&l ma - m | | Bin
NIVERSITEIT VAN AMSTERDA M| ANTON PANNEKOEK R Cosmos
o I B T 2 . INSTITUTE N

Impactof blnarlty on
cor'_ ».»,_ollapse supernovae
. '

wE_ (Manos) Zapartas
'gyk‘ R - ; _

| (Som'e- of 'the) ,col_l.aborators;

. S.E. de Mink, R.G. Izzard, S.-C. Yoon, C. Badenes, S. van Dyk, O. Fox, N. Smith, -
~ A.de Koter, M. Renzo, Y. Gotberg, C.J. Neijssel, S..,_.Ryder,_'.-A‘.S‘ChoO'te_meij'er L



~ Importance of ccSupernovae

. ';Aftiiétfs_.i-mpresSioﬁ of R
~ supernova 1993J" by NASA,- .
ESA, and G. Bacon (STSch) - -



Most young massive stars are
found In binaries...

... and will probably interact

(Mason+'09, Sana+Evans’'12, Sana+'12, Kiminki+Kobulnicky+'12)

redits: (ESO) Calcada, Kornmesser, De Mink



How binarity affects ccSNe?

’ « When do they explode?
 What companion do they

have at explosion?

 What is the evolution of
their progenitors?

e.g. Podsiadlowski+ '92, De Donder+Vanbeveren’03, Eldridge+‘04,’07,’08, lzzard+'04




Why population synthesis?

Binary_c: a rapid stellar evolutionary code
(l1zzard+'04,'06,'09, Hurley+ '00,'02, de Mink+ '13,Schneider+ ‘15)
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How robust are our predictions?

Mass transfer efficiency Initial mass function
Uncertainties/ o

—— Parameters Metallicity
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How binaries affect ccSNe?

| 1+ When do they explode?

Credits: (ESO) Calcada, Kornmesser, De Mink



When do ccSNe explode?
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Single stars
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Including binaries

Initial mass (M)
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Including binaries
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Possible observational signature
of late ccSNe

Progenitor? Descendant?

Pulsar

PSR B2303+46
PSR J1141-6545

e.g. Mourrd+’15 — e.g. Portegies Zwart’+ Yungelson '99
Schootemeijer+(in prep.) Tauris+Sennels’'00
Pols '07 Davies+Ritter+King'02
Vanbeveren+'98 Kalogera+'05

Church+'06



Possible observational signature
of late ccSNe
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How binaries affect ccSNe?

l « What companion do they
have at explosion?

Credits: (ESO) Calcada, Kornmesser, De Mink



Companions of
stripped ccSNe




Scaled f, + Constant

Types of supernovae

Pre-Explosion Star

SN Classification

(AARARENARRANN ‘.'Y'Y'I TITTITIT ‘.T]'Y RS RAARRISAREANRRANERANSRRREN N

Thermonuclear SN

T
=
=

L \ 1
DAL s
SN Iz
s M e
Hy HB Ho Core-Collapse
A SN
_ VAW,

Sill
- +long GRB

SN Ic (broad-lined) %

s s s b B daaas
4000 5000 6000 7000 8000
Rest Wavelength (A)

¢ no He !
~no H!

© Modjaz 2008




Scaled f, + Constant

Types of supernovae

. . Do - < v g A I
SN Classification Pre-Explosion Star

-’TY'TT’TY'TTY'.".'T'T‘,'Y'I'IY'YTTTYT'.T“T T'T‘lTTTTTTTTY'Y‘T*:'."YTT‘Y'YT"Y'W'T‘

Thermonuclear SN

¢ no He !
~no H!

4000

Rest Wavelength (© Modjaz 2008




Scaled f, + Constant
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ompanion search

Zapartas+2017b

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




Companions of
stripped ccSNe
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How binaries affect ccSNe?

« What is the evolution of
their progenitors?

e.g. Podsiadlowski+ '92, De Donder+Vanbeveren’03, Eldridge+‘04,’07,’08, lzzard+'04
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Progenitor evolution of -

SN type I
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~ Take home message
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