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ABSTRACT

We present a deep, new 1208 survey of the ELAIS N2 and Lockman Hole fields using the
Max Planck Millimeter Bolometer array (MAMBO). The areasweyed are 160 arcminin
ELAISN2 and 197 arcmihin the Lockman Hole, covering the entire SCUBA ‘8 mJy Sur-
vey'. In total, 27 (44) sources have been detected at a signife>4.00 (>3.50). The pri-
mary goals of the survey were to investigate the reliabditysub)millimetre galaxy (SMG)
samples, to analyse SMGs using flux ratios sensitive to itdgh: > 3, and to search for
‘SCUBA drop-outs’, i.e. galaxies at >> 3. We present the 12@0n number counts and
find evidence of a fall at bright flux levels. Employing pararitemodels for the evolution of
the local 6(:m IRASIuminosity function (LF), we are able to account simultangy for the
1200 and 850m counts, suggesting that the MAMBO and SCUBA sources trlagesame
underlying population of high-redshift, dust-enshroudathxies. From a nearest-neighbour
clustering analysis we find tentative evidence that the sigsificant MAMBO sources come
in pairs, typically separated by23’. Our MAMBO observations unambiguously confirm
around half of the SCUBA sources. In a robust sub-sample ddMi&s detected by both
MAMBO and SCUBA at a significance 3.5+, only one has no radio counterpart. Further-
more, the distribution of 850/12@n flux density ratios for this sub-sample is consistent with
the spectroscopic redshift distribution of radio-detd @&1Gs (Chapman et al. 2003). Finally,
we have searched for evidence of a high-redshift tail of SM@&®ngst the 18 MAMBO
sources which are not detected by SCUBA. While we cannotautéhat some of them are
SCUBA drop-outs at >> 3, their overall 850-to-1200m flux distribution is statistically
indistinguishable from that of the 13 SMGS which were rolyusentified by both MAMBO
and SCUBA.

Key words: cosmology: early Universe — cosmology: observations —xi@da evolution —
galaxies: formation — galaxies: starburst
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1 INTRODUCTION by dust and re-radiated longwards t60um . The negativek-
correction at\ > 400um allows submm/mm observations to select

In a time of ‘high-precision cosmology’ one of the fundam&®nt ¢ torming galaxies at > 1 in an almost distance-independent

guestions about which we remain largely ignorant is the éerm
tion and evolution of galaxies and clusters of galaxies. Gfithe
most important breakthroughs in this field was the discowry
a significant population of far-IR-luminous, high-redstburces
in surveys at submillimetre (submm) and millimetre (mm) eav
lengths using SCUBA and MAMBO (Smail, Ivison & Blain 1997,
Hughes et al. 1998; Barger et al. 1999; Eales et al. 2000pBigHt
al. 2000), resolving at least half of the far-IR/submm baokgd
detected by théDIRBE and FIRAS experiments (e.g. Hauser et
al. 1998).

It is widely believed that the large far-IR luminosities
(2102 L) of these sources is caused by intense UV light from
starbursts and/or active galactic nuclei (AGN) being absdr
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manner, providing an efficient method of finding obscuredr-st
forming galaxies at k z < 10 (Blain & Longair 1993).

The large star-formation rates-£000 M, yr—1) found for
(sub)mm galaxies (hereafter SMGs) are sufficient to consa@i-
ant elliptical ~~10'* Mg ) in less than a Gyr, providing that the
starburst is continuously fueled. This has led people tcdpée
that SMGs could be the progenitors of such galaxies (e.gldpun
2001), a scenario which is further strengthened by the fedtthe
co-moving number density of SMGs appears to be consisteht wi
that of today’s massive ellipticals (Scott et al. 2002; DeinBales
& Edmunds 2003). However, the nature of SMGs, and in particu-
lar their relationship with possible present-day courder is not
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known, just as their relation to other high-redshift popiolas such
as Lyman-break galaxies (LBGs) and extremely red obje @&
is not well understood.

Progress has been hampered by the large positional umzertai
ties of the SMGs. The relatively large beams of (sub)mm ¢eless
(11-14', FwHM) makes it impossible to reliably tie an SMG to
an optical or near-IR counterpart, unless additional datacm-
plementary wavelength are available. Since a charagtefgéstture
of both starburst galaxies and AGN is radio emission, dedjpra
imaging has proven to be a highly efficient way of accuratééni
tifying optical/near-IR counterparts to SMGs (lvison et 5998,
2000, 2002; Smail et al. 2000).

Use of the radio-to-submm spectral index as an redshift indi
cator (Hughes et al. 1998; Carilli & Yun 1999, 2000) has shown
that the SMGs lie at high redshift, with an estimated medéat: r
shift of > 2 (Ilvison et al. 2002). Recently, Chapman et al. (2003,
2004) have obtained spectroscopic redshiftsf&0 SMGs and
found they span 0.& z < 4, with a median of 2.4, although they
cautioned that the distribution might be skewed towardstawd-
shifts since a requirement for getting a spectrum was tlesbMGs
had.Jy counterparts in the radio.

In a very deep radio survey of the Lockman Hole and
ELAIS N2 fields, Ivison et al. (2002) found that about one dhir
of SMGs did not have radio counterparts. One plausible e¢pla
tion was that some of these radio-blank SMGs lie at very high r
shifts. Such a population of SMGs — the so-called ‘high-héftls
tail’ — would ask difficult questions of popular hierarchicaod-
els. The high-redshift SMGs would have |8s0.m /S1200um flux
ratios (see Eales et al. 2003) and would be readily detectaibh
MAMBO.

Blain, Barnard & Chapman (2003), amongst others, have
pointed out the limitations of photometric redshift teafugs: the
redshift is degenerate with the far-IR luminosity as paraised by
the dust temperaturdy. In principle, however, a comparison be-
tween the’50, 1200um and 1.4-GHz flux densities allows us, in
some cases at least, to break this degeneracy, assumirgMiGs
follow the radio/far-IR correlation. For example, an SMGigrh
has a 'warm’Ssso.m /S1200um ratio but has no radio counterpart
is likely to be at high redshift. Th&ss0.m /S1200um redshift es-
timator is particular sensitive at > 3 and is currently the most
effective way to assess whether there is a significant hegishift
tail of SMGs.

The primary advantage of a mapping survey, rather than
pointed photometry (on-off) observations of known sources
(e.g. Eales et al. 2003), is that one obtains an unbiasedofi¢e
sky. Data are not skewed by the choice of targets, by possitibes
in coordinates, or by potentially spurious assumptionsuahow

in §2 and 3. The source extraction technique and the source cata-
logues for each field are presented4h as are the results of Monte
Carlo simulations to assess completeness, positionatamculux
boosting, etc. IR§5 and 6 we present our measurements of the
source counts and the clustering properties of MAMBO saurce
Finally, §7 describes our joint analysis of tR80 and1200m sam-
ples, and implications for ongoing (sub)mm surveys and ler t
redshift distribution of SMGs.

Throughout, we have adopted a flat cosmology, With =
0.3,Qa = 0.7andHy = 70 kms™~' Mpc ™.

2 OBSERVATIONS

The survey was carried out with the 37- and 117-channel
MPIfR Max Planck Millimeter Bolometer arrays (MAMBO-I and
MAMBO-II; Kreysa et al. 1998) at the IRAM 30m telescope on
Pico Veleta near Granada in Spain. Both MAMBO-I and MAMBO-
Il are He*-cooled arrays operating at an effective frequency of
250 GHz or1200um with a half-power spectral bandwidth of
80 GHz. At1200 um, the 30m telescope has an effective beam of
10.7’ (FwHM). The arrays are background limited and the perfor-
mance of the array routinely gives noise equivalent flux ierss
(NEFDs) of 30 — 45 mJy Hz'/2. The bolometer feedhorns are ar-
ranged in a compact hexagonal pattern each with a diame2ét of
which ensures an optimal coupling to the incoming radiaftiom a
point source. MAMBO-II is amongst the largest (sub)mm batem
ter arrays currently in use. In combination with the IRAM 3@ish
which has a surface accuracy of & rms, it is the most powerful
tool for large blank-field surveys at (sub)mm wavelengths), will
remain so until the advent of APEX/LABOCA, JCMT/SCUBA2
and LMT/Bolocam.

Scan-mapping along the azimuthal direction is the only
method available at the 30m to map large areas of the sky. The
signal from the sky is modulated by the secondary mirror (the
wobbler) which is wobbling in the the scan direction (aziljut
The wobbler frequency is 2 Hz which reflects a compromise be-
tween wanting to eliminate changes in the atmosphere onaas sh
a timescale as possible and the challenges involved in m@axin
2m secondary at this frequency and keeping it mechanictdly s
ble. We used a standard on-the-fly MAMBO scan-map, typically
300" x 320" in size, scanned at a velocity of §7, and with an
elevation spacing between each subscan’otH&nce, a map con-
sists of 41 subscans of 60s each. This results in a fully-Einp
map over 8800” x 320" region in~43 min (this includes- 3s of
overhead per subscan). In order to obtain uniform covermageg-
ular grid with a grid-spacing of’2vas defined across each of the

the sky is expected to appear. A key goal of our new survey was two fields. Each grid position was observed once which in-prac

to determine unbiased flux densities for the radio-blank B&U
sources using MAMBO, and to search for new populations of mm-
bright sources, in particular a sign of a dusty, star-fognin>> 5
population — ‘SCUBA drop-outs’ — that would be expected to
be below the typical SCUBA detection thresholdab;:m but de-
tectable by MAMBO atl200um .

In this paper we present a new, unbias&0um survey,
using MAMBO on the IRAM 30m telescope, of the Lockman
Hole and ELAISN2, the two regions observed by the SCUBA
8 mJy survey (Scott et al. 2002; Fox et al. 2002). A plethora of
multi-wavelength observations exist for both fields, imithg very
deep X-ray, optical, near-IR, mid-IR and radio imaging (iHger
et al. 2001; Manners et al. 2002; Ivison et al. 2002; Almaini e
al. 2002). Our observations, data reduction and maps aceioes

tice means that, in the final map, each point on the sky has been
observed at least two times. In principle, this ensuresahatms

of ~0.8mJybeam' is reached across most of the field. In prac-
tice, however, scans were taken in slightly different weatondi-
tions which means that the noise is not entirely uniform.rbeo to
eliminate any possible systematics and any residual sffewn the
double beam profile, wobbler throws in the ramgé — 45" were
used. Furthermore, maps were taken with different scaaetions,

just as care was taken to map each grid position once while the
field was rising and once while it was setting. All this sertbd
purpose of minimising any systematic effects from the aphese
and/or instrument which may otherwise had arisen from abser
ing the same grid-position in two consecutive maps usingtidal
wobbler- and scan-configuration.
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Figure 1. The MAMBO survey regions (outlined in black) of the ELAIS NAdaLockman Hole fields. The mapped areas are 160 and 197 sqjinairc
ELAIS N2 and Lockman Hole, respectively. For comparisor,dbverage of the SCUBA UK 8 mJy Survey (Scott et al. 2002)ss ahown (grey curve). The

boxes are1’7 x 21!7.

The two fields were only observed when ab80é and below
70° in elevation. The latter constraint, which avoids distdrsean-
maps, was particularly troublesome for the ELAIS N2 field ethi
reaches a maximum elevation&if° at Pico Veleta.

covered by our observations (FIg. 1) is also the most noisy,rm
850um sources were detected in that region. However, in the Lock-
man Hole the overlap between MAMBO and SCUBA observations
is complete, as is seen from Fig. 1. The Lockman Hole MAMBO

Since observations were pooled, they were done only under data presented in this paper are part of the larger area MAMBO

good weather conditions, i.e. when the atmospheric zepiicity
at 1200um was less than 0.3, with low sky-background variations.
After each map, i.e. every hour, the telescope was pointddan

Deep Field Survey (Bertoldi et al. 2000; Dannerbauer et@022
Bertoldi et al. 2004, in prep.). In addition, the Lockman éld
being targeted by SCUBA as part of the SCUBA Half Degree Ex-

cused. The opacity of the atmosphere was measured eveny othetragalactic Survey (SHADES -hitp://www.roe.ac.uk/ita/shadgs/

hour by doing a skydip but was also continuously monitorethwi
a radiometer located next to the telescope. Variations énsiy-
background were monitored from the pointings by on-line mea
surements of the correlation of the horns across the arrkp A
quick on-offs of the pointing sources were done throughbet t
night in order to check the sky noise and calibration. In ptde
tie down the absolute flux calibration, primary flux calitmat (in-
cluding planets when available) were observed at the bagjrand
end of each run, and resulted in an absolute flux calibrafioeter
than 20 per cent.

In total, 34 scan-maps, corresponding to 26 hrs, went irgo th
final map of ELAIS N2, all of which were obtained with MAMBO-
Il as part of the pooled observing mode during the winterqakri

and the data presented here constitute only a small pareafréa
surveyed at (sub)mm wavelengths in that part of the sky.

3 DATA REDUCTION

The data were reduced using thepPsi software package (Zylka

1998). Bolometers which were either dead or very noisy were

flagged from the data reduction, and the remaining datarsea

were de-spiked, flat-fielded and corrected for atmospheacity.
Since all bolometers look through the same region of the at-

mosphere at any given time, there will be a correlated sigo@ss

the array which will have to be removed in order to recover the

of the 2001-2002 and 2002-2003 seasons. The bulk of the-obser (uncorrelated) astronomical signal. #opsi the removal of this

vations of the Lockman Hole were also obtained during thmaeéti
using MAMBO-II, although, early observations of the Lockma
Hole during the winter of 2000-01, and to some extent alsd.200
02, were obtained with the 37-channel MAMBO-I array. For the
Lockman Hole, 19 and 51 scan-maps taken with MAMBO-I and
MAMBO-II, respectively, were used for the final map, equéesl
to a total integration time of 53 hr.

The areas surveyed were 160 arctnim the ELAIS N2 field
and 197 arcmifin the Lockman Hole. In the case of ELAIS N2

the MAMBO observations were designed to cover the region ob-

served aB50um as part of the SCUBA UK 8 mJy Survey (Scott
et al. 2002). The small fraction of the SCUBA map which is not

(© 0000 RAS, MNRASD00, 000—-000

correlated sky background is done in an iterative way. Fehea
bolometer an inner and outer radius from the channel is Spdgi
and the correlation with every bolometer lying within thimalus
is computed. In our case, we chose an inner and outer radilis of
and 60, respectively, which is suitable for compact weak sources.
The correlated signals of the surrounding 6 channels witbtst
correlation were then chosen and the average correlated sab-
tracted from the bolometer in question. This procedure és tte-
peated until the sky background has been removed satigfgcto
across the array.

Up until this point in the data reduction, the signal fromteac
chopping position (called the on and off phase) was processg-
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arately, the reason being that in a single phase the bolosnete-
relate much better which results in a much more reliableragbt
tion of the backgrounduopsithen calculated the phase difference,
thereby effectively removing any electronic systematiesareen
the data obtained in one wobbler position and the other. thofdil
de-spiking and baseline-fitting was then done on the phdfe-di
ences, from which the weights for each bolometer were caied!

Finally, the data were restored and rebinned using a shdt-a
add technique which for each map produces a positive imagpbr
eted by two negative images of half the intensity locatedveole-
bler throw away. The rebinning was done onto a grid of 1 square
arcsec pixels, with the flux in each pixel being a noise-wigidh
average of the bolometers hitting that positiofoPsi also out-
puts a weight imagéd}’, which at pixel positior(s, 7) is given by
W(i,j) = >, 1/0}, i.e. the error on the noise-weighted aver-
age, wheré: denotes summing over the bolometers 'seen’ by pixel
(i,9)-

The noise maps are shown in Figllle 2. The rms noise in the
deepest parts of the maps~9.6 mJy beam?, increasing towards
the edges. The Lockman Hole received more integration tirae t
the ELAIS N2 field and as a result it is slightly deeper and hagem
uniform noise properties than the latter.

4 SOURCE EXTRACTION AND MONTE CARLO
SIMULATIONS

4.1 Source extraction

Scan-mapping is the only option for large area mapping at the
IRAM 30m telescope, and as a result the chopping directioois
fixed on the sky but varies with time which means that the claops
smeared out in the final map. Hence, unlike SCUBA jiggle maps,
one cannot utilise the extra information contained in thsitm

of the negative side-lobes for source extraction. Instaagimple
matched-filtering technique was adopted, using a Gaussidinea
filter. However, as is seen from the noise images shown inr&igu
B, the noise is not entirely uniform across the two fields amg a
attempt at extracting sources has to take this into accotig.was
done by adopting a noise-weighted convolution techniquorelai

to that of Serjeant et al. (2003). In order to account for &'l
beam and the typical pointing error of 3ms, a Gaussian PSF,
P(z,y), with aFwHM of 1/10772 + 3702 = 11.1"” was fitted to
each pixel in the imag# (%, j) by minimising the following expres-
sion:

(i 4) =Y Wli—w,j—y) (SG — .5 — y) — FP(x,y))* (2)

wherelV is the weight image which is related to the noisd/iy—
1/N?, and F is the best-fit flux value to pixefi, j) and is given
by:

Zw,y S(Z - :E,j - y)W(Z - :E,j - y)P(IE,y)

F(@i,j) = - - 2
:7) S Wi~ 9P

The error on the flux can then be shown to be:

AF(,j) = L ©)

i, 5) :
Ve, W=y =Py

The signal-to-noise imageB,/ A F, obtained in this way are shown
in Figure[3 and4 for the ELAISN2 field and Lockman Hole, re-
spectively. The final source catalogues for ELAIS N2 and theki
man Hole are listed in Tabld 1 afH 2. We find a total of 13 souates

significance>4.0c, and 21 sources witkr3.50 in the ELAIS N2
region while the number of sources in the Lockman Hole are 14
and 23 at>4.00 and>3.50, respectively.

4.2 Monte Carlo Simulations

Extensive Monte Carlo simulations were performed in ordetd-
termine the reliability of the source extraction technigiue. how
large a fraction of the extracted sources are due to spurioise
peaks, and how well does the extraction reproduce fluxes asid p
tions as a function of signal-to-noise? Due to the slighedince in
survey depth and also geometry between the ELAIS N2 and Lock-
man Hole maps, we decided to perform separate Monte Carlo sim
ulations for each of the two fields.

In order to assess the contamination from spurious noidespea
to the source catalogues, we produced maps based on thetaal d
but with the astrometry corrupted. This was done by randiognis
the array parameters of each scan and then producing fina map
using the sameiopPsi data reduction pipeline as for the real map.
The advantage of this method is that the correlated noisédn t
raw data is preserved, and is taken out during the data fieduct
process in the same manner as for the real map. As a resalt, thi
method should give a realistic picture of the number of spusi
noise peaks expected in our maps. We produced 100 such astrom
rically corrupted maps and counted the number of positiveisps
sources as a function of detection threshold. The resudtstaown
in Figure[® with empty and filled circles referring to the EISNN2
and Lockman Hole maps, respectively. As expected, the nuafbe
spurious detections drops off exponentially as a functiosignal-
to-noise threshold. From Figufé 5 we find that a threshold @f
results in less than one spurious source expected at rarvdaite,
a cut-off at3.50 yields less than 2 spurious sources per field. We
adopt3.50 as the detection cut-off for sources in both fields since
it provides a good compromise between catalogue size ardesou
reliability.

Monte Carlo simulations were also used to test the complete-
ness and reliability of the flux and position estimates. Sesiin
the flux range 1-12 mJy were added to the map in steps of 0.5 mJy,
one at atime and each at a random position, with 50 sourcesin e
flux bin. We used a scaled beam pattern as the template fortthe a
ficial sources. However, due to sky-rotation, the doublerbg@ro-
file varies across the map and as a result a separate muftifP8&
had to be constructed for each source, depending on itsqosit
the map. To accomplish this, the source — with its correetrisity
and position — was added to the data stream and then the disga we
reduced in the same manner as the real data. Thus, eachiartific
source added to the map had exactly the right multi-beamigrofi
corresponding to its position in the map. Finally, sourceserex-
tracted using the same detection threshold as used forahmegp.
If a simulated source happened to fall within half a beam kvaft
a real source in the map, it was discarded from the analybis. T
results from these Monte Carlo simulations are shown in feigu
again with open and filled circles representing results tdhasethe
ELAIS N2 and Lockman Hole fields, respectively.

Figured®a and b show the completeness of the survey, i.e. the
percentage of recovered sources in our Monte Carlo sinoulagis
a function of input flux density. As expected the source exiva
does well in extracting all of the brighter sources, but $aless
well for sources close to the detection threshold. In botldgithe
completeness is seen to &0 per cent at a flux level af2.5 mJy,
increasing to about 95 per cent at 3mJy. The solid curvesese b
fits of the functionf (Si,) = 1 — exp(A(Sin — B)°).
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ELAIS N2 CENTRE: R.A 16:36:49.0  DEC. +40:55:50.0 5 LOCKMAN HOLE CENTRE: R.A 10:52:08.8  DEC. +57:21:34.0 5
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Figure 2. Noise maps of the ELAISN2 and Lockman Hole East fields. Castare at 0.7, 0.8 ... 1.5 mJy beam The axes denote the offset (arcsec) from
the map centre, and the intensity scale is in units of mJy béam

Table 1.1200m MAMBO source catalogue in the ELAIS N2 field. The rms noiséhie centre of the map is0.65 mJy beant! and increases towards the
edges. The area surveyed in the ELAIS N2 field is 160 arémin

ID MAMBO ID  RA(J2000) Dec (J2000) S1200pm % 01200um  S/N

o > 4.0 Detections

MM J163647+4054 N21200.1 16:36:47.9 +40:54:46 4.0+0.8 5.00
MM J163639+4053  N21200.2 16:36:39.1 +40:53:26 5.0+ 1.0 5.00
MM J163635+4055 N21200.3 16:36:35.7 +40:55:59 3.9£0.8 4.87
MM J163639+4056 N21200.4 16:36:39.1 +40:56:36 3.4+0.7 4.85
MM J163632+4059  N21200.5 16:36:32.1 +40:59:46 5.7+1.2 4.75
MM J163708+4054  N21200.6 16:37:08.3 +40:54:18 4.24+0.9 4.66
MM J163640+4056  N21200.7 16:36:40.7 +40:56:46 3.2+0.7 4.57
MM J163710+4055 N21200.8 16:37:10.5 +40:55:02 4.0+0.9 4.44
MM J163705+4054  N21200.9 16:37:05.8 +40:54:26 4.0+0.9 4.44
MM J163650+4057  N21200.10 16:36:50.3 +40:57:36 3.1+£0.7 4.42
MM J163656+4058 N21200.11 16:36:56.3 +40:58:14 2.5+0.6 4.16
MM J163713+4054 N21200.12 16:37:13.8 +40:54:03 49+1.2 4.08
MM J163619+4054  N21200.13 16:36:19.5 +40:54:00 5.7+1.4 4.07

4.0 > o > 3.5 Detections

MM J163640+4058 N21200.14 16:36:40.4 +40:58:44 3.1£0.8 3.87
MM J163636+4057 N21200.15 16:36:36.2 +40:57:19 3.1£0.8 3.87
MM J163644+4102 N21200.16 16:36:44.8 +41:02:01 2.7+0.7 3.85
MM J163706+4053 N21200.17 16:37:06.7 +40:53:15 42+1.1 3.81
MM J163655+4059  N21200.18 16:36:55.9 +40:59:12 22406 3.66
MM J163658+4104 N21200.19 16:36:58.3 +41:04:37 2.9£0.8 3.62
MM J163647+4055 N21200.20 16:36:47.9 +40:55:39 2.5+0.7 3.57
MM J163715+4055 N21200.21 16:37:15.6 +40:55:40 39+1.1 3.54

(© 0000 RAS, MNRASD00, 000—-000
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Table 2. 1200m MAMBO source catalogue in the Lockman Hole field. The rmseds~0.6 mJybeam! at the centre where the map is deepest, and
increases towards the edges. The total area surveyed isd@ina

ID MAMBO ID RA (J2000) Dec (J2000) S1200um £ 01200um  S/N

o > 4.0 Detections

MM J105238+5724 LE1200.1 10:52:38.3 +57:24:37 4.8£0.6 8.00
MM J105238+5723  LE1200.2 10:52:38.8 +57:23:22 4.1£0.6 6.83
MM J105204+5726  LE1200.3 10:52:04.1 +57:26:58 3.6 0.6 6.00
MM J105257+5721 LE1200.4 10:52:57.0 +57:21:07 5.7+1.0 5.70
MM J105201+5724  LE1200.5 10:52:01.3 +57:24:48 3.4+0.6 5.66
MM J105227+5725 LE1200.6 10:52:27.5 +57:25:15 2.8+0.5 5.60
MM J105204+5718 LE1200.7 10:52:04.7 +57:18:12 3.2+0.7 4.57
MM J105142+5719 LE1200.8 10:51:42.0 +57:19:51 4.1£0.9 4.55
MM J105227+5722  LE1200.9 10:52:27.6 +57:22:20 3.1+£0.7 4.42
MM J105229+5722  LE1200.10 10:52:29.9 +57:22:05 2.9+0.7 4.14
MM J105158+5717 LE1200.11 10:51:58.3 +57:17:53 2.9+0.7 4.14
MM J105155+5723 LE1200.12 10:51:55.5 +57:23:10 3.3£0.8 4.12
MM J105246+5724 LE1200.13 10:52:46.9 +57:24:47 2.4+0.6 4.00
MM J105200+5724  LE1200.14 10:52:00.0 +57:24:25 2.4£0.6 4.00

4.0 > o > 3.5 Detections

MM J105245+5716  LE1200.15 10:52:45.1 +57:16:05 3.1£0.8 3.87
MM J105244+5728 LE1200.16 10:52:44.8 +57:28:12 5.0+£1.3 3.84
MM J105121+5718 LE1200.17 10:51:21.5 +57:18:40 4.8+1.3 3.69
MM J105157+5728 LE1200.18 10:51:57.7 +57:28:00 2.2+0.6 3.66
MM J105128+5719 LE1200.19 10:51:28.4 +57:19:47 4.0+1.1 3.63
MM J105224+5724  LE 1200.20 10:52:24.4 +57:24:20 1.8+0.5 3.60
MM J105131+5720 LE1200.21 10:51:31.3 +57:20:06 3.6+1.0 3.60
MM J105203+5715 LE1200.22 10:52:03.0 +57:15:46 2.8+0.8 3.50
MM J105223+5715 LE1200.23 10:52:23.4 +57:15:27 2.8+0.8 3.50

In Figuredbc and d we have plotted the ratio between the in- surveys (Webb et al. 2003; Scott et al. 2002; Borys et al. pang
put and output fluxeS,.:/Si», as a function of the input flux den-  may be due to the smaller MAMBO beam.
sity. It is seen that fainter sources tend to have higheraeted
fluxes than brighter sources. This effect — 'flux boostingSicott
et al. (2002) — is due to the instrumental noise from the aitray
self and the confusion noise from faint sources below theatien 5 NUMBER COUNTS OF MAMBO SOURCES
threshold conspiring to scatter the retrieved fluxes upsiakd ex-
pected, flux boosting has the greatest impact at faint fluglsev
where we find it can be as high as30 per cent. However, for in-
put fluxes>2 mJy the boosting is on average no more the20
per cent, which is comparable to the calibration errors seetion
B It is also comparable to the boosting factor reported blg€a
et al. (2003) from a comparison of MAMBO fluxes obtained from
a map and from photometry observations. An average flux boost
ing factor of~15 per cent was derived by Scott et al. (2002) from
Monte Carlo simulations of their 8 mJy Survey. The solid $irie
Figured®c and d represent best fits to the data points of tutidun
f(Sin) =1+ Aexp(BSE,).

In order to derive thé200xm number counts we must correct the
raw number counts for the effects of flux boosting and thetfzat
the survey is not complete at faint flux levels. Finally, weethe
to assess to what degree spurious sources contaminatertireinu
counts.

Addressing the last issue first, it is seen from Fidilire 5 that a
detection threshold &f.0c we expect no spurious positive sources;
at a threshold 08.50 we expect at most two. Furthermore, the flat-
ness of the curves &t50 implies that a slight error in the noise
estimate will not change the number of false sources draaibti
This would not have been the case had we used a lower threshold
of 3.00. As a result, we have used the3.50 catalogues to derive
the number counts. While we cannot predict which flux bins the

The average positional offset between the input and output p  spurious sources will fall into, it is seen from Tablés 1 Bhith&
sitions of the added sources is shown as a function of fluxifens the >3.50 sources span a wide range in flux. It is therefore un-

in Figured®be and f. Not surprisingly, the source extractigpro- likely that the spurious sources will be restricted to a Erfiux
duces the true positions less well for faint sources thaibfighter bin, and as a result their effect on the number counts is ¢egédo
sources. It is seen that, in the flux range 2-5 mJy where most of be negligible.

our sources lie, the positional error is of the order 1.5-3This Flux boosting was corrected for in a statistical way by apply

is slightly better than the 3“4errors typically quoted by SCUBA ing the best-fit curves in Figurgk 6¢ and d to the raw outpueBux
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ELAIS N2  CENTRE: R.A 16:36:49.0 DEC. +40:58:50.0
T | T T T T | T T T T | T
500 | ~ =
I = >
O |
1
—500 - G
i 1 | 1 1 1 1 | 1 1 1 1 | l
500 0 ~500

Figure 3. 1200um MAMBO signal-to-noise map of the ELAIS N2 field. Sourcesedtéd at>3.50 are circled in white, and are numbered in order of

significance. The axes denote the offset (arcsec) from thecesaire.

The boost-corrected number counts obtained in this way there
corrected for completeness using the fitted completenegssin
Figured®a and b.

The final integrated number counts in flux bins 2.75, 3.25,
3.75, 4.25, 4.75, and 5.25mJy are given in Tdflle 3 along with

one other published MAMBO survey has so far attempted to con-
strain thel200xm number counts (Bertoldi et al. 2000).

For comparison we have also plotted &#um source counts
as derived from a number of SCUBA surveys. It is seen that
the 1200um counts are lower than those &0 um. This is ex-

the raw number counts. The table shows the counts derived for pected if one assumes that the MAMBO and SCUBA sources

the ELAIS N2 and Lockman Hole separately, as well as the com-
bined number counts. The quoted errors correspond to the®5 p
cent two-sided confidence level of a Poissonian distriloutithe
number counts derived from the two fields separately are seen
agree well within the error. In Figuld 7 we have plotted the co
rected accumulativé200um number counts as derived from the
MAMBO survey presented in this paper. While the surface idgns
of SCUBA sources detected 80um has been fairly well con-
strained over a large range in flux density thanks to a number o
large submm surveys (Smail et al. 1997; Scott et al. 2002y, on

(© 0000 RAS, MNRASD0Q, 000—-000

trace the same population of dust-enshrouded galaxiesowrer
MAMBO counts are due to the fact that one is sampling further
down the Rayleigh-Jeans tail tharsat um. Thus, if one scales the
MAMBO fluxes by a factor of~2.5, which roughly corresponds to
the850/1200um flux ratio for a starburst at ~ 2.5, the MAMBO
counts are found to coincide with the SCUBA counts. The over-
all similarity between the shape of tHe00 and 850um number
counts lends support to the view that the MAMBO and SCUBA
sources are the same population viewed at slightly difterawve-
lengths.
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LOCKMAN HOLE CENTRE: R.A. 10:52:08B.8  DEC, +57:21:34.0

T | T T T T | T T T T | T
500 | ~ =
I = >

O |

1
—500 - G

i 1 | 1 1 1 1 | 1 1 1 1 | l

500 0 ~500

Figure 4. 1200m MAMBO signal-to-noise map of the Lockman Hole field. Sosrdetected ab3.50 are circled in white, and are numbered in order of

significance. The axes denote the offset (arcsec) from thecesaire.

At flux levels fainter tham~4 mJy the MAMBO counts dis-
play a power-law slope af ~ —2.2, similar to that of the SCUBA
counts in the flux range 2—9 mJy. The00xm source counts ap-
pears to show a break at4 mJy beyond which the slope of the
counts steepens ta ~ —4.7. The dot-dashed curve in Figure
[A represents a Schechter-type function of the fetivi/dS o
(S/4mJy)~%3exp(—S/4mJy). The Schechter function has a nat-
ural break at 4 mJy and appears to provide a somewhat betteln ma
than a power law, although the data do not allow for a statisti
cally significant distinction between a power law and a Shtexc
function. At the bright end of the50xm counts there is some dis-
agreement between the SCUBA surveys, with the Scott etGD2(2
counts dropping off more steeply than found by Borys et &108).
The 1200m counts show tentative evidence for a break at a flux
level which corresponds to th&0um flux at which the SCUBA
counts by Scott et al. (2002) appear to turn over, suggestaighis

feature is real. In order to better constrain the bright dridlenum-

ber counts, larger surveys such as the one square degree \MAMB
Deep Field Survey (Bertoldi et al., in preparation) and SHEAD
are needed. Confirmation of our tentative findings would bgoim
tant — the bright (and very faint) ends of the number countd ho
the biggest potential in terms of discriminating betweerdats.

At 1200um the extragalactic background amountdio ~
0.16 N\Wm? sr* (Fixsen et al, 1998). By integrating Wi N/dS
over the flux range 2.25-5.75 mJy using the above Schechier fu
tion, we estimate that our survey has resolved about 10 per ce
of the background light at200 pm. This is comparable to the UK
8 mJy Survey which also resolved 10 per cent of the extragalac-
tic background a850 pm.

If indeed MAMBO and SCUBA sources are the same, then it
should be possible to construct models which can simulizsigo
reproduce th&50 and1200um counts.
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1.0
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0.4
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Figure 6. Results from Monte Carlo simulations. The solid lines intlatee panels represent best fits to the points, see text faitsdeds in Figurdb, empty

and filled circles refer to results from the ELAIS N2 and Lo@arHole mapsTop: Percentage of added sources recovered against input flog nahge 1 to

12 mJy.Middle: The 'boosting’ factor, i.e. the factor by which the input flisxscattered upwards due to instrumental and confusiore rfgiddington bias),

plotted against input fluBottom: Deviations between true (input) positions and the positiderived from the source extraction technique as a function
input flux.

In order to do so, we considered a simple parametric model established by Dunne et al. (2000), who used SCUBA to observe

which is based on the loc&bum LF, ®,(Leo), as derived from large number of galaxies from thRASBright Galaxy Sample, the
IRASdata (Saunders et al. 1990). The latter provides the best est bright end of this function is still highly uncertain. Fuettmore,
mate of the far-IR LF of dusty galaxies in the local Universdate, if the majority of the MAMBO sources are at redshifts > 2

and is thus a useful template to try and model the number sount and have similar dust temperatures to lRASgalaxies (30—-4@),
of dusty high-redshift galaxies. While a loc&i0u.m LF has been then the60pm LF will be a better approximation to the rest-frame

(© 0000 RAS, MNRASD0Q, 000—-000
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Table 3.1200pum source counts as derived from the ELAIS N2 field (columns) 2=dckman Hole (columns 5-7), and the combined fields (colsi@-10).
Only the >3.50 catalogue is used. The area surveyed in the three cases@r&al and 357 arcmin respectively. The errors corresponds to 95 per cent
two-sided confidence levels of a Poissonian distribution.

ELAISN2 LOCKMAN TOTAL
S Nraw(> S) N(>95) N(>95) Nraw(> S) N(>95) N(>95) Nraw(>S) N(>S) N(>8)
corrected  corrected corrected corrected corrected  dedec
(mJy] [deg™?] [deg~2] [deg™?]
2.75 16 19.99 4501773 14 17.49 3201178 30 37.48 3787138
3.25 11 11.47 2581150 9 9.39 172t 20 20.86 210730
3.75 9 9.05 20477} 6 6.03 1101128 15 15.08 152798
4.25 4 4.00 90t 42" 4 4.00 73t L0 8 8.00 81178
4.75 4 4.00 90120 2 2.00 37198 6 6.00 61778
5.25 2 2.00 4517 1 1.00 18193 3 3.00 30753

T T T T T 1T T T T T LI I T
105 850um counts -
m Borys et al. (2003) ]
¢ Scott et al. (2002) ]
O Smail et al, (2002) 1
r OEales et al. (2000) 1
104 L X Chapman et al. (2002) |
= | ]
g 103k 1200um counts 4
2, e Greve et al. (2004) :
—~ L 1
n i ]
A
N~— ’o’
zZ 1 02 = 3
A h
L W \ \ RS
10'F \‘\ h \“ 3
L ‘e NN m
L AN ]
L ., N DN
\ R
1 OO 1 1 1 1 | I "’ 1 1 1 1 1 1 1 I : I\
0.1 1.0 10.0
S [mJy]

Figure 7. Cumulative number counts #200.m (solid circles) based on the3.50 MAMBO source catalogue presented in this paper. The ermsriepresent
95 per cent two-sided confidence levels on a Poissoniaribdistm. Also shown ar&50xm cumulative number counts from a number of recent SCUBA
surveys. The dashed black and grey lines show the numbetscatir200 and850um , respectively, as predicted by a pure luminosity scenarighich
g(z) = (1 + 2)3 outtoz = 2, beyond which no further evolution occurs. The solid blaok grey curves represent predicted number countg@@ and
850 um, respectively, based on the galaxy evolution model by 3amet al. (1999), see text for details. The thin dotted limeeasponds to a simple power
law with slopea: = —2.2, while the dark solid curve represents the Schechter fom@tV/dS « (S/So) ™ *exp(—S/S,), wherea = 2.3 andS, = 4 mJy.
Finally, the thick dotted line represent a no-evolutionnsce®.
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# spurious detections

4.0
S/N threshold

35

4.5 5.0

Figure 5. Expected average number of spurious positive sources in
ELAIS N2 (empty circles) and the Lockman Hole (filled cirdles a func-
tion of signal-to-noise ratio. The solid and dashed linesthe expected
number of positive spurious sources in the ELAISN2 and Lamkrhlole,
assuming the noise is purely Gaussian and the MAMBO beam @iasan
with aFwHM of 10.7”.

far-IR LF of the MAMBO sources. We have therefore adopted the
60pum LF as the reference LF at= 0. In order to assess the evo-
lution in the far-IR LF, we used a simple approach in which the
LF at redshiftz is given by a simple scaling and/or translation of
the local LF, i.e.®(L,z2) = f(2)®.(L/g(z)), where f(z) and
g(z) are parametric models of the evolution in number density and
luminosity, respectively. It is then straightforward tongoute the
cumulative source counts per unit solid angle brighter togiven

flux density,S,, as

N(>S,) = /OZmaz /LZH(SMZ) f(z)®o (ﬁ)

wheredV¢ /dz is the co-moving volume element per redshift in-
crement, anomin (S, 2) = 47D7 Sy (1 4+ 2) 'Ly /Ly(142) IS
the minimum luminosity observable for a source at redshidind

a survey flux limit of S,.. The evolution functionsf(z) andg(z)
are constrained by the fact that their predictions of theagetlactic
background, the observed number counts and redshifthliitsn
has to be consistent with observations.

In Figure I we have plotted the predictet200 and
850pum number counts from a model with a luminosity evolution
of g(z) = (14 2)® outtoz = 2, beyond which the evolution is un-
changed out te = 10, which marks the high-redshift cut-off of the

dlogL% dz, (4)
dz

9(z) = (1 + 2)*%sech’® (bIn(1 + z) — ¢) cosh’c, (5)

whereb = 2.2 £ 0.1 andc = 1.84 £ 0.1, see also Smail et al.
(2002). This model is arguably the most realistic of the peatic
models, since it is motivated by semi-analytical modets, nod-

els based on dark matter halo merging trees and assumphbouns a
the astrophysics of the gas in halos. Furthermore, the nisaeit
only in agreement with predictions of the chemical enrichtreaes

a function of cosmic time but it also naturally includes alpea
the evolution at ~ 2 which is in agreement with the recently de-
termined redshift distribution of radio-identified SMGsh@man

et al. 2003). In Figur€l7 we have plotted the predicteéd0 and
850um number counts for this model, under the assumption that
the SEDs of all MAMBO and SCUBA sources are well matched
by modified blackbody law witfly = 37K, 8 = +1.5, and a crit-
ical frequency ofv. = 2THz. It is seen that this physically more
realistic model is able to reproduce both the MAMBO and SCUBA
number counts extremely well, suggesting that the MAMBO and
SCUBA sources trace the same population of high-redshifiR-
luminous, starburst galaxies.

While the mm number counts at faint as well as bright flux
levels is still too poorly determined to warrant a detailedttof
models of galaxy evolution, it is clear from the comparisoithw
simple analytical model made above, that a scenario in whéich
evolution takes place at all, as illustrated by the thicketbtine in
FigurelT, can be ruled out.

6 CLUSTERING OF MAMBO SOURCES

The next big step forward in our understanding of SMGs idyike
to come from determining how they are clustered. Their elisg
properties may then provide a link to a present-day popmrabi
galaxies. If SMGs are the progenitors of massive elliptgzlbx-
ies, as suggested by their star-formation rates, molgdytsamical
masses and co-moving space densities, then they are expiecte
be strongly clustered. This follows from the way peaks indba-
sity field in the early Universe are biased in mass (e.g. Bemso
al. 2001). Giant ellipticals, being the most luminous otgen the
local Universe, are often found residing in the centres déxga
clusters; as such they pin-point the most overdense andftiner
mass-biased regions in the Universe.

Submm surveys of various depths and sizes have searched for
clustering among SMGs and have all failed to detect a sigmific
signal (Scott et al. 2002; Webb et al. 2003; Borys et al. 2003)
This has been due largely to the limited size of the surveipnsg
though efforts are further hampered by the fact the (sub)rop p
ulation spans a broad range in redshift — the quartile rasge=i
1.9-2.8 (Chapman et al. 2003, 2004) with a possible highhiéd
tail extending to: » 4 — and any clustering signal will thus, when
projected onto the sky, become heavily diluted. Any detectf
angular clustering will therefore be a lower limit on thelr8®
clustering. One lesson learned from these surveys was &gt v
large (1 square degree) areas containing several hundred sources

model. The model assumes the same SED for all sources — herewith strong redshift constraints are required in order ttedeine

we have adoptely = 44K, 3 = +1.2, and a critical frequency
of v. = 2THz. While this pure-luminosity evolution model does
an excellent job at reproducing the number count$2a0.m it
fares less well a850 pm, where it tends to slightly underpredict
the number counts at bright flux levels.

Another parametric model is that of Jameson (1999) which
employs a pure luminosity evolution of the form

(© 0000 RAS, MNRASD0Q, 000—-000

the clustering properties of SMGs. Here, we present theltsesu
for the the MAMBO population using two independent clustgri
statistics.

The first test calculates the angular two-point correlafio -
tion, w(#), which quantifies the excess probability of finding a
source within an anglé), of a randomly selected source, over that
of a random distribution, i.e.
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SP(0) = N (1 4+ w(0))6Q1692, (6)

whered P(0) is the probability of finding a source within a solid
angled2:1, and another source in another solid anifle within a
angular distancé of each other (see e.g. Coles & Lucchin 2002).
N is the mean surface density of objects on the sky.

Several estimators af(¢) have been suggested in the liter-

ature, and here we shall use the one first proposed by Landy &

Szalay (1993):

(DD) — 2(DR) + (RR)

w(6) = e ,

@)

where(D D) is the number of real source pairs which fall within a
bin of width §6 in the map(RR) is the number of random-random
pairs extracted from simulated maps in which the sourcesaare
domly distributed. Similarly{ D R) is the number of data—random
pairs. In order to generate the random catalogues we created

ulated maps by drawing sources from a source count model and

placing them randomly throughout the field. We used the bt fi
the observed number counts as provided by the Schechtdidnnc

in section[®. Noise was added using one of the pure noise maps

obtained by randomising the array parameters (seCiidntepgby
ensuring that the noise mimicked the properties of the reqd as
closely as possible. Mock source catalogues were then afeder
by applying our source extraction technique to the simdlataps.
This exercise was repeated 500 times. By taking the enseambte
age, the catalogugsRR) and (DR) were obtained. Furthermore,

the (RR) and (DR) catalogues were normalised to have the same
number of objects a&D D). The clustering analysis described here

is similar to that of Borys et al. (2003) in the sense that aalgsis
takes the negative off-beams properly into account whemast
ing the clustering: our simulated maps have the same gldtmgd-c
pattern as the real map. However, this effect is expectee @by

small for MAMBO maps, where the off beams are smeared out due

to sky rotation.
The resulting two-point correlation functions obtainedngs
the >3.50 as well as the>3.00 catalogues for the ELAISN2 and

Lockman Hole fields are shown in Figu® 8. The bin sizes used

weredd = 35" and30”, respectively, both of which roughly cor-

responds to two times the MAMBO beam and furthermore ensures
an adequate number of sources in each bin. It is seen fromd=igu

[ that the two-point correlation function for the Lockmanlélis
consistent with zero within the error bars at all anguladexan
the ELAIS N2 field, however, the correlation function has adi
ent, showing a slight excess correlation at small anguklesand
an anti-correlation at scales ef 500”. The correlation functions
based on the>3.50 and >3.0c catalogues both show this trend.

ELAIS N2 O 3.00 ® 350

1.0}
§ 0.5;_
s
0.0
—0.5f
1.0}
§ 0.5;; ]
z : ]

_Z:: ;L El]ff 4} “I’+:]] “I} ‘ 4 :

0 100 200 300 400 500 600 700
0[“]

Figure 8. Angular two-point correlation function for ELAIS N2 (tophd
the Lockman Hole (bottom). The two-point correlation fuastbased on
the >3.00 sample (empty squares) uses a bin siz8@f, while the cor-
relation function based on the3.50 catalogue (filled circles) is derived
using a bin size 085”. The solid line is the best-fit power-law correlation
function found by Daddi et al. (2000) for EROs wifh — K > 5 and
K < 18.5. The dotted line represents the correlation function foGisB
as determined by Giavalisco & Dickinson (2001). The erroesgiven by

sw(6) = (153”,5?)1/2.

structure. A more detailed analysis of this will be presdritea
future paper (Greve et al., in preparation).

An alternative test for clustering is the so-called nearest
neighbour analysis (Scott & Tout 1989). This considers fistriel
bution of nearest neighbour separatiofisof sources on a sphere.
For a random distribution of sources, the probability dignisinc-
tion can be shown to be:

P(0)do = sin 0(1 + cos 0)N "2d,

®)

where N is the number of objects in the sample — see Scott &
Tout (1989) for details. We performed a nearest-neighboatya
sis on the>4.00 source catalogues in each field, and the resulting
nearest-neighbour distributions are shown as black linésgure

2N71

The correlation seen 8t< 100" seems to be apparent by looking [ First of all, it is notable that the nearest-neighboutritiations

at the map, from which it appears that the sources are distdhn
‘clusters’, one of which is locateet200” south-west of the map
centre, and anothexr350’ south-east from centre. Within these
clusters, the sources are typically separated~@0—-80', which
could explain the excess correlation seen on these scdlesarii-
correlation at? ~ 500" is reflected in the overall distribution of

for the two fields look remarkably similar. In particular thalistri-
butions show a significant peak at angular scales28’. Chang-
ing the bin size to values in the range 11“1does not alter the
overall appearance of the distributions significantly, &mel over-
density of sources in the 15-3®in remains. In order to compare
the angular distribution of MAMBO sources with a random st

sources in the ELAIS N2 field which shows the sources to be dis- bution, we used the same 508 R)-catalogues which were used in

tributed around a void slightly north-east of the map cemrsim-
ilar void, although less significant, is seen south-eashefcentre

connection with the two-point correlation function. Thesemble-
averaged nearest-neighbour distributions for these sit@diimaps

of the Lockman Hole map. These voids appear to be real: ngt onl are shown as grey curves in Figlie 9.

are there no sources detected in these regions with SCUBAhduU
wuJy radio population also seems to have a similar spatiaiillist

tion (lvison et al. 2002). The good correspondence betwieeset
three populations suggests that the structure seen isargat$cale

It is seen that the random distributions do not peak-a5—
30" but atd ~ 60" which is in accordance with the probability
density function in ed]8. From a Kolmogorov-Smirnoff (K83t
we find that in both fields the probability of thed D) and (RR)
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Figure 9. Distributions of nearest-neighbours in the ELAIS N2 (ledi-c
umn) and the Lockman Hole (right column). The black curvgsasent the
actual data (the>4.00 source catalogues), while the red curves are the en-
semble averaged distributions obtained from 500 simulat&gs of the two
fields.

distributions being drawn from the same underlying disttitn is
about 10 per cent. In other words, there is a 10 per cent chance
of a random distribution yielding a more paired distribatifan

that observed for the MAMBO sources. A similar analysis oa th
>3.50 sample shows a similar significant peak-ét5-30'.

Thus, while we haven't found a significant clustering signal
from the two-point correlation function, there is tentat®avidence
from the nearest-neighbour analysis that MAMBO sourcesiate
randomly distributed but tend to come in pairs. This is gatiliely
in agreement with a recent study which utilises the resutimf
the spectroscopic survey of radio-bright SMGs to searcipéins
and/or triplets of sources in redshift space. This has gl sig-
nificant detection of the clustering of SMGs and has constihi
the correlation length tey ~ 6.142.1h~" Mpc (Blain et al. 2004;
Smail et al. 2003).

7 COMPARISON WITH THE SCUBA UK 8 MJY SURVEY

While a detailed analysis of the properties of the MAMBO s®gr
atradio and optical/near-IR wavelengths shall be preganteaper

Il (Greve et al., in preparation), it is appropriate here emnpare
the MAMBO and SCUBA maps. Such a comparison is meaningful
since as we saw in sectibh 5 both surveys reach very simttzgrial
counts, and a 'typicalt ~ 2.5 starburst SED will hit the flux limit

in both surveys almost simultaneously.

7.1 The reliability of (sub)mm surveys

First of all, such a cross-check between the MAMBO and SCUBA
catalogues will allow us to assess the reliability of (sufm)rsur-
veys. As already mentioned, (sub)mm surveys in general have
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adopted detection thresholds at low signal-to-noise sdtigpically
3.0-3.50 - see e.g. Eales et al. 2000; Scott et al. 2002; Webb et
al. 2003; this work), and confusion has been a major issuthése
surveys. In addition, different surveys have used differdata-
reduction software, and widely differing source extractiech-
nigues have been adopted.

The comparison between the MAMBO and SCUB#.5¢
source catalogues is shown in Figliré 10, which shows théeutl
of the MAMBO and SCUBA maps with the 3.5¢ 850m sample
as given by Scott et al. (2002) and the3.50 1200um sources
presented in this paper overplotted. It is seen immediatedy
four SCUBA sources in ELAIS N2 are unambiguously detected at
1200 pm, while in the Lockman Hole eight SCUBA sources have
been confirmed with MAMBO.

It is interesting to see how these MAMBO identifications are
distributed in terms of signal-to-noise and whether thentifie
cation rate increases if we lower the source detection hiids
to 3.00. In order to do so, we have compared thé, 3.5, and
3.00 SCUBA source lists of Scott et al. with our corresponding
MAMBO source catalogues, and for each SCUBA source we com-
puted the distance to the nearest MAMBO source. The regultin
distributions are shown in FiguEel11. For both fields therittigtion
is seen to peak at offsets smaller thafi 1@ fact, both distributions
seem to show that a cutoff in positional offset<0f10” is a natu-
ral selection criterion as to whether a MAMBO source is a g@au
counterpart to a SCUBA source or not. This is in line with what
we would expect given thewHwms of the MAMBO and SCUBA
beams. Adopting this criterion and using th8.0/3.5/4.00 cata-
logues from both surveys, we confirm 6/4/3 out of 36/17/7 SBUB
sources in the ELAIS N2 field and 9/8/5 out of 36/21/12 SCUBA
sources in the Lockman Hole, respectively. Thus, the ifleation
rate clearly increases with signal-to-noise, from 17—-25cpet for
the 3.00-catalogues to 43 per cent in ELAISN2 and 42 per cent
in the Lockman Hole for thd.0o-catalogues. At face value, our
MAMBO survey thus confirms about half of the most significant
SCUBA sources.

An additional 24 hr o850um data — not used in the original
8 mJy Survey — resulted in a slightly different source caja®
than that given in Scott et al. (2002). With the inclusionta hew
data, the significance of N2 850.17 drops frérsic to 3.30, with a
new flux density 06.3 £ 1.7 mJy, while N2 850.16 disappears (see
Ivison et al. 2002). At the position of N2850.17 in the MAMBO
map, we detect a source at th&c significance level, suggesting
that N2850.17 is a real source, even though it is just belav th
formal 3.50 detection threshold of the 8 mJy Survey. N2 850.16,
however, is not detected 8200um at greater thamo significance,
confirming that this was a spurious source in the originalttSato
al. map.

Based on extremely deep radio imaging of the 8 mJy fields,
Ivison et al. (2002) concluded that six of the original SCUBA
sources in the ELAISN2 and Lockman Hole fields were likely
to be fake sources. Not only were they extracted from exthgme
noisy regions, but they also lacked a radio counterpartitiebp-
ing amongst the brightest SMGs in the sample. The sourcese#q
tion were LE 850.9, LE 850.10, LE 850.11, LE 850.15, LE 850.20
and N2850.14. From FigurE o it is seen that none of these
sources, which are denoted by grey crosses, coincide Vi#ith 5o
MAMBO source. In fact, the highest significance 1200 de-
tection of the above sources was at the 4.&vel. Hence, our
MAMBO maps strengthen the conclusion of Ivison et al. (2002)
that these sources are spurious. If we compare the MAMBO
catalogue with the refined SCUBA source catalogue, in which
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ELAIS N2

LOCKMAN

Figure 10. Distribution of MAMBO and SCUBA sources detected>a3.5¢0 in the ELAIS N2 and Lockman Hole fields (this paper; Scott eR802). The
black circles are sources detected by MAMBO while grey glias are SCUBA detections. The crosses denote the seven/&S€hlices which were deemed
spurious and therefore rejected by Ivison et al. (2002) dubeir lack of radio identifications and high associatecsadévels. The MAMBO and SCUBA
survey regions are outlined in black and grey, respectigag also Figuld 1. The boxes aié7 x 21'7.

the above mentioned SCUBA sources (including N2850.16 and be cool, or lie at >> 3. In the Lockman Holenoneof the radio-

N2 850.17) have been omitted, we find that at #80/3.5/4.0c
level, we confirm 6/4/3 out of 33/14/7 SCUBA sources in the
ELAIS N2 field and 9/8/5 out of 31/16/9 SCUBA sources in the
Lockman Hole, respectively. Hence, the MAMBO identificatio

blank SCUBA sources were detected1200 xm, and only three
of the 11 radio-identified SCUBA sources were not detected by
MAMBO.

Since the depth of the MAMBO maps E200um is compara-

rate of SCUBA sources in the Lockman Hole increases to 56 per ble to that of the SCUBA maps &50um it is hard to conceive of a

cent, which is becoming comparable to fraction of SMGs detec
in deep radio maps (Smail et al. 2000; lvison et al. 2002).

An important point to make in this context is that Figliré 10
clearly shows that while not all SCUBA sources are detected b
MAMBO, there is a good overall spatial correspondence betwe
SCUBA and MAMBO sources, as was also pointed out in section
[@. One way to interpret this result is that the two surveysasgnt
two different realisations of the same large-scale strectbrom
two independent but similar (sub)mm surveys of the samenegi
we would expect to find the most significant sources in both sur
veys, but this is not necessarily true of the fainter souness the
detection threshold.

Deep radio observations provide an alternative route e rel
ably identify SMGs. About two thirds of SMGs are detectedhe t
radio where the ratio of submm to radio flux detection thrésho
is above~400 (Smail et al. 2000; Ivison et al. 2002). However,
it remains an open question whether the third of the pomriati
which are radio-blank are SMGs at very high redshifts-(> 3), or
cooler, less-far-IR-luminous objects at similar redshifs the bulk
of the population, or simply spurious sources. All threenseci®s
would explain the lack of radio counterparts.

In Table[@ we list all the>3.50 SCUBA sources with a
MAMBO counterpart detected at3.00 significance within 10,
along with their positional offsets and flux densities1a00 and
850 um. Of the 12>3.5¢ SCUBA sources in the ELAIS N2 field
which were not detected by MAMBO, only four had a radio iden-
tification. Of the eight radio-blank SCUBA sources, only ere
N2 850.3 — was confirmed by MAMBO, indicating that it could

way in which ar850um source with no radio counterpart could fail
to be detected at200um . The only plausible explanations require
that the sources are spurious or confused.

In Table[ we have summarised the above findings. They
suggest strongly that the fraction of robust SCUBA sources,
i.e. sources confirmed by MAMBO, which are not detected in the
radio is low: 20 per cent (1/5) in ELAISN2 and O per cent in the
Lockman Hole. These findings suffer from small number giatis
and we await a comparison between the much larger map of the
Lockman Hole being obtained with MAMBO (Bertoldi et al. in
prep.) and the SCUBA map of that region which is being obthine
as part of SHADES (sefttp://www.roe.ac.uk/ifa/shadgs/

In the light of current and future (sub)mm surveys, our find-
ings underline the importance of multi-wavelength follay-in or-
der to establish the reality of (sub)mm sources, and therttpee
only on the most robust samples to draw meaningful stagistin-
clusions (cf. Dannerbauer et al. 2004).

7.2 The850/1200um flux density ratio

Another valuable piece of information which can be gleaned
from a comparison of the MAMBO and SCUBA maps is the
850/1200pm flux ratios for a large sample of (sub)mm galaxies.
Beyondz > 3 this flux ratio becomes a strong function of red-
shift, and can thus be used as a crude discriminator betvosen |
and high-redshift sources (Eales et al. 2003), much in thesaay
that the radio-to-submm spectral index acts as a redstifb&®or

for sources at < 3 (Carilli & Yun 1999, 2000). Thus, the two
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Table 4. MAMBO and VLA radio identifications of the SCUBA 8 mJy Survéy3.50 source catalogue (Scott et al. 2002). ®#pm and 1.4 GHz radio
flux densities are from Scott et al. (2002) and Ivison et &0, respectively.

SCUBAID S850um £ 0850um MAMBO ID S1200pm £ 01200um SCUBA/MAMBO Offset RADIO  Sj.4cuz £ 01.4cHz
mJy mJy " uly

o > 4.0 Detections

N2850.1 112+1.6 yes 45+ 16
N2850.2 10.7 £ 2.0 N21200.39 34+£1.1 8.4 yes 92+ 16
N2850.3 8.5+1.6 N21200.19 2.9£0.8 5.1 no < 44

N2850.4 8.2+1.7 N21200.10 3.1£0.7 4.5 yes 221 £ 17
N2850.5 8.5+2.2 N21200.3 3.9+0.38 1.0 yes 77 £31
N2 850.6 9.2+24 no 38+19
N2850.7 9.0+24 N21200.4 3.4+0.7 4.0 yes 159 £+ 27

4.0 > o > 3.5 Detections

N2 850.8 51+1.4 yes 74429
N2850.9 9.0+2.5 yes 33+ 12
N2 850.10 54+1.5 no 58 + 24
N2850.11 71420 no < 44
N2 850.12 55+ 1.6 no 32+ 17
N2850.13 6.3+1.9 yes 99 + 23
N2 850.14 11.2 +3.3 no <44
N2 850.15 50+1.5 no 31420
N2 850.16 12.9 £ 3.9 no < 44
N2850.17F 53+1.7 no < 44

o > 4.0 Detections

LE850.1 105+ 1.6 LE1200.5 3.4+0.6 51 yes 73£10
LE850.2 10.9+2.4 LE1200.1 48=£0.6 13 yes 29+ 11
LE850.3 7TTELT LE1200.11 2.9+0.7 6.2 yes 98 £+ 12
LE 850.4 8.3+£1.8 no 19£8
LE850.5 8.6 £2.0 no <25
LE 850.6 11.0+ 2.6 LE 1200.10 2.9+0.7 7.7 yes 54+ 14
LE850.7 8.1+1.9 yes 135+ 13
LE850.8 5.1+£1.3 LE1200.14 2.4+0.6 3.9 yes 58 £ 12
LE850.9° 12.6 £3.2 no <23
LE850.1C 12.2+ 3.1 no <25
LE850.1T 13.5£3.5 no 26 + 12
LE850.12 6.2+1.6 yes 278 £12

4.0 > o > 3.5 Detections

LE850.13 9.8+£2.8 no 18+ 11
LE850.14 9.5+28 LE1200.3 3.6+0.6 2.0 yes 72+£12
LE850.15 11.7+ 3.4 no <21
LE850.16 6.1+1.8 LE 1200.6 2.8+0.5 2.6 yes 41+ 12
LE850.17 9.2+£2.7 no <23
LE850.18 4.5+1.3 LE1200.12 3.3+0.8 3.1 yes 47+ 10
LE850.19 5.5+1.6 no <27
LE 850.20 10.3 £3.1 no <24
LE850.21 4.5£1.3 yes 21+£10

1 Detected with MAMBO at the.8¢ level.

* Excluded from the refined 8 mJy sample of Ivison et al. (2002).

T This source vanished with the inclusion of an additional 2dffSCUBA data.

1 This source dropped from5 to 3.3¢ with the inclusion of additional SCUBA data. It is detectehiMAMBO at 2.7¢.
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Figure 11. Distribution of offsets between SCUBA sources and theirnea
est MAMBO counterpart in the ELAIS N2 (top panel) and Lockntémie
fields (bottom panel). Thé.0, 3.5, and3.0c MAMBO samples are com-
pared with thet.0, 3.5, and3.00 SCUBA samples of Scott et al. (2002),
and the corresponding distributions are shown as solidhedhand dotted
curves, respectively.

redshift estimators complement each other, and if used imbeo
nation can potentially be used to probe the redshift distidn of
(sub)mm sources. However, both of these redshift estimatdfer
from theTy — z degeneracy first pointed out by Blain (1999), which
implies that a low-redshift source with a cold dust temperais
indistinguishable from a warm source at high redshift.

The distribution 0850/1200um flux ratios for the 13>3.50
SCUBA sources which were robustly identified by our MAMBO
survey are plotted in FigufeTL2a, along with the ratios foarmgle
of SCUBA-observed MAMBO sources by Eales et al. (2003). Us-
ing SCUBA in its photometry mode, they observed 21 MAMBO-
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Figure 12. a) The distribution 0f850/1200um flux ratios for the 13
>3.50 SCUBA sources identified with MAMBO in this paper (light-gre
shaded area), and for the sample presented by Eales et @8) (@ashed
line). b) The dotted histogram is the flux ratio distribution for atbth 3.50
MAMBO sources within the SCUBA regions, including the onekici
were not detected by SCUBA. In the latter case upper flux simiere es-
timated as the peak flux within an aperture of radiug§ céhtered on the
MAMBO position in the SCUBA map. The distribution of flux ras for all
the> 3.50 SCUBA sources (dashed histogram) were obtained in a similar
manner by measuring the peak flux in the MAMBO map within 4ridius
of the SCUBA position. The light-grey shaded histogramespnts the dis-
tribution for the subset of MAMBO sources which were robygdlentified
in the radio.c) The same as b) except more conservative upper flux limits
(20 + F) were adopted, see text for details.
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Figure 13. The 850/1200um flux density ratio for SCUBA sources de-
tected by MAMBO in the ELAISN2 (crosses) and Lockman Holé- (tr
angles). Six of the sources have spectroscopic redshéts Chapman et
al. 2003, 2004), while the remainder have been placed at 0.5. The
two encircled sources have no radio counterpart. Shownaamsatids are
the 850/1200um flux ratios for the sample of Eales et al. (2003). The
thick solid curve represents the expected flux ratio for aficaly thin
modified blackbody withily = 45K and 3 = +1.5, typical for a local
ULIRG. This curve is enveloped by two thin solid curves whicirespond

to changes in the dust temperature and spectral indexIof = +5K and
AB = £0.2. The light-grey shaded area corresponds to a modified black-
body withTy = (35.6 £ 5.0)K and3 = (41.3 & 0.2). The dot-dashed
curves corresponds to SEDs wjth= 1.0 andT,; = 20...70K in step if
10K.

Table 5. The number (and percentage) of SCUBA sources identified by
MAMBO divided into radio and non-radio ID categories. Ndfeat all the
number in this table are based on the comparison with>{B&o 8 mJy
Sample of Scott et al. (2002) and the3.0c MAMBO sample presented in
this paper.

MAMBO ID No MAMBO ID
Field
Radio ID No Radio ID Total Radio ID No Radio ID Total
ELAISN2 4 1 5 4 8 12
Lockman 8 0 8 3 10 13
Total 12 (92%) 1(8%) 13 7 (28%) 18 (72%) 25

selected sources from the MAMBO Deep Field Survey (Berteldi
al., in preparation). While there is a considerable ovebejveen
the two distributions, the latter has a significant oversityrat low
values which is not reproduced by our sample. From our sawgple
find a median value 0$s50/S1200 = 2.6 &= 0.6, marginally higher
than the median value &.1 4+ 0.7 found by Eales et al. (2003),
although within the scatter.

In Figure[ITB we have plotted the measugs/1200um flux
ratios of our sample and the Eales et al. sample along withesur
showing the predicted50,/1200um flux density ratios against red-
shift for an SED withly = 45K and3 = +1.5, and an SED with
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Ta = 35.6K and 8 = +1.3. The former SED provides a good
match to the local ULIRG, Arp 220, while the latter is based on
the averagdy andj3 values derived from the SCUBA Local Uni-
verse Galaxy Survey (Dunne et al. 2000). In addition, we ldse
plotted theSss0.m /S1200.m—2 relationship for a set of SEDs with
[ =1andT,; = 20,30...70 K, i.e. SEDs which have very different
dust properties from local ULIRGs. Note, the above dust &nap
tures are at a redshift of zero. In order to account for theeas:
ing cosmic microwave background radiation (CMBR) temparat
with redshift and its thermal coupling with the dust we hasedi

Ta(z) = (T2, + (142 1))V (9

where Tcvsr IS the present epoch CMBR temperature, (see
e.g. Eales & Edmunds 1996). The effect is only significantiwhe
the dust is cold relative to the CMBR temperature, and tloeedfe-
comes more important at very high redshifts. The slight deand
trend in theSss0.m /S1200um CUrves at low redshifts is due to the
negative spectral slopex(= —0.7) of the radio continuum emis-
sion which boosts th&200um flux relative to the flux a850um .
However, this effect is completely negligible at redshifsyond

z ~ 0.5.

The low flux ratios found by Eales et al. (2003) led them to
conclude that a significant fraction of SMGs must lie at veighh
redshifts ¢ >> 3) or possess dust properties different from low-
redshift starburst galaxies. In contrast, we find no conlfi@tveen
our measuredSssoum /S1200um ratios and SEDs based on local
ULIRGs. From a subset of five sources which have been targeted
spectroscopically by Chapman et al. (2003, 2004), and theis a
placed at their correct redshift in Figurel 13, we can coneltiht
the observed flux ratios for at least four of the five sourcescan-
sistent with the range of SEDs expected from local ULIRGs Th
one exception is the outlying point 8t50.m /S1200um = 3.8 This
data point corresponds to the source LE 850.6/LE 1200.1@twhi
has another source (LE 1200.9) close to it. This source wastee
by MAMBO but not by SCUBA, and it is likely that LE 1200.9
contributes to the 85@m flux of LE 850.6, leading to an artificially
high flux ratio for this source.

Our sample is taken from two unbiased surveys at slightly dif
ferent (sub)mm wavelengths and is thus independent of atig ra
selection bias. Furthermore, it is clear from Fidirk 13 thatSMG
without a radio counterpart (circled symbol) does not halaeer
850,/1200pm flux ratio than the rest of the sample. This suggest
that the source is blank in the radio because it is a cooles;fter-
IR-luminous object at similar redshifts to the bulk of theppta-
tion, not because it lies at a very high redshift.

Candidates for very-high-redshift sources,
i.e. 85Qum dropouts, should be sought amongst sources de-
tected by MAMBO but not SCUBA. From FiguEel0 it is seen that
9 MAMBO sources in the ELAISN2 field and 9 in the Lockman
Hole fall within the regions observed by SCUBA, yet are not
detected at>3.50 significance at350 um. Upper limits on the
flux densities a850um of these sources were measured, taking
the peak flux in a 10radius aperture region of the SCUBA map
coincident with the MAMBO position. These limits were then
merged with the850um fluxes of the robust sample, resulting
in 850um flux estimates (or upper limits) for all the 9+9+13=31
MAMBO sources which lie within the SCUBA regions. The
resulting distribution 0850-t0-1200m flux ratios is shown as the
dotted curve in FigurBEZ12b. The distribution appears to Hae
peaks, one abs50.m /S1200.m ~ 1 which reproduces the low-end
tail of Eales et al. (2003) rather well and is almost entirélye
to the MAMBO sources not detected by SCUBA, and another at

4+
Tenmer
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~ 2.5 which stems from the 13 sources robustly identified at both
120Q:m and 85Q:m.

In order to make a fair comparison with the flux ratios of the
SCUBA sample, we estimated 1200 fluxes for all the SCUBA
sources. This was done in an identical fashion as abovejpper
120Q:um flux limits were derived for the SCUBA sources not de-
tected with MAMBO using the peak flux within a 1€adius aper-
ture region of the MAMBO map centered on the SCUBA position,
and concatenated with the robust sample. This distribigishown
as the dashed histogranmid 12b.

The dotted and dashed distributions appear to be distinct,
and in order to determine the probability of the two samples b
ing drawn from the same parent distribution, we have employe
the standard 'survival analysis’ tests (Feigelson & Nel$885),
which are appropriate in the case where the samples conpain u
per or lower limits (censored data). This included the Gelam
rank, Peto-Peto, and Peto-Prentice tests, the latter beitgps the
most conservative and least sensitive to differences ingheoring
patterns. However, common to all the tests is that they aablan
to compare samples with mixed censor indicators, i.e. onaata
compare a sample containing upper limits with a sample aunta
lower limits. As a result we ran the tests where only one oftira-
ples contained censored data, assuming that the limitsiottier
sample were not limits but measured values, and vice ver&mth
cases the tests yielded probabilities less than 0.01,liheteongly
suggesting that the two distributions are significantljedént. This
argues in favour of there being a low-end tail consistingadégies
at either high redshifts or with cool dust temperatures. Sxtant
with these findings is the distribution of MAMBO sources wiit
dio counterparts (shaded histogram in Figlire 12b) whiclwsho
that few of the sources with flux ratias 1.5 are identified in the
radio. This is what one would expect if they were at high rétsh
or cool, not very far-IR luminous systems.

In addition to the two astrophysical explanations (i.edahist
or high redshift) Eales et al. also suggest more mundan®msas
for their low flux ratios, the most important of which is astret-
ric errors (see discussion in Eales et al. 2003). For all et df
their 21 sources, they used positions derived from radiemis
tions or mm-wave interferometry. For the remaining soutbey
used the MAMBO positions. With our dataset, in conjunctiathw
the 8 mJy Survey images, we can reproduce the Eales et at-expe
iment in the case where only MAMBO positions are availabte. |
order to do this we consider the sample of 13 sources whick wer
detected by both MAMBO and SCUBA. However, instead of using
the 85Q:m fluxes reported by Scott et al. (2002), we measure the
850Qum flux at the MAMBO position in the SCUBA map using the
peak flux within a 1@aperture. In general, we find that the effects
of positional errors are small, and the flux ratios are notveke
towards lower values.

Finally, it is possible that contamination by spurious ox{lu

to bias the MAMBO and SCUBA distributions towards lower and
higher flux ratios, respectively. In Figutel12c we have adom
more conservative approach in which the upper limits on thef
were estimated by addirix o to the peak flux, where is the local
rms noise. Clearly, the overlap between the two distrilmstis now
much greater, and the two distributions appear to be imdjsish-
able. This is confirmed by the 'survival analysis’ tests whyteld
probabilities in the range 0.22 (log rank) to 0.11 (PetorBce) and
similar for the reverse comparison, i.e. comparing the SEUB-
tribution with the uncensored MAMBO distribution. Thus,oad-
ing what is arguably more realistic upper flux limits we findew
idence for SMGs with unusually low 850-to-12@ flux ratios as
reported by Eales et al. (2003). If this is the case, the majpli-
cation is that, beyond the few completely unrepresentatitvenm-
loud AGN atz > 4, there is no significant population of SMGs
at very high redshifts. The redshift distribution of radientified
SCUBA sources, as determined by Chapman et al. (2003, 2004),
would be applicable to virtually all of the (sub)mm poputeti

However, while we find no conclusive evidence for '850 -
dropouts’ a handful of MAMBO sources do seem to be good can-
didates for SMGs at >> 5. In particular, LE 1200.2 is one of the
brightest sources in our survey, yet it is not detected by BEU
nor is it seen in the radio. Pointed SCUBA photometry observa
tions of this source would provide an accurate accuratenaesti
of its 85Qum flux and confirm or dismiss its status as a '860-
dropout’.

Furthermore, with the completion of the MAMBO Deep Field
Survey and the SCUBA Half Degree Extragalactic Survey, tvhic
will not only provide us with much larger samples but also d-mu
titude of observations at complementary wavelengths, veelldh
be able to obtain a much better census of the high-redsHliftfta
(sub)mm sources.

8 CONCLUSIONS

In this paper we have presented results from a MAMBO
1200pum  blank-field survey of the ELAISN2 and Lockman
Hole fields, covering a total of 357 arcriinto a rms level of
~0.8mJybeam®. We detect 27 sources at4.00 significance,
and more than 40 sources>a8.50.

From the >3.50 catalogue we have derived accurate num-
ber counts over the flux range 3-5.5mJy, and find evidence for
a break atSi200um =~ 4mJy. This corresponds to a far-IR lumi-
nosity of ~ 10'® L for a modified blackbody witly = 40K
andg = +1.5 atz = 2.5. The observed 200um source counts
can be successfully reproduced by a simple parametric nfodel
the evolution the local ULIRG population. Furthermorestiriodel
also fits the850,.m source counts which suggests that the MAMBO
and SCUBA sources are drawn from the same population of dust-

boosted MAMBO sources is responsible for at least some of the enshrouded starburst at high redshift.

low flux ratios observed. However, based the Monte Carlo kimu
tions in sectiolfi.Z]2 we expect no more than 2 sources to basjgur
in each of the MAMBO maps. This is an upper limit, given tha th
overlap between the SCUBA and MAMBO regions is only about
68 per cent of the areas covered by MAMBO.

While the above analysis suggests that astrometrical rror
and spurious/flux-boosted sources are unable to accoutttefdr2
MAMBO sources withSss0,m /S1200,m < 1.5, we caution that
the low flux ratio could be due to the way we have estimatedphe u
per flux limits. Simply adopting the peak flux within a’\dperture
might in some cases result in too low flux estimates and ward t

Two independent tests were carried out with the aim of de-
tecting clustering in the MAMBO population. Although, the-a
gular two-point correlation function showed no evidencecloi-
tering, a nearest neighbour analysis suggests that the sigost-
icant MAMBO sources are not randomly distributed but come in
pairs, typically separated by 23Furthermore, the spatial distri-
bution of sources appears to be non-random, with sources ten
ing to reside in clusters surrounding large voids. The tealf
these structures is strengthened by the good overall spatize-
lation between the SCUBA, MAMBO andly-level radio sources.
This suggests that co-spatial surveys at the two slighffgrdint

(© 0000 RAS, MNRASDOG, 000-000
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(sub)mm wavelengths skim the brightest members of a nuraerou
but faint population, yielding two similar but low-signad-noise
visualisations of the true (sub)mm sky.

Our MAMBO survey confirms roughly half of the refined
>3.50 SCUBA 8 mJy Survey sample (Scott et al. 2002; Ivison
et al. 2002). This is comparable to the radio identificatiate rof
SCUBA and MAMBO sources. As a by-product of this analysis, we
have produced a extremely robust sub-sample of 13 SMGstddtec
at >3.50 by both SCUBA and MAMBO. We find that only one
(~8 per cent) has no radio counterpart, a significantly lowac-fr
tion than the third which the radio-blank SMGs have gengiakn
believed to constitute. Our results thus suggest that tpelption
of SMGs which are detected by both SCUBA and MAMBO has no
significant tail atz >> 3. This conclusion is further strengthened
by the observed distribution 8650/1200um flux density ratios for
the 13 sources in our sample. We find their flux density ratidset
consistent with the SEDs found for local ULIRGs and in agreem
with the spectroscopic redshift distribution of SMGs a®d®ined
by Chapman et al. (2003, 2004).

Finally, we have identified 18 MAMBO sources within the
SCUBA UK 8-mJy regions which are not detected3adum at
greater thar3.0o significance. Any high-redshift SMGs should be
sought amongst this population of '§a® -dropouts’. However,
using conservative upper flux limits we find that the disttiio
of 850-t0-1200m flux ratios for these sources is statistically in-
distinguishable from that of the sources identified rolyuistlboth
wavelengths.
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