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Recent studies of the circumgalactic gaseous environment of the Milky Way have concentrated
on the distribution, chemical composition, and physical properties of the most massive neutral
gas clouds and the highly-ionized halo absorbers. Relatively little effort has been put so far
in exploring the circumgalactic neutral and weakly ionizedmetal absorbers at low HI column
densities.
With our work we systematically study the distribution and physical properties of neutral and
ionised low-column density gas in the halo of the Milky Way. We combine CaII and NaI ab-
sorption line measurements with HI 21-cm emission line data. For some of the sight lines high-
resolution radio synthesis observations were performed allowing us to study small-scale structures
that cannot be resolved with single dish telescopes.

In total 177 lines of sight were observed, providing a large absorption-selected data sample for

the analysis of IVC and HVC gas in the circumgalactic environment of the Milky Way. The study

allows us to compare the observed absorption column densitydistribution (CDD) of gas in the

Milky Way halo with the overall CDD of intervening absorberstowards quasars. The sensitive

absorption line analysis enables us to identify the neutraland ionised gaseous structures at low

column densities and small angular extent that possibly remain unseen in large 21-cm all-sky

surveys. If this gas cover a significant portion of the sky, itpossibly has a large influence on the

evolution of the Milky Way.
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Figure 1: All-sky HVC map derived from the LAB Survey (Kalberla et al. 2005 [4]). The different symbols
mark the positions of 177 sight lines that were observed withUVES and 27 lines of sight where additional
HI data were obtained with the 100-m telescope.

1. Introduction

High-resolution absorption and emission line measurements have demonstrated that the halo
of the Milky Way contains a mixture of different gas phases. Multi-wavelength observations of this
gaseous material provide insight into the various processes of the exchange of gaseous matter and
energy between the galaxy and the intergalactic medium.

A large fraction of the neutral gas in the halo is in the form ofclouds with radial velocities
inconsistent with a simple model of Galactic rotation, the so-called intermediate- and high-velocity
clouds (IVCs, HVCs). An efficient way to study metal abundances, small scale structures, and
physical conditions in IVCs and HVCs is to combine absorption line measurements in the direction
of quasars and HI 21-cm radio observations (Richter et al. 2001 [1], Ben Bekhti et al. 2009 [2]).

Using UVES/VLT, we recently detected LVC, IVC, and HVC CaII and NaI absorption line
systems in the direction of several quasars, suggesting thepresence of gaseous substructures in the
Galactic halo. Follow-up HI observations with the Effelsberg 100-m radio telescope have demon-
strated that in many cases the CaII and NaI absorption is connected with neutral hydrogen gas
with column densities of 1018

. . .1020cm−2. In some of these casesNHI is below the 21-cm de-
tection limit of large HI surveys (e.g., LAB). Additionally, four sight lines were observed with
high-resolution radio synthesis telescopes (WSRT and VLA)to search for small-scale structures
embedded in the observed diffuse gas (Ben Bekhti et al. 2009 [3]).

2. Results

Figure 1 shows an all-sky HVC map based on the LAB-survey (Kalberla et al. 2005 [4]).
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Figure 2: Left: Example spectra of an absorbing system towards QSO J0003−2323 observed with UVES,
LAB, and Effelsberg. The absorption and emission lines are indicated by dashed lines. The solid lines mark
the minimal and maximal LSR velocity which is predicted by a Milky Way model (Kalberla et al. 2005 [4])
for the galactic disc gas in this direction .Right: The corresponding high-resolution column density map
observed with the VLA.

Table 1: Parameters for four exemplary sight lines observed with UVES, and the possibly associated
IVC/HVC complex.

Source l [◦] b [◦] vLSR [km s−1] NCaII [cm−2] bCaII [cm−2] HVC/IVC compl.

QSO J0003−2325 49.4 −78.6 −126 7.7 ·1011 6 MS

QSO B1331+170 348.5 75.8 −27 1.0 ·1012 5 IV Spur

QSO B0450−1310 211.8 −32.1 −20 1.0 ·1012 7 -

J081331+254503 196.9 28.6 −23 1.3 ·1011 5 -

We find CaII (NaI) absorption in 47 (25) out of 177 sight lines measured with UVES. Corre-
sponding HI emission was detected with Effelsberg in 14 cases out of 27 measured lines of sight.
Additionally, four sources were observed with high-resolution synthesis telescopes. The absorp-
tion/emission profiles of CaII, NaI, and HI for one exemplarysystem is shown in Fig. 2 together
with the corresponding VLA column density map. The high-resolution observations reveal that
cold (70≤ Tmax

kin ≤ 3700 K) and compact clumps are embedded in the diffuse IVC/HVC gas ob-
served with Effelsberg, as previously reported for the source QSO B1448−232 (Richter et al. 2005
[5]). The fact that in the direction of 177 random sight lineswe observe 53 absorption systems
suggests that the Milky Way halo contains a large number of such low column density structures.

The CaII CDD follows a power-law with a slope ofβ = −1.7 (Ben Bekhti et al. 2008 [2]).
This is similar to the result found for intervening MgII systems that trace the gaseous environment
of other galaxies at low and high redshift (Churchill et al. 2003 [6]).
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Table 2: Physical parameters for four clumps found with high-resolution observations.

Quasar Clump vLSR [km s−1] bHI [km s−1] NHI [cm−2] Tmax
kin [K] φ [’]

QSO J0003−2325 A −118 1.8 1.9 ·1019 200 3.1

QSO B1331+170 A −27 1.1 1.2 ·1019 70 1.8

QSO B0450−1310 A −18 4.6 2.3 ·1019 1250 2.7

J081331+254503 A −21 3.6 2.0 ·1019 800 2.7

About 40% of the absorbers show multiple intermediate- and high-velocity components, in-
dicating the presence of sub-structures. The direction, aswell as the velocities of 50% of the ab-
sorbers suggest an association with IVC/HVC complexes. Table 1 summarises the physical param-
eters of the clouds which were observed with UVES, Effelsberg and WSRT/VLA. Table 2 lists the
parameters for the brightest clumps found for each of the sources. In the case of QSO J0003−2323
the HI single dish and interferometric data reveal only one emission line, while the absorption
measurements exhibit a multi-component structure, showing that absorption spectroscopy is much
more sensitive to low-column density gas. The radial velocities and spatial positions do not match
exactly. It is possible that the different components and clumps trace quite different parts of the
overall source. Such properties were already observed before (Brüns et al. 2001 [7]) and confirmed
simulations (Quilis & Moore 2001 [8]), indicating interactions of the clouds with the ambient
medium.
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