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Cold Low Velocity Clouds are corotating
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Warm Low Velocity Clouds are infalling
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High Velocity Clouds are near complexes

Galaxy Candidates are at positive velocities

Cold Low Velocity Clouds are corotating

Warm Low Velocity Clouds are infalling

Warm, Low Positive Velocity Clouds in Q3 
are not corotating
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Local Group Dwarf Galaxy Candidates Project
• 54 promising Local Group dwarf galaxy candidates 
• column densities greater than 5x1019 cm-2 , 
• peak brightness temperatures greater than 1.5 K, 
• exceeding the 3 sigma variation in LSR velocity compared to catalog clouds within 0.5 deg, 

or having an LSR velocity exceeding 150 km/s.

HI characteristics of
 candidate with possible 

stellar population:

vlsr = -232 km/s
NHI = 6.03x1019 cm-2

MHI (dist=300kpc) = 2.76x104 M☉
MHI (dist=1Mpc) = 3.07x105 M☉

linewidth = 26 km/s

MHI, Leo T = 2.8x105 M☉
linewidthLeoT = 16.2 km/s

Grcevich et al. 2012, in prep.
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‘StarPuffs’ - HI Clouds Ejected From Stars

the position of Mira itself. A trail of emission then extends to the
northeast, following the same position angle as the FUV tail.

In our higher resolution H i map (Fig. 1b), some fraction of
the total emission is lost (as it falls below our rejection thresh-
old), but we see that on smaller scales the H imorphology of Mira
becomes clumpy and complex. The location of the peak intensity
of the H i emission shows a small but statistically significant
offset to the southwest of the star’s FUV position: (!!;!" ) ¼
("12:100 # 4:300; "14:500 # 4:800). This offset is comparable to
the radius of the molecular envelope of Mira found by Josselin
et al. (2000)—consistent with the possibility that the bulk of
Mira’s wind is molecular when it leaves the star, but subsequently
is partially dissociated, preferentially in the direction of the lead-
ing edge of the shock front. Close to the star, it is clear that the H i
emission is not symmetrically distributed about Mira, but exhib-
its an enhancement to the northwest. An enhancement inK i emis-
sion was also seen along this direction by Josselin et al. This type
of asymmetry might arise in part from anisotropies in the out-
flowing wind and /or density gradients in the surrounding ISM

(see Vigelius et al. 2007). As the H i emission branches off to the
north, it roughly follows a ridge of bright FUV knots (part of what
M07 term the ‘‘North Stream’’), before bifurcating into two lobes.
A few additional isolated clumps of H i are also visible to the north.

All of the H i emission detected fromMira with the VLA over-
laps with the FUV light seen by GALEX, although the detailed
relationship between the two tracers is unclear. H i is seen con-
centrated along the western side of the tail where the FUVemis-
sion is also the brightest. However, a significant fraction of the
FUV tail shows no H i counterpart, including the bow shock,
the southeastern edge of the tail, and the FUV-bright region lying
betweenMira and the bow shock (termed the ‘‘South Stream’’ by
M07). Moreover, on smaller scales there is no obvious correla-
tion between the observed column density of the H i emission
and the surface brightness of the FUVemission. Detection of H!
emission from the UV-bright knots byM07 suggests that most of
the gas at these locations is likely to be partially ionized. In the
case of the South Stream, given that this region has a different
FUV"NUV color than the rest of the tail, the medium here may

Fig. 1.—H i total intensity contours overlaid on false-colorGALEX FUV images of Mira fromM07. TheGALEX image has been smoothed with a 3 ; 3 pixel (4:500 ;
4:500) boxcar function. The full extent of the FUVemission is not shown. The left panel shows the H i contours derived from the ‘‘Tapered’’ image, while the right panel
shows those from the ‘‘Robust +1’’ image (see Table 2). Contour levels are ("2; 1:4;"1; 1; 1:4; 2; : : : 22:4) ; 3:5 Jy beam"1 m s"1 (a) and ("2;"1:4; 1:4; 2; : : :11:2) ;
3:5 Jy beam"1 m s"1 (b). A black star designates the position of Mira (!J2000:0 ¼ 02h19m20:79s, "J2000:0 ¼ "02$58039:5100).

Fig. 1a

H i COUNTERPART TO EXTENDED TAIL OF MIRA 605No. 1, 2008

Matthews et al. 2008

The Astronomical Journal, 141:60 (17pp), 2011 February Matthews et al.
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Figure 2. H i total intensity (zeroth moment) maps of X Her derived from the VLA Robust +1 (left) and tapered data (right) (see Table 4). Star symbols indicate the
position of X Her and the synthesized beam size is indicated in the lower left corner of each panel. Both maps were constructed from emission spanning LSR velocities
−75.5 to −65.2 km s−1. Intensity levels are 0–60 Jy beam−1 m s−1 (left) and 0–125 Jy beam−1 m s−1 (right). Contour levels are (1, 1.4, 2, . . . 8) × 7 Jy beam−1 (left)
and (1, 1.4, 2, . . . 16) × 7 Jy beam−1 m s−1 (right). To minimize noise in the maps, data at a given point were blanked if they did not exceed a 2.5σ threshold after
smoothing by a factor of three spatially and spectrally. The stripe of emission to the northeast is part of a much larger cloud (Cloud I) that does not appear to be directly
related to the CSE (see Section 7).
(A color version of this figure is available in the online journal.)

our subsequent GBT mapping observations have revealed that
the ridge in fact appears to be a local enhancement within a
larger H i cloud that lies adjacent (in projection) to the star. We
discuss this cloud and its possible origins further below. We
focus the remainder of this section on the properties of the H i
envelope of X Her as derived from our VLA measurements.

Figure 2 reveals that the integrated emission toward the
position of X Her is significantly extended relative to the
synthesized beam. Moreover, the emission exhibits a cometary
or “head–tail” morphology, similar to what has been seen
previously in the H i envelopes of RS Cnc (Matthews & Reid
2007) and Mira (Matthews et al. 2008). The total extent of the X
Her emission as measured from our tapered map (Figure 2(b))
is ∼6′ (0.24 pc) at a limiting H i column density of ∼7.5 × 1017

atoms cm−2. The position angle (P.A.) of the H i “tail” at its
outermost measured extent measured from the tapered map is
∼121◦. However, measurements from the higher resolution map
in Figure 2(a) yield a P.A. of ∼132◦ along the first ∼3′ of the
tail, indicative of either a curvature or a density asymmetry in
the outermost tail material.

The total extent of the H i tail measured by the VLA is
approximately a factor of two smaller than the size of the CSE
previously derived from IRAS 60 µm measurements (Router =
6′.2; Young et al. 1993). This suggests that the CSE may contain
even more extended gas to which the VLA is insensitive. This
possibility is consistent with our GBT mapping measurements
described below (Section 7.2).

In the cases of Mira and RS Cnc, the cometary morphologies
of the H i envelopes have been shown to arise from turbulent
wakes that are formed as these mass-losing stars barrel through
the ISM (Matthews et al. 2008). To evaluate whether a simi-
lar scenario can explain the morphology of X Her’s CSE, we
have computed the components of the Galactic peculiar space

motion of X Her, (U,V,W )pec, following the prescription of
Johnson & Soderblom (1987). For this calculation, we assume
a heliocentric radial velocity of −90.5 km s−1, a proper mo-
tion in right ascension of −68.49 mas yr−1, and a proper mo-
tion in declination of 64.65 mas yr−1 (van Leeuwen 2007). Cor-
rection for the solar motion using the constants of Dehnen &
Binney (1998) yields (U,V,W )pec = (−61,−65,−36) km s−1.
Projecting back into an equatorial reference frame yields
(Vr, Vα, Vδ)pec = (−80,−42, 34) km s−1. This implies a space
velocity for X Her of Vspace ≈ 96 km s−1 along a position angle
of 309◦. Thus, both the position angle of the motion (roughly
180 degrees opposite of the position angle along which the H i
tail extends) and the relatively high space velocity of X Her
are consistent with the interpretation of the H i morphology as
a gaseous wake trailing the star. The velocity field of the tail
material (Section 6.2) further solidifies this interpretation. We
note that because the dominant velocity component of X Her
is radial, this results in an effective foreshortening of the tail
material from our viewing angle. Nonetheless, the tail material
contains a record of a significantly extended mass-loss history
for X Her (see Section 9.1).

6.2. The H i Velocity Field of X Her

6.2.1. Evidence for an Interaction between
X Her and the Surrounding ISM

In Figure 3, we present an H i velocity field derived using the
same range of velocities as used to construct the total intensity
maps in Figure 2. The northeastern ridge of emission shows
a rather chaotic velocity pattern on these scales. However,
across the H i envelope of X Her we see a clear, systematic
velocity gradient of ∼6.5 km s−1 along the length of the emission
(i.e., a projected gradient δv ∼ 35 km s−1pc−1). This is further

6

Matthews et al. 2011

Mira X Herculis
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