
BREAKING NEWSfrom high - mass star formation :

recent VLBI contributions

Gabriele Surcis

Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

Image source:

scitechdaily.com

5 Sep 2024- 09:00



5 Sep 2024- G SURCIS Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

OUTLINES:

Brief Introduction on HMSF

High - mass star formation Highlights (VLBI)

W75N(B)

The Future

G358.93 - 0.03 - MM1

IRAS 21078+5211



5 Sep 2024- G SURCIS Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

High Mass Star Formation

Urquhart et al. 2024, IAUS, 380, 135
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High Mass Star Formation

ALMA Band 7 (349.107 GHz,~0.10") - "[é]

accretion disk around a luminous young

star of 104.6 Lsun in methanol emission ."

Sanna et al. 2021, ApJ, 655, A72

G023.01ī00.41

Disks & Outflows

W51e2e

ALMA Band 6 (216 - 237 GHz) - " Both CO and SiO outflows

display high speeds [é] imply that these outflows are 

dynamically very young. [é] the CO outflows have a 

dynamical age of a few thousand years , whereas the SiO

outflows [é] of roughly 100 yr "

Goddi et al. 2020, ApJ, 905, 25
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Saha et al. 2024, ApJ, in press

ALMA Band 6 (1.2 mm,~0.3") - "A n hourglass -

shaped pattern of Bpos at a scale of Ḑ 6000 

au. The hourglass shape is found to be more 

pinched towards MM1 than MM2. The 

protostars MM1 and MM2 are found to be 

gravitationally bound in a binary system at

present with a separation of 1740 au."

G333.46ī0.16

High Mass Star Formation

HH 80ï81

ALMA Band 6 (1.14 mm,~0.3") - "[é] this

work has shown the unique case of a fully

linearly polarized disk around a massive 

protostar ."

Girart et al. 2018, ApJ, 856, 27

Magnetic field



HMSFRhighlights (VLBI)

Image credits:

Charles Willmott 

& Ross Burns

Image credits:

Nasa/ Jpl - Caltech/ 

2Mass/B. Whitney
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

6.7 GHz Methanol masers

M ~ 10 Msun D = 6.75 kpc

- Accretion burst event in 2019 (e.g.; Burns et al. 2020, NatAs , 4, 506 )
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

6.7 GHz Methanol masers

M ~ 10 Msun D = 6.75 kpc

- Accretion burst event in 2019 (e.g.; Burns et al. 2020, NatAs , 4, 506 )

VCH3OH => 4% of c

Typical values 10 km/s
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

Heat - wave mapping

6.7 GHz Methanol masers

M ~ 10 Msun D = 6.75 kpc

- Accretion burst event in 2019 (e.g.; Burns et al. 2020, NatAs , 4, 506 )

VCH3OH => 4% of c

Typical values 10 km/s
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

Heat - wave mapping

6.7 GHz Methanol masers

M ~ 10 Msun D = 6.75 kpc

- Accretion burst event in 2019 (e.g.; Burns et al. 2020, NatAs , 4, 506 )

VCH3OH => 4% of c

Typical values 10 km/s
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

VCH3OH => 4% of c

Typical values 10 km/s

Heat - wave mapping

6.7 GHz Methanol masers

Image credits:

Katharina Immer

M ~ 10 Msun D = 6.75 kpc

- Accretion burst event in 2019 (e.g.; Burns et al. 2020, NatAs , 4, 506 )
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

Disk size = 920au Inclination = 21 ÁÑ5Á Enclosed mass = 11 Ñ 7 Msun

M ~ 10 Msun

D = 6.75 kpc

Keplerian disk with four spiral arms

6.7 GHz Methanol maser spots
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

Disk size = 920au Inclination = 21 ÁÑ5Á Enclosed mass = 11 Ñ 7 Msun

Image credits:

Charles Willmott 

& Ross Burns

M ~ 10 Msun

D = 6.75 kpc
6.7 GHz Methanol maser spots

Keplerian disk with four spiral arms
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G358.93 - 0.03 - MM1 Burns et al. 2023, NatAs , 7, 557B

6.7 GHz Methanol maser spots

Disk size = 920au Inclination = 21 ÁÑ5Á Enclosed mass = 11 Ñ 7 Msun

www.youtube.com/@JIVEandtheEVN

Image credits:

Charles Willmott 

& Ross Burns

M ~ 10 Msun

D = 6.75 kpc https://www.masermonitoring.com/

Keplerian disk with four spiral arms
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

Image credits:

Nasa/ Jpl - Caltech/ 

2Mass/B. Whitney

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

Moscadelli et al. 2021, A&A, 647, A114

rotating disk (NOEMA)

thermal jet (VLA) directed NE - SW 

(PA å 44Á) emerging from the YSO

Moscadelli et al. 2016, A&A, 585 , 71
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

22 GHz Water masers

Global VLBI (16 ant . EVN + 10 ant . VLBA; Oct . 2020)
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

"[é]observations resolve the kinematics 

of an MHD disk wind (DW) on length scales 

of 1 ï100 au , allowing us to study the 

velocity pattern of individual 

streamlines launched from the disk [é]

[é]close to the disk rotation axis, we 

observe flows spiraling outwards along a 

helical magnetic field , launched from 

locations of the disk at radii Ò6ï17 au . 

At larger separation from the rotation 

axis, we observe a stream of gas co -

rotating with its launch point from the 

disk at radius of ~40 au , in agreement 

with the predictions for magneto -

centrifugal acceleration. "

magneto - centrifugally launched jet
22 GHz Water masers

Global VLBI (16 ant . EVN + 10 ant . VLBA; Oct . 2020)
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

Polarimetric Global VLBI (16 ant . EVN + 10 ant . VLBA; Oct . 2020)

" A set of 24 masers present a weak level of 

linear polarization in the range of 0.3 ï

3.2% , and 8 masers show a weak fraction of 

circular polarization of 0.4 ï1.8%. "

22 GHz Water masers
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

" A set of 24 masers present a weak level of 

linear polarization in the range of 0.3 ï

3.2% , and 8 masers show a weak fraction of 

circular polarization of 0.4 ï1.8%. "

" Close to the jet axis (Ò25 au)[é]the 

orientation of the magnetic field in the 

plane of the sky is found to deviate from 

the streamline tangent in most cases by 

Ò30°. Along the stream at larger radii 

(50 ï100 au), the magnetic field [é] is 

found to be approximately perpendicular to 

the streamline tangent at heights of å10 

and 40 au , and parallel to the tangent at 

å70 au. The small tilt in the magnetic 

field direction [é] is consistent with 

Faraday rotation [é] the values of 

magnetic field amplitude [é] are all 

within a relatively small range of 100ï700 

mG, which is in good agreement with the 

simulation [é]"

Polarimetric Global VLBI (16 ant . EVN + 10 ant . VLBA; Oct . 2020)

22 GHz Water masers
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

Multi - epoch VLBA (March - October 2023)

22 GHz Water masers
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

Global VLBI ( Oct . 2020)

Multi - epoch VLBA (March - October 2023)

22 GHz Water masers



Global VLBI ( Oct . 2020)
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

" In the N region , masers are found at relatively low heights, z Ò60 

au, and move at small speeds, Ò 20 km sī1 , along directions about 

parallel to the disk (70 °ÒɗV Ò110 °). [é]suggest that these masers 

trace a radially - expanding narrow shock - front placed at relatively 

large radii [é] This kinematic patterncould be explained in terms 

of acceleration by magnetic pressure which [é] dominates at R Ó 50 

au"

Multi - epoch VLBA (March - October 2023)

22 GHz Water masers
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

" In the NE region at 20 au Ò xl Ò 

90 au, while in 2020 the masers 

traced a continuous curved 

pattern, two separated streams (B1 

and B2) at different distance from 

the jet axis are visible in 2023. 

[é]

Some of the masers with the 

highest velocities belong to the 

B3 stream, an elongated 

distribution of masers that from 

the NE region extend northward "

" In the SW region , while in 2020 

the masers drew a single arc 

extending over ī100 au Ò xl Ò ī20 

au, in 2023 there are hints at 

multiple arcs spreading over a 

larger distance of ī170 au Ò xl Ò 

ī20 au"

Multi - epoch VLBA (March - October 2023)

22 GHz Water masers
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Moscadelli et al. 2024, A&A, in press

Moscadelli et al. 2023, A&A, 680, A107IRAS 21078+5211

M = 5.6 Ñ 2 Msun D = 1.63 kpc
Moscadelli et al. 2022, NatAs , 6, 1068

"In IRAS 21078+5211, the fast (10 ï60 km/s) outflowing gas moving at 

small angles (Ò30Á) and separation (RÒ40 au) from the jet axis is 

magneto - centrifugally launched in a radially extended MHD DW.

At larger radii (R Ó100 au), the relatively slow (Ò20 km sī1 ) flow 

traced with the masers is propagating outward mainly along the radial 

direction [é] is an episodic ejection event driven by the magnetic 

pressure accumulated on top of the accretion disk . 

[é]water maser VLBI observations can determine the launching mechanism 

of protostellar winds trustworthy [é]

[é]findings are in line with recent results of low - mass star formation 

and suggest that MHD DWs could be the common launching mechanism of 

protostellar winds from low to intermediate/high - mass protostars . "

For the first time they derived the Keplerian angular 

velocity and launch radius of the maser streamlines
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Contributions at the EVN symposium

Preliminary results of identifying the g - factor of 6.7 GHz methanol maser via 

polarization observations

Agnieszka KOBAK Today 10:00

6.7 GHz Methanol masers in the IRAS 20126+4104 during minimum and maximum activity Artis ABERFELDS Today 10:15

Expansion of a subsample of methanol maser rings Anna BARTKIEWICZ Poster #36



W75N(B)

Surcis et al. 2023, A&A, 673, A10

Image credits:

Wolfgang Steffen
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W75N(B):Intro

VLA obs 2014.29

Rodríguez - Kamenetzky et al. 2020

D = 1.30 Ñ0.07 kpc

Rygl et la . 2012

CO outflow
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W75N(B):Intro

VLA obs 2014.29

Rodríguez - Kamenetzky et al. 2020

D = 1.30 Ñ0.07 kpc

Rygl et la . 2012

VLA 1

2014.29

1996.96

Torrelles et al. 1997

Early stage of the 

photoionization and it is 

driving a thermal radio jet

Rodríguez - Kamenetzky et al. 2020

CO outflow
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W75N(B):Intro

VLA obs 2014.29

Rodríguez - Kamenetzky et al. 2020

VLA 2

D = 1.30 Ñ0.07 kpc

Rygl et la . 2012

2014.29

1996.96

Torrelles et al. 1997

Carrasco - González et al. 2015

thermal, collimated 

ionized wind 

surrounded by a 

dusty disk or 

envelope

CO outflow
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1

Surcis et al. 2011 Surcis et al. 2014

H2O maser
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
1999.25

Torrelles et al. 2003

H2O maser
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
2005.89

V =(24 Ñ3)km/s

Surcis et al. 2011

H2O maser
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
2007.41

Kim et al. 2013

V =(57 Ñ3)km/s

V =(24 Ñ3)km/s

H2O maser
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
2012.54

V =(57 Ñ3)km/s

V =(24 Ñ3)km/s

V =(30 Ñ3)km/s

Surcis et al. 2014

H2O maser
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W75N(B):Intro
D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2

Surcis et al. 2011 Surcis et al. 2014

V =(30 Ñ3)km/s

H2O maser
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W75N(B):new observations
W75N: 6 yearsmonitoring

Total observingtime = 48 hours

4 epochs separated by 2 years

@K-band in full polarization and
phase-reference mode

Epoch 1: 17th June2014

Epoch 2: 12th June2016

Epoch 3: 10th June2018

Epoch 4: 25th October 2020
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1

Surcis et al. 2023, A&A, 673, A10

H2O maserdistribution
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10



5 Sep 2024- G SURCIS Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1Magnetic field

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1Magnetic field

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA1 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 1Magnetic field

Palau et al. 2021, ApJ, 912, 159Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10



5 Sep 2024- G SURCIS Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2H2O maserdistribution

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2

Gómez et al. 2023, ApJL , 956, L45

ALMA
2021

VLA1

VLA2

VLA3

Surcis et al. 2023, A&A, 673, A10



77 km/s

26 km/s

28 km/s

12 km/s

38 km/s 8 km/s

? km/s

5 Sep 2024- G SURCIS Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting

W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
ALMA
2021

VLA1

VLA2

VLA3

Surcis et al. 2023, A&A, 673, A10

Gómez et al. 2023, ApJL , 956, L45
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
ALMA
2021

VLA1

VLA2

VLA3

Surcis et al. 2023, A&A, 673, A10

Gómez et al. 2023, ApJL , 956, L45
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W75N(B):VLA2
H2O maserdistribution

D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2
ALMA
2021

VLA1

VLA2

VLA3

SiO toroid and wide - angle 

outflow
residual of the dense molecular gas fragments after

the formation of the massive protostars

CO outflow

Gómez et al. 2023, ApJL , 956, L45
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Bparallel

shock

Bperpendicular

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Bparallel

Bperpendicular

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Bparallel

Bperpendicular

Bperpendicular

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Bparallel

shock

Bperpendicular

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Bparallel

Bperpendicular

Bparallel

Surcis et al. 2023, A&A, 673, A10
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W75N(B):VLA2 D = 1.30 Ñ0.07 kpc ( Rygl et la . 2012)

VLA 2Magnetic field

Palau et al. 2021, ApJ, 912, 159
Surcis et al. 2023, A&A, 673, A10
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W75N(B):Conclusions
Surcis et al. 2023, A&A, 673, A10

VLA1 - The water masers are probing the passage of a non - dissociative shock produced by the 

expansion of the thermal radio jet. The magnetic field is along the axis of the thermal radio 

jet and bends toward south and north at the southwest and northeast ends of the jet.

VLA2 - The water masers are tracing an asymmetric expansion of the gas that is halted in the 

northeast by a dense gas (it was observed with ALMA). The toroidal structure that was 

previously theorized to explain the outflowôs evolution from an almost isotropic outflow to a 

collimated one has been identified ( SiO ) .

The magnetic field vectors are perpendicular to the proper motion , but in the northeast , 

where the expanding gas encounters the supposed denser medium, the vectors become parallel to 

the expansion direction.
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VLA1 - The water masers are probing the passage of a non - dissociative shock produced by the 

expansion of the thermal radio jet. The magnetic field is along the axis of the thermal radio 

jet and bends toward south and north at the southwest and northeast ends of the jet.

VLA2 - The water masers are tracing an asymmetric expansion of the gas that is halted in the 

northeast by a dense gas (it was observed with ALMA). The toroidal structure that was 

previously theorized to explain the outflowôs evolution from an almost isotropic outflow to a 

collimated one has been identified ( SiO ) .

The magnetic field vectors are perpendicular to the proper motion , but in the northeast , 

where the expanding gas encounters the supposed denser medium, the vectors become parallel to 

the expansion direction.
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The Future
Simultaneous multi frequency observations (K/Q/W) - mainly to study different maser species 

emissions around massive young stellar objects
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The Future
Simultaneous multi frequency observations (K/Q/W) - mainly to study different maser species 

emissions around massive young stellar objects

The compact triband receiver has been already purchased and almost 

installed in all the Italian antennas . Expected to be available for 

VLBI observations by 202 6.

Keep an eye here: https://www.radiotelescopes.inaf.it/

Medicina

( Grueff antenna)

SRT

Noto

894 km

593 km

580 km

VLBI IT alian Array (VITA)
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The Future
Simultaneous multi frequency observations (K/Q/W) - mainly to study different maser species 

emissions around massive young stellar objects

The compact triband receiver has been already purchased and almost 

installed in all the Italian antennas . Expected to be available for 

VLBI observations by 202 6.

Keep an eye here: https://www.radiotelescopes.inaf.it/

Other EVN antennas are going to be equipped or are already equipped 

with similar multi - frequency receivers. 

VLBI IT alian Array (VITA)

Medicina

( Grueff antenna)

SRT

Noto

894 km

593 km

580 km
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EXTRA SLIDE
an outflow originating 

from the outer parts 

(ḐÑ 0.2") of the toroid.

Gómez et al. 2023, ApJL, 956, L45


