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The Herschel-ATLAS
Largest Area Survey on Herschel (PIs: Eales and Dunne)

http://www.h-atlas.org/

~550 deg2 with PACS 100+160 μm and 
SPIRE 250+350+500 μm 

NGP and Equatorial SGP



  

The Herschel-ATLAS
NGP and Equatorial

SDP field

“GAMA-9h” field
(for GAMA see Driver et al. 2011)

~14 deg2 in SDP
(Rigby et al. 2010) 



Science 330, 800 (2010) 



  

How it works?

● Ingredients:
● SMGs have steep 

counts 
(e.g. Granato et al. 2004, Lapi et al. 
2006, 2011 see poster)

● Efficient lens selection 
in the sub-mm 
(e.g. Blain 1996;  Perrotta et al. 
2002, 2003; Negrello et al. 2007)

● Remove local spirals 
and well-known 
blazars



  

5 confirmed SLGs in the SDP! 



  

Negrello et al. (2012)



  

Why we need more SLGs?

● Negrello et al. 2010: 
● 5 SLGs in ~14deg2 → ~200 SLGs in ~550deg2

● Demagnified SFR> 500 M⊙/yr

● Samples of thousands of strongly lensed systems are needed to 
make substantial progress on several major astrophysical and 
cosmological issues, as stressed by Treu (2010).
● Unexpected features in individual SLG analysis.

● Most effective star formers in the universe have high but far less 
extreme SFRs (~100-200 M⊙/yr; e.g., F¨orster Schreiber et al. 2009).

● Gravitational lensing can be exploited to study the lens galaxy 
structure and its evolution.
● there is observational evidence of a strong size evolution of massive early-

type galaxies from z  1 (e.g., Trujillo et al. 2011)∼



  

Some numbers...

● SLG predictions @350um

● S>~200mJy 
– ~120 SLGs in HATLAS
– ~25%=30 SFR<200M /yr⊙

● S> ~65mJy
– ~1700 SLGs in HATLAS
– ~10%=170 SFR<200M /yr⊙

Lapi et al. (2012)

Gonzalez-Nuevo et al. (2012)



  

Lensing=Much better instrument for free!



  

HALOS
● Herschel-ATLAS Lensed Objects Selection

● SLGs inevitably dominate the highest apparent 
luminosity tail of the high-z luminosity function.
– Selection of High-z bright sources

● Lens candidates observed in the optical/near-IR 
bands.
– Close optical counterpart with incompatible SED

● Available data compatible with a simple SLG 
system model.
– Individual purity greater than 30%

Without a proper follow-up confirmation they are only
 “strong” SLG candidates



  

Parent sample 
(high-z bright sources)

● S350µm>85mJy (and 
S250µm>35mJy)

● Similar number of lensed-
unlensed sources

● S350/S250>0.6 & 
S500/S350>0.4
● z>~1.2

● Removal of “problematic” 
sources

74-10= 64 high-z bright sources



  

Photometric redshifts

SMM J2135-01012 (Cosmic Eyelash): 
∆z/(1+z)= -0.002 +/- 0.115 (no outliers)



  

(apparent) Luminosity Functions

● Parent sample + 
photometric 
redshifts

● Parent sample: 
high-z luminous 
galaxies

● Apparent plateau 
produced by 
lensing



  

HALOS: SLG candidates selection

● VIKING (Fleuren  et al. 
2012) optical counterparts 
within 10''

● 58 of 64 (91%)
● 106 counterparts: 

selection of the nearest 
source (~higher R)

● ang_dist<3.5''

● Clear overdensity: 
physical relation

● ~distance between 
lens/source images 33 SLG candidates



  

HALOS: redshift distributions
Parent sample

High purity

HALOS

ANNz photo-z

Negrello et al. (2007)

Photo-z for the lens:
- SDSS+VIKING data
- ANNz when available (z<0.8)
- 16 early-type galaxy SEDs

HALOS lenses at higher z
- lens galaxy structure at z>1
- (size) evolution



  

HALOS: simple “purity” analysis

● Tentative estimation of 
the “lens probability”
● SIS profile & µ>2
● Individual “lens 

probabilities” are quite 
uncertain

● Sample “purity”: ~72%

“strong” SLG candidates: 31 candidates with P>30%

(~1000 SLG candidates in the full H-ATLAS!)



  

HALOS: statistical analysis!

See Lapi et al. (2012)
~15% of Sp lenses



  

Confirming HALOS SLGs 
candidates

● Huge follow-up campaign will 
be needed
● Currently focusing on bright 

SLG candidates

● Strategy:
● Spectroscopy of CO transitions

– High-z nature

– preliminary  estimation of 
amplification (Harris et al. 2012)

● Deep high resolution imaging 
(better at sub-mm)

● Current situation:
● The 5 brightest are the 

confirmed SLGs from 
Negrello et al. (2010)

● 5σ tentative detection of 
CO line with ATCA 
(Massardi et al. in prep)

● Two sources observed 
with Keck NIRC2 AO but 
only K band

If you have free observational time in ALMA, 
HST, Keck, IRAM, … Please contact us!!



  

HALOS without good optical data?
● VIKING will cover ~1200deg2 

but not the whole H-ATLAS 
area

● Simply S350 criteria (+z>1) 
gives >50% selection 
effectiveness
● Removing blazar/local sources

● Top apparent luminosity 
percentile selection (+z>1) 
gives similar results
● Independent of any S350 limit.

[x40 for the whole HATLAS area]

S350>100mJy: ~15 SLG cand. 
(~70%)

Top 2% Lum: ~20 SLG cand. 
(~70%)



  

Summary
General.-

* The detection of bright 
SLGs in the sub-mm is easy!

* ~200 SLGs in H-ATLAS but 
we need more for statistical 
analysis...

Necessity of follow-
ups.-

* CO spectroscopy
* Deep high-resolution 

imaging (better in sub-mm)

HALOS.-
* Efficient selection method 

for fainter SLGs candidates

* ~1000 SLG candidates in 
H-ATLAS

* Lenses at z>1

Statistical analysis.-
* Source number counts and 

luminosity functions

* lens galaxy mass, 
structure and evolution

* density profile: barions/DM 
relationship

* and many more...



  

Parent sample

✗ Anomalous colors (2)
✗ Blazar+QSO
✗ PACS data indicates z<1 (3)
✗ Optical counterpart= genuine 
identification (3)
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