Kodalkanal Obs. Bull. Sar, A (1977) 2, 28-33

THE NEAR-INFRARED SPECTRA OF WOLF-RAYET STARS

M. K. V. BAPPU, K. 8. GANESH and K. K. SCARIA

ABSTRACT

Tha near-Infrared apsotra of three Wolf-Rayst stara of the oarbon saquenca and flve of the nitrogen sequence
have bsen studled. Wavelength identlfloations and Intensity scans are presanted to show the smission line
oharacteristias of thasa objacts [n the 88004 to 8200 & domain of the speotrum.
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1. Introduction

The study by Swings and Jose (1960) formed
the flrst exploration of the spectrum of the Wolf-Rayet
stara In the reglon 67004-88004. The observations
wera confined to seven objects accesslble from
northarn latitudes. One of thage was of the planetary
nucleus, Campbell’s hydrogen envelope star. A low
dlsperslon of about 345 A mm-! enabled satisfactory
exposures on Eastman |-N emulsion to be attalned in
duratfons not exceeding four hours. Llttle laboratory
information was avallable at that time on the infrared
spactre of lons that are commonly present in Wolf-
Rayet spectra. Swings and Jose utllized Charlotte
Moore’'s term tables (1949) to derlve permltted
transltions betwaen known terms In this reglon of
the spectrum. Such tables of predicted lines ere
not often the best means of line [dentifloations in an
cbeervad spectrum.

The ploture changed for the batter In the late
fifties and sixtles when many Investigatlons from
Edlen’s [aboratorles provided good wavelength lists
of the diffsrent lons of carbon, nitrogen and oxygen
that extended also into the near-Infrared. On the
astronomical slde, knowledge of the Wolf-Rayet
spactrum was extendad to the long wavelength limit
of the S-1 plotosansitive surface commencing from
80004, by Kuhl who soanned the spectra of flve
objects with a low rasolution speotrum scanner.
Kuhl (1866} was able to identify many of tha stronger
foatures of C Il, C Ill, C IV, found in the lists of
Bookasten and Glad as well as from predioted hydro-

genlc transitions that could be determined from the
data furnished by these Invastlgatore. The conclu-
slons are simllar to those we encounter In the blue-
green reglon of the apactrum : the carbon stara have
a protusion of lines belonglng to the different lons of
carbon while the stars of the WN sequence have
mostly the lines of He | and He 11 with a sparse display
of strong lines of nitrogen lons,

In this study we present spectra obtained with
different values of disperslon of some stars in the
northern and southern hemisphere. Three of the
stare in our list of elght, HD 192103, HD 192163 and
HD 151832 find a place In the study of Swings end
Jose, Our spectra of the first two objects ware
obtalned at Mount Wilson with the Cassegrain grating
spectrograph on the 162-cm reflector at a disperslon
of 111 A mm'. Speotra of HD 1619832, HD 508896
and the two stars In the Eta Carina region HD 83131
and HD 92740 wers obtained at a disperslon of 2604
mm*! with the Cassegraln grating spectrograph of the
61-cm reflector. The spectrum of HD 68273 {y*
Velorum) was obtained with the same apectrograph-'
but with a different grating that gave a dispersion of '
76A mnr!. The line Identifications have been made
from milorophotometer tracings end are acourats
enough to one angstrom. The wavelength ilsta olf,
Glad (1963), Bockasten (1966, 1968), provided'the
baslo laboratory information for Identiflcation of the
carbon lons, Simillar lists for N 11 (Erlksson, 1968),
N IV (Hallin, 1968b) and NV (Hallin, 1866a) have..
alded this study. Th relevent wavelengthe for O.IV;



Intrared spectra of Wolf-Rayet stars

and O V were taken from the lists of Bromander
(1970) and Bockasten and Johansson (1869). The
identHfication of the llnes were simplified greatly by
thesa lists and tha facllity to compare excltation
aspects for the different stars.
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2, The nitrogen sequence

The principal contributors to the spactrum In this
raglon are the lines of N [, N IV, NV and those of
Helandll. In Figure 1 and Flgure 2, we display
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Flgura 1 The near-Infrared apsotra of HD 50888 (WNG) and HD 192183 (WN8)
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Flgure 2. The neai-Infrared spactra of HD 82740 (WN7), HD 03131 (WN7) and HD 161832 (WN7)
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Intenslty tracings of all flve stars of the nitrogen
sequence. A llat at the bottom of the lllustration
glves 8ll observad and predicted lines In this
region of the spactrum thet originate from lons that
are possible contributors s Judged from studles of
the visual and blue reglons of the spectrum., Ths
spectra are arranged In oidel of Incressing excitatlon,
The classlflcations are due to Smith (1968).

The most striking aspect Is the varlatlon In
excltation that we see along the sequence, Tha
dominant role is playad by N IV 7108, 7123 that la
extremaly Intense In the WN B star HD 50898, The
pelr of linese, stlll unresolved, become less intense
and narrow a8 we proceed along the sequence to HD
161932, The density tracings shown In Flguie 3
Indlcete clearly theso changes. Desplto the enhance-
mant In intensity of the He | Ilne at 7065 \ as one
goes down the temperature sequence from WN 6 to
WN 8, tha N IV lInes are atlll tha mere intensa onos
In the reglon. The He Il ilne at 7178 \ I8 almoat
completely obliterated In the apectrum of HD 92740,
by tellurlc absorption, a congsquence of the low
alevation of the object at Kodalkanal.
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Figura 3 Intensity variation along tha WN eequenos of NIV
7109-71234.
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Thae stars of high excltation llke HD 508968 and
HD 192183 display the N V ilna at 7618.% caused by
the transition 7ghi-Bghlk. The telluric oxygen band
mutllates the llne mofile considerably, but the
dominance of the N V intens[ty on the shortward side
can be still seen. In the WN 7 lypes the Intenslty of
N V 78181 must be very low and the lines may aven
bo non-existent. Evan the strong lines that characle-
rize thia lon In the bluc are of very low Intensity, as
can be seen on repioductions of apectra of thls class
In the peper of Smith (1868).

Table 1. Wavslangth identifications in the WN stars

X Origin.
6880 He I
8868 81V
6878 He |
8683 Hea Il
6718 NV 8718
8891 Ha Il
6872 N 111 8s08

N I}l 8p78
8088 81 IV 6088
7048 81V
7068 8lIv
7088 He 1 7086
7118 NIV7103 °
7108
711
7123
7122
7178 Hall 7178
7281 He |
7366 He |
7411 N 11l 7404
7411
7418
7682 NIV
7683 Ha ll
76818 NV 7818
76818
7703 NIV
7720 8|V
7818 He |
8003 N Il 7883
7890
8000
8003
8000
8028 N 111 8022
B028
8237 He il
835¢ He | 8382
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Immediatsly adfacent to the telluric oxygen band
on the long wavelength slde, weak emfesion may be
seen at around 77063, principally in the represent-
atlves wa have of WN B and WN 8. We |dentify this
feature principally es dueto N IV 7703 with poasible
contaminatlon by Si IV at 7720A. A weak contribution
by N IV 7682 may also be present inthe emission
feature we have [dentifled In the previous paragraph
with NV 7818.

A weak contribution of N Il can be seen In the
spactra of HD 60898 and HD 192183 with certainty.
Falnt emlssion can ba seen at 74104 and 8020 A that
can be ascribed to the presence of a number of faint
contrlbutors of N Ill. In the WN 7 stara an apparant
deformation of a smooth continuum In these wave-
langth reglona ls suggestive of the fact that N Il
contrlbution {a stlll pressnt, even though It Is
marginal.

Ona can say with certalnty that N )| lines are not
present In this reglon of the spectrum slnce the

strong lines at 7782, B439 and 86804 have not been
detected so far In these apsctra,

The rest of the emission festures can be
assoclated with He | and He il. Of these Ha || 8237
Is the strongest with a distorted profile caused by the
telluric water vapour band. He Il also has a shara In
the emission feature at 7693 A In the hotter stars,
through the presence of the 7692.74 & line, Thesse
ara all members of the {B-n) series of He Il. Support
to auch 8 conjectuie comes from the appreciabie
Intenslty of a later member of the serles at 6891 A,
The Heliline st 7178 A which comes from the
transitlon (6-11) haa In the hot stars a share In the
complex emisslon feature at 7130 & of which NIV [s
the princlpal contributor. The asymmetry In the
longward wing of this band may be taken to indicate
a significant contribution by Hell {(6-11) to the
complax. The cooler stars dlspaly the presence of
all members of the (6-n} serles that fall In the reglon
of the spectrum accesalble to the I-N emulsion.
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Figure 4. The naar-Intrared speotre of HD 165783 (WCE), HD 182103(WCB) and 42 velorum (WC8 4 G)
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The cantribution by He | to the Infrared spectrum
of a Wolf-Rayet star |8 significant but not striking.
With the exception of 7085 A none of the lines at
7281 A or 8361 A are of Intensity comparable to that
of 6678 A.

A noteworthy featurs is the Increase in intensity
of the continuum as one goes to longer wavelengths
in HD 161832, While the curves of Figura | do not
rapresent a spectrophotometric assessment of contl-
nuum variation, ona can In & qualltative sense say
that the continuum of HD 151932 at 8200 X ls much
brighter than that at 7000 A. The comparison with
the continuum of a similar spectral typa a8 In the cass
of HD 82740 or HD 93131 demonstrates the tendency
of an ' sxcess '’ of continuum radiation at 8000 & In
the case of HD 161832. Kuhl (1988) has photo-
alectrically scanned the contlnuum of several Wolf-
Rayet stars. But his list does not contaln any WN 7
star and difficult asitls to extrapolate the energy
curves he has derivedto that of the later spectral type,
there is nothing to suggest the possibility of the
**excess '’ geanin HD 161932, Much the ssme ean
be sald of the study of Andrlllat (1967) where agaln
the coverage of spectrophotometry to type WN 7 is
sparse. The problem of the continuum of HD 151932
le best studied with the photoslactric spectrum
soanner. It is very possibie that we may be witness-
Ing here an ** exceas ** of radlatlon caused by the
prasence of a red phyalcal or optical companlon. Such
a sftuation has its attractlve feature of novelty aince
all known physical companions of Wolf-Rayet stars are
early typa stars,

3. The Carbon Bequence

lonlzed hellum and C I, C (Il and C IV dominate
the spectrum In this wavelength region. Intenalty
tracings of the three stars we have studled are ssen
In Figure 4 together with the relevant identif/catlons
outlined in Table 2, Qur sample of varlety In excitatlon

Is limited but It has a WC 8 and WC 7 along with the
spectrum of HD 68273, The latter typlfles the cont-
amination In the continuous spectrum caused by the
O companion In the binary system.

The strongest emisslon features In the reglon
between 8560 1 and 8000 A are 6747 4, 7066 4 and
77268 A, The first two ars esgentlally compoaite
features and hence nelther |a virtually unblended to
a degree wherein the intensity of the fsature oan be
used for a quantitative essessment of the physleal

Teble 2 Wavelength |dentification In the WC stars

A Orlgln A Origin
6606  Hell 7178 He ll 71178
8683 G il 6578 7210 c 17210
g 8582 7212
8692 C IV 7238 cll 7231
8805 7258
6678  Hsel 7287
8683 He || 8883 7282 Ha | 7281

7370 cw

8720 CIl,Clll 8727 7448 OV 7422
C 1l 6731 7437

8747 Cll.C Nl 6742 7488 C |Il, 7487
C 111 6744 7610 Cll 7805

CIl 8781 c Il 78089

6764 C It 8762 Cll 7820
8780  Cli &80 7688 Cil7877
8763 7678

8787 6887

6701 7882

6801 He Il 7602

8687  C Il| 8857 C lll 7586
6803 7729 CIvV 7728

0801 |1l 6881 7737
He Il 8381 7800 c Il 7780

C 1 8800 7758

7012 01V 7004 He | 7818
7036 OIv 7032 7862 C IV 7882
C il 7037 1878

7063 O IV 7063 7881 C IV 7848
C Il 1048 8082 C Il 8082

7063 8083

7064 8240 Cl V 82348

7065 CiV 7082 He Il 8237
Cil 71084 8280 C 11I 8268

He | 7088 8212

7120 cll M2 8300 C Il 8207
7113 8341 Gl 8333

7118 8342

119 8348

7128 8360 C Il B3B8

7182 8369

7134 He | 8362

conditions in the stellar atmosphere. The feature at
8747 A is princlpally a composlte of 6742A and
6744 A, both of CIll with contributions from C i
fianking on elther wing. The emisslon at 70864
conalsts of the (7-8) hydrogenic transition of C VI a8
the primary feature with appreciable contributiona
from He | 70664 and C 1l 7064 4. However, the
emlssion line at 7726 A Is entlrely due tothe C IV Ion.
The possible components of this feature are the {8-7}
hydrogenic transition of C IV at 7726.64 A.and the
(8-11) transltion of the same lon at 7736.04. The
contribution of the latter to the overall Intenshy s
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apt to be small and cannot certalnly be evaiuatad with
the dispersion we have used. A highei dispersion
study of the profile of this line would ba of Intersat.

Most of the other emisslon features of low
Intenslty seen on the tracings, are essentlally blends
of lines of the three carbon lons end the neutral and
tonized hellum atom. Weak feature at 7120 A and
7236 A I8 of C Il while a single feature at 72104 |8
of Clll. Ratlos of theas lines orlginating from the
different lons can be teken as criteria for special
classification In thls reglon of the spectrum. The
6-n serles of He Il can be seen easlly but are quite
weak and with the exceptlon of 7178 A (6-11) are
blended with lines from the other lons. The exception
provides little advantage, however, sirce the line is
very weak In Intensity. The helium line at 8878 A Is
perhapa the strongest neutral helium line. But its
longer weavelength wing Is blended with the He i
line at 6683 . The He | line at 70856 A Is posalbly
strong but Is quite well blended with C IV at 7062 A,

Perhaps the only line that can be assigned an
unique wavelangth for radial velocity maasures [s
C IV 7726. It would undoubtedly ba adventagecus
to use this line for the determination of velocity
curves for binary stars that have WC components.
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