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Abstract. The emission and absorption lines (143716 —4290) in the spectrum of the quasar 0237 — 233 are
identified within the framework of the PLS model. The available evidence indicates that it is a helium star.
Similarities between the spectral properties of 0237 — 233 and the star Upsilon Sagittarii are pointed out.
Predictions are made for the absorption-line spectrum which falls outside 143716 — 4290 and also for an
expected discontinuity at 12600.

1. Introduction

The object PKS 0237 — 23 was identified as a quasar by Arp et al. (1967). They reported
five emission lines in its spectrum and interpreted the spectrum on the redshift hypothesis
as having an apparent redshift of ~ 2.22. This quasar has played an important role in
the history of quasars. So many absorption lines were found in the spectrum of this
quasar that multiple redshift hypothesis was advanced to account for them. In this paper
we identify the emission and absorption lines in the spectrum of this quasar on the basis
of the plasma-laser star (PLS) model of quasars (Varshni, 1973, 1974, 1975, 1977a, b,
1978, 1979, 1985, 1988a, b; Varshni and Lam, 1976; Varshni and Nasser, 1986). Our
theory does away with the artificial assumption of redshifts. Laser action is responsible
for the broad emission lines.

2. Emission Lines

2.1. THE DATA

There are several other quasars which belong to the same spectral class (Varshni, 1976)
as 0237 — 233. We summarize the available data on emission lines for all these quasars
in Table I. There are a number of other quasars (Hewitt and Burbidge, 1987) which
appear to belong to this spectral group but the available data are too poor to make a
definite assignment. For each quasar the first row shows the reported wavelengths.
Below each wavelength, where known, are shown the characteristics of that line. For
three of these quasars, 0237 — 233, 0029 + 003, and 1448 — 232 the available emission
line data appear to be better than those for the rest.

0237 — 233. There are only two sets of measurements of the emission lines, one due
to Arp et al. (1967) and the other due to Burbidge (1967). Arp et al. (1967) obtained the
spectra (for emission lines) at a dispersion of 600 A mm ~ ! at the prime-focus of the Lick
120-inch telescope. These authors found five emission lines. Burbidge (1967) also used
the Lick 120-inch telescope and the spectrum was obtained at a dispersion of
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370 A mm ! on baked I1aO emulsion. She found two emission lines. There are large
differences in the wavelengths of these two lines as given by Arp et al. (1967) and by
Burbidge (1967).

0029 + 003. This quasar is one of a close pair of quasars. The other member is
0028 + 003; the separation between the two is 62" . Shaver et al. (1982) observed the two
quasars at low (114 Amm~!) and intermediate (59 A mm~!) dispersion with the
European Southern Observatory 3.6 m telescope, and at high dispersion (33 Amm~1)
with the Anglo-Australian telescope in October 1981. The line at 13920 is absent. For
other quasars in Table I, in the redshift hypothesis, this line has been identified with La.
Its absence in 0029 + 003 shows that such redshifts which primarily depend on a line
being identified as La are highly suspect.

1448 — 232. The best data appear to be that of Chen ezal. (1983, 1984). Their
observations were carried out in 1977, 1979, and 1980 at a dispersion of about
33 A mm ! with the Anglo-Australian telescope.

2.2. LINE IDENTIFICATIONS

Line No. 1. — Arp et al. (1967) give the wavelength as 3930 A, while Burbidge (1967)
gives 3919.8 A. Arp et al. note that their measurement of the 43930 line was affected
by the presence of the mercury night-sky line at 44046. The better dispersion used by
Burbidge (1967) as well as the tracings given in Bahcall et al. (1968; hereafter referred
to as BGS) favouring Burbidge’s value. We identify this line with C1t A43919, 3920.7
(mult. 4) which is also known to occur in WR spectra and in nova like stars.

Line No. 2. — There is a considerable spread in the reported wavelengths. Assuming
that the one reported by Shaver et al. (1982) is closest to the correct value, the identifi-
cation is with N 11 13995 (mult. 12). The line occurs in Wolf-Rayet and novae spectra.

It is of interest to compare the behaviour of 0237 — 233 and 0029 + 003 with respect
to Line Nos. 1 and 2. In 0237 — 233, No. 1 occurs but No. 2 does not, while in 0029 + 03,
the reverse is the case. Precisely this type of behaviour is expected from laser action in
our theory (Varshni, 1975, 1979) for two quasars which lie at certain positions on the
n,, T, diagram. The redshift hypothesis has no explanation for this behaviour.

Line No. 3. — The recorded values for the wavelength are 4537 A (Arp et al., 1967)
and 4513 A (Burbidge, 1967). As Burbidge used a better dispersion her value appears
to be more accurate. We identify this line with C1ir 4114516, 4517 (mult. 9). This line
occurs with good strength in WC spectra. We would like to mention here another
possibility also— N 111 AA4511, 4515, 4518 (mult. 3). This line is often quite strongin WN
spectra. A detailed study of the structure of the quasar line can help to decide which
of the two is the correct identification.

Line No. 4. — We identify this line with N 11 114987, 4994 (mult. 24).

Line No. 5. — It appears only as a weak line and its wavelength has considerable
uncertainty. We identify this line with C1i1 AA5273, 5254 (mult. 4). This line appears in
WC spectra.

Line No. 6. — For this line also, there is considerable uncertainty in its wavelength,
Arp et al. (1967) note that their measurement of 16141 was affected by the night-sky
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TABLE 1

Emission line data for quasars. Below each wavelength are given, where available, the characteristics of the line. The symbols have the following meanings. Br —
broad; M — medium strength; S — strong; Wk — weak; VWk — very weak. For 0029 + 003, 0046 - 297, and 2228.6 — 395, the second line shows the equivalent widths.
For 0244 — 128, 0851 + 197, and 1448 - 132, in the second line, the values in decimals indicate the line to continuum ratios, and the values in A are the

linewidths.
Quasar 14 Set 1 2 3 4 5 6 Source
(Mag) A(A) A(A) A(A) A(A) A(A) A(R)
0237 - 233 16.63 (a) 3930 4537 4993 5285 6141 Arp et al. (1967)
S M S Wk M
(b) 3919.8 4513.7 Burbidge (1967)
0029 + 003 18 absent 3994 4507 4991 6160 Shaver et al. (1982)
160 A 21A 73 A 36 A
0046 — 297 19.5 3909 4964 Savage et al. (1985)
200 A 60 A
0135 - 002 19.1 3900 5000 MacAlpine and Lewis (1978)
M, Br VWk
0242 — 410 18.1 3905 3984 4986 5267 6155 Osmer and Smith (1977)
S Wk M Wk Wk
0244 — 128 17.1 3896 (3989) 4480 4952 5253 6120 Jauncey et al. (1984)
446,70 A 0.6 0.5,50 A 207,50 A 0.90,15 A 1.0,65A
0254 — 671 18.5 3970 4995 Savage et Wright (1981)
0851+ 197 18 3912 4494 4972 Schmidt (1974)
S,150A Wk Wk
1225+ 317 15.87 3930 4950 Ulrich (1976)
S Wk
1246 — 057 16.73 3976 4983 Osmer and Smith (1977)
S M
1448 — 232 16.96 (a) 3900 3980 4480 4970 6125 Savage et al. (1976)
25,60 A 1.0 0.25 1.0,45 A 04,120 A
(b) 3919 4494 4985 Osmer and Smith (1977)
S Wk M
(c) 3911 3985 4515 (4981) Chen et al. (1983, 1984)
1816 + 475 18.2 3928 4508 4986 Walsh et al. (1979)
2228.6 - 395 18.3 3895 4479 4971 6094 Savage et al. (1985)
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line at 16300. We identify this line with C111 146154, 6155, 6157 (mult. 13). This line also
appears in WC spectra.

The proposed identifications depend, of course, on the assumption that the reported
wavelengths are correct. Should future investigations show that the actual values of the
wavelengths are substantially different from those given by Burbidge (1967) and Shaver
et al. (1982), clearly the question of identification will have to be reconsidered.

3. Absorption-Line Spectrum

We have discussed in previous papers (Varshni, 1977, 1978, 1985) the characteristics
of the absorption-line spectrum of quasars that are predicted from our model. In
particular we shall follow the considerations of our 1985 paper.

There have been a number of investigations on the absorption-line spectrum of
0237 — 233. We summarize these investigations here.

A spectrum of 195 A mm ~ ! obtained by Arp et al. (1967) at the prime focus of the
200-inch telescope showed the presence of many absorption lines. These authors listed
33 absorption lines in the interval AA3526 — 5096 and attempted to identify them on the
redshift hypothesis with z = 2.20. Burbidge (1967) obtained a spectrum of 0237 — 23 on
baked ITaO emulsion with the conventional prime-focus spectrograph on the Lick
120-inch telescope, with the camera-grating combination giving a dispersion of
370 A mm ! She listed 20 lines in the interval 4143444 — 4613 and attempted to identify
some of the lines at z ~ 1.95. Greenstein (cf. Greenstein and Schmidt, 1967) obtained
two spectra of 0237 — 233 at a higher resolution. They were obtained at 89 A mm~!in
the first order with the Palomar prime-focus spectrograph. About 150 possible absorp-
tion features were measured. Of these, as described by Greenstein and Schmidt (1967),
a highly selected list of 40 lines was published in their Table I. It is not clear how many
strong lines were left unmentioned. Greenstein and Schmidt (1967) assigned most of
these 40 lines to two redshift systems, z; = 2.2020 and z, = 1.9555. Thus was born the
multiple-redshift hypothesis for the absorption lines of quasars.

Meanwhile several more spectrograms were obtained by Greenstein and Sargent
(BGS) and a list of 49 absorption lines in the range 143346 — 4493 was analyzed in
collaboration with Bahcall using the multiple-redshift hypothesis. Twenty-eight of the
forty-nine lines were claimed to have been identified by five redshifts. These were
z = 2.2015, 1.6704, 1.6560, 1.5132, and 1.3642. However, many of the strong lines were
unidentified, even with five redshift systems. It is not without significance that after this
work on 0237 — 233, Greenstein, a very experienced stellar spectroscopist, quit quasars
altogether and years later wrote ‘as for me, after a few parting shots on multiple-
absorption-line systems in quasars, I abandoned the field in 1967 without regret’
(Greenstein, 1984). Parenthetically we note that it was not for the lack of telescope time,
because as he himself notes, he had been assigned 20 to 30 nights a year (1952-1979)
at the 200-inch (Greenstein, 1984). Greenstein’s work on a similar star is noted in
Section 5.

Burbidge et al. (1968 ; hereafter BLS) obtained spectra of 0237 — 233 at Lick and Kitt
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Peak observatories and they list a total of 92 absorption lines in the interval
AA3205 — 6630. Comparing their results with those of Greenstein and Schmidt (1967),
Burbidge et al. commented: “However, it is clear that the present material does not
support a contention that the majority of the absorption features in PKS 0237 - 23 can
be explained on the basis of the two suggested redshifts. Furthermore, the present
authors take issue with many of the identifications made by Greenstein and
Schmidt...”. BLS proposed an additional redshift, z = 1.365. Grueff (1969) claimed
that eleven absorption lines of strong and medium intensity can be identified with lines
of sulphur ions at a redshift of 2.4516.

The investigations of BLS and BGS were based on conventional image-tube and
photographic spectrograms which were near the limits of the resolution, about 2.3 A,
then available on large telescopes.

Boksenberg and Sargent (1975) used the University College London image photon
counting system (IPCS) at the Coudé focus of the Palomar telescope to obtain the
spectrum of 0237 — 233 at a resolution of 0.71 A. They give a list of 75 absorption lines
in the wavelength range AA3737 — 4270. Boroson et al. (1978, hereafter BSBC) carried
out further observations on 0233 — 233 with the IPCS and these observations were
combined with the older data of Boksenberg and Sargent (1975). These authors
tabulated wavelengths and equivalent widths of 193 absorption lines in the spectral
range 143716 — 4289. BSBC claimed that many of these lines are due to C1v 141548.20,
1550.77 at various redshifts. A total of 45 redshifts were claimed. Varshni (1981)
examined these supposed identifications and showed that the number of redshift systems
based on C1v doublets differs insignificantly from what would be expected from chance
coincidences. Consequently, these systems and their z-values seem devoid of any
physical significance.

Varshalovich and Levshakov (1981) analyzed the absorption line data reported by
BSBC and claimed to have found 12 redshift systems containing CO lines and they
tabulate five of these. Varshni (1983) examined this claim also and showed that the
number of redshifted CO absorption-line systems that are found in the spectrum of
0237 — 233, using the rules of Varshalovich and Levshakov, differs insignificantly from
what would be expected from chance coincidences. Consequently, the CO systems
proposed by Varshalovich and Levshakov also seem to have no physical reality.

It is obvious from the above summary that the redshift hypothesis has been singularly
unsuccessful in explaining the absorption-line spectrum of 0237 — 233. Before coming
to the identifications on the basis of our theory, we shall first consider the quality of the
available data. Certain problems whih were encountered in the case of 0805+ 046
(Varshni, 1985) are also present here.

With the improvement in observational techniques, the number of observed lines has
been rapidly increasing. This can be seen in the number density of lines observed. Most
of the reported observations of 0237 — 233 are shortward of 5100 A, and in this region
the number of lines per 100 A for the various investigators are as follows: Arp e al.
(1967) - 2.10, BLS (1968) — 4.51 (Kitt Peak spectrum) and 4.45 (Lick spectrum), BGS
(1968) — 4.27, Boksenberg and Sargent (1978) — 13.70, BSBC (1978) — 33.68. The
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