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Key Question

Do binaries in such systems start bound? Or are they captured?



Key Question

Do binaries in such systems start bound? Or are they captured?

Motivation: Gas dynamical friction assisted binary capture
(Rozner, Generozov, Perets 2023)



Motivation and previous work

4000

Ly __TInin/2
cs=2.5 km/s, pmE—

pg =2 x 105M,pc=3

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0

4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=3.3x 103 yr
cs =2.5 km/s,

4000

2000+

y [au]
o

—-20001

Pg =2 X 105Mpc-3

I'nin/2

—-4000|

—4000 —2000

4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=6.5x 103 yr
cs =2.5 km/s,

4000

2000+

y [au]
o

—-20001

Pg =2 X 105Mpc-3

I'nin/2

—-4000|

—4000 —2000

4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=9.8 x 103 yr ___Imin/2
cs =2.5 km/s, pre oo e
pg=2x 10°Mypc3
4000} P
——
2000/}
=
= 0
)
—-2000}
4__‘—__/.
—-4000}
—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=1.3x10% yr ___Inin/2 . . .
cs=25km/s, - Simulation of capture (with
- 6 22iEg
1000/ P? = 2 X 107 MaPC REBOUNDX)
/ \
10 Me + 10 Mo
2000 / %
£l
= 0
]
-2000(
/
-4000(
—4000  -2000 0 2000 4000



Motivation and previous work

t=1.6 x 10% yr ___Imin/2
cs=2.5km/s, 7
pg=2x 10°Mypc3
4000} P
2000/}
=
= 0
)
—-2000}
—-4000}
—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=2.0x10% yr
cs =2.5 km/s,

pg =2 X 105M,pc3
4000+ o

2000+

y [au]
o

—-20001

o

I'nin/2

—-4000|

—4000 —2000

0 2000

4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=2.3 x 10* yr . Inin/2
cs = 2.5 km/s, T T
pg =2 X 10°Mpc 3

—

4000

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=2.6 x 10* yr . Inin/2
cs = 2.5 km/s, T T
pg =2 X 10°Mpc 3

—

4000

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=2.9 x 10* yr . Inin/2
cs = 2.5 km/s, T T
pg =2 X 10°Mpc 3

—

4000

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=3.3x 10% yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=3.6 x 10% yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=3.9 x 10% yr . Tnin/2
cs = 2.5 km/s, e o T

Pg =2 x 105M,pc-3
40001 o

/
/
/
r
0
4
Py
G
s
’
3
/
4
/
’
’
s
/
/
L /
J
]
7
]
]

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=4.2 x 104 yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=4.6 X 10% yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=4.9 x 10% yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Motivation and previous work

t=5.2x10% yr ___Inin/2 . . .
cs=2.5kmfs, . Simulation of capture (with
=2 x 105Mpc3
100070 " /ﬁm g REBOUNDX)
10 Me + 10 Mo
2000 / %
=
Gl 0
)
—2000|
—4000|
—4000  -2000 0 2000 4000



Motivation and previous work

t=5.5x 10% yr ___Inin/2 . . .
cs=2.5kmfs, . Simulation of capture (with
=2 x 105Mpc3
100070 " /ﬁm g REBOUNDX)
10 Me + 10 Mo
2000 / %
=
Gl 0
)
—2000|
—4000|
—4000  -2000 0 2000 4000



Motivation and previous work

t=5.9 x 10% yr ___Inin/2 . . .
cs=2.5kmfs, . Simulation of capture (with
=2 x 105Mpc3
100070 " /ﬁm g REBOUNDX)
10 Me + 10 Mo
2000 / %
=
Gl 0
)
—2000|
—4000|
—4000  -2000 0 2000 4000



Motivation and previous work

t=6.2 x 104 yr . Tnin/2
cs = 2.5 km/s, e so T

Pg =2 x 105M,pc-3
40001 o

2000+

y [au]
o

—-20001

—-4000|

—4000 —2000 0 2000 4000

Simulation of capture (with
REBOUNDX)

10 Me + 10 Mo



Starforge simulations
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Binary (and Multiple) ID

* Assemble pairs hierarchically by binding energy
e Similar to Guszejnov+2023

 Add tidal criterion+halo masses



Binary (and Multiple) ID

* Assemble pairs hierarchically by binding energy
e Similar to Guszejnov+2023

 Add tidal criterion+halo masses

aige< frainx  (ft=1 or 8)



Example binary
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Example binary — Gas halos
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Example binary — Gas halos
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Example binary evolution
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Example binary evolution

Binary stars inspiral
until halos are depleted
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Example binary evolution
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Example binary evolution
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Multiplicity statistics
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Multiplicity statistics
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Binary velocities are correlated at birth
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Stars have similar ages
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Most binary pairs are bound at FST
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Evolution of binary population
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Evolution of binary population
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Summary and Conclusions

 Most binaries are born bound in detailed simulation of star
forming cluster.

* Capture/exchange are sub-dominant.

* Gas dynamical friction shrinks existing binaries.



Evolution of binary population
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Gas halo identification
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Tidal force definition
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Star formation rate
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Final 1D Distributions
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Final 1D Distributions
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Initial versus final orbital elements
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Initial versus final orbital elements
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