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ABSTRACT

We have investigated the rest-frame optical and far-ieffgsroperties of a sample of ex-
tremely bright candidate Lyman-break galaxies (LBG) iifeatt in the Sloan Digital Sky
Survey. Their high ultraviolet luminosities and lack ofcstg ultraviolet emission lines are
suggestive of massive starbursts, although it is posdilliethey are more typical luminosity
LBGs which have been highly magnified by strong gravitatidoeasing. Alternatively, they
may be an unusual class of weak-lined quasars. If the ultievand submillimetre proper-
ties of these objects mirror those of less luminous, statluBGs, then they should have
detectable rest-frame far-infrared emission. However solomm photometry fails to detect
such emission, indicating that these systems are not msecalgd-up (either intrinsically or
as a result of lensing) examples of typical LBGs. In additimnhave searched for the mor-
phological signatures of strong lensing, using high-netsoh, near-infrared imaging, but we
find none. Instead, near-infrared spectroscopy revealgtieae systems are, in fact, a rare
class of broad absorption-line (BAL) quasars.

Key words. galaxies: evolution — galaxies: formation — galaxies: quas- galaxies:
active — galaxies: individual: SDSS J024343:0B2109.9, SDSS J114756:0025023.5,
SDSS J134026.44+634433.2, SDSSJ143223000116.4, SDSSJ144424.55+013457.0,
SDSS J155359.96+005641.3.

1 INTRODUCTION with a median ofr ~ 20.3, i.e. they are an order of magnitude
brighter than the most luminous objects in existing LBG sysv
Bentz, Osmer & Weinber@g (2004) showed that if their UV enaissi
arises solely from star formation then they are intensefiyastar-
forming galaxies with strong lower limits on their star+foation
rates ranging from 300 to 1100Myr~!, assuming negligible ab-
sorption by dust and adopting a continuous star-formaataover
108 yrs (Kennicuitl 1998). Thus these candidate LBGs could be
rare, extreme starbursts seen at the epech; 2.5, when both
the accretion luminosity density and the star-formatida tensity

in the Universe are believed to peak (Miyaii, Hasinger & Sitim
2000;. Chapman et Al. 2005).

Alternatively, the brightness and apparent rarity of thege

The very large areal coverage of the Sloan Digital Sky Survey
(SDSS| York et &l. 2000) provides a unique opportunity toiidg
rare, intrinsically luminous examples of high-redshiftayg popu-
lations, as well as similarly rare, strongly-gravitatibpanagnified
examples of more typical high-redshift galaxies. To exyitus op-
portunity,|Bentz & Osmeri (2004) searched the SDSS Early Data
Releasel(Stoughton etial. 2002) for unusual quasars witmano
lously low Civ 154.9nm emission, and found a luminous- 2.5
starburst candidate that appeared to have been incorotaskified

as a quasar by the SDSS pipeline.

Following on from this find,| Bentz, Osmer & Weinbkrg

(2004) identified a further five sources from the SDSS FirdbDa
Release (DR1) Quasar Catalog (Schneiderlet al.l 2003)-e2.5—
2.8 with rest-frame ultraviolet (UV) colours similar to Lym-
break galaxies (LBG<. Steidel ef al. 2003) and exhibitingakve
or absent high-ionisation emission lines in their restiiegalV
spectra. All six objects have-band magnitudes of 19.8-20.5,

tems could simply reflect the fact that they are rare, styengl
magnified examples of the normal-luminosity LBG population
The LBG candidates show no evidence of multiple components a
the resolution of SDSS imaging: L arcsec) and there are no obvi-
ous foreground lensing structures. Nevertheless, gtaoita lens-

ing cannot yet be ruled out based on existing imaging.
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The best argumentgainst these galaxies being highly-
magnified examples of normal LBGs results from their spéctra
properties: the underlying continuua are much redder tlgpn t
ical LBGs, with observed 200-600-nm spectral indices naggi
froma = —1.9 to —2.5 (where F, « v7%), ¢f.a > —1.7
for most LBGs|(Shapley et &l. 2003), and the low-resolutidsS
spectra show strong (sometimes broad) interstellar atisorines
and Ly emission in several cases, as well as hints of broad
C111]1190.9nm emission in two cases (Bentz, Osmer & Weinberg
2004). These features contrast with the narrow emissionirand
terstellar absorption lines seen in the composite LBG specbf
Shapley et &l..(2003), but may be explained due to star-foma
activity (and perhaps associated winds) an order of magmitu
more vigorous than the sample considered by Shapley ei0813]2
The gross spectral properties of a source should not betedfec
markedly by lensing, so these differences argue that thalse-g
ies are unlikely to be highly-magnified examples of the gen-
eral LBG population. Rather, the spectral properties ofseéhe
sources share key characteristics with the submm-selgeteat-
ies identified in the recent spectroscopic survey of Chapehah
(2003,12005). In particular, they resemble N2850.4, a canpo
ite starburst/AGN atz=2.38 [Smail et &ll_2003) and the BAL-
Sy2/QSO SMM J023990136 at 2=2.80 [lvison et al.l 1998;
Vernet & Cimatli |2001) — the two-component &yemission,
broad Gii] and the absorption seen iniC Siiv, Al 11 and Civ
— although the candidate LBGs lack such prominent P-Cygmi pr
files. The LBG candidates also share some common charaicteris
with broad absorption-line (BAL) quasars — the presenca o
C111]190.9nm in two examples and some very broad absorption
lines — although the line profiles are not typical of BALs. Tée
is thus a possibility that the UV emission from these galksuge
powered by accretion rather than star formation, or thasémaple
is a heterogeneous mix of star-forming galaxies and actlacg
tic nuclei (AGN). A recent paper by Hall etial. (2004) disess
an unusual object, SDSS J113658.36+024220.1, whoseragse-f
UV spectrum shows a single emission line corresponding te Ly
but no obvious metal-line emission, which bears some siiila
ties to the candidate LBGs studied here. Hall étlal. (200&rin
pret SDSS J1136 as an AGN based in large part on tentativeabpti
variability and its strong radio emissior,1.4 mJy at 1.4 GHz.

If these galaxies are truly related to starburst LBGs their th
prodigious star formation should be betrayed in the rest far-
infrared. Here, we exploit Submm Common-User Bolometer Ar-
ray — SCUBA, Holland et al.| (1999) — submillimetre (submm)
photometry to search for such emission. We then use new; high
resolution, near-infrared imaging to identify the morggital sig-
natures of strong lensing. Finally, we present near-ieftapectra
of these galaxies, covering a number of key rest-frame alginis-
sion lines falling in theld and K" atmospheric windows, to spectro-
scopically classify the galaxies and to search for quasguasiires
such as a tell-tale broad component to thellie. We describe our
observations i§2, present our results and discussiof3rand give
our conclusions ig4.

2 SUBMILLIMETRE AND NEAR-INFRARED
OBSERVATIONS

Submm photometry observations were obtained for four of our

with SCUBA on the James Clerk Maxwell Telescope (JCYT

On the first night, observations of SDSSJ1147, SDSSJ1340
and SDSSJ1444 were made in average opacity conditions
(T8s0um ~0.3-0.4), and on the second night observations of
SDSS J0243 were made in better conditiongd.m ~ 0.1-0.2).

We used SCUBA in two-bolometer mode, giving ~al5 per
cent improvement in signal-to-noise compared with oneinaiter
mode. Each source was observed for 1.8 ks. FERLINK pack-

age SURFwas used to reduce the data for each bolometer sepa-
rately. The resulting signals were then calibrated agaies§CMT
secondary calibrators CRL 618 and 16223122, and co-added to
give weighted 85Q:m flux densities and errors (see Table 1). Cal-
ibration uncertainties are estimated to-b#0 per cent.

Near-infrared imaging data in thé- and K'-bands were ob-
tained for the five bright LBG candidates accessible to ti8en3.
UK Infrared Telescope (UKIRY) during 2004 January—April and
2004 July—August. Flexible scheduling enabled us to etttistter-
than-average seeing on Mauna Kea, 0.4-0.6 arcsec, and we em-
ployed the UKIRT Fast Track Imager, UFT (Roche etlal. 2003),
a 1024 HgCdTe array with 0.091-arcsec pixels, to exploit those
conditions. The total integration time in each filter, buift whilst
dithering every 60 s, was 3.8 ks. Contiguous observationgaifby
faint standards were used to determine zero points. Thed8-
tection threshold isK ~21.5 in a 4-arcsec-diameter aperture.
Data were reduced usingRAC-DR and we report effective total
magnitudes/colours (measured from 6-arcsec-diametetopies
try) for the LBG candidates in Table 1. Objects in the framesen
then identified and catalogued using SExtractor (Bertin &d\ts
1996) and colours measured in 2-arcsec-diameter apeffroras
the alignedJ- and K-band frames.K-band images of regions
around each target are shown in Fig. 1, with{ffe- K)—K colour-
magnitude distributions for each field displayed in Fig. 2.

Spectra were obtained during 2004 April and August with the
UKIRT 1-5um Imager Spectrometer, UISIT_(Ramsay Howat &t al.
1998), which utilises a 1024InSb array with 0.12-arcsec pixels.
UIST's H K grism was used to cover the 1.4—24% region, with
measured resolutions of/ A\ = 390 and 680 (for arc lines at 1.5
and 2.3um) for our 4-pixel-wide slit (0.48 120 arcsec). Acqui-
sition was accomplished using 20—60-s sky-subtracted ésad
each field. We are confident that all targets were placed mvithi
a pixel of the optimal position on the slit. Each target was ob
served for 6.7 ks, nodding along the slit in an A-B-B-A seqeen
every 240s. An Argon arc spectrum and a flatfield frame were
obtained prior to observations of each target. Nearby F%i-st
dard stars were observed contiguously to set the flux scaléndn
interpolated across their Hydrogen absorption lines Ieefatio-
ing. The frames were reduced usiogRAC-DR, with optimal ex-
traction of spectra accomplished usiAgsARO. For comparison
purposes we also obtained UISH K-spectra of the weak-lined
quasar SDSSJ113658.36+024220:F2.4917, Hall et &l._2004)
and the z=2.320 LoBAL quasar, SDSS J135317-8W00501.3
(Reichard et al. 2008; Willott et Al. 2003). All the spectra shown
in Fig. 3.

A further spectrum was obtained for the LBG candidate inac-
cessible to UKIRT (SDSS J134026.44+634433.2) using NIRSPE

1 The JCMT is operated by the Joint Astronomy Centre in Hiloykia on
behalf of the Particle Physics and Astronomy Research Go(RPIRARC)
in the UK, the National Research Council of Canada, and Ttike¥lands
Organisation for Scientific Research.

LBG candidates in service time on 2004 January 15 and 28 2 UKIRT is operated by the Joint Astronomy Centre on behalfPARC.
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Figure 1. Grey-scale representations of our dé€goand imaging of the five luminous SDSS LBG candidates. Nmeluster of faint<-band sources around
SDSS J1147 and the foreground group of bright galaxies ne&S31432. Each image is 6060 arcsec with North to the top and East to the left and has

been smoothed by a Gaussian with a FWHM of 0.2 arcsec.

2 3

*

(-K)

1

;SDS§J0243 . f_sos§J1147 .

2 SDSSJ1432

* -

E x E

E SDSSU1444 E SDSSU1553

16 18
K

20 16 18

K

20 16

18

K

20 16 18

K

20 16 18

K

20

Figure 2. Distribution of sources on the/ — K)—K colour-magnitude plane for each of our five target fields. Wémiify the candidate LBG in each field
by anx*. We see a strong sequence in the distribution of galaxy celiouthe field of SDSS J1432 with a typical colour(@f — K) ~ 1.8, suggesting that
the over-density of galaxies in this field isat- 0.8. We plot only those galaxies with tot&l -band magnitudes brighter than thes3imit of K = 21.0 and
show lower limits for those sources with3-o detections in our 2 arcsec-diameter photometric apentutiesi./-band. The total area surveyed across the five

fields is 13.3 arcmif.

on Keckd1? during relatively poor conditions (0.9-arcsec seeing)
on 2005 March 18. The full spectral range was 2.27—2189ith

a resolution of~1,500, utilising a 4% 0.76-arcsec (4-pixel) slit.
The total integration time was 1.6 ks, split into four A-BMAse-
guences with 100 s per exposure. A flux standard was not alxkerv
otherwise, the data reduction followed that employed f& Tl

3 RESULTSAND DISCUSSION

We now discuss the insights provided into the nature of tineliea
date LBGs by our various multi-wavelength observationse Ba-
sic properties of our sample — redshifts, near-infraredqinetry
and 850pm flux densities — are listed in Table K-band imaging
of the target fields are shown in Fig.(] — K)—K colour magni-
tude diagrams of these fields in Fig. 2 and #ié& spectra of the
candidate LBGs in Fig. 3. Line widths and fluxes for the stemng
features in these spectra are listed in Table 2.

3.1 Submillimetreproperties

Studies of submm-selected galaxies (SMGs) have concludsd t
most are too faint in the UV to be identified by the photometric
selection used for ~ 3 LBG surveys [(Webb et al. 2003). This
suggests little overlap between these two well-studiedsels of
high-redshift star-forming galaxies. However, statatimeasure-
ments of the submm emission from sampleszof~ 3 LBGs,
reaching below SCUBA's confusion limit, suggest that thegym
contribute substantially to the SMG population at sub-nelels

3 The W. M. Keck Observatory is operated as a scientific pashigr
among the California Institute of Technology, the Univirgif California
and the National Aeronautics and Space Administration. @heervatory
was made possible by the generous financial support of the WKddk
Foundation.

(Peacock et al. 20D0; Webb et lal. 2003; Kneib &t al. 2004)y @nl
handful of brighter examples are known_(Chapman kt al.|2002)
There is evidence of a more significant overlap between SMGs
and the UV-selected population identified at somewhat lowes
shifts, 2 ~ 1.5-2.5 |(Steidel et Al. 2004), although again many of
the SMGs are too faint to be included in the photometric sampl
(Chapman et al. 2005).

The raw star-formation rates estimated from the observed UV
luminosities of the SDSS sources, uncorrected for dusnexti
tion, would imply Lrir 2 10'3 L for our sample, where SFR
=¢10 " Lrr Mg yr~! ande = 0.8-2.1|(Scoville & Yourg 1983;
Thronson & Teles¢_1936), and thus 8p6+ flux densities of 3—
10 mJy (Blain & Longall_1996). Assuming a correction factor f
dust extinction typical of LBGs, % (Pettini et all 2002; Erb et al.
2003), the predicted submm fluxes would increase by a siffaitar
tor. This suggests that the candidate LBGs should be détedta
the submm waveband if they have submm/UV flux ratios simdar t
the more typical luminosity members of this population.sTton-
clusion holds whether these galaxies are either intriligibaight
in the UV or are lensed (assuming that the lensing does négrpre
entially boost the UV-bright regions).

The submm data presented in Table 1 demonstrate that the
four SDSS sources we have observed are all undetecteddoéivi
ally at flux limits of 6-8 mJy. This implies that it is unlikelyrat
these galaxies are simply scaled-up or strongly-lensechpbes of
typical-luminosityz ~ 3 LBGs. Indeed, the weighted mean for the
four sources+{0.36+ 1.31 mJy) suggests that they would not have
been detected in even the deepest submm survey, althouginae c
not rule out the possibility that the sample is heterogesgwith a
handful of faint submm emitters.

For completeness we note that a search of the FIRST radio
survey (Becker, White & Helfanhd 1995) yielded only upperitsn
at 1.4 GHz (Table 1), and that none of the galaxies were dastect
by ROSATto limits appropriate for the X-Ray All-Sky Survey.
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Table 1. Near-infrared, submm and radio properties of the SDSS LB@idates

Source name 2(UV)®@ Kb (J-K)} (-K) (r—-K) Ss50um S1.4GHz
(mag) (mag) (mag) (mag) (mJy) (mJy)
SDSS J024343.77082109.9 2.590 17.330.02 1.62+:0.02 2.75 3.07 —2.13+2.02 5% <0.97
SDSS J114756.00025023.5 2.556 15.580.02 1.71£0.03 4.25 3.71 +2.6% 2.90 5 <1.03
SDSS J134026.44+634433.2 2.786 16.96:t0.10 1.00£0.15 2.06 2.76 +1.93 3.33 5 < 0.98
SDSS J143223.10000116.4 2.472 16.650.03 1.90+0.04 3.86 3.47 5<0.97
SDSS J144424.55+013457.0 2.670 145904 1.040.05 2.92 2.49 —1.33+2.78 5 <1.01
SDSS J155359.96+005641.3 2.635 16:26.03 1.86+0.04 3.95 3.43 5<0.94

@ UV redshifts were measured using cross-correlation witbhasgr template and searches for emission lines_(Schne¢idk2602).
b Aperture magnitudes, measured in 6-arcsec-diametenageriCorrection for line contamination is discussegare.
¢ Near-infrared photometry from Tenlitz etl al. (2004).

Table 2. Spectral properties of the SDSS LBG candidates and conopagisasars

Source FWHM(H) Flux(Ha) Flux([O111]5007) Flux(H3) EW?® (Ha) =2([Om]) z2(Ha)
Name (kms't) (10~"wm=2) (10~%wm=2) (1071wm2) (nm)

SDSS J024343.77082109.9 5,360 140.1 3 <0.3 3 <0.3 —96 2.5940 2.5995
SDSS J114756.00025023.5 13,830 530.2 0.5+0.1 0.4+0.1 —152 2.5701 2.5668
SDSS J134026.44+634433.2 12,200 —164
SDSS J143223.10000116.4 6,150 8.6 0.2 1.3+0.1 2.1+0.1 —166 2.4728 2.4772
SDSS J144424.55+013457.0 5,730 2.1+0.3 0.6+0.1 I <04 -30° 2.6767 2.6715
SDSS J155359.96+005641.3 7,190 1t.6.3 0.5+0.1 2.0+0.2 —157 2.6350 2.6404
SDSS J113658.36+024220.1 4,100 836.1 0.3+0.1 0.4+0.1 —106 2.4928 2.4946
SDSS J135317.80000501.3 5,180 6.10.2 3 <6.0 3 <0.3 —139 - 2.3182

@ Not corrected to the rest frame.
b Fits assume(Ha) = z(UV) = 2.786.
¢ Lower limits, given the lack of continuum redward of the line

3.2 Photometric and morphological properties the fields, we can place firm limits ef 0.1 arcsecFwHM on the
sizes of these sources or on the separation of multiple coengs

Our near-infrared observations indicate that the mediaenved if they are strongly lensed. In the absence of lensing, thigua

colours for the LBG candidates att — K = 1.71 £ 0.20, lar limit corresponds to an intrinsic size efl kpc for the physical

i— K = 386 +043 andr — K = 3.43 £ 0.37. Comparing scale of these sources in their rest-fravidand light.

the J — K colours with the spectra of the sources, frgi3, it We identify none of the morphological signatures expected

in the K-band also have the reddest continuum colours, suggest-myltiple lensed components or an identifiable foreground.I&ve
ing that the line emission is biasing the colours we measdfith note that the angular size limit estimated above, if takehagin-
typical observed-frame equivalent widths 6fL00 to —150nm, stein diameter, would correspond to a velocity dispersibanty

and aK-band filter width of~350 nm, the fluxes ik should be 50km sfl (for a spherica' isothermal lens at ~ 05) This ve-
corrected by approximately 0.6-G<7or +0.5 in magnitudes). No  |ocity dispersion would correspond to-e.1 L* early-type galaxy
sources are classed as extremely red objects on the bastkesf e  \ith an expected magnitude & ~ 19 atz ~ 0.5, detectable in

theirr — K or i — K colours, although the reddest source in the  oyrimaging outta: ~ 1 (Rusin et al2003). No such nearby lenses

frame UV and is the only candidate LBG in our sample which does
not show Lyx emission. The mediad — K colour of our sam-
ple is comparable to that seen for 3 LBGs from.Shanley et al.
(2001),J — K ~ 1.63, although our candidate LBGs are redder
on average inr — K than the standard UV-selected populations at
z~20rz ~3,r—K ~ 325 andr — K ~ 2.85, respec-
tively (Shapley et dl. 2001; Steidel ef Bl. 2004). This ssige¢hat
the rest-frame UV continua may be significantly redder than n

Looking at a wider region around the candidate LBGs we see
a compact =17.9 galaxy (with/ — K ~ 0.8) lying only 4 arcsec
away from SDSS J1553, but this would not provide a strong am-
plification of the source. We also find that SDSS J1432 sithén t
outskirts of a dense, compact foreground group, the brégitem-
bers of which haves ~ 16. It is possible that the LBG candidate
is thus magnified by weak lensing from the foreground stmectu
although the total magnification is likely to be modest. Tiedd§

mal LBGs, although their rest-frame optical continua anepara- surrounding SDSS J0243 and SDSS J1444 are unremarkable, but
ble (before correcting for emission-line contributions). we do identify a group of 5-6 faint, resolved galaxiész 19.4,
Turning to the high-resolution near-infrared imaging (Fiy within 15 arcsec of SDSS J1147. These are possibly members of

we find that all five candidate LBGs are unresolved at the 0.45— cluster, either in the foreground or (given their fainthessociated
0.55-arcsec seeing of olif-band images (as measured from mul-  with the candidate LBG. These faint galaxies exhibit a wialege
tiple stars in each frame). Given the signal to noise of otede in J— K colours, 0.8-3.0, including some extremely red objects. In
tions of the LBGs and their measured FWHM relative to stars in addition, several brighter galaxie&] » 17.3, lie within 20 arcsec.
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Figure 3. The six spectra at the bottom of this panel illustrate théfrasne optical spectra of the six luminous SDSS LBG cartdsldarbitrarily offset in
flux). SDSS J1340, observed with NIRSPEC, has dkifpand coverage. Above these, for comparison, are simiketspof the LoOBAL QSO, SDSS J1353,
and the Lyv-only AGN, SDSS J1136. All the spectra are smoothed with as&ian ofc = 0.75 pixels. We mark the wavelengths of possible absorption or

emission lines which may be visible in these galaxies.

We cannot demonstrate a significant over-density, but tbeidde
more luminous members of the same structure.

Looking at the(J — K)—K colour-magnitude plots (Fig. 2)
for the five fields we see that the LBG candidates are rarelyetthe
dest galaxy in the field, although both SDSS J1147 and SDS&J14
have very red, close neighbourg ¢ K = 2.2-3.0). The most
striking feature is the colour-magnitude sequence sedreidistri-
bution of galaxy colours in the SDSS J1432 field. This has &cha
acteristic colour off — K ~ 1.8 at K ~ 17.5, consistent with that
expected for evolved galaxies in a group or poor cluster-at0.7—
0.8 (Feulner et al. 2003). The close similarity of the cofoof the
candidate LBG to these galaxies may either be a coincidence o
could point to contamination of our photometric measurerbgra
superimposed member of this group (which could thus alsdtgra
tionally magnify the background source). We believe thatdim-

ilarities in the colours are merely a coincidence as it isucfeom
the spectrum of SDSS J1432 (Fig. 3) that there is a signifimamt
tribution to theK-band light from the background source.

We conclude that the morphological information for all five
of the candidate LBGs we have imagedk#t55-arcsec resolution
provides no support for them being strongly lensed. Theposs
sible evidence for weak lensing for one or more sources,Hisit t
would not significantly affect the apparent magnitudes esthsys-
tems.

3.3 Spectral properties

It is immediately apparent from the rest-frame optical sg@epre-
sented in Fig. 3 that all six of the spectroscopically-obseri_BG
candidates contain broad-line AGN. All have broad Emission,
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with FwHM line widths ranging from 5,000 te-14,000 kms*
(Table 2) and broad components visible i Hor several sys-
tems (despite the typically poorer signal-to-noise in Hdand).
SDSS J1444 has the weakest emission and there is no spestral ¢
erage beyond the red extreme of the line due to its high ridisht

a broad H line is still apparent. Comparing them to the two known

AGN we observed, the weak-lined AGN SDSS J1136 and the low-

with the absence of strong UV emission features, suggeats th
the outflows in these galaxies may differ in terms of theirogel
ity and spatial coverage compared to those seen in typicBl Lo
ALQSOs. Alternatively, these AGN may be similar to SDSS 8113
(Fig. 3), which Hall et al.[(2004) suggest for some unknovasosn
has weak, broad and highly blue-shifted emission lines.

Finally, we want to highlight the properties of SDSS J1340.

ionisation BALQSO SDSS J1353, we see that the candidate LBGs This candidate LBG was detected at /4 using Spitzer by

exhibit broader K emission than either of these two AGN.
So, clear AGN features are visible in the rest-frame optical

Teplitz et al.(2004). They interpret this detection in terha mas-
sive starburst, even though the optical/mid-infrared spéenergy

whereas the UV spectra of these galaxies are characterised b distribution (SED) of SDSS J1340lin Teplitz el al. (2004) éstfit

a strong continuum but lack the strong emission lines typita
AGN. Does the AGN contribute significantly to the UV fluxes of
these galaxies?

The redshift measurements available to us tend to follow
the same pattern for all the LBG candidates: the UV-detezthin
values, based predominantly on the prominenty Lgmission
line, are slightly blueward of the [@]500.7nm and K lines
(Az =0.0051+ 0.0057 and 0.006% 0.0037, respectively). The
only exception is SDSS J1444, where thevand Hx redshifts are
identical, but the K redshift is poorly determined. ThecHemis-
sion we see originates close to the AGN, in the broad-linéoreg
(BLR), so it is natural to assume that the UV absorption liaes
due to wind-driven material in our line of sight to the BLR,dan
that the UV continuum also arises close to the AGN. Indeestgeth
is a tight correlation between the FWHM of thexHTable 2) and
the absolutei-band magnitudes frorn_Bentz, Osmer & Weinberg
(2004): the 0.07-dex scatter suggests a close relatiohstipeen
the UV continuum emission and the AGN. However, it is not clea
whether this is a direct relationship, or whether it arisesaty be-
cause more massive AGN reside in more luminous galaxies. Nev
ertheless, assuming that the candidate LBGs have intjisier-
law continua characteristic of normal quasars, with= —0.44
(Vanden Berk et al. 2001), then their observed rest-fran@e-200-
nm spectral slopesa( = —1.89 to —2.54) indicate substantial
dust extinction,Ay ~ 1.35-1.95, for a Calzetti extinction law
(Calzetti et all 2000).

But where are the UV emission lines usually associated with
quasar activity? If they have been quenched by dust suriognd
the active nuclei, why can we still see intense UV continuunise
sion? The spectral characteristics of these galaxies ansuah
but the presence of strong and broad absorption lines in e U
are similar to those seen in less-reddened examples of tis¢ mo
extreme BAL quasars found by the SDSS (Hall et al. 2002) and
in the Digitized Palomar Observatory Sky Survey (Brunnealet
2003). Indeed, very recently_Appenzeller et al. (2005) hawb-
lished high-resolution échelle spectroscopy of SDSS31@hich
provides much higher-quality information about the UV gpac
properties of this galaxy. Based on their analysis of theibet
properties of the absorption lines, they conclude that SIISS3
is a low-ionisation BAL quasar (LoBALQSO), or perhaps anreve
rarer FeLOBALQSO. The very strong low-ionisation absanpti
features found in LOBALQSOs across a wide velocity range can
strongly suppress the emission-line components in thestersg,
leading to the absorption-dominanted UV spectra we see Ulhe
absorption features of SDSS J1553 are typical of those seie i

by the SED for the Seyfert-1, NGC 5548. Our non-detectiorhef t
source in the submm suggests that theid6detection most likely
arises from high-temperature AGN-heated dust, ratheraHawio-
metrically luminous starburst. Further support for thespreece of
a bolometrically luminous AGN in this system comes from tee d
tection of a strong and broaddHine in our near-infrared spectrum

(Fig. 3).

4 CONCLUSIONS

We present multi-wavelength observations of a sample afagili-

date LBGs at = 2.5-2.8 identified from the SDSS DR1 QSO Cat-
alog byl Bentz, Osmer & Weinberg (2004). We suggest that these
sources could be either: 1) intrinsically luminous, UVgt star-
bursts; 2) strongly-lensed examples of typical-luminosBGs; or

3) a class of quasars with extremely weak UV emission lines.

We do not detect any of the four candidate LBGs observed
in the submm, placing a strong constraint on the submm eomissi
from the ensemble. This suggests that the sources are lyritikee
strongly-lensed examples of more typical LBGs, or intcaly-
luminous LBGs, unless the far-infrared emission from sush U
starbursts declines precipitously at high luminositieso Turther
pieces of evidence weigh against the lensing hypothesss; fire
UV spectral properties of the candidate LBGs do not matckeho
of typical luminosity LBGs; second, using high-resolutinaar-
infrared imaging of five of the candidates we find no morphelog
ical evidence of strong lensing. Taking these results tegetve
conclude that the sources in our sample are unlikely to beeit
intrinsically-luminous LBGs or rare, strongly-lensed eyaes of
more normal LBGs. This suggests that they are most likelyeto b
unusual AGN.

Our near-infrared spectroscopy confirms this suggestion,
identifying very broad lines in the rest-frame optical spec
tra of all six galaxies in the sample. We therefore conclude
that the six apparently extremely luminous LBGs identifigd b
Bentz, Osmer & Weinberd (2004) are likely to be LoBALQSOs
whose unusually weak UV emission lines may either be amisitri
property of these AGN _(Hall et El. 2004) or result from a coexpl
distribution of absorption in the outflow close to the AGN.
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