
    
      Fig. 1 
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        Level curves of a fictitious Hamiltonian. O indicates a stable equilibrium point at (θs = 60°, I0 = 2) and X an unstable equilibrium point at (θu = 240°, I0 = 2). The arrows show the total resonance width, which is 2(Isep − I0), where Isep = 2.44.

      

    

  
    
      Fig. 2 
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        Hamiltonian level curves for a fictitious planetary system composed of a star with m0 = 1 M⊙ and two planets both with mass 0.001 M⊙, mutual inclination of 20°, e1 = 0.5, and e2 = 0.9 located in 3:2 resonance with a1 = 1 au. The stable equilibrium points are shown with an O and the unstable point is shown with an X. We apply Eq. (28) and predict a total width of 0.048 au in a2.

      

    

  
    
      Table 1 

      Minimum masses and orbits for system HD 31527.

      
        


	Parameter
	HD 31527 b
	HD 31527 c
	HD 31527 d





	K [m s−1]
	2.818 ± 0.092
	2.661 ± 0.093
	1.70 ± 0.20



	P [d]
	16.5545 ± 0.0024
	51.265 ± 0.023
	272.84 ± 0.78



	e
	0.137 ± 0.033
	0.030 ± 0.034
	0.596 ± 0.055



	ω [deg]
	47 ± 14
	277 ± 69
	183.3 ± 6.5



	TP [d]
	55 499.7379
	55 466.7627
	55 444.7471



	




	m sin I [m⊕]
	10.8279 ± 0.50
	15.0399 ± 0.71
	13.5044 ± 1.20



	a [au]
	0.1254 ± 0.002
	0.2664 ± 0.005
	0.8121 ± 0.014



	




	Planet #
	1
	2
	3




      

      

Notes. The mass of the star is m0 = 0.96 M⊙.




    

  
    
      Fig. 3 
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        Resonant structure determined with the semianalytical model in the (a2, e2) plane surrounding the middle planet (top) and in the (a3, e3) plane (bottom). Two-planet commensurabilities between planets m1 and m2 are shown in red, and those between the middle and outer planets are presented in blue. In both plots the nominal positions of the planets are identified by filled black circles, and the collision curves are depicted in gray.

      

    

  
    
      Fig. 5 
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        Results of a long-term N-body simulation of the nominal solution for system HD 31527. Top rows: semimajor axis a3 and eccentricity e3 of the outer planet as a function of time for the first 105 yr of the integration. Lower left-hand plot: shows in green the difference in longitude of pericenter ϖ3 − ϖ2, and the red curve presents the behavior of the resonant angle σ2 = 3λ2 − 16λ3 + 13ϖ3. Lower right-hand graph: maximum Lyapunov exponent for the system during the complete simulation.

      

    

  
    
      Table 2 

      Masses and orbital parameters of the three-planet HD 74156 system proposed by Barnes et al. (2008).

      
        


	Parameter
	HD 74156 b
	HD 74156 d
	HD 74156 c





	m [mJup]
	1.847
	0.412
	7.995



	a [au]
	0.292
	1.023
	3.848



	e
	0.629
	0.227
	0.426



	ω [deg]
	176.45
	191.81
	262.17



	M [deg]
	211.64
	67.51
	340.20



	




	Planet #
	1
	2
	3




      

      

Notes. The mass of the star ism0 = 1.24 M⊙.




    

  
    
      Fig. 6 
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        Top and bottom left-hand graphs: Δe dynamicalmap for system HD 74156 as obtained from the numerical integration of a grid of 900 × 900 initial conditions in the (a2, e2) plane. Upperplot: corresponds to a semimajor axis a2 ∈ [0.80, 0.95] au, and the bottom panel to a semimajor axis a2 ∈ [0.95, 1.10] au. The integration time was set to 103 yr, and escapes during this time span are highlighted in light yellow. The location of the middle planet is shown with a filled white circle. The libration widths of the most relevant MMRs determined analytically are highlighted in blue (resonances with the outer planet) and red (resonance with the inner planet). Top and bottomright-hand graphs: Megno map for the same plane. The set of initial conditions was reduced to a 300 × 300 grid, but the integration time was extended to 104 yr.

      

    

  
    
      Fig. 7 
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        Megno map for a circumbinary system in the (a, e) plane. The color code shows values of Y* = log10(⟨Y ⟩− 2). Dark blue corresponds to more regular orbits, and lighter tones of green indicate increasingly chaotic motion. The libration widths of the most relevant MMRs determined with the model are plotted as white lines, setting ϖ = 180o. The top scale indicates the positions of N∕1 resonances with respect to the mean motion of the binary. See text for details.

      

    

  
    
      Fig. 8 
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        Widths and location of N/1 resonances setting different values of ϖ (left frames) and Ω (right frames) for a planet around a binary with a mass ratio q = 0.2 and aB = 0.1 in the plane (a, i). The top scale of each frame indicates the positions of N∕1 resonances with respect to the mean motion of the binary. We calculate each resonance with the semianalytical model for 20 different values of ϖ in the left-hand frames (Ω in the right-hand frames) from 0° to 180° and plot each one with gray lines. Black lines denote the value for ϖ = 180° (left frames) or Ω = 180° (right frames). Horizontal red lines indicate the separatrix location for nodal libration, i.e., regions in which the dynamics only allow libration of Ω around 90°. See text formore detail. Bottom panels: do not present horizontal lines because the nodal resonance is absent, then Ω circulates independently of the inclination i.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Resonance N∕1 and N∕2 widths setting a different mass ratio between components q = {0.2, 1} in the plane (a, i) calculated with the semianalytical model. For q = 0.2 we use green (N∕1) and magenta(N∕2), and for q = 1 we use orange (N∕1) and blue (N∕2) resonances. Horizontal lines indicate the separatrix location for nodal libration. See text for more detail.

      

    

  OEBPS/aa39764-20-eq8.png





OEBPS/aa39764-20-eq9.png





OEBPS/aa39764-20-fig9_small.jpg





OEBPS/aa39764-20-eq4.png





OEBPS/aa39764-20-eq27.png





OEBPS/aa39764-20-eq5.png





OEBPS/aa39764-20-eq26.png





OEBPS/aa39764-20-eq6.png





OEBPS/aa39764-20-eq29.png





OEBPS/aa39764-20-eq28.png





OEBPS/aa39764-20-eq23.png





OEBPS/aa39764-20-eq25.png





OEBPS/aa39764-20-eq24.png





OEBPS/aa39764-20-eq21.png





OEBPS/aa39764-20-eq20.png









OEBPS/aa39764-20-fig5_small.jpg





OEBPS/aa39764-20-eq1.png





OEBPS/aa39764-20-fig2_small.jpg





OEBPS/aa39764-20-eq3.png





OEBPS/aa39764-20-eq38.png





OEBPS/aa39764-20-eq37.png





OEBPS/aa39764-20-eq39.png





OEBPS/aa39764-20-eq33.png





OEBPS/aa39764-20-fig8_small.jpg





OEBPS/aa39764-20-eq36.png





OEBPS/aa39764-20-eq35.png





OEBPS/aa39764-20-eq30.png





OEBPS/aa39764-20-fig2.jpg
132 =

131 —

(ne) Ze

o (degrees)





OEBPS/aa39764-20-eq32.png





OEBPS/aa39764-20-fig4.jpg
o
o
vl

11/2

’-\m —
o ~
> |
fn —~
2 o060 z
et

c S
g o
g o
]

o
¢
vl

0.45
0.76 0.77 078 079 080 081 082 083 0.84

semimajor axis (asz) [au]






OEBPS/aa39764-20-eq31.png





OEBPS/aa39764-20-fig5.jpg
semimajor axis [au]

angles [deg]

270

180

eccentricity

0.598

0.596

0.594

0.592

°
&
I
3

0.588

0.586

50000 100000
time [yrs]

°

50000
time [yrs]

100000

LCE

10!

10°

1071

1072

50000 100000
time [yrs]

10!

10?

10° 104
time [yrs]

10°

10°

107





OEBPS/aa39764-20-fig6.jpg


OEBPS/aa39764-20-fig7.jpg





OEBPS/aa39764-20-fig8.jpg
inc (deg)

inc (deg)

inc (deg)

180
150
120

180
150
120

180
150
120

inc (deg)

180 -
150

120

o)
o
I

T
015 02 025 0.3 035 04 045

a (au), eg=0.1, Q=90°
2 3 4 5 6 7 8 9

T T T
0.25 0.3 0.35

a (au), eg=0.1, @=0°

T
0.4

180

inc (deg)

150

120

60

30

T
015 02 025 0.3 035 04 045

a (au), eg=0.5, Q=90°
2 3 4 5 6 7 8 9

0.15

180

0.2

4 5 6 7
T T l
025 03 0.35

a (au), eg=0.5, w=0°
4 5 6 7

8
0.4

0.45

inc (deg)

150
120
90
60

T T T

0.15 0.2 0.25 0.3 0.35 0.4 0.45
a (au), eg=0.5, Q=0°

0.15

0.2

T T T
0.25 0.3 0.35

a (au), eg=0.5, @=90°

0.4

0.45





OEBPS/aa39764-20-fig10_small.jpg





OEBPS/aa39764-20-fig9.jpg
0.2

0.5





OEBPS/aa39764-20-fig1_small.jpg





OEBPS/dash.png





OEBPS/aa39764-20-eq43.png





OEBPS/aa39764-20-eq42.png





OEBPS/aa39764-20-fig7_small.jpg





OEBPS/aa39764-20-eq19.png





OEBPS/aa39764-20-eq16.png





OEBPS/aa39764-20-fig10.jpg
inc (deg)

0.15 0.2 0.25 0.3 0.35 0.4
a (au), eg=0.5, Q=90°





OEBPS/aa39764-20-eq15.png





OEBPS/aa39764-20-eq18.png





OEBPS/aa39764-20-eq17.png





OEBPS/aa39764-20-eq11.png





OEBPS/aa39764-20-eq10.png





OEBPS/aa39764-20-fig6_small.jpg
o i
LR





