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Importance of ccSupernovae 

Mechanical and 
radiative feedback 

Chemical 
enrichment 

Cosmic rays, 
neutrinos 

Neutron stars,  
black holes, 

gravitational wave 
sources 

Evolution of 
massive stars and 

their explosion "Artist's impression of  
supernova 1993J" by NASA, 
ESA, and G. Bacon (STScI)  



Most young massive stars are 
found in binaries… 

Credits: (ESO) Calçada, Kornmesser, De Mink 



How binarity affects ccSNe? 

•  When do they explode?   

Credits: (ESO) Calçada, Kornmesser, De Mink e.g.  Podsiadlowski+ ’92,  De Donder+Vanbeveren’03, Eldridge+‘04,’07,’08, Izzard+’04 

•  What is the evolution of  
their progenitors?   

•  What companion do they 
have at explosion? 



Why population synthesis? 

 Upcoming/Existing Automated Transient Surveys 
  

Binary_c: a rapid stellar evolutionary code  
(Izzard+’04,’06,’09, Hurley+ ’00,’02, de Mink+ ’13,Schneider+ ‘15)  

 



How robust are our predictions? 

Uncertainties/ 
Parameters 

Mass transfer efficiency 

β 

Common envelope efficiency 

αCE 

Initial mass function 

Mass ratio, period 
distributions 

Wind efficiency 

Metallicity Binary fraction 
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Time after starburst (Myr) 

When do ccSNe explode? 
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Zapartas+2017a 



Time after starburst (Myr) 

Last 
massive 
star dies: 
~ 48 Myr 

First 
massive 
star dies 
~3 Myr 

Zapartas+2017a birth 
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Time after starburst (Myr) 
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Including binaries 

Zapartas+2017a 



Time after starburst (Myr) 

Including binaries 

Some are late:  ~7-24% 
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Time after starburst (Myr) 

Including binaries 

Some are late:  ~7-24% 
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Example 

Zapartas+2017a De Donder+Vanbeveren’03,’98, Xiao+Eldridge’15 



e.g.  Mourard+’15 
       Schootemeijer+(in prep.)  
       Pols ’07 
       Vanbeveren+’98 

  

Credit: Bill Pounds 

Progenitor? 

e.g.Portegies Zwart+Yungelson ’99 
    Tauris+Sennels’00 
     Davies+Ritter+King’02 
     Kalogera+’05 
     Church+’06  

PSR B2303+46       
PSR J1141-6545 

Pulsar 

Possible observational signature 
of  late ccSNe 

φ Persei 

Descendant? 

WD 
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   Mix? 

SNe Ia 

Maoz+Badenes’10   

Totani+’08, Maoz+’10   

Leitherer+’99, Schaller+92   
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Time after starburst (Myr) 

Possible observational signature 
of  late ccSNe 

Zapartas+2017a 



How binaries affect ccSNe? 

•  When do they explode?   
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Companions of  
 stripped ccSNe 



Types of  supernovae 



Types of  supernovae 



Types of  supernovae 

Stripping
(mass?) 



Companion search 
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(a) 2003 F475W
SN 2002ap
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(d) 2016 F336W
SN 2002ap

Zapartas+2017b, VanDyk+2016 

e.g. Maund+ ’04,15, Fox+ ‘14, Follateli+ ’14, Ryder+ ’06, Van Dyk+ 16, Kochanek+ ‘17 



Companions of  
 stripped ccSNe 

Zapartas+2017b 



How binaries affect ccSNe? 

•  When do they explode?   

Credits: (ESO) Calçada, Kornmesser, De Mink e.g.  Podsiadlowski+ ’92,  De Donder+Vanbeveren’03, Eldridge+‘04,’07,’08, Izzard+’04 

•  What is the evolution of  
their progenitors?   

•  What companion do they 
have at explosion? 



Types of  supernovae 



Progenitor evolution of  
 SN type II 



Progenitor evolution of  
 SN type II 

Zapartas+ (in prep.) 

No 
interaction 



Progenitor evolution of  
 SN type II 

Zapartas+ (in prep.) 

No 
interaction 

Accreted mass 
Mergers 



Take home message 

�  Binaries affect: 
�  which stars explode in ccSNe and when 
�  their evolution prior to explosion (and if  they have a 

possibly companion at explosion) 
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�  which stars explode in ccSNe and when 
�  their evolution prior to explosion (and if  they have a 

possibly companion at explosion) 

 

Thank you! 


