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How does the “FEEDBACK” of a massive star affect the
birth envoirenment?

Science

° 1 ? . . . ?
Que stions What is protostellar feedback? Why it is important?

protostellar feedback vs. main sequence feedback?
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) /
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.
Clumpy Cold Collapsing Hot Molecular Hyper Compact Ultra Compact Hll region
Molecular Cloud Core Core & Outflow Hll Region Hll Region
Protostellar feedback phase Main-sequence feedback phase

Credit: C. Purcell & A. Ginsburg
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Orion Nebula - WISE image

Orion Nebula

Closest massive star-
forming region (most
detailed structures)

Orion Veil + a
protruding structure
(green solid lines)
appear at the north-
west of the Veil Shell.
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Orion Nebula - WISE image

Orion Veil

Veil shell is mainly
driven by stellar
winds from 0! Ori C
(Pabst et al. 2019).

A protruding
structure (green solid
lines) appear at the

north-west of the
Veil Shell.
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Fossil Outflows from 6' Ori C (Kavak et al. 2022a)
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The velocity-resolved
SOFIA [CII] observations
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“ 120 [CII] PV diagrams
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|CII] 158 micron PV diagram movie

1

20.0 -
10.0
0.0 -~
-10.0 H
-20.0 A

1

0.0

10.0 20.0 30.0 40.0
Offset [arcmin]|

10.0 20.0 30.0 40.0
Offset [arcmin]

Iieraern opservduory

50.0

10.0

7.5

5.0

7;11b [ KJ

Tmb [K]




Dec (J2000)

10:00.0

-5:30:00.0 20:00.0

50:00.0 40:00.0

|CII] 158 micron PV diagram movie

1 1

30.0 40.0

1 arcmin|

37:00.0 300 36:00.0 30.0 5:35:00.0 300 34000 30.0 33000
RA (J2000) 30.0 40.0

Iieraern opservduory

50.0

10.0

7.5

5.0

7;11b [ KJ

Tmb [K]




Active outflows from B and A-type stars (Kavak et al., 2022-b)

10%

— Orion’s protrusion ' ! . [CII] 158 micron spectra
A (~350 M,,,, km/s) . ., | toward d(_ents
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Z;iﬁeettzllf/ 22%1252a - Orion Veil has a momentum of 20,000 M,,, km/s (Pabst et al., 2019)

Kavak et al., 2022b
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NGC 7538

SOFIA FEEDBACK

Legacy Program
(PIs: A. G. G. M. Tielens
N. Schneider)

Eleven Massive star-forming
regions from SOFIA Observatory

Stellar winds from IRS-6
created expanding
bubble(s) in NGC 7538

(Beuther+22)
Red contours are SOFIA [OI] 63 micron
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NGC 7538

SOFIA FEEDBACK

Legacy Program
(PIs: A. G. G. M. Tielens
N. Schneider)

Eleven Massive star-forming
regions from SOFIA Observatory

Red contours are SOFIA [OI] 63 micron
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NGC 7538

36:00.0

SOFIA FEEDBACK

Legacy Program
(PIs: A. G. G. M. Tielens
N. Schneider)

Eleven Massive star-forming
regions from SOFIA Observatory
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Red contours are SOFIA [OI] 63 micron observations

leiden observatory radiative and mechanical feedback massive stars — umit kavak



NGC 7538
Spitzer 8 micron

SOFIA [Cll] 158 micron
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SOFIA FEEDBACK

Legacy Program
(PIs: A. G. G. M. Tielens
N. Schneider)

Eleven Massive star-forming
regions from SOFIA Observatory

A dent inside
NGC7538 created by
IRS-1’s outflow (3.6 pc
proposed by
Sandell+20)
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SOFIA FEEDBACK

Legacy Program
(PIs: A. G. G. M. Tielens
N. Schneider)

Eleven Massive star-forming
regions from SOFIA Observatory

Breakage points in
NGC 7538

+
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Take home
messages

Special thanks
- C+ SQUAD,

FEEDBACK, and upGREAT
Teams

- LOC/SOC for organizing this
meeting

leiden observatory

The momentum deposited into the Veil shell: ~15%
through prestellar feedback + 85% through main-
sequence feedback.

During the prestellar phase, the outflow of 6' Ori C
carved the northwestern portion of the Orion Nebula.
After stellar winds from 6" Ori C began to drive the
expansion of the Veil shell, less massive stars made the
Veil shell porous with their outflows.

NGC 7538 has one large expanding shell as well as two
additional cavities (one due to pre-existing
conditions and one caused by stellar activity). NGC
7538 leaks UV photons from multiple breakages.

The velocity-resolved SOFIA [CII] line observations
provide a unique view of the protostellar and main
sequence feedback in the ISM. Waiting for GUSTO!

radiative and mechanical feedback massive stars — umit kavak



76 FIND WATER ON THE
MOON TOGETE
y N + .

E-book
Paper book




[w] st [m]

Let's ﬁnd water on the moon together: A Journey that & D
will end in the moon's shadowy valleys Paperback - Large

Print, April 16, 2024
-

Dy Umit Kavak (Author)

N\ in Solar System See all formats and editions

amazon

E-book
Paper book




7 Paperback
i Usually sfips within 4 tO\5 days
4 Sent frg

BN | ct's find water on the moon together: A Journey that will end in the

moon's shadowy valleys
by Umit Kavak

: Paragon OS
There arQpo gift optiong/available. More information

Number: 1 v To delete Save for later To share

Subtotal (1 item): €51.99

E-book
Paper book




u.uJISOFIA cLD.u.Lll A ch chuJI o ke LgJa.l Sull bwli J1c
N daga lc dnala apai clpnall i deddilly (gaai Stllg
dllag cubLit gaijnll lgedgn go yodll Ll yugialls
clholl pnall abhuw ani aililinll aloll :1fio LaLdial Luli
ol jgil

Amazon doesn’t support Arabic
language, so check

Nlulu

The book 1s available in English &
Arabic
&
will be in Dutch, German, Turkish,
French, Spanish, Swedish,
Estonian, Latvian, Italian, and
mote.

SR &\3\\“ NED

/



Take home
messages

Find the Amazon link by scanning me!
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The momentum deposited into the Veil shell: ~15%
through prestellar feedback + 85% through main-
sequence feedback.

During the prestellar phase, the outflow of 6' Ori C
carved the northwestern portion of the Orion Nebula.
After stellar winds from 6" Ori C began to drive the
expansion of the Veil shell, less massive stars made the
Veil shell porous with their outflows.

NGC 7538 has one large expanding shell as well as two
additional cavities (one due to pre-existing
conditions and one caused by stellar activity). NGC
7538 leaks UV photons from multiple breakages.

The velocity-resolved SOFIA [CII] line observations
provide a unique view of the protostellar and main
sequence feedback in the ISM. Waiting for GUSTO!
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The momentum
deposited by fossil

outflows is 5% of the
momentum that Vvell

shell has.

leiden observatory

Table 1. Comparison of the masses and energetics of the protrusion with
the Veil shell.

Veil shell®  Protrusion

Size (pc) 2.7 1.3®
Thickness (pc) 0.5 0.1
Density (x10° cm™3) 1-10 0.1-1
Eyin (1046 gg) 2;50 7
Momentum (Mg km s~1) 20000 360-540
Expansion velocity (km s 1) 13 12
Mass of neutral gas (M) 1500 3045

Notes. @From Pabst et al. (2020). @The protrusion size is measured
from the wall of the Veil shell to the outer shell in the northwestern
direction.
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VLSR [km S_l]
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Bubbles in NGC 7538

Bubbles from Beuther+22
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- See Kavak et al. 2022a, b for the method to produce the maps
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Dec (J2000)

Comparison of the Orion Nebula and NGC 7538
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Dents in the

Velil shell
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USRA NGNS
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The velocity-resolved [CII] line observations from

SOFIA provide unique view to study protostellar
feedback.
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Comparison of [CII],
2CO and 3CO

Background image is
Spitzer 8 micron map
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Fig. B.4. High-velocity CO emission. Left: Red- and blue-shifted lobes of suspected fossil OMC-1 outflow on a WISE image, including CO
emission (red; Bally et al., in prep.). Right: Red-shifted lobe of suspected fossil OMC-1 outflow on [C1I] (blue emission) and '>CO emission (red
emission). In both panels, CO emission is integrated between +10 and +13 km s~!.
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OutﬂOWS on SII Image e o : Suspected fossil OMC1outﬂow’

blue-shifted lobe
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Trapezium Stars
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Stellar winds?

If the protrusionis driven

by stellar winds of@’ Ori
C, the protrusion itself

should expand like the Veil
shell

The protrusion has a

lifetime of 1.6 X 10° years
due to photo-ablation
from the inner surface of
the protrusion.

Driving mechanism?

Outflow-T1

Outflow-2

Outflow-3
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Obstacles and Driving mechanism?
blow-out of the S S
Veil shell?

Least resistance toward
the northwest?
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Both the expansion of
the protrusion and the
bipolar jet-like
structures seen toward
the Veil shell are
difficult to reconcile
with this scenario.
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lonizing source?

The number of
ionizing indicates an
O-type star.

The honor goes to
Trapezium cluster,
especially

USRA NGNS

Driving star?

R

_6] = 4.197x 10" X Iy,
pc cm

Niye = AXEMx2.6%x1075

ons 5
A% 10%)PR°
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The momentum
deposited by fossil

outflows is 5% of the
momentum that Vvell

shell has.

USRA

Table 1. Comparison of the masses and energetics of the protrusion with
the Veil shell.

Veil shell®  Protrusion

Size (pc) 2.7 1.3®
Thickness (pc) 0.5 0.1
Density (x10° cm™3) 1-10 0.1-1
Eyin (1046 gg) 2;50 7
Momentum (Mg km s~1) 20000 360-540
Expansion velocity (km s 1) 13 12
Mass of neutral gas (M) 1500 3045

Notes. @From Pabst et al. (2020). @The protrusion size is measured
from the wall of the Veil shell to the outer shell in the northwestern
direction.
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Orion Veil shell has
been assumed to be a
close, expending shell!

What are these
structures in the Veil

shell?
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