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CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this

invention pursuant to Contract No. W-31-109-ENG-38

between the U.S. Department of Energy and the University

of Chicago.

BACKGROUND OF THE INVENTION

This invention relates generally to a particle beam

generator, and in particular to an apparatus which uses

a radioactive source to generate a continuous focused

i0 monoenergetic electron beam.

Some measurements, calibrations, and physics

experiments require an electron beam with high energy

and narrow width, as well as sufficient flux to allow

particle by particle pulse measurement. Backgrounds

such as gamma rays and low energy electrons which could
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interfere with time coincidences on electrons must be

eliminated.

Particle accelerators of the prior art which rely

on electrical acceleration and electromagnetic focusing

require expensive power supplies and maintenance,

including adjustment and regulation of several power

supplies during operation.

Collimators of the prior art when used in

conjunction with radioactive sources typically produce a

I0 narrowed beam by channeling particles emitted in a

forward direction. Because particles are selected from

a relatively narrow solid angle significant numbers of

particles at the energy of interest are eliminated. The

resultant collimated beam is generally unfocused and is

comprised of particles at all energy levels emitted by

the source. In addition, gamma rays are not attenuated

in the forward direction.

Principals of momentum selection through dispersion

are known to the prior art (see Steffen, Klaus G.,i

20 "Composite Systems & Spectrometers-Nondispersive

Deflecting Systems", High Ener_ Beam Optics, 1965, pp.

i13-i17) and have been applied to accelerator generated

particle beams (see U.S. Patent No. 4,726,046, Nunan).
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However, no single instrument of the prior art uses

a radioactive source and efficiently combines functions

of momentum selection through dispersion with means for

demagnification to produce a focused monoenergetic

particle beam.

It is therefore a primary object of this invention

to provide an apparatus for generation of a particle

beam with high energy and flux, which eliminates or

greatly reduces the amount of electrical power required

i0 and is inexpensive to construct and to operate when

compared to particle beam accelerators of the prior art.

In the accomplishment of the foregoing object, it

is another important object of this invention to provide

an apparatus which uses a radioactive source to generate

a monoenergetic electron beam of high energy and flux,

while attenuating gamma rays and low energy electrons.

It is another important object of this invention to

provide an apparatus which demagnifies an electron beam

derived from a radioactive source, and focuses the

20 electron beam to a spot with at least one narrow cross-

dimension.

It is a further object of this invention to present

an apparatus which requires no adjustment during

operation.
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A yet further object of the present invention is to

present an apparatus which selects from particles

emitted from a radioactive source those having momentum

within a desired range and focuses the resultant beam to

a narrow spot.

It is also an object of the present invention to

provide a beam transport apparatus which eliminates

bulky and expensive electromagnets and incorporates

inexpensive and easily worked ceramic magnet material

i0 into permanent dipole and quadrupole magnet systems.

Additional objects, advantages and novel features

of the invention will become apparent to those skilled

in the art upon examination of the following and by

practice of the invention.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects, this

invention comprises an apparatus which selects from

particles emitted from a radioactive source those

particles having momentum within a desired range, and

20 focuses those particles in a beam having at least one

narrow cross-dimension, while attenuating gamma rays and

particles with momentum outside of the desired range.

The apparatus uses permanent magnets configured in

two dipole and quadrupole magnet systems - an achromatic

bending and focusing system, and a final focus system.



BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated in the

accompanying drawings where:

Fig_ 1 is a schematic drawing depicting the magnet

systems which comprise the present invention.

Fig. 2 is a partial schematic section in cross

section of a sector dipole included in the magnet

systems of Fig. i.

Fig. 3 is a schematic section in cross section of a

i0 quadrupole included in the magnet systems of Fig. i.

Fig. 4 is a graph depicting the width and height of

the generated particle beam as a function of distance

downstream from the exit window.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic drawing depicting two dipole

and quadrupole magnet systems which are principal

elements of the present invention. An achromatic

bending and focusing system is comprised of dipoles 18

and 20, and quadrupole singlet 24. A final focus system

20 is comprised of quadrupoles 26 and 28.

Radioactive source i0 is fixed in source holder 12

and has a common axis with beam tube 14. The

longitudinal position of source I0 in tube 14 is at the

focal point of the achromatic system.

i
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In the preferred embodiment of the present

invention, beam tube 14 is brass, with an inside

diameter of 9.5 mm.; a vacuum is maintained within tube

14. Radioactive source i0 is 2 milli-Curi of Ru I°6, with

a diameter of 5 mm. Ru I°6 is preferred because it emits

electrons in a range of energy from 0 to 3.5 MeV. Those

skilled in the art will recognize that in alternate

embodiments other suitable radioactive sources may be

used and some may be used with low density beam

i0 transport gases such as helium.

Beam 16 enters the achromatic bending and focusing

system through dipole 18, which is equivalent in its

dimensions to dipole 20. Dipole 18 disperses beam 16,

and gamma rays and low-energy particles are variously

attenuated and absorbed in brass within tube 14 and

surrounding lead (not shown), making beam 16

monoenergetic. Selected particles proceed through

quadrupole 24 and are focussed to proceed through dipole

20 for momentum recombination and intermediate focus,

20 and subsequent focusing by quadrupoles 26 and 28.

Dipoles 18 and 20 are 45 degree sectors; in the

preferred embodiment for ease of construction beam 16 is

bent a total of 90 degrees, and the resultant magnetic

field is symmetric about quadrupole 24. In this

configuration, the achromatic system has two focal



points - one at the center of the beam entering dipole

18 and one at the center of the beam exiting dipole 20.

In other embodiments using alternate bending angles the

positions of focal points will vary.

Dipole 18 (equivalent in dimensions to dipole 20)

is depicted in the partial schematic section in cross

section in Fig. 2. Dipole 18 is comprised of magnetic

pole tips 22 and iron flux returns 34, and has a field

of approximately 1.7 kG. Dipoles 18 and 20 are

i0 distinguishable from prior art in that pole tips 22 are

permanent magnets, comprised ceramic (ferrite) material

which is relatively inexpensive and easily machined.

Additionally, dipoles 18 and 20 have no iron at their

pole faces, which strengthens their fields while

providing acceptable uniformity.

Quadrupole 24 which is depicted in schematic

section in side view in Fig. 3 is constructed of eight

modified truncated wedge permanent magnet sectors 60,

again using ceramic (ferrite) material. No iron is used

20 in quadrupole 24. Each of sectors 60 has an inner

radius of .5 cm, an outer radius of 1.5 cm, and a length

of .96 cm. The construction of sectors 60 is simpler

and the quality of field 62 is adequate if the easy axis

of each sector 60 is parallel or orthogonal to the face

64 of sector 60. The number of sectors in each



quadrupole and the easy axis orientation of each

permanent magnet sector may be optimized for a given

magnet material and desired aperture by applying

principles known in prior art (see Halbach, "Application

of Permanent Magnets in Accelerators and Electron

" J ADD1. Phys. 57, 1985, pp 3605-8.)Storage Rings, .... . .

Particles selected by dipole 20 enter the final

focusing section comprised of quadrupoles 26 and 28,

shown in Fig. i, which have radii equal to those of

i0 quadrupole 24 and lengths of .96 and 1.5 cm

respectively. Quadrupoles 26 and 28 focus beam 16 from

a point within the curvature of the latter 45 degree

bend to a final focus where the beam is utilized.

One cross-dimension of beam 16 is reduced as it

passes through quadrupoles 26 and 28 without significant

loss of flux. In first order linear optics, the

demagnification would be simply related to the focal

length of quadrupoles 26 and 28, the focal length of the

achromatic section, and the position of quadrupoles 26

20 and 28, however the doublet is not achromatic and

allowance must be made for momentum spread. Fig 4 is a

plot of the width and height of beam 16 as a function of

distance downstream from window 30. In the horizontal

plane beam 16 has a minimum width of 2 mm (at least 95%

of the beam) at a point 1 cm from window 30, which is
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the focal point of the focusing system. Those skilled

in the art will recognize that quadrupole triplets may

be substituted for singlet 24, for the purpose of

reducing more than one cross-dimension of beam 16.

The preferred embodiment of the present invention

postulates the need for an electron beam with energy in

the range centered at 3.0 MeV with a spread of 9.4% rms

and plus or minus 19% maximum, a quadrupole aperture of

approximately 1 cm., a 90 degree bend, and permanent

i0 magnet material with strength of approximately 2.4

kilogauss B residual. Other parameters of the present

invention including the length of each quadrupole,

positioning of all elements, dipole gap and field

strength, and, within limits, beam energy, were

evaluated by using trial and error and well-known beam

optical computer techniques, including TRANSPORT, a

standard beam design program developed at the Stanford

Linear Accelerator Center, Stanford, California, (SLAC

Report No. 91(1977)). In addition, TURTLE, a standard

20 beam Monte-Carlo program (Fermi National Accelerator

Laboratory Report No. 64 (1978)), was used to evaluate

several alternate solutions. The foregoing description

of a preferred embodiment of the invention has been
i

presented for purposes of illustration and description.

It is not intended to be exhaustive or to limit the
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invention to the precise form disclosed, and obviously

many modifications and variations are possible in light

of the above teaching. The embodiments described

explain the principles of the invention and practical

applications and should enable others skilled in the art

to utilize the invention in various embodiments and with

various modifications as are suited to the particular

use contemplated. It is intended that the scope of the

invention be defined by the claims appended hereto.
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ABSTRACT

The apparatus of the present invention selects from

particles emitted by a radioactive source those

particles having momentum within a desired range and

focuses the selected particles in a beam having at least

one narrow cross-dimension, and at the same time

attenuates potentially disruptive gamma rays and low

energy particles. Two major components of the present

invention are an achromatic bending and focusing system,

which includes sector magnets and quadrupole, and a

quadrupole doublet final focus system. Permanent

magnets utilized in the apparatus are constructed of a

ceramic (ferrite) material which is inexpensive and

easily machined.
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