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Abstract

Aims. We present a new neutrino-blazar multiwavelength-flare coincidence, observed in the blazar PKS 0215+015 that showed a strong multiwavelength outburst in positional and temporal coincidence with the IceCube neutrino track alert IC220225A similar to the case of TXS 0506+056. We investigate the immediate response of the radio jet to the major flare and a possible neutrino association.

Methods. We performed target-of-opportunity observations of PKS 0215+015 with the Very Long Baseline Array (VLBA) at 15 GHz, 23 GHz, and 43 GHz in full polarization for six epochs with a monthly cadence following the neutrino event. We combined the VLBA observations with monitoring data from the Effelsberg 100-m telescope, the Australia Telescope Compact Array, and Fermi/LAT.

Results. Based on our kinematic analysis, we identified a new rapid jet component with an apparent speed of ∼60−80 c, which was ejected around the arrival time of IC220225A. The fast component ejection is traced by a characteristic signature in polarization that suggests a shock–shock interaction with a quasi-stationary feature. By combining the VLBA results with radio variability data, we estimated a bulk Lorentz factor of Γ = 105 ± 56, and a jet viewing angle of ϑ = (1.47 ± 0.31)°.

Conclusions. We note that the properties of the rapid component exceed previously reported maximum apparent jet speeds and Lorentz factors reported by continuous monitoring programs. This is likely only possible because we are observing an exceptional flaring event at high redshift (z = 1.72), with a higher observing cadence than in typical monitoring programs. We suggest that neutrino production in PKS 0215+015 can happen through pγ-interactions with protons possibly accelerated within the fast moving feature. The target photon field could be external to the jet or explained by a multi-layered jet. The latter scenario would be in agreement with the presence of quasi-stationary features revealed in our analysis.
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1. Introduction
Following the discovery of TXS 0506+056 as the first astrophysical high-energy neutrino-source in 2017 (IceCube Collaboration 2018b), the hunt for additional neutrino-emitting sources has been ongoing. Meanwhile, the IceCube Collaboration (2022) have identified the active galaxy NGC 1068 and the galactic plane (IceCube Collaboration 2023) as additional neutrino emitters. Moreover, several works suggest a statistical correlation between bright active galactic nuclei (AGNs), more specifically blazars, and high-energy neutrino events (e.g., Plavin et al. 2020, 2021, 2023; Hovatta et al. 2021; Buson et al. 2022; Kouch et al. 2024). While these statistical associations are still under debate (e.g., Bellenghi et al. 2023; Abbasi et al. 2023a), several individual blazars such as PKS 0735+178 (Kadler et al. 2021; Sahakyan et al. 2023; Acharyya et al. 2023; Kim et al. 2024; Paraschos et al. 2025), PKS 0446+11 (Eppel et al. 2024a; Kovalev et al. 2024, 2026) and PKS 1725+123 (Nanci et al. 2022) have raised the interest of the community, as they exhibited prominent flaring events close in time to IceCube neutrino events, similar to the case of TXS 0506+056 (see also Sumida et al. 2022; Jiang et al. 2024; Ji & Wang 2024; Kőmíves et al. 2024; Perger et al. 2025).
We present the case of PKS 0215+015, which was found to be in a strong multiwavelength outburst in coincidence with the IceCube neutrino event IC220225A (Eppel et al. 2023). On February 25, 2022, the IceCube Collaboration reported the discovery of the neutrino event IC220225A1, classified as a “bronze” type, with a “signalness” (i.e., probability for the neutrino to be of astrophysical origin) of 38% and an energy of ∼150 TeV. PKS 0215+015 exhibited a gamma-ray flux more than seven times greater than the average reported in the 4FGL-DR3 catalog on the day preceding the neutrino event (Garrappa et al. 2022). Additionally, the source showed strong optical (Nesci 2022) and radio flaring activity (Kadler et al. 2022; Plavin et al. 2022).
PKS 0215+015 was initially classified as a BL Lacertae (BL Lac) object by Gaskell (1982), and is located at a redshift of z = 1.72 (Blades et al. 1985; Foltz & Chaffee 1987). In contrast to its initial classification, the detection of spectral lines by Foltz & Chaffee (1987) suggests a flat-spectrum radio quasar (FSRQ) or changing-look AGN behavior. Moreover, Foschini et al. (2022) note that the BL Lac-type spectrum was observed during a faint state of the source, while the FSRQ spectrum was taken at a bright state, likely caused by a change of accretion rate. This could be relevant in context of neutrino production since FSRQs are considered to be likely sources of high-energy neutrinos, due to their high density of target photons for the pγ-channel (e.g., Atoyan & Dermer 2001; Murase et al. 2014; Moretti & Caccianiga 2025).
Triggered by the strong multiwavelength flare, coincident with IC220225A, we carried out a dense radio monitoring campaign of PKS 0215+015 with the Effelsberg 100 m-telescope, the Australia Telescope Compact Array (ATCA), and the Very Long Baseline Array (VLBA). Here, we present our results on the immediate response of the radio jet to the major multiwavelength outburst and possible neutrino association. Throughout the paper, we assume a flat cosmology with H0 = 67.4 km s−1 Mpc−1, and Ωm = 0.315 (Planck Collaboration VI 2020). This puts PKS 0215+015 at a luminosity distance of 13 Gpc, with a linear scale of 8.7 pc mas−1, such that an apparent motion with 1 mas yr−1 corresponds to a speed of 77 c.
2. Observations and analysis
2.1. Sources in the IC220225A field
In order to find astrophysical sources coincident with the uncertainty region of IC220225A, we crossmatched the neutrino region published by IceCube with the Fermi/LAT 4FGL-DR3 catalog (Abdollahi et al. 2022) as well as with the Radio Fundamental Catalog (RFC 2025a, Petrov & Kovalev 2025). IceCube provides different stages of their high-energy track alerts: first, a real-time localization published via AMON2 (Rev 0), followed by a refined localization (Rev 1), and usually a GCN circular3. While the AMON regions (Rev 1 and Rev 0) come with radial errors, the GCN circular contains asymmetric errors around a center position in right ascension and declination, usually resulting in a “box” shape. Based on what Abbasi et al. (2023b) reported, these “GCN-boxes” can often be approximated with ellipses. However, the exact shape of the uncertainty region within the GCN-box is not made publicly available immediately. In accordance with Abbasi et al. (2023b), we therefore consider the full GCN-box as the best and most conservative approximation of the real uncertainty region. As an overview, in Fig. 1, we show the latest AMON (Rev 1) 90% uncertainty region of IC220225A, the GCN-box, and the interpolated GCN ellipse region, based on the GCN-box. Within the GCN-box, there are 20 sources from the RFC, with PKS 0215+015 being the brightest one, based on the median X-band flux density listed in the RFC (∼0.8 Jy). Moreover, the region includes two sources from the 4FGL-DR3 catalog, 4FGL J0208.5−0046 and 4FGL J0217.8+0144. The latter is associated with PKS 0215+015, and due to its strong multiwavelength flare at the time of IC220225A, it stands out as an intriguing counterpart to the neutrino event.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Uncertainty regions of the neutrino IC220225A (90% confidence) as reported by the IceCube Collaboration via AMON (black dashed line) and GCN circular (blue ellipse and red dashed box). RFC sources within the GCN box region are displayed as black dots. Gamma-ray detected sources from the 4FGL catalog are highlighted as green stars. PKS 0215+015 stands out as the only gamma-ray detected source within all three regions.



2.2. VLBA observations
Following the neutrino association in February 2022, we obtained target-of-opportunity (ToO) observations of PKS 0215+015 with the VLBA (project code: BE082). The observations were carried out at three different frequencies (15 GHz/Ku-band, 23 GHz/K-band, and 43 GHz/Q-band) and covered six epochs with a monthly cadence, starting on March 24, 2022. The data were calibrated using the rPICARD pipeline (Janssen et al. 2019), based on CASA (CASA Team 2022). Imaging and self-calibration were carried out using standard methods in DIFMAP (Shepherd 1997). Final Stokes I images were produced with an entropy-based cleaning method (Homan et al. 2024) using the final CLEAN windows obtained during self-calibration. In order to correct for polarization leakage (i.e., D-terms), we used the PolSolve self-calibration approach (Martí-Vidal et al. 2021). Cleaning in Stokes Q and U between PolSolve iterations was performed using the entropy-based cleaning approach by Homan et al. (2024), with the same CLEAN windows as used for Stokes I. The resulting DIFMAP .mod files were re-imported to CASA for every PolSolve iteration. We assumed the D-terms to have converged when their average variation between iterations was < 1%. The scripts for the polarization calibration are available on GitHub4.
After leakage calibration, we performed a correction for the absolute orientation of the electric vector positon angle χ (EVPA). As an EVPA calibrator, we used BL Lac (2200+420), which was included in the observations. Based on MOJAVE observations at 15 GHz5 (Lister et al. 2018), and BEAM-ME observations at 43 GHz6 (Weaver et al. 2022), the EVPA of BL Lac is well sampled and stable during the time of our observations. We interpolated the MOJAVE and BEAM-ME EVPAs for BL Lac in time, to get an EVPA value for every ToO observation, for 15 GHz and 43 GHz, respectively. EVPA values for 23 GHz were interpolated between the 15 GHz and 43 GHz values, assuming a quadratic dependence of the EVPA with wavelength, as expected from Faraday rotation. For every frequency and epoch, we calculated Δχ = χcal − χobs, the difference between the expected EVPA χcal and the measured EVPA χobs of BL Lac. We corrected the RL-phase difference (2 × Δχ) accordingly with the AIPS-based RLCOR task (Greisen 1990), using ParselTongue (Kettenis et al. 2006).
As the final calibration step, we performed an absolute flux density calibration of the VLBA data by using single-dish information from the TELAMON program (see Sect. 2.3). Since the source has a very compact structure, we assumed a compactness factor of one (i.e., VLBA flux density equals single-dish flux density). This is justified since MOJAVE estimates of the 15 GHz extended flux density for PKS 0215+015 are less than 1 mJy, based on a comparison between well-calibrated parsec-scale total flux density and UMRAO and OVRO values. The VLBA flux densities at 15 GHz, 23 GHz, and 43 GHz (integrated CLEAN model) were scaled by using interpolated TELAMON 20 mm, 14 mm, and 7 mm flux densities of PKS 0215+015, respectively. An overview of the resulting scaling factors is given in Table 1. On average, ∼30% of the flux density is missing at 15 GHz, ∼50% at 23 GHz, and ∼90% at 43 GHz. The difference in the scaling factors between epochs and frequencies likely comes from pointing errors in the VLBA observations, which can be more significant at higher frequencies, due to smaller telescope beams. Additionally, the self-calibration process applied to the VLBA data can amplify the effect of initially low antenna amplitudes. This was especially severe in the second epoch at 15 GHz, where several antennas had low amplitudes, resulting in a scaling factor of 1.61. Additionally, it has been discussed previously by Livingston et al. (2025) that the bandpass normalization used in the default rPICARD settings can result in lower amplitudes by ∼10%. Since TELAMON single-dish data are free of self-calibration errors and pointing offsets are corrected during calibration (see Sect. 2.3), their use as a reference for the absolute flux density calibration is justified. We assumed a final flux density error of 5%, which is similar to what is used in other programs (e.g., Lister & Homan 2005).
Table 1. 
Scaling factors used to adjust the VLBA flux densities to single-dish measurements.

We modeled the source structure with circular Gauss components for every epoch and frequency using the modelfit task in DIFMAP. We used the VCAT package (Baczko et al. 2025) to determine errors for every modelfit component with a signal-to-noise (S/N) based method (Schinzel et al. 2012), and their brightness temperatures, following Kovalev et al. (2005) (see Table B.1).
2.3. TELAMON/Effelsberg
We started observing PKS 0215+015 with the Effelsberg 100-m telescope as part of the TELAMON program after its neutrino association. The TELAMON program is using the Effelsberg 100-m telescope to monitor the radio spectra of active galactic nuclei (AGN) under scrutiny in astroparticle physics, namely TeV blazars and candidate neutrino-associated AGN (Eppel et al. 2024b). The first observation took place on Feb. 27, 2022, only two days after the neutrino alert. The source was observed for a total of 28 epochs until June 7, 2024. We observed the source with the S20mm (i.e., 14−17 GHz), S14mm (i.e., 19−25 GHz) and S7mm (i.e., 36−44 GHz) receivers in secondary focus, using multiple sub-bands per receiver. Data calibration and sub-band averaging was performed following Eppel et al. (2024b). In addition to the total intensity data, we obtained linear polarized intensity data for 20 mm and 7 mm in 19 epochs. We followed the data processing and calibration for TELAMON polarization data described by Hessdoerfer et al. (2023). For sessions where not enough polarization calibrators were observed, an average Müller-matrix was used to correct the instrumental polarization.
2.4. ATCA
The ATCA has been monitoring PKS 0215+015 since 2004 at multiple frequencies from 2.1 GHz up to 50 GHz as part of the AGN and calibrator monitoring program (Stevens et al. 2012). The data were processed by a standard pipeline and are publicly available7. We collected all data from the 4 cm, 15 mm and 7 mm bands after carefully checking their quality based on the “defect” and “closure phase” parameters on the website. The ATCA light curve is shown together with the TELAMON data in Fig. 2.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Gamma-ray (upper panel) and radio (lower panel) light curves of PKS 0215+015. The source exhibited its historical high-state in both wavelengths coincident with the arrival time of IceCube neutrino event IC220224A (dashed red line). The new fast component 1 was ejected shortly before. Its possible ejection time range (1σ) is indicated by the gray shaded area.



2.5. Fermi/LAT
Of the two gamma-ray sources in the GCN-box of IC220225A, only one, 4FGL J0217.8+0144 (PKS 0215+015) has publicly available data in the Fermi/LAT light curve repository8 (Abdollahi et al. 2023). We obtained its gamma-ray light curve in monthly binning, using a minimum detection significance of TS = 4 (corresponds to 2σ). The gamma-ray lightcurve is shown on top of the radio light curve in Fig. 2 and reveals its historical maximum directly after the neutrino event.
3. Results
3.1. Jet structure
PKS 0215+015 exhibits a very compact jet structure with a slightly extended jet to the East. We compiled stacked full polarization maps at 15 GHz, 23 GHz and 43 GHz from the six observing epochs in 2022 in Fig. 3. Before stacking, the individual images were centered on their core component, and convolved with the median beam for every frequency band (15 GHz: 1.32 × 0.54 mas, −8.3°; 23 GHz: 0.81 × 0.33 mas, −8.8°; 43 GHz: 0.49 × 0.19 mas, −11.2°). The increased resolution at 23 GHz and 43 GHz, as compared to 15 GHz, allows us to resolve a bit more of the faint extended jet structure. While earlier observations of this source (e.g., Lister et al. 2018) revealed extended structure up to ∼5 mas away from the core, the source structure was more compact in 2022, close in time to the neutrino event. We note that the brightness temperature of the core component reaches values of ∼1013 K around the peak of the flare (see Table B.1) and thus significantly exceeds the equipartition brightness temperature (Tb, eq = 5 × 1010 K, Readhead 1994).
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Stacked polarization images at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Before stacking, the individual images were convolved with the median beam (indicated by the gray ellipse) at each frequency separately. Contours show the total intensity, starting at four times the noise level and increasing by factors of two. The color map displays linear polarization, and the sticks indicate the direction of the EVPA.



Following Pushkarev et al. (2009), we used all model components to calculate the apparent jet opening angle, ϕapp = (36 ± 18)°, averaged over all observing epochs and frequencies. Compared to a larger sample of Fermi-detected AGN (Pushkarev et al. 2017), this value is above the median of the population, but not unusually large. Moreover, we used the model components across all frequencies to fit a simple power law collimation profile (e.g., Kovalev et al. 2020), revealing a conical jet profile with power law index k = 1.17 ± 0.30 (see App. A).
3.2. Jet kinematics
We cross-identified the modelfit components across epochs and frequencies to determine the multi-frequency kinematics of the jet (for an overview about the cross-identifications see App. B). In total, we identified six distinct components, component 0 is the core component, and components 1−5 are identified as jet components. In Fig. 4, we show the kinematic plots (i.e., core distance vs. time) for components 1−4 at 15 GHz (left), 23 GHz (center), and 43 GHz (right). We note that the low-S/N component 5 is located ∼2−3 mas away from the core and does not imply significant motion, and is thus not considered in the kinematic analysis. For all other components, we fit their distance to the core vs. time linearly to determine an apparent component speed μapp, and ejection epoch t0 for moving components. The fit results for components 1−3 are shown in Table 2. Component 4 does not have enough detections to perform a sensible kinematic fit. In Fig. 4 one can clearly see that component 1 is moving away from the core at all three frequencies. The fit component speed μapp for component 1 varies slightly between the three frequencies but is consistent within the errorbars, suggesting fast motion of ∼0.8−1.0 mas/yr. Given the large redshift of PKS 0215+015, this translates to an apparent superluminal speed βapp of ∼60−80 c. The ejection times for component 1 suggest an ejection consistent with the arrival time of the neutrino, as indicated in Fig. 2. Components 2 and 3 show no significant motion, i.e., they are considered as stationary components (Jorstad et al. 2001b). Component 2 is only detected starting from the third epoch onward. This is likely the case since we cannot distinguish component 1 from component 2 in the first two epochs, since component 1 seems to move through stationary component 2. We decided to label this combined feature as component 1 to get the best constraints on the motion of component 1. Fitting component 1 only from epoch 3 onward results in comparable kinematics. Component 3 is located very close to the core (< 0.1 mas) and only detected at Q-band. It likely remains undetected at Ku- and K-band due to the limited resolution as compared to Q-band. As reported in Table 2, the speed of components 2 and 3 is consistent with zero.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Kinematic modeling of PKS 0215+015 at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Component 1 is moving outwards, while components 2 and 3 are quasi-stationary. Fit parameters for all components at all frequencies are shown in Table 2.



Table 2. 
Kinematic fit results as shown in Fig. 4.

3.3. Radio variability properties
We analyzed the flares in the radio light curve to estimate a variability time scale and associated variability Doppler factor of PKS 0215+015, at the time of the neutrino event. We performed this analysis on the combined TELAMON and ATCA data, at three different frequency bands. We used TELAMON 20 mm data (15 GHz, Ku-band), combined TELAMON 14 mm and ATCA 15 mm (20 GHz, K-band), and combined TELAMON and ATCA 7 mm data (40 GHz, Q-band). The combined light curves are shown in Fig. 5 (top panel). We restricted the analysis to the period after the neutrino detection, since the rise of the first flare is not well enough sampled to perform a sensible fit. For every frequency, we fit two flares with exponential peaks of the form
[image: Mathematical equation: $$ \begin{aligned} \Delta S(t)= {\left\{ \begin{array}{ll} \Delta S_{\rm max}\mathrm{e}^{(t-t_{\rm max})/\tau }&\text{ if} t \le t_{\rm max} \\ \Delta S_{\rm max}\mathrm{e}^{(t_{\rm max}-t)/1.3\tau }&\text{ if} t > t_{\rm max} \end{array}\right.}, \end{aligned} $$](1)
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Top: combined ATCA and TELAMON light curve with flare fits. Center: TELAMON fractional polarization at 20 mm and 7 mm. The inclined lines indicate the direction of the EVPA; errors are indicated by the shaded regions in EVPA and polarization. In addition to the TELAMON polarization values, we display the fractional polarization and EVPA of the VLBA data, for better visibility without uncertainties. Bottom: spectral index evolution obtained from TELAMON observations between 20 mm and 7 mm. The dashed red line indicates the time of IC220225A.



following the approach by Lähteenmäki & Valtaoja (1999), where ΔSmax is the amplitude of the flare, τ the flare timescale, and tmax the time of the flare peak. After performing an initial CLEAN-like approach of fitting the two flares individually, we performed a common fit of both flares, using the previous fit values as starting values for the fit, and adding a fit parameter S0 for the flux density baseline. The best-fit parameters are shown in Table 3. From the obtained fit parameters, we estimated the variability brightness temperature (in the source frame),
[image: Mathematical equation: $$ \begin{aligned} T_{\rm b,var}=1.47 \times 10^{13}\frac{D_{\rm L}^2\Delta S_{\rm max}}{\nu ^2\tau ^2(1+z)}, \end{aligned} $$](2)
Table 3. 
Flare fit results as shown in Fig. 5.

where DL is the luminosity distance in Mpc, ν the observing frequency in GHz, and z the redshift (Hovatta et al. 2009; Liodakis et al. 2017). Using Tb, var and assuming an equipartition brightness temperature Tb, eq = 5 × 1010 K (Readhead 1994; Lahteenmaki et al. 1999), we calculated the variability Doppler factor
[image: Mathematical equation: $$ \begin{aligned} \delta _{\rm var}=\root 3 \of {\frac{T_{\rm b,var}}{T_{\rm b,eq}}}, \end{aligned} $$](3)
following Hovatta et al. (2009), Liodakis et al. (2017). The obtained Tb, var and δvar values for every flare and frequency are presented in Table 3. For the first flare, whose peak times match the neutrino arrival time, we obtain Doppler factors between δvar = 11.41 ± 0.53 at the highest frequencies (40 GHz) up to δvar = 25.85 ± 0.37 at 15 GHz. The second flare, peaking in early 2023, exhibits slightly lower δvar values from δvar = 9.2 ± 1.1 at 40 GHz up to δvar = 18.2 ± 0.76 at 15 GHz. The difference between the δvar values across the different frequencies is likely due to the fact that we are undersampling the variability at the higher frequencies and probably missing the peak flux densities in our monitoring data. This could also affect the lower frequency δvar estimate, especially for flare 1, since we do not have any coverage of the source between late 2021 and February 2022, where the flux density peak likely occurred. This means that the obtained δvar values for flare 1, especially at the higher frequencies, are probably slightly underestimated and might be closer to the value obtained for 15 GHz. On the other hand, the intrinsic brightness temperature used in Eq. (3) can exceed the equipartition value and reach values of several times 1011 K during flares (e.g., Homan et al. 2006). In such a scenario, the variability Doppler factors presented above could be systematically overestimated by a factor of 1.5−2 (see Sect. 3.5 for further discussion).
In addition to the flux density variability, we analyzed the variability of the radio spectral index in PKS 0215+015. For the spectral index analysis, we used all TELAMON epochs where data across at least 19.5 GHz up to 37 GHz were available and fit a power law of the form
[image: Mathematical equation: $$ \begin{aligned} S(\nu ) \propto \nu ^\alpha , \end{aligned} $$](4)
where α is the spectral index, to the data, as described by Eppel et al. (2024b). The spectral index evolution is plotted in Fig. 5 (bottom panel). We find a median spectral index of α = −0.24. Immediately after the neutrino event, PKS 0215+015 exhibits a rather flat spectrum in agreement with the median value. Shortly after the peak of the flare, the spectrum steepens during the decay of the radio flare and then becomes flat again. This behavior is consistent with the fast component 1 moving through the jet, as described in Sec. 3.2. The steeper spectral index suggests that optically thin emission dominates the jet, which is expected from an extended feature that is moving through the jet. Shortly after (∼2022.5) the source shows a flat spectrum again, consistent with the median spectral index which could indicate that the optically thick core component dominates the emission again (after ∼2022.5). After the second flare, we observed a similar spectral steepening; however, this part of the light curve is not as well sampled as the first flare, and no dense very-long-baseline interferometry (VLBI) data are available to probe for fast features associated with the spectral steepening.
3.4. Polarization properties
Based on the VLBA and TELAMON data, we analyzed the radio polarization properties of PKS 0215+015. In Fig. 5 (center panel), we show the evolution of the fractional polarization with time, the position angles of the EVPA are indicated by the tilted lines plotted on top of the data points. Fig. 5 displays both the TELAMON and VLBA polarization information that have completely independent calibration procedures, but show consistent results. The source shows strong variability in fractional polarization. Shortly after the neutrino event, we observed a flare of fractional polarization, reaching values close to ∼6%, followed by a sudden drop of fractional polarization down to values ≲1%, and an associated change in the EVPA direction. At the same time (i.e., ∼2022.3) the source is still in an elevated state in total intensity. After the fractional polarization dip, the source remains in the range of 1−4% fractional polarization which is similar to previous activity, based on archival MOJAVE observations. In Fig. 6, we display all full polarization images from the VLBA ToO campaign at all frequencies. The images reveal that the polarization originates almost entirely from the region close to the core throughout the observing campaign. The strong polarization flare and dip in the second epoch is clearly visible in the images. Some epochs show hints of extended polarized emission with perpendicular EVPA as compared to the core, which becomes better visible in the stacked maps in Fig. 3. The EVPA swing observed at the time of the polarization dip (consistent with VLBA epoch 2) is clearly visible in the VLBI images in Fig. 6. As discussed in Sect. 2.2, this epoch was affected by low amplitudes at several stations. However, we have carefully checked the cross-hand signals to confirm that the low polarization is not due to instrumental reasons.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Full polarization VLBI images of PKS 0215+015 from the conducted ToO campaign, convolved with the median beam for each frequency. The color map indicates linear polarized intensity. Contours correspond to total intensity and start at five times the noise level, increasing by factors of two. The direction of the EVPA is indicated by the tilted lines.



We have estimated the Faraday rotation measure, RM = (χobs − χ0)/λ2, where χobs is the observed EVPA, χ0 the intrinsic EVPA, and λ the observing wavelength. The median RM across all TELAMON epochs where 20 mm and 7 mm polarization data was available is 117 rad/m2. From the VLBI observations, we obtain a median RM value of −154 rad/m2, after fitting the RM across all three VLBI frequencies for every epoch. Typical uncertainties for the RM per epoch are on the order of 200−300 rad/m2 for TELAMON, and ∼500 rad/m2 for the VLBA data, i.e., both datasets suggest an RM consistent with zero. A clear outlier is seen in the second VLBI epoch, at the time of the polarization dip, where the fit VLBI rotation measure is −(3000 ± 500) rad/m2.
3.5. Doppler factor, Lorentz factor, and viewing angle
With knowledge of the apparent jet speed, βapp, and the Doppler factor, δ, one can estimate the bulk Lorentz factor,
[image: Mathematical equation: $$ \begin{aligned} \Gamma =\frac{\beta _{\rm app}^2 + \delta ^2+1}{2\delta }, \end{aligned} $$](5)
and the jet viewing angle,
[image: Mathematical equation: $$ \begin{aligned} \vartheta =\mathrm{arctan}\frac{2\beta _{\rm app}}{\beta _{\rm app}^2 + \delta ^2-1}, \end{aligned} $$](6)
following Lähteenmäki & Valtaoja (1999). As the apparent speed βapp, we consider the speed of the fast component 1 for every frequency individually, as determined by our kinematic analysis (see Table 2). For the Doppler factor, we use the variability Doppler factors of flare 1 as reported in Table 3, since it is likely associated with the jet ejection. We calculated the Lorentz factor and viewing angle for all frequencies independently. The Lorentz factor obtained at 15 GHz is ΓKu = 78 ± 67, consistent with the 23 GHz value ΓK = 160 ± 100, while at 43 GHz, the Lorentz factor cannot be constrained in a sensible way due to the large uncertainty of βapp in that band (formally ΓQ = 140 ± 180). Apart from βapp, the main source of error here is the uncertainty of the Doppler factor used in Eq. (5). As discussed in Sect. 3.3, δvar can be (i) underestimated due to an undersampled light curve and (ii) overestimated due to an elevated intrinsic brightness temperature during the flare that exceeds the equipartition value. Independent of the variability properties, the Doppler factor can also be estimated from the VLBI core brightness temperature, Tb, core, as δVLBI = Tb, core/Tb, int (Lahteenmaki et al. 1999). Indeed, making the same assumption as in Sect. 3.3, i.e., Tb, int = Tb, eq, and using the core Tb values from Table B.1 results in significantly higher Doppler factors than obtained from the variability, i.e., δVLBI ∼ 𝒪(102). This suggests that Tb, int likely exceeds the equipartition value, at least during some parts of the flare. Thus, the variability Doppler factors presented above would be overestimated. However, if δ ≲ 10, the resulting Lorentz factor would become unrealistically high, i.e., Γ ≳ 200. Therefore, we likely observe a combination of both effects, (i) and (ii), such that the δvar values presented in Sect. 3.3 are still reasonable estimates. As a more conservative approach we have estimated a lower limit for Γ by assuming the critical Doppler factor, [image: Mathematical equation: $ \delta_{\mathrm{crit}}=\sqrt{1+\beta_{\mathrm{app}}^2} $], i.e., the analytical minimum of Eq. (5). Following this approach, it becomes clear that the Lorentz factor related to apparent speeds of 60−80 c must be at least Γ >  60 − 80, regardless of the assumed Doppler factor. For the following discussion, we adapt the weighted mean value between 15 GHz and 23 GHz, Γ = 105 ± 56, calculated with the δvar values, consistent with the lower limit value. The viewing angle between all frequency bands is consistent within its error, i.e., ϑKu = (1.65 ± 0.57)°, ϑK = (1.34 ± 0.38)°, and ϑQ = (2.0 ± 1.3)°. This suggests a very small jet inclination angle, with a weighted mean of ϑ = (1.47 ± 0.31)° from all frequencies combined.
We note that already in previous studies, at times when PKS 0215+015 did not show such exceptional flaring activity, Lister et al. (2019) have reported superluminal jet speeds of βapp = (25.3 ± 1.2) c for this source. Based on these findings, Sebastian et al. (2022) have estimated a Lorentz factor of Γ = 37.4, and a viewing angle of θ = 0.6°. A slight change of the viewing angle and an acceleration of the jet seems possible, given the major flaring event immediately before our observations.
4. Discussion
4.1. Fast component ejection and shock–shock interaction
We interpret the fast ejection of component 1, revealed in the kinematic analysis (see Sect. 3.2), as a new jet feature, i.e., a traveling shock wave, that was born in response to the major flare observed in PKS 0215+015 in early 2022. The ejection of new jet features in response to major flares in AGN is well known (e.g., Jorstad et al. 2001a; Savolainen et al. 2002), and their interpretation as traveling shock waves is in line with the shocked jet model (Marscher & Gear 1985). The new feature appears to be very fast, with an apparent speed of βapp ∼ 60 − 80 c, and resulting bulk Lorentz factor Γ = 105 ± 56. We note that both of these values exceed the maximum apparent speeds (βapp ≲ 50 c) and Lorentz factors (Γ ≲ 50) reported for sources in the MOJAVE and VLBA-BU-BLAZAR AGN monitoring programs (Lister et al. 2021; Homan et al. 2021; Weaver et al. 2022). Several other works, however, suggest Lorentz factors Γ >  60 in exceptional cases (e.g., Fujisawa et al. 1999; Hovatta et al. 2009).
The case of PKS 0215+015 is likely such an exceptional event, where we observe a source at high redshift (z = 1.72), immediately after the peak of a major outburst. The MOJAVE program observes their sample sources with a cadence of several months or longer, which makes it difficult to detect features with βapp ≳ 50 c reliably, especially at lower redshifts. Revealing such (possibly short-lived) fast components is only possible with high-cadence (i.e., ≲ monthly) monitoring, and in response to major flaring events when new ejections are expected.
Due to its proximity to the core component, the uncertainty of the speed of component 1 is relatively large, when using the three observing frequencies separately as presented in Sect. 3.2. Under the assumption of a negligible core shift (see App. A), it is possible to use the component positions across frequencies for a combined kinematic fit, which yields slightly lower uncertainties. This is shown in Fig. 7, where we have performed a frequency-combined fit for jet components 1−3. While component 2 and 3 do not exhibit significant motion, the combined fit for component 1 suggests a speed of μapp = (80 ± 15) c, with an ejection epoch of 2022.10 ± 0.05, consistent with the results reported in Sect. 3.2. The simultaneous presence of stationary features suggests that this fast motion is not related to a change in synchrotron opacity (e.g., Plavin et al. 2019; Chamani et al. 2023) but represents the actual motion of the jet plasma. As shown in Fig. 7, the ejection of component 1 happened simultaneous to, or shortly before the arrival of the neutrino event IC220225A (see Fig. 2). Shortly after its ejection, the fast component 1 passes through the stationary components 3 and 2, likely resulting in shock–shock interactions.
	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Combined kinematic fit from 15 GHz, 23 GHz, and 43 GHz for component 1, 2, and 3. The solid line indicates the best fit. For component 1, the dash-dotted lines represent the 1σ fit bounds, and the shaded area in the background reflects the confidence range of the fit. The time of arrival of the neutrino event IC220225A is indicated by the dashed red line and coincides with the passage of component 1 through component 3.



An additional trace of the fast motion of component 1 through the jet, and the shock–shock interactions, can be seen in the observed polarization light curve (see Fig. 5, center panel). If we assume that the component was ejected from the core around the time of the neutrino event, a sudden rise in fractional polarization is expected, due to the resulting opacity changes (e.g., Lara et al. 2001). Usually, the core component is expected to show relatively low fractional polarization due to synchrotron self-absorption (e.g., Pollack et al. 2003). Therefore, it is not surprising that at the peak of the total intensity flare, the fractional polarization is still in a relatively low state of ∼2%. As the new component is ejected from the core, the emission becomes more optically thin, and therefore a rise in fractional polarization is observed. Alternatively, the initial low-state in fractional polarization could already be the state of the first shock–shock interaction between component 1 and 3. The subsequent dip of fractional polarization is likely explained by a shock–shock interaction (e.g., Fromm et al. 2013) of the fast component 1 with the stationary component 2, located between 0.1−0.2 mas away from the core. This interaction is in agreement with the observed VLBI component propagation (see Fig. 4). If we assume that component 2 exhibits a different EVPA than component 1, the induced shock–shock interaction causes a net depolarization, which is observed in ∼2022.3 − 2022.4. This scenario is supported by the fact that in the stacked VLBI maps, we do see hints of a second polarized component with perpendicular EVPA to the core, especially in the stacked 15 GHz map in Fig. 3 (left). A shock–shock interaction can also explain the change in net EVPA direction (e.g., Liodakis et al. 2020; Paraschos 2025), observed around the time of the polarization dip, suggesting that component 2 slightly outshines component 1 and the core at that time. The net EVPA rotation could in principle also be caused by an external Faraday screen. However, since the RM in PKS 0215+015 for almost all epochs is close to zero, this is an unlikely scenario. The large outlier RM value observed at the time of the suggested shock–shock interaction in the second VLBI epoch is likely caused by the fact that we are observing different stages of the interaction at the different frequencies, due to synchrotron opacity. While at Q-band, the polarization is likely already dominated by the stationary feature, at 15 GHz, there is still a significant contribution from the core to the net EVPA visible, which causes an apparently large RM.
As component 1 moves away from component 2, its flux density decays and the core component dominates the emission again with typical fractional polarization values of ∼1−4%. As described in Sect. 3.3, the spectral index behavior is in agreement with the fast component ejection, showing a steepening of the spectrum as the component moves downstream, and then returning to a flat spectrum (after ∼2022.5), when the core emission dominates again. After flare 2 (see Fig. 5), a similar behavior in polarization and spectral steepening is observed; however, no simultaneous, dense VLBI data are available at that time to probe for a second fast component ejection possibly related to the second flare. Another possible explanation of the second flare could be a shock–shock interaction between the fast feature and another standing shock further downstream, possibly component 4.
4.2. Possibilities for neutrino production
Neutrinos in relativistic jets can be produced through hadronic (pp) or photopion (pγ) interactions (e.g., Mannheim 1993, 1995; Atoyan & Dermer 2001), with the latter being thought to be the dominant process (e.g., Oikonomou 2022). Most theoretical models assume a spherical emitting region (blob) with bulk Lorentz factor Γblob, where protons are accelerated. The protons interact with a target photon field, resulting in the production of high-energy neutrinos through the pγ-channel if protons of sufficiently high energy are present. The target photon field can be internal to the jet (usually assumed for BL Lac objects) or external to the jet (possible for FSRQs, e.g., photons from the accretion disk or broad line region, Oikonomou et al. 2019). In the case of PKS 0215+015, our results suggest that the fast blob where proton acceleration happens could be consistent with the newly ejected component 1 with bulk Lorentz factor Γ = 105 ± 56, but even the mildly relativistic quasi-stationary shocks close to the core are capable of accelerating protons to the required energies for neutrino production (e.g., Plavin et al. 2021; Kalashev et al. 2023). Additional evidence of the presence of pγ-interactions comes from the strong gamma-ray flare observed at the time of the neutrino event. Since the classification of PKS 0215+015 between FSRQ and BL Lac is uncertain and the source previously showed a changing-look AGN behavior (e.g., Foschini et al. 2022), there are multiple possibilities for the target photon field: External photons from the accretion disk or broad line region are abundant in FSRQ-type sources, but also jet–star interactions have been suggested (e.g., Fichet de Clairfontaine et al. 2025). However, the presence of fast moving shocks and stationary jet components at the same time possibly suggests a multi-layered jet configuration in PKS 0215+015. The shock–shock interaction between component 1 and component 3, happening almost simultaneous to the time of neutrino arrival (see Fig. 7) could present a scenario where a slower jet region acts as the target photon field for the relativistic protons that are accelerated in a faster shock region (e.g., Ghisellini et al. 2005; Tavecchio et al. 2014; Tavecchio & Ghisellini 2015). While we cannot resolve the detailed jet structure of PKS 0215+015 due to its high redshift and small viewing angle, such a configuration would be consistent with our findings and has already been suggested for other neutrino-candidate blazars. Ansoldi et al. (2018) were able to explain the neutrino emission in TXS 0506+056 using a multi-layered spine-sheath model, but also for sources such as PKS 1424+240 and PKS 0735+178 a multi-layered jet configuration seems possible (Kovalev et al. 2025; Kim & Kim 2025; Paraschos et al. 2025). In the latter case, however, studies of the multiwavelength spectral energy distribution prefer external target photon fields (Acharyya et al. 2023; Sahakyan et al. 2023; Prince et al. 2024). Additional insights on the nature of the target photon field in PKS 0215+015 could come from similar modeling approaches in the future, if applied to the available multiwavelength data.
4.3. Significance of the neutrino association
The significance of the association between high-energy neutrino events and astrophysical sources can be addressed in different ways, and using different strategies. Several studies have previously focused on crossmatching various types of source catalogs with neutrino events (e.g., Plavin et al. 2020, 2021, 2023; Buson et al. 2022; Garrappa et al. 2024; Hori et al. 2025), but also individual source flares were investigated (e.g., Kadler et al. 2016; IceCube Collaboration 2018a). In order to estimate the significance of the correlation between the flare in PKS 0215+015 and the neutrino event IC220225A we consider the arrival time of the neutrino in correlation to the monthly binned Fermi/LAT light curve. The maximum of the Fermi/LAT light curve occurs immediately following the neutrino arrival time. Assuming the null hypothesis that the neutrino arrival time is uncorrelated with the light curve peak, the probability of such a coincidence occurring by chance is p = 1/194 ≈ 0.52%, with 194 light curve bins. This corresponds to a nominal significance of ∼2.6σ under Gaussian statistics. This significance needs to be corrected for the number of trials. In order to estimate the trial factor, we used all IceCube track alerts published since introduction of the real time alert system in June 2019 (Blaufuss et al. 2019) until June 2024. This comprises a total of 137 IceCube neutrinos. For each event, we considered the uncertainty boxes as published in the GCN circulars by IceCube, and crossmatched them with sources from the 4FGL-DR3 catalog. We find 61 neutrino events without a 4FGL source, 20 events with one source, 17 events with two sources, 10 events with three sources, and 29 events with more than three sources. Similar to the approach by Garrappa et al. (2024), in the following, we consider only well localized events, i.e., events with less than three 4FGL sources in the field. Inside these 108 events, we find a total number of 84 4FGL sources, of which only 20 have available light curves in the Fermi/LAT light curve repository (i.e., their variability index is > 21.67, see Abdollahi et al. 2023). This means the obtained pre-trial p-value of 0.0052 needs to be corrected by a trial factor of 20, resulting in a post-trial p-value of 10%, equivalent to a significance of 1.27σ.
During the crossmatching of the Fermi/LAT light curves with the neutrino arrival times, we noticed two additional coincidences between historical gamma-ray flares and neutrino arrival times in the sources 4FGL J0105.1+3929 (IC230511A) and 4FGL J2049.9+1002 (IC231211A), shown in Fig. 8. For both sources, the historical gamma-ray flux maximum was observed ±3 monthly bins away from the neutrino arrival time. Including PKS 0215+015 this adds up to three out of 20 sources exhibiting their historical gamma-ray flux peak within three months of a spatially coincident neutrino event. Similar to the single-source estimate for PKS 0215+015, we estimated the chance coincidence that the arrival times of the high-energy neutrinos are uncorrelated to the flux-maxima within ±3 monthly bins. For a single light curve, the pre-trial p-value is p = 6/194 ≈ 3.1% (three bins before and three bins after the neutrino). In order to test the null-hypothesis that three or more such detections happen by chance, we described the system as a binomial process:
[image: Mathematical equation: $$ \begin{aligned} P(k; n, p) = \left({\begin{array}{c}n\\ k\end{array}}\right) p^k (1 - p)^{n - k}, \end{aligned} $$](7)
	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. Monthly binned gamma-ray light curves of additional neutrino-candidate sources obtained from the Fermi/LAT light curve repository. All sources show historical gamma-ray flares in temporal (±3 months) and spatial proximity with IceCube neutrino events. The two sources shown on the left are located inside the 90% confidence regions of their respective neutrino events. The two sources shown on the right are located slightly outside of the listed neutrino events, but are discussed as likely associations in the literature.



where n is the number of light curves analyzed (here, n = 20), k is the number of historical flares within ±3 monthly bins of the neutrino arrival time, and p is the single light curve p-value (here, p = 3.1%). The probability of finding three or more such coincidences by chance can be calculated with
[image: Mathematical equation: $$ \begin{aligned} P(k\ge 3)=1-P(k=0)-P(k=1)-P(k=2)\approx 2.27\%. \end{aligned} $$](8)
This corresponds to a significance of 2σ, likely linking the historical flares to the neutrino arrival times. Additional evidence comes from the neutrino-candidate blazars PKS 0735+178 (IC211208A, e.g., Garrappa et al. 2024) and PKS 0446+112 (IC240105A, e.g., Sinapius et al. 2024), shown in Fig. 8. They are formally located slightly outside of the GCN neutrino regions, but showed strong gamma-ray flaring in temporal coincidence with neutrino events, similar to PKS 0215+015. Due to their location slightly outside of IceCube uncertainty regions, it is difficult to include them into our significance estimate. Moreover, a strong gamma-ray outburst was also observed in the first neutrino blazar, TXS 0506+056 (IceCube Collaboration 2018a), providing a strong link between gamma-ray flares in blazars and neutrino-emission.
Additionally, we emphasize that the reported physical properties of the jet (small inclination angle and rapid jet ejection with high Lorentz factor) provide strong evidence of the connection of PKS 0215+015 with neutrino event IC220225A that cannot be expressed in terms of a statistical significance value.
5. Summary and outlook
We observed the blazar PKS 0215+015 (z = 1.72) in response to a major multiwavelength outburst that happened simultaneous to the spatially coincident neutrino track-alert IC220225A. Our VLBA kinematic analysis revealed the ejection of a rapid new jet component with apparent speed βapp ∼ 60 − 80 c. In addition to this fast component, we also observed two stationary features in the jet, located within < 0.3 mas (< 100 pc de-projected) from the core. Shortly after the rapid ejection, we found a characteristic signature in fractional polarization, which first showed a significant increase and then a sudden drop, associated with a rotation of the EVPA. We interpret this behavior as a shock–shock interaction of the new-born component with a stationary feature of perpendicular EVPA which results in a fast depolarization and net EVPA rotation as the fast component passes through it. We used radio monitoring data from the TELAMON and ATCA monitoring programs to estimate the variability Doppler factor related to the strong radio flare. Using this information, we estimated the bulk Lorentz factor of the fast component Γ = 105 ± 56, and the jet viewing angle ϑ = (1.47 ± 0.31)° of PKS 0215+015. We note that the observed apparent speed, and as a result the Lorentz factor, is higher than the maximum values reported by continuous AGN VLBI monitoring programs (Lister et al. 2021; Weaver et al. 2022). The measurement of such high jet speeds is likely only possible in the aftermath of exceptional flares and with high-cadence (i.e., ≲ monthly) observations. Additionally, the high redshift leads to a “slow-motion” effect, i.e., fast features with an apparent speed of 60 − 80 c are seen at angular speeds of only ∼0.8−1.0 mas/yr. In the local universe (z ∼ 0.1), such fast features would appear about an order of magnitude faster which makes them challenging to trace with typical VLBI monitoring cadences of months to years. Dense polarization monitoring programs such as TELAMON are therefore crucial as an additional tracer of the underlying jet dynamics. Even though the chance coincidence between the neutrino event and the historical gamma-ray flare is not negligible (∼10% post-trial), the rapid jet ejection and shock–shock interaction close in time to the neutrino provide additional physical hints for the connection of jet activity and neutrino production that cannot be expressed as a significance value. Proton acceleration can in principle happen in the relativistic shocks close to the core (cf., Plavin et al. 2021). However, the target photon field for the pγ-process remains less constrained in our study. The presence of quasi-stationary and rapid jet components at the same time as revealed in our kinematic study could suggest a multi-layered jet configuration, where the slower jet regions provide the target photon field for the pγ-process (e.g., Ghisellini et al. 2005; Tavecchio et al. 2014; Tavecchio & Ghisellini 2015), but also target photon fields external to the jet are possible. Our study shows that rapid, possibly short-lived components can be ejected in response to major flares in blazars, exceeding speeds usually reported by VLBI monitoring programs. Such a scenario would present a solution to the bulk Lorentz-factor crisis, also called “Doppler crisis” (Henri & Saugé 2006) for TeV-emitting blazars. The high Lorentz factors usually suggested by TeV observations could be matched by the high Lorentz factors associated with fast ejections in response to major flares. While PKS 0215+015 is not yet detected at TeV-energies (likely due to its high redshift, e.g., Aharonian et al. 2006), and thus not affected by the Doppler crisis, triggered, dense VLBI follow-up observations of flaring Doppler crisis blazars should be able to reveal similarly fast features, if they exist in these sources.

Data availability
The VLBI data are available on zenodo (https://doi.org/10.5281/zenodo.17913817) including full-polarization maps, self-calibrated uv-fits files and modelfit files.
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Appendix A:  Collimation profile fit
In order to probe the collimation profile of PKS 0215+015, we fit a power law of the form
[image: Mathematical equation: $$ \begin{aligned} w(r)=w_0(r+r_0)^k, \end{aligned} $$](A.1)
where w0 is the jet width 1 mas from the jet apex, r is the distance of a component to the radio core, r0 the distance from the radio core to the jet apex, and k the power law/collimation index (see Fig. A.1). We excluded any unresolved components, following the definition by Lobanov (2005) and Kovalev et al. (2005), as well as the core components from the fit. The fit suggest a collimation index of k = 1.17 ± 0.30, which is consistent with a conical jet profile (i.e., k∼1). Additionally, we find w0 = (0.80 ± 0.23) mas, and r0 = (0.045 ± 0.039) mas. In principle one has to consider the core shift effect due to synchrotron opacity (Lobanov 1998; Kovalev et al. 2008) before performing a combined fit of the collimation profile across frequencies. However, due to the compact nature of the source, as well as its large redshift, the core shift cannot be reliably estimated. Given the component cross identifications across frequencies (see App. B), no significant systematic shift across frequencies is evident from the optically thin components 1 and 2. Therefore, the core-shift is expected to be very small, which is consistent with the small value obtained for r0.
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Collimation profile obtained from the combined VLBI data at 15 GHz (Ku-band), 23 GHz (K-band), and 43 GHz (Q-band).




Appendix B:  Component identification
In this section, we provide a detailed overview about the obtained modelfits and their identification across epochs and frequencies. The positions, sizes, flux densities, and S/N values for all components are listed in Tab. B.1. Figure B.1 shows the position of the core component (component 0), as well as the jet components 1−4 for all epochs and frequencies, on top of the total intensity maps. The component identification for this dataset is not trivial since in several epochs, multiple components are located within the size of the beam. The presented modelfit represents the most consistent model that we obtained across all epochs and frequencies.
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Total intensity contour plots, as shown in Fig. 6. Contours start at four times the noise level, increasing by a factor of two. The core component (component 0), and the modelfit components 1−4 are plotted on top of the contours, with their size corresponding to the full width at half maximum of the modelfit component. The reduced-χ2 value for the modelfit is shown in each panel. For unresolved components, the plotted component size corresponds to the resolution limit.



Table B.1. 
Modelfit component parameters for all epochs and frequencies.

In the first epoch, on March 24, 2022, at 15 GHz and 43 GHz, only two components are detected, while at 23 GHz, three components are found. We decided to label the component furthest away from the core as component 4, while the component very close to the core is labeled as component 1. It is not clear, why component 1 cannot be fit at 43 GHz in this epoch, but we note the extended core size in this observation, and thus it might be blended with the core component. Similarly, component 4 could not be fit at 15 GHz, likely due to the limited resolution in this epoch, since the HN station of the VLBA had to be flagged for most of the observation.
In the second epoch, on April 23, 2022, at 15 GHz, we can detect only the core component and one extended component, located at a distance of ∼0.8 mas away from the core. This extended component is clearly not consistent with component 1 that was detected in the previous epoch and was thus identified as component 4, which was already found at 23 GHz and 43 GHz in the previous epoch at a similar core distance. At 23 GHz, component 1 and the core are clearly detected, while the extended component 4 was not detected, likely due to limited S/N. At 43 GHz a consistent component 1 was found, as well as a new component very close to the core, that we labeled as component 3.
In Epoch 3, on June 1, 2022, at 15 GHz, again, the outermost component 4 is not detected, but a component consistent with the position of component 1 was found, in addition to the core component. At 23 GHz we identified three components, in addition to the core component. The outermost component is consistent with the position of component 4, while the next component upstream must be labeled component 1, given its position at 15 GHz. Additionally, this introduces a new component 2, located close to the 23 GHz core. At 43 GHz, only one jet component is detected in addition to the core. While this component could be consistent with component 1, we decided to assign it to component 2, which is more consistent with the 23 GHz modelfit and the modelfits of the later 43 GHz epochs (see also Fig. 4).
In Epoch 4, on June 30, 2022, a new component also appears at 15 GHz, which is blended with the core component. This component was already visible in the previous epoch with better resolution at the higher frequencies and must therefore be consistent with component 2. The other detected jet component is clearly associated with component 1. A similar picture is seen at 23 GHz, with component 2 located a bit further from the core than at 15 GHz, but also component 1 being clearly detected. At 43 GHz, another component shows up very close to the core which was detected before in Epoch 2 as component 3.
Epoch 5, observed on August 1, 2022 is largely consistent with Epoch 4, with only minor changes of the component positions between these two epochs at all frequencies.
At the final epoch, observed on 19 August 2022, there are again no major changes at 15 GHz and 23 GHz compared to the previous epoch. At 43 GHz, the component labeled as component 2 is likely a combination of component 1 and component 2, and thus it has a large positional uncertainty (see also Fig. 4). We decided to label it as component 2, since its position is more consistent with the position of component 2 detected at the other frequencies.
The strongest evidence for the fast motion of component 1 clearly comes from 15 GHz and 23 GHz, while the structure at 43 GHz is less constrained by the modelfits. This might seem contradictory since 43 GHz offers the best angular resolution. However, due to the limited S/N as compared to the lower frequencies, as well as the detection of an additional component close to the core, the cross-identification of components at 43 GHz is especially challenging.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Uncertainty regions of the neutrino IC220225A (90% confidence) as reported by the IceCube Collaboration via AMON (black dashed line) and GCN circular (blue ellipse and red dashed box). RFC sources within the GCN box region are displayed as black dots. Gamma-ray detected sources from the 4FGL catalog are highlighted as green stars. PKS 0215+015 stands out as the only gamma-ray detected source within all three regions.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Gamma-ray (upper panel) and radio (lower panel) light curves of PKS 0215+015. The source exhibited its historical high-state in both wavelengths coincident with the arrival time of IceCube neutrino event IC220224A (dashed red line). The new fast component 1 was ejected shortly before. Its possible ejection time range (1σ) is indicated by the gray shaded area.
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	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Stacked polarization images at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Before stacking, the individual images were convolved with the median beam (indicated by the gray ellipse) at each frequency separately. Contours show the total intensity, starting at four times the noise level and increasing by factors of two. The color map displays linear polarization, and the sticks indicate the direction of the EVPA.
In the text



	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Kinematic modeling of PKS 0215+015 at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Component 1 is moving outwards, while components 2 and 3 are quasi-stationary. Fit parameters for all components at all frequencies are shown in Table 2.
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Top: combined ATCA and TELAMON light curve with flare fits. Center: TELAMON fractional polarization at 20 mm and 7 mm. The inclined lines indicate the direction of the EVPA; errors are indicated by the shaded regions in EVPA and polarization. In addition to the TELAMON polarization values, we display the fractional polarization and EVPA of the VLBA data, for better visibility without uncertainties. Bottom: spectral index evolution obtained from TELAMON observations between 20 mm and 7 mm. The dashed red line indicates the time of IC220225A.
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	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Full polarization VLBI images of PKS 0215+015 from the conducted ToO campaign, convolved with the median beam for each frequency. The color map indicates linear polarized intensity. Contours correspond to total intensity and start at five times the noise level, increasing by factors of two. The direction of the EVPA is indicated by the tilted lines.
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	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Combined kinematic fit from 15 GHz, 23 GHz, and 43 GHz for component 1, 2, and 3. The solid line indicates the best fit. For component 1, the dash-dotted lines represent the 1σ fit bounds, and the shaded area in the background reflects the confidence range of the fit. The time of arrival of the neutrino event IC220225A is indicated by the dashed red line and coincides with the passage of component 1 through component 3.
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	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. Monthly binned gamma-ray light curves of additional neutrino-candidate sources obtained from the Fermi/LAT light curve repository. All sources show historical gamma-ray flares in temporal (±3 months) and spatial proximity with IceCube neutrino events. The two sources shown on the left are located inside the 90% confidence regions of their respective neutrino events. The two sources shown on the right are located slightly outside of the listed neutrino events, but are discussed as likely associations in the literature.
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	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Collimation profile obtained from the combined VLBI data at 15 GHz (Ku-band), 23 GHz (K-band), and 43 GHz (Q-band).
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	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Total intensity contour plots, as shown in Fig. 6. Contours start at four times the noise level, increasing by a factor of two. The core component (component 0), and the modelfit components 1−4 are plotted on top of the contours, with their size corresponding to the full width at half maximum of the modelfit component. The reduced-χ2 value for the modelfit is shown in each panel. For unresolved components, the plotted component size corresponds to the resolution limit.
In the text





    
      Fig. 1. 

      
        [image: Fig. 1. Refer to the following caption and surrounding text.]
      

      
        Uncertainty regions of the neutrino IC220225A (90% confidence) as reported by the IceCube Collaboration via AMON (black dashed line) and GCN circular (blue ellipse and red dashed box). RFC sources within the GCN box region are displayed as black dots. Gamma-ray detected sources from the 4FGL catalog are highlighted as green stars. PKS 0215+015 stands out as the only gamma-ray detected source within all three regions.

      

    

  
    
      Table 1. 

      Scaling factors used to adjust the VLBA flux densities to single-dish measurements.

      
        


	Epoch
	Ku-Band
	K-Band
	Q-Band



	Date
	15 GHz
	23 GHz
	43 GHz





	2022-03-24
	1.23
	1.51
	1.71



	2022-04-23
	1.61
	1.50
	1.28



	2022-06-01
	1.28
	1.60
	1.36



	2022-06-30
	1.23
	1.42
	1.92



	2022-08-01
	1.26
	1.44
	2.39



	2022-08-19
	1.29
	1.42
	2.54



	




	Average
	1.32
	1.48
	1.87





      

    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        Gamma-ray (upper panel) and radio (lower panel) light curves of PKS 0215+015. The source exhibited its historical high-state in both wavelengths coincident with the arrival time of IceCube neutrino event IC220224A (dashed red line). The new fast component 1 was ejected shortly before. Its possible ejection time range (1σ) is indicated by the gray shaded area.

      

    

  
    
      Fig. 3. 

      
        [image: Fig. 3. Refer to the following caption and surrounding text.]
      

      
        Stacked polarization images at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Before stacking, the individual images were convolved with the median beam (indicated by the gray ellipse) at each frequency separately. Contours show the total intensity, starting at four times the noise level and increasing by factors of two. The color map displays linear polarization, and the sticks indicate the direction of the EVPA.

      

    

  
    
      Fig. 4. 

      
        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        Kinematic modeling of PKS 0215+015 at 15 GHz (left), 23 GHz (center), and 43 GHz (right). Component 1 is moving outwards, while components 2 and 3 are quasi-stationary. Fit parameters for all components at all frequencies are shown in Table 2.

      

    

  
    
      Table 2. 

      Kinematic fit results as shown in Fig. 4.

      
        


	Frequency
	μapp
	βapp
	t0



	[GHz]
	[mas/yr]
	[c]
	[yr]





	Component 1 (moving)



	15
	0.76 ± 0.39
	58 ± 30
	2021.93 ± 0.27



	23
	1.04 ± 0.34
	80 ± 26
	2022.136 ± 0.075



	43
	0.72 ± 0.50
	55 ± 38
	2021.87 ± 0.39



	




	Component 2 (stationary)



	15
	0.03 ± 0.36
	2 ± 28
	2017 ± 82



	23
	0.11 ± 0.30
	8 ± 22
	2021.1 ± 3.9



	43
	0.00 ± 0.59
	0 ± 45
	−



	




	Component 3 (stationary)



	43
	0.03 ± 0.10
	2.6 ± 7.8
	2020.3 ± 6.4





      

    

  
    
      Fig. 5. 

      
        [image: Fig. 5. Refer to the following caption and surrounding text.]
      

      
        Top: combined ATCA and TELAMON light curve with flare fits. Center: TELAMON fractional polarization at 20 mm and 7 mm. The inclined lines indicate the direction of the EVPA; errors are indicated by the shaded regions in EVPA and polarization. In addition to the TELAMON polarization values, we display the fractional polarization and EVPA of the VLBA data, for better visibility without uncertainties. Bottom: spectral index evolution obtained from TELAMON observations between 20 mm and 7 mm. The dashed red line indicates the time of IC220225A.

      

    

  
    
      Table 3. 

      Flare fit results as shown in Fig. 5.

      
        


	Frequency
	Band
	t0
	Smax
	τ
	Tb, var
	δvar



	[GHz]
	
	[yr]
	[Jy]
	[days]
	[1014 K]
	





	Flare 1



	15
	Ku
	2022.1650 ± 0.0043
	3.088 ± 0.033
	122.8 ± 2.5
	8.64 ± 0.37
	25.85 ± 0.37



	20
	K
	2022.1750 ± 0.0026
	3.460 ± 0.032
	121.9 ± 2.2
	4.57 ± 0.17
	20.90 ± 0.26



	40
	Q
	2022.1610 ± 0.0083
	2.292 ± 0.054
	135.3 ± 9.4
	0.74 ± 0.10
	11.41 ± 0.53



	




	Flare 2



	15
	Ku
	2023.1826 ± 0.0055
	1.451 ± 0.031
	138.7 ± 8.4
	3.18 ± 0.39
	18.52 ± 0.76



	20
	K
	2023.1979 ± 0.0028
	1.602 ± 0.041
	181 ± 10
	0.96 ± 0.11
	12.44 ± 0.48



	40
	Q
	2023.1380 ± 0.0094
	1.010 ± 0.068
	123 ± 22
	0.39 ± 0.14
	9.2 ± 1.1



	




	S0, Ku = (0.227 ± 0.025) Jy
	S0, K = ( − 0.022 ± 0.043) Jy
	S0, Q = (0.298 ± 0.058) Jy





      

    

  
    
      Fig. 6. 

      
        [image: Fig. 6. Refer to the following caption and surrounding text.]
      

      
        Full polarization VLBI images of PKS 0215+015 from the conducted ToO campaign, convolved with the median beam for each frequency. The color map indicates linear polarized intensity. Contours correspond to total intensity and start at five times the noise level, increasing by factors of two. The direction of the EVPA is indicated by the tilted lines.

      

    

  
    
      Fig. 7. 

      
        [image: Fig. 7. Refer to the following caption and surrounding text.]
      

      
        Combined kinematic fit from 15 GHz, 23 GHz, and 43 GHz for component 1, 2, and 3. The solid line indicates the best fit. For component 1, the dash-dotted lines represent the 1σ fit bounds, and the shaded area in the background reflects the confidence range of the fit. The time of arrival of the neutrino event IC220225A is indicated by the dashed red line and coincides with the passage of component 1 through component 3.

      

    

  
    
      Fig. 8. 

      
        [image: Fig. 8. Refer to the following caption and surrounding text.]
      

      
        Monthly binned gamma-ray light curves of additional neutrino-candidate sources obtained from the Fermi/LAT light curve repository. All sources show historical gamma-ray flares in temporal (±3 months) and spatial proximity with IceCube neutrino events. The two sources shown on the left are located inside the 90% confidence regions of their respective neutrino events. The two sources shown on the right are located slightly outside of the listed neutrino events, but are discussed as likely associations in the literature.

      

    

  
    
      Fig. A.1. 
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        Collimation profile obtained from the combined VLBI data at 15 GHz (Ku-band), 23 GHz (K-band), and 43 GHz (Q-band).

      

    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Total intensity contour plots, as shown in Fig. 6. Contours start at four times the noise level, increasing by a factor of two. The core component (component 0), and the modelfit components 1−4 are plotted on top of the contours, with their size corresponding to the full width at half maximum of the modelfit component. The reduced-χ2 value for the modelfit is shown in each panel. For unresolved components, the plotted component size corresponds to the resolution limit.

      

    

  
    
      Table B.1. 

      Modelfit component parameters for all epochs and frequencies.

      
        


	ID
	Epoch
	Xa [mas]
	Ya [mas]
	FWHMb [mas]
	Flux Density [mJy]
	S/N
	Tbc [K]





	15 GHz (Ku-band)



	




	0
	2022-03-24
	−0.006 ± 0.027
	−0.003 ± 0.017
	0.0846 ± 0.0025
	2720 ± 180
	1176.3
	(5.33 ± 0.41)×1012



	0
	2022-04-23
	−0.005 ± 0.021
	0.0014 ± 0.0088
	0.03579 ± 0.00086
	2590 ± 160
	1745.7
	(2.84 ± 0.20)×1013



	0
	2022-06-01
	−0.016 ± 0.024
	0.026 ± 0.027
	0.0815 ± 0.0029
	1850 ± 130
	797.2
	(3.91 ± 0.34)×1012



	0
	2022-06-30
	−0.029 ± 0.027
	0.044 ± 0.028
	< 0.040
	1102 ± 77
	829.5
	> 9.53 × 1012



	0
	2022-08-01
	−0.015 ± 0.020
	0.012 ± 0.019
	< 0.033
	1295 ± 81
	1400.3
	> 1.62 × 1013



	0
	2022-08-19
	−0.02 ± 0.023
	0.023 ± 0.024
	< 0.039
	1181 ± 77
	1132.8
	> 1.09 × 1013



	1
	2022-03-24
	0.21 ± 0.13
	0.07 ± 0.12
	0.252 ± 0.031
	168 ± 29
	69.0
	(3.74 ± 0.91)×1010



	1
	2022-04-23
	0.27 ± 0.12
	−0.08 ± 0.11
	< 0.153
	97 ± 18
	64.2
	> 5.84 × 1010



	1
	2022-06-01
	0.33 ± 0.14
	−0.06 ± 0.13
	0.301 ± 0.050
	97 ± 22
	36.7
	(1.51 ± 0.49)×1010



	1
	2022-06-30
	0.37 ± 0.14
	−0.13 ± 0.13
	0.403 ± 0.060
	79 ± 15
	45.9
	(6.9 ± 2.0)×109



	1
	2022-08-01
	0.48 ± 0.15
	−0.1 ± 0.14
	0.403 ± 0.063
	48.2 ± 9.9
	41.3
	(4.2 ± 1.3)×109



	1
	2022-08-19
	0.47 ± 0.15
	−0.13 ± 0.15
	0.388 ± 0.063
	50 ± 11
	39.3
	(4.7 ± 1.5)×109



	2
	2022-06-01
	0.072 ± 0.063
	−0.155 ± 0.064
	< 0.090
	347 ± 44
	150.8
	> 6.05 × 1011



	2
	2022-06-30
	0.034 ± 0.031
	−0.056 ± 0.032
	0.0974 ± 0.0039
	864 ± 64
	636.9
	(1.28 ± 0.12)×1012



	2
	2022-08-01
	0.119 ± 0.058
	−0.099 ± 0.057
	0.147 ± 0.010
	199 ± 22
	206.0
	(1.29 ± 0.19)×1011



	2
	2022-08-19
	0.087 ± 0.050
	−0.102 ± 0.050
	0.1304 ± 0.0077
	307 ± 30
	285.9
	(2.54 ± 0.32)×1011



	3
	2022-03-24
	2.2 ± 1.2
	−1.0 ± 1.2
	2.0 ± 1.1
	21 ± 12
	4.0
	(7.5 ± 7.4)×107



	3
	2022-04-23
	3.6 ± 1.4
	−0.1 ± 1.4
	2.3 ± 1.3
	12.3 ± 7.3
	3.8
	(3.2 ± 3.2)×107



	3
	2022-08-01
	2.2 ± 2.0
	−1.1 ± 1.8
	4.2 ± 2.0
	31 ± 15
	5.0
	(2.5 ± 2.1)×107



	3
	2022-08-19
	2.1 ± 2.4
	−0.7 ± 1.9
	4.0 ± 2.4
	30 ± 18
	3.7
	(2.6 ± 2.7)×107



	4
	2022-04-23
	0.80 ± 0.34
	0.11 ± 0.33
	0.52 ± 0.17
	20.1 ± 8.5
	10.2
	(1.05 ± 0.66)×109



	




	23 GHz (K-band)



	




	0
	2022-03-24
	−0.008 ± 0.024
	0.006 ± 0.019
	< 0.035
	2330 ± 160
	830.2
	> 1.09 × 1013



	0
	2022-04-23
	−0.016 ± 0.033
	0.038 ± 0.038
	< 0.053
	1820 ± 200
	218.0
	> 3.86 × 1012



	0
	2022-06-01
	−0.009 ± 0.015
	0.014 ± 0.017
	< 0.025
	1920 ± 130
	852.4
	> 1.74 × 1013



	0
	2022-06-30
	−0.01 ± 0.016
	0.015 ± 0.018
	< 0.028
	1660 ± 120
	719.0
	> 1.25 × 1013



	0
	2022-08-01
	−0.004 ± 0.013
	0.004 ± 0.011
	0.02592 ± 0.00086
	1203 ± 83
	901.7
	(1.052 ± 0.088)×1013



	0
	2022-08-19
	−0.014 ± 0.019
	0.022 ± 0.021
	< 0.036
	1084 ± 86
	530.0
	> 5.02 × 1012



	1
	2022-03-24
	0.067 ± 0.064
	−0.041 ± 0.059
	0.160 ± 0.013
	426 ± 52
	151.0
	(9.8 ± 1.7)×1010



	1
	2022-04-23
	0.062 ± 0.062
	−0.125 ± 0.064
	0.115 ± 0.013
	710 ± 110
	82.7
	(3.15 ± 0.71)×1011



	1
	2022-06-01
	0.25 ± 0.11
	−0.08 ± 0.11
	< 0.150
	53 ± 15
	25.1
	> 1.37 × 1010



	1
	2022-06-30
	0.36 ± 0.17
	−0.15 ± 0.16
	0.40 ± 0.11
	52 ± 16
	15.2
	(1.90 ± 0.93)×109



	1
	2022-08-01
	0.48 ± 0.19
	−0.18 ± 0.19
	0.46 ± 0.13
	34 ± 11
	12.5
	(9.6 ± 5.1)×108



	1
	2022-08-19
	0.38 ± 0.18
	−0.2 ± 0.18
	0.44 ± 0.12
	51 ± 16
	14.0
	(1.56 ± 0.79)×109



	2
	2022-06-01
	0.064 ± 0.043
	−0.109 ± 0.044
	< 0.063
	306 ± 40
	137.9
	> 4.46 × 1011



	2
	2022-06-30
	0.076 ± 0.046
	−0.112 ± 0.047
	0.0874 ± 0.0080
	285 ± 39
	119.0
	(2.19 ± 0.41)×1011



	2
	2022-08-01
	0.144 ± 0.062
	−0.123 ± 0.062
	0.101 ± 0.013
	87 ± 16
	60.7
	(5.0 ± 1.3)×1010



	2
	2022-08-19
	0.072 ± 0.044
	−0.11 ± 0.044
	0.0935 ± 0.0082
	283 ± 37
	129.9
	(1.91 ± 0.34)×1011



	3
	2022-03-24
	0.79 ± 0.32
	−0.06 ± 0.31
	< 0.366
	15.0 ± 8.1
	8.3
	> 6.58 × 108



	3
	2022-06-01
	0.71 ± 0.28
	−0.18 ± 0.27
	< 0.332
	12.9 ± 7.6
	5.5
	> 6.87 × 108



	




	43 GHz (Q-band)



	




	0
	2022-03-24
	0.001 ± 0.012
	−0.002 ± 0.024
	0.1024 ± 0.0066
	2160 ± 220
	244.0
	(3.67 ± 0.50)×1011



	0
	2022-04-23
	−0.013 ± 0.014
	0.024 ± 0.015
	0.0289 ± 0.0013
	1340 ± 110
	483.2
	(2.86 ± 0.30)×1012



	0
	2022-06-01
	−0.001 ± 0.013
	0.0002 ± 0.0041
	0.0371 ± 0.0015
	1420 ± 110
	617.7
	(1.85 ± 0.17)×1012



	0
	2022-06-30
	−0.017 ± 0.016
	0.037 ± 0.016
	< 0.025
	557 ± 57
	252.8
	> 1.54 × 1012



	0
	2022-08-01
	−0.023 ± 0.017
	0.038 ± 0.017
	< 0.026
	470 ± 50
	232.8
	> 1.28 × 1012



	0
	2022-08-19
	−0.011 ± 0.015
	0.023 ± 0.016
	< 0.027
	875 ± 81
	331.7
	> 2.14 × 1012



	1
	2022-04-23
	0.188 ± 0.082
	−0.213 ± 0.082
	0.216 ± 0.045
	88 ± 23
	23.6
	(3.4 ± 1.3)×109



	1
	2022-06-30
	0.38 ± 0.11
	−0.24 ± 0.11
	< 0.148
	13.9 ± 7.2
	8.0
	> 1.14 × 109



	1
	2022-08-01
	0.40 ± 0.12
	−0.21 ± 0.12
	0.168 ± 0.064
	18.2 ± 8.5
	7.7
	(1.15 ± 0.82)×109



	2
	2022-06-01
	0.176 ± 0.095
	−0.146 ± 0.094
	0.151 ± 0.040
	42 ± 15
	15.2
	(3.3 ± 1.7)×109



	2
	2022-06-30
	0.140 ± 0.056
	−0.164 ± 0.056
	< 0.083
	54 ± 16
	24.3
	> 1.41 × 1010



	2
	2022-08-01
	0.106 ± 0.047
	−0.139 ± 0.047
	0.145 ± 0.023
	109 ± 22
	42.3
	(9.2 ± 2.7)×109



	2
	2022-08-19
	0.32 ± 0.19
	−0.18 ± 0.18
	0.39 ± 0.16
	56 ± 24
	7.2
	(6.6 ± 4.6)×108



	3
	2022-04-23
	0.022 ± 0.019
	−0.04 ± 0.019
	0.0301 ± 0.0018
	801 ± 78
	288.9
	(1.58 ± 0.20)×1012



	3
	2022-06-30
	0.011 ± 0.013
	−0.025 ± 0.013
	0.0424 ± 0.0022
	910 ± 79
	388.6
	(9.0 ± 1.0)×1011



	3
	2022-08-01
	0.011 ± 0.012
	−0.018 ± 0.013
	0.0417 ± 0.0021
	834 ± 72
	401.1
	(8.56 ± 0.95)×1011



	3
	2022-08-19
	0.034 ± 0.024
	−0.066 ± 0.025
	0.0705 ± 0.0059
	412 ± 51
	144.6
	(1.47 ± 0.25)×1011



	4
	2022-03-24
	0.55 ± 0.42
	−0.01 ± 0.36
	0.54 ± 0.34
	37 ± 25
	3.4
	(2.2 ± 2.4)×108





      

      
a component X- and Y-position. b component size (FWHM) shown for resolved components. For unresolved components, an upper limit is provided, according to the resolution limit defined by Lobanov (2005) and Kovalev et al. (2005). c brightness temperature, following Kovalev et al. (2005).
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