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Frequency v [GHZ]
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10°

Cosmic Infrared
Background

® Half the light
emitted by stars
IS absorbed and

re-emitted In the
IR

Extragalactic Background Light (EBL)



goal:

measure the clustering of
dusty star-forming galaxies



goal:

measure the clustering of
dusty star-forming galaxies

1. provides link to descendants/
progenitors of DSFGs



goal:

measure the clustering of
dusty star-forming galaxies

1. provides link to descendants/
progenitors of DSFGs

2. Informs galaxy models



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



pre-2007

® surveys << 1 deg?
limited to < 100
sources

® strong clustering
suggested, but
noise consistent
with zero
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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
500pum




ZENITH - TRANSMISSION OF THE ATMOSPHERE
IN DEPENDENCE OF THE PRECIPITABLE WATER VAPOR
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ZENITH - TRANSMISSION OF THE ATMOSPHERE
IN DEPENDENCE OF THE PRECIPITABLE WATER VAPOR
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ZENITH - TRANSMISSION OF THE ATMOSPHERE
IN DEPENDENCE OF THE PRECIPITABLE WATER VAPOR
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SPIRE-like
spider-web bolometer
detector arrays...

88 detectors 139

45 mm
(13’)

23 mm
(6.5%)

O = Overlapping beams
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SPIRE-like
spider-web bolometer
detector arrays...

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

36”7 - 250 pm
45”7 - 350 pm
60” - 500 pym

l.e., twice the size of SPIRE’s
beams
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Gaelen Matsden:

£

< 5 .’
Matt1 ﬁe k} | Guillaume Patanchon:
Halo Model M A
v ML . Don Wiebe:
Marco Viero: Data Flow

Clustering
L Marie Rex:
';9‘ Lensing

Matt Truch:
Calibration
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ISLAST
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AL LITTTT

Mark Halpern, UBC

R B _ Raee T e . — —y ‘

Don Wiebe, UBC .
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Perfect

{ | .
F l l g h .I. o BLAST payload hanging from balloon

float altitude of 120,000 ft.
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Perfect
Landing!

ednesday, June 8, 2011



Perfect
Landing?




looking for
this...

[SLAST
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BLAST 2006

10 deg? map in
GOODS-South

el ~180/260 hours (70%)
' spent observing
ll extragalactic fields

—xgp NGC 1808

PUPPIS-A SNR
PKS 1138-262 .ol o

P T GOODS-south

Vela-Wide = SR Bullet

e _gge . PKS 05205

°
n Carinae
(L=287)

SEP
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BLAST GOODS-south

1 .5 0 1!

o

1— 0 0zvla-0 L' Ri-B+2l [ | B 5 . T Vi e e | ‘[ T 1

Dec. Tanplane Offset [deg]

TTTTTTTTI

11 1 1 |

B I L. K6 &

L I ) < . BLkecn ol e | l s 5 0. -0 8§ 0§ § § @

.............
5%

.....
...............

L1 1L 1 1 l L 1 1 1 11 1 1 1 1 1 1 1 1 1 1

L1 1 1 l L1 1

—~Noise BGS-wide:
36 mdy beam-1
21 mdy beam-1
20 mdy beam-1

\Noise BGS-deep:
11 mdy beam-!
9 mJdy beam-!

L1 1 L1 1 1 1 l i1 1 1 1 1 1 1 1 l i1 1 1 1 1 1 |-
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-1 0 1
R.A. Tanplane Offset [deg]
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2-point correlation
function of BLAST sources

QN e e

_ ,, 412 sources -

AN S/N > 2.50 =

= | k

| b |

O_ + M A _:
0.001 0.01 0.1 1.C

O (degrees)



2-point correlation
function of BLAST sources

® 250 um:
marginal signal

QI T

412 sources -

Tt S/N > 2.50 =

: } + :

O_ + M A —
0.001 0.01 0.1 1.(

O (degrees)



2-point correlation
function of BLAST sources

® 250 um:
marginal signal

® 500 uym
consistent with O

Q¢ - T TP A —

" 500 pm

: 228 sources :

D f S/N > 2.50 7

= | -

o EERTEN
0.001 0.01 0.1 1.0

O (degrees)



something confusing

® true the angular correlation function is a
projection of sources at all redshifts,
diluting the signal, but still...

® why the confusion?






U-band
~ 60 sources/
arcmin?

Confusion
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“'Ag( ‘UspsJE|\ Us|eeL)

U-band
~ 60 sources/
arcmin?

SPIRE
~ 0.5 sources/
arcmin?
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36‘ cﬁ*esec

. ¥

beaam /

50 brightest
recovered
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‘b aresec;

(el
h 4 MK

/0% of top
0.5%
recovered
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UBC

Ed Chapin
Mark Halpern
Gaelen Marsden
Douglas Scott
Don Wiebe

JPL
Jamie Bock
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UofT UPenn

Peter Martin Mark Devlin
Barth Netterfield Jeff Klein

Chris Semisch
Brown University Matt Truch
Greg Tucker

CDF (France)
Guillaume Patanchon

U of Miami
Josh Gundersen
Nick Thomas

INAOE (Mexico)
David Hughes
Iltziar Aretxaga

Cardiff

University

Peter Ade

Matt Griffin

Peter Hargrave
Phil Mauskopf
Carole Tucker
Enzo Pascale
Lorenzo Moncelsi

Open
University
Mattia Negrello

U. Arizona
Marie Rex

Caltech
Marco Viero



MIT balloon Archeosp%Ska.roon

Toco White Mountain

QMAP BOOMERanNG o

Cobra MAX QMAT WMAP
White Dish MINT

’

ACT

&1'
» %
=~

R
UBC UofT UPenn U of Miami Cardiff Open
Ed Chapin Peter Martin Mark Devlin Josh Gundersen University University
Mark Halpern Barth Netterfield Jeff Klein Nick Thomas Peter Ade Mattia Negrello
Gaelen Marsden Chris Semisch Matt Griffin
Douglas Scott Brown University Matt Truch INAOE (Mexico) Peter Hargrave U. Arizona
Don Wiebe Greg Tucker David Hughes Phil Mauskopf Marie Rex
Itziar Aretxaga Carole Tucker
JPL CDF (France) Enzo Pascale Caltech
Jamie Bock Guillaume Patanchon Lorenzo Moncelsi Marco Viero
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Viero et al. (2009)
arXiv: 0904.1200

BLAST Power Spectrum
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P(kg) (JYZ sr™')
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10*
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102- . . L . . .
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Viero et al. (2009)
arXiv: 0904.1200

BLAST Power Spectrum



10°

= 500 um |
Sy j
f/: II””I 5 T w1 Shot
= w Noise
o3 oo on “om o= Clustering
Excess o (orcmin™)
Signal from
Galaxy Viero et al. (2009)
Clustering arXiv: 0904.1200

BLAST Power Spectrum
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Clustering Signal
After Removal of
Shot Noise
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BLAST simulation...
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The Planck Collaboration (2011)
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Sub-millimetre galaxies reside in dark matter halos with
masses greater than 3 x 10! M,

A.Amblard', A. Cooray'?, P. Serra’, B. Altieri*, V. Arumugam®, H. Aussel”, A. Blain?, J. Bock®",
A.Boselli’, V.Buat”, N. Castro-Rodriguez®?, A. Cava®?, P. Chanial'’, E. Chapin'',D.L. Clements'",
A.Conley'?, L. Conversi®, C.D. Dowell*®, E. Dwek'?, S. Eales'?, D. Elbaz”, D. Farrah'®, A. Franceschini
W. Gear', J. Glenn'?, M. Griffin'*, M. Halpern'', E. Hatziminaoglou'", E. Ibar'®, K. Isaak'*,
R.J.Ivison'®* A A Khostovan', G. Lagache'”, L. Levenson®® N.Lu*?",S.Madden®, B. Maffei*!,
G.Mainetti'®, L. Marchetti'®, G. Marsden'!, K. Mitchell-Wynne', H.T. Nguyen®Z, B. O’Halloran'’,
S.J.Oliver'®, A. Omont**, M.J. Page®*, P. Panuzzo”, A. Papageorgiou'?, C P. Pearson®***, 1. Pérez-
Fournon®”, M. Pohlen'*, N. Rangwala'?, 1.G. Roseboom'?, M. Rowan-Robinson'", M. Sdnchez

Using the halo model fits, we estimate the mininum dark matter mass scale for dusty star-
forming galaxies at the peak of the star formation history of the universe to be log,, Min/Ms =
11.5%]7 at 350 um with a bias factor for the galaxies of 2.4*)9. The minimum halo masses

10215 Mmin /M at 250 and 500 gm are 11.17) 7 and 11.8" (3, respectively. The corresponding bias
factors for the galaxies are 2.07(7 and 2.8"(3 at 250 and 500 pm, respectively. The differences
in the minimum halo masses and the bias factors between the three wavelengths are likely due

a combination of effects including overall calibration uncertainties, the fact that at longer wave-

BLAST Halo Model
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Confirmed
by Herschel!

BLAST Halo Model
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? HERMES works in progress...

.

HerMES - Herschel Multi-tiered Extragalactic Survey

To ﬁudy‘ihe evolution of g%laxies in the distant Universe
The blggest project on the Herschel Space Observatory
A European Space Agency mission

= I] — 11 I+1 ==
e e

Astronomy Technology Centre Imperial College, London Mullard Space Sclence Laboratory
California Institute of Technology Infrared Processing Analysis Centre OAPd University of Padova

CardIff Universlty Institut d'Astrophysique de Parls UC Irvine

CEA, Saclay Institut d'Astrophysique Spatiale University of British Columbia
Cornel| Institute Astrophysica Canarlas University of Colorado

ESAC Jet Propulsion Lab. University of Hertfordshire
Godard Space Flight Centre Laboratory of Astrophysics of Marseilles University of Sussex
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HERMES
The Team

Bruno Altieri, Alex Amblard, Rick Arendt, Vinod Arumugam, Robbie Auld, Herve Aussel, Alexandre
Beelen, Andrew Blain, Jamie Bock, Alessandro Boselli, Carrie Bridge, Drew Brisbin, Veronique
Buat, Denis Burgarella, Nieves Castro-Rodriguez, Antonia Cava, Pierre Chanial, Ed Chapin,
Michele Cirasuolo, Dave Clements, Alex Conley, Luca Conversi, Asantha Cooray, Emanuele
Daddi, Gianfranco De Zotti, Darren Dowell, Jim Dunlop, Eli Dwek, Simon Dye, Steve Eales, David
Elbaz, Erica Ellingson, Tim Ellsworth-Bowers, Duncan Farrah, Patrizia Ferrero, Mark Frost, Ken
Ganga, Elodie Giovannoli, Jason Glenn, Eduardo Gonzalez-Solares, Matt Griffin, Mark Halpern,
Martin Harwit, Evanthia Hatziminaoglou, George Helou, Jiasheng Huang, Ho Seong Hwang, Edo
Ibar, Olivier llbert, Kate Isaak, Rob Ivison, Martin Kunz, Guilaine Lagache, Glenn Laurent, Louis
Levenson, Carol Lonsdale, Nanyao Lu, Suzanne Madden, Bruno Maffei, Georgios Magdis,
Gabriele Mainetti, Lucia Marchetti, Gaelen Marsden, Jason Marshall, Glenn Morrison, Angela
Mortier, Hien Trong Nguyen, Brian O'Halloran, Seb Oliver, Alain Omont, Francois Orieux, Frazer
Owen, Matthew Page, Biswajit Pandey, Maruillo Pannell, Pasquale Panuzzo, Andreas
Papageorgiou, Harsit Patel, Chris Pearson, |Ismael Perez Fournon, Michael Pohlen, Naseem
Rangwala, Jason Rawlings, Gwen Raymond, Dimitra Rigopoulou, Laurie Riguccini, Guilia
Rodighiero, Isaac Roseboom, Michael Rowan-Robinson, Miguel Sanchez Portal, Bernhard
Schulz, Douglas Scott, Paolo Serra , Nick Seymour, David Shupe, Anthony Smith, Jason Stevens,
Veronica Strazzu, Myrto Symeonidis, Markos Trichas, Katherine Tugwell, Mattia Vaccari,
Elisabetta Valiante, lvan Vatchanov, Joaquin Vieira, Marco Viero, Lingyu Wang, Don Wiebe,
Kevin Xu, Michael Zemcov

Plus engineers, instrument

Faculty & Researchers PostDocs PhD Students builders, software developers etc.
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what have we learned?

® 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

Summary
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aors time/aor time area

(#) (m) (h) (deg?)

oI55
397 5 | 815 | 68 | 150
6"
3.9o¢r 4 | 489 |32.6| 90
total= 106 hours PREIN
270 deg? 397 2 | 163 | 5.4 | 30

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

® [nterlaced AORs for maximum cross-linking
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Amblard et al. (2011)

10°L ® HerMES Lockman-SWIRE 350 um _
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Amblard et al. (2011)

10°L| ® HerMES Lockman-SWIRE 350 Lm _
"| O HerMES GOODS-N 5
[| + BLAST ref. 17 T 1 ]
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® Currently noise dominated at ./ < 550 (k = 0.025)

HerMES
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Amblard et al. (2011)

10°L| ® HerMES Lockman-SWIRE - 350 LM
0 HerMES GOODS-N
+ BLAST ref. 17 T

— . -
— — .

0.001 0.01 0.10 1.00
k [arcmin’)

® Currently noise dominated at . < 550 (k = 0.025)

® HelLMS sensitive to £ = 200 (k = 0.001)
HerMES
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SPIRlE Only SPIRE X ACT

0 to nex ' ' . ' b |
0 | : I

|

|

250 pum X 250 um 250 pum X 220 GHz 250 pum X 148 GHz

current best field errors
proposed field errors s

SPT X SPIRE lower limit «---eoeeeee.
SPIRE 1/f knee = — = =

—— o —— — — — — — — — —

~~ 350 um X 350 um 350 um X 220 GHz

— o — —— — o w— — — — e — — e — — —

500 um X 500 um

— — - - — — e — - — — e — — — — — —

100 500 10000 100 500 10000 100 500 10000

Dramatically reduce noise on large-scales in auto-spectra
ACTxSPIRE will probe scales larger than SPTxSPIRE can
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Today

*SDSS optical
‘ACT (80 deg?)
CFHT
‘UKIDDS

% 0 i VLA
= ‘Wiggle-z
. _ .BOSS

Tomorrow

Imaging : RA Spectroscopy : ’ALM A

s S{ripe 82 SDSS imaging (ugriz, i<22.75,270 deg®) [ ] BOSS (220 deg’, 40,000 redshifts)
CFHT Stripe 82 survey (170 deg?, i<23.5, seeing<0.8") DEEP2 and PRIMUS .ACTpO|
and VISTA J and K VVDS .
-------------- UKIDDS LAS, K, .,.=18 4 =imie Wiggle—z °Sp|tzer Warm
----- UKIDSS: DXS Field 4 Radio -
CFHTLS W4 O VLA ‘Planck
I Level 6.5 oo . ACT ‘HI
Visible from
most sites

HeLMS Legacy
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