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4 Claims

ABSTRACT OF THE DISCLOSURE

The invention relates to the acceleration of charged
particles to high velocity, and in particular to accelera-
tion tubes comprising a multiplicity of alternating insu-
lating rings and apertured electrodes whose electric po-
tentia] increases progressively so as to provide an electric
field for the acceleration of charged particles within and
along the length of the acceleration tube. When charged
particles are injected into such an acceleration tube,
rather than released from a source within it, it is neces-
sary that the aperture of the apertured electrode through
which the charged particles enter the acceleration tube be
sufficiently large to accommodate the incoming charged
particles. This large aperture, in turn, is accompanied by
a relatively strong focussing action whose focal and mag-
npification properties vary with the potential difference
across the acceleration tube. The invention comprehends,
in combination with such an acceleration tube, a grid-
like structure covering the aperture of one of the aper-
tured electrodes at the low-energy end of the acceleration
tube, whereby the above-mentioned variable and relatively
strong lens action is eliminated. In the following detailed
description, the invention is described with particular ref-
erence to its application to tandem-type electrostatic ac-
celerators of the type described in Nuclear Instruments
and Metheds, volume 8 (1960) at pages 195-202. How-
ever, the invention is not limited to this particular applica-
tion.

——————

The invention may best be understood from the fol-
lowing detailed description thereof, having reference to
the accompanying drawing, in which

FIGURE 1 is a diagram showing a tandem-type elec-
trostatic accelerator;

TIG. 2 is a central longitudinal section taken through
the low-energy acceleration tube of the accelerator shown
in FIGURE 1;

FIG. 3 is a detail in central longitudinal section of the
acceleration tube of FIG. 2, but modified in accordance
with the invention; and

TIG. 4 is a section taken along the line A—A of
FIG. 3.

Referring to the drawing, FIGURE 1 thereof shows a
typical tandem-type electrostatic accelerator 1. In such
an accelerator, positive electric charge is transported by
means of a belt 2 of insulating material onto a high-volt-
age terminal 3 which is supported by insulating columns
4, 5 within a grounded tank 6 containing insulating gas
under pressure. Evacuated acceleration tubes 7, 8 are
supported within each column 4, 5, respectively, and
aligned with each other and with a stripping device 9
within the high-voltage terminal 3. Negative ions are in-
jected from a negative ion source 10 into one 7 of the
acceleration tubes, and are then accelerated towards the
high-voltage terminal 3. In fraveling through the stripping
device 9, electrons are removed from some of the nega-
tive ions, and the positive ions thus formed are further
accelerated through the second acceleration tube 8.

In such an accelerator, it is generally desirable to be
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able to vary the energy of the charged-particle beam, and
this is generally done by varying the electric potential of
the high-voltage terminal 3. This, in turn, varies the volt-
age gradient throughout both acceleration tubes 7, 8.

Referring now to FIG. 2, therein is shown the first ac-
celeration tube 7 of the accelerator shown in FIGURE 1.
Such an acceleration tube comprises a multiplicity of
alternating insulating rings 11 and apertured electrodes
12. A resistor column 13 subdivides the total voltage of
the high-voltage terminal 3, and successive apertured elec-
trodes 12 are connected to progressive points along the
resistor column 13, so that each apertured electrode 12
defines an equipotential surface. These equipotential sur-
faces are substantially planar except at the extremities of
the acceleration tube 7, where there is an outward bulge
16. Moreover, the potential increase along the accelera-
tion tube is substantially uniform, so that the electric field
within the acceleration tube is substantially uniform. Al-
though there is an electric field and hence some lens ac-
tion throughout the acceleration tube 7, the builges at the
extremities of the acceleration tube tend to provide a
more pronounced lens action. At the high-energy end of
the tube, the beam is “stiff” and therefore mot much in-
fluenced by the lens action; moreover, the ultimate aper-
ture, and hence the bulge, is relatively small. At the low-
energy end of the tube, however, the incoming particles
are easily deflected because of their low energy. As a re-
sult, there is a pronounced lens action. This pronounced
lens action is somewhat undesirable in itself, but what
makes it particularly undesirable is the fact that the focal
properties and magnification thereof vary with the voltage
applied to the high-voltage terminal. Consequently, if the
point from which the particles are injected into the ac-
celeration tube is fixed, it is necessary to vary the injection
energy for various voltages on the high-voltage terminal.
The invention not only eliminates this need to vary injec-
tion energy, but also permits the use of velacity modula-
tion of the beam at this fixed injection point for bunching
purposes.

1 have discovered a way to remove these variable focal
properties and that the beam currents attainable in tan-
dem accelerators may be increased as much as tenfold by
elimination of the terminal-voltage-dependent lens action
at the low-energy end of the low-energy acceleration tube,
and T accomplish the elimination of this lens action by
providing a grid across the aperture of that apertured elec-
trode at the low energy end of the acceleration tube which
constitutes the boundary of the uniform electric field.
Such a grid is shown in FIGS. 3 and 4. Referring thereto,
a grid 14 comprising a metallic mesh screen is affixed to
an apertured electrode 12 so as to cover the aperture
thereof and produce a flat equipotential plane. In order
to get a point image at the stripper canal 9, it is necessary
to provide a point object. Ordinarily it is inconvenient to
use the point of creation of the ions for this purpose, and
so a lens such as an einzel lens 15 is used to provide the
necessary point object at the proper distance from the
entrance to the acceleration tube 7°. Since the beam di-
verges from this point object, a positive lens is provided
close to the entrance of the acceleration tube in order to
focus the beam to form a point image at the stripper
canal. Such a positive lens may be provided by applying
appropriate potentials to additional electrodes 12" an-
terior to the gridded electrode 12'.

Although the uniform electric field in the region be-
tween the grid and the high-voltage terminal provides
some lens action due to the acceleration itself, this action
is relatively weak, particularly with respect to the paraxial
beam. Consequently any variations in the voltage of the
high-voltage terminal will have a negligible effect on the
beam trajectory.
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Concisely stated, the invention provides an acceleration
tube having focal properties which are essentially zero,
except for the focussing action produced by the accelera-
tion itself.

Having thus described the principles of the invention,
together with an illustrative embodiment thereof, it is to
be understood that although specific terms are employed,
they are used in a generic and descriptive sense, and not
for purposes of limitation, the scope of the invention be-
ing set forth in the following claims.

I claim:

1. Apparatus for the acceleration of ions comprising
an acceleration tube having a multiplicity of alternating in-
sulating rings and apertured electrodes, mean sfor applying
successive voltage increments across adjacent electrodes,
whereby a substantially uniform electric field is produced
in said acceleration tube, and a grid-like structure cover-
ing the aperture of that apertured electrode which con-
stitutes the boundary of the uniform electric field.

2. Apparatus for the acceleration of ions towards a
region of high electric potential comprising, in combina-
tion with an acceleration tube having a multiplicity of
alternating insulating rings and apertured electrodes,
means for applying progressively higher electric potentials
to said apertured electrodes, and a grid-like structure cov-
ering the aperture of at least one of said apertured elec-
trodes having relatively low electric potential,

3. Apparatus for the acceleration of ions comprising
an acceleration tube having a multiplicity of alternating
insulating rings and apertured electrodes, means for ap-
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plying successive voltage increments across adjacent elec-
trodes, whereby a substantially uniform electric field is
produced in said acceleration tube, a grid-like structure
covering the aperture of that apertured electrode which
constitutes the boundary of the uniform electric field, and
means for injecting a beam of ions into said uniform elec-
tric field via said grid-like structure.

4. Apparatus for the acceleration of ions comprising,
in combination with an acceleration tube having a multi-
plicity of alternating insulating rings and apertured elec-
trodes, means for applying progressively higher electric
potentials to said apertured electrodes, said means includ-
ing a ‘high-voltage terminal whose potential may be set
at various levels with a corresponding variation in the po-
tentials of said apertured electrodes, a grid-like structure
covering the aperture of at least one of said apertured
electrodes having relatively low electric potential, and
means for injecting a beam of ions into said acceleration
tube via said grid-like structure.
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