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Observing Dusty Galaxies with BLAST

e Half of all light emitted by stars is

absorbed and reradiated in the Brequency v {GHo]
10° 10° 10* 10° 10° 10’
IR 10-65 T T T T T T
107 E
K - CMB
e 10°F 960 =
= " Q ]
5 ZN\p= BLASTS!
A COB A CIE PIRE
23 /\ 2 4
N\
107 \ \ AR
10’ 10° 10! 107 10° 10* 10°
Wavelength A [um]
Dole et al.
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Observing Dusty Galaxies with BLAST

e Half of all light emitted by stars is 1.000
absorbed and reradiated in the =
IF% g 0.100F--- WHH:;

 BLAST designed to bracket the ;
redshifted peak of the IR £ 0,010
spectrum kS

0.001

1000 100
Wavelength (microns)
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Observing Dusty Galaxies with BLAST

e Half of all light emitted by stars is 1.000
absorbed and reradiated in the z
IR g 0.100 :---
e BLAST designed to bracket the :
redshifted peak of the IR 5 0.010
spectrum :
e Longer wavelengths more N o e
sensitive to higher redshift due to Wavelength (microns)

negative k-correction

250um
E S500um E
. .. 850um
B T~ — ... 3mm
1
= 3
=t SN
e o I ~
! 107 .
.\'
~
‘N,
107 1 | ~ ~
< _
10_‘2 A A PR SRR S—— - | A A I S -
0.1 1.0 10.0

Redshift (z)
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Observing Dusty Galaxies with BLAST

e Half of all light emitted by stars is
absorbed and reradiated in the
IR

e BLAST designed to bracket the
redshifted peak of the IR
spectrum

* Longer wavelengths more
sensitive to higher redshift due to
negative k-correction

e 10 day flight from Antarctica
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Observing Dusty Galaxies with BLAST

e Half of all light emitted by stars is

- - BLAST 2006
absorbed and reradiated in the
IR 10 deg2 map in

GOODS-South

(90 hr)

e BLAST designed to bracket the
redshifted peak of the IR

spectrum
GUM GLOBULES
e | onger wavelengths more o NGC 1808
sensitive to higher redshift due to " PuPPISASNR W7 i o
- . PKs 1138-262 ﬂ P NGC 1097
negative k-correction - A
‘ Vela-Deep NGC 1512
P (L=266) | NGC 1365
e 10 day flight from Antarctica Vela-Wide I T Noc 1291
—80° KS 0529-549 i e et
e Two ~10 deg? extragalactic fields . Jisc 1ges

n Carinae
(L=287)

9 deg® map near
South Ecliptic Pole
(70 hr)
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Motivation

e \Why Clustering?
@ On large scales:

¢ relates galaxy formation to
structure formation

e find typical halo masses
which host galaxy
populations

® On small scales:

e distribution of galaxies
within halos

@ Link galaxy populations
through cosmic time
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viero et al. 2009 : arXiv:0904.1200

Outline

* Measurements - maps vs. catalogues

@ Complications
® Maximizing information
e BLAST
® Clustering from correlations of background fluctuations
@ Physical Interpretation

e Implications
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Complications

e \While large scales well traced
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T

Complications

e \While large scales well traced
e Small scales more difficult

@ What is a submm source?
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Measurements
BLAST
Implications

Complications

e \While large scales well traced
e Small scales more difficult
@ What is a submm source?

¢ \Wide redshift distribution
dilutes angular correlation
signal
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Measurements
BLAST
Implications

Complications

e \While large scales well traced
e Small scales more difficult
@ What is a submm source?

¢ \Wide redshift distribution
dilutes angular correlation
signal

e Confusion limits number of
sources / area, i.e.,
more sources = more area , , .
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Implications

Clustering from Power Spectrum
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Clustering from Power Spectrum

e More familiar as a CMB technique
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Implications

Clustering from Power Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform
of the power spectrum
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Measurements
BLAST
Implications

Clustering from Power Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform
of the power spectrum

e By correlating brightnesses instead of
catalogue positions, don’t lose any
information

® ~ 20 sources arcmin? from counts

® ~ 0.1 sources arcmin?resolved
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Mea

surements
BLAST
Implications

Clustering from Power Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform

of the power spectrum

e By correlating brightnesses instead of
catalogue positions, don’t lose any
information

® ~ 20 sources arcmin? from counts
® ~ 0.1 sources arcmin?resolved

e First attempts to measure correlations in
the background include

@ Peacock et al. 2000 (850 um)
® Lagache & Puget 2000 (170 um)

@ both failed to detect clustering signal
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Measurements

BLAST
Implications

Clustering from Power Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform

of the power spectrum

e By correlating brightnesses instead of
catalogue positions, don’t lose any
information

® ~ 20 sources arcmin? from counts
® ~ 0.1 sources arcmin?resolved

e First attempts to measure correlations in
the background include

@ Peacock et al. 2000 (850 um)
® Lagache & Puget 2000 (170 um)

@ both failed to detect clustering signal

Pk (Jy’sr’)

e First measurements of the power spectrum

from clustered galaxies from
@ Lagache+ 2007 (Spitzer 160um)

® Grossan & Smoot 2007 (Spitzer 160um)
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0.001 0.010 0.100 1.000
k (arcmin™)

Lagache+ 2007
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BLAST: Making the Measurement

marco viero / university of toronto BLAST: Clustering of Star-Forming Galaxies /



Measurements
BLAST
Implications

BLAST: Making the Measurement

e Bolometers have 1/f drift
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BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes —————— —————
large-scale signal

NSC12F_23 MDTLP-P.C

NSC12F_23_ MDT.LP_LP-P-C
NSC12C_23_MDTLP_LP-P-C
NSC 12CALIB-P-C -1
NSC12_P1_CALIB_NCMR-P2-C 4

10°%

ASD [W/HZ'? )

—
=
p—

Frequency [Hz]
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Measurements
BLAST
Implications

BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes ——————T —————
large-scale signal

NSC12F_23 MDTLP-P.C

NSC12F_23 MDTLP_LP-P-C
NSC12C_23_MDTLP_LP-P-C
NSC 12CALIB-P-C -1
NSC12_P1_CALIB_NCMR-P2-C 4

®Use wide-only maps, with fast .4
scan rate (0.1 deg/sec) |

ASD [VHZ'? )

—
-
y

Frequency [Hz]
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Measurements
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Implications

BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes ——————T —————
large-scale signal

NSC12F_23 MDTLP-P.C

NSC12F_23 MDTLP_LP-P-C
NSC12C_23_MDTLP_LP-P-C
NSC 12CALIB-P-C -1
NSC12_P1_CALIB_NCMR-P2-C 4

®Use wide-only maps, with fast .4
scan rate (0.1 deg/sec) |

@ Filter as little as possible, and

ASD [WHZ"? )

—
-
y

0.1 1 10
Frequency [Hz]
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Measurements
BLAST
Implications

BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes

large-scale signal , f
. . 1 . 250 um B vaﬂﬁﬁ@ﬁﬁ.ﬁpﬁﬁ%ﬁw\%ﬁ
@ Use wide-only maps, with fast _ [ 350 1 P !
Tg ————— 500 um L/Q _

scan rate (0.1 deg/sec) £0° 4
. . _ S A :

@ Filter as little as possible, and 3°° /

@recover the large scales with 294 / -
MC-measured transfer & ol / :
function : / :

oL—" S -
0.01 1

K, (ar%nlnin' Ly
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Measurements
BLAST
Implications

BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes
large-scale signal

® Use wide-only maps, with fast
scan rate (0.1 deg/sec)

@ Filter as little as possible, and

@recover the large scales with
MC-measured transfer
function

e Divide data into four groups

@ make 4 maps (call them sub-
maps)

BLAST: Clustering of Star-Forming Galaxies /
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Measurements

BLAST
Implications
BLAST: Making the Measurement
e Bolometers have 1/f drift i
ofee 250 um |
e Aggressive filtering removes R S |
: [— -~ '::iI_I_{ﬁ S3E3i58 L
large-scale signal otk St
@ Use wide-only maps, with fast o)
scan rate (0.1 deg/sec) @ ]
® Filter as little as possible, and ~ ,O,E‘_{ 350 pm ]
) @ - i _ : :
@recover the large scales with Sk T Ily .
MC-measured transfer 2 g :j [ﬁ?
function
Co : 8L ' — g
e Divide data into four groups : S
i 500 um : ]
® make 4 maps (call them sub- S L L
10 Tl I :
mapS) __________ I_:I : f_i'_"_;;iii}:i f.I_fz.I;i{ Hiﬂﬁl:I ;‘%
@ power spectrum of cross- o .
correlation of sub-maps 0 . SRS -
0.03 0.05 0.1 0.25 0.%(

kg (arcmin™')
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BLAST Clustering Power Spectrum
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Measurements
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Implications

BLAST Clustering

PoOWer Spectrum

* Power Spectrum shows signal .O,E\,} . 250 purr

In excess of Shot Noise and

. 5 . e SESL3T31 0 2
Cirrus on angular scales > E\S\J fﬁgllﬂJI
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BLAST Clustering Power Spectrum

10

e Power Spectrum shows signal
iIn excess of Shot Noise and

I 3N 3 _II
Cirrus on angular scales > 5\\1\‘ ““““““““““

- 35

P(ke) (Jy* sr™")

0.03 0.05 0.25 0.3

0.1
ke (%rcmin")
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Measurements
BLAST
Implications

BLAST Clustering Power Spectrum

e Power Spectrum shows signal
iIn excess of Shot Noise and

Cirrus on angular scales > 5’ 107
e After removal of Shot Noise ~ h{f | -
and Cirrus, Normalized L -
Clustering Signal closelly s L ®..
follows a power-law, with £ 107 X B0um T ﬂ I ,,,,,,, 3
a F % Sopwpm ] T
slope = -2 - o 500 um
3%s

2
ke
o O
o O
N M
i
1
|'§
I
i
;
H
vg'
"
|
t
H
|
=
\
\

0.03 0.05 O.TQ 0.25
kg (arcmin™)
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Measurements
BLAST
Implications

BLAST Clustering Power

Spectrum

e Power Spectrum shows signal
In excess of Shot Noise and
Cirrus on angular scales > 5’

e After removal of Shot Noise
and Cirrus, Normalized
Clustering Signal closely
follows a power-law, with
slope = -2
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BLAST Clustering Power Spectrum

e Power Spectrum shows signal
In excess of Shot Noise and
Cirrus on angular scales > 5’

e After removal of Shot Noise
and Cirrus, Normalized
Clustering Signal closely 3
follows a power-law, with 3 1
slope = -2 !

e Data agrees much better with
Linear bias (solid black line, b 0 5010 o100 000 P T
~ 4), than it does with the Halo ko (arcmin™) ~- ) ke (oremin™)
Models (coloured lines)
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Measurements
BLAST
Implications

BLAST Clustering Power Spectrum

e Power Spectrum shows signal
In excess of Shot Noise and
Cirrus on angular scales > 5’

e After removal of Shot Noise
and Cirrus, Normalized
Clustering Signal closely
follows a power-law, with
slope = -2

e Data agrees much better with ol |
Linear bias (solid black line, b | 1 stk
~ 4), than it does with the Halo  “Fsoqtsee: Q8 dhyliikile
Models (coloured lines) e \ '

e Further (ongoing) analysis with
twice the data confirm this
behaviour on small scales

marco viero / university of toronto BLAST: Clustering of Star-Forming Galaxies /



Measurements
BLAST
Implications

Srietfly: Halo-Model
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BLAST
Implications

Srietfly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter
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Measurements
BLAST
Implications

Srietfly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter

@i.e., it is the Peaks of the
DM density field that will
collapse into halos 6
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Measurements
BLAST
Implications

Srietfly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter

@i.e., it is the Peaks of the
DM density field that will
collapse into halos

e Given X Galaxies and Y Halos
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Measurements
BLAST
Implications

Brietly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter

@i.e., it is the Peaks of the
DM density field that will @
collapse into halos @
e Given X Galaxies and Y Halos
@ Populate Halos with @
Galaxies to best-fit

Clustering Signal
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Measurements
BLAST

Implications
Brietly: Halo-Model
e Assume Halos are Biased
Tracers of the Dark Matter
_ o 1000.0g """ " T T
@l.e., it is the Peaks of the 19 1
DM density field that will ' ’
. 10005— ro.=3Xr.
collapse into halos E oo
e Given X Galaxies and Y Halos = 0.0
®Populate Halos with = :
Galaxies to best-fit 1 O:
Clustering Signal :
* Prescription for assigning o1l
Galaxies to Halos as Function 10 10" 10'2 10" 10™

of Mass (aka HON):

M (Mgyn)
®N = (M/M1)*
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Srietfly: Halo-Model
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Implications

Srietfly: Halo-Model

e Clustering Signal made up of two

regimes @ @
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Measurements
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Implications

Srietfly: Halo-Model

e Clustering Signal made up of two

regimes @ @
® 2-halo: Linear Regime

(large scales) @
G

2-halo term

106§

105;

10“'5

P(k,) (Jy’ sr')

1000}

o 001 .01 B
7 kg (arcmin?)
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Measurements
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Implications

Srietfly: Halo-Model

e Clustering Signal made up of two

regimes @ @
® 2-halo: Linear Regime
(large scales)
@ 1-halo: Non-Linear Regime @
(small scales)

100

1-halo term

10?;

IOﬁ

P(k,) (Jy’ sr'')

1000;

100~ T
7 kg (arcmin?)

marco Viero / university of toronto

BLAST: Clustering of Star-Forming Galaxies /




Measurements
BLAST
Implications

Srietfly: Halo-Model

e Clustering Signal made up of two
regimes

® 2-halo: Linear Regime
(large scales)

@ 1-halo: Non-Linear Regime @
(small scales)
Can —>
@ Total the sum of both terms
10°}
: 1-halo term
, 2-halo term |
102 Total 1- and 2-halo t
> 0
1000;
100; o J
St k, (arcmin)
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Brietly: Halo-Model

e Clustering Signal made up of two
regimes @
® 2-halo: Linear Regime
(large scales)
@ 1-halo: Non-Linear Regime @
(small scales)
-— —>
@ Total the sum of both terms Q

e Therefore:

10°p—— | - |
® In order to account for all the | 1-halo term

; . ' 2-halo term
galaxies (i.e., they have to go Lol Total 1- and 2-halé t

somewhere!), AND

1042

P(k,) (Jy’ sr')

1000,

o “0.01
7 kg (arcmin®)
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Measurements
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Implications

Brietly: Halo-Model

e Clustering Signal made up of two
regimes @
® 2-halo: Linear Regime
(large scales)
@ 1-halo: Non-Linear Regime @
(small scales)
-— —> 8
@ Total the sum of both terms Q

e Therefore:

10°p——

@ In order to account for all the . T
. . : 2-halo term |
galaxies (i.e., they have to go 109 Total 1- and 2-halo t

somewhere!), AND

P(k,) (Jy’ sr'')

® To reproduce the large scale 10¢)

clustering signal (i.e., can’t |

just put them in smaller halos) 1000,
St k, (arcmin)
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Measurements
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Implications

Brietly: Halo-Model

e Clustering Signal made up of two
regimes
® 2-halo: Linear Regime
(large scales)
@ 1-halo: Non-Linear Regime

(small scales)  —-— 21 N N
@ TOtaI the sum Of bOth terms 0.001 0.010 0.100. 1.000 0.01 0.10 1.00 0.01 0.10 1.00
kg (aremin™) kg (aremin™') ke (aremin™)
e Therefore: S
10° p———w_
@ In order to account for all the | 1-halo term
. . : 2-halo term :
galaxies (i.e., they have to go ol | Total 1- and 2-halo t
somewhere!), AND T |
@ To reproduce the large scale S 10
clustering signal (i.e., can’t =
just put them in smaller halos) 1000,
® Model Must have a Bump! |
S W ¥ ;
ke (arcmin™)
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low to Change Model to Fit Data?
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Implications

low to Change Model to Fit Data?

—

Change the Halos
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low to Change Model to Fit Data?

Change the Halos Change How Galaxies Trace Halos
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Measurements
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Implications

How to Change Model to Fit Data’?

Change the Halos Change How Galaxies Trace Halos

e Model assumes NFW halo
profile which extends to
infinity

¢ halos must be artificially
truncated: typically

Fcut = Fvir
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How to Change Model to Fit Data’?

Change the Halos Change How Galaxies Trace Halos

e Model assumes NFW halo
profile which extends to
infinity

¢ halos must be artificially
truncated: typically

Fcut = Fvir

e NFW not the best fit for a
number of observations

e Shallower Inner Slope
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Measurements
BLAST
Implications

How to Change Model to Fit Data’?

Change the Halos Change How Galaxies Trace Halos

e Model assumes NFW halo
profile which extends to
infinity

¢ halos must be artificially
truncated: typically

Feut = Fvir

e NFW not the best fit for a
number of observations

e Shallower Inner Slope

e Model Halos are Spherical,
whereas simulations show
they are fact tri-axial
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BLAST
Implications

How to Change Model to Fit

Data?

Change How Galaxies Trace Halos
® From Models:

e In Halos w/ M > 10'2 Mgun, virial
shock (at virial radius) quenches
SF (Birnboim and Dekel 2003)
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Implications

How to Change Model to Fit

Data?

-13.94

-14.00

“
PR "L |

28.14 28.12

14.02
P 1 A |

28.18  28.16
a (2000)

1

28.20

|

28.22

Marcillac et al. 2007

Change How Galaxies Trace Halos

® From Models:

e In Halos w/ M > 10'2 Mgun, virial
shock (at virial radius) quenches
SF (Birnboim and Dekel 2003)

® From Observations:
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NMaps, Papers and more at

Nttp.//blastexpernment.info

TAKE

OME

(1) Power Spectrum a complementary way to
measure galaxy clustering, and the natural
choice for confused maps
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NMaps, Papers and more at

Nttp.//blastexpernment.info

TAKE

OME

(1) Power Spectrum a complementary way to
measure galaxy clustering, and the natural
choice for confused maps

(2) BLAST clustering on small scales may
iIndicate dusty star-forming galaxies do not
trace halos in a simple way

e Possibly due to environmental effects in

large halos
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