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The 1:1 co-orbital resonance is usually discussed in the 
context of Trojan or horseshoe objects and their asso-
ciation with the Lagrangian equilibrium points. Exam-
ples include the many Trojan asteroids locked in reso-
nance with planets such as Jupiter, Neptune, and Mars, 
or the Saturnian satellites Janus and Epimetheus, 
which are on horseshoe orbits with respect to each 
other. These objects are precluded from having rela-
tively close encounters with the secondary object host-
ing the resonance (the planet or the other horseshoe 
object). In fact, this is generally the case in nearly all 
resonant configurations. However, there is another 
class of 1:1 resonant objects in which the opposite is 
true. Known as quasi-satellites, these objects always 
remain very near to their host planets.  Figure 1 dem-
onstrates some of the unique orbital characteristics of 
quasi-satellites.   
     Previously we have shown that gas drag acting on 
km-size planetesimals in the early solar nebula can 
lead to quasi-satellite trapping and subsequent deep 
close-encounters with the host planet [1].  We’ve also 
shown that planetary migration (i.e., when a drag force 
acts on planets rather than the small bodies) can lead to 
quasi-satellite trapping of planetesimals [2].  Here we  

show that micron-size interplanetary dust particles 
evolving from the asteroid belt into the inner solar sys-
tem under the influence of Poynting-Roberston light 
drag (PR-drag) can become trapped in Earth’s quasi-
satellite resonance. 
     We performed numerical simulations using the hy-
brid Mercury code [3], modified to include radiation 
pressure, PR drag, and solar wind drag. Each simula-
tion included all eight planets starting with their cur-
rent orbital elements. Initial distributions of dust parti-
cles were set up with semi-major axes a = 1.25±0.05 
AU, osculating eccentricities e = 0.025±0.005, and 
osculating inclinations I = 2.0°±0.5. The eccentricities 
are representative of typical asteroidal dust particles at 
that semi-major axis after having orbitally decayed 
from the asteroid belt [4]. The low inclinations repre-
sent dust produced by the Koronis and Themis asteroid 
families and the young asteroid clusters within these 
families [5].  
     To account for different dust particle sizes we used 
a series of β values (where β is the ratio of radiation 
pressure to central gravity) ranging from 0.0025 up to 
0.02. Assuming a composition consistent with astro-
nomical silicate and a particle density of 2.5 g cm-3

Figure 1: Unlike more traditional horseshoe or Trojan resonant companions, quasi-satellites in 1:1 resonance always stay very 
close to the host planet. Here we show the orbits of Earth and two quasi-satellite IDPs, one with orbital eccentricity lower than 
Earth’s (green) and one with orbital eccentricity higher than Earth’s (red). For illustration purposes Earth’s eccentricity is set to 
0.05, near its maximum value over long time scales. Panel A is a a sun-centered reference frame rotating with the mean motion of 
Earth, while panel B is an Earth-centered frame with the inertial orientation of the X-Y axes preserved (i.e., the sun circulates 
around Earth in B but stars are fixed). In the rotating frame of A, the orbital eccentricities of Earth and the quasi-satellites cause 
them to follow elliptical paths. In the geocentric frame of B the quasi-satellites trace out the double-lobed looping paths once 
each year. Over much longer time scales the looping paths followed by the quasi-satellites slowly precess clockwise around 
Earth, corresponding to retrograde motion as seen from Earth. 
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these β values correspond to dust particle diameters 
ranging from 200 down to 25 microns.  Each simula-
tion used a time-step of 0.05 years and durations 
ranged from 4×105 years for the slowly evolving larger 
dust particles to down to  2×105 years for the smaller 
particles. 
     Simulations with the larger dust particles (>50 mi-
cron) typically showed that 100% of the dust particles 
became temporarily trapped in mean-motion reso-
nances outside Earth's orbit. While trapped in these 
outer resonances a dust particle's orbital eccentricity 
significantly increases (sometimes to e > 0.2) while its 
decay in semi-major axis is halted.  Most dust particles 
eventually slip out of these resonances and their orbits 
continue decaying inwards toward 1 AU.  We found 
that a large fraction of the initial populations eventu-
ally became trapped in 1:1 co-orbital resonance with 
Earth.   
   The condition for identifying resonance trapping is a 
libration of the resonant argument φ1:1 = λ - λ⊕, where  
λ is the mean longitude of the dust particle or Earth.  
Trojans are indicated by libration of φ1:1 about ±60° 
(corresponding with L4 or L5). Horseshoe objects li-
brate around 180° while quasi-satellites librate around 
0°.  The typical libration period of φ1:1 is about 100 
years.   Analysis of φ1:1 for each dust particle over the 
duration of each simulation revealed that a significant 
fraction of the population became trapped in Earth’s 
1:1 resonance. 
     For example, from the simulation with β = 0.005, 
corresponding to about 100 micron diameter dust par-
ticles, we found that about 25% of the initial dust par-
ticle population in the simulation was temporarily 
trapped for some length of time in 1:1 resonance with 
Earth, typically on horseshoe orbits but also occasion-
ally as Trojans, while 7.6% became trapped as quasi-
satellites.  There was often a transition from an initial 
horseshoe orbit to a quasi-satellite orbit.  Figure 2 
shows examples of three 100 micron dust particles that 
were trapped as quasi-satellites.     
     Over the full range of dust particle sizes we studied 
the fraction of each initial population that became 
trapped in Earth’s quasi-satellite resonance varied 
dramatically (see Figure 3),  from a low of 1.1% with β 
= 0.002 (25 micron diameter) to a high of 10.2% with 
β = 0.025 (200 micron). The occurance of only horse-
shoe trapping (without quasi-satellite motion) was 
about four times higher than these values. 
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Figure 2: Three panels showing orbital semi-major axis as a 
function of time for three representative dust particles from a 
numerical simulation with β = 0.005, corresponding to about 
100 micron diameter dust particles. The decay in semi-major 
axis seen in the panels prior to resonant trapping is due to PR 
light drag and solar wind drag. As each dust particle decays 
closer to 1 AU the periodicity of synodic encounters with 
Earth is evident from the sharp dips in semi-major axis.  
Eventually one of these perturbations places the dust particle 
directly into the 1:1 resonance. Note that the location of the 
1:1 resonance is slightly inside of 1 AU because of radiation 
pressure support.  A dust particle will match Earth's orbital 
period at a semi-major axis of a = (1-β)1/3, or a = 0.9983 AU 
for β = 0.005 (indicated by dashed lines in plots). 

Figure 3: The percentage of the initial populations of dust 
particles that became trapped for some length of time in 
Earth’s quasi-satellite resonance, shown as a function of the 
parameter β .  Particles diameters increast to the right (they are 
inversely proportional to β), indicating a greater rate of quasi-
satellite trapping for larger particle diameters. Error bars indi-
cate margin of error for a 95% standard deviation. 
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