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Herschel

• Far-IR space telescope	



• 3.5m passively cooled 
primary	



• 3 instruments, HIFI, PACS, 
SPIRE	



• SPIRE operates at 250, 350 & 
500 microns	



• Can survey large areas very 
rapidly



Herschel Surveys: HerMES



Herschel Surveys: H-ATLAS
First ~14.4 sq deg of	



H-ATLAS	


7000 sources	



 



HerMES & H-ATLAS 
Summary

• HerMES: 90 sq. deg. to confusion limit in 
SPIRE or below + 250 sq. deg. to brighter 
limits	



• H-ATLAS: 570 sq. deg. to confusion limit in 
SPIRE	



• Hundreds of thousands of galaxies found



Galaxy SEDs at z=0

All sources 
at low z 

are blue in 
SPIRE 
bands:	



F250>F350
>F500



But at z=3...

At z~3 
redshift 

means flat 
SED 

between 
250 & 350 
microns



And at still higher redshift...

At z>5 SED 
peak is at 

wavelengths 
longer than 

500 microns:	


F500>F350>

F250



Do Such red Sources 
Exist?

250 microns 350 microns 500 microns



Can produce Redness 
Map

Herschel/SPIRE

Riechers et al. 2013



The Identification 
Problem

• Herschel beams are 18” at 250 microns 
and 36” at 500 microns	



• Matching a 500 micron source to a source 
at other wavelengths can be challenging! 



24 micron image of FLS with 500 micron Herschel 
contours



24 micron image of FLS with 500 micron Herschel and 
270GHz SMA contours (source at z=4.44)



Additional Flux: Submm 
Photo-z

• Can use model far-SEDs as templates in a 
crude photo-z estimator	



• With Herschel data alone similar to red 
selection	



• Additional submm data greatly improves 
photo-z accuracy



Redshift	


Likelihood

Fitted SED



Redshift	


Likelihood

Fitted SED



Redshift	


Likelihood

Fitted SED



Redshift	


Likelihood

Fitted SED
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z>4 Sources: Status
• Dowell et al, 2014 reports first followup	



• 38 candidates over 21 sq. deg.	



• SMA, PdB, ZSpec & Bolocam followup for some	



• 5 spectroscopic redshifts: 3.39 to 6.3The Astrophysical Journal, 780:75 (24pp), 2014 January 1 Dowell et al.

Figure 5. SPIRE color ratios for sources presented in this paper (black dots). The sources with redshifts are shown as red diamonds. For comparison, 500 µm riser
sources with redshifts selected via other methods (i.e., not on the basis of their SPIRE colors) are shown as gray stars (see Section 6). SED tracks based on Arp 220
and the Cosmic Eyelash (Swinbank et al. 2010) are shown for comparison. They gray dashed lines represent our selection in color space. Note that the uncertainties
vary considerably, and are quite large for some of the sources. Example uncertainties are shown for FLS 1, 5, and LSW 20.
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Figure 6. Z-Spec observations of our sources. All four have known redshifts
from either CARMA or Keck as described in the text. Line searches in these
data will be discussed in D. A. Riechers et al. (2014, in preparation).

lines in these spectra using the redshift search algorithm detailed
in Lupu et al. (2012), but did not detect any features at greater
than 3σ . These spectra are analyzed further by D. A. Riechers
et al. (2014, in preparation).

Two of our targets, LSW 48 and LSW 52, were observed
with Bolocam at 1.1 mm in 2012 December under excellent
conditions (τ225 GHz(zenith) = 0.03–0.06) using a Lissajous scan
pattern. Bolocam is a facility 144-element bolometer camera at
the CSO that can operate at either 1.1 or 2.1 mm (Glenn et al.
2003). The beam FWHM at 1.1 mm is 31′′, and the fractional
bandwidth is 0.17. The total integration time for LSW 48 was
2.0 hr, and for LSW 52 was 4.3 hr. The reduction procedures are
as described in Wu et al. (2012). Both sources were detected,
and are unresolved by the Bolocam beam.

4.3. Submillimeter/Millimeter Interferometric Continuum
Observations: SMA and PdBI

Four sources (FLS 1, FLS 3, FLS 5, and LSW 20) were
observed with the SMA at λ = 1.1 mm using a combination of

compact, sub-compact, and extended configurations. Similarly,
nine of our targets (FLS 1, FLS 3, FLS 6, FLS 17, FLS 19,
LSW 20, LSW 28, LSW 29, and LSW 102) were observed with
the PdBI at ∼1.3 mm. In the majority of the cases—including
all five with redshifts—the large millimeter-wave fluxes are
confirmed, and in most cases the emission at 3′′ resolution is
dominated by a single spatial component. Further details of
these observations, including source morphologies and more
precise interferometric positions, will be presented by D. L.
Clements et al. (2014, in preparation) and I. Perez-Fournon
et al. (in preparation), respectively.

The SMA and PdBI detections allow us to measure the po-
sitional accuracy of our SPIRE detections. For those sources—
which tend to be the brighter members in the sample—the me-
dian separation of the interferometric source and the centroid
of the source in the SPIRE difference map is 5.′′1. For sources
which are isolated and clearly detected in the 250 or 350 µm
bands, a significantly better SPIRE position can be derived by
using those images alone. For fainter and blended sources, the
positional accuracy is probably somewhat worse.

The SMA and PdBI flux densities of eight of our sources
were measured from Gaussian fits in the uv-plane, and are
given in Table 4; final flux densities for the other sources are
awaiting the completion of all scheduled observations. LSW 20
is resolved into two sources with a separation of ∼3.′′8 by the
SMA observations (also see Section 4.5). Because the SPIRE
and Z-Spec beams are much larger than this (>18′′), we add
the flux densities of the two components for our analysis. The
PdBI observations of this source also show indications of a
faint component at the same position, but the flux density is
poorly constrained. Combined with the Z-Spec and Bolocam
observations, we can see that, with the exception of FLS 17,
our targets are among the strongest known optically faint dusty
galaxies at λ ≈ 1 mm that are not known to be significantly
lensed.

4.4. Radio Continuum Observations

FLS 3 was the subject of deep targeted Jansky Very Large
Array (JVLA) and follow-up at 21 cm once its redshift was
determined (Riechers et al. 2013). A radio source is detected
at 6σ in the deep Morrison et al. (2010) JVLA survey of
GOODS-N close to the position of GOODSN 8. There are no
other detected sources within 15′′. However, without a precise

10

Dowell et al. 2014



DSFGs at z>4: 
Unexpectedly Common

The Astrophysical Journal, 780:75 (24pp), 2014 January 1 Dowell et al.

Table 6
Predicted Number of Red SPIRE Sources

Predicted Density (deg−2)
Model Red Red z > 3 Red z > 4 Reference

Béthermin 11 1.1 0.05 <0.03 Béthermin et al. (2011); B11
Béthermin 12 0.58 0.58 0.49 Béthermin et al. (2012); B12
F.-Conde <0.6 <0.6 <0.6 Fernandez-Conde et al. (2008)
LeBorgne <0.3 <0.3 <0.3 Le Borgne et al. (2009)
Valiante 1.5 0.2 <0.3 Valiante et al. (2009)
Franceschini 10 3.4 1.2 Franceschini et al. (2010)
Xu 12 0.34 0.08 Xu et al. (2001)
Observed 3.27+0.67

−0.84 >1.68 (95%) 2.37+0.75
−0.79 This work

Notes. Comparison of the prediction of various pre-existing models with the observed number of red sources
satisfying our detection criteria (D ! 23.9 mJy, S500 µm ! 30 mJy, S500 µm ! S350 µm ! S250 µm). The upper
limits, which are provided when no such sources were generated in our simulations, are the 95% one-sided
frequentist limits, and are set by the sky area simulated for each model. The number of red sources at z > 3
and z > 4 are based on combining the measured sky density with the observation that 4/5 of our sources with
redshifts are at z > 4, and 5/5 at z > 3.

For the Xu et al. (2001) models, we used mock catalogs
covering 10 deg2 which have been updated to better match
the Spitzer number counts. This substantially over-predicts
the number density of red sources at 12 deg−2. However, the
predicted number of z > 4 sources is much smaller, 0.08 deg−2,
which is strongly ruled out. Again, this model also predicts
a very large number of red sources at lower z which are not
seen in the data. Inspection of these sources show that most are
classified as having “active galactic nucleus (AGN)” rather than
“starburst” templates. Closer inspection of the templates that
meet our source selection criteria indicate that the models may
have poor applicability for these types of sources. For example,
the template within the model catalogs which most often passes
the selection criteria is based on the 1011.8 L⊙ galaxy Mrk 0309,
which is assumed to have a dust temperature of ∼22 K (for β =
1.5), despite being scaled up by a factor of five in luminosity
for the catalogs, and despite having no published measurements
for the template fit at λ > 100 µm. Galaxies with luminosity
of 1012.5 L⊙ and average dust temperature 22 K may exist, but
the Mrk 0309-based template is not yet a convincing example
of one.

The B12 models fare considerably better. We generated
catalogs representing 200 deg2, and found a predicted red source
density of 0.58 deg−2. Furthermore, all of the red sources
predicted by this model are at z > 3, with 0.49 deg−2 at
z > 4. Folding in the efficiency distribution, and including
the predicted contamination rate by “orange” sources, the B12
model predicts that we should select 14.7 sources over our fields,
compared with the 38 actually found. This corresponds to a P
value of 3 × 10−7, so formally this model is still excluded
at very high significance. However, it is clear that it is much
closer to our observations than the other models, and it is
worth attempting to understand why this is the case. There
are two primary reasons. First, the B12 predicts more high-z,
luminous DSFGs than many of the other models—although
not, for example, the B11 model. Second, the SED templates
for luminous DSFGs are redder, on average, than for most
of the other models—this is the most important difference in
comparison with the B11 model. In addition, the B12 model
implements some scatter in the templates for a fixed z and
luminosity, which most of the other models do not. However,
this seems to have a relatively modest effect—doubling the
scatter increases the predicted source density by about 25%, but
entirely by adding bright z < 3 red sources which, so far, have
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Figure 13. Cumulative number counts (red DSFGs brighter than a specified flux
density in the difference map, D) for the B11 and B12 models, based on the
simulations discussed in the text. Shown, for comparison, is our measurement
of the number density of z > 4 red DSFGs from Section 5.4.
(A color version of this figure is available in the online journal.)

not been observed. Furthermore, it disturbs the agreement of this
model with the observed far-IR/submillimeter monochromatic
differential number counts. The cumulative number counts for
the B11 and B12 models, compared with our observations, are
shown in Figure 13.

One possibility for improving the agreement of these models
with observations is that there may be significantly more strong
lensing at high redshifts than expected. Here we explore how
much more lensing would be required to match our observations
with current population models using the B11 model. The B11
model already contains lensing, but we can consider the effects
of modifying this prescription. If we substitute the lensing
model of Wardlow et al. (2013), the number of red sources is
significantly increased to 1.4 deg−2. However, most of these are
at z < 2; the number densities at z > 3 and z > 4 are increased
to 0.3 and 0.2 deg−2, respectively. This is a step in the right
direction, but is clearly still inconsistent with our observations.
Furthermore, the observed flux density distribution clearly does
not match our population—the number of S500 µm > 50 mJy
sources at z > 3 is only 0.05 deg−2. The five sources with
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Figure 14. Photo-z distribution of our sample using the SED prior discussed in
the text.
(A color version of this figure is available in the online journal.)

sampled λC
max values, we also take the corresponding values

of the SED parameters (Td, β, etc.), redshifting that SED to
the corresponding zp of the catalog source, and scaling it to
match the observed 500 µm flux density. For this calculation
we must also correct for the selection efficiency and purity, as
discussed in Section 5, so for each zp, LIR pair we also associate
a randomly drawn ϵ and p appropriate to that source. Doing this
once for each source in our catalog provides a single simulation
of our red source sample. We then bin the simulated sources
by zp into two broad bins (zp = 4–5 and zp = 5–6), add up
the total LIR in each bin, counting each catalog source as p/ϵA
sources per deg2, where A is the area of the field that that source
comes from. For those sources in our main survey area with
spectroscopic redshifts (FLS 1, FLS 3, FLS 5, and LSW 20) we
instead sample LIR directly from their SED fits (Section 4.7),
hence excluding both FLS 3 and LSW 20 from our calculation
as they lie outside both redshift bins.

We then divide the total LIR in each bin by the comoving
volume per deg2, and convert to a star formation rate density
(SFRD) using the Kennicutt (1998) conversion. By repeating
this procedure 5000 times, and folding in Poisson noise due to
the limited sample size, we can estimate the uncertainty in the
SFRD from these sources, deriving values of (1.5 ± 0.5)×10−3

and (8.6 ± 4.9) × 10−4 M⊙ yr−1 Mpc−3 at 4 ! z < 5 and
5 ! z < 6, respectively (Figure 15). About half of the
uncertainty budget in the lower bin and the majority in the higher
bin arises from Poisson noise. Note that we make no attempt
to correct for non-red DSFGs at these redshifts, nor for sources
fainter than our detection limit. These values thus represent only
the contribution to the SFRD from the most luminous, heavily
obscured far-IR galaxies.

This discussion assumes that AGN activity is not a major
contributor to the far-IR luminosity of our sources, as is thought
to be the case for lower-z DSFGs (Alexander et al. 2005).
Unfortunately, given the high redshift, extreme obscuration,
and modest source density of our sources, obtaining sufficiently
deep X-ray data for even a small fraction of our catalog would
be prohibitively expensive. However, we note that the closest
X-ray source to GOODSN 8 in the 2 Ms Chandra Deep Field
North catalog (Alexander et al. 2003) is 18′′ away, which, given
our positional uncertainties, is unlikely to be related.

Figure 15. Estimated contribution of our 500 µm riser selected DSFGs to the
star formation rate density at z = 4–6 (red circles). No correction is made for
fainter sources, or for DSFGs in this redshift range that are not red in the SPIRE
bands. The horizontal bars reflect the bin size, and are not uncertainties. The
orange diamonds show the red points corrected for fainter sources using the
B11 luminosity function. For comparison, the blue pentagons are the extinction
corrected values derived from rest-frame UV HST surveys for sources brighter
than 0.3 L⋆ (Bouwens et al. 2007); these include significantly lower luminosity
sources than the red points.
(A color version of this figure is available in the online journal.)

If we assume that the shape of the DSFG luminosity function
does not evolve from z ∼ 2 to z ∼ 5 (which is almost certainly
not true in detail, and may not even be a good approximation),
then we can correct for the presence of fainter starbursts. Further
assuming that our z > 4 targets have LIR > 1013 L⊙, based
on the results of Section 4.7, and using the B11 luminosity
function,43 the contribution to the SFRD from red, z > 4
DSFGs is similar to the extinction-corrected, UV-inferred SFRD
at the same redshifts of Bouwens et al. (2007), as shown in
Figure 15. Using the B12 luminosity function increases this by
a further factor of three. Again, we have not made any attempt
to include non-red z > 4 DSFGs. Furthermore, the overall
SFRD for these luminosity functions is dominated by sources
with LIR ∼ 1012 L⊙, which are too obscured to be detected in
the rest-frame UV even in deep Hubble Space Telescope (HST)
observations. Clearly, the exact values should not be taken too
seriously, but they do suggest that rest-frame UV based estimates
of the star formation history of the universe may be missing a
significant component of the SFRD, even after corrections for
extinction. Determining whether or not this is the case will
require further observations—with the goals of both increasing
the number of red sources with spectroscopic redshifts, and
extending the search to fainter sources.

8. CONCLUSIONS

We have presented a method for selecting candidate high-z
DSFGs using Herschel/SPIRE colors, and provided a catalog
of such sources selected from the first 21.4 deg2 of data from
the HerMES project.

1. The number density of red S500 µm " 30,D =
0.92S500 µm − 0.39S250 µm " 23.9 mJy sources in confu-
sion limited SPIRE maps is ∼2 deg−2. After modeling for

43 See Figure 11 of B11, noting that the only change in the shape from z = 3
to 5 is an increase in L⋆ by 6%.
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We find more than 
current models predict

Comparison of SFRD of	


z>4 DSFGs & UVGs

Dowell et al. 2014



More Followup 
Underway

• 31 z>4 candidates now observed by SMA - 
most confirmed	



• More coming, and others observed by PdB 
etc.



Role of Lensing
• Bright Herschel sources often lensed (eg. Negrello et 

al., 2010; Wardlow et al., 2013; Bussmann et al. 2013)The Astrophysical Journal, 762:59 (28pp), 2013 January 1 Wardlow et al.

Figure 6. Cumulative 500 µm number counts for HerMES blank-field catalogs
(Oliver et al. 2010) and P (D) analysis (Glenn et al. 2010); the number
counts of the candidate strongly gravitationally lensed sources in HerMES
(Table 4) are also shown. Shaded regions represent the 68% uncertainty in the
model components and prediction for the NFW lensing model. The intrinsic
number counts and the contributions from blazars and local spiral galaxies are
constrained by the available data. However, the number counts of the lensed
sources are a prediction; in this case the shaded region captures the uncertainty
in the modeled statistical lensing rate, due to a combination of uncertainties in
intrinsic counts and the redshift distribution. The solid line inside the prediction
is the best-fit solution for the model based on the NFW profile. The dashed line
is the prediction if we instead use the SIS profile for the deflectors and hold all
other parameters fixed. Note that when using the SIS profile and minimizing
over all the available parameters the result is consistent with that for the model
that utilizes the NFW profile (see Figure 7). The model prediction agrees with
the data for the number of candidate lensed SMGs with S500 ! 100 mJy, but
at S500 ∼ 80 mJy we observe marginally more supplementary lens candidates
than predicted by the model. This is consistent with the supposition that the
supplementary lens candidates have a lower fidelity than the principal sample
and a higher fraction that are unlensed, intrinsically luminous galaxies.
(A color version of this figure is available in the online journal.)

The intrinsic number counts of SMGs are most commonly
parameterized as Schechter (1976) functions or broken power
laws (e.g., Coppin et al. 2006; Weiß et al. 2009b; Lindner et al.
2011). These two forms diverge only at the faint and bright ends
(see, e.g., Paciga et al. 2009) and cannot be distinguished with
existing data. At the bright end the broken power law has a flatter
slope than the Schechter function and allows for a higher number
of intrinsically luminous sources. Consequently, models with
the intrinsic number counts parameterized by a broken power
law predict fewer strongly lensed sources than models that make
use of the Schechter function parameterization. As current data
do not allow it, we do not attempt to discriminate between
these models, although we note that additional constraints may
be possible as studies of the brightest submillimeter sources
progress (e.g., Section 6). For simplicity, we make use of a three-
parameter Schechter function, characterized by a flux density,
S ′, beyond which the distribution is steeper and gravitational
lensing is more effective at boosting the observed number of
sources (Schechter 1976):

dn(S)
dS

=
(

N

S ′

) (
S

S ′

)α

e−S/S ′
. (21)

Here, α is the slope of the counts below the characteristic flux
density, S ′, and N/S ′ is the normalization.

The model described above is fit to the HerMES 500 µm
number counts (Figure 6). We run an MCMC code and calculate
the χ2 for different combinations of the Schechter distribution

Figure 7. Ratio of the number of strongly gravitationally lensed sources
predicted by the NFW and the SIS models, as a function of apparent 500 µm
flux density. The solid line shows the case in which both models use the best-fit
parameters from the NFW minimization and only the shape of the deflector
profiles is changed. In this case the number of lensed sources predicted by the
SIS profile always exceeds that from the NFW profile, although at 500 µm flux
densities below ∼30 mJy the differences are minimal. The difference rapidly
increases for sources with S500 ∼ 30–200 mJy and above this limit peaks at
N (>S500)SIS/N (>S500)NFW ∼ 1.7 for S500 ∼ 200 mJy. Note that if, instead of
fixing the parameters to the values from the NFW minimization, the parameters
of the SIS model are derived from fitting that model, the prediction of the number
of lenses sources is comparable to that from the NFW model (dashed line).

parameters, requiring the total 500 µm counts to fit the low flux
data points (up to 45 mJy) from the P (D) analysis (Glenn et al.
2010). For bright sources, the number counts presented here are
consistent with the analyses of HerMES SDP data by Oliver
et al. (2010) and Glenn et al. (2010), which are also shown in
Figure 6.

To run the MCMC analysis, we used a modified version of
the cosmoMC (Lewis & Bridle 2002) package, fixing the input
cosmology to the WMAP-7 best fit from Komatsu et al. (2011).
The convergence diagnostic is based on the Gelman and Rubin
R statistic (Gelman & Rubin 1992). As described above, the
minimum and maximum halo masses are fixed to 1012 and
1015 h−1 M⊙, respectively, and the minimum and maximum
magnifications are set to µ = 2 and 50, respectively. Thus,
N, S ′, and α, from the Schechter function description of the
intrinsic 500 µm number counts, are the only free parameters
in the model.

The model is constrained by the total number counts and the
numbers of blazars and local spiral galaxies. We do not attempt
to constrain the intrinsic flux densities or redshift distribution
of HerMES galaxies with the lensing counts. We simply show
that, down to the present accuracy, and with existing models,
our predicted lensing counts are consistent with the sample of
HerMES candidate lensed SMGs (Section 4.2 and Figure 6). In
the future, when additional data are available and the nature of
a higher fraction of candidates is confirmed, it may be possible
to constrain the model further.

Unless explicitly stated, all the results presented in this paper
are for NFW profiles, although in Figure 7 we also consider the
effect of instead using the SIS profile.

4.2. Model Predictions

We next use the statistical model of galaxy–galaxy lensing,
described in Section 4.1 and constrained by the observed
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SMA and Lensing Models
The Astrophysical Journal, 779:25 (26pp), 2013 December 10 Bussmann et al.

Figure 2. SMA 880 µm images (red contours, starting at ±3σ and increasing by factors of
√

2) of candidate lensed SMGs from H-ATLAS and HerMES, overlaid on
best available optical or near-IR images (logarithmic scaling; telescope and filter indicated in lower left corner of each panel). North is up and East is left, with axes
having units of arcseconds relative to the 880 µm centroid as given in Table 1. The elliptical FWHM of the SMA’s synthesized beam is shown in the lower right corner
of each panel. The image separations are ≈1–2′′, suggesting gravitational potential wells typical of isolated galaxies or small numbers of galaxies for the lenses (only
two lensed sources are associated with galaxy clusters: J132427.0+284452 and J141351.9−000026).
(A color version of this figure is available in the online journal.)

Table 3
Optical Spectroscopy Observations

IAU Name Telescope UT Date Grating λcentral Slit Width ∆λ tint
(lines mm−1) (Å) (′′) (Å) (min)

J083051.0+013224 WHT 2011 Apr 24 400 6500 1.0 15 60
J090740.0−004200 Gemini-S 2012 Feb 26 400 6710 1.5 10.5 120
J114637.9−001132 X-Shooter 2012 Sep 18/19 . . . 16200 1.0 3.0 320
J125632.7+233625 MMT 2012 Feb 23 300 5504 1.5 17.9 80
J132630.1+334410 MMT 2012 Feb 23 270 6996 2.0 21.9 120
J133008.4+245900 MMT 2012 Feb 23 300 5504 1.5 16.4 70
J134429.4+303036 MMT 2012 Feb 22 270 6996 1.5 17.9 80
J141351.9−000026 Gemini-S 2012 Feb 26 150 6720 1.5 22.3 240

the science exposures at each wavelength setting. CuAr arc lamp
exposures were taken for the purpose of wavelength calibration,
using the same instrumental setup as for the science exposures.
A 5 Å spectral dither between exposures was used to cover the
gap in the GMOS-S chip, and we binned the CCD pixels by a

factor of 4 in both the spatial and spectral directions, providing
a spatial scale of 0.′′288 pixel−1 and a spectral pixel scale of
2.69 Å. We used the GG455 blocking filter. Aspects of the
observing strategy that varied from target to target are given in
Table 3.

8
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Some Surprises

Lockman-102: very bright - 140mJy at 500 microns - 
but very high redshift: z=5.29



Lock-102: Lensed

Lens not yet fully identified - highest z lens to date?	


SMA data looking at kinematics of CII line at z=5.29

Perez-Fournon, 
Bussmann, et al. in 

prep



3C220.3

• z=0.685 3C 
radio source	



• Unexpectedly 
red & bright 
in Herschel	



• An AGN 
lensing a 
background 
DSFG at 
z=2.21

Green=radio; blue= HST; red = SMA; 
grey= Keck K’ band AO

Haas et al., ApJ, in press



What next?

• Systematic followup of high z sources to 
determine LF & evolution of z>4 DSFGs	



• Detailed study of lensed sources - large 
lensing sample powerful cosmological tool	



• Pushing to higher z and lower L	



• More spectroscopic redshifts



SPIRE Dropouts
• At z>6 

sources may 
be too faint 
to be seen in 
SPIRE	



• Still bright in 
submm: 
SPIRE 
dropouts	



• Same effect 
for lower L 
z~5 sources 



SPIRE 250 micron image with SCUBA2 850 micron 
contours in green. Indicated source has is 6.6𝞼12.2 mJy 

source at 850, but not detected in any SPIRE band



Roll on SWARM!

• More bandwidth=> more continuum 
sensitivity, so can reach fainter sources	



• More bandwidth=> possibility to do blind 
redshift searches without frequency 
scanning	



• Herschel + SMA + SWARM: keys to the 
high redshift dusty universe!


