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Quasars

» Quasar is an extremely luminous
active galactic nucleus (AGN), that
generally contains a supermassive

black hole (SMBH)

» Quasars represent the most-massive
and most-energetic SMBHs in the
Universe

» Observed over a broad redshift range

» Presence of quasars in early Universe
(high-redshift) place constraints on the
SMBH formation rates [Volonteri 2012}

- . Centaurus A (ESO).
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Quasar Formation in the Early Universe

» Formation of quasars in early
Universe requires accretion phases
where SMBH is significantly obscured
by dust/gas

» Obscuration densities can exceed
Compton-thick (CT) levels

» Column density exceeds Compton
scattering optical depth

ny > 10°*cm™

» Majority of high-redshift quasars
predicted to be Compton-thick (CT) Credit: CfA/M.Weiss
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Missing Quasar Population

» Despite prediction, high-redshitt CT quasar
population remains largely undetected

» Only 3 known CT quasars in early Universe
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High-Redshift Quasar X-Ray Survey

Credit: CXC/J.Vaughn

» X-rays not obscured by dust & debris

» Uniquely capable of detecting CT

SOUrces

» Used Chandra X-ray Observa

0ory 1o

survey X-rays from sample of

quasars

» Targets selected from compact radio

quasar catalog atz> 4.5

» Prioritized sources with steep or

peaked at MHz, which indic
young radio sources

ates
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Optical-X-ray Properties
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Optical-X-ray Properties (II)
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» Assessed quasar population for redshift
dependence

» No trend observed in population

» Consistent with results from Vito+ 2019

» Further sampling of quasarsatz >4
required to conclusively determine
evolution of optical—X-ray relationship
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Radio-X-ray Properties

» Measured rest-frame radio and X-ray
luminosities, examined for trend in
sample

» Akin to fundamental

[Merloni-
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J1606 + 3124
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» Quasar J1606+3124 significant outlier
from sample

» X-ray luminosity significantly less than
other quasars at comparable radio
luminosity
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HR

J1606 + 3124
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Discovery of Obscured Quasar
J1606 + 3124

»JJ1606+3124 demonstrates significant attenuation in optical and UV

» Measured intrinsic column density with X-ray spectrum

Ny = (1.4+0.4) X 10** cm™2 J1606+3124 .H

» 4th candidate CT quasar at high-redshift .
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J1606 + 3124: Brightest CT Quasar

» Rest-frame luminosity:

»10-10,000 times brighter than
other high-redshift, CT quasars

» Indicates presence of
nigh-luminosity, obscured
quasars in early Universe

» Challenges current SMBH
formation models
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J1606 + 3124: Brightest CT Quasar

» Rest-frame luminosity: J1606+3124

“n

»10-10,000 times brighter than
other high-redshift, CT quasars 4 arcsec, 0.5-7.0 keV

» Indicates presence of

nigh-luminosity, obscured

quasars in early Universe =I
]

» Challenges current SMBH
formation models

G arcsec 0.5-2.0 kev I 2 2°seC, 2.0-7.0 keV
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Summary

» Analyzed Chandra X-ray observations of 15 young radio quasars at 4.5<z< 5.0
» Optical—X-ray power-law spectral index found consistent with independent estimates
» Radio—X-ray luminosity relationship observed in sample; three outliers detected

» Radio-bright quasar J1606+3124 (z = 4.56) determined to be Compton-thick candidate
using X-rays observations

» 4th quasar of this classification identified

» Follow-up XMM observation scheduled for 2021

For further details, see Snios et al. 2020, ApdJ, 899, 127/




