SN D

' Eduardo Barroso T
on behalf of the LSST-DESC Cluster Wolgkmg gro
T Postdoc @ LAPP - Annecy Fi

eduardojsbarroso@gmail.com

barroso@lapp.in2p3.fr



Legacy Survey of Space and Time (LSST) ?;/ sDESC
e
LSST Camera
NSF-DOE Vera Rubin Largest Ever Build
Observatory - 32000 Megapixels
Cerro Pachén, Chile - Newimage every ~40 s
- 8.4-meter telescope - 3 nights — Southern sky
- Wide-field sky survey - Gfiltersiu, g, 10,2,y
(~320—1050 nm)

https://rubinobservatory.org/gallery



Legacy Survey of Space and Time (LSST)

LSSTCam Rubin First
First Photon Light
15 April 2025 23 June 2025
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(with annotations)
Slide by Elisa Chisari
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DP2 Processing + Science Validation

Higher latency alerts

EEES

Community Alert
Broker Integration

Start of
LSST
LSST began
29 June . Weare
2026!! here

Incrementhl Template G
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Increasing Live Alert Strean{

12 months
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Early Data Pre.w.evg 2 4.> <'>
LSSTCam Commissioning )'( )'A
Science validation data
Coadds & Catalogs

PPDB available

ll

Nightly Processed Visit
Images ( 80hr embargo)

A :
J@). DataPreview 2
’VA LSSTCam Commissioning
Science validation data

All data products

DIA catalogs, Solar
System Catalogs
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https://rtn-011.lsst.io/
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,;ﬁ*‘u.r:;axva s IPZCOSMOS-
. . gri > (~60, 100, 90) visits each
(26 6 26 2 25 9). 5~S|gma pomt source depth'-

~Similar HSC-Wlde depth W|th few V|S|ts',

Credlt NSF—DOE Vera C Rubm Observatory/NOIRLab/SLAC/AURA See Rubln


https://rubinobservatory.org/gallery/image-releases/rubins-cosmos
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Cosmology with galaxy clusters — 5

ark Energy Science Collaboration

\
L

=

- Most massive collapsed structures — sensitive to o, and Q

- ~85% dark matter, ~14% gas, ~1% galaxies Bocquetzor

- Probe to dark matter, LSS formation ERNR
- CLAbundance + CL Weak Lensing TR
- Complementary to 3x2pt: orthogonal systematics N

- LSST expects ~100,000 clusters detected <081

0.7 4 SPT clusters
DES Y3 3x2pt
SPT clusters + DES 3 x2pt
SPT clusters + DES 3x2pt + Planck18 ™

0.20 0.25 0.30 0.35 0.40
QHI

Eduardo Barroso, Cosmo26 - Leiden 5


https://arxiv.org/pdf/2412.07765

Cosmology with galaxy clusters — 9DESC

Our methodology so far: Binned approach

Combination
Cluster abundance Cluster Iensing. e Standard _
i dlser caialos e Average WL profile methodology in DES,
N\ and z. bins EDj e Marginalize over — KiDS
. “Pix%LI” view%f the cluster’s e Saves a lot
cluster distribution morphological computation time
properties (large cluster
catalogs)

Eduardo Barroso, Cosmo26 - Leiden 6



\l
Current status of the DESC Cluster Pipeline ;;;\\/wDESC

[ Galaxy Catalog Cluster Catalog ]
TXPipe CCL
(Data measurements) CLMM
¢ ==~ (Theoretical
: (Cluster WL Masses) Commblogy)
:
L} s® u Py v ]
! - : ° ¢’ :
A \ 4 X’ ¥
. CROW
TJPCov
' (HMF, MoR, SF)
' == P (Theoretical
’ (N); + covariance)
' (M)i/{AX)i/ (gt )
| -

(N): + .
(M)i [{AX)i [{gt)i B P
Firecrown

(Construct Likelihood)
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\l
Current status of the DESC Cluster Pipeline ;;/\\/EQSESMQ

[ Galaxy Catalog Cluster Catalog ]
Data ( TXPipe | CLMM CCL
= Data measurements
Computatlbn (1 === (Theoretical
\ uster WL Masses) Cosmology)
/ A3 i Y A’ Y
3 CROW

TJPCov

(HMF, MoR, SF)
el o (Theoretical
(N)i + covariance)

(M)i/{AX)i/(gt)i

| -

(N)l + &'0 --------
e  amem"
(M) [{AS): /(g1 = &=
Firecrown

(Construct Likelihood)
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\
Current status of the DESC Cluster Pipeline Ej\\’k

Modeling A /I
Tools
[ Galaxy Catalog Cluster Catalog ]
TXPipe CCL
(Data measurements) CLMM
¢ ==~ (Theoretical
(Cluster WL Masses) Commblogy)
L - 9 : i v k ’ %
i CROW
TJPCov
(HMF, MoR, SF)
el o (Theoretical
(N)i + covariance)
(M)i/{AX)i/(gt)i
| -

(N)i + g™
e  amem"
(M)i [(AS): [{gt)s r 4"
Firecrown

(Construct Likelihood)
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Q)

Current status of the DESC Cluster Pipeline —

[ Galaxy Catalog

Cluster Catalog ]

N

4

TXPipe

(Data measurements)

(N)i
(M)i/{AZ)i/{gt)i
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Firecrown
(Construct Likelihood)

CLMM cCh

< === (Theoretical
(Cluster WL Masses) Cosmology)
. \ 4 X’ v
CROW
TJPCov
(HMF, MoR, SF)
=== (Theoretical
(N); + covariance)
(M)i/({AZ)i/ (gt)i
¥ DT Prediction

wDE
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Q)

Current status of the DESC Cluster Pipeline —

[ Galaxy Catalog Cluster Catalog ]

N 7

TXPipe

(Data measurements)

(N)i +
(M)i/{AZ)i/{gt)i

Eduardo Barroso, Cosmo26 - Leiden

CLMM CCL
(Cluster WL Masses) e ('g:::;iz;;?I
A ¥ & H
CROW
TJPCov
(HMF, MoR, SF)
it (Theoretical
(N)i + covariance)
(M)i/(AE)i/ (gt )
» P | /
Firecrown Covariance

(Construct Likelihood)

wDE
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Q)

Current status of the DESC Cluster Pipeline —

[ Galaxy Catalog Cluster Catalog ]

N 7

TXPipe

(Data measurements)

(N)i +
(M)i/{AZ)i/{gt)i
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Firecrown

(Construct Likelihood) \

CLMM CCL
(Cluster WL Masses) e ('g:::;iz;;?I
v v v k ° %
CROW
TJPCov
(HMF, MoR, SF)
it (Theoretical
(N)i + covariance)
(M)i/(AE)i/ (gt )
» ‘4’ an="

Likelihood

wDE
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Validation on simulations
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WaZP cluster finder applied to DC2 —  "DESC
//// \\DarkEnergyS(\en(e(ollaboranon
Characterizing the WaZP Cluster Finder on LSST Simulated
Images
R. Solomon!:?, M. Aguena? 3, C. Benoist?, T. Guillemin!, E. J. Barroso!, D. Boutigny!, L. da Costa2, N.
Amouroux!, and S. J. Schmidt®
(u-j —-29.90
o ; T T IS
. — (BIAS)=5.0e—03  —— (STD)=0.0260 ~ e FULL
—-29.95 --- (BIAS")=3.5¢-03 =--- (STD')=0.0152
005:‘ H H i ; 102_ :
-30.00
0.00 1
-30.05 ] 10* 4
T T v T T e T v T —i 00 ]
30.10 0.00 0.25 0.50 0.75 1.00 1.252 1.50
spec
56.25 56.20 56.15 56.10 56.05 56.00 Photo-z performance
RA . .
(TPZ with a special Full 0.99 complete, 0.21 pure
Largest DC2 WaZP configuration) BMRK 0.78 complete, 0.75 pure

cluster with masks
WaZP DC2 paper in DESC internal review

Eduardo Barroso, Cosmo26 - Leiden 14



End-to-end LSST DESC Cluster pipeline

Project

\4

\|

i
. ADESC

™~

—_

‘///

i/

—

N
A

- Goal: Unify all DESC cluster-cosmology tools into one automated, end-to-end pipeline
- Motivation: consistent systematics across probes, less human error, reproducible, modular
- First time these tools are validated as one integrated system, not separately!!

Validation with cosmoDC2 simulation

cosmoDC2 redMaPPer Clusters

cosmoDC2 galaxies

o

Yaml configuration file

o

Yaml pipeline file

Eduardo Barroso, Cosmo26 - Leiden

Binned analysis

]
]

Q., 0.t 6 MoR parameters sampled

E.J. Barroso, et. al., in
prep

1.0 T

| cc+wL

15



End-to-end LSST DESC Cluster pipeline /;; *DESC
/// \\aa.kEnergySaence(ollaboran
Validation with cosmoDC2 simulation
Qe =022, Ja =097 Fidudm mo 7 "
- Modular pipeline
Flgmaiee, RpmPl | o B - Different configuration choices
- v1 pipeline and results
sl T ] 1 presented in E. J. Barroso et
- al, in preparation, being
Tinker10 = 6l B ] L finalized!!
Tinker08 — L e — S S B
Baseline
Baseline Counts+Lensing — el v— — S—p——
0.I15 0.|20 0.|25 0.|30 0.!35 0.40 0.6 0.I7 0.8 O.|9
Qc Og

Eduardo Barroso, Cosmo26 - Leiden
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https://rtn-095.lsst.io/
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Data Preview 1 (DP1)

LSSTComCam FOV
LSSTCam FOV

4DE

N)ark Energy Science Collaboration

Y

m NES SCP I Dusty Plane s GP/MC WFD [ Low-Dust WFD @::
180° 90° 0° 270° 180°

.....

,,,,,,,,

Dec.
o

-30°

Dec [deg]
~
o
<

6.75° 1
Rubin DP1 paper ]

(o]
Number of Exposures (i-band)

380°  375°  37.0°

RA [deg]
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http://rtn-095

DP1 Abel 360 project =

\ Dark Energy Science Collaboration

\

\
—\
Rl

M

QA

SN

- Goal: Study a known cluster with LSST DP1 data
- Same DESC tools but not the end-to-end pipeline
- Significant detection of tangential shear signal for samples

3 == shapeHSM - CC

Z R = shapeHSM - CC+PZ

3 DESC, in prep AN — P(2)

-y : All mass estimates

2 - Metadetection L

S i A agree within 10

£ - ACT SZ Mass +1o

z. Reasonable agreement
" : : | | | . with the SZ mass from
1400 1425 1450 1475 1500 1525 1550 1575  16.00 ACT DR5.

log Ms00./M o

Eduardo Barroso, Cosmo26 - Leiden 19



DP1 Abel 360 project

Goal: Study a known cluster with LSST DP1 data
Same DESC tools but not the end-to-end pipeline
Significant detection of tangential shear signal for samples

3 == shapeHSM - CC
Z N e shapeHSM - CC+PZ
2 | DESC,inprep AN — Pl
3 21 ———  Metadetection
% === Anacal
£ - ACT SZ Mass +1o
Z
0 bz : . | | . .
14.00 14.25 14.50 14.75 15.00 15.25 15.50 15.75 16.00
log Ms00./M o

Eduardo Barroso, Cosmo26 - Leiden
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Measure shear profile
Estimate weak lensing
mass

Test science pipelines
(photometry/photoz,
PSF correction, etc)

All mass estimates
agree within 1o

Reasonable agreement
with the SZ mass from
ACT DRS5.

k Energy Science Collabora

.\\QDESC

tion

20



Data Preview 2 (DP2) ;i.\%DESC

- LSSTCam comissioning + Science Validation data (17 Apr — 21 Sep 2025) + early
operations (25 Oct 2025 — 6 Jan 2026)

- ~30,000 science visits

- ~15000 deg?, In = 1 filter

- ~3 000 deg? Coadded (all 6 bands)

27 July 2026 Sept/Oct 2026 Oct/Dec 2026
:@ [ 2 ) {3
N
EDP2 PPD Full DP2
- Deep coadds + all - Prompt based - Visit-level
catalogs data products images

- template coadds

Eduardo Barroso, Cosmo26 - Leiden 21



Data Preview 2 (DP2)

- LSSTCam comissioning + Science Validation data (17 Apr — 21 Sep 2025) + early

operations (25 Oct 2025 — 6 Jan 2026)
- ~30,000 science visits
- ~15000 deg?, In = 1 filter
- ~3 000 deg? Coadded (all 6 bands)

180° 120° 60° 0° 300° 240° 180°

Declination

180°  60° 300" 180°
Right Ascension

Figure and information from RTN-011

Eduardo Barroso, Cosmo26 - Leiden

w B w1
o o o

number of visits

N
o

10

=

J
LssT
),

///// \\DarkEnergyS(\en(e(ollaboranon
Subset | N visists u g r i z y
3000 deg2 38 24.2 25.0 249 245 23.8 | 22.26
750 deg2 56 24.4 25.2 25.2 24.8 24.0 23
300 deg2 64 24.5 25.2 25 24.9 24.1 23

300 deg? = Y1 depth in all bands

22
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LSST-DESC Clusters DP2 Project — ADESC

DP2 Cluster Key Project: Perform a WL mass calibration analysis in DP2 on known and
DESC-detected clusters.”

Estimate the WL masses using cluster catalogs from:

1. legacy surveys such as ACT, DES, and HSC
2. DESC CL finding algorithms, such as redMaPPer and WaZP, run on DP2.

Analysis Steps

Cluster detection & characterization

redMaPPer/ WaZP run on DP2

*This is a cross WG project (shear calibration, foreground masking, redshift catalog, ...)



aaaaaaaaaaaaaaaaaaaaaaaaaaaaa

LSST-DESC Clusters DP2 Project — ADESC

DP2 Cluster Key Project: Perform a WL mass calibration analysis in DP2 on known and
DESC-detected clusters.”

Estimate the WL masses using cluster catalogs from:

1. legacy surveys such as ACT, DES, and HSC
2. DESC CL finding algorithms, such as redMaPPer and WaZP, run on DP2.

Analysis Steps

Data vector generation

Different estimators (A% vs g,)
shear calibrations
tomographic bin vs individual photo-z

*This is a cross WG project (shear calibration, foreground masking, redshift catalog, ...)



LSST-DESC Clusters DP2 Project —  ®DESC

DP2 Cluster Key Project: Perform a WL mass calibration analysis in DP2 on known and
DESC-detected clusters.”

Estimate the WL masses using cluster catalogs from:

1. legacy surveys such as ACT, DES, and HSC
2. DESC CL finding algorithms, such as redMaPPer and WaZP, run on DP2.

Analysis Steps

Covariance calculation

Data-driven (Jackknife) vs. Theoretical

*This is a cross WG project (shear calibration, foreground masking, redshift catalog, ...)
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LSST-DESC Clusters DP2 Project — ADESC

DP2 Cluster Key Project: Perform a WL mass calibration analysis in DP2 on known and
DESC-detected clusters.”

Estimate the WL masses using cluster catalogs from:

1. legacy surveys such as ACT, DES, and HSC
2. DESC CL finding algorithms, such as redMaPPer and WaZP, run on DP2.

Analysis Steps

Modeling and fitting

HMF, scaling relation, halo profile,
systematics (miscentering, boost factor,
projection...)

*This is a cross WG project (shear calibration, foreground masking, redshift catalog, ...)



DESC

Dark Energy Science Collaboration

'_
A
|4

\\S/////ﬂ

Known Clusters

180°

300°

Right Ascension

g /
, 7/

60°

DES Y3 RedMaPPer (2757)  go* -

ACT DR6 (1222)
HSC Deep (35)
HSC Wide (591)
MCXC-II (195)
SPT ECS (10)

w7

Planck (107)

-30°

.

—— DP2 Tracts

uoljeuldaqg
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known CL catalog put together by Ben Levine



\\\
Summary — 5DESC

1. LSST DESC Cluster simulation validation
a. Wazp on DC2
- Successfully run the Wazp cluster finder on DC2 simulation (R.Solomon et. al., under
collaboration review)
b. End-to-end LSST DESC cluster pipeline
- Fully first version connected to DESC tools
- This pipeline can be applied to DP2 with minor implementations

- v1 pipeline and results presented in E. J. Barroso, et al. in preparation, being finalized
2. DP1 with A360

- First WL signal detection and first cluster mass estimate with Rubin data!
- DESC, et. al., in prep

3. DP2 Cluster Key project
- WL mass calibration analysis in DP2
- First use of the pipeline to real data
- We will test the readiness of our tools, LSST systematics and prepare for DR1

Eduardo Barroso, Cosmo26 - Leiden 28



Thank you for the attention!

eduardojsbarroso@gmail.com
barroso@lapp.in2p3.fr
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