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The experimental setup
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● Circular/planar orbits initially

(see also Dong Lai, Amy Secunda 
and Hagai Perets)

● Vary “impact parameter” p
● “What happens in the grey area?”
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Close encounters of the Jacobi kind
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For the Sun-Earth-Moon, but similar for black hole case
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Close encounters of the Jacobi kind
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Close encounters of the Jacobi kind
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Close encounters of the Jacobi kind
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Close encounters of the Jacobi kind
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What is a Jacobi capture?

“...transient binary when two large bodies penetrate 
each other’s Hill spheres.”

- Goldreich+2002

“… (Jacobi) capture can be thought of as a competition 
between two primary masses for the possession of the 

third particle …”

“… gravitational capture is intimately associated with 
chaotic motion.” 

– Murison 1989
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● What are some examples of (potential) 
Jacobi captures from the literature?
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Jacobi capture of the Moon

Singer 1968
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Comet Shoemaker-Levy 9

Benner & McKinnon 1995
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Jacobi captures in the Kuiper belt

● Origin of equal mass, wide binaries
– e.g. Pluto & Charon

● Step 1: Capture 
– Occurrence of a Jacobi capture

● Step 2: Dissipation
– L2s: dynamical friction by a sea of 

planetesimals

● Retrograde binaries 

– L3: interaction with a third large body

● Prograde & Retrograde

Goldreich+ 2002, Schlichting+ 2008



13

● Majority of the literature considers   
small bodies in the Solar System

● But...are Jacobi captures not universal?
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How about compact objects in AGN?
Formation of gravitational wave sources

Tagawa & Kocsis 2020
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Experimental setup

● Sun-Earth-Moon (SEM)
– Q=3e-6, q=1.2e-2

● SgA* + GW190521 (BH)
– Q=2e-5, q=7.8e-1

– (mt,mp) = (85,66) MSun

● Sample “impact parameter” 
with high resolution

● Measure various encounter 
properties
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“Jacobi spectra”
Number of close encounters
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“Jacobi spectra”
Separation during closest encounter
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Zooming in... self-similarity!

2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6

100

101

102

N
e

A
B
C

2.323 2.322 2.321 2.320

100

101

102

N
e

CA
CB
CC

2.24 2.20 2.16

100

101

102 BA
BB
BC

1.77 1.78 1.79

100

101

102 AA
AB
AC

0.000082 0.000079 0.000076
p [RH] 2.3235

100

101

102

N
e

CCA
CCB
CCC

2.245 2.235 2.225
p [RH]

100

101

102 BBA
BBB
BBC

1.78681.78701.7872
p [RH]

100

101

102 AAA
AAB
AAC



19

Types of encounters
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Line section for number of encounters
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L(n+1) = L(n) * 3 * s, with s the scaling factor

s ~ 0.068 +/- 0.006

L(n+1) / L(n) ~ 0.2  20% of impact parameter space leads →
to Jacobi captures
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Line section for closest separation
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Prograde vs. Retrograde
Dependence on impact parameter
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Prograde vs. Retrograde
Correlation with separation
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● Earth-Moon impact:
– (RE+RM)/RH ~ 0.005 

● Black holes in AGN
– RBH/RH < 10-4
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Eccentricity during close encounters
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● Approximately 
super-thermal

● Expected:
– Planar setup
– Large difference 

between rp and ra
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Line section for GW capture
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Implement energy loss during 
closest approach

Calculate new apocenter distance

● GW capture dominates throughout

Merger time is relatively short
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What happens inside the Hill radius?

● Jacobi capture = prolonged, chaotic encounter between 2 bodies in 
a disk

● Not sensitive to mass ratio

● Approximately super-thermal eccentricities

● Dissipation by gravitational waves can lead to binary capture and 
mergers

● See Connar’s talk (Thursday) for the effects of gas
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