BLAS - The CI 3'in a’new i

.
‘ 10 arcmi n“

.&

\

- 00 arcn "

- 2 . “
marco viero / university of toronto



University of Toronto

Peter Martin
Barth Netterfield
Marco Viero

University of Pennsylvania
Mark Devlin
Marie Rex
Chris Semisch
Jeff Klein
Matt Truch

University of British Columbia
Ed Chapin
Douglas Scott
Mark Halpern
Gaelen Marsden
Don Weibe ‘

Cardiff University;

—

Enzo Pascale :
Peter Hargrave ,
Lorenzo Moncelsi i
Carole Tucker . —&&

INAOE — Mexico Hhpue =1
David Hughes I\P/Iattt pr'dff'{/
ltziar Aretxaga ClerAdZ
APC - France 4 INf‘F -()I|$naily [~
Guillaume Pantachon . 1 - :
on dbud FENER. . dN e %
Brown University JPL
Greg Tucker Jamie Bock

Open University — UK
Mattia Negrello

University of Miami
Joshua Gundersen
Nicholas Thomas

marco viero / university of toronto

BLAST TEAM



Outline

e Motivation

® Cosmic Radiation Budget
® Cosmic Far-Infrared Background (CIB)
@ Correlations in the CIB
¢ Making the Measurement
® The BLAST Experiment
@ Data Preparation and Map Making
® Measuring the Power Spectrum
® Results
® Resolving the Background
® Source Counts

® Clustering of Star-forming Galaxies




Motivation | Cosmic Radiation Budget
Making the Measurement | Far-Infrared Background
Results | Correlations in the CIB

e Motivation
® Cosmic Radiation Budget
® Cosmic Far-Infrared Background (CIB)
@ Correlations in the CIB
e Making the Measurement
® The BLAST Experiment
@ Data Preparation and Map Making
® Measuring the Power Spectrum
* Results
® Resolving the Background
® Source Counts

® Clustering of Star-forming Galaxies

marco viero / university of toronto Galaxy Clustering from CIB Correlations / 4
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Cosmic Radiation Budget

o After CMB, CIB makes up Py ¥ GH]
~50% of the total radiation « 0 10° 0t 10° 107 10!
budget. 10°F . . . . l

e Historically, optical I ]
background has attracted 107 il
the most effort. : -

—

CMB

e The focus is shifting towards - ;
107 960 E

other wavelengths. Eg., In
the infrared:

® Spitzer - T oAt ‘
P 10'e71COB CIB
oBLAST 23 Y SPIRE ]
@ Herschel 1010
10! 10° 10! 107 103 10* 10°
@ Planck Wavelength A [um]
@ SCUBA I

@ ALMA

Wm 2sr

Dole et al. 2006
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Cosmic Radiation Budget
Far-Infrared Background
Correlations in the CIB

Understanding the CIB

energy (keV)

e What makes up the toe 10 w0 1100 00
background?

10°
e Dusty galaxies make up a
large fraction of the total

CIB, but it is all of it? 0 ;
o 1 NIB % 7 =
e How many galaxies for a :
given flux are there? E
e Are they randomly i
10-3

distributed in space or are
their locations correlated?

GRE

| N N | N 5 | N L | N L | N N !
103 1 10-3 10-¢ 10-¢ 10-12
wavelength (mm)

From D. Scott




Cosmic Radiation Budget
Far-Infrared Background
Correlations in the CIB

Observing Dusty Galaxies

.000 : N
* Dust is heated by absorption of UV . l ot 1) 2=0
photons, and emits as a modified 2 e g50um |
blackbody. g 000 s TN
5 ? o
e Dust is heated to ~30 K, with : \
C : S 0.010¢ i
emission peaking at ~160um. & 1L 2
@ ¥
* For high-z galaxies, this peak shifts to sl R
redder bands. 1000 100

Wavelength (microns)

e Negative k-correction makes high-
redshift galaxies easier to observe.

S, (miy)

A A A PR S S - A A A Ahdhd,
0.1 1.0 10.0
Redshift (z)




Motivation
Making the Measurement
Results

Cosmic Radiation Budget
Far-Infrared Background
Correlations in the CIB

Clustering of Galaxies from Background Correlations

e Galaxies are not randomly located; in
general, they trace the high density
peaks of the dark matter distribution.

e Correlations of star-forming galaxies
describe how strongly they trace the
dark matter, which in turn gives a
picture of what environmental
conditions favour star formation, or
alternatively, shut-down star
formation.

¢ \\We can measure the correlations in
the CIB and identify the signal from
clustering of galaxies.

¢ \We can relate the correlations of
star-forming galaxies to those of the
underlying dark matter through the
bias.

Millenium Simulation @ z~ 1.5

65 Mpc
Springel et al. (2005)
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¢ Telescope
® 2m Primary

® 35-40 km altitude (>99%
atmospheric emission)

@ alt-az pointing system

® autonomous / satellite commanding
@ diagnostic data via satellite

e Camera (SPIRE prototype)
® 250, 350, 500 pm (244 bolometers)
@ 30, 41, 60 arcsec FWHM beams
® NEFD ~ 250 mJy sqrt(s)
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Motivation | BLAST

Making the Measurement | Data and Maps
Results | Power Spectrum Measurement

Balloon into ~space (above 99.5% atmosphere)

2 millions cubic metres
stratospheric balloon

Bomg 747

i
.l.f
+ , X \
: /‘ Goodyear blimp

At launch
l‘
Y - ’\.
= 2\ Eiffel tower
4 ~)\  Height: 300m
\
LKA | A

Galaxy Clustering from CIB Correlations /11
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Motivation
Making the Measurement

BLAST
Data and Maps
Power Spectrum Measurement

Fields

e BLAST 2006:

@ 11 day circumpolar flight from
McMurdo Station, Antarctica

e Extra-Galactic Surveys: 175 hours

e Galactic Surveys: 45 hours

BLAST 2006

GUM GLOBULES
(L=253)

PUPPIS-A SNR

PKS 1138-262 ’ &
' = Vela-Deep
o (L=266)

Vela-Wide & * Bullet

=2
(L=2m0) - PKS 0529-549

»

n Carinae
(L=287)

10 deg? map in
GOODS-South
(90 hr)

IGC 1808

A
- X0° N

BGS-Wide eos-Cec'p

NGC 1097

NGC 1512
NGC 1365

NGC 1291

SEP ABELL 3112
NGC 1566

9 deg? map near
South Ecliptic Pole
(70 hr)
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Motivation | BLAST
Making the Measurement | Data and Maps

PUblic BLAST I\/IaDS
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Find these maps at http://blastexperiment.info Z = 0 1 2

R.A. Tonplane Offset [deg]
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‘ Sub-Maps for Correlation Analysis

¢ \Wide-only timestreams
selected.

e Common-mode is NOT
removed.

e Timestreams filtered at
0.2 Hz.

e Timestreams divided into
four equal parts and
made into 4 unique maps.

e Extract most uniform 6
deg?




Motivation
Making the Measurement
Results

Resolving the Background
Source Counts
Clustering of Star-Forming Galaxies

e Motivation

® Cosmic Radiation Budget

® Cosmic Far-Infrared Background (CIB)

@ Correlations in the CIB
e Making the Measurement
® The BLAST Experiment
@ Data Preparation and Map Making
® Measuring the Power Spectrum
® Results
® Resolving the Background
® Source Counts

® Clustering of Star-forming Galaxies

marco viero / university of toronto

Galaxy Clustering from CIB Correlations /15




Motivation
Making the Measurement
Results

Resolving the Background
Source Counts
Clustering of Star-Forming Galaxies

Color Selected Sources

250pm

IRAS galaxy
Spitzer/SWIRE selected Galaxy
Strong BLAST 500pm emitter

350pum 200pum

marco viero / university of toronto
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Motivation | Resolving the Background
Making the Measurement | Source Counts

Results | Clustering of Star-Forming Galaxies

Stacking : Resolving the 3ackground i

Fixsen
e Determine the contribution of a 2 . 728
population of sources - too dim to - | I
be individually detected - to the BLAST [
background. S goul
e Use ancillary data to go beyond =
noise properties of BLAST map.
SCUBA 1
@ Find that all of the CIB is 0.1 Marsden etal, 0904.1205 ., . 1
composed of emission from T oo

identified galaxies.

@ BLAST 30 catalog is only 15%
of the total intensity.

FIDEL 24 micron Catalog

9118 sources
marco viero / university of toronto Galaxy Clustering from CIB Correlations /17




Motivation | Resolving the Background
Making the Measurement | Source Counts

Results | Clustering of Star-Forming Galaxies

Stacking: Redshift Distribution of the CIB

- 95% of 24 um sources have
redshift information (7/2%photo-z) [

-Different wavelengths probe
different ranges of redshift.

- Percent CIB generated
between 0 <z <1.1: .
/5% @ 70 um :
55% @ 250 uym :

40% @ 500 pm o [dy]

Pascale et al. 2009
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Motivation | Resolving the Background
Making the Measurement | Source Counts

Results | Clustering of Star-Forming Galaxies

Stacking : Star Formation Density History

e Calculate Lir and convert those
into Star Formation Rate Densities.

e Compare to other observations: ——— ———— '
Lilly (1996), optical-UV _
L7z, i kol 10°
Steidel (1996), optical-UV g s o
0.10 p. -4
O Hughes (1998), 850 um s = o
. . . < T =
e Missing information for highest _ Al 2z
redshift? i o = +] 5
% . b_——-i-;—‘ '+ A 5 3
® Expect those to be most $ 110° 3
massive SCUBA galaxies. 0.01 2
®Indeed, stacking 24um sources L . .
does not resolve all of 850um | " Redshift o

Pascale et al. 2009

SCUBA maps.
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Making the Measurement

Motivation | Resolving the Background
Source Counts

Clustering of Star-Forming Galaxies

Results

Source Counts -

>(d)

@ Large beams and steep
counts make identifying
sources and their fluxes
complicated.

® Sources need to be “de-
boosted”, which introduces
bias.

® To estimate the counts, it is
better to fit the map
histogram; a so called “P
(d)” analysis.

. - Gaussian
](]" \1.:;’: noise
102

10! / \

Distribution of map pixels
-

100 {,
|

10 5 0 5

Pixel signal—-to—noise ratio

dN/dS (mJdy~'deg™?)

Lagache I\/Iodel (2003)

250,U,m | 350Mm i
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
S (mdy) S (mJdy) S (mJy)
Granato I\/Iodel (2004)
250,U,m } 350Mm } 500um |

10 100 1000 10000 10 100

S (mJy) S (mJy)

1000 10000

10 100 1000 10000

S (mJy)

Points from Patanchon et al., 2009
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Motivation | Resolving the Background
Making the Measurement | Source Counts
Results | Clustering of Star-Forming Galaxies

Power Spectrum Components

I:)’tot — I:)c:irrus T I:)shot T I:)Clustering + Noise

10°F
e Galactic Cirrus field L S B 290 purm 4
- E ]
dependent. : Phyrtyg, :
P e e Pl Pl @ﬁﬁ
. : [
® Generally dominates on i
scales k < 0.01 arcmin"’ THEE .
e Poisson (shot) Noise . |
dominates on small scales, T
i.e., k> 0.1 arcmin . A
e Clustering seen as an excess | %
over Poisson noise on scales S 10k 1 ** .
k < 0.1 arcmin-’ s % T
103 X 250 um i | —
- X 350 um ]
- & 500 um -
107 A ‘ ‘ ‘
0.025 0.050 0.100 0.250 0.50

ke (arcmin)
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Motivation
Making the Measurement
Results

Resolving the Background
Source Counts
Clustering of Star-Forming Galaxies

Clustering Model

e Clustering Signal has

P(k’, Z) = P]h(k', Z) -1- Pgh(k, Z)

contributions from galaxies:

-on small scales within a
halo (1-halo term,
nonlinear)

-on large scales in two
different halos (2-halo
term, linear)

e Galaxies occupy halos
according to the halo-
occupation distribution
(HOD), which constrains

-No(z)
'Mmin

-X

1-halo term (small scales)

Py (k, 2) :/ Nhatol M, zu/)\] k,z|M) |"1*\[/”an( )
J M

2-halo term (large scales)

B T [ /w n,l,,,o(.u.( M, 2Yupn(k, M)A fn2(2)

Halo Occupation Distribution

dul ‘[ ‘v or M = A["'i"
\ for M < Mpin

mdependent of redshift

It is fixed by the source model, for any pair ( M,;, <o )

marco viero / university of toronto
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Resolving the Background
Source Counts
Clustering of Star-Forming Galaxies

Fit to Halo Model

e Best-fit parameters:
® Mmin = 10°° Msun

eax=12+02 350um | 500um
@eb=22+02 5
® Meff = 10732 Msun f;
e Our sources are strongly biased tracers * |, |
of the underlying dark matter, sampling 1O — - - 2noio | \ ; _
. . . o' e NN T e NN T e e NN ]
the hlgheSt peaks Of the denSIty fleld' 0.001 0.010 0.100 1.000 0.01 0.10 1.00 0.01 0.10 1.00
) ) ) ) ke (arcmin™") ke (arcmin™") ke (arcmin™')
e Strong evolution of bias consistent with
downsizing scenario, where:
® Massive objects observed in the 1OO'OOO§ A SO
Local Universe (i.e. cluster elliptical 10.000¢ 55l
galaxies) formed at high redshifts - 000l o
possibly though merger events - = ? < 20}
and then evolve passively 0.100¢ - o
: - ' 1.5}
® Star-formation shifted to lower 0.010¢ [
mass environments as the Universe 0.001 Lol oo ] AR
evolved 10° 10" 10" 102 10" 10™ 0 1 2 3 4
M (Mgyn) redshift z
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Fit to Halo Model

e Best-fit parameters:
® Mmin = 10°° Msun

eax=12+02 350um | 500um
@eb=22+02 5
® Meff = 10732 Msun f;
e Our sources are strongly biased tracers * |, |
of the underlying dark matter, sampling 1O — - - 2noio | \ ; _
. . . o' e NN T e NN T e e NN ]
the hlgheSt peaks Of the denSIty fleld' 0.001 0.010 0.100 1.000 0.01 0.10 1.00 0.01 0.10 1.00
) ) ) ) ke (arcmin™") ke (arcmin™") ke (arcmin™')
e Strong evolution of bias consistent with
downsizing scenario, where:
® Massive objects observed in the 1OO'OOO§ A SO
Local Universe (i.e. cluster elliptical 10.000¢ 55l
galaxies) formed at high redshifts - 000l o
possibly though merger events - = ? < 20}
and then evolve passively 0.100¢ - o
: - ' 1.5}
® Star-formation shifted to lower 0.010¢ [
mass environments as the Universe 0.001 Lol oo ] AR
evolved 10° 10" 10" 102 10" 10™ 0 1 2 3 4
M (Mgyn) redshift z
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\Vaps, Papers and more at: | http.//blastexpernment.info
Conclusion
e Half of starlight absorbed
and reradiated by dust. Frequency v [GHz]
10° 10° 10* 10° 10° 10'
1()'6§ T T T T T 1
107 ;
L CMBI 3
'E 10'85- 960 E
= : :
x BLAST [
10°e71COB CIB E
23 24 SPIRE -
TS
10" 10° 10! 107 10° 10 10°
Wavelength A [um]

Dole et al. 2006
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Conclusion

e Half of starlight absorbed
and reradiated by dust.

e All of CIB is composed of
emission from identified galaxies.

10.0

I [nW m~2 sr-!]

0.1F 7
AF .
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Conclusion
* Half of starlight absorbed " %,
and reradiated by dust. o
e All of CIB is composed of RN i B A 7 B
. . . ‘o . R 100 '
emission from identified galaxies % - 1y
ke . | ams
e Different wavelengths probe 5 80f
different redshift ranges % il
O 60
"y
o !
S 40t
&
5 20} :
é i
10* 10° 10 0.1 1.0

S,oe  [wdy] Redshift
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Conclusion
e Half of starlight absorbed - 2 ¥e e
and reradiated by dust. i . - \
s 3 | [CMB
e All of CIB is composed of e =
emission from identified galaxies. é 1081 M - B A U
e Different wavelengths probe = f
different redshift ranges £ 102} g 2
e Histogram of the maps tell you ° ,
more about the counts than S 101 f .
counting sources 2 E ) :
% - . : 1
S 100 | ' " | =
X IFEEE R ol S BT I L 5
-10 -9 0O 5) 10 15

Pixel signal—-to—noise ratio

K| .I// !
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Conclusion
e Half of starlight absorbed - o
and reradiated by dust. = K 1:
e All of CIB is composed of ) 3 M)BA}.
emission from identified galaxies. e T :
e Different wavelengths probe
different redshift ranges foe 107 E
e Histogram of the maps tellyou =« | :
more about the counts than o 10°
counting sources 2. | 0 :
e We found correlations from h
clustering of star-forming galaxies o1 .| 7

angular scales 0.03 - 0.2 arcmin. 0.025 0.250 0.50
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Conclusion
e Half of starlight absorbed | e i
and reradiated by dust. = R |

e All of CIB is composed of | :
emission from identified galaxies. scum ||

e Different wavelengths probe
different redshift ranges i g —

e Histogram of the maps tell you = op350um 500um | |
more about the counts than
counting sources z ‘ S -

e \We found correlations from SEUNENG. 1 NN = 5‘<
clustering of star-forming galaxies on S sl e ko (orcmin™)

angular scales 0.03 - 0.2 arcmin™'. E 9

e \We fit these to a Halo model supplied
with the Lagache source model.



http://blastexperiment.info
http://blastexperiment.info

Nitp://blastexperment.info

Conclusion
* Half of starlight absorbed g | oy T,

and reradiated by dust.

e All of CIB is composed of
emission from identified galaxies.

e Different wavelengths probe
different redshift ranges

e Histogram of the maps tell you
more about the counts than
counting sources

Distribution of map pixels

¢ \We found correlations from
clustering of star-forming galaxies on S
angular scales 0.03 - 0.2 arcmin™'. E 9

e \We fit these to a Halo model supplied
with the Lagache source model.

¢ \We found that star-forming galaxies at
high redshift are biased tracers of the
underlying dark matter.
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