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e Background: LSS Systematics

e Mitigation methods

e DESY3
and Lessons Learned
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DES Collab. 2105.13549

LSS surveys : 57-?}

e Key observables: 2pt functions
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e LSST, DESI, Roman, SPHEREX... g L e
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Large number densities — small QU
statistical error
o Need exquisite control of
systematics to claim new physics
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(some) LSS systematics

e (Galaxy bias

e Small-scales (baryons, non-linear P,...)
e Intrinsic alignments

e Photo-z errors

e Angular systematics

o Modify selection function at map-level,
leverage spatial info to address

baseline

(a) b2, bs
(b) 1 halo term
(c) AGN feedback
(d) non-Limber+RSD
(e) b(z) evolution

(f) 1A(z) evolution

(g) 1A power spectrum 1

(i) biased AZsource

(j) biased shear calib. A
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Spatial systematics

Observed galaxy field # truth

Sky

4 variance

Stellar
density

Extinction
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Sanchez et al.

5000 43

2211.16593

43

Astrophysical (stellar contamination, dust, ...)
Observing conditions (seeing, sky brightness, ...)
Instrumental (flux calibration, source detection, ...)
Result: density maps biased

(and 2-pt functions, 3-pt, ...)
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How to mitigate spatial systematics?

Stellar
density

e Use systematic templates that trace potential wariane
contamination 5 @
e) MaSk extremes 4?2 5?0@

o Estimate and correct for contamination
. . 1.1
o Also simulation-based approaches
e.g. Balrog (Everett+ 2021), Obiwan (Kong+ 2021)
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e Many estimators

0.91
O  All essentially regression with different 230 232 234
(often implicit) assumptions (NW & Huterer ‘21) DEpE
o Fitfor foys(t) Basic additive model for 1 template:
— Regression uncertainty comes from 0¢;ye
o  Theory systematics when computing weights? 5obs ~~ (Strue + fsys (t)

Template map




“Theory” uncertainty in weights methodology

e Additive vs multiplicative treatment 1 4 6obs = (1 + Strue) (1 + foys)?y
o Most systematics multiplicative Y
(exception: stellar contamination) Jobs =~ Otrue + fsys + 5truefsys

o Additive correction methods neglect
multiplicative term (e.g. Mode Deprojection)
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o BUT! Multiplicative correction “for free” 3 X Each point = map pixel
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“Theory” uncertainty in weights methodology

e What model for f ? DES-like mocks

Which systematics templates? o] T Gnceaned |~ Uncleaned
. ) . : —}— Tpl Sub (add)
o Defines contamination degrees of freedom T 4 Mod Proj (add)
E.g. linear, quadratic, or ML-built models Mod Froj
(NNs, RFs etc)
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Power Spectrum Error (Ax2,)
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DES Y3

2090+
Two lens samples: RedMaGiC, Maglim 2
Strong excess clustering in RedMaGiC gosr
e 00
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(though cosmology results consistent 53 0.80
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DES Y3

e Data inconsistency robust to wide
variation of weights methodology,
systematic templates

e Later: can mitigate by loosening
RedMaGiC »? selection criterion

(Pandey+ 2105.13545)
o Likely problem with sky background
estimation
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Correlation gf Templates with LSS

Useful Things to Know oo Fr
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Useful Things to Know

e Similar templates can unexpectedly fit
LSS

o Two PSF estimators with different LSS
response
Mean vs. Median of coadds if LSS in tails
Two dust maps with different LSS
contamination

DES0113-5914 Am=-0.31 DES0048-4123 Am = -0.3][0E50505-4623 Am = 0“
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Useful Things to Know

— . Sanchez et al. 2211.16593
e Similar templates can unexpectedly fit x10~*

1.0{ © CMBlensing ¢ Comptony Bin 0
LSS " DES Mass Map

o  Two PSF estimators with different LSS

Viean ve. Median of coadds if LSS in tals : H H H M H w H H WL% H_

|7 |
Two dust maps with different LSS | ‘ ‘ |
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e Check null tests of weights against

Bin0 Binl Bin2
external LSS tracers

Planck CMB lensing  9.6/9  6.4/10  6.8/10
DES Mass Map 82/9 99/10 16.1/10
Planck Compton y 7.3/9 59/10 2.7/10




Going Forward

e Multiple ways to get Xlens # 1
clustering high, GGL low, or both

e Motivate and test mask, templates, contamination
model (rapid weights estimator useful)

e Testfor LSS in weights

o Avoid highly-correlated data-derived templates
e Quantify and report 2pt overcorrection

e Report measure of uncertainty on weights

(e.g. alternative reasonable sets)
o Particularly important for beyond-2pt stats

Rezaie+ 2307.01753

DR9 DESI Footprint (different methods)

No yeight
Noplinear Thifee Maps
N¢nlinear [Fofir Mapg
Nonlineay Nind Maps
|
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fno + Mitigation Systematics

Especially critical for f_ analyses!
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Pixels to Cosmology for DES Y3:

. — Lens clustering 1 Galaxy
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Galaxy Bias inferred via DES x CMB

GGL suspect

Maglim

— (dgkcmMB) Galaxy-galaxy lensing Galaxy clustering

1 L
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DES Y3

® Two lens samples:
redMaGiC and MagLim

® Apply both ISD and ENET weight methods

® (Good agreement

e Analytically marginalize over:

o Difference in method predictions
o  Over-correction bias

e Rapid assessment of mask, template,
method choices
(~2 min vs 1 day)

Rodriquez-Monroy, NW+. 2105.13540

redMaGiC

MagLim

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

DES Collab.
2105.13549
—.’; = il
2 0.925f -ACDM — Fid. 3%2pt
%.. we  Planck CMB
g 0.900} — Ext. Low-z
&0 w— All Low-z
% 0.875 — Al
8
O 0.850
2 .825
0.800 F
0.775
0.750
07%sF T
0.250 0.275 0.300 0.325 0.350 0.375 0.400 0.425 0.450 18

Q5 (Density of matter)




S Imulation Pi pel ine Assess Map, Power Spectrum ﬁdelity

Compare

Clean >°

' NW & Huterer 2007.14499

-----------------------------------------------

e DES-YG6 like
® 5 z-bins

® Results not strongly
sensitive to survey specs

\

( .

Templates: \ . -E
e Gaussian realizations i - ‘i
Corx (0+1)7 pef0,1,2)

\ Templates /

e Static (Dust, scanning

Strategy’ etc) Note: Methods applicable to any contaminated signal with templates. Here
galaxy clustering, with signal = galaxy overdensity.
Generically: Oppe =S Ogps Ao
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Mode (De)Projection

Map
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Multiple systematic templates:
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Elastic Net Weighting

e Regression extension: form of regularization (Zou & Hastie 2005)
e Incorporate template selection, operate in full-D space

& = argmin,, (||6obs — Tat||* 4+ A1l|al|1 + Azl|a][3)
)

| Y _— —J
OLS penalty Sparsity prior Regularization
(LASSO) (Ridge)
In terms of Gaussian Laplace Gaussian
Maximum Posterior Estimate, Likelihood prior on prior on

equivalent to: coefficients coefficients
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Elastic Net Weighting

Use all templates th, =0
(OLS) (no cleaning)
High variance High bias
1.100 { A1/(A1+A2) P ]/
—e— 0.1 .
e 0.5 Prior shape
22971 —— 0.9
Average
mean 1.098 -
squared
error on test
1.097 -

1.095 +

1074 1073 1072 107!

Prior strength

Also apply multiplicative correction Optimal hyperparameters
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