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Cosmic	
  shear	
  today	
  &	
  in	
  the	
  WFIRST	
  era	
  

DLS shear tomography 

Jee+2015 (submitted) 

Credit: M. J. Jee 
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The number density of 
useable galaxies for shear 

measurements in WFIRST-

AFTA will be at least 3 times 
that of LSST 

Cosmic	
  shear	
  is	
  a	
  percent-­‐level	
  signal	
  	
  
	
  Need	
  to	
  average	
  shapes	
  of	
  many	
  galaxies	
  

�eintrinsic
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Shape	
  noise	
  (intrinsic	
  galaxy	
  properDes)	
  	
  
is	
  only	
  part	
  of	
  the	
  problem.	
   	
  Many	
  systemaDc	
  errors	
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Joint analysis helps ‘self-calibrate’ 
instrumental systematics. 
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WFIRST	
  lensing	
  advantage:	
  The	
  cosmic	
  shear	
  signal	
  is	
  largest	
  
precisely	
  where	
  the	
  LSST	
  is	
  most	
  confused	
  by	
  the	
  atmosphere	
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Typical shear correlation 

Observed residual PSF 
correlations (Heymans+11) 

Simulated LSST 
residual PSF 
correlations (Jee+11) 

The cosmic shear correlation 
on sub-arcminute scales is a 
measure of halo substructure.  
 
Measure of mass-to-light ratios 
in cross-correlation with the 
spectroscopic galaxy sample. 
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Cosmic	
  growth	
  constraints	
  come	
  from	
  shear	
  correlaDon	
  
tomography	
  in	
  photometric	
  redshiK	
  bins	
  

DLS shown here as an example 
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The	
  4	
  passbands	
  in	
  the	
  High	
  LaDtude	
  Survey	
  
do	
  not	
  yield	
  useable	
  photo-­‐z’s	
  

§  WFIRST-­‐AFTA	
  photo-­‐z’s	
  limited	
  by	
  
disPnguishing	
  features	
  in	
  galaxy	
  SEDs	
  
at	
  WFIRST	
  wavelengths	
  	
  
—  not	
  limited	
  by	
  photometric	
  precision	
  or	
  

spectroscopic	
  training	
  samples	
  

§  CombinaPon	
  with	
  LSST	
  6	
  opPcal	
  
passbands	
  is	
  more	
  than	
  sufficient	
  for	
  
shear,	
  assuming	
  a	
  reliable	
  cross-­‐
matching	
  of	
  catalogs	
  can	
  be	
  made.	
  

Slide: S. Schmidt 
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Catalog	
  cross-­‐matching	
  is	
  confused	
  by	
  
significant	
  object	
  blending	
  as	
  seen	
  by	
  LSST	
  

Ground:(Subaru(Suprime0Cam(

Space:(Hubble(ACS(

LSST blend fractions estimated from 
Subaru & HST overlapping imaging 
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Blending	
  and	
  catalog	
  cross-­‐matching	
  errors	
  cause	
  biases	
  in	
  the	
  
inferred	
  redshiK	
  distribuDon	
  and	
  lensing	
  analyses	
  

9 
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The	
  complete	
  staDsDcal	
  model	
  for	
  cosmic	
  shear	
   arXiv:1411.2608 

2) Galaxies 

1) PSFs 3) Cosmology 
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Our	
  pipeline:	
  3	
  levels	
  of	
  model	
  inference	
  

Multi-epoch 
imaging 

Identify 
sources 

Image cutout Draw interim 
samples 

Reaper 
output (2) Thresher Thresher 

output (3) Winnower 

Image cutout 

Image cutout Draw interim 
samples 

Draw interim 
samples 

(1) Reaper 

Infer source properties 
independently for each ‘cutout’ 
under an ‘interim prior’ 
specification. 
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Blind,	
  faint	
  source	
  detecDon	
  via	
  Maximum	
  Likelihood	
  significance	
  maps	
  
Example:	
  HST	
  FronDer	
  Fields	
  Data	
  

Deep 15 orbit image. Shallow 2 orbit image. 
Detections of faint high-z 
lensed galaxies in faint image. 

= -> 

Method: J. Bosch 
Slide: W. Dawson 
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Joint	
  Image	
  Framework	
  for	
  probabilisDc	
  
pixel-­‐level	
  source	
  model	
  fiXng	
  

Define pixels that enter the likelihood from highest-resolution imaging. 

Infer joint posterior of galaxy model parameters given pixel data. 
 - Distinct ‘footprints’ connected only via hierarchical model. 
 - Massive parallelization with minimal information loss. 
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Hierarchical	
  inference	
  of	
  intrinsic	
  shape	
  distribuDons	
  reduces	
  
shear	
  biases	
  without	
  any	
  calibra/on	
  

Slide: J. Meyers 

shear calibration errors 
 
<ML>: 13%  
     

Test of hierarchical model 
with third Gravitational 
lEnsing Accuracy Test 
(GREAT3). 
 
Hierarchical inference 
performs significantly better 
than ensemble average 
maximum likelihood ellipticity. 
 
A Dirichlet Process model 
ellipticity priror performs 
better than an asserted 
Gaussian ellipticity prior. 
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Hierarchical	
  inference	
  of	
  intrinsic	
  shape	
  distribuDons	
  reduces	
  
shear	
  biases	
  without	
  any	
  calibra/on	
  

Slide: J. Meyers 

shear calibration errors 
 
<ML>: 13%  
    H.I.:  4%  
      

Test of hierarchical model 
with third Gravitational 
lEnsing Accuracy Test 
(GREAT3). 
 
Hierarchical inference 
performs significantly better 
than ensemble average 
maximum likelihood ellipticity. 
 
A Dirichlet Process model 
ellipticity priror performs 
better than an asserted 
Gaussian ellipticity prior. 
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Hierarchical	
  inference	
  of	
  intrinsic	
  shape	
  distribuDons	
  reduces	
  
shear	
  biases	
  without	
  any	
  calibra/on	
  

Slide: J. Meyers 

shear calibration errors 
 
<ML>: 13%  
    H.I.:  4%  
     DP: 1-2% 

Test of hierarchical model 
with third Gravitational 
lEnsing Accuracy Test 
(GREAT3). 
 
Hierarchical inference 
performs significantly better 
than ensemble average 
maximum likelihood ellipticity. 
 
A Dirichlet Process model 
ellipticity priror performs 
better than an asserted 
Gaussian ellipticity prior. 
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Next	
  -­‐	
  MulDvariate	
  Dirichlet	
  Process	
  mixture	
  model:	
  	
  
“standardizable”	
  ellipDciDes	
  

§  EllipPcal	
  galaxies	
  have	
  a	
  narrower	
  
intrinsic	
  ellipPcity	
  distribuPon	
  than	
  
late-­‐type.	
  Higher	
  sensiPvity	
  to	
  shear!	
  

§  EllipPcals	
  /	
  spirals	
  also	
  disPnguishable	
  
by	
  color	
  and	
  morphology	
  (e.g.,	
  Sersic	
  
index,	
  Gini	
  coefficient,	
  asymmetry),	
  
potenPally	
  providing	
  addiPonal	
  
variables	
  with	
  which	
  to	
  cluster.	
  

§  Other	
  correlaPons	
  to	
  exploit?	
  

1
7

Slide: J. Meyers 

Particular advantages for space-based imaging? 
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§  The	
  HLS	
  will	
  yield	
  a	
  state-­‐of-­‐the-­‐art	
  cosmic	
  shear	
  survey	
  complimentary	
  to	
  LSST	
  

§  Joint	
  analysis	
  of	
  WFIRST-­‐AFTA	
  and	
  LSST	
  imaging	
  can	
  reduce	
  systemaPcs	
  for	
  both	
  
surveys	
  and	
  lead	
  to	
  a	
  beber	
  cosmic	
  shear	
  measurement	
  than	
  either	
  survey	
  alone.	
  

§  We	
  are	
  pursuing	
  the	
  opPmal	
  approach	
  to	
  joint	
  survey	
  analysis	
  via	
  pixel-­‐level	
  
modeling	
  and	
  hierarchical	
  probabilisPc	
  inference	
  
—  Required	
  given	
  the	
  ambiguous	
  cross-­‐matching	
  and	
  different	
  detectors	
  and	
  PSFs	
  
—  New	
  science	
  opportuniPes	
  in	
  (1)	
  galaxy	
  populaPons	
  and	
  (2)	
  shear	
  staPsPcs	
  

Summary	
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Maximum	
  Likelihood	
  DetecDon	
  
Credit: Jim Bosch source model convolved with PSF 

Log likelihood 

separate the flux from the other model parameters 

noise weighted model auto-correlation 

noise weighted data-model cross-correlation 

Significance 

Slide: W. Dawson 


