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® Why Massive Runaways?

Nucleosynthesis &
Chemical Evolution

Star Formation "ANE ~ 70% of O type stars are
: ~ in close binaries

(e.g. Mason et al. ‘09, Sana & Evans "11,
Sana et al. '12, Kiminki & Kobulnicky 12,

loniZing Radiation == - Kobulnicky et al. '14)

~ 10% of O type stars are
runaways!
Supernovae ’ " (e.g. Blaauw 61, Gies '87, Stone '91)

GW Astronomy



How do we know?
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(courtesy of S. E. de Mink)
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(courtesy of S. E. de Mink)
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Binary SN Scenario
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] From Binary to Runaway ]
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e Unbinding Matter
(e.g. Blaauw '61)

e Ejecta Impact

(e.g. Tauris & Taken '98)
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(e.g. Cordes et al. '93)
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What can we learn?
e SN kicks
e Binary physics
e Field contamination
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SN natal kick
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Mésta et al. 2014

v emission and/or ejecta anisotropies




SN natal kick

Question: do BH receive a kick?

Gravitational
Waves

Mésta et al. 2014
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- _Field contamination
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Methods
e Binary Population Synthesis
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e Population Synthesis fir
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Fast = Allows statistical tests of the inputs & assumptions instiTuTE

Stellar

SN kicks Winds

Evolution

Initial (binary,c)

Distributions

Synthetic
Runaways

RLOF &
Common
Envelope Tidal

Interactions

Mass
Transfer

binary-c: R. G. Izzard et al. ‘04, ’06, '09; S. E. de Mink et al. '13 12/22
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Overview Preliminary Results
e Do they come from a binary?
e How fast can they be?
e Fraction of field stars from a binary?
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Spin up

Runaways from binary disruption are accretors



Preliminary: Runaways in 30 Doradus R}

~ Rotational velocity

~ Line of sight velocity
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Preliminary: Velocity Distribution iR

ANTON PANNEKOEK
INSTITUTE

O-type from disrupted binaries only

N
w1

E BH momentum kick |

g
o

=
(&)

Probability x 10°
—_
o

o
w1

0.0

" L L 1 L 1 L | "
0 10 20 30 40 50 60 70 80 90 100 110 120
orw [km s ]

17/22



Preliminary: Velocity Distribution iR
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O-type from disrupted binaries only
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Preliminary: Velocity Distribution i[w}
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O-type from disrupted binaries only
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Preliminary: How far can they go? (R
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] Preliminary: How far can they go? R
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Preliminary: Binary Contamination i[w}
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Preliminary: Ratio of Runaways &
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Conclusions

ANTON PANNEKOEK
INSTITUTE

21/22



Future Plans & Conclusions  fR
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Robustness checks:

Binary physics assumptions;
Initial distributions;

Star Formation History;
Different BH-kick models.

Take home points
Massive walk/runaways stars...

...carry info on previous binary evolution;
...can be used to learn about companion explosion;
¢ ...enhances role of massive stars in galaxies.
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Future Plans & Conclusions  fR
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Robustness checks:

Binary physics assumptions;
Initial distributions;

Star Formation History;
Different BH-kick models.

Take home points
Massive walk/runaways stars...

...carry info on previous binary evolution;
...can be used to learn about companion explosion;
¢ ...enhances role of massive stars in galaxies.

Thank you!
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Backup slides
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& Preliminary: Mass vs. wgw velocity (R
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100 . .
90 BH momentum kick no BH kick
80 i i

70

60

50

40

30

20

10

Mgrw [Mo)]

0 20 40 60 80 100 0O 20 40 60 80 100
URW [km S_l] URW [km S_l}

00 04 038 1.2 16 20 24 28 32
10%10(NRW)

24/22



Preliminary: Rotational velocity iR
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30 Doradus Star Formation History  fR
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Initial Rotational Velocities

iR
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Spin Down: Winds iR
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IMF O Stars (Including Secondaries) R
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Initial Distributions
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Properties of the RWs in 30 Dor 1/2 R
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Soon HST will provide proper motion of these stars!
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Properties of the RWs in 30 Dor 2/2 R

ANTON PANNEKOEK

L. INSTITUTE
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& Two ejection mechanisms A
SN in a Binary Dynamical Ejection

Blaauw, 1961 Poveda et al., 1967

Companion

...but binaries are still important!
e (Binding) Energy reservoir

« Cross section « & > R?

e ~ 100% O stars are in binaries

Explosion asymmetries =- extra kick (?)
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