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ABSTRACT

It has been suggested that high-velocity clouds may be distributed throughout the Local Group and are therefore
not in general associated with the Milky Way. With the aim of testing this hypothesis, we have made observations
in the Ha line of high-velocity clouds selected as the most likely candidates for being at larger than average distances.
We have found Ha emission from four out of five of the observed clouds, suggesting that the clouds under study
are being illuminated by a Lyman continuum flux greater than that of the metagalactic ionizing radiation. Therefore,
it appears likely that these clouds are in the Galactic halo and not distributed throughout the Local Group.

Subject headings: Galaxy: halo — intergalactic medium — ISM: clouds — Local Group

1. INTRODUCTION

Our understanding of the nature of high-velocity clouds
(HVCs), defined as interstellar clouds moving at velocities not
compatible with a simple model of differential Galactic rotation,
is severely limited by our lack of knowledge of their distances.
Except in a few isolated cases (see Wakker 2001), their distances
are very poorly constrained. Several authors (Blitz et al. 1999;
Braun & Burton 1999) have suggested that a subclass of the
HVCs are dispersed throughout the Local Group of galaxies, the
remnants of its formation. This would place them much farther
away (100–1000 kpc) than other models that place them in the
Galactic halo at�10 kpc distances (e.g., Oort 1970; Bregman
1980). Given their angular size and neutral column density, the
larger distances would make them very massive objects.

We have tested this hypothesis by measuring the Ha intensity
toward a collection of HVCs whose properties open the possi-
bility that they may be at greater than average distances. If it is
indeed true that these clouds lie at great distances from the Gal-
axy, their neutral gas should not be substantially ionized by the
weak metagalactic ionizing flux. Weymann et al. (2001) set a
2 j upper limit of 8 mR for the Ha intensity toward an inter-
galactic Hi cloud and inferred upper limits to the metagalactic
ionizing flux, F0, between and cm�2 s�13 42.5# 10 1.0# 10
with a preferred value of cm�2 s�1, the range resulting35 # 10
from uncertainties in the cloud geometry (see also Shull et al.
1999 for a review of constraints onF0). However, if the cloud
is in the vicinity of the Milky Way, a source of Lyman continuum
photons, it will be more strongly ionized and therefore glowing
in Ha (see Bland-Hawthorn & Maloney 1999). In this case, the
observations are a measure of the escape fraction of ionizing
photons from the Milky Way, which is important both in un-
derstanding the radiation transfer within the Galaxy and for un-
derstanding the impact of the Galaxy on its environment.

2. OBSERVATIONS

We used the Wisconsin H-Alpha Mapper (WHAM) for all
observations. This dual-etalon Fabry-Pe´rot instrument is well
suited to the task of measuring the extremely faint emission
lines here investigated (Reynolds et al. 1998; Tufte 1997).
WHAM measures the spectrum of emission contained within

the 1� observation beam with 12 km s�1 velocity resolution.
The HVCs were carefully selected to be the most likely can-
didates for being Local Group clouds based on their properties
in the Leiden/Dwingeloo Survey (LDS; Hartmann & Burton
1997). The selection criterion included appropriate angular size:
a compact cloud is more likely to be far away owing to the
correlation of angular size with distance, but if it is much
smaller than the WHAM beam, then beam dilution reduces the
detection threshold. The clouds are isolated from any of the
larger HVC complexes or the Galactic Hi in (l, b, v)-space.
We also obtained guidance in selecting the observation direc-
tions from L. Blitz (2000, private communication) and from
the dynamical model simulating the formation of the Local
Group presented by Blitz et al. (1999). The remnant fragments
of H i in this model tend to loosely correlate with the axis
formed by the Milky Way and Andromeda galaxies (see the
upper portion of Fig. 13 in Blitz et al. 1999). Also in the model,
clouds in the general longitudinal vicinity of M31 and with
negative Galactic latitudes have a strong tendency to have ve-
locities� (see their Fig. 14).�1 �1400 km s ! V ! �200 km slsr

Our observed clouds are clustered in this region of (l, b, v)-
space. Independent of the model, more extreme velocities are
more likely to represent material not directly associated with
our Galaxy. As a result of these considerations, the sight lines
chosen are among the HVCs most likely to represent Local
Group clouds.

A total of 17 sight lines toward six clouds were observed with
exposure times per sight line ranging from 600 to 1800 s. An
“on-off” observing procedure was used to minimize the influence
of faint terrestrial lines near Ha (see Tufte, Reynolds, & Haffner
1998 for further explanation of this method). For one of the
clouds, HVC 231, we obtained inconclusive results (neither a
detection nor a convincing upper limit), and this case is not
included in the results below.

3. RESULTS

Four of the five clouds were detected in Ha, and for the fifth
cloud we set a very low upper limit to the emission. Figure 1
shows the five Ha sight lines selected for HVC 532 overlaid on
a contour map of the 21 cm intensity for this compact HVC.
All 21 cm data are from the Leiden/Dwingeloo Hi survey of
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Fig. 1.—WHAM observation beams for HVC 532 overlaid on Hi 21 cm
contours. The contours correspond to Hi emission of� �1450 km s ! V !lsr

�1�250 km s .

Fig. 2.—Upper panel: Ha spectrum for HVC 532, ,(l, b) p (118�.5
�58�.2), direction A from Fig. 1. The emission feature has an intensity of
0.14 R.Lower panel: Corresponding 21 cm spectrum from LDS. There is a
slight velocity offset between the two, and the line is wider in Ha.

Fig. 3.—Upper left panel: Ha from HVC 532, ,(l, b) p (119�.5, � 58�.2)
direction B in Fig. 1.Lower left panel: Corresponding 21 cm emission from
LDS. Upper right panel: Ha spectrum for HVC 532, ,(l, b) p (117�.5
�58�.2), direction D in Fig. 1. Below this is the corresponding 21 cm spectrum.

Hartmann & Burton (1997). Figure 2 shows the Ha and 21 cm
spectrum for beam A. In the Ha spectrum, a clear emission
feature is seen with an intensity R (I p 0.14� 0.01 1 Rpa

photons cm�2 s�1 sr�1). The Ha feature is in close cor-610 /4p
respondence to the 21 cm spectral feature, although it is wider
and slightly shifted to lower negative LSR velocity. Figure 3
shows the Ha emission from directions B and D from Figure 1
in the upper panels with the corresponding 21 cm spectra below
them. In direction B there is marginal evidence for Ha, and in
direction D there is clear evidence for Ha emission with an
intensity of R, similar to direction A. In di-I p 0.12� 0.01a

rections C and E, no Ha was detected, indicating that the ionized
gas does not extend much beyond the Hi for this cloud.

Table 1 summarizes the results for all of the observations
included in this work, including the HVC 532 results shown
above. The Ha intensity toward HVC 486 isI p 0.13�a

R, similar to HVC 532. These intensities are strikingly0.04
similar to those measured toward the M, A, and C HVC com-
plexes, which have intensities that range from 0.06 to 0.20 R
(Tufte et al. 1998) and which are believed to be in the Galactic
halo (Wakker 2001). In the direction of HVC 518, there is a
clean detection of emission with R, andI p 0.032� 0.004a

there is also emission from HVC 444 at a similar level but
with lower signal-to-noise ratio. Since the uncertainty is usually
governed by systematic effects (e.g., the inability to perfectly
subtract off terrestrial emission lines) instead of photon statis-
tics, the error bars were all obtained by experimenting with
different fits to the data and monitoring the residuals to deter-
mine the range of emission parameters consistent with the data.
For the nondetections, the results listed in Table 1 correspond
to conservative 2j upper limits.

In one case, HVC 394, there is no evidence of Ha emission
down to a very low level. Figure 4 shows the observation
directions for this cloud overlaid on 21 cm contours. Figure 5
shows the Ha and 21 cm spectra for direction G in Figure 4.
There is no sign of an emission feature at the location of the

21 cm emission. The dotted line shows a hypothetical feature
with an intensity of 0.02 R, considered here as an upper limit
to the Ha emission for this direction. Table 1 shows that none
of the directions showed emission, and in one case the upper
limit is as low as R (2j), one of the faintest limitsI ≤ 0.01a

yet achieved.

4. DISCUSSION AND CONCLUSIONS

Of the five candidate Local Group clouds for which we ob-
tained good measurements, there is clear Ha emission from four.
The intensities are around 0.1 R, typical of the intensities mea-
sured from the large HVC complexes thought to lie in the Ga-
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TABLE 1
Measured Properties of the HVC Ha Emission

HVC
l

(deg)
b

(deg)
VHa

a

(km s�1)
WHa

b

(km s�1)
Ia

(R)
VH i

(km s�1)
WH i

(km s�1)
NH

(#1019 cm�2)

532A . . . . . . 118.5 �58.2 �369 48� 3 0.14� 0.01 �374 28 3.1
532B . . . . . . 119.5 �58.2 �369 38� 17 0.04� 0.01 �375 33 1.6
532C . . . . . . 120.5 �58.2 �371 … !0.02 … … …
532D . . . . . . 117.5 �58.2 �362 30� 4 0.12� 0.01 �371 32 1.7
532E . . . . . . 118.5 �59.2 �371 … !0.02 … … …
486 . . . . . . . . 158.0 �39.0 �290 16� 7 0.13� 0.04 �284 27 0.5
518 . . . . . . . . 104.2 �48 �168 13� 5 0.032� 0.004 �170 25 0.6
444 . . . . . . . . 119.2 �30.8 �382 43� 15 0.02� 0.01 �386 20 1.1
394F . . . . . . 72 �22 �330 … !0.01 �329 32 1.6
394G . . . . . . 71 �22 �330 … !0.02 �332 25 1.9
394H . . . . . . 70 �22 �330 … !0.02 �332 25 3.0
394I . . . . . . . 73 �22 �330 … !0.02 �326 23 0.8
394J. . . . . . . 71 �23 �330 … !0.02 �326 23 0.16

a The uncertainties in the velocities are�1 km s�1.
b The width parameters for Ha and 21 cm components are FWHM for Gaussian fits.

Fig. 4.—WHAM observations of HVC 394 plotted over 21 cm contours
( ).�1 �1�450 km s ! V ! �250 km slsr

Fig. 5.—Upper panel: Ha spectrum for HVC 394, ,(l, b) p (71�.0
�22�.0), direction G in Fig. 4. The solid line is the best-fit line, and the dotted
line shows the upper limit on emission.Lower panel: 21 cm spectrum for the
same direction.

lactic halo. We conclude from this that it is unlikely that these
clouds are at 100 kpc distances from our Galaxy, because the
metagalactic ionizing flux level is below that needed to produce
the observed Ha surface brightness of even the faintest of the
detections. If they are Local Group objects, then the metagalactic
ionizing flux needs to be much higher than previously thought.
However, recent observations of the outer Hi disk of M31
(Madsen et al. 2001) appear to rule out such a large ionizing
flux within the Local Group. It is more likely that these clouds
are not at great distances but are instead in the Galactic halo and
being ionized by the Milky Way. If this latter scenario is true,
these observations support a picture where the distribution of
ionizing flux percolating through the disk is somewhat patchy
and the Lyman continuum flux,FLC, incident onto a cloud from
the Galactic plane averages cm�2 s�1 (assuming5F � 2 # 10LC

0.1 R as a representative Ha intensity; see Tufte et al. 1998).
The extreme faintness of Ha from HVC 394 places this mea-

surement among the lowest upper limits to the metagalactic ra-

diation field, comparable to the measurements of Madsen et al.
(2001), Weymann et al. (2001), and Vogel et al. (1995). Since
the H i cloud is optically thick in the Lyman continuum and
optically thin to Ha photons, each Lyman continuum photon
incident on the cloud will ionize a hydrogen atom, and each
hydrogen recombination will produce on average of 0.46 Ha
photons (Martin 1988; Pengelly 1964; case B, K). If4T p 10
we assume that all of the Ha arises from gas photoionized by
a uniform isotropic metagalactic ionizing flux, then the upper
limit on provides direct constraints on this quantity. Since theIa

WHAM beam is easily contained within the Hi cloud (see beam
F in Fig. 4), the metagalactic ionizing flux generates observable
Ha from the front and back faces of the cloud, and we approx-
imate the geometry as a plane slab viewed normally. Under these
assumptions, the measured upper limit for HVC 394 ofI !a

R corresponds to an upper limit to the metagalactic ionizing0.01
flux photons cm�2 s�1, where is the incident4F ! 1.1# 10 F0 0
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one-sided ionizing flux defined by Vogel et al. (1995) and Mad-
sen et al. (2001). If other processes contribute to ionizing hy-
drogen in this cloud, then must be even lower.F0

Perhaps HVC 518 and HVC 444 are fainter in Ha because
they are farther away than HVC 532, HVC 486, and the M, A,
and C complexes. However, with the exception of HVC 394,
these results all suggest that the clouds are located in the halo
rather than the intergalactic medium. Corroborating evidence
comes from the recent Ha observations of Weiner, Vogel, &
Williams (2001) of a different set of compact clouds, where they
found intensities ranging from 0.04 to 1.6 R, with no well-
measured clouds showing nondetections. The strength of these
conclusions are currently limited by the relatively small number

of clouds sampled, and further observations of the compact
HVCs will be necessary to increase the statistics. Also, obser-
vations in other emission lines such as [Sii], [N ii], and [O iii]
should help to illuminate further the characteristics of the com-
pact population of HVCs and their relationship to the major
complexes.
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