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Abstract. We report on low-resolution multi-object spectent of the universe since ~ 4, the galaxy luminosity func-
troscopy of 30 faint targetsi ~ 24-25) in the HDF-S and tion sincez ~ 1, the morphology of field and cluster galax-
AXAF deep field obtained with the VLT Focal Reducer/lowes sincez ~ 0.8. A recent dramatic addition to the general
dispersion Spectrograph (FORS1). Eight high-redshift galaxigisture has been the discovery of a large population of ac-
with 2.75 < z < 4 have been identified. The spectroscopitively star-forming galaxies at ~ 3 (Steidel et al. 1996, here-
redshifts are in good agreement with the photometric ones witfier SGDA96). The “Lyman break” color-selection technique
a dispersiorr, = 0.07 atz < 2 ando, = 0.16 atz > 2. The (Steidel & Hamilton 1992) has proved a reliable and highly ef-
inferred star formation rates of the individual objects are mofieient method to select galaxies in large numbers at 2.5,
erate, ranging from a few to a few teng., yr—!. Five out of providing the first opportunity for statistical studies of evolu-
the eight high-z objects do not show prominent emission ling&nary processes in galaxies beyond= 1. Follow-up spec-
One object has a spectrum typical of an AGN. In the AXARoscopy of the UV drop-out candidates on the Keck telescopes
field two relatively close pairs of galaxies have been identifieshows most to lie in the expected redshift rarge,< z < 3.5,
with separations of 8.7 and 3.1 proper Mpc and mean redshifish successful redshift measurement for more theffi. The
of 3.11 and 3.93, respectively. Lyman-break galaxies have spectra resembling those of nearby
starburst galaxies, are strongly clustered, with a co-moving cor-
Key words: techniques: spectroscopic — galaxies: distances amthtion length similar to present-day galaxies. SGDA96 in-
redshifts — galaxies: evolution — galaxies: formation ferred typical SFRs of—6h~2Myr~* for their galaxies, as-
suming a critical density universe. Dust corrections based on
the UV continuum slope and on near-IR spectroscopy of a
few objects suggest values larger by a mean factor of about
7 (Pettini et al. 1998). From the width of saturated interstellar
Observations of galaxies, now extending up to a redshift6  absorption lines, SGDA96 inferred tentative 1D velocity dis-
(Hu et al_1999), are starting to provide quantitative informaersions in the range;p = 180-320kms™", but Pettini et
tion on basic properties — number densities, luminosities, cel- (1998) measure in the IR significantly narrower line-widths
ors, sizes, morphologies, star formation rates (SFR), chemieab = 55-190km s~ for the Balmer and [Olll] emission lines,
abundances, dynamics and clustering — over a large spar@lpeit in a sample of only five objects.
cosmic time. These data are beginning to sketch out a direct A programme has been started with the ESO VLT to study
picture not only of the physical processes taking place in tegstematically galaxies at~ 4 with the aim to clarify the ear-
assembly of the first galaxies, but also of the formation afiéist phases of the processes leading to the formation of galax-
evolution of large scale structure (LSS) from the primordids and LSS, reaching a redshift domain where observations
density fluctuations. Quantitative information is now availabire more cosmologically discriminant (Arnouts et al. 1999) and
about the evolution of the neutral hydrogen and metal coi@king advantage of a wide photometric coverage (in particular
in the IR) to obtain mass estimates of the detected objects. We

Send offprint requests to: S. Cristiani (Stefano.Cristiani@eso.0rg)  report here the results of pilot observations carried out during
* Based on observations collected at the European Southern Obser-

vatory, Paranal, Chile

1. Introduction
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Table 1.Journal of the MOS Observations Table 2. Spectroscopic Identifications in the HDF-S

Field Q2000 82000 date exp.time (S) Ident. Q2000 02000 z Vas Rap
HDF-S 22:32:46 —60:34.1  1998-Dec-15 1800 EIS 18 22:32:30.9 -60:32:44 - 25.18  24.92
HDF-S 22:32:246 —60:34.1 1998-Dec-16 3600 EIS 23 22:32:31.9 -60:35:16 - 25.25 24.81
HDF-S 22:32:46 —60:34.1 1998-Dec-18 1800 ANON15 22:32:34.3 -60:35:52 Mstar 2352  22.68

HDF-S 22:32:46 —60:34.1 1998-Dec-19 1800 ANON19 22:32:38.0 -60:37:18 0.514 - —
HDF-S 22:32:46 —60:34.1 1998-Dec-19 1800 ANON18 22:32:38.7 -60:37:02 0.410 - —

HDF-S 22:32:46 —60:34.1  1998-Dec-20 1800 EIS 33 22:32:40.0 -60:36:21 - 2436  24.04
HDF-S 22:32:46 —60:34.1 1998-Dec-20 1800 EIS 36 22:32:42.2 -60:34:46 Mstar >26  25.67
AXAF1/A  03:32:08 -—27:46.0 1999-Jan-16 2100 ANONO2 22:32:450 -60:30:55 0.514 - -
AXAF1/A  03:32:.08 —27:46.0 1999-Jan-21 3600 ANON17 22:32:459 -60:36:40 0.852 - -
AXAF1/A  03:32:08 -27:46.0 1999-Jan-21 2200 EIS 43 22:32:47.0 -60:31:46 3.20 2452  24.40
AXAFL/A  03:32:08 —27:46.0 1999-Jan-22 2100 ANONO3 22:32:485 -60:31:16 0.516 24.31 23.58
AXAF1/B  03:32:08 —27:46.0 1999-Jan-18 2100 EIS 47 22:32:49.3 -60:32:25 279 23i61 23.33
AXAF1/B  03:32.08 —27:46.0 1999-Jan-18 2100 ANONO1 22:32:49.4 -60:30:41 0.776 - -
AXAF1/B  03:32:08 —27:46.0 1999-Jan-19 2100 EIS 52 22:32:53.1 -60:32:06 - 2510 24.49
AXAF1/B  03:32:08 —27:46.0 1999-Jan-19 1600 EIS 54 22:32:53.5 -60:33:12 - 2508 24.86
AXAF1/B  03:32:08 —27:46.0 1999-Jan-22 2100 EIS 53 22:32:53.5 -60:35:24 3521 24.92 24.24
ANONO9 22:32:53.7 -60:33:37 0.565 22.52 21.92

22:32:54.7 -60:34:31 - 2461  24.22
22:32:55.4 -60:33:55 Mstar 26.32  25.30

t complex morphology: photometry from Lanzetta et al. 1999.

L . e - S 58
the commissioning and the science verification of the FOR% 60
instrument at the VLT-UT1.

2. The photometric databases Table 3. Spectroscopic Identifications in the AXAF Deep Field
and the selection of the candidates

Deep multicolor imaging of the HDF-S and AXAF deep fielddent. 2000 92000 z Vap _ Ras

has been obtained from HST and from the ground. In particuNON14 ~ 03:32:03.5 -27:47:31 1.157 24.02 24.32
WFPC2 data, consisting of deep images in the F300W, F4505 U28  03:32:03.6  -27:43:40 3.132 24.79 24.87
F606W and F814W filters, cover an area of 4.7 sq.arcmin reaéf® U12 ~ 03:32:04.4  -27:46:03  3.083  24.77 24.68
ing 100 magnitude limits of 26.8, 27.7, 28.2 and 27.7 (in §'SY21  03:32:050 -27.44:32 3.462 23.65 23.74
0.2 sq.arcsec area, Williams et al. 1099)8V RIJHK data ©'oB07  03:32:051  -27:46:12  3.912 2515 24.67

. . - . . f)
over an area of 25 sg.arcmin, including the WFPC2 field, haEIS gg; 83223282'2 _gﬁf{gﬁig ;tggé 55'2? gj'gg

been obtained at the ESO 3.5m New Technology Telescqge 14  03:32:09.1 -27:45:35 _ 2537 24.95
(NTT) as a part of the ESO Imaging Survey (EIS) progragis gos  03:32:09.2 -27:46:53 Mstar 26.39 25.02
(da Costa et al. 1999). They reagh limiting magnitudes of glsuU19 03:32:09.6 -27:45:14 - 2548 25.02
Uap ~ 27, Bap ~ 26.5, Vap ~ 26, Rap ~ 26, [ap ~ 25, EISB12 03:32:10.1 -27:44:10 - 25.14 2450

Jap ~ 25, Hap ~ 24 and K g ~ 24. The EIS survey ob-

served also the AXAF1 field (Benaist et al. 2000). 25 sg.arcmin

were covered iMUBV RIJK down toUap ~ 27.0,Bag ~

27, Vap ~26.5,Rsp ~26.5andl 45 ~ 26,J45 ~ 24.5and missioning Team and on January 1999 for the FORS1 Sci-
K4 ~ 23.5. Photometric catalogs were derived from Lanzeteaice Verification (see http://www.eso.org/science/utlsv/ and
et al. (1999), da Costa et al. (1999) and Benoist et al. (2000Yistiani 1999). Inthe FORS1 MOS mode 19 movable slit blade
Lyman-break galaxy candidates were selected by the EIS tep@irs can be placed in a FOV 6f8 x 6.8 sg.arcmin. The ac-

on the basis of two-color diagrams shortly after the EIS obserddal useful field in the direction of the dispersion is somewhat
tions in order to provide targets for the FORS1 commissionifgss and depends on the length of the spectra/dispersion. In the
and Science Verification. After the observations reported hgresent case the Grism 1150 was used, providing a useful field
a more refined selection has been carried out on the basi®©b3.5 x 6.8 sq.arcmin. One configuration of slits was observed
the photometric photometric redshift technique described bythe HDF-S and two in the AXAF1. The journal of the ob-
Arnouts et al. (1999). servations is given in Tablg 1. When no suitable candidate was
available for the allowed range of positions of a given slit, a
random object in the field was chosen.

The MOS observations were reduced within the MIDAS
The present data have been retrieved from the ESO Pulgliackage, using commands of the LONG and MOS contexts.
Archive. Spectroscopic observations were carried out with ther each object the available 2-D spectra were stacked and
FORS1 instrument (Nicklas et al. 1997) in multiple object spethen an optimal extraction was carried out. Tables 2 and 3
troscopy (MOS) mode on December 1998 by the FORS1 Cogive the photometric information and the redshift (when it has

3. Spectroscopic observations
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been possible to estimate it) for the objects observed in #heDiscussion

HDF-S and AXAF deep field, respectively. In Column 1 th . .
EIS identifier refers to Lyman-break candidates in the ori %t present, the spectroscopy of candidate Lyman-break galaxies

. ) , as been restricted to an area of 13.5 sg.arcmin in the HDF-S in
nal EIS lists (for the AXAF field U- and B-dropouts are “Ste%/]vhich U BV RIJHK imaging is available and 25 sq.arcmin in

with the “EIS U” and “EIS B” prefix, respectively). Random- . : .

chosen objects are listed with the “ANON” prefix followed b}he AXAF _de_ep field%2 sq.arcmin covered il BV 217K and .

o : 3.sg.arcmin i BV RI only). After the FORS1 spectroscopic

the number of the slit in which they were placed. The spectf . . o .
. . . observations, which were based on a preliminary list of Lyman-

of 8 galaxies with redshifts between 2.8 and 4.0 are shownb|r ak candidates produced shortly after the EIS imading obser

Fig.[d. These and more spectra are available in digital form qf ! produ y imaging

the URL http://www.eso.org/science/utLsv/M@R.html. In vations, we carried out a more refined selection of galaxies with

some cases (HDFS: EIS 23, IS 33, IS 52, AR IS g, 21000 1 il photometic edei coce (scrbes
EIS B12) it was not possible to determine a redshift due to t g{.md down toalimiting mag o 1 ; — 24.5, while in the AXAF

lack of significant spectral features rather than to an insufficien ep fields6 candidates have been selected dowRigs — 25.

S/N of the spectrum. The photometric data of Columns 5 an% rghe total61 candidated0 turned out to have been observed

have been taken from the EIS database in its most recent vers . : P
(Arnouts, private communication). Five HDE-S ANON target uring Commissioning and Science Verification: 8 of them have
' ) een confirmed to be at high redshift, 2 resulted in inconclu-

![Iﬁe?#tgde the EIS images and no photometry is provided fsive spectra. Fif]2 shows the comparison between photometric
’ and spectroscopic redshifts for the 8 galaxies with- 2.75



492 S. Cristiani et al.: FORS1 spectra of Lyman-break candidates

Table 4. Properties of the Galaxies with > 2.5 in the HDF-S and
AXAF fields.
z>2 0,=0.16
os I 7 ldentifier SFR  Epv SFR Age Mass
o i 1 uUncorr. Corr.
&, : 1 Mo/yr _mag Me/yr Gyr log(Mo)
N‘ ************************************************* HDF-EIS43 8 0.0 8 0.7 10.6
3 . ‘. 1 HDF-EIS47 15 0.1 38 0.1 11.2
N A HDF-EIS53 12 0.1 19 0.1 10.8
™~ : | AX-EISu28 6 0.2 13 1.4 10.9
7777777777777777777777777777777777777777777777777 AX-EISU12 6 0.0 6 0.1 10.0
. AX-EISU21  AGN
| AX-EISBO7 12 0.0 12 1.0 10.5
AX-EISB02 12 0.0 12 0.7 10.5

05
spec

Fig. 2. Comparison of photometric and spectroscopic redshifts in thétp://www.eso.org/science/eis/) will make it possible to address
HDF-S and AXAF deep field. also this issue on a more quantitative basis.
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