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Sunnary

Positrons produced ty electrons peaked at
energies of 9.6, 10.8, 11.7, 13.5, 15.0 and 15.6
MeV incident on a 0.8 radiation length gold tar-
get, were accelerated to 35 MeV. Thelr spectrs
were measured by means of & defining slit system,
set for 2 percent energy transmission, located at
the focal point cf a 90° achromatic deflection
system. Experimental values of conversicn effi-
ciency were fitted by the expression € = 3.3

x 1077 (E-4.7), where E is the energy of the
incident electrons. The expected positron cur-
rent for the highest repetition rate 5720 pulses
per second) is approximately 4 x 10" “amperes
over electron energies from 10 to 1h MeV.

Introduction

Recently built electron linear accelerators
have gufficient electron currents to produce
beams of monoenergetic positrons. When these
positrons underge in-flight arnihilation the pho-
tons in the forward direction are also mono-
energetic and can be continuously varied in
energy by the selection of the energX of the
positrons. The laboratory at Saclay™ produces
positrons at the end of the accelerator and mono-
energetic positrons are selected by a set of
"orange-section'" magnets. The group at Livermore
at first used the magnetic selection of positrons
to study the production process and the photon
spectrun resulting from the pesitron bombardment
of a beryllium target.2 This group then produced
positrons at the end of the first section of their
linac and accelerated them in the second section
for their study cf the positron-annihilation pho-
tons® and the use of the moncenergetic photons
for photoneutron cross-section measurements . *

The procegs of positron production and accelera-
tion has been calculated as a design study for
the Saskatchewan Linac® based on the theoretical
studies of Katz and Lokan.® At General Atomic
measurements and calculations have been made of
positron vields from a 45-MeV L-band electron
linac.”

Linac Design

The USNRL Linac is a three-secticn S-band
(2856 Mc/sec) electron accelerator with pulses
variable in Zength from 0.02 to 0.6 usec and
variable in repetition rate from a single pulse
to 720 pualses per second. The elecircn energy
ig variable up to 60 MeV and the electron beam
current at 40 MeV can be as much as 4C0 ma peak.
The gold positron-converter target, located
between the first and second sections, can be
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raised for electron acceleration. At the end of
the first section a pré-stripper limits the dia-
meter of the beam of electrons falling on the
converter to 0.k inches. A second collimstor at
the end of the linac has an exit diameter of 5/16
in. The small diameter beam of electrons or posi-
trons is bent through 900 and energy analyzed by
the achromatic magnet and slit system discussed in
papers DD-13 and 1k of these Proceedings.8 Focus-
ing solenoid coils surround the accelerating wave-
guides, on which are placed longitudinal wires for
beam steering, that is, for cancelling the effect
of the earth's magnetic field. A thin magnetic
iens is located between the positron converter
target and the second section. Pulse beam current
trensformers calibrated to + 0.5% are located at
the end of the linac and &t the exit of tae 90°
magnet system.

Prccedure

To obtain values for the efficlency of posi-
tron production which could be compared with those
found by the General Atomic group,’ measurements
similar to theirs were made. The first section of
the linac was adjusted to accelerate electrons to
the desired energy with a reasonably sharp spectrum.
The electron current was measured by current trans-
formers before and after deflection with *the slits
set for 9% erergy transmission. In addition, a
graph of the 2% electron spectrum was obtained by
nmeans of an x-y recorder with a calibrated lead
brick acting as a Faraday cup.

The 0.10-inch thick gold target was then
lowvered and the second and third secticns were
tuned toc accelerate positrons for maximum energy.
With the slits set for 2% energy transmission the
positron spectrum wes recorded with an icn chamber
as the detector tc obtain a good signal-to-noise
ratio. As positren currents are toc small to give
an indication on a pulse current transformer, the
ion chamber was calibrated by comparison with the
lead brick and found tc have a gain of 9C + 20.
The incident electron curreat on the insulated
converter target was measured directly. After
each positron spectrum was recorded, the geold tar-
get was raised in crder to verify the electron
current and spectrum. All measurements were made
with the linac operating at 60 pps but were extrap-
olated to 720 pps.

The positron spectrum cbtained when 13.5 MeV
electrons were incident ¢n the converter is shown
in Figure 1 with the electron spectrumn shown as
the insert. The eleciron and positron spectrs for
other energy incident electrons, at 9.6, 10.8,
11.7, 15.0, and 16.€ MeV were similar in shape.

In each case the positruim spectrum peaked near
35 MeV.
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The results of a separate set of measurements
in which the linac was tuned for optimum positron
production, without regard for the incident energy
distributicn, are shown in Figure 2. The highest
yield resulted when magnetic fields from the thin
lens and the solenoids were used and is shown by
the spectrum labelled "lens on and solencids on."
The effect of the 1000 gauss field of the conver-
ter _ens in aiding the capture of the positrons
by the accelerating field is shown by the differ-
ence between this spectrum and the one for "lens
off and solencids on." Comparison of the latter
spectrum with that for "lens off and solenoids
o*f" shows the importance of the 400 gauss fileld
of the solenoids in retaining positrons in the
accelerating waveguide and focusing them through
the exit collimator. The improvement in yield &t
the peak of the spectra from the conditiocn with
lens off and solenoids off to the yield with them
on is 10.8 Ffor the one percent spectrum of 38.7
MeV positrons. For comparison with the General
Atomic” result (gain of 6.2 at 2.5% width) our
gain value is 10.

Calculations

The total nuwmber of positrons produced for
eacn of the electron bombarding energies and
accelerated in the second and third sections of
the linac was obtained by integrating the spec-
trum and correcting for ion-chamber gain. The
values of electron current obtained from the cur-
rent puise measurements at the end of the linac,

I . , were always less than those from the con-
main

verter, Iconv’ primarily due tc the presence of

the 5/:6 inch-diameter collimator at the end of
the linac. Aliso the deflected beam current
tarough 9% slits was consideratly less than Imain'
To obtain the electron current effective in pro-~
ducing positrons, Ie'“f’ the current through the

% slits was first corrected to include energies
as low as 25% belcw the peak energy. This quan-
tity, Ipeak’ was then corrected for the loss in

current between the cénverter end the linac exit
by multiplying by the ratio I /T , giving

conv’ “Tmain

= I .
Ieff Ipeak conv/Imaln

The I . caleulated from this formula is I

ef? conv

1 i v oC i has th

ess its low energy component if Imain s e

same spectral distrivution as T . The correc-
conv

tion, consicdered as a percentage of Iconv’ ranges

from _%% at 6.6 MeV to L9 at 9.6 MeV; hence, for

the low energy points the uncertainty in Ieff is
large.
Results

The efficiency of positrcn production, €, is
the ratio of the total positron current to Ieff'

Tre six values of € with the estimated uncertain-

ties are plotted in Figure 3 versus their corre-
sponding electron energies. Due to the uncertain-
ties involved in determining Ieff’ and therefore

the efficiency values, only a straight-line fit to
the data is Justified. The expression, € = 3.3
x 1077 (8-4.7), where E is the electron energy in
MeV, is shown &s the solid line on the graph. The
dotted and dashed lines indicate the estimated
band of uncertainty. For comparison, the General
tomic measurements gave efficiencies which were
fitted by the expression € = 3.8 x 10"%(R-6.6).
The optimized positron yield measurement gave an
efficiency value of 3.05 x 10°° and is shown on
the graph as the circled x placed arbitrarily on
the central line as the incident electron energy
spectrunl for this measurement was not recorded.
Consistency designestes an effective electrecn
energy of 1%2.9 MeV. This energy together with
the measured electron current gave a point on the
average electron current versus energy load line,
shown in Figure 4, which is consistent witk the
design lcad line of the linac.

The magnitude of average positron current
expected at the maximum repetition rate cf T20 pps
is also shown in Figure 4 as a function of elec-
tron energy. These curves, calculated as the
product of average electron current at a given
electron energy (cbtained from the load line) and
the corresponding positron production efficiencies
(from Fig. 3), show the region of optimum electron
energy and the expected positron yield. This
yield is approximately an order of magnitude less
than that reported by the General Atomic group.”
A factor of four may be due to the difference in
beam sizes as they report theirs to be 1.6 cm in
diameter and ours is limited by the 0.80 cm
collimator., However, we desire a parallel beam
of small diameter in order to obtain good collima-
tion of the annihilation-in-flight photons.

An improvement in yield is expected to resust
from increased capture of positrons by the accel-
erating field due to the replacement of the wire-
wound thin lens by two aluminum-tape-wound water-
cooled solencids. In addition more solenocid
focussing is planned for the accelerating wave-
guides in order to enhance the magnetic confine-
ment. The question of whether the peripherally-
cooled gold target will survive long bombardments
at 720 pps remains to be answered. The cbtaining
and measuring of narrow positron spectra variable
in energy remains to be accomplished before using
them to produce in-flight-annihilation photons.
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Fig. 1. Positron energy spectrum for 35 MeV

peak positrons measured with defining slits set
for 2% energy. Insert shows 2% erergy spectrum
of electrons, peaked at 13.5 MeV, incident upon
the 0.10-inch thick gold target.
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Fig. 2. Optimun yield spectrum for 368.7 MeV

positrons shown as maximum curve, labeled "lens on
and sclenoids on." Spectrum labeled "lens off and
sclenoids on" shows the decrease in positron yield
dve to poor capture of the positrons by the wave-
guide accelerating field. Spectrum labeled "lens
off ard solenolds off" shows the poor intensity
and erergy distritution of positrons poorly cap-
tured by and confined in the accelerating field.

IEEE TRANSACTIONS ON NUCLFAR SCIENCE

June

D. E. Lobb,
tory Report

Saskatchewan Accelerator Labora-
No. 2, December 1963,

L. Katz and K. H. Lokan, Nucl. Inst. and Meth.
11, 7 (1961).

R. E. Sund, R. B. Walton, N. J. Norris and
M. H, MacGregor, Nucl. Inst. and Meth. 27, 109
(196L4).

T. F. Godlove and W. L. Bendel, paper DD-13%,
These Proceedings.
W. L. Bendel and T. F. God.ove,
These Proceedings.

paper DD-1k,

60x1078,
Eet —= 33x10-7 (E-4.7)
e
Q
£ a0
= |
S
=
5.
=
&
20—
g
o
g r
| | | | L ] J
% 8 12 i6
ELECTRON ENERGY (MeV)
Fig. 3. Positron production efficiency as a

function of the enerpy of the electrons inci-
dent on the converter target. Dotted and
dashed lines show the estimated uncertainty
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Fig. L. The straight lirec shows the average

electron current-voltage load line characteristic
of the linac's first section. The average
positron-current curves show the region of opti-
mun electron energy and the expected positron
vield. An additional uncertainty dwe to the
calitration of the ion chanber has not been in-
cluded.



