BPG \ \\'

M - \.‘\\\; | “ .
— w
ichel Aguena ~ ©&cC
'?// | \Dark Energy Science Collaboration

PS: CLMM, Cluster Detection Validation
Science: WaZP on DC2

CUAPP 8



l
"’:"f \ 71, ?DESC

/
;,//4_'

A/

CLuster Mass Modeling

Michel Aguena + CLMMers



Intro \\1 \l

What is clmm? H

e DESC software being developed by a s
large group of researchers (+), that _
meets DESC software standards (unit 102 | <Aty <M 4 120 10
tests+documentation) . e
e Package to constrain cluster mass from ' —

.....

weak lensing (shear) measurements

e Fit shear radial profile (angular or L MT———
physical)

e Compatible with different backends for
cosmology (astropy, CCL, NumCosmo)
and mass modeling (cluster_toolkit, > : 200.m
CCL, NumCosmo) 2 100" correlates with

e Fits the mass on individual cluster DC2 halo M
basis, stacking planed for the future 138f

140 141 142 143 14.4 145 146
logyo[(Mp,g) /M ]

C. Payerne, C. Combet, M. Ricci + CLMM
S

. 144

Y /M

Reconstructed
M

£ 142
5

log1o{{ Mo
-
T




CLMM architecture
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Utils (§3.1.2.2)

Auxiliary functions
(binning, conversions,
simple computations)

DataOps (§3.1.2)
Compute desired quantities
from measurements (shear
components, profiles)

GCData (§3.4.1)
Astropy table with added
functionality to check
cosmology signature

™

Cosmology (§3.3)
(astropy, CCL, NumCosmo)

Cosmological operations
(distances, parameter evolution)

GalaxyCluster (§3.4)
Cluster information (ID, ra,
dec, z), DataOps functionality,
galaxy source catalog (GCData),
shear profiles (GCData)

Support (§3.5)

Operations to test and facilitate the application of clmm (mock data, parameters f 1tt1ng/sanp11ng)




Demonstration and

Documentation .y
;:l:m mass to shear profile: 1. ideal § \\“\\
b N
e Code on DESC github: AN
https://qgithub.com/LSSTDESC/CLMM —
e Notebooks:

https://qithub.com/LSSTDESC/CLMM/tree
/master/examples

e Documentation in code

clmm.modeling.get_critical surface densitylcosmo, z cluster,
z_source)  [source

Computes the critical surface density

s D,

e CLMM Docs and Demos on DESC: Zer = 4G D,Ds
httD ://ISStd eSC. OrCl/C LM M/ Parameters: « cosmo (pyccl.core.Cosmology object) - CCL

Cosmology object

« z_cluster (float) - Galaxy cluster redshift

« 2_source (array like, float) - Background source
galaxy redshift(s)

Returns: sigma_c - Cosmology-dependent critical surface
density in units of M., Mpe?

Return type:  float

Notes

We will need .. and k. for alternative z_src_models using 3,



https://github.com/LSSTDESC/CLMM
https://github.com/LSSTDESC/CLMM/tree/master/examples
https://github.com/LSSTDESC/CLMM/tree/master/examples
http://lsstdesc.org/CLMM/

Validation

B LSSTDESC/CLMM

<> Code () Issues 30 9l

¥ master ~ $* 55 branches

© 3 tags

* hsinfan1996 |ssue/313/fix optimization 2 (#324) =

= clmm Issue/312/mock data extra (#316)

B docs |ssuel320/rm galaxycluster from datar

B examples Issue/313/fix optimization 2 (#324)

B tests laie/220/rm nalavveluster rnm dataons (2321)

Pull requests 1 ®
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& Unwalch ~ 24 Yy Star 9 %W Fok 8
) Actions [7] Projects 4 [T wiki ) Security |~ Insights
Go to file Add file = About e c OVERA u s | 1sst/

A new and improved cluster

» LRl modbackend/

Il checks have passed

2 suc sful checks

v g continuous-integrationitravis-ci/p

—nit_py

m cmm_cosmo.py

h — The Travis... Details

v .ae CoOveragelcoveralls — Coverage remained the same ...

7 flave ann

© * % =2
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e We expect many cluster catalogs to be produced during the LSST duration
(several cluster finders+10 years of observation+simulations)

e Making sure these catalogs meet some minimum quality requirements

e Evaluating important properties of each catalog (selection function, mass proxy,
scaling relations)

e Cross-validating catalogs and using feedback information to improve detection
and characterization of clusters

e Create a validated, documented and open source repository to be used by the
collaboration and the general scientific community

H . DES f IStel E
1.05F DES 3x2pt |

| Planck 18 §
SN Panth.
SPT-2500 |
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g

BAO
Dark Energy Survey Year 1 Results: 0.75} :
Cosmological Constraints from Cluster
Abundances and Weak Lensing (redMaPPer

clusters, WL Masses) 0.60¢ ,

0.1 0.2 (0.3 0.4 0.5



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.023509
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.023509
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.023509

Validating Catalogs

e Self-check
o General distributions (redshift, mass proxy, magnitudes, colors)
o  Overlap of clusters on the same catalog
e Simulation
o Matching with Dark Matter Halos
o Selection function (completeness, purity, fragmentation, overmerging)
o  Cluster-halo relations (mass proxy, size, orientation, redshift)
e Observation
o Matching with other wavelength clusters (x-ray, sz)
o Cross matching optical catalogs produced



Matching Catalogs \\&\\,

e Matching method: 4 step matching
o Spatial (angular, 3D, 2D+z)
o Membership

e Types of matching considered:
o Unique/multiple match
o One way/cross match

e Sky coverage:
o  Footprints of catalogs _30°
o Cover fraction
o  Maximum redshift

16
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The WaZP galaxy cluster sample of the Dark
Energy Survey Year 1 (2008.08711)

120°


https://arxiv.org/abs/2008.08711

Software development

)
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e Regular meeting with WG and pipeline conveners to direct code
development
e GitHub repository for code versioning
Documentation
e Unit tests and coverage

LSST Dark Energy Science Collaboration (DESC)

sDESC
4
bl Z &2 hup:/iMsstdesc.org

clmm.galaxycluster module

EheraintiaBiinedn it o S,
Cmtls BUIDTYPE  COMMITTED BY COMMIT

RUN DETAILS

@file galaxycluster.py The GalaxyCluster class m push GitHub dd 1149 0f 1149 relevant lines
£ 3 github coverad (100.0%)
class clmm.galaxycluster.GalaxyCluster(‘args, “kwargs)  |source| 1.0 hits per line
*
Bases: object
. : . *  JjoBs
Object that contains the galaxy cluster metadata and background galaxy data
Variables: = unique_id (int or string) - Unique identifier of the galaxy cluster @
0 2 . m 5280186811 23 01 Feb 2021 03:00PM UTC
« ra(float) - Right ascension of galaxy cluster center (in degrees) )

dec (float) - Declination of galaxy cluster center (in degrees)

z (float) - Redshift of galaxy cluster center

galcat (GCData) - Table of background galaxy data containing at least
galaxy_id, ra, dec, e1,€2, 7

SOURCE FILES ON BUILD 528018681

m UST?:  CHANGED 10 SOURCE CHANGED 10 COVERAGE CHANGED

» EEEEY cosmology!

add critical surface density(cosmo)  [source

Computes the critical surface density for each galaxy in galcat. It only runs if input cosmo !=

galcat cosmo or if sigma_c not in galcat. > EIIEY darsopss
Parameters:  cosmo (cimm.Cosmology object) - CLMM Cosmology object > m plotting/
Retumns: B~ 000 ETTILY
Return type:  None - EXEEER theory!



Science: WaZP on DC2

Michel Aguena + Brazil CWG
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Wavelet Z-Photometric (WaZP) |
; %DESC
e
Galaxies are selected in redshift slices based on PDZ's from photoz algorithms
Clusters are detected as overdensities in wavelet based density maps
No assumption on the galaxy populations of clusters (e.g. red sequence)
Produces cluster membership probabilities for galaxies

A 3 deg? tile




Producing Catalogs \\\‘

Data workflow LIneA Science
Portal

- [ COADD ] € C { ® Noisecuie | des-portal linea.gov.br
| @ Dashboard My Workspace Pipelines Tools DataServer Documentation Help

—

Make Zz 35 Data Installabon 4 |
<-—-=-n Data Preparation 4
. | f
Train. *Set - SIG Sep. - DES Science Portal: Work suunce-ready caaiogs  +
Phot. z | | The Science Portal has two instances: | Science Analysis » | Lss ’
Training <---C L] . :V"(;rll;!ly:ws hosts workflows for| Parameter Estimation * | Cluster ¥ | WAZP
¥ + Data Server: provide access to { Utilties » | SN * | Cluster Comparisan »
Phot. z The system Is designed to be self-evid{ Special Samples » WL N
Compute Examples » | Simulation »
l : = Galaxy Archeology »
Galaxy Evolution »
VAC (Galaxy Catalog) as0 ;
l Strong Lensing ’
Combined Probes ’
.
Cluster finder (WaZP) -




DC2

LSST

DESC

\\\\ '///

\\

Run the WaZP both truth and image simulated catalogs
Compare with Halos and RedMaPPer
Evaluate the impact of photo-z (true z X gaussian pz X real
photo-z X full pdf) on:

o cluster detection purity and completeness
richness estimation
mass-richness scaling relation
selection function
membership assignment of cluster members, which can then
be directly compared to the redMaPPer clusters.
Evaluate limitations - physical and algorithmic assumptions of CF
Construct path for cosmology

O O O O



DC2 .

Run 2.2i dr3 - photo-z

Defining Small Region

Preparing LIneA’s infrastructure for DC2

Matched with true catalogs (thanks to J. Sanchez)

k Energy Sclence Collaborati
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DC2 - WazP A
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e First WaZP run A e

103
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DC2

100
80

40
20

Internal calibration has to be updated for LSST magnitudes

LSST (Science book)
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http://www.ctio.noao.edu/noao/node/13140

DC2

Effect of magnitude calibration on detection
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DC2 Al

e [Effect of magnitude calibration on detection f/A R
DES i* DC2 i*
o s 200
100
175
150
125

=
o
o
Counts
mag

™ 40
50

1447 it
25 -

12 H . : . . : . ;
00 02 04 06 08 10 1.2 1.4

Counts



DC2

Review Sample
o cosmoDC2v.1.1.4

m Extragalactic Catalog

m Image Simulation
e DR3(Y2)
e DRG (Y5)

Provide feedback to the CSS (Cosmological
and Survey Simulations) Working Group

Galaxies[deg™?0.5mag ]
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