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Abstract. We present the results of a survey for damped (DLA, M@ 1) > 20.3) and sub-damped Lymansystems
(19.5< log N(H 1) < 20.3) atz > 2.55 along the lines-of-sight to 77 quasars with emissionhitdsn the range &« z.m < 6.3.
Intermediate resolutiorR ~ 4300) spectra have been obtained with the Echellette Sgaph and Imager (ESI) mounted
on the Keck telescope. A total of 100 systems with i@ 1) > 19.5 are detected of which 40 systems are damped Lyman-
systems for an absorption length 8K = 378. About half of the lines of sight of this homogeneous syritave never been
investigated for DLAs. We study the evolution with redsbifthe cosmological density of the neutral gas and find, cbestly
with previous studies at similar resolution, tlé3, » 4, decreases at> 3.5. The overall cosmological evolution 8%, shows a
peak around this redshift. Thertdolumn density distribution for lodl(H 1) > 20.3 is fitted, consistently with previous surveys,
with a single power-law of index ~ -1.8£0.25. This power-law overpredicts data at the high-end asgtand, much steeper,
power-law (or a gamma function) is needed. There is a flattgof the function at lower hicolumn densities with an index of
a ~ —1.4 for the column density range Id¢(H 1) = 19.5-21. The fraction of H mass in sub-DLAs is of the order of 30%. The
H 1 column density distribution does not evolve strongly frem 2.5toz ~ 4.5.

Key words. galaxies: evolution, galaxies: formation, quasars: gitgmn lines , Intergalactic Medium , cosmology: observa-
tions

1. Introduction order of logN(H 1) ~ 18, the neutral phase corresponds to
. . . . log N(H 1) > 19.5 (Viegas 1995). The column density defining
The amount of neutral gas in the Universe is an |mportatr|1|€ so-called damped Lyman(DLA) systems has been taken

ingredient of galaxy formation scenarios because the abut[ro be logN(H 1) > 20.3 because this corresponds to the criti-

phase of the intergalactic medium is the reservoir for St@I31 mass surface density limit for star formation (Wolfe ket a

forma_tion activity in the den_sest places of the universem/helg%) but also because the equivalent width of the correspon
galaxies are to be form_ed. I.t Is therefore very Impor_tanmkm ing absorption is appropriate for a search of these systams i
a census of the mass in this phase and to determine its COS’B\%’resolution spectra. Therefore several definitions Hesen

logical evolution (see e.g. Péroux et al. 2001). introduced Q9™ is the mass density of baryons in DLA sys-

The gas with highest Iicolumn density is detected througt}emS defined arbitrarily as systems with NgH 1) > 20.3.0
; >20.3.Qq

iﬁ?gjgh%;nrﬁgzb;gggc;z Igetgr? ?gregglir%fnrzgr?;iigzﬁa:séthe mass density of neutral hydrogen in all systems : DLAs,
yman limit systems (LLS) and the Lymanforest. The mass
ii- density of Hr in the Lymane forest is negligible because the

Send  offprint  requests  to: R. Guimardes, e-mail: h >t 1= =N
rguimara@eso.org slope of the H column density distribution is larger thar2

* The observations reported here were obtained with the W. (v —1.5; the gas is highly ionized). It is morefficult to es-
Keck Observatory, which is operated by the California Agatian for  timate the contribution of LLS as the column density of these
Research in Astronomy, a scientific partnership among thiéoBda systems is very dlicult to derive directly because the Lyman-
Institute of Technology, the University of California, atiee National line lies in the logarithmic regime of the curve of growth.
Aeronautics and Space Administration.
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However,Qg" is not easily related to physical quantities a®bservatory Sky Survey; see, e.g., Kennefick et al. 1995,
the LLS with logN < 19.5 are at least partly ionized when th®jorgovski et al. 1999 and the complete listing of QSOs avail
ones with logN > 19.5 are not (see e.g. Meiring et al. 2008). Oable at | http/www.astro.caltech.edugeorg¢z4.qsos) have
the contrary, as emphasized by Prochaska et al. (2005), héeen obtained with the Echellette Spectrograph and Imager
after PHWO05, the mass density of the neutral ph%@‘,‘ﬁ is (ESI, Sheinis et al 2002) mounted on the KECK Il 10 m tele-
a good indicator of the mass available for star-formatiod ascope. In total, 99 quasars have been observed, 57 of which
should be prefered instead. Note tmgfmis not equal t(QgDLA. already reported in the literature (see Tdlle 1 for detail®
The column density limit at which the gas is mostly neutral-caprovide in Tablé1l a summary of the observation log for the 99
not be defined precisely but should lie betweenNggi 1) = 19 quasars. Columns 1 to 8 give, respectively, the quasarsnam
and 19.5. In any case, a conservative position is to conlider the emission redshift, the apparent R magnitude, the J2000
all systems above 19.5 are neutral. qguasar coordinates, the date of observation, the expasuge t

Whether or not the mass of the neutral gas in the systearsd the notes.
with 19.5 < log N(H 1) < 20.3 (the so-called sub-DLAs or  The echelle mode allows to cover the full wavelength range
super-LLS) is negligible has been the source of intensaigiscfrom 3900 A to 10900 A in ten orders with 300 A overlap
sions in recent years. Note that these discussions aredédtat between two adjacent orders. The instrument has a speistral d
the mass in theeutralphase only. Indeed, it is known for longpersion of about 11.4 knts pixel~ and a pixel size ranging
(e.g. Petitiean et al. 1993) that thetal mass associated withfrom 0.16 A pixet? in the blue to 0.38 A pixel in the red.
the Lyman limit systems is larger than that of DLAs. Indeesl thThe 1 arcsec wide slit is projected onto 6.5 pixel resultmg i
gas in the LLS phase is mostly ionized and located in extended-4300 spectral resolution.
halos whereas DLAs are located in dense and compact regionsData reduction followed standard procedures using IRAF
Péroux et al. (2003), hereafter PMSI03, have been the dirstfor 70% of the sample and the programmakee for the re-
consider the sub-DLAs as an important reservoir of neuttal gmaining. For the IRAF reduction, the procedure was as failow
They claim that az > 3.5, DLAs could contain only 50% of The images were overscan corrected for the dual-amplifier
the neutral gas, the rest being to be found in sub-DLAs. Wharode. Each amplifier has afffirent baseline value andfiir-
correcting for this, they find that the comoving mass densignt gain which were corrected by using a script adapted from
shows no evidence for a decrease above2. PHWO05 ques- LRIS calledesibias. Then all the images were bias subtracted
tionned this estimate. They use the Sloan Digital Sky Suteeyand corrected for bad pixels. The images were divided by-a nor
measure the mass density of predominantly neutral!@ﬁ%. malized two-dimensional flat-field image to remove indivatu
They find that DLAs contribute-80% onge“t at all redshift. pixel sensitivity variations. The flat-field image was nokma
Uncertainties are very large however and the same authorsiesd by fitting its intensity along the dispersion directigsing
timate that the systems with Idg(H 1) > 19 (the super-LLS) a high order polynomial fit, while setting all points outsitie
could contribute 20-50 % oﬂg'. Therefore, the question oforder aperture to unity. The echelle orders were tracedjtlsa
what is the contribution of super-LLS mge”tis not settled yet. spectrum of a bright star. Cosmic rays were removed from all

In addition, the evolution oﬂge“t at the very high redshift, two-dimensional images. For each exposure the quasar spec-
z > 4, is not known yet. PHWOS5 claim that there is no evolutiomum was optimally extracted and background subtracted. Th
of QS'—A for z > 3.5 but they caution the reader that results faask apall in the IRAF packagechelle was used to do this.

z > 4 should be confirmed with higher resolution data. THehe CuAr lamps were individually extracted using the quasar
reason is that the Lymadmforest is so dense at these redshiftapertures. Lines were identified in the arc lamp spectra by us
that it is very easy to misidentify a strong blend of lineshwat ing the taskecidentify and a polynomial was fitted to the line
DLA. ThereforngDLA can be easily overestimated. positions resulting in a dispersion solution with a mean RMS

In this paper we present the result of a survey for DLAsf 0.09 A. The dispersion solution computed on the lamp was
and sub-DLAs at high redshifz(> 2.55) using intermedi- then assigned to the object spectra by using the désgcor.
ate resolution data. We identify a total of 100 systems witlVavelengths and redshifts were computed in the heliogentri
log N(H 1) < 19.5 of which 40 are DLAs over the redshift rangeestframe. The dierent orders of the spectra were combined
2.88 < zyps < 4.74 along 77 lines-of-sight towards quasars withsing the taslscombine in the IRAF package. It is important
emission redshift & z., < 6.3. The sample and data reductioto note that the signal-to-noise ratio drops sharply at thges
are presented in Section 2. In Section 3 we describe the prookthe orders. We have therefore carefully controlled this p
dures used to select the absorption systems. Section 4sasalgedure to avoid any spurious feature.
statistical quantitities characterizing the evolutioibafAs and The SNR per pixel was obtained in the regions of the
sub-DLAs and discusses the cosmological evolution of thie néyman-« forest that are free of absorption and the mean SNR
tral gas mass density. Conclusions are summarized in Sectialue, averaged between the Lymaand Lymang QSO emis-

5. Throughout the paper, we addpt, = 0.3,Q4 = 0.7 andHp  sion lines, was computed. We used only spectra with mean
=72kms?t. SNR2= 10. For simplicity, we excluded from our analysis broad
absorption line (BAL) quasars. We therefore used 77 lirfes-o
sight out of the 99 available to us.

The continuum was automatically fitted (Aracil et al. 2004;
Medium resolution (R- 4300) spectra of alt > 3 quasars dis- Guimaraes et al. 2007) and the spectra were normalized. We
covered in the course of the DPOSS survey (Digital Palometiecked the normalization for all lines-of-sight and manu-

2. Observation and data reduction
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ally corrected for local defects especially in the vicingy 4. Analysis

the Lymane emission lines and when the Lymanforest is

strongly blended. Using the procedure described in the previous Section, we de
Metallicities measured for twelve > 3 DLAs observed t€ct 100 systems with loy (H 1) > 19.5, out of which 40 are

along five lines-of-sight of this sample have been publighed DLAs. We use this sample to investigate the characterisfics

Prochaska et al. (2003b); see also Prochaska et al. (2003a)the neutral phase over the redshift range25< 5. We com-
pare in Fid1 the redshift sensitivity function of our surweith

the redshift sensitivity function of previous surveys catgul

o by PMSI03. Although the redshift path of our survey is much
3. Identification of Damped and sub-Damped

Lyman- « systems

We used an automatic version of the Voigt profile fitting roati 350
VPFIT (Carswell et al. 1987) to decompose the Lymsiorest

of the spectra in individual components. As usual, we retstri

our search outside of 3000 km'srom the QSO emission red- 300 1
shift. This is to avoid contamination of the study by proxtea

effects such as the presence of overdensities around quasars 5,5q |
(e.g. Rollinde et al. 2005, Guimaraes et al. 2007).

From this fit we could identify the candidates with
log N(H 1) — error> 19.5. We then carefully inspected each _
of these candidates individually with special attentiortie & ¥
following characteristics of DLA absorption lines: 150 4 ¥

200 - H

— the wavelength range over which the line is going to zero; 100 -
— the presence of damped wings;

— the identification of associated metal lines when possible. !
50 41!

The redshift of the H absorptions was adjusted carefully using i
the associated metal absorption features and the finaldh 0 +

umn density was then refitted using the high order lines in the Y 1
Lyman series when Lyman series are covered by our spectrum z

and not blended with other lines. After applying the above Cij 1 Solid curve shows the redshift sensitivity function of our
teria, 100 DLAs and sub-DLAs with lobi(H 1) > 19.5 were g ey for all lines-of-sight, the filled grey histogram islp

confirmed. A total of 65 systems were not previously used fﬂfr unpublished lines-of-sight. Dashed curve shows thehiéd
QpiaH, /Qsub-pLA H, €Stimations, 21 of which are DLAs and

: e i : sensitivity function of previous surveys computed by PNSI0
44 are sub-DLAs. Their characteristics are given in Table 2:
Columns 1 to 7 give, respectively, the QSQO’s name; the emis-

sion redshift estimated as the average of the determirgtion

f(;om the pfi?kdcif t?ﬁ Lglte/mlss_mr_] anlq fr.otr:: the_ peak of g maller than that of the SDSS survey (PHWO05), it ig at3.5
aussian fitted 1o the emission fin€, the MiNimum reqgiar to the surveys by Péroux et al. (2001, 2003). No#t th

shift along a DLASub-DLA could be detected; the maximunb . : :
) ) ..our survey is homogeneous and at spectral resolution twice o
redshift along a DLAsub-DLA could be detected, the redShIf"nore larger than previous surveys. The ¢blumn density dis-

O.f the DLA./SUb'DLA; the DLA{qu'DLA H1 column den- tribution of the 100 DLAs and sub-DLAs measured in this work
sity; associated detected metal lines and notes. Lymaesseg d that of the systems with Iag(H 1) > 20.3 in PMSIO3 are

and selected associated metal lines are shown in the Apperg(ﬁown in Fig[2. We are confident that we do not miss a large
"List of Figures”. The QSO lines of sight of our sample alon%umber of sub-DLAS down to the above limit

which we detect no DLA andr sub-DLA are listed in Tablg 3. _ . .
Comments on DLAsub-DLA systems dierences between our ~ T0 give a global overview of the survey, we plot in Hig. 3,

measurements and measurements by others are in the Appel@gixi(H 1) versuszapsfor the 65 unpublished dampetib-DLA
"Notes on Individual Systems”. absorption systems. In the same figure we show for comparison

The metal lines have been searched for using a sealdf data points from the Péroux et al. (2001) survey.

list of the strongest atomic transitions given in Table 4eTh In Figure[4, we plot for comparison, as a function of red-
corresponding absorptions have been fitted using the packalift, the diference between theirtolumn densities measured
VPFIT. A full account of this metallic column densities ah@t for the same systems by us and by either Péroux et al. (2005)
corresponding abundances is out of the scope of this pager &lom high-resolution data or Prochaska & Wolfe (2009) from
will be presented elsewhere (Guimaraes et al., in prejpajat SDSS data. The measurements are consistent within errors.
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Fig. 2. Histogram of the H column densities measured for theé=ig. 4. The H1 column density dference between our mea-
100 DLAs and sub-DLAs with lodN(H 1) > 19.5 detected in surements and those by either Péroux et al. (2005) (teahgl
our survey (solid-line histogram). The dashed-line hisdoy or Prochaska & Wolfe (2009) (squares) in systems common to
represents the iHcolumn densities measured by PMSIO3 witldifferent surveys is plotted versus redshift.
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4.1. Column Density Distribution Function

The H1 absorption system frequency distribution function is
defined as:

Msys

f(N, X)dNdX = ——>>
(N.%) AN X 5 AX;

dNdX 1)

wheremys is the number of absorption systems with a col-
umn density comprized betwedéh— AN/2 andN + AN/2 and
observed over an absorption distance intervah®f The to-
tal absorption distance coveragé) AX;, is computed over the
whole sample ofi QSO lines-of-sight. The absorption distance,
X, is defined as

X@) = fo Z(1 + 2)°E(2)dz (2)

whereE(2) = [Qu(1 + 2)% + Q]2 For one line-of-sight,
AX(2) = X(Zmax) —X(Zmin), With znax being the emission redshift
minus 3000 km st andzy, is the redshift of an H Lyman-«
line located at the position of the QSO Lymgammission line.
In Figure[3 we show the functiof(N, X) obtained from our

Fig. 3. The logarithm of the H column density measured in ourstatistical sample over the redshift rarge 2.55- 5.03 and
unpublished systems (circles) is plotted versus the rédShie  for log N(H 1) > 19.5. It can be seen that there is no break at
data points of Péroux et al. (2001) are shown for comparisgie low column density end, between 104H 1) = 19.5 and
with crosses.

20.6. This makes us confident that we are complete down to
log N(H 1) = 19.5. The vertical bars indicaterlerrors. The
horizontal bars indicate the bin sizes plotted at the me&n co
umn density for each bin. PHWO5 results in the redshift range
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— : : tion of the form,f(N, X) = K x (NﬁT)‘“ X et (Pei & Fall 1995)
This work —e— ] should better describe the data.

20 Peroux et al. (2005) L .
i Prochaska et al. (2005)-v---- We have calculated the frequency distribution function,
205} . f(N, X), in different redshift bins of equal distance path :
[ 2.55-3.40; 3.406-3.83 and 3.835.03. Results are shown in Fig.
21 F . [6l. The functions are fitted as described above and fit reswlts a
i given in Tabld’b. We find that the function do not evolve much
215} y with redshift. This is consistent with the finding by PHWO05
[ that the global characteristics of the function are not givam
22 F y much with time. There is however a tendancy for a flattening of

[ the function which may indicate that the number of sub-DLAs
225} . relatively to other systems is larger at lower redshifthaligh
- \ we do not think this is the case because we have used a con-

log fiyi(N,X)

23 F ] servative approach, part of this evolution at the highedsmét
: could possibly be a consequence of loosing the sub-DLAs in
235} ] the strongly blended Lymaa-forest atz > 4. We note also a
i slight decrease of the number of systems withNiggl 1) > 20.5
24 | 3 at the highest redshifts. This is consistent with the findigg

PDDKMO5 that the relative number of high column density
DLAs decreases with redshift.

Another way to look at these variations is to compute the
redshift evolution of the number of (sub)DLAs per unit path
Fig. 5. Frequency distribution function over the redshift rangiength. The observed density of systems is defined as
z = 2.55-5.03. The dashed green, solide black and dotted blue "
lines are, respectively, a power-law, a double power-ladian mex
gamma function fits to the data. The solid red and dashed blAERIDLAS = fmm F(N, X)dN )

lines are, respectively, a power-law and gamma functiondits
the data obtained by PHWO5. Results obtained during the present survey together with

those of PWHO05 and PDDKMO5 are plotted in Figlte 7. The
important feature of this plot is that the number density of
DLAs peaks az ~ 3.5. In addition, the ratio of the number

of sub-DLAs to the number of DLAs is larger at redshif}.5
z = 22 - 55 and for lodN(H 1) > 20.3 are overplotted in compared to higher redshifts.

the same figure. Although our data points are consistentrwith

about b with those of PHWO5, it seems that the overwhole

shape of the function is flatter in our data. Note that we do %

detect any system with lofy(H 1) > 21.25. Data points from The comoving mass density of neutral gas is given by

Péroux et al. (2005), hereafter PDDKMO5, are also overplot

ted. Our pointat lod(H 1) = 19.5 is consistent with theirs. ¢, () = Ho umy ZiNi(H1) )
A power-law, a gamma function afat a double power- ¢ po AX()

law are usually used to fit the frequency distribution. Itjs a  \where the density is in units of the current critical density
parent from Fig[b that a power-law (of the forfifN.X) = o, my is the mass of the hydrogen atomz= 1.3 is the mean
K'x N™) fits the function nicely over the column density ranggolecular weightAX the absorption length and the summa-
19.5<log N(H 1) < 21. The index of this power spectrum (segon of column densities is done over all absorption systems
Table[3) is larger¢ ~ -1.4) than what is found by PHWOS5 detected in the survey. Results are shown in[Rig. 8 and summa-
but over a smaller column density range INgH 1) > 20.3. rized in Tabld®. The three redshift bins considered are eefin
The discrepancy is apparently due to th&faience in the col- so that the absorption length is equal in each bin. THemint
umn density ranges considered by both studies. If we réstigglumns of Tablé16 give, respectively, the redshift range, t
our fit to the same range as PHWOS5 we find an index 6f-  mean redshift, the number of lines-of-sight involved, thiena
1.8+0.25 which is consistent with the results of PHWOS5. Wger of DLAs and sub-DLAs detected over this redshift range,
note that PDDKMO5 already mentioned that the small end gfe absorption length (calculated usitig, andznax as defined
the column density distribution is flatter than= —2. in Table2), the resulting IHcosmological densities for, respec-
There is a large deficit of high column density systems tively, DLAs only or both DLAs and sub-DLAs.
our survey compared to what would be expected from the sin- Results from PHWO05 and PDDKMO5 are also plotted on
gle power-law fit. This has been noted before and discusd&dure8. It can be seen that we confirm the decreask;pfor
in detail by PHWO05. A double power-law was used to fit our > 3 that was noticed by PDDKMO05. The measurement from
full sample with better result (see Table 5). However, trergh the SDSS in this redshift range is higher. However, our surve
break in the function at lotl(H 1) ~ 21 suggests a gamma funcis of higher spectral resolution and should in principle ken

19 195 20 205 21 215 22
log N(HI)

2. Neutral hydrogen cosmological mass density, Q,
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Fig. 6. H 1 frequency distributionfy, (N, X), in three redshifts bins: 2.58.40 (left), 3.46-3.83 (center), and 3.83%.03 (right).
Straight lines show beg# fits of a power-law function to the binned data. The dashedeisrthe same for a gamma function
fit. and the dot-dashed curve for a double power-law fit.

reliable in this redshift range. It seems that the evolutibf,;,  Intermediate resolutiorR~ 4300) spectra have been obtained
is a steep increase from= 2 toz = 3 and then a slightly flatter with the Echellette Spectrograph and Imager (ESI) mounted
decrease up te = 5. The inclusion of the sub-DLAs does nobn the Keck telescope. The damped Lymaabsorptions are
change this picture as sub-DLAs contribute to a maximum ifentified on the basis of (i) the width of the saturated apsor
about 30% to the total IHmass. The contribution by sub-DLAstion, (ii) the presence of damped wings and (iii) the presenc
is better seen in Fig.]9 where we plot the cumulative densit§ metals at the corresponding redshift. The detection s ru
versus the maximum IHcolumn density considered. As notechutomatically but all lines are verified visually. A total b0
already by numerous authors, the discrepancy of measutemegstems with logN(H 1) > 19.5 are detected of which 40 sys-
atz< 1.5is still a problem. tems are Damped Lymamsystems (lodN(H 1) > 20.3) for an
It can be also seen from the Figure 8 tiés are lower absorptionlength okX =378. Spectra are shown in Appendix.
thanQseiian the mass density in stars in local galaxies. We find  pH\wo5 have derived from SDSS data that the cosmolog-
for the ratio of the peak value @2y, t0 Qgeliar for this work R jcal density of the neutral gas increases strongly by a facto
~ 0.45. Previous surveys, PDDKMO05 and PHWO05, have fouthse to two fromz ~ 2 to z ~ 3.5. Beyond this redshift,
for the ratio 0.37 and 0.40 respectively. measurements are mordiitiult because the Lymamforest is
dense. Our measurements should be more reliable because of

] ) better spectral resolution. We show, consistently withfife-

5. Discussion ings of PDDKMO5, that the cosmological density of the nelutra

We have presented the results of a survey for damped and {ft® decreases at> 3.5. The overall cosmological evolution
damped Lymanr systems (loyi(H 1) > 19.5) atz > 2.55 SE€ems therefore to have a peak at this redshift.

along the lines-of-sight to 77 quasars with emission rdtsshi ~ We find that the H column density distribution does not
in the range 4> Z.y, > 6.3. In total 99 quasars were observedvolve strongly fronz ~ 2.5 toz ~ 4. The one power-law fit in
but 22 lines-of-sight were not used because of not enouie range lodN(H 1) > 20.3 gives an index af = —1.80+0.25,
SNR angor because of the presence of broad absorption linesnsistent with previous determinations. However, we fivad t
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Fig. 7. Number density of absorbers vs. redshift. Red circl€8g. 8. Cosmological evolution of the H mass density. For

and inverse triangles are from this work for DLAs and sulBLAs: red squares are the results of this work, green squares
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Table 1. Summary of Observations

QSO Zem R RA(2000) DEC(2000) Obs. Date Exp. Time (min) Note
PSS000+2417 4.050 18.69 0007 38.7+241725.0 2000 Sep 06 60

PSS00143032 4470 18.81 001442.8+303203.0 2000 Sep 06 60

PSS00522405 4.280 18.30 005206.8+240539.0 1999 Dec 30 40

PSS011%1552 4244 18.60 011731.2+155216.4 2000 Sep 04 50 2
PSS01180320 4232 1850 011852.8+032050.0 2000 Sep 06 60 3
PSS01210347 4127 17.86 012126.2+034707.0 1999 Dec 30 45 3
SDSS0127-0045 4.084 18.37 012700.7 -004559.4 2001 Jan 02 60

PSS01310633 4430 18.24 013112.2+063340.0 2000 Sep 04 60 1,2
PSS01330400 4.154 17.86 013340.4+040059.0 1999 Dec 29 40 1,2,3
PSS01343307 4536 18.82 013421.6+330756.5 2000 Sep 06 60 1,2
PSS020+0940 4136 18.63 0207 03.5+094059.0 2000 Sep 04 75

SDSS02061216  4.810 21.51 020651.4+121624.4 2002 Dec 07 30

PSS02090517 4.194 17.36 020944.7+0517 14.0 1999 Dec 29 35 1,2,3
SDSS0210-0018 4.700 20.74 021043.2 -001818.5 2002 Dec 07 40 4,5
PSS021%1107 3.975 1812 021120.1+110716.0 1999 Dec 29 70

SDSS0211-0009 4900 22.04 0211027 -000910.3 2002Dec07 20 1,2
SDSS0231-0728 5410 2154 023137.6 -072854.5 2002 Dec 06 90 4,5
PSS0244-0108 3.990 19.00 024457.2 -010808.7 2000 Sep 06 40 ,5 4
PSS02481802 4.422 18.40 024854.3+180250.3 1999 Dec 30 60 1,2
PSS03260208 3.960 18.74 032042.7+020816.0 1999 Dec 30 55

SDSS03380021  5.020 21.68 033829.3+002156.5 2002 Dec 06 90 1,2,4,5
SDSS0338-RD657 4.960 23.00 033831.3001807.7 2001 Jan 02 120

PSS04520355 4420 18.80 045251.5+035558.0 1999 Dec 30 60

PSS074+%4434 4.435 18.06 074750.0+443416.0 1999 Dec 30 90 1,2,5
SDSS07564104 5.090 21.70 0756 18.0+410410.6 2001 Mar 26 150 4
PSS08085215 4510 18.82 080849.5+521516.0 2000 Apr 28 70 5
SDSS08184603  4.074 18.67 081054.7+460355.2 2001 Mar 24 60

PSS08525045 4200 19.00 085227.4+504511.0 2000 May 13 60

PSS09263055 4.190 17.31 092636.3+305506.0 1999 Dec 29 40

SDSS09415947  4.820 20.66 094108.4+594725.8 2002 Dec 06 40 4,5
BR0945-0411 4.130 18.80 094749.6 -042515.1 2000 May 14 60

PSS09565801 3.973 17.38 095014.0+580138.0 1999 Dec 29 40 4,5
BR0951-0450 4350 1890 095355.7 -050419.5 2000 May 15 53 2
PSS09555940 4.340 17.84 095511.3+594032.0 1999 Dec 29 56 4,5
PSS095+3308 4283 17.59 095744.5+330823.0 1999 Dec 29 55 5
BRI1013+0035 4.380 18.80 101549.0+002019.0 2000 May 15 60 2
PSS10263828 4180 18.93 102656.7+382843.0 2000 Apr 29 95 5
BR1033-0327 4509 1850 103623.7 -034320.0 2000May 13 20

PSS10393445 4390 19.20 103919.3+344510.9 2001 Apr18 150 5
SDSS1044-0125 5.740 25.10 104433.0 -012503.1 2000 Apr 2808 dan 01,02 330

SDSS10484637  6.230 22.40 104845.0+463718.3 2003 Jun 02 90 5
PSS10484407 4450 19.50 104846.6+4407 12.7 2000 Apr 29 20

PSS105%4555 4126 17.70 105756.4+455551.9 1999 Dec 30 40 1,2,5
PSS10581245 4330 18.00 105858.5+124555.0 1999 Dec 30 75

PSS11183702 4.030 18.76 111856.2+370253.9 2001 Mar 24 60 5
PSS11466205 4509 18.73 114009.6+620523.3 2000 May 14 60 4,5
PSS11591337 4.081 18.50 115906.5+133737.8 2000 Feb 10 55 1,2,5
SDSS1204-0021 5.030 20.82 120441.7 -002149.6 2003 Jun 04 60 4,5
SDSS12080010 5.273 22,75 120823.9+001028.9 2001 Mar 24 120

PSS12260950 4.340 18.78 122623.8+095003.7 2001 Mar 24 80

PSS124%3406 4.897 20.40 124942.2+334954.0 2001 Mar 26 60

PSS12483110 4.346 18.90 124820.2+311044.0 2000 May 13 60

PSS1253-0228 4.007 19.40 125336.3 -022808.0 2000 Apr29 55 2 1
SDSS1310-0055 4151 18.85 131052.6 -005531.8 2001 Mar 24 50 4,5
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Table 1. continued.

QSO Zem R RA(2000) DEC(2000) Obs. Date Exp. Time (min) Nbote
PSS13152924 4.180 18.48 131539.6+292439.8 2001 Mar 24 85
PSS131+3531 4369 19.10 131743.3+353133.1 2001 Mar 26 55 2
J1325-1123 4400 18.77 132512.6+112332.8 2001 Apr18 120 5
PSS13260743 4.123 17.30 132611.9+074359.0 2000 Dec 29 60
PSS13395154 4.080 18.70 133913.0+515404.0 2000 May 15 60 5
PSS134%4956 4560 17.90 134743.4+495621.0 2000 Feb10 50 5
PSS140%4111 4.026 18.62 140132.8+411149.9 2000 Apr28 46 4,5
PSS14034126 3.862 1892 140355.7+412616.2 2000 May 15 90 4,5
PSS14184449 4280 18.40 141831.8+444937.0 2000 Feb 29 60 4,5
PSS14362828 4306 19.30 143031.9+282834.1 2001 Mar 26 55 2
PSS14323940 4.292 18.60 143224.9+394024.0 2000 May 13 60 4,5
PSS14353057 4350 19.30 143523.3+305716.3 2001 Apr18 70 2
PSS14432724 4406 19.30 144331.2+272437.0 2000 Apr29 30 2
PSS14435856 4270 17.80 144340.8+585653.0 2000 Apr28 40 4,5
PSS14586813 4291 18.67 145831.7+681305.2 2000 Apr 28 60
PSS15085829 4.224 18.60 150007.7+582938.0 2000 May 14 60
PSS15065220 4180 18.10 150654.6+522005.0 2000 Feb 10 50 4,5
GB1508+5714 4304 18.90 151002.2+570304.9 2000 May 13 75
PSS15314157 4200 19.00 153129.4+451707.9 2001 Apr18 128
PSS15352943 3.972 18.90 153553.9+294313.0 2000 May 15 & 2000 Sep 05 120
PSS15433417 4.390 18.40 154340.4+341745.0 2000 Apr30 76 5
PSS15541835 3.990 18.90 153553.9+294313.0 2000 May 15 & 2000 Sep 04 120
PSS15552003 4228 18.90 155502.6+200325.0 2000 May 14 90
PSS16151803 4.010 18.42 161522.9+180356.4 2000 Apr 29 90
SDSS16384012 6.050 20.42 163033.9+401209.6 2003 Jun 02,03,04 295
PSS16331411 4.349 19.00 163319.7+141142.6 2000 Apr 30 60 1,2
PSS16465514 4.084 18.11 164656.3+551446.7 2000 Apr 28 60 1,2
VLA1713+4218 4230 19.00 171356.2+421808.6 2001 Apr17 90
PSS17153809 4520 1856 171539.5+380906.6 2000 Sep 03 60
PSS17213256 4.040 19.23 172106.7+325635.8 2000 May 01 60 1,2
PSS17232243 4514 18.17 172323.1+224356.4 2001 Mar 24 40
SDSS173%5828 4940 20.93 17 3744.0+582825.4 2001 Mar 24 90 4,5
PSS17456846 4,130 19.12 174550.1+684621.0 2000 May 01 120
PSS18025616 4158 19.19 180248.9+561651.0 2000 Sep 05 90 1,2
PSS2122-0014 4114 19.13 2122075 -001445.0 2000 Sep 06 60 , 2,415
PSS21540335 4.360 18.41 215406.9+033540.0 2000 May 14 60 1,2,3
PSS21551358 4.256 18.50 215502.1+135826.0 2000 May 15 40 1,2,3
PSS22031824 4.375 18.74 220343.4+182814.0 2000 Sep 04 60
PSS22382603 4.031 18.85 223841.1+260346.0 2000 Sep 06 60
PSS22411352 4441 18.69 224147.7+135205.9 2000 Sep 03 60 1,2
PSS22441005 4.040 18.92 224405.5+104738.0 2000 Sep 04 80
PSS23150921 4412 1896 231559.2+092144.0 2000 Sep 05 90
PSS23221944 4.170 18.29 232207.2+194423.0 2000 May 13 & 2000 Sep 04 111
PSS23232758 4180 18.51 232341.0+275801.0 2000 Sep 04 86
PSS23440342 4340 17.87 234403.2+034226.0 1999 Dec 30 45 1,2

* Quasars from this survey were previously usedpya i estimations by: (1) Péroux et al. (2001);
(2) Péroux et al. (2003); (3) Péroux et al. (2005); (4) lRaska et al. (2005); (5) Prochaska & Wolfe (2009)
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Table 2. List of DLA-subDLAs

QSO Zem Zmin Zmax DLA-subDLA Metal Lines Note'
Zabs log N(H 1)
PSS000#2417 4,05 2.758 4.000 3.194 19:8Mm07 Sin, Civ
3.497 20.9%0.10 Sim, Fen, Al i
3.706 20.650.15 Sim, O1, Cu, Sitv, Civ, Fen, Al it
3.839 20.650.10 Sin, Oy, Cu, Cuv, Fen, Al u
PSS011%1552 4244 2,784 4.192 3.175 1948010 Civ
PSS01180320 4232 2901 4.180 4.128 1949915 Sin, O Co, Sitv, Civ, Al 1t 3
PSS01220347 4,127 2.789 4.076 2.977 194015 no metald 3
SDSS0127-0045 4.084 2.546 4.033 3.728 28@B%0 Sim, O1, Cu, Siwv, Civ, Fen, Al i
PSS01320633 4,430 3.008 4.376 3.173 1949510 Feu, Aln 1,2
3.689 19.580.10 Civ 1,2
PSS01330400 4,154 2,930 4.102 3.690 204015 Sin 1,2,3
3.771 20.4%0.15 Sim, Sitv, Civ, Fern, Al u 1,2, 3
3.995 20.1%0.10 Or Cu, Siwv, Civ, Fen 3
PSS01343307 4536 2.976 4.481 3.760 2046010 Siu, Sitv, Civ, Al 1,2
PSS02090517 4,194 2.943 4.142 3.666 2048010 Sin, Fen, Al 1,2,3
3.862 20.380.15 Or, Cu, Sin, Al 1,2,3
PSS02121107 3.975 2.847 3.925 3.139 20425 Siu, Civ, Femn, Al 1
3.502 20.180.20 Sim, Cv, Fen, Al it
PSS074%4434 4.435 3.107 4.381 3.762 204020 no metalé 1,2
4.019 21.180.15 Oy Cu, Sin, Fen, Al it 1,2,5
SDSS07564104 5.09 3,551 5.029 4.360 204H10 no metals
PSS08085215 4510 3.181 4.455 3.114 2046010 no metal8 5
SDSS08184603 4.074 2.811 4.023 2.956 204525 Alm
3.472 19.960.07 Fer, Al 1t
PSS09565801 3.973 2.759 3.923 3.264 204010 Sim, Sin, Civ, Fen, Al i 4,5
BR0951-0450 435 2866 4.296 3.235 2@P510 Civ, Fen, Aln
3.856 20.7@0.20 Sim, Sitv, Civ, Al 11 2
4202 20.3%0.15 Sim, O1, Cv 2
PSS09555940 434 3.070 4.287 3.542 2048010 Sim, Civ, Fen, Al i 4,5
3.843 20.080.15 Siw, Sin, Civ, Al 4.5
4.044 20.180.15 Oy Cu, Sin, Sitv, Civ
PSS095%3308 4,283 2.969 4.230 3.043 194#5b15 CnAln
3.280 20.580.10 Feu, Al n
3.364 19.7@0.15 Alnu
3.900 19.580.10 no metals
4.179 20.680.10 Oy Cu, Sin, Sitv, Civ
BRI1013+0035 438 3.123 4.326 3.738 204%20 no metals
PSS10263828 418 2756 4.128 3.339 194208 no metals over available coverage
3.865 19.960.10 Cun
PSS10393445 439 2881 4.336 4.098 1948510 Oi, Cu, SitV
PSS105%4555 4,126 2.776 4.075 2.909 204510 Feu, Aln 1,2
3.058 19.880.15 CiV, Fen, Al 1,2
3.164 19.580.20 Sim, C1V, Fen, Al i
3.317 20.1%0.10 Sin, Fen, Al i 1,2
PSS10581245 4,330 3.110 4.277 3.430 20#4D15 no metals over available coverage
PSS11183702 4,03 2.893 3980 3.698 19:8¥08 O, Cu, Sin, Al
PSS11591337 4,081 2.823 4.030 3.726 20#M10 Cu,Sim, Si1v, C1vV 1,2
PSS124%3406 4,897 3.314 4.838 4.572 1948010 SiV,C1v
PSS12483110 4,346 3.088 4.293 3.697 20+b10 Sin, Fen, Al
4.075 20.280.15 Oy, Cu, Siwv
PSS1253-0228 4,007 2.868 3.957 3.608 19M%0 Cu, Siw, C1V, Fen 1,2
PSS131%3531 4,369 2.998 4.315 3.461 194005 Siu, C1V, Fen, Al i
J1325:1123 4,400 3.017 4.346 3.723 194020 CiIv
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Table 2. continued.

QSO Zem Zmin Zmax DLA-subDLA Metal Lines Note'
Zabs log N(H 1)
4,133 19.560.20 no metal8
PSS13260743 4123 2.866 4.072 2919 19:49510 Aln
3.425 19.980.15 Al
PSS14323940 4,292 3.105 4.239 3.274 214015 C,Fen Al
PSS14353057 435 2942 4.297 3.267 2048510 Ciwv,Aln
3.516 20.280.10 Sim, Civ, Al
3.778 19.8%0.10 Civ, Aln
PSS14432724 4406 3.095 4.352 4.223 204015 Siw, Sin, Civ, Fen, Al u 2

PSS15085829 4224 3.031 4.172 3.585 194510
3.915 20.50.10
PSS15065220 418 3.275 4.128 3.223 20+4#@10
PSS153%4157 420 2.868 4.148 3.657 1948515
PSS15352943 3.972 2797 3.922 3.202 20«£4D10
3.762 20.5%0.15
PSS15541835 3.99 2769 3.940 2919 20£4m15
PSS15552003 4228 2.824 4.176 3.427 194010
PSS16331411 4349 2.836 4.296 2.880 20«D15
PSS16465514 4.084 2.800 4.033 2932 194010
4.029 19.860.15
PSS17153809 452 3.004 4.465 3.341 2148520
PSS17232243 4515 3.062 4.460 3.697 20«&5H10
SDSS173%5828 4.94 3.383 4.881 4.152 1948515
4.741 20.6%0.15
PSS17456846 413 2860 4.079 3.706 19409
PSS18025616 4158 2.821 4.106 3.391 20310
3.554 20.480.10
3.762 20.6%0.15
3.811 20.3%0.15
PSS2122-0014 4114 2903 4.063 3.207 2800
3.264 19.960.15
4.001 20.150.15
PSS21551358 4256 3.064 4.203 3.143 1944020
3.318 20.7%0.20
4211 20.080.10
PSS22031824 4375 2.850 4.321 3.610 19+®15
4.107 19.880.15
PSS22382603 4.031 2.816 3.981 3.857 20#4b15
PSS22411352 4441 3.106 4.387 3.656 204520
4281 20.7%0.15
PSS23150921 4412 2.863 4.358 3.220 21515
3.425 21.080.20
PSS23221944 417 2754 4118 2.888 1949510
2.975 19.860.10
PSS23232758 418 2.823 4.128 2.952 198010
3.684 20.680.15
PSS23440342 4.340 2.939 4.287 3.220 21£4D10
3.884 19.860.10

no metals over available coverdge

O1

Sin, Cv, Fen, Al i, Al m

Sin, Cv, Al 11

Sin, Cv, Fen, Al i

O1, Cu, Sitv, Civ, Al

Sin, Civ, Al i, Al 1

no metals over available coverdge

Fen, Sin

no metals over available coverage

no metals over available coverdge

Sin, Fen, Al it

Sin, Cv, Fen, Al i

Sin, Al 1

Sin, O1, Cu 4,5
Sin, Cv, Al mt

Sitv, Sin, Civ, Fen, Al i 1,2
Oy, Sin, Cv, Fen, Al 1,2
Cu, Sin, Fen, Al it 1,2
Cu, Sitv, Sin, Al it 1,2
Sin, Cv, Fen, Al i 1,2
Ciwv, Al it

Cu, Sitv, Civ 1,2
Feu, Al 11

Sin, Fen, Al 1,2
Sin, O1, Cu

Sin, Civ, Al it

Cu, Sin, Fen, Al it

Sii, O1, Cu, Sitv, Civ, Fen, Al it
Aln, Sin 1,2
Siu, O1, Cu, Fern, Al 1 1,2
Cu, Sin, Fen, Al it

Sin, Civ, Fen, Al i

Feu, Al 11

Fen, Al

no metals

Sin, Fen

no metals over available cover&de 1, 2
no metals over available coverdg§e

a Metals were detected by Péroux et al. (2005)

b Metals were detected by Prochaska & Wolfe (2009)

¢ We do not cover the red part of the spectraim 6400 A

d Metals were detected by Péroux et al. (2001)

€ Metals were detected by Dessauges-Zavadsky et al. (2003)
* The same references that appears in Table 1
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Table 3.QSO0Os without detected DLAs afot sub-DLAS

QSO Zem Zivin Zirax Note
PSS00143032 4470 2.866 4.415
SDSS0210-0018 4.700 3.177 4.643 4,5
PSS02481802 4430 3.118 4.376 2
PSS04520355 4,395 3.115 4.341
PSS08525045 4216 2.939 4.164
PSS09263055 4,198 2.951 4.146
SDSS09415947 4.820 3.322 4.762 4,5
PSS11466205 4509 3.113 4.454 4,5
SDSS1310-0055 4.152 2.830 4.101 4,5
PSS13395154 4.080 2.783 4.029 5
PSS14014111 4.026 2.866 3.976 4,5
PSS14034126 3.862 2866 3.813 4,5
PSS14184449 4323 2974 4270 4,5
PSS14362828 4306 2.811 4.253 2
PSS14586813 4,291 2.990 4.238
GB1508+5714 4304 3217 4251 2
PSS15433417 4,407 3.071 4353 5
PSS16151803 4,010 2.783 3.960
PSS17213256 4.040 2.802 3990 1,2
PSS21540335 4,359 3400 4305 1,2,3
PSS22441005 4.040 2.810 3.990

* Quasars from this survey were previously usedgra p,
estimations by: (1) Péroux et al. (2001); (2) Péroux et24103)
(3)Péroux et al. (2005); (4) Prochaska et al. (2005); Paska & Wolfe (2009)

Table 4.Principal absorption metal lines most frequently deteet&sbciated to high column density absorption systems.

lon A (A) fa logaof +1og[N/N(H)], + 12.00
Sim  1206.500 0.221 10.87
Hi  1215,6701  0.4162 14.70
Nv  1238.821 0.152 10.24
Nv  1242.804 0.0757 9.93
Simr  1260.4223  0.959  10.65
O:  1302,1685 0.0486 10.67
Simr  1304,3702  0.147 9.85
Cn  1334,5323 0.118 10.85
Siiv  1393.76018 0.528  10.44
Sirv  1402.770 0.262  10.13
Sin  1526,70698 0.23 10.11
Civ  1548.2041 0.194 11.13
Cwv 1550.7812  0.097  10.83
Fer 1608.45085 0.062 9.52
Alu  1670,7886  1.88 9.99
Alm 1854.7164 0.539  9.49
Alm 1862.7895 0.268  9.19
Fen 2344.2139 0.108 9.92
Fem 2374.4162  0.0395 9.49
Fem 2382.7652 0.328 10.41

a Oscillator strengths taken from Morton (1991).
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Table 5. Frequency distribution fitting parameters

Form Zrange log K @ logN+ B
Power-Law [2.55-5.03] 6.52.12 -1.384:0.105 —— _
[2.55-3.40] 5.552.88 -1.330:0.144 —— _
[3.40-3.83] 4.032.01 -1.056:0.199 —— _
[3.83-5.03] 4.382.39 -1.27%0.118 —— _
Double Power-Law [2.55-5.03] -21.#8.31 -1.162:t0.118 20.6@0.24 -2.0%0.51
[2.565-3.40] -22.641.25 -1.327%0.307 21.191.44 -5.982.07
[3.40-3.83] -21.280.19 -0.793:0.233 20.4%0.14 -2.490.74
[3.83-5.03] -21.620.25 -0.92Q:0.199 20.5%0.17 -2.1@0.44
Gamma [2.55-5.03] -21.99.36 -1.010:0.172 20.920.18 ——
[2.55-3.40] -22.5321.54 -1.185:0.329 21.280.89 ——-
[3.40-3.83] -20.960.28 -0.485:0.324 20.4%0.16 ——-
[3.83-5.03] -21.820.35 -0.853:0.198 20.820.18 ——-

Table 6.Absorption Distance Path - Data for Figlije 8

Zrange <z> Ngso Noia  Newpa AX Qoia(10°)  Qprarsupta(10%)
2.55-3.40 3.168 77 12 23 125.922 43+0.33 171+0.33
3.40-3.83 3.618 78 17 19 125.922 41+0.26 165+0.26

3.83-5.03 4.048 77 11 18 125,922 99+ 0.22 121+0.22
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Appendix : Notes on individual systems

In this Appendix we discuss systems where we nofiedinces between our measurements and measurements Isy other

. PSS 01310633 @.m= 4.430). Péroux et al. (2001) report two sub-DLA candidateg,<= 3.17 and 3.61 with logN(H 1) =

19.9 and 19.8 respectively. For the second system howesauR et al. (2001) give in Table 5 a redshiftzgfs= 3.61 for

the Hi line andz,,s = 3.609 for the metal lines but a redshiftafs= 3.69 and logN(H 1) = 19.5 in their Section 8 namely,
"Notes on Individual Objects”. We also detect the first subAlat z,ps= 3.173 with lodN(H 1) = 19.95+ 0.10. Metal lines

at that redshift are detected in the red part of the spectiiamthe second DLA candidate, we confirm the presence of the
Zaps = 3.689 absorption with logN(H 1) = 19.50+ 0.10 in agreement with the sub-DLA candidate reported irti@e® of
Peroux et al. (2001). Metal lines at that redshift are alsseoled in the red part of the spectrum.

. PSS074¥4434 @em = 4.435). Péroux et al. (2001) report two DLA candidates ads = 3.76 and 4.02 with logN(H 1) =

20.3 and 20.6 respectively, which are confirmed by our oladiens. We measure Idg(H 1) = 20.00+ 0.20 atzy,s= 3.762
and logN(H 1) = 21.10+ 0.15 atz,ps = 4.019. No metal lines at,,s = 3.76 are observed in both surveys. We remind the
reader that our data are of higher spectral resolution.

. SDSS 07564104 @.m = 5.09). We detect a sub-DLA candidatezas = 4.360 with logN(H 1) = 20.15+ 0.10. Although

no Lyman series and metals are detected for this systempéuotram has a high enough SNR to fit the khe well and to
ascertain that this aborber is highly likely to be Damped.

. BR095%+450 @z.m = 4.35). PMSI03 report the detection of two DLA candidatergt= 3.8580 and 4.2028 with loNy(H 1)

= 20.6 and 20.4 respectively, which are confirmed by our olagiens. We measure Idd(H 1) = 20.70+ 0.20 atzyns= 3.856
and logN(H 1) = 20.35+ 0.15 atz,,s = 4.202. We discover an additional Damped candidatg,gt 3.235 with logN(H 1)

= 20.25+ 0.10. We believe that this system is not included in the sttatil sample of PMSI03, because it falls below the
threshold of log\N(H 1) = 20.30. Metal lines at that redshift are observed in the retigfghe spectrum.

. BRI 1013+0035 fem = 4.38). PMSI03 report one DLA candidate &ps = 3.103 with logN(H 1) = 21.1. This system is

not included in our sample since its redshift is smaller tthenminimum redshift beyond which a DI/gub-DLA could be
detected in our spectrum. One Damped candidate was diszbatr,s = 3.738 with logN(H 1) = 20.15+ 0.20. We believe
that this system is not included in the statistical sampleMEI03 because it falls below the threshold of g 1) = 20.30.
Although no lyman series and metals are detected for thiesythe SNR in the spectrum is high enough to ascertain that
this absorber is highly likely to be Damped.

. PSS 105%4555 (. = 4.126). Péroux et al. (2001) report three DLA candidateg,at 2.90, 3.05 and 3.32 with loy(H 1)

= 20.1, 20.3 and 20.2 respectively, which are confirmed by dseovations. We measure Idg(H 1) = 20.05+ 0.10 at
Zaps = 2.909, logN(H 1) = 19.80+ 0.15 atzps= 3.058 and logN(H 1) = 20.15+ 0.10 atzyps = 3.317. Metal lines at
all three redshifts are observed in the red part of the spectwe report a new sub-DLA atps = 3.164 with logN(H 1) =
19.50+ 0.20. Several metal lines are detected for this sytem.

. PSS 12530228 @.m = 4.007). Péroux et al. (2001) report two DLA candidatez,gi= 2.78 and 3.60 with lodN(H 1)

= 21.4 and 19.7, respectively. The systenzgt= 2.78 is not included in our sample because its redshift tadlsw the
minimum redshift beyond which DLAub-DLA could be detected in our spectrum. We measuréigd1) = 19.95+ 0.10
atzyns= 3.608. Several metal lines are detected for this sytem.

. J 13251123 @om = 4.400). We have discovered two sub-DLA candidateggt= 3.723 and 4.133 with logN(H 1) =

19.50+ 0.20 and 19.5@ 0.20, respectively. @& metal lines are detected a}s= 3.723. This two sub-DLAs can be found
in the list of SDSS DR5 systems available on Jason Prochaskaisite.

. PSS 16381411 € mem = 4.349). Péroux et al. (2001) report one sub-DLA candidaig,a= 3.90 with logN(H 1) = 19.8.

Here, we measure loij(H 1) = 19.0+ 0.20 atz;ps= 3.909. We report a new DLA atps = 2.880 with logN(H 1) =
20.30+ 0.15. Several metal lines are detected for this sytem.

PSS 16465514 @.m = 4.084). No DLA candidate is detected by Péroux et al. (2@0dng this line of sight. We report here
two sub-DLA candidates aps= 2.932 and 4.029 with lol(H 1) = 19.50+ 0.10 and 19.8@ 0.15, respectively. No metals
are seen over the available wavelength coverage.

PSS 21220014 @.m = 4.084). Péroux et al. (2001) report two candidateg@at 3.20 and 4.00 with logN(H 1) = 20.3 and
20.1, respectively. Here, we measure M¢H 1) = 20.20+ 0.10 and 20.15% 0.15 atz,s= 3.207 and 4.001. Several metal
lines are detected for both systems. We report a new sub-Cindidate atzps = 3.264 with logN(H 1) = 19.90+ 0.15.
Several metal lines are detected also for this system.

PSS 21540335 (zm = 4.359). Péroux et al. (2001) report two candidategat 3.61 and 3.79 with logN(H 1) = 20.4 and
19.70, respectively. No candidate with IbgH 1) > 19.50 is detected in our spectrum.

PSS 21551358 .= 4.256). Péroux et al. (2001) report one DLAZa}s = 3.32 with logN(H 1) = 21.10. Dessauges et al.
(2003) report three sub-DLAs aips= 3.142, 3.565 and 4.212 with Idg(H 1) = 19.94, 19.37 and 19.61. Here, we measure
log N(H 1) =19.90+ 0.20, 20.75¢: 0.20 and 20.0@ 0.10 atz;maps = 3.143, 3.318 and 4.211, respectively. Several metal lines
are detected for these systems.

PSS23440342 @em = 4.340). Péroux et al. (2001) report two DLAszts = 2.68 and 3.21 with logN(H 1) = 21.10 and
20.9. The first system is not included in our sample becassedshift falls below the minimum redshift beyond which a



16

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

DLA/sub-DLA could be detected in our spectrum. We measuréigdj) = 21.20+ 0.10 atz,,s= 3.220. Dessauges et al.
(2003) report one sub-DLA atps= 3.882 with logN(H 1) = 19.50. We measure Idg(H 1) = 19.80+ 0.10 atz,,s= 3.884.



R. Guimaraes et al.: Damped and sub-damped Lymahsorbers in z 4 QSOs

Appendix : List of Figures

17



18

Flux

Flux

0.5
6400 6405 6410
A A)
Pss0007+2417 ;z= 3.497 log N(HI)= 20.95
15 T == T T

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

Pss0007+2417 jg= 3.194 log N(HI)= 19.50
T

Flux

Flux

Flux

Flux

Flux

Sdss0127-0045 ,g=3.728 log N(HI)= 20.85
| I T

Lylﬂ

Flux

6310 6315

AA)

Pss0131+0633 jg& 3.173 log N(HI)= 19.95
— T

LyI o
T T S W
x x
= =
o T
0.5
0 A AR PYIR  A VS W ALLTA VA SR | I A A
5000
T T
1
x x
= ]
o [
0.5 1 1 1 1 05 1 1 1 1
6460 6470 6480 6490 6965 6970 6975 6980
A (A) AA
Pss0118+0320 g 4.128 log N(HI)= 19.95 Pss0131+0633 jg< 3.689 log N(HI)= 19.50
1.5 T Gl T 1.5 T
LyI o

Lylol

Flux

Flux

6465
A A)

6460

Pss0121+0347 jg&= 2.977 log N(HI)= 19.50
T —

Lyla

Flux

4800

A A)

5P550133+0400 2B 3.690-3.771 log N(HI)= 20.40-20.35
L T
LyI a

5900

5800

5700 .
A®

Fig. .1.Spectra of the 100 confirmed Lymarabsorption with logN(H 1) > 19.5. In each panel the Voigt profile fit corresponding
to the bestN(H 1) value is overplotted. The Lyman series absorption lined @me characteristic associated metal absorption
feature (when metals are present over the available wayamverage and not blended with another lines) are predént

additional sub-panels.



R. Guimaraes et al.: Damped and sub-damped Lymahsorbers in z 4 QSOs

Pss0133+0400 j35 3.690-3.771 log N(HI)= 20.40-20.35
5 | p— T
LyI B

Flux

Flux

15 Pss0133+0400 4,z 3.995 log N(HI)= 20.15
. T T

Ly a E

Flux

Flux

Flux
-

1
7750 7755

05 1 1 1 1 1 1
7725 7730 7735 7740 7745

Pss0134+3307 ;g 3.760 log N(HI)= 20.60
T T T

15

Flux

Flux

Flux
=

0.5

7945 7950 7955

AA)

Pss0134+3307 ,35 3.760 log N(HI)= 20.60
T — T T

TTTT
-
=<
Q

Flux

Flux

15 T T T T
- ALl .
- I -
< F ]
g 1r
05 -I L L L
7945 7950 7955 7960
AA)

Flux

Flux

7120 |
A A)

Pss0209+0517 ;g 3.862 log N(HI)= 20.30
T

15

Flux

N Sill ]
- | -
« - -
=
(TR
05 1 1 1 1
7415 7420 7425 7430
Pss0211+1107 g5 3.139 log N(HI)= 20.05
15 — T -
C Lylu 3]
B .
x
=
0.5 [ I\
1
1 |
L i

L
5000

Flux

15 T

) N N
x
S
[
05
0 ,,,,,,,,,,,,,,,,,,,,,,
5400 5500
Pss0211+1107 ,g& 3.502 log N(HI)= 20.10
15 T T T T T T

Flux

Flux

Flux

Flux

19

Pss0211+1107 g+ 3.139 log N(HI)= 20.05

6910 6915 , 6920

AR

Pss0211+1107 ;g= 3.502 log N(HI)= 20.10
T

Lylor

(@]
<
LiLL

6965 6970 6975 6980 6985

A

5200

TT 1T
m
—

111

8070 8075 8080

AA)

Pss0756+4104 ;= 4.360 log N(HI)= 20.15
T




20

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

7350

15 Pss0808+5215 ;g 3.114 log N(HI)= 20.60
. T T T
LyI a
x
S
[
4900 5000 5100
AA)
15 Sdss0810+4603,s 2.956 log N(HI)= 20.55
. T T !
LyI a
LT/ S Y SN
x
=}
[
0.5
O ,,,,,,,,,,,,,,,,,,,
4700 4800 4900
15 T T T T
Al
x
S
[
7340 7360 7370 7380

15

Flux

Flux

AA)

Sdss0810+4603 ;= 3.472 log N(HI)= 19.90
T T

Lylu

15

Flux

Flux

Flux

Pss0950+5801 .z 3.264 log N(HI)= 20.50
T

Flux

15

Flux

Flux

T T T 15 T T
Fell
x
S
w
05 1 1 1 1
7300 7305 7310 7315
A (A
15 Pss0955+5940 ,z=3.843 log N(HI)= 20.00
. 1) T
Ly a
|
1 - A. B | e T I
x
S
[
0.5

7510 7515 7520 7525 7530 7535 7540
A A)

Br0951-0450 z,=4.202 log N(HI)= 20.35
T

15

Flux

Flux

Lylu

6300 6400

Flux

05

7385

7390 7395 7400

A (A)

15

Flux

5300

Flux

x 15
3
[T
1
x
3
[0 ol . | I L e oy = '-'-0_5
6765 6770 6775 6780
A (A
QY o
Pss0955+5940 ;= 3.542 log N(HI)= 20.30 15
15 — T
Lylu
Tl e X
x [
=
T
0.5
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,

Flux

Pss0955+5940 ;g 4.044 log N(HI)= 20.10
T

LyI [of

5500

5600

7700 7705

AA)

Pss0957+3308 ;z= 3.043 log N(HI)= 19.65

Ly| o

4900
Alll

6755

6750



21

R. Guimaraes et al.: Damped and sub-damped Lymahsorbers in z 4 QSOs

Pss1026+3828 .z 3.339 log N(HI)= 19.72 15
-

Pss0957+3308,zs 3.280 log N(HI)= 20.50
15 T T 15
Lyla
x
x p=}
x =] o
> [T
[
L L L L
. 6280 6290 6300 6310
A (A) A (A
Pss1026+3828 ;3= 3.865 log N(HI)= 19.90 Pss1057+4555 ;g= 3.164 log N(HI)= 19.50
15 = 1.5 T
x Ly a Ly a
i | !
LT S
x x
> >
[ [
0.5
0 ,,,,,,,,,,,,,,,,,,,
15 Pss0957+3308 ;g 3.364 log N(HI)=19.70
. T
Lylu
x x
> 3
x o T
=
[T
L L L
6485 6490 | 6495 6500 6350 6355 6360
A(A) A(A)
15 Pss1039+3445 ;z= 4.098 log N(HI)= 19.65 15 Pss1057+4555 jg= 3.317 log N(HI)= 20.15
. T . T T
% Ly a Ly a
[ I !
x x
p=} =]
[ [
05 L L L
7285 . 7290 7295
(A
15 Pss0957+3308 ;g5 3.900 log N(HI)=19.50
o T T
x x
x = =}
= [ [
[T
(O oA | | [ PR R | -
N 7100 7110 7120 7130 7140 7150 7160 6580 6585 6590 6595 6600
AA) A (A) AA)
Pss0957+3308 ,g& 4.179 log N(HI)= 20.60 Pss1057+4555 ;g= 2.909 log N(HI)= 20.05 Pss1058+1245 ;z= 3.430 log N(HI)= 20.40
1.5 T T T 1.5 T — T 1.5 T T
Lyla Lyla
x
x x =
> =} w
[ [
5300 , 5400
6200 6300 6400 AR
15 T T T
Clv
15 Pss1118+3702 ;g 3.698 log N(HI)=19.87
. T
3 3 Lylcr
[T [T
x
=
(O oA L | PR L o .
8010 8020, 8030 6280 6285 . 6290 6295
A(A) A (A)
Bri1013+0035 z,= 3.738 log N(HI)= 20.15 15 Pss1057+4555 ,g= 3.058 log N(HI)= 19.80
T T . T - T
x
x x p=}
= =l T
(TR TR
— L L L L
5800 4900 . 5000 7165 7170 | 7175 7180
A (A) AA)




22

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

Pss1326+0743g5 2.919 log N(HI)= 19.95
T

Lylcr

4800

Flux

15 Pss1326+0743 ;g& 3.425 log N(HI)= 19.90
. T
LyI [of
TH e e
05
0 ,,,,,,,,,
1.5300 5400 .

Flux

Pss1159+1337 g+ 3.726 log N(HI)= 20.00 Pss1248+3110 ;3= 4.075 log N(HI)= 20.20
15 T T 15 T T T T T T
Ly a Silv
x
x = x
= [ =]
[ [
7070 7080 7090 , 7100 7110 7120
A(A)
15 Pss1253-0228 ;3= 3.608 log N(HI)= 19.95
. T .
=
i
x
=
(O | S | il | el el | —— =
6295 6300 , 6305 6310
A(A)
15 Pss1247+3406 ;g 4.572 log N(HI)= 19.80
- T T
Ly a
1t - e E
x [
=
[
0.5
O - M- "V YW V- W7 6410 6420 6430 6440 6450 6460
AA)
6700 6800
15m T T T T T
SilvV
15 Pss1317+3531 g5 3.461 log N(HI)=19.90
- T T
% Ly a
[
x
=
[
0.5
7760 7770 7780 7790 7800 7810
A(A)
15 Pss1248+3110 ;g 3.697 log N(HI)= 20.35
- T
Lyla
x
=
x [
=}
[
05 1 1 1 1
6805 6810 6815 6820
A (A)
15 J1325+1123 .= 3.723 log N(HI)= 19.50
y 8 T T
=
[
x
S
[
05 1 1 1
7545 7550 7555 7560 7565
A(A)
15 Pss1248+3110 ,g& 4.075 log N(HI)= 20.20
- T T

Flux

6100

Flux

Flux

Alll

0.5 1 1
7390 7400
A (A)
Pss1432+3940 z= 3.274 log N(HI)= 21.00
15 T T T
X
=}
T

Flux

[0 I
7300 7310 . 7320 7330
AA)
15 J1325+1123 g+ 4.133 log N(HI)= 19.50
- T T
LyI a
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
x
=
[
0.5 -
0 ,,,,,,,,,,,,,,,,
6300

Pss1435+3057 ;2= 3.267 log N(HI)= 20.05
T

157
LyI [of
[
x
S
w
0.5
0 ,,,,,,
1_55100 5200 .
Alll
x
=]
T
0.5 L L
7130 7140
AA)



15

R. Guimaraes et al.: Damped and sub-damped Lymahsorbers in z 4 QSOs

23

Pss1435+3057 ;3= 3.516 log N(HI)= 20.20 15 Pss1500+5829 ;= 3.915 log N(HI)= 20.50 15 Pss1535+2943 ;3= 3.202 log N(HI)= 20.60
T . T - T . T T T
|_y| a Ly Sill
1 A - - - - - l ,,,,,,
x
x =]
2 Losf E
0 e i | | I 1]
6410 6415 6420 6425
5400 5500 AA)
T
Alll
Pss1535+2943 ;3= 3.762 log N(HI)= 20.50
1 15— T
« LyI [of
=
[ M o ! Wl ol it | EE T
x
>
[
0.5 L 1 0.5
7540 3 7550
AA
) oy LA SRR ! P LA 1
5700 5800 5900
15 Pss1435+3057 ;& 3.778 log N(HI)= 19.85 15 T
- T
Ly a E]
(TR
[T N N
x
x =]
£ z
(TR
0.5
OF -----1-WA - W - 0 A - - -
15 . 5800
Alll
x x
> p=}
[ x o
=}
[
ok g poocoooaoo oo
7980 . 7990
(A)
5
g1
x
3
[
0.5
7040 7045 7050 , 7055 7060 7065
A
5200 6300 6400 6500
1 T T Pss1531+4157 ;z= 3.657 log N(HI)= 19.55
Ly B 1.5 p—r T
|
x
=}
x w
>
[y
0""['""""'] """""" | i
6540 6545 6550 6555
A(A)
15 Pss1555+2003 ,g& 3.427 log N(HI)= 19.90
. T
E E b
(TR (TR T O i —
x
=
“os5
05 L L L L
7105 7110, 7115 7120 ob-LNY Y NN T
A (A)
. 5400
AA)
15 Pss1535+2943 ;z= 3.202 log N(HI)= 20.60
o T T
15 Pss1633+1411 ,g= 2.880 log N(HI)= 20.30
- L] L]
x
=}
e E
w
5000 5100 5200
A (A)
4700 4800
AA)




Flux

Flux

Flux

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

Pss1802+5616 g+ 3.391 log N(HI)= 20.25
T T

Pss1633+1411 ;z= 2.880 log N(HI)= 20.30 Pss1723+2243 g5 3.697 log N(HI)= 20.35
T T T 15pr T - T T 15
SiIII Alll
1 VA AR VT e \/v —V
x
= x
o =
[T
05 1 1 1 1
7010 7015, 7020 7025 7835 7840 7845 7850 7855 7860
A(A) A (A)
i Sdss1737+5828 g 4.152 log N(HI)= 19.85
8 T T
15 Pss1646+5514 ;g= 2.932 log N(HI)= 19.50 |_y| a
8 T
Ly a 1A x
y ; F
=}
[
0.5
A . OfF ~ - Ww - - Nw¥ VW 6795 6800 6805 6810
A(A)
i 4800 15 6200 . . 6300 .
AA) Sill
15 Pss1802+5616 ;g 3.554 log N(HI)= 20.40
. T T
15 Pss1646+5514,2=4.029 log N(HI)= 19.80 E Ly a
. T T |
R T S
x
=]
[
1 1 1 0.5
7860 . 7865 7870
A (B obwbd TN W™ ML T
L 15 Sdss1737+5828 jg= 4.741 log N(HI)= 20.65
- T T
LyI a
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, <
=
x '
=
[
x
=
* O"”'i """" | PR PR | PR Lo o il
7045 7050 7055 7060 7065 7070
AA)
Pss1802+5616 j35 3.762-3.811 log N(HI)= 20.65-20.35
15 T - T T
x
=}
5 [
[
0.5
0 R Ry
. 4900
A(A)
Pss1715+3809 ,z& 3.341 log N(HI)= 21.05 x
15 T T T E
3 05 1 1 1 1
[ 7470 7475 . 7480 7485
A (A)
15 Ps1745+6846 g+ 3.706 log N(HI)=19.73
- T
x
x =
= o
'8
0"'1'”'”""] """" | I |
\ \ \ \ 7950 . 7960 7330 . 7340
05 A (A) A(A)
6975 6980 6985 6990
A)

Pss1723+2243 ;7= 3.697 log N(HI)= 20.35

Flux

15

T
Lylu

Flux

0.5 L
7180 7185 7190 7195
Q)

Flux

5100 5200




Flux

R. Guimaraes et al.: Damped and sub-damped Lymahsorbers in z 4 QSOs 25

Pss2203+1824 ;z= 4.107 log N(HI)= 19.80
T

Flux

Pss2122-0014 < 3.207 log N(HI)= 20.20 Pss2155+1358 4z 3.318 log N(HI)=20.75
15 T T 15 T T 15
Sill LyI a LyI a
x x
S =]
T [
6415 6420 | 6425 6430
AA)
15 Pss2122-0014 ;z= 3.264 log N(HI)= 19.90
. T
LyI a E] E
TR w
0 """""""""""""" e - 0 ol R | I | | R
7205 7210 6810 6815 , 6820 6825
A (A) AA)
P2155+1358 g,4.211 log N(HI)= 20.00 s Pss2238+2603 ;g 3.857 log N(HI)= 20.45
T T O[T T T

Ly a

Flux

5900 6000

05
7115 7120 7125 7130 7135
AA)

Pss2122-0014 = 4.001 log N(HI)= 20.15
T

1.5 =t
LyI a

Flux

x
=
(TR
0 """""" | PP L a1 | P
6315 6320 6325 6330
A (A)
5100 5200
15 T 15 Pss2241+1352 g= 3.656 log N(HI)= 20.15
. T T
x
>
[
x
p=}
[
05 L L L L
Y 6780 6785 6790 6795
L '} L 1 L )\ ()'A)
7735 7740 7745 7750 7755 7760
A(A)
15 Pss2203+1824 ;= 3.610 log N(HI)= 19.70
. T
15 Pss2155+1358 ,g= 3.143 log N(HI)= 19.90 Lyl o
- T T
Ly o 5
| « 2
>
[
x
=
. 0"i"""""'i """""" e o I
8405 8410 . 8415 8420
5600 A)
T T T
I cIv
Pss2241+1352 ,g=4.281 log N(HI)= 20.75
7 1.5 T— T
E LyI o
w
x
3
(TR x
=}
w
05 L L L
7130 7140 7150
0.5 L L AA)
6915 . 6920 6925 N
6300 6400 6500

A(A)



26

Flux

Flux

Pss2241+1352 ;z=4.281 log N(HI)= 20.75

R. Guimaraes et al.: Damped and sub-damped Lyanalpsorbers in 2 4 QSOs

x
S
T
(O i SR R L i
8405 8410 . 8415 8420
A(A)
15 Pss2315+0921 ;g& 3.220 log N(HI)= 21.25
- T T T
LyI a

Flux

Flux

5000

15

Flux

Pss2322+1944 z= 2.975 log N(HI)= 19.80
T - T

15
LyI a
1 ,,,,,,,,,,,,,,,,,,,,,,,,
0.5
ofwwry To VLYY N Y 4Ty L
4800 4900
15 T T T
Fell
x
=
TR
05 1 1 1
6390 6395 6400
A (A)
15 Pss2323+2758 g 2.952 log N(HI)= 19.80
- T
LyI a
[ T I
x
=
TR

Flux

15

Flux

Flux

6745 6750 6755 6760
AA)

4800
A(A)

Pss2323 g, 3.684 log N(HI)= 20.60
T

LyI a
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
x
p=}
[
0.5
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,
15 5600 . 5700 5800
x
=
(TR
x
=
TR
7160

7150 7155

7145
A (A)

Pss2344+0342 ;.= 3.220 log N(HI)= 21.20
T T

15

Pss2322+1944 ;z= 2.888 log N(HI)= 19.95
T

0.5
6495

6490

Ly o
T 2
x
3
%05
0
5000 5100 5200
A (A)
15 Pss2344+0342,3.= 3.884 log N(HI)= 19.80
. T T
Ly a
1 ,,,,,,,,,,,,,,,,,,,,,
x
=]
“os5
0 - - - - MY - - L A
5900 6000



	Introduction
	Observation and data reduction 
	Identification of Damped and sub-Damped Lyman- systems
	Analysis
	Column Density Distribution Function
	Neutral hydrogen cosmological mass density, HI

	Discussion

