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ABSTRACT

The minute yet effective impact of gravitational potental 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 iln 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 particles. Thus, a rather straightforward relation is

¢stablished between the gravitational acceleration of the particles and their magnetron frequencies,

which is measurable directly, determining the value of the gravitational acceleration.
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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
methexl is proposed for the measurement of gravitational acceleration of clectrons, positrons and

antliprotons, 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 " {Fig.1). It has been theoreticaily proven that particle interactions do
notdestabilize the plasma column formed in such a process and hence, establishes a good agreement
with the experiment 2~ . The principle reasoning for stability of equilibrium state (ie. 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 V.
These effects have been minimized 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 poverned by a cosh(kz) type function. Thus, for a sufficiently long tube the central
region is effectively “free™ of exwernal forces other than gravity, which plays an effective role in
behaviour of confined plasma. The contrast between the gravitalional poteatial and external electric

field is shown in Fig.2.

The above iwo features, i.e. the stability of the contained non-ncutral 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 perturhs the axial distribution

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

TK{Z) ~ T e—mg:,fkT' , (n

where z is the height, and m is the mass of particles in plasma and ng is approximately unperturbed
particle density (0 be determined experimentally at the central region. This is primarily due to the
fact that in the region undci’ study the external electric field is far smaller than the pravitational
field. The numerical solution w differential eguation of plasma distribution, schematically shown

in Fig.3, thoroughly agrees with this behaviour.

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

electric field of the plasma column as follows. Due to axial symmetry 17, we have
T e [F ; ' 11
El(p,z) = ) 2rp (o', z)dp | B, 2)
0

where local density n{p, 2) = n(2), 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,2) =4ne n(2)F. (3
Using (1}, the above equation can be written s

E(p,z) =4meny e ™M 5 (4

This internal clectric ficld will have its effect on radial motion of the plasma particle in

the following manner. The radial motion of the particles are determined by
. 3 € =
'mp=e1:.(p,z)+zp><B. (5)
When (3) is substituted in (5) we have
m;t.3‘=4','re2 ﬂ(z)ﬁ+-f—:5)(§| (6)

which shows the combination of two different motions for the particles; magnetron and cyclotron
motion. In other words,
P= P+ (h

3

The magnetron motion ( F,,) is approximately the drift velocity due 10 the elecirical field

of plasma in the presence of the magnetic field ®,

. x
Uy = iy = T (8)
The magnitude of this velocity is

. E 4
,Dm=Um=‘C'§*= 'n'e;(z)cp‘ )

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

Um dxceniz)
p B '

Wy =

(10}

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

4mce
W = 5 - e—mp:/k’n"‘ )

(1D

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

4mec

B

Awpy =w(n) —wlz) =

[n{z1) —nl22)]. (12)

Using (4), this can be written as

4
Awp = _T;C g (e~ ™o /KT _ gmgn fkTy (13)

Since the exponential terms are small, (13) reduces 1o

drecrny

B

Awpy ~ (mg/kTY 23 — 21) . (14)

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

krB
g= —————— Awy . (15)
4mecnymlz — 1)
For a large range of conditions, Aw,, is substantial or large enough for measurement . Thus,

through a measurable quantity dircetly the value of gravittional acceleration is determined.
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FIGURE CAPTIONS

Fig.1 Non-neutral plasma is radially contained by magnetic field and axially confined by elec-

mrical potential difference of the end rings.

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

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 1v is shown.
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