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∼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,
Kobulnicky et al. ’14, Almeida et al. ’16)

∼10% of O type stars are
runaways

(v & 30 km s−1)
(e.g., Blaauw ’61, Gies ’87, Stone ’91)
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∼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,
Kobulnicky et al. ’14, Almeida et al. ’16)

∼10% of O type stars are
runaways

(v & 30 km s−1)
(e.g., Blaauw ’61, Gies ’87, Stone ’91)

Preliminary:
∼20 walkaways for each

O-type runaway
(e.g., Renzo et al., in prep, de Mink et al. ’14)
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Observations of stellar velocities

⇐ Bow shocks

Doppler shifts ⇒

Proper motions
(if distance known)

⇐

Wavelength

Fl
ux
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Binary disruption
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Credits: ESO, L. Calçada, M. Kornmesser, S.E. de Mink
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Spin up, pollution, and rejuvenation
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The binary disruption shoots out the accretor

e.g., Packet ’81, Cantiello et al. ’07, de Mink et al. ’13
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What exactly disrupts the binary?

8 / 18

• Unbinding Matter
(e.g., Blaauw ’61)

• Ejecta Impact
(e.g., Wheeler et al. ’75,

Tauris & Takens ’98, Liu et al. ’15)

• SN Natal Kick
(e.g., Shklovskii ’70, Janka ’16)

vpost−SN
2 ' vpre−SN

2,orb

&80% of binaries are disrupted
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ν emission and/or ejecta anisotropies
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ν emission and/or ejecta anisotropies

do BH receive a kick?

Runaways

Gravitational
Waves

XRBs
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What I do: Population Synthesis

Izzard et al. ’04, ’06, ’09; de Mink et al. ’13
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Fast⇒ Allows statistical tests of the inputs & assumptions

SN kicks Stellar
Winds

Initial
Distributions

Evolution
(binary c) Runaway

Population

RLOF &
Common
Envelope Tidal

Interactions

Mass
Transfer
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Initial Distributions
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Maxwellian σvkick = 265 km s−1 + Fallback rescaling
(from Fryer et al. ’12)

Hobbs et al. ’05
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Velocity distribution: Runaways
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Velocity distribution: Walkaways
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14 / 18For each runaway there are ∼ 20 walkaways in the galaxy!

Can’t get rid of them!
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Where do they die?
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“Distance traveled”
No potential well, σkick = 265 km s−1

for M ≥ 7.5 M�:
〈D〉 = 128 pc
〈Dwalk〉 = 103 pc
〈Drun〉 = 525 pc
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(Massive) runaway mass function
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Anton Pannekoek
Institute

(Massive) runaway mass function

0 10 20 30 40 50 60 70
Mdis [M�]

0

1

No BH kick

0

1

0

1

Pr
ob

ab
ili

ty
×

10
5

BH momentum kick
(fiducial)

16 / 18BH⇔ MBH ≥ 2.5 M�, Only v ≥ 30 km s−1 and Mdis ≥ 7.5 M�



Anton Pannekoek
Institute

(Massive) runaway mass function
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Conclusions

∼ 80% of binaries disrupted by first SN

Massive walk/runaways stars...
(regardless of their final velocity)

• ...carry info on previous binary evolution

• ...can be used to learn about companion explosion

• ...enhance the massive stars feedback
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∼ 80% of binaries disrupted by first SN

Massive walk/runaways stars...
(regardless of their final velocity)

• ...carry info on previous binary evolution

• ...can be used to learn about companion explosion

• ...enhance the massive stars feedback
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Thank you!
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Where do they die?
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“Distance traveled”
No potential well, σkick = 265 km s−1
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Binary disruption
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vRW ' vorb
2

• Unbinding Matter
(e.g., Blaauw ’61)

• SN Natal Kick
(e.g., Shklovskii ’70, Janka ’16)

• Ejecta Impact
(e.g., Wheeler et al. ’75,

Tauris & Takens ’98, Liu et al. ’15)

SN
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Mass-rotation correlation 1/2
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Mass-rotation correlation 2/2
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Spin Down: Winds
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Initial Rotational Velocities
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SN natal kicks

Orbit from Tauris & Takens ’98 Fallback from Fryer et al. ’12

(Rapid SN mechanism)

Ejecta impact from Liu et al. ’15
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SN kick directions 1/2

20 M� + 15 M� on PZAMS = 100 days⇒ vpre−SN
2 ' 12.55 km s−1
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SN kick directions 2/2

20 M� + 15 M� on PZAMS = 100 days⇒ vpre−SN
2 ' 12.55 km s−1
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Cluster ejection

N-body interactions
least massive thrown out

...binaries matter
• (Binding) Energy reservoir
• Cross section ∝ a2 � R2

∗
Poveda et al., 1967
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