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JETS

A short summary

See review accepted for publication by astro-ph in May 2016: 

Soker, N., 2016, arXiv: 160502672



JFM

A very short summary

See review accepted for publication by astro-ph in May 2016: 

Soker, N., 2016, arXiv: 160502672



• Jets are unavoidable when the companion enters the 

common envelope. They are most likely to continue as the 

secondary star enters the envelop, and operate under a 

negative feedback mechanism

(the Jet Feedback Mechanism - JFM).

•

A full summary
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• Jets are unavoidable when the companion enters the 

common envelope. They are most likely to continue as the 

secondary star enters the envelop, and operate under a 

negative feedback mechanism

(the Jet Feedback Mechanism - JFM).

• When the jets mange to eject the envelope outside the orbit 

of the secondary star, the system avoids a common 

envelope evolution (CEE). 

This is the Grazing Envelope Evolution (GEE).

A full summary



Points to consider



(P1) The JFM (jet feedback mechanism) is a negative 

feedback cycle. 

But there is a positive ingredient ! 

In the common envelope evolution (CEE) more mass is 

removed from zones outside the orbit. This increases the 

angular momentum of the accreted mass, hence make the 

formation of an accretion disk more likely.  



(P2) The JFM operates in many other types of systems.

(a) Cooling flows in clusters of galaxies and in galaxies.

(b) During galaxy formation (AGN-JET feedback).

(c) Young stellar objects.

(d) Explosions of core collapse supernovae.

(e) The shaping of bipolar planetary nebulae and matter 

around some type Ia supernovae. [Binary]

(f) Supernova impostors, like Eta Carinae and SN 2009ip, and 

some other ILOTs (intermediate luminosity optical 

transients) (Kashi & Soker 2016). [Binary]

(g) Common envelope evolution. [Binary]

(h) Grazing Envelope Evolution (GEE).  [Binary]



Most controversial:  

(d) Explosions of core collapse supernovae is driven by jets, 

not by neutrinos. 

But this is strongly 

supported by my wife and three kids 







Planetary Nebula Hb 5:

High                                           Low        

resolution resolution

MS 0735.6+7421 A cluster of galaxies 

Shaping by jets 



Signatures in SNRs

First core collapse supernovae

Then Type Ia. 



A neutron star 

with its jets

Ears 3C58
Credit: NASA/CXC/SAO/P.Slane et al.



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)



Ears in 

planetary 

nebulae



Kepler SNR:

~1Mo CSM

G299-2.9 SNR

Ears in Type Ia SNRs

G1.9+0.3 SNR

SNIP: SN inside a planetary nebula



Simulations of jets by 

Danny Tsebrenko

JETS !?
SNIP



(P3) Super energetic supernovae, E>2e51 ergs, are power 

by jets. 

Very popular is to assume a magnetar (rapidly spinning 

magnetic neutron star). 

But the formation of a magnetar is very-very likely to be 

accompanied by energetic jets !!!



(P3) Super energetic supernovae, E>2e51 ergs, are power 

by jets. 

Very popular is to assume a magnetar (rapidly spinning 

magnetic neutron star). 

But the formation of a magnetar is very-very likely to be 

accompanied by energetic jets !!!

Soker 2016, New Astronomy; 

paper was accepted to New Astronomy in less time 

than it was accepted by astro-ph.

In the arXiv they were looking to what category it 

belongs. It belongs to a new category they should 

add: “all of the above”.  
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(P4a) In the GEE the spiraling-in process is slower than in 

the CEE because the outer envelope is removed. 

(P4b) In some cases the final orbital separation might be 

very large (about 1AU). 

(P4c) Removal of mass by jets near periastron might 

increase eccentricity (as suggest for the Great Eruption of 

Eta Carinae; Kashi, A. & Soker, N. 2010, ApJ, 723, 602). 

Red Giant 

primary star

Jets



(P4c) Eta Carinae: 

Orbital period: 5.54 years

Eccentricity:  0.9-0.95 

M1~160 Mo    ;   M2~50-80Mo



The Necklace 

planetary nebula
A binary central star 

with P=1.16 days

planetary nebulae

The 3 rings in 1994 Eta Carinae

SN 1987A:

Inner ring in 2004



MyCn18 planetary nebula (Form Sahai et al and O’Connor et al.). 

JET

JET



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

A binary central star with P=1.16 days. 

JET

JET

Broken ring



* 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)



(P5) In triple stellar systems the orbital planes might 

be inclined to each other. 

In those cases the jets 

launched by a tight binary 

system orbiting the giant 

star or inside its envelope,

can be inclined to the 

orbital plane around the 

giant star. 

A messy morphology 

might be formed (Soker 2016; 

Bear & Soker 2016 - a very  

good paper). 

A planetary 

nebula

(HST site)



(P6) 

In the CEE we must use the gravitational energy of 

the orbital energy. 

In the GEE the gravitational energy of the orbit might  

or might not play a significant role. 



(P7) I think recombination energy does not work !

Extra energy source might be needed in some cases. 
Recombination energy is radiated away. 

Photon diffusion time:

Expansion time: ,

where                                 .

We find  
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(P8) First results of 3D simulations of the GEE without 

spiraling-in in the paper 

Shiber, S., Kashi, A., & Soker, N. 2016

accepted for publication by arXiv (arXiv:1607.00839) 
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Density map of the GEE (PhD project of Sagiv Shiber: See his 

poster ). Gravity of secondary star and self-gravity of the envelope are not 

included yet. No spiraling-in in the next 3 slides. 

Secondary 

star

Equatorial 

plane

Low 

density-hot 

bubbles



Density map of the GEE

Secondary 

star

Low density 

and hot 

bubbles

Temperature map



Secondary 

star

Low density 

bubbles 

dragged behind 

the secondary 

star .

Density map + velocity arrows in the 

equatorial plane  (Sagiv Shiber) 



In a paper in preparation, Sagiv Shiber has new results of 

3D simulations – see his poster. 

The gravity of the secondary is not included yet, and 

neither the self-gravity of he envelope. We want to see the 

pure effects of jets. 

The secondary star spirals-in:

Here is a movie with spiraling-in.

GEE_ref6.mp4

