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ABSTRACT

The minute yet effective impact of gravitational potential in the central region of a long

tube magnetic container of non-neutral plasmas can be utilized for the measurement of the grav-

itational acceleration of antimatter particles. The slight change in distribution of plasma particles

along the gravitational field affects the internal electric field of the plasma, which in turn affects

the frequency of the magnetron motion of its panicles. Thus, a rather straightforward relation is

established between the gravitational acceleration of the particles and their magnetron frequencies,

which is measurable directly, determining the value of the gravitational acceleration.

MIRAMARE - TRIESTE

December 1989

To be submitted for publication.
Permanent address: Department of Physics, University of Tehran, North Karegar Avenue, Tehran,

[run.

Incompatability of gravitational and electromagnetic forces has prevented researchers,

thus far, from measuring the acceleration of electrons as well as antimatter particles, such as positrons

and antiproton. This problem is even greater when the gravitational acceleration of lighter particles

such as electrons and positrons are considered. In the present paper, a relatively easy and feasable

method is proposed for the measurement of gravitational acceleration of electrons, positrons and

aiuiprotons, via long tube magnetic plasma containment of the particles under study.

Single-species plasma is successfully contained for a long period of time by magnetic

confinement in a long tube 1J (Fig.l). It has been theoretically proven that particle interactions do

not destabilize the plasma column formed in such a process and hence, establishes a good agreement

with the experiment 2>~5'. The principle reasoning for stability of equilibrium state (i.e. radial

distribution of particles) is based on the conservation of the angular momentum of the system.

In other words, the radial distribution of particles in the plasma column is not going to change

unless an external torque is exerted upon it. Such torques could be due to radiation effects, finite

wall resistance, and asymmetries of magnetic field, and/or asymmetries of a containment vessel l ' .

These effects have been tninimiied to a proper extent by improvement of the vessel, a decrease in

pressure, etc. Thus, a reliable apparatus has become available for experimentation on pure plasma

of non—neutral particles.

The external electric field within and along the axis of the tube exponentially decreases,

since it is governed by a cosh(kz) type function. Thus, for a sufficiently long tube the central

region is effectively "free" of external forces other than gravity, which plays an effective role in

beh aviour of confined plasma. The contrast between the grav itational potent i al and ex ternal electric

field is shown in Fig.2.

The above two features, i.e. Ihe stability of the contained non-neutral plasmas, and ef-

fectiveness of gravitational potential, provides the basic ground for consideration of the present

method.

The effect of gravity in the central region of the tube slightly perturbs the axial distribution

of the plasmas, which would be uniform in its absence. This perturbed distribution in the central
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region behaves

(1)

where z is the height, and m is the mass of particles in plasma and no is approximately unperturbed

particle density lo be determined experimentally at the central region. This is primarily due to the

fact that in the region under study the external electric field is far smaller than the gravitational

field. The numerical solution to differential equation of plasma distribution, schematically shown

in Fig.3, thoroughly agrees wilh this behaviour.

The new distribution along the graviational field will directly affect the internal radial

electric field of the plasma column as follows. Due lo axial symmetry 1J, we have

(2)E(p,z) = —

where local density n(.p,z) = n(z), since radial distribution of particles is uniform and only a

dependence on height is present. The internal electric field then is reduced to

E(p.z) = 4i\er£z)p.

Using (1), the above equation can be written as

E(p,z) =47r

(3)

(4)

This internal electric field will have its effect on radial motion of the plasma particle in

the following manner. The radial motion of the particles are determined by

m p'= e E(p, z) + - px B •

When (3) is substituted in (5) we have

m'k= 4 we2 p + - p * B ,

(5)

(6)

which shows the combination of two different motions for Ihe particles; magnetron and cyclotron

motion. In other words,

The magnetron motion (pm) is approximately the drift velocity due to the electrical field

of plasma in the presence of the magnetic field 6 ' ,

«.» = />„, =
B

B2

The magnitude of (his velocity is

cE 4?re n(z)c
=Hm m B B

by use of (3). The magnetron frequency is then

p,

(8)

(9)

(10)m n
P B

It is clear from substitution of (4) in (10) that magnetron frequency is dependent on z:

^m=^^ e-"W t r- (11)

Now, if at two different points in the central region the magnetron motion of plasma is

measured *', we have

Awm = ui(

Using (4), this can be written as

A tree

B

Since the exponential terms are smalt, (13) reduces lo

4Trec7Ki

n
(mg/kT)(z2 -

(12)

(13)

(14)

This, in turn, gives ihe value of gravitational acceleration:

kTB
9 = Awm . (15)

Tor a large range of conditions, Au, , is substantial or large enough for measurement 7 ). Thus,

through a measurable quantity directly the value of gravitational acceleration is determined.
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FIGURE CAPTIONS

Fig. 1 Non—neutral plasma is radially contained by magnetic field and axiatly conlined by elec-

trical potential difference of the end rings.

Fig.2 Contrast of external electrical potential and gravitational potential within a 2m long tube

of radius of 5cm is .shown.

Fig.3 Schematic distribution of plasma particle density in the central region of a two meter long

tube with external electrical potential of lv is shown.
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