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Clustering = environments

Halo mass
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Field galaxies Galaxy groups Galaxy clusters

Large-scale clustering strength




Previous measurements

Are Obscured (type 2) or Unobscured (type 1) AGN more clustered?

Obscured Consistent Unobscured

o IRAGN, z~1 ¢ |IRAGN, z~1 o X-ray AGN, 0.5<z<3
Hickox et al. 2011, Elyiv et al. Mendez et al. 2016, Allevato et al. 2011, 2014
2012, Donoso et al. 2014, Geach et al. 2013

Dipompeo et al. 2014, 2017 o X-ray AGN, z~0O
« X-ray AGN, z~0.3 Cappelluti et al. 20710

e X-ray AGN, z~0 Krumpe et al. 2012
Krumpe et al. 2018

Optical AGN, z<0.09
Jiang et al. 2016




SAL hard X-ray selection — an unblaseo
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SWIT/BAT AGN Spectroscopic Survey (BASS)
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Bass-survey.com; Koss et al. 2017




SBAT AGN Spectroscopic surnvey (BASS)

0.01 <z<0.1
L > 10%° erg/s

Measure clustering of BASS AGN via cross correlation with 2MASS galaxies




Galaxy (AGN) - halo connection

Empirical
Halo Model

1. HOD model 2. Subhalo model

# AGN per largest (sub)halo €« —-> galaxy
virialized halo

<N> = <NC> + <NS> Behroozi et al. 2010

Log M,
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Ha‘OtOQ‘S (Hearin et al. 2016)

1. Obtains halo catalog from DM simulation
2. Populates halo catalog with defined model

3. Computes 2-pt. statistics (W, g, €tc.)

https://github.com/astropy/halotools




AGN-galaxy cross-correlation
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—nvironmental dependence of Obscuration

Ny = 10%2 cm™
Ny < 1022 cm™?
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—nvironmental dependence of Obscuration

HOD model

subhalo model
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Obscured AGN-> denser environments
Powell et al. 2018; see also Krumpe et al. 2018



VWhat apbout assembly bias”?

» Halo clustering also depends on formation epoch
» Old halos cluster more strongly then young halos
» Correlated with concentration

Low concentration High concentration

Bolshoi-Planck

Simulation
(Riebe et al. 2013)

» different host halo concentrations = different small-scale and large-scale
clustering




VWhat about assembly bias”?
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low halo concentration
high halo concentration
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Obscured: <c,,>=27 => halo formation epoch z ~ 5
Unobscured: <c,,> = 8.5 = halo formation epoch z ~ 1




iNts for assembply bias

o 2MASS group catalog (Luetal. 2016) . similar halo mass distributions

mm N, < 102 cm™
NG = 102 em®?
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INts for assembly pias

o 2MASS group catalog (uetal. 2016) : similar halo mass distributions

« bvidence that SDSS Type 1 AGN have fewer close pairs
(Jiang et al. 2016, Villarroel & Korn 2014)

600 Jiang etal. 2016 ]
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Host galaxy obscuration”
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© Obscured AGN with
merging and edge-on
galaxies eliminated

A Unobscured AGN
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Taking out clear cases of mergers, galaxy interactions, and host galaxy
obscuration in obscured AGN did not change clustering difference




Different halo assembly histories”

IN-situ trigger

Early formed
nalos

L ate formed
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Stripe82X + XMM-XXL-N

 High-L, AGN at moderate
redshifts
« ~50 deg?®

» Completion of N, estimates
comMiNg soon

« Environmental luminosity
dependence beyonad I\/I*’?

Redshift

*with Justin Johnson (University of Miami)




Striped2X + XMM-XXL-N

(Preliminary)
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summary

o Local Swift/BAT AGN (Ly ~ 1043 erg/s) live in environments similar
to Inactive galaxies of same stellar mass

e Obscured AGN live in denser environments than unobscured AGN.
Either:

* They reside in halos of different masses & occupation statistics, or
* They reside in halos of different concentrations/ages

* New high Ly clustering measurements at z~1-2 coming soon!




PMASS autocorrelation function

Subhalo model
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Stellar Masses: Using K -band luminosities, fit for M./L




HOD results
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Obscured vs. Unobscured AGN

Eddington Ratio
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Clustering Differences persist after matching Eddington ratio distributions




