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Environment
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High-z protoclusters

e Veryrare
* Not enough sample of protoclusters beyond z=3
* Most of them are found around RGs/QSOs

Planck
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Redshift

Only ~20 PC at z>3
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HSC Protocluster search @z™~4
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Mass of z~4 PCs

e Abundance matching e Clustering of PCs

Observed overdensity = Predicted Mass function
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Descendant halo mass at z=0: (M,) = 4.1757 x 10" A= 1M,



Rest-UV LF of PC galaxies at z~4

e Significant excess at the bright end

e PC members are twice as massive as their field counterparts at
the same redshift

e galaxy growth was accelerated in dense environments.
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Rest-UV LF of PC galaxies at z~4

e Significant excess at the bright end

e PC members are twice as massive as their field counterparts at
the same redshift

e galaxy growth was accelerated in the dense environments.
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e 63 proto-BCG candidates

e Proto-BCGs and surrounding LBGs at z~4 are redder (dustier
Ay,~0.7mag) than field LBGs and other cluster LBGs

e More matured (earlier galaxy formation) in proto-BCG

environments?
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Hl and protoclusters

e Background quasars: ~160000 e identify overlapped multiple
BOSS quasars at z>2.2 over Lya forests that originated
10,000 deg? (~1Gpc?) from the IGM overdensity in

a protocluster (Cai+16)

Astatistical sample to

e Subaru/HSC NB unveil correlation between
: galaxy and
observation to map the 2t 752 on a scale of

galaxy (LAE) structure >100 cMpc



Hl and protoclusters

o LAES(EW; > 204) o
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OD-OD relation

e Optical Depth and Over-Density are positively correlated up to
>100cMpc at z™2

e galaxies are clustering in a region associated with large amount of Hi

as.
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Cross correlation between t and galaxy

e Higher t LoSs tends to clustering around galaxies, while the lower one
is opposite at up to 4 pMpc scale

e jonization or feedback from galaxies is not sufficient enough? Or cold
stream of pristlir%e HI gas (Dekel & Birnboim 2006)?
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Quasar environment



Is AGN activity triggered by galaxy-galaxy
mergers?

(c) Interaction/"Merger” (d) Coalescence/(U)LIRG (e) “Blowout” (f) Quasar

g
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PG Quasar Hosts

IRAS Quasar Hosts

- now within one halo, galaxies interact & - galaxies coalesce: violent relaxation in core - BH grows rapidly: briefly , .
lose angular momentum - gas inflows to center gomm“n:: huminosicyffesdbeck - dust removed: now 2 !nc'moml OSO
- SFR starts to increase starburst & buried (X-ray) AGN commiei i e-pe'led - host x:phdoy:;:-cuh ;:”obw—ve
- stellar winds dominate feedback - starburst dominates luminosity/feedback, ‘ - e g
- rarely excite QSOs (only special orbits) but, total stellar mass formed is smal - get reddened (but not Trpe i) QSO - characteristically blue/young spheroid
recent/ongoing SF in host
“ " high Eddington ratios
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- “Seyfert” fueling (AGN with Ma>-23) mergers become inefficient

- cannot redden to the red sequence P. H O p ki ns et a I i (2006+) - growth by “dry” mergers
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Pair quasars and protocluster

e Pair quasars at z~4 with <2 Mpc separation are related to a galaxy
overdensity region with ~4.50 (not richest)
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e ~20% of the z~1 pairs are within massive (> 40) environments.
e (Quasar pairs tend to reside in overdense regions unlike single quasars.
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Planck FIR detection of z~4 PCs

e Stacking the images of the 179 z~4 PC candidates, the FIR emission in
the observed 12 - 850 um wavelength range is, for the first time,
successfully detected.
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Planck FIR detection of z~4 PCs

e The observed IR SEDs of the PCs exhibit significant excess compared
to that expected from typical star-forming galaxies .

e The z ~ 4 PCs may host obscured AGNs missed by the selection of PC
members in the optical.
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SF suppression around quasars

13 HB89-1835 SDSS2135

e 12 quasar regions @z=2.2-3.2

e Scam/NB imagings to detect
surrounding LAEs (low-mass
galaxies)

e (Quasar redshifts are measured
by OllI/HPB
e J,,>1: Local UV background

ontensity J,, is higher than
cosmic average

overdensity (d)
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SF suppression around quasars

e LAEs with high Lya EW,of = 150°A, corresponding to low stellar mass
(S 108M,), are predominantly scarce in the quasar proximity zones,
suggesting that quasar photoionization effects may be taking place.

e The predicted delay in star formation is about > 20 Myr, which is
longer than the expected age of LAEs with EW, of = 150°A
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Galaxy CGM around quasars

e The oriented Lya images of LAEs along the projected directions
towards quasars were stacked.

* The flux excessis ~ 4 X 10 erg s"*cm=2arcsec™? with 1.50
101 x 101

significance 0
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quasar near-zone size
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quasar near-zone size
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quasar near-zone size

e Shallow redshift evolution, suggesting that NZ size is insensitive to
f(HI).
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Summary

e galaxy environment

179 z~4 PC candidates from 121deg? by HSC

dark halo mass: (17,) = 23793 x 103 L=\,
massive & dusty galaxies in PCs: galaxy growth was
accelerated in dense environments.

galaxies are clustering in a region associated with large
amount of HI gas.

* quasar environment

luminous quasars do not live in overdense regions of LBGs at
z~4
The z ~ 4 PCs may host obscured AGNs

qguasar local photoionization & fluorescent effects may be
taking place

young quasars at z~6 ?



