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A short summary

See review Soker, N., 2016, New Astronomy Review 75, 1 
(arXiv:160502672):

“The jet feedback mechanism (JFM) in stars, galaxies and clusters (a review)”



I think that all core collapse supernovae 

are exploded by jets operating in a 

negative jet feedback mechanism  

A long summary

See review Soker, N., 2016, New Astronomy Review 75, 1 
(arXiv:160502672):

“The jet feedback mechanism (JFM) in stars, galaxies and clusters (a review)”



The formation of a magnetar would be 

accompanied by jets that carry more 

energy than the magnetar

A note

Soker, N. 2016, New Astronomy, 47, 88

(paper accepted to the Journal before is was accepted by astro-ph) 

Soker, N. 2017, accepted by the desk of the referee (arXiv:1612.01912)



Soker, N. 2017, accepted for publication by astro-ph

(arXiv:1702.03451) 

The two most promising scenarios to explode 

supernovae: 

Both operate in a negative feedback mechanism 

The jittering 

jets scenario

The fixed axis 

scenario 



Soker, N. 2017, accepted for publication by astro-ph (arXiv:1702.03451) 

The two most promising scenarios to explode supernovae



The Necklace planetary nebula (Form Romano Corradi et al. 2011):

A binary central star with P=1.16 days. 
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Clumpy ring



The Necklace planetary nebula (Form Romano Corradi et al. 2011):

A binary central star with P=1.16 days. 
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MyCn 18
Planetary nebula

An equatorial 

dense and 

clumpy ring

Necklace 

Planetary 

nebula

Inner ring in 

2004 (HST)

SN 1987A
Supernova remnant



Inner ring in 2004 

(HST)

Supernova 1987A evolution (Philipp Podsiadlowski et al.) 

and the rings (Soker et al.) require binary merger. 

The 3 rings in 1994  

(HST)



The Necklace 

planetary nebula
A binary central star 

with P=1.16 days

Inner ring in 2004

planetary nebulae

The 3 rings in 

1994 Eta Carinae



MyCn18 planetary nebula (Form Sahai et al and O’Connor et al.). 
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* The outer rings 

of 1987A and 

Eta Carinae were 

shaped by jets.

* Inner ring: 

Our proposal:

Such rings are formed in a 

synchronized systems 

(companion outside the 

envelope), but during a

Darwin unstable phase. 

A main sequence companion 

accretes mass and launches 

opposite jets (in some planetary 

nebulae and in symbiotic nebulae 

the companion is a WD)



* The outer rings 

of 1987A and 

Eta Carinae were 

shaped by jets.

* Inner ring: 



Instabilities in the plane will lead to 

the formation of clumps 

Full 3D simulations of jets.    

(Muhammad Akashi et al. , 2015, 

MNRAS, 453, 2115).



Instabilities in the plane will lead to 

the formation of clumps 



To take home:

Jets can be active before the explosion



Ears in 

Supernova remnants



Ears in 

A planetary nebulae

Ears 



Ears in 

planetary 

nebulae



Ears in 

Type Ia 

SNRs

G1.9+0.3 SNR

Planetary 

nebulae

Numerical simulations of a 

SN Inside a Planetary nebula 

(SNIP) 
(from Tsebrenko, D. & Soker, N. 2015) 



Kepler SNR:

~1Mo CSM

G299-2.9 SNR

Ears in Type Ia SNRs

G1.9+0.3 SNR



Jets might be common in  pre - SN Ia,                    
(Tsebrenko & Soker 2013, 2015a)

Planetary nebulae

SNIP: Supernovae Inside 

Planetary nebulae

Remnants of 

supernovae  Ia



Ears in 

Core collapse

supernova remnants

Grichener, A.  & Soker, N.  2017, arXiv:1610:09647

Bear, E. & Soker, N. 2017, arXiv:1611:07327



Crab Nebula

A neutron star  

with its jets

An ear 

Credit: NASA, ESA, J. Hester, A. Loll (ASU); 

Acknowledgement: Davide De Martin (Skyfactory)

Credit: NASA/CXC/ASU/J.Hester et al

http://www.nasa.gov/
http://hubble.esa.int/
http://sese.asu.edu/
http://www.skyfactory.org/


Ears 

Simeis 147
(V. V. Gvaramadze 2006)





Relative energy to 

inflate the ears   



To take home:
• About 40% core collapse supernova remnants 

have ears.

• The energy of the jets that inflated the ears is  

5-15 % of the explosion kinetic energy.  

Grichener, A.  & Soker, N.  2017, arXiv:1610:09647

Bear, E. & Soker, N. 2017, arXiv:1611:07327



Formation of Ears: I think they are formed by jets

The ears can be formed before the explosion.
This requires a binary companion. 

+ A bipolar circumstellar gas is seen in SN 1987A    

+ S147 had a massive binary companion
(e.g., Dincel et al. 2015).  

The ears can be formed during the explosion.
This might occur in the jet-feedback mechanism. In the last 

episode jets are launched after the core was exploded. 

These jets freely expand and form the ears.

+ Expected in the explosion mechanism.  

+ Can have 5-10% of the explosion energy. 

+ Same angular momentum spins-up the newly born neutron star.

The ears can be formed after the explosion.
+ We observe jets from the pulsar at the center (A note about magnetars). 

? Does the pulsar have 5-10% of the explosion energy released in jets?

(In 3C58 only ~1e49 erg in the pulsar.)   



Cassiopeia A
In blue: 44Ti

In Green: Si 

A possible explanation in the 

frame of the jittering  jets 

scenario.

• The 44Ti is formed at early 

times — first several jets. 

44Ti spreads sporadically in 

inner regions. 

• The last jets-launching 

episode did not collide with 

dense core gas, hence no 

44Ti is formed. These jets 

expand to large distances. 
(Grefenstette et al. 2014)



There are two scenarios within the jet 

feedback mechanism.

Soker, N. 2017, accepted for publication by astro-ph

(arxiv:1702.03451)

Final summary


