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ABSTRACT

We present a study of the mid-IR (MIR) emission of quiescent galaxies (QGs) beyond the local universe. Using deep JWST imaging
in the SMACS-0723 cluster field we identify a mass-limited (M∗ > 109 M�) sample of intermediate redshift QGs (0.2 < z < 0.7) and
perform modelling of their rest-frame UV to MIR photometry. We find that QGs exhibit a range of MIR spectra that are composed
of a stellar continuum and a dust component that is 1–2 orders of magnitude fainter than that of star-forming galaxies. The observed
scatter in the MIR spectra, especially at λrest > 5 µm, can be attributed to different dust continuum levels and/or the presence of
polycyclic aromatic hydrocarbon (PAH) features. The latter would indicate enhanced 11.3 and 12.7 µm PAH strengths with respect
to those at 6.2 and 7.7 µm, consistent with the observed spectra of local ellipticals and indicative of soft radiation fields. Finally, we
augment the average UV to MIR spectrum of the population with cold dust and gas emission in the far-IR/millimetre, and construct a
panchromatic UV to radio SED that can serve as a template for the future exploration of the interstellar medium of z > 0 QGs with
ALMA and JWST.

Key words. galaxies: ISM – galaxies: photometry – dust, extinction

1. Introduction

Over the past decades a population of massive galaxies with
suppressed star formation (i.e., quiescent galaxies, QGs), has
been robustly established both photometrically (Daddi et al.
2005; Toft et al. 2005; Kriek et al. 2006) and spectroscopically
(Toft et al. 2012; Whitaker et al. 2013; D’Eugenio et al. 2020;
Valentino et al. 2020) up to z ∼ 4−5. The recent launch of
the James Webb Space Telescope (JWST) has allowed QGs to
be spectroscopically confirmed up to z = 4.68 (Carnall et al.
2023), and has provided the opportunity to search for possi-
ble z ∼ 5 candidates (Valentino et al. 2023). QGs are char-
acterised by low levels of star formation compared to their
main sequence star-forming counterparts (Daddi et al. 2007;

? Publicly available at https://georgiosmagdis.github.io/
software/

Schreiber et al. 2015) and their red colour, as a consequence of
their old and evolved stellar populations.

A large volume of studies characterising QGs across cosmic
time has focused on their stellar properties (e.g., Williams et al.
2009; Tomczak et al. 2014), using optical/near-infrared (NIR)
data. In addition, their far-infrared (FIR) emission, tracing
cold dust and gas, has been been explored in the local and,
more recently, in the distant universe (e.g., Young et al. 2011;
Magdis et al. 2021; Blánquez-Sesé et al. 2023), primarily with
the Atacama Large Millimeter Array (ALMA).

However, their mid-infrared (MIR) regime has only been
examined in the local universe (e.g., Bregman et al. 2006;
Kaneda et al. 2008; Rampazzo et al. 2013), since the limited
sensitivity of MIR observations carried out until recently with
the Spitzer Space Telescope, for example, has predominantly
restricted the study of MIR emission to star-forming galaxies
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(SFGs) and active galactic nuclei (AGNs). Most studies focus-
ing on z > 0 QGs intentionally select against galaxies with a
detection in the MIR (e.g., MIPS 24 µm), which is commonly
associated with emission of warm dust heated by ongoing star
formation or AGN activity.

The situation has been radically transformed with JWST,
which can reach sensitivities to comfortably extend the study
of the MIR spectra of QGs to higher redshifts, through
the detection of dust continuum emission and, if present,
of polycyclic aromatic hydrocarbons (PAHs), which can be
used as a powerful tracer of star formation and AGN
activity (e.g., Förster Schreiber et al. 2004; Pope et al. 2008;
Kirkpatrick et al. 2015; Xie & Ho 2019), of the ISM conditions
(e.g., Galliano et al. 2008; Rigopoulou et al. 2021), and even of
the molecular gas reservoir (Cortzen et al. 2019) of a galaxy.

For this work we utilised deep imaging data obtained
with the Near Infrared Camera (NIRCam; Rieke et al.
2005) and the Mid-Infrared Instrument (MIRI; Rieke et al.
2015; Bouchet et al. 2015) as part of the JWST Early
Release Observations (Pontoppidan et al. 2022) towards the
SMACS J0723.3−7327 (SMACS-0723) cluster field. Using the
same set of observations, Langeroodi & Hjorth (2023) presented
a detailed study of the MIR colours of low- to intermediate-
redshift galaxies and AGNs, and showed how PAH features
can be used to distinguish between SFGs, QGs, and AGNs in
NIRCam and MIRI mid-infrared colour–colour diagrams. Here,
we focus on a sample of intermediate redshift QGs to explore
their MIR spectra – a feat that until recently was unattainable
beyond the local universe – and highlight the feasibility of
future observations towards this direction.

The layout of the paper is as follows. In Sect. 2 we describe
the data utilized and the methodology followed for the con-
struction of a multi-band photometric catalogue in the JWST
SMACS-0723 field. In Sect. 3 we present the sample selection
of QGs and the derivation of their MIR properties through the
modelling of their UV to MIR broad-band photometry. In Sect. 4
we present the results, explore the possibility of the presence of
PAHs in the spectra of intermediate redshift QGs, and construct
a panchromatic UV to radio SED template for the population.
Finally, in Sect. 5 we provide a summary of our main findings.
Throughout this work we assume a standard ΛCDM cosmology
with ΩM = 0.3, ΩΛ = 0.7, and H0 = 70 km s−1 Mpc−1. We adopt
the Chabrier initial mass function (IMF) (Chabrier 2003) and the
AB magnitude system (Oke 1974).

2. Data

In this section we describe the data used for this work consist-
ing of HST and JWST observations of the SMACS-0723 clus-
ter field, centred around a massive lensing cluster located at
zcluster = 0.387. All the data considered here are publicly avail-
able, and were retrieved from the Mikulski Archive for Space
Telescopes (MAST).

2.1. HST archival data

The HST data were obtained from the treasury programme
Reionization Lensing Cluster Survey (RELICS; Coe et al.
2019). Observations were carried out in the F435W, F606W,
and F814W filters from the Advanced Camera for Surveys
(ACS) and in the F105W, F125W, F140W, and F160W filters
from the Wide Field Camera 3 (WFC3), covering a wavelength
range from 0.435 µm to 1.6 µm.

2.2. JWST data

SMACS-0723 is one of the first target fields observed by
JWST in the Early Release Observations (ERO) programme
(ID 2736; Pontoppidan et al. 2022) after the telescope commis-
sioning. The photometric observations consist of data from the
Near Infrared Camera (NIRCam; Rieke et al. 2005), the Near
Infrared Imager and Slitless Spectrograph (NIRISS; Doyon et al.
2012), and the Mid-Infrared Instrument (MIRI; Rieke et al.
2015; Bouchet et al. 2015). The observations covering the wave-
length range from 0.9−18 µm were carried out with the F090W,
F150W, F200W, F277W, F356W, and F444W NIRCam filters;
the F115WN and F200WN NIRISS filters; and the F770W,
F1000W, F1500W, and F1800W MIRI filters, with a total
observing time of 6.2 h in the MIRI bands. The NIRCam point-
ings, consisting of two adjacent fields of view, cover an area of
2.2′×2.2′ each; the MIRI coverage is embedded within the fields,
with an area of 112.5′′ × 73.5′′. Since the MIRI photometric fil-
ters are the essential component of this work, we only consider
the data within the MIRI coverage for the rest of the analysis.

2.3. Catalogue construction

To reduce the NIRCam and MIRI data in the SMACS0723 field,
we retrieved the level 2 products from MAST, and processed
them with the grizli pipeline (Brammer 2023). A similar data
reduction methodology is presented in Kokorev et al. (2023) and
Valentino et al. (2023), among others, and will be fully described
in Brammer et al. (in prep.). We gave particular care to the pho-
tometric zero-point corrections relative to the jwst_1041.pmap.
We additionally included corrections and masking to reduce the
effects of stray light and cosmic rays. Our mosaics included
the updated sky flats for all NIRCam filters. For the MIRI data
we additionally constructed our own flat fields by utilising all
available exposures in the field. Finally, we included all the
available optical and near-infrared data in the Complete Hubble
Archive for Galaxy Evolution (CHArGE; Kokorev et al. 2022).
We aligned the images to Gaia DR3 (Gaia Collaboration 2021),
co-added, and finally drizzled them (Fruchter & Hook 2002) to a
0.02′′ pixel scale for the short wavelength (SW) NIRCam bands,
and to 0.04′′ for all the remaining JWST/NIRCam, MIRI, and
HST filters.

We then constructed the photometric catalogue using
SourceXtractor++ (Bertin et al. 2020; Kümmel et al. 2020).
SourceXtractor++ is a flexible model-fitting engine that does
source detection and simultaneous model-fitting on a number
of images of different photometric bands. We detected on a
weighted mean of the long wavelength bands and fit Sérsic mod-
els to all sources in all HST and JWST bands. The fitted mod-
els in each band were convolved with the corresponding PSF
model. For the JWST bands, PSF models were obtained with
WebbPSF (Perrin et al. 2014). This model-fitting approach offers
the advantage of consistently measuring photometry in images
of largely different resolutions, especially when combining ACS,
NIRCam, and MIRI, ranging from 0.4 µm to 18 µm.

To determine the redshifts and the rest-frame colours of
the detected sources we used EaZY-py (Brammer et al. 2008).
We first searched for spectroscopic reshifts (zspec) by cross-
matching our galaxies with the various spectroscopic catalogues
(Caminha et al. 2022; Noirot et al. 2023), and assigned zspec to
31 out of 1725 galaxies. For the remaining sources we derived
their photometric redshifts (zphot) by running EaZY-py with its
default parameters, setting the redshift range to 0 < z < 18 with
a zstep = 0.01 × (1 + z). We utilised the corr_sfhz_13 subset of
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Table 1. List of magnitude depths in the MIR regime obtained by JWST
observations in the SMACS 0723 field.

λeff [µm] Filter Depth (a)

7.52 MIRI/F770W 26.9
9.87 MIRI/F1000W 27.3
14.92 MIRI/F1500W 26.8
17.87 MIRI/F1800W 26.2

Notes. (a)Computed from 2′′ circular apertures at 5σ.

Fig. 1. UVJ diagram. Rest-frame U − V , V − J colour–colour diagram
of the sources in the SMACS-0723 catalogue. The black solid lines rep-
resent the standard selection box defined in Schreiber et al. (2015). The
green and grey hexagons (linearly scaled from 0 to 7) show the density
distribution of the full sample of QGs and SFGs, respectively, while the
red circles denote the position of final sample of QGs considered in this
study.

models within EaZY-py, which make use of redshift-dependent
star formation histories and dust attenuation. To assess the qual-
ity of the derived photometric redshifts we repeated the EaZY-py
run for the 31 sources that have zspec, this time leaving the
redshift as a free parameter. We found an excellent agreement
between the derived zphot and the zspec, without a systematic off-
set and a scatter of σ = 0.02.

To derive the physical properties of the galaxies, and in par-
ticular their stellar mass (M∗), we used FAST (Kriek et al. 2009).
We adopted the zphot estimates from EaZY-py and fitted the avail-
able photometry for each source up to 4.4 µm with the stellar
population models of Bruzual & Charlot (2003), an exponen-
tially declining star formation history, fixed solar metallicity, and
a Calzetti et al. (2000) dust attenuation law. The derived stellar
masses were correlated with those obtained by EaZY-py with a
median offset of 0.25 dex.

In Table 1 we summarise the achieved 5σ depths in the
SMACS-0723 cluster field in the MIRI bands. In order to
compute the mosaic sensitivities, we calculated the standard
deviation of the measured flux densities in 3000 empty circular
apertures randomly placed in the mosaic. Our analysis yields 5σ
magnitude depths of 26.9 and 26.2 at 7.7 µm and 18 µm respec-
tively, one to two orders of magnitude deeper compared to some
of the deepest pre-JWST MIR surveys (e.g., 23.1 and 19.6 at
8 µm and 24 µm with Spitzer in the COSMOS field; Weaver et al.
2022; Jin et al. 2018). This along with the additional MIRI bands
that sample the 8−24 µm wavelength range provide a unique
opportunity to explore the MIR emission of QGs beyond the
local Universe.

Fig. 2. Sample selection. Distribution of sources in the redshift–stellar
mass plane. The grey and green hexagons show the density distribution
of SFGs and QGs, respectively. The horizontal line indicates the mass
cut-off limit of log(M∗/M�) > 9 introduced in our selection. The red cir-
cles show the position of the final QG sample, composed of 50 galaxies.
The representative errorbars for our catalogue are shown in the top right
corner.

3. Analysis

To select QGs from the parent sample we use the UVJ crite-
rion (e.g., Williams et al. 2009) after inferring the rest-frame
colour from the best fit EaZY-py SED models. For our purposes,
we adopted the slightly modified colour selection introduced by
Schreiber et al. (2015):

U − V > 1.3,
V − J < 1.6,
U − V > 0.88 × (V − J) + 0.49.

(1)

This selection results in a sample of 240 QGs (see Fig. 1) in the
0.12 < z < 2.35 and 7.0 < log(M∗/M�) < 11.4 range (Fig. 2).

In an attempt to eliminate selection biases due to the dif-
ferent depths of available MIRI bands, we then introduced a
stellar mass cut of M∗ > 109 M�, above which ∼95% of the
QGs are detected in both the F770W and F1000W bands at
5σ significance (with the detection rate dropping to 75% and
60% in F1500W and F1800W, respectively). The mass selec-
tion, along with a visual inspection of the cutouts to discard
artefacts and sources with poorly constrained photometry, yields
a sample of 63 candidate QGs. Finally, to identify possible
dusty star-forming galaxies (DSFGs) that are misclassified as
QGs, we fitted the full available photometry of each source
(0.43−18 µm) with Stardust (Kokorev et al. 2021). This pho-
tometric fitting code can simultaneously and independently fit
a stellar component (Brammer et al. 2008), an AGN compo-
nent (Mullaney et al. 2011), and a dust component (Draine & Li
2007; Draine et al. 2013) to the data in order to reproduce the
observed SED of a galaxy and obtain its fundamental optical
and IR properties (e.g., M∗, LIR, Mdust). We found that eight
sources in our QGs sample have infrared luminosities (LIR)
consistent with that of DSFGs (LIR > 1012 L�; Lonsdale et al.
(2006), Casey et al. (2014)) and were subsequently removed
from the sample. As shown in Fig. 2, our final sample consists
of 50 QGs with log(M∗/M�) > 9, of which 47 are at z ≈ 0.35
(0.2 < z < 0.4; low-z sample) and 3 are at z = 0.65, 0.69, 0.75
(intermediate-z sample). We note that a significant fraction of
QGs in our sample with 0.2 < zphot < 0.3 (i.e., sources
with zphot < zcluster) are likely to be cluster galaxies for which
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Fig. 3. SED fitting of QGs. Rest-frame SEDs of three low-z QGs (left panels) and the three intermediate-z QGs (right panels) from our sample.
The photometric data are colour-coded according to the broad-band filters used, while the solid lines (and the grey shaded regions) indicate the
best fit models (and corresponding uncertainties). For galaxies where the MIR emission is best fit with the template of Paspaliaris et al. (2023)
(P-QG), the best fit model is depicted with a red line. Instead, the brown solid line indicates that the MIR emission of the galaxy is best fit with a
DL07 model. The green dashed lines depict the extrapolated stellar continuum emission modelled by a BB with T = 5000 K normalised at 3.5 µm.
The light blue vertical shades indicate the positions and expected widths of the primary PAH features.

EaZY-py slightly underestimates their redshift. The majority of
these sources have zphot consistent with zcluster within 1–2σ of
the zphot uncertainty (〈σ〉 ≈ 0.06). Placing all low-z QGs at
zcluster = 0.387 does not change the main results presented below.

In order to model the MIR emission of the QGs in our
final sample we re-ran Stardust with some modifications.
First, in addition to the Draine & Li (2007) dust models (DL07)
utilised by Stardust, we also included the dust emission (con-
tinuum + PAHs) of the empirical template (P-QG) presented in
Paspaliaris et al. (2023) that was constructed to reproduce the
average IR emission of 229 local ellipticals. This step ensured
that we would be able to capture any weak dust continuum
and/or PAH emission that might be present in the spectrum of
QGs and that cannot be recovered by the DL07 dust models.
Finally, we approximated the emission of the stellar templates
at λrest > 2.2 µm as a black body (BB) with a temperature
T = 5000 K. Examples of the derived best fit SEDs for low-z
and intermediate-z QGs are presented in Fig. 3.

4. Results and discussion

The fitting methodology described above indicates that the rest-
frame MIR emission of nine galaxies from our sample can be
fully reproduced by stellar emission (BB, T = 5000 K), with-
out any contribution from a dust component. However, for the
vast majority of the QGs (41/50) a dust component on top of
the stellar emission is necessary to reproduce the observed MIRI
fluxes, revealing the presence of non-negligible amounts of dust
in the interstellar medium of low- and intermediate-z QGs with
M∗ > 109 M�. We note that varying the adopted BB temperature
for the stellar continuum within the range of T = 3000–7000 K
does not affect our results.

With the SED models of the QGs at hand, we can also com-
pile the average rest-frame UV to mid-IR spectrum of the pop-

ulation in order to get a more global and informative picture of
their rest-frame MIR emission and how it compares to that of
SFGs and local ellipticals. In Fig. 4 (top) we show the rest-frame
SEDs of the QGs normalised to their rest-frame K-band lumi-
nosity, as derived from the best fit Stardust stellar component.
We also include the rest-frame SEDs of all SFGs in our catalogue
along with the average best fit model derived by Stardust. As
expected, there is a clear distinction in their UV-optical colour;
there is also a mixture of the two populations in the UV-NIR part
of the spectrum due to red DSFGs that mimic the colours of QGs.
The dichotomy between the two population becomes more strik-
ing in the MIR (λrest > 5 µm) with QGs being up to two orders
of magnitude fainter than the SFGs for fixed stellar mass (K-
band luminosity). A notable feature in the photometry of each
MIRI band is a trend of decreasing flux density with increas-
ing rest-frame wavelength, or equally with decreasing redshift.
To investigate the origin of this anti-correlation we mimic our
observations by considering a grid of model SEDs within the
redshift range of our sample. Each SED was then convolved with
the corresponding MIRI transmission curves in order to measure
the synthetic photometry in each band, at each redshift. Bring-
ing the synthetic photometry to rest frame and normalising at
K-band (similar to the procedure applied to the real data), we
recover a similar negative gradient in each MIRI band to that
observed in the real data. We thus conclude that the perceived
trend is produced by a combination of the redshift range of the
QGs in our sample along with the shape of the throughput of the
MIRI filters.

Focusing on the QGs, in Fig. 4 (bottom) we show the com-
pilation of rest-frame SEDs of the low-z QGs along with their
individual fits and the best fit model to the running median of
the cumulative data. While, on average, we can reproduce the
MIR emission by a superposition of a stellar component and the
P-QG template, it is clear that the scatter in the rest-frame MIR
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Fig. 4. Rest-frame SEDs of SFGs and QGs in the SMACS catalogue. Top: compilation of the rest-frame SEDs of the SFGs in the SMACS catalogue
(grey circles) and the QGs in our sample (red circles). All sources are normalised to their K-band luminosity. The arrows depict the 3σ upper
limits. In dark blue are shown the average Stardust fit to the SFGs sample, with its associated uncertainty. Bottom: rest-frame SEDs of the low-z
subsample of QGs, normalised to their K-band luminosity. The photometric data are colour-coded according to the broad-band filters used. The
black solid line and the grey shaded area show the best fit model to the global data and its respective uncertainty, while the pale red lines depict
the fit to each individual galaxy in the sample. The green dashed line depicts the extrapolated stellar continuum emission modelled by a BB with
T = 5000 K normalised at 3.5 µm. In both panels, the light blue vertical stripes indicate the positions and expected widths of the primary PAH
features.

increases at longer wavelengths that correspond to the declin-
ing part of the stellar continuum emission. This indicates not
only that dust is present in the ISM of low-z QGs (see also
Donevski et al. 2023), but also that the dust emission can vary
significantly between sources. The diversity of the MIR emission
of QGs is also evident in the SEDs of the three intermediate-z
QGs presented in Fig. 3; while the UV-NIR regime of their SEDs
is nearly identical, the MIR emission exhibits a range of differ-
ent dust continuum levels and spectral features. This also reflects
the diversity found in the Spitzer/IRS spectra of the nuclei of
local ellipticals, which span from prominent PAH features (espe-
cially at 11.3 and 12.7 µm) to featureless continuum emission
(Panuzzo et al. 2011; Rampazzo et al. 2013).

While the scatter in the MIR emission of low- and
intermediate-z QGs likely originates from different dust con-
tinuum levels, the fact that the most prominent PAHs features
fall in, or close to, the MIRI bands studied here brings for-
ward an alternative and rather intriguing possibility. Specifically,
the scatter in the MIR emission of the QGs studied here could
be driven by the presence and the variation in the intensity of
PAHs in the MIR spectra of QGs. While PAHs in QGs beyond
the local universe are not yet directly detected, here we might
be getting a first glance. If indeed this is the case, then our
QGs seem to have stronger 11.3 and 12.7 µm PAHs with respect
to those at 6.2 and 7.7 µm. Interestingly, this would be con-

sistent with the MIR spectra of local elliptical (Bregman et al.
2006; Kaneda et al. 2008; Rampazzo et al. 2013), and in direct
contrast to that of SFGs, which exhibit much more prominent
6.2 and 7.7 µm features (e.g., Joblin et al. 2000; Galliano et al.
2008). Moreover, a low 7.7/11.3 PAH ratio has been associated
with a predominance of neutral to ionised PAH molecules in
the ISM (Bregman et al. 2006; Tielens 2008). The ISM can also
be enhanced by a soft radiation field that provides fewer ener-
getic photons to excite the shorter wavelength features, and to
diminish the UV field strength and increase the ratio of neutral
to ionised PAHs (Bregman et al. 2006; Rigopoulou et al. 2021;
Draine et al. 2021). To obtain a rough quantitative estimate of
the 7.7/11.3 ratio for our QGs we divide the median flux of the
data points located at the selected wavelengths, yielding a ratio
of 7.7/11.3 = 0.6−1 (depending on the adopted underlying con-
tinuum level). This value corresponds to an ionisation parameter
of G0/ne×(Tgas/103 K)1/2 = 950±75 cm3 (Galliano et al. 2008),
fully consistent with a very soft radiation field, characteristic
of the evolved stellar populations found in QGs (Renzini 1998;
Daddi et al. 2000). It is also worth mentioning that other mid-
IR lines could also contribute to the broad-band MIRI photome-
try. For example, a fraction of the F1500W flux density could
be attributed to the [NeII] 12.8 µm, which is largely blended
with the 12.7 µm PAH feature. However, based on high spec-
tral resolution observations of local ellipticals, the intensity of
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Fig. 5. Panchromatic template SED of z > 0 QGs. Augmentation of the
UV-to-MIR spectrum presented in this work with the FIR SED model
of QGs presented in Magdis et al. (2021). The UV-to-MIR spectrum
has been normalised to log(M∗/M�) = 10 and the FIR model has been
scaled to fit the MIR data resulting in a dust mass of log(Mdust/M�) =
5.75 and a gas fraction of ≈0.5%. The full SED is shown as a solid black
line and its associated uncertainty as a grey shaded region.

the 12.7 µm feature is ≥×3 larger relative to that of the [NeII]
12.8 µm emission line (Panuzzo et al. 2011). Nevertheless, we
note that the presence of, and subsequently the strength of PAHs
and other atomic or molecular species can only be confirmed
through follow-up MIR spectroscopy.

Finally, we attempt to bridge our work with recent FIR stud-
ies that have charecterised the cold dust emission and the ISM
mass budget of distant QGs. In particular, we bring together the
average UV-to-MIR model SED of the z ≈ 0.35 QGs presented
in Fig. 4 (bottom), with the MIR-to-radio SED model introduced
by Magdis et al. (2021), which is representative of the FIR emis-
sion of z > 0.3 QGs. We first normalise the UV-to-MIR SED
to log(M∗/M�) = 10 and then conjoin the two models at 20 µm
by scaling the Magdis et al. (2021) template. This scaling corre-
sponds to a dust mass of log(Mdust/M�) = 5.75 yielding a dust
fraction of fdust ≈ 0.005% and a gas fraction of fgas ≈ 0.5%,
assuming a dust-to-gas mass ratio of 100. These values are con-
sistent with the sharp decline in fgas QGs between z = 2 and the
present day that are reported in the literature (e.g., Gobat et al.
2018; Magdis et al. 2021; Blánquez-Sesé et al. 2023). Addition-
ally, the QG model SED can be used to derive an indepen-
dent estimate of the ionisation parameter. To this end, we first
scale the SED model to the mean stellar mass of the QG sam-
ple (i.e., log(M∗/M�) = 10.5). We then employ the photodis-
sociation region model described in Kaufman et al. (1999) and
Pound & Wolfire (2008), and convert the total infrared luminos-
ity of the model (LIR = 1.4 × 108 L�) to a UV radiation field
(G0 = 12.5). Finally, assuming a range of gas temperatures
(Tgas ≈ 50−300 K) and electron densities (ne ≈ 102−105 cm−3)
appropriate for the G0 value of the template, we infer an ioni-
sation parameter of G0/ne × (Tgas/103 K)1/2 ≈ 1−1300 cm3 that
nicely brackets our estimate based on a 7.7/11.3 PAH interband
ratio. The panchromatic UV-to-radio template SED is presented
in Fig. 5 and is made publicly available1 to facilitate future stud-
ies of QGs beyond the local universe.

5. Conclusions

In this work we presented an initial study of the MIR emission of
QGs beyond the local universe, taking advantage of deep NIR-
Cam and MIRI JWST observations of the SMACS-0723 clus-
ter field. We report the detection of dust emission in the MIR
spectra (λrest = 4−14 µm) of z = 0.2−0.7 QGs which is 1–2
order magnitudes fainter than that of SFGs. For fixed stellar mass
the rest-frame UV-to-NIR spectrum of the QGs appears to be

rather homogeneous, while the MIR emission of the population
is characterised by a larger degree of diversification, especially
at λrest > 5 µm. This scatter can be attributed to different dust
continuum levels and/or the presence of PAHs in the spectra of
QGs. The latter would indicate enhanced 11.3 and 12.7 µm PAH
features compared to those at 6.2 and 7.7 µm, consistent with the
observed MIR spectra of local ellipticals and the soft radiation
fields that are expected in the ISM of passive galaxies. Finally,
we constructed and have made publicly available a panchromatic
(UV-to-radio) SED that could serve as a template for future stud-
ies of distant QGs.

This study serves as a first step towards a better understand-
ing of the MIR properties of QGs beyond the local universe and
paves the way for follow-up spectroscopic observations that are
necessary for the detailed characterisation of their ISM.
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