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Cosmology with galaxy clusters

Largest gravitationally bound structures in the Universe

« Size of 1 Mpc
« 50 to 1000 galaxies
e M > 10"°M_, 7z <3

Tracers of the matter over-densities

 Abundance depends on cosmology

Studied through their counting per bins of mass and redshift

0°N,  dn(m,z) d*V(z)

dedm . dm dzdO

Mass Is not an observable: indirect measurements

through weak lensing
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Weak gravitational lensing
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Weak gravitational lensing

* Lensed ellipticities of background sources

€0bs ~ €im-|- }/(R) shear = <€0bs> ~ }/(R)

* Excess surface density depends on the projected mass of the lens

AX(R, Zl) — <2crit(zgal’ Zl) €_|0_bs>
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Fit of AX = Estimate of galaxy clusters masses 4

— Best fit
¢ A

Mock CLMM

Importance of galaxy shapes —

R [Mpc]
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* 2016, Dawson et al.
2022, Troxel et al.

Blending ~40 %
Hubble/ ACS

Superposition of galaxies on the images due to:

* the depth of observation
* the atmosphere

2D image

2021, Shibuya et al.

Unrecognized blends
~14 - 20 %*
Subaru/HSC

>,
'\

I arcsec

LSST France. Manon Ramel 08/06/2023 5/16



Blending around galaxy clusters

Galaxy clusters = high density regions = blending High amount of blending near clusters centres

OUTSIDE INSIDE
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Blending impacts the detection of galaxies and the measurement of galaxy shapes

l

Blending will impact future Rubin/LSST weak lensing data induced by massive clusters
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Tools and pre-work

LSST France. Manon Ramel 08/06/2023 7 /16



» 440 deg? catalog from a N-body simulation

* Reference for galaxies and dark matter haloes

Millennium

cosmoDC2 = truth catalog
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*mag<30,z=3

DESC simulated image
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24,
25.
25.

26.
27.

mag_1i
541830
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806880
014057
883955
582999
233892

* Detection of objects

58.
58.
58.
58.
58.

56.
56.

ra
200397
179060
100637
190685
151774
529076
628691

e Simulated images from cosmoDC?2

el

. 141020
.173040
. 138385
. 148557
.505306
.210661
.630063

DC2object = object catalog
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-34.
-34.

dec
702272
702067
702437
701660
701739
322543
278873

 Measured positions, magnitudes (< 28), shapes...

|dentification of blends through catalog matching
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HSM calibration and DC2 photometric redshifts

AZ(R,2) = (ZerilZgar 2)
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Fit on e,

Best fit ax+b /’
y =X /’

75 —0.50 —0.25 0.00 0.25 0.50 0.75

e, truth

1.00

ey = 0.85 X e, . — 0.003

LSST France.

Manon Ramel

08/06/2023

9/16



HSM calibration and DC2 photometric redshifts

AZ(R. ) = (ZepifRgu| 2)

HSM ellipticities calibration Photometric redshifts
Fit on e; ,
1.00 7 :
Best fit ax+b ol ? — p(2)
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e, truth

Individual errors that we can calibrate = sufficient for blending?
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Detection of blends in DC2
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Friends-of-Friends
https://github.com/yymao/FoFCatalogMatching

®
O
I o
n = # of galaxies from cosmoDC2
m = # of objects from DC2object
®
O
® "\ Linking length
° .¥ J B
®
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Friends-of-Friends
https://github.com/yymao/FoFCatalogMatching

Perfect match

Unrecognized blend

1-1 system . 2-1 system
e . e
-
I n-m system
n = # of galaxies from cosmoDC2
m = # of objects from DC2object
.................................... ®
Recognized blend
2-2 system ®
® "\ Linking length
® ’¥ 9 =9
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htt:/gitb.co/LSSTDESC/riedly
New matching algorithm: friendly

Friends-of-Friends = distances information Overlap test = shapes information

Linking length = 2”
3-2 system

2-1 system
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— Object(s) — Object(s)
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3h51M24.95 24.8° 24.7° 24.6° 3h51M24.95 24.8° 24.7° 24.6°
Ra Ra

Friendly = more robust matching algorithm
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htt:/gitb.co/LSSTDESC/ried/y
New matching algorithm: friendly

Friendly group NetworkX graph
Recognized blend R4
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htt:/gitb.co/LSSTDESC/fried/y
New matching algorithm: friendly

NetworkX graph

103924

Next steps: Add metrics on the nodes/edges %%,
P
* Absolute overlap fraction

* Purity

 Magnitudes/colors

Absolute overlap fraction

Friendly = useful graph structure to better define the (un)recognized blends
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Impact of blending on A2 profiles
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Impact of blending on A profiles

Objective: study the impact of (un)recognized blends on A profiles

Stacked A2 profile on 5712 clusters

Source galaxies

% of unrecognized blended sources: ~9 %
% of recognized blended sources: ~30 %

+ 2 , ® Source objects (All)
z ; ¥ Source objects (Without blends)
' .
3| :
Wy i .
1013- ' ¢ &4— Objects (from DC2obiject )
(]
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WNIN 177777 7/7777///////77/ 4; ¥ ........ Understand the 20% shift between
< o8 5 % p 4; 7 i : 1 and DC2object profiles
g %° | | 100
R [Mpc] https://github.com/LSSTDESC/CLMM
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Better definition of (un)recognized

Development of friendly
blends

= new blending matching algorithm

1014 .

A3 [Mg Mpc~2]

—— Best fit

Impact of blending on Impact on galaxy clusters mass
A2 profiles estimates and on cosmology

6x107?

Thank you for your attention!
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