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Fig. 1. Cluster of molecular out3ows in the W43-MM1 massive protocluster. Contours of the integrated blue- and red-shift
sion of the CO(2-1) (ira) and SiO(5-4) (inb) line wings are overlaid on the 1.3 mm continuum emission of the 7 m array |
scale, with a 8" beam and 10 mdgeam rms)(a) The CO line is integrated over 485 km s * for blue lobes and 111154 km s*

for red lobes. Contours are 15, 35 to 235 by steps of 50 in unibef = 33 mJybeam' kms't and! g = 42 mJy beam' kms .

(b) The SiO line is integrated over 4393 kms ! for blue lobes and 103 153 kms? for red lobes. Contours are 8, 18, 28 to 2
inunit of ! = 23mJybeamt kms 1. Ellipses in the lower-left corner represent the angular resolutions of each image and

bar is shown on the top panel to indicate the size in physical units. Boxes outline the zooms-ins &#kigs.
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Fig. 3. Molecular outRows driven by cores in the central region of the W43-MML1 ridge. OutlR3ows detected at high vel@igréin
shown in detail with their low- and high-velocity components in zodins andd. Contours of the integrated blue- and red-shifte
emission of the CO(2-1) line wings are overlaid on the 1.3 mm continuum emission of the 12 m array (gray scale). For blu
emission is integrated over 4264 kms* (HV, blue contours) and 82 88 kms* (LV, cyan contours). For red lobes, emission
integrated over 108 119 kms* (LV, orange contours) and 128158 kms* (HV, red contours). For blue lobes, contours are 7, 1
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(HV). Green ellipses locate the W43-MM1 cores, arrows (sometimes broken) indicate the direction of their out3ows, das
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Table 2. Main characteristics of each outl3ow lobe driven by W43-MML1 protostars located in its center (top rows) and south-western (bottom rows) part.

/0 S

Associated core Blue lobe Red lobe
Name RA Dec? Mcored V| sr? AV L nax” PAC A,© AV Limaxs PAC A,© Comment — : ‘
[J2000] [J2000] M ] [kms'!] | [kms'l] [#102pc] [deg] F#10°mag] | [kms?'] [#10 2 pc] [deg] #10° mag]

#1 18:47:47.02 -1:54:26.86 1625 98 - - - - 34 5.3 126+ 05 2.5 Z T W 7 G m

#2 18:47:46.84 -1:54:29.30 355 99 ;7 5.0 "745+ 0.8 1.7 48 6.1 1146+ 0.9 2.4

#3  18:47:46.37  -1:54:33.41 594 08 83-91 11 115+ 0.5 0.78 (0.53) 60 13 "1055+ 0.9 0.52(0.28) :

#4 18:47:46.98 -1:54:26.42 363 102 - - - - 1§-25 6.9-9.6 "50x1 2.4 Conf L Z M 2 (I n PA)

#7 18:47:47.26 -1:54:29.70 232 99 50 8.3 "251%+ 0.5 1.2 43 18 153+ 1 0.39 (0.25)

#8  18:47:46.54  -1:54:23.15 142 97 82-90 44 18+ 3 0.22 (0.13) 101 13 "1718+ 2 1.4 (2.5) : < :

#9  18:47:46.48  -1:54:3254 Bt 09 97 61 9.6 " 565+ 1 0.83 (0.68) 64 7.2 12@%+ 0,5 0.99 o S U |\/| (| N AV)
#10 18:47:46.91 -1:54:29.99 161 101 29 2.7 "66.2x 0.5 1.7 - - - - Conf

#11 18:47:46.52 -1:54:24.26 12+ 0.3 95 20 4.8 "259+ 05 0.55 52-65 1.9-6.1 173+ 4 0.63 CO, Conf(R) |-

#12  18:47:46.57  -1:54:32.04 314 98 - - - - 42 2.9 155+ 0.5 1.2 N, = m

#13  18:47:46.92  -1:54:28.62 #13 99 27 2.9 13% 4 2.6 18 2.9 "52+ 3 2.0 Conf " $beamH My 13mm Bramm(Tdus)
#14 18:47:46.97 -1:54:29.66 A 100 45 4.2 1658+ 0.5 1.8 - - - - Conf ' |

#16  18:47:47.02 -1:54:30.78 366 100 60 3.7 11@ + 0.5 1.8 62 4.8 "33+ 1 1.5 = 041073 cm 2 m
#18  18:47:46.25  -1:54:33.41 284 96 25 2.9 247+ 0.5 0.69 . - . - Jy beam?
#19 18:47:46.88 -1:54:25.74 103 100 27 2.1 10£ 4 1.5 30 2.9 "68%+ 1 2.0
#22-a 18:47:47.05 -1:54:32.15 &2 100 45 6.1 "354+05 0.91 46 7.2 159 2 0.83
#22-b - - - - 58 4.0 "1275+ 0.5 0.70 !

#23 18:47:46.90 -1:54:24.30 #13 101 39 5.1 22 1 1.1 - - - - CO _ NH2 0

#31  18:47:46.73  -1:54:117.53 307 968 | 11514 7.7 172%+ 1 0.31 16-20 5.9 "1693°%+ 1 0.36 CO(R) Ay = Plem 2 70130 magt
#36  18:47:46.64  -1:54:1951 .13+ 05 96 1£-14 8.5 " 165+ 2 0.45 27 6.3 16+ 0.6 0.32 Conf(R) 10-tcm

#49 18:47:46.59 -1:54:20.48 3t 0.8 96 49 6.1 "1201%+ 05 0.85 20 5.9 48%+ 0.5 0.33 !

#15 18:47:44.77 -1:54:45.22 Bt 0.3 95 /8 13 152 2 0.31 68 18 "24.6+ 05 0.17 (0.14) |7m

#26 18:47:44.94 -1:54:42.84 2t 0.7 o5° 45 18 1311+ 0.5 0.24 71 12 "485% 0.5 0.31(0.23) 940 mag& -
#29  18:47:45.22  -1:54:38.81 .13 05 95 39 9.3 7& 1 0.24 - - : : Jy beam?
#39 18:47:44.61 -1:54:42.16 2+ 04 95° 23 19 *301+09 0.21 24 19 133 4 0.28

#44 18:47:44.76 -1:54:46.76 S 0.3 97 50 9.3 362+ 05 0.19 - - - -

#59 18:47:44.77 -1:54:44.17 A1+ 0.5 95° 62 7.5 249+ 05 0.32 64 6.7 1508+ 0.5 0.31

#E7 18:47:44.09 -1:54:48.89 2+ 0.3 95° 74 22 "838+ 0.5 0.14 67 19 106+ 15 0.16 VS

@ Values taken fronMotte et al.(2018H).

®) Velocity at rest estimated with tHéCS(5-4) line, except for cores #1, #2, and #4, for which th&3(18-17) line was used instead. A star marker indicates the velocity of the neighborin
that is used for cores neither detected3@S(5-4) nor in 3*CS(18-17).

© Maximum velocity d set and length, uncertain by 2 kntsand 0.2°%0.005 pc), respectively. A star marker indicates lower limits used in our calculations when measurements are con o s 60
line absorption features or neighboring outRows. 7 W I a Y 7y
@ Position angle of the molecular jet, measured from West to North. A star marker indicates molecular jets thsgig more than.@”from their core center.

© Visual extinction measured over the complete extent of the outRow lobe, uncertain by 30%. A second measure at the tip of the molecular jet is given in parenthesis for lobes covere:

3 pixels in the 7 m array continuum map (i.e., with.x & 9.6 # 10 2 pc) and when it diers by more than 20%.

() Less reliable outRow lobes are pinpointed by mentioning their confused environments (denoted with OConfO) or their non-detection in SiO(5-4) but in CO(2-1) (denoted with OCC

that the note applies to the red lobe only.
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N ae 1. Outldows characteristics In a dynamical environment
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N ae 2. Outldows characteristics In a dynamical environment
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22. Episodic accretion constrained GG
Taurl A: gas properties and dynamics

from the cavity to the outer disk
N.T. Phuong et al. A&A, 635, A12
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Fig. 1. Continuum image at 330 GHz. The beam size
N 19' ' 0.14',PA = 19CF is indicated in the lower left corner. The co
“tour levels are 0.5, 1, 2, 4, 8 and 16 mJy b&anThe noise level is

0.06 mJy bearft. The red ellipses indicate the inner and outer edge
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! , M h I.,l K ¢ W A > y a Spectral line Frequency Energy level Channel spacing Beamsize Noise
(GHz) (kms' ) (K) ALMA project
2CO(6-5) 691.473 0.106 035" #031,PA=104% 1.8 2011.0.00059.S
2CO0(3-2)  345.795 0.106 034" #0.28",PA=91% 0.7 2012.1.00129.S
BCOoB-2)  330.588 0.110 0.22"#0.16",PA=15% 0.7 2012.1.00129.S, 2015.1.00224.S
C80(3-2)  329.330 0.110 0.19" #0.14",PA=19% 1.9 2015.1.00224.S
Continuum 330.15 — 0.19" #0.14", PA=10%* 0.03 2015.1.00224.S
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N ae 1. Dynamics inside the cavity
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Table 5. Infall and rotation velocities of the gas inside the cauvity.

Ring VKep Viot Viall Viall Vall
(kms1) (kmgh) (kmdh) Vo Vie
(a) P 0.34 0.04 12% D
(b) P 0.79 021 27% P
() 3.63 0.98 0.30 31% 8%
(d) 3.07 1.08 0.38  28% 12%
(e) 2.71 1.27 0.48  38% 18%

Notes.The rings (a)b(e) are debPned in Hg.
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N ae 2. Gas Properties
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Table 6. Properties of the brighter blobs.

offset DEC (arcsec)
O

Blob  Position  Radius dv H, density N Tin Mass (NLTE) Mass'€COFlux) Mass {3*CO Flux)
") (") (kms?h)  (cm?) (cm'?) (K) (My) (M) (Mg)
0.5 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

1 (0.27,0.36) 0.45 25 >50% 10° (21:99) $ 107 40+5 (21128 $ 106 (31201)$ 107 (1.9+£0.1)$ 106
2 ("0.09,0.36) 0.37 27 >10%$ 10° (L 4+°g) $ 107 50+5 (13+°g) $ 106 (45+01)$ 107 (23+0.1)$ 10°©
3  ("0.45,0.36) 058 21 >50% 10° (26/19)$ 107 40+5 (2519 $ 10°¢ (32+0.2)$ 107 (1.1+0.1)$ 10'6
4 (0.09,"0.15) 0.17 62 >10% 10° (6.3721) $ 106 80+ 10 (63'21)$ 107 (6.9+0.1)$ 107 (25+02)$ 106
5
6

offset RA (arcsec)

Integrated Intensity (K km s™)

0 05 50 75 (0.45,"0.18) 0.48 25 >10% 100 (22759 $ 10 40+5 (22739 $10° (39+01)$ 107 (1.7+01)$ 10°

(0, 0.1) 0.12 61 >10$ 10 (4. o+14) $ 106 80+ 10 (4o+14) $ 107 (34+01)$ 107 (2.8+0.1)$ 10°©

Notes. (1) Blob, (2) offset from ring center, (3) distance from center, (4) line-widim§ %), (5) H, density, (6) CO column density, (7) kineti

temperature, (8) Fimass derived from the CO column density (non-LTE analysis), (9inidss derived from th&CO Rux and (10) H mass
derived from the>CO Rux.

offset DEC (arcsec)

Nn(H2) > 104 cc-1; N ~1017 cm-2

1 0.5 0 —-0.5 —
offset RA (arcsec)

Fig. 10. Integrated intensity map offCO(3D2) (upper panel)(this
work andTang et al.2016 and2CO(6D5)(lower panel)(from Dutrey
et al. 2014 and positions and sizes of the blobs. The crosses mark
positions of Aa and Ab, and the ellipse is the inner edge of the dust
(180 au).
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Cavity °w integrated Bux T’9S»>> ' h
LTEpi”"><Z

Table 7. Mass of gas inside the cavity.

Location Integrated (3ux JHmass Abundance
(Jy kms %) (M-) (W.r.t Hy)
Cavity **CO) 114+08 61+04#10° 8.0#10°
Cavity **CO) 38+01 16+0.1#10% ()
Cavity (C'°0) 0.5+ 0.2 1.6+ 0.8# 104 @)

Notes. OX[BCQO] = X[*2CQJ}/70, and @X[CQO]=X[1*CO]/550 (see
text).
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22 GHz H ,O masers
L. Moscadelli 1, A. Sanna %3, C. Goddi #°, V. Krishnan %, F. Massi 1, and F. Bacciotti 1

1 INAF-Osservatorio Astrobsico di Arcetri, Largo E. Fermi 5, 50125 Firenze, Italy;? INAF-Istituto di Radioastronomia
& ltalian ALMA Regional Centre, Via P. Gobetti 101, 1-40129 B ologna, ltaly; 3 Max-Planck-Institut fYr Radioas-
tronomie, Auf dem HYgel 69, 53121 Bonn, Germany# Leiden Observatory, Leiden University, PO Box 9513, 2300
RA Leiden, The Netherlands; ®> Department of Astrophysics/IMAPP, Radboud University, PO Box 9010, 6500 GL,
Nijmegen, The Netherlands;® South African Radio Astronomy Observatory (SARAO), 2 Fir st reet, Black River Park,
Observatory, Cape Town, 7925, South Africa

E l 1 9 Protostellar Outf3ows at the EarliesT Stages (POETS). IV. St atistical properties of the

E-mail contact: moscaat arcetri.astro.it

We wish to perform a statistical study of the location and motion of individual 22 GHz water maser cloudlets,
characterized by sizes that are within a few au, with respecto the radio thermal emission from young stellar objects
(YSO). For this purpose, we have been carrying out the Protogellar Outl3ows at the EarliesT Stages (POETS)
survey of a sample (38) of high-mass YSOs. The water maser ptisns and three-dimensional (3D) velocities were
determined through Very Long Baseline Array observations wth accuracies of a few milliarcsec (mas) and a few

VLBA>: Mh ! km s™!, respectively. The position of the ionized core of the protostellar wind, marking the YSO, was determined
s | through sensitive continuum Jansky Very Large Array observations with a typical error of 20 mas. The statistic of the
+Y " 2wt separation of the water masers from the radio continuum shows that 84% of the masers are found within 1000 au from
C’") | T U ; AW the YSO and 45% of them are within 200 au. Therefore, we can conclude that the 22 GHz water masers are a reliable
proxy for the YSO position. The distribution of maser luminosity is strongly peaked towards low values, indicating that

w-$3C¢ { about half of the maser population is still undetected with the current Very Long Baseline Interferometry detection
A% “f£eiL thresholds of 50-100 mJy beam~!. Next-generation, sensitive radio interferometers will exploit these weak masers for
an improved sampling of the velocity and magnetic fields around the YSOs. The average direction of the water maser

U:0 qw ‘m s proper motions provides a statistically-significant estimate for the orientation of the jet emitted by the YSO: 55% of
the maser proper motions are directed on the sky within an angle of 30° from the jet axis. Finally, we show that our

r>w-$thee measurements of 3D maser velocities statistically support models in which water maser emission arises from planar

shocks with propagation direction close to the plane of the sky.

Accepted by A&A
http://arxiv.org/pdf/2002.06871



Rocking shadows in broken circumbinary discs
Rebecca Nealon !, Daniel J. Price ? and Christophe Pinte 2

1 Department of Physics and Astronomy, University of Leiceser, Leicester, LE1 7RH, United Kingdom; 2 School of
Physics and Astronomy, Monash University, Clayton Vic 380Q Australia

E-malil contact: rebecca.nealomat leicester.ac.uk

We use three dimensional simulations with coupled hydrodyamics and Monte Carlo radiative transfer to show that
shadows cast by the inner disc in broken circumbinary discs mve within a conbned range of position angles on the
outer disc. Over time, shadows appear to rock back and forthn azimuth as the inner disc precesses. Thel @ct occurs
because the inner disc precesses around a vector that is ndi¢ angular momentum vector of the outer disc. We relate
our Pndings to recent observations of shadows in discs

Accepted by MNRAS Letters
http://arxiv.org/pdf/2002.02983
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Figure 1. Rocking shadows in broken circumbinary discs over one precession period of the inner disc, assuming a binary orbital plane misaligned t
disc by 60 degrees. Observer is face-on to the outer disc. Upper row: column density. Middle row: synthetic scattered light images. White arrows i
instantaneous direction of motion of the shadow and the grey circle in brst panel shows simulated beam width of 15mas. Lower row: CO (3-2) Moment
Times shown in panels correspond to dotted lines in FigRrasd the panels in Figurg All panels are shown on the same spatial scale, indicated in tht
right-most panel of each row.
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Planet induced spirals in the circumbinary disk of GG Tau A

N.T. Phuong !, A. Dutrey 2, E. Di Folco 2, S. Guilloteau 2, A. Pierens 2, J. Bary 3, Tracy L. Beck 4, E.
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ALMA high angular resolution observations of the dust and CO emission have already revealed signatures of proto
planets embedded in protoplanetary disks. These detectiamare around single T Tauri stars while exo-planet surveys
reveal that planets can also form in binary (or multiple) systems, either in circumstellar or circumbinary orbits. We
searched for indirect evidence for planet formation in the nultiple system GG Tau A that harbors the most massive
circumbinary disk among T Tauri stars.

We performed CO(2D1) ALMA Cycle 6 observations of GG Tau A at 03" resolution. The images conPrm the Oho

Offset DEC (arcsec)
o

spotO detected at higher frequencies, but also reveal prongint spiral-like features. We model these features by using —4
the analytic prescription for the linear perturbation regi me induced by low-mass planets. .
The brightest spiral is well reproduced by a density wave exited by a protoplanet (GG Tau Ac) at the hot-spot 0. .

location (290 au), just outside the dust ring. The absence of clear gap (in gas or dust) at the planet location implies
that its mass is signibcantly lower than that of Jupiter, i.e. of the order of the mass of Neptune or less. Furthermore.
other prominent (trailing) spiral patterns can be represened by adding one (or more) planet(s) at larger orbital radii, Fig. 4. Spirals induced by the three putative planets, GG Tau Ac (black), GG Tau Ad (cyan), and GG Tau Ae (blue). The white ellipses ini
with the most obvious candidate located near the 2:1 mean-miion resonance with GG Tau Ac. e e e T e P > een multplieaibhthe color scale[s saturated to optimize
The (proto-)planet GG Tau Ac appears to externally conbPne the ring in a stable conbguration, explaining its high

mass. Our results also suggest that planets similar in masotNeptune may form in dense circumbinary disks orbiting

(wide) binary stars. In the GG Tau case, orbital resonances ppear to play an important role in shaping this multiple

circumbinary planet system.

Offset RA (arcsec)
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Chemistry Along Accretion Streams in a Viscously-Evolving Protoplanetary Disk
Ellen M. Price 1!, L. llsedore Cleeves 4, and Karin I. ...berg *

1 Center for Astrophysics | Harvard & Smithsonian, 60 Garden $., Cambridge, MA 02138; 2 University of Virginia,
Department of Astronomy, 530 McCormick Rd., Charlottesville, VA 22904

E-mail contact: ellen.price at cfa.harvard.edu

The composition of a protoplanetary disk is set by a combinaton of interstellar inheritance and gas and grain surface
chemical reactions within the disk. The survival of inherited molecules, as well as the disk in situ chemistry depends
on the local temperature, density and irradiation environment, which can change over time due to stellar and disk
evolution, as well as transport in the disk. We address one aeect of this coupling between the physical and chemical
evolution in disks by following accretion streamlines of ga and small grains in the disk midplane, while simultaneousf
taking the evolving star into account. This approach is computationally e" cient and enables us to take into account
changing physical conditions without reducing the chemichnetwork. We bnd that many species are enhanced in the
iInner disk midplane in the dynamic model due to inward transport of cosmic-ray driven chemical products, resulting
In, e.g., orders-of magnitude hydrocarbon enhancements dt au, compared to a static disk. For several other chemical
families, there Is no dl erence between the static and dynant models, indicative of a robust chemical reset, while yet
others show dl erences between static and dynamic models &t depend on complex interactions between physics and
chemistry during the inward track. The importance of coupling dynamics and chemistry when modeling the chemical
evolution of protoplanetary disks is thus depends on what clemistry is of interest.

Accepted by ApJ
http://arxiv.ora/pdf/2002.04651
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