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Observation of electron spin using positron beam
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Research Group for Spin-Polarized Positron Beam

Novel phenomena have been
successively discovered in the study
of “spintronics” which is to use a
rotation-like spin property of electrons
besides their electric charges. Dr.
Atsuo Kawasuso’s group successfully
developed an apparatus to observe
electron spin using positron beam.
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Reinvestigation of phenomena hidden in history )
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Prof. Sadamichi Maekawa was appointed to
Director General of ASRC in 2010. “His policy was to
challenge the impossible regardless of a risk of failure.
I then decided to reinvestigate immersed phenomena in
history of positrons study.” said Dr. Kawasuso.

A positron, first discovered in the 1930th, is a
particle with positive charge, and possesses almost
the same property as an electron apart from its sign of
charge. Binding of a positron and an electron induces
annihilation and emits gamma rays. Eary studies done
in the 1950th demonstrated that a direction of electron
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Fig.1 Principle of observation of electron spin using
positron beam

When spin directions of positron and electron are different,
frequent bindings lead to frequent annihilations which
result in emission of intense gamma rays (D). While the
directions are the same, less binding occurrence and less
intense gamma ray emissions (@).
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Atsuo KAWASUSO

Born in 1967 in Sitama prefecture. Obtained Doctorate of Science
at Graduate School of Science and Faculty of Science, Tohoku
2 University. Became a researcher at JAEA since 1995. Current position
held since 2003. The fields of experts is the condensed matter
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spin can be observed with detection of the gamma rays.

Spin is momentum, similar to rotation, flowing to
two directions both upward and downward. With spin,
positron and electron induce magnetic field.

When spin of positron and electron are oppositely
oriented, the binding is prone to occur, and
accordingly increasingly frequent annihilations yield
relatively intense gamma rays. When the directions
are the same, less frequent binding occurs, and less
intense gamma rays are emitted as a consequent.
Based on this phenomenon, by exposing spin-aligned
positron beam to an object to measure strength of the
gamma ray emitted, directions of electron spin in the
object can be observed. (Fig.1)

Dr. Kawasuso says “In the 1950th, it was found that
atomic vacancies and lattice defects were able to be
detected by using positrons, and the method became
widely employed. On the other hand, development
of apparatuses to generate spin-polarized positron for
observation of electron spin directions did not progress.
There might have been a great difficulty to hamper the
development, but I decide to give it a try.”

Developing a positron source using GaN )

Dr. Kawasuso explains how spin-polarized positron
beams can be generated. “During a radioactive isotope
disintegration in which a proton is transformed into a
neutron, a positron pops out. In most of the positrons
bounce out to one direction, their spin, too, is aligned
in the same direction. The more a positron has high
energy, the more precisely the direction of spin and
higher the polarization that has.”

The maximum energy of the bounced positrons
varies depending on types of radioactive isotopes.
In experiments of solid state physics, Na-22 has
generally used as a positron source. Positrons with
maximum energy of 0.5 MeV can be produced there.
Theoretically, 70 % of them are spin-aligned.

Therefore, more highly-polarized spin-aligned
positrons will be available by using radioactive
isotopes generating positrons with higher energy.
Radioactive isotopes can be produced by irradiation
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of proton beams with an accelerator onto a target of a
stable isotope. If a produced radio isotope has a short
half-life, investigation of electron spin requires to be
performed while the radioactive isotopes are being
produced at the accelerator.

“Due to a limited machine time allotted to us, we
need to produce radioactive isotopes which have a
longer half-life and generate high-energy positrons at
one irradiation. So we chose Ge-68.”

Ge-68 emits positrons with the maximum energy
of 1.9 MeV and its half-life is as long as 280 days. Its
theoretical polarization level is 94 % which is higher
by 24 % than that of Na-22. “We first irradiated proton
beams onto a stable gallium(Ga) target in order to
generate Ge-68, but it did not work.” He continues, “A
gallium target is heated to a high temperature when
irradiated by proton beams, but it was melt because
the melting point of gallium is as low as 29°C. We
irradiated gallium sealed in a metal container, but
gallium melted inside and leaked out. An attempt of
cooling, too, came to naught. We were quite at a loss.”

He, then, gave another try with GaN which is used
in blue LED. (Fig.2) “I had never thought about
using it as a target although its melting point is higher
than 2000°C. Generation efficiency of Ge-68 using
GaN, a compound of one to one in ratio, as target, is
supposed to be reduced by half compared to a case
of using pure gallium. Our experiment, however,
proved that Ge-68 was generated at the efficiency rate
theoretically predicted without melting the target.”
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Fig.2 GaN target to generate Ge-68 and the spin-polarized positron generation apparatus.
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In 2013, Dr. Kawasuso and his colleagues succeeded
in development of positron beams with polarization
of 47%. Using the generated spin-polarized positron
beams, they performed an experiment for investigation
on electron spin in pure iron. Here, they discovered
that, depending on spin direction of positrons and of
electrons whether they are the same or not, the strength
of the gamma rays measured varies. They successfully
invented a method to observe electron spin by using
spin-polarized positron beams.

Observation of electron spin in material
surfaces and thin films using positron beam J

So far, charges of electrons have generally been
used in electric engineering. Additionally, spintronics,
using spin of electrons, has been aiming at production
of energy-saving devices and high efficiency solar
cells and thermoelectric conversion elements.

“Recently, in the field of spintronics research,
numerous unforeseen phenomena have been discovered
one after another, and theoretical studies predict more
to come out. In order to explore newly discovered
phenomena and to verify theoretical predictions, a novel
method to observe spin has long been anticipated.”

Electron spin, essential element in spintronics, can
be observed using neutrons X-rays, and muons. These
methods have, however, advantages and disadvantages.
For instance, neutron beams, having high transmission,
is effective in examinations of inside thick materials,
but not of observation of electrons in thin films or
on material surfaces. The method using the positron
beams, on the other hand, is ideal for the latter.

“A variety of phenomena happens on material
surfaces. Moreover, most novel materials are
synthesized in the form of thin film. We are certain
that more novel phenomena will be found through
observation of electron spin on material surfaces and
thin films by using positron beams.”

When using neutrons to observe spin, direction of
electron spin is detected indirectly by measuring neutron
scattering caused at an electron spin originated magnetic
field. This may leave room for a speculation in the data
interpretation. “The significant feature of the positron
beam method is that it makes a direct observation
of electron spin possible by making use of electron-
positron annihilation. Obtained data based on this simple
phenomenon is relatively easy to be interpreted.”

Development of spin-aligned high intensity positron beam

Dr. Kawasuso now intends to increase strength
of the positron beam in order to advance the
observation method of electron spin using positron
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beams. “At present, it takes hours to measure one
sample. We want to shorten it to 10 to 20 minutes by
strengthening the beam by two orders of magnitude.”
There are two ways to increase strength of spin-
polarized positron beam. “One is to get spin direction of
a spin-disordered high intensity positron beam lined up.”
In Japan, the High Energy Accelerator Research
Organization and the National Institute of Advanced
Industrial Science and Technology have facilities
to generate high intensity positron beam. “In the
coming years, we would like to propose an installation
of equipment to manipulate spin direction. We are
currently working on a technique for the manipulation.”
Another method is to use radioactive isotopes
with higher energy positron. Dr. Kawasuso gives an
example. “Si-27 generates positron with high energy
of 4 MeV. As its theoretical polarization is considered
to be almost 100 %, strong positron beams should
be obtained. Because Si-27 has a short half-life of 4
seconds, successive production of Si-27 at accelerator
is essential to implement an electron spin observation.”
There is only his group in the world working on
development of this innovative method. “We would
be happy to work with other researchers to further
advance this method.”
In order to realize such collaboration, it is necessary
to demonstrate a capability of spin-polarized positron
beam in the field of spintronics.

Fostering of Spintronics using positron beam )

Prof. Mackawa, Director General of ASRC, is a
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Fig.3 Experimental data on spin accumulation obtained by the use of positron beam
Intensity change of gamma ray indicates occurrence of spin accumulation.
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leading expert in the field of spintronics. Prof. Eiji
Saitoh, the leader of the Research Group for Spin
Manipulation and Material Design by Combining
Spintronics and High-Speed Rotation Technique, is a
pioneer researcher of spin current, a principal pillar in
spintronics. As with electric current, a flow of electric
charge, a flow of spin is called spin current.

“Prof. Saitoh and his group study a phenomenon
called “spin accumulation” where electrons with up-
or down-spin assemble on the material surface. With
Pt sample indicating spin accumulation provided
by Prof. Saitoh, we have successfully identified the
phenomenon using positron beams. (Fig.3)

The circle of the collaboration has expanded
to universities and research institutions outside
ASRC, and new samples have been brought to Dr.
Kawasuso. “I used to study solid state physics of
semiconductor as my postgraduate research. Positron
beams were used to measure crystalline lattice
defects which would greatly influence performance
of semiconductors. I later became a positron beam
researcher, but, because of my background, I am
aware of what solid state physicists want to know. In
the current collaboration, we have been very fortunate
to have spintronics experts in the center we could
frequently interact with.”

Dr. Kawasuso has been a member of choral society
of Takasaki city for ten years. “I aimed to be a
scientist to seek natural laws and a universal truth.
Music is akin to science research. As a researcher, I
have met never-seen-before phenomena. In music, I
have also discovered something new such as a striking
correlation between vocal technique and harmony.”

Spin-polarized positron beam, developed by Dr.
Kawasuso and his group, will be a powerful tool to

explore natural providence.

The members of Research Group for Spin-Polarized Positron Beam
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