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Abstract. Six examples of the compact, isolated Hhigh— 1. Introduction

i i ifi 9 - . . .
velocity clouds (CHVCs) identified by Braun & Burton (1 99.)Tf_1e possibility of an extragalactic deployment of high—velocity

but only marginally resolved in single—dish data, have been Ir%%uds has been considered in various contexts by (among oth-
aged with the Westerbork Synthesis Radio Telescope. Theers) Oort|(1966, 1970, 1981), Verschdur (1975), Eicller (1976),

confirmed objects in this class define a dynamically cold Syéi-nasto et al[ (1976), Giovanelii (1981), Bajaja et al. (1987)

tem, with a global minimum for the velocity dispersion of onl i X
70 km st ?ound in the Local Group Sta};dar% of Rest Th?urton (1997), Wakker & van Woerden (199,7)’, Blitz et al.
' X 1999), and Braun & Burtori (1999). Blitz et dl. (1999) inter-

population is in-falling at 100 kms' toward the Local Group e . .
f e ret several general HVC properties in terms of the hierarchical
bar.ycenter. These objects have a.charactenstl(.: morp hOIO(‘:Dptlr('ﬁ:l;cture for?nation and esoltﬁ)tion of galaxies. In this context
which one or more compact coresis embedded in a diffuse heﬁ?e’ extended HVC complexes would be the nearby objects cur-
The compact cores typically account for 40% of thelle flux

. . .-rently undergoing accretion onto the Galaxy, while the more
while covering some 15% of the source area. The narrow Imgm act, isolated ones would be their distant counterparts in
width of all core components allows unambiguous identifica- pact, . P

e Local Group environment.

tion of these with the cool condensed phase of, the CNM, It is striking that the population of anomalous velocit
with kinetic temperature near 100 K, while the halos appearﬁ)l splits natu?all into tW(F)) rgther distinct components wheyn
represent a shielding column of warm diffuse Hhe WNM, P y P

with temperature near 8000 K. We detect a core with one g)?rsegvsedl.l\:\g ttr;];hl_ee_sdpeal;u/aDl S.imgl(;ggsa':desitgg\{'ga?zmn;?]?]eén
the narrowest K emission lines ever observed, with intrinsi urveys, fi : wing urvey ;

FWHM of no more than 2 km-s' and 75 K brightness Frochurton 1997) in the North and the Parkes Multibeam Survey

a comparison of column and volume densities for this featuféeeecgll:r?taga‘i‘ t?ell;i%nelc?gzr) tlrr:atth tehesf;rthe' \r%vgg::zlsorﬁ\évep;gl
we derive a distance in the range 0.5 to 1 Mpc. We determinge. . L 9 Jortty
- : . objects previously cataloged as distinct HVCs by Wakker & van
a metallicity for this same object of 0.04 to 0.07 solar. Comp Voerden((1991) are the local. low—contrast maxima of extended
rably high distances are implied by demanding the stability (195H1) aret » IOV X X
iffuse complexes with angular sizes of tens of degrees. In ad-

objects with multiple cores, which show relative velocities a tion 10 this diffuse. vet lumpy. component there apoear to be
large as 70 km's' on 30 arcmin scales. Many of the Compacseveral hundred intr,iri/sicall g())/m ac?ob'ects with aEpuIarsizeS
cores show systematic velocity gradients along the major ax y P ) 9

of their elliptical extent which are well-fit by circular rotation inoFabout 1 degree. Objects of intermediate angular size appear

. : .to be rather rare.
a flattened disk system. Two out of three of the derived rotation Braun & Burton [1999) identified and confirmed 65 exam-

curves are well-fit by Navarro, Frenk & White (1997) cold dark . . X
matter profiles. These kinematic signatures imply a high darrl’<|—eS of compact, isolated high—velocity clouds (the CHVCs)

to-visible mass ratio of 10-50, fd — 0.7 Mpc, which scales which plausibly represent a homogeneous subsample of the

asl/D. The implied dark matter halos dominate the mass v r'igh—velocity clouds, in a single physical state, and arguably

ume density within the central 2 kpc (10 arcmin) of each sour efore their physical properties have been strongly influenced
providing a sufficent hydrostatic pressure to allow CNM co

ﬁfy the radiation field of the Milky Way or of M31, or by a
densation. The CHVC properties are similar in many respeg[rsavnatlonal encounter with one of these major systems. Braun
to those of the Local Group dwarf irregular galaxies, excepti

Og?d Burton showed, in particular, that the velocity dispersion
the presence of a high surface brightness stellar population the CHVC sample is minimized in a reference frame consis-

‘tent within the observational errors to the Local Group Standard
) . L . . of Rest. This minimization provides a quantitative demonstra-
Key words: ISM: clouds — Galaxy: kinematics and dynamics — TS
galaxies: abundances — galaxies: ISM — galaxies: Local Groﬂﬁn of Loch—Group .deploym.ent. W'th”? this fr.ame, t.he CHVC
ehsemble is dynamically quite cold, with a dispersion of only
70 km s!, although strongly infalling into the Local Group

barycenter at a velocity of about 100 km's

Send offprint requests t®. Braun (rbraun@nfra.nl)
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Most HVCs have been identified simply by theiHVC (for the cases of a negative result toward an extragalactic
anomalous—velocity Hemission in total-power surveys at arbackground sources) or to the HVC being at a larger distance
angular resolution of ® or coarser. Information on charac{for the cases of a negative result toward halo stars). The re-
teristic intrinsic linear scales, on resolved spectral propertissits shown below indicate that only a small portion of each
which might reveal, for example, opacity information, and oabject is characterized by the high column densityéthission
such kinematic properties as intrinsic widths or possible rotfiom the CHVC cores, and thus that selection of suitable probes
tion, have been largely unavailable. Of the sample of 65 coffier absorption—line measurements must take the actual column
pact, isolated HVCs catalogued by Braun & Burton {1999ensity distribution into account.
only two had been subject to interferometric imaging. Wakker Ifthe compact HVCs discussed here are distributed through-
& Schwarz (1991) used the Westerbork array to show that batht the Local Group as primordial objects, either surviving as
CHVC 114-10-430 and CHVC 11106—-466 are character- remnants of the formation of the Local Group galaxies, or still
ized by a core/halo morphology, with only about 40% of theaining in to these systems in a continuing evolution, then such
single—dish flux recovered on angular scales of tens of arcnifjects would also be expected near other groups of galaxies.
and, furthermore, that the linewidths of the single—dish specBaveral searches for such objects beyond the Local Group are
of these two sources were resolved into components of someusrently in progress. The results presented here on the small
kms~! width or less. Both of the imaged systems display syangular sizes of the CHVCs generally and the even smaller sur-
tematic velocity gradients along the major axis of an ellipticéce covering factor of the high column density cores must be
H 1 distribution, which Wakker and Schwarz judged to be sugonsidered when designing an optimum search strategy or when
gestive of rotation in self-gravitating systems at Local Grougalculating the expected detection statistics for a given experi-
distances. ment directed at other galaxies or groups of galaxies. A conclu-

If the CHVC obijects are in fact a population of unevolvedive detection experiment of this type has not yet been carried
sub-dwarf galaxies scattered throughout the Local Group, theut.
they might reveal some morphological characteristics which Our discussion is organized as follows. We begin by de-
would not be consistent with the expectations of other suggessetibing the method of sample selection in Sdct. 2, proceed with
scenarios, in particular for objects ejected by a galactic fountamescription of the newly acquired observations in $éct. 3 and
(e.g. Shapiro & Field 1976; Bregman 1980) or located withicontinue with a presentation and discussion of our results in
the Galactic halo (Moore et &l. 1999). Sectd ¥ and]5. We close by briefly summarizing our results in

The Westerbork imaging discussed in this paper revealSact[6.
characteristic core/halo morphology for the CHVCs, very nar-
row linewidths in the cores, and, in many cases, a signatyre
of rotation. These properties are strongly suggestive of seff-
gravitating systems at Local Group distances, and specificsligcause high—resolutioniHmaging had previously only been
resemble the gaseous components of some dwarf galaxies.oBrained for two objects of the CHVC class, we chose a sam-
the contrary, if the CHVC objects were produced relatively Igple from the catalog of Braun & Burtoh (1999) which spanned
cally by an energetic mechanism responsible for a galactic founwide range of the source properties, paying particular atten-
tain, then their H properties might have been expected to irtion to source position both on the sky and in radial velocity, as
clude large linewidths, motions not ordered by rotation, andwgll as to the physical attributes of linewidth and total flux
characteristic morphology other than that of a core/halo.  density. Although only six CHVC sources were imaged in our

High—resolution imaging also makes it possible to providsrogram, the sources are distributed widely in galactic coordi-
specific targets for optical observations. Deep optical imagates, span radial velocities 275 < vrgg < +165 kms™1,
ing would help clarify the distinction between the CHVCs andary in linewidth from 6 to 95 kms!, and in line flux from
(sub-) dwarf galaxies, and any indication of a stellar populati@® to 300 Jy kms'. The source properties are summarized in
would allow a direct distance determination. Ifthe CHVCs are @able[].

Local Group distances, then the diffuset¢mission surround-
ingthem is expected to be weaker than that associated with high—
velocity gas in complexes lying within the halo of the MiIkyWa%' Data

or extending from the Magellanic Clouds (Bland-Hawthorn &pservations of the six CHVC fields were obtained with the
Maloney[1999). Furthermore, high—resolution imaging is NegySRT array between 12/11/98 and 17/12/98. One twelve—hour
essary inorder to interpret existing observations aimed at detegtegration was obtained for each field in the standard WSRT
ing an HVC in absorption against a star in the halo of the Milkrray configuration having a shortest baseline of 36 meters. On—
Way or against an extragalactic background source of contiyurce integration was bracketed by half-hour observations of
uum radiation. In either case, the absorption experiment targgfs calibration sources 3C286 and 3C48. At the time of the
an extremely small area. It is not clear if the failure to dete@bservations, 11 ofthe 14 teiescopes of the array were equipped
absorption in at least some of the published accounts shouldfh the upgraded receivers having a system temperature of
attributed to the HVC in question not in fact covering the contihout 27 K in the 1150 to 1850 MHz band. (As of 11/3/99
uum source, rather than to the metallicity characterisics of the entire array is equipped with a receiver package Covering

Sample selection
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Table 1. Compact, isolated high—velocity clouds imaged with the WSRT.

Name RA(2000) Dec(2000) LDS flux LDS FWHM LDS structure
CHVCII + bb + vov (hm) Ch (Jykms) (kms™) (ax b @ PA)
CHVC 069+04-223 1950.1 3341 86 34.0 ‘A x 0°9 @ 330
CHVC115+13-275 22 56.9 74 33 105 95.4 ‘1lx 0°6 @ 114
CHVC 125+41-207 1224.0 75 36 235 5.9 x07 @292
CHVC 191+60+093 10 36.9 3410 66: 29.6 °0x 0°9 @ 170
CHVC 204+30+075 08 27.5 2009 305: 33.9 °80x 0°6 @ 215
CHVC 230+61+165 1055.2 1528 26: 29.3 41x O°7 @ 182

the range from 250 MHz to 8 GHz with eight feed systemgewidth must be borne in mind. Narrow lines are significantly
mounted in a prime—focus turret.) The interim WSRT correlateasier to detect than broad ones.
system available at the time was used to provide 256 uniformly Moment images (zero, first, and second) were generated
weighted spectral channels in two linear polarizations acrdssm each cube after employing a blanking criterion for inclu-
2.5 MHz centered on thepsg velocity of each source. Thesion of each pixelinthe weighted sum. This involved demanding
effective velocity resolution was 1.2 times the channel spaciagrightness in excess of about after smoothing the cube by
of 2.06 km st a factor of three both spatially and in velocity. Images of inte-
Standard gain and bandpass calibrations were carried grated emission were corrected for the primary—beam response
after editing the data and deleting all baselines effected by shafithe instrument, which is well-approximated (at 1420 MHz)
owing. A component model for the continuum emission fromy a circular Gaussian with 2110 arcsec FWHM.
each field was derived from an image made from the average While structures extending over as much as 10 arcmin in
of the line—free spectral channels. This model was subtracgedingle spectral channel were adequately recovered in the re-
directly from the visibility data. The block of spectral channelsulting images, there were also indications of the presence of
containing line emission was imaged with a visibility—basemhore diffuse features which could not be adequately imaged.
clean deconvolution proceeding down to a flux level of twicEhese were apparent due to the artifacts they induced; specifi-
the rms noise level at a variety of spatial resolutions. Uniforoally, the so—called short—spacing bowl surrounding regions of
weighting of the visibility data was employed, together with bright extended emission. Even with careful windowing during
series of Gaussian tapers decreasing to 30% amplitude at pihe-deconvolution it was not possible to completely eliminate
jected baselines of 1.25, 2.5, 5, and 1Q kesulting in spatial such artifacts. Consequently, a significant fraction of the total
resolutions of about 120, 60, 30, and 20 arcsec, respectivelyflinx detected in the single—dish observations could not be re-
afew cases, some residual continuum emission was still presemtered. The integrated Hflux detected in the reconstructed
in the data cubes; in those cases, several spectral channels froages after primary beam correction varied from less than 1%
both edges of the cube were averaged together and subtratdexs much as 55% of that detected in the LDS. The percentages
from the entire cube. of total fluxes contributed by the dense cores are indicated for
The typical rms noise levels in the deconvolved cubes wegach observed field in Taldlé 2.
2.0, 1.7, 1.4, and 1.3 mJy per beam per spectral channel atA crude attempt was made to correct the interferometric im-
the four spatial resolutions noted above. The correspondiages of integrated Hfor the non—detection of diffuse emission
brightness sensitivities were, respectively, 0.085, 0.29, 0.9&atures. An elliptical Gaussian with dimensions and orienta-
and 2.0 K in a single channel of 2.06 knrlswidth. (Flux tion as measured in the LDS and an integral flux sufficient to
per beam and brightness temperature are related as usualelspver the LDS total was added to the interferometric images.
S = 2kpTBNB /)2, Or SinJy /Beam = 0.65,sT8 /)2, for Q.s, These parameters are summarized for the six fields in Table 2.
the beam area in arcsepExpressed as an optically thirtldol-  The resulting composite images are presented in turn below. The
umn density, the sensitivities correspond to 0.32, 1.1, 3.6, dodrest column—density contours in these composite images fol-
7.4x10'® cm~2, respectively, for emission filling the beam andow the elliptical outlines of the LDS source model, while the
extending over a single velocity channel. While somiegthis- higher levels are dominated by the compact structures detected
sion profiles originating in the cool atomic phase are indeatterferometrically. Although not appropriate for detailed anal-
as narrow as the single—channel velocity width (as we wilkis on spatial scales between about 10 and 30 arcmin, these
see below), emission profiles originating in the warm neutrabmposite images are consistent with all of the data currently
phase will have substantially broader linewidths. For exampla,hand and are indicative of the column densities likely to be
the thermal linewidth of a component with kinetic temperaturpresent in diffuse structures as well as their overall spatial ex-
Tk = 8000 K, will be 21 km s! FWHM. At this velocity tent. Inatleastone case (discussed below) we were able to verify
resolution, our column density sensitivity is degraded to 1.@jth independent data that the resulting composite provided a
3.5, 11, and 24<10'® cm™2. This somewhat counter—intuitivereasonable representation of the source structure and extent.
correspondence of column density sensitivity with the expected
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Table 2. Properties of CHVCs imaged with the WSRT.

Name WSRT flux Core flux Core area Distance

CHVClUl +bb+vvv  (Jykms?) % % (kpc)

CHVC 069+04-223 21.9 26 3.4 >(40-50)

CHVC115+13-275 20.7 20 10. >(40-100)

CHVC 125+41-207 130. 55 25 500-1000

CHVC 191+60+093 0.22 0.3 0.2 >7:

CHVC 204+30+075 116. 38 48 >(40-130)

CHVC 230+61+165 0.65 2.5 0.3 >4:

4. Results is distributed over a region of about 30 arcmin diameter. Spec-

. . . . ._tra towards several of the clumps show that each feature has a
In this section, we briefly summarize the structural and klng— P

tic data obtained f h of the six ob d field . eak brightness of abb( K and an intrinsic velocity width of
\TVZ:_ET ata obtanedtoreach ot the six observed lields using J0&een 10 and 15 knmé FWHM. On the other hand, each fea-

ture has a distinct centroid velocity so that the collection spans
the interval of—300 to—220 km s't. The global distribution
4.1. CHVC 069+04-223 of the line—of—sight velocities shows no obvious pattern. High,

. . low, and intermediate velocity clumps are distributed across the
The moment images and a few representative spectra for @

. ) N . Td. Some of the most extreme velocities do occur in close
field are shown at 1 arcmin resolution in Hi@J. 1. The integrated _.: " heem oA0o0 .
C . : Spatial proximity, however, nedr, §) = (23"55™, 74°38');
H1 distribution is dominated by a bright elongated concentra* L
. . . ut comparable velocities are also seen elsewhere.
tion (clump A) of some 15 arcmin extent. Several fainter knots LT o
More careful examination of the individual clumps reveals

lie about 10 arcmin further to the South, and are connectedﬂt]%t many of them have significant velocity gradients oriented

each other by alow brightness bridge of emission (more ClearlP’eferentiall along their long axes. This is true for the clumps
seen in Fig.R). Spectra toward some of the brightest emissfon y 9 g ' P

: , ) . . centered neafo, §) = (22"55™, 74°32'), (23R01™, 74°27"),
regions all havng peak brightnesses of about 2 Iﬁ,)(r'e_latlvely (22h57m5, 74°42'), and (2205705, 74°15'). The typical gra-
broad line profiles of about 15 knt$ FWHM, and §ii) acen- . :

: . " . dient observed is some 10 knt'sover an angular extent of
troid velocity near—235 km s*. At several localVy; maxima arcmin
within clump A the profiles become doubly peaked. These wﬁl ’

be referred to again below. The velocity field displays at least The image of velocity dispersion shown in the lower—left

. ) . . : %nel of Fig. 3 serves primarily to illustrate the regions where
one systematic trend: a moderate velocity gradient, oriented  : . ; .
multiple velocity components overlap along the line of sight.

along PA 30 (East of North) along the major axis of clump AT
from about—230 to —240 km s! and extending over some ; . .
10 aremin. ponents qloes not seem _pe_cullar, but instead suggests S|_mply
The distribution of profile linewidth shows that clump A haéI ne—of—_5|ght overlap of distinct features rather than a physical
o m}eractlon.
a moderately high linewidth throughout, but also has several . . . .
distinct regions with apparent dispersions as high as 8kin s The composne_ image Of. integrated 1H n
; : " "CHVC 115+13-275 is shown in Fidgl4. Column densities
These correspond to regions of line splitting rather than to sim- 19 9 .
i . : . . in the knots do not exceed aboGtx 10'Y cm™*, while
ple line broadening, while the overall velocity centroid is un; . o
. he broad underlying distribution peaks between 5 and
changed. Two such regions are observed, centeredmadr= 10 x 1018 em-2
(19M49™50%, 33°52) and(a, §) = (19"49™55%, 33°54'). The
two peaks in the line profile are separated by about 10k s
in both cases, while the angular extent is only some 90 arcsée3- CHVC 125+41-207

The integrated Hl distribution in CHVC 069+04-223, af- The compact high—velocity cloud CHVC 125+4207 is par-
ter inclusion of a simple representation of the diffuse emisisggularly interesting. Because of the high brightness of this
derived from the LDS data, is shown in Hig. 2. The brightegbyrce, higher angular resolution could be employed for the
knots have column densities just in excess fXn 2, while  gata presentation. Basic data at 28 arcsec resolution are shown
the diffuse underlying envelope peaks at atiout10'® cm=2. i Fig.[g. The source has a complex filamentary morphology ex-
tending over some 45 arcmin. Several compact cores of only 1 to
4.2. CHVC 115+13-275 2 arcmin extent are seen within the Eastern segment (clump A)

ofthe complex. The spectrum toward the brightest compact core

The basic data for this field are shown at 2 arcmin resolutioni'@quite remarkable, in having a peak brightness of 75 K as well
Fig.[3. This object is resolved in the WSRT data into a collegs 4 |inewidth which is completely unresolved with our effec-
tion of approximately 10 sub-structures. Each clump is betwegfe velocity resolution of 2.47 kms.. This width is one of
about 1 and 10 arcmin in size, while the ensemble of clumgss harrowest ever measured for the émission line. Velocity

he morphology of the regions having multiple—velocity com-
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Fig. 1. Imaging data for CHVC 069+04223 at 1 arcmin and 2 knT$ resolution. Upper left panel: apparent integratad(essuming negligible
opacity), with contours at 20, 40, 60, 80, and 1000'® cm~2 and a linear grey—scale extending frem0 to 100x10'® cm™2. Upper right
panel: brightness temperature spectra at the indicated positions. Lower left panel: intensity weighted line—of-sightwelgaiith contours
at —240, —236, —232, —228, —224, and—220 km s* and a linear grey—scale extending fren245 to —215 km s™*. Lower right panel:
intensity weighted distribution of squared velocity, corresponding to the velocity dispersion of a Gaussian profile, with a linear grey—scale
extending from 1 to 9 kms'.

channels adjacent to the line peak have intensities down to abiauthe velocity field is a North—South gradient over clump B
20% of maximum while being spaced by only 2.06 km sA  of about 8 km s! over 10 arcmin. Clump A has a shallower
spectrum toward the more diffuse western knot (clump B) hadNarth—South velocity gradient of about half this magnitude. The
more modest peak brightness of some 30 K and a linewidthfafnter filaments have velocities which do not follow this simple
about 6 km s FWHM. The most prominent systematic trengbattern.
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Fig. 2. Column density distribution of iHin

00— | | | | | | HH  CHVC069+04-223 at 1 arcmin resolution
1953 52 EQ:ILGHT AS CE(I)\J SION (J 2‘(1)% 0 48 47 reconstructed from LDS and WSRT data.
Grey scale flux range= 0.0 100.0 10°18CM2 Contours are drawn at 1, 2, 5, 10, 20, 50,
Peak contour flux = 1.1676E+02 10" 18CM2 and 100x10°® cm™=; a linear grey—scale
Levs = 1.000E+00 * (1, 2, 5, 10, 20, 50, 100) extends fron? to 100x 10'® cm~2.

The image of velocity dispersion delineates those regioatempted to compensate for the limited sensitivity to diffuse
with extremely narrow linewidth from those which are onlstructures inherent in our interferometric data. This source has
moderately narrow. Both of the compact cores in the Easteatently been observed with the Lovell Telescope at Jodrell
complex as well as several other more diffuse structures &ank by de Vries etal {1999). Comparison of the10'8 cm~—2
completely unresolved in velocity. Clump B is less extremeontour in the Jodrell Bank image with our composite image
in this regard. One small region of clump B, centered neshows good agreement in both source size and orientation.
(a,0) = (12"23™18%, 75°30'), deserves special mention. This
minor_ Iocal_maxi_mum in thel\(HI distri_bution disp_lays clear 4.4. CHVC 204+30+075
velocity splitting in the emission profile, amounting to some
5km s~ ! over aregion of about an arcmin in diameter, as showie data for this compact HVC are shown at 1 arcmin res-
in Fig.[8. A second region displaying a similar phenomenon dution in Fig[8. Several moderately bright clumps are seen
centered neafa, §) = (12"21™35°%, 75°32’). Both regions are over a region of some 35 arcmin in size. The large angular ex-
about 90 arcsec in diameter. tent of this object in a given velocity channel challenges recon-

The composite distribution @fpparentH 1 column density struction of the brightness distribution with the single 12—hour
is shown in Fig.7. The emphasis on the term “apparent” is paSRT coverage which we obtained. Some questions remain re-
ticularly apt: as we will see below, the compact cores are likefjarding the reconstruction fidelity, particularly in regard to the
to have opacities of about 2, so that actual column densities arest Northerly feature which extends down to the 10% level
about twice the apparent ones in these directions. Even so,thée primary beam, and as such, will have had any imperfec-
apparent column density exceetls 102° cm~2 over much of tions magnified by almost a factor of 10 in the displayed result.
the source, while the underlying halo reaches values of mdree spectra toward the more compact local maxima have peak
than5 x 10'® cm™2 near the knots. brightnesses betwae2 K and 8 K and linewidths which are

In this particular case, we can obtain some quality assegsnerally some 15 knts FWHM. Doubly—peaked spectra are
ment of our simple composite image &f;;, in which we have seen in two regions; in one case where two components seem to
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overlap along the line of sightand in another where localized littee North—East (clump B) has a similar gradient along-+r3%°
splitting is observed (as noted below). The large elliptical featunenning from 45 to 70 km's! over 20 arcmin. Four other major

in the South—central part of the field (clump A) shows a wellelumps with more nearly discrete line—of-sight velocities fill out
defined North—South velocity gradient running from about 55 this system. Velocity dispersions are typically substantially less
80 km s™! over some 12 arcmin. The large elliptical feature ithan 10 km s, except neafa, §) = (08"28™30%, 20°) where
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clump A appears to overlap with the smaller South—Eastepgak column densities of only abol@'® cm—2, embedded in
clump, and neafa, §) = (08%26™06°, 20°17'30"”) where two a diffuse component of only 2-510*8 cm~2.
velocity peaks separated by about 20 km are seen over the
60 arcsec extent of this local maximaMiz.
Column densities of a few timef)?° cm~2 are seen to- 5 piscussion
ward the brighter knots in the composite reconstruction shown
in Fig[@. A very substantial diffuse component is inferred fo?-1. Overall morphology and kinematics

this field, reaching column densities of a few times” cm™2 ¢ gix compact, isolated high—velocity clouds which we have

over about 30 arcmin near the source centroid. imaged with moderately high spatial resolution span a wide
range of source morphologies, but nevertheless share several
4.5. CHVC 191+60+093 and CHVC 230+61+165 noteworthy properties. In each case we detect a number of rel-

i . . . atively compact clumps which range in size from a few arcmin

The two final sources in our sample are both quite faint apgl herhans 20 arcmin in extent. These are local enhancements
primarily diffuse, albeit small in angular size. The WSRT da@, the column density distribution with peak column densities
at 2 arcmin resolution are shown in Hig] 10. Low—br|ghtne§§,the range 01 to 102! cm~2. Each clump is characterized by
clumps of 5 t0.10 arcmin extent are detected in both the§§own line—of—sight velocity and relatively narrow line widths
cases. Peak brightnesses of less than 0.5 K are seen, coupled) 5resec resolution in the range of 2 to 15 krh EWHM

i > = ) .
with moderately narrow linewidths of some 6 Km'sFWHM. At the narrow linewidth extreme, very stringent limits on the
The Northern clump of CHVC 191+62+093 has a moderately; yinetic temperature are implied which we discuss below.
strong velocity gradient along PA- 0° extending from 87 gyt even linewidths as large as 15 km'sSFWHM are signifi-
kms™ to 95 km s over 5 arcmin. The velocity field of ¢4y jess than the 21 ks FWHM which corresponds to the
CHVC 230+61+165 shows no clear_systematic trend. Thgng K equilibrium temperature of the Warm Neutral Medium
composite reconstructions shown in figl 11 and[Fi. 12 indicg{g/nm). Based on these modest linewidths we can already con-
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Fig. 5. Imaging data for CHVC 125+41207 at 28 arcsec and 2 km'sresolution. Upper left panel: apparent integratadBlssuming negligible
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clude that the H in the CHVC clumps must be in the form of CHVC linewidth is determined primarily by the velocity spread
the Cool Neutral Medium (CNM) with typical equilibrium tem-between the clumps, and to a lesser degree by systematic veloc-
peratures in the range of 50 to 200 K (e.g. Wolfire ef al. 10958, gradients, rather than by the intrinsic linewidth of a single
[1995b). Each clump has a smoothly varying line—of-sight ventity. There are a few cases where there appears to be par-
locity across its extent, often in the form of a systematic gradidisl line—of—sight overlap of two distinct clumps, leading to a
along the major axis of an elliptical distribution. We will addresdoubly—peaked emission profile within a single 60 arcsec beam.
the best-resolved cases of velocity gradients below. In the most extreme case studied so far, CHVC 11527,

Most of the imaged CHVC systems are composed of muhe inter—clump velocity spread amounts to some 70 km s
tiple clumps. Since each clump has a distinct velocity, the tofethis case will also be addressed in more detail below.
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In addition to the clumps, we see evidence, in all cases stédecibo telescope would allow direct assessment of the degree
ied, for a substantial diffuse halo component of Bmission. of sub—structure as well as the local lineshape of the halo com-
The clumps account for as little as 1% to as much as 55%pafnent. This could enable unambiguous determination of the
the total Hi emission which was detected in the single—digmature of the halo gas.
observations, although a typical flux fraction is about 40%, as
was also found prgviously _by Wakker and Schwarz (:L_991) fg_rz_ Narrow linewidths and opaque cores in
the two CHVCs which they imaged. The halos have typical spa- CHVC 125+41-207
tial FWHM of about 1 degree and Hcolumn densities within
the inner 30 arcmin betweenx20'® and 2<10'° cm~2. In  Atight correlation of H emission brightness temperature with
Table[2 we also include an indication of the surface area of tHa opacity has been established for both the Galaxy and for
high—colum—density cores relative to the diffuse halos. This w81 (Braun & Walterbo51992); a comparable correlation per-
defined as the ratio of the area with column density exceeditains for the resolved high—brightness Htructures seen in
5x10'%cm~2 in the WSRT-only images to the source area derany nearby galaxy disks (Bralin 1997, 1998) which have a
termined in the LDS. These values vary over a wide range, lbypical size of about 150 pc and a velocity FWHM of less
are typically lower by a factor of about two from the fractionaihan about 5 km st. The high brightness temperatures seen
flux, with a mean of 15%. in CHVC 125+41-207, amounting to about 75 K, are therefore

The data currently available suggest a characteristic twakeady an indication that relatively highitbpacities are likely
phase structure. The diffuse morphology of the halo is consistémtoe present. In this case a lower limit to the ldpacity in
with a component of WNM shielding the embedded clumps ttie bright cores can be inferred by comparing the kinetic tem-
CNM. Thermodynamic modeling of the Hwhich we address perature which follows from the linewidth with the emission
in the next subsection) actually requires such a nested geolwightness temperature. As illustrated in Eig. 5, the linewidth in
try of the warm and cool K phases when the entire structur¢he cores of clump A is completely unresolved with the avail-
is immersed in an isotropic radiation field. Comparison of ttable 2.47 km s! resolution. An upper limit to the intrinsic
H1 emission spectra observed interferometrically with tho$ieewidth of about 2 km st FWHM corresponds to an upper
seen in total power supports this conjecture, since the diffugait on the kinetic temperature of 85 K. For an isothermal gas
components generally have linewidths exceeding the 21 Km ghe H1 brightness temperaturég, is related to the spin tem-
FWHM thermal linewidth of an 8000 K gas. This remains a difeerature Is, by Ts = Ts(1 — e~ 7); assuming equality of the
ficult issue to address in full with the limited data currently ikinetic and spin temperatures allows a lower limit on the opac-
hand. High—-resolution, total-power imaging with the up—gradéy to be derived ofr > 2. This must be regarded as a firm
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lower limit since any line broadening by turbulence, which thigne H1 spin temperature with respect to the kinetic temperature
linewidth observed already constrains to be of order 1 kin swould only serve to exasperate this problem. (The interesting
or less, would only serve to bring the implied kinetic tempergossibilities for constraining ISM physics with this remarkable
ture even closer to the observed brightness temperature, yieldingrce have prompted us to request new WSRT observations
a higherr. Similarly, excitation effects which might suppressvith substantially higher velocity resolution.)
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Fig. 8. Imaging data for CHVC 204+30+075 at 1 arcmin and 2 krh esolution. Upper left panel: apparent integrated(Bssuming negligible
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Plausible lower limits to the actual Hcolumn density to- sity distribution shown in Fid.]5. Mean spatial FWHM extents
ward the two compact cores in clump A of CHVC 125+£107 of about 90 arcsec are observed, although their flat—topped ap-
are therefore about)?! cm=2 (where the apparent column ispearance suggests that opacity effects may already be partially
some4.5 x 10%2° cm~2). The angular size of these features caresponsible for this measured size. The FWHM of the actual col-
be determined approximately from the apparent column damnn density distribution is likely to be somewhat smaller. These
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compact cores are seen in projection against more extendedaeer limit to the distance to CHVC 125+4207 of 31 kpc. Of
gions with apparent column densities of 1 to 2" cm—2. course at a distance of 30 kpc, the ambient thermal pressure is
The thermodynamics of Hin a variety of astrophysical likely to have declined by more than an order of magnitude from
settings has been studied by Wolfire et al. (1995a, 1995b) thhe Galaxy mid—plane value (e.g. Wolfire et al. 1995b), leading
stable cool phase of His expected when botfi) a sufficient to a corresponding linear increase in the distance estimate. At a
column of shielding gas is present, did the thermal pressure potential distance of few 100 kpc, it becomes important to re-
is sufficiently high. Equilibrium kinetic temperatures of 85 Kconsider the ionization and heating conditions that would apply.
are predicted to occur over a range of volume densities, de- Specific calculations of equilibrium Hconditions within
pending on the dust—to—gas ratio, on the gas—phase metallithg Local Group environment were made available to us by
and on the intensity of the interstellar radiation field. These dé/lfire, Sternberg, Hollenbach, and McKee (private communi-
pendancies are illustrated in Figs. 5—7 of Wolfire et al. (1995a&ption) for two bracketing values of the neutral shielding column
Since the thermal pressure in the mid—plane of our Galaxydensity, namely 1 and 2010'° cm~2, a metallicity of 0.1 so-
the solar neighborhood is fairly well-constrained to be abolar (which we discuss further below), and a dust-to—gas mass
P/k = 2000 cm~3 K and this pressure is believed to declineatio of 0.1 times the solar neighborhood value. Equilibrium
substantially with height above the plane, an upper limit to tivelume densities &f;, = 85 K of 3.5 and 0.65 cm? are found
volume density of some 24 cm can be assigned to Hwith  for shielding columns of 1 and 2010 cm™2, respectively, as
85 K kinetic temperature. can be seen in Fig.13. The corresponding distances are in the
Assuming that the opaque cores in CHVC 125+207 range of 210 to 1100 kpc. Comparison with [Eilg. 5 suggests that
have a roughly spherical geometry, which is indeed suggesgielding columns in the higher part of this range are most rel-
by their projected spatial appearance and that the volume féirant for the two opaque cores under consideration, suggesting
ing factor of cool H is unity, then the column density, angulaa distance in the range 0.5 to 1 Mpc.
size, and volume density can be used to estimate the distancéWe stress that the resulting distance estimate is not depen-
to the source, according tb = Ny /(npf). This provides a dent on details of the thermodynamic calculation, but only on
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the assumed thermal pressure in the source environment. Ptagh—latitude, non—turbulent source, seems plausible on rather
ing CHVC 125+41-207 at a distance of, say, 3 kpc would regeneral grounds. A source distance in the range 0.5 to 1 Mpc
quire assigning it a volume density of some 250 ¢émThe follows directly. In this case a consistent solution for the heating
well-constrained temperature Bf = 85 K, would then imply and ionization of the source is also in hand, as outlined above.
a thermal pressure?/k = 21000 cm~—3 K, a value vastly ex- Unfortunately, this method of distance determination cannot
ceeding those observed in the local ISM. One might argue tlat applied more generally in our current sub—sample. None of
a high pressure may be related to the high speed re—entrythaf cores in the other CHVCs we have imaged has a compara-
the object into the Galaxy given its line—of—sight velocity in thbly high opacity. The typical peak brightness seen in other cores
Local Standard of Rest frame ef200 km s, It is difficult to  amounts to only about 2 K, suggesting opacities of about 2%, for
reconcile such a scenario with one of the narrowestdrhis- Tj. ~ 100 K. With such low opacity, the likelihood of encounter-
sion lines ever detected, showing no measurable componeningfunit filling factor of the gas along the line-of-sight becomes
turbulent line broadening. A moderately low thermal pressuneanishingly small, so that the comparison of column and vol-
on the other hand, amounting f/k ~ 100 cm~3 K for this ume densities gives only a very weak lower limit to the source
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distance. Applying the same method blindly to the other corekthe recent Jodrell Bank Hdata (de Vries et al. 1999) would

in our current sample and assuming a volume density of 13cmprovide an improved estimate. Jenkins et[al. (1986) provide ex-
throughout, returns lower limits to the distance which vary sukensive data for the gas—phase abundance ofiMeglative to
stantially within an individual CHVC as shown in Table 2. Théi1 in the solar neighborhood. They derive relative gas—phase
method is particularly suspect for the low brightness cores (0.5undances of lo@(yie11/Nur) = —4.7and—5.0, respectively,
peak) of CHVC 191+60+093 and CHVC 230+61+165, wheffer low— and high—volume density lines of sight. The relative
lower limits of 7 and 4 kpc are found. Elsewhere, lower limitabundance we infer, lo@{ug11/Nur) = —5.8, is about a factor

to the distance in the range 40 to 130 kpc are implied. of 0.07 down from the local ISM value appropriate for low vol-
ume densities. Passing as it does through only the outer reaches
of the atomic halo of CHVC 125+44207, this seems the most
appropriate for comparison.

The source CHVC 125+44207 is one of the few compact We have taken care to refer to comparable measure-
HVCs for which it has been possible to measureiMgbsorp- ments of gas—phase metal abundance in comparing the
tion against a background UV source. Bowen & Blades (1998BHVC 125+41-207 data with that of the solar neighbor-
detected unsaturated Mgabsorption at a corrected velocity othood. The local ISM value is believed to be substan-
vrsr = —209 kms~! (Bowen et all 1995) toward the Seyfertially depleted by deposition on dust grains from its total
galaxy Mrk 205 at(a,8) = (12821™m44312, 75°18'38”25). value, 09V /Nu1) = —4.4. If the dust abundance of
They derive a Mgi column density 06.74+0.1x 103 cm=2for CHVC 125+41-207 is less than that in the solar neighborhood,
this component. This line of sight passes just to the South—Easiich is quite likely in most formation scenarios, then dust de-
of the highNy; portion of clump B shown in Fi§l7. The columnpletion would presumably be less effective and the metal abun-
density we infer in this direction from our composite image igance mightthen lie somewhere inthe range 0.04t0 0.07 relative
54 1 x 10'® cm™2. Wakker & Van Woerden (1997) quote ato the solar value.

value 0f3.0 £ 0.7 x 10*® cm~2 in a nearby direction. Analysis

5.3. Metal abundance in CHVC 125+4207
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5.4. Localized line splitting Small depressions in the line core of Galactic émission

. . . . features have often been interpreted as evidence for so—called
An interesting kinematic phenomenon to emerge from these

. . h i ?elf—absorption by the cool opaque core of a warmer semi—
high—resolution observations of the compact h|gh—veloma/ : : .
aque atomic structure. Such an interpretation does not seem

clouds is the occurrence of several spatially localized regiog propriate for the phenomena under discussion, since the line

:Q;g ddéigiéesﬁ:lmggvgrotcr}?y lgf?rr]:: Scselz?rgi(rjog:‘etigvgrho?illg a %trength between the peaks declines to a rather low brightness

o : : ﬁemperature. The spatially localized and symmetric distribution
exampl_e Of. the phenomenon IS given by the series of _specé Fine shapes seen in F[d. 6 seems more suggestive of an orga-
shown in FigLB. Five such regions were dstected, two N €4%0ed inflow or outflow with a substantial degree of spherical
of CHVC 069+04-223 and CHVC 125+41207, and one in

. . . symmetry. At a distance of 700 kpc, these regions would have
::eT'a\t/iSefoﬁIr?,hozglz ?ﬁfggzs?: tr;?;g:ifigg;g?oocfrﬁ% wit Th@ar sizes of 300 pc, making them comparable to some of the
These r{:gigns are quite disi/i,nct from those instances 6f elzcr)IV-V luminosity super—shells detected in nearby galaxies which
hanced linewidth which are the result of localized Iine—of—sigﬁ{esopc?;\f{?orﬁ(zeby t&zsshucaeerrr:lz\)/ae? ;nggsgg)llar winds of a stellar
overlap of extended features having different velocities. Tha? - ' '
phenomenon is also observed on several occasions (as noted

above) but it can typically be recognized as such by the prés5. Velocity gradients

ence of two distinct velocity systems which are each spatiaIIy common kinematic pattern observed within the CHVC
extended and have uncorrelated morphology. clumps which we have imaged is a velocity gradient oriented

¢ 1The2angula_r ?Xtelrl]t of thes_ﬁzhsp(;lt—lme r?glolns Its COII‘_I'J‘% ong the major axis of a roughly elliptical distribution. Spe-
0 1l Orzarcminin all cases. 1he degree ol velocity splittingg. examples of such gradients were noted above for several

varies from only about 5 km™ in CHVC 125+41-207, to ; : :
1 ) ' of the objects imaged. The observed magnitudes of the veloc-
10km s ! in CHVC 069+04-223, and to as high as 20 km’s ity gradients vary from 0.5 to 2 km™$ arcmirr!. The cases

in CHVC 204+30+075.



R. Braun & W.B. Burton: High-resolution imaging of compact high—velocity clouds 869

T T T TTTTT T 1T HH‘ T \\ \\\H‘ T T \\\H‘ T \\ TTTTH ? 20 HOSQA Tllted Rlng Flt
L - - ] —— oA e ‘
: @ “° F NFW halo 5.0 x107 M, PA, 1, Vy,, =85, 45", 1238'km/s ]
7 [ H H H |
10% & E g 15 e B : 1
E ] L e
I ol i T RSSO O SO
<1000 = - 5k .
@ F E 5 ot I . I . . . . . .
= E E 2 o 200 400 600
i)/ I 4
X R ~ ) ) )
100 F S~ R - T 25 : : : ‘ : H294A T‘llted‘R}ng‘ Fit : . - : : -
e E ~__ e 3 NFW halo 6.7 x1 PA, i, Vg, = 1807, 6068 km/s ]
F - ] E 20 B : 3
L 4 IS 3
L ] Z 15 F =
S E
= — 10 =
10 ¢ 3 2 10F 3
r 4 = 5 —
C L L \"\\\H‘ L L \\HH‘ L L \\\\H‘ L L \\\\H‘ L Ll g E ‘ ‘ ‘ E
0.01 0.1 1 10 100 1000 & 9, 200 200 500
n (cm-3)

. A . . . N H204B Tilted Ring Fit
'\ 25 T r T T T T
Fig. 13. Equilibrium temperature curves for Hin an intergalactic ' 25 ¢ P i, V,, = 85" 507 68 km/s

radiation field at a metallicity of 0.1 solar, a dust—to—gas mass ratio §f2o F- P D OSSR SE I SELEEUELLEIS ot
0.1 times the solar neighborhood value and two values of the neutgal5 Eeeee e s e e o
shielding column densityt0'? cm™ indicated by the solid line and = 10 - oam T : j
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Fig.14. Derived rotation velocities in three elliptical cores,

. CHVC 069+04-223A and CHVC 204+30+075A and B. The best-
which are best resolved are clump A of CHVC 069+@23 fitting position angle, inclination, and systemic velocity are indicated

and clumps A and B of CHVC 204+30+075, each of which i the top right of each panel. These were subsequently held fixed in
about 20 arcmin in angular size. This same pattern was a#fQiving the rotation velocity as function of radius. Solid lines are the
seen in the two CHVCs imaged by Wakker & Schwarz (199 Xhtation curves of NFW cold dark matter halos of the indicated mass.
namely CHVC 114-10-430 and CHVC 11106—466.

Since these well-resolved examples of systematic gradients
in the velocity fields are reminiscent in form and amplitude of

the “spider” diagrams seen foriHistributions in some dwarf compare our derived rotation curves with those expected for a
galaxies, we carried out standard tilted-ring fits to assess 4 gark matter halo as parameterized by Navarro, Frenk &
extent to which they could also be modeled by rotation in\ghite (NFW[1997). These authors find that such halos tend to
flattened disk system. In the usual way, we began by allowifgye a “universal” shape in their extensive numerical simula-
all kinematic parameters to vary freely from ring to ring, anfons; 5o that the density profile and resulting rotation velocity
then solved sequentially for the bestfitting kinematic center, fgfs jetermined simply from the halo mass. We have calculated

the systemic velocity, for the position angle of the receding lingg 5 properties using the (web—retrieved 19/09/99 version) code
of-nodes, and, finally, for the kinematic inclination. Holding all¢ Navarro. Frenk & White (1997) assumiigy=0.3, \o=0.7

of these best-fitting parameters fixed, we then fit only for tlp_qeoz 60 km s Mpc! and a cluster abundance normalized

rotation velocity of each ring. _  fluctuation spectrum. The early plateau and subsequent rise in
Robust solutions for circular rotation were found in alf,e gerived rotation velocity of CHVC 069+0223A is not

three cases and these are shown inlElg. 14. The fits diSRay|-fit by an NFW halo. For comparison, the expected rotation
slowly rising rotation velocity with radius; the rise is contingrve of a107-7 M., (within the virial radius of 3.4 kpc) NFW

uous to some 15 ks in the case of CHVC 069+04223A, a1 is overlaid on the data. While this curve crudely matches

and flattens out at 500 to 600 arcsec to values of 15 last few measured points, the shape at smaller radii deviates
20 km s™! for CHVC 204+30+075A and B. An esgmate ofsubstantially. On the other hand, rather good agreement with
the contained dynamical mass is givenfy, = v/ = the data is found for both CHVC 204+30+075A and B with
2.3x10° Rigpevy, o, While the mass of gad/gas = 1.4 Mut = hajo masses of0™¢, and10%2 M, (within 9.3 and 12.6 kpc)

3.2 x 10°S D§y,,., whereS is the integrated H flux in units  at an assumed distance of 0.7 Mpc. These rotation curves are
of Jykm s! and there is an assumed contribution by Hesverlaid on the data in Fig_JL4. Note how well the shape of these
lium of 40% by mass. At an assumed distance of 0.7 Mp@tation curves is reproduced by the standard NFW halo profile.
these three clumps havey,, = 10%1, 1081, and10%3 Mg,
Mg, = 1071, 1055, and10%-° M, and dark—-to—visible mass -

rafios ofl" = 10, 36, and 29, respectively. The derived value 05'6' CHVC stability

I' scales with the assumed distancel @®), given the depen- The very high total linewidth seen for CHVC 115+1375 was
dencies noted above. found to arise from the broad range of distinct line—of-sight ve-

In addition to this crude estimate of dynamical mass, we can
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locities of the ten individual clumps which make up this sourceontain comparable gas and stellar masses, each corresponding
The angular separation of the clumps is some 30 arcmin, whiteabout 18 M, in the case of Leo A and about 104, in
their velocity centroids are separated by as much as 70km sSag DIG.
Since this source is very isolated in position and velocity (see the Young and Lo also comment on a small region of about
appropriate panel of Fig. 1 of Braun & Burtdn 1999) a chan&?5 arcmin diameter within Leo A which they suggest might be
superposition of ten unrelated components is unlikely. the expansion or contraction signature of an $thell, compa-

It is interesting to consider the stability of this collection ofable to the five cases of line—splitting within CHVCs which we
clumps under several scenarios. If, for instance, this collectidascribe above.
were located at a distance of 5 kpc, the distribution of clumps The dwarf elliptical companions of M31, NGC 185 and
would have a linear diameter of 44 pc and would double NGC 205 (Young & Lol 1997a) are rather different in their
size on a timescale of onlyx 10° yr. Such a short dynamical gas properties. While both the CNM and WNM components
timescale would imply that we were witnessing a rather speca@flH 1 are seen in these two cases, all of the neutral gas is con-
moment in the evolution of this source. If, on the other handentrated to the central five arcmin (1 kpc) of each galaxy and
this source were located at a distance of 0.7 Mpc and wehe global kinematics are less systematic. The strong interac-
self—gravitating, the angular radius and half-velocity width difon of these objects with M31 (NGC 205 in particular is on an
15 arcmin and 35 kms' could be used to calculate a dynamicabrbit that is likely to have recently passed through the disk of
mass fromMg4y, = Rv?/G = 2.3 x 1O5Rkpcv§m/s = 10393 M31) and the high mass density of stars (stellar masses about
M. The corresponding mass of gas at this distandg,, = 100 times greater than the @M, in gas) makes a direct com-
1.4 My = 3.2x 10°S wapc iS Mgas = 1072 M. The dark— parison with the CHVCs less obvious.
to—visible ratio at this assumed distanc&'is 51, scaling, as in An intermediate and less—perturbed example is given by the
the previous subsection, witly D. more isolated Local Group dwarf spheroidal LGS 3 (Young &

A comparable analysis can be applied to CHVC-043 — Lo [1997Dh). In this case, the stellar mass is likely only a few
302, for which Arecibo imaging data was obtained by Giotimes that of the 10° M, in gas. Here the K is also confined
vanelli (1981). This object has only two primary core compde only the inner 5 arcmin (corresponding to 1 kpc), shows
nents which extend over about 40 arcmin, and are separateditbig systematic kinematics, and the cool condensed phase is
60 km s~ ! in velocity, while the total line flux is 260 Jy-knt$. almost entirely absent. Although peak ldolumn densities of
Using the half-separations and line flux yielti&;,, = 10592 somewhat more than ¥0cm~2 are observed over a region of
Mg, Mgas = 10761 Mg andT" = 20 for D = 0.7 Mpc. Since a few arcmin extent, there is no sign of ongoing star formation.
only two core components are involved, geometric effects of Extendingthe comparison to even higher mass systems pro-
orientation are more likely to play a role in this calculation thavides some further insight into the conditions necessary for al-
in the case of CHVC 115+13275. lowing the condensation of CNM clumps in a galactic environ-
ment. Several low mass spirals were observed in the high reso-
lution H1 sample of Braun (1995, 1997), including the nearby
SBm galaxy NGC 2366 and two of the nearest low surface
The Hi imaging obtained here for our CHVC sub—sample rédrightness spirals, NGC 247 (of type Sc) and NGC 4236 (SBd).
veals striking similarities between the gas properties of tiefilamentary network of CNM gas is seen in all these systems,
CHVCs and those of low mass galaxies. The comparison witlhich accounts for about 80% of therHine flux from only
the Local Group dwarfirregulars, Leo A and Sag DIG, studied about 15% of the surface area withil; (the radius where the
high resolution by Young & Lo (1996, 1997b) is particularly aptaverage face-on surface brightness of light in the B band has
Both of these objects display the same general morphology atetlined to 25 mag arseé). Just beyondiss the flux fraction
kinematics as the CHVCs: high column density clumps chasf CNM gas disappears entirely, even though the WNM con-
acterized by narrow linewidths (about 8 km!sFWHM) and tinues out to a radius of almost twide,;. The result is that
angular sizes of afew arcmin embedded in a diffuse halo of lowtee total flux fraction due to CNM in these galaxies is about
column density gas with broader linewidths (about 20 krh s 70%, substantially more than the 40% CNM fraction in the
FWHM) extending over 10’s of arcmin. Young and Lo reacitHVCs. Comparison with the Hthermodynamics of Wolfire
the same conclusion presented here regarding theptiise et al. (19958) suggest that the edge of the CNM disk should
content of the dwarf irregulars, namely that cool condensatiomscur where the thermal pressure has declined to a value of
of CNM (with T, ~100 K) are found within WNM envelopes P,;;,, below which CNM condensation is no longer possible.
(with Ty, ~8000 K). The peak brightness temperatures detect€bde numerical value aP,,;,, depends on the dust and gas phase
from the CNM in Leo A, 73 K, are almost identical to those wenetal abundance, the radiation field intensity and the shielding
see in the compact clumps of CHVC 125+4407. column of neutral gas. Values fé,;,/k of about 200 crm® K

The velocity fields of both Leo A and Sag DIG are alsgeem indicated under conditions of moderate metallicity and ra-
very similar to those of the CHVCs. Modest velocity gradientiation field-intensity expected for the low mass spirals above.
of comparable magnitude are observed (about 10 khnover Comparison with Fig.13 suggests that slightly lower values for
10 arcmin) along one position angle in addition to a substaR;,;,/k of about 100 cm? K should be expected under the low
tial unstructured component. Unlike the CHVCs, these galaxies

5.7. Comparison with nearby galaxies
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metallicity, low field—intensity conditions that might apply to 10 S T Cor

the CHVCs. NFW halo 1.7 x108 M,
What pressures might be expected in the mid-plane of a

disk-like self—gravitating distribution of H? The concept of 0.1

hydrostatic pressure equilibrium demands that the weight of the
overlying medium is balanced by the sum of the contributions 001
to the gas pressure. This can be expressed as ;m 0.001
T

o0
/ AT G0t (2 ) pgas(2')dz" = Piot(2) 0.0001
= P+ Pcr + Pourb + P + -+ 1) 10~

I L B L L IR BB R L B L Y L p

where pg.s(2) is the gas volume density at heighfrom the 1078 ] ] LN\
mid-plane. In this formZ,; refers to the mass surface density 0.1 v 10 100
between:’ = 0to 2’ = z, not between’ = —zto 2’ = 2. The Radius (kpc)

total pressure is composed of magnetic, cosmic ray, and turbi 15. Mass volume density, in units of hydrogen nuclei per cubic

lent components in addition to the thermal component whichdgntimeter, as a function of radius for an NFW cold dark matter halo
of relevance to the calculation of the HI kinetic temperature. b1 mass10%-2 M within the 12.6 kpc virial radius.

a high mass galactic disk, the thermal pressure might amount to

only about 1/4 of the total pressure, while in a low mass CHVC ] o )

with few if any sources of internal turbulence and energetic pARass density out to several kpc. Within the central region, of

ticles, the thermal pressure might be the dominant compondfrhaps 2 kpc (or 10 arcmin & = 0.7 Mpc) in diameter,
If for simplicity we assume a constant gas density, for the mass density is enhanced by more than a factor of 10 over
—s/2 < z < + /2 for some full disk thicknesss\ then thatofthe gas alone. In consequence, we can expect to achieve

Stot (Z) = (pgas + Pstars + pDM) % = for z less thans/2. For values ofP,,;,/k of about 100 cm? K in the CHVCs whenever

- . —2
the moment we will neglect contributions to the mass surfalfé HI column densities exceed a few times10m™=.
density by stars or dark matter, which if present would lead to

proportionally higher pressures. [E4. 1 then becomes simply g. Summary

Prot(0) = 7Gp2,.s* /2 = 7G(umuNu)* /2. (2) We present some of the first high-resolution Hnaging of
a sub—sample of the compact high—velocity clouds (CHVCSs).
Previously we had demonstrated that the spatial and kinematic
Pio(0)/k = 41(Ny1/102°)? em ™3 K. ©) propertie; pf the CHVCs were strongly suggestive of a chal
Group origin (Braun & Burton 1999), although the typical dis-
Thus, whenever the face—onil¢olumn density exceeds aboutance could not be well-constrained from the low resolution
10%° cm~2 in a disk-like system we can expect to see the col5) data then in hand.
condensations of the CNM. Given the quadratic dependence onOur imaging has revealed that these objects have a charac-
column density in Eqg] [3-3, we might expect the transition frotaristic morphology, consisting of one or more quiescent, low—
purely WNM to a CNM/WNM mix to be quite abrupt. Thisdispersion compact cores embedded in a diffuse, warmer halo.
expectation is borne out quite dramatically at the edge of thlis is consistent with what was seen previously by Wakker &
CNM disks in spiral galaxies which indeed occurs very nearSchwarz [(1991) for the two CHVCs which they imaged. The
face—on H column density of 1-2 10°° cm~2. If a significant compact cores can be unambiguously identified with the cool
contribution to the mass surface density within one gas scaleutral medium (CNM) of condensed atomic hydrogen, since
heightwere due to stars or dark matter then the minimum colurteir linewidths are in all cases significantly narrower than even
density needed for CNM condensation would decrease. For the thermal linewidth of the warm neutral medium (WNM). In
CHVCs, our current data suggest a transition column densitye objectwe detect some of the narrowestrhission lines yet
nearer 18° cm~2, rather than the 9 cm2 seen in nearby seen, with an intrinsic FWHM of 2 knts . The halo linewidths,
spirals. This may be an indication that the mass surface densityile difficult to measure directly, appear broad enough to be
of dark matter is already a significant contribution. consistent with a WNM origin. Such a nested geometry of CNM
We can assess this possibility by considering the mass vaird WNM is in agreement with the expectation from thermody-
ume density of the implied dark halos. The density distributiaramics since a significant neutral shielding column is required
of the 10%-2 M NFW halo which gave a good fit to the derivedor the stable existence of CNM when exposed to an ionizing
rotation velocity of the core in CHVC 204+30+075B (Higl 14) isadiation field (e.g. Wolfire et &l. 1995%a, 1995b). The flux frac-
shown in Fig[1h. Atathermal pressurelfk = 100cm~3 K, tion in compact cores varies between about 1% and 50% in our
the 8000 K WNM halos of the CNM cores will have a volum&HVC sub—sample, but is typically 40%, as also seen in the
density of about 0.01 cr®. Comparison with Fig. 15 showstwo cases studied by Wakker and Schwarz (1991). The surface
that the dark halo will provide a dominant contribution to theovering factor of the moderate column density core emission

Inserting numerical values into Hg. 2 yields
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relative to the diffuse halo is usually a factor two lower, nameljisk—like distribution at the observed shielding idolumn of
about 15%. WNM of about 109 cm~2 if the significant mass density of the
High-resolution imaging of the Hcolumn density distri- dark matter halos is taken into account within the inner 2 kpc.
bution of CHVC 125+41-207 has permitted an improved deter-  Our study of the compact high—velocity—clouds has helped
mination of the metal abundance in this object when combingaiclarify the nature of these objects. All of the evidence pointsto
with a previous measurement of unsaturatediMapbsorption these being strongly dark—matter—dominated, self—gravitating
(Bowen & Blades$ 1993; Bowen et al. 1995) of between 0.@bjects of modest mass in the Local Group potential at dis-
and 0.07 solar. tances between perhaps 0.3 and 1 Mpc with physical dimen-
The current program has also allowed meaningful distansiens in Hr of about 10 kpc. Typical K masses of a few times
estimates for CHVCs to be made for the first time. Distanc&§” M., are indicated, with associated dark masses of some
in the range 0.5 to 1 Mpc follow from two independent apt0” M. The total number of such objects associated with the
proaches. The first method utilizes the fact that we have resolNaxtal Group, while still uncertain, may be about 200. It seems
cool, opaque knots of Hwithin one of the six imaged systemdikely that these are the objects which recent numerical simu-
(CHVC 125+41-207). By equating the observed angular siz&ations suggest should still be associated with massive galaxies
of these knots with the line—of-sight depth, we derive a digt a poor environment at the current epoch (Klypin et al. 1999;
tance from a comparison of the column and volume densitiddoore et al[ 19909).
Estimates of the column density follow directly from our data, The star formation history within these objects is still very
while specific thermodynamic calculations for volume densiti@such a mystery. High stellar densities, like those seen in dwarf
under the relevant physical conditions were made availablesggheroidal systems in the Local Group, are clearly not associ-
us by Wolfire, Sternberg, Hollenbach, and McKee (private corated with the centroids of the gas distribution. A large spatial
munication). The second approach allows only a combinatieaparation of the gas and associated stellar distribution, due
of source distance and dark matter fraction to be derived, sirfoe example to tidal effects, is not expected to be a common
it relies on a comparison of dynamical with visible mass undeircumstance since the population is dynamically so cold. The
the assumption that the system is gravitationally bound. For tipisak Hi column densities currently observed within the CHVC
approach, the CHVC 115+1275 system proved particularly cores only rarely exceed 10cm=2. It is plausible that these
illuminating, since a collection of some 10 compact cores v&lues are insufficient to allow widespread star formation at this
distributed over a 30 arcmin diameter region within a commadime. On the other hand, finite yet low metallicities have been
diffuse envelope, while having discrete line—of—sight velocitiereasured in atleast one source, indicating that some enrichment
distributed over a 70 km™s range. At an assumed distancehas clearly taken place in the past. It is quite possible that asso-
D = 0.7 Mpc, the dark—to-visible mass ratiolis= 51, with  ciated old stellar populations with a low surface density will be
I" scaling ad/D. found in deep searches which can distinguish such stars from
A common feature observed in the CHVCs is that the corthe Galactic foreground.
pact cores have an elliptical shape with a clear velocity gradienctknowIeol ementsie are arateful to M.G. Wolfire. A. Sternberd. D
aligned with the major axis. These kinematic data can be Weﬁ?}llenbachg and C.F. Mche for providiné the eq,uililbrium ten?p,)eré-
modeled by rotation in flattened disk systems. Rotation cur; ' o

, - ¥ffe curves for H in an intergalactic radiation field shown in Hig] 13
fits to the best-resolved cores within CHVC 069+223 and as well as stimulating correspondence on the ISM in general, and to

CHVC 204+30+075, yield rather high dark-to-visible mass rgs, schwarz and H. van Woerden for showing us, in advance of pub-
tios of ' = 10-40 a4 D = 0.7 Mpc, withI" scaling, as above, |ication, the Jodrell Bank data of de Vries et &l. (1999) on the source
with 1/D. Moreover, the shape of the rotation curves in two @HVC 125+41-207. The Westerbork Synthesis Radio Telescope is
these three cases is very well described by that due to a copérated by the Netherlands Foundation for Research in Astronomy,
dark matter halo as parameterized by Navarro ef al. (1997). under contract with the Netherlands Organization for Scientific Re-
Well-resolved imaging has also revealed another intriguiggarch.
aspect of the CHVCs. Five instances of localized line splitting
are detected. These are areas of 60 to 90 arcsec extent in regReferences
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