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Abstract The submillimeter (submm) extragalactic back-
ground light (EBL) traces the integrated star formation his-
tory throughout the cosmic time. Deep blank-field 850 µm
and 1.4 GHz surveys and optical follow-up have been only
able to determine the redshift of ∼20% of the submm EBL.
The majority (80%) of the submm EBL is still below the
confusion and sensitivity limits of current submm and ra-
dio instruments. We break through these limits with stack-
ing analyses on our deep 850 µm image in the GOODS-N
and find that the submm EBL mostly comes from galaxies
at redshifts around 1.0. This redshift is much lower than the
redshift of z = 2–3 previously implied from radio identified
submm sources. This result significantly decreases the num-
ber of high redshift galaxies that may be seen by ALMA.

Keywords Submillimeter · Extragalactic background ·
Galaxy · ALMA

1 Introduction

The extragalactic background light (EBL) is an integrated
measure of the history of the luminous energy production
of the universe from both star formation and blackhole ac-
cretion. Directly emitted light is seen in the X-ray, UV, and
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optical, whereas dust reradiated energy appears in the far-
infrared (FIR) and submillimeter (submm). The FIR and
submm EBL measured by COBE is comparable to the op-
tical EBL, showing that the submm wavelength is extremely
important for understanding the evolution and formation
of galaxies and active galactic nuclei. Further observations
of the resolved submm EBL sources and X-ray observa-
tions (Alexander et al. 2003) suggest that these sources are
mostly star forming galaxies and active galactic nucleus
contribution is relatively small. In addition, the strong neg-
ative K-correction of the submm thermal spectra makes
this waveband a very sensitive probe for high-redshift dust
emission, although this negative K-correction alone does
not necessarily make the observed submm sources a high-
redshift population.

ALMA, as the most important next generation instrument
in the submm wavelength, will provide the sensitivity and
resolution for studying galaxy evolution at a great depth by
observing the submm EBL sources. It will also have the
potential of discovering high-redshift (z > 4) dusty galax-
ies that were previously missed by optical and near-infrared
(NIR) surveys, if such a high-redshift population exists. In
this paper we briefly summarize the previous understand-
ing of the redshift distribution of the submm population and
present our recent work on this topic. We also discuss the
implication of our work to future ALMA surveys of high-
redshift galaxies.

2 Redshift distribution of submillimeter sources

2.1 Bright SCUBA sources

Confusion limited blank-field SCUBA surveys have re-
solved ∼20%–30% of the submm EBL into point sources
brighter than ∼2 mJy at 850 µm (hereafter bright SCUBA
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sources). Approximately 60% of these bright sources have
radio counterparts at 1.4 GHz and their locations can
be accurately determined by radio interferometry. Optical
and near-infrared spectroscopy of radio identified bright
SCUBA sources shows a redshift distribution of z ∼ 2–3
(Chapman et al. 2003; Swinbank et al. 2004; Chapman et al.
2005). Radio-submm photometric redshifts of radio identi-
fied SCUBA sources generally also provide a similar red-
shift range (Barger et al. 2000; Ivison et al. 2002). These re-
sults show that the bright SCUBA sources are a high-redshift
population. Furthermore, a common interpretation of the
bright sources without radio counterparts is even higher red-
shifts, because of the positive K-correction in the radio.

Nevertheless, it is important to realize that the radio iden-
tified SCUBA sources only contribute at most 30%×60% =
20% to the total submm EBL. The majority 80% of the
submm EBL is either below the confusion limit of current
submm instruments, or below the sensitivity limit of current
radio interferometers. The redshift distribution of the fainter
submm EBL sources does not necessarily match that of the
bright sources, and is essentially unknown.

2.2 Stacking analyses on faint submm sources

Submm sources fainter than the confusion limit of SCUBA
can be statistically detected with a stacking technique if
there is prior information about their locations. In our most
recent work (Wang et al. 2006, 2007) we performed stack-
ing analyses on our 110 arcmin2 GOODS-N SCUBA map
(Wang et al. 2004) using galaxy samples selected from
ground-based deep NIR images and ultradeep Spitzer IRAC
images (GOODS Spitzer Legacy Science Program). The
galaxy samples contain ∼3000 sources with very complete
redshift information (spectroscopic and photometric). We
found that a combination of >2 µJy Ks band sources and
>2 µJy 8.0 µm sources picks up the largest amount of
850 µm flux. By averaging the measured 850 µm fluxes at
the locations of the Ks + 8.0 µm galaxies, we detected a
surface brightness of 29.3 ± 2.6 Jy deg−2 at 850 µm, corre-
sponding to ∼67%–95% of the total 850 µm EBL measured
by COBE (31 Jy deg−2 Puget et al. 1996, or 44 Jy deg−2

Fixsen et al. 1998). This large fraction of detected submm
EBL is a substantial improvement over the result from just
bright SCUBA sources. We also detected a 1.4 GHz EBL
of 1.117 ± 0.026 Jy deg−2 and a 24 µm EBL of 6.42 ±
0.12 Jy deg−2 with the same stacking technique.

Moreover, by grouping the NIR galaxy sample with
their redshifts and optical/NIR spectral energy distributions
(SEDs), we found that most of the detected submm EBL
comes from galaxies with intermediate class SEDs (Wang
et al. 2006). Among the detected 29.3 Jy deg−2 850 µm
EBL, 24.7 Jy deg−2 comes from redshift identified sources.
The unidentified sources contribute 4.6 ± 0.9 and 0.35 ±

Fig. 1 Contributions to the 850 µm, 24 µm, and 1.4 GHz EBLs
(in Jy deg−2 per redshift) vs. redshift. All the three EBLs are measured
from the 2 mJy Ks + 8.0 µm sample. The total amounts of redshift
identified EBLs are 24.7 ± 2.4, 5.8 ± 0.1, and 0.763 ± 0.024 Jy deg−2

at 850 µm, 24 µm, and 1.4 GHz, respectively. Note that all EBLs peak
at z ∼ 1.0. The slope of the submm EBL at z > 1.5 is much shallower
because of the negative K-correction in the submm

0.01 Jy deg−2 to the 850 µm and 1.4 GHz EBL, respec-
tively, and are dominated by just couples of radio bright
(>300 µJy) but optically faint sources. We show the EBL
contributions vs redshift in Fig. 1, derived from the red-
shift identified sources. As shown in the figure, most of the
submm EBL comes from redshifts around 1.0. This result
suggests that the faint submm EBL sources and the bright
SCUBA sources are two different populations at different
redshifts. (Further analyses in their 850/24 µm colors also
show that their dust temperature properties are different,
Wang et al. 2007.) While this result fits into the popular sce-
nario of “cosmic downsizing,” it is still somewhat surpris-
ing, and it has to be tested with the current dataset and with
future observations.

2.3 Tests on the stacking results

To ensure that the stacking results are unbiased, we per-
formed various tests on our data. Among the most important
ones, we measured 850 µm fluxes at random positions and
found the stacking fluxes are consistent with zero. This zero
sum is a direct result of the two negative 50% sidelobes of
the SCUBA jiggle map. It shows that the low angular reso-
lution of the SCUBA map does not produce a confusing flux
that biases the stacking result and only a real correlation be-
tween the NIR sample and the submm sources can provide
a non-zero stacking flux. We also repeated the same stack-
ing analyses on the 1.4 GHz radio image (Richards 2000)
and 24 µm image of GOODS-N, and found that the detected
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radio and 24 µm EBL shows consistent SED class distrib-
ution (Wang et al. 2006) and redshift distribution (Fig. 1).
These radio and 24 µm measurements provide a strong sup-
port to the above submm result since they come from maps
of totally different angular resolutions and noise properties.

Although our stacking results seem to be robust, further
tests on the low-redshift origin of the submm EBL have to
be carried out with new and independent observations be-
fore ALMA comes online in order to provide critical in-
puts to ALMA observations. One possible test is to mea-
sure the redshift distribution of radio-identified faint submm
sources lensed by clusters. These lensed, faint sources are
below the normal confusion limit of SCUBA. They can pro-
vide a direct comparison with the statistically detected faint
submm sources in the stacking analyses. Although lensing
surveys may favor high redshift objects, good lensing geom-
etry models can help to account for this bias effect.

2.4 Cosmic star formation history

With the measured redshift distribution of the submm and
radio EBL, we can infer the cosmic star formation history
(i.e., comoving star formation rate density, SFRD, as a func-
tion of redshift) using the standard star formation rate for-
mula Ṁ = 1.7 × 10−10LIR/L� (Kennicutt 1998). The in-
frared luminosities can be converted from either 850 µm
fluxes or radio fluxes. The 850 µm conversion is probably
relatively robust only for bright SCUBA sources since they
have similar dust properties. The radio conversion is more
reliable for the entire sample, given the tight correlation be-
tween radio power and infrared luminosity in star forming
galaxies. The results are shown in Fig. 2. It is clear that
although bright SCUBA sources have a redshift distribu-
tion strongly peaked at z = 2–3, the entire submm/infrared
SFRD is relatively flat at z > 1.

3 Discussion

Our successful stacking detection of the 850 µm EBL can be
attributed to the properties of the Ks + 8.0 µm sample. The
rest-frame Ks band has relatively less extinction and is just
slightly redder than 1.6 µm, where there is an opacity min-
imum in stellar atmosphere. Therefore the Ks band is very
sensitive to slightly redshifted and dust extinguished stellar
emission. Moreover, the 8.0 µm band directly picks up the
blue end of the thermal dust emission and the strong PAH
features from star forming galaxies. Consequently, sources
selected at these two wavebands are highly correlated to the
star forming, dusty submm population. On the other hand,
these two wavebands may be biased against high redshift
sources, as they start to miss the peaks of the stellar and dust
spectra at z > 1. It is thus possible that a significant portion

Fig. 2 SFRD vs. redshift (Wang et al. 2006). The filled squares show
the SFRD derived from the radio EBL. The open diamonds show the
same results when sources with 2–8 keV luminosities >1042 erg s−1

(sources containing active galactic nuclei) are excluded. The filled tri-
angles show the SFRD computed using the 850 µm EBL. The rectan-
gular region denotes the SFRD from the missing submm EBL that is
not accounted for by our NIR sample, assuming that it lies in the red-
shift interval z = 1–3. The range corresponds to the uncertainty in the
total 850 µm EBL

of the redshift unidentified submm EBL comes from red-
shifts greater or much greater than 1.0.

Nevertheless, our stacking analyses place approximately
17 Jy deg−2 of the submm EBL at z < 1.5, and leave 7
or 20 Jy deg−2 of the submm EBL redshift unidentified,
depending on which of the COBE EBL measurements is
adopted (Puget et al. 1996; Fixsen et al. 1998). While the ex-
act amount of unidentified submm EBL and its redshift dis-
tribution is still open, the above results already dramatically
lower the number of high-redshift submm emitting sources
that ALMA may see. Because of this, any ALMA survey
that targets on discovering high-redshift (z > 4) sources has
to increase the area coverage. For example, if we assume
the maximum missing EBL of 20 Jy deg−2 and place 20%
of it at z > 4, we find a source density of 8 × 103 deg−2 for
a typical source flux of 0.5 mJy (Cowie et al. 2002). This
corresponds to 0.15 sources per ALMA field of view. To de-
tect a significant sample of 100 of such sources at 850 µm at
10 σ , approximately 300 hour of integration is needed.

The above simple and optimistic integration time esti-
mate does not yet include any effort that is needed to iden-
tify these high redshift submm sources. (As an example,
multi-wavelength submm color selection of high redshift
dust emission will require at least a few times more ob-
serving time.) The great difficulty of identifying them is
hinted by the simple fact that they are still missed by our
stacking analyses. This missing EBL was not picked up
by even the deepest Spitzer 3.6–24 µm imaging and 10-m
class ground-based optical imaging. After the submm EBL
is fully resolved by ALMA, a significant amount of the
ALMA sources will not have optical and NIR counterparts,
or the counterparts will be too faint for spectroscopic follow-
up with current ground-based and space-based instruments.
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Fig. 3 Simulated 100 arcmin2 ALMA maps (with a degraded reso-
lution) of nearly fully resolved 850 µm EBL. Here we assume: (1)
our bright-end number counts from SCUBA blank-field surveys (Wang
et al. 2004); (2) our faint-end number counts from SCUBA lensing
cluster surveys (Cowie et al. 2002); (3) the redshift distribution of the
submm EBL in Fig. 1; and (4) the fact that bright SCUBA sources

almost only appear at z > 1.5 (Chapman et al. 2003, 2005). Under
the above assumptions, sources at z < 1.5 dominate the total submm
source number and the total submm EBL. At z > 1.5, the submm pop-
ulation is dominated by a relatively small number of bright SCUBA
sources. This picture does not account for the EBL still missed by our
stacking analyses, which may be at z > 1.5

They may be as well too faint for the EVLA to detect their
synchrotron radiation, and for wide-band receivers on large
single-dish telescopes to detect the redshifted CO lines. It is
almost certain that in order to fully understand the submm
EBL sources, next generation instruments in all wavebands
from optical to millimeter are critically needed.

4 Summary

Bright submm sources identified in the radio contribute
∼20% to the total submm EBL, and are at redshifts between
2 and 3. Fainter submm sources, which account for the ma-
jority of the submm EBL and cosmic star formation, can be
detected with a stacking technique and appear to have a red-
shift distribution peaked at 1.0. This implies that most of the
submm EBL sources resolve by ALMA will be low-redshift
sources. To summarize this paper, in Fig. 3 we present sim-
ulated ALMA maps of submm EBL sources at z < 1.5 and
z = 1.5–4.

References

Alexander, D.M., et al.: Astron. J. 125, 383 (2003)
Barger, A.J., Cowie, L.L., Richards, E.A.: Astron. J. 119, 2092 (2000)
Chapman, S.C., Blain, A.W., Ivison, R.J., Smail, I.R.: Nature 422, 695

(2003)
Chapman, S.C., Blain, A.W., Smail, I., Ivison, R.J.: Astrophys. J. 622,

772 (2005)
Cowie, L.L., Barger, A.J., Kneib, J.-P.: Astron. J. 123, 2197 (2002)
Fixsen, D.J., Dwek, E., Mather, J.C., Bennett, C.L., Shafer, R.A.: As-

trophys. J. 108, 123 (1998)
Ivison, R.J., et al.: Mon. Not. R. Astron. Soc. 337, 1 (2002)
Kennicutt, R.C.: Annu. Rev. Astron. Astrophys. 36, 189 (1998)
Puget, J.-L., Abergel, A., Bernard, J.-P., Boulanger, F., Burton, W.B.,

Désert, F.-X., Hartmann, D.: Astron. Astrophys. 308, L5 (1996)
Richards, E.A.: Astrophys. J. 533, 611 (2000)
Swinbank, A.M., Smail, I., Chapman, S.C., Blain, A.W., Ivison, R.J.,

Keel, W.C.: Astrophys. J. 617, 64 (2004)
Wang, W.-H., Cowie, L.L., Barger, A.J.: Astrophys. J. 613, 655 (2004)
Wang, W.-H., Cowie, L.L., Barger, A.J.: Astrophys. J. 647, 74 (2006)
Wang, W.-H., Cowie, L.L., Barger, A.J.: (2007, in preparation)


	Redshift distribution of the submillimeter extragalactic background light
	Abstract
	Introduction
	Redshift distribution of submillimeter sources
	Bright SCUBA sources
	Stacking analyses on faint submm sources
	Tests on the stacking results
	Cosmic star formation history

	Discussion
	Summary
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


