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Color-color diagrams for sources detected at > 5σ in central band
and > 3σ in other two bands. 
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Fig. 4. Normalized redshift distribution (black thick solid line) of
SPIRE sources in the colour-colour diagram of Fig. 1(a), selected to
satisfy the following criteria: S 350 > 35mJy and at least 3σ detec-
tions at 250 and 500 µm. The dashed line and dotted-dash line repre-
sent Negrello et al. 2007 and Lagache et al. 2004 models for the same
flux selection. Both model curves are in qualitatively good agreement
with the data. Additionally we show N(z) for the same subsample us-
ing a colour-cut of S 500/S 250 < 0.75 (blue thin solid line), and > 0.75
(red thin dotted line). The distribution shown here is for 1686 sources,
a subset of about 6600 H-ATLAS sources in the SDP field.

dependent emissivity function εν ∝ νβ, where the flux density fν
is :

fν = ενBν ∝ ν3+β/[exp
( hν
kTd

)

− 1]. (1)

In generating these models we take uniform ranges for the dust
temperature from 10 to 60 K, emissivity parameter β from 0 to
2, and redshift from 0 to 5. The choice of 0 < β < 2 com-
pared to 1 < β < 2 makes a minor difference since we also
broaden the SED tracks in the colour diagram by adding an extra
Gaussian standard deviation of 10% to the fluxes used to com-
pute the model colour. This scatter accounts for the broadening
of data in the colour-colour plane due to flux uncertainties. As
shown in Fig. 1, we find that the colour diagram of sources with
fluxes from SPIRE only are well within the set of models we
have considered. When we examine PACS colours, we find that
some points lie outside the same set of tracks as used for the
SPIRE-only colour diagram. While some of these outlier points
may be due to fractionally larger flux errors in PACS, it is likely
most of these sources are not well-fitted by our simple isother-
mal SED model, requiring for instance a second dust component
(Dunne & Eales 2001) or a more complex SED model.

When fitting simple modified blackbody model to the data
we must keep in mind that there is a partial degeneracy between
β and Td and, more importantly, a perfect degeneracy between
Td and z. In fact, the peak of the SED is determined by the ν/Td
term in the exponential, so that a measurement of the colours
alone constrains only the ratio (1 + z)/Td. However, assuming
reasonable priors on the free parameters of the SED model (in
our case, β and Td) it is still possible to estimate a qualitative
redshift distribution for our sample of sources. Alternatively, if
secure redshifts are known from optical cross-identifications, we
can determine the dust temperatures.

3. Dust temperature distribution
We make use of the H-ATLAS source sample with detections
at 3σ in at least two bands and at 5σ in one band of either

PACS and SPIRE that have been robustly (reliability parameter
RLR > 0.9, Smith et al. 2010) identified with GAMA or SDSS
DR-7 galaxies. We also require a known spectroscopic redshift
from GAMA or SDSS, or from the photometric redshift cata-
log (with (1 + z)/σz > 5 and z/σz > 1) that was generated
for this field and cross-identified with ATLAS sources (Smith
et al. 2010). We find 331 sources, which correspond to the low
redshift sub-sample of the galaxies selected in the colour-colour
diagrams. For each galaxy, we perform a single temperature fit
from the above equation assuming β = 1.5. We found that gen-
erally an isothermal SED model is a good fit to the 331 galaxies.
Fitting a two-component SED model does not, on average, seem
to provide a better fit. We believe that this relatively good fit pro-
vided by the isothermal SED model is due to the fact most of our
sample is composed of low redshift galaxies and therefore we do
not probe much the Wien part of the galaxy SED.

In Fig. 2 we summarize our results and compare the H-
ATLAS dust temperatures against dust temperatures in the lit-
erature for a variety of sub-mm bright galaxies. These samples
are: the sources in BLAST detected above 5σ in at least one of
the BLAST bands with either a COMBO-17 (Wolf et al. 2004)
or a SWIRE photometric redshift (Rowan-Robinson et al. 2008)
and Spitzer-MIPS 70 and 160 µmfluxes (Dye et al. 2009; β = 1.5
fixed); local ULIRGS observed with SCUBA at 450 and 850 µm
and complemented with IRAS 60 and 100 µm fluxes (Clements
et al. 2010; β varied); SCUBA sub-mm galaxies detected at bet-
ter than 3σ at 850 µm and having redshifts determined from
Keck-I spectroscopy (Chapman et al. 2005; β = 1.5 fixed); lo-
cal IRAS-selected galaxies with 60 and 100 µm fluxes comple-
mented with SCUBA 850 µm (Dunne et al. 2000; β varied).

In Table 1 we list average dust temperatures as a function
of redshift for several bins in redshift for both H-ATLAS only
and all of the combined sub-mm galaxy samples, including H-
ATLAS, plotted in Fig. 2. We do not find any evolution of the
H-ATLAS dust temperature with redshift, though such an evolu-
tion is suggested with BLAST measurements (Dye et al. 2009;
Pascale et al. 2009), where sources with higher temperaturewere
found at higher redshifts consistent with radio-identified SMGs
found with SCUBA (Chapman et al. 2005; Ivison et al. 2010;
Kovacs et al. 2006; Coppin et al. 2008). While we find a re-
markable consistency of the average dust temperature in our
H-ATLAS sample as a function of redshift, these averages are
not necessarily in agreement with other sub-mm galaxy sub-
samples in the literature, mostly due to selection effects. For
example, the SCUBA ULIRGS have an average temperature of
(43 ± 7)K. These sources were selected using IRAS 60 µm and
IRAS selected sources are known to be biased to higher tem-
peratures. Optically-selected low redshift sub-mm galaxies are
known to have colder temperatures consistent with our findings
(e.g., Willmer et al. 2009; Vlahakis et al. 2005). The large ex-
pected sample of sources from the 550 deg.2 of H-ATLAS will
enable more detailed studies in the future, without the biases as-
sociated with selections of various sub-samples, including ours.
While we show results here with β = 1.5 fixed, when fitting for
β and Td we found β = 1.4 ± 0.1, consistent with β = 1.3 found
in Dunne et al. (2000).

In Fig. 3 we plot the dust temperature vs. FIR luminosity by
integrating model SEDs between 8 and 1100 µm for H-ATLAS
sub-sample. Luminosities for other samples are from the litera-
ture. Fitting for a relation of the form Td = T0 + α log(LFIR/L#),
we find T0 = −20.5K and α = 4.4 (see, Fig. 4). The value of
log(LFIR/L#) is on average 10.9 ± 0.8 for our sample. This rela-
tion is consistent with BLAST data (Dye et al. 2009).
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Fig. 4. Normalized redshift distribution (black thick solid line) of
SPIRE sources in the colour-colour diagram of Fig. 1(a), selected to
satisfy the following criteria: S 350 > 35mJy and at least 3σ detec-
tions at 250 and 500 µm. The dashed line and dotted-dash line repre-
sent Negrello et al. 2007 and Lagache et al. 2004 models for the same
flux selection. Both model curves are in qualitatively good agreement
with the data. Additionally we show N(z) for the same subsample us-
ing a colour-cut of S 500/S 250 < 0.75 (blue thin solid line), and > 0.75
(red thin dotted line). The distribution shown here is for 1686 sources,
a subset of about 6600 H-ATLAS sources in the SDP field.

dependent emissivity function εν ∝ νβ, where the flux density fν
is :

fν = ενBν ∝ ν3+β/[exp
( hν
kTd

)
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In generating these models we take uniform ranges for the dust
temperature from 10 to 60 K, emissivity parameter β from 0 to
2, and redshift from 0 to 5. The choice of 0 < β < 2 com-
pared to 1 < β < 2 makes a minor difference since we also
broaden the SED tracks in the colour diagram by adding an extra
Gaussian standard deviation of 10% to the fluxes used to com-
pute the model colour. This scatter accounts for the broadening
of data in the colour-colour plane due to flux uncertainties. As
shown in Fig. 1, we find that the colour diagram of sources with
fluxes from SPIRE only are well within the set of models we
have considered. When we examine PACS colours, we find that
some points lie outside the same set of tracks as used for the
SPIRE-only colour diagram. While some of these outlier points
may be due to fractionally larger flux errors in PACS, it is likely
most of these sources are not well-fitted by our simple isother-
mal SED model, requiring for instance a second dust component
(Dunne & Eales 2001) or a more complex SED model.

When fitting simple modified blackbody model to the data
we must keep in mind that there is a partial degeneracy between
β and Td and, more importantly, a perfect degeneracy between
Td and z. In fact, the peak of the SED is determined by the ν/Td
term in the exponential, so that a measurement of the colours
alone constrains only the ratio (1 + z)/Td. However, assuming
reasonable priors on the free parameters of the SED model (in
our case, β and Td) it is still possible to estimate a qualitative
redshift distribution for our sample of sources. Alternatively, if
secure redshifts are known from optical cross-identifications, we
can determine the dust temperatures.

3. Dust temperature distribution
We make use of the H-ATLAS source sample with detections
at 3σ in at least two bands and at 5σ in one band of either

PACS and SPIRE that have been robustly (reliability parameter
RLR > 0.9, Smith et al. 2010) identified with GAMA or SDSS
DR-7 galaxies. We also require a known spectroscopic redshift
from GAMA or SDSS, or from the photometric redshift cata-
log (with (1 + z)/σz > 5 and z/σz > 1) that was generated
for this field and cross-identified with ATLAS sources (Smith
et al. 2010). We find 331 sources, which correspond to the low
redshift sub-sample of the galaxies selected in the colour-colour
diagrams. For each galaxy, we perform a single temperature fit
from the above equation assuming β = 1.5. We found that gen-
erally an isothermal SED model is a good fit to the 331 galaxies.
Fitting a two-component SED model does not, on average, seem
to provide a better fit. We believe that this relatively good fit pro-
vided by the isothermal SED model is due to the fact most of our
sample is composed of low redshift galaxies and therefore we do
not probe much the Wien part of the galaxy SED.

In Fig. 2 we summarize our results and compare the H-
ATLAS dust temperatures against dust temperatures in the lit-
erature for a variety of sub-mm bright galaxies. These samples
are: the sources in BLAST detected above 5σ in at least one of
the BLAST bands with either a COMBO-17 (Wolf et al. 2004)
or a SWIRE photometric redshift (Rowan-Robinson et al. 2008)
and Spitzer-MIPS 70 and 160 µmfluxes (Dye et al. 2009; β = 1.5
fixed); local ULIRGS observed with SCUBA at 450 and 850 µm
and complemented with IRAS 60 and 100 µm fluxes (Clements
et al. 2010; β varied); SCUBA sub-mm galaxies detected at bet-
ter than 3σ at 850 µm and having redshifts determined from
Keck-I spectroscopy (Chapman et al. 2005; β = 1.5 fixed); lo-
cal IRAS-selected galaxies with 60 and 100 µm fluxes comple-
mented with SCUBA 850 µm (Dunne et al. 2000; β varied).

In Table 1 we list average dust temperatures as a function
of redshift for several bins in redshift for both H-ATLAS only
and all of the combined sub-mm galaxy samples, including H-
ATLAS, plotted in Fig. 2. We do not find any evolution of the
H-ATLAS dust temperature with redshift, though such an evolu-
tion is suggested with BLAST measurements (Dye et al. 2009;
Pascale et al. 2009), where sources with higher temperaturewere
found at higher redshifts consistent with radio-identified SMGs
found with SCUBA (Chapman et al. 2005; Ivison et al. 2010;
Kovacs et al. 2006; Coppin et al. 2008). While we find a re-
markable consistency of the average dust temperature in our
H-ATLAS sample as a function of redshift, these averages are
not necessarily in agreement with other sub-mm galaxy sub-
samples in the literature, mostly due to selection effects. For
example, the SCUBA ULIRGS have an average temperature of
(43 ± 7)K. These sources were selected using IRAS 60 µm and
IRAS selected sources are known to be biased to higher tem-
peratures. Optically-selected low redshift sub-mm galaxies are
known to have colder temperatures consistent with our findings
(e.g., Willmer et al. 2009; Vlahakis et al. 2005). The large ex-
pected sample of sources from the 550 deg.2 of H-ATLAS will
enable more detailed studies in the future, without the biases as-
sociated with selections of various sub-samples, including ours.
While we show results here with β = 1.5 fixed, when fitting for
β and Td we found β = 1.4 ± 0.1, consistent with β = 1.3 found
in Dunne et al. (2000).

In Fig. 3 we plot the dust temperature vs. FIR luminosity by
integrating model SEDs between 8 and 1100 µm for H-ATLAS
sub-sample. Luminosities for other samples are from the litera-
ture. Fitting for a relation of the form Td = T0 + α log(LFIR/L#),
we find T0 = −20.5K and α = 4.4 (see, Fig. 4). The value of
log(LFIR/L#) is on average 10.9 ± 0.8 for our sample. This rela-
tion is consistent with BLAST data (Dye et al. 2009).
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Fig. 4. Normalized redshift distribution (black thick solid line) of
SPIRE sources in the colour-colour diagram of Fig. 1(a), selected to
satisfy the following criteria: S 350 > 35mJy and at least 3σ detec-
tions at 250 and 500 µm. The dashed line and dotted-dash line repre-
sent Negrello et al. 2007 and Lagache et al. 2004 models for the same
flux selection. Both model curves are in qualitatively good agreement
with the data. Additionally we show N(z) for the same subsample us-
ing a colour-cut of S 500/S 250 < 0.75 (blue thin solid line), and > 0.75
(red thin dotted line). The distribution shown here is for 1686 sources,
a subset of about 6600 H-ATLAS sources in the SDP field.
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( hν
kTd

)

− 1]. (1)

In generating these models we take uniform ranges for the dust
temperature from 10 to 60 K, emissivity parameter β from 0 to
2, and redshift from 0 to 5. The choice of 0 < β < 2 com-
pared to 1 < β < 2 makes a minor difference since we also
broaden the SED tracks in the colour diagram by adding an extra
Gaussian standard deviation of 10% to the fluxes used to com-
pute the model colour. This scatter accounts for the broadening
of data in the colour-colour plane due to flux uncertainties. As
shown in Fig. 1, we find that the colour diagram of sources with
fluxes from SPIRE only are well within the set of models we
have considered. When we examine PACS colours, we find that
some points lie outside the same set of tracks as used for the
SPIRE-only colour diagram. While some of these outlier points
may be due to fractionally larger flux errors in PACS, it is likely
most of these sources are not well-fitted by our simple isother-
mal SED model, requiring for instance a second dust component
(Dunne & Eales 2001) or a more complex SED model.

When fitting simple modified blackbody model to the data
we must keep in mind that there is a partial degeneracy between
β and Td and, more importantly, a perfect degeneracy between
Td and z. In fact, the peak of the SED is determined by the ν/Td
term in the exponential, so that a measurement of the colours
alone constrains only the ratio (1 + z)/Td. However, assuming
reasonable priors on the free parameters of the SED model (in
our case, β and Td) it is still possible to estimate a qualitative
redshift distribution for our sample of sources. Alternatively, if
secure redshifts are known from optical cross-identifications, we
can determine the dust temperatures.

3. Dust temperature distribution
We make use of the H-ATLAS source sample with detections
at 3σ in at least two bands and at 5σ in one band of either

PACS and SPIRE that have been robustly (reliability parameter
RLR > 0.9, Smith et al. 2010) identified with GAMA or SDSS
DR-7 galaxies. We also require a known spectroscopic redshift
from GAMA or SDSS, or from the photometric redshift cata-
log (with (1 + z)/σz > 5 and z/σz > 1) that was generated
for this field and cross-identified with ATLAS sources (Smith
et al. 2010). We find 331 sources, which correspond to the low
redshift sub-sample of the galaxies selected in the colour-colour
diagrams. For each galaxy, we perform a single temperature fit
from the above equation assuming β = 1.5. We found that gen-
erally an isothermal SED model is a good fit to the 331 galaxies.
Fitting a two-component SED model does not, on average, seem
to provide a better fit. We believe that this relatively good fit pro-
vided by the isothermal SED model is due to the fact most of our
sample is composed of low redshift galaxies and therefore we do
not probe much the Wien part of the galaxy SED.

In Fig. 2 we summarize our results and compare the H-
ATLAS dust temperatures against dust temperatures in the lit-
erature for a variety of sub-mm bright galaxies. These samples
are: the sources in BLAST detected above 5σ in at least one of
the BLAST bands with either a COMBO-17 (Wolf et al. 2004)
or a SWIRE photometric redshift (Rowan-Robinson et al. 2008)
and Spitzer-MIPS 70 and 160 µmfluxes (Dye et al. 2009; β = 1.5
fixed); local ULIRGS observed with SCUBA at 450 and 850 µm
and complemented with IRAS 60 and 100 µm fluxes (Clements
et al. 2010; β varied); SCUBA sub-mm galaxies detected at bet-
ter than 3σ at 850 µm and having redshifts determined from
Keck-I spectroscopy (Chapman et al. 2005; β = 1.5 fixed); lo-
cal IRAS-selected galaxies with 60 and 100 µm fluxes comple-
mented with SCUBA 850 µm (Dunne et al. 2000; β varied).

In Table 1 we list average dust temperatures as a function
of redshift for several bins in redshift for both H-ATLAS only
and all of the combined sub-mm galaxy samples, including H-
ATLAS, plotted in Fig. 2. We do not find any evolution of the
H-ATLAS dust temperature with redshift, though such an evolu-
tion is suggested with BLAST measurements (Dye et al. 2009;
Pascale et al. 2009), where sources with higher temperaturewere
found at higher redshifts consistent with radio-identified SMGs
found with SCUBA (Chapman et al. 2005; Ivison et al. 2010;
Kovacs et al. 2006; Coppin et al. 2008). While we find a re-
markable consistency of the average dust temperature in our
H-ATLAS sample as a function of redshift, these averages are
not necessarily in agreement with other sub-mm galaxy sub-
samples in the literature, mostly due to selection effects. For
example, the SCUBA ULIRGS have an average temperature of
(43 ± 7)K. These sources were selected using IRAS 60 µm and
IRAS selected sources are known to be biased to higher tem-
peratures. Optically-selected low redshift sub-mm galaxies are
known to have colder temperatures consistent with our findings
(e.g., Willmer et al. 2009; Vlahakis et al. 2005). The large ex-
pected sample of sources from the 550 deg.2 of H-ATLAS will
enable more detailed studies in the future, without the biases as-
sociated with selections of various sub-samples, including ours.
While we show results here with β = 1.5 fixed, when fitting for
β and Td we found β = 1.4 ± 0.1, consistent with β = 1.3 found
in Dunne et al. (2000).

In Fig. 3 we plot the dust temperature vs. FIR luminosity by
integrating model SEDs between 8 and 1100 µm for H-ATLAS
sub-sample. Luminosities for other samples are from the litera-
ture. Fitting for a relation of the form Td = T0 + α log(LFIR/L#),
we find T0 = −20.5K and α = 4.4 (see, Fig. 4). The value of
log(LFIR/L#) is on average 10.9 ± 0.8 for our sample. This rela-
tion is consistent with BLAST data (Dye et al. 2009).

Average
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Table 1. Average dust temperatures as a function of redshift for the 331
H-ATLAS galaxies (column 2) and for all the data (column 4) presented
in Fig. 2 and 3 (including H-ATLAS).

z-range H-ATLAS
Nsrcs

Td
all data
Nsrcs

all data Td
All z 331 28 ± 8 658 30 ± 9

0 < z < 0.1 106 27 ± 8 235 32 ± 9
0.1 < z < 0.5 186 29 ± 8 260 28 ± 8
0.5 < z < 1 33 23 ± 5 67 24 ± 7
z > 1 6 32 ± 8 96 37 ± 10

4. Redshift distribution
Since most of our sources lack redshifts, we consider another
example application of our colour diagram and infer the statis-
tical redshift distribution N(z) for the source samples plotted in
Fig. 1. We do this by first gridding the colour-colour plane along
the SED tracks into redshift bins. We then convert the number
of sources within a grid region of colours to a binned redshift
distribution (Hughes et al. 2002). This method is equivalent to
extracting the redshift probability distribution function for the
whole sample if we had simply fitted SEDs to individual fluxes
and taken the sum of the redshift probabilities of each source.
While the redshift for an individual galaxy is largely uncertain,
and sensitive to the SEDs used, the statistical redshift distribu-
tion we extract should be a reasonable estimate of the true dis-
tribution of the source sample.

Fig. 4 shows the redshift distribution for SPIRE sources de-
tected in all 3 bands (Fig. 1(a)). For the sample of 1686 sources
with flux densities above 35 mJy at 350 µm and above 3σ at
250 and 500 µm, we find the average redshift to be 2.2 ± 0.6.
This is consistent with the average redshift of 2.4 ± 0.4 for the
radio-identified sub-mm galaxies with SCUBA at 850 µm fol-
lowed up spectroscopically at Keck (Chapman et al. 2005), the
interquartile redshift range of 1.8 to 3.1 for sources in SCUBA
Half Degree Extragalactic Survey determined photometrically
(Aretxaga et al. 2007), and median redshift of greater than 1 for
a sub-sample of 250 µm sources down to 35 mJy (Dunlop et al.
2009). Our distribution, however, has an average redshift value
higher than that of a larger sample of BLAST sources (Dye et
al. 2009). Such a difference is not unexpected given the differ-
ences in the sample selection. We emphasize again the distribu-
tion shown in Fig. 4 is for a subset of about 25% of the whole
catalog with specific selection criteria that tend to favour the high
redshift-end of the distribution. Based on cross-identifications to
SDSS and GAMA, we find 30% of the H-ATLAS sources are at
z < 0.5 in the SDP field (Smith et al. 2010).

In addition to the total sample, we also make a colour-cut
with S 500/S 250 > 0.75 and < 0.75, in addition to the flux cut
of 35 mJy at 350µm. By imposing this colour-cut we have sepa-
rated a high redshift population with redder colours from a low
redshift population. We find average redshifts of 2.6 ± 0.3 and
1.8 ± 0.4 for sources with S 500/S 250 > 0.75 and < 0.75, re-
spectively. While we do not show the redshift distributions sepa-
rately for the samples in Fig. 1(b) and (c), the average redshift in
these cases is z = 0.8 ± 0.3 for sources detected in 160, 250 and
350 µm with a flux cut of 35 mJy at 250 µm, and z = 0.7 ± 0.3
for sources detected in 100, 160 and 250 µm with a flux cut
of ! 100 mJy at 160 µm. As is clear from Fig. 1, we find that
lower redshift sources are more likely to be detected at shorter
wavelengths while bright sources seen in longer SPIRE bands
are likely to be at high redshifts on average. Some of the bright
500 µm sources that we see, especially with a colour selection

selecting red galaxies in sub-mm, could also have their fluxes
magnified by lensing and will be among the results forthcoming
from H-ATLAS (Negrello et al. 2010).

5. Conclusions
We have discussed the spectral energy distribution of sub-mm
galaxies in 14 deg.2, subset of the full H-ATLAS survey. We
have used the colours in 5 bands to measure the dust tempera-
ture for the sub-sample of sources with known redshifts. We also
derived a qualitative estimate of the statistical redshift distribu-
tion of bright 350 µm selected galaxies assuming broad priors
in temperature and the dust emissivity. We find that the average
dust temperature of H-ATLAS sources is 28± 8K, while 350 µm
sources with fluxes above 35 mJy have an average redshift of
2.2 ± 0.6.
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Herschel-ATLAS

Luminosity-temperature relation:
Evidence for SMGs with cold 
(T < 20K) dust? (expected due to
peak of SED when z < 1 at cold dust
end of the BB spectrum).

A. Amblard et al.: Colour-colour diagrams of Herschel-ATLAS sources 3

Fig. 4. Normalized redshift distribution (black thick solid line) of
SPIRE sources in the colour-colour diagram of Fig. 1(a), selected to
satisfy the following criteria: S 350 > 35mJy and at least 3σ detec-
tions at 250 and 500 µm. The dashed line and dotted-dash line repre-
sent Negrello et al. 2007 and Lagache et al. 2004 models for the same
flux selection. Both model curves are in qualitatively good agreement
with the data. Additionally we show N(z) for the same subsample us-
ing a colour-cut of S 500/S 250 < 0.75 (blue thin solid line), and > 0.75
(red thin dotted line). The distribution shown here is for 1686 sources,
a subset of about 6600 H-ATLAS sources in the SDP field.

dependent emissivity function εν ∝ νβ, where the flux density fν
is :

fν = ενBν ∝ ν3+β/[exp
( hν
kTd

)

− 1]. (1)

In generating these models we take uniform ranges for the dust
temperature from 10 to 60 K, emissivity parameter β from 0 to
2, and redshift from 0 to 5. The choice of 0 < β < 2 com-
pared to 1 < β < 2 makes a minor difference since we also
broaden the SED tracks in the colour diagram by adding an extra
Gaussian standard deviation of 10% to the fluxes used to com-
pute the model colour. This scatter accounts for the broadening
of data in the colour-colour plane due to flux uncertainties. As
shown in Fig. 1, we find that the colour diagram of sources with
fluxes from SPIRE only are well within the set of models we
have considered. When we examine PACS colours, we find that
some points lie outside the same set of tracks as used for the
SPIRE-only colour diagram. While some of these outlier points
may be due to fractionally larger flux errors in PACS, it is likely
most of these sources are not well-fitted by our simple isother-
mal SED model, requiring for instance a second dust component
(Dunne & Eales 2001) or a more complex SED model.

When fitting simple modified blackbody model to the data
we must keep in mind that there is a partial degeneracy between
β and Td and, more importantly, a perfect degeneracy between
Td and z. In fact, the peak of the SED is determined by the ν/Td
term in the exponential, so that a measurement of the colours
alone constrains only the ratio (1 + z)/Td. However, assuming
reasonable priors on the free parameters of the SED model (in
our case, β and Td) it is still possible to estimate a qualitative
redshift distribution for our sample of sources. Alternatively, if
secure redshifts are known from optical cross-identifications, we
can determine the dust temperatures.

3. Dust temperature distribution
We make use of the H-ATLAS source sample with detections
at 3σ in at least two bands and at 5σ in one band of either

PACS and SPIRE that have been robustly (reliability parameter
RLR > 0.9, Smith et al. 2010) identified with GAMA or SDSS
DR-7 galaxies. We also require a known spectroscopic redshift
from GAMA or SDSS, or from the photometric redshift cata-
log (with (1 + z)/σz > 5 and z/σz > 1) that was generated
for this field and cross-identified with ATLAS sources (Smith
et al. 2010). We find 331 sources, which correspond to the low
redshift sub-sample of the galaxies selected in the colour-colour
diagrams. For each galaxy, we perform a single temperature fit
from the above equation assuming β = 1.5. We found that gen-
erally an isothermal SED model is a good fit to the 331 galaxies.
Fitting a two-component SED model does not, on average, seem
to provide a better fit. We believe that this relatively good fit pro-
vided by the isothermal SED model is due to the fact most of our
sample is composed of low redshift galaxies and therefore we do
not probe much the Wien part of the galaxy SED.

In Fig. 2 we summarize our results and compare the H-
ATLAS dust temperatures against dust temperatures in the lit-
erature for a variety of sub-mm bright galaxies. These samples
are: the sources in BLAST detected above 5σ in at least one of
the BLAST bands with either a COMBO-17 (Wolf et al. 2004)
or a SWIRE photometric redshift (Rowan-Robinson et al. 2008)
and Spitzer-MIPS 70 and 160 µmfluxes (Dye et al. 2009; β = 1.5
fixed); local ULIRGS observed with SCUBA at 450 and 850 µm
and complemented with IRAS 60 and 100 µm fluxes (Clements
et al. 2010; β varied); SCUBA sub-mm galaxies detected at bet-
ter than 3σ at 850 µm and having redshifts determined from
Keck-I spectroscopy (Chapman et al. 2005; β = 1.5 fixed); lo-
cal IRAS-selected galaxies with 60 and 100 µm fluxes comple-
mented with SCUBA 850 µm (Dunne et al. 2000; β varied).

In Table 1 we list average dust temperatures as a function
of redshift for several bins in redshift for both H-ATLAS only
and all of the combined sub-mm galaxy samples, including H-
ATLAS, plotted in Fig. 2. We do not find any evolution of the
H-ATLAS dust temperature with redshift, though such an evolu-
tion is suggested with BLAST measurements (Dye et al. 2009;
Pascale et al. 2009), where sources with higher temperaturewere
found at higher redshifts consistent with radio-identified SMGs
found with SCUBA (Chapman et al. 2005; Ivison et al. 2010;
Kovacs et al. 2006; Coppin et al. 2008). While we find a re-
markable consistency of the average dust temperature in our
H-ATLAS sample as a function of redshift, these averages are
not necessarily in agreement with other sub-mm galaxy sub-
samples in the literature, mostly due to selection effects. For
example, the SCUBA ULIRGS have an average temperature of
(43 ± 7)K. These sources were selected using IRAS 60 µm and
IRAS selected sources are known to be biased to higher tem-
peratures. Optically-selected low redshift sub-mm galaxies are
known to have colder temperatures consistent with our findings
(e.g., Willmer et al. 2009; Vlahakis et al. 2005). The large ex-
pected sample of sources from the 550 deg.2 of H-ATLAS will
enable more detailed studies in the future, without the biases as-
sociated with selections of various sub-samples, including ours.
While we show results here with β = 1.5 fixed, when fitting for
β and Td we found β = 1.4 ± 0.1, consistent with β = 1.3 found
in Dunne et al. (2000).

In Fig. 3 we plot the dust temperature vs. FIR luminosity by
integrating model SEDs between 8 and 1100 µm for H-ATLAS
sub-sample. Luminosities for other samples are from the litera-
ture. Fitting for a relation of the form Td = T0 + α log(LFIR/L#),
we find T0 = −20.5K and α = 4.4 (see, Fig. 4). The value of
log(LFIR/L#) is on average 10.9 ± 0.8 for our sample. This rela-
tion is consistent with BLAST data (Dye et al. 2009).
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Many questions: why cold? what are these
sources? What stage of merging?
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Spatial distribution of 350μm selected sub-mm galaxies

Some evidence for strong clustering 
with correlation length~10 Mpc for 
“red” (350/250>0.75) sources
(Maddox et al A&A special issue)

At z > 2 find proto-clusters! (bright SMGs are 
unlikely to be in virialized clusters by large 
numbers, but should trace large overdensities 
before collapse when galaxies are still 
undergoing massive starformation)

(de Zotti et al. in preparation)



Herschel-ATLAS

z > 4 sources?

We find 281 sources with S500  > S350

55 of these sources are detected above 5σ (>45 mJy), while others are detected at > 3σ
49 detected above 5σ in all 3 bands. One of these is a blazar at z~1.02, in Fermi all-sky
catalog.

Are all the 281 sources at z > 4?
Unclear, again we need significant
follow-up data, especially at near-IR.
Also CO-line redshifts?
 
Assuming all 281 sources are z > 4,
a rough lower limit on the 
surface density of z > 4 sources 
down to S500 > 20 mJy is ~20/deg2 

(~50% uncertainty)

The surface density of 350 μm selected
sources (z~2 to 3) S350 > 35 mJy
is  ~100/deg2
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Cross-correlation with optical (GAMA redshifts)
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Cross-correlation with optical (GAMA redshifts)

Red: out to 50 Mpc
Green: out to 100 Mpc
error bars are Poisson (underestimated)

Using
~900 SPIRE sources with spectroscopy
~7000 GAMA redshifts

This probes the clustering scale
of the low-redshift tail of the
sub-mm galaxy distribution
(~ 4Mpc correlation length)

(Guo et al, in preparation)



What’s next for H-ATLAS?
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Summary



Summary

We think “red” 350μm selected population is at z ~ 2.
We should also have ~20/deg2 z~4 sources (500 micron
peakers) - or they must have very cold dust.

We are finding rare, luminous (> 1012 Lsun) sub-mm 
galaxies with cold (T < 20K) dust. 

We think we can find z ~ 2 protoclusters of sub-mm
galaxies tracing overdensities of a few at 10-20Mpc scales.
(hierarchical picture suggests one such an overdensity per ten
sq. degrees). 

There is a clear need for large followup studies.


