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Abstract

We report milliarcsecond-scale VLBI detections of compact radio nuclei in four spiral-hosted double-lobed radio-
loud AGNs (spiral DRAGNS), a rare class that challenges the traditional association of powerful jets with elliptical
hosts. Using public VLBI data archives, we identify compact cores in all four sources and resolve parsec-scale jets in
two of them. The VLBI components show low brightness temperatures (7}, ~ 10° K in the core) and jet-to-counterjet
ratios consistent with only mildly relativistic intrinsic speeds (3 < 0.6 for inclinations 6 < 80°), indicating weakly
powered pc-scale outflows. The low radio-Eddington ratios log(Lg, 1.4 GHz/Lgy) ~ —5 to —8 support this
interpretation. Three objects lie on the fundamental plane of black hole activity, implying that global accretion-jet
coupling in spiral DRAGNSs is similar to that in other AGNs. Comparison with recent general relativistic
magnetohydrodynamics simulations of thin-disk jets suggests that the VLBI-scale cores in spiral DRAGNs may
trace an early or intermittently magnetized phase of jet launching. The coexistence of weak pc-scale jets and large
kpc-scale lobes implies recurrent or long-duty-cycle jet activity in these late-type hosts.

Unified Astronomy Thesaurus concepts: Active galactic nuclei (16); Disk galaxies (391); Jets (870); Radio
continuum emission (1340); Radio galaxies (1343); Very long baseline interferometry (1769); Spiral

galaxies (1560)

1. Introduction

Giant radio lobes of kpc-/Mpc-sizes have traditionally been
associated with massive elliptical galaxies (C. M. Urry &
P. Padovani 1995; A. S. Wilson & E. J. M. Colbert 1995,
R. J. McLure et al. 2004; P. N. Best et al. 2005). These
empirical findings have led to the idea that elliptical galaxies
provide a natural environment to launch and collimate powerful
jets from their central supermassive black holes (SMBHs; see
R. Blandford et al. 2019 for a detailed review). In more detail,
elliptical galaxies often host hot and pressure-supported
accretion flows in which the gas forms a geometrically thick
disk. These flows, commonly referred to as advection-
dominated accretion flows (ADAFs; S. Ichimaru 1977,
R. Narayan & 1. Yi 1994, 1995), are considered to be a key
ingredient for the generation of vertical magnetic flux through
the ergosphere of central spinning SMBHs and external pressure
support to collimate and magnetically accelerate the jet up to
galactic scales (S. S. Komissarov et al. 2007; J. Y. Kim et al.
2018; R. Blandford et al. 2019). This framework has provided a
natural explanation for the observed dichotomy that spiral
galaxies tend to host weak jets because of their different host
environments, compared to the ellipticals.

However, there has been an increasing number of
discoveries of rare spiral and disk galaxies that host extended
kpc-scale double-lobed radio structures. Being referred to as
spiral double-lobed radio-loud AGNs (spiral DRAGNSs), these
objects challenge the aforementioned framework of jet
formation and collimation by the environmental effects
(M. J. Ledlow et al. 1998; A. Hota et al. 2011; M. Y. Mao
et al. 2015; V. Singh et al. 2015; A. Vietri et al. 2022; Z. Wu
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et al. 2022). For instance, M. J. Ledlow et al. (1998) provided
one of the first pieces of firm evidence for a powerful double-
lobed radio AGN in a serendipitous spiral host galaxy
0313-192. Subsequently, A. Hota et al. (2011) reported
another spiral-hosted radio galaxy exhibiting multiple episodic
jet activities in 345 MHz images from the Giant Metrewave
Radio Telescope (GMRT). V. Singh et al. (2015) further
reported four spiral galaxies with kpc-scale radio lobes, all of
which were classified as Fanaroff-Riley type II (FR II) radio
galaxies whose lobes extended to over 80 kpc scales despite
their moderate radio luminosities (~1024—1025WH271) at
1.4 GHz. More recently, Z. Wu et al. (2022) significantly
expanded the total number of known spiral DRAGN
candidates, using high-resolution Hubble Space Telescope
(HST) optical and Very Large Array (VLA) radio images,
focusing on a sample derived from the Gem of Galaxy Zoo
project (W. C. Keel et al. 2022).

These discoveries led to several hypotheses about how spiral
galaxies might generate powerful jets similar to those in
elliptical galaxies. On one hand, M. J. Ledlow et al. (1998)
suggested that strong galaxy—galaxy interactions, such as
major mergers, can trigger the AGN activity, and M. Y. Mao
et al. (2018) suggested that a lower-density interstellar medium
may help the jets expand more easily into kiloparsec-scale
halos. On the other hand, Z. Wu et al. (2022) argued that the
likelihood and strength of radio jets depend primarily on the
stellar mass of the bulge and thus the mass of the central
SMBH, rather than on galaxy morphology. Unfortunately,
only a limited amount of observational studies have been made
in this regard, making it difficult to identify which of these
scenarios would be a more realistic way to understand the
origin of spiral DRAGNS.

In this regard, VLBI detection and imaging of compact radio
nuclei of spiral DRAGNs offer two possible key improve-
ments. First, the relatively poor angular resolutions (e.g., on
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the order of arcseconds) of the optical and radio images used in
previous studies still suffer from systematic errors in the
optical-radio image alignment, affecting the statistical sig-
nificance of the optical-radio association (see Z. Wu et al.
2022). In contrast, VLBI-scale high-resolution radio images
naturally result in significantly improved source position
accuracy, and therefore can provide bona fide optical-radio
associations. Second, high-resolution images of the radio
nuclei and (if present) extended radio jets can allow
measurements of the geometry of the outflow structure (e.g.,
S.Y.Lee & J.-Y. Kim 2025) and jet plasma properties close to
the central engine, using observables such as the brightness
temperature and intrinsic jet speed. For example, blazar-like
jets typically exhibit fast bulk motions, with typical bulk
Lorentz factors on the order of I" 2 10, as inferred from the
population modeling of a number of blazar and quasar jets
(M. L. Lister et al. 2019). In contrast, observational constraints
on the ranges of I for spiral DRAGNSs are lacking. Also, along
with the collimation profile (S. Y. Lee & J.-Y. Kim 2025), the
dynamical properties and ultimately the total power of jets in
spiral DRAGNs can be compared with jets in more diverse
sources such as blazars, quasars, and radio galaxies, which can
provide hints about the jet formation in those serendipitous
objects.

To this end, we aim to expand the number of VLBI-detected
spiral DRAGNs and analyze the physical properties of the
compact radio nuclei and jets, if present. Accordingly, this
paper is structured as follows. In Section 2, we describe our
targets and the datasets used for our study, including a high-
probability spiral DRAGN sample and archival VLBI data
from various databases. In Section 3, we present our main
results regarding a list of spiral DRAGN objects with reliable
VLBI detections, morphologies of the compact radio nuclei
and jets, measurements of the jet brightness temperatures,
calculations of the radio Eddington ratios, and constraints on
the intrinsic jet speeds. We also compare the black hole
masses, X-ray luminosities, and VLBI-scale radio luminosities
with those of well-established jet-powered AGNs, in order to
see if spiral DRAGNSs lie well on the so-called fundamental
plane of active black holes (A. Merloni et al. 2003). In
Section 4, we finally compare these results with those of well-
known powerful jets in quasars and blazars, and discuss the
possible origin and dynamics of jets in the spiral DRAGN
objects. Throughout the paper, we adopt a ACDM cosmology
with Hy=67.8kms 'Mpc~', ©,=0.31, and Q,=0.69
(Planck Collaboration et al. 2014).

2. Data and Analysis
2.1. VLBI Spiral DRAGN Sample

For the purpose of our study, we selected spiral DRAGNs
with low probabilities P of chance alignment between the
optical galaxy and the radio lobes (P < 107°), based on the
catalog published by Z. Wu et al. (2022). We also
supplemented this list with additional individual spiral
DRAGN objects reported in the other literature, including
0313—192 (M. J. Ledlow et al. 1998), J0354—1340 (A. Vietri
et al. 2022), J0836+40532, J1159+45820, J1352+43126
(V. Singh et al. 2015), J1030+5516 (S. Rakshit et al. 2018),
J1409—-0302 (A. Hota et al. 2011), J1649+2635 (M. Y. Mao
et al. 2015), and J2345—0449 (J. Bagchi et al. 2014). We refer
to those works for detailed discussions of their discovery and
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identification as spiral DRAGNs. We then searched various
public VLBI databases, including the Astrogeo VLBI FITS
image database,’ the European VLBI Network (EVN) data
archive,” and the National Radio Astronomy Observatory
(NRAO) data archive,” in order to find any of the above-
mentioned spiral DRAGNs that could have already been
observed and detected by previous VLBI experiments. Based
on our search, we were able to find, from the Astrogeo
database, four new objects with clear VLBI detections: J0219
40155, J1159+4-5820, J1352+3126, and J1649+-2635 (exclud-
ing 0313—192, whose VLBI detection was already reported by
M. Y. Mao et al. 2018). The data of J0219+40155, J1352
43126, and J1649+2635 were obtained as part of the VLBI
2MASS radio astronomy project (J. Condon et al. 2011) using
the Very Long Baseline Array (VLBA) (at 8.6 GHz for J0219
40155 and J1352+4-3126 and at 8.4 GHz for J1649+-2635).
Their fully calibrated visibility data were available from the
Astrogeo database. We refer to J. Condon et al. (2011) for the
acquisition, calibration, and imaging of the datasets. The data
of J1159+45820 were obtained as part of the VLBA Imaging
and Polarimetry Survey (VIPS) program (J. F. Helmboldt et al.
2007) using the VLBA at 4.8 GHz. Also, fully calibrated data
of this dataset were available from the Astrogeo database. The
corresponding source information and observing parameters
are listed in Table 1. We also provide detailed descriptions of
the individual sources in Appendix A. We note that a few other
spiral DRAGN objects were also observed in VLBI by various
instruments, but typically only as calibrators with limited
numbers of scans (mostly single-scan only). These data were
excluded because of their limited (u, v) coverages that could
make it difficult to image and analyze the source structure and
properties.

2.2. Kpc-scale Radio Images

In order to check if deeper and higher-resolution kpc-scale
images of radio jets are available for the four targets from
recent radio continuum surveys, we searched various surveys,
including the Faint Images of the Radio Sky at Twenty
Centimeters (FIRST) survey at 1.4 GHz with the Very Large
Array (VLA; R. H. Becker et al. 1995), the Low Frequency
Array (LOFAR) Two-Metre Sky Survey Data Release 2 at
144 MHz (LoTSS DR2; T. W. Shimwell et al. 2022), and the
VLA Sky Survey (VLASS) at 3 GHz (M. Lacy et al. 2020).
The FIRST database provided images for all of our targets.
LoTSS DR2 images were available for two of them (J1159
+5820 and J1352+3126). None of our sources were available
from the VLASS database. For the available images, we used
the CARTA software (A. Comrie et al. 2021) to measure the
basic properties of the radio images such as the total flux
densities.

2.3. Optical Images

We also searched public archives for optical images of our
four targets, primarily making use of the Canadian Initiative
for Radio Astronomy Data Analysis (CIRADA)* and Mikulski
Archive for Space Telescopes (MAST) databases. We found

https:/ /astrogeo.smce.nasa.gov /vlbi_images/
https: / /archive.jive.nl/scripts/portal.php
https://data.nrao.edu/portal /
http://cutouts.cirada.ca/

https:/ /archive.stsci.edu/
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Table 1

Properties of the Radio Images of the Targets

Target R.A. Decl. Array Obs. date v Beam size Beam P.A. Peak intensity Total flux density o
(J2000) Gt C ' (yyyy/mm/dd) (GHz) (" x" (deg) (mJy/beam) (mly) (mJy/beam)
J0219+0155 02 19 58.7 +01 55 49 VLA 2009/03/29 1.5 6.4 x 54 0.00 62+ 6 317 + 32 0.137
VLBA 2010/09/14 8.6 0.0047 x 0.0011 —14.8 22+2 21 £2 0.660
J11594-5820 11 59 05.8 +58 20 36 LOFAR 2016/04/04 0.144 6.0 x 6.0 0 1.7+£02 1773 £ 177 0.093
VLBA 2006,/05/27 4.8 0.0028 x 0.0021 —0.28 62+ 6 297 + 30 0.300
J13524-3126 1352 17.8 +31 26 46 LOFAR 2017/02/09 0.144 6.0 x 6.0 0 8636 + 864 20691 £ 2069 L5
VLBA 2010/09/11 8.6 0.0025 x 0.0011 19.9 34+3 69 +7 0.220
J1649+4-2635 16 49 23.9 +26 35 03 VLA 1995/11/13 1.4 54 x 54 0.00 6.2 £ 0.6 112 £ 11 0.757
VLBA 2012/02/29 8.4 0.0037 x 0.0009 28.0 16 + 2 17 +2 0.400

Notes. From left, each column shows the source names in J2000, source coordinates in R.A. and decl., observing radio arrays, observing dates in yyyy/mm/dd format, observing frequencies in GHz, beam sizes in
arcsecond, position angle of the major axis of the beam in degrees from north to east, peak intensity in mJy/beam, total flux density in mJy, and the image rms noises in mJy/beam. Here, systematic flux uncertainties

of 10% are adopted for the peak intensities and total flux densities.

1 dy 970z “(ddz1) $L1:0001 “TVNINO[ TVOISAHIOYISY TH],

wry % nky



THE ASTROPHYSICAL JOURNAL, 1000:174 (12pp), 2026 April 1 Ryu & Kim
Table 2

Optical Images Retrieved from SDSS and HST Archives
Source Database Band ObsID or ObjID
J0219+0155 SDSS DR 18 r 1237678618506887332
J1159+5820 SDSS DR18 r 1237661354316726385
J1352+3126 SDSS DR18 r 1237665331471515679
J1649+4-2635 SDSS DR18 r 1237662301913940522
J0219+0155 HST (ACS/WEFC) F475W hst_15445_3y_acs_wfc_f475w_jds43y
J13524-3126 HST (WFPC2) F702W u2715a02t

Note. From left, each column shows the source names in J2000, the databases from which the image was retrieved, the filter bands, and the corresponding

observation or object IDs from the HST or SDSS databases, respectively.

four Sloan Digital Sky Survey (SDSS) Data Release 18
(J. A. Kollmeier et al. 2026) r-band images of all the four
sources. In addition, we also found HST images of two of our
targets from the MAST and Canadian Astronomy Data Centre
(CADC6 database: J0219+0155 and J1352+3126. The
corresponding observation or object IDs are listed in Table 2.
For J0219+0155 and J1352+4-3126, we adopted the available
HST images to better display the host-galaxy structure,
benefiting from their higher spatial resolution compared to
the SDSS data.

2.4. VLBI Data Analysis

We used the Difmap software (M. C. Shepherd 1997) to
image the sources from the visibility data, by using the
CLEAN task in a standard manner for typical VLBI
observations (e.g., J.-Y. Kim et al. 2023). Since all these data
were already fully self-calibrated in phase and amplitude, we
did not make additional self-calibrations during the imaging.
After the imaging, we exported the CLEAN images outside the
Difmap software and used the CARTA software to measure
the peak intensities, total flux densities, and rms noise levels of
the maps.

In order to parameterize physical properties of the VLBI-
scale radio-emitting structures, we computed the observed
brightness temperatures, 7, of the distinct emitting jet
features. For this, we modeled the VLBI visibilities with
circular Gaussian components using the Modelfit task in
Difmap, in a similar manner to that described in Y.-S. Kim &
J.-Y. Kim (2025). For each component, we computed 73, as

T, = 1.22 x 10121/2Lé2 K, (1)
(e.g.,J. Y. Kim et al. 2018), where F, is the flux density in Jy
at an observing frequency v in GHz, and © is the Gaussian
FWHM in mas. We note that the intrinsic brightness
temperature, Ty ine 18 related to Ty, by Tpine=Tp X (1 4+2)/6,
where z is the redshift of the target and ¢ is the Doppler factor.
As for the model fitting procedure, we successively added
increasing number of Gaussian components for each VLBI
dataset, until the iterative modelfit task reduced the image
noise level to be comparable to the rms of the CLEAN maps
and reasonable x> values were obtained (see also J.-Y. Kim
et al. 2019). After convergence, we computed the statistical

S https://www.cadc-ccda.hia-iha.nrc-cnre.gc.ca/en/

uncertainties of the fitted parameters of each component as
follows:

Lok 1/2
Opeak = Urms(l + L) P

er S

= 1/2
Otot = Upeak(l + 2tot ) s

o peak

Opeak
O’d:dp N

peak

1

opa = arctan(ﬁ) 2)

r

(E. B. Fomalont 1999; S.-S. Lee et al. 2008; F. K. Schinzel
et al. 2012), where 0., is the image rms noise, and opeak, Tots
04, 0., Opa are the uncertainties of the peak intensity I,eqx (in
mly beam '), total flux density Fi, (in mly), component
FWHM size d (in mas), radial distance to the component 7 (in
mas), and component position angle PA (in radian), respec-
tively. Also, a systematic 10% uncertainty was assumed for the
total flux density, while for the FWHM size, we assumed a 5%
uncertainty (Y.-S. Kim & J.-Y. Kim 2025). Those systematic
errors were added in quadrature to oy, and o; and then
propagated to estimate the total uncertainty of Ty,

2.5. BH Masses, X-Ray Luminosities, Radio Luminosities, and
Radio Eddington Ratios

We also gathered additional information about the black
hole masses, Mgy, 2-10keV X-ray luminosities, Ly, and
5 GHz radio luminosities, Lg, s gu,, of the total VLBI-scale
structures for our targets, in order to investigate the correlation
between the three parameters and understand if spiral
DRAGNSs would follow the so-called fundamental plane of
active jetted black holes (A. Merloni et al. 2003). A summary
of these values is given in Table 3. For Mgy, we adopted
values for J1159+5820, J1352+3126, and J1649+2635 from
V. Singh et al. (2015), where the black hole masses were
estimated using the black hole mass—bulge luminosity relation
(J. Kormendy & D. Richstone 1995; J. Magorrian et al. 1998)
for late-type galaxies (N. J. McConnell & C.-P. Ma 2013). For
J02194-0155, we made use of the Mgy — M, relation in
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Table 3
Various Physical Properties of the Four Spiral DRAGNs

Target Redshift dy, log My log Lx log Ly, 5 GHz log Ly, 1.4 GHz log Lgag log(LR. 1.4 GHz/ LEdad)
(J2000) (z) (Mpc) M) (ergs™ ") (ergs™ " (ergs™ ") (ergs™ ")

J0219+0155 0.041 187.0 8.9 + 1.09 N/A 39.7 + 0.1 39.1 £0.2 470 + 1.1 —79+ 1.1
J115945820 0.054 248.6 8.68 + 0.24 417 £0.1 41.01 £ 0.04 4129 + 0.04 46.8 + 0.3 —5.49 + 0.25
J135243126 0.045 205.8 8.28 + 0.25 42.81 + 0.03 40.4 4 0.1 40.24 + 0.04 46.4 + 0.2 —6.14 £ 0.31
1164942635 0.055 253.4 8.46 + 0.26 <433 39.8 £ 0.1 393 £0.2 46.6 + 0.2 —7.31 4+ 0.30

Note. From left, columns show the target names in J2000, the redshifts (Z. Wu et al. 2022 for J0219+0155; V. Singh et al. 2015 for J1159+5820, J1352+4-3126, and
J1649+-2635), luminosity distances computed from the redshifts in Mpc, black hole masses in M., 2-10 keV X-ray luminosities, 5 GHz and 1.4 GHz radio

luminosities (Lg ,, = vL,), Eddington luminosities, and radio Eddington ratios.

Z. Wu et al. (2022), explicitly as follows:

Mgy M,
log| — | = (7.43 £ 0.09) + (1.61 £+ 0.12) log| — |,
g( M ) ( ) ) g(Mo)

3)

where Mpy; is the mass of the black hole, My =3 % 10]0M®,
and M, is the stellar mass of the host galaxy. As noted by
J. Kormendy & L. C. Ho (2013), the correlation between bulge
properties and black hole masses could become highly
uncertain for pseudo-bulge systems. For this reason, we use
the M, for the host galaxy, and following Z. Wu et al. (2022),
adopt an intrinsic scatter of 0.81 dex in the estimated Mpy. For
Ly, we referred to various literature for the objects J1159
45820 (K. Balasubramaniam et al. 2020) and J13524-3126
(Y. Ueda et al. 2005). For J16494-2635, only an upper limit
was available for Ly (H. Bohringer et al. 2001). For
J0219+4-0155, no value of Lywas reported in the literature.

The radio luminosity, Lg , = vL,, was derived from the total
VLBI-scale flux density F, using L, = 47rdL2 E,, where d; is
the luminosity distance with uniform systematic error of 10%
for measured total flux density. We estimated Fs gy, using the
4.8 and 8.6 GHz flux densities, assuming flat or steep spectra
depending on the source morphologies—flat for core-domi-
nated sources J0219+4-0155 and J16494-2635 and steep for jet-
dominated sources J1159+5820 and J1352+3126, respec-
tively. For the core-dominated sources, we simply presume
F,=F, 36, = Fs.6 gz Since the exact spectral indices of the
sources are unknown, possible systematic uncertainties of
Fsgn, were estimated by assuming a power-law
F, = E,(v/vy)™, where F, is the flux density at an observing
frequency 1 and « is the spectral index. Then, the spread of
Fsgn, was computed for a range of spectral indices
a € (—1.0,0.0). At vy = 8.6 GHz, the spread of F5 gy, yielded
a maximum possible difference of ~21% for F5 gy,, which we
adopted as the systematic uncertainty. At vy =4.8 GHz, the
maximum difference was only ~1% and therefore was
neglected. In both cases, we included an additional 10%
systematic uncertainty in the flux density, reflecting a possible
data calibration error. For the jet-dominated sources, we
estimate Fs5 gy, by applying a steep power-law spectrum and
extrapolating the observed flux densities at 4.8 and 8.6 GHz to
5 GHz. For J1159+5820, we adopt a steep spectral index of
a = —1.5, which is estimated by S. E. Tremblay et al. (2016),
while for J1352+4-3126, we use a typical value of o = —0.7.
For J1352+3126, again a similar 21% of systematic flux
density error was adopted and added in quadrature.

To quantify the relative strength of the radio emission of the pc-
scale VLBI core versus the Eddington luminosity, we calculated a
monochromatic  radio  Eddington ratio, L4 Ghz/LEdd-
We adopted v = 1.4 GHz as the reference frequency and extrapo-
lated from observing frequencies of 4.8 and 8.6—1.4 GHz, in order
to enable direct comparisons of the ratios with values from recent
studies (e.g., A. L. King et al. 2017; A. Ayubinia et al. 2023). The
F1 .4 gu, were derived from the total flux density measurements,
following the same source-dependent assumptions about .. As for
the errors due to o, now the possible uncertainties in Fj 4G,
increase to a maximum possible difference in F 4 gy, of ~42%
for the core-dominated sources. Similar steps were followed to
estimate F)4gp, for the jet-dominated sources, and the 42%
systematic uncertainty was assumed J1352+3126.

3. Results

Figure 1 shows composite optical and radio images for each
source, spanning spatial scales from kpc to compact pc scales.
For J1159+4-5820 and J1352+4-3126, SDSS and LoTSS DR2
(J1159+5820) and HST and LoTSS DR2 (J1352+3126)
images are presented. Visual inspection of the HST images
provides clearer views of the disk and dust-lane geometry of host
galaxies in optical wavelengths, in particular for J1352+4-3126,
which strengthens the case for a spiral host galaxy. In radio
wavelengths, deeper and higher-resolution views of radio
structures on kpc scales are also available. We find that the
kpc-scale radio jets in JO219+0155 and J1159+5820 show
X-like shapes, indicating potentially complex dynamics or
evolution of these jets (e.g., A. Capetti et al. 2002; R. Joshi
et al. 2019). More quantitative details of the large-scale radio
images are summarized in Table 1. On the pc scales, all four of
the sources show at least compact core-like structure. Further-
more, two objects (J1159+4-5820 and J1352+4-3126) clearly
exhibit extended structure, which we regard as jet features,
although the identification of the VLBI core and furthermore the
central BH is not straightforward with only single-frequency
images, considering the effects due to synchrotron opacity
(e.g., A. P. Lobanov 1998). We note that all the targets are
relatively nearby objects (z < 0.1) and the detected milliarcse-
cond-scale radio components could also be associated with star
formation processes. Nevertheless, the multiwavelength proper-
ties of the targets and also the brightness temperatures
(see below) support an AGN origin of the compact radio
emission. Below, we provide more specific details for each
source. As for J0219+0155 and J1649+2635, their natures were
identified as radio-loud active galaxies based on the ratios of the
far-infrared to radio brightness (J. Condon et al. 2011). Likewise,
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Figure 1. Optical and radio images of the four targets at various spatial scales. HST (SDSS) optical images are shown for J0219+-0155 and J1352+4-3126 (J1159
45820 and J1649+2635). As for radio, LOFAR (VLA) images are shown for J1159+5820 and J1352+4-3126 (JO219+0155 and J1649+2635). All the VLBI images
have been obtained by the VLBA. The left and center columns show kpc-scale radio (red contours) and optical (color, in /intensity ) images of the targets in absolute
R.A. and decl. The right column shows the parsec-scale VLBI images, showing the total intensities in both contours and color in relative R.A. and decl. The
corresponding VLBI beam sizes are shown as green ellipses in the bottom right corner of each panel. In each row, the source names are shown in the top left corner
of the leftmost image. In all panels but those for the kpc-scale radio structures of J1159+5820 and J1352+43126, contours are displayed at
(—1,1,2,4, 8, 16, 32, 64, 128, 256) x 3o levels. For the kpc-scale radio images of J1159+5820 and J13524-3126, higher starting levels of 40 and 60 are
adopted, respectively. Bars at the bottom left corners of each panel show the corresponding spatial scales.

VLBI morphology of the source (see Figure 1) and the compact
symmetric object (CSO) classification of the object
(S. E. Tremblay et al. 2016) support the AGN origin of the
radio structure. Finally, the pc-scale structure in J1352+4-3126
was also identified as being associated with AGN based on the
extended jet-like morphology (R. J. Beswick et al. 2004;
G. Giovannini et al. 2005). We further discuss the definition and
possible identification of the VLBI core in Appendix B. We also
note that the position angles of the extended jets in the two
objects are significantly different on pc and kpc scales, by ~45°,

In Figure 2, we present the results of the Gaussian model
fitting to the VLBA data, with locations of the fitted
components overlaid on the VLBI images. Detailed parameters
of each component are listed in Table 4. Overall, the VLBI

cores are relatively faint, with characteristic flux densities of a
few tens of mJy (see Table 4). More importantly, all four of the
sources exhibit 7}, on the order of 10” K. While these values far
exceed ~10° K, roughly an upper threshold value for radio
emission of starburst origin (e.g., J. J. Condon et al. 1991), the
observed Ty, are still low for radio AGNs, compared to the
typical range of Ty, ~ 10''-10'? K observed from the cores of
compact jets in typical quasars and blazars at 15 GHz
(D. C. Homan et al. 2021). Although T, in jets of AGNs
have slight frequency dependence (T}, oc v~ *%; J. Réder et al.
2025), the frequency difference between 2 — 8 GHz and
15 GHz is small compared to the substantial factor ~10°-10°
difference. The values of Ty~ 10°K are also substantially
lower than the typical brightness temperature at the kinetic and
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Figure 2. Distribution of the Gaussian components fitted to the VLBA data. In
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magnetic energy equipartition: Toeq~ 35 X 10'°K
(A. C. S. Readhead 1994). The low values of observed T
imply that relativistic effects are not dominant in these sources,
unlike strongly beamed AGN jets such as those in blazars.
Also, the detection of the likely jet and counterjet structures in
the VLBI images (see below and Appendix B) further supports
an intrinsic source geometry close to the plane of the sky, so
the low T, is most naturally explained by intrinsically faint
radio emission from a low-power relativistic outflow near
the core.

We also show the result of our calculations of log(Lr 1.4 guz/
Lgqq) for the four objects in Table 3. All the sources show
log(Lr 1.4 GHz/LEag) ~ —(5 — 8); these are small numbers
compared to the result of A. L. King et al. (2017), who show
that logarithms of radio Eddington ratios are typically 2>—4 for
powerful blazars and quasars but <—7 for Seyfert galaxies
without large kpc/Mpc-scale jets. For J1159+5820, we note
that an independent estimate of the bolometric Eddington ratio
based on the Ha luminosity is available in the literature,
yielding Ly /Lgaq ~ 1073 (K. Balasubramaniam et al. 2020).
This value is significantly larger than the typical values found in
traditional low-luminosity AGNs with jet features (e.g., F. Yuan
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& R. Narayan 2014). This may disfavor the dominance of a pure
radiatively inefficient accretion flow and powerful jet in J1159
45820, and likely also in other spiral DRAGN cores. These
comparisons again support the currently weak powers of jets in
spiral DRAGNs on pc scales, compared to the past state that
was responsible for producing the large-scale lobe structures.
We also make attempts to constrain the intrinsic jet speeds for
J1159+-5820 and J1352+4-3126 which show resolved jet-like
features. To do so, we need to consider multiple possible
identifications of the VLBI core and jet components for the
calculation of the jet-to-counterjet brightness ratio. The detailed
procedure for identifying jet and counterjet components is
described in Appendix B. We estimated the intrinsic jet speed,
B, using the jet-to-counterjet brightness ratio, Ri = Fj/Fcy,
where Fy and Fcy are the model-fitted flux densities. For Fj
(Fcy) of J1159+5820, we used the summed flux densities for
components 6, 7, and 8 (components 1 and 2), respectively. For
J1352+4-3126, we simply made use of components 1 and 2.
Relativistic beaming boosts the observed flux density of a
moving blob as Fops =8 °F, where F,,, and F are the
observed and intrinsic flux densities and « is the spectral
index (F,ocv™®). The Lorentz and Doppler factors are
then y=1/41 — 3% and § = 1/[y(1 — B cosd)], where 0
is the viewing angle. The resulting intrinsic jet speed can be

expressed in observational terms as B = (Ry® ¥ — 1)/

[(lee{(3_”) + I)cosA] (J. Y. Kim et al. 2018). We adopted a
spectral index of o~ —1.5 for J11594-5820 (S. E. Tremblay
et al. 2016) and o~ —0.7 for J1352+3126. The estimated jet-
to-counterjet brightness ratios are Rje, = 1.02 £ 0.15 for J1159
+5820 and Rjee = 1.37 £ 0.83 for J1352+3126. Based on these
numbers, we show the results in Figure 3 for the resulting
ranges of intrinsic jet speeds, accounting for uncertainties in
Rje;. For J1159+5820, we find that 32 0.10 is allowed only
when the jet viewing angle is substantially large, with 6 > 80°;
otherwise, the object appears to be at most only mildly
relativistic, consistent with the expectation based on the low
T, value. As for J1352+43126, somewhat faster and more
relativistic jet speeds are allowed; for instance, (32 0.6
(I' 2 1.25) for the same 6>80°. In both cases, we find
3 <0.6 for a moderate range of 6 < 80°. Although the lack of
independent constraints on 6 makes it difficult to draw a firm
conclusion (see also the absence of correlation between the
position angles of the jets and galaxy disks in spiral DRAGNS;
Z. Wu et al. 2022), the combination of the above I" values and
the plausible range of @ still points to a mildly, or at most only
moderately, relativistic outflow, consistent with the observed 7,
and low log(Lg. 1.4 Guz/Ledd)-

Finally, in Figure 4, we show the locations of three spiral
DRAGN objects in the fundamental plane of active black holes
(Section 2.5), using the values of Mgy, Lx, and Lg s GH..
Despite their unusual large-scale radio morphology and spiral
hosts, all three objects lie consistently on the established
relation log Ly sgu, = 0.6log Lx + 0.78log Mgy (A. Merloni
et al. 2003), similar to other BH systems ranging from stellar
mass objects to AGNs. This may imply that global accretion-
jet coupling in spiral DRAGNSs follows the same underlying
physical scaling seen in broader AGN population, suggesting
that spiral DRAGNs do not have fundamentally different
central engines or jet-launching mechanisms (see also
S. Y. Lee & J.-Y. Kim 2025 for more details about the
dynamics of jets in spiral DRAGNSs).
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Table 4
Parameters of the Gaussian Model Components Fitted to the VLBI Datasets
Target ID F S} Ty r PA
(J2000) (mJy) (mas) (109 K) (mas) (deg)
J0219+4-0155 0 222 +18.6 0.47 £ 0.03 1.6 £ 1.4
J1159+5820" 1 50.7 £ 9.1 1.3 +0.1 1.6 £04
2 82.1 £ 11.6 36+ 04 0.33 £ 0.09 1.1 £0.2 31.8 £ 8.8
3 8.0 £ 4.1 56 +£28 0.013 £ 0.002 82+ 14 33.8 £ 9.6
4 99 £3.1 37+ 1.0 0.04 £ 0.02 412 £0.5 259 £ 0.7
5 32672 47 +£09 0.08 £ 0.03 549 £ 0.5 283 £ 0.5
6 38.6 £ 6.8 36+ 05 0.16 £+ 0.05 60.8 + 0.3 277+ 0.2
7 51.7 £ 8.6 1.5+0.1 1.3+£03 63.03 £ 0.05 2791 £ 0.03
8 456 £ 7.3 33+ 04 0.22 £ 0.06 649 £ 0.2 28.8 £0.2
J1352+3126 0 37.8 £ 95 0.55 £ 0.03 2.1+0.6
1 169 £ 5.4 0.63 £ 0.04 0.7 +£0.2 1.97 £ 0.02 97.6 £ 04
2 123 £ 6.3 0.44 + 0.03 1.0+ 0.6 2.13 £0.01 -69.5 £ 0.2
3° 5.6 £ 84 <022 >1.9 0.93 859 £ 0.2
J1649+2635 0 160 £5.4 0.93 £ 0.09 0.3 +£0.1

Notes. From left, the column show the source names in J2000, the Gaussian model component IDs corresponding to the numbering in Figure 2 (with 0 indicating the
VLBI core), flux densities in mJy, FWHM sizes in mas, the observed brightness temperatures in unit of 10° K, the relative angular separations from the highest T,
component in mas, and the position angles measured east of north in degrees.
# J1159+4-5820 was observed at 4.8 GHz, while all other objects were observed at 8.4-8.6 GHz.
® This component was included in the fitting process, but its detection is only marginal, given the faintness and ill-constrained size.
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Figure 3. Possible jet speeds of (upper) J1159+5820 and (lower) J1352
43126, derived based on the scenarios outlined in the main text and Section
Appendix B. In both panels, the black solid line and the gray regions represent

best-fit and allowed ranges of the jet speeds including uncertainties in Rje; (1o
level), respectively.

4. Discussion

As in the case of 0313-192 (M. Y. Mao et al. 2018), our
detection of compact, VLBI-scale radio structures in these
spiral DRAGNSs strengthens the association between the
nuclear radio emission and their optical spiral hosts. This
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Figure 4. The fundamental plane of active black holes (A. Merloni
et al. 2003), including data from A. Merloni et al. (2003) and those of three of
the four targets in our study. The latter is highlighted by error bars and colored
dashed lines with corresponding source names. Upper limits are marked with
arrows and shown in empty symbols. The colors denote ranges of Mpy.
Different symbols indicate the types of BHs. GBH: galactic black holes. Sy:
Seyfert galaxies. L: low-ionization nuclear emission-line regions. T: transition
objects (liner / H 11), QSO: quasi-stellar objects.

firmly supports the serendipitous identification of all four
targets. Below, we discuss the physical implications of these
findings.

Most importantly, the pc-scale outflow structures detected in
J1159+4-5820 and J1352+4-3126 show that jet production in
these systems is presently active, or has been reactivated in the
recent past. Such ongoing nuclear activity is difficult to
reconcile with scenarios in which spiral DRAGNs are merely
relics of a single, short-lived, merger-triggered outburst
(M. J. Ledlow et al. 1998; V. Singh et al. 2015; M. Y. Mao
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et al. 2018). Instead, the coexistence of active pc-scale cores
with large, FR II-like outer lobes, together with the known
double—double (J1352+43126, D. J. Saikia & M. Jamrozy
2009) and X-shaped (J0219+-0155, X. Yang et al. 2019; J1159
45820, A. Misra et al. 2023) kpc-scale morphologies of the
sources in our sample, strongly suggests multiple episodes of
jet launching. The VLBI detections therefore indicate that the
current nuclear activity represents a new cycle following the
episode that inflated the outer lobes. Recent high-resolution
hydrodynamical simulations also reinforce this broader
picture. In particular, simulations of gas-rich major mergers
that include spin-driven AGN jets show that, while a major
merger can trigger a powerful jet episode, the interaction
naturally generates large-scale multiphase outflows, the cool-
ing and fallback of gas, and renewed fueling of the SMBH,
thereby producing recurrent and sometimes misaligned jet
episodes (R. Y. Talbot et al. 2024). These results demonstrate
that, even in systems where a gas-rich major merger occurs,
the associated jet activity is not restricted to a single outburst.
Instead, the long-term duty cycle is governed by the
availability of returning or secularly supplied gas and by the
episodic build-up of magnetic flux near the SMBH.

In this context, models in which the long-term evolution of
the jet is regulated by internal properties of the host galaxy,
such as the connection between the stellar bulge and the black
hole or the presence of sustained low-level gas inflow, provide
a natural explanation for recurrent nuclear activity. Such
mechanisms reduce the reliance on a single major merger as
the unique trigger and are consistent with intermittent or
stochastic accretion that can power multiple jet episodes over
Gyr timescales (Z. Wu et al. 2022). This also better agrees
with what is commonly inferred from double—double radio
galaxies, where the large-scale radio lobes are interpreted as
relics of previous jet activity—for example, as seen in J1352
43126 (D. J. Saikia & M. Jamrozy 2009).

In contrast, interpretations of the two other sources J0219
40155 and J16494-2635, showing compact and barely
resolved nuclear radio emission, can be diverse. They may
be powered in different manners, such as intrinsically weaker
and compact jets or radiatively inefficient accretion flows (e.g.,
R. Mahadevan 1998; F. Yuan et al. 2003; R. Narayan 2005;
F. Yuan & R. Narayan 2014). This is similar to the origin of
radio emission in low-luminosity AGNs (LLAGNs; L. C. Ho
2008; E. M. Gutiérrez et al. 2021). If these objects are indeed
currently in a low-activity phase, their kpc-scale jet structure
could indeed reflect an earlier single jet outburst. We also note
the lack of any additional larger-scale diffuse radio emission
beyond the kpc-scale radio lobes in J1649+2635 (M. Y. Mao
et al. 2015), which does not contradict our speculation. On the
other hand, we cannot exclude the possibility that faint pc-
scale jets in the two objects are simply missing due to the
current sensitivity or resolution limits of the VLBA. Therefore,
we may conservatively conclude at this point that the origin of
jets in spiral DRAGNSs is unlikely to arise from a single,
uniform mechanism. We also note examples of kpc-scale
multiple jet structures in other spiral DRAGNS supporting this
interpretation; see J1409-0302 (A. Hota et al. 2011) and
J2345-0449 (J. Bagchi et al. 2014). Accordingly, we may
suggest that spiral DRAGNSs in general may span a range of
evolutionary states, from presently active jets to sources in
quiescent or weakly accreting phases. This implies a diversity
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of pathways that can lead to large-scale radio emission in late-
type host galaxies.

Regarding the jet dynamics, the estimated low intrinsic jet
speeds (5<0.8), small radio Eddington ratios of
log(LRr 1.4 6Hz/LEaa) =~ —(5 — 8), and low brightness tempera-
tures of the VLBI-scale cores (T}, ~ 10° K) indicate that the pc-
scale outflows in spiral DRAGNSs are only mildly relativistic
and far from the highly accelerated and boosted jets seen, for
example, in blazars. We note that traditional hot accretion
flow-based general relativistic = magnetohydrodynamics
(GRMHD) models of jet formation generally predict only
mildly relativistic outflows near the jet base, which are then
magnetically accelerated up to large kpc scales (R. Blandford
et al. 2019). Similarly, recent GRMHD simulations of jets
launched from thin or moderately thick disks (M. Liska et al.
2020) also exhibit comparatively slow outflows at small
<1007, radii from the central SMBHs, where r, = GMpy/ s
the gravitational radius. Interestingly, such jets can then be
substantially accelerated up to terminal I'~ 10, after a
substantial reservoir of large-scale vertical magnetic flux has
accumulated near the disk. Because this flux is built gradually
through an o — 2 dynamo (E. N. Parker 1955; H. K. Moffatt
1978), the jet may be initially slow and develop into a fast
relativistic outflow only at later stages. In this regard, the
observed VLBI cores in spiral DRAGNs may trace an early or
intermittently magnetized phase of the jet, while the kpc-scale
lobes preserve the signatures of earlier, more powerful
outbursts.

We also note that, whereas previous studies have attributed
the rarity of spiral DRAGNSs to environmental effects on large
galactic scales (e.g., V. Singh et al. 2015; Z. Wu et al. 2022),
our study focused on the innermost regions suggests an
additional possibility that the rarity and apparent intermittency
of spiral DRAGNs may instead reflect the difficulty of
building and maintaining the vertical magnetic fields required
in the immediate vicinity of the black hole. As shown by
M. Liska et al. (2020), reaching and maintaining a magneti-
cally arrested state demands both prolonged accretion and the
retention of large-scale poloidal flux near the inner disk. Such
conditions are difficult to achieve in spiral galaxies, where gas
inflow is typically clumpy, time-variable, and largely driven by
secular processes rather than major mergers (K. Wada &
C. A. Norman 2002; P. F. Hopkins & E. Quataert 2010). In
these environments, the vertical magnetic field would originate
from turbulent, predominantly toroidal fields generated within
the disk, and it would be built up into poloidal fields only
episodically. For instance, short-lived episodes of enhanced
inflow could temporarily strengthen the vertical field and
power a more luminous jet, while subsequent dissipation of
magnetic flux or reconnection events would return the system
to a low-activity state (S. Cielo et al. 2018). This cycle
naturally leads to long quiescent intervals between short
periods of jet activities. For example, the spectral aging
analysis of J11594-5820 and J13524-3126 yields lobe ages of
several tens of Myr (S. A. Joshi et al. 2011; J. Machalski et al.
2016; A. Misra et al. 2023), indicating long quiescent intervals
between individual jet-launching episodes. This may help
explain both the small number of known spiral DRAGNs and
the diverse, often irregular morphologies on large kpc scales,
such as those observed in J1352+3126 (double—double radio
galaxy; D. J. Saikia & M. Jamrozy 2009) and J0219+0155 and
J11594-5820 (X-shaped structures; X. Yang et al. 2019;
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A. Misra et al. 2023). They may be direct evidence for short
and recurrent phases of renewed jet activity following the
aforementioned inactive periods.

5. Conclusion

In summary, we suggest that, despite their rarity and
serendipity, rather than being a fundamentally separate class of
SMBHs, spiral DRAGNs may instead represent an intermit-
tently fueled regime of the same objects with fundamentally
the same accretion-jet coupling. Their low-7;, VLBI cores and
indications of slow jet speed support the idea that the inner
spiral DRAGN jets are a slow, magnetically underdeveloped
phase of relativistic jet, whereas their largely extended radio
lobes correspond to their earlier, more strongly magnetized
outflows. This can also help explain why faint pc-scale cores,
weak jets, and powerful kpc-scale lobes can coexist in these
late-type host galaxies. Future high-sensitivity VLBI surveys
and polarimetric imaging of more spiral DRAGN candidates,
for instance using the Square Kilometre Array, will enable
more complete sample studies of these enigmatic objects, to
test whether changes in the magnetic flux of the inner region
drive recurrent jet formation in host galaxies of various types.
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Appendix A
Detailed Properties of Each Object

Below, we provide the detailed properties and our remarks
for each of the four objects discussed in the main text.

—J0219+0155. This source is a nearby galaxy with a
spectroscopic redshift of z=0.041, and optical images reveal
a pronounced bulge together with distinct dust structures
(Z. Wu et al. 2022). X. Yang et al. (2019) classified the radio
source as a winged or X-shaped system, based on the FIRST
image showing low surface brightness lateral extensions
emerging symmetrically from the central region on both sides,
forming secondary structures that are characteristic of FR1
type X-shaped radio galaxies such as NGC 326. When its
optical magnitude and radio luminosity are compared with the
empirical FR I/FR II boundary proposed (M. J. Ledlow &
F. N. Owen 1996), the source lies near the FRI regime,
although the extended kpc-scale emission shows FR II-like
outer features in the FIRST image (Z. Wu et al. 2022).
Structural decomposition yields bulge to total luminosities
B/T=~0.31 and a single-component Sérsic index of n=2.01
(Z. Wu et al. 2022), values that are consistent with a disk-
dominated host containing a modest bulge.

—J1159+5820. Deep optical imaging reveals a prominent
tidal tail and shell-like debris, indicating that this
source is a post-merger system (A. Misra et al. 2023).
D. Koziet-Wierzbowska et al. (2012) and A. Misra et al.
(2023) further described its radio morphology as X-shaped
based on VLA and GMRT images, noting the presence of low
surface brightness wings that extend away from the primary jet
axis. V. Singh et al. (2015) interpreted the kpc-scale radio
structure using NVSS and FIRST images as evidence for
multiple cycles of jet activity, based on the combination of an
inner FR II-like pair of lobes embedded within larger outer
lobes. Therefore, the system was classified as an episodic
AGN. V. Singh et al. (2015) also reported a high B/T ~0.75
and an unusually large Sérsic index of n ~7.7. However, such
a high value should not be interpreted as evidence for an
unusually concentrated, early-type morphology, because the
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tidal tails and shell features identified by A. Misra et al. (2023)
indicate a strongly disturbed surface brightness distribution
that can artificially inflate the Sérsic index of the systems
undergoing or following a merger. S. E. Tremblay et al. (2016)
found that the central pc-scale emission exhibits a CSO
morphology, and spectral aging studies yield a characteristic
age of ~40-60 Myr for the outer lobes (A. Misra et al. 2023).

—J1352+3126. This galaxy has been classified as both a
spiral and an irregular galaxy (V. Singh et al. 2015 and
references therein). Structural measurements give a high
B/T=0.61 and a comparatively high Sérsic index of
n=>5.83+£0.27 (V. Singh et al. 2015). However, we also
note that the high-resolution HST image reveals the complex-
ity in its central structures, suggesting that the ongoing
interaction may be disturbing the stellar light distribution, and
in turn, inflating the measured Sérsic index. The host is rich in
cold molecular gas (A. S. Evans et al. 1999), with CO
observations revealing a substantial reservoir of M
(Hp) =22 x 10"M,. (A. Labiano et al. 2014). VLA and
GMRT imaging reveal an older, edge-brightened FR II-like
outer double with strongly asymmetric lobe brightness
(S. A. Joshi et al. 2011), as well as a younger, smaller inner
double aligned along the same axis and accompanied by
diffuse off-axis extensions (J. Machalski et al. 2016). There-
fore, this source has been classified as a double—double radio
galaxy (D. J. Saikia & M. Jamrozy 2009). The spectral-age
contrast between the outer (<17-23Myr) and inner
(£0.1 Myr) doubles provides additional support for interpret-
ing the system as having undergone recurrent episodes of jet
activity (S. A. Joshi et al. 2011; J. Machalski et al. 2016). On
parsec scales, earlier VLBI observations identified a flat
spectrum core together with subkpc jet components
(R. J. Beswick et al. 2004; G. Giovannini et al. 2005).

—J1649+2635. This system is a grand-design spiral galaxy
with prominent arms, an extended stellar halo, and a faint
central bar (M. Y. Mao et al. 2015). M. Y. Mao et al. (2015)
also noted the presence of a warped stellar disk, which they
interpreted as evidence that the galaxy likely experienced a
minor merger in the past, although the global spiral pattern
remains largely preserved. Structural measurements give a
B/T=0.63 and a Sérsic index of n=2.81+0.03 (V. Singh
et al. 2015). Optical spectroscopy from the SDSS shows a red
continuum and a strong 4000 A break, indicating predomi-
nantly quiescent star formation (K. L. Masters et al. 2010).
VLA and MERLIN radio imaging further reveal edge-
brightened outer lobes characteristic of an FRII radio
morphology (see M. Y. Mao et al. 2015 and references
therein).

Appendix B
Identification of VLBI-scale Structure

Here, we describe the procedure and details of the
identification of VLBI-scale core, jet, and counterjet compo-
nents in J1159+5820 and J1352+3126. For J1159+5820, we
adopt a jet—counterjet (J-CJ) scenario; that is, the two
separated components represent the approaching (brighter)
and receding (fainter) jets, while the VLBI core (or apparent
footprint of the jet; A. P. Lobanov 1998) is not visible in the
image, due to the large opacity surrounding the central engine.
This is consistent with the previous classification of the source
as a CSO based on the comparable brightness of the two
brightest features in the VLBI image (S. E. Tremblay et al.
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2016). Based on the apparent brightness, we may identify the
NE component as being associated with the approaching jet
and the SW component as being associated with the receding
jet. We note that, in principle, the brightness ratio of the NE
and SW features could be affected not only by the beaming but
also by other factors. For instance, the synchrotron or free—free
absorption could affect the observed brightness ratio, but for
J1159+4-5820, both jet ends display steep spectra at 5-8 GHz
and thus are not expected to be strongly affected by the
absorption effect. Another possible factor contributing to the
observed brightness asymmetry is jet—environment interaction,
which can significantly affect the jet-to-counterjet flux ratio.
Such effects can also be further assessed by comparing the
arm-length ratio between the brighter and fainter lobes (with
values >1 generally indicating a weaker environmental
influence). Although the absence of a clearly identifiable
VLBI core in this object (S. E. Tremblay et al. 2016) makes it
difficult to measure this ratio reliably, the steep spectra at both
ends again suggest weak jet—environment interaction. All in
all, we consider it reasonable to associate the northern lobe
with emission from the approaching jet, as it exhibits a longer
visible tail of the jet extending southward, in contrast to the
southern lobe, which shows only a faint or barely visible
extension of the emission toward the north. For J1352+3126,
the high T, feature between the two outer blobs of lower T,
supports the component being a VLBI core (see, e.g.,
P. R. Burd et al. 2022, for general profiles of T}, as function
of core distance for jets in AGNs). Thus, we can reasonably
assume that the central brightest component corresponds to the
core, with the eastern (western) brighter (fainter) feature
corresponding to the jet (counterjet) component. The length
ratio between the components 0-1 and 0-2 in J1352+3126 is
Fo—1/To—2~0.93 4+ 0.01 (Table 4), which is not unreasonable
for mild relativistic beaming with non-negligible environ-
mental effects.
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