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ABSTRACT

The KEK slow-positron source is in the final stage of construction. More than 10° e*/s slow-
positrons are expected utilizing the PF 2.5-GeV electron linac as its primary beam source.

A slow-positron beam, which is produced by bombarding a target assembly (a water-cooled
tantalum rod of 5 radiation lengths and a moderator with multiple tungsten vanes), is directed by a 30-
m beam-transport system to an experimental area through a 2.5-m thick radiation shield floor. A high-
voltage station capable of applying 60 kV is installed in the beam transport system in order to vary the
energy of the positron beam for depth-profile measurements. A Penning-trap system is planned in
order to convert the pulse characteristics of the beam to a dc beam. The brightness enhancement of the
positron beam for positron reemission microscope experiments is also planned at the experimental
area.

At a preliminary test with a 2.0-GeV, 2-kW primary beam, 4 x 10® e*/s slow positrons were
observed by detecting annihilation y-rays at the end of the beam-transport line. Further improvements
are expected by careful chemical and thermal treatments of the moderator.

INTRODUCTION

In recent years, there has been increasing interest in the use of slow-positron beams (ranging
from eV to keV) in various fields of solid state physics. The advantage of utilizing positron beams is
in its simpler interactions with matter in contrast to low-energy electrons. For example, the
interpretation of low-energy electron diffraction (LEED) requires extensive computations, whereas that
of low-energy positron diffraction (LEPD) is simple owing to the absence of any exchange forces.
However, LEPD might not be a practical method due to its poor intensity obtained from a radioactive-
1sotope-based positron source.

In conventional laboratories, the slow-positron intensity is restricted to 100 et/s by the strength
of the available radioactive source. Although a reactor-based slow-positron source is possible to
increase the intensity by more than two orders of magnitude, it requires difficult technical efforts. An
accelerator-based source is another candidate which would enable an increase in the slow-positron
intensity [1-6]. Since our PF 2.5-GeV electron linac |7, 8] is one of the strongest linear accelerators in
the world, we started construction of the KEK slow-positron source from FY 1991, aiming to produce
more than 10° e*/s slow positrons utilizing this linac as its primary beam source [9].



We present here the almost completed KEK slow-positron source and its performance tests as
well as its future plan.

LAYOUT OF THE KEK SLOW-POSITRON SOURCE

The KEK slow-positron source comprises a beam line for the primary electron beam, a target-
moderator assembly, a slow-positron beam-transport line and relevant assemblies.

Figure 1 shows the reconstructed beam lines in the beam switchyard at the end of the PF 2.5-
GeV linac. The primary electron beam is injected into the target through an achromatic beam-transport
line comprising two 18° deflecting magnets and a quadrupole magnet. Although the nominal beam
power of the PF 2.5-GeV linac is 6.25 kW (an energy of 2.5 GeV, a peak current of 50 mA, a pulse
length of 1 us and a pulse repetition rate of 50 pulse/s), an average beam power of 30 kW can be
obtained from this linac [8].
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Fig. 1 Reconstructed beam lines at the beam switchyard of the PF 2.5-GeV linac.

The target-moderator assembly comprises a water-cooled tantalum rod of 5 radiation lengths
and a moderator with multiple tungsten vanes (thirteen 25-um thick sheets). Electrostatic focusing
grids are located just above the moderator. The most efficient target thickness for an incident electron
energy of 2.5 GeV was derived using the EGS4 Code [10, 11]. According to the calculated energy
spectra of positrons emitted from tantalum targets [12], we estimated the slow-positron beam intensity
to be 2 x 10% e*/s with a full beam power of 30 kW [9].

The extracted slow-positron beam is directed by a 30-m long beam-transport line with an axial
magnetic field of 100 G to an experimental area at the ground level through a 2.5-m thick radiation
shield floor. A high-voltage station capable of applying 60 kV was installed in the initial part of the
beam-transport line in order to vary the energy of the positron beam dedicated to depth-profile
measurements (figure 2). A device controller, combining a personal computer and a programmable
sequence controller through optical fiber, is adopted in order to control the monitors and power
supplies at a high-voltage potential. Penning-trap electrodes are also installed at this station in order to
reduce the velocity of positrons for making a dc beam from a pulsed beam with a limited length.

A brightness-enhancement stage for microbeam use, especially for positron reemission
microscope experiments, is installed at the end of the slow-positron beam-transport line. Details are
described in a separate paper.



High voltage potential <—|—> Ground potential

_ Helmholtzcoils o e .
AR RRLNRRERNNR DRSBTS SPORUDORIY | PPIRgN 1 S S
P | 5| n——— | O
A RALARA I _____________________ l ...........................

g B T T
Cabinet =

d% @ Ion pump B (E] B [ ]
[ ] [ | [ l: [ 1 [ ]
[

Jlg Ell [

3 3nenny]
) sasanrl|

—
[Beseanel|
fhessanalt

Fig. 2 Slow-positron beam line at high voltage.

As for beam monitors, channel-electron multipliers (CEM) for the beam intensity and micro-
channel plates (MCP) for the beam profile are intensively used.

PERFORMANCE TESTS

Since the construction of the KEK slow-positron source had been almost completed, we
started its performance tests. At the initial stage, a slightly low-power primary beam of 10 W (an
energy of 2.0 GeV, a pulse length of 2 ns and a repetition rate of 25 pulse/s) was used in order to
refrain from radioactivating the target circumference. The proper trajectory of the slow-positron beam
was achieved by adjusting 20 sets of steering coils along the beam-transport line with the help of CEM
and MCP monitors. The positron intensity at the end of the transport line was estimated by detecting
annihilation y-rays utilizing a BGO scintillator with a photomultiplier tube (HAMAMATSU H2611).
4 x 10% e*/s slow positrons were observed. The observed positron yield was 1/20 of the estimated
value [9]. This might be due to the condition of the moderator, since we put the moderator into the
target-moderator chamber without any thermal treatment.
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positron beam-transport line. During irradiation of the 2 kW beam, the vacuum pressure of the
target-moderator chamber increased up to 1 x 10% Pa. Further treatment; such as baking or long-term
irradiation of the assembly, is being awaited.

FUTURE PLAN

Improvement in the positron yield has first priority. A careful thermal treatment of the
moderator assembly is inevitable. The power of the primary electron beam will then be gradually
increased up to 30 kW in order to obtain the designed intensity of 2 x 10% e+/s.

Since we have already achieved a positron intensity of 4 x 10° e*/s in our slow-positron
source, we have opened this facility to slow-positron users. Fortunately, since KEK is the first inter-
university research institute in Japan, the circumstances for users are excellent. We are, therefore,
planning to install a slow-positron beam switch system capable of supplying slow-positron beams to
several experimental stations one by one.

CONCLUSION

The KEK slow-positron source is almost completed. During a preliminary test, slow positrons
of 4 x 106 e*/s were obtained. Although further improvements are being awaited, we have already
opened this facility to slow-positron users.
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