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Abstract

Motivated by evidences favoring a rapid and late hydrogen reionization process completing atz� 5.2–5.5 and
mainly driven by rare and luminous sources, we have reassessed the estimate of the space density of ultra-luminous
QSOs atz� 5 in the framework of the QUBRICS survey. A� 90% complete sample of 14 spectroscopically
con� rmed QSOs atM1450� Š28.3 and 4.5� z� 5.0 has been derived in an area of 12,400 deg2, thanks to
multiwavelength selection and Gaia astrometry. The space density ofz� 5 QSOs withinŠ29.3� M1450� Š28.3
is three times higher than previous determinations. Our results suggest a steep bright-end slope for the QSO
luminosity function at z� 5 and a mild redshift evolution of the space density of ultrabright QSOs
(M1450� Š 28.5) at 3< z< 5.5, in agreement with the redshift evolution of the much fainter active galactic
nucleus(AGN) population atM1450� Š 23. These� ndings are consistent with a pure density evolution for the
AGN population atz> 3. Adopting ourz� 4 QSO luminosity function and applying a mild density evolution in
redshift, a photoionization rate of 0.46 10 sHI 0.09

0.17 12 1�( � � � q��
�� � � � �has been obtained atz= 4.75, assuming an escape

fraction of� 70% and a steep faint-end slope of the AGN luminosity function. The derived photoionization rate
is � 50–100% of the ionizing background measured at the end of the reionization epoch, suggesting that AGNs
could play an important role in the cosmological reionization process.

Uni� ed Astronomy Thesaurus concepts:Reionization(1383); Active galactic nuclei(16); Surveys(1671)

1. Introduction

At z< 10, the Universe underwent a“disruptive” phase
transition, usually called reionization, causing the neutral
hydrogen fraction to drop from unity to a value of� 10Š4 at
z< 5–6, after which the Universe was almost completely
ionized(Fan et al.2006). The low optical depth of the cosmic
microwave background(CMB) photons measured by the
Planck satellite(Planck Collaboration et al.2020) supports
such a scenario with a midpoint redshiftz� 7. However, the
timing and topology of reionization is still unclear, especially
because we do not know the relative contribution of star-
forming galaxies and AGNs to the hydrogen(HI) ionizing
background in the Universe close to the reionization epoch.
Moreover, while in the past few years this process was thought
to start early and developing in a relatively large redshift
interval 6< z< 15 (e.g., Bouwens et al.2009), there are now
accumulating undisputed evidences in favor of a late and short
reionization process.

The strong redshift evolution of the mean free path(mfp) of
ionizing photons into the intergalactic medium(IGM), which
appears to decrease signi� cantly in the redshift interval
4 < z< 6, could be indicative of a rapid change in the

ionization level of the IGM since, for a given source emissivity,
the photoionization rate� HI is simply proportional to the mfp.
Indeed a fast drop of the mfp atz� 6 has been recently derived
by Becker et al.(2021) with respect to the extrapolation from
values measured at lower redshifts(Worseck et al.2014).

Additional support to a quick and late reionization scenario
is provided by several independent observations, including(1)
the rapid drop of the space density of Ly� emitters(LAEs) at
z> 6 (Morales et al.2021), (2) the rapid decrease of the
fraction of LAEs within the Lyman-break galaxy population at
z� 6–7 (Hoag et al.2019), and(3) the detection of the patchy
kinetic Sunyaev–Zeldovich (kSZ) effect, indicating a short
duration phase� z� 1–2.8 of the reionization event(George
et al. 2015; Reichardt et al.2021). All these observational
evidences suggest that thez� 7 IGM should be almost neutral,
with xHI > 0.6. This implies a rapid reionization process that is
effective in the short redshift interval 5� z� 6.5. In this rapid
and late reionization scenario, sparse overdensities of neutral
hydrogen are still present at redshifts as low asz� 5.2 in the
diffuse ionized IGM, implying an end of reionization atz� 5
(Keating et al.2020; Bosman et al.2021; Zhu et al.2021).

A rapid and late reionization scenario is in tension with
models assuming galaxies as the only contributors to the
budget of HI ionizing background. Indeed, models assuming
star-forming galaxies as main contributors to the UV back-
ground show that(relatively faint) galaxies tend to start the
reionization process too early(Naidu et al.2020). It is also

The Astrophysical Journal, 924:62(11pp), 2022 January 10 https:// doi.org/ 10.3847/ 1538-4357/ ac33a4
© 2022. The Author(s






















