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ABSTRACT

The compact millimeter emission ubiquitously found in radio-quiet active galactic nuclei (RQ AGNs) exhibits properties consistent
with synchrotron radiation from a small region (≤1 light day) and undergoing self-absorption below ∼100 GHz. Several scenarios
have been proposed for its origin, including an X-ray corona, a scaled-down jet, or outflow-driven shocks, which can be tested via
millimeter polarimetry. In the optically thin regime, synchrotron emission is expected to show polarization up to ∼70%, but disordered
magnetic fields and Faraday rotation reduce this to a few percent for jets and outflows, while an X-ray corona is likely to result in
complete depolarization. To investigate this, we conducted the first ALMA Band 3 full-polarization observations of three RQ AGNs –
NGC 3783, MCG 5–23–16, and NGC 4945. No polarized signal was detected in any of the AGNs, with an upper limit of 0.5–1.5%,
supporting the X-ray corona scenario. However, we detected a compact source with 17% polarization in NGC 3783, 20 pc away from
the AGN, co-spatial with the millimeter and narrow-line outflow, likely linked to a shock propagating through the outflowing material.
Additionally, combining our data with archival ALMA observations, we found typical millimeter variability in RQ AGNs by a factor
of 2.

Key words. techniques: polarimetric – galaxies: active – submillimeter: galaxies

1. Introduction

The class of radio-quiet active galactic nuclei (AGNs) repre-
sents ∼90% of all observed AGNs (e.g., Kellermann et al. 1989;
Ivezić et al. 2002). However, drawing a clear boundary between
radio-quiet (RQ) and radio-loud (RL) AGNs can be challenging
in practice, as even RQ objects often exhibit faint radio emission.
Its origin is currently under active debate (e.g., Panessa et al.
2019), with various mechanisms proposed, including nuclear
star formation, thermal free-free emission, and compact syn-
chrotron sources. Notably, radio emission in AGNs has been
found to correlate with X-ray emission (Laor & Behar 2008;
Panessa et al. 2015), similar to that observed in coronally active
stars (Guedel & Benz 1993).

The nature of high-frequency radio emission, particularly in
the millimeter (mm) range, remains even more enigmatic. Histor-
ically, the spectral region near 100–300 GHz has received limited
attention (e.g., Hickox & Alexander 2018), but recent studies over
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the past decade have revealed unresolved mm emission located
at the center in the majority of RQ AGNs (∼92% according to
Kawamuro et al. 2022, or 94+3

−6% according to Ricci et al. 2023).
This mm emission demonstrates an even tighter correlation with
X-ray emission than lower-frequency radio (Kawamuro et al.
2022; Ricci et al. 2023). Inoue & Doi (2018) found that RQ AGNs
exhibit an excess of mm emission that cannot be extrapo-
lated from lower-frequency radio data. The spectral shape of
this excess aligns well with synchrotron radiation impacted by
self-absorption, with a turnover frequency near 100 GHz. This
turnover frequency suggests a very compact emitting region;
modeling provides estimates of the source size of∼40–50 gravita-
tional radii (Rg), a scale similar to that of the accretion disk corona
(Inoue & Doi 2018). The compactness of the mm-emitting region
is further supported by observations of rapid, significant variabil-
ity (Shablovinskaya et al. 2024), which imply an upper limit of
about 1 light-day in size and effectively rule out emission mecha-
nisms such as thermal emission from dust or free–free emission,
which cannot account for such rapid variations.
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Given the combined characteristics – compact size, corre-
lation between mm and X-ray, and spectral shape – the most
likely emission mechanism appears to be synchrotron radiation
produced by the population of nonthermal electrons associated
with the X-ray corona in AGNs. However, the lack of corre-
lated variability between the mm and X-ray bands (Behar et al.
2020; Petrucci et al. 2023), even in high-resolution, high-cadence
observations (Shablovinskaya et al. 2024), raises further ques-
tions about the nature of the mm emission. While the synchrotron
mechanism remains the most plausible origin, the exact source
is still under debate. In addition to compact size, the source
should contain a magnetic field and a population of nonthermal
electrons. Beyond the X-ray corona, where these conditions are
expected to occur (see Inoue & Doi 2014), other possible ori-
gins include scaled-down jets or shocks within AGN outflows
(see Kawamuro et al. 2022; Shablovinskaya et al. 2024, for fur-
ther discussion).

To date, various observational approaches, including spec-
tral shape analysis, variability studies, and X-ray and mm cor-
relations, have been employed to reveal the properties of the
mm-emitting source and definitively pinpoint its origin (e.g.,
Behar et al. 2015; Inoue & Doi 2014; Kawamuro et al. 2023).
Given that synchrotron emission should be initially highly polar-
ized, investigating the polarimetric properties of mm emission
shows a promising avenue for uncovering its nature. In this
manuscript, we explore the polarimetric characteristics of com-
pact mm emission in RQ AGNs, beginning with an examina-
tion of the expected polarization signatures from different syn-
chrotron sources. To test these predictions, we conducted the
first-ever mm polarimetric survey of a sample of RQ AGNs, all
of which exhibit compact mm emission (Kawamuro et al. 2023;
Ricci et al. 2023), observed at frequencies close to the expected
synchrotron turnover. This study aims to shed new light on the
mechanisms driving mm emission in RQ AGNs and contribute
to a more comprehensive understanding of its origins.

2. Expected levels of mm polarization

The most likely mechanism responsible for mm emission in
RQ AGNs is synchrotron radiation from a compact source.
While the most plausible scenario is the X-ray corona, other
possibilities include a scaled-down jet or a shock in the out-
flow. Observing mm emission near the turnover frequency or at
higher frequencies may allow us to detect synchrotron radiation
in the optically thin regime. In cases where synchrotron emission
occurs in an optically thin medium with a strong, ordered mag-
netic field, the polarization degree (PD) depends solely on the
power-law energy distribution of nonthermal electrons, which
can be described by dnnt

e /dE ∝ E−γ, where E is the electron
energy and γ is the electron index. Then the linear polarization
should be observed with a degree equal to

PDint =
3γ + 3
3γ + 7

·

So, for typical values of γ between 2 and 3, the PD is up to ∼70%
(Le Roux 1961; Rybicki & Lightman 1979). In this scenario, the
PD is wavelength-independent and oriented perpendicular to the
magnetic field1.

1 In the optically thick regime, the polarization angle is rotated by 90◦
relative to the optically thin case, and polarization remains wavelength-
independent, with the intrinsic PD given by PDint = 3

6γ+13 , yielding val-
ues around 10–12% for γ = 2−3 (Pacholczyk 1977).

2.1. Beam depolarization

In reality, synchrotron emission experiences significant depolar-
ization. The primary cause is beam depolarization, which occurs
due to variations in the magnetic field direction within a source
that is more compact than the angular resolution limit. This effect
can arise from specific magnetic field configurations, such as a
toroidal field, or from extreme disorder in the field structure. In
the latter case, the synchrotron source can be modeled as consist-
ing of Nc cells with randomly oriented magnetic fields, leading to
a decrease in the total PD as ∝1/

√
Nc. Since all emission sources

considered here are expected to be nonuniform due to turbu-
lence (as in jets, e.g., Marscher 2014), magnetic reconnection
(in jets, e.g., Lyutikov 2003, or coronae, e.g., Merloni & Fabian
2001), or other instabilities, depolarization should inevitably
occur. However, its exact impact cannot be reliably estimated
without knowing the structure of the emitting region.

2.2. Faraday depolarization

Another important mechanism of depolarization, especially in
the radio band, is Faraday depolarization. The polarization plane
of the emission passing through a medium of thermal electrons
in the presence of a magnetic field is rotated. The same rotation
occurs in the case of the external Faraday effect, where the emis-
sion source and the magnetized medium are spatially separated,
and for the internal Faraday effect, where they are co-spatial.
Faraday rotation can be described by the following rotation mea-
sure (RM):

RM = 2.62 × 10−19
∫ R

0
nth

e Bdr (rad m−2),

which depends on the thermal electron density nth
e (in cm−3) and

the magnetic field strength B (in Gauss), with only the magnetic
field component along the line of sight being relevant. In gen-
eral, nth

e and B are functions of the path r (in cm) traveled by the
radiation within a medium of size R. The resulting polarization
angle rotation is then given by

∆χ = λ2RM,

where λ is the observed wavelength.
In the case of internal Faraday rotation, synchrotron radiation

is produced in different regions of a finite-sized source, where
the medium contains a magnetic field. As a result, the radiation
traverses different path lengths within the source, leading to var-
ied rotation angles. This causes depolarization of the observed
total emission (Gardner & Whiteoak 1966). The depolariza-
tion factor, i.e., the ratio of observed to intrinsic polarization
PDobs/PDint, is a function of RM and λ2, which depends on the
source geometry and medium uniformity. The simplest model
is a uniform, symmetric slab (Burn 1966; Sokoloff et al. 1998),
which can be applied both to the corona (e.g., Raginski & Laor
2016), jets, and outflows (e.g., Yushkov et al. 2024). In this case,
depolarization is given by

PDobs/PDint =

∣∣∣∣∣∣ sin(2λ2RM)
2λ2RM

× exp2i(λ2RM)

∣∣∣∣∣∣ . (1)

Complete depolarization occurs when λ2RM = kπ for the inte-
ger k, although this condition varies for different types of slabs
(see Sokoloff et al. 1998). In some slab types and in a spheri-
cally symmetric source, full depolarization does not occur at all
(see Burn 1966). However, for most configurations (except for
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anomalous “reversed” depolarization due to specific magnetic
field configurations, Sokoloff et al. 1998), the observed polariza-
tion decreases significantly at sufficiently large λ2RM.

2.3. Faraday rotation in mm emitting sources

Since our observation wavelength is fixed (100 GHz, or 3 mm),
we can roughly estimate RM for internal Faraday rotation for the
three mm-emitting synchrotron sources we consider.

Jet. In general, a parsec-scale jet is not suitable for describ-
ing the mm excess in RQ AGNs due to its size, as a larger
synchrotron-emitting region corresponds to a lower turnover
frequency, which for jets is assumed to be much lower than
100 GHz. However, a compact jet may still be present in
RQ AGNs, as we observe in radio maps at lower frequencies, and
its material could depolarize mm emission. Faraday rotation and
depolarization have indeed been observed in jets, including with
ALMA, with characteristic RMs in the range of 103−105 rad m−2

(e.g., Goddi et al. 2021; Peng et al. 2024). Even with relatively
low electron densities (∼10−2 cm−3) and magnetic field strengths
of 0.1−10 G (O’Sullivan & Gabuzda 2009; Hovatta et al. 2019),
these RMs result in significant polarization suppression. For
example, at 3 mm, RM is typically up to 4 × 104 rad m−2, and
in extreme cases, RMs can reach 5 × 105 rad m−2 at 1.3 mm
(Hovatta et al. 2019), reducing synchrotron polarization to ∼1–
2%.

Outflow. When considering AGN warm ionized outflows, we
assume they consist mainly of thermal electrons, which produce
unpolarized emission due to free-free radiation processes. How-
ever, shocks can occur in these outflows, compressing both the
material and the magnetic field, thus increasing their density.
Such processes may induce a low level of polarization around
7% (as in NGC 1068, Lopez-Rodriguez et al. 2020). However,
due to the compact size of the shock fronts, they are unlikely
to produce significant internal Faraday rotation. The thermal
medium in the outflow could contribute to depolarization, but
this effect is expected to be minor: with an average particle
density of ∼102−103 cm−3 (Davies et al. 2020)2 and a relatively
weak magnetic field3, even a parsec-scale outflow would have an
RM around ∼105 rad m−2. Consequently, we can still observe a
polarization level of a few percent in these cases.

Corona. The corona in AGNs is highly compact, with
a size estimated to be less than 0.001 pc (∼3×1015 cm)
from microlensing measurements of mm-emitting source
(Rybak et al. 2025), or confined to the region 1–100 Rg

(∼3×1012–3× 1014 cm) for slab geometry in modeling of the
X-ray data via ray tracing (Marinucci et al. 2019; Gianolli et al.
2023). The corona consists mostly of hot (Te ∼ 109 K) thermal
electrons with only a few percent (∼1–5%, Inoue et al. 2008;
Inoue & Doi 2014) of nonthermal electron population. The elec-
tron density nth

e within the corona is thought to be less than
1010 cm−3 (Haardt & Maraschi 1993). It can be estimated from
the optical depth τ and the corona size L: nth

e ≈ τ/(σTR), where

2 In certain AGN outflows, densities can reach 104–105 cm−3 or more.
Such high-density outflows are usually associated with ultrafast out-
flows (e.g., Xu et al. 2024) and ultraluminous infrared galaxies or com-
pact radio sources (e.g., Holt et al. 2011; Santoro et al. 2018), none of
which apply to the sources in our sample.
3 The typical strength of the large-scale magnetic field in galaxies is
up to a few dozen microgauss. Here, we assume an upper limit of B of
a few milligauss, as observed in magnetized clouds of the Milky Way
(see Beck & Wielebinski 2013, for a review).

σT = 6.65 × 10−25 cm2 is the Thomson cross section. Concern-
ing the median estimate of τ ≈ 0.25 (Ricci et al. 2018), we
can estimate the density as ∼109–1011 cm−3. For B ≈ 1−10 G
(Laor & Behar 2008), the RM reaches up to ∼1011 rad m−2, lead-
ing to extreme depolarization according to Eq. (1), with an unde-
tectable PD less than 10−8%.

Additionally, for such extreme RM values, depolarization
also occurs due to the finite bandwidth of the observations. If
the rotation is so large that within the bandwidth the polarization
angle χ rotates by more than π, the measured polarization will
effectively average to zero. Thus, the maximum measurable RM
in observations at a frequency ν = c/λ with a bandwidth ∆ν is
constrained by

RM ≤
π

2λ2∆ν/ν
·

For observations at 100 GHz with ∆ν = 2 GHz, the maximum
measurable RM ≈ 9 × 106 rad m−2.

Thus, if there is a jet or outflow with a compact source of
synchrotron emission passing through its medium, we are likely
to detect polarization at a fairly low level, on the order of a few
percent. In the case of a corona, however, the observed polariza-
tion will be strictly zero.

3. Sample, observations and data reduction

To investigate the polarimetric properties of mm emission, we
selected RQ AGNs from a volume-limited sample (<50 Mpc),
which has been observed before at 100 GHz by ALMA with
<100 mas resolution (Ricci et al. 2023). All of these AGNs
showed unresolved nuclear emission with resolutions down to
0′′.05–0′′.1. From the sample from Ricci et al. (2023), we chose
the three brightest sources at 100 GHz, selecting objects of dif-
ferent AGN types and covering the widest possible range of col-
umn densities. This selection was designed to ensure a variety
of inclination angles, allowing us to investigate both potential
absorption effects in external AGN structures and to observe dif-
ferent magnetic field projections. Finally, we chose the following
three RQ AGNs: NGC 3783, MCG 5–23–16, and NGC 4945.
The properties of the AGNs are summarized in Table 1.

The ALMA Band 3 observations were conducted in Octo-
ber 2023 (2023.1.01517.S; PI C. Ricci), during the ALMA long
baseline configuration (C-8), with the longest baseline extend-
ing to 8.5 km. The observation dates, time spent on the sources,
and the beam sizes of the obtained images are summarized in
Table 2. The spectral setup was the default frequency setup for
polarization continuum observations, maximizing the sensitiv-
ity, with four spectral windows (1.985 GHz wide) divided into
64 channels, at 90.52, 92.48, 102.52, and 104.48 GHz.

Data processing was carried out using CASA version 6.5.4.9
and ALMA Pipeline version 2023.1.0.124 (Hunter et al. 2023).
The clean images were generated using CASA task tcleanwith
weighting = briggs (robust = 0.5). According to the ALMA Pro-
poser’s Guide, the systematic flux error for Band 3 observations
is 5%. Flux measurements from the polarization calibrators, as
well as the check sources, yielded consistent results, justifying
the application of a 5% error margin in our analysis. Further-
more, the estimated degree and angle of polarization for the cali-
brators were consistent with the measurements from the AMAP-
OLA calibrator monitoring4.

For each epoch, we created maps of the Stokes parameters I,
Q, U, and V . Circular polarization was not detected in the maps

4 https://www.alma.cl/~skameno/AMAPOLA/
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Table 1. Sample of RQ AGNs.

Name Type z D log MSMBH log NH i log L14−150 keV log λEdd
(Mpc) (M�) (cm−2) (deg) (erg s−1)

NGC 3783 1 0.009 38.5 7.37 20.49 15.0† 43.45 −1.09
MCG 5–23–16 1.9 0.008 36.2 7.65 22.18 41+9

−10
‡ 43.44 −0.48

NCG 4945 2 0.002 3.7 6.15 24.60 75± 2§ 41.63 −1.69

Notes. AGN types, redshifts (z), distance (D), supermassive black hole (SMBH) masses (MSMBH), and column densities (NH) are taken from
Koss et al. (2022) and Ricci et al. (2017). References for the observed inclination angles i are given in the caption below: X-ray luminosities
(L14−150 keV) are taken from Ricci et al. (2023); Eddington ratios (λEdd) are calculated using the X-ray luminosity and considering a bolometric
correction of 8.48 (see text below). † Fischer et al. (2013); ‡ Serafinelli et al. (2023); § Henkel et al. (2018).

and was therefore assumed to be zero, as it is typically weak at
mm wavelengths. The polarized intensity was thus calculated as

P =
√

Q2 + U2,

where Q and U are the Stokes parameters in units of flux. The
PD was then calculated as PD = P/I × 100%, where I is the
total intensity, and de-biased following the method outlined in
Montier et al. (2015a,b). In cases where the polarization is unde-
tected, we estimated the upper limit of the PD:

PDlim =
3 ×

√
σ2

Q + σ2
U

I
× 100%,

where σQ and σU are the standard deviation of the Stokes Q
and U, respectively, and I corresponds to the peak total inten-
sity, ensuring that PDlim is evaluated at the position of maximum
signal-to-noise ratio in the image.

4. Results

4.1. NGC 3783

In the Seyfert 1 galaxy NGC 3783, we measured a peak mm
flux of 2.01± 0.10 mJy from the central region, where the AGN
is expected to reside, with no detectable variability over nearly
two hours of observations. As the data were obtained with a sig-
nificant on-source integration time and an angular resolution of
0′′.1 (∼18.4 pc), we find that the mm continuum source appears
slightly extended to the north (Fig. 1, upper panel), but this
extended emission is faint, at the ∼0.1–0.2 mJy/beam level, and
does not contribute substantially to the total flux, which remains
dominated by the compact central source. The in-band spectral
index of the AGN emission, calculated across four spectral win-
dows assuming Fν ∝ ν

α, corresponds to α = −0.92 ± 0.40. The
maps of polarized intensity and PD (Fig. 1, middle and bottom
panel, respectively) showed no polarized signal in the AGN loca-
tion, where the mm intensity also peaks, giving just an upper
limit of PDlim = 1.2%.

Nevertheless, we detected polarized emission offset to the
north from the AGN, along the extended structure. The maxi-
mum of the total intensity and the maximum of the polarized
intensity are separated by ∼0′′.11, which corresponds to the res-
olution limit of the data and a projected distance of ∼20.2 pc.
This confirms that the polarization does not originate from the
AGN itself. The offset mm emission exhibits a total flux of
∼0.3 mJy and a PD of 17%± 2%, with the polarization angle
oriented at 10◦ ± 3◦. The in-band spectral index of total intensity
in the region exhibiting polarized emission is extremely steep,
−3.6 ± 2.4, though the large uncertainty significantly limits the
robustness of this measurement.

4.2. MCG 5–23–16

The observations of type 1.9 AGN MCG 5–23–16 revealed a
slightly extended structure, with most of the intensity concen-
trated in the central compact source (Fig. 2, upper panel). We
measured the flux 2.54± 0.13 mJy peaking in the position of the
AGN, with no variability during the observing period. The mm
emission showed an in-band spectral index α = −0.42 ± 0.40.
The total intensity map indicates a slightly resolved structure,
oriented along a position angle (PA) of about −20◦ to 189◦
(north-south direction), with the southern lobe extending further,
reaching ∼0′′.3 (∼52 pc).

The polarized intensity and PD maps are given in the middle
and bottom panels of Fig. 2. No polarization was detected in this
object, with an upper limit of PDlim = 1.5%.

4.3. NGC 4945

NGC 4945, a Seyfert 2 galaxy with a nuclear starburst,
is known for hosting numerous mm sources in its central
region, previously identified as star clusters (Emig et al. 2020),
inside the extended (>10′′) mm continuum structure reproduced
by combining dust thermal emission and free-free emission
(Bendo et al. 2016). This complex structure was also observed in
our Band 3 observations. Additionally, we find a highly polarized
mm source at a projected distance of ∼3′′.4 from the nucleus, as
reported in Shablovinskaia et al. (2025). Although the surround-
ing material contributes significantly to the mm emission of the
galaxy, the central compact AGN-associated source stands out
as the brightest in the high-resolution data.

This galaxy was observed twice, with the sessions sepa-
rated by 14 days. Despite formally insufficient parallactic angle
coverage during the first session (51.12◦ instead of the desired
60.00◦) to reliably constrain instrumental polarization leak-
age and accurately recover the intrinsic polarization angle (see
details in, e.g., Nagai et al. 2016; Martí-Vidal et al. 2016), it
was deemed close enough to allow flux and polarization esti-
mates. The measured fluxes were consistent across both epochs,
with 9.14± 0.46 mJy in the first session and 8.82± 0.44 mJy in
the second, aligning well with previous measurements (8.1 mJy,
Ricci et al. 2023). The spectral index remained stable as well,
with α = −1.06± 0.40 and α = −1.29± 0.40 for the two epochs,
respectively. Note that, despite exhibiting the highest mm flux
among the objects in our sample, NGC 4945 has an mm lumi-
nosity that is ∼25 times lower, setting it apart from the other
two in our study. This significant difference in luminosity likely
causes the host galaxy of NGC 4945 to stand out prominently
in our observations, while the other two AGNs appear almost
point-like.
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Table 2. ALMA Band 3 observation log.

Name Date t Beam size rms I rms Q rms U
(min) (mJy/beam) (mJy/beam) (mJy/beam)

NGC 3783 2023–10–13 110 0′′.109× 0′′.098 0.007 0.007 0.007
MCG 5–23–16 2023–10–08 59 0′′.137× 0′′.121 0.010 0.010 0.010

NGC 4945 2023–10–11∗ 38 0′′.123× 0′′.105 0.016 0.013 0.013
2023–10–25 75 0′′.140× 0′′.102 0.014 0.010 0.010

Notes. ∗Due to insufficient parallactic angle coverage (51.12◦ instead of the desired 60.00◦) for the polarization calibrator on 2023−10−11, the
observations were repeated on 2023−10−25.

Figure 3 presents the total intensity, polarized intensity, and
PD maps from the first epoch. In the central region, coinciding
with the AGNs and the maximum mm flux, no polarized emis-
sion was detected. The second epoch yielded similar results, and
thus no additional images are shown. The estimated upper limits
on polarization are low, with PDlim = 0.6% and PDlim = 0.5%
for the two epochs, respectively.

To summarize the measured properties of all AGNs in the
sample, we present fluxes and luminosities at 100 GHz, in-band
spectral indices, and PD limits in Table 3. Additionally, we pro-
vide 2–10 keV X-ray luminosities derived from Swift observa-
tions taken within a few weeks of the ALMA data: 27 days
later for NGC 3783 (obsid 00037255022), 19 days for MCG 5–
23–16 (obsid 00030839036), and 38 days for NGC 4945 (obsid
00037266008).

5. Discussion

5.1. Extended mm structure and polarization

The RQ AGNs in our sample were selected to contain a compact,
unresolved mm core. Our ALMA observations in full polariza-
tion mode with significant on-source time confirm that the cen-
tral compact source still dominates in each case. However, due
to the high sensitivity of these observations and a signal-to-noise
ratio >200, new faint (at the level of a few percent of the peak
flux) details emerge in the total intensity maps, revealing that
none of the sources appear exclusively compact anymore.

Kawamuro et al. (2023) observed the same objects in ALMA
Band 6 but noted extended structure only in NGC 4945, which,
as discussed in Sect. 5.3 and referring to Bendo et al. (2016)
and Emig et al. (2020), is due to mm-bright star-forming regions
and an extended thermal dust and free–free continuum compo-
nent (3′′ × 14′′, Kawamuro et al. 2023). The other two sources
in our sample, NGC 3783 and MCG 5–23–16, which pre-
viously appeared compact (Kawamuro et al. 2023; Ricci et al.
2023), now show faint extended components at the 2–3σ level,
extending several dozen parsecs from the core (see Figs. 1 and
2). Although the spatially compact central emission and the
extended mm emission overlap, without kinematic information
on this faint extended component, we cannot confirm whether
these structures originate from AGN activity.

NGC 3783 presents a particularly intriguing case. The
extended mm emission in this galaxy was not reported by
Kawamuro et al. (2023) in their ALMA Band 6 observations.
The ALMA archive lacks comparable observations with suffi-
cient sensitivity and resolution to detect extended structures at
the 0.1–0.2 mJy/beam level. The most important result is that
our data reveal significant polarization in this region. Notably,
the peak of the polarized emission is significantly offset – by

more than one beam size – from the AGN position, suggest-
ing that the polarized mm source is not directly associated with
the close vicinity of the SMBH. It appears that this polariza-
tion is co-spatial with the extended mm structure. Observations
in other bands confirm the presence of an outflow in the same
direction. MUSE observations with ∼0′′.03 sky resolution indi-
cate that the extended narrow-line region in NGC 3783 is elon-
gated in this direction (den Brok et al. 2020), a finding corrob-
orated by GRAVITY Collaboration (2021). This suggests that
the extended mm emission may be part of an AGN-driven out-
flow, possibly radiating via free-free processes. In this scenario,
the observed polarization could be associated with the outflow,
where shocks produce synchrotron emission.

However, this hypothesis requires further investigation. First,
while a shock in the outflow is plausible, the observed polar-
ized flux (∼0.3 mJy at 100 GHz) is approximately an order of
magnitude lower than that predicted by the shock-wind model
presented in Yamada et al. (2024), which estimates 2 mJy at
100 GHz for a wind region size of 200 pc and a magnetic field
of 0.05 mG. The discrepancy may stem from their use of low-
resolution centimeter-wave radio data, likely contaminated by
multiple emission components, unlike our compact detection.
Second, if the polarization arises from a shock in the outflow,
the observed PD at ∼17% is unexpectedly high. As discussed in
Sect. 2, Faraday rotation and the turbulent nature of the shock are
likely to depolarize the synchrotron radiation, typically resulting
in PD values of only a few percent. Moreover, our estimate of
the PD may represent a lower limit to the intrinsic polarization.
The polarized source, with a total flux of ∼0.3 mJy, is located
near the brighter AGN (∼2 mJy), meaning that the observed total
intensity could be contaminated by the neighboring AGN emis-
sion. This would lead to an overestimation of the total flux and,
consequently, an underestimation of the PD, implying that the
true intrinsic PD could be even higher, which would be even
more difficult to reconcile with standard shock scenarios. Con-
firming this interpretation will require detailed modeling of the
visibility data. Nonetheless, the detection of an ∼17% polarized
mm source in NGC 3783 not only demonstrates the feasibility
of detecting mm polarization in RQ AGNs, but also suggests
the lack of significant Faraday depolarization screen on scales
smaller than ∼20 pc.

A similar challenge arises in estimating the spectral index of
the polarized region. The maps of the in-band spectral index and
its error are shown in Fig. 4. The maps are created for only pix-
els with a value exceeding 2σ at all four frequencies. As seen
in the figure, the spectral index at the AGN position is approxi-
mately −0.9. In contrast, the polarized source located north of
the AGN appears as a compact feature in the spectral index
map, exhibiting an extremely steep in-band spectral index of
−3.6±2.4. Although this value is unusually steep for most known
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Table 3. Measured properties of mm emission in the sample of RQ AGNs.

Name Flux 100 GHz log L100 GHz α PDlim log L2−10 keV
(mJy) (erg s−1) (%) (erg s−1)

NCG 3783 2.01± 0.10 38.54 −0.92 ± 0.40 1.2 42.97
MCG 5–23–16 2.54± 0.13 38.59 −0.42 ± 0.40 1.5 43.18

NGC 4945 9.14± 0.46 37.13 −1.06 ± 0.40 0.6 41.62†8.82± 0.44 37.15 −1.29 ± 0.40 0.5

Notes. † For the Compton-thick AGN NGC 4945, the intrinsic X-ray luminosity was calculated assuming that only the flux normalization varied,
using the normalization from Ricci et al. (2017).

astrophysical emission mechanisms, the large associated uncer-
tainty limits a definitive interpretation. If real, such a slope could
indicate a spectral break in the synchrotron-emitting electron
population due to radiative cooling, or a high-frequency cutoff in
the synchrotron spectrum related to energy losses or acceleration
limits. However, given the high uncertainty, we do not draw any
firm conclusions. To clarify the nature of this emission, further
observations with broader spectral coverage in polarized light
are crucial.

5.2. Scenarios for AGN mm emission depolarization

As discussed in Sect. 2, the compact mm emission in the cen-
ter of RQ AGNs is highly likely to have a synchrotron ori-
gin. The spectral indices observed for the sources in our sam-
ple (see Table 3) also confirm this: NGC 3783 and NGC 4945
show α ≈ −1, consistent with optically thin synchrotron emis-
sion. MCG 5–23–16 has a less steep index, α ≈ −0.4, which in
principle does not exclude a free-free origin. However, despite
the strong evidence for synchrotron emission, we do not detect
any significant polarization, suggesting that extreme depolariza-
tion must be at play. The key question is which mechanism –
nonuniform structure of the magnetic fields or Faraday rotation –
dominates.

As discussed in Sect. 2, all plausible sources of synchrotron
mm emission in AGNs – jets, shocks in outflows, and coro-
nae – are expected to be nonuniform. These regions are likely
clumpy, and if we assume that the emitting area consists of Nc
independent cells, the expected synchrotron polarization, ∼70%
can be suppressed as ∝1/

√
Nc. To reach even the highest mea-

sured upper limit of PD (1.5%), the emission region would
require Nc > 2000 uncorrelated cells. Such a large number
of randomly oriented emission zones would also smooth out
any variability. However, as recent studies have shown, the mm
emission in all observed RQ AGNs is highly variable on the
time-scales of days and shorter (Behar et al. 2020; Petrucci et al.
2023; Shablovinskaya et al. 2024; Michiyama et al. 2024). This
makes this mechanism alone an unlikely explanation for the
observed depolarization.

To produce depolarization, the magnetic field does not need
to be completely disordered. Since the compact mm emission
from AGN cores is unresolved, beam depolarization can play a
significant role, for example, if the synchrotron emission origi-
nates from electrons spiraling along magnetic loops. In this case,
the polarization vectors rotate along the curved field lines, and
when integrated over the unresolved structure, the net polar-
ization is naturally diminished. The only way to overcome this
effect is through extremely high-resolution observations. How-
ever, for coronal-scale structures, this would require angular res-

olutions at the microarcsec level, beyond the capabilities of even
space-Earth interferometer RadioAstron (Kardashev et al. 2013)
or the upcoming ngVLA.

Faraday depolarization is also an efficient depolarization
mechanism. As previously discussed, even moderate Faraday
rotation depths can significantly suppress polarization at mm
wavelengths (see Sect. 2). The efficiency of this effect depends
on the electron density and magnetic field structure along the line
of sight, which vary between different potential mm-emitting
components. In jets and shocks within the outflows, the Fara-
day depth is expected to be lower than in the dense, magnetized
corona. Given the observed polarization limits, a key argument
in favor of the corona scenario is that it naturally provides the
conditions for strong Faraday depolarization at mm wavelengths.

In principle, this effect is testable: multifrequency polariza-
tion measurements should reveal the characteristic λ−2 depen-
dence of PD, allowing estimates of RM. A non-detection in a
narrow frequency window around 100 GHz is insufficient to con-
strain the origin of the depolarization. While the corona currently
appears to be the most plausible source, confirming this requires
polarization measurements at higher frequencies. For coronal
emission expected to dominate in the 100–300 GHz range (e.g.,
Behar et al. 2015), a continued lack of polarization detection
would imply RM values exceeding ∼108 rad m−2, significantly
higher than those typically associated with jets or outflows – and
thereby strongly favoring the corona as the origin of the mm
emission.

5.3. Variability in mm

Besides polarization, variability could provide some insights
about the mm emission origin. Here we provide a brief anal-
ysis of our archival data to explore possible flux changes that
might help distinguish emission scenarios or explain depolariza-
tion. However, a detailed variability study is beyond the scope of
this work.

We checked for intra-observational variability by reimaging
the observations and dividing them into time intervals of tens of
minutes. No source exhibited significant flux changes beyond the
measurement uncertainty (assumed to be 5%). NGC 4945 also
showed no detectable flux variations between the two epochs
separated by 14 days.

For longer timescales, we compiled ALMA Band 3 data
for all three sources. We selected observations with compara-
ble angular resolution (less than 0′′.3) to minimize contamina-
tion from nearby structures. The data are presented in Fig. 5 and
stored in Tables A.1, A.2, and A.3 for NGC 3783, MCG 5–23–
16, and NGC 4945, respectively. The observed flux variations
between epochs are a factor of 1.9 in 136 days for NGC 3783, 1.6
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18.4 pc
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18.4 pc

NGC 3783

Fig. 1. ALMA observations of NGC 3783. Upper panel: Total inten-
sity with the contours corresponding to the 2, 4, 6, 18, and 50σ lev-
els (1σ = 0.007 mJy/beam) in the box ∼0.9× 0.9′′. The location of
the AGNs according to Gaia DR3 (Gaia Collaboration 2023) is marked
with a black cross. Middle panel: Polarized intensity with the overplot-
ted total intensity contours. Bottom panel: Polarization degree in per-
cent. The areas with a signal-to-noise ratio of <5 on the total intensity
map are masked.

0.1 arcsec

17.3 pc

0.1 arcsec

17.3 pc

0.1 arcsec

17.3 pc

MCG 5–23–16

Fig. 2. ALMA observations of MCG 5–23–16. Upper panel: Total
intensity with the contours corresponding to the 4, 6, 19, and 37σ levels
(1σ = 0.010 mJy/beam) in the box ∼1× 1′′. The location of the AGNs
according to Gaia DR3 (Gaia Collaboration 2023) is marked with a
black cross. Middle panel: Polarized intensity with the overplotted total
intensity contours. Bottom panel: Polarization degree in percent. The
areas with a signal-to-noise ratio of <5 on the total intensity map are
masked.
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NGC 4945

Fig. 3. ALMA observations of NGC 4945. Upper panel: Total inten-
sity with the contours corresponding to the 31, 46, 55, 92, and 184σ
levels (1σ = 0.016 mJy/beam) in the box ∼1.2× 1.2′′. The location
of the AGNs, where mm emission peaks, is marked with a black
cross. Middle panel: Polarized intensity with the overplotted total
intensity contours. Bottom panel: Polarization degree in percent. The
areas with a signal-to-noise ratio of <5 on the total intensity map are
masked.

Fig. 4. Map of the in-band spectral index α (upper panel) and its associ-
ated error (bottom panel) of NGC 3783. Dashed contours represent the
total intensity (see Fig. 1). The position of the polarized source is high-
lighted by a thick black contour. Note that the very steep slope in the
outer regions is likely an artifact caused by the slightly narrower beam
size at higher frequencies.

in 703 days for MCG 5–23–16, and 1.7 in 42 days for NGC 4945.
NGC 3783 and NGC 4945 shows changes in the in-band spec-
tral index, which remain negative, varying between −0.26± 0.16
and −1.34± 0.39 in NGC 3783, and between −0.84± 0.06 and
−1.35± 0.03 in NGC 4945. Surprisingly, the archival data for
MCG 5–23–16 reveals a positive spectral slope of ∼0.3. No cor-
relation is found between flux and spectral index.

The predominantly negative spectral index in most obser-
vations supports the synchrotron origin of mm emission
(Rybicki & Lightman 1979). The intensity of synchrotron emis-
sion depends on the energy density of the magnetic field
(∝B2) and the kinetic energy of relativistic electrons, deter-
mined by their Lorentz factors and number density (e.g.,
Condon & Ransom 2016). Unstable processes such as shock
waves, plasma instabilities, and magnetic reconnection can

A82, page 8 of 13



Shablovinskaia, E., et al.: A&A, 703, A82 (2025)

accelerate electrons (e.g., Miller 1996), thereby influencing syn-
chrotron emission. These mechanisms also influence the local
magnetic field energy, by either amplifying it or converting it
into plasma heating and particle acceleration. The physical pro-
cesses occurring in the corona remain uncertain and are sub-
ject to ongoing debate, but it appears that these mechanisms
generally heat the plasma, potentially causing simultaneous
increases in X-ray luminosity. Unfortunately, no simultaneous
X-ray observations were available for our sources, preventing a
direct comparison between X-ray and mm variability.

Given the sparsity of the data, it is impossible to establish
a definitive variability pattern. Flux variations by a typical fac-
tor of 2 are observed across all sources, but the large time gaps
between observations hinder our ability to link high and low
states. More regular monitoring is needed to draw meaningful
conclusions about the variability mechanisms at play.

5.4. The size of the emitting region

The absence of mm variability in any of the sources during our
observations suggests that the emitting region is typically larger
than one light hour. However, as shown above, the mm observa-
tions are too sparse to place stringent constraints on the size of
the mm-emitting region in each source.

To derive rough constraints on the emitting region size, we
follow the approach of Laor & Behar (2008), assuming that
the mm emission originates from a homogeneous synchrotron
source with a uniform magnetic field B and a power-law energy
distribution of relativistic electrons. Additionally, we assume
that the magnetic energy density is in equipartition with the pho-
ton energy density. Under these conditions, the magnetic field
strength can be estimated using Eq. (21) from Laor & Behar
(2008):

Beq = 0.27 R−1
pc L1/2

bol (G), (2)

where Rpc is the size of the region in pc, and Lbol is the bolomet-
ric luminosity in units of 1046 erg s−1. We calculated Lbol from
the X-ray luminosity at 14–150 keV (see Table 1) considering
a uniform 14–150 keV bolometric correction of 8.48 (following
Ricci et al. 2023). While Lbol may overestimate the local pho-
ton energy density, we adopt it here, as in Laor & Behar (2008),
assuming that the inner accretion disk dominates the radiation
field. Moreover, the dependence on Lbol is weak: since the source
size scales as L1/8

bol , even an order-of-magnitude uncertainty in
the luminosity would change the estimated size by no more than
∼30%, which is negligible given the overall roughness of the
assumptions. Assuming B = Beq, Eq. (19) from Laor & Behar
(2008) holds:

Rpc = 1.2 × 10−4L0.4
mmL0.1

bolν
−1.4
GHz (pc), (3)

where Lmm is the mm luminosity in units of 1030 erg s−1 and νGHz
is the observed frequency in GHz. We note that this approach
uses the total coronal energy density dominated by thermal elec-
trons, as a proxy for the energy density of the synchrotron-
emitting population. While the energy content of the nonther-
mal electrons responsible for the mm emission is not directly
constrained, this introduces some uncertainty in the inferred
equipartition magnetic field and hence in the estimated source
size.

According to Chen et al. (2025), a homogeneous syn-
chrotron source of radius R produces a spectrum composed of
self-absorbed emission below the turnover frequency and opti-
cally thin emission above it. This results in a flat spectral index,

0 > α > −0.5, between two turnover frequencies correspond-
ing to the inner and outer radius of the source: ν0(Rmax) < ν <
ν0(Rmin). In our sample, the mm emission at 100 GHz exhibits
α < −0.5 in NGC 3783 and NGC 4945, leading to Rmin = 178
and 586 Rg, respectively, based on Eq. (3). In MCG 5–23–
16, α ≈ −0.4, indicating that the emission may be transition-
ing between optically thin and thick regimes. For this source,
Rmin = 86 Rg at 100 GHz, though if ν0(Rmin) > 100 GHz, the
inner region could be even smaller. According to Eq. (2), the cor-
responding magnetic field strengths at Rmax are ∼116 G, ∼147 G,
and ∼111 G for NGC 3783, NGC 4945, and MCG 5–23–16,
respectively.

Estimating Rmax is more challenging, as it requires observa-
tions at lower frequencies to identify where the inverted spec-
trum transitions to a flat one. To address this, we compiled high-
resolution radio data from the literature (Fig. 6; see details in
Appendix B). While we aimed to include only data with angular
resolution better than 1′′, for frequencies at or below 1.4 GHz,
only data with a resolution of approximately 1′ were available.
In all cases, the low-frequency radio data (.40 GHz) are well
described by a power-law fit. However, this fit cannot be extrap-
olated to the mm regime, as the spectral slope at 100 GHz differs
significantly. A clear mm excess is observed in NGC 3783 and
MCG 5–23–16, which strongly deviates from the low-frequency
power-law behavior. In contrast, for NGC 4945, the measured
radio fluxes are significantly contaminated by surrounding struc-
tures. Therefore, we treat all available radio data as upper lim-
its on the intrinsic radio emission of AGNs. As a result, the
observed radio slope in NGC 4945 likely traces extended emis-
sion rather than the compact core.

The mismatch between the radio and mm regimes suggests
that the spectral break between optically thick and thin regimes
occurs between ∼10 and 100 GHz. Based on the radio lumi-
nosity detected at the highest frequency that follows the radio
power-law, we estimated upper limits for Rmax. Using the flux
at 8.6 GHz for NGC 3783, we obtained Rmax ≈ 3500 Rg, which
is comparable to the broad-line region size (Bentz et al. 2021).
Assuming equipartition, the corresponding magnetic field at this
Rmax is ∼5 G. For MCG 5–23–16, observations exist at 36 GHz,
but the emission already shows an excess compared to lower
frequencies. Therefore, we used a flux at 8.46 GHz, yielding
Rmax ≈ 1000 Rg, with a magnetic field strength of ∼10 G. In
NGC 4945, the situation is more complex due to the lack of data
to separate the AGN emission from the surrounding star-forming
region. This galaxy exhibits very extended and bright radio emis-
sion compared to the other two under study (see Appendix B).
However, this emission is associated with star formation, and
there is no clear radio detection of the AGN in NGC 4945. Using
a 1 mJy upper limit at 2.3 GHz from Lenc & Tingay (2009), we
estimate Rmax ≈ 104 Rg, with a corresponding magnetic field
strength of ∼8 G.

5.5. Comparison with radio-loud sources

To compare the polarimetric properties of the RQ AGNs in our
sample, we examined ALMA polarization data for RL AGNs.
Blazars and compact radio sources, such as flat spectrum radio
quasars (FSRQs) and compact steep spectrum (CSS) sources,
are known to exhibit significant mm polarization, often exceed-
ing 10%. For example, Nagai et al. (2016) demonstrated that
3C 286, a CSS source with a compact jet, exhibits ∼17% polar-
ization at 230 GHz. Similarly, blazars frequently show polariza-
tion levels from a few to more than 10% (see the AMAPOLA
database).
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Fig. 5. Archival ALMA Band 3 data. Only observations with a resolution higher than 0′′.3 were used. For all data, the flux error is assumed to be
5%. (a) NGC 3783. (b) MCG 5–23–16. (c) NGC 4945.
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Fig. 6. Compilation of archival radio and ALMA data (see details in Tables B.1, B.2, and B.3): NGC 3783 (a), MCG 5–23–16 (b), and
NGC 4945 (c). The radio data below 100 GHz is fit with a power law.

To investigate RL AGNs with extended radio jets and with-
out strong Doppler beaming, we selected non-blazar RL sources
having high-resolution archival ALMA data (<0′′.5). This dataset
included three RL sources: NGC 1052, Cen A, and 3C 120.
Additionally, we considered 3C 273, although it is an FSRQ and
therefore not an ideal comparison case. However, Hovatta et al.
(2019) reported that at ∼230 GHz, 3C 273 exhibits an unresolved
core with a linear polarization of only 1.8%, attributed to syn-
chrotron emission from the jet base, suggesting that Faraday
depolarization may play a significant role.

NGC 1052 was observed multiple times in different
bands, consistently revealing a negative spectral slope. The
total intensity analysis of Band 4 and 6 data from Novem-
ber 2018 (2018.1.00457.S, PI: S. Kameno) shows a spec-
tral index of −0.9± 0.15. Observations from May–June 2023
(2022.1.00506.S, PI: T. Davis) across Bands 3–6 indicate an
even steeper spectrum with a spectral index of −1.3± 0.1.
Despite this, no polarized signal is detected above the 0.1% cal-
ibration uncertainty in the November 2018 Band 4 and 6 data,
confirming the absence of detectable mm polarization.

3C 120 was observed in Bands 4 and 6 (2017.1.01425.S,
PI: T. Savolainen) with a 250-day separation. Both observations
show a total intensity spectral slope of about −0.5, though the
flux varies significantly (by a factor of 1.8 when extrapolated
between bands). No polarized signal is detected above the 0.1%
calibration uncertainty.

ALMA observed Cen A polarization four times
(2013.1.01282.S, 2015.1.00421.S, PI: H. Nagai), but only

5 Throughout this section, in-band spectral indices are derived from
ALMA archival images in individual spectral windows, assuming flux
uncertainties as specified in the ALMA Proposer’s Guide.

in Band 7, where no polarization above 0.1% is detected.
The total intensity spectra in Bands 3 and 4 (2022.1.00506.S,
PI: T. Davis) follow a steep power-law index (α ≈ −0.3).
However, Bands 5 and 7 do not fit this power-law, and the
Band 7 flux shows significant excess, suggesting a possible
contribution from another component, such as thermal dust
emission.

Overall, despite their optically thin synchrotron emission,
the archival ALMA polarimetric data show that RL AGNs
show no polarized signal except PD ∼ 1.8% in 3C 273,
where the polarization level is comparable to the upper lim-
its we obtained for RQ AGNs. Faraday depolarization could
be a key factor in suppressing polarization, as demonstrated
for the jet base of the FSRQ 3C 273 (Hovatta et al. 2019).
Magnetic field geometry may also play a role in reducing
the observed polarization. A striking example is M87, where
polarization at mm wavelengths reaches 15% in resolved EHT
maps (Event Horizon Telescope Collaboration 2021). However,
ALMA observations with 0′′.3 resolution show much lower
polarization: PD ≈ 0.5% in Band 6 (2017.1.00608.S, PI: I. Marti-
Vidal), PD ≈ 1.3% in Band 3 (2013.1.01022.S, PI: K. Asada),
and PD ≈ 2.8% in Band 7 (Goddi et al. 2025). These values
are comparable to the upper limits obtained for our RQ sam-
ple. Notably, our three RQ AGNs belong to different types
and thus have different inclinations, which, in principle, should
mitigate the impact of magnetic field configuration, whether
predominantly toroidal or poloidal, on reducing the observed
polarization. Nevertheless, no polarization was detected in the
RQ sample.

In summary, the few RL AGNs with detected mm polar-
ization in archival ALMA data exhibit PDs comparable to
the upper limits derived for our RQ sample. The number of
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the studied sources remains too small to establish a clear
trend; however, these findings may suggest that mm PD at
the 0.5–1% level is not clearly indicative of either jet- or
corona-dominated emission, at least in the currently available
data. Additional insight comes from recent far-infrared polari-
metric studies (Lopez-Rodriguez et al. 2023), which reveal a
pronounced dichotomy: while RQ AGNs appear essentially
unpolarized (PD < 1%), RL AGNs show significantly higher
polarization (5–11%, including Cen A with PD ≈ 4% at 100 µm),
attributed to magnetically aligned dust grains at scales of 5–
130 pc. This supports the idea that a more strongly magnetized
environment with a coherent field structure may be key to jet
launching, and further mm polarimetric observations are needed
to enable a systematic comparison between RQ and RL AGNs.

6. Conclusions

To reveal the origin and to investigate the properties of the com-
pact mm emission ubiquitously found in RQ AGNs, we observed
a sample of three mm-bright AGNs – NCG 3783, MCG 5–23–
16, and NGC 4945 – with ALMA Band 3 (∼100 GHz) in full
polarization mode. The new observations were deep enough to
show in all three galaxies both the compact mm regions located
at the position of the AGNs and unresolved at an ∼0′′.1 angular
resolution and faint extended structures surrounding the central
mm core (see upper panels in Figs. 1, 2, 3). The mm emission
from all three sources shows a negative in-band spectral index,
which, at least for NGC 3783 and NGC 4945 where α ≈ −1,
is a sign of optically thin synchrotron emission. MCG 5–23–16
data showed α ≈ −0.4, which may indicate a transition to the
optically thick synchrotron regime.

– Despite exhibiting a negative spectral index in the mm band
indicative of optically thin synchrotron emission, no polar-
ization is detected in RQ AGNs down to a level of PD =
0.5%. The complete absence of detected polarization sug-
gests strong depolarization. While depolarization due to a
disordered magnetic field alone would require an exces-
sive number of uncorrelated emitting regions, resulting in
a smooth flux variability inconsistent with observations, the
Faraday effect emerges as a more plausible mechanism. By
comparing the expected impact of Faraday rotation with the
obtained PDlim, we find that Faraday rotation in the X-ray
corona is the most likely cause of the total depolarization
of the observed mm emission (Sects. 2 and 5.2). Notably,
archival high-resolution ALMA data of central emission in
non-blazar RL AGNs also show either no mm polarization
or one comparable with the upper limits for our RQ sample
(Sect. 5.5).

– Deep mm observations reveal faint structures at the
∼0.1−0.2 mJy/beam level (2–3σ, <10% of the AGN emis-
sion) surrounding NGC 3783 and MCG 5–23–16, extending
over at least a few tens of parsecs, which were not previ-
ously detected (Sect. 5.1). In NGC 3783, the extended mm
emission is co-spatial with the narrow-line region observed
earlier by MUSE (den Brok et al. 2020) and GRAVITY
(GRAVITY Collaboration 2021).

– While no polarization is detected from the AGN itself,
NGC 3783 exhibits an unresolved polarized source with
a PD ≈ 17%, located ∼20 pc from the AGN mm core
(Sect. 5.1). Since the separation between the maxima of the
total and polarized intensity exceeds the beam size, the polar-
ized source is definitely not the AGN itself. Instead, it is co-
spatial with the extended mm structure and the narrow-line
outflow. This polarized emission may be linked to the pro-

cesses in the AGN outflow, such as a propagating shock. The
steep in-band spectral index, α = −3.6 ± 2.4, suggests an
event with rapid electron cooling; however, the large uncer-
tainty highlights the need for additional observations.

– The studied sources show no mm flux variability during the
observational sessions, suggesting that the mm source size
exceeds ∼1 light hour. A compilation of archival ALMA
Band 3 data for the RQ AGNs in our sample reveals
mm flux variations in all sources by a typical factor of 2
(Sect. 5.3). However, due to the lack of regular mm moni-
toring and simultaneous observations in other bands, we can-
not determine the mechanism driving this variability. Assum-
ing energy equipartition, we estimated the minimum size of
the emitting synchrotron sources to be ∼90–600 Rg, while
archival radio data provided upper limits on the emitting
region size of 103−104 Rg (Sect. 5.4).

From these polarimetric ALMA observations, the key insight
is not the detection of mm polarization itself, but rather its
absence with a very low upper limit of 0.5%, providing a crucial
clue to the origin of the compact mm emission. Among various
synchrotron-emitting AGN structures, only the X-ray corona,
because of its electron density, exhibits sufficient Faraday depo-
larization to fully suppress the observed polarization. However,
to strengthen this argument, highly sensitive mm polarimetric
observations with higher spectral resolution, on the order of tens
of MHz, are necessary to avoid bandwidth depolarization caused
by the large RMs discussed in Sect. 2. Additionally, extending
observations to higher frequencies, up to ∼500 GHz, would help
us probe deeper into the emitting region.
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Appendix A: ALMA data

The tables provided contain the data used in Fig. 5. α is the in-
band spectral index, and θ is the angular resolution in arcsec.

Table A.1. Archival ALMA Band 3 data for NGC 3783.

Date Flux rms α θ
(mJy) (mJy/beam)

2019–08–13 2.19 0.04 −1.34 ± 0.39 0′′.3
2019–08–18 2.55 0.04 −0.26 ± 0.16 0′′.3
2021–08–21 2.16 0.03 −0.91 ± 0.35 0′′.1
2021–11–07 2.51 0.02 −0.49 ± 0.19 0′′.2
2023–05–30 3.91 0.02 −0.56 ± 0.06 0′′.3
2023–10–13 2.03 0.01 −0.92 ± 0.11 0′′.1

Table A.2. Archival ALMA Band 3 data for MCG 5–23–16.

Date Fux rms α θ
(mJy) (mJy/beam)

2021–08–14 4.12 0.03 0.29 ± 0.04 0′′.1
2021–11–04 3.95 0.02 0.32 ± 0.13 0′′.2
2023–10–08 2.53 0.01 −0.42 ± 0.04 0′′.1

Table A.3. Archival ALMA Band 3 data for NGC 4945.

Date Flux rms α θ
(mJy) (mJy/beam)

2019–07–14 7.60 0.01 −1.35 ± 0.03 0′′.1
2021–07–11 13.17 0.03 −1.34 ± 0.03 0′′.3
2021–08–22 8.14 0.03 −0.84 ± 0.06 0′′.1
2021–11–04 9.41 0.22 −1.34 ± 0.03 0′′.2
2023–10–11 9.12 0.01 −1.06 ± 0.08 0′′.1
2023–10–25 8.88 0.01 −1.29 ± 0.04 0′′.1

Appendix B: Radio data

The tables provided contain the data used in Fig. 6. θ is the angu-
lar resolution in arcsec. For NGC 4945, note that, regardless of
resolution, the flux was integrated over the entire central emitting
region of the galaxy.

Table B.1. Archival radio data for NGC 3783.

Frequency Flux Flux error θ Reference
(GHz) (mJy) (mJy)

0.843 58.4 2.1 60′′ 1
1.49 43.6 2.0 45′′ 2
1.49 23.0 2.0 0′′.6 3
4.86 13.0 1.3 0′′.6 3
4.9 13.0 1.0 0′′.61 4
8.6 10.03 0.5 1′′.59 × 0′′.74 5
8.6 8.0 0.4 0′′.25 6

References. (1) Mauch et al. (2003); (2) Condon et al. (1998);
(3) Unger et al. (1987); (4) Ulvestad & Wilson (1984); (5)
Morganti et al. (1999); (6) Schmitt et al. (2001).

Table B.2. Archival radio data for MCG 5–23–16.

Frequency Flux Flux error θ Reference
(GHz) (mJy) (mJy)

1.4 11.0 1.5 0′′.61 1
4.8 6.0 1.0 0′′.61 1
8.46 2.6 0.13 0′′.43 × 0′′.23 2
22 3.176 0.159 1′′ 3

References. (1) Ulvestad & Wilson (1984); (2) Orienti & Prieto (2010);
(3) Magno et al. (2025).

Table B.3. Archival radio data for NGC 4945.

Frequency Flux Flux error θ Reference
(GHz) (mJy) (mJy)

0.843 5549 166.5 60′′ 1
1.4 4500 225 45′′ 2
4.8 1566 78 <0′′.5 3
4.8 3055 153 ∼1′′ 4
4.9 1840 100 1′′.2 × 1′′.1 5
8.33 1424 220 <1′′ 6
8.33 1080 54 ∼1′′ 4
8.6 1141 52 5′′.6 × 4′′.2 7
10 550 100 0′′.7 × 0′′.6 5
20 726 36 <0′′.5 3
36 295 15 5′′ × 2′′ 8

References. (1) Mauch et al. (2003); (2) Condon et al. (1998);
(3) Burlon et al. (2013); (4) Healey et al. (2007); (5) Elmouttie et al.
(1997); (6) Roy et al. (2010); (7) McConnell et al. (2012);
(8) McCarthy et al. (2018);
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