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Cosmology with photometric galaxy clusters

Cluster detection and selection function

Definition of a cluster mass proxy
(e.g. richness)

Cluster weak-lensing profiles
-> mass-observable relation

Joint analysis of cosmological (counts,
clustering) and mass (weak lensing) probes

Euclid’s view of the Perseus cluster of galaxies, ESA
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AMICO clusters in KiDS-1000

Catalogue (Maturi+ submitted)

2000

1500+

Effective area: 840 deg?. = o0l

~ 8000 clusters in the cosmological sample. 20

Reliable cluster statistics up to z=0.8.
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L W AMICO KiDS-1000
@@ AMICO KiDS-DR3
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AMICO clusters in KiDS-1000

Weak-lensing measurements (Lesci+ submitted)

z € [0.10, 0.30) z € [0.10, 0.30) z € [0.10, 0.30)
A € [20, 40) A" € [40, 65) = A* € [65, 210]
1 68% confidence . ,
¥ KiDS-1000 S —— s ¥

Stacked reduced shear in bins of richness and redshift. ' ~=__ i N

Shear catalogue: 6.17 galaxies per square arcmin.

Background selection: 2 € 10.30, 0.45) z € [0.30, 0.45) 2 € 10.30, 0.45)

AT € [25,40) A" € [40, 65) A" € [65,210]

-3
(photo-z selection) Vv (colour selection)

< N

Zgmin > 2+ 0.05 griz by Euclid

. : z € 0.45, 0.80] z € [0.45, 0.80] z € [0.45, 0.80]
Collab.: Lesci+24 A* € [30, 45) A" € [45, 60) A* € [60, 210]

minimum of the interval
containing 95% of the probability
around the first mode of p(zg)
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AMICO clusters in KiDS-1000

Weak-lensing measurements (Lesci+ submitted)

Stacked reduced shear in bins of richness and redshift.
Shear catalogue: 6.17 galaxies per square arcmin.

Background selection:

(photo-z selection) Vv (colour selection)

< N

Zgmin > 2+ 0.05 griz by Euclid
Collab.: Lesci+24

minimum of the interval
containing 95% of the probability
around the first mode of p(zg)

Colour or photo-z
Colour
Photo-z

« Photo-z peak

SIN of the stacks averaged over radial and richness bins.
The photo-z selection is more conservative than the
colour selection.

Enhancing the background completeness at the
expense of the purity is not convenient: the S/N does
not improve.
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AMICO clusters in KiDS-1000

Weak-lensing measurements (Lesci+ submitted)

Reference to the colour selection paper:

Euclid preparation. XXXVII.

Galaxy colour selections with Euclid and ground photometry for cluster
weak-lensing analyses

Euclid Collaboration: G. F. Lesci®'2*, M. Sereno®” 3, M. Radovich®™*, G. Castignani®'-2, L. Bisigello®>4,
F. Marulli®"-23, L. Moscardini®" %3, L. Baumont®°, G. Covone®’-3:%, S Farrens®®, C. Giocoli®? !°, L. Ingoglia®',

A 1a

= Ground (subset, fit) = Ground+Euclid (subset, fit)

==== Ground (full set, measure) ==== Ground+Euclid (full set, measure)
DOI -=-=- Euclid (full set, measure)

=]
=

We derived:

ground-only (griz, up to z=0.8) and
ground + Euclid (grizY JH, up to z=1.5)
colour selections.

Completeness [%]
B =
o =]

N
(=]

Foreground failure rate [%]

As a continuous function of lens redshift
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https://ui.adsabs.harvard.edu/link_gateway/2024A&A...684A.139E/doi:10.1051/0004-6361/202348743

AMICO clusters in KiDS-1000

Weak-lensing measurements (Lesci+ submitted)

But...

Shear calibration is statistically derived, based on observed and simulated galaxy samples.

Through galaxy cluster background selections, some galaxy populations may be systematically excluded.
This may invalidate the statistical estimate of the shape multiplicative bias, m.

In Euclid Collab.: Lesci et al. 2024 we showed that, in Stage-Ill surveys, colour + photo-z selections do not
yield systematics on m.

Based on simulations, colour + photo-z selections yield ~90% completeness in Euclid, up to z~1.5.
This is promising, but let's see what the data will say.

If background selections introduce biases, we need to perform our own shear calibration.

Safe, fast, but suboptimal choice: same tomographic selections used for cosmic shear.
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

~_ Fraction of miscentred clusters
J "~ (the miscentring follows a Rayleigh distribution)

(8+(R, Ay, Azgp)) = (1 = (fort)@rcen(®> Ay, Azep)) +
+ foﬂ"<g+,oﬂ"(R’ A/I:;b, AzZap))
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

(g+(R, A/l:;b, Azop)) = (1 = for){g+.cen(R, A/l:;b, Azgp)) +
+ foﬂ"<g+,oﬂ"(R’ A/I:;b, AzZap))

where

Peiu(Adgy,, Azob) (Prokg(Azob)) Expected number of clusters in the bin of

[(N(A/l(";b,Azob))]—x/" richness and redshift

d’v a2 dn(M, z,;)
S Dbk gy,
xf % dzndﬂﬁ TN

<g+,cen(Ra A/l:;b, Azop)) =

00

X g+,cen(Rtes‘a M, Ztr) d/l::r Cclu(/lrr, Ztr) P(/l:rlM, Ztr) X
0

xf d/l(*)b P(/l:bllrrv er)f dzob P(zoblzer)
AL, Azob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear: Purity of the cluster sample, based on SinFoniA

(8+(R, AdGy, Azob)) = (1 = for)(g+cen(R, Adgy, Azob)) + e
g foﬂ'<g+,oﬂ"(R’ A/Iz:)b’ AZob))

1.00

<]
0.98 N

0.96

7’clu (M(:br Azob)

where

0.94

(Peta(ALY,, Azob)(Prig(Bzon))

(NAT,, Azon))

- d’v £ dn(M, z,)
— — o M
X \[(; dZ[r dztrdQ \[0\ dM dM BHMF( ) X

00 0.94

X g+,cen(Rtes‘a M, z) d/l::r Cclu(/l;kr, Ztr) P(/lmM, Zur) X Loal ze€10.45,081

0 Lensing

1.00 EJ Counts
x f Ay Pz | 2oy Pzoslan)
-

Azob

<g+,cen(Ra A/l:b, Azop)) =

1.00 3

B 0w
0.98 Y

0.96

Py (DAgy, AZop)

0.98
ob
0.96

Peiu (M;br AZob)

0.94
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear: Purity of the background sample, derived by reconstructing

the true n(zg) via self-organising maps (SOM).
<g+(Ra A/l:;b, Azp)) = (1 = foﬂ“)<g+,cen(Ra A/l:;b, Azop)) +
+ foff<g+,oﬂ"(R’ A/Iz;b’ AzZap))

2=0.125

. ———Z
where - N2y | 2)
ZZ] fivkg(2g12)

* Peru(AL,, Azob) (Poke(AZob))
<g+,cen(R, A/l()b’ AZOb)) = b

(NAT,, Azon))

d’v a2 dn(M, z,;)
S Dbk gy,
Xf % dzndszﬁ TN

00

X g+,cen(Rtes‘a M, Ztr) d/l::r Cclu(/lrr, Ztr) P(/l:rlM, Ztr) X
0

‘ -10
0.0 0.5 1.0 15 2.0 0.2 0.4 0.6 0.8
X f d/l(*)b P(/l;bllrrv Zur) dzob P(zoblzer)
AL,

(M—=M)/M x 100

24 z
AZop Examples of rough (hatched) and
reconstructed (blue) background redshift

distributions, given two lens redshift values.

Median values of rough and reconstructed
background redshift distributions, as a
function of lens redshift.
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear: Purity of the background sample, derived by reconstructing
the true n(zg) via self-organising maps (SOM).
(g+(R, A/l;b, Azp)) = (1 = foff)<g+,cen(Ra A/l:;b, Azop)) +

g foﬂ"<g+,oﬂ"(R’ A/Iz;b’ AZob))

where

Petu(AA,, Azob) (Pokg(Azob))

(N(AZ,, Azop))

ob’
= Colour or photo-z

d2 V = dn(M, Z[r) ==+ Colour
X dzy —— dM ———— Be(M) X —=+ Photo-z
\[()m e dZ[rdQ L dM HMF( ) :::oto»z peak

<g+,cen(Ra A/l:;b, Azop)) =

Phig(2) [%]

00

X g+,cen(Rtes‘a M, Ztr) d/l::r Cclu(/l:‘r, Ztr) P(/l:rlM, Ztr) X
0

Purity of the background selections derived
* * * from the self-organising map analysis, as a
X \f; N d/lob P(/lobl/ltr’ Z(r) dZOb P(ZObIZU‘) . function of lens redshift

Azob

(Pog)(B2) [%]

ob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear: BMO profile (Baltz+09) including a 2-halo term

(g+(R, A/l;b, Azop)) = (1 = for){g+.cen(R, A/l:;b, Azgp)) +
+ foﬂ"<g+,oﬂ"(R’ A/Iz;b’ AZOb)> g+_ccn(R, M, Z) =

A%, cn(R, M, 2) (52} (2))
1 = Seen(R, M, 2) (ZL Y (E2())

where /

crit

Pu(AE, Az Az The SOM-reconstructed background redshift
cta( ob 2 bkg( Ob» distribution appears within the critical

(N Zb’ Azop)) surface density:

X f dz 4V p M 20) By (M) X - i1 e 920 T (Zg, D) 1(2g [ 2)
0 dzie am (Z@) =
f:g>: dzg n(zg | 2)

<g+,cen(Ra A/l:;b, Azop)) =

X [g+,cen (Rtes‘a M, Ztr)]f d/l::r CcIu (/l:‘r’ Ztr) P(/l:rlMe Ztr) X
0

X f d/l(*)b P(/l:bllrn Zur) dzob P(zoblzer)
AL

ob Azob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

(g+(R, A/l;b, Azop)) = (1 = for){g+.cen(R, A/l:;b, Azgp)) +
+ foﬂ"<g+,oﬂ"(R’ A/Iz;b’ AzZap))

where - .
Geometric distortions are accounted for

Pt (A/lob’ Azgp) <Pbkg(AZob)> Drest

X test __ test _ pfid 1
(N(AX:,, Azop)) R™ =6D" =R D

<g+,cen(Ra A/l:;b, Azop)) =

d’v dl’l(M Ztr) 2
W 40 dM ar1¥ D, is the diameter angular distance of the lens

X &+.cen ' M, Ztr) d/l* clu(/l[r, Ztr) P(/l IM Ztr) X
0

X f d/l;b P(/l bl/ltr’ er) dZOb P(Zoblzlr)
AL

ob Azob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

Halo mass function
(g+(R, A/l:;b’ Azgp)) = (1 = forr){€+cen(R, A/l:;b, Azgp)) +

g foﬂ"<g+,oﬂ"(R’ A/Iz:)b’ AZob))

where

. Per(AL,, Azob) {Pok
(8+.cen(R, Adgy, Azop)) = - \ X Bias on the halo mass function (from Costanzi+19).
Statistical uncertainties are propagated into the final

00 d2 % 00 .
X 3, — dm /=2 R posteriors.
\[(; Ztr dZ[rdQ \[0\ .

00

X g+,cen(Rtes‘a M, Ztr) d/l::r Cclu(/l:‘r, Ztr) P(/l:rlM, Ztr) X
0

X f d/l(*)b P(/l:bllrp Zur) dzob P(zoblzer)

AL, Azop
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

(e (R, ALy, Azp)) = (1 = for)gucen(Ry ALy, Azgp)) + Cluster sample completeness from mocks

g foﬂ"<g+,oﬂ"(R’ A/I:;b, AZob))

where

Petu(AA,, Azob) (Pokg(Azob))
(N(AX,, Azop))

ob’
— Zpx=0.125

d’v = dn(M, z,,) 2} . 2, =0.325
X dzy ———= dM ———— Bye(M) X -
R e Tt o

<g+,cen(Ra A/l:;b, Azop)) =

00

X Zreen(RE, M,zg) | 2 Can(A 20 PLALIM, 20) 109

0

o j; ” dAgy P(gh| s> 2) dzop Plzob2ir) The blinding strategy involved biasing the
ob

Azob

completeness estimates.
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

. . Uncertainty on the mass proxy
(g+(R, A/lob, Azep)) = (1 = forr){€+cen(R, A/lob, Azgp)) +

e foﬂ‘<g+,0ﬂ‘(R’ A/I:;b, AZOb)> mean, pxi rms, CX’ of

P(Ax|AA, Azy)

tr?

where
where

Petu(AA,, Azob) (Pokg(Azob))
(N(AX,, Azop))

(&+.cen(R, A/l:;b, Azgp)) = X = (/lzb —/l:r)//l:}

— zy€[0.05,0.3)
-~ zy €[0.3,0.35)

Zy €[0.35,0.45)

— zy€[0.45,0.6)
-+ Zx €[0.6,0.9)

ob’
&y e - ,
X dzy —— _— Contribution by masking,
Zir )
0 dz,dQ J projection effects, and

test blending.
X g+,cen(R YoM, Zir)

0
. \];,1* d/l(*)b P(/l:bl/l:rv Zur) fz0b dzob P(Zoblztr)

[0 68% confidence

ob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear:

(g+(R, A/l:;b, Azop)) = (1 = for){g+.cen(R, A/l:;b, Azgp)) +
+ foﬂ"<g+,oﬂ"(R’ A/I:;b, AzZap))

where

Petu(AA,, Azob) (Pokg(Azob))

(NAT,, Azon))

d’v a2 dn(M, z,;)
S Dbk gy,
xf % dzndﬂﬁ TN

<g+,cen(Ra A/l:;b, Azop)) =

00

X g+,cen(Rtes‘a M, Ztr) d/l::r Cclu(/lrr, Ztr) P(/l:rlM, Ztr) X
0

* x [* _ Uncertainty on cluster redshifts
o j; 2 gy P(Agpldir, 2ur) j;ZUb dzob @ " from GAMA spectroscopy
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Expected value for the stacked reduced shear: Proxy-mass relation PDF

<g+(Ra A/l;b, Azp)) = (1 = foff)<g+,cen(Ra A/l:;b’ Azop)) + 1 %5 (_ [lOg /l;. = ,Ll(M, Z(r)]z )

* P(A4IM, 7)) = e
+ fot(8+.0f (R, AL} , AZp)) (Al M, 22c) In(10)2% V270 i .55

where where

. Petu(AA,, Azob) (Pokg(Azob))
<g+,cen(Ra A/lob’ AZOb)) - (N(Aﬁ;b, AZ()b)) X #(Ma Ztr) =a+ B log

d>v = dn(M, z,,)
r— M ———- M
X \fom dz dzedQ L d M Bine(M) X

00

X &+.cen (Rtest’ M, Ztr) d/l::r CcIu (/l:‘r, Ztr) (/l:rlM, Ztr)

0

xf d/l(*)b P(/l:bllrn er)f dzob P(zoblzer)
A" Azon

ob
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AMICO clusters in KiDS-1000

Weak-lensing modelling (Lesci+ submitted)

Parameter Description

Other uncertainties entering the modelling Qoo Cold dark matter density parameter at z = 0

10°A, Amplitude of the primordial matter power spectrum

Qi Total matter density parameter at 7 =
Concentration - mass relation: o3 Amplitude of the matter power spectrum at z = 0
Sg = 03(Q,,/0.3)%3 Cluster normalisation parameter —
lOg Cr00 = log co+Cum log( Zw_“ ) +c, lOg ( 1 Q Baryon density parameter at z = 0 N(0.0493,0.0016)
10147 lMe ng Primordial power spectrum spectral index N(0.9649,0.0210)
h = Hy/(100 km/s/Mpc) Normalised Hubble constant N(0.7,0.03)
a Amplitude of the log A* — log M» relation [-2, 2]
B Slope of the log 2" — log M relation [0, 3]
y Redshift evolution of the log 2™ — log My relation [-3, 3]

uniform priors on logc, and o, to account for baryons.
¢,,and c, are fixed to the values by Duffy+08.

Tintr Intrinsic scatter of the log 2* — log M relation [0.01, 0.5]
log co Amplitude of the log c200 — log M2 relation [0,.1.3]
. . o Fraction of miscentred clusters N(0.3,0.1
Covariance matrix: fon i e ( )
Toff Miscentring scale (in 42~ Mpc) [0, 0.5]

_ BT Sys Sys __ 2 2 2 ob ob Fi Truncation factor of the BMO density profile N(@3,0.5)
Cu=Cy +Cy, where Ckl = 0yt O Y0 ) 8+k8+1 (5.9

/

stat. err. on multiplicative shear bias (2%) residual uncertainty on orientation and projections (3%)

Parameters entering the mass function correction factor Nne Conr)

uncertainty on the SOM-reconstructed n(zg) (1-4%)
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AMICO clusters in KiDS-1000

Splashback radius modelling (Lesci+ in prep.)

| s

z € [0.10, 0.30)
A" € 120, 40)

Rsp
T 68% confidence

¥-&  § Kps-1000
¥

ok

i

z € [0.10, 0.30)
A" € [40, 65)

z € [0.10, 0.30)
A" € [65, 210]

i ]

NG

t

z € [0.30, 0.45)
A" € [25, 40)

z € [0.30,0.45)
A" € [40, 65)

ey

z € [0.30,0.45)
A" €165, 210]

Ly

=

z € [0.45,0.80]
A" €130, 45)

Yy > N
by

By |

z € [0.45,0.80]
A" € [45, 60)

Iif:

fil

z € [0.45, 0.80]
A" € [60, 210]

1

2

R [h~Mpc]
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AMICO clusters in KiDS-1000

Splashback radius modelling (Lesci+ in prep.)

Rsp defined as the minimum of d logp / d logR.

| === More+15 ACT; Shin+21:GP
2 - Diemer+20 ACT; Shin+21:WL
(Rep(Aly, Azap)) = 1 fw i f” dM Ry (M. 2.) dn(M, zie, ALy, Azop) This work - DK14 SPT; Shin+19:GP
) ¢ (NQAZL,, Azon)) Jo dz,dQ Jp = dm KiDS-DR3; Giocoli+24:WL ¥ ACT; Shin+19:GP
eFEDS; Rana+23:GP SDSS; More+16, Baxter+17:GP
CLASH; Umetsu+17:WL+SL DES; Chang+18:GP
CCCP; Contigiani+19:WL ¥ DES; Chang+18:WL
LoCusSS; Bianconi+21:LP HSC; Murata+20:GP

Planck; Zurcher+19:GP

Y e

PE PE P P

d’v dn(M, ze, A}, , Azop)
R m A/I‘ il AZD L4\ ST dM R m M! r —0
(Raoom (A, Azgp)) = (N(A/!uh,AZob))r 24 o) ‘n 200m(M, Zc) T

e HEH HEH i HEH

dn(M, 2, AL, Azg)
m A/r ,A, < dm m M,-r _—
(va00m(Adgy, Azop)) = (N(A/loh,AZm))f 2t dyudQ\F V200m(M, z) FT;

Next: adding the cluster-galaxy 2PCF
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Summary

Need to extend the cluster pipeline down to shear calibration;

Compromise between background selection purity and completeness, in order
to maximise the weak-lensing S/N;

Impact of selection effects on cluster statistics in Euclid (ongoing work in the
Clusters of Galaxies SWG, FornaX Collaboration);

The mass calibration pipeline for cosmology enables additional analyses, e.g.
splashback radius -> “easy” additions to CLOE.
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