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P rogenitors  of  ccS Ne:

Mas s ive s tars  (> 8 Mo)

Credits :  J ohndoop

e. g.   Heger+2 003 ,  Maeder+Meynet2 0 0 0 ,  Georgy+2 009 ,  Langer2 01 2 ,  Groh+2 01 3



Mos t young mas s ive s tars  are 
found in binaries …

Credits :  (E S O) Calçada,  
K ornm es s er,  De Mink

…and will probably interact
(Mason+2009, S ana+E vans2012, S ana+2012, Kiminki+Kobulnicky+2012, Moe+2017)
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Type I Ib,  Ib/ c:  s tr ipping
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core core

(e. g.  Kippenhahn+Weigert 1967;  
P odsiadlowski+1992;  Nomoto+1996 ;  
Kobulnicky+Fryer 2007;  S mith+2011;  
E ldridge+2013)
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(see P odsiadlowski+1992;  De 
Donder + Vanbeveren 2003 ;  
S martt +2009;  Vanbeveren + 
2013 ;  Justham + 2014 ;  
E ldridge+2008, 2011, 2018, 
Xiao+2019, Eldridge+2018 )
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type I I :  merging or  mas s  gaining
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(see P odsiadlowski+1992;  De 
Donder + Vanbeveren 2003 ;  
S martt +2009;  Vanbeveren + 
2013 ;  Justham + 2014 ;  
E ldridge+2008, 2011, 2018, 
Xiao+2019, Eldridge+2018 )
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Population s ynthes is
B inar y_c:  a rapid binar y population s ynthes is  code 

(I zzard+’04 , ’0 6 , ’0 9 ,  Hur ley+ ’0 0 , ’0 2 ,  de Mink+ ’1 3 , S chneider+ ‘ 1 5 )

evolution
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Population s ynthes is  for type I I  S Ne



Zapartas+2019
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Population s ynthes is  for type I I  S Ne

(see e. g.  E ldridge+2011,
R enzo+2018)
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6 M
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Zapartas+2017a,   see also De-Donder+Vanbeveren2003
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How would they look like?



S N 1 9 8 7 A

e.g. ,  Pods iadlows ki+1 9 9 0 ;  Pods iadlows ki1 9 9 2 ;  Menon+Heger2 0 1 7 ,  Urus hibata+2 0 1 8
(although s ee e. g. ,  S aio+1 9 8 8 ,  Weis s +1 9 8 8 ,  Langer+1 9 8 9 )



Menon+2 0 1 7



Menon+2 0 1 9



a fraction of  LB Vs  are pos s ibly mergers

Jus tham+2 0 1 4



Jus tham+2 0 1 4 ,  s ee als o S mith+2 0 1 5  

a  fraction of  LB Vs  are pos s ibly mergers
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5 M

Zapartas+2017a,   see also De-Donder+Vanbeveren2003
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Divers ity of  type I I  S Ne?



(see also S martt+2009,
Li+2011, 

S hivvers+2016)

Divers ity of  type I I  S Ne?
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E ldridge+2018

Divers ity of  type I I  S Ne?



Time after starburst (Myr)

Delay-time dis tribution
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Zapartas+2017a



Older s urrounding population
a) Late core-collaps e S Ne (e. g. ,  De Donder+Vabeveren2 0 0 3 ,  Zapar tas +2 0 1 7 a)

b) E jected s tars (e. g. ,  E ldridge+2 0 1 1 ,  Renzo+2 0 1 8 )

Obs er vations :
e.g. , Murphy+2011, Williams+2014,  
Jennings+2014,  Maund2017, Diaz-
R odriguez+2018, Auchettl+2018

s tar-for m ing region

B inar y 
progenitors  of  

Type I I  S N



Higher core mas s es  
than expected

S ingle-s tar progenitors

Zapartas +(to be s ubm .)
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Zapartas +(to be s ubm .)
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S ingle-s tar progenitors

Zapartas +(to be s ubm .)
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Zapartas +(to be s ubm .)



Zapartas +(to be s ubm .)
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Zapartas +(to be s ubm .)

mas s  
gaining

merging

5 M 6 M



“ R S G problem ”

Zapartas +(to be s ubm .)

C redits :  
S martt+2 009 ,  
S martt 2 015



B inaries  s eem to NOT  help at s olving the 
“ R S G problem ”

Zapartas +(to be s ubm .)



Take away mes s age

B inar y merger s  are common as  type I I  S N  progenitor s

B inar y merger  channels  are diver s e 

We s hould take them into account as  a pos s ibi l i ty
when infer r ing the progenitor  proper ties

B inar y merger s  may lead to ver y interes ting events  
but may als o be hidden in “ nor mal”  events



B ackup s lides



Zapar tas et al.  
(to be s ubm.)



Zapar tas et al.  
(2 0 1 9 )



Zapar tas et al.  (2 0 1 7 b. )
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Group C:
1 ) S tipped primaries
2 ) S tripped s econdaries
3 ) Revers e mergers

Not s o mas s ive,
s tripping due to
binar y mas s  trans fer.

Group W:
1 ) S ingle s tars  
2 )  Forward mergers
3 ) Dis rupted s ys tems

Mas s ive,  winds

Zapar tas et al.  (2 0 1 7 b. )
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Credit:  B ill P ounds

e.g. S parks +S techer ‘ 7 4
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Channels  for late ccS Ne (1 5 % )
from inter mediate-mas s  binaries
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Maoz+B adenes ’1 0

T otani+’08 ,  Maoz+’10

L eitherer+’9 9 ,  S chal ler+9 2
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Time after starburst (Myr)

Pos s ible obs er vational s ignature
of  late ccS Ne

Zapar tas + ‘ 1 7



Failed S Ne



Wind efficiency



IMF efficiency



Mmin,ccS N



Companion s earch for 
S N2 0 0 2 ap

Zapar tas et al.  (2 0 1 7 b. )



Upper limit on a pos s ible 
(main-s equence) companion



Upper limit on a pos s ible 
(main-s equence) companion

P os s ible MS  Mcomp < 8 -1 0  Ms un

R uled out

Zapar tas et al.  (2 0 1 7 b. )



C ompanions of
s tripped ccS Ne

e.g.  Maund+ ’ 0 4 ,1 5 ,  Fox+ ‘ 1 4 ,  Follateli+ ’ 1 4 ,  R yder+ ’ 0 6 ,  Van Dyk+ 1 6 ,  Kochanek+ ‘ 1 7 Zapar tas et al.  (2 0 1 7 b. )



Zapar tas et al.  (2 0 1 7 b. )



Renzo et al.  (2 0 1 8 )
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P rogenitors  of  late ccS Ne
S hallower core mas s  dis tribution

Zapartas +(to be s ubm .)
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