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Introduction 

In recent years satellite observations of the region of the Earth-Moon 

libration points L. and L, became available, which showed different re

sults. Roach (1975) has measured perturbations of the Zodiacal Light in

tensity near the libration points L. and L_ with a photometer on board 

the 0S0-6 satellite. He interpreted the results as counterglow of a 

cloud of particles, having an angular diameter of 6 degrees and an aver

age brightness of 20 S-_ v, whereas observations by Burnett et al. (1974) 

set an upper limit of 10 S.. , . . Earth bound observations made by 

Bruman (1969) with the 48-inch Palomar Schmidt telescope gave no indica

tion for discrete objects nor for clouds. 

Looking at the dynamical aspects of the matter, the circumstances are 

not favourable for a straightforward solution. In celestial mechanics 

there are great difficulties in treating a restricted (m. = 0) four-

body problem analytically, and though several papers are now present 

confirming the existence of periodic orbits around the libration points, 

even if eccentricity of the orbits of the primaries and the effect of 

radiation pressure are admitted (e.g. Matas, 1974), this does not con

firm the existence of a cloud. Therefore we undertook a numerical ap

proach to the problem, which enabled us to compare computed values for 

the mass supply of the cloud with measurements. 

Assumptions and calculations 

Besides the gravitational attraction of the Sun, the Earth and the Moon, 

we included in our calculations the effect of the Sun's radiation pres

sure using formulas given by Robertson (1937). For the equations of motioi 

we used cartesian relative coordinates originating in the Earth's centre. 

In order to get a good approximation to the real situation we made the 

following assumptions for the motion of the Sun and the Moon. The Sun 

moves around the Earth on an elliptic orbit with eccentricity 0,0167. 
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The Moon's orbit has an inclination to the ecliptic of 5.° 1, an eccen

tricity of 0.0549, and the rotation of perigee and node are included. 

The initial positions of Sun, Earth and Moon were collinear, but this 

did not influence the results as has been shown by test calculations 

with different initial conditions. 

The position of the libration point L. was that of the elliptic re

stricted three-body problem, that means 60 degrees in advance of the 

Moon in the Moon's plane of orbit, and Earth, Moon and L. form an equi

lateral triangle at any time. The probe began its motion at various 

positions at and near L., the initial velocities being varied. Starting 

with these initial conditions at time t = 0 the integration was per

formed in positive direction of time and was stopped, whenever the par

ticle left the Earth-Moon system or hit one of the main bodies. Begin

ning at the same initial position and integrating backwards in time we 

found the origin of particles that could possibly contribute to a libra 

tion cloud. 

For the numerical treatment of the problem a fourth order Runge-Kutta 

scheme with automatical step-size control has been applied. To insure 

the correctness of the integration procedure we reversed the direction 

of time at the final point of the integration and pursued the path back 

again until we reached t = 0. We only used the results if no coordinate 

of the particle deviated from its original value more than 10 per cent. 

The lifetime of the particles 

The influence of radiation pressure on a particle depends on its size, 

mass-density and chemistry. For the calculations we adopted the para-
„ . - radiation pressure , . , , , , . . meter 1 - a = . , c , which can be transformed into par-gravity 
tide sizes via the rule of thumb 

where d = particle diameter, p= mass-density and C = 1.19 x 10 g cm 

We made calculations for 8 values of 1 - \i , the largest being 0.1. Test 

computations showed that for larger values of this parameter the per

turbations were too strong and the particles left the region around L. 

immediately. From this we conclude that particles with a diameter small 
_3 

than about 3 |im( p = 3 . 5 g c m ) cannot contribute to a libration 

cloud. For each value of 1-|i 59 different initial conditions in posi

tion and velocity of the probe have been considered. 

https://doi.org/10.1017/S0252921100051599 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100051599


126 

Table 1 Life - times of the particles near the Earth - Moon libration point. T\ ^ is the total life-r tot -
time of the particles, T. the time of residence in an area of 50 x 26 degrees around L. at 

• distances between .8 and 1.2 (unit of length = mean distance Moon - Earth) and TV the time of 
2 

residence in a 1 degree central part around L.. The case 1 - \i = 0 is shown for comparison. 

1 - n 

r [mm] (p=3. 5) 

m [ g ] (p=3.5) 

T t o t 1*1 
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6303 
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10"5 

3.3 
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5747 

52.5 

0 
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5 4 . 6 

In Table 1 we list so-called lifetimes of the particles in the libration 

region. For the different values of 1-|i the corresponding particle radii 
-3 

and masses are given for p = 3.5 g cm . T is the total lifetime 

of the particle until it leaves the system or hits the Earth or the Moon. 
2 

T1 gives the time, the particle spends within an area of 50 x 26 degrees 

centered at L. , having distances from the Earth between 0.8 and 1.2 

(unit of length = mean distance Earth-Moon). The times of residence 
2 

in a 1 degree central region around L. are called T_. They are used to 

compute the surface brightness. 

Origin of the particles 

We computed the origin of the particles using only 227 exactly known 

trajectories. The major part (62 per cent) of the particles had inter

planetary origin, 30 per cent came from the Moon, and 8 per cent of the 

trajectories started at the Earth. Of the particles with interplanetary 

origin we computed the heliocentric orbital elements outside the Earth's 

sphere of influence. The resulting distribution in the (a,e) - plane 

is shown in Figure 1. 
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Figure 1. Original values of a (semi-major axis) 
and e (eccentricity)for the libration particles 

It .is remarkable, that the majority of the particles have semi-major 

axes greater than unity; this can be explained by the action of the 

Poynting-Robertson drag, which tends to diminish angular momentum and 

total energy. Of^the particles having a < 1 all exept one had 1 -p. values 

less or equal 10 ; these are not very much influenced by radiation pres

sure, as is confirmed by their lifetimes. The remaining particle suffered 

a near passage b'y the Moon, which led to a drastic change in its orbital 

elements. 
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Figure 2. Directions of origin of the libration particles 

(£ = Elongation from the Sun) 
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The histogram in Figure 2 gives the distribution of the directions at 

the sphere, from which the particles must originate, if they are to reach 

the libration point L.. The abscissa shows elongation from the Sun and 

n is the number of particles coming from a 10 degrees intervall of 

elongation. The two clearly distinct peaks at the apex and antapex 

directions of the Earth's orbit are in exact correlation with the results 

on the orbital elements. In the neighbourhood of the Earth's orbit par

ticles having semi-major axes greater than unity must have velocities 

which are greater than that of the Earth. They must come from the antapex 

direction, whereas the contrary is true for the lower energetic par

ticles. The velocities relative to the Earth were very low in all cases. 

For the smallest particles we found mean relative velocities of about 
-1 

1.8 km sec , for all others the velocities ranged between 0.8 and 0.9 
-i 

km sec 

The surface brightness of the libration cloud 

For the supply of particles to the libration point region we discuss 

two possible sources, the interplanetary dust particles and the lunar 

ejecta. We have used recent flux measurements to compute the surface 

brightness near L., which is proportional to 

i) the lifetime of the particles near L. as given in Table 1. 

ii) the brightness of a single particle. Instead of a complicated 

scattering function we assumed totally reflecting particles, 

which gives an upper limit for the brightness of the cloud, 

iii) the amount of mass supplied by the different sources. 

For the interplanetary particles we adopted the flux measurements given 

by Fechtig et al. (1974). The directions at the sphere, from which the 

particles must originate, are according to Figure 2. To avoid incomplete

ness we allowed an area of origin of 500n° around the antapex and of 

200 £3° around the apex direction. We made no restriction with respect 

to the velocity vector, so that the brightness is overestimated consider

ably. Under these assumptions a surface brightness of 2 S1 Q „ at L^ 

has been found, a value which can only be understood as a very high 

upper bound. 

The situation is even worse, if we want to discuss the mass supply by 

the Moon. At present time it is not known, if the Moon gains or looses 

mass. Nevertheless a rough estimation can be made. From the statements 

i) and ii) given above, we can compute the mass supply necessary to 

maintain a surface brightness of 1 S.n within the central area of 1Q° 
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around L .. A simple calculation yields 

M [kg d-1] = 7.5 x [ T2 x (1-p. ) ] "
1 

The masses needed to compensate the loss amount to 0.8 tons per day 
— 8 

for the smallest particles ( ~ 10 g) that can come from the Moon, up 
-1 

to 12.5 tons per day for the largest ( ~ 10 g). According to Hughes 

(1973) the present influx rate of interplanetary dust to the Earth is 
9 - 1 

5.7 x 10 g yr . Applied to the Moon, this means an influx rate of 4 

tons per day. Assuming that the Moon looses mass at about the same 

amount, which is not established by measurements, only between 10 and 

20 per cent of it will remain within the Earth-Moon system (Shapiro 

et al., 1966). Again we did not make any rectriction with respect to 

velocities, which would diminish the mass supply. So it seems evident 

that the Moon is out of question as a source. 

Conclusion 

Calculations as presented here will always be at a state of incomplete

ness. The great variety of parameters in the phase space prevents a 

comprehensive treatment of the problem. Besides these theoretical dif

ficulties the experimental data are not yet at a satisfactory level. 

Nevertheless even the rough estimations in the last chapter indicate, 

that the conditions are not favourable for libration clouds, so that 

we are in doubt if they really exist. 
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