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Outline

e \WWhy the Cosmic Infrared Background (CIB)?
e Auto and cross-correlations of CIB as a tool to:

¢ determine the host-halos of dusty star-forming
galaxies through their clustering properties

o determine the COB-CIB connection
e cosmological applications

e The Future in Surveys
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Dust re-emits in the FIR
Optical/UV Starhght absorbed by dust
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Dusty Star-Forming Galaxies
(DSFGs)
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Star Formation History
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HerMES - Herschel Multi-tiered Extragalactic Survey

.

To ‘gl'i:ldy#t'he evolution of g;alaxies in the distant Universe
The blggest project on the Herschel Space Observatory
A European Space Agency mission
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source confusion
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confusion limit
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goods-s

RMS = 33.5 mdy (30) 20.2 mJy (30)

source confusion
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Correlations in the CIB




e Auto and cross-correlations of CIB as a tool to:

¢ determine the host-halos of dusty star-forming
galaxies through their clustering properties
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Power Spectrum of CIB Anisotropies



CIB Power Spectrum
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1-Halo (non-linear)
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DSFG Clustering
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‘Halo Model in 2 Nutshell

Extension of Shang et al. (2012) Model
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Luminosity-Mass (L-M) Log-Normal Relationship

Used a single (just cold) and double component
(warm and cold) thermal SED, with and without |
evolution with redshift _ \“‘M‘mfk
Fit all auto- and cross-spectra, and counts,
simultaneously
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Best-Fit Halo Models

log(Mpeax/Mg) = 12.1 £ 0.5 Su=omy O
1 Ol> Model 2
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1 ' i “
% 10°f  2s0x250 Problems with the current Halo Models
;:: f e Too many parameters; difficult to interpret due to
> 10°} f <p degeneracies between:
N
| B e Redshift distribution of intensities, dl/dz
3 thermal SED of warmed dust
10 - 250350
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Halo Model: Lingyu Wang




Take-away from Clustering

e DSFG emission traces the dark matter distribution

e SFGs most efficient in log(Mpeax /Mg ) = 12.1 £0.5

e The redshift distribution depends on the wavelength

e More massive halos (groups and clusters!) host very
luminous DSGFs

e subsequently tSZ-CIB correlation complicates
estimates of kSZ signal

e Halo Model interpretations suffer from degeneracies,
requiring more constraints!



Outline

e \Why the Cosmic Infrared Background (CIB)?
e Auto and cross-correlations of CIB as a tool to:

e determine the host-halos of dusty star-forming
galaxies through their clustering properties

e determine the COB-CIB connection
e cosmological applications

e The Future in Surveys
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Cross-Correlations w/ Ancillary Catalogs




traditional stacking
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clustering induced bias



simultaneous stacking
(SIMSTACK)

V4

make hits map from catalog

regress to find stacked flux

convolve with map p.s.f. / -

\\\

Formalism developed w/ Lorenzo Moncelsi (Caltech);
also see Kurczynski & Gawiser (2010), Roseboom et al. (2010)
SIMSTACK code publicly available in arXiv:1304.0446



non-target induced bias



simultaneous stacking
Ginog1 = /;/ -~ - /<C1
i / / / x Co
catalog2  “* N
-z 7 P
catalog N
f§
Formalism developed w/ S Sky
Lorenzo Moncelsi (Caltech) / = / map

SIMSTACK code publicly available
see arXiv:1304.0446




simultaneous stacking sim
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catalog (wiliams & Quadri, in prep.)
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CIB by Luminosity Class
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Temperature and Redshift Distribution
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e Powerful Constraints for
Galaxy and Halo Models
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Take-away from Stacking

mass-selected sources (optical/NIR) make up ~80% of
the CIB

Mid-mass galaxies responsible for most of the CIB

BUT, Higher-mass galaxies make up most of the
luminosity density at higher redshifts

Puzzling signal from highest-redshift quiescent galaxies

L-M-z relationship a strong constraint for future models



Outline

e \Why the Cosmic Infrared Background (CIB)?
e Auto and cross-correlations of CIB as a tool to:

e determine the host-halos of dusty star-forming
galaxies through their clustering properties

¢ determine the COB-CIB connection
e cosmological applications

e The Future in Surveys



Sievers et al. (2013) arXiv: 1301.0824
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thermal SZ-CIB correlation?

e uncertain
degree of
tSZ and CIB
correlation
makes it very
hard to
separate
components
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Cross-Correlating CIB and CMB
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Cross-Correlations with CMB Lensing
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Measuring the CIB bias
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Outline

e \Why the Cosmic Infrared Background (CIB)?
e Auto and cross-correlations of CIB as a tool to:

e determine the host-halos of dusty star-forming
galaxies through their clustering properties

¢ determine the COB-CIB connection
e cosmological applications

e The Future in Surveys



Moving Forward
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Moving Forward
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Lots of sources to probe
small masses
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Viero+ 2013, Herschel Stripe,82a8tirvey; arXiv:1308.4399
pilwwaw.aser®Caltech.edu/hers
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http://www.astro.caltech.edu/hers

Viero+ 201 3, Herschel Stripe 82 Survey; arXiv:1308.4399
Find Maps/Catalogs at: http://www.astro.caltech.edu/hers

Marco Viero


http://www.astro.caltech.edu/hers

Viero+ 201 3, Herschel Stripe 82 Survey; arXiv:1308.4399
Find Maps/Catalogs at: http://www.astro.caltech.edu/hers
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e Must stack to probe 01
lower mass and *
higher-z
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Future Work with
Surveys

* |Immediately: Cross-correlations with
e CMB to quantify CIB - SZ correlation

e Clusters and cluster members to study CIB-tSZ
correlation, and infall radius, etc.

o SDSS-identified QSOs and DLAs to study their dust
properties and bias

¢ |GM Scattered Starlight to measure dust grain sizes
e SNa host star-formation properties

e Farther in future: Star Formation History of lower mass and
higher redshift galaxies



Summary

e Dusty Star-forming FIR/submm Galaxies are biased
tracers of Dark Matter

e The CIB is made up mostly of typical galaxies from
optical/NIR surveys

e Cross-Correlating large data sets is a powerful tool for
answering many questions in Galaxy Evolution and
Cosmology

e HerS data publicly available at:
http://www.astro.caltech.edu/hers

e SIMSTACK code publicly available at:
http://www.astro.caltech.edu/~viero/
viero homepage/toolbox/
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