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I.  Motivation
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Optical+X-ray+WL PACS 100um PACS 160um

SPIRE 250um SPIRE 350um SPIRE 500um

5σ~4.0 mJy 5σ~7.5 mJy

5σ~24 mJy 5σ~26 mJy 5σ~32 mJy

The Bullet Cluster (Egami+10, Rex+10, etc.)
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II.  What is HLS?



What was HLS?



What is HLS?

HLS-snapshot inspired by the discovery 
of the Eyelash galaxy at z=2.3 (Swinbank+10)



The Herschel Lensing Survey (HLS)
1. HLS-deep (366 hrs): Deep PACS (100/160 um) & 

SPIRE (250/350/500 um) imaging of 54 (➜ 65) 
massive (i.e., X-ray-luminous) cluster cores 
(z~0.1-0.5) to detect and study Herschel sources 
below the confusion limit.

2. HLS-snapshot (52 hrs): Shallow SPIRE-only 
imaging of 527 massive cluster cores (z~0.1-1) to 
discover exceptionally bright (Speak≳100 mJy) 
cluster-lensed galaxies that will allow a variety of 
multi-wavelength observations.                                  

Note: Field surveys (H-ATLAS, HerMES, SPT,  ACT, etc.) 
➔ Galaxy-lensed systems



Cluster Samples
• HLS-deep:   54 clusters (HLS) ➜ +11 GT = 65 

• 54 well-studied massive clusters

• Includes 23 CLASH clusters + 1 from GT (PI: Altieri)  
(1 missing: A1423)

• Will eventually add 10 GT clusters

• HLS-snapshot:   527 clusters = 279 + 148 + 100

• 279 ROSAT clusters (PI: Ebeling)

• 148 SPT clusters (PI: Carlstrom)

• 100 CODEX (ROSAT+SDSS) clusters (PI: Finoguenov)



III.  Scientific Highlights



(1) HLS deep

Rawle+13, in prep 8/20 at z>2

Saintonge+13

red: z>2



z=1.6; μ=15
LIR = 3.4x1011L⦿

Sklias+13 (arXiv:1310.2655) and poster

Zamojski 
poster

Schaerer
poster

AGN



Super-bright z=5.2 galaxy-lensed SMG 

~200 mJy 
at 500um

Combes+12
Rawle+13

(arXiv:
1310.4090)

CO redshift ➔ z=5.24
16

50 mJy at 1.3 mm!
(SMA Compact)

SMA+Subaru/Suprime-Cam

Lensing galaxy at z=0.6

A773

250 350 500



Compact+Extended+ Very Extended
305 GHz=984 um

New Data 
(Rawle+13; arXiv:1310.4090)

C and DnC config



HyLIRG 
with a LIRG-like SED

Magnification
μ= 8.9

LFIR =1.8x1013 L ⦿
SFRFIR = 2100 M ⦿/yr



Complex Line Profile

SMA JVLA
19

➜ Likely suggesting a merging system
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Spatially Distinct 
Velocity Components

PdB PdB



Spatial resolving z=5.2 galaxy!
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Fig. 4.— [CII] (upper row) and 12CO(1–0) (lower row) maps showing 5×5′′ region around HLS0918 (north
and east aligned to the top and left). Each column displays a unique velocity slice corresponding to the
spectral components identified in Section 3.2: –860 to –590 km s−1 (VB), –590 to –310 km s−1 (B), –310 to
–30 km s−1 (Rb), –30 to +420 km s−1 (Ra). For each line, map colorbars are scaled together, to highlight the
relative intensity of each component, while still preserving the structure of the brightest and faintest regions.
The restoring beam size for each row is shown by a white ellipse to the right, and the 1mm continuum
morphology by grey contours. The spectral components correspond extremely well with spatially distinct
entities. The division of the red peak into two components is vital to extract the western bridge in [CII]. For
12CO(1-0), the coarser spectral binning hampers a clean separation of the components.

Fig. 5.— Left panel: Sum of the flux in the four components for the model of HLS0918, after passing through
the model lens and convolving with the SMA beam. The critical line is marked in red, while the crosses
refer to the local maxima of each component in the image plane before convolution (i.e. directly through
the lens). Right panel: Sum of the four components in the source plane (without SMA beam convolution).
The caustic line is marked in yellow, while the crosses mark the position of each component peak.
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L[CII]/L(FIR) similar to other z>4 galaxies.        
VB component shows an abnormally large ratio.



 z=6.1 Quad system with submm emission?
or

SZ substructures?
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From the LABOCA Lensing Survey (Boone+13)

AS1063



(2) HLS-snapshot

4 examples at
z=2.0, 1.9, 4.7, and 1



IRAM30m/EMIR z Search

HLS-snapshot bright 
sources allow

easy CO redshift
measurements.



Optically-Faint IR Arc at z=2.0 Walth+13
in prep

250 350 500



MACS2043 at z=2.04

Magellan/IMACS
i band

LBT/LUCI
K band

SMA
870 um

SMA
870um
JVLA

CO(1-0)CO(1-0) ≠ Continuum
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CO(1-0) ≠ Continuum

4 - 8 GHz continuum (blue contours)CO (red contours)

z=1.9 galaxy-lensed source from HLS-snapshot

Rujopakarn+13
in prep



 Quintuply lensed z=4.7 galaxy (Egami+13, in prep)

Two components separated by ~650 pc 

WFC3/F140M

20 mJy

17 mJy

11 mJy

4 mJy

SMA 880um (com+ex+vex)

Magnification factor 
>130 for A+B+C+D
➔ LIR < 5x1011 L⊙ 

z(CO)=4.69

LABOCA
870 um
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IRAC counterparts for the submm sources

Spitzer/IRAC 3.6 um HST/WFC3 F140W
31



Triply lensed galaxy at z~1
HST/WFPC2 SPIRE 250um

PACS 100um PACS160um SPIRE 250um

SPIRE 350um SPIRE 500um

HST/ACS

IRAC 3.6 um
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(3) IR-bright cluster galaxies

33

z>0.9 SPT clusters

Rawle+12; Rawle Poster



IV.  HLS Data Release 
(DR1)

• HLS-deep 44 clusters (Original OTKP 
sample).

• Fully processed PACS and SPIRE images.

• Source catalogs with IRAC and/or MIPS 
priors will be released in ~1 month.

•  We plan to release all HLS-deep images 
(with source catalogs) and HLS-snapshot 
images by the end of 2013 with the survey 
paper (Egami et al. 2013, in prep).



From the HLS website
http://herschel.as.arizona.edu/hls

(or google “herschel lensing survey”)





Rainbow Slicer
by P.  Perez-Gonzalez



Summary
• Gravitational lensing provides enormous gain in 

sensitivity for free.

• HLS-snapshot is picking up exceptionally bright 
lensed galaxies that can be studied in detail with 
pre-ALMA facilities.

• HLS-deep probes faint lensed galaxies that will 
require ALMA follow-ups (= strength of lensing 
cluster surveys).

• Submm/mm interferometers (especially ALMA) 
aided by lensing magnification resolve bright lensed 
galaxies into individual star-forming regions (HII 
regions, molecular clouds) ➔ Next frontier


