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Spectral atlas of the white hypergiant 6 Cas
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Abstract. A spectral atlas of 6 Cas A2.5[a-O and o Cyg A2 Ia, obtained in the range from 4425
to 6710A with a spectral resolution limit of 0.15A and S/N ratio of 100, is presented. Absorption
details have been identified up to a central depth of 0.02 and equivalent width of 20 mA. 135
laboratory wavelength values are checked anew. Characteristic properties of the structure and

kinematics of the wind of 6 Cas are illustrated.
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1. Introduction

Creation of a star spectrum atlas is normally sup-
posed for visual graphical presentation of a consider-
able portion of the spectrum and revealing maximum
number of details in it. The fulfillment of this work
has several reasons and variants. If a large number of
spectra have been accumulated in the course of ob-
ject investigation, the atlas may become its incidental
final product. This is a good way of archiving obser-
vational material in a generalized form. However, the
efficiency of the investigation itself can be improved
by creating the atlas at its initial, preparatory stage
so that processing, analysis and even acquisition of
new spectra might be based on it. Moreover, new ref-
erence data, lists of lines, their effective wavelengths,
etc. are attractive, because they can be used more
extensively 1n spectroscopy of other stars of similar
types. It is especially difficult to do without the atlas
when one has to deal with a unique object or new ob-
servational facilities. The appearance of two spectral
atlases of P Cyg (Stahl et al., 1993; Markova, 1994)
in the last two years is an example where the two
conditions have played a part.

This paper is also concerned with one of the
brightest stars of the Galaxy, the white hypergiant
6 Cas, and its spectra taken with a CCD spectrom-
eter and revealing some features of likeness of 6 Cas
and P Cyg.

In the investigation of the structure and evolution
of young star-gas—dust complexes, dynamics of stellar
atmospheres and their mechanisms of loss of matter
the Iuminous blue variables (LBV), which are inferior
in luminosity only to supernovae, are still more at-
tractive. Their light pressure on the atmospheres is so
great that they are compressed occasionally to psen-
dophotosphere. Then part of radiation is transferred
from the ultraviolet to the visible region of the spec-
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trum, where the brightness increases several times.
The spectrum of a star at this phase becomes similar
to that of a white hypergiant.

Unfortunately LBV are very rare. About a dozen
such objects in the Magellanic Clouds and other
nearby galaxies and a few in our Galaxy, from which
P Cyg 1s the only object in the northern sky, have
been studied. Going down, with respect to luminos-
ity, from the level of LBV to the level of hypergiants,
we lose pseudophotospheres and light variations with
the amplitude of 1-2 magnitude. The rest of the ef-
fects typical of LBV only weaken, and this may be
compensated by the greater variety of objects and
higher brightness of some of them.

6 Cas (A2.5 Ia-O, M;,;=-8.5™, V=5.5") is a
bright white hypergiant with a well pronounced in-
stability, conveniently located in the sky. Its spec-
troscopic manifestation have been described by the
present time quite comprehensively. The radial veloc-
ities, which are found from absorptions, show vari-
ations with both time and depth of formation of a
line or even a particular part of its profile. Asym-
metry i1s characteristic of the profiles, which is also
variable and increasing with line depth. Usually the
blue wing is more extended and even deepened by ad-
ditional depression, i.e. absorption lines are enhanced
not only by microturbulence but also by the “level
effect” known in Cepheids (Aydin 1979; Sokolov and
Chentsov, 1984).

Since all observable atmospheric layers move with
different and variable velocities, it is important, dif-
ficult though, to find the radial velocity of the star
center of mass. It has been estimated from the vi-
sunal companion of 6 Cas and from its membership in
the association Cas OB5H. This value -44.5 kin/s, falls
within the interval of radial velocity variations of the
deepest of the observed layers —41+—53 kim/s, which

© Special Astrophysical Observatory of the Russian AS, 1996


we
Text Box


102 CHENTSOV, MUSAEV, GALAZUTDINOV

is evidence of oscillating motions in the photosphere.
A characteristic duration of pulsation cycles is 1 —
1.5 months.

In the hydrogen and strongest Fell (42nd mul-
tiplet) line profiles wind components are seen. The
Thomson emission wings of the He line extend up to
+1500 km /s, the absorption part of its P Cyg profile
to at least -200 km/s. In the profiles of the hydrogen
and Fell (42) lines discrete absorption components
are detected. They move along the broad wind ab-
sorption lines, which may be explained by the reg-
ular appearance of wind condensations, which move
at acceleration outward. During 200 days individual
components speed up expansion from 50 to 180 km/s
(Chentsov, 1992, 1995). The phenomenon is similar to
that described for P Cyg, the components are followed
up to half a year, the velocity rise reaches 150 km/s
(Markova and Kolka, 1988). Although not only the
luminosity but also the surface temperature in P Cyg
is higher, the action of some common mechanism of
wind destabilization is possible.

The presented atlas of the 6 Cas spectrum and ad-
ditional plots of profiles of different lines demonstrate
all the above—enumerated effects. The table contains
the data on the identified lines and effective wave-
length used for radial velocity measurements.

2. Observational data and reduction

In the spectroscopic investigation of 6 Cas a strategy
was adopted of long—term and, if possible, tight mon-
itoring, which is similar to the strategy of the Hei-
delberg group of spectroscopists (Wolf et al., 1993).
Such monitoring is realizable only with a moderate
size telescope. We used the echelle spectrometer at
the coude focus of the 1 m telescope of SAO RAS with
a CCD of 520 x 580 pixels (Musaev, 1993). An argon—
filled hollow thorium cathode lamp or the standard
radial velocity star o« CMi were used as the source
of the comparison spectrum. To remove the traces of
cosmic particles, each spectrum was exposed twice.
To reduce the effect of the non—uniform sensitivity of
the CCD, each spectrum was divided by the spectrum
of a filament lamp (“flat field”). The attained S/N ra-
tio was no less than 100, the spectral resolution level
was 0.15 A.

For positional measuring the line profiles, the
computer matching of the original and mirror spec-
trum images was introduced in the program of pro-
cessing CCD spectra (Galazutdinov, 1992). The dis-
persion curves, for each of 40 orders separately, were
represented by 3rd degree polynomials with the stan-
dard deviations of the reference lines of several mA.
Control and correction of systematic shifts of spectra
were executed with the aid of the telluric lines of Oy
and H,O. Test of radial velocities of interstellar lines
and bands for their constancy were also performed.

The residual systematic error for one order does not
exceed £0.5 km/s.

3. Atlas, list of identified lines, and ef-
fective wavelengths

The spectra of 6 Cas and of the comparison star aCyg
(A2 Ta) in the region AA4425 +6710AA are presented
in Figs. 1-12 as relationships between residual inten-
sity and wavelength: the upper bold line and the lower
thin one, respectively. The atlas fragments in the sep-
arate frames correspond to individual orders. The
gaps between the orders appear around A = 47004
and, growing with wavelength, reach = 22A towards
the end of the atlas. Several low—information orders
were omitted. The red boundaries of the oo Cyg spec-
trum fragments are displaced because of the slight
turn of the grating. The presented curves underwent
parabolic smoothing over 7 points, which had an ef-
fect only on narrow telluric lines and did not distort
the stellar line profiles. The profiles displayed in Figs.
14, 15 and 16 were not subject to smoothing.

The marking—out of the horizontal axes was per-
formed from the laboratory wavelength of rather weak
absorptions. This reservation is made clear by the
lower plot of Fig.14: only the lines with central resid-
ual intensities about 0.65 show one and the same
radial velocity value; stronger lines yield departures
from this value, which grow with their depth. The
sufficiently long horizontal portion of the relationship
between the radial velocity from the line core and
the residual intensity was one of the criteria of select-
ing spectra for the atlas. Another criterion was the
closeness of this constant velocity to the velocity of
star mass center, which may be considered to be an
idication that the inner layers of the atmosphere are |
relatively quiet.

Using the above criteria 2 spectra of 6 Cas, close
in time (they were obtained 20 and 22.09.94), and
in velocities of weak lines (about -46 and -43 km/s,
respectively) have been selected for the atlas. With
allowance made for the small relative shift these spec-
tra have been averaged. The comparison star o Cyg
is represented by a single spectrum taken on 15.09.94

An atlas of the 6 Cas spectrum has once been pre-
pared (Barsukova et al., 1989), line identification and
determination of the photometric parameters have
been carried out (Abbasov et al., 1972). The spec
trum of @ Cyg has also been described (Groth, 1961).
However, the change—over from photographic plate to
CCD added many new details to the already known.
In clearing up their affiliation we relied upon the spec-
tra of stars with narrow lines, such as 6 Vir (A1V)
(Dobrichev and Raikova, 1989), and upon the com-
puted synthetic spectrum in which the lines were ac-
tually not broadened. Since our objective was not
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the simulation of observations but only identification
of the weakest lines, for the computation we used a
model atmosphere (T.s; = 9000K,lgg = 1.5,[z] = 0,
Eury = 5 km/s) from Kurucz’s models list (1979),
which was closest in physical parameters, and his pro-
gram SYNTH adopted by V.V. Tsymbal for a per-
sonal computer IBM PC. An example of comparing
the computed and observed spectra is presented in
Fig. 13. '

The identification of the absorption lines of the
star spectrum was brought to at least a central depth
of 0.02 and equivalent width of 20 mA . The identifica-
tion results are tabulated in Table 1. The horizontal
straight lines in the table demarcate the clearly dis-
tinguishable details: separate lines and their groups
forming blends.

Interstellar dust bands were sought using Her-
big’s (1973) list. Note the uncertainty in revealing the
broadest and most shallow of them in the echelle spec-
trum. In the atlas the interstellar details are shown
above the spectrum of 6 Cas, where they are much
stronger than in the spectrum of a Cyg. On the con-
trary, the telluric lines (marked with dots in the at-
las) are especially pronounced in the spectrum of o
Cyg, even the weakest H,O line groups in the regions
A5450A and A5050A are readily identified.

Only those lines are identified in the atlas, which
have been used for radial velocity measurements. In
Table 1 their laboratory wavelengths, including effec-
tive, are presented with two or three decimal digits.
They are taken from the list of standard wavelengths
for white supergiants of Dobrichev et al. (1986) as well
as from the tables of Striganov and Odintsova (1982),
or from the tables of solar spectra (Pierce and Breck-
inridge, 1973). In the last case they were taken with
the corrections for the gravitational redshift. All 135
values were checked anew when measuring 11 spectra
of 6 Cas, 3 spectra of @ Cyg and 2 of v Cep (A2.4
Ia). For each of these spectra was registered the ra-
dial velocity deviation for a given line from the mean
relation (V, — r), some specimens of which can be
seen in Figs.14 and 15. When the deviation proved to
be systematical, appropriate corrections were intro-

duced.

4. Characteristic properties of 6 Cas
and its variations with time

Thanks to the high quality of observational data the
atlas detects readily the difference between 6 Cas
and a Cyg not only from luminosity (lines H, and
Fel in Fig.4) but also from temperature (Hel lines in
Figs. 1,4,5,9). Absorption lines in the spectra of the
hyper- and supergiants are close in width but they
differ considerably in profile shape. While even the
strongest Fell lines remain symmetric in the spectrum

of o Cyg, in the spectrum of 6 Cas they (especially
clearly the line Fell 5169 A) show P Cyg character-
istic features of line profiles: pronounced blue shifts
of the cores, steep red slopes of absorptions, which
transform to weak emissions, extended depressions in
the blue wings. The same type of depression is fol-
lowed in weaker lines as well.

In Figs. 14, 15 the information on the absorption
lines of the photosphere and the wind base of 6 Cas is
presented in two ways: as radial velocity variation for
the line core with central residual intensity and as line
profile variation with its strerngthening. Besides, when
comparing the presented plots for different spectra
one can see kinematic and profiles to be variable with
time. In order that the shape of the profiles be drawn
more reliably, each of the profiles was obtained as the
mean for several lines Fell of identical intensity. To
the four profiles, from the shallowest to the deepest,
correspond the followig 4 groups of lines: A\ 4455,
5292, 5387 AA, A 5101, 5284, 5535 AA, AX 4508,
4629 AA, XX 5018, 5169 AA.

In the previous section it has been noted that the
atlas includes the spectra of 6 Cas being in a rela-
tively quiet state. Directing our attention to Fig.14
once again we see well that on 20-22.09.94 the inner
atmosphere layers alone were quiet with respect to the
center of mass of the star and to one another, while
the outer layers were moving with acceleration out-
ward. That is,.in the lines Fell a hypergiant may show
the effect of the same nature and magnitude that
the Balmer progress in supergiants does. By analogy
one could speak here about the “iron progress”. This
brings us from the photosphere to the wind base. The
purely wind depressions are seen on the blue wing of
the averaged profile of Fell (42) lines, the weaker one
in the region 100 km/s and the stronger one near 150
km/s (goes beyond the graph). Both of them are the
traces of the same condensations moving through the
wind, which manifest themselves more distinctly in
the blue—shifted discrete components of Hg and Hg,
respectively.

Our spectral monitoring has not allowed us to fol-
low the oscillations of the photospheric layers of 6 Cas
with the desired time resolution, and in Fig.15 are
compared the situations referring to different cycles.
It is only seen that both increase the interval of veloc-
ity variations (from 4 to 12 km/s) and the variations
of the profile shape. By comparing Fig.15 and Fig.16
it is difficult to follow the direct phase correlation of
motions in the photosphere and in the wind. The sit-
uation of 8.10.93 is especially expressive: expansion
deceleration in the photospheric layers, compression
at the wind base and ejection with growing velocity
of extremely powerful wind condensations, possibly
even envelopes. In Fig.16 one can fairly see the sys-
tematic shift of the discrete components along the
basic wind absorption of H,. They are the strongest
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on 8.10.93. Such a splitting of the profile has been
noticed in 6 Cas only once so far (Mc Kellar, 1939).

The structure of Nal lines in the spectrum of
6 Cas is rather complex. We isolate clearly the com-
ponents with velocities -56. -31, -19, +10 and +24
km/s, wich quite satisfactorily agrees with the etalon
data of Hobbs (1979). The main components, -19 and
-56 km/s, are interstellar, they correspond to the lo-
cal and Perseus arms. The contribution of the latter
to the dust bands is very small: the mean radial ve-
locity from the sharpest of them is also -19 km/s. The
short—wave component is possible to contain the stel-
lar part as well. The best way of its isolation would be
to obtain an extraatmospheric high—dispersion spec-
trum of the visual companion of 6 Cas.

Support for this work was provided by RFFR
through Grant No. 95-02-04276-a.
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SPECTRAL ATLAS OF THE WHITE HYPERGIANT 6 CAS 115
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SPECTRAL ATLAS OF THE WHITE HYPERGIANT 6 CAS 117
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Fig.13 F ragmenl of atlas and corresponding part of the synthelic spectrum.
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Fig.14 Profiles of Fell lines ol dilTerent intensity and dependence of radial velocity [or the
line core upon the line central depth. Filled circles: Fell; open circles: Crll and Till. Dashed
lines are for velocitly ol the mass center ol the star.
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SPECTRAL ATLAS OF THE WHITE HYPERGIANT 6 CAS
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Fig.16 Changing with time in profile H . Levels of continuous spectrum

are separated vertically by lime intervals between moments of observations.
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SPECTRAL ATLAS OF THE WHITE HYPERGIANT 6 CAS 121

LS. 4428 Fell(38), Till(82) 4549.54 LS. 4763.0
MgIl (9) 4433.99 Till (30) 45523 TiII (48) 47645
Mgl (19) 44365 Ball (1) 45540 1;4“1111 g)z) :;g;;s

- Crll (44) 45550 i ;
E ﬁ gg; :::;;9 3 Fell (37)  4555.885 Till (17) 47985
Till (1) 44446 Crll  (44)  4558.645 Ti I (92)  4805.085
Fell (187) 43462 Ti I (50)  4563.755 Crll  (30) 481235
Fell (222) 43496 Crll  (39)  4565.77 SII (9 4815.5
TiIl (19 4450.48 Ti II _ (60) 4568.3 Crll (30 4824.136
Fell 135155 Ti Il (82) © 4571.97 Fell (30) 4833.1
VI (199) 44533 Fell (38)  4576.335 Crll  (30)  4836.235
Fell 445526 Fell 4579.5 Fell (30)  4840.0
VI (199) 44565 Tell (6 Aol a1l 4843,
Fell (26) 44014 IE: ﬁ 83 :23235 Crll  (30)  4848.248
Fel (2 4461.6 ot MgIl (25  4851.1
Fell 4461.7 Crll (44 458820 Fell (25) 48555
Ti I (40)  4464.45 Crll  (44)  4589.94 Crll  (30)  4856.2
Ti I (146) 4465.7 gL B0 e Hy 4861.332
CrlI 4465.8 Crll o) 450205 Crll_ (30)  4864.32
Fel (1) 44666 L R Fell (25 48713
Ti I (31)  4468.49 Fell (38) 45957 Ti Il (114) 48740
Ti Il (40) 44709 fell GIG) J5083 Crll __(30) 487640
Hel (14) 447152 Fell (43) 46013 Is. 4882
Fell (37)  4472.92 Crll (44  4616.62 Fe 11 4883.3
Fell (171) 44742 Crll  (44)  4618.82 Crll  (30)  4884.60
Fel  (350) 4476.0 Fell (38) 462051 Fel (318) 4890.8
Call (6) 4478.7 Sill 4621.6 Fel (318) 4891.5
Mgl (@) 3481294 Fell (186) 4625.91 Fell (36) 4893.8
Fel 4487.2 Fell (37)  4629.334 Cril__ (190) 49017
Ti II  (115) 44883 Fell (219) 46319 Fe II 4908.1
Fell (37) 4489.174 Cril  (44)  4634.072 Ti I (114) 4911.19
Fell (37)  4491.398 Fell  (186) 4635.31 Crll  (190) 49125
Ti I (18)  4493.5 Crl  (32) 4637.8 Fell (218) 4913.4
Fell (222) 4493.6 Fell (25) 46489 Fel  (318) 4919.0
Ti I (I18)  4499.6 Fell (43)  4657.01 Fel (318) 4920.5
Ti II  (31). 4501.268 Ti I (59) 4557.2 Hel (48) 4921.94
LS. 4501.8 Fell _ (146)  4660.9 Fell  (42)  4923.923
Ti I (30)  4506.7 Ti II  (38)  4662.7 Ball (1) 4934.1
Crll  (10) 4507.2 Ti II (38) 4663.0 Fe Il 4948.1
Fell (213) 4507.2 Fell (44)  4663.7 Fe I 4948.8
Fell (38) 4508.281 Fell  (20) 40065.8 Fell 4951.58
Fell (37) 4515335 Fell (37)  4666.75 Crll 30528
T? I (42) 4518.0 Fell (25) 4670.19 Fe II (168)  4954.0
Till  (18) 45183 Scll  (24) 46704 Fel  G18) 495757
Fell (37)  4520.22 Fel  (821) 46789 o1 (13 29674
Fell (38)  4522.63 Crll  (177) 4697.6 oI (14)  4967.9
Ti I (60) 4524.7 Mgl (11) 4703.0 01 (14) 4968.8
VII  (56) 45285 Ti I (49)  4708.66 Fell 4969.4
Ti II (82) 4529.48 Hel (12)  4713.185 Fe Il 4977.0
Till(50),Fell(37) 4534.02 SIL__ (9) 4716.2 Fe Il 4984.50
Crll  (39) 45396 LS. 4726 Fell 4990.5
Fell (38)  4541.515 Fell (43) 4731.47 Fell (25) 49911
Ti I (60)  4544.0 Mgl  (18)  4739.6 S (7) 4991.9
Till (30) 4545.1 Mnll (5) 4755.72 Fell (36) 499335

Table 1: Lines identification and effective wavelength
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122 CHENTSOV, MUSAEV, GALAZUTDINOV

Fe II 49992 Fell (35) 51327 Fell (41) 52569
Fell (25)  5000.7 Crll_ (201) 5137.1 Fe Il 5258.0
Call (15) 5001.5 Fell 5143.9 Fe Il 5260.26
Fe 1L 5001.925 Fell 5144.4 Till (70)  5262.1
Fell 5004.20 Fell 5145.9 Fell (52) 52623
Fe II 5006.8 Fell (35 51461 Mgll (17) 52642
Fe Il 5007.6 Fell 5148.9 Fell 52064.2
Fe Il 5009.0 Fell 5149.45 Fe Il 5264.8
S1 ©) 5009.5 Fell 5150.6 Till  (103) 52686
Fell 5010.1 Fe Il 5152.9 Fel (15) 5269.5
Till (113) 5013.4 Crll (24) 51535 Fell (185) 5272395
Till (7D 5013.7 Till (70) 5154.1 Crll  (43) 5275.0
S1I (15)  5014.0 Fell 5157.4 Fell (49)  5276.00
He 1l (©))] 5015.68 Fell 5158.1 Fell (225) 52782
Fell 5015.8 Fell (167) 5160.8 Fell (184) 5278.9
Fell (42) 5018.439 Mgl (2 5167.33 Crll  (43)  5280.0
(0} (13) 5018.8 Fell (42)  5169.03 Fell (41)  5284.10
Ol (13) 50193 Mgl (2 5172.69 Fe II 5291.665

Fell  (168) 5019.5

Fell 5177.0 Fe Il 5208.8
gaIH 82 :8;83 Fell 5177.4 MnIl (11) 52993
G 5 5oLl Fell 5180.3 Mnll (11) 53023
Fell g Mgl (2)  5183.61 Crll  (24)  5305.9
Fell 5022.6 Till  (86) 51859 Fe Il 5306.2
e T Fell 5186.9 Cril (43) _ 5308.4
e SO0 E Till (70)  5188.68 Crll  (43)  5313.58
Sell  (23) 50310 Fell (49)  5197.58 Fell(49),Fell(48) 5316.65
SO (7))  5032.4 Fell 5199.1 Fell 5318.1
Fe II 5032.7 Fell 5203.6 Crll  (23) 53184
Fe IT 5035.71 Crl () 52045 SH___(33) 53207
Sill___ (5  5041.026 Crl (1) 52060 Fell 5321.8
Fe II 5045.1 CrI__ (7) 52084 Hell 23202
Fell 30476 Crll  (24) 52109 Fel  (553) 53242
Hel (47)  5047.7 Ti I (103) 52115 Fell. (9) 332356
; . . Fel (15) 53280
Si 11(5),81 II(5)  5056.06 Fell 5214.0 o1 (1) 53290
Fell 5061.73 Vel 22133 01 (12) 53296
Fe 11 5065 4 Fell fdda g o1 (12) 53307
Fe 11 5067.9 Fell 3216.85 Cril_ (43) _ 5334.865
Fe 1l 5070.90 Foll 32158 Till (69) 53368
Ti 11 (113) 50723 Fell 5225.3 Fell (48)  5337.73
Fell  (205) 5074.0 EE h 37 Z%i;is Fe Il 5339.59
Fe Il 5075.8 Fell 52788 SIL - (38) 53457
Fe Il 5082.2 il @3 52325 Crll (24) 5346.1
2232, Crll  (23) 53465
Fe Il 5089.2 Fell 5232.8
Fell 5093.57 Fel  (383) 5232.9 L 33584
CrilQayFell  5097.27 Fell (49)  5234.62 Fell (48) 5362.86
Fell (35 5100.74 Cril  (d3) 523732 Eell 5375.8
Fell (185) 5100.74 Fell 5238.0 Till (69) 5381.0
Fe I 5106.1 Fell 5239.8 Fel (1140) 5383.4
Fe II 5117.0 Fell 5243.2 Fell 5387.07
Fell 5120.3 Crll  (23) 5246.8 Fell 5393.6
Fe II 51232 Fell 5247.95 Fe I 5393.8
Fell (167) 51278 Fell 5251.235 Fell 5395.86

Till (806) 5129.155

Table 1 — continued: Lines identification and effective wavelength
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SPECTRAL ATLAS OF THE WHITE H YPERGIANT 6 CAS 123
Mgll (24) 54011 Crll (35 55438 Ol  (10) 6156.0
Fell 5402.1 Fell 5544.2 Ol  (10) 61568
LS. 54043 Fell  (166) 5544.8 Ol  (10) 6158.184
Crll  (23) 5407.62 Fell 5548.2 Fell (200) 6175.16
Fell (184) 5408.8 Fell 5549.0 LS. 6177.1
Fell (48)  5414.07 Fell 5627.2 Crll  (187) 6179.2
Fe II 5414.8 Fell (57) 5627.5 Fell (163) 6179.4
Till  (69) 54188 Fell 5639.7 ALl (10) 62318
CrlI(22),CrII(29) 5419.4 S (14)  5640.0 Fell 6233.5
Crll  (23) 54209 SIIL (1)  5640.3 Fell (74) 623839
Fel (1146) 5424.0 Fe Il 5043.9 Fell (34) 6239.9
Fell (49)  5425.245 Fell 5645.41 ALl (10)  6243.1
Fe II 5427.8 Fell 5646.2 Fe Il 6247.4
G 54328 S (14  5647.0 Fell (74)  6247.545
Fe Il 5442.4 Fe Il 5648.9 ' Fell 6248.9
Fe 11 5444 4 Scll  (29) 5657.9 LS. 6269.77
Fe II 54458 Fell 5657.9 Fell (200) 6305.31
LS. 5449 g I (11  5660.0 SH  (19) 63055
i 5660.1 LS. 6314

irun g)) 2::23 S (11) 56647 Fe Il 6317.4
Fell '5455'9 LS. 5705.12 Fell 6317.98
Fe II 5457.7 Fell 5726.6 Fell G2 (HSLa6
Fe Il AT Fe Il 5746.6 Sill  (2) ©  6347.10
Fe Il 5466.92 Fe Il 5747.9 15 53582
Fe Il 5472’9 1.S. 5778.3 Si Il (2) 6371.36
Fell 5473:6 Fell 5780.2 LS. 6379.30
S (6 5473.6 LS. 5780.41 Fe Il 6383.7
Fell 54758 Fedl =B Fe I 6385.5
Cril  (50)  5478.365 LA 27844 Ml (L) - 4000

‘ i il LS. 5797.03
Fe II 5479.4 Fell (74) 64073
Fe Il 5482 33 Fell 5835.5 : LS. 6425.7
LS. 54873 Fell 5842.3 Fe Il 6425.7
Fe II 5487.63 LS. 5849.79 Fell (40) 6432.70
Cril  (50) 55021 Fell 5854.2 Fell (199) 64338
Fe Il 5502.7 Sill _ (8) 5868.4 Fell (74) 645638
Crll  (50)  5503.2 Hel (11) 587572 Fell  (199) 648224
Fell 5503.2 Nal (1) 5889.95 Fell 6491.3
Fe Il 5506.20 Nal (1) 5895.924 Fe II 6493.1
Fell 5507.1 Fell 5952.5 Fell - 6506.3
Crll (50) 5508.62 Fell 5955.7 Fell (40) 65161
SIL () 55097 SIIL__ (@) 595756 H, 6562.81
o O S0 Fell 596171 CI__(2) 65781
Fell 55111 Sill (3 5978.93 LS. 6613.63
Ol (25 55127 Fell (46) 599137 LS. 6660.71
Fell (56) 55251 LS. 102 Fel  (268) 6678.0
Scll_(31) 552681 Fe Il 6061.0 Hel (46)  6678.13
Mzl (9) 55284 Fell (46)  6084.10
Fell 55201 Crll  (I187) 6089.7
Fell (224) 5529.9 Fell  (200) 6103.5
Fe II 5532.1 LS. 6113.0
Fell 5534.845 Fell (74) 6l47.74

Fell (74) 6149.25 "

Table 1 - continued: Lines identification and effective wavelength
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