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The Hubble Frontier Fields will reveal galaxies 
among the most distant yet known 

AB mag 25.9 
162 nJy 

AB mag 26.1 
136 nJy 

AB mag 27.3 
42 nJy 

Coe et al. 2013 

MACS0647-JD (z ~ 10.8) gravitationally lensed by a galaxy cluster 

~8x magnified 

~2x magnified 

~7x magnified 

HFF WFC3/IR  
observations  
will be 10x deeper  
than CLASH 
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Will lens model magnification uncertainties 
significantly affect high-redshift science? 
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~8x magnified 
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HFF WFC3/IR  
observations  
will be 10x deeper  
than CLASH 
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MACS0647-JD (z ~ 10.8) gravitationally lensed by a galaxy cluster 
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Will the parallel “blank” fields be  
significantly magnified? 

MACSJ1149.5+2223 

HFF parallel field 

Subaru 
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z~10 

ACS 

WFC3/IR 
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Efforts to address magnification uncertainties 
   initiated by Priya Natarajan and the HDFI SWG  

(Hubble Deep Fields Initiative Science Working Group – chair: Bullock) 

1.  Simulated lensing to quantify model accuracies 
2.  Lens models of the observed HFF clusters  

contributed by multiple independent groups  
and distributed to the community 
STScI call for proposals and lens model release 

Goal: “Level the playing field” so non-experts in 
gravitational lensing will realize full utility of HFF 
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Unprecedented collaborative effort 
among lens modelers 

   Dec: HFF announced 
   Jan: STScI call for proposals to create lens maps 
   May: Five teams awarded contracts 
   May – Aug: Lens modeling 

l  Teams collaborate to share identifications and redshifts 
of strongly lensed galaxies 

–  Spectroscopic redshifts contributed and will be released  
for 29 galaxies strongly lensed by the HFF clusters 

l  Teams then work independently to derive lens models 
using robust, established, complementary methods 
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Lens models of the Frontier Fields clusters 
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Abell 2744 
red = magnification for a lensed galaxy at z = 9 
green = HST 
blue = mass 

“CATS” (PI Ebeling) 
Richard 
Limousin 

Sharon 
Johnson 

Zitrin: NFW Zitrin: LTM 

Williams 
Sebesta 

Bradac 
Hoag 

Merten 
(wide field) 
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MAST interactive displays 
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magnification for a 
lensed galaxy at  
z = 1, 2, 9 

Bradac 
Hoag 

Magnification maps provided for  
z = 1, 2, 4, 9.  For other redshifts, 
magnification map must be  
re-derived from mass and shear. 
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Lens model products submitted 

l  FITS maps 

– magnifications for lensed sources at z = 1, 2, 4, 9 

– mass and shear à magnification at any redshift 
•  STScI provides instructions and Python script 

–  ~100 additional models à uncertainties 

l  README files (inputs, method, acknowledgments) 

l  catalogs of lensed images, redshifts,  
model parameters (from some teams) 
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Sharon 
Johnson 
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Interactive model magnification web tool 
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Output 

Input 
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Overview text comparing methodologies 
written with input from lens modelers 
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in addition to  
READMEs  
provided by  
each team 
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Models cover different areas 
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HFF parallel 
observations 
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Abell 2744 parallel field magnifications may be 
significant according to preliminary Merten model 
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Magnification  
= 1.0 2.0 

based on weak lensing analysis of single-band  
Subaru image with relatively poor seeing. 

Model quality will improve significantly with HFF data. 
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Gravitational lensing primer 
written for the community 
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Lens model uncertainties propagate to 
some, but not all, observables 

Reduced  
uncertainties 
 

(integrated quantities) 
Number counts: 
-  Luminosity function 
-  Star formation rate 

cosmic density 

No uncertainties 
introduced 
 

Colors: 
-  Redshift 
-  Age (Balmer break) 
-  Metallicity 
-  UV slope β 
Specific star 
formation rate 
(SFR / mass) 

Full  
uncertainties 
 

Luminosity: 
-  Mass 
-  Star formation rate 
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HFF lens model products released 
for Abell 2744 

   http://archive.stsci.edu/prepds/frontier/lensmodel/ 

•  Spectroscopic redshifts of lensed arcs 
•  Lens models 
•  Interactive display 
•  Interactive web tool 
•  Description of methods 
•  Lensing primer 
•  Script to generate magnification maps at arbitrary 

redshift 
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Timeline 

Date Milestone 
Aug. 31 HFF “version 1” lensing maps submitted 
Oct. 16 Release Abell 2744 “version 1” lensing maps and web tools 
Oct. 25 First HFF observations of Abell 2744 
Nov. ~15 Release “version 1” lensing maps of all clusters 
Nov. 15 Lens models due for first simulated HFF cluster 
Dec. ~20 Deadline for MACSJ0416.1-2403 “version 2” model submissions 
Jan. ~6 AAS HFF presentations 
Jan. 10 First HFF observations of MACSJ0416.1-2403 
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Extra slides 
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Fron%er	  Fields	  should	  yield	  ~35	  –	  120	  z	  >	  8.5	  galaxies	  

April	  17,	  2013	   Dan	  Coe	  -‐	  STScI	  Cluster	  Lensing	  Workshop	   19	  

redshi'	   lensed	   field	   total	  

z	  ~	  9	   45	   20	   65	  

z	  ~	  10	   25	   15	   40	  

z	  ~	  11	   10	   3	   13	  

z	  ~	  12	   1	   1	  

redshi'	   lensed	   field	   total	  

z	  ~	  9	   20	   10	   30	  

z	  ~	  10	   5	   5	  

z	  ~	  11	  

z	  ~	  12	  

drama%c	  evolu%on	  
dis%nguishing	  between	  evolu%on	  scenarios	  

gradual	  evolu%on	  

5σ	
 5σ	
CLASH	  5σ	
 CLASH	  5σ	
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Simulations: Lens model uncertainties 
do not contribute significantly to  
luminosity function uncertainties 

Meneghetti 
White paper submission to the HDFI SWG 

(Coe, Zheng, et al.) 

(SFR densities are derived from integrated luminosity functions) 
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Science question: Did the cosmic star formation rate  
density evolve dramatically between z ~ 10 and 8?  

Oesch	  et	  al.	  2013	  

500	   400	  600	  1Gyr	  1.5Gyr	   800	  2	  Gyr	   Myr	  aWer	  the	  Big	  Bang	  

21 



17 Oct 2013 Frontier Fields Gravitational Lensing Models Dan Coe 

http://archive.stsci.edu/prepds/frontier/lensmodels 

Lens models may also be downloaded 
directly as FITS images 
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Magnification maps provided for z = 1, 2, 4, 9.  Mass (kappa) and shear (gamma) maps 
enable the user to generate magnification maps for other redshifts using a script we provide.  
Each team also provided a range of lens models, enabling us to estimate uncertainties. 

Sharon 
Johnson 


