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Figure 4. 30 x 30 arcsec? postage stamps showing AzTEC counterpart identifications in GOODS-N. The left-hand panels show the VLA 1.4 GHz map
stretched between —20 py (black) and +30 py (white). The contours indicate fractions 0.1, 0.5 and 0.9 of the peak S/N in the AzTEC (white) and SCUBA
(black; not always available) postage stamps. In addition, AzGN 1, AzGN 1.2, AzGN 14 and AzGN 22 have had the effects of nearby blended sources
removed. The undeblended AzZTEC map contours are shown with dashed white lines for comparison. Cross-hairs indicate the locations of potential counterparts
from the catalogues in which they were originally identified: white for the 40 radio catalogue; yellow for the 3¢ radio catalogue; and green for the MIPS 24 um
catalogue. Long cross-hairs correspond to IDs with P < 0.05 and small cross-hairs for P > 0.05. The right-hand panels are false-colour images constructed
from IRAC 3.6 (blue), 4.5 (green) and 5.8 um (red) exposures. Squares indicate the locations of radio/IR counterparts to SCUBA sources proposed in Pope
et al. (2006). The solid and dashed circles indicate search radii of 6 and 10 arcsec, respectively. Approximately 1 or 2 of the AZTEC sources are expected to be

false positives.

objects. For AzGN 1.2, we find that both the proposed counterpart
of Pope et al. (2006) (P = 0.005 in this paper) and a second fainter
radio object (with P = 0.037, also noted by Daddi et al. 2009a) are
both robust identifications by our definition. In another similar case,
only one object from a radio double identified by Pope et al. (2006)
for AzGN 18 is strictly a robust counterpart (P = 0.032 in this pa-
per), while the second radio source misses the cut, with P = 0.051.
The only object for which we propose a completely different coun-
terpart is AzGN 11/GN 27, which was classified as ‘tentative’ in
the SCUBA map: the Advanced Camera for Surveys (ACS)/Infrared
Array Camera (IRAC) identification from Pope et al. (2006) is ab-
sent in the 1.4 GHz map, and we instead propose a radio source that
lies slightly to the north, with P = 0.027.

3 REDSHIFT DISTRIBUTION

Some recent surveys at 1.1-1.2 mm claim to detect higher redshifts
than SCUBA surveys at 850 um (e.g. Younger et al. 2007; Greve
et al. 2008), while others find redshift distributions that are indis-
tinguishable, possibly due to small sample sizes (e.g. Greve et al.
2004; Bertoldi et al. 2007). For this AZTEC survey, we more ac-

curately quantify any differences using greatly improved redshift
information, and comparing directly to the SCUBA results in this
field using the same methodology. While the uncertainty in the
1.1 mm distribution derived from our data is large, due to the rel-
atively small sample size, and cosmic variance resulting from the
area of GOODS-N, this differential measurement yields a useful
comparison between the two bands.

A number of groups have obtained spectroscopic redshifts in
GOODS-N (e.g. Cohen et al. 2000; Cowie et al. 2004; Wirth et al.
2004; Chapman et al. 2005; Reddy et al. 2006; Barger, Cowie &
Wang 2008; Daddi et al. 2009a; Pope et al. 2008; Daddi et al.
2009b, Stern et al., in preparation). We found spectroscopic red-
shifts for 10 of our proposed AzTEC counterparts in these publicly
available data sets (see Table A2). However, one of those redshifts
(AzGN 8) corresponds to the least favourable counterpart
within the search radius (see the discussion for this source in
Appendix B). Another similar case is AzGN 27 for which a spec-
troscopic redshift has been obtained only for the more distant of
two potential counterparts. Finally, two radio sources that appear to
be associated with the single object AzGN 7 lie at redshifts z =
1.996 and 1.992, and we assign a single redshift of z = 1.994,
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which is sufficiently precise for the purposes of this paper. There-
fore, our sample of 21 sources with unambiguous identifications
contains only 7/21 sources with spectroscopic redshifts. This frac-
tion is considerably lower than the 15/20 spectroscopic redshifts
for robust counterparts from the Pope et al. (2006) SCUBA sample
(also excluding HDF 850.1), including the two new redshifts for
GN 20 and GN 20.2 from Daddi et al. (2009a), the redshift for GN
10 from Daddi et al. (2009b) and two additional Spitzer Infrared
Spectrograph (IRS) redshifts from Pope et al. (2008). However, we
are not surprised at this lower rate since we rely on archival data for
the redshifts of counterparts to new AzTEC sources, whereas many
of the spectroscopic redshifts for SCUBA sources were obtained
using targeted follow-up of proposed identifications.

For sources without a spectroscopic redshift, we first searched for
optical photometric redshift estimates. As none were found, we in-
stead employed two photometric redshift calculations using longer
wavelength data. The first, z;, is a simple function of the Spitzer
photometry with coefficients derived from fits to SCUBA sources
in GOODS-N with spectroscopic redshifts (Pope et al. 2006). Al-
though this method does not assume any particular SED, it benefits
from the 1.6 um stellar bump that produces a strong characteris-
tic feature in the observed IRAC 3.6-8.0 um bands for sources at
redshifts 1 < z < 4 (Simpson & Eisenhardt 1999; Sawicki 2002).
Such an empirical calculation may provide less biased results than
fitting spectral templates to the data since there are degeneracies
between the derived redshift and assumptions about the starburst
producing the stellar bump (see discussion in Yun et al. 2008).
While the residuals for this functional fit are relatively small (with
a maximum Az = 0.4), no uncertainties are provided in Pope et al.
(2006) for the remaining sources. However, a similar photometric
redshift estimator was derived by Wilson et al. (2008b), and a com-
parison with spectroscopic redshifts for SMGs from several fields
[including SCUBA sources from both GOODS-N and SCUBA Half
Degree Extragalatic Survey (SHADES)] finds that a 1o error en-
velope Az = 0.15(1 + z) is a reasonable uncertainty estimate for
15 SMGs at redshifts 0 < z < 3. We have compared the Pope
et al. (2006) and Wilson et al. (2008b) photometric redshift for-
mulae for our data and find that of the seven robust identifications
with spectroscopic redshifts both methods provide estimates con-
sistent with the spectroscopic measurements for the three sources
at z < 3, within the Wilson et al. (2008b) error envelope. However,
both estimates are biased low at z > 3, more so using the Wil-
son et al. (2008b) redshift estimator. We also checked the scatter
between the two methods for all of the robust identifications find-
ing that they both gave answers compatible with the Wilson et al.
(2008b) uncertainty estimate. This bias and scatter are unsurprising
as both formulae were fit to SMGs with spectroscopic redshifts z
< 3. In this work, we assume the 1o uncertainties are also Az =
0.15(1 4 z), but warn the reader that the redshifts of more dis-
tant objects are probably systematically underestimated with this
technique.

The second photometric redshift indicator, z,y,, uses the radio and
(sub)mm flux densities fit to templates of local galaxies assuming
the radio-IR correlation holds at high redshift (e.g. Carilli & Yun
1999; Aretxaga et al. 2007). This method provides the only redshift
estimates for a handful of sources around the edges of the AzZTEC
map where there is no Spitzer or optical coverage from the GOODS
survey (the entire AzZTEC survey area overlaps with the 1.4 GHz
data). Our redshifts are calculated using the same methodology as
Aretxaga et al. (2007) and summarized in Table A2. We note that the
quoted 68 per cent confidence intervals are theoretical estimations;
Aretxaga et al. (2007) checked the scatter between photometric
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Figure 5. The redshift distribution of the 18 robustly identified 1.1 mm
sources in GOODS-N (black histogram) with redshifts, adopting unique
identifications from Table A2 with the smallest P values for each source.
The grey histogram is the redshift distribution of 20 similarly robust SCUBA
850 pum sources from Pope et al. (2006), excluding GN 14, and updating
some spectroscopic redshifts based on Daddi et al. (2009a,b) and Pope et al.
(2008). There is not an integral number of sources in each bin because the
uncertainties in photometric redshifts have been included. The results of K—
S and M-W tests indicate chance probabilities pxs = 0.05 and pyw = 0.01,
that both histograms were drawn from the same parent distribution (although
they can be larger when individual redshift uncertainties are included, see
Section 3). For comparison, the dashed red and green dotted histograms
show the distribution of spectroscopic redshifts for AZTEC and SCUBA
sources, respectively. The excess number of objects in the 4.0 < z < 4.5 bin
may be members of a high-redshift protocluster (Daddi et al. 2009a,b).

and spectroscopic redshifts for a sample of SMGs with radio and
submm data of similar quality to GOODS-N finding an empirical
symmetric 1o scatter of Az, = 0.8. We also adopt this uncer-
tainty for consistency with the empirically measured uncertainties
for z;,.

In Fig. 5, we show the AzZTEC redshift distribution of the 18/21
robust (P < 0.05) identifications (black line) for which there are red-
shifts (spectroscopic or photometric). The remaining three objects
(AzGN 15, AzGN 19 and AzGN 25) have only lower limits on
their redshifts, and have been excluded from the histogram and sub-
sequent analysis. For the objects lacking spectroscopic redshifts, we
use the photometric redshift estimates, including their uncertainty
distributions to divide them amongst several bins if necessary. When
both z;; and z,, are available, we calculate the variance-weighted
mean redshifts. We feel we are justified in doing this because the
two estimators depend on data and spectral features at completely
different wavelengths, and are therefore independent of each other.
We then calculate the distribution for 20 similarly robust 850 pm
sources (grey line) from Pope et al. (2006) in the same way for com-
parison. Note that, as in this work, we have excluded HDF 850.1
(GN 14/AzGN 14) from their redshift distribution. In addition, we
have updated redshifts for several sources using new spectroscopic
data (Daddi et al. 2009a,b; Pope et al. 2008).

The median redshift of the AzZTEC sample is z = 2.7, with an in-
terquartile range of 2.1-3.4. In contrast, the median of the SCUBA
sample shown here is z = 2.0 with an interquartile range 1.3-2.6.
For reference, the 14 SCUBA sources with spectroscopic redshifts
(green dotted histogram in Fig. 5) has a median z = 2.0 and the
7 AzTEC sources (red dashed histogram) z = 3.19, both in good
agreement with the full distributions despite the small number of
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objects. It is also worth noting that the spike of spectroscopic red-
shifts in the 4.0 < z < 4.5 bin seen at both wavelengths was found via
targeted follow-up to SCUBA sources by Daddi et al. (2009a) and
Daddi et al. (2009b) that are thought to be members of a proposed
protocluster at z ~ 4. Although not included in the distribution, a
recent study by Cowie et al. (2009) suggests that HDF 850.1 may
also be a member of this high-redshift structure.

We note that while the AzZTEC sample appears to lie at slightly
higher redshift than the SCUBA sample, we have had to rely more
heavily on highly uncertain photometric estimates than in Pope et al.
(2006). However, the bias is likely to be towards lower rather than
higher redshifts due to the nature of z;.

Next, taking the SCUBA and AzTEC redshift distributions at
face value (including photometric redshifts), we have used the
Kolmogorov—Smirnov (K-S) and Mann—Whitney U (M-W) non-
parametric tests for assessing how different they are. These tests are
fair since both samples were drawn from the same region of space,
and no extra uncertainty needs to be included to account for cos-
mic variance. Both methods operate on discrete samples so we first
assign the mean redshift to each object from its uncertainty distri-
bution. The K-S test, which is sensitive to more general differences
in the distributions (both the central values and tails), gives a chance
probability pgs = 0.05 that both samples were drawn from the same
parent redshift distribution. The M—W test, which is mostly sensi-
tive to differences in the central values of the distributions, gives
a smaller chance probability pyw = 0.01. However, we note that
the uncertainties for objects with photometric redshifts can be as
large as Az ~ 0.8, comparable to the width of the entire popula-
tion. To evaluate the spread in K-S and M—W probabilities that are
consistent with our sample, we generate 10000 mock samples at
each wavelength drawing individual redshifts at random from the
uncertainty distributions for each object. We find that 68 per cent
of the time, we obtain values pxs < 0.15 and pyw < 0.04. These
tests show that, even with large individual uncertainties, the shift
to higher redshifts at 1.1 mm compared to 850 um appears to be
statistically significant.

The SCUBA sample consists of a broader dynamic range in flux
density than the AzTEC sample, due to the varying map depths,
and the fact that different redshift populations may be present in
the deep and shallow regions of the map (Pope et al. 2006; Wall
et al. 2008). It, therefore, may be the case that at least some of the
differences between these distributions are a result of a depth rather
than wavelength selection effect.

One potential concern with this comparison is that, due to a bias to
higher redshifts at fainter flux densities (e.g. Chapman et al. 2005),
the deeper radio catalogues used for matching in this survey simply
detect more distant potential counterparts than in Pope et al. (2006).
We checked the distribution of radio brightness with redshift for our
sample and found that the six faintest proposed radio counterparts lie
in the redshift interval 2 < z < 3. Removing them, while broadening
the remaining redshift distribution slightly, does not shift the median
appreciably. However, if we remove sources with even brighter radio
flux densities, we in fact begin to bias the sample to higher redshifts.
Combined with the fact that we find most of the same counterparts
for sources that appear in both the AZTEC and SCUBA surveys
(Section 2.5), we conclude that the intrinsic rest-frame scatter of
radio luminosities in SMGs dominates any differences in the radio
properties of 850 pm and 1.1 mm selected samples.

The lowest redshift that we find is AzGN 23 at z = 1.146. This
demonstrates the ability of mm-wavelength surveys to effectively
select galaxies at z > 1, with little contamination from nearby
objects. Assuming that our identification procedure and redshift es-

timates are correct, and given the completeness of our survey, there
is therefore little room for a significant tail to extremely high red-
shifts. Since the negative K-correction at 1.1 mm could in principle
enable us to detect SMGs easily out to a redshift z ~ 10 (Blain et al.
2002), the fact that objects at z = 4.5 do not appear in our sample
demonstrates that they do not exist in large quantities, and would
therefore require much larger surveys to find them. Only if many of
the identifications for these AZTEC sources are in fact more com-
plicated (as in the case of HDF 850.1) may the door still be open
for a significant fraction of the SMG population to lie at generally
higher redshifts (z > 4.5).

4 SPECTRAL ENERGY DISTRIBUTIONS

With redshift estimates in hand, we are now in a position to probe
the rest-frame SEDs of our sample. Although we have photometry
at a number of wavelengths spanning 3.6 pm to 20 cm for most of
the objects, the most interesting new constraints that we place on
these SEDs is the shape of their rest-frame far-IR emission that
peaks near 100 um in the rest frame, produced by thermal dust
grain emission. This emission accounts for most of the bolometric
luminosity in SMGs, and it is generally believed to be produced
by optically obscured star formation in most cases (e.g. Blain et al.
2002), much like locally observed ULIRGs. The far-IR luminosity
is, therefore, crucial for estimating star-formation rates. The far-
IR SED also provides a direct probe of the total dust mass in a
galaxy. However, both the bolometric luminosity and dust mass
are critically dependent on the dust temperature, 7', and the dust
grain emissivity, 8 (Hildebrand 1983). Due to a dearth of data at
the necessary wavelengths, spanning ~100-1000 pm, most authors
either attempt to fit a simple three-parameter modified blackbody
spectrum for a population of dust grains at a single temperature,
S, = AvPB,(T) (where A is the amplitude), or adopt a single SED
and normalize it to the (sub)mm data point. Since only a single
(sub)mm data point is usually available, this latter compromise
is often made. A census of recent studies finds broad agreement
that the most typical values are Ty = 30-35 K for SMGs, with an
allowed range that is somewhat broader than this (Chapman et al.
2005; Kovacs et al. 2006; Pope et al. 2006; Huynh et al. 2007;
Coppin et al. 2008). However, the estimates of Ty and § are highly
correlated, because of the limited range of wavelengths for which
data exist.

In GOODS-N, the combination of 1.1 mm and 850 pm flux den-
sities sample wavelengths longward of the rest-frame far-IR peak.
The ratio Sgso/S1.1 defines a family of two-parameter SEDs (7" and
B) for each source which we will use to check for consistency with
previous measurements of the thermal SEDs of SMGs at typically
shorter wavelengths.

4.1 Correcting for flux density bias

‘We first estimate unbiased 1.1 mm and 850 pum flux densities for the
AzTEC sources. As discussed in Perera et al. (2008), the 1.1 mm
flux densities are biased high because they are selected from a low
S/N list of peaks coming from a counts distribution that falls steeply
with increasing brightness. The correction for this bias followed the
prescription of Coppin et al. (2005), and we adopt those poste-
rior flux density distributions here. While this correction does not
account for the additional effect of source blending, the AzZTEC
GOODS-N survey is shallower than the estimated confusion limit,
and the sources that appear to be confused have been fit explicitly
in this paper using two components. Rather than cross-matching
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the AzTEC catalogue with the SCUBA catalogue to obtain 850 pm
flux densities, which itself suffers flux density bias (and since the
SCUBA data are also too shallow in some areas to provide flux
densities for many of our sources), we instead directly measure the
850 pm map at the positions of proposed counterparts. Provided
that these counterparts are correct, and 850 um source confusion
is negligible, this photometry yields unbiased 850 pm flux densi-
ties with symmetric Gaussian uncertainties for all 24/29 AzZTEC
sources that land within the region of SCUBA coverage. However,
due to the wide range in sensitivities only nine objects have 850 pm
detections with a significance of at least 30.

4.2 Searching for ‘850 um dropouts’

It has been suggested that in regions where observations at both
850 pm and ~1.1 mm exist ‘850 wm dropouts’, i.e. sources that are
detected by AZTEC but not by SCUBA, can be used to select pre-
dominantly higher redshift sources (Greve et al. 2004, 2008). This
technique is expected to work for the same reason that the AZTEC
redshift distribution is slightly higher than the SCUBA sample: there
is an increased submm negative K-correction at 1.1 mm compared
to 850 um (i.e. the ratio of 850 um to 1.2 mm flux density, Sgso/S1.2,
decreases with redshift, seen for example in Fig. 4 of Eales et al.
2003). In this study, we proceed by first testing the hypothesis of a
single intrinsic observed flux density ratio R = Sgs0/S;.1, by mea-
suring R for several high-S/N objects selected in the AzZTEC map,
and then searching for dropouts in the SCUBA map relative to this
average colour. We also repeat this analysis in the opposite direction
(for completeness), searching for SCUBA sources that are dropouts
in the AzZTEC map.

We measure R using sources with deboosted flux densities that
have significances >30 in both bands: AzGN 1, AzGN 3,AzGN 7
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and AzGN 8, giving similar values 1.72, 1.96, 1.67 and 2.04, re-
spectively. We adopt the mean R = 1.8. For reference, thermal
emission from a galaxy with 7 = 30K and g = 1.5 at z = 2.5
would give an observed ratio 1.85. In order to compare our mea-
surement with values reported for SCUBA (850 pm) and MAMBO
(1.2 mm) overlap, we use the same model SED to estimate how
much larger the Sgso/S;, ratio would be, finding that the scaled
result is 2.3, near the centre of the distributions reported by Greve
et al. (2004, 2008). Similarly, we scale our result to estimate the
ratio Sggo/S1.1 for 890 pm SMA follow-up of AZTEC sources, find-
ing a ratio of 1.6. This value is consistent with 1.4 & 0.3 reported
by Younger et al. (2007).

Next we use our measured R to scale the deboosted 1.1 mm flux
density distributions for the entire sample to 850 pm. For simplicity,
we approximate the scaled 850 pm predicted flux density distribu-
tions as Gaussians with mean values s, given by the modes, and
standard deviations o, as half of the 68 per cent confidence inter-
vals. If our hypothesis of a single observed ratio were true, given
the observed 850 wm data with mean flux densities sq and standard
deviations o 4, we would expect the residuals (s, — $4)/+/02 + crdz
to be normally distributed with mean 0 and standard deviation 1.
For the 20 objects that do not have 30 detections at 850 um, we
calculate the sample mean and standard deviation of the residuals,
giving —0.1 & 1.4. This calculation confirms that a ratio of 1.8 is
a good estimate for the central value of the observed distribution
Sss0/S1.1 (left-hand panel of Fig. 6).

Since the residual is broader than expected (by a factor ~+/2), we
conclude that the intrinsic spread in R produces uncertainties of the
same order as our measurement errors. Note that the spread in R for
aT =30K, B =1.5SED from redshifts z = 1-4 is only 2.1-1.6, so
that part of the measured spread must be due to a range of rest-frame
dust emission spectra in addition to the redshift distribution. We note
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Figure 6. Measured flux densities (vertical axes) compared with predicted flux densities (horizontal axes) for AZTEC (1.1 mm) and SCUBA (850 pum) selected
source lists. Left-hand panel: measured SCUBA flux densities at the locations of counterparts proposed for AzZTEC sources. The predicted SCUBA flux
densities were scaled from the deboosted AzTEC measurements using the ratio of Sgso/S1.1 fit to the four most significant simultaneous detections in both the
AzTEC and SCUBA maps (thick square symbols), yielding 1.8. We also plot the relation for the remaining 20 objects measured in both bands (diamonds).
The symbols and error bars are coloured more lightly if they are less significant (combined observed and predicted 850 pm uncertainties). This plot shows
symmetric scatter about the single-colour relation, and hence no clear evidence for 850 um dropouts that would fall systematically below the line. Right-hand
panel: AzTEC flux densities at the locations of counterparts to SCUBA sources. The predicted values are derived from the deboosted SCUBA flux densities
reported in Pope et al. (2006) by dividing them by the same factor of 1.8. The low outliers are primarily low-S/N SCUBA measurements (larger horizontal

error bars) suggesting that they have been insufficiently deboosted.
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Figure 7. Histograms of the R = Sgs0/.51.1 flux ratio. In each case, the vertical dotted line corresponds to a value of R = 1.8 calculated from high-S/N sources
in Fig. 6. The top horizontal axes assume a § = 1.5, T = 30 K modified blackbody spectrum to predict the corresponding Sgs0/S1.2 colours for comparison
with MAMBO results. Left-hand panel: the black and grey histograms show the distributions of AzTEC and SCUBA selected sources, respectively. As in
Fig. 5, the uncertainty of each object is convolved with its error distribution before placing it in the histogram, such that higher S/N measurements are more
sharply peaked. Right-hand: here the samples have been divided into subsets above and below redshift z = 2.5. Although similar numbers of objects lie in each
redshift bin, the higher redshift bin is dominated by the high-S/N detections of AzGN 1 and AzGN 1.2.

that this scatter is roughly symmetric: the 850 pm measurements fall
above the expected values about as often as they fall below (in the
left-hand panel of Fig. 6).

These calculations are biased to 1.1 mm selected sources, and
could in principle be different for an 850 um selected catalogue.
We therefore repeat the procedure, starting with deboosted flux
densities for the 20 robustly identified SCUBA sources mentioned
in Section 3, scaling them to 1.1 mm by dividing them by R, and
comparing these predictions to photometry at the locations of their
counterparts in the AzZTEC map (right-hand panel of Fig. 6). In
this case, the scatter is clearly asymmetric, with a number of the
SCUBA sources appearing fainter than expected in the AzZTEC map.
However, these outliers are primarily low-S/N SCUBA detections
(indicated by the large horizontal error bars), in particular GN 3,
GN5,GN 7,GN 16 and GN 22 which have uncertainties ranging
from 1.5-4.5 mJy. We hypothesize that the Pope et al. (2006) de-
boosting recipe did not sufficiently correct these sources, i.e. they
should have been shifted further to the left in this plot. This explana-
tion is plausible because their deboosting factors were extrapolated
from those calculated for the SCUBA SHADES survey (Coppin
et al. 2006), which were derived for sources with a different noise
distribution. Furthermore, the fact that the AzTEC selected source
list does not exhibit this problem (left-hand panel of Fig. 6) also
points to an issue with the SCUBA deboosting calculation, rather
than the map itself.

Finally, we use the AzZTEC and SCUBA selected source lists to
plot histograms of the measured Ssso/S;.1 flux ratios in Fig. 7. Here,
we have convolved each source with its uncertainty distribution be-
fore adding it to the total histogram, so that higher S/N measure-
ments are more sharply peaked and, therefore, contribute more to
the shape. In the left-hand panel of this figure the resulting his-
tograms for each sample are shown to be nearly indistinguishable,
with modes that are coincident with the value R = 1.8 measured
for the highest S/N detections in the AzZTEC map (vertical dotted
line). Since we also have redshift information, we split the samples
into objects above and below z = 2.5, allowing us to search for a
systematic trend. For the AzZTEC selected sample, there is no sig-

nificant difference in the ratios for low- and high-redshift objects.
On the other hand, the mode of the SCUBA sample shows a mild
trend to higher values of R with increasing redshift. However, given
the evidence for incorrect deboosting of the SCUBA flux densities
mentioned above, we do not believe this trend is significant.

From these measurements, we therefore conclude that there is
no evidence for 850 um dropouts in the 1.1 mm map. In fact, the
observed trend in the Sgso/S;.1 colour tends to go in the opposite
direction: AzZTEC flux densities appear fainter than they should be
starting with a SCUBA selected list (but not vice versa). How then
can this result be reconciled with the measured shift in the AZTEC
redshift distribution compared to SCUBA (Fig. 5), which can only
be a result of enhanced brightness at 1.1 mm at larger values of
z? Given the low-S/N measurements used here, the wavelength
proximity of the 850 pm and 1.1 mm filters, and the fact that there
appears to be a bias in the SCUBA flux densities from Pope et al.
(2006), we believe that trends in the observed colour are completely
obscured by uncertainties. Much deeper (and higher spectral res-
olution) observations would be needed to detect differences in the
colours of 850 pm and 1.1 mm source populations.

4.3 Constraints on T and

Given the T— § degeneracy, low S/N and wavelength proximity of
the SCUBA 850 um and AzZTEC 1.1 mm filters, the SED constraints
for individual objects are extremely noisy. However, with this data
set, it is possible to examine the constraints that we can place on
the family of T and B consistent with the sample. Note that this
is different to fitting SED templates based on objects in the local
Universe using all of the available radio-IR photometry (e.g. Pope
et al. 2006; Magnelli et al. 2009). The purpose of such fits is to
give the best estimates of source properties, such as bolometric
luminosities and star-formation/AGN fraction. However, the goal
in this paper is to provide unbiased measurements that in the future
may be used to constrain redshift-dependent SED libraries.

We have extracted a subset of the galaxies for which there are
robust counterparts, 850 um flux densities with a significance of
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Figure 8. Dotted lines are contours in the joint likelihood function (0.6,
0.1 and 0.001 times the maximum likelihood) demonstrating the family of
values for 8 and T consistent with a simultaneous fit to the five galaxies
for which spectroscopic redshifts have been obtained, and there exist at
least 30 measurements of the 850 um flux densities: AzGN 1, AzGN 1.2,
AzGN 3, AzGN 7 and AzGN 16. The simple three-parameter rest-frame
SED AvPB,(T) is redshifted, and compared to the observed 850 pm and
1.1 mm flux densities for each object with a grid of parameter values, and
then marginalized over A. The final two-dimensional likelihood surface is
the product of the five individual marginalized distributions. The solid line
is the locus of SEDs that produce the same peak in S(v) as the best-fitting
model from Coppin et al. (2008), 7 = 31K and 8 = 1.5 such that we can
see the effect of an additional shorter-wavelength measurement to reject the
highest temperature/lowest § fits.

at least 30 and spectroscopically measured redshifts: AzGN 1,
AzGN 1.2, AzGN 7 and AzGN 16. We then plot the joint like-
lihood surface of the observed 850 um and 1.1 mm flux densities
given a range of models with 7 and 8 common to each object
(marginalizing over the amplitudes A for each source as they are
irrelevant to the joint distribution) in Fig. 8. This surface, as ex-
pected, produces a long anticorrelated valley between 7 and . For
comparison, we also plot the locus of SED models that would pro-
duce the same peak S(v) as the best-fitting model from Coppin et al.
(2008), T =31 K assuming 8 = 1.5. As they use shorter-wavelength
350 pm follow-up of SMGs, the constraints are somewhat orthog-
onal to those described in this paper, showing the ability of obser-
vations at those wavelengths to reject the highest temperature and
lowest 8 SEDs.

There is some evidence that this AzZTEC sample lies at slightly
higher redshift (Fig. 5), but the fact that we do not find significant
‘850 um dropouts’ suggests that, within the precision of the data,
the SEDs are not different. At face value, Fig. 8 suggests that the
best-fitting value at the intersection of the valley in the contour plot
with the solid line occurs at 7' ~ 30K and g ~ 1.75. However, it
is clear that a large family of SEDs with temperatures ranging from
T ~ 25 to 40K and corresponding B ~ 2-1 are easily allowed.

5 CONCLUSIONS

We have used the rich multiwavelength data set in GOODS-N to
identify robust radio and IR counterparts for sources detected at
1.1 mm using AzTEC. Of the 29 sources, only 1 or 2 are expected
to be false positives. We find robust counterparts for 22 objects
(false identification probabilities P < 0.05), although one object
(AzGN 14/HDF 850.1) is dropped from the sample due to con-

fusion about its identification, and tentative associations for the
remaining eight objects are also provided. These counterparts have
an astrometric precision of ~1 arcsec, a significant improvement
given the 18 arcsec FWHM AZzTEC beam and low S/N.

We find spectroscopic redshifts for seven of the robustly identified
sources in the literature, and provide photometric redshifts or limits
for the remaining objects. Restricting ourselves to the 18 objects
with robust counterparts and redshift estimates (spectroscopic or
photometric, excluding limits), we measure a median z = 2.7, with
an interquartile range 2.1-3.4. The 850 pm sources in this field,
selected in a similar way, have a median redshift z = 2.0 with an
interquartile range 1.3-2.6. We use K-S and M—W non-parametric
tests to evaluate the significance of this shift to higher redshift
in the 1.1 mm map, finding chance probabilities pxs = 0.05 and
pmw = 0.01 that both surveys sample the same redshift population.
Given the large uncertainties in individual photometric redshifts, we
used Monte Carlo simulations to evaluate the spread in probabilities
produced by the two tests consistent with our samples, finding pgs <
0.15 and pyw < 0.04 at a confidence level of 68 per cent.

For the entire overlapping region between the SCUBA and
AzTEC maps, we perform unbiased flux density measurements in
the SCUBA map at locations of identifications for AZTEC sources.
Using the four most significant (30') detections in the two maps,
we find a mean observed 850 pm to 1.1 mm flux density ratio
Sss0/S1.1 = 1.8. For the remaining 20 sources, we observe a sym-
metric scatter in the observed ratio which appears to be produced in
equal quantities by intrinsic spread in spectral properties, and mea-
surement noise. We also examine the ratios Sgso/S1.; for objects
selected at 850 pm, finding that they are also generally consistent
with this value, although it appears that the lower S/N 850 um flux
densities may be biased high. Finally, we unsuccessfully searched
for trends in this flux density ratio with redshift for both samples.
We, therefore, do not see evidence for 850 um dropouts in the
1.1 mm map as reported in Greve et al. (2004, 2008). While we be-
lieve that such a trend must exist in the underlying SMG population
to produce the mild differences in the redshift distributions men-
tioned above, it is undetectable when comparing ~4¢ detections in
wavelength bands that are so close to each other.

We test the hypothesis of a single temperature, 7', and dust emis-
sivity index, 8, for the ensemble of sources having robust identi-
fications and photometric redshift estimates. Given the degeneracy
between these parameters (since we have only two photometric mea-
surements at different wavelengths), we assume the same mean rest-
frame far-IR peak as found in other studies, finding that 7 = 30K
and B = 1.75 are consistent with all of the data. However, given the
S/N, these measurements still provide only a weak constraint, and
data at shorter rest-frame far-IR wavelengths would be required to
tighten up the allowable range of SEDs. SCUBA-2 450 um, as well
as Spectral and Photometric Imaging Receiver (SPIRE) and new
Balloon-borne Large Aperture Submillimeter Telescope (BLAST)
250, 350 and 500 pm surveys (e.g. Devlin et al. 2009; Dye et al.
2009) should be particularly useful.
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APPENDIX A: DATA TABLES

Here, we provide proposed identifications and multiwavelength
photometry for all of the sources. Table Al provides updated po-
sitions and raw map flux densities for AZTEC 1.1 mm sources that
required deblending. Tables A2 and A3 summarize the identifica-
tions and SEDs, respectively.

APPENDIX B: NOTES ON EACH SOURCE

This section gives detailed information on each source not provided
in the tables of Appendix A.

B1 Robust identifications

Sources in this category have potential counterparts with P < 0.05
within 6 arcsec.

AzGN 1: GN 20 from Pope et al. (2006). This source has been de-
blended from AzGN 1.2 (see Table Al), and the submm emission
was also localized using the SMA (Iono et al. 2006). A spectro-
scopic redshift of 4.055 for this source was reported in Daddi et al.

Table A1. New source positions and raw 1.1 mm map flux densities result-
ing from simultaneous two-source fits. Source Az 1.2 is a new object in this
paper, whereas the other three were originally detected in AZTEC maps in
Perera et al. (2008).

AzTEC RA Dec. Map flux density
D (h m S) © ’ //) (mJy)

1 1237 11.99 +622211.1 12.73 £ 0.99
1.2 1237 09.15 +622202.1 4.14 £0.98
14 1236 52.23 +621225.2 4.11 £0.97
22 1236 49.12 +621213.1 4.56 £0.97
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Table A2. Radio and Spirzer identifications of AzZTEC sources (procedure described in Section 2). Counterpart distances in brackets employed a 10 arcsec
search radius. P values in boldface emphasize robust counterparts with values <0.05. Spectroscopic redshifts are given in the column labelled zgpe (references
for these measurements given in Appendix B). Photometric redshifts based on Spitzer IR flux densities from Table A3 are calculated using equation (2) from
Pope et al. (2006) and given in the penultimate column, zj.. These redshifts have uncertainties A zj; = 0.15(1 4 z), and are biased low at z > 3. Photometric
redshifts based on the (sub)mm-to-radio colours are given in the last column, z;,. The quoted 68 per cent uncertainties are theoretically derived; in this paper,
we assume an empirically measured symmetric error A zy, = 0.8.

AzTEC SCUBA Radio Spitzer Redshift
ID ID RA Dec. Dist. RA Dec. Dist. P Zspec Zir Zm
(hms) ©'" &) "ms) cry O
1 20 12371188 46222118 1.0 123711.88 +622212.1 1.3 0.003 4.055 2.7 3.8:1):3
1.2 20.2 123708.78  4+622201.8 2.6 12370877 +622201.8 2.7 0.005 4.052 25 3.1:1):%
123709.73 46222025 4.1 123709.57 +622202.1 29 0.037 . 3.1 2A5fg:§
2 . 12363193  +6217147 53 12363192 46217146 52 0.051 . 32 24:2):?
3 10 12363342  4+621408.7 0.6 12363340 +621408.4 0.6 0.002 4.042 23 3.1:1):‘2‘
4 12355026  +621041.3 3.1 12355035 +621041.8 2.7 0.030¢ ... 29 2.4:2):%
5 123730.78  4+621258.7 2.6 123730.75 +6212584 22 0.007 ... 2.0 2.1:1):8
6 ... 12362726 46206057 1.6 12362721 46206057 1.2 0.007 ... 3.0 2.9ﬂ:‘1‘
7 39 12371132 46213309 44 1237 11.34  +621331.0 43 0.014 1.996 1.7 2~7f813
12371199 46213256 4.5 12371199  +6213257 4.4 0.032 1.992 2.0 >2.3
8 12 123646.04  4+621448.6 (6.9 123646.07 +621448.8 (7.0) 0.037 . 2.0 3.0f(1):8
123646.80  +6214453 (7.5) 123646.88 +621447.2 (9.0 0.050 2.006 0.7 2.9f?:?
9 37 123738.16  4+621737.0 1.6 12373826 +6217364 0.9 0.013 3.1900 2.4 >3.0
10 . 12362754  +6212178 3.5 12362748 +621218.0 3.1 0.066¢ . 3.0 2.1:2):3
11 27 12363589  +620703.8 3.1 0.027 . . 28:&;
12 . 123632.65 +620621.1 4.7 123632.65 +620621.3 4.9 0.047 . 2.8 >1.3
13 ... 12355423 46213438 29 12355428 +6213434 33 0.033¢ ... 22 2.61’?:2”
14 14 12365207 +6212257¢ 1.2 . . .
15 . 12354793 46215292 5.0 123548.09 +621529.3 39 0.018 . . >1.6
12354787 +6215282 5.7 >1.6
16 04 123616.09  +621513.8 4.3 123616.10 +621513.6 4.5 0.038 2.578 2.0 2.41’(2):;
12361580 +621515.1 4.0 12361582 +6215154 3.6 0.039 4.5 3.0f8§
17 ... 12353992  +621442.1 (7.6) 12353995 +621440.8 (6.5) 0.062 ... ... >1.7
12353991 +621430.8 (7.1) 12353997 +621430.7 (6.9) 0.067 . . >1.7
123539.76  +621430.7 (7.9) . . >1.7
18 38 123741.16  +621220.5 3.8 123741.16 +6212209 3.5 0.032 . 2.1 2.4318
123741.63  +621223.6 5.8 123741.66 +621223.6 6.0 0.051 . 2.0 >2.2¢
19 . 12360440 46207027 2.6 12360443 46207029 2.8 0.022 . ... >1.5
20 ... 12371248 46210354 3.0 12371251 46210356 2.8 0.030 ... 33 >2.3
21 . 123800.80 +621611.7 15 12380081 +621611.7 1.4 0.016“ . 23 >1.6
22 . 123648.60 +621216.1 4.7 123648.65 +6212157 4.2 0.083¢ . 1.7 >0.7
23 . 123716.67 4+6217332 14 1237 16.67 +6217333 1.4 0.001 1.1460 1.6 >1.8
24 23 1236 08.58  +6214353  (6.4) 1236 08.60 +6214353 (6.4) 0.079 . 2.7 2.4:2):2
25 . 123651.72 4+620503.0 4.1 0.021 . ... >0.7
26 40 12371386 46218262 0.6 12371385 +6218262 0.5 0.000 ... 2.6 >0.7
27 . 123719.62 46212203 1.3 123719.61 +6212209 09 0.034> ... 3.1 >0.7
1237 20.01 +621222.0 2.1 12371999 +621222.6 2.2 0.050° 2.4600 2.0 >0.7
28 . 123644.03  +6219388 4.2 123644.03 +6219384 39 0.071¢ . 25 >0.7
“Identified in 3o radio catalogue.
bIdentified in MIPS 24 um catalogue.
“Photometric redshift calculation excludes extremely noisy 850 um photometry.
4Position for HDF 850.1 from Dunlop et al. (2004). See also Cowie et al. (2009).
(2009a) based on molecular CO emission detected with the In- AzGN 1.2: this was already known to be a second component of

stitut de Radioastronomie Millimétrique (IRAM) Plateau de Bure AzGN 1 from the SCUBA data. In the AzTEC map, the source was

Interferometer (PdBI), with some confirmation based on optical deblended by performing a simultaneous fit of two scaled effective
spectroscopy in Pope (2007). PSFs using the peak at the location of AzGN 1 and the position of
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Table A3. Photometry data listed in the same order as the identifications in Table A2. The 850 um flux densities are measured directly from the SCUBA map
of Pope et al. (2006) at the positions of each proposed counterpart, and should therefore be unbiased at each correct position. 24 pm upper limits are given at
a significance of 30. Deboosted AzTEC 1.1 mm flux densities are taken from Perera et al. (2008) except for AzGN 1, AzGN 1.2, AzGN 14 and AzGN 22,
which are calculated using the raw map flux densities from Table A1, but adopting the same prior.

AzZTEC 1.4GHz 1.1 mm 850 um 24 yum 8 um 5.8 um 4.5 um 3.6 um
D (Wy) (mly) (mJy) (Wy) (Wy) (Wy) (Wy) (Wy)
1 72.8 + 123 11.81 £ 18 20.30 £ 2.10 65.5+4.5 253+15 159+ 13 924038 6.8 +0.6
12 1735+ 6.3 287+ 432 9.90 + 2.30 202+3.5 94+ 11 6.1£1.0 39+0.5 39+06
352+£63 9.90 £ 2.30 129+3.1 149+ 1.5 11.8+13 9.8+0.8 8.0£09

2 262+ 4.6 5910 5.74 +2.81 37.7+438 249415 170+ 1.3 10.9 +0.8 64406
3 36.0 £ 4.2 535 £ 1008 10.50 & 1.59 26.245.1 51+ 1.1 27409 20404 1.2+£04
4 34.1 4107 4.69 + 10 . 92.5+4.2 370+ 1.7 260+ 1.5 16.0 + 0.8 9.6+0.9
5 1282+ 8.0 413+ 108 4.37+£3.92 181.0 £ 6.5 289+ 1.7 189+ 13 127£0.8 9.2£09
6 58.5+13.1 413+ 2 ‘ 113+83 9.9+ L1 41£10 25404 1.7£04
7 127.3 £ 8.6 395+ 1508 6.61 £ 1.89 537.0+9.3 378+ 1.7 533415 450+£1.0  379+12
51.6+82 7.47 £ 2.35 219.0 +£ 6.6 123£15 16.1 £ 1.3 11.4£0.8 9.2£09

8 1200 £7.6 383+ 108 7.83 £ 1.29 145.0 £ 12.2 138+ 1.5 112+£13 79£0.8 57£0.6
943+ 11.8 5.50 £ 1.07 422.0 £29.1 278+ 1.7 298+ 15 3L7£1.0 446+£12

9 26.0 + 5.4 339+ 1102 5.65+2.38 322450 92+ 1.1 85+ 1.0 6.6 +0.5 62406
10 179+ 43 335+ 1% 225+ 195 22.1£68 97+ 1.1 42£10 23+£04 12+04
11 36.2410.2 327708 10.94 + 4.60 . 220420 10.5 £2.0 5615 4615
12 26.6 +5.2 3.07+£ 76 4.42 £ 8.50 29.7+8.8 79+ 1.1 47+1.0 24404 1.6 +£04
13 28.9 + 12.1 3.07+ 1110 16.49 £ 4.64 1540 £ 6.3 19.6£15 21.9+13 164£038 12.8£0.9
14 2.87 £ 112 5.88+£0.33
15 123455 323+ 71738 <65.1 6.7+ 1.1 14.7+13 71405 24404
<65.1 109+ 15 136+ 13 75+0.5 26+04

16 37.8+82 2.89 + +08 575+ 098 326.0 £ 8.0 434+17 29.5+ 1.5 18.1+£08 123£09
29.9+9.2 538 +£0.98 48+72 271+ 17 279+ 15 19.5+08 149 £0.9

17 80.7 £ 11.8 323+ 4% <24.0 133£15 157 £13 8.1+08 20+04
66.2+58 <594 69+ 1.1 144+£13 10.5£0.8 8.6 +£0.9

<58.5 119+15 135+13 82+0.8 58£0.6

18 38.3£9.0 279 £ 18 18.97 £ 6.56 127.0 5.8 23.1+15 144+£13 103 £0.8 6.6+ 0.6
322450 24.17 £ 6.57 111.0 £ 4.6 164+ 1.5 1L1+13 78£0.8 59£06

19 344+56 3.07 £ 130 15.03 + 8.30 <9.0 427+ 1.7 470+ 1.5 318+ 1.0 46.6 + 1.2
20 26.6 + 4.4 279 + +08 398+ 1.53 35.1+£57 16.6 + 1.5 143+13 894038 55406
21 23.0+57 265+ F8 6.29 + 4.47 1820 £ 6.2 247+ 15 371+ 15 341+£10  265+12
22 189+£43 335+ 0.29 + 0.40 291.0 7.4 240+ 1.5 324+15 320+£10 27312
23 381.2+82 239+ *¢ —4.18 £3.56 1240.0 £ 15.5 239.6 + 1.7 1293+ 1.5 835+1.0 62712
24 446 £ 8.6 239+ 108 554+ 1.74 S1.1+58 183£15 134+13 95+08 6.4£0.6
25 792+ 5.6 255+ +%2
26 651.8 £5.0 239+ 0 11.53 £2.43 552+5.8 16.6 £ 1.5 94+13 6.0£0.5 35+06
27 10.1 £ 8.1 2317728 0.27 £ 2.09 312+£6.7 24£15 202+13 15508 11.7£09
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G N 20.2 from Pope et al. (2006) as starting values (see Table A1).
Positions and flux densities were then allowed to vary (a total of six
parameters). The reduced x? for this fit decreased to 0.99 from 1.15
when only a single source was used, justifying the addition of the
extra parameters. This procedure yields a clear 4.20 source which
corresponds to GN 20.2 from Pope et al. (2006). There are two
possible radio identifications, one fainter object is 4.1 arcsec away
with P = 0.037, and the other brighter source is 2.6 arcsec away
with P = 0.005. The brighter object is the claimed counterpart to
AzGN 1.2 from Pope et al. (2006). However, both potential coun-

terparts mentioned here are also discussed in Daddi et al. (2009a).
They detect a faint emission line from the brighter radio source
which they argue to be consistent with molecular CO emission at a
redshift 4.051. We concur with Daddi et al. (2009a) that the brighter
object is likely an AGN, based on its relatively large radio/mm flux
ratio.

AzGN 3: the AzZTEC detection, and proposed counterpart, are both
coincident with the SCUBA source GN 10 and identification from
Pope et al. (2006). Similar to AzGN 1 and AzGN 1.2, Daddi
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et al. (2009b) identified a spectroscopic redshift of 4.042 using CO
emission detected with the IRAM PdBIL.

AzGN 4: there is a single unambiguous radio counterpart.

AzGN 5: there is a single unambiguous radio counterpart. This
object is not part of the Pope et al. (2006) catalogue (prob-
ably because of the high noise in this region), but was orig-
inally discovered in the SCUBA jiggle map of Wang et al.
(2004) (GOODS 850-6). Our proposed counterpart corresponds
to object ‘c’ from their analysis. We note a large discrepancy
between the 850 pm flux density of this source at the coor-
dinates of the proposed counterpart in the Hubble Deep Field
(HDF) supermap, 4.4 + 3.9 mly, used in this paper (Table A3),
compared with 19.41 £ 3.2 mJy from Wang et al. (2004) which is
due at least in part to the lack of correction for Eddington bias in
that work. Based on the 1.1 mm flux density and our measured ratio
Sss0/S1.1 = 1.8, we would expect Sgso >~ 7 mly.

AzGN 6: there is a single unambiguous radio counterpart.

AzGN 7: this object is also a significant SCUBA source,
GN 39, described in Wall et al. (2008). We find the same two
radio identifications with spectroscopic redshifts 1.996 (Chapman
et al. 2005) and 1.992 (Swinbank et al. 2004), respectively.

AzGN 9: this object is also a significant SCUBA source, GN 37
from Pope et al. (2006) for which we find the same identification
with spectroscopic redshift 3.190 (Cowie et al. 2004).

AzGN 11: this object is close to the SCUBA source GN 27 from
Pope et al. (20006) that is classified as ‘tentative’ since it does not ex-
ceed their threshold for posterior deboosted flux density probability
above 0. There appear to be three distinct peaks in the radio map
that fall between the SCUBA and AzZTEC peaks (but closer to the
AZTEC position). Two of these peaks are coincident with Spitzer
sources at redshifts 0.56 and 0.276. The ACS/IRAC counterpart to
GN 27 claimed in Pope et al. (2006) is to the south of the three
objects that we find, and is not a significant source in our 1.4 GHz
map. The third source is considerably fainter and redder in the IRAC
channels. However, due to blending with the other sources, we are
unable to produce the SED at Spitzer wavelengths in Table A3.
‘We rule out the low-z identifications based on their highly unlikely
SEDs which would exhibit extraordinarily low radio/(sub)mm flux
density ratios.

AzGN 12: there is a single unambiguous radio counterpart.

AzGN 13: there is a single unambiguous radio counterpart
within 6 arcsec. We note that there are two radio sources 7.9
arcsec (12:35:53.90 +62:13:37.1) and 8.7 arcsec (12:35:53.24
462:13:37.5) to the south that are coincident with a low-significance
peak of SCUBA emission. The second source was also part of the
Chapman et al. (2005) sample. While they are not considered likely
in our analysis, we list them here for completeness. Had we used
a search radius of 10 arcsec, they would have P values of 0.103
and 0.108, and lie at redshifts 0.8770 (Reddy et al. 2006) and 2.098
(Chapman et al. 2005; Reddy et al. 2006), respectively.

AzGN 14: this object is HDF 850.1, the highest S/N SMG from
the HDF-N map of Hughes et al. (1998). Similar to the case for
AzGN 1 and AzGN 1.2, this source has been deblended from
AzGN 22 (see Table Al). Various counterparts have been sug-
gested, with two detailed studies giving different answers. Dun-
lop et al. (2004) subtract the emission from an elliptical galaxy
that is believed to obscure a faint background K-band coun-

terpart at 12:36:52.07 + 62:12:25.7 (this position is given in
Table A2). Recently, Cowie et al. (2009) used the SMA to localize
the source of the submm emission to 12:36:51.99 + 62:12:25.83,
concluding that this position is incompatible with the Dunlop et al.
(2004) counterpart. For the purposes of measuring unbiased flux
densities in the SCUBA and AzTEC maps, either position may
be used as the differences are small compared to the (sub)mm
beams. Had we applied our counterpart search blindly, we would
have instead chosen a more distant radio source at 12:36:51.72 +
62:12:21.36 (P = 0.036), although we would have rejected this
counterpart based on the unrealistic SED. This case demonstrates
the potential for counterparts identified with low values of P to
be misleading. No Spitzer flux densities are quoted for this spe-
cial source, and it is excluded from most of the analysis in this

paper.

AzGN 15: there is a single unambiguous radio counterpart, al-
though it appears to resolve into two objects in the Spitzer cata-
logue. Inspection of the map shows, however, that these data lie at
the extreme edge of the Spitzer coverage, and we suspect that the
two sets of photometry are in fact for the same source.

AzGN 16: similar to AzGN 7, this object is also detected with
SCUBA (G N 4 from Pope et al. 2006), and has two radio counter-
parts. The more distant counterpart has a spectroscopic redshift of
2.578 (Chapman et al. 2005).

AzGN 18: this object is also a significant SCUBA source, GN 38
from Pope et al. (2006), and we find the same two radio counter-
parts. One of these counterparts technically misses the significance
threshold with P = 0.051, but lies very close to the centre of the
SCUBA emission peak. Conversely, the other object, with P =
0.032, lies closer to the peak of the AzZTEC emission. The photo-
metric redshifts for both sources are consistent with them being at
the same distance.

AzGN 19: there is a single unambiguous radio counterpart, and
the position is coincident with a region of faint SCUBA emission.
It falls off the edge of the MIPS 24 um coverage, but within the
IRAC footprint. There is a bright optical source within 1 arcsec
of the radio position at z = 0.65. However, we reject this redshift
and SED combination as it would imply an extraordinarily low ra-
dio/(sub)mm flux ratio. Therefore, the radio identification proposed
here may be incorrect and AzGN 19 is associated with the low-z
optical source instead, or it is correct and unrelated to the optical
source. Since the (sub)mm/radio photometric redshift estimate is
consistent with a more typical SMG (z,,, > 1.5), we prefer the first
hypothesis.

AzGN 20: there is a single unambiguous radio counterpart, and the
position is coincident with a region of faint SCUBA emission.

AzGN 21: there is a single unambiguous radio counterpart.

AzGN 23: there is a single unambiguous radio counterpart. This
object has the lowest spectroscopic redshift in the sample, z = 1.146
(Cowie et al. 2004).

AzG N 25: this object has a single clear radio counterpart, but lies
beyond the Spitzer IRAC coverage. The MIPS 24 pm image exhibits
emission at the location of the radio counterpart, but is not part of
the Spitzer catalogue produced by the GOODS team.

AzGN 26: this object is also a significant SCUBA source,
GN 40 from Wall et al. (2008). There is a single unambiguous
radio identification.
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AzGN 27: this source is coincident with faint SCUBA emission.
There are no radio sources with P < 0.05, even searching out to
10 arcsec. However, there are two MIPS 24 um sources 0.9 and 2.2
arcsec away, with P values 0.034 and 0.05, respectively. The more
distant source has a spectroscopic redshift z = 2.460 (Stern et al.
in preparation), and photometric redshift estimates for the other
source are broadly consistent with this value. As this object appears
to have an extraordinarily faint radio flux density given the 24 pm
measurement, we warn the reader that these identifications may be
suspect.

B2 Other identifications

For the remaining sources, we give our best estimates for the coun-
terparts, considering objects with 0.05 < P < (.10 and/or searching
out to 10 arcsec from the AZTEC positions.

AzGN 2: there is a radio source 5.3 arcsec to the north that slightly
misses the significance cut (P = 0.051). This proposed counterpart
is in the direction of a faint 2o signal in the SCUBA map.

AzGN 8: this object is also a significant SCUBA source, GN 12.
There are two potential radio counterparts 7 and 9 arcsec away. Had
we used a search radius of 10 arcsec, the values of P would have been
0.037 and 0.050. Since the closer object would then have a lower
P, and is also closer to the SCUBA peak, we prefer it as the most
likely candidate, although strictly based on the 1.1 mm and 1.4 GHz
emission, they are both reasonable candidates. Pope et al. (2006)
were unable to obtain an optical spectrum for the nearer candidate.
The other candidate was detected serendipitously with Keck at a
redshift z = 2.006. This second object was rejected by Pope et al.

(2006) based on its distance from the SCUBA centroid, and the
unlikely rest-frame UV emission that would be uncharacteristic of
a dusty star-forming galaxy.

AzG N 10: this object has a single potential radio counterpart within
6 arcsec, and is also coincident with faint SCUBA emission.

AzGN 17: this object is at the edge of the MIPS 24 um cover-
age, but within the IRAC footprint. There are two potential radio
counterparts at distances 7.1 and 7.6 arcsec.

AzG N 22: this source lies on a region of extended emission to the
southeast of AzGN 14, which is also seen in the SCUBA map. To
reduce the effect of blending with AzGN 14, we have performed
a simultaneous two-object fit, as with AzGN 1 and AzGN 1.2
(resulting positions and map flux densities given in Table Al).
The most likely counterpart, given the resulting centroid, is a radio
source 4.7 arcsec away.

AzGN 24: there is a single potential radio counterpart 6.4 arcsec
to the south. We consider this a likely identification because it falls
between the AzZTEC peak, and the SCUBA source GN 23 (Pope
et al. 2006), for which the same identification was proposed.

AzGN 28: this object has a single potential radio counterpart 4.2
arcsec away, and is coincident with faint SCUBA emission. It has a
redshift estimate z;, = 2.5.

This paper has been typeset from a TEX/I&TEX file prepared by the author.
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