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ABSTRACT

Using a sample of 119 QSOs, containing objects we have selected having previously available high quality
ground-based and JUE spectral observations, together with Hubble Space Telescope (HST) observations of 26
QSOs from Bahcall et al. (1993, 1995) and Impey et al. (1995) and new optical observations of 41 objects by
Steidel & Sargent (1995), we study the redshift evolution of Lyman limit absorption systems (LLSs; t > 1.0)
over the redshift range 0.32 < z;; < 4.11. The HST observations significantly improve the determination of
the low redshift (0.4 < z;; 5 < 1.4) distribution. We find the effect which may have been responsible for the
apparent strong evolution at z;; ¢ > 2.5 found by Lanzetta (1991), which led him to consider a broken, not
single, power law as a better description of the redshift distribution of LLSs. After removing objects which
may bias our sample, leaving a total of 169 QSOs, we find the distribution is well described by a single power
law, and obtain for the number density as a function of redshift the form N(z) = No(1 + z)? with
y =150 + 0.39 and N, = 0.25;3:19, consistent with a constant comoving density of absorbers in a Friedmann

universe with g, = 0 but indicating evolution if g, = 1.

Subject headings: quasars: absorption lines — ultraviolet: galaxies

1. INTRODUCTION

Narrow-line absorption systems that are optically thick to
Lyman continuum radiation are found in the spectra of QSOs
over a wide range in redshift. Typical strong lines of the
Lyman-o forest indicate a neutral hydrogen column density
N(H 1) ~ 105 ¢cm 2, whereas N(H 1) ~ 1017 cm ™2 is needed to
produce an easily observable Lyman discontinuity. With
optical depth 7 2 1, a Lyman limit system (LLS) is so con-
spicuous that it can be readily identified even in spectra of low
resolution and low signal-to-noise ratio. As Tytler (1982) first
showed, with the use even of relatively low-quality IUE data
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combined with optical data, LLSs provide a useful diagnostic
of the evolution of cosmologically distributed absorbers over
an extensive range in redshift. LLSs with 7 > 1 absorb most of
the ultraviolet radiation blueward of the Lyman discontinuity
and thus exert a considerable influence on the local level of the
metagalactic flux of ionizing radiation due to QSOs and gal-
axies (e.g., Bechtold, Green, & York 1987; Bajtlik, Duncan, &
Ostriker 1988). Thus the statistics and evolution of LLSs are
particularly important because the metagalactic flux is thought
to play a key role in ionizing the intergalactic medium and the
Lyman-« clouds.

Following Tytler’s pioneering work the redshift evolution of
LLSs has been studied by Bechtold et al. (1984), Lanzetta
(1988), Sargent, Steidel, & Boksenberg (1989, hereafter SSB)
and Lanzetta (1991). With their substantial body of new data
supplementing existing data SSB found no evolution in the
properties of the absorbing objects over the range 0.67 <
zys < 3.58. Lanzetta (1991) also found no evolution, over the
limited range 0.36 < z;¢3 < 2.5; however, with additional
observations from Lanzetta (1991), he obtained the striking
result that beyond z ~ 2.5 there is a very strong increase with
redshift in the rate of incidence of the LLSs. Lanzetta con-
cluded that the contrasting strong decrease in the rate of inci-
dence of C 1v absorbers over a similar redshift range observed
by Sargent, Boksenberg, & Steidel (1988) and by Steidel (1990)
is most naturally interpreted as evolution of the ionization
state of the absorbers and not due to progressive chemical
enrichment as had been suggested by these workers. Some
recent theoretical investigations have been based upon the pre-
sumed two power-law dependence of the number density of
LLSs (e.g., Murakami & Ikeuchi 1993; Fan & Chen 1993).
Here we add HST data from the HST Quasar Absorption
Line Key Project (Bahcall et al. 1993, 1995) and from Impey et
al. (1995), and new optical data from Steidel & Sargent (1995),
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and exclude poor quality and severely biased spectral data
following a re-examination of all available published material.
We find no evidence for the onset of strong evolution of LLSs
at high redshifts.

After a brief description of the statistical method in § 2 we
present the data used and their treatment in this paper in § 3
and § 4. The analysis and results are given in § 5 and our
conclusions are summarized in § 6.

2. STATISTICS OF THE LYMAN LIMIT SYSTEMS

In a standard Friedmann universe the number density of
absorbers per unit redshift range dN/dz = N(z) is given by

N(z) = No(1 + 2)(1 + 2g42)~ /2
(Bahcall & Peebles 1969; Sargent et al. 1980), where
Ny = (c/Ho)®o nRG ,

and assuming that the product of the comoving number
density of absorbers (®,) and their mean cross section (nR3)
does not evolve with redshift. Using the generally adopted
representation of the observations as a power law of the form

N(z) = No(1 + 2y,
evolution is indicated by y # 1 for go =0 and y # 0.5 for

0 .

For LLS absorbers one must allow for the fact that a strong
system at a given redshift prevents discovery of LLSs at lower
redshifts. We follow Tytler (1982) who introduced the idea of
using survival statistics encountered in biomathematics,
obtaining the distribution of LLSs in redshift as a maximum
likelihood (ML) estimate which does not assume any binning
of the data (see SSB, but note that in their expression (9) the
denominator should be taken to the square root). The different
binnings shown in the figures throughout this paper are only
for purpose of display and were not used in the generation of
the ML estimations.

3. THE DATA SAMPLES

We assembled our initial database, which we call S1, as
follows. We began with the 53 new observations presented in
SSB and the nine in Bechtold et al. (1984). From Lanzetta
(1991) we took the 43 new objects which were not observed by
SSB. We then added the 25 objects in Tytler (1982) and the 54
objects contained in the compilation of Lanzetta (1988) which
were not present in any of the previously mentioned samples.
In total the sample gives us data from 184 objects. Redshifts
below 2.5 are covered by the spectra of 35 of these objects.

Throughout this paper we adopt t > 1 as the condition for
inclusion of LLSs into the statistical analysis, following most
other workers. SSB in their analysis chose t > 1.5; we made
the detections in their new sample complete to 7 > 1 by adding
two of their systems for which we estimated 1.0 < 7 < 1.5 from
their published spectra: z;; s =2.856 in QO0055—264 and
zLLS = 2.635 in Q01 12 + 0.29.14

Because of the various source material this sample lacks
consistency in the quality selection criteria. We therefore
decided to reexamine the available spectra and be more selec-
tive, in an attempt to homogenize the quality of our database,
and included only those objects having appropriate wave-

!4 Later (in our sample S2) we excluded this object, among others, on
quality grounds.

length coverage which we estimated to be of a quality good
enough for the reliable detection of LLSs with 7 > 1. For the
IUE data we used the spectral compilation in the IUE
Uniform Low-Dispersion Archive (Courvoisier & Paltani
1992) and for the rest we examined the spectra published in the
original papers referred to in the authors’ listings. Table 1 lists
the objects we selected from S1 for this revised sample, a total
of 119. To these we added 26 HST objects covering the low-
redshift region (Bahcall et al. 1993, 1995; Impey et al. 1995). We
note that in Bahcall et al. (1993) five LLSs with 7 > 1 are listed.
We now recognize two more LLSs with 7 > 1, which had been
determined to have 7 < 1 using the unconventional definition
described in Schneider et al. 1993; we include these in Table 1.
We have excluded five objects listed in their LLS sample:
1130 —106Y, because of its low signal-to-noise ratio; PKS
1206 + 459 and MC 1215+ 113, for the non-uniformity of their
continua, which could have obscured LLSs; PG 1407 +265
and PKS 1656 + 053, because their redshifts are uncertain since
neither the Lyman-a not the Lyman-$/O VI emission bumps
are present at the expected positions. Finally, we added an
additional sample of 41 objects with new optical observations
from Steidel & Sargent (1995), of which 14 replacing those
listed by Lanzetta (1988, 1991) are marked with the superscript
“m” in Table 1. The total of 186 objects makes up our revised
and extended database, which we call S2.

4. REDSHIFT DETERMINATIONS

Because of the blending of the higher absorption lines of the
Lyman series the effective Lyman limit is shifted longward
(Smith et al. 1981).

In the various previous statistical analyses different tech-
niques were used to take this into account when determining
the redshift at which a LLS was found. Tytler (1982) used the
better determined redshifts from the metal line systems associ-
ated with some of the LLSs to establish the systematic differ-
ence between these redshifts and those corresponding to the
wavelength at which the flux reaches half the intensity it had
longward of the apparent onset of the Lyman limit absorption.
He found that z;; g is closely determined when the wavelength
at the half-intensity flux is divided, for his sample, by 918
instead of 912 A. Lanzetta (1988) adopted the redshifts of
associated metal lines if such were known. If not, he applied
Tytler’s (1982) technique unless A ;¢ (variously determined)
was given in the original publication. He used a similar pro-
cedure in Lanzetta (1991). SSB chose to define 4, ¢ by deter-
mining the point at which the flux reaches its minimum, not
applying any correction to obtain zj ;5. Steidel & Sargent
(1995) followed the same procedure. Bahcall et al. (1993)
obtained their z, ;¢ values by dividing the wavelength at half
intensity by 912 X

Although this variety of methods does not lead to significant
inaccuracies in our context, for consistency we reassessed all
the spectra available. We divided the wavelength at what we
judged to be the minimum intensity by 914 A, which we deter-
mined for the combined sample from an examination of all
cases for which metal systems were known and listed in SSB,
York et al. (1991) and Steidel & Sargent (1995).

With regard to the minimum wavelengths at which LLSs
could be observed, most authors systematically excluded a
small range at the short wavelength end of their spectra to
avoid confusion with possible strong absorption lines termin-
ated at the spectrum limit. In our re-examination of the spectra
we adopted the following method: in cases where a drop of the
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g: TABLE 1
: ! QUASARS AND LYMAN LIMIT ABSORPTION SYSTEMS (7 > 1) IN SAMPLE S2
| IN] = - — =
I'_,: }'min j'l.l.S. 'q'mln ;“LLS.
L0 QSO Zem A) A) Qso Zem A) A)
1
?!: IUE (Courvoisier & Paltani 1992) 0138—-381........ 2.87 3350 -
0140306 3.13 3200 3658
0002+051........ 1.890 1720 0207—398... 2.81 3200
0003+157........ 0.450 1250 0537 —286... 3.11 3300 3630
0232—-042........ 1434 1250 1402+4+044........ 3.20 3500 3878°
0237-233........ 2224 2450 . 2204—408... 317 3400
0405—123........ 0.574 1250
0414—-060........ 0.773 1250
0454—-220........ 0534 1250 1350 Lanzetta (1988)
0637—752........ 0.654 1250 0855+182........ 2619 3200
0742+ 318........ 0.462 1250 ... 1127+078........ 2.661 3260
0935+417........ 1.937 1970 2250 1136+122........ 2.894 3450
0955+326........ 0.533 1250 1352+ 108... 3.150 3600
0957+ 561A...... 1.390 1250 2170° 1510+ 105 3.053 3500
0958+ 551¢....... 1.754 1970 2495°
1007 +417........ 0.613 1250 SSB
1101-264........ 2.148 1970 2588
1103—-006........ 0.426 1250 0000—263........ 4.111 3250 4024
1115+ 080........ 1.722 1250 0001 +087........ 3.243 3250 3654
1137+ 660........ 0.652 1250 e 0004 +171........ 3.289 3200 3539
1148+ 549........ 0.969 1250 . 0014 +813........ 3.384 3250 3477
1156 +295........ 0.729 1250 el 0029+073........ 3.259 3200 3702
1225+4317........ 2219 1250 2580 0045—-036........ 3.135 3200 3493
1247+268........ 2.041 1250 2125 0054—284........ 3.616 3500 4182°
1248 +401........ 1.03 1250 1585 0055—264........ 3.656 3250 3524
1318+290B...... 0.549 1250 0101 -304........ 3.150 3200 3562
14214330 ...... 1.904 2400 0102—-190........ 3.035 3300 3593
1522+101........ 1.321 1250 0114—-089........ 3.160 3400
1526 +285........ 0.450 1250 ... 0132—198........ 3.130 3250
1630+3744 ...... 1.466 1250 0143-015........ 3.138 3200
1641+399........ 0.594 1250 .. 0148—-097........ 2.848 3350
1718+481........ 1.084 1250 1153+045........ 2.991 3200
2128—123........ 0.501 1250 1305 0207—-003........ 2.856 3300
2302+4029........ 1.044 1250 ... 0216+080........ 2993 3250 ...
2308+098........ 0.432 1250 . 0249—184........ 3.205 3200 3342
0249-222........ 3.202 3250 3591
Bahcall et al. (1993, 1995) 0256—000........ 3.374 3250 3730
0024 +223........ 1.118 1250 ... o301 :006 """"" 3223 3230 3600
0302-003........ 3.286 3150 3219
0044+030........ 0624 1280 0308+190........ 2835 3200
0122-002........ 1.070 1630 0308—193..... 2752 3200
0349—144¢°....... 0.614 1250 0316—203:.::.::: 2:865 3300
08504440 ....... 0.513 1250 _
0334-204........ 3.130 3700
0916+ 5128....... 0.553 1250 0352—275........ 2819 3200
10224193 ...... 0.828 1250 1390 e
0420+007........ 2918 3250
10384063 ....... 1.270 1250 1310 0449—134........ 3.093 3300 3614
104041220 ....... 1.028 1250 _ ’ b
0528 —250........ 2.779 3250 3501
1055+201........ 1.110 1250 1864
0636+ 680........ 3.174 3200 3565
1136—133........ 0.554 1250
0624+449........ 3.406 3200 3884
1244+32B ....... 0949 1250 0731+653........ 3033 3200 3568
1252+ 112........ 0.870 1250 .
0805+046........ 2.873 3400 3330
1259+593 -------- 0.472 1180 e 0830+ 115 ....... 2.976 3450 .
131742745 ...... 1.022 1250 1513 09414261 ........ 2.906 3250
1333+176........ 0.554 1250 )
0956+122........ 3.301 3300 3736
1338 +416........ 1.219 1250
1017+109........ 3.156 3300 3692
1340 +286 0905 1250 1836+ 511........ 2827 3200  3521°
13474536 ....... 0.976 1330 . _
2000—330........ 3.777 3250 4148
1352+011........ 1.121 1250 1518 _ b
2038—-012........ 2.783 3250 3395
1354+193........ 0.720 1250 1325
2048 +312........ 3.185 3400
1415+172... 0.821 1250 _
2126—158........ 3.261 3250 3623
1424—115... 0.805 1250 1482
2233+131........ 3.295 3200 3798
1618+174........ 0.555 1250
2233+136........ 3.209 3200 3735
2251+155........ 0.859 1400 2311—036........ 3.041 3300
2348—-011........ 3.005 3200 3593
Impey et al. (1995) 2359+003........ 2896 3250
1634+706........ 1.334 1580 1817 2359-022........ 2.817 3350
2359+068........ 3.234 3200
Tytler (1982)
Lanzetta (1991)
0002—-422........ 2.76 3300 ..
0049—393........ 2.85 3200 3439 0001+0842 ...... 3.257 3200 3665
0130—403........ 3.02 3200 3470 0041—-2638 ...... 3.070 3400 .
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TABLE 1—Continued
A’min lLLS‘ A’min j‘LLS.
QSO Zem A) A) QSO Zem A A)
0042—-269........ 3.358 3400 3903 1208+ 1011 ...... 3.803 3200 3364
0042 —2627 ...... 3.296 3200 3785 1209+ 1524 ...... 3.049 3200 3725%
0047—-233........ 3422 3500 3970 122341753 ...... 2939 3200 3594®
0058—-292........ 3.093 3200 3380 1244+ 1129 ...... 3.138 3200 3753
0112-303........ 2.985 3200 3470 125143643 ...... 2976 3200 3303
0112-—-273........ 2.894 3200 3310 1305+2941 ...... 3.018 3200 3628°
0115-303........ 3.249 3350 1317-0507 ...... 3.712 3200 3529
0136+1737 ...... 2.716 3200 133040108 ...... 3.532 3200 4034
0336—0142 ...... 3.197 3500 3765 1337+113........ 2916 3200 3467
0347—3819 ...... 3.228 3300 3690 1340+ 0959 ...... 2932 3200 3393
0351—-3904 ...... 3.010 3250 e 1358 +3908 ...... 3.271 3200 3904%m
0420—3851 ...... 3.123 3200 3740° 140040935 ...... 2973 3200 3398
0938+ 1159 ...... 3.191 3650 1400+ 1126 ...... 3.164 3345 ...
1052+043........ 3.391 3200 3715 1410+0936 ...... 3.317 3200 3778™
1124+ 5706 ...... 2.890 3400 1442+101........ 3.555 3200
1159+010........ 3.269 3550 3600 145141223 ...... 3.247 3200 3812%m
1205-303........ 3.036 3400 3690° 1455+1221 ...... 3.042 3200 3337
1209+ 0919 ...... 3.297 3400 3800 15114+091........ 2.874 3200
1937—1009 ...... 3.787 3600 4175 1548+0917 ...... 2.747 3200 3370
2239-—-384........ 3.554 3700 4110° 1607+1819 ...... 3.106 3200 3425™
161440506 ...... 3.209 3200 3624
Steidel & Sargent (1995) 163143722 ...... 2932 3400 L.
2125—1335 ...... 2914 3446
0056+0126 ...... 3.147 3200 3602 213240126 ...... 3.191 3200 3553
0428 —1342 ...... 3.245 3245 L, 221140119 ...... 3.096 3200 3501
0905+1507 ...... 3.166 3200 2231-0015 ...... 3.016 3200 3339™
093243646 ...... 2.851 3145 ..m 22442218 ...... 2.849 3200
1003—-0236 ...... 2.865 3145 2336+1036 ...... 2.847 3200 3415
1033+1342 ...... 3.087 3145 ... 234241229 ...... 2.746 3200 e
1142+ 1015 ...... 3.148 3200 3626 234240852 ...... 2.781 3200 3312
1159+1223 ...... 3.510 3200 4144° 234441225 ...... 2.763 3200 3414
1206+ 1155 ...... 3.108 3200 3680™ 235140840 ...... 2.738 3200 3335°

® This is the observed wavelength at the minimum flux as judged in this paper. We divided these

values by 914 A to obtain z, ;¢ (see text).

b Objects excluded from the statistical analysis because they have a LLS within 5000 km s~ ! of the

QSO redshift.
¢ Mkn 132.
4 Mkn 679.
©3C9s.
£ US 1867.
8 NGC 2841 UB3.
b 4C19.34.
14C06.41.
i3C245.0.
¥ TON 153.
'4C 53.28.

™ Objects from Steidel & Sargent 1995 which in our table have replaced earlier observations listed

by Lanzetta 1988, 1991.

flux was seen close to the end of the spectrum it was not
accepted as a LLS, and the region was excluded, unless the
spectrum extended on sufficiently to distinguish the possible
LLS from a deep absorption line (we rejected, for example, the
possible system in Q0132 — 198 evident in the spectrum shown
in SSB); otherwise, the minimum recorded wavelength or the
limit at which the signal-to-noise ratio per pixel reduced to 2
was taken as the end-point of the spectrum. Since a reduction
in signal-to-noise ratio is also expected from absorption by a
LLS, extreme care was taken and the estimate was made
redward of the candidate LLS if such were present.

5. ANALYSIS AND RESULTS

It has been observed in some QSO samples that there is a
preferential tendency for absorption to occur close to the emis-
sion redshift of a QSO. Moreover, the QSO itself may intro-
duce related self-absorption or strongly influence the

ionization state of galaxies in its immediate vicinity. Accord-
ingly, in our analyses we have employed only redshifts for
which the velocity relative to the QSO > 5000 km s~ *. This
reduces our initial sample, S1, to 154 objects and our sample
S2 to 169 objects.

We operated first on S1. We obtain for the ML value of the
power law index y = 0.95 + 0.50, and N, = 0.60;3:28. We
show in Figure 1 how such a power law relates to the number
density N(z) in different redshift bins, calculated directly from
the data and independently of the estimation of y. The normal-
ization of the curve was done by forcing the area below it to
equal the total area contained in the different bins. We found
that the appearance of the fit is very sensitive to the specific
binning of the data: if we use bins similar to those of Lanzetta
(1991) the same data seem to fit poorly to the ML estimated
curve and indeed suggest a broken power law distribution (Fig.
2) as claimed by him.
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Absorption Redshift

F1G. 1.—Redshift evolution of the LLSs from our sample S1, using 154
objects in total. In this and all other figures we exclude objects having a LLS
with apparent “ejection” velocity <5000 km s~*. The full line represents the
maximum likelihood power law fit to the data, normalized as described in the
text, with y = 0.95 and N, = 0.60. The dashed lines represent the 1 o errors on
these estimates.

The unrevised IUE data in S1, as were used by SSB and
Lanzetta (1991), give at the redshifts covered by the HST
sample (0.4 <z, 5 < 1.4) {N(z)) = 1.13 + 0.38 (Fig. 1), some-
what higher than the value obtained by combining our revised
IUE data and the HST data in S2, {(N(z)> = 0.70 4+ 0.20. The
HST data alone give (N(z)) = 0.94 + 0.33 and the revised
IUE sample gives {N(z)> = 0.47 4+ 0.23. Table 2 summarizes
the values obtained at low redshifts for the different samples.
The influence of the higher number density at low redshifts
obtained with the IUE sample in S1 has the effect of flattening
the overall evolutionary behavior giving, as we have found,
y ~ 1 for a single power law. We note that this is contributory
to Lanzetta’s (1991) claim that a broken power law is a better
description of the evolutionary behavior.

We observe that in Figures 1 and 2 the region near z;; 5 =
2.5 appears significantly depleted in number of LLSs. The
apparent underdensity occurs at the inevitably poor-quality

!
Wi s .

° L L L L
[} 1 2 3 4

Absorption Redshift

NG)

F1G. 2—Redshift evolution of the LLSs from our sample S1 but with

binning similar to Lanzetta (1991). The same power law fit as in Fig. 1 applies

here.

Vol. 444

TABLE 2
VALUES OF N(z) AT REDSHIFTS 04 <z < 14

Sample {N@)> {z1e)
TUE(SD) .ooveeeean. 1134038 081
IUE(S2) ..coeeenn.. 0474023 078
HST (S2) «oeeeee. 0941033 062

IUE + HST (82)...... 0.70 + 0.20 0.69

short-wavelength end of the optical spectra (z s = 2.5 at 3200
A). Figure 3a shows that a significant fraction of the optical
spectra taken from the literature covers this problematic
region. We checked whether this depletion effect is also present
in the SSB sample, since it did not seem to be indicated by their
data (their Fig. 4). A deficit indeed becomes apparent with an
appropriate binning, which we show in Figure 4: here we use
their full data set, imposing t > 1, and, excluding from the
ML estimation the region 2.5 <z,;¢<27, we obtain
y=1.14 £ 0.61'% and N, = 0.44,5:2%. We assert that Lanzetta
(1991) underestimated the significance of this observational
limitation near the atmospheric cutoff and was led to believe
the presence of a real break in the redshift evolution at z;; ¢ ~
2.5.

We paid special attention to the region near z;; ¢ = 2.5 when
compiling the revised sample S2. Figure 3b shows that after
our removal of poor quality regions from the available spectra
a smaller fraction remain with an acceptable quality in the
range near the atmospheric cutoff. With our revisions the
apparent deficit loses its significance, and we obtain a single
power law with y = 1.50 + 0.39 and N, = 0.25;5:19 as our
best estimates from ocur residual S2 database of 169 objects. In
Figure 5 we show the redshift distribution for these data, illus-
trated with bins displayed as in Figure 1.

6. SUMMARY AND CONCLUSIONS

We have compiled a large sample of QSOs with redshifts in
the range 032 <z, <4.11 containing objects with pre-
viously available optical and ultraviolet spectral observations
useful for LLS studies. We include HST observations (Bahcall
et al. 1993, 1995) and new optical observations (Steidel &
Sargent 1995). In the process of considering candidates for our
list we were stringent in assessing the quality of the spectral
data and included data from only those objects and their spe-
cific spectral regions which we judged to be of sufficient quality
for the reliable detection of LLSs with > 1. Our full database
(S2) contains 186 objects in total. After excluding all objects
having a LLS with apparent ejection velocity <5000 km s~*
there remain 169 objects, with a total of 80 LLSs. Our main
conclusions from a study of this sample are as follows:

1. A study of the redshift evolution of LLSs is most reliable
when it is independent of the binning of the data, since the
appearance of the distribution is very sensitive to the choice of
bins.

2. Our evaluation of the number density at low redshifts
(0.40 < z;, 5 < 140), now including the recently published
HST-observed objects (Bahcall et al. 1993, 1995; Impey et al
1995), gives a value, {N(z)> = 0.70 + 0.20, which is lower

!5 The value y = 0.68 + 0.54 quoted in SSB was influenced by the inclusion,
in their full sample, of systems incorrectly taken from the literature with 7 > 1,
while they applied 7 > 1.5 for their new observations, thus making their
sample inhomogeneous (Steidel 1993).
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F1G. 3—Number of spectra covering different redshift bins: (a) in sample S1; (b) in sample S2. The full line indicates the aggregated spectral coverage where no
LLSs were detected ; the broken line indicates the additional coverage shortward of detected LLSs with t > 1.

than—but not statistically different from—the value obtained
from the sample of IUE-observed objects used by SSB and
Lanzetta (1991), (N(z)) = 1.13 + 0.38.

3. The inclusion of the poor spectral quality region 2.5 <
z1s < 2.7 without special care has led to the apparent under-
density near z;;¢ = 2.5 shown in Lanzetta (1991). Our re-
assessment of the data has reduced the effect to insignificance.
The effect explains Lanzetta’s conclusion that a broken, not
single, power law is a better description of the redshift distribu-
tion of LLSs. Using our higher quality and more extended
sample we do not find Lanzetta’s (1991) distribution and find
no cause to depart from the form N(z) = Ny(1 + z)".

4. From our residual S2 list, containing 169 objects with a
total of 80 LLSs, we obtain for the redshift distribution of LLSs
over our whole redshift range the values y = 1.50 + 0.39 and
No = 0.2573:12, This is consistent within the errors with a con-
stant comoving density of absorbers in a Friedmann universe

N(z)

_l_

o L L L 1
o 1 2 3 4

Absorption Redshift

F1G. 4—Redshift evolution of the LLSs in SSB’s sample, with a binning
which shows clearly that a deficit at 2.5 < z;; < 2.7 occurs also in this data
set. The fitted evolutionary behavior has been estimated excluding the data in
the range 2.5 <z, < 2.7 and corresponds to y = 1.14 + 0.61 and N, =
044025

with g, = 0, but indicates significant evolution if g, = 3. The
properties we have derived for the LLS absorbers are not sig-
nificantly different from those found by Steidel & Sargent
(1992) for a population of Mg 1 absorbers, over the common
redshift interval extending to z ~ 2.
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Absorption Redshift

F1G. 5.—Redshift evolution of LLSs as estimated from our sample S2, using
169 objects in total. The full line represents the distribution
N(z) = 0.25(1 + z)!-%°; the dashed lines represent the 1 ¢ errors on these esti-
mates.
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