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Background

Wechsler et al. (2018)

Galaxy-halo Connection

• 5/6 dark matter

• galaxies form, evolve and merge

• spatial distribution (galaxies and dark matter halos)

• understand the physics of galaxy formation; infer 

cosmological parameters; probe the properties and 

distribution of dark matter 

• subhalo abundance matching (SHAM)

• halo occupation distribution (HOD)

• luminous red galaxies (LRGs), emission line galaxies 

(ELGs), quasars (qso) 1/16



Background

Quasars (galaxy) -halo Connection

Shen et al. (2013)

• two point correlation function (2pcf)

• 2df qso redshift surveys; SDSS-I/II/III/IV

• DESI; PFS

Faizan et al. (2020)

• fiber collision (0.55’’) for SDSS

• low quasar number density
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Background

the Two Largest Samples

Richardson et al. (2012) shen et al. (2013)

• SDSS DR7 + (Hennawi et al. 2006) extra observation

• redshift: 0.4 - 0.25

SDSS DR7 +BOSS DR10 CMASS galaxies

Redshift: 0.3 – 0.9

Auto Cross
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Motivation

2pcf at small scale is still hard to measure accurately due to the technically fiber 

collision problem and low number density of quasars in specotrscopic surveys.

Argument:

combine the spectroscopic and photometric surveys to avoid fiber collision problem and get 

more and deeper galaxies in photometric surveys to cross it with quasars.

Xu et al (2022 PAC I) make this as a pipeline, confirm the completeness of photometric catalogue 

and use deeper and fainter galaxies. (wang et al. 2011)
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Motivation

Photometric objects Around Cosmic Webs (PAC)

For a spectroscopic source i at redshift 𝑧𝑧𝑠𝑠,𝑖𝑖, only those objects in the photometric 
sample around 𝑧𝑧𝑠𝑠,𝑖𝑖 are correlated to source i and share a similar redshift. 

general idea: 
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Xu et al. (2022)



Motivation

Photometric objects Around Cosmic Webs (PAC)

some nice results with PAC 

Xu et al. 2022 PAC I Xu et al. 2022 PAC II Xu et al. 2022 PAC III Xu et al. 2022 PAC IV
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Methodology

Dey et al. (2019) Ross et al. (2020)

• DR16 quasars in SDSS-IV/eBOSS

• DR9 in DESI Legacy Imaging Surveys

To study quasar clustering at redshift 0.8-1.0 with PAC under the framework of SHAM

DATA and Purpose
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Methodology

Confirmation of completeness of photometric objects 

DESI image survey cross-match 
with SDSS-IV quasar footprint

DR9 deepest 50 deg2 (23.37)
Photo-z (zhou et al. 2021)

The complete stellar mass are 1010.8𝑀𝑀s𝑢𝑢𝑢𝑢 at redshift 0.8 – 1.0 according to the DESI Image survey z band 
galaxy depth of 22.34 mag.

8/16Gui et al. to be submitted



Methodology

Follow xu et al.  (2022 PAC I)

[0.1< 𝑟𝑟𝑝𝑝 < 15] ℎ−1 𝑀𝑀𝑀𝑀𝑀𝑀

Range: 10.0-11.8 (Δ log 𝑀𝑀 = 0.2)
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Methodology

Simulation

• 𝜆𝜆𝑀𝑀𝜆𝜆𝑀𝑀 with cosmological parameters: 𝛺𝛺𝑚𝑚 = 0.268, 𝛺𝛺𝛬𝛬 = 0.732, ℎ = 0.71, 𝑛𝑛𝑠𝑠 = 0.968, 𝜎𝜎8 = 0.83

• 30723 dark matter particles in a 600 ℎ−1𝑀𝑀𝑝𝑝𝑐𝑐

• Groups (friends-of-friends algorithm Davis et al. 1985); subhalo (HBT+ Han et al. 2012, 2018)

• Snapshot 76 at redshift around 0.92 (our simulation data)

CosmicGrowth: N-body simulations (P3M) (Jing 2019)
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Methodology

Populate halos (subhalos) with galaxies, quasars in simulation

Wang et al. 2010 

same 𝜇𝜇 and 𝜎𝜎𝑞𝑞 for gaussian distribution of logarithmic halo mass 
log10 ⁄𝑀𝑀ℎ ℎ−1 𝑀𝑀𝑠𝑠𝑢𝑢𝑢𝑢 for central quasars and candidate satellite quasars 

For galaxies:

For quasars:

For incomplete stellar mass bin:    four different constant k
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Methodology

Markov Chain Monte Carlo (MCMC)

three sets of parameters:

use emcee (Foreman-Mackey et al. 2013) to perform MCMC

We define 𝜒𝜒2 of  �𝑛𝑛2𝑤𝑤𝑃𝑃 𝑟𝑟𝑝𝑝 and 𝑤𝑤𝑃𝑃 𝑟𝑟𝑝𝑝
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Results

• Previous works show a tiny 𝑓𝑓𝑞𝑞
• Whether the degeneracy of 𝜇𝜇 and 𝜎𝜎𝑞𝑞 affects 

such a high 𝑓𝑓𝑞𝑞

• We made two tests to illustrate the necessity of 
a high 𝑓𝑓𝑞𝑞
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Results

15/16
Gui et al. to be submitted

the degeneracy of 𝜇𝜇 and 𝜎𝜎𝑞𝑞



Results

Blue curve: 𝜇𝜇=12.81 

14/16

Richardson et al. (2012)

Gui et al. to be submitted

• 𝒇𝒇𝒒𝒒 = 0.05 

• 𝝈𝝈𝒒𝒒 = 0.5 



Outlook

https://desi.lbl.gov/trac/wiki/Pipeline/Releases/Iron

• a better parameter constrain

• do quasar mock for DESI. 
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Thank you!
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