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Abstract.  We have carried out a sensitive high-latitudig ¢ 15°)
HI 21cm-line absorption survey towards 102 sources usia@MRT.
With a 3 detection limit in optical depth 6£0.01, this is the most sen-
sitive HI absorption survey. We detected 126 absorptiotufea most
of which also have corresponding HI emission features in_tiiden
Dwingeloo Survey of Galactic neutral Hydrogen. The hiséogrof
random velocities of the absorption features is well-fit Wy tGaus-
sians centered at;y/ ~ 0 km s with velocity dispersions of 7.6 0.3
km s1 and 21+ 4 km st respectively. About 20% of the HI absorp-
tion features form the larger velocity dispersion compdnérhe Hl
absorption features forming the narrow Gaussian have a ogé#aal
depth of 0.20+ 0.19, a mean HI column density of (1.461.03) x
10?° cm2, and a mean spin temperature of 1269 K. These HI con-
centrations can be identified with the standard HI cloudhédold
neutral medium of the Galaxy. The HI absorption featuresning
the wider Gaussian have a mean optical depth of .0402, a mean
HI column density of (4.3 3.4) x 10'° cm™2, and a mean spin tem-
perature of 125 82 K. The HI column densities of these fast clouds
decrease with their increasing random velocities. Thegecfauds can
be identified with a population of clouds detected so far amiyptical
absorption and in HI emission lines with a similar velocitgpkrsion.
This population of fast clouds is likely to be in the lower &etic Halo.
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1. Introduction

A number of HI 21cm-line absorption surveys have been dhwig in the last 50
years or so. While interferometric surveys are a betterratee for such stud-
ies, since it rejects the more extended HI emission, the ¢hdollecting area of
the interferometers has limited the sensitivity of the Hé@iption surveys. Until
recently, the Very Large Array (VLA) used to be the only instrent with a collect-
ing area comparable to large single dish telescopes. Frenatious HI absorption
surveys carried out so far, more than 600 absorption spactravailable, but the
optical depth detection limits of more than 75% of these &mva 0.1 (see for eg.
Mohan et al, 2004 - hereafter paper I, for a summary of prevgurveys).

The motivation for the present survey, the observing gsatde sources ob-
served, their HI 21cm line spectra and the parameters ofigteeate HI line com-
ponents are presented in paper I. Here, we discuss theipiiatation. As was
mentioned in paper |, the low optical depth regime of Gatakii is largely unex-
plored, except for the HI absorption study by Dickey et alf@Rand by Heiles &
Troland (2003a, b). Dickey et al. (1978) measured HI absmf#mission towards
27 extragalactic radio sources located at high and inteiatee@alactic latitudes
(Ibl > 5°) using the Arecibo telescope. The rms optical depth in thedéctra was
~0.005. These profiles can be considered the best in termgdigio-noise ra-
tio, though in many of the profiles the systematics in the ldominate the noise.
Despite these limitations, Dickey et al (1978) noted thatwblocity distribution of
HI absorption features is dependent on their optical degfas the optically thin
clouds ¢ < 0.1), the velocity dispersion wasl1 km s, whereas for the optically
thick clouds ¢ > 0.1) this value was-6 km s. Similar trend was also noticed
in the Htelsberg-Green Bank survey (Mebold et al, 1982). More régedeiles
& Troland (2003b) also found indications for an independaaypulation of lower
optical depth HI absorption features.

One of the first #orts to study the nature of the ISM was the observation of
interstellar absorption in the optical line of singly ioaizcalcium (Call) towards
early type stars by Adams (1949). He noted that the obsemxtethten the radial
velocities exceeded 50 knt'sin the local standard of rest frame (LSR). Blaauw
(1952) analysed the random velocity distribution of inteliar absorption lines in
Adams’ data. One of the main conclusions of this analysisthaisthe random ve-
locity distribution of interstellar absorption featuresoot be explained by a single
Gaussian distribution. Support for this conclusion camenfthe study of Routly
& Spitzer (1952), who found the ratios of column densitiea@dtral sodium (Nal)
to singly ionized calcium (Cal) to decrease systematioalth increasing random
velocities of the absorption features. Thigeet, called the “Routly-Spitzeriect”
was later confirmed from a much larger sample of stars by SE#kilk (1974).
Field, Goldsmith & Habbing (1969) modeled the ISM as cools#egoncentra-
tions of gas, often referred to as “interstellar clouds®(tbold Neutral Medium
or CNM), in pressure equilibrium with a warmer intercloud dinem (the Warm
Neutral Medium or WNM). While this initial model of the ISM kaeen refined
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Figure 1. Histogram of radial (random) velocities from the opticasaiption line studies
by Siluk & Silk (1974), along with that from the HI absorptidine survey by Radhakr-
ishnan et al., 1972 (dashed line; shaded). The higher weltai is missing in the radio
observations.

considerably by later studies, the basic picture of the ISM wold diffuse clouds

and the warmer intercloud medium has remained. Howevee th@s been a dis-
crepancy in the velocity distribution of interstellar cttsu(the CNM) obtained from
the optical absorption line studies and from the HI 21-cne labservations. The
optical as well as UV absorption line studies indicated ttes@nce of features with
larger spread in random velocities, which was absent inthen2 line observations
(Mohan et al, 2001 & the references therein). This is cleanfFig.[l.

According to one hypothesis, the high velocity] € 15 km s?1) optical ab-
sorption lines arise in interstellar clouds, shocked arzklacated by supernova
remnants in their late phases of evolution (Siluk & Silk, 49Radhakrishnan &
Srinivasan, 1980). Such a mechanism would naturally resutie higher ran-
dom velocity clouds being warmer and having lower columrsitess due to shock
heating and evaporation, as compared to the low randomityeldouds. Lower
column density explains the non detections of such cloudsliamission, since
the intensity of the HI 21cm line emission is directly progpamal to the HI col-
umn density. Higher temperature, along with lower columnsitg (N,;,) results in
lower optical depth, since, o« N,,/T, whereT is the excitation temperature of the
spectral line (Siluk & Silk, 1974; Radhakrishnan & Srinigas 1980; Rajagopal et
al, 1998). If this scenario is correct, then a sensitive Hiaaption survey should
detect those features with lower optical depth and highsdom velocities which
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are presumably the counterparts of the higher velocitycaptibsorption lines. We
have used the present dataset to address this scenario.

In the next section we discuss a method to estimate the batitms from the
Galactic diferential rotation to the observed radial velocities of tHeabsorption
features. To supplement the absorption spectra, the pomdsg HI 21cm emis-
sion profiles from the Leiden-Dwingeloo HI emission survep§, Hartman &
Burton, 1995) were analyzed. Appendices B & C of paper | tistill line profiles
(absorption & emission), and their fitted line parametespeetively. In sectiofl3,
we compare the present dataset with the previous HI absarptirveys. In Sec-
tion[d, we discuss the statistics of HI absorption line patars obtained from the
GMRT. The velocity dispersion of the interstellar cloudsraated from the present
survey and the low optical depth features are highlightedektiorl b, we compare
our results with various other existing studies to dischsslocation of the newly
detected high random velocity and low optical depth feature

2. Thedifferential Galactic rotation

As was discussed in paper I, we carried out a survey at high&ctc latitudes
to avoid the blending of components in the absorption speid to minimize the
contribution of the systematic velocities in the obsenatial velocities due to the
Galaxy’'s diferential rotation. For a given Galactic longitudg &nd latitude If),
the observed radial component offdrential Galactic rotation for objects in the
solar neighbourhood is (Burton, 1988)

v, = Arsin2l cosb D

where, A = 14 km s Kpc™ is the Oort’s constant andis the heliocentric
distance to the object.

In figure[2 we have plotted the radial velocities with resgedhe local stan-
dard of rest (LSR) of the various HI absorption features amatfon of the Galactic
longitude. If the contribution to radial velocities fronetalactic diterential rota-
tion is dominant, there should be a pronounced signaturésifia wave” in such a
plot, provided the absorption features are at the samedesliac distance (Eqgn.
). There is a suggestion that absorption features WijtH < 15 km s may have
significant contribution from dierential rotation.

Including an additional term for the random motion of theuclpequatiori]l
becomes,

V: = Viandom + Ar Sin2l cos b 2)

It would appear that this function can be fitted to the obsgdistribution (Fig.
) to estimate the systematic component. However, theristato the absorbing
features are unknown. Consider an ensemble of intersttads, each with its
own random motion and distance. The random motions can brexpmated by a
Gaussian with a zero mean. If we assume the number densitguaf<to be only
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Figure 2. The radial velocities (in the LSR frame) of the HI absorptieatures detected
in the present survey as a function of Galactic longitude

a function of height)z, from the Galactic plane and the Sun to be in the plane,
the distances for a distribution of clouds in the Galaxy carabsumed to be an
exponential deviate with a scale height (Dickey & Lockma@RQ). Adding these
two terms, the above equation can be re-written as

Zexp
Isin b

Wherez,, is an Exponential deviate with unit scale height agglys a Gaus-
sian deviate. The term,,/|sin [ is to take into account the variation of path length
through the disk as a function of the Galactic latitude. Weetearried out a Monte-
Carlo simulation to generate such a distribution and compéth the observed
distribution (Fig.[2). The simulation used the Monte Cadatmes discussed by
Press et al (1992).

We used thd- — test(Press et al, 1992) to check if the simulated and the ob-
served data can be derived from the same distribution. Wedfow well defined
peak for the probability distribution. Ther3evel indicates that similar confidence
levels can be achieved even withor a, = 0.0. Therefore, th€& —testresults imply
that a systematic pattern in the distribution is negligitfer a detailed discussion
see Mohan, 2003). Hence, we have not applied any correaidhet observed
velocity for differential Galactic rotation. The observed radial velositiee con-
sidered to be random motions. A similar conclusion was aschied by Heiles &
Troland (2003b) for the recent Arecibo survey of HI absanggmission measure-
ments for Galactic latitudgb| > 10°.

Vi = & Vgayss + az( ) sin2l cosb 3)
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Figure 3. The frequency distribution of mean LSR velocities of the B$arption features
identified from the GMRT survey is compared with that from Rakrishnan et al (1972)
(a), Dickey, Salpeter & Terzian (1978) (b), Mebold et al (2p&) and from Heiles &

Troland (2003a) (d) respectively.

3. Comparison of the GMRT data with the previous HI and optical
surveys

In this section we compare the histogram of random veloddgtribution obtained
from the present survey with those from the previous HI gitgam line surveys
and optical absorption line surveys of interstellar Nal &wuall. For the case of
radio surveys, we have used those lines of sight from thequs\surveys withb|
> 15°. While comparing our data with the results obtained fronmogptsurveys,
we have not put this restriction since the stars observedoaeted in the solar
neighbourhood and the contribution from théeliential Galactic rotation (if any)
would be negligible. We have, however, carefully analysezldptical surveys to
exclude those lines of sight where the velocities of the gitEm lines were due to
systematic motions.

3.1 Comparison of the GMRT data with the previous HI surveys

Figurel3 shows the frequency distribution of radial velesitof HI absorption fea-
tures from the present survey along with that of 22 HI absonpteatures from
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the Parkes Interferometer survey by Radhakrishnan et @137 discrete HI ab-
sorption features from the Arecibo measurements by DicBajpeter & Terzian
(1978) and 51 absorption features from thigelsberg-Green Bank HI absorption
survey by Mebold et al (1981, 1982). No feature at radial ¢itiles larger than 15
km s was detected in the Parkes survey (Fi§j. 3a). The Arecibo Bomition
survey by Dickey et al. (1978) had an rms sensitivity comipiaréo the present
survey. Although the number of absorption features fronir thervey is smaller,
the spread in the radial velocities are found to be simildhéopresent survey. The
Effelsberg-Green Bank survey by Mebold et al (1982) lists 68sliof sight. We
have used only the Interferometric measurements from Meeéohl. (1982). Fig-
ure[3c shows a comparison of radial velocity histogram froendresent survey to
that by Mebold et al (1982). It is evident from the figure thetept for the single
absorption feature at35 km st all the features in the survey by Mebold et al
(1982) are at velocities below 20 km s,

It is clear from figure§13a,b &c that the present dataset haemy detected
more absorbing clouds, but also more higher velocity cloutise peak optical
depths of these features at higher velocities are found lmaA®r as compared to the
rest of the clouds (See Figurk 7). The random velocity dhstion of the features
detected in the present survey agrees well with that frometbent Arecibo survey
by Heiles & Troland (2003a) (Fidl 3d).

There are six common sources between the present surveyhanrécibo
observations. While the rms sensitivity in HI optical depttihe Arecibo survey is
slightly worse £, ~0.006) compared to the present survey, its velocity reswiut
(0.16 km s?) is better compared to the current HI absorption measuren(8r8
km s1). Therefore, the number of HI absorption components dedeit their
observations are higher than that in the present surveyhEaix common sources,
the fitted values for the peak optical depths from the presamey and the Arecibo
survey agree to withir- 30%. The fitted values for line centers and widths of the
corresponding featuresftér by less than 2 km s between the two surveys.

3.2 Comparison of the GMRT HI Absorption data with the Opticaleys

The Call and Nal absorption studies of Adams (1949), Blaal9b2), Minch
(1957), Miunch & Zirin (1961) and others revealed two setligaption features,
one at lower and the other at higher random velocities. Mecemtly, high resolu-
tion spectra of Nal lines (eg. Welty et al, 1994) and Calldiffé/elty et al, 1996)
were obtained towards a number of stars.

Figure[4a shows the frequency distribution of the velosité the HI absorp-
tion features from the present survey with that from Blaau(@952) study. The
secondary peak at high velocity in Blaauw’s histogram is difaat of the bin-
ning used by Blaauw (1952). He counted all the features \aitlat velocities Vs
> 21 km st in a single bin. Excluding this secondary peak, there isaealsle
agreement between the two histograms.

In Fig. 4b, we compare the velocity distribution of HI abdtp components
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Figure 4. The frequency distribution of the radial velocities of Hlsabption features
identified from the present survey along with those fromagurveys. (a): Blaauw, 1952
(dashed line). The secondary peak at high velocity in Bléahigtogram is an artifact of
the binning used by Blaauw. (b): Optical absorption lineadadm Siluk & Silk, 1974
(pruned), and (c): The Call absorption survey by Welty, Mor& Hobbs, 1996 (pruned).
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from the present survey with that from Siluk & Silk (1974).r8®of the absorption
at higher velocities in their data may not represent randelocities of difuse Hl
clouds; they could be due to large systematic motions (Bairas, IVCs, HVCs,
etc.) superimposed on random motions (Mohan, 2003). Ekuuthose features,
we have re-constructed the histogram of optical absorpiti@wvelocities from the
data of Siluk & Silk (Fig#b). The modified histogram from Sil& Silk (1974) is
in good agreement with the current HI absorption velocistdgram.

Fig. @c compares the frequency distributions of radial eiéiles from the
present survey with that of a recent high resolution sunieCall lines (Welty
et al. 1996). Out of the 44 stars towards which they measuedtlabsorption,
eight stars were located at a distance of 450 pc, in the dtatgir Orion, and one
star, HD72127, in Vela. The Call absorption features tow#nédse nine stars were
not included in the comparison since the velocities of theogtition features were
dominated by systematic motions.

It is clear from figurd 4 that the extent of velocities of Calisarption line
features are comparable to that of the HI absorption linghenpresent survey.
The problem of larger spread in the velocities of interatebptical absorption
lines as compared to the HI 21-cm line features have been em pmblem for
decades. Our analysis makes it clear that many of the oftetedunterstellar opti-
cal absorption features at higher velocities may not reptetsue random motions.
Leaving aside such features, the higher velocity HI absmrdeatures detected in
the present survey can account for the “missing high randelocity” interstellar
clouds in the earlier HI 21-cm line studies.

4. Statisticsof the HI absorption line parameters

The details of the observing strategy, the HI absorptioctspérom GMRT and the
discrete line components identified by fitting Gaussiankémspectra are presented
in paper |. Here we discuss their interpretation.

4.1 The frequency distribution of HI absorption line parameter

The frequency distribution of the mean LSR velocities of Hileabsorption line
components is shown in figufgé 5a. This histogram was disdusssection[B.
It was noticed in earlier studies that the average opticattdef HI absorption
features is higher at lower Galactic latitudes (See for egebdd et al., 1982).
This apparent excess of large optical depth features in Hiedic plane has been
attributed to superposition of absorbing clouds along ithe of sight. However,
there are only seven features in our survey with their pesikamepths above 0.5
(Fig.[@b). This is an evidence that in the present datasefutherposition of more
than one HI absorption feature along the line of sight is mali This is expected
since we are sampling relatively small path lengths thrahgigas layer at higher
Galactic latitudes.

As we discussed in paper |, we have used the HI emission dmtetfre Leiden-
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Figure 5. The frequency distribution of the absorption line paramefeom the present
survey. (a): The histogram of random velocities of the Hlcapson components, in 5 km
s71 bins. (b): The frequency distribution of peak optical desptii HI absorption features,
in bins of 0.05 and (c): The frequency distribution of estietespin temperatures of the Hl
absorption features in 20 K bins.
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Dwingeloo survey along with the present GMRT HI absorpti@tadto estimate
the spin temperatures of the HI absorption features. Thenmele of the spin
temperature from the present survey was found te-b20K, with considerable
scatter. For the lower optical depth features 0.1), we find spin temperaturé; =
150+ 78 K. For the higher optical depth featuresz(0.1), we findTs = 74 + 30 K.
The mean spin temperature of the lower optical depth festiineugh has a large
scatter, is two times higher than that of the higher optiegitd features. Figuid 5c
shows the histogram of the spin temperatures of the HI absorfeatures. The
distribution of spin temperature peaks below 100 K, whicteag in particular with
Heiles & Troland (2003b), who found the spin temperaturéithstion to peak near
40K. Both the Arecibo observations and the present surveigarte the presence
of a higher temperature “tail” in the spin temperature hjsam.

4.2 Ther- Tgrelation

Several studies in the past had reckoned an inverse carelstween log(1 - €)
and log(T) (Lazardt, 1975; Dickey et al., 1979; Crovisier 1981). It was noted tha
a relationship of the form

logTs = logTs, + Alog(l — €77) 4

exists between the observed optical depth and the estirspitetemperature. How-
ever, Mebold et al (1982) found no significant correlatiotwsen the spin temper-
ature and optical depth. Figué 6 is a plot of (17 %)ev/s (Ts) from the present
dataset. We do find an inverse correlation, though the saatiarger at lower
optical depths. A least square fit to the present datasetdqa®Vs, = 43K andA
= —0.31 (eqril). The values obtained from the previous studere ~60K and
—0.35 respectively (Kulkarni & Heiles, 1988). A similar &sasquares fit to the re-
cent Arecibo data yieldé& = — 0.29 and T, = 33K. However, Heiles & Troland
(2003b) have carried out a detailed analysis of the corogldtetween the various
parameters like the spin temperature, the HI column dertbigyoptical depth and
the kinetic temperature of the absorption features deddot¢he Arecibo survey.
They emphasize that the mutual correlation that existsdmtwhe four parameters
renders meaningless the results of least-square fit canieah only selected pairs
of variables. They conclude that there is no physically ifigant relation between
optical depth, spin temperature and HI column density.

4.3 ThETH| - VLSR relatlon

The peak optical depth as a function |¥fsg| is shown in figurd]7. The peak;
drops sharply neaV,,| ~ 10 km s. No spectral features at velocities above 10
km s have peak optical depth above0.1. On the other hand, low optical depth
features are detected over a larger velocity range. Insddill we found that lower
optical depth features have higher mean spin temperatimesta factor of two
higher than the higher optical depth features. Elg. 7 camagyextra information
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Figure7. t, — |Vl plot. The higher optical depth features are confinefytg| < 15 km
st

that these higher spin temperature features are also spvead larger range in
random velocity.

4.4 The distribution of the HI optical depth as a function of b

HI optical depth of the absorption features are plottedreidheir Galactic latitude
in Figure[®. The optically thick components ¢ 1.0), though very few, are all
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Figure 8. The distribution of optical depth of the HI absorption lireafures as a function
of Galactic latitude. The number of higher optical deptttideas drop gradually with in-
creasing latitude, but the number of low optical depth fesg < 0.1) remain more or less
the same.

confined tolb| £ 3C°. The low optical depth features € 0.1), on the other hand,
are almost uniformly distributed with respect to the Gatakdtitude. This is an
indication that the scale height of the low optical depthudess are dterent from
that of the higher optical depth features.

4.5 The velocity dispersion of interstellar Clouds

The velocity distribution of cold atomic gas in the Galaxkiswn to be a Gaus-
sian with a dispersion of7 km s (Dickey & Lockman, 1990). As we concluded
in section[2, the observed radial velocities of the HI absonpcomponents de-
tected in the present survey are essentially random viglecitVe have carried out
a Gaussian fit to the observed frequency distribution of dakaf velocities of the
HI absorption features detected in the present study (Big.A9on-linear least
square method was used to fit Gaussians to this histogramo &Atussian model
was found to be a good fit for the distribution, with a reduckdsguare value of
1.4. The low velocity features were found to form a Gaussiatridution with a
velocity dispersion ofr; = 7.6 + 0.3 km s, which agrees well with the earlier
results. For eg., Belfort & Crovisier (1984) had performestatistical analysis of
the radial velocities of HI clouds observed by surveys usiiregArecibo (Dickey et
al, 1978), and HEelsberg & Green Bank (Mebold et al, 1982). Their value for the
velocity dispersion of HI clouds was6.9 km s1. The higher velocity features in
the present survey seem to form a distribution with a vejatigpersion ot = 21

+ 4 km s* (Fig. @). The presence of two Gaussian features in the \gldstri-
bution of interstellar clouds is indicative of two distir@bpulations of interstellar
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Figure 9. The frequency distribution of LSR (random) velocities of &lisorption com-
ponents from the present survey. The dashed line is the stwodBaussian components
with o1 = 7.6 £ 0.3 km st ando, = 21 + 4 km s1. Both the Gaussians are centered at
Visr = 0 km s1. The lower panel shows the residual after subtracting tteglfinodel from
the observed distribution.

clouds. From the area under the respective curves, thisrdfitates that-20% of
the clouds belong to the second population, with largeroigia@ispersion.

A study of the velocities of interstellar optical absorptilines (Nal & Call)
were carried out by Sembach & Danks (1994). They observedottlg a two
component model can be fitted to the velocity distributioafl line components.
The values which they obtained were; ~8 km s ando, ~21 km s, which
agree well with the velocity dispersions of the two compdserbtained from the
present data of HI absorption lines.

4.6 The High velocity HI absorption features

We have detected 13 HI absorption features at higher randdaocities (v| > 15

km s1), out of the 126 total HI absorption features (TdHle 1). Tpoal depths of
these higher velocity features are below 0.1. The mean \@lpeak optical depth

of all these features is 0.840.02. In most cases, we could identify the correspond-
ing HI emission feature in the HI emission profile from thedean-Dwingeloo sur-
vey. If the velocity diference between the absorption and the emission line was
less than or comparable to the channel width of the GMRT ehsens 3.3 km
s, and if the diference between line widths was withirb km s, the spectral
lines were assumed to originate in the same physical feafime mean brightness
temperature of these features was K and a mean HI column density of (443
3.4)x 10 cm2. The mean value of the spin temperatures of these cloudsis 12
+ 82 K.
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Table 1. The higher random velocityy > 15 km s) Hl absorption features detected in the
present survey. Columns 2, 3 and 4 list the peak optical dépthmean LSR velocity and
the FWHM respectively of discrete components identifiecigishe Gaussian fitting. The
value of FWHM is deconvolved for a channel width of 3.26 krh.sThe unresolved lines
are marked with a =" . Columns 5, 6 and 7 list the same for therdission profile along
the same line of sight, obtained from the Leiden-Dwingeloovey of Galactic neutral
hydrogen (Hartman & Burton, 1995) The format grrors estimated in the last digit of the
fitted parameters are given within brackets. The implied ¢llimn densities are listed in
column 8 and the estimated spin temperatures are givenumcod.

HI Absorption (GMRT) HI Emission (LDS)

Source Thi Vigr Av Te Vigr Av [\
x 1019
(knys)  (kmys) (K) (knys) (kmys) cnt?  (K)
J0459-024 0.026(4) -25.6(5) 4.6(8) 0.21(8) -28(1) 6(3) 0.24 8
J0541-056 0.069(7) +17.8(9) 3.2(5) — — — —

Ts

J0814-459 0.035(2) +16.8(9) 4(2) 9.5(5) +15.4(1) 3.8(1) 7.0 276
J1154-350 0.016(3) -16(2)  13(5) — — — —
J1221282 ~0.01  -20 - 0.47(4) -18.9(4) 11(1) 1.0 47
~0.02  -38 - 1.06(4) -34.8(1) 6.1(3) 1.2 53
J1257-319 0.108(6) -16.0(2) 3.8(3) — — — —
J1351-148  0.020(4) +22.0(6) 5(1) 5.7(1) +22.9(1) 10.5(22) 12.0 285
J1554-270 0.04(2) -16(8)  8(5) — — — —
J1638-625 0.028(4) -20.1(4) 5(1) 450(6) -21.05(2) 5.05(7) 4.4 116
J1751096 0.066(3) +25.6(2) 4.6(2) 3.9(1) +25.1(1) 7.1(3) 5.3 61
J2005-778 0.05(1) -25(4)  2(2) 7.2(3) -2359(8) 7.4(2) 10.0 148

J2232:117 0.040(4) -15.3(3) 2.9(7) 3.83(7) -13.88(3) 3.92(8) 2.3 96

We analysed the HI emission profiles from the Leiden-Dwiagedurvey to-
wards 91 directions along which we measured HI absorptiomgube GMRT. HI
column density of individual features along these direwdiavere calculated using
the emission data. However, 11 out of the 102 directionsiesiugsing the GMRT
were beyond the declination limit of the Leiden-Dwingelamvey. Towards these
sources we assumed a spin temperature of 120 K and the othseidtbs of the HI
absorption lines to estimate the column density.

The estimated HI column density as a function of the LSR vglas shown
in fig. 0. The measured HI column density ranges fro2¥ x 108 to ~9 x 20
cm2. ltis clear from fig CID that the column densities of the feagiare decreasing
systematically with increasing velocity. This is in agresmwith the results from
UV absorption line studies (Martin & York, 1982; Hobbs, 1984
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Figure 10. The column densities of the HI absorption features deteictate present
survey. The brightness temperature and line width of thetki$sion feature corresponding
to each absorption feature was obtained from the LeidemB&loo survey. For those
directions where HI emission data is not available, we hagemed a spin temperature of
120K and the velocity width of the HI absorption line to cdite the column density. The
squares are the HI column density estimates from the UV plisarline data from Martin
and York (1982). and the arrows are the upper limits.

5. Discussion

The present high-latitude, high-sensitivity HI absorptsurvey from the GMRT
has confirmed many of the known results. These results arenaused in the
histograms (Figl15) of random velocity, peak optical deptig spin temperature of
the absorption components. In addition, variation of peatical depth w.r.t. spin
temperature, random velocity and Galactic latitude arplay®d in Figs[J817 and
respectively. However, a completely new result is thedliete of the low optical
depth absorption features forming the high velocity tailhia histogram shown in
Fig. Ma. Most of these low optical depth features are belmvditection limit
of the earlier HI absorption surveys. The velocity histogrérig. [Ba) is well-fit
by two Gaussians indicating two populations of HI absorlsloyds identified by
velocity dispersions- 7 and~ 21 km s? respectively (Fig.[J9). While the slow
clouds were first detected in the optical absorption lines subsequently in the
HI absorption and emission surveys, the fast clouds weng detiected in optical
absorption lines. The non-detection of the fast clouds neeasa puzzle for a long
time. The present observations have clarified the natureeofast clouds to some
extent.

There have been attempts in the past to explain the highitiekad seen in
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the histogram of random velocities of the optical absorptioes ( Siluk & Silk
(1974), Radhakrishnan & Srinivasan (1980), Rajagopal €t398)). According to
these authors, the high velocity optical absorption limésean interstellar clouds,
shocked and accelerated by supernova remnants in thejppHates of evolution.
The fast clouds are therefore warmer and also of lower Himaldensity as com-
pared to the slow clouds, due to shock heating and evaporalibe present ob-
servations indicate that these fast clouds have three tamgey velocity dispersion
and ten times lower column densities compared to the sloudslas might be ex-
pected if they were from a shocked population of clouds. Téwehse in the Hi
column densities of the fast clouds as a function of theidoam velocities (Fig.
[I0) is also consistent with this scenario. The shocked Hlddaare also expected
to be warmer than the slow clouds. The mean spin temperatuhe dast clouds
detected in the GMRT survey is similar to that of the standdosv clouds (Fig.
6). However, this might be a selectioffext since for a given optical depth detec-
tion limit and an HI column density, clouds with lower spinriperature will be
preferentially detected.

The fast clouds with three times higher dispersion are d@rgeio have a scale
height about ten times larger compared to the slow HI clo@&isen an &ective
thickness of 250 pc for the slow clouds, the fast clouds cae ha dfective thick-
ness of~ 2.5 kpc. Therefore, fast clouds can be part of the halo of thlXy.
Alternative evidence supports the existence of atomic g#sda Galactic halo. Al-
bert (1983) selected lines of sight wherein a halo star arehaoy star are aligned
one behind the other. Absorption lines of Till, Call and Na#res measured to-
wards these stars. Though with a limited sample size of nieetibns, the results
of this study clearly indicate that the higher velocity aipsion lines are seen only
towards the distant star. She concludes that the high ¥gltal seen in the op-
tical line studies arise from the gas in the Galactic halotet,asimilar studies
(Danly, 1989; Danly et al, 1992; Albert et al, 1994; Kennetlyle 1996, 1998a,
1998b) confirmed this result. The halo gas shows a largeadgrevelocity, as
compared to the gas in the Galactic disk. Furthermore, tddeamission studies
using the Green Bank telescope have led to the discovery opalgtion of dis-
crete HI clouds in the Galactic halo with a velocity dispenssimilar to that of the
fast clouds reported here (Lockman 2002). The mean HI coldemsity of these
clouds was estimated to be a few times1@m2. He concludes that a cloud pop-
ulation with a line of sight velocity dispersions af, ~15 — 20 km s is capable
of explaining the observed velocity spread of these featureckman (2002) finds
that many clouds in the halo have narrow line widths implyiegperatures below
1000K. In addition, indications for a core-halo structuoe these clouds was also
found. The fast clouds detected in the present survey aety lth be part of the
same halo gas detected in HI emission from Green Bank. Thelasds, once
detected only in optical absorption lines, have now beeeatietl in both HI ab-
sorption and emission leading to a clearer picture of therstellar medium.
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