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ABSTRACT

Aims. In order to test the nature of an (accretion) disk in the vicinity of Cepheus A HW2, we measured the three-dimensional velocity
�eld of the CH3OH maser spots, which are projected within 1000 au of the HW2 object, with an accuracy of the order of 0.1 km s� 1.
Methods. We made use of the European VLBI Network (EVN) to image the 6.7 GHz CH3OH maser emission towards
Cepheus A HW2 with 4.5 milli-arcsecond resolution (3 au). We observed at three epochs spaced by one year between 2013 and 2015.
During the last epoch, on mid-march 2015, we bene�ted from the new deployed Sardinia Radio Telescope.
Results. We show that the CH3OH velocity vectors lie on a preferential plane for the gas motion with only small deviations of 12� � 9�

away from the plane. This plane is oriented at a position angle of 134� east of north, and inclined by 26� with the line-of-sight, closely
matching the orientation of the disk-like structure previously reported by Patel et al. (2005). Knowing the orientation of the equatorial
plane, we can reconstruct a face-on view of the CH3OH gas kinematics onto the plane. CH3OH maser emission is detected within a
radius of 900 au from HW2, and down to a radius of about 300 au, the latter coincident with the extent of the dust emission at 0.9 mm.
The velocity �eld is dominated by an infall component of about 2 km s� 1 down to a radius of 300 au, where a rotational component of
4 km s� 1 becomes dominant. We discuss the nature of this velocity �eld and the implications for the enclosed mass.
Conclusions. These �ndings bring direct support to the interpretation that the high-density gas and dust emission, surrounding
Cepheus A HW2, trace an accretion disk.
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1. Introduction

Cepheus A is the second nearest high-mass star-forming re-
gion (after Orion), located at a trigonometric distance of 700 pc
from the Sun (Moscadelli et al. 2009; Dzib et al. 2011) in the
Cepheus OB3 complex (e.g., Fig. 27 of Kun et al. 2008). The
region has an IR luminosity in the range 2–3� 104 L � (e.g.,
Mueller et al. 2002; De Buizer et al. 2016) and hosts a tight
(< 7000 au) cluster of young stellar objects (YSOs) associated
with radio continuum emission. Half of the bolometric luminos-
ity is attributed to the brightest radio source in the �eld, named
“HW2” after Hughes & Wouterloot (1984, see also Garay et al.
1996), which would correspond to a ZAMS star with an early-B
spectral type and a mass in excess of 10 M� . The HW2 object
drives one of the best examples of radio thermal jets in the lit-
erature (e.g., Rodriguez et al. 1994; Curiel et al. 2006), which
excites several shocked layers of H2O maser emission (e.g., Tor-
relles et al. 2011). At the origin of the radio jet, Patel et al. (2005)
resolved a dense core of dust and gas in the 345 GHz band of
the SMA (see also Torrelles et al. 2007). The core emission is
�attened in the direction perpendicular to the radio jet, with an
aspect ratio near 2 between its major and minor axes. Assuming
the core is tracing a circumstellar disk, Patel et al. showed that
the aspect ratio of the core emission implies a disk inclination of
28� with the line-of-sight. On the plane of the sky, the major axis
of the disk, with an outer radius larger than 0:800(or 560 au), is

oriented at a position angle (P.A.) of 121� (east of north). Despite
the fact that this simple picture would support a scenario of disk-
mediated accretion onto HW2, the environment around HW2 is
signi�cantly more complex than that of an isolated YSO, show-
ing the presence of perhaps more than 5 objects within a radius
of 1000 au (e.g., Fig. 1 of Jiménez-Serra et al. 2009). Because of
this multiplicity, the disk scenario has been questioned as due to
a chance superposition of di� erent hot cores (e.g., Brogan et al.
2007; Comito et al. 2007).

By directly measuring the velocity �eld of gas belonging
to the putative disk, we can provide a critical test to the disk-
like scenario. Compact maser emission centers, of the order of a
few au in size, are ideal test particles to probe the local, three-
dimensional, gas kinematics, by combining their proper motion
vectors (i.e., their displacement on the plane of the sky) with the
Doppler shift of the maser lines (e.g., Moscadelli et al. 2011;
Torrelles et al. 2011). Towards Cepheus A, bright CH3OH maser
emission at 6.7 GHz was �rstly reported by Menten (1991)
and imaged at milli-arcsecond resolution by Sugiyama et al.
(2008a,b) and Torstensson et al. (2008). Individual CH3OH
masers are projected within 1000 au of the HW2 object, and out-
line a �lamentary distribution with LSR velocities redshifted, by
less than 5 km s� 1, with respect to the systemic velocity of the re-
gion (around� 4:5 km s� 1). Following this evidence, it has been
proposed that the CH3OH masers are tracing a contracting cir-
cular ring with radius of about 680 au, centered on HW2, and
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Table 1. Summary of EVN observations (code ES071)

Absolute Position (� 1 mas)
Epochsa run � rest � v VLSR R.A. (J2000) Dec. (J2000) HPBW rms

(gg/mm/aa) (hr) MHz (km s� 1) (km s� 1) (h m s) (� 0 00) (mas) (mJy beam� 1)

01/03/13 – 28/02/14 – 13/03/15 8 6668.5 0.04 –1.73 22:56:17.9089 62:01:49.527 4.5 4–6

Notes.Columns 1 and 2: observing dates and duration of each run. Columns 3 and 4: rest frequency and velocity resolution of the maser lines.
Columns 5, 6, and 7: local-standard-of-rest velocity and measured absolute position of the reference maser spot used for calibration. Column 8:
restoring beam size (round) used at each epoch. Column 9: thermal noise achieved per line-free channel map at each epoch (Stokes I).(a) The EVN
operated with 8 antennas at the �rst two epochs (EF, WB, JB, ON, MC, NT, TR, YS), with the addition of SR during the last epoch.

Fig. 1. E� elsberg total-power spectra towards Cepheus A HW2 ob-
tained from the EVN observations at C-band. Observing dates are in-
dicated on the top right corner. The dotted vertical line indicates the rest
velocity (Vsys) of the HW2 object. According to Fig. 2, maser emission
associated with the di� erent clusters is also indicated.

oriented nearly edge-on with respect to the observer (Torstens-
son et al. 2008; Vlemmings et al. 2010; Torstensson et al. 2011;
Sugiyama et al. 2014). Based on the detection of an ordered po-
larization �eld through the CH3OH maser emission, Vlemmings
et al. (2010) also suggested that the maser motions might be
driven by magnetic forces.

In order to test the disk-like scenario, we exploited the high
sensitivity of the European VLBI Network (EVN) to observe at
di� erent epochs the 6.7 GHz CH3OH masers in HW2, with the
aim of eventually tracing proper motions with an accuracy of
0.1 km s� 1. We present the details of the EVN observations in
Sect. 2. In Sect. 3, we report about the proper motion measure-
ments and the kinematic properties of the maser distribution. In
Sect. 4, we model the full-space velocity �eld of the CH3OH
gas, and discuss the implications for the disk-like scenario in
Cepheus A HW2. Conclusions are drawn in Sect. 5.

2. Observations and calibration

We performed multi-epoch, phase-referencing, EVN observa-
tions of the 51 � 60 A+ CH3OH maser transition towards
Cepheus A HW2, and correlated all 4 polarization combinations
(RR, LL, RL, LR). At each epoch, we observed three cali-
brators together with the maser target. First, the reference po-
larization calibrator, J 1331+3030, was observed at the begin-
ning of the experiment to register the systematic rotation of
the linear polarization angle (� pol) in the EVN dataset. Second,
J 2202+4216 was observed as a fringe �nder calibrator every
hour to correct both the instrumental phase delay and the polar-
ization leakage. Third, we observed the reference position cali-

brator J 2302+6405, which is in the International Celestial Refer-
ence Frame (ICRF) catalog, and is o� set by 2� from Cepheus A.
Scans on the maser target and the position calibrator were alter-
nated over a cycle of 5 min. The EVN data were processed with
the SFXC software correlator (Keimpema et al. 2015) at the Joint
Institute for VLBI in Europe by using an averaging time of 2 s
and two frequency setups. A high spectral sampling (0.98 kHz)
over a narrow band (2 MHz) was used to accurately sample the
maser linewidth. A course spectral sampling (15.6 kHz) over a
wide band of 16 MHz was used to improve on the continuum
sensitivity of the calibrators maps. Observation information is
summarized in Table 1.

Data were reduced with the NRAO Astronomical Image Pro-
cessing System (AIPS) following standard procedures. Fringe
�tting and self calibration were performed on a strong maser
channel at an LSR velocity of –1.73 km s� 1 at each epoch. We
produced total intensity (StokesI) maps of the maser emission to
image an area of radius 100:5 around HW2. At each epoch, we set
a restoring beam size of 4.5 mas (round), equal to the geomet-
rical average of thecleanbeam size obtained with ROBUST 0
weighting (task IMAGR of AIPS). Figure 1 shows the E� elsberg
spectra of the CH3OH maser emission towards Cepheus A HW2
at each epoch.

We postpone the analysis of the polarization information
to a subsequent paper. Recently, Lankhaar et al. (2016) pre-
sented a theoretical derivation of the hyper�ne structure of the
methanol molecule. They show that a number of hyper�ne tran-
sitions, close in frequency, might contribute to the 6.7 GHz
CH3OH maser emission. In order to account for this multiplic-
ity, a new pumping model for the 6.7 GHz CH3OH masers is re-
quired. These �ndings might have an in�uence on the modeling
of the polarized maser emission (Vlemmings et al. 2010) which
is under review (Lankhaar et al. 2017, in prep.; Vlemmings et
al. 2018, in prep.).

3. Kinematic properties of the maser distribution

We detected 64 individual maser emission centers, orcloudlets1,
above a threshold of 7� . For strong maser channels, this thresh-
old is typically set by the limited dynamical range of the images.
In Table 2, we list the relative position of each maser cloudlet

1 Hereafter, we make use of the following convention:

– a maserspot is a compact emission, at milli-arcsecond scale, de-
tected on a single channel map and best-�tted with an elliptical
Gaussian brightness distribution;

– a masercloudlet, elsewhere referred to as “feature”, is an individ-
ual gas condensation which is composed by a cluster of contiguous
spots, both, in space (< HPBW=10, typically), and LSR velocity
(<� FWHM=5, based on an average linewidth of 0.2–0.3 km s� 1).
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A. Sanna et al.: Planar infall of CH3OH gas around Cepheus A HW2

Fig. 2.Distribution of the 6.7 GHz CH3OH maser cloudlets detected within� 1 arcsec of Cepheus A HW2. The main panel shows the distribution of
the maser cloudlets (colored dots) superimposed on a HC3N (27–26)v7 = 1e map (contours) integrated in the velocity range from� 7 to � 3 km s� 1

(from Jiménez-Serra et al. 2009). HC3N contours start at 2� by 2� steps. The upper axis gives the linear scale of the map at a distance of 700 pc.
Maser colors indicate the gas LSR velocity locally, according to the righthand wedge. Maser groups are labeled according to Sugiyama et al.
(2008b). The systemic velocity (Vsys) is set at� 4:5 km s� 1. The black star marks the HW2 position according to Curiel et al. (2006).Insets:
blowup of the local maser emission (beam size at a bottom corner) summed within the VLSR range speci�ed in each box (see Sect.3). The grey
logarithmic scale (top wedge) gives the brightness scale from 10� up to the peak emission in Jy beam� 1; the black contours give the brightness
levels from 10% of the peak emission by 10% steps. The red arrows trace the proper motion vectors of the maser cloudlets; the arrow length
indicates the position reached after a time of 40 years at the average velocity of 1.7 km s� 1. Note that a few proper motions are associated with
faint maser cloudlets which do not show up in the summed maps.

with respect to the peak of the reference maser channel (used
to calibrate the visibilities). The absolute position of this maser
spot is determined with an accuracy of� 1 mas and is given in
Table 1. The centroid position of each CH3OH cloudlet is deter-
mined by an intensity-weighted average of the spots' distribu-
tion within a beam, following Sanna et al. (2010). For cloudlets
brighter than 1 Jy beam� 1, positional uncertainties are typically
better than 0.1 mas.

Maser cloudlets are spread within a projected radius of
1000 au from the HW2 object and are arranged in �ve clusters
by position (Fig. 2). These clusters have been labeled, from I to
V, after Sugiyama et al. (2008a). The clusters I and II, which
project closer to the HW2 object, show the most red-shifted
emission and span a range of LSR velocities between 0 and
� 3:5 km s� 1. The three clusters, III, IV, and V, projected fur-
ther away from HW2, are centered at LSR velocities (intensity-

weighted) of� 3:63, � 4:05, and� 4:54 km s� 1, respectively, and
each one emits over a narrow range of velocities (ca. 0.7 km s� 1).
The �ve insets of Fig. 2 show the details of the maser emission,
summed over the relevant LSR velocity ranges, at the position
of each cluster (from the �rst epoch data). These maps were pro-
duced after a boxcar smoothing of three velocity channels of the
initial dataset, and by imaging the new dataset with anu–v taper-
ing of 15 M� . At variance with the integrated maser �ux, which
shows signi�cant variations among the epochs (up to a factor of
2), the relative positions among the clusters, and their ranges of
LSR velocities, have remained constant during the last 10 years,
since the �rst high resolution observations by Torstensson et al.
(2011, their Fig. 1) on November 2004.

In order to provide proper motion measurements accurate
to a few 0.1 km s� 1, we studied the spatial and spectral distri-
bution of the maser spots within each cloudlet detected at the
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