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THE SPECTRA OF THE WOLF-RAYET STARS IN
THE REGION X\ 6500-8800*

P. Swings anD P. D. Jose

McDonald Observatory and Institut d’Astrophysique, Liége, Belgium
Received February 10, 1950

ABSTRACT

The spectra of seven Wolf-Rayet stars have been observed in the region A\ 6500-8800. For the identi-
fications, tables of predicted lines of C 11-1v, O 11-v1, and S7 111 and 1v were prepared. All strong emission
lines are satisfactorily explained in the WC sequence; in the WN sequence, a fairly strong complex emis-
sion niear A 8240 remains unidentified.

No spectroscopic information on Wolf-Rayet stars is available in the near-infrared
region.! Spectrograms in this region were obtained in June, 1949, for seven Wolf-Rayet
objects, using the fast plane-grating spectrograph at the prime focus of the McDonald
reflector. The linear dispersion is 370 A/mm at A 6600, 345 A/mm at A 7500, and
312 A/mm at A 8500. The I-N emulsion used was hypersensitized with ammonia; the
exposures ranged from 20 minutes to 4 hours. Fourteen spectrograms of good quality
were obtained, seven of WC objects and seven of WN objects. The list of the observed
stars is given in Table 1.

TABLE 1
WOLF-RAYET STARS OBSERVED IN THE NEAR-INFRARED REGION

JHD 184738 (WC8 + nebula) (2 exp.)
Carb HD 164270 (WC8) (2 exp.)
arpon sequence. .. ... IHD 168206 (WC7) (2 exp.)

HD 192103 (WCT) (1 exp.)

(HD 151932 (WN6+) (2 exp.)
Nitrogen sequence. . . ... {HD 192163 (WN6) (3 exp.)

[HD 193077 (WNS) (2 exp.)

Of these objects, HD 168206 is a binary,? while HD 193077 is a suspected binary.?
From Hiltner’s period, the phase for our spectrograms of HD 168206 would be about 14.4
days, which would correspond to velocities of the order of +330 km/sec for He 11 emis-
sion, +125 km/sec for C 111 and C 1V emission, and — 10 km/sec for H absorption. How-
ever, no correction has been entered in our list of wave lengths, although we usually find
the measured wave lengths of HD 168206 to be higher than those of the other WC ob-
jects. The list of stars observed does not represent the two sequences as well as we de-
sired: adverse observing conditions prevented us from extending the investigation to a
greater number of objects. It is hoped that the work may be pursued at some later time.

The spectrograms are reproduced in Figures 1 and 2. It is readily apparent that the
WC stars are much richer in infrared lines than are the WN objects. The difficulties en-
countered in measuring Wolf-Rayet spectra in the usual spectral region have also been
encountered in the infrared. In addition, great difficulty arose in relation to the identifica-

* Contributions from the M cDonald Observatory, University of Texas, No. 188,

L C. S. Beals (Pub. Dom. Ap. Obs., Victoria, 4, 271, 1930) observed five lines beyond Ha, to X 7117
(Table 1, p. 277).

®W. A. Hiltner, 4p. J., 102, 492, 1945. 3 Hiltner, ibid., 101, 356, 1945.
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Table 2
Carbon Sequence

HD 184738 HD 164270 HD 168206 HD 192103

Identification (wes) (wcs) (WC7) (We7)
Element A Designation Int A Int A Int A Int A
Ha %6562.8  2°P°-3°D 12 62.5 20 65.4

He II  6560.1  %2F°-6%G

15 81.8 g8 77.9
CII  *6578.0 3szs£-3p2P°l; 10 96.4
2 2
C II 6582.8 35281—3p2P°1
2 2
CIv 6591:9  6s°S,-7p°p°
7P 1
2 2’ 15
C III  6617.6 5p3D3—6d3D°3 1?2 7.7  1s? 13.8
0 IV 6632.1 5d2F°2l-3d"'2F2l 1?7 31.8
p) 2
2 2.0
(o 11 6627.7  3a%P 1-40°P°% 1)
2 2
He I 6678.1 2'P°l—3'D2 3 78.7 4 80.2 3 78.7
(ov 6685.3 4d'P°1-7d'D2)
C III  *6744.2 ) z 30.1 8 36.5 L 47.3 15  40.8
C III  6730.7
? 3s2p°-3p°D
C III  6727.1
CIII  6742.2 )
(c 11 6750.2
3p#D-3d4D%)
(c 11 6738.4
(0 III  6737.1 4d3D°3—3$'3D3)
(0 IIT  6743.0 3d3P2-6d3D°3)
(0 IV 6745.8 33"4P2l—4d4D°3;)
2 2
CII  6783.7  3s4p°,-3p%D 3 8.7 8 85.0 2 82.1
) 2
Cc II 6779.7 354P°li-3p4D2;
2 2
(c III  6779.4
(c III  6791.5 S 3d3P°-6ss)
(c III  6798.2
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Table 2 (continued)
HD 184738 HD 164270 HD 168206 HD 192103

Identification (wcs) (wcs) (we7) (we)
Element A Designation Int A Int A Int A Int A
CIII  6803.6 9d3D3—4d3P°2 1?2 10.7
0 IV 6817.5  3p"20°1-3a"?F 1

2 2
(0 III  *6847.8 4p3D1-4d'P°l) 1? 53.5
C III  *%6857.3 2s 6l.4

C III  6862.9 p 3p°D-3a°D°
CIII  6871.7
C III  %6881l.9 12 00.0 4 94.6

3p>P-5p°P°
CIII  6899.4

(ov 6888.9 3d3902—45381)
(0 II 6895.3
3d4F-4p4D0)
(0 11 6906.6
(0 III  6952.8 AslPol-4pls°) 0 46.2 0 38.3
01V 6931.4  3s5%P% -3p°P))
2 2
(c 11 6959.3  4phP,1-5040°,)) 1-0? 69.4 1 72.1
2 2
CIII  17036.9 3slP°l-4dlD2 5 25.6 6 33.1 5 25.6
3 53.5
He I  %7065.2 23P°2 1-3331 YA 8  62.3 15 60.2
s

(C III  7047.8 5p3P2-6d39°2)

(C 11 7063.4
3p*s-3a4p°)

(c 11 7052.9
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Identification
Element Designation
23,0 1.
(0 I1I 4s7P° -4pD,)
(0 II 3d2D2;—4p2P°l;)
2 2
(c 11
(c 11 3p#D-3a4F°)
{c 11
(P 59%D-447F°)
3p _ea3p°
c III 5p7P -64D°;
10 1
¢ IIT 3alp®,-5d'D,
(0 IV 3d'2F°3l-4p2D2i)
2 2
3n _.a3p°
(0 111 4p°Dy-4d7P Y,
2,0 2
c II 3°P%-3°D 3
2 2
Cc III 5p3P°2-6d3D
250 42
c 1I PO ,-3°D
3 11 3 2%
2
3 _4a3n0
(o 111 3d°F ,-6d°D 3)
(o III 453P°2-4p'D2)
He 1 2'P°l-3's0
2 e
(0 11 342D,_1-4pD° 1)
2 2
(0 III 3d3F3—6d3D°3)
3p0 _343
0 III 557P°,-30°D,
o
¢ III 3p'D,-3d' PO,
300 _a4q3
(0 III 55°P°,-3d°D,)
0 -
(ov 4s'P% -4p'D,)

Tabie 2 (continued)

HD 184738 HD 164270
(wes) (wee)
Int A Int A
2 8.2 3 10.¢
l-2 33.0 < 29.3

1 56.4

1 84.0
8 29.1

20 31.5
8 3boh
o] 71.7

2 83.2
0 94.8
516

HD 168206

HD 192103
(wer) (we7)
A Int A
2? bod
26.9
3 38.8
0 79.5

33.9 12 "34.2

1? 88.8
0 23.0
0 45.6
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Table 2 (continued)
HD 184738 HD 164270

Identification (wes) (wes)
Element A Designation . Int A Int A
\ 2.0 _7qR 5
C IV  *%7380.2  6p°P 1,774 1 8l.1 12 70.7

2’2 2045
(o II 7369.3 3d4P2l-4p4D°3;)
2 2
(0 IIT  7366.1 3d3F4—6d3D°3)
0 IV 7418.0  64%D,1-7e%F0,) 1-0 20.0
2 2
ov 7437.3 45381—4p3P°l 0-1 32.9
C III  7485.2 5d3D3-6r3F°4 2 8l.8 5 8l.6
(ov 7483.0 45381—4p3P°2)
c II #7506.8 ) 2 18.4 4 15.9
¢ II 7521.6 > 5p°P°-3p°D
Cc II 7525.7
c II 7509.4 )
c II 7520.0
L 2p>?p°-3p°p
c II 7520.5
cII 7531.0
0 III  7514.1 4s3p°2-4p3pl
2 2.0
0 IV 7510.5  4p°D)3-4a"P°)
, 2 3
2,0
0 II 7504.0 d %6 ,-5£%G
504 3d %6,1-50%6° 1
2 2 )
0 III  7550.4 353P°-3p3s°l 1 51.4 1s? 49.7
C III  *7576.6 3 83.9 7 85.9
C III 7585.8
¢ III 7595.2 3s3p°_4a3p
C III  7611.8
C III  7625.5
517

HD 168206
(wWC7)

Int

1

A
90.8

HD 192103
(we7)

Int A
8 78.9

8n 91.9

10 ?95?
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Table 2 (continued)

HD 184738 HD 164270 HD 168206 HD 192103
Identification (wcs) (wce) (wWC7) (wc7)

Element A Designation Int A Int A Int 1S Int A
C III 7592.8

C III  7614.0 > 3a3F°-557¢

C III 7613.5

0 IIT  7606.0 35391-3p3s°1
0 IV 7588.6 ApZDIL-AdZPOlL
2 2
Si IV 7656.7  6p2P°. ,-7s°S 1-0 62.5
: 1l 1/2 :
2
0 IV 7651.9
3p"p°-5p2p
0 IV 7669.0
2.0 2 .
S1 IV 7678.3  6£%F° 1-7g%G 0 8¢.3 1 81.9
2 4
2 2 o
cIv 7704.5  6a*D-71F0 3 8.8 5 5.3
C III 77074 3p'P1-3d'D°2
0 III  7711.2 353P2—3p3s°1
2. .20 ) .
CIV  %7704.5  6d°D-7f%F 2 26.4 5  32.2 6 27.7 20 26.0
cIv 7723.7  6£°F°-7g%G
cIv 7726.1  6g°G-7h?H°
C Iv 7726.6  6h°HO-7g%G
CIv 7728.0  6g°G-7£°F°
2.0 2
c v 7746.2  6£°F°-7d°D
2
(0 Iv 7715.1 4p2D2;-4d P° 1)
2 2
2 2.0
v 16. G 1-
(si 1 7716.8 6g 5 7Th“H 5l)
(s1 IV 7730.8  6h%H°-7g%G)
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Table 2 (continued)

g HD 184738 HD 164270 HD 168206 HD 192103
Identification (wcs) (wcs) (we) (wWC7)
Element A Designation Int A Int A Int A Int A

3

C III  *7771.1 3p351-3d Pbo 3 73.0 ) 27 T75.2

(st III  7772.3 3d3D°2—53363)

5.0 _35
(o1 7772.0 3”8 s 3 PB)
CIII  *7779.9 3p381—3d3P°l 2 83.8 } 6  87.6
CIII  *7795.9  3p’s,-3a7P°, 3 95.7 ) ' 22 99.8
(si III  7803.3  3&°D_-5g°G_ )
3 3,4
(c 11 7853.2 4r2F°2;73p4D 1) 2 56.9 1?2 59.0 L 61.8
- 2 iz
0 III  7872.5 4p3D2-4d3D°2 2 8l.4 2n  76.7
0 III  7910.5 4p3D2-4d3D°1 0 13.3
0 IV 7938.1 3d'2P°ll-4f2D11 0 43.7 1?2 37.1 2 46.2
) 2 2
O IV 7944 4pPDL1-8T7F° 4 4
= 2=,3=
2 2272
c III 7969.3 5g'64-6f'F°3 1?2 69.7 1 61.0 1?7 63.6
cIv 7957.7  64°D-7pRp°
0 III  7962.8 4p3D3-4d3D°3
CIII  8019.5  5'Dy-6f'F 2-3 19.0
C II 8061.9 2 68.9
c II 8062.5 > 3pP-3a%p°®
c II 8076.5
(ov 8061.0 4p3Dl-4d3P°o)
(ov 8068.8 3d'P°;-4s'S )
o
CIII  8l44.5 Ts? 42.0
: 5g3G-6£°F°
C III  8l45.1
2.0 2
C II 8161.4  3d°P°. 1-4p°P.1 1?2 64.1
1L 1k
2 2
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Table 2 (continued)
HD 184738 HD 164270 HD 168206 HD 192103

Identification (wes) (Wc8) (wer) (WC7)
Element A Designation Int A Int A Int A Int A
0 III  *8l72.2  4s'P%-4p'D, 5  96.1 8 95.3 4 3.8 8
ov 8205.2 4p3D2—4d3Pol
C II 8176.8
¢ II 8177.5 > 3d°P°-4p?p
c II 8193.0
C III  %8255.0 3d3F°2-5d3D3 12 42.1 5 47.4 6 42.1

2 55.5
C III  %8272.0 3d3F°3-5d3D3 1 60.7 5 66.0 5 62.2
C IIT  8297.2 3d3F°4-5d3D3 27 97.6
C III  *8322.4 Bd'Pol-éd'D2 2 8.8
c III 8335.1 3P'So—6p'Pol 4 20.0 ) 3
c1I *8335.2 35'P°1—3p'S° 3 28.3 } L 41.0 > 8 | 27.6

c I1I 8333.6 )

C III  *8342.7 4 43.0 10 40.1 )
CIII  8348.7 ¢ 4d°D-3a°F°

C III 8359.0

C IIT  8360.1 J

o
ov 8311.6  7d'D,-8p'P°)
0 III  8339.5 ApSDoz—AdSPl
¢ II 8330.1
to 3p#p-3d°D°

8357.1
0 1II 8356.7 AP'Pl-Ad'Doz 1 54.6
He I 8361.77 3°8-6%p°
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Table 2 (continued)
HD 184738 HD 164270 HD 168206 HD 192103

Identification (wes) (WC8) (WC7) (WC7)
Element A Designation Int A Int A Int A Int A
CII 8391 4abFO1-sriD 1-0 95.6 22 80.9 22 87.7

L 1
CII  8398.7  4a%F° -5t%p
) 2 %2

¢ III 8367.4 )

C III 8370.9
> 4p7P°-30%p
C III 8393.2

C III 8396.7
0 II 8376.5

. 4p4D°-554P ‘.
0 II 8382.8

0 III 8365.1

0 III 8377.1 APBD—3P3P°
0 III  8385.8
2, 2.0
P 8392.40  3%D-20°F
c 11 8413.9 BpLSll—BdADo 1 0? 15.2 22 5.5
2 e
cII 8413.6  4d 4;—5f4651
3 2
2.0 2
c Iv 8403.9  6p°P°) ,-7s°S]
72 2
0 II 8404.5
4p D% 5s%p
0 II 8417.0
P 8413.3  3°D-19°F°
19
01 *8446.3 338°1-33P2 1 42.9
o 5.0 5
LT 8442.3  4p°D°-4a’P,
Pig 8437.96  3°D-18%F°
3 3.0
0 III  8461.9  4p°D,-3p”P%, 0 66.8
CIIT  *%8499.7  35'S,-3p'P°) 3 0.2 8 97.7 3 8.0 g 99.1
521
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Table 2 (continued)
HD 184738 HD 164270 HD 168206 HD 192103

Identification (wes) (wca) (we7) (wc7)
Element A Designation Int A Int A Int s Int A
C 11 8568.7 0 72.0

4a4FO-50%F
Cc II 8579.5 °

cII 8590.5 4d‘F°3l-sf4F4l
2

2
450 1 _sp®
c II 8594.8  4aAFO,1-5¢7F ) g1
2 2’72
Py 8598.4  32D-14%F°
0 III  8581.7 4p5D°4-4d5P3
cII 8611.9  4a“F° l—SfAF#l 22 11.1 ’
43 2
Cc II 8615.4 4d4F°4l-5f2F 1
2 2z

0 III 8612.8 4p3D3-3p3P°2

C III %*8665.4 3 63.4 6 6l.2 3 60.6 g 65.9
CIII  8666.7 S 57F°-6g°G

C III 8667.2

(c 11T 8662.0  5p'P° -6s78))

2
0 IV 8669.9 4p2D2;-4d F°2l
2 2
¢ II 8681.3
4s%s-2p> %p°
Cc 1I 8695.4
0 II 8680.0
4a%F-5£47°
0 II 8690.6
P 8665.0  3°D-13°F°
13

522
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pd: D ITIA7 15138)

(10504

NOTES TO TABLE 2

*X 6562.8—In HD 164270 and HD 168206 the shortward wing is stronger than the longward In
HD 168206 the emission is definitely double.

*X 6578.0—C 1v contributes probably to the emission in the WC7 stars but not appreciably to that in
the WC8 objects.

*\ 6744.2—In HD 164270 there may be some weak emission between X 6736 and X\ 6785.

*\ 6847.8—The O 11 identification is doubtful, since it is an intersystem combination.

*\ 6857.3, *\ 6881.9—In HD 192103 there may be some absorption between A 6861 and A 6895. The
complex emission A\ 68616895 is also weakly present in HD 168206.

*\ 7065.2—This line has a complex profile in HD 164270, the longward half appearmg weaker than
the shortward; it may actually be a double line.

*A 7109.1, *\ 7136.8—0n one spectrogram of HD 164270 the emission near A 7120 appears single at
A 7120.0, with W = 880; on the other plate the double character is suspected. In HD 168206 the emission
appears smgle

*\ 7231.1, *A 7236.2—This is the strongest infrared line in the WCS8 stars. The total half-width is
W = 433 in HD 184738, W = 930 in HD 164270 (with probable weak reversal). In HD 168206 the line
is double, with components centered at A 7219.4 (int. 10, W = 344) and A 7253.7 (int. 9, W = 468). In
HD 192103 the line is double, with components at A 7217.9 (int. 12, W = 465) and X 7250.6 (int. 11,

= 533).

*>\ 7281.3—The double structure in HD 184738 is uncertain; on one plate the emission is measured as
single at A 7281.9.

*\ 7380.2—In HD 164270, the emission is suspected to be double at AX 7355.3-7379.5. The shortward
component may be due to O 111 (A\ 7343.8-7366.1).

*\ 7506.8—In HD 164270 there is some emission between these two lines.

*\ 7576.6—This emission, which is present in all four stars, is sharply and deeply cut by atmospheric
absorption; it is hard to estimate the position of the maximum, or even the line intensity or structure.
In HD 168206 the emission begins at X 7576.6. In HD 192103 it extends from X 7569.4 to A 7621.4. In
HD 184738 a line is measured at X 7618.2 on the longward side of the atmospheric absorption.

*\ 7704.5—This is a very intense, wide, and shallow emission in HD 192103, the large width being
mainly due to the blending of several 7 — 6 transitions in C 1v. In HD 184738 the A 7726.4 emission is
wider than X 7708.8, and a triple structure is suspected at AN 7725.1, 7733.2, and 7744.5.

*NTT71.1, *N7779.9, *\ 7795.9—While the triple structure of this group appears fairly well on one
spectrogram of HD 184738, the emission on another plate is found to be a wide line with minimum at
A 7790.1. In HD 164270 no definite structure appears. In HD 192103 there seem to appear at least two
components.

*A 8172.2—This emission is complex in HD 192103. Either it may be described as double, with first
component at A 8179.8 (W = 431) and second at A 8209.7 (W = 390); or it may be tnple with two
fairly sharp components at A\ 8172.6-8187.2 and a broader one at X 8209.7. By comparison with the
C 11 line at A 8161, the C 11 contribution to this emission should be minor.

*\ 8255.0, *A 8272.0—In HD 168206 the double structure is not seen; in HD 192103 it is only sus-

ected.
P *X 8322.4, *X 8335.2, *A 8342.7—This is a complex emission. It is resolved on one spectrogram of
HD 184738. In HD 164270 and HD 192103 the structure is only suspected. On one spectrogram of HD
168206 there seems to be a reversal at A 8341.0.

*\ 8446.3—This line may belong to the nebula.

*\ 8499.7—This emission has a complex structure in HD 192103. In HD 168206 there is a weak cen-
tral reversal.

*\ 8665.4—In HD 192103, this emission appears to have three maxima at A\ 8647.0 (int. 8), 8664.1
(irit. 7), and 8680.2 (int. 6).
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Table 3

Nitrogen Sequence

HD 151932
Identification (WN6+)
Element b Designation Int A
2
Ha 6562.8 2°p°-3°p 10 62.9
He II 6560.1 4°F°-62G
N II #6610.6 3p'D,_-~3a'F°
2 3
N III *6642.6 432D _1-3a%p°
2L 21
2 p)
He I 6678.1 2'P°1—3'D2 3 80.8
NV #6719 7%5-82p°
(N I 6645.0 3p4D°3l-534P2})
P 2
N III *6767.4 3a%F°,1-6a%D_;
2L 2k
2 2
LA TL.5
(¥ 11 *6888.7 3p5S°2-3d5P3)
N III 6965.4 3p'2D, 1 -4d°FO
. 2% 2L
2 2
300 _33 p
He I *7065.2 2’po, |-3%s, 2 7L.6
(st IV 7046.1 5d2D2£-6p2P°11)
2 2
N IV %7109.2 3p3P°1—3d3D2 4 5.0
N IV %7123.1 3p3p°2-3d3D3 4 22.3
N II %7139.8 3d3P°2—4p3D3 12 47.8
(Be II 7177.5 526-1121°)
0? 83.9
N II 7217.0 3d3P°1—4p3D2 2 16.4
N II 7259.3 3aP® _4p7D
o Y71
He I 7281.3 21p° -3ts
1 o
NV %7320.8 72p°_g2p 2 33.8

524

HD 192163
(WN6)

Int

20

1?

27

> 25

3?

287

76.3

1.6

69.8

95.3

65.4

57.0

11.4

69.9

53.0

2s8? 79.6

HD 193077
(WN5)

Int A
20  62.3

1-2 11.5

1 42.7

2-3 85.7

1s 16.6

54 69.4

1 53.5

20 14.4

27 43.0
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Table 3 (continued)

HD 151932 HD 192163 HD 193077
Identification (wWNe+) (wNe) (WN5)
Element A Designation Int A Int A Int A
N III 7355.5 3p%D1-30°D°,1 0 50.2
2=
2 2
3 3,0
si III 7355.0 4a’Dy 5 1-3a7P%,
N III %7410.8 354P°l;—4szsl 1 10.3
2 2
N IiI 7403.7 )
3p®D-3d“D°
N III 7418.3
N II LIV 3d'F°3-4p3D2 1s? 38.6
N II 7510.1 3d3P°2—4p'Pl 1s? 5.3
NV %#7600.2 7a2D-8£2F° 3 ... 15 290.9 10 ?90.1
NV 7615.8 7£2F°_8g2G
N II 609.1 arp® -4p3p
7609 3a'e° -4p’p,
He II 7592.7 52G-10%H°
N III 7685.6 5a2D_;-6£F° 1 32 86.9
2L 3%
2 2
240 2
si IV 7678.3 6E°F°_1-7g%G
AT
2 2
N IIT 7859.9 3d4F°4l-5g2G31A4% 2 68.3
2 5
N II 7897.9 4p'Pl-5s'P°l 1s? 7.8 0 91.5
N II 7906.3 3d'P°l-4p3D2
2.0 2
N III #8022.2 50°F°.1-687G.1 1 4 5.3
3= 32,4
2 "2
N III %#7970.1 3 35.0
N III 7983.3
N III 8003.1 43°D-3a4%°
N III 8005.7
N III 8025.7
N III 7967.1
N III 7989.7
3s%P°-3p4D
N III 7999.5
N III 8039.5
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Table 3 (continued)

: HD 151932 HD 192163 HD 193077
Identification (WN6+) (WN6) (WN5)
Element A Designation Int A Int A Int A
N III 8062.5 35%p°. 1-3p%D) 22 55.7
2 2
N II 8089.1 2n? 7.6
3p'D-3d>F°
N II 8128.2
ceen P Ceeedeens 6 13.2 4 12.1
cee *oie.. Ceeeeeas 8  29.5 7 42.7 6 4h.6
(N 1I #8253.3 4p>D;-5512°)) 4-5 259.4 1?2 55.8
(N II 8288.1 4p3D2—5s’P°l)
(N II 8297.4 3d‘P°l—4p'Pl)
2.0 2
N III 8306.4 35“P%1-3p°P_1 1s? 12.2 1?7 27.8
2 13
He I *8361.8 335-6p° 2 59.4
N II 8589.3 4p?P -55'P% 2 88.9
(N 1 8594.0 3sp, -3p%P°))
2 2
N II 8660.7 2 99.9
N II 8675.7
4p°D-553p°
N II 8695.2
N II 8699.1
N II 8698.4
N II 8702.2 4a3F0-51%G
N II 8710.8
3.0
N II 8703. a’r° 511G
703.3 4a7F° 5216,
3,0
N II 8686.9 2p°'2° -3p's,
(NI 8680.2
to BSAP—BPADO)
8747.3
N III 8738.3 Apzpll-4d4p°2l 0 40.7
2 2
2 270
€y, 8750.5 3°D-124F9)
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NOTES TO TABLE 3

*N 6610.6, ¥\ 6642.6—These two lines are difficult to measure and somewhat uncertain. Other transi-
tions of the 4d?D —3d‘D° multiplet may contribute to the emission at A 6642.7; these other transitions
are A\ 6644.5, 6638.6, 6628.9, 6652.3, and 6630.1.

*\ 6719, *A 6767.4—Measurement difficult in HD 192163.

*\ 6874.5—This looks like an absorption feature; however, it may simply be a narrow spacing between
two unidentified emissions.

*4 6888.7—This emission is also weakly present in HD 151932 and HD 193077.

*A 7065.2—Difficult to measure in shortward wing of the intense N 1v emission.

*\ 7109.2, *\ 7123.1—Other weaker components of the N 1v multiplet contribute to this emission.
In HD 192163 the width is hard to determine, since weak additional emissions appear in the wings which
extend farther than in HD 193077.

*\ 7139.8—Difficult to measure on longward side of the intense NV 1v emission.

*\ 7320.8, *)\ 7410.8—Measurement difficult and uncertain.

*\ 7600.2—This is a strong emission which is sharply and deeply cut by atmospheric absorption. It is
not pos;ible to determine the line centers and widths with accuracy. Four 8 — 7 transitions of N v fall
near A 7600.

*\ 8022.2, *\ 7970.1—This may be a single emission with reversal at A 8021.5.

*\ 8213.2, *X 8242.7, *\ 8259.4—Complex pattern. The triple structure is well marked on two of the
three spectrograms of HD 192163 (see Fig. 2). In HD 151932 a broad emission with sharp reversal at
8229.5 is observed; the line extends from A 8198.6 to A 8255.4. In HD 192163 there may be a reversal at
A 8228.6, between the components of intensities 6 and 7. In HD 193077 the minimum (reversal?) is
measured at A 8228.6.

*\ 8361.8—There may be a minor contribution by the 3p?D —4d‘D° multiplet of N 111, extending
from A 8344.3 to A 8387.0.
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tions. As appears readily from an examination of the Revised Multiplet Table, little labora-
tory work has been done on the infrared spectra of the ions which are of interest for Wolf-
Rayet stars (C 11-1v, N 11—v, O 11—v1, Sz 111 and 1v). On the basis of the term table re-
cently published by C. E. Moore,* all the permitted transitions between known terms
were computed for the wave-length region A\ 6500-8800. For C 11, the intersystem com-
binations are weak, yet have been considered; for C 111 no intercombination has been
computed. In N 11, the singlet and triplet terms are well connected by intersystem com-
binations; intercombinations have also been considered for N 111, but not for N 1v; for
N v, the predicted wave lengths are rather poor, since they are based on extrapolations
in term-series formulae. Since the oxygen ions should give only fairly weak lines, the in-
tersystem combinations have been mostly omitted for O 11-vi. The same applies to
S 111.

It is obvious that such tables of predicted lines do not permit as safe and complete
identifications as would tables of laboratory lines. Only little help may be found in the
relative intensities; moreover, certain predicted transitions may actually be too weak to
appear in the laboratory, while new lines may be found experimentally, leading, actually,
to new terms. Unsatisfactory as the procedure is, there did not seem to be any alterna-
tive, pending a laboratory investigation of the infrared region of the spectra of the ions
concerned. Indeed, it is hoped that the publication of the present results will serve as an
incentive to laboratory spectroscopists.

Our results are collected in Tables 2 and 3. For each star, we give the estimated intensi-
ties and the mean wave lengths of the line centers. Doubtful identifications or minor
contributions are in parentheses. Asterisks preceding entries in the first column of wave
lengths refer to notes concerning the stellar lines. Most strong lines of the WC stars are
satisfactorily identified. The line at X 7862 is not well identified, while the patterns near
A 8330 and A 8250 are not convincingly disentangled. The situation is worse in the case
of the WN stars. The double emission at N 8005 and A 8035 is not too well explained.
Worse still is the case of the complex emission near A 8240. In this pattern the two strong-
est components near A 8213 and A 8244 are unexplained. An important contribution by
the 3s*P—3p*P° multiplet of N 1, extending from \ 8188 to \ 8242, appears unlikely;
He 11 can play only a minor role. From a comparison between the three stars it seems
that the pattern is due to at least two ions. It is rather tempting to assume that X\ 8213
and N 8244 are due to NV 111. The half-widths of the lines in kilometers per second (ejection
velocities) are listed separately in Tables 4 and 5.

Figures 1 and 2 show that a strong emission appears in both sequences around the
intense telluric absorption near A 7600. This emission starts on the shortward side of the
atmospheric absorption. In the WC sequence, the emission is fairly well explained by the
3s3P°—4d3D multiplet of C 11, while in the WN sequence the identification with
N v + N 11 does not seem so convincing. The profiles of the emissions appear so similar
in the WC and WN sequences (although not quite identical) that one would feel tempted
to attribute these emissions to the same atom. Pending more definitive identifications no
attempt will be made here to discuss either the widths of the lines or.the possibility of
coexistence of carbon and nitrogen lines.

Our thanks are due to Mrs. D. Crespin Sengier for her help in preparing the tables of
predicted lines.

4 Atomic Energy Levels (Circ. Nat. Bur. Stand. No. 467), 1949.
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F16. 2.—Infrared spectra of WN stars

“(Q)WN5 193077, (b)WNG 192163 ; (c)WN6 + 151932
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TABLE 4
LINE WIDTHS (CARBON SEQUENCE)

Ry

=4l
g: HD 184738 (WC8) HD 164270 (WC8) HD 168206 (WC7) HD 192103 (WC7)
]|
L
A w A w A w A w
6565.4 557
6581.8 780 6577.9 1070
6680.2 730 6596.4 537
6730.1 738 6736.5 815 6747.3 1077 6740.8 600
6780.7 526 6785.0 555 6894.6 683
7035.6 309 7033.1 328 7053.5 1165 7025.6 897
7064.4 332 7062.3 785 7060.2 595
7126.9 924
7231.5 950 7378.9 520
7681.9 730
7705.3 385
7732.2 428 7721.7 842 7726.0 935
7787.6 830
7861.8 744
8068.9 586
8195.3 605 8203.8 740
8255.5 675
8320.0 91 8341.0 726 8327.6 995
8497.7 330 8508.0 797 8499.1 875
8665.9 750
TABLE §

LINE WIDTHS (NITROGEN SEQUENCE)

HD 151932 (WN6+) HD 192163 (WN6) HD 193077 (WNS)
A w A w N w
6562.9 590 6562.2 1283 6562.3 754
6680.8 840 6676.3 1215
6721.6 1005?
6895.3 886
6965.4 1017
7057.0 1020
7111.4 1323 7114.4 599
7169.9 945
7590.9 1105 7590.1 993
8213.2 347 8212.1 248
8229.5 1030 8242.7 371 8244.6 378
8259.4 348
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