robabilistic characterization of blending in Rubin/LSST:
- application to cluster lensing cosmology .
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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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Blending “LSST 0.2%/pixel

Simulated image
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. . * 2016, Dawson et al.
Recognized/unrecognized blends

Hubble/ ACS

2021, Shibuya et al.

Unrecognized blends
Subaru/HSC

I arcsec

LSS

2022, Troxel et al.

deblender: SCARLET**

Deblended 1
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Deblended 2

~ 60% of blends
e Detection

e Shapes
* Redshifts

L‘ SN ‘? - o -14-20%
I

2018, Melchior et al.


https://arxiv.org/abs/1406.1506
https://arxiv.org/abs/2209.06829
https://arxiv.org/abs/1802.10157
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Identification of blends in LSST

Detection of unrecognized blends

Space-based observations s Ground-based observations o

CANDELS HSC SSP

LSST France, June 2025. Manon Ramel



Identification of blends in LSST

Detection of unrecognized blends

Ground-based observations g Simulated data

Truth galaxy

Detected object

HSC SSP

LSST France, June 2025. Manon Ramel



Identification of blends in LSST

Simulated catalogs

. - ' e .
N-body SlmU/é{l'O” 2 Observatlonal effects mcluded'
- cosmoDC2 " s* . . DC2object

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

Identification of blends through catalog matching

LSST France, June 2025. Manon Ramel



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 ngal'nobj system

Ny, = # of galaxies from cosmoDC2

. = # of objects from DC2object

nOb]

Recognized blend

2-2 system

® & Linking length

LSST France, June 2025. Manon Ramel


https://github.com/yymao/FoFCatalogMatching

Identification of blends in LSST

Look at FoF groups

—— Object(s) In collaboratign with = g:::i;((s.; S) 3-2 system
—— Galaxy(ies) Shuang Liang x mag = 20.79
® mag=22.9
-35°28'34" = e 1 22.49 ¥ mag = 24.38
mag = 23.88 B mag=20.4
A mag = 23.39

mag = 23.6
mag = 22.8
mag = 23.82

—— 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

LSST France, June 2025. Manon Ramel


https://github.com/LSSTDESC/friendly/tree/FoF
https://github.com/LSSTDESC/Cluster_Blending

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

LSST France, June 2025. Manon Ramel



Identification of blends in LSST

S, as discriminant of blended systems

ClalEeE), Clololo 28y
Galaxy(ies)

mag = 22.63
mag = 22.55
mag = 28.33

Blending entropy = 0.004

e Good 2-2

—— Galaxy(ies)
mag = 22.83
mag = 22.92
mag = 23.0
mag = 22.76

Blending entropy = 0.008
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—— Bad 2-1 Good 2-2
— Good 2-1 Good 3-2

— All

Magnitude cut
24.5 —— 26.5

Cut ~ 25% of
detected objects

Object(s)
Galaxy(ies)
mag = 21.01
mag = 21.41
mag = 21.82

Blending entropy = 0.52

—— Object(s)

—— Galaxy(ies)
mag = 21.82
mag = 21.86
mag = 21.66
mag = 21.93
mag = 27.21

Good 3-2

O
o
1

Fraction of suppressed objects (Sp > Sp cut)

0.6 0.8 1.0

Blending entropy cut (Sp cut)

LSST France, June 2025. Manon Ramel

Blending entropy = 0.01




Identification of blends in LSST

Blending entropy and magnitude

0.401 -F- 5, >0.15

—'I—' Sy > 0.20
Sb > 0.25

O O O O
N N W W
o 0 o 0
[ [ [ [

0.15-

0.10 A

Fraction of high S, blends

-

0.05-

—-—
—-—
-

In collaboration with Prakruth Adari

0.00

Fraction of high $, blended objects increases with magnitude

25

22 23 24 26

Magnitude in i-band

LSST France, June 2025. Manon Ramel




Identification of blends in LSST

Blending entropy and blendedness 2018, Mandelbaum et al.

Object vs. object metric

b = 0 — isolated object

Higher blended = higher blendi t
b= 1 - completely blended ig endedness = higher blending entropy

7 o HSC cut 0.657 ----- HSC cut i 3
107 | 1-1 systems 0.60 - -+- 55> 0.15 i ///;F
| 2-1 systems v -4- Sp>0.20 ! I/ il
I ! 4
»n 106 - uil | 2-2 systems < 0.55- S, > 0.25 i //I'/
A = = 5 .
I I /
= i ¥ 0.50 s
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0.0 0.2 0.4 0.6 0.8 1.0 101 100

Blendedness Blendedness

Cannot differentiate 1-1 systems from unrecognized blends

LSST France, June 2025. Manon Ramel


https://arxiv.org/abs/1705.06745

Blending entropy properties

f blendi it |
b B s e R R e 2R i 7 . | 25 ; : :

3 4 X 5 7 5

) ey

iInsensitive magnitude cut

Stable magnitude
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Application to cluster cosmology

Framework

Set-up

* Lensing around DC2 dark matter haloes

> No detection of galaxy clusters

« Sampling fiducial M — A relation

Goal

 Two observables per bins of richness and redshift

» Haloes number and mean mass

[

o
=
w

cosmoDC2 M>poc [Mo]
=
o

1013

See Constantin’s talk!

From 2017, Murata et al.

with parameters derived
from 2025, Payerne et al.

Richness A

-1.75

r 1 1T T§ r1rr1rri

10°

r

-1.50

-
N
Ul

-

o

()
Redshift z

o
~
Ul

0.50

0.25

LSST France, June 2025. Manon Ramel


https://arxiv.org/abs/1707.01907
https://arxiv.org/abs/2502.08444

Application to cluster cosmology

Impact of blending on lensing profiles httos://github.com/LSSTDESC/CLMM

0.6 <z<0.8 Removing bad blends
cosmoDC?2 galaxies | . =
1 ngg{zz: ZEEE: EZ”L . : Niens=502 Shifting the profiles upwards
. b -
1014 I =
I Recovering the true cluster mass
- JI~o I
v {\ \\’f |
v, RS .
< < i N :
v 1013 c * Z Objects ( simulated observations )
S N
S h S
0
-é Objects with Sy < 0.2 ( without blending )
E
1012 &
10° 101
R [Mpc]

LSST France, June 2025. Manon Ramel
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Impact of blending on lensing profiles

‘ Richness

08<z<1.2

Redshift

0.6<z<0.8
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Application to cluster cosmology

Impact of blending on lensing masses

0.20 <z <0.40
0.40 <z < 0.60
0.60 <z <0.80
0.80 <z<1.20

—-0.4 -02 00 02 04 06 08 10
10910(M3567) [101* - Mo

LSST France, June 2025. Manon Ramel



Application to cluster cosmology

Impact of blending on lensing masses

10910(MJ55.) [1014 - Mg ]

DC2object with blends

0.20<z<0.40
0.40 <z < 0.60
0.60 <z <0.80
0.80<z<1.20

-0.2 0.0 0.2 0.4 0.6
10910(MA319%) [1014 - M, ]

0.8

1.0

LSST France, June 2025.
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Application to cluster cosmology

Impact of blending on lensing masses

DC2object without blends

0.20<z<0.40
0.40 <z < 0.60
0.60 <z <0.80
0.80<z<1.20
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Application to cluster cosmology

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

« DC2o0bject contours are shifted toward higher €2, and
lower o¢ values compared to

« The §, < 0.2 cut partially correct the bias

LSST France, June 2025. Manon Ramel



https://github.com/LSSTDESC/CLCosmo_Sim

Application to cluster cosmology
And with a cut on the blendedness?

e The HSC blendedness cut is insufficient

2018, Mandelbaum et al.

. , S, < 0.2, 5, < 0.3 give similar constraints
Metric Cut Suppressed WL
sources
Blending entropy <0.2 23 %
Blending entropy < 0.1 29 %
Blending entropy <0.3 17 %
Blendedness < 107937 5 %

Galaxies
Sources [all]
--=- 5,<0.3
— 5, <0.2
5b<0-1
- b<10—0.375

0.2

0.4 0.5 0.6 0.7 0.8 0.9

LSST France, June 2025. Manon Ramel


https://arxiv.org/abs/1705.06745

Conclusions

Relative probabilities of matching :

Blending entropy to separate highly vs. well-matched systems

3. Application to data

* Mitigation strategy, calik d on Jo]]
(including deep fields/sf | TS L |

Ongoing work combining LSST ComCam and HST data

Application to 3x2pt -



