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Summary. — The ultraviolet spectrum of the B8 Ve star HD 50138, recorded during the Dec. 1978-Jan. 1982 period with
IUE, is analysed in the present paper. The spectrum is found to be crowded by absorption lines, mostly those of singly ionized
iron peak elements. In addition there are broad lines essentially due to superionized species (Si IV, C IV) and a P Cygni profile
for the Mg II doublet, similar to that seen in the star AB Aur. A few Fe II emission lines are also detected. The slowly expan-
ding envelope surrounding HD 50138 appears to be decelerated outward with a decreasing ionization. The physical state of
this envelope seems to suffer strong variations : a double structure was detected for some of the absorption lines in 1978-79,
and is interpreted as due to an outburst. A net increase of the excitation in 1980 is also observed and vanishes in 1982. In
order to explain the unusual profiles of the Mg II lines, we discuss a possible fluorescence mechanism driven by Lyf. An

accurate list of line identifications is also provided.
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1. Introduction.

The emission of hydrogen in the spectrum of the bright
(m, = 6.7) Be star HD 50138 (!) was first observed by
Humason in 1921. While this star, with a low v sin i of
150 km/s (Houziaux, 1960) shows the typical V' /R variations
common to Be stars, it also displays some peculiarities
in the visual spectral range : bright emission of [O I]
A26300-6363 and of Fell lines (episodically [Fe II])
(Struve and Swings, 1940), intense red or violet satellite
absorptions of the Balmer lines (Merrill, 1952 ; and Doazan,
1965). A detailed study of radial velocities by Doazan (1965)
shows that HD 50138 is surrounded by an expanding
envelope with a period of variation of about 50 days. A
mass-loss rate of 6.2 x 1074 M, yr~! was determined by
Kuan and Kuhi (1975).

In the infrared, Allen (1973) reported an excess of
radiation while Andrillat and Houziaux (1972) detected
strong emission-absorption variations in the O I 47772
triplet and a very stable emission of O I 18446.

Combining their data with the ultraviolet observations
provided by the S2/68 orbiting telescope, Houziaux and

(*) Based on observations by the International Ultraviolet
Explorer (IUE) collected at the Villafranca Satellite Tracking
Station (VILSPA) or dearchived from the Villafranca Data
Archive.

(**) Aspirant au Fonds National de la Recherche Scientifique
(Belgium).

() MWC 158, BD — 6°1755; 01950 = 674970, 5,45, = — 6°54".

Andrillat (1976) proposed for HD 50138 a model including
a B8 V central star surrounded by an H 1I shell significantly
contributing to the continuous emission.

In an analysis, based on IUE spectra, of circumstellar
dust around hot stars, Sitko et al. (1981) detected C IV
in the spectrum of HD 50138 as well as a strong variability
in some Fe II line profiles. They noticed the great similarity
with AB Aur, an Herbig Ae star.

In this paper we present the data obtained with the
International Ultraviolet Explorer satellite (IUE) at the
Villafranca Satellite Tracking Station of the European
Space Agency (VILSPA) and at the Goddard Space Flight
Center (GSFC). The high resolution spectra (SWP 4557
and LWR 3967) were obtained by A. Heck at the request
of L. Houziaux, in March 1979. Since many more spectra of
HD 50138 had been taken with IUE, the other high
resolution images, both SWP and LWR, have been
obtained from the IUE archives.

We give a detailed ultraviolet spectral line identification
and describe the several types of profiles, their radial
velocities and their variations. The observations are
interpreted in a tentative empirical model which confirms
and extends the model derived from the visual observations.

2. Observations.

Table I summarizes the log of the high resolution (A41150-
3200 A) TUE observations of HD 50138, obtained during
the period 1978-1982. The images have been reduced at
VILSPA and at GSFC with the standard calibration
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procedure. The majority of the images are of good quality.
Tables II and III give the list of absorption lines observed
in the spectrum of HD 50138 (respectively in SWP 4557
and LWR 3967, obtained in March 1979). The successive
columns in the tables give :

1. The observed wavelength in A, measured on the original
plots (4 air if A > 2000 A).

2. The laboratory wavelength.

3. The identification of the principal ions contributing to
the line. The different contributions are listed by
increasing wavelength.

4. The multiplet number (Moore, 1968), UV below 3100 A
and visual up to this value. Whenever the identification
comes from the Kurucz compilation (1981) or from
Kelly, Palumbo (1973), we have added K or KP, respec-
tively.

5. The line shift, observed minus laboratory, in A.

6. The central line intensity I defined as 1= 100 x
(F(continuum) — F(line center))/F(continuum).

7. The \;alue of FWHM/observed wavelength, multiplied
by 10%.

8. Remarks : we use the following convention :

BL : the line is blended with either the preceding or the
following one

RM : a reseau mark affects the line

(?) :the proposed identification remains doubtful

The identifications were performed on the basis of the
multiplet tables of Moore (1968) and of Kelly and Palumbo
(1973). The compilation of Kurucz (1981) for the Fe II
lines was also used for a number of lines not listed in the
previous ones. We finally checked our identifications with
the list of Underhill and Adelman (1977) obtained for
stars with a similar spectral type and with the list of Alta-
more et al. (1982) derived from the spectrum of KQ Puppis,
dominated by Fe Il lines.

The precision of the observed line position is limited by
the IUE resolution (+ 0.1 A and more) and by the difficulty
to measure the line center (variable with the type of profile).
It is also known that the wavelength calibration of the
large aperture experiment can be systematically in error
by as much as 45 km/s. Despite that some of the lines
display a double structure, it would be noticed that we
have reported in tables II and III the position of the whole
absorption peak. This topic is treated in the next section.
The estimated intensities are uncertain : the usual problem
with defining the continuum level in presence of noise
is increased by the interorder background level. For these
measurements, the local continua were drawn through
the highest points in a region of about 200 A, averaging
the noise and neglecting the very noisy overlapping
regions.

From the data presented in these tables, we have cal-
culated for all unblended lines of the different ions the
following mean quantities :

— Mean heliocentric radial velocities in km/s, measured
in SWP and LWR parts of the spectrum.

— Mean FWHM/4, multiplied by 10*.

— Edge velocities in km/s measured from the line
center for asymmetrical resonance lines,
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and we have reported them in table IV, altogether with
their standard deviation (o) and the number of measured
lines (n).

The quantities obtained from a small number of lines
are evidently less credible.

We can immediately see a systematic shift between
the LWR and SWP velocities of about 17 km/s, due to
uncertainties in the calibration procedure.

Since we do not detect any interstellar line in the spectra
(see next section), it is impossible to recalibrate these
velocities and only the relative values are significant.
For the same reason, the edge velocijties were not taken
from the laboratory wavelength but still indicate an
expansion of the envelope.

Since the spectra, taken at different epochs, present
strong variations, the previous data are only representative
of the atmospheric situation in March 1979. When addi-
tional lines are observed one year later, essentially excited
singly ionized lines, those observed in March 1979 are
present in all spectra, thus forming the basic UV spectrum
of HD 50138, at a moment of lower excitation. The varia-
tions of the mean quantities summarized in table IV, are
discussed in the next section for the most important
spectral lines.

3. Description of the spectrum.

The ultraviolet spectrum of the Be star HD 50138 presents
a great variety of ionization stages, going from neutral N I,
O I, Mg to highly ionized species such as C 1V, SilV.
The singly ionized elements dominate the spectrum,
mainly FelIl, NiIl and CrII; Felll lines, definitely
present, are quite rare.

There are only a few emission lines in the UV spectrum
of HD 50138 : the Mg II doublet at 12800 and some Fe II
multiplets (62/63, 60, 78) at longer wavelengths. From our
data, we can also observe definite, long-term variations,
affecting both the absorption and emission features. The
absorption lines observed in the spectrum of HD 50138
can roughly be classified into a broad line system and a
narrower one, probably originating in different physical
regions.

3.1 BROAD ABSORPTION LINES. — Broad and asymmetrical
absorption profiles are observed for the resonance lines
of CIV and SiIV (N V seems to be absent). Since Si IV
and C IV are not expected in spectral types later than B3
and B, respectively (Marlborough, 1982), the presence
of these ions confirms the superionization state in spectral
types as late as B8. (Doazan, 1982; Slettebak and Car-
penter, 1983). It should be noted that these lines are
definitely intense, in spite of the quite low v sin i (150 km/s)
of HD 50138 and do not agree with the correlation pro-
posed by Marlborough (1982) and Slettebak and Car-
penter (1983).

The radial velocities of the lines of these ions are affected
by a great imprecision since they display a complex profile
partially blended with Fe II lines. Nevertheless, the values
measured in March 1979, at a period of lower Fe Il
blending, are the most redshifted among the velocities of
the various ions.
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Since the profile of SiIV 11393.8 shows a shortward

- extension, we attempted to determine the edge velocity
. from the line center. We derived a value of 580 km/s but the
- profile seems to be deformed by a Fe Il line at 11392.3

(Kurucz, 1981). This blend is more apparent one year

" later (see Fig. 1) and the presence of a real blue wing
' appears to be very spurious. Apparently, the evolution
- of the Si IV and C IV features with time is essentially due
" to the intensity variation of the blending Fe Il lines.

Extreme cases are illustrated in figure 1, where the narrow
components are attributed to Fe II lines because they are

" enhanced at the same moment as are isolated ones (see

next section) and are present in only one of the SiIV
resonance lines. In our spectra, the usual blending of

- CIV with Fe III (80) does not occur. No other variation
~can be detected

: among all our spectra, intensities,
FWHM remains approximatively the same for both Si IV
and CIV.

Other lines, like those belonging to -the Fe III (34) or
Al III (1) multiplets, show also a broad absorption profile
(see Fig. 2) with FWHM intermediate between the previous
one and those of the singly ionized elements. The com-

- pletely different radial velocity of Fe III lines and super-

ionized lines, suggests that they are more closely connected

- with the Fe Il lines. Their evolution is illustrated in figure 2.

3.2 THE Mg II RESONANCE DOUBLET. — One of the most
striking features in the long wavelength region of the ITUE
spectrum of HD 50138 is the Mg II resonance doublet,
characterized by a P Cygni profile (Fig. 3). Both absorption

- and emission are well defined and show considerable

variations with time. Nevertheless, the emission component
is present in all our spectra unlike the Fe II emission which

_ disappears from Nov. 1980. Such line profiles for Mg II

are quite uncommon among the Be stars which often
show a very sharp absorption on a weak emission, if
present at all, as well as for early-type stars (Dachs, 1980;
Bruhweiler et al, 1982) as for later type stars (Slettebak
and Carpenter, 1983).

The P Cygni profiles of the Mg II doublet observed in
HD 50138 resemble those observed in 17 Lep, a binary
Be Star (Molaro et al., 1982) or in AB Aur, an Herbig Ae
Star (Talavera et al, 1982).

The radial velocities of the absorption lines are similar
to those of other singly ionized elements, suggesting a

' common origin, but no doubié ‘structure was observed

like in other ions.

The narrow blueshifted components seen in the absorp-
tion profile are probably due to a blending with Fe II lines,
like for SiIV and CIV, masking an eventual double
structure.

Our identifications are reported in figure 3. The presence
of Mn I 412794.8, 2798.3, 2801.1 is also possible.

3.3 SHARP ABSORPTION LINES. — The majority of the
spectral features observed in the IUE spectrum of
HD 50138 consist of narrow absorption lines of singly
ionized elements, mostly those due to Fe II. While these
lines are indeed narrower than the previous ones, their
FWHM remains quite large (about 100 km/s). Such a
large width is not surprising because we suspect that all

. features of singly ionized elements show a double structure.
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Among the observations carried out during the period
December 1978-March 1979, about 30 9, of these narrow
lines show a definite doubling, independently of their
excitation potential. The two components are of similar
intensities and the slight separation (~ 35 km/s), near
the resolution limit, cannot easily be detected in all unblen-
ded lines. But the greater is the velocity separation between
the components (as in the Cr II lines), the more numerous
are the lines where such a structure is detected, suggesting
it is present for all the singly ionized element features.

In table V, we have reported the velocities of each
component, measured from the lines of the LWR part of
the spectra obtained in Dec. 1978 and March 1979 and
corrected for the earth’s motion. If no lines of an ion were
present in this spectral range (as Si II, Al II), we used the
velocity measured in the SWP spectra corrected for the
systematic shift (evaluated from comparison between Fe II
lines measured in the two spectra parts and supposing
that they do have the same mean velocity). These values
are evidently less reliable than those derived from a very
few lines (the number of lines is given). A typical value of
the standard deviation ¢ is 7 km/s.

The behavior of some of the Fe Il and Cr I lines is
illustrated in figure 4 for three epochs (see also Fig. 6).
We can see that the separation is greater for the Cr Il
lines than for the Fe II lines and more important in De-
cember 1978 than in March 1979. The relative intensity of
the components does not show any significant variation.

The spectrum obtained in February 1979 is unfortunately
of lesser quality but shows an intermediate velocity
structure between these two epochs.

In the other spectra, obtained at least one year later,
no definite evidence of doubling can be seen while a gradual
decrease of FWHM is observed. Some values of
FWHM/A(x 10*) are reported in table VI, for a few
typical unblended FeIl and CrlI lines measurable at
different epochs and indicate a decrease of the width
despite some fluctuations.

The variation of the velocity with the ionization potential
is shown in figure 7, for three epochs. A net decrease of
velocities with an increasing ionization is observed, except
for the bluest component measured in the 1978 spectrum.
The spectra obtained later (11/80 and 01/82) do not allow
to extract conclusive information on this relation.

No similar correlation between the radial velocity and
the excitation can be found for the Fe II lines (as illustrated
in Fig. §). Also there is no correlation between the sepa-
ration of the two components of the profile and the exci-
tation potential.

Because this separation shows variations with the line
intensity, we have investigated the velocity difference
between the two components against log gf. A clear-cut
correlation, reported in figure 9a, is observed in December
1978 for the Cr II lines originating from the same excitation
level. No such correlation can be derived for the Cr II lines
observed in March 1979. As observed in figure 9b the log gf
dependence is essentially present in the high velocity
component, the other one being practically constant.

A variation of the separation due to the superposition
of two lines of increasing intensity will affect the two
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components equally and cannot explain this result. The
same investigation was done for the Fe Il lines without
any result probably because these lines display a lower
velocity separation approaching the resolution limit and
are more affected by noise. Principally in the Fe II lines
observed in March 1979 where the double structure
becomes often spurious, chiefly for the high excitation
features. So we preferentially detect a double structure
for lines with a low log gf, leading to an overestimated
measured velocity difference for the Fe II lines.

Because a lot of Fe II lines show asymmetrical profiles
extended toward the short wavelengths, we have also
investigated the variations of the mean edge velocity with
the excitation potential. From the data measured in the
images SWP 4557 and LWR 3967 (March 1979), a definite
decrease of asymmetry with the increasing excitation
potential is observed (Fig. 10). A similar behavior is
observed in the spectra taken in Dec. 1978 but it is impos-
sible to compare the values without a precise velocity zero
point. It should be noted that, at this epoch, some Cr II
lines show an asymmetry in their profiles, not detected
later, in March 1979.

But from Feb. 1980, no asymmetry (except sporadic
cases) can be observed in the lines of singly ionized ele-
ments.

A definite emission is observed for wavelengths greater
than 42700 A, in the Fe II multiplets 62, 63, 60 and 78. The
lines of multiplets 62/63 being close to each other, only
a broad emission is seen, while some isolated lines of
multiplets 60 and 78, display a highly variable complex
structure. The absorption emission profile of one of these
lines is illustrated in figure 5 (see also Fig. 6).

In the spectrum taken in Feb. 1980, two new emission
features are observed and identified as belonging to Fe II
lines. In the subsequent spectra, the emission disappears
while the absorption lines of singly ionized elements are
progressively enhanced. This intensity increase of weak
absorption lines, present from Feb. 1980 to Nov. 1980
is also clearly observed in figures 4 and 5. All these lines
belong to singly ionized elements (Fe I, Cr I, Ni II) and a
majority of them can be identified as Fe II lines with a low
excitation potential near 3 eV. They do not show any
significant velocity shift in comparison with the «per-
manent » features.

In January 1982, these lines are no longer detected :
the observed features are those of March 1979.

Finally, observations of the lines due to the singly
ionized elements may be divided into broad classes of
similar properties (in spite of some fluctuations), which
correspond to the different periods of observations.

a) period from Dec. 1978 to March 1979
— double structure in absorption lines, progressively
vanishing with time (large FWHM)
— net asymmetry of low excitation lines
— variable Fe II emission

b) period from Feb. 1980 to Nov. 1980
— absence of a double structure for the absorption
lines -
— no asymmetry
— progressive enhancement of weak lines
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— disappearance of Fe Il emission (still present in
Feb. 1980)

¢) period of Jan. 1982
— no double structure of absorption lines (low FWHM)
— no asymmetry
— no Fe II emission
— disappearance of the weak lines.

3.4 THE INTERSTELLAR LINES. — We have not been able
to detect any interstellar feature in our data. Furthermore
no systematic difference between the FWHM or the radial
velocities of the 0.00 eV absorption lines and the excited
ones can be found, at any epoch of observation.

The double structure reported for the singly ionized
elements cannot be attributed to the presence of an inter-
stellar component because it also appears in lines origina-
ting from excited levels. So, we conclude that either the
interstellar lines are weak, or their radial velocity is close
to that of the circumstellar absorption lines. We have also
tried to detect the strongest CO lines, perhaps associated
with the presence of Sill(2) as suggested by Tarafdar
(1983) but the blending with Fe II lines does not permit
to test this.

In any case, the interstellar extinction toward HD 50138
is small, as reported by Houziaux and Andrillat (1976),
from the weakness of the 412200 A feature observed with
TD1. The IUE low dispersion spectra lead to the same
conclusion.

4. Discussion.

4.1 EVIDENCE FOR AN OUTBURST IN 1978-1979. — One of
the most striking characteristics of the ultraviolet spectrum
of HD 50138 is the presence, during the December 1978-
March 1979 period of a double structure in the lines of
singly ionized elements.

Satellites were also reported for Hy by Merrill (1952)
and Doazan (1965) with a velocity of about 100 km/s. But
their behavior was completely different : they are only
present during a few days and alternatively on the red and
violet sides of the lines. Molaro et al. (1982) have reported
a similar observation in the spectrum of the Be star 17 Lep :
in the visible the components are only present during
outburst while in the ultraviolet they seem to be a per-
manent feature. Having no simultaneous observations of
HD 50138 in the two spectral ranges, it is impossible to
find any relation between the Balmer satellites and the
metallic ones. Nevertheless, the Balmer lines are probably
formed in deeper regions where violent acceleration and
deceleration can occur (Doazan, 1965).

In spite of the absence of a precise wavelength calibra-
tion, the low outflow velocity component remains nearly
constant in all our spectra for a given ion, suggesting that
the intermittent component is the most displaced one.

These observations may be explained by assuming that
the wind consists of two coexisting components having
different velocities. One of them is always present and
observed at nearly the same velocity at every epoch
whereas the other one is the consequence of an outburst
that occurred in December 1978 (or before).
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The persistence during at least three months of this
double structure in the line profiles is incompatible with
an interpretation of their formation in two distinct expan-
ding rings (i.e. regions of greater density).

From December 1978 to March 1979 the velocity
separation between the two components shows a net

" decrease, suggesting that the latest expelled component
. of the wing is progressively decelerated. An outward

deceleration was already suggested by Doazan (1965)
from visual observations.

As seen in figure 9, the outflow velocity of the singly
ionized elements decreases with the decreasing ionization
potential. The velocities of neutral and twice ionized ele-
ments (MgI, N1, Felll) are in agreement with this ten-
dency. So, the envelope is stratified with an outward
decreasing ionization and consequently an outward de-
creasing FWHM (see Table IV) indicating a decrease of the

* velocity turbulence and/or a decrease of the rotation

velocity of the envelope. The correlation between the edge
velocity and the ionization potential (Table IV) seems also
in agreement with this interpretation : the deepest lines
(Si II) show the more extended violet wings and in De-
cember 1978, more lines (as Cr IT) display a violet asym-
metry indicating higher outflow velocities. On the contrary,
no stratification with the excitation potential can be
detected, as illustrated in figure 8, probably due to a weak
temperature variation in the region where the Fe II lines
are formed.

If the characteristics of the low velocity component
of the wind seem unchanged at every epoch, strong
variations affect the high velocity one. In December 1978
it fails to show any definite ionization stratification while
3 months later it does as in the low velocity component

(Fig. 7).

Also in December 1978, the high velocity component
of the Cr 11 lines displays a log gf dependence, in agreement
with a decelerated wind in which the strongest lines are
formed further away from the stellar core. This correlation,
absent in the low velocity feature, disappears in the spectra
taken in March 1979. So, the evolution between Dec. 1978
and March 1979 of the envelope surrounding HD 50138
is essentially due to the newly outburst part of the wind
which progressively dissipates in the old one, getting
similar physical properties.

According to this model, we do expect in Dec. 1978 a
lower emission in the high velocity part of the wind formed
nearest the star (Viotti and Koubsky, 1982), than in the
low velocity one, whereas, in March 1979, the emission
must have approximatively the same intensity for both

* components. This is in good agreement with the P Cygni

profiles observed in Dec. 1978 where the violet emission
was absorbed by the high velocity absorption feature and
with the broad emission line, probably due to both parts
of the wind, observed in March 1979.

As previously noticed the emission features are only
present in the long wavelength range, probably because
of the gradual decrease of continuum with increasing
wavelength : some lines (as Fe II 2) with the same upper
level and similar log gf as Fe II 60 or 78 are only observed
in absorption.
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The spectra obtained during 1980 also show an inte-
resting evolution : the progressive enhancement of weak
lines of singly ionized elements. At this epoch, only one
component of the wind is still present and shows the cha-
racteristics of the low velocity one that was observed more
than one year before.

Because the central intensity of some of the new lines
becomes as large as the other neighbouring lines, this
evolution is due to an increase of the excitation rather than
to an increase of the continuum.

Unfortunately, the lack of observations during more
than one year does not allow us to know whether this
excitation is a consequence of the outburst or not.

4.2 A FLUORESCENCE MECHANISM FOR Mg II. — Some
lines are affected by a different behavior : it is the case of
CI1V and SiIV which probably originate from a com-
pletely different region. On the contrary the Fe III absorp-
tion lines have properties more common with those of
singly ionized element lines in spite of the fact that they
seem to be formed in a deeper region.

The Mg II emission line profiles, unusual in Be stars,
seem also uncorrelated with the Fe II emission. Bruhweiler
et al. (1982), have shown that, in some Be stars, the emission
in the Mg II h and k lines contains a definite contribution
caused by a fluorescence mechanism driven by Lyp.
In the case of HD 50138, the profile will be composed of a
broad emission plus an asymmetrical absorption line
whose blue wing (if present) may absorb the blue part of
the emission. With the rapid conversion of Lyf in Ha
plus photons in the 2 2S - 1 S continuum (Osterbrock,
1974), the presence of a Bowen: mechanism implies that
the Mg II emission arises in the same physical region as
the hydrogen recombination spectrum. So we might
expect comparable widths. The mean halfwidth of Hp
and Hy emission components is about 4.7 A (Houziaux,
1960 and Doazan, 1965). If we suppose that the
Mg II 12803.3 emission is centered on the stellar wave-
length, the corresponding halfwidth is found to be 5.1 A
(in LWR 3967), nearly the same as the previous value.

Another proof which supports the fluorescence mecha-
nism is the presence of O 1 18446 in emission, as suggested
by Bruhweiler ez al. (1982). Nevertheless, the presence of
O 111302 in absorption and the observed profiles of
Mg II (3) show that a more complete and quantitative
approach is necessary in order to determine the relative
importance of radiative recombination and fluorescence
mechanism for both O I and Mg IL

5. Conclusions.

The absorption features observed in the ultraviolet spec-
trum of HD 50138 can be classified into at least two line
systems, which probably originate in different regions :
a broad line system due to the high ionization lines (SiIV,
C1V) and a narrower one which essentially consists of
lines belonging to singly ionized elements.

The lines of these elements seem to show that the envelope
surrounding HD 50138 is decelerated with an outward
decreasing ionization. They also suffer long-term varia-
tions, which are characterized by a double absorption line
profile structure in 1978-79 and an enhancement of weak
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absorption lines in 1980 which vanishes later. We inter-
preted these observations with a two component stellar
wind, one component of which outburst in Dec. 1978.

We have also suggested that a fluorescence mechanism
may contribute to the formation of the emission in the
Mg II doublet.

An accurate list of line identifications in the UV spectrum
of HD 50138 has been provided as a reference table for
future investigations.
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E
5

TaBLE II. — Absorption lines in SWP 4557.

1.
g 0BSe¥WL LAB.WL 10N MULT SHIFT INT FWHM REMARKS 0BSeuL LAB.WL 1N MULT SHIFT INT FWHM REMARAS
0 1253.8 53.47 NI I1 kP 100 T2 1381.5 81.25 FL 11 152 58 5.7
Q 53.79 <11 1 81.29 N1 I1 8
— 125647 56.43 FL I1 K 0.27 63 4.8 ?) 1383.7 83.58 Fe 11 KP 0.l 38 2el
= 1259.6  59.53 € 11 1 100 BL 1387.4 87.22 FE 11 KP 0.28
59.04 FL 11 K 8L 1392.3 92.15 FE 11 K 0.15 39 BL
1260.7 60.62 s1 11 4 100 BL 1394.0 93.76 sl 1v 1 0.24 87 14.3 BL FL 11
60.%4 Ft 11 9 6L 1397.8 97.57 FE I1 350 0.23 20 36
1264.9 64.74 S1 I1 4 100 12.8 1398.8 98.63 FLC 1I K 0.17 26
65.02 S1 11 L3 1399.2 99.03 N1 I1 . 8 51 2e7
1266.8 66.69 FE 11 9 Oel11 95 32 99.06 FC 11 K
1267.6 67 .44 FE 11 9 0.16 100 o8 1403.2 02.77 S1 1v 1 043 69 13.6 BL
1269.3 69.04 FE 11 K 48 4.0 1404.2 0412 FE 11 K 0.08 40 BL
69.3%5 Ft I K 1405.8 05460 FE 11 KP 56 €4
1272.1 72400 FL I1 1] 0.10 97 ] 05.8C FE 11 Ke
1272.8 T72.64 FL 11 9 0el0 97 BL 1408.7 08.48 FEL I1 KP 0e22 ©0 2«6
127%.2  75.15 FE 11 9 0.05 95 2.8 1409.4 09.07 SI II 13.02 39 2.9
1275.9 T5.80 FE I1 9 0.10 94 Jel 09.31 FL 11 K
1277.7 T7.25 c1 7 97 6.4 1410.3 09.90 SI 11 13.02 33
T7.28 c1 7 10.22 S1 I1 13.02
T7.51 [ § 7 1411.2 11.07 NI 11 KP 0.13 46 29
T7.55 <1 7 1412.2 1193 NI 10 59 249
77.67 FL 11 9 11.94 [N 10
17.7C <1 7 11.95 N1 10
1279.2 79.10 FE I1 K 0.10 35 e 1413.0 12.83 FE 11 47 72 3.6
1279.5 46 2.3 12.87 NI 11 kP
1280.7 80,32 c1I o 48 Seb RM»(2) 1419.1 18.85 FC 11 kP 0.25 44 3.6
80.59 <1 € 1421.1 20.91 FL II kP 0.19 45 ?)
80.85 c1 < 1422.¢ 22453 FL 11 K 0.27 46 2.1
1286.5 86.3E TI 111 < O.12 30 3.8 1424,.3 24.05 FCL 11 47 0.25 41 8L
1290.3 90.21 FC 11 88 0.09 56 3.1 ?) 1424.9 26.72 FE 11 ©7 0.18 62 BL
1291.8 91.59 FL 11 87 55 23 1435.1 34.07 Ft 11 K o8 69
91.64 T1 111 2 34.99 FL 11I KP
1293.3  93.2¢ 7111 2 0.04 1439.7  39.43 FL 11 kP 0.27 40 2.8
1294.9  94.54 SI I1I 4 ©7 1442.9  42.75 FE I1 kP 0.15 41 4.1 FE II CL
94.67 T1 111 & 1446.7 48.35 Ft II K 42 4.8
94.67 TI 111 1 48.39 FE 11 KP
94.91 FL 11 87 145€.0 54.96 N1 11 7 0.08 67 3.4
1296.2 95.88 T1 111 1 €3 14595 59.31 FE I1 193 0.19
96.08 FC 11 86 1465.1 65.04 FE II 193 0.06 42 4.8 FE II CL
1299.2 98.67 TI 111 1 67 11.5 1467.6 6Tec7 N1 I1 kP 64 BL
98.89 S1 111 4 67.69 NI II KP BL
98.95 TI 111 1 1468.1 67.85 NI 11 () 0.25 -1 BL
98.96 S1 111 & 1473.9  73.63 FL 11 193 0.07 56
1301 .4 01.15 S1 111 4 0.25 45 BL 16483.7 83.55 FC I1 K 4z 545
1302.3 02e17 a1 2 0.13 100 77 BL 83.64 FL I1I K
1304.7 03.32 sI 111 4 0.48 94 G 9 1485.7 85419 NI 11 KP 48 6e7
04.47 P 11 e 85.3C NI II Kp
04.68 P11 2 1492.8 92.63 [ 4 97 4.0
04,86 C1 2 92.82 [ 4
1305.8 0% o 4E P11 2 0.32 e1 BL 1494.9 94,68 NI 4 97 2.3
1306.2 06.03 c1 2 0.17 100 BL 94.77 FE 11 K
1309.3 08.87 N1 11 10 100 .4 1500.7 00.44 NI II 7 0.26 64 2.7
09.28 SI I1 3 1502.5 02015 NI 11 KP 0.35 g0 o7
1311.0 10.57 NI 13 64 4.6 1516.0 15.79 NI I1 KP 50 BL
10.70 P I1 2 15.83 NI I1I KP L
10.97 N1 13 1516.3 16+05 NI I1 kP 34 sL
11.06 FE 11 K 16.22 N1 11 KP oL
1316.6 1649 FE I1 K O.11 44 3.l 8L 152648 2672 sl I1 3 0.08 100
1317.3 17.22 NI IIX 10 0.08 94 3.8 sL 1533.5 33.44 SI 11 2 006 96 7.3
1326.0 23.86 C 11 11 48 12.3 1536.9 36.72 NI I1 KpP 54
2391 C 11 11 36.76 NI II KP
23 .96 C I1 11 36.78 NIl 11 KP
1326.8 26.57 N1 11 0.23 28 22 154847 48.19 C 1Iv 1 0.51 73 1z .0
132841 2792 N1 i1 26 15513 60.77 C 1v 1 0.53 ¢ 14.0 oL FE 11
27.93 I 11 1559.0 58.54 FE 11 46 94 77
1329.3 29.09 Cc1 4 46 4.4 BL 58.71 Ft 11 @6
29.10 c1 BL 59.11 FE I1 45
29.12 c1 4 (18 15612 60431 cI 3 54 13.5
1329.8 29.58 Cc1 4 33 3.0 BL 6070 C1I 3
29.60 c1 4 BL 61.29 C1 3
1334.5 3453 C 11 1 100 EL 61.40 C1I 3
34.87 P 111 1 BL.(2) 1563.9 63.79 FE I1 45 Oel1 93 4.5
1335.7 35.66 C 11 1 100 GL «RM 1565.6 65.36 FE 11 4c 0.24 52 4.5
35.71 C I1 1 8L 1567.0 66+83 FE 11 “4 017 94 2.9
1348.8 48 .54 SI 11 7 0.26 35 3.0 15682 66.03 FC 11 45 017 69 3.9
1350.5 50.06 s1 11 7 32 11.1 1569.8 69.67 FC 11 44 0«13 94 8L
$0.52 S1 11 7 1570.4 T70.25 FE 11 45 0.15 94 BL
50.66 SI Il 7 1571 .4 71.01 FE 11 K 32 3.9
1353.0 52.64 SI I1 7 51 3a7 71.06 FE I1 K
53.02 FE 11 K 1574.0 73.83 FE 11 “5 0.17 89 3.9
1353.9 53.72 s1 11 7 0.18 32 1575.1 74.78 FL 11 44 92 €5
1359.1 58499 NI I1 15 O.11 T74.93 Ft 11 45
1362.8 6277 FL 11 1&2 0.03 51 1577.3 77.16 FL 11 45 Oel4 8¢ 3.8
1363.7 63.62 FE 11 K 0.08 52 1580.7 80.63 FE 11 a4 0.07 &9 3.8 RM
1364.8 64.57 FL 11 103 0.23 S8 4.4 1585.2 84,95 FE 11 44 0.25 88 44
1368 .4 68.09 FE II KP 42 Eel RM 158845 88+29 FL II 44 0.21 88 31
68.26 FC 11 K 1602.9 02.52 FE 1I K 0.38 53 7.5 ?)
1370.2 70.14 N1 11 & 0.06 87 L XY 3 1605.5 05.32 Ft II KP 0.18 56 BL
13713 T1.02 Fe I1 KP 0.28 44 3.0 1606.1 05.91 N1 11 KP 0.19 55 BL
1372.5 T2 29 FE 11 K 0.21 1608.6 08.4% FEC I1 8 0.15 94 G4
1374.3 74.08 NI IT L4 0.22 1611.2 1093 FC 11 43 0.27 84 5.6 RHM
1375 .4 7517 FE I1 KP 0.23 1612.9 12.81 FC 11 43 009 %8 63 FE II BL
13771 T6+67 FE 11 KP 45 Se2 1618.,6 18.4¢ FE 11 8 O.l4 95 3.8
77.01 NI 11 KP 1621.8 21.68 FL 11 8 Oe12 94 €.0 FE 11 BL
13783 78.28 FE 11 K 36 L7 1623.2 23.10 FE I1 43 0.10 81 3.1
T8.35 FL I1 K 1625.8 2552 FE 11 43 95 6.3 RM
1379.8 T9.47 Ft II KP 61 S0 FE II BL 26.92 FE 11 8
T79.67 AL I11 KpP 16293 29.15 FL 11 8 015 94 442
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TaBLE 11 (continued).

1.
E% 0BS.WL  LAB.WL ION  MULT SHIFT INT FWHM  REMARKS OBS.WL  LAB.WL 10N MULT SHIFT INT FWHM  REMARKS
0 1631.3 31e.12 Ft 11 8 0.18 81 3.0 17227 22443 FE 11 KP 037 40
3 1632.8 32.67 FE II 43 0.13 88 3.6 1725.1  24.85 FL II 39 ez 4.7
*ﬂ 1634.3  33.91 FL 11 43 61 £.5 26,97 FE I1 37
= 34.35 FE 11 8 1726.6  26.39 FE I1 38 0.21 85 3.4
. 1635.5  3£.39 FE 11 68 0.11 66 4.2 1731.2  31.04 FC I1 110 0.16 33 3.4
- 1637.6  37.40 FE 11 a2 0.20 92 3.6 1735.2 34.90 NI Il KP 42 2.9 RM
1639.6 39.40 FE 11 8 0.20 81 BL 35.14 NI II  KP
1640.3 40417 FE I1 43 0.13 89 BL 1741.8  41.56 NI I1 5 0.24 75 3.4
1641.9 41.76 FE I1 o8 0.14 77 3.0 1742.9  42.72 NI 9 45 2.9
1643.8  43.59 FE II &2 0.21 97 3.6 42.73 NI 9
1646.3 46419 FE 11 68 0.11 75 1745.5  46.25 NI ° 30 2.9
1647.4 47,16 FE II o8 0.26 75 3.0 45,06 N1 °
1649.6  49.44 FE I1 &2 8 4.2 1746+9 46,82 FE I1 101 0.08 70 4.0
49.58 FL I1 68 1748.4 48,30 NI II 5 0.10 66 3.4
1650.9 506.71 FL 11 68 0.19 77 3o 1752.1  51.92 N1 11 4 0.18 65 .9
1656.6 54,10 FE I1 €8 78 4.8 RM 1755.0 654.81 NI 11 4 0.19 42 2.9
54.48 FC 11 42 1758.6 58.31 FE I1 K 0.29
1657.3 57.05 Fe I1 2 0.25 67 1761.5 61.38 FL 11 101 0.2 71
1658.9 58476 FE II 41 0.1z 83 BL 17664+3  63.91 AL II s a6 4.7
1659.7 59.49 FE I1 40 0.21 92 BL 63.95 AL 11 5
1661.6 61.35 FE 11 41 0.25 44 3.0 1766.2  65.82 AL 11 5 0.38 37 2.1
1663.4  63.23 FC 11 &0 0.17 78 3.6 1768.2  67.73 AL 11 5 0.47 33
166602 67.91 Ft 11 K 0.29 30 2.4 17727  72.52 FL 11 99 0.18 69 4.0
1670.8 70.75 FE 11 40 100 11.5 1774.2  73.96 NI I1 3 0.24 33
70.81 AL II 2 1781.6 81.36 FE II  KP
1673.5 73.47 FE 11 102 0.03 93 oL 81.53 FL 11 kP
1674.7  T4.26 FE 11 &1 ©s BL 1786.3  85.26 FE 11 191 0.04 59 3.3
74.72 FE 11 40 oL 1786.6 86.74 FC II 191 0.06 57 2.8
16771  76.87 FL II 41 0.23 58 3.6 1788.3  88.00 FL 11 191 55 6.1
1678.1  77.85 FL I1 kP 0.25 35 88.50 NI 11 S
1679.5  T79.39 FE II 102 0ell 73 2.6 1793.5  93.37 Ft 11 99 0.13 57 3.9
1681.3  81.12 FE II  KP 0.18 66 4.2 1798.4  98.16 FE 11 162 0.24 € 3.9
1686.1 85.95 FL II 41 0.15 81 BL 1804.8  04.48 NI 11 e 0e32 43 3.9
1686.6 B6.46 FE I1 &40 0.14 B84 BL 1808.3  08.01 SI 11 1 0.29 82 2.9
1688.6 68.28 FL 11 102 55 4.2 1809.6 09.32 FE 11 162 0.28 29
88.64C FL 11 41 1817.1 16.94 SI 11 1 0.16 78 EL
1690.0 89.82  Ft 11 &5 0.18 43 1.3 1817.8  17.42 S1 11 L BL.RK
1651.1 90.78 FC 11 &5 0.32 = &L 1818.8  18.51 FE 11 66 0.29 39 4.4
1691.5 91.27 Ft 11 a1 0u23 79 BL 182244 22,15 Ft I1 o6 0.2 27 z.2
. . . 2
1692.8  92.49  FE 11 38 54 2.4 1824.2 23.89  FE 11 kP 0.3t 2
92.52 FE 11 X 1827.1  26.99 FE II o5 0.11 20
1828.2  27.74 Ft 11  ©6 0.46 22
1694.2  93.96  FL 11 41 0.24 58 1836.0 35.87 FC 11 96 0.13 47 5.9  DL?
1697.0  96.60  Fe II 38 0.20 81 4.2 1842.1 41.70  FL I1 65 0.60 38 FE II CL
1698.5 ::’:? zi :: 02 35 4.8 1846.9  46.58 FL I1 96 0.32 38 3.8
.
1699.5 99.20 FL I1 85 0.30 35 i:::': 22‘77 FC I lal 0.13 28
1702.2  01.95 FL 11 &5 95 4.2 RM : 03 a1l 4 0.32 33 3.8
1 1860.1 59.74 FE 11 65 62 5.4
0z.04  Ft 11 38 ©60.04  FE II 97
1703.5  03.41 N1 11 s 0.09 42 1863.0 62.30 AL 11 4 71 10.3
1704.9  04.65 FL I1 39 0.25 42 4.7 62.79 AL III 1
1706.4 06.18 FE 11 38 0.22 51 4.7 1864.9  64.74 FL I1 126 0e16 58 2.7
1707.8  07.41 FL 11 ©& 0.39 43 1877.0  76.83 FL 11 97 0.17 66 8L
1708.8  08.63 FL 11 36 87 2.9 1877.7  77.46 FE 11 125 0.24 70 BL
08.6¢ FE 11 85 1888.8 88.73 FL II 125 0.07 S8 3.2
1709.8 09.6C FL I1 64 Del2 es 3.5 1895.7 95.46 FE I11 34 0.24 71 €3 BL FE 1I 124
1712.0 11.66 FE 11 kP 0.34 40 2.9 1899.2  98.87 FE 111 KP 0.33 21
1713.2  13.00 FC 11 38 0.20 96 4.7 1910.8 10.67 FL I1 126 0.13 19
1716.8  16.57 FC 11 39 0.23 5§ 3.5 1914,2 14,06 FC 111 3a 0.17 65 6.3
1718.3  18.12 FL 11 8 0.18° 49 1926.4  26.30 FE 111 34 0.10 72 6.3
1720.8 20462 FL 11 3& 0.18 85 1937.1  36.80 FE 11 96 0.30 23
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2413.7
2416.6
2418.3
242447

24238.8
24304

2432.9

243%.2

2437.8
2433.4

26439.7
2640.9
2644.9
2446.1
244647
2450.6

2451.7
245443

2455.0
24574
2459.2
2406201

2404.0

2465.4
2467.2

2469.9
24729
2473.6
2675.2
2478.9
2480.6
2482.8

248407

2486.8
2488.7
2490.1
2491.3

2493.6

2498.2

2499.3
25013
2502.8
250440

250645

2509.6
2511.8

25159

25177
25195
252146
2522.3
2523.3
2526.2

LAGeWL

83.06
83.24
84.39
84.99
88.63
88.99
9148
95.42
95.63
99.24
99.24
00.27
00.34
02.60
04.43
04.88
06.66
10452
11.06
13.31
1613
17.86
24.10
24458
28437
28479
30.07
30.18
32.26
32.70
32.87
34.73
34.94
37.63
38.01
38.05
39.30
40042
44.52
45.79
40.41
49.96
50.20
51.21
53.75
53.94
54.57
57.10
58.78
61.28
61.86
63.28
63.73
64401
64.90
06.67
66.81
69.51
72.43
73.31
74.76
78.57
80+15
82.12
82465
B4.24
84455
8634
88.33
89.83
90.86
91.39
93.17
93.27
9780
97.482
97.82
98490
00.92
02.39
03.32
03.56
03.56
03.87
06409
06.890
09.12
10.87
11.76
1438
14491
14.91
17.21
19.06¢
2109
2181
22.89
25.11

TABLE III. — Absorption lines in LWR 3967.

TON

FE
FE
FE
FE
FE
FE
FE
FE
FE
FE

FE
FE
FE
FE
FE
FE
FE
FE
FE
NI
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
F&
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
Ft
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
NI
FE
FE
FE
FE
FE
FE
FE
FE

FE
FE
FE
NI
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE

It

MULT

181

w
NNNNNNO

20
244

180
300
301
180
301
180
321
321
321
180
375

209
300
148
300
375
300
300
209
375
375
320
269
209
209
209
208
162
208
208
179
179
299
179
148
208
179
179
161
207
243
243
208

207
179
207
207
161

18
175
207
161
357
207
206
161
175
235
207
207
242

18
161
285
206
175
207
268
268
330

330

SHIFT

0. 42

0.20

0. 54
0.38
0«54
039
0.47
0. 44

0.1

0.40
0.48
0.38
031
0.29

Oe49

053
030
0.42

0.50

0.39
0.47
0.29
O.44
0.33
0. 45

0.46
0.37
0.27

0.40
0.48
Oec 41

0«48

0e 49
046
0.51
0.49
0.41

INT

T4
77
85

65
100

92

71

72

73

45
52

82
53
80
71
72
44

e
45

63
28
74
77

56

67
66

59
40
50

55
68
71

66

71
27
75
65

75

51

73
62
56
60

60

26
73

58

46
64
63
54
61
79

FuHM

Sel

5.5
640

3.7
244
3.7

2.4

24
45
5.7

2.8
3.2
S5e2

3.6
3.2

3.2
8.0

N° 3

REMARKS

8L
8L

RM

8L
BL
8L
BL
FE Il BL

SL
BL

8L
BL
8L
BL

RM

8L
BL
8L

8L
8L
FE I1 BL

8L
8L
BL

BLsRM
BL

BL
8L
8L

8L
8L
:18
BL

8L
aL
8L

' 8L

8L

?)

M

BL
BL

aL
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2529.9

2534.1
2534.8
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2537.2

2539.2

25413

2542.3
£543.8

2545.6
2567.1
25502

2555.6
2557.9
256045

2563.0
256440
25672

2569.0

2570.3
2571.3
2574.8
2576.8
2578.4
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2586.4
2588.4
2592.1
2593.3
25941
259484
2598.8
2599.9
2605.7
2606.3
26074
2612.3
261443
2618.1
26196
2621.0
2622.2
202442
262640
26269
262847
2630.3

2631.7

265442
2659.0
266540
2667.0
2672.5
2673.4
2077.7

26794
2685.2
2687.8
26917
2693.0
26992

2702.6
27044

2709.6
27124

7148
2716.8

LAB.WL

25439
2607
26429
27.11
29.08
29.22
2954
33.63
34441
35.48
36.67
36.82
38.79
38.90
39.00
40.67
41.10
41.83
“3.38
“43.43
45.22
46.67
48.59
49.40
49.45
50.02
50.538
50.63
55.07
57.50
59.24
59.92
62.54
6347
66.62
66.91
68440
68.88
69.78
70.84
74356
76.11
77.92
B82.58
85.88
88495
91.54
92.78
93.72
93.73
98.37
99.39
05442
05.70
07.09
11.87
13.82
17.02
19.07
20.41
21.67
23.72
25466
26450
2827
29457
30.07
31.08
31.32
53.57
58459
64.66
66.063
71.80
72.83
7713
1719
78.79
B4e75
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91.03
¥2.60
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FE
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FE
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Ft
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FE
FE
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FE
FE
FE
FE
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FE
FE
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Fkt
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FE
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Ft
Ft
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FE
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FE
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CR
CR
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CR
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CR
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CR
CR
FE
FE
R
CR

CR
FE
FE
FE
FE
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FE
FE
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159
159
145
159
357
241
145
159
159
177
241
159
158
158
158
177
177
158
159
177
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240
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175
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64
64
174
64
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N
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0.43
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0.46
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Q.52
0e46
0.44
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0.45
0.56
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0.67
0.43
0.53
0.28
0.60
0.31
0.43
0.48
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0.53
0. 59
0.53
0.48
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0. 40
0e41

0.63
0.41
0«34
0.37
0.70
0.57

0.61
0.45
0.71
0.67
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55
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57
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83
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62
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62
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32
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37
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a3

FuHM
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244
2.7

3.5
4.6
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3.8
3.5
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3.8
402

31
Q2

3.4
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2881.3
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3119.6
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27.54
30.73
36.97
39.55
42.02
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46.45
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51.35
53.29
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57.72
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62.58
64.79
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43.24
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57.17
58.34
53.52
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62.57
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66.72
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73.40
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78.45
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83.71
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26.58
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39.51
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47.66
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20.37
24.98
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FE
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FE
FE
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FE
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FE
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R
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F&
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FE
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FE
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FE
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6
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6
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6
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198
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391
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N N
[ ]
Qouooeononnure oy
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Oe4l
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0.72
0.21
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0.52
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0.68
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0.61
0.53

0.67
0.17

0. 66
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0.68
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0.63
0.63
0+60
0.58
0.65

0.56
0.66

0.59

0e42
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0.49
0.60
0454
0.72
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0.65
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0.82
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25
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28
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66
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41
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100
31
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68

47
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49
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49
24

45

43
33
43
39
41
27
34
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35

41
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24
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40
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49
31
47
46
49
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46
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FuHM
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BL

BL
BL
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