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Live fast 1/3:
Sun lifetime : human ' massive stars : butterfly

10 Billion yrs : 100 yrs ' 10 Million yrs : day-week



The death of massive stars

Neutron star
Artist impression
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The death of the most massive stars
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Most massive stars are in interacting binaries

Artist impression
Credits: ESO, L. Calçada, M. Kornmesser, S.E. de Mink





The big dipper



North Star
(Polaris)

The big dipper



The big dipper
as eyesight test

for ancient astronomers
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Unlike the Sun

Most stars are binaries
(or triples, quadruples, etc...)



Live fast 2/3: supernova in a binary

Artist impression
Credits: ESO, L. Calçada, M. Kornmesser, S.E. de Mink



Live fast 2/3: supernova in a binary

Artist impression
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Live fast 3/3: dynamical ejections

Credits: C. Rodriguez

Stars are born in densely
populated clusters



Runaways are common, easy to see, and provide constrains on...

9

Binary disruption
... binary interactions

... explosions & BH formation (kicks)

... masses of field stars

Cluster ejections
... initial binary fraction

... clusters formation

... dynamical formation of binary BH



Runaways are common, easy to see, and provide constrains on...
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Binary disruption
... binary interactions

... explosions & BH formation (kicks)

... masses of field stars

Cluster ejections
... initial binary fraction

... clusters formation

... dynamical formation of binary BH

Need to distinguish the two channels
• ESA Gaia telescope

• Model the internal evolution and appearance



Backup slides



Live fast and die young
• Massive stars lifetime are short

• They are often in binaries

• Explosions typically break the
binaries ejecting the companion

• In dense environments, N-body
interactions can also eject stars

• You can see some by naked eye!



Live fast and die young
• Massive stars lifetime are short

• They are often in binaries

• Explosions typically break the
binaries ejecting the companion
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Orion

Betelgeuse



SN natal kick

Physically: ν emission and/or ejecta anisotropies
Observationally: vpulsar � vOB−stars

Credits: C. D. Ott, S. Drasco
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