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CORE ACCRETION FORMATION CHANNEL
• INSPIRED BY THE SOLAR 

SYSTEM 

• MAJORITY OF PLANET MASS 
GROWTH TAKES PLACE AFTER 

GAS DISK DISSIPATION 

• MOON AND MARS SIZED 
BODIES HAVE FORMED PRIOR 

TO GAS DISK DISSIPATION 

• BODIES COLLIDE VIOLENTLY 
OVER MYR TIMESCALES TO 

FORM TERRESTRIAL PLANETS



TERRESTRIAL CBP FORMATION AROUND A 
COPLANAR BINARY

 
(HOLMAN & WIEGERT 1999, QUARLES ET AL. 2018) 

ac/ab = 1.48 + 3.92eb − 1.41e2
b + 5.14μ + 0.33ebμ − 7.95μ2 − 4.89e2

b μ2

Childs & Martin 2021a

μ =
Ms

Ms + Mp

• CIRCULAR VS ECCENTRIC EQUAL 
MASSED BINARY 

• 0.5 VS 1 AU  

• 260 MOON-SIZED PLANETESIMALS 
AND 26 MARS SIZED EMBRYOS 

• JUPITER AND SATURN 

• N-BODY CODE REBOUND  
(REIN & LIU 2012)

ab



RESULTS

Childs & Martin 2021a

TERRESTRIAL CBP FORMATION IS EASIER 
AROUND A CIRCULAR COPLANAR BINARY 
THAN AN ECCENTRIC COPLANAR BINARY



MISALIGNED DISKS

• MISALIGNED CBP 
DISKS ARE 
COMMONLY 
OBSERVED IN 
NATURE 

• DISK 
MISALIGNMENT 
MECHANSIMS: 
TURBULENT/
CHAOTIC 
ACCRETION, FLYBYS, 
INTERACTION WITH 
A TERTIARY 
COMPANION ETC. 

• A COPLANAR 
AND POLAR 
INCLINED DISK 
(90 ) ARE 
STATIONARY 
STATES 

• NODAL 
PRECESSION 
TAKES PLACE IN 
INTERMEDIATE 
INCLINATIONS 

∘



POLAR TERRESTRIAL CBP FORMATION

Childs & Martin 2021b

• CIRCULAR VS ECCENTRIC 
EQUAL MASSED BINARY 
( ) 

• COPLANAR VS POLAR 

• 260 MOON-SIZED 
PLANETESIMALS AND 26 
MARS SIZED EMBRYOS 

eb = 0,0.8



RESULTS

Childs & Martin 2021b



RESULTS

Childs & Martin 2021b

TERRESTRIAL CBP FORMATION AROUND AN 
ECCENTRIC BINARY IS EASIER IN THE POLAR 

CONFIGURATION 



NON-STATIONARY INCLINATIONS

• NODAL 
PRECESSION 
ABOUT THE 
BINARY ANGULAR 
MOMENTUM 
VECTOR  
COPLANAR 
ALIGNMENT 

• NODAL 
PRECESSION 
ABOUT THE 
BINARY 
ECCENTRICITY 
VECTOR  
POLAR 
ALIGNMENT 

⟹

⟹

• INITIAL 
MISALIGNMENT 

DETERMINES 
ALIGNMENT 
DIRECTION 

• CRITICAL 
INCLINATION

 icrit = sin−1 1 − e2
b

1 + 4e2
b



SETUP
• C30, C60, E60 

• BODIES PRECESS ABOUT THE 
ANGULAR MOMENTUM VECTOR 
OF A CIRCULAR BINARY 

• BODIES PRECESS ABOUT THE 
ECCENTRICITY VECTOR OF AN 
ECCENTRIC BINARY 

• FRAGMENTATION (CHILDS & STEFFEN 2022) 

• JUPITER AND SATURN 
Childs & Martin 

2022



Childs & Martin 
2022
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Childs & Martin 2022

RESULTS



RESULTS

Childs & Martin 2022

TERRESTRIAL CBP FORMATION VIA CORE 
ACCRETION IN HIGHLY MISALIGNED DISKS 
(RELATIVE TO THE PRECESSION VECTOR) IS 

INHIBITED



• BAYESIAN STELLAR 
EVOLUTIONARY CODE -9 
(BASE-9) 

• CONSTRAINS OC PARAMETERS, 
BINARY FRACTION ( ), AND 
STELLAR MASSES 

• 32 OCS 

• SEARCHING FOR  VS OC 
PARAMETER TRENDS 
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SUMMARY
• TERRESTRIAL CBPS CAN FORM EITHER COPLANAR OR POLAR TO THE 

BINARY THROUGH CORE ACCRETION 

• CORE ACCRETION AROUND AN ECCENTRIC BINARY IS MORE EFFICIENT 
IN THE POLAR ALIGNMENT 

• A PLANETESIMAL DISK THAT IS HIGHLY MISALIGNED AFTER GAS DISK 
DISSIPATION WILL EJECT MOST OF ITS MATERIAL 

• WE HAVE CONSTRAINED  FOR 32 OCS TO LOOK FOR TRENDS IN 
BINARY FORMATION AND EVOLUTION 
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