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DETAILING THE STRUCTURES WITH SPECTRA

e CTA2
o Geller & Huchra 1989

e SSRS2 .
o da Costa et al. 1994
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MORE OBSERVATIONS AND SIMULATIONS AL

e 2dFGRS and SDSS
o large samples
o clustering versus
physical properties
m luminosity

m color
m stellar mass

South American Workshop on Cosmology in the LSST Era
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HOW TO DETECT A GALAXY CLUSTER!



GALAXY CLUSTER OPTICAL SAMPLES

o Abell (1958) PRECRR P
2,712 rich clusters T
z < 0.2 ‘

South American Workshop on Cosmology in the LSST Era Leo Cluster. !p%gg



GALAXY CLUSTER OPTICAL SAMPLES
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https://www.sciencenews.org/author/emily-conover
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5D35 GALAXY CLUSTER SAMPLES

<> LSST: Brazilian Participation Group

ALL REPORTEDLY VERY PURE AND (OMPLETEX)

Authors Publication # clusters Z max
Miller et al. 2005 AJ 130 968 750 0.17
Koester et al. 2007 ApJ 660 239 14,000 0.30
Wen et al. 2009 ApJS 183 197 40,000 0.60
Hao et al. 2010 ApJS 191 254 55,500 0.55

* LOW CONTAMINATION AND DETECT MOST OF TRUE CLUSTERS

South American Workshop on Cosmology in the LSST Era
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redMaPPer

® The “red-sequence Matched filter
robabilistic Percolation” algorithm has all
this... and more!
e Computationally efficient: can run on

5000 deg? of DES data in ~500 CPU hrs
® Works with limiting training samples
® High purity and completeness
® Low scatter mass proxy, A
® A probabilistic centering algorithm
analogous to P(z) in position space

South American Workshop on Cosmology in the LSST Era



M gas a n d M S Z vs - A | SST: Brazilian Participation Group

® Compare to well-measured X-ray clusters
and Planck SZ clusters, mass scatter in A is
~25%
® Not fully corrected for optical selection
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DARK ENERGY SURVEY (DES)
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http://adsabs.harvard.edu/abs/2018ApJS..235...33D

SST

Table 1. Y1A1l GOLD Data Quality Summary

Parameter Band

g P ) z Y
Median PSF FWHM 1.25" 1.07" 0.97" 0.89" 1.07"
Sky Coverage (in all bands) 1786 deg? 1773 deg?
Astrometric Accuracy 25 mas (relative); < 300 mas (external)
Absolute Photometric Uncertainty (mmag) 14 4 2 15 32
Relative Photometric Uniformity (mmag) 19 22 20 20 18
Completeness Limit (95%) 23.6 23.4 22.9 22.4
Coadd Galaxy Magnitude Limit (100)® PRLTDE  BHETSs EBETRLY BEtes WTh
Multi-Epoch Galaxy Magnitude Limit (100)* 23.779:97 23.51225 22.9%0-2¢ 22.270-22
Galaxy Selection (i < 22) Efficiency > 98%; Contamination < 3%
Stellar Selection (i < 22) Efficiency > 86%; Contamination < 6%

Drlica et al. 2017
South American Workshop on Cosmology in the LSST Era httos://arxiv.ora/odf/1708.01531 .pdf



https://arxiv.org/pdf/1708.01531.pdf
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ONE YEAR OF DES SUPERSEDED BY
(OUPLES OF WEEKS OF 1351
DBSERVATIONS
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Figure 9. Coverage and depth maps for a single Y1A1 coadd tile. (Left) Vectorized mangle weight map for an r-band coadd
tile. Satellite trails, star masks, and chip gaps are stored at full resolution. (Center) Pixelized 10c limiting magnitude map
for galaxies using HEALPix at nside = 4096. (Right) Pixelized map of the coverage fraction at HEALPix nside = 4096. This
tile is located on the border of the Y1A1l footprint and has been chosen for illustrative purposes due to its variable depth and

incomplete coverage.

” Drlica et al. 2017
South American Workshop on Cosmorogy i tne=ss 1-Era- SICTP

httos://arxiv.ora/pdf/1708.01531.pdf AIFR



https://arxiv.org/pdf/1708.01531.pdf

SURVEY DEPTH

()
o

Declination
| |

(J\] —

o o

o] (o]

r-band

—45° ...\

—60° ¢

Magnitude Lumt
(mag)

22.2 23.0 238

135°  90°  45°

—45°  —90°

0.20f
0.15}
-+ 0.10}
0.05}

0.00k

0.20F
(D) imogeimag

0.15f
B g e
0.05f

0.00
0.20F

0.15f
5 0.10f
0.05f

- "".'w‘

o

....................

Right Ascension 0.00 b*e

Drlica et al. 2017
https://arxiv.org/pdf/1708.01531.pdf

South American Workshop on Cosmology in the LSST Era
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STAR GALAXY SEPARATION
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Figure 15. Density of objects with ¢ < 22 passing the high-completeness star (left) and high-purity galaxy (right) MODEST_CLASS
selections. The linear color scales represent the density of catalog objects and are the same for both panels. The density of

objects has been corrected for the coverage fraction of each pixel (Section 7.1).

South American Workshop on Cosmology in the LSST Era

W
SAIFR



/-:

l:‘rom afar everythmg IS a _pomt

o nearby galaxres easy tO drstrngursh fram staré i i

o far far away galaxres appear as a pornt JUSt Irke s@rs

BT



Erom afar, everything is a point

e Atmospheric seeing blurs images

e HST to aid!

e Training sample for n
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Photometric re_dshifts
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http://adsabs.harvard.edu/abs/2018A%26C....25...58G
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VALUE ADDED CATALOGS

Ancillary Maps

(a)

Footprint Map

(0) | sclence-ready

Co-added products

Value-added (c)
products

Figure A.10: Steps to create the LSS catalog as described in Section[d for the
S82 dataset. Panel (a): regions with DETFRAC_I > 0.8. Panel (b): bad region
mask with FLAG=2,4,8,32, and 128. The white arrow indicates the position
of the globular cluster M2 removed by the FLAG=128. Panel (c): regions with
depth with i > 22 at 10-o-. Panel (d): binary map showing regions with
EXPTIME > 90sin the griz filters. Panel (e): footprim map after combining the
previous conditions, with a total area of 140.65 deg”. Panel (f) map showmg the
density of objects after the object selection step with 5.89 obj/arcmin?. Panel
(g): map showing the density of galaxies after the star-galaxy separation step

with 3.57 gal/arcmin?.

Fausti Neto et al. 2018

httgs://arxiv.orq/pdf/ 1 708.05642.Q|df
Sou merican Workshop on Cosmology in the T Era
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https://arxiv.org/pdf/1708.05642.pdf

THE WATP (WAVELET 2PHOTOMETRIC) CLUSTER FinDer SRL

e 2D+1D method Cluster at z=0.35
Galaxy density maps in several redshift slices

e Density maps in redshif
slices

e photo-z instead of Red
Sequence
o high-z clusters
o "blueish" clusters

South American Workshop on Cosmology in the LSST Era ’Q'%Tg



[HE GROWTH OF RED SEQUENCE GALAXIES

Log( Stellar Mass / Msun)

Gabor & Dave 2012

South American Workshop on Cosmology in the LSST Era
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HOW GOOD 15 YOUR CLUSTER CATALOG!

e Matching by proximity (M. Aguena)
o Redshift and Angular distance
e Mass proxy rank 1n multiple matches

South American Workshop on Cosmology in the LSST Era !p%gg
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Consistency with other Clusters

% Matching to SPT-SZ catalogBleem et al. (2015)

— 1ogNgu> 14.4 = logNye> 14.7 |
— logNyu=> 14.4 — l()f_:A\’_,l,,l}_ 14.9
- ]n:‘.\"w,,;> 14.6
T T T T ES
\/ 1
£
24} > |
9 ]
= N
= (1]
22 (&)
5 e Q N
9 1 | ! <> |
0 Oy Q6 0% Ly
287

South American Workshop on Cosmology in the LSST Era

%05
%oy
0
0

L7

Ly

a0

2
0~

2 d
Q6
O

v

Q4
@5
05

<

287

07"

| ™ N D B K ERN EE L |

<> LSST: Brazilian Participation Group

| | | I

ERRORBARS X 3

9; 05 Oy 0

] !
9 53 //6 0 7 //.A'J

Thanks to Michel Aguena

S
990700




Consistency with other Clusters -

SST: Brazilian Participation Group

% Matching to RedMapper 6.4.17
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e Galaxy formation and evolution
o gas cooling, star formation, feedback
(AGN, SNe)
e Cosmology
o lambda? dark energy? modified gravity?
O mass measurement
e Dark Matter properties

South American Workshop on Cosmology in the LSST Era !}SEE



GALAXY-RALO CONNECTION

e Two approaches
e empirical modeling (data)
o get parameters evolution from data
e physical modeling (simulations)
o simulate the physics of galaxy formation

South American Workshop on Cosmology in the LSST Era !}Sgg



More Expensive
Maore predictive

galaxy-halo
connection

Approaches to modeling the galaxy-halo connection

ISST

<> LSST: Brazilian Participation Group

Less expensive
Less predictive
Mare flexibility
to constraint
unknowns

— physical models empirical models [

Hydrodynamical Semi-analytic EF':'_‘:’:::I At?::::rl::e o Halo
Simulations Models 3 < cupation

Modeling Modeling Models

: ; Density peaks Collapsed objects

Simulate halos & E‘g‘::;'ml‘u‘:r:zi"sg Evolution of density (halos & subhalos) (halos) plus
gas; fg -k F(J:ool'n Ztar peaks plus plus assumptions model for
Star formation & g y ing, parameterized star about distribution of galaxy
feedback recipes %Z?j?é%i’ formation rates galaxy—(subjhalo  number given host
connection halo properties

Figure 1: Modeling approaches to the galaxy—halo connection. Top panel shows the dark matter
distribution in a 90x90x30 Mpc h~! slice of a cosmological simulation (Left), compared to the

Wechsler & Tinker 2018 galaxy distribution using an abundance matching model, tuned to match galaxy clustering prop-
erties of an observed sample (Right). The grid highlights the key assumptions of various models

South American Workshop on Cosmology in the LSST Era
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Basic unit of large scale structure
e Gravitationally bound and disconnected from
Hubble flow
e Overdensities 1n dark matter n-body
simulations
o with a given mass and radius for an over
density threshold (ex. 200)

Myir = 4?% R?/ir Apm

South American Workshop on Cosmology in the LSST Era !p%gg



HALO RADIVS  Mir = = R3, Apmm ~7A

e masses and sizes are key properties of halos

e but, there are issues with this mass
definition

e reference density (p ) evolves with time

7 lell
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c<rTr
HALO RADIVS My = 45 B3 Apm

V1r
e Even if halo physical density profile 1is
constant
e Mass and radius will evolve
e '"pseudoevolution"(Diemer, More, & Kravtsov

2013) 5= 1.0 > 2=0.5 s =00

1012

Mass (Mg /h)

107 102 10%
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SPLASHBACK RADIUS

y (h~"Mpe)

e More, Diemer & Kravtsov 2015 -
e physically motivated radius h H *%fl§ ?’ Rui
e separates infalling material 00
from in orbit T
¢ (h-1Mpe),

e really depends on mass accretion, since 1t a
deeper well will decrease apocenters

b

South American Workshop on Cosmology in the LSST Era k}ggs
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WHAT CAN T DO WITH THE SPLASHBACK?

e assess accretion rate of halos

e verify if different populations have
different Rsp (different infall times?)
o Shin et al (arXiv 181106081)

e can we measure 1t on non-luminous matter?
o Chang et al. 2018

e evolution of radius and populations w
redshift?

South American Workshop on Cosmology in the LSST Era !ﬁ%gg


http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018arXiv181106081S&db_key=PRE&link_type=ABSTRACT

ISST
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WEIGHTING GALAXY CLUSTERS

South American Workshop on Cosmology in the LSST Era k}ggs
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http://www.youtube.com/watch?v=db5rRtOExbA&t=3

MASS RICHNESS FOR SV

100 |
e Saro et al. 2015

e Redmapper cluster
catalog
e Matched to SPT SZ

. T. McClintock

MSOO [h;(; MO]

Figure 4. Richness as a function of the SPT derived masses for the calibra-
tion sample used in this analysis (Section 2.3). Blue lines show the best fit
richness-mass relation and 1o intrinsic scatter.
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CLUSTERS OF GALAXIES ON 551

e largest optical sample ever
e better photometry

o weak lensing

o photometric redshift

South American Workshop on Cosmology in the LSST Era !ﬁ%gg
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