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Cosmic Radiation Budget

e After CMB, CIB makes up

Frequency v [GHZz]

~50% of the total radiation .10 10° 10* 10° 102 10!
bUdget. 10 :-.:- T T T T T T

e Historically, optical ]
background has attracted 107 i
the most effort. f :

* The focus is shifting towards : CMB -
other wavelengths. Eg.,in g 10°F 960 3
the infrared: 2 ' :

® Spitzer ; x BLAST I
P 10°e71COB CIB E
@ BLAST 23 24 SPIRE ;
@ Herschel 1010
10" 10° 10! 107 10° 10* 10°
° PIaan Wavelength . [“m] Dole et al. 2006
@ SCUBA I '
@ ALMA
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Cosmic Radiation Budget
Far-Infrared Background
Correlations in the CIB

Source of the Background

e The CIB originates entirely from Dusty Galaxies '
(Devlin et al. 2009, Marsden et al. 2009) 10k )
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e Dust is heated by absorption of UV photons,
and emits as a modified blackbodly.

e Dust is heated to ~30 K, with emission peaking
at ~160um.

¢ For high-z galaxies, this peak shifts to redder

bands. A
. . . . SCUBA ! |
¢ Negative k-correction makes high-redshift 0.1 - Marsden et al. 0904.1205 !
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Clustering of Galaxies

e GGalaxies are not randomly located,

. . Millenium Simulation @ z ~ 1.5
their locations are correlated. — .

e Correlations of star-forming galaxies
give a picture of what environmental
conditions favour star-formation, or
alternatively, shut star-formation
down.

e \\le can measure the correlations in
the CIB and identify the signal from
clustering of galaxies.

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

65 Mpc
Springel et al. (2005)
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Motivation
Making the Measurement
Physical Interpretation

BLAST
Data and Maps
Power Spectrum Measurement

¢ 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
Making the Measurement
Physical Interpretation

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

10 deg? map in
GOODS-South
(90 hr)
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n Carinae
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9 deg? map near
South Ecliptic Pole
(70 hr)
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Physical Interpretation | Power Spectrum Measurement

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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BLAST
Data and Maps
Power Spectrum Measurement

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?

Wednesday, June 8, 2011
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BLAST
Data and Maps
Power Spectrum Measurement

Power Spectrum Components

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

e GGalactic Cirrus field

10°E

dependent.

® Generally dominates on
scales k < 0.01 arcmin’

50
WOEI

e Poisson (shot) Noise
dominates on small scales,
i.e., k> 0.1 arcmin

10%

107

e Clustering seen as an excess

250 um i

over Poisson noise on scales
k < 0.1 arcmin-’

marco viero / university of toronto
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Motivation
Making the Measurement
Physical Interpretation

BLAST
Data and Maps
Power Spectrum Measurement

Removing Noise: Auto vs. Cross Power Spectrum

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

\

¥ r’\

Jolid — XPS of 4 maps
Dashed — Auto Power Spectrum
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10 E
e Noise can be measured ;
with jackknife maps and i
removed. E
¢ Alternatively, noise which I b
Is uncorrelated between ..
unique sub-maps will i
average to zero in the !
cross-correlation. -

0.010 0100
k (:r.rrm'm‘— 1 }

10.000
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(Galactic Cirrus

I:)to’c = Feirrus T I:)shot T I:)c:Iustering + Noise

e Power spectrum of Galactic Cirrus e Measure from [RIS 100 um map
® P(k) = Po(k/ko)*
e x=2.64
e Po=0.36x106 Jy?/sr

® Select ~ 15 deg? region
® Mean ~ 1.4 MJy/sr

e Scale to BLAST bands, (IsLast/l100)? assuming:
e T=175+1.5K
e =19+0.2
10° — ; ™
- e - = Dot-Dashed - Fit for 0.007 < k < 0.93 arecmin ~1 [
e Dottad — Lagoche {(2007) fit to cirrus
E T 3—-Dot—Dash Scaled to BLAST bands i
‘;: i \-’(\'\\ A d( il
2 ~ - "i I"Jm'.
| ~ 3 o ™ Q.llﬁfl,{\\ | 1i
1?:_7.. . “L ‘U‘.-‘..X‘iil ] ‘ .“-_" . ‘ L'.:.IIL-:.‘-\ 1.040
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Motivation
Making the Measurement
Physical Interpretation

BLAST
Data and Maps
Power Spectrum Measurement

Polsson Noise

I:)’tot = Feirrus T I:)sho’c T I:)Clustering + Noise

105:— 250 jeann ;
. E
e Can be determined two ways: ; REREEIT |
y 10* \ ********* == ﬂ*ﬂ ﬁ%ﬂ%Eﬁfﬁﬁ%ﬁ(ﬁﬁgﬁﬁ%
@ Fit
® From Counts . |
® Pshot = I S2 dN/dS dS ~ ok 350 pm
% - E E
: N F Erg
e Counts are so steep_(l.e., | 5 0 “,“f;gm%mg ﬁﬁﬁg ﬁw
number of sources rises quickly g I E
as for fainter fluxes) that the |
faint source population e |
dominates, therefore: 0oL 500 pm
C E I :
] ] I |
® Removing only brightest 10 cTrrio , Hil
. EEE——— IS ¢ ii}ﬁ% i Eﬁg TEHE ﬁﬁf
SOUrces is necessary. ol o
woZ: ‘ ‘ ‘ L ‘ ‘ i
0.025 0.050 0,100 0.250 0.500

k, (arcmin™")
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Clustering Component

Ptot = Feirrus T I:)shot T I:)Clus’[ering + Noise

e Clustering of star-forming

galaxies detected at angular 10°E g
scales 0.03 - 0.2 arcmin™? E 1
e Al/l = 10% o100 % E
i \ i
> 10% s * .
5 - ¢ > .
) i 1 i
103k < 250 pm —
- % 350 um -
- <& 2500 um i
10? | | o | | |
0.025 0.050 0.100 0.250 0.50:
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Source Population Model

Number Counts

o = = 4 o o " ™ ™ v ™
Lagache Source Model (2003, 2500 | = e
2004) 3 e i ‘

®IRAS galaxies: “regular” & ) |
“starforming” \ ”
® Evolution of the local 60um N PR P
counts T T
® Provides counts and redshift Redshn’ Distribution
distributions '
1000 s sk s e ey
= 250um 350m S00um
100 \2 3 4 5 0 | ? 3 4 -, 0 ?\ 3 4 6
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Clustering Model

* Clustering Signal has Bllh N = T P
contributions from galaxies: (k,2) tn(K, 2) + Pon(k, 2)
-on small scales within a

halo (1-halo term

nonlinear) Pyp(k, z) = /w Nhato( M, zunu k, 2| M)[PdM [ngy(2)

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

1-halo term (small scales)

2-halo term (large scales)

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

—

e Galaxies occupy halos
according to the halo-
occupatlorj dlstrlbuthn Halo Occupation Distribution
(HOD), which constrains

b
M2 A min
Nol2) vt - QRS o w2
\ M

Ol‘
- M min
- mdependent of redshift

It is fixed by the source model, for any pair ( M,;, <o )
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Halo Model
Interpreting the Fit
Cross-Band Spectrum

Interpreting the Flt

e Best-fit parameters:
® Mmin= 10%° Msun
ex=12+0.2
eb=22+0.2
® Mef = 10732 Mgun

350um | 500um

P(ke) (Jy*/sr)

L _ 1—halo \
. . . 1% 5 olo .
e Strong evolution of bias consistent .t "™ |["N\ 1 NN RN\
with downsizing scenario, where: G001 o010 0100 1000 oo Do e oo e
® Massive objects observed in
thg I_.ocal Unlv.erse (i.e. cluster 100000 e S ——— ’_
elliptical galaxies) formed at 2000l |
high redshifts - possibly though e -
merger events - and then s PN / |
evolve passively = o0.100¢ S b |
. . i 1.5¢
® Star-formation shifted to lower 0-010¢ |
mass environments as the 0001 bttt et
: 10° 10" 10" 10" 10" 10™ 0 1 2 3 4
Un|Verse eVOIVed M (Msun) redshift z
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Conclusion

e Half of starlight absorbed
and reradiated by dust.

e Clustering of star-forming galaxies helpSs
in understanding of influence of "
environment on star formation.

e Clustering can by measured frony’
correlations in the CIB.

* We prepared specially treatedisub
in order to calculate the powex si¥¢

e \We found correlations from crlZJsteri

of star-forming galaxies on angulg;
scales 0.03 - 0.2 arcmin™.

¢ \We fit these to a Halo model suppli

with the Lagache source model10™ :
10

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

L L L L L L L |
0.025 0.050 0,100 _
ki i@romn i
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