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ABSTRACT

We show 21-cm line profiles in the direction of stars and extragalactic objects, lying projected on high-
and intermediate-velocity clouds (HVCs and IVCs). About half of these are from new data obtained
with the Effelsberg 100-m telescope, about a quarter are extracted from the Leiden-Dwingeloo Survey
(LDS) and the remaining quarter were observed with other single-dish telescopes. H I column densities
were determined for each HVC/IVC. Wakker (2001) (Paper I) uses these in combination with optical
and ultraviolet high-resolution measurements to derive abundances. Here, an analysis is given of the
difference and ratio of N(H I) as observed with a 9’ versus a 35’ beam. For HVCs and IVCs the ratio
N(H 1-9')/N(H 1-35') lies in the range 0.2—2.5. For low-velocity gas this ratio ranges from 0.75 to 1.3
(the observed ratio is 0.85—1.4, but it appears that the correction for stray radiation is slightly off). The
smaller range for the low-velocity gas may be caused by confusion in the line of sight, so that a low ratio
in one component can be compensated by a high ratio in another — for 11 low-velocity clouds fit by one
component the distribution of ratios has a larger dispersion. Comparison with higher angular resolution
data is possible for sixteen sightlines. Eight sightlines with H I data at 1’—2’ resolution show a range
of 0.75—1.25 for N(H I-2")/N(H 1-9'), while in eight other sightlines N(H I-Lya)/N(H 1-9') ranges from
0.74 to 0.98.

Subject headings: ISM: clouds, Galaxy: halo, radio lines: ISM,
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1. INTRODUCTION

A description of progress in understanding distances and
metallicities of high- and intermediate-velocity neutral hy-
drogen (HVCs and IVCs) is given by Wakker (2001), who
lists all published data concerning ionic absorption lines in
such clouds. This paper is referred to below as “Paper I”.
The present paper offers a (re)analysis of 21-cm H I data
that were used to derive ion/H I ratios. The H I data are
important for two reasons: a) if absorption lines due to
the HVC or IVC are present, they allow one to derive an
ion abundance for the cloud and b) if such absorption is
absent, the H I data are required to derive the expected
optical line strength, in order to interpret the absence of
absorption as a lower distance limit or showing the need
for deeper integrations. This is explained more fully in
Paper I (see description of Col. 18 in that paper).

Previous experience has suggested that a measurement
with the smallest possible beam is required. A few HVC
cores have been observed at high angular resolution (2 ar-
cmin or better; Schwarz & Oort 1981, Wakker & Schwarz
1991, Wakker et al. 1996, Braun & Burton 2000). From
these studies it is clear that these cores contain much fine
structure, with column density contrasts up to a factor 5
at arcminute scales. Outside cores, however, the contrast
seems to be less (Wakker et al. 1996, Schwarz & Wakker
2001). Also, the factor 5 represents the extreme contrast.
For any randomly chosen direction within a field, the con-
trast is closer to a factor 2 over arcminute scales.

It is not known whether similar contrast would occur if
observations with even smaller beams could be made. A
possible way of studying this is to compare N(H I) as ob-
served at 21-cm with N(H I) derived from Ly« absorption
toward extra-galactic background sources. A preliminary
analysis of this kind by Savage et al. (2000) suggests that
N(H I-Lya) usually lies in the range 0.6—1 times N(H I-
21-cm). However, with this method it is not possible to
separately measure N(H I) for different components. For
further discussion see Sect. 6.

Interferometer maps (1—2 arcmin beam) clearly are nec-
essary to get accurate abundances for important back-
ground probes, but it is impractical to observe every
probe that way. The next-best estimate requires a large
single-dish telescope. For probes with declinations be-
tween about 0 and +38 degrees, Arecibo (3 arcmin beam)
is preferable, though data are rarely available. We used
the 100-m Effelsberg telescope (9 arcmin beam) for probes
with declinations above about —30 degrees. In the future
the 100-m GBT (Green Bank Telescope) may also prove
useful.

Effelsberg data were obtained for about half of the
269 probes listed in Paper I (excluding the 52 stars in
the LMC). For about a quarter of these probes, other
good single-dish data exist, obtained with the telescopes
at Arecibo (3 arcmin beam), Jodrell Bank (12 arcmin
beam), Parkes (15 arcmin beam), Green Bank (21 arcmin
beam) and Hat Creek (36 arcmin beam, but 0.0015 K rms).
For the remaining quarter we needed to use the Leiden-
Dwingeloo Survey (LDS) of Hartmann & Burton (1997),
which has a 35 arcmin beam. The Effelsberg data allow us
for the first time to systematically analyze the difference
of N(HI) observed with a 9" beam vs a 35’ beam, as LDS
data are available for every direction north of declination

—35°.

Section 2 gives a description of the Effelsberg observa-
tions, which have not been presented elsewhere. Section 3
summarizes the characteristics of the other data. Section 4
describes the procedure used to derive N(H I) for the HVC
and IVC components, and Sect. 5 describes the spectra
shown in Fig. 1. That figure presents an H I spectrum for
each of the probes for which absorption line measurements
are listed in Paper I. Finally, in Sect. 6 we make a prelimi-
nary analysis of the difference between N(H I) as observed
at Effelsberg vs N(H I) in the same direction as extracted
from the LDS.

2. EFFELSBERG OBSERVATIONS
2.1. Summary of runs

Observations were done on 19 dates: 12 Jan 1995, 24
Jan 1995, 26 Aug 1995, 10 Sep 1995, 11-12 Aug 1996,
13—14 Sep 1996, 27 Jun 1999, 12—14 Jul 1999, 3 Mar
2000, 25—26 Mar 2000, 3—4 Apr 2000, 3—4 May 2000.
The large gap between 1996 and 1999 is caused by a prob-
lem with interference that is most probably due to Digital
Audio Broadcasting (DAB).

The DAB transmission at a frequency near 1452 MHz
was variable in intensity and strongly polarized. The near-
est transmitter at a distance of 30 km caused interference
which was received through the backlobes of the telescope,
even under the most favorable circumstances. This inter-
ference caused spurious lines and partly a saturation of
the receiver, resulting in strongly variable baseline ripples
which made a proper data reduction for weak lines impos-
sible. Fortunately, DAB turned out to be of little com-
mercial interest, and it was switched off. Further inter-
ference was found to be caused by local equipment (work-
stations and active components). Most of the interference
from such components was removed either by shielding or
switching off the devices.

Data taken before Sep 1996 generally are of good qual-
ity, with baselines that were relatively easy to determine
and not affected by interference. The Sep 1996 data vary
in quality, as during some times of the day interference
popped up. Many spectra were unusable because of inter-
ference spikes at frequencies of interest or because interfer-
ence caused bad baselines. About 50% of the June/July
1999 data are generally usable, though some caution is
needed. Baselines may show strong curvature, and S-
shaped interference spikes can be seen in many spec-
tra (see e.g. those of BD+102179, HD 83206, Mrk 279,
PG 08044761 and PKS0837—12). In contrast with ear-
lier runs, the spectra from the two receivers (one for each
polarization) were separately reduced, as in about 20% of
the cases only one of the two was corrupted. Spectra taken
in 2000 tend to show less interference and are of slightly
higher quality than the 1999 set. However, again only
about 50% are usable.

In the 1995 and 1996 runs, a total of 469 spectra were
taken, toward 173 different probes. Directions were se-
lected in three ways. For about 40 probes high-resolution
absorption line data already existed. For about 130 probes
high-resolution absorption line data were anticipated or
hoped for (about 50 of these have now indeed been ob-
served). The corresponding H I data will be published to-
gether with the absorption-line data. Finally, for 12 probes



high-angular resolution (1—2 arcmin) Westerbork data ex-
isted, and a 3x3 grid of positions was observed.

During the 1999 and 2000 runs 247 spectra were taken
of 105 different probes. All of these were selected because
high-resolution absorption line data existed (see Paper I).
For this set the results for each polarization were sepa-
rately reduced, effectively leading to 494 spectra. Further,
integration times for individual spectra were limited to 5
minutes, even if the total on the target could be up to 30
minutes. Each of these spectra was judged individually,
and if interference clearly posed a problem the spectrum
was eliminated. The remaining spectra were averaged (a
few times also adding in a spectrum with shorter integra-
tion time from 1995 or 1996) to form the final spectrum
toward a target.

Because of some overlap between the two sets of runs
(for targets where the earlier spectra were not good or
deep enough), a total of 249 probes has been observed.
Of these, 91 have high-resolution absorption data. The
H T column densities for these are included in the table in
Paper I — the spectra are shown here.

2.2. Data reduction and calibration

The data processing has been performed using the stan-
dard reduction programs of the Max-Planck-Institut fiir
Radioastronomie and the Radioastronomical Institute of
the University Bonn. The antenna temperature of the ob-
served spectra has been calibrated against TAU standard
position S7 (Kalberla et al. 1982). Afterwards the stray
radiation from the sidelobes of the antenna diagram was
removed (Kalberla et al. 1980).

The instrumental baseline was removed after fitting a
third order polynomial to those channels which were free
of line emission. A number of observations were seriously
affected by baseline ripples and a polynomial of order 5 to
7 had to be used. This was the case for e.g. the spectra of
HD 12323, HD 12993 and PG 15194640, where a residual
ripple can be seen. In cases such as these, the brightness
temperatures for the low-velocity gas are unreliable, but
the baseline under the HVC is still acceptable for deter-
mining N(H I) to within ~25%. If this is the case and if the
star is not critical for determining a lower distance limit
to a cloud, the spectrum is still included in the sample.

The spectra were taken with two HEMT receivers for
two independent branches with different circular polariza-
tion. The data processing was independent for both chan-
nels. After the reduction we intercompared and averaged
both spectra. Interference and instrumental problems usu-
ally resulted in discrepant spectra. Such data have been
rejected except for those cases in which obviously only a
single channel was affected.

The final rms noise varies with the integration time and
also somewhat between runs. A typical value is 0.055 K
in 10 minutes for the 1995/1996 data. For the 1999/2000
data interference and baseline problems cause the mea-
sured noise to vary by a factor up to 1.5 for a given inte-
gration time, although the average value still is typically
0.055K in 10 minutes.

3. OTHER OBSERVATIONS

3.1. Overview
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For slightly over half of the probes in Paper I, N(H I)
is based on data from a telescope other than Effelsberg.
This can be for one of four reasons. a) Higher-angular
resolution data are available (23 probes; sometimes these
were combined with the Effelsberg spectrum). b) Higher-
quality (i.e. higher signal-to-noise ratio or less interference)
single-dish spectra are available (44 probes). ¢) The probe
is in the southern sky (14 probes). d) No directed single-
dish data are available (67 probes). In the latter case the
data in the Leiden-Dwingeloo Survey (LDS, Hartmann &
Burton 1997) were used. This gives spectra at each half-
degree point in longitude and latitude. A weighted average
was constructed from the four spectra surrounding the tar-
get direction, with weights max(0,0.5—v/Al2 + Ab?) (with
Al and Ab in degrees).

Special cases are posed by 31 targets for which Effels-
berg data were used to derive N(H I), even though Fig. 1
does not show the Effelsberg spectrum in the direction
of the probe. First, for the 22 stars in M 15 for which
absorption-line data exist, the final value of N(H I) is based
on an interpolation between nine Effelsberg spectra that
are positioned on a 3x3 grid with 5’ spacing. Only the
central position is shown in Fig. 1. Second, for 9 probes
the published value is based on an Effelsberg spectrum,
but the original data were lost. This pertains to 3 probes
of complex A observed by Lilienthal et al. (1990), and to
6 probes of complexes C, H and K observed by Centurién
et al. (1994). For these targets, Fig. 1 shows a spectrum
based on the Leiden-Dwingeloo Survey (see below), but
the best final value of N(H I) is based on the published
spectrum.

There are also a number of cases where a probe was ob-
served at Arecibo or with an interferometer as well as at
Effelsberg, but we do not have the high-angular resolution
spectrum available in digital form. Then the Effelsberg
spectrum is shown in Fig. 1, but the label contains, e.g.,
“Use Arecibo” as a warning that the column density used
in Paper I was derived from the better data.

A final special case is presented by SN 1993 J. Two spec-
tra are shown in Fig. 1. First, the actual spectrum from
de Boer et al. (1993), which includes emission from M 81
between velocities of —250 and +150kms~!. Second, a
spectrum in which M 81 was removed by means of a third-
order polynomial fit.

3.2. Spectra with angular resolution <9

For 9 probes the Effelsberg spectrum is complemented
by data taken with the Westerbork Synthesis Radio
Telescope (WSRT): 0159+625 from Wakker & Schwarz
(1991), PG 08324675 from Schwarz et al. (1995), Mrk 106,
PG 08594593, PG 0906+597 from Wakker et al. (1996),
HD 135485 and 4 Lac from Stoppelenburg et al. (1998),
Mrk290 from Wakker et al. (1999) and Mrk205 from
Braun & Burton (2000). In this case Fig. 1 shows the Ef-
felsberg spectrum, but Paper I uses the value of N(H I) de-
rived from the combination of WSRT and Effelsberg data,
as indicated in the label (see e.g. the plot for 0159+625).

For two probes (NGC3783 and HD 101274) Paper I
gives N(H I) from a combination of data from the Aus-
tralia Telescope Compact Array (ATCA) and the Parkes
telescope (Wakker et al. 2001). Fig. 1 shows the Parkes
spectrum.



For the 10 stars that have been observed in M 13 (Shaw
et al. 1996), Paper I gives N(H I) based on a combination
of data from Jodrell Bank (12" beam) and the Dominion
Radio Astronomy Observatory (DRAO, 1’ beam). Fig. 1
shows a spectrum based on the Leiden-Dwingeloo Survey.

Payne et al. (1978, 1980) and Colgan et al. (1990) used
Arecibo (3' beam) to derive values for N(H I) in the direc-
tion of seventeen 21-cm radio continuum sources, in whose
spectrum they searched for H T absorption. Arecibo was
also used by Tamanaha (1996) to derive N(H I) toward the
probes in core ACO. For these targets, Fig. 1 shows the
LDS spectrum, but the Arecibo value for N(H I) is used
in Paper I, as indicated in the label (see e.g. 3C 78).

3.3. Higher-quality single-dish spectra

High-quality spectra for a number of probes of com-
plex A, M and the IV-arch were obtained by Ryans et
al. (1997a, 1997b) using the Jodrell Bank telescope (12
beam). For most of these an Effelsberg spectrum was
also obtained, except for PG 1213+456 and H.O.+41B.
Further, for BD+382182, HD 93521, HD 203664 and
HD 205556 the Effelsberg data are of much lesser qual-
ity than the Jodrell Bank spectrum. For the latter two,
Fig. 1 shows the Effelsberg spectrum, but for the other four
probes, Fig. 1 shows the Jodrell Bank spectrum, courtesy
of R. Ryans. For all six targets the value of N(H I) derived
from the Jodrell Bank spectrum is used in Paper I.

In 1992, at our request, C. Heiles used the Hat Creek
telescope (36’ beam) to make an especially deep observa-
tion (24 hours integration time) of the direction toward
SN 1991 T. In this direction Meyer & Roth (1991) had de-
tected weak Ca II absorption at velocities of +215 and
+263kms~!. Even though the Hat Creek H I spectrum
has a detection limit of 3x10'7 cm™2, no emission is seen
at these velocities. Fig. 1 shows the Hat Creek spectrum.

Green Bank 140-ft data (21’ beam) were used by Danly
et al. (1992) and Albert et al. (1993) in their absorption-
line studies of IVCs. Paper I includes 16 of their stars,
for 10 of which an improved spectrum was obtained us-
ing Westerbork, Effelsberg or Jodrell Bank; for 4 stars the
LDS spectrum is used instead of the Green Bank data.
HD 86248 lies at too low a declination for both northern
telescopes, but the Parkes data are not yet properly re-
duced to improve on the Green Bank spectrum. Further,
for the +73kms~! component toward HD 100340 and the
—43kms~! component toward HD 137569, the published
column density limit based on the Green Bank spectrum
is better than the limit based on the LDS spectrum.

Savage et al. (2000) used previously unpublished data
obtained by Murphy with the Green Bank 140-ft tele-
scope in the direction of many AGNs that were also ob-
served using the Faint Object Spectrograph on the Hub-
ble Space Telescope. These spectra are of very high
quality and have noise levels of about 0.015K. For a
few probes a high-quality Effelsberg spectrum also exists
(3C351.0, H1821+643, HS 062446907, PKS 1136—13 and
PG 11164-215). The first of these samples the edge of an
HVC, which is detected in the larger Green Bank beam,
but not in the smaller Effelsberg beam. For the other four
Savage et al. (2000) do not list the HVC component sep-
arately, but only mention that the H I spectrum has a
high-velocity tail. Thus, for these five probes the value of

(or limit for) N(H 1) is derived from the Effelsberg spec-
trum, while for the remaining AGNs discussed by Savage
et al. (2000) Paper I uses the values for N(H I) and veloc-
ity derived from the Green Bank spectrum. In Fig. 1 the
Effelsberg spectrum is shown for 3 of these, while the LDS
spectrum is shown for the 10 others.

3.4. Southern targets

Sixteen HVC/IVC probes lie below declination —35°,
the limit of the Leiden-Dwingeloo Survey. For two of
these an ATCA spectrum was obtained (NGC 3783 and
HD 101274, see above). For the remaining probes, spec-
tra were extracted from observations made with the 64-
m Parkes radio telescope equipped with a 21-cm multi-
beam receiver (Staveley-Smith 1997). For ten of these,
high-velocity resolution data (0.8kms™!) were available
via observations made with the narrow-band multi-feed fa-
cility (Haynes et al. 1999; Briins et al. 2001). The narrow-
band system utilizes the central 7 beams of the 13-beam
multibeam receiver with two orthogonal polarizations and
a bandwidth of 8 MHz. Narrow-band data were unavail-
able for three of the sources, and the spectra were therefore
taken from the HVC-reduced (Putman et al. 2001) “H I
Parkes All-Sky Survey” (HIPASS; Barnes et al. 2001). The
standard HIPASS reduction method filters out emission
which extends over more than 2° in declination, while the
HVC method recovers the emission unless it completely
fills an 8° scan. After Hanning smoothing, these data have
a velocity resolution of 26 kms~! and this low resolution
makes it difficult to discern the weak HVC (and especially
IVC) components. At 21-cm the Parkes telescope has a
beamwidth of 14’, but the gridding process which com-
bines the individual scans increases the spatial resolution
to 15/5+1". The spectra were extracted from the gridded
data at the pixel closest to the coordinates of the probe.

4. COMPONENT FITTING

To derive column densities for the HVC and IVC com-
ponents in the spectra, a decomposition into gaussians was
made. The fitting procedure requires an estimate of the
rms noise and a set of initial estimates. Since the purpose
of the fitting is to determine N(H I) and visg for the HVCs
and IVCs, no great effort was made to obtain perfect fits
to the peak near Okms~' that is present in all spectra.
Still, that component is often fitted quite well, although
in a few cases line wings were not fitted. For the HVC and
IVC components, however, extra care was always taken.
For probes near the Galactic plane (in HVC complex H),
the low-velocity gas was not fitted, as the structure is very
complex and components can easily be artificial superpo-
sitions in the line of sight.

The rms was estimated from a spectral region free from
H I emission. Wherever possible the region between —400
and —200kms~! (=250 kms~! when necessary) was used.
However, for a substantial fraction (33%) of spectra there
is either an HVC component (10% of the 33% lie in the
Magellanic Stream) or interference at those velocities, in
which case an alternative range is used. See Fig. 1 for the
actual selected velocity range for each target.

For about half of the spectra it was possible to make an
initial estimate automatically. For the other half, it was
necessary to help the fit along by giving a fairly good esti-
mate of the amplitude, velocity and width. Care was taken



to make sure that in general the final fitted components
were no broader than about 40kms~!. However, there
are a few exceptional cases where the HVC or IVC pro-
file is fitted just as well by a single component as by two
components (e.g. for IZw18). Larger widths were then
allowed.

In 40% of the cases the fit was made piecewise, i.e. two
spectral regions were fit separately. This mostly happens
when the HVC component is weak. Then the formal fit
for the low-velocity component can usually be improved
by adding one (or more) components, even if these are not
clearly seen by eye. The fitting procedure then tends to
ignore the weak HVC component, unless an unrealistic to-
tal number of components is used. Sometimes piecewise
fits were also needed if the central component has broad
wings. Free fitting then tends to create components with
unrealistic FWHMSs of 80kms~! or more, which then ab-
sorb the HVC/IVC component. By restricting the velocity
range of the fit this problem can usually be avoided. This
procedure works well in most cases, but a few times some
artifacts remain visible in the fit for the low-velocity gas
(e.g. for 3C 395, HD 32641, HD 45315 and Mrk 509).

5. RESULTS

Figure 1 shows the spectra and the fits. All probes in
Table 2 of Paper I are shown. The order is alphabetical,
rather than by cloud, as about a third of the sightlines
goes through more than one cloud.

For each target the H I spectrum is shown with two
vertical scales. The top scale emphasizes the low-velocity
gas, the bottom scale gives the clearest view of the HVC
or IVC component. In both cases the gaussian fit is su-
perposed on the actual spectrum. The velocity range used
to estimate the rms noise is shown as a horizontal bar in
the top spectrum. A label is included too, which gives on
the first line the probe name and on the second line the
galactic longitude and latitude. The third line gives some
information about the observations. For spectra obtained
using Effelsberg, the date of observation is given in the
format “yymmdd”, as is the integration time, in minutes.
If the final N(H I) values used in Paper I were obtained
from another telescope this is indicated too, by a label
such as “Use Arecibo”. The fourth label line shows the
velocity resolution and rms noise. The velocity resolution
is 1.28 kms~! for Effelsberg data, 1.21kms~! for Jodrell
Bank data, 0.82kms~! for Parkes data and 1.03kms!
for spectra extracted from the LDS. For all these the la-
bel gives “1 km/s”. For Parkes HIPASS data the velocity
resolution is 26 kms~!. In a number of cases it was nec-
essary to smooth to 2, 4 or even 8kms~! to be able to fit
a weak HVC component. The lower resolution data are
then shown on the plot.

Below the two spectra a list of components is given. This
gives for each component the central velocity (in kms™!),
the amplitude (in K), the FWHM (in kms™!) and the de-
rived column density with its error (in units of 10*® cm=2).
The final column gives (for HVC and IVC components)
the cloud name with which the component is identified,
based on the catalogues of Wakker & van Woerden (1991)
and Kuntz & Danly (1996) and some new definitions given
in Paper I. In a few cases the text “Other IVC” is given,
which refers to an unnamed IVC listed in the set of “Other
negative/positive IVCs” in Table 2 of Paper I. Notes in
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square brackets, such as “[WSRT: —199 190]” give the
telescope, velocity and column density for HVC and IVC
components if the final value was based on better data
than the Effelsberg or LDS spectrum that is shown. In a
few cases, such a note is not associated with a fitted com-
ponent, indicating the existence of an absorption without
associated H 1, or the existence of an H I component fainter
than what is visible in the displayed spectrum.

For a number of spectra the listed component has a large
systematic error (i.e. much larger than the listed statistical
error). There can be various reasons for this. The most
important of these cases are individually described below.

1) 3C 351.0, complex C component at —130kms~—!. The
fits give N(H 1)=4.540.6x10'® cm~2 for the 35’ LDS beam
(see Fig. 2a for the spectrum), 2.840.1x10'® cm~2 for the
21’ Green Bank beam (see Lockman & Savage 1995 for
the spectrum) and 4.240.3x10® cm ™2 for the 9" Effelsberg
beam (see Fig. 2a and Fig. 1b). In the LDS spectrum this
component looks particularly noisy and the fitted width
may be too large. Similarly, in the Green Bank spectrum,
the component is particularly faint, and is not a nice easy-
to-fit gaussian. Finally, the Effelsberg spectrum may have
been affected by interference. Thus, the systematic er-
rors are large. We estimate them to be ~1.5x10' cm~2.
Nevertheless, it also may be the case that there is much
structure in the cloud. In the neighbouring LDS profiles
the —130kms—! component varies by a factor of 2. Thus,
The Effelsberg beam might be picking up a brighter spot,
which is beam diluted in the Green Bank beam, whereas
multiple bright spots are seen in the LDS beam. Better
data is needed to settle this question.

2) For 3C 418 six components are needed to fit the profile
between —150 and —50kms~!. However, they are badly
blended and probably incorrect in detail. The combined
N(H 1) for the three Outer Arm components is probably
OK to within 20%, however.

3) The complex G component at —107km s~ fitted for
the 4 Lac sightline is rather wide, not symmetrical and
probably a blend.

4) The parameters of the two IVCs at —79 and
—42kms~! fitted to BT Dra are rather uncertain, as they
blend with the HVC and the low-velocity gas. The sys-
tematic error is estimated to be ~2x10® cm~2, or 50%.

5) Toward H 18214643, there are substantial differ-
ences between the LDS, Effelsberg and Green Bank spec-
tra. In the LDS spectrum (Fig. 2b) emission at velocities
<—80kms~! is barely discernable (total column density
estimated at ~1.2x10%cm~2). In the Green Bank spec-
trum (Lockman & Savage 1995) there is a broad compo-
nent running from —140 to —80kms~!, with total column
density ~14.5x10'® cm™2, while the Effelsberg spectrum
clearly shows two components at —128 and —87kms—!
with a total column density of 11.8x10'"® cm™2. A larger-
scale look at the LDS data reveals that H 18214643 sits
in a hole in the large area of emission associated with the
Outer Arm. Apparently there is a small patch of bright
H T right around H 1821+643, which is picked up by the
Green Bank and Effelsberg telescopes, but beam-diluted
in the LDS beam. However, the maximum dilution fac-
tor between the 21’ Green Bank and the 35’ LDS beam is
only a factor 3, so some of the discrepancy must be due to
a baseline error or just too low an S/N ratio in the LDS
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spectrum.

6) The —70kms~! IV spur component toward
HD 103400 blends with the lower-velocity gas. The real
uncertainty in the column density is probably twice the
given statistical error.

7) The —100kms~! complex L component toward
HD 135485 is four times weaker in the 1’ beam combined
WSRT and Jodrell Bank data than in the LDS data. This
is probably related to the fact that the surrounding cloud
is fairly small and shows much structure.

8) The +80kms~! component toward HD 203664 is
very weak, and blends in with the gas at less posi-
tive velocities. In the Jodrell Bank spectrum (Ryans
et al. 1996; N(H 1)=2.240.4x108cm~2) it is more
clearly seen than in the Effelsberg spectrum (Fig. 1;
N(H 1)=1.1£1.5x10¥cm™2). Thus, this component is
clearly present, but its column density could be anywhere
in the range 0.5 to 2.5x10® cm~2. The fits toward the
nearby stars HD 203699 and HD 205556 (probing the same
IVC) also suffer from problems with blending.

9) The spectrum toward Mrk 279 was fitted by 8 com-
ponents, all of which can be identified with continuous
structures in the surrounding area. In this case the fitted
values appear fairly reliable, in spite of the blending.

10) PKS2345—67, Magellanic Stream component at
—174kms~!. The listed component is a fit to the left
wing of the profile. At neighbouring positions two sepa-
rate components are seen at —190 and —130kms™!, so the
profile may show a particularly bad blend of interpolated
components.

11) The parameters of the IVC fitted to the H I spec-
trum toward SN 1981 D are rather uncertain since the spec-
tral resolution is just 26 kms—!.

12) The VHVC fit to the H I spectrum toward SN 1986 G
is vary narrow. This may or may not be realistic. Better
data are needed to tell.

13) For SN 1993 J, the contribution of M 81 was removed
by fitting a third order polynomial to the velocity ranges
—120 to —80 and +30 to +70kms~!. The LLIV and low-
velocity component were then fitted. However, it is not
clear how much of the emission near —25kms~! is asso-
ciated with M 81. Including the velocity range —35 to
—20kms~! in the baseline reduces the column density of
the LLIV component from 80 to 60x10'® cm~2. The final
value used in Paper I thus is 70+£10x10'® cm—2.

6. ANALYSIS

6.1. Comparison of Leiden-Dwingeloo Survey and
Effelsberg column densities

For each of the directions in which an Effelsberg spec-
trum was available, we also extracted a spectrum from the
LDS in the manner described in Sect. 3.1. A gaussian fit
was made to this spectrum, in almost all cases using the
same initial estimates as for the Effelsberg spectrum. In a
few cases subtle differences required an extra low-velocity
component for one of the two, or other small adaptations.

Figure 2 shows some examples of the differences ob-
served in the profiles with a 9.1 and a 35 arcmin beam.
These examples were chosen to illustrate some of the
more extreme differences. The —181kms~! component
toward 3C 351.0 illustrates that some faint HVC compo-
nents can be clearly visible in a 35 arcmin beam, but

disappear at higher angular resolution. This spectrum
also illustrates structure in the low-velocity gas, which has
N(H 1)=157x10® cm~2 at 35 arcmin, but 177x10'8 cm=?2
at 9 arcmin. The spectrum of BD+63 985 illustrates fine
structure in the IV arch (core IV21). Toward BS16079-
0017 the column density of the low-velocity gas increases
by 30% when going from a 35 arcmin to a 9 arcmin
beam. The spectrum toward H 18214643 shows that high-
velocity components can also appear, rather than disap-
pear, at higher angular resolution. HD 83206 illustrates
that components can appear separated at low angular reso-
lution, but blended at higher angular resolution. The spec-
trum toward M 15 shows that small-scale structure also
occurs at positive velocities. Mrk 106 illustrates another
case of varying relative strength of low- and intermediate-
velocity gas. Toward Mrk 116 the low-velocity component
at +7kms~! is 60% weaker at lower angular resolution.
The 9 arcmin Effelsberg spectrum of Mrk 279 shows 8 iden-
tified components, all of which are present in the LDS spec-
trum, but with different relative strengths. PG 1259+593
illustrates how the high-velocity component differs by a
factor 2 in column density; this is near a core of HVC
complex C.

Using all of the gaussian fits, a table was made of
N(H 1) observed at either telescope, separately for the
high-, intermediate- and low-velocity components. The
low-velocity peak usually had to be fit with 2 or 3 com-
ponents, once with 4, once with 5, while in 14% of the
cases 1 component was sufficient. For the comparison, all
low-velocity components were combined, as the exact de-
composition depends on the details of the profile rather
than on the real physical origin of the components.

Figures 3 and 4 present the results in graphical form.
In Fig. 3 the left panels show the ratio as function of log
N(H I-Eff), separately for high-, intermediate- and low-
velocity gas. The right panels show the histogram of ratios
for the three kinds of gas. Figure 4 shows the scatter plot
and histogram of column density differences.

6.2. Results for HVCs and IVCs

For high- and intermediate-velocity clouds the ratio, R,
of N(H I) measured with a 9 vs a 35 arcmin beam lies
in the range 0.25—2.5 (0.3—2.1 when excluding the three
most extreme points at either end). The full range is seen
in most of the individual HVCs and IVCs, suggesting that
the small-scale structure has similar characteristics in each
of these. In one case (PG 02294064, next to the Cohen
Stream) the ratio is 0, as the HVC is not seen at all in
the Effelsberg beam, although the LDS spectrum suggests
N(H 1)=20x10'® cm~2. For HVCs the distribution of ra-
tios peaks at a ratio R~0.7 (the median is 0.8), and it
is slightly skewed towards values of R<1 (10 ratios fall
between 0 and 0.5, 32 between 0.5 and 1, 18 between 1
and 1.5, and 9 above 1.5). For IVCs the distribution ap-
pears more symmetrical (the median is 1.03 and 15 lie
between 0.5 and 1, 18 between 1 and 1.5). The skew-
ness for the HVC ratio distribution may be real as bright
condensations fill only a fraction <50% of the Dwingeloo
beam, and an arbitrary direction will in most cases have
smaller N(H I) than the average of a larger area seen in
the Dwingeloo beam.

For the HVCs and IVCs, the maximum difference be-



tween the two column density measurements tends to in-
crease with increasing N(H I), and can go either way. The
histograms of differences are centered around no difference,
with a range of 30x10*® cm=2. This width is mostly de-
termined by the directions with high N(H I), as the range
of ratios is independent of N(H I).

6.3. Results for low-velocity gas

For low-velocity gas, the ratio distribution is much nar-
rower, with a sharp peak and a range of only 0.76—2.0
(0.92—1.4 when excluding the three most extreme points
at either end). However, the peak is centered around a
ratio of 1.1, not 1. Below we suggest that this offset is
an artifact of the stray-radiation correction. If so, the real
range of ratios would be 0.85—1.3. This range is smaller
than for HVCs and IVCs. The histogram of differences for
low-velocity gas is offset from zero by about 15x 108 cm =2,
and positive differences (i.e. N(H -Eff)>N(H I-LDS))
dominate. This is the same effect as seen in the offset
of the average ratio.

There are several possible explanations for the difference
between HVCs/IVCs and low-velocity gas in the range of
ratios. 1) There is intrinsically less small-scale structure in
the nearby low-velocity gas. 2) The relative magnitude of
fluctuations may decrease with spatial size, and because
the low-velocity gas is closer we are probing smaller ab-
solute scales. 3) This is an artifact because for the low-
velocity gas two or more components are mixed together,
so that upward fluctuations in one component may be com-
pensated by downward fluctuations in another component.
That the third of these effects plays a role is indicated by
the histogram of ratios for the 11 sightlines where just one
component was fit for the low-velocity gas. That distri-
bution has a larger dispersion than the histogram for all
low-velocity gas.

The offset in the average value of N(H I-Eff) and N(H I-
LDS) observed for the low-velocity gas is not completely
understood. It is unlikely to be due to a calibration (i.e.
scaling) error, as then the same offset should have been
seen for the HVCs and IVCs. A more likely possibility is
that the stray-radiation correction is not completely cor-
rect. This correction has been applied to both datasets.
The LDS data are used to correct themselves, and the Ef-
felsberg data are corrected using the corrected LDS-data.
Apparently there is a slight undercorrection in the latter
case, which amounts to about 15x10'® cm™2 on average.
For the high-latitude directions studied here that is on av-
erage 10% of N(H I). However, most of the correction is
due to higher column density low-latitude directions, so
this is no more than ~1% of the total correction.

Such a problem may indicate that the correction for the
far sidelobes is slightly incorrect (about 1 to 2% of the
total correction). The Effelsberg antenna pattern was de-
termined by Kalberla et al. (1980) and updated in 1992.
After this date some mechanical changes within the tele-
scope surface were made. A problem may arise from spoil-
ers which have been mounted on the feed support legs. The
intention was to eliminate baseline ripples due to stand-
ing waves at short wavelengths. However, at 21 cm these
spoilers are expected to increase the effective cross section
for the scattering of waves falling on the feed support legs.
We suspect that the stray cones of the antenna diagram

7

due to the feed support legs have been altered by these
mechanical modifications. Attempts to improve the qual-
ity of the antenna diagram which is used to correct for
stray radiation remained unsuccessful.

6.4. Comparison with column densities measured at high
resolution

Table 1 lists the values measured for N(H I) in the direc-
tion of 16 probes of HVCs for which H I data exist at high
resolution. There are two groups. First, probes for which
21-cm interferometer data exist, so that individual velocity
components can be compared with single-dish data. Sec-
ond, distant stars or extra-galactic probes for which the
integrated H I column density along the line of sight was
also measured using Lya absorption.

This table shows that the ratio N(H I-2')/N(H I-35)
has the same wide range of 0.25—2.5 as the ratio N(H I-
9')/N(H I-35"). When excluding the extreme value at each
end the range is 0.54—2.0. However, the ratio N(H I-
2")/N(H 1-9') lies in the much narrower range 0.74—1.24
(0.75—1.06 when excluding the extreme value at each end).
This is consistent with the result described in Sect. 6.2,
where we showed that the contrast between a 9 and a 35
arcmin beam is a factor up to 2.5. The difference in ranges
suggests that N(H I) derived from a 9’ beam approximates
the value obtained at higher resolution to within 25%, and
that on average N(H I) tends to be slightly lower at higher
resolution.

Measuring N(H I) using Ly« absorption gives the small-
est possible beam (<0.1 arcsec). However, only the com-
bined column density in all components can be measured.
Still, this may give some indication of structure on scales
smaller than the 1’ limit of interferometers, since the in-
tegrated column density is usually dominated by the low-
velocity components. Effelsberg data exist toward 6 AGNs
in the sample of Savage et al. (2000), who measured N(H I-
Lya) using the Faint Object Spectrograph (FOS) on the
Hubble Space Telescope. Effelsberg data are also avail-
able for distant two stars in the sample of Diplas & Sav-
age (1994), who measured N(H I-Ly«) using IUE. Exclud-
ing the deviant value toward HS 0624+6907, which has a
particularly large systematic uncertainty, the ratio N(H I-
Lya)/N(H I-Eff) lies in the range 0.74—0.98. This range
is slightly narrower but similar to that found for N(H I-
Lya)/N(H I-Green Bank) (0.63—0.87), but smaller than
that for N(H I-Ly«)/N(H I-LDS) (0.69—1.24).

Even though this is a small sample, it suggests that mea-
surements of N(H I) with a 9 arcmin beam are sufficient to
obtain reasonable column density estimates, whereas mea-
surements with a 35 arcmin beam are only accurate to a
factor of about 2—3.

It would be useful to also compare the Effelsberg 9 ar-
cmin and LDS 35 arcmin column densities with observa-
tions with an intermediate beam, such as the 21 arcmin
beam provided by the Green Bank 140-ft. The data of
Murphy et al. (2000) for AGNs observed with the FOS
provide numbers for about 190 directions. However, so far
only 10 of these have also been observed at Effelsberg, and
most do not show well-isolated HVC or IVC component.
So, only a limited comparison will be possible.

7. CONCLUSIONS



a) For HVCs and IVCs improving the resolution by a
factor ~4 (from 35’ to 9’ beam, a factor 15 in area) can
change the derived value of N(H I) by a factor up to about
3 either way. In most (two-thirds) of the directions the
change is a factor >1.5 either way, while in just one-third
is the change a factor between 0.5 and 1.5.

b) For HVCs/IVCs where higher resolution data are
available, the ratio between N(H 1) as observed with a
1’—2" beam vs a 9’ beam (a factor ~20 in area) lies in the
range 0.74—1.24 whereas comparing 1—2’ data with 35’
data (another factor ~20 in area) gives a range 0.25—2.5.

c¢) For sightlines where N(H I-total) was derived from
Lya absorption the ratio N(H I-Lya) to N(H 1-9’ total)
lies in the range 0.74—0.98.

d) Combining b) and c) suggests that a 9" beam is suffi-
cient to derive abundances to within about 25%, whereas
using a larger beam leads to larger uncertainties, of up to
a factor 3.

e) On average the single-dish column densities tend to
be slightly higher than the values measured at higher res-
olution, so that on average ionic abundances tend to be
underestimated by 0—25%.

The Effelsberg Telescope belongs to the Max Planck
Institute for Radio Astronomy in Bonn. We thank Carl
Heiles for observing the sightline to SN 1991 T for 24 hours,
using the Hat Creek telescope. Finally, we thank Robert
Ryans for providing his Jodrell Bank spectra.
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TABLE 1
EFFECT OF H1 SMALL-SCALE STRUCTURE

Probe 35" beam® 21’ beam® 9’ beam’ 1 or 2’ beam® Lya?
N(H 1) in HVC/IVC components

Mrk 106 36x10'8 36x10'8 38x10'8

13x10'8 21x10'8 26x10'8
Mrk 290 76x10'8 123x10'8 92x10'8
PG 08324675 56x 108 40%10'8 30x10'8
PG 08594593 23x10'8 32x10'8 34x10'8

63x10'8 66x10'8 53x10'8
PG 09064597 28x10!8 34x10'8 29x10'8

95%10'8 121x10'8 110x10'8
NGC 3783 112x10'8  120x10'® 80x10'8
HD 135485 20%10'8 5x10'8 5.1x10'®
4Lac <2x10'8 6.3x10'8 5.0x10'®

N(H 1) integrated over all velocities

3C 351 161x10'®  203x10'® 180x10'® 177x10'8
HD 93521 110x10'8 113x10'8 126x10'8
HD 203664 368x 108 413x10'® 347x 108
HS 062446907 581x10'®  655%x10'® 742x10'8 302x10'8
H1821+643 306x10'®  384x10'® 349x10'8 259%10'8
PG 0953+414 120x10'®  112x10™® 112x10'® 83x10'8
PG1116+215  117x10'®  140x10'® 112x10'® 88x10'8
PG 12594593 105x10'®  154x10'® 157x10'8 130x10'8

Nore.—a: N(H 1) as measured in the Leiden-Dwingeloo Survey. b: these colums
show result for intermediate beams: 21’ (NRAO 140-foot), 12’ (Jodrell Bank) or 9’
(Effelsberg). c¢: N(H 1) as measured by combining the highest-resolution single-dish
data with a Westerbork or ATCA map. d: N(H 1) as measured from Ly« absorption,
from Savage et al. (2000).
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Figure 3. Distribution and histogram of the ratio of column density observed at Effelsberg and in the Leiden-Dwingeloo Survey.
Top row: for high-velocity clouds; second row: for intermediate-velocity clouds; third and bottom row: for low-velocity gas. Left
column: ratio N(H I-eff)/N(H I-LDS) vs N(H I-eff). Right column: histogram of the ratios. The letters in the plots indicate the
HVC/IVC toward which the ratio of column densities was measured.
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Figure 4. Distribution and histogram of the difference in column density observed at Effelsberg and in the Leiden-Dwingeloo
Survey. Top row: for high-velocity clouds; second row: for intermediate-velocity clouds; third and bottom row: for low-velocity gas.
Left column: difference N(H I-eff)—N(H I-LDS) vs N(H I-eff). Right column: histogram of the differences. The letters in the plots
indicate the HVC/IVC toward which the ratio of column densities was measured.



