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ABSTRACT OF THE DISCLOSURE 
A differential pumping tube for evacuating the high 

voltage portion of an electrostatic accelerator in parallel 
with the accelerating tube is of the type comprising a 
plurality of annular electrodes spaced apart by annular 
insulators, and is improved by including in each electrode 
a substantially diametrical bar which intersects the axis 
of the tube, the two radial halves of the bar being de 
flected from a plane normal to the tube axis toward one 
end of the tube to produce an electric field between adja 
cent electrodes having a component directed toward the 
tube axis to cause deflection of unwanted electrons into 
the electrodes. The inner periphery of each electrode may 
also be deflected from the plane toward the one end of 
the tube to enhance the electric field, and preferably each 
successive electrode has its bar circumferentially displaced 
through a small angle relative to the bar of the preceding 
electrode to provide optical baffling along the tube. 

This invention relates to differential pumping tubes for 
electrostatic accelerators. 

In most Van de Graaff accelerators, the gas which is 
fed to the ion source at the high-voltage end of the ac 
celerating tube is pumped out via the latter tube, which 
therefore serves the double function of accelerating tube 
and vacuum duct. The form of tube suitable for accelerat 
ing particles, however, is not the most suitable for a pure 
ly pumping function, because the electrode structure used 
necessarily increases its impedance to gas flow. An alter 
native arrangement is to provide a second tube, effective 
ly arranged in parallel with the accelerating tube, whose 
sole function is to extract gas from the ion source region. 
This second tube is known as a differential pumping tube. 
A tandem accelerator using two such differential pump 
ing tubes is described, for example, in the Review of 
Scientific Instruments, volume 35, Jan. 1964, page 1 
et seq. 
A well known phenomenon in electrostatic accelera 

tors is electron loading, in which electrons are acceler 
ated back towards the positive end of the tube. The ac 
celerated electrons, which can originate in various ways, 
e.g. by field emission from the electrodes, generate X-rays 
when they strike parts of the accelerator structure, which 
in turn ionise the high-pressure gas surrounding the struc 
ture and so reduce the insulation. Moreover the electrons 
themselves constitute an additional load on the generator, 
tending to reduce its output voltage. 

Various forms of accelerating tube have been proposed 
to suppress the electron loading effect. These are usually 
designed to deflect the electrons into the tube structure 
before they have acquired sufficient energy to have a 
serious effect. It is an object of the present invention to 
provide a differential pumping tube which combines a 
high degree of electron suppression with low impedance 
to gas flow. 

According to the present invention a differential pump 
ing tube comprises a plurality of annular electrodes 
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spaced apart by annular insulators, each electrode includ 
ing a substantially diametral bar whereof the two radial 
halves are deflected from a plane normal to the tube axis 
towards one end of the tube to produce an electric field 
between adjacent electrodes having a component directed 
towards the tube axis. 

Preferably the inner periphery of each electrode is also 
deflected from said plane to enhance said field as afore 
said. 

Preferably successive electrodes are arranged so that 
each bar is circumferentially displaced by a small angle 
relative to the bar of the preceding electrode to provide 
optical baffling along the tube. 
The bars may be deflected to V-shape or arcuate form. 
To enable the nature of the present invention to be 

more readily understood, attention is directed, by way of 
example, to the accompanying drawing, wherein 
FIGURE 1 is a cross-sectional elevation of part of a 

pumping tube embodying the present invention. 
FIGURE 2 is an axial view looking through the tube 

of FIGURE 1. 
FIGURE 3 shows a modification of the tube of FIG 

URE 1. 
Referring to FIGURE 1 a pumping tube comprises a 

plurality of aluminum electrodes 1 (of which only two 
are shown complete) separated by annular glass insulators 
2 and having an inner periphery 3. Extending diametrical 
ly between two points on the inner periphery of each 
electrode is a bar, the two radial halves 4a and 4b of 
which are deflected from the plane of the electrode (which 
is normal to the tube axis) to meet in a V on the tube 
axis. The effect is to produce an electric field between 
adjacent electrodes, indicated by the arrows, which has 
a component directed towards the tube axis. This com 
ponent causes any electrons within the tube to impinge 
on the bars instead of travelling along the tube parallel 
to the axis. 

In peripheral regions remote from the bar, the radial 
component of electric field might be insufficient to prevent 
some movement of electrons parallel to the axis. To en 
hance the radial component in these regions, the entire 
inner periphery is itself deflected, at approximately the 
same angle as the two halves of the bar. 
The bars are made sufficiently narrow to offer little im 

pedance to the flow of gas along the tube. To produce 
even more effective electron suppression, successive elec 
trodes are mounted with their bars circumferentially dis 
placed through a small angle relative to the preceding 
bar to produce an optical baffling effect looking along 
the tube axis. The effect is illustrated in FIGURE 2, 
where the angular displacement between successive bars 
is 15. It will be seen that with the dimensions shown, 
no electron travelling parallel to the tube axis can traverse 
more than eleven electrodes without impinging on a 
bar. 

FIGURES 1 and 2 illustrate the described embodi 
ment approximately to scale, the diameter of the edge 
of the inner periphery being 5% inches. The bars are 34 
inch wide at the periphery, tapering to 4 inch at the 
axis. The electrodes are spaced 1.1 inches apart by the in 
sulators. 

In another embodiment, as shown in FIGURE 3, the 
diametral bars 4 have the same dimensions as in FIG 
URES 1 and 2 and are circumferentially displaced by 
the same amount. However instead of being deflected to 
a V-shape, the bars 4 are arcuate in form, the centre of 
the arc (where it intersects the tube axis) being displaced 
about 1% inches from the plane of the electrode. An 
example of this embodiment, comprising 136 such elec 
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trodes spaced 1.1 inches apart, has been used at voltages 
up to 5.5 mv. with no measurable electron loading. The 
pumping impedance of this tube with air was approxi 
mately 28 litres/sec. 
We claim: 
1. In a differential pumping tube for evacuating the 

high-voltage portion of an electrostatic accelerator in 
parallel with the accelerating tube and comprising a plu 
rality of annular electrodes spaced apart by annular in 
sulators, the improvement wherein each electrode in 
cludes a substantially diametrical bar which intersects the 
axis of the tube, the two radial halves of said bar being 
deflected from a plane normal to the tube axis towards 
one end of the tube to produce an electric field between 
adjacent electrodes having a component directed towards 
the tube axis to cause deflection of unwanted electrons 
into said electrodes. 

2. A tube as claimed in claim 1 wherein the inner 
periphery of each electrode is deflected from said plane 
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3. A tube as claimed in claim i wherein each succes 

sive electrode has its bar circumferentially displaced 
through a small angle relative to the bar of the preceding 
electrode to provide optical baffling along the tube. 

4. A tube as claimed in claim wherein said bars are 
deflected to be substantially V-shaped. 

5. A tube as claimed in claim 1 wherein said bars are 
deflected to be substantially arcuate. 
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