
Cosmic Shear 
Tomography from  

the Deep Lens Survey
M. James Jee (Yonsei University/UC Davis) 

Cosmic Shear 
Tomography from  

the Deep Lens Survey

Talk is based on Jee et al. 2013, ApJ, 765, 74  & Jee et al. 2016, ApJ, 824, 77 
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Gravitational Lens



COSMIC SHEAR IN ONE SLIDE

You Estimate: 

  - Velocity of the Stone 
  - Mass of the Stone 
  - Size of the Stone 
  - Time since the Impact 
  - Height of the Girl

Measure Correlation

Cosmic Shear Made Easy

Tim Schrabback et al.: Evidence for

Fig. 4.Decomposition of the shear field into E-
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Big Bang Galaxies Distorted

Observation
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Measure position and 
shape of 4 billion galaxies



Deep Lens Survey (DLS)

• Weak-lensing survey with two NOAO telescopes 

• Precursor to LSST 

• 120 nights in 2001!

Mayall at Kitt Peak Blanco at CTIO





Depth

Area

~20 sq. deg

~27th mag
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Sloan Digital Sky Survey
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Deep Lens Survey



Area vs. Depth

120 nights



Why Depth?

• Longer redshift baseline 

• Volume gain along the light-of-sight direction 

• Higher lensing signals due to geometric effect 

• Reduced shot noise 

• Mitigation of intrinsic alignment



HOWEVER, LENSING IS HARD!
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HOWEVER, LENSING IS HARD!

Cosmic shear must pass various systematics tests.

We have passed all important tests.



E/B-mode Test

Lensing Systematics



E/B-mode Test



Star-Galaxy Correlation Test

They should not be 
correlated.



Star-Galaxy Correlation Test



Team Class Weighting Calibration Limitations Nbranch Rank Exact New Time per

scheme philosophy PSF? software galaxy

Amalgam@IAP Maximum Inverse Ellipticity None 16 2 Yes Some 0.1–1 s

likelihood variance penalty

BAMPenn Bayesian Implicit p(ε) from Variable 2 - Yes Yes <1 s

Fourier deep data shear

EPFL_gfit Maximum Constant + None None 8 6 Yes Yes 1–3 s

likelihood rejection

CEA-EPFL Maximum Various None None 20 3 Yes Yes 1–3 s

likelihood

CEA_denoise Moments Constant None None 8 - Yes No 0.03 s

CMU Stacking Constant External Variable 2 N/A Yes Some 0.03 s

experimenters simulations shear

COGS Maximum Constant External None 12 N/A Yes Yes 1 s

(IM3SHAPE) likelihood simulations

E-HOLICS Moments Constant + External None 12 8 Yes No 1–3 s

rejection simulations

EPFL_HNN Neural Constant None None 7 - Yes Yes 2–3 s

network

EPFL_KSB Moments Inverse None None 4 - Yes No 0.001–0.002 s

variance

EPFL_MLP / Neural Constant None None 5 - Yes Yes 2–3 s

EPFL_MLP_FIT network

FDNT Fourier Inverse External None 12 N/A Yes Some ∼1 s

moments variance simulations

Fourier_Quad Fourier Various None None 6 5 Yes No 0.001–0.002 s

moments

HSC/LSST-HSM Moments Inverse External None 4 N/A Yes Some 0.05 s

variance simulations

MBI Bayesian Implicit Inferred Variable 4 9 No Some 10 s

hierarchical p(ε) shear, PSF

MaltaOx Partially Inverse Self- None 3 7 Yes Some 0.05 s

(LENSFIT) Bayesian variance calibration

MegaLUT Supervised Constant + External None 16 4 Yes Some 0.02 s

ML rejection simulations

MetaCalibration Moments + Inverse Self- Variable 1 N/A Yes Yes 0.3 s

self-calibration variance calibration shear

Wentao_Luo Moments Inverse None None 4 - Yes Yes 1–2 s

variance

ess Bayesian Implicit p(ε) from Variable 2 - No Yes 1 s

model-fitting deep data shear

sFIT Maximum Inverse External None 20 1 Yes Yes 0.8 s

likelihood variance simulations

년

국제중력렌즈 정확도 대회 1등

DLS Algorithm Won GREAT3

MNRAS 450, 2963–3007 (2015) doi:10.1093/mnras/stv781

GREAT3 results – I. Systematic errors in shear estimation and the impact

of real galaxy morphology

Rachel Mandelbaum,1‹ Barnaby Rowe,2‹ Robert Armstrong,3 Deborah Bard,4,5

Emmanuel Bertin,6 James Bosch,3 Dominique Boutigny,5,7 Frederic Courbin,8

William A. Dawson,9 Annamaria Donnarumma,6 Ian Fenech Conti,10
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model-fitting deep data shear

sFIT Maximum Inverse External None 20 1 Yes Yes 0.8 s

likelihood variance simulations

(iterative)
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Cosmological 

Parameters from DLS



DLS Tomographic Bins

Bin Range in zb hzbi h

1 0.2–0.4 0.29
2 0.4–0.6 0.48
3 0.6–0.8 0.68
4 0.8–1.1 0.93
5 1.1–3.0 1.50



Auto- and Cross-correlations of Shear



Auto- and Cross-correlations of Shear



Table 2

Summary of cosmological parameter constraints from joint probes.

Parameter Joint probe ΛCDM (Ωk ⌘ 0) ΛCDM (Ωk 6= 0) wCDM (Ωk ⌘ 0) wCDM (Ωk 6= 0)

Ωm DLS+BAO 0.291+0.039

−0.035
0.291+0.039

−0.033
0.286+0.043

−0.037
0.259+0.052

−0.047

DLS+WMAP9 0.293+0.012

−0.014
0.315+0.038

−0.024
0.191+0.085

−0.051
-

DLS+BAO+WMAP9 0.297+0.010

−0.012
0.297+0.011

−0.012
0.290+0.020

−0.017
0.269+0.029

−0.024

DLS+BAO+WMAP9+SN 0.283+0.007

−0.005
0.286+0.009

−0.011
0.286+0.008

−0.011
0.279+0.012

−0.009

σ8 DLS+BAO 0.827+0.064

−0.058
0.827+0.059

−0.068
0.831+0.060

−0.061
0.908+0.092

−0.108

DLS+WMAP9 0.833+0.011

−0.018
0.805+0.025

−0.025
0.922+0.129

−0.091
-

DLS+BAO+WMAP9 0.833+0.011

−0.018
0.837+0.022

−0.013
0.845+0.025

−0.039
0.853+0.051

−0.033

DLS+BAO+WMAP9+SN 0.837+0.013

−0.015
0.841+0.010

−0.016
0.841+0.022

−0.011
0.849+0.026

−0.017

ns DLS+WMAP9 0.966+0.010

−0.013
0.968+0.012

−0.013
0.962+0.014

−0.011
0.968+0.012

−0.013

DLS+BAO+WMAP9 0.965+0.008

−0.012
0.967+0.014

−0.010
0.961+0.012

−0.012
0.967+0.015

−0.011

DLS+BAO+WMAP9+SN 0.978+0.006

−0.010
0.974+0.011

−0.016
0.961+0.013

−0.009
0.962+0.018

−0.009

Ωb DLS+WMAP9 0.0475+0.0013

−0.0012
0.0518+0.0049

−0.0044
0.0330+0.0138

−0.0030
0.0366+0.0086

−0.0063

DLS+BAO+WMAP9 0.0478+0.0009

−0.0010
0.0487+0.0018

−0.0016
0.0469+0.0036

−0.0033
0.0437+0.0056

−0.0026

DLS+BAO+WMAP9+SN 0.0469+0.0008

−0.0007
0.0467+0.0011

−0.0012
0.0455+0.0014

−0.0012
0.0461+0.0015

−0.0017

h DLS+WMAP9 0.686+0.014

−0.012
0.680+0.040

−0.052
- -

DLS+BAO+WMAP9 0.685+0.006

−0.011
0.683+0.006

−0.014
0.678+0.033

−0.009
0.701+0.041

−0.023

DLS+BAO+WMAP9+SN 0.697+0.003

−0.004
0.697+0.004

−0.004
0.701+0.006

−0.006
0.697+0.009

−0.004

Ωk DLS+WMAP9 0 −0.010+0.013

−0.015
0 -

DLS+BAO+WMAP9 0 −0.004+0.005

−0.006
0 −0.006+0.011

−0.011

DLS+BAO+WMAP9+SN 0 −0.001+0.006

−0.005
0 −0.001+0.009

−0.009

w DLS+BAO -1 -1 −1.06+0.17

−0.15
-

DLS+WMAP9 -1 -1 −1.54+0.55

−0.18
-

DLS+BAO+WMAP9 -1 -1 −1.02+0.10

−0.09
−1.13+0.13

−0.21

DLS+BAO+WMAP9+SN -1 -1 −1.03+0.03

−0.03
−1.09+0.09

−0.07

continues, increasing the strength of IA by a factor of two

Cosmological Parameters from DLS



DLS Tomography

Matter-density vs. Normalization

The tightest ever constraints from  

the existing cosmic shear studies.



DLS Tomography

Planck2015

Matter-density vs. Normalization

Consistent with the Planck 2015 result.



Matter-density vs. Normalization

MacCrann et al. (2015)



Constraints in Existing 

Cosmic Shear Surveys

Image Credit to 
M. Kilbinger

DLS2D
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Cosmic Shear Surveys
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DLS2D



Constraints in Existing 

Cosmic Shear Surveys

Image Credit to 
M. Kilbinger DLS3D

DLS2D



Hubble Constant

We obtained h=0.686±0.013 from DLS+WMAP9.

The value is consistent with the Planck 2015 result 
h=0.678±0.009 (TT+lowP+lensing).



Curvature

The WMAP9 curvature uncertainty is reduced by more than a 
factor of two when DLS is added.



w Equation of State

DLS+BAO can constrain the w parameter strongly.



Summarize

• DLS is a precursor to LSST with an emphasis on 

depth. 

• Our choice of depth over area resulted in the tightest 

constraints on matter density and normalization. 

• The DLS results are consistent with the Planck2015 

results.  

• Future weak-lensing studies will not be limited by 
statistical errors, but by systematics.


