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UV/optical to IR relationship

Chary & Elbaz (2001) 

Optical/UV Starlight absorbed by dust
Dust re-emits in the FIR
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z-distribution of DSFGs

get this model @ http://www.ias.u-psud.fr/irgalaxies/model.php#Counts

Béthermin et al. (2011)  
arXiv:1010.1150 
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source confusion

33.5 mJy (3σ) 24.7 mJy (3σ) 20.2 mJy (3σ)

2 repeats (fls)
 76 repeats (goods-s)
7 repeats (uds) 




source confusion

confusion limit 
~18 mJy 3-σ

250 μm

500 μm

350 μm

Nguyen et al. (2009) 



cumulative number counts

~ 30 sources/
arcmin2

~ 0.3 sources/
arcmin2

20mJy

250μm

Béthermin et al. (2011)  
arXiv:1010.1150 

i.e. ~ 1% of 
sources are 
resolved at       

250 μm



outline

• clustering of dusty galaxies


• contribution from optical 
galaxies to CIB


• HeRS



• measure the clustering of dusty star-
forming galaxies in order to:


• measure the typical bias of star-
forming regions


• provide constraints for semi-analytic 
and phenomenological models


• interpret with a model to obtain a  
halo occupation distribution of 
DSFGsgoals



CIB part of CMB

• l > 2000 dominated by 
secondary anisotropies

Reichardt et al. (2011)
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Coil et al. 



SDSS

Zheng (2007)

halo model

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

One-halo:

Two-halo:
larger scales



source confusion
Recovering “Sources” in Simulations

50 brightest

recovered

50 brightest 
placed


2 deg2 36 arcsec

beam

70% of the 
brightest

recovered



source confusion
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unresolved/resolved CIB   

1°

S > 20 mJy : 1,200/deg2S < 20 mJy : 36,000/deg2



CIBA power spectra
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larger scales

l = 216 l = 2160



data

• SPIRE maps at 250, 350, and 500 μm

• Maps made with HerMES SMAP pipeline

• 5 fields totaling ~ 70 deg2

• Modes >~ 0.5 deg filtered

• Sources > 50, 100, 200, 300 mJy masked

SMAP Team 
Alex Conley


Louis Levenson

Gaelen Marsden

Bernhard Schulz


Marco Viero

Mike Zemcov


XMM-LSS

CDFS-SWIRE

BOOTES

ELAIS-S1

LOCKMAN-SWIRE

Viero & Wang et al. (2012b) 
arXiv: 1208.5049



HerMES power spectra

Combined 5 fields 
over 70 deg2 

Viero & Wang et al. (2012b)   
arXiv: 1208.5049

l = 216 l = 21,600
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HerMES power spectra

Combined 5 fields 
over 70 deg2 

2-halo

Poisson

1-halo

Viero & Wang et al. (2012b)   
arXiv: 1208.5049
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HerMES power spectra

Combined 5 fields 
over 70 deg2 

2-halo

Poisson

1-halo

Viero & Wang et al. (2012b)   
arXiv: 1208.5049

l = 216 l = 21,600
1-Halo (non-linear) 

Term
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sources of CMB power

DSFGs

SPT

Reichardt et al. (2011)

2-halo (linear)

1-halo  
(non-linear)

Shape of the Galaxy Spectrum at 
3000 < l < 4500 highly dependent 

on the the way star-forming 
galaxies occupy massive halos



HerMES power spectra
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Combined 5 fields 
over 70 deg2 

Viero & Wang et al. (2012b)  arXiv: 1208.5049



Viero & Wang et al. (2012b) 
arXiv: 1208.5049

l = 216 2160 21,600 216 2160 21,600 216 2160 21,600

HerMES power spectra



15.5°

Colormap: IRAS 100μm

HerMES Large-Mode Survey 
(HeLMS)

PI: Viero



HeLMS

~0.9°

0.001

~17°

l = 22 216 2160 21,600

TF~1



Combined 5 fields 
over 70 deg2 

250 μm 350 μm 500 μm
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Viero & Wang et al. (2012b) 
arXiv: 1208.5049

CIBA power spectra



halo model

• Luminosity-Mass (L-M) relationship!

• single SED template!

• 7 parameters (5 free):!

• Fit all spectra simultaneously!

• Fits counts (and Poisson level) as well!

• Few parameters as possible

Requirements

Ingredients (extension of Shang et al. 2012)

X X



halo model fits

Number countsPower spectra

Viero & Wang et al. (2012b) 
arXiv: 1208.5049

log(Mpeak/M�) = 13.9± 0.6

2.2

1.9± 0.1
12.1± 0.5
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outline

• clustering of dusty galaxies


• contribution from optical 
galaxies to CIB


• HeRS



k-band selected 
sources at z≈1.2 on 
SPIRE 250μm map



thumbnail stacking



thumbnail stacking

Phil Korngut (Caltech)



uncorrelated source simulation

10,000 iterations
no bias



clustering induced bias



simultaneous stacking

make hits map from catalog

convolve with map p.s.f.

regress to find stacked flux

Formalism developed w/ Lorenzo Moncelsi (Caltech); 
also see Kurczynski & Gawiser (2010), Roseboom et al. (2010)



non-target induced bias



simultaneous stacking
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Formalism developed w/ 
Lorenzo Moncelsi (Caltech)



simultaneous stacking sim

Viero, Moncelsi, 
Quadri et al. (in prep.)unbiased



goals

• determine contribution to the CIB from 
galaxies identified in the optical/NIR, as 
a function of galaxy:


• redshift


• stellar mass  


• luminosity


• ??



data 

• Spitzer/MIPS

• 24, 70, 160um


• Herschel/SPIRE

• 250, 350, 500um


• ASTE/AzTEC

• 1100um


• UKIDSS/UDS [2/3 deg2]


• uBVRizJHK + IRAC ch1234


• K-band magnitude cut 24 AB


• 54,000 sources in ~0.63 deg2


• redshifts - EAZY (Brammer 2008)


• masses - FAST (Kriek 2009)

catalogs (Williams & Quadri, in prep.) maps (HerMES; Oliver et al. 2012)
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p r e l i m i n a r y
Viero, Moncelsi, 
Quadri et al. (in prep.)

stacked flux density



SEDs

p r e l i m i n a r
y

mass!
slices

redshift!
slices



best-fit SEDs

p r e l i m i n a r
y



stacked CIB

Viero, Moncelsi, 
Quadri et al. (in prep.)

p r e l i m i n a r y
in prep.:
•fraction of total CIB

•CIB in mass and luminosity 
slices



outline

• clustering of dusty galaxies


• contribution from optical 
galaxies to CIB


• HeRS



Herschel Redshift Survey 
(HeRS)



redshift distribution of CIB

• dS/dz: redshift 
distribution of 
background light!

• Models do not 
agree on dS/dz for  
z > 1!

• Aim to constrain  
dS/dz from 2 > z > 3 
to 5σ



CIB as foreground



cross-correlation with tracer

• Want DSFGs at z > 1!

• high-z DSFGs 
dominated by 
foreground noise!

• cross-correlate 
DSFGs with tracers 
of the same dark 
matter



• HETDEX LAEs from      
1.8 < z < 3.5!

• Biased tracer of the 
dark matter, bias 
known to 1-2%

LAEs

z>1.8foreground

Herschel Redshift Survey 
(HeRS)



22°

3° ACT Strip

• ACT!
• SHELA!
• HETDEX

Collaborations welcome!  More info at: 
http://www.astro.caltech.edu/~viero/viero_homepage/hers.html

HeRS is here!

http://www.astro.caltech.edu/~viero/viero_homepage/hers.html


22°

• Clusters (Geach et al. 2012)!
• BOSS quasars!
• Wigglez

HeRS is here!

Collaborations welcome!  More info at: 
http://www.astro.caltech.edu/~viero/viero_homepage/hers.html

http://www.astro.caltech.edu/~viero/viero_homepage/hers.html


HeLMS/HeRS

[0,0]

Colormap: IRAS 100μm

70deg2 280deg2

SPIRE Surveys: P.I. Viero



HeRS projects underway:
• z-distribution of brightest resolved sources


• characterizing scattered starlight in the ISM


• dust content in optically identified clusters


• cross-correlations with dark matter mass tracers including:


• quasars


• clusters (optical, x-ray, SZ)


• lyman-alpha forest


• maxBCGs


• lensed CMB kappa maps (w/ ACT)


• SED evolution of quasars


• sSFR of IRAC galaxies as function of stellar mass


• cluster mass diagnostic: comparing optical, SZ and x-ray mass estimates


• stacking satellites in mass and radius bins to measure star-formation dependence on 
environment and consequences for SZ decrement


• developing clump finding technique to identify Galactic cirrus clouds


• modeling (halo model and abundance matching) the CIB based on stacked SED templates


• follow-up of lensed SMGs 


• determining SFRs of SN hosts as a function of SN type


• more ideas/collaborators (including students!) welcome



conclusion (call to action!)
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map-based catalog-based

Catalog-Based!

• ~1% of sources: 
~86% of papers!

Map-Based!

• ~99% of sources: 
~14% of papers

ADS



conclusion

• ~99% of sources lie beneath the 
confusion noise floor!

• map based techniques such as 
stacking and CIBA spectra probe 
the faint sources which dominate 
the background!

• leveraging high quality ancillary 
data will help deconstruct the 
CIB in redshift intervals


