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Introduction:  Earth-Moon periodic/cycler orbits 

constantly travel between the Earth and Moon via free-

return, figure-8 circumlunar segments. Such cycler 

orbits can host a space station that can be utilized in a 

flexible manner with regard to providing support (e.g., 

propellant, crew supplies, robotic spacecraft, etc.) to 

other stations/nodes near or on the Moon, to near-Earth 

asteroids and Mars.  

If an Earth-Moon cycling station acts a propellant 

depot, then the braking delta-V (ΔV) needed to enter 

lunar orbit, land on the lunar surface, and ascend back 

to lunar orbit to eventually reach the Earth can be pro-

vided by the cycling station thus minimizing the mass 

needed for human launches. Propellant can also be 

transported to and from lunar orbit (including a deep 

space gateway station at/near and Earth-Moon La-

grange point) via Earth-Moon cycling trajectories. Fig-

ure-8 cyclers can also provide abort-friendly trajectory 

plans for crew to execute in case of an emergency.  

Connections to and from Earth-Moon cycler orbits 

and associated science applications are detailed in this 

abstract. 

 

Cycler Orbit Properties and Connections:  One 

type of Earth-Moon cycler orbit originally theorized by 

Dr. Buzz Aldrin and proven by the author is detailed in 

Figure 1. This cycler orbit is in 3:1 resonance with the 

Moon with figure-8 segments occurring ~26 days apart, 

separated by elliptical Earth orbits used for phasing. 

 

 

 
 

Figure 1:  Earth-Moon Cycler Orbit in 3:1 resonance 

with the Moon, from [1].  

Station-keeping ΔV requirements for Earth-Moon 

cycler orbits with monthly lunar encounters average as 

low as ~18 m/s per month [1]. 

 

Transfer from Cycler to Earth-Moon Halo Orbit: It 

appears that a strong candidate orbit for NASA’s deep 

space gateway is that of a halo orbit around the Earth-

Moon L2 Lagrange point [2]. Although this abstract 

focuses on Earth-Moon cycler orbits, cyclers can work 

together with nearly any orbit in cislunar space, espe-

cially a halo orbit. This connection is detailed in [1] 

with an image of the solution shown in Figure 2. A 

halo orbit generally requires a lunar flyby for orbit in-

sertion and since a cycler orbit makes repetitive close-

approaches to the Moon, little ΔV is required to alter 

the cycler orbit to set up the halo orbit insertion. Fur-

thermore, this halo orbit can reach any point on the 

lunar surface within two weeks with a soft-landing ΔV 

cost of 2.5 km/s; transfers to three lunar sites of scien-

tific interest (Tsiolkovsky on the far side, Reiner 

Gamma on the near side, and Shackleton near the south 

pole) are shown in Fig. 3 (left). 

 

 

 

 

Figure 2:  Transfer from Earth-Moon Cycler Orbit to 

Earth-Moon L2 Halo Orbit, from [1].  

 

 

Transfer from Cycler to Mars: An Earth-Moon cy-

cler orbit contains an orbit energy very near that of 

Earth-escape, meaning that little ΔV is required from 

the cycler (or halo orbit) to reach near-Earth asteroids 

(NEAs) and Mars. Both are similar orbit geometry 

problems as NEAs and Mars are heliocentric targets 

that require attainment of a hyperbolic asymptote. 

Connecting a halo orbit to NEAs is detailed in [3] 

while a connection from a cycler orbit to Mars is de-

tailed in [1] and shown in Fig. 3; both are point solu-

tions that can be optimized with further study. 
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Figure 3:  Transfer from Earth-Moon L2 Halo Orbit to 

3 lunar surface sites: Tsiolkovsky, Reiner Gamma, and 

Shackleton (left); Transfer from Earth-Moon Cycler to 

Mars hyperbolic asymptote (right),  from [1].  

 

 

Science & Technology Applications via Earth-

Moon Cycler Orbits:  Science that can be gained di-

rectly from an Earth-Moon cycler orbit pertains to the 

field of astrophysics. NASA Ames Research Center 

recently won a Medium Explorer Phase A award for a 

mission concept named Arcus that utilizes an orbit very 

similar to an Earth-Moon cycler. Arcus science goals 

include (from [4]):  1) to measure the effects of struc-

ture formation imprinted upon the hot baryons that are 

predicted to lie in extended halos around galaxies, 

groups, and clusters, 2) to trace the propagation of 

outflowing mass, energy, and momentum from the vi-

cinity of the black hole to extragalactic scales as a 

measure of their feedback and 3) to explore how stars, 

circumstellar disks and exoplanet atmospheres form 

and evolve. Figure 4 (left, from [5]) details a cycler-

like orbit considered by the Arcus mission concept; it 

can be seen that this orbit is periodic in cislunar space. 

 

 

    
 

Figure 4:  High-Earth Orbit considered the ARCUS 

spacecraft, which will carry an x-ray grating spec-

trometer (left), from [5]. Lunar Orbit passing through 

Earth and Sun shadow cones to collect radio science 

data (right), from [8]. 

 

Indirect science data that can be attained via an 

Earth-Moon cycler orbit (or halo orbit) relate to the 

Moon. LunaH-Map is a cubesat mission that is sched-

uled to fly with SLS on EM-1. The LunaH-Map cu-

besat mission [6, 7] plans to map the hydrogen distri-

bution on/near the lunar south pole (Figure 6, left). 

Deployment of cubesats from a cycler orbit, which is 

very similar to EM-1’s starting orbit, can yield a varie-

ty of science return from the Moon including mapping 

of important elements, minerals, and volatile species. 

Additional observations pertain to radio science (e.g., 

Dark Ages, see Fig. 4 and [8, 9]) and lunar magnetic 

anomalies such as Reiner Gamma (Fig. 3 and  [3, 10]). 

Finally, it is noted that technology applications 

from cycler orbits exist, such as testing of critical ex-

ploration systems including communication relays 

which can be deployed from the cycler (Fig. 6, right). 

 

 

 
 

Figure 5:  Arcus has the unique ability to detect weak 

absorption features that reveal the “mission baryons” 

at redshifts <0.3 (yellow bands), from [4].  

 

        
 

Figure 6:  Low-Thrust transfer (left) to low perilune 

orbit for the LunaH-Map cubesat,  from [6]. Lunar 

Orbit Communications Relay (right), from [11]. 
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