
 



 

• Explain the wide eccentricity distribution of exoplanets 

• MMRs appear to be relatively common 

Chatterjee et al. 2008 

Jackson et al. 2008 

Raymond et al. 2008 

NAM2012, G. Campanella 
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• The orbit of d was not  completely  sampled 

• Dynamical stability as an additional observable 

NAM2012, G. Campanella 

HD 181 433b 
 

HD 181 433c HD 181 433d 

Mass 7.5 M⊕ 0.64 MJup 0.54 MJup 

Ecc. 0.40 0.28 0.48 

P 9.4 d 962 d ~ 6 yr 

Bouchy et al. 2009 



NAM2012, G. Campanella 

• We performe an independent   

 analysis of the RV data. 

 

• We test the long-term  

 evolution of the retrieved  

 solutions for Myrs. 

 

• The uncertainity on ad  

 reduces dramatically to the  

 narrow band where the 5:2  

 MMR is possible. 

 



Characteristics of the stable best-fit 
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HD 181 433b 
 

HD 181 433c HD 181 433d 

Mass 7.4 M⊕ 0.65 MJup 0.53 MJup 

Ecc. 0.39 0.27 0.47 

P (d) 9.4 975 2468 

Campanella 2011 

 - SCATTERING 

 

Planet x excites the others 

x removed - c and d move inwards 
 

Star 
 

Mass ~ 0.8 M⊙ 
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Sweeping Sec. Resonances / Stellar Spin-down 
• Consider GR and J2 effects  

• The magnetised wind  

 remove angular  

 momentum from  

 rotating star 
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5.75% slower 
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Once a threshold is reached (e≈0.25), 

the resonance is manteined 

Iorio 2005 
Typical G/K 

dwarf 

* 2P d



• Model to test: 

 - 3 terrestrial planets external to b  

      - instabilities must be generated while e is increasing  

      - b is released from the resonance 

      - 3 planets removed or moved out leaving b with the present e 

       

 

Stellar Spin-down 

9 
NAM2012, G. Campanella 

* 0.93P d



NAM2012, G. Campanella 



NAM2012, G. Campanella 

• Genetic algorithm to retrieve the minimum in the χ2  phase space 



  



NAM2012, G. Campanella 

Additional planets?  

Campanella et al. in prep. 

 Habitable Zone orbital distance  
 Stable region at around 0.2 - 0.6 AU, confirmed by numerical simulations  
 With a super-Earth in the HZ the fit improves. Signal would be at the noise level (F-test ~ 30%) 

 
 The existence of this planet would support the “packed planetary systems” hypothesis 

* / 0.55haba L L AU 

Barnes & Raymond 2004 
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• Consider GR effects 

• Planets have a physical size 

• Scenario: terrestrial planet (1-10 M⊕) at 2.5-5 RH,m from b 
 

 

 

• Collisions, no ejections: 
 

 

 

• Max kick from a 1 M⊕ 

NAM2012, G. Campanella 

   
1/3

, 1 2 1 2 *0.5 / 3H mR a a M M M    

, * 88 /orb b bv GM a Km s 

, 2 11 /escv Gm r Km s   

,* * *2 124 /escv GM a Km s 

, , 0.13esc orb be v v 
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• Engineered construction: 

   - planet x excites the others, then removed 

 

 

      energy to remove x provided by moving inwards c and d 

 

  - how massive x needs to be to generate eb? 

 

mx= 0.22 MJUP 

 

 

 

 

 

 

 

 

 

  - ac,i= 1.8 AU     x: 2-5 RH,m outside d’s orbit 

, , 0.39esc x orb be v v 

 x JUP 
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Sweeping Secular Resonances 
• Consider GR and J2 effects Treat planet b as a test particle 
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* 2P d* 30P d



Stellar Spin-down 
• The magnetised outflowing wind remove angular momentum 

from rotating star: 
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QMUL 2012, G. Campanella 

3d

dt



  

Verbunt & Zwaan 1981 

Dobbs-Dixon et al. 2004 

141.5 10 yrs  

1 2t

Skumanich 1972 

empirical relation 

for solar-type stars For a G or 

 K dwarf 

5.75% slower 
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Once a threshold is reached (e≈0.25), 

the resonance is manteined 

Iorio 2005 



• Model to test: 

 - additional terrestrial planet external to b  

      - should generate instabilities while e is increasing  

      - b is released from the resonance 

      - should move out leaving b with the present e 

       

 

Stellar Spin-down 
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* 0.84P d



Conclusions 

NAM2012, G. Campanella 

• Around 100 planetary systems are known 

• A broad range of properties need to be interpreted 

 

• Dynamical stability  used as an additional observable when considering 

RV data 

 

• Planet-planet scattering can generate large eccentricity and throw 

planets into MMRs 

• Sweeping secular resonances during an earlier stage of stellar evolution 

can generate large eccentricities 

 

• The present state of the system HD 181433 may have been generated 

by  scattering of giant and rocky planets while the star was a fast rotator 



760    Extrasolar planets 

20 

The lightest (orbiting a MS) 

KOI-961 d (~ 0.95 M⊕) 



760    Extrasol 

21 
QMUL 2012, G. Campanella 



 

55 Cancri  

QMUL 2012, G. Campanella 



 ~ 10 light years away 

 two asteroid belts  

 

1 light-year = 10 000 billion km QMUL 2012, G. Campanella 



QMUL 2012, G. Campanella 
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Kepler-9 d 
 

Kepler-9 b Kepler-9 c 

Mass 7 M⊕ 0.25 MJup 0.17 MJup 

Radius 1.6 R⊕ 0.84 RJup 0.82 RJup 

P (days) 1.6 19.2 38.9 

Holman et al. 2010 

QMUL 2012, G. Campanella 



 

QMUL 2012, G. Campanella 



• Habitable Zone (HZ): the region around a star within which an Earth-like 
planet can sustain liquid water on its surface.  

• Planets inside the HZ are not necessarily habitable. 

27 
QMUL 2012, G. Campanella 

http://upload.wikimedia.org/wikipedia/commons/4/46/Gliese_581_-_2010.jpg


Kepler-22 b 
 

Mass < 35 M⊕ 

Radius 2.4 R⊕ 

P (days) 290 

Borucki et al. 2012 

QMUL 2012, G. Campanella 

 Smallest planet known to orbit in the middle 
of the HZ of a sun-like star 



699  Candidates detected by RV  

QMUL 2012, G. Campanella 


