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The Cluster Lensing and Supernova Survey 
with Hubble (CLASH)

The Hubble Frontier Fields (HFF)

The first lensed Supernovae

Detailed model comparisons

The most spectacular, multiply imaged one 

Summary



CLASH
To map the DM profile 
and substructure to 
unprecedented 
precision  

To detect SN 1a out to
z ~ 2.5

To detect and analyse 
galaxies out to z > 7

To study the structure 
and evolution of 
galaxies in and behind 
the clusters

Science Drivers
One of three HST/MCT 
programs ~550 orbits
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CLASH observations
HST 524 orbits: 25 clusters, each imaged in 
16 passbands. (0.23 – 1.6 μm) ~20 orbits 
per cluster. 

CLASH observations are complete - Last 
HST images were taken July 2013.

Chandra x-ray Observatory archival data 
(0.5 – 7 keV) 

Spitzer Space Telescope archival and new 
cycle 8 data (3.6, 4.5 μm)

SZE observations (Bolocam, Mustang) to 
augment existing data (sub-mm)

Subaru wide-field imaging (0.4 – 0.9 μm)

VLT, LBT, Magellan, MMT, Palomar 
Spectroscopy



More CLASH science
A lot of work on density profiles of galaxy clusters and a 

detailed analysis of the mass-concentration relations 
(Merten et al. 2015, Meneghetti et al. 2014, Umetsu et al. 

2014, Zitrin et al. 2014)

Comparison between density profiles from X-ray 
observations between: Chandra, XMM-Newton, weak 

lensing, strong lensing, weak+strong lensing 
(Donahue et al. 2014)

High redshift science, including z = 9.6 and z = 10.4 
candidates as well as studies of large 4 < z < 9 samples 
(Zheng et al. 2012, Coe et al. 2013, Bradley et al. 2014, 

Bouwens et al. 2014)   

... and much more ...



The HST Frontier Fields

From J. Lotz’s Yale HFF workshop presentation



We now routinely use clusters to peer into 
the most distant Universe

To do so in a meaningful way, the lens has to 
be characterised accurately

Why is this exciting?
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Early HFF highlights

Zitrin et al. 2014 (1407.3769)

Abell 2744
triply imaged

z~10 candidate
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A little pre-HFF story

http://www.spacetelescope.org/
news/heic1409/

MACS J1720

http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
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A little pre-HFF story

http://www.spacetelescope.org/
news/heic1409/

Abell 383

RX J1532

http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/


Lens models and Type 1a SNe
We found 3 lensed supernovae behind 

CLASH clusters

Two of them are of standardisable Type 1a

Patel, Iha, Rodney, Riess, JM et al. 2014
see also: Nordin, Atek, Perlmutter et al. 2014

multi-colour
light-curves:

gravitational
lensing:

Car: 1.0 +/- 0.2 mag
Did: 0.2 +/- 0.2 mag

Car: 0.83 +/- 0.16 mag
Did: 0.28 +/- 0.08 mag
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FIG. 10.— Magnification map for SN CLO12Car (z = 1.281) behind MACSJ1720.2+3536 (z = 0.391). The image shows an RGB false-color background based
on 12-band HST/CLASH optical and near-IR images of the cluster field. The location of the SN is marked with a white cross. The contours show the magnitude
increase induced by the lensing magnification (∆mµ = 2.5 log10 µ) of the cluster for a source at the SN redshift. The lensing magnification was derived from
weak and strong lensing constraints jointly, and computed using the SaWLens lensing reconstruction algorithm (Merten et al. 2009, 2011). Multiple images used
for the strong lensing constraints in this system will be presented by Zitrin et al. (in prep.).

templates (restricted to those with χ2/ν < 10). For the CC SN
templates, STARDUST calculates a magnitude offset ∆m

(shown also in Figure 7) that is required for the best match
of the template to the data, and we show this on the abscissa
of Figure 14.

Figure 14 shows that none of the models considered is si-
multaneously consistent with the light curve of SN CLA11Tib
and the predicted lensing magnification from Abell 383.

As shown in Figure 7, we found that the best-fitting CC SN
models were the SN Ic SDSS-017548 and the SN IIP SDSS-
015339. The SN Ic and SN IIP models had best-fit model
mJ = 23.42± 0.11 mag and mJ = 23.33± 0.11 mag, respec-
tively. The observed red color of SN CLA11Tib matches the
SN Ic model with no relative extinction, but the SN II model
requires AV = 1.2 mag. Including this, we find the unextin-
guished absolute magnitudes of the models are MR = −19.25±
0.11 mag (SN Ic) or MR = −20.45±0.11 mag (SN IIP). These
are quite bright for CC SNe, though some of this could be
a result of the lensing magnification. The peak MR required
by both models is much brighter than the original templates;
the SN SDSS-017548 and SN SDSS-015339 spectral energy
distributions have MR = −18.00 mag and MR = −18.53 mag,
respectively. The offset between the template and data (∆m;

Figures 7 and 14) is −1.25 mag for the SN Ic model and −1.92
mag for the SN IIP model. These would be our best estimates
for the lensing magnification based on the SN light curve, but
an abundance of caution is warranted, as these estimates as-
sume that SN CLA11Tib had the same intrinsic luminosity as
the best-fit template, a dubious proposition given the large lu-
minosity scatter of CC SNe (Li et al. 2011; Drout et al. 2011;
Kiewe et al. 2012).

Because of this, we cannot claim that there is any con-
sistency or inconsistency between the lensing prediction for
SN CLA11Tib and its brightness. If we assume the lens-
ing map is accurate, the light-curve shape and colors of
SN CLA11Tib roughly match a SN Ic that is similar to the
template SN SDSS-017548, and ∼ 0.8 mag more luminous,
well within the dispersion in SN Ic intrinsic luminosities.

5. DISCUSSION AND CONCLUSION

SN CLO12Car clearly represents our most exciting result.
We find that it is likely a SN Ia at z = 1.281, gravitation-
ally magnified by ∼ 1.0± 0.2 mag. The magnification de-
rived from two independent methods (the SN light curve
and the cluster lensing maps), were consistent to within 1σ.
SN CLO12Car is the first SN Ia which is both measurably
magnified (i.e., with ∆mµ > 0 at high significance) and for
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FIG. 12.— Magnification map for SN CLN12Did (z = 0.851) behind RXJ1532.9+3021 (z = 0.345). Similar to Figure 10, the color image is based on CLASH
optical and near-IR images, with the SN location marked by a white cross and lensing magnification (∆mµ, in mag units) shown with red contours. Because
RX J1532 is a much weaker lensing cluster than either MACS J1720 or Abell 383, this map was derived using weak lensing constraints alone, computed with
the SaWLens algorithm (Merten et al. 2009, 2011). The resolution of the reconstructed map from weak-lensing constraints is much poorer than for the other two
clusters, so the displayed contours are heavily smoothed, and the Monte Carlo magnification estimate at the SN position is actually ∆mµ = 0.28±0.08 mag.

tions in program GO-13396, PI S. Rodney). SNe Ia were the
key to the discovery the accelerating Universe; perhaps grav-
itationally lensed SNe Ia will play a starring role in further
illuminating the dark Universe, probing not just dark energy,
but dark matter as well.

We would like to thank Rick Kessler for invaluable assis-
tance with SNANA. We are grateful to Jakob Nordin for help-
ful discussions, and Saul Perlmutter and the Supernova Cos-
mology Project for communication and coordination.

This research at Rutgers University was supported through
NASA/HST grant GO-12099.14 and National Science Foun-
dation (NSF) CAREER award AST-0847157 to S.W.J. Sup-
port for S.R. and A.Z. was provided by NASA through Hubble
Fellowship grants HST-HF-51312.01 and HST-HF-51334.01,
respectively, awarded by the Space Telescope Science Insti-
tute, which is operated by the Association of Universities
for Research in Astronomy, Inc., for NASA, under contract
NAS 5-26555. L.I. thanks Basal/CATA CONICYT funding
for support. This research was carried out in part at the Jet
Propulsion Laboratory, California Institute of Technology, un-
der a contract with NASA. Support for HST programs GO-
12065 and GO-12099 was provided by NASA through a grant
from the Space Telescope Science Institute, which is operated
by the Association of Universities for Research in Astronomy,
Incorporated, under NASA contract NAS5-26555. A.V.F. is
also grateful for the support of NSF grant AST-1211916, the
TABASGO Foundation, and the Christopher R. Redlich Fund.

Some of the observations reported in this paper were ob-
tained with the Southern African Large Telescope (SALT),
through Rutgers University program 2011-3-RU-001 (PI
C. McCully). Some of the data presented herein were ob-
tained at the W. M. Keck Observatory, which is operated as
a scientific partnership among the University of California,
the California Institute of Technology, and NASA; the ob-
servatory was made possible by the generous financial sup-
port of the W. M. Keck Foundation. The authors recognize
and acknowledge the very significant cultural role and rever-
ence that the summit of Mauna Kea has always had within
the indigenous Hawaiian community, and we are most priv-
ileged to have the opportunity to explore the Universe from
this mountain. This work is based in part on data collected at
the Subaru telescope and obtained from the Subaru-Mitaka-
Okayama-Kiso Archive, which is operated by the Astronomy
Data Center, National Astronomical Observatory of Japan.

Additional data were obtained at the Gemini Observatory,
which is operated by the Association of Universities for Re-
search in Astronomy, Inc., under a cooperative agreement
with the NSF on behalf of the Gemini partnership: the Na-
tional Science Foundation (United States), the National Re-
search Council (Canada), CONICYT (Chile), the Australian
Research Council (Australia), Ministério da Ciência, Tec-
nologia e Inovação (Brazil) and Ministerio de Ciencia, Tec-
nología e Innovación Productiva (Argentina). The data were
taken as part of programs GN-2012A-Q-32 and GN-2013A-
Q-25.
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FIG. 13.— Magnification map for SN CLA11Tib (z = 1.143) behind Abell 383, similar to Figures 10 and 12, computed from the SaWLens algorithm (Merten
et al. 2009, 2011) from strong and weak lensing constraints. The strong lens multiple images in this system were presented by Zitrin et al. (2011).

FIG. 14.— Reduced χ2 (with 11 degrees of freedom) versus magnitude offset for SN CLA11Tib. The magnitude offset is a proxy for ∆mµ from the light-curve
fit model, as described in the text. The cumulative probability for a given χ2

ν value is displayed on the right-hand side. The blue shaded region corresponds to
the 1σ range of ∆mµ derived from the lensing map in Figure 13. The black and blue points correspond to SN Ib/c and SN II models, respectively, while the red
(SALT2) and magenta (MLCS2k2) points are the best-fit SN Ia models. None of these models is consistent with both the SN light curve and the lensing map
magnification prediction, but the CC SN templates do not span the full range of CC SN luminosities and light curves.
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SN Tomas

Rodney et al. 2015 (in prep.)
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SN Tomas -- Lens models

Rodney et al. 2015 (in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



Simulation effort Meneghetti et al. 2015 
(in prep.)



SNe Refsdal in MACS J1149

Kelly et al. (2015), Science

Source: z = 1.491
Cluster: z = 0.544

Analysis based on:
CLASH 
HSTFF

HST GLASS
HSTFF SN data

Quite a media 
splash, including 

NY Times

Elliptical: z = 0.54



This is what happened



This is what happened

Smith et al. 2009 (0911.2003), 
Zitrin et al. 2009 (0906.5079)



This is what happened

Kelly, Rodney, Treu, Riess, Zitrin, JM et al. 2014
(1411.6009)



This is what happened

Kelly, Rodney, Treu, Riess, Zitrin, JM et al. 2014
(1411.6009)



This is what happened

Kelly, Rodney, Treu, Riess, Zitrin, JM et al. 2014
(1411.6009)



SNe Refsdal in MACS J1149

Oguri et al. (2014) 
1411.6443

See also
Sharon et al. 

(2014)
1411.6933
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Summary
The large (~1500 orbits) CLASH and HFF surveys 

target specifically clusters of galaxies

We found several, significantly magnified 
supernovae in the fields of these clusters

Lensed Type 1a supernovae can be used to test and 
calibrate our lens models. This is most important 

for many applications

We found the first confirmed multiply-lensed 
supernovae. 

This promises a great opportunity to measure the 
geometry of the Universe and we expect many such 

events in e.g. LSST.


