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High Mass Star Formation
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High Mass Star Formation
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High Mass Star Formation

Magneticfield
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ALMABand6 (1.2 mm,~0.3") - "An hourglass -
ALMABand 6 (1.14 mm.~0.3") . " é Jthis shaped pattern of B,.s at ascale of D 6000

au. The hourglass shape is found to be more

work has shown the unique case ofa fully pinched towards MM1than MM2. The

Ilnetarl)t/ eolanzed disk around a massive protostars MML and MM2 are  found  to be
protostar . gravitationally bound ina binary system at
present witha separation of 1740 au."
Girart  etal 2018, ApJ, 856, 27

Saha et al. 2024, ApJ, inpress
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G358.93 - 0.03 - MM1
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635893 - 003 - MMl Burns et al. 2023, NatAs, 7, 557B ®

M~ 10 Myn

- Accretion burst event

D

6.7 GHz

LSR velocity (kms™)
-20 -18 -16

-29 5145.55

45.60

45.65

4570 =

Declination (J2000)

4575 =

1,000 AU
45.85 .

174310110  10.105 10100  10.095 10.090
Right ascension (J2000)

-29 5145.55
45.60
45.65

45.70

Declination (J2000)

45.75

45.80

1,000 AU

45.85 i

174310110 10.105 10.100 10.095 10.090
Right ascension (J2000)

= 6.75 kpc ®

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

Methanol masers

LSR velocity (km s™) LSR velocity (kms™)

-20 -18 -16 -20 -18 -16

Veuson = 4% of ¢

Typical values 10 km/s

1,000 AU 1,000 AU

ﬂ |

17431010 10105 10100 10.095 10.090 174310110 10105 10100 10.095 10.090
Right ascension (J2000) Right ascension (J2000)

-20 -18 -16

1,000 AU 1,000 AU
[ |
17 4310.110 10.105 10.100 10.095 10.090 174310110 10.105 10.100 10.095 10.090
Right ascension (J2000) Right ascension (J2000)

5 Sep 2024-G SURCIS/

Bonn- 16th EuropeanVLBI Network Symposium and Users' Meeting




G358.93 - 0.03 - MM1
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635893 - 003 - MMl Burns et al. 2023, NatAs, 7, 557B ®
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G358.93 - 0.03 - MM1
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635893 - 003 - MM]_ Burns et al. 2023, NatAs, 7, 557B MZ.QO
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635893 - 003 - MM]_ Burns et al. 2023, NatAs, 7, 557B Mz.go
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635893 - 003 - MM]_ Burns et al. 2023, NatAs, 7, 557B o
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I RAS 2 1078"‘521 1 Moscadelli et al. 2024, A&A, in press
Moscadelli et al. 2023, A&A, 680, A107

Moscadelli etal. 2022, NatAs, 6,1068

M= 56 N2 My, D= 1.63 kpc
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IRAS 210/7/8+5211
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Observations Simulations

e Spiralling masers = Spiralling streamline

o Masers along flow w== \Wide streamline
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A&A, in press
A&A, 680, A107
NatAs, 6, 1068

magneto - centrifugally launched jet

IRAS 210/8+5211 o et 2008
Moscadelli et al. 2023,
N Moscadelli et al. 2022,
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" [ éobservations resolve
of an MHD disk wind (DW)

the kinematics
on length scales

of 1 1100 au , allowing us to study the

velocity pattern of individual

streamlines launched from the disk [ é]

[ €] cl ose to the disk rotat
observe flows spiraling outwards along a

helical magnetic field , launched from

locations of the disk at radii 0617 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
with the predictions for magneto
centrifugal acceleration.

, iIn agreement
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IRAS 210/7/8+5211
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22 GHz Water

Polarimetric Global VLBI (16

a) Observations

(au)
L | | ]

0 20 40 60 80 100

e

log(B [G])
_—
-1.5 -1.0 -05 0.0 0.5

D=

SW

(au)

1.63 Kkpc
masers
ant .EVN + 10

h) Simulations

100

—5(

—100D

rrrrr
0 20 40 60 80 100

e
region featured in (b)

' -4

Moscadelli

Moscadelli
Moscadelli

. VLBA;

et al. 2024,

etal. 2023,
etal. 2022,

Oct . 2020)

inclination=10°
au

Jaunch =

A&A, in press
A&A, 680, A107
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" A set of 24 masers
linear polarization
3.2%,and 8 masers
circular polarization of 0.4

present a weak level of

in the range of 0317
show a weak fraction of
1 1.8%. "
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M delli tal. 2024, A&A, i
IRAS 21078+5211 oscadell  ctal 2023, AZA, 66D, ALY

N Moscadelli et al. 2022, NatAs, 6, 1068
M= 56 N2 M, D= 1.63 Kkpc
" A set of 24 masers present a weak level of
22 GHz Water masers linear polarization in the range of 0317
3.2%,and 8 masers show aweak fraction of
Polarimetric Global VLBI(16 ant.EVN+10 ant.VLBA; Oct.2020) circular polarization of 0.4 11.8%. "
a) Observations b) Simulations " Close to the jet axis (025 daué] t he
orientation of the magnetic field in the
= f Lod plane of the sky is found to deviate from
- - >y the streamline tangent in most cases by
I $ -~ O 3 VD Along the stream at larger radii
E_; ' N 50 0.5 (50 7 100 au), the magnetic field [ é] 1 s
[ W \ 00 found to be approximately perpendicular to
S , E o g the streamline tangent at heights of alo
- = : —05 % and 40 au ,and parallel to the tangent at
= o 1o a7 0 .&hesmalltiltin the magnetic
s - =50 field direction [€é] is cons
=Y K ( Faraday rotation [é] the ve
= D _100 T — magnetic field amplitude [ é] are al/l
0 T = 4 au within a relatively small range of 10071 700
- (au) mGwhich is in good agreement with the
» 20 40 60 80 10 ~q, —20740 simulation [ é] "
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. « law
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IRAS 210/7/8+5211 wocscell  stalavza, G, G0 AL
N Moscadelli etal. 2022, NatAs, 6, 1068
M= 56 N2 M, D= 1.63 kpc

22 GHz Water masers
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I RAS 2 1078"‘521 1 Moscadelli et al. 2024, A&A, in press
Moscadelli et al. 2023, A&A, 680, A107
N Moscadelli etal. 2022, NatAs, 6, 1068
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IRAS 210/7/8+5211
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"Inthe NEregion at 20
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.

[ €]

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

au

“Inthe  SW region , while in 2020

the masers drew a single arc
extending over T1T100
au, in 2023 there are hints at

multiple arcs spreading over a

| arger di stance of
120 au"

a |

5 Sep 2024-G SURCIS/

Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting




M delli tal. 2024, A&A, i
IRAS 21078+5211 oscadell  otal 2023 AGA, 600, ALOY

N Moscadelli et al. 2022, NatAs, 6, 1068
M= 56 N2 M, D= 1.63 Kkpc
For the first time they derived the Keplerian angular
velocity and launch radius of the maser streamlines
rotation . .
"In IRAS 21078+5211, the fast (10 1 60 km/s)  outflowing gas moving at

small angles ( O3AP and separation ( RO4 0 fomthe jet axis is
magneto - centrifugally launched in a radially extended MHD DW.

At larger radii (R 0100 theudlatively slow (020 km dlanwl )
traced with the masers is propagating outward mainly along the radial
direction [ €] | s epssadic 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]
observations simulations
e spiraling masers — streamlines L L . )
o masers inthe Nregion == best fit to masers [ 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 "
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Contributions at the EVN symposium

D Preliminary results of identifying the g - factor of 6.7 GHz methanol maser via Agnieszka KOBAK Today 10:00
polarization observations

Artis ABERFELDS Today 10:15

D 6.7 GHz Methanol masers in the IRAS 20126+4104 during minimum and maximum activity

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

Bonn - 16th EuropeanVLBI Network Symposium and Users' Meeting




Surcis etal 2023, A&A, 673, Al10

W75N(B)

Image credits:
Wolfgang Steffen
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H,O maser D=1.30 RK0.07 kpc (Rygl et la.2012)
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EUROPEAN

NETWORK

z Total observingtime = 48 hours/

4 epochs separated by 2 years

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

Epoch 1: 17" June 2014
Epoch 2: 12" June 2016
Epoch 3: 10" June 2018
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W /5N(B):VLAL D=130 NO.07 Kpc (Rygl et la.2012)
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W /5N(B):VLAL D=130 N0.07 Kpc (Rygl et la.2012)
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W /5N(B):VLAZ D=1.30 R0.07 Kkpc (Ryg et la.2012)
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W /5N(B):VLAZ D=1.30 K0.07 kpc (Rygl et la.2012)
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W/5N(B):VLAZ2 D=130 [0.07 kpe (Rygl et la.2012
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W/5N(B):VLAZ2 D=130 NO.07 Kpc (Rygl et la.2012)
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W/5N(B):VLAZ2 D=130 NO.07 Kpc (Rygl et la.2012)
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W75N(B):Conclusi0ns

Surcis etal 2023, A&A, 673, A10

[] VLAl - 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 outflowbés evolution from an al
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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W75N(B):CohclUsibns

Surcis etal 2023, A&A, 673, Al10
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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

VLBI IT alian Array (VITA)

The compact triband receiver has been already purchased and almost edicina

installed in all the Italian antennas . Expected to be available for (Grueff antenna)
VLBI observations by 202 6. = :

- < AN

P

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

5 Sep 2024GSURCIS/ Bonn- 16th EuropeanVLBI Network Symposium and Users' Meeting




The Future

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

VLBI IT alian Array (VITA)

The compact triband receiver has been already purchased and almost o edicina
installed in all the Italian antennas . Expected to be available for (Grueff antenna)
VLBI observations by 202 6. > 24 S :

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.
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THANK YOU FOR WATCHING

W75N(B) collaborators: | . :
(E) Other collaborators:

W.H.T Vlemmings J. Cant6 :
J.M. Torrelles \ S.-W.Kim L. Moscadelli
C. Goddi J. -S.Kim e R. Burns & M20
J.F. Gémez H.J. van Lange — M.T. Beltran

A. Rodriguez - Kamenetzky G. Anglada T — > Sa_mna

C. Carrasco - Gonzalez J.M. Girart : _ A. OII\_/a

S. Curiel A. Sanchez - Monge R. Kuiper

Image source:
3 scitechdaily.com
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Fig. 6. Comparison of the total sum of the HO maser intensity (/)

measured toward VLA 1 and VLA 2 with the VLBI in epochs 2005.89 Fig. 10. Comparison of the total H,O maser intensity in the four zones
(VLBA, S+11a), 2012.54 (VLBA, S+14), 2014.46 (EVN), 2016.45 of VLA 2 (see Fig. 4) measured in epochs 2012.54 (VLBA, S+14),
(EVN), 2018.44 (EVN), and 2020.82 (EVN). The lowest intensities co- 2014.46 (EVN), 2016.45 (EVN), 2018.44 (EVN), and 2020.82 (EVN).

incide with the minimum of activity registered toward W75N(B) by the
22-m Pushchino telescope in May-July 2012 (Krasnov et al. 2015).
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Fig. B.1. Comparison of the positions of the continuum emission at K-band of VLA 1 (left panel), VLA 2 (central panel), and VLA 3 (right panel)
as observed in epoch 1996.96 (solid black: Torrelles et al. 1997) and epoch 2014.20 (dashed red; Carrasco-Gonzilez et al. 2015; Rodriguez-
Kamenetzky et al. 2020). The squares represent the uncertainties of the peaks positions (see Table B.1) and the circles are the restoring circular
beam of 0712 used to properly compare the two epochs. Each panel is centered at the corresponding position of the YSO in epoch 1996.96
(see Table B.1). The positions of epoch 2014.20 are corrected for the proper motion of the region W75N(B) as measured by Rygl et al. (2012),
(Me) = (=197 £ 0.10) mas yr~" and (us) = (=4.16 £ 0.15) mas yr™".

Table B.2. Shift of the positions of the three massive YSOs.

M o)) 3 (o)™ ! = (=6.3 + 0.4) mas yr! (=38.9 + 2.5 kms™h
YS0O Al 2014.20° _ 199696 A 2014.20* _ Sl‘)‘@ﬁ.% _ . _
“ (mas}a : © (mas)( : VAT = (+5.0 £ 0.4) mas }-'r (+30.9 + 2.5 kms l)
VLAl —-108 +7 +86+7
VLA?2 -13+7 +30x7
VLA?3 -T7+1 +32+1
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