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THE ANOMALOUS HI DISK

The first step in searching for anomalous HI is to remove the "normal" HI 

disk.  We modeled the kinematically cold HI disk as a Gaussian in velocity, 

fitting the velocity profile along every line of sight and subtracting from the 

full image cube.  In both galaxies, we discover spatially extended 

components of anomalous-velocity HI.  Figure 2 shows p-v  plots (slices 

through velocity) along the major axis of M 83, with the cold HI disk 

included (top) and subtracted (bottom).  There is extended HI emission in 

the subtracted slice between the HI disk velocity and the systemic galaxy 

velocity.  In Figure 3, we show maps of the deviation velocity of this material 

relative to the coincident HI disk.  The anomalous HI deviates by 40-50 

km/s from the bulk HI disk and is coincident with it in projection, but 

contains about 1-3% of the total HI mass in either galaxy.  We interpret 

this as a disk rotating in the same sense but about 100 km/s more 

slowly than the kinematically cold disk..  This is a prediction of the 

galactic fountain model, as gas rising into the halo will flow outward in 

radius and rotate more slowly to conserve angular momentum.  
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ABSTRACT

We present deep VLA 21cm HI observations of M 83 and M 51 in an effort to search 

for counterparts to the HVCs observed around our own Galaxy.  We discover 14 

candidate HVCs in M 83 and 23 candidates in M 51, projected both on and off the 

optical disk.  In addition, we detect a low-mass, slowly rotating disk of HI independent 

of the normal thin gaseous disk.  These results lend credence to both the galactic 

fountain and satellite accretion scenarios of HVC production.  If the HVC distributions 

of the two galaxies are identical to that of the Milky Way HVCs, then the distances to 

the latter must be less than ~ 25 kpc, and are probably closer to 5-10 kpc.

INTRODUCTION

The Galactic high-velocity clouds (HVCs) are systems of HI gas seen to be moving at 

velocities inconsistent with differential galaxy rotation.  Various scenarios have been 

proposed to explain the origin of the Galactic HVCs, including tidal stripping from 

companion galaxies, a galactic fountain fueled by star formation (Bregman 1980), and 

dark-matter-dominated mini-halos remaining from Local Group galaxy formation (Blitz 

et al. 1999). Each of these scenarios predicts differing cloud characteristics such as 

distance and mass, implying widely varying properties for the Galaxy's gaseous halo 

(see Figure 1 and Table 1).  As they are devoid of stars, it is difficult to obtain 

distances, although absorption against background halo stars has limited the distance 

of a few of them to between 1 and 10 kpc (Wakker 2001).  To eliminate the difficulties 

of studying the Galactic halo from within, we have embarked on a program to study 

neutral halo gas in external galaxies using deep VLA 21cm spectral line observations 

and deep optical imaging. Here we present the results for two nearby, face-on spiral 

galaxies, M 83 and M 51.

scenario distance |velocity| Mcloud
 (kpc) (km/s) (M

�
)

galactic fountain    < 10 < 150 10
4

-10
5

tidal stripping  5-100 < 300 10
5

-10
6

Local Group ~1000 < 300 ~10
8

Table 1 - Predictions of HVC Production Scenarios

OBSERVATIONS & DATA REDUCTION

The radio data for this project were obtained with the VLA in 1999, with 

integration times of 12.2h (M 83, DnC array) and 9.6h (M 51, D array).  

Initial calibration and imaging were done with AIPS, and image cube 

deconvolution was performed with Multi-Resolution Clean (Wakker & 

Schwarz 1988), which cleans the point-like and extended emission 

structures separately.

The optical data were obtained with the Curtis Schmidt (M 83) and 

Michigan-Dartmouth-MIT 1.3m (M 51).  Reduction and calibration were 

carried out in a standard way for deep broad-band surface photometry.  

See Miller (2003) for complete details of the radio and optical data 

reduction.

THE NORMAL HI DISK

The HI disk of M 83 is much more extended than the optical light, with 

about 80% of the total HI mass contained outside Rholm.  The outer HI 

arms show a great deal of symmetry as well, indicating a possible tidal 

encounter in the past.  The HI disk of M 51 exhibits normal differential 

rotation in the inner regions, but a number of tidal tails are evident in the HI 

(Rots et al. 1990).  The HI features and extended optical light are not 

coincident.  (See Figure 5.)

Figure 1

Schematic diagram of the three major HVC scenarios.  Color coding refers to Table 1.

Local Group

Milky Way

High Velocity Clouds

 in 

M 83 and M 51



.

Figure 2

p-v plots along M 83 

major axis (shown 

above), with all HI 

emission (top right) and 

with the normal HI disk 

subtracted (bottom 

right).

Figure 3

Deviation velocity of the anomalous HI disk.  Contours show the mean 

HI velocity of the normal disk, in 10 km/s spacing.
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THE HIGH-VELOCITY HI CLOUDS

We developed a new technique to search for discrete sources in radio 

spectral line image cubes.  The algorithm first applies a matched filter in 

velocity, smoothing by Gaussian kernels of varying widths and identifying 

peaks in the signal-to-noise.  These peaks are used to define 3-d islands of 

emission via a contouring procedure.  Fake data cubes were used to test the 

efficiency and measurement errors of this technique.

We discovered 14 discrete HVCs in M 83 and 23 sources in  M 51, 

including a few known tidal features (see Figure 5), with masses ranging from 

7x105 to 7x107 M�.  In both galaxies, extended HVCs are coincident with 

the spiral arms, indicating a possible relationship with star-forming disk 

regions.  The small-scale sources found at large radii are possibly spurious, 

as the primary beam sensitivity is low in these regions.

Figure 5

(top) Total HI column density for M 83 and M 51, with locations of the HVCs indicated by 

contours.  The insets show the optical image to scale.  (bottom) HI mean velocity maps, 

with the velocities of the HVCs indicated by squares using the same color scale.

M 51M 83

High Velocity Clouds

 in 

M 83 and M 51



.

REFERENCES

Blitz, L., Spergel, D.N., Teuben, P.J., Hartmann, D., & Burton, W.B. 1999, ApJ, 514, 818
Bregman, J.N. 1980, ApJ, 236, 577
Miller, E.D. 2003, PhD thesis, U. of Michigan, http://www.astro.lsa.umich.edu/~milleric/thesis
Rots, A.H., Crane, P.C., Bosma, A., Athanassoula, E., & van der Hulst, J.M. 1990, AJ, 100, 387 
Wakker, B.P.  2001, ApJS, 136,463
Wakker,  B.P. & Schwarz, U.J.  1988, A&A, 200, 312
Wakker, B.P. & van Woerden, H.  1991, A&A, 250, 509

COMPARISON TO THE MILKY WAY

To compare these HVCs with those in the Galaxy, we made the following 

assumptions:

1 the Milky Way HVCs have a uniform spherical distribution

2 the Milky Way and M 83/M 51 HVC mass distributions are identical

3 we are sampling the full spatial extent of the M 83 and M 51 HVCs

From the HVC catalog of Wakker & van Woerden (1991), we plot the mass 

distribution of Galactic HVCs for a variety of mean distances and compare it to 

M 83 and M 51, using only the HVCs within the half-power beamwidth and 

correcting for spurious detections (see Figure 6).  If our assumptions are 

correct, the Milky Way HVCs must be closer than about 25 kpc, or we 

would have seen many more sources in M 83 and M 51. 

Figure 6

Mass distribution of the HVCs in M 83 and M 51 (points) compared to those in the Milky 

Way, assuming a uniform spherical distribution with mean Galactocentric radius r
MW

.

Table 2 - HVCs in M 83

Table 3 - HVCs in M 51

Figure 4

p-v plot (left) of HVC 1 in M 83. 

The location of the p-v slice is 

shown in the upper right, and 

the total HI map of the HVC is 

shown in the lower right.
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