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Abstract. We report MMT observations at 1 A spectral resolution
of the QSO 0000-263 (zer, = 4.11) in the Ly-a forest between
4050 A and 4950 A. A computer code has been developed for
setting the continuum level in the forest and for fitting blends
with a minimum number of components. We have identified 221
absorption lines in the observed window and present evidence
for high column-density systems at z,,s = 3.3905 and 3.0533,
the latter previously unreported. The z = 3.39 system is the
highest redshift damped Ly-« system known, having N(H) = 2 x
10?' cm~2. We find no convincing evidence for strong molecular
hydrogen absorption in this system. At an adopted excitation
temperature of Tex = 1000K and a Doppler width of 25kms™!,
we set an upper limit to the fractional H, abundance of f <
3 x 107 which is lower than a typical Galactic value for high
column-density interstellar clouds by a factor of nearly 10°.

Key words: quasars: individual — intergalactic medium - inter-
stellar medium: molecules

1. Introduction

In a series of papers of which this a member (Chaffee et al. 1986,
hereafter Paper I; Black et al. 1987, hereafter Paper II; Chaffee et
al. 1988, hereafter Paper III; Foltz et al. 1988, hereafter Paper IV;
and Levshakov et al. 1989, hereafter Paper V), we concentrated
our attention on the search for molecular transitions in absorbing
clouds toward high redshift QSOs. Molecules should play a vital
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role in the heat balance of interstellar matter in young galaxies,
since they are one of the significant cooling agents of interstellar
gas in star-forming regions. They are likely to be detectable only
in clouds of high column density, and thus in Papers II-V we
searched for them in the so-called “Ly-o disk” systems. These
systems are believed to arise in galactic disks (Wolfe 1986) or in
gas-rich dwarf galaxies (Pettini et al. 1990) along the line-of-sight
to background QSOs, and have heavy-element abundances of
the order of 10~ to 1072 times the solar value (see Papers II
and III).

In Paper II, we searched for H, absorption in the well-known
Ly-a disk system at z,,; = 2.309 toward PHL 957 (zen, = 2.681).
By identifying anti-coincidences between the observed spectrum
and a synthetic H, spectra for a range of excitation temperatures,
we were able to set an upper limit on the fraction of hydrogen
in molecular form, f < 4 x 10~ (f = 2N(H,)/N(H), where
N(H,) and N(H) are the total column densities of H, and
H, respectively). For Galactic interstellar molecular clouds with
N(H) > 10" cm™2, the mean value of f is 0.25 (Savage et al. 1977),
so our inferred upper limit in the z,s = 2.309 system is lower
than the corresponding Galactic value by a factor of nearly 10°.

In Papers II, III, and V we further set upper limits of 3 x
10~° on the value of N(CO)/N(H) in the aforementioned system
toward PHL 957 and in the z,, = 1.776 system toward MC
13314170 (zem = 2.081). In Galactic diffuse clouds this ratio
varies from 3 x 10~¢ toward { Oph to 2 x 10~° toward = Sco
(Federman et al. 1980). Thus the limits on N(CO)/N(H) in the
damped Ly-o systems are of the same order as the smallest value
reported in a Galactic diffuse interstellar cloud.

Lanzetta et al. (1989) also searched for H; in the z,,s = 2.796
damped Ly-a absorber toward 13374113 (zem, = 2.919), and were
able to set an upper limit f < 1.3 x 107, which is lower than
typical Galactic values by about three orders of magnitude.

These results combine to suggest that physical conditions in
the absorbers toward PHL 957, MC 13314170 and Q 1337+113
differ significantly from those found in diffuse interstellar clouds
at the present epoch. The extremely low inferred value of the
molecular fractions in these systems would seem to arise from
two possible causes: (1) a higher intensity of UV radiation relative
to average gas density at this epoch, and (2) a lower dust-to-gas
ratio in the absorbing clouds.
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Slightly apart from these general conclusions are the results
of Paper IV in which we present evidence for a positive detection
of H, absorption in the z,,; = 2.811 damped Ly-« system toward
PKS 0528-250 (zem = 2.770). The inferred fractional H, abun-
dance of 10~ remains lower than the mean Galactic value by a
factor of 4 x 1073, although such small molecular fractions are
observed in the Galaxy toward slightly reddened stars. In some
cases, molecular abundances at this level can be attributed to re-
gions of compressed neutral gas in front of the outward-moving
shocks produced by expanding H 11 regions. More recently Lev-
shakov et al (1991) have presented tentative evidence for the
presence of CO in this same z,, = 2.811 cloud. They infer an
upper limit of 10~° on N(CO)/N (H,) which is of the same order
of magnitude as that found in diffuse Galactic clouds of compa-
rable N(H;). However, the velocity of this damped Ly-a system
is nearly 3200km s~ higher than that of the background QSO,
which would seem to imply a closer association of the absorber
with the QSO nucleus than is usually the case. Therefore, the
absorbing material may be more severely influenced by the QSO
than is typical of other Ly-o disk systems.

In this paper, we consider another “classical” damped Ly-
o system whose redshift (z.,s = 3.391) places it far from its
illuminator, Q0000-263 (zer, = 4.11). This system, first reported
by Webb et al. (1988), is the Ly-a disk system of highest known
redshift, having an age of about 11% of the present age of the
Universe (go = 0.5). D’Odorico and Savaglio (1991) have recently
estimated a metallicity of Z /Z < 1/30 for this system, based on
absorption line measurements of Zn11 lines.

In what follows we examine evidence for H, absorption in
this system. Section 2 presents the observational material and
data-reduction procedures. Section 3 is concerned with the anal-
ysis of the data. The interpretation of the data is addressed in
Section 4 and 5, where a brief analysis of a newly discovered
absorption-line system is given. The results are then summarized
in Section 6.

2. Observations and reductions

Spectroscopic observations of 0000-263 were obtained on the
night of 1988 November 11 (UT) using the Multiple Mirror Tele-
scope (MMT) with the blue channel of the MMT spectrograph
equipped with a photon-counting intensified Reticon detector.
A total integration of 190 minutes was obtained using the 832
g/mm grating blazed at 4000 A in second order, and the data
cover the range 4050A < A < 4950A. To block first-order light
a solid CuSOy filter was used. All observations were made using
the “image stacker” (Chaffee and Latham 1982) which produces
1 A resolution with 2.5 arcsecond circular entrance apertures.

The data were flat-fielded and wavelength-mapped as de-
scribed in Paper I, and we will not discuss our procedures further
here except to note that the spectra were corrected for neither at-
mospheric extinction nor wavelength-dependent sensitivity of the
instrument. All wavelengths and redshifts quoted or displayed in
this paper are vacuum, heliocentric values.

Figure 1 presents the resulting spectrum of 0000-263, where
the 1o noise level is plotted at the bottom. The measured signal-
to-noise ratio (S/N) is ~ 12 at 1 ~ 4800A and ~ 2 at A ~ 4100A.
Such a decrease in S/N at the blue end of the spectrum. reflects,
in part, the decrease of the absolute blue flux of 0000263 caused
by: (a) the redshifted Lyman continuum edge at 14660 (marked
as L. in Figure 1) and (b) the high-density Ly-a forest. This

characteristic of the 0000-263 continuum is corroborated by the
high-S/N, moderate-resolution spectra obtained by Sargent et
al. (1989) and by Schneider et al. (1989) which show a continuum
depression beginning shortward of 16200 with a further break
below 44660.

3. Data analysis

3.1. Continuum level placement

Our measurements of strengths of absorption features in the
spectrum of 0000263 depend critically, of course, on our chosen
continuum placement. This placement was made by a computer
procedure similar to that described by Young et al. (1979).

First, the spectrum was divided into consecutive segments
of random length. Following Young et al., we then calculated
a series of (4,u) pairs where A is the mean wavelength of the
points in a segment and u is their mean count level. These (4,u)
pairs were then spline-fitted with cubic polynomials, and this
fit was used as the first approximation to the continuum level.
Subsequently, a new set of consecutive segments of random length
was calculated and the procedure was repeated many times for
the calculation of the average continuum level and its variance
at each pixel.

The accuracy, (o./C), per pixel of such continuum level fitting
was found to be about 1-2% in the region of low line density, and
about 6 - 12% in the high-density Ly-« forest. Since, however, the
real data may be perturbed by non-Gaussian fluctuations such
as the presence of numerous unresolved weak lines, the inferred
continuum may be depressed from the “true” one. The smooth
thick curve displayed in Figure 1 is the adopted continuum level,
and the thin curves on either side of the continuum denote the
+1o. errors.

3.2. Selection of absorption lines

The normalized spectrum of 0000-263 is shown in Figure Al
in the Appendix. A candidate absorption line was deemed to
be real if its equivalent width, W, was greater than thrice the
standard deviation, oy, of the equivalent width. Following Bohlin
et al. (1983), the variance in equivalent width measurements is
given by:

o2 — [i (E)_z ¥ <2>2(M - W)2} AR (1)
i i=1 N ! ¢ ,

where (S/N); is the signal-to-noise ratio in the ith pixel; {(a./C)
is the mean accuracy of the continuum fit over the width of the
line; M is the number of pixels involved in the sum; W is the
equivalent width in pixels; and A4 is the width of each pixel in
A. We then define the equivalent width detection limit as

G = (<%>_2 a <%>2,¢72)1/’2 A 2

If we assume a width of /# = 2.5x FWHM to be typical of the full
width at the continuum level of an unresolved, unblended weak
absorption feature, we can calculate the minimum detectable
equivalent width, which we adopt to be W,,;,, = 36};,. This limit,
which we have used to select the absorption lines or to set
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Fig. 1. 1 A resolution spectrum of Q 0000263 obtained
with the MMT spectrograph. The lower curve presents
the 1o level as derived from counting statistics in the
object and night sky spectra ( plus dark emission ).
The zero intensity level is indicated by the horizontal
dashed line. The thick solid line represents the average
continuum level fitting as described in the text. Two thin
1 lines on either side of this denote +1¢ errors in such

4950  fitting. The position of the Lyman continuum edge in
the emission is marked as L.
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limits on the strengths of weak lines, is shown as a function of
wavelength in Figure 2 .

For weak absorption features (W < 1), the second term in
equation (1) is about the same order of magnitude as the first,
meaning that, not surprisingly, the detection of weak absorption
lines is very sensitive to the accuracy of the continuum fitting.
Moreover, in the case of variations in the S/N and o./C across
the spectrum, W,,;, will increase as the data become more noisy.

The list of absorption lines selected in this way is given in
the appendix (Table A1). It should be noted that the spectrum of
0000263 exhibits an extremely high density of absorption lines,
most of which are blends even at 1 A resolution. The ability to
resolve blends also depends on S/N, so that some apparently
single features may be multiple in our data. In order to calculate
the absorption-line parameters listed in Table Al, we have used
a standard profile-fitting procedure in which y? is minimized. We
have further attempted to fit complex absorption features with
a minimum number of components. To illustrate this procedure,

Fig.2. The 3¢ upper limit on the equivalent width, Wj;,, of an
unblended, unresolved absorption line as a function of wavelength.

we have plotted in Figure 3 the decomposition of blends in the
vicinity of the strong z,s = 3.391 Ly-f absorption.

The values of 7o and b inferred in this way from blended
lines are rather uncertain in relatively low resolution data such
as we present here, and we have used their values only for the
calculation of the equivalent width which is invariant. We have
determined g and o, separately for each component of each
blend. The equivalent width error follows directly from equation
(1), and we have used equation (A15) from Bohlin et al. (1983)
to calculate the wavelength error:

2
AL\ 7S\ MPAR
2 S
oA <W) <N> 2 G)

The standard error in the wavelength scale calibration, oy, is
given by the quadratic sum ¢} = 63 + o2 (where ¢, = 0.16 A in
our case). The resulting full line list is given in Table Al, which
contains the ordinal number of the line, its central wavelength
and associated error, its equivalent width and associated error,
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Fig. 3. Portion of the normalized spectrum of Q
0000263 (crosses), centered on the Lyman—g line

¢ at zgps = 3.391. Thick line is the computed profile
of a blend which has been split into 7 components
(thin lines) as described in the text. All 21 adjust-
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and some possible identifications. All absorption lines listed in
Table A1l are indicated by tick marks in Figure Al.

4. Atomic and molecular hydrogen
in the Cloud at z,,, = 3.391

4.1. Atomic hydrogen and metal species

As was mentioned in Section 1, our rather narrow observing win-
dow is not suitable for detailed analysis of physical conditions
in the z = 3.391 cloud toward 0000-263. However, the extremely
strong Ly-a line seen by others at 15340 is an example of ab-
sorption by a “Ly-a disk”, and is similar to that at z = 2.309
toward PHL 957 which we analysed in Paper II. Both systems
have a neutral hydrogen column density N(H) > 2 x 10?! cm~2,
and we will adopt some of the physical parameters inferred for
the system toward PHL 957 for the analysis that follows.

Webb et al. (1988) have presented 0.5 A resolution obser-
vations of the z = 3.391 Ly-o line toward 0000-263. From
their Voigt profile fit of the line, they infer a value of N(H) =
3 x 10% cm~2. Sargent, Steidel and Boksenberg (1989) also report
observations of this line at 6 A resolution and very high S/N
which they have used to infer a value of N(H) = 2 x 10*! cm™2.
These authors also detected absorption by Sitt and C1v from this
system. Steidel (1990) has identified C11 and O1, as well. Finally,
D’Odorico and Savaglio (1991) report N(H) = 2.5 x 10?' cm™2.

Many of the higher order Lyman lines in this system are
in our observed spectral window shown in Figures 1 and Al.
Unfortunately, however, only Ly-8 could be used for quantitative
analysis, since Ly-y at 14270 is an unresolved blend and the S/N
becomes extremely low shortward of that wavelength. We have
thus made no attempt to analyse any of the higher-order Lyman
lines.

Given a neutral hydrogen column density in the range (2 —
3) x 10?! cm~2, the Ly-« and Ly-f lines should lie on the square
root portion of the curve of growth where their equivalent widths

are given by:

e 1/2

W;‘ = ne i’f (&N) s
m,c 22

@

ing parameters [(zo, 4, b) per line] were calculated
simultaneously by minimizing both the y? value
and the number of components.

(Spitzer 1978). Thus the corresponding column density is:

Wobs (L B )
+ Zaps

N(H) =7.27 x 10" [ %)

2
I s
where W,s(Lp) is the observed value of the Ly- equivalent width
in A. Substituting our observed value of 19.9 + 3.5 A (30) for
Wobs(Lp), we find N(H) = (1.54:0.5) x 10% cm~2 for the absorbing
cloud at z = 3.391. This value is in satisfactory agreement with
" the H I value found by Sargent et al. (1989), but somewhat below
that of Webb et al. (1988). If the former is correct then the
consistency between the value we infer from Ly-f would suggest
that our continuum location and the deconvolution procedure in
its vicinity are reasonably accurate. However, the higher Webb et

al. N(H) value provides a cautionary note in this regard.

It should be noted that Ciir A977 is, presumably, present in
the z = 3.391 absorption system. It is a resolved component of a
blend at 44288, and its rest equivalent width is 0.6 + 0.3 A ( 30).
Chaffee et al. (1986) pointed out that C1u1 1977 is expected to be
the strongest observable metal line in QSO absorption systems
over a wide range of N(H). Some care must be taken in inferring
C** column densities from this line in our data, however, because
it lies in a region of high line density and because the appropriate
Doppler parameter is not known.

4.2. Molecular hydrogen

We now turn our attention to the search for molecular hydrogen
absorption in the dense Ly-a forest of 0000-263. The high line
density dictates the need for as precise an estimate as possible
of the absorption redshift of the system, and we adopt the mean
value of z,s = 3.39051 4-0.00007 inferred from C 111 2977 and the
neutral hydrogen lines listed in Table Al.

We adopt the rest wavelengths and oscillator strengths of H,
lines corresponding to transitions of the Lyman B'E} « X 'Tf
and Werner C'ITf « X'} bands published by Morton and
Dinerstein (1976). In the rest frame, some of them are coincident
with absorption lines listed in Table A1, but a large number are
blended with strong Ly-o forest lines at different redshifts.

The inferred H, column density depends on the excitation
temperature, Te, and the Doppler parameter, b. Typical diffuse
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molecular clouds in the Galaxy have a mean J = 0/J = 1
excitation temperature of (To;) = (77+17) K, with the bulk lying
in the range between 45 and 128 K (Savage et al. 1977). For the
more tenuous diffuse clouds, Te, can be as high as 1000 K for J =
0—5 (Morton and Dinerstein 1976). Furthermore the interstellar
molecular clouds of moderate and high fractional H, abundance,
f > 0.05, exhibit a tendency toward low excitation temperature
Tex ~ 100 K (Spitzer and Jenkins 1975), and molecular clouds
with f < 0.05 tend to higher T¢,. The behavior of the Doppler
parameter in these various conditions is uncertain.

In Paper II, a curve-of-growth analysis of the metal lines of
the z,,s = 2.309 damped Ly-o system toward PHL 957 yielded
a value of b = 25kms~!, and we adopt this value as a fairly
conservative upper limit in the analysis that follows.

To obtain quantitative estimates of N(H;) and Te, we choose
small continuum “windows” where some H, transitions are ex-
pected but no absorption features were observed. The most strin-
gent limit is set by the absence of the L(4-0)R(1) transition at
14609.85 for which the 3¢ upper limit was W, < 114 mA. In
addition, line Number 67 with W, = 182 mA lies near the
predicted position of W(0-0)R(0)+R(1), and we adopt 182 mA
as the upper limit of its strength.

The strongest UV absorption lines of H; arise from the first
rotational levels, and the relative population of these states is
determined by the excitation temperature of the gas. In thermal
equilibrium, the ratio of column densities is given by:

NU) g [_BJU+D
W N 80 o [ kTex ] ’ (6)

where the statistical weight of a level J in the ground state X 1)3‘;
is 3(2J 4+ 1) for odd J and (2J + 1) for even J, and the constant
B/k ~ 85 K.
Following Spitzer (1978) the equivalent width of an interstel-
lar absorption line is determined by:
W 2b

— = —F(), 0

o]

Flzo) = / [l—exp (—roe_"2>] dx, @®)

0
and the central optical depth, 1o, is given by

1.497 x 10710
T = ——b——N/lf, (9)

where f is the oscillator strength of the transition, A its rest
wavelength, W its rest equivalent width (both in A) and b is the
Doppler parameter in cm s~*.

Using the above-mentioned limits on Wy < 114 mA and
Wwo—o < 182 mA and equations 6-9 the following inequalities
are easily derived:

N(0) < 1.1 x 10" exp(170/ Te), (10)
based on the equivalent width limit of the L(4-0)R(1) line and

2 x 10

NO) < G TepcTi0/ T’

(11)

based on the Wy o—g limit.
The locus of possible values of N(0) and Te, is shown in
Figure 4, where it can be seen that N(0) lies in the range from

389

63 x 10%cm™2 at T,, = 77 K to 1.3 x 104cm™? at T, =
1000 K.

Taking into account that at low molecular fraction the
excitation temperature might be as high as 1000 K, the up-
per limit to the N(0) column density should be closer to
1.3 x 10" cm™2. From this we infer a total H, column den-
sity of N(Hz) = Y, N(J) < 3.1 x 10" cm™. This value implies
an upper limit to the fractional H, abundance of f < 3 x 107°.
Thus, the inferred value of the molecular fraction in the cloud
toward 0000-263 is similar to that of f < 4 x 1075 reported in
Paper II in the damped Ly-o system toward PHL 957.

It should be noted that what we observe is an upper limit
to the equivalent width of any line, and the equivalent width is
a function of N/b. Equivalent-width-limited observations cannot
break this N, b degeneracy, and our inferred molecular fraction
upper limit is strongly dependent on the assumed value of b.
If, for example, b is Skms~! instead of 25kms~! as we have
adopted, the upper limit to the value of N(0) would increase
two hundred-fold, with a concomitant increase in the inferred
upper limit to the molecular fraction. Only the positive detection
of molecular lines at high resolution and high S/N will remove
this degeneracy.

As for providing a more stringent observational constraint
on the value of the excitation temperature, at Te, ~ 1000 K,
rotational levels J = 0—5 of H, will all be significantly populated,
and the large number of possible lines arising in them will create
a “molecular hydrogen forest”. In our case the strongest Werner
lines in this forest would have equivalent widths which could be
observable at our detection limit were the line blending not so
severe.

5. A possible Lyman-Limit System at z,,, = 3.053

As a by-product of our analysis we have tentatively identi-
fied an additional absorption-line system toward 0000-263 with
Zaps = 3.0533 £ 0.0002. This system is identified on the basis of
only three absorption lines: Ly-«, Ly-f and Si1i. The identity of
Ly-f is somewhat suspect since it lies in the noisy portion of our
spectrum. Among the metal lines, only Sitr 11206 may be iden-
tified unequivocally in our spectral region. The rest equivalent
width of the rather strong Ly-o line is Wy = 4.6 + 0.4 A, which
yields an H I column density ~ (4.340.7) x 10*° cm™2 at any rea-
sonable Doppler parameter (b < 200 km s™'). If this identification
is correct, the H I column density places this absorbing cloud
among the population of the so-called “Lyman-Limit Systems”
(LLS) which Sargent, Steidel and Boksenberg (1989) have pos-
tulated as associated with distant galaxies. Our finding at least
two LLS with z > 3 toward 0000-263 is in good agreement with
the observed distribution of the number density of LLS per unit
redshift range:

N _ 076 x (1 + 208520,

1 (12)

inferred by Sargent, Steidel and Boksenberg.

6. Summary: Current status of molecules at early epochs

Our latest upper limit on the H, column density at z = 3.391
adds to a growing list of such upper limits. Table 1 summarises
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Fig. 4. Shaded area is a range of possible values of the H;
column density at the lowest level J = 0 of the ground
state (X 123‘ and the excitation temperature based on in-
equalities (10) and (11). The point, representing the upper
limits of 1.3 x 10 cm™2 on the N(Ha,J = 0) and of 1000
K on the T, is the top right hand corner of the shaded
area.

1.8 2. 3.0
LOGT,K
Table 1. Molecules in damped Ly-« systems at early epochs
QSO : 0000-263 0100+130 0528-250 13314170 1337+113

Zom 4.110 2.681 2.770 2.081 2919

Zabs 3.391 2.309 2.811 1.776 2.796
N(HI), cm™ 2 x 10% 2.5 x 102 2 x 10 1.5 x 10% 8 x 10%°
N(H,),cm™? <3x10® <5x10Y ~ 108 < 5x 10
N(CO0), cm—2 <7x10? <13x10® <4x102

fu, <3x10°° <4x10°¢ ~ 1073 <13x10™*

feo <3x107° <65x10° <3x107°

Ref a b,c de fic g

REFERENCES: a - this work; b - paper II; ¢ - paper V; d - paper IV;

e - Levshakov et al. (1991); f - paper III; g - Lanzetta et al. (1989)
NOTE: f4,.fco are the fractional H, and CO abundances.

the upper limits and detections of molecular absorption at z > 2.0
to date.

It is quite striking that the only significant evidence for a
detection of H, occurs in an absorbing cloud whose redshift ex-
ceeds that of the illuminating QSO. Such a cloud is presumably
associated with the QSO host galaxy and would experience dra-
matically different physical conditions from those in more typical
“intervening” absorbing clouds. It would be of great interest
to identify more examples of high column density “associated”
clouds in which to search for molecular absorption.

It would also be interesting to investigate in more detail the
metallicities and ionization parameters in systems with low values
of f. One possible explanation of the absence of H; is simply that
the abundance of dust particles (expected to be related to average
metallicity) is too low for efficient formation of H, by surface
catalysis. Another testable explanation (cf. Paper II, for example)
is that the ratio of UV photon density to mean gas density is high
enough to favor free atoms in the H/H, balance, even when the
total column density of hydrogen exceeds 10*' cm~2. If indeed
the damped Ly-a systems arise in large disk galaxies, then the
interpretation of the absorption lines would be greatly enhanced
by measurements of emission lines from H I and CO in the same
regions.
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Appendix A: Spectral data and line list for Q 0000-263

Table A1. Absorption line list for Q0000263 Table Al. (continued)
No. A 0 Wos Ow ID Zabs No. A o, Wos  Ow ID Zabs
A A A @A A A A& @&
1 406050 022 137 042 56 438332 021 217 0.38
2 406525 021 165 046 57 439228 0.19 3.70 0.45
3 406689 023 132 041 HIA926 3.39080 58 439543 022 124 026
4  4068.13 023 140 043 59 439755 021 119 025
5 407334 028 3.66 072 60 4399.62 0.19 0.73 0.20
6 4084.60 021 158 047 61  4401.02 020 092 022
7 408630 020 193 052 HIA931 3.39033 62 440220 019 067 0.19
8 4107.50 032 227 047 63 440754 018 1.14 025
9 411075 036 195 044 64 441261 020 578 0.56
10 411570 020 147 0.38 65 442033 018 468 0.5
11 411748 019 237 048 HI 1938 3.3906 66 442485 032 109 026
12 412997 023 6.14 0.78 67 442839 027 078 022
13 413566 034 203 045 68 443206 0.19 324 050
14 414682 022 144 037 69 443833 019 315 049
15 415401 021 269 0.51 70 444180 022 1.01 0.28
16  4157.15 023 222 047 HIA1026 3.0529 71 444830 0.19 3.81 0.58
17  4159.69 021 236 048 72 445323 019 717  0.79
18 416423 026 151 0.38 73 446081 024 083 027
19 416801 0.19 162 040 74 446450 019 272 045
20 4169.74 022 209 045 HIA950 3.3904 75 446820 0.18 3.11 0.49
21 417085 021 3.14 0.56 76 447852 025 115 029
22 418125 025 279 0.52 77 448147 030 134 032
23 419152 021 355 0.56 78 448599 023 1.82 037
24 420000 026 1.67 0.38 79 449095 0.18 093 0.26
25 4208.03 031 131 034 80 449329 023 115 027
26 421261 021 245 046 81 450332 023 1985 1.15 HIA1026 3.3904
27 421684 034 171 038 82 451545 017 116 025
28 422213 023 204 042 83 451734 032 099 023
29 422745 031 1.04 030 84 451951 017 1.02 023
30 424440 019 258 047 85 452369 020 147 028
31 425095 025 085 0.27 86 452582 021 1.13 0.25
32 426735 021 438 0.62 87 452764 019 152 029
33 427115 021 324 0.53 88 453000 024 145 028
34 427519 039 246 046 89 453173 021 097 023
35 428727 025 345 0.58 90 453535 020 108 024
36 428971 023 256 0.50 CIII 977 3.3906 91 4536.88 0.17 179 031
37 429687 021 173 041 92 453883 021 076 020
38 430137 020 247 049 93 454138 020 2.51 0.37
39 430364 022 139 0.37 94 454439 0.17 188 0.32
40 430899 024 136 0.36 95 454595 0.7 118 025
41 431339 019 343 061 96 455155 019 975 0.73
42 432394 026 121 036 97 455624 0.19 133 0.27
43 432756 021 282 0.50 98 456189 017 117 025
44 433253 0.18 1.19 032 99 456365 026 076 020
45 433400 0.18 123 0.33 100 4565.62 0.17 1.01 0.23
46 433787 021 1.60 0.37 101  4567.09 0.19 141 0.27
47 434052 0.19 190 041 102 457051 051 072 020
48 434255 026 164 0.38 103 457231 021 059 018
49 434532 019 111 031 104 457590 0.18 238 036
50 4350.12 025 264 048 105 4577.54 0.17 093 0.22
51 435289 025 191 041 106 457995 0.18 1.81 0.31
52 435591 027 130 033 107 458232 0.18 0.87 021
53 436197 030 211 043 108 4590.56 0.17 291 0.40
54 436439 018 123 033 109 459355 0.19 079 020
55 436672 029 1.00 0.29 110 4597.59 0.17 620  0.58
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Table A1. (continued)

No. A o) Wos ow ID  zu,
(A) A & @&
111 460154 0.18 0.85 0.21
112 460566 030 0.67 0.19
113 460758 0.18 0.89 0.22
114 461487 0.18 066 0.19
115  4616.13 0.18 088 022
116 4617.70 0.17 108 024
117 4618.07 0.18 3.09 041
118 4624.00 0.17 0.81 0.21
119 462670 0.17 103 023
120 462790 0.19 0.54 0.17
121 462946 0.17 211 034
122 463280 022 0.82 0.21
123 463518 0.21 075 0.20
124 463869 0.17 124 0.26
125 464131 024 1.78 031
126  4643.19 0.18 1.14 0.27
127 464641 0.18 135 0.30
128 464835 0.18 151 031
129 465221 0.17 105 0.26
130  4653.65 0.17 151 031
131 465723 0.17 113 029
132 465923 0.17 112 0.29
133 4661.05 0.18 1.65 0.35
134 466582 0.17 179 0.37
135 466769 0.19 1.11 029
136 467298 0.18 249 047
137 467592 023 140 035
138 468487 0.18 1.61 0.37
139  4686.76 0.17 255 047
140 4689.17 0.17 202 042
141 469191 0.16 141 0.35
142 469339 0.16 122 032
143 469588 0.17 3.80 0.58
144 469888 0.17 2.66 0.48
145 470101 0.17 115 031
146 470236 0.19 1.03 028
147 470422 0.18 1.18 0.30
148 4708.37 0.16 226 041
149 471056 0.16 2.10 040
150 471355 0.17 239 043
151 471681 0.16 130 0.29
152 471833 0.16 173 0.33
153 4720.19 0.17 214 037
154 472665 0.19 192 0.35
155 472872 0.18 0.78 0.22
156 473283 0.17 258 0.37
157 473726 0.17 326 042
158 4740.07 0.16 198 0.33
159 474236 023 078 020
160 474509 0.17 350 044
161 475023 0.18 1.85 0.28
162 475237 0.17 124 023
163 475362 0.18 093 020
164 475517 0.18 1.55 0.26
165 475710 0.16 1.53 0.26

Table A1. (continued)

No. A g, Wobs Ow 1D Zaps
(A) A A& A
166 475856 0.17 117 022
167 476196 0.16 173 024
168 4766.03 021 043 0.11
169 477516 0.17 362 034
170 477738 0.17 080 0.16
171 477860 016 122 020
172 4780.69 0.18 047 0.12
173 478188 0.17 068  0.15
174 4783.12 0.16 1.11 0.19
175 4786.05 017 0.71 0.15
176  4787.61  0.17 081 0.16
177 4790.51 0.19 098  0.18
178 479400 016 322 0.32
179 479842 017 153 0.22
180 4801.14 0.16 218 0.26
181 4806.70 017 115 0.19
182 480796 0.18 046  0.12
183 481124 017 125 0.20
184 4814.12 017 539 042
185 4817.89 016 138 0.1
186 481946 017 206 026
187 482149 0.16 123 0.20
188 482323 018 130 0.20
189 482475 019 046 0.12
190 483233 016 1.62 023
191 4834.69 016 348 0.34
192 483759 0.17 146 022
193  4839.35 017 138 0.1
194 484315 017 1.69 023
195 484514 0.18 054  0.13
196 4847.63 0.17 1.01 0.18
197 485032 0.17 1.70  0.23
198 4854.66 0.19 081 0.18
199 485833 017 177 0.28
200 4861.03 0.17 085 019
201 486489 0.17 244 032
202 486744 017 199 033
203 487132 016 514 053
204 487446 0.16 289 040
205 487660 016 1.80 031
206 487822 0.17 066 0.19
207 488126 024 097 023
208 4888.50 0.21 1.33 0.32
209 4890.50 0.18 0.85 025 SilIl 21206 3.0535
210 4893.78 0.17 192 038
211 489776 028 1.06 032
212 490196 0.17 3.53 0.59
213 490647 024 134 036
214 491505 0.17 487 0.73
215 492791 017 1875 144 HI 11216 3.0536
216 493767 0.17 170 043
217 4940.10 0.17  2.64 054
218 494266 0.16 266  0.51
219 494477 017 118 034
220 494649 0.17 1.06 032
221 494876 0.16 193 043
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Fig. Al. 1 A resolution spectrum of Q 0000-263 obtained with the MMT spectrograph. The spectrum has been rectified by the continuum shown in
Figure 1 of the main body of the paper. This rectified continuum is marked by a horizontal line at unity and the zero intensity level by a dashed line.
The curve between them presents the 1o level as derived from counting statistics in the object and night sky (plus dark emission) spectra.
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