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Much more than just Dark Energy / Weak Lensing!
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With great statistical power comes great 
systematic responsibility

● Y1: two independent 
galaxy shape 
measurements, including 
metacalibration algorithm, 
bias<1.3% (68 c.l.) (Zuntz & Sheldon+2018)

Update for Y3: 
realistic + modular image simulations to 
constrain the effect of blending on 
metacalibration + redshift estimation. 
[N. MacCrann, M. Becker, J. McCullough, A. Choi, A. Amon, DG, …]

Metacalibration:

i. apply biased estimator to image

ii. manipulate image to include 
artificial (shear) signal

iii. apply biased estimator to 
manipulated image   
   → derivative w.r.t. signal

iv. related tricks to also correct 
selection bias

35 million galaxy shapes with 
systematic error <1.3% (68% C.L.)
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Huff & Mandelbaum, Sheldon & Huff 2017; 
Zuntz & Sheldon+2018



With great statistical power comes great 
systematic responsibility

● Y1: two independent 
calibrations of photometric 
redshifts of four source 
bins (Hoyle & DG+2018)

Update for Y3: substantially extended 
methodology that allows to use deep 
field photometry + spectroscopy 
consistently. 
[A. Amon, J. Myles, J. McCullough, A. Alaron, C. Sanchez, 
G. Bernstein, S. Dodelson, G. Giannini, DG, …]

COSMOS + clustering methods agree, 
~0.015 uncertainty on <z>

Hoyle & DG+2018
arXiv: 1708.01532
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Photo-z are still 
the elephant in 
the room – 
see later



With great statistical power comes great 
systematic responsibility

● Y1: two independent 
cosmological inference 
pipelines, tested with 
simulations

 
Update for Y3: substantially improved 
models of smaller-scale effects (bias, 
intrinsic alignment, magnification) ++
[J. DeRose, S. Pandey, L. Secco, J. Elvin-Poole, J. Blazek, 
E. Krause, M. Troxel, N. MacCrann, A. Porredon, J. Prat, 
O. Friedrich, T. Eifler, D. Huterer, J. Muir, B. Jain, ...]

(Krause &Eifler+2018; MacCrann & DeRose+2018)

MacCrann & DeRose+2018: 
DES likelihoods accurate enough for 18x 
the (simulated) Y1 volume



Cosmology from two-point correlations



DES Collaboration 2018





Clusters of galaxies



Counting clusters of galaxies

richness = 
count of bright

elliptical galaxies
 

Caveat: 
projection effects



● Large area lensing surveys 
are now by far the best way of 
calibrating the mean mass of 
cluster samples

Cosmology with clusters of galaxies:
MOR calibration with lensing surveys

McClintock&
Varga, DG+
1805.00039



● Large area lensing surveys 
are now by far the best way of 
calibrating the mean mass of 
cluster samples

● The DES Y1 analysis revealed 
that something is off

Cosmology with clusters of galaxies:
DES Y1 shows something is ‘off’

Predicting cluster count 
from lensing masses + 
cosmology prior

Predicting cluster mass 
from cluster count + 
cosmology prior

DES 2020



● Large area lensing surveys 
are now by far the best way of 
calibrating the mean mass of 
cluster samples

● The DES Y1 analysis revealed 
that something is off

Cosmology with clusters of galaxies:
DES Y1 shows something is ‘off’

Predicting cluster count 
from lensing masses + 
cosmology prior

Predicting cluster mass 
from cluster count + 
cosmology prior

If we use a plausible cosmology prior and fit MOR models to the lensing masses of clusters in bins of 
richness, we find that there are way fewer than our model predicts at small to intermediate richness.

If we use a plausible cosmology prior and fit MOR models to the counts of clusters in bins of richness, 
we find that small-richness clusters show way smaller lensing signal than our model predicts.

What’s your hypothesis?

Predicting cluster count 
from lensing masses + 
cosmology prior

Predicting cluster mass 
from cluster count + 
cosmology prior





● Large area lensing surveys 
are now by far the best way of 
calibrating the mean mass of 
cluster samples

● The unblinded DES Y1 
analysis is revealing that a 
piece of the picture is off

● We will have to probe the 
pieces individually: e.g. with 
spectroscopic follow-up and  
individual X-ray masses 
Spectroscopic study of projection effects: 
Myles, DG+ in prep.; 
spec-z campaign, including A. Kremin richnessrichness
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Spec-z offset of putative member from BCG

Ways forward:
MOR calibration with lensing++ 
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Credit: D. Zeppenfeld,
F. Tanedo

dark matter annihilation
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active galactic nuclei - blazars
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match to,
by (g)riz
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match to,
by (g)riz

Explicit selection bias: spec-z sample selected by colors not observed by wide-field survey
Implicit selection bias: spec-z success rate depends on type/redshift of galaxy

Bonnett+2016; DG & Brimioulle 2017; Buchs & Davis+ 2019; Hartley+ 2020
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KiDS reanalysis of 
DES Y1 with ‘direct 
spectroscopic 
calibration’
Joudaki+2019



revised version of Joudaki et al.: 
-0.05 to 0.02 bias on mean redshift with ‘direct spectroscopic calibration’ on mocks,
cf. their -0.05 to -0.02 revision of the original DES Y1 calibration



match to 
renderings of

match to



match to 
renderings of

match to

Implementation with self-organizing 
maps, application to mocks & Y3: 
Buchs&Davis+2019; 
Myles+in prep. (SOM photo-z); 
Amon+in prep. (cosmic shear); 
J. McCullough: (photo-z & blending)



 Summary
● When you look at the sky for a long time with a big camera and telescope, 

sometimes you find something you didn’t expect.

● Personal selection from one year of DES lensing data:

− The anomalously small count and lensing signal of low-richness 
galaxy clusters

− The not-quite-as-expected tomographic cross-correlation signal of 
gamma rays and lensing

− The trials and tribulations of direct spectroscopic calibration

● Three years of DES data and our improved methods 

− have the power to provide answers to these questions (this year!)

− will test cosmological model with late-time structure better than ever




