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Stellar triples

Stellar Trio

In a three-star system, two stars orbit
each other, then the pair and a third star

also orbit each other.
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Triples are abundant
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Triples are abundant

Moe+ 17
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Triple evolution

3-body
dynamics
Stellar S
. Dissipation

- Evolution of eVOI Ut|0n - Tides

radius & core - Gravitational
- Mass loss & waves

accretion
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3-Body dynamics

Hierarchical systems

e Kozai-Lidov cycles (Lidov 62, Kozai62)
P }23uter7711 + M2 + M3
ek }%nner m3

e Higher-order effects: more extremeeccentricities,

(1—e?

outer

)3/2

orbital ﬂlpS (see review of Naoz+ 16)
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Long-term effect

— — binary case
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Long-term effect

— — binary case
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Code: TRES
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Triple review and code
publication (Toonen+ '16)

BH-BH mergers (Antonini, Toonen+ '17)
Supernova type la (Toonen+ '18)

Common evolution (Toonen+ in prep.)
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Typical evolution of triples

* Jow & intermediate mass primaries (1-7.5M,)

Mass transfer
by primary
~64-75% W

=

In binaries:
only ~28-39%

e N(P)x1/P
e N(P) « log-normal(P)

ref: Toonen+ in prep.
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~40% still
eccentric

* Mass transfer common in triples
* QOther differences with binaries?

* Mass transfer occurs earlier — 1o _——- ' —
. o o [ B model T14 B Circular
* Orbit still eccentric upon m model £09
0.8

onset of mass transfer

= Observed sources |
(e.g. Petrova & Orlov 1999, 2 0.6/
Nicholls & Wood 2012) 15

c I

£ 0.4

s |

o.2I
MS HG RGB CHeB AGB All types

Type of donor star in triple
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Typical evolution of triples

* Jow & intermediate mass primaries (1-7.5M,)

Secondary donates
Mass transfer mass (~0.75%)
by primary
~64-75% W

Tertiary donates

/ mass (~0.5-1%)

——» Dynamically
unstable (~2-4.5%)

In binaries:
only ~28-39%

e N(P)x1/P
e N(P) o log-normal(P)

\ No interaction
~20-30%

ref: Toonen+ in prep.
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Typical evolution of triples

Gaia DR2 discovery:

=

1 arcmin

No interaction 1riple compact objects:

~20-30% (Perpinya-Valles w/Toonen 19)
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Triple evolution towards GVVs

Gravitational
wave sources




Evolutionary channel
|) Three massive stars in wide orbits
2)Three supernovas @

3) Merger due to secular dynamics@



Difficulties

|) Three massive stars in wide orbits

Q
2)Three supernovas

Avoids: a)Mass transfer
b)Dynamical instabilities
c)Dissolution

3) Merger due to secular dynamics
Get a merger, but not at earlier stage



Difficulties & advantage

|) Three massive stars in wide orbits

But no mass transfer or
Q Q common-envelope needed!

Q
2)Three supernovas
Avoids: a)Mass transfer
b)Dynamical instabilities
c)Dissolution

3) Merger due to secular dynamics
Get a merger, but not at earlier stage



Gravitational wave sources

nsns
3 orders of magnitude lower

8-22Msun

Black hole - black hole merger rate:
* LIGO O1+02 rate: 9.7-101 per year per Gpc”3 (LsSC 18)

Triples:
* With natal-kick: ~0.4 per year per Gpc/3 ref: Antonini,
* Only Blaauw-kick: ~1.2 per year per Gpc/3 Toonen+ 17

Hobbs / Arzoumanian, momentum-conserving kicks, direct collapse for M>40Msun,

* At low metallicity: ~2-25 per year per Gpc”"3

(Rodriguez & Antonini |8)
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BH-BH mergers

— o
o | | T 1%
Model A2 | ¥
1"
. 1% = Triple BHs formed
M
*?,i 1 "= Merging BHs
o 41
5oL 18
5 © 4 X
S 19 * Important to
E I model formation
18 of BH-BH in
: triples consistently
O : - O
—1 —0.5 O 0.5 1

cos(inclination) o
ref: Antonini, Toonen+ 17
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Eccentricity

Taken from

Breivik+ 16
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Taken from

Eccentricity

Taken from

Rodriguez+ 18 < Breivik+ "16
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Spins

* 'Two regimes (Liu & Lai 17, 18, Antonini+ 17, Rodriguez & Antonini 18, Liu+ 19)
* Plunge-in (from 3-body dyn., followed by: 2.5pN damps LK)

* Freeze-out (spin precession damps LK-cycles gradually)
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Summary

* Triple evolution
* Triples are abundant

* Code TRES to simulate triple evolution consistently (Toonen+ 2016)

*Leads to e.g.
* Enhanced occurrence rate of mass transfer
* Mass transfer in eccentric orbits
* Stellar collisions, supernova Type la
* Gravitational wave sources
* 3-body interactions in wide triples
* Rate: ~1 to several 10 per year per Gpc”3
* High eccentricities, specific spin distribution
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