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dS/dz [Jy sr7']

get this data @ http://www.ias.u-psud.fr/irgalaxies/model.php#Counts

250 3
350 :
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1360 E
2000 .
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Bethermin et al. (2011)
arXiv:1010.1150

Redshift Distribution


http://www.ias.u-psud.fr/irgalaxies/model.php#Counts
http://www.ias.u-psud.fr/irgalaxies/model.php#Counts

Total

F = = = 7<0.3

10.0

vB [nW.m'z.sr'l]
,

10 100
A [um]
Bethermin et al. (2011)
arXiv:1010.1150

250

Infrared Background
at A >1 mm (< 300 GHz)
dominated by
high-redshift sources

CMB bands at
220 GHz (1.4 mm)
148 GHz (2 mm)
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oL CcOmoving IR
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Redshift

Le Floc’h et al. (2005)

Total
! L < 10" Lgun

ULIRGS (Lrir > 1012Lsyn)

GS

[ 4 4

Most of that Star

Formation occurs
in LIRGS, l.e.:
Lrir=10""-10"2 Msun

What are they?



250um: flux density vs. redshift

100.0 F |
20 mJyf-------<-
3 100F Typical LIRGS at z~1-3
- have flux densities
e Sos0 ~ 1-10 mdy
5
X
= 1.0
log(Ler/Le)= 11.00

e 10g(Lgp/Le)= 11.25

e 10g(Ler/Lo)= 11.50

——— 10g(Ler/Le)= 11.75

— log(Ler/Le)= 12.00

—— log(Lqr/Le)= 12.25

0.1 : L L) L1
0.1 1.0 10.0

What are they?



BIG QUESTIONS

1. How many are there?
2. Where are they?
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ZENITH - TRANSMISSION OF THE ATMOSPHERE
IN DEPENDENCE OF THE PRECIPITABLE WATER VAPOR

mm | im
3 2 1.2 | 877 739 445 352 A

ALTITUDE B - 2400 m
TEMPERATURE 283K
PRECIPITABUE WATER VABOR

1mm pwv

SI388C250

Submm Observations
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........ =l ] Spitzer (Frayer 2009)
com o ATS_] Herschel (Nguyen
DS 2010)
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Confusion



3 U-band
c;E‘ ~ 60 sources/
= arcmine=
5 K-band
§ ~ 45 sources/
| arcmin=
% SPIRE
' ~ 0.5 sources/
arcmin?

EBPIBE(EWUSY C

< |0 °







DR T,

70% of top 50 brightest
0.5% recovered

recovered




1. How many are there?

How do you count
sources without sources
to count?
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Lensed -Sources
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108 Intrinsic Schechter
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arXiv: 1004.4889



Seso (MJy/beam)

~2.00 -0.50 1.00 2.50 4.00 5.50 7.00 8.50 10.00

Arc Seconds

Keck I-band
(SMA contours)

Arc Seconds

4 3 2 1 0 -1 -2 -3 -44 3 2 1 0 -1 -2 -3 -4

Neg rello eF\rcafeC(§DlO) Arc Seconds

arXiv:1011.1255 Lensed Sources



L =

Strong Detections:
PdBI: CO(J=5—4)
CARMA:CO(J=3—2)
GBT:. CO(J=1—0)

IRAC 3.6, 4.5, 5.8 um

PN
*

Z=3




3. Where are they?

How do you measure
clustering when most of
what you see are
fluctuations?



S® dN/dS [qgal Jy™® sr7']
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250
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Poisson (shot) Noise
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4x10°: /}-

545 GHz / 550 um

2x10°% +

1x10°
8x10°

6x10°

LI I

| I S .

I(l+1)C, / 2n [Jy?/sr]

x2/dof = 0.85

4x10°

200 400 600 1000 2000
L

Planck Collaboration et al. (2011)
arXiv: 1101.2028

Planck Power Law



P() = PanoctA (£1000)

9% Planck / ACT / BLAST :
- SPIRE (Amblard et al.) -
1.4 F ¢ .

j— -
- —
= —1
- —
— —
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©
- —
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= —
— —

1.2 F L5 E

ek S
100 g 1000

Addison et al. (in prep.)

Frequency-dependence of Power-law



L9tk Clustered (L= 3000) .y .

- .,~¢?’ <7 - -

i AL W i

3L -

ff‘ 10 E o + 3

7 ' -

o~ 2 £ , , -

> 107 Slope consistent with s
e Sv~ Vv®with ot ~ 3.4

O 10"k E

1 OO 3 =

1000 200
wavelength (um)

see also Shirokoff et al. (2010) - arXiv: 1012.4788
Millea et al. (2011) - arXiv: 1102.5195

L atest Power Spectra



see e.g., Cooray & Sheth (2000),
Zehavi et al. (2005, 2008)

e Clustering Signal made @ @

up of two regimes

®2-halo: Linear Regime
(large scales) e

1-halo term
2-halo term ]
Total 1- and 2-halp t

e 1-halo: Non-Linear N

Regime NS §
f@ 10° g _ “\\“\K\\\ 3

(small scales) £ o
1000} L h

100

1 1 1 1 || 1 1 1 1 1 1 I||
0.01 0.1
K, (arcmin™)



What are you Mmin = 3X10" Mgun

actually fitting? o~ 11
1000.0f T T T T
Plh(k,z)=/ Mhalo(M, 2)[2Ncen(M) Near(Mupm(k, z| M) L 19
M [ )
+ Ny (Mupy(k, 2| M) dM [n?,(2), 100.0¢
Py (k, z) = Ppoml(k, z)[/M Nhalo(M, Z)Ngai(M, 2) g 0.0 _
2 i
x b(M, 2)upm(k, le)dM] / ngal(z). .
1.0 3
M\° |
ngal(Z) =/ Nhalo(M, Z)|:1+ (ﬁ) :|dM 0.1 T T
M | |
10'° 10" 10 10" 10

and for each Mmin-& pair, M+ fixed to agree to
source model by requiring:

* dN
[ 25255048 = nga(d) V@
0

M (Mgyn)

Viero et al. (2009)



Confirmed
by Planck!

T,

° . - . 7
s A= xies reside in dark matter halos with

-

857 GHz 3 x 101 M.,

a', B. Altieri®, V. Arumugam®, H. Aussel”, A. Blain?, J. Bock*®,
pdriguez®?, A. Cava®™?, P. Chanial'’, E. Chapin'!,D.L. Clements'",
pwell?, E. Dwek'?, S. Eales®, D. Elbaz’, D. Farrah'®, A. Franceschini
4. M. Halpern', E. Hatziminaoglou'", E. Ibar'®, K. Isaak'?,
.Lagache'” L. Levenson®® N.Lu*?", S.Madden®, B. Maffei?’,
y : arsden'!, K. Mitchell-Wynne', H.T. Nguyen®?, B. O’Halloran'’,
Msw'l ‘ oe?® P. Panuzzo®, A. Papageorgiou'®, C.P. Pearson®*** 1. Pérez-
ultipole ¢ wala'?, .G. Roseboom'®, M. Rowan-Robinson'”, M. Sanchez

v

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,, Muin/Mas =
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-

arXiv: 0904.1200

Confirmed
by Herschel!

BLAST Halo Model
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e HerMES Lockman-SWIRE

“
10°E1 1 HerMES GOODS-N
~ BLAST ref. 17
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R
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e 1 | ]
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E(b)JJ P—— PR S ————— | :
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Amblard et al. (2011)
arXiv: 1101.1080

Herschel Halo Model






CMB
Galaxies
SZ Clusters

05" 00" 04" 40"

The high-¢ CMB sky



I(1+1)C,/2m (uK?)

Dunkley et al. 1009.0866

1000

100

GGalaxies:

Primary CMB |
. / —_— Total Signal
3 S N Total model , _ 4 E(
: R o

Duosty
Radiered

Secondary CMB:

__________ g ?d‘;/' Sunyaev-Zel'dovich

T a1 (SZ)

148x218 - ------
148x148

Multipole moment |

10000

CMB Foregrounds
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Cross-Correlations
Isolate Dusty
Galaxies from the

05" 00"



Cross-Correlate 2L AS T and ACT

250 um

\ L
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............ st—fit
Begt—fit
— — — QGalActic
CMB
0 This F
+ This P
> Viero et

Hajian & Viero et al.
arXiv:1101.1517
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218 GHz

148 GHz

1200 GHz 860 GHz 600 GHz

_\ . 458+03 ........
AN

fievdp
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0.05 0.20

P(kg) (J}/z 3"—1)

------------ Best—fit Poisson and Clustered
Best—fit Total
— — — Galactic Cirrus 10%F
CMB [
O This Paper: Sky Signal
+ This Paper: Cirrus Subtracted Signal
X Viero et al. (2009)
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Model: Marsden et al. 1010.1176
Model: Bethermin et al. 1010.1150
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4000 =q. de
2008 fields
2008 fields
2010 fields

.

2011 fields

SPT 100 deg? deep field
IS the deepest mm map
In existence and will
remain so for the next
decade.

Given 79 hours to map a
100 deg? with SPIRE

Will use this field for
cross-correlations Iin
hopes of measuring the
kSZ power spectrum






