB and HSB galaxies.

In contrast de Blok et al. (1996) found that for a sample of LSB galaxies and HSB galaxies, the LSB galaxies systematically had a lower H i surface brightness. van der Hulst et al. (1993) determined that the average surface densities in their LSB galaxy sample were two times less than HSB galaxies. In the galaxies in our sample, the surface density of the galaxies varies across the galaxy, and it may be the peak surface density rather than the average H i surface density that governs star formation. van Zee et al. (1997) find the H i surface densities of LSB dwarfs to be the same as that of the HSB dwarfs in their sample. They suggest the star formation is governed by local gas densities, with the star formation occurring at the the position of highest column density. This is consistent with the LSB dwarf galaxies in our sample, where the only visible star formation occurs at the highest H i column density.

Figure 7.14: H i mass vs H i extent. The filled circles indicate LSB galaxies and the stars show HSB galaxies. The dashed line shows a surface density of 3 M_⊙ pc^{−2}, as found by Broeils and van Woerden (1994). No difference in H i surface density is seen between the LSB and HSB galaxies.

Chapter 8

Conclusions

This thesis has presented the first results from the South Celestial Cap (SCC) region of the 21- cm HiPASS survey. An H i catalogue produced from this region contains 533 galaxies, which is twice as large as any other blind H i catalogue produced so far, yet represents just 11% of the HiPASS survey region. Compared to all optically catalogued galaxies in the SCC region, the HIPASS sample contained far more late–type spiral and dwarf galaxies than the optical sample. The large–scale structure of galaxies detected by their H i emission in this region is similar to the structure observed optically, and there is strong evidence of clustering. The H i galaxies were not found to fill the voids, and optical clusters such as Pavo ii were not detected in the SCC sample, possibly because of H i deficiency in their central regions. Thus neither very high nor very low density regions are abundant in H i–rich galaxies.

The automated galaxy finder, MultiFind, was developed to search through the three dimensional HiPASS dataset. An automatic galaxy finder is necessary with a large data–set such as HiPASS to ensure any catalogue produced is uniform and has quantifiable limits. MultiFind was tested with simulations and was successful in detecting galaxies to a peak flux limit of 60 mJy. The finder searched through 23 HiPASS cubes in the SCC region to a flux limit of 60 mJy. At this flux limit, ∼ 94% of the galaxies catalogued previously ‘by eye’ were recovered, and no additional galaxies to the visual catalogue were found by MultiFind. This galaxy finder represents a ‘first pass’ at the problem of detecting galaxies automatically in HiPASS data. The finding process was automated, but the output candidate galaxy lists had to be checked visually, and each galaxy was parameterised individually. MultiFind ran into problems near the Galactic plane due to the large number of continuum sources seen in the HiPASS data. More sophisticated rejection techniques are needed to overcome this problem.

MultiFind has now been successfully run over the whole of the HiPASS data region, exclud-

142 CHAPTER 8. CONCLUSIONS

ing the Galactic plane, to a flux level of 90 mJy by Baerbel Koribalski. The resulting catalogue contains the brightest 1000 galaxies in neutral hydrogen in the Southern sky. MultiFind is currently being used to help create a catalogue of galaxies down to a flux limit of 50 mJy. With more simulations on the detection efficiency of MultiFind, the final catalogue should be one in which the selection effects and completeness can be well quantified.

The visual catalogue produced from the SCC region was used to calculate an H i mass function (HiMF). To determine how thorough the cataloguing of this region was, two additional people checked a large portion of the data, finding a small percentage of new galaxies which were subsequently added to the catalogue. Then MultiFind was tested on ∼50% of the region and turned up no new galaxies. The HiMF for this region showed a larger number of low– mass H i galaxies than most previous H i surveys. However, the number of dwarf galaxies found was not enough to dominate the H i mass density. A Schechter function was fit to the ∑ 1/V_{max} HiMF, with parameters α = 1.52, log M_{HI}^∗ = 10.1, and θ^∗ = 3.2 × 10^{−3}. The accuracy of the ∑ 1/V_{max} method, and the maximum likelihood method for calculation the shape of the HiMF was tested with simulations. It was found that the ∑ 1/V_{max} method accurately reflected the input data set, while the maximum likelihood method tended to return a faint–end slope that was shallower than the input. The HiMF was calculated using two density-independent methods, to determine the effect of galaxy clustering on the output. The faint–end slope was slightly shallower in these calculations, but with no significant difference.

The HiMF for different optical types of galaxies was investigated. The HiMF for spirals was fit well by a Gaussian with log M_{HI}^∗ = 8.95, and log σ = 0.74. The HiMF for late–type galaxies was well–fit by a steep power–law, with slope α = 2.15. No fit was made for early–type galaxies due to poor number statistics. In the full sample HiMF a persistent ‘dip’ was seen in the H i density at a mass of M_{HI} ∼ 10^8 M_⊙. This might be explained as the intersection between the H i distribution of galaxies of different optical type.

The total H i mass density, ρ_{HI} , for the local universe was found to be ρ_{HI} = 6.7 × 10^7 h_{75} M_⊙ Mpc^{−3}. This translated to a cosmological H i mass density of Ω_{HI} = 4.1 ± 0.4 × 10^{−4}h^{−1}_{75} . These values are higher than previous determinations from both blind H i surveys and H i surveys based on optical catalogues.

A new class of high velocity H i clouds was discovered in the SCC region, and the origin and therefore the distance of these clouds is unclear. The majority lie along the supergalactic plane, which may indicate they are visible manifestations of large sheets of low column density gas. However, the clouds lie at a similar velocity to parts of the Magellanic Stream, so an origin from the Galaxy/Magellanic Clouds interaction is possible. One cloud, HIPASS J1712-64, was observed in the optical B and R-bands, and with high–resolution H i synthesis imaging at the Australia Telescope Compact Array. No optical counterpart to this cloud was seen to faint limits, and for an optical counterpart one arcmin in diameter, the H i mass–to–light ratio is M_{HI}/L_B > 24M_⊙/L_⊙. No Hα emission was detected in a spectrum centered on the cloud. A lower limit to the Hα flux obtained from this observation may lead to the calculation of a lower distance to HIPASS J1712-64 using models of the ionising flux from the Galaxy.

The search for more H i clouds similar to those found in the SCC region will help in interpreting their origin. N–body simulations of the Magellanic Clouds/Galaxy interaction could determine if it would be possible to produce H i clouds at the positions seen in the SCC region. For the clouds that have already been discovered, the determination of their metallicities via absorption spectra of bright quasars would aid in the formation scenario of the clouds. If they are found to be metal–rich, then it would be more likely that they are of Magellanic origin.

The H i properties of a sub–sample of newly detected galaxies in the SCC region were investigated using high–resolution H i data from the Australia Telescope Compact Array. The Low Surface Brightness galaxies in the sample lay in H i distributions that showed little evidence of interaction, while the High Surface Brightness galaxies lay in H i disks that were often irregular, and offset from the position of the optical companion. Surprisingly, there was no difference seen in the average H i surface density of the HSB and LSB galaxies in the sample. High resolution H i observations of a greater sub–set of the HiPASS galaxies is needed to determine the differences in the H i surface density of galaxies of different optical type.

144 CHAPTER 8. CONCLUSIONS

Bibliography

G. O. Abell, H. G. Corwin, and R. P. Olowin. “A catalog of rich clusters of galaxies”. Astrophys.

J., Suppl. Ser., 70:1–138, May 1989.

G. D. Banks, M. J. Disney, P. M. Knezek, H. Jerjen, D. G. Barnes, R. Bhatal, W. J. G. de Blok, P. J. Boyce, R. D. Ekers, K. C. Freeman, B. K. Gibson, P. A. Henning, V. Kilborn, B. Koribalski, R. C. Kraan-Korteweg, D. F. Malin, R. F. Minchin, J. R. Mould, T. Oosterloo, R. M. Price, M. E. Putman, S. D. Ryder, E. M. Sadler, L. Staveley-Smith, I. Stewart, F. Stootman, R. A. Vaile, R. L. Webster, and A. E. Wright. “New Galaxies Discovered in the First Blind H I Survey of the Centaurus A Group”. Astrophys. J., 524:612–622, October 1999.

D. G. Barnes. “Realtime, Object-oriented Reduction of Parkes Multibeam Data using AIPS++”. In ASP Conf. Ser. 145: Astronomical Data Analysis Software and Systems VII, volume 7, pages 32–42, 1998a.

D. G. Barnes, L. Staveley-Smith, W. J. G. de Blok, T. Oosterloo, I. M. Stewart, A. E. Wright, G. D. Banks, R. Bhathal, P. J. Boyce, M. R. Calabretta, M. J. Disney, M. J. Drinkwater, R. D. Ekers, K. C. Freeman, B. K. Gibson, A. J. Green, R. D. Haynes, P. te Lintel Hekkert, P. A. Henning, H. Jerjen, S. Jurasjek, M. J. Kesteven, V. A. Kilborn, P. M. Knezek, B. Koribalski, R. C. Kraan-Korteweg, D. F. Malin, M. Marquarding, R. F. Minchin, J. R. Mould, R. M. Price, M. E. Putman, S. D. Ryder, E. M. Sadler, A. Schroder, F. Stootman, R. L. Webster, W. E. Wilson, and T. Ye. “The H i Parkes All Sky Survey: observations, calibration and robust imaging.”. submitted, MNRAS, 2000.

D. G. Barnes, L. Staveley-Smith, R. L. Webster, and W. Walsh. “A Blind Survey of the Centaurus Region”. Mon. Not. R. Astron. Soc., 288:307, 1997.

D. G. Barnes, L. Staveley-Smith, T. Ye, and T. Oosterloo. “Robust, Realtime Bandpass

Removal for the HI Parkes All Sky Survey Project using AIPS++”. In ASP Conf. Ser. 145: Astronomical Data Analysis Software and Systems VII, volume 7, pages 89–93, 1998.

G. D. Barnes. “Neutral Hydrogen in the Nearby Universe”. PhD thesis, University of Melbourne, 1998b.

E. F. Bell, R. G. Bower, R. S. de Jong, M. Hereld, and B. J. Rauscher. “The stellar populations of low surface brightness galaxies”. Mon. Not. R. Astron. Soc., 302:L55–L59, February 1999.

E. Bertschinger, A. Dekel, S. M. Faber, A. Dressler, and D. Burstein. “Potential, velocity, and density fields from redshift-distance samples: Application - Cosmography within 6000 kilometers per second”. Astrophys. J., 364:370–395, December 1990.

B. Binggeli, A. Sandage, and G. A. Tammann. “The Luminosity Function of Galaxies”. Ann.

Rev. Astron. Astrophys., 26:509–60, 1988.

J. Binney and S. Tremaine. “Galactic Dynamics”. Princton: Princeton Univ. Press, 1987.

J. Bland-Hawthorn and P. R. Maloney. “The Escape of Ionizing Photons from the Galaxy”.

Astrophys. J., Lett., 510:L33–L36, January 1999.

L. Blitz, D. N. Spergel, P. J. Teuben, D. Hartmann, and W. B. Burton. “High-Velocity Clouds:

Building Blocks of the Local Group”. Astrophys. J., 514:818–843, April 1999.

G. Bothun, C. Impey, and S. McGaugh. “Low Surface Brightness Galaxies: Hidden Galaxies Revealed”. Publ. Astron. Soc. Pac., 109:745–758, July 1997.

R. Braun and W. B. Burton. “The kinematic and spatial deployment of compact, isolated high-velocity clouds”. Astron. Astrophys., 341:437–450, January 1999.

R. Braun and W. B. Burton. “High-resolution imaging of compact high-velocity clouds”.

Astron. Astrophys., 354:853–873, February 2000.

J. N. Bregman, D. E. Hogg, and M. S. Roberts. “Interstellar matter in early-type galaxies.

II - The relationship between gaseous components and galaxy types”. Astrophys. J., 387: 484–502, March 1992.

F. H. Briggs. “The Space Density of Low-Profile Gas-Rich Galaxies at the Present Epoch”.

Astron. J., 100:999–1005, 1990.

A. H. Broeils and M. Rhee. “Short 21-cm WSRT observations of spiral and irregular galaxies.

HI properties.”. Astron. Astrophys., 324:877–887, August 1997.

A. H. Broeils and H. van Woerden. “A search for spiral galaxies with extended HI disks.”.

Astron. Astrophys. Suppl. Ser., 107:129–176, October 1994.

D. Burstein and C. Heiles. “H I, galaxy counts, and reddening - Variation in the gas-to-dust ratio, the extinction at high galactic latitudes, and a new method for determining galactic reddening”. Astrophys. J., 225:40–55, October 1978.

D. Burstein and C. Heiles. “Reddenings derived from H I and galaxy counts - Accuracy and maps”. Astron. J., 87:1165–1189, August 1982.

C. Carignan. “Search for HI in dwarf spheroidal galaxies”. Publ. Astron. Soc. Aust., 16:18–23, April 1999.

J. N. Chengalur, R. Giovanelli, and M. P. Haynes. “VLA Observations of HI 1225+01”. Astron.

J., 109:2415–2427, June 1995.

F. Combes and V. Charmandaris. “Search for Molecular gas in HVCs through HCO+ Absorption”. astro-ph/0002485, February 2000.

L. Danly, C. E. Albert, and K. D. Kuntz. “A Determination of the Distance to the High-Velocity Cloud Complex M”. Astrophys. J., Lett., 416:L29–32, October 1993.

W. J. G. de Blok, S. S. McGaugh, and J. M. van der Hulst. “HI observations of low surface brightness galaxies: probing low-density galaxies”. Mon. Not. R. Astron. Soc., 283:18–54, October 1996.

W. J. G. de Blok, J. M. van der Hulst, and G D. Bothun. “Surface photometry of low surface brightness galaxies”. Mon. Not. R. Astron. Soc., 274:235–255, May 1995.

G. de Vaucouleurs, A. de Vaucouleurs, H. G. Corwin, R. J. Buta, G. Paturel, and P. Fouque.

“Third Reference Catalogue of Bright Galaxies”. Volume 1-3, XII, 2069 pp. 7 figs.. Springer- Verlag Berlin Heidelberg New York, 1991.

J. M. Dickey. “A VLA Survey of the Hercules Cluster.I.The HI Data”. Astron. J., 113:1939+, June 1997.

M. J. Disney. “Visibility of galaxies”. Nature, 263:573–575, October 1976.

M. J. Disney, P. J. Boyce, G. D. Banks, R. F. Minchin, and A. E. Wright. “Deep observations with the Parkes 21-cm multibeam system”. Publ. Astron. Soc. Aust., 16:66–69, April 1999.

M. Donahue, G. Aldering, and J. T. Stocke. “Low Surface Brightness H alpha Observations of Local Intergalactic Hydrogen Clouds”. Astrophys. J., Lett., 450:L45–49, September 1995.

K. Duprie and S. E. Schneider. ”Neutral Hydrogen Around Early-Type Galaxies”. Astron. J., 112:937–947, September 1996.

G. Efstathiou, R. S. Ellis, and B. A. Peterson. “Analysis of a complete galaxy redshift survey.

II - The field-galaxy luminosity function”. Mon. Not. R. Astron. Soc., 232:431–461, May 1988.

H. I. Ewen and E. M. Purcell. . Nature, 168:356, 1951.

S. M. Faber and J. S. Gallagher. “Masses and mass-to-light ratios of galaxies”. Ann. Rev.

Astron. Astrophys., 17:135–187, 1979.

A. Fairall. “Large-Scale Structures in the Universe”. John Wiley & Sons, 1998. J. R. Fisher and R. B. Tully. “Neutral hydrogen observations of a large sample of galaxies”.

Astrophys. J., Suppl. Ser., 47:139–200, December 1981a.

J. R. Fisher and R. B. Tully. “Upper Limits on the Space Density of Intergalactic Neutral Hydrogen Clouds”. Astrophys. J., Lett., 243:L23–L26, January 1981b.

M. Friedlander. “Astronomy”. Prentice–Hall, 1985.

L. T. Gardiner and M. Noguchi. “N-body simulations of the Small Magellanic Cloud and the Magellanic Stream”. Mon. Not. R. Astron. Soc., 278:191–208, January 1996.

R. Giovanelli and M. P. Haynes. “Gas deficiency in cluster galaxies - A comparison of nine clusters”. Astrophys. J., 292:404–425, May 1985.

R. Giovanelli and M. P. Haynes. “A protogalaxy in the local supercluster”. Astrophys. J., Lett., 346:L5–L7, November 1989.

G. Giuricin, M. Mezzetti, and F. Mardirossian. “The H I content of spirals in galaxy groups”.

Astron. Astrophys., 146:317–324, May 1985.

R. Gooch. “Space and the Spaceball”. In ASP Conf. Ser. 77: Astronomical Data Analysis Software and Systems IV, volume 4, pages 144+, 1995.

M. Harwitt. “Astrophysical Concepts”. Springer Verlag, 1988.

U. Haud. “Estimation of the distances to high velocity clouds”. Astron. Astrophys., 230:

145–152, April 1990.

M. P. Haynes and R. Giovanelli. ‘Neutral hydrogen observations of galaxies in superclusters”.

Astrophys. J., Suppl. Ser., 77:331–362, November 1991.

M. P. Haynes, R. Giovanelli, and G. L. Chincarini. ”The Influence of Envirionment on the H I Content of Galaxies”. Ann. Rev. Astron. Astrophys., 22:445–470, 1984.

M. P. Haynes and M. S. Roberts. “Are there really intergalactic hydrogen clouds in the Sculptor group”. Astrophys. J., 227:767–775, February 1979.

P. A. Henning. “A Study of a 21 Centimeter–selected Sample of Galaxies. II. Analysis of the Sample”. Astrophys. J., 450:578–584, September 1995.

P. A. Henning and F. J. Kerr. “A small spiral galaxy discovered at 21 centimeters in a cosmic void”. Astrophys. J., Lett., 347:L1–L4, December 1989.

P. A. Henning, L. Staveley-Smith, R. D. Ekers, A. J. Green, R. F. Haynes, S. Juraszek, M. J.

Kesteven, B. Koribalski, R. C. Kraan-Korteweg, R. M. Price, E. M. Sadler, and A. Schröder. “H i-bright Galaxies in the Southern Zone of Avoidance”. Astron. J., 119:2686–2698, June 2000.

G. L. Hoffman, N. Y. Lu, and E. E. Salpeter. “A search for gas-rich dwarf galaxies just outside the Local Supercluster”. Astron. J., 104:2086–2096, December 1992.

G. L. Hoffman, B. M. Williams, B. M. Lewis, G. Helou, and E. E. Salpeter. “H I observations in the Virgo cluster area. III - All ’member’ spirals”. Astrophys. J., Suppl. Ser., 69:65–98, January 1989.

W. K. Huchtmeier, U. Hopp, and B. Kuhn. “HI observations of dwarf galaxies in voids.”.

Astron. Astrophys., 319:67–73, March 1997.

W. K. Huchtmeier and O. Richter. “A General Catalog of HI Observations of Galaxies. The Reference Catalog.”. A General Catalog of HI Observations of Galaxies. The Reference Catalog, XIX, 350 pp. 8 figs.. Springer-Verlag Berlin Heidelberg New York, 1989.

W. K. Huchtmeier, L. J. Sage, and C. Henkel. “Neutral hydrogen observations of elliptical galaxies. II. The IRAS sample.”. Astron. Astrophys., 300:675–686, August 1995.

R. A. Ibata, G. Gilmore, and M. J. Irwin. “Sagittarius: the nearest dwarf galaxy”. Mon. Not.

R. Astron. Soc., 277:781–800, December 1995.

C. Impey and G. Bothun. “Low Surface Brightness Galaxies”. Ann. Rev. Astron. Astrophys., 35:267–307, 1997.

J. M. Jackson, A. H. Barrett, J. T. Armstrong, and P. T. P. Ho. “Neutral hydrogen in starburst galaxies”. Astron. J., 93:531–545, March 1987.

S. J. Juraszek, L. Staveley-Smith, R. C. Kraan-Korteweg, A. J. Green, R. D. Ekers, R. F.

Haynes, P. A. Henning, M. J. Kesteven, B. Koribalski, R. M. Price, E. M. Sadler, and A. Schröder. “A Blind H I Survey for Galaxies in the Zone of Avoidance, 308 deg to 332 deg”. Astron. J., 119:1627–1637, April 2000.

J. J. Kamphuis, D. Sijbring, and T. S. van Albada. “Global H I profiles of spiral galaxies.”.

Astron. Astrophys. Suppl. Ser., 116:15–20, March 1996.

F. P. Keenan, C. R. Shaw, B. Bates, P. L. Dufton, and S. N. Kemp. “High-resolution optical observations of two early-type stars towards the high-velocity cloud Complex M”. Mon. Not. R. Astron. Soc., 272:599–604, February 1995.

R. C. Kennicutt. “The star formation law in galactic disks”. Astrophys. J., 344:685–703, September 1989.

F. J. Kerr and J. V. Hindman. ”Preliminary report on a survey of 21 CM radiation from the Magellanic Clouds.”. Astron. J., 58:218–219, 1953.

V. Kilborn, R. L. Webster, and L. Staveley-Smith. “HI mass function from HIPASS”. Publ.

Astron. Soc. Aust., 16:8–11, April 1999.

V. A. Kilborn, L. Staveley-Smith, M. Marquarding, R. L. Webster, D. F. Malin, G. D. Banks, R. Bhathal, W. J. G. de Blok, P. J. Boyce, M. J. Disney, M. J. Drinkwater, R. D. Ekers,

K. C. Freeman, B. K. Gibson, P. A. Henning, H. Jerjen, P. M. Knezek, B. Koribalski, R. F. Minchin, J. R. Mould, T. Oosterloo, R. M. Price, M. E. Putman, S. D. Ryder, E. M. Sadler, I. Stewart, F. Stootman, and A. E. Wright. “An Extragalactic H I Cloud with No Optical Counterpart?”. Astron. J., 120:1342–1350, September 2000.

B. S. Koribalski. “The Brightest Galaxies from HiPASS”. In Gas and Galaxy Evolution, ASP Conference series, 2000. in press.

R. C. Kraan-Korteweg and G. A. Tammann. “A catalogue of galaxies within 10 MPC”. Astronomische Nachrichten, 300:181–194, 1979.

R. C. Kraan-Korteweg, W. van Driel, F. Briggs, B. Binggeli, and T. I. Mostefaoui. “”Nancay “blind” 21 CM line survey of the Canes Venatici group region”. Astron. Astrophys. Suppl. Ser., 135:255–271, March 1999.

N. Krumm and N. Brosch. “Neutral hydrogen in cosmic voids”. Astron. J., 89:1461–1463, October 1984.

N. Krumm and E. E. Salpeter. “101 spiral galaxies - Neutral hydrogen distribution”. Astron.

J., 85:1312–1324, October 1980.

A. U. Landolt. “UBVRI photometric standard stars around the celestial equator”. Astron. J., 88:439–460, March 1983.

A. Lauberts. “The ESO/Uppsala Survey of the ESO(B) Atlas.”. In European Southern Obs.

(1982), pages 0+, 1982.

A. Lauberts and E. A. Valentijn. “The surface photometry catalogue of the ESO-Uppsala galaxies”. Garching: European Southern Observatory, —c1989, 1989.

K. Y. Lo and W. L. W. Sargent. “A search for intergalactic neutral hydrogen in three nearby groups of galaxies”. Astrophys. J., 227:756–766, February 1979.

J. Loveday. “The Local Space Density of Dwarf Galaxies”. Astrophys. J., 489:29–36, November 1997.

D. Malin and B. Hadley. “Faint Features of Bright Ellipticals”. In ASP Conf. Ser. 116: The Nature of Elliptical Galaxies; 2nd Stromlo Symposium, page 460, 1997.

D. F. Malin. “Photographic amplification of faint astronomical images”. Nature, 276:591–593, December 1978.

M. Marquarding. “Luminosity Functions of Late-Type Galaxies”. Master’s thesis, “University of Melbourne”, 2000.

H. L. Marshall. “The evolution of optically selected quasars with Z less than 2.2 and B less than 20”. Astrophys. J., 299:109–121, December 1985.

J. Materne, W. K. Huchtmeier, and A. N. M. Hulsbosch. ”A search for intergalactic clouds of neutral hydrogen”. Mon. Not. R. Astron. Soc., 186:563–566, February 1979.

D. S. Mathewson, M. N. Cleary, and J. D. Murray. “Intergalactic H I in the sculptor group”.

Astrophys. J., Lett., 195:L97–L100, February 1975.

D. S. Mathewson, V. L. Ford, and M. Buchhorn. “A southern sky survey of the peculiar velocities of 1355 spiral galaxies”. Astrophys. J., Suppl. Ser., 81:413–659, August 1992.

S. S. McGaugh. “Oxygen abundances in low surface brightness disk galaxies”. Astrophys. J., 426:135–149, May 1994.

J. Melnick. “Velocity Dispersions in Giant H II Regions II. Relations with the Absolute Luminosities of the Parent Galaxies”. Astron. Astrophys., 70:157–162, November 1978.

I. F. Mirabel and R. J. Cohen. “A search for intergalactic hydrogen clouds in the vicinity of nearby dwarf galaxies”. Mon. Not. R. Astron. Soc., 188:219–227, July 1979.

C. G. Mundell, A. Pedlar, D. J. Axon, J. Meaburn, and S. W. Unger. “Neutral hydrogen studies of the Seyfert galaxy NGC 3227”. Mon. Not. R. Astron. Soc., 277:641–654, November 1995.

P. Nilson. “Uppsala general catalogue of galaxies”. Acta Universitatis Upsaliensis. Nova Acta Regiae Societatis Scientiarum Upsaliensis - Uppsala Astronomiska Observatoriums Annaler, Uppsala: Astronomiska Observatorium, 1973, 1973.

T. Oosterloo and R. Morganti. “H i in Early–Type Galaxies”. In J. E. Hibbard, M. P. Rupen, and J. H. van Gorkom, editors, Gas and Galaxy Evolution, ASP Conference Series, 2000.

T. Padmanabhan. “Structure Formation in the Universe”, chapter 1, page 29. Cambridge University Press, 1999.

M. E. Putman. ”the magellanic system’s interactive formations”. Publications of the Astronomical Society of Australia, 17:1–5, April 2000.

M. E. Putman and B. K. Gibson. “First results from the Parkes Multibeam High-velocity Cloud Survey”. Publications of the Astronomical Society of Australia, 16:70–76, April 1999.

M. E. Putman, B. K. Gibson, L. Staveley-Smith, G. Banks, D. G. Barnes, R. Bhatal, M. J.

Disney, R. D. Ekers, K. C. Freeman, R. F. Haynes, P. Henning, H. Jerjen, V. Kilborn, B. Koribalski, P. Knezek, D. F. Malin, J. R. Mould, T. Oosterloo, R. M. Price, S. D. Ryder, E. M. Sadler, I. Stewart, F. Stootman, R. A. Vaile, R. L. Webster, and A. E. Wright. “Tidal disruption of the Magellanic Clouds by the Milky Way.”. Nature, 394:752–754, 1998.

S. Rao and F. Briggs. “Neutral Hydrogen in Galaxies at the Present Epoch”. Astrophys. J., 419:515–523, December 1993.

M. Rauch. “The Lyman Alpha Forest in the Spectra of QSOs”. Ann. Rev. Astron. Astrophys., 36:267–316, 1998.

M. S. Roberts and M. P. Haynes. “Physical Parameters along the Hubble Sequence”. Ann.

Rev. Astron. Astrophys., 32:115–152, 1994.

J. L. Rosenberg and S. E. Schneider. “The Arecibo Dual-Beam Survey: Arecibo and VLA Observations”. astro-ph/0004205, 2000.

E. M. Sadler. “HI in elliptical galaxies”. Publ. Astron. Soc. Aust., 14:45–47, April 1997.

J. J. Salzer, S. di Serego Alighieri, F. Matteucci, R. Giovanelli, and M. P. Haynes. “The optical counterpart to the large H I cloud in Virgo”. Astron. J., 101:1258–1274, April 1991.

A. Sandage and J. Bedke. “The Carnegie Atlas of Galaxies”. Carnegie Institution of Washington, 1994.

A. Sandage, M. Sandage, and J. Kristian, editors. “Galaxies and the Universe”. The University of Chicago Press, 1975.

A. Sandage, G. A. Tammann, and A. Yahil. “The velocity field of bright nearby galaxies. I - The variation of mean absolute magnitude with redshift for galaxies in a magnitude-limited sample”. Astrophys. J., 232:352–364, September 1979.

W. Saunders, M. Rowan-Robinson, A. Lawrence, G. Efstathiou, N. Kaiser, R. S. Ellis, and C. S. Frenk. “The 60-micron and far-infrared luminosity functions of IRAS galaxies”. Mon. Not. R. Astron. Soc., 242:318–337, January 1990.

P. Schechter. “An analytic expression for the luminosity function for galaxies.”. Astrophys. J., 203:297–306, January 1976.

D. J. Schlegel, D. P. Finkbeiner, and M. Davis. “Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds”. Astrophys. J., 500:525–523, June 1998.

M. Schmidt. ”Space Distribution and Luminosity Functions of Quasi-Stellar Radio Sources”.

Astrophys. J., 151:393–410, February 1968.

S. E. Schneider. “Neutral hydrogen in the M96 group - The galaxies and the intergalactic ring”.

Astrophys. J., 343:94–106, August 1989.

S. E. Schneider. “The H i luminosity function from ’blind’ surveys”. Publ. Astron. Soc. Aust., 14:99–105, April 1997.

S. E. Schneider, G. Helou, E. E. Salpeter, and Y. Terzian. “Discovery of a large intergalactic H i cloud in the M96 group”. Astrophys. J., Lett., 273:L1–L5, October 1983.

S. E. Schneider, J. G. Spitzak, and J. L. Rosenberg. “A Deep Survey of H i–selected Galaxies:

The H i Mass Function”. Astrophys. J., Lett., 507:L9–L12, November 1998.

J. M. Schombert, G. D. Bothun, S. E. Schneider, and S. S. McGaugh. “A catalog of low surface brightness galaxies - List II”. Astron. J., 103:1107–1133, April 1992.

G. S. Shostak. “Neutral hydrogen limits to the space density of unseen galaxies”. Astron.

Astrophys., 54:919–924, February 1977.

G. S. Shostak. “Integral properties of late-type galaxies derived from H I observations”. Astron.

Astrophys., 68:321–341, August 1978.

J. M. Shull, S. V. Penton, and J. T. Stocke. “The low-redshift intergalactic medium”. Publ.

Astron. Soc. Aust., 16:95–99, April 1999.

J. V. Smoker, R. D. Davies, D. J. Axon, and E. Hummel. “H I observations of emission-line galaxies”. Astron. Astrophys., 361:19–32, September 2000.

T. Snow. “The Dynamic Universe”. West Publishing Company, 1991.

J. M. Solanes, R. Giovanelli, and M. P. Haynes. “The H i Content of Spirals. I. Field Galaxy H i Mass Functions and H i Mass–Optical Size Regressions”. Astrophys. J., 461:609–621, April 1996.

J. M. Solanes, A. Manrique, García-Gómez G., and González-Casado G. “The H i Content of Spirals. II. Gas Deficiency in Cluster Galaxies”. Accepted for Publication in ApJ, 2000.

E. Sorar. “A new method for deep radio surveys in the 21 CM line and the application to two HI surveys using the Arecibo Telescope”. PhD thesis, AA(Pittsburgh Univ.), January 1994.

J. G. Spitzak and S. E. Schneider. “A Deep Survey of H i–selected Galaxies: The Sample and the Data”. Astrophys. J., Suppl. Ser., 119:159–180, December 1998.

L. Staveley-Smith, R. D. Davies, and T. D. Kinman. “H I and optical observations of dwarf galaxies”. Mon. Not. R. Astron. Soc., 258:334–346, September 1992.

L. Staveley-Smith, S. Juraszek, B. S. Koribalski, R. D. Ekers, A. J. Green, R. F. Haynes, P. A.

Henning, M. J. Kesteven, R. C. Kraan-Korteweg, R. M. Price, and E. M. Sadler. “New H I-detected Galaxies in the Zone of Avoidance”. Astron. J., 116:2717–2727, December 1998.

L. J. Storrie-Lombardi, R. G. McMahon, and M. J. Irwin. “Evolution of neutral gas at high redshift: implications for the epoch of galaxy formation”. Mon. Not. R. Astron. Soc., 283: L79–L83, December 1996.

N. Trentham. “The galaxy luminosity function in clusters and the field”. Mon. Not. R. Astron.

Soc., 294:193–200, February 1998.

V. Trimble. “Existence and nature of dark matter in the universe”. Ann. Rev. Astron. Astrophys., 25:425–472, 1987.

M. Valluri and C.J̃. Jog. “H i deficiency in cluster spiral galaxies - Dependence on galaxy size”.

Astrophys. J., 374:103–111, June 1991.

J. M. van der Hulst, E. D. Skillman, R. C. Kennicutt, and G. D. Bothun. “The neutral hydrogen content of red spiral galaxies”. Astron. Astrophys., 177:63–70, May 1987.

J. M. van der Hulst, E. D. Skillman, T. R. Smith, G. D. Bothun, S. S. McGaugh, and W. J. G.

de Blok. “Star formation thresholds in Low Surface Brightness galaxies”. Astron. J., 106: 548–559, August 1993.

L. van Zee, M. P. Haynes, and R. Giovanelli. “H I envelopes around low luminosity galaxies”.

Astron. J., 109:990–1001, March 1995.

L. van Zee, M. P. Haynes, J. J. Salzer, and A. H. Broeils. “A Comparative Study of Star Formation Thresholds in Gas-Rich Low Surface Brightness Dwarf Galaxies”. Astron. J., 113:1618–1637, May 1997.

Verschur and Kellerman. “Galactic and Extragalactic Radio Astronomy. Springer-Verlag, 1988.

B. P. Wakker and H. van Woerden. “Distribution and origin of high-velocity clouds. III - Clouds, complexes and populations”. Astron. Astrophys., 250:509–532, October 1991.

B. P. Wakker and H. van Woerden. “High-Velocity Clouds”. Ann. Rev. Astron. Astrophys., 35:217–266, 1997.

M. Waugh. “An H i Study of the Fornax Cluster”. in preparation, 2000.

D. H. Weinberg, A. Szomoru, P. Guhathakurta, and J. H. van Gorkom. “On the population of H I dwarf galaxies”. Astrophys. J., Lett., 372:L13–L16, May 1991.

B. J. Weiner and T. B. Williams. “Detection of H(alpha) Emission From The Magellanic Stream: Evidence For an Extended Gaseous Galactic Halo”. Astron. J., 111:1156–1163, March 1996.

A. E. Wright and I. E. Stewart. “A Preliminary HiPASS Continuum Catalog”. Inpreparation, 2000.

A. Yahil, G. A. Tammann, and A. Sandage. “The Local Group - The solar motion relative to its centroid”. Astrophys. J., 217:903–915, November 1977.

M. A. Zwaan and F. H. Briggs. “The Space Density of Primordial Gas Clouds near Galaxies and Groups and their Relation to Galactic High-Velocity Clouds”. Astrophys. J., Lett., 530: L61–L64, February 2000.

M. A. Zwaan, F. H. Briggs, D. Sprayberry, and E. Sorar. “The H i Mass Function of Galaxies from a Deep Survey in the 21 Centimeter Line”. Astrophys. J., 490:173–186, November 1997.