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Infrared sky is active &%esa

Visible Infrared

- Herschel Opens up New Observational window

for the first time
- 55-672 um - bridging the far-infrared & sub-millimeter bands




(Csbrke
GALEX images of the VNGS target objects

SPIRE SAG2




SPIRE SAG2




Infrared

Cpmposite. L Infrared & X-rays
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(Gebike  HerMES Science Motivation

Frequency v [GHz]
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What is the history of Far-IR galaxies?

- How do they assemble and evolve over time?

- Where have luminous FIR systems gone today?

- How do FIR galaxies relate to dark matter?

- What is the role of dust in star formation? B

- What is the connection between dusty star g
formation and AGNs?

88
10° i E % % %
10'
10 Herschel Extragalactic Surveys
5 - Observe at SED peak
E ~ - Bolometric far-IR luminosities
10 - Large and uniform samples
VU &7+
107 Angular resolution
—_
Survey speed
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Rk HerMES Survey Design
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Cover sufficient area to see large-scale

. A .
> 75 galaxies per Alog(L)*Az=0.1 bin structure and avoid sample variance

Lagache 2003 galaxy model Oliver et al. 2011




Gebiee HerMES = SPIRE 6T Program

Spectral and Photometric Imaging Receiver

Photometer

- 250, 350, 500 um (simultaneous)

- 4 x 8 arcminute field of view

- Diffraction limited beams (18, 25, 36”)
Fast scan mapping at long wavelengths

Imaging FTS
- 200-670 um
- 2.6 arcminute field of view
- Av =1.2 GHz high resolution mode
- Av =25 GHz low resolution mode
Wide instantaneous bandwidth, map making

Design Principles

- Sensitivity limited by thermal emission
from the telescope
- 3He cooled detector arrays (0.3 K)
- Feedhorn-coupled spider-web bolometers
- Minimal use of mechanisms
Beam steering mirror; FTS mirror drive
- Optimized for scan-mapped surveys




@e Mapping to the Confusion Limit

1 Repeat

28.1'x 15.15!

0.7 h for 1 sq. deg




(Cistike  Mapping to the Confusion Limit

2 Repeats ' 5

1.5 h for 1 sq. deg




(CGiskie  Mapping to the Confusion Limit

4 Repeats g ¥t o

3 hfor 1 sq. deg




(ORhe Mapping to the Confusion Limit

8 Repeats #isalg. . 5.1

6 h for 1 sq. deg




(ORhe Mapping to the Confusion Limit

11 h for 1 sq. deg




(ORhe Mapping to the Confusion Limit

30 Repeats ol X8

22 h for 1 sq. deg




(ERke Mapping to the Confusion Limit

ol

Band Conf. (10*) T/sq. deg
250 um 5.8 28h
350 um 6.3 14 h
500 um 6.8 24h
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(Getike SPIRE In-Flight Performance

Pre-launch (HSpot) estimates (instrument noise)
* Numbers referred to point source detection in a map

in the absence of confusion noise
* For (250, 350, 500 um)
- 1-0 sensitivity for one scan repeat: (10, 13, 11) mJy/beam

Achieved instrument noise
* Standard map pixel sizes (6, 10, 14)”

- 1-0 sensitivity for one 30”/s repeat: |(9.0, 7.5, 10.8) mJy/beam

. N Nguyen et al. 2010
Extragalactic confusion levels

* Measured 1-0 confusion noise for (250, 350, 500 um):
(5.8, 6.3, 6.8) mJy/beam | for (6, 10, 14)” map pixels

SPIRE instrument noise = confusion noise in < 2 repeats




The power of multi-wavelength imaging against confusion

500 350 250 160 100 24 3.6 0.8

7.5' x 6.5' zoom on the GOODS-North field (10' x 15"
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Challenge
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The Confusion
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D. Elbaz




(Gspike Three Ways to Deal with Confusion

Herschel Source Photometry

* Need to be careful about bias and source blending

* Blind follow-up in large beam is laborious (~SCUBA)

* However these are the most interesting source populations!

Pre-Existing Source Catalogs

«  Assign Herschel flux of known ancillary source
* Reliable to within confusion noise

* Follows bias inherent in finder catalog

Map-Based Analysis

*  Much more information in map than in reliable sources
* Tends to be ensemble information: P(D), fluctuations
*  Maps have high statistical fidelity!
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(CGebike HerMES Survey Design Principles

Wedding Cake Design

* Probe a wide range of the luminosity function
* Deep fields for sub-confusion studies

* Wide fields for rare objects and fluctuations

Use Best Ancillary Fields Available
* Fields with Spitzer, Radio, Optical, NIR, X-ray, etc data

Do What Herschel Does Best

* SPIRE excels at large maps

* PACS best at small deep maps

* Collaborate with PEP for PACS data
* Use parallel mode where possible




(Gebiee HerMES: Wedding Cake Survey

Clusters

L1 0.11°
L2 0.36 o°
L3 1.25°
L4 4°
L5 30c°
L6 40 o°
L7 270 o°

. DR1 Release
. DR2 Release

Proposed

GOODS
South
GOODS
North ECDFS
e
Lockman Lockman
North East
<
COSMOS VVDS
- N < R <
CDFS ELIAS-S1 Lockman Bootes ELIAS-N1
e e >
FLS ELIAS- ELIAS- Boot ELIAS- XMM-
s1 N2 QOteS N1 LSS
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(Gstike Herschel Large High-z Surveys

HerMES: Herschel Multi-tiered Extragalactic Survey ?HERMES >
« PACS + SPIRE

« 70 sq deg from 20'x20’ to 3.6°x3.6° (900 hours) + 12 clusters

» Bolometric luminosities of galaxies, cosmic SFH

» Wedding cake to probe range of luminosities and environments

PEP: PACS Evolutionary Probe

o PACS only

e 2.7 sq deg from 10'x15" to 85'x85’ (655 hours) + 10 clusters
« Resolve CFIRB; Ly & SFRs

H-ATLAS: Herschel-Astrophysical Terahertz Large Area Survey
» PACS + SPIRE

» 550 sq deg (600 hours)

« Large-scale structure, AGN, rare objects

» Expect ~500,000 detections to z~-3, majority at 250 & 350 um ikl

3-col SPIRE H-ATLAS SD field

H-GOODS: Herschel-Great Observatories Origins Deep Survey
» PACS very deep imaging of the GOODS Field (330 hours)
 SPIRE deep imaging of the GOODS Field (30 hours)




Gotte QHERMES vs
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Gobke QHERMES vs. Previous Surveys
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(Ciobike HeLMS: A Cross-Linked Shallow Survey
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Why did SPIRE GTO end u
with Extra Time?

HerMES designed pre-launch
Reduced depth on clusters
Eliminated PACS on VVDS

R N e e e =
E =y

Ll

1 Hr
E E Specifications
1_ E Total area = 270 sq. deg.
TR R E Total time = 103 h
TR L . ; t SPIRE fast scanning
—40 -20 0 20 40 60 2x redundancy
Tmaging : o RA  Spectroscopy : ) AOR blocks = 16° x 3.8°
e s ey ) et e 000 et Some ancillary coverage
.............. UKIDDS LAS K et 4 e Ve s Minimal cirrus
----- 'UKIDSS: DXS Field 4 Radio :
CFHTLS W4
B Levelcs ==t ACT Marco Viero & Asantha Cooray




(CBike HelLMS: Science Highlights

Luminous Sources Ancillary Data Science
e ~25,000 galaxies at 50 at 250 um o BOSS: ~10¢ LRGs, z = 2 quasars
« ~250 lensed galaxies « Hetdex: Ly-o galaxies outtoz -~ 4

« SDSS, UKIDSS, VLA, Wiggle-z
 Great legacy value
Background Fluctuations:
» Extends galaxy x galaxy coverage to € ~ 100
o CMB secondary anisotropies x FIR galaxies
» CMB lensing x FIR galaxies

SPIRE x ACT
350 um X 220 GHz

HeLMS " SPIRE x SPIRE
350 um X 350 um

-<— SPT coverage

0102 \LLockman ______? ____________
1 , , : . ,
100 500 10000 100 500 10000
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SPIRE Source Counts

Oliver et al. 2010 A&A
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(CRthe SPIRE Source Counts
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(CRthe SPIRE Source Counts
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vl, [nWm?sr™']

1.00

0.10¢

Resolving the FIR Background

1 * Source Counts

I

250, 350, 500 um

1 15%, 10%, 6%

i - P(D)
1 250, 350, 500 um
|1 65%, 60%, 45%

I £E 1 + Stacking TBD
0.01F Boum. o o | With BLAST:
t SN b 250, 350, 500 um
0.001 0.010 0.100

80%, 80%, 85%
Flux Density [Jy]

Of course: The remainder are the most interesting sources!

E.g. z> 3 galaxy populations




'/r(sﬁe What kind of luminosities?

Infrared Source Luminosities

0l L L L B R R A L L S R R T BT T 3
: (lensed?) 7
- A & 2 HLIRGS ]
10134 20, ol
E A A on A E
. o Aa gA AQA " o AAO ¢ 1 ‘
B < R " ot

Lie/Lsun

10‘2'5 3
o B LIRGS |
F A 1 Areall
VN ]
i 1 starburst
1010 — .
1 galaxies
1 result of
ol e e L mergers?
0 1 2 3 4

redshift (z)




(ERke Strong Luminosity Evolution

Local Luminosity Function HerMES Rest-Frame
log Ly, [W] 250 um LF
3 36 3/ "38 39 40
T T T o g 0.0 < 2 < 0.2
LH+XFLS @ |4 E 02<2z<04
E XFI[g ° S L e 04<2<08
E E > 0.8<z<1.2
= : E < E Jj\%‘x‘\ 1.2<z<1.6
s . 0<z<02 ] - L i ;
7, g "& 753 sources E S — E g
g : ) E M_O T B b
— —4F E | D E E
e F E S — E E
g E E = o ]
TR E <o r E
_6§— ‘{‘\ — © 1
T Lo Livivunin TP | I W Ld 9 E_ _§
8 9 10 11 12 13 - 1
Vaccari et al. (2010)  log Ly [Lo] !

S 072 07 TR 675 1 578 o
. L ./ Watts Hz™'

» Local sub-mm galaxy LF slightly above models Ealos et ol 2010)

» Luminosity function increases out to z ~ 2

« Is it flattening out at z > 1?

» Next: better statistics from bigger samples




(A Rike SPIRE Galaxy Colors
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Schulz et al. 2010

Colors generally spread redder than models predict
- colder dust and/or higher z populations?




(Ciskize How Well Do Galaxy Templates Work?

L, for Starbursts and AGNs
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Rowan-Robinson et al. 2010

eHerschel provides a direct measure of bolometric luminosity and SFR
Lz and SFR predicted from A < 24 um observations are inadequate

«~Half the SEDs require lower temperature dust component (10 - 20 K)




@E AGNs and Far-IR Galaxies

Two Modes of Host & AGN Evolution?

10.0 E
3.5
_ 4.0 B
i’,‘ 2.5
320 2 N
3
Y10 Ls
1
0.4 0.5
. 0
50 10.0 50.0

S7Cl/52ll

Distinct S,/S,, colors, but not S,;,/S;5,/S54,

- FIR emission due to star formation

E. Hatziminaoglou, 2010

Lsr ~ Lrr [erg s7]

T T T
m z02-08
m z08-1.4
Wz 1.4-25
0% © Local AGN
Increase with z of SFR
in massive galaxies
1045
1044
, o8 L. Shao, 2010
7 Netzer09 Lgxlygy
10% I I M I I I
10" 10% 10" 10% 10% 10* 10% 10*

Lacn ~ Lx [erg s7]

Low L,gy: Increasing Loy W/ z
- Follows behavior of FIR galaxies

- SF unrelated to AGN?

- Trend is weaker

High L,gy: Related to L,

- Luminosities coupled by mergers?




-What about normal galaxies

Dust temperature distribution

60 E | z=0AKARI +IRAS |
50 I 4{{'2&
N %o oo’
< 4ok &3;-5’;
R ke
= 30F R A
20
1oE(@) . . . .
10° 10" 10" 10'® 10 0 51015
LIR (LO) N

« lack of strong evolution of Lig—Tg,

-hapman et al. (£010) * mildly colder (U)LIRGs by ~2-5 K
Magdis et al. (2010) « envelope extends to colder SMGs




(Cistike Redshift distribution of SPIRE Sources?

Result from Herschel-ATLAS: PACS & SPIRE parallel mode. 550 sq. degrees total.
14 sq. degrees of first data (GAMA 9-hour field).

~6800 sources down to 32, 36,45 mly (50) at 250, 350, 500 um

10°
1
10 Naive expectation based on
sub-mm SED
L 10°
S250 > S350 > Ss00: 2 < 2
10™
S250 <~ S350 > Ss00: Z~ 2 to 3
_2
10 S50 < S350 < Ss00: z > 4
10° : :
10° 10' 10° 10°

A (um)
sub-mm colors as a mechanism to select z > 2 galaxies




00 05 10 15 20 25 30
Fa50/F350

The surface density of 350 um selected

sources (z~1.8 to 3) S350 > 30 mJy
is ~350/deg?

Amblard et al. 2010

H-ATLAS SPIRE

- - -~ Negrello et al. In red and blue
Lagache et al.

additional color
cuts on 500/250 —
ratio (red selects
higher-z end with
“redder” colors)

The “statistical” redshift distribution
implied by SPIRE colors for the 1686
sources

[equivalent to fitting each SED with

a single-temp model and marginalizing over
T.p] (Hughes et al 2002; Aretxaga et al. 2007)




‘Gstike  Abundance of z > 3 sources?

H-ATLAS:

281 sources with Ssoo > S350

55 detected above 50 (>45 mly)

49 detected above 5o in all 3 bands.
One of these is a blazar at z~1.02, in Fermi all-sky/WMAP catalog.

T T T ] 4
$500>S350>S250 ]

Are all the 281 sources at 7> 32
Unclear! We need follow-up data,
especially near-IR.

2 CO-line redshifts?

Assuming all 281 sources are z > 3,
a rough lower limit on the

—_

0.5} surface density of z > 3 sources
0.0 0 down to Sso0> 45 mJy is ~20/deg?
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Fa50/F350
Amblard et al. 2010




(Gsdike High Redshift Candidates?

500 um peaked sources

. Average spectra of sources detected in 4
Three examples:
xamp HerMES fields compared to templates:

*
10x Arp220 at z=56 ———

GN20 at z=5
avg. FLS -
avg. GOODSN ¥
avg. Lockman-North
.8 avg. Lockman-SWIRE -

250 um 350 um 500 um

+

*X

F, (mJy)
/

1000

100

*Confusion reduced $(500) — fS(250) observed wavelength (um)
These could be:

s ust

z=5, T, =35 KHLIRGS or lensed




500 UM BRIGHTEST GALAXIES IN H-ATLAS SDP

: NSO Sys0um = 159.6 mly

L T | - ‘ o : " 5350 = 193.8 m_]y
Bright radio QSO (2.~ RNV
' W o Sy uch, = 571.7 mly

in WMAP point source catalog!

Galactic

.u'blobu-
it prediction: ~0.1 deg-2

De Zotti et al. (2005)

Slides from
Mattia Negrello, H-ATLAS




500 WM BRIGHTEST GALAXIES IN H-ATLAS SDP

U.U 4

ID1:
ID5 :
ID6 :
ID7 :

500um
500pm

500um

nw un un n

500um

=177 = 28 mly
=122 + 20 mJy
=112 = 19 mly

104 + 18 mjy




500 M BRIGHTEST GALAXIES IN H-ATLAS SDP

ID9 :S,p0,m = 175 + 28 mly
ID11 : Sy, =238 £ 37 mly

: R A o : i ID17 :Syg0,, = 220 = 34 mly

GraV|t'_at}|onaI e ID81 : Sy, = 166 + 27 my
) : ID130:S. =108 + 18 mly

500um

optical counterparts

thot/spec <10




(Giskixe Lensing Candidates ID81 & ID130

Keck imaging in g and i bands

1ID81 ket 1ID130 kel

Seconcs
Seconds




(Gstike Lensing Candidates ID81 & ID130
Sub Millimeter Array follow-up at 870 um

(very-extended, sub-compact and compact configurations)

:rlD'136

Arc Seconds
Arc Seconds
o
T

Acc Seconds Arc Seconds

CREDITs: Mark Gurwell (CfA)




(Gspike Lensing Candidates ID81 & ID130

Arc Seconds

+ Lensing Model to SMA data

L
Arc Seconds
'

\
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Arc Seconds

from http://www.slacs.org




@E First Herschel CO Redshift: ID81

CSO/Z-spec blind redshift determination for ID81
from observations of the CO ladder

Herschel ATLAS 81
Redshift: 3.037 -
ec on 03/09/2010

Arc Se
Line-Weighted Significance o
e N a o2
R R L R (o=

L)
T

&
T

240
4 3 2 1 o -1 -2 -3 -4 Frequency (GHz)

CREDITS: CSO/z-spec team




GRAVITATIONAL LENS CANDIDATES ID130

CO(1-0) redshift from GBT/Zpectrometer
confirmed by PdBI

f D130
3.6 3.3 3.0 2.615 2.62 2.625 2.63 2,635 _
3[ O [E0 T D T P Tt T s T O it g
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B F G
- L c
£ [ 3 z
= 1f . g
= & 3
° F 5
| 3 OI 9" 3705 5 04°
= Oor 13705
S [
A
[72] - .
S F CREDITS: R. Neri, A. Omont, P. Cox, Beelen, Dannerbauer,
[ e Berioldi 5
b - = #
ot ] Zeg S 24625 £ 0,001
26 28 30 32 34 36 B o o, B e e e 1
4 3

2 1 o -1 -2 -3 -4
Arc Seconds
CENTER: R.A. 09 13 05.09 DEC -00 53 42.8 J2000

Observed Frequency [GHz]

CREDITS: D. Frayer, A. Harris, A. Baker, R.
Maddalena et al.




Strong lensing Studies with Herschel-SPIRE

(2) 0.5 million dusty galaxies, with 0.3 million at z~2, 3,000 at z>4,~100 at z >5. Follow-up targets for
ALMA, SPICA etc.

(b) 500 strongly lensed bright sources by the end of 2012: a goldmine for cosmology! we have 150 now
already with 200 sq. deg of data.

Negrello et al. Science, 2010

(Nov 5th issue)

10°[ i
o HerMES total counts
&0t B G e 00| ] RESEARCH ARTICLES
g 10 T
S  lote—type goloxies = -
PR L The Detection of a Population of
c T T =
§ 10’ L EFFICIENT LENS SELECTION| su bmll Ilmete r-Brlght'
o Ssl - 7 -
20 T g Strongly Lensed Galaxies
+ -1 . 83 1 _
< 1 2,2 ) K Mattia Negrello,l' R. HA:»pwom:l,1 G. De Zotti,z'3 A. Cooray," A. Verma,® 1. Bcn:k,s'7 D.T. Frayer,ﬂ

M. A. Gurwell,y A. Omont,m R. Neri,11 H. Dannerbauer,*? L. L. Leeuw,*>** E. Barton,*

]. Cooke,*” S. Kim,* E. da Cunha,* G. Rodighiero,*® P. Cox,** D. G. Bonfield,*” M. ]. Jarvis,*’
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L. Danese,? ].S. Dunlop,lB S. Fleuren,** ). Glenn,** A. I Harris,“ 1. Kamenetzky,45 R.E. Lupu,‘w
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Lensed SMGs =
2<0.1 spirals «
Known sources o —

3.5




!ug-mm galaxy |ensing

D8 D11
2,00i=0.68

[ Zepee=0.793

......

flux density (mdy)

1081 D130

flux density (mdy)

1 10 100 1000 10000
observed wavelength (um)

The lensed galaxies are not bright
in the optical. Missed in optical
surveys.

flux density (mdly)

0.1 1.0 10.0 100.0 1000.0 10000.0
observed wavelength (um)

%@

Proposed distortion of number counts by Blain 1996.
More detail on these from ATLAS still coming




Background galaxies seen in Spitzer

SDP.130 Ch1

idual
Iksn-dua

&
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ATLAS First Gravitational Lenses
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1000.0

log Laust = 12.7 £ 0.05

log Maust = 8.9 + 0.03 (Herschel/ MAMBO/SMA SED)
log Mstars= 11.7 £ 0.3 (pitzer SED)

log Mgas = 10.1 £ 0.5 (CO tine spectra)

log SFR =2.5+ 0.1

Av=44+0.6

Gas fraction = (5-8)%

Ross Hopwood, Cooray et al ApJL 2011




~0.9 candidates deg? in HerMES fields

Wardlow et al. HerMES slides

Field RA® Dec?® Area  Number of Number density
(deg2) candidates (deg72)
ADFS 04h43m209s  _53°51/09" 8.5 8 0.9+0.3
Bootes -NDWFS  14h32m45%  +34°10710” 11.3 11 1.0+ 0.3
CDFS-SWIRE 03h32mp5s  —28°16/35" 12.2 8 0.6 £0.2
COSMOS 10h00™m28s  +02°12/55" 2.1 1 0.5+0.5
EGS 14h20m198  452°48/56" 3.1 1 0.3+0.3
ELAIS-N1 16210™m09s  454°18/50” 3.7 2 0.5+0.4
ELAIS-S1 00h35mQ3s  -43°34/42" 8.6 5 0.6 +0.3
GOODS-N 12P36™55%  462°14/19” 0.6 0 < 1.6
Lockman-SWIRE 10M48™00%  +58°09/02" 18.1 19 1.04+0.2
Spitzer FLS 17h15mE28  459°23/15" 7.3 8 1.14+0.4
XMM 02k20m36%  —04°31/27" 21.6 24 1.14+0.2
Total . e 97.1 87 0.90 £0.10

HERMES

Coordinates and followup of ~90 lensed sources in
Julie Wardlow (UCI postdoc) et al. (2011 in prep)

@




[
An assortment of candidates

10”x5”

Keck K-band + EVLA 7 GHz

SXDF1100.001; Ikarashi et al. 201 |

HERMES a



Example: LockmanO|
see Conley et al. 201 |, Scott et al. 201 |, Gavazzi et al. 201 I, Riechers et al. 201 |

o
®  Ss500~250m]y - —
—_ . —_ - G4
L] zZsmG=2.9; zG1=0.6 % i
o pu~I|I 24
G5
: 4
G3* 4
‘a.{,
50 = 5
| co(7-6) | co(s-7) | co(e-8) | co(10-9) E ""_#G‘
= | fene-1) = 3
40 = e
£ 5 e é
% 20 é
o -
of

HERMES

lens code = sl_fit



Lensed galaxies are usually red in the submm

10916(S 350/ Ss00)

Lens candidates e
Local spirals =
AGN *

HerMES sources -

1.0 1.5 2.0 2.5
10g0(Ss00/MJy)

5
o

HERMES

of 4 bluer candidates 3 are real: lockO1 and 2 shown on prev page




Modelling galaxy-galaxy lensing

Consider NFW & SIS density profiles & lens “intrinsic” N(>S)

“Intrinsic” N(>S) from Schechter function fit

Parameters constrained by requiring fit to observed N(>S)

M>2 for “strong” lensing

HERMES

integral counts (deg™?)

10°
10*
10°
102
10'
10°

107"
1072

<o HerMES total counts

[m] Glenn et al. 2010
............ late—type galaxies
_______ radio AGNs

A HerMES lensed counts

*00,

: ﬁ% ki
s

100
S (mJy)

Francesco De Bernardis

1000

@




Blending ~5-10%

strongly lensed (%)

All sources

50

40
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100
SseolMJy]

1000

strongly lensed (%)

100

80

60

40

20

Excluding spirals & AGN
[

100
SseolMJy]

1000




Xverage magnl!lcatlon in tHe moael IS ~g

20T T T T T )

Mean magnification
o
\
\

0 100 200 300 400 500
Ssool MUy

=> Most SMG galaxy-galaxy lenses are intrinsically “normal” SMGs

Francesco De Bernardis q ’
(=)

But lan CO plot shows ~10 by cf FWHM L’CO
Ref Bothwell in prep, Harris in prep.



Lar'ge Scale S‘rr'ucfur'e
Lockman Sur'vey Fleld




Where are the galaxies?

LocH§2086 1120 _WESE ail Rep Mol Valop= P pixel Sizet0 W & W i< ]
T:‘i.‘. '51 .fﬁd’;-.' i ..:fvh.; ~“-"¥'f‘ ] =
g v A Wt Y e e
£re N Sy _’:‘ C LR 8‘3' e
E 5

Lockman North SPIRE 350 pm Lacey et al. arXiv:

0909.1567v2
Ultimately test specific predictions of clustering properties of galaxies




Pre-Herschel:

2 \
B Al SCUBA surveys, S>5mdy, S/N>3.5

~3.50 detection

1 1 L 1 1
0 50 100 150 200 250 300

§ /orcseconds

N.B. Previously sub-mm
S. E. Scott, J. S. Dunlop and S. Serjeant (2006) clustering with SCUBA ~73

sources




Lar'ge Scale S'rr'uc‘rure

Angular‘ Cor‘r‘ela‘rlon of Detected Galaxies

® Lockman-SWIRE
FLS

Cooray et al. 2010
~10,000 galaxies

(a) 250 m

10° 10’
Angular Scale (Arcmins)

* Spatial clustering of bright SMGs compared to halo model
« Halo needed to host a S,5, > 30 mJy FIR galaxy: M = 10126 M

# - ~15% appear as satellites in more massive halos M ~ 10831 M

solar

solar

;' * Population statistics consistent with so-called “dust obscured galaxies”




Large Scale S‘l'r'ucTure in. 'l'he unresoli ed .
maps -:.*__’rrea'r them Ilke CMB maps'




11+1)C,/(2m) (uK)? RJ

' 2001-2007 era of predictions =

210 GHz

320 GHz

Knox, Cooray, Eisenstein, and Haiman

(

2001)
590 GHz

1000

1060 GHz

100
10 |

1
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100
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1000 100

1000 100

1000 100

multipole moment, 1

Herschel+Planck

Amblard & Cooray (2007)

1000




- SPIRE 250,350 and 500 micron three color 2 EEAMSEE GRSk pan SWIRE

i image of the Lockman-Hole; 16 deg?

M|

K'P(k)/2m [Jy*/sr]

2ol

0.10
k [arcmin”]

4x4’ Maps of Neptune made
with 700 scans of SPIRE used
for the PSF measurement

dL/dV(2) [L../Mpc]
5 =
SFR [M../yr/Mpc]

. . Fluctuations require star
e Unresolved CIB fluctuations capture the spatial formation be h;h beyond z~3 -
clustering of all sub-mm galaxies. T

Lagache et al
Valiante et al.

e Angular power spectrum of the CIB reveals that
the minimum halo mass of sub-mm galaxies is
about 3 x 101! Msun

e This minimum mass scale for sub-mm galaxies Amblard,A., Cooray,A., Serra, P. et al. Sub-millimetre Galaxies
corresponds to the most efficient dark matter reside in Dark Matter Halos with mass greater than 3x10'! Mg,
mass scale for star-formation in the Universe.  \.«.re March 24.201 1




Comparison to Planck and others

545 GHz
217 GHz
3 3 100 | __,? o d
‘lh'.g“ < Fommmmmmmmm ezt P
Rl VP PYNERy :1 2 2 5
] -
=  10f 2 J
b P total halo
857 GHz i, P —— 1 halo term
_I'— o P 2 halo term
% E L ® Planck 217 GHz
D 3 &§¥x§ . O SPT220 GHz
S r e £ 3 - —— poisson DSFGs
[ ' P
>, 4[ Planck 2 RN _z total DSFGs
S 10°F AAQAA%AA = P ~ - - spt poisson DSFGs
%) E Blast Ach 4 . - - ~spt clustered DSFGs
[ Spire x cross-calib 01 - - -total spt DSFGs |
3 - N
100 1000 10000
100 1000 10000 .
Multipole ¢ Multipole moment |

Planck CIB in Lagache et al. 2010; joint Planck+Herschel in preparation

more measurements, applications (e.g., a search for lensing of the CIB) is going
on now with papers over the next year.



' SPIRE multi-sca. SPIRE single-scan”




Herschel-SPIRE Legacy Survey (HSLS)

Version 2010: 4000 sq. degrees on the sky with SPIRE. 780 hours to complete, single scans
in SPIRE fast-mode (60”/sec). ESA/HOTAC declined due to overall schedule constraints.

Version 201 1: 1500 to 2000 sq. degrees to be proposed in September 201 |. Unlikely to be
contiguous! Final coverage depends on helium boil-off (January 2013 +/- 2 months)

M-’WW_ ; The HSLS will find | to 2 million dusty galaxies,

: G ~1000 strongly lensed bright sources easily identified
LS g : - ‘ ~| million at z~2, 10,000 at z>4. Follow-up targets for
© The Herschel-SPIRE

S ALMA, SPICA etc.
Legacy Survey a goldmine for cosmology!

The Scientific Goalsof a Shallow and Wide
Sub-millimeter imaging Survey with SPIRE:
s HSLS_ Science T,eam: B

+ July2010

see the HSLS White Paper on the arxiv.



Cosmological
Applications of
HSLS sources

and maps

HSLS will “clean”
Planck SZ clusters

leading to peculiar
velocities, gas temperature
from relativistic
corrections, more accurate
cluster mass estimates.
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| Coémoldgy with ‘
HSLS source clustering’

. Planck CMB Lensing +
~_HsLs
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HSLS 3500 sq.degrees 2
H-ATLAS 220 sq.degrees &
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After Herschel?

SPICA: 3;2 m mirror at T < 6K

BLISS from US/NASA(?)




‘Conclusions,

Herschel has opened up the dusty universe in a
new wavelength regime for the first time.

After waiting |10 years, we are finally buried in data

Large sample of lenses, mostly unexpected (what do

we get out at the end?). First CIB fluctuations

measured. More to come over the next two years.
follow progress at http://oshi.esa.int




