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ABSTRACT

We present high angular resolutiond(2°Y continuum and molecular emission line Atacama Large Millimeter/sub-millimeter Array
(ALMA) observations of G17.64+0.16 in Band 6 (22880 GHz) taken as part of a campaign in search of circumstellar discs around
(proto)-O-stars. At a resolution of400 au the main continuum core is essentially unresolved and isolated from other strong and
compact emission peaks. We detect SiO (5—-4) emission that is marginally resolved and elongated in a direction perpendicular to the
large-scale out ow seen in tHéCO (2 1) line using the main ALMA array in conjunction with the Atacama Compact Array (ACA).
Morphologically, the SiO appears to represent a disc-like structure. Using parametric models we show that the position-velocity pro le
of the SiO is consistent with the Keplerian rotation of a disc around an object between 10 indr8éhass, only if there is also

radial expansion from a separate structure. The radial motion component can be interpreted as a disc wind from the disc surface.
Models with a central stellar object mass between 20 anld 3@re the most consistent with the stellar luminosity (° L ) and

indicative of an O-type star. The H30millimetre recombination line (231.9 GHz) is also detected, but spatially unresolved, and is
indicative of a very compact, hot, ionised region co-spatial with the dust continuum core. The broad line-width of thenti8&§ion
(full-width-half-maximum = 81.9 km ) is not dominated by pressure-broadening but is consistent with underlying bulk motions.
These velocities match those required for shocks to release silicon from dust grains into the gas pi2eai@HCHOH thermal

emission also shows two arc shaped plumes that curve away from the disc plane. Their coincidence with OH maser emission suggests
that they could trace the inner working surfaces of a wide-angle wind driven by G17.64 which impacts the diffuse remnant natal cloud
before being redirected into the large-scale out ow direction. Accounting for all observables, we suggest that G17.64 is consistent with
a O-type young stellar object in the nal stages of protostellar assembly, driving a wind, but that has not yet developed into a compact
Hil region. The existance and detection of the disc in G17.64 is likely related to its isolated and possibly more evolved nature, traits
which may underpin discs in similar sources.

Key words. stars: formation — stars: protostars — stars: massive — stars: winds, out ows — stars: pre-main sequence —
submillimeter: stars

1. Introduction pre-ALMA, mm-interferometers did not typically resolve targets

) ) . . below 1000 au, exceptin a few studies (elgnénez-Serra et al.
The formation scenario for the most massive sta&N ) still 2012 Wang et al. 2012Maud & Hoare 2013Beuther et al. 2013
remain_s uncertain. From a theoretical stand poin_t mode_ls 98Fesaroni et al. 20]4unter et al. 201) Beltran & de Wit(2016
erally invoke a scaled-up solar-mass model, with a disc, Bfovide a comprehensive review of discs around luminous YSOs,
disc-like structure, accretion streams and axial jets or out oW§ which B-type sources are indicated to have characteristics
(e.g. Krumholz et al. 2009 Peters et al. 2010&uiper et al. of scaled-up solar-type systems. Based on previous studies the
201Q 201%; Klassen et al. 20t6Rosen et al. 20167 ana_ka etal. guthors reported that young O-type stellar sourées0°L )
2017 Kuiper & Hosokawa 201Bas otherwise massive youngshow |arge-scale rotation in10000au, potentially transient,
stellar objects (YSOs) could not accrete in the face of intengggigal “pseudo-disc” structures (see aBaruya et al. 2008
stellar winds and radiation pressure (&/gol re & Cassinelli  githough relatively recent ALMA observations bghnston et al.
1986 Nakano 1989Jijina & Adams 1995 Observations indi- (2015 did indicate a Keplerian signature in a 2000 au radius
cate that jets and out ows are associated with massive YSQgcture around a 25M O-type source. Keplerian-like sig-
(e.g.Beuther et al. 2002Maud et al. 2015pPurser et al. 2016 natyres are also found around B-type binary systems, due to a
Bally 2Q1©, however observations of the putative d|s_cs in th?otating circumbinary disc (e.gSanchez-Monge et al. 2013a
mm-regime are scarce, as somewhat expected considering $i@lz Beltran et al. 2015 while O-type star forming regions

show much more complex structures at millimetre wavelengths
? The reduced datacubes are only available at the CDS via anonym¥(ith anisotropic accretion and spiral-like feeding laments from

ftp to cdsarc.u-strasbg.fr (130.79.128.5 ) or via large parsec scales to small000 au scales (e.giu et al. 2015
http://cdsarc.u-strasbg.fr/viz-bin/gcat?J/A+A/620/A31 Maud et al. 20171zquierdo et al. 2018Goddi et al. 2018akin
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to the streams seen in the aforementioned models. Critically, tb@l7). Co-rotating disc winds are different from the aforemen-
latter examples do not show evidence for Keplerian-like discs, @ned equatorial wind scenario where the winds are radiatively
least down to the 500 au scales that these authors probe. driven, as they instead are thought to be intrinsically linked with
Any massive stellar source fron8 M can burn hot enough the accretion process and disc (€lgrner et al. 2014 Identi-
to completely ionise the surrounding molecular material to forrfiying these disc winds in massive YSOs could therefore provide
an Hi region (Wood & Churchwell 1989 Churchwell 1990 insight on accretion and mass loss processes.
Kurtz 2005 and destroy any complex chemical tracers that are In this article we report on our target G17.64+0.16 (here-
traditionally used to understand the kinematics of their natafter G17.64, also known as AFGL 2136, G017.6380+00.1566,
environments and their accretion discs. Initial arguments IGRL 2136, and IRAS 18196-1331). We originally targeted
Walmsley (1995 argued that high accretion rates will cause &17.64 along with ve other luminous O-type (proto)stavgth
very dense H region that is optically thick to radio emissionALMA and found mixed evidence for discs around the various
and thus the H would not be seen. However, for heavily accrettargets using the typical GEN tracer Cesaroni et al. 20}7
ing massive YSOs the onset of thel Hegion could be delayed Our detailed investigations to-date of two of these six sources,
via stellar bloating Ralla & Stahler 1992Hosokawa & Omukai G31.41+0.31 and G24.78+0.0B4ltran et al. 2018Moscadelli
2009 Hosokawa et al. 201Kuiper & Yorke 2013 where the et al. 2018, found clear velocity gradients in the GEIN 12-11
effective temperature of the star is much cooler than it wouléhe transitions. In G31.41+0.31, the gradient is indicative of rota-
be considering a main sequence star of the same luminosttgnal spin-up and infall towards the two central cores, whereas
In these models, a halt or considerable reduction in accretifor G24.78+0.08, it is due to wind and out ow feedback from
( 103M yr 1Y), or growth beyond 30 40M , will result in  the O-star at the centre of an HGHegion. G17.64, presented
the YSO contracting to a “main-sequence” con guration, heatn this work, is thought to be a massive O-type YSO at a later
ing signi cantly, and being able to create aniHegion. The formation stage, but prior to forming a compaat Ifegion.
ne details of this transition are still somewhat unclear since G17.64 is located at 2.2 kpc and has a bolometric luminos-
they depend on the assumed accretion law and the initial conidly- of 1 10°L . As part of the Red MSX survéy(Lumsden
tions chosen for the stellar evolution calculatioAdsémmerlé & et al. 2013 G17.64 has the most up-to-date luminosity estimated
Peters 2016 Observations in the infra-red (IR) have been madasing the detailed multi-wavelength spectral energy distribu-
in search of cool stellar atmospheres that point to bloated staien method fromMottram et al. (2011) updated to include
however these studies remain inconclusilznf et al. 2009 uxes from the HerschelHIGAL survey (Molinari et al. 2010,
Testi et al. 201 Alternative scenarios are thatiHegions can and combined with an unambiguous kinematic source distance
be gravitationally trapped at very early ionisation stages (sédrquhart et al. 201,22014). The luminosity positions G17.64 as
Keto 2003 2007, or icker due to chaotic shielding of the ionis- an 09 09.5 type based ovlacca et al(1996 with an expected
ing radiation by an accretion ow, leading to a non-monotonousass of 2M , hence being selected as one of our six sources
expansioniPeters et al. 201QbHyper Compact (HC) H regions to study O-star discsGesaroni et al. 20)7 G17.64 is bright
(<0.03 pc) are thought to be the earliest ionisation stage aatinear- and mid-IR wavelengths (2.2-24t6  Kastner et al.
therefore could relate to the halt of accretion, be a marker #8992 Holbrook & Temi 1998 de Wit et al. 2009 Murakawa
a transition phase. et al. 2013 as a re ection nebula that is co-spatial with the
Radio observations provide some evidence of the transiavity walls carved by the blue-shifted lobe of the large-scale
tion stages. Insofar, three high-mass YSOs, S106 HRafe molecular out ow at a position angle of135 (Kastner et al.
et al. 1994, S140 IRS1 oare 2006 Maud & Hoare 201Band 1994 Maud et al. 2015pand perpendicular to a suggested polar-
(G298.2626-00.7394 (as a candidate frourser et al. 20)Gare isation disc Murakawa et al. 2008 Murakawa et al.(2013
potentially at a stage contracting down from bloated stars aadalysed the IR spectrum from G17.64 and noted that the weak
now driving ionised disc winds. These objects have compadr line is extemely broadRWHM = 133 kms?), indicative
but elongated, radio continuum emission inconsistent with a jet an underlying wind. The surrounding molecular cloud has
scenario. The compact radio emission for these sources carabmass of 600M within a 1.2 1.2pc region faud et al.
understood as an equatorially driven radiative disc wind (e.80153. G17.64 also has a plethora of other observations rang-
Drew et al. 1998 where the intense radiation from the now coning from the IR to radio (e.gMinchin et al. 1991 van der Tak
tracted YSO is ionising and ablating the disc surface and drivireg al. 2000z; Menten & van der Tak 20Q4Nang et al. 2007
a wind in the equatorial plane (see alsago et al. 2004Kee Lu et al. 2014 that image the bi-polar nebulae, the compact
et al. 2016 2018ab). For S106 IR, the out ow cavity is also radio emission and surrounding environment in a range of typical
ionised, resulting in the striking bi-polariHregion Schneider molecular species such as NS, CHOH at mm wavelengths.
et al. 2018 and pointing to a more “evolved” stage compared tdlotably, G17.64 was also observed using mid-IR interferometry
S140 IRS1, where only the disc is ionisegdb@re 2005 (de Wit et al. 2011 Boley et al. 2013 Models to reproduce the
Other high-mass sources, MWC34984gez-Rubio et al. single MIDI baseline emission presentedds/ Wit et al.(2011)
2014 Zhang et al. 20l7and Orion Source INlatthews et al. suggest G17.64 could have a compact disc. In the sample of mas-
2010 Greenhill et al. 2013 Issaoun et al. 2017Ginsburg sive YSOs investigated §oley et al.(2013 the combination of
et al. 2018 also drive disc winds. There is still some debat&eck data and multi-baseline MIDI observations also suggest a
as to whether MWC349A is a pre- or post-main sequence staompact €100 au diameter) dust disc is present in G17.64.
while in Orion Source | the radio emission is not consistent witih - - )
an equatorial ionised disc wintViatthews et al. 200 In these _ For consistency withCesaroni et al.(201) we use the same
cases, the disc winds from these sources co-rotate with the djQg'enclature *(proto)star” only here. Throughout the paper we use
..~ "young-stellar-object (YSO) to avoid any ambiguities as massive sources
(see alsd<laassen.et_al. 20)3For MWC349A, the rotation is (>10M ) are probably buring deuterium and those at later stages begin-
seen in maser emissiodt{ang et al. 2017as was also the ISt ping'to hurn hydrogen (e.gosokawa et al. 20)@ind are not really true
clear case of rotation in Orion Source | via SiO maser analysigoto-stars.

(Goddi et al. 2009Matthews et al. 20]0before it was recently 2 http://rms.leeds.ac.uk/cgi-bin/public/RMS_DATABASE.
found to be rotating in thermal emission as wellifpta et al. cgi
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In Sect2, we present the observation overview, while théime, the ACA data have a very spanggs coverage and little
main observational results are shown in S&ctn Sect4, we overlap with the 12m baselines, and are of a low sensitivity.
analyse the data using a parametric model and also discli$&refore, the ACA data are unsuitable for merging with the
G17.64 in reference to other known massive YSOs. Finally, tlkdorementioned 12 m data in creating a representative image or
conclusions are given in Seét. well formed and weighted synthesised beam. The total power

observations had 19 min on-source time and used data from
three antennas in single dish mode. The TP pointing were set
2. Observations to cover the primary beam area of the ACA oni5°° 45%

. . The spectral setup was selected to cover the same transi-
Our ALMA 12 m observations were conducted during Cycle 2 ; ;
in July and September 2015 (2013.1.00489.S - PI: Cesaroni). %%S as the previous 12 m array con guration and hence covered

spectral setup included one wide-band spectral window (SP and’*CO, which are usually associated with out ow emis-
with 1.875 GHz bandwidth in order to obtain a continuum estv\;en' The data were pipeline reduced and then the ACA data

mate and numerous other SPWs with higher spectral resoluti&ug{ae ggﬂg?g% Ilrpsiieg %Sévn\giiivféf;?gn;' 'Zfﬁémr?gf l;(;c;:]t
and narrower bandwidths234 MHz for the molecular line emis- _; 0 0y " :
sion in Band 6 (220230 GHz). The individual datasets ha ize was 7.38% 5.04%with a position angle of 84.6when

between 38 and 41 antennas at any one time and baselines rari(i:]%g a robust weighting of 0.5. The noise ranges from 0.2 to
N 1
ing from 40 outto 1500 m. We refer the reader@esaroni et al. -0 Jy beam’ per 0.5kms® channel (the latter from channels

2017 f detail th t with signi cant emission). For the TP data we use the deliv-
( TDheO(;gt]:rreedL?cg:)i (\:\?as Snsdee?tg.ken usigsA version 4.5.3 ered ALMA products. We note that the out ow parameters from

(McMullin et al. 2007, Owing to G17.64 having weaker molec-these ACA data and a comparison to the TP data are presented

ular line emission than the other O-stars in the sample ((':? AppendixA and are not presented in the main paper.

Cesaroni et al. 20)7there were many line-free regions in all
SPWs and thus a standard continuum subtraction was und§r—R
taken followed by self-calibration using the line-free continuum-”
emissiod. The self-calibration solutions were applied to then this paper, we focus on the continuum and the kinematics
entire G17.64 data and the continuum subtraction was remadethe SiO, while also presenting the emission fromsCN,
thus both the continuum and line data have the self-calibrati@H;OH and H30 in order to describe the putative disc and evi-
applied. The high signal to noise of G17.64 during each iterativience for a disc wind. We also make a reference to*#0©
stage of self-calibration allowed us to self-calibrate down to @bservations from the 12 m array only, in order to describe the
minimal timescale of 6 s (i.e. starting with the source scan timgientation of the molecular out ow “bubble”.

of approximately 6 min, and subsequent iterations using 180,

60 and 30s, then nally down to the integration time of 6s).

The improvement of the continuum signal-to-noise was almosBd. Continuum emission

factor of ve, improving from 180 to over 860. : :
: S . Figure 1 shows the 1.3mm dust continuum map of G17.64
A Briggs robust weighting of 0.5Hriggs 1993 was used im%ged in our ALMA observations within &% 3°°reE]i0n cen-

‘;grb as”t Images tl(’Sba:‘S”gfsgessoé‘ét}g? tﬁgdc Osnetf‘ns'“‘l’m'w'n‘gt‘é'gr ed on G17.64 (J2000 182"26.385 13 30°11.979. Due to
ust valu 2 W u inuum f e high dynamic range, the contours at the 5 and [&els

weight towards shorter baselines, sensitive to larger scale difbes st highlight the very weakest emission in the region. G17.64
emission. Tablel presents the beam sizes, noise levels a ég gnig y gion. X

X . ) . . . a very compact, bright source (peak = 74.2mJybéam
velocity resolution of the various images used in this work.. Cix dens)i/ty _ 8?.3 mdy) gand is essegt)ially isolated frgm other

note that a subset of these data were rst presentéleisaroni _

) X . strong and compact cores. The strongest central emission com-
et a'-(201?)' namely, Images Of. SiO and QSN' which were nent associated with G17.64 remains unresolved. The next
analysed in a systematic fashion along with the other targg‘#ongest source in the eld is a comparatively very weak

sources. Here, however our data have undergone re-imagH}Igakzl_8 mJy bearh) point source located (®% 1540 au) to

and analysis after self-calibration. The self-calibration notably -« east, with another point-source further south and even

improved the signal-to-noise of our images and given trWeaker (peak = 0.7 mJy beah). As we achieve such a high sen-
signi cant improvement in phase correction, have acted ; |

. tivity in the continuum map, we also detect diffuse continuum
sharpen the image structures and boost the detected uxes Rffssion at the 5 to 10level and a number of point sources
also Cornwell & Fomalont 1999 Our results superseed those{hroughout the map, which are more clearly seen inEig

presented irfCesaroni et al(2017). . ; : .
A stand-alone ACA and Total Power (TP) project, specif: The central source, G17.64, is associated with compact radio

ically aimed at understanding the out ows from our selecteﬁ]miSSion WMenten & van der Tak 20Q4hat would contribute a
. o .
targets, observed G17.64 as part of Cycle 4 on 27 Novemté ximum of 29.5mJy (36% of the 1.3mm ux density) when

¥ ;
2016 (2016.1.00288.S - PI: Cesaroni). For the ACA data 11 ant Caled to the 1.3mm wavelength using the free-free spectral

nas were available and the array had baselines ranging from %ex of 1.2 estimated bylenten & van der Tak2004) from fre-
X y ging Ire ncies<43.2 GHz. These authors also argue that the free—free
to 45.0m. The total time on source was about three minut

e . ectral index will probably become shallower beyond 43.2 GHz,
for the ACA. Because of this disproportionately short ON-SOUrGE’ hioh case if wep assunzle 0.1 optically thin fre)é—free spec-

3 tral index the contribution of the free—free at 1.3 mm would only
3 The STATCONT package bySanchez-Monge et af2018 was used . .
for continuum subtraction in the other targetsGdsaroni et al(2017) be 3.57 mJy (4% of the_ 13 mm ux_d_ensny). Thus.’ in the case
which have very few line-free channels. Comparisons were ma¥élere we assume optically thin millimetre emission and con-
for G17.64 usingsTATCONT which did produce comparable productsSider typical parameters for dust opacity coef cient, whege
although continuum subtraction in the image plane does not allow &0 cnt g ! as suggested for densities 0f1a0® cm 2 for dust
self-calibration after the analysis. with thin ice mantles@ssenkopf & Henning 1994a gas-to-dust

esults
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Table 1. Noise, beam size and position angle, and velocity resolution for the 12 m array continuum and line data images made in this work.

Image Frequency Transition  E, Beam Noisé Resolution
(GHz) (K) %) (mJy beam?) (kms?
Continuum 226.700 ... 0170.14, 88.2 0.07 2.65(GH2z2)
Continuum (robust 1.5) 226.700 ... 0.20.17, 879 0.16 2.65(GHz)
3co 220.39868 21 15.87 0.18 0.15,+89.8 <4.09 0.35
SiOo 217.10498 54 3126 0.20 0.15, 88.3 121 2.70
CH3CN 220.70902 1211K =3 133.16 0.18 0.15, 89.2 2.08 0.35
CH3OH 218.44005 @42 3u2 E 45.46 0.20 0.15, 88.4 1.16 2.70
H30 231.90093 Recomb. line ... 010.15, 90.0 1.58 1.40

Notes. A robust weighting of 0.5 was used unless indicated. For molecular lines the transition and upper energy levels are also listed. Units &
as indicated in the column heading unless otherwise st@&He noise is per channel for line data cud83he 3CO has resolved out structure
leading to higher noise in channels where there is strong, poorly sampled emission. Line free channels have a noise of 1.76 idy beam

s G17.64+0.16 - Band 6 - Continuum the IR-interferometric observations Bpley et al.(2013 where
"o 0.07 their Gaussian tting suggested a disc FWHM of 44 milliarcsec-
8 o < ond (97 au at 2.2 kpc) with a PA around 3&lthough we have
1.0 - 0.06 very high signal-to-noise, we note that the strong centrally com-
pact dust emission is essentially unresolved and therefore warn

o 0.05 that the deconvolved parameters should be interpreted with some
0> " caution. Table indicates the continuum parameters for G17.64.

3.2. Larger scales and the 3CO molecular out ow

o 003 A large-scale view of the G17.64 region is shown in RigThe

—05 = background is a three colour composite image made using Ks
O - 0.02 (2.2 m, red), H (1.6 m, green) and J (1.2m, blue) images.

O

Declination Offset (arcsec
o
o
[
/~\
@
\
o
o
Y
Jy/beam

{ These near-IR images were obtained by the UKIDSS (The
@, _| UKIRT Infrared Deep Sky Survey;awrence et al. 2007Galac-
® " 300AU tic Plane Survey l(ucas et al. 2008and have point spread
-15 . ' ' °r ' function of 0.5 0.8%° respectively (see alsblurakawa et al.
L5 1.0 0.5 o =05 -10  -157— & 2008. This is overlaid with grey contours at the 3, 4 and Igv-
Right Ascension Offset (arcsec) els indicating the 1.3 mm continuum ALMA image made with a
Fig. 1. ALMA band 6 (1.3 mm) continuum image of G17.64 made wit obust 1.5 weighting. The ou_t ow emission f.mh?po IS .ShO.W”
a robust 0.5 value. The contour levels are sett5, 10, 50 and 200 y the cqloured conf[ours while the (_)Ut ow direction is indicated
(1 =0.07mJybeant) to indicate the weak southern sources and thBY @ white dotted line. G17.64 is identi ed as a plus symbol
strength of G17.64 (negative contours are dashed lines). The magagated at (0,0) in the map and, for reference, ha# g of
centred (0,0) on G17.64 at J2000"28"26.385 13 30P11.97° The 22.1kms?t. The two sources to the south of G17.64 (as shown
synthesised beam is indicated to the bottom left of the gure, whileia Fig.1) are clearly seen, while there is also another compact
scale bar is shown in the bottom right. source located in the region of blue-shifte€O emission (at
a 2.8, 4.0 offset from G17.64), although only at the 4-5
level. There is diffuse continuum emission about 1.5 td®®2.0
ratio of 100, and temperatures between 50 and 100 K, the m&3300 4400 au) to the north-east and south-west of G17.64, in a
of the compact dust emission ranges from 0.85 to R169vhen direction almost perpendicular to that of the out ow, suggestive
considering the extremes of the free—free contribution (see alsica remnant from a larger scale possibly dusty toroidal structure
Eqg. (1) ofMaud et al. 2018 The dust mass should be interpretedr lamentary dark lane (dashed white ellipse). Although our
with caution as we resolve out emission with the interferometeabservations are sensitive to scales up T°the diffuse emis-
we do not correct for dust opacity, and we use a single commeion has a low surface brightness (peak 10 ) and appears
temperature. Considering these points together, uncertaintieglisjointed, although we do not consider this to be real sub-
dust mass by a factor of 2—3 are not unreasonable. structure. Far to the south-east6f? 13200 au) there is also
A two-dimensional Gaussian t to the central continuumanother diffuse structure, again peaking at around thel&Qel
emission associated with G17.64 in the image plane resudtsd of low surface brightness, such that we may only image
in deconvolved source dimensions (FWHM - full-width-halfthe peak of even larger-scale diffuse emission. Lower resolution
maximum) of 53 39 milliarcsec (117 au 86 au) at a position ( 0.8°9 shorter baseline observations better image the surround-
angle (PA) of25 5 (east of north). When considering the ori-ing extended, weak, dust emission and are consistent with our
entation of the IR-re ection nebula and the large-scii€O data in that we only detect the peaks of emission while larger
molecular out ow (see also Fi@ and AppendixA) at a PA structures are present (Avison et al., in prep.). The diffuse emis-
of 135, the deconvolved PA of the dust structure could sugion we detect is located in the regions devoid of IR emission.
gest that the mm emission is tracing an underlying disc in &l other continuum features in our map, but not mentioned, are
almost perpendicular direction. The result is also consistent withthe 3 level.

-1.0
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Table 2. Continuum observation parameters for G17.64+0.16.

Name Coordinates Wavelength Peak ux Flux density Free—free ux Mass
(J2000) (mm) (mJy beanh) (mJy) (mJy) M)
G17.64+0.16 1®27"26.385 13 30°11.97° 13 74.2 81.3 3.5729.5 0.852.69

Notes. @Mass extremes estimated using dust temperatures between 50 and 100K, a gas-to-dust ratio of 100, and a dust opacity coef cient
1.0cnfg L.

In our observations th€CO emission serves as a tracer fofhe SiO emission is broad in velocity, ranging fron3.0 to
the out ow as we do not cover the more abundant typically usetb.7 kms* considering emission above 3this is broader than
out ow tracer, 12CO, in our spectral setup. THECO clearly presented irCesaroni et al(2017), 4-39.1kms', owing to our
highlights only the strongest emission regions in the out owmproved images after self calibration. In most massive YSOs,
as the emission is over-resolved with our 12m main array cofiO is very spatially extended, typically tracing emission at
guration. At the highest velocities, the blue-shifted emissioshock fronts (e.gSchilke et al. 199y created by active jets and
(16.0-18.3 km st) peaks to the south-east while the red-shifte@iut ows driven by the energetic central sources (€gbrit et al.
emission (35.0-41.0 km¥) peaks to the north-west. This high-2007 Sanchez-Monge et al. 2013buarte-Cabral et al. 2014
velocity emission follows a roughly linear path through G17.6Klaassen et al. 2013Cunningham et al. 2016Cesaroni et al.
and is highlighted by the cyan and orange contours, respectivélp17 Beltran et al. 2018Moscadelli et al. 2018 In at least one
in Fig. 2. The blue-shifted emission also appears co-spatial withassive YSO, Orion source I, the SiO emission is rather com-
the bright IR features to the south-east. The lower velocitigct, associated with SiO masers and is shown to trace a rotating
(blue-shifted from 18.3 to 21.4km% red-shifted from 24.7 disc and disc wind structurésoddi et al. 2009Ginsburg et al.
to 35.0kms?, recall theV sr is 22.1 kms?), represented by 2018. The SiO emission from G17.64 is also relatively com-
the blue and red contours trace the cavities resulting frompact, unlike a jet. There is also compact emission from other
bubble-like shape created by the out ow. These appear to visgilicon and sulphur bearing species in our observations, emis-
ally match to the broadened out ow cavities showrkiniper &  sion from SiS ¢ = 0 12-11,E, = 69.95K) and**SO (65,
Hosokawa(2018. The red-shifted emission appears to tracBu = 34.67 K) are centrally peaked at the location of the con-
almost a tear-drop shape with an origin centred on G17.64, whiisuum and SiO emission. The strong detection of SiO points
the blue-shifted emission is only visible as an extended ali@ a reservoir of silicon in the gas phase, which, in addition to
shaped structure far to the south-east of G17.64. The red-shifteé detected sulphur-bearing species, suggest an association with
bubble appears as roughly symmetric about the out ow axignised, hot$100K), turbulent and shocked gas (éMinh et al.
and con ned at the base within the diffuse dust emission eith@P10 Minh 2016 where these species are released from the grain
side of G17.64, meanwhile the blue-shifted arc is located inwafgaterial.
(towards G17.64) of the diffuse dust emission to the south-east. The solid contours in Fig (left) represent the moment zero
The origin of the'3CO emission appears to be from the workingmission integrated over the highest blue- and red-shifted veloc-
surfaces of the out ow interacting with the surrounding diffuséties of the SiO emission (betweer8.1 and 10.6km$ and
dust in IR dark regions. All estimates of the out ow parame32.0 and 45.7 km 4, respectively) whereas the dashed lines out-
ters are made using only the ACA data which are presentedliime the emission integrated over only the low velocity emission
AppendixA. (between 14.4 and 21.4 kmisand 24.0 and 29.7 km&for the

Notably, there is also overlapping blue- and red-shifted emiblue- and red-shifted emission, respectively). The PA of a simple
sion located to the west of G17.64 (F&.RA offset 0.5%9. In line drawn through the centroids of the corresponding blue- and
the context of an out ow this can only be explained if there is &d-shifted emission at the high velocity extreme is consistent
wide cavity opening angle such that the ow close to G17.64 iwith that from the integrated map over the central velocities and
emitted almost radially in the plane of a disc, and thus has bo#ith the PA at 30 of the continuum emission. Observation-
blue- and red-shifted components close to the star before the @lly, the SiO emission from G17.64 appears inconsistent with a
is redirected to follow the parabolic shape of the cavity where tljet or out ow origin when considering the known CO out ow
bulk motion becomes overall red-shifted to the north-west (e.gnd the IR nebulosity at a PA 0of135 and the lack of any

Arce et al. 2013 evidence for a jet with an axis close to the putative disc PA of
30 (Kastner et al. 1992Murakawa et al. 2008 Rather, the
3.3.Si0 SiO appears to originate from a disc-like structure perpendicular

to the out ow. Intriguingly, the spatially extended lower velocity
Figure 3 (left) shows the moment zero map of the SiO (5-&lue- and red-shifted emission (dashed contours) appear offset
E.=31.26 K) emission integrated over the centr@lkms® of in the opposite direction from the spatially compact high veloc-
the line covering theV sg, between 21.4 and 24.0kmis In ity blue- and red-shifted emission (solid contours). If we were
contrast toCesaroni et al(2017, here we integrate the SiOto assume a rotating disc is present, the highQ( 25kms?)
emission over a narrower velocity range to highlight the elomnd low ( 5 10kms?) velocity rotational directions disagree,
gated structure at nedf_ s velocities. The elongated structurethat is, with one suggesting a small disc rotating one way — with
of the emission is clearly visible and perpendicular to the largblue-shifted emission to the north-east and the other indicat-
scale out ow (Fig.2). Fitting the integrated SiO emission withing a larger disc in the opposite direction — with blue-shifted
a 2D Gaussian in the image plane indicates a PA4T 7  emission to the south-west (see below and Sett. In the
and a major axis of 0.28°( 600au). The deconvolved PA isright panel of Fig3, we show the centroid positions after t-
30 10 consistent with the PA of the dust continuum emissiorting Gaussians to each channel in the SiO image cube between
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G17.64+0.16 - UKIDSS (JHK) + Band 6 - 13CO (2-1)

Low-Vel. Blue: 18.3 to 21.4 km/s Low-Vel. Red: 24.7 to 35.0 km/s

Declination Offset (arcsec)

8 6 4 2 0 —2 -4 -6 -8
Right Ascension Offset (arcsec)

Fig. 2. Three colour near-IR composite image made using Ks (@.2ed), H (1.6 m, green) and J (1.2m, blue) images obtained by the UKIDSS
overlaid with grey contours of the ALMA band 6 (1.3 mm) continuum emission (robust 1.5 weighting) from the 12 m array only. The contours are
atthe 3, 4, 5 levels (1 = 0.16 mJy beant) to highlight the weaker emission features. The position of peak continuum emission from G17.64
is indicated by the plus symbol at (0,0) offset (J200022826.385 13 30°11.979 — the continuum contours are not plotted due to the overlap
with 13CO contours. In the IR, G17.64 at the centre is the dominant source, while to the east, west and south-east the emission is associated \
the re ection nebula. The white dashed ellipse is indicative of a possible remnant dusty toroid, or underlying dark lane structure. The coloure
contours show the moment zero maps of @0 out ow emission integrated over various velocity ranges. The cyan and orange contours show
the blue- and red-shifted highest velocity emission integrated from 16.0 to 18.3 kmd 35.0 to 41.0 km 3, respectively. The contour levels are

at5, 10 and 15, where is 3.28 and 4.57 mJy beafrkm s * for the blue- and red-shifted high velocities. The blue and red contours indicate the
integration of the lower out ow velocities from 18.3 to 21.4 knt or the blue-shifted emission and from 24.7 to 35.0 kinfer the red-shifted
emission. We note that the soundgsg = 22.1 kms?. These contours are at 4 and Swhere is 6.25 and 10.06 mJy beafrkm s * for the blue-

and red-shifted velocities. The dotted white line indicates the out ow axis at a PAL85 (Kastner et al. 1994Maud et al. 2015bsee also
AppendixA) which passes though G17.64 and the points of highest velocity blue- and red-shifted out ow emission along with the IR nebula
A synthesised beam for the mm emission is shown to the bottom-left, a scale bar to the bottom-right, and the legend for the integrated velocities
the top. The primary beam cut off is beyond the map extent.

0.3 and 45.6km . Itis clear that the strongest emission comstrongest emission components from all channels match the con-
ponents of each channel are within @88 the central location ventional rotation of a disc, the extended emission preferentially
of G17.64, and moreover that the blue- and red-shifted emissi®@en at low velocities and appearing to show opposite rotation
are offset to the north-east and south-west, respectively, suppélae to the spatial extent, probably originates from a kinemati-
ing the idea of a rotating structure. The typical errors on the teally separate structure that we cannot fully disentangle in the
are of the order half a pixel, corresponding to 0.087as the observations.
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Fig. 3. Left panel moment zero image of the SiO emission integrated oveWthg between 21.4 and 24.0 km's The grey contours highlight the
elongated emission and are at the 10, 15 and ®els ( = 5.524 mJy beamt km s 1). The blue and red solid contours show blue- and red-shifted
high velocity SiO emission thought to be tracing the high velocity component, possibly an underlying rotating disc (levels at 10, 15w&hdr20

=9.57 and 9.41 mJy beafrkm s ! for the blue- and red-shifted high velocity emission) while the dashed lines indicate thievi€l ( = 7.54
and 6.58 mJy bearhkm s ! for the blue- and red-shifted emission) attributed to the lower velocity component. The velocity ranges are indicated to
the top of the gure, a scale bar to the bottom right, and the synthesised beam to the bottom left. The black solid line is the direction of the out ov
at a PA of 135 and the dotted is that of the disc major axis at a PA of, 80rresponding to the cut used for the PV analysis (seedFigight
panel plot of the centroid positions from a 2D Gaussian tting of each channel from the SiO image cube bev8and 45.6 km ¢, clearly
showing that the blue- and red-shifted emission are predominantly to the north-east and south-west, respectively. We note that the scale is chat
(by a factor of ten) compared to theft panel A scale bar is also indicated to the bottom right.

In Fig.4, we show the position-velocity (PV) information of Harsono et al. 20155eifried et al. 2016Dutrey et al. 201y and
the SiO emission extracted from the image cube along a cutthus “ tting” Keplerian rotation lines is not reliable. It is clear
a PA of 30, that is, along the major axis direction of the putathat any of the Keplerian rotation curves only represents emis-
tive disc from the north-east to south-west direction. We includgon in two of the four quadrants in the PV plots and thus a disc
all data along the cut within a width equal to that of the synth@done cannot fully describe the data, independent of disc size
sised beam, which helps to slightly improve the signal-to-noiser rotation direction. Furthermore, pure radial motion, infall or
Overlaid on all images are dashed grey lines to cut the foakpansion, would result in a symmetric diamond shaped PV plot
guadrants. The left image includes grey contours to indicate tfgeeOhashi et al. 1997Brinch et al. 2008 Tobin et al. 2012
general structure of the emission along with a black dotted lirganna et al. 20}&vhich alone would not represent the skew seen
to guide the eye as to the skew of the PV diagram indicating higd high velocities at small offsets. A combination of kinematics
velocities at small offsets 0.1°. Such a shape in the PV planecomponents is required. A more detailed analysis, taking also the
can generally be interpreted as an unresolved rotating structwbservational limitations (spatial and velocity resolution) into
although we additionally see considerable large-offset emissiancount is presented in Setl
at low velocities (“spurs”) at both blue- and red-shifted veloci-
ties (see Sec#.1). We notice that there appears to be a “kink” N3 4. CHsCN and CHzOH
the lowest level grey contour that could be interpreted as a sep-
aration between different components, such as rotation (closedblsCN is one of the most commonly used tracers to study the
linear structure highlighted by the black dotted line) and radi&inematics of small scale<Q.1 pc) dense gas surrounding mas-
motion, infall or expansion (represented by a diamond like shaps#ve YSOs. It is speci cally used to investigate the presence of
e.g.Tobin et al. 201 disc signatures and can also probe kinetic temperatures using the
For illustration we over-plot lines of Keplerian rotation forvarious emission lines from the close in frequency “K” rota-
various central masses (€esaroni et al. 20)40 explain either tional ladders Araya et al. 2005Purcell et al. 2006Beltran
the high velocity, small offset emission from a compact diset al. 2014 Cesaroni et al. 2014Sanchez-Monge et al. 2014
around a 20, 30 or 481 mass O-type YSO, or the lower veloc-For G17.64 we detect thé = 12-11, K-ladder fronK = 0 to
ity, large offset emission as a larger disc rotating in the opposite= 7, E, = 68.86 418.63 K (although only at the 2—3level for
sense about a 10, 20, or BD mass OB-type YSO (central andthe highest K-linesK =5 7). In correspondence witiesaroni
right panels of Fig4, respectively). We used a source inclinaet al. (2017, Fig 6), who plot only a relatively cooleK = 2 line,
tion of 70, where 90 is a view edge-on to the disc, based upowe nd no evidence for a rotating disc in this molecular tracer,
models byde Wit et al.(2011). We do not suggest that there areas the CHCN emission is preferentially detected only to the
two counter-rotating discs in G17.64, but present both separatith-west of the continuum peak of G17.64 (withif 2200 au)
scenarios. Furthermore, we note that our data only marginallyroughout all velocities.
resolve the structures in the PV image compared to studies of Figure 5 shows the channel map from the ¢EN (J =
low-mass YSOs and as predicted for ALMA high-resolution2-11) K=3 line (E, = 133.16 K) within a 3.0 3.0° region
(sub-100 au) observations from models (evgn et al. 2014 centred on the dust continuum peak associated with G17.64.
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Fig. 4. Left panel position-velocity (PV) diagram of the SiO emission extracted from a cut (as wide as the synthesised beam) at a position angl
of 30 across the putative disc major axis (see Big.position offsets are positive to north-east). The grey contours are at the 10, 15, 20, 25 and
30 mJy beam' level to highlight the structure. The black dotted line is a guide to indicate the excess of high velocity emission at small spatial
offsets.Centre panelobserved SiO PV as the left plot (colour map with grey contour at a 10 mJy bdavel) overlaid with pure Keplerian
rotation pro les for a 200 au radius disc around a 20, 30 and4({inner dashed, solid, outer dashed lines) O-type YSO, when considering an
inclination of 70 (de Wit et al. 201L The disc outer radius was limited to 200 au such that the lowest velocities roughly matched the kink in
the observed data. The disc lines here represent only the high-velocity emRgjbhpanel observed SiO PV as the left and central plots but
overlaid with the contours of pure Keplerian rotation pro les for a disc around a 10, 2@, 3ihner dashed, solid, outer dashed lines) OB-type
YSO rotating in the opposite direction to that plotted in tle@tral panelusing an inclination of 7Q. The disc outer radius was set to 650 au in an
attempt to match the low velocity spurs at large spatial offsets. The spatial and velocity resolution are indicated by the black bars at the bottom |
of all plots. Note the central gure indicates the north-east and south-west offset directions that relate to the cut along the disc direcBon in Fig.

A plume shaped structure is evident at marginally blue-shifteghuth-east, seen in emission from £3H, 13CO and CHCN.
velocities (19.7 22.5km s?). At these velocities all low-K tran- Although weaker, a second plume like shape to the north-east
sitons K = 0 4, E, = 68.86 183.15K) show the curved of the continuum peak appears to be positioned as an almost
“plume™-like shape. A “knot” feature at the tip of the plumeinverse-mirror-image of the westerly plume, but it is only evi-
coincides with the inner edge of the diffuse continuum dusfent at slightly red-shifted velocities in the @BiH transition at
emission 1-P (2200 4400 au) south-west of G17.64, possiblyp18.440 GHz. Comparing to the GEIN K = 3 emission, we nd
an emission enhancement due to interaction with the surrounBat there is a faint emission spot coincident with the strongest
ing material, the dusty toroid or dark lane structure (see thegion of CHHOH in the eastern plume (Fif, 23.2—23.9km <!,
continuum contours in the 20.7 kmispanel, Fig5). Emission offset +1.5° +0.49 close to the OH maser spot.
from the plume is co-spatial with tHeCO (see Fig2), poten- The combination of the emission and velocity structure of
tially from a wide-angle ow driven by G17.64, and supportshese tracers and the OH maser emission all point to them tracing
such an interpretation. Indeed, if a ow was following a cavitithe cavity working surfaces where the wide-angle wind interacts
with a wide opening angle, we would also expect some spatigith the inner edge of the dusty structure around G17.64.
overlap of the blue- and red-shifted emission close to the source.
F_ur;her_more, the blye-_shifted emission fradn< 3_Iines has a 3.5. SiO and CHsCN connection
distinctive arc of emission to the south-east that is at the leading
edge of the blue-shifted arc already identi ed'fCO, from the In Fig.7, we show the PV diagram of the GBN (J = 12-11)
interaction of the larger scale out ow bubble with the surroundK = 3 emission extracted along the same cut as that for the SiO
ing medium (this is not shown in Fi§.but the CHCN matches (NE to SW, see the disc major axis in F&), however we use
the3CO arc structure in Fi@ to the south-east). a width of 12 beams in order to encompass emission from the
In Fig.6 (left) we present the moment zero map of thglume and the knot. The majority of the emission is at negative
CH;3OH line at 218.440 GHz (42) 31:2—E, Ey = 45.46K) inte-  offsets, to the south-west, with only slight blue-shifted emission
grated between 19.0 and 23.9kmdo highlight the plume 10 the north-eas_t+(0.2 offset). From an offset_ofp.l to 0.3%° .
structures curving away from the plane of the assumed dé see co-spatial blue- and red-shifted emission, as we might
continuum and SiO disc (PA 30 - faint dotted line). Both expect if there were a wide opening angle cavity where mate-
plumes are coincident with the over-plotted OH masers detecté@l ows almost along the line-of-sight closest to the source.
by Argon et al(2000), not only spatially, but also in velocity. The Conversely, it could also be indicative of simultaneous infall at
north-east OH maser is at 23.3 knd svhile those to the south- both the front and rear of the disc. However, infall would gen-
west are between 19.9 and 20.9 krh Multiple other CHOH erally be understood to speed up as it comes closer to the star,
(including 13CH;OH) lines are detected in the region surroundwhereas the brightest and strongest emission features from the
ing G17.64, but all are weaker. In the right panels of Bjgve Plume indicate the opposite, the velocities (both blue- and red-
also show the moment zero maps of {LHN (J=12-11)K = 3 shifted) increase fro.m an offse_t of abOLm.OE?Ot(_) an offseF of
(E, = 133.16K) andK = 4 (E, = 183.15K) integrated over the Q.ZS’Q Thus, the wind scenario, where matena_l is continually
same range as GIH (between 19.0 and 23.9 km'3, which driven away from t_he star in the plane of _the disc, coul_d gen-
also indicate the plume structure. TKe= 4 emission is notably €rate such a PV diagram. Note, the PV diagram does indicate
weaker than th& = 3 line of CH,CN. an overall triangle shape considering all the emission and shows
The west plume like structure is mostly associated with blugenerally higher velocities closer to G17.64, and could be inter-
shifted emission as is the aforementioned arc-like structure to th€ted as an infalling stream. However, this assumes that all of
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Fig. 5. Channel map of the C}€N (J = 12-11)K = 3 line ranging from 17.9 to 26.3 kmin steps of 0.3km <. The contours of the C}CN
emission are at the 3, 5 and 10evel ( = 2.0 mJy beant chan?). In thecentral panelat theV, sg velocity channel (22.1 km 8) the dotted line
indicates the PA of the disc major axis at 3@hile the solid (blue and red) line indicates the out ow direction at a PA of 186all velocities the
CHsCN emission is brightest to the south west of the main continuum peak (at 0,0 indicated by gyaribol). The plume structure (indicated)

is visible between 19.7 and 22.5km s? while the knot at the tip of the plume is inward of the diffuse dust emission, potentially indicative of an
interaction of out owing material with the surrouding dust structures. The continuum emission at the 3ledefs as in Fig2 is plotted in black
contours in the 20.7 km§ channel panel to highlight the diffuse dust emission. A scale bar and synthesised beam are shownttorthéeft
panel

the emission is from a spatially coherent structure, whereasiimerface between a wide-angle wind blown from the putative
the channel map for C#CN (Fig.5) there is a physical break disc with the surrounding diffuse medium.

between the plume and knot. The knot emission spatially offset

at 0.5%is seen at bluer velocities and is disjoined from the maig 5 30

emission. Rather than being part of an infalling ow or stream,

that contradicts with the plume only emission which increasé$30 hydrogen recombination line emission (231.9 GHz) is
in velocity with distance from G17.64, the knot is potentiallydetected from G17.64. It appears weaker than that from G29.96,
emission from another structure, or given its location, due to &24.78 and G345.49, the other O-stars in our sample where
over-density where the wind impacts the proposed dust striitis also detectedGesaroni et al. 20}7 The emission from
ture around G17.64. All the GI€N emission is within the low G17.64 is exceptionally broad ( 33.5kms?!, or FWHM
velocity spur regions at larger positional offsets when compar&d.9 1.7 kms? from a Gaussian t— Fig8) and spatially unre-
with the SiO emission. The GJEN could be indicative of the solved. The baseline of the Gaussian twas xed at the zero ux

A31, page 9 oR0


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201833908&pdf_id=0

A&A 620, A31 (2018)

Fig. 6. Left panel moment zero map of the GI@H line at 218.440 GHz integrated between 19.0 and 23.9 kiftelour map). The contours of the
CH3OH emission (grey) are at the 3, 5, 10, 15 and 26vel ( = 7.44 mJy beant km s 1), while those of the continuum emission at the 3, 4 and

5 levels are also shown in black (see also BjgThe plume emission both to the east and west curves away from the plane of the proposed SiO
disc plane (black dotted line) possibly due to a redirection or collimating of a wide-angle ow to the common CO out ow direction (blue and red
solid line). The plus symbols mark the OH masers frirgon et al.(2000. G17.64 is centred at (0,dRight panel moment zero maps of GEN

(J = 12-11)K = 3 (top pane) andK = 4 (bottom panél also integrated between 19.0 and 23.9 kin(golour map). The contours are at the
3,5,10,15,20 levels ( = 4.93mJybeant kms ! for theK = 3 transition and 7.61 mJy beahkm s * for the K = 4 transition. The dotted line in

all panels is that of the SiO disc plane.

level. G17.64 can be regarded as a broad-radio-recombinati¢t991) where a synthetic PV diagram is produced for comparison
line source (c.fSewi o et al. 2008Kim et al. 2017. We note that with the observations (see al$gang et al. 2012Girart et al.
by eye there appears to be a narrow peak of emission at aro@@d7). From the outset, given the limitations of the data in terms
50kms* which could tentatively be identi ed as HNC@= 0 of spatial resolution and due to degeneracies with various param-
28(1,2)-29(0,29), E 470K. Given the narrow width we do not eters we do not aim to specify and t every possible parameter,
consider it to signi cantly effect the broad line-width found forbut rather address the qualitative physical structures and kine-
the H30 line. matics that are consistent with the data and their interpretation.
Following the analysis outlined ifGalvan-Madrid et al. We make a qualitative by-eye assessment for suitable matches
(2012 with electron and ion densities of 16m ° and a tem- with the data. The main parameter we aim to characterise is the
perature of 9000K) pressure broadening can at most explaiellar mass, as this is key to understanding whether G17.64 is
0.6 kms?, while thermal broadening contribute0kms?®.  truly an O-type YSO.
Thus, if the line width we measure has only a typical small We build our model in a 3D environment where each volume
non-thermal turbulent contribution 6kms?, Sewio et al. elementholds an emissivity(x; y;2)) and a velocity Y(X; y; 2)).
2008, there must be a signi cant underlying bulk gas motioWe only assume an optically thin representation, and consider
component (e.gKeto et al. 2008 potentially comprised of only two geometric structures in the model, a thin disc and
infall (accretion), out owing material (wind or expansion, cf.a thin disc surface layer. The emissivity of the structures are
Moscadelli et al. 2018and/or rotation. We cannot rule out aparameterised by power-laws representative of the combination
combination of all mechanisms contributing to the bulk motioof density and temperature with radids/ (r=ro)"*9, wherer
when we consider the emission is spatially unresolved in the cis-the cylindrical radiustg is an arbitrary normalisation radius,
rent data. The high velocities and signpost of ionisation and higimd p + g is the “combined” power-law index (e.@rinch &
temperatures ties with the release of silicon and sulphur frorogerheijde 2010Fedele et al. 2036 where p is the density
the grains close to G17.64 due to associated shocks. The H3fbwer-law index and is the temperature power-law index. The
emission will be addressed further in Klaassen et al. (in prep.)disc, or disc surface can be independently parameterised by its
inner and outer radii. The relative strength, or weighting, of the
. . . emission from each structure is also a free paraméter, The
4. Analysis and discussion models are limited to two velocity eld descriptions: (1) Keple-
rian rotation,V,o = (GM=r¢)*?, whereV, is the velocity as a
function of radius Iy) in the disc plane is the gravitational
We created a simple parametric model to further investigate thenstant andv is the stellar mass; and (2) radial motion in the
kinematics of the potential disc seen in SiO emission. This fodlisc plane. The magnitude of the radial motion is parameterised
lows in the spirit of the models outlined iRicher & Padman by the weighted free-fall velocityViag = Awei (2GM=¢)*2,

4.1. Modelling the kinematics of the compact disc emission
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Table 3. Parameters for the various models tested, the parameter ranges
and the increments used.

Parameter Range Increment

Disc - rotation model

Stellar mass M 5 50 10
Disc inner radius Rinner 10 50 10
Disc outer radius Router 100 600 100
Emissivity powerlaw p+q 26to 1.8 0.2
System inclination i 30 90 20
Disc - rotation and radial model
Stellar mass M 10 30 10
Disc inner radius Rinner 20 50 10
Disc outer radius Router 100 600 100
Emissivity powerlaw p+q 2.6to 1.8 0.2
Radial vel. weighting Avei 05 10 0.25
System inclination i 70 Fixed
Disc - rotation and disc surface radial model
Fig. 7. Position-velocity (PV) diagram of the GEN (J=12-11)K =3 St'ella.lr massl(/! ) _ M 10 30 10
line (colour map) overlaid with the PV diagram of the SiO as in Eig. D!SC Inner radl_us (au) Rinner 20 50 10
(black contours). There is notable emission to negative spatial offsetsDiSC outer radius (au) Router 100 600 100
related to a south-west direction along the PV cut, whereas to posi-Disc surf. inner radius (aulRSpner 50 600 100
tives offsets (north-east) there is barely any emission. Both blue- andDisc surf. outer radius (aURSyyter 650 Fixed
red-shifted emission coincide to the south-west, related to the signatureEmissivity powerlaw p+q 26to 1.8 0.2
of either a wide-angle wind, with ows nearly radially, or that there is Emissivity weighting " wei 05 2.0 05
simultaneous infall from material in front and behind the edge of the Radijal vel. weighting Avei 0.5 1.0 0.25
disc. The emission at bluer velocities and high negative offs@t=9 System inclination () i 70 Fixed

is associated with the knot structure identi ed in FigThe spatial and
velocity resolution of the CECN map is shown at the bottom left, while

A P . @Between 5 and 1M the increment is 1 and 10M
the direction along the PV cut to the NE and SW is indicated at the to{f#’tes _ :
g ereafter®Between 50 and 100 au the increment is 50 au, and 100 au

thereafter.

whereAyi varies from 0.5 to 1, where 1.0 corresponds to pure
free-fall.

Our models are built from different combinations of struc-
tures and kinematics, as detailed in the sub-sections below. The
principle is that we begin with the simplest possible descrip-
tion before including more complex scenarios with more free
parameters.

For each volume element we establish the intensity of the
emission by weighting with the emissivity pro le, while the
velocities are broadened by a Gaussian lter with a typical tur-
bulent line width of 0.5km s' at disc scalesRicher & Padman
199]), although later we account for our observation spectral
resolution. The model is inclined as required (an edge-on disc
would be at 90) and the line of sight axis is integrated to make
a synthetic datacube (RA, Dec, VEL). The cube is nally con-
volved with a Gaussian kernel accounting for the spatial and
velocity resolution before we extract the PV diagram. For com-
parisons with the observations, we scale the peak emission of the
model PV diagrams to that of the data. TaBliadicates the var-
ious model parameters and the possible ranges investigated. We

. . - : xplor lar rameter with a relativel rse model
Fig. 8. Spectrum of H30 line extracted from within a single beam cen-e plore a large parameter space with a relatively coarse mode

tred upon the continuum peak location over-plotted with a Gaussian id, again due to the limited I’_eSO‘!UtIOQ of the data at ha!”d-
(dashed black). The velocity resolution is 1.4 krh §he line is centred |gl.!re9 shows the rep.resentatwe best matCheS, to the kine-
at 22.1kms! the V,sg of G17.64 as indicated by the vertical grey line. Matics of the observations from each model regime. The left
The base ux level for the Gaussian t was xed to zero. The line isPlots indicate the PV plots as a schematic while the right plots
weak compared to the other O-star sourd@ss@roni et al. 20)butis  show the models compared with the observations, top to bottom
exceptionally broad, with BWHMof 81.9 1.7kms?. follows the models as presented in the following sub-sections.
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Fig. 9. Various models tested as a
schematic left pane) and then as an
overlay on the observed SiO datight
pane). From top to bottomdisc model
with only rotational velocities; the disc
model with rotation and radial veloc-
ity motion; and the disc with disc sur-
face model where the disc has rota-
tional motion whereas the surface has
radial motion. Both disc only models
(top and middle panglhave intensity
pro les where most emission is shifted
to high velocities and small spatial off-
sets, unlike the centrally peaked obser-
vations. For the disc model with rota-
tion and radial motionriddle pané),
the observer sees the vector sum of
the velocity component, such that there
is always a resulting velocity offset at
larger spatial offsets due to the rota-
tional component. This does not match
the data. For models of a rotating disc
combined with a disc surface that has
radial motion pottom panél the veloc-
ities from each structure are super-
posed and thus can represent the entire
observed PV diagram (the bottom-left
plot shows the Keplerian and radial
velocities proles in the dotted thin
line). In all right hand plots the data
resolution is shown to the bottom-left
while the contours for the data and
model are from 20 to 80% in 10% steps
of the peak emission. Note the basic
models parameters shown in the right
plots.

4.1.1. Disc only — rotation in all models considering the close to edge-on orientation of the
disc.

Using models where rotation is the only velocity component \yith a xed inclination the aforementioned high velocities

we are able to match only two opposite quadrants in PV spagge represented by discs Wiluner = 20-50 au antRouger =

exactly as in SecB.3 even when accounting for the resolution|00-600 au for stellar masses ranging from 10 t&/30n var-

of the observations (Fi§, top panel). We can match the high-jous parameter combinations. For larger masses the velocities

est velocities in the PV diagram using a small radius disc, bt all radii become too great, and although we could increase

this model does not account for the low velocity spurs. A larg@e inner radius beyond 50 au the distribution of emission shifts

outer radius disc with a respectively larger inner radius (vs.avay from low spatial offsets which is inconsistent with the data.

small disc) rotating in the opposite sense does match the spamse lowest mass of B cannot provide suf ciently high veloc-

but cannot describe the high velocity emission. A considerabitées even with a 10 au inner radius (and such a low mass source

number of disc-only models represent the data (in two of theanyway inconsistent with the luminosity of G17.64). We there-

four quadrants) equally well (or equally poorly) primarily due tdore rule outM < 5M andM > 30M stellar masses. There

the degeneracy between stellar mass and inclination angle. Giverhowever still a degeneracy between mass Bpgk,. Con-

the modelling undertaken previously be Wit et al.(201) we volution of the model with the observable spatial and velocity

choose to x the inclination angle to 7Qwhere 90 is edge-on resolution acts to reduce the high velocity emission peaks by

to the disc). A side effect is that the stellar mass is a lower limsimoothing the emission and also results in higher mass larger
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inner radius models appearing the same as lower mass lowagtion, although constraining this detail is beyond the scope of
inner radius models. A disc rotating in the opposite directiomur modelling. Here we x the scale height of the surface layer
matching the spurs, is well represented by a more limited rantgeonly one resolution element above and below the disc (10 au in
whereM = 10M , Rpner = 20 au, andRyuer = 400 600au. A  our models) and note that is spatially separate from the thin-disc
larger stellar mass in this case results in too high velocities @b the mid-plane). This thin surface layer is the limiting case
large spatial offsets. Variation of the emissivity power law hags we cannot constrain scale height information with the data
a marginal effect on the distribution of the intensity in the P\at hand. Because the structures are separate, the corresponding
diagram. Steeper pro les .6 to 2.2) produce more emission kinematics are superposed in the nal model PV diagram @ig.
from smaller radii that have the largest velocities and thus begibsttom-left). The emissivity pro le of the disc surface is exactly

to create two emission peaks, inconsistent with the observéd same as the disc, although it can be weighted by a factor
intensity distribution. None of these models match the entire Fdétween 0.5 and 2.0y

plot. There are obvious degeneracies in these models given the
additional exibilities of the independent disc inner and outer
radii and disc surface inner radius along with the weightings of
intensity and velocity components. We x the disc surface outer
In an attempt to reproduce the emission in all four quadrants, wadius to 650 au to represent the large offset emissionVigar

now include radial motion, interpreted as accretion through, welocities. Again, a range of models match the observations. For
expansion of the disc, along with rotation. Each volume elemeatlOM stellar mass the models are limited to oRljer = 20 au

in the model now has an assigned radial and rotational velaxs they otherwise do not reproduce the high-velocity emission,
ity component (Fig9, middle panels). Following from the abovewhile Ryyer < 200au so as not to spread too much emission
models we limit the mass range between 10 an130We nd to the lower velocity regions at larger radii (i.e. to the top-
a wide range of parameters that somewhat match the observigtit and bottom-left quadrants). The disc surface inner radius,
PV diagram partially, however, the disc is required to have @snne, has to be<200 au in general so as to provide emission
outer radius Rouen Of at least 600 au in order to t the spurs.from radial motion in the top-left and bottom-right quadrants of
The addition of the radial motion actually narrows the modé¢he PV plot. Increasing the stellar mass toN0 we nd the
parameter space, requiring an inner radius between 30 and 5@ame degeneracies as before, the inner radius of these models
to better reproduce the observables, although it is still degenerst®nner = 30 40 au whileRyyer < 200 au andRSpner < 200 au,

with stellar mass. The weighting of the radial to rotating veloas for the 1M case. At the nal mass tested, 80, again

ity components provides an additional degeneracy, although tRgner must increase to 450 au, Ryyer must remain<200 au
parameter range of the “best” matching models is already broachile Rspnner is between 100 and 400 au in general, but not well

With a xed outer radiusR, r of 600 au, the 181 stellar constrained. Notably, for this highest stellar mass the match with
mass models provide a reasonable matcHfgier = 30-50 au, the data appears slightly worse, primarily as the slope between
and various combinations of disc power-law pro le and radigbigh-velocity small-offset emission is slightly steeper compared
to rotational velocity weightings. For a 20 stellar mass, the with the lower mass models. For all the models, in general the
parameters are further restricté®l;ner = 40-50 au, power-law other parameters can span essentially the full ranges, although
prole > 2.2, andA. = 0.5 0.75, while for a 30M central importantly all models provide a qualitative match to the entire
mass there is only one parameter set that matches the obseonlegkrved PV plot in all quadrents, depending on the parameter
PV, Rinner = 50 au, power-law = 1.8 andAyj = 0.5. combination.

Although these models have a more restrictive range, owing Overall the 10-20/ stellar mass models best represent the
to the inclusion of radial motion compared to the rotatiodata, although a number of 30 stellar mass models are still
only models, the major problems are the considerable rotatiomabsonable. We do rule out masses between 40 ad 58s
velocities up to 56kms?! at the largest spatial offsets in thethey have too large velocities at all spatial offsets, as discussed
spurs ( 0.239 i.e.>500 au radii) and the intensity distribution atin the disc only models, although we cannot further constrain
low spatial offsets being biased to larger velocities than indicat#ue stellar mass. Comparing with the disc only models, the disc
in the observations. What we do deduce is that the high velocayd disc surface models do provide a qualitative match to the
components matching the skew in the PV diagram can only batire PV diagram, and moreover, indicate that two velocity
provided by a disc rotating in one direction (e.g. Higleft and components from different structures are required. With higher
centre), as a large disc rotating in the opposite sense (previousgolution observations these structures could possibly be dis-
matching only the spur emission — e.g. HFgright) is ruled out entangled. Taking into consideration the luminosity of G17.64
as the inner radius is too large in these cases and always under- 10° L ) and that it appears as the main dominant and iso-
represents the high velocities while still not fully matching théated source in continuum emission, a mass in the upper limit of
spurs. Again, none of the models are entirely consistent with ttiee matching model range20M is more probable.
observed PV diagram.

4.1.2. Disc only — rotation with radial motion

4.2. Possible origins of the SiO emission and kinematics

4.1.3. Disc and disc surface . . .
The presence of SiO means silicon must have been released into

We now consider that the large400 au) spatial offset emissionthe gas phase by sputtering, likely due to a C-shock Gehilke
close toV_sr velocities must be provided by a structure separated al. 1997 Gusdorf et al. 2008or by grain—grain collisions,
from the rotating disc. We model this by including a thin disshattering or vapourising the grain¥ofes et al. 1996Guillet
surface with only radial motion with a variable weighting, aet al. 201). The maximal velocities of the SiO we detect (relative
outlined above (Figd, bottom). This motion can be interpretedto the V. sg) are 20kms?! marginally slower than the typical
as either accretion onto the disc or a wind blowing away the disg-shock speeds25 kms ! (Caselli et al. 199) Observationally
More realistically, there is likely a strati cation of the disc inour SiO detection is only resolved by approximately three to four
scale height where the velocity transitions from rotation to radiakams and it is plausible that the even higher velocity emission
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is beam diluted in the spatially unresolved central region, and a compact stellar wind that must be an accelerating ow
these are also the projected velocities to our viewing angle. The have recombination in an expanding owRé€ynolds 198p%
spatially unresolved H30certainly has a broad enough velocityOur presented observations con rm the recombination require-
component, indicative of a fast expansion, which would be sufment. Furthermore, the uxes reportedlidenten & van der Tak
cient for the release of silicon in C-shocks. However, low velocitf2004 at 8.4 GHz are entirely consistent with a wind nature
shocks are also consistent with SiO in other high-mass regidiseeAnglada et al. 2015Purser et al. 2036 Although with our
(e.g. 7-12km s'; Louvet et al. 201 and could also provide the data we cannot rule out the case of infall towards G17.64, espe-
means of releasing SiO into the gas phase. In our model sc&lly on small spatial scales50 au based on evidence from
narios a combination of rotation and radial motion are require@0O absorption linesMitchell et al. 1999 and HO red-shifted

but radial motion of either infall or expansion cannot be distirmasers Menten & van der Tak 20Q4we can rule out infall as
guished as both provide the same PV pattern in the optically thinoducing SiO in our scenario (1). The small scale accretion
case. We argue that an expansion scenario is more plausiblenf@rkers cannot explain infall at650 au radii where shocks are

the kinematics, as explained in the following. required and where we detect SiO. Furthermore, we believe that
We present three qualitative scenarios for the possible origtris highly improbable that the plumes are accretion ows due
of the SiO and tie these with the kinematics. to the association with out ow tracers and because the @\

1. In the case of an infalling accretion shock to the outer edgelocity pro le from the strongest, coherence plume emission
of the disc at 600 au radii from accretion streams, we havdoes not show an increase at lower offsets as might be expected
to speculate that the plume structures seen in@Hand from infall (Fig.7). Cases (2) or (3) are the preferred scenarios
CH30H are accretion ows feeding the disc (ignoring theor the production of SiO, and although our data cannot provide
out ow and wind intepretation of th&*CO and CHOH and  constraints on which method is most prevalent, we can state that
the maser emission, as previously discussed). The velocitiaseither scenario we require an expanding velocity component
seen in SiO are low (2—4 kms? from theV,sg) where the in addition to rotation, both agree with the observables and both
CHsCN plume meets the disc outer radius (see BigAt are also consistent with literature data.
the location of the strongest south-westerly plume emission
the velocities are marginally shifted by only2-3 kms?. 4.3. G17.64 in context
Thus, very low velocity accretion “shocks” would be the
inferred release mechanism for the silicon, leading to Sihhe kinematic signatures of the SiO emission coupled with our
production at outer disc radii beyond00 au. These shock modelling supports that there is a compac2@0 au radii) rotat-
speeds are lower than those suggested in other low veldog disc structure around at least aMO central source which is
ity shock regionsl{ouvet et al. 2015and inconsistent with driving a wide-angle wind in the disc plane that then redirects
C-shocks. In this scenario, if SIO were created, it woulthto a large-scale out ow bubble. We con rm the previously
be accreted through the disc from the outer edge and thu®dicted discout ow structure of the region based on earlier
provide the rotation and radial infall kinematics. IR observations at larger scaldglifichin et al. 1991 Kastner

2. Observationally, the H30detection points to a hot, com- et al. 1994 Murakawa et al. 2008 In Fig.10, we present our
pact, ionised region with a very broad velocity range. Thechematic view of G17.64, indicating all features discussed in
plume emission can easily be understood as a wide-angés work. It shows the CO out ow as the red-bubble and the
wind — and the knot where the wind impacts the surroundue arc structure and the relation with the IR re ection nebula,
ing medium (in CHCN). We propose then that the silicon isprobably tracing the cavity walls (see also Fig. 2Muirakawa
released in fast shocks25km s?) at the inner edge of the et al. 2008, while we also add the compact disc structure and
disc where we have evidence for such high velocities, arlke wide-angle wind.
potentially at the disc surface interface due to an expansive
wind driven by G17.64. Here, the SiO produced is in rot
tion at small radii while the disc surface is free to expan
away in a disc wind. This scenario produces the kinemati€rucially, matching the high spatial resolutions of our data prob-
observed, and is preferred by our modelling. ing <500 au, we compare G17.64 with: the other two (of ve)

3. Silicon could be released within a rotating disc structurelose &3 kpc, resolution 0.2 i.e. <600au) regions harbour-
by shocks at a centrifugal barrier close to the star (e.mng O-type YSOs observed in our original sampieegaroni
50 100 au,Sakai et al. 2014ya et al. 201pwithin the disc. et al. 201}; the proto-O-type YSO W33A MM1d 2.4 kpc,
Indeed we could represent the high velocity linear structuresolution 0. 0.39 observed byMaud et al.(2017); the clus-
in the PV diagram by an unresolved SiO ring within a largetered NGC 6334 | system frofdunter et al.(2017 d 1.3 kpc,
disc (c.f. the SO ring observed b@akai et al. 2014 How-  resolution<0.2%Y; the long baseline observations of O-stars in
ever, to explain the low velocity SiO emission at large dis&v51e2 and W51nGoddi et al. 2018d 5.4 kpc, resolution
radii is dif cult in this third scenario. This is because the Si00.03 0.049; and G328.2551-0.5321 (hearafter G328) observed
is produced at small radik(l0O0 200 au), at the centrifugal by Csengeri et al(2018 at 400 au resolution.
barrier in this scenario, and therefore cannot simultaneously On most accounts, G17.64 stands out clearly as being iso-
be infalling onto the disc from larger radii (60@00 au). The lated, in a region of low fragmentation of strong cores and being
lower velocity larger scale emission is only easily explainedighly compact in terms of the dust continuum emission and
by material being blown to larger radii from the disc surfac&iO. Typically, the other sources drive more linear or “V” shaped
by a wind. out ow or jet structures in SiO, while their continuum emission

In addition, we also consider previous radio-wave datahows at least three to four other compact cores within 5000 au
Menten & van der TaK2004 state that accretion shock mod-of the main massive YSO (except G328 which also appears
els (Neufeld & Hollenbach 1996cannot replicate the radio to be isolated). Moreover, some of the other sources have evi-
uxes found for G17.64 (i.e. our scenario 1). On the other handence of lament-like streamers, for example, W33A, W51e2

the spectral index ( = 1.2) of the emissiork43 GHz points and W51n, suggestive of accretion ows and generally have more

1.3.1. Comparing with other O-type YSOs
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is unclear whether the discs are dominated by a single source,
or a common circumbinary disc. Indeed fragmentation of a
thought-to-be single source was recently seen in the massive
YSO NGC 7538 IRS1, observed at50 au resolution bBeuther
et al.(2017. These authors now distinguish two HGHegions
thought to be surrounded by individual disc structures but both
encompassed by a larger scale circumbinary rotating structure
(see alsdzoddi et al. 201p Maud et al.(2017 found that their
target, W33A MM1, fragments into at least 6 continuum sources
at sub-500 au scales whereas previous, lower resolution, SMA
data pointed initially to a single massive YSQdlvan-Madrid
et al. 2010, while Beuther et al(2017 nd at least two, strong
continuum sources in G351.77-0.54 withirb00au (ALMA
0.43 mm observations with 0.88esolution —120 au) but nd no
clear Keplerian disc signatures. G17.64 is uniquely isolated from
) o ) ) other strong compact cores and lacks continuous extended emis-
Fig. 10. Schematic view of G17.64 and the surrounding region (n%tion, although the possibility of an unresolved cles&00 au

to scale). All main features are identi ed with labels. The dust disc 'Binary or fragmentation below these scales cannot be ruled out
drawn to have a smaller size compared with the SiO disc in line with trgﬁg '

presented observations as we resolve the SiO emission but not the ?Dthe cgrren; AhLMA data. Id al .
emission. For the wide-angle wind, the colours indicate the rough veloc- etection of the disc around G17.64 could also be aided by

ity of the molecular tracers we detect at the interaction with the inn&h evolutionary progression. G17.64 exhibits bright IR emission,
edge of the dust structures. The emission to the west is blue shiftéd)ich suggests that at least part of the natal cloud has been
tracing the wide-angle wind directed almost directly towards us, whilkleared enough to lower the opacity at short wavelengths, rather
in the east it is red-shifted as we see emission from the back edge of than the IR emission being due to a favourable viewing down the
cavity. In addition, note the arc shape of the blue-shifted emission to that ow cavity, as in IRAS 13481-6127aus et al. 2010 There
south-east which is traced BJCO (see Fig2), CH;CN and CHOH. s no longer a very dense obscuring envelope or opaque large-
For orientation north is up and east is left. scale dust and molecular gas structures enclosing G17.64 as there
is in the aforementioned comparison sources. The out ow from
complex molecular species detected over larger regid8(0— G17.64 is also a well developed bubbe(ither & Shepherd
10000 au). The latter is a signpost of more dense material whi2gf05 Vaidya et al. 201)Land not a linear jet (e.gCuriel et al.
has been warmed relatively recently or at least not exposed2@06, while there is also spatially compact radio and broad line-
harsh ultra-violet or ionising radiation which destroys complewidth H30 emission that is expected only in the later stages
molecules. of formation. In the context of a protostellar evolutionary path
(Hosokawa & Omukai 2009Hosokawa et al. 201Kuiper &
Yorke 2013, the stellar photosphere of G17.64 would be con-
tracting from a bloated phase, where the stellar surface was
previously swollen by high-accretion, towards a main-sequence
Taking the single case of G17.64, it may only have an unpestellar con guration with a radiative outer envelope that is hot
turbed and observable disc due to its isolated nature, formirgough to begin the destruction and ionisation of the surround-
in an environment dominated by its own gravitational potenti@hg environment. This scenario points to G17.64 as being similar
and away from other energetic events (e.g. away from other m&s-S140 IRS1, which has al00au dust disc, distinct lack of
sive YSOs forming nearby, IiH regions or jets and out ows). molecular line emission and is the prototype ionised disc wind
Indeed the data we present portrays G17.64 as a single, domiremirce Hoare 2006Maud & Hoare 2013 Even though there is
source within the ALMA primary bean>60000 au in diame- evidence that some of the natal envelope has been dispersed very
ter, 0.24 pc), but also in the IR it is the single brightest souradose to G17.64, it is plausible that G17.64 has nished its major
(excluding the nebula emission) within at least a 25000 accretion phase and that this may actually have allowed condi-
(0.12 pc) diameter region. Extrapolating from this idea, we sdi®ns to change such that a disc was able to stabilise. Revisiting
that G328 also appears isolated at mm wavelengiiserigeri G17.64 with the high sensitivities offered by the upgraded JVLA
et al. 2018 and is one of the aforementioned comparison O-stacsuld shed light on an ionised disc wind nature while ALMA
that has strong indications of an accretion disc, although it alkmg baselines are required to resolve the continuum and SiO in
drives a very collimated out ow, suggesting it is rather youngthe mm regime.
The other comparions sources in much more complex regions, For G17.64 it is also interesting that @EN, a tracer com-
and do not show disc evidence. monly used to identify discs around massive YSOs, does not
At lower spatial resolutions>(1000 au) other regions with trace a disc. Certainly the sub-1000 au resolution of these obser-
complex dust continuum and molecular line emission do shovations could provide a partial answer. When we compare with
large-scale rotation consistent with disc-like structures (e.GHsCN disc candidates presentecBaltran & de Wit(2016 we
AFGL 4176 Johnston et al. 2015511.92-0.61 llee et al. nd that the spatial resolutions generally prob&000 au scales
2016 Cyganowski et al. 201AW3(H,O) Ahmadi et al. 2018 and thus are sensitive to the large-scale surrounding material.
as does G31.410.31, a more distant source part of our O-stahFGL 4176 observed byohnston et al(2015 is the clearest
sample Beltran et al. 2018 These targets may still further case of a coherent Keplerian-like disc traced insCN around a
fragment if observed at higher resolution. This appears to beassive source, whiléee et al.(2016 show evidence of rotation
the case at 3mm wavelengths for G31.41+0.31 (Beltran, pria. CH3CN and many other lines for G11.92. It remains unclear
comm.) and G11.92-0.61 (llee, priv. comm.) which have recentlyCH3CN would be the best tracer for smaller scale structures if
been observed with ALMA using long baselineslQkm). It they were observed with a more comparable resolution to our

4.3.2. Why is there a detectable disc in G17.64+0.16 —
isolation or evolution?
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data, around four times bettavlaud et al.(2017 show that inner working surfaces of the out ow cavity, con ned by diffuse
CH3CN in the complex region of W33A MM1 essentially traceglust emission from a mostly dispersed or resolved out remant
all the hot £100—200 K) material and that it is not speci callytoroid or dark lane structure. We nd strong SiO emission with
associated with a disc when probin000 au spatial scales. Pre-an exceptionally broad velocity pro le that is morphologically
viously, low resolution observations of W33A Balvan-Madrid elongated almost perpendicular (PA30) to the large-scale
et al. (2010 did point to a disc as they were not sensitive t€O outow (PA  135), inconsistent with a typical jet ori-
the sub-structure. Indeed, in our overview paper of proto-O-stag. Using parametric models to compare with the SiO emission
we do not clearly nd CHCN Keplerian discs in all sourceswe show that the kinematics are consistent with Keplerian rota-
(Cesaroni et al. 20}7 tion of a disc around an object between 10 andvV30in mass,
Source evolution could also play a key role in not ndingbut crucially, the models must also have a radially expanding
CH3CN in a disc. If we consider G17.64 to be slightly moreeomponent from a separate structure. The radial motion compo-
evolved, accounting for the previously mentioned reduction iment can be interpreted as a disc wind from the disc surface, in
complex chemical species and the H3fetection, then it is pos- order to match the data. The upper mass range of the models
sible that molecules such as @EN are now being destroyed and source luminosity are consistent with the picture of G17.64
close to G17.64. Other species, such as SiO, may then be peaf-an O-type YSO. The detection of compact H3fmission
erentially detected in a disc that is no longer forming, but beirffgrther supports this picture as G17.64 is ionising the central,
ablated by a disc wind. Recent work Bjrart et al.(2017) also spatially unresolved, region and can drive the disc wind. The
suggests that the disc source, IRAS 18162-2048 (also knownique combination of the small radius dis200 au, the disc
as GGD27 MML1 and responsible for the HH 80-81 jet) couldiind and the compact ionised emission all point to G17.64 being
also be at a later evolutionary stage. It also lacks bright corimthe nal stages of formation contracting from a bloated star to
plex organic molecular emission but is rich in sulphur bearingmain sequence con guration. This picture is in contrast to other
species, and has some HCN and4CHi emission, all consistent relatively younger massive YSOs that have evidence of larger
with being more evolved than a typical hot core and more similantating structures, complex accretion streamers and rich molec-
to UCHII regions Minh 2016. IRAS 18162-2048 is also rela- ular environments. The dispersal of surrounding material and the
tively isolated like G17.64, although it is a lower mass BO-typesolation of G17.64, and other comparison sources, along with a
YSO. later stage of evolution, may be key requirements for discovering
Finally, it is also worth discussing Orion Source | (Src I)discs around similar massive YSOs.
which has previously been compared to G17.64 in the literature
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Appendix A: ACA *3CO out ow

Fig. A.1. Channel map of the ACA3CO emission ranging from 18.5 to 30.5 km $n steps of 0.5km . Recall the sourc¥, sg is 22.1 kms?.

Note the highest velocities of the out ow in the blue- and red-shifted emission occur to the south-east and north-west, respectively, perpendicu
to the putative disc. The blue-shifted emission is detected down to 16.9"butsis co-spatial with that shown at 18.5 knd swhile the red-shifted
emission is detected to 35.6 knt$ut is the same structure as the panel at 30.5kms

The CO out ow associated with G17.64 was previously observed We do not recover the masses as reported from the afore-
and mapped b astner et al(1994) in the CO (1 0) and (2 1) mentioned single dish study (56.6 and 4817 for the blue- and
transitionsMaud et al (2015h also targeted G17.64 in tAéCO, red-shifted lobes, respectively) which in part will be down to
13CO and G®0 (3 2) transitions as part of their survey of 99resolving out some extended emission, but in addition, we now
massive-YSOs observed with the JCMT d5°angular resolu- partially resolve the out ow, clarifying what is and what is not
tion. From these single dish studies the out ow was seen to haassociated with it. The ACA should be sensitive ®0*°scales
strong blue-shifted emission to the south-east and a strong ratithese wavelengths, although the coverage and short obser-
shifted lobe to the north-west. The blue-shifted lobe also alignations ( 3 min) mean there are negative artefacts in the images
reasonably with the IR re ection nebula thought to highlight thend we did not mosaic the region. Figid. is the channel map
cavity walls Kastner et al. 199Murakawa et al. 2008 We use plot for the **CO out ow emission. For the blue-shifted lobe,
the analysis presentediiaud et al (20158 adapted to th&*CO  for velocities between 16.9 and 20.0 knd ghe emission is unre-

(2 1) transition observed with the ACA. We also use their estsolved in the 7 5% beam and located slightly south-east to
mates for the excitation temperatuf(= 21.2 K) and correct the peak of the continuum emission. There is no emission near
optical depth using a bulk average 4., = 6.34). The resulting G17.64 from 20.0 to 21.0 km (possible self-absorbed or fore-
masses of the blue- and red-shifted lobes (integrated betwegound absorption), while thECO forms a wide V-like shape
the range indicated bylaud et al.(2015h, 6.0-20.0 and 25.9— cavity in the south-east from 21.5 to 23.0 km.sIn conjunc-
38.2kms?) corrected for optical depth are 1.64 and 84Q tion with the main array observations this lower veloditgO
respectively. Having only relatively low sensitivilfCO emis- emission appears most tting with the blue-shifted cavity. Such
sion in the ACA observations, we only detect out ow line-wingsa shape would be expected if we are seeing the rear wall of the
to maximal velocities of 16.9-35.6kms' for the blue- and blue-shifted out ow cavity which would be orientated more in
red-shifted lobes when comparing kbaud et al.(20158) who the plane of the sky. If we include this emission in the mass
established their velocity ranges witiCO. calculation we obtain an estimate closer taOM (between
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Fig. A.2. Contour plot of the'*CO out ow emis-
sion from the ACA (solid) and TP (dashed)
observations. The blue- and red-shifted velocities
are 18.5-20.1 km $ and 28.5-30.5 km &, respec-
tively. The ACA contours are at 40, 50, 70 and 90%
of the peak value, while the total power are at 10,
30, 50, 70 and 90% of the peak value. The plot is
illustrative of the blue and red shift offset emission
that forms the out ow, but also shows that the TP
does not map a large enough region to fully map
the entire CO emission.
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Fig. A.3. Maps of the blue-léft pane) and red-shiftedright pane) 2CO (3-2) emission analysed as part of the JCMT out ow survey conducted

by Maud et al(20158. The integrated ranges for the blue- and red-shifted emission are 6.0-20.D&na5.9-38.2 km $. These maps indicate
the size of the emission thought to be associated with the out ow as compared with our ALMA ACA and TP datahir2 Fig.

16.9 and 23.0km $). There is weak emission a25.0kms? disentangle the morphology (ACA), or at high resolution we
and the redshifted and spatially offset lobe begins from aboigsolve out too much extended structure (12 m data). InAER).
26.0kms?! and extends to 35.6km%sin velocity and to the we show the blue- and red-shifted outow emission as con-
north-west in position. We note that in Fi§.1 the red-shifted tours from the ACA (solid) and Total Power — TP (dashed). It
emission past 30.5km5% is not shown as it has the samés also clear that the ACA is not sensitive to these larger scales,

structure from 30.5 to 35.6 kms although the TP emission does not map a large enough area to
In general we agree with previous studies indicating tHellly encompass all the out ow emission, as shown in A@

orientation of the out ow: it appears blue-shifted in the southfrom the work byMaud et al.(20150. Full characterisation of

east and is red-shifted to the north-west with a PA consistetie out ow in the region would require a mosaic in total-power,

with 135 (Kastner et al. 1994Maud et al. 2015p However, ACA observations and at least one 12 m compatf00 m base-

between the ACA observations and the disc focussed main 12ines) array con guration (observing tHéCO, *CO and G20

array observations, we either do not have enough resolutionttansitions) with high-sensitivity and an excellent coverage.
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