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Abstract
This paper reports the plans and design of positron-electron microscopes being built at KEK
(High Energy Accelerator Research Organization), Tsukuba, Japan. A used electron
microscope is altered. The kinetic energies of positrons produced by accelerators or by
nuclear decays are not a unique value but show a spread over in a wide range. Positron
beani is guided to a transmission electron microscope (EMI00SX). Positrons are
moderated by a tungsten foil, are accelerated and are focused on a nickel sheet. The
monochromatic focused bewn is injected into an electron microscope. The focusing and
aberration of positrons are the same as electrons in a magnetic system which are used in
commercial electron microscopes. Imaging plates are used to record positron images for
the transmission electron microscope.

1. Introduction
There are many crucial advantages in experiments using positrons compared with
corresponding experiments using electrons. For example, in electron diffraction experiments,

the diffracted electrons may not be the same that the incident electrons but some electrons
ejected from a specimen are exchanged with incident electrons. The diffiracted positrons are
almost guaranteed to be the same that the incident positrons, because there are almost no

positrons in the specimen.
To perform positron experiments, there are two important points. One is that the

kinetic energies of positrons emitted from the nuclear decays or made by accelerators have
not a unique value of kinetic energy but possess a spread over an energy range. The other
point is that the intensities of positron beams are usually quite low.

Mono-energetic positron beam is required to focus positron beams. To create
positron beams it eough intensity, an accelerator is commonly used. In this paper, a
transmission electron-positron microscope being built at the KEK, Tsukuba, Japan is
described. The expected intensity of the slow positron beam is 10' e/sec and soon the,

intensity is aimed at 109 e/sec in future 1].
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Fig. 1. Schematic diagram of electron-positron transmission microscope.

2. Transmission positron microscope
Although the scattering cross sections for positrons are similar to those for electrons at

high energies, positrons penetrate deeper than electrons in materials, because they travel
interstitial sites, far from nuclei. Channeling behavior of positrons is quite different from

that of electrons.
The JEMIOOSX transmission electron microscope has been set at the end of the slow

positron beam at KEK (Fig. 1). The positron beam coming from the positron transfer tube is
focused on a tungsten foil 25 u n in thickness). Positrons lose their energies, are

then-nalized in the foil and are ejected from the other surface. The ejected positrons are
accelerated to I keV and focused by two sets of Enzel lens. Focused beam is introduced

into the microscope (Fig. 2 and they are bent 90 degrees by an electric field deflector (Fig. 2.
The Welinelt assembly and the cathode chamber of the electron microscope are revised.

This is an anode chamber for the positron microscope. The voltage of the lower plate of
the deflector is kept at 40 kV, for example, against the ground. Simulation of positron beam
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near the deflector is shown in Fig. 3 The other plate is kept at 41.5 kV. The positron tens
system is also shown in Fig. 3 The scales are not proportional but schematic. The nickel

foils can be annealed in the annealing chambers attached to the positron lenses. A
specimen is mounted on the usual specimen stage on a screen mesh. The focusing and

aberration of positrons; are the same as those of electrons in a magnetic system, used in
commercial electron microscopes. The characteristic feature of this plan is that

commercially available electron microscopes can be used for positrons without changing the
focusing system. Only the inversion of polarity of accelerating voltage is necessary. The
advanced technology of electron microscopy can be used for positron microscopy. Imaging
plates are used to record positron images. The column of the microscope is kept at the ground
voltage. The final resolution should be better than positron re-emission microscopes (PRM).

Deflector

4 t.5 kV

314.6mm 31mm 10mm 206aun 3m 10mm 206mm
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Fig. 2 Positron lens system, remoderator, deflector. Scales are not exact.

Fig. 3 Simulation of positron beam by deflector.
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Fig. 4 Two lens system used in the present experiment

The positional resolution of PRM is limited by the diffusion length of positrons, when lattice

defects are studied.

3. Positron lenses

Here we consider a set of two element lenses and a set of three element lenses (Einzel lens).

3.1 Two element lens
Two cylinders of inner diameter D = I I mm are separated by g = 2 mm. The length of

Cylinders I and 2 are 178 and 25.6 mm, respectively (Fig.4) and the corresponding voltages

applied are 6 and 1 M respectively. "Co positron source and tungsten foil were kept at

+7 W. Figure is an example of a profile of the positron intensity on an imaging plate

which was grounded. When a series of two lens system is used higher voltages have to be

applied to cylinders 3].
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Fig. 5. Positron intensity profile of two cylinder lens, focused.
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Fig. 6 Einzel lens. Examples of parameters are given in Table .

Fig. 7 Simulation of positron beam by Einzel lens shown in Fig. 6.

Table I Examples of Einzenl lens parameters corresponding Fig. 3.

Positron Source A +I kV +2 kV +3 kV +4 kV +42 kV

Cylinders I 3B, E 0 kV kV +I kV 2 kV 41 kV

Center Cylinder C -4.5 kV 4 kV -3 kV -2 kV +36.5 k'

Imaging Plate F 0 kV 0 kV 0 kV 10 kV +41 kV

Length of Cylinder IG206mm 206mm 206mm, 206mm 206mm

Length of Cylinder 3H31mm, 36mm 36mm 36nun 31nun

Magnification M 1/9 1/8 1/8 1/8 1/9

Positron Energy Hitting I kV 2 kV 2 kV 2 kV I kV

Imaging Plate
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3.2 Three element lens (Einzel lens)
The Einzel lens geometry to be considered consists of three long coaxial cylinders of the same

diameter D, separated by distance g. The voltage of the two and cylinders are kept at V,,
and the voltage of the center cylinder is kept at V. Positrons are accelerated while they

travel from A to (Fig. 61. Fine adjustment can be made changing voltage V2. Table I
shows some of the examples in case of Einzel lens. To test the focusing, the positron

energies hitting imaging plates were low so that imaging plates without coating were used.
Detail calculations on a cylindrical electrostatic electron lens can be found in a paper by Read
et al 21, The advantage using Einzel lens is that the applying voltage can be kept almost
constant. A simulation of focusing of positron beam is shown in Fig. 7.

4. Summary
A design of remodeling of a used commercial transmission electron microscope is presented.
Transmission electron-positron microscopes are good to observe images of organic
compounds and bio-materials, because of its deeper penetration depth, so that less damage is
given to specimens. Theoretically the positional resolution of a transmission positron
microscope is better than that of microscope using positron annihilation, because the diffusion
length of positrons before captured by defects limits the positional resolution. Largest
advantage is remodeling of commercially available transmission electron microscopes which
have been highly developed. The positron beam source is equipped with electron source.
The only positive accelerating voltage is supplied when positron image is taken. The
focusing positrons is the same as ectrons.
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