
Predictions from
numerical simulations:

    NFW fit to the SL and dynamical masses:

BCG

II. Cluster  Member Redshifts

Dynamical Mass:
The  galaxy velocity dispersion is 
measured to be

Assuming no velocity bias and using 
the scaling relation from Evrard et al. 
(2008), we derive the dynamical 
mass within r200, 

I. Strong Gravitational Lensing

Strong-Lensing Mass: 
The five arcs lie very close to an 
imaginary circle centered on the 
brightest cluster galaxy (BCG).  They 
subtend slightly more than 90°.  We 
take  this circle to be the Einstein ring 
and measure the strong-lensing mass 
(SL) within this circle using (e.g., 
Narayan & Bartelmann 1996), 

Given  θE=7.13±0.38”=57.5±3.1kpc 
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Conclusions:
  The cluster WARPS J1415.1+36 at zlens = 1.026 is one of the most distant strong-lensing clusters reported. 
  For this z > 1 cluster, consistent estimates of the mass can be obtained from strong lensing (SL), galaxy dynamics, weak lensing 
(WL), and X-ray (Maughan et al. 2006) measurements.  Although the mass estimate from Sunyaev Zel'dovich effect (SZ) appears to 
differ, this particular measurement was obtained with a single frequency, not the multifrequency approach used by most modern 
surveys to reduce systematic errors. 
  Current surveys (e.g., SPT) are discovering new more massive high-redshift clusters.  If these clusters are followed up with deep 
multiwavelength HST observations, many of them are expected to reveal strong lensing arcs.  With more precise mass estimates of 
these high-redshift clusters, galaxy clusters will soon become an even more effective probe of cosmology.

We report the discovery of a multiply lensed Lyα emitter at z = 3.90 behind the massive cluster WARPS J1415.1+3612 at z = 1.026.  
ACS images taken by the HST Cluster SN Survey (PI: Perlmutter) reveal a complex lensing system that produces a prominent, highly 
magnified arc and a triplet of smaller arcs grouped tightly around a spectroscopically confirmed cluster member.  Spectroscopic 
observations using Subaru confirm strong Lyα emission in the source galaxy and provide the redshifts for more than 21 cluster 
members with a velocity dispersion of 807 ± 185 km/s. Assuming a singular isothermal sphere profile, the mass within the Einstein 
ring (7.13”± 0.38”) corresponds to a central velocity dispersion of           km/s for the cluster, consistent with the value estimated from 
cluster member redshifts. Our mass profile estimate from combining strong lensing and dynamical analyses is in good agreement with 
both X-ray and weak lensing results.
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