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Why IR?
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Why IR?

e Half of all light emitted by stars is
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Why IR?

e Half of all light emitted by stars is

absorbed and reradiated in the IR S Dust absorbs 0.995 at one micron
e Dust is particularly efficient at : L. 3
absorbing UV light, originating - Emissivity ocve/2
largely from young, hot, short-lived 1000 Ty =
stars, thus is sensitive to star- S : -,
formation E |
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E
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Why IR?

e Half of all light emitted by stars is

absorbed and reradiated in the IR oo Dust absorbs 0.995 at one micron
F rooT T T roT T T rT T T roT T T T T TTTTl

e Dust is particularly efficient at - ...
absorbing UV light, originating - Emissivity ccvy2
largely from young, hot, short-lived 1000 ‘
stars, thus is sensitive to star- -
formation

O
O
|

¢ Dust emission is an unbiased
measure of star-formation because -
it is optically thin at IR wavelengths - \/
10F |

Lambda x F(Lambda)

Important: notice that
the dust is optically thin | Wﬁ@jeenqmm
by 10 microns. The mm “
emission 1S proportional
to the total dust mass.

1072
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Why IR?

* Longer wavelengths more

sensitive to higher redshift due to

negative K-correction

S, (mly)
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But....
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But....
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But....
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SO....
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SO....

e o get above the atmosphere
you can:
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SO....

e o get above the atmosphere
you can:

@ Build and launch a satellite
e Cost ~ billions

e Timescale ~ 10+ years
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SO....

e o get above the atmosphere
you can:

@ Build and launch a satellite
e Cost ~ billions
e Timescale ~ 10+ years

@ Build and fly a balloon-born
telescope

e Cost ~ millions
e Timescale ~ 5’ish years

¢ Train Students to boot!
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The Balloon-born Plattorm
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The Balloon-born Plattorm

e \Weights about the same as a [
pickup truck (~ a few thousand ~
ko) || B~ 2iions cuic meres
® Need a BIG balloon! ’ A
. Goodyear blimp
At launch
X
Eiffel tower
| ) A Height: 300m
//
y
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The Balloon-born Plattorm

e \Weights about the same as a 1
pickup truck (~ a few thousand ~
kg) YR tiors cive e

@ Need a BIG balloon! __\ A7
* Flies at ~40 km altitude | .

Goodyear blimp

At launch

Eiffel tower
) A Height: 300m
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The Balloon-born Plattorm

e \Weights about the same as a
pickup truck (~ a few thousand

kg)
@® Need a BIG balloon!

e Flies at ~40 km altitude

* No control of where it goes so fly
at place and time of year where
the winds are predictable

GMVD
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The Balloon-born Plattorm

e \Weights about the same as a
pickup truck (~ a few thousand

kg)
@® Need a BIG balloon!

e Flies at ~40 km altitude

* No control of where it goes so fly
at place and time of year where
the winds are predictable

GMVD

e Flights from poles also have 24
hours daylight. Advantages:

@ Solar power

@ Maintain constant altitude

300°
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BLAST
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BLAST

e Balloon-born (~40 km altitude)
pathfinder for SPIRE instrument
on Herschel Space Observatory
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BLAST

e Balloon-born (~40 km altitude)
pathfinder for SPIRE instrument

on Herschel Space Observatory 1 000 =
* Designed to bracket redshifted o :
peak of the warm (~35 K) dust E
SED (star-forming galaxies/AGN) ¢
Iz 0.100 ?“"500um -
& B :
o [
0 E
S 0.010¢ 5 E
0, I
Q :
o _ :
0.001 L

1000 100
Wavelength (microns)
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BLAST

e Bal
pat
on

oon-born (~40 km altitude)
hfinder for SPIRE instrument

Herschel Space Observatory

e Designed to bracket redshifted
peak of the warm (~35 K) dust
SED (star-forming galaxies/AGN)

1.8

m under-illuminated primary

with nearly diffraction limited
beams:

®

36, 45 and 60 arcsec FWHM

at 250, 350 and 500 pym
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BLAST

e Balloon-born (~40 km altitude)
pathfinder for SPIRE instrument
on Herschel Space Observatory

e Designed to bracket redshifted
peak of the warm (~35 K) dust
SED (star-forming galaxies/AGN)

500 um 350 ym 250 um

¢ 1.8 m under-illuminated primary 43 detectors
with nearly diffraction limited
beams:
® 36, 45 and 60 arcsec FWHM 45 mm
at 250, 350 and 500 pym (13))

e Focal Plane Feed-Horns +
~270 bolometer detectors

O = Overlapping beams
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BLAST

e Balloon-born (~40 km altitude)
pathfinder for SPIRE instrument
on Herschel Space Observatory

e Designed to bracket redshifted LN Tank

peak of the warm (~35 K) dust
SED (star-forming galaxies/AGN)
Wiring Tube
LHe Tank

¢ 1.8 m under-illuminated primary
with nearly diffraction limited
beams:

® 36, 45 and 60 arcsec FWHM
at 250, 350 and 500 pm

e Focal Plane Feed-Horns + |
~270 bolometer detectors vl . Detector Arrays

FETs

8He Refrigerator

e Detectors and re-imaging optics
housed in a multi-stage cryostat
with ~ 11 day hold time
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A3 r 4

Science Flight (1) - June 2005, Kiruna, Sweden
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A3 r 4

Science Flight (1) - June 2005, Kiruna, Sweden

e | ong-duration flight (5 days and ~
100 hours data)
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Science Flight (1) - June 2005, Kiruna, Sweden

A3 r 4

* | ong-duration flight (5 days and ~ BLAST 2005
100 hours data)

® Unexplained malfunctioning
caused it to be out of focus,
therefore only targeted
galactic fields

CASSIOPEIA-A SNR

. _MoL 136
K :

IC 5146 " = LDN 1014

.”":Cygnusx
- o (L=80)

CRL 2688 —

IVC G86.5+59.6

+3OO. :
K3_50_;;;-'-- * . .

3’ — Vulpecula
N (L=59)
Sagitta i ...
(L=52)) % Aquila
. : (L=46)
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Science Flight (1) - June 2005, Kiruna, Sweden

e | ong-duration flight (5 days and ~
100 hours data)

@ Unexplained malfunctioning
caused it to be out of focus,
therefore only targeted
galactic fields

* The Fix
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Science Flight (1) - June 2005, Kiruna, Sweden

e | ong-duration flight (5 days and ~
100 hours data)

@ Unexplained malfunctioning
caused it to be out of focus,
therefore only targeted
galactic fields

* The Fix

® Aluminum Mirror + Carbon
Fibre Struts designed to have
constant length with changes
In Temperature
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Science Flight (1) - June 2005, Kiruna, Sweden

A3 r 4

e |_ong-duration flight (5 days and ~
100 hours data)

@ Unexplained malfunctioning
caused it to be out of focus,
therefore only targeted
galactic fields

* The Fix

® Aluminum Mirror + Carbon
Fibre Struts designed to have
constant length with changes
In Temperature

@ Focus by moving the
secondary mirror with
motorized actuators
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Science Flight (1) - June 2005, Kiruna, Sweden

A3 r 4

e | ong-duration flight (5 days and ~
100 hours data)

@ Unexplained malfunctioning
caused it to be out of focus,
therefore only targeted
galactic fields

* The Fix

® Aluminum Mirror + Carbon ’ | ‘
Fibre Struts designed to have | |
constant length with changes g | bl R
in Temperature | | =

@ Focus by moving the
secondary mirror with
motorized actuators

@ Pre-flight look-up table to find
focus as function of
Temperature
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A3 r 4

Science Flight (2) - December 2006, Antarctica
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e |_ong-duration flight (11 days and
~ 250 hours data)
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A3 r 4

Science Flight (2) - December 2006, Antarctica

e |_ong-duration flight (11 days and
~ 250 hours data)

* In focus, perfect flight!

g BN,
) ‘3- " A\
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A3 r 4

Science Flight (2) - December 2006, Antarctica

e | ong-duration flight (11 days and
~ 250 hours data)

* In focus, perfect flight!

¢ Perfect landing
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e |_ong-duration flight (11 days and
~ 250 hours data)

* |In focus, perfect flight!
e Perfect landing

e Or not....

.....
i Y
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Sclence Fl|ght (2) December 20006, Antarctlca

i

e |_ong-duration fllght (11 days and
~ 250 hours datay

¢ In focus, perfectilight!
e Perfect landing

e Or not....
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e |_ong-duration flight (11 days and
~ 250 hours data)

* In focus, perfect flight!
e Perfect landing

e Or not....
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Science Flight (2) - December 2006, Antarctica

¢ | ong-dure
~ 250 hou

¢ |[n focus, @

e Perfect la

e Or not....
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Science Flight (2) - December 2006, Antarctica

eCovered!!

- ard Drives
Phesy Rccovery Priority
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Science Flight (2) - December 2006, Antarctica

A3 r 4
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e A very wide Galactic-plane field

LA 1,200

50 deg? map of Vela
Molecular Ridge
(21 hr)

GUM GLOBULES
(L=253) -
—30° NGC 1808 -

BGS-Wide S:Deet
_PUPPIS-A SNR | . DG Peep

PKS 1138-262 -4 b NGC 1097

~Vela-Deep NGC 1512~ :
P (L=266) NGC 1365

Vela-Wide ™ % "8 Byjjet— - 3 ‘ NGC 1291
(L=270) s PKS 0529-549
. Siw ABELL 3112
£ NGC 1566
*®
n Carinae
(L=287)
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e A very wide Galactic-plane field

Netterfield et al. 2009: 50 sg-deg survey in Vela
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e A very wide Galactic-plane field
BLAST 2006

e 2 major extragalactic fields | 10 deg? map in

GOODS-South
(90 hr)

GUM GLOBULES
(L=2639 -

—30° NGC 1808

‘ 2h
BGS-Wide BGS-Deep
R

PKS 1138-262 ,gg | NGC 1097
: . .

_PUPPIS-A SNR

s ;
- (L=266") NGC 1365
Vela-Wide ™ % "8 gujlet— - N : NGC 1291

~
(L=270) e PKS 0529-549
650 Skp ABELL 3112

NGC 1566

‘ ~Vela-Deep NGC 1512~

*
n Carinae
(L=287")
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Science Flight (2) - December 2006, Antarctica

e A very wide Galactic-plane field

e 2 major extragalactic fields
®SEP

Valiante et al. (in Prep.)
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Science Flight (2) - December 2006, Antarctica

A3 r 4

e A very wide Galactic-plane field
e 2 major extragalactic fields
®SEP
o ~ 230 sources>50C
® GOODS-South

Dec. Tanplane Offset [deg]

R.A. Tanplane Offset [deg]
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Science Flight (2) -

December 20006, Antarctica

A3 r 4

e A very wide Galactic-plane field

e 2 major extragalactic fields
®SEP
o ~ 230 sources>50C
® GOODS-South

e Deep:~ 250 sources >5 0

e Wide:~ 250 sources >5 0

e Confusion Noise ~ 30 mdy

Dec. Tanplane Offset [deg]

R.A. Tanplane Offset [deg]
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WHITE SOURCES > 6-0

o

Dec. Tanplane Offset [degq]

T T 1T 1T T T 1T

Devlin et al., Nature, 0904.1205

i

http://blastexperiment.info
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Devlin et al., Nature, 0904.1205
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WHITE SOURCES > 6-0
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The BLAST Extragalactic Results: Outline

e Counts
@ Devlin et al. 2009,
@ Patanchon et al. 2009
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The BLAST Extragalactic Results: Outline

e Counts
@ Devlin et al. 2009,
@ Patanchon et al. 2009
e Stacking
@ Marsden et al. 2009,
@ Pascale et al. 2009
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The BLAST Extragalactic Results: Outline

e Counts
@ Devlin et al. 2009,
@ Patanchon et al. 2009
e Stacking
@ Marsden et al. 2009,
@ Pascale et al. 2009

e Clustering
@ Viero et al. 2009
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The BLAST Extragalactic Results: Outline

e Counts
@ Devlin et al. 2009, B ' T T | T
@ Patanchon et al. 2009 108 & - T Map notse | =
e Stacking

@ Marsden et al. 2009,
@ Pascale et al. 2009

—
-
N

e Clustering

Distribution of map pixels

101 “Sources”™
@ Viero et al. 2009 - -
GOal o__ ! . _—
10 é ] | | | I’I | | | | | IN91$¢ | ] | IH | | | é
e o convince you that 10 _ 5 0 5 10 15
maps are more important Pixel signal—to—noise ratio

than catalogs when
working at the confusion
limit!

Marsden et al. 0904.1205
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15 arcsec
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25 arcsec
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35 arcsec
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65 arcsec
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Counts from P(d) analysis

10° . . - r . 1  °r °© 1
»~——Faint confused sources -

AN\

Barely resolved sources:

Bright resolved sources.

Number of pixels

1‘3_£ l 1 1 I 1 1 1 1 L 1 I 1 1
-0.2 0.0 0.2 0.4 0.6
- f { 1)
Pixel flux (Jy)

Patanchon et al., 2009
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Counts from P(d) analysis

* Pioneered by Radio Astronomers
in the 1950’s

10° T r r r r r ' T T r ' 1
»~——Faint confused sources -

AN\

Barely resolved sources:

Bright resolved sources.

Number of pixels

- (-\'0
v

]'3_2 l 1 1 I 1 1 1 1 1 1 I 1 1
-0.2 0.0 0.2 0.4 0.6
H § /
Pixel flux (Jy)

Patanchon et al., 2009
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Counts from P(d) analysis

* Pioneered by Radio Astronomers
in the 1950’s

e Essentially a histogram of pixel 0
values in a map ! ,~—Faint confused sources -

AN\

Barely resolved sources:

Bright resolved sources.

4 C’O JJ ‘ l!

Number of pixels
()]
N
I l |
.Z?I??-’.T:.'.\’.-

(0l T I L A
-0.2 0.0 0.2 0.4 0.6
Pixel flux (Jy)

Patanchon et al., 2009
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Counts from P(d) analysis

* Pioneered by Radio Astronomers
in the 1950’s

e Essentially a histogram of pixel
values in a map

e Conventional approach is to
count bright objects and use P(d)
for the faint end

Number of pixels

- (-\IO
()

1072
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I T T T T 1 T T l

»~——Faint confused sources -

AN\

Barely resolved sources:

Bright resolved sources.

Pixel flux (Jy)

Patanchon et al., 2009
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Counts from P(d) analysis

* Pioneered by Radio Astronomers
in the 1950’s

e Essentially a histogram of pixel
values in a map

e Conventional approach is to
count bright objects and use P(d)
for the faint end

e Flux boosting from confusion Iin
our maps is significant enough to
justify the use P(d) for the full
range of source brightnesses

marco Viero / university of toronto
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Counts from P(d) analysis
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e Conventional approach is to

count bright objects and use P(d) 14} zf_]-
for the faint end ISf Gavum AT

e Flux boosting from confusion Iin
our maps is significant enough to
justify the use P(d) for the full
range of source brightnesses S -
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1
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e In other words: To measure i aaiaih L
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The algorithm
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The algorithm

e Make mock map from counts
estimate
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The algorithm

e Make mock map from counts
estimate

10°
10°
10°

@ calculate histogram
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The algorithm

e Make mock map from counts

estimate o
10¢
® calculate histogram g 10 g
@ change counts and do againand £ | £
. . \ ] Z 10 .:' =
again, i.e, MCMC to find best fit ol
10" 10 | P S |‘
-0.2 0.0 02 04 0.6 0.8 1.0 -0.2 0.0 02 0.4
Measured flux density D [Jy/beam] Measured flux density D [Jy/beam]
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The algorithm

e Make mock map from counts
estimate

@ calculate histogram

@ change counts and do again and — e
again, i.e, MCMC to find best fit

e Number of nodes used is a
compromise between too small/
large errors, and such that the fit is
not significantly improved with more
nodes
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The algorithm

e Make mock map from counts
estimate

@ calculate histogram

® change counts and do again and
again, i.e, MCMC to find best fit

e Number of nodes used is a
compromise between too small/
large errors, and such that the fit is
not significantly improved with more
nodes

e Use FIRAS to constrain the faint end

Differental number counts [deg? Jy ]
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The algorithm

e Make mock map from counts
estimate

@ calculate histogram

@ change counts and do again and
again, i.e, MCMC to find best fit

e Number of nodes used is a
compromise between too small/
large errors, and such that the fit is
not significantly improved with more
nodes

e Use FIRAS to constrain the faint end
e Note:
® Errors Highly Correlated

® Assumes Clustering not relevant
on scale of the beam. (Analysis
more complicated otherwise,as
detailed in Patanchon et al. 2009
appendix)
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P(d) Results
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P(d) Results

e Compared here to Lagache 2004
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Results

e Compared here to Lagache 2004
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P(d) Results

e Compared here to Lagache 2004

10° ¢ E
model (http://www.ias.u psud fr/irgalaxies/
Model/#SourceCounts/) T%\ 102 -
e Counts generally steeper than g
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—uclideanized” counts at FIR/submm wavelengths
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—uclideanized” counts at FIR/submm wavelengths
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—uclideanized” counts at FIR/submm wavelengths
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—uclideanized” counts at FIR/submm wavelengths
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—uclideanized” counts at FIR/submm wavelengths
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e “Fuclidean” counts have
slope -2.5

¢ Here counts are multiplied
by S2.5

@ flat line means no
evolution in source
population

e 24 and 70 pm are
Euclidean

e Slope steepens with longer
wavelength

e 250 hints at flattening at
bright end

e 350 steeper still
e 500 as steep as SCUBA

e SCUBA surveys too small
to see nearby (Euclidean)
galaxies

dN/dS x S25 [deg=2 Jy'3]

—uclideanized” counts at FIR/submm wavelengths
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Data

Using Great Ancillary

e Stack to find mean flux of catalog
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Using Great Ancillary Data

e Stack to find mean flux of catalog

e From our counts, predict 3x10?
sources / deg? with S > 1 mJy, so
naively expect the mean flux of
sources in catalog > 1 mJy.

—DEL 24 micron Catalog

Magnelli et al 2009
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Obtaining the mean flux of a catalog.

Imagine that have a map of the sky, described by M, and separately a catalog ot
sources found at some other wavelength which has N; sources in pixel j. If all sources
in the Catalog have flux S in the map, we can thmk of their flux as a shape on the
map, SN;, and we can fit for S by least squares.

=) (M;— SNy, (1)

pixels

The most likely value of the mean flux comes from

2
g;oz —2M;N; + 25N’ (2)

and thus N . .
5 _ > N, M, _ ovariance (3)

> N Number of catalog entires
because ), N7 = > pu if the catalog is poisson.

Notice that the covariance can be found from a sum over the catalog.

Y NMj= ) M, (4)

pixels catalog



Using Great Ancillary Data

e Stack to find mean flux of catalog

e From our counts, predict 3x10? _
sources / deg? with S > 1 mJy, so 8
naively expect the mean flux of I
sources in catalog > 1 mJy.

e Stacking algorithm requires
catalog sources uncorrelated on
the scale of the beam

Ratio

@ counts in cells shows this to
be the case (for FIDEL!)

%

Poisson, i.e., mean = variance ——

O_l ] IIIIII| | ] IIIIII|

1 10
Diameter [arcmin|

Marsden et al. 0904.1205
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Using Great Ancillary Data

e Stack to find mean flux of catalog

e From our counts, predict 3x10?

Sources / deg2 With S > 1 mJy, SO i I I T III| I I T T TTT1 I I [ Illl‘l |
naively expect the mean flux of ozl = R 1
sources in catalog > 1 mdJy. F [~ —— 500 pm fI ] :
e Stacking algorithm requires %‘ : LEET ’II'.:—*/ """" T /1 :
B - 3 - -

catalog sources uncorrelated on — 1 r“’I_ ----- L /P\ Ry
the scale of the beam AIOTE et RN
S N AT ]
ecounts in cells shows thisto & [ #F -F :
L R -

be the case (for FIDEL!) Voo {/ e
10% - }’ -------------------------------------------------- -
e Find indeed S > 1 mJy, - .
confirming counts : | | | i
101 10% 103 104
Sea [udy]
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Using Great Ancillary Data

e Stack to find mean flux of catalog

. From Our CountS, prediC-t 3X1 04 [ T 0710 i:I T T 77 i\'l,,"l L l I I/J U T 1T 1T 11 l T U T 1
naively expect the mean flux of 0.4 el v fPascale etal 09041246
sources in catalog > 1 mdy. E 2.0 :

e Stacking algorithm requires g o :
catalog sources uncorrelatedon & ¢ 5
the scale of the beam S0 ;

@ counts in cells shows this to | _0.2F -
/M ~ o
be the case (for FIDEL!) = .

e Find indeed S > 1 mJdy, 2041 00 S

confirming counts ! Mo / o ‘\ 1
. - ~0.6- 00/ g 1l
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Using Great Ancillary Data

e Stack to find mean flux of catalog

e From our counts, predict 3x104 e
sources / deg? with S > 1 mJy, so 4/ Mafsden etal. 0904.1205
naively expect the mean flux of Japiie, T ascale etal 0904.1246
sources in catalog > 1 mJy.

0.4

2.0
0.2 ~ .

e Stacking algorithm requires
catalog sources uncorrelated on

0.0
the scale of the beam

@ counts in cells shows this to
be the case (for FIDEL!)

e Find indeed S > 1 mJy,
confirming counts

—0.2

[3.6]a — [4.5]as [mag]

~0.4

.FindhalfthefluxOriginateSfrom ‘Ill]lllll[l[llliol’loll‘liIlllll}ll\lol

sources with z > 1.2 —1 0 1 2
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Monte-Carlo for sceptics
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Stacking Result 1 - CIB resolved
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Fixsen
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Stacking Result 1 - CIB resolved

e CIB is composed of emission S—— S
from identified galaxies - < Fixsen

10.0:—

[ [nW m—2 sr-!]

SCUBA + X
0.1¢ R ~

100 1000
A [pm]

Marsden et al. 0904.1205
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Stacking Result 1 - CIB resolved

e CIB is composed of emission
from identified galaxies

® Precision of BLAST CIB

+ Fixsen

10.0 -

values exceeds FIRAS - Dole
precision — ‘ NN

: s N

N BLAST *
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E "}_
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Stacking Result 1 - CIB resolved

e CIB is composed of emission S—— S
from identified galaxies : ~ Fixsen

® Precision of BLAST CIB

values exceeds FIRAS - Dole 7
precision — - \I\
| o
®BLAST 30 catalog makes up @ ‘ BIAST @
V] W
only 15% of the total e X
intensity! = 1.0 AN

SCUBA 1 §
0.1 R .

100 1000
A [pm]

Marsden et al. 0904.1205

marco viero / university of toronto Lessons Learned from BLAST /




Stacking Result 2 - Star Formation History

e Bin sources by redshift

e Calculate bolometric luminosity,
Lir, (by fitting modified —

blackbody) and use that to infer | BLAST.IR Star L

Star Formation Rate Density 7 Formation Rates. o L
aQ : ' "
= o.10F (Grey disks have i B )
s [ MIPS photo-z 1 =
= contribution \ -
> removed.) ______z 47 " Iz
) (O]
c ©
:? = /( + Optical- Steld% 103 8
L
n
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: t |
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Clustering

e \Why Clustering?
@ On large scales:

¢ relates galaxy formation to
structure formation

marco viero / university of toronto Galaxy Clustering from CIB Correlations /



Clustering

e \Why Clustering?
@ On large scales:

¢ relates galaxy formation to
structure formation

e find typical halo masses
which host galaxy
populations
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Clustering

e \Why Clustering?
@ On large scales:

¢ relates galaxy formation to
structure formation

e find typical halo masses
which host galaxy
populations

® On small scales:
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Clustering

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
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Clustering

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 populations
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The BLAST
beams are huge
compared to
galaxies, and
even compared
to the mean
distance between
galaxies.

" A‘qliiet pai*t of the Hubﬁe Ul

s >

*r

tr@eé'p: Field :




Complications
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Complications

e \While large scales well traced

) 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 0.022
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Complications

e \While large scales well traced

e Small scales more difficult

@ What is a submm source?

) 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Q.02 0.022
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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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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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Clustering from

PowWer Spectrum
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Clustering from

PowWer Spectrum

e More familiar as a CMB technique
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Clustering from

PowWer Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform

of the power spectrum
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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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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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Clustering from Power Spectrum

e More familiar as a CMB technique

e Correlation function is the Fourier transform
of the power spectrum

AL |

e By correlating brightnesses instead of 10°

catalogue positions, don’t lose any Cirrus
information 10° Clsmay ==~
Poisson
: Total ————
® ~ 20 sources arcmin™ from counts .

. —
- .
- .-
.
-~
-
-

® ~ 0.1 sources arcmin?resolved

Pk (Jy’sr’)
80'

e First attempts to measure correlations in
the background include 10°

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

. . . 10° ya— A— ‘
@ both failed to detect clustering signal N — — o
e First measurements of the power spectrum k (arcmin’)
from clustered galaxies from | agache+ 2007

® Lagache+ 2007 (Spitzer 160um)
® Grossan & Smoot 2007 (Spitzer 160um)
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BLAST: Making the Measurement
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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 e —
large-scale signal

N5C12F_23_MDT.LP-P-C

NS5C12F_23_MDTLP_LP-P-C
N5C12C_23 MDT.LP_LP-P-C
N5C 12CALIB-P-C -
N5C12_P1_CALIB_NCMR-P2-C :

10°°F

ASD [V/HZ"? ]

-

0.1 1 10

Frequency [Hz]
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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

N5C12F_23_MDT.LP-P-C
N5C12F_23_MDTLP_LP-P-C
N5C12C_23 MDT.LP_LP-P-C
N5C 12CALIB-P-C
N5C12_P1_CALIB_NCMR-P2-C

ASD [V/HZ"? ]

-

0.1
Frequency [Hz]
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BLAST: Making the Measurement

e Bolometers have 1/f drift

e Aggressive filtering removes

large-scale signal —
. . 1r  o50um - ﬁ.;%ﬁw*%%f
®Use wide-only maps, with fast | vl P, W
scan rate (0.1 deg/sec) g08r 200 Hm //\J .
oFilter as little as possible, and ~ Zos /“”\/ :
@ recover the large scales with ELE / :
MC-measured transfer 2 /
- 0.2 _
function 4
oL " . A |
0.01 1

K, (ar%nlnin' Ly

Viero et al. 0904.1200
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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)
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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  SGSMEIREhals
MC-measured transfer ' AL '
function

e Divide data into four groups

® make 4 maps (call them sub-
maps)

® power spectrum is the radial
average of cross-correlation of
sub-maps, corrected with TF
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BLAST Clustering Power Spectrum
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BLAST Clustering Power Spectrum

e Power Spectrum shows signal an3 : 250 um
in excess of Shot Noise and dprgity, st
Cirrus on angular scales > f\r\) ST i
. '0’E~ 350 pum
P '{\“f\f.\ ;
3 ok Frolly gl g
2 - Byl
;‘—? o N\\Iﬁ\"‘-
1B -
.O,E 500 um
T g
__________ I_ :I : f_i '_‘:I;I\f__I_Ii {.I_fgﬁ;ﬁﬁfnﬁlr
10° - |
'22.03 O.&:S — Cl . =1 ‘ 0.25 ‘ 0.%(
kg (arcmin™')
Viero et al. 0904.1200
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BLAST Clustering Power Spectrum

e Power Spectrum shows signal E} : 250 pum
in excess of Shot Noise and

1
- 5 1 “- ————————————————— B —I-Iilfi- I—
Cirrus on angular scales > 5\\;;E fﬁgllﬁﬁ

i ]
E 350 um -
o~ 10 =
I C .I"' -
a ) {'»I,\I\ I , 3
o~ B '“I\ =
> w0k S S 3 S5 2K £1; !
R SR :-.:.f--ﬂfwjﬁﬁ
; \"'s.\_I~ |
S -~ |
a 10°F \‘rx.\_\
T
o - ! 7
- ' 3
o | -
I 500 um : 7
10° a | E
. | -
~~~~~ I 3
4.1 s | :
o R 2 '
I - =. I II I !
________________ RN £ b 7 2223 B a% T
o’ R - HIB i
e i
I‘ ¥ -
| -
102 N N N N 2 PR | 2 PR | N
0.03 0.05 0.1 o 0.25 0.5(
kg (arcmin™')
Viero et al. 0904.1200
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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 - % 350 pm
slope = -2 - o 500 um
3%s
0.04

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

0.03 0.05 O.TQ 0.25
kg (arcmin™)

Viero et al. 0904.1200
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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
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 O
Clustering Signal closely '
follows a power-law, with
slope = -2

\
/

P(ke) (y*/sr
—5&

e Data agrees much better with '’}

. u . u 1(}1 i 1 1—1-1;;1: ! L1 L1 L1l L1 L1 1 L1 1l L1l L1l 1
Linear bias (solid black line, 0.001 0.010 0.100  1.000 001 010  1.00 0.01 0.0  1.00
b - 4), than it does Wlth the kg (arcmin™) kg (arcmin™) kg (arcmin™)

Halo Models (coloured lines)

Viero et al. 0904.1200
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BLAST Clustering

PoOWer 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

) (Jy* sr

{
\"J

(@) (] (@) o0 (&)
N i ES >N w
1T HII lflfﬂ T TTTIIT | IIIIIHI [T
N\”
A
P

l b]

e Data agrees much better with
Linear bias (solid black line,
b ~ 4), than it does with the
Halo Models (coloured lines)

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

?—«}'—:\?_{.:‘.\ _-_-_‘_—_—_______""“--— ' ’l "
. -'-._,,g_"_ T -I : T - iy . . . - IR ||| |I' ’”
— S _A‘Y &ﬁ T ;:gi_g“":::;,‘, oA ll;, i?“: i ’ili‘l "|||||{E || || !|!|||||
P S - " "\ I
0= b 3 B % T~ f
E  Koppa =1
- Viero et ol 2009; Optoin o+ T & \ “ i
ol ||||
(0 = \_‘\__
;I\\I_ I\ B |||
o T LT e prerin R et e fisel
A — — %1 H -;::%u 'I I |'l|||||| "I |...
- e ) A Sesg il " | ||||
7%
||||

4

Tl
il Rl Jhlllil ||||||||||

= 3

O
O

0.250

K (arcmin™)

1.000
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Srietfly: Halo-Model
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Srietfly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter
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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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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 4 4
collapse into halos

e Given X Galaxies and Y Halos b

marco viero / university of toronto Lessons Learned from BLAST /



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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Brietly: Halo-Model

e Assume Halos are Biased
Tracers of the Dark Matter

1000 O - I I llllll[ I I lllllll I I llllll[ I LR LEBARL'
-

. = -

N i

- .

[ z=1.2
100.0; r .=3Xr.

cut

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

e Given X Galaxies and Y Halos = 10.0
@ Populate Halos with = ;
Galaxies to best-fit 1 O-
Clustering Signal i
e Prescription for assigning o1l
Galaxies to Halos as Function 10 10" 10'2 103 10

of Mass (aka HON):

M (Mgyn)
®N = (M/M1)*

Viero et al. 0904.1200

marco viero / university of toronto Lessons Learned from BLAST /




Srietfly: Halo-Model
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Srietfly: Halo-Model

e Clustering Signal made up of two

regimes @ @
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Srietfly: Halo-Model

e Clustering Signal made up of two

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

T —E
E ) 2-halo term ]
. - _
= | |
@ |
N> | \
> 104 \\ _:
Mcn \\\ E
a
_ \«.
1000} | _é
100 .
0.01

K, (arcmin™)
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Srietfly: Halo-Model

e Clustering Signal made up of two

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

1065_ —E

. 1-halo term ]

10°¢ 3

L - :

N> __“————__m___hh_——m__———m_q_ 4

= 104 B — 3

Ae '*—_,\\___ =

AV, RN ;

o ]

I g

10005— E
100 S S

0.01 0.1

K, (arcmin™)
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Srietfly: 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
10% o -
: TN 1-halo term '
SN 2-halo term _
105L “*‘%;:% Total 1- and 2-halo t
o — 0
f@ 104_ Hi&“‘x Ny _E
| . TR
1000} AN E
: \ :
100 S -
0.01 0.1

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)
- —>3
@ Total the sum of both terms |

e Therefore:

10°F—— -
@ In order to account for all the é ~_ 1-halo term
. . i g 2-halo term ]
galaxies (i.e., they have to go . N Total 1- and 2-halb t
somewhere!), AND T N '
> i *«\H\ .
= 10 N E
= NN
I \\ \
1000 E
; \ ]
| .
100 L Ll . N
0.01 0.1

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)
- —3
@ Total the sum of both terms '

e Therefore:

10° ***Hwa% 3
@ In order to account for all the é ~_ 1-halo term
. . I S 2-halo term ]
galaxies (i.e., they have to go . N Total 1- and 2-halb t
somewhere!), AND T N '
® To reproduce the large scale S 10
clustering signal (i.e., can’t =
just put them in smaller halos) 1000}
100_

I SR | L
0.01 k, (@rcmin™) 0.1
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Brietly: Halo-Model

e Clustering Signal made up of two
regimes

1O7§ ——rrr— T ———rrrr— =
- . 250 _f
® 2-halo: Linear Regime TN T E
(large scales) 710 ]
ORTM" :
® 1-halo: Non-Linear Regime 2 .t  \
(small scales) B 15
total \ . '
10‘: R RN R W I R BT B \. . AR S W W
® 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 (arcmin™') ke (aremin™)
* Therefore: | ]
10°F——un s
@ In order to account for all the é 1-halo term
. . [ 2-halo term ]
galaxies (i.e., they have to go . Total 1- and 2-halb t
somewhere!), AND T ]
® To reproduce the large scale = 10
clustering signal (i.e., can’t £
just put them in smaller halos) 1000
® Model Must have a Bump! ol

IR |
0.01 K, (arcmin™)
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low to Change Model to Fit Data?
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low 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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How to Change Model to Fit

Data?

-13.94

-14.00

14.02 1'

1 A | 2
28.12

28.18  28.16
a (2000)

P -
28.14

|

28.22

1

28.20

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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How to Change Model to Fit Data’?

-13.94

-14.00

14.02 l‘

1 : 1 A 2
28.12

28.20 28.18  28.16
a (2000)

P -
28.14

|

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:

e 7 ~ 0.8 Clusters show star
formation confined to LIRGS on
outskirts,
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How to Change Model to Fit Data’?

Change How Galaxies Trace Halos

® From Models:

T e In Halos w/ M > 10'2 Mgun, virial
' J shock (at virial radius) quenches
SF (Birnboim and Dekel 2003)

® From Observations:

-13.94

-13.96 -

& (2000)

-13.98

1 e 7 ~ 0.8 Clusters show star
: formation confined to LIRGS on
] outskirts,

-14.00

14_0,:“ TR o ‘. e they suggest infalling may be

A |

28.22 28.20 28.18 28.16 28.14 28.12
) source of burst

Marcillac et al. 2007
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How to Change Model to Fit Data’?

-13.94

-13.96 -

& (2000)

-13.98

-14.00

14.0?‘ ) A

. PR s |
28.16 28.14 28.12

—_

l A
28.18
a (2000)

1 A ' 1 A
28.22 28.20

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:

e 7 ~ 0.8 Clusters show star
formation confined to LIRGS on
outskirts,

e they suggest infalling may be
source of burst

e |t may be that the environment
influences where Star Formation
takes place!
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Clustering in Context
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Clustering in Context
e \We find
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Clustering in Context

e \We find
@Al /1 =15%
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Clustering in Context

e \We find
@Al /1 =15%

@ a linear bias of ~4
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Clustering in Context

e \We find
@Al /1 =15%
@a linear bias of ~4
® Meff ~ 6x1072 Msun
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Clustering in Context

e \We find
@Al /1 =15%

. . 20 L L L e e L |
@a linear bias of ~4 R B . 2 o
— —¥—RLAST 25 LTI 3| | —Ma —
® Mest ~ 6x10"% Msun I . 1
s i
e Clustering Properties - | : | 1
[ m IR—galaxles T i
f’% A DI - 1
. B T My
e 10~ v Bz A } —
~  di -
R . } X l | |
L o L -
5| i e o
: - ol S :
L " Mg -
) | 1 ! ! | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Clustering in Context

e \We find
@Al /1=15%
@a linear bias of ~4
® Meff ~ 6x1072 Msun
e Clustering Properties

@ BLAST, BX/BM and LBGs
all seem to have similar
clustering properties

ro / h™" Mpc

marco Viero / university of toronto

20 | | l I I 1
[~ —--BLAST BLAST Model | T " Ma
~ ——BELAST 250 ===+ Fixed—Ma -
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-5 _— ( —A
B " Mg .
: B R—galaxles :

A i
. -

10 v -z A —
- W H 4
MRy . ; 0| _
| o uvLG =

o 1]
0 L1 ! L L L 1
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Clustering in Context

¢ \We find
@Al /1 =15% 25 [T T
—| ——BLAST 350 f \ |
@da |Inear bIaS Of ~4 :'E]——O-BLAST 500

20

J
o
-
=
o
o
w
=
®

® Meff ~ 6x1072 Msun

B R—galaxies - :
e Clustering Properties o 15[4 e poc o~ : o J[ -
3 V. sBZK o A ]
@ BLAST, BX/BM and LBGs ™ L SN
. . ™~ % :
all seem to have similar © 10

[ Clusters

clustering properties

¥ LB T 10" Mg ]
o UVLG - . A bot”” T
o ERO L v e . -

II1I1[<'IIII1ll]|[ller!

.
e Clustering Evolution 5 - - h ...... S I
® &(1,2) = (r/r_0)Y(1+2)y-B+8) EtiO LR i

0 PR ST SR N SR TR ST SR (N ST SR RN S N SR ST SR S ? PR SR [ ST S R W

e Stable Clustering € = 0, 0.0 0.5 1.0 15 2.0 2.5 3.0

* Linear Clustering € = 1
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R R R e
-The BLAST/ | ' !
Herschel/Planck
beams are huge
compared to
galaxies, and even
compared to the

mean distance
between galaxies.

-Using all the .
information Sl
available to you |
(i.e., maps rather EEEE—
than catalogs) is of i
vital importance in § _
confusion limited |-
Maps R

*r

tr@eé'p._Field. . e | a
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