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Magnification modelling

Following DES Y3 Elvin-Poole & MacCrann et al. (2022)

L 1
Effects of magnification u = ~1+2k

(1= k)2 =P

We are interested in the observed number density of objects 5ng = (5ignt + 8,%%

- change in observed area element

- change in selection probability of individual galaxies } competing effects
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Magnification modelling

Following DES Y3 Elvin-Poole & MacCrann et al. (2022)

L 1
Effects of magnification u = ~1+2k

(1= k)2 =P

We are interested in the observed number density of objects 5ng = 5ignt + 8,%%

- change in observed area element

- change in selection probability of individual galaxies } competing effects

Galaxy overdensity due to convergence k at a position # on the sky

57E(R) = () Gy +
; , + Campt
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Lens magnification modelling for 2x2pt cosmology

obs __ gint mag
59 - 59 + 59

5glag(ﬁ’> - ’{(Ifl’) [Care% + Csample]
~—® Galaxy clustering
obs gobs int cint 2 int
(OPS620%) = (SN 1 C2 (o) + 205" k)

-——@® Galaxy-galaxy lensing

() = (8irta) + Cliwn) = (8iy) + Clon)

Elisa Legnani Magnification modelling for DES Y6 COLOURS 2025



Magnification modelling

A

K =-0.35 Galaxy overdensity due to convergence k at a position #
on the sky

5;nag(,ﬁ) - /{(ﬁ’) [Carea + Csample]
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Magnification modelling

kK =-0.35

Galaxy overdensity due to convergence k at a position
on the sky
505 (#) = 1 (1) [Chyeg + O

area ample]

If the galaxy selection function is a cut in magnitude
5g,mag(ﬁ) — K“('f”) 2[0( (mCUt) o 1]

d
where a(mey) = 2.5 — logig Ny (m)
dm M=Mcyt

but DES galaxy samples are a complex selection of flux, color, position and shape
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DES Yo Galaxy samples

Complex selection of flux, color, position and shape
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Metadetect source sample
~ 150 million galaxies
_ 27 more sources, reduced shear bias wrt Y3
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~ 10 million galaxies
<4 Improved selection and masking wrt Y3
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5ng — 5;“ + 5;113% Fractional change in number of selected galaxies

ma ——> in response to a small convergence &«
08 (1) = K(R)[Cprea + Coampte) N(3%)— N(0)
Csam e —
vl N(0)dk
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53‘)5 — 5;1“‘5 + 520&% Fractional change in number of selected galaxies
in response to a small convergence &k

mag / ~ . -
59 (n> - K;(n)[carea + C'sa,mple] N((Sfi) _ N(O)
=2 Crample = —- OB Su = 1.02 (6k ~ 0.01)
K
DES Y6 Synthetic Source Injection: Balrog
DF ugriz nullweight Single-chip  Photometric measurements DF Catalog
images, PSFs, etc. coadd (MOF)
O hdLdb Q:DFsourceorinjection
—>| @ @ ol A Y ~_):Y3source
& % 0 o ﬂ (N ® : Detection
O % 2| D : Balrog match
- J
DF
Y3,
T T J o Pe 4 ‘ 7
Goal: characterize the ... e — |0 Cw 0 4
survey transfer function  exposures KA XY 1D
+ Used to estimate photometric o Lo e e 0 shaciorcamog | (e Measurements Y3 Object Catalogs
redshift distributions Anbajagane & Tabbutt, ... EL et al. (2025)
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§obs — 5int + 5mag Estimated as fractional change in detections
between magnified and unmagnified runs

dg °(R) = k(e )[ Coample)

area ple N((Slﬁl) . N(O)

Clnmnole = Su = 1.02 (5x ~ 0.01)
vl N(0)ok :
DES Y6 Synthetic Source Injection: Balrog
. . DF ugriz nullweight Single-chip  Photometric measurements DF Catalog
Apply 2% magnification images, PSFs, etc. coadd (MOF)
to each galaxy image - 0|2 Q:DFsourceorinjection
before injection o % | @ .Q / & @ Q O ) : Y3 source
: 0 o ﬂ D ® :Detection
oo o | & @ % 2| ® D : Balrog match
o= - J

Balrog Injection

Raw DECam —> 1§ Pwul y -
exposures AN Y 0 I] 0

Y3 griz nullweight Injected nullweight Coadd image, Photometric measurements
images, PSFs, etc. images SExtractor catalog (SOF, Mcal, BFD, etc.) YaOnjecr Catalgs
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DES Y6 Lens magnification coefficients

Fractional change in detections between
magnified and unmagnified runs

N(6k) — N(0) 5( § I
C1sample =
N(0)dr L

4t []

Balrog by applying constant %‘E; 3l *

magnification to images dz I
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DES Y6 Lens magnification coefficients

Fractional change in detections between

magnified and unmagnified runs
KX
N(6k) — N(0) 5( L I
C1sample =
N(0)dr 3
af ¥
Balrog by applying constant %‘E; gl =
magnification to images » Fiducial dz L
2
& Balrog flux-only by adding a 1t § Balrog
constant offset to the measured magnitudes { Balrog flux-only
Am = =2.51og,o(1 + 26K) oF Data flux-only
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

— not accounting for all the selection effects
<
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Impact of lens magnification on galaxy-galaxy lensing

Simulated data vector, with magnification contribution (assuming fiducial coefficients)

Magnification has the most

significant impact on
high-z source bins
around high-z lens bins

Note: most of the

S/N comes from the
three lowest-z lens bins
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Impact of lens magnification on galaxy clustering

Magnification has a small
contribution on autocorrelations

— Magnification has a limited
impact on the fiducial
DES Y6 analysis

DES Y6 Modelling strategy:
Sanchez-Cid, Ferté, Blazek et al. (in prep)
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Impact of lens magnification on 2x2pt cosmology

. . . 2x2pt Fixed mag —_—c— —_——————
2x2pt ACDM chains with DES Y6 settings
2x2pt No mag e @i ——
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Impact of lens magnification on 2x2pt cosmology

. . . 2x2pt Fixed mag ——o—— —————
2x2pt ACDM chains with DES Y6 settings
2x2pt No mag e @i ——
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Nno magmflcatlon and Dt A PribE
2x2pt w/ x-corr Fixed mag —o— —o—
2x2pt w/ x-corr No mag —o— —_—
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Magnification modelling from DES Y3 to Y6

e Balrog reweighted to match data properties 57
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Magnification modelling from DES Y3 to Y6

e Balrog reweighted to match data properties 5
e Add a constant offset to the measured magnitudes 47
Am = -2.51og,,(1 + 20k) %3—
S
2
1t Balrog, no Az in flux-only
[ Balrog flux-only, no Az
0 Data flux-only, no Az
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Magnification modelling from DES Y3 to Y6

e Balrog reweighted to match data properties 57 i : I
- IV‘ B
e Add a constant offset to the measured magnitudes 4 i
Am = -=2.51og,,(1 + 26«) 23 ¥ 5 -
l.()g * Balrog, no Az in flux-only
and also to the redshift estimates used for selection 2 {  Balrog
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Magnification coefficients with changing selection

* Magnification with size selection

Size-limited sample
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Conclusions

e Lens magnification bias needs to be modelled in LSS analyses
Ignoring it leads to biased cosmological inference

e Selection effects are complex
Flux and size cuts respond to lensing - not trivial to correct analytically

e Synthetic Source Injection is essential
Accurately captures selection response to magnification

e Cross-bin clustering helps
Strongly constrains magnification terms — allows broader priors
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Conclusions

Galaxy splits analyses
e Lens magnification bias needs to be modelled in LSS analyses See DES Y3 Blue shear:

Ignoring it leads to biased cosmological inference McCullough, Amon, EL,
Gruen et al. (2024)

e Selection effects are complex

Flux and size cuts respond to lensing - not trivial to correct analytically 01
e Synthetic Source Injection is essential 5

Accurately captures selection response to magnification

&
Full: TATT, scale cuts + no feedback
0.66 ==== Full: NLA, scale cuts + no feedback
M M : —— Full: TATT, all scale flexible feedback
e Cross-bin clustering helps I B e

W Planck CMB.

Strongly constrains magnification terms — allows broader priors e R0
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Conclusions

e Lens magnification bias needs to be modelled in LSS analyses
Ignoring it leads to biased cosmological inference

e Selection effects are complex
Flux and size cuts respond to lensing - not trivial to correct analytically

e Synthetic Source Injection is essential
Accurately captures selection response to magnification

e Cross-bin clustering helps
Strongly constrains magnification terms — allows broader priors

To do: study the impact of lens magnification on cosmology with Y6 unblinded data
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Conclusions

e Lens magnification bias needs to be modelled in LSS analyses
Ignoring it leads to biased cosmological inference

e Selection effects are complex
Flux and size cuts respond to lensing - not trivial to correct analytically

e Synthetic Source Injection is essential
Accurately captures selection response to magnification

e Cross-bin clustering helps

Strongly constrains magnification terms — allows broader priors

To do: study the impact of lens magnification on cosmology with Y6 unblinded data

Stay tuned for DES Y6 results .
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