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I
+ Masers are compact:

features of a few AU
structures of X00-X000 AU Pros & Cons

+ High flux densities: - No phase referencing
up fo fens ka - Limited accumulation time
+ 22 GHz HQO masers: - Limited sensitivity
ejection/young obijects up to ~15 Jy for H O and ~4 Jy for OH
1665/1667 GHz OH masers:

envelopes/evolved objects

Ol
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No detection

Sobolev+2017

Stellar masers



https://ui.adsabs.harvard.edu/abs/2017ASPC..510...27S/abstract

W49N

=> High brightness and complex structure

=>» The most luminous HQO maser

in the Galaxy (L "1 L)

=> Located in the Perseus arm
(11.1 £ 0.8 kpc, 3 pc above the galactic
plane)

=> Interstellar diffractive scattering A i e _Zhang et al: 2013

P %

affects the maser propagation
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W49N

Visibility vs Baseline (RadigAstron data)

_ 6km/s e
From ground data fitting: -63km/s O
Angular size ~ 210 Jas
- Linear size ~ 2.3 AU
£ Fringes detected
2 up t0 9.6 ED
? 0.01 }
'-‘% [ ]
£
2 a
0.001 ° 4
Shakhvorostova et al, 2020
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Targets

Detection on the space-ground
baselines of up to 9.6 ED

The correlated flux densities: 0.1-0.6%
of the total flux

The low correlated flux is probably due

to turbulence in the maser and/or in the
interstellar medium

Shakhvorostova+2020



https://www.sciencedirect.com/science/article/pii/S0273117719303382

NGC 4258 (Messier 106)

> Extragalactic H O MegaMaser
=> Nearby galaxy - the distance 7.6 Mpc
=> H,O emission originates from a fast

rotating disc surrounding an active
galactic nucleus (AGN)
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https://www.spitzer.caltech.edu/image/ssc2007-06a-anomalous-arms-spiral-galaxy-m106

NGC 4258

v Detections with Earth—space baselines
of 1.3, 9.5 and 19.5 ED

v/ Angular resolutions 11-23 yas

v Distinct and regularly spaced regions
within the rotating disc are found at an
orbital radius ~0.126 pc

: : ! P Lo : : Lo v The emission regions are produced by a
smobesowidaon | | SR S periodic magneto-rotational

, ! . ' ' ! instability in the disc

«+————— LSR velocity

Baan+2022 (Nat Ast)
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https://www.nature.com/articles/s41550-022-01706-y

Cepheus A

=> MSFR: ~16 cores at ~700 pc

> Multiple H O masers associated with
disk/outflows/jets
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Decl. offset (arcsec)

-14.8 i
-16.2 and -16.9
_g.7 HW3di
HW3diii © -
+0.6 © __ HW3div 3c
HW3dii
1 O 1 1 1
3 1 0 -1

1
2
R. A. offset (arcsec)

Sobolev+2018
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https://iopscience.iop.org/article/10.3847/1538-4357/aab096

Log Fringe Visibility (0.6 km/s)

02}

04

-06

08 }

Cepheus A

v Resolution of 66 pas on a baseline of

Y (declination)

.AW

3.3ED

v Two Sun-sized (15 pas) components
separated by 160 pas are detected

v Models:
(1) Keplerian motion around a central
object,

400 pas

(2) two overlapping clouds,

X (right ascension)

(3) vortices caused by flow around an
obstacle

8 9 10 11

12

Log Baseline in Wavelengths
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Sobolev+2018



https://iopscience.iop.org/article/10.3847/1538-4357/aab096

G25.65+1.05

12000 - {‘ —— 26-m HartRAO (Stokes 1)
10000 A
=> One of only 3 Galactic water masers _
> il
known to flare to 10°-10° Jy (TB ~ g 8000
107 K) B
o 6000 -
©
X
=>  Flares: 2 uono.
2002 - 3 kly,
2010 - 19 kly, 2000 -
2016 - 46 kly, L
2017 - 76 kly | e |
350 375 400 425 450 475 500 525 55.0
Visr (km/s)
|

Bayandina+2020
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https://www.sciencedirect.com/science/article/abs/pii/S0273117719301929?via%3Dihub

G25.65+1.05

1500019 v Active phase of the source’s activity
\ — Halo
10000 - ~1-: Compact core v Baselines of ~9 ED
(only 2 ground telescopes)

__ 8000 -
= v Only 1% of the flare flux:
% 6000 - a very compact structure - 25 pas
Z (0.05 AU or 5 D at 2.08 kpc),

4000 - brightness temperature of 3 x 10 K

2000 -+

o -
o 2 4 6 8 10 12 14 16

UV-distance (ED) B di 2020
ayandina+
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https://www.sciencedirect.com/science/article/abs/pii/S0273117719301929?via%3Dihub

G25.65+1.05
60
© v osF S 54 v/ Stable state
50{ + EW 215 N
_ 0.0 P ? £ 52 .
s e | * 5% v/ Baselines of ~2.7 ED
T‘é 30 A —04 B 30 'f‘\ (VLBA)
g 025 0.00 —0.25 2
o 20 4 ; - 48 i3 )
o - « The flare feature is not detected
< T | ~
@ .‘ 46 S | |
B @ 44 v Red-shifted spectral feature is detected
_104 ® . with the flux of ~30 Jy
-20 T T T T T T
40 20 0 -20 -40 -60 -80 -100

ARA (mas)

Bayandina+ in prep
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G25.65+1.05

Baselines of ~2.7 ED

The flare feature is not detected

Red-shifted spectral feature is detected
with the flux of ~30 Jy

v/ Stable state
v
(VLBA)
v/
v
02
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VLBA vs RA
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Bayandina+ in prep
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The record resolution!

NGC 4258

&

Extragalactic H,O MegaMaser
At a distance of “7 Mpc

26.7 Earth Diameters
Angular resolution ~8 pas

NSNS S
Residual delay (us)
~N w

et

0
~160 ~158 -156 ~154 -152 ~150
Residual fringe rate (mHz)

Baan+2018
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https://doi.org/10.1017/S1743921317010869

Future projects

Frequency range

183 GHz and 380 GHz Masers
e Detected with
the Kuiper Airborne Observatory

Terahertz Water Masers
e Detected only with SOFIA

e Evolved stars

Energy (E/hc in cm™)
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https://iopscience.iop.org/article/10.3847/1538-4357/aa7568
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Future projects

2000 22 GHz x 30

Frequency range

183 GHz and 380 GHz Masers ~ 1500

e Detected with &
the Kuiper Airborne Observatory & 1000l 1296 GHz

500
Terahertz Water Masers Z
e Detected only with SOFIA o:

_sqp[ 1885 GHz o

60 80

e Evolved stars
0 20 40
LSR velocity (km s™")

Neufeld+2017
18



https://iopscience.iop.org/article/10.3847/1538-4357/aa7568

Post-flare: VLA epoch Il

0.2f

Future projects —
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e Episodic accretion bursts

e Only three cases:
S255IR, NGC 6334|, G358.93-0.03

-0.1f

% MM1 [Brogan et al. 2019] W 12.18 GHz CH30H % 20.97 GHz CH30H
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® >20 new methanol maser transitions discovered 02 01 ARA(oio ) B —
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https://doi.org/10.3847/1538-3881/ac42d2

Thanksl!

Do you have any questions?

olga.bayandina@inaf.it
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http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

Bologna VLBI: Life begins at 40!
New frontiers and scientific challenges for VLBI with enhanced frequency/time/space dynamic ranges

Bologna, CNR Research Area
22-26 May 2023

Bologna ’V‘LBI

:L/fe beg/ns at 40’

MAY 22-26, 2023
"BOLOGNA, ITALY
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http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
https://vlbi-40.ira.inaf.it/

