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ABSTRACT
We present results of a 1.1-mm deep survey of the AKARI Deep Field South (ADF-S) with
AzTEC mounted on the Atacama Submillimetre Telescope Experiment (ASTE). We obtained
a map of 0.25-deg2 area with an rms noise level of 0.32–0.71 mJy. This is one of the deepest and
widest maps thus far at millimetre and submillimetre wavelengths. We uncovered 198 sources
with a significance of 3.5σ–15.6σ , providing the largest catalogue of 1.1-mm sources in a
contiguous region. Most of the sources are not detected in the far-infrared bands of the AKARI
satellite, suggesting that they are mostly at z ≥ 1.5 given the detection limits. We constructed
differential and cumulative number counts in the ADF-S, the Subaru/XMM–Newton Deep
Field and the SSA 22 field surveyed by AzTEC/ASTE, which provide currently the tightest
constraints on the faint end. The integration of the best-fitting number counts in the ADF-S
finds that the contribution of 1.1-mm sources with fluxes of ≥1 mJy to the cosmic infrared
background (CIB) at 1.1 mm is 12–16 per cent, suggesting that the large fraction of the CIB
originates from faint sources of which the number counts are not yet constrained. We estimate
the cosmic star formation rate density contributed by 1.1-mm sources with ≥1 mJy using the
best-fitting number counts in the ADF-S and find that it is lower by about a factor of 5–10
compared to those derived from UV/optically selected galaxies at z ∼ 2–3. The fraction of
stellar mass of the present-day universe produced by 1.1-mm sources with ≥1 mJy at z ≥ 1
is ∼20 per cent, calculated by the time integration of the star formation rate density. If we
consider the recycled fraction of >0.4, which is the fraction of materials forming stars returned
to the interstellar medium, the fraction of stellar mass produced by 1.1-mm sources decreases
to �10 per cent.

Key words: galaxies: evolution – galaxies: formation – galaxies: high-redshift – galaxies:
starburst.
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1 IN T RO D U C T I O N

Over the past decade, millimetre and submillimetre observations
have shown that (sub)millimetre-bright galaxies (SMGs) hold
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important clues to galaxy evolution and the cosmic star formation
history (Blain et al. 2002 for a review). SMGs are highly obscured
by dust, and the resulting thermal dust emission dominates the bolo-
metric luminosity. The source of heating energy is dominated by
vigorous star formation with star formation rates (SFRs) of several
100–1000 M� yr−1. Optical/near-infrared (near-IR) spectroscopy
of a sample of SMGs with radio counterparts revealed a median
redshift of z ∼ 2 for the population (Swinbank et al. 2004; Chapman
et al. 2005). Recently, SMGs at z > 4 have been confirmed (Capak
et al. 2008; Coppin et al. 2009; Daddi et al. 2009; Knudsen et al.
2010), and there is now a spectroscopically confirmed source at z =
5.3 (Riechers et al. 2010).

Coupled with reports of high dynamical mass and gas mass
(e.g. Greve et al. 2005; Tacconi et al. 2006), it is suggested that
SMGs are the progenitors of massive spheroidal galaxies observed
during their formation phase (e.g. Lilly et al. 1996; Smail et al.
2004).

Mounting evidence shows that the cosmic infrared background
(CIB; Puget et al. 1996; Fixsen et al. 1998) at millimetre and submil-
limetre wavelengths is largely contributed by high-redshift galaxies
(Lagache, Puget & Dole 2005). The CIB is the integral of unre-
solved emission from extragalactic sources and contains informa-
tion on the evolutionary history of galaxies. While 850-µm surveys
have resolved 20–40 per cent of the CIB into point sources in blank
fields (e.g. Eales et al. 2000; Borys et al. 2003; Coppin et al. 2006)
and 50–100 per cent in lensing cluster fields (e.g. Blain et al. 2002;
Cowie, Barger & Kneib 2002; Knudsen et al. 2008), 1-mm blank
field surveys have resolved only ∼10 per cent (e.g. Greve et al.
2004; Laurent et al. 2005; Maloney et al. 2005; Perera et al. 2008;
Scott et al. 2008, 2010). A large portion of the CIB at millimetre and
submillimetre wavelengths likely arises from galaxies with fainter
flux densities.

In conjunction with constraints from the CIB, the number counts
of SMGs are sensitive to the history of galaxy evolution at high red-
shifts. This requires constraining both the faint and bright ends of
the number counts, which in turn requires a suitable combination of
small, deep surveys along with shallower wide-area surveys. Blank
field surveys at millimetre and submillimetre wavelengths have been
carried out with large bolometer arrays such as the Submillimetre
Common User Bolometer Array (SCUBA; Holland et al. 1999) on
the James Clerk Maxwell Telescope (JCMT) (e.g. Smail, Ivison &
Blain 1997; Hughes et al. 1998; Coppin et al. 2006), the Max-Plank
Millimetre Bolometer Array (MAMBO; Kreysa et al. 1998) on the
IRAM 30-m telescope and the Bolocam (Glenn et al. 1998) on the
Caltech Submillimetre Observatory (e.g. Greve et al. 2004, 2008;
Laurent et al. 2005; Bertoldi et al. 2007), the Large Apex BOlometer
CAmera (LABOCA; Siringo et al. 2009) on the Atacama Pathfinder
EXperiment (APEX; e.g. Weiß et al. 2009; Swinbank et al. 2010)
and AzTEC (Wilson et al. 2008a) on the JCMT (Perera et al. 2008;
Scott et al. 2008; Austermann et al. 2009, 2010). However, the total
area covered in existing surveys is still small (�1 deg2) compared
to the cosmic large-scale structure, and substantial field-to-field
variations can be seen in the published number counts. In addi-
tion, because of the limited depth of these surveys, the number
counts of SMGs at faint flux densities (∼1 mJy) are still not well
constrained.

We performed extensive surveys at 1.1 mm with AzTEC mounted
on the Atacama Submillimetre Telescope Experiment (ASTE;
Ezawa et al. 2004; Ezawa et al. 2008) in 2007 and 2008 (Wil-
son et al. 2008b; Tamura et al. 2009; Scott et al. 2010). The ASTE
is a 10-m submillimetre telescope located at Pampa la Bola in
the Atacama desert in Chile. Some of the AzTEC/ASTE sources

are followed up by submillimetre/millimetre interferometers
(Hatsukade et al. 2010; Tamura et al. in preparation; Ikarashi et al.
2010). In this paper, we report on a deep blank field survey of the
AKARI Deep Field-South (ADF-S). The ADF-S is a multiwave-
length deep survey field near the South Ecliptic Pole. It is known
to be one of the lowest cirrus regions in the whole sky (100-µm
flux density of <0.5 MJy sr−1 and an H I column density of ∼5 ×
1019 cm−2; Schlegel, Finkbeiner & Davis 1998), providing a win-
dow to the high-redshift dusty universe. AKARI, an IR satellite
(Matsuhara et al. 2005), has conducted deep surveys with the In-
fraRed Camera (IRC; Onaka et al. 2007) at 2.4, 3.2, 4.1, 7, 11, 15
and 24 µm and with the Far-Infrared Surveyor (FIS; Kawada et al.
2007) at 65, 90, 140 and 160 µm, down to the confusion limit (Shi-
rahata et al. 2009). Multiwavelength follow-up observations from
the UV to the radio are underway. The full data sets of IR to sub-
millimetre bands with AKARI, Spitzer (Clements et al. 2010), the
Balloon-borne Large-Aperture Submillimetre Telescope (BLAST),
Herschel Space Observatory and the AzTEC/ASTE offer a unique
opportunity to study the dusty galaxy population that contributes to
the cosmic background at IR–mm wavelengths.

This paper presents the 1.1-mm map and source catalogue of the
ADF-S. Together with the results from the Subaru/XMM–Newton
Deep Field (SXDF; Ikarashi et al., in preparation) and the SSA 22
field (Tamura et al. 2009) surveyed by AzTEC/ASTE, we present
statistical properties of the SMG population. Currently, these are
the deepest wide-area surveys ever made at millimetre wavelengths
along with the AzTEC/ASTE GOODS-S survey (Scott et al. 2010),
providing the tightest constraints on number counts towards the
faint flux density, albeit with lower resolution than has been typ-
ically employed to date. Comparisons with multiwavelength data
and statistical studies such as clustering analysis of this data set will
be presented in future papers.

The arrangement of this paper is as follows. Section 2 summa-
rizes the observations of the ADF-S with AzTEC/ASTE. Section 3
outlines the data reduction and calibration details. In Section 4, we
present the 1.1-mm map and the source catalogue. In Section 5, we
derive number counts of the ADF-S, the SXDF and the SSA 22
field and compare them with other 1-mm wavelength surveys and
luminosity evolution models. In Section 6, we estimate the contri-
bution of 1.1-mm sources to the CIB. In Section 7, we constrain
the redshifts of the AzTEC sources using flux ratios of 1.1 mm to
90 µm obtained with AKARI/FIS. In Section 8, we discuss the cos-
mic star formation history traced by 1.1-mm sources. A summary
is presented in Section 9.

Throughout the paper, we adopt a cosmology with H0 =
70 km s−1 Mpc−1, h = 0.7, �M = 0.3 and �� = 0.7.

2 O BSERVATI ONS

The centre region of the ADF-S was observed with AzTEC on the
ASTE. The observations were made from 2007 September 16 to
October 14 and from 2008 August 4 to December 21. The opera-
tions were carried out remotely from the ASTE operation rooms in
San Pedro de Atacama, Chile, and in Mitaka, Japan, through the
network observation system N-COSMOS3 developed by the Na-
tional Astronomical Observatory of Japan (NAOJ; Kamazaki et al.
2005). The full width at half-maximum (FWHM) of the AzTEC
detectors on the ASTE is ∼30 arcsec at 1.1 mm (270 GHz), and
the field of view of the array is roughly circular with a diameter
of 8 arcmin. During the observing run, 107 and 117 out of the 144
AzTEC detectors were operational in 2007 and 2008, respectively.
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In order to maximize the observing efficiency, we used a Lis-
sajous scan pattern to map the field. We chose a high maximum
velocity of 300 arcsec s−1 to mitigate low-frequency atmospheric
fluctuations. The Lissajous scan pattern provides ∼20 × 20 arcmin2

coverage on the sky, in which the central ∼12 × 12 arcmin2 area
is nearly uniform, with decreasing integration time from the inside
to the outside. We covered the ADF-S with seven different field
centres to make the noise level of the entire map uniform. We ob-
tained a total of 319 individual observations under conditions where
the atmospheric zenith opacity at 220 GHz as monitored with a ra-
diometer at the ASTE telescope site was τ 220 GHz = 0.02–0.1. The
total time spent on-field was ∼216 h. Uranus or Neptune was ob-
served at least once a night in raster-scan mode to measure each
detector’s point spread function and relative position and to de-
termine the flux conversion factor for absolute calibration (Wilson
et al. 2008a). Pointing observations with the quasar J0455−462 that
lies ∼7◦ from the field centre were performed every 2 h, bracketing
science observations. A pointing model for each observing run in
2007 and 2008 is constructed from these data, and we make correc-
tions to the telescope astrometry. The resulting pointing accuracy is
better than 3 arcsec (Wilson et al. 2008b).

3 DATA R E D U C T I O N

The data were reduced in a manner identical to those described in
Scott et al. (2010). We used a principle component analysis (PCA) to
remove the low-frequency atmospheric signal from the time-stream
data (Laurent et al. 2005; Scott et al. 2008). The PCA method AC
couples the bolometer time-stream data, making the entire map and
point-source kernel have a mean of zero. The cleaned time series
data are projected into map space using 3 × 3 arcsec2 pixels in
right-ascension–declination, and the individual observations are co-
added into a single map by weighted averaging. We also create 100
noise realizations by ‘jackknifing’ the time series data as described
in Scott et al. (2008). These noise maps represent realizations of
the underlying random noise in the map in the absence of sources
(both bright and confused) and are used throughout this paper to
characterize the properties of the map and source catalogue. The
point source profile is affected by the PCA method since the faint
point sources with low spatial frequencies are also attenuated. The
PCA method makes the mean of the map zero, causing negative
side lobes around the peak of the point source profile. We trace
the effects of PCA and other processes in the analysis on the point
source profile; this ‘point source kernel’ is used to optimally filter
the co-added map and the 100 noise realizations for the detection
of point sources. A two-dimensional Gaussian fitting to the point
source kernel gives an FWHM of 35.9 arcsec.

4 MA P A N D S O U R C E C ATA L O G U E

4.1 Map

The signal map and the corresponding noise map are shown in
Figs 1 and 2, respectively. The dashed curves represent regions
with ≥30 per cent (outer contour) and ≥50 per cent (inner contour)
of the maximum weights (hereafter called as 30 and 50 per cent
coverage regions, respectively). The area and noise level are 709
and 200 arcmin2, and 0.32–0.55 and 0.55–0.71 mJy in the 50 and
30–50 per cent coverage regions, respectively (Table 1). This survey
is confusion-limited, where the 5σ -confusion limit estimated by
Takeuchi & Ishii (2004) is 4.4 mJy using the point source kernel and
the differential number counts in the ADF-S derived in Section 5.1.

Fig. 3 shows the distribution of flux values in the map, compared
to that averaged over the 100 noise realizations within the 50 per
cent coverage region. The result of a Gaussian fit to the averaged
noise map is superimposed in Fig. 3. The presence of real sources in
the map makes excess of both positive- and negative-valued pixels
over the histogram of the noise map, since the signal map is created
to have a mean of zero. This fit deviates from the distribution of
pixel values at high positive and negative fluxes because the map
is not uniform over the entire region, with the outer region being
slightly noisier.

4.2 Source catalogue

Source extraction is performed on the signal-to-noise (SN) map
using a criterion of ≥3.5σ . The source positions are determined by
flux-squared weighting on pixels within a 15-arcsec radius of the
nominal peak. We detect 198 and 169 sources with a significance of
3.5σ–15.6σ in the 30 and 50 per cent coverage regions, respectively.
The source catalogue is given in Table 2, where both the observed
and the deboosted flux densities (Section 4.6) are listed. 169 sources
(ADFS-AzTEC1–169) detected within the 50 per cent coverage
region, the deeper and more uniform coverage region, are listed
first, followed by the remaining 29 sources (ADFS-AzTEC170–
198) detected outside the 50 per cent coverage region.

4.3 False detections

Monte Carlo simulations are carried out to estimate the number of
spurious sources due to positive noise fluctuations. We conduct the
standard source extraction on the 100 synthesised noise realizations
and count the number of ‘sources’ above given signal-to-noise ratio
(S/N) thresholds in steps of 0.5σ . Fig. 4 shows the average number
of false detections as a function of S/N. The expected number of
false detections in our ≥3.5σ source catalogue is ∼4–5 and ∼1–2
in the 50 and 30–50 per cent coverage regions, respectively.

4.4 Completeness

The survey completeness is computed by injecting simulated point
sources of known flux densities into the real signal map one at a
time. The input positions are randomly selected within the 50 per
cent coverage region, but are required to be outside a 20-arcsec
radius from a real source in the map to avoid blending. When a
simulated source is extracted within 20 arcsec of its input position
with S/N ≥ 3.5, the source is considered to be recovered. We re-
peat this 1000 times for each flux bin and compute the fraction of
output sources to input sources. The completeness as a function
of intrinsic flux density is shown in Fig. 5. The error bars are the
68 per cent confidence intervals from the binomial distribution. The
completeness is about 50 per cent at a flux density of 2.0 mJy.

4.5 Positional uncertainty

The positional error is an important indicator when identifying
other-wavelength counterparts. The positional uncertainties for de-
tected sources are calculated in a similar manner for the complete-
ness calculation. Fake sources of known flux densities (ranging
from 1 to 10 mJy in steps of 0.25 mJy) are injected into the real
signal map one at a time. The input positions are selected randomly
outside a 20-arcsec radius from the real sources. Source extractions
with S/N ≥ 3.5 are performed within 20-arcsec search radius from
the input positions. These procedures are repeated 1000 times for
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Figure 1. Signal map of the ADF-S. White contours represent the 30 per cent (outer contour) and 50 per cent (inner contour) coverage regions (corresponding
to rms noise levels of 0.55 and 0.71 mJy beam−1), respectively. The 198 sources detected with ≥3.5σ in the 30 per cent coverage region are indicated by green
circles with a 30-arcsec diameter and numbered in order of significance (Table 2). The pixel size is 3 × 3 arcsec2.

Figure 2. Noise map of the AzTEC/ASTE ADF-S. The outer and inner
contours indicate the 30 and 50 per cent coverage regions, respectively.

each flux bin and measure the angular distances between the input
and output positions. The probability that a source is extracted out-
side an angular distance from its input position is shown in Fig. 6
for different S/N ranges. The 68.3 per cent confidence interval for

Table 1. Map properties in the 50 and the 30–50 per cent coverage regions.

Coverage Area Noise level Sourcea False detectionsb

(per cent) (arcmin2) (mJy beam−1)

50 per cent 709 0.32–0.55 169 4.9 ± 0.22
30–50 per cent 200 0.55–0.71 29 1.4 ± 0.12

aNumber of sources (≥3.5σ ).
bNumber of false detection (≥3.5σ ).

a 3.5σ source is ∼9 arcsec. We compare the positional uncertainty
with theoretical predictions for uncorrelated Gaussian noise derived
by Ivison et al. (2007). Shaded regions in Fig. 6 represent the the-
oretical probability distributions for sources with 3.5 ≤ S/N <

4.0, 4.5 ≤ S/N < 5.0 and 5.5 ≤ S/N < 6.0 from top to bottom.
The positional uncertainties of AzTEC sources are broad compared
to the theoretical predictions. It is possible that the ADF-S map is
confused and the confusion noise affects source positions.

4.6 Flux deboosting

When dealing with a low S/N map, we need to consider the effect
that flux densities of low S/N sources are boosted to above detection
thresholds, due to the steep slope of number counts in the flux range
of our map (Murdoch, Crawford & Jauncey 1973; Hogg & Turner
1998). We correct for the flux boosting effect to estimate intrinsic

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 411, 102–116

 at IN
A

O
E

 on N
ovem

ber 14, 2013
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

http://mnras.oxfordjournals.org/
http://mnras.oxfordjournals.org/


106 B. Hatsukade et al.

101

102

103

104

-3 -2 -1  0  1  2  3  4  5  6

N
um

be
r 

of
 P

ix
el

s

Flux Density [mJy beam-1]

Signal Map

Noise Map

Gaussian Fit

Figure 3. Distribution of flux density in the real map (solid histogram) and
averaged over the 100 noise realizations (dashed histogram) in the 50 per
cent coverage region. The result of a Gaussian fit to the flux distribution of
the noise maps is plotted as a dashed curve.

flux densities of sources based on the Bayesian estimation (Coppin
et al. 2005; Coppin et al. 2006; Austermann et al. 2009, 2010).

To calculate the probability distribution of its intrinsic flux density
[posterior flux distribution (PFD)], we use the best-fitting differen-
tial number counts in the ADF-S derived in Section 5.1. We inject
fake sources with flux densities ranging from −5 to 20 mJy into a
synthesized noiseless sky at random positions. We iterate this pro-
cess 10 000 times, and the prior distribution is given as the averaged
flux distribution of the sources. The deboosted flux densities are
given in Table 2.

5 1 . 1 - M M N U M B E R C O U N T S

5.1 Number counts of the ADF-S

We create number counts for the 50 per cent coverage region, where
the noise distribution is more uniform, the survey completeness
at faint flux densities is high and the number of false detections
is low compared to the 30 per cent coverage region. We employ
the Bayesian method, which is now commonly used for deriving
number counts in millimetre/submillimetre surveys (e.g. Coppin
et al. 2005, 2006; Perera et al. 2008; Austermann et al. 2009, 2010;
Scott et al. 2010).

The PFD of each source is calculated in the same manner as used
in flux deboosting (Section 4.6). We adopt the best-fitting Schechter
function of the SCUBA/SHADES 850-µm number counts (Coppin
et al. 2006) scaled to 1.1 mm as an initial prior distribution func-
tion. We create 20 000 sample catalogues by bootstrapping off (i.e.
sampling with replacement) the PFDs. We sample only from the
PFDs with a criterion of P(S < 0) ≤ 0.05 as adopted in Scott et al.
(2010), where P(S < 0) is the probability that the flux densities of
the detected sources deboosted to <0 mJy. The number of sources
in each sample catalogue is chosen randomly as a Poisson deviate
from the real number of sources. The survey completeness is calcu-
lated by tracing output to input sources from the simulated maps.
After correcting for the survey completeness, the mean counts and
the 68.3 per cent confidence intervals in each flux bin with a bin
size of 1 mJy are calculated from the 20 000 sample catalogues. The
deboosted fluxes in the source catalogue range from 1 to 6.4 mJy.
Each of the derived number counts for the 20 000 sample catalogues

is fitted to a Schechter function of the form

dN

dS
= N3 mJy

(
S

3 mJy

)α+1

exp

[−(S − 3 mJy)

S ′

]
, (1)

where N3 mJy is a differential count at 3 mJy and best-fitting pa-
rameters are obtained in S′ − N3 mJy parameter space. We adopt the
above Schechter functional form with α = −2 since it well describes
number counts derived in previous deep SMG surveys (e.g. Coppin
et al. 2006; Perera et al. 2008; Austermann et al. 2009, 2010; Scott
et al. 2010). The derived best-fitting function is then used as a new
prior distribution function, and the procedure described above is
repeated. The resultant differential and cumulative number counts
are presented in Figs 7 and 8 and Table 3. The errors indicate the
68.3 per cent confidence intervals. The best-fitting parameters of
the Schechter functional form in equation (1) are N3mJy = 169 ± 19
and S′ = 1.48 ± 0.20.

5.2 Number counts of the SXDF and the SSA 22 fields
surveyed by AzTEC/ASTE

We extract number counts for two other deep fields surveyed by
AzTEC on the ASTE: the SXDF and the SSA 22 field.

The SXDF is a blank field with deep multiwavelength observa-
tions from X-ray to radio. The AzTEC/ASTE observations covered
∼0.27 deg2 of the central part of the SXDF with an rms noise level
of ∼0.5–0.9 mJy (Ikarashi et al., in preparation), which is about
a factor of 2 deeper than the AzTEC/JCMT survey of this field
(Austermann et al. 2010). In total, ∼200 sources (≥3.5σ ) are de-
tected.

The SSA 22 field is thought to be a protocluster region since
it has an overdensity of UV/optically selected galaxies such as
Lyman α emitters and Lyman-break galaxies at z ∼ 3.1 (e.g. Steidel
et al. 1998; Steidel et al. 2000; Hayashino et al. 2004; Matsuda
et al. 2005). The SSA 22 field characterized by the overdensity is
a good comparison field with other blank fields to see the relation
between SMGs and other galaxy populations and the large-scale
structure of the universe. The AzTEC/ASTE observations covered
∼0.28 deg2with an rms noise level of ∼0.6–1.2 mJy and detected
∼100 sources (≥3.5σ ) (Tamura et al. 2009; Tamura et al., in prepa-
ration).

The procedure and parameters in data reductions and extracting
number counts of these two fields are the same as used in this
paper. The differential and cumulative number counts are presented
in Figs 7 and 8 and Table 4. The best-fitting parameters of the
Schechter functional form in equation (1) are shown in Table 5.

5.3 Comparison among 1-mm surveys

In Figs 7 and 8, we compare the number counts in the ADF-S, the
SXDF and the SSA 22 fields surveyed by AzTEC/ASTE with those
of previous 1-mm surveys: the AzTEC/JCMT surveys of GOODS-
N (Perera et al. 2008), COSMOS (Austermann et al. 2009) and
SHADES (combined counts in the Lockman Hole and SXDF)
(Austermann et al. 2010), the AzTEC/ASTE survey of GOODS-
S (Scott et al. 2010) and 1.2-mm MAMBO surveys of the Lockman
Hole and ELAIS N2 (Greve et al. 2004).

The ADF-S and the SXDF provide the tightest constraints on
the faint end of the number counts because of their depth and
large survey areas. On the whole, the 1-mm counts of various
surveys are consistent within errors. This is interesting since the
SSA 22 field has overdensity of UV/optically selected galaxies. It
is possible that the overdensity of sources at z = 3.1 traced by the
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Table 2. AzTEC/ASTE ADF-S 3.5σ source catalogue. AzTEC1–169 are detected in the 50 per cent coverage region and AzTEC170–198
are detected in the region with a coverage of 30–50 per cent. The columns give (1) source name, (2) ID, (3) right ascension, (4) declination,
(5) observed flux density and 1σ error, (6) deboosted flux density and 68 per cent confidence level and (7) signal-to-noise ratio.

Name ID RA Dec. Sobserved Sdeboosted S/N
(h m s) (◦ ′ ′′) (mJy) (mJy)

AzTEC J044511.52−533807.3 ADFS-AzTEC1 4 45 11.52 −53 38 07.3 5.9 ± 0.4 5.7+0.4
−0.4 15.6

AzTEC J044621.97−533630.4 ADFS-AzTEC2 4 46 21.97 −53 36 30.4 5.5 ± 0.4 5.3+0.5
−0.4 14.2

AzTEC J044730.07−531928.1 ADFS-AzTEC3 4 47 30.07 −53 19 28.1 5.1 ± 0.4 4.9+0.5
−0.4 13.8

AzTEC J044441.16−534543.4 ADFS-AzTEC4 4 44 41.16 −53 45 43.4 6.5 ± 0.5 6.2+0.5
−0.6 12.8

AzTEC J044419.58−533422.9 ADFS-AzTEC5 4 44 19.58 −53 34 22.9 6.7 ± 0.5 6.4+0.6
−0.6 12.2

AzTEC J044702.37−532049.8 ADFS-AzTEC6 4 47 02.37 −53 20 49.8 4.9 ± 0.4 4.7+0.4
−0.5 12.1

AzTEC J044706.89−531827.3 ADFS-AzTEC7 4 47 06.89 −53 18 27.3 4.9 ± 0.4 4.7+0.4
−0.5 12.0

AzTEC J044711.18−532154.4 ADFS-AzTEC8 4 47 11.18 −53 21 54.4 4.9 ± 0.4 4.7+0.5
−0.5 12.0

AzTEC J044544.27−533124.0 ADFS-AzTEC9 4 45 44.27 −53 31 24.0 4.0 ± 0.3 3.8+0.4
−0.4 11.9

AzTEC J044441.47−534222.3 ADFS-AzTEC10 4 44 41.47 −53 42 22.3 5.3 ± 0.5 5.1+0.5
−0.5 11.8

AzTEC J044452.99−533810.5 ADFS-AzTEC11 4 44 52.99 −53 38 10.5 4.8 ± 0.4 4.5+0.5
−0.5 11.4

AzTEC J044733.99−531837.5 ADFS-AzTEC12 4 47 33.99 −53 18 37.5 4.0 ± 0.4 3.8+0.4
−0.4 11.0

AzTEC J044736.90−532527.5 ADFS-AzTEC13 4 47 36.90 −53 25 27.5 4.5 ± 0.4 4.3+0.5
−0.5 10.7

AzTEC J044442.42−534122.9 ADFS-AzTEC14 4 44 42.42 −53 41 22.9 4.8 ± 0.4 4.5+0.5
−0.5 10.6

AzTEC J044844.20−531443.4 ADFS-AzTEC15 4 48 44.20 −53 14 43.4 5.0 ± 0.5 4.7+0.5
−0.5 10.5

AzTEC J044802.69−531712.7 ADFS-AzTEC16 4 48 02.69 −53 17 12.7 4.2 ± 0.4 3.9+0.4
−0.5 10.5

AzTEC J044743.53−531541.8 ADFS-AzTEC17 4 47 43.53 −53 15 41.8 4.2 ± 0.4 4.0+0.5
−0.5 10.3

AzTEC J044753.52−532331.4 ADFS-AzTEC18 4 47 53.52 −53 23 31.4 4.1 ± 0.4 3.9+0.5
−0.4 10.3

AzTEC J044543.44−532524.3 ADFS-AzTEC19 4 45 43.44 −53 25 24.3 3.8 ± 0.4 3.6+0.4
−0.4 10.1

AzTEC J044813.58−531859.6 ADFS-AzTEC20 4 48 13.58 −53 18 59.6 4.1 ± 0.4 3.9+0.5
−0.5 10.0

AzTEC J044658.41−531534.1 ADFS-AzTEC21 4 46 58.41 −53 15 34.1 5.0 ± 0.5 4.7+0.6
−0.5 9.9

AzTEC J044455.57−533423.0 ADFS-AzTEC22 4 44 55.57 −53 34 23.0 3.9 ± 0.4 3.7+0.5
−0.4 9.8

AzTEC J044540.95−533318.2 ADFS-AzTEC23 4 45 40.95 −53 33 18.2 3.2 ± 0.3 3.0+0.4
−0.4 9.7

AzTEC J044522.00−532700.9 ADFS-AzTEC24 4 45 22.00 −53 27 00.9 3.6 ± 0.4 3.4+0.4
−0.4 9.7

AzTEC J044659.94−531907.3 ADFS-AzTEC25 4 46 59.94 −53 19 07.3 4.0 ± 0.4 3.7+0.5
−0.5 9.7

AzTEC J044629.83−533345.0 ADFS-AzTEC26 4 46 29.83 −53 33 45.0 3.3 ± 0.4 3.1+0.4
−0.4 9.3

AzTEC J044658.48−532327.8 ADFS-AzTEC27 4 46 58.48 −53 23 27.8 3.6 ± 0.4 3.4+0.4
−0.5 9.1

AzTEC J044612.33−532743.6 ADFS-AzTEC28 4 46 12.33 −53 27 43.6 2.9 ± 0.3 2.7+0.4
−0.4 9.1

AzTEC J044714.90−531738.9 ADFS-AzTEC29 4 47 14.90 −53 17 38.9 3.7 ± 0.4 3.4+0.4
−0.5 9.1

AzTEC J044805.34−532433.2 ADFS-AzTEC30 4 48 05.34 −53 24 33.2 4.4 ± 0.5 4.1+0.6
−0.5 9.0

AzTEC J044351.90−534443.3 ADFS-AzTEC31 4 43 51.90 −53 44 43.3 4.8 ± 0.5 4.5+0.6
−0.6 8.8

AzTEC J044553.57−533520.6 ADFS-AzTEC32 4 45 53.57 −53 35 20.6 2.8 ± 0.3 2.6+0.4
−0.4 8.7

AzTEC J044706.39−531612.5 ADFS-AzTEC33 4 47 06.39 −53 16 12.5 4.0 ± 0.5 3.7+0.5
−0.5 8.7

AzTEC J044538.56−532827.6 ADFS-AzTEC34 4 45 38.56 −53 28 27.6 2.8 ± 0.3 2.6+0.4
−0.4 8.4

AzTEC J044853.11−531557.9 ADFS-AzTEC35 4 48 53.11 −53 15 57.9 4.1 ± 0.5 3.7+0.5
−0.6 8.2

AzTEC J044556.43−533929.7 ADFS-AzTEC36 4 45 56.43 −53 39 29.7 3.5 ± 0.4 3.3+0.5
−0.5 8.1

AzTEC J044348.44−534314.2 ADFS-AzTEC37 4 43 48.44 −53 43 14.2 4.3 ± 0.5 3.9+0.6
−0.6 8.0

AzTEC J044824.87−531501.3 ADFS-AzTEC38 4 48 24.87 −53 15 01.3 3.5 ± 0.4 3.2+0.5
−0.5 8.0

AzTEC J044609.02−532710.8 ADFS-AzTEC39 4 46 09.02 −53 27 10.8 2.6 ± 0.3 2.4+0.4
−0.4 8.0

AzTEC J044534.14−533939.6 ADFS-AzTEC40 4 45 34.14 −53 39 39.6 3.4 ± 0.4 3.1+0.5
−0.5 7.9

AzTEC J044354.85−533928.8 ADFS-AzTEC41 4 43 54.85 −53 39 28.8 3.9 ± 0.5 3.6+0.6
−0.5 7.9

AzTEC J044630.39−533154.7 ADFS-AzTEC42 4 46 30.39 −53 31 54.7 2.7 ± 0.3 2.5+0.4
−0.4 7.8

AzTEC J044607.77−532813.4 ADFS-AzTEC43 4 46 07.77 −53 28 13.4 2.5 ± 0.3 2.3+0.4
−0.3 7.8

AzTEC J044643.79−533002.4 ADFS-AzTEC44 4 46 43.79 −53 30 02.4 3.0 ± 0.4 2.7+0.4
−0.5 7.6

AzTEC J044451.57−533544.1 ADFS-AzTEC45 4 44 51.57 −53 35 44.1 3.1 ± 0.4 2.9+0.5
−0.5 7.5

AzTEC J044420.88−534011.4 ADFS-AzTEC46 4 44 20.88 −53 40 11.4 3.4 ± 0.5 3.1+0.5
−0.5 7.3

AzTEC J044541.74−533445.2 ADFS-AzTEC47 4 45 41.74 −53 34 45.2 2.3 ± 0.3 2.1+0.4
−0.4 7.3

AzTEC J044437.74−534637.8 ADFS-AzTEC48 4 44 37.74 −53 46 37.8 3.8 ± 0.5 3.4+0.6
−0.6 7.2
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Table 2 – continued

Name ID RA Dec. Sobserved Sdeboosted S/N
(h m s) (◦ ′ ′′) (mJy) (mJy)

AzTEC J044528.39−533715.8 ADFS-AzTEC49 4 45 28.39 −53 37 15.8 2.4 ± 0.3 2.2+0.4
−0.4 7.1

AzTEC J044456.63−533616.2 ADFS-AzTEC50 4 44 56.63 −53 36 16.2 2.8 ± 0.4 2.5+0.4
−0.5 7.1

AzTEC J044623.49−533552.4 ADFS-AzTEC51 4 46 23.49 −53 35 52.4 2.6 ± 0.4 2.4+0.4
−0.4 6.9

AzTEC J044344.41−534325.9 ADFS-AzTEC52 4 43 44.41 −53 43 25.9 3.8 ± 0.6 3.4+0.6
−0.6 6.9

AzTEC J044742.49−531951.2 ADFS-AzTEC53 4 47 42.49 −53 19 51.2 2.4 ± 0.4 2.2+0.4
−0.4 6.9

AzTEC J044721.15−532659.2 ADFS-AzTEC54 4 47 21.15 −53 26 59.2 2.9 ± 0.4 2.6+0.5
−0.5 6.8

AzTEC J044423.80−533413.5 ADFS-AzTEC55 4 44 23.80 −53 34 13.5 3.7 ± 0.6 3.3+0.6
−0.6 6.8

AzTEC J044435.35−534346.6 ADFS-AzTEC56 4 44 35.35 −53 43 46.6 3.1 ± 0.5 2.8+0.5
−0.5 6.7

AzTEC J044611.47−532152.8 ADFS-AzTEC57 4 46 11.47 −53 21 52.8 3.5 ± 0.5 3.1+0.5
−0.6 6.7

AzTEC J044516.36−533309.9 ADFS-AzTEC58 4 45 16.36 −53 33 09.9 2.2 ± 0.3 2.0+0.4
−0.4 6.7

AzTEC J044639.12−532518.6 ADFS-AzTEC59 4 46 39.12 −53 25 18.6 2.5 ± 0.4 2.2+0.4
−0.4 6.7

AzTEC J044527.26−533518.6 ADFS-AzTEC60 4 45 27.26 −53 35 18.6 2.1 ± 0.3 1.9+0.4
−0.4 6.7

AzTEC J044858.01−531524.3 ADFS-AzTEC61 4 48 58.01 −53 15 24.3 3.5 ± 0.5 3.2+0.6
−0.6 6.6

AzTEC J044722.55−531825.8 ADFS-AzTEC62 4 47 22.55 −53 18 25.8 2.5 ± 0.4 2.3+0.5
−0.4 6.6

AzTEC J044400.63−534228.2 ADFS-AzTEC63 4 44 00.63 −53 42 28.2 3.3 ± 0.5 2.9+0.5
−0.6 6.6

AzTEC J044813.94−532244.7 ADFS-AzTEC64 4 48 13.94 −53 22 44.7 3.0 ± 0.5 2.7+0.5
−0.5 6.6

AzTEC J044822.25−531420.0 ADFS-AzTEC65 4 48 22.25 −53 14 20.0 2.9 ± 0.4 2.6+0.5
−0.5 6.5

AzTEC J044503.53−532816.7 ADFS-AzTEC66 4 45 03.53 −53 28 16.7 2.8 ± 0.4 2.5+0.5
−0.5 6.5

AzTEC J044826.06−531413.7 ADFS-AzTEC67 4 48 26.06 −53 14 13.7 2.9 ± 0.4 2.6+0.5
−0.5 6.5

AzTEC J044857.68−531827.0 ADFS-AzTEC68 4 48 57.68 −53 18 27.0 3.5 ± 0.5 3.1+0.6
−0.6 6.5

AzTEC J044556.20−532541.2 ADFS-AzTEC69 4 45 56.20 −53 25 41.2 2.2 ± 0.4 2.0+0.4
−0.4 6.2

AzTEC J044603.17−533847.5 ADFS-AzTEC70 4 46 03.17 −53 38 47.5 2.6 ± 0.4 2.3+0.5
−0.4 6.2

AzTEC J044358.65−533731.2 ADFS-AzTEC71 4 43 58.65 −53 37 31.2 3.1 ± 0.5 2.7+0.5
−0.6 6.2

AzTEC J044717.48−532614.8 ADFS-AzTEC72 4 47 17.48 −53 26 14.8 2.5 ± 0.4 2.2+0.5
−0.4 6.1

AzTEC J044428.74−534129.4 ADFS-AzTEC73 4 44 28.74 −53 41 29.4 2.8 ± 0.5 2.4+0.5
−0.5 6.0

AzTEC J044747.96−531305.5 ADFS-AzTEC74 4 47 47.96 −53 13 05.5 3.1 ± 0.5 2.7+0.6
−0.6 6.0

AzTEC J044545.17−533815.3 ADFS-AzTEC75 4 45 45.17 −53 38 15.3 2.2 ± 0.4 1.9+0.4
−0.4 6.0

AzTEC J044502.41−533934.4 ADFS-AzTEC76 4 45 02.41 −53 39 34.4 2.5 ± 0.4 2.2+0.5
−0.5 6.0

AzTEC J044554.73−533829.6 ADFS-AzTEC77 4 45 54.73 −53 38 29.6 2.3 ± 0.4 2.0+0.5
−0.4 5.9

AzTEC J044744.88−531622.8 ADFS-AzTEC78 4 47 44.88 −53 16 22.8 2.3 ± 0.4 2.0+0.4
−0.5 5.9

AzTEC J044614.68−532631.6 ADFS-AzTEC79 4 46 14.68 −53 26 31.6 2.0 ± 0.3 1.7+0.4
−0.4 5.9

AzTEC J044635.07−532950.7 ADFS-AzTEC80 4 46 35.07 −53 29 50.7 2.1 ± 0.4 1.8+0.4
−0.4 5.8

AzTEC J044409.74−534607.4 ADFS-AzTEC81 4 44 09.74 −53 46 07.4 3.1 ± 0.5 2.7+0.6
−0.6 5.8

AzTEC J044432.70−534419.3 ADFS-AzTEC82 4 44 32.70 −53 44 19.3 2.7 ± 0.5 2.4+0.6
−0.5 5.8

AzTEC J044429.65−534659.4 ADFS-AzTEC83 4 44 29.65 −53 46 59.4 3.1 ± 0.5 2.7+0.6
−0.6 5.8

AzTEC J044531.48−533019.1 ADFS-AzTEC84 4 45 31.48 −53 30 19.1 1.9 ± 0.3 1.6+0.4
−0.4 5.7

AzTEC J044553.94−532908.4 ADFS-AzTEC85 4 45 53.94 −53 29 08.4 1.8 ± 0.3 1.6+0.4
−0.4 5.6

AzTEC J044434.71−534125.5 ADFS-AzTEC86 4 44 34.71 −53 41 25.5 2.5 ± 0.4 2.2+0.5
−0.5 5.6

AzTEC J044738.06−532754.8 ADFS-AzTEC87 4 47 38.06 −53 27 54.8 2.9 ± 0.5 2.5+0.6
−0.6 5.5

AzTEC J044439.10−533704.0 ADFS-AzTEC88 4 44 39.10 −53 37 04.0 2.5 ± 0.5 2.2+0.5
−0.5 5.5

AzTEC J044642.77−532926.9 ADFS-AzTEC89 4 46 42.77 −53 29 26.9 2.1 ± 0.4 1.8+0.4
−0.5 5.5

AzTEC J044732.69−531422.0 ADFS-AzTEC90 4 47 32.69 −53 14 22.0 2.6 ± 0.5 2.2+0.5
−0.5 5.4

AzTEC J044509.91−532831.2 ADFS-AzTEC91 4 45 09.91 −53 28 31.2 2.1 ± 0.4 1.8+0.4
−0.5 5.4

AzTEC J044749.46−532244.4 ADFS-AzTEC92 4 47 49.46 −53 22 44.4 2.0 ± 0.4 1.8+0.5
−0.4 5.4

AzTEC J044438.94−533316.8 ADFS-AzTEC93 4 44 38.94 −53 33 16.8 2.9 ± 0.5 2.4+0.6
−0.6 5.4

AzTEC J044504.27−533030.9 ADFS-AzTEC94 4 45 04.27 −53 30 30.9 2.0 ± 0.4 1.8+0.4
−0.4 5.3

AzTEC J044632.65−533457.6 ADFS-AzTEC95 4 46 32.65 −53 34 57.6 2.1 ± 0.4 1.8+0.4
−0.5 5.3

AzTEC J044751.90−531920.3 ADFS-AzTEC96 4 47 51.90 −53 19 20.3 1.9 ± 0.4 1.6+0.4
−0.4 5.3

AzTEC J044627.13−533224.4 ADFS-AzTEC97 4 46 27.13 −53 32 24.4 1.8 ± 0.3 1.5+0.4
−0.4 5.2

AzTEC J044607.98−533416.2 ADFS-AzTEC98 4 46 07.98 −53 34 16.2 1.7 ± 0.3 1.5+0.4
−0.4 5.2
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Table 2 – continued

Name ID RA Dec. Sobserved Sdeboosted S/N
(h m s) (◦ ′ ′′) (mJy) (mJy)

AzTEC J044537.32−532311.4 ADFS-AzTEC99 4 45 37.32 −53 23 11.4 2.8 ± 0.5 2.3+0.6
−0.6 5.2

AzTEC J044608.37−533550.4 ADFS-AzTEC100 4 46 08.37 −53 35 50.4 1.7 ± 0.3 1.5+0.4
−0.4 5.1

AzTEC J044654.55−532308.3 ADFS-AzTEC101 4 46 54.55 −53 23 08.3 2.0 ± 0.4 1.8+0.5
−0.5 5.1

AzTEC J044747.12−532011.2 ADFS-AzTEC102 4 47 47.12 −53 20 11.2 1.8 ± 0.4 1.6+0.4
−0.4 5.1

AzTEC J044526.81−533031.2 ADFS-AzTEC103 4 45 26.81 −53 30 31.2 1.7 ± 0.3 1.4+0.4
−0.4 5.1

AzTEC J044628.14−533254.4 ADFS-AzTEC104 4 46 28.14 −53 32 54.4 1.7 ± 0.3 1.5+0.4
−0.4 5.1

AzTEC J044837.01−531924.2 ADFS-AzTEC105 4 48 37.01 −53 19 24.2 2.3 ± 0.5 2.0+0.5
−0.5 5.0

AzTEC J044558.64−533747.4 ADFS-AzTEC106 4 45 58.64 −53 37 47.4 1.8 ± 0.4 1.6+0.4
−0.4 5.0

AzTEC J044821.59−531219.6 ADFS-AzTEC107 4 48 21.59 −53 12 19.6 2.5 ± 0.5 2.1+0.6
−0.5 5.0

AzTEC J044741.65−531839.1 ADFS-AzTEC108 4 47 41.65 −53 18 39.1 1.8 ± 0.4 1.5+0.4
−0.4 5.0

AzTEC J044442.20−534413.9 ADFS-AzTEC109 4 44 42.20 −53 44 13.9 2.4 ± 0.5 2.0+0.5
−0.6 5.0

AzTEC J044720.44−532526.5 ADFS-AzTEC110 4 47 20.44 −53 25 26.5 2.0 ± 0.4 1.7+0.4
−0.5 5.0

AzTEC J044543.78−532612.1 ADFS-AzTEC111 4 45 43.78 −53 26 12.1 1.7 ± 0.3 1.5+0.4
−0.4 4.9

AzTEC J044403.61−533816.8 ADFS-AzTEC112 4 44 03.61 −53 38 16.8 2.4 ± 0.5 2.0+0.6
−0.5 4.9

AzTEC J044517.36−532619.7 ADFS-AzTEC113 4 45 17.36 −53 26 19.7 2.0 ± 0.4 1.7+0.5
−0.5 4.9

AzTEC J044511.45−533328.2 ADFS-AzTEC114 4 45 11.45 −53 33 28.2 1.6 ± 0.3 1.4+0.4
−0.4 4.9

AzTEC J044834.22−531727.4 ADFS-AzTEC115 4 48 34.22 −53 17 27.4 2.1 ± 0.4 1.8+0.5
−0.5 4.9

AzTEC J044759.97−531235.0 ADFS-AzTEC116 4 47 59.97 −53 12 35.0 2.5 ± 0.5 2.1+0.6
−0.6 4.8

AzTEC J044540.52−532927.6 ADFS-AzTEC117 4 45 40.52 −53 29 27.6 1.6 ± 0.3 1.3+0.4
−0.4 4.8

AzTEC J044529.40−534100.9 ADFS-AzTEC118 4 45 29.40 −53 41 00.9 2.4 ± 0.5 2.0+0.6
−0.6 4.7

AzTEC J044553.28−533017.6 ADFS-AzTEC119 4 45 53.28 −53 30 17.6 1.5 ± 0.3 1.3+0.4
−0.4 4.7

AzTEC J044634.10−533721.6 ADFS-AzTEC120 4 46 34.10 −53 37 21.6 2.4 ± 0.5 2.0+0.6
−0.6 4.7

AzTEC J044515.32−533354.3 ADFS-AzTEC121 4 45 15.32 −53 33 54.3 1.5 ± 0.3 1.3+0.4
−0.4 4.7

AzTEC J044435.41−533529.4 ADFS-AzTEC122 4 44 35.41 −53 35 29.4 2.2 ± 0.5 1.8+0.5
−0.6 4.6

AzTEC J044458.94−533504.3 ADFS-AzTEC123 4 44 58.94 −53 35 04.3 1.7 ± 0.4 1.4+0.4
−0.5 4.5

AzTEC J044636.36−532915.4 ADFS-AzTEC124 4 46 36.36 −53 29 15.4 1.6 ± 0.4 1.3+0.4
−0.4 4.5

AzTEC J044605.18−533137.8 ADFS-AzTEC125 4 46 05.18 −53 31 37.8 1.5 ± 0.3 1.2+0.4
−0.4 4.5

AzTEC J044640.93−532608.2 ADFS-AzTEC126 4 46 40.93 −53 26 08.2 1.6 ± 0.4 1.3+0.4
−0.4 4.4

AzTEC J044634.09−532612.2 ADFS-AzTEC127 4 46 34.09 −53 26 12.2 1.6 ± 0.4 1.3+0.4
−0.5 4.4

AzTEC J044756.14−531727.7 ADFS-AzTEC128 4 47 56.14 −53 17 27.7 1.6 ± 0.4 1.4+0.5
−0.4 4.3

AzTEC J044609.04−532913.4 ADFS-AzTEC129 4 46 09.04 −53 29 13.4 1.4 ± 0.3 1.1+0.4
−0.4 4.3

AzTEC J044756.92−531637.4 ADFS-AzTEC130 4 47 56.92 −53 16 37.4 1.7 ± 0.4 1.4+0.5
−0.4 4.3

AzTEC J044528.27−533551.3 ADFS-AzTEC131 4 45 28.27 −53 35 51.3 1.4 ± 0.3 1.1+0.4
−0.4 4.3

AzTEC J044532.76−532921.6 ADFS-AzTEC132 4 45 32.76 −53 29 21.6 1.4 ± 0.3 1.2+0.4
−0.4 4.3

AzTEC J044551.09−532505.4 ADFS-AzTEC133 4 45 51.09 −53 25 05.4 1.6 ± 0.4 1.3+0.4
−0.5 4.3

AzTEC J044438.82−534047.6 ADFS-AzTEC134 4 44 38.82 −53 40 47.6 1.9 ± 0.4 1.5+0.5
−0.5 4.3

AzTEC J044449.52−533723.0 ADFS-AzTEC135 4 44 49.52 −53 37 23.0 1.8 ± 0.4 1.5+0.5
−0.5 4.3

AzTEC J044723.01−531414.1 ADFS-AzTEC136 4 47 23.01 −53 14 14.1 2.2 ± 0.5 1.7+0.6
−0.6 4.2

AzTEC J044746.74−532129.6 ADFS-AzTEC137 4 47 46.74 −53 21 29.6 1.5 ± 0.4 1.3+0.4
−0.4 4.2

AzTEC J044522.17−533345.0 ADFS-AzTEC138 4 45 22.17 −53 33 45.0 1.3 ± 0.3 1.1+0.4
−0.4 4.2

AzTEC J044351.18−534228.7 ADFS-AzTEC139 4 43 51.18 −53 42 28.7 2.2 ± 0.5 1.7+0.6
−0.6 4.2

AzTEC J044758.09−531825.1 ADFS-AzTEC140 4 47 58.09 −53 18 25.1 1.6 ± 0.4 1.3+0.5
−0.4 4.2

AzTEC J044733.34−532222.1 ADFS-AzTEC141 4 47 33.34 −53 22 22.1 1.6 ± 0.4 1.3+0.5
−0.4 4.2

AzTEC J044746.06−532623.4 ADFS-AzTEC142 4 47 46.06 −53 26 23.4 2.0 ± 0.5 1.6+0.5
−0.6 4.1

AzTEC J044715.12−532500.9 ADFS-AzTEC143 4 47 15.12 −53 25 00.9 1.6 ± 0.4 1.3+0.5
−0.5 4.1

AzTEC J044458.75−534319.5 ADFS-AzTEC144 4 44 58.75 −53 43 19.5 2.1 ± 0.5 1.6+0.6
−0.6 4.1

AzTEC J044625.74−531931.6 ADFS-AzTEC145 4 46 25.74 −53 19 31.6 2.1 ± 0.5 1.7+0.6
−0.6 4.1

AzTEC J044637.83−531851.1 ADFS-AzTEC146 4 46 37.83 −53 18 51.1 1.8 ± 0.5 1.4+0.5
−0.6 4.0

AzTEC J044524.83−533134.0 ADFS-AzTEC147 4 45 24.83 −53 31 34.0 1.3 ± 0.3 1.0+0.4
−0.4 3.9

AzTEC J044608.77−533716.8 ADFS-AzTEC148 4 46 08.77 −53 37 16.8 1.4 ± 0.4 1.1+0.4
−0.4 3.9
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Table 2 – continued

Name ID RA Dec. Sobserved Sdeboosted S/N
(h m s) (◦ ′ ′′) (mJy) (mJy)

AzTEC J044515.33−532955.2 ADFS-AzTEC149 4 45 15.33 −53 29 55.2 1.3 ± 0.3 1.1+0.4
−0.4 3.9

AzTEC J044654.28−533116.4 ADFS-AzTEC150 4 46 54.28 −53 31 16.4 1.9 ± 0.5 1.5+0.6
−0.6 3.9

AzTEC J044634.68−532251.6 ADFS-AzTEC151 4 46 34.68 −53 22 51.6 1.5 ± 0.4 1.2+0.5
−0.5 3.8

AzTEC J044508.10−534204.2 ADFS-AzTEC152 4 45 08.10 −53 42 04.2 2.0 ± 0.5 1.5+0.6
−0.6 3.8

AzTEC J044456.83−533216.7 ADFS-AzTEC153 4 44 56.83 −53 32 16.7 1.5 ± 0.4 1.2+0.5
−0.5 3.8

AzTEC J044629.37−532922.3 ADFS-AzTEC154 4 46 29.37 −53 29 22.3 1.3 ± 0.3 1.0+0.4
−0.4 3.8

AzTEC J044655.70−532707.5 ADFS-AzTEC155 4 46 55.70 −53 27 07.5 1.5 ± 0.4 1.2+0.5
−0.5 3.8

AzTEC J044834.45−531642.0 ADFS-AzTEC156 4 48 34.45 −53 16 42.0 1.6 ± 0.4 1.3+0.5
−0.5 3.8

AzTEC J044346.80−534131.8 ADFS-AzTEC157 4 43 46.80 −53 41 31.8 2.0 ± 0.5 1.5+0.7
−0.6 3.8

AzTEC J044822.88−532151.5 ADFS-AzTEC158 4 48 22.88 −53 21 51.5 1.7 ± 0.5 1.3+0.5
−0.6 3.8

AzTEC J044533.34−532423.6 ADFS-AzTEC159 4 45 33.34 −53 24 23.6 1.7 ± 0.4 1.3+0.6
−0.5 3.7

AzTEC J044522.66−532518.8 ADFS-AzTEC160 4 45 22.66 −53 25 18.8 1.6 ± 0.4 1.2+0.5
−0.5 3.7

AzTEC J044407.06−533950.0 ADFS-AzTEC161 4 44 07.06 −53 39 50.0 1.8 ± 0.5 1.3+0.6
−0.6 3.7

AzTEC J044646.61−531632.6 ADFS-AzTEC162 4 46 46.61 −53 16 32.6 1.8 ± 0.5 1.3+0.6
−0.6 3.7

AzTEC J044516.25−534025.3 ADFS-AzTEC163 4 45 16.25 −53 40 25.3 1.7 ± 0.5 1.2+0.5
−0.5 3.7

AzTEC J044512.72−533644.8 ADFS-AzTEC164 4 45 12.72 −53 36 44.8 1.3 ± 0.4 1.0+0.4
−0.5 3.7

AzTEC J044738.40−532327.9 ADFS-AzTEC165 4 47 38.40 −53 23 27.9 1.4 ± 0.4 1.1+0.5
−0.5 3.6

AzTEC J044719.99−532902.4 ADFS-AzTEC166 4 47 19.99 −53 29 02.4 1.8 ± 0.5 1.3+0.6
−0.6 3.6

AzTEC J044422.24−534544.5 ADFS-AzTEC167 4 44 22.24 −53 45 44.5 1.8 ± 0.5 1.3+0.6
−0.6 3.6

AzTEC J044410.42−533838.0 ADFS-AzTEC168 4 44 10.42 −53 38 38.0 1.7 ± 0.5 1.2+0.5
−0.6 3.5

AzTEC J044701.87−532915.7 ADFS-AzTEC169 4 47 01.87 −53 29 15.7 1.7 ± 0.5 1.2+0.5
−0.6 3.5

AzTEC J044327.57−534158.07 ADFS-AzTEC170 4 43 27.57 −53 41 58.07 6.6 ± 0.7 6.1+0.8
−0.7 9.5

AzTEC J044435.40−533316.47 ADFS-AzTEC171 4 44 35.40 −53 33 16.47 4.4 ± 0.6 4.0+0.6
−0.6 7.8

AzTEC J044803.16−532615.99 ADFS-AzTEC172 4 48 03.16 −53 26 15.99 4.6 ± 0.6 4.2+0.7
−0.6 7.7

AzTEC J044819.80−532444.49 ADFS-AzTEC173 4 48 19.80 −53 24 44.49 4.4 ± 0.6 3.9+0.6
−0.7 7.3

AzTEC J044421.55−534823.46 ADFS-AzTEC174 4 44 21.55 −53 48 23.46 4.4 ± 0.6 3.9+0.7
−0.7 7.2

AzTEC J044502.44−534452.07 ADFS-AzTEC175 4 45 02.44 −53 44 52.07 4.2 ± 0.6 3.8+0.7
−0.7 7.0

AzTEC J044511.21−532400.67 ADFS-AzTEC176 4 45 11.21 −53 24 00.67 4.0 ± 0.7 3.4+0.7
−0.7 6.0

AzTEC J044636.65−531618.03 ADFS-AzTEC177 4 46 36.65 −53 16 18.03 3.3 ± 0.6 2.9+0.7
−0.6 5.7

AzTEC J044652.58−531505.07 ADFS-AzTEC178 4 46 52.58 −53 15 05.07 3.1 ± 0.6 2.6+0.6
−0.6 5.5

AzTEC J044352.49−534647.20 ADFS-AzTEC179 4 43 52.49 −53 46 47.20 3.4 ± 0.6 2.9+0.7
−0.7 5.4

AzTEC J044335.26−534340.94 ADFS-AzTEC180 4 43 35.26 −53 43 40.94 3.4 ± 0.6 2.8+0.7
−0.7 5.4

AzTEC J044331.59−533937.66 ADFS-AzTEC181 4 43 31.59 −53 39 37.66 3.6 ± 0.7 3.0+0.8
−0.7 5.3

AzTEC J044446.10−532828.82 ADFS-AzTEC182 4 44 46.10 −53 28 28.82 3.6 ± 0.7 2.9+0.8
−0.8 5.1

AzTEC J044813.09−531023.30 ADFS-AzTEC183 4 48 13.09 −53 10 23.30 3.1 ± 0.6 2.5+0.7
−0.7 4.9

AzTEC J044559.84−534117.11 ADFS-AzTEC184 4 45 59.84 −53 41 17.11 3.0 ± 0.6 2.4+0.7
−0.7 4.7

AzTEC J044657.28−533204.37 ADFS-AzTEC185 4 46 57.28 −53 32 04.37 2.6 ± 0.6 2.1+0.7
−0.6 4.5

AzTEC J044853.36−531151.36 ADFS-AzTEC186 4 48 53.36 −53 11 51.36 2.8 ± 0.6 2.2+0.7
−0.7 4.5

AzTEC J044845.15−531020.30 ADFS-AzTEC187 4 48 45.15 −53 10 20.30 2.9 ± 0.7 2.3+0.8
−0.7 4.4

AzTEC J044911.57−531409.24 ADFS-AzTEC188 4 49 11.57 −53 14 09.24 3.0 ± 0.7 2.3+0.8
−0.7 4.4

AzTEC J044739.25−531234.57 ADFS-AzTEC189 4 47 39.25 −53 12 34.57 2.5 ± 0.6 1.9+0.7
−0.7 4.1

AzTEC J044410.78−534755.51 ADFS-AzTEC190 4 44 10.78 −53 47 55.51 2.4 ± 0.6 1.8+0.7
−0.7 4.0

AzTEC J044722.60−533044.49 ADFS-AzTEC191 4 47 22.60 −53 30 44.49 2.7 ± 0.7 2.0+0.8
−0.8 3.9

AzTEC J044639.24−531515.80 ADFS-AzTEC192 4 46 39.24 −53 15 15.80 2.4 ± 0.7 1.7+0.8
−0.8 3.8

AzTEC J044822.21−532519.16 ADFS-AzTEC193 4 48 22.21 −53 25 19.16 2.6 ± 0.7 1.8+0.8
−0.9 3.7

AzTEC J044638.14−533806.11 ADFS-AzTEC194 4 46 38.14 −53 38 06.11 2.4 ± 0.6 1.7+0.7
−0.8 3.7

AzTEC J044607.81−532028.67 ADFS-AzTEC195 4 46 07.81 −53 20 28.67 2.6 ± 0.7 1.8+0.8
−0.9 3.7

AzTEC J044553.73−532144.72 ADFS-AzTEC196 4 45 53.73 −53 21 44.72 2.4 ± 0.7 1.6+0.8
−0.8 3.6

AzTEC J044648.62−531447.09 ADFS-AzTEC197 4 46 48.62 −53 14 47.09 2.2 ± 0.6 1.5+0.8
−0.7 3.6

AzTEC J044831.02−531003.43 ADFS-AzTEC198 4 48 31.02 −53 10 03.43 2.3 ± 0.6 1.5+0.8
−0.8 3.5
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Figure 4. Number of false detections expected above given signal-to-noise
ratio thresholds calculated in the 50 and 30–50 per cent coverage regions.
The error bars are 1σ Poisson uncertainties.
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Figure 5. Survey completeness for the 50 per cent coverage region. The
error bars are 1σ from the binomial distribution.

UV/optical galaxies does not significantly change the SMG num-
ber counts given the large volume and redshift space sampled by
the millimetre-wavelength observations. Compared to the ADF-
S, the counts from GOODS-N and COSMOS are higher, while the
counts from SHADES are lower. The overdensity of bright SMGs in
AzTEC/COSMOS compared to other blank fields has been shown
to be correlated with foreground structure at z � 1 (Austermann
et al. 2009). Since the GOODS and the SHADES fields have no
known biases, the diversity in the number counts likely arises from
cosmic variance given the small areas of these surveys.

5.4 Comparison with models

We compare the cumulative number counts with the models of
Takeuchi et al. (2001a,b), Franceschini et al. (2010) and Rowan-
Robinson (2009) which successfully reproduce the observed CIB
and number counts at IR and submillimetre wavelengths. The mod-
els of Franceschini et al. (2010) and Rowan-Robinson (2009) are
constructed to match observed 1.1-mm number counts of AzTEC
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Figure 6. Probability that a source is detected outside an angular distance
from its true position. The probability is calculated for sources with 3.5 ≤
S/N < 4.0, 4.5 ≤ S/N < 5.0 and 5.5 ≤ S/N < 6.0. The horizontal dashed
lines indicate 68.3 and 99.5 per cent confidence intervals. The shaded regions
represent theoretical predictions derived in Ivison et al. (2007) for the S/N
ranges.
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Figure 7. Differential number counts in the ADF-S, the SXDF and the SSA
22 fields surveyed by AzTEC/ASTE. The counts are calculated for the 50 per
cent coverage regions. The error bars represent the 68.3 per cent confidence
intervals. The red curve represents the best-fitting Schechter functional form
of the ADF-S: dN/dS = N3 mJy(S/3 mJy)−1 exp(−(S − 3 mJy)/S′) with
N3 mJy = 169 ± 19 and S′ = 1.48 ± 0.20. The number counts of previous
1.1-mm surveys are also shown: GOODS-N (Perera et al. 2008), COSMOS
(Austermann et al. 2009), SHADES (Austermann et al. 2010) and GOODS-
S (Scott et al. 2010). The horizontal dashed line represents the survey limit
of the ADF-S, which Poisson deviations to zero sources per bin 32.7 per
cent. The bin centres of some number counts are shifted by ±3 per cent for
easier comparison.

surveys of the COSMOS field (Austermann et al. 2009) and
GOODS-N field (Perera et al. 2008), respectively.

The model of Takeuchi et al. (2001a,b) consists of three compo-
nents: (i) the far-IR (FIR) spectral energy distribution (SED) based
on the IRAS colour–luminosity relation at 60 and 100 µm, (ii) the lo-
cal 60-µm luminosity function adopted from the IRAS data and (iii)
galaxy evolution with redshift. The 60-µm luminosity of a galaxy is
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Figure 8. Cumulative number counts in the ADF-S, the SXDF and the
SSA 22 fields surveyed by AzTEC/ASTE. The counts are calculated for
the 50 per cent coverage regions. The error bars indicate 68.3 per cent
confidence intervals. The red curve represents the best-fitting Schechter
functional form of the ADF-S. Number counts of previous 1-mm surveys
are also shown: the AzTEC/JCMT surveys of GOODS-N (Perera et al.
2008), COSMOS (Austermann et al. 2009), SHADES (Austermann et al.
2010), the AzTEC/ASTE GOODS-S (Scott et al. 2010), 1.2-mm MAMBO
surveys of the Lockman Hole and ELAIS N2 regions (Greve et al. 2004).
The horizontal dashed line represents the survey limit of the ADF-S, which
Poisson deviations to zero sources per bin 32.7 per cent. The bin centres of
some number counts are shifted by ±3 per cent for easier comparison.

Table 3. Differential and cumulative number counts in the ADF-S. The
flux bin centres for the differential counts (first column) are weighted by the
assumed prior. The errors are 68.3 per cent confidence intervals.

Flux density Differential counts Flux density Cumulative counts
(mJy) (mJy−1 deg−2) (mJy) (deg−2)

1.39 1074+123
−137 1.0 1590+134

−151

2.41 312+44
−51 2.0 515+54

−64

3.42 109+24
−28 3.0 204+31

−38

4.42 63+17
−21 4.0 95+20

−26

5.43 25+10
−14 5.0 31+11

−15

6.43 5.7+3.4
−5.7 6.0 5.8+3.4

−5.7

thus described as a function of redshift, assuming pure luminosity
evolution:

L60(z) = L60(z = 0)f (z), (2)

where L60 is the luminosity at 60 µm and L60(z = 0) represents
the local 60-µm luminosity function. The form of f (z) is a step-
wise non-parametric function. Takeuchi et al. (2001b) assume three
evolutionary scenarios (see fig. 2 of Takeuchi et al. 2001b) within
the permitted range derived from the observed CIB and number
counts at 15, 60, 90, 170, 450 and 850 µm as follows. (i) Evolution
1: f (z) rises steeply between z = 0 and 0. 5, reaches f (z) = 10, is
constant from z = 0.5 to 2 and decreases slowly between z = 2 and
5. (ii) Evolution 2: f (z) quickly rises between z = 0 and 0. 5, peaking
with f (z) = 30 between z = 0.5 and 0.7 5 and having a long plateau
with f (z) = 10 between z = 0.75 and 5. (iii) Evolution 3: f (z) rises

Table 4. Differential and cumulative number counts in the SXDF and the
SSA 22 field. The flux bin centres for the differential counts (first column)
are weighted by the prior. The errors are 68.3 per cent confidence intervals.

Flux density Differential counts Flux density Cumulative counts
(mJy) (mJy−1 deg−2) (mJy) (deg−2)

SXDF

1.38 1110+148
−148 1.0 1578+156

−158

2.40 314+44
−48 2.0 468+50

−56

3.41 95+20
−23 3.0 154+24

−20

4.41 32+11
−14 4.0 59+13

−19

5.42 13+5.7
−9.0 5.0 27+7.6

−13

6.42 7.4+3.5
−6.9 6.0 14+5.1

−8.9

SSA 22

1.40 572+152
−178 1.0 1006+163

−191

2.42 251+52
−60 2.0 434+59

−69

3.43 103+24
−27 3.0 182+28

−34

4.44 46+13
−17 4.0 80+16

−21

5.44 19+7.7
−11 5.0 34+8.8

−13

6.44 7.0+3.3
−6.6 6.0 15+4.2

−7.0

Table 5. Best-fitting parameters of parametric fits to
differential number counts in the ADF-S, SXDF and
SSA 22 fields using the Schechter functional form in
equation (1). The errors are 1σ uncertainty.

Field N3 mJy S′
(mJy−1 deg−2) (mJy)

ADF-S 169 ± 19 1.48 ± 0.20
SXDF 144 ± 17 1.24 ± 0.15

SSA 22 132 ± 18 1.85 ± 0.38

between z = 0 and 1, peaks with f (z) = 30 between z = 1 and 2 and
has a plateau with f (z) = 20 between z = 2 and 5. They adopt two
additional evolution models which are made by modifying evolution
1 to rise to f (z) = 101.5 and f (z) = 102.0 between z = 1 and 2, which
we will refer to as ‘evolution 4’ and ‘evolution 5’, respectively.
Fig. 9 compares 1.1-mm observed number counts to the five models,
along with a no-evolution model. The no-evolution, evolution 1 and
evolution 2 models are lower than the observed counts, suggesting
that significant luminosity evolution with f (z) > 10 is needed. Given
that these five models fail to explain the observed counts, the models
need to be modified. Possible ways to solve this discrepancy are to
(i) change the functional form of the evolutionary scenarios and
(ii) make the luminosity evolution dependent on luminosity. These
issues are discussed in more detail in Takeuchi et al. (in preparation).

The model of Franceschini et al. (2010) is constructed to repro-
duce the latest observed counts at 15, 24, 70, 350, 850 and 1100 µm;
the redshift-dependent luminosity functions at 15 µm and the CIB.
They assume both luminosity and number density evolution and
create number counts starting from the IRAS 12-µm luminosity
function. The model population consists of four galaxy classes:
non-evolving normal spirals, Type-I active galactic nuclei (AGNs),
starburst galaxies of moderate luminosities (or luminous IR galax-
ies) and very luminous starburst galaxies [or ultra-luminous IR
galaxies (ULIRGs)]. The four populations follow different evolu-
tion in luminosity and number density. The model of Franceschini
et al. (2010) overestimates the ADF-S counts, while it is consistent
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Figure 9. Comparison of 1.1-mm observed number counts with the models
of Takeuchi et al. (2001b). Descriptions of the models are in Section 5.4.
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Figure 10. Comparison of 1.1-mm observed number counts with the models
of Rowan-Robinson (2009) and Franceschini et al. (2010). Descriptions of
the models are in Section 5.4.

with the counts of the AzTEC/COSMOS survey. This is not surpris-
ing, since the model is created to reproduce the 1.1-mm counts of
the AzTEC/COSMOS, where a significant overdensity of sources
has been reported (Austermann et al. 2009).

The model of Rowan-Robinson (2009) is created by modifying
the model of Rowan-Robinson (2001) to reproduce the latest ob-
served counts, particularly at 24 µm. The model assumes pure lumi-
nosity evolution. The model consists of four spectral components:
IR cirrus, M82-like starburst, Arp 220-like starburst and AGN dust
torus. Rowan-Robinson (2009) creates three models with formation
redshifts of zf = 4, 5 and 10. Fig. 10 shows that the model with zf =
4 well describes the ADF-S counts down to the faint end, but at the
bright end it overestimates the ADF-S counts.

All of the models presented in this section do not match simulta-
neously the faint and bright ends of observed counts, requiring the
models to be modified.

6 C O N T R I BU T I O N TO TH E C O S M I C
I N F R A R E D BAC K G RO U N D

We estimate the fraction of the CIB resolved by the ADF-S survey.
The total deboosted flux density of the ≥3.5σ sources in the 50 per
cent coverage region is 1.9 ± 0.03 Jy deg−2. The expected 1.1-
mm background as measured by the Cosmic Background Explorer
satellite is 18–24 Jy deg−2 (Puget et al. 1996; Fixsen et al. 1998);
therefore, we have resolved about 7–10 per cent of the CIB into
discrete sources. This is similar to the resolved fraction of the CIB
reported by other 1-mm blank field surveys (Greve et al. 2004; Lau-
rent et al. 2005; Maloney et al. 2005; Scott et al. 2008, 2010). This
could be caused by the survey incompleteness due to the confusion
noise and the fewer bright sources in the ADF-S, despite the deeper
sensitivity compared to the other surveys.

To estimate the total integrated flux density corrected for the
survey incompleteness, and to include fainter sources below the
detection threshold, we integrate the best-fitting Schechter function
of the ADF-S obtained in Section 5. The integration of the best-
fitting function at ≥1 mJy, where the number counts are tightly
constrained, is 2.9 Jy deg−2, which corresponds to 12–16 per cent
of the CIB at 1.1 mm. This suggests that a large fraction of the CIB
originates from submillimetre-faint sources for which the number
counts have not yet been constrained. Integration of the best-fitting
number counts extrapolating to lower fluxes (down to 0 mJy) results
in a total flux density of 5.7 Jy deg−2, which is only 24–32 per cent
of the CIB at 1.1 mm, suggesting that the faint-end slope of the
actual number counts should be steeper than that of the present
best-fitting model. It is possible that a Schechter functional form is
not appropriate for representing 1.1-mm number counts.

7 R EDSHI FT C ONSTRAI NT

In order to constrain redshifts of AzTEC sources, we compare
AzTEC sources in the 30 per cent coverage region with the far-
IR images obtained by AKARI/FIS (Shirahata et al., in preparation).
The ADF-S is observed at four bands: 65, 90, 140 and 160 µm, with
FWHMs of 37, 39, 58 and 61 arcsec, respectively. The detection
limits of the AKARI data are 46.5, 15.7, 183 and 608 mJy (3σ )
at 65, 90, 140 and 160 µm, respectively. We compare the AzTEC
sources with the 90-µm source catalogue, which is most sensitive
and reliable among the four bands, and found that only 11 AzTEC
sources are within a 20-arcsec radius from the 90-µm sources. A
detailed multiwavelength study of these sources will be made in a
future paper. We constrain the redshifts of the AzTEC sources using
their flux ratios of 1.1 mm to 90 µm. Fig. 11 shows the expected
flux ratio as a function of redshift for two different SED models:
Arp 220 (Silva et al. 1998), a typical ULIRG, and the average SED
of 76 SMGs with spectroscopic redshifts (Michałowski, Hjorth &
Watson 2010). The horizontal dotted lines represent the flux ratios
of AzTEC sources with 90-µm counterpart candidates. The shaded
region represents upper limits on the flux ratios of the remaining
AzTEC sources from the 3σ detection limit at 90 µm. The figure
suggests that most of the AzTEC sources are likely to be at z � 1.5.

At z > 1, the flux density of SMGs is nearly redshift independent
and thus is proportional to the IR luminosity. By scaling the IR
luminosities of the SED models, we estimate IR luminosities of
the AzTEC sources to be ∼3–14 × 1012 L�. If the emission is
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Figure 11. Observed flux ratios of 1.1 mm to 90 µm as a function of redshift.
The solid and dashed curves represent the SED models of Arp 220 (Silva
et al. 1998) and the average SED of 76 SMGs with spectroscopic redshifts
(Michałowski et al. 2010), respectively. The horizontal dotted lines indicate
the flux ratios of AzTEC sources with 90-µm counterpart candidates. The
shaded region represents the 3σ upper limits of 90 µm for AzTEC sources
without 90-µm detections.

powered solely by star formation activity, the inferred SFRs are
∼500–2400 M� yr−1 (Kennicutt 1998).

8 C OSM IC STA R FORMATION H ISTO RY
TRAC ED BY 1.1 -MM SOURCES

8.1 Star formation rate density

From UV/optical surveys, the total SFR per unit comoving volume
(SFR density) is observed to increase with redshift from z ∼ 7 to
3, peak at z ∼ 3–1 and decline steadily from z = 1 to 0 (e.g. Lilly
et al. 1996; Madau et al. 1996; Steidel et al. 1999; Giavalisco et al.
2004; Bouwens et al. 2010). It is suggested that SFRs per unit co-
moving volume (SFR density) increase with redshift from z ∼ 7 to
3, peaks at z ∼ 1–3 and decreases from z ∼ 1. However, the SFR
density derived by UV/optically selected galaxies has large uncer-
tainty due to the extinction by dust. It is also possible that dusty
galaxies are missed entirely by these previous studies. Compara-
tively speaking, millimetre and submillimetre wavelengths have a
great advantage in tracing dusty starburst galaxies at high redshifts.
Previous submillimetre surveys suggested that SMGs contribute
significantly (�10–20 per cent) to the cosmic SFR density at z ∼
2–3 (e.g. Hughes et al. 1998; Chapman et al. 2005; Aretxaga et al.
2007; Dye et al. 2008; Wardlow et al. 2010).

We estimate the SFR density contributed by 1.1-mm sources us-
ing the best-fitting number counts in the ADF-S derived in Section 5.
FIR luminosities of the 1.1-mm sources are calculated by assuming
the SED models of Arp 220 (Silva et al. 1998) and the average SED
of SMGs (Michałowski et al. 2010), and SFRs are derived from
FIR luminosity using the equation of Kennicutt (1998). The largest
uncertainty comes from the lack of redshift information. Since the
redshifts of the 1.1-mm sources are not known, we assume redshift
distributions based on previous studies. The largest spectroscopic
sample of SMGs obtained by Chapman et al. (2005) has a median
redshift of z = 2.2 with an interquartile range of 1.7–2.8, and the
redshift distribution is well fitted by Gaussian. Pope et al. (2006)
found a median redshift of z = 2.2 with an interquartile range of
1.4–2.6 using spectroscopic and photometric redshifts of SMGs

in the Hubble Deep Field-North. Aretxaga et al. (2007) estimated
photometric redshifts of SHADES sources and found a median of
z = 2.4 with an interquartile range of z = 1.8–3.1, and that redshift
distribution has a near-Gaussian form. Chapin et al. (2009) derive
a higher median redshift of z = 2.7 using spectroscopic and photo-
metric redshifts of 1.1-mm sources detected in the AzTEC/JCMT
GOODS-N survey.

Based on these measurements, we adopt Gaussian functional
forms of redshift distributions with central redshifts of zc = 2.2, 2.4
and 2.7. We assume σ z = 0.5 and σ z = 1.0 for narrow and broad
redshift distributions, respectively. These redshift distributions are
consistent with the fact that the most of the AzTEC sources are at
z � 1.5 (see Section 7). We calculate the total flux by integrating
the differential number counts at ≥1 mJy and distribute the total
flux following the assumed redshift distributions. If we integrate
the number counts down to 0.1 mJy, the total flux density would
increase by about a factor of 2.

The derived SFR densities using the Arp 220 SED model are
shown in Fig. 12 and the average values in redshift bins are pre-
sented in Table 6. The results derived from the two assumed SED
models are consistent within 30 per cent. Although the derived SFR
densities largely depend on the assumed redshift distribution, they
are within the range of those derived in previous studies with SMGs
(Hughes et al. 1998; Chapman et al. 2005; Aretxaga et al. 2007; Dye
et al. 2008; Wardlow et al. 2010). In Fig. 12, extinction-corrected
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Figure 12. SFR density estimated from the best-fitting number counts in
the ADF-S. Four redshift distributions are assumed. The SFR densities are
calculated by integrating the number counts at ≥1 mJy and using the SED
model of Arp 220. The results from previous UV/optical observations are
plotted for comparison (compiled data are taken from Hopkins 2004, and
references therein).

Table 6. Comoving SFR density averaged in redshift bins estimated from
the best-fitting number counts in the ADF-S. Four redshift distributions are
assumed. The SFR densities are calculated by integrating the number counts
at ≥1 mJy and using the SED model of Arp 220.

(zc, σ z) Comoving SFR density
(M� yr−1 Mpc−3)

z = 1–2 z = 2–3 z = 3–4 z = 4–5

(2.2, 0.5) 3.0 × 10−2 4.6 × 10−2 4.1 × 10−3 1.2 × 10−5

(2.4, 0.5) 1.9 × 10−2 5.1 × 10−2 8.5 × 10−3 5.2 × 10−5

(2.4, 1.0) 2.3 × 10−2 2.9 × 10−2 1.6 × 10−2 3.8 × 10−3

(2.7, 1.0) 1.7 × 10−2 2.9 × 10−2 2.1 × 10−2 6.5 × 10−3
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SFR densities derived from previous UV/optical observations are
also shown for comparison (Hopkins 2004). The SFR densities of
1.1-mm sources are lower by about a factor of 5–10 at z ∼ 2–3
compared to those of the UV/optically selected galaxies.

In Section 6, we found that integrating the AzTEC/ADF-S num-
ber counts at ≥1 mJy accounts for 12–16 per cent of the CIB at
1.1 mm. If we assume that the rest of the CIB comes from fainter
sources, the total SFR density contributed by 1.1-mm sources in-
cluding <1-mJy sources would increase by about a factor of 6–8,
which is comparable to or higher than that of the UV/optically se-
lected galaxies at z ∼ 2–3. We note that in this case, the faint 1.1-mm
sources and UV/optical sources can overlap. The large contribution
of dusty galaxies to the SFR density is suggested by Goto et al.
(2010) based on 8- and 12-µm observations. They found that the
dust-obscured SFR density at z ∼ 2 is ∼0.5 M� yr−1 Mpc−3, which
is consistent with the SFR density of 1.1-mm sources including the
fainter (<1-mJy) population sources.

8.2 Stellar mass density

We estimate the fraction of the stellar mass in the present-day uni-
verse produced by 1.1-mm sources with ≥1 mJy by integrating
the SFR density derived in the previous section. The present-day
stellar mass density is estimated from local luminosity functions
(e.g. Cole et al. 2001; Bell et al. 2003; Kajisawa et al. 2009). Cole
et al. (2001) derived the present-day stellar mass density of (5.6 ±
0.8) × 108 M� Mpc−3 assuming a Salpeter (1955) initial mass func-
tion (IMF). The time integration of the SFR densities at z ≥ 1 for
the four assumed redshift distributions [(zc, σ z) = (2.2, 0.5), (2.4,
0.5), (2.4, 1.0) and (2.7, 1.0)] yields 1.2 × 108, 1.0 × 108, 1.0 ×
108 and 0.90 × 108 M� Mpc−3, respectively. This corresponds to
∼20 per cent of the present-day stellar mass density. This is an
upper limit since materials forming massive stars returned to the
interstellar medium (ISM) via stellar winds and supernovae explo-
sions. The fraction of stellar mass returned to the ISM, called as the
recycled fraction, is estimated in semi-analytical models (e.g. Cole
et al. 2000; Baugh et al. 2005; Gonzalez et al. 2010; Lacey et al.
2010), and it depends on the IMF: 0.41 for the Kennicutt (1983)
IMF and 0.91 for a top-heavy IMF (Cole et al. 2000; Lacey et al.
2010). If we assume the recycled fractions of 0.41 and 0.91, the
fraction of the stellar mass in the present-day universe produced by
1.1-mm sources with ≥1 mJy decreases to ∼10 and a few per cent,
respectively.

9 SU M M A RY

We performed a 1.1-mm deep survey of the ADF-S with AzTEC
mounted on the ASTE, obtaining one of the deepest and widest
maps at millimetre wavelengths. The 30 and 50 per cent coverage
regions have areas of 909 and 709 arcmin2, and noise levels of 0.32–
0.71 and 0.32–0.55 mJy, respectively. We detected 198 previously
unknown millimetre-bright sources with 3.5σ–15.6σ in the 30 per
cent coverage region, providing the largest 1.1-mm source catalogue
from a contiguous region.

We constructed differential and cumulative number counts in the
ADF-S, the SXDF and the SSA 22 field which probe fainter flux den-
sities (down to 1 mJy) compared to previous surveys except for the
AzTEC/ASTE GOODS-S survey. On the whole, the 1-mm counts of
various surveys are consistent within errors. We compare the num-
ber counts with the luminosity evolution models of Takeuchi et al.
(2001b), Franceschini et al. (2010) and Rowan-Robinson (2009).
Comparison with the Takeuchi et al. (2001b) model suggests that

a luminosity evolution with a factor of >10 is needed to explain
the observed number counts. The observed number counts favour
the model of Rowan-Robinson (2009) with zf = 4, but none of
these models simultaneously match both the bright and faint ends
of the number counts from 1 to 10 mJy.

In the ADF-S survey, we resolve about 7–10 per cent of the CIB
at 1.1 mm into discrete sources. The integration of the best-fitting
number counts in the ADF-S down to 1 mJy reaches 12–16 per
cent of the CIB. This suggests that the large fraction of the CIB at
1.1 mm originates from faint sources (S1.1mm < 1 mJy) for which
the number counts have not yet been constrained. The integration of
the best-fitting number counts extrapolating to 0 mJy accounts for
only 24–32 per cent of the CIB, suggesting that the faint-end slope
of the number counts is steeper than that given by our best-fitting
model.

The redshifts of the AzTEC sources are constrained from their
flux ratios of 1.1 mm to 90 µm from the AKARI/FIS. Most of the
AzTEC sources are not detected at 90 µm, suggesting that they are
likely to be at z � 1.5. Assuming z � 1, the inferred IR luminosities
of the AzTEC sources are ∼(3–14) × 1012 L�, and their SFRs
inferred from the IR luminosities are ∼500–2400 M� yr−1.

We derived the cosmic SFR density contributed by 1.1-mm
sources using the best-fitting model to the differential number
counts. Although the derived SFR density largely depends on the
assumed redshift distribution, our estimates are within the range of
those derived in previous studies with SMGs. The SFR density of
1.1-mm sources with ≥1 mJy at z ∼ 2–3 is lower by about a factor
of 5–10 than that of UV/optically selected galaxies. If we consider
the fact that the contribution of 1.1-mm sources with ≥1 mJy to the
CIB at 1.1 mm is 12–16 per cent, the SFR density of 1.1-mm sources
including those fainter than S1.1mm < 1 mJy would become compa-
rable to or higher than that of UV/optically selected galaxies. The
fraction of the present-day stellar mass of the universe produced by
1.1-mm sources with ≥1 mJy at z ≥ 1 is ∼20 per cent, calculated by
the time integration of the SFR density. If we consider the recycled
fractions of 0.41 and 0.91, the fraction of stellar mass produced by
1.1-mm sources becomes ∼10 and a few per cent, respectively.
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