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conditions of these systems and to develop a comprehensiveastrument on board JWST. In Secti@hwe describe the
picture of galaxy quenching. However, the small amount of spectroscopic data and the selection of the quiescent sample. In
ionized gas left in these galaxies makes it challenging to detecSection3 we present the spectratting of the emission lines.
and measure the emission lines, particularly at high redshift.The results derived from thesés are explored in Sectioh
Detections of very weak optical emission lines can be obtainedwhere we investigate the origin of the observed ionized gas
more easily in the local Universe. The presence of warmusing several line diagnostics, and in Sectirwhere we

( 10* K) ionized gas in local quiescent galaxies, estimated toderive upper limits on the current SFRs. In Sectfonve
represent around 1% of their total ISM, has been known for aconduct a more in-depth spectral analysis of a subset of
long time(L. M. Buson et al1993 M. M. Phillips et al.1986. galaxies which show signs of powerful ionized gas outs
Proposed explanations for the presence of this ionized phasand derive the oubw velocities. In Sectioii we gather all the
have included external accretion of warm ISM from a €vidence obtained from our data analysis to try and identify the
companion galaxyF. Bertola et al1992 D.-W. Kim 1989, main ionization mechanisms for this sample of 2 quiescent
heat transfer from hot-phase 10’ K) gas in the halo  9alaxies, and put our results in context within the overall
(W. B. Sparks et al1989 G. M. Voit & M. Donahue1990), picture of quenching in high-redshift systems. Throughout the
low-power nuclear activity(as in low-ionization nuclear —Paper, we adopt the WMAP9 cosmolo¢§. Hinshaw et al.
emission-line region@ INERS); D.-W. Kim 1989 J. C. Shields ~ 2013.

1992, and shockgT. M. Heckman et al1989. The prevailing

theory attributes the presence of wafml0* K) gas to 2. Data and Sample Selection

photoionization by hot evolved low-mass St4HOLMES; This work is based on spectroscopic data obtained b

. y the
L. Binette et al1994 F. Macchetto et all999. More recently,  gj e Jay survey. In this section, west provide an overview of
R. Cid Fernandes et 42010 2017 used emission-line ratios to  {he Blue Jay survey, followed by the spectral modeling that led

distinguish so-called emission-line retired galaxigs-RG9 to the selection of the sample of quiescent galaxies presented in
with persistent ionized gas due to HOLMES photoioniziog this paper.

from true LINERS, i.e., galaxies that host a low-power AG&e
also F. Belore et al.2016.

Beyond the limits of the local Universe the picture becomes
much less clear, as the observations becomes more challenging; The Blue Jay survey is a medium-sized JWST Cycle 1
atz> 1 itis particularly dif cult to detect faint optical emission program(GO 1810; PI: S. Belji Observations targeted 147
lines from ionized gas because the rest-frame optical spectrurgalaxies at Cosmic Noon and fouter galaxies az 6, for a
is observed at near-infrared wavelengths. Deep exposures witfptal of 151 targets, and were performed using the NIRSpec
the largest ground-based telescopes have led to the detection distrument in multiobject mode with the microshutter assembly
[N1] and H emission lines in individual quiescent galaxies (MSA). The targets were selected in the COSM@8I using
(S. Belli et al.2017 M. Kriek et al.2024) or in stacked spectra  Hubble Space Telescoy{eiST) observations by the Cosmic
(S. Belli et al.2019. The faintness of the observed emission Assembly Near-Infrared Deep Extragalactic Legacy Survey
lines rules out a substantial star formation (3€R in these ~ (N. A. Grogin et al.2011; A. M. Koekemoer et al2011) and
galaxies; moreover, théN I1]/H ux ratio is typically the photometric catalog released by the 3D-HST team
elevated and not consistent with ionization from young stars(G. B. Brammer et al2012 R. E. Skelton et al2014
in H 1l regions. More detailed measurements of faint emission!- G- Momcheva et a016), which includes both ground- and
lines are possible in those rare 2 quiescent galaxies that are SPace-based data. Photometric redshifts and stellar mass
gravitationally lensed by a foreground clugi@r B. Newman estimates of_the_ parent catal_og were obtained through spectral
etal.2015 2018 S. Toft et al2017 A. W. S. Man et al202]).  €nergy distribution(SED) tting, then a catalog of target
These studies conm that young stars in H regions galaxies was selected to ensure a r.oughly uniform coverage in
contribute very little to both the ionization of the gas and the both redshift and stellar mass, yielding a representative sample

overall growth of the galaxide., the measured speciSFRs ~ Of galaxies with stellar mass s log(M,/M.) S 11.5in the

- e ; dshift range 1.% z< 3.5.
are very low. The ionization mechanism is often attributed to re .
AGN feedback, but very little direct evidence for this exists Each target was observed through an MSA slitlet composed

given the scarcity of data; for example, the four emission Iinesof at least two shutters. Empty shqtters were used to construct a
required for the standard Baldwiphillips-Terlevich (BPT) master background spectrum, which was then subtracted from

- : % each target spectrum. Targets were observed using the
ﬁkig[srﬂia@'a?ﬂ?evé&” gt "’,‘\'Igvﬁ)aza‘e’f;gggéneasured NJUSt  5140M F100LP, G235MF170LP, and G395KF290LP

Recently, the launch of JWST has begun a new era 0fmedium—resolution gratinggR 1000 with exposure times

sensitive near-infrared spectroscopy, free from contaminationOf 13 hr, 3.2hr, and 1.6 fr, respectively. The individual grating

. e . spectra were combined to produce spectra with a continuous
by _atmqspherlc emission and_ absorption. Early JWST Spec”%vl?a\velength coverage from 1p to | butpwith occasional gaps
of individual quiescent galaxies at> 2 have revealed the '

presence of emission lines clearly due to AGN acti@yBelli due to the space between the two NIRSpec detectors. A full
etal.2024 A. C. Carnall et al2023 F. D' Eugenio et al2024), description of the Blue Jay survey design and data reduction

showcasing the potential of space-based spectroscopy for thgg)z%esii \é)vrlgpt;(?a[;g)nwded In the survey pagér Belii et al.
study of faint emission from ionized gas at high redshift. In this '

work, we present therst comprehensive study of rest-frame
optical emission lines in a representative sample of massive
guiescent galaxies at Cosmic Noon, based on deep spectrosc- In order to measure the emission-linexes from the

opy obtained by the Blue Jay survey using the NIRSpecobserved spectra, we need to account for two issues. First,

2.1. The Blue Jay Survey

2.2. Stellar-continuum Fit and Flux Calibration
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Figure 1. Example of stellar populatiort for a quiescent galaxy in the sample. Left panel: photometriqolaizk circles from NIRCam, green squares from HST
with the best-t Prospector model(red ling. Right panel: Observed NIRSpec spect(bine) overlaid with the bestt from Prospector  (red), adopting a wide
wavelength range. Highlighted emission lijgeeen dashed linghave been masked during the stellar-continutinResiduals of thets are plotted in gray under
each panel.

given the small size of the MSA shutters, the NIRSpec spectraby the MSA shutters is a scaled-down version of the total
probe only a fraction of the light emitted by the target and areemission coming from the whole galaxy, i.e., assuming
therefore affected by heavy slit losses; any ling measured  spatially uniform emission across the target. We also assume
from the spectra will therefore underestimate the true lirxe that the ionized gas emission has the same distribution as the
Second, the spectra of massive galaxies typically have a strongtellar emission, so that the sam calibration can be applied
stellar continuum, which must be subtracted from the observedo both components. We note that this assumption does not
spectrum to obtain the spectrum of the ionized gas. We solvesigni cantly impact our results because they are mostly based
both problems by tting stellar population models to the on line ratios and equivalent widt(EWSs).
combined photometric and spectroscopic data. For each galaxy, the Blue Jay spectra cover a wide
The stellar-continuumtting procedure and the analysis of wavelength range due to the use of three separate gratings.
the stellar population properties, including the SFHs, areHowever, the defauRrospector ts use only the rest-frame
detailed in M. Park et al(2024; here we only give a  4000-6700A region, which is easier to model with synthetic
summary of the methodology. Thés are carried out using stellar populations and is less prone to systematic uncertainties,
the fully Bayesian cod@rospector (B. D. Johnson et al.  since the calibration polynomial can adially change the
2021), following the approach outlined in M. Park et al. strength of the 4008 continuum break. This choice leads to
(2023 and S. Tacchella et a{2022. The Prospector the most robust measurements of the gakxghysical
code adopts the stellar population synthesis model FSP$ropertiegsee M. Park et ak024. On the other hand, several
(C. Conroy et al.2009 and a set of free parameters to emission lines from ionized gas lie outside this spectral region,
generate a synthetic galactic SED, which can thertteel to and soProspector was run again on a wider wavelength
the observations. The model is highlgxible and includes a  range, from 3700 to 13704; see Figurel for an example.
nonparametric SFHtted over 14 age bins, dust attenuation, Both versions of théProspector t use the same set of
and dust emission at longer wavelengths. Prospector modelbroadband photometry and adopt the same model. In the
can be tted both to photometric and spectral data. In addition present work, we take the physical measurements such as
to the NIRSpec spectra, we make use of HST and JWSTstellar mass and SFR from the defauts with a narrow
photometry from the 3D-HST surveyve HST Advanced wavelength range, but we adopt thés with extended
Camera for Surveys WFC3 lters; R. E. Skelton et al. wavelength range when measuring the emission lines.
2014 and the Primer survey(eight NIRCam lters;
J. S. Dunlop et al2021). The complete photometric catalog
of the Blue Jay survey galaxies is publicly availabend will
be presented in detail in a future paper. To select the quiescent galaxies from the parent sample, we
We t exclusively photometric data for a minority of adopt the SFR-based selection of M. Park et28124. Using
galaxies where spectral features are not idedtior whose  the SFH derived withlProspector , we take the mean SFR
SED cannot be reliably modeled, such as in spectra affected byver the last 30 Myr as thgnstantaneotismeasurement, and
undersampling issues, galaxies undergoing mergers, or contairecompare it to the main sequence of star-forming galaxies
ing broad AGN lines. For the rest of the samd&3 galaxiel measured by J. Leja et §£022) at each galaxXyg redshift. We
a singleProspector model is tted both to the NIRSpec then classify as quiescent those galaxies whose 84th percentile
spectrum and the broadband photometry. All the emission linesf the SFR posterior distribution lies more that 1 dex below the
analyzed in this work are marginalized over during theto main sequence. Galaxies with photometry-dhgspector
avoid potential contamination on the estimated SFRs due to ts are automatically excluded from this selection. We thus
AGN emission lines. A polynomial distortion is applied to the obtain a sample of 14 quiescent galaxies, represented by the
spectrum in order to match it with the multiband photometry. magenta circles in Figurg which illustrates the SFR versus
This method ties theux calibration of the spectrum to that of stellar mass diagram of the whole Blue Jay sample, as well as
the broadband photometry, which is far more robust, and it alsothe J. Leja et al(2022 star formation main sequence at
accounts for slit losses if we assume that the emission probed 2.46 (median redshift of the Blue Jay sanpbéotted for
visual reference. The main properties of the quiescent sample
18 on Zenodo at dal:0.5281 zenodo.13292819 are listed in Tabld; we note that all the selected galaxies are

2.3. Quiescent Sample Selection
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Table 1
Overview of the Selected Quiescent Galaxy Properties
COSMOS ID R.A. Decl. Rest-frame colors Prospector - tted parameters
(hh:mm:sy (dd:mm:s} usv v3J z log M=/ M SFR(Me yr°Y)
7549 10:00:28.83 02:15:20.06 2.0 1.3 2.627 10.79 3% 1.6 8§
8013 10:00:21.32 02:15:41.77 1.5 0.7 1.689 10.63 3% 0.07 330
8469 10:00:21.21 02:15:56.53 15 1.0 1.868 10.50 338 0.02 3&
9395 10:00:30.16 02:16:30.90 1.6 0.7 2.127 10.74 333 0.13%
10128 10:00:22.20 02:17:01.57 2.0 1.2 1.852 11.20 388 2697
10339 10:00:22.53 02:17:05.00 1.7 0.7 2.363 10.40 383 0.03 3%
10400 10:00:20.41 02:17:07.49 2.2 1.1 2.098 10.35 3% 0.003 J:3%
10565 10:00:22.61 02:17:14.16 1.8 1.0 2.441 10.87 3% 0.6 3%
10592 10:00:18.97 02:17:17.67 1.8 1.0 1.801 11.13 353 0.007 $:5%°
11142 10:00:17.59 02:17:35.84 1.7 1.0 2.444 10.89 333 23
11494 10:00:17.73 02:17:52.72 1.9 1.0 2.091 11.70 3% 0.2 3%
16419 10:00:22.95 02:21:00.25 1.6 1.0 1.925 11.34 3% 3.4 3¢
18668 10:00:31.03 02:22:10.43 1.9 1.5 2.086 11.14 3% 0.6 27
21477 10:00:22.15 02:23:56.10 1.4 0.7 2.474 10.57 3% 0.04 3%

Note. Main properties of the Blue Jay quiescent sampl.V andV S J rest-frame colors are computed using the¥Egode(see Sectiof.4); redshift, stellar mass,
and SFRs are estimated by the stellar-continBuaspector ts (Section2.2).

and thus be more relevant in the mid-infrared band, but this

3F T T T T T T T =

— MSatz~2.46 would not affect the results of this work since that region lies
==+ -ldex from MS . 3 - ' i’ ]

outside of the photometric range analyzed in this work. Thus,

we conclude that relevant contamination from AGN continuum

emission is not an issue affecting the selected quiescent
galaxies in our sample.

2.4. Alternative Sample Selection

We check our selection by plotting the sample onto the rest-
frame UVJ color—color diagram(Figure 3), which has been
proven effective in selecting quiescent galaxies up=2a®.5
(R. J. Williams et al.2009 K. E. Whitaker et al.201%

C. M. S. Straatman et a2016. We calculate the rest-frame

log SFR [Me/yr]

@ quiescent sample
% star-forming sample

=3F % photometry-only fit P _ colors using the public photometric redshift ZA code
- ] (G. B. Brammer et al2008 and running it on the same
‘ ' " log M. [Mo] ' : ' photometry used for thBrospector ts (see Sectior2.2).

Foure 2. Stell srR 8 over the last 30 Wor the Blue J The rest-fram& S VandV S J colors are reported in Table
ljgure 2. stellar mass vs. veraged over the las or the blue Jay : H H
sample. The orange solid line marks the star formation main sequence a{ AS e_xpected, mos.t of the selected galaxps are found inside
z= 2.46 from J. Leja et a(2022); the orange shaded region shows#tiedex he quiescent selection limit at 1 (A. Muzzin et al.2013,
limits. traced by the black dashed line, with some galaxies found right
on or just outside the boundary. A criterion based purely on the
more massive than 19? M.. Lastly, we have to consider UVJ colors would have selected a subset of our sarfgae
whether contamination from possible AGN continuum emis- also the discussion in J. Leja et 2019 S. Tacchella et al.
sion may be affecting the broadband photometry and biasingZ2022; the SFR-based selection can therefore be considered
our selection. All SEDs in our sample follow a similar shape to Slightly broader. Given that the two types of selection result in
the example one that we have included in the left panel ofSimilar samples, we conclude that our results could also be
Figure 1—this has the typical rest-frame optical peoof a applled to a sample of_ color.—selected quiescent galaxies for
quiescent galaxy with old and red stellar populations, in which which no spectroscopy is available.
the 4000A Balmer break is clearly visible along with other o N
deep stellar absorption lines. In the observed photometry 3. Emission-line Fitting

points, we can see that_ this breatnly due to the stellar We employ the wide-rangerospector ts (Section?) to
component of the galaxyis very steep and brings a drop of = gyptract the stellar contribution from the spectra and isolate the
more than 80% in ux. Considering that an additional emjssion due to ionized gas. We then construct a model of the
component due to an AGN continuum may be present, thisionized gas spectrum, composed of a Gaussiarefor each
must be lower than 20% of the totalix coming from the  of the emission lines listed in Talfe Given the relatively low
galaxy in the optical band, which is comparable to the errors onspectral resolution of the observations and the fact that we are
Prospector -estimated quantities such as the SFR. More- observing gas-poor, quiescent galaxies, we adopt a single
over, the AGN continuum emission could be affected by dustkinematic component with the same velocity dispersion and
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Figure 3. The Blue Jay sample on th#/J diagram. Dashed black lines mark
the A. Muzzin et al(2013 selection of quiescent galaxies.

Table 2
Fitted Emission Lines

Species resGframe
GY)
(O] 3727.10, 3729.86
[Nen] 3869.86
H 4862.71
[Om] 4960.30, 5008.24
IN 1] 6549.86, 6585.27
H 6564.60
(s 6718.29, 6732.67
Hel 10833.31

Note. Rest-frame wavelength in vacuum.

redshift for all the lines in each galaxy. As will be explored in

Bugiani et al.

line-emission distant galaxies. For the redshift parameter we
adopt a Gaussian prior, centered around Rhaspector -
estimated value, with dispersion informed byRnespector
posterior distribution foz. The resulting bestt emission-line
parameters are determined as the median values framties
posterior distribution, with uncertainties calculated as the values
at the 16th and 84th percentile ranges, and are reported in the
Appendix

As already discussed in Secti®:2, a correction is applied to
the spectra in order to align the spectroscopig with the
measured photometry. Assuming that the ionized gas emission
is originating mainly in Hi regions scattered throughout the
galaxy, the slit-loss-calibrated spectrum yields accurate
estimations. However, it is possible that emission in these
quiescent galaxies comes from limited regions of ionized gas
that are not evenly distributed throughout the galaxy, e.g., only
the nuclear regions; in this case, the slit-logg corrections
may not be accurate and thaxes may be overestimated.

4. lonized Gas Content of Quiescent Galaxies

The deep JWSINIRSpec data obtained by the Blue Jay
survey reveals the widespread presence of ionized gas in the
quiescent galaxy population. Figue illustrates the HST
cutouts and NIRSpec data for each galaxy. The continuum-
subtracted data are shown in blue, while the bespectrum
obtained from the MCMCtting is traced by the red solid line,
with the red shaded regions indicating the 2 , and 3
con dence levels, from less to more transparent. We detect at
least one emission line with a signal-to-noise rédNR) > 3
—formal limit of line detection for this workin 10 out of 14
galaxies(71.4% of the sampjeand for most galaxies wend
that multiple emission lines are robustly detected. This suggests
the presence of continued ionizing sources in the population of
quiescent galaxies at 2. Formally, only two spectréDs
10400 and 21477out of 14 show no detected emission lines.

Section6, these assumptions do not hold up for all galaxies However, we notice that the spectra of galaxies COSMOS-

in the sample. The ux ratios between[ONi] 5007
[Om] 4959 and[N1I] 658Y[NI] 6548 are xed at
the theoretical value of 3:1, following D. E.Osterbrock &
G. J. Ferland2006. Although our spectral resolution is not
suf ciently high to be able to resolve tf@ 1] 3727, 3739
doublet, we t the lines separately and impose the<d.BD 1]
3729 [0n] 3727< 2.5 theoretical limit on theirux ratio
(D. E. Osterbroci 989. The velocity dispersion parameter is
tted taking into account the contribution to the overall

10592 and COSMOS-8469 appear to suffer from the presence
of systematics in the data due to data reduction issues, which
affected the stellar-continuumt; thus, the formal line
detections we have for these galaxies are not reliable, and we
treat them as nondetections. Furthermore, ne that galaxy
COSMOS-11494, the most massive in the sample, shows few
emission lines that are formally detected but at very low SNR.
Low-SNR lines and nondetections characterize the noisiest
spectra of the sample. In many of these cases, the MSA slits

broadening of the lines given by the wavelength-dependentappear to be not well centered on their galaxies; this could be a

NIRSpec nominal spectral resolution.

The tting is performed using themcee Python library, an
af ne invariant Markov Chain Monte CarfMCMC) ensemble
sampler(D. Foreman-Mackey et aR013. We cut spectral
regions of width 600A in the observed frame around each
emission line andt only the data within these regions. The free
parameters of the model are the global redshiff velocity
dispersion 4, (identical for all line} and the ux of each line
(apart from lines with a xed ux ratig. Flux and velocity
dispersion priors are constructed by employiag logarithmic

factor contributing to the missing detections of emission lines
in these systems. In fact, the meaux correction applied to the
samplés spectra due to slit loss is, generally, of a fact@r
for the low-SNR galaxies, however, the correctar averages
at around 4 times the observedx.

Lines detected with the highest SNR in the sample are low-
ionization lines, such as tfi@ 1] doublet at 3727, 3729 and
H , while higher ionization lines such §®ni] 5007 are
more rarely detected. TH&lelll] line, a high-ionization line
which is considered to be a tracer of AGN emission, is

probability distributions, in order to represent our ignorance of successfully detected in only two galaxi@OSMOS-8013
the real probability distribution of these parameters. The velocityand COSMOS-1114and is thus not included in FigudeThe

dispersion prior is set between 10 and 1000 Rt given that

Hel line, which is a high-ionization line usually not detected in

we already account for the broadening due to NIRSpec spectrafjuiescent galaxy spectra even at Ipig actually detected with
resolution, the lower and upper limits are physically motivated to SNR> 3 in ve galaxies of the sample and is further discussed
reproduce the typical range of observed velocity dispersions inn Section6.3.
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emission line is detected exclusively in galaxies clasbias
AGN, all out owing.

In galaxy COSMOS-11142, which presents a wealth of
ionized gas emission lines, the Hine is the only one to be
redshifted, as already found by S. Belli et(@024. Here we
report two more casesCOSMOS-8013 and COSMOS-18668
—where we detected a red excess in the éirission line. As a
caveat, we have to point out that in two of the cqH2s 8013
and 1056%the Hel line is only marginally above the nominal
detection limit of SNR> 3, as visible from Figurel2
nevertheless, we choose to report these tentative detections

anyway, on account of the novelty of observing this particular

line in such a sample of highquiescent galaxies. The He
10831 line is not often detected in ISM studies, even atzjow

due to its relative faintness with respect tolides and its near-

infrared central wavelength. However, Héas a higher

] o . ) ionization potential that H(24.6 e\ and thus can be useful

spectroscopic data. Sigeant blueshifted NeD absorption, s an independent probe of a galaxyultiphase ISM. Since the

indicative of neutral oubws, is present in all three systems, as |aunch of JWST, some studies have shown the usefulness of this

showed by the oubw parameters derived by R. L. Davies |ine in detecting the presence of an AGN Calabro et al2023

et al.(2024, which we report in Tablé alongside the ionized  or Wolf-Rayet star§T. Morishita et al2025 in distant galaxies.

gas measurements. ) Whether it is redshifted or not, the He=mission line in
The combination of ionized and neutral gas oms in a  quiescent galaxies may represent a novel, promising indicator to

subset of quiescent galaxies may provide a piece of evidencgyyestigate the presence of AGN activityzat 2.
for negative AGN feedback on the star formation activity, since

we are seeing gas leaving these already gas-poor, quiescent
systems. However, we have to be careful in tracing a link
between observed multiphase gas outs in this sample of  |n this paper we analyzed the optical rest-frame emission lines
quiescent galaxies to the quenching of star formation in Cosmicof 14 quiescent galaxies observed as part of the Blue Jay survey,
Noon galaxies, given the difference in timescales between they medium-sized Cycle 1 JWST program that targeted 147
two phenomena. _ _galaxies at redshifts 17 z< 3.5 in the COSMOS eld. The
There are additional in which Bjye Jay survey was executed with NIRSpec in multiobject

Figure 11.COSMOS-10565 is the only system in the sample to be ckdsis
a retired galaxy by the WHaN diagram. Lgftt 11] and H emission-line ts.
Right: Nal D absorption line with the best from R. L. Davies et al(2024).
Despite the WHaN clasgiation, the presence of a neutral amw suggests
that this galaxy hosts an AGN.

7. Summary and Discussion

quiescent galaxies

R. L. Davies et al. (2024 observe blueshifted N&
absorption. Neutral oubws are detected even in galaxies that
are not robustly classed as AGN according to their emission
lines. A particularly interesting case is that of galaxy
COSMOS-1056%Figure11), which has weak emission lines,
with the only detected ones being Fnd[N 1l]. This system
exhibits the higheg§N 1]/ H ratio of the whole sample and is
the only galaxy classed as“retired by the WHaN diagram
(Figure6(d)). The H and[N 1] line pro les are very blended
and closely resemble the ptes observed in COSMOS-11142
(which is characterized by powerful ootvs), but their SNRs
are too low for a meaningfult with the double-Gaussian
pro le. If indeed an ionized oubw is present, the oubwing

spectroscopy mode and obtained spectra between 1 amg 5
covering the 3000-16000A rest frame. The present work is
the rst statistical look at rest-frame optical ionized gas emission
lines in a sample of massive quiescent galaxies at2 with

deep spectra from JWST. All galaxies in the sample have stellar
massMx > 10'° M, ; in the Blue Jay survey, quiescent galaxies
represent 23% of all massive galaxies. The quenched fraction
observed in the Blue Jay sample is consistent with other
photometric samples at similar redshifts, such as A. Muzzin et al.
(2013 and S. Sherman et §2020; we refer to M. Park et al.
(2024’'s paper for a more in-depth breakdown of Blue'say
quenched fraction and its trend with stellar mass. Quiescent
galaxies were selected from the main sample by requiring their

gas is too faint to be seen robustly in the emission lines. ThesFR, determined by spectrophotometriting, to be 1 dex

presence of a neutral oww indicates that this galaxy is
probably hosting a low-luminosity AGRLL-AGN), which is
undetected due to the weak emission lines. Its low SFROdE
M yr=t (from H line luminosity, Table) and the fact that it
is isolated(Figure 4) rule out a major role for star formation

below the main sequence. SFR upper limits determined by the
H line luminosity conrm that the sample is truly quiescent.

Nonetheless, we detect emission lines from ionized gas in 10 out
of 14 galaxies, representing 71.4% of the sample. This shows
that very deep spectroscopy is able to reveal the presence of

feedback and galaxy interactions. This suggests that COSMOSpjized gas in the majority of high-redshift quiescent galaxies,
10565 is not a retired galaxy, despite its location in the WHaN con rming a trend established by increasingly deep ground-
diagram, and is consistent with the expectation that the localyzsed observations such as the Heavy Metal syeKriek
criterion from R. Cid Fernandes et £01% EWy < 3A) et al. 2024, which detected H emission in 55% of their
should be lowered at high redshift, as discussed in Sett’on  quiescent galaxy sample at> 1.4, and small samples of

strongly lensed galaxig€s.g., A. B. Newman et aR018.
6.3. The He Line

We report the detection of the high-ionization IH&.0831
line in four galaxies of the quiescent sample, shown in

7.1. Active Galactic Nucleus Activity in Quiescent Galaxies
atz 2

Figure12 (we exclude a formal detection in COSMOS-10592
on account of the problems with the data, see Sec)ionhis

15

We highlight the detection of multiple emission lines in
addition to H throughout the sample: the exquisite sensitivity
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Figure 12. Detected He 10831 line in the quiescent sample. Data are in blue, with shaded gray regions indicating errors and sie@aymssian ts traced in
red. Three galaxig8013, 11142, and 186H8how evidence for excessix on the red side, suggesting the presence of resonant scattering from the receding side of an
out ow.

of JWST NIRSpec observations in the near-infrared has 46,0
enabled the detection of weak ionized gas emission lines that
would have been otherwise missed by ground-based observa-
tions. This, in turn, made it possible to classify galaxies using
line ratio diagnostic diagrams, which revealed rampant AGN
activity in our sample of massive quiescent galaxies. W

that six out of the 14 galaxies show emission-line ratios
compatible with the presence of an active nuc{d@%s of the
samplg. We consider the possibility of contamination of the
observed line ratios by fast shocks, but wel no possible
sources of shocked gas other than AGN activity itself to be

log Lgo, [erg/s]
S
IS

present in these galaxies. Interestingly, no X-ray or radio Pl
detection is found for any of the AGN in our sample. The main 435} ® 0 -
result of this work thus consists of the discovery of a H //
population of never-before-detected AGNzat 2 in a sample o i , 7 :

45.5 46.0 46.5 47.0 47.5

of apparently inactive massive quiescent galaxies. log L.
To investigate the AGN properties, we start by estimating 0g Leaa [erg/s]
the bolometric luminosity of each AGN from the observed Figure 13.Bolometric luminosityderived from the observe 111] emission

[Om] line (T. M. Heckman et al2004. Most of the AGN line) vs. Eddington luminosityinferred from the stellar velocity dispersjdar
exhibit bolometric luminosities of the order ofl0™ erg 3‘1:.1. the AGN hosts in the sample. Diagonal lines have constant values of Eddington
' ratio .

the largest value is found for COSMOS-11143, = 8.2+
0.2 x 10" erg $%). We then derive the inferred X-ray
luminosities in the 210 keV range from scaling relations yelocity dispersions may be underestimated, thus the Edding-
(F. Duras et al202Q. We nd all of the sample falls under the ¢ ratios may actually be lower than computed here. Even
ux limits of both the Chandra-COSMOS Legacy Survey Point though the high incidence of AGN discovered in this sample of

Source CatalogF. Civano et al.201§ and the COSMOS apparently inactive quiescent galaxies has not been seen before
XMM Point-like Source CatalogN. Cappelluti et al2009. PP vl 9 Nt gajax . .
atz 2, this result is consistent with what is observed in the

Furthermore, the observd@® 1] line luminosity may come i . T
also from shock excitation: thus, both the bolometric local Universe: L. C. H§2008 analyzed optical emission lines

luminosity and inferred X-ray luminosity have to be considered in several surveys of nearby galactic nucleiing that 43% of
upper limits. We thus conclude that the lack of X-ray detectionsall galaxies show evidence of weak nuclear activity from an
is expected, given the weak AGN luminosities. accreting SMBH and that the AGN fraction is even more
We also estimate the Eddington luminodiyyq from the remarkable for galaxies with an obvious bulge component,
black hole mass, which we infer from thMg— relation of  rising up to 50%S 70% for Hubble types E-Sb. Our measured
N. J. McConnell et al(2011): AGN incidence of 43%, then, is in line with what is observed at
M T 5.12 z 0, considering. that galaxies with missing .Ii.n(.a detections
1M 1.95 200km s 1 (D could also be hosting LL-AGN out of the sensitivity reach of
© this survey. Within this framework, it is reasonable to think that
adopting the stellar velocity dispersions measured from themany of the Blue Jay galaxies in the star-forming sample may
Prospector ts. We show the bolometric luminosity versus also be hosting a low-luminosity active nucleus whose line
the Eddington luminosity for the AGN hosts in our sample in emission is however outshined by the nebular emission from
Figure 13, where the diagonal lines have constant Eddington H Il regions, a problem that does not affect the quiescent
ratio Lo/ Leqas Most of the AGN are probably LL-AGN, with ~ sample. To illustrate this idea more clearly, we can follow the
Eddington ratios of 10°3-10°2, typical of a central engine relative contributions of star formation and LL-AGN as a
fueled by a radiatively inetient accretion ow (RIAF; see sequence across the WHaN diagram of Figide where
L. C. Ho 2008for a schematic view of the central engines of symbols have been colored by stellar mass. Gas metallicity also
LL-AGN). As already mentioned in SectidiB, the measured  affects line ratios in galaxies of similar masses. In the top left

16
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Figure 14.WHaN diagram, similar to the one shown in Fig6(d), but with symbols color coded by stellar mass. Lensed quiescent galaxies from A. B. Newman
et al.(2019 are also shown as red crosses. Qualitative trends with s#€R, metallicity, and contribution from an AGN are indicated by the arrows. Galaxies in the
Blue Jay sample appear to form a diagonal sequence: starting from the low-mass star-forming population at the top(&étrgoasegalaxies grow in mass and

turn into quiescent galaxigsircleg, their specic SFR decreases and the contribution by LL-AGN to the line ratios increases.

corner(highest H EWs and lowesfN 1I]/H ratig we nd galaxies categorized as AGN hosts exhibit solely neutral phase
low-mass, low-metallicity star-forming galaxies, which prob- out ows (COSMOS-1056% The observed oubws can only
ably do not host any AGN; at these low stellar masses, linebe attributed to AGN activity. _ _
ratios are determined by star formation processes and the One of the galaxies in our sample is COSMOS-11142, which
spread ifN1IJ/H ratio values is likely due to different gas Was Studied in detail in S. Belli et §2024). The mass oubw
metallicities. Moving toward lower HEWSs, we nd higher- rate in this system is SL_xflentIy Ia_rg_e to fully explain the_ rapid
mass galaxies: as the speriSFR decreases in the vertical shutoff O.f star_formanon, providing one of thest dlrgct .
direction, the contribution of a possible LL-AGN in the central observational links .betV\_/een quenching and AGN ejective
_ ' N . feedback. However, in this galaxy most of the gas that is being
regions raises thid\ 1]/ H  ratio with respect to star formation oo e js in the neutral phase, with the ionized phase playing a
only emission, until the massive quiescent galaxies in theyingr role. The other galaxies in our sample have ionized
bottom right corner of the diagram are reached, for which thegyt ows that are comparable to, or smaller than, the one
LL-AGN contribution is dominant. For high-mass galaxies, observed in COSMOS-11142. Thus, we do not expect that
metallicity should have a smaller impact on the line ratios, asthese quiescent galaxies have been quenched solely by the
shown by the relatively small difference[d 1]/ H ratio for observed ionized oubws. However, other galaxies in our
galaxies of different masses ated H EW. Additionally, we sample do show evidence of neutral awts, and are therefore
have plotted the position of the four lensed mas@itee> 10 similar in many respects to COSMOS-11142, even though
Me) quiescent galaxies observed by A. B. Newman et al.none of them is close in terms of providing such a clear
(2019 atz  2: these galaxies have very similar properties to duénching picture. One possibility is that COSMOS-11142 was
the Blue Jay quiescent galaxies and have also been observed ggught at the _|deal time, just in the m'dd'? of the sh_ort—hved,
be AGN hosts. Their position is very much in line with our povyerful multlphase oubw episode that IS respo'nslblg for
quiescent sample and seems to alsour “gap” in the[N 11]/ rapidly quenching most of the star formation activity in the

) . alaxy. In this scenario, the other galaxies in our sample are
H line ratio range. The observed sequence could thus be see bserved in later evolutionary stages; nonethelessnaehat

as an evolutionary track on the WHaN diagram, tracing the ihe majority of them still host detectable AGN activity. Thus,
evolution of massive galaxies from star forming to quiescenceqr results might represent a new piece of the quenching
as driven by the effect of AGN feedback. puzzle.

Finally, it is possible that the observed LL-AGN activity
plays a key role in maintaining quiescence in massive galaxies
as they evolve ta 0. In the local Universe, a particular class
of quiescent galaxies exhibiting LL-AGN activity and ionized

We nd ionized outows in a subset of three out of 14 gas winds, calledred geyser$, has already been observed
guiescent galaxies, and measure out velocities of the order  (E. Cheung et al2016 N. Roy et al.2018 2021). Local LL-
of 1000 km s*. All three galaxies are AGN hosisccording AGN are associated with RIAKk. C. H0 20098, which have a
to the line diagnostic diagrajnend display evidence of neutral tendency to drive powerful wind®R. Narayan & I. Yi1995
gas outows(R. L. Davies et al2024. Additionally, one other  R. D. Blandford & M. C. Begelmai999 whose thermal and

7.2. Star Formation Quenching by Multiphase Active Galactic
Nucleus Outows
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kinetic energy is deposited in the surrounding ISM. |. Almeida 16173.001-A as well as the Institute for Theory and Computation
et al.(2023 developed a model for LL-AGN feedback through at the Center for Astrophysics. R.W. acknowledges funding of a
galaxy-scale winds produced by RIAFs and showed that thesd_eibniz Junior Research Groyproject number J132022.
winds, especially if long-livedon timescales of 10 Myr or  This work is based on observations made with the NASSW
longe) can prevent gas collapse and effectively quench starCSA James Webb Space Telescope. The data were obtained from
formation in massive galaxies. There could be then a direct linkthe Mikulski Archive for Space Telescopes at the Space
between the LL-AGN activity at Cosmic Noon, which is Telescope Science Institute, which is operated by the Association
responsible for rapid quenching, and the maintenance modef Universities for Research in Astronomy, Inc., under NASA
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Table 5
Spectral Fitting Results
COSMOS ID Zgas gas ] FIu>f ]
(km Y (10°*8erg £ cm?)
[on] [Nen H [Om] 5007 H [Nn] 6583 [Su] 6716 [Su] 6731 Hel
7549 2.6238 157.07 1333 2.63 328 <0.020 0.76 388 <0.022 214 313 1.27 312 0.68 341 <0.651 <0.201
8013 1.6894 261.08 438 8.65 589 1.06 3% <0.987 45191 9.13 91 9.63 914 3.29 332 2.02 9% 1.59 317
8469 L L <0.126 <0.212 <0.643 <3.75 <0.142 <0.098 <0.129 <0.100 <0.201
9395 2.1268 400.47 3283 2.44 9% <0.026 <0.166 <1.055 <0.604 <0.747 <0.039 <0.020 <0.935
10128 1.8517 235.24 891 0.55 003 <0.002 L 0.95 3% 291 ¢H 2931 <1.649 <0.873 <0.261
10339 2.3636 536.04 2923 1.54 3% L 0.30 333 <0.160 L L L L L
10400 L L <0.274 <0.728 <0.048 <0.51 <0.078 <0.116 L L <0.093
10565 2.4416 425.70 3120 L L <0.028 <0.371 0.29 0% 4.07 93¢ <1.054 <0.155 312392
10592 L L L L <0.001 <0.27 <0.006 <0.007 <0.017 <0.008 <8.88
11142 2.4434 522.15 §:38 6.58 923 213 §18 <0.049 17.18 §31 5.65 982 35.42 08 2.39 082 453 3% 5.06 338
11494 2.0909 985.43 398 7.59 124 <0.167 <0.123 <0.060 24.57 278 2.68 258 <0.702 <0.512 21.30 138
16419 1.9257 437.70 1530 43.11 3% <0.622 <5.293 14.97 §8 28.12 18 25.03 148 28.32 187 18.04 182 <1.610
18668 2.0857 204.44 358 17.66 112 <0.206 37402 5.99 021 29.28 042 30.23 042 6.84 3% 435 331 4.44 833
21477 L L <4.690 <1.225 <0.147 <0.939 <0.450 <0.842 <0.028 <0.995 <0.358

Note. Flux measurement fortted emission lines in the quiescent sample.
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