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Abstract. Pluto, Charon, Nix and Hydra are targets of micrometeorites which are probably originated from the Kuiper belt. A sample of particles can be generated from these collisions and be trapped in the orbit around one of these bodies. The location of stable and unstable regions will be helpful to the New Horizon mission during its flyby in the Pluto system in 2015.  Stable and unstable regions were analysed by computing the Poincaré  Surface of Section. From this method we found stable regions around Pluto, Charon and close to the new discovered satellites, Nix and Hydra. Several resonant and periodic orbits have been found.
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1. INTRODUCTION 

Pluto and Charon form a binary system since the ratio between their masses is 0.1165  and the distance between them is small compared with their sizes. This type of dynamical system presents some differences when compared with other bodies of the solar system, excluding the recently discovered binary asteroids, such as the centre of mass of this system is not located in Pluto and the so called Lagrangian equilateral points are not stable points for this mass ratio (Szebehely, 1967). Therefore, after the discovery of the new satellites Nix and Hydra (Weaver et al., 2006) and the launching of the New Horizon Mission increasing attention has been given to this system. 

Analysing the stable zones will probably help to find new satellites and also a ring system, which could be the product of a sample of particles generated by collisions between micrometeorites and Pluto (and/or Charon and the new satellites). These particles can be trapped in the exterior or interior regions of the binary system.  All these data can be helpful for the New Horizon Mission.

The goal of this paper is to explore the stability of the phase space around Pluto, Charon and close to the satellites Nix and Hydra and verify stable and unstable orbits near these bodies. In section 2 we describe the method of the Poincaré Surface of Section (PSS). In section 3 we present a sample of PSS near to each body  and in the last section we discuss our results.

2. POINCARÉ SURFACE OF SECTION

    The method of PSS has been used to determine the location and size of regular and chaotic orbits located in the phase space of the planar circular restricted 3-body problem (PCR3BP).  The PCR3BP describes the motion of a massless particle, m, under the gravitational influence of two massive bodies, m1  and  m2. This problem can be applied to analyse the motion of a small particle under the gravitational influence of Pluto and Charon. The new discovered satellites were assumed to be a particle. The eccentricity and inclination of the satellites are close to zero. 

   The motion equations for a particle around the central body disturbed by the second body are given by (Murray & Dermott, 1999)
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   To determine the orbital elements of the particle at any particular time t is necessary to know the components of the position (x,y) and velocity (vx, vy) of the particle at this time  t; these will give a point in a four dimensional phase space.  With a fixed CJ (Jacobi constant), the only constant of the PCR3B, only three quantities,  x,  y and  vx, are needed to identify a particle in a three dimensional surface. However, if a plane is defined with y=0, the point in the phase space of two dimensional is identified at time t with with values of   x and  vx. . The  ambiguity in the sign of  vy  can be removed by considering those points with a fixed sign of  vy  (Winter & Murray, 1997). Table 1 shows the semi major axis  (in km)  of Pluto, Charon, Nix and Hydra, their masses in kg and the radius (in km) of each body.

   Figure 1 shows a sample of PSS for different values of the Jacobi Constant close to Pluto. In these PSS can be seen chaotic regions, those regions filled with points, periodic orbits which are isolate points inside the curves.  The  islands  correspond to resonant orbits.  We have generated a sample of more than 200 PSS. The region close to Pluto has a rich structure as can be seen in Figure 1.

Table 1. Orbital parameters of Pluto and its system, where a is the semi major axis, the mass is given in kg and the radius is given in km.

	Orbital Parameters
	Pluto 
	Charon
	Nix 
	Hydra

	a (km)
	5906 X 10 6  (1)
	19571,4
	49500(2) 
	64700(2) 

	mass (kg)
	1.303385 X 10 22
	1.519918 X 10 21
	--
	--

	 radius (km)
	1137
	586
	--
	--


(1) : measured in relation to the Sun: (2) measured in relation to the baricentre of the Pluto-Charon system
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Figure 1.  A sample of Poincaré Surface of Section for  particles close to Pluto.  The values of the CJ  are: a) 3.476,

  b) 3.486, c) 3.546, d) 3.566,  e) 3.666 and f) 3.686.

   Figure 2 shows a sample of PSS for different values of the Jacobi Constant close to  Charon. We can see a stable region around  Charon. The values of CJ  are  3.016 and 2.766, respectively.  By analyzing the trajectories of these particles in Fig. 2a we identified such trajectories as periodic orbits. Figure 2b also shows a stable region around Pluto. 

a)                                                                                                  b)
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Figure 2. Sample of Poincaré Surface of Section for particles close to Charon.  The values of the CJ  are: a) 3.016 and

 b) 2.766.

      Figure 3 shows a  PSS near to the orbit of Nix.  This satellite is close to the 1:4 resonance with Charon. In this PSS can be seen the three inslands corresponding to the 1:4 resonance. The centre of the insland corresponds to a periodic orbit with eccentricity equal to zero. Figure 4 shows a  PSS near to the orbit of Hydra.  This satellite is close to the 1:6 resonance with Charon. In this PSS can be seen the five inslands corresponding to the 1:6  resonance. The centre of the insland corresponds to a periodic orbit with eccentricity equal to zero.
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Figure 3. Poincaré Surface of Sections for  particles close to Nix (indicated as a blue point).  
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Figure 4.   Poincaré Surface of Sections for  particles close to Hydra (indicated as a blue point).  

3. DISCUSSION

     We have analysed the phase space of a sample of particles in the Pluto-Charon binary system.  We have adopted the method of the PSS in order to determine stable and unstable orbits. Only several PSS, of more than 200 PSS,  have been included in this work . Our analysis of the all sample of PSS showed that the phase space  for those  particles around Pluto is very rich in structure. Chaotic and regular regions are well defined. 

     Charon also presents particles in stable region, however most of the particles are in periodic orbits but not in resonant orbits. We also analysed the external which correspond for those particles in a P-type orbits. In order to illustrate we have included those regions close to Nix and Hydra, which also shows the islands corresponding to the 1:4 and 1:6 resonances. 

      Next step of this work will be to elaborate a diagram of CJ  versus x which will permit determining the size of the regular regions around Pluto, Charon and also the external region (Fernandes Guimaraes, 2006). This work will be published elsewhere.
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