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What?
Example: SDP.81 discovered by Herschel, imaged by ALMA

SDP81 (H-ATLAS). z=3.042
0.023” resolution!
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What?
Example: SDP.81 discovered by Herschel, imaged by ALMA
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What?
Example: SDP.81 discovered by Herschel, imaged by ALMA
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What?
Example: SDP.81 discovered by Herschel, imaged by ALMA

SDP81 (H-ATLAS). z=3.042
0.023” resolution!
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Why? HST UDF fly through:
distant galaxies are very different to local galaxies

From Mark Swinbank

Gravitationally lensed DSFGs Julie Wardlow



~50% of stellar & AGN emission is dust reprocessed

Frequency v [GHz]
10° 10° 10° 10°
10-7: T e e T ARRm I

DIRBE DIRBE/CAT/IRAS

Wavelength A [pim]
Dole et al. 2006




Massive ellipticals formed early in the Universe

Toft et al. 2014

Gravitationally lensed DSFGs
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Massive ellipticals formed early; SMGs are massive & early
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Dusty star formation: a crucial phase of galaxy evolution?
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Arp 220 redshifted:
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LESS: 300 hours on APEX (870um)
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Weiss et al. 2009
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Gravitational Lensing

e Background galaxy: flux boost

e Background galaxy: spatial resolution boost

e Foreground galaxy: mass profile

e Cosmology: numbers and distribution of lensing

“Lensed”
“bm‘:k‘grwumd”

“lensing”

W : ”
“FOT’QSVOMM& NASA, Smithsonian Institution.
Artwork by Keith Soares/Bean Creative.
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Lensing: the foreground mass
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avitational lensing: cosmology
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luminous DSFGs are very rare
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HerMES: ~380 deg? extragalactic submm survey

250 micron

350 micron

500 micron
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S500>100mMJy
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HerMES lens candidates
S500>100mJy & no blazars or local spirals —=\
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S500>100mJy & no blazars or local spirals -\

10°
10*
10°
.
\g/ 102
m§ 10’
A
2
10°
107"
1072

1 10 100 1000

er ens canaidates

— S
HerMES total counts
HerMES lensed candidates
Glenn et al. 2010

Late type spirals

Blazars

ap <o 1

Intrinsic unlensed SMGs
I Lensed model prediction

Total counts

Sso0 (MJy)

Candidates: ~0.15 deg=

Gravitationally lensed DSFGs

Wardlow et al. 2013

Julie Wardlow



z=0.8

eartvmﬁjpe

Flux

Optical & NIR

0.1

1.0

10.0 100.0

Wavelength (um)

1000.0

z=2.5
skarburst




Herschel
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HerMES Bootes image
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e
A sample of Herschel lens systems
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Lensed HATLAS12-00 @2z=3.3: gas, stars & dust are offset

Observed Source plane
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HATLASJ1429 @z=1.03: HST Grism for optical line
ratios
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Zco=2.957
z=0.60 + 0.04

Half-light radius of the SMG: o
Refis = 1.9 £ 0.1 kpc.

Magnification:

H=10.9 £ 0.7

Gavazzi et al. 2011
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e
Model of lensed SMGs agrees with observed number

Components
e ACDM cosmology: Om = 0.27, Qa = 0.73, Ho = 71km s~ Mpc-1
e NFW or SIS foreground mass profiles
e Sheth & Tormen distribution of foreground masses
e Béthermin et al. N(z) for SMGs

The model

10° L A L R T T T T
e Calculate the fraction of the sky that g gliméét.‘;’fl.‘;;%‘:c‘én‘;dotes
] 104 enn et al. : ]
is strongly (u>2) lensed = f,  pote type spirals
o Use f, to calculate lensing probability 10% - intrinsic unlensed SMGs  —
— P( ) cf\ I Lensed model prediction
U o 102 Total counts |
e Assume intrinsic counts have the =
shape of a Schechter function £ 10 b |
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counts 10 B
e Use MCMC to fit to the total 10" i
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e Number counts of lensed SMGs R — 10 100 000
are predicted Ssoo (MJy)

Wardlow et al. 2013
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Blazars & spirals removed

1.0[T S B
i |
i Observert .'A
C —
;8 0.8 _ (eartv R013) : .
O i |
E |
N— B |
A i |
- |
2 0.4f ' -
L : 35%
o I
-
e -
+ 0.2 - -
10 100 1000
Ss00 (mJy)

Wardlow et al. 2013
ool | DSFC ulie Wardl



. 14 1 14

Blazars & spirals removed

1.0 ' T T T
i | ]
i Observert .'A )
C —
RS 0.8 _ (early R013) | . _
O i ' -
o | -
—— B |
5 0.6 - | "
g I O‘bSQTVQd : ]
— - (Latest) —
> 047 35% -
o _ -
-
o - ]
+ 0.2 - ]
0.0 L L1 : T
10 100 1000
Ss00 (MJy)

Wardlow et al. 2013
ool | DSFG ulie Wardl



Mean magnification
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The first 5 lenses are similar to unlensed SMGs
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than the NIR
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Arp 220 redshifted:
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S
Summary

Wide-area, submm surveys can identify strongly  and they are very efficient at finding lensed
lensed dusty star-forming galaxies by simply galaxies.

selecting the brightest sources....
O T T T T s et e -
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Lensing is revealing the complicated structures & Typical magnifications are factors of ~5—10 and are
conditions in z>2 galaxies. often higher in the FIR than NIR.
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