Yet another 6.7 GHz imaging of the high-mass
star-forming region Cep A HW2

Michat Tomasz Durjasz

Nicolaus Copernicus University
Torun, Institute of astronomy

July 9, 2022

Michat Tomasz Durjasz Cep AHW?2 imaging



Table of contents

@ Introduction
Cep AHW?2 - a high mass protostar cluster

® 6.7 GHz data & analysis

Single dish
VLBI - imaging
Cluster Il - zoomed in view

Face-on View

©® Conclusions

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

® H,0 and CH30H masers detected

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

® H,0 and CH30H masers detected
® 6.7 GHz profile with stable shape but variable amplitude

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

H,O and CH30OH masers detected
® 6.7 GHz profile with stable shape but variable amplitude

22 GHz profile highly variable

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

H,O and CH30OH masers detected

® 6.7 GHz profile with stable shape but variable amplitude
22 GHz profile highly variable

® Dust disc with a radius of 300 AU and a mass of 1 Mg

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

® H,0 and CH30H masers detected

® 6.7 GHz profile with stable shape but variable amplitude
® 22 GHz profile highly variable

® Dust disc with a radius of 300 AU and a mass of 1 Mg
® Multiple companions within radius of 1000 AU

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

® H,0 and CH30H masers detected

® 6.7 GHz profile with stable shape but variable amplitude
® 22 GHz profile highly variable

® Dust disc with a radius of 300 AU and a mass of 1 Mg
® Multiple companions within radius of 1000 AU

® Planar infall motion detected

Michat Tomasz Durjasz Cep AHW?2 imaging



Introduction

Cep AHW?2 - a high mass protostar cluster

® High-mass protostar (10 Mg - Sanna et al. 2017)

® Bipolar outflows (Carrasco et al. 2022, Curiel et al. 2006 and
more)

® H,0 and CH30H masers detected

® 6.7 GHz profile with stable shape but variable amplitude
® 22 GHz profile highly variable

® Dust disc with a radius of 300 AU and a mass of 1 Mg
® Multiple companions within radius of 1000 AU

® Planar infall motion detected

® Anti-correlation between red- and blue-shifted 6.7 GHz
features

Michat Tomasz Durjasz Cep AHW?2 imaging



Single dish
VLBI - imaging
med in view

6.7 GHz data & analysis

1600 F T T T T T
— 2012-01-15

— 2020-04-30
average

1400
1200
1000

800

600

Flux density (Jy)

400

200

Velocity (kms™!)

Michat Tomasz Durjasz Cep AHW?2 imaging



Single dish

VLBI - imaging

Cluster Il - zoomed in view
Face-on View

6.7 GHz data & analysis

2010 2012 2014 2016 2018 2020 2022

10?

-1
— 102’_'
T2 s
T
E ]
§ -3 ji Y i [ T i . g
10!
—4 [3RE 21 CUi T
-5

10°

Michat Tomasz Durjasz Cep A HW2 imagi



Single dish

6.7 GHz data & analysis

2010 2012 2014 2016 2018 2020 2022
Epoch 5 6 'Z 8 9 —0.5kms-!
i

100
1500

1000

@
S
S

Flux density (Jy)

300

100

—4.1kms"?

—4.7kms"?

h - L
57000 58000 59000
MJD

Michat Tomasz Cep AHW?2 imagin




Single dish
6.7 GHz data & analysis WAL = frwersiis

Cluster Il - zoomed in vie
Face-on Vi

1600

—0.62,p <107

1400f .
: -081,p <107

1200

ay)

21000

2
3 8
3 8

Fa6kms

400

0
100 56100 56200 56300 58000 58500
Foa7kms Jy)

© r=-012,p<032
1400

+ r=-014,p<0.05 1400

1200

1000

150 200 250 300 350 400 450 58000 58500
Foa1kms Jy)

0.78,p < 10~

s
. 0.52,p <10~ . N Einadns
150 20 10 60 80 56100 56200 56300 58000 58500
Foa7ims Jy) MJD

Michat Tomasz Durjasz




Single dish
VLBI - imaging

r Il - zoomed in view

6.7 GHz data & analysis

s 5 4 6 1 78 9 2 3
I —-0.5kms™!
6
4
2
0
8

—1.3kms™!

Flux density (Jy)

Michat Tomasz Durjasz Cep A HW2 imagi



600

400

-200

ADEC (mas)

!
@ Iy
S 1)
S) S

—-200

—400

6.7 GHz data & analysis

June 2020 v
%
I\
( &
October 2020 v
[ )
T Jiit
S 1 g®
v RS
o \

750 500

250 0 —250 =500 =750
ARA (mas)

Michat Tomasz Durjasz

5 dish

VLBI - imaging

Cluster Il - zoomed in view
Face-on View

® project: RD002
AV: 0.044 kms™!
Beam: 7.5 X 3.5 mas

® project: ED048B
AV: 0.088 kms™!
Beam: 4.5 X 3.8 mas

Cep AHW?2 imaging



Si
VLBI - imaging

6.7 GHz data & analysis Cluster Il - zoomed in view

Face-on Vi

Visr
(kms~1)
~170} EVN, 2004 JVN, 2006  } JVN, 2007
-180F + J +
° ‘@ B ©
-190} o + + 1)
—-200F + + @) _1
~170t JVN, 2008 % EVN, 2013 1 EVN, 2014
2
<
g -180} 1 0O T ©
[S]
& -190 o) L,
q _
-200} + 0 + ©
—170F EVN, 2015 1
-180F @ @ + 4 H +
R S - TP S S - I e @
-200F T EVN, 062020 f EVN, 10.2020
-100 —200 -100 -200 -100 -200
ARA (mas)

Michat Tomasz Durjasz Cep A HW2 imagi



VLBI - imaging
Cluster Il - zoomed in view
Face-on Vi

6.7 GHz data & analysis

5 4 6 1 78 9 2 3
1 ¥ T 1.0
® Vi < —1.4kms™?! e —0.5kms™!

Flux density (Jy)

Normalized flux densitv of the blue-shifted cloudlets

Michat Tomasz Durjasz Cep A HW2 imagi



AY (AU)

+  orbital velocity
= infall velocity
- total velocity

6.7 GHz data & analysis

-600

-400

=200

200

400

600

+  orbital velocity
= infall velocity
~  total velocity

—800 —600 —400 =200 0
AX(AU)

200 400 600 800

Michat Tomasz Durjasz

Single dish

VLBI - imagin

Cluster Il - zoomed in view
Face-on View

® Vig: —0.36 kms™!




Single dish
6.7 GHz data & analysis ALY = kg
’ Cluster Il - zoomed in view

Face-on View

_6ool = orbital velocity
= infall vlocity %)
_aool =~ total velocity Y )
200 © Vlsr: _036 kmS
= “/ i i . _1
i “ ® Orbital velocity: 3.8kms
3 \ I
3 \ / ;
e (0.85 of Keplerian)
400 -
Q
600
—800 —600 —400 =200 0 200 400 600 800
AX(AU) )
Vigr (kms™
e S —— |
_600} = orbital velocity
~ infall velocity %
_400] ~ total velocity
=200 /
5 !
g 0 ' *
5 \
< \
200
400 o
° y
600

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Michat Tomasz Durjasz



Single dish

VLBI - imaging

Cluster Il - zoomed in view
Face-on View

6.7 GHz data & analysis

Vise (kms ™)
-5 -4 -3 -2

—600} = orbital velocity

- infall velocity o %)
- = total velocity J _
® Vig: —0.36kms™
-200 /
e ® Orbital velocity: 3.8kms™!

20 (0.85 of Keplerian)
Infall velocity: 3.9kms™!

IS
3
S

[ ]

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Viee (kms™2)
3 2

“a o
_600} = orbital velocity
~ infall velocity
_100l ~ totalvelocity ©
-200
5 !
s 0 i *
5 |
< \
200 ’
400
L] )
600

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Michat Tomasz Durjasz Cep AHW?2 imagin,



Single dish

VLBI - imaging

Cluster Il - zoomed in view
Face-on View

6.7 GHz data & analysis

Vise (kms ™)
-3 -2

-5 -4 -1 0
—
_600f = orbital velocity ((b
- infall velocity
_aool = totalvelocity © S . )
-200 ’ © Vlsr- _036 kmS
= s’ : ® Orbital velocity: 3.8kms™!
3 \ /
K ! / a
0 (0.85 of Keplerian)
" e ® Infall velocity: 3.9kms™!
600
_500—600—400—20()“&‘))200 400 600 800 ° data: EDO48B, ESO?].C
v
Vise (kms ™)
-4 -3 -2 -1
| e e—em——
_60ol = orbital velocity
a0 - toalvoeny @ ?
=200 / - ’
g 0 ! *
5 ‘ i
200 \ //
400 :
0 v
600

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Michat Tomasz Durjasz Cep A HW2 imagi



Single dish

VLBI - imaging

Cluster Il - zoomed in view
Face-on View

6.7 GHz data & analysis

Vise (kms ™)
-3 -2

-5 —4 -1 0
_600f = orbital velocity ((b
- infall velocity
_aool = totalvelocity © S _
7 : ® Vig: —0.36 kms™!
=200 / .
= - ® Orbital velocity: 3.8kms™!
3 \ /
K ! / a
0 (0.85 of Keplerian)
" e ® Infall velocity: 3.9kms™!
600
800 —600 —400 —200 0 200 400 600 800 ° data: EDO48B ESO?].C
AX(AU) y )
Vise (kms ™)
-4 -3 -2 -1
T — -
_600l = orbital velocity ° Vlsr: —2.78kms 1
- infall veloci
_a00f =~ total velocitlyy e %
=200 / - ’
g 0 ! *
5 | i
200 . S
400 :
0 v
600

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Michat Tomasz Durjasz Cep AHW?2 imaging



- imaging

6.7 GHz data & analysis

Cluster Il - zoomed in view
Face-on View

Vise (kms ™)
-5 -4 -3 -2

—600} = orbital velocity

= infall velocity
_aool = totalvelocity © 5

® Vig: —0.36 kms™!
-200 / \
2 & ® Orbital velocity: 3.8kms™!
" a0 (0.85 of Keplerian)
400 o . . _1
ol e ® Infall velocity: 3.9kms
—800 —600 —400 —200 0 200 400 600 800 (] data: EDO48B ESO?]_C
AX(AU) ! by
Vige (kms™1)
4 -3 -2 -1
—— _
_600l = orbital velocity %) ° Vlsr: —2.78kms 1
+ infall velocity
_ - total velocity o . _
ooy = towlveloey B ® Orbital velocity: 4.7 kms™!
=200 .
s ) (~ Keplerian)
N 200
400
(4] .
600
—800 —600 —400 =200 0 200 400 600 800

AX(AU)

Michat Tomasz Durjasz Cep AHW?2 imaging



- imaging
Cluster Il - zoomed in view
Face-on View

6.7 GHz data & analysis

Vise (kms ™)
-5 -4 -3 -2

—600} = orbital velocity

= infall velocity
_aool = totalvelocity © 5

® Vi —0.36kms™!
-200 / N
2 { . & ® Orbital velocity: 3.8kms™!
" a0 (0.85 of Keplerian)
400 o . . _1
| ® Infall velocity: 3.9kms
—800 —600 —400 =200 0 200 400 600 800 [ data : EDO48B ESO?lC
AX(AU) ! by
Vigr (kms™1)
4 -3 —2 -1
—mm— _
_6ooL = orbital velocity %) ° Vlsr: —2.78 kms 1
~infall velocity
~toof = toulvelociy 8 ® Orbital velocity: 4.7kms™!
=200 .
s . (~ Keplerian)
" a0 ® Infall velocity: 2.0 kms™!
400
o 4
600
—800 —600 —400 =200 0 200 400 600 800

AX(AU)

Michat Tomasz Durjasz Cep AHW?2 imaging



- imaging

6.7 GHz data & analysis

Cluster Il - zoomed in view
Face-on View

Vise (kms ™)
-5 -4 -3 -2

—600} = orbital velocity

= infall velocity
_aool = totalvelocity © 5

! * Vi, —0.36kms™
0 & ® Orbital velocity: 3.8kms™!

oo (0.85 of Keplerian)

AY (AU)

:Z: Q@ ® Infall velocity: 3.9kms™
800 600 400 —200 0 200 400 600 800 ® data: EDO48B ESO?]_C
AX(AU) ! y
Vigr (kms™1)
-4 -3 -2 -1
e S —— | —_
_600l = orbital velocity %) ° Vlsr: —2.78 kmS 1
= infall velocity
onp - vty 8 ® Orbital velocity: 4.7 kms™!
s (~ Keplerian)
< o0 ' * :
" a0 ® Infall velocity: 2.0 kms™!
100 T ° .
" o data: Sanna et al. 2017 )

—800 —600 —400 =200 0 200 400 600 800
AX(AU)

Michat Tomasz Durjasz Cep AHW?2 imaging



imaging

6.7 GHz data & analysis

er Il - zoomed in view
Face-on View

—— = === === —

d_ust disc gas disc

Michat Tomasz Durjasz Cep AHW?2 imaging



Conclusions

® Qur observational results confirm an accretion-through-disc
scenario.

D

RESEARCH
UNIVERSITY

EXCELLENGE INTIATIVE

Michat Tomasz Durjasz Cep AHW?2 imaging



Conclusions

® Qur observational results confirm an accretion-through-disc
scenario.

® | ow-amplitude quasi-periodic emission is placed inside cluster
Il - near the edge of a dust disc.

D

RESEARCH
UNIVERSITY

EXCELLENGE INTIATIVE

Michat Tomasz Durjasz Cep AHW?2 imaging



Conclusions

® Qur observational results confirm an accretion-through-disc
scenario.

® | ow-amplitude quasi-periodic emission is placed inside cluster
Il - near the edge of a dust disc.

® Emission of the red-shifted cloudlets is most likely induced by

increased flux of the pumping photons due to an increase of a
dust temperature.

D

RESEARCH
UNIVERSITY

EXCELLENGE INTIATIVE

Michat Tomasz Durjasz Cep AHW?2 imaging



Conclusions

® Qur observational results confirm an accretion-through-disc
scenario.

® | ow-amplitude quasi-periodic emission is placed inside cluster
Il - near the edge of a dust disc.

® Emission of the red-shifted cloudlets is most likely induced by
increased flux of the pumping photons due to an increase of a
dust temperature.

This work was supported by the Centre of Excellence
in Astrophysics and Astrochemistry that is a part of
u,{,‘f,féé‘;‘,’i? Excellence Initiative - Research University at the NCU
‘ in Torun.

Michat Tomasz Durjasz Cep AHW?2 imaging



	Introduction
	CepAHW2 - a high mass protostar cluster

	6.7 GHz data & analysis
	Single dish
	VLBI - imaging
	Cluster II - zoomed in view
	Face-on View

	Conclusions

