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Most young massive stars are
found In binaries...

... and will probably interact

® (Abt+'78, Kobulnicky+Fryer'07, Mason+'09, Chini+’12, Sana+’12, Sana+'13,
Kobulnicky+'14, Duchene+Kraus’14, Dunstall+’15, Moe+'17, Almeida+'17)

its: (ESO) Calcada, Kornmesser, De Mink



Impact of binaries on ccSNe

 What companions do stripped-
ccSNe have at explosion?

« What is the possible binary
evolution of type |l progenitors?

Zapartas+DeMink (in prep.)

 When do ccSNe explode?

Zapartas+'17a

e.g. Podsiadlowski+’92,’93,’04, De Donder+Vanbeveren’03, Eldridge+‘04,’07,'08, Kochanek+'09, Yoon+'10, Vanbeveren+'13, Justhum+'14



Types of ccSNe

Stripped ccSNe Type Il ccSNe
(Type Ib/c, Ilb, Ic-BL, Ibn)  (H-rich Type II-P, 1I-L, 1In)




Why population synthesis?

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

Upcoming/Existing Automated Transient Surveys

¥

2

PALOMAR TRANSIENT

FACTORY

M- AMILTON, CA?ORNIA'




How robust are our predictions?

Mass transfer efficiency Initial mass function
Uncertainties/ o

—— Parameters Metallicity

Common envelope efficiency

Mass ratio, period

Binary fraction

d ce _ distributions
Wind efficiency




Impact of binaries on ccSNe

L3

 What companions do stripped-
ccSNe have at explosion?

Zapartas+'17b

Zapartas+DeMink (in prep.)

Zapartas+'17a

Credits: (ESO) Calcada, Kornmesser, De Mink




Companion search for
SN2002ap
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e.g. Maund+ '04,’15, Ryder+ 06, Fox+ ‘14, Follateli+ '14,’16, Van Dyk+ 16, Kochanek+ ‘17



Companions of

stripped ccSNe
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Companions of
stripped ccSNe
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Mass distribution of main-
segquence companions
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Variations in the mass
distributions
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Impact of binaries on ccSNe

i

Zapartas+'17b

« What is the possible binary
evolution of type Il progenitors?

Zapartas+DeMink (in prep.)

Zapartas+'17a

Credits: (ESO) Calcada, Kornmesser, De Mink




Progenitor evolution of

SN type |




Progenitor evolution of
SN type |
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Progenitor evolution of
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Progenitor evolution of
SN type |
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Progenitor evolution of

SN type |

MS+MS mergers
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Impact of binaries on ccSNe

Zapartas+'17b

Zapartas+DeMink (in prep.)

 When do ccSNe explode?

Zapartas+'17a

© ESO Credits: (ESO) Calcada, Kornmesser, De Mink



When do ccSNe explode?
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Single stars

Initial mass (M)
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Including binaries

Initial mass (M)
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Including binaries

Initial mass (M)
70 35 2015 10 8 = 6 4

800

600

400}

B single stars
I incl. binaries|

Some are Iate:: ~7-249,

1 2 5 10 20 50 100 200 500 1000

Time after starburst (Myr)

Zapartas+'17a



Including binaries

Initial mass (M)
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Which stars explode in ccSNe?




Which stars explode in ccSNe?
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Possible observational signature
of late ccSNe
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Backup slides



How robust are our predictions?

Symbol  Standard models@ Model variations
Physical assumptions
- mass transfer efficiency B By 0,0.2,1
- angular momentum loss 0% Yorb,acc 0, Vaisk
- mass loss during merger of two MS stars Hioss 0.1 0, 0.25
- mixing during merger of two MS stars Hmix 0.1 0,1
- natal kick compact remnant (kms™!) o 265 0, 0
- common envelope efficiency QCE 1 0.1,0.2,0.5,2,5,10
- envelope binding energy Ace ADewi+00 0.5
- critical mass ratio for merger from MS donor Gerit MS 0.65 0.25,0.8
- critical mass ratio for unstable mass transfer for HG donor gt ng 04 0,0.25,0.8,1
- stellar wind mass loss efficiency parameter n 1 0.33,3
- maximum single star equivalent birth mass for ccSN (My)  Mpaxcc 100 20, 35
- minimum metal core for ccSN (M) M in metal 1.37 13,14
Initial conditions
- slope initial mass function a -2.3 -1.6,-2.7,-3.0
- slope initial mass ratio distribution K 0 -1,1
- slope of initial period distr. n T Opik24,Sana+12 -1,1
- metallicity Z 0.014 0.0002, 0.004, 0.008, 0.02, 0.03
- binary fraction® foin 0.7,0.0@ 0.3, 1, fiin(M1)
- normalization parameter (M) Miow 2 1,3

~15%

De Donder+Vanbeveren’03,’98, Xiao+Eldridge’15

Late ccSNe: variations: 7 - 24%




Standard assumptions

* Physical processes

Stellar evolutionary models (Pols+ '98, HO0)

Stellar winds & Mass loss (Vink+ ‘00,’01,'05, Nieuwenhuijzen +de
Jager'90, Hurley+'02)

Tidal interaction: (Hurley+'02, Zahn+ ‘89)

Accretion & spin up: (Hurley+'02, de Mink+ ‘13)

Treatment of mergers & rejuvenation: (Hurley+'02, de Mink+ ‘14)
Common Envelope Evolution: (Webbink ‘84, Dewi+Tauris‘00)
Supernova kicks: (Hurley+'02, Hobbs+‘05)

Final masses & Compact objects: (Hurley+'00)

® |nitial conditions

Binary fraction 709% or 509, for massive star (Sana+ '12, Moe+'16)

Initial Mass Function : a= -2.3 for massive stars (Kroupa ‘01 )

Mass ratio: flat distribution (Sana+ ‘12, Kobulnucky+ ‘14)
' riod: —




Id  Description flae  tsomlate  190%late
Myr)  (Myn)
00 Standard Simulations 14.2% 71.0 1435
Physical assumptions
01 mass transfer efficiency B=0 9.7% 67.7 131.9
02 » B=02 12.1% 615 1514
03 ” B=1 21.9% 782 1435
04  angular momentum loss y=0 15.1% 689 1469
05 ” Y = Yaisk 13.7% 68.1 1335
06 mass loss during merger Hioss =0 15.4% 71.0 1514
07 ” Hioss = 0.25 14.8% 67.7  136.7
08 mixing during merger Umix =0 14.8% 689 1426
09 ” HPmix = 1 15.6% 689  140.0
10  natal kick compact remant o=0y 15.3% 70.1 142.6
11 ” o= 14.5% 689  141.7
12 common envelope efficiency acg =0.1 15.7% 754  146.1
13 ” acg =02 16.5% 712 1579
14 ” acg =05 16.9% 714 1505
15 ” acg =20 12.8% 673  136.7
16 ” acg =5.0 7.6% 61.5 1343
17 » acg = 10.0 6.7% 61.1  139.2
18  envelope binding energy Acg =05 15.8% 749 1728
19  critical mass ratios for contact Geritms = 0.25 14.4% 71.0 144.3
20 ” Gerigms = 0.8 15.1% 68.1  139.2
21 » Gerieng = 0.0 14.8% 717 1718
22 ” Gerienic = 0.25 13.9% 719  146.1
23 ” Gerignic = 0.8 19.8% 714 1220
24 ” GeritHG = 22.0% 754 1327
25 wind mass loss efficiency n=03 14.5% 719 1478
26 ” n=3.0 15.2% 673 1359
27  exclusion WD mergers* 11.7% 72.3 154.2
28  threshold for core collapse Myaxec =35 15.1% 714 1452
29 ” Miaxec =20 18.2% 714 1452
30 ” Muinme = 130 147% 79.6  162.8
31 ” Mg me = 140 15.8% 593 1242
Initial conditions
32 initial mass function a=-16 8.1% 669 1319
33 ” a=-27 18.5% 749 1523
34 » a=-30 24.0% 723 149.6
35  initial mass ratio distribution k=-1 12.2% 622 1242
36 » k=+1 17.5% 73.6 1469
37  initial period distribution m=+1 10.3% 693 1359
38 ” r=-1 20.9% 717 1514
39  metallicity Z =0.0002 10.2% 93.6  205.8
40 ” Z =0.001 10.9% 86.6 176.0
41 ” Z =0.004 12.3% 796 1579
42 ” Z =0.008 13.4% 758 1443
43 ” Z=0.02 14.5% 669 1327
44 » Z=0.03 14.3% 645 1311
45  binary fraction foin =03 6.7% 714 1452
46 » Join = 1.0 19.2% 689 1426
47 mass dependent binary fraction Soin(My) 11.3% 68.5 1375
48 normalization parameter Mo = 1M, 14.0% 714 145.2
49 ” My, =3M, 14.0% 712 1452




Simulation tsom,al  loowanl  Jiate
(Myr) (Myr)
Single stars

- STARBURST99 (default) 15.0 32.7 0%
- STARBURST99 (modified) 16.4 36.7 0%

- BRUSSELS (DV03) 23.1 39.7 0%
- BPASS v2.0 17.0 50.1 0%
- this work 19.6 41.6 0%
Including binary stars

- BRUSSELS (DV03) 31.5 112.7 23%
- BPASS v2.0 17.7 63.1 8.5%

- this work 21.5 60.7 14.2%




COWD mergers
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Possible observational signature
of late ccSNe
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Channels for late ccSNe (159%)
from Intermediate-mass binaries
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Channels for late ccSNe (15%)
from Iintermediate-mass binaries
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Channels for late ccSNe (159%)
from Intermediate-mass binaries
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Channels for late ccSNe (159%)
from Intermediate-mass binaries

t/Myr M, /Mg M:/Mg
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Channels for late ccSNe (159%)
from Intermediate-mass binaries
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Channels for late ccSNe (159%)
from Intermediate-mass binaries
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Channels for late SN (159 of total)
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