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Abstract

We report the discovery of a substantial sodium doublet (Na D AA5890, 5896)—traced neutral outflow in the
quiescent galaxy JADES-GS-206183 at z=1.317. Its JWST/NIRSpec-Microshutter Array spectrum shows a
deep, blueshifted Na D absorption, revealing a neutral outflow with vy, = 828770 km s~! and a mass outflow rate
of log(My /M., yr~") = 2.407011. This outflow rate exceeds that of any neutral outflows identified beyond z ~ 1
by the same line and is comparable with those in local galaxies with intensive star formation (SF) or luminous
active galactic nuclei (AGN). JADES-GS-206183 is also a peculiar quiescent galaxy with a spiral+bar
morphology, high dust attenuation (A, = 2.27 £ 0.23 mag). Paschen a (Pac) emission from the FRESCO
NIRCam grism confirms its low star formation rate (SFRp,, = 10.78 + 0.55 M, yr "), placing it 0.5 dex below
the main sequence (log(sSFR yr—!) = —10.2). Despite the systematics introduced by different SF history priors,
the spectral energy distribution modeling, combining Hubble Space Telescope-to-NIRCam photometry with the
Very Large Telescope/MUSE spectrum, suggests that JADES-GS-206183 experienced an older episode of SF
0.5-2 Gyr ago and a possible rejuvenation within the recent ~10 Myr. Moreover, rest-frame optical lines indicate
that the current AGN activity of JADES-GS-206183, if present, is also weak. Even though we tentatively detect a
broad component of the Ha line, it likely traces an ionized outflow rather than an AGN. The results demonstrate
that the Na D outflow in JADES-GS-206183 is highly unlikely to be driven by current SF or nuclear activity.
Instead, it may represent a long-lasting fossil outflow from past AGN activity, potentially cotriggered with the
early phase of rejuvenation.

Unified Astronomy Thesaurus concepts: Galactic winds (572); Galaxy evolution (594); Galaxy quenching (2040);

’

, and Chrrstopher N. A. Willmer'

Star formation (1569)

1. Introduction

Galactic outflows, as an essential step of the galactic
baryon cycle, play a fundamental role in driving galaxy
evolution, regulating star formation (SF) and central nuclear
activities within a galaxy. Current cosmological simulations
of galaxy formation and evolution invoke feedback to
reproduce observed galaxy baryonic mass functions and SF
efficiency, and also to quench galaxies (D. Keres et al. 2009;
P. F. Hopkins et al. 2014; R. S. Somerville & R. Davé 2015;
T. Naab & J. P. Ostriker 2017, and references therein).
Massive stars, supernovae, and active galactic nuclei (AGN),
as the sources of outflows and thus feedback, transfer their
own thermal or kinetic energy to the interstellar medium
(ISM) in galaxies, heating or directly expelling ISM
components outward to suppress SF and central nuclear
activity.

From the observational perspective, many works have reported
galactic outflows in both AGN hosts (e.g., C. Cicone et al. 2014;
C. Feruglio et al. 2015; D. Baron & H. Netzer 2019; R. Davies
et al. 2020) and inactive galaxies (without current AGN activity)
(e.g., T. M. Heckman et al. 2000; D. S. Rupke et al. 2005a;
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Y.-M. Chen et al. 2010; S. Perrotta et al. 2021) in the local
Universe over the past few decades. Specifically, many local
post-starburst (PSB) galaxies, whose SF has shut down in the
past 1 Gyr (A. Dressler & J. E. Gunn 1983; W. J. Couch &
R. M. Sharples 1987), commonly show outflow signatures
(e.g., C. A. Tremonti et al. 2007; A. L. Coil et al. 2011; D. Baron
et al. 2022; Y. Luo et al. 2022; Y. Sun et al. 2024). This behavior
indicates that outflows should somehow contribute to galaxy
quenching. Also, the outflows in PSBs are often multiphase.
Most of the PSB outflows are detected in a cool neutral phase
through Na D absorption (D. Baron et al. 2022; Y. Sun et al.
2024), but a large fraction of them also exhibit in the ionized
phase traced by OIII A5007, especially for those hosted by
AGN-host PSBs. Additionally, Y. Luo et al. (2022) reported a
case of a quenching galaxy hosting outflows simultaneously in
the ionized, neutral, and molecular phases.

Beyond the local Universe (z > 1), observations of outflows
in quiescent galaxies using the same diagnostics as the local
studies are challenging due to the limited wavelength coverage
and sensitivities of pre-JWST facilities. Historically, the
neutral phase outflows at higher redshift could only be studied
using a UV absorption line (such as Sill AA1304, 1636,
Mg 11 A2796, 2804) because the more common optical tracer,
Na D, is shifted to the infrared range. Also, the stacking
approach was often applied to enhance the outflow signatures
(e.g., B. J. Weiner et al. 2009; C. C. Steidel et al. 2010;


https://orcid.org/0000-0001-6561-9443
https://orcid.org/0000-0001-7673-2257
https://orcid.org/0000-0003-2303-6519
https://orcid.org/0000-0003-2388-8172
https://orcid.org/0000-0003-3307-7525
https://orcid.org/0000-0002-4622-6617
https://orcid.org/0000-0001-6052-4234
https://orcid.org/0000-0002-8651-9879
https://orcid.org/0000-0002-6221-1829
https://orcid.org/0000-0002-5104-8245
https://orcid.org/0000-0001-9262-9997
mailto:sunyang@arizona.edu
http://astrothesaurus.org/uat/572
http://astrothesaurus.org/uat/594
http://astrothesaurus.org/uat/2040
http://astrothesaurus.org/uat/1569
https://doi.org/10.3847/1538-4357/ae2c83
https://crossmark.crossref.org/dialog/?doi=10.3847/1538-4357/ae2c83&domain=pdf&date_stamp=2026-01-20
https://creativecommons.org/licenses/by/4.0/

THE ASTROPHYSICAL JOURNAL, 997:140 (18pp), 2026 February 1

D. T. Maltby et al. 2019), which prevents us from studying the
outflow and its impact on host galaxy properties in single
galaxies. Since JWST launched in 2021, many more high-z
quiescent galaxies have been spectroscopically discovered
(e.g., A. C. Carnall et al. 2023; A. de Graaff et al. 2024). Also,
an increasing number of outflows in the PSB and quiescent
galaxies have been detected at cosmic noon and beyond
(S. Belli et al. 2024; S. Carniani et al. 2024; R. L. Davies et al.
2024; F. D’Eugenio et al. 2024; Y. Zhu et al. 2025c;
P.-F. Wu 2025), which enables us to better understand the
outflow and quenching mechanism in the early Universe.
Among them, S. Belli et al. (2024) and F. D’Eugenio et al.
(2024) detected the neutral outflows in two AGN-host PSBs
through blueshifted Na D absorption at z~2.5 and 3,
respectively, for which the outflow mass rate is an order of
magnitude higher than the current star formation rate (SFR) of
the hosts, indicating AGN-driven outflows can efficiently
quench galaxies at high-z. In addition, a census of Na D
outflows at cosmic noon from the JWST Cycle 1 Blue Jay
survey (R. L. Davies et al. 2024; M. Park et al. 2024) shows
that powerful neutral outflows are commonly detected in
massive quenching systems, which seem to be powered by
AGN activity. In short, the recent studies of Na D outflows in
high-z quiescent galaxies all focus on galaxies with ongoing
AGN activity, leading us to naturally link the nuclear activity
to those outflows. However, since the lifetimes of AGN and
outflows are not necessarily the same, we cannot draw
causality conclusions from directly comparing the relative
incidence of the two. In particular, whether and how outflows
are launched in the PSBs with quiet nuclear regions and how
they drive or maintain galaxy quenching are still poorly
understood at high-z.

In this work, we report the discovery of an extremely
powerful NaD outflow in the z=1.317 quiescent galaxy
JADES-GS-206183 (R.A. = 53.176589, decl. = —27.785519).
The specific star formation rate (sSFR) of this galaxy is
0.5 dex below the main sequence (L. A. Boogaard et al. 2020),
and it has only weak signatures of an AGN. Surprisingly, its
mass outflow rate is the highest detected so far beyond the
local Universe; the outflow energy and mass rate are even
comparable to the energetic outflows driven by local luminous
starbursts or AGNs. Our spectral energy distribution (SED)
modeling of this galaxy suggests it might have started
rejuvenation only in the recent 10 Myr and is still much lower
than expected to power the outflow. Therefore, this galaxy
gives crucial insight into the outflow launching mechanism and
galaxy quenching around cosmic noon.

This paper is organized as follows: We present the data used
in this study in Section 2, and then describe the spectral
analysis and the SED modeling in Sections 3 and 4,
respectively. The results for outflows in JADES-GS-206183
and its host galaxy properties are shown in Section 5, and we
discuss them in Section 6. Finally, we summarize our work
in Section 7. Throughout this paper, we assume a standard
ACDM universe whose cosmological parameters are
Hy = 70kms™ ' Mpc™!, Q5 = 0.7, and Q,, = 0.3.

2. Data
2.1. NIRSpec

We used JWST/NIRSpec Micro Shutter Assembly (MSA;
P. Ferruit et al. 2022; P. Jakobsen et al. 2022) spectra from the
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SMILES survey (PID 1207, PI: Rieke; S. Alberts et al. 2024,
G. H. Rieke et al. 2024) to measure the properties of the
Na D doublet (AA5890, 5896) in the spectrum of JADES-GS-
206183. We observed with the G140M/F100LP and G235M/
F170LP gratings and blocking filters to cover 0.97-3.07 pm in
the observed frame (0.4-1.3 um in the rest frame) at a spectral
resolution of R ~ 1000. The effective exposure time with each
disperser/filter combination was 7000 s (~1.94 hr).

We processed and calibrated the data using the JWST
Calibration Pipeline (H. Bushouse et al. 2022),
version 1.14.0, with the CRDS’ context jwst 1236.pmap.
In brief, the calwebb detectorl stage converted
“uncal.fits” files into uncalibrated rate images. Next,
the calwebb spec? stage applied flat-field corrections, flux
calibration, and local background subtraction, yielding
resampled spectra for each nodding position. The final
spectral combination and extraction were carried out using
calwebb spec3. Additionally, we applied custom scripts to
further reject hot pixels and remove 1/f noise. A detailed
description of the reduction process, along with reduced
spectra and the redshift catalog, will be provided in a
forthcoming data release (Y. Zhu et al. 2025b; see also
Y. Zhu et al. 2025a). Given the extended morphology of
JADES-GS-206183, we used only the two nodding positions,
namely, the two shutters far from the central shutter placed in
the galaxy center for local background subtraction to avoid
self-subtraction by the galaxy.

We also applied slit-loss corrections to the NIRSpec data,
since the shutter covers only a fraction of the galaxy. The
underlying assumption here, which might not be the case, is
that the emission line-to-continuum ratio is invariant across the
entire galaxy. However, the slit-loss correction does not affect
our analysis of Na D absorption modeling (Section 3.3) and the
subsequent estimation of outflow properties (Section 5.1)
because the scaling factor will be naturally normalized or
removed along with the stellar continuum component and not
change the relative strength of NaD absorption to the
continuum (see Equation (1)). Keeping those in mind, we
calculated F115W and F210M synthetic photometry from the
spectrum (the two filters avoid strong emission lines) and then
determined the correction factors for the two bands by
comparing them with the corresponding KRON convolved
NIRCam photometry from the JADES v1.0 photometric
catalog. We then did a linear interpolation between the two
band correction factors to globally correct the whole spectrum.
It reveals a wavelength-dependent trend in the correction
factor, decreasing from approximately six at 1 um to two at
3 um. We confirm the slit-loss corrected NIRSpec spectrum
matches the best-fit SED derived from multiband photometry
(Section 4).

2.2. Photometry

We obtained photometry in 13 wide- and medium-band
NIRCam filters (FO90W, F115W, F150W, F182M, F200W,
F210M, F277W, F356W, F410M, F430M, F444W, F460M
and F480M) of JADES-GS-206183, as well as legacy Hubble
Space Telescope (HST) photometric data in the Advanced
Camera for Surveys/Wide Field Channel (ACS/WFC) filters
(F435W, F606W, F775W, F814W, and F850LP) and in the
WECS3 filters (F105W, F125W, F140W, and F160W) from the

7 Calibration Reference Data System: https:/ /jwst-crds.stsci.edu/.
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Figure 1. HST and JWST images of JADES-GS-206183. Left: NIRCam false-color RGB image generated from the F115W /F200W /F356W images overlaid with
the position of the NIRSpec MSA shutters and a yellow circle representing the galaxy’s effective radius (0°6). Right: single-band HST /F435W, F606W, F775W, and
JWST/NIRCam wide-band images. The cyan arrow indicates a southeast subregion close to the center, where the images show an excess of UV light and thus where

current low-level SF is happening.

JADES catalog (M. J. Rieke et al. 2023, with updates to
the photometry in D. J. Eisenstein et al. 2023a, 2023b,
F. D’Eugenio et al. 2025, and JADES Collaboration 2025, in
preparation). HST/ACS, HST/WFC3, and JWST/NIRCam
filters together nicely cover the rest-frame optical to near-
infrared (NIR) SEDs of the galaxy, allowing reasonable
constraints on its stellar properties. In addition, to better reveal
the morphological structure, we exhibit the single-band images
and false-color red, green, and blue (RGB) image made by
F115W/F200W /F356W in Figure 1. The RGB image of
JADES-GS-206183 shows that the light distribution is overall
smooth, with structures that appear to be morphologically
similar to a bar, with spiral arms emanating from both ends.
The bar length is about 0.6 (~10kpc), comparable with the
effective radius of the galaxy. Given this large bar size,
observed in a quiescent galaxy at z > 1, we remark that
kinematic confirmation of this interpretation would be needed.
We also notice that the southeast region close to the center
(marked by the arrow in Figure 1) shows an excess of UV light
in the shorter-wavelength images (HST bands and JWST
FOO0OW and F115W), relative to the rest of the galaxy.
However, based on the multiband morphology, this excess is
more likely associated with a UV-bright star-forming clump in
one of the galaxy’s spiral arms, although with the current data,
we cannot fully rule out the possibility of a minor merger.
JADES-GS-206183 also has spectroscopic data obtained
with JWST/NIRCam Wide Field Slitless Spectroscopy
(WESS) from the FRESCO survey (P. A. Oesch et al. 2023)
in the F444W band (A ~ 3.9-5.0 um). The FRESCO survey
covers a 7.4 x 84 area in both GOODS fields with the row-
direction grisms on both modules of JWST/NIRCam provid-
ing a spectral resolution of R ~ 1590-1680 from 3.9 to 5.0 um.
The 50 line sensitivity of FRESCO is 2 x 10" "®ergs™' cm 2.
The NIRCam/WFSS data were processed by the publicly
available reduction routine presented in F. Sun et al. (2023).8
We first processed the NIRCam data through the standard
JWST stage-1 calibration pipeline’ v1.11.2. We
assigned World Coordinate System (WCS) information for the
grism, performed flat-fielding, and removed the o-clipped
median sky background. The WCS of the grism exposure is
registered to Gaia DR3 (Gaia Collaboration et al. 2023) using

8
9

https:/ /zenodo.org/records /14052875 (F. Sun 2024).
https://zenodo.org/records /8140011 (H. Bushouse et al. 2024).

the NIRCam short-wavelength imaging data taken at the same
time. For JADES-GS-206183, we extracted the 2D spectrum
from individual grism exposures and coadded them in a
common wavelength (1 nm pixel ') and spatial (0706 pixel ")
grid. Prior to our scientific spectral extraction, we also
extracted spectra of bright point sources (<21 AB mag) to
ensure the accuracy of the spectral tracing function and
spectral flux calibration. We also extracted the spectrum of the
galaxies with known ground-based spectroscopic redshifts,
measuring the line center of detected Paschen o (Pac) and
lines to ensure the wavelength calibration error at <1 nm. We
then optimally extracted the 1D spectrum of our target
JADES-GS-206183 from the coadded 2D spectrum using the
surface brightness profile in the F444W band (K. Horne 1986),
for which the integrated flux perfectly matches the F444W
photometry.

3. Spectroscopic Analysis
3.1. Stellar Continuum Modeling

Both stellar absorption and the ISM can contribute to Na D
absorptions; therefore, we first model the stellar continuum of
the JADES-GS-206183 in its NIRSpec G140M and G235M
spectra, using the penalized pixel fitting (pPXF; M. Cappellari
& E. Emsellem 2004; M. Cappellari 2017, 2023) Python code.
pPXF allows us to model the stellar continuum with a
nonlinear y? minimization in the galaxy spectrum, at the same
time taking into account the instrument line spread function
(LSF). In our modeling, we adopt the LSF from P. Jakobsen
et al. (2022).

We build the stellar templates using the Flexible Stellar
Population Synthesis (FSPS; C. Conroy et al. 2009; C. Conroy
& J. E. Gunn 2010) model built by M. Cappellari (2023), with
the MILES stellar spectral library (P. Sanchez-Blazquez et al.
2006; J. Falcén-Barroso et al. 2011), the MIST isochrones
(J. Choi et al. 2016), and the Salpeter IMF (E. E. Salpeter
1955).'% The templates span a logarithmically spaced grid of
ages and metallicities, covering the range of 1 Myr—15.85 Gyr

1% Even though we use the Salpeter IMF here, which is inconsistent at the
lower mass end compared to other widely used IMFs, i.e., the Kroupa IMF that
we use for SED fitting (see Section 4), M. Cappellari (2023) confirmed that the
PPXF spectral fitting result is insensitive to the slope of the IMF at low
masses.
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Figure 2. JWST NIRSpec observations of JADES-GS-206183. Top: NIRSpec MSA G140M and G235M spectrum (black), the best-fit stellar continuum from pPXF
(red), and the nebular emission (orange). The two spectral gaps are caused by the NIRSpec detector gap. Bottom: From left to right, the zoom-in original 2D spectra
(top), best fits (middle), residuals (bottom) of Hv, Hf3, [O 111] A5007, and [O I] A6300, respectively. The averaged 1o noise levels are also plotted in the residual

panels.

with 0.1 dex sampling and [Z/H] = —1.75-0.25 with 0.25 dex
sampling, respectively. We limit the age of the input templates
to no longer than the Universe's age at the redshift of JADES-
GS-206183 (4.68 Gyr).

In pPXF fitting, we mask the nebular emission lines,
including Balmer lines, [O1III] AM959, 5007, [O1] A6300,
[N1I] AX6548, 6584, and [ST] AX6717, 6731. We will
independently fit the profiles and calculate the fluxes of those
emission lines after subtracting the stellar continuum derived
by pPXF in the next section. We confirm that the best-fit
stellar continuum is not affected by whether the nebular
emission lines are simultaneously fitted or not. The Na D line
is also masked in our modeling."' Finally, a fourth-degree
multiplicative polynomial is used to avoid mismatches
between galaxy spectra and stellar templates and to ensure
the accuracy of the fitted kinematic parameters.

We first run pPXFE by assuming the systemic redshift of
JADES-GS-206183 to be the same as that derived from
emission line measurements obtained with the Atacama Large
Millimeter/submillimeter Array (ALMA) and Very Large
Telescope (VLT)/MUSE (H. Inami et al. 2017; L. A. Boogaard
et al. 2019). After obtaining the first pPXF results for stellar

' We confirm that masking the Na D region or not does not have an impact
on the best-fit stellar model around Na D and the further Na D-derived ISM
properties

kinematics, we adjusted the redshift of JADES-GS-206183
using the stellar velocity and reran the pPXF fitting. The pPXF
fitting results are shown in Figure 2, and the best-fit stellar
kinematics are shown in Table 1. The spectrum displays stellar
absorption features (e.g., Balmer and Na D), in line with the
typical spectral features observed in quiescent/PSB galaxies
(e.g., M. Park et al. 2024).

3.2. Optical Emission Line Fitting

Next, we model the pure nebular emission features using the
Python package 1lmfit on the stellar continuum-subtracted
spectrum. A single Gaussian profile is assigned for Balmer
lines, [O ] AA4959, 5007, [O1] A6300, [N II] A\6548, 6584,
and [S1] AN6717, 6731, which shares the same velocity and
velocity dispersion. The line width of the narrow component is
limited to 300 km s~". For Ha, we add a broad Gaussian profile
to the narrow component, which may be present due to outflows
and/or AGN activity. For the broad components in our
modeling, the width is allowed to vary between 300 and
5000kms~'. All the components are constrained to have
velocity offsets within +200km s~ relative to the systemic
redshift. We test the necessity of this broad component using the
Bayesian information criterion (BIC) method. We calculate BIC
parameters for the “narrow-only” and “narrow-broad” models,
and define a broad component as significantly detected when the
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Table 1
The Kinematic Properties (Velocity and Dispersion) of Star and Gas Traced by Multiple Emission Lines in JADES-GS-206183
Component Av FWHM Flux
(kms™h (kms™h ao-"? erg s 'tem™?)

Star 05 245 + 57

Hp -31+19 223 £+ 28 0.54 £ 0.10

[O 11] AS5007 -31+19 223 + 28 0.15 £ 0.11

[O 1] A6300 -31+£19 223 + 28 0.33 £+ 0.09

Ha Narrow —-28+5 193 + 35 3.31 £ 0.44
Broad —150 £ 60 843 + 154 2.02 £ 0.55

[N 11] A6584 Narrow —28£5 193 + 35 3.19 £ 045
Broad —100 + 43 940 + 169 2.25 £ 0.40

[S 1] AN6717&6731 Narrow —28£5 193 + 35 044 £0.21
Broad —100 + 43 940 + 169 1.14 £ 0.30

Paa —4+6 213 £ 17 1.67 £ 0.08

Note. The properties of [O 111], HS, [O 1], and Pac were derived using a single Gaussian component, while for Ha, [N 1], and [S 1I], the properties were estimated
through multiple Gaussian components assuming the ionized outflow scenario (see Section 3.2).

difference of BIC between the ‘“narrow-only” and “narrow
+broad” model exceeds 10 (ABIC = BIC,, — BIC,.;, > 10).
This threshold follows a commonly adopted criterion indicating
strong evidence in favor of the more complex model
(A. R. Liddle 2007). Finally, we used a bootstrap approach to
derive the uncertainties of the line profile parameters and fluxes.

The best-fit emission line profiles are shown in Figure 2.
JADES-GS-206183 only exhibits low-ionization nebular lines
(e.g., Ha, [N 11], [S 11]), lacking high-ionization emission lines,
e.g., [O1] (see zoom-in line fittings in the bottom row of
Figure 2). The line fluxes and kinematics properties are shown
in Table 1. The gas velocity (relative to the stellar component)
is —27kms~", much smaller than the instrumental velocity
dispersion (~100kms™ "), suggesting that the narrow comp-
onent of the emission lines is tracing gas well coupled with the
stellar component. The gas velocity dispersion is in good
agreement with the stellar one derived by pPXF, about
~100kms .

Finally, for Ha, we find the BIC difference between the
“narrow-only” and “narrow+broad” model is 12, indicating
that an additional broad component with an FWHM of
~2000km s~ is needed to reproduce the spectral range of
Ha+[N11] well (the left panel of Figure 3), and thus the
presence of additional gas component(s) with distinct kine-
matics in JADES-GS-206183. This single broad component, if
entirely attributed to Hea, could suggest the presence of a
broad-line AGN in JADES-GS-206183. However, as will be
detailed in Section 5.3, multiple lines of evidence strongly
suggest that JADES-GS-206183 does not exhibit AGN
activity.

Another possibility is that the apparently required broad
component(s) arise from the superposition of three broad
components, namely, Ha and the [N II] doublet—produced by
an ionized outflow, rather than from a single broad He line. To
test this scenario, we remodel the [N II]+Ha line profile, along
with the nearby [SII] emission, using the “narrow-+multi-
broad” model on the stellar continuum-subtracted spectrum
(the right panel of Figure 3). The template contains a narrow
and a broad component for [N IT], He, and [S IT]. The resulting
FWHM of the narrow component, broad Ha component, and
broad [N 1] (or [S1I]) component are 193 + 35, 843 £ 154,
and 940 4 169 km s, respectively, indicating that the broad
components of Ha, [N1I], and [S 1] have almost the same
width. Also, all of the broad components are consistent with

systemic velocity, considering the spectral resolution (see
Table 1). Therefore, the best-fit “narrow-+multi-broad” model
suggests the broad component of He, [N1I], and [STI] is very
likely to trace the same gas kinematics, which is consistent with
the outflow-only scenario, without additional AGN broad-line
region (BLR) emission. Also, we find that the BIC of the
multiple broad [N II] + Ha model is comparable with that of the
single broad Ha model (ABIC < 5), suggesting two models can
produce a similarly good fit for the data.

In Section 5.3, we will discuss the possible origin(s) of this
broad Ha component in more detail, concluding that the
outflow scenario (i.e., the “narrow-+multi-broad” model) is
the more likely explanation. Therefore, in Table 1, the
kinematics and flux measurements of He, [NII], and [SII]
are from the “narrow+multi-broad” model.

3.3. Na D Absorption Line Fitting

After obtaining the stellar Na D contribution from pPXF, we
are then able to model the part of the Na D absorption arising
from the ISM.

We fit the Na D line profile as

F(\) = Fx X Frap,1sM> (D

where F is the stellar continuum derived from pPXF and
Fna b, 1sm 1s the ISM Na D absorption. Fn, p, 1sm 1S
parametrized using the standard partial covering model from
D. S. Rupke et al. (2005a):

Frapism(N) = 1 — Cp + Gy eCV=7 ), ()

where Cyis the covering fraction of the foreground absorbing
gas against the background continuum source, 7, and 7, are the
optical depths of the blue (5891 A) and red (5897 A) Na D
lines, respectively. For Na D, 7,/7, = 2. The optical depth is
modeled by a Gaussian profile:

T\, b) = 75 e~ A2/ Qob/er? (3)

where ) is the central wavelength of the line, b is the Doppler
width convolved with the instrumental dispersion, and c is the
speed of light. Therefore, in total, the four parameters of the
Na D line model are Ao, 75, b, and Cp.

As many previous works cautioned, the absorption optical
depth and covering fraction are degenerate when the Na D
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Figure 4. Left: best-fit Na D profile of JADES-GS-206183. The top panel
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blue lines show the 1D MSA spectrum extracted from a 6-pixel wide aperture,
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by-Row spectra of the central three rows of the JADES-GS-206183 spectrum.
We label the rows 1, 0, and —1 from top to bottom.

lines are blended (D. S. Rupke et al. 2005a; R. L. Davies et al.
2024). To properly account for this degeneracy and hence to
better estimate the parameter uncertainties, we adopt the
Markov Chain Monte Carlo (MCMC) method using emcee
(D. Foreman-Mackey et al. 2013) for the fitting procedure.

The final best-fit ISM Na D profile is shown by the blue
lines in the left panel of Figure 4, and the best-fit line
parameters and their uncertainties are shown in Figure 5.
The ISM Na D component is significantly blueshifted
(Av = —459f%§ km s~!) from the stellar component (i.e., the
systemic velocity), indicating that the Na D-traced neutral
phase ISM is outflowing in JADES-GS-206183.

The spectra of JADES-GS-206183 were extracted using a
6 pixel aperture (with a pixel size of 0_1). However, as shown in
the top left panel of Figure 2, JADES-GS-206183 exhibits an
elongated substructure near its center in the NIRCam imaging—
presumably a stellar bar. This elongated structure is oriented at
approximately ~20° from the north and is not well aligned with

&
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Figure 5. MCMC posterior parameter distributions and best fits of Na D
profile parameters (Cp, 750, Av, and b).

the orientation of the MSA shutter. As a result, the position of
the flux centroid varies across the shutter. Since this effect is not
accounted for in our spectral extraction procedure, it may
artificially broaden the Na D absorption feature.

To investigate this, we extracted six spectra pixel by pixel. We
find that only the spectra of the central 3 pixels—one from the
center and two from positions one pixel above and below the
center—show a clear Na D feature. We then used pPXF to model
the three spectra independently (right panel of Figure 4). We find
that the Na D feature is significantly blueshifted in all three
spectra. Moreover, the total strength of the ISM Na D absorption
calculated by coadding the fitting results of the three spectra is
almost identical to that obtained from fitting the original
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combined spectrum extracted with a 6-pixel aperture. These
results suggest that the blueshifted and strong Na D absorption
measured using the single combined spectrum is robust.

Interestingly, we note that the strength of the Na D absorption
is stronger in the spectrum extracted from one pixel above the
center (the top spectrum in the right panel of Figure 12)
compared to the spectrum extracted from one pixel below the
center (the bottom one). This suggests that the Na D outflow is
preferentially originating from the upper-left (i.e., northeast)
region of JADES-GS-206183. As we will present in Section 3.5,
we also observe possible evidence of an ionized outflow in the
same direction based on the morphology of [O II] emission from
MUSE observations of JADES-GS-206183.

3.4. Pax

We estimated the SFR of JADES-GS-206183 using the Pa«
emission in its FRESCO grism spectrum. Compared to other
commonly used SFR indicators, e.g., Ha, Paar is a more
accurate SFR tracer because it is substantially less affected by
dust attenuation.

We first model the stellar continuum of the FRESCO
spectrum using the same method as we introduced in
Section 3.1 to estimate the contribution of the stellar Pac
absorption using pPXF. We mask Paa during pPXF fitting.
We fix the stellar kinematics to the pPXF results of the
NIRSpec spectrum because the continuum is not well detected
in the grism results. We subtract the stellar continuum from the
original spectrum and then apply single/double Gaussian
profiles to model the Paar emission using 1mfit. Given that
the Ha from JADES-GS-206183 shows a broad component
(Section 3.2), we also test the necessity of a broad component
for Pac using the BIC method. We find that the BIC of the
“narrow-broad” case is even larger than the narrow-only case
(ABIC = -5), indicating Paa only needs a narrow
component. The final best-fit of Paa is shown in Fiigure 6.
The observed Paa flux is 1.68 £+ 0.08 x 10717erg s Tem™2
and its intrinsic width is 213 & 17 km s_l, consistent with the
width of the narrow component of the emission lines detected
in the R ~ 1000 NIRSpec spectrum.

With Ha (details of the measurement process will be
presented in Section 5.3) and Paa, we derive the gas reddening
(Ay) using the Balmer decrement method'? and the D. Calzetti
et al. (2000) dust attenuation law. Given that the total Ho
profile contains a broad outflow component, we only use the
narrow Ho flux here to calculate the attenuation. Under Case B
recombination (and assuming 7, = 10* K and n, = 100 cm ™ 2),
the intrinsic flux ratio between Ha and Paa is 8.13
(D. E. Osterbrock & G. J. Ferland 2006). The observed flux
ratio of 1.98 £ 0.28, corresponding to a gas reddening Ay of
2.27 +£0.23 mag. This spectroscopically derived Ay is gen-
erally consistent with the SED-derived value (see Section 4).

It is important to note that the Ha flux is derived from
NIRSpec slit spectroscopy that primarily captures light within
the MSA shutter, while the Paox comes from the NIRCam
grism spectrum of the entire galaxy. As a result, the Ay
inferred from the Ha/Paa ratio is sensitive to the slit-loss
correction applied to the NIRSpec data, which assumes the
line-to-continuum flux ratio is invariant across galaxy radius.

12 We do not adopt the traditional HB/Ha method because the flux
measurement of H{ is relatively uncertain since its apparent emission is
reduced by the stellar absorption.
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Figure 6. Line profile fitting for the Pac. We show the extracted 1D spectrum
(stellar continuum subtracted) and 1o error level (gray line and shading), and
the best-fit line profile (black).

(see Section 2.1). To assess the impact of slit-loss correction
on Ay, we extract the grism spectrum from an aperture
approximately matching the NIRSpec MSA shutter size
(~0’4) and measure both the Ha and Pac fluxes from the
central region of JADES-GS-206183, where the shutter is
placed. In this configuration, the Ha and Pac fluxes would
become ~4 and 2 times fainter, respectively, resulting in a
smaller Ha-to-Paaw ratio (~0.9) and thus a larger Ay
(3.53 mag). This indicates that the Ay derived after slit-loss
correction could underestimate the dust attenuation toward the
central region of JADES-GS-206183 by about one magnitude.
However, such a 1 mag difference in Ay would not change any
scientific results of this paper, specifically the AGN obscura-
tion estimation and the broad Ha origin (Section 5.3.3).
Moreover, the Ay derived from this alternative approach also
carries significant uncertainties, as it neglects several impor-
tant factors, including (1) differences in spectral dispersion
directions and PSFs of the NIRSpec grating and NIRCam
grism observations, and (2) the off-center placement of the
NIRSpec shutter. Therefore, we still adopt the Ay corrected for
NIRSpec slit losses for the following analysis.

After correcting for the dust attenuation using the Ay, we
derive the intrinsic Paa line luminosity, which is
234 + 0.11 x 10*'ergs™'. Finally, using the Pao—SFR
relation from C. Neufeld et al. (2024), which is based on the
(G. Chabrier 2003) IMF:

SFR (M. yr~") = 4.6 x 107*! x L(Paa) (ergs™), (4)

we obtain a SFRp,, of 10.78 + 0.55 M. yr '. JADES-GS-
206183 is ~0.5dex below the star-forming galaxy main
sequence at z ~ 1.5 (with a scatter of 0.3-0.4 dex) J. Leja et al.
(2022), confirming its quiescent/PSB nature.

3.5. [0 1] X\N3726, 3729 Map

We use VLT/MUSE data for JADES-GS-206183 acquired
by the MUSE Hubble Ultra-Deep Field survey from
AMUSED". Specifically, JADES-GS-206183 was covered
by the MXDF—a part of the MUSE HUDF survey. The
MUSE spectrum covers the optical regime (4750-9300 A) at

13 https: //amused.univ-lyon1.fr/project/UDF/
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above. Right: the integrated 1D spectrum (black) extracted based on the Rafelski segmentation map (M. Rafelski et al. 2015) and the corresponding flux uncertainties
(gray). The red-shaded region represents the integrated spectral window for mapping the [O II] emission.

an average spectral resolution of R ~ 3000. The details of
MUSE data reduction and AMUSED data products can be
found in R. Bacon et al. (2023).

We study the spatial distribution of [O II] AA3726 and 3729
—the only strong emission line detected in the MUSE data for
JADES-GS-206183. The full 1D spectrum is shown in
Figure 7. To obtain the [OII] map, we derive the [O1I]
A3726 and 3729 flux in each spaxel by integrating the fluxes
within the rest-frame wavelength range of [3721, 3735] A after
subtracting the average of the adjacent continuum.

The white light stellar continuum image, along with the
contours of [O1I] flux derived from the MUSE data for
JADES-GS-206183, is shown in Figure 7. Relative to the
stellar continuum, the [O1I] emission appears to lie toward
the upper left of the galaxy, suggesting a possible ionized
outflow (traced by [O11]) in JADES-GS-206183. Notably, this
direction also coincides with the observed Na D outflow
(Section 3.3), indicating that, if real, the ionized outflow may
be coupled with the neutral gas outflow. However, given that
the MUSE observation of JADES-GS-206183 was conducted
with a seeing limit of ~0.8, we emphasize that no definitive
conclusions can be drawn at this stage from the MUSE
observation regarding the presence of an ionized outflow in
JADES-GS-206183.

4. SED Modeling

We infer the stellar population properties of JADES-GS-
206183 through SED fitting with Prospector (B. D. Johnson
et al. 2021), using photometry from 22 filters spanning
HST/ACS, HST/WFC3, and JWST/NIRCam, along with the
integrated 1D spectrum from VLT/MUSE. The MUSE
spectrum covers key stellar absorption features, including
Balmer lines and the Ca H4K doublet, which provide strong
constraints on stellar ages and star formation histories (SFHs).

4.1. Assumptions

Our SED assumptions, including parameter priors, are
similar to those used in Z. Ji et al. (2024). In brief, we fix the
redshift to the spectroscopic redshift by pPXF (z =1.317). We
use the Kroupa stellar IMF (P. Kroupa 2001), and adopt the
FSPS stellar synthesis code (C. Conroy et al. 2009; C. Conroy
& J. E. Gunn 2010) with the stellar isochrone libraries MIST
(J. Choi et al. 2016) and the MILES stellar spectral libraries

(P. Sanchez-Blazquez et al. 2006; J. Falcén-Barroso et al.
2011). We use the Madau intergalactic medium transmission
model (P. Madau 1995). We include the nebular emission
model from N. Byler et al. (2017). We set the stellar
metallicity (Z,.), the gas metallicity (Zg,), and the ionization
parameter (U) as free parameters. We use a two-component
dust attenuation model, where the attenuation toward nebular
emission and young (<10 Myr) stellar populations is modeled
by a power law, and toward old (>10 Myr) stellar populations
is treated following the parameterization of S. Noll et al.
(2009), a modified D. Calzetti et al. (2000) law with the
2175 A dust feature.

To properly model the MUSE spectrum, we include the LSF
information from (R. Bacon et al. 2023). We include a
multiplicative 12th-order Chebyshev polynomial calibration
model to account for effects such as imperfect flux calibration
in ground-based spectroscopy that can impact the continuum
shape—a strategy widely adopted in full-spectrum modeling of
galaxies (e.g., D. D. Kelson et al. 2000; C. Conroy et al. 2018;
S. Tacchella et al. 2022). In addition, we incorporate a noise
model to account for outliers in the spectral data points,
following the approach of D. W. Hogg et al. (2010), which
mitigates the influence of “bad” data points by reducing
sensitivity to them. For this noise model, we adopt the same
priors as described in S. Tacchella et al. (2022, Section 4.2).

For the SFH, our default model adopts a nonparametric,
piecewise form with 15 lookback time bins and the bursty
continuity prior (S. Tacchella et al. 2022). In the bursty
continuity prior, the SFR change between two adjacent bins is
drawn from a Student’s 7 distribution with ¢ = 1 and v = 2."
This is a modified version of the standard continuity prior of
J. Leja et al. (2019) (o = 0.3), allowing for more flexible (i.e.,
burstier) change while retaining an overall smooth SFH. The
bursty continuity prior has been commonly adopted for high-
redshift galaxy SED modeling (e.g., S. Tacchella et al. 2022;
T. J. Looser et al. 2024; M. Park et al. 2024), motivated by
growing evidence that galaxy SFHs are significantly more
bursty in the early Universe. The first five bins are fixed at
0-10, 10-30, 30-50, 50-70, and 70-100 Myr to capture recent
episodes of SF with relatively high time resolution. The final

14 In Student’s 7 distribution, o controls the width of the distribution, and v is
the number of degrees of freedom that governs the heaviness of the
distribution’s tails.
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Figure 8. Left: Prospector SED fitting results for JADES-GS-206183. We simultaneously model the photometry from HST and JWST/NIRCam and the
spectrum from VLT/MUSE (see Section 4). The best-fit SED model, based on our default bursty continuity SFH, is shown as a black line. The blue squares in the
top panel indicate the observed HST/ACS and JWST/NIRCam photometry. We zoom into the region where the MUSE spectrum covers in the bottom panel, where
the observed MUSE spectrum (same as the right panel of Figure 7) is shown in red, and again, the black line is the best-fit SED model. The SED model shows
excellent agreement with the data, successfully reproducing not only the overall SED shape from the rest-frame UV to the NIR, but also the key stellar absorption
features around rest-frame 4000 A in the MUSE spectrum. Right: reconstructed nonparametric SFHs of JADES-GS-206183. The black solid line with shaded region
shows the best-fit and 1o uncertainty from the bursty continuity SFH fitting, while the green dashed line shows the result from the Dirichlet SFH fitting. Systematic
uncertainties regarding the assumed SFH priors are evident in the reconstructed SFHs. Nonetheless, both reconstructions suggest that the SFR of JADES-GS-206183
has risen again over the past 10-30 Myr, following a decline since an earlier star-forming period.

bin spans 0.97y — ty, where fy is the Hubble time at z = 1.317.
The remaining nine bins are evenly spaced in logarithmic time
between 100 Myr and 0.973. We also test our fitting results
using the commonly adopted Dirichlet prior from J. Leja et al.
(2017). We find the derived SED properties—stellar mass,
SFR, or Ay—for JADES-GS-206183 between these two priors
are generally consistent with each other within systematic
uncertainties, although the SFR and Ay based on the bursty
continuity prior are closer to the emission line results. In
addition, some differences arise in the reconstructed SFHs
between the two priors. We discuss these SED results and
associated systematics in detail below.

4.2. SED Properties

The best-fit SED model and reconstructed SFHs are shown
in Figure 8. Our modeling provides an excellent match to the
data, successfully reproducing not only the overall panchro-
matic SED shape but also the key stellar absorption features
and the continuum shape in the MUSE spectrum. The inferred
stellar mass is log(My/M.) = 11.25 + 0.02 (10.97 + 0.03)
for the bursty continuity (Dirichlet) SFH prior. The SED-
inferred Ay is 1.76 £ 0.05 (1.09 = 0.05), which is slightly
lower but broadly consistent with the value of 2.27 + 0.23
derived from Ha and Paa (Section 3.4).

Regarding the SFR, the burst continuity (Dirichlet) prior
results in SFRggp = 20 + 10 (40 £ 27) M yrfl, which
would place this galaxy at ~0.3 (0.1) dex below the main
sequence. The SED-inferred SFRs of JADES-GS-206183 are
2-4 times higher than its Pac (~10.8 M. yr '; Section 3.4) or
CO-inferred SFR (~11.0 M., yr—'; L. A. Boogaard et al. 2019;
M. Aravena et al. 2020), but such differences can be explained
by the systematics between SED-modeled and observed Ha
found by J. Leja et al. (2017, see their Figure 9). In addition,
the higher SFR derived from the Dirichlet prior compared to
the bursty continuity prior for JADES-GS-206183 (~0.3 dex)
is also consistent with the result of J. Leja et al. (2019), who
found that, for the systems with quiescent-like SFH, the
Dirichlet SFR is systemically higher than that obtained with

the continuity prior with the latter being closer to the intrinsic
SFR (their Figure 5). Considering all the systematic effects, we
think the SED results with the bursty continuity prior are in
good agreement with the Paa-based estimates presented in
Section 3.4 and thus more reliable for our target. Hereafter, we
adopt the Paa-derived SFR and Ha/Paa-derived Ay for our
analysis.

Finally, we note that our SED fitting does not include an
AGN component. Nevertheless, the excellent agreement
between the data and a stellar-only model suggests that
JADES-GS-206183 does not host a strong ongoing AGN.
Further evidence against the presence of an AGN will be
presented in Section 5.3.

Although the two SFH fittings yield overall consistent
results for the physical properties discussed above, the
reconstructed SFHs reveal systematic uncertainties introduced
by the choice of SFH prior (right panel of Figure 8). The
bursty continuity prior suggests that the bulk of the stellar
mass in JADES-GS-206183 was assembled very early, around
3 Gyr ago, whereas the Dirichlet prior places the main
formation episode much later, at approximately 0.5-1 Gyr
ago. This systematic effect—where the continuity prior tends
to return older stellar populations than the Dirichlet prior—has
also been reported in previous studies (e.g., Z. Ji & M. Giav-
alisco 2022; S. Tacchella et al. 2022). Despite this difference,
both fittings converge on a qualitatively similar evolutionary
trend: a decline in SFR following the primary buildup of stellar
mass. By the time of observation, both reconstructed SFHs
suggest a modest rise in SF activity within the past
~10-30 Myr. Nevertheless, by the time of observation, the
sSFR of JADES-S-206183 remains low, on the order of
107"%yr~! (and 0.5 dex below the main sequence), consistent
with the galaxy’s overall quiescent nature. These findings
suggest that we may be witnessing the onset of SF
rejuvenation in JADES-GS-206183, which could either bring
it back toward the star-forming main sequence or represent
only a brief, weak episode of SF that may soon be fully
quenched again (see Section 5.1).
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Table 2
Neutral Outflow Properties of 216183
Vour EWxap, 1sm log(V(Na 1) log(N(H 1) 10g (Mou) 10g(Mou) 102(Pyy) 108(Pyu) 10g (Eou) 10g(Eou)
(kms™) (A) (em™) (em™) (Me) (Mg yr—) (dyn s) (dyn) (erg) (ergs™)
828%70 8.6575:30 14397013 22.03%043 8.47+012 2407014 49.697011 36.117011 57.307914 43737913
5. Results The uncertainty of M, derived from the MCMC fitting, i.e.,

5.1. Physical Properties of the Na D Outflow

Our SMILES NIRSpec spectroscopy reveals the presence of
a substantial outflow of neutral gas in JADES-GS-206183,
as traced by Na D absorption, which is blueshifted by
—459km s~ (Section 3.3). With modeling results for the Na
D line presented in this section, we further measure the
physical properties of this neutral outflow in JADES-GS-
206183.

In particular, we derive the outflow velocity (voy), outflow
mass and rate (M, and Moy, outflow momentum and its rate
(Pout and p, ), and total energy and its rate (E,, and E.). We
also calculate the equivalent width (EWynup, 1sm), a line
quantity that also indicates the amount of outflowing mass.
The assumptions used to infer these physical properties of
outflows are the same as those adopted by the Blue Jay survey
(R. L. Davies et al. 2024), which has also conducted a
JWST/NIRSpec study of Na D outflows for a sample at
cosmic noon. Specifically, the outflow velocity is defined as
Vour = |Av| + 20, where 0 = b/+/2 is the velocity dispersion
of the ISM Na D line. For the outflow mass rate calculation,
we use the relation

Mom _ Mot Vour

Tout
G ( N(H D) )
— 11450 oL | 222
( Q0.4) 102 cm 2
Vout

« Tout ( )M@ yr*I,
1 kpc J\ 200 km s~!

where 1oy is the outflow extent, C(, is the covering factor
related to the wind opening angle, N(HI) is the hydrogen
column density. We assume ry, = 1kpc and Cy = 0.5 as
R. L. Davies et al. (2024) did. Another reason for assuming,
rour = L kpc is that it is comparable to the physical scale that
the NIRSpec MSA shutter size (r ~ 0.15) corresponds to at
z=1.317, which ensures the mass outflow rate measurement is
spatially self-consistent. N(HI) is derived from N(Nal)
assuming Milky Way-like Na abundance and dust depletion
factors and a 10% neutral fraction (see D. S. Rupke et al.
2005a), where N(Nal) is measured from the best-fit optical
depth at the central ISM red NaD line 7, ¢:

N(Nal) = 1013(l) 0.4164
0.758 £

1215A ( b ) 5
X cm o,
A 10 km s~!

where f;, = 0.32 and N\, = 5897.55 A are the oscillator
strength and rest-frame wavelength of the transition.

10

random error, is only about ~0.1 dex, while its systematic
errors coming from the assumptions of outflow structures and
composition can be much larger. As R. L. Davies et al. (2024)
discussed, Cq, is unknown but cannot be smaller than 0.25 due
to the outflow detection fraction in the Blue Jay survey, which
can cause a factor of 2 difference in the inferred M,,,. Also, the
neutral fraction of the outflow can range from 5% (D. Baron
et al. 2020) to 10% (used by the Blue Jay survey), which could
introduce another factor of 2 difference. Considering those two
factors, the systematic uncertainty of the M, is about 0.6 dex.
Furthermore, the radius of the outflow extent ry, is poorly
constrained for Na D outflows at cosmic noon. However, given
that the previous spatially resolved outflow studies (e.g.,
D. S. N. Rupke & S. Veilleux 2015; D. Baron et al. 2020;
F. D’Eugenio et al. 2024) suggest that 1 kpc is a lower limit of
the size of Na D outflows, which usually are even larger (a few
to 15kpc), our assumption would only result in the under-
estimation of M, that could even make JADES-GS-206183
more interesting than what we will state in Section 6.1.1.
Moreover, since the NIRSpec observation of JADES-GS-
206183 only points to its central region, the exact M, and
My of this galaxy are expected to be higher than what we
report, which could only be derived from integral field unit
(IFU) data.

After measuring the outflowing mass and mass outflow rate,
we are then able to calculate the momentum and energy
outflow rates. The final measurements of the outflow proper-
ties are listed in Table 2.

5.2. Comparison with Na D Outflows in the Literature

In this section, we compare the properties of the Na D
outflow in JADES-GS-206183 with Na D outflows detected in
other galaxies at cosmic noon and in the local Universe.

At cosmic noon, the Blue Jay survey identified 14 Na D
outflows (referred to as Blue Jay Na D outflows hereafter) at
z~1.7-3.5 using the NIRSpec MSA R~ 1000 spectra
(R. L. Davies et al. 2024). These outflows are found in
galaxies spanning a range of types, from star-forming to
quiescent, as well as both AGN-host and non-AGN-host
galaxies. The range of log(Moy/[M. yr~']) found for those
Blue Jay Na D outflows is about 0.5-2. Additionally, they
found a decreasing trend in the mass loading factors
n= M,y /SFR) of outflows with the SFRs of their host
galaxies: the Na D outflows hosted by star-forming galaxies
(SFR > 10 M, yr ") have a low mass loading factor ( < 1)
while those in quiescent galaxies have n > 1. Interestingly, as
shown in Figure 9, JADES-GS-206183 has a mass loading
factor ~1 dex higher than the values of the Blue Jay outflows
at this SFR range (typically around 7 = 0). The result indicates
that the neutral outflow in JADES-GS-206183 is much more
efficient in removing gas from the galaxy relative to the
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Figure 10. Comparison of neutral Na D outflow properties (log(M(,u[) on the left and log(E'(,ut) on the right) in different samples, including (1) the outflows detected
in the various types of z ~ 2 galaxies from the Blue Jay survey (R. L. Davies et al. 2024); (2) the local PSB AGN hosts from D. Baron et al. (2022); (3) the z < 0.5
Seyfert-2 ULIRGs from D. S. Rupke et al. (2005b); (4) the z < 0.5 SF/LINER ULIRGs from D. S. Rupke et al. (2005¢); (5) the local pure-star-forming ULIRGs
from S. Cazzoli et al. (2016). The median values of each sample are shown by a black dashed line. The (log(M(,ut) and log(Eom) measurements of JADES-GS-206183
are illustrated by a solid line. Considering JADES-GS-206183 is an inactive PSB, the mass and energy outflow rate of its Na D outflow is surprisingly high compared
to either the local or z ~ 2 outflows that are driven by powerful AGN or starbursts.

current formation of stars, compared to other observed Na D
outflows launched in galaxies with comparable SFR.

We also compare the My, and E,, of JADES-GS-206183
with Na D outflow measurements in the local Universe,
including outflows found in ultra luminous infrared galaxies
(ULIRGs) with AGN (D. S. Rupke et al. 2005b) and without

AGN (D. S. Rupke et al. 2005¢ and S. Cazzoli et al. 2016), and
PSB galaxies with AGN (D. Baron et al. 2022). As shown in
Figure 10, the mass and energy loss through the Na D outflow
in JADES-GS-206183 are comparable with the highest of the
local Na D outflows, rivaling those driven by intensive star-
forming or AGN activity. It is worth noting that, except for
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Figure 11. Location of JADES-GS-206183 (yellow stars) in the [N II]-BPT diagram (left), [S 11]-VO87 diagram (middle), [O 1]-VO87 diagram (right). The gray
contours show the distribution of Sloan Digital Sky Survey galaxies. The purple line in the left panel represents the redshift-dependent SF-AGN boundary at z ~ 1.5

determined by L. J. Kewley et al. (2013).

S. Cazzoli et al. (2016), in which the local Na D outflow
properties are relatively precisely measured through spatially
resolved spectroscopic data, other literature derived the
outflow properties using limited-aperture or long-slit spectra
that probe only the central region of the galaxy, similar to our
analysis on JADES-GS-206183. As we mentioned in
Section 5.1, such aperture-limited observations generally yield
lower limits on the mass and energy outflow rates; thus, the
comparison between JADES-GS-206183 and values reported
in the local Na D outflow literature is fair, and the outflow in
JADES-GS-206183 unquestionably stands out.

5.3. AGN or Not?

A natural explanation for exceptionally strong outflows is
the presence of an AGN. In this section, we investigate the
AGN activity in JADES-GS-206183 using different AGN
diagnostics.

5.3.1. Archival Multiwavelength Studies

First, we check whether JADES-GS-206183 has been
classified as an AGN in the literature. In particular, we use
the AGN catalogs from J. Lyu et al. (2022) and J. Lyu et al.
(2024), who conducted one of the most comprehensive
searches—using data from X-ray to radio, including the latest
NIRCam and MIRI data—for AGN populations at cosmic
noon in GOODS-S. JADES-GS-206183 was not classified as
an AGN host in these catalogs. In addition, JADES-GS-
206183 has CO(2-1) and CO(5-4) observations from the
ASPECS ALMA large program, which suggests that the CO
excitation level of this galaxy is lower than that of AGN hosts,
being more comparable to that of normal star-forming galaxies
(Figure 5 in L. A. Boogaard et al. 2020), again, indicating
JADES-GS-206183 does not host an ongoing AGN.

5.3.2. Optical Line Ratio Diagnostics

With our new NIRSpec/MSA observations, we can now
investigate the AGN signatures (if any) in JADES-GS-206183
through its rest-optical spectral features. We first use the
optical line ratio diagnostics, including the traditional [N II}—
BPT diagram (J. A. Baldwin et al. 1981), and also [S II]- and
[O1]-VO87 diagrams (S. Veilleux & D. E. Osterbrock 1987).

12

As we mentioned in Section 3.2, the [OIII] emission in
JADES-GS-206183 is tentatively detected (1.50) (see
Figure 2). Thus, we treat the [O1II] flux as an upper limit.
The Baldwin—Phillips—Telervich (BPT) diagram is displayed
in the left panel of Figure 11, where JADES-GS-206183 is
located in the AGN-SF composite region between the
boundaries defined by L. J. Kewley et al. (2001) and G. Kau-
ffmann et al. (2003) at z = 0. Additionally, JADES-GS-
206183 falls below the SF-AGN boundary at z~ 1.5, as
determined by L. J. Kewley et al. (2013). Thus, based on the
BPT diagram, the ionization of JADES-GS-206183 is not
consistent with an AGN.

The right two panels of Figure 11 also display the [S I1]- and
[O1]-VO87 diagrams. On the [S II]-VO87 diagram, JADES-
GS-206183 is sitting in the SF region, with a remarkably low
[S1]/Ha ratio. Given the low SNR of [S1I] in JADES-GS-
206183, we caution that this abnormally low [S I1]/Ha ratio
may be due to the uncertainty in the measurement of the [S II]
flux. On the [O1]-version VO87 diagram, JADES-GS-206183
is just crossing the SF-LINER boundary.

To conclude, based on multiple AGN diagnostics using
optical line ratios, there is no clear evidence for the presence of
a strong AGN in JADES-GS-206183.

5.3.3. Broad Ho: AGN BLR or Outflow?

As we mentioned in Section 3.2, our nebular emission line
fitting suggests the presence of a broad component(s) to better
fit the R ~ 1000 NIRSpec spectrum over the wavelength range
covering Hoa and [N 1II]. If we assume this to be a single broad
Ha emission component, we obtain a line width of
~2000kms~'. Such a line width is broadly consistent with
what is usually observed in broad-line AGN. The brightness of
this broad Ha component would indicate an AGN with a
bolometric luminosity of log(Ly/erg s=') ~ 44.6 using the
bolometric corrections from J. E. Greene & L. C. Ho (2005),
H. Netzer (2019). This corresponds to an X-ray Luminosity of
log(Lx.»_ 1okev/€rg s~') ~ 43.5 using the bolometric correc-
tion determined by F. Duras et al. (2020).

JADES-GS-206183 is close (d ~ 4') to the center of Chandra
Deep Field South, which has 7 Ms of deep X-ray imaging
(B. Luo et al. 2017). With the broad Ha-inferred intrinsic X-ray
luminosity, i.e., log(Lx2-10kev) ~ 43.5, JADES-GS-206183
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would have been detected in the Chandra imaging, unless it
hosts a highly obscured SMBH with obscuration of
log(N y/cm~2) > 24 (Figure 25 of T. Liu et al. 2017).
Unfortunately, it is impossible for us to directly estimate
obscuration toward JADES-GS-206183’s central SMBH. None-
theless, if we simply use the Ay = 2.27 from hydrogen-line
ratios (Section 3.4), we get a log(N i cm~2) ~ 21.7 using the
Ay~to-Ny conversion of the Milky Way, which is orders of
magnitude smaller than the obscuration inferred based on
the nondetection of JADES-GS-206183 in X-ray. Although the
levels of obscuration toward SMBH and averaged over the
entire galaxy can differ significantly, this suggests that the broad
Ha component suggested by our previous line fitting may not
originate from an AGN BLR.

More evidence against the AGN interpretation for the
single, 2000 km s~ ' wide Ha line comes from the analysis of
the Pac line profile observed in the FRESCO grism spectrum
of JADES-GS-206183. To be specific, assuming the case B
recombination and the AGN obscuration is comparable with
that of the galactic ISM (Ay = 2.27), we manually add a mock
broad Pac with the same velocity and dispersion as the broad
Ha component but a lower amplitude scaled from Ha. We
confirm that our line fitting procedure should identify this
broad Pacx component with ABIC > 10. We also find, even in
the most extreme case of Ay = 0, namely, no dust attenuation
toward the SMBH of JADES-GS-206183, we should still be
able to detect the broad component in the Paa line with
ABIC > 10. Therefore, the absence of clear evidence for a
broad Paa line in JADES-GS-206183’s FRESCO grism
spectrum strongly argues against the scenario of a single,
2000 kms~" wide broad Ha line.

After considering all the aforementioned commonly used
AGN diagnostics, we conclude that JADES-GS-206183 does
not appear to host a strong AGN. This thus raises the question:
what is the origin of the broad emission line component at the
Ha + [N11] wavelength range found in our spectral fitting?
We note that the NIRSpec MSA spectroscopy for JADES-GS-
206183 was conducted using medium-resolution gratings
(R ~ 1000). At this spectral resolution, multiple broad
emission components with moderately large widths can blend
together, mimicking a single broad component with a much
larger width. Thus, the broad emission line component could
result from the superposition of three broad components,
namely Ho and the [NII] doublet, generated by an ionized
outflow. To this end, we used the “narrow-+multi-broad”
model to fit the [N II][4+Ha line profile in Section 3.2 as well. It
turns out that the best-fit “narrow-+multi-broad” model can
produce a broad component for Ha, [N 1I], and [S II] that has
the same width and the velocity consistent with the systemic
redshift (see Table 1). This indicates that the broad component
of Ha, [N11], and [S 1] should trace the same gas kinematics,
which is consistent with the outflow-only scenario, without
additional AGN BLR emission. Also, as mentioned in
Section 3.2, the BIC of the multiple broad [N II] + Ha model
is comparable with that of the single broad Ha model
(ABIC < 5), suggesting that the model representing the
outflow scenario can produce a similarly good fit for the data
compared to the AGN BLR model.

Again, we also test whether we could detect a similarly
outflow-broadened Paax component, as we did for a single broad
Ha scenario. The result turns out that, if the outflowing materials
in JADES-GS-206183 experience the same attenuation as the
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galaxy ISM (Ay = 2.27), then we would also be able to detect
a broad Paa component. However, a systematic study of
outflows in local ULIRGs (A. Fluetsch et al. 2021) suggests
that the Ay of outflowing gas is typically one magnitude lower
than the global attenuation. In this case, if assuming the Ay for
the outflow is 1.27 mag, we would not have a robust detection
of the Paa broad component resulting from the outflow
(ABIC < 10). While the attenuation level of the outflow in
quiescent galaxies at z>1 may differ from that in local
ULIRGsS, this test could suggest that the ionized outflowing
gas in JADES-GS-206183 has lower attenuation than the
systemic ISM.

In conclusion, we do not find strong evidence for AGN
presence in JADES-GS-206183. The broad (~2000 km sfl)
Ha component suggested by our initial spectral fitting is most
likely the result of three moderately broad (~900km sfl)
lines—[N II] doublet and Ha—blended together due to the
limited spectral resolution, which is consistent with expecta-
tions for an outflow. Thus, we argue that the origin of these
broad lines is more consistent with ionized outflows, rather
than AGN.

6. Discussion
6.1. Outflow Driving Mechanism

As highlighted in Section 5.2, the Na D outflow in JADES-
GS-206183 is among the most powerful and energetic neutral
outflows known at z < 3. This naturally raises the questions:
Why is this neutral outflow so powerful? What is driving such
a strong outflow in this galaxy?

6.1.1. Current SF or AGN?

SF and AGN are the two sources that can power strong
galactic outflows (A. King & K. Pounds 2015; D. S. N. Rupke
2018). In the local Universe, Na D outflow is commonly
detected in star-forming systems (e.g., D. S. Rupke et al. 2005¢;
Y.-M. Chen et al. 2010; A. Concas et al. 2019), especially
starburst galaxies and ULIRGs. Meanwhile, many works have
found that the local Na D outflow strength and incidence
are independent of the level of nuclear activity, suggesting that
the physical mechanisms driving neutral gas outflows may be
more closely related to galaxy star formation than to AGN
activity in star-forming galaxies (e.g., M. Sarzi et al. 2016;
A. Concas et al. 2019). However, Na D outflows are also
detected in local PSBs (e.g., D. Baron et al. 2022; Y. Sun et al.
2024)—whose SF has been quickly shut down in the past 1 Gyr
—indicating that neutral outflows found in these systems cannot
be powered by their instantaneous SF. For PSBs hosting AGNs
(e.g., D. Baron et al. 2022), the neutral outflows are therefore
naturally attributed to AGN activity, particularly through
AGN-driven galactic winds.

At cosmic noon, a consensus on neutral gas outflows,
particularly regarding their driving mechanisms, has yet to be
reached. The 14 Na D outflows recently identified by the Blue
Jay survey (R. L. Davies et al. 2024) are more likely driven by
AGN:s, given that the majority of these outflows are found in
galaxies with low SFRs, which cannot account for the
strengths of the outflows inferred from their Na D features.
S. Belli et al. (2024) studied one of those Na D outflows
detected in a PSB at z ~ 2.5 in detail, finding its host exhibits
AGN signatures through the BPT line ratio diagnostics. In
addition, F. D’Eugenio et al. (2024) also detected a multiphase
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Figure 12. Energy outflow rate of JADES-GS-206183 (yellow stars) compared to the luminosity from Paa-based SFR (left) and AGN (right). Given the
nondetection of [O I1I] A5007, we estimate an upper limit of [O III]-derived AGN luminosity based on the flux uncertainty. For comparison, the Blue Jay Na D
outflows are also shown in the figures by gray dots. The black solid lines represent the expected outflow kinetic energy driven by SF or AGN. The surrounding
shaded regions are the typical uncertainties of outflow energy rate measurement brought by the assumptions of outflow opening angle and covering fraction (see

Section 5.1).

outflow (including Na D-traced neutral phase) at a z ~ 3 PSB,
which also has ongoing AGN activities.

As we discussed above (Sections 4 and 3.4), JADES-GS-
206183 is a quiescent galaxy that has kept its low SF for about
1 Gyr, even though its SED analysis suggests it might be
slightly rejuvenating recently. In addition, its central black
hole (BH) seems not to be actively accreting (Section 5.3).
Those findings seem to question the scenario that current
intense activity powers the outflow.

To quantitatively understand whether instantaneous SF or
AGN could drive the neutral outflow in JADES-GS-206183,
we follow R. L. Davies et al. (2024) to estimate the energies
that could be provided by these mechanisms and compare
them with the kinetic energy of the Na D outflow. We
first calculate the SF luminosity of JADES-GS-206183 as
Lsg ~ SFRp,, X lOIOLQ (erg s~ 1). We also estimate the AGN
luminosity using the [O III] bolometric correction by H. Netzer
(2009) (Lpor = 600L;o myy erg s~ ). However, we note that the
[O 11]-derived AGN bolometric luminosity is problematic
because Ljo iy of an AGN is sensitive to the physical state of
the AGN BLR and obscuration (A. M. Diamond-Stanic et al.
2009; A. Pennell et al. 2017; H. Netzer 2019). Moreover, as
we mentioned in Section 5.3, the [O III] emission is actually
not detected, for which we derive just a flux upper limit.
Taking those caveats, we obtain the [O IlI]-derived AGN
luminosity upper limit with log(Lyo/erg s~1) < 43.97.

Figure 12 displays the comparison between the energy rate
of the Na D outflows and the SF and AGN luminosities, for
both JADES-GS-206183 and the Blue Jay outflows. We
overplot two reference lines—based on theoretical models—of
the maximum energy rate that could be provided by SF and
AGN. If we assume that supernovae are the main energy
source of an SF-driven outflow, the mechanical energy rate
they could provide is Egn(ergs~") = 7 x 10*'SFR(M,, yr™ ),
the relation from S. Veilleux et al. (2005) based on solar
metallicity Starburst99 models (C. Leitherer et al. 1999).
For an AGN-driven outflow, A. King & K. Pounds (2015)
found that 5% of the AGN bolometric luminosity could be
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transferred to the outflow kinetic energy in the energy-
conserving scenario.

Unlike the strengths of the Blue Jay outflows, which can all
be explained by either SF or AGN, for JADES-GS-206183, we
find that its observed outflow energy rate is about 1 dex higher
than both the SN-powered outflow energy rate given its current
SFR, and the expected AGN-driven outflow energy rate
considering its [O IlI]-derived AGN luminosity. We note that,
even when combining the SN+AGN energy budget, or
adopting the highest (and likely overestimated) SFR value
among all our estimates (40 M. yr ' obtained from SED
fitting with the Dirichlet prior, see Section 4.2), the available
energy is still insufficient to power the neutral outflow in
JADES-GS-206183. That is, neither ongoing SF nor nuclear
activity could power the strong Na D outflow in JADES-GS-
206183. This result will be even more robust if:

1. The extent of the JADES-GS-206183 outflow is larger
than 1 kpc in radius, the value we conservatively assume,
a possibility supported by the observations of other Na D
outflows that can extend to ~10 kpc;

. The true AGN bolometric luminosity of JADES-GS-
206183 is lower than the upper limit estimation derived
from the [O 1] flux upper limit.

6.1.2. Fossil Outflow?

Since neither instantaneous SF nor AGN activity appears to
be sufficiently powerful to produce the strength of the neutral
outflow observed in JADES-GS-206183, we now explore
another possible mechanism: a fossil outflow powered by
previous intense starbursts and/or AGN activity. This process
has been proposed to explain some neutral outflows found in
nearby PSBs (Y. Sun et al. 2024).

The dynamical timescale of the observed outflow can be
estimated as Z4yn = Four/Vour. Considering that ry, is 1 kpc, and
its current outflow velocity is about 800 km s~ 1, the tayn Of the
Na D outflow in JADES-GS-206183 is about 2 Myr, which can
reach ~10 Myr if considering a much larger r,,.. Therefore, to
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test this fossil outflow scenario, from this point on, we will be
focusing on estimating the SF and AGN activities over the past
10 Myr in JADES-GS-206183.

Robustly reconstructing the SFH within the past 10 Myr
requires observations such as rest-frame UV spectroscopy
and/or X-ray data, which are unavailable for JADES-GS-
206183. Nonetheless, the Paa: emission provides a reliable
estimate of the average SFR over the past 10 Myr (G. H. Rieke
et al. 2009). Thus, it is reasonable to assume that JADES-GS-
206183 has maintained the SFR derived in Section 3.4 (SFR
Paa ~ 10 M., yr ). Therefore, the total energy injected by SF
over the past 10 Myr is unlikely to be sufficient to drive the
neutral outflow we observe.

On the other hand, the dynamical timescale of the Na D
outflow in JADES-GS-206183 is slightly shorter than but
overall comparable to the model-predicted long-term AGN
activity phase duration, which is typically about 10 Myr
(P. F. Hopkins et al. 2005). Within each phase, numerous
individual episodes with durations of ~0.1 Myr may occur
(e.g., R. C. Hickox et al. 2014). As a consequence, it is likely
that the outflow could persist within the galaxy after an AGN
has switched off. Moreover, we would expect multiple AGN
energy injections to occur during the expansion of the outflow,
which could continuously power the outflow (K. Zubovas &
E. Nardini 2020) and affect its dynamical and thermal
equilibrium. Interestingly, K. Zubovas et al. (2022) adopted
a neural network to analyze AGN luminosity histories in 59
observed AGN-driven molecular outflows and found that the
average AGN duty cycle in those outflow systems is
dagn ~ 0.6. The result from K. Zubovas et al. (2022) suggests
that more than half of the AGN-driven outflows may be
detected in inactive galaxies whose AGN have shut down. The
possible rejuvenation of JADES-GS-206183, as suggested by
SED fitting (Section 4), also fits into this picture. The apparent
rise in SF over the past 10-30 Myr, following a period of
decline in SFR, may point to new cold-gas fueling—whether
through accretion (including minor mergers) from the cosmic
web or recycled gas from a galactic fountain—toward JADES-
GS-206183. Such fueling can also trigger AGN activity, a
phenomenon well established in the nearby Universe
(D. B. Sanders et al. 1988), and the resulting AGN feedback
could in turn have driven the strong outflow observed in
JADES-GS-206183.

In addition, JADES-GS-206183 has a clear elongated
central structure (presumably a bar) and two spiral arms
shown in its NIRCam F115W/F200W /F356W RGB image
(Figure 1). Bar-driven processes are often considered as an
efficient funnel to drive gas to the center of the galaxy, feeding
the BH accretion and thus lighting it up as an AGN. Many
observational works have confirmed the bar-AGN connection
through the correlation between the AGN luminosity and bar
strength, as well as the higher AGN incidence in barred
galaxies (L. A. Silva-Lima et al. 2022 and references therein).
In terms of this, the well-constructed bar shown in JADES-GS-
206183 could also indicate that, maybe at some point before,
its bar was able to transport a lot of gas into the nuclear region
to trigger the AGN activity, but later on, the tunnel had been
shut down, given that we do not observe any ongoing AGN
nowadays.

We estimate whether JADES-GS-206183 could have a
powerful enough AGN to launch outflows in the past by
estimating its central BH mass (M.) and the inferred Eddington
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luminosity using the stellar mass derived through SED fitting
(Section 4). Adopting the M.-M, relation at 1 < z < 4
(log(M./My) = —2.5) from Y. Sun et al. (2025), we obtain an
M. of JADES-GS-206183 of ~10%° M, corresponding to an
Eddington luminosity of ~5 x 10*°ergs™'. This means that
past AGN activity in JADES-GS-206183 could easily drive the
strong outflows we observe now: the observed outflow energy
rate Eyy ~ 0.05Ly, can be achieved once its Eddington ratio
(AEdd = Lbol/LEdd) is hlgher than 0.02.

Our study can be put into a broader context through the
work of E. Taylor et al. (2024), who stacked the Mg II spectra
of 264 galaxies from the UKIRT Ultra-Deep Survey to search
for the neutral outflows at z > 1. They found that high-velocity
outflows were not found in galaxies whose SF had shut down
>1 Gyr ago, but that outflow velocities similar to those in
JADES-GS-206183 did occur in their two samples with SF of
age <0.6 Gyr and between 0.6 and 1 Gyr. This presented them
with a similar dilemma to the one we face: (1) contrary to the
high outflow velocities, Y. Sun et al. (2024) have shown that
outflow velocities significantly decrease with time from an
energetic episode of SF; and (2) if driven by SF, the very high
mass loading factor for JADES-GS-206183 reflects a high past
energy input to the outflow coupled with a small current SFR,
but as a stellar population ages, the energy input into outflows
(e.g., Type II supernovae) decreases. E. Taylor et al. (2024)
conclude, as we do, that the outflows in their sample are likely
to be powered by episodic AGN activity.

6.1.3. What Makes JADES-GS-206183’s Outflow Exceptionally
Strong?

In addition, the hypothesis of a fossil AGN-driven outflow
may also explain why the Na D outflow in JADES-GS-206183
is so powerful, even comparable with those in local ULIRGs
with ongoing AGN activities. If we are seeing an AGN-driven
outflow that has been powered by multiple individual AGN
episodes during the whole long-term AGN activity phase that
has now died out, or where we are between outbursts, then we
may have caught this system at a special time. In that case, it
would not be surprising that this Na D outflow is the strongest
one known at cosmic noon, given the modest numbers
observed to date at z > 1. On the contrary, in the local
Universe, Y. Sun et al. (2024) have discovered a much larger
number (~100) of Na D outflows in PSBs without strong
ongoing AGN activities (Hao EW < 3 A), though a significant
fraction of them locate at the Seyfert region of the [S II]-BPT
diagram, which perhaps indicates weak AGN activities.
Among those outflows, some do have a comparably high
outflow velocity as JADES-GS-206183. Therefore, those local
Na D outflows might also be witnessed by us at a similar time
point as JADES-GS-206183—the end or quiet phase of the
long-term AGN phase. Those outflows observed at such a
unique time are essential for understanding the detailed
mechanism of episodic AGN-driven outflow, especially its
time evolution.

6.2. Multiphase Outflow

Galactic outflows are commonly multiphase. In JADES-GS-
206183, besides the neutral outflow traced by Na D absorption,
we also find tentative evidence of an ionized-phase outflow.

In Section 5.3, we have shown that the profiles of [N 1], Ha,
and [S 1] of JADES-GS-206183 suggest that they may share
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the same broad component, which is consistent with expecta-
tions of a warm ionized outflow. However, due to the limited
spectral resolution and the complexity of the [NII] + Ha
profile, the kinematics of ionizing gas derived from multiple
component fitting would be uncertain. Therefore, we do not
quantify the ionized outflow properties in this work.

Another tentative indication for an ionized outflow is that,
from the MUSE integral field spectroscopic (IFS) data, we
mapped the [O 1] AA3726, 3729 emission of this galaxy. Even
though the seeing of ~0.8 does not enable us to construct a
meaningful velocity and velocity dispersion map of [OII]
emission, the whole [O 1] flux map provides useful informa-
tion on galactic-scale ionized gas distribution. The left panel of
Figure 7 shows that this emission is extended to the upper-left
region up to ~1” relative to the galaxy stellar distribution. This
[O 11] extension is consistent with the position of the strong Na
D outflow. The MSA shutter was oriented from the upper left
to the lower right, and the center is slightly shifted to the upper
left. Therefore, the Na D outflow we observed from the
SMILES NIRSpec MSA spectrum should come from the upper
left region of JADES-GS-206183’s center. Therefore, we
speculate that the extended [OII] emission may trace the
ionized outflowing gas coupled with the Na D-traced neutral
outflow. A future higher spatial resolution IFU observation of
ionized outflow tracers is crucial to confirm the existence of
any ionized-phase outflow and its spatial distribution.

7. Conclusion

In this work, using the new JWST NIRSpec/MSA spectrum
collected by the SMILES survey, we identified an extremely
strong neutral outflow traced by Na D AA5890, 5896 in the
inactive quenching galaxy JADES-GS-206183 at z=1.317.
Our main findings are the following:

1. By subtracting the stellar continuum modeled by pPXF
from the whole NIRSpec spectrum, we uncovered a
significantly deep and blueshifted Na D ISM absorption
(Figure 2), corresponding to a powerful outflow with a
velocity of v, = 828716 km s~!, a mass outflow rate of
log(Mouy/M., yr=") = 2.40%014, and an energy outflow
rate of log(Eqy/ergs™!) = 43737011

2. Comparing the outflow properties of JADES-GS-206183
with the Na D outflows at cosmic noon identified by the
Blue Jay survey from R. L. Davies et al. (2024), as well
as the outflows in the local ULIRGs and PSBs with/
without AGNs, we found the JADES-GS-206183 Na D
outflow has the highest mass outflow rate at z > 1
(Figure 9), also at the top of the Na D outflows in the
local galaxies with ongoing intensive SF/AGN activities
(Figure 10).

3. The SFR of JADES-GS-206183 is estimated to be
10.78 + 0.55 M. yr ' based on its Pac emission,
consistent with the value inferred from ALMA CO
observations. We performed SED modeling using the
panchromatic photometry from HST through NIRCam,
together with the VLT/MUSE spectrum that covers key
stellar features near the rest-frame 4000 A. Depending on
the assumed SFH priors, the SED-based SFR lies
between approximately 20-40 M. yr '. These values
are slightly higher but broadly consistent, within the
uncertainties, with the SFRs derived from Pac and CO.
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4. Despite the systematic uncertainties associated with
different prior assumptions, the reconstructed SFH of
JADES-GS-206183 suggests that it experienced an older
episode of SF that peaked between roughly 0.5 and 2 Gyr
ago, with possible signs of rejuvenation within the past
10 Myr.

5. In addition, JADES-GS-206183 exhibits several peculiar
features regarding its low current SF. Its morphology
shows clear bar and spiral features (Figure 1), and it has
a large dust attenuation with Ay, = 2.27 mag, indicative
of a substantial ISM.

6. We measured the fluxes of the four BPT emission lines
Hp, Ha, [O111], and [N 1I] from the SMILES NIRspec
spectrum and determined the locus of JADES-GS-
206183 in the BPT and VOS87 diagrams. JADES-GS-
206183 has just a tentative detection of [O III] (Figure 2),
which only allows us to derive an upper limit on the
[OmmI] flux. JADES-GS-206183 is located in the
composite area (Figure 11) and also in the non-AGN
region in the VOS87 diagrams. Moreover, the detected
broad component of Hev is more likely to originate from
an ionized outflow, rather than an AGN BLR (Figure 3).
Along with its non-AGN classification from J. Lyu et al.
(2022, 2024), JADES-GS-206183 does not seem to host
a strong AGN.

7. The current weak SF and AGN activity
(log(Lpol,jom)/erg s™1) < 43.97) in JADES-GS-206183
is not sufficient to power the observed strong Na D
outflow. In Figure 12, this result was confirmed by
comparing the observed energy rate of JADES-GS-
206183 with the theoretical values considering the
energy injection from current SF and AGN (as a function
of SFR and L;;). Therefore, we speculate that the strong
Na D outflow we observed in JADES-GS-206183 might
be an AGN-driven fossil outflow. As a consequence, the
fact that this outflow is extremely strong could then be
explained by the scenario that we might be witnessing
this outflow at a unique time—the end of a long-term
AGN activity phase, in which the outflow has been
episodically powered and sped up by multiple AGN
activities during the whole phase.

8. From the MUSE IFS observations of JADES-GS-
206183, we built the [O1I] emission map (Figure 7)
and found that it seems to extend in the same direction as
the Na D outflow (constrained by the position of the
MSA shutter). Along with the outflow interpretation of
the broad component detected in Ha, the results suggest
the outflow in JADES-GS-206183 might be multiphase.

To fully confirm the exact wind-driving mechanism, and
understand the timescale of energy source and outflow
evolution, it is crucial to obtain the spatially resolved
spectroscopic (e.g., NIRSpec/IFU) observation, which will
be essential to map the outflow extent, as well as the spatial
distribution of the physical properties of the outflowing gas,
such as velocity, mass, and temperature. Meanwhile, IFU
observations will enable us to map the host galaxy properties,
which will reveal the AGN and outflow impact on the host SF
activities, helping us link the outflow to the quenching process
in JADES-GS-206183. Finally, along with other multiwave-
length data, e.g., ALMA high-resolution observations, are
necessary to build a more comprehensive picture of the
multiphase outflow of this galaxy.
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