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ABSTRACT

Context. The nature of the galaxies that give rise to absorption Jisgsh as damped Lymansystems (DLAS) or strong Mglines,

in quasar spectra isfliicult to investigate in emission. These galaxies can be \@ny &nd located close to the lines of sight of the
much brighter background quasars.

Aims. Taking advantage of the total absorption of the QSO lighewhrds of the Lyman limit of two DLAs a > 3.4, we look for
the continuum emission from intervening galaxiez at 2 that are identified via strong metal absorption lines. TlgaiMbsorbers
have equivalent width large enough to be potential DLA syste

Methods. Deep images are obtained with the FOcal Reducer and SpesglogFORS1) on the Very Large Telescope for the
fields towards SDSS J11085520953 and SDSS J14088020522. These quasars have M@bsorption lines az = 1.87
(W;(Mgn) = 2.46 A) andz = 1.98 W,(Mgu) = 1.89 A), respectively, and each QSO has two interveningdrigedshift DLAs
atz > 3. TheU andR bands of FORSL1 lie blue and redwards of the Lyman limit of thekground DLASs, allowing us to search for
emission from the foreground galaxies directly along thediof sight to the QSOs.

Results. No galaxies are found close to the sight line of the QSO to atpmurce limit ofUsg ~ 28.0. In both fields, the closest
objects lie at an impact parameter-&6” corresponding te-40 kpc in projection az = 2, and have typical colours of star forming
galaxies at that redshift. However, the currently avadatdta do not allow us to confirm if the galaxies lie at the saadshifts as the
absorption systems. A more extended structure is visiblbarSDSS J1408820522 field at an impact parameter 68Gr 7 kpc.

If these objects are at~ 2 their luminosities are 0.03—0.@4 in both fields. The star formation rates estimated from theflu¥ are
0.5-0.6M,, yr~, while the SFRs are half these values if thdand flux is due to Ly emission alone.

Conclusions. The non-detection of galaxies near to the line of sight istrfiksly explained by low metallicities and luminosities of
the Mgu galaxies. Alternatively, the Mg clouds are part of extended halos or in outflows from low-flietiy galaxies.

Key words. Cosmology: observations — Galaxies: high-redshift — Queasa@bsorption lines — Quasars: individual:
SDSS J110855.46120953.3, SDSS J140850:£8020522.7

1. Introduction Metal absorption lines indicate typical DLA metallici-

: . . ties between one hundredth and one tenth solar (Pettini et al
During the past .decad? much |n_format|pn has been gathei%S); Prochaska etlal. 2002). The velocity profiles of thedin
about the properties of high redshift galaxies from thesyswf 5., chaska & Wolie 1997) can be explained by the complex dy-
Lyman break galaxies (LBG5; Steidel etial. 1995, 2003). &infy,mics of infalling clumps in a merging scenafio (Haehnidie
thelrdetect_lon requires the galaxies to haye relatlvegm«:pn- 1998; | Ledoux et all_1998; Nagamine etial. 2007). Numerical
tinuum emission, the Lyman break technique preferenti&y qjnjations reproduce reasonably well the kinematiczfer3
lects massive galaxies (Erb et al. 2006b), and follow up Sp§§) A< in a hierarchical model (Pontzen etlal. 2008), where gas
troscopy have revealed relatlve!y metal rich gaIaX|es-.(0.&slo- is later distributed in discs & = 0. Comparisons of local H
lar inlErb et all 2006a). Altgrnatwely, the spectra of higtshift <5 with DLAs atz > 2 have indicated that local Hdiscs
quasars can reveal the existence of much fainter and mos mgL, e girerent kinematics than high redshift DLAS (Zwaan ét al.
poor 95‘."’”('?5 thrO.UQh Intervening gbsprptlon lines. Yrbh 2008), which may indicate that some DLAs could arise in star-
absorption lines with column densities in the damped Lymany, , ¢ winds or debris from tidal interactions. Winds may bet
(DLA) regime (logN(H1) (cm™) > 20.3) are believed to arise 501y responsible for the large velocities indicated by -
when the sight line toward a QSO intersects a gas rich gala%%frption lines. Observations have indicated a relatiomwéen
(Wolfe et al! 1986, 2005). the velocity width of the metal absorption lines and DLA nteta
ean Southgm’ty (Ledoux et al. 2006), which has been reproduced by nu-
merical simulations (Pontzen et al. 2008). In one DLA tovgard

* Based on observations collected at the Europ
Observatory, Chile, under programme IDs 380.A-0350 andA8a82
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Q0458-020, the velocity fierence between the absorption lineat impact parameters of 20—40 kpc is used to argue for sttrbur
and the Lyr emission line seen in the DLA trough is consisterdriven winds [(Nestor et al. 2007; Bouché et al. 2007), bahsu
with a rotating disc.(Heinmiller et al. 2006). In most cases winds are not necessary in a model where the extended gaseous
Ly« emission lines are found in the DLA trough, so whether thealos follow a Holmberg relation (Steioel 1995; Kacprzaklet
star formation activity and supernovae that produce thealnet2008; Chen & Tinker 2008).
occur in situ(Wolfe et al. 2004) at the time of the spectrgsco Gamma-ray burst (GRB) afterglows have recently proven to
observation of the DLA, still has to be verified observatibna be of similar use as QSOs for the study of intervening absorp-
High redshift DLA systems might also béfacted by galactic tion systems. GRBs have the advantage that the afterglales fa
winds that remove the neutral gas from the galaxies in compway providing a clear line of sight for the absorbing gataxin
tition with accretion from the intergalactic medium (Boriché a several cases, galaxies which are possibly responsibie-fo
2001, Prochaska & Wolle 2009; Tescari et al. 2009). Comlgininervening strong Mg absorption lines have been found within
measurements of star formation rates (SFRs) and impaanparan impact parameter 6§10 kpc from the line of sight to the
eters for the galaxies with metallicities and velocitiesedmined afterglow (Jakobsson etlal. 2004; Chen et al. 2009; Pollaak e
from the absorption lines, is needed in order to disentahgiee [2009). These intervening galaxies have luminosities indhge
effects. 0.1-1L*. The discrepancy between the impact parameters and
In contrast to LBGs, the galaxy counterparts of DLAs are s&tminosities found for galaxy counterparts of QSO— and GRB
lected independently of their luminosities. To datB000 DLA Mg absorbers could suggest that bright background QSOs pre-
systems are known from the SDSS spectra (Prochaska etvaht us from detecting potentially fainter galaxies cldsetheir
2005; | Noterdaeme etial. 2009). Yet, despite intense obserliaes of sight.
tional dforts in the past couple of decades, only faur 2 In this paper we exploit the absorption of the UV light of
DLA galaxies have been found in emission (Mgller et al. 2008vo high redshift QSOs that have multiple intervening apsor
2004). The main dficulty is detecting the galaxies against théion systems in their spectra. The observations in the twdsfie
glare of the bright background QSO, where the continuum-emigach an unprecedented depth with a detection limit ofl0.03
sion from the galaxies may be 10 magnitudes fainter than timethe U band. This allows us to put strong constraints on the
background source. High resolution images from the HST ha8€&Rs directly in the QSO lines of sight. Throughout the paper
revealed faint dag ~ 25) objects typically 1-2 in projec- we assume a flat cosmology withy = 0.3, Q4 = 0.7 and
tion from the QSOs studied (Warren etlal. 2001), but withottty = 72 km s Mpc.
redshift information, it is not known whether these are the
galaxy counterparts to the DLAs. Other techniques exphuit t )
total absorption of the QSO emission at the wavelength of Ly2- Observations
in the DLA. If the absorbing galaxies are forming stars, the .
should be detectable as d&yemitters and through the UV con—é('l' Sample selection
tinuum emission from their young stellar populations. Marr While Lyman limit systems with H column densities of
band images have provided a few detections af mission 107 cm™2 are optically thick bluewards of the Lyman limit,
(Smith et al.l 1989, Wolfe et al. 1992; Mgller & Warren 1993%ome of the background emission is transmitted, and only at
as well as a few upper limits (Grove et al. 2009) close to thdgher column densities where the optical depth ificent
sight lines of QSOs. Some candidatealgmitters are found (N(H1)> 10* cm2) will the blue wavelengths be completely
at the redshift of the DLAs with integral field spectroscopgbsorbed. A QSO with a DLA system at- 3.39 will have all
(Christensen et al. 2007), while strong limits on thexlfjux its emission absorbed in théband. An intervening galaxy with
from DLA galaxies have been obtained with Fabry-Perotinsaga redshift in the range.1 < z < 2.3 will have a Lyr emis-
(Kulkarni et al. 2006). DLA galaxies are fainter and have bena sion line in theU band provided it is forming stars. Meanwhile,
SFRs than typical LBGS (Fynbo et al. 1999; Colbert & Malkathe faint emission will be observable from the ground and its
2002; Wolfe & Chen 2006; Fynbo etlal. 2008). Very deep speemission properties will be completely ufected by the bright
troscopic observations of by emission from candidate DLA background QSO. Thisflective approach to locate the galax-
galaxies gives typical SFRs of a few tenths of solar masses s responsible for intervening strong absorption linesl{d-
year where the Ly emission can be extended over a few tens d@fig DLAS), near bright QSOs is demonstrated in O’Meara et al.
kpc (Rauch et al. 2008). The DLA galaxies are therefore ch€2006).
lenging to detect even with the largest telescopes. To find such configurations, we systematically searched the
Another method to detect the galaxies in emission takes @loan Digital Sky Survey spectra of about 2000 QSOszfor
vantage of sight lines with multiple intervening strongediers. 3.5 DLAs in the data release 5 (Schneider et al. 2007). To ensure
If the highest redshift absorber has a hydrogen column dehat no flux was present from the QSO and that the égnission
sity much larger than £0 cm2, defining a Lyman limit system line was well within the transmission function of thé band,
(LLS), all the flux from the QSO bluewards of the Lyman breathe redshift criteria were chosen to be conservative. Becthe
(1 =912(1+2) A) is absorbed. This idea was originally exploited?SO emission around the &yine of lower redshift galaxies is
in the search for high redshift galaxies towards luminou©S completely absorbed it is not possible to determine thedyein
(Steidel & Hamiltofl 1992). If the sight line has a lower reifish column density. Instead we used the strongiMgl2796 2803
absorber, the emission from its associated galaxy will bioké doublet as a proxy for selecting DLAs. These strong lines are
even directly in front of the QSO, or at a very small impact pa&asy to identify in QSO spectra, and can be used to identify
rameter._O’Meara et al. (2006) observed strongiMipsorbers low redshift DLAs where only few have measured hydrogen
atz ~ 2 seen in QSO spectra which had higher redshift LLS0lumn densities (Rao & Turnshek 2000; Rao et al. 2006). It is
and found two bright* galaxies at projected distances of 12—180t known if strong Mg: absorbers are identical to DLAs; ab-
kpc to the two QSOs. Several studies have aimed to identfy thorbers with Mgr equivalent widths larger than 0.6 A and lines
host galaxies of strong Mgsystems, mostly at lower redshiftsspread over more than 300 kmtsonly have a probability of
z < 1. The presence of galaxies responsible for absorptios line50% of being DLAs|(Ellison et al. 2009). SDSS Spectra with
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at least one high redshift DLA system were investigatechimt
to find Mgn 112796,2803 absorption lines with a rest frame L
equivalent width ;) larger than 0.6 A at 75 < z < 2.2,
where the redshift limits ensure that the associated égnis- |« Q1108
sion line fall within the FORSJ band. These criteria were met|* il
by two equatorial QSOs (SDSS J1108320953 atz = 3.671 |10 * ;
and SDSS J14085®20522 aiz = 4.008) which could be ob- || 8
served by the VLT. Hereafter, we shall refer to these two QS(' '~ | :
as Q1108, and Q1408. The SDSS spectra of the two QSOs £
shown in Fig[l. By coincidence both targets had two inteingn
DLAs in addition to the strong Mg system, which ffectively
absorb all of the QSO emission immediately bluewards of tH - ™ R Py U
redshifted Lyman limit break. - - # _ -

In each spectrum, the lower redshift absorption system w.la £ i =
detected by several metal absorption lines in addition & th ¥ : 1b
Mg 1 112796,2803 doublet. Tabé 1 lists the properties of the alg 20 ; iz F
sorption systems. The high, measured for the metal lines sug-{ / v
gest that the strong metal absorption systems are possitfgD | #° : .‘3a . i

At W92 5 0.6 A, combined with a criterion for the fraction |* /g - “2g 3D q?bgb g
i v

L)
WMOT2796)\\fFeiid2600 2 more than 50% of the systems are - i P

DLAs (Rao et all 2006). This is consistent with the analy$is ¢ L ; - ; i
the Mgu absorption line velocity spread discussed in ect. 5.1 P P & i

smggth U i smooth U
2.2. Photometry | .‘ . . -

The two fields were observed with the blue sensitive CCD
VLT /FORSL1 taking advantage of the high transmission of an i .
U filter (U-high), which transmits almost 90% at its peak sens + ok
tivity around 3800 A. We obtained very deep observationkén t . - .
U band (4.6 and 5.4 hours on target, respectively, dividedl in| W& ' ‘ -
jittered exposures of 980 s), with shorter (45(R€)and obser- [ ] - r
vations for both fields. Th&® band images helped to pinpoint - -
the exact location of the QSO with respect to the nearby gala. ¥ - - d
ies. The observations were done in service mode betweemMaﬁ: :
: o X i 0.2. RandU band images of Q1108 shown the left column,

gif}gg:g?ﬁgeunr]&egﬁgolt/ometnc conditions and with seeing “Qnd for Q1408 in the right. In thd bands the emission from the

) o SOs have been completely absorbed. The images &rer80

The data were reduced with standard procedures, subBactige with the orientation north up and east left. Objectaiwi

an average bias frame, and flat fielding using twilight skyniea. xéz?

. : . . ’ from the QSOs lines of sight are labeled with numbers and
The Images were reg|stereq gnd combined to reject bad.p| g photometry of these is listed in Talile 2. The bottom row
and cosmic ray hits. To optimise the depth of the images in t8f,vs smoothed version of theband images, with a* sign

U band, two of the 16 frames of Q1408 were rejected due to Pqfficatin : ;
‘ . X g the location of the QSO. Only in the case of Q1408
seeing. Th&-WHM measured from stars in the fields 180and 4, \ye getect an extended object close to the line of sighteof th

079 in theR andU band, respectively. Botbl band images do g5 which is otherwise not detectable in the unsmoottied

not show any residual emission from the QSOs. The full field

view of FORSL1 is 63x6!8, but here we focus on the immediate

regions around the QSOs, as shown in Eig. 2. The images are

30” on a side with orientation north up and east left.
Instrumental zero points were estimated from observatio

of standard stars in the field Rubin 149 obtained on the sa

nights as the science observations. Transformations fnetri-  >A8 = Uvegat 0.66 andRag = Rvega+0.18 mag. We use the AB

mental magnitudes to Vega magnitudes were calculated usmagr_utudes unless ot_herW|se stated.

TRAF-PHOTCAL. The transformation equations from the instru- _ Since theU band images were the deepest they were used

mental to Vega magnitudes included an extinctionfizaient Primarily to detect objects. The locations were cross check

appropriate for Paranal (Patat 2003). A potential inclugiba With object detection in th& band to avoid missing arly band

colour term was consistent with zero to within the uncettei dropout.

so this term was neglected. Magnitude uncertainties weyp-pr

agat_ed through_ the equations. Aperture photometry fshdu_\EIQ tr3 High resolution spectra

within a 1’ radial aperture, thed significance detection limit

wasUyegs=27.3 mag for a point source in both fields, while thén addition to the imaging data we took advantage of one 4200 s

3o significance limit in theR band was shallower: 26.4 mag andntegration of Q1108 with VLF¥UVES obtained as a part of

26.5 mag (Vega) for Q1108, and Q1408, respectively. The magother observing programme (ID 080.A-0482, PI: Sebastian

nitudes were corrected for Galactic extinction (Schlegele Lopez). The data were used to study the velocity widths of the

1998). Transformations from the Vega to AB magnitudes westrong Mgu absorption lines as described in Sécil 5.1.

glculated from the filter transmission curve and the spectf
ega (Fukugita et al. 1995). For the FORSL filters we caledlat
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Fig.1. Sloan spectra of the two quasars. In each quasar spectrum,DiAs (at zp.o = 3.5454 and 3.3963 for
SDSS J110855.46120953.3, upper panel, amgl o = 3.9138 and 3.7767 for SDSS J140850:020522.7, lower panel) completely
absorb the QSO emission bluewards of 4200 A. Two lower rédshitems are identified through their strong metal absmrfines.
Both panels indicate the transmission curve oflthkand, which lies bluewards of the absorption ¢igoSpectra of Lyman break
galaxies with Lyr in emission|(Shapley et al. 2003) at the redshifts of thenNgsorption systems are indicated in the two plots.
Their Lya emission lines fall within thé&) band in both cases.

25s0 ZpLal DLA2 Zvugn er= en12600 WngMN% WrM 0112852
A) A A
Q1108 3.671 3.5454 3.396B1.8692 1.23 2.46 0.61
Q1408 4.008 3.9138 3.776[7 1.9816 0.97 1.89

Table 1. Absorption line systems in the two QSO spectra. The metalrkst framé\; are measured for the lowest redshift systems
in the SDSS spectrum for Q1408, and the UVES data for Q1108 SI'SS spectra give values consistent within the uncedaint
with the UVES data. The SDSS spectrum of Q1408 is too noisgdntify the Mg line.

Both the blue and red UVES spectrograph arms were usedtsithe vacuum-heliocentric rest frame. The signal-to-@oéio
multaneously with standard dichroic settings, with cdntiave-  in the reduced spectrum was measured to be 15-20 per pixel.
length of 437 and 860 nm. The resulting wavelength covermage i
305 to 1042 nm with gaps at 575-583 nm and 852-866 nm. The
CCD pixels were binned by a factor of22 and the slit width 3, Observational results
adjusted to 1. This yielded a resolving power of 48 000 under
the seeing conditions of’1 3.1. Nearby galaxies and colours

The data were reduced using the ESO pipeline system, whitie goal of this study is to detect objects located diredting
allowed for an accurate extraction of the object spectruhilev the QSO line of sight. In both fields the closest objects lie at
subtracting the sky spectrum and removing cosmic ray hils aa separation of5” from the QSO. If either of these galax-
CCD defects at the same time. Wavelengths were finally shiftees are responsible for the strong absorption line systesn se
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in the QSO spectra, the projected separationd® kpc at the ~  p— e T AL ARSAMERALARES

redshift of the absorbers. No other nearby objects are fatind E . : o e E
the 3r significance level (corresponding to 0.08). At z = 2 : ﬁ Sl T A
a luminousL” galaxy has an absolute magnitude Wf,=— B : I S ]
21.9 magi(Gabasch etlal. 2004), and an observed magnitude of _ [ kyo (EW=100) . S e E
Uag = 24.0 mag in the adopted cosmology. The numbered ob- ¢ - CLT RN E
jects in Fig[2 mark all galaxies that are located withiri’ 1 F
the QSO; most of these objects are fainter than 24 mag. The ¢ 5 8
photometry of these galaxies is listed in TdOle 2. ? E
We investigate whether the colours are similarto othengala=.
ies detected in galaxy surveys. For comparison we use plestom ;-
try of galaxies from the GOODS-MUSIC catalog (Grazian et al. B
2006) where multiband photometry allows an accurate déterm F
nation of the photometric redshift. To estimate tRe magni- =
tude of the GOODS galaxies, we linearly interpolate the flex b F
tween the measured F606W and F775W bands to calculate the - Rl
flux at 6440 A. We are mainly interested in the observed cslour (£ ... .. e T
of galaxies around = 2, where the HST bands correspondto 72 23
restframes 2000 and 2580 A, respectively. Between wavttieng

1500-2800 A galaxy spectra are mostly flat when measured_in . . . : .
frequency unitsf, (Kennicutt 1998), so a simple interpolatiogFl'g' 3. Colour-magnitude diagram of the objects in the two fields

to calculate theR band magnitude is well justified. The trans-(smaII plus signs). The grey scale image shows the distoibut

g : _of ~ 1000 galaxies with photometric redshift8k znet < 2.3
mission curves for the VIMOS) band used in the GOODS rom the GOODS-MUSIC survey. The large crosses with error

MUSIC catalog is dferent from the FORS1 high transmissiorlij K th laxi to the OSO li f siaht and th

U filter. We calculate a transformation between the two syste ars mark the galaxies near to the Q Ines of sight and the

U Y +0.04 mag numbers refer to those in Taljle 2 (red symbols for Q1408, and
FORS1™ VIMOS ™ * ' purple for Q1108). The large black diamond symbol shows the

A colour-magnitude diagram 61000 galaxies with photo- colour of anL* starburst galaxy at = 2. See the online edition
metric redshifts between 1.8 and 2.3 is shown as a grey scg{ghe journal for a colour version of this figure.

image in Fig[B. Galaxies detected in the two QSO fields with

a signal-to-noise ratie 3 are shown as small symbols, and the

objects detected within T0are shown as larger symbols with

error bars. Due to our shallowBband observations relative to  Although there are no clear correlations betweenhe R
the GOODS observations, objects in the lower right handerorrcolour and redshift, objects witll — R < 0.5 are more likely to
are undetected in our observations. The colours of the GOOIxSatz > 0.9. 52% of the GOODS galaxies fulfill these criteria,
galaxies span a narrower range than for the galaxies in tbe twhile only 20% of galaxies at < 0.9 have such blue colours.
QSO fields, where there is an excess of galaxies with coloutewever, the singl&) — Rcolour is insdficient to make an exact
aroundU - R > 1.5. If no photometric redshift selection is madeéedshift estimate, and not good at all to select objecis-ar.
for the GOODS galaxies, a wider range of colours are foundl, aAdditional observations in th& band would be useful to apply
the two colour distributions are consistent. the BM/BX colour criterion to select galaxies withdl< z < 2

The typical colour of an irregular galaxy, calculated frorfAdelbergeretel. 2004). _ _
template spectra (Kinney et/al. 1996), and redshiftezi+o2 is Objects no. 2b, 3band 6b in the Q1408 field and no. 4ain the
anL* galaxy. By creating artificial spectra of metal poor, youn%’_‘eR band, several of the objects could potentially be located at
galaxies [(Bruzual & Charldt 20D3) with an additional ingim Digher redshifts with very blue colours.
extinction of Ay=0.5 mag, we estimate the colour and magni-
j[ude change. We also calculate fche. colo_ur and magnitudege_hag'z' Extended objects
if the galaxies have strong kyemission with a rest frame equiv-
alent width of 100 A. The arrows in Fig] 3 show the respectivEo check for the presence of extended low surface brightness
changes which are minor. More evolved galaxies have redadsjects closer to the lines of sight of the QSOs, thband im-
colours U — R > 3) independently of the metallicity and theages are convolved with Gaussian point spread functiorts wit
initial mass function of the galaxy templates. This implieat a FWHM of ¥'5 and 2, respectively. While the 3 detection
the entire range of colours in Figl 3 can be obtained for hidimit is Uag = 280 for a point source, the smoothed images
redshift galaxies. Specifically, the red colour of object#idin have a deeperaddetection limit ofUag = 285 within a 1’5
the Q1408 field is consistent with an evolved galaxy at 2 radial aperture for the two fields. No objects are detectedec!
with an age greater than 700 Myr for the dominant populatfon t the line of sight of the QSO in the field of Q1108. Objects
stars. In the Q1408 field there are several red galaxiesqtrase 4a and 5a in the Q1108 field have a separation’ofahd ap-
impact parameters larger than”1flom the QSO line of sight. pear merged into one elongated object in the smoothed image.
In the upper right hand panel of Figl 2, tfeeband image of Furthermore there is an extension of emission to the wedb-of o
Q1408, a large and bright galaxy is partly visible (marke) ‘Gject no. 4a which is not directly visible in the original in&g
in the image. This galaxy has the morphology and colours ofTis extension reaches a minimum impact parametet ®fds-
low redshift elliptical, and there are several fainter gada with  rectly south of the QSO with a size 0f38x3” and has a magni-
the same colours around it. It is likely that object no. 4bastp tude ofUag = 27.4 = 0.1. If the object is az ~ 2, the projected
of a lower redshift group environment. distance is 31 kpc.
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Object No. drset (') b() U (mag) R (mag) Ly/Ly atz=2

Q1108
la 07E 84N 84 258910 2541018 0.10
2a 41W 24N 47 27.080.28 >26.4 0.03
3a 64W 34S 7.2 226001 2223002 187
4a 34E 48S 58 258811 >26.4 0.10
5a 53E 52S 74 26.#9.28 >26.4 0.03
Q1408

1b 00E 64N 6.4 >27.3 25.820.25 <0.03
2b 1.0W 54S 55 24.60.04 2481010 0.31
3b 69E 50S 85 257.09 2564020 0.11
4b 82E 6.4S 104 255907 2225002 0.13
5b 33W 82S 89 255908 2472010 0.13
6b 56W 7.7S 95 26.03.12 26.4%0.40 0.08
7b 88W 1.7S 89 267021 24.880.10 0.04
8b 0.7E 03S 08 269910 - 0.04

Table 2. Vega magnitudes of objects identified withit0” from the QSO lines of sight, with the observeffsets in RA and DEC
(in arcsec), and projected impact parameter (in arcsegeaBnear Q1108 are in the upper 5 rows, and near Q1408 irothanb
8 rows. The magnitudes are corrected for Galactic extinclitie last column gives the luminosity fraction relativeid* galaxy

atz = 2, which has an apparent magnitudg = 24. The uncertainties are 0.01 for this fraction.

In the Q1408 field, a faint object)as ~ 27.6 = 0.1 mag escape along other directions with a smaller optical delpth.
within a radial aperture of’b) is detected at anfiset of 8 to  such a special gas geometry, the emission from the DLA host
the south-east of the QSO as displayed in Eig. 2, and labsledgalaxies can be detected in both tdeand theR bands. If the
object no. 8b. Az = 2 the projected distance is 7 kpc. The objeascape fraction of the galaxies is substantial, the Lymam co
appears elongated with a size of abdt#22” in the frame with tinuum emission could be still observed, and in the images th
a Gaussian convolution width of&. To estimate whether a faintgalaxy would be visible at some distance from the QSO lines of
object is present also in tHe band, the QSO is subtracted ussight. Assuming an escape fractidizoo/ fogo = 2.9—4.5 as ob-
ing the brighter field stars as PSF reference. No additionialtp served for two Lyman break galaxies (Shapley et al. 2006), we
sources were visible after the subtraction. To estimatel¢ihec- can calculate the rest frame flux ratio which corresponds to a
tion limit of a resolved object against the glare of the btggh colour U — R)ag ~ 2.2. Objects no. 4b and 7b in the Q1408
QSO, we add artificial objects nearby the bright QSO, and thé&eld have colours consistent with being at a redshifz of 3,
subtract the PSF to recover the artificial object. These rexpébut the colours are also consistent with lower redshift ezl
ments show that we can recover an object witfVdHM of 175 galaxies. WithR = 22.25 mag for object no. 4b, it would have a
andR = 25 mag at a distance of'8 by PSF subtraction. This luminosity of 1L* if it were atz = 3.8 relative to arR* = —-23.0
places a rough upper limit on the coloWw:— R < 2.8 for the galaxy (Gabasch et al. 2006) while 7b would have a luminosity
object no. 8b. of 0.7L*. Considering that such bright objects are rare, it is more
likely that object no. 4b has a lower redshift, and possibly i
: : . member of a group as discussed above. In addition, object no.
3.3. High redshift DLA host galaxies? 7b would have an impact parameter of 65 kpe at 3.8. Since
In the previous sections we investigated whether some of t#¢ objects are faint for follow up spectroscopy, near-IRges
spatially nearby galaxies are the hosts of the 2 Mgu ab- 0f the field can be used instead to investigate the specteagign
sorption systems, but a related question is whether sonteeof €listribution and to determine the photometric redshiftfdse
galaxies could be the hosts of the 3 DLA systems. such observations are made we cannot claim the detectitwe of t

For both fields, the two high redshift DLAs absorb all emishosts of the DLAs.
sion immediately bluewards of the Lyman break. This suggest
that the objects detected in thleband images are not likely to be .
the host galaxies of the> 3 DLA systems because no UV emis# SFR limits
sion bluewards of the Lyman limit break should be able toscag. 1. SFERs from the UV continuum
the cloud, at least along the QSOs line of sight. Only object n o )
1b in Q1408 is detected in thiRband but not in th&) band, and The limiting magnitude otlag = 28.0 corresponds to a SFR of
this could potentially be the host of one of the DLAs. Howevef-6 Mo yr=* for a galaxy az = 2. At the redshift of the Mg
the impact parameter is quite large (44 kpe at3.8) compared absorbers, the) band measures the emission at 1200-1400 A in
to a typical value of~10 kpc found for the few confirmed DLA the rest frame of the absorbers. To estimate the SFR in the UV
galaxies atz > 2 (Mgller et al. 2002; Weatherley etlal. 2005)region, we extrapolate calibrations from other studies.
Numerical models also predict small impact parameters ®f th The conventional conversion from a UV flux to the SFR
order or less than 10 kpc for DLA systenis (Nagamine et 4Kennicutt/1998) is valid from 1500-2800 A, where spectra
2007; Pontzen et Al. 2008). However, little is currently wno of star forming galaxies are flat. Bluewards of 1500 A the
about the extension and morphology of gaseous disks arodiuwk decreases, so we analyse template spectra to estingate th
high redshift galaxies from observations. SFR given théJ band flux. We use the template spectra from

Even though no UV photons bluewards of the Lyman limiBruzual & Charlat (2003) of instantaneous star burst popula
can escape the DLA clouds along the line-of-sight, they caions with ages<100 Myr and a Salpeter initial mass function.
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age 0.0Z, 0.2z, 04z, 1Z,

10 Myr 11 1.3 1.4 15
50 Myr 1.7 1.9 23 2.9
100 Myr 2.3 2.9 3.7 55
200 Myr 3.5 51 7.3 14.9

10.0F ]

Table 3. Conversion factoA for Eq. (1) calculated for dierent
galaxy template ages and metallicities relative to thers@he,
Z, = 0.02.

SFR limit (Mg yr™")

Galaxy template spectra are created with the obsedvéadnd
magnitude at the redshift of the absorber. The template fluecb 0.1

wards of 1215A is reduced to reflect that 15% of the flux is ab- o s 20 S5 =0
sorbed in the Ly forest atz = 2 (Dall’Aglio et al| [2009). No aperture radius (")
Lya emission is presentin the template spectrum. From this tem-

plate the flux at the rest frame 1500-2800 A is used to cab;ulq_tig. 4. The limiting SFRs in the two QSO lines of sight (solid

the SFR using the standard conversion (Kennicutt 1998)(:PwhiIine with the uncertainty represented as the shaded area) co

has an intrinsic scatter 6f30%. = ; .

. rted from the limiting magnitude calculated as a functidn
__The SPR conversion depends also on the age and merﬁeliial apertures. The limits have been calculated from ttgg-o0
licity of the template for which we have to select approiat, ;| ,;nsmoothetd band images. At = 2 one arcsec corresponds
vaIues. Since strong Mg absort_)ers _have about 50% chang 8.1 kpc in projection. The upper dotted line shows theayer
of being DLAs (Rao et al. 2006; Ellison etial. 2009), we usgrp per unit area in DLA galaxies of M., yr-! kpc-2 while

typical low metallicities measured for the DLA population, . |ower dotted line represents a value of M. vr-* koc-2
(Wolfe et al! 2005). Models of chemical evolutions of the DELAcorresponding to the Iovl?/er limit In Wolfe etlal. (S(¥O4). P

at high redshifts show that they are typically a few 100 Myr
old (Dessauges-Zavadsky et al. 2004). A notable excetithei
DLA towards Q B2236:02, which has a relatively high metallic-

ity and an age of 3 Gyf (Dessauges-Zavadskyét al.|2007). TRertures of 3, the SFR limit is within 2 M, yr* including
conversion from luminosity to SFR is given by uncertainties. Compared to typical LBGs which have an aj&ra
SFR measured from the unobscured UV emission of 8yi?!

SFR (M yrY) = Ax 10728, (erg st Hz™Y), (1) (Erbetall2006€a), our observations probe high redshitbdes
which are significantly fainter. Similarly, extended contim

whereL, is the luminosity measured around 1200 A in the re§mission from DLA galaxies is not detected in the Hubbleaultr
frame of the galaxy. For a 100 Myr, 0.2 solar metallicity temdeep field((Wolfe & Chen 2006), possibly due to a smaller star
plate, we calculaté = 2.9 in Eq. (1). Since the factoh de- formation dficiency in DLAs relative to LBGs.
pends on the metallicities and ages of the galaxies, we eleriv Wolfe et al. (2004, 2008) estimate the SFR surface density
the conversion factor for the SFR using a series of templztesof DLA galaxies to lie in the range 18- 1073 M, yr~* kpc2
varying ages and metallicities (see TdBle 3) corresportditige  depending on the state of the neutral gas. These valuesgare re
available template metallicities in Bruzual & Challot (Z)0  resented by the dotted lines in Hg. 4. If the absorbing detax

If the Lya emission line is very strong we over estimat&ve are looking for in emission are similar to the DLA absorp-
the SFR with this procedure, since a purerlline indicates a tion systems investigated by Wolfe et al. (2004) we should be

smaller SFR as described in Séct]4.2. Hence the SFRs thatakie to detect them if the star formation extends unifornvgro
give are considered to be conservative. the galaxy discs. Only the weakest star-forming DLA galax-

It is possible that the galaxies responsible for the strdng d€s would remain undetected. The non detections indicate th
sorption systems are extended low surface brightness tebjegalaxies with extended star formation, specifically at tighh
We compute the apparent magnitude and UV flux for an obje@te of 102 Moyr—! kpc?, are unlikely to be present in the two
detected at thed significance level as a function of radius. T&?SO lines of sight. Alternatively, a high SFR density in a ma
calculate the limiting magnitude for a signal-to-noiseicaif ~dwarf galaxy system with a radiugt kpc has a SFR below the
S/N=3 we use i = zp - 2.5log(SN yMpxo /1), where zp is detection limit. _ _ _
the FORS zero point measured in magnitudgg,an(r/0.252 _ The most nearby point source objects (no. 2a,2b_|£1 the two
is the number of pixels within an aperture radiuén arcsec), fields) have SFR0.5 M, yr™ for Q1108 and 4.9 M yr™ for
and 0.25 is the plate scale of the CCDplixel). o is the stan- Q1408, respectively, if they are the absorbing galaxies. &
dard deviation of the pixel values measured in the reduced cdended object no. 8b near Q1408 has SBR M yr—.
frame, and is the integration time measured in seconds. Given
these values, a point source has with a FWHI¥M has a radial i
Noix = 2, which atz = 2 corresponds te4 kpc in the adopted 4.2. SFRs from Lya emission
cosmology. The limiting flux increases with increasing &pex, In the hypothetical case that thé¢ band flux comes entirely
so for more extended galaxies the SFR limitis less strong. from a Lya emission line from the galaxies at= 2, the line

With the observations, we can place a strong constraint Bax for the object no. 2a in Q1108 is %%0 1/ erg cnT? s71.
the SFR for an object located directly in the lines of sighthef For Q1408 the line flux is 10X10°Y" erg cnt?® s and
QSOs. Figurél4 shows the limiting SFR for the lines of sight.3x10717 erg cnT? s for objects no. 2b and 8b, respectively.
to the two QSOs as a function of the radial aperture. At lardis in turns corresponds to a SFR of 0.5 M for object no.
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2a in the Q1108 field and 2.3 Myr~* and 0.3 M, yr* for ob- 1.0
jects no. 2b and 8b near Q1408. To calculate these flux dessiti
we use the case B recombination scenario (Osterbrock 1889), ©-°
flux ratio of Lye/Ha = 10, and the conversion betweer Hu- 0.9
minosity and SFR from_Kennicutt (1998). This last assummptio :
of a pure Lyr emission line object is not justified in the case 1.0
of Q1408, because the continuum emission is detected iRtheé
band, but it serves the purpose of calculating the SFR for-com,
parison to that estimated from the UV continuum. % 08
The Lya photons are féectively quenched in the presence?®
of dust, so the above SFR are strict lower limits. Since the SFs 0-4
estimated from the UV is higher than estimated from the Ly =  ,
flux by a factor of 3, the unobscured SFR may be somewhere
between these values. 0.0
We note that the estimated &flux densities and luminosi-
ties are in the same range as those measured for the few detec-
tions of Ly emission from DLA galaxies (Maller etal. 20044 5 The hottom panel shows the velocity profile of iFe
Weather_ley_ etal. 2005, _and references therein). This 'Saw /12%74 from the UVIgS data, and the dotted I);nz shows the er-
not a coincidence, but likely reflects that the searchesifose o qhecrym. The upper panel demonstrates the integrated,
sion from DLA gala_mes are carried out to the detection liofit malised, apparent optical depth, and the vertical dashes In
currently available instruments. the spectrum indicate the wavelengths within which 90% ef th
absorption is seen.

AV =79 km s~
90

0.8

S N B B R B

—100 -50 0 50 100
Relative velocity (km s™")

5. Strong Mg 1 systems
5.1. Velocity spreads

The UVES data of Q1108 shows a wealth of absorption lines agh Mgn absorbers, we assume that the absorbing clouds are ac-
a detailed analysis will be presented elsewhere. The systemially DLAs. Consequently, some derivations in this sectice
redshift is found to be = 1.8692 from narrow metal absorptlonomy valid if the objects are DLAs, for which the probability
lines of Mgr 12852 and the Fe lines. The Mgr 112796,2803 5094 |n case the Mg absorbers are sub-DLAs we point out the
line profiles are complex v¥|th several components spreadave,onclusions for this category. We use calibrations andirsgal
velocity of Av = 308 kf“ s, as typically seen for strong Mg rejations found for DLAs and sub-DLAs in the literature to de
absorbers_(Nestor etlal. 2007). The same spread is seen in(fie the metallicities, and use the conventional notatibthe
Civ 11549 <Ij|ouble|t. The bulk o:;itglgolvll(gabslorptmn |sds%rebad metallicity [M/H] = log[N(M)/N(H)] - log[N(M)/N(H)]o.

over a smaller velocity range m s surrounded by ; o )

weaker satellites at larger velocities. This places thedies as '?‘n égg}g& %etv‘{ﬁ;nv the ;]aerfclaltlglrtyhggdbéifcligur?gr?gg
among the strong, but not extremely strong Mgbsorbers. A DLAS around z ):’ 5 (Lg(()jOFL)JX etall 2006). Using this rela-

smaller velocity spread of the dominant absorption comptme ;
is seen from other non saturated lines such as tmel2874 line, tion and the_ spread measured_ from the UVES data of Q1108,
the metallicity of the galaxy is expected to be /W = —

as demonstrated in Figl. 5. The velocity spread of thailiige is e X . )
. ; X L 1.4+0.4. A similar correlation exists for sub-DLASs, for which
twice that suggested by the correlation with the equivaladth Dessauges-Zavadsky el dl. (2009) suggest gHFmetallicity

=N <1 R-1 12796
Av (_Ifm %) ~ 70 (kms™ A~ x W=7 (A) (Murphy etal. i larger by 0.4—0.6 dex for a given velocity spreadngs
2007). Using the Mg absorption line velocity spread to Calcu'[Zn/H] as a tracer of the sub-DLA metallicities, Meiring et al.

late theD-index (Ellison 2006) give® = W;/Av x 1000= 8.0. O fi : . . :
For values oD > 7 the probability that the absorberis a DLA iﬁ(:%%:)ngg erslc; Oiosrlrj%l?gﬁzs\’vr';?a\{iig%t)gExtsfmd systematiy

50-55%]|(Ellison et al. 2009). . ) 11526

To compare with previous studies (Ledoux € al. 2006), we Another calibration uses the measured valuewﬁf“
measure the velocity spread of theiF#2374 line which sat- which correlates with the metallicity in high redshift DLAs
isfies the criterion that the maximum residual emissiontiies (Prochaskaetal.2008). To use this relation for thenVigp-
tween 0.1 and 0.6 times the continuum level. From the centfgroer towards Q1108 we neaff>"'™>= but that line is
wavelength defined by the redshift of the system, we meas@Engly contaminated by other absorption lines in the forest
the velocity range over which 90% of the apparent opticatidef the QSO. Instead we use the observed relation which stgyges
(Savage & Sembalth 1691) is seen. We #Mdo = 79 km s as that the widths of the Ilnes roughly scale inversely withithe
demonstrated in Fig] 5. Unsaturated lines typically havellen wavelengthsWj'9"™?"*wsintis26 = 3 (Prochaska et £l 2008).
velocity spreads relative to the Mgines, which may be com- These relations suggest a metallicity/] = —1.0+0.1 for the
posed of more components that contribute to the total limtwi Mgu absorber in agreement with the previous metallicity esti-
due to their stronger transition. mate.

These low metallicities are typical for high redshift DLAs
(Pettini et al.. 1994; Prochaska et al. 2003). Observatiawe h
indicated that sub-DLAs have higher metallicities on the av
Since the Ly absorption lines corresponding to the Mgys- erage |(Péroux etal. 2003; Péroux etlal. 2008; Meiringlet al
tems lie in the absorbed parts of the QSO spectra, we cang009), while an investigation of the redshift dependenceate
determine the metallicities as usually done for strong giiBm strated that this is only true at lower redshifts & 1.7)
systems. In the absence of an exact metallicity measureiorent(Dessauges-Zavadsky etlal. 2009).

5.2. Metallicities
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5.3. Expected galaxy magnitudes surface brightness objects would be impossible to deteet af

) ) . . PSF subtraction of the bright background QSOs.
We can estimate the magnitude for low metallicity galaxies \ye consider two possible reasons for the non detections of
if a luminosity metallicity relation exists for DLA galax$e nearhy point sources. Either the galaxies are too fainhen-
(Ledoux et al. 2006), again assuming that the clouds are DLARct parameters are large. The first possibility, that thaxgss
A DLA galaxy with 10% solar metallicity is expected to be fain 5re very faint and below the detection limit, is in agreenveittt
R~ 26.1 mag or 0.06" atz = 2 according to the metallicity— |,y metallicity absorbers. However, this hypothesis mesits-
luminosity relation in_Ledoux et all (2006). Such a relatien tified based on several assumptions and extrapolations.
valid provided the absorption lines velocity spread is uaed  Ejrstly, since the metallicities cannot be measured exactl
a proxy for the dark matter halo circular velocity, and ther§ecayse the Ly absorption lines lie in the absorbed part of
is a direct relation between the halo mass and a galaxy lurffe QSO spectra, we have to rely on the correlation between
nosity (Haehnelt et al. 2000). In the case of a lower metsllic p| A /sub-DLA metal-line velocity width and metallicity to es-
([M/H]=-1.8) the galaxy would be even faintd:~ 30 mag. {imate [M/H]. Secondly, we must assume that the objects are
Extrapolating this relation to derive magnitudes for SUbAS ) A5 and not LLS which generally have larger metallicities
with metallicities as large as [M]=-0.4 givesR = 231. As o g given absorption line width. Finally, we must extraggel
described in Seck. 3.1, tHe — R colour of galaxies at = 2 he metallicity luminosity relation observed for DLAs. Teeas-
depends on the age of the most recent dominant starburst, ptions lead to an expected magnitude of the galaxy bélew t
generally blue colours are expected for young galaxiessThyeatection limit.
the expected magnitudelis ~ 26.6 in the 10% solar metallicity The closest galaxies to the line of sight of the QSOs are lo-
case. Our survey is deeper than this limit, so we would betable.5ted at 40 kpc. They have luminosities of 0.0and 0.3.* cor-
detect the continuum emission from the Mgalaxies. The non responding to SFR of 0.5 and 4.9,Mr2, respectively for the
detection of emission within'2of line of sight is consistent with Q1108 and Q1408 fields assuming that the redshifts are indeed
the very low metallicity case. If the cloud is a sub-DLA iste 7 > The Juminosities are in agreement with Rao ét al. (2003),
a brighter host galaxy is possible, but since no bright ga&Xyho found that Mgr absorbers az < 1 arise in 0.1L* galéx-
are found close to the QSO lines of sight, it would have to haygs byt in contrast to the results(in O'Meara ét/al. (2008)ow
a large impact parameter. o o found brighter galaxies (0.3—1.2within 25 kpc) for two difer-
~ Using instead the observed luminosity-metallicity relaentfields akz ~ 2. In comparison, the strong Mggalaxies which
tion either at low [((Tremonti etal. 2004) or at higher redshifntervene the sight lines to GRBs are of similar luminosittean
(Erb et al: 2006€a), we rely on extrapolation of the obseneed fin the objects in the two FORS fields, but are typically found
lations and metallicities derived from emission line diagics. at smaller impact parametefs (Pollack é{al. 2009). Thexgala
We assume that metallicities determined from emission #Ad ges studied by O’Meara etlal. (2006) could, however, be aetow
sorption lines are the same, and that there are no metalligigdshift than the absorption systems. Spectroscopic coatiion
gradients. The luminosity metallicity relationlin Tremoettal. in these four fields including ours would be of great interest
(2004) shifts by 0.35 dex in metallicity relative to the té&da for  The SFRs we derive for the two fields are similar to those deter
galaxies atz ~ 2 (Erb et all 2006a). This relation suggests thatidined from spectroscopic observations of the galaxiesoresp
10% solar metallicity DLA galaxy hald ~ 31 mag, i.e. well be- sible for strong Mar systems at lower redshifts @< z < 1)
low the detection limit of our data, while a 0.4 solar metatyi  (Bouché et all_2007), but these galaxies are generallydf@in
sub-DLA hasU ~ 28 mag. smaller impact parameters (202 kpc).

For the strong Mg absorber towards Q1408, we can While the impact parameters for the two closest objects are
only estimate the metallicity from tha/"®"*?"%° calibration in larger than the size of neutral gas discs in high redshiftigas
Turnshek et &l.[(2005) arid Murphy et &l. (2007). This catibrgproto)-galaxies as estimated in simulations (Nagamira et
tion gives —0.%[M/H]<-0.7, provided that the cloud is a DLA2007), observational results in this area is still very tedi The
system. While higher resolution spectra are needed to tinveginematics of high redshift DLAs are inconsistent with agkar
gate the velocity spread, the SDSS spectra indicate thidghe rotating disc scenario_(Zwaan et al. 2008). In order to &rpla
line of Q1408 has a width that is 20—30% lower than in Q1108)e larger velocities of high redshift DLAs relative to lb¢#u
Hence the metallicity could be lower, and the absorbingxgaladiscs, there may be a population of DLAs that arise in statbur
should be fainter than that towards Q1108. winds or from tidal interactions of galaxies, just as hymsth
sised for strong Mg systems|(Bond et al. 2001; Bouché €t al.
2007). Clouds with DLA column densities can be located sev-
eral tens of kpc from the galaxy centre as seen from obsensti
(Ellison et al. 2007) which is also supported by simulatiofs
Using the absorption of background QSO light by interveniriije halos of massive galaxies at redshifts 3 (Pontzen etal.
DLAs atz > 3, we look for the galaxies responsible for interven2008).
ing strong Mg systems at ~ 2 along two lines of sight. The ve-  In order to investigate whether the Ma@bsorption systems
locity spreads and equivalent widths of the absorptiorslindi- are associated with the low luminosity galaxies at a comalule
cate that the strong Mgsystems are possible DLAs. Very deefimpact parameter, spectroscopic data of the galaxies aesne
images obtained for these two QSOs reveal no galaxies lyire@ary, which is challenging due to their faintness. Nevédets
in the line of sight to a limiting magnitude &fas = 28.0. The the Lya fluxes for pure emission line objects are within the reach
most nearby objects are located at impact parametexs6f  Of current spectrographs. Specifically, IFU observatioasiae-
corresponding to about 40 kpcat 2. While no point sources ful in the search for Ly emission lines very near to the QSO
are found close to the lines of sight, we find evidence for tHi@es of sight, and especially when the objects are exterigth
presence of a more extended structure in a smoothdmnd Observations can simultaneously be used to determine the re
image of the field of Q1408. This structure has a much small@hifts of the other galaxies within X®f the line of sight to the
impact parameter of/® or 7 kpc atz ~ 2. Such extended low QSOs.

6. Discussion and summary
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