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ABSTRACT

Centaurus A (Cen A), the nearest active radio galaxy, hosts a warped dust disc formed in a gas-
rich merger. We present JWST/MIRI imaging in three filters, FS60W, F770W, and F1130W,
of this central disc over a ~ 4 X 2 kpc region to characterise its resolved mid-infrared stellar
populations. The images reveal a system of extended dusty structures, previously identified
with Spitzer as an “oval dusty shell”, now resolved into multiple loop-like features that are
brightest in F1130W and closely associated with the warped disc. Colour—magnitude and
colour—colour diagnostics reveal a distinct population of 928 red point sources with strong
infrared excess, accounting for ~36 per cent of sources with high-quality photometry in all three
bands, spatially confined to the disc. These sources exhibit rising mid-infrared spectral slopes
indicative of emission from warm dust. Their colours and spatial distribution are consistent
with a population dominated by embedded young stellar objects, tracing recent (~ 10°—10° yr)
star formation within the disc. The strong geometric alignment of these sources with the disc,
together with the lack of correlation with the radio jet, suggests that star formation in the central
regions of Cen A is primarily regulated by merger-accreted gas, with no strong evidence for
AGN jet—-ISM interactions.
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galaxies: star formation galaxies: ISM galaxies: active
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1 INTRODUCTION

Centaurus A (hereafter Cen A; NGC 5128) is the nearest active
radio galaxy, at a distance of D ~ 3.8 Mpc (Neumayer et al. 2007;
Harris 2010). It is a giant elliptical galaxy hosting an active galactic
nucleus (AGN; Lpo; ~ 10* — 4 x 108 ergs™!) and a prominent,
complex dust lane crossing its nucleus, interpreted as the remnant
of a merger with a gas-rich disc galaxy (e.g. Israel 1998; Quillen
et al. 2006). Cen A also drives a powerful radio jet extending over
hundreds of kiloparsecs, oriented approximately perpendicular to
the circumnuclear warped disc (Clarke et al. 1992; Hardcastle et al.
2003; Espada et al. 2017). These characteristics make it a key lab-
oratory for studying the interplay between AGN activity and the
interstellar medium (ISM).

The merger is estimated to have occurred ~2 Gyr ago (Wang
et al. 2020), although its present-day structure may also reflect
earlier assembly and subsequent growth through minor mergers and
accretion (e.g., Rejkuba et al. 2022). The prominent dust lane and
associated shells trace a warped disc extending ~12 kpc across the
galaxy, with a median position angle of 122° + 4° and a near edge-
on inclination (Graham 1979; Quillen et al. 2010). The accreted
disc hosts star formation at a rate of ~ 0.1-1 Mg yr~! (Marconi
et al. 2000). This episode likely began ~50 Myr ago and is traced
by Hu regions, OB associations, and infrared recombination-line
emission (e.g. Paa) along the dust lane (Dufour et al. 1979; Hodge
& Kennicutt 1983; Schreier et al. 1996; Marconi et al. 2000).

Recent star formation in the central regions is linked to the
accretion of gas-rich material, which may have replenished the disc
(e.g. Quillen et al. 1993). The star-forming disc extends to radii
of ~4kpc, while neutral hydrogen (Hr1) is detected out to ~7 kpc
(Quillen et al. 1992; van Gorkom et al. 1990; Schiminovich et al.
1994). Kinematically, the star-forming disc is distinct from the el-
liptical component: the stars and globular clusters exhibit low rota-
tion, whereas the gas- and dust-rich disc shows substantially higher
rotational velocities (Quillen et al. 1992). Together, these proper-
ties indicate a dynamically complex system in which merger-driven
accretion has established a long-lived, actively star-forming disc
embedded within an early-type galaxy.

On larger scales, Cen A exhibits an extended stellar halo with
shells and streams that trace its hierarchical assembly history, con-
sistent with continued growth through mergers and accretion (Re-
jkuba et al. 2022). Resolved stellar population studies have primar-
ily targeted halo fields several kiloparsecs from the galaxy centre,
where stellar crowding and extinction by the central dust lane are
reduced. Deep optical and near-infrared imaging of these outer re-
gions, spanning ~10-40kpc (~1.5-7 ref), has resolved individual
red giant branch (RGB) and asymptotic giant branch (AGB) stars
down to the horizontal branch (e.g. Soria et al. 1996; Harris &
Harris 2002; Rejkuba et al. 2005). These studies show that the halo
is dominated by an old (> 8 Gyr), moderately metal-rich stellar
population (-1.0 < [M/H] < 0.0), with a significant intermediate-
age component (age ~2—4 Gyr), particularly in the inner halo. This
component contributes up to ~10-40% of the stellar mass and in-
dicates extended star formation over several Gyr. While the bulk of
the halo stars formed more than ~5-8 Gyr ago, the presence of this
intermediate-age population demonstrates that star formation con-
tinued to more recent epochs, consistent with past merger activity
(Rejkuba et al. 2003, 2005; Wang et al. 2020). Localised star forma-
tion is also observed in halo filaments, but occurs at low levels and
contributes negligibly to the overall stellar mass of the halo (Mould
et al. 2000; Crockett et al. 2012; Keel et al. 2019).

Disentangling the drivers of star formation in AGN host galax-

ies remains challenging, as it may arise either from large-scale gas
inflows induced by mergers or from localised compression of the
ISM through AGN-driven outflows and jets. In Cen A, very young
(s 10-15 Myr) stellar populations have been identified in ~kpc-
scale filamentary structures located ~ 8—15 kpc from the nucleus,
associated with radio lobes extending over tens to hundreds of kilo-
parsecs (Mould et al. 2000; Crockett et al. 2012). These regions are
widely interpreted as sites of jet-ISM interaction, where the radio jet
interacts with cold gas (Oosterloo & Morganti 2005; Santoro et al.
2015). In contrast, the compact (< 4 kpc) central disc is thought to
be fuelled by merger-driven gas accretion (Wang et al. 2020), high-
lighting the coexistence of multiple star formation pathways within
a single system.

Stellar populations within the “parallelogram” of Cen A, a
~3 kpc dust structure first identified in Spitzer/IRAC imaging and
interpreted as the projected morphology of the galaxy’s dusty, ~10—
12 kpc warped disc (Quillen et al. 2006, 2008), remain poorly con-
strained due to severe internal extinction (Ay ~ 7-15 mag, with
typical values of ~ 7 mag in the dust lane and ~ 14 mag toward the
nucleus; Marconi et al. 2000), which strongly attenuates optical and
near-infrared emission. Mid-infrared observations are therefore re-
quired, as they penetrate dense dust and trace both evolved stars and
embedded star formation. Previous Spitzer observations revealed
polycyclic aromatic hydrocarbon (PAH) emission and warm dust
in Cen A (Quillen et al. 2008), but lacked the spatial resolution
to resolve individual stellar sources within the disc. JWST/MIRI
imaging now enables resolved studies of these populations across
the central kiloparsecs of Cen A, while MIRI/MRS observations
of the central ~ 7" x 12" (~ 100 x 200 pc) have already revealed
parsec-scale structure in the circumnuclear environment, including
warm molecular gas, ionised gas, and PAH emission associated with
AGN feedback (Alonso Herrero et al. 2025; Evangelista et al. 2026;
Pantoni et al. 2026).

In this paper, we present JWST/MIRI imaging of the central
regions of Cen A, spanning ~ 4 X 2 kpc, to characterise its resolved
mid-infrared stellar populations. The observations, data reduction,
and photometry are described in Section 2. In Section 3, we use
mid-infrared colour diagnostics to identify dust-enshrouded sources
and analyse their spatial distribution. The nature of these sources and
their association with the warped dust disc of Cen A are discussed
in Section 4, and our conclusions are summarised in Section 5.

2 OBSERVATIONS AND REDUCTION
2.1 Observations

We present mid-infrared imaging of the central disc and nucleus
of the nearby radio galaxy Centaurus A obtained with the Mid-
Infrared Instrument (MIRI; Rieke et al. 2015; Wright et al. 2023)
aboard the James Webb Space Telescope (JWST, Gardner et al.
2023; Rigby et al. 2023). These observations are part of the MIRI
European Consortium Guaranteed Time Observations programme
Mid-Infrared Characterisation of Nearby Iconic Galaxy Centres
(MICONICQ).

MIRI imaging (Dicken et al. 2024) from Programmes 1269
and 4529 was combined to produce a contiguous 3 X 1 mosaic of
the central region and inner disc of Centaurus A in the F560W,
F770W, and F1130W filters, using the FULL detector array and a
four-point cycling dither pattern optimised for extended emission.
Programme 1269 was carried out on 2023 March 19 and employed
MIRI Medium—Resolution Spectroscopy (MRS) as the prime ob-
serving mode, using a position angle between 23 and 345 degrees.
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MIRI imaging data were obtained simultaneously. The associated
MRS observations are presented by Alonso Herrero et al. (2025),
Pantoni et al. (2026), and Evangelista et al. (2026). For the imaging
component, each filter was observed with 25 groups per integration,
two integrations per exposure, and four dithers, resulting in a total
on-source integration time of 1199 s per filter.

Dedicated MIRI imaging to extend the spatial coverage of the
Centaurus A disc was obtained in Programme 4529, executed on
2025 July 05. These observations were arranged as two individual
pointings in a non-interruptible sequence, completing the three-
tile coverage of the Centaurus A disc. In this case the observation
position angles were not constrained, allowing greater scheduling
flexibility; instead, different coordinates were employed for each of
the two individual mosaic tiles to optimise coverage of the central
region within the available observing time. Each tile was observed
with 10 groups per integration and two integrations per exposure,
again using four dithers per filter, yielding a total on-source inte-
gration time of 233 s per filter per tile. A summary of the mid-IR
observations is provided in Table 1.

The final mosaic spans approximately 6.9 arcmin®, corre-
sponding to physical scales of order a few kiloparsecs at the distance
of Cen A (1" =~ 18 pc), and encompasses the active nucleus and the
surrounding warped dust disc. The footprint of the combined mosaic
is shown in Fig. 1. Itis centred on the nucleus at RA = 13h25™27.6°,
Dec = —43°01709".3 (J2000).

2.2 MIRI Image Processing

The MIRI imaging data from Programmes 1269 and 4529 were
simultaneously processed using the standard JWST calibration
pipeline (3wst v1.20.2) (Bushouse et al. 2025), with calibration con-
text jwst_1464.pmap. All individual files were processed through
the initial stages of the pipeline, calwebb_detectorl and cal-
webb_image?2, following the default steps and pipeline configura-
tion. The individually calibrated files were then combined into mo-
saics using the default processing steps in the calwebb_image3
stage of the pipeline. During the calwebb_image3 stage, the
distortion-corrected exposures from different epochs were aligned
and combined into a common astrometric frame; no additional
image-registration or band-alignment steps were required. The re-
sulting mosaics had excessively flagged outliers in some filters due
to assumptions made by the skymatch step regarding the overlap
area used to compute image statistics between pairs of exposures.
This issue was particularly evident in the edge regions of individ-
ual F770W images. Following consultation with the JWST Help
Desk, the skymatch step was omitted from the processing. This
substantially improved the quality of the resulting mosaics.

Figure 2 shows a three-colour composite of the final MIRI mo-
saic of Centaurus A, combining the F560W, F770W, and F1130W
filters. The image highlights the complex morphology of the warped
dust disc and associated filamentary structures that dominate the
mid-infrared emission across the central regions of the galaxy (see
Section 3.3), as well as numerous sources distributed throughout
the field of view. The active nucleus is visible at the centre of the
mosaic as a bright, compact source located between the prominent
dust lanes of the warped disc.

2.3 Source Detection and Photometry

Source detection and point-spread-function (PSF) photometry were
performed using starBuGn (Nally 2023; Nally et al. 2024) ver-
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50” (~850 pc)

Figure 1. Colour composite image of Centaurus A: red corresponds to
5.8 um emission from Spitzer/IRAC (Quillen et al. 2006), green to X-ray
emission from Chandra/ACIS (Hardcastle et al. 2007), and blue to the VLA
radio jet (Hardcastle et al. 2003). The MIRI imaging mosaic (this work)
is outlined in solid white, while the MICONIC MIRI/MRS footprint of
the central 7”7 x 12" (see Alonso Herrero et al. 2025; Pantoni et al. 2026;
Evangelista et al. 2026) is indicated by the black and white dashed line.
North is up, and east is to the left.

sion v0.7.7, a Python-based package optimised for JWST photom-
etry in crowded fields and in spatially complex diffuse emission.
STARBUGII has previously been applied to JWST observations of
dust-rich environments in nearby galaxies (D < 20 Mpc), including
studies of resolved stellar populations and deeply embedded low-
mass sources (e.g., Jones et al. 2023; Habel et al. 2024; Lenkic et al.
2024; Zeidler et al. 2024; Yasui et al. 2026).

Source detection was conducted on the Stage 3 mosaics in the
MIRI F560W, F770W, and F1130W filters. Detections were per-
formed independently in each band using the sTarRBUGH detection
algorithm, which identifies statistically significant local maxima rel-
ative to a locally estimated background. This method is well suited
to the Cen A field, where strong and highly structured mid-infrared
emission from dust and polycyclic aromatic hydrocarbons (PAHs)
produces a spatially variable background. The detection parameters
adopted for each filter are summarised in Table 2. These were tuned
separately for each band to account for background structure, en-
abling sensitivity to faint point sources while limiting contamination
from structured peaks in the diffuse dust emission.

During the detection stage, aperture photometry was per-
formed for all identified sources to provide initial flux estimates and
to define the source lists used as positional priors for subsequent
PSF fitting. The resulting catalogues were filtered using morpho-
logical criteria, including sharpness, roundness, and smoothness, to
remove resolved sources.

PSF photometry was performed on the individual Stage 2 cal-
ibrated exposures using the starBucl PSF-fitting routines. Per-
forming the photometry on these exposures avoids correlated noise
introduced during image mosaicking and preserves the native pixel
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Table 1. Summary of JWST/MIRI imaging observations of the disc of Centaurus A.

Programme  Cycle PI Date Filters Dithers ~ GroupsxInts  fexp ()
1269 1 Luetzgendorf 20230319  F560W, F770W, F1130W 4 25%2 1199
4529 3 Dicken 20250705  F560W, F770W, F1130W 4 10x2 233

Notes. All observations used a four-point cycling dither pattern optimised for extended emission and were obtained with the FULL detector array. Both
programmes are part of the MICONIC Guaranteed Time Observations programme.

Figure 2. Three-colour JWST/MIRI mosaic of the central region and inner disc of Centaurus A. The image combines FS60W (blue), F770W (green), and
F1130W (red), highlighting the prominent warped dust disc, filamentary structures, and the active nucleus. The nucleus appears as a bright compact source

located between the prominent dust lanes of the warped disc. The mosaic covers approximately 6.9 arcmin?.
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Table 2. starBUGH parameters used for aperture and point-spread function
photometry in the MIRI observations of Cen A.

Parameter F560W  F770W F1130W
SIGSRC 35 32 3.0
SIGSKY 1.5 1.5 1.5
RICKER_R 1.0 1.0 1.0
SHARP_LO 0.4 0.4 0.3
SHARP_HI 0.9 0.9 0.6
ROUND_LO/HI +1.0 +1.0 +1.3/-1.4
APPHOT_R 1.5 1.5 1.5
SKY_RIN 3.0 3.0 3.0
SKY_ROUT 4.5 4.5 4.5
BOX_SIZE 2 2 2
CRIT_SEP 6 6 6
MATCH_THRESH 0.1 0.1 0.1
NEXP_THRESH All All All

sampling, improving positional accuracy. During the fitting proce-
dure, small adjustments to source centroids relative to the mosaic-
derived positions were permitted, while local background levels
were simultaneously estimated and subtracted to mitigate the ef-
fects of diffuse emission. Photometry is reported in AB magnitudes
using the standard JWST MIRI photometric zero-points provided
by the pipeline calibration.

This process produced an independent catalogue for each
dithered Stage 2 exposure in each filter. Within each band, these
catalogues were spatially matched using the STARBUGIH matching
routines, adopting a maximum positional separation appropriate for
the filter point-spread function. Sources detected in only a single
exposure were rejected to suppress transient artefacts such as cos-
mic rays, and flux measurements from the remaining exposures
were combined to produce a single per-band catalogue in AB mag-
nitudes. The resulting photometric uncertainties as a function of
magnitude for the MIRI FS60W, F770W, and F1130W filters are
shown in Figure 3.

The final band-matched photometric catalogue for Cen A was
constructed by matching sources across filters using their astro-
metric positions. Only sources with photometric uncertainties of
< 0.4 mag in at least one band are included in the final catalogue.
The final catalogue contains a total of 58,445 sources, of which
4,745 are detected in all three MIRI bands. Of these, 2,558 have
photometric uncertainties < 0.1 mag in all bands and are used for
subsequent analysis. This more stringent threshold ensures robust
colour measurements for population separation, while the 0.4 mag
limit preserves completeness in the catalogue. Source coordinates
were adopted from the shortest-wavelength filter in which each
source was detected, reflecting the higher astrometric precision at
shorter wavelengths. Table 3 summarises the number of detections
in each filter and the photometric completeness, derived from the
turnover of the luminosity functions in each band (Figure 4).

The contents of the final Cen A band-matched catalogue are
described in Table 4. The catalogue provides astrometric positions
in the ICRS frame together with AB magnitudes and associated
uncertainties for each MIRI filter. Magnitudes are not corrected for
foreground or internal extinction. The full band-matched catalogue
is released in electronic, machine-readable form with this paper.
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Figure 3. Photometric uncertainty as a function of AB magnitude for sources
detected in the MIRI F560W, F770W, and F1130W filters. The Cen A band-
matched catalogue includes sources with uncertainties up to 0.4 mag. The
red horizontal line indicates the more stringent 0.1 mag uncertainty threshold
used in this work.
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Table 3. Summary of the final band-matched PSF-photometry catalogues
for the MIRI observations of Cen A. Source counts are listed for each band;
the final merged catalogue contains 58 445 unique sources.

Filter Number of sources ~ Completeness limit (mag)
F560W 36754 2291
F770W 21434 21.71
F1130W 19838 20.71

Table 4. Description of columns in the final band-matched MIRI photomet-
ric catalogue for Cen A. The full catalogue contains 58,445 sources with
photometric uncertainties < 0.4 mag in at least one band; a more stringent
< 0.1 mag cut is applied for analysis in this work.

Column Description
CN Catalogue source identifier
RA Right ascension (ICRS; degrees)
Dec Declination (ICRS; degrees)
F560W AB magnitude in the MIRI F560W filter
eF560W Uncertainty on FS60W magnitude
F770W AB magnitude in the MIRI F770W filter
eF770W Uncertainty on F770W magnitude
F1130W AB magnitude in the MIRI F1130W filter
eF1130W  Uncertainty on F1130W magnitude

3 RESULTS

3.1 Resolved Stellar Populations

The depth and angular resolution of the JWST/MIRI observations
enable resolved mid-infrared point sources to be studied across the
central regions of Cen A. In this section, we use colour—-magnitude
(CMD) and colour—colour diagrams (CCD) constructed from the
Cen A point-source catalogue to identify distinct source populations
and to isolate objects exhibiting infrared-excess emission. Unless
otherwise stated, only sources with photometric uncertainties <
0.1 mag are included (see Section 2.3). A total of 2,558 sources
satisfy this criterion and are used for analysis.

3.1.1 MIRI Colour-Magnitude and Colour—Colour Diagrams

Colour-magnitude and colour—colour diagrams constructed from
the high-quality sample of 2,558 sources are shown in Figs 5 and 6.
The CMD plots F560W magnitude as a function of FS60W-F770W
colour, while the CCD shows F560W-F770W versus F560W-
F1130W.

The F560W vs. F560W-F770W CMD in Fig. 5 exhibits a
clear bimodality. This indicates that two physically distinct popula-
tions are present, rather than a continuous distribution shaped solely
by extinction. The CMD is most densely populated near FS60W—
F770W =~ 0, with these sources spanning the full range of FS60W
magnitudes. The relatively modest colour spread of this popula-
tion is consistent with stellar photospheric emission (Jones et al.
2017b; Habel et al. 2024; Nayak et al. 2024; Yasui et al. 2026),
with the scatter likely driven by spatially variable internal extinc-
tion within Cen A. A second population is present at significantly
redder colours, with a mean (F560W—F770W) = 2.20 mag, while
spanning a similar range in FS60W magnitude. The red colours
are indicative of strong dust emission, consistent with a substan-
tial, physically distinct population of enshrouded sources in Cen A.

17
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20

F560W

21
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24
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Figure 5. FS60W versus FS60W-F770W colour-magnitude diagram for
Cen A point sources. Grey points show all 2,558 sources; red points indicate
the 928 objects with an infrared excess. Representative uncertainties as a
function of magnitude are indicated on the right.

The separation is also apparent in the colour—colour plane (e.g.,
Fig. 6). The resolved stellar population in Cen A therefore includes
both a population dominated by stellar photospheric emission and a
significant red, dust-enshrouded population. The separation is less
distinct in F770W-F1130W, where increased overlap likely reflects
the contribution of PAH emission at longer wavelengths. These
colours correspond to rising mid-infrared spectral slopes, indica-
tive of warm dust emission rather than stellar photospheres.

To select the red, dust-enshrouded sources identified in the
Cen A CMDs and CCDs, we require F560W — F770W > 1.4 mag
and F560W — F1130W > 1.8 mag. Only sources with photomet-
ric uncertainties < 0.1 mag in all bands are included. These cuts
are chosen based on the minimum in source density separating the
two populations in colour space. Similar separations between photo-
spheric and dust-enshrouded sources are seen in JWST/MIRI studies
of nearby star-forming regions (e.g., Habel et al. 2024; Nayak et al.
2024; Lenkic et al. 2024), as well as in MIRI colour predictions for
evolved stars and young stellar objects (YSOs) based on radiative
transfer models and empirical mid-IR spectra (Jones et al. 2017b).
This selection yields a total of Nig = 928 red, dust-enshrouded
sources, corresponding to 36.3% of sources with o < 0.1 mag in
all three bands. These infrared-excess sources are highlighted as red
points in Figs 5 and 6.

3.1.2  Spatial Distribution and Association with Dust Structures

Having identified a distinct population of red, dust-enshrouded
sources from their mid-infrared colours, we now examine their
spatial distribution. Figure 7 presents the spatial distribution of
the stellar populations identified in the CMDs and CCDs across
the central region of Cen A, restricted to sources detected in all
three MIRI bands with photometric uncertainties < 0.1 mag. The
red, dust-enshrouded sources closely trace the warped dust disc of
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Figure 6. Colour—colour diagram of F560W — F770W versus F560W —
F1130W for the Cen A point-source sample. The dashed lines mark the
adopted colour cuts used to select the red dust-enshrouded population. Sym-
bols are colour-coded as in Fig. 5

Cen A, in contrast to the more uniformly distributed population
dominated by photospheric emission. This reveals distinct spatial
distributions for the two populations and their differing associations
with the galaxy’s large-scale dust structures.

Figure 8 overlays the red, dust-enshrouded sources on the MIRI
F1130W image, illustrating their close spatial association with the
large-scale dust structures in the galaxy. The red sources are con-
centrated along the warped dust disc and its associated lanes and
filaments visible in the mid-infrared, with relatively few located in
regions largely devoid of diffuse dust emission. The lower panels
of Figure 8 show close-up views of regions surrounding representa-
tive red, dust-enshrouded sources (panels 1-4). The compact point
sources are spatially coincident with narrow dust filaments and
pillar-like features, often located at their tips or embedded within
the brightest mid-infrared emission. Such morphologies are com-
monly observed in nearby star-forming regions, where embedded
sources are found within dense, irradiated dust structures (Reiter
etal. 2022; Jones et al. 2023; André et al. 2025; Zeidler et al. 2024).
The IR-excess sources (including candidate YSOs) broadly trace
both the dusty filaments and the warped disc, consistent with star
formation occurring in deeply embedded, dust- and molecular gas-
rich environments. This spatial association is further supported by
high-resolution CO observations, which reveal that the molecular
gas in Cen A is organised into filamentary structures throughout the
dust lane (Espada et al. 2019), providing the dense environments
required for embedded star formation.

A principal component analysis of the source positions (RA
and Dec) demonstrates that the red, dust-enshrouded sources form a
strongly flattened distribution, with 94 per cent of the variance cap-
tured by the first principal component, aligned with the major axis
of the warped disc. In contrast, sources dominated by stellar photo-
spheric emission are more broadly distributed, with only ~ 85 per
cent of the variance captured by the first component, reflecting a
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more spatially extended distribution. Consistent with this geometry,
the red, dust-enshrouded sources are confined to a thinner structure,
with a dispersion perpendicular to the disc of o req = 0.38 kpc
compared to 07| grey = 0.63 kpc for the stellar photospheric popula-
tion. This difference supports a thin, dust-embedded disc component
superposed on a more vertically extended stellar distribution.

3.2 Spectral Properties of the Red Source Population

Figure 9 compares the median normalised mid-infrared spectral en-
ergy distributions (SEDs) of the colour-selected red sources and
the main point-source population. The red sources exhibit system-
atically rising continua across the MIRI bands, in contrast to the
comparatively flatter SEDs of the main population. The red sources
have a median spectral slope of @ = 3.55 (16-84 per cent range:
2.95-4.24), compared to @ = 1.60 (0.86-2.33) for the main popula-
tion, where « is defined between 5.6 and 11.3 um. The weak rise ob-
served in the median SED of the main population is likely driven by
the increasing MIRI point-spread function with wavelength, which
leads to residual inclusion of diffuse background emission. This in-
cludes low-level PAH contribution (Leroy et al. 2023; Rigopoulou
et al. 2024; Pantoni et al. 2026), particularly in the F1130W band
encompassing the 11.3 um PAH feature, potentially enhancing the
flux and thereby steepening the inferred slopes.

Extinction alone is unlikely to account for these steep spec-
tral slopes. The mid-infrared extinction curve is relatively flat, with
A5.6;4m ~0.05 AV and All.fmm ~0.02 Av, implying AA ~ 0.03 AV
across the MIRI bands. For typical values in Cen A (Ay ~ 7-15),
this corresponds to only ~ 0.2-0.5 mag of reddening, insufficient
to produce the strongly rising continua observed. The large positive
slopes therefore require substantial intrinsic emission from warm
circumstellar dust associated with embedded sources. In contrast,
the more modest slopes of the main population (o ~ 1-2) are con-
sistent with predominantly photospheric emission, with the slight
positive slopes arising from extinction and residual diffuse back-
ground emission.

3.3 Dusty shell morphology and PAH properties

The warped, nearly edge-on disc extends across the galactic nucleus
along the east—west direction (Quillen et al. 2006, 2008). Its distinct
parallelogram morphology arises from line-of-sight projections of
folds within a geometrically thin structure. Rich in molecular gas
(Quillen et al. 1992), this region serves as the principal site of on-
going star formation within the galaxy (Quillen et al. 1992; Mirabel
et al. 1999; Leeuw et al. 2002; Quillen et al. 2006).

The three-colour JWST MIRI image (Fig. 2) reveals a sys-
tem of extended mid-infrared structures, most prominently traced
by the F1130W filter. These structures are also clearly visible in
the F770W and even in the FS60W images, although the emission
becomes progressively fainter towards shorter wavelengths. They
appear as a series of loop-like or bubble-like features located above
and below the well-known parallelogram associated with the warped
disc. Earlier Spitzer observations with IRAC and IRS identified a
related large-scale structure, referred to as an “oval dusty shell”
(Quillen et al. 2006, 2008), which was particularly prominent in the
11.3 um PAH emission feature. The improved angular resolution
of MIRI now resolves this structure into multiple distinct loops, in-
dicating a significantly more complex morphology than previously
recognised.

The dusty shells appear clearly distinct from the inner warped
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Figure 7. Spatial distribution of resolved sources in the central region of Cen A. Grey points show all sources detected in all three MIRI bands with photometric
uncertainties < 0.1 mag, while red circles indicate the dust-enshrouded sources selected using the mid-infrared colour criteria. A 1 kpc scale bar is shown.

disc both morphologically and spectrally. In particular, previous
work (Quillen et al. 2008) has shown that the shell exhibits relatively
enhanced 11.3 ym PAH emission compared to the 7.7 um feature,
implying elevated 11.3 um to 7.7 um PAH ratios relative to those
measured in the star-forming regions of the parallelogram. This
behaviour is suggestive of a PAH population that is more neutral,
similar to that observed in outflow environments of nearby active
galaxies (e.g. Garcfa-Bernete et al. 2024), as well as in the star-
formation-driven wind of the nearby starburst galaxy M82 (Cronin
et al. 2026; Villanueva et al. 2025), where JWST observations show
that PAH emission traces cold molecular gas within the outflow.
The origin of these structures remains uncertain. Their mor-
phology is reminiscent of large-scale bubble or shell features, analo-
gous to the Galactic Centre hyper bubble. One possibility is that they
are linked to energetic processes associated with the active nucleus,
such as past episodes of jet activity or feedback. This is illustrated
in Fig. 10, which compares the mid-infrared emission with tracers
of the cold molecular gas (CO(1-0); Espada et al. 2019) and the
large-scale radio jet (Hardcastle et al. 2003). The radio emission is
highly collimated and does not align with the brightest mid-infrared
loops, suggesting that the relationship between the dusty structures

and the radio lobes is not clearly established. A similar lack of cor-
respondence is seen in the distribution of ionised gas tracers such as
[O IV] (Quillen et al. 2008). A comparison including X-ray emis-
sion tracing the hot gas associated with the jet is shown in Fig. 11,
reinforcing the lack of spatial correspondence between the jet and
the mid-infrared structures.

The dusty shells are also known to be rich in molecular gas
based on earlier infrared spectroscopy. Nevertheless, there is little
evidence for significant ongoing star formation within these struc-
tures, as indicated by the apparent lack of embedded young sources
in the images presented here. This combination of abundant dust
and molecular gas with low star formation efficiency may indicate
that the gas is dynamically heated and stabilised against collapse.
JWST/MRS observations show that the molecular gas within the
inner ~100 pc is subject to strong turbulent dissipation and shock
heating, maintaining temperatures above ~100 K (Evangelista et al.
2026). While these measurements probe much smaller scales than
the shells, such conditions can inhibit gravitational collapse, thereby
suppressing star formation despite the presence of substantial gas
TeServoirs.

MNRAS 000, 1-14 (2026)



JWST/MIRI Star Formation in Cen A 9

800pc

Figure 8. Positions of the red, dust-enshrouded sources from Figure 7 overlaid on a wide-field MIRI F1130W image of the central region of Cen A (top).
Boxes in the top panel mark the locations of the zoomed-in regions, labelled 1-4. The lower panels sample a range of dust structures within the warped disc,
with red circles indicating sources selected via the MIRI colour criteria. The red sources are strongly concentrated along the prominent dust lane and associated

filamentary structures visible in the mid-infrared emission.
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Figure 9. Median normalised mid-infrared SEDs of the colour-selected red
sources (red) and the main point-source population (grey) in Cen A. Fluxes
are normalised at FS60W (5.6 um); shaded regions show the 16—84 per cent
ranges. The red population exhibits a systematically steeper mid-infrared
continuum consistent with emission dominated by warm dust.

4 DISCUSSION
4.1 Nature of the dust-enshrouded population

The JWST/MIRI observations presented here reveal a distinct pop-
ulation of mid-infrared point sources with strong colour excesses
that trace the warped dust disc of Cen A. While their photomet-

MNRAS 000, 1-14 (2026)

ric properties clearly indicate emission dominated by warm dust,
their physical nature cannot be uniquely determined from colours
alone; however, spatial and demographic constraints strongly limit
the range of viable interpretations.

In mid-IR colour space, embedded YSOs and evolved stars un-
dergoing intense mass loss (M 2 107> Mg yr~!) can overlap. YSOs
span a broad range of colours driven by envelope opacity, geometry,
and evolutionary stage, while evolved stars follow more structured
sequences governed primarily by dust chemistry and mass-loss rate
(Jones et al. 2017b; Robitaille et al. 2006). The reddest colours are
typically associated with heavily embedded, envelope-dominated
YSOs, corresponding to early evolutionary stages (Stage I; ages
~ 10°-10° yr), but can also be reached by the most extreme AGB
stars during the short-lived superwind phase.

The two populations seen in our MIRI colour-magnitude dia-
grams are also observed in JWST/MIRI studies of Local Group star-
forming regions, where CMDs show a narrow sequence of evolved
sources and a separate red population associated with embedded
YSOs (Lenkié et al. 2024; Habel et al. 2024; Nayak et al. 2024).
In contrast, JWST studies of more quiescent, galaxy-wide stellar
populations (e.g., Nally et al. 2024) show a weaker separation and
a less well-populated red component. The prominent red popula-
tion in our MIRI CMDs is consistent with a population dominated
by embedded YSO candidates and exhibits colours expected for
envelope-dominated (Stage I) YSOs, which typically have ages of
~ 10°-10° yr.
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Centaurus A Core: Aligned Multi-Wavelength Kinematics
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Figure 10. Comparison of the JWST/MIRI F1130W emission with tracers of cold molecular gas and radio continuum in Cen A. The JWST/MIRI F1130W
image is overlaid with contours of CO(1-0) emission (cyan contours, from Espada et al. 2019, with a beam of 1"x1.5"), tracing the cold molecular gas, and
VLA 21 cm radio continuum (blue contours) tracing large-scale radio emission (Hardcastle et al. 2003). The mid-infrared loop and filamentary structures
closely follow the warped dust disc and molecular gas distribution, while showing little correspondence with the extended radio emission.

These properties are consistent with the broader star-forming
environment in Cen A, in which the warped disc is rich in molecular
gas (Quillen et al. 1992, 2008) and constitutes the primary site of
ongoing star formation. Optical photometry has revealed increas-
ingly blue colours towards the dust lane, a wide colour spread at
its edges, and predominantly red colours within the dust lane itself
(van den Bergh 1976). This behaviour is attributed to a young stellar
population emerging from dust, and is supported by the numerous
Hu regions in the central dust band (Dufour et al. 1979; Hodge &
Kennicutt 1983) and the very blue stellar populations at its north-
western and southeastern edges (van den Bergh 1976). The strong
spatial correlation between the red sources and filamentary dust
structures is consistent with embedded star formation within dense,
dusty environments.

Cen A hosts a substantial population of evolved stars, including
intermediate-age (~ 2—4 Gyr) asymptotic giant branch (AGB) stars
(Rejkuba et al. 2001, 2022; Aghdam et al. 2024). AGB stars trace
older stellar populations (> 30 Myr), while red supergiants (RSGs)
trace younger post-main-sequence populations (~ 10-30 Myr) and
can also exhibit infrared excess. Both phases experience strong mass
loss, with rates up to ~ 107> Mg yr™!, returning as much as ~ 80%
of their mass to the ISM through dust-driven winds (Habing &
Olofsson 2003).

AGB stars in Cen A are expected to follow the underlying
stellar mass distribution and therefore exhibit a relatively smooth
spatial profile (Rejkuba et al. 2022). They would therefore follow
the broader stellar component rather than being tightly confined

to high-column density features, as observed here. Extreme, dust-
enshrouded evolved stars are rare, comprising only ~4 per cent of the
evolved stellar population in the Large Magellanic Cloud (~1340 out
of ~ 3x10% sources; Riebel et al. 2012; Srinivasan et al. 2009; Boyer
etal.2012; Jones et al. 2017a). The number of red sources identified
(Nr = 928) far exceeds the expected population of extreme AGB
stars based on scaling from Local Group systems. Moreover, far-
infrared surveys show that sources occupying the reddest regions of
Spitzer colour-magnitude space are dominated by YSOs, with only
anegligible contribution from dusty evolved stars (Seale et al. 2014;
Jones et al. 2015). While an AGB population could exhibit some
degree of flattening, it is unlikely to reproduce the highly flattened
distribution, strong confinement to the warped disc, and association
with filamentary dust structures observed here. This morphology
implies that any contribution from evolved stars must be minor.

PAH features are rarely observed in AGB stars (Sloan et al.
2007), and in principle the 11.3 um emission could help distinguish
them from YSOs. However, strong diffuse PAH emission across the
Cen A disc means that the F1130W flux cannot be unambiguously
attributed to individual point sources.

High-resolution K-band observations of the warped disc re-
veal bright, red sources associated with a ring structure, tentatively
interpreted as RSGs or compact stellar clusters (Kainulainen et al.
2009). RSGs occupy only the brightest end of the luminosity distri-
bution, whereas the red population identified in this work spans the
full luminosity range sampled by MIRI/FS60W in Cen A. RSGs,
therefore, cannot account for the observed red population.
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Figure 11. Comparison of the JWST/MIRI F1130W emission with radio and X-ray tracers of the AGN jet in Cen A. The F1130W image is overlaid with
VLA 21 c¢m radio continuum (blue contours; Hardcastle et al. 2003) and Chandra X-ray emission (green contours; Hardcastle et al. 2007). The radio and X-ray
emission trace the collimated AGN jet, which is oriented approximately perpendicular to the warped dust disc. The mid-infrared structures show no clear

spatial correspondence with the jet.

In addition to AGB and RSG stars, Wolf—Rayet (WR) stars are
identified in Cen A via He i1 and C 1v emission features in the spectra
of young clusters (Minniti et al. 2004), tracing very recent (~ 1—
10 Myr) massive star formation. While some WR systems (primarily
WC+O binaries) are capable of producing substantial amounts of
carbon-rich dust (Williams et al. 1987), this occurs in only a small
fraction of the population and over a short-lived phase (~ 103 yr;
Crowther 2007). WR stars are therefore too rare to account for the
large number of red sources observed across the warped disc.

Background galaxies are unlikely to contribute significantly to
the red population, given the strong spatial confinement of these
sources to the warped dust disc. In addition, the photometric cat-
alogue excludes resolved sources based on morphological criteria,
further reducing contamination from high-redshift galaxies.

The colour distribution, spatial confinement to dense dust
structures, and large source counts indicate that the red popula-
tion is dominated by embedded YSO candidates, with only a minor
contribution from evolved stars.

4.2 Star formation within the warped dust disc

To place the population of red, dust-enshrouded sources in the
broader context of Cen A, we consider the properties of the warped
disc.

These sources are co-spatial with the warped dust disc in
Cen A, which is widely interpreted as the product of a gas-rich
merger, with the accreted gas settling into the disc on a timescale
of ~ 108 yr (Struve et al. 2010; Peng et al. 2002). This event sup-
plied a substantial reservoir of cold gas (~ 108-10° M), which
now supports star formation at a modest rate (< 1 Mg yr™!), with
efficiencies comparable to those in normal disc galaxies (Espada
et al. 2009, 2019; Wang et al. 2020).
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Following the merger, the accreted gas cooled and settled into
a rotating, warped disc traced by H 1, CO, and dust over scales from
~ 2 pcto ~ 6.5 kpc (Wang et al. 2020; Quillen et al. 2010). Neutral
hydrogen observations indicate that the inner ~ 5 kpc disc is largely
settled and in regular rotation, with an age of a few x10% yr (Struve
et al. 2010), while more extended H 1 and molecular structures trace
material that has not yet fully relaxed. The majority of the cold
gas resides in the central disc (M ~ 4.9 x 10® Mo; My, ~ 10°-
1.6x10° M), while smaller fractions (Myp ~ 5%107 M) are found
in shell- and ring-like structures extending to ~ 15 kpc (Wang et al.
2020; Espada et al. 2019). This distribution indicates that the system
is still dynamically evolving and has not yet fully relaxed following
the merger.

The gas-rich warped disc hosts ongoing star formation, as
indicated by Hr regions and Paa emission within the dust lane,
implying circumnuclear star formation at a rate of ~ 0.1-1 Mg yr™!
(Marconi et al. 2000; Espada et al. 2009). This is consistent with
the presence of substantial molecular gas reservoirs (~ 10° M) and
near-solar metallicities, indicating a chemically enriched ISM ca-
pable of sustaining long-lived, low-efficiency star formation within
the settled merger remnant (Espada et al. 2019; Peng et al. 2004).

The red, dust-enshrouded sources identified above are consis-
tent with a population of embedded YSOs (< 1 Myr) associated
with ongoing star formation within the warped dust disc of Cen A.

4.3 Merger-driven versus jet-triggered star formation

The origin of the red, dust-enshrouded population can be inter-
preted in terms of star formation regulated by the merger-accreted
gas reservoir within the warped disc, or localised triggering by in-
teractions between the AGN-driven radio jet and the surrounding
ISM. In addition, radio-mode AGN feedback can also suppress star
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formation by heating and turbulently stirring the ISM, preventing
gas from collapsing (e.g., Nesvadba et al. 2010). However, we find
no clear evidence for such suppression on the scales probed here.

The spatial distribution of the red sources provides a stringent
geometric constraint on these scenarios. The embedded population
forms a highly flattened structure aligned with the warped disc,
with a small perpendicular dispersion (Section 3.1.2), indicative of
a geometrically thin structure. In contrast, the radio jet is inclined
by ~ 70-80° to the warped disc (Croston et al. 2009; Wykes et al.
2013; Neff et al. 2015). A jet-driven origin would be expected to
produce a spatial correlation between the embedded sources and
the jet axis; however, no such alignment or enhancement in source
surface density is observed within the MIRI field.

Indirect effects of the jet on the ISM (e.g. through pressure
or turbulence) cannot be excluded, but are unlikely to dominate
the distribution of star formation traced here. This is consistent
with resolved molecular gas studies of Cen A, which show that
star formation efficiency is lower in the circumnuclear disc than in
the outer regions, likely due to shear, turbulence, and AGN-related
processes (Espada et al. 2019), supporting a scenario in which star
formation is regulated by the properties of the disc gas rather than
by the AGN.

This contrasts with the outer halo of Cen A, where young stel-
lar populations coincide with filamentary structures that are aligned
with the radio jet and are interpreted as jet-induced (Mould et al.
2000; Crockett et al. 2012; Santoro et al. 2015; Rejkuba et al. 2022;
Joseph et al. 2022). These regions are confined to large galacto-
centric radii (> 10-30 kpc) and organised into extended filaments,
representing a localised and relatively low-efficiency mode of star
formation (Rejkuba et al. 2022; Oosterloo & Morganti 2005). This
is consistent with AGN-triggered star formation being confined to
discrete regions rather than forming coherent large-scale structures
(e.g., Crockett et al. 2012; Cresci et al. 2015; Shin et al. 2019; Perna
et al. 2020; Hermosa Muiioz et al. 2024), in contrast to the smooth,
disc-wide distribution of embedded sources observed here. The ab-
sence of any analogous alignment or anisotropy in the central few
kiloparsecs likely rules out jet-driven triggering as the dominant
mechanism forming the embedded population traced here.

Instead, the embedded sources trace the high-column density
structures of the warped disc, closely following its filamentary mor-
phology. This indicates that star formation is governed by the distri-
bution of cold molecular gas deposited during the merger and subse-
quently settled into the disc, consistent with H 1 studies showing that
the merger predates and is not directly linked to the current AGN
activity (Struve et al. 2010). This interpretation is supported by evi-
dence for enhanced star formation across Cen A around ~ 800 Myr
ago, consistent with a merger event that supplied the gas reservoir
from which the present disc formed (Aghdam et al. 2024).

Although radio jets with powers comparable to Cen A (~
10% erg s’l; Israel 1998) can drive shocks and redistribute gas
(Mukherjee et al. 2016, 2018; Talbot et al. 2022), jet-ISM inter-
actions typically produce turbulent, inefficient, and spatially inter-
mittent star formation rather than coherent large-scale structures
(Salomé et al. 2017).

At smaller scales, however, JWST/MIRI MRS observations re-
veal clear signatures of jet—ISM interaction within the inner ~100-
200 pc of Cen A. The ionised gas shows fast outflows and shock-
excited emission perpendicular to the radio jet, consistent with a jet-
inflated bubble interacting with the surrounding ISM (Mukherjee
et al. 2018; Alonso Herrero et al. 2025), while the warm molecular
gas exhibits disturbed morphologies and localised excitation linked
to shocks (Evangelista et al. 2026). Nevertheless, the coupling be-

tween the jet and the molecular disc appears limited, with no strong
molecular outflow detected and only localised perturbations in the
warm gas. These effects are therefore confined to the circumnu-
clear region and do not account for the large-scale distribution of
embedded sources.

4.4 Caveats and limitations

Distinguishing between embedded YSOs and dust-producing
evolved stars remains challenging, and some contamination from
AGB stars is likely. The classification presented here is based on
mid-infrared colours and spatial associations and lacks direct spec-
troscopic confirmation. Uncertainties in extinction, intrinsic lumi-
nosities, and selection effects associated with the adopted colour
criteria may also influence the inferred properties of the red source
population.

The strong confinement of the red, dust-enshrouded sources to
the warped dust disc of Cen A, rather than alignment with the AGN
jet, supports an origin in young, embedded stellar objects formed
within the disc. Given that the dust disc itself is widely interpreted
as the product of a past merger, the observed star formation is likely
associated with the accreted gas reservoir rather than being directly
triggered by jet—ISM interactions. While our analysis demonstrates
that the red sources form a distinct population within the warped
dust disc, their intrinsic luminosities, extinction, and immediate
environments cannot be constrained using mid-infrared imaging
alone. Observations at near-infrared wavelengths can provide con-
straints on the underlying stellar emission, while molecular-line
observations in the submillimetre and spectroscopic follow-up will
directly characterise the associated gas and assess the nature of the
embedded star formation.

5 SUMMARY AND CONCLUSIONS

We present JWST/MIRI F560W, F770W and F1130W imaging
of the central regions of Centaurus A, covering ~ 4 X 2 kpc, re-
solving its mid-infrared point-source population within the warped
dust disc. The resulting band-matched catalogue contains 58,445
sources. This provides the first resolved view of stellar populations
within the warped dust disc and the immediate vicinity of the AGN.
A distinct population of 928 red sources with strong infrared excess
is identified from colour—magnitude and colour—colour diagnostics.
The imaging also reveals that the dusty shell previously identified
with Spitzer is composed of multiple loop-like structures associated
with the warped disc, with emission strongest in F1130W.

The red sources trace the warped dust disc and its filamen-
tary structures, and are consistent with a population dominated by
embedded YSO candidates in dense, dust-rich environments. Their
colours and spatial distribution indicate very recent star formation
within the disc, on timescales of a few Myr. The lack of alignment
with the radio jet indicates that ongoing star formation in Cen A is
primarily associated with the merger-accreted gas reservoir rather
than being driven by jet-ISM interactions. These results demon-
strate that Cen A continues to sustain embedded star formation
within its merger-accreted disc, despite hosting an active nucleus.
Further constraints on the nature of these sources will require com-
plementary near-infrared imaging and spectroscopic follow-up. The
band-matched MIRI photometric catalogue is made publicly avail-
able.

Facilities: JWST (MIRI) - James Webb Space Telescope.
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Software: pHOTUTILS (Bradley et al. 2024), starBuci (Nally 2023;
Nally et al. 2024), and TopcaT (Taylor 2005).
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