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ABSTRACT 

Spectroscopic observations of the 20th mag object identified with the radio source PKS 0537 — 
286 show it to have (i) an emission redshift of 3.11; (ii) a prominent absorption system at a red- 
shift of 2.976; and (iii) a strong discontinuity at the Lyman-continuum edge in the absorption 
system. 
Subject headings: galaxies: redshifts — quasars — radio sources: spectra 

I. INTRODUCTION 

The radio source PKS 0537 — 286 appears in the 
seventh part of the Parkes 2700 MHz supplementary 
catalog (Bolton, Shimmins, and Wall 1975), the fourth 
part of the Ohio 1415 MHz survey (Ehman, Dixon, and 
Kraus 1970, = OG 263), and the B1 Bologna 408 MHz 
catalog (Braccesi et al. 1965, = Bl 0537 — 28). It was 
originally identified with a 19^ mag galaxy by Gearhart 
et al. (1972) but later as a 20 mag Q? (i.e., a stellar 
object on position but without confirmed UV excess), 1' 
south of the galaxy, by Bolton et al., who also give a 
finding chart. A more accurate radio position (Condon, 
Hicks, and Jauncey 1977) confirmed the latter identifi- 
cation, but the object is described by Condon et al. as 
a 20 mag red, possible galaxy, on the basis of a non- 
stellar image on the Palomar E plate. The positions 
(epoch 1950) from Condon et al. are: radio, a = 05h 

37m 56s90 ± 0S09, Ô = -28° 41' 26?8 ± 2?6; optical, 
a = 05h 37m 56s94 ± 0S07, b = -28° 41' 28':3 ± 0?9. 
The radio spectrum of the source is shown in Figure 1, 
where the flux densities are taken from the references 
given above and supplemented by our own measure- 
ments. 

II. SPECTROSCOPIC RESULTS 

We obtained an optical spectrum of PKS 0537 — 286 
on the night of 1978 February 11-12 using the Image 
Photon-Counting System on the RGO spectrograph of 
the 4 m Anglo-Australian Telescope during our program 
of low-dispersion spectroscopy of a complete sample of 
flat-spectrum radio sources drawn from the Parkes 2700 
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MHz Survey. The spectrum covered the wavelength 
region from about 3300 to 6800 Â with a resolution of 
approximately 10 Â. The data were taken under condi- 
tions of 2" seeing with entrance apertures of 3". The 
resulting spectrum is shown in Figure 2. The abscissa is 
observed wavelength and the ordinate is flux density, 
Fv. 

The most notable features of the spectrum shown in 
Figure 2 are (i) the strong emission line near 5000 Â 
which we identify with La X1216; (ii) the many absorp- 
tion lines, both shortward and longward of the La 
emission feature; and particularly (iii) the extremely 
sharp drop in the continuum level shortward of 3650 Â. 

a) The Emission Redshift 
Table 1 lists the wavelengths of the principal emission 

features. After the strongest line at 5000 Â had been 
identified with La, the other features could be identified 
with the normally occurring lines of C iv, N v, and 
LjS/O vi at a mean redshift of 3.11. The close wave- 

V (GHz) 
Fig. 1.—Radio observations of PKS 0537 — 286. The solid line 

represents our best estimate of the shape of the spectrum. 
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length agreement establishes the emission system beyond 
doubt. However, the presence of strong absorption 
features causes our mean emission redshift to be un- 
certain to about +0.01. 

b) The Absorption Spectrum 

Many absorption features are visible in Figure 2, 
particularly shortward of the La emission line. The 
wavelengths and identifications of several of these are 
given in Table 2. We tentatively identified the strong, 
black line at 4831 Ä with La X1215.7 at a redshift of 
about 2.97 and the strong continuum discontinuity 
near 3650 Â with the Lyman-continuum edge (912 Â) 
at the same redshift. It was then possible to identify 

TABLE 1 

Principal Emission Lines in PKS 0537 — 286 

^obs Ident. ^rest 

4238. 
5000. 
5100. 
5760. 
6302. 

L/3/0 vi 
La 
N v 
Si iv/[0 iv] 
Civ 

1030 
1216 
1240 
1400 
1549 

3.115 
3.112 
3.113 
3.114 
3.068 

TABLE 2 
Principal Absorption Lines in PKS 0537—286* 

Xobsd) Ident. System A System B 

3728  Le 937.8 2.975 
3778  Lô 949.7 2.978 
3804  
3869  L7 972.5 2.978 
3883  Cm 977.0 2.974 
3922  
4078  L|S 1025.8 2.975 
4103  O vi 1032.0 2.976 
4129  O vi 1037.6 2.979 
4289  
4373(blend?) ... 
4446  Nil 1084.0 ... 3.101 
4514  
4567  
4579  
4650  
4831  La 1215.7 2.974 
4978  La 1215.7 ... 3.095 
5010  
5310  C ii 1334.5 2.979 
6160  Civ 1549 blend 2.977 
6340  Civ 1549 blend ... 3.093 

* System A is certain; System B is believed only to be likely. 

Fig. 2.—Scanner spectrum of PKS 0537—286. The ordinate is flux density Fv in units of ergs s_1 cm-2 Hz-1. The main emission and 
absorption features are marked. 
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many of the other lines in Table 2 with normally 
occurring QSO lines in a single redshift system at 
Zabs == 2.976 with a formal standard error of ±0.001. 

Another likely system can be found by identifying 
the 4978 Â line with Lo: X1215.7, the features at 4446 Â 
and 4650 Â with N n X1084.0 and N i X1134;5, respec- 
tively, and the strong, broad feature at 6340 Â with the 
blended C iv doublet. We note, though, that there is no 
evidence for a strong N i XI200 line which would occur 
near 4916 Â. The N i XI 134.5 identification is therefore 
probably wrong. However, additional support for the 
reality of this system comes from other members of the 
Lyman series: Lß appears to be present at 4200 Â, and 
a weak feature at 3980 Â may be L7. The overall mean 
absorption redshift of this system is 3.098 ± 0.003. The 
Lyman limit in this system would occur at an observed 
wavelength of about 3735 Ä; however, it is not clear 
from our data whether continuum absorption is present 
at this wavelength. Clearly, higher-dispersion observa- 
tions of this object are necessary; but these will not be 
easy, since PKS 0537 — 286 is presently at about 20th 
mag. 

We note that the expected position of the Lyman- 
continuum edge at the emission redshift of 3.11 falls 
near 3750 Â. No appreciable absorption is seen there. 
The observed discontinuity near 3650 Â is clearly 
associated with the principal absorption system at a 
redshift of 2.976. 

The presence of both a La absorption line and a 
Lyman-continuum discontinuity in the 2 = 2.976 ab- 
sorption system allows two estimates to be made of the 
column density iVH of neutral hydrogen. If we assume 
that the La line, which we measure to have an equiva- 
lent width of about 30 Â, has a pure damping profile, 
we calculate a value for Á^h of ^1 X 1020 cm-2. Only 
if the hydrogen atoms have an rms velocity dispersion 
in the line of sight exceeding 250 km s“1 would the 
deviation from a damping profile reduce our value for 
Nyl by more than a factor of 2. 

Alternatively, from the observed discontinuity of 
greater than a factor of ^15 due to Lyman-con tinuum 
absorption, we deduce an optical depth r of >2.7. 
Using the value for the linear, continuum absorption 
coefficient (Allen 1973, p. 96), we obtain a column 
density of greater than ^3 X 1017 cm“2. The two 
estimates are therefore consistent. We note that the 
value obtained from the La line (1 X 1020 cm“2) is 
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similar to that expected in the interstellar medium of an 
intervening galaxy. 

in. DISCUSSION 
In our Letter describing the high-redshift QSO PKS 

2126—15 (Jauncey et al. 1978), we suggested that the 
search for other high-redshift QSOs on the basis of 
accurate radio positions and a red or neutral color 
selection criterion was likely to prove rewarding. This 
has been confirmed by the discovery of the red object 
PKS 1402+044 (Peterson et al. 1978) at an emission 
redshift of 3.20 and by the present data for PKS 
0537 — 286. The result reported here for PKS 0537 — 286 
brings to six the number of radio-selected QSOs known 
with emission redshifts in excess of 3. These are listed 
in Table 3. All of these objects except PKS 1442+101 
show a Lyman-continuum absorption discontinuity in 
one of the absorption systems. In none of the six objects 
is there clear evidence for a Lyman-continuum dis- 
continuity in either absorption or emission at the 
emission redshift. If these QSOs were situated in spiral 
galaxies with ordinary neutral hydrogen content, then 
the column density would probably be sufficiently high 
(>1017 cm"2, for a random orientation of the galaxy) 
that an absorption discontinuity would exist at the 
emission redshift. If the gas is ionized, the situation is 
more complex (Davidson 1976) but an emission dis- 
continuity is then likely. The lack of a continuum dis- 
continuity in either absorption or emission in any of the 
objects in Table 3 argues against them being situated 
in such galaxies. 

It is also interesting to note that, of the six objects 
given in Table 3, three (0938+119, PKS 1402+044, 
and now PKS 0537 — 286) were originally identified 
from the Palomar Sky Survey plates as galaxies or 
probable galaxies on the basis of a nonstellar image, as 
well as a red color. Figure 3 (Plate L3) shows a 
reproduction of a recent Illa-J plate of the field of 
PKS 0537 — 286 taken with the 1.2 m UK Schmidt 
telescope. The object is clearly stellar. The nonstellar 
image on the Palomar E-plate may result from poor 
chromatic aberration correction. But, whatever the ex- 
planation, there remains the urgent question as to how 
many more QSOs are misidentified as galaxies. 

The red colors of 0938+119 and PKS 1402+044 
result from strong absorption lines shortward of the 

PKS 0537-286 

TABLE 3 
Radio-Selected QSOs Known to Have zcm 3.0 

Lyman-Continuum 
Name zem Discontinuity? Ref. 

PKS 0537—286  3.11 Yes This Letter 
0642+44 (OH 471)  3.40 Yes Carswell and Stritmatter 1973 
0938+119  3.19 Yes Beaver et al. 1976 
PKS 1402+044  3.20 Yes Peterson ei a/. 1978 
PKS 1442+101 (OQ 172)  3.53 No Wampler et al. 1973 
PKS 2126—15  3.27 Yes Jauncey a/. 1978 and unpublished data 

Note.—Objects in right ascension order. The Lyman-continuum discontinuity referred to is an absorption discon- 
tinuity in an absorption system. 
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PLATE L3 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 

Fi
g.

 3
.—

A
 1

.2 
m

 U
K

 S
ch

m
id

t I
II

a-
J 

pl
at

e 
of

 th
e 

fie
ld

 o
f P

K
S 

05
37

 —
 28

6 
ta

ke
n 

in
 1

97
6 

N
ov

em
be

r t
hr

ou
gh

 a
 S

ch
ot

t C
G

39
5 

fil
te

r. 
Th

e 
Q

SO
 is

 m
ar

ke
d 

by
 b

ar
s. 

N
ot

e 
th

e 
st

el
la

r 
ap

pe
ar

- 
an

ce
 o

f t
he

 Q
SO

 a
nd

 th
e 

di
ffu

se
 im

ag
es

 o
f t

w
o 

ga
la

xi
es

 1
5"

 S
E 

an
d 

20
" 

S.
 

W
ri

gh
t 

et 
al

. 
{s

ee
 p

ag
e 

L6
3)

 



19
7 

8A
pJ

. 
. .

22
 6

L.
 .6

1W
 

L64 WRIGHT, PETERSON, JAUNCEY, AND CONDON 

La emission line and Lyman-continuum absorption 
both falling within the extended ultraviolet response of 
the Palomar O-plate and also the strong C iv emission 
line falling in the narrow Palomar red filter. We note 
that these conditions also hold for PKS 0537 — 286 
(except for the strong C iv line) and, in addition, the 
La emission line is almost completely shifted out of the 
response curve of the O-plate. 

Finally, it is interesting to speculate how QSOs at 
still higher redshifts (zem ^ 4) may appear. If we 
assume (as now seems reasonable; see Table 3) that a 
strong Lyman-continuum cutoff in an absorption system 
at a redshift close to the emission redshift is the norm 
for radio-selected QSOs, then the Palomar O-plate image 
will be very faint. In addition, the La emission line will 
be shifted out of the O-plate response curve and the 
C iv X1549 emission line out of the narrow red filter. 
We therefore predict that such high-redshift objects 

will be very faint and also probably red, since at least 
the continuum emission will be present in the red filter. 
Such objects will be difficult to find. We believe the 
most promising method for their discovery will be by 
examining the optically faint (m > 19) red objects 
identified with flat spectrum radio sources. From an 
examination of about 100 flat-spectrum objects for 
which we have accurate radio and optical positions 
(Condon et a/.), we already have recently found three 
QSOs with Zem greater than 3.0. 

We would like to thank the staff of the UK Schmidt 
telescope for making available a copy of the plate of the 
field of PKS 0537 — 286 and also D. C. Morton for 
several helpful discussions. This research was supported 
in part (J. J. C.) by National Science Foundation grant 
AST 77-08013. 
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