Probabilistic characterization of blending in Rubin/LSST:
- application to cluster lensing cosmology .

/

L 3DESC

Legacy Survey of Space and Time / / \ Dark Energy Science Collaboration

G : O .

GRENOBLE | MODANE




Scientific context

Cosmology with galaxy clusters

Largest gravitationally bound structures in the Universe
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Blending

of galaxies due to:

* The of observation
* The PSF size

mag ~ 22

SDSS




Blending

Superposition of galaxies due to:

* The cepth of observation
* The PSF size
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Scientific context
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Scientific context

Blending around galaxy clusters
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Identification of blends in LSST

Simulated catalogs

N-body Simulation

1

Outer Rim 2019, Heitmann et al.

cosmoD(C2

* Reference for galaxies and dark matter haloes
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Identification of blends in LSST

Simulated catalogs

N-body-simulation

mag_1i ra el dec
24.541830 58.200397 -0.141020 -35.702272
26.177008 58.179060 0.173040 -35.702067

2 7
2]Observational effects included !iﬁ
2 u N | OO LIJLIT T ™ ™ 9

26.582999 56.529076 -0.210661 -34.322543
27.233892 56.628691 -0.630063 —-34.278873

1

Outer Rim 2019, Heitmann et al. DESC simulated image

cosmoDC2 DC20object
* Reference for galaxies and dark matter haloes * Detected objects from realistic simulated images

Identification of blends through catalog matching
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Identification of blends in LSST

Blends in DC2 images
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Identification of blends in LSST

Blends in DC2 images
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Identification of blends in LSST

First attempt of matching
https://github.com/yymao/FoFCatalogMatching

Perfect match Unrecognized blend

1-1 system 2-1 system

O n-m system

n = # of galaxies from cosmoDC2
m = # of objects from DC2object

Recognized blend

2-2 system

® & Linking length

Rubin/Euclid workshop, December 2024. Manon Ramel 10


https://github.com/yymao/FoFCatalogMatching

Identification of blends in LSST

Look at FoF groups

—— Object(s) In collaboration with
—— Galaxy(ies) Shuang Liang
* mMmag = 22.49
mag = 23.88
mag = 23.6
mag = 22.8
mag = 23.82

-35°28'34"

36ll

Dec

38"

Linking length = 2”
3-2 system

3h47mMp8.6° 08.45 08.2°5
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https://github.com/LSSTDESC/friendly
https://github.com/LSSTDESC/Cluster_Blending

Identification of blends in LSST

Look at FoF groups

—— Object(s)
— Galaxy(ies)
* mag = 20.79

—— Object(s) In collaboration with

. 3-2 system
—— Galaxy(ies) Shuang Liang

-34°49'50"

— ® mag=22.9
-35°28'34" = e 1 22.49 ¥ mag = 24.38
mag = 23.88 B mag=20.4
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mag = 23.6
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https://github.com/LSSTDESC/friendly
https://github.com/LSSTDESC/Cluster_Blending

Identification of blends in LSST

Look at FoF groups

—— Object(s)
— Galaxy(ies)
* mag = 20.79
mag = 22.9
mag = 24.38
mag = 20.4
mag = 23.39

—— Object(s) In collaboration with
—— Galaxy(ies) Shuang Liang
* mMmag = 22.49
mag = 23.88
mag = 23.6
mag = 22.8
mag = 23.82

3-2 system

-34°49'50"

-35°28'34"

> B <« O

—— Object(s)
—— Galaxy(ies)
* mag = 23.31
mag = 22.87
mag = 24.84
mag = 23.46
mag = 23.16

36ll

Dec

-34°47'56"

58"

Dec

38"

48'00"

Linking length = 2”
3-2 system

02"

3-2 system
3h47mMp8.6° 08.4° 08.2° 3h49m1 4,85 14.6° 14.45
RA RA

Need to account for position + shape + flux information
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https://github.com/LSSTDESC/friendly
https://github.com/LSSTDESC/Cluster_Blending

Identification of blends in LSST

Blending as a matching ambiguity

34°14'07" @ Object(s)
—— Galaxy(ies)
mag = 22.64
08" mag = 22.89 Object-Galaxy matching probability

mag = 24.18

09ll

Dec

10"

11”

12"

3hggmp1. 35 21.25 21.1°5 21.0°% 20.9°5
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Identification of blends in LSST

Blending as a matching ambiguity

-34°14'07" I ObjECt(S)
—— Galaxy(ies)
mag = 22.64
o mag = 22.89 Object-Galaxy matching probability
mag = 24.18 overlap
/ p « overlap weighted by the difference in| magnitudes
09" colors

Dec
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Identification of blends in LSST

Blending as a matching ambiguity

-34°14'07" I ObjECt(S)
—— Galaxy(ies)
mag = 22.64
o mag = 22.89 Object-Galaxy matching probability
mag = 24.18 overlap
/ p « overlap weighted by the difference in| magnitudes
09" colors

Dec

10"

Blending entropy

11" .
= score for each object

12"

3hggmp1. 35 21.25 21.1°5 21.0°% 20.9°5

*Sy = 0 for 1-1 systems
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Identification of blends in LSST

S, as discriminant of blended systems

—— Object(s)

—— Galaxy(ies)
* mag = 23.31
® mag=23.32
¥ mag=27.9

—— Object(s)

—— Galaxy(ies)
* mag = 22.68
® mag=23.75
¥ mag = 23.17

Blending entropy 0.01 Blending entropy 0.69

—— Object(s)
Good 2-2 —— Galaxy(ies)
* mag = 20.65
mag = 21.98
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mag = 22.19

—— Object(s)
—— Galaxy(ies) GOOd 3'2
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mag = 23.88
mag = 28.88
mag = 25.44

Blending entropy 0.006 Blending entropy 0.004
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Identification of blends in LSST

S, as discriminant of blended systems
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Identification of blends in LSST

S, as discriminant of blended systems
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Identification of blends in LSST

Blending entropy efficiency

Blending entropy vs. blendedness b Fraction of bad blends increases with magnitude
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New efficient metric to characterize blended systems
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Application to cluster cosmology

Framework
Set-up 4 ,
From R. Murata et al. with parameters -
- derived from C. P
* Lensing around DC2 dark matter haloes 1015 ; it Lol Wl i 45 o I 175

> No detection of galaxy clusters 150
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. . . 13 .
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Application to cluster cosmology

Impact of blending on lensing profiles
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Simulation Resolution
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https://github.com/LSSTDESC/CLMM
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Objects ( simulated observations )
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Objects ( simulated observations )

Objects with S, < 0.2 ( without blending )
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Application to cluster cosmology

Impact of blending on lensing profiles

1014

Mass profile AX(R) [MoMpc~2]
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Objects ( simulated observations )

Objects with S, < 0.2 ( without blending )

Removing bad blends

Shifting the profiles upwards

Recovering the true cluster mass

Rubin/Euclid workshop, December 2024.
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Application to cluster cosmology

Impact of blending on lensing masses
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Application to cluster cosmology

Impact of blending on lensing masses

DC2object with blends
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Application to cluster cosmology

Impact of blending on lensing masses

DC2object without blends

¢ 0.20<z<0.40
1487 & 0.40 <z <0.60
$ 0.60 <z<0.80
'—@ 146 0.80<z<1.20
2 14
B
S 14.4- T‘
A : -
3= 41
S 14.2
5
—
3
= 14.0
13.81
13.8 14.0 142 14.4 14.6 14.8
10g910(M5219%) [Me]

Rubin/Euclid workshop, December 2024.

Manon Ramel

19




Application to cluster cosmology

Impact on cosmological parameters

1.0

0.97

Removing blends g 08

0.7}

0.6

https://qithub.com/LSSTDESC/CLCosmo Sim
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— DC2o0bject
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https://github.com/LSSTDESC/CLCosmo_Sim

Application to cluster cosmology

Impact on cosmological parameters
https://qgithub.com/LSSTDESC/CLCosmo Sim

|n/\o

cosmoDC2

—— DC2object
—— DC2object without blends

« Poisson likelihood for N, Gaussian likelihood for M,

cl>
bg
5
S
A I R N e L R
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https://github.com/LSSTDESC/CLCosmo_Sim

Conclusions | ‘
- Relative probabilities of matching : .
- +Blending entropy to separate highly vs. well-matched systems |
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Blending entropy studies
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Estimated masses bias

log10(MYE _[Mg])
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Combinaison of probes

e Theoretical datavector

e Poisson likelihood for N

.;» Gaussian likelihood for M

« Combination of probes to constrain the M — A relation

S Ncl
s Mwl
BN Ncl x Mwl

......

.....
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Backup

M — A relation

We consider the log-normal scaling relation with 6 free parameters, that is given by

n A — (In \jm, z)]?
P()\|m,z)o<iexp{—[1 A §1 Alm, 2)] } (4.34)

Oln Alm,z

where the mean richness has both mass and redshift dependencies, such as

1
(In A\jm, 2) =1n Ay + p, log ( T2 ) + tm logqg (ﬂ) : (4.35)
1+ 2

and the dispersion of the log-normal scaling relation is given by

1+ 2 m
Oln Ajm,z = Oln)y T 02 10g (1 n Zo) + om logyg (—> - (4.36)

pxAp

In \g 3.01 £ 0.01
Lim, 2.29 + 0.02
1Ly —0.01 +0.04

Olnrg | 0.556 % 0.006
om | —0.039 £ 0.006

O, —0.12 2 0.02
mo 1014.2 M@
20 04

Table 4.4: Best fit parameters and 1o error bars for the mass-richness relation parameters
(upper block: log-mean parameters, middle block: log-dispersion parameters, lower block: pivot
values).

From C. Payerne PhD manuscript
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Impact on the §, cut

Spcut = 0.10

Galaxies
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¢ Objects [clean cuts]
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Ellipses definition

cosmoDC2 DC2object

» Positions X, y,

 Positions X, y,
« Minor/Major axis a and b

- Second moments /[, 1, [,

» Position angle &
converted to a, b, 6 parameters

 Convolution with the PSF

General ellipse equation: Ax* + By? + Cxy+ Dx+ Ey+ F =0

Functions of a, b, 0, x,, y,
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E"Ipse Overlap test 2017, Alberich-Carramifiana et al.
https://github.com/LSSTDESC/Cluster_Blending/blob/main/match_ellipse_dc2.ipynb

General ellipse equation: Ax> + By? + Cxy+ Dx+ Ey+ F =0

Functions of a, b, 0, xy, y,

Determinant computation

A C D Overlap of 2 ellipses ?
M=|cC B E - T
* True
D E F e False
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