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matter distribution in space
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"São Paulo"
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APOD

90's revolutions
First large 2D 
galaxy surveys
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Detailing the structures with spectra
● CfA2

○ Geller & Huchra 1989 
● SSRS2

○ da Costa et al. 1994

5
Reticon
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More observations and simulations
● 2dFGRS and SDSS

○ large samples
○ clustering versus 

physical properties
■ luminosity 
■ color
■ stellar mass

Springel et al. 20066
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how to detect a galaxy cluster?
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Galaxy Cluster optical samples 
● Abell (1958) 

2,712 rich clusters
z ≤ 0.2

8Leo Cluster.
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Galaxy Cluster optical samples 

9Leo Cluster. Waid Observatory
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Coma Cluster
HST ACS
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Copyright: Planck image: ESA/ LFI & HFI 
Consortia; ROSAT image: 
Max-Planck-Institut für 
extraterrestrische Physik; DSS image: 
NASA, ESA, and the Digitized Sky 
Survey 2. Acknowledgment: Davide De 
Martin (ESA/Hubble) 

Coma 
cluster 
(Abell 
1656)

SZ 
effect X-ray
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Science News Emily Conover
August 25, 2017

Weak lensing

https://www.sciencenews.org/author/emily-conover
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SDSS galaxy cluster Samples (all reportedly very pure and complete*)
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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
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Dark Energy survey (DES)

20Drlica et al. 2017 
http://adsabs.harvard.edu/abs/2018ApJS..235...33D 

http://adsabs.harvard.edu/abs/2018ApJS..235...33D
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21Drlica et al. 2017  

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

https://arxiv.org/pdf/1708.01531.pdf
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One year of DES superseded by 
couples of weeks of LSST 
observations 😱
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23Drlica et al. 2017  

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

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

https://arxiv.org/pdf/1708.01531.pdf
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Rykoff et al. 2015 
https://arxiv.org/pdf/1509.00870.pdf 

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

survey Depth

https://arxiv.org/pdf/1509.00870.pdf
https://arxiv.org/pdf/1708.01531.pdf


South American Workshop on Cosmology in the LSST Era
26

Star Galaxy Separation



From afar, everything is a point
● nearby galaxies easy to distinguish from stars
● far far away galaxies appear as a point, just like stars 
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From afar, everything is a point
● Atmospheric seeing blurs images
● HST to aid! 
● Training sample for machine learning methods
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Photometric redshifts

29Wavelength (Angstroms)
Gschwend et al. 
2018 A&C 25 58 

http://adsabs.harvard.edu/abs/2018A%26C....25...58G
http://adsabs.harvard.edu/abs/2018A%26C....25...58G
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Value added catalogs

30

Fausti Neto et al. 2018 
https://arxiv.org/pdf/1708.05642.pdf 

https://arxiv.org/pdf/1708.05642.pdf
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The WaZp (Wavelet Zphotometric) Cluster Finder (Benoist et.al.) 

● 2D+1D method
● Density maps in redshift 

slices
● photo-z instead of Red 

Sequence
○ high-z clusters
○ "blueish" clusters

31

Cluster at z=0.35 
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Gabor & Davé 2012

The growth of red sequence galaxies
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Redshift

Richness
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How good is your cluster catalog?
● Matching by proximity (M. Aguena)

○ Redshift and Angular distance
● Mass proxy rank in multiple matches

35
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Large number of 
small clusters

Better chance of 
mismatch
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37Thanks to Michel Aguena
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★ Matching to SPT-SZ catalogBleem et al. (2015)

errorbars x 3

Consistency with other Clusters
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38Thanks to Michel Aguena
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90%!!!

★ Matching to RedMapper 6.4.17 
full

-100%!!!

Consistency with other Clusters
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Questions?

39
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Questions
● Galaxy formation and evolution

○ gas cooling, star formation, feedback 
(AGN, SNe) 

● Cosmology
○ lambda? dark energy? modified gravity? 
○ mass measurement 

● Dark Matter properties

40
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galaxy-halo connection
● Two approaches
● empirical modeling (data)

○ get parameters evolution from data
● physical modeling (simulations)

○ simulate the physics of galaxy formation

41
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Wechsler & Tinker 2018
42

Less expensive
Less predictive
More flexibility 
to constraint 
unknowns 

More Expensive
More predictive
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What is a halo? 
● Basic unit of large scale structure
● Gravitationally bound and disconnected from 

Hubble flow
● Overdensities in dark matter n-body 

simulations
○ with a given mass and radius for an over 

density threshold (ex. 200)

43
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Halo radius
● masses and sizes are key properties of halos
● but, there are issues with this mass 

definition
● reference density (⍴m) evolves with time

44
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Halo radius
● Even if halo physical density profile is 

constant
● Mass and radius will evolve
● "pseudoevolution"(Diemer, More, & Kravtsov 

2013)

45
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Splashback radius

● More, Diemer & Kravtsov 2015
● physically motivated radius
● separates infalling material 

from in orbit
● really depends on mass accretion, since it a 

deeper well will decrease apocenters 

46
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Comparison between splashback and virial radius
Diemer et al. 2017

47
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What can i do with the splashback?
● assess accretion rate of halos
● verify if different populations have 

different Rsp (different infall times?)
○ Shin et al (arXiv 181106081)

● can we measure it on non-luminous matter?
○ Chang et al. 2018

● evolution of radius and populations w 
redshift?

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

49
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http://www.youtube.com/watch?v=db5rRtOExbA&t=3
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Mass richness for SV

● Saro et al. 2015
● Redmapper cluster 

catalog
● Matched to SPT SZ

● T. McClintock

51
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LSST
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Clusters of galaxies on LSST
● largest optical sample ever
● better photometry

○ weak lensing
○ photometric redshift 
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Thanks! 

"Rio de Janeiro"
Thierry Cohen


