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Abstract. We have identified a class of high—velocity cloudgen emissionwhich (1) have aradial velocity which is discrepant
which are compact and apparently isolated. The clouds are cdrom that due to Galactic rotation in the direction of the feature
pactinthatthey have angular sizes less than 2 degrééHM. (Muller et al. 1963) and (2) subsequently prove to have no obvi-
They are isolated in that they are separated from neighborimgs stellar counterpart. Aberrant velocity Féatures which do
emission by expanses where no emission is seen to the detedtive a detected stellar counterpart are, of course, classified as
limit of the available data. Candidates for inclusion in this clagmlaxies. Itis obvious that this empirical definition of an HVC is
were extracted from the Leiden/Dwingeloa Burvey of Hart- not altogether satisfactory, but it underlines the fact that despite
mann & Burton[(1997) and from the Wakker & van Woerdesome 35 years of study, no generally accepted explanation for
(1991) catalogue of high—velocity clouds identified in the suthe origin, the distance and hence the basic properties of these
veys of Hulsbosch & Wakker (1988) and of Bajaja etlal. (19853nigmatic features has yet emerged. The class is effectively de-
The candidates were subject to independent confirmation fised bywhat they are notThese are features which amet
ing either the 25—meter telescope in Dwingeloo or the 140—faetated in a simple way to the bulk of Galactia Mia spatial
telescope in Green Bank. We argue that the resulting list, ex@nkinematic continuity and for which we aret yet aware
if incomplete, is sufficiently representative of the ensemble of an associated stellar or gaseous component. This last point
compact, isolated HVCs — CHVCs — that the characteristicsiof particular is one that has by ho means been addressed ex-
their disposition on the sky, and of their kinematics, are revedlaustively and may well prove to be a fruitful avenue for future
ing of some physical aspects of the class. The sample is mstady. Indeed, recent efforts to detect associated diffuse ionized
likely to be representative of a single phenomenon than wowds in Hx emission are beginning to meet with some success
a sample which included the major HVC complexes. We co(Reynolds et al. 1998).
sider the deployment of the ensemble of CHVCs in terms used It must be stressed that the term HVC encompasses a fairly
by others to ascertain membership in the Local Group, and shewde range of observational phenomena. The distinct system of
that the positional and kinematic characteristics of the compétt features known as the Magellanic Stream was first recog-
HVCs are similar in many regards to those of the Local Grougzed by Mathewson, Cleary & Murray (1974) to represent tidal
galaxies. The velocity dispersion of the ensemble is minimizeeébris originating in the gravitational interaction of the Galaxy
in areference frame consistent with the Local Group Standardrth both the Large and Small Magellanic Clouds. This sys-
Rest. The CHVCs have a mean infall velocity of 100 km &1 tem subtends an extremely large solid angle, defining a belt that
the Local Group reference frame. These properties are strongigircles the entire Galaxy. Given the spatial deployment and
suggestive of a population which has as yet had little interddnematic continuity of this system it can be plausibly assigned
tion with the more massive Local Group members. At a typicaldistance of some tens of kpc. Some of the well-studied HVC
distance of about 1 Mpc these objects would have sizes of abooinplexes (known as A, C, H and M) are also distributed over
15 kpc and gas massesM of a few times 10 M, corre- large regions of some tens of square degrees. The distances of
sponding to those of (sub-)dwarf galaxies. two of these complexes have been constrained by absorption—
line observations: Danly et al. (1993) determined Complex M
Key words: ISM: clouds — Galaxy: kinematics and dynamics to lie within the distance range7 < d < 5 kpc, and van Wo-
galaxies: Local Group — radio lines: ISM erden et al.[(1998) found Complex A to lie within the range
4 < d < 10 kpc. These absorption—line observations, toward
isolated lines of sightin two HVC complexes, are the only direct
measures of HVC distances available. At the other extreme, is a
class of object that appears to be intrinsically compact, with an-
The term High Velocity Cloud (HVC) has traditionally been asgular dimensions of a few degrees at most. These objects have no
signed to features detected in thél cm line of neutral hydro- obvious relation either spatially or in velocity with the extended
complexes and include the most extreme LSR velocities.

1. Introduction

Send offprint requests t®. Braun or W.B. Burton
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Itis this last category of compact, peculiar velocityéinis- by a broad spectral signature which is impossible to distinguish
sion features which we consider here. The lack of obvious d®m a naturally occurring spectral line profile. Only repeated
sociation with either the Galaxy or the large HVC complexdstal-power or interferometric observations can be used to dis-
and their similar angular size may allow definition of a sintinguish such broad events from naturally ocurring ones.
gle class of HVCs, whose members plausibly originated under We have searched the LDS database for all compact, isolated
common circumstances and share a common subsequent evpbemission features. The method used to identify candidates
lutionary history. By utilizing the Leiden/Dwingeloo Survey ofwas to construct a series of “channel maps” e#thission, each
H 1 emission of Hartmann & Burton {1997) and the HVC catdntegrated over a velocity interval of 32 kimi'sand spanning
log of Wakker & van Woerder{1991) we have compiled a lithe entire spatial coverage of the survéyx —30°). Compact
of candidate sources. Confirming observations were obtainededtures (less thar? Z'WHM) were cataloged which were spa-
all candidates. A representative sample of 66 compact, isolatiedly and kinematically distinct from Galactic temission. The
HVCs (or CHVCs) has emerged, including 23 sources catalogszhdition of kinematic distinction from the Galaxy corresponds
here for the first time. The sample is distributed quite uniformbpproximately to deviation velocities, as defined by Wakker
over the sky, and yet defines a well-organized kinematic sy&991), of about 50 km's' or greater. A total of 123 candidates
tem. The kinematic signature of this system suggests a stronghs then subject to new, confirming observation as described
in-falling population associated with the Local Group gravitan Sect[3, either using the Dwingeloo 25-meter telescope or,
tional potential. At a typical distance of 1 Mpc they have thior the weaker of the candidates, the 140—foot telescope of the
dimensions (15 kpc) and gas massesi{fM~ 107°M) of NRAO in Green Bank.

(sub-)dwarf galaxies. A similar suggestion was made by Blitz The 44 candidates whose reality was confirmed in the new
et al. [1998) based on a more heterogeneous sample of HV@ata entered the tabulation of CHVCs. Some of the candidates

Our discussion is organized as follows. We begin by den the initial list extracted from the Leiden/Dwingeloo survey
scribing the method of sample selection in Sect. 2, proceed witbuld not be confirmed. In some cases, the initial candidate
a description of the newly acquired observations in $éct. 3 ands only of marginal signal-to—noise ratio. In other cases the
continue with a presentation and discussion of our resultssacond—epoch Dwingeloo spectra were not of sufficient quality

Sectd ¥ anf]5. to confirmthe feature. We note that the interference environment
_ in Dwingeloo had deteriorated substantially during the period
2. Sample selection between 1993, when the last observations for the LDS were

The Leiden/Dwingeloo Survey (hereafter abbreviated as tAde, andlate 1997 and early 1998 when the confirmations were
LDS, Hartmann and Burtdn 1997) ofi¢mission in the North- attempted. However, a number of the candidate sources turned
ern sky above declination abou30° has made it possible toOut to correspond to cases of non-repeatable broad-band inter-
selectawell-defined sample of candidate sources of small anffience. Many of the sources which we could confirm were sub-
lar size. This survey provides nearly uniform spatial samplifggguently imaged with small Nyquist-sampled pointing grids to
on a 05 grid at a sensitivity of aboutJ = 0.07 K rms at a More accurately determine source positions and sizes as de-
velocity resolution of 1 kms! over the \{,gg range of—450 scribed below.

to +400 km s~!. When smoothed to the typical HVC velocity ~ Thefirststepincompiling the listof compact, isolated HVCs
width of 20 km s'!, the LDS sensitivity is about 0.02 K rms.was based on inspection of the Leiden/Dwingeloo survey alone,
The earlier HVC survey of Hulsbosch & WakkEer (1988) alreadyithout consulting any earlier material. Ina second step, we con-
provided spatial sampling on & grid above—17° declination sulted the catalog of Wakker & van Woerden (1991), extract-
with an rms sensitivity of about = 0.01 K rms at a veloc- ing from it all entries identified with a value of the parameter
ity resolution of 16.5 km 5! over the {gg range of—950 IV < 3, i.e. referring to HVC detections based on an observa-
to +800 km s~1. The southern sky coverage of Hulsbosch &on at a single pointing, or, at most, on 3 spectra and therefore
Wakker was supplemented with data taken ofigriél at about having a surface area of less than about 4 square degrees. This is
halfthe sensitivity by Bajaja et al. 1985. A catalog based on thelgee of fully 430 of the total of 561 HVCs cataloged in WW91.
two HVC databases was presented by Wakker & van Woerdéf¢ extracted LDS spectra at each of these 430 HVC positions.
(1991, hereafter WW91). Since both of the northern surve¥ these, 59 had no data in the LDS, since they were below the
were carried out with the Dwingeloo 25 m telescope, with a30° southern declination limit, 94 could not be confirmed to
beam size of about 35 arcmin, neither is Nyquist sampled, B¢ sensitivity of the LDS, 62 had a marginal confirmation and

no sources should slip completely through the cracks of the L[3$6 could be confirmed with some confidence. Subsequently,
sampling. we produced images of integrated HI emission at the position

An issue of particu|ar concern in a sing|e-co\/erage SUfV@f/ each of the 216 confirmed WW9L1 sources integrated over
with a total power instrument, is that of the effect of intermitterit velocity range of 100 km's centered on the cataloged ve-
radio frequency interference (RFI) on the results. As noted I8gity centroid. Although all of these sources represent real H
Hartmannl(1994), RFl is often of the form of extremely narronemission features at a peculiar velocity, most of them appear
band signals which are easily recognized as artificial when séerfepresent substructure of more extensive HVC complexes.
ina moderate|y high-reso|ution spectrum. However, some tydé/§ have extracted only those sources which could be classified
of intermittent emission of unknown origin are characterize?p both compact and isolated by demanding: (1) that the half
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power contour of each source in our images of integrated i©olumn 1: Running identifying number in the catalog.

emission had an area of less than 4 square degrees and (2)t#imn 2: The integer rounded Galactic longitude and latitude
to the sensitivity limit of the LDS the source was not connectgggether with the integer rounded LSR velocity. All three co-

to a diffuse emission complex. Only 42 of the 216 confirmegtdinates in the designation are derived from the best available

WW91 sources could satisfy those criteria and only 22 of thegsta for each source as outlined below.
hadlr?(;t filrlglasga bevevr; IggLusieltiéino(il;;?arst?lliiétions which h (ﬁplumn 3: I/C = Initial/Confirmation data. The initial source of
P. ) otherp '3 candidate positions and velocities was either the LDS, indi-
reported HVCs which met our criteria of compactness and IS0z ted by “LD” in this column, or Wakker & van Woerdén (1991)
lation, but found that these few sources, referenced in column, ' AT

13 of the table, had already been recovered during the ﬁ|{ré(ti|cated as "W". Confirming data were required in all cases

two steps. We note in this regard that Davies’s (1970) clouc? establish the repeatability of the source spectrum. In some

) . L cases the LDS provided independent confirmation of the “W”
HVC 120-20-444, was excluded by our isolation criterion — > P P ) .
o o ; L sources, while in other cases new data were obtained with the
it is less thanl® removed from intense emission from M31 — . e

. . NRAO 140-foottelescope in Green Bank, denoted with “GB” or
whereas we have no reason to think that this cloud does\;at

L . L € Dwingeloo 25-m telescope, denoted with “D”. Those cases
show the same intrinsic properties characteristic of the CH ; . X
) ) ; where Nyquist sampled maps were made with the Dwingeloo
objects in our tabulation.

telescope are indicated with the designation “Dm”.
3. Data Columns 4 and 5: Galacti¢, b) coordinates of the source cen-

Observations were obtained with the Dwingeloo 25 m telescofj@d as determined from the new Nyquist sampled images of
in the periods 1997 September 17 to 19, 1097 November 2776 integrated Hwhere available (designated with a “Dm” in
December 15 and 1998 March 2 to 3, for a total of about 21 da§@!umn 3) and otherwise from the integrated Hhta“ of t"he

A variety of switching methods, central frequencies, and tofap>: Positional accuracy is about 5 arcmin for the “Dm” data
bandwidths was employed in an attempt to optimize baselifigd about 15 arcmin for the LDS.

quality and avoid locally generated narrow band interferendeolumns 6 and 7: J2000 right ascension and declination co-
The most successful strategy employed position switching t@&linates of the source centroid. Positional accuracy is about
nearby reference position and a total bandwidth of 10 MHz ceémarcmin for the “Dm” data and about 15 arcmin for the LDS.
tered within afew hundred kns of the Local Standard of Rest.Columns 8 and 9: The radial velocity measured with respect
The correlator provided 1024 spectral channels across the basdhe Local Standard of Rest and Galactic Standard of Rest.
The single-polarization receiver had a typical system tempefar those members of the ensemble which were subject to de-
ture of 35 K. Spectra were calibrated in amplitude with regulgégiled mapping, theysr refers to the velocity at the centroid
observations of the standard region S8/ af)c(2070,—15°0), position; for the other CHVCs, the velocity is that following
for which a peak line brightness ofsT= 71 K and line integral from a Gaussian decomposition of the representative spectrum
of 840K kms ! over the V. interval—5to +22 kms 'was plotted in Fig[1. The galactic standard of rest is defined by
assumed (Williams_ 1973, Hartmann 1994). vasr = 220 cos(b) sin(l) + visR.

Candidate source positions were initially observed with &, mns 10. 11 and 12: The peak brightness temperature of
single pair of on-source and off-source pointings separatedp¥. Gayssian component resulting from decomposition of the
tyvo d_egrees in ga!actlc Iatltudg._ The typical on-source 'ntegrr%'presentative spectrum plotted in Fig. 1, them velocity

, and the integrated flux contributed by the component.

spectra. As time permitted, confirmed sources were reobser\%aumnS 13,14 and 15: The deconvolved major and minor axis

with a3 x 3 grid with a pointing separation of 15 arcmin an(FWHM Qimensions qnd the major axis po_sition angle (East
subsequently with an additionalx 3 grid with a 30 arcmin of North) in (I, b) coordinates. These are derived from the new
pointing separation Nyquist-sampled images of the integrated Where available

Additional observations were made with the Green BarSQe&gnated with a "Dm” in column 3) and otherwise from the
140-foot telescope of the NRAO in 1997 September and 19@17egrated H data of the LDS.

December. A total bandwidth of 10 MHz was employed centeré®lumn 16: References to earlier mentions of the tabulated
near the candidate frequency. The correlator provided 512 spd¥.Cs, coded as followssBwH99, Burton, Braun, Walterbos,
tral channels in each of two polarizations. The typical systefnHoopes 1999¢Mm79, Cohen & Mirabel 1979;81, Giovanelli
temperature was 20 K. Calibration spectra were obtained on##81;GH77, Giovanelli & Haynes 19778, Hulsbosch 1978;
standard region S8. The observations were made in frequeH8¢, Henning 1992y81, Mirabe[1981Mmc79, Mirabel & Co-
switched mode with a 10 MHz switch to higher frequency. Tygern 1979w#, Wakker & van Woerden 1991; and 79, Wright

ical on-source integration times were less than about 5 minut&8/9.

Each of the CHVCs is illustrated in F[g. 1 where the inte-
grated Hiintensity from the vicinity of each source is displayed,
Our catalog of 66 isolated CHVCs is shown in Table 1. Thegether with a representativerldpectrum. The images were
columns of the table are defined in the following way. obtained from an integration over 200 km'svelocity width

4. Results
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Table 1. Compact, isolated high-velocity clouds.

# designation data l b RA Dec wisk  vasrR  Tmax FWHM f TedV Maj Min PA references
HVC Il £bb+wvvv  I/IC ©) ©) (hm) Crn  (km/s) (km/s) (K) (km/s)  (Kkm/s) O () (°)
1 HVCO017-25-218 LD/Dm 16.58 —-25.28 1959.1 —-2455 227 -170 0.45 135 6.5 0.6 0.2 20 M8l
2 HVCO018+47-145 LD/Dm 18.15 +47.01 1539.7 1018 -145 -98 0.15 42.8 6.8 1.1 0.5 60 W57
3 HVCO024-02-285 LD/D 2429 —-1.96 18426 0835 —284 —194 0.32 258 8.7 1.1 05 90
4 HVCO030-51-119 LD/Dm  29.56 —50.69 21583 —2242 —123 —54 0.67 394 28.0 11 04 95
5 HVCO031-20-287 LD/D 31.38 —-20.09 20010 —-1020 -287 —179 0.42 36.0 15.9 08 05 40 w386
6 HVCO032-31-299 LD/Dm  31.90 —-30.77 20417 -1418 —-309 —209 0.24 31.2 7.9 05 03 90 w443
7 HVCO039-37-231 LD/Dm  38.72 —-37.31 21156 —-1150 —238 —129 0.33 17.7 6.1 06 02 60 w482
8 HVCO039-33-260 LD/D 38.78 —33.47 21016 —-1008 —260 —145 0.43 26.3 12.1 07 07 0  W460
9 HVCO039-31-265 LD/Dm 39.40 -30.67 20524 -0825 —-278 —158 0.33 35.9 12.7 1.8 0.7 120 W442
10 HVC040+01-282 W/LD 40.20 +0.60 1902.6 0644 —-282 —140 0.12 42.6 5.5 1.0 05 90 w289
11 HVCO043-13-302 LD/Dm 4291 -13.11 1956.3 0241 -314 -168 0.53 27.6 15.6 1.0 07 30 G81,W348
—-267 -—121 0.22 39.7 9.3
12 HVCO047-52-129 LD/D 4714 -51.73 22194 -1252 -129 -29 0.24 25.4 6.4 2.3 2.0 90 w521
13 HVCO050-68-187 LD/Dm  49.80 —68.28 23234 -1909 —-201 -—139 0.19 31.3 6.3 06 04 35
14 HVC060-65-206 WI/LD 59.80 —64.60 23186 —1351 —206 —124 0.12 38.3 5.1 07 05 30 W545
15 HVC069+04-223 LD/Dm 69.16 +3.75 1950.1 3341 -234 29 0.24 34.0 8.8 1.0 09 30
16 HVCO070+51-146 WI/LD 70.10 +50.80 1548.8 4353 —146 —-15 0.20 33.0 7.0 12 06 60 W44
17 HVCO087%#03-289 LD/Dm  86.82 +2.92 2046.3 4750 —298 —79 0.16 35.7 6.1 15 04 110 w278
18 HVC092-39-367 LD/D 92.47 -39.41 23144 1739 -367 —197 0.21 27.0 6.0 16 12 115
19 HVC094+08+080 LD/Dm 9440 +7.93 2051.7 5652 465 +282 ~0.3 - - 0.0 0.0 0 BBWH99
20 HVCO095-63-314 WI/LD 9470 —-63.20 0002.1 —-0304 -314 -215 0.35 26.9 10.1 1.0 08 160 W542
21 HVC100-49-383 LD/Dm  99.58 -48.89 2349.8 1110 —-388 —245 0.21 51.8 11.8 08 05 45
22 HVC107-30-421 LD/GB 107.49 -29.72 23487 3116 —419 -237 0.18 315 6.2 12 05 50 W437,H92
23 HVC108-21-388 LD/GB 108.10 —21.42 2339.6 3922 —395 —200 0.11 26.1 3.1 06 04 110 W389
24 HVC111-07-466 LD/GB 11058 —7.00 2327.1 5350 —-466 —262 0.17 24.9 4.6 0.8 0.7 65 H78,CM79,Wr79,W318
25 HVC114-10-430 LD/GB 113.56 —-10.49 2352.1 5118 —440 242 0.77 10.0 8.2 04 03 90 H78,CM79,W330
26 HVC115+13-275 LD/Dm 115.39 +13.38 2256.9 7433 —260 —67 0.16 95.4 16.5 1.1 06 100
27 HVC118-58-373 WILD 118.50 —-58.20 0042.1 0435 —373 -271 0.66 30.8 21.6 1.0 0.7 140 MC79,G81,W532
28 HVC119-73-301 WILD 11850 —-73.10 0046.2 —-1016 —301 —245 0.13 31.6 4.4 0.7 0.4 80 W555
29 HVC119-31-381 LD/D 119.17 -30.92 0036.2 3150 —381 216 0.29 24.6 75 0.9 0.8 100 Wr79,W444,H92
30 HVC123-32-324 WILD 12290 —32.20 0051.3 3040 —324 -168 0.16 32.7 5.4 0.7 04 30 W446
31 HVC125+41-207 WI/LD 125.20 +41.40 1224.0 7536 —207 —72 2.10 5.9 13.2 1.3 07 120 ws4
32 HVC129+15-295 LD/Dm 128.82 +14.97 0233.2 7640 —306 —140 0.44 18.1 8.5 00 0.0 0 w231l
33 HVC133-76-285 LD/Dm 13280 -75.87 01013 -1311 -296 —257 0.16 37.9 6.3 06 01 90 W557
34 HVC146-78-275 LD/D 146.01 -77.65 01114 -1541 275 —249 0.16 239 4.1 09 09 110 W560
35 HVC148-32-144 LD/Dm 147.89 —-31.92 02257 2621 —146 —47 0.18 35.2 6.8 05 03 80
36 HVC148-82-258 LD/Dm 148.04 —82.46 01050 —-2016 —267 —252 0.47 20.2 10.1 00 0.0 0
37 HVC149-38-140 LD/D 149.24 -37.92 0219.1 2026 —140 -51 0.27 29.3 8.3 1.0 0.7 100
38 HVC157+03-185 LD/D 156.63 +2.73 0446.4 4935 -185 —98 0.18 20.3 3.8 15 11 90 W275
39 HVC158-39-285 WILD 157.80 —39.20 0241.3 1607 —-285 —221 0.16 37.9 6.4 1.3 0.8 150 W486
40 HVC162+02-170 LD/Dm 161.87 +2.46 0504.5 4520 -181 113 0.59 27.9 175 08 07 55 w277
41 HVC171-54-229 LD/Dm 170.97 -53.77 0235.7 0055 —-235 -215 0.49 23.7 12.4 1.0 0.4 80 H78,W525
42 HVC172+51-114 WILD 171.60 +51.40 1000.6 4618 —114 —94 0.27 38.6 11.0 30 12 150 W39
43 HVC173-60-236 WI/LD 172,70 -59.50 0223.1 —-0548 —236 —222 0.22 17.6 4.1 07 05 90 W536
44  HVC 186+19-114 WI/LD 186.20 +18.90 0716.9 3146 —-114 136 1.03 20.4 22.4 1.0 0.8 140 W215
45 HVC 191460+093 LD/GB 190.86 +60.36 1036.9 3410 +93 73 0.38 29.6 12.0 10 09 75
46 HVC 198-12-103 W/LD 197.70 —11.60 0541.8 0754 —103 -169 0.48 239 12.2 1.0 08 110 w343
47  HVC 200+30+080 LD/Dm 200.22 +29.72 0822.2 2320 +75 +9 0.50 28.9 15.3 0.0 0.0 0
48 HVC200-16-091 W/LD  200.50 -15.70 0532.9 0330 -91 -165 0.56 27.1 16.0 1.1 09 150 W362
49  HVC 202+30+057 LD/D 202.23 +30.38 0827.4 2155 +57 -15 1.12 26.0 30.9 18 13 35
50 HVC204+30+075 LD/Dm 204.15 +29.80 0827.5 2009 +61 -17 1.19 33.9 42.8 08 06 145
51 HVC220-88-265 LD/D 219.75 -88.06 0100.1 —-2721 —265 —270 0.30 12.8 4.2 15 13 90
52 HVC224-08+192 W/LD 22420 -8.00 0643.0 —-1338 +192 +40 0.24 26.3 6.8 1.2 09 90 w325
53 HVC225+36+082 W/LD  224.60 +35.90 0919.2 0659 +82 —43 0.22 36.3 8.6 1.3 10 80 Wi1l5
54 HVC225-42+190 LD/Dm 224.87 —41.60 0429.8 —2608 +184 +68 0.22 35.8 8.2 08 05 95
55 HVC?227-34+114 LD/Dm 226.84 —-33.57 0506.0 —2530 +115 —19 0.60 32.3 20.7 08 04 90
56 HVC229-74-168 LD/Dm 228.93 —-74.22 02020 —-3022 -174 -219 0.25 334 8.8 0.7 05 120
57 HVC230+61+165 LD/GB 230.36 +60.62 1055.2 1528 +155 +72 0.23 29.3 7.1 14 07 120
58 HVC235-74-150 LD/Dm 235.26 —73.74 0202.7 —-3210 -157 —208 0.27 23.1 6.6 07 05 80
59 HVC23750+078 W/LD  236.70 +49.80 1025.4 0642 +78 —41 0.19 36.8 7.6 1.2 12 0 w47
60 HVC?241+53+089 W/LD  241.00 +53.40 10435 0641 +89 —26 0.15 59.7 9.8 1.2 08 50 W34
61 HVC263+27+153 W/LD  263.00 +26.90 1016.6 —2343 +153 —42 1.10 22.2 26.4 13 08 40 w162
62 HVC267+26+216 W/LD  267.30 +26.10 1028.1 —-2641 216 +19 2.61 19.0 52.8 16 10 10 GH77,W176
63 HVC27129+181 W/ILD 27150 +28.90 10489 -2623 +181 —12 0.92 24.1 23.6 1.3 0.8 110 W163
64 HVC284-84-174 W/LD  284.00 —84.00 0100.7 —3247 -174 —-196 0.35 28.6 10.5 1.2 1.0 0 W561
65 HVC340+23-108 LD/D 340.12 +22.51 1529.6 —2843 -108 —177 0.36 324 125 12 05 90
66 HVC358+12-137 LD/D 358.11 +12.29 1655.6 —2333 137 144 0.56 19.4 115 1.1 07 120

of the LDS data (Hartmann & Burton 1997), centered near thige velocity interval.) The data are used as they were extracted
mean velocity of the feature. (In afew cases, the relatively smalhm the Hartmann & Burton (1997) CD-ROM, i.e. with no
deviation velocity of the feature required a different setting @fdditional baseline manipulation. The contours in the images
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Fig. 1. Images of integrated Hemission, paired with a representative spectrum, for each of the 66 compact, isolated HVCs tabulated in our
sample. H emission is integrated over a velocity extent of 200 km,entered approximately on the mean velocity of the CHVC. The data

were extracted from the Leiden/Dwingeloo survey CD—ROM. The associated spectrum refers to the directiofisntte’5 grid nearest to

the peak of the integrated emission. For those compact HVCs confirmed with new Green Bank data (as indicated in column 3 of the table), the
spectrum displayed was obtained on the 140—foot telescope; for all other entries, the spectrum displayed is from the Leiden/Dwingeloo survey.

represent integrated intensities labelled in units of K km,s 4.1. Comments on a few individual CHVCs

which can be converted to column depth in units af &loms L '
cm-2 by multiplying by1.8 x 1018, under the usual assumptionThe entries in TablEl1 represent a range of profile shapes. The

1 -
of negligible optical depth. The representative spectrum ref{r\gHM values, for example, range from 5.9 km's charac
to the direction in theé)°5 x 0°5 grid nearest to the peak of

eristic of a very narrow, cold Hfeature in the conventional
the integrated emission. For those compact HVCs whose r goeous disk, to 95.4 kns, characteristic of some moder-
ity was confirmed in Green Bank (as indicated in column 3 0

ely massive external galaxies. We remark here on some of the

the table), the spectrum displayed was obtained on the 140—1"(5]dt'\”dual members of the ensgmble. Itis animportantquestion,
orﬁcourse, whether the tabulation of compact HVCs represents a

telescope; for all other entries, the spectrum displayed is fron . . o
the Leiden/Dwingeloo survey after a single pass of Hannir?lﬂgr%l%&Z{S;fsslsgseg?;nbﬁggg or whether it contains interlopers
smoothing. One of the objects listed in the table has, in fact,

been revealed as an interloper. The'® entry, designated
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Fig. 1. (continued)

Hvc 094+08+080, is a large, nearby, low—surface—brightneseveal an optical counterpart in deeper optical data; indeed, very
galaxy, Cepheus 1, discovered during the course of this invegep optical searches are called for. Even if no further large
tigation. Deep multicolor and spectroscopic optical follow—ugalaxy lurks in the tabulation, the distinction between CHVCs
observations showed the presence of stars anddgions, and and dwarf galaxies with very weak star formation remains to be
radio synthesis interferometry confirmed that the galaxy has timade. We view establishing the nature of such a distinction as
optical properties and Hrotation signature of a low—surface-an important challenge.

brightness spiral galaxy (Burton et al. 1999). We have retained We note a few of the entries individually:

this object in our tabulation, and in the various plots. It is in-
structive to see how the Horoperties of this interloper galaxy 4
might differ from those of the CHVCs, and how its spatial and’
kinematic deployment on the sky might resemble that of the
ensemble of CHVCs. Warned by the the presence of Cephelddst of the HVC flux studied in earlier investigations is con-
in our compilation, we searched the Digital Sky Survey CDiributed from complexes, or from extended features; these com-
ROM in the direction of each of the sources listed in the tablgmonly show substantial kinematic gradients consistent with
but found a clear optical counterpart for no entry other thantation or shearing. The CHVCs considered here, however,
HvC 0944+-08+-080. We can not rule out that other entries wouldre largely subsumed into a single beam; although the kine-

1.1. CHVCs with exceptionally broad,
or exceptionally narrow, Hlines
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Fig. 1. (continued)

matic information is largely unresolved, kinematic considein terms of a galactic fountain model (Shapiro & Field 1976,
ations in addition to the systemic velocity remain relevarBregman 1980). Burton (1997) has noted that HVCs do not con-
HVC 115+13-275 has arwnM of 95.4 km s!; the excep- taminate the H terminal-velocity locus in ways which would
tional width of the feature and its location at lawsuggests be expected if they pervaded the galactic disk, and that this
that a deeper optical look than that afforded by the POSS wouwldservation constrains HVCs either to be an uncommon com-
be appropriate, as would anildynthesis observation lookingponent of the Milky Way disk, confined to the immediate vicin-
for kinematic structure contributed either by rotation of a singley of the Sun, or else to be typically at large distances be-
entity or by blending of subunits, each moving with a differyond the Milky Way disk. In our tabulatiom,vc 024—02—285,

ent velocity.Hvc 114-10-430 anduvc 125+41-207 have, #Hvc 040+01-282,andivc 111-07—466 are examples of low

on the other hand, Hsignatures which are exceptionally narfb| CHVCs at velocities unambiguously forbidden in terms of
row not only for HVCs, but for any Hemission lines. The line normal galactic rotation. The lines of sight in the directions of
width of Hvc 125+41-207, FwHM= 5.9 +£ 1.6 km s~1, corre- each of these features traverse some tens of kpc of the disk be-
sponding tar, = 2.5+ 0.7 km s™1, is sufficiently small that it fore exiting the Milky Way: unless one is prepared to accept
may even be used to constrain the kinetic temperature of the ghese HVCs as boring through the conventional disk (for which
T < 750 K. It also constrains the line—of—sight component dhere is no evidence), and atypical in view of the cleanliness of
any rotation or shear in a single object, as well as the rangetloé terminal—velocity locus, then their distance is constrained
kinematics if the object should be an unresolved collection tf be large.

subunits.

4.1.3. CHVCs near the galactic poles

4.1.2. CHVCs near the galactic equator Similarly, HVCs located near the galactic poles offer unam-

HVCs located on lines of sight traversing the gaseous disklmfjuous information on the verticak, component of their
the Milky Way display the horizontal component of their spacgpace motion. Burtori (1997) noted that the vertical thickness
motion. Large horizontal motions are difficult to account foof the galactic H layer is well measured with a scale height
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of h, ~ 100 pc, and so consequently the HVCs either do nexample, entries 47, 49, and 50 in our table, adjacent on the sky
commonly populate the lower galactic disk/halo transition rend at comparable velocities, might prove blended under deeper
gion or else the component dominates the total space motiosgrutiny.
which seems unlikely and is contradicted by the examples in the The well-known HVC complexes show a range of struc-
preceding paragraph. Examples of high vertical velocities fraimres, and within a complex there are certainly knots of enhanced
our tabulation includetvc 119-73—-301, uvc 148-82—258, emission (see Wakker & Schwarz 1991). We did not accept such
anduvc 220-88—265. These examples are from the southekmots, and so could plausibly have discriminated against a com-
galactic hemisphere, with negative velocities. The distributigract, isolated HVC which happens to lie in projection against
of z motions over the entries in the tabulation are clearly skewad unrelated extended HVC stream.
to negative velocities. Although the Leiden/Dwingeloo survey had been corrected
for stray radiation (Hartmann et al. 1995), neither the new
Dwingeloo nor the new Green Bank data were so corrected.
Emission entering the far—sidelobe patternis largely contributed
HVCs in the cardinal directions are interesting because soleH1 lying, at relatively modest velocities, in the conventional
ambiguities are removed in these special cases. For examgseous disk of the Milky Way: stray—radiation is not expected
HvC 0874-03—-289, located in the direction of the solar motiorver most of the HVC velocity regime. Furthermore, stray ra-
partaking in galactic rotation, has a velocity unambiguously fagiation is contributed from large solid angles, and thus is dif-
bidden for any object within the Milky Way. The substantial vefusely distributed, not concentrated into point, or very compact,
locities ofnvc 173-60—-236, anduvc 358+12—137, located sources like those entering this discussion. Therefore we view
(albeit at substantial latitudes) in directions perpendicular to tbar results as uncontaminated by stray radiation.
vector of galactic rotation, are also unambiguously forbidden. Selection of candidate CHVCs from the Leiden/Dwingeloo
survey was primarily determined from a significant intensity
after smoothing to 32 km—3 velocity resolution, and a lack
of blending. On theé)°5 x 0°5 grid até > —30°, unblended
It is appropriate to consider what selection effects might plajouds (i.e. generally those with a deviation velocity greater
a role in the statistics derived from the material in Téble 1. Whan 50 km s') emitting with a 5¢ peak intensity greater
comment below on the relevance of the observational parartigan 7 ~ 0.1 K, and with arwuM velocity extent broader
ters of sensitivity, velocity coverage, and spatial coverage. than 20 km s!, are unlikely to have been missed. Narrow
The most stringent of our criteria was the requirement @fouds « 10 km s 1) weaker than about 0.2 K peak temperature
independent confirmation. The Leiden/Dwingeloo survey doegill be underrepresented in the list drawn from the smoothed
however, involve so much data that confirming every Spike Leiden/Dwingeloo data. Although thewmm of most of the
would have taken an investment of telescope time which v\@4VCs tabulated here is greater than 20 kni,sa few are
were not able to make. There are features, even in the integraedsiderable narrower, and it is not unexpected that some faint
H1 images shown here, which we have no reason to consideurces would be missing from our compilation because they
spurious, but which we simply have not yet confirmed: in Eig.Were diluted by a coarse channel spacing. An overall complete-
examples are seen néab = 86°5, +1°0 in the moment map of ness level of 0.2 K in peak brightness is indicated.
HvC 087+03—-289; and neat, b =43°0, —30°0 in the moment The total range of the velocity coverage of the Lei-
map ofrvc 039-31-265; both of these examples of not-yetden/Dwingeloo survey is conservatively quoted-a$50 <
confirmed features are unambiguously in the HVC regime, angkr < +400km s, butin almost all cases it extends usefully
stem from spectra not observed contiguously. (The observirg or more kms! further on both extremes; the total range of
strategy involved steppin@°5 in [, at a constank, over a5° the Wakker & van Woerden material is larger, extending from
interval of longitude.) We see no reason to expect that these00 to +750 km s~!. The HVC with the most extreme ve-
features, and many others, could not be confirmed. locity known is that detected by Hulsbos€h (1978), and further
Our use of the terms ‘compact’ and ‘isolated’ is somewhabserved by Cohen & Mirabel (1979) and by Wright (1979),
subjective, as can be gauged by inspection of the integratedtilbulated here asvc 111-07—466: itsvr,gg IS —466 km s~1.
images. ‘Compact’ is the simpler concept since we have used Rithough a few other HVCs are known with velocities less than
somewhat arbitrary definition of a maximum mean angular sizet00 km s!, none is known with comparably extreme posi-
(averaged over the major and minor axis of elongated featurgigg velocities. Therefore it seems reasonable to expect that the
of 2° rwaM. The choice of a 2limit was motivated by what tabulation is not incomplete as a consequence of the velocity
appeared to be a natural break point in the size distributionrahge of the observational material.
HVC features cataloged by WW9L1. ‘Isolated’ refers, of course, In the second stage of preparing our list of CHVC candi-
to the sensitivity level of the currently available data. It is natates, we used the Wakker & van Woerden compilation as in-
ruled out that some of the features which we tabulate as igmit. The angular lattice size of that material is larger than that of
lated in(Z, b, v) space would be shown under scrutiny of morghe Leiden/Dwingeloo survey. At < —18°, the angular spac-
sensitive data to be embedded in a weaker envelope, or eveimgpof the Bajaja et al (1985) data28 x 2°. At § > —18°,
be part of a large, but relatively weak, complex or stream. Fpre latitude interval of the Hulsbosch & Wakkér (1988) data

4.1.4. CHVCs in the Milky Way cardinal directions

4.2. Completeness and homogeneity of the sample



R. Braun & W.B. Burton: Compact, isolated high-velocity clouds 445

90 f~F--T o JERRERRES T | EREEEER T P ] L] =
| : : : e« Compact HVC’s :

is 1° throughout, but the longitude interval varies frdr at : ]
|| < 45° to larger values at largeb|, while maintaining ap- g0 |- e % 2 bocal Group Galaxies
proximately Al = 1° in true—angle spacing. Even though the : : : : : :
Leiden/Dwingeloo survey is not fully sampled to the Nyquist
level, the0°5 sampling interval with 86’ beam renders itun- — o
likely that a compact HVC, at the intensity level being cons sl
sidered here (0.2 K peak brightness temperature), would have |
escaped notice in that data because of undersampling. On theo
other hand, a compact HVC in our tabulation could well remain___ e e ]
undetected in the Hulsbosch & Wakker and Bajaja et al. dataas  seo 300 240 180 120 60 0
a consequence of the relatively coarse grid spacing. Hulsbosch cal. Long.
& Wakker (1988) estimate that their material is essentially comyg. 2. Distribution on the sky of the compact, isolated HVCs, plotted
plete for point—source clouds with a central brightness tempesa-filled circles. The sample of CHVCs is unlikely to be complete, but
ture greater thad.05 K which lie on an observational grid point,itis, as discussed in the text, homogeneous and probably representative
but only about 57% complete for point—source clouds with a ceef-this class of object. Unlike the major HVC complexes, the CHVCs
tral brightness temperature 0f2 K which might not lie on an are distributed rather uniformly over the sky. The sky distribution of
observational grid point. Insofar as the WW81< 3 sources Local Group galaxies (from Grebel 1997) is shown by open circles.
served as input for subsequent confirmation, there may be some
additional incompleteness in the strip betweées —30° and
—18°, where the Bajaja et al. data represent a coaSex °) . . .
sampling and a somewhat less sensitive detection limit than that 1 € matter of blending becomes more serious at the veloci-
of Hulsbosch & Wakker. ties spanned by the conventional gaseous disk of the Milky Way,
The above considerations indicate why some CHVCs (Qgcause th_ere the area_l filling factor reaches 100(_’/9. Although all
of the 66) were found in the Leiden/Dwingeloo data but néi9h-velocity clouds will have large space velocities, only the
in the data used by Wakker & van Woerden. It is also possig|Be—0f=Sight component of the motion is observed. An HVC
that a weak CHVC, fortuitously located in the relevant param&oUld have a space velocity characteristic of the phenomenon,
ter space of the observations, would be detected in the WakRi} @n observedsy of zero. Some known HVCs trespass on

& van Woerden data but not in the Leiden/Dwingeloo. Howhe kinematic regime of IVCs: for example, Complex C can be

ever, any incompleteness due either to sensitivity, or to lattii{@c€d from the HVC regime into the kinematic regime asso-
size, or to velocity increment, would be approximately the sarfiidted with IVCs. The impressive spatial and kinematic conti-
everywhere on the observed sky, and so would not render fHities of the Magellanic Stream allow it to be followed as it
tabulation made here unrepresentative of the compact Hycgaverses from highly deviant positive velocities to emerge at
Other selection effects are plausibly more systematic in SF?@V|ant negative velocities, even though it is lost due to blend-

cific velocity ranges and in location. Because the compilatidfid @S it crosses the kinematic regime of the conventional Milky

involved Dwingeloo data in all cases, either for the initial ideni/ay 9aseous disk, with radial velocities near zero. _
But the additional information given by the spatial and kine-

tification or for the confirmation, or for both, material is miss- - aue i _
ing where the sky is not accessible from the Netherlands. TREUC continuities of a major HVC complex do not pertamlfor a
boundary af < —30° is indicated by the distorted oval drawncOmpact HVC. If a CHVC were to emit neaysg = 0 km's

in Fig.[2. In view of what is known about the distribution ol(angl if its total Ve|OCItyWIdth were _no_t exceptlon_ally large) then
high—velocity clouds in the deep southern hemisphere, it seefill have gone unnoticed and will likely remain so. Thus de-
reasonable to expect that the southern CHVCs which have b¥iion velocity is an incomplete discriminant, although a large

missed would likely be predominantly at positive radial Ve|Ocd_eviation velocity is suﬁiciqnt cause for considering an emission
ities. We note that all 6 of the Local Group galaxies known ipacketas an HVC, unless it can be separately demonstrated that
the zone) < —30° have positiver sk. emission is contributed from something else, e.g. from a galaxy.

Members of the ensemble of compact, isolated HVCs Wﬁlending thus limits the detection of compact HVCs to those
also be missed in spectral regions where substantial blending §ith substantial deviation velocities. We comment further below
curs due to foreground or background emission. Thus a CH\P@ the possible consequences of this limitation.
with H 1 properties similar to those typical of the average listing. W€ conclude that the principal causes for incompleteness
in the table would remain undetected if the emission occurr@tjof“'r sample.are not sy;tematlc in the sense of d'SC”_m'nf"‘t'ng
blended with one of the major HVC complexes. Murphy, Locldgainst a particular portion of the sky, except for declln_atlons
man, & Savagel (1995) estimate that some 18% of the sky'§sS than-30° and, to a much lesser extedt< —18°, or in
covered, at some velocities, by HVCs to the limit of the Huldn€ Seénse of being kinematically incomplete, except for CHVCs
bosch & Wakker[{19€8) data. The major HVC complexes aygwlch might have trgspassed into the Iow—dewauon regime at
responsible for such a high areal filling factor; the areal filling-sr| < 50 km/s. With these caveats, we view the sample as
factor for the CHVCs tabulated here is very small. fepresentative of the class of CHVC objects.

30 —
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5. Discussion might, for example, reveal a head—tail structure suggestive of

We compare below the spatial and kinematic deployment of O%a}lssage thrgughrt]he halo of th; Mlllwagy c()jr through an inter-

CHVC sample with that of the galaxy members of the Locgla actic medium have not yet been obtained.

Group as compiled by Grebél (1997). The Local Group mem- We note that because the CHVCs subtend such small angles
P P y e b it will be particularly difficult to find suitable probes for optical

bership, as currently estimated, is certainly representative, eve X . .
P y yrep or UV absorption-line searches toward sources at known dis-

g:gﬁre 2;3)/( biocrznﬁztrigsn Vggrr]ng\];h;?r:ggéerc])issstgftg:;é‘o?grlr_lces, thus possibly, in the most direct way, constraining, or

taininp ?or th)é CHVpC ensemble. It is not imglausible that at) Sven determining, the distance to a CHVC. It will similarly be
1ning . ) . P . J>articularly difficult to establish the metallicity of a CHVC.

ditional small galaxies of very low optical surface brightness As often done in astronomy, and certainly ir Work, we

will be found in the future; it is also not implausible that Som?fz_sort to the systemic velocities to support discussion of dis-

Ir_:ac:I ck;,:gua gi?g'n\;wghbs:grg?isstﬁgmwﬁirav\zto ;.r:ﬁ:? ances characteristic of the CHVC ensemble. [Hig. 3 shows the
y Wi, ' u y Ky WVay, €l tWmematics of the ensemble of compact, isolated HVCs and of

cust extintion o by  ighcensty of oregound s, Al c Sl o el Croupgates, pones st e
gy may P9 a\o¥1gitude for four different reference frames.

situation and the situation pertaining to the CHVCs, namely re- In the upper panel of Figl 3, the longitude distribution of the
garding the influence of the massive Local Group galaxies Qn '

the kinematics of objects lying near M31 or the Milky Way. Th otions of the CHVCs is shown, as filled circles, measured with

2 . ) .respect to the Local Standard of Rest, as listed in column 8 of
Id_gﬂrgihirgg,b?/ntﬂéh&ii?g\;t\}:;uasn(jjwl\igzsggzrgltﬂzlr’ Sa;gtg]rﬁéb;rﬁe table. Also plotted, as open circles, is the velocity/longitude
) . : T {ffstribution of the galaxies in the Local Group, from Grebel's
n orbits domma@ed by M31, while qther Local G_roup gala (1997) catalog. It is appropriate to comment here on possible se-
s may be relatively isolated and qllstant frpm either M3.1 &ction effects which might cause systematic distortions to the
the Milky Way, and may have experienced different evolution

c 7 - frue distribution of CHVCs. Thé = —30° declination limit
ary histories. If the CHVCs pervade the Local Group, aS|m|I%§¢ the LDS Hi observations, as indicated in Fg. 2, is likely
discrimination may pertain. ' o

. S ._to have discriminated against some CHVCs at positives .
lat Zl?_i[\]}éhomllsttthzdlstfr_ll?uélon oln th_e}rs]k)q of t?e comfpaclt, 'S$his discrimination will remain in the other panels in ip. 3,
ci)ren fisin S:chpeOLoeca?(SBr:)e %rrceEZI 19870(::9'0?3&?9 dgzsaglergrpresenting velocities in different reference frames. We might

prising up el 1997) P Pflke the Small Magellanic Cloud as a test particle illustrative

circles. The sky distribution of CHVCs shows a rather uniforng]c the missing CHVCs, since it lies most central, of the Local
deployment; in particular, CHVCs do not show the prefereng ! i

X ) . roup galaxies, in thé = —30° oval plotted in FigiR. The
o e e oy L U may b cloved n e 13 panl, 2 e open arce
- ’ y y near! = 303°. Its velocity drops from+-149 km/s in thevy sg
ter in streams or complexes.

! . . . frame, to near zero velocity in t andv frames, and
Our primary concern, of course, is to seek information o yin thessn LGSR

2T . is plausible to predict that not-yet-detected CHVCs would
the characteristic distance of the class of compact hlgh—velo%ylo\?v the same gpeneral tendency).lThere may further be a mild

clouds, as the values of most of the principal physical parametﬁ{é;crimination against detecting CHVCs due to their submer-

depend on dlsFance. The additional _mformatlo_n which is avalll i the “Hr zone of avoidance”, i.e. neafsp = 0 kms—!,
able for a spatially resolved sample is not available here. Thus

. i . with the velocity distribution slightly skewed to negativgsg
Blitz et al. (1998) were able to use the angular size of eXtend.‘ler(ljg;yalactic guadrant I1, and slightly skewed to positive velocities

quite well resolved HVCs and HVC complexes to estimate d'lsﬁquadrant m

tances in a statistical manner: nearer clouds would, on average,m the second panel from the top of Fig. 3, the motions of the

have a larger angular extent than more distant ones. Ce”é\ﬂvc ensemble and of the Local Group galaxies are plotted

other important kinematic information is also lacking for OUWith respect to the Galactic Standard of Rest; and in the third
sample of generally unresolved sources, such as that pertalnmﬂ .

. ; . afel, with respect to the Local Group Standard of Rest. The
to kinematic gradients across an extended feature due, for

. ; o _ Sdopted definitions of the various velocity systems with units
ample, to rotation or to shearing. Little information is yet avail- P Y sy

) : : ) of km s~ are:
able which might reveal relevant details of the spatial structure

of the CHVCs, except for the two entriesyc 111-07-466  vLsr = vneL + 9 cos(l) cos(b)

andHvc 114-10-430, for which Wakker & Schwarz (1991) +125sin(1) cos(b) — 7sin(b) (1)
obtained WSRT H observations. It is striking that in both of — wisr + 0cos(l) cos(b)
those cases, the CHVCs are resolved into elliptical distributions” > LS .

of moderate column density embedded in diffuse envelopes of +220sin(l) cos(b) + Osin(b) ()
low column density. Each elliptical concentration shows avelocecsr = vasr — 62 cos(l) cos(b)

ity gradient along the direction of maximum elongation, rather +40sin(1) cos(b) — 35 sin(b) (3)
suggestive of rotation in a flattened disk system. Further H

interferometric observations of the CHVC phenomenon which 1944 shows histograms of the velocities in these reference
frames; the dispersion of the velocities decreases in a progres-
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Since our CHVC sample has both a substantial size and an
Fig. 3. Velocities of the ensemble of compact, isolated HVCs and of thgssentially uniform distribution on the sky (Fig. 2) it is appro-
ensemble of Local Group galaxies, plotted against galactic longitugfate to use the sample itself to define a best-fitting velocity
for four different kinematic reference frames. The CHVCs are showaference system. We have determined the direction cosine co-
as filled circles; the members of the Local Group, as open C'rdes'éﬁicients that provide a minimum velocity dispersion of the

the upper panel, the motions of the CH_V.CS are shown measured asured radial velocities. The result of this optimization has
respect to the Local Standard of Rest; in the second panel from (he

top, with respect to the Galactic Standard of Rest; and in the th §en labeled the "XSR system” and is defined by:
panel, with respect to the Local Group Standard of Rest. Fig. 4 shows

histograms of the velocities in these reference frames; the dispersqi)&{r?R = vesr + 0 cos(l) cos(b)
of the velocities decreases in a progression fromuhg: reference +45 sin(l) cos(b) — 90 sin(b) 4)
frame, via thevgsr one, to thevr,gsr frame. The bottom panel here
shows the CHVC motions measured with respect to a reference frame, The velocity dispersion of the CHVC sample in the XSR
labeled XSR, which minimizes the dispersion of the motions. system is onlyoxsg = 69 km s~!. The accuracy of the co-
efficients of the direction cosines, and therefore the implied
solar apeXln, be, ve) = (88°, —19°,+293 km s71), is, how-
ever, not very high. Varying each coefficient by plus and minus
sion from thevr,gr reference frame, for whichsg = 175 50 km s7! increases the dispersion of the distribution from its
km s, via thevagr one pasgr = 95 km s71), to thev,ggsg  minimum value to about 75 knt$. Comparable uncertainties
frame, for whicho,gsr = 88 km s™1. As noted by Blitz et al. of perhaps 50 kms' also apply to the coefficients which de-
(1998) a decreasing velocity dispersion for a population givesine the LGSR framg(/, b, ve) = (93°, —4°, +316 kms™1)
good indication that a more appropriate reference frame is laecording to Karachentsev & Makaraov (1996), implying agree-
ing approached. They cite the example of the globular clusteent between these two frames at about the one sigma level.
system of the Galaxy, for which the velocity dispersion dropkhis is particularly interesting since the XSR system was de-
from 134 to 119 km s! in going from the LSR to the more fined completely independently on the basis of the CHVC sys-
relevant GSR frame. tem alone.
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500 B T T

! spheroidal { = 6°) are also, not surprisingly, unrepresentative
400 oS NVC?{n;?éf? wes 1 of the means in the velocity/longitude plots of Fiby. 3.
Ma s s o Local Group Galaxies | Despite the similarities between the deployment of the
: : : CHVCs and the Local Group galaxies in F{gs. 3 &hd 5, there
is a clear tendency for the distribution of CHVC velocities to
have a negative mean. This same tendency is evident at most
galactic longitudes and in all reference frames, but is of course
clearest in the LGSR and XSR frames for which a net infall of
the CHVCs with a mean velocity of about 100 km'Ss mea-
sured. This pointneeds some further investigation in terms of the
selection criteria of the CHVC sample, in particular to gauge
the extent to which undetected CHVCs withsg near zero
might influence the result. Inspection of the LSR velocity his-
togram in Fig[# suggests that perhaps a total of 8 objects might
be missing in this velocity range from an otherwise continuous
distribution. It seems unlikely that inclusion of the “missing”
objects would dramatically influence the result. Taken at face
L 1 1 1 value, these kinematics are suggestive of a population which is
poo b L B bound to the Local Group, but which has not yet experienced

-1 -0.5 [¢] 0.5 1 . . g . . . .
cos 0 significant interaction or merger with the larger members, which

Fig. 5.Variation of heliocentric velocity versus the cosine of the angulé(vowd,tenld to virialize their motions. A mgan ra(j|a| infall veloc-
distance between the solar apex and(thé) direction of the object. Y which is comparable to the velocity dispersion of the Local
Members of the compact, isolated high—velocity cloud ensemble &$0Up member galaxiescsg = 76 km s™!, is quite plau-
plotted as filled circles; galaxies comprising the Local Group, as opsiile if the same gravitational potential is responsible for both.
circles. The solid line represents the solar motiongf= 316 kms™!  Perhaps of relevance is the fact thét€et al.[[1997) found that
toward! = 93°, b = —4° as determined by Karachentsev & Makarothe faint dwarf galaxies in the two groups of galaxies nearest
(1996) and used by Grebel (1997) in her analysis. The dashed lifggshe Local Group show a wider range of velocity distribution
represent thes(v) envelope, one standard deviation60 km s™,  than the brighter members. An evolutionary history which is a
following Sandagk 1986) about the velocity/angular—distance relat"?ﬂnction of mass may be a natural part of the galaxy formation
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-100

—200
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pertaining for galaxies considered firmly established as membersp%Cess
the Local Group. ’
6. Summary

Fig[8 shows the heliocentric velocity plotted against thé/e have attempted to determine an objectively defined class
cosine of the angle between the solar apex and the directafihigh—velocity clouds, which might represent a homogeneous
to the CHVCs, indicated by closed circles, and the directiossbsample of these objects, in a single physical state. The selec-
to the Local Group galaxies, indicated by open circles. Sutibn criteria led to a catalog of compact, isolated high—velocity
displays of the kinematics have been used to ascertain memlbtouds; the criteria excluded the Magellanic Stream and all of
ship of galaxies in the Local Group by Sand&ge (1.986), van dixe other known HVC complexes from our considerations. We
Bergh [1994), Grebel (1997), and others. The dashed linesag, of course, aware that the total flux represented by all of
+60 km s~! represent the I=envelope considered by Sandagthe CHVCs is less than that from a single large complex. A full
(1986) to describe the dispersion of the Local Group membeixplanation of the HVC phenomenon will have to subsume the
ship. Van den Bergh (1994) notes that galaxies on the outemplexes as well as the compact objects, and itis not yet clear
fringe of the Local Group, about 1 Mpc distant from the Locaf a single, unifying explanation will suffice.

Group barycenter, tend to lie above the upper envelope. GalaxiesNo direct distance determination is yet available for any of
with quite large positive—velocity deviations would be partakhe objects. Several aspects of the topology of the class are dif-
ing inthe cosmological expansion, and at distances substantifityilt to account for if the CHVCs are viewed as a Milky Way
greater than 1 Mpc. We note that the filled circle most deviapbpulation, in particular if they are viewed as consequences
from the mean of the CHVC objects is the galaxy interlopesf a galactic fountain. The amplitude of the horizontal mo-
Cepheus 1, which Burton et gl. (1999) judge, mainly by its atiens of these “bullets” is comparable to that of the vertical
gular and kinematic proximity to NGC 6946, to be at a distaneaotions. The vertical motions are larger than expected for free
of approximately 6 Mpc. The most deviant of the Local Groufall onto the Milky Way from material returning in a fountain
galaxies is the Sagittarius dwarf spheroidal, which lies so clodaw. There is no preference shown for the terminal—velocity
to the Milky Way that its motion would be gravitationally dis4ocus, where motions from violent events leading to a foun-
torted and thus not representative of the Local Group ensemlbéén would be expected to be most common. Unlike the situa-
The position of Cepheus 1 £ 94°) and of the Sagittarius dwarf tion if the major HVC complexes are considered, the CHVCs
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are scattered rather uniformly across the sky, with no stroiggfalling onto the Local Group. Blitz et al. connect the HVC
preference for the northern galactic hemisphere. The CHV@®perties to the hierarchical structure formation scenario, and
show no tendency to accumulate in the lower halo of the Milkp the gas seen as Lyman-limit clouds in absorption towards
Way. The CHVCs also show no tendency to cluster along fiuasars; some of their predictions and considerations are also
amentary structures. Regarding both their spatial and kimelevant for the CHVCs.
matic distributions, the CHVCs show substantial similarities Several aspects of the compact, isolated high—velocity ob-
with the distributions of the galaxies comprising the Locaécts seem particularly appropriate for further observations.
Group. The solar apex which follows directly from a minimizaMany of the CHVCs cataloged are suitable candidates for H
tion of the velocity dispersion of the CHVC system namelyadio interferometry. The CHVCs show such a wide range of
(lo,be,ve) = (88°,—19°,+293 km s™1), agrees within the observed linewidths that a number of questions arise concern-
errors with that which defines the Local Group Standard of Refstg stability and possible rotation. It would be interesting to see
(lo, be,ve) = (93°, —4°,+316 km s~1), found by Karachent- if any of the CHVCs showed internal kinematics, particularly
sev & Makarov(1996). The velocity dispersion of the CHVQotation, at an amplitude which would indicate the presence
systemin this reference frame is onlysg = 69 kms™!, while of dark matter, or which might suggest that the objects resem-
there is a mean infall of,csg = vxsg = —100 km s~ 1. ble dwarf galaxies in which stars have not yet been found, or
It seems that the most plausible reference system for tmave simply not formed. Although it seems that optical or UV
CHVC deployment and kinematics is that of the Local Groupbsorption—line studies will be hindered by a paucity of suitable
The low velocity dispersion in this reference frame and substdrackground probes, many of the CHVCs are suitable candidates
tial radial infall are strongly suggestive of a population whicfor deep probes of optical emission. If the CHVCs are at Lo-
has as yet had little interaction with the more massive Loozhl Group distances, the diffusenteémission surrounding the
Group members, which have both a slightly larger velocity di€HVCs would be less bright than that associated with the HVCs
persiono,csr = 76 km s~ and a small positive mean velocityin complexes lying in the halo of the Milky Way. However, the
vLasr = +22kms™1. At atypical distance of about 1 Mpc theHa emission from even a singleiregion or Planetary Nebula
CHVCs would have sizes of about 15 kpc and gas massgs, Mcould be easily detected, and this would allow immediate recog-
of a few times 10M ., corresponding to those of (sub-)dwarhition of an associated stellar population and hence a distance.
galaxies. Although the total gas mass represented by our Bxeep optical probes would help clarify the distinction between
tire sample would not be large, M, of a few times 1M, the CHVCs and nearby dwarf galaxies, and would, at least, re-
it is still quite substantial. More importantly, the CHVCs mayeal any remaining major interloper like Cepheus 1 which we
still represent pristine examples of collapsed objects, with orflyund masquerading in our catalograsc 094+08+080.
a small amount of internal star formation and enrichment. As

such, they should provide substantial insight into the procesd §knowledgementsiVe are grateful to B. P. Wakker for providing us

. with a digital version of the (updated) HVC catalogue of Wakker &
galaxy and structure formation. van Woerderi{1991), and to E. K. Grebel for providing a digital version

. _Slnce the inception O_f high-velocity cloud research, the PO her catalogue of members of the Local Group. The Dwingeloo ra-
sibility of an extragalactic deployment of these clouds has be&g telescope is operated by the Netherlands Foundation for Research

critically considered as a possibility; among others, the discyg-astronomy, under contract with the Netherlands Organization for
sions by Oort (1966, 1970, 1981), Verschuur (1975), Giovanedtientific Research. The Green Bank 140—foot telescope is operated
(1981), Bajaja, Morras, & &ppel (1987), Wakker & van Wo- by the National Radio Astronomy Observatory under contract with the
erden[(1997), and Blitz et al. (1998) are particularly relevaht S. National Science Foundation; we are grateful to F. J. Lockman
here. The role played by the HVC complexes is important &nd D. Balser for obtaining some of the Green Bank spectra at our
each of these discussions. Giovanélli (1981) tried, as we h&gauest.

done here, to define an appropriately unambiguous subsample

of HVCs, which avoided the complexes: his subsample of HV@&ferences

with extreome (negatolve). velocm_es Iay. m one_galactlc_: quadrargéjaja E., Cappa de Nicolau C.E., Cersosimo J.C., et al., 1985, ApJS
atl < 180° andb < 0°. Giovanelliconsidered it more likely that 58 143

the HVCS in his sample were S_‘hre_ds of the Magellanic Stre%ﬁ'aja’E., Morras R.,8ppel W.G.L., 1987, Pub. Astr. Inst. Czech. Ac.
precipitating toward the galactic disk. We note that the sample’ g g9 237

of CHVCs considered here covers much of the sky, and includgz L., Spergel D.N., Teuben P.J., Hartmann D., Burton W.B., 1998,
members far removed in both angle and velocity from the Mag- ApJ, submitted

ellanic Stream; we note also that the Local Group galaxies whhegman J.N., 1980, ApJ 236, 577

the most extreme (negative) velocities — seelHig. 3 — also popuyston W.B., 1997, In: Lesch H., Dettmann R.-J., Mebold U., Schlick-
late that single quadrant. Blitz et al. (1998), who also remove the €iser R. (eds.) The Physics of the Galactic Halo. Akademie Verlag,
Magellanic Stream and several major complexes from their dis- Berlin, 15 _
cussion, justify this distinction as not arbitrary, but supporté?burton W.B., Braun R., Walterbos R.A.M., Hoopes C.G., 1999, AJ, in
by observational constraints on the distances of the exclu Zrﬁssl, Mirabel I.F., 1979, MNRAS 186, 217

complexes. They conclude that the remaining HVC material, ifgie s Freeman K.C. Carignan C., Quinn P.J., 1997, AJ 114, 1313
cluding a substantial flux residing in the remaining complex&sanly L., Albert C.E., Kuntz K.D., 1993, ApJ 416, L29



450 R. Braun & W.B. Burton: Compact, isolated high-velocity clouds

Davies R.D., 1975, MNRAS 170, 45P Murphy E.M., Lockman F.J., Savage B.D., 1995, ApJ 447, 642

Einasto J., Lynden-Bell D., 1982, MNRAS 199, 67 Oort J.H., 1966, Bull. Astr. Inst. Netherlands 18, 421

Giovanelli R., 1981, AJ 86, 1468 Oort J.H., 1970, A&A 7, 381

Giovanelli R., Haynes M.P., 1977, A&A 54, 909 Oort J.H., 1981, A&A 94, 359

Grebel E.K., 1997, Star Formation Histories of Local Group DwaReynolds R.J., Tufte S.L., Haffner L.M., Jaehnig K., Percival J.W.,
Galaxies. Reviews in Modern Astronomy 10, 29 1998, PASA 15, 14

Hartmann D., 1994, Ph.D. Thesis, University of Leiden Sandage A., 1986, ApJ 307, 1

Hartmann D., Kalberla P.M.W., Burton W.B., Mebold U., 1995, A&ASShapiro P.R., Field G.B., 1976, ApJ 205, 762
119, 115 van den Bergh S., 1994, AJ 107, 1328

Hartmann D., Burton W.B., 1997, Atlas of Galactic Neutral Hydrogewan Woerden H., Wakker B.P., Schwarz U.J., Peletier R., Kalberla
Cambridge University Press P.M.W., 1998, In: Breitschwerdt D., Freyberg M.J. (fper J.

Henning P.A., 1992, ApJS 78, 365 (eds.) AU Coll. 166, The Local Bubble and Beyond. Lecture Notes

Hulsbosch A.N.M., 1978, A&A 66, L5 in Physics 506, 467

Hulsbosch A.N.M., Wakker B.P., 1988, A&AS 75, 191 Verschuur G.L., 1975, ARA&A 13, 257

Karachentsev I.D., Makarov D.A., 1996, AJ 111, 794 Wakker B.P., 1991, A&A 250, 499

Mathewson D.S., Cleary M.N., Murray J.D., 1974, ApJ 190, 291 Wakker B.P., Schwarz U., 1991, A&A 250, 484

Mirabel I.F., 1981, ApJ 247, 97 Wakker B.P., van Woerden H., 1991, A&A 250, 509

Mirabel I.F., Cohen R.J., 1979, MNRAS 188, 219 Wakker B.P., van Woerden H., 1997, ARA&A 35, 217

Muller C.A., Oort J.H., Raimond E., 1963, C.R.Acad.Sci.Paris 25Williams, D.R.W., 1973, A&AS 8, 505
1661 Wright M.C.H., 1979, ApJ 233, 35



	Introduction
	Sample selection
	Data
	Results
	Comments on a few individual CHVCs
	CHVCs with exceptionally broad,hfill penalty -@M or exceptionally narrow, H,{sc i}xspace lines
	CHVCs near the galactic equator
	CHVCs near the galactic poles
	CHVCs in the Milky Way cardinal directions

	Completeness and homogeneity of the sample

	Discussion
	Summary

