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ABSTRACT

We analyze high-resolution UV spectra of the Mg 11 & and k lines for 18 members of the Hyades to
study inhomogeneity along these proximate lines of sight. The observations were taken by the Space
Telescope Imaging Spectrograph (STIS) instrument on board the Hubble Space Telescope (HST). Three
distinct velocity components are observed. All 18 lines of sight show absorption by the Local Interstellar
Cloud (LIC); 10 stars show absorption by an additional cloud, which we name the Hyades Cloud; and
one star exhibits a third absorption component. The LIC absorption is observed at a lower radial veloc-
ity than predicted by the LIC velocity vector derived by Lallement & Bertin in 1992 and Lallement et al.
in 1995 [0, cqictea(LIC) — Ugpservea(LIC) = 2.9 £ 0.7 km s~ '], which may indicate a compression or decel-
eration at the leading edge of the LIC. We propose an extension of the Hyades Cloud boundary based
on previous HST observations of other stars in the general vicinity of the Hyades, as well as ground-
based Ca 1 observations. We present our fits of the interstellar parameters for each absorption com-
ponent. The availability of 18 similar lines of sight provides an excellent opportunity to study the
inhomogeneity of the warm, partially ionized local interstellar medium (LISM). We find that these struc-
tures are roughly homogeneous. The measured Mg 11 column densities do not vary by more than a
factor of 2 for angular separations of <8°, which at the outer edge of the LIC correspond to physical

separations of 0.6 pc.

Subject headings: ISM: atoms — ISM: clouds — ISM: structure — stars: chromospheres —
ultraviolet: ISM — ultraviolet: stars

1. INTRODUCTION

The morphology and physical properties of our local
interstellar medium (LISM) are being actively studied but
are still not fully understood. Many recent high-resolution
observations have uncovered hints of a complex LISM
structure that have yet to be synthesized into a coherent
picture. That the structure of the LISM, extending ~ 250 pc
from the Sun, is not a homogeneous medium has been
demonstrated by Frisch & York (1991) and Diamond,
Jewell, & Ponman (1995), from comparing measurements of
H 1 column density (Ny,) with distance. In comparisons of
Na 1 column density observations, Sfeir et al. (1999) demon-
strated that there is very little cold neutral material within
50 pc of the Sun. They interpreted the rapid accumulation
of Na 1 column density at distances greater than 50 pc as
indicating the boundary of the Local Bubble, a superbubble
cavity of hot ionized material produced by the OB star
winds and supernovae of the Scorpius-Centaurus associ-
ation (Frisch 1995; Lyu & Bruhweiler 1996). The inhomo-
geneous variation of H 1 column density measured within
the Local Bubble indicates that warm, partially ionized
material exists within the Local Bubble as a complex of
cloudlet structures.

The simplest interpretation of the structure of the
complex of warm, partially ionized material is that of indi-
vidual clouds, which in this simple model would be coher-
ent in density, velocity, temperature, and abundances.
Lallement & Bertin (1992) and Lallement et al. (1995) found
a coherent velocity structure for the warm gas cloud that
directly surrounds the solar system. They called this cloud
the Local Interstellar Cloud (LIC). The LIC velocity vector
agrees with the flow of material through the heliosphere and
into the solar system, as measured by Witte et al. (1993),
implying that the Sun is located inside the LIC. The LIC
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velocity vector has also been successful in predicting central
absorption velocities for many lines of sight through the
LIC. The temperature structures of different clouds in the
LISM are studied by comparing the Doppler width of
absorption by atoms and ions of different mass. Absorption
for LIC lines of sight indicates a temperature of
8000 + 1000 K (Linsky et al. 1993, 1995; Lallement et al.
1994; Gry et al. 1995; Piskunov et al. 1997; Wood & Linsky
1998).

Linsky et al. (2000) summarized the hydrogen and deute-
rium column densities through the LIC along many lines of
sight toward nearby stars inferred from spectra obtained
with the Goddard High Resolution Spectrograph (GHRS)
and Space Telescope Imaging Spectrograph (STIS) instru-
ments on the Hubble Space Telescope (HST) and the
Extreme Ultraviolet Explorer (EUV E). Taking advantage of
the constant D/H ratio in the LIC and assuming a constant
H 1 density in the cloud, Linsky et al. (2000) estimated the
distance to the edge of the LIC for many lines of sight.
Redfield & Linsky (2000) synthesized the results and were
successful in fitting a quasi-spheroid structure to the
observed data. This model has successfully predicted hydro-
gen column densities along various lines of sight (Wood et
al. 2000a).

The first-order assumptions involved in the cloudlet
model of the LISM may be too simplistic. Using ultra—high
resolution Ca 1 spectra of nearby stars, Welsh, Lallement,
& Crawford (1998) presented preliminary results that in-
dicate a complex velocity structure of inhomogeneous
absorption. A highly inhomogeneous, filamentary structure
has already been proposed to explain abundance anomalies
and the LISM velocity structure (Frisch 1981, 1996, 2000).
Shock front destruction of dust grains can in principle
account for the observed abundance anomalies, and the
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general LISM velocity structure appears to be consistent
with the outflow of material from the Scorpius-Centaurus
association.

Measurements of the degree of inhomogeneity in the
LISM are needed to understand the structure and morphol-
ogy of the LISM. One test of homogeneity involves a com-
parison of interstellar medium (ISM) parameters along
similar lines of sight. For example, Frail et al. (1994) studied
observations of absorption toward high-velocity pulsars in
the 21 cm H 1 fine-structure line. The high transverse veloc-
ity of these objects actually shifts the line of sight by tens of
AU yr~1. Changes in the absorption spectra indicate small-
scale structure on scales of 5-100 AU. Most of these pulsars
are located well outside of the Local Bubble (d = 55-2650
pc), so these inhomogeneities are most likely not associated
with nearby (less than 50 pc) cloud material.

Another technique for studying similar lines of sight is to
observe wide binary or multiple star systems. Watson &
Meyer (1996) and Meyer & Blades (1996) have observed
Na 1 and Ca 1 absorption variations for multiple systems
with stellar separations of 480-29,000 AU. Observations of
other ions dominant in the cold neutral medium (Cr 1 and
Zn 1) by Lauroesch et al. (1998) show no interstellar
absorption variation, making it difficult to ascertain the
nature of the variable material. However, most of these
binaries are located more than 100 pc away and may be at
the edge or outside of the Local Bubble. The observed
small-scale structure is therefore likely produced in the cold
neutral medium component of the ISM, near the boundary
of the Local Bubble or beyond. Therefore, there is no evi-
dence for significant variations in the warm, partially
ionized material in the solar neighborhood along similar
sight lines. Likewise, the nearest multiple star system (¢ Cen
A, a Cen B, and Proxima Cen) shows no sign of variations
in interstellar absorption over time or among the similar
sight lines of each star (Linsky & Wood 1996; Wood et al.
2001). At a mean distance of 1.3 pc, the physical separation
of the two o Cen stars is only 24 AU, while Proxima Cen is
12,000 AU away from the other two stars.
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Although the inhomogeneity of the LISM is central to
our understanding of the ISM, most observations to date
(e.g., Na1and Ca i) have sampled primarily the cold neutral
component near the boundary of the Local Bubble. There
has yet to be a significant test of the homogeneity of the
warm, partially ionized LISM that directly surrounds the
solar system. In this paper we present observations of a
sample of 18 stars in the Hyades. As members of the same
stellar cluster, they share similar sight lines. This data set
will directly address the inhomogeneity of the LIC and
other warm material in the LISM and provide a test of our
current understanding of the morphology and physical
properties of the LISM. The STIS spectra are described in
§ 2, and we present in § 3 our determination of the inter-
stellar parameters. In § 4 we discuss the implications of the
measured interstellar parameters for the inhomogeneity of
the LIC.

2. OBSERVATIONS

The STIS instrument on board HST is described by
Kimble et al. (1998) and Woodgate et al. (1998). STIS
observed 18 F dwarf members of the nearby Hyades.
Details regarding the observations are given in Table 1.
This data set was acquired under observing program 7389
with principal investigator E. Bohm-Vitense. All exposures
were taken with the E230H grating and the 071 x 072
or 072 x 072 aperture to attain a spectral resolution of
2.6 km s~ !. Within the 26742945 A observed spectral
range, only the Mg i h and k lines show identifiable inter-
stellar absorption features. The signal-to-noise ratios near
the peak of these lines range from 5 to 20.

We reduced the data acquired from the HST Data
Archive using the STIS team’s CALSTIS software package
written in interactive data language (Lindler 1999). The
reduction included assignment of wavelengths using cali-
bration spectra obtained during the course of the obser-
vations. The ECHELLE_SCAT routine in the CALSTIS
software package was used to remove scattered light.
However, the scattered light contribution is negligible in

TABLE 1
SUMMARY OF STIS OBSERVATIONS

Exposure Time

S/N S/N
Mguk Mguh

HD (s) (2796.352 &) (2803.531 A)

1) (V)] @ (5
21847...... 180 1999 Jan 26 10 7
26345...... 144 1999 Jan 09 9 8
26784...... 288 1999 Aug 03 18 14
27561...... 120 1998 Nov 07 11 9
27808...... 312 1999 Feb 02 19 15
27848...... 144 1999 Feb 10 8 7
28033...... 288 1999 Jul 31 6
28205...... 240 1999 Feb 04 15
28237...... 1695 1998 Dec 23 16 11
28406...... 240 1998 Nov 20 10 9
28483 ... 180 1998 Nov 08 11 9
28568...... 144 1998 Nov 08 8 7
28608...... 240 1998 Nov 07 13 10
28736...... 144 1999 Jan 14 9 7
29225...... 240 1998 Oct 26 12 10
29419...... 288 1998 Nov 05 18 14
30738...... 240 1998 Nov 07 12 9
31845...... 150 1998 Nov 08 9 7
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this spectral range and does not influence the uncertainties
in our spectral analysis.

3. DISCUSSION

3.1. Spectral Analysis

Figures la, 1b, and 1c show the Mg n h and k lines
observed from the 18 Hyades stars (see also Table 2). The
vacuum rest wavelengths of the h and k lines are 2803.531
and 2796.352 A, respectively. In Figures 1a, 1b, and 1c, the
Mg 1 lines are shown with a heliocentric velocity scale,
together with the best fits to the absorption by each inter-
stellar component (dotted lines) and the total interstellar
absorption convolved with the instrumental profile (thick
solid lines). Although interstellar absorption is obvious for
all of the lines of sight, sometimes two and in one case (HD
28736) three velocity components are clearly visible.

All of the Hyades target stars have radial velocities
greater than 30 km s~ 1. Therefore, the peaks of the Mg 1 h
and k emission lines are shifted greater than 30 km s~ ! to
the red. Since all interstellar absorption occurs at velocities
less than 30 km s~ !, the interstellar features appear on the
blue side of the Mg 1 lines. This convenient placement of
the interstellar absorption allows us to implement a
straightforward method for estimating the missing stellar
continuum across the absorption. We fit a polynomial to
spectral regions just blueward and redward of the inter-
stellar absorption. Our estimated stellar emission is shown
by the thin solid lines in Figures 1a, 1b, and 1c.

Once the stellar Mg 11 emission-line profiles have been
estimated, we fit the interstellar absorption using standard
techniques (see Linsky & Wood 1996; Piskunov et al. 1997;
Dring et al. 1997). We start with only one absorption com-
ponent in the fit and increase the number of components as
the data warrant, and the quality of the fit improves. For 10
of the 18 Hyades stars, adding a second component
improved the y? metric significantly, while the spectral fit of
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only one star (HD 28736) improved significantly with the
addition of a third component. While additional weak
absorption components could be present, they do not
appear in the data much above the level of noise and
thereby do not significantly influence the y> metric. There-
fore, we fit the spectra with the lowest number of absorption
components that allow for an acceptable fit. HD 29419 indi-
cates that additional components are not likely. Along this
line of sight, the velocity difference between the LIC and
Hyades Cloud is greatest, and we observe the maximum
Hyades Cloud Mg 1 column density. Together, these two
characteristics provide two well-defined and separated
absorption features. Of course, the other Hyades Cloud
lines of sight are not as obvious but are satisfactorily fit by
only two components. The rest wavelengths and oscillator
strengths of the Mg 11 lines used in our fits are taken from
Morton (1991), and we use Voigt functions to represent the
opacity profiles of the fitted interstellar absorption. The
dotted lines in Figures 1a, 1b, and 1c are the absorption-line
fits before convolution with the instrumental line spread
function. The thick solid lines in the figures that fit the data
are the final combined absorption features with the instru-
mental broadening applied. The instrumental line spread
functions assumed in our fits are taken from Sahu et al.
(1999a).

We fit both the / and k lines simultaneously in order to
glean all available absorption information from the data.
The factor of 2 difference in oscillator strengths between the
h and k lines can be very useful in constraining the inter-
stellar parameters, the stellar continuum level, and the
number of absorption components. For example, the Mg it
k line for HD 27808 is very saturated, making it difficult to
determine unique values for the interstellar column density
and Doppler parameter. However, the less opaque Mg 11 h
line shows a weaker, unsaturated interstellar absorption
line. Simultaneously fitting both lines allows us to deter-

TABLE 2

PROPERTIES OF HYADES STARS

vg® l b Distance® Vpic’ log Ny, (LIC)!
HD Spectral Type my, (km s~ 1) (deg) (deg) (po) (km s™1) log (cm™2)
(1) (¥)] 3) 4 ) (6) (@] @®) )
21847...... F8 7.3 ... 156.2 —16.6 489 22.6 18.31
26345...... F6v 6.6 37.1 175.2 —23.6 43.1 25.1 18.23
26784...... F8V 7.1 38.5 1824 —279 474 25.1 18.05
27561...... F5v 6.6 39.2 180.4 —24.3 51.4 25.3 18.14
27808...... F8V 7.1 38.9 174.8 —19.1 40.9 25.2 18.23
27848...... F6Vv 7.0 40.1 178.6 —220 53.4 254 18.18
28033...... F8V 74 38.8 1754 —189 46.4 25.3 18.23
28205...... F8V 74 39.3 180.4 —224 45.8 254 18.15
28237...... F8 1.5 40.2 183.7 —24.7 472 254 18.07
28406...... F6Vv 6.9 38.6 178.8 —20.6 46.3 254 18.18
28483...... F6v 7.1 38.0 177.3 —19.2 50.2 254 18.21
28568...... F5v 6.5 40.9 180.5 —214 41.2 25.5 18.15
28608...... F5 7.0 41.4 185.1 —24.7 43.6 254 18.06
28736...... F5v 6.4 39.8 190.2 —27.6 43.2 252 18.00
29225...... F5V 6.6 33.7 181.6 —20.5 435 25.6 18.14
29419...... F5 7.5 39.9 176.0 —15.6 442 25.3 18.22
30738...... F8 7.3 42.7 183.5 —17.6 51.8 25.7 18.13
31845...... F5v 6.8 42.5 185.1 —16.0 43.3 25.7 18.12

2 Taken from Perryman et al. 1998 and references therein.
® Hipparcos distances (Perryman et al. 1997).
¢ Predicted projected LIC velocity from Lallement & Bertin 1992.

4 Predicted hydrogen column density from Redfield & Linsky 2000.
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F16. 1.—(a) Our best fits to the Mg 11 h and k lines for six of the Hyades stars. For each star, the Mg 11 k line is shown in the top panel and the Mg 11 4 line in
the bottom panel. The data are shown in histogram form. The thin solid lines are our estimates for the missing stellar continuum across the absorption lines,
computed by using polynomial fits to spectral regions blueward and redward of the absorption features. The dotted lines are the best-fit individual
absorption lines before convolution with the instrumental profile. The thick solid line represents the combined absorption fit after instrumental broadening.
The spectra are plotted against heliocentric velocity. Notice that for all of these stars, the stellar Mg 11 & and k emission lines are centered ~ 40 km s~ ! to the
red, as a result of their high radial velocities (see Table 2). The absorption features at radial velocities ranging from 10 to 25 km s~ therefore lie in the blue
wing of the Mg 11 lines. The parameters involved in these fits are given in Table 3. (b) As in (a), but for six additional Hyades stars. (c) As in (a), but for the final
six Hyades stars. Note that the HD 28736 profile requires three absorption components.
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F1G. 1.—Continued

mine the interstellar absorption parameters more accu-
rately than by fitting only one of the lines. We fit each line
separately as well, to see how much the parameters change,
allowing us to estimate the systematic errors involved in our
fits and better determine the uncertainties in the various fit
parameters.

Table 3 lists the values for the interstellar absorption
parameters and 1 ¢ errors. For each absorption component
there are three parameters: the central velocity v (km s~ 1),

the Doppler width b (km s~ '), and the Mg 11 column density
log Ny, [log (cm™2)]. The central velocity corresponds to
the mean projected velocity of the absorbing material along
the line of sight to the star. If we assume that the warm
partially ionized material in the solar neighborhood exists
in small, homogeneous cloudlets each moving with a single
bulk velocity, then each absorption component will corre-
spond to a single cloudlet, and its velocity is the projection
of its three-dimensional velocity vector. The Doppler
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F1G. 1.—Continued

parameter is related to the temperature 7 (K) and non-
thermal velocity ¢ (km s~ !) of the interstellar material by
the following equation:

T
b? = 0.016629 1 + &%, 1
where A4 is the atomic weight of the element in question

(A = 24.312 for Mg). Because of the large atomic weight of
Mg, the Doppler parameter is more sensitive to changes in

turbulent velocity than temperature. The Mg 1 column
density is a measure of the amount of material along the line
of sight to the star. If we assume homogeneous cloudlets
with constant density, the column density will be directly
proportional to the cloud thickness. We have identified
three separate velocity components, and therefore three
individual cloudlets, along the line of sight to the Hyades
stars. Columns (2)-(4) of Table 3 list the interstellar parame-
ters for velocity components associated with the LIC,
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TABLE 3
FIT PARAMETERS FOR THE MG II INTERSTELLAR COMPONENTS
LIC COMPONENT HyADEs CLOUD COMPONENT THIRD COMPONENT
v b log Ny, v log Ny, v b log Ny,

HD (km s™1) (km s™1) log (cm~?) (km s™1) (km s~1) log (cm™?) (km s~ 1) (km s™1) log (cm~?) 12

(1) (¥)] 3) @ (5 M ®) &) (10 (11)
21847...... 21.1+0.3 2.7+1.0 13.144+0.37 1.16
26345...... 21.14+0.5 3.8+0.7 12.654+0.08 13.6+1.1 19+13 11.944-0.29 0.79
26784...... 23.0+1.0 29+0.6 12.324+0.13 15.5+1.1 37+1.2 12.34+0.12 1.02
27561...... 22.240.5 4.140.7 12.5040.06 1444038 25+1.0 12.044-0.19 0.98
27808...... 23.14+04 34+04 12.864+0.11 0.95
27848...... 224+1.0 38+1.2 12.564+0.24 164422 2.7+1.6 11.8840.31 0.82
28033...... 23.6+0.5 3.24+0.8 12.89+0.35 0.76
28205...... 23.34+0.3 2340.6 12.594+0.28 14.84+1.7 42416 12.064+-0.14 0.82
28237...... 224+0.7 39409 12.42+0.12 15.6+1.9 40+1.9 12.174+0.20 1.08
28406...... 22.14+0.3 43403 12.674+0.07 0.92
28483...... 20.8+0.3 3.84+0.5 12.67+0.15 0.85
28568...... 23.940.5 3.3+0.7 12.594+0.15 16.5+1.6 25+1.6 11.9340.27 1.01
28608...... 23.2+04 3.1°+04 12.424+0.06 15.8+0.9 3.12+04 12.18+0.08 ... ... ... 1.06
28736...... 21.6+0.5 4440.6 12.65+0.05 134407 1.74+0.9 12.064-0.25 —43+04 2.440.6 12.254+0.15 0.83
29225...... 22.5+0.2 3.74+0.3 12.68 +0.04 0.96
29419...... 23.2+0.2 31+0.3 12.69+0.08 12.340.2 21412 12.664-0.33 1.00
30738...... 20.3+0.4 3.84+0.5 12.48+0.10 0.98
31845...... 22.4+0.3 3.7+0.5 12.4940.05 1.00

 The low signal-to-noise ratio and blended absorption of the Mg 11 lines observed along the line of sight to HD 28608 did not allow for a unique solution.
Therefore, based on the line analysis of the nearby star HD 28237, the Doppler parameter for both components was forced to be equal.

columns (5)(7) list interstellar parameters for the newly
identified Hyades Cloud, and columns (8)—(10) list the same
for the third velocity component. The velocity spatial struc-
ture is discussed in § 3.3, the Doppler parameter spatial
structure is discussed in § 3.4, and the column density
spatial structure is discussed in § 3.5.

3.2. Spatial Analysis

The spectra shown in Figures 14, 1b, and 1c clearly show
several distinct absorption features. Because the lines of
sight to all of our targets are in close proximity, we expect
that many of these absorption features should sample the
same interstellar cloudlet structure. If the lines of sight to
our targets pass through the same cloud structures, then the
inferred interstellar parameters (b, v, Ny,,) should be
similar, and the projected spatial structure is probably con-
tinuous. The presence of distinct boundaries where the
absorption by a cloud is present in one star but not in close
neighbors would indicate that the cloud has a sharp bound-
ary. Furthermore, similar interstellar parameters for the
cloud inferred from adjacent lines of sight would imply that
a cloud is, to first order, homogeneous.

In Table 3 we have grouped the absorption features into
three separate cloudlets. The first, present in the spectra
of all 18 target stars, has velocities ranging from 20 to
24 km s~! and is associated with the LIC. The second
cloudlet, clearly present in the spectra of 10 target stars, has
velocities ranging from 12 to 17 km s~ . We now call this
structure the Hyades Cloud. The third cloudlet, only
detected toward one target star (HD 28736), has a velocity
of approximately —4 km s~ !. In Figure 2 we plot the
spatial distribution of the Hyades target stars and the rough
outlines of the Hyades Cloud and the third cloudlet.
Because of the limited spatial sampling, the true extent of
these clouds is not yet known. However, the dashed lines
represent the positions between adjacent target stars, where

the location of the boundary is reasonably well defined. The
consistency of the interstellar parameters determined from
the spectra of the 10 target stars, as well as the contiguous
spatial projection, implies that the Hyades Cloud is in fact a
coherent body with a roughly homogeneous structure.

The location of these clouds along the line of sight is a
more difficult question to answer. Because absorption due
to the LIC has been observed for many other stars, Redfield
& Linsky (2000) were able to calculate a three-dimensional
model of the LIC. Based on this model, the LIC is expected
to extend ~5.8 pc in the direction of the Hyades. The
Hyades Cloud could, therefore, be located anywhere from
the edge of the LIC to the Hyades, perhaps surrounding the
target stars themselves. Figure 3 shows the measured Mg 1
column density as a function of distance. If the Hyades
Cloud actually surrounds the Hyades stars, we would
expect to see a trend of increasing Mg 11 column density
with distance. We see no such trend and therefore conclude
that the LIC and Hyades clouds are both located, in their
entirety, in front of the target stars. The location of the
Hyades Cloud (dyc) is therefore limited to 5.8 < dyc <
41.2 pc. The mean column density for each cloud is given by
the dashed line. For the LIC the mean Mg 11 column density
is log Ny, ~ 12.63 log (cm~?). The Hyades Cloud has a
mean Mg I column density of log Ny, ~ 12.13 log (cm ™ ?).
The factor of 3 lower mean column density implies that the
Hyades Cloud is either thinner or less dense than the LIC. If
we assume that the Hyades Cloud has similar physical char-
acteristics to the LIC, including a similar H 1 density (ny, =
0.10 cm~3%) and Mg 1 depletion (—1.1 dex), then we esti-
mate the thickness of the Hyades Cloud to be ~ 1.8 pc.

3.3. Velocity Structure
Since we can fit the LISM absorption successfully with
Voigt profiles, we presume that the medium along a given
line of sight for each cloud is moving at a single bulk veloc-
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F16. 2—Locations of the HST Hyades target stars in Galactic coordinates. The filled circles show the precise location of each Hyades target star. Each
symbol is labeled with the HD number associated with the target. Information and results for the targets are listed in Tables 2 and 3. The shaded regions
represent the tentative locations of the Hyades (light shading) and HD 28736 (dark shading) clouds, and dashed lines indicate better determined boundaries of
the two clouds. The extent of each cloud in directions where no observations exist is obviously tentative.

ity, with symmetric thermal and turbulent motions. The
measured central velocity and 1 o error bars for each
absorption feature are given in Table 3. The velocities of
absorption features that we identify with the LIC are given
in column (2), those that we identify with the Hyades Cloud
are given in column (5), and the third component is given in
column (8).

If we assume that each cloudlet structure in the LISM is
moving with a single-valued bulk velocity, then we can cal-
culate a unique velocity vector for each individual cloud.
Because of the small number of lines of sight previously
sampled, unique velocity vectors have only been calculated

1350 11c :
= 13.0F .
CA S sl S G
& 125¢ % R 1
Z 120t .

115F ]
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Distance (pc)

for two clouds: the LIC and the Galactic (G) Cloud
(Lallement et al. 1995). In the heliocentric rest frame, the
LIC, in which the Sun is embedded, is flowing toward
Galactic coordinates [ = 186° and b = —16° at a speed of
25.7+ 0.5 km s~ ! (Witte et al. 1993; Lallement & Bertin
1992). Using this vector, we compute the projected LIC
velocities (vpyc), for the lines of sight toward our Hyades
stars. In Table 4 the predicted velocity values are given in
column (2), and the observed central velocities associated
with the LIC are given in column (3). We observe LIC
absorption in all 18 Hyades target stars, but the observed
velocity values are systematically lower than the predicted
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F16. 3.—Variation of Mg 11 column density with heliocentric distance, along with 1 ¢ errors. The mean Mg 11 column density is portrayed by the thick
dashed line. The left panel displays the Mg i1 column densities associated with the LIC. The right panel displays the Mg 11 column densities associated with
the Hyades Cloud. Because there is no tendency in the Mg 1 column densities to increase with increasing distance, we conclude that the LIC and Hyades

clouds are located in front of the target stars and do not surround them.
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TABLE 4

MICROSTRUCTURE OF LOCAL INTERSTELLAR CLOUD

COMPARISON OF MEASURED AND PREDICTED LIC PARAMETERS FOR EACH LINE OF SIGHT

Ve ULICb log Ny, (LIC)® log N Mgn(LIC)d

HD (km s~ 1) (km s™Y) log (cm~?) log (cm™?) D(Mg)

1) 2 (3 @ ()] (6)
21847...... 22.6+0.5 21.14+0.3 18.31 13.14+0.37 —0.76+0.37
26345...... 25.14+0.5 21.14+0.5 18.23 12.65+0.08 —1.17+0.08
26784...... 25.14+0.5 23.0+1.0 18.05 12.32+0.13 —1.32+0.13
27561...... 25.34+0.5 22.240.5 18.14 12.50+0.06 —1.23+0.06
27808...... 25.240.5 23.14+04 18.23 12.86+0.11 —0.96+0.11
27848...... 25.440.5 224+1.0 18.18 12.56+0.24 —1.21+0.24
28033...... 25.34+0.5 23.6+0.5 18.23 12.89+0.35 —0.93+0.35
28205...... 25440.5 23.34+0.3 18.15 12.59+0.28 —1.15+0.28
28237...... 25440.5 22.44+0.7 18.07 12.42+0.12 —1.24+0.12
28406...... 25440.5 22.14+0.3 18.18 12.67+0.07 —1.104+0.07
28483...... 25.44+0.5 20.84+0.3 18.21 12.67+0.15 —1.13+0.15
28568...... 25.54+0.5 23.9+4+0.5 18.15 12.59+0.15 —1.1540.15
28608...... 25440.5 232404 18.06 12.42+0.06 —1.23+0.06
28736...... 25.24+0.5 21.6+0.5 18.00 12.65+0.05 —0.944-0.05
29225...... 25.6+0.5 22.540.2 18.14 12.68 +0.04 —1.05+0.04
29419...... 25.34+0.5 23.24+0.2 18.22 12.69 +0.08 —1.1240.08
30738...... 25.74+0.5 20.34+0.4 18.13 12.48+0.10 —1.24+0.10
31845...... 25.74+0.5 22.4+40.3 18.12 12.49 +0.05 —1.2240.05

? Predicted projected LIC velocity from Lallement & Bertin 1992.
® Observed projected LIC velocity (see Table 3).
¢ Predicted hydrogen column density from Redfield & Linsky 2000.
4 Observed Mg 11 column density (see Table 3).
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values. The mean difference [v,;cqictea(LIC) — Ugpservea(LIC)]
is 29 +0.7 km s~ 1. Two plausible explanations for this
discrepancy are that unresolved blended absorption fea-
tures are offsetting our central velocity fits or that the calcu-
lated LIC velocity vector is inaccurate for this region of the
sky. The presence of the Hyades Cloud absorption
(typically ~7.8 km s~! from the observed LIC velocity)
does not seem to affect the LIC velocity measurements. The
10 target stars that show Hyades absorption, often blended
with the LIC absorption, have a mean LIC velocity differ-
ence similar to the overall mean [v,cgictea(LIC)
— Ugpeervea(LIC) = 2.7 + 0.8 km s~ 1], as do those without
Hyades absorption features [v,,cgictea(IC) — Ugpservea(LIC)
= 3.1+ 0.6 km s~ ']. The LIC velocity vector determined
by Lallement & Bertin (1992) used nine lines of sight distrib-
uted over the entire sky. The nearest target to the Hyades
stars in their sample is # Aur, about 25° away, with absorp-
tion at 23.0 + 1.5 km s~ !. Now that many more lines of
sight have been studied since the Lallement & Bertin (1992)
determination of the LIC velocity vector, a revision of the
vector could bring the Hyades velocities into better agree-
ment. However, the 2.9 + 0.7 km s~ ! discrepancy between
the predicted and the observed projected LIC velocity
cannot be accounted for by small corrections in the LIC
velocity vector direction or magnitude. Therefore, a single
bulk velocity flow may not be realistic throughout the
whole LIC. Note that the leading edge of the LIC, moving
with a velocity of 25.7 km s~ ! along the line of sight toward
I =186° and b = —16°, is very near to the lines of sight to
the Hyades stars. Our observations of slightly slower veloci-
ties may indicate a compression and deceleration at the
leading edge of the LIC. We will address these questions in
a future paper.

A total of 10 out of the 18 Hyades stars show a second
absorption feature in the velocity range of 12-17 km s~ !
with a mean value of 14.8 km s~ 1. We have identified what

we now call the Hyades Cloud based on the similar absorp-
tion velocities measured for these 10 lines of sight. Because
the Hyades stars cover a small area of the sky and do not
show a clear trend in velocity across the sample area, it is
not yet feasible to calculate a velocity vector. If the kine-
matic structure of the LISM is coherently organized, then
the direction of the Hyades Cloud velocity vector is
expected to be similar to the direction of the LIC velocity
vector. The G Cloud and the LIC vectors, for example, are
very similar (Lallement et al. 1995). Therefore, we anticipate
that other nearby targets with lines of sight that also tra-
verse the Hyades Cloud will have absorption at velocities
less than 5 km s™! from the measured mean value of
Hyades absorption at 14.8 km s~ '. Figure 4 shows an
expanded view of the Hyades region in Galactic coordinates
with other nearby stars plotted along with the Hyades stars.
The Hyades sample is plotted as circles, while other targets
that have Mg 11 absorption detected by HST are plotted as
squares, and targets that have Ca 11 absorption observed
with ground-based telescopes are plotted as triangles. Only
high-resolution data (R = 4/A4 = 100,000) are included in
these samples. The HST targets are listed in Table 5, and
the Ca 1 targets are listed in Table 6. We have separated
those stars that show absorption in the velocity range of
10-20 km s~ ! from those that do not. In Figure 4, those
targets that show absorption at a velocity consistent with
the Hyades Cloud are plotted as filled symbols, while those
that do not are plotted as open symbols. This provides a
tentative means for establishing the boundary of the
Hyades Cloud. Clearly, the Hyades Cloud does not extend
far to the Galactic northeast (upper left), as a result of the
large number of objects that do not show Mg 1 or Ca
absorption at the Hyades Cloud velocity, nor does the
Hyades Cloud extend far to the Galactic southwest (lower
right), as € Eri and 40 Eri A do not show any Hyades Cloud
absorption. It appears that the Hyades Cloud structure may
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F1G. 4—Locations, in Galactic coordinates, of HST Hyades target stars and other stars observed in the UV with HST and in the optical with
ground-based instruments. Lines of sight that show absorption at velocities consistent with the Hyades Cloud (10-20 km s~ !) are shown as filled symbols,
and those that do not are shown as open symbols. The Hyades stars are identified by circles. HST observations of other stars are displayed as squares. Other
stars with ground-based Ca 1 observations are displayed as triangles. The dashed lines are a tentative outline of boundary of the Hyades Cloud. The
dot-dashed line is a tentative outline of the boundary of the third cloudlet observed toward HD 28736. No other targets show absorption at the velocity of

this cloud.

extend almost linearly across the sky from Galactic
southeast to Galactic northwest, in a filamentary structure.
Definitive proof of Hyades Cloud absorption can only be
made by self-consistent measurements of a velocity vector,
cloud temperature, and elemental abundances. As this
requires high-resolution spectra in the 1200-1350 A region,

which are not yet available, this task is beyond the scope of
this paper, and we simply provide a tentative boundary
based on similarity of absorption velocity. The large appar-
ent size of the Hyades Cloud suggests that it is probably
located nearby, just beyond the LIC. The fact that Sirius,
only 2.6 pc away, may be a member of the Hyades Cloud,

TABLE 5
HST TARGETS IN THE VICINITY OF THE HYADES STARS

1 b Distance® v byg u log Ny, Temperature ¢
HD Other Name (deg) (deg) (pc) (km s~ 1) (kms™!)  log(cm™?) (K) (km s™1) D(Mg) Reference
(1) 2 A3) @ ®) (6) (7 ®) ) (10 (11) (12)
Targets with Absorption at the Hyades Cloud Velocity
48915...... Sirius 2272 -89 2.6 13.1+15 31404  12.00£0.05 30002399 27403 —099+0.21 1,2
20630...... k! Cet 1782 —43.1 9.2 13.32+0.05 2.64+0.10 12.1940.03 <5000 1.8-2.7 3
11443...... o Tri 1386 —314 19.7 142+04 41+14 1276+0.10 83002000 <17 —0.83+0.14 4
22468...... HR 1099 1849 —41.6 29.0 148+0.1 242+008 11.74+0.02 —1.4440.16 5
44402...... { CMa 2375 —194 103.4 13.0+1.5 .. 6400-8400 1.8-22 6
52089...... e CMa 2398 —113 132.1 10+2 2.384+0.04 12.004+0.05 3600+1500 1.85+0.3 —047 7,8
Targets without Absorption at the Hyades Cloud Velocity
22049...... € Eri 1958 —48.1 32 4
26965...... 40 Eri A 200.8 —38.1 5.0 9
39587...... ¥t Ori 1885 =27 8.7 3
34029...... Capella 162.6 4.6 129 10, 11
432 ........ B Cas 1175 —-33 16.7 4
1405........ PW And 1146 —314 21.9 12
8538 ....... é Cas 1272 —-24 30.5 13
G191-B2B 156.0 7.1 68.8 14

2 Hipparcos distances (Perryman et al. 1997).

REFERENCES.—(1) Lallement et al. 1994. (2) Hébrard et al. 1999. (3) S. Redfield et al. 2001, in preparation. (4) Dring et al. 1997. (5) Piskunov et al. 1997. (6)
Dupin 1998. (7) Gry et al. 1995. (8) Gry & Jenkins 2001. (9) Wood & Linsky 1998. (10) Linsky et al. 1993. (11) Linsky et al. 1995. (12) Wood et al. 2000b. (13)

Lallement & Ferlet 1997. (14) Sahu et al. 1999b.
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TABLE 6
CA 1 TARGETS IN THE VICINITY OF THE HYADES STARS
I b Distance® v bea n log Ncan
HD Other Name (deg) (deg) (pc) (km s™1) (km s~ 1) log (cm™?) Reference
1) 2 3 “ (5 (6) ) ®) &)
Targets with Absorption at the Hyades Cloud Velocity

32630...... n Aur 165.4 0.3 67.2 10.7+0.1 1.704+0.10 10.7540.01 1

10.740.3 1.51+0.3 10.834-0.02 2
35468...... y Ori 196.9 —16.0 74.5 16.0+0.1 1.9040.20 10.344-0.04 1
23630...... n Tau 166.7 —235 112.7 15.140.1 2.104+0.18 10.564-0.03 1

152403 1.30°+0.3 10.704-0.03 2
23302...... 17 Tau 166.2 —239 113.6 15.7403 1.32+0.3 10.604-0.03 2
22928...... 6 Per 150.3 —5.8 161.8 16.2+0.1 1.604+0.19 10.4840.02 1

Targets without Absorption at the Hyades Cloud Velocity

16970...... y Cet 168.9 —49.4 251 3
19356...... B Per 149.0 —14.9 28.5 1
35497...... B Tau 178.0 —3.8 40.2 1
25642...... A Per 151.6 —-13 106.3 1
3360 ....... { Cas 120.8 -89 183.2 1
5394 ....... y Cas 123.6 —-22 188.0 1,2
3369 ....... n And 119.5 —-29.1 201.2 1
4727 ....... v And 122.6 —21.8 208.3 1

® Hipparcos distances (Perryman et al. 1997).
® Fixed b value (Welty, Morton, & Hobbs 1996).

REFERENCES.—(1) Vallerga et al. 1993. (2) Welty et al. 1996. (3) Crawford, Lallement, & Welsh 1998.

supports the indication that the Hyades Cloud is nearby.
The absorption at the Hyades Cloud velocity toward Sirius
was identified by Lallement et al. (1994) as the Blue Cloud.

In Figure 4, a tentative boundary (dot-dashed line) is
given for the third component that is observed toward HD
28736. No other nearby stars show absorption at a velocity
similar to the third component velocity (—4.3 km s™1).
Therefore, this third-component cloud is limited to a small
region on the sky, indicating that it is likely located farther
away than the Hyades Cloud.

3.4. Temperature and Turbulent Structure

The observed value of the Doppler parameter b is a
measure of the temperature T' and turbulent velocity &. The
relationship is provided in equation (1). Because of its rela-
tively large atomic weight, magnesium’s Doppler parameter
is primarily due to turbulence or unresolved clouds along
the line of sight. The measured Doppler parameter and 1 o
error bars for each absorption feature are given in Table 3.
If we assume that the temperature and turbulent structure
in a cloud are relatively constant, the Doppler parameters
should be equal. For the LIC absorption component, all 18
lines of sight are in good agreement regarding the Doppler
parameter. The mean b value for the LIC is by;c = 3.5 + 0.6
km s~ If we assume an LIC temperature of Ty;c ~ 8000
+ 1000 K (Piskunov et al. 1997; Linsky et al. 1995; Lalle-
ment et al. 1994; Witte et al. 1993), then the turbulent veloc-
ity in this region of the LIC is &;;c ~ 2.6 + 0.8 km s~ *. This
value is larger than values calculated for the LIC along
other lines of sight (Piskunov et al. 1997; Lallement et al.
1994; Linsky et al. 1995), but not for the LISM in general
(Lallement et al. 1994; Wood, Linsky, & Zank 2000b). Since
the mean by is identical for those lines of sight with and
without additional Hyades absorption, we do not believe
that unresolved blends are compromising our measure-
ments of the turbulence values.

The weaker, blended Hyades absorption component
permits us to determine the Doppler parameter but with
lower precision. The 1 ¢ error bars are larger owing to the
absorption being a blended and weaker line. The mean
Mg 1 b value for the Hyades component is byc = 2.8 +
0.9 km s~ !, indicating a lower temperature cloud or a less
turbulent structure than the LIC. In Table 5, the other Mg 1
observations of nearby targets give b values that agree
within the errors of the mean Hyades sample b value. This is
an additional indication that these lines of sight traverse the
same cloud structure.

Many of the stars observed by HST and listed in Table 5
that show Hyades Cloud absorption in Mg 1 also show
Hyades Cloud absorption in other atomic lines. Obser-
vations of absorption in many lines allow the temperature
and turbulent velocity in the cloud to be measured. These
parameters are listed in columns (9) and (10) of Table 5. The
measured b values of Mg 11 and H 1 Hyades Cloud absorp-
tion along the line of sight to HR 1099 do not permit a
unique determination of the temperature or turbulent
velocity. Observations of Hyades Cloud absorption in other
atomic lines are needed to determine satisfactorily these two
quantities along this line of sight. Likewise, the complicated
LISM absorption spectra seen in observations of § CMa led
Dupin & Gry (1998) to force an Hyades Cloud absorption
component fixed by the ISM parameters measured toward
€ CMa. Although the absorption toward f§ CMa is therefore
consistent with Hyades Cloud absorption, the § CMA data
provide no additional information on the physical proper-
ties of the Hyades Cloud. Therefore, the interstellar parame-
ters for B CMa are not listed in Table 5, and those
interstellar parameters listed for HR 1099 should be given
low weight.

3.5. Column Density Structure

The observed Mg 11 column density indicates the number
of Mg™ ions along the line of sight. If we assume a homoge-
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neous medium with a constant density, the column density
is directly proportional to the distance that the line of sight
traverses through the cloud. The measured Mg 11 column
densities and 1 ¢ error bars for each absorption feature are
given in Table 3. Column (4) lists the Mg 11 column density
associated with the LIC. Figure 5 shows a crude contour
plot of the LIC Mg 1 column density. A negative gradient in
column density is clearly evident from Galactic northeast to
Galactic southwest. The target with the maximum column
density is HD 21847 (I = 156.2 and b = —16.6), and the
minimum column density through the LIC is in the line of
sight of HD 26784 (I = 182.4 and b = —27.9). The gradient
is fairly smooth between these two stars. Redfield & Linsky
(2000) developed a three-dimensional model of the macro-
scopic structure of the LIC using 32 lines of sight and
assuming a homogeneous, constant density cloud structure.
Figure 5 shows the H 1 column density predicted from their
model as shading. The model shows a gradient in H 1
column density that is similar to what is seen in Mg 11 over
the same region. The predicted values of the H 1 column
density for the lines of sight to the Hyades stars are listed in
column (4) of Table 4. Although the depletion of Mg may
change somewhat for different lines of sight through the
LIC (see § 3.5.1), we do not expect the Mg depletion to
change drastically over small distances. Our result that the
two column densities are indeed found to be consistent is an
excellent check for the Redfield & Linsky (2000) LIC model
and for the quality of the Hyades analysis.

As discussed in § 3.2, the mean Mg 11 column density
through the Hyades Cloud is more than a factor of 3
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smaller than the Mg 1 column density through the LIC.
The measured values of the Hyades Cloud Mg 1 column
density are listed in column (7) of Table 3. Because of the
random error associated with the low signal-to-noise ratio
(S/N) of the observations and the systematic errors created
by the uncertainty in the continuum and the tendency for
the Hyades Cloud absorption to be blended with the LIC
absorption, we estimate that the minimum Mg 1 column
density that could be detected is log Ny,, =
11.5 log (cm~2). This value includes the random errors of
measurement and our estimate of the more important sys-
tematic errors. The upper limit of the Mg 11 column density
for our Hyades Cloud nondetections is therefore
log Ny, = 11.5 log (cm™2). Like the LIC, the Hyades
Cloud shows a smooth gradient in column density with
position on the sky. Figure 6 shows the Mg 1m column
density contours for those lines of sight that show absorp-
tion greater than our detection limit, consistent with
Hyades Cloud velocities. The tentative outline of the
Hyades Cloud from Figure 2 is also provided. The
maximum Mg 11 column density is exhibited by the isolated
star HD 29419, and the minimum detected Mg 11 column
density is for the line of sight to HD 27848, located close to
the edge of the Hyades Cloud at [ = 178.6 and b = —22.0.
The Mg 1 column density gradient clearly decreases from
the interior of the Hyades Cloud toward the edge near
HD 27848. Other nearby stars that show absorption at
velocities similar to the Hyades show Mg 1 column den-
sities consistent with those found in the Hyades sample
itself. These values are given in Table 5 and provide addi-

17.95 18.05 18.13 18.20 18.26 18.32
Ny (log(em™))
LIC Column Density
10 ——————
- _
. i ¢ ]
o2}
2 g ) .
Té Ol o L 7
~ 20 o —
9] o . o
> _
O -
< . © -
= ] &
g _
. —
L] L]
-25 r } \H —
N © -
4 2
L] 7 T Q —
—-30 | . |
150 160 170 180 190

Galactic Longitude

F16. 5—Contours of the measured Mg 11 column density and shading for the predicted H 1 column density for the LIC. The filled circles display the
location of the Hyades stars in Galactic coordinates, identical to Fig. 2. The labeled lines represent contours of measured Mg 11 column density. The shaded
gradient represents the H 1 column density predicted by the LIC model of Redfield & Linsky (2000). The range of H 1 column densities is given by the bar at
the top of the figure. Note that the gradient of Mg 11 column density is similar to the H 1 column density gradient.
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F1G. 6.—Contours of the measured Mg 1 column density for the Hyades Cloud. The filled circles display the location of the Hyades stars in Galactic
coordinates, identical to Fig. 2. The labeled lines represent contours of measured Mg 11 column density. Our tentative outline of the Hyades Cloud is given by
the dashed lines. Among the main group of Hyades Cloud lines of sight (those lines of sight in the southwest portion of the figure), there is a clear gradient of
lower Mg 11 column densities toward the cloud’s edge. There may still be Hyades Cloud absorption beyond the boundary, but at levels less than our detection

limit.

tional evidence that these lines of sight traverse the same
physical cloud as the Hyades sample.

3.5.1. Mgu Depletion

The gas-phase abundance of elements in the LISM is an
important physical parameter for our understanding of the
structure of the LISM. The analysis of Lallement et al.
(1994) demonstrated that Mg 1 is the dominant ionization
state of magnesium in the LISM. It has been found that the
gas-phase abundance of Mg 11 can vary considerably in the
LISM (Piskunov et al. 1997; Dring et al. 1997). Depletion is
defined by the equation

M
D(Mg) = log (NN&> —log (f) ,
Hi1 ©

where the solar abundance of magnesium to hydrogen is
log Mg/H), = —4.41 (Anders & Grevesse 1989). Note that
these depletion values assume that all hydrogen in the
LISM is neutral. The ionization state of the LISM is uncer-
tain, but it is likely that nearly half of the hydrogen is
ionized (Wood & Linsky 1997; Lallement et al. 1994). In
this case, the depletion values calculated from equation (2)
may be too large by 0.3 dex or more. Depletion values
derived by Piskunov et al. (1997) and Dring et al. (1997)
imply an LIC depletion value for magnesium of
D(Mg) = —1.1 £ 0.2. This is similar to the depletion
D(Mg) = —0.89 + 0.05 obtained for the warm cloud in the
line of sight to { Oph (Savage & Sembach 1996).

The Hyades sample unfortunately does not have corre-
sponding spectra of H 1 (1216 A) and therefore does not
allow for an independent measure of the hydrogen column
density and magnesium depletion. However, the Redfield &

@

Linsky (2000) LIC model provides predictions of the H 1
column densities through the LIC for any line of sight. In
Table 4 the predicted LIC hydrogen column densities are
listed in column (4), and the measured LIC Mg 1 column
densities, as taken from Table 3, are listed in column (5).
The calculated depletions are listed in column (6). The
Mg depletions range from D(Mg)= —0.76 + 0.37 to
D(Mg) = —1.32 + 0.13. Therefore, all of the Hyades stars
are consistent with the canonical value of LIC depletion,
D(Mg) = —1.1 +£ 0.2. This provides further confirmation
that not only do the predicted H 1 column densities have a
gradient similar to that of the measured Mg 11 column den-
sities, but the difference between the two provides a reason-
able estimate of the magnesium depletion.

The magnesium depletions in the Hyades Cloud mea-
sured by HST observations of nearby stars are listed in
column (11) of Table 5. There is no clear trend among the
magnesium depletion values, but they are roughly similar to
the LIC value of D(Mg) = —1.1 + 0.2. We note that the
two stars with values of D(Mg) farthest from the LIC value,
HR 1099 and € CMa, have three or more velocity com-
ponents in their lines of sight, and therefore the hydrogen
column density and magnesium depletion are difficult to
measure for the Hyades Cloud component.

4. HOMOGENEITY IN THE LISM

The close proximity of the lines of sight to the Hyades
stars provides an excellent opportunity to investigate the
small-scale microstructure of warm interstellar clouds.
Because of the large number of targets observed in the
Hyades sample (18) and the small angular distance between
them, there are large numbers of unique pairs with which to
compare observed ISM parameters. Because the LIC is
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observed in all 18 targets, there are 153 unique pairings of
targets varying in angular distance from 026 to 3322. Figure
7 shows the distribution of angular distances of the Hyades
stars in 1° bins. The left panel gives the distribution for the
LIC, and it is clear that the vast majority of star pairings are
less than 10° away from each other. The same is true for the
Hyades Cloud, as shown in the right panel of Figure 7.
However, there are only 45 unique pairs for the 10 stars
with Hyades Cloud absorption. The Hyades Cloud dis-
tribution of angular separations ranges from 10 to 17°8.
We compare the observed Mg 11 column density for the
LIC and the Hyades Cloud as a function of angular separa-
tion for each individual pairing. This comparison should
provide some insight into the density inhomogeneity of the
LISM. If there are large inhomogeneities, proximate lines of
sight should not show similar column densities. In fact, we
find that close lines of sight do show similar Mg 11 column
densities. Figure 8 shows the difference in the observed
Mg 1 column density for all pairings as a function of
angular separation. The closest pairs in fact show excellent
agreement in observed column densities. The top panel dis-
plays the observed Mg 11 column densities of the LIC for all
18 target stars. The bottom panel displays the observed
Mg 1 column densities for the 10 stars that show Hyades
Cloud absorption. The similar values of Ny, , for the closest
pairs indicate that the LIC and Hyades Cloud are in fact
roughly homogenous. For the LIC, we have some indica-
tion of the distance to the edge of the cloud from a model
based on previous observations of 32 lines of sight. Linsky
et al. (2000) presented a methodology for calculating the
distance to the edge of the LIC, using high-resolution obser-
vations of deuterium absorption and assuming constant
D/H ratio in the LIC. Redfield & Linsky (2000) used this
technique to calculate distances to the edge of the LIC and
to fit a three-dimensional model of the shape of the LIC. We
use these estimates to the edge of the LIC to calculate physi-
cal separations at the edge of the LIC for different sight lines
from the angular separations of the Hyades stars. In the top
panel of Figure 8, the top axis is this distance scale in
parsecs. The lines of sight of the very closest pairs of targets,
which show excellent agreement, are on the order of 0.05—
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0.1 pc away from each other at the edge of the LIC, corre-
sponding to separations of (1-2) x 10* AU. One would not
be surprised to see differences in column density to increase
with increased distance, as a result of the macroscopic char-
acteristics of the cloud, but it is important to determine
whether the column densities change smoothly or stochasti-
cally with increasing angular separations. We have indi-
cated where a factor of 2 in ANy, occurs in Figure 8. The
change in column density for pairs of targets does not con-
sistently exceed a factor of 2 until angular distances of > 8°
or physical distances of =0.6 pc are obtained. The tran-
sition to larger ANy, for pairs of stars seems to occur
smoothly.

In the top panel of Figure 8 we also include the change in
H 1 column density, ANy ,, as predicted by the Redfield &
Linsky (2000) macroscopic model of the LIC. These calcu-
lations are displayed by the crosses. Clearly, the changes in
the predicted H 1 column density between lines of sight to
the Hyades stars are smaller than those of the measured
Mg 1 column density. This indicates that the LIC, as mea-
sured by the Mg 11 column densities of this Hyades sample,
is more inhomogeneous than the model. The most likely
explanation is that the LIC model is undersampled and
requires many more lines of sight in order to resolve the
column density fluctuations. Our sample indicates that at
angular separations of <8° the measured column densities
in the LIC do not change by more than a factor of 2.

We can also study the inhomogeneity of the Doppler
parameter. In § 3.4 we discussed how the Doppler param-
eter is related to the temperature and turbulent velocity
structure. With the many lines of sight to the Hyades stars,
we can question whether the LIC and the Hyades Cloud
have constant temperatures and turbulent velocities, or
whether these quantities change at boundaries or interfaces.
In Figure 9 we display the difference in the Doppler param-
eter for all pairs of stars for both the LIC and the Hyades
Cloud. Clearly, the Hyades Cloud shows larger error bars
due to the weak and blended absorption lines. The LIC, on
the other hand, has relatively small error bars. There
appears to be a distinct contrast in the difference of Mg 1
column density and Doppler parameter data. Whereas the
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F16. 7.—Distribution of angular distances between Hyades stars in 1° bins. The left panel displays the distribution of all the Hyades target stars. There are
18 targets in all, and therefore 153 unique pairs. The right panel displays the distribution of all Hyades target stars that show Hyades Cloud absorption; 10
targets have lines of sight that traverse the Hyades Cloud, and there are therefore 45 unique pairs. Both distributions show that the majority of the pairs are

separated by less than 10°.
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FiG. 8.—Difference in the Mg 11 column density between pairs of stars
as a function of angular separation. The top panel displays the difference in
LIC Mg 11 column densities (open circles) and 1 ¢ error bars for all pairings
of the 18 total targets. The crosses indicate the difference in the predicted
LIC H 1 column densities, provided by the Redfield & Linsky (2000) LIC
model. The long-dashed line indicates zero change, and the short-dashed
line indicates a factor of 2 difference in column density. We expect the
difference in column density to increase with increasing angular distance. A
factor of 2 difference is consistently obtained for objects separated by = 8°.
Because we have an indication of the distance to the edge of the LIC
(Redfield & Linsky 2000), we can estimate the physical distance at the edge
of the LIC between the lines of sight to a pair of stars from their angular
separation. The top axis of the LIC plot shows physical distance in units of
parsecs. The bottom panel displays the difference in the Hyades Cloud
Mg 11 column density and 1 ¢ error bars for all pairings of the 10 targets
that show Hyades Cloud absorption. The format of the bottom panel is
identical to the top. We expect differences in column density to be larger at
smaller angular distances, since the Hyades Cloud is at a greater distance
than the LIC, meaning that the angular distances correspond to larger
physical distances.

Mg 11 column density differences show a gradual increase in
difference with increasing distance, the Doppler parameter
differences do not show any trend with distance, but rather
a constant difference of ~1 km s~ ! for all distances, consis-
tent with the uncertainties in the measurements. It is pos-
sible that the spectral resolution of our observations is not
high enough to determine adequately the Doppler param-
eter with great enough precision to detect variations in b.
However, if we are successfully resolving and fitting the
Doppler parameter for the observed absorption features,
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F1G. 9.—Difference in the Mg 1 Doppler parameter between pairs of
stars as a function of angular separation. The top panel displays the differ-
ence in LIC Mg 1 Doppler parameters and 1 ¢ error bars for all pairings of
the 18 total targets. The long-dashed line indicates zero change. Because
we have an indication of the distance to the edge of the LIC (Redfield &
Linsky 2000), we can estimate the physical distance at the edge of the LIC
between the lines of sight to a pair of stars from their angular separation.
The top axis of the LIC plot shows physical distance in units of parsecs.
The bottom panel displays the difference in the Hyades Cloud Mg 1
column density and 1 ¢ error bars for all pairings of the 10 targets that
show Hyades Cloud absorption. The format of the bottom panel is identi-
cal to the top.

this behavior of the Doppler parameter may indicate that
there are no large gradients in temperature or turbulent
velocity.

5. CONCLUSIONS

We have analyzed Mg 11 h and k absorption features in
HST/STIS spectra for 18 members of the Hyades. Our find-
ings are summarized as follows:

1. Three velocity components are observed along the
lines of sight toward the Hyades. All stars show absorption
that is consistent with the LIC at =20 km s~ !. A total
of 10 of the 18 stars exhibit a secondary component at
radial velocities of 12-16 km s~ !. One star (HD 28736)
shows absorption of a third component at a velocity of
—43kms™ 1.
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2. The observed radial velocities associated with the LIC
absorption are lower than those predicted by the LIC veloc-
ity vector (Lallement & Bertin 1992; Lallement et al. 1995)
by 2.9 4+ 0.7 km s~ . The direction to the Hyades is also
roughly the direction of the leading edge of the LIC, so the
lower velocities may indicate a compression or deceleration
of material at the leading edge of the LIC.

3. The Hyades Cloud appears to extend beyond the field
of view of the Hyades, as other nearby lines of sight show
absorption at similar velocities. We have collected data
from previous HST observations and ground-based Ca n
observations. The indicated structure of the Hyades Cloud
is more filamentary in nature than that inferred for the LIC.

4. The large number of proximate lines of sight provides
a unique opportunity to investigate the inhomogeneity of
the LISM and, in particular, individual clouds such as the
LIC. We find that the range in Mg 11 column densities does

not exceed a factor of 2 for angular separations of <8°.
Linsky et al. (2000) and Redfield & Linsky (2000) provide
estimates of the distance to the edge of the LIC. With these
estimates, the angular separations of <8° correspond to
physical distances of <0.6 pc or <10° AU at the edge of the
LIC.
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