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Discovery of recurrent flares of 6.7 GHz methanol maser emission in Cepheus A HW2
M. Durjasz1 [image: orcid], M. Szymczak1 [image: orcid], M. Olech2 [image: orcid] and A. Bartkiewicz1 [image: orcid]
1 
Institute of Astronomy, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University, 
 Grudziadzka 5, 
 87-100  
 Torun,  Poland 


e-mail: md@astro.umk.pl
2 
Space Radio-Diagnostic Research Center, Faculty of Geoengineering, University of Warmia and Mazury Oczapowskiego 2, 
 10-719  
 Olsztyn,  Poland 


Received: 
15 
March 
2022
Accepted: 
6 
May 
2022
Published online: 21 July 2022
Abstract

Context. Class II methanol masers at 6.7 GHz originate close to high-mass young stellar objects (HMYSOs). Their high sensitivity to local condition variations makes them a useful marker of the activity of the emerging massive stars.

Aims. We aim to closely examine the variability of the 6.7 GHz CH3OH masers in Cep A HW2 using the new and archival single-dish and high-resolution Very-Long-Baseline Interferometry (VLBI) datasets.

Methods. We monitored 6.7 GHz methanol masers towards the target between 2009 and 2021 using the Torun 32m radio telescope, and analysed nine datasets of VLBI observations taken over 16 yr.

Results. Faint, extremely redshifted maser emission located close to the presumed central star position and coincident with the radio jet shows flaring activity with a period of ~5 yr. Flares have an asymmetric profile with a rise-to-decay time ratio of 0.18 and relative amplitude higher than 10. The velocity of the flaring cloudlets drifts at a rate of 3–4 × 10−5 km s−1 d−1 for about 11.5 yr of the monitoring. The time-lag between the peaks of the two flaring features implies a propagation speed of the exciting factor of ~1000 km s−1. Synchronised and anticorrelated variations of the flux density of blue- and redshifted features begin ~2.5 yr after flares of the extremely redshifted emission.

Conclusions. Our observations suggest that the recurrent flares are the response of low-gain unsaturated maser regions to a relatively low increase in luminosity, which has little effect on the behaviour of most maser regions of higher gain.
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1 Introduction
The 6.7 GHz class II methanol maser is the second strongest (after 22 GHz H2O maser) interstellar emission line and originates from inside the vicinity of high-mass young stellar objects (HMYSOs) (Menten 1991). About one-third of these emission lines are associated with ultra-compact HII regions (UCHII) and it is believed that they originate primarily from younger objects, where ionisation processes have not yet developed (Hu et al. 2016). Theoretical models show that maser emission originates in regions with number densities up to 109 cm−3 and dust temperatures higher than 100 K (Sobolev et al. 1997; Cragg et al. 2005). There is theoretical (Sobolev et al. 1997) and observational (Olech et al. 2019, 2020) evidence that far-infrared (FIR) photons pump class II CH3OH masers; their relation with IR radiation makes them a good marker of protostellar activity.
There are currently 1302 class II CH3OH maser sources reported1 (Ladeyschikov et al. 2019); most are associated with high- and intermediate-mass protostars (Szymczak et al. 2000; Pandian et al. 2007; Green et al. 2010; Breen et al. 2015; Hu et al. 2016). Some of them present substantial variability (e.g. Szymczak et al. 2018; Durjasz et al. 2019; Olech et al. 2019, 2020), suggesting that protostellar activity fluctuates on time-scales ranging from less than a month up to a few years and more. There are also examples proving that massive protostars also show episodic outbursts that can change maser flux density by more than two orders of magnitude, namely S255–NIRS3 (Moscadelli et al. 2017; Szymczak et al. 2018), NGC6334I-MM1B (Hunter et al. 2018), and G358.93–0.03 (Burns et al. 2020). These phenomena are believed to be caused by an increase in protostar accretion rate which increases star luminosity, effectively boosting the maser pump rate. Although these phenomena result in different flare profiles, they generally show a rapid increase in luminosity followed by much more gradual decay. These flare profiles suggest that maser emission is pumped during an outburst by radiative propagation rather than the physical motion of denser and/or hotter matter. Recent studies revealed thermal propagation in the protostellar disc plane with subluminal (≥4% of the speed of light) velocity (Burns et al. 2020). This phenomenon is explained by introducing a heatwave energy transfer due to photons, which are absorbed and re-emitted by dust grains.
The last two decades also brought the discovery of the periodic masers (Goedhart et al. 2003, 2004, 2009; Szymczak et al. 2011, 2016; Fujisawa et al. 2014; Maswanganye et al. 2016). Amongst them, there are short-period (~1 month) and long-period (up to a few hundred days) sources; in some cases, only a few spectral features show periodic variations (Olech et al. 2019). As the CH3OH masers have been monitored on a regular basis for over a decade now, we expect that masers with more extended periods will start to be reported, as in the emission originating from around Cep A HW2 described in this work.
Cepheus A is a high-mass star-forming region located at a trigonometric distance of 700 ± 40 pc (Moscadelli et al. 2009) that hosts a cluster of YSOs. The brightest continuum source in this cluster is Cep A HW2 (Hughes & Wouterloot 1984), which is a HMYSO with a mass of ~ 10 M⊙ and bolometric luminosity of 2 × 104 L⊙ (Sanna et al. 2017). (Patel et al. 2005) revealed a dust emission core with a radius of ~330 AU, inclination angle of 26° and mass of ~1 M⊙. HW2 also shows complex outflow activity; (Rodriguez et al. 1994) estimated the ionised mass-loss rate to about 8 × 10−7 M⊙ yr−1, and (Curiel et al. 2006) revealed proper motions of the jet components with an estimated velocity of ~500 km s−1. Jets also appeared to be slightly anti-parallel, which could be a result of the precession of the HW2 system. Observations of 2.12 μm H2 and 115 GHz 12CO (J = 1−0) (Cunningham et al. 2009) provided further data supporting the hypothesis of precession, presumably driven by a companion in an eccentric, non-coplanar orbit that triggers pulsing activity with passage through its periastron every ~2500 yr.
Observations of the 22 GHz water vapour maser (Torrelles et al. 1996, 2001) revealed complex morphology with arclike structures, which appeared to be tracing slow shock waves propagating through a rotating disc (Gallimore et al. 2003). Multi-epoch H2O maser imaging (Torrelles et al. 2011) revealed the simultaneous presence of a wide-angle (102°), slow (13–18 km s−1) outflow and narrow-angle (18°) ionised, fast (70 km s−1) jet.
Recent 44 GHz continuum imaging (Carrasco-González et al. 2021) revealed that slow outflow originates from a region at a distance of ~3 AU from the HW2 protostar and is collimated into a jet ~25 AU away. The proposed scenario of external collimation is the presence of a large-scale magnetic field and a dense ambient medium. (Vlemmings et al. 2010) reported the presence of a large-scale magnetic field of ~23 mG directed perpendicularly to the disc plane, suggesting that in this case the accretion onto the disc plane is likely regulated by magnetic forces.
(Menten 1991) were the first to report 6.7 GHz CH3OH masers in Cep A HW2 with a peak flux density F67 = 1420 Jy at Vlsr ≃ 2.5 km s−1. Subsequent observations did not show significant variations in the profile shape but substantial variations in the amplitude, which reached a factor of 3 over ~25 yr (Szymczak et al. 2000, 2012; Vlemmings 2008; Sugiyama et al. 2008; Fontani et al. 2010; Hu et al. 2016; Sanna et al. 2017; Yang et al. 2017). Synchronised and anticorrelated variations between the three most blueshifted and two most redshifted spectral features were reported by (Sugiyama et al. 2008). VLBI observations of the methanol masers revealed that they originate from a distance of between 300 and 1000 AU from the presumed position of HW2 and present arc-like structure with velocity field showing no signs of rotation, but consistent with the infall scenario (Torstensson et al. 2011). Proper-motion measurements (Sugiyama et al. 2014; Sanna et al. 2017) confirmed this scheme, which suggests that disc accretion is the most likely scenario of the formation of Cep A HW2. Long-term monitoring (Szymczak et al. 2014) also revealed the episodic presence of the redshifted low-amplitude spectral features and radial velocity drifts of these and a few persistent features.
In the present work, we extend the (Szymczak et al. 2014) dataset by reporting results from 12 yr of single-dish monitoring and VLBI imaging of the CH3OH masers in Cep AHW2. Our main result is the detection of periodic (≃5 yr) variability of the redshifted faint emission.
2 Observations
2.1 Single-Dish Observations
We used new and archival (Szymczak et al. 2014) 6.7 GHz data obtained with the Torun 32 m radio telescope. We observed the target source as part of a monitoring program from June 2009 to December 2021 and acquired new data from March 2013 with a typical cadence of nine observations per month. There were several gaps of 3–4 weeks. Due to telescope maintenance, we took no single-dish spectra between 2020 May and October.
The full-beam width at half maximum of the antenna at 6.7 GHz was 5.′8, and the pointing error was ~25″ before mid-2016 and ~10″ later (Lew 2018). The system temperature ranged from 25 to 40 K. The data were dual-polarisation taken in frequency switching mode. We used the autocorrelation spectrometer to acquire spectra with a resolution of 0.09 km s−1 after Hanning smoothing and a typical 1σ noise level of 0.35 Jy before May 2015 and 0.25 Jy afterward. We based the flux density scale on continuum observations of 3C123 and spectra of little variable methanol maser source G32.744–0.076 (Szymczak et al. 2014). The resulting accuracy of the absolute flux density was better than 10%.
2.2 European VLBI Network Observations
We carried out European VLBI Network (EVN)2 observations in June and October 2020; project codes were RD002 and ED048B, respectively (Table 1). Phase-referencing observations of the 6.7 GHz methanol maser line were performed and correlated with two polarisation combinations (RR, LL). J2302+6405 was used as a phase-referencing calibrator and 2007+777 as a fringe finder. J2254+6209 was used as a phase-referencing calibrator for the RD002 project. Scans on the target and phase calibrators were performed in 5 min cycle: 3 min 15 s on Cep A, 1 min 45 s on phase calibrator. The data were processed with the SFXC software correlator (Keimpema et al. 2015) at the Joint Institute for VLBI in Europe using 1 s averaging time and two frequency setups. The first setup for high spectral sampling used 2048 channels over a 4 MHz band (2 MHz for RD002), yielding channel spacing of 0.088 km s−1 (0.044 for RD002) and the second setup used 8 × 4 MHz band with 128 channels to improve the sensitivity of the calibrator maps. We reduced the data using the NRAO Astronomical Image Processing System (AIPS), following standard procedures described in the EVN data reduction guide3. Fringe fitting in both projects was done using phase-referencing calibrators to improve astrometry. We produced intensity maps (Stokes I) within an area of 2″ × 2″ around the phase-centre and estimated the intensity of maser emission by fitting a 2D Gaussian function (task JMFIT in NRAO AIPS package). The final 1σ noise level in both projects was better than 6 mJy beam−1 for emission-free channels.
2.3 Archival VLBI Data
In this work, we also make use of the publicly available EVN (Torstensson et al. 2011; Sanna et al. 2017) data and Japanese VLBI Network (JVN; Sugiyama et al. 2014) observational results for a total of seven epochs. Archival EVN data from experiments ES071A, ES071B, and ES071C (Sanna et al. 2017) were reduced, while for the rest, the parameters of maser spots were taken from published tables (Torstensson et al. 2011; Sugiyama et al. 2014, their Tables 3 and 5, respectively). Details of all VLBI projects used in this paper are listed in Table 1.
Table 1 
VLBI observations used in the paper.

	[image: thumbnail]	Fig. 1 6.7 GHz maser single-dish auto-correlation spectrum of Cep A HW2 (green) obtained on 2020 October 18 and the cross-correlated spectrum from EVN observations (red) taken on the same date. The dashed lines represent the same spectra magnified 100 times to show low-flux-density features. The features are marked by roman numerals following (Sugiyama et al. 2008), which correspond to clusters shown in Fig. 3.



3 Results
We find that in addition to five persistent features known since discovery (Menten 1991), the 6.7 GHz maser spectrum of the target has two intermittent low-intensity features (Fig. 1). At the beginning of the first flare observed during the monitoring, these two most redshifted features peaked at −1.3 and −0.5 km s−1. This designation is used hereafter for clarity, even though both features drift in velocity (Sect. 3.1). Light curves of the main features (Fig. 2) illustrate significant variability of the emission. They present previously reported synchronous anticorrelation of red- and blueshifted features (Sugiyama et al. 2008; Szymczak et al. 2014) and the cyclical activity of the most redshifted, weak features over ~12 yr are revealed for the first time.
In this publication, we adopt the definition of spot and cloudlet provided by (Sanna et al. 2017). New VLBI data are summarised in Fig.3, showing the spatial distribution of the maser cloudlets, and in Tables A.1 and A.2, which list the spot parameters. We detected 90 and 71 individual maser spots above the 5σ threshold in epochs 8 and 9, respectively. The main properties of cloudlets derived from our EVN observations in epochs 8 and 9 are given in Table A.3. In addition, the parameters of the corresponding cloudlets detected in epochs 5–7 are added.
In our observation epochs, the maser cloudlets were distributed over five clusters (Fig. 3), forming the arched structure well known from previous studies (Vlemmings et al. 2010; Torstensson et al. 2011; Sugiyama et al. 2014; Sanna et al. 2017); this implies the overall 6.7 GHz maser structure is stable for ~15 yr.
3.1 Recurrent Flares of the Most Redshifted Emission
The features −1.3 and −0.5 km s−1 were detected three times during our 12-year monitoring period. The parameters of the flares are listed in Table 2, where we assume the start and end of burst as the nearest data points with flux density below Зσ before and after the data point which has flux density exceeding 5σ (similarly to Pietka et al. 2015). The intervals between the onset of subsequent flares are 1796, 1870 d and 1787, 1859 d for −1.3 and −0.5 km s−1 features, respectively, resulting in an average period of 1828 d with the range of 168 d. Flares at −1.3 and −0.5 km s−1 lasted 99–387 and 227–583 d, respectively, which are on average 13 and 22% of the period. The flared profile is highly asymmetric; the average rise and decay times are 35d and 200 d (−1.3 km s−1), and 32d and 373 d (−0.5 km s−1). We notice that the flare parameters for the −1.3 km s−1 feature show greater dispersion than those for −0.5 km s−1.
Figure 4 shows the time series of the two redshifted features folded with a period of 1828 d. The flare duration and peak flux density differ significantly from cycle to cycle. At −1.3 km s−1, the flare onset occurs 41–61 d earlier than that at −0.5 km s−1.
During the first flare, both flaring features exhibited a systematic drift of peak velocity (Szymczak et al. 2014). The present study extends the data for two subsequent cycles. To quantify the rate of velocity drift, we fitted the Gaussian function to the spectra using the CURVE_FIT method from the SCIPY.OPTIMIZE package (Virtanen et al. 2020). The following intervals are analysed: MJD 55 224–55 792 (flare #1), 57 007–57 488 (flare #2), and 58 882–59 792 (flare #3). The result obtained is shown in Fig. 5. The rates of velocity drift are 0.015 ± 0.001 and 0.012 ± 0.001 km s−1 yr−1 for the features at −0.5 and −1.3 km s−1, respectively. For the feature at −0.5 km s−1, there is evidence of an increase in drift rate at the end of flares #1 and #3 that deviates from the average value derived from the long-term data.
	[image: thumbnail]	Fig. 2 Light curves of the main spectral features of the 6.7 GHz transition in Сер AHW2. Data before MID 56 352 (grey dots) were published in (Szymczak et al. 2014). Typical measurement uncertainty is shown by the black bar for the first data point. The light curves were produced using single-dish data (Sect. 2.1) by averaging three channels; the velocity of the central channel is given for each panel. Colours indicate different spectral features at velocities given to the right of the plots. The vertical black dashed lines mark VLBI observations; epoch numbers correspond to those given in Table 1. VLBI observations at epochs 1–4 were performed before our single-dish monitoring started.



Table 2 
Flare parameters of the −1.3 and −0.5 km s−1 features.

3.2 Position and Properties of the Most Redshifted Cloudlets
The emission of the −0.5 km s−1 feature originates from cluster II (Fig. 3, Tables A.1 and A.2). EVN observations in epoch 8 revealed the emission of −0.5 km s−1 feature with the peak brightness of 0.42 Jy beam−1 at −0.38 km s−1 and with FWHM equal to 0.34 km s−1. After 4.5 months, in epoch 9, the brightness decreased to 0.28 Jy beam−1, the peak velocity shifted to −0.30 km s−1 and FWHM increased to 0.40 km s−1 (Fig. 6). This feature in the 32 m spectrum taken on 2020 May 24, a week before the EVN experiment, reached a peak flux density of 6.2 Jy, indicating that about 93% of the maser flux is missing; thus, this flaring emission is highly resolved out with the EVN beam.
In epoch 8, the −0.5 km s−1 cloudlet has a linear structure of about 3 mas × 2.5 mas in size with the velocity gradient of 4.19 mas/km s−1 along with PA ≃ −75° (Fig. 6). In epoch 9, the blue part of the cloudlet is preserved, while the red part folds into a hook. A slightly curved morphology was observed in epoch 7 by (Sanna et al. 2017; Fig. 6), but its general appearance resembles that seen in our data. Details of cloudlet parameters from Gaussian fitting are presented in Table A.3.
We note that the peak velocities inferred from EVN observations in epochs 7–9 are consistent with values obtained from the single-dish spectra and confirm the rate of velocity drift of 0.015 km s−1 yr−1.
No emission at −0.51 km s−1 was detected in epochs 5 and 6 (Sanna et al. 2017) when the RMS noise level in a line-free channel was ~5 mJy beam−1, which corresponds to a brightness temperature of 8 × 106 K. During the flare, in epochs 8 and 9, the brightness temperature of the brightest part of the cloudlet has increased to 2.2 × 108 and 1.5 × 108 K, respectively.
Using the procedure outlined by (Sanna et al. 2017) and the EVN data from epochs 7 and 9, we estimated that the proper motion of the −0.5 km s−1 cloudlet is VRA = −2.06 ± 0.12 km s−1, VDec = 2.91 ± 0.17 km s−1; which implies infall and rotation velocity components of 4.0 and 3.8 km s−1, respectively. Therefore, the rotational velocity is about 85% of the expected Keplerian velocity at a distance of 450 AU for the assumed mass of HW2 of 10 M⊙.
Our EVN data imply that the −1.3 km s−1 emission was only detected in epoch 8 as two groups of spots separated in position (> 15 mas) and velocity (Fig. 6). The profile of the group with the intensity peaking near −1.4 km s−1 appears as an incomplete Gaussian, while that peaking near −1.1 km s−1 is irregular. The latter, composed of three spots in contiguous channels, has an intensity slightly above the 5σ level and a brightness temperature of 2 × 107 K; its position is very close to that observed in epoch 7, and the difference in velocity between the two epochs is consistent with the velocity drift trend inferred from the single-dish observations. A comparison of the cross-correlation and auto-correlation spectra reveals that the −1.3 km s−1 emission is highly resolved out; the missing flux is about 95%. We suggest that significant evolution of this redshifted emission took place over a timescale of 5 yr. However, as the data in epoch 8 were obtained with use of a limited number of antennas and the map dynamic and angular resolution is lower than in the other epochs, the observed morphology and profile may be distorted.
Both −0.5 and −1.3 km s−1 cloudlets are located close to each other at a distance of 35 mas, which corresponds to 50 AU when the inclination angle of 64° and position angle of 134° (Sanna et al. 2017) are taken into account. For the presumed position of the star proposed by (Curiel et al. 2006), the corresponding distances are 650 mas (450 AU) and 600 mas (420 AU). Assuming that the central source produces the flare, a triggering factor would first reach the −1.3 km s−1 and then the −0.5 km s−1 cloudlet; this is in good agreement with the single-dish monitoring results, which revealed time-lags between the onset of the flares. The time-lag of 51 d estimated for the 2015 flare (~MJD 57 020) implies that an exciting factor is moving with a velocity of ~ 1000 km s−1 in the plane of the maser disc.
	[image: thumbnail]	Fig. 3 Spatial distributions of the 6.7 GHz methanol maser cloudlets in Сер A HW2 in epochs 8 and 9. The circle size is scaled as the logarithm of peak brightness; its colour corresponds to the local standard of rest velocity scale shown in the wedge. Roman units indicate the cloudlet numbering according to (Sugiyama et al. 2014) and (Sanna et al. 2017). The magenta star marks the Cep AHW2 position (Curiel etal. 2006): α(J2000) = 22h56m17.9816s, δ(J2000) = 62°01′49.572″. The ellipse denotes the dust disc emission at 0.9 mm (Patel et al. 2005), and the arrows mark the elongated knot directions at the base of the jet detected at 7.5 mm (Carrasco-González et al. 2021).



	[image: thumbnail]	Fig. 4 Folded light curves of the redshifted flaring emission for −0.5 (top) and −1.3 km s−1 (bottom) features. The data points are black with grey error bars, while the black solid lines show the average profiles. Green points refer to the relative intensities of the blueshifted emission observable in cluster II; arrows mark upper limits for the blueshifted emission in epochs with no detection. The vertical dashed lines correspond to the computed phases of VLBI observations (magenta – EVN, blue – JVN); the epoch numbers (Table 1) are given above the top abscissa.



	[image: thumbnail]	Fig. 5 Drifts of radial velocity of the −0.5 (top) and −1.3 km s−1 (bottom) features. The magenta dashed line marks the linear function fit.



	[image: thumbnail]	Fig. 6 Line proflies (left) and distributions (right) of the maser spots in the two most redshifted cloudlets at the indicated epochs (Table 1). Each symbol represents a methanol maser spot. The red dashed line denotes the Gaussian function fit (Table A.3). The symbol sizes in the right column are proportional to the square root of brightness, whereas the colours refer to velocity.



3.3 Long-Term Variability of Cluster II
Figure B.1 presents the spot maps of cluster II in nine epochs of VLBI observations. The redshifted flaring emission was visible in epochs 2, 7, 8, and 9. These epochs were in active state assuming a variation period of 1828 d (Fig. 4). Our EVN measurements provide evidence that the flaring emission comes preferentially from cluster II which is located very close to the outer edge of the dust disc (Patel et al. 2005; Sanna et al. 2017). In six VLBI observation epochs, the emission peaking at −2.4 km s−1 (Fig. B.1) was detected in cluster II.
	[image: thumbnail]	Fig. 7 Comparison of peak flux densities of the selected features. Red and green points refer to measurements from intervals of MJD 56 057–56 347 (similarly as in Szymczak et al. 2014) and MJD 57 862–58 851, respectively. The dashed lines mark the best fit of the linear function.



3.4 Synchronous and Anticorrelated Variability
Closer examination of the light curves in Fig. 2 reveals anti-correlation between peak flux densities of the −2.6, −4.1, and −4.7 km s−1 features during high-variability periods of the −4.7 km s−1 component. To quantify this anticorrelation, we calculated Pearson correlation coefficients using the method PEARSONR from the SCIPY.STATS package (Virtanen et al. 2020). A similar analysis was performed by (Szymczak et al. 2014); here we repeat it with the extended dataset. Results are presented in Fig. 7. We find a statistically meaningful anti-correlation between light curves of the −2.6 and −4.7 km s−1 features for both periods of activity of the −4.7 km s−1 feature (MJD 56 057–56 347 and MJD 57 862–58 851), but only for the first period (MJD 56 057–56 347) between −2.6 and −4.1 km s−1. There is also a statistically meaningful correlation between the features at −4.1 and −4.7 km s−1. The relation between peak flux densities of the −4.7 and −2.6 km s−1 features appears to be non-linear in the second period (MJD 57 862–58 851), which suggests that the degree of saturation of one of the features varies during these periods, implying changes in the pumping efficiency. We also calculated correlation coefficients for the whole observing period; the results are presented in Table 3. The strong anticorrelation between the features at −2.6 and −4.7 km s−1 suggests that time-delays between variations of these features are relatively low. These time-delays likely correspond to the time it would take the light to travel between cloudlets. From (Sanna et al. 2017), we can estimate the distance to 860 AU, which would take about five days for the light to travel. We decided to fit the Gaussian function to visible symmetrical peaks in −4.7 and flux minima in −2.6 km s−1 light curves to estimate time-lags. Estimated time-lags between the features at −4.7 and −2.6 km s−1 are 7.7 ± 1.5 and 8.9 ± 2.1 days for profiles #1 and #2, respectively. These values are well within an order of magnitude of the light-crossing time between −2.6 and −4.7 km s−1 cloudlets (Table 4, Fig. 8).
Given that the features at −2.6 and −4.7 km s−1 show strong anticorrelation in intervals of MJD 56 057-56 347 and MJD 57 862–58 851 (Fig. 7), it seems reasonable to examine how the peak velocities (Vlsr) behave over time; results are presented in Fig. 9. In addition to an apparent non-linear drift towards positive Vlsr, the feature at −2.6 km s−1 shows rapid drifts towards positive Vlsr during the anticorrelation periods. The feature at −4.7 km s−1 shows the opposite behaviour; in specified periods, it drifts towards more negative values of Vlsr.
Table 3 
Correlation coefficients of the 6.7 GHz spectral features in Сер A HW2 for the whole monitoring period.

Table 4 
Results of Gaussian fits shown in Fig. 8.

	[image: thumbnail]	Fig. 8 Gaussian fits to light curves of the −2.6 and −4.7 km s−1 features for periods MJD 56 100–56 140 and 56 260–56 300.



3.5 Properties of Other Regions
Results of closer examination of cloudlets with Gaussian function fits are listed in Table A.3. Their general characteristics are a simple linear or slightly arched morphology and an explicit velocity gradient. The size measured as the distance of the extreme spots ranges from 0.4 to 13 AU, while the brightness temperature is between 1.1 × 107 and 5.6 × 1010 K.
	[image: thumbnail]	Fig. 9 Radial velocity curves for −2.6 and −4.7 km s−1 features.



4 Discussion
4.1 Evidence of Recurrent Variability
The first report of flares in two redshifted features (−1.3 and −0.5 km s−1) at the beginning of 2010 was presented by (Szymczak et al. 2014). The present single-dish study indicates that the emission of these two features occurs regularly in intervals of 4.9–5.1 yr. A comparison of our VLBI maps with those published by (Torstensson et al. 2011), (Sugiyama et al. 2014), and (Sanna et al. 2017) (Figs. 4 and B.1) provides a more detailed picture of the 6.7 GHz maser variability in cluster II. We can see that the epoch 1 (Table 1) observation was made before the flare of the redshifted cloudlets, as our ephemerid suggests, and only the blueshifted spots (−2.5 km s−1) were detected. The observation in epoch 2 was conducted at the end of the flare, and faint (Fpeak < 3.5 Jy beam−1) emission of the redshifted (−0.5, −1.3 km s−1) and blueshifted (−2.5 km s−1) cloudlets was seen. No emission at −0.5 and −1.3 km s−1 was detected in epochs 3 or 4, that is, during a quiescent state anticipated by the ephemerid, and only faint blueshifted emission (−2.5 km s−1) was detected in epoch 3. In epochs 5 and 6, the EVN detected only faint blueshifted (−2.5 km s−1) cloudlets, while in epoch 7, they significantly increased, and the −0.5 and −1.3 km s−1 cloudlets reappeared. In epoch 8, only the redshifted emission was seen for both cloudlets. In epoch 9, the emission at −0.5 km s−1 diminished, whereas the −1.3 km s−1 emission disappeared. We conclude that the published VLBI data fully confirm the recurrent appearance of the −1.3 and −0.5 km s−1 emission, supporting our single-dish monitoring. Furthermore, these data may suggest that slightly blueshifted emission of −2.5 km s−1 also exhibits a periodic behaviour. We note that this blueshifted emission in cluster II is highly blended with cluster I, preventing us from finding its light curve.
4.2 Flare Characteristics and their Origin
Fast growth and a slow drop in the flux density are the main characteristics of the flare profile of the redshifted emission in Сер A HW2, and are preserved from cycle to cycle. The peak flux varies by a factor of 3, while the duty cycle ranges from 0.06 to 0.16 (Fig. 4). Here, the duty cycle is the fraction of a flare period for which the flux density is above half of the peak value. The rise-to-decay time ratio of the flare is 0.18 on average, and the relative amplitude is higher than 10. For a sample of all known periodic masers listed in (Olech et al. 2019) (le A3), we infer that the duty cyctheir Table ranges from 0.16 to 0.97, while the rise-to-decay time ratio is 0.3–2.0. The relative amplitude ranges from 0.2 to 5 in most cases, but there are five objects with lower limits of 5–120. Therefore, we find that the above-mentioned characteristics of the flared cloudlets in the target are close to the boundary values reported in known periodic masers. A period of 1828 d is the only characteristic of Cep A HW2, which stands out by an order of magnitude from the median value of 200 d (Olech et al. 2019) inferred for a sample of 25 known periodic masers.
There are three models that could explain the specific flare profile of the redshifted emission; pulsation instability due to the к mechanism (Inayoshi et al. 2013a), a colliding wind binary (van der Walt 2011), or spiral shocks in the central gap of the accretion disc (Parfenov & Sobolev 2014). Pulsation instability due to the к mechanism allows the stellar masses to be estimated with a power-law relation (Inayoshi et al. 2013b, their Eq. (2)). In the case of Cep A HW2, a period of ~5 yr implies a mass of over 40 M⊙, which is between two and four times higher than values derived from the observed bolometric luminosity (Sanna et al. 2017). We therefore argue that the observed variability cannot be explained by the к instability mechanism.
Van der walt (2011) explains the periodic variability of the methanol masers with a colliding wind binary scenario. Briefly, periodic stellar wind interactions in the binary system generate additional free-free radiation that increases seed photon flux. Cooling of the plasma is much less abrupt, resulting in a characteristic profile with the rapid rise and slow decay. A rough check shows that both −0.5 and −1.3 km s−1 maser cloudlets in cluster II lie very close to the radio continuum emission knots (Curiel et al. 2006) suggesting that the maser flares might be induced by modulation of the background radiation. The position of the centroid of the −0.5 km s−1 maser emission measured with the EVN beam (Table 1) in epochs 8 and 9 coincides within 45 mas with the axis of radio jet (Curiel et al. 2006; Carrasco-González et al. 2021). A very similar coincidence is seen for the centroid of the −1.3 km s−1 emission. The width of the 22 GHz radio knot is ~70AU (Curiel et al. 2006; Carrasco-González et al. 2021), while the size of the maser region in cluster II is 75 AU (as estimated from epoch 7); it is therefore quite certain that the maser volume could be illuminated by the background continuum radiation. Our observations imply that the brightness temperature difference between the active and quiet states of the −0.5 and −1.3 km s−1 emission is more than one order of magnitude. Cyclic changes of the continuum emission could have been induced by an accretion event or outflow. The radio continuum emission at centimetre wavelengths in Cep A HW2 shows moderate (~70%) variability on a timescale of 10 yr (Curiel et al. 2006), which could be considered as a possible explanation for the characteristics of the flares. However, if the maser flares were generated by variations of background photon flux then there would be no time-lags (Table 2), which, on the other hand, we clearly observe. We therefore conclude that changes in the background radiation are not the cause of the maser flares in cluster II.
Characteristic flare profile could also be achieved by the spiral shock model (Parfenov & Sobolev 2014). In this scenario, an OB binary on a circular orbit creates shocks that travel through the central disc gap. Shocks interact with denser matter of the disc, effectively increasing IR radiation, which boosts the pumping of the methanol masers. This model is strongly constrained by the geometry of the system (which is required to be in an almost edge-on projection) and could also generate time-lags between the peaks of flaring cloudlets. A chain of absorption and re-emission could slow down a pumping factor to subluminal velocity, but its magnitude is arguable. In Sect. 3.2 we estimate the velocity of the pumping factor to ~ 1000 km s−1, while the heatwave postulated by (Burns et al. 2020) penetrates a disc plane much faster, with a significant fraction of the speed of light.
Comparison of the VLBI maser observations with continuum data (Patel et al. 2005) reveals that cluster II originates near the edge of a dust disc. The exposition of the masing cloudlets to the pumping IR photons from the disc could magnify the variability of the maser emission: an increase in the dust temperature boosts the flux of the pumping photons, which would increase the population-inverted abundance in cluster II, effectively raising the intensity of the masing cloudlets. Dust heats quickly (Johnstone et al. 2013), which, combined with the relaxation time of the maser, could result in the observed light curves. Previous studies (Cunningham et al. 2009) revealed that the Cep A HW2 system hosts many companion stars; thus, it is probable that an increase in dust temperature could be related to a companion star, modulating the accretion rate.
Using the NEOWISE survey (Mainzer et al. 2011), we might check whether or not the IR flux changes over time and whether or not it correlates with the 6.7 GHz maser emission; (Olech et al. 2020, 2019) did this for periodic sources G107.298+5.639 and G59.533-0.192. However, Cep A HW2 is a crowded region, and WISE blends several sources. We therefore conclude that a higher angular resolution IR monitoring is required to resolve this case. This scenario also does not fully explain the observed time-lags. The resulting chain of absorption and re-emission (heatwave) should propagate with a velocity of several hundred km s−1 (see Sect. 3.2), which is too slow compared to the reported case (Burns et al. 2020). We note that the 2010 flare has been successfully modelled as an effect of Dicke’s superra-diance (Rajabi et al. 2019): in this scenario, flaring behaviour triggers when the critical inverted population column density is exceeded. This effect might impact the observed delays.
One might expect a driving pulse – induced for instance by the accretion luminosity burst – to affect all the maser cloudlets in Cep A HW2, but the response of different parts of the molecular disc is very different. One possible cause could be differences in the degree of saturation in maser cloudlets. Following Eq. (1) of (Vlemmings et al. 2010), we attempt to estimate the ratio of the maser-stimulated emission rate R to the maser decay rate Г, which is the measure of saturation level. For the beaming solid angle ∆Ω ≃ 10−2, Г = 1 s−1 and the maser brightness temperature from Tables A.1 and A.2, we obtain a saturation level ranging from 0.005 to 0.2 for most of the cloudlets composing the persistent features. For the −0.5 and −4.7 km s−1 cloudlets, R/Г is 8 × 10−4 and 2 × 10−4, respectively. It is therefore likely that the varying behaviour of the maser features, in response to the same driving factor, is related to the degree of saturation.
4.3 Causes of Velocity Drifts
The drift in the radial velocity of the redshifted emission is a particularly interesting phenomenon, showing a linear trend with the rate of 3–4 × 10−5 km s−1 d−1 for about 11.5yr of our monitoring. It is striking that this rate is almost the same as that reported in the archetypal periodic source G9.62+0.20E (MacLeod et al. 2021). The profile of each of the two redshifted features is satisfactorily fitted with a single Gaussian for both the 32 m dish and EVN spectra; therefore we exclude a possibility that the observed systematic drifts are artifacts produced by variability of two or more spectral components with very close velocities. (MacLeod et al. 2021) proposed two hypotheses to explain the velocity drifts; (i) precession of a Keplerian disc and (ii) infall motion. Adopting the disc model of Cep A HW2 from (Sanna et al. 2017) and using the maser distribution from EVN observations (Fig. 3), in line with the approach of (MacLeod et al. 2021), we obtain a precession period of 870 yr. This value is more than an order of magnitude shorter than a putative period (~8 × 104 yr) of disc precession suggested from H2 outflow observations (Cunningham et al. 2009), and therefore hypothesis (i) can be ruled out. There is observational evidence for infall motion of 6.7 GHz maser cloudlets with a velocity of ~2kms−1 in a plane of the accretion disc (Torstensson et al. 2011; Sanna et al. 2017). Our observations confirm the findings of these latter authors and suggest infall of the most redshifted cloudlets with a velocity of 4 kms−1 (Sect. 3.2). As circumstellar discs reach number densities higher than 109cm−3 (Vlemmings et al. 2010), the maser emission is unlikely to originate from the densest inner part of the disc. Thus, we propose a scenario (Fig. 10) in which the maser clouds are located near the upper and lower edges of the disc and follow infall motions directed into HW2, parallel to the edges. With this scheme, the radial velocity drift (Fig. 5) is due to cloudlets accelerating towards HW2. Furthermore, this picture is entirely consistent with the measured time-lags between the onset of the flares of −0.5 and −1.3kms−1 cloudlets (Table2).
	[image: thumbnail]	Fig. 10 Cartoon to illustrate the proposed scenario for infall motion in cluster II. The coloured circles denote the flaring cloudlets and the labels correspond to their velocities along the line of sight.



4.4 Anticorrelated Variability
The synchronous anticorrelation between the features at −1.8, −2.6, −3.7, −4.1, and −4.7kms−1 was reported for the first time by (Sugiyama et al. 2008). They monitored the target over ~3 months and found that since MJD 54 320, the flux density of the feature at −4.9 km s−1 had increased by a factor of 3 over a timescale of 2.5 weeks, while that of −2.7kms−1 decreased by a factor of 1.5. (Szymczak et al. 2014) revealed that the −4.7 km s−1 feature increased in intensity by a factor of 8 since MJD 56 118. Our new data show another rapid five-fold increase of its amplitude since MJD 57 960 (Fig. 2). It is striking that the event of anticorrelated and synchronous variability reported by (Szymczak et al. 2014) occurred 1798 d after that noticed by (Sugiyama et al. 2008) and 1842 d before that observed here. These time intervals are very well in line with a periodicity of flares of the redshifted emission.
Figure 7 displays the flux densities of the features at −2.6, −4.1, and −4.7kms−1 plotted against each other. Red points originate from the period of MJD 56 057−56 347, which is almost the same as in (Szymczak et al. 2014) (their Fig. 4), and the green points come from our new observations of MJD 57 862−58 851. There is a linear anticorrelation between the features at −2.6 and −4.7 km s−1 in the first time-span, while we note a significant deviation from a linear relation in a second one. This suggests that the causes of this behaviour affect the optical depth of the masing cloud, resulting in a non-linear relation. There are also visible radial velocity drifts during these periods of activity (Fig. 9). A recent study (Sanna et al. 2017) indicated that the velocity field in Cep A HW2 has a Keplerian component; it therefore becomes possible to explain the anticor-related variability with the scenario proposed by (Elmegreen & Morris 1979); (Cesaroni 1990); (Szymczak et al. 2014): when the pump rate drops on one side of the Keplerian disc, the opposite side of it will be affected soon after the light-crossing time, resulting in synchronous anticorrelated changes in the flux density of red- and blueshifted emission. This scenario requires a nearly edge-on oriented disc, but the inclination angle is ~64° (Sanna et al. 2017) in Cep A HW2, and this condition is only partially fulfilled.
5 Conclusions
We report the detection of the quasi-periodic high-relative-amplitude flares of the extremely redshifted (Vlsr > −1.5 km s−1) 6.7 GHz methanol maser emission in Cep A HW2. The flares occur at ~ 1800-day intervals and originate from the maser cluster closest to the presumed position of the protostar, near the edge of the dust disc. The spatial distribution of the flaring cloudlets, the radial velocity drift, and the time-lags of the flare peaks are consistent with a scenario of a molecular disc rotating with subKeplerian velocity and an infall motion component. Presumably, periodic and minor changes in the luminosity of the powering system result in significant variations of emission from unsaturated maser regions at the extreme redshifted velocities. Still, these changes do not significantly affect the most persistent maser emission regions approaching saturation state. The measured time-lags imply that changes in physical conditions that cause maser flares propagate at ~ 1000 km s−1. Evidence of time-lags is against the alternative hypothesis that the flaring activity is caused by the amplification of variable background radiation from the radio jet. Synchronous anticorrelated changes in the flux densities of the −2.6 and −4.7kms−1 spectral components occur at approximately five-year intervals and suggest radiative interaction between the different parts of the molecular disc. Further long-term studies of the target are needed to confirm the maser periodicity and explain its origin.
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Appendix A  Spot tables
Table A.1 
List of 6.7 GHz CH3OH maser spots detected in epoch 8.

Table A.2 
List of 6.7 GHz CH3OH maser spots detected in epoch 9.

Table A.3 
Cloudlet parameters derived from Gaussian function fitting.


Appendix B  Cluster II Maps Across 9 Epochs
	[image: thumbnail]	Fig. B.1 Spatial distribution of the CH3OH maser spots in Сер AHW2 in cluster II across nine epochs. Epoch numbers presented at the top of the graphs are listed in Table 1. The sizes of the symbols are proportional to the logarithm of the spot peak flux densities. Grey crosses denote the spatial distribution of the emission in the previous epoch.
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	[image: thumbnail]	Fig. 1 6.7 GHz maser single-dish auto-correlation spectrum of Cep A HW2 (green) obtained on 2020 October 18 and the cross-correlated spectrum from EVN observations (red) taken on the same date. The dashed lines represent the same spectra magnified 100 times to show low-flux-density features. The features are marked by roman numerals following (Sugiyama et al. 2008), which correspond to clusters shown in Fig. 3.
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	[image: thumbnail]	Fig. 2 Light curves of the main spectral features of the 6.7 GHz transition in Сер AHW2. Data before MID 56 352 (grey dots) were published in (Szymczak et al. 2014). Typical measurement uncertainty is shown by the black bar for the first data point. The light curves were produced using single-dish data (Sect. 2.1) by averaging three channels; the velocity of the central channel is given for each panel. Colours indicate different spectral features at velocities given to the right of the plots. The vertical black dashed lines mark VLBI observations; epoch numbers correspond to those given in Table 1. VLBI observations at epochs 1–4 were performed before our single-dish monitoring started.
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	[image: thumbnail]	Fig. 3 Spatial distributions of the 6.7 GHz methanol maser cloudlets in Сер A HW2 in epochs 8 and 9. The circle size is scaled as the logarithm of peak brightness; its colour corresponds to the local standard of rest velocity scale shown in the wedge. Roman units indicate the cloudlet numbering according to (Sugiyama et al. 2014) and (Sanna et al. 2017). The magenta star marks the Cep AHW2 position (Curiel etal. 2006): α(J2000) = 22h56m17.9816s, δ(J2000) = 62°01′49.572″. The ellipse denotes the dust disc emission at 0.9 mm (Patel et al. 2005), and the arrows mark the elongated knot directions at the base of the jet detected at 7.5 mm (Carrasco-González et al. 2021).
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	[image: thumbnail]	Fig. 4 Folded light curves of the redshifted flaring emission for −0.5 (top) and −1.3 km s−1 (bottom) features. The data points are black with grey error bars, while the black solid lines show the average profiles. Green points refer to the relative intensities of the blueshifted emission observable in cluster II; arrows mark upper limits for the blueshifted emission in epochs with no detection. The vertical dashed lines correspond to the computed phases of VLBI observations (magenta – EVN, blue – JVN); the epoch numbers (Table 1) are given above the top abscissa.
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	[image: thumbnail]	Fig. 5 Drifts of radial velocity of the −0.5 (top) and −1.3 km s−1 (bottom) features. The magenta dashed line marks the linear function fit.
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	[image: thumbnail]	Fig. 6 Line proflies (left) and distributions (right) of the maser spots in the two most redshifted cloudlets at the indicated epochs (Table 1). Each symbol represents a methanol maser spot. The red dashed line denotes the Gaussian function fit (Table A.3). The symbol sizes in the right column are proportional to the square root of brightness, whereas the colours refer to velocity.
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	[image: thumbnail]	Fig. 7 Comparison of peak flux densities of the selected features. Red and green points refer to measurements from intervals of MJD 56 057–56 347 (similarly as in Szymczak et al. 2014) and MJD 57 862–58 851, respectively. The dashed lines mark the best fit of the linear function.
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	[image: thumbnail]	Fig. 8 Gaussian fits to light curves of the −2.6 and −4.7 km s−1 features for periods MJD 56 100–56 140 and 56 260–56 300.
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	[image: thumbnail]	Fig. 9 Radial velocity curves for −2.6 and −4.7 km s−1 features.
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	[image: thumbnail]	Fig. 10 Cartoon to illustrate the proposed scenario for infall motion in cluster II. The coloured circles denote the flaring cloudlets and the labels correspond to their velocities along the line of sight.
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	[image: thumbnail]	Fig. B.1 Spatial distribution of the CH3OH maser spots in Сер AHW2 in cluster II across nine epochs. Epoch numbers presented at the top of the graphs are listed in Table 1. The sizes of the symbols are proportional to the logarithm of the spot peak flux densities. Grey crosses denote the spatial distribution of the emission in the previous epoch.
In the text





    
      Table 1 

      VLBI observations used in the paper.

      
        


	Epoch
	Exp. code
	Telescope(a)
	Vel. res. (km s−1)
	1σ noise (mJy beam−1)
	Beam (mas × mas, °)
	Ref.



	




	No.
	Date
	MJD





	1
	2004 Nov. 06
	53 315
	EL032
	EVN(8)
	0.09
	7
	13.8×5.3, −57
	1



	2
	2006 Sep. 09
	53 987
	
	JVN(4)
	0.18
	60
	9.4×4.3, −70
	2



	3
	2007 Jul. 28
	54 309
	
	JVN(5)
	0.18
	90
	9.2×4.3, −43
	2



	4
	2008 Oct. 25
	54 764
	
	JVN(5)
	0.18
	120
	7.0×3.9, −79
	2



	5
	2013 Mar. 01
	56 352
	ES071A
	EVN(8)
	0.04
	4–6
	4.3×3.1, −58
	3



	6
	2014 Feb. 28
	56 716
	ES071B
	EVN(8)
	0.04
	4–6
	4.0×3.4, −67
	3



	7
	2015 Mar. 13
	57 094
	ES071C
	EVN(9)
	0.04
	4–6
	3.9×3.0, −53
	3



	8
	2020 Jun. 02
	59 002
	RD002
	EVN(4)
	0.04
	5
	7.5×3.5, +86
	4



	9
	2020 Oct. 18
	59 140
	ED048B
	EVN(8)
	0.09
	4
	4.5×3.8,+12
	4





      

      
Notes. (a) Telescopes are the EVN and the Japan VLBI Network (JVN). The number of antennas is given in parentheses.


References. (1) (Torstensson et al. 2011); (2) (Sugiyama et al. 2014); (3) (Sanna et al. 2017); (4) this work.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        6.7 GHz maser single-dish auto-correlation spectrum of Cep A HW2 (green) obtained on 2020 October 18 and the cross-correlated spectrum from EVN observations (red) taken on the same date. The dashed lines represent the same spectra magnified 100 times to show low-flux-density features. The features are marked by roman numerals following (Sugiyama et al. 2008), which correspond to clusters shown in Fig. 3.

      

    

  
    
      Fig. 2 
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        Light curves of the main spectral features of the 6.7 GHz transition in Сер AHW2. Data before MID 56 352 (grey dots) were published in (Szymczak et al. 2014). Typical measurement uncertainty is shown by the black bar for the first data point. The light curves were produced using single-dish data (Sect. 2.1) by averaging three channels; the velocity of the central channel is given for each panel. Colours indicate different spectral features at velocities given to the right of the plots. The vertical black dashed lines mark VLBI observations; epoch numbers correspond to those given in Table 1. VLBI observations at epochs 1–4 were performed before our single-dish monitoring started.

      

    

  
    
      Table 2 

      Flare parameters of the −1.3 and −0.5 km s−1 features.

      
        


	Vlsr (km s−1)
	tstart (MJD)
	tpeak (MJD)
	tend (MJD)
	Fpeak (Jy)





	Flare #1



	




	−1.3
	55 222
	55 255
	55 609
	6.0



	−0.5
	55 283
	55 307
	55 679
	7.6



	




	Flare #2



	




	−1.3
	57 018
	57 025
	57 117
	2.7



	−0.5
	57 070
	57 095
	57 297
	3.3



	




	Flare #3



	




	−1.3
	58 888
	58 953
	59 104
	3.5



	−0.5
	58 929
	58 966
	59 512
	7.0





      

      
Notes. Vlsr is the peak velocity at the beginning of the first flare, tstart, tpeak, and tend, are the start, maximum, and end times of the flare, respectively, and Fpeak is the peak flux density.




    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Spatial distributions of the 6.7 GHz methanol maser cloudlets in Сер A HW2 in epochs 8 and 9. The circle size is scaled as the logarithm of peak brightness; its colour corresponds to the local standard of rest velocity scale shown in the wedge. Roman units indicate the cloudlet numbering according to (Sugiyama et al. 2014) and (Sanna et al. 2017). The magenta star marks the Cep AHW2 position (Curiel etal. 2006): α(J2000) = 22h56m17.9816s, δ(J2000) = 62°01′49.572″. The ellipse denotes the dust disc emission at 0.9 mm (Patel et al. 2005), and the arrows mark the elongated knot directions at the base of the jet detected at 7.5 mm (Carrasco-González et al. 2021).

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Folded light curves of the redshifted flaring emission for −0.5 (top) and −1.3 km s−1 (bottom) features. The data points are black with grey error bars, while the black solid lines show the average profiles. Green points refer to the relative intensities of the blueshifted emission observable in cluster II; arrows mark upper limits for the blueshifted emission in epochs with no detection. The vertical dashed lines correspond to the computed phases of VLBI observations (magenta – EVN, blue – JVN); the epoch numbers (Table 1) are given above the top abscissa.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Drifts of radial velocity of the −0.5 (top) and −1.3 km s−1 (bottom) features. The magenta dashed line marks the linear function fit.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Line proflies (left) and distributions (right) of the maser spots in the two most redshifted cloudlets at the indicated epochs (Table 1). Each symbol represents a methanol maser spot. The red dashed line denotes the Gaussian function fit (Table A.3). The symbol sizes in the right column are proportional to the square root of brightness, whereas the colours refer to velocity.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Comparison of peak flux densities of the selected features. Red and green points refer to measurements from intervals of MJD 56 057–56 347 (similarly as in Szymczak et al. 2014) and MJD 57 862–58 851, respectively. The dashed lines mark the best fit of the linear function.

      

    

  
    
      Table 3 

      Correlation coefficients of the 6.7 GHz spectral features in Сер A HW2 for the whole monitoring period.

      
        


	Feature (km s−1)
	−1.8
	−2.6
	−3.7
	−4.1





	−2.6
	0.87
	
	
	



	−3.7
	0.26
	0.28
	
	



	−4.1
	0.47
	0.59
	0.60
	



	−4.7
	−0.32
	−0.43
	0.32
	0.24





      

    

  
    
      Table 4 

      Results of Gaussian fits shown in Fig. 8.

      
        


	Profile No.
	Vlsr (km s−1)
	MJDpeak (d)
	FWHM (d)





	1
	−2.6
	56 126.6 ± 1.1
	52.4 ± 3.5



	−4.7
	56 118.8 ± 1.1
	39.3 ± 2.3



	




	2
	−2.6
	56 292.6 ± 1.3
	74.2 ± 4.7



	−4.7
	56 283.7 ± 1.8
	78.3 ± 4.7





      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Gaussian fits to light curves of the −2.6 and −4.7 km s−1 features for periods MJD 56 100–56 140 and 56 260–56 300.

      

    

  
    
      Fig. 9 

      
        [image: thumbnail]
      

      
        Radial velocity curves for −2.6 and −4.7 km s−1 features.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Cartoon to illustrate the proposed scenario for infall motion in cluster II. The coloured circles denote the flaring cloudlets and the labels correspond to their velocities along the line of sight.

      

    

  
    
      Table A.1 

      List of 6.7 GHz CH3OH maser spots detected in epoch 8.

      
        


	Cluster
	∆ α (mas)
	∆ δ (mas)
	Vlsr (kms−1)
	Fpeak (Jy beam−1)
	Tb (K)





	II
	−207.86 ± 0.10
	−192.23 ± 0.08
	−0.2
	0.15
	5.1×107



	II
	−208.36 ± 0.07
	−192.01 ± 0.05
	−0.2
	0.28
	9.2×107



	II
	−208.63 ± 0.06
	−192.35 ± 0.05
	−0.3
	0.35
	1.2×108



	II
	−208.92 ± 0.06
	−192.37 ± 0.04
	−0.3
	0.41
	1.4×108



	II
	−209.32 ± 0.06
	−192.36 ± 0.03
	−0.4
	0.43
	1.4×108



	II
	−208.91 ± 0.20
	−191.45 ± 0.10
	−0.4
	0.37
	1.2×108



	II
	−209.88 ± 0.07
	−191.60 ± 0.04
	−0.5
	0.33
	1.1×108



	II
	−209.93 ± 0.07
	−191.63 ± 0.04
	−0.5
	0.29
	9.5×107



	II
	−210.19 ± 0.09
	−191.56 ± 0.04
	−0.5
	0.21
	7.0×107



	II
	−210.73 ± 0.10
	−191.34 ± 0.05
	−0.6
	0.15
	4.8×107



	II
	−210.76 ± 0.12
	−191.11 ± 0.06
	−0.6
	0.11
	3.6×107



	II
	−211.31 ± 0.21
	−191.72 ± 0.09
	−0.7
	0.07
	2.2×107



	 



	II
	−195.58 ± 0.40
	−175.68 ± 0.21
	−1.0
	0.03
	1.1×107



	II
	−194.95 ± 0.47
	−175.16 ± 0.20
	−1.0
	0.04
	1.2×107



	II
	−195.78 ± 0.36
	−174.66 ± 0.21
	−1.1
	0.06
	1.8×107



	 



	II
	−210.91 ± 0.15
	−169.01 ± 0.08
	−1.2
	0.09
	3.0×107



	II
	−211.75 ± 0.12
	−168.57 ± 0.06
	−1.3
	0.15
	5.0×107



	II
	−211.05 ± 0.10
	−168.60 ± 0.05
	−1.3
	0.19
	6.1×107



	II
	−212.23 ± 0.12
	−167.98 ± 0.06
	−1.4
	0.22
	7.3×107



	II
	−214.14 ± 0.25
	−166.91 ± 0.10
	−1.4
	0.23
	7.6×107



	 



	I
	−517.79 ± 0.05
	−69.56 ± 0.02
	−1.5
	0.87
	2.9×108



	I
	−517.89 ± 0.03
	−68.99 ± 0.01
	−1.5
	1.41
	4.7×108



	I
	−517.83 ± 0.02
	−68.50 ± 0.01
	−1.6
	2.16
	7.1×108



	I
	−518.03 ± 0.03
	−66.28 ± 0.02
	−1.6
	5.23
	1.7×109



	I
	−517.76 ± 0.01
	−65.30 ± 0.01
	−1.6
	8.29
	2.7×109



	I
	−517.80 ± 0.01
	−65.81 ± 0.01
	−1.7
	12.30
	4.1 ×109



	I
	−518.33 ± 0.02
	−65.79 ± 0.01
	−1.7
	13.07
	4.3×109



	I
	−518.44 ± 0.02
	−65.47 ± 0.01
	−1.8
	15.41
	5.1×109



	I
	−518.76 ± 0.01
	−65.75 ± 0.01
	−1.8
	13.99
	4.6×109



	I
	−519.00 ± 0.02
	−65.84 ± 0.01
	−1.9
	9.05
	3.0×109



	I
	−518.69 ± 0.02
	−65.82 ± 0.01
	−1.9
	4.72
	1.6×109



	I
	−518.53 ± 0.05
	−65.82 ± 0.02
	−1.9
	1.41
	4.7×108



	 



	I
	−587.29 ± 0.03
	−17.73 ± 0.01
	−2.2
	6.78
	2.2×109



	I
	−587.76 ± 0.02
	−16.95 ± 0.01
	−2.2
	23.42
	7.8×109



	I
	−589.13 ± 0.02
	−16.39 ± 0.01
	−2.3
	46.93
	1.6×1010



	I
	−590.42 ± 0.03
	−15.96 ± 0.01
	−2.3
	71.28
	2.4×1010



	I
	−591.24 ± 0.03
	−15.39 ± 0.01
	−2.3
	69.22
	2.3×1010



	I
	−592.50 ± 0.03
	−14.46 ± 0.01
	−2.4
	56.08
	1.9×1010



	I
	−594.28 ± 0.04
	−13.29 ± 0.02
	−2.4
	32.95
	1.1×1010



	I
	−596.01 ± 0.05
	−12.76 ± 0.02
	−2.5
	24.56
	8.1×109



	I
	−599.76 ± 0.09
	−11.26 ± 0.04
	−2.5
	13.67
	4.5×109



	I
	−602.11 ± 0.07
	−10.22 ± 0.04
	−2.6
	10.24
	3.4×109



	I
	−602.80 ± 0.07
	−9.79 ± 0.04
	−2.6
	7.69
	2.5×109



	I
	−603.32 ± 0.12
	−10.17 ± 0.05
	−2.6
	3.05
	1.0×109



	 



	I
	−624.95 ± 0.08
	−2.75 ± 0.04
	−2.6
	4.50
	1.5×109



	I
	−625.86 ± 0.04
	−2.14 ± 0.02
	−2.7
	4.01
	1.3×109



	I
	−627.00 ± 0.05
	−1.81 ± 0.02
	−2.7
	2.00
	6.6×108



	I
	−628.20 ± 0.03
	−1.50 ± 0.01
	−2.8
	2.17
	7.2×108



	I
	−628.53 ± 0.03
	−1.15 ± 0.01
	−2.8
	1.75
	5.8×108



	I
	−629.03 ± 0.04
	−0.87 ± 0.02
	−2.9
	0.70
	2.3×108



	I
	−629.05 ± 0.06
	−0.64 ± 0.03
	−2.9
	0.32
	1.1×108



	I
	−629.31 ± 0.11
	0.03 ± 0.05
	−3.0
	0.15
	4.9×107



	 



	III
	−762.95 ± 0.14
	77.27 ± 0.07
	−3.3
	0.52
	1.7×108



	III
	−763.00 ± 0.14
	76.80 ± 0.08
	−3.4
	0.83
	2.8×108



	III
	−762.65 ± 0.10
	76.92 ± 0.05
	−3.4
	0.73
	2.4×108



	III
	−763.27 ± 0.32
	76.71 ± 0.16
	−3.4
	0.24
	8.0×107



	III
	−773.07 ± 0.07
	80.50 ± 0.04
	−3.5
	0.50
	1.7×108



	III
	−773.72 ± 0.09
	81.15 ± 0.06
	−3.5
	0.36
	1.2×108



	 



	III
	−827.92 ± 0.04
	123.60 ± 0.02
	−3.6
	1.05
	3.5×108



	III
	−828.07 ± 0.06
	123.20 ± 0.03
	−3.6
	0.71
	2.4×108



	III
	−827.79 ± 0.12
	123.31 ± 0.06
	−3.7
	0.38
	1.3×108



	 



	IV
	813.92 ± 0.21
	−209.73 ± 0.08
	−3.7
	0.19
	6.4×107



	IV
	814.37 ± 0.11
	−209.60 ± 0.04
	−3.7
	0.38
	1.3×108



	IV
	814.40 ± 0.06
	−209.63 ± 0.03
	−3.8
	0.85
	2.8×108



	IV
	814.16 ± 0.05
	−209.65 ± 0.02
	−3.8
	1.16
	3.8×108



	IV
	812.40 ± 0.19
	−209.93 ± 0.08
	−3.9
	0.37
	1.2×108



	 



	IV
	797.92 ± 0.03
	−209.07 ± 0.01
	−3.8
	2.19
	7.2×108



	IV
	796.50 ± 0.02
	−209.10 ± 0.01
	−3.9
	3.33
	1.1×109



	IV
	795.63 ± 0.03
	−209.32 ± 0.01
	−3.9
	3.15
	1.0×109



	IV
	795.38 ± 0.05
	−209.77 ± 0.02
	−4.0
	3.74
	1.2×109



	IV
	794.32 ± 0.05
	−209.80 ± 0.02
	−4.0
	3.63
	1.2×109



	IV
	794.30 ± 0.04
	−209.85 ± 0.02
	−4.1
	4.18
	1.4×109



	IV
	793.96 ± 0.05
	−209.85 ± 0.02
	−4.1
	4.00
	1.3×109



	IV
	793.71 ± 0.05
	−209.66 ± 0.02
	−4.1
	3.92
	1.3×109



	IV
	793.80 ± 0.04
	−209.36 ± 0.02
	−4.2
	4.12
	1.4×109



	IV
	794.41 ± 0.03
	−208.86 ± 0.01
	−4.3
	1.98
	6.6×108



	IV
	794.80 ± 0.04
	−208.91 ± 0.02
	−4.3
	1.11
	3.7×108



	IV
	795.05 ± 0.09
	−208.78 ± 0.04
	−4.4
	0.38
	1.3×108



	IV
	795.13 ± 0.13
	−208.83 ± 0.07
	−4.4
	0.13
	4.3×107



	 



	IV
	796.75 ± 0.07
	−224.11 ± 0.03
	−3.9
	1.46
	4.8×108



	IV
	796.40 ± 0.04
	−224.12 ± 0.02
	−4.0
	5.21
	1.7×109



	IV
	797.03 ± 0.03
	−223.85 ± 0.01
	−4.0
	6.09
	2.0×109



	IV
	797.08 ± 0.03
	−223.59 ± 0.01
	−4.1
	5.84
	1.9×109



	IV
	796.71 ± 0.05
	−223.70 ± 0.02
	−4.1
	3.80
	1.3×109



	IV
	796.58 ± 0.06
	−223.63 ± 0.03
	−4.1
	3.09
	1.0×109



	IV
	796.23 ± 0.10
	−223.64 ± 0.04
	−4.2
	1.49
	4.9×108



	 



	V
	−482.68 ± 0.39
	548.40 ± 0.41
	−4.3
	0.14
	4.7×107



	V
	−437.63 ± 0.28
	596.95 ± 0.17
	−4.3
	0.18
	5.8×107



	V
	−448.15 ± 0.27
	583.80 ± 0.32
	−4.4
	0.13
	4.4×107



	V
	−482.35 ± 0.28
	547.95 ± 0.32
	−4.4
	0.13
	4.2 × 107





      

      
Notes. Numbers in the first column refer to the cluster that the spot originates from (see figure 3). Columns 2 and 3 give the relative positions and uncertainties in Right Ascension and Declination, respectively. The fourth column shows the local-standard-of-rest velocity of the spot, the fifth column its peak flux density. The last column presents the brightness temperatures of each spot.




    

  
    
      Table A.2 

      List of 6.7 GHz CH3OH maser spots detected in epoch 9.

      
        


	Cluster
	∆ α (mas)
	∆ δ (mas)
	Vlsr(kms−1)
	Fpeak (Jy beam−1)
	Tb (K)





	II
	−208.33 ± 0.07
	−191.05 ± 0.10
	−0.1
	0.13
	6.7×107



	II
	−208.23 ± 0.16
	−190.07 ± 0.24
	−0.1
	0.06
	2.9×107



	II
	−208.39 ± 0.04
	−191.97 ± 0.06
	−0.2
	0.23
	1.1×108



	II
	−208.60 ± 0.03
	−192.39 ± 0.04
	−0.3
	0.29
	1.4×108



	II
	−209.13 ± 0.04
	−192.15 ± 0.04
	−0.4
	0.26
	1.3×108



	II
	−209.83 ± 0.04
	−191.80 ± 0.05
	−0.5
	0.19
	9.6×107



	II
	−210.57 ± 0.06
	−191.27 ± 0.07
	−0.6
	0.12
	6.1×107



	II
	−211.20 ± 0.10
	−191.00 ± 0.12
	−0.7
	0.06
	2.9×107



	 



	I
	−517.76 ± 0.02
	−68.79 ± 0.01
	−1.5
	1.91
	9.6×108



	I
	−517.66 ± 0.02
	−67.43 ± 0.01
	−1.6
	6.72
	3.4×109



	I
	−517.65 ± 0.01
	−66.06 ± 0.01
	−1.6
	20.20
	1.0×1010



	I
	−517.80 ± 0.01
	−65.81 ± 0.01
	−1.7
	35.25
	1.8×1010



	I
	−518.04 ± 0.02
	−65.83 ± 0.01
	−1.8
	29.48
	1.5×1010



	I
	−518.24 ± 0.02
	−65.89 ± 0.01
	−1.9
	11.80
	5.9×109



	I
	−518.18 ± 0.05
	−65.93 ± 0.03
	−2.0
	2.17
	1.1×109



	 



	I
	−556.77 ± 0.04
	−34.17 ± 0.04
	−2.1
	3.84
	1.9×109



	I
	−556.63 ± 0.09
	−33.47 ± 0.09
	−2.2
	4.44
	2.2×109



	 



	I
	−572.04 ± 0.05
	−49.10 ± 0.03
	−2.0
	2.83
	1.4×109



	I
	−573.15 ± 0.07
	−47.27 ± 0.04
	−2.1
	3.42
	1.7×109



	 



	I
	−587.18 ± 0.03
	−17.36 ± 0.02
	−2.2
	23.16
	1.2×1010



	I
	−589.01 ± 0.02
	−16.28 ± 0.01
	−2.3
	76.96
	3.9×1010



	I
	−590.81 ± 0.02
	−15.21 ± 0.02
	−2.3
	112.29
	5.6×1010



	I
	−593.35 ± 0.03
	−13.92 ± 0.02
	−2.4
	86.62
	4.4×1010



	I
	−598.13 ± 0.05
	−11.75 ± 0.02
	−2.5
	38.25
	1.9×1010



	I
	−602.13 ± 0.04
	−9.95 ± 0.02
	−2.6
	14.02
	7.0×109



	I
	−603.01 ± 0.09
	−9.28 ± 0.06
	−2.7
	2.49
	1.3×109



	 



	I
	−619.39 ± 0.09
	−3.87 ± 0.04
	−2.6
	7.15
	3.6×109



	I
	−623.67 ± 0.04
	−2.46 ± 0.02
	−2.7
	7.57
	3.8×109



	I
	−626.71 ± 0.03
	−1.26 ± 0.02
	−2.8
	5.71
	2.9×109



	I
	−628.29 ± 0.02
	−0.28 ± 0.02
	−2.9
	2.49
	1.3×109



	I
	−629.04 ± 0.04
	0.53 ± 0.03
	−3.0
	0.59
	3.0×108



	I
	−629.45 ± 0.24
	1.43 ± 0.12
	−3.0
	0.08
	3.9×107



	 



	III
	−773.27 ± 0.03
	80.12 ± 0.04
	−3.5
	1.43
	7.2×108



	III
	−773.16 ± 0.03
	80.00 ± 0.03
	−3.5
	1.45
	7.3×108



	III
	−773.27 ± 0.05
	79.07 ± 0.07
	−3.6
	1.11
	5.6×108



	 



	III
	−768.41 ± 0.07
	85.20 ± 0.08
	−3.1
	0.13
	6.7×107



	III
	−768.00 ± 0.03
	83.58 ± 0.03
	−3.2
	0.61
	3.0×108



	III
	−767.36 ± 0.04
	81.46 ± 0.04
	−3.3
	0.85
	4.3×108



	III
	−769.70 ± 0.13
	80.52 ± 0.06
	−3.4
	0.69
	3.5×108



	 



	III
	−761.78 ± 0.03
	76.31 ± 0.04
	−3.5
	1.11
	5.6×108



	III
	−762.37 ± 0.05
	78.85 ± 0.06
	−3.2
	0.38
	1.9×108



	III
	−762.12 ± 0.02
	77.39 ± 0.02
	−3.3
	1.60
	8.0×108



	III
	−762.10 ± 0.02
	76.73 ± 0.02
	−3.4
	2.18
	1.1×109



	III
	−761.78 ± 0.03
	76.32 ± 0.04
	−3.5
	1.11
	5.6×108



	 



	III
	−827.10 ± 0.07
	124.00 ± 0.05
	−3.5
	0.79
	4.0×108



	III
	−827.34 ± 0.04
	123.36 ± 0.02
	−3.6
	2.40
	1.2×109



	III
	−827.50 ± 0.04
	122.77 ± 0.02
	−3.7
	2.52
	1.3×109



	III
	−828.75 ± 0.09
	121.56 ± 0.05
	−3.7
	1.14
	5.7×108



	 



	III
	−870.97 ± 0.04
	196.99 ± 0.05
	−3.6
	1.40
	7.0×108



	III
	−871.86 ± 0.04
	197.33 ± 0.04
	−3.7
	1.88
	9.4×108



	III
	−873.28 ± 0.07
	198.00 ± 0.07
	−3.7
	0.91
	4.6×108



	 



	IV
	813.92 ± 0.06
	−209.04 ± 0.03
	−3.7
	1.34
	6.7×108



	IV
	814.42 ± 0.08
	−208.86 ± 0.04
	−3.8
	1.78
	9.0×108



	IV
	799.44 ± 0.04
	−209.69 ± 0.03
	−3.7
	1.26
	6.3×108



	IV
	798.33 ± 0.02
	−209.50 ± 0.01
	−3.8
	6.58
	3.3×109



	IV
	797.07 ± 0.02
	−209.48 ± 0.01
	−3.9
	14.58
	7.3×109



	IV
	796.05 ± 0.02
	−209.56 ± 0.01
	−4.0
	19.96
	1.0×1010



	IV
	795.51 ± 0.02
	−209.61 ± 0.01
	−4.1
	19.20
	9.6×109



	IV
	795.41 ± 0.02
	−209.50 ± 0.01
	−4.2
	13.44
	6.8×109



	IV
	795.44 ± 0.01
	−209.32 ± 0.01
	−4.3
	5.98
	3.0×109



	IV
	795.34 ± 0.02
	−209.07 ± 0.02
	−4.4
	1.62
	8.1×108



	IV
	795.35 ± 0.05
	−208.95 ± 0.04
	−4.4
	0.27
	1.4×108



	 



	IV
	796.09 ± 0.10
	−224.76 ± 0.06
	−3.8
	1.49
	7.5×108



	IV
	795.66 ± 0.03
	−224.71 ± 0.02
	−3.9
	11.12
	5.6×109



	IV
	795.72 ± 0.03
	−224.53 ± 0.01
	−4.0
	21.93
	1.1×1010



	IV
	795.70 ± 0.03
	−224.30 ± 0.01
	−4.1
	18.53
	9.3×109



	IV
	795.14 ± 0.04
	−224.10 ± 0.02
	−4.2
	8.82
	4.4×109



	IV
	794.21 ± 0.06
	−224.01 ± 0.03
	−4.3
	2.23
	1.1×109



	 



	V
	−423.83 ± 0.10
	485.40 ± 0.09
	−4.6
	0.11
	5.6×107



	V
	−425.20 ± 0.09
	486.14 ± 0.09
	−4.7
	0.12
	6.3×107



	V
	−426.98 ± 0.19
	487.12 ± 0.19
	−4.8
	0.06
	3.0×107





      

      
Notes. Numbers in the first column refer to the cluster that the spot originates from (see figure 3). Columns 2 and 3 give the relative positions and uncertainties in Right Ascension and Declination, respectively. The fourth column shows the local-standard-of-rest velocity of the spot, and the fifth column its peak flux density. The last column presents the brightness temperatures of each spot.




    

  
    
      Table A.3 

      Cloudlet parameters derived from Gaussian function fitting.

      
        


	Epoch
	Fp(Jybeam−1)
	Vp(km s−1)
	FWHM (km s−1)





	−0.5 km s−1 cloudlet



	7
	0.89 ± 0.02
	−0.462 ± 0.003
	0.33 ± 0.01



	8
	0.42 ± 0.02
	−0.377 ± 0.005
	0.34 ± 0.01



	9
	0.28 ± 0.01
	−0.355 ± 0.004
	0.40 ± 0.01



	−1.3 km s−1 cloudlet



	7
	0.24 ± 0.01
	−1.177 ± 0.002
	0.18 ± 0.01



	8
	0.23 ± 0.01
	−1.405 ± 0.022
	0.28 ± 0.04



	−1.7 km −1 cloudlet



	5
	11.85 ± 0.11
	−1.740 ± 0.001
	0.27 ± 0.01



	6
	23.17 ± 0.69
	−1.746 ± 0.002
	0.20 ± 0.01



	7
	36.82 ± 1.41
	−1.745 ± 0.002
	0.21 ± 0.01



	8
	14.98 ± 0.99
	−1.746 ± 0.005
	0.24 ± 0.01



	9
	32.73 ± 2.99
	−1.742 ± 0.006
	0.26 ± 0.01



	−2.6 km s−1 cloudlet



	5
	19.19 ± 0.28
	−2.491 ± 0.002
	0.30 ± 0.01



	6
	45.51 ± 0.83
	−2.460 ± 0.002
	0.24 ± 0.01



	7
	116.32 ± 1.83
	−2.443 ± 0.001
	0.23 ± 0.01



	8
	67.48 ± 16.49
	−2.317 ± 0.009
	0.17 ± 0.01



	
	16.43 ± 7.98
	−2.460 ± 0.097
	0.25 ± 0.10



	9
	97.50 ± 84.55
	−2.326 ± 0.055
	0.22 ± 0.04



	
	32.34 ± 72.41
	−2.460 ± 0.222
	0.25 ± 0.13



	−2.7kms−1 cloudlet



	5
	6.95 ± 0.05
	−2.739 ± 0.002
	0.28 ± 0.01



	6
	6.95 ± 0.06
	−2.729 ± 0.002
	0.25 ± 0.01



	7
	9.23 ± 0.08
	−2.717 ± 0.002
	0.25 ± 0.01



	8
	3.63 ± 0.96
	−2.663 ± 0.059
	0.27 ± 0.06



	9
	7.93 ± 0.29
	−2.684 ± 0.008
	0.28 ± 0.01



	−3.4 kms−1 cloudlet



	5
	1.16 ± 0.01
	−3.430 ± 0.004
	0.31 ± 0.01



	6
	1.93 ± 0.07
	−3.426 ± 0.003
	0.18 ± 0.01



	7
	2.87 ± 0.09
	−3.413 ± 0.003
	0.17 ± 0.01



	8
	0.90 ± 0.06
	−3.361 ± 0.003
	0.12 ± 0.01



	9
	2.24 ± 0.03
	−3.381 ± 0.001
	0.20 ± 0.00



	−3.6 km s−1 cloudlet



	5
	5.32 ± 0.07
	−3.676 ± 0.002
	0.27 ± 0.01



	6
	5.16 ± 0.27
	−3.667 ± 0.004
	0.19 ± 0.01



	7
	5.20 ± 0.18
	−3.646 ± 0.003
	0.20 ± 0.01



	8
	1.22 ± —
	−3.521 ± —
	0.21 ± —



	9
	2.79 ± 0.10
	−3.625 ± 0.003
	0.21 ± 0.01



	−4.0 kms−1 cloudlet #1



	5
	12.87 ± 0.09
	−4.089 ± 0.001
	0.36 ± 0.01



	6
	11.71 ± 0.48
	−4.078 ± 0.004
	0.33 ± 0.01



	7
	15.06 ± 0.47
	−4.097 ± 0.002
	0.28 ± 0.01



	8
	4.77 ± 0.48
	−4.034 ± 0.011
	0.37 ± 0.02



	9
	22.02 ± 1.01
	−4.052 ± 0.003
	0.32 ± 0.01



	−4.0 kms−1 cloudlet #2



	5
	8.47 ± 0.57
	−4.203 ± 0.011
	0.25 ± 0.01



	
	5.91 ± 0.54
	−4.003 ± 0.012
	0.22 ± 0.02



	6
	9.27 ± 0.06
	−4.190 ± 0.001
	0.17 ± 0.01



	
	11.06 ± 0.04
	−4.022 ± 0.001
	0.16 ± 0.01



	7
	25.80 ± 1.40
	−4.060 ± 0.004
	0.22 ± 0.01



	8
	6.23 ± 0.69
	−4.040 ± 0.009
	0.18 ± 0.02



	9
	22.55 ± 1.78
	−4.051 ± 0.006
	0.23 ± 0.01



	−4.7kms−1 cloudlet



	5
	0.95 ± 0.01
	−4.711 ± 0.002
	0.27 ± 0.01



	6
	0.57 ± 0.01
	−4.716 ± 0.002
	0.17 ± 0.01



	7
	0.42 ± 0.01
	−4.715 ± 0.003
	0.18 ± 0.01



	9
	0.13 ± —
	−4.680 ± —
	0.22 ± —





      

      
Notes. The first column presents epochs (listed in Table 1). Columns 2 − 4 show parameters derived from fitting the peak flux density, the peak velocity relative to the local standard of rest, and the full width at half maximum. The uncertainties provided are derived from the covariance matrix.




    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Spatial distribution of the CH3OH maser spots in Сер AHW2 in cluster II across nine epochs. Epoch numbers presented at the top of the graphs are listed in Table 1. The sizes of the symbols are proportional to the logarithm of the spot peak flux densities. Grey crosses denote the spatial distribution of the emission in the previous epoch.
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