
19
88

A
pJ

. 
. .

33
4.

 . 
.2

23
 

The Astrophysical Journal, 334:22-33,1988 November 1 
© 1988. The American Astronomical Society. All rights reserved. Printed in U.S.A. 

Mg ii ABSORPTION IN THE SPECTRA OF HIGH AND LOW REDSHIFT QSOs 
Wallace L. W. Sargent and Charles C. Steidel 

Palomar Observatory, California Institute of Technology 
AND 

A. Boksenberg 
Royal Greenwich Observatory 

Received 1988 February 18; accepted 1988 April 28 

ABSTRACT 
We present a sample of 40 Mg n absorption redshifts found in the spectra of a new, uniform sample of 55 

QSOs with emission redshifts in the range 1.8 < zem < 3.56 published elsewhere. The Mg n redshifts lie in the 
range 0.24 < zabs < 1.46. This sample is augmented by new spectra of nine QSOs with emission redshifts in the 
range 0.6 < zem < 1.42 which yielded one Mg n absorption system. The new data are analyzed in conjunction 
with samples recently published by Lanzetta, Turnshek, and Wolfe and by Tytler et al In total, we have 71 
Mg ii absorption systems, of which 37 constitute a complete sample of independent systems with a well- 
defined rest equivalent width cutoff W0(À2196) > 0.6 Â. It is found that: 

1. The distribution of number of absorption systems per QSO accurately follows a Poisson distribution, as 
is expected for randomly distributed intervening absorbers. An application of the second Bahcall-Peebles test 
is also consistent with this hypothesis. 

2. The density of Mg n absorption in a given observed absorption redshift range does not depend signifi- 
cantly on the emission redshift of the QSO. 

3. The variation of Mg n system density with redshift, expressed as a power law, follows the relationship 
N(z) oc (1 + z)1-4510-63 over the redshift range 0.16 < zabs < 2.14, consistent within the errors with a constant 
comoving density of absorbers in a Friedmann universe with q0 = 0, and possibly inconsistent if q0 = If the 
results for Mg n are combined with those for C iv obtained by Sargent, Boksenberg, and Steidel, a qualitative 
picture emerges in which the density of absorbers increases rapidly until zabs ~ 1, then flattens off, and finally 
declines beyond zabs ~ 2.5. This is interpreted as being due to the combined effects of cosmological expansion 
and the chemical evolution of the absorbers. 

4. There is no significant correlation of either the Mg n doublet ratio or the mean Mg n rest equivalent 
width with redshift. 

5. The Mg ii redshifts are significantly clustered on a scale At; < 200 km s-1. Both the enormous amplitude 
of the two-point correlation function and direct observations of the absorbing galaxy imply that the apparent 
clustering is due to the relative motions of clouds within galaxies. There is insufficient information to say 
anything about clustering on larger scales. 

The newly discovered Mg ii redshifts significantly increase the sample available for searches for the absorb- 
ing galaxy. 
Subject headings: cosmology — quasars 

I. introduction 

In a recent paper (Sargent, Boksenberg, and Steidel 1988; 
hereinafter SBS) we obtained spectra of an unbiased sample of 
55 QSOs in the redshift range 1.8 < zem < 3.56 primarily in 
order to study the evolution and clustering of the C iv 
absorbers. These same spectra also contain many low-redshift 
absorption systems defined by the Mg n >U2796, 2803 doublet. 
In the course of the observations for the C iv survey, during 
periods of poor conditions, we obtained spectra of nine bright, 
low-redshift QSOs which add to the samples already available 
for Mg ii absorption studies. It has been established that Mg n 
absorption is less common that C iv absorption (this statement 
will be quantified in § IV) so that it has been difficult to obtain 
adequate statistical samples for studying such questions as the 
evolution and clustering of the Mg n absorbers. In the present 
paper, we combine the new sample of Mg n absorption systems 
found in the 55 high-redshift QSOs with the results from the 
nine newly observed QSOs and with samples taken from the 
literature. Several samples of Mg n absorption redshifts are 

given by Tytler et al (1987). The primary sample consisted of 
three Mg n absorption systems, all at zabs ~ 0.4, found in the 
spectra of 24 QSOs with 0.3 < zem < 1.3. Data from Foltz et al 
(1986) and from Young, Sargent, and Boksenberg (1982; here- 
inafter YSB), both dealing with high-redshift QSOs, were com- 
bined with the primary sample to produce four homogeneous 
samples (M60, M40, M25, and Ml5) based on a total of 90 
different QSOs. The samples are defined by the redshift inter- 
vals in which all Mg n lines of rest equivalent width W0 > Wmin 
would be detected. Values of Wmin = 0.60, 0.40, 0.25, and 0.15 
Â, respectively, were used for the four samples. A total of only 
18 Mg ii absorption redshifts were found in the 90 QSOs. More 
recently, Lanzetta, Turnshek, and Wolfe (1987; hereinafter 
LTW) observed a sample of QSOs (many of which were 
studied by YSB) at long wavelengths. As a result of our new 
work, we have added 41 Mg n redshifts (of which 35 are newly 
discovered), roughly doubling the existing samples. 

Bergeron (1988) and LTW have drawn attention to the fact 
that the heavy-element absorption systems may be divided into 
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24 SARGENT, STEIDEL, AND BOKSENBERG 

three categories according to their ionization state. “Low” 
ionization systems contain Mg n absorption, but no C iv 
absorption; the reverse is true for “high” ionization systems, 
and a third category of “mixed” systems contains both C iv 
and Mg n. Thus, in studying the evolution of Mg n absorbers, 
care must be taken not to include samples in which the Mg n 
absorption has been looked for in association with C iv 
absorption already known. Until the connections between the 
C iv and Mg n absorbers have been more firmly established, 
the Mg ii systems must be treated as a separate population in 
order not to introduce bias into the results. However, it will be 
seen below that there is increasing evidence for continuity 
between the statistical properties of the Mg n and C iv 
absorbers (see also LTW). 

Bergeron (1988) has shown that the absorbing galaxy can be 
discovered in a large proportion of cases of Mg n absorption 
with zabs < 0.7. Our new sample of Mg n absorption systems 
will be particularly useful for further investigations of this kind, 
because our QSO sample is relatively faint. 

In § II we describe the new observations and assemble the 
new Mg ii samples. Statistical tests of the intervening hypothe- 
sis for the origin of the lines are applied in § III. Cosmological 
evolution is examined in § IV. Section V contains a discussion 
of the clustering of the Mg n absorbers. Our conclusions are 
summarized in § VI. 

II. Mg II ABSORPTION SAMPLES 

TABLE 2 
Low Redshift Observations 

Object 
Date 
(UT) 

FWHM 
(Â) 

A Range 
(Â) 

Exposure 
(s) 

Q0024 + 224. 
Q0044 + 030. 
Q0232-042. 
Q0414 — 060. 
Q2145 + 067. 
Q2216—038. 
Q2230+114. 
Q2251 +158. 
Q2344 + 092. 

1.118 
0.624 
1.436 
0.781 
0.990 
0.901 
1.037 
0.859 
0.677 

1984 Nov 2 
1984 Nov 3 
1984 Nov 3 
1984 Nov 3 
1984 Nov 2 
1984 Nov 2 
1984 Nov 3 
1984 Nov 2 
1984 Nov 3 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

4040-5240 
4040-5240 
4040-5240 
4040-5240 
4040-5240 
4040-5240 
4040-5240 
4040-5240 
4040-5240 

5000 
4000 
4000 
4000 
3000 
5000 
6000 
4000 
3000 

regular SBS program. We used a fixed wavelength range for 
these observations, independent of the redshift of the QSO. 
Consequently, the Mg n /12800 emission line falls at various 
places in the observed spectral window; for the five QSOs with 
zem > 0.87, the Mg n emission was outside the observed range. 
The spectra were reduced using the standard methods detailed 
in SBS. Plots of the resulting spectra are shown in Figure 1. 
The spectra were searched for absorption lines using the 
methods described in SBS. The results are shown in Table 3. 
Only one Mg n absorption redshift was found in the nine 
QSOs. It is listed along with information on the observed red- 
shift windows for all nine objects at the bottom of Table 1. 

a) Observations 
Table 1 contains a list of the 55 QSOs observed by SBS. For 

each object, we give in column (2) the emission redshift and in 
columns (3) and (4) the minimum and maximum redshifts over 
which Mg ii absorption could have been found. The spectra 
used by SBS were obtained with the University College 
London IPCS detector mounted on the blue camera of the 
double spectrograph at the Cassegrain focus of the Hale 5.08 m 
telescope. The resolution was 1.5 Â or 0.7 Â and the spectra 
generally cover the wavelength region from slightly longward 
of the C iv A1549 emission line down to the Lya emission line. 
Care was taken to obtain a uniform signal-to-noise (S/N) ratio 
of ~20. Complete details on the calibration and reduction of 
the spectra, and on the method used for selecting and identify- 
ing the absorption lines, are given in § II of SBS. The resulting 
Mg ii redshifts are listed in column (5) of our Table 1. Details of 
other lines, particularly those of Fe n, are given in Table 3 of 
SBS; plots of the original spectra are shown in Figure 1 of SBS. 
In column (6) we give the apparent “ ejection ” velocity relative 
to the emission redshift of the QSO in terms of the fraction of 
the speed of light ß. This is calculated from the expression 

n _ (1 + Zem)2 — (1 + Zabs)2 /jï 
P (1 + zem)2 + (1 + zabs)

2 ’ U 

(It will be seen that values of ß in the range 0.5 to 0.6 are 
common; the highest value is ß = 0.677 in Q0854+191. We 
have eschewed searching for Mg n absorption in the Lyman a 
forest, hence the lack of even higher values of ß.) The last two 
columns of Table 1 list the rest equivalent widths of the two 
Mg ii lines. 

Additional observations of the nine low-redshift QSOs listed 
in Table 2 were made using a setup identical to that employed 
by SBS. These observations were made on the night of 1984 
November 2/3 during conditions of exceptionally poor seeing 
and bright moonlight which made it impossible to continue the 

b) Samples 
We have used our data alone, and also combined our data 

with samples taken from the literature, as described in § I, to 
produce five samples of Mg n absorption systems. They are 
referred to as samples MG0-MG 4 and are listed in Table 4. 
Sample MG 1 contains all 37 Mg n redshifts from our data for 
which the rest equivalent width of the /12796 line JF0(2796) > 
0.3 A. Lines of this strength could have been detected in all of 
the spectra. In order to be consistent with previous workers, we 
require no specific strength for the A2803 component of the 
doublet, although it must have satisfied the stringent 5 o(W) 
line acceptance criterion used in SBS and in the present paper. 
In general, because of the lower S/N ratio of their spectra, the 
other authors have used a cutoff* of W0(2196) > 0.6 Â. We 
define a corresponding sample MG 2 which contains 17 red- 
shifts. Since the LTW observations, like ours, were mainly of 
high-redshift QSOs, we have defined an amalgamated sample 
MG 3 containing 33 redshifts with JF0(2796) > 0.6 Â. (We note 
that several of the QSOs observed by LTW were the same ones 
observed by SBS, but at longer wavelengths. There was no 
overlap in the wavelength regions observed, so that for these 
QSOs there are two independent observed redshift ranges.) 
Finally, we define a sample MG 4 which contains the 41 red- 

TABLE 3 
Absorption Lines3 

No. iobs a(A) Wohs a{W) S/N ID zabs 

Q2145 + 067 

1  5008.09 0.17 1.10 0.06 41.1 Mg n(2796) 0.7909 
2.  5020.36 0.16 0.82 0.06 38.8 Mg n(2803) 0.7907 

3 No lines were found in the spectra of the QSOs Q0024 + 224, 
Q0044 + 030, Q0232 — 042, Q0414-060, Q2216-038, Q2230+114, 
Q2251 +158, and Q2344+092. 
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TABLE 4 
The Mg n Absorption System Samples 

Criteria Sample Number W* C7(WJ a(NJ 

All included   
W0{X2196) > 0.3   
W0{X2196) >0.6   
W0(X2196) > 0.6 + LTW   
W0{X2196) > 0.6 + LTW + Tytler et al. 

MG 0 
MG 1 
MG 2 
MG 3 
MG 4 

41 
37 
17 
34 
41 

0.66 
0.55 
0.67 
0.77 
0.84 

0.14 
0.10 
0.58 
0.26 
0.20 

1.52 
2.34 
1.51 
1.55 
1.23 

0.25 
0.46 
1.21 
0.48 
0.28 

shifts with W0(2796) > 0.6 Â in the combined lists of LTW, 
Tytler et al, and the present paper. Statistical properties of the 
foregoing samples are listed in Table 4. 

A glance at Table 1 reveals several cases in which two Mg n 
systems are found in the same QSO with separations 
Az ~ 0.0010. The systems in these closely spaced pairs are 
clearly associated and should not be counted separately for 
many statistical purposes. For this reason, as in SBS, we have 
defined “ Poisson ” samples P0-P4, equivalent to the samples 
MG 0-MG 4 defined above, except that systems in the same 
object with separations Av < 1000 km s“1 were counted as 
one. Properties of the Poisson samples are summarized in 
Table 5. 

In the following two sections, we use the samples defined in 
Tables 4 and 5 to investigate statistics of the evolution and 
clustering of the Mg n absorption systems. 

III. TESTS OF THE INTERVENING HYPOTHESIS 

The intervening hypothesis for the origin of QSO absorption 
lines makes a very strong prediction that the distribution of the 
number of absorption systems per QSO should be a Poisson 
distribution, provided the individual spectra cover the same 
redshift range Az. If we take the Poisson sample PI we find 31 
unassociated redshifts for which JF0(2796) > 0.3 Â in the 55 
high-redshift QSOs of SBS plus the nine additional low- 
redshift QSOs. Thus the mean number of redshifts per QSO is 
2C = 0.484. The predictions of a Poisson distribution as com- 
pared with the observed numbers are shown in Table 6. The 
results of a %2 test summarized in column (4) of Table 6 show 
that the agreement with a Poisson distribution is excellent. 

A more sophisticated version of the test is to allow for the 
different redshift coverages Az¿ of the spectra (but not for any 
possible evolution in the mean density of absorbers with 
redshift). Formulae for the appropriate likelihood function / 
and for its variance are given in equations (16), (17), and (18) of 
YSB. On applying the test to sample PI, we find 

In / = -57.20 (2) 

<ln/>= -57.59 (3) 

(7(ln/) = 8.46, (4) 

TABLE 5 
The “ Poisson ” Samples 

Sample Number <zabs> iVa a(N) yb <y(y) 

P0......... 34 0.726 1.24 0.21 -0.29 1.15 
PI  31 0.732 1.13 0.20 -0.16 1.20 
P2  14 0.770 0.51 0.12 1.02 1.74 
P3  30 1.236 0.63 0.10 1.09 0.88 
P4  37 1.116 0.54 0.08 1.45 0.63 

a Mean number density of absorption systems per unit redshift interval. 
b Maximum likelihood estimation assuming the form N(z) oc (1 + z)y. 

again showing very good agreement with a Poisson distribu- 
tion. 

The second test of Bahcall and Peebles (1969) examines the 
uniformity of the spatial distribution of absorbers over the 
observed range of redshift, taking into account cosmological 
effects and assuming that their comoving density does not 
evolve in cosmic time. Again, the appropriate formulae are 
given in YSB. The result of applying a Kolmogorov-Smirnov 
(K-S) test for sample PI is that 

Dmax = 0.198 , P(D > DmJ = 0.176 (q0 = i) (5) 

Dmax = 0.206 , P(D > Dmax) = 0.143 (q0 = 0), (6) 

where Dmax is the maximum deviation of the observed cumula- 
tive distribution function from that of a flat distribution and 
P(D > Dmax) is the probability of obtaining a value of Dmax 
greater than the observed value if the sample is randomly 
drawn from the flat distribution. Thus, for both values of q0, 
the observed distributions do not differ significantly from a flat 
distribution and therefore the data are again consistent with 
what would be expected for cosmologically distributed inter- 
vening absorbers. 

IV. EVOLUTION IN REDSHIFT 

a) Evolution in Number Density 
The number density of absorption systems of a given column 

density is expected, in a simple Friedmann universe, to depend 
on redshift according to the expression (see SBS for references) 

dN/dz = N(z) = JV0(1 + zXl + 2q0 z) ~1/2 , (7) 

where N0 = (c/H0)<l>0 nr0
2 is the local density at zero redshift. 

Following Sargent et al (1980; hereinafter SYBT), we express 
the observed redshift dependence by a power law 
N(z) oc (1 + z)y, where y = 1 (<2o = °) and y = i (q0 = i)- In 
SBS, it was shown that for the more numerous C iv absorption 
systems, y = —1.2 ± 0.7 over the redshift range 1.3 < zabs < 
3.4. Thus, at high redshifts, the density of these heavy element 
absorption systems actually decreases with increasing redshift; 
this was attributed to the effects of early nucleosynthesis in the 

TABLE 6 
Bahcall-Peebles Test 1 (Uncorrected)3 

Number of Systems Expected QSOs Observed QSOs x2 

0   39.4 39 0.0 
1   19.1 20 0.1 
2   3.1 4 0.3 
3   0.4 1 0.9 
Total   64.0 64 1.3 

3 Using sample PI, assuming that the observed redshift interval Az is 
the same for each of the QSOs. 
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Absorption Redshift 

Fig. 2.—Plot of the binned number of Mg n absorption systems per unit redshift interval N(z) for sample P4. The dotted curve is a result of the maximum 
likelihood fit assuming the form N(z) oc (1 + z)y. Here y = 1.45 (see Table 5). 

absorbers. The paucity of Mg n absorption systems, together 
with the small redshift range over which they were observed, 
has made published determinations of y very unreliable. Thus, 
Tytler et al (1987) found y = 3.5 ± 2.2 over the range 0.16 < 
zabs < 1.37. Adding their data to those of Tytler et al, LTW 
found a more accurate slope, namely y = 2.4 ± 0.8. This was 
calculated for a sample containing redshifts in the range 
0.16 < zabs < 2.14 and with 1V0(2796) > 0.6 Â. Thus, LTW 
found clear evidence for cosmological evolution in the density 
of Mg ii absorbers in the sense that the product of the effective 
radius and the number density of the absorbers is greater at 
larger redshifts. This effect is established at the 2.4 a level for 
q0 = i and at the 1.8 <7 level for q0 = 0. A plot of N(z) versus 
absorption redshift for our amalgamated sample (P4) is shown 
in Figure 2. A maximum likelihood fit of a power-law depen- 
dence yields y = 1.45 ± 0.63. This is consistent with no evolu- 
tion in the properties of the absorbers if q0 = 0, and 
inconsistent at only the 1.5 a level if q0 = Note that our new 
absorption system sample fills in the “ gap ” in redshift between 
the samples of Tytler et al and LTW. An examination of 
Figure 2 suggests that a power-law fit may not be the correct 
representation of the data points. Instead, one has the impres- 
sion that there may be a steep rise in N(z) up to z ~ 1, followed 
by a distinct flattening in the distribution. This can only be 
resolved by the acquisition of much larger samples of Mg n 
redshifts. However, we recall from SBS that the number 
density of C iv redshifts is at most flat, and possibly falling, 
with increasing redshift in the range 1.3 < zabs < 3.4. It is 
entirely possible that both the Mg n and C iv system densities 
rise rapidly up to z ~ 1, then flatten off between z ~ 1 and 
z ~ 2.5, and fall at higher redshifts. Certainly, the presently 
available data do not necessarily imply that the evolution of 
C iv is qualitatively different from that of Mg n. Observations 
with the Hubble Space Telescope will enable the evolution of 

C iv systems to be directly compared with that for Mg n 
systems at redshifts zabs <1. 

Although it is true that the general density of C iv systems 
exceeds that of Mg n systems, there is growing evidence that 
this is largely an effect of the different redshift ranges accessible 
in the two ions. We observe that, in the redshift range 1.3 < 
zabs < 2 in which the densities can be compared directly, for 
W0 > 0.6 k,N= 1.02 ± 0.17 for C iv, and N = 0.80 ± 0.04 for 
Mg ii (sample P4). It is also useful to calculate the effective 
cross sectional radius for absorption R* for a fiducial L* 
galaxy, assuming that the galaxian luminosity function follows 
a Schechter (1976) function and that radius scales with lumin- 
osity as R oc L5/12. (See SBS for a discussion of the likely valid- 
ity of these assumptions.) The results of calculations of R* for 
different C iv samples (taken from SBS) and for our Mg n 
samples are shown in Table 8. We observe that, for Mg n and 
C iv samples with comparable rest equivalent width cutoffs, 
the values of R* are very similar. 

There is a natural explanation of the qualitative behavior of 
the evolution of heavy-element redshift systems obtained by 
“ patching together ” the Mg ii systems at low redshifts and the 
C iv systems at high redshifts. The rise in N(z) at low redshifts 
would be due to the expansion of the universe, and the fall at 
high redshifts would be due to a systematic decrease in heavy 
element abundance. Figure 2 gives a hint that the rise in N(z) at 
small redshifts might be too steep to be compatible with q0 = j 
(y = 0.5). It would be extremely useful to obtain more data for 
low-redshift Mg n absorption systems so that this trend might 
be examined more carefully. 

b) Equivalent Width Distribution 
Tytler et al (1987) found that the number density of Mg n 

absorption systems as a function of rest equivalent width 
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Fig. 3.—Plot of the binned distribution of equivalent width for the Mg n A2796 lines in sample MG 0. The dotted curve is the result of a maximum likelihood fit 
to the data using the exponential form n(oj>) oc exp ( — W/W*). Here W* = 0.66 (see Table 4). 

Wq{X2196) could be represented by a power law 

n{W) = {AW0y
2A (8) 

for W0 > 0.25 Â, where A = 0.11 ± 0.03. LTW found a some- 
what better fit using an exponential distribution, first used for 
the Lya forest lines by SYBT, 

-"©•»(-S' 

where N* = 1.76 ± 0.40 and W* = 0.88 ± 0.19 at a mean red- 
shift <zabs> = 1.62. With our enhanced data sample MG 0, we 
find N* = 1.52 ± 0.25 and W* = 0.66 ± 0.14 at a mean redshift 
°f <Xbs> = 0.726. Given the rather large difference in mean 
absorption redshifts for the two samples, there is no evidence 
for any significant evolution in the equivalent width distribu- 
tion with redshift. The fit to our data is shown in Figure 3. As 
was found for the C iv lines in SBS, and as has been found in 

general for the lines of the Lya forest, there are more weak 
Mg ii lines than would be predicted based on the assumed 
exponential distribution. This discrepancy was not obvious 
from the data of LTW because the rest equivalent width cutoff 
was generally larger. 

Tytler et al (1987) found a positive correlation between 
W0(2196) and redshift z which was significant at the 90%-95% 
confidence level from 14 low-redshift Mg n systems. On the 
other hand, LTW found no significant correlation with a some- 
what larger sample which extended over a larger redshift 
range. We have used the Spearman and Kendall rank correla- 
tion tests to look for such an effect using samples MG 1 and 
MG 4. There is no significant correlation between the two 
quantities for either of the samples; the complete results of the 
two tests are summarized in Table 7. 

Clear evidence for a systematic increase in the doublet ratio 
with redshift was found by SBS from their very large C iv 
sample. Again using samples MG 1 and MG 4, we have 

TABLE 7 
Results of Rank Correlation Tests 

Test Variables Sample p/ (ps/a)b Ss
c pfc

d {pjof Sk
f 

JT0(2796), zabs  MG 1 0.147 0.385 0.582 0.090 0.785 0.433 
W0(2796), zabs  MG 4 0.099 0.536 0.629 0.049 0.449 0.653 
DR, zabs    MG 1 -0.158 0.850 0.389 -0.130 1.040 0.296 
DR, zabs   MG 4 -0.015 0.090 0.927 -0.038 0.339 0.734 

a Spearman rank correlation coefficient. 
b Number of standard deviations from the null hypothesis (no correlation) for the Spearman test. 
c Significance level of the deviation for the Spearman test. 
d Kendall rank correlation coefficient. 
e Number of standard deviations from the null hypothesis (no correlation) for the Kendall test. 
f Significance level of the deviation for the Kendall test. 
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TABLE 8 
Values of R* (h 1 kpc) 

Sample8 
(L/LJ > 0b (L/LJ > 0b 

4o = ° <lo-- 
(L/L J > 0.5e 

4o = ° 
(L/LJ > 0.5e 

= i 

SI . 
52. 
53. 
54. 
55. 
PO. 
PI. 
P2. 
P3. 
P4. 

56.7 
55.0 
44.5 
43.4 
42.9 
50.0 
47.7 
31.6 
31.3 
29.8 

74.9 
72.1 
58.4 
56.5 
55.5 
57.3 
54.7 
36.5 
38.3 
35.9 

93.0 
90.2 
73.0 
71.2 
70.4 
82.0 
78.2 
51.8 
51.3 
48.9 

122.8 
118.2 
95.8 
92.7 
91.0 
94.0 
89.7 
59.9 
59.9 
58.9 

a Samples having the prefix “ S ” are C iv samples from SBS. 
b Assumes a Schechter luminosity function, and that galaxies of all lumi- 

nosities contribute to the absorption cross section. (See SBS for details of the 
calculation.) 

e Assumes a truncated Schechter luminosity function, so that only galaxies 
brighter than 0.5L* contribute to the absorption cross section. 

applied Spearman and Kendall tests and find no correlation 
between the Mg n doublet ratio and redshift. The quantitative 
results are summarized in Table 7. The Mg n systems in these 
samples are at significantly lower redshifts than the C iv data 
for which evolution of the doublet ratio was found; conse- 
quently, it is not surprising that we find no evidence for evolu- 
tion of the doublet ratio with redshift under the hypothesis that 
such evolution is due to early chemical enrichment of the 
absorbers. 

c) Dependence on Emission Redshift 
It is a common experience of workers in the field that Mg n 

absorption in the spectra of low-redshift QSOs is rare. On the 
other hand, there is a suspicion that Mg n absorption is more 
common in the spectra of high-redshift QSOs, which have been 
studied primarily for C iv absorption. Although this suspicion 
was voiced by Perry, Burbidge, and Burbidge (1978), it was 
contradicted by Weymann et al (1979), but only on the basis of 
a sample containing five Mg n systems. A more stringent sta- 
tistical test by Tytler et al. also found no evidence for an associ- 
ation between Mg n systems and the redshifts of the QSOs in 
which they are observed. It is clearly important to test these 
impressions objectively, because if there is an association, then 
the absorption cannot be due to cosmologically distributed 
intervening objects. 

We found above that the number density of Mg n absorp- 
tion systems rises rapidly up to a redshift zabs ~ 1 ; therefore, it 
is important that tests for a difference in density between high 
and low-emission redshift QSOs be conducted over the same 
restricted range in zabs. For sample P4, we find a mean density 
of Mg ii systems with zabs < 0.90 of iV = 0.32 ±0.15 for the 36 
QSOs with zem < 1.5, and N = 0.42 ± 0.13 for the 103 QSOs 
with zem > 1.5. On changing the absorption redshift limit to 
zabs < 0.60, we find N = 0.30 ± 0.14 (zem < 1.5) and 
N = 0.22 ± 0.08 (zem > 1.5). Thus, the density of Mg n systems 
is statistically the same in QSOs with high and low-emission 
redshifts, respectively. This again supports an intervening 
origin for the absorption systems. 

V. CLUSTERING 

Because of the general paucity of Mg n systems, information 
on clustering is practically nonexistent. However, some cases of 

multiple structure in Mg n absorption are known. Thus, Bok- 
senberg, Carswell, and Sargent (1979) found four velocity com- 
ponents spread over At; = 165 km s"1 in the zabs = 0.424 Mg n 
system in the spectrum of Q0753 +178; Bergeron, D’Odorico, 
and Kunth (1987) found six components spread over Av = 560 
km s_ 1 in the zabs = 0.8526 redshift system in Q1327 —206; the 
zabs = 0.524 system in the spectrum of A0235 + 164 shows 
many components over a velocity range of At; ~ 350 km s 1 

(Crotts 1987). As Blades (1988) has pointed out, the velocity 
structures present in these Mg n systems are different from 
those seen in our Galaxy, or those seen in the line of sight to 
the supernova 1987A in the LMC. York et al. (1986) have 
proposed that complex Mg n absorption can be produced in 
starburst galaxies; as Blades points out, the galaxies identified 
as Mg ii absorbers (Bergeron 1988) often show evidence for 
high star-formation rates. 

We remarked in § II that there is a clear excess of Mg n 
systems in the same QSO with separations Az ~ 0.0010 (we 
constructed the Poisson samples for this very reason). Using 
the techniques detailed in § VII of SBS, we have calculated the 
two-point correlation function for the Mg n systems in sample 
MG 0. (Since we are interested in clustering on small scales, it 
is possible to use all of the data.) The results are shown in 
Figure 4. As expected, there is a pronounced peak in the correl- 
ation function near the origin, on scales Av < 200 km s- ^ The 
paucity of Mg n systems makes it very difficult to determine the 
background level in the two-point correlation function; there 
are only four QSOs with widely separated pairs of systems, and 
one with a widely separated triple. The total number of 
“ background ” splittings is seven spread over a velocity range 
of roughly 40,000 km s- ^ The background level per 50 km s -1 

bin in Figure 4 is ~0.03. Therefore, the correlation peak near 
the origin is highly significant. Using our very rough estimate 
of the background, the amplitude of the observed correlation 
on scales 100 < At; < 200 km s"1 is -80. The corresponding 
amplitude for the C iv sample A1 from SBS is —10. Thus, it 
appears that the Mg n redshifts are much more strongly clus- 
tered on these small velocity scales than the C iv systems; 
however, it may be that we have seriously underestimated the 
background level for the Mg n two-point correlation function. 
Many more Mg n splittings must be observed before any defi- 
nite conclusions can be reached concerning the significance of 
the difference between the C iv and Mg n correlation functions 
on these small velocity scales. On the other hand, at present we 
can say nothing about Mg n clustering on larger scales. In 
particular, we showed in SBS that only splittings on scales 
At; > 200 km s-1 could be unambiguously attributed to 
galaxy-galaxy clustering. Therefore the clustering that we have 
observed could be due to relative motions of clouds within 
galaxies. Direct evidence that this is the case is provided by 
Bergeron’s (1988) result that single, luminous galaxies associ- 
ated with Mg ii absorption redshifts are found close to 80% of 
the QSOs that she studied. Note that even if the clustering on 
scales 200 < At; < 600 km s"1 found by SBS for their C iv 
sample were also present in the Mg n sample, it would not be 
detected. 

Tytler et al. (1987) noted that 10 out of their 14 Mg n systems 
in a complete sample occurred in five pairs of two systems per 
QSO. The velocity separations in this case were relatively 
large, namely At; = 11,038 km s-1 in Q0119 — 046, 30,005 km 
s"1 in Q0453 —423, 1816 km s"1 in Q0454-220, 355 km s"1 

in Q0843 +136, and 46,630 km s"1 in Q1209 + 107. Tytler et al. 
show that the probability of observing five or more such pairs 
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Fig. 4.—The two-point correlation for the Mg n absorption systems in sample MG 0 

2000 

is only E(npajrs > 5) = 0.0007. The two with the smallest values 
of Av could be physical associations. The remaining three pairs 
among 12 systems have a Poisson probability of only 4.2%, 
which is uncomfortably low. As Tytler et al pointed out, corre- 
lated ejection from the QSO would require velocities ß ~ 0.5. 
On the other hand, if the apparent associations are due to 
large-scale clustering, then enormous scales (up to 600/i_1 

Mpc) must be involved. We do not find significant clustering 
on such large scales in our new data; as stated above, we find 
only four widely separated pairs and one widely separated 
triple out of 41 Mg n redshifts in the spectra of 64 QSOs. The 
fact that the number of Mg n redshifts per QSO spectrum 
matches a Poisson distribution to such a high degree (§ III) 
shows that these pairs are not statistically significant. 

VI. SUMMARY AND DISCUSSION 
We have analyzed the statistical properties of 40 absorption 

systems based on the Mg n doublet which were found in the 
spectra of 55 QSOs with emission redshifts in the range 1.8 < 
zem < 3.56 (see the companion paper by SBS). This sample was 
augmented by one Mg n system found in new spectra of nine 
QSOs with zem < 1.42 and by published samples discussed by 
Tytler et al (1987) and by LTW. Our new work has roughly 
doubled the available statistical sample of Mg n absorption 
redshifts. We summarize our conclusions as follows. 

1. Many of our newly discovered Mg n systems fall at red- 
shifts z^bs < 0.7, out to which there is a high probability of 
identifying the absorbing galaxy (Bergeron 1988). 

2. We formed several unbiased samples of Mg n redshifts 
which are summarized in Tables 4 and 5. Table 4 uses different 
rest equivalent width cutoffs and augmentations with data 
from LTW and Tytler et al (1987). Similar samples in Table 5 
count pairs of absorption systems (in the same QSO) separated 
by At; < 1000 km s ~1 as one system. 

3. The distribution of the number of Mg n absorption 
systems per QSO, suitably corrected for differences in the red- 
shift coverage, fits a Poisson distribution to high accuracy 
(Bahcall-Peebles test 1 ; Table 6). 

4. An application of the second Bahcall-Peebles test to 
sample PI indicates that the absorbing objects are uniformly 
distributed along the line of sight to the QSO. 

5. The preceding two results, together with Bergeron’s 
(1988) high success rate in identifying a galaxy at the same 
redshift as Mg n absorption systems with zabs < 0.7, provides 
overwhlming evidence for the cosmological origin of the 
systems. 

6. We find that the number density of Mg n absorption 
redshifts increases significantly with redshift up to zabs ~ 1, and 
then possibly flattens off in the range 1 < zabs < 2. It is likely 
that the rise in N(z) at small redshifts is too steep to be compat- 
ible with a constant comoving density of absorbers if q0 = j, 
but it is compatible if q0 = 0. 

7. The number density of Mg n systems with Jfo(2796) > 0.6 
Â in the redshift range 1.3 < zabs < 2.0 is the same (within the 
errors) as the number density of C iv systems with JT0(1548) > 
0.6 Â in the same redshift range. 

8. By combining the behavior of the Mg n systems at low 
redshift and the C iv systems (taken from SBS) at high red- 
shifts, we suggest that the density of heavy element redshifts 
first rises up to z ~ 1, then flattens off, and finally declines 
beyond z ~ 2.5. This effect would most likely be interpreted as 
being due to the combined effects of cosmological expansion 
and the gradual formation of the heavy elements over cosmic 
time. 

9. Contrary to earlier impressions (e.g., Perry, Burbidge, and 
Burbidge 1978), the density of Mg n absorption systems is 
statistically the same in the spectra of QSOs with high and 
low-emission redshifts. 
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10. The Mg il absorption systems are highly clustered on 
scales Av < 200 km s-1. Both the high amplitude of the clus- 
tering and Bergeron’s (1988) observations of a single, large 
galaxy as the absorber in a high fraction of cases leads us to 
conclude that the apparent clustering is due mostly to the 
relative motions of clouds within galaxies. Evidence exists for a 
much stronger correlation amplitude on velocity scales 
100 < Ai? < 200 km s_ 1 for the Mg n systems than is observed 
for C iv, but this must be regarded as tentative until many 
more Mg n systems have been discovered. The clustering on 
scales 200 < Av < 600 km s-1 found by SBS for their C iv 
sample would not be detectable with our smaller sample of 
Mg ii redshifts. 

11. We do not confirm the evidence for significant Mg n 
clustering on very large scales found by Tytler et al. (1987). 

In view of our finding that the number density of Mg n 
absorption systems is the same in high and low-redshift QSOs, 
it is clearly important to embark on a massive survey of low- 
redshift, bright QSOs in order to delineate the behavior of the 
N(z) curve for zabs < 1.0. As emphasized by SYBT, the slope of 
this curve at low redshifts in principle provides a powerful test 

for q0. (The recent high success rate in identifying the absorb- 
ing galaxy out to z ~ 0.7 [Bergeron 1988] offers the promise 
that evolution in the absorbers can be corrected for.) Such a 
survey could also clarify the existence of clustering on very 
large scales, such as that found in the C iv systems (see § Vllg 
of SBS). LTW have made the important suggestion that the 
distinction between the “ high ” and “ low ” ionization systems 
results from differences in the optical depths of the absorbing 
cloud. Consequently, the ratio of the number densities of the 
two kinds of absorption system might be expected to evolve in 
redshift if it is the case that star formation in galaxies is a 
decreasing function of time. It should be possible, using the 
Hubble Space Telescope, to observe this effect directly by com- 
paring the Mg n/C iv ratio as a function of redshift. 
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