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[57] ABSTRACT

An apparatus for increasing the collisions of nuclear
particles in a “migma” type device. This device em-
ploys ring magnets to reflect ions of energies coming
from the ring axis back to the ring axis on orbits that
precess around the axis. In this manner collisions can be
made to occur at rates which are high enough to yield
useful quantities of energy or other desired products.

2 Claims, 3 Drawing Sheets
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APPARATUS FOR COLLIDING NUCLEAR
PARTICLE BEAMS USING RING MAGNETS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and apparatus for
increasing the number of collisions between particles in
a self-colliding beam.

2. Description of the Prior Art

Self-colliding particle beams hold promise for many
applications which depend on nuclear reactions. Collid-
ing beams are presently used in high-energy physics
research but the rates of collision which have been
achieved are too low by several orders of magnitude for
applications such as the efficient production of:
energy;
neutrons;
tritium; and
~ anti-matter

Many attempts have been made in the national nu-
clear fusion energy program to produce nuclear reac-
tions by heating electrical plasma discharges but, thus
far, such attempts have not resulted in satisfactory reac-
tion rates.

In U.S. Pat. No. 4,788,024 to Maglich and Menasian
there is shown an apparatus and method for obtaining a
self-colliding beam of charged particles operating above
the space charge limit. The present invention is in-

tended to operate independently or supplementary to.

the device of the Maglich and Menasian invention and
the disclosure of that reference is hereby incorporated
by reference.

Self-colliding particle beams are described in this
application, as well as in the aforementioned patent of
Maglich and Menasian. Such self-colliding particle
beams give promise of combining the favorable features
of colliding beams and hot plasma. If such features can
be successfully combined, it may be possible to achieve
nuclear reaction rates high enough to enable construc-
tion of practical nuclear reaction devices employing
these concepts. Such devices may well provide viable
energy sources, particularly energy sources free of neu-
trons and radioactive byproducts. Such devices may
also be employed as breeders of nuclear fuel, intense
neutron generators, or in the production of radioiso-
topes. Many other applications will be apparent to those
familiar with the applications of nuclear reactions.

SUMMARY OF THE INVENTION
According to the present invention, there is provided
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an apparatus for the self-colliding of a charged particle -

beam, said apparatus comprising a beam of charged
particles contained within a focusing field around an
axis of symmetry within an evacuated region, the com-
bination with said apparatus of a magnetic field of suit-
able geometry also within said evacuated region and
surrounding said axis of symmetry and wherein said
magnetic field serves to redirect charged particles back
to the axis thereby increasing the collisions of the
charges particles.

According to another embodiment of the present
invention, there is provided a method of increasing the
collisions of charged particles in an apparatus for the
self-colliding of a charged particle beam, said apparatus
comprising a beam of charged particles contained
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within a focusing field around an axis of symmetry
within an evacuated field,

i) providing a magnetic field of suitable geometry also
within said evacuated region and surrounding said axis
of symmetry and

i) redirecting charged particles back to the axis of
symmetry by means of said magnetic field, thereby
increasing the collisions of the charged particles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the location of the magnetic coils nec-
essary to provide a ring shaped magnetic field in the
simplest embodiment of the present invention.

FIG. 2 shows, diagrammatically, the magnetic field
strength produced by the coils of FIG. 1.

FIG. 3 shows the orbit of an ion as seen from above,
as continually reflected by the ring shaped magnetic
field of FIG. 2.

FIG. 4 illustrates the effect of the magnetic field on
the three theoretical orbits of particles entering the
ring-shaped magnetic field.

FIG. 5 shows how the magnetic field may be varied
to.vary the energy range of the particles reflected back
by the magnetic field.

DETAILED DESCRIPTION OF THE
INVENTION

In its simplest form, the invention of the present in-
vention includes a ring-shaped magnetic field within the
evacuated field of an apparatus for obtaining a self-coll-
iding beam of charged particles. Such an apparatus is
shown in the above-cited U.S. Pat. No. 4,788,024 to
Maglich and Manasian, the disclosure of which, as
noted previously, is hereby incorporated by reference
as if fully recited herein.

The invention of Maglich and Manasian, however,
uses a magnetic field falling off weakly with radius. In
such a field, ion orbits will cross each other at the axis
of symmetry and precess around that axis.

The present invention is intended to improve on the
containment methodology of Maglich and Manasian by
the introduction of a versatile reflecting field which
makes possible the achievement of materially higher ion
densities, and which can also be employed to selectively
expel ions whose energies are too high or too low.

In FIG. 1, a ring-shaped magnetic field is provided
around the axis of symmetry shown as A—A. this field
is created some means, such as the wire-wound coils
(10, 12, 20 and 22), possibly with iron yokes, which
surround the axis, above and below the median plane
B—B. The magnetic field produced by these coils is
shown diagrammatically in FIG. 2.

FIG. 2 shows a possible shape for the paraxial mag-
netic field in the median plane. The field strength inside
the ring (between the magnet structure and the axis)
may be zero or may be positive or negative and may
vary with radius in a fashion dictated by the particular
application the user has in mind. In particular, the mag-
netic field of the present invention may surround the
field employed in U.S. Pat. No. 4,788,024 .

Fields elsewhere in the space are determined from the
median plane field pattern and the coil structure by the
laws governing electromagnetic fields.

Charged particles (ions) are injected into the evacu-
ated region, by various possible and weli-known proce-
dures, in such a fashion that their orbit passes through
the axis. The particle energy and the field strength are
chosen such that the ring field serves as a mirror and



5,034,183

3

reflects the ion back to the axis. The ion orbit, seen from
above, will then be as shown in FIG. 3.

Evidently the orbit precesses around the axis and,
when many ions have been injected, there will be an
intense concentration near the axis both of ions and of
ion collisions.

It is necessary to review the motion of the ions nor-
mal to the median plane to determine whether the ions
will be restrained to travel in stable orbits or whether
they can be lost in the axial direction.

Employing the magnetic field of the present inven-
tion, an ion coming from the axis on an orbit not in the
median plan, hereinafter referred to as an errant ion,
will first encounter a rising field. This field will have a
radial component that interacts with the azimuthal com-
ponent of ion velocity in such a sense as to deflect the
ion away from the median plane.

When such an errant jon enters the falling field pat-
tern it will encounter a field force component directed
back toward the median plane. This force will be strong
for two reasons. First, the rising field has pushed the ion
away from the median plane to regions where the re-
storing force (roughly proportional to distance from the
median plane) is stronger. Second, because of the curva-
ture of the orbit, the azimuthal component of velocity is
becoming predominant; the restoring force is propor-
tional to this component. Thus we have a version of the
“strong-focusing” or “alternating-gradient focusing”
used in all modern particle accelerators, where, as in
optical systems, a combination of focusing and defocus-
ing lenses can be strongly focusing,

Three types of orbits are possible and are illustrated
in FIG. 4. All three are shown entering the ring field on
orbits parallel to the median plane but displaced from it.
Orbit 1 is for an jon whose energy is too low; it pene-
trates the magnetic field only to point (a), whichis not
far enough into the restoring field to have its direction
restored toward the median plane. It will leave the ring
field with its paraxial velocity component directed
away from the median plane and will be lost. Orbit 2 is
for an ion whose energy lies in an acceptable range. It
penetrates the magnetic field to point (b). Its direction
has been restored toward the median plane and it will
enter the ring field on the opposite side with a displace-
ment less than its initial displacement. It will continue to
be reflected back and forth by the ring magnet on orbits
which, from above, will look like the orbits shown in
FIG. 3.

Orbit 3 is for an ion whose energy is so high that it
penetrates too deeply into the falling-field, focusing
region at point (c). In this case, “overfocusing” will
occur; the ion direction is restored so strongly that it
crosses the median plane before reaching the axis and so
reaches the ring field again displaced further from the
median plane than it was initially. Its paraxial displace-
ment will continue to increase and eventually it will be
lost in the axial direction.

Thus it is evident that the ring field is selective. Ions
of too low energies will not penetrate far enough into
the restoring field. Ions of too high energies will pene-
trate too far. In both cases the ions will be lost in the
axial direction. )

The proportional energy range to be accepted will be
determined by the geometry of the field, and many field
geometries are possible and may be preferred for differ-
ent applications. A field pattern like that indicated by
A—A in FIG. 5 will accept a relatively narrow energy
range (10 to 20% of the mean energy). By decreasing
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4 .
the slope on the falling side of the field pattern as shown
by the shape B—B in FIG. § the energy range accepted
can be increased to an desired fraction of the mean
energy.

If the magnetic field inside the ring is small or zero, it
may be desirable to provide a supply of electrons to
neutralize the ion space charge forces and so to be able
to increase the ion density to much higher levels. This is
done in the device of U.S. Pat. No. 4,788,0234, but there
the electron motion is restricted by the strong magnetic
field present everywhere and neutralization may be
incomplete. In the present invention, if the central mag-
netic field is zero or weak, the electrons are free to
migrate to wherever they are needed for neutralization.

Statements made above about magnetic fields and ion
orbits follow from calculations using electromagnetic
theory and the dynamics of charged particles. The cor-
rectness of the conclusions presented above will be
evident to those skilled in the disciplines mentioned.

The conclusions presented hereby apply to ions of
any type over a wide range of energies ranging from
hundreds to billions of electron volts. Magnetic fields
required are readily attainable using conventional (pos-
sibly superconducting) magnet structures.

Variations of the invention will readily occur to those
skilled in the art—for example the system may include
more than one ring magnet system or systems of various
other geometries. Such changes do not depart from the
spirit and scope of the invention.

Possible applications of the ring magnet system are
listed below. . '

1) Energy production. Numerous reactions between
light nuclei yield important quantities of energy (se€, for
example, the Proceedings of an International Sympo-
sium on Aneutronic Energy, Nuclear Instruments and
Methods in Physical Research, Vol. A271, No. 1) The
colliding beam system presented in this invention can be
used to produce these reactions at rates sufficient to
produce significant quantities of energy—possibly to
pass the “breakeven” point and be able to contribute to
the national energy resources.

2) Neutron source. Collisions between deuterons (and
many other nuclei) yield neutrons. The present inven-
tion can be an important source of intense neutron
yields. Intense neutron sources are needed for many
applications including deactivation of radioactive
waste.

3) Tritium production. Tritium, the hydrogen isotope
of mass 3, is produced in collisions between deuterons
(and in other nuclear reactions). Tritium is needed in
some quantities for defense applications—it can be pro-
duced in useful quantities in the present invention.

The above applications call for ions in the energy
range about 1 MeV. (1 million electron volts.) At ener-
gies higher by several thousand (in the GeV range)
oither important applications may become possible.
Three examples follow:

4. Production of antimatter. Antiprotons are pro-
duced in many types of nuclear collisions at multi-GeV
energies. These are the nuclei of antihydrogen. Anti-
matter could have many important uses and is of consid-
erable present interest; it may be produced in significant
amounts in the present invention.

5. High energy physics. The basic structure of the
nucleon is under study in several colliding-beam accel-
erator laboratories. In deed, this is the objective for the
costly “Superconducting Super Collider (SSC)”
project now under development. With the present in-
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vention, build for multi-GeV energies, colliding beam
studies would be possible with much higher intensity
than possible using conventional accelerators. The pres-
ent invention could be an intense meson source. It could
at last be used to study collisions between mesons,
which was the original (1970) objective of Maglich’s
colliding beam invention.

6. Synchrotron radiation. Energetic electrons in the
ring magnet system will travel on paths similar to those
travelled by ions. At energies in the 1 GeV range they
will radiate intense synchrotron light from the curved
part of their paths. Thus a ring magnet system support-
ing electron beams could be an intense source of syn-
chrotron radiation, not in discrete beams as in present
synchrotron radiation sources, but in all directions. A
suitably located radio frequency accelerating system
would be needed to supply the energy radiated by the
electrons.

What is claimed is:

1. An apparatus for producing a self-colliding
charged particle beam comprising:

magnetic focusing means for producing a ring-shaped

magnetic field symmetrically spaced about an axis
such that the magnetic field in a median plane per-
pendicular to said axis in the region across said
ring-shaped field is unidirectional in a first direc-
tion parallel to said axis, and wherein said field is
nonuniform with axial components in said first
direction and radial components directed toward
and away from said axis in the region above the
below said plane such that the magnetic field
strength of said field increases from substantially
zero to some maximum value and then decreases to
substantially zero as the radial distance between
said field and said axis increases, said magnetic
focusing means including fist, second, third and
fourth concentric coils mounted coaxially with said
axis, said first and second coils of substantially
equal size spaced equally on either side of said
median plane and magnetically polarized in said
first direction, said third and fourth coils of sub-
stantially equal size to each other and of a smaller
diameter than the diameters of said first and second
coils, said third and fourth coils equally spaced on
either side of said median plane and being magneti-
cally polarized in the opposite direction to the
polarization directior of said first and second coils;
and

particle beam means including a plurality of high-

velocity, charged particles having orbits that inter-
sect said plane, said axis and said ring-shaped mag-
netic field, sand wherein said charged particles
travel radially away from said axis in in substan-
tially straight lines, interact with said axial compo-

20

25

45

50

55

65

6

nents to curve as they traverse said field, and then
travel radially toward said axis in substantially
straight lines, and wherein particles traversing said
field above and below said plane and having veloci-
ties in a predetermined range are focused axially
into said median plane by said radial components
and particles having velocities outside said range
are defocused axially away from said median plane
by said radial components.

2. A method of producing a self-colliding charged

particle beam comprising: :

forming a ring-shaped magnetic field symmetrically
spaced about an axis with first, second, third and
fourth concentric coils mounted coaxially with said
axis, said first and second coils of substantially
equal size magnetically polarized in a first axial
direction and spaced equally on either side of a
median plane perpendicular to said axis, said third
and fourth coils of substantially equal size and of a
smaller diameter than the diameters of said first and
second coils, said third and four coils equally
spaced on either side of said median plane and
being magnetically polarized in the opposite direc-

. tion to the polarization direction of said first and
second coils such that the magnetic field in said
median plane is substantially zero in the region of
said axis and in the region across said ring-shaped
field is unidirectional in said first axial direction,
and wherein said field is nonuniform with axial
components in said first axial direction and radial
components in the region above and below said
plane such that the magnetic field strength of said
field increases from substantially zero to some max-
imum value and then decreases to substantially
zero as the radial distance between said field and
said axis increases;

directing a plurality of high-velocity, charged parti-
cles in substantially straight, radial lines from said
axis toward said ring-shaped field;

causing said particles to interact with said axial com-
ponents and curve as they traverse said field;

causing said particles to interact with said radial com-
ponents such that particles traversing said ring-
shaped field above and below said median plane
and having velocities in a predetermined range are
focused axially toward said median plane by said
radial components and particles having velocities
outside said range are defocused axially away from
said median plane by said radial components; and

causing said particles to leave said field. and travel
radially toward said axis in substantially straight

lines.
* * * - *



