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ABSTRACT

X-ray observations of the optically selected z = 6.025 quasi-stellar object (QSO) CFHQS J164121+375520 (hereafter J1641) revealed that its
flux dropped by a factor of &7 between 2018, when it was a bright and soft X-ray source, and 2021. Such a strong variability amplitude has not
been observed before among z > 6 QSOs, and the underlying physical mechanism was unclear. We carried out a new X-ray and rest-frame UV
monitoring campaign of J1641 over 2022–2024. We detected J1641 with Chandra in the 2–7 keV band, while no significant emission is detected
at softer X-ray energies, making J1641 an X-ray changing-look QSO at z > 6. Compared with the 2018 epoch, the 0.5–2 keV flux dropped by a
factor of >20. We ascribe this behavior to intervening, and still ongoing, obscuration by Compton-thick gas intercepting our line of sight between
2018 and 2021. The screening material could be an inner disk or a failed nuclear wind whose thickness increased. Another possibility is that we
have witnessed an occultation event due to dust-free clouds located at parsec or subparsec scales, similar to those recently invoked to explain
the remarkable X-ray weakness of active galactic nuclei discovered by JWST. These interpretations are also consistent with the lack of strong
variations in the QSO rest-frame UV light curve over the same period. Future monitoring of J1641 and the possible discovery of other X-ray
changing look QSOs at z > 6 will return precious information about the physics of rapid supermassive black hole growth at high redshifts.
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1. Introduction

The observable properties of z > 6 quasi-stellar objects (QSOs)
provide us with key insights into the physics of rapid super-
massive black hole (SMBH) growth in the early Universe (e.g.,
Fan et al. 2023). However, these optically selected objects offer
only a biased view, as they are unobscured systems and the
vast majority of accreting SMBHs in the early Universe are
expected to be heavily obscured (Vito et al. 2018; Gilli et al.
2022). In recent years, a few objects at z > 6 have been pro-
posed to be obscured accreting SMBHs (e.g., Vito et al. 2019a,
2021; Connor et al. 2019; Fujimoto et al. 2022), mainly based on
X-ray weakness or the tentative detection of few high-energy
photons, with the only constrained column density value pre-
sented by Yang et al. (2022). Recently, the James Webb Space
Telescope (JWST) unveiled a population of broad-line active
galactic nuclei (AGN) at z ≈ 3−9 with extremely weak or no
X-ray emission (e.g., Mazzolari et al. 2024; Yue et al. 2024).
Among the proposed scenarios for such weakness is obscuration
by dust-free clouds, possibly belonging to the broad line region,
with large covering factors (Maiolino et al. 2024).

AGN that show extreme variability properties, which
are often referred to as changing-look AGN (e.g., Ricci &
Trakhtenbrot 2023), provide us with key information on the com-
plex physics associated with nuclear obscuration. A number of
strong X-ray flux and spectral variability events at low redshifts
have been ascribed to occultation by gas clouds with column
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densities possibly exceeding 1024 cm−2 orbiting the central
SMBHs on parsec or subparsec scales (e.g., Risaliti et al. 2005;
Maiolino et al. 2010; Marchesi et al. 2022). Varying absorp-
tion by geometrically thick inner accretion disks or nuclear
winds can also produce strong X-ray variability, with no asso-
ciated UV/optical extinction or variability (e.g., Liu et al. 2022;
Yu et al. 2023); this is often proposed to explain X-ray variability
events in weak-emission line QSOs (WLQs; e.g., Miniutti et al.
2012; Ni et al. 2018, 2022; Wang et al. 2024).

In Vito et al. (2022, hereafter V22) we reported on the strong
X-ray variability of the optically selected, radio-quiet QSO
CFHQS J164121.74+375520 (hereafter J1641) at z = 6.025 with
MBH = 2.5 × 108 M� and Lbol = 1.3 × 1013 L�, correspond-
ing to an Eddington ratio λEdd = 1.7. This QSO was observed
with Chandra in 2018 and was one of the most X-ray lumi-
nous z > 6 QSOs in the sample of Vito et al. (2019b), while
also being one the faintest QSOs in the rest-frame UV band
among the X-ray-detected objects. These properties resulted in
J1641 being significantly brighter (i.e., by ≈2σ) in the X-ray
band than what was expected from the well-known LX−LUV rela-
tion. Basic spectral analysis returned a steep power-law pho-
ton index (Γ = 2.4 ± 0.5; Vito et al. 2019b) consistent with a
super-Eddington accretion rate (e.g., Brightman et al. 2013) and
with typical values for z > 6 QSOs (e.g., Vito et al. 2019b;
Wang et al. 2021; Zappacosta et al. 2023). In a follow-up obser-
vation with XMM-Newton in 2021, the QSO was not detected,
implying a drop in the X-ray flux by a factor of &7 in 115 rest-
frame days, and no strong rest-frame UV variability was detected
V22.
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Table 1. Available X-ray observations of J1641 and net counts and fluxes in the soft (SB), hard (HB), and full (FB) bands.

Epoch ObsID Start Texp Net counts Flux [10−15 erg cm−2 s−1]
Date [ks] SB HB FB SB HB FB

2018 20 396 + 21 961 2018-11-15 54.3 39.5+6.6
−6.0 8.3+3.4

−2.7 47.8+7.3
−6.7 6.4+1.1

−1.0 2.8+1.2
−0.9 10.6+1.6

−1.5
2021 (EPIC-PN only) 0862560101 2021-02-02 53.9 <17.5 <14.4 <23.0 <0.8 <1.7 <1.4

2022 25 529 2022-05-15 24.4 <2.3 3.7+2.4
−1.7 3.5+2.4

−1.7 <0.3 2.9+1.9
−1.4 2.6+1.8

−1.3

2023 25 530 2023-03-07 26.7 <5.2 <2.3 <5.0 <1.4 <1.9 <3.6
2024 25 531 + 30 473 2024-09-30 30.6 <2.3 <5.1 <5.0 <0.6 <4.0 <3.7

2022 + 2023 + 2024 81.7 <4.9 5.2+2.8
−2.2 6.7+3.2

−2.5 <0.4 1.2+0.6
−0.5 1.3+0.6

−0.5

To understand which physical mechanism drove the variabil-
ity properties of J1641, we carried out a Chandra monitoring
program with three observation epochs (2022, 2023, and 2024).
We secured rest-frame UV imaging taken during the same period
with the Large Binocular Camera (LBC) at the Large Binocu-
lar Telescope (LBT) and the DOLORES camera at Telescopio
Nazionale Galileo (TNG) to assess the UV light curve of J1641.
In this Letter we present the results of this monitoring campaign.
Magnitudes are provided in the AB system. Errors are reported
at 68% confidence levels, and limits are given at 90% confi-
dence levels. We refer to the 0.5−2 keV, 2−7 keV, and 0.5−7 keV
energy ranges as the soft, hard, and full bands, respectively. We
adopt a flat cosmology with H0 = 67.7 km s−1 and Ωm = 0.307
(Planck Collaboration XIII 2016).

2. Data reduction and analysis

We observed J1641 as part of a Chandra monitoring program
with ACIS-S in 2022, 2023, and 2024. In 2024, the observation
was split into two exposures. Table 1 summarizes these observa-
tions, in addition to the 2018 Chandra and 2021 XMM-Newton
observations V22. The data reduction, source detection, and pho-
tometry extraction closely follows the procedure used in V22. In
summary, we used CIAO 4.15 (Fruscione et al. 2006), to repro-
cess the data with the chandra_repro script. Images and point
spread function maps were obtained with the fluximage tool.
Merged observations of the 2024 epoch and the entire monitor-
ing program were produced with the reproject_obs tool. Figure 1
compares the X-ray images in the soft and hard bands pro-
duced by stacking the Chandra monitoring program data with
those obtained with Chandra and XMM-Newton in 2018 and
2021. Response matrices and ancillary files were extracted and
combined with the specextract, mathpha, addrmf, and addarf
HEASOFT1 tools. We evaluated the J1641 detection significance
using the binomial no-source probability, PB (Weisskopf et al.
2007). Source counts (Table 1) were extracted from a circular
region centered at the optical position of J1641 with R = 2′′,
whereas the background counts were measured from an annulus
with an inner radius of 2′′ and an outer radius of 24′′. We set
(1−PB) > 0.997, corresponding to ≈3σ in the Gaussian approx-
imation, as the detection threshold.

Table 2 summarizes the LBC and DOLORES observations
and the measured z-band magnitudes of J1641. Standard LBC
reduction was carried out at the LBC Survey Center in Rome2.
Individual exposures were stacked with SWarp (Bertin et al.

1 https://heasarc.gsfc.nasa.gov/docs/software/heasoft/
2 http://lsc.oa-roma.inaf.it/
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Fig. 1. Chandra images (20′′ × 20′′) of J1641. The left and right
columns display the 2018 epoch and the stacked image of the new
Chandra monitoring program (2022–2024), respectively, and the asso-
ciated ACIS-S exposure time. Soft-band and hard-band images are
shown in the top and bottom rows, respectively. The R = 2′′ circles
are the apertures used for X-ray photometry.

2002), and dedicated pipelines were used to perform photomet-
ric calibrations. The DOLORES images were reduced and cal-
ibrated using IRAF (Tody 1993). The observations followed a
dithering pattern with offsets of 20′′ to remove the interference
fringes typical of z-band images with DOLORES. All images
were registered to the Gaia astrometry (e.g., Gaia Collaboration
2023). We performed photometric measurements with Source
Extractor (Bertin & Arnouts 1996). Uncertainties on the magni-
tudes include statistical errors on the count rates, and uncertain-
ties on the photometric zero points and aperture corrections.

3. Results

J1641 was not detected in the soft band in any of the three
epochs of the Chandra monitoring program, and it was detected
in the hard and full bands in the 2022 epoch only (Table 1) with
significance (1 − PB) = 0.9996 and 0.9975, respectively. The
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Table 2. New z-band observations of J1641.

Instrument Date Texp mag
[h] AB

LBT/LBC 2022-03-26 2.2 21.03 ± 0.04
LBT/LBC 2023-04-28 0.2 21.01 ± 0.04
TNG/DOLORES 2023-06-10 0.7 21.08 ± 0.07
TNG/DOLORES 2024-05-06 0.7 20.95 ± 0.06

Notes. Dates refer to the average of the exposures in each epoch.

significance of the hard-band and full-band detections increases
to 0.9998 and 0.9999, respectively, when stacking the three
epochs, and no significant counterpart is detected in the soft
band. We estimated the spectral properties of J1641 from this
stacked dataset by considering the hardness ratio HR = H−S

H+S ,
where H and S are the net counts in the hard and soft bands,
respectively. Following the method used in V22, we obtain HR >
−0.04; this, assuming power-law emission, accounting for the
Galactic absorption (Kalberla et al. 2005), and using the merged
Chandra response files at the position of J1641, corresponds to
an effective photon index Γ < 0.43. This value is much flatter
than the photon index obtained from spectral analysis in 2018
(i.e., Γ = 2.4 ± 0.5) and suggests that the soft-band emission
became heavily absorbed.

To estimate the obscuration level, we fixed Γ = 2 and
added to our assumed spectral model an absorption component
(i.e., model pha*zpha*pow in XSPEC). The lower limit on the
hardness ratio translates to a column density log NH

cm−2 > 24.2.
Similar values were obtained by assuming the photon index mea-
sured in 2018 or the more physically motivated MYTorus model
(Murphy & Yaqoob 2009). Table 1 reports the flux of J1641
estimated assuming this column density. The corresponding
absorption-corrected, rest-frame 2–10 keV luminosity is LX =
7.7+4.2
−4.2 × 1044 erg s−1. This value is lower than the luminosity

measured for the 2018 dataset (i.e., 33.4+5.6
−5.1×1044 erg s−1), but it

should be treated as a lower limit, as we assumed the lower limit
on NH estimated above for the absorption correction.

In Fig. 2 we compare the fluxes estimated from the stacked
dataset of the 2022–2024 Chandra monitoring program with the
values obtained with Chandra and XMM-Newton in 2018 and
2021. The soft-band flux experienced a strong drop by a factor of
>20 from 2018. The new detection in the hard band is consistent
with the 2021 upper limit and with no variation, or at most a
modest dimming (i.e., by a factor of .2), from 2018.

The new LBC and DOLORES data extend the rest-frame UV
light curve of J1641 presented by V22 to four additional epochs
(black circles in Fig. 2) and present no significant flux variation,
beside possible statistical fluctuations. In particular, the optical
magnitude remained constant, within the uncertainties, during
the X-ray flux drop, providing us with useful information on the
nature of the possible obscurer material (Sect. 4).

4. Discussion

The variability of J1641 is best interpreted as a consequence of
an X-ray occultation event due to intervening dense gas, as dis-
cussed in Sect. 4.1. Other possible interpretations appear to be
less likely (Sect. 4.2).

3 We used XSPEC v.12.13 (Arnaud 1996) for these calculations.

4.1. X-ray obscuration by intervening dense gas

The suppression by a factor of >20 of the soft-band X-ray flux in
a few rest-frame months, coupled with the high-confidence hard-
band detection showing little or no variation in the same period,
suggests that J1641 experienced an X-ray occultation event due
to Compton-thick gas intercepting the line of sight between 2018
and 2021, and still obscuring the X-ray emission today. In this
scenario, we can expect a new X-ray brightening in the future.

In super-Eddington accreting QSOs, such as J1641, the inner
regions of the disk are thought to be geometrically thick, due
to photon trapping or the presence of a “failed” wind (e.g.,
Abramowicz et al. 1988; Proga & Kallman 2004; Jiang et al.
2019). A change in the thickness of an inner disk, the launch-
ing of a new nuclear wind, or a thickening of an already present
wind could have led dense gas to intercept our line of sight. Such
material could absorb the X-ray soft-band photons while leaving
the UV emission from the outer regions of the disk largely unaf-
fected, thus explaining the lack of UV variability. Similar events
have been invoked to explain rare and extreme X-ray variability
events among WLQs, as discussed in Sect. 1.

Depending on the geometry of the disk–broad line region
system, a possible outcome of this event might be the weaken-
ing of the UV broad emission lines. In fact, the ionizing photons
emitted from the inner disk can also be absorbed by the same
material that screens the soft X-ray emission, and thus be pre-
vented from reaching the broad line emission clouds located at
larger distances, as proposed for WLQs (e.g., Luo et al. 2015).
The decrease in the ionization level of gas can also lead to a
more efficient launching of line-driven winds, which can appear
as new broad-absorption lines (BALs) in the rest-frame UV
spectrum (e.g., Proga & Kallman 2004). According to the spec-
trum obtained by V22 in 2021, only a few rest-frame days after
the XMM-Newton observations that probed the X-ray flux drop,
J1641 is neither a WLQ nor a BAL QSO. Since for luminous
QSOs the broad-emission-line clouds are located up to several
hundred rest-frame days away from the ionizing continuum-
emitting region (e.g., Shen et al. 2024), such a spectrum might
not be sensitive to a variation in the line emission due to a
change in the inner disk configuration. Similarly, timescales for
the launching of BAL winds may be longer than those probed by
the available observations. Additional spectroscopic follow-up
observations of J1641 are required to probe this scenario.

An occultation event can also be caused by the motion
of dense gas clouds on parsec or subparsec scales (e.g.,
Risaliti et al. 2005; Marchesi et al. 2022), similar to those pro-
posed by Maiolino et al. (2024) to explain the X-ray weakness
of broad-emission-line AGN discovered by JWST. Assuming
occultation by a single, spherical cloud with a size similar to, or
larger than, the X-ray emitting hot corona (i.e., R ≥ 10 Rs, where
Rs = 2GMBH

c2 is the Schwarzschild radius) and in Keplerian motion
around the central source, following Risaliti et al. (2005), we can
estimate its distance from the SMBH as D ≤ 2.7 pc. This limit is
smaller than the expected dust sublimation radius for a QSO with
the same UV luminosity as J1641 (e.g., Kishimoto et al. 2007)
and is thus consistent with the lack of dust extinction affecting
the rest-frame UV spectrum of the QSO V22. If the occulting
cloud belongs to a population of similar dense clouds in orbit
on parsec scales around the SMBH with a large covering factor,
Thomson scattering would reduce the measured rest-frame UV
emission significantly due to most of the photons being scattered
out of the line of sight. For instance, for an average optical depth
of τ ≈ 2, which is consistent with the limit on NH estimated in
Sect. 3, the suppression factor is .87%. The upper limit is due to
photons traveling in other directions and scattered into the line of
sight, whose number depends strongly on the geometry. Still, we
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Fig. 2. X-ray light curve of J1641 as a function of observation time: red circles and squares are the observed soft- and hard-band fluxes, respectively.
The most recent red points refer to the stacked Chandra observations taken in 2022, 2023, and 2024 and are plotted at the average observing date
(Table 1), with horizontal error bars encompassing the times of the three stacked observations. The soft-band flux of J1641 dropped by a factor of
>20, while the QSO is still detected in the hard band with at most a modest dimming. Black points are the z-band magnitudes of J1641 (V22 and
Table 2) and show no significant variation over the period covered by the X-ray observations.

speculate that the UV luminosity of J1641 might be intrinsically
higher than the measured value, thus explaining the excess of X-
ray brightness of J1641 in 2018 with respect to known relations
between X-ray and UV luminosities.

4.2. Other scenarios

In addition to intervening obscuration, V22 discussed other pos-
sibilities, such as intrinsic variability, a tidal disruption event
(TDE), or gravitational lensing, as potential drivers of the vari-
ability pattern of J1641. Thanks to the new observations pre-
sented in this Letter, we can now exclude intrinsic variability:
simple variations in the accretion rate of J1641, either stochas-
tic or systematic, are not consistent with the constant rest-frame
UV emission from the QSO or, in particular, with the detection
of hard-band X-ray emission with no soft-band counterpart dur-
ing the recent Chandra monitoring program.

A TDE may be consistent with the bright X-ray emission in
2018, and the subsequent strong flux drop (e.g., Ricci et al. 2020,
2021), if relativistic beaming is involved (e.g., Bloom et al.
2011; Saxton et al. 2021). However, to explain the detection
in the hard band only in the recent Chandra dataset, it would
require a rare configuration in which the debris of the disrupted
star produces heavy obscuration (e.g., Blanchard et al. 2017).
Moreover, for a SMBH with a mass similar to that estimated
for J1641, a TDE can only involve a giant star, for which the
SMBH tidal radius is sufficiently more extended than the event
horizon (e.g., MacLeod et al. 2012), thus considerably reducing
the chance probability of a similar event.

If J1641 were a lensed object, as is the z = 6.5 QSO
J043947.08+163415.7 (Fan et al. 2019), the motion of the stars
in the lens galaxy could produce microlensing, which would
in particular affect X-ray emission (e.g., Popovic et al. 2006),
thus explaining the lack of strong variation in the rest-frame UV
emission (e.g., Chartas et al. 2002, 2016). However, microlens-
ing amplitudes in different X-ray bands have been found to dif-
fer by at most factors of a few (e.g., Chartas et al. 2012, 2017),
which is not consistent with the extreme spectral variation of
J1641.

5. Conclusions

J1641 is an X-ray changing-look QSO that transitioned from a
soft and bright state to a hard-band-only emission state, with a
suppression of the soft-band flux by a factor &20, in few rest-
frame months. While other z & 6 QSOs show significant vari-
ability (Nanni et al. 2018; Moretti et al. 2021; Wolf et al. 2024;
Marcotulli et al. 2025), J1641 is by far the most extreme in terms
of amplitude and spectral variation. An obscuration event that
occurred after 2018 appears to be the most likely explanation for
its X-ray and rest-frame UV light curves. The observed suppres-
sion of the soft-band X-ray flux requires the obscuring mate-
rial to be characterized by a Compton-thick column density.
Such material could be a geometrically thick inner disk, a dense
nuclear wind, or a gas cloud orbiting the central SMBH at par-
sec or subparsec scales, such as the clouds forming the broad line
region. We discuss how these scenarios are consistent with the
lack of strong rest-frame UV variability. The broad-emission-
line AGN at high redshifts recently discovered with JWST show
similar properties as J1641 after the X-ray state transition, such
as unobscured line emission and weak X-ray emission (e.g.,
Maiolino et al. 2024), suggesting that similar physical mecha-
nisms might be at play.

This study showcases the unique power of high-resolution
and sensitive X-ray observations to investigate the nuclear prop-
erties of high-redshift QSOs and, as a direct consequence,
the physics driving the fast growth of SMBHs in the early
Universe. A future X-ray mission with these characteristics,
such as AXIS (e.g., Marchesi et al. 2020; Reynolds et al. 2023;
Cappelluti et al. 2024), is necessary to fill in the gap that Chan-
dra will leave in the foreseeable future, and provide strong
high-energy synergies to state-of-the-art and next-generation
multiwavelength facilities.

Acknowledgements. We thank the reviewer for their useful suggestions, and E.
Congiu for useful discussions. We acknowledge support from the “INAF Ricerca
Fondamentale” 2022 and 2023 grants. WNB acknowledges support from
Chandra X-ray Center grant GO2–23080X. FEB acknowledges sup-
port from ANID-Chile BASAL CATA FB210003, FONDECYT Reg-
ular 1241005, and Millennium Science Initiative, AIM23-0001. KI
acknowledges support under the grant PID2022-136827NB-C44 provided

L16, page 4 of 5



Vito, F., et al.: A&A, 694, L16 (2025)

by MCIN/AEI/10.13039/501100011033 / FEDER, UE. This paper
employs a list of Chandra datasets, obtained by the Chandra X-ray
Observatory, contained in the Chandra Data Collection (CDC) “collec-
tion_id” https://doi.org/10.25574/cdc.343, and software provided
by the Chandra X-ray Center (CXC) in the application packages CIAO.
We acknowledge the support from the LBT-Italian Coordination Facility for
the execution of observations, data distribution and reduction. The LBT is
an international collaboration among institutions in the United States, Italy
and Germany: the University of Arizona on behalf of the Arizona university
system; Istituto Nazionale di Astrofisica, Italy; LBT Beteiligungsgesellschaft,
Germany, representing the Max-Planck Society, the Astrophysical Institute
Potsdam, and Heidelberg University; The Ohio State University, and The
Research Corporation, on behalf of The University of Notre Dame, University
of Minnesota and University of Virginia. This research made use of APLpy
(https://github.com/aplpy/) and Astropy (Astropy Collaboration 2018).

References
Abramowicz, M. A., Czerny, B., Lasota, J. P., & Szuszkiewicz, E. 1988, ApJ,

332, 646
Arnaud, K. A. 1996, ASP Conf. Ser., 101, 17
Astropy Collaboration (Price-Whelan, A. M., et al.) 2018, AJ, 156, 123
Bertin, E., & Arnouts, S. 1996, A&AS, 117, 393
Bertin, E., Mellier, Y., Radovich, M., et al. 2002, ASP Conf. Ser., 281, 228
Blanchard, P. K., Nicholl, M., Berger, E., et al. 2017, ApJ, 843, 106
Bloom, J. S., Giannios, D., Metzger, B. D., et al. 2011, Science, 333, 203
Brightman, M., Silverman, J. D., Mainieri, V., et al. 2013, MNRAS, 433, 2485
Cappelluti, N., Foord, A., Marchesi, S., et al. 2024, Universe, 10, 276
Chartas, G., Agol, E., Eracleous, M., et al. 2002, ApJ, 568, 509
Chartas, G., Kochanek, C. S., Dai, X., et al. 2012, ApJ, 757, 137
Chartas, G., Rhea, C., Kochanek, C., et al. 2016, Astron. Nachr., 337, 356
Chartas, G., Krawczynski, H., Zalesky, L., et al. 2017, ApJ, 837, 26
Connor, T., Bañados, E., Stern, D., et al. 2019, ApJ, 887, 171
Fan, X., Wang, F., Yang, J., et al. 2019, ApJ, 870, L11
Fan, X., Bañados, E., & Simcoe, R. A. 2023, ARA&A, 61, 373
Fruscione, A., McDowell, J. C., Allen, G. E., et al. 2006, Proc. SPIE, 6270,

62701V
Fujimoto, S., Brammer, G. B., Watson, D., et al. 2022, Nature, 604, 261
Gaia Collaboration (Vallenari, A., et al.) 2023, A&A, 674, A1
Gilli, R., Norman, C., Calura, F., et al. 2022, A&A, 666, A17
Jiang, Y.-F., Stone, J. M., & Davis, S. W. 2019, ApJ, 880, 67
Kalberla, P. M. W., Burton, W. B., Hartmann, D., et al. 2005, A&A, 440, 775
Kishimoto, M., Hönig, S. F., Beckert, T., & Weigelt, G. 2007, A&A, 476, 713
Liu, H., Luo, B., Brandt, W. N., et al. 2022, ApJ, 930, 53
Luo, B., Brandt, W. N., Hall, P. B., et al. 2015, ApJ, 805, 122
MacLeod, M., Guillochon, J., & Ramirez-Ruiz, E. 2012, ApJ, 757, 134
Maiolino, R., Risaliti, G., Salvati, M., et al. 2010, A&A, 517, A47
Maiolino, R., Risaliti, G., Signorini, M., et al. 2024, ArXiv e-prints,

[arXiv:2405.00504]
Marchesi, S., Gilli, R., Lanzuisi, G., et al. 2020, A&A, 642, A184
Marchesi, S., Zhao, X., Torres-Albà, N., et al. 2022, ApJ, 935, 114
Marcotulli, L., Connor, T., Bañados, E., et al. 2025, ArXiv e-prints

[arXiv:2501.07637]
Mazzolari, G., Scholtz, J., Maiolino, R., et al. 2024, A&A, submitted

[arXiv:2408.15615]
Miniutti, G., Brandt, W. N., Schneider, D. P., et al. 2012, MNRAS, 425, 1718
Moretti, A., Ghisellini, G., Caccianiga, A., et al. 2021, ApJ, 920, 15
Murphy, K. D., & Yaqoob, T. 2009, MNRAS, 397, 1549
Nanni, R., Gilli, R., Vignali, C., et al. 2018, A&A, 614, A121
Ni, Q., Brandt, W. N., Luo, B., et al. 2018, MNRAS, 480, 5184
Ni, Q., Brandt, W. N., Luo, B., et al. 2022, MNRAS, 511, 5251
Planck Collaboration XIII. 2016, A&A, 594, A13
Popovic, L. C., Jovanovic, P., Petrovic, T., & Shalyapin, V. N. 2006, Astron.

Nachr., 327, 981
Proga, D., & Kallman, T. R. 2004, ApJ, 616, 688
Reynolds, C. S., Kara, E. A., Mushotzky, R. F., et al. 2023, Proc. SPIE, 12678,

126781E
Ricci, C., & Trakhtenbrot, B. 2023, Nat. Astron., 7, 1282
Ricci, C., Kara, E., Loewenstein, M., et al. 2020, ApJ, 898, L1
Ricci, C., Loewenstein, M., Kara, E., et al. 2021, ApJS, 255, 7
Risaliti, G., Elvis, M., Fabbiano, G., Baldi, A., & Zezas, A. 2005, ApJ, 623,

L93
Saxton, R., Komossa, S., Auchettl, K., & Jonker, P. G. 2021, Space Sci. Rev.,

217, 18

Shen, Y., Grier, C. J., Horne, K., et al. 2024, ApJS, 272, 26
Tody, D. 1993, ASP Conf. Ser., 52, 173
Vito, F., Brandt, W. N., Yang, G., et al. 2018, MNRAS, 473, 2378
Vito, F., Brandt, W. N., Bauer, F. E., et al. 2019a, A&A, 628, L6
Vito, F., Brandt, W. N., Bauer, F. E., et al. 2019b, A&A, 630, A118
Vito, F., Brandt, W. N., Ricci, F., et al. 2021, A&A, 649, A133
Vito, F., Mignoli, M., Gilli, R., et al. 2022, A&A, 663, A159
Wang, F., Fan, X., Yang, J., et al. 2021, ApJ, 908, 53
Wang, S., Brandt, W. N., Luo, B., et al. 2024, ApJ, 974, 2
Weisskopf, M. C., Wu, K., Trimble, V., et al. 2007, ApJ, 657, 1026
Willott, C. J., Albert, L., Arzoumanian, D., et al. 2010, AJ, 140, 546
Wolf, J., Salvato, M., Belladitta, S., et al. 2024, A&A, 691, A30
Yang, J., Fan, X., Wang, F., et al. 2022, ApJ, 924, L25
Yu, L.-M., Luo, B., Brandt, W. N., et al. 2023, ApJ, 949, 6
Yue, M., Eilers, A.-C., Ananna, T. T., et al. 2024, ApJ, 974, L26
Zappacosta, L., Piconcelli, E., Fiore, F., et al. 2023, A&A, 678, A201

1 INAF – Osservatorio di Astrofisica e Scienza dello Spazio di
Bologna, Via Gobetti 93/3, I-40129 Bologna, Italy

2 Department of Astronomy & Astrophysics, 525 Davey Lab,
The Pennsylvania State University, University Park, PA 16802,
USA

3 Institute for Gravitation and the Cosmos, The Pennsylvania State
University, University Park, PA 16802, USA

4 Department of Physics, The Pennsylvania State University, Univer-
sity Park, PA 16802, USA

5 Instituto de Astrofísica, Facultad de Física, Pontificia Universidad
Católica de Chile, Campus San Joaquín, Av. Vicuña Mackenna
4860, Macul 7820436, Santiago, Chile

6 Centro de Astroingeniería, Facultad de Física, Pontificia Universi-
dad Católica de Chile, Campus San Joaquín, Av. Vicuña Mackenna
4860, Macul 7820436, Santiago, Chile

7 Millennium Institute of Astrophysics, Nuncio Monseñor Sótero
Sanz 100, Of 104, Providencia, Santiago, Chile

8 Space Science Institute, 4750 Walnut Street, Suite 205, Boulder,
Colorado 80301, USA

9 Max Planck Institut für Astronomie, Königstuhl 17, D-69117 Hei-
delberg, Germany

10 Department of Physics and Astronomy, College of Charleston,
Charleston, SC 29424, USA

11 Institut de Ciències del Cosmos (ICCUB), Universitat de Barcelona
(IEEC-UB), Martí i Franquès, 1, 08028 Barcelona, Spain

12 ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain
13 School of Astronomy and Space Science, Nanjing University, Nan-

jing 210093, PR China
14 Key Laboratory of Modern Astronomy and Astrophysics, Nanjing

University, Ministry of Education, Nanjing, Jiangsu 210093, PR
China

15 Dipartimento di Fisica e Astronomia (DIFA), Università di Bologna,
via Gobetti 93/2, I-40129 Bologna, Italy

16 Department of Physics and Astronomy, Clemson University, Kinard
Lab of Physics, Clemson, SC 29634, USA

17 Dipartimento di Matematica e Fisica, Universitá Roma Tre, Via
della Vasca Navale 84, I-00146 Roma, Italy

18 INAF – Osservatorio Astronomico di Roma, via di Frascati 33,
00078 Monte Porzio Catone, Italy

19 Department of Physics, University of North Texas, Denton, TX
76203, USA

20 INAF – Istituto di Radioastronomia, via Gobetti 101, I-40129
Bologna, Italy

21 Fundación Galileo Galilei – INAF (Telescopio Nazionale Galileo),
Rambla José Ana Fernández Perez 7, 38712 Breña Baja (La Palma),
Canary Islands, Spain

22 Instituto de Astrofísica de Canarias, C/Vía Láctea s/n, E-38205 La
Laguna (Tenerife), Canary Islands, Spain

23 Departamento de Astrofísica, Univ. de La Laguna, Av. del
Astrofísico Francisco Sánchez s/n, E-38205 La Laguna (Tenerife),
Canary Islands, Spain

L16, page 5 of 5

https://doi.org/10.25574/cdc.343
https://github.com/aplpy/
http://linker.aanda.org/10.1051/0004-6361/202453618/1
http://linker.aanda.org/10.1051/0004-6361/202453618/1
http://linker.aanda.org/10.1051/0004-6361/202453618/2
http://linker.aanda.org/10.1051/0004-6361/202453618/3
http://linker.aanda.org/10.1051/0004-6361/202453618/4
http://linker.aanda.org/10.1051/0004-6361/202453618/5
http://linker.aanda.org/10.1051/0004-6361/202453618/6
http://linker.aanda.org/10.1051/0004-6361/202453618/7
http://linker.aanda.org/10.1051/0004-6361/202453618/8
http://linker.aanda.org/10.1051/0004-6361/202453618/9
http://linker.aanda.org/10.1051/0004-6361/202453618/10
http://linker.aanda.org/10.1051/0004-6361/202453618/11
http://linker.aanda.org/10.1051/0004-6361/202453618/12
http://linker.aanda.org/10.1051/0004-6361/202453618/13
http://linker.aanda.org/10.1051/0004-6361/202453618/14
http://linker.aanda.org/10.1051/0004-6361/202453618/15
http://linker.aanda.org/10.1051/0004-6361/202453618/16
http://linker.aanda.org/10.1051/0004-6361/202453618/17
http://linker.aanda.org/10.1051/0004-6361/202453618/17
http://linker.aanda.org/10.1051/0004-6361/202453618/18
http://linker.aanda.org/10.1051/0004-6361/202453618/19
http://linker.aanda.org/10.1051/0004-6361/202453618/20
http://linker.aanda.org/10.1051/0004-6361/202453618/21
http://linker.aanda.org/10.1051/0004-6361/202453618/22
http://linker.aanda.org/10.1051/0004-6361/202453618/23
http://linker.aanda.org/10.1051/0004-6361/202453618/24
http://linker.aanda.org/10.1051/0004-6361/202453618/25
http://linker.aanda.org/10.1051/0004-6361/202453618/26
http://linker.aanda.org/10.1051/0004-6361/202453618/27
https://arxiv.org/abs/2405.00504
http://linker.aanda.org/10.1051/0004-6361/202453618/29
http://linker.aanda.org/10.1051/0004-6361/202453618/30
https://arxiv.org/abs/2501.07637
https://arxiv.org/abs/2408.15615
http://linker.aanda.org/10.1051/0004-6361/202453618/33
http://linker.aanda.org/10.1051/0004-6361/202453618/34
http://linker.aanda.org/10.1051/0004-6361/202453618/35
http://linker.aanda.org/10.1051/0004-6361/202453618/36
http://linker.aanda.org/10.1051/0004-6361/202453618/37
http://linker.aanda.org/10.1051/0004-6361/202453618/38
http://linker.aanda.org/10.1051/0004-6361/202453618/39
http://linker.aanda.org/10.1051/0004-6361/202453618/40
http://linker.aanda.org/10.1051/0004-6361/202453618/40
http://linker.aanda.org/10.1051/0004-6361/202453618/41
http://linker.aanda.org/10.1051/0004-6361/202453618/42
http://linker.aanda.org/10.1051/0004-6361/202453618/43
http://linker.aanda.org/10.1051/0004-6361/202453618/44
http://linker.aanda.org/10.1051/0004-6361/202453618/45
http://linker.aanda.org/10.1051/0004-6361/202453618/46
http://linker.aanda.org/10.1051/0004-6361/202453618/46
http://linker.aanda.org/10.1051/0004-6361/202453618/47
http://linker.aanda.org/10.1051/0004-6361/202453618/47
http://linker.aanda.org/10.1051/0004-6361/202453618/48
http://linker.aanda.org/10.1051/0004-6361/202453618/49
http://linker.aanda.org/10.1051/0004-6361/202453618/50
http://linker.aanda.org/10.1051/0004-6361/202453618/51
http://linker.aanda.org/10.1051/0004-6361/202453618/52
http://linker.aanda.org/10.1051/0004-6361/202453618/53
http://linker.aanda.org/10.1051/0004-6361/202453618/54
http://linker.aanda.org/10.1051/0004-6361/202453618/55
http://linker.aanda.org/10.1051/0004-6361/202453618/56
http://linker.aanda.org/10.1051/0004-6361/202453618/57
http://linker.aanda.org/10.1051/0004-6361/202453618/58
http://linker.aanda.org/10.1051/0004-6361/202453618/59
http://linker.aanda.org/10.1051/0004-6361/202453618/60
http://linker.aanda.org/10.1051/0004-6361/202453618/61
http://linker.aanda.org/10.1051/0004-6361/202453618/62
http://linker.aanda.org/10.1051/0004-6361/202453618/63

	Introduction
	Data reduction and analysis
	Results
	Discussion
	X-ray obscuration by intervening dense gas
	Other scenarios

	Conclusions
	References

