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I Massive stars in multiple-star systems
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Diversity of binary evolutions

2025/3/6

Han+ 2020
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CE: common envelope - 2N
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SN: supernova

Symb: symbiotic star

TZO: Thorne-Zytkow object
WD: white dwarf

WMT: wind mass transfer

@. There is a possibility that pair instability in massive stars
leaves no remnant.

. There is a possibility that the binary system is disrupted (or
becomes highly eccentric) due to the supernova explosion
and its kick.

@. There is a possibility that He-Star RLOF may occur, but we
omit this in the diagram for simplicity.

q = Mygnor/ M, cetor @t the onset of mass transfer.

For MS/SG massive stars, g, varies from less than 1 to larger than 20.

For RGB massive stars, g, varies from 1.4 to 3

For MS/HG low- and intermediate-mass stars (M>0.6M ),
if M>1.6M, , q, varies from 2 to 5;
if M<1.6M, , q. varies from 1 to 4.

For RGB/AGB HG low- and intermediate-mass stars,
q, varies from 1 to 3.
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Gravitational-wave objects

Masses In the Stellar Graveyard




Double neutron stars (DNS)

+ SR RARICIE19E DDNSHE Dh > TUWL S (Zhu & Ashton 2020)
* 10 DDNSIEFEHFH (13.8Gyr) LUIRNICHERT S

4 Y, -3
d
BB =12x%x10%yr U tot
1011 em 2.8M

*WEHAISNTWBENEXREZHBAT BICIE o) <3 x 10" cn BB E
(cf. TAU=1.5x1013 cm. Ro=7x1070cm)
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m— Q O -Q E;Q?L?

Zero Age Main Roche Lobe MS star - He star First Type Ib/c SN
Sequence (MS) binary overflow (RLO) binary
] - @ - 0---0 {
He star - NS binary Common envelope High mass X-ray MS star - neutron
spiral in binary phase star (NS)
\ /
&= = O°
1\
He star (stable/unstable) Stripped He star + NS iPTF 14qqr: Ultra-stripped  Double NS system
RLO. Most He is ejected Intense mass loss leads
: SN inside He-rich envelope.
from the system to expanding envelope. De+ 2018
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Neutrino-driven explosions of USSNe
[Suwa, Yoshida, Shibata, Umeda, Takahashi, MNRAS, 454, 3073 (2015)]
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Fallback onto NSs in USSNe

[Sawada, Kashiyama, Suwa, ApJ, 927, 223 (2022); Kashiyama, Sawada, Suwa, ApJ, 935, 86 (2022)]

Ultra-stripped supernova

\ Fallback radius /

v V.

“... Circumbinary disk .. |
...'.............-.----_““““‘ /’o’.. BNS Or NS—BH blnary “‘,"\
2ndborn NS 1% born NS or BH ... with mini disks .
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I*m“m“ﬁhm

[Sawada, Kashiyama, Suwa, ApJ, 927, 223 (2022); Kashiyama, Sawada, Suwa, ApJ, 935, 86 (2022)]
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List of ultra-stripped SN candidates
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Summary
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