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Massive-star evolution in 30 seconds

- M, £ 20M, (in Galaxy): 200 150 100
RSG > SN 1 : upernova? Wolf-Rayet (WR)
red
M,.i=30 Mg supergiant
i Mi ~> 20 M@ 9 - (O-type stars) supernova

WR star (- SN Ib/c?)

red
supergiant

Mini — 1 5MO
(Early B-type stars)

Calculated with the BPASS
code; Eldridge + 2012
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Massive-star evolution in 30 seconds
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- Binary evolution in 30 seconds

- 15Msun: RSG > SN Il 200 150 100 60 40

Calculated with the BPASS
code; Eldridge + 2012
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- Binary evolution in 30 seconds

- 15Msun: RSG > SN Il 200 150 100 60 40

Calculated with the BPASS
code; Eldridge + 2012
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- Binary evolution in 30 seconds

60 40

- 19Msun: RSG - SN Il Z0p1%0 100

Calculated with the BPASS
code; Eldridge + 2012
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Binary evolution in 30 seconds

- 15Msun: RSG - SN ||

- P=1000d - quasi
single

- P=100d - WR-like

200 150 100 60 40

Calculated with the BPASS
code; Eldridge + 2012

Initial mass function
+

Frequency of binaries
9

Binary WRs should be abundant!!
(e.g., Pazynski+67, Goetberg+17)
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Formation channels oficlassical WR stars

200 150 100 60

/WR, WNh
(100 M)

Intrinsic
channel

channel q pre WR phase
WN, 0< Xug <0.73
WN, Xg=0
WC/WO phase
RLOF

5.5
Shenar+ in prep. log (Ty/K)

1. Paczynski 1967, Acta Astron, 17, 355 2. Vanbeveren et al. 1998, A&A Rey, 9, 63



Formation channels ofic

Nebula' arourid, WR124, HST °
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important at
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4 r.mSIC mas; 058 environments Mass-transferin binaries
M (0.4 Z \ / | (“stripped stars”)

MW: M;> 20M

SMC: Mj> 60M,
1. Paczynski 1967, Acta Astron, 17, 355 2. Vanbeveren et al. 1998, A&A Rey, 9, 63 : |
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“ The Magellanic Clouds:

G. Wade yesterday Phl| I\/Iassey, today The MCs are |deal Iaberatorles.... .'...-.;.:f
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“ The Magellanic Clouds:
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Theory: vl
All WR stars ;f/

in the SMC

form via binarity

(e.g. Maeder & Meynet 94;
Georgy et al. 2015)
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Data: Foellmi+ 2003, Schnurr+ 2008,
ESO / MAST archives, Torres+Massey...

o FLANMES primary
FLAMES secondary

Orbital analyses

Physical + orbital
parameters:

- Luminosity

- Effective
temperature

- Abundances

- Masses

- Mass-loss rates

=)

Comparison to
evolution models
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Primary’s mass
M; > 300 My?
(Schnurr+ 2008)
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SMC AB 6 = a “standard” WR+O binary?
(P=6d, WN4 + OS5I f, Foellmi+ 2003)
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SMC AB 6 = a “standard” WR+O binary?
(P=6d, WN4 + OS5I f, Foellmi+ 2003)
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SMC AB = 2 standard”™ WR+O binary? R
(P=6d, WN: OS5l f, Foellmi+ 2003) D 355 mamass

”M%OSSID

I 1 I I | I ] I I | l I
| — ¢=0.03 — ¢=033 — $=0.74
— $=0.10 — ¢=044 — $=0.82
— $=020 — ¢=0.64 — $=0.90

B m star C
bt Nnssnl

quintuple configuration

f—
N =N

=
0o

Normalized flux

bound? bound? - 00 -
‘ P=6.5d ‘ I P=140d ‘

A B C D X 4000 4200 4400 4600 4300
WN3:h 055V  055I1(ff 075V B2 V? BH? /A




SMC AB = 27 standard” WR+O binary?
(P=6d, WN- O5I f, Foellmi+
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Shenar+ 2016, A&A, 591,22
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Shenar+ 2016, A&A, 591, 22 Shenar+ in prep.
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\Where are all the stripped WR stars?!
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2 Lian: :
200 150 100 e x* fitting with
(Eldridge+
2012),accounting for all

observables:
P,XH,Ml, Mz,Ll, Lz, T1,T2

derived set of initial
parameters(period, masses)

AB 3 (binary)
Mi,l =60 M@, qi = 0.3,Pi =40d
Age = 3.95 Myr
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Shenar+ 2016, A&A, 591, 22;
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t = 3.95 Myr ("now!")

AB 3 (single)
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* derivedset of initial
parameters(period, masses)



i [ o v fitti ith
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form via observables:
mass-transfer
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Why do we see more .l s Where are the
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