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Conclusions

1) The outflows of massive protostars can influence the morphology of the future HII region and even 
cause breakages in the ionization front.

2) The interaction of stellar winds of main-sequence stars with the molecular core pre-processed by 
the protostellar jet is important.

This WISE image depicts the Orion Nebula, the 
suspected red- and blue-shifted outflow lobes of 

Trapezium stars, and Trapezium stars.

Context & Aim

Observations Results

SOFIA [CII] 158 µm observation to study 
kinematics and morphology from SOFIA C+ 

SQUAD Large Program (PI: A. G. G. M. 
Tielens): 16 arcsec and 0.3 km/s

Spitzer 8 µm to trace polycyclic aromatic 
hydrocarbons (PAH) emission within PDRs: 

1.9 arcsec resolution.

12CO J = 2-1 at 230.5 GHz and 
13CO J = 2-1 at 220.4 GHz 
observation of IRAM 30m 

telescope from Large Program 
“Dynamic and Radiative 

Feedback of Massive Stars” 
(PI: J. R. Goicoechea) to trace 

molecular content of the 
protrusion: 11 arcsec and 0.4 km/s

Herschel PACS (70, 100, and 160 
µm) and SPIRE (250 and 350 µm) 

observations to trace dust 
emission.

[CII] PV diagram along cut 23 in Figure 1

Trapezium 
Stars

The role of stellar feedback in the self-regulation 
of star formation is a fundamental question in 
astrophysics. The Orion Nebula is the nearest 

(d ~ 414 pc) massive star-forming region that is 
unique laboratory to study various feedback 

mechanisms. 

Recent SOFIA [CII] 158 µm observations have 
revealed an expanding bubble, the Veil shell, 

that is powered by stellar winds. We have 
identified a protrusion-like substructure in the 

northwestern portion of the Orion Veil shell that 
may indicate additional, highly directional 

feedback mechanisms.

Our goal is to investigate the origin of the 
protrusion by quantifying its possible driving

mechanisms.

Veil’s Protrusion

Figure 1: Three-color image of the protrusion

The protrusion, which appears as a half-elliptical 
cap on the Veil, expands at a velocity of 12 

km/s with a radius of 1.3 pc.

The mass of the [CII] emitting shell is 45 M☉. 
The momentum of the protrusion is 540 M☉
km/s indicating an O-type star as a source 

of outflow.

Please scan the QR 
code to read our 
findings in detail!
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Using velocity-resolved SOFIA [CII] observations, we focus on 
specific substructures (orange + red dashed lines) to the 
northwest of the Veil. The position-velocity (PV) diagrams 

indicate an expanding shell, which we refer to as a protrusion.

This protrusion is clearly seen in [CII], Spitzer 8 µm, and 
Herschel dust emission maps, but not in CO observations, 

implying a thin, expanding shell like the Veil shell. 

To identify the driving mechanism of the protrusion, we 
calculated its momentum and kinetic energy.
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We propose that the protrusion is a pre-
existing cavity and is formed by extinct or 

previously active Trapezium star outflows, in 
other words, fossil outflows.

We also show that the fossil outflow
activity could cause breaks in the ionization 

front of Orion’s Veil.

If the protrusion is formed by a bipolar fossil 
outflow, the southeastern cavity carved by the 

red-shifted lobe of the fossil outflow.
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[CII] and 12CO J = 2-1 Spectral Line Profiles at twelve positions in Figure 1
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Using velocity-resolved SOFIA [CII] observations, we focus on 
specific substructures (orange + red dashed lines) to the 
northwest of the Veil. The position-velocity (PV) diagrams 

indicate an expanding shell, which we refer to as a protrusion.

This protrusion is clearly seen in [CII], Spitzer 8 µm, and 
Herschel dust emission maps, but not in CO observations, 

implying a thin, expanding shell like the Veil shell. 

To identify the driving mechanism of the protrusion, we 
calculated its momentum and kinetic energy.
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Using velocity-resolved SOFIA [CII] observations, we focus on 
specific substructures (orange + red dashed lines) to the 
northwest of the Veil. The position-velocity (PV) diagrams 

indicate an expanding shell, which we refer to as a protrusion.

This protrusion is clearly seen in [CII], Spitzer 8 µm, and 
Herschel dust emission maps, but not in CO observations, 

implying a thin, expanding shell like the Veil shell. 

To identify the driving mechanism of the protrusion, we 
calculated its momentum and kinetic energy.

[CII] 158 µm
1.5 pc

12CO J = 2-1 Spitzer 8 µm PACS 70 µm

0

5

10

15

20
1 2 3 4 5 6

°5 0 5 10 15
VLSR [km s°1]

0

5

10

15

20

T
m

b
[K

]

7

[CII] 158 µm
12CO (2-1)

°5 0 5 10 15

8

°5 0 5 10 15

9

°5 0 5 10 15

10

°5 0 5 10 15

11

°5 0 5 10 15

12

We propose that the protrusion is a pre-
existing cavity and is formed by extinct or 

previously active Trapezium star outflows, in 
other words, fossil outflows.

We also show that the fossil outflow
activity could cause breaks in the ionization 

front of Orion’s Veil.

If the protrusion is formed by a bipolar fossil 
outflow, the southeastern cavity carved by the 

red-shifted lobe of the fossil outflow.

Red-shifted lobe

Outflow - 1

Outflow - 2

Outflow - 3

Blue-shifted 
lobes

[CII] and 12CO J = 2-1 Spectral Line Profiles at twelve positions in Figure 1

Breaking Orion's Veil with fossil outflows
U. Kavak1,2,3,4, J. R. Goicoechea5, C. H. M. Pabst4,5, J. Bally6, F. F. S. van der Tak3,2, and A. G. G. M. Tielens4

contact: ukavak@sofia.usra.edu
1SOFIA Science Center, USRA, NASA Ames Research Center, M.S. N232-12, Moffett Field, CA 94035, USA

2Kapteyn Astronomical Institute, University of Groningen, Groningen, The Netherlands
3SRON Netherlands Institute for Space Research, Groningen, The Netherlands

4Leiden Observatory, Leiden University, PO Box 9513, NL-2300RA, Leiden, the Netherlands
5Instituto de Física Fundamental, CSIC, Calle Serrano 121-123, 28006 Madrid, Spain

6Department of Astrophysical and Planetary Sciences, University of Colorado, Boulder, Colorado 80389, USA

Conclusions

1) The outflows of massive protostars can influence the morphology of the future HII region and even 
cause breakages in the ionization front.

2) The interaction of stellar winds of main-sequence stars with the molecular core pre-processed by 
the protostellar jet is important.

This WISE image depicts the Orion Nebula, the 
suspected red- and blue-shifted outflow lobes of 

Trapezium stars, and Trapezium stars.

Context & Aim

Observations Results

SOFIA [CII] 158 µm observation to study 
kinematics and morphology from SOFIA C+ 

SQUAD Large Program (PI: A. G. G. M. 
Tielens): 16 arcsec and 0.3 km/s

Spitzer 8 µm to trace polycyclic aromatic 
hydrocarbons (PAH) emission within PDRs: 

1.9 arcsec resolution.

12CO J = 2-1 at 230.5 GHz and 
13CO J = 2-1 at 220.4 GHz 
observation of IRAM 30m 

telescope from Large Program 
“Dynamic and Radiative 

Feedback of Massive Stars” 
(PI: J. R. Goicoechea) to trace 

molecular content of the 
protrusion: 11 arcsec and 0.4 km/s

Herschel PACS (70, 100, and 160 
µm) and SPIRE (250 and 350 µm) 

observations to trace dust 
emission.

[CII] PV diagram along cut 23 in Figure 1

Trapezium 
Stars

The role of stellar feedback in the self-regulation 
of star formation is a fundamental question in 
astrophysics. The Orion Nebula is the nearest 

(d ~ 414 pc) massive star-forming region that is 
unique laboratory to study various feedback 

mechanisms. 

Recent SOFIA [CII] 158 µm observations have 
revealed an expanding bubble, the Veil shell, 

that is powered by stellar winds. We have 
identified a protrusion-like substructure in the 

northwestern portion of the Orion Veil shell that 
may indicate additional, highly directional 

feedback mechanisms.

Our goal is to investigate the origin of the 
protrusion by quantifying its possible driving

mechanisms.

Veil’s Protrusion

Figure 1: Three-color image of the protrusion

The protrusion, which appears as a half-elliptical 
cap on the Veil, expands at a velocity of 12 

km/s with a radius of 1.3 pc.

The mass of the [CII] emitting shell is 45 M☉. 
The momentum of the protrusion is 540 M☉
km/s indicating an O-type star as a source 

of outflow.

Please scan the QR 
code to read our 
findings in detail!

SO
FI

A
 [C

II]
 o

bs
er

va
tio

n 
at

 1
58

 µ
m

 

Using velocity-resolved SOFIA [CII] observations, we focus on 
specific substructures (orange + red dashed lines) to the 
northwest of the Veil. The position-velocity (PV) diagrams 

indicate an expanding shell, which we refer to as a protrusion.

This protrusion is clearly seen in [CII], Spitzer 8 µm, and 
Herschel dust emission maps, but not in CO observations, 

implying a thin, expanding shell like the Veil shell. 

To identify the driving mechanism of the protrusion, we 
calculated its momentum and kinetic energy.
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Using velocity-resolved SOFIA [CII] observations, we focus on 
specific substructures (orange + red dashed lines) to the 
northwest of the Veil. The position-velocity (PV) diagrams 

indicate an expanding shell, which we refer to as a protrusion.

This protrusion is clearly seen in [CII], Spitzer 8 µm, and 
Herschel dust emission maps, but not in CO observations, 

implying a thin, expanding shell like the Veil shell. 

To identify the driving mechanism of the protrusion, we 
calculated its momentum and kinetic energy.

[CII] 158 µm
1.5 pc

12CO J = 2-1 Spitzer 8 µm PACS 70 µm

0

5

10

15

20
1 2 3 4 5 6

°5 0 5 10 15
VLSR [km s°1]

0

5

10

15

20

T
m

b
[K

]

7

[CII] 158 µm
12CO (2-1)

°5 0 5 10 15

8

°5 0 5 10 15

9

°5 0 5 10 15

10

°5 0 5 10 15

11

°5 0 5 10 15

12

We propose that the protrusion is a pre-
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other words, fossil outflows.
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