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ABSTRACT

In arecent paper Lehnert & Bremer have photometricallyctetba sample of galaxies at
z > 4.8 from a single VLT/FORS2 pointing and spectroscopicallyfaomed half of them to
be at4.8 < z < 5.8. To study the properties of such galaxies further, we hawatquhetrically
selected a similar sampl& (s > 28,i4p < 26.3,iap — zap > 0) from the HST ACS
images of theChandraDeep Field South. This selection results in a sample of 44cesu
from ~ 150 arcmir?. We find that such galaxies are often barely resolved in th® iages,
having half-light radii of 0.1-0.3 arcsee<(2kpc). They show no difference in spatial clus-
tering from sources selected byg < 26.3,i45 — 245 > 0, which are generally galaxies
of lower redshift. However, their distribution over the €lés not uniform and their surface
density varies considerably over areas comparable to &s8ngor HST pointing. A reliable
determination of the surface and volume densities of sulzxigs requires a sky area consid-
erably larger than the current ACS imaging of this field. Ndiwdual = > 5 candidate was
detected to a 3= limit of 6 x 10717 erg st cm~2 at 0.5-5 keV byChandra(a limiting lumi-
nosity of below2 x 10%3 erg s™! atz ~ 5.3). By summing over all positions, we find that the
mean source must be undetected at a level at least a factoed fainter than this. This rules
out anything other than a weak AGN contribution to the erpiséiom these objects and thus
luminous AGN made little contribution to the final stagesefonization of the Universe.

Key words: cosmology: observations - early universe - galaxies: dista and redshifts -
galaxies: evolution - galaxies: formation

1 INTRODUCTION ing galaxies. Similar techniques have been used by othempgro
With the advent of high throughput cameras on 8m-classdepess ~ to identify other unobscured star forming galaxies at evighdr
and the Advanced Camera for Surveys (ACS) on the Hubble Spaceredshifts (Stanway et al. 2003, Bouwens et al., 2003). Froen t
Telescope it is now possible to detect and study galaxiesrat, ~study of galaxies atz5, Lehnert & Bremer (2003) concluded that
close to the epoch of reionization, about 1 billion yearsrafhe relatively luminous galaxiesM 45 (17004) > —21) have insuffi-
Big Bang. Recently, many such galaxies have been select#gd-ph  cient numbers and ionizing luminosity to keep the univetse>®
metrically (e.g.Stanway et al., 2003, Bouwens et al., 2003, lwata ionized and, since no broad line objects were detected QB&s
etal., 2003) and some have been confirmed to be at high retghif ~ contribute very little to the overall ionization. This laginclusion
spectroscopy (Lehnert & Bremer, 2003; Bunker et al., 20a#)C IS supported by Barger et al. (2003) who found that the nurober

et al., 2003) luminous X-ray-selected QSOs in the Chandra Deep FieldhNort
In a recent paperl we used perhaps the Simplest technique tols insuffiCient to Contribute greatly to the OVera“ iOnimI Of the
select and confirm redshifts for a high redshift galaxy samiphwn IGM at z=5.5.
from a single 40 arcminfield imaged by the VLT (Lehnert & Bre- However, our original study was limited by the size of thediel
mer 2003). The opacity of neutral hydrogen along the linsight imaged by the VLT (40 arcmf), the ground-based seeing (0.8-
to the galaxies means that the light shortward of 1816n their 0.9 arcsec) of the imaging and spectroscopy, and the lackutii-m
rest-frame is strongly absorbed, leading to a sharp drofeir t wavelength data for this field. Of particular concern wasABN
spectra at the corresponding redshifted wavelength. Bscsey fraction in faint galaxies at these redshifts and the pdéssibn-

objects detected in thé—band to/ap = 26.3, but undetected tribution of “hidden AGN” to the overall ionization budgef the
at Rap > 27.8 (i.e. R-band “dropouts”), we identified 13 candi-  high redshift universe. Classes of AGN exist that have gthén
datez > 4.8 galaxies. Spectroscopy of 12 of these confirmed that ray emission with the spectral characteristics of AGN buhwily
6 were at4.8 < z < 5.8, as they possessed a Lymanemis- subtle or no signs of AGN activity in the rest-frame UV or opti
sion line at the same wavelength as a break in their spedi@. T (e.g., Giacconi et al. 2001). However, by performing a corapa
spectra were consistent with the objects being strongljosta- ble selection on a larger field imaged by HST and other tefesso
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over a range in wavelengths, we can determine scale sizesdbr
sources, determine if any are AGN, and examine their spdisal
tribution and clustering. All these properties are reqifie com-
parisons between the observations and models of the ewolafi
the earliest galaxies. To this end in this paper we disciespitbp-
erties of candidate > 5 galaxies in the Chandra Deep Field South
(CDF-S). In this paper, unless noted otherwise all mageguate
on the AB scale, and the cosmology used i H 70kms™!
Mpc™!, Qa = 0.7 andQar = 0.3.

2 SAMPLE SELECTION

identical apertures. We used the zero-points for AB magsitide-
termined by the GOODS team: mag = zeropoint - 2.5 log(Count
rate/§1) where the zeropoints were 25.662, 26.505, 25.656, 24.916
for the B, V, i andz bands respectively.

Having created and verified the catalogue, we then selected
candidate high redshift galaxies. Lehnert & Bremer (20@8ced
objects with25 < Tap < 26.3, andRag —Iap > 1.5, with all of
the final selection havingas > 27.8. They noted that at > 4.8,
the predictedl — z colours of galaxies became increasingly red,
from~ Oatz < 4.8to~ 1.3 atz > 5.8. The observed colours
of the spectroscopically-confirmed high redshift galaxi@sghly
agreed with this. Stanway et al. (2003) have used a seleofion
iaB — zap > 1.510 selectz ~ 6 candidates from the ACS data of

In this paper we use data from the Advanced Camera for Surveysthe CDF-S (see their Figure 3).

(ACS, Ford et al. 2003) on HST, released as part of the pubkats
Observatories Origins Deep Survey (GOODS - Dickinson & Gi-
avalisco 2002) programme. Specifically, we utilise datanfithe

However, the ACS data were obtainedBnV, : andz—bands.
Consequently we had to select galaxies that dropped dutrather
than in R. This will potentially select galaxies at > 4.5, rather

v0.5 release of GOODS data from the Chandra Deep Field Souththan atz > 4.8 as did theR— band dropout selection of our previ-

(CDF-S). The data in this release comprises that from theJirs
epochs of the CDF-S survey. At each epoch, a given field is im-
aged in three of the four bands used in the suriéyF606W),:
(F775W) andz (F850LP). Observations in thB—band (F435W)
were all taken during epoch 1. The field is mosaiced into aepatt
of 15 (epochs 1 and 3) or 16 (epoch 2) 'tiles’. Exposure tintes a
each epoch in each tile are 0.5, 0.5 and 1 orbits inlthe and =
bands respectively. Exposure time in tBe-band (epoch 1) was

3 orbits per tile. At each epoch, the observations of eaehatié
broken into 2, 2 and 4 frames, 1A, ¢ and z respectively, to allow
for the removal of cosmic rays and other defects. The B-bdnd o
servations are broken into 6 frames. The released datacted@s
pipeline-processed, cosmic-ray cleaned, drizzled (Reué&Hook
2002) and co-added frames of each tile for each epoch for@ach
the 4 bands.

ous work. We therefore also required that — zaz > 0 to min-
imise the number of lower redshift dropouts. We also requinat
there was no sign of a detection¥ placing a limit of Vap > 28
in the aperture matched to the-band. Objects brighter than this
could always be detected in the-band frame. Th& —band num-
ber counts show thatl" > 28 marked a transition from true detec-
tion to non-detection in our catalogue. Thus our final seecvas
Vap > 28,iaB < 26.3 (to be consistent with our previous work)
andiap — zap > 0 (in order to reject lower redshift dropouts).
Based upon the above magnitude and colour cuts, we selected
objects from our catalogue. We examined each of them in turn i
order to exclude obvious problem or bogus sources, suchrés pa
of larger sources or spurious sources at the edges of CCefram
where extreme colours were caused by missing counts in ar ba
off the edge of the frame. The final selection consisted oft{dats

The tiles from epochs 1 and 3 are based on the same mosaicspread over the- 150 arcmir? of the ACS image of the CDF-S.

pattern covering the total survey area, although the epdcm®es

Images of these sources are shown in Figure 1 and their pieper

have a PA 90 degrees offset from those of epoch 1. The tiles of are given in Table 1. Note that in principle, with our selesttri-

epoch 2 are based on a different mosaic pattern (of 16 tiks)ce,

we decided to create co-add&d: andz tiles from each of the sets
of 15 tiles in epochs 1 and 3. Thetile from epoch 1 was used
as a reference tile in each case. Thele from epoch 3, and the
V' and: tiles from epochs 1 and 3, and tli#tiles from epoch 1
were aligned to the equivalent epoch: tile using the wcsalign
task in KAPPA. Each pair of co-aligned ¢ andV frames were

teria, we could have included two of Stanway et al's' 6 objects;
one is indeed detected (their object 4, our object 8), therdtheir
object 3) just misses our magnitude cut (due to our re-measemt
of thei—band photometry).

What contamination do we expect in our catalogue from
sources other than galaxieszat> 5? At magnitude levels above
tap ~ 24— 25 we expect some cool stars with réd- I andl — z

then co-added using the makemos task in CDDPACK. For each co- colours €.g.see Fig 2 in Iwata et al., 2003). Based upon the results

added image, all areas which had blank values in either inpage
were set to blank in the final co-added image. This includedjtp
between the two ACS CCDs on thez andV frames.

As we are searching specifically for objects which are ségure
detected in the redder bands, a catalogue of sources wasumted
based on the 15 co-addedtiles. The detection and photometry
of objects in the co-added—band tiles were conducted automat-
ically using the SExtractor software package (Bertin & Artso
1996) as implemented within the Starlink GAIA image dispdang
analysis package. For object identification we demandeeast |
4 contiguous pixels above a threshold ofdl jger pixel. We mea-
sured Kron (1978) magnitudes taken within an aperture sadfu

2.5h.on. These magnitudes have not been corrected for the ex-

tremely low Galactic extinction afly: = 0.024. The positions and
apertures defined by the SExtractor source detection #igois
run on the co-added—band tiles were then used on the equiva-
lenti, V and B frames. In this way we measured the appasgeht
and B magnitudes for those objects detected onzhies inside

in Lehnert & Bremer (2003) we can expect up~010 such stars
brighter thaniap = 25 (both the CDF-S and the field in Lehnert
& Bremer are at high Galactic latitudes), although many efsth
may be rejected by our strong—band limit. The work of Stanway
et al. (2003) on the CDF-S indicate there are only one or tve su
stellar objects in the field at fainter magnitudes. Givenprerious
results, and those of Stanway et al, our colour selectiohalgb
detect several Extremely Red Objects (EROSs) in the fieltieeit
old ellipticals or reddened galaxies at around- 1 (c.f. Cimatti
et al 2002). These objects will appear resolved on scales @f3
arcsec.

Some publically-available ground-based dataimand J and
K s are available from the VLT for part of this field. We can use
these data to attempt an estimation of the likely contarigndtom
lower redshift sources, even though the data are not idedhi®
The R-band data is shallower than that used by Lehnert & Bremer
(which went toR4 g = 27.8) to selectR— band dropouts. For the
CDF-S,3 — o detection limits in 2 arcsecond diameter apertures
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Figure 1. 3x 3 arcsecV iz-composite images of all 44 objects in the sample. In each ttesselected object is at the centre of the image and noatftlie
top and east is to the left.

vary betweerR 45 = 27.4 and26.7 depending upon the particular

image. Nevertheless the data has some utility in rulingouband

dropouts at belowe = 4.8 and lower redshift red galaxies. About —-27.65
15 per cent of the candidate distant galaxies are detectecti@
detected out of 27 imaged in R-band), including objects 2481
42 atR = 26,5 £ 0.2, R = 26.2+0.2andR = 26.4 +0.3
respectively which are among the galaxies with the largelft h
light radii. This supports our contention that the galaxieth the —-27.75

-27.70

largest half-light radii are likely to be lower redshift gales. >
The J and K s images also covered only part of the ACSarea. @
The data is useful to detect intrinsically red objects, gsospd to = B
those with breaks betwedri and:. Ten of our candidates were O
covered by this data. Six were reliably detected in hothnd K's 8 57 85

to 2 — o detection limits ofJvcga = 24.5 aNd K'syega = 23.5
in 1 arcsec apertures. These all hags — Jyegq COlOUrs> 1.6
andJ — Ks colours ranging from 1.3 to 2.6. These are the colours —-27.90
of intrinsically red objects and redder than expected foakaxy
formed within a few hundred Myrs of = 5.3. In order to de-

-27.80F

termine the near-IR colours we might expect from an unreeden —27.95 : 8
galaxy atz ~ 5.3, we ran a series of PEGASE models (Fioc & e L e L e L
Rocca-Volmerange 1997) of ellipticals which started forghtars 53.2 53.1 53.0
betweenz = 6.5 andz = 20. zap — Jvega COlOUrs varied be- RA (deg)

tween~ 0.8 and~ 1.2 andJ — Ksvy4q. CoOlours between- 0.9
and~ 1.6. These are similar colours to those of Irregular galaxies
redshifted taz > 5, seee.g.Figure 4 of Stanway et al. (2003). Thus  Figure 2. Spatial distribution of ourz= > 5 candidates over the field

the six red objects appear redder than these models of highife (crosses). Underlying points are 2000 objects chosen tehay < 26.3
galaxies with unobscured ongoing star formation. andiap — zan > 0. Note the~ 25 arcmir? “hole” in the distribution of

. . L . . didats tred at imately RA=53.15, Dec=7)7nbt reflected
The other six objects covered by this imaging were either un- candidates (centred at approximately ec=77riot reflecte

detected or had colours consistent with being unreddened 5 in the distribution of the non dropout sources.
galaxies. What implication does this have for the contationaof

our z > 5 candidate sample by low redshift red objects? The

and K's data only cover part of the ACS field, we need to use a
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Number RA Dec i V—i 1—2 Ry
1 033208.68 -274314.6 259 >2.1 0.7 0.35
2 033211.26 -274630.4 263 >1.7 0.3 0.18
3 03321540 -275226.3 26.1 >1.9 0.1 0.13
4 033216.16 -2746415 26.2 >1.8 0.1 0.20
5 03321691 -274808.2 26.3 >1.7 0.2 0.27
6 033217.47 -275003.1 26.1 >1.9 0.8 0.27
7 033217.80 -275052.6 25.7 >2.3 0.7 0.30
8 033218.18 -274746.5 253 >2.7 15 0.10
9 033219.22 -2745455 249 >3.1 1.3 0.10
10 033219.74 -274140.1 26.2 >1.8 0.6 0.27
11 03322094 -275339.0 253 >2.7 0.3 0.24
12 033221.29 -274051.3 259 >2.1 0.3 0.20
13 03322246 -275047.1 26.3 >1.7 1.7 0.10
14 03322269 -275154.1 26.2 >1.8 0.2 0.32
15 03322398 -274108.0 26.1 >1.9 0.7 0.13
16 03322756 -275626.3 253 >2.7 0.1 0.30
17 033228.87 -2741326 26.1 >1.9 0.2 0.45
18 033230.57 -2742435 258 >2.2 0.9 0.20
19 033231.07 -275117.7 25.8 >2.2 0.1 0.20
20 033231.09 -274226.8 26.1 >19 0.9 0.35
21 033231.74 -2754139 26.2 >1.8 0.0 0.17
22 03323347 -2750299 26.2 >1.8 0.4 0.15
23 033235.10 -275125.2 26.1 >1.9 0.1 0.20
24 033236.23 -2743153 26.0 >2.0 0.4 0.37
25 033237.18 -2751109 26.0 >2.0 0.1 0.30
26 033237.25 -274202.7 26.0 >2.0 0.3 0.25
27 03323790 -275330.9 26.2 >1.8 0.8 0.18
28 03324040 -275142.4 26.0 >2.0 1.0 0.25
29 033241.22 -274310.0 26.2 >1.8 0.9 0.45
30 033242.33 -274204.1 25.6 >2.4 0.6 0.27
31 033242.60 -2754288 26.3 >1.7 0.4 0.32
32 033242.62 -2754289 26.3 >1.7 0.7 0.30
33 033242.65 -274939.0 26.0 >2.0 0.3 0.20
34 033243.29 -274310.7 26.1 >1.9 0.1 0.35
35 03324551 -275250.3 26.1 >19 0.3 0.35
36 033247.64 -275105.0 26.3 >1.7 0.7 0.10
37 033248.13 -274817.7 25.8 >2.2 0.4 0.27
38 033249.14 -2750225 26.2 >1.8 0.7 0.10
39 033250.66 -274630.5 26.1 >19 0.0 0.15
40 033252.77 -275125.7 254 >2.6 1.2 0.13
41 033252.87 -2754559 26.2 >1.8 0.2 0.45
42 033253.95 -275452.3 26.2 >1.8 0.0 0.18
43 033258.65 -275243.7 26.1 >19 0.0 0.15
44 033259.70 -275202.6 26.1 >1.9 0.2 0.20

Table 1. Coordinates are J2000. All magnitudes are in AB. Errors og-ma
nitudes are typically 0.1 it. V' — ¢ colours determined assumifg > 28.
Errors oni — z are typically 0.15. R is the half-light radius measured in
arcseconds. Unresolved sources h&ye= 0.1, although given the uncer-
tainties on determining the half-light radii of objectsiat 26, the uncer-
tainty on this measurement should be assumed to be apprekniapixel

or 0.05 arcsec.

proxy for red near-IR colours in order to estimate the coiam
tion. Five of the six objects withap — Jvega andJ — Ksvega
colours redder than the model galaxies alsohad > 0.8; we can
simply assume that all objects in our sample with such a calo
potentially intrinsically red or reddened objects at somtgteary
redshift. There are nine such objects in our sample. Thuenthis
assumption, we might expect up to about 20 per cent contaimina
of our z > 5 candidate sample by lower redshift red objects. For
now we choose not to remove these objects, as these could pote
tially be obscured AGN at > 5 (the reddened nucleus dominating
at the longer wavelengths). As we will consider later the benof
potentially obscured AGN in our sample, by cross-corretatiith

the Chandradata for the field, we will retain the objects in the full
sample.

Thus, between thé&—band detected sources and those with
red near-IR colours we have a contamination rate of no maene th
35 per cent (about 15 sources). Some of the reddest objadis co
still be atz > 5 and there could be overlap of this sample with the
R—band detected sample (we cannot tell with the current data as
the two ground-based fields do not overlap effectively).sTton-
tamination by lower redshift objects could be somewhat tkas
this. For a smaller sample of higher redshift candidatesn@ay
et al. estimated a contamination rate of about 25 per cent.

3 SURFACE DENSITY AND DISTRIBUTION OF THE
OBJECTS

The density of candidates with these colours and magnitddesr

3 arcmirt, is similar to that found by Lehnert & Bremer for their
sample of 13 candidates and is approximately twice as hidbras
their spectroscopically confirmed > 4.8 galaxies. It is not clear
how to compare these surface densities, given that bothleamp
could be contaminated by lower redshift objects. As waseddn
Lehnert & Bremer (2003), the high success rate of spectpisco
confirmation would seem to indicate that most of the uncordtm
high redshift candidates are alsozat> 4.8 as only about 50 per
cent of lower redshift dropout samples appear to have sttgng
mana emission. In addition, Lehnert & Bremer were able to spec-
troscopically confirm that many of the color-selected sesrat the
bright end of their sample (£ 24.5) were not high redshift galaxies
or QSOs.

A more likely problem is contamination in our CDF-S source
list. We cannot fully exclude EROs on the basis of our photoime
cuts and there could be slightly reddened lower redshifpaints
in our sample. In any event, the completeness of the ACS sampl
studied here will be higher as the ACS data are deepéiaimd z
and have much higher spatial resolution than the VLT data8(0.
arcsec as opposed to 0.8 arcsec).

Rather than attempt to determine a comoving volume density
for these sources, our purpose here is to note merely howathe c
didates are distributed across the field. Figure 2 showstibgtap-
pear to cluster, or at least show a wide range in their sufansity.
One area of~ 25 arcmir? shows no detected sources. We deter-
mined that the total catalogue of all objects showed no shote”
or under-density in sources in the same area. We also chéloged
photometry and number counts in each band in this area agains
the rest of the catalogue to ensure the lack of dropouts was no
caused by problems in the photometry. No differences wanado
We compared the nearest-neighbour statistics of the sotoean-
dom selections of 44 sources taken from our catalogue ubimg t
Cutsiap < 26.3,ia8 — zap > 0, but with noV-band cut. This
selection would tend to select galaxies at lower redsHifs tthe
dropout sample. Using a K-S test we found no significant diffe
ence between the distributions of nearest neighbours &hith
redshift sample and the randomly-selected samples. Dine tow
surface density of the randomly-selected samples, thegsamms
showed similar-sized areas devoid of sources to that seémein
distribution of our high redshift candidates.

Given the current data, there appears no obvious difference
the clustering characteristics of our> 5 sample and other faint
sources. However, the fact that there is such a wide vaniatithe
surface density on scales of about 25 arcninidlicates that a proper
treatment of the clustering properties and densities afelseurces



requires imaging over an area considerably larger tharcthatred
by the ACS CDF-S data. Given that 25 arcfis comparable in
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AGN. However, it is possible that some may have contained op-
tically obscured AGN (as observed by, for example, Giac&ini

size to a single pointing of 8m telescope cameras such as FORSal. 2001). These would be detectable in sufficiently deepX-r

and GMOS, and is larger than a single pointing of the ACSicaut
must be exercised over interpreting clustering propeatessource
densities derived from single pointings.

The projected proper area of the field is about 20 #Mpt
z ~ 5. If we very crudely estimate that we probe of order 0.5 in
redshift aroundt = 5 (in fact the effective volume will be less than
this as the completeness at faint levels is always less tBarpér
cent,e.g.see Lehnert & Bremer), the comoving volume covered by
the field is roughlyl0® Mpc®. Given the “hole” in the distribution
of candidatez > 5 sources is of order 10-20 per cent of the imaged
area, this corresponds to a “void” with a size of ordet0* Mpc®.
Thus it is not surprising that significant “holes” in the dilstition
exist, as they correspond to relatively small comoving rs.

4 THE MORPHOLOGIESOF THE SOURCES

About half of the sources in Table 1 and Figure 1 are convigigin
resolved, but with half light radii of typically no more th&n2-

0.3 arcsec{ 2 kpc). Several sources are unresolved but at least

two are resolved on rather larger scales of order 0.4-0$ear(l7
and 41). These latter sources are most likely red 1 galaxies
(41, for example, has a secure R-band detection as notga)in
Several sources appear as a double source or with a nearby low
surface brightness component, though usually only a stagtgo-
nent makes our magnitude cut. An exception to this is thevpittir
catalogue numbers 31 and 32. Such sources appear simila to t
pair of z = 5.3 galaxies discovered in the HDF-N by Spinrad et al
(1998). Overall, the sizes of the sources are comparableoset
found by Stanway et al. for their-band dropouts, showing clearly
that galaxies at > 5 have scale-lengths of onlkg0.5 to 2 kpc
(assuming a redshift range of 4.8-5.8 and our adopted cagypl
Lowenthal et al. (1997) noted that= 3 dropouts in the HDF-N
had typical half light radii of 0.2-0.4 arcsec (2-3 kpc in @gsumed
cosmology). Results from Roche et al., (1998) indicate tyygtal

z = 4 galaxies have half light radii smaller than those at lower re
shift. Theirz = 4 half-light radii are comparable to ours at> 5
(when transformed to our cosmology), so our results apjpesu-
port a decrease in galaxy scale-lengths with increasinshifdIt

is not clear whether the sources we are detectingat5 are rep-
resentative of the entire collapsed mass in a galactic haloeae
redshifts, or simply high surface brightness regions afrgjrstar
formation within larger, lower surface brightness systems

5 AGN CONTAMINATION

What fraction of sources selected by our criteria are AGNt: s
ple expectation of currently favoured structure-formatcenarios
is that the first galaxies form in the most overdense halofién t
early universe. These are also most likely to be the placeathe
first supermassive black holes form, given the known cditela
between central black hole mass and spheroid neagsebhardt
et al., 2000, Ferrerese & Merritt 2000). Clearly, in orderctm-
front models of early structure formation with data regsikeow!-
edge of what fraction of these sources contain active AGNI. Al
the objects in Lehnert & Bremer (2003) with spectroscopyeal
determined redshifts had narrow emission-lines and shawed
evidence for the broad lines expected from relatively unotesd

observations sensitive to rest-frame hard X-ray emissiom fthe
sources.

The CDF-S field has a 1Mse€handra exposure (Rosati
et al. 2002) publically available. We cross-correlatedsmurce-list
with the catalogue of Giacconi et al. (2002). None of our Vidba
dropouts were among the catalogued sources. Having degesdmi
the (small) offset between the X-ray coordinate frame aadl ot
the ACS from this cross-correlation, we then determinedOte
5keV X-ray fluxes in 2 arcsec radius apertures centred ondhie p
tions of our 44 dropout sources. None were detected at de8el
of 8 x 107° counts set! above background and only one atr2-
(and one is expected from Poissonian noise in the backgjotihd
distribution of counts in the apertures was indistinguédrom
Poissonian. A total of 286 background plus object countois ¢
sistent with the expected background level of 306 countsis€o
quently, no individual source was detected, and the colieatean
flux of a dropout source is less than 2 counts3Jat o). These
limits corresponds to a flux af x 1077 erg cnm?s™* for an indi-
vidual source, anél x 10~17 erg cm2s~! for the mean source. At
z ~ 5.3 these give a 2.5 keV luminosity of< 2 x 10*3 erg s°*
and< 5 x 10*? erg s7! for individual and mean sources respec-
tively. This rules out contamination by powerful AGN sinc&N
are generally prominent X-ray sources. These results argstent
with those of Barger et al. (2003) but also extend them by goin
over a magnitude deeper in the optical selection of sourtes-a
ing us to investigate the most heavily obscured sourceshitage
been shown to contribute substantially to the total X-rayssion
(e.g., Giacconi et al. 2001) and by investigating the X-reyise
sion from significantly more high redshift sources. Thesailts
are entirely consistent with the sources having comparghiay
luminosities to those of = 3 Lyman break galaxies, which have
L. ~ 3 x 10" erg s! above 2.5 keV (Brandt et al. 2001). The
most X-ray luminous starburst galaxies have similar lurgities to
this (e.g., Moran, Lehnert & Helfand 1999). Given that owrses
are selected to have the colours of unobscured starbursts &,
any future X-ray detection at this low level can be attrilute the
starburst rather than a weak AGN. Such a detection wouldnequ
a> 10MsecChandraexposure.

All of the above reinforces one of the conclusions of Lehnert
& Bremer (2003) (and of Barger et al. 2003 for brighter ogtica
sources)yiz.that emission from AGN played little part in the final
stages of the reionization of the Universe. Only if there avan
early dominant population of AGN that had completely dietilmu
z = 5 — 6, when strong star formation had been initiated, could
AGN have played a major part in the reionization of the Urseer

6 CONCLUSIONS

We have selected a sample of 44 objects from the ACS data of the
CDF-S with properties consistent with galaxies:at 5 by using
photometric cuts to include objects similar to those spscipi-
cally confirmed to be at > 5 by Lehnert & Bremer (2003). The
sample is likely to contain a small number of contaminatiogrses
at lower redshift, and certainly does not contain all sosiate > 5
due to itsi—band flux limit. Specifically, it will miss most objects
of the type selected by Stanway et al. as they hadz > 1.5

in order to detect galaxies at ~ 6 and such objects are rare at
1 < 26.3.
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We found that these sources were often resolved on scales ofMoran, E. D., Lehnert, M. D., & Helfand, D. 1999, ApJ, 526, 649
~ 0.2—0.3 arcsec, with several appearing double or with extended Roche N., Ratnatunga K., Griffiths R. E., Im M., Naim A., 1988\RAS,

lower surface brightness regions close to them, quite airtil the

z = 5.3 source in the HDF-N described by by Spinrad et al. (1998).

The candidate: > 5 dropout galaxies appear to be smaller than
those studied by Lowenthal et al. (1997at 3, likely indicating
that the scale lengths of galaxies decrease with increasdsfift.

The distribution of the selected objects over the 150 arémin
area is not uniform, there is a patch of area&25 arcmirt where
there are no selected sources. Comparing nearest-neightssu
tributions of these sources and randomly selected samplig® o
same number of faint, non-dropout sources leads to no déiect
differences. Similarly, “holes” of a similar size occasidly arise in
the areal distributions of the random samples. Nevertbektaic-
tures on this scale imply that fields considerably largenttie
ACS CDF-S field are required to probe the clustering and tensi
of high redshift sources with any degree of reliably. Intetation
(and indeed field-placement) of smaller fields are compditdty
such a non-uniform distribution of sources.

293, 157
Rosati P., et al., 2002, ApJ, 566, 667
Spinrad H. et al., 1998, AJ, 116, 2617
Stanway E. R., Bunker A. J., McMahon R. G., 2003, MNRAS, 3488 4

None of the selected sources was conclusively detected as an

X-ray source, and the total flux from the 44 sources is alsgisen
tent with zero. This limits the> 2.8 keV X-ray luminosities of the
individual sources at ~ 5.3 to considerably beloi x 10*3 erg
s~ (3-o upper limit on an individual source). This rules out strong
AGN contamination for the bulk of the sources. Given the shor
timescale between ~ 5.3 and the end of reionization at ~ 6,
this supports the idea that AGN made little contributionhte final
stages of the reionization of the Universe.
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