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Gravitational lensing by massive galaxy clusters 
is a powerful tool to study faint high-redshift galaxies 
through lensing magnification. Many orbits of Hubble 
Space Telescope (HST) time have been dedicated to 
characterizing such clusters and using them to search for 
lensed z ≥ 7 galaxies and determine their contribution 
to the reionization of the intergalactic medium. The 
HST Frontier Fields program [1] has imaged six of the 
most massive and well-studied lensing clusters for this 
purpose. However, cosmic variance is a large source of 
uncertainty, and exploring new lines of sight for use as 
cosmic telescopes will be key to addressing this as we 
move into the era of the James Webb Space Telescope 
(JWST).

Several such fields were identified [2] in the Sloan 
Digital Sky Survey (SDSS) based on their large integrated 
luminosity density in luminous red galaxies (LRGs), 
which are tracers of massive structure. Spectroscopic 
follow-up of a subset of these fields reveal massive 
structures with large total integrated masses [3]. One 
of these fields, J085007.6+360428 (hereafter J0850), 
has archival multi-band imaging from Subaru/Suprime-
Cam, which shows a multiply-imaged lensed arc with 
a photometric redshift of z ≈ 5. Spectroscopy of the 
massive cluster at z =0.38 indicates a dynamical mass of 
~3×1015 M.

Using the Suprime-Cam imaging, we perform a joint 
weak and strong lensing analysis of J0850 to constrain 
the mass distribution and magnification properties of 
this field. We use a color-color selection to identify 
background galaxies, which we use to measure the 
reduced shear induced by the foreground cluster. We 
parameterize the cluster as an elliptical NFW [4] profile 
and fit it to the shear data. The posterior distributions of 
the halo parameters are then used as inputs for a forward 
model that reconstructs the multiply-imaged z ≈ 5 galaxy. 
This model includes line-of-sight structure, including a 
foreground group halo identified in the spectroscopy. The 
models that reproduce the surface brightness distribution 
of the arclets are used as our final posterior distribution. 
We use the surface brightness distribution of the multiple 
images as constraints since this reveals that one of the 
images is a rare “fold arc”, a highly-magnified image 
that lies across a lensing critical curve, and that would 
not be reproduced if only the image positions were used. 
Portions of this arc can be magnified by over a factor of 
1000, making it promising for high-resolution imaging to 

study features at scales of ≤ 30 pc.
We find a virial mass of 2.93     × 1015 M for the 

cluster. The concentration is typical of halos of similar 
mass and redshift, indicating that there is no bias toward 
high concentration as is sometimes seen in lensing-
selected samples. The cluster has a large ellipticity of 
ε = 0.53     , suggesting that it is an efficient lens (i.e. a 
high density of multiple images) [5]. The full results are 
presented in [6]. The high mass of this cluster makes it 
ideal for future studies of high-z galaxies.
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Magnification map for the best mass model of the J0850 
field for a source redshift of zS = 5.03, based on our 
combined lensing analysis. The region shown is 6′ × 6′.
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