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Apsidal Resonance�

Question: 

(1)A easy criterion? (2) relation between apsidal resonance 

and stability of the system�

For the observed about  13 multiple planetary systems�at least 
6 pairs are in apsidal resonance�Especially HD12661 system is 
believed in anti-aligned apsidal resonance.
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What we did

• Obtained analytical criteria for apsidal 
resonance 

• Applied to HD12661 and 47Uma system
• Studied the stability of orbits in apsidal 

resonance for the HD12661 system
• Extended to the nodal resonance case

Notations�

1�Criteria for Apsidal resonance
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According to the Laplace-Larange 
secular perturbation theory:

These are the criterion for the occurrence of 
apsidal resonance�

Librating regions for HD12661
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Area ratio (libration region to the total )�

Variation of area ration with alpha fom
HD12661 system
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=Critical case:

To see the stabilities of orbits in apsidal resonance,We 
integrate orbits in a general three body problem with 
RKF(8) code.

(1)define an index to see whether an orbit is 
in libation region:
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(2)Lyapunov Exponents
HD12661
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(2) Planets migration under disc tide�

To see whether orbits,  initially in apsidal 
resonances,  could remain during migrations.

The evolution time span is 50000 years.

Azimuthal torque to m2
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Application of the criteria in other systems (6 pairs in 
apsidal resoncance)

Because of mean motion resonance

�1�we obtained an effective criteria�

�2�apsidal resonance would stablize the orbits;

�3�when planets in large eccentric orbits, aligned apsidal 
resonance have larger stable region than anti-aligned one.

Published in ApJ  598, 1290-1300, Dec 1, 2003

Conclusion:
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Extend to nodal resonance:  
Criteria

IAU Symposium. 219: Sydney, 2003

Thanks!


