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Abstract: Quasars are the most luminous objects in the universe powered by accretion onto supermassive black holes (SMBHSs). They can be
observed at the earliest cosmic epochs, providing unique insights into the early phases of black hole, structure, and galaxy formation. Observations
of these quasars demonstrate that they host SMBHSs at their center, aready less than ~1 Gyr after the Big Bang. It has been argued that in order to
grow these SMBHSs in such short amounts of cosmic time, they need to accrete matter over timescales comparable to the age of the universe, and
thus the lifetime of quasars - the integrated time that galaxies shine as active quasars - is expected to be of order ~10"9 yr at a redshift of z~6, even
if they accrete continuously at the theoretical maximum limit.& nbsp;

| will present a new method to obtain constraints on the lifetime of high-redshift quasars, based on measurements of the sizes of ionized regions
around quasars, known as proximity zones. The sizes of these proximity zones are sensitive to the lifetime of the quasars, because the intergalactic
gas has a finite response time to the quasarsé€™ radiation. Applying this method to quasar spectra at z& gt;6, we discover an unexpected population
of very young quasars, indicating lifetimes of only ~10,000 years, several orders of magnitude shorter than expected. | will discuss the consequences
of such short lifetimes on the quasars ionizing power, their black hole mass accretion rates, and highlight tensions with current theoretical models
for black hole formation. Furthermore, | will present several modifications to the current SMBH formation paradigm that might explain our findings
and show how we aim to disentangle the various scenarios by means of future observations with the upcoming James Webb Space Telescope, in
order to shed new light onto the formation and growth of the first SMBHs in the universe.
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black holes exist in various
sizes

Anna-Christina Eilers, MIT LIGO/VIRGO Collaboration, EHT Collaboration 2019
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black holes exist in various

sizes
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supermassive black holes reside in the
center of all massive galaxies
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Soltan argument

“The integrated emission from
quasars over cosmic time is
proportional to the total mass in

supermassive black holes today.”

Anna-Christina Eilers, MIT Soltan 1982, Kormendy & Richstone 1995, Yu & Tremaine 2002

Pirsa: 20090004 Page 7/48




timeline of the universe

Years after the Big Bang
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ESO Very Large Telescope, |
Cerro Paranal
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imprint of intergalactic gas absorption on
quasar spectra
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imprint of intergalactic gas absorption on
quasar spectra
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high redshift quasar spectra
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black hole growth

Anna-Christina Eilers, MIT
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black hole growth

 Initial black hole seeds”
* Mass accretion rate”

- Lifetime of quasars’?’

Anna-Christina Eilers, MIT
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standard picture of black hole growth

Luminosity of gas accreting onto SMBH, can be described in
terms of radiative efficiency:

L =eMc?
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Black hole accretes the non-radiated component:
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standard picture of black hole growth

mass of initial black hole seed
quasar lifetime
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standard picture of black hole growth

age of the universe (Gyr)
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standard picture of black hole growth
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standard picture of black hole growth
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new approach to estimate quasar lifetimes
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intergalactic gas responds to quasar’s radiation
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intergalactic gas responds to quasar’s radiation
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new approach to estimate quasar lifetimes

proximity zone R, [pMpc]
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intergalactic gas responds to quasar’s radiation
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damping wing signature in neutral IGM
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damping wing signature in neutral IGM

log Quasar Lifetime [yr] = 8.895
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new approach to estimate quasar lifetimes
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new approach to estimate quasar lifetimes

distance from quasar [pMpc]
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measuring timescales of quasar activity
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measuring timescales of quasar activity
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measuring timescales of quasar
activity

Karna Morey, MIT
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too little time to grow a supermassive black hole!
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possible implications for the growth of SMBHSs

massive initial seeds”?
(e.g Begelman+ 20086, Volonteri+ 2008, Dijkstra+ 2008, Agarwal+ 2012, Freese+ 2016, Habouzit+ 2016)

2 flickering quasar light curves”?
(e.g. Novak+ 2011, Schawinski+ 2015, Davies+ 2019)

obscured quasar growth?
(e.g. Hopkins+ 2008, Polletta+ 2008, Merloni+ 2014, Vito+ 2018, Hickox & Alexander 2018)

radiatively inefficient accretion? N
(e.g Inayoshi+ 20186, Pezzulli+ 2016, Begelman+ 2017, Regan+ 2013, Davies+ 2020)
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damping wing signature in neutral IGM
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flickering quasar light curves
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possible implications for the growth of SMBHSs
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measuring timescales of quasar activity
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possible implications for the growth of SMBHSs
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mapping the quasars’ light echo

obscured quasar growth
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mapping the quasars’ light echo
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mapping the quasars’ light echo
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nho extended emission around three young
quasars detected with VLT/MUSE
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highly radiatively inefficient accretion
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summary & conclusions

new method to constrain gquasar lifetimes by
measuring their proximity zone sizes.
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