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Herschel-ATLAS

';) Widest area extragalactic survey undertaken with Herschel

PACS 100+160 UM (see poster #22 by Tbar) and SPIRE 250+350+500 um



A lensing science case for H-ATLAS

Dusty star-forming galaxies (DSFGs) at z>1 have steep number counts
(e.g. Granato et al. 2001, 2004; Coppin et al. 2006; ‘J\ﬁzgre[fo et al. 2007)

A

7))

o

c

-

o

(&

p

Q

o)

=

: H

c §1oo mly

| @500um S
faint  Flux density  Prisht




A lensing science case for H-ATLAS

Efficient selection of strongly lensed galaxies
(Blain 1996; Perrotta et al. 2002, 2003; ﬂ\fegre[fo et 2007)

A | un-lensed DSFGs
————— strongly lensed DSFGs
"
+ 1
=
-
o
O
W ~ \
2 IS
£ RN
= S
= \ §1oomJy > ~
\ @500 um ~ q
faint  Flux density  Prisht




A lensing science case for H-ATLAS

Efficient selection of strongly lensed galaxies
(Blain 1996; Perrotta et al. 2002, 2003; ﬂ\ﬁegreﬁo et 2007)
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A lensing science case for H-ATLAS

Efficient selection of strongly lensed galaxies
(Blain 1996; Perrotta et al. 2002, 2003; ﬂ\ﬁegreﬁo et 2007)

A un-lensed DSFGs
strongly lensed DSFGs
spirals and blazars
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Herschel-ATLAS: SDP field

SPIRE 250+350+500 um
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SDP area ~ 16 deg?
(Rigby et al. 2010)

GAMA-9h field

(Driver et al. 2011)



H-ATLAS: lenses in the SDP field

5 candldate lensed galaxies

- with F,,, >100 mJy

(Negrello et al. 2010)




H-ATLAS: lenses in the SDP field

SPD.130 . ‘

ZCO =2.626 SDP.g Zco =1.577



Arc Seconds

Arc Seconds

H-ATLAS: lenses in the SDP field

Zco = 2.305
4 2 0 -2 -
Arc Seconds
* Keck optical imaging

(P1: Cooray)
" * Optical spectroscopy
7 (SDSS, WHT, APO)
£

* Sub-mm/mm spectroscopy
(Z-spec/CSO, Zpec/GBT, PdBI, CARMA)
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Arc Seconds

Arc Seconds

H-ATLAS: lenses in the SDP field
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Arc Seconds

Arc Seconds

H-ATLAS: lenses in the SDP field
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Zlens - 0.9435
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Arc Seconds

* Keck optical imaging
(P1: Cooray)

* Optical spectroscopy

° (SDSS, WHT, APO)
2| - _ . . .
(2 = >.626 SMA 88oum imaging
* 21, = 0.2201 | (DDT, PI: Negrello)
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Arc Seconds

Arc Seconds

H-ATLAS: lenses in the SDP field
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* Keck optical imaging
(P1: Cooray)

* Optical spectroscopy

° (SDSS, WHT, APO)
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(2 = >.626 SMA 88oum imaging
* 21, = 0.2201 | (DDT, PI: Negrello)
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Arc Seconds
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H-ATLAS: lenses in the SDP field

: Zsource = 1'577

= 0.6129

Zlens
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Zsource = 3'042
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Zsource = 1'786
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~

1 =2.626

source

[ Z)ons = 0.2553

Arc Seconds

Arc Seconds

Zsource = 2‘305

Arc Seconds

HST/WFC3 F11oW+F160W
(PI: Mgre[[o)

Optical spectroscopy
(SDSS, WHT, GAMA, GEMINI-S)

SMA 88oum imaging
(DDT, PI: Negrello)



Arc Seconds

Arc Seconds

H-ATLAS: lenses in the SDP field
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: Zsource = 1'577
= 0.6129

Zlens
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HST/WFC3 F11oW+F160W
(PI: Mgre[[o)

Optical spectroscopy

(SDSS, WHT, GAMA, GEMINI-S)

SMA 88oum imaging
(PI: Bussmann)



H-ATLAS: lenses in the SDP field
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H-ATLAS: lenses in the SDP field

input lens subtracted
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H-ATLAS: lenses in the SDP field

input
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H-ATLAS: lenses in the SDP field

input
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H-ATLAS: lenses in the SDP field

reconstructed _source plane
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reconstructed _source plane
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H-ATLAS phase-1 fields

GAMA-9h

GAMA-12h

GAMA-15h
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GAMA equatorial fields
Area =161 deg?
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H-ATLAS phase-1 fields

GAMA equatorial fields
Area =161 deg?

45 candidate lensed galaxies

with F >1o0mJy

GAMA-9h 500um

GAMA-9h: 16
GAMA-12h: 22
GAMA-15h: 7
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H-ATLAS phase-1 fields

Cox et al. (2011)

Bussmann et al. (2012)
see also poster #11 by Dannerbauer

GAMA-9h
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GAMA-12h
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LlR =2 x 1013 L@
SFR =3000 Mg/yr
GAMA-15h



H-ATLAS phase-1 fields

Fu et al. (2012)
Herranz et al. (2011)
Bussmann et al. (2013)

GAMA-9h
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GAMA-12h
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4 2 0 -2 -4 -6
Arc Seconds

U ~10
Lg=17x10"Lg

GAMA-15h SFR =2000 Mg/yr



H-ATLAS phase-1 fields

GAMA-|

GAMA-

'%' Fu et al. (2012) ) ‘ Herranz et al. (2011)

Fu et al. (2012)

Bussmann et al. (2013)

2=1.2247_

Arc Seconds
o

6 4 2 0 -2 -4
Arc Seconds

U ~10

GAMA-15h

Lg=17x%x103Lg
SFR =2000 Mg/yr



H-ATLAS phase-1 fields
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H-ATLAS NGP field

Area =178 deg?

31 candidate lensed galaxies

with F,,,,,,>100mJy




H-ATLAS NGP field
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H-ATLAS phase-1 fields

Not all of them are
strongly lensed !

Tvison et al. (2013)

GAMA-9h

GAMA-12h

Binary system of z=2.41 HyLIRGs

GAMA-15h



H-ATLAS phase-1 fields

Not all of them are
strongly lensed !

Tvison et al. (2013)

GAMA-9h

GAMA-12h

A CLUSTER OF STARBURSTING

GAMA-15h PROTO-ELLIPTICALS




Properties of the gas at high-z
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Flux Density (mJy)

Properties of the gas at high-z

35
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high-J CO lines

iy

T
NB.v1.78
co (3-2)

1000

T
6124230 ]
CO (3-2)

1
-1000 0

1000

T
G15.72.779

T
SDP.17b
CO (4-3) E

0
LSR velocity (km/s)

0
LSR velocity (km/s)

1
500

Water vapor emission lines

Omont et al. (2011, 2013)
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> Indicator of warm and dense gas
> Intensity comparable to high-J CO
> Profiles similar to high-J CO




Mass profile of the lenses out to z>1
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Mass profile of the lenses out to z>1
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Sub-mm bright number counts

LENSED GALAXIES AT Z > 1

SPIRALS AT Z < 0.2

Harris et al. (2012,) Lupu et al. (2012),
Cox et al. (2011), Leew et al. in prep.
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Sub-mm bright number counts

LENSED GALAXIES AT Z > 1
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(see Lapi, Negrello ¢ al. 2012)

» shape of the unlensed counts
» mass profile of the lenses

> size of the background sources

The counts of lensed galaxies depend on the
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Conclusions
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The H-ATLAS lens sample is currently used to
» Study the properties of the gas at high redshift
» Measure the mass profile of galaxies out to z > 1

» identify the most exteme HyLIRGs in the Universe



