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ABSTRACT

E We report the detection of the high-ionization line [NeV]A3427 in the JWST/NIRSpec archival spectra of 6 massive quenched galaxies at z ~ 1.5—
4.5, identified from a parent sample of 87 systems. With an ionization potential of approximately 97 eV, [NeV] can only be produced by strong
nuclear activity in these massive systems, providing a clean and unambiguous tracer of highly accreting supermassive black holes uncontaminated
by residual star formation. For 4 of the 6 [NeV]-detected systems, we detect broad Ha emission (FWHM 2 4000 km s7!), yielding black hole

p———masses of Mgy = 103523 M, consistent with local scaling relations with stellar mass and velocity dispersion. The [NeV] luminosities imply

quasar-like bolometric outputs (Ly, = 107 erg s™!) and Eddington ratios of Aggq ~ 10-50%, with black hole accretion rates of a few M, yr

that match or exceed the residual star formation rates in the most extreme cases. The strongest [NeV] emitters are preferentially found in the
@ youngest post-starburst systems (D,4000 < 1.3), while old quenched galaxies are systematically devoid of such activity, a trend independently

[astro-ph.

1. Introduction

;' Galaxy quenching in the early Universe remains one of the cen-
S H tral open questions in galaxy evolution. Massive quiescent galax-
(\] ies are already in place at z > 3 (e.g., Schreiber et al. 2018;
<t Valentino et al. 2020, 2023; Carnall et al. 2022; Nanayakkara
O etal. 2024; Baker et al. 2025a,b; Merlin et al. 2025; Yang et al.
(Y) 2025; Antwi-Danso et al. 2025; Stevenson et al. 2026), implying
y that star formation must proceed rapidly and efficiently before
being suppressed for extended periods of time at even earlier
O epochs (Carnall et al. 2023, 2024; Glazebrook et al. 2024; de
(\J Graaff et al. 2025b; Weibel et al. 2025). At the same time, lu-
* minous quasars powered by billion-solar-mass black holes are
.~ observed at z > 6 (e.g., Fan et al. 2006; Bafiados et al. 2018;
Fujimoto et al. 2022; Yang et al. 2023), demonstrating that su-
R permassive black holes (SMBHs) undergo episodes of extremely
rapid growth within the first few Gyr of cosmic time. Under-
standing how these two phenomena — the early progression and
shutdown of star formation and the rapid assembly of SMBHs —
are connected is a fundamental challenge for both galaxy evolu-
tion and black hole studies.

XIV:

Energetic feedback from accreting SMBHs is widely in-
voked as the mechanism capable of reconciling these observa-
tions. In semi-analytical models and cosmological hydrodynam-
ical simulations, feedback from active galactic nuclei (AGN) is
required to reproduce the high-mass end of the stellar mass func-
tion and the existence of passive massive galaxies (e.g., Croton
et al. 2006; Somerville & Davé 2015; Naab & Ostriker 2017;
Alexander et al. 2025; Farcy et al. 2025; Kimmig et al. 2025;

reproduced by theoretical models. These results reveal that intense, radiatively efficient SMBH growth can persist several hundred Myr after the
main quenching epoch, with duty cycles of approximately 100-200 Myr. They also underscore the importance of very high accretion episodes and
rates in the theoretical models that seek to reproduce the earliest quenched galaxies in the universe.

Key words. Galaxies: evolution, high-redshift, stellar content, supermassive black holes.

De Lucia et al. 2024; Lagos et al. 2024; Chandro-Gomez et al.
2025; Chaikin et al. 2026; Araya-Araya et al. 2026). However,
the effectiveness of this mechanism depends critically on when
black holes accrete, for how long, at which luminosities, and how
they impact their surrounding environment. Tracking the SMBH
growth before, during, or after the quenching process, possibly
interspersed with episodes of rejuvenation (Fontanot et al. 2025;
De Lucia et al. 2026), remains observationally unconstrained and
complicated due to the timescales involved. Establishing the rel-
ative timing between star formation suppression and luminous
AGN phases, at least at the population level, is therefore essen-
tial.

In theoretical frameworks, the timing, duty cycle, and
strength of AGN episodes are fundamental outputs of sub-grid
physical recipes. Different implementations of black hole accre-
tion and feedback — for example in their dependence on gas sup-
ply or halo properties, their initial seeding, and freedom to ac-
crete and grow at capped or unconstrained rates — can lead to
markedly different quenching timescales and number densities
of massive passive galaxies at high redshift (Lagos et al. 2025
for a summary). While many models are calibrated to repro-
duce local observables, they often diverge in their predictions for
the formation pathways of the earliest quenched systems. Small
changes in feedback prescriptions and their free parameters can
drastically alter the abundance, ages, and structural properties
of massive galaxies (Genel et al. 2019; Fontanot et al. 2020;
De Lucia et al. 2024; Lagos et al. 2025; Chandro-Gémez et al.
2025). Constraining when and how efficiently SMBHs accrete
around the quenching phase therefore provides a powerful em-
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pirical lever arm on the physical assumptions encoded in theo-
retical models.

From the black hole perspective, a complementary question
emerges: can substantial SMBH growth occur in galaxies that
have already largely ceased forming stars? Most observational
studies start from AGN-selected samples, which include systems
that are still actively forming stars. In contrast, distant massive
quenched galaxies offer a distinct and underexplored environ-
ment for studying SMBH growth. Despite well-known model-
ing systematics, their relatively simple stellar populations allow
more robust measurements of stellar masses and velocity disper-
sions compared to star-forming systems, where complex star for-
mation histories, nebular emission, the absence of strong stellar
absorption features, and dust introduce additional uncertainties.
As a result, quenched galaxies provide a cleaner laboratory to
test black hole scaling relations and to assess whether rapidly
accreting SMBHs are consistent with, or offset from, local co-
evolutionary relations with stellar masses or velocity dispersions
(Kormendy & Ho 2013; Greene et al. 2020).

Identifying AGN activity in these systems requires diagnos-
tics insensitive to residual star formation, as classical line-ratio
diagnostics such as the BPT diagram (Baldwin et al. 1981) can
be contaminated by it. The high-ionization [NeV]43427 coro-
nal line offers a particularly clean alternative: with an ioniza-
tion potential of 97.11 eV, it cannot be produced by stellar pro-
cesses in metal-rich, evolved systems, making it a robust tracer
of strong nuclear activity in massive galaxies (Gilli et al. 2010;
Mignoli et al. 2013; Cleri et al. 2023; Vergani et al. 2018; Eu-
clid Collaboration et al. 2025; Trakhtenbrot et al. 2025). This
fine-structure line is thought to arise in an intermediate region
between the narrow and broad line regions, and is less affected
by dust than other coronal lines (Rodriguez-Ardila & Cerqueira-
Campos 2025). Current photoionization models can account for
its luminosity and possible extension on kiloparsec scales (McK-
aig et al. 2024), although extreme AGN-driven shocks and out-
flows can contribute to part of the emission (Leung et al. 2021).
At z 2 0.8, [NeV] falls within the JWST/NIRSpec wavelength
range, enabling systematic searches for powerful AGN in the
rest-frame near-UV of quenched systems.

Recent [NeV] studies have focused on AGN-selected sam-
ples at low and intermediate redshifts (e.g., Doan et al. 2025),
and have identified systems consistent with galaxies immedi-
ately before quenching (Barchiesi et al. 2024, 2025). However,
ground-based spectra are often insufficient to detect the underly-
ing stellar populations of individual sources, especially with in-
creasing redshift. Here we adopt a complementary, galaxy-first
approach, more akin to that in Vergani et al. (2018): we select
massive quenched galaxies in the literature and search for sig-
natures of ongoing, radiatively efficient SMBH accretion within
them. This allows us to directly test whether luminous, quasar-
like accretion episodes can occur after quenching.

In this work, we report the detection of bright [NeV] emis-
sion in an archival sample of massive quenched galaxies at
z ~ 1 —4.5 observed with JWST/NIRSpec. The inferred bolo-
metric luminosities reach values consistent with those of low
luminosity quasars at similar redshifts (Lpy = 10274 erg
s1), revealing episodes of intense and radiatively efficient black
hole growth several hundred Myr after the primary shutdown
of star formation. These observations simultaneously provide
new constraints on the timing and duty cycle of AGN activ-
ity in the quenching sequence and offer direct insight into how
rapidly growing SMBHs assemble in already massive, evolved
host galaxies in the early Universe. Throughout this work, we
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Fig. 1: Stellar mass and D,4000 distribution of our targets. The
sample with [NeV] coverage is colored according to redshift.
Filled stars and circles indicate [NeV] detections and upper lim-
its, respectively. The rest of the parent sample is marked with
gray circles. Broad Ha line detections (FWHM 3 4000 km s~!)
and possible intermediate black holes (FWHM ~ 2000 km s~ ')
are indicated with open black squares and circles.

adopt a ACDM cosmology with Q,, = 0.3, Qy, = 0.7, and
Hy = 70kms~' Mpc~!.

2. Sample selection and methods

Our parent sample consists of the 149 quiescent galaxies at z ~
1 — 4.5 compiled by Ito et al. (2025b), selected on the basis of
their rest-frame UV J colors, a specific star formation rate (SSFR)
threshold 10x below the main sequence, and/or the strength of
the 4000 A break as parameterized by the D, 4000 index (Balogh
et al. 1999). The sample was selected from the DAWN JWST
Archive (DJA), with medium or high-resolution NIRSpec/MSA
spectra (v4) reduced with msaexp (de Graaff et al. 2025a; Heintz
et al. 2025; Valentino et al. 2025) and flux-calibrated to match
the available NIRCam photometry (Valentino et al. 2023). We
refer the reader to Ito et al. (2025b) for details on the sample
selection and data reduction.

Of the 149 quiescent galaxies (QGs) in Ito et al. (2025b), 86
(58%) have spectral coverage of the [NeV] line. The subsample
spans a similar range in redshift, stellar mass, and D,4000 as
the parent sample, without introducing any significant sampling
bias (Figure 1). Stellar masses and star formation rates (SFRs)
averaged over 100 Myr were derived from photometric spec-
tral energy distribution (SED) modeling using Bagpipes (Carnall
et al. 2018), using Bruzual & Charlot (2003) models, the Kroupa
(2001) IMF, a Calzetti et al. (2000) dust attenuation law, emis-
sion lines with a fixed ionization parameter log U = -3 (Byler
et al. 2017), and a double power law SFH (Ito et al. 2025b;
see Hamadouche et al. 2026 for alternative SFH prescriptions
and the effect of metal abundances). With the exception of four
sources, the sample is covered by public Chandra observations,
including 10 individual detections (Ito et al. 2025b). For the 72
sources covered by Chandra, but undetected, we set an upper
limit on the 2-10 keV rest—frame X-ray luminosity (uncorrected
for obscuration) based on the limiting sensitivity in the observed
full Chandra band in each field, assuming a power-law index
I' = 1.8. To assess the AGN contribution across the SEDs, we
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Fig. 2: NIRSpec spectra of sources with [NeV] detections. Black and gray lines indicate the observed spectra and their uncertainties,
while the red line shows the best-fit model with PPXF (the orange and blue lines show the stellar and gas templates separately). The
central panels show a zoom-in on the region around [NeV]. The right panels show 3 x 3 RGB images of the targets. The ID and

redshift of each source are indicated in the left panels. The sixth [NeV] detection included in this analysis is presented in Ito et al.
(2025a).
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Fig. 3: Redshift and luminosity distributions of our QG sample
at z ~ 1 — 4.5 with [NeV] coverage (Linev), top panel) and their
X-ray counterparts where available (L,-jpkev, bottom panel).
[NeV] detections and upper limits are marked with filled red
stars and empty triangles in the top panel. In the bottom panel,
filled symbols indicate [NeV] detections with X-ray coverage
(filled stars and triangles indicate X-ray detections and upper
limits, respectively). Empty symbols mark the rest of our [NeV]-
undetected QG sample covered by Chandra observations (empty
red stars and triangles indicate X-ray detections and upper limits,
respectively). In both panels, QGs with broad (FWHM > 4000
km s7') or intermediate (FWHM =~ 2000 km s~!) Ha emis-
sion are indicated with open black squares and circles, respec-
tively. In both panels, gray circles indicate the sample of local
and SDSS Seyferts in Gilli et al. (2010), light blue circles mark
the HST/CLEAR star-forming sample at cosmic noon from Cleri
et al. (2023), and navy circles indicate the obscured AGN in
Barchiesi et al. (2025). In the top panel, two sources observed
with NIRSpec at z > 5 (Trakhtenbrot et al. 2025; Chisholm et al.
2024; Scholtz et al. 2025) are shown as cobalt circles, while dark
gray squares indicate the “post-starburst QSO” sample in Cales
et al. (2013).

tested physically motivated AGN templates with XCIGALE (Yang
et al. 2020), including X-ray emission when available, follow-
ing the setup in Ito et al. (2025a). The AGN templates typically
contribute < 20% of the emission at rest-frame optical wave-
lengths, and stellar masses derived with and without AGN tem-
plates agree to within 0.1 dex. These results align with findings
for the average quiescent galaxy population from stacking anal-
yses (Ito et al. 2022), and the AGN contribution to the host emis-
sion is also comparable to the rest-frame optical emission of faint
QSOs at high redshift (Ding et al. 2025a).

To estimate the stellar velocity dispersions and emission line
properties, we simultaneously modeled the stellar continuum
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and ionized gas emission, including [NeV], in the observed spec-
tra with pPXF (Cappellari 2017). We used C3K stellar spectral
libraries from the Flexible Stellar Population Synthesis (FSPS)
models (Conroy & Gunn 2010) and a Kroupa (2001) IMF. We
allowed for multiplicative polynomials up to the second degree
and masked the regions affected by the detector gaps. The ve-
locity centroid and dispersion of the stellar and gas components
were left free to vary, but we tied the redshift and velocity dis-
persion of all emission lines. We then bootstrapped the modeling
500 times, sampling the noise spectrum, to obtain more conser-
vative uncertainties. In 8/86 cases (DD-78, 111, DJA-156, 270,
329', 616, 700, 859), a narrow gas emission component was in-
sufficient to reproduce the wide wings in the observed spectra.
We thus added a broad component for Ha, HB, and Hy lines
with a velocity centroid tied to that of the narrow component.
In six cases, we measured FWHM > 4000 km s~!, indicative of
accreting SMBHs.” In the remaining two spectra, we detect faint
extended wings with FWHM =~ 2000 km s~! at > 3¢ signifi-
cance, which may indicate actively accreting intermediate-mass
black holes (Mg ~ 107 M, see below) given their stellar mass —
but are also compatible with typical outflow velocities driven by
nuclear activity. In the remainder of the analysis, we flag these
sources as possibly hosting accreting intermediate-mass black
holes, though this classification remains uncertain. A detailed
analysis of black hole mass measurements and scaling relations
for the full DeepDive and archival samples is deferred to a ded-
icated work (Y. Shibanuma et al., in prep.). For the rest of the
analysis, we add to our pool of galaxies the X-ray detected, qui-
escent source at z = 2.094 analyzed in detail in Ito et al. (2025a),
where a broad line component with FWHM = 4365 + 81 km s~!
is necessary to model the Ho and HS emission.

Our total sample of QGs with [NeV] coverage thus com-
prises 87 systems, out of which seven have an empirical estimate
of Mgy from broad He lines (FWHM 2 4000 km s~!) and two
possiblly host intermediate-mass black holes (FWHM = 2000
kms™).

3. Results

We detect [NeV] emission in 6 (10) sources at > 30 (> 2 o) (Ta-
ble A.1). We show the spectra of the 5 newly identified sources
with [NeV] detections® from the literature compilation presented
in Ito et al. (2025b) in Figure 2, while the sixth galaxy is shown
in Figure 2 of Ito et al. (2025a). This source, together with DD-
78, DD-111, and DJA-329, shows typical colors and morpholo-
gies of massive quenched systems at high redshift. DD-82 dis-
plays some properties reminiscent of a “little red dot” (LRD,

! DJA-329 is characterized by a particularly complex kinematic struc-
ture in the 1D spectrum (D’Eugenio et al. 2024). We modeled the gas
emission as a combination of a narrow component for all emission lines
that shared the velocity offset with a broad He component, plus an out-
flowing component for [O III] and [N II]. The broad component models
well the extended red wing of the Ha+[N II] complex, but it is sensitive
to the initial guesses. The resulting Mpy could be overestimated by 1
dex and should be thus used with caution. Also, the significance of the
[NeV] detection floats in the 2.8 — 3.10 range depending on the exact
kinematic modeling. We consider it a robust detection in the remainder
of this work. A similar case is DJA-700, not detected in [NeV].

2 The broad Her detections are not an artifact of the spectral S/N around
the line: they are found across a wide range of continuum S/N near Her
(S/N ~ 10 -25), with no preference for the highest-quality spectra. The
same holds for the [NeV] detections, which span S/N ~ 2 — 8 around
the line.

3 See footnote 1.
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Fig. 4: Distribution of QGs with [NeV] coverage in the BPT dia-
gram. Stars indicate [NeV] detections, while circles mark upper
limits. The symbols are color-coded according to redshift. Open
black squares and circles indicate the sources with broad and in-
termediate lines, respectively. The dotted and dashed black lines
mark the SF-AGN separation lines at z = 0 and z = 3, respec-
tively, following Kewley et al. (2013).

Matthee et al. 2024): it is compact, yet resolved when modeled

with a Sérsic profile (Re = 0.41*00% kpe, n = 1.3704 at ~ 4000

A rest-frame); it shows a shallow Balmer break and red colors,
but does not fall within common photometric color selections
(Kokorev et al. 2024a); it displays bright emission lines, but
broad features under He and HB are only marginally detected,
while residuals around the narrow [OIII] doublet may suggest
a broad component associated with an outflow; the continuum
shows weak absorption features, notably the G band+Hy com-
plex, of likely stellar origin; finally, the strong [NeV] emission
itself is not a common trait of LRDs. We retain this galaxy in
our sample, with the caveat that it may be a hybrid object in
which host and AGN emission remain significant while the LRD
component is fading (see Kokorev et al. 2024b for another pos-
sible example). DJA-924, on the other hand, shows a radically
different morphology: the spectrum traces the core of a bulge-
dominated spiral, yet the total photometry, including the star-
forming disk, returns an SFR well below the main sequence at
z = 2, with rest-frame UV J colors consistent with classical qui-
escent galaxy selections (Ito et al. 2025b). We retain this ob-
ject in our analysis, though the mechanism triggering the nu-
clear activity may differ from the rest of the sample. We note
that 84/87 galaxies have spectral coverage of the [O III] emission
line, which is detected at > 30 (> 20°) in 32 (37) sources, includ-
ing all [NeV]-detected ones. We return to the [O1II] — [NeV]
relation, [O III] being a classical tracer of AGN bolometric lumi-
nosity (Heckman et al. 2004), in Section 3.2.

3.1. [NeV] traces nuclear activity in quenched galaxies

We show the redshift and [NeV] luminosity (Lnev;) distributions
of our galaxies, along with samples of [NeV]-detected sources
from the local universe to z = 7 (Gilli et al. 2010; Cales et al.
2013; Cleri et al. 2023; Chisholm et al. 2024; Scholtz et al.
2025; Trakhtenbrot et al. 2025; Barchiesi et al. 2025) in Fig-
ure 3. The effect of the inhomogeneous coverage and Malmquist
bias is reflected in the distribution of the upper limits as a func-

Flas
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Fig. 5: Relation between observed [NeV] and [O III] luminosi-
ties. Filled stars indicate detections of both lines in our sample,
while triangles indicate upper limits on Ljnev). The symbols are
color-coded according to redshift. The dashed and solid lines in-
dicate the one-to-one relation and the expected ratio based on
the bolometric corrections adopted in this work (Heckman et al.
2004; Reiss et al. 2025).

tion of redshift. We detect [NeV] at > 30 in 4 out of 7 un-
ambiguous broad-line AGN, while the remaining detections are
in narrow-line systems. All the brightest X-ray detections with
rest-frame Ly_jorey = 10* erg s™! are also detected in [NeV]
with Ly_jokev/Linevy ratios of ~ 300 — 1000. Notably, these are
all broad-line AGN, complementing the X-ray-obscured Type 2
AGN in recent works (Barchiesi et al. 2024, 2025). The rest of
the narrow-line sample with [NeV] detections remain undetected
in X-ray. The 30 upper limits on the L;_jokev/Linev) ratios of
< 80 — 200 are consistent with the obscured AGN population
identified in previous works (Gilli et al. 2010; Barchiesi et al.
2024). Figure 4 shows the location of the [NeV] sample in the
classical BPT diagram (Baldwin et al. 1981). All sources exhibit
high [N II]/He and [O III]/HB ratios indicative of AGN activity
when compared with redshift-dependent classical selection cri-
teria (Kewley et al. 2013). The [NeV] detections show some of
the most extreme line ratios in the overall population. [NeV] is
thus a reliable tracer of the most extreme, possibly obscured,
AGN activity in distant quenched galaxies.

3.2. Scaling relations and quasar-like activity

For the sources with detected Ha broad line emission, we derive
the black hole mass as in Reines et al. (2013):

log(Mpu/Mo) = 6.57 + log(e) + 0.47 10g(Lia. broaa/ 10 ergs™)
+2.06 log(FWHMpq, proad/ 1000 km s™")
)]

where Ly, broad and FWHMyy, proaq are the luminosity and width
of the broad Ha component, and € = 1.075 is a geometric cor-
rection factor (Reines & Volonteri 2015). For sources without
a significant broad line component, we assumed the Mpy—0
relation in McConnell et al. (2011). We derived the bolometric
luminosities from the [NeV] emission as in Reiss et al. (2025)
(log(Loor/ergs™) = log(Linevi/ergs™") + 4.65) and from the
[O 1] line following the calibration in Heckman et al. (2004)
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Fig. 6: Left: M,—Mgy relation. Large red symbols indicate our sample of QGs with broad (FWHM 3 4000 km s~') Ha emission,
in which filled stars and open squares show the [NeV] detections and upper limits, respectively. Small empty squares mark our QGs
with intermediate (FWHM ~ 2000 km s~') Ha emission, undetected in [NeV]. Small filled red and blue stars show the predicted
location in the M,—Mgy plane of [NeV]- and [OIII]-detected QGs without broad line region signatures, assuming the Mpy—0
relation from McConnell et al. (2011). Local ellipticals (E) and SO/spiral galaxies (SO/S) are shown as light orange squares and blue
pentagons, respectively (Kormendy & Ho 2013; Greene et al. 2020). Post-starburst QSOs at z = 0.3 from Cales et al. (2013) are
shown as small gray squares. Overmassive black holes in low-mass galaxies at 4 < z < 7 from Maiolino et al. (2024) are shown
as filled violet circles. The quenched systems at z = 4.6 and z = 4.1 from Carnall et al. (2023) and Kokorev et al. (2024b) are
shown as a green circle and a diamond, respectively. The QSO-selected, post-starburst systems in Onoue et al. (2025) are shown as
with yellow squares. The dotted lines indicate constant Myy/M, ratios from 0.1 to 107*. Right: Lyo—Mgy relation. The meaning
of large and small red and blue symbols is as in the left panel and in the legend. The light purple and dark empty circles show the
low-luminosity QSO sample at z = 4 from He et al. (2024) and the [NeV]-detected low-redshift AGN sample from Barchiesi et al.
(2025). Low-mass galaxies at 4 < z < 7 from Maiolino et al. (2024) are shown as filled violet circles and the PSQ in Cales et al.
(2013) as small gray squares. The red dashed contours enclose the 10th, 50th, and 90th percentiles of the [NeV]-detected Type 1
AGN from SDSS in Doan et al. (2025). The dotted lines indicate constant Eddington ratios (Lyol/Lgqgq) of 1, 10, and 100%.

(log(Lyor /erg s = log(Liorm/erg s71) + 3.54), finding broad
agreement whenever both [NeV] and [OIII] are robustly de-
tected, with the observed Ljony ~ 12X brighter than Linev;
(Figure 5). We then computed the Eddington luminosity as
Lgga/ergs™ = 1.3 x 10%¥(Mgy/M,), and the Eddington ratio
Apad = Lvol/Lgdqa as a proxy of the radiative efficiency of the
central black holes. We caution, however, that these relations are
calibrated locally and their applicability at high redshift remains
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uncertain (e.g., see Abuter et al. 2024; Newman et al. 2025 for
new dynamical estimates of Mpy in distant galaxies).

Figure 6 shows these properties in the context of the well-
known scaling relations among Mpy, M., and Ly,. For con-
text, we include reference samples across redshift where avail-
able. The literature galaxies include local ellipticals, SO, and spi-
rals (Kormendy & Ho 2013; Greene et al. 2020), high-redshift
black holes in low-mass systems (Maiolino et al. 2024), low-
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luminosity QSOs at z = 4 (He et al. 2024), and galaxies more
akin to our sample of quenched galaxies (Carnall et al. 2023;
Kokorev et al. 2024b; Onoue et al. 2025).

The Mpy measurements place our QGs on the known scal-
ing relation with M, observed in the local universe, albeit within
its large scatter (Kormendy & Ho 2013; Greene et al. 2020), in
contrast to the overmassive black holes found in bluer galaxies at
lower stellar masses, and in agreement with what was previously
reported in Ito et al. (2025a). These systems are also broadly con-
sistent with the Mgy—o, relation (Y. Shibanuma et al. in prep.),
which supports our assumption of using the local relation from
McConnell et al. (2011) to estimate Mgy for sources without
direct measurements from broad lines. Moreover, the bolometric
luminosities derived from [NeV] and [O II1] indicate that approx-
imately half of the [NeV]-detected sample has high Eddington
ratios (dgada = Lbol/Lgaa = 10 — 50%, Figure 6). These values
are consistent with those observed in the low-luminosity tail of
QSOs at z = 4 (He et al. 2024), and they are higher than the val-
ues reported by Onoue et al. (2025) for a post-starburst system at
z = 6.5. These values are also similar to those of [NeV]-detected
Type 1 AGN in the local universe (Doan et al. 2025) and at Type
2 AGN at cosmic noon (Barchiesi et al. 2025). The rest of the
sample detected in [O III], but not in [NeV], typically shows Ed-
dington ratios of a few percent. This confirms that [NeV] detec-
tions cleanly select the brightest and most powerful tail of radia-
tively efficient AGN in our sample of distant quenched galaxies.

3.3. Black hole growth after quenching

Our findings also imply that sources a few hundred Myr after
their main formation and quenching epoch can still harbor highly
accreting and luminous central black holes. Single-epoch data
are insufficient to establish whether we are witnessing the fad-
ing of radiatively efficient AGN activity and a transition to low-
efficiency radio maintenance modes predicted by standard evolu-
tionary models (Hopkins et al. 2006) or a recent flare-up or decay
of QSO-like activity triggered by episodic accretion of gas (espe-
cially in the case of DD-924, given its morphology) or mergers.
The strongest [NeV] emitters are found at the low-D,4000 end
of the distribution (D,4000 = 1.2), suggesting a prevalence in
post-starburst, rather than old quenched galaxies. This is broadly
consistent with the detection in “green valley” galaxies reported
in previous works at lower redshift (Vergani et al. 2018; Euclid
Collaboration et al. 2025; Barchiesi et al. 2025). Although based
on only a handful of empirical Mgy measurements from broad
lines, Figure 7 shows that the highest Agqq values are found at the
lowest D, 4000, corresponding to younger ages and more recent
quenching. The remaining points increase the statistical sample
but also introduce scatter in the possible correlation, given that
their black hole masses, and thus Eddington luminosities, are in-
ferred from the scattered Mgy—o, relation. We also note that a
redshift selection bias, whereby only the brightest broad emis-
sion lines (and thus the highest Mpy and Lgqq) and the youngest
ages (lowest D,4000) are detectable in the most distant systems,
would introduce a spurious correlation perpendicular to the ten-
tative trend in Figure 7.

In absolute terms, a small mass of gas might be sufficient to
trigger intense black hole accretion, while leaving the total stellar
mass almost completely unaffected, given the typical mass of the
targets in our sample (Figure 1). We quantified the black hole
accretion rate (BHAR) in our galaxies as follows:
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Fig. 7: D,4000 as a function of the Eddington ratio Ag4q. The left
and right panels show Ly derived from Liney) and Liopr;, respec-
tively. Large symbols indicate galaxies with Mgy measurements
from broad lines and, thus, direct estimates of Aggq. Small sym-
bols mark the expected location of QGs assuming they lie on the
local Mgy ——o relation from McConnell et al. (2011). The sym-
bols are color-coded according to the light-weighted stellar age
from the modeling with pPXF.

where € = 0.1 is the assumed mass-to-radiation conversion
efficiency and c the speed of light. We computed this quantity
from Ly, derived from [NeV] and [OIII]. We then compared
the BHAR with the SFR from the SED modeling, separating the
sample into [NeV]-detected and [O III]-detected subsets. In the
most extreme cases, such as DD-78, we find BHAR/SFR > 1,
suggesting that the central black holes undergo cycles of growth
spurts. Nevertheless, the absolute BHAR is of the order of a few
M, yr~'—a quantity that, if converted into stars, would result in
negligible stellar mass growth.

As among the most energetic and extreme phenomena ob-
served, such growth is unlikely to be sustained. We derived an
order-of-magnitude duty cycle for the AGN activity by comput-
ing the fraction of [NeV]-detected sources in the full sample
(6/87) spanning the z = 1.52 — 4.66 range: fquy = Nget/Nior X
Az = 1.52 — 4.66) = 199*1% Myr. Uncertainties in the de-
tection fractions and the corresponding duty cycles are given
by binomial statistics with two-sided 68% confidence intervals
following Cameron (2011). Including only the brightest sources
with Ly, > 10* erg s7!, this timescale decreases by approxi-
mately a factor of two (fawy = 66*5; Myr based on a detection
fraction of 2/87, similar to the Salpeter timescale for AGN ac-
cretion). We note that only a small fraction of AGN in the lo-
cal Universe emit detectable [NeV] (e.g., ~ 5% of Typel AGN
in SDSS; Doan et al. 2025), possibly due to dust obscuration
(McKaig et al. 2024). By construction, our quiescent sample has
low galaxy-integrated dust extinction, which may facilitate the
detection of [NeV]. Our estimates for the duty cycle of the AGN
activity are consistent with the values for QSOs at similar red-
shifts (Arita et al. 2025, and references there-in). They are also
consistent with the loose upper limit that we can derive from
the location of our targets on the Mgy—M, relation. DD-78, the
prime example of our [NeV] detections and quasar-like activity
in a post-starburst galaxy at z = 4.01, could serve for a back-
of-the-envelope calculation. Under the simple assumption that
DD-78 keeps growing at the current BHARneyv) = 6.1 £ 1.2 M,
yr~! and SFRggp < 23 Mg yr~! (at 307), and considering that
the source is already on the local M,—Mpgy relation, it would
take < 525 Myr to reach a 3% Mpy/M . ratio, marking the upper
limit of the relation.
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Fig. 8: Stellar masses, black hole masses, their ratios, and Eddington ratios for the SHark (solid yellow lines), Gaea (solid teal), and
Brack Dawn/MisTRAL (solid red) quiescent galaxies (sSSFR < 0.2/fyuppie) With AGN activity (Lyo > 10% erg s7!) at z = 2 — 4, as
labeled. For Snark and Gaka, dotted lines show the recently quenched subsample (fguench < 250 Myr). For BLack DAWN/MISTRAL,
each post-quenching AGN burst is treated as an individual measurement. Under each panel, we mark the observed properties of
our [NeV]- and [OIIT]-detected samples in red and blue, respectively. The number of sources with an empirical Mgy estimate from
broad lines, and thus Lgqq, is much lower than those with an M, estimate, resulting in sparse observational data points in the three

rightmost panels.

4. Discussion
4.1. Quasar-like emission in post-starburst galaxies

The detection of [NeV] in massive quenched systems at 7 ~
1.5 — 4.5 confirms that quasar-like activity can persist a few hun-
dred Myr after quenching. Figure 2 shows that the spectra of
our sources are dominated by the stellar continuum. This is by
construction: our selection is inherently galaxy-based rather than
AGN/QSO-based, built on strong Balmer breaks, UVJ colors,
and low sSFR.

The coexistence of post-starburst stellar features in bright
AGN and, vice versa, of AGN emission in recently quenched
galaxies has been reported in the local universe, where ground-
based spectra provide signal-to-noise ratios sufficient to dis-
entangle the two components. A class of local “post-starburst
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QSO0s” (PSQs), selected on the basis of broad line emission and
deep Ho absorption, has been the subject of study over the past
three decades (Brotherton et al. 1999; Cales et al. 2013; Cales
& Brotherton 2015). We show the location of a sample of 33
PSQ with [NeV] detections at z = 0.3 from Cales et al. (2013)
as dark gray squares in Figure 6. For this comparison, we re-
derived the bolometric luminosity from [NeV] and Mgy using
the same prescriptions as for our sample to reduce systemat-
ics. These galaxies occupy a broadly similar region of parameter
space as our [NeV]-detections, with the lower average M., Mpy,
and Ly likely reflecting a combination of Malmquist bias and
the scarcity of post-starburst galaxies at low redshift (Wild et al.
2016). The main difference is that we do not include bluer QSOs
and do not require Type 1 broad lines. Interestingly, the brightest
AGN emission in local PSQs tends to be associated with early-
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type galaxies and recent major mergers, consistent with the stan-
dard scenario in which a galaxy collision triggers a starburst and
nuclear activity (Ellison et al. 2019, 2022, 2025). Fainter QSOs,
by contrast, reside in spirals and are more likely driven by secu-
lar mechanisms (Cales et al. 2013).

Among our [NeV] detections, the brightest source, DD-78,
shows clear broad emission and a spheroidal morphology with a
disky Sérsic index (Tanaka et al. 2019; Ito et al. 2024; Kakimoto
et al. 2026) and a possible velocity gradient in the stellar kine-
matics, albeit uncertain given the compact size and slit alignment
(Ito et al. in prep.). The galaxy is isolated, with no close pho-
tometric companions or morphological disturbances. DJA-329
also shows strong rotational support and is surrounded by low-
mass gaseous satellites, which may help fuel the central SMBH
and trigger outflows (D’Eugenio et al. 2024). Both objects may
thus partially deviate from the major merger formation chan-
nel commonly associated with local post-starburst QSO hosts,
which typically leave behind compact, pressure-supported stel-
lar structures. However, the fact that the kinematic and structural
properties typical of rotationally supported systems were pro-
duced by past major mergers cannot be ruled out — and mergers
(minor or major) are among the mechanisms triggering quench-
ing in the distant universe, where the merger rates are higher
(e.g., Xie et al. 2024). Moreover, in models such as Gaea (Sec-
tion 4.2), secular processes are a viable channel for triggering
QSO activity and producing bright AGN in quenched disks.

Compared with the faint end of QSOs at even higher red-
shifts, the galaxies presented here may be the natural evolved
counterparts of the PSQ-like systems at z > 6 in Onoue et al.
(2025) and the photometric candidates in Ding et al. (2025b).
Moreover, some sources may also be traversing intermediate
phases in which the central SMBH is enshrouded in the dense
gas cocoons proposed to explain LRDs (Kokorev et al. 2024b;
Rusakov et al. 2026), though this connection remains specula-
tive given the poorly understood nature of LRDs and their host
galaxies. DD-82 may represent such a case. For DJA-924, its
spiral morphology—though dominated by a central bulge and
characterized by a low overall SFR—points toward turbulence,
bar-driven inflows, or other secular processes as the likely drivers
of its ongoing low-luminosity AGN activity, rather than a major
merger.

The degree of overlap between QSO emission and evolved
stellar populations remains debated and depends on the adopted
selection criteria and AGN proxies. Results also differ depend-
ing on the approach: spectroscopy allows a cleaner AGN-host
separation and more precise dating of stellar populations but is
typically limited to small samples, while large photometric sur-
veys offer statistical power at the cost of greater uncertainties
in stellar population modeling. The relation is not symmetric:
as noted above, an AGN-based approach does not necessarily
sample the same population as a galaxy-based one. In the lo-
cal universe, a disproportionately high fraction of QSOs rela-
tive to mass-controlled samples are hosted in rare photometri-
cally selected post-starburst galaxies, predominantly associated
with gas-rich major mergers (Krishna et al. 2025). How com-
mon QSO activity is within the post-starburst population up to
cosmic noon remains an open question (Yesuf et al. 2014; Paw-
lik et al. 2018; Almaini et al. 2025), complicated by the relative
timing of the starburst and AGN onset (Wild et al. 2010; Ellison
et al. 2025) and by the degree of dust obscuration of the central
AGN. Consistent with this picture, stacking of optical spectra at
z ~ 0.6 — 1.2 reveals [NeV] emission preferentially in galaxies
with blue colors but a recent shutdown of star formation, point-
ing at the existence of young, active post-starburst systems (Ver-

gani et al. 2018). Starting from an X-ray selection of obscured
Type 2 AGN, [NeV] detections have also been associated with
galaxies at the end of their star-forming phase or shortly after
its cessation, based on photometric SEDs (Barchiesi et al. 2024,
2025). Our approach is complementary: we selected bona fide
quenched galaxies and subsequently searched for [NeV] emis-
sion and AGN activity. Crucially, access to the full rest-frame
optical spectrum for each object allows us to model the ionized
gas emission and stellar populations on an individual galaxy ba-
sis, without relying on stacking, at the cost of small-number
statistics. Larger, more complete spectroscopic samples of re-
cently quenched galaxies at high redshift will be essential to
make progress on this front. Signatures of AGN activity, traced
by ionized gas emission (Bugiani et al. 2025; Baker et al. 2025a;
Stevenson et al. 2026) and feedback (Davies et al. 2024; Belli
et al. 2024; D’Eugenio et al. 2024; Wu 2025; Valentino et al.
2025; Taylor et al. 2026; Zhu et al. 2026), appear nearly ubiq-
uitous in such systems. In this context, targeting high-ionization
lines such as [NeV] offers a particularly clean diagnostic: it iso-
lates the brightest tail of AGN emission free from contamina-
tion by residual star formation, and remains well within reach of
JWST/NIRSpec in wavelength coverage and sensitivity, as this
study demonstrates.

4.2. Models of AGN feedback and quenching in the distant
Universe

Finally, we compare predictions from theoretical models of
galaxy formation, specifically M., Mgy, and Ly, with our ob-
servational findings, with the aim of constraining their different
subgrid feedback implementations. Although our sample is not
complete given its archival nature, it spans a representative pa-
rameter space for quenched galaxies at z > 1.5 and provides a
useful benchmark for blind [NeV] detections in such systems.

In particular, in our work we compare the semi-analytical
SHArRk model (v2.0, Lagos et al. 2024) and the GAlaxy Evolu-
tion and Assembly model (GAEa, in the version presented in De
Lucia et al. 2024) with a set of hydrodynamical zoom-in sim-
ulations evolved using the fiducial “stochastic” version of the
MistraL AGN feedback model (Farcy et al. 2025). The latter
are selected among the 50 most massive galaxies of the Illustris
TNG-100 simulation at z = 3, and are resimulated at twice the
spatial resolution and with improved snapshot sampling, form-
ing part of the BLack Dawn sample (Farcy et al., in prep.). The
large statistics afforded by SHARk and GaEa capture population
trends at each snapshot, while the high spatial resolution of the
Brack Dawn zoom-in simulations allows for a detailed follow-up
of the variation of stellar and black hole mass growth.

The AGN feedback implementations in SHARK and GAEA dif-
fer substantially in both their physical assumptions and the way
they connect black hole growth to galaxy quenching. SHARK
(dark matter particle mass Mgf,} =221 x 108h~' M) adopts
a two-mode AGN feedback model consisting of a jet (“radio”)
mode and a radiatively driven wind (“QSO”) mode. The jet mode
suppresses cooling flows in halos that have developed a hot at-
mosphere, with the jet power depending explicitly on the black
hole mass, spin, and accretion rate. In the QSO mode, SHARK in-
cludes radiation-pressure-driven winds that can expel gas from
galaxies and even from their halos if the outflow energy exceeds
the halo binding energy. However, the latter is not responsible for
the bulk of the massive quenched galaxies in the model, which
are instead primarily quenched through the jet mode. For GAEa,
we consider a realization run on the Millennium Simulation (De
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Lucia et al. 2024, corresponding to a dark matter particle resolu-
tion of MIY = 8.6 108! My). This model assumes that AGN
are triggered by disk instabilities and/or mergers, which cause
a fraction of the cold gas in the model galaxies to lose angular
momentum and fall toward the center, where it can be accreted
onto the central black hole on a viscous accretion timescale. Ac-
cretion powers QSO-driven outflows, whose mass loading factor
scales empirically with the AGN bolometric luminosity. There-
fore, despite GaEea also including a radio-mode feedback pre-
scription that is mainly effective in massive haloes at lower red-
shift, the quenching of massive galaxies in the early universe
is associated with the QSO mode. This is phenomenologically
similar to the outcome of the MisTrRAL feedback model, in which
the quenching of massive galaxies at z > 3 is driven by QSO-
driven winds. MisTrAL adopts a stochastic kinetic AGN feed-
back model in which accreting black holes launch bipolar winds
aligned with the angular momentum of the surrounding gas. The
model couples AGN energy to the black hole’s immediate sur-
roundings through stochastic momentum injection events that
drive large-scale outflows that suppress gas accretion, rather than
heating quasi-static hot halos. The accretion rate in BLack Dawn
(M = 5.3 x 10°h™" Mo) uses an Eddington-limited Bondi ac-
cretion scheme, and MisTRAL is used at all accretion regimes.

For all simulations, we selected quiescent galaxies with on-
going AGN activity using a threshold of sSSFR < 0.2/tgupble and
Lug > 10% erg s~ !(the lower end of the values inferred from
[NeV] and, for reference, [O1II] in our observed sample). Im-
posing a bolometric luminosity threshold skews the distribution
toward the most recently quenched objects in each snapshot, as
discussed below. Indeed, the vast majority of quiescent galaxies
with this level of AGN activity quenched less than #quench < 250
Myr before the snapshot at which they are selected.* Figure 8
shows the distributions of M,, Mgy, their ratio Mgy/M,, and
Agdq at 7 = 2 — 4 for simulated quiescent galaxies with AGN
activity, compared with our [NeV]- and [OIlI]-detected sam-
ples. For the BrLack Dawn simulations, which stop at z = 3,
we treat each recorded nuclear activity event of each quenched
galaxy as a single measurement, giving a total of 54 measure-
ments for 18 galaxies, with masses estimated in snapshots be-
tween z = 3 — 4.4.°

All models produce sources with Ly, in excess of 10* erg
s~!, consistent with the lower end of our observed values. No-
tably, they predict AGN with Agqq as high as 10-50%, particu-
larly at the highest redshifts and youngest ages immediately fol-
lowing quenching, consistent with the values inferred from the
observations. SHARK produces fewer massive quenched galax-
ies at high redshift than in the BLack Dawn simulations, partly
because the parent sample of the latter is drawn from the most
massive galaxies in TNG-100, and partly because of the details
of the AGN feedback model. Indeed, the stellar masses in BLAck
Dawn are lower than in the TNG-100 parent sample, as the Mis-
TRAL feedback model suppresses star formation earlier than the
standard TNG physics does (Farcy et al. 2025). Gaga produces
stellar masses intermediate between those of SHark and Brack

4 Here we define Tquench as the time since a galaxy last crossed the sSSFR
threshold to become quiescent (SHARK, BLack DawN), or since the peak
of the AGN activity that drove its quenching (Gaga). While both defini-
tions broadly capture the same physical process, small offsets may arise
between them and with uncertain observational estimates derived from
SFH modelling. For the purpose of identifying broad trends with fguencn
in models, this does not significantly affect our conclusions.

5 Multiple AGN events recorded over time for a single object are not
completely independent, as they occur within the same galaxy.
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Dawn. As with the M, distributions, the Mgy values produced
by Suark are slightly lower than those in GAEA and BLack Dawn
at z = 3. At higher redshift, BLack Dawn produces lower Mgy
values than the two SAMs. This is reflected in the normaliza-
tion of the Mgy—M, relation, which is similar for Gaea and
SHARK (though at different absolute values of M, and Mpy),
while the MisTRAL recipe tends to produce less massive black
holes per unit stellar mass. All are formally consistent with the
local Mgy—M . relation for massive galaxies within its large scat-
ter (Mgu/M, ~ 0.001 — 0.01, Kormendy & Ho 2013; Greene
et al. 2020; Bravo et al. 2025). The Eddington ratios follow di-
rectly from the trends in Ly, and Mpy.

Beyond absolute values, the models broadly reproduce a key
trend: the strongest activity (in terms of Ly,) is preferentially
found among the youngest quenched galaxies, while older sys-
tems do not typically host strong, radiatively efficient QSOs.
This is reproduced by both Suark and GaEea, corresponding to
the buildup of the population dominated by old stellar popula-
tions from z = 4 to z = 2 and an overall decrease in Ly, and Aggq
with time, consistent with the well-established decline of QSO
luminosities toward lower redshifts. This is clear from Figure 9,
where we show the distribution of Agqq at each discrete value
of fquench for QGs with AGN activity above two Ly, thresholds
for SHark and GAEA. As noted above, selecting galaxies above
higher Ly, thresholds naturally skews the sample toward more
recently quenched galaxies at all redshift snapshots, while the
overall distribution of QGs is progressively dominated by less
active systems. As cosmic time progresses, galaxies with older
fquench appear and their Ly and Aggq are generally low. In ab-
solute terms, the evolution of the predicted distributions differs
between SHARK and GAEa, a distinction that larger observational
samples could test. We note that the location and width of the
gap in the distributions of Agqq at fixed Zquench are due to the im-
plementation of black hole accretion and feedback in both mod-
els. Results for individual BLack Dawn snapshots of QGs with
strong AGN activity (Lpo; > 10* erg s!) also align with the
tails predicted by Suark and Gaea. Related results are reported
by Barchiesi et al. (2025), who matched their sample of Type 2
obscured X-ray AGN hosts with [NeV] at z ~ 1 to simulated
galaxies from SmvBa (Davé et al. 2019); the main difference with
our findings is that their [NeV] emitters are mostly in a transient
“pre-quenching” phase, with an SFR not significantly different
from its peak value, a population we cannot capture since our
selection requires quenched systems in the first place.

It is interesting to note that rejuvenation events due to gas-
rich mergers or gas reaccretion via fountains after quenching
(Zhu et al. 2026; Taylor et al. 2026) can reactivate substantial nu-
clear activity while only mildly affecting the total M, via small
bursts of star formation. In the runs with the MistraL feedback
model, galaxies in BLack Dawn typically quench ~ 10 Myr after
the Eddington ratio of their black hole drops below 10%, corre-
sponding to the median time needed for the AGN wind to prop-
agate beyond the black hole’s surroundings and suppress star
formation, with black hole accretion affected before star forma-
tion. Sustained AGN activity (dgqq > 0.1) reappears during the
quenching phase in ~ 20% of episodes after a median delay of
57 Myr. When considering AGN activity both during and after
quenching, including episodes with rejuvenation and gas reac-
cretion, this fraction rises to 43% with a median delay of 122
Myr, consistent with our back-of-the-envelope estimate. Reju-
venation is also a significant process in Gaea (De Lucia et al.
2024; Fontanot et al. 2025) and other models at high redshift
(e.g., Remus & Kimmig 2025), while becoming less important
with cosmic time (Chandro-Gémez et al. 2025).
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Fig. 9: Eddington ratio Aggq = Lpo1/Lgdq versus time since quenching fguench for galaxies in the Snark (orange) and GaEea (teal)
SAMs at z = 2, 3, and 4. For each model, two AGN luminosity thresholds are shown: Ly, > 10** erg s7! (light shading) and
Lot > 10* erg s7! (dark shading). At each discrete value of fquench» the horizontal extent of each patch traces the KDE of the Aggq
distribution, with the patch width proportional to the number of galaxies at each time step. Individual orange hexagons show Brack
DawN/MISTRAL Zoom-in results, with connecting lines linking AGN episodes within the same galaxy.

Taken together, the models analyzed here consistently show
that QSO-like AGN activity can persist in galaxies after quench-
ing at high redshift before fading as stellar populations age, un-
derscoring the importance of modeling very high accretion rates
to reproduce the earliest quenched galaxies. Current models span
the parameter space occupied by our observations, yet discrimi-
nating between feedback recipes will require systematic follow-
up tracing the full distributions of observed galaxy properties.
Searching for high-ionization lines such as [NeV] provides a
clean and powerful means of identifying the brightest and most
extreme instances of post-quenching AGN activity, and assem-
bling the statistical samples needed to do so.

5. Conclusions

We report the detection of the high-ionization line [NeV]13427
in the JWST/NIRSpec spectra of 6 massive quenched galaxies at
z ~ 1.5 — 4.5, selected from an archival sample of 87 systems
with spectral coverage of the line. This galaxy-first approach—
selecting bona fide quenched systems and subsequently search-
ing for signatures of ongoing SMBH accretion—provides a com-
plementary, clean probe of the brightest, most radiatively effi-
cient AGN activity after quenching in the distant Universe, free
from contamination by residual star formation. Our main find-
ings are as follows:

o All [NeV]-detected sources occupy the AGN locus of the
BPT diagram and display high [O III]/HB and [N II]/Ha ra-
tios, confirming that [NeV] reliably selects the most ex-
treme tail of AGN activity in distant quenched galaxies. The
brightest X-ray detections are also detected in [NeV], with
Ly_1okev/Linev) = 300 — 1000, and show broad-line Ha pro-
files, while the remaining [NeV] detections are undetected in
X-ray, with upper limits consistent with the obscured AGN
population studied at lower redshift.

e Empirical Mgy measurements from broad Ha emission
(FWHM 2 4000 km s~') place our [NeV]-detected QGs
on the local Mgy—M, scaling relation. The bolometric lu-
minosities inferred from [NeV] and [O III] reach quasar-like
values (Lpo; = 1074 erg s7!), with Eddington ratios of

Agda =& 10 — 50% and black hole accretion rates of a few M
yr~!, comparable to or exceeding the residual star formation
rates in the most extreme cases.

e The strongest [NeV] emitters are preferentially found among
the most recently quenched systems with D,4000 < 1.3,
while the high-D,,4000, high-Agg44 region of parameter space
is systematically empty, demonstrating that radiatively ef-
ficient SMBH growth via gas accretion can persist several
hundred Myr after the main quenching epoch before fading
as stellar populations age. The estimated AGN duty cycle,
based on the [NeV] detection fraction, is of the order of 200
Myr, decreasing to 66f§? Myr for the most luminous sources
with Ly, > 10% erg s7!, consistent with estimates for QSOs
at similar redshifts.

e Semi-analytical models (SHARK, GAEA) and zoom-in sim-
ulations (BLack Dawn with the MistraL feedback model)
broadly reproduce the observed trend of declining AGN ac-
tivity with time since quenching, consistent with the phys-
ical picture emerging from the observations. At peak post-
quenching activity, all models produce Eddington ratios of
~ 10 — 50% and bolometric luminosities broadly consistent
with our observed values.

Systematic follow-up with JWST/NIRSpec targeting [NeV]
in a mass-complete sample of quenched galaxies will simulta-
neously deliver, at no additional cost, the full rest-frame optical
continuum and stellar absorption features redward of the Balmer
break that neither ground-based facilities nor other space obser-
vatories can reach with sufficient sensitivity at high redshift. This
will enable accurate measurements of AGN duty cycles and a
comprehensive mapping of the transition from QSO-dominated
to stellar-continuum-dominated spectra across cosmic time.
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Table A.1: Measurements and physical properties of the [NeV] detected sample.

ID Archive RA Dec Zspec O O gas O broad Lineviza27 Liom LiNerm3869 Lyp Liommsoo7
[deg] [deg] [kms™'] [kms™'] [kms'] [10Yergs'] [10* ergs™'] [10¥ ergs™'] [10* ergs!'] [10*? ergsT!]
78 DD 34298697 —4.989901 40110(3) 2403 4462 323731 860162 848t [pogrl6d g3+l 3 45u010
82 DD 34316190 5051441 3.9832(7) 178*3% 30823 .. 3824035 80102 3731038 5051027 534008
111 DD 34280452  —5269803 3.7968(3) 2083 19871 4265719 1461043 3370043 34037 | sge03 | 95004
329 DIA 53165314 —27.814140 3.0640(3) 335'23 44071 8308*7H  186%000 730078 339+129  4gar070 | 46035
924 DJA  150.133502 2370408  20074(3) 174*3 22377 . L15H031 9391026 (o020 504022 | (] +0.04
Ito+25 - 150074583 2302000  2.0943(3) 2382  238*¢  1854*}  085*01 1090 78:01l 701015 95002
ID Ly, Linmjess3 Lug proad Ltio proad Lol [Nev] Lyot,jom BHARnev; BHAR[om; logMpn  logLgaa  ArdaNevi  AEdd[on
[10¥ ergs™']  [10®2ergs™!] [10M ergs™'] [102 ergs™'] [10* ergs™!] [10% ergs™'] [My yr '] [My yr'] [M,] [erg s7']
78 080703 4181021 9778391 7054036 3g4e073 00T g jQrlIS ] 9000 g got00T 46 gH007 () 4gH0ll (154003
0.04 0.04 0.15 0.02 0.24 0.03
82 223700 9000 . . 1714015 g5¥002 975024 5 g3+003 . . . .
0.03 0.03 176 0.16 0.19 0.01 031 0.02 0.05 0.05 0.02 0.01
I 075008 091*008  025t176  970:006 (500 7+001 44031 [ 74002 gR7H005 46 97+005  ((7+002 (7+001
329 16INB 57040 2834030 0831020 (51002 [ 30s047  gg(r0I9 g g7:010 47574010 (pHOOL () ()]3+0006
924 1.06%0:9% 1.39+0:0¢ . ... 0.5 1i81%;‘ 0.35*501 0.81*922 0.56*902 ... . e .
0.05 0.04 0.4 0.16 0.05 0.01 0.08 0.01 0.02 0.02 0.01 0.002
Ito+25 0.30f0_05 0.27J_r0A04 14.0t0_4 12.483“6 0.38J_r0'05 0.33t0401 0.60J:008 0.53f001 8.434:0‘02 46.53f002 0.1 ltOAOI 0.097:)_002
1D Linevi/Linenny  Liomn/Lug  Linm/Lue M, SFR D,4000 X-ray flag Ly 10kev
[10'° Mo] (Mo yr'] [10% ergs™']
78 0.70*0-18 17.95%3783  5.19*327 11.71 £ 1.07 <22.8 1.102 £ 0.014 1 25.8
82 1027016 8934046 (99*003 254032 2149+11.66 1.041+0.045 0 <297
11 089703 1231534 121709 6954074 <633 1.148+0018 1 10.4
320 055703 301408 355900 127740091 <87 1173 0019 1 26.6
024 16870% 6350120 13000 108164 <477 1433£0.029 O <127
Ito+25 1.09+019 5.62+065 0.93+015 16 +2 <12.8 1.304 + 0.020 1 8.9

-0.19

—-0.65

-0.15

Notes. IDs as in Ito et al. (2025b); Archive: DeepDive (DD), Dawn JWST Archive (DJA); 0, 0 ga5, and Oproaq are the velocity dispersions of the stellar, narrow gas, and broad gas components,
respectively; Ly, is the luminosity of each line in the narrow gas component as labeled without dust correction; Liine, broad 1 the luminosity of each line in the broad component without dust correction;
LioiNevy and Lig jonyy are the AGN bolometric luminosities derived from [NeV] and [O III], respectively; BHAR is the derived black hole accretion rate; the black hole mass Mgy is derived from
the broad He component as in Reines et al. (2013); Lggq and Aggq are the ensuing Eddington luminosities and ratios; M,, SFR, D,4000, X-ray flag (1=detection, O=upper limit), and L,_jpkev are
from Ito et al. (2025b) and reported here for convenience. Upper limits are at 30~ significance. A machine-readable version of this table, including the rest of the sample with [NeV] coverage, but
not detected, is available online.
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