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Extragalactic Background Light (EBL)

Dole et al. 2006

approx. 
brightness
nW m-2 sr-1
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Extragalactic Background Light (EBL)

Dole et al. 2006

approx. 
brightness
nW m-2 sr-1

Cosmic Infrared 
Background

• Half the light 
emitted by stars 
is absorbed and 
re-emitted in the 
IR
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goal:
measure the clustering of 

dusty star-forming galaxies
1. provides link to descendants/

progenitors of DSFGs

2. informs galaxy models

3.  puts limits on contaminants of 
CMB secondary anisotropies
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• surveys << 1 deg2 
limited to < 100 
sources

• strong clustering 
suggested, but 
noise consistent 
with zero

Blain et al. (2004)

Scott et al. (2006)

pre-2007
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submillimeter 
observations, 

the next generation
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selecting high-z DSFGs

• want to bracket 
the redshifted 
peak of SED of 
warmed dust

• SPIRE bands are 
250, 350, and 
500μm
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250350500

13,700 ft
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250350500

13,700 ft

41,000 ft
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250350500

13,700 ft

41,000 ft

137,000 ft

Wednesday, June 8, 2011



BLAST
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500 µm
43 detectors

350 µm
88 detectors

45 mm
(13’)

23 mm
(6.5’)

⇒   Overlapping beams

250 µm
139 

SPIRE-like 
spider-web bolometer

detector arrays...
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SPIRE-like 
spider-web bolometer

detector arrays...

... but a 1.8 m primary
resulting in beams:

36” - 250 μm
45” - 350 μm
60” - 500 μm

i.e., twice the size of  SPIRE’s 
beams
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Enzo Pascale: 
Maps and Stacking  Counts and Stacking

Guillaume Patanchon: 
Map-making Don Wiebe: 

Data Flow

Marie Rex: 
Lensing

Marco Viero: 
Clustering

Gaelen Marsden:

Matt Truch: 
Calibration

Mattia Negrello:
Halo Model

Ed Chapin: Modelling
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bye bye BLAST!

Don Wiebe, UBC

Mark Halpern, UBC

bye bye BLAST!
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Mark Halpern, UBC Mark Halpern, UBC

Perfect 
Flight!
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Perfect 
Landing! 
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Perfect 
Landing?
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see it all in 
“BLAST!”
the movie
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Fields Observed

10 deg2 map in
GOODS-South
(90 hr) ‏

9 deg2 map near 
South Ecliptic Pole 
(70 hr) ‏

~180/260 hours (70%) 
spent observing 

extragalactic fields
       

GOODS-south

SEP

Wednesday, June 8, 2011



BLAST GOODS-south

Noise BGS-wide:
36 mJy beam−1 

21 mJy beam−1 
20 mJy beam−1

Noise BGS-deep:
11 mJy beam−1 

9 mJy beam−1 
6 mJy beam−1

BGS
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2-point correlation 
function of BLAST sources

w
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250 μm
412 sources
S/N > 2.5σ

Wednesday, June 8, 2011



2-point correlation 
function of BLAST sources

w
(θ

)
0 

   
   

  1
   

   
   

2

θ (degrees)
0.001       0.01         0.1          1.0

250 μm
412 sources
S/N > 2.5σ

• 250 μm:          
marginal signal
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2-point correlation 
function of BLAST sources

w
(θ

)
0 

   
   

  1
   

   
   

2

θ (degrees)
0.001       0.01         0.1          1.0

500 μm
228 sources
S/N > 2.5σ

• 250 μm:          
marginal signal

• 500 μm       
consistent with 0
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something confusing!
• true the angular correlation function is a 

projection of sources at all redshifts, 
diluting the signal, but still...

• why the confusion?
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S > 20 mJy : 1,200/deg2 S < 20 mJy : 480,000/deg2

250 μm

Confusion
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U-band : MUSYC10 ‘

Confusion

U-band 
~ 60 sources/

arcmin2
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             SPIRE 250 μm

G
aelen M

arsd
en, U

B
C

 

10 ‘

Confusion

SPIRE 
~ 0.5 sources/

arcmin2

U-band 
~ 60 sources/

arcmin2
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Recovering “Sources” in Simulations2 deg2 36 arcsec
beam

Confusion
Wednesday, June 8, 2011



Recovering “Sources” in Simulations

50 brightest
recovered

50 brightest
(top 0.5%)

2 deg2 36 arcsec
beam

Confusion
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Recovering “Sources” in Simulations2 deg2 36 arcsec
beam

70% of top 
0.5%

recovered
Confusion
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star-forming galaxies are
biased tracers of dark matter
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BLAST Power Spectrum
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Viero et al. (2009)
arXiv: 0904.1200 

BLAST Power Spectrum
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Viero et al. (2009)
arXiv: 0904.1200 

Shot
Noise

BLAST Power Spectrum
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Viero et al. (2009)
arXiv: 0904.1200 

Shot
Noise

Clustering

BLAST Power Spectrum

Excess
Signal from

Galaxy
Clustering
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Viero et al. (2009)
arXiv: 0904.1200 

Clustering Signal 
After Removal of 
Shot Noise

BLAST Power Spectrum
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Clustering Signal 
After Removal of 
Shot Noise

BLAST simulation...

BLAST Power Spectrum
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... Herschel observation

Clustering Signal 
After Removal of 
Shot Noise

BLAST simulation...

BLAST Power Spectrum
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Linear Bias

Viero et al. (2009)
arXiv: 0904.1200 P(k)=blin2PDM(k,z)

blin ≈ 4
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BLAST Halo Model

“halo model”, see e.g., 
Cooray & Sheth (2000), 
Zehavi et al. (2005, 2008)

Wednesday, June 8, 2011



•clustering signal made 
up of two regimes

BLAST Halo Model
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Wednesday, June 8, 2011



•clustering signal made 
up of two regimes

•2-halo: Linear Regime               
(large scales)

BLAST Halo Model
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•clustering signal made 
up of two regimes

•2-halo: Linear Regime               
(large scales)

•1-halo: Non-Linear 
Regime 

(small scales)

BLAST Halo Model

“halo model”, see e.g., 
Cooray & Sheth (2000), 
Zehavi et al. (2005, 2008)
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•clustering signal made 
up of two regimes

•2-halo: Linear Regime               
(large scales)

•1-halo: Non-Linear 
Regime 

(small scales)

BLAST Halo Model

“halo model”, see e.g., 
Cooray & Sheth (2000), 
Zehavi et al. (2005, 2008)
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Viero et al. (2009)
arXiv: 0904.1200 

Halo Model of Mattia Negrello & 
Source Model of Lagache 2004

BLAST Halo Model

At z ~ 2
•blinear ≈ 4.0
•Meff ≈ 6x1012 Msun 
•Mmin ≈ 3x1011 Msun

•beff ≈ 2.4
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Then and Now

Planck: picture, 
wavelengths, sky 
coverage, noise 

properties

SPIRE: picture, 
wavelengths, sky 
coverage, noise 

properties
SPIRE

The Planck Collaboration (2011)
arXiv: 1101.2028

•350, 550, 850, 1380 μm

•140 deg2

•5’ beams

Amblard et al. (2011)
In Nature!

arXiv: 1101.1080
•250, 350, 500 μm

•13.5 deg2

•16, 25, 36” beams
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The Planck Collaboration (2011)
arXiv: 1101.2028

Latest Results
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Latest Results

350 μm

Amblard et al. (2011) - arXiv: 1101.1080
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Latest Results

Matsuura et al. (2010) - arXiv: 1003.3674

AKARI
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BLAST

At z ~ 2
•blinear ≈ 4.0
•Meff ≈ 6x1012 Msun 
•Mmin ≈ 3x1011 Msun

•beff ≈ 2.4

Viero et al. (2009)
arXiv: 0904.1200 

Halo Model of Mattia Negrello & 
Source Model of Lagache 2004

BLAST Halo Model
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BLAST

At z ~ 2
•blinear ≈ 4.0
•Meff ≈ 6x1012 Msun 
•Mmin ≈ 3x1011 Msun

•beff ≈ 2.4

Viero et al. (2009)
arXiv: 0904.1200 

Halo Model of Mattia Negrello & 
Source Model of Lagache 2004

  

Agrees
w/ Planck!

BLAST Halo Model
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BLAST

At z ~ 2
•blinear ≈ 4.0
•Meff ≈ 6x1012 Msun 
•Mmin ≈ 3x1011 Msun

•beff ≈ 2.4

Halo Model of Mattia Negrello & 
Source Model of Lagache 2004

BLAST Halo Model
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BLAST

At z ~ 2
•blinear ≈ 4.0
•Meff ≈ 6x1012 Msun 
•Mmin ≈ 3x1011 Msun

•beff ≈ 2.4

Halo Model of Mattia Negrello & 
Source Model of Lagache 2004

Confirmed
 by Herschel!

BLAST Halo Model
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Summary #1

what have we learned?
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Universe)
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Summary #1

what have we learned?

• DSFGs are biased tracers of dark 
matter (unlike in the local 
Universe)

• The effective host halo mass is 
6x1012 Msun.

• The minimum halo mass to host a 
DSFG is 3x1011 Msun, which is  
somewhat smaller than expected.
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hermes.sussex.ac.ukworks in progress...
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The Team

Plus engineers, instrument 
builders, software developers etc.

Marco Viero,
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works in progress...
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works in progress...
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works in progress...

HI

250μm

xmm-lss
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 BUT! 
BLAST not done yet!

Wednesday, June 8, 2011



Negative K-correction

20 mJy
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Negative K-correction

20 mJy
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Targeting High-z

Béthermin et al. (2011) 
arXiv:1010.1150 

CIB in redshift slices
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250
350500

Infrared Background 
at λ > 1 mm 

dominated by 
high-redshift sources

Targeting High-z

Béthermin et al. (2011) 
arXiv:1010.1150 

CIB in redshift slices
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250
350500

Infrared Background 
at λ > 1 mm 

dominated by 
high-redshift sources

1.4 mm (220 GHz)
2 mm    (148 GHz) 

Targeting High-z

Béthermin et al. (2011) 
arXiv:1010.1150 

CIB in redshift slices
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250
350500

Infrared Background 
at λ > 1 mm 

dominated by 
high-redshift sources

1.4 mm (220 GHz)
2 mm    (148 GHz) 

Targeting High-z

Béthermin et al. (2011) 
arXiv:1010.1150 

CMB

CIB in redshift slices
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ACT 148 GHz

The CMB sky
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ACT 148 GHz

CMB

The CMB sky
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ACT 148 GHz

CMB
Resolved Radio Galaxies 

The CMB sky
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ACT 148 GHz

CMB
Resolved Radio Galaxies 
SZ Clusters

The CMB sky
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ACT 148 GHz

CMB
Resolved Radio Galaxies 
SZ Clusters

The CMB sky

Unresolved CIB
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ACT 148 GHz 9 deg2

Cross-Correlations 
Isolate Dusty 
Galaxies from the 
Rest

ADFSBLAST 250 μm

SEP
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ACT 148 GHz 9 deg2

Cross-Correlations 
Isolate Dusty 
Galaxies from the 
Rest

ACT X BLAST

ADFSBLAST 250 μm

SEP
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ACT Southern Field

•300 deg2

•1’ resolution
•3 bands

148 GHz (~2.0 mm)
218 GHz (~1.4 mm)
277 GHz (~1.1 mm)
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SEP

~9 deg2

IRAS 100 μm ACT 148 GHz (2 mm)

Mean Flux ~ 1.1 MJy/sr
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Cross-Correlate BLAST and ACT

Hajian & Viero et al. 
arXiv:1101.1517
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Hajian & Viero et al. 
arXiv:1101.1517
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Hajian & Viero et al. 
arXiv:1101.1517
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Hajian & Viero et al. 
arXiv:1101.1517
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Model: Marsden et al. 1010.1176
Model: Béthermin et al. 1010.1150

1200 GHz                      860 GHz                      600 GHz                       218 GHz                      148 GHz
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what have we learned?

Summary #2
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what have we learned?

Summary #2

• There is a significant population 
of unresolved clustered galaxies 
in CMB maps
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what have we learned?

Summary #2

• There is a significant population 
of unresolved clustered galaxies 
in CMB maps

• These galaxies are mostly at 
high-z (>~2)
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what have we learned?

Summary #2

• There is a significant population 
of unresolved clustered galaxies 
in CMB maps

• These galaxies are mostly at 
high-z (>~2)

• Galaxy models are thus far 
unable to reproduce the data
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Looking Ahead...
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• large scales modes constrain the 
linear bias

• cross-frequency spectra probe 
high-z clustering of galaxies

36 arcmin
l ~ 300
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HeRMES Large-Mode Survey (HeLMS)

M
Jy

/s
r
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• Designed to maximize long, fast scans (60”/s) 

• Interlaced AORs for maximum cross-linking

HeRMES Large-Mode Survey (HeLMS)
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350 μm

Amblard et al. (2011)

HerMES
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350 μm

Amblard et al. (2011)

HerMES

• Currently noise dominated at l ≤ 550 (k = 0.025)
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350 μm

Amblard et al. (2011)

HerMES

• Currently noise dominated at l ≤ 550 (k = 0.025)

• HeLMS sensitive to l ≥ 200 (k ≥ 0.001)

0.001
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SPIRE Only SPIRE X ACT

ACTxSPIRE will probe scales larger than SPTxSPIRE can

Dramatically reduce noise on large-scales in auto-spectra
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HeRMES Large-Mode Survey

FLS

M
Jy

/s
r
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HeLMS Legacy
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Today

Tomorrow

•SDSS optical
•ACT (80 deg2)
•CFHT
•UKIDDS
•VLA
•Wiggle-z
•BOSS

•ALMA
•ACTpol
•Spitzer Warm
•Planck
•HI
•Visible from 
most sites
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