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INTRODUCTION

A high intensity, low energy, raonoenergetic positron beam which

yields lxlO8 positrons per second has been constructed at the

Brookhaven National Laboratory. The positrons are produced by a 64Cu

source of more than 100 Ci which is made in the Brookhaven High Flux

Beam Reactor (HFBR), and is described elsewhere in this Proceedings by

M. Weber, et al. Low energy, monoenergetic positrons are obtained by

having them slow down to tVarmal energies in a copper crystal (the

moderator) and those which reach the surface of the crystal are

ejected by a negative workfunction effect with an energy of 0.4 eV and

with an energy spread which is almost at thermal energy.1-4 The

energy spread of the positrons has been measured at room temperature

to be 75 meV and its angular spread from the crystal face as A 0 ^ ^ =

24°; at 23K the energy spread was measured to be 24 meV and the

angular spread as AS—^, - 18°.s It is important that the moderator

be crystalline to maximize the number of positrons which reach the

surface of the copper, otherwise most would be trapped in voids or •

vacancies and annihilate in the bulk copper rather than be ejected

from the surface. Most positrons emitted from the decay of 64Cu do

not thermalize in the copper and are ejected at its surface. They

either do not thermalize and leave its surface as fast positrons or

annihilate in the copper. If one defines the efficiency (e) of the
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moderator as the ratio of slow positrons to fast positrons then it has

been calculated that it is a maximum efficiency of 1.3x10 when the

thickness of the copper is 70 run, see Fig. 1. However, the thickness

of copper which maximizes the efficiency of producing slow positrons

does not maximize the number of slow positrons, for the decrease in

efficiency in growing thicker crystals is more than compensated by the

larger amount of available radioactive source. This is shown in Fig.

2. The copper crystal is grown on a tungsten substrate which reflects

some of the positrons to the copper surface, and some penetrate into

the tungsten, thermalize, and eventually reach the copper surface.

Fig. 3 shows the contributions to the number of slow positrons being

ejected from the copper surface as a function of the thickness of the

copper layer for positrons moderating in the copper, positrons

moderating in the tungsten substrate and then traversing the copper

layer to its surface, and positrons being backscattered at the copper-

tungsten interface and then being moderated in the copper layer. It

is evident that a maximum number of slow positrons are emitted for a

copper layer of 10s run. Layers thicker than this value produce some

positrons which are too deeply embedded in the copper to reach its

surface before they annihilate with an electron.

THE POSITRON BEAM

A 130 mg 63Cu pellet is placed inside an aluminum container and

irradiated for approximately two days near the core of the HFBR. A

64Cu radioactive source is produced by the reaction 63Cu(n,7)64Cu with

an activity of 123 Curies and an emission of 8.7x10'l positrons per

second. The pellet and its container is placed inside of a blockhouse

to provide shielding from the nuclear radiation. The pellet is then

removed from the aluminum container and dropped into a crucible

located in an ultra-high vacuum chamber which is at a pressure of

10 torr. It is then evaporated, and the radioactive copper gas

condenses on the (110) face of a tungsten crystal, placed over the

crucible to grow a (111) copper layer on top of the tungsten crystal.

The tungsten substrate with a copper overlayer is then rotated into

the beam position. The positrons then traverse a set of ExB plates



which separates the slow positrons from the fast positrons. The fast

positrons annihilate inside the blockhouse and the slow positrons are

magnetically guided down a beam tube through the blockhouse wall to an

experimental chamber which is at a pressure of 5x10 torr. It is in

this chamber that investigations are conducted on the interactions of

low energy positrons with the surfaces of solids. A top view of the

positron beam is -hown in Fig. 3 and a side view of it is shown in

Fig. 4. We have measured a low energy flux of lxlO8 positrons per

second. Thus the overall efficiency of the evaporation process,
-4

moderator, and beam optics is 1x10
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Fig. i. Efficiency of a copper selfmoderator as a function of the

thickness of the copper. The contributions of the various

processes are: - , positrons traversing into the

tungsten, thermalizing, and then emitted from the copper

surface; — , positrons thermalizing in the copper and then

emitted from its surface; and . . . . positrons which

backscatter from the copper-tungsten interface, thermalize in

the copper, and are emitted from its surface.
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Fig. 2 The product of the efficiency and thickness which is

proportional to the number of low energy positrons (source

strength) emitted vs. the thickness of the copper layer on a

tungsten substrate. The contributions of the various

processes are: — — -, positrons traversing into the

tungsten, thermalizing, and then emitted from the copper

surface; , positrons thermalizing in the copper and then

emitted from its suriace; and . . . . positrons which

backscatter from the copper-tungsten interface, thermalize in

the copper, and are emitted from its surface.
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Fig. 3 Top view of the positron beam. A beam splitter allows the

slow positron beam to either traverse straight down the beam

tube to a chamber in which occur experiments on the angular

correlation of annihilating radiation (ACAR), or the slow

positron beam is directed down a beam tube to a gas cell where

positronium is formed, and then enters a positronium

reflection chamber.
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Fig. 4 Side view of the positron beam.


