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Constrain cosmology using `Large’ redshift surveys
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HOD: understanding the clustering of galaxies

The HON (HOD) was initially introduced to 
understand the clustering of galaxies, the large 
scale structure. 

Since this quantity itself contains the 
information regarding the galaxy formation 
efficient in halos of different masses.

It gradually turns into a powerful tool to probe 
the galaxy formation processes.  



Linking galaxies with dark matter halos with HOD models

Halo Occupation 
Distribution (HOD)



lCLF (CSMF) (use both the galaxy luminosity/stellar mass function and 
clustering to constrain the galaxy distribution in dark matter halos)

• Yang et al. 2003; van den Bosch et al. 2003; 2007; Cooray 2006; Yang et al. 2012…

Galaxies of different 
luminosities are linked to 
dark matter halos!

Linking galaxies with dark matter halos with CLF models

Yang et al. 2003.



Linking galaxies with dark matter halos with CLF models

Yang et al. 2003, van den Bosch et al. 2003



Dark Energy 
(68.3%)

Dark Matter 
(26.8%)

Baryon<5%

Cosmology Galaxy	Distribution Dark	Matter	
Distribution

• HOD: halo occupation distribution models
• CLF/CSMF: conditional luminosity (stellar mass) functions
• SHAM: subhalo abundance matching methods

Linking galaxies with dark matter halos：3 methods



SDSS	DR7
Zehavi+2011

Yang+2012 Moster+10

Stellar-Halo	Mass Relation
SDSS DR7 sample selection:

r-band flux limit, r<17.75

Stellar Mass Function

Many applications: stellar-halo mass relations



Many applications: growth of galaxies

Growth of dark matter halos

Growth of central galaxies

Growth of satellite galaxies

Growth of intra-cluster stars

Yang et al. 2012



Yang et al. 2013; see also: Moster et al. 2013; Behroozi et al. 2013 

Many applications: SFH map of galaxies



Why should we introduce the incomplete CSMF?

Guo et al., 2018, arXiv: 1804.01993
Guo et al., 2018, arXiv: 1810.05318



Motivation： From	Simple	To	Complex	Survey	Target	Selections

Reid	et	al.	(2016):	
SDSS-III	BOSS	CMASS	
galaxies	at	0.4<z<0.7

Ross	et	al.	(2014)



Motivation： From	Simple	To	Complex	Survey	Target	Selections

Guo et	al.	(2013)Difficulty: Level 1



The	ELG	as	cosmological	tracers	of	high-redshift	galaxy	surveys

SDSS-IV	eBOSS:	0.7<z<1.1 DESI:	0.6<z<1.6 PFS:	0.8<z<2.4

Difficulty: Level 2



How to make use of such selected galaxies?

All about Dark Energy? 

– I still want to link these galaxies with halos 
to constrain galaxy formation processes.



Key	Questions

Sample	completeness

Stellar-Halo	Mass	Relation

Fraction	of	Star-forming	galaxies

1

2

3

quantify	target	selection	effects

estimate	the	halo	mass

estimate	the	abundance



Sample	Completeness	from	the	SAM

Gonzalez-Perez	et	al.	2018, using SAM of GALFORM

HOD

Sample	
Selection



Sample	Completeness

Leauthaud+16

PRIMUS+
S82-MGC

With	the	help	of	external	Deeper	Surveys

The	accuracy	depends	on	a	small-area	 survey	



Saito	et	al.	(2016)

Using	Galaxy	clustering	to	constrain	the	models	

Leauthaudet	al.	(2016)



Can	we	estimate	the	completeness	from	the	data	itself?



Conditional	Stellar	Mass	Function

Conditional	Stellar	Mass	Function

Satellite-subhalo Mass	Relation

Halo	Mass	Function

Two-point
Correlation	
Functions

Stellar	Mass	
Functions

Yang+2012
Leauthaud+2012
Behroozi+2013
Moster+2013
Reddick+2013
Rodriguez-Puebla+2017
……

Observables



IncompleteConditional	Stellar	Mass	Function

Conditional	Stellar	Mass	Function

Satellite-subhalo Mass	Relation

Halo	Mass	Function

Two-point
Correlation	
Functions

Incomplete
Stellar	Mass	
Functions

Stellar	Mass	Completeness
Intrinsic Stellar	Mass	

Functions

Guo et	al.	(2018)

Observables Predictions

Halo	Occupation	
Distribution

Satellite	Galaxy	 Fraction

Galaxy	Bias	of	galaxies



Application	to	BOSS	massive	galaxy	sample

CMASSLOWZ

Guo et	al.,	2018,		ApJ,	arXiv:1804.01993



Recovered	intrinsic	SMFObserved	SMF

Recovering	the	intrinsic	stellar	mass	function



Model	prediction:	the	stellar-halo	mass	relation



eBOSS ELG	final	data

~800	deg2

The	largest Emission	Line	Galaxy	Sample	at	0.7<z<1.2	with	spectroscopic	redshifts



Sample	Completeness	from	the	SAM

Gonzalez-Perez	et	al.	2018, using SAM of GALFORM

HOD

Sample	
Selection



IncompleteConditional	Stellar	Mass	Function

Conditional	Stellar	Mass	Function

Satellite-subhalo Mass	Relation

Halo	Mass	Function

Two-point
Correlation	
Functions

Incomplete
Stellar	Mass	
Functions

Stellar	Mass	Completeness
Intrinsic Stellar	Mass	

Functions
Quenched	Halo	Fraction

Guo et	al.	(2018)

Observables Predictions

Halo	Occupation	
Distribution

Satellite	Galaxy	 Fraction

Galaxy	Bias	of	ELGs



Guo et	al.,	
arXiv:1810.05318

Fitting	the	Observables



Quenched	Galaxy	Fraction1

f_q(M):	fraction	of	halos	with	
quenched	centrals

Tinker+13

Our	work

Using	both	quiescent	and	
star-forming	galaxies	to	
constrain	the	quenched	
halo	fraction:

BOSS	LRG	and	eBOSS ELG
at	0.7<z<0.8



Stellar	Mass	Completeness2

The	eBOSS ELG	sample	selection	is	very	incomplete!



Stellar-Halo	Mass	Relation3



Intrinsic	Stellar	Mass	Functions4

Redshift	
Evolution

SMFs	of	quiescent	and	
star-forming	populations



Halo	Occupation	Distribution5

Solid	Lines	for	the	SAMs	of	Gonzalez-Perez	et	al.	(2018)



Sample	Satellite	Fraction6

Satellite	Fraction

Galaxy	bias



Satellite	Galaxy	 Fraction

Summary

Sample	completeness

Stellar-Halo	Mass	Relation

Quenched Halo	Fraction

Incomplete
Conditional
Stellar	Mass
Function

Intrinsic Stellar	Mass	
Function

Predictions

Halo	Occupation	
Distribution

Galaxy	Bias	of	ELGs



Application:	BOSS Galaxy Group Catalog

Guo et	al.,	in	prep.


