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SUGGESTED INTENSE
POSITRON SOURCE
BASED ON (MICROPOLE) UNDULATOR
INDUCED PAIR PRODUCTION
by
Paul L. Csonka
Institute of Theoretical Science

University of Oregon
Eugene, OR 97403-5203

ABSTRACT

The construction of an Intense Positron Source (IPS) is suggested. The intensity of the
produced positrons is to exceed that of any other existing source by orders of magnitude. The
instantaneous intensity is to be 103 to 105 times higher yet. Fast positrons are to be produced in
pulses of time duration = 1 ns to 10 ps. Slow positron pulses of order < 100 ps are expected.
The phase space density of pasitrons at production will be in excess of what can be achieved by
other methods.

The IPS is to consist of 1.) an undulator (usually a micropole undulator, i.e. an undulator
with submillimeter period) in which gamma rays in the MeV range will be generated by electron
beams circulating in a storage ring; 2.) a heavy metal target, in which e*e~ pairs will be produced
by the generated gamma rays; 3.) moderators to thermalize the produced positrons; and 4.) a
transport system through which the slow positrons will move.

Spinoff benefits provided by the suggested device include the following: The equipment
may be used to create (or destroy) nuclear isotopes in a controlled manner (i.e. without producing
unwanted species); to produce (or destroy) in a controlled way chemical elements; to produce weil
collimated intense photon beams in the multi 100 MeV range for nuclear physics research, with
intensities many orders of magnitude higher than can be achieved today; to generate intense bursts
of neutrons; to supply fast positrons produced at high intensities (1016 to 1017 s!) and within a
small transverse phase space, to future High Energy Colliders, thereby perhaps even eliminating
the need for damping rings.

inches) coils can be used. The compensating dipole coils, attached to separate, low current power
supplies, stir the positrons along and near the center line of the transport system.

For most applications the emerging slow positrons wi%j be accelerated from thermal
encrgics to several keV. This can be accomplished by placing the target assembly on an insulated
stand at high poteatial. The positrons are thus accelerated while traveling from the moderator to
the far end of the transport system, which is grounded.

4. Possi in

There are several storage ring candidates on which the proposed Intense Positron Source
(IPS) may be installed to demonstrate its capabilities. These rings include the following (See Table
2):

PEP at the Stanford Linear Accelerator Center,

APS at the Argonne National Laboratory,

JRISTAN, at KEK, Tsukuba,

ESREF, in Grenoble,

PETRA 11, in Hamburg,

SPRING-8, at Nishi Harima in Japan,

LEP, at CERN,

B-Factory High Encrgy Ring, proposed at the Stanford Linear Accelerator Center,

B-Factory High Energy Ring, proposed st Comell University.

One of the best candidates, PEP, is not operating st this time, for budgetary reasons. APS
is under construction; ESRF is being commissioned at the time of this writing; TRISTAN is
operating, and a better magnet lattice for it is expected in the near future for dedicated running; the
use of PETRA I as a partially dedicated synchrotron radiation source has been approved, and its
detailed planning is ongoing; SPRING-8 is under development; LEP is now used only for high
energy physics experiments, but there is interest to harness its capabilities for other purposes; in
addition, two B-Factories have been proposed. And, already, the next generation (the "fourth™) of
lightsources is being discussed.

It is clear, therefore, that an increasing number of potential host machines will become
available in the near future, and they will offer a wide variety of electron beam characteristics.

In Tabie 2 the relevant design parameters for certain potential host machines are given.

Table 3 lists several parameters of interest in connection with positron production:

1. The (micropole) undulator wavelength, lu(S). required to generate y-rays with

maximum energy €M = 3 MeV.
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An excellent improvemnent in the positron yield was achieved by annealing of the moderator assembly (tungsten foils) at 2270 K for 10 minutes under
ultra-high-vacuum conditions. A slow-positron flux of 1x108 et/s was successtully achieved with a 2.0-GeV, 2-kW primary electron beam power. The achieved
conversion efficiency has almost reached our designed goal; we can theretore expect a slow-positron intensity on the order of 108 e*/s with a maximum bear
power of 30 kW in the near future
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