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ABSTRACT

An atlas of ultraviolet interstellar absorption-line profiles toward four stars in the Carina Nebula is pre-
sented. The observations have been made with the Space Telescope Imaging Spectrograph on the Hubble
Space Telescope, with a resolving power of 114,000. Low-ionization, high-ionization, and excited-state lines
from a wide array of chemical species are included. Extensive measurements of radial velocities, velocity dis-
persions, and column densities of individual components in these profiles are also given. The unprecedented
capabilities of STIS reveal many more velocity components than previously known; most of the high-velocity
components in previous observations with the International Ultraviolet Explorer are now resolved into multi-
ple subcomponents, and even higher velocities are seen. The great range of line strengths available permits
the detection of the low-velocity components in the weakest lines, and progressively higher velocities in stron-
ger lines (in which the low-velocity components become completely blended). The weak and high-ionization
lines trace global structure in the H 11 region, while the strong low-ionization lines show intricate high-velocity
structure that likely originates relatively near to the O stars observed. The extreme velocities found in the
low-ionization lines toward these four stars are —388 and +127 km s~!, with 23-26 resolved components in
each. Some components in different stars may be related, but many are different in each line of sight. A
remarkably well-defined Routly-Spitzer effect is found in this region. Temporal variations toward one star
observed twice have already been reported. These measurements will be used in subsequent astrophysical
analyses to further constrain the origins of the phenomena.

Subject headings: ISM: abundances — ISM: individual (Carina Nebula) —
ISM: kinematics and dynamics — ISM: lines and bands — ISM: structure —

ultraviolet: ISM
On-line material: machine-readable tables

1. INTRODUCTION

The interstellar absorption lines toward the O stars ioniz-
ing the Carina Nebula (NGC 3372) have been known for
some time to display some of the most extreme velocity pro-
files in the Galaxy. A complete survey of previous work and
a description of the intricate interstellar phenomenology in
this region were given recently by Danks et al. (2001), so
they need not be repeated here. In this paper we present an
extensive atlas and measurements of interstellar-line profiles
in our Space Telescope Imaging Spectrograph (STIS) obser-
vations of four Carina Nebula O stars. The high resolution
and signal-to-noise of these data substantially extend pre-
vious knowledge of the phenomenon, revealing even higher
velocities and finer component substructure. These results
provide further evidence of the extreme spatial variations in

! Based on observations with the NASA/ESA Hubble Space Telescope
obtained at the Space Telescope Science Institute, which is operated by the
Association of Universities for Research in Astronomy, Inc., under NASA
contract NAS5-26555.
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the interstellar profiles over small angular distances, and
they have revealed large temporal variations in one line of
sight over 22 months (Danks et al. 2001). They also yield
further information about the qualitatively different behav-
ior in the low-ionization lines (e.g., C 11, Mg 11, Fe 11) on the
one hand, and the high-ionization (C 1v, Si 1v, Al 1) and
excited-state lines on the other. These data and measure-
ments should enable significant progress toward a physical
understanding of the extremely structured interstellar
medium in the Carina Nebula.

2. OBSERVATIONS

The STIS observations of the four targets in our Hubble
Space Telescope (HST) General Observer (GO) program
No. 7301 were made between 1998 March and 1999 April,
as detailed in Table 1. The prior “early-release”” observa-
tions (ERO) of CPD —59°2603, which permitted the detec-
tion of temporal variations in its interstellar profiles by
comparison with the later data, were obtained by program
No. 7137 in 1997 June (Walborn et al. 1998; Danks et al.
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TABLE 1
STELLAR AND EXPOSURE DATA

Central Exposure
R.A. (J 2000) V Wavelength Time Flux
Star Decl. (J2000)  Spectral Type B—V Date Echelle (A) (s) (ergsem~2s~1 A1)

CPD —59°2603 1044 47.42 07 V((f)) 8.77 1997 June 6 E140H 1416 1730 TE—12
—594353.6 0.14 E230H 2762 1250 3E-12
1999 Apr 19 E140H 1234 5160 TE—12
1416 3180 TE—12
1598 4800 TE—12
E230H 2513 2820 3E-12
2762 2340 3E-12

HD 93205 1044 33.82 03.5V((f+)) 7.75 1999 Apr 20 E140H 1234 1200 SE-11
—594415.3 + 08V 0.05 1416 780 4E—11

1598 1380 4E—11

E230H 1763 2220 3E-11

2513 780 1E—11

2762 720 1E—11

HDE 303308 1045 05.96 O4V((f+)) 8.17 1998 Mar 19  E140H 1234 1680 2E—11
—594006.4 0.13 1416 1140 2E—11

1598 2460 2E—11

1998 Mar20  E230H 1763 4080 1E—11
2513 1080 6E—12
2762 1020 6E—12

HD 93222 1044 36.33 O711I(()) 8.11 1998 Dec 28 E140H 1234 2220 3E-11
—6005 28.8 0.05 1416 1560 3E-11

1598 2400 3E-11

E230H 1763 4020 2E—11
2513 1380 9E—12
2762 1140 SE—12

2001). Three of these O stars (HD 93205, HDE 303308, and
CPD —59°2603) are located relatively near one another in
the northern part of the Carina Nebula and near n Carinae,
while the fourth (HD 93222) is situated in the southern part
of the nebula (see the maps and figure shown by Walborn
1982, 1995, respectively). This circumstance is relevant to
the comparisons among their interstellar profiles below.?

The data were acquired with the STIS high-resolution
echelles E140H in the far-UV (FUV) and E230H in the
near-UV (NUYV), and the respective multianode microchan-
nel plate array (MAMA) detector for each of the two wave-
length regions (Woodgate et al. 1998). Only one exposure in
each configuration was obtained in the ERO program, as
detailed in the earlier papers, but in the GO program three
echelle settings, covering 200-300 A each, were obtained in
each wavelength regime for all targets except the faintest,
CPD —59° 2603, for which the longest NUV exposure had
to be omitted. These settings provide complete coverage of
the FUV region, 1150-1700 A, and (with three settings) half
of the NUV, 1600-3150 A, the latter being selected to cover
the greatest number of interesting interstellar lines. The
exposure details are given in Table 1; the last column lists
the stellar continuum flux at the central wavelength.

The entrance apertures were 072 x 0709 in the FUV and
0”1 x 0709 in the NUV. The nominal 2 pixel resolving

2 The distance to the Carina Nebula adopted here is 2500 pc (1’ = 0.73
pc in projection). A thorough discussion of the distance problem is given by
Walborn (1995). The principal uncertainty is the value of the ratio of total-
to-selective extinction, R, which may vary from star to star. The adopted
distance is an average of spectroscopic determinations from the O stars cor-
responding to R values of 3 and 4, which is the likely range.

power of these STIS configurations is 114,000 (2.6 km s~1).
The ERO observations were obtained in the STIS Time-Tag
mode, in which the 125 us samples are combined and Dop-
pler compensation for the spacecraft motion is applied in
the postobservation data processing; while the GO observa-
tions were performed in the Accum mode, with automated
on-board Doppler compensation in effect. The Doppler cor-
rection is made in integer pixels (1.3 km s~!). The telluric
excited-state O 1 lines (Spitzer & Fitzpatrick 1993) shown in
Figure 15 are probably resolved due to atmospheric
motions (Jenkins & Tripp 2001); our Gaussian fits to these
features yielded FWHM values from 2.9 to 6.6 km s~ in
agreement with their results. The typical signal-to-noise in
these data is 40.

3. MEASUREMENTS

Following routine technical processing of the MAMA
frames, the first step of the scientific data reduction is the
removal of the scattered light present in the echelle
images, which becomes progressively stronger toward
shorter wavelengths. If not corrected, the scattered light
causes an oversubtraction of the background, driving
saturated lines negative. All of the images have been cor-
rected for scattered light with an optical model of STIS
developed by D. Lindler.®> The detector background is
subtracted separately from the scattered-light correction.
A standard one-dimensional spectral extraction is per-

3 CALSTIS Reference Guide (Version 5.1),
http://hires.gsfc.nasa.gov/stis /software/software.html.
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formed, with a slit height of 7 pixels for both FUV and
NUYV data. Next the continuum on each side of a line is
defined by selecting smooth regions and fitting them with
a polynomial usually of order two. The profiles are then
normalized and a check on the scattered-light removal is
made by verifying that the central, saturated part of each
line is zero. Finally, overlapping wavelength coverages
from adjacent echelle orders are weighted by the square
of their inverse errors and summed.

A line-fitting program is used to arrive at cloud model
parameters, namely a heliocentric radial velocity, velocity
dispersion,* and saturation-corrected column density for
each of the components. The line-spread function used by
the program is the model one given in the STScl STIS
Instrument Handbook, which has a narrow (1.6 km s 1)
core, but wings due to the telescope point-spread function
that degrade the spectral resolution. The program utilizes a
“ Levenberg-Marquardt algorithm ™ to create the optimal
fit, and it generates an error estimate as well as a difference
fit for the spectral range. Fits were performed starting with
the weaker lines such as Mg 11 1239, 1240 A and Mn 11 2576,
2594, 2606 A in which the lowest velocity components are
resolved, and then progressing through more saturated lines
such as Mg 12852 A and Fe 11 1608, 2382, 2586, 2600 A. The
velocity solutions for these weaker lines were used as inputs
to fit the saturated portions of the stronger lines Al 1 1670,
Sit 1526, and O 11302 A. In this manner, velocity structure
for the fits to the saturated portions of the strongest low-
ionization lines, Mg 11 2796, 2803 A and C 1, C ur* 1334,
1335 A was built up with confidence. Whenever possible,
the high-ionization lines were fitted independently, but in
some severely blended cases velocities derived from low-ion-
ization components had to be adopted. In general, radial
velocities adopted from other line fits can be recognized by
their zero decimals. In order to prevent divergence of the fits
in the most blended and saturated portions of the profiles,
upper limits to the allowed velocity dispersions were fixed at
10 km s~ ! for the low-ionization lines, and 12 km s~! for the
high-ionization lines. In a few cases for which it appeared to
be appropriate, lower velocity dispersions were fixed to pre-
vent the program from defaulting to the upper limits in
blended regions; these cases are also generally distinguished
by their zero decimals. Examples of fits to a low-ionization
and a high-ionization profile are shown in Figures 1a and
1b, respectively.

Radial velocities of unblended components are accurate
to ~1 km s~1, the limiting factors being the thermal stability
of STIS, wavelength zero points, and the dispersion solu-
tions. Unsaturated column densities have typical accuracies
of 10%; those judged to be more uncertain than twice that
amount are flagged with colons in the data tables. No meas-
urements are reported in cases of blends between two differ-
ent species, or when there were four or more adjacent
velocity components within a completely black trough.

4. RESULTS

The intricate interstellar profiles revealed by STIS
toward these Carina Nebula O stars are presented here in

4The velocity dispersion b is related to the gas temperature 7 by
b* = (2kT /m) + &, where ¢ is the most probable speed of the turbulent
motions and m is the atomic mass.
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an atlas format, while extensive measurements of individ-
ual velocity components are given in the accompanying
tables. The atlas is arranged as follows. Two figures for
each star (Figs. 2-9) present the low-ionization lines,
ordered by increasing line strength; the first figure in a
consecutive pair has four parts, each of which is a mont-
age of five line profiles, while the second figure of the
pair shows the highly complex, overlapping C 1, C ir*
profiles separately. Then an additional figure for each
star (Figs. 10-13) displays the high-ionization doublets as
montages of six lines. Finally, two more figures (Figs. 14
and 15) are montages of two complex but interesting
wavelength regions containing partially overlapping
excited-state lines, with all four stars shown together in
each case. Tables 2, 3, 4, and 5 provide measurements of
heliocentric radial velocities, velocity dispersions, and col-
umn densities ordered by increasing radial velocity for
each star. For a given velocity component, the chemical
species are listed alphabetically, and multiple lines from
the same species are in order of increasing wavelength.
Similar (but often not identical) low- and high-ionization
component velocities are listed together, with a blank line
separating the latter from the former. The tables include
measurements of additional lines not shown in the fig-
ures. Vacuum wavelengths are used throughout this

paper.

4.1. CPD —59° 2603

This star was observed with STIS in both 1997 and 1999;
partial analyses of the results, including large temporal var-
iations in the profiles between the two epochs, have been
presented by Walborn et al. (1998) and Danks et al. (2001).
In Figures 2a-2d, the subset of profiles observed in 1997 are
superposed with dashed lines, while the C 11, C r* profiles at
the two epochs are shown displaced in Figure 3. Entries in
Table 2 for the same velocity component at the two epochs
are distinguished by footnotes; of course, the majority were
observed only in 1999 because of the limited wavelength
coverage in 1997. In the case of the ““69/72 km s~ ”” compo-
nents, measurements are given for only the first velocity in
1997 and the second in 1999, since the stronger feature at
the lower velocity disappeared between the two epochs, and
the weaker, higher velocity one was severely blended at the
earlier epoch. The high-ionization interstellar lines in this
spectrum are shown in Figure 10, and some further excited-
state profiles in Figures 14 and 15. The Si 1v doublet is
shown for both epochs in Figure 10, but the Al 111 is missing
because the grating setting that covers it had to be omitted
from the program.

The prior ground-based (Walborn 1982) and IUE (Wal-
born & Hesser 1982) observations had revealed a total of
nine low-ionization interstellar velocity components in this
line of sight, including four with very high velocities. The
more sensitive STIS data resolve multiple substructure in
most of these components and detect many new ones, with a
total of 25 components between —233 and +127 km s—1.

Considering first the weaker lines (Fe 11 through Mn 11 in
Figs. 2a-2b), one sees four dominant components at —38,
—19, —3, and +8 km s~!, in excellent agreement with meas-
urements of the optical Ca 11 and Na 1 profiles (Walborn
1982). This structure will be seen to be quite similar toward
all three stars in the northern part of the Carina Nebula, but
very different toward the star in the southern part. The two
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lower velocity components likely arise along the ~2500 pc
line of sight’ to the complex, but the —38 km s~! and possi-
bly the —19 km s~! components are related to the global
expansion of the H 11 region, as inferred from comparisons
with the double nebular emission lines (Walborn & Hesser
1975) and the high-ionization absorption lines (Walborn,
Heckathorn, & Hesser 1984, and below). Despite the overall
similarities, marked differences occur in the relative
strengths of these four velocity components among the dif-
ferent species, e.g., the much greater strength of the
—19km s~ !in the Mg rand Mn 11 lines, and of the +8 km s~!
in Cl 1. When analyzed quantitatively, these differences will
provide valuable diagnostics of the relative ionizations,
abundances, and depletions in the material giving rise to the

5 No high-velocity interstellar lines due to galactic structure and differen-
tial rotation are expected in this direction (Rickard 1974). It is likely that at
least some of the interstellar velocity components within about +10 km s~!
arise along the general line of sight. Astrophysical analysis of some weak,
low-velocity, heavy-element lines in Walborn et al. (1998) indicates that
they may arise in diffuse clouds near the Sun.

various components, and ultimately clues to their sites of
origin.

The S 1 lines (Fig. 2b) are the most ““ useless,” since the
low- and intermediate-velocity components have become
completely blended, while the high-velocity ones are not yet
well detected. The latter appear clearly in Mg1 (Fig. 2¢) and
strengthen to their maximum intensities in Mg 11 (Fig. 2d)
and C 1 (Fig. 3). Again, despite the similarities in the pro-
files of the strong lines, significant differences can be seen in
the relative strengths of certain components among the dif-
ferent species, e.g., the weaker —166 km s~! and stronger
+61 km s~!in O 1 compared to adjacent profiles. As before,
quantitative analyses of these effects will provide physical
insights into the formation and origins of the different com-
ponents. The C 11, C i* profiles offer additional interesting
information, namely the disappearance of the 469 km s~!
component and changes in the strengths of other compo-
nents between the two epochs, confirming the Mg 11 varia-
tions reported by Danks et al. (2001); and the resolution of
the weaker C 1r* 1335.663 A line at +98 km s~!. Both C ir*
lines are entered in Table 2 at the latter velocity to record
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FiG. 7—C 1, C ir* interstellar lines toward HDE 303308

their presence, although the fitting program assumes identi-
cal parameters for them.

As known from previous work, the dominant compo-
nents of the high-ionization lines (Fig. 10) are at intermedi-
ate negative velocities, corresponding to the global
expansion of the H 11 region (Walborn et al. 1984). Two
principal components at —44 and —30 km s~! have been fit-
ted to the CPD —59°2603 profiles, based on the appearance
of the C1v lines; the average of those velocities is similar to a
dominant component resolved in the weak low-ionization
lines, which is likely related. The features near zero velocity
may provide a rare opportunity to investigate high-ioniza-
tion lines along the general Galactic-disk line of sight, far
from the hot stars against which they are observed, since
H 1 region material at those velocities should be mostly
behind the stars. There is clearly high-velocity structure in
the high-ionization lines, but it is weaker and less well
defined than in the low-ionization lines. The fitted high-ion-
ization velocities tend to be similar to or more negative than
those of the most similar low-ionization components
(Table 2), which may or may not be significant at this early

stage of the analysis. Although the very strong excited-state
line of Si r* 1264.7 A (Fig. 14) has well-marked high-veloc-
ity features, all of the excited-state lines (see Fig. 15 as well)
share the property of the high-ionization lines that their
dominant components are at the intermediate negative
velocities. Note the strong telluric components of O 1* and
O r* in Figure 15 (Spitzer & Fitzpatrick 1993; Jenkins &
Tripp 2001).

4.2. HD 93205

The low-ionization interstellar profiles toward this star
are displayed in Figures 4a-4d and 5, the high-ionization
lines in Figure 11, and some further excited-state lines in
Figures 14 and 15. The corresponding measurements are
listed in Table 3. In this and the subsequent data tables,
measurements of the same lines from different (overlapping)
images are specified by the central wavelengths of the latter
in footnotes.

A total of six low-ionization velocity components, includ-
ing two with very high velocities, were detected in the prior
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troughin C11.

ground-based and [UE studies. The STIS data reveal 23
low-ionization components ranging in velocity from —142
to +118 km s~!. Particularly noteworthy are the extreme
negative velocity, which corresponds to a quite strong com-
ponent in the more intense lines that was not detected in the
earlier work, and the resolution of the former —89 km s!
feature into three strong subcomponents (Figs. 4c—4d).

The velocity structure in the weak lines at low and inter-
mediate velocities (Figs. 4a—4b) is virtually identical to that
in CPD —59°2603, demonstrating that it corresponds to
global structure in the H 11 region, as well as the Galactic-
disk line of sight. Unlike CPD —59°2603, however,
HD 93205 has some high-velocity components already well
detected in Mn 11 and S 11 (Fig. 4b), showing that they are
intrinsically stronger than those toward the other star.

As in all cases, the strongest high-ionization (Fig. 11) and
excited-state (Figs. 14 and 15) components are at an inter-
mediate negative velocity, —35 km s~! toward HD 93205,
corresponding to the blueshifted near side of the expanding
H 11 region. There is a major low-ionization component at

an identical velocity, which likely has the same origin. The
behavior of the other principal components in the high-ion-
ization lines is interesting: the one at —61 km s~! is propor-
tional to the degree of ionization (strongest in C 1v), while
the blend of the —3 and +8 km s~! components is inversely
proportional (strongest in Al rr). This behavior is consistent
with an origin of the high negative-velocity feature within
the H 11 region, but the low-velocity features along the
Galactic-disk line of sight as predicted on morphological
grounds above.

4.3. HDE 303308

This star, located 1’ north of n Carinae, has the most
heavily blended interstellar profiles in the present sample.
The low-ionization lines are shown in Figures 6a—6d and 7,
the high-ionization lines in Figure 12, and further excited-
state lines in Figures 14 and 15. The measurements are given
in Table 4.
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TABLE 2
CPD —59°2603

Ton A v b log N
—233 km s~! Component
Ali1r........ 1670.787 —233.00 7.48 11.08
Ci......... 1334.532* —232.65 3.81 12.83
1334.5320 —234.01 4.14 12.91
Fer........ 1608.451 —232.96 1.50 12.06:
2382.765 —233.63 1.57 11.52
2586.650 —232.44 3.42 11.98
2600.173 —233.78 2.55 11.68
Mgir...... 2796.352% —233.45 1.89 11.49
2796.352° —233.41 3.36 11.68
2803.5312 —232.07 2.92 11.69
2803.531°  —232.58 316 11.73
Ol.......... 1302.169 —235.01 5.31 12.76
Sit......... 1304.370 —231.04 2.43 11.85
1526.707 —232.39 1.56 11.95
—216 km s~! Component
Alm........ 1670.787 -216.09 3.96 12.29
Ci......... 1334.532% —214.71 5.13 14.45:
1334.5320 —215.72 5.37 14.35:
Ferm........ 1608.451 —216.41 3.09 13.33
2382.765 —216.26 3.60 13.45:
2586.650 —216.55 3.40 13.34
2600.173 -216.29 4.00 13.33
Mgr....... 2852.964* —-217.12 2.74 11.61
2852964  —216.72 312 1143
Mgi...... 2796.352% —215.82 3.82 13.59:
2796.352P —215.45 4.35 13.28:
2803.531% —215.84 4.59 13.27
2803.531>  —215.48 437 1325
Mni...... 2576.877 -216.71 1.50 11.28:
Ol....c..... 1302.169 —216.34 4.90 14.44
ore* ... 1306.029 —215.47 4.45 12.57
Sl 1253.811 —214.55 5.57 13.33
1259.519 —216.43 3.71 13.44
Sit......... 1304.370 —215.80 4.82 13.55
1526.707 —216.15 391 13.48
Si*....... 1264.738 —216.70 3.62 12.54
1265.002 —216.55 2.54 12.64
1309.276 —216.85 2.92 12.18
—185km s~! Component
Alir........ 1670.787 —185.02 1.76 11.00
Ci......... 1334.532* —182.06 5.37 13.04
1334.532P —185.30 4.08 13.09
Fer........ 1608.451 —187.12 1.69 12.34
2382.765 —185.64 2.18 12.06
2586.650 —185.33 4.05 12.20
2600.173 —185.39 245 12.09
Mgr....... 2852.964° —186.03 1.50 10.30:
Mgii...... 2796.3522 —183.18 3.26 11.54
2796.352° —185.11 3.40 11.88
2803.5312 —182.43 3.44 11.66
2803.531>  —184.51 3.05 1181
Ol.......... 1302.169 —185.64 3.90 13.03
Si.......... 1253.811 —181.30 1.50 13.24
Sit......... 1304.370 —185.05 4.601 12.51
1526.707 —184.12 5.39 12.56
—166 km s~! Component
Alm........ 1670.787 —165.54 4.47 12.33
Cu 1334.532% —165.27 5.59 14.32:
1334.5320 —166.30 6.32 14.32:
Ferr........ 1608.451 —166.26 4.27 13.18
2382.765 —166.74 4.35 13.07
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TABLE 2—Continued

Ton A v b log N
2586.650 —165.87 3.57 13.07
2600.173 —166.35 4.26 13.08
Mgr....... 2852.964* —165.90 4.67 11.11
2852.964°  —165.41 4.00 1111
Mgi...... 2796.3524 —165.77 4.81 12.97
2796.352° —166.02 5.33 12.97
2803.5312 —165.29 4.65 13.00
2803.531° —165.18 5.09 12.98
Ol.cven. 1302.169 —165.84 4.70 13.81
Si.......... 1250.584 —166.00 6.04 13.65
1253.811 —166.00 7.00 13.54
1259.519 —165.82 4.56 13.19
Sitl......... 1304.370 —165.71 4.56 13.42
1526.707 —165.74 493 13.42
Sim*....... 1264.738 —165.40 3.95 11.52
Civ....... 1548.195 —170.43 12.00 12.66
—153 km s~! Component
Alir........ 1670.787 —153.10 5.15 11.80
Ci......... 1334.532% —153.55 7.43 13.99
1334.5320 —153.27 6.87 13.92
Fer........ 1608.451 —153.25 2.15 12.44
2382.765 —154.11 343 12.38
2586.650 —153.96 3.58 12.45
2600.173 —153.92 3.49 12.43
Mgr....... 2852.964% —151.33 1.50 10.30:
2852.964° —152.72 1.97 10.48:
Mg ...... 2796.352 —153.76 4.62 12.41
2796.3520 —153.12 4.41 12.37
2803.5312 —153.54 4.74 12.42
2803.531° —152.55 3.67 12.37
(O IR 1302.169 —153.59 3.87 13.29
Sitl......... 1304.370 —152.38 4.14 12.73
1526.707 —152.91 3.94 12.80
Civ....... 1548.195 —149.19 12.00 12.94
1550.770 —155.46 12.00 12.72
Sitv........ 1393.755% —156.70 12.00 12.27
1393.755> —158.72 9.31 12.15
1402.770* —160.49 6.41 12.23
1402.770° —158.43 12.00 12.38
—137km s~! Component
Alr........ 1670.787 —136.44 7.34 11.51
Ci......... 1334.5322 —134.49 9.00 13.81
1334.5320 —135.92 8.50 13.78
Fer........ 2382.765 —138.29 2.66 11.76
2586.650 —136.79 2.92 11.83
2600.173 —138.39 5.24 11.94
Mgir...... 2796.352 —136.51 7.10 12.07
2796.3520 —136.65 7.19 12.13
2803.5312 —136.36 7.01 12.18
2803.531° —136.87 8.00 12.23
Sitl......... 1304.370 —137.00 2.32 11.20:
1526.707 —139.10 6.46 12.44
—120 km s~! Component
Al1r........ 1670.787 —119.85 4.81 11.68
Ci......... 1334.532% —117.65 6.93 13.99:
1334.5320 —120.31 6.46 13.90:
Cu*....... 1335.708* —119.54 6.31 13.54
1335.708° —121.09 4.60 13.41
Fe........ 2382.765 —120.86 3.67 12.40
2586.650 —120.83 4.36 12.46
2600.173 —120.53 4.08 12.48
Mgr....... 2852.964* —119.47 1.87 10.48:
2852.964° —120.08 4.96 10.78
Mgii...... 2796.3522 —119.97 4.34 12.47



TABLE 2—Continued

Ton A v b log N
2796.352° —120.17 4.07 12.52
2803.531% —119.50 4.70 12.52
2803.531° —119.57 4.56 12.58
Ol.......... 1302.169 —120.42 4.30 13.65
Sit......... 1304.370 —119.24 4.25 12.59
1526.707 —120.05 4.66 12.80
Sin*....... 1264.738 —121.72 2.48 11.26
Civ....... 1548.195 —128.38 12.00 13.06
1550.770 —125.89 12.00 13.03
Sitv........ 1402.770? —127.31 12.00 12.52
1402.770° —127.79 12.00 12.66

—101 km s~! Component
Alir........ 1670.787 —98.65 9.80 12.45
Cu* ... 1335.708* —-99.96 9.41 13.83:
1335.708P -99.77 10.00 13.84:
Fer........ 1608.451 —101.75 3.01 12.71
1611.201 —102.62 2.37 13.89
2382.765 —102.38 6.78 12.94
2586.650 —101.98 6.91 12.96
2600.173 —102.28 6.64 12.93
Mgr....... 2852.964* —100.98 8.06 11.11
2852.964° —-97.24 7.00 11.04
Mgi...... 2796.352% —97.58 8.72 13.43:
2796.3520 —-97.96 9.34 13.35:
2803.531% —98.57 8.06 13.28
2803.531P —98.08 8.52 13.35
St.......... 1253.811 —101.00 8.00 13.37
1259.519 —100.00 7.00 13.27
Sit......... 1304.370 -99.03 7.46 13.62
1526.707 —99.50 7.33 13.60
Crv........ 1548.195 —113.00 11.32 13.02
1548.195 -97.62 7.09 12.94
1550.770 -96.39 12.00 13.15
Sitv........ 1402.770* —99.03 9.36 12.61
1402.770° —101.78 9.00 12.73

—77 km s~! Component
Al1r........ 1670.787 —77.69 10.00 12.67
Fei........ 1608.451 —76.10 8.79 12.93
2382.765 —77.78 10.00 13.13
2586.650 —80.48 10.00 13.02
2600.173 —78.76 10.00 13.08
Mgr....... 2852.964* —77.11 10.00 11.82
2852.964° —77.67 10.00 11.72
Mgi...... 2796.352? —74.86 10.00 13.63:
2796.352° —77.54 10.00 13.41:
2803.5312 —75.77 10.00 13.79:
2803.531° —75.88 8.38 13.97:
Mnir...... 2594.499 —77.00 6.00 11.62
Pu..... 1532.533 —79.12 1.50 12.78:
Si.......... 1250.584 —78.62 6.00 13.81
1253.811 —77.00 9.00 14.03
1259.519 —75.94 9.00 13.97
Sit......... 1304.370 —76.06 10.00 13.95
1526.707 —76.21 10.00 13.97
Civ....... 1548.195 —83.56 12.00 13.12
Sitv........ 1402.770* —85.67 7.64 12.60
1402.770° —88.34 7.46 12.71

—63 km s~! Component
Al1r........ 1670.787 —63.85 9.80 12.26
Fe........ 1608.451 —64.20 3.05 12.56
2382.765 —63.82 4.75 12.57
2586.650 —65.85 8.50 12.91
2600.173 —64.65 7.00 12.77
Mgr....... 2852.964* —63.00 6.71 10.78
2852.964° —63.00 7.49 11.18
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TABLE 2—Continued

Ton A v b log N
Mg1r...... 2796.3522 —63.00 9.00  12.81:
2796.3520 —63.00 5.04 12.92:
2803.5312 —60.06 2.01 12.31:
2803.531° —61.60 4.27 12.66:
Mni...... 2594.499 —63.12 429  11.34:
Ot 1355.5982 —63.90 516  17.28
STI.......... 1250.584 —63.00 785  13.53
1253.811 —63.00 7.00  13.68

1259.519 —63.00 6.00  13.32

SitL......... 1304.370 —64.00 7.14  13.23
1526.707 —63.92 7.06  13.28

Crv...... 1548.195 —65.00  12.00  12.85
1550.770 —65.17 9.83 12.54

Sitv........ 1393.7552 ~70.99  11.60  12.60
1393.755° —70.22 12.00 12.44

1402.7702 —70.99 9.54 1230

1402.770° —71.04  12.00  12.70

—38 km s~! Component

Clr......... 1347.2402 —36.24 2.77  12.00
Curl....... 1358.7732 —38.21 386 11.89
1358.773° —35.92 447 1188

Fel......... 2484.021 —37.74 5.01 11.46
Fell....... 1608.451 —38.80 3.60 15.64:
1611.201 —38.65 5.67  14.90
2586.650 —37.94 3.87  15.90:

Gar....... 1414.4022 —36.33 272 10.60
1414.402° —40.08 1.98  10.78

Gell....... 1237.059 —36.07 572 1141
Mgr...... 1683.412 —41.39 1.50  13.54
2852.964% —37.41 5.61 12.89:
2852.964° —37.15 532 13.11:

Mg1r...... 1239.925 —36.54 540 1549
1240.395 —37.13 498 1546

Mni...... 2576.877 —37.57 627  13.03
2594.499 —37.74 6.26  13.02

2606.462 —37.83 6.36  13.01

Nill........ 1317.2172 —38.10 5.05  13.51
1317.217° —38.21 5.16 13.48

1370.1322 —37.26 528  13.51

1370.132° —37.50 470  13.49

1454.8422 —36.78 3.83 13.20

1454.8420 —38.01 403  13.18

Or*....... 1304.858 —36.63 432 13.68
Or* ... 1306.029 —37.26 472 1372
SHe.n.. 1250.584 —36.75 5.68  15.63:
Sim*....... 1264.738 —33.00 6.80  14.71:
1265.002 —33.94 6.89  14.34:

1309.276 —33.96 6.57 1412

1533.431 —34.00 7.11 14.29:

Crv.... 1548.195 —43.38 588  14.05:
1550.770 —43.92 5.06  14.08

Sitv........ 1393.7552 —43.85 477  14.64:
1393.755° —43.54 528  14.38:

1402.770% —46.24 405  14.37:

1402.770° —44.60 524 14.38:

—28 km s~! Component

Clr......... 1347.2402 —27.71 3.61 12.01
Cul....... 1358.7732 —28.00 400  11.89
Fell........ 1608.451 —28.00 246  14.10:
1611.201 —28.26 1.50  14.05

2586.650 —28.00 2.58  14.79:

Gar....... 1414.4022 —27.84 1.50  10.70:
Mgr....... 2852.964% —28.00 150 13.22:
2852.964° —28.00 250 11.99:

Mgii...... 1239.925 —28.01 237 14.90
1240.395 —27.44 1.50 1479



TABLE 2—Continued TABLE 2—Continued

Ton A v b log N Ton A v b log N
Mni...... 2576.877 —27.78 192 12.14 Mgll...... 1239.925 ~2.86 500 1568
2594.499 —28.09 219 1221 1240.395 —2.88 506 1564
2606.462 —28.81 153 1197 Mnir...... 2576.877 -3.75 500 1328
NilL....... 1317.2178 ~26.97 273 12.68 2594.499 —3.73 500  13.28
1317.217° ~28.07 150 1227 2606.462 ~3.76 6.00 1332
1370.1328 -26.31 1.68  12.57 NilL....... 1317.2172 —3.60 486  13.54
1370.132° —27.42 266 1266 1317.217° ~2.86 539 1353
1454.8428 —28.22 395 1241 1370.1328 247 497 1356
1454.842b ~26.42 150 12.23: 1370.132> ~2.30 6.03  13.64
Or*.... 1304.858 ~27.96 295 13.24 1454.8422 —3.08 430  13.23
Or ... 1306.029 ~28.96 233 13.10 1454.8420 ~2.09 6.10  13.34
St.......... 1250.584 ~28.00 170 15.20: O 1355.598% —2.84 700 1748
Civ..... 1548.195 ~29.67 574 13.82: 1355.598® —3.44 700 1736
1550.770 ~30.92 6.45 1401 Pll........ 1532.533 -2.75 700  14.00
Sitv........ 1393.755° —28.62 390 14.26: ST....... 1250.584 ~2.00 6.00  16.82:
1393.755° ~29.88 449 1423 Siu*....... 1264.738 —2.32 197  12.41
1402.770° ~32.70 6.46 1426 1265.002 ~-133 269 1244
1402.770° ~30.37 3.88  14.57: 1309.276 —2.82 221 1214
- 1533.431 -2.55 227 1251
—19km s~ Component Civa... 1548.195 —5.72 8.00 1298
Cuir....... 1358773 —18.56  2.64  11.89 , 1350.770 —377 800 1276
b Sitv....... 1393.755° ~7.06 748 1224
1358.773 ~19.45 200  11.89 )
1393.755 —4.36 3.65 1197
Fell....... 1608.451 ~19.00 411 1419 ,
1402.7707 -5.12 8.16 1230
1611.201 —18.85 355 1481 14007700 e 78 b
Gaul...... 1414.4022 —19.34 209  11.08 : - : :
1414.402° —19.08 1.50  11.04 8 km s~! Component
Gell...... 1237.059 ~19.21 208  11.76
Mgr....... 2852.964% ~19.00 502 12.48: Cll....... 1347.240° 6.91 356 13.89
2852.964° ~19.00 6.87  12.58: 1347.240P 6.90 3.09 1415
Mgir...... 1239.925 ~18.25 427 1561 Cut....... 1358.773¢ 7.43 457 1244
1240.395 ~18.33 329 1556 1358.773° 8.15 281 1224
Mnir...... 2576.877 ~17.82 419  13.52 Fel......... 2484.021 7.52 346 1179
2594.499 ~17.93 426 1347 Fell........ 1608.451 8.00 740 1522
2606.462 —18.91 453 1343 1611.201 7.63 359 15.00
Nil........ 1317.2172 ~16.56 497  13.09 Gall....... 1414.4028 7.68 206 11.38
1317.217° ~17.02 594 13.07 1414.402° 8.31 203 1151
1370.1322 ~16.37 486  13.07 Gell...... 1237.059 8.09 3.07 1223
1370.132° ~16.82 406  13.00 Mgl....... 1683.412 8.02 196 14.18
1454.8422 ~16.70 412 1275 2852.964% 8.00 700 12.94:
1454.842° ~16.72 347 1257 2852.964° 8.00 700 13.10:
Ot 1355.598° ~19.34 211 17.58 Megl...... 1239.925 8.14 382 1599
1355.598° ~19.03 258 1750 1240.395 8.15 3.68  16.03
1306.029 ~15.61 8.80  13.71 Mni...... 2576.877 6.98 400  13.82:
1532.533 ~19.09 351 13.96 2594.499 7.12 371 13.88
1250.584 ~19.00 570  15.46: 2606.462 7.05 406  13.68
1264.738 ~18.83 731 13.50: NilL...... 1317.2172 7.58 467  13.68
1265.002 ~17.32 648 1324 1317.217° 7.74 460  13.60
1309.276 ~17.21 584 1295 1370.132¢ 8.26 487  13.67
1533.431 ~17.00 6.14 1328 1370.132° 8.31 435 1361
Civ..... 1548.195 ~19.00 8.00  13.18 1454.842% 8.12 494 1342
1550.770 ~19.00  10.00  13.08 1454.842° 8.05 376 13.26
Sitv........ 1393.755¢ ~19.00 500 1230 O 1355.598% 7.50 293 1772
1393.755P —19.00 9.00  12.38 1355.598P 8.29 2.05 17.70
1402.770° ~19.00 8.00 1217 or .. 1306.029 8.73 450  12.62
1402.770° ~19.00 320 12.23 Pll.... 1532.533 7.68 273 1430
- ST, 1401.5142 8.23 152 13.52
—3 kms~! Component 1401.514% 7.87 195 1334
Clio. 1347.240° 2503 461 1267 1425.030° 2o 234 138
b 1425.030 7.16 220 1324
1347.240 ~4385 476 1272
. 1425.188% 8.44 150  13.43
Cut....... 1358.773 —4.84 443 1199 .
b 1425.188 7.88 1.57 1331
1358.773 -3.13 700  12.14
St 1250.584 8.00 8.88  15.66:
Ferl......... 2484.021 —2.68 212 11.08 |
) e 2515073 7.85 .79 12.27
Fell........ 1608.451 ~2.00 700 15.48: !
Sin*....... 1264.738 7.23 150 11.20
1611.201 —3.51 592 15.02
b 1533.431 7.99 150  11.85
Gaul...... 1414.402 —2.32 8.09 1126
Civ..... 1548.195 5.00 8.00 1295
Gell....... 1237.059 —4.78 700 1163
. ) 1550.770 4.04 566 1272
Mgl...... 2852.964 ~2.00 8.00 1325 . .
5839 964 500 S00 1308 Sitv........ 1393.755 5.70 739 1245
' : ‘ o 1393.755° 5.76 534 12.34
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TABLE 2—Continued TABLE 2—Continued

Ton A v b log N Ton A v b log N
1402.770° 6.51 6.62  12.44 2796.352° 61.81 272 1197
1402.770° 5.26 630 12.38 2803.5312 62.49 251 12.03
1 2803.531P 61.67 221 11.93
17km s~ Component Ol 1302.169 61.42 325 13.57
Fell........ 1611.201 1567 150  13.88 Sitl......... 1326.707 75 534 1231
Mnii...... 2576.877 16.69 250 11.96 69/72 km s-! Component
2594.499 17.27 250 11.97
2606.462 17.53 266  11.94 Cu ... 1335.7082 67.24 717 1331
NifL........ 1317.217% 18.06 150 12.55 1335.708" 71.46 3.09  12.06
1317.217° 16.95 150 12.41 Fell........ 2382.765 72.23 200  11.08
1370132 18.51 154 12.40 2600.173 72.07 272 11110
1370.132b 18.12 255  12.58 Mgli...... 2796.3522 69.06 326 11.94
1454.842 18.64 150 12.17: 2796.352P 71.62 341 1132
ClVa., 1548.195 16.55 697 1270 2803.5312 69.04 190  11.90
1550.770 16.11 774 1270 2803.531° 73.09 245 11.20
SitV........ 1393.755 16.56 733 1216 ClVa.. 1548.195 66.28  12.00 1245
1393.755b 16.17 747 12.13 -
1402.770° 1907 692 1218 98 km s~ Component
b
1402.770 16,40 508 1210 Al 1670.787 98.16 339 1221
26kms~! Component Cu...... 1335.663 99.45 345 1423
1335.663" 97.88 390 14.27
1347.240° 27.81 150 11.68: 1335.708 99.45 345 1423
2484.021 25.68 150 1123 1335.708" 97.88 390 1427
1608.451 26.17 203 14.10 Fell........ 1608.451 97.83 339 1334
1611.201 2551 150  14.01 2382.765 97.74 198 14.39:
2586.650 26.05 209  14.41 2586.650 98.10 351 1334
Mgl....... 2852.9642 24.83 469 12,01 2600.173 98.14 1.90  14.57:
2852.964P 25.13 408 12.03 Mgl ....... 2852.964 99.71 313 1120
Mgl ...... 1239.925 26.18 150 14.29 2852.964° 98.51 409  11.38
1240.395 21.02 557 14.94 Mer...... 2796.352° 98.77 236 13.53:
Mnii...... 2576.877 24.10 516 12.09 2796.352° 98.30 254 1413
2594.499 25.11 486  12.13 2803.531° 98.44 279 13.29
2606.462 25.01 358 11.86 2803.531° 97.97 244 14.14
Nitl........ 1317.217% 25.49 297 12.52 Mnii...... 2576.877 97.54 295 11.26
1317.217° 25.02 366 12.68 2594.499 97.99 499  11.43
1370.1322 26.07 369 12.66 2606.462 95.40 211 1141
1370.132° 26.16 209  12.54 Nit........ 1317.217 93.96 762 1293
1454.8422 27.50 150 12.20: 1317.217° 101.33 418 1237
Pilo..... 1532.533 25.13 150 13.00: 1370.1322 97.65 156 12.10:
ST, 1250.584 26.00 445 14.05 1454.842b 94.71 507 1245
1253.811 26.00 621 1420 Ol 1302.169 97.94 321 14.80:
: Or*....... 1304.858 96.32 1.86 1221
38 kms~! Component Or** ... 1306.029 96.21 255 1251
Ao 1670787 833 119 1128 ST, 1250.584 99.06 282 13.38
1253.811 98.18 360 13.47
Fell........ 2382.765 37.34 244 1225 )
Sitl......... 1526.707 97.86 332 1346
2586.650 37.73 211 12.29 !
Sit*...... 1264.738 98.10 375 1233
2600.173 37.56 302 1230
. ) 1265.002 97.75 409  12.33
Mgl....... 2852.964 37.66 150 10.48:
: 1309.276 97.76 237 12.02
Mgti...... 1240.395 36.29 150 14.50: 1333 431 07 63 Y05 g
2796.352¢ 38.91 290 1220 : : : :
2796.352° 37.69 359 1238 110 km s~ Component
2803.531% 39.30 214 12,19
2803.531° 37.41 414 12.40 Alll........ 1670.787 109.86 204 11.60
ST, 1253.811 43.93 369 13.23 Cu ... 1335.708* 110.97 373 13.58
Sill......... 1304.370 39.09 327 12.69 1335.708® 109.13 316 13.82
1526.707 38.06 419 12.79 Fell........ 1608.451 109.43 162 1271
CIVa., 1548.195 3320 1200 1252 2382.765 108.83 1,50 13.02
- 2586.650 109.51 1.64 1281
61 kms~! Component 2600.173 109.33 .54 13.00
a
Allr........ 1670.787 6280 310  10.30: Met..... 2852964 11109 3.0010.78
" . 2852.964 110.26 247 1070
Cu* ... 1335.708 62.76 274 13.00
b Mg...... 2796.352 110.20 214 12.62
1335.708 61.67 314 1335 .
2796.352 109.52 200  13.14
Fell........ 2382.765 61.58 207 11.20
] 2803.5312 110.03 230 12,52
2586.650 62.52 150 1181 N
2803.531 109.34 223 12.82
2600.173 60.48 272 1145 0 1302.169 109.29 3.06 1411
Mgti...... 2796.3528 61.91 251 11.95 IR : : : :

Sil.......... 1253.811 108.76 5.00 13.39
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Ton A v b log N
Sill......... 1526.707 109.44 1.92 12.97
Sim*....... 1264.738 109.76 2.59 11.78

120 km s~! Component

Al1........ 1670.787 119.98 1.50  10.70:
Crr...... 1335.708% 122.52 5.16  12.46
1335.708P 120.38 1.50 12.14
Fell....... 2382.765 119.74 1.50  11.45
2586.650 121.24 1.93 11.75:
2600.173 120.85 3.16  11.56
Mgt ... 2796.3522 118.28 3.57 11.15
2796.352° 120.71 1.75 11.34
2803.5312 120.13 3.87 11.30
2803.531° 120.51 1.50  11.04:
Ol.......... 1302.169 120.46 234 1242
S, 1253.811 120.00 6.00  13.39
127 km s~! Component
Fell....... 2382.765 127.38 5.09 11.56
2586.650 128.25 1.50  11.61:
2600.173 128.77 150 11.36:
Mg ...... 2796.352% 125.58 2.81 11.30
2796.352P 127.74 322 1145
2803.5312 125.55 1.50  11.30
2803.531° 127.86 4.99 11.52

Notes.—Units for velocity v, dispersion b, and column
density N are, respectively, km s~!, km s~!, and cm~2. Col-
umn densities that are more uncertain because of weak,
blended, or saturated components are marked with colons.
Error estimates are provided in the text. Table 2 is also
available in machine-readable form in the electronic edition
of the Astrophysical Journal Supplement.

41997,

51999.

The ground-based and IUE studies resolved 11 low-ion-
ization velocity components toward HDE 303308, of which
seven had very high velocities. The fact that so many high-
velocity components are visible in the relatively weak Ca 11
lines is directly related to the heavy blending encountered in
the strong UV lines. In the STIS data, 24 low-ionization
components between —175 and +98 km s~! are distin-
guished, although many of the measurements are relatively
uncertain due to the blending.

The weak, low- to intermediate-velocity lines (Figs. 6a—
6b) have essentially the same structure as in CPD —59°2603
and HD 93205, although the principal components are
more blended and hence less distinct. Also, the component
at —19 to —18 km s~! in the other two stars, that becomes
relatively stronger in Mg 11 and Mn 1, has shifted to
—24 km s~! in HDE 303308, thus becoming more blended
with the next higher negative-velocity one. Also unlike the
other two stars, HDE 303308 has significant absorption in
Cl 1 at intermediate negative velocities. As in HD 93205,
some very high-velocity features are already well defined in
Mn 11 and S 11 (Fig. 6b). In the strongest lines, Mg 11 and C 11,
C ir* (Figs. 6d and 7), there are no unblended components
except for the weak new ones at the extreme velocities of
—133and —175km s,

Unlike in HD 93205, the high-ionization component at
—60 km s~ and another at —78 km s~! toward HDE 303308
(Fig. 12) are strongest at the intermediate ionization of

Si 1v. On the other hand, the blended —3 and +6 km s~!
components are strongest in Al 11, analogously to
HD 93205.

4.4. HD 93222

HD 93222 is located in the southern part of the Carina
Nebula, 20'-25' from the other three stars, and it holds the
interstellar speed record in this region, with a strong compo-
nent in Mg 11 and C i at —350 km s~! found in the JUE data
(Walborn & Hesser 1982). Some apparent relationships to
diffuse X-ray emission and near-UV nebulosity were
pointed out in that paper. The STIS observations of the
low-ionization interstellar lines are displayed in Figures 8a—
8d and 9, the high-ionization lines in Figure 13, and some
further excited-state lines in Figures 14 and 15. The meas-
urements are listed in Table 5.

Five interstellar low-ionization velocity components were
resolved in the ground-based and IUE work, including two
with very high velocities. The high-ionization lines toward
this star seemed to show more discrete velocity structure
than those toward the other stars in the /JUE data, although
the S/N was modest (Walborn et al. 1984). The STIS data
resolve 26 low-ionization velocity components between
—388 and +93 km s, and they amply confirm the interpre-
tation of the high-ionization profiles in the [UE data.
Remarkably, the —350 km s~! feature breaks up into six
subcomponents, with the strongest at —372 km s~!; some of
them are clearly present in C 1v as well.

The profiles of the weak, low-velocity lines (Figs. 8a—8b)
are qualitatively different from those toward the other three
stars in the northern part of the nebula, showing that the
global and Galactic line-of-sight structures are different
toward the southern part. The strongest component is at
—23 km s~!, with two additional principal components at
—6 and +6 km s~!, the latter itself likely composite. Cl 1 has
a well-resolved double structure corresponding to the last
two velocities, but the +6 km s~! component does not
appear composite in this line. Intricate higher velocity struc-
ture first appears in Si 1t and S 11 (Fig. 85) and develops pro-
gressively in the stronger lines (Figs. 8¢—8d), including the
multiple extreme negative-velocity feature. The latter is rela-
tively weaker in O 1, however; note also that this feature
from C 1r* blends with the shortward edge of the black
trough at lower velocities in C 1 (Fig. 9), as was already
shown by the /UE data.

The high-ionization interstellar lines toward HD 93222
(Fig. 13) show stronger discrete velocity structure than
those toward the other stars. There are five major compo-
nents, at —20, —34, —48, —66, and —83 km s~ !. All of them
have close counterparts in the low-ionization lines. Curi-
ously, unlike in the other stars, none of them is completely
black in C 1v, in which the —66 km s~! is the strongest. In
contrast, the —20 km s~! component is dominant (and
black) in Si 1v and Al 1. There appears to be a correlation
between absolute velocity and ionization among all of the
high-ionization components. As in HD 93205 and
HDE 303308, one at +6 km s~!, presumably from the
Galactic line of sight, is strongest in Al 1r; components at
+17, =20, —34, and —48 km s~! are strongest in Si 1v; while
those at —66 and —83 km s~ ! are strongest in C 1v. As
already mentioned, some of the extreme negative-velocity
subcomponents are also present in C 1v. The principal com-
ponents in the excited-state lines (Figs. 14 and 15) are at
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HD 93205
A v b log N
A v b log N
1808.013 ~89.07  2.63 1419
—142km s~ Component 1264.738 —88.00 345 1287
1309.276 —88.45  3.07 1262
1670.787% —141.68 4.17 11.80 1854.716 —89.72 7.50 12.18
1670.787° —142.66 4.33 11.80 1862.790 —87.55 5.73 11.95
1334.532 —142.00 5.43 13.84 1548.195 8997 6.86 12.57
2382.765  —14344 335 12.82 1402.770 —91.54 421 12,07
2586.650 14258 333 12.86
2600.173 —143.00 3.41 12.82 —83 km s~ Component
2852.964 14215 419 1085
379635 14036 336 1273 1670.787 ~83.00 406  12.66:
' ' ' ' 1670.787°  —83.00 371  12.52:
2803.531 14172 346  12.68
302169 14206 342 1097 1608.451 ~82.94 241  13.84
2382.765 8633 676 13.66:
1306.029  —141.67 213 12.09
1559519 14218 €90 1317 2586.650 —84.66 421 13.90:
2600.173 ~83.00 467  13.39:
1304370  —141.86  3.60 12,97
16907 14206 342 1297 Mgl ....... 2852.964 ~83.17 197 1219
. ' ' ' ' Mnii...... 2576.877 ~83.02  2.64 1186
Sin*....... 1264738 —142.57 463  11.92
ClV.nn, 1548.195  —12891 500  11.99 ;23‘6"323 ‘ggig ig? 31(3)
1550.770 —133.50 396 1181 . ' b ’ o
Nitl........ 1317.217¢ ~8507 513 1271
—98 km s~! Component 1317.217¢ —85.15 5.21 12.66:
1370.132 —84.14  3.00  12.66
Al1r........ 1670.7872 —98.89 5.04 12.44 1709.600 —85.39 4.10 12.58:
1670.787 —98.34 681  12.60 1741.549 ~84.56 559 12.90:
Feu........ 1608.451 —98.18 5.65 13.21 1751.910 —85.39 4.61 12.67:
2382.765 10041 476  13.19 Or** ..... 1306.029 —8321 203 13.26
2586.650 —98.71 543 1326 St 1425.030 —84.14 213 12,00
2600.173 —99.63 487  13.23 1250.584 —8222 207 1412
Mgr....... 2852.964 —98.21 4.41 11.72 1253.811 —82.61 2.55 14.13
Mnir...... 2576.877 —98.00 5.37 11.34 1259.519 —83.05 1.85 14.05
2594.499 —99.96 219 11.46 Sitl......... 1304.370 —83.00 516 14.13:
2606.462 —-99.51 476 11.65 1526.707 ~83.00 593 13.97:
Or* .. 1306.029 —99.63 1.50 12.09: 1808.013 ~83.02 2.46 14.22
SH.eee..... 1250.584 —9793 574 14.03 Sin*....... 1264.738 ~83.00  3.54 1273
1253.811 —-97.51 6.34 14.01 1309.276 —82.94 1.92 12.69
1259.519 —98.93 528  13.93
Sitl......... 1304.370 —98.56 5.19 14.00 —75 km s~! Component
1526.707 ~99.67 4.5 13.89
. 0 0 Alll........ 1670.787¢  —74.11  3.00  11.34
Sin*....... 1264.738 9831 3.69 1211 .
1670.787 ~7491 322 1143
1309.276 —98.00  3.58  12.10
Mgl....... 2852.964 ~75.00 507 1108
Alml....... 1854716 —102.52  7.00  11.49
1862.790 9739 998 1189 Mgii...... 2803.531 ~71.07 300 1212
Civ....... 1548195  —100.26 885  12.72 S 1259.519 “7846 240 1331
1550.770 9060 685 1ooa Silloo...... 1304.370 ~7234 300 12.68
Sitv..... 1402770 -99.40 344 1189 1526.707  —73b 300 1234
_ —1
—89 km s~! Component 66 km s Component
a _
Alir..... 1670.7878  —89.00  1.59  14.50: Al v }23322; 22'22 ;'g‘l‘ g;g
1670.787°  —89.00  2.17  13.79: : o : :
. Fell........ 1608.451 —6537 1.5 1347
Fell........ 1608.451 ~88.89 211 13.70:
1611.201 %604 585 1421 2382.765 —66.17 242 1335
238,765 9016 177 141l 2586.650 —65.66 176 13.51
‘ ' ' o 2600.173 6591 211 1352
2586.650 —90.19  1.50  13.60:
_ Mgl....... 2852.964 —65.56 176 1111
2600.173 ~89.00 324 1371 iy 5803 53] eol 195 1394
Mgi....... 1827.935 ~86.04 848 1276 gl : O : o
2852964 9023 254 1194 Mnir...... 2576.877 —65.63  3.68 1170
. 2594.499 —65.08 450 1172
Mnii...... 2576.877 ~89.00  3.66  11.88
2594499 9044 163  11.63 2606462 - 6699 3.06  11.45
. Nill....... 1317.217¢ —63.64 448 1243
Nitl........ 1370.132 9029 3.00 1242
o 1370.132 —64.57 315 1253
Or** ...... 1306.029 ~89.15 280  13.17
1741.549 —64.46 215 1245
S 1250.584 —88.59 312 14.07
1553811 9877 o84 1409 YT 1250.584 6445 155 13.30
1259.519 %012 33 1413 1253.811 —65.33 442 1357
Sit........ 1304370 —89.00 372 1414 1259519 =63.66 236 13.43
1526.707 ~89.00 466  14.09:
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Sitn......... 1304.370 —65.21 2.33 13.59
1526.707 —65.36 2.00 13.74
1808.013 —62.75 6.33 13.95:
Sim*....... 1264.738 —65.96 2.00 10.90
—58 km s~! Component
Alir........ 1670.787* —60.00 6.00 11.80
1670.787° -59.85  3.00  11.59
Fem........ 2382.765 —58.86 3.04 12.78
2586.650 —57.76 3.96 12.90
2600.173 —58.55 3.00 12.76
Sitl......... 1304.370 —59.00 5.00 13.14:
1526.707 —59.00 5.00 13.08:
Alm....... 1854.716 —61.55 4.55 11.60
1862.790 —62.12 4.56 11.65
Civ........ 1548.195 —60.47 6.74 13.19
1550.770 —60.61 6.75 13.20
Sitv........ 1393.755 —60.60 6.15 12.63
1402.770 —61.12 6.34 12.67
—53km s~! Component
Alr........ 1670.787* —53.13 3.55 11.99
1670.787° —54.15 3.71 12.03
Fei........ 1608.451 —54.34 6.29 13.21:
2382.765 —53.78 1.70 13.19
2586.650 —52.61 1.50 12.86
2600.173 —53.21 2.05 12.97
Mgr....... 2852.964 —54.43 3.55 10.85
Mnir...... 2576.877 —55.00 3.52 11.36:
Nitl........ 1370.132 —52.27 3.07 12.41:
St 1250.584 —54.26 1.91 13.34
1253.811 —53.28 3.48 13.64
1259.519 —54.81 3.78 13.72
Sitl......... 1304.370 —54.14 2.60 13.50
1526.707 —54.56 2.42 13.60
1808.013 —52.95 1.50 13.58
—35km s~! Component
Cli......... 1347.240 —36.05 5.58 12.03
1358.773 —33.42 6.41 11.95
1608.451 —34.09 7.47 14.58:
1611.201 —34.69 6.17 14.76
Gart....... 1414.402 —36.66 7.62 11.23
Gell....... 1237.059 —33.93 8.21 11.79
Mgr....... 1747.794 —36.51 4.16 12.97
1827.935 —35.82 8.50 13.18
2852.964 —35.01 4.94 14.03:
Mg ...... 1239.925 —34.81 7.32 15.63
1240.395 —35.16 7.28 15.65
Mnir...... 2576.877 —34.85 7.23 13.09
2594.499 —34.71 7.07 13.10
2606.462 —35.25 7.37 13.08
Nitl........ 1317.217¢ —31.94 5.81 13.37
1317.2174 —33.53 6.49 13.42
1370.132 —32.59 4.58 13.33
1454.842 —32.74 3.83 12.81
1709.600 —32.39 5.27 13.44
1741.549 —32.43 5.98 13.49
1751.910 —31.74 5.55 13.45
1306.029 —-36.22 5.41 14.28
1425.030 —36.42 9.48 12.41
1250.584 —33.76 6.96 15.82:
1808.013 —34.51 7.10 15.97:
1265.002 —35.83 5.72 14.56:
1309.276 —35.82 5.55 14.31:
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Alml....... 1854.716 —35.81 8.03 13.78:
1862.790 —35.46 7.93 13.81:

Civ........ 1548.195 —34.85 7.83 14.31:
1550.770 —34.83 7.87 14.32:

Sitv........ 1393.755 —33.39 7.60 14.81:
1402.770 —34.69 7.18 14.91:

—18 km s~! Component

Cuir....... 1358.773 —18.08 3.08 11.95
Fer........ 1611.201 —18.36 3.03 14.72
Gart....... 1414.402 —18.90 2.79 11.11
Gell....... 1237.059 —18.68 2.31 11.78
Mgr....... 1747.794 —18.00 2.65 12.77:
1827.935 —18.69 6.00 12.68

2852.964 —18.00 3.22 12.32:

Mgi...... 1239.925 —18.09 3.11 15.50
1240.395 —18.28 3.17 15.54

Mnir...... 2576.877 —18.75 2.55 13.92
2594.499 —18.88 2.54 13.82

2606.462 —19.33 345 13.40

Nitl........ 1317.217¢ —14.55 5.66 13.17
1317.217¢ —15.88 4.76 13.07

1370.132 —15.98 5.00 13.07

1454.842 —14.85 4.97 12.54

1709.600 —15.74 5.45 13.21

1741.549 —14.93 5.80 13.22

1751.910 —13.97 5.29 13.24

Of1]......... 1355.598 —18.31 2.62 17.44
Or** ... 1306.029 —18.31 3.82 13.00
Si.......... 1250.584 —17.62 3.61 15.53
Sit......... 1808.013 —18.13 3.12 15.50
Sin*....... 1265.002 —15.09 2.24 12.79
1309.276 —16.34 8.24 12.57

Alml....... 1854.716 —18.00 8.00 12.21
1862.790 —18.00 4.73 11.99

Civ....... 1548.195 —18.00 9.40 13.14
1550.770 —18.00 9.41 13.14

Sitv........ 1393.755 —18.00 8.22 12.49
1402.770 —18.00 5.04 12.68

—3 kms~! Component

Clr1......... 1347.240 —2.78 2.50 12.69
Cui....... 1358.773 -3.15 6.17 12.07
Fem........ 1611.201 —3.51 5.81 14.94
Gaill....... 1414.402 —3.95 7.87 11.36
Gell....... 1237.059 —1.75 7.95 11.93
Mgr....... 1747.794 —2.84 7.53 13.41
1827.935 —4.29 3.76 13.15

2852.964 —3.40 6.29 13.55:

Mgir...... 1239.925 —2.68 6.32 15.79
1240.395 —-2.15 7.15 15.83

Mnir...... 2576.877 —3.80 6.18 13.34:
2594.499 —-3.93 6.42 13.32

2606.462 -3.95 6.69 13.33

Nit........ 1317.217°¢ —2.88 4.13 13.46
1317.217¢ —-3.73 4.98 13.48

1370.132 —-2.90 5.56 13.61

1454.842 —3.78 4.20 13.17

1709.600 —2.67 4.97 13.64

1741.549 —3.30 4.05 13.56

1751.910 —2.02 4.88 13.65

O1]......... 1355.598 —-2.96 6.77 17.41
) SO 1295.653 —-3.03 1.50 11.92:
1425.030 —4.57 5.24 12.20
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S 1250.584 —3.40 5.58 15.96: Mnir...... 2576.877 24.48 3.50 11.57
Sit......... 1808.013 —3.40 7.37 15.75: 2594.499 27.00 7.55 11.73
Almr....... 1854.716 —4.28 5.61 12.45 Nill........ 1370.132 24.81 7.00 12.60

1862.790 —3.97 6.66 12.58 1751.910 24.09 4.10 12.63

Civ...... 1548.195 —3.00 8.00 13.06 1250.584 23.21 4.07 13.94
1550.770 —3.00 7.50 13.03 1808.013 25.11 4.00 13.87

Sitv........ 1393.755 —3.00 8.00 12.34 1548.195 26.12 3.64 12.18
1402.770 —3.00 8.00 12.47 1550.770 27.00 8.84 12.62

Sitv........ 1393.755 27.80 7.00 11.43

8 km s~! Component

35km s~! Component

Clio..... 1347.240 736 394  13.95
Cul...... 1358.773 771 307 12.13 All........ 1670.787 36.24 799 11.65
Ferl........ 1611.201 781 412 1501 1670.787° 3508 492 1143
Gall..... 1414.402 798 387  11.46 Cu*....... 1335.708 36.07  7.68  13.46:
Gerr...... 1237.059 825 354  12.04 Ferl....... 1608.451 3568 150  12.18:
Mgl....... 1747.794 741 400  13.62 2382.765 3469 531 12.33
1827.935 638 409  13.70 2586.650 33.64 463 1239
2852.964 780 482 1320 2600.173 3588 199  11.83
Mgii...... 1239.925 877 400  15.88 Mgl ....... 2852.964 3421 182 10.48
1240.395 878 371  15.88 Mgll...... 2803.531 3500 736 13.14:
Mnu...... 2576.877 720 451 13.64: i 1526.707 3422 647 1313
2594.499 737 459 13.51 . 1548.195 3500 7.00  12.25
2606.462 700 447  13.52 1550.770 3500 185  11.58
Nitl........ 1317.217¢ 831 625  13.69
1317.2174 786 558  13.62 47km ! Component
1370.132 8.55 485  13.65 Altl....... 1670.787° 4853 150 1078
1454.842 743 583 1341 1670.787° 4592 394 11.26
1709.600 837 529 1377 Cu* ... 1335.708 4738 211 13.36
1741.549 795 634 1383 Fell........ 1608.451 4736 150 1218
1751.910 924 531 13.75 2382765 4707 150 1210
O I] ......... ]355.598 7.97 3.87 17.70 2586650 47.50 1.50 1213
3 A 1295.653 840 238  12.53 2600173 4735 150 1200
1425.030 7.53 167 1233 Mgl....... 2852.964 4747 150 10.60
1250.584 780 644 1583 Mgii..... 2796.352 47.10 221 1236
1264.738 822 200 1130 Sill........ 1526.707 4411 533 1277
1854.716 721 784 12.77
1862.790 7.68 6.75 12.70 69 km s~! Component
Civ...... 1548.195 800 737  13.01
1550.770 $00 781 1304 Alt........ 1670.7872 69.23 353 1118
Sitv.... 1393.755 800 779 1241 1670.787 69.24 658 1153
1402770 G00 718 1238 1334.532 68.96 8.06  13.87
1335.708 69.44 538  13.12
18 km s~! Component 1608.451 67.78 2.04 12.18
2382.765 68.01 469  12.26
Fer........ 2586.650 22.76 1.71 13.15: 2586650 6818 573 1231
MgI ....... 2852964 1800 5.00 1190 2600173 67.84 3.95 12.17
Mnir.... 2576.877 18.00  2.49  11.93 Mgil...... 2796.352 68.57 538 1234
2606.462 18.00 622 12.14 Ol 1302.169 68.66 554  12.63
Niil........ 1370.132 18.27 1.50 12.36 Sil........ 1526.707 68.66 5.54 12.63
1709.600 1952 3.02 1270
ST, 1250.584 18.00 244 1427 80 km s~! Component
Sit....... 1808.013 18.00 270 1430 :
Alm 1854716 1800 297 1120 All........ 1670.787; 7919 352 11.60
1862.790 1800 S84 119 1670.787 7896 280  11.53
Civ... 1548.195 1800 501  12.61 Cl.ve 1334.532 80.00 580  13.88:
1550.770 1800 514 a4 Cu*....... 1335.708 78.76 336 13.28
S 1393755 1800 500 1183 Feil....... 1608.451 7994 281  12.58
1402770 1800 751 1218 2382.765 7926 349 1271
2586.650 7986 345  12.70
27 km s~! Component 2600.173 79.46 3.35 12.71
Mgli...... 2796.352 7992 353 12.63
Curtl....... 1358.773 27.21 2.36 11.34: 2803531 7984 3.56 1262
Feilr........ 1608.451 27.45 1.50 12.95 OT..oouii. 1302.169 79.79 3.85 12.88
2586.650 2702 1.50  13.16 Sill........ 1526.707 7979 385 1288

Mgr....... 2852.964 25.90 2.77 11.38
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Civ........ 1548.195 82.42 2.79 11.92
1550.770 83.59 3.00 11.87
88 km s~! Component
Allr........ 1670.787* 87.20 6.08 11.51
1670.787° 86.46 4.45 11.53
Cil......... 1334.532 88.00 4.36 13.97:
Cu*....... 1335.708 86.18 4.56 13.53
Fem........ 1608.451 87.72 1.74 12.26
2382.765 87.57 2.65 12.30
2586.650 88.31 2.68 12.18
2600.173 87.64 2.43 12.26
Mg ...... 2796.352 88.26 3.72 12.36
2803.531 87.86 3.71 12.38
OTl.......... 1302.169 88.29 3.02 12.69
Sitl......... 1526.707 88.29 3.02 12.69
Simr*....... 1264.738 85.52 6.00 11.43
Civ........ 1548.195 91.94 4.04 12.05
1550.770 95.43 6.00 12.49
Sitv........ 1393.755 91.31 7.51 11.90
100 km s~! Component
Alir........ 1670.787* 100.23 3.49 12.18
1670.787° 99.68  4.82 1229
Feu........ 1608.451 99.60 2.88 13.15
2382.765 99.63 341 13.34
2586.650 99.33 2.93 13.16
2600.173 99.80 3.49 13.25
Mgr....... 2852.964 99.95 3.56 11.23
Mg ...... 2803.531 99.74 3.89 13.17
Mnir...... 2606.462 99.09 3.96 11.32:
St 1250.584 100.00 5.97 13.47:
1253.811 100.00 3.34 13.12
Sitl......... 1526.707 99.69 3.53 13.44
Sim*...... 1264.738 100.02 3.31 12.01
108 km s~! Component
Alir........ 1670.787* 108.64 3.39 12.05
1670.787° 107.54 1.96 11.88
Feir........ 1608.451 107.99 2.69 13.06
2382.765 107.12 1.50 13.14
2586.650 107.96 343 13.16
2600.173 107.29 1.78 12.98
Mgr....... 2852.964 108.33 3.00 10.90
Mgir...... 2803.531 108.64 3.54 13.14
St.......... 1250.584 108.00 4.00 13.41
1253.811 108.00 3.74 13.36
Sitn......... 1526.707 108.54 341 13.46
Sim*....... 1264.738 107.82 4.00 11.69
Civ........ 1548.195 104.31 9.91 12.47
1550.770 108.56 5.00 12.18
Sitv........ 1393.755 104.16 3.71 11.38
113 km s~! Component
Alr........ 1670.787* 113.71 2.15 11.67
1670.787° 111.54 1.68 11.72
Ferr........ 1608.451 113.58 1.93 12.78
2382.765 112.64 4.89 13.24:
2586.650 113.41 1.54 12.72
2600.173 113.43 4.98 13.19
Mgr....... 2852.964 113.00 3.00 10.78
Mgir...... 2803.531 113.93 1.56 12.69
Sit......... 1526.707 114.12 1.95 13.03
Sim*....... 1264.738 113.00 3.00 11.38
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118 km s~! Component

Al1........ 1670.787% 11872 291 12.21
1670.787° 117.28 3.55 12.22
Fel........ 1608.451 118.58  2.13 13.20
2382.765 117.86 1.50 14.11:
2586.650 117.97 223 13.22
2600.173 118.45 1.50 13.53
Mgr....... 2852.964 118.48  2.61 11.08
Mg1r...... 2803.531 118.65  2.40 13.29
Mni...... 2576.877 118.11 1.50 11.08:
2594.499 116.83 1.71 11.28
2606.462 117.62  3.01 11.20
Nill....... 1370.132 120.05  5.00 12.48:
Or*........ 1304.858 117.65  4.81 12.57
Or+* ... 1306.029 119.82  3.04 1217
ST.......... 1250.584 119.00  5.26 13.54
1253.811 118.44  4.36 13.56
Sit......... 1526.707 118.56  2.40 13.54
Sim*....... 1264.738 118.80 294  11.89
1265.002 118.64  2.84 12.03
Crv.... 1548.195 11898  2.80 11.72
Sitv........ 1393.755 117.58 345 11.34

Notes.—Units for velocity v, dispersion b, and column
density N are, respectively, kms~!, km s~!, and cm~2. Col-
umn densities that are more uncertain because of weak,
blended, or saturated components are marked with
colons. Error estimates are provided in the text. Table 3 is
also available in machine-readable form in the electronic
edition of the Astrophysical Journal Supplement.

2 Exposure with central A = 1598 A.

b Exposure with central A = 1763 A.

¢ Exposure with central A = 1234 A.

d Exposure with central A = 1416 A.

—24-25 km s~!, similarly to those in Si1v and Al 1, and to
the strongest component in the low-ionization lines.

4.5. Collation of Velocity Components among Stars

Table 6 compares the low- and high-ionization velocity
components observed toward the four stars, with
CPD —59° 2603 as the reference. The occurrence of identical
velocities in low- and high-ionization components generally
indicates that the latter were adopted from the former to
resolve ambiguous, blended profiles. While many velocity
components are unique to each star, several similar veloc-
ities are seen to occur in some or all of them. The most
notable of the latter are at approximately —100, —90, —65,
—35, =20, =5, +5, +20, +35, +65, 490, and 4100 km s~ .
The apparent symmetry between negative and positive
velocities is illusory, however, because these are heliocentric
values; they must be corrected by +14 km s~! to the Carina
Nebula rest frame as defined by the double nebular emission
lines (Walborn & Hesser 1975). The two lowest (absolute)
velocities likely correspond primarily to the full ~2500 pc
line of sight to the Carina Nebula, and the black troughs
from about —50 to +30 km s~! in the intermediate-strength,
low-ionization lines are very similar in all the stars. The
components near —35 km s~! likely correspond to the near
side of the globally expanding H 11 region, because they
coincide with the blueward component of the double nebu-
lar emission lines and dominate the high-ionization absorp-



TABLE 4

HDE 303308
Ton A v b log N
—175km s~! Component
Ci......... 1334.532 —175.19 2.28 12.31
Sit......... 1526.707 —177.92 2.81 11.89
—133 km s~! Component
1670.787°  —134.00 1.50  10.30
1334.532 —134.08 4.35 12.40
1335.708 —133.00 1.80 11.71
2382.765 —131.37 3.71 11.15
2600.173 —130.91 2.58 11.18
Mgii...... 2796.352 —133.01 1.50 10.90
2803.531 —134.76 591 10.90:
1548.195 —129.12 12.00 12.23
1402.770 —136.43 7.55 11.71
—111 km s~! Component
Al1l........ 1670.787* —111.68 3.19 12.51
1670.787° —112.12 3.93 12.47
Cu*...... 1335.708 —111.00 8.44 14.54:
Fer........ 1608.451 —111.48 2.90 13.52
2382.765 —110.31 4.32 13.73:
2586.650 —111.54 2.92 13.53
2600.173 —111.62 3.58 13.51:
Mgr....... 2852.964 —110.89 3.99 11.59
Mgir...... 2796.352 —111.00 4.13 13.55:
2803.531 —111.00 3.75 13.42:
Mnii...... 2576.877 —112.56 3.07 11.46
2594.499 —113.17 3.17 11.43
2606.462 —107.43 6.63 11.57:
Nit........ 1709.600 —111.16 2.30 12.35
1751.910 —111.00 5.00 12.79
Or** ... 1306.029 —108.97 7.76 12.73
Si.......... 1250.584 —108.54 4.05 13.93
1253.811 —110.50 3.64 13.66
1259.519 —111.46 3.74 13.76
Sit......... 1304.370 —111.04 3.59 13.86
1526.707 —111.31 3.85 13.82
Sim*....... 1264.738 —110.66 3.49 12.37
1309.276 —110.86 3.00 11.86
Alm....... 1854.716 —106.76 7.78 11.64
Civ........ 1548.195 —110.69 8.10 12.52
1550.770 —111.00 7.35 12.02
Sitv........ 1402.770 —109.55 6.67 11.92
—104 km s~! Component
Ali1r........ 1670.787* —103.89 3.68 12.45
1670.787°  —104.67 3.77 1241
Cu*....... 1335.708 —104.00 4.51 14.44:
Fer........ 1608.451 —103.70 2.74 13.35
2382.765 —103.67 2.89 13.31:
2586.650 —103.86 3.04 13.40
2600.173 —103.89 3.16 13.35:
Mgr....... 2852.964 —103.32 3.08 11.38
Mgi...... 2796.352 —104.00 3.85 13.66:
2803.531 —104.00 4.02 13.69:
Mnir...... 2576.877 —104.98 4.70 11.54
St.......... 1250.584 —101.87 1.50 13.32:
1253.811 —103.22 2.65 13.60
1259.519 —104.32 2.65 13.51
Sit......... 1304.370 —103.40 3.06 13.72
1526.707 —103.56 3.07 13.68
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Sin*....... 1264.738 —103.73 2.84 12.19
1309.276 —103.04 4.17 11.96
—91 km s~! Component
Alir........ 1670.787% —90.44 5.00 11.64
1670.787° —-92.03 5.00 11.65
Fe........ 1608.451 -90.74 1.50 12.00:
2382.765 —91.40 291 12.12
2586.650 -90.99 1.72 12.02
2600.173 —90.68 341 12.09
Mgir...... 2796.352 -90.00 3.85 12.50
2803.531 —89.13 4.50 12.54
Sit......... 1304.370 -90.17 4.17 12.73
1526.707 —90.28 3.51 12.68
Civ....... 1548.195 —-92.47 12.00 13.15
1550.770 —95.05 12.00 13.04
Sitv........ 1402.770 -92.00 8.83 12.74
—82km s~ Component
Al1r........ 1670.787* —82.19 1.97 12.22
1670.787° —83.25 2.68 12.16
Ferm........ 1608.451 —82.34 1.75 13.18
2382.765 —82.99 2.14 13.34
2586.650 —82.34 1.90 13.17
2600.173 —82.70 1.91 13.40
Mgr....... 2852.964 —82.23 2.13 11.15
Mgii...... 1239.925 —84.05 6.07 14.60
Mnir...... 2576.877 —82.00 4.00 11.38
Nit........ 1751.910 —81.36 3.70 12.76
St.......... 1253.811 —81.97 1.97 13.21
1259.519 —81.92 2.28 13.22
Sitl......... 1304.370 —82.38 2.44 13.29
1526.707 —82.26 2.45 13.42
Sin*....... 1264.738 —82.27 2.22 12.01
—76 km s~! Component
Alir........ 1670.787* —76.15 2.56 12.10:
1670.787° —76.20 2.99 12.57:
Fe........ 1608.451 —75.99 2.14 13.17
2382.765 —75.92 1.86 13.89:
2586.650 —76.04 2.02 13.18
2600.173 —75.58 2.11 13.62
Mgr....... 2852.964 —76.00 2.54 11.15
Mnir...... 2576.877 —76.00 6.00 11.20
2594.499 —75.25 6.39 11.64:
2606.462 —73.69 2.60 11.18:
Niil........ 1317.217¢ —77.33 5.36 12.31:
1317.217¢ —75.34 5.81 12.37:
St.......... 1250.584 —78.33 9.10 14.00:
1253.811 —76.00 2.82 13.38
1259.519 —76.05 2.55 13.40
Sitl......... 1304.370 —75.46 2.15 13.24:
1526.707 —76.23 1.52 13.32:
Sin*....... 1264.738 —75.41 2.24 11.76:
Almr....... 1854.716 —78.97 12.00 12.33
1862.790 —79.93 9.00 11.77
Civ........ 1548.195 —76.37 7.47 13.19
1550.770 —77.13 8.15 13.15
Sitv........ 1393.755 —77.36 6.78 13.30
1402.770 —77.44 5.87 13.28
—71 km s~! Component
Alr........ 1670.787* —71.54 5.08 12.46:
1670.787° —170.26 322 1218
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Fell........ 1608.451 ~71.06 502 1330 ST, 1250.584 —41.00 6.53  15.02:
2382.765 ~70.80 359 1335 Sitl......... 1808.013 ~40.30 751 15.19:
2586.650 ~71.06 500  13.33
2600.173 ~7025 279 13.03 —33km s~ Component
Mgr...... 2852.964 —71.00 532 1151 Clio..... 1347.240 ~29.40 542 1262
Mg ...... 1239.925 —72.65 4.04 1424 Fell........ 1611.201 ~33.53 312 1442
Mni1l...... 2576.877 —71.00 6.00 11.30 1\,[g Mo, 1239.925 ~32.19 491 15.21
Ni I........ 1751.910 —73.13 1.71 124633 Mnir...... 2576.877 _32.74 4.55 12.85
Sil.......... 1250.584 —68.88 6.25 13.47: 2594.499 —33.34 4.84 12.89
1253.811 —71.00 328 1349 2606.462 3335 497  12.84
1259.519 —70.00 363 1351 Nitl....... 1317.217¢ -32.76 336 13.12
Sl I......... 1304370 —7246 696 1393 1317217(1 —3218 5.13 1332
Sl II* ....... 1264738 —7100 807 1231 1454.842 —32.34 4.51 13.45
61 kms-! Component 1709.600 3263 392 1332
1741.549 ~32.09 524 13.51
Alt........ 1670.787* ~63.03 400  12.08: 1751.910 3212 364 1337
1670.787° ~61.00 621 12.60: O, 1355.598 3225 434 16.88
Ferl....... 1608.451 ~59.32 468 1337 O+ ... 1306.029 2844 1200 1423
2586.650 —61.00 366 12.96: ST, 1250.584 ~33.00 4.04 1539
Mgl ....... 2852.964 ~60.62 420 11.23 1808.013 ~32.89 415 1533
1253.811 —61.47 243 1348 1309.276 ~36.42 518 1345
1259.519 ~58.50 350  13.51 1854.716 ~31.60  11.84 1381
Sill......... 1304.370 ~59.32 525 13.84 1862.790 3091 10.06  13.93:
1526.707 ~60.53 568 1374 ClVa... 1548.195 ~36.88  11.61 1446
Sim*....... 1264.738 ~58.98 362 12.09 1550.770 3585 9.57  14.62:
Al...... 1854.716 ~59.82 939 12.94 Sitv........ 1393.755 3764 1009 1465
1862.790 ~5887 1131 1298 1402.770 3852 1193 1432
ClVa., 1548.195 —61.72 920  13.41
1550.770 ~59.00 1200  13.57 —24kms~! Component
SHV........ 1393.755 —61.22 557 1331 Cli...... 1347.240 —2434 465 1249
1402.770 —6128 662 1331 Cull.... 1358.773 ~2385 150 11.46
—54 km s~! Component Fell........ 1611.201 —24.85 3.31 14.67
Gatl..... 1414.402 ~23.07 203 10.90
1670.787 ~56.40 565 1253 Gell...... 1237.059 2258 538 11.70
1611.201 ~50.57 272 1387 Melr...... 1239.925 ~23.78 354 1531
2586.650 ~54.00 736 13.45: Mnii...... 2576.877 2373 373 1318
Mgl ....... 2852.964 ~54.50 506 11.28: 2594.499 ~23.84 401 13.14
Mnii...... 2576.877 ~55.65 578 1178 2606.462 2422 407 13.15
2594.499 ~53.00 388 1172 Nill........ 1317.217¢ ~24.66 526 13.40
2606.462 ~54.00 321 1141 1317.2174 2365 339 13.13
Nill........ 1317.217¢ 5425 6.00  12.65 1370.132 ~22.30 6.00  13.39
1454.842 ~54.00 6.00  13.04 1454.842 2289 6.50  13.49
1709.600 ~54.50 150 12.18: 1709.600 2311 566 13.50
1741.549 ~5237 550 12.66 1741.549 ~23.09 373 1332
1751.910 ~54.54 500  12.94 1751.910 2329 6.00  13.58
ST, 1250.584 ~55.00 749 1405 1355.598 2394 300 1723
1253.811 5428 250 13.37 1250.584 ~24.00 389 16.19:
- 1808.013 2357 532 1561
—41'kms™" Component 1309.276 2384 791  13.39
Cllo... 1347.240 ~37.58 563 12.67 6 kms! Component
Fell........ 1611.201 —41.58 417 1448
Mgl ...... 1239.925 —41.60 601 14.88 Clio... 1347.240 ~16.59 1,50 11.62
Mnii...... 2576.877 —41.68 6.53  12.78 Fell........ 1611.201 ~17.68 364 1431
2594.499 —42.86 539 12.68 Gatl.... 1414.402 1432 263 10.70
2606.462 4247 6.04 1271 Mer...... 1239.925 ~17.03 234 14.69
Nifl........ 1317.217¢ —41.47 504 1335 Mnii...... 2576.877 ~16.00 450 12.50
1317.2174 —4225 495 13.20 2594.499 ~16.00 500 1242
1370.132 4237 352 13.07 2606.462 ~16.00 450 12.38
1454.842 4215 4.64  13.40 Nifl........ 1317.217¢ ~14.56 520  13.13
1709.600 —41.66 476 13.38 1317.2174 ~16.00 527 13.00
1741.549 —42.03 447 1334 1370.132 ~12.88 339 12.88
1751.910 —41.24 572 13.53 1454.842 1234 341 13.14
1709.600 ~13.20 383 13.05
1741.549 ~13.64 670  13.37

447



TABLE 4—Continued TABLE 4—Continued
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1751.910 1287 562 1327 Sitv....... 1393.755 578 1200  12.63
S.... 1250.584 ~1600 311 1478 1402.770 599 1200  12.68
Sitl........ 1808.013 ~16.00 150 14.13:

Crv... 1548.195 1500 1102 1334 19 km s~! Component
1550.770 —14.87 1036 13.33 Felr...... 1608.451 2257 218 13.52
Sl IV........ 1393.755 —15.00 12.00 12.52 Gell....... 1237.059 19.23 2.94 11.26
1402.770 —15.00 1200  12.50 Mgr....... 2852.964 23.55 246  11.54
“3kms ! Component Mgii...... 1239.925 1788 650  14.78
1240.395 1714 171 1455
Cli...... 1347.240 —256 811 1286 Mni...... 2576.877 1717 600  12.29
Cur..... 1358.773 ~131 630 12.10 2594.499 1838 504 1212
Fell...... 1611.201 217 700  15.03 2606.462 16.71 500 12.20
Gatl..... 1414.402 352 302 10.90 NilL...... 1317.217¢ 1858 657 1291
Gell....... 1237.059 469 651 1192 1317.217¢ 1824 474 1248
Mgli...... 1239.925 342 747 1583 1370.132 18.19 223 1247
1240.395 385 725 1581 1454.842 1942 476  12.93
Mnir...... 2576.877 300 677 1348 1709.600 2014 550 1279
2594.499 454 643 1335 1741.549 2125 541 1277
2606.462 —4.11 700 13.38 1751.910 2135 517 1294
NilL...... 1317.217¢ —1.97 620  13.65 S, 1250.584 2128 550 14.39:
1317.2174 240 582 13.58 1253.811 224 338 1417
1370.132 ~1.71 553 13.63 Sill........ 1808.013 18.91 504 1452
1454.842 ~152 650  13.71 Alm....... 1854.716 2000  7.00 1179
1709.600 217 524 13.68 1862.790 1900  7.66 1172
1741.549 185 468  13.67 CIV... 1548.195 2788 1200 1273
1751.910 098 520 13.73 1550.770 2742 1061 12.56

1355.598 394 469  17.32

1306.029 491 518 1320 35km ! Component
1250.584 —3000 689 1593 Ali........ 1670.787° 3.2 380 11.28
1808.013 300 749 1591 16707872 2951 219 1108
1309.276 —538 319 242 Fell........ 2382.765 3600 150 11.40
1854.716 —3.00 730 1249 2600.173 3711 161 1151
1862.790 —3000 672 1245 Mgii..... 2796.352 3781 500 12,04
2803.531 3723 500 12.09

7 km s~! Component

1302.169 38.09 444 1340
Cllo... 1347.240 6.58 256 1474 1526.707 38.49 370 1228
1379.528 6.48 317 1432 1854.716 35.55 847 1161
Cutl....... 1358.773 778 387 1235
Fer........ 1611.201 808  3.56  14.94 50 km's~! Component
Ga II....... 14]4402 727 381 1156 Al Moo, 1670.7872 49.61 1.73 10.90
Gell....... 1237.059 7.05 4.01 12.32 1670787b 5000 200 1095
Mgl ..o.... 1747.794 7020226 1355 Fell....... 2382.765 4942 174 1218
Mg II...... 1239.925 7.38 3.84 1605 2586650 4998 150 1187
1240.395 727 413 1607 2600.173 4953 250 1216
Muir..... 23576.877 7000373 1394 Mgll..... 2796.352 5023 409 1220
2594.499 6.49 439 1377 2803.531 50.08 473 12.23
2606.462 649 395 1381 1302.169 4875 361 1345
Nit........ 1317217C 906 397 1363 1526.707 48.96 3.02 12.33
1317.2174 8.69 427 13.63
1370.132 9.33 443 13.66 61 km s~ Component
1454.842 9.18 366 13.67 :
1709.€00 cor 495 1380 Alt........ 1670.787; 60.98 400 1217
1741.549 e 100 1282 1670.787 60.42 495 1221
1751.910 o8] 138 1380 Fell........ 1608.451 60.08 300 12.87
1355.508 688 415 1790 2586.650 59.94 3.50  13.06
1995.653 763 130 1311 Mgr....... 2852.964 65.00 431 1130
1425.030 789 418 1boa Mnii...... 2576.877 61.15 400 1136
1473.994 806 115 1304 ST, 1250.584 63.23 350 13.74
ST, 1250.584 700 747 15.80: A 1253.811 62.74 350  13.59
— 1808.013 700 S00 1590, SiMloe... 1526.707 60.16 350 13.23:
Simt 1309276 506 116 11ss Al....... 1854.716 56.96 597 1145
Al 1854716 700 T 1276 Civa.... 1548.195 5519 1200  12.64
1862.790 700 T 1270 ‘ 1550.770 5760 1200  12.64
Crv. 1548195 s24 1200 1399 Sitv........ 1393.755 58.50 1200 11.65:
1402.770 61.33 722 1179

1550.770 6.00 12.00 13.24
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71 km s~! Component
Ali1r........ 1670.787% 71.00 4.07 13.68:
1670.787° 71.00 5.73 13.30:
Fer........ 1608.451 71.10 6.02 14.24:
1611.201 71.66 3.90 14.09
2586.650 70.92 5.20 14.35:
Mgr....... 2852.964 72.55 2.68 11.90
Mnir...... 2576.877 71.75 6.36 12.31
2594.499 71.00 6.44 12.28
2606.462 70.59 6.03 12.28
Ni........ 1317.217¢ 72.00 5.95 12.92
1317.2174 72.33 5.54 12.98
1370.132 72.34 7.66 13.06
1709.600 70.72 9.06 13.19
1741.549 71.60 6.15 13.11
1751.910 73.16 4.40 12.85
Or*....... 1304.858 70.89 5.20 12.76
Or** ... 1306.029 70.87 5.55 12.83
Sl 1250.584 72.29 5.22 14.50
1253.811 72.14 5.36 14.46
Sit......... 1526.707 71.00 7.37 14.36:
1808.013 71.13 5.61 14.56
Sin*....... 1264.738 72.22 4.02 12.50:
1265.002 72.00 3.05 12.36
1309.276 71.40 3.66 12.06
Alm....... 1854.716 70.71 6.56 11.93
1862.790 71.07 9.24 11.94

83 km s~! Component
Ali1r........ 1670.787° 80.61 3.00 11.86:
1670.787* 80.77 3.00 12.13:
Fer........ 1608.451 82.81 3.00 13.14:
2586.650 81.02 3.00 13.23:
Mgr....... 2852.964 78.50 4.00 11.20
St.......... 1250.584 83.08 2.17 13.55
1253.811 83.67 2.53 13.58
Sit......... 1526.707 82.54 2.50 13.22:
Civ....... 1548.195 78.33 12.00 12.63
1550.770 75.54 12.00 12.59
Sitv........ 1393.755 81.68 11.64 11.97
1402.770 82.36 9.41 12.03

90 km s~! Component
Alir........ 1670.787* 90.00 5.59 12.81:
1670.787° 90.00 5.93 13.03:
Fer........ 1608.451 90.03 4.22 13.84
2586.650 90.29 5.03 13.93
Mgr....... 2852.964 90.09 5.20 11.62
Mgir...... 1240.395 92.30 1.50 14.37:
Mnir...... 2576.877 89.75 5.32 11.99
2594.499 90.36 5.50 11.90
2606.462 89.00 5.55 11.99
Nitl........ 1317.217¢ 91.67 8.67 12.82
1370.132 91.52 4.61 12.53
1709.600 92.43 8.51 12.91
1741.549 91.78 8.20 12.90
1751.910 90.62 5.28 12.66
Or*....... 1304.858 90.54 4.65 12.65
Or** ... 1306.029 93.01 7.56 12.70
St.......... 1250.584 91.01 4.72 14.29
1253.811 90.64 3.59 14.24
Sit......... 1526.707 90.00 6.89 14.08:
1808.013 91.02 4.81 14.35
Sim*....... 1264.738 90.73 4.21 12.14

TABLE 4—Continued

Ton A v b log N
1265.002 92.51 1.95 11.87:

Almi....... 1854.716 89.28 9.97 11.93
1862.790 92.83 10.99 11.82

98 km s~! Component

All........ 1670.787% 98.00 400  12.30:
1670.787° 98.00 4.19 12.01:
Fell........ 1608.451 97.16 400  13.40
2586.650 98.27 3.60  13.29
Mgr....... 2852.964 98.60 3.40 1111
Mni...... 2576.877 98.50 471 11.53
2606.462 98.77 1.54  11.26:
S, 1250.584 98.88 3.50  13.81
1253.811 98.26 3.49  13.89
SilL......... 1526.707 98.00 3.60  14.04:
1808.013 99.53 1.50  13.76:

Notes.—Units for velocity v, dispersion b, and column
density N are, respectively, km s~!, km s~!, and em~2. Col-
umn densities that are more uncertain because of weak,
blended, or saturated components are marked with colons.
Error estimates are provided in the text. Table 4 is also
available in machine-readable form in the electronic edition
of the Astrophysical Journal Supplement.

a Exposure with central A = 1598 A.

b Exposure with central A = 1763 A.

¢ Exposure with central A = 1234 A.

d Exposure with central A = 1416 A.

tion profiles (except in HD 93222 in the southern part of the
nebula). There is the interesting possibility that the
+69 km s~! component that disappeared between 1997 and
1999 in CPD —59°2603 may be present in HD 93205,
although it is not possible to rule out a chance velocity coin-
cidence between the two stars. It will be difficult to establish
coherent high-velocity physical structures among the stars
because of the rapid spatial variations in the profiles, the
sparse angular sampling, the unknown (small) distribution
in depth of the stars, and the possibility that the radial veloc-
ities of any such structures would vary from star to star due
to acceleration and projection effects.

5. DISCUSSION

This paper presents an atlas of profiles, measurements of
individual velocity components, and some morphological
inferences from the complex interstellar absorption lines
toward four O stars in the Carina Nebula, as observed with
HST/STIS. The principal results are the much larger num-
bers of velocity components, somewhat higher velocities,
and especially the substructure found in most of the high-
velocity components, in comparison with previous ground-
based and /UE investigations. In addition, temporal varia-
tions were discovered in a number of velocity components
toward one star observed at two epochs. These results pro-
vide vital new information about the physical origins of the
phenomena and demonstrate the futility of quantitative
analyses of the earlier data.

These new data provide the basis for further astrophys-
ical studies directed toward improved understanding of
the various velocity regimes in the interstellar profiles.
Specifically, the hypotheses that the highest velocity fea-



TABLE 5

HD 93222
Ton A v b log N
—388 km s~! Component
Ci......... 1334.532 —388.00 5.86 12.99
Mgir...... 2796.352 —388.21 6.46 11.54
2803.531 —388.43 2.75 11.26
—379 km s~! Component
Ali1r........ 1670.787* —381.69 1.95 10.85
1670.787° —378.17 6.00 11.08
1334.532 —379.00 3.68 13.19
2382.765 —379.62 1.50 11.28
2586.650 —379.58 5.00 12.14
2600.173 —378.83 2.31 11.58
Mgi...... 2796.352 —379.00 343 11.77
2803.531 —379.00 3.03 11.75
Sit......... 1304.370 —379.00 5.53 12.23
1526.707 —379.28 2.06 11.85
—372 km s~! Component
Alr........ 1670.787* —371.18 3.55 11.82
1670.787° —372.40 2.98 11.67
Ci......... 1334.532 —372.00 3.54 13.86:
Fem........ 1608.451 —371.42 2.46 12.65
2382.765 —372.28 1.65 12.47
2586.650 —371.61 2.31 12.69
2600.173 —371.90 1.76 12.53
Mgr....... 2852.964 —370.21 3.36 10.70
Mg ...... 2796.352 —371.08 3.04 12.74
2803.531 —-371.19 3.02 12.80
Ol.......... 1302.169 —370.73 3.65 13.31
Sl....c.... 1253.811 —372.00 1.50 12.86:
Sit......... 1304.370 —370.88 3.18 13.02
1526.707 —=371.10 3.00 13.00
Sin*....... 1264.738 —373.35 1.54 11.18
Civ........ 1548.195 —369.45 6.23 12.01
—365 km s~! Component
Al1r........ 1670.787* —363.99 4.55 11.51
1670.787° —365.84 391 11.57
1334.532 —365.00 6.64 14.09:
1608.451 —364.13 1.50 12.16:
2382.765 —367.37 7.64 12.66
2586.650 —365.01 2.66 12.34
2600.173 —366.11 7.28 12.60
Mgr....... 2852.964 —363.24 4.00 10.48
Mg ...... 2796.352 —364.77 3.51 12.43
2803.531 —365.55 2.38 12.12
Ol.......... 1302.169 —363.91 4.67 13.09
Si.......... 1253.811 —365.00 4.74 13.14:
Sitl......... 1304.370 —365.00 2.81 12.49
1526.707 —364.80 1.84 12.42
—359 km s~! Component
Al1r........ 1670.787* —358.60 2.93 11.41
1670.787°  —359.84 240 1138
Ci......... 1334.532 —359.00 5.05 13.67:
Fer........ 1608.451 —358.37 1.50 12.14:
2382.765 —358.42 1.66 11.99
2586.650 —359.00 3.71 12.27
2600.173 —358.40 1.50 11.92
Mgr....... 2852.964 —357.14 1.50 10.48
Mgii...... 2796.352 —358.15 3.23 12.33
2803.531 —359.82 5.71 12.59
1302.169 —357.36 3.32 12.99
1304.370 —359.00 5.01 12.81
1526.707 —358.94 3.37 12.59
Civ....... 1548.195 —359.07 3.10 12.01

450
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1550.770 —362.02 4.00 11.91
SitV....... 1393755 —360.38 500 1123
1402770 —-356.11 596  11.59:
—350 km s~! Component
Al1r........ 1670.787* —350.65 4.45 10.70
1670.787°  —352.42 6.07  11.20
Ci......... 1334.532 —350.00 6.95 13.20
Mgir...... 2796.352 —349.99 5.97 11.79
2803.531 —346.19 4.00 11.56
Civ....... 1548.195 —350.00 8.00 12.32
—115km s~! Component
Ali1r........ 1670.787* —115.18 1.50 10.70
1670.787°  —114.71 286 1111
Cu*...... 1335.708 —115.00 3.89 12.82
Fei........ 2382.765 —115.50 1.50 11.40
2600.173 —115.99 2.37 11.72
Mgir...... 2796.352 —115.09 2.92 11.74
2803.531 —115.04 1.95 11.49
1302.169 —114.20 4.24 12.76:
1304.370 —113.69 4.17 12.24:
1526.707 —113.31 4.47 12.18
Civ....... 1548.195 —124.00 3.25 11.69
—110km s~! Component
Alll........ 1670.787* —109.61 2.86 11.32
1670.787° —109.62 1.88 11.04
Co*....... 1335.708 —110.00 3.56 12.23
Fe........ 2382.765 —109.25 4.57 11.75
2600.173 —110.01 1.50 11.51
Mgir...... 2796.352 —109.88 3.24 11.95
2803.531 —110.17 4.12 11.98
Sitl......... 1526.707 —107.85 1.50 11.73
All....... 1854.716 —108.34 2.58 10.95
Civ...... 1548.195 —106.00 11.11 12.76
1550.770 —105.58 8.48 12.48
Sitv........ 1402.770 —106.00 7.91 11.80
—98 km s~! Component
Alil........ 1670.787* —98.91 1.50 10.78:
Co* ... 1335.708 —-97.00 4.03 12.67
Mgii...... 2796.352 —98.20 4.14 11.89
2803.531 —-97.74 4.21 11.92
Sill......... 1526.707 —98.15 2.36 11.97
—87 km s~! Component
Allr........ 1670.787* —86.09 5.13 11.82
1670.787° —87.80 3.86 11.64
Co* ... 1335.708 —87.00 4.03 13.23
Fem........ 2382.765 —88.13 3.60 12.05
2600.173 —87.80 3.05 12.05
Mgr....... 2852.964 —87.00 3.39 10.60
Mgii...... 2796.352 —87.24 3.89 12.61
2803.531 —86.82 3.87 12.62
Sl.......... 1250.584 —87.44 7.00 13.72:
Sitl......... 1304.370 —87.00 3.33 12.48
1526.707 —87.54 3.03 12.64
—81 km s~! Component
Alir........ 1670.787* —80.27 2.34 11.20
1670.787° —81.75 4.05 11.63
Cu*..... 1335.708 —81.00 4.50 12.91:
Fe........ 2382.765 —82.15 2.85 11.93
2600.173 —81.75 2.28 11.89



TABLE 5—Continued

Ton A v b log N
Mgr....... 2852.964 —81.00 3.50 10.60
Mgir...... 2796.352 —81.41 3.18 12.22:

2803.531 —80.71 3.73 12.47
Sill......... 1304.370 —81.00 4.94 12.61
1526.707 —81.14 4.66 12.74
1808.013 —82.82 1.79 13.37:
Almr....... 1854.716 —83.00 6.09 11.28
Crv........ 1548.195 —83.09 9.27 13.59
1550.770 —83.29 7.87 13.54
Sitv........ 1402.770 —82.73 9.88 13.00
—68 km s~! Component
Al1l........ 1670.787% —66.82 7.77 12.54
1670.787° —67.14 771 1255
Fe........ 1608.451 —67.48 3.39 13.02
2382.765 —68.84 4.88 13.18
2586.650 —69.32 3.89 13.03
2600.173 —67.06 5.85 13.31
Mgr....... 2852.964 —68.00 4.00 10.60
1253.811 —70.56 4.00 13.37
1259.519 —68.18 5.42 13.12
Sitl......... 1304.370 —68.69 4.86 13.38
1526.707 —70.81 3.84 13.17
Almr....... 1854.716 —67.83 5.54 11.96
1862.790 —67.82 5.84 11.69
Crv...... 1548.195 —65.62 7.65 13.82
1550.770 —65.79 7.61 13.83
Sitv........ 1393.755 —66.10 7.69 13.34
1402.770 —65.99 6.22 13.31
—64 km s~! Component
Alr........ 1670.787* —63.54 2.38 11.83
1670.787° —64.41 1.50 11.79
Fe........ 1608.451 —63.13 1.50 12.73
2382.765 —64.11 2.43 12.83
2586.650 —64.00 3.03 13.07
2600.173 —64.00 1.50 12.59
Mgr....... 2852.964 —64.66 4.11 11.53
Mnii...... 2576.877 —64.38 6.06 11.53:
2594.499 —64.85 7.25 11.63:
2606.462 —63.47 4.00 11.51:
St.......... 1250.584 —62.27 7.20 13.96:
1253.811 —62.89 2.96 13.74
1259.519 —63.56 2.55 13.49
Sill......... 1304.370 —63.60 3.01 13.69
1526.707 —63.98 3.80 13.80
1808.013 —65.49 4.56 13.87:
Sim*....... 1264.738 —64.30 3.18 11.92
—50 km s~! Component
Fer........ 1608.451 —50.07 3.22 13.28
2586.650 —48.50 6.22 13.63
2600.173 —47.87 6.51 13.63:
Mgr....... 2852.964 —52.44 3.49 11.53
Mnir...... 2576.877 —50.00 3.81 11.30
2594.499 —50.00 4.03 11.72
2606.462 —50.00 4.00 11.28:
Nitl........ 1317.217¢ —47.51 6.00 12.39:
St.......... 1250.584 —49.41 5.03 14.41
1253.811 —50.61 5.37 14.40
1259.519 —51.07 4.63 14.26
Sill......... 1808.013 —48.78 5.70 14.54
Alm....... 1854.716 —48.99 5.07 12.46
1862.790 —48.70 4.86 12.38
Crv........ 1548.195 —46.71 8.00 13.50
1550.770 —46.90 7.76 13.44
Sitv........ 1393.755 —48.55 5.18 12.83
1402.770 —46.78 7.79 13.21

451
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—44 km s~ Component
Fer........ 1608.451 —43.93 2.38 13.40
2586.650 —43.88 1.50 13.17
2600.173 —44.00 5.71 13.65:
Mgi....... 2852.964 —43.10 8.00 12.08:
Mnir...... 2576.877 —44.00 4.00 11.54:
2594.499 —44.00 3.52 11.54
2606.462 —44.00 5.00 11.67:
St.......... 1250.584 —43.36 1.62 13.77
1253.811 —44.35 1.50 13.48
1259.519 —44.42 2.41 13.75
Sitl......... 1808.013 —42.07 2.33 13.72
Sitr*..... 1264738 4420 6.67 1199
—38 km s~! Component
Fe........ 1608.451 —38.14 2.92 13.12
2586.650 —38.36 3.74 13.29
2600.173 —38.00 4.50 12.85:
Mnir...... 2594.499 —38.00 4.00 11.64
Nit........ 1317.217¢ —36.36 5.00 12.15:
St.......... 1250.584 —38.39 3.87 14.19
1253.811 —37.73 7.57 14.52
1259.519 —39.27 6.50 14.29
Sitl......... 1808.013 —37.90 2.88 13.91
Almi....... 1854.716 —34.00 8.68 12.72
1862.790 —34.00 8.11 12.68
Civ....... 1548.195 —33.79 5.45 13.55
1550.770 —33.97 5.57 13.54
Sitv........ 1393.755 —33.60 10.69 13.64:
1402.770 —34.50 6.43 13.45
—23 km s~! Component
Bir......... 1362.461 —23.48 4.99 11.62
Clr......... 1347.240 —22.57 2.12 11.53
Cuil....... 1358.773 —22.40 3.42 12.42
Fe........ 1608.451 —23.55 4.22 15.26:
1611.201 —23.07 3.04 15.00
2586.650 —24.11 4.09 15.42:
Gaitl....... 1414.402 —22.39 4.79 11.64
Gell....... 1237.059 —23.09 4.45 12.21
Mgr....... 2852.964 —24.60 391 13.80:
Mgir...... 1239.925 —23.29 4.93 16.00
1240.395 —23.31 5.07 16.07
Mnir...... 2576.877 —23.54 S.11 13.77:
2594.499 —23.67 4.90 13.83:
2606.462 —23.72 5.10 13.78:
Nitl........ 1317.217¢ —21.40 3.13 13.37
1317.217¢ —22.03 3.14 13.37
1370.132 —21.42 3.28 13.40
1709.600 —-21.29 2.76 13.50
1741.549 —21.34 3.30 13.50
1751.910 —20.59 2.33 13.42
Of1].cecns 1355.598 —22.30 3.62 17.80
Or*........ 1304.858 —23.69 4.35 14.32:
Or** ... 1306.029 —24.87 4.52 14.13
Pi..... 1532.533 —23.48 4.33 14.23
N S 1425.030 —-23.10 2.32 11.72
St.......... 1250.584 —23.56 4.83 16.17:
1253.811 —23.97 3.86 16.70:
1808.013 —23.89 4.67 16.36:
1264.738 —24.94 5.31 14.19:
1265.002 —24.87 5.06 14.28
1309.276 —24.92 5.26 13.99
Alml....... 1854.716 —21.81 5.41 13.51:
1862.790 —21.28 5.25 13.55
Civ....... 1548.195 —19.80 6.91 13.72
1550.770 —19.76 6.65 13.68




TABLE 5—Continued

Ton A v b log N
Sitv........ 1393.755 —17.76 3.56 14.95:
1402.770 —19.21 4.55 14.38
—6 km s~! Component

Bir......... 1362.461 —6.70 1.65 11.08
Clri......... 1347.240 —7.12 1.91 13.23
Cuil....... 1358.773 —5.80 2.53 12.05
Fer........ 1608.451 —6.00 4.74 14.74:
1611.201 —5.85 3.20 14.84

Garl....... 1414.402 —6.34 3.77 11.30
Gertl....... 1237.059 —6.35 3.35 11.96
Mgr....... 2852.964 —6.00 6.37 12.81:
Mgi...... 1239.925 —5.91 3.16 15.85
1240.395 —5.86 3.19 15.90

Mnir...... 2576.877 —6.45 3.24 13.69:
2594.499 —06.54 3.58 13.55

2606.462 —6.76 3.85 13.43

Nit........ 1317.217¢ —4.44 4.36 13.53
1317.217¢ —5.04 3.97 13.53

1370.132 —4.55 4.21 13.51

1709.600 —3.84 4.05 13.61

1741.549 —4.34 4.58 13.67

1751.910 —3.64 3.61 13.56

Of1]......... 1355.598 —6.88 2.85 17.50
Pi..... 1532.533 —6.49 3.45 14.03
SToivnnn. 1425.030 —7.18 2.84 12.18
Sl.......... 1250.584 —6.00 4.88 15.64:
1253.811 —6.00 5.04 15.89:

Sit......... 1808.013 —5.21 4.86 15.73:
Almr....... 1854.716 —5.82 4.10 12.03
1862.790 —4.89 4.07 12.08

Crv........ 1548.195 —7.00 8.00 13.22
1550.770 —7.00 9.00 13.20

Sitv........ 1393.755 —-5.72 5.40 12.76
1402.770 —7.27 8.00 12.99

6 km s~! Component

1362.461 6.16 7.24 11.36

1347.240 4.61 1.97 13.68

1358.773 6.26 4.27 12.07

1608.451 6.00 6.20 14.86:

1611.201 5.80 6.19 14.99

Gaill....... 1414.402 6.24 3.74 11.28
Gell....... 1237.059 6.46 3.92 12.08
Mgr....... 2852.964 6.00 7.00 12.88:
Mgi...... 1239.925 6.78 5.42 15.86
1240.395 6.78 4.75 15.88

Mnir...... 2576.877 6.00 4.76 13.63:
2594.499 5.89 5.00 13.57:

2606.462 5.49 5.73 13.51

Nit........ 1317.217¢ 7.34 6.20 13.63
1317.217¢ 6.73 6.26 13.63

1370.132 7.44 6.73 13.67

1709.600 791 6.12 13.74

1741.549 7.48 6.17 13.76

1751.910 7.95 6.46 13.75

1355.598 6.25 6.28 17.71

1532.533 5.99 491 14.14

1425.030 5.59 1.94 12.45

1250.584 6.00 8.67 15.91:

1253.811 6.00 7.07 16.18:

Sit......... 1808.013 7.32 4.27 15.98:
Sim*....... 1264.738 10.02 3.12 11.08
Alml....... 1854.716 5.63 8.67 12.79
1862.790 6.24 8.58 12.80

Civ........ 1548.195 5.15 8.00 13.18
1550.770 6.00 9.44 13.19

TABLE 5—Continued

Ton A v b log N
Sitv........ 1393.755 4.72 5.58 12.82
1402.770 5.00 7.00 12.87

17 km s~! Component
Fer........ 1608.451 17.00 3.50 13.85:
Mgr....... 2852.964 17.00 2.25 11.74
Mgir...... 1240.395 16.97 1.50 14.35:
Mnir...... 2576.877 17.00 4.00 12.04
2594.499 17.00 4.00 12.10
2606.462 17.00 4.00 11.86
Sitl......... 1808.013 17.00 2.71 14.48
Alul....... 1854.716 17.00 3.23 11.11
1862.790 17.00 1.50 11.11
Crv...... 1548.195 17.00 9.00 12.82
1550.770 17.00 7.00 12.74
Sitv........ 1393.755 16.74 5.48 12.88
1402.770 16.62 6.42 12.92

23 km s~! Component
Clri......... 1347.240 22.45 6.28 11.95
Fe........ 1608.451 23.37 291 13.79
1611.201 22.97 1.50 13.74
Mgr....... 2852.964 22.85 2.02 12.01
Mnir...... 2576.877 23.00 4.22 11.92
2594.499 23.00 4.12 12.00
2606.462 23.00 3.72 11.90
Nit........ 1317.217¢ 21.98 4.34 12.74
1317.2174 21.81 4.03 12.51
1370.132 22.78 5.00 12.89
1741.549 22.39 7.25 13.08
1751.910 22.54 3.29 12.51
Sl.......... 1250.584 24.14 2.16 14.07
1253.811 23.00 3.50 14.38
1259.519 23.41 2.04 14.07
Sitl......... 1808.013 23.00 2.69 14.29
Civ....... 1548.195 25.00 12.00 12.97
1550.770 25.00 6.00 12.58
Sitv........ 1393.755 25.00 5.50 12.31
1402.770 27.64 7.00 12.31

43 km s~! Component
Al1l........ 1670.787° 42.62 2.89 10.70
Mg ...... 2796.352 41.77 6.88 11.34
2803.531 43.06 1.50 11.18:
1302.169 40.63 6.75 12.80
1253.811 43.00 7.13 13.75:
1548.195 46.78 12.00 12.46
1393.755 52.19 6.12 11.94
1402.770 49.52 6.97 12.16

65 km s—! Component
Al........ 1670.787* 64.12 7.38 11.15
1670.787° 66.31 233 1070
Ci......... 1334.532 65.00 3.19 13.00:
Co* ... 1335.708 65.00 4.06 13.01
Fe........ 2382.765 64.30 1.85 11.96
2600.173 64.49 2.34 11.94
Mgii...... 2796.352 64.50 2.17 11.83
2803.531 64.50 2.65 11.92
1302.169 64.50 4.39 13.12
1253.811 65.00 8.46 13.74:
1304.370 65.00 1.50 12.07
1526.707 65.16 2.81 12.27
Crv........ 1548.195 65.00 7.94 11.92
Sitv........ 1393.755 65.96 3.11 11.85
1402.770 64.67 2.14 11.79
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Ton A v b log N

72 km s~! Component

Ali1r........ 1670.787% 72.29 2.51 11.62
1670.787° 72.56 4.00 11.85
Ci......... 1334.532 72.00 6.51 14.12:
Cu* ... 1335.708 71.50 3.61 13.37:
Ferm........ 1608.451 72.79 3.63 12.92
2382.765 71.37 2.53 12.83
2586.650 72.03 2.41 12.85
2600.173 71.74 2.55 12.83
Mg ...... 2796.352 71.50 3.20 12.77
2803.531 71.50 3.09 12.83
Mnir...... 2576.877 72.00 8.15 11.51:
Ol.......... 1302.169 71.50 4.59 14.20
Sl..oec.... 1253.811 72.00 4.47 13.18:
1259.519 73.27 7.25 13.20:
Sit......... 1526.707 72.73 3.11 13.18
Sin*..... 1264.738 7525 641 1152
78 km s~! Component
Ali1r........ 1670.787* 77.71 4.02 11.68
1670.787° 79.16 4.29 11.40
Ci......... 1334.532 78.00 4.34 14.02:
Cu*.... 1335.708 77.50 5.15 13.73:
Fer........ 1608.451 78.00 6.08 12.79
2382.765 76.86 4.19 12.77
2586.650 78.00 3.56 12.67
2600.173 77.47 3.79 12.74
Mg ...... 2796.352 77.50 4.22 12.79
2803.531 77.50 4.40 12.78
Ol.......... 1302.169 77.50 4.57 14.28
Sl.......... 1253.811 78.00 8.06 13.60:
Sit......... 1526.707 78.56 3.73 12.94
93 km s~! Component
Ali1r........ 1670.787° 93.06 2.38 10.48:
Fer........ 2382.765 92.21 1.93 11.40

Notes.—Units for velocity v, dispersion b, and column
density N are, respectively, km s~!, km s~!, and cm~2. Col-
umn densities that are more uncertain because of weak,
blended, or saturated components are marked with colons.
Error estimates are provided in the text. Table 5 is also
available in machine-readable form in the electronic edition
of the Astrophysical Journal Supplement.

2 Exposure with central A = 1598 A.

b Exposure with central A = 1763 A.

¢ Exposure with central A = 1234 A.

d Exposure with central A = 1416 A.

tures in the low-ionization lines arise from an interaction
of the stellar winds with surrounding interstellar material,
and that the dominant components in the high-ionization
and excited-state lines correspond to the global expansion
of the H n region, will be addressed by these studies.
Additionally, Danks et al. (2001) pointed out the mor-
phological similarity between the interstellar profiles
toward CPD —59°2603 and a QSO narrow-line system
(see also Bond et al. 2001). Quantitative comparisons
between the Carina Nebula interstellar profiles and an
array of QSO systems observed with comparable resolu-
tion, as well as a search for rapid temporal variations in
the latter, will probe whether some of the QSO systems
might arise in intervening starburst regions.

As a first astrophysical interpellation of the data, Figures
16a-16b show plots of column-density ratios as a function
of local radial velocity (corrected by +14 km s~! from helio-
centric; Walborn & Hesser 1975) for Mg 11/Fe 11 and Si 11/
Fe 11, following Welty et al. (1997). All of these ions have
similar ionization potentials and are dominant. Only the
best quality column densities have been used for these calcu-
lations, i.e., very weak or badly saturated components have
been omitted, and means of the same velocity component in
different lines from the same species in a given star have been
taken when possible. The uncertainties of the points in
Figures 16a—16b range from 0.05 to 0.1 dex, as estimated
from propagation of the column-density errors to the ratios,
with the smaller uncertainties corresponding to means of
components. Since Fe is more heavily depleted than Mg or
Si, these plots show the Routly-Spitzer (1952) effect, with
less depletion and hence smaller ratios at the higher veloc-
ities. For comparison, standard ratios from Savage & Sem-
bach (1996) are indicated at the right for conditions ranging
from the cool Galactic disk (highest depletions) to solar
abundances (undepleted gas phase). The ranges of deple-
tions in the Carina Nebula are in reasonable agreement with
the standard values; the somewhat more extreme values in
Mg 11/Fe m may be due to measurement uncertainties in
these strong lines. Because of the large number of compo-
nents, the velocity range over which the lifting of the deple-
tion occurs is exceptionally well defined, i.e. within
+100 km s~!. An analogous effect was shown in Na 1/Ca 11
by Walborn (1982, Fig. 25). It is interesting that this effect
occurs in the Carina Nebula high-velocity material, despite
the quite different environment from those in which it is gen-
erally observed.

Figure 17 shows the C 1v/Si 1v column-density ratios,
which diagnose ionization mechanisms (e.g., Franco &
Savage 1982), as a function of local radial velocity. All avail-
able ratios have been plotted here; the uncertainty of most
points in Figure 17, estimated from propagation of errors
and comparison between doublet members, is ~0.1 dex, but
the three lowest points and one for HDE 303308 at
—23 km s~ !, log ratio 0.03 correspond to saturated compo-
nents and have errors of at least 0.2 dex. Walborn et al.
(1984) found low values of the ratio in Carina Nebula inter-
mediate-velocity components, indicative of photoionization
and consistent with their interpretation as the near side of
the globally expanding H 11 region; and higher values in
high-velocity components, implying the presence of X-ray
and/or collisional ionization. The present results in
Figure 17 are in good agreement with the earlier ones. The
observed ratios nicely span the typical range of the three
ionization mechanisms, with the lowest values correspond-
ing to photoionization at intermediate velocities. The enve-
lope curve of the distribution suggests a gradual appearance
of the other mechanisms as a function of increasing absolute
velocity, but the curve is “filled in,” implying an overlap of
mechanisms at intermediate radial velocities. Perhaps some
components with high ionization ratios and moderate radial
velocities have large transverse, hence total, velocities.
These results will be further discussed in future papers,
including the possibility of velocity dispersions larger than
the upper limit of 12 km s~! adopted in the present fits, for
lines in the collisional regime.

Despite the extensive presentation here, it does not
exhaust the information content of the data. In particular,
they contain rich sets of (overlapping) C 1, C 1*, C r**
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TABLE 6

COMPARATIVE LI1ST OF Low- AND HIGH-IONIZATION INTERSTELLAR VELOCITY
COMPONENTS TOWARD FOUR STARS IN THE CARINA NEBULA (km s~ 1)

CPD —59°2603 HD 93205 HDE 303308 HD 93222
Low High Low High Low High Low High
—233
-216
—185
—166 —170 —175
—153 —158
—137 —128 —142 —130 —133 —133
—120 —113 —115 —124
—111 —110 —110 —106
—101 —98 —98 —100 —104 -98
e —86 —89/-83 -90 —91/-82 -93 —87/-81 —83
=77 -75 —76/-71 —78
—63 —69 —66 —61 —61 —60 —68/—64 —66
—58/-53 —54 —50 —48
—38 —44 =35 =35 —41/-33 -33 —44/-38 -34
-28 =30 —24 =23 -20
-19 -19 —18 —18 —16 —15
-3 -6 -3 -3 -3 -3 -6 -6
8 6 8 8 7 6 6 6
17 16 18 18 19 17 17
26 27 27 23 23 25
38 33 35 35 35 35
61 66 61 58 65 65
69/72 69 71 71 72
80 82 83 79 78
88 92 90 91 93
98 100 104 98
110 108/113 .
120 118 118
127

profiles and absorption lines from numerous transitions of
CO, which remain to be measured and analyzed.

Further STIS observations of these and other stars in the
Carina Nebula will also be essential to fully characterize the
phenomena. The one case observed at two epochs revealed
large temporal variations. Additional epochs for this star
and the other three observed here will support statistical
inferences about the incidence and timescales of the varia-
tions, as well as the sizes, transverse velocities, and distances
from the stars of the discrete absorbing structures. Further-
more, the ground-based and /UE work demonstrated rapid
spatial variations of the interstellar profiles, with some
velocity components possibly in common but many com-
pletely different between pairs of stars separated by small
angular distances. In view of the far greater complexity of
the profiles revealed by STIS, other stars near those dis-

cussed here must be similarly observed to constrain the spa-
tial extents of the absorbing structures, in depth as well as
across the line of sight. Excellent candidates near the present
targets exist, namely HD 93204 (only 20” or 0.24 pc in pro-
jection from HD 93205), CPD —59°2600, HD 93130, and
HD 93146 (the last two in the southern part of the nebula).
These additional observations need not cover the full range
of wavelengths observed here, but just a few lines of inter-
mediate and large intensities to define the variations.

Support for this work was provided by NASA through
grants GO-7301-96A from the Space Telescope Science
Institute, which is operated by AURA, Inc., under contract
NAS 5-26555; and a grant to the STIS Instrument Defini-
tion Team (ACD). We thank the anonymous referee for sev-
eral useful and courteous suggestions.
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F1G. 16.—(a) Logarithmic column-density ratios of Mg 11/Fe 11 vs. local radial velocity for discrete interstellar components toward all four stars, which are
distinguished by the different symbols given in the key. Standard values of the ratio from Savage & Sembach (1996) are marked at the right, ranging from solar
abundances (undepleted) to cool-disk depletions. (b) Same for Sit/Fe 1.
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FIG. 17.—Logarithmic column-density ratios of C 1v/Si 1v vs. local radial velocity for discrete interstellar components toward the four stars, which are
distinguished by the symbols given in the key. Typical values of the ratio for different ionization mechanisms (Franco & Savage 1982) are indicated at the

right.
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