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◆ Maser radiation originates from compact and bright  maser spots  
      => ideal targets of  radio (very long baseline)  interferometry (VLBI) 

◆ They are excellent probes of local conditions and kinematics very 
close to the YSO (<100 AU)  

      =>excitation at T ≥ 200-2000 K and n>107-10 cm-3 

◆ Multi-epoch studies provide gas 3-D kinematics 

     => proper motions + l.o.s velocities at the  

     highest angular resolution [O(mas)] 

◆ Real gas kinematics, not illumination patterns! 

      => morphology of individual spots as well as 

     overall structure of the maser source is preserved over time

Goddi, Moscadelli,Torrelles, Uscanga, Cesaroni 2006

VLBI observations of H2O masers in high-mass star forming regions 

VLBA images of 22 GHz 
H

2
O masers in a W75N
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Keplerian disk model
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Postdoc at Arcetri  
(2006)



L~104 L◉, B1 

Mdyn~15 M◉

Goddi, Moscadelli, Sanna, Cesaroni and Minier 2007

• Brackett Gamma 
(grayscale map) 

• 15 GHz Radio 
continuum (contours) 

• Water maser proper 
motions (Arrows)

Source 1: S255

Outflow not disk!



Cesaroni et al.,  

2018 

2023 

2025

Source 1: S255



Beltran, Cesaroni et al. 2006 

Moscadelli, Goddi, Cesaroni, et al. (2007)

Rotating toroid from  
a dense molecular core

CH
3
CN (PdBI)

D~7.7kpc, L~7×104 L◉ 

O9.5 star, 20 M◉ 

Source 2: G24.78+0.08 A1 

Large scales:  

HC-HII reg. is confined by a molec. 
(rotating/infalling) toroid 

Small scales:  

The HC HII may be expanding based 
on H

2
O masers

Open Q at that time:  
Has accretion onto the central star(s) ended?

500 AUCH
3
OH masers (EVN) 

7mm free-free (VLA)

 HC-HII region

V
LSRRotating toroid from CH

3
OH masers

Assuming keplerian rotation:  
M

* dyn 
~20 M◉

Wide-angle outflow from H
2
O masers

H
2
O masers (VLBA) 

7mm free-free (VLA)

500 AU

HC HII region
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Postdoc at the CfA 
(2006-2009)



Orion nebula 

D~420 pc 

VLT

Orion

Goddi et al. 2011 

Greenhill, Goddi, et al. 2013



Orion

Matthews, Greenhill, 

Goddi, et al. 2010

Issaoun, Goddi, et al. 2017



NRAO Press Release

The most detailed view of a disk-wind from a massive YSO

VLBI imaging of SiO masers 

resolves outflow in the 

launch and collimation 

region from a compact disk

Matthews, Greenhill, Goddi, 
et al. 2010 

Goddi et al. 2011 

Issaoun, Goddi, et al. 2017



ALMA observations with the longest baselines

ALMA Cycle V Band 6 Beamsize ~0.02-0.05”

Length ~ 90 AU, Height ~35 AU

H2O  

232.686 GHz

A beautiful Keplerian Disk around a ∼ 15 M
⊙
 YSO 

Orion Source I

Ginsburg, Bally, Goddi, Wright, Plambeck 2018

SiO v=1,2   
43 GHz



ALMA Early Science, Massive Star Formation workshop 

ESO Garching, 8 April, 2011 

2011-2013
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R. Cesaroni et al.: Chasing discs around O-type (proto)stars: Evidence from ALMA observations

Table 1. Targets for the ALMA observations with their main parameters, obtained from the literature.

Name Other ↵(J2000) �(J2000) VLSR d Lbol Mgas
a Ref.c

names (h m s) (� 0 00) (km s�1) (kpc) (105
L�) (103

M�)

G17.64+0.16 AFGL 2136 18 22 26.370 �13 30 12.00 22.5 2.2 1.0 0.20 1

G24.78+0.08 18 36 12.661 �07 12 10.15 111.0 7.7 2.2 4.8 2, 3

G29.96�0.02 W43 S 18 46 03.665 �02 39 22.00 98.0 5.26 5.8 1.3 4, 5

G31.41+0.31 18 47 34.315 �01 12 45.90 96.5 7.9 2.6 5.2 3, 6

G345.49+1.47 16 59 41.610 �40 03 43.30 �12.6 2.4b 1.5 1.2 1

G345.50+0.35 17 04 22.870 �40 44 23.50 �17.8 2.0 1.0 0.55 1
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The feedback of an HC HII region on its parental molecular core

The case of core A1 in the star-forming region G24.78+0.08

L. Moscadelli1, V. M. Rivilla1, R. Cesaroni1, M. T. Beltrán1, Á Sánchez-Monge2, P. Schilke2, J. C. Mottram3,
A. Ahmadi3, V. Allen4,5, H. Beuther3, T. Csengeri6, S. Etoka7, D. Galli1, C. Goddi8,9, K. G. Johnston10,

P. D. Klaassen11, R. Kuiper12, M. S. N. Kumar13,14, L. T. Maud8, T. Möller2, T. Peters15, F. Van der Tak4,5, and S. Vig16

From the abstract:

Over core A1, the VLSR maps from both the 1.4 mm molecular lines and the 6.7 GHz 

methanol masers consistently show a VLSR gradient directed approximately S–N. 

Rather than gravitationally supported rotation of a massive toroid, we interpret this 

velocity gradient as a relatively slow expansion of core A1.
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Hot ammonia around young O-type stars

III. High-mass star formation and hot core activity in W51 Main⋆

C. Goddi1,2, A. Ginsburg3 , and Q. Zhang4

Hot ammonia around young O-type stars

I. JVLA imaging of NH3 (6, 6) to (14, 14) in NGC 7538 IRS1

C. Goddi1, Q. Zhang2, and L. Moscadelli3



he W51 Star Forming Complex

L~107 L☉, D = 5.4 kpc

MH2 >105 M☉ in r < 2.5 pc

M*~104 M☉ (~20 O-stars) 

Ginsburg, Goddi, et al. 2017

Goddi, Ginsburg et al. 2020

Yoon, Ginsburg,…Goddi,… 

et al. 2025



Open Questions

1.  Does the feedback from O-type YSOs halt SF?

2.  Do “switched-on” O-stars keep accreting?

3.  Do proto-O-stars accrete their mass via disks?                     



JVLA Ku-band 2 

cm continuum

Main/IRS1

North/IRS2

South/e1-8

W51 North

2 cm continuum (JVLA) 

1.4mm continuum (ALMA)

Ginsburg, Goddi, et al., 2017 (Figuerêdo et al 2008)

NACO K-band 

Ginsburg, Goddi, et al., 2016

Goddi, Ginsburg, Zhang 2016

I. Warm dust occupies only a small 

volume wrt to ionised gas 

II. Extended HII regions, pushing the 

dense gas (and dust clumps) 

III. Cluster of exposed massive NIR 

stars in the same region 

=> Not much ongoing SF ?

I

II

III



JVLA Ku-band continuum

Main/IRS1

North/IRS2

South/e1-8

Extended HII regions,  
pushing the dense gas 

Ginsburg, Goddi, et al., 2016

ALMA 1.4 mm :   
resolution 0.2”

W51 North

1.4mm continuum (ALMA) 
NACO K 

12CO 12CO

Ginsburg, Goddi, et al., 2017



W51 North/IRS2

ALMA 1.4 mm :   
resolution 0.2” ALMA identifies collimated outflows 

indicating that at least in some 

objects accretion is still ongoing



25 GHz continumm 

(JVLA)

Goddi, Ginsburg & Zhang 2016

W51e1-8

12CO

12CO

1.4 mm cont

ALMA 1.4 mm   
resolution 0.2”

Ginsburg, Goddi, et al., 2017

W51 e1/e8

Cluster of 

compact HII 

regions

SF is 

vibrant in 

W51!



 Q1: Does the feedback from O-

type YSOs halt SF?

NO



Q2: Do “switched-on” O-stars keep accreting? 

 NO

None of the outflows come from the HII regions

Which sources are driving these multiple 

collimated outflows?

Ginsburg, Goddi, et al., 2017



Q3: Do proto-O-stars accrete their mass via disks?                     

We used ALMA to map the outflows at high angular 

resolution and look for disks



ALMA 1.3 mm: 
0.2” ang. res.

CO 2-1 

CO 2-1

ALMA 1.3 mm: 
20-35 mas res.

SiO 5-4

Finding 1: Collimated outflows from dusty sources

Goddi, et al. 2020



ALMA 1.3 mm: 
0.2” ang. res. 

• Fast [+-100 km/s]
• Young [<100 yr]

• Powerful [10-3 M☉ yr-1]
• Compact [<+-1000 AU]

Finding 1: Collimated outflows from dusty sources

CO 2-1

ALMA 1.3 mm: 
20-35 mas res.

SiO 5-4

Goddi, et al. 2020



Are we finally seeing disk/jet 

systems similar to solar-like stars?



Continuum (green) does not show a simple flattened structure at 
the center of the outflows, but the emission is resolved into 
multiple dusty lanes converging onto the compact cores

Finding 2: Morphology of the mm dust emission continuum

Mass (and angular momentum) conveyed to the star via multiple channels?

Goddi, et al. 2020



Finding 3: Outflow from W51-north has different P.A. on different scales

‘Transition’ 
event material  

(t ~ 200 yr)

‘Young’ outflow  
(t ~ 100 yr)

‘Old’ 
outflow  

(t > 400 yr)

500 AU



NRAO Press Release:  https://public.nrao.edu/news/massive-young-stars-forming/.    Goddi+ 2020

A sudden accretion event may have 

caused a rapid change in the outflow axis 

https://public.nrao.edu/news/massive-young-stars-forming/


Conclusions

I. The feedback from young O stars does not halt SF

II. The stars exciting HC-HII regions show no 

evidence of ongoing accretion. 

III. Accretion in proto-O-stars:

A. is multi-directional via narrow channels or 

filaments

B.does not involve disks larger than ~100-300 AU

C. is episodic (fast collimated outflows change 

orientation with distance and/or over time)

12

12

1mm 
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