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Abstract 2 CHOICE OF ELECTRON BEAM

Minimization of component activation is highly desirable ENERGY

at accelerator-based positron sources. Electrons in the §ayera) factors influence the choice of the incident elec-
to 14-MeV energy range impinging on a target producgon heam energy for a slow-positron source with minimal
photons energetic enough to create electron-positron paify rons. One factor is the efficiency with which the inci-
however, few of the photons are energetic enough t0 prggnt heam creates positrons, the other is the neutron yield.
duce photoneutrons. Slow positron production by I0Wgq, high productivity, most of the incident electron beam
energy electrons impinging on a multilayer tungsten tagho g penetrate the target. The number of backscattered
get with and without electromagnetic extraction betweeg|ectrons increases exponentially with decreasing electron
the layers was studied by simulation. The neutron bac'é‘nergy, as can be seen in Fig. 1. As shown in the figure,

ground from 14-MeV electrons is expected to be signifighgre is essentially no backscattering for energies above
cantly lower than that encountered with higher-energy elec-

tron beams. Numerical results are presented and sor--
ideas for a low-activation slow-positron source are dis
cussed.
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1 INTRODUCTION

Slow positrons are widely used in materials science an
solid state physics research. Positron annihilation tecl
niques are used to characterize vacancy-type defects
metals and alloys. Very low energy positrons are idee
probes for surface crystallography due to their shallow per
etration and weak scattering with the atomic ion core.
The use of the Advanced Photon Source (APS) lina
beam as a source of slow positrons has been investigal
for incident electron beam energies between 200 and 4( . °
MeV [1], [2]. Accelerator studies indicate that the electror 0 bimmsmtisssssdsrsislissssssbissisisisboss sl
linac is capable of producing about 13kW of incident bean 0 5 105205 303 A0
power [3]. Simulation studies to optimize the target indi- Energy (MeV)
cate that for those incident-electron energies, a high slow-

positron yield can be obtained. ~ Figure 1: Number of backscattered electrons versus inci-
potentially serious problem at positron sources. Compo-

nent activation can be reduced if the input beam energy \iov At 3 MeV. about 0.5% of the incoming particles
is low enough such that the cross section for photoneyze packscattered, thus reducing overall efficiency. In our

tron production is still quite low, yet high enough to Createsimulations, we chose an energy range between 8 and 14
electron-positron pairs. In this paper, we study the prQyey for the primary electron beam.

duction of slow positrons using electrons with energies be- The neutron yield per incident electron in a high-Z target

tween 8 and 14 Mev. . is low for energies below 14 MeV. The photoneutron cross-
. Monte Carlo simulation results of low-energy electrongg (i, for tungsten is about 400 mb for 14-MeV photons
impinging on a multllayer 'Fungsten_target are descnbe%md becomes negligible for photons of 6-MeV energy and
POS|tro_n production rates with and without electromagn_etitc‘)wer [4]. For one radiation-length-thick targets, measure-
extraction between target layers are compared. Some idgaSns indicate that there are )~ neutrons per 14-

for a low-background positron source are discussed. MeV electron [5]. Shown in Fig. 2 is the photon energy

*Work supported by U. S. Department of Energy, Office of Basic Endistribution from 20000 14-MeV electrons impinging on

ergy Sciences under Contract No. W-31-109-ENG-38 a 1.2-mm tungsten target. An energy cutoff of 1.0 MeV
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has been applied to the distribution prior to histogrammindayers, and squares indicate the production when electro-
Photons below 1.0 MeV are incapable ofes pair produc- magnetic extraction is applied. In the latter simulations,
tion. The distribution peaks at 1.5 MeV and has a standattle total output lepton distribution from each segment was
deviation of 2.4 MeV. Less than910~2 photons per elec- removed and only the photon distribution was used as in-
tron have energies greater than 6 MeV. put to the simulation of the following segment. This possi-
bly leads to an underestimation of the positron count after
the second and third layers. In practice, energetic electrons
would not be removed by the applied field, though the to-

3000,‘ tal beam divergence would be increased, and they could
StDev=2.41 MeV . . .
Moan = 337 MeV contribute to the positron creation through bremsstrahlung.
25000 1 As shown in the figure, photons produce 68% of the total
positron count in the second segment, and 89% in the third
2000- E segment.
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Figure 2: Photon energy distribution from 14-MeV elec-
trons on a 1.2-mm tungsten target.
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3 SIMULATION RESULTS

Our simulations were performed with the program EGS..
[6], together with a C-language user-interface code,
“shower” [7]. We studied the positron-production efficien-Figure 3: Positron production as a function of target thick-
cies of single-block and multilayer targets at several eril€ss for two electron energies.
ergies. Optimized multilayer targets are able to produce
more positrons than single-block targets for a fixed incom- We used our high-energy simulation results as a guide to
ing beam energy. For multilayer targets, we examined thgptimize the multilayer target for a 14-MeV incident beam.
production rates with and without electromagnetic extracSpecifically, we analyzed the positron production as a func-
tion between target layers. tion of target thickness and the output electron and photon
The forward positron production as a function of singlemean energy variations to determine the optimal segment
block tungsten target thickness is shown in Fig. 3 for 8thicknesses of a multilayer target. At 400 MeV, the best
MeV and 14-MeV electrons. For the higher-energy beantarget configuration is a 10.5-mm-long, five-layer target.
the production peaks around target thicknesses of 2.5 mifhe 10.5-mm length is determined by the optimized single-
The production from the 8-MeV beam roughly follows ablock target length.
similar curve. The variations seen in the figure are within The highest production differentials between layers oc-
the statistical fluctuations of the Monte Carlo process. Theur when there is a 25% variation in thickness from the
number of positrons increases by a factor of 4.5 for a 1.74st to the second layer and none or a small variation in
increase in beam energy. For target thicknesses greater thigickness between the last two layers. The output electron
2.5 mm, many positrons are lost in the material decreasingean-energy change from layer to layer is also a factor.
the yield. Yield is best when the energy decreases by about 50% in
Figure 4 shows the forward positron production for ghe first two layers, and by 30% to 10% in the last lay-
three-layer tungsten target of 1.2-, 0.6-, and 0.6-mm-longrs. These observations, together with the single-block tar-
segments, respectively. The incident electron beam energgt results at low energies, led to a three-layer target with
is 14 MeV. segment thicknesses of 1.2, 0.9 and 0.9 mm, respectively,
In the figure, circles indicate the number of positrongs a candidate for an optimized low-energy target. Fur-
produced when no electromagnetic field is applied betwedher simulations showed that the positron production is in-
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creased by 26% when the last-segment is 0.6-mm long. Foe constructed. For an incident 14-MeV electron beam, we
the optimized 1.2-/0.9-/0.6-mm target, the total number dadstimate that a flux of 20107 positrons per second can be
positrons whose energies afe6 MeV is 1.3ex10~2 per achieved, assuming a conservative moderation efficiency of
incoming 14-MeV electron. 10x 1073,

Plans are now underway to measure the positron and
slow positron yields at another local facility with beam
characteristics similar to what we have considered in this
paper. Use of low-energy electrons to drive a slow
positron source has the advantage that it could be a semi-
independent setup. Various configurations for such a
source have been investigated. Some options allow oper-
ation of the slow positron source in parallel with other APS
= operations, while operation of other configurations is more
constrained.

An additional advantage of the low-energy driver is
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40F Without Electromagnetic Extraction o | that extraction and guide voltages for the unmoderated
With Electromagnetic Extraction  m positrons can be lower, since they are produced at lower
200 E energies. The disadvantages are lower positron production
rates per incident electron. The beam power and thus the
ok ‘ ‘ ‘ ] positron production rate can be improved by increasing the
1 2 3 electron current. At high power and low energy, target ab-
Segment Number lation will likely be a problem. Detailed thermal analysis

must be carried out, and careful monitoring of the target

] ) . and support structures must be envisioned.
Figure 4: Comparison of the number of positrons produced

by 14-MeV electrons on a three-layer target, with and with-

out electromagnetic extraction between layers. 6 ACKNOWLEDGMENTS
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5 CONCLUSIONS

A slow-positron source with reasonable slow-positron
yield and with a relatively low neutron background could

308



