
Asantha Cooray

First Results from Extragalactic Surveys with Herschel  
and 

Cosmological Studies with
Herschel-SPIRE Legacy Survey (HSLS)

Chalonge School   23 July 2010



Extragalactic Surveys with Herschel

z=
0
z=

1

z=
4 Herschel Extragalactic Surveys

- Observe at SED peak
- Bolometric far-IR luminosities
- Large and uniform samples

Far-Infrared Galaxy Formation
- History and evolution 
- Populations
- Energetics
- Large scale structure
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Herschel High-z Key Projects
HerMES:  Herschel Multi-tiered Extragalactic Survey
• PACS + SPIRE
• 70 sq deg from 20ʹ′×20ʹ′ to 3.6º×3.6º (850 hours) + 12 clusters
•Bolometric luminosities of galaxies, cosmic SFH
•Wedding cake to probe range of luminosities and environments

H-ATLAS:  Herschel-Astrophysical Terahertz Large Area Survey
•PACS + SPIRE
•550 sq deg (600 hours)
•Low-z sciences, lensed sources, AGN
•Expect ~500,000 detections to z~3, majority at 250 & 350 um 

HSLS: Herschel-SPIRE Legacy Survey (Just proposed for Open Time)
• 4000 sq deg (780 hours), includes 1000 sq. deg in Stripe-82 
•  2.5 to 3.0 million source detections; 10,000 at z >4 and 2000 at z > 
5; 1200 strongly lensed bright sources; 200 “proto-clusters” at z~2
• Cosmology driven: e.g., joint Planck+HSLS studies, ISW, SZ, CMB lens 



1. Description of the proposed programme (max. 4 pages)

1.1 Scientific Goals: During the next decade, the Dark Energy Survey (DES) and Pan-STARRS in

the optical and SKA path-finders in the radio will map most of the sky, detect ∼ 10
9

galaxies, and provide a
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Figure 1: Top: Depth verses area of sub-mm and

mm-wave surveys using an Arp220 SED placed

at z = 2 to obtain the luminosity limits. Bot-

tom: Coverage of the southern sky by large sur-

veys (>3000 deg
2
) over the next decade.

scientific goldmine. At the same time, surveys of the cosmic

microwave background (CMB) are being carried out over ar-

eas ranging from thousands of square degrees to the whole

sky (Planck). These surveys will not only give information

about the primordial Universe but also, through secondary

anisotropies, about the Universe since recombination. To

fully exploit these large datasets, it is vital to have a sur-

vey of a similar area in the far-IR/submm waveband, where

approximately half the energy emitted by all galaxies since

the time of recombination is detected
1
. Herschel is the last

chance to do this, since SPICA (launch date ∼2020) is pri-

marily a spectroscopic mission and will not have coverage

at λ > 200µm, and there are no other missions even at

the planning stage. The existing large Herschel surveys,

HerMES
2

(900 hours) and H-ATLAS
3

(600 hours) do not

fill this role, because although they will detect � 5 × 10
5

galaxies, they cover 1/80 of the sky and thus are of limited

use for comparison with these big multi-wavelength surveys.

The main goals of the existing big surveys are to mea-

sure the bolometric luminosities of galaxies out to z ∼ 2

(HerMES) and in the local Universe (H-ATLAS), which re-

quires both PACS and SPIRE. However, the phenomenal

in-orbit sensitivity of SPIRE means that in even the shal-

lowest possible survey with SPIRE (set by the telescope

scan speed), the noise from the confusion of faint sources

rather than from the instrument itself
4

is still the factor

limiting source detection. This means that with SPIRE

alone it is possible to survey a much larger area of sky

than previous surveys, in roughly the same integration time,

and still reach a similar sensitivity in the SPIRE bands

(Fig. 1). We therefore propose the Herschel-SPIRE Legacy

Survey (HSLS), a program with SPIRE that will require

780 hours and will cover 4000 deg
2
, one tenth of the whole

sky and one fifth of the extragalactic sky at |b| > 30
◦
.

Major Goals of Herschel-SPIRE Legacy Survey (HSLS):

• Produce a catalog of 2.5 to 3 million galaxies down to 26, 27 and 33 mJy (∼ 5× confusion noise) at 250, 350

and 500 µm, respectively, in the southern hemisphere (3000 deg
2
) and in an equatorial strip (1000 deg

2
),

areas which have extensive multi-wavelength coverage and are easily accessible from ALMA. Two thirds of

the sources are expected to be at z > 1, one third at z > 2 and �1000 at z > 5.

• Remove point source confusion in studies of secondary CMB anisotropies, for example improving Planck

cluster detection (finding 50% more clusters); detect the integrated Sachs-Wolfe signal at z ∼ 2, by cross-

correlating the HSLS with Planck, for a powerful test of gravity; detect CMB lensing associated with z ∼ 2

large-scale structure.

• Find at least 1200 strongly lensed sub-mm sources with S500 > 100 mJy leading to a 2% test of general

relativity and a 10% measurement of the amplitude and slope of the number counts below the source confusion

limit. Approximately 20 of these sources will be “golden lenses”, with two background sources lensed by the

same galaxy, making possible cosmological tests that are independent of the mass of the lens.

• Measure clustering of bright sources in several broad redshift bins (from sub-mm photo-z estimates) and

combine the results with Planck to improve measurements of cosmological parameters by factors of 2 to

3, including a cosmological measurement of neutrino masses; measure clustering of unresolved fluctuations

in the cosmic far-IR background with a signal-to-noise ratio of 10
3
, making possible a novel study of the

gravitational magnification of the fluctuations.

• Identify ∼ 200 proto-cluster regions at z ∼ 2 and perform an unbiased study of the environmental dependence

of star formation from protoclusters at z ∼ 2 to virialized clusters at z = 0.

• Perform an unbiased survey of star formation and dust at high Galactic latitude and make a census of debris

disks and dust around AGB stars and white dwarfs.

Twenty five years ago, IRAS
5

detected 250,000 sources, mostly at very low redshift, and these sources are still

studied by new generations of astronomers, generating 40,000 citations in refereed journals. The HSLS will be

a legacy from Herschel to the world-wide astronomical community of at least similar value.
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Science Demonstration Phase:   7 % of our total time
    27,000 sources > 20 mJy @ 250 um
    9 A&A papers + ~ 25 MNRAS papers in prep
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•Number counts of bright galaxies (ULIRGS+) over-predicted by models
•Bright-end counts are steeper than models generically
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Resolving the FIR Background
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15%, 10%, 6%



Resolving the FIR Background

• Source Counts
250, 350, 500 µm
15%, 10%, 6%

• P(D)
250, 350, 500 µm
65%, 60%, 45%

• Stacking
250, 350, 500 µm
80%, 80%, 85%
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Of course:  The remainder may be the most interesting sources!
                     E.g. the z > 3 galaxy population.



SPIRE Galaxy Colors

Results Compared to Pearson Model Results Compared to Xu Model

Colors generally spread redder than models predict
 - colder dust and/or higher z populations?

Schulz et al. 2010



HerMES rest-frame 
250 µm LF

PEP rest-frame 60 µm LF

Gruppioni et al. (2010)

•Strong evolution evident to z ~ 1
•Continued but weaker(?) to z ~ 2
•Next:  

-Better statistics from bigger samples
-Reach to higher z with bigger samples
-Combined PACS & SPIRE for better-constrained bolometric SEDs

Eales et al. (2010)
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How Are Populations Evolving?

Gruppioni et al. 2010

Fl
ux

Wavelength [um]

Fit sources to galaxy templates

Derive LF by galaxy type

(Does this really work?)

Conclusion:  Starbursts
   dominate at high L and z



How Well Do Galaxy Templates Work?

L(24 um) overpredicts L IR

at higher re
dshifts 

Cold cirrus component

•Herschel provides a direct measure of bolometric luminosity and SFR 
•LFIR and SFR predicted from λ ≤ 24 µm observations are inadequate
•~Half the SEDs require lower temperature dust component (10 – 20 K)

Rowan-Robinson et al. 2010

Elbaz et al. 2010

LIR for Starbursts and AGNs Multi-Wavelength SED Fits

Priors:  S24, z, SB/AGN



AGNs and Far-IR Galaxies

Distinct S70/S24 colors, but not S250/S350/S500
- FIR emission due to star formation
Higher FIR luminosity of Type 2s
- Inconsistent with unified AGN torus model
- Type 2 AGN associated with enhanced SF?

Two Modes of Host & AGN Evolution?

Low LAGN:  Increasing LSF w/ z
- Follows behavior of FIR galaxies
- SF unrelated to AGN?

High LAGN:  Related to LSF
-  Trend is weaker
- Luminosities coupled by mergers?

L. Shao, 2010

LAGN ~ LX [erg s-1]
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Herschel-ATLAS

PACS & SPIRE parallel mode. 550 sq. degrees total.
14 sq. degrees of first data (GAMA 9-hour field).

~6800 sources down to 32, 36, 45 mJy (5σ) at 250, 350, 500 μm

sub-mm colors as a mechanism to select z > 2 galaxies

Naive expectation based on
sub-mm SED

S250 > S350 > S500:  z < 2

S250 <~ S350 > S500:  z ~ 2 to 3

S250 < S350 < S500:  z > 4
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350μm selected galaxies > 5σ are at mostly at z = 2.2 ± 0.6

The “statistical” redshift distribution 
implied by SPIRE colors for the 1686 
sources
[equivalent to fitting each SED with
a single-temp model and marginalizing over 
T,β]        (Hughes et al 2002;  Aretxaga et al. 2007)

Herschel-ATLAS

In red and blue
additional color
cuts on 500/250
ratio (red selects
higher-z end with
“redder” colors)

Amblard et al. 2010

The surface density of 350 µm selected
sources (z~1.8 to 3) S350 > 30 mJy
is  ~350/deg2



Abundance of z > 3 sources?
H-ATLAS:
281 sources with S500  > S350
55 detected above 5σ (>45 mJy)
49 detected above 5σ in all 3 bands.
One of these is a blazar at z~1.02, in Fermi all-sky/WMAP catalog.

Are all the 281 sources at z > 3?
Unclear!  We need follow-up data, 
especially near-IR.
CO-line redshifts?
 
Assuming all 281 sources are z > 3,
a rough lower limit on the 
surface density of z > 3 sources 
down to S500 > 45 mJy is ~20/deg2 

S500>S350>S250

Amblard et al. 2010



Slides from Mattia Negrello

Blind Detection of Lensed Galaxies



Lensing Candidates ID81 & ID130



Lensing Candidates ID81 & ID130



First Herschel CO Redshift:  ID81

CREDITS:  J.E. Aguirre, J. Bock, C.M. Bradford, L. Earle, J. Glenn, J.R. Kamenetzky, R.E. Lupu,
 P. Maloney, E. Murphy, H. Matsuhara, B. Naylor, H.T. Nguyen, K.S. Scott, J. Zmuidzinas 



First Herschel CO Redshift:  ID81



Atlas Gravitational Lenses



Large Scale Structure

3.6°
Lockman Hole Field



Large Scale Structure
Angular Correlation of Detected Galaxies

• Spatial clustering of (z~2) galaxies compared to halo model
• Halo needed to host a S250 > 30 mJy FIR galaxy: M = 1012.6 Msolar

• ~15% appear as satellites in more massive halos M ~ 1013.1 Msolar

Cooray et al. 2010



Herschel-SPIRE Legacy Survey (HSLS)
Map 4000 sq. degrees on the sky with SPIRE instrument in fast scan mode starting 2011. 

780 hours to complete, single scans in SPIRE fast-mode (60”/sec)

The HSLS will find 2.5 to 3 million dusty galaxies, 
~1200  strongly lensed bright sources easily identified
~1.5 million at z~2, 10,000 at z>4.  Follow-up targets for 

ALMA, SPICA etc.
a goldmine for cosmology! 

see the HSLS White Paper on the arxiv now; 250 team
members covering all of CMB to Galactic communities.



Scan Mapping with SPIRE

Low 1/f noise = high fidelity on all angular scales



SPIRE multi-scan SPIRE single-scan

Planck



Cosmological 
Applications of 
HSLS sources
and maps

HSLS will “clean”
Planck SZ clusters

leading to peculiar 
velocities, gas temperature 
from relativistic 
corrections, more accurate 
cluster mass estimates.



z~2 ISW 
with Planck+HSLS

A strong probe of
modified gravity 

theories for acceleration



Cosmology with
HSLS source clustering
Planck CMB Lensing + 

HSLS

Non-Gaussianity

Neutrino masses

~2020+

~2010

~2013



HSLS fluctuations and
weak lensing magnification



Relation to CMB experiments

HSLS source redshifts are well 
matched to CMB lensing kernel; 
HSLS will identify structures 
that lens CMB!

HSLS fluctuations (frequency scaled to 
220 GHz) are consistent with SPT 
measurements.



HSLS will clean arc-minute scale CMB maps!

(2000 sq. deg.
complete ACT)

(2000 sq. deg.
complete ACT)

(SPIRE=HSLS 500 micron map)



Conclusions

Exciting results already, many more to come!

 - Special A&A journal issue on Herschel out
 - Second wave of publications in preparation
 - ESA First Results Symposium talks on line

open time deadline was yesterday 22 July
 
HSLS will bridge the gap between Planck and 
Herschel!


