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This fascinating picture of a snail (Nautilus Pompilius) was produced by the SINQ
neutron source at the Paul Scherrer Institute. Such radiographywith neutrons reveals
details which an X-ray picture can never display - and in a much shorter time, too.
This opens up a broad field of interesting applications in research and industry.
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PSI IN BRIEF
The Paul Scherrer Institute is a centre
for multi-disciplinary research in the
natural and engineering sciences. It col-
laborates closely with universities, other
research institutions, technical colleges,
and industry, both at home and abroad
It is the largest research institute in
Switzerland, with about 1200 members
of staff, and is the only one of its kind in
the country Its particular areas of spe-
cialisation are solid-state research and
materials science, elementary particle
physics and astrophysics, biology and
medicine, and energy and environmen-
tal research PSi concentrates on those
subjects which are at the leading edge
of scientific knowledge, which contrib-
ute to the education of the next gener-
ation, and which pave the way to a sus-
tainable, environ men taJly-f n endly

society, it actively pursues the commer-
cial exploitation of new discoveries and,
as a national research centre, also offers
its services to external organisations

PSI develops, builds, and operates
complex, large-scale research facilities,
facing up to particularly high demands
in terms of knowledge, experience,
and professionalism It is one of the
world's leading user laboratories for the
national and international scientific
community. Strengthening this role and
expanding its research into solid-state
physics and material sciences is funda-
mental to the future of PSI, and is par-
ticularly important in determining the
technological development and com-
petitiveness of Swiss industry, In the bio-
logical sciences, PSI is concentrating on



PSI IN BRIEF; PSI ANNUAL REPORT 1998

the diagnosis and treatment of cancer,
with the help of its unique particle
beams. Energy research is focused on
projects related to safe, economical/.and
sustainable supplies of energy, tn par-
ticle physics, PSI is making an important
contribution through its function as a
base laboratory, e.g. for experiments
conducted by the Swiss Universities at
CERN.

The speclaf atmosphere which exists at

tion, reaching beyond scientific speciaii-
- - sattons-^nd natsbrM borders. Partners

from universities and industry can find a
platform here for international and,
interdisciplinary projects.
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REVIEW BY THE DIRECTOR

DIALOGUE BETWEEN SCIENCE AND
SOCIETY: THE PSI FORUM

A concern of PSI is the dialogue between
science and society. At the beginning of
the 1980s, a change-around from a sell-
er's to a buyer's market occurred in the
commercial world. The question of the
relevance of research was posed more and
more often, and its usefulness for indus-
try questioned - and often answered in
the negative. The majority of PSI's projects
are financed by the state, because they
deal predominantly with fundamental and
pre-competitive research. Taxpayers have
a right to know the purposes for which
research funding is being used. Increas-
ingly, the aim and goal of research, as well
as its possible consequences, were being
questioned. The well-known ivory tower
is now history. If we are not able to ex-
plain ourselves to society, then we have a
problem. Communication, dialogue, ex-
planation, and convincing arguments
have become an integral part of our re-
search activities-without these, nothing
will work any longer.

The communicating of research activities
and their results is not simple, because we
are dealing with complex and technically
specialised and demanding knowledge.
To translate and present this information
simply and in universally understood
terms is a challenge which researchers
must increasingly accept. PSI has con-
cerned itself in detail with these problems,
and consequently in 1998 opened its new
Visitor Centre - the psi forum. Through
this we want to build a bridge between
science and society - a bridge, that is to
say, to join the two worlds together. The
world of science seeks new discoveries, is
elitist, revolves above all in a sphere of
maximum freedom, thrives on competi-
t ion, and is adversely affected by too
much bureaucracy and democracy. On
the other hand, direct democracy or pop-
ular government means having universal
consensus, compromise, and inconsisten-

cy. It is guarded, no longer capable of
starting a revolution, and slow. The atti-
tude of society towards research is increas-
ingly critical, although the material well-
being which it enjoys is the result of the
commercialization of innumerable re-
search results. Society does not have
knowledge of research, and yet research-
ers are an integral part of this society,
which finances public research and has
the right to be involved in it.

Through our dialogue in the psi forum,
we want to contribute to an understand-
ing of the positions on either side, to ex-
plain ourselves, and to listen to comments
and suggestions from society. Dialogue
with society is an important prerequisite
to the acceptance of worth, ethics, with-
out which we cannot make any progress.
Ethics should be the common foundation
of science and society, its common de-
nominator. Through the psi forum we
want to reach the young generation in
particular, and try to enthuse them about
technology and science. Visitors can gain
an insight through the exhibits into the
research world of PSI. In a multimedia
show, they can experience in an enter-
taining way what happens within the PSI
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accelerator and the neutron source dur-
ing an experiment to study the structure
of materials. The psi forum is open to
everyone, practically every afternoon. It
was opened in November 1998 and has
already received a broad and positive re-
sponse from the public. The psi forum was
made possible thanks to the great com-
mitment of many PSI staff, and in partic-
ular through generous private sponsor-
ship. I would like to extend my sincere
thanks at this point to all those who con-
tributed financially, professionally or in-
ventively, or as artisans or co-ordinators,
towards this unique team effort.

SUCCESSFUL RESEARCH FACILITIES

The year 1998 was especially successful
for PSI. Future-oriented large-facility
projects, which were initiated many years
ago and will strengthen PSI's role as a user
laboratory, successfully survived their
"baptism of fire". And they have gener-
ated great interest amongst external re-
searchers. Of particular importance to
mention here is the SINQ neutron source,
which, with the completion of the first
series of modern, to some extent unique,
experimental installations, went into rou-
tine operation. In the second half of the
year alone, more than 40 research groups
from home and abroad worked at SINQ,
and obtained interesting results. All avail-
able SINQ research instruments were
busily used, and some of them are already
many times overbooked. The proton ther-
apy facility generated particular interna-
tional interest last year amongst radio-
oncologists and in the medical instrument
industry. The novel irradiation technique
which has been developed at PSI is re-
garded by specialists in the field as point-
ing the way to the future. Consequently,
various projects have been initialised
abroad, or are in preparation, which in-
tend to apply the PSI technique. PSI has
pioneered the use of its specialised irra-
diation technique, and is the leader in this

field compared with other research insti-
tutes and medical centres. World-wide, we
are therefore the first to gain experience
with the treatment of patients using this
new technique. It is our aim to use this
excellent starting position and push for-
ward, with suitable partners, the further
development of new treatment methods
to better protect healthy tissue. We intend
to install a dedicated cyclotron so that, in
the future, a larger number of patients will
be able to benefit from our development.

The realisation of both projects would
have been impossible were it not for the
reliable operation of our proton accelera-
tor. The ring accelerator successfully
passed the probationary trial of provid-
ing the necessary high intensity proton
beam for SINQ during continuous opera-
tion. The PSi accelerator concept is being
used at the present time as the standard
for other, international projects which are
in preparation, in which high proton in-
tensities are required, for example in stud-
ies for novel waste handling strategies (the
transformation of long-lived radioactive
waste into shorter-lived forms) or for new
energy generating systems.

Construction for the Swiss Light Source,
SLS, began on 2nd June 1998. The build-
ing to house the Source, which architec-
turally sets special standards too, will be
ready from July 1999 for the installation

Work of art by Roman
Signer, at the psi forum
(Photo: W. Ha user)
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The SLS building began to
take shape during 1998
(Photo: © Haring Innova-
tive Building Systems)

of the components for the Synchrotron
Light Source itself. Obviously, we are tak-
ing care that the minimum performance
specifications will be achieved, and when
possible exceeded. The instruments for
the first configuration have been defined
in close collaboration with the future user
community, and up to five beam lines will
be available for research applications from
the middle of 2001.

NEW RESEARCH FINDINGS

As in the development, construction, and
operation of the facilities, there are also
interesting new findings from PSI research
itself to report. From the wide range of
new research results, I would like here to
extract only a few:

Using our special methods for structure
analysis, we have examined the magnet-
ic characteristics of novel materials and
obtained interesting results which could
be of importance for magnetic storage in
information technology, as well as for
novel, low-cost permanent magnets. We
have also obtained new results to help in
the understanding of superconductivity,
and examined the structure of novel types
of solar cell materials.

In an interdisciplinary project with the par-
ticipation of specialists from the fields of
molecular and cell biology, chemistry, and
the material sciences, we have been able
to record new successes in the coupling
of living nerve cells to special, micro-struc-
tured, coated semiconductor surfaces.
Such systems are of importance in the
long-term in connection with novel im-
plants (e.g. for artificial sight for the blind).
Also, we had our first success in the ap-

plication of radioactively marked antibod-
ies which we are developing for tumour
therapy. We have been able to success-
fully treat almost two dozen patients with
cancer of the lymph system (non-Hodg-
kin's lymphoma), who were untreatable
by conventional methods.

During the past year we have achieved a
high specific energy density of 100 watt-
hours per kilogram in a rechargeable zinc-
air battery, using new types of electrodes.
This is about three times as high as from
a conventional lead accumulator. The PSI
polymer membrane in a fuel cell stack of
20 cells (= 1 kilowatt) reached a lifetime
of 10,000 hours without significant dete-
rioration of its efficiency and performance
characteristics. In electrically powered
vehicles, these fuel cells will be combined
with so-called super-capacitors, which
were taken through more than 100,000
charge and discharge cycles in 1998 with-
out loss of performance. These successes
are important with regard to renewable
(low-emission) propulsion concepts for
vehicles. In the context of an EU research
programme, we have studied the vertical
transport of ozone from alpine valleys into
the higher levels of the atmosphere, and
determined that the high alpine region
could be more highly burdened by the
expected increase in trans-alpine traffic
than had previously been anticipated.
Similarly, also in the framework of an EU
research programme, we have studied, in
our "Panda" facility, components for novel
safety systems for nuclear power plants.
With the help of synchrotron radiation we
have obtained new knowledge about the
attachment of radioactive particles on the
surfaces of rocks. This is of particular sig-
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nificance in determining the safety of re-
positories for radioactive waste.

A reorienatation of PSI begins with the
realisation of the SLS. This is reflected in
an adjustment in the organizational struc-
ture and the personal composition of the
Directorate. We found a competent leader
for the newly created department "Parti-
cles and Materials", in the person of Prof.
Ralph Eichler. He takes over, at the same
time, the function of Deputy Director, and
I welcome him sincerely to PSI. Addition-
al new members of the directorate elect-
ed by the ETH Council are: Dr. Erich Stein-
er, for the newly created department
"Large Research Facilities"; Dr. Albin Wru-
lich, project leader of the SLS; and Mar-
tin Jermann, Head of the Directorate sup-
port staff. The former departments of
"Particle Physics", "Applied Solid-State
Research", and "Technical and Scientific
Infrastructure" were dissolved, and Prof.
Hans-Christian Walter and Dr. Paul Seiler
have left the directorate. I would like to
thank them sincerely for their deep com-
mitment over the past years. They con-
tributed significantly by their achieve-
ments to the success of PSI. Similarly, I
would like to thank Prof. Klaus Ensslin,
who kindly took over the "Applied Solid-
State Research" department, ad interim,
and who has now returned full-time to
his duties at ETH Zurich. Prof. Walter and
Dr. Seiler take over new responsibilities
in the framework of our research projects,
and 1 wish them both much continued
success.

In conclusion, it remains for me to thank
all staff who have contributed to the en-
couraging further development of PSI by

their commitment to the safe, reliable and
high-quality operation of our facilities and
in research projects, as well as in setting
up the psi forum and in communicating
our work. Special thanks are also due to
the authorities, in particular to the ETH
Council for their continued support of PSI.

Meinrad K. Eberle
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EXPERIENCING
RESEARCH

One of the most important events
to take place during the year was the
inauguration of the psi forum on
11.11.1998. This is a new, permanent
Visitor Centre, with which PSI is apply-
ing new ways of communicating
science and technology, and thus
bringing the world of research closer
to the public. The positive response
from the inauguration guests from sci-
ence, politics, industry, and the media,
as well as from the numerous visitors
who, at weekends, often stay the whole
afternoon at the psi forum, is very
gratifying and confirms that our new
methods are being met with approval.
The psi forum has already become, as
was hoped, a place of dialogue, where
lay persons and specialists, the fasci-
nated and the sceptical, people from
the arts and the natural sciences,
and from research and industry, can
converse together. Equally remarkable:
the cost of around 1.3 million Swiss
Francs for the equipment in the psi
forum was almost completely covered
by gifts from private sponsors. This is
also how a work from the well-known
artist Roman Signer came to stand in
front of the psi forum.



EVENTS OF 1998 PSI ANNUAL REPORT 1998

How do researchers look into the
interior of the tiniest building blocks
of matter? How do they try to im-
prove tumour therapy? Why are large
research facilities needed for material
research? Which ways will lead to
renewable energy consumption?
Where do solutions to the problems
of the future lie? If you are looking
for answers to such questions, you
can now find many of them at the psi
forum.

In the psi forum it is possible to ex-
perience research and understand
science oneself in real ways and
through hands-on experiments. The
theme islands "Humans and Tech-
nology", "Particles and Matter", and
"Energy and the Environment",
surprise one with interactive exhibits
which exist no-where else. In the
multi-media theatre a 3D show leads
the visitor on a fascinating "Journey
into the Interior of Matter", which
thrills above all the young and the
young-at-heart.
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THE FOUNDATION STONE
FOR THE SLS IS LAID

The foundation stone for the Swiss
Light Source, SLS, was laid on 21 Octo-
ber 1998. The ring-shaped building
took form during the year, so that by
the middle of 1999 the installation of
the research facility itself can begin,
on schedule. The SLS is the first facility
of its type in Switzerland, and is an im-
portant milestone on the way to a new
orientation of Swiss research and PSI
into areas which are important for the
future. The SLS will ensure a world-wide
leading position for our research and
also give new stimuli to the industry of
our country.

GUEST APPEARANCE AT PSI

State-Secretary Charles Kleiber visited
PSI on 17 June 1998, and was impressed
by the research projects and facilities.
He viewed the new research facilities at
the SINQ neutron source and thereby
gained an insight into the importance

of PSI as a user laboratory. As an exam-
ple of energy research, he visited the
laboratory in which the PSI fuel cell is
being developed and tested.
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HOW N p |
TRON ilGHTARE GOltliLEMENTARY

At the PSI summer school at Zuoz, from
8 to 14 August 1998, around 20 lectur-
ers and 100 participants concerned
themselves with the question of how
neutrons and synchrotron light are
complementary in the study of the
structure and behaviour of materials,
because there are two excellent facilities
for experiments with both types of
beam at PSI - SINQ and the SLS (from
the year 2001). Presentations on themes
such as thin layers, surfaces, polymers,

and chemical and magnetic structures
led to stimulating discussions. Young
researchers exhibited their research
results as posters, under the open sky.
This Zuoz Summer School, which has
taken place since 1993, has a high
scientific level and is correspondingly
respected in the international scientific
world.

FOR KNOWLEDGE OR
FOR THE MARKET?

This year, at the autumn school at PSI,
invited graduating high-school students
were confronted with the theme
"Fundamental Research: For knowledge
or for the market - or for both?" As
the situation in the job market for
young academics today also demands a
spirit of enterprise, the range of topics
extended from fundamental research
through application-oriented research

up to the launching of technology-
intensive small companies. Fourteen
young men and women - a highly
motivated and talented selection from
the next generation of academics -
obtained in contact with researchers
and young entrepreneurs an insight
into research as well as the possibilities
for its applications.
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ON THE
"MOUNTAIN OF TRUTH"

In 1998, two conferences organised by
PSI took place at the ETH Zurich con-
ference centre on Monte Verita, above
Ascona. From 19 to 24 July, around
90 physicists from all over the world
were inspired by exotic atoms and the
view over Lago Maggiore, while from
1 to 5 August those specialists met on
Monte Verita who in the future will use
synchrotron light from the SLS for their
research. In addition, the possibilities
for industrial applications for the SLS
were discussed on a special Industry Day.

CLOSE TO THE
CUSTOMERS IN NICE
At the end of October 1998, PSI took
part in an industrial exhibition at Nice,
held in connection with two scientific
conferences. In a skilful fashion, our
exhibition stand presented PSI in gener-
al and its research projects in the areas
of nuclear energy and safety. Posters,
videos, computer games, and informa-
tion brochures were well received by
the specialist visitors. Such exhibitions

are an important opportunity for
strengthening contacts, getting into
conversation, and so finding industrial
partners for research which is close to
the point of application.
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AGAINST POSSIBLE
GLOBAL WARMING
From 30 August until 2 September
1998, in interlaken, 500 specialists from
the natural and engineering sciences
and from politics discussed practical so-
lutions for reducing greenhouse gas
emissions. This fourth international con-
ference was organised by ABB Switzer-
land, the Paul Scherrer Institute, and
the Greenhouse Gas R&D Programme
of the International Energy Agency.
Experts presented the newest techno-
logical advances and practical solutions
which could contribute to a reduction
of the greenhouse gases in the atmos-
phere and thereby combat global
warming. This was the largest confer-
ence in the world on this subject since
the conference on the climate in Kyoto
at the end of 1997. It strengthened

essential international collaboration and
stimulated the exchange of ideas about
future possibilities in this important
area.

International Conference
on Greenhouse Gas

Control Technologies

INTERNATIONAL AND INNOVATIVE

From 21 to 23 October, around 100
specialists from 16 countries met at PSI
for a conference suggested by the
OECD, dealing with concepts of fuels
and fuel cycles and innovative nuclear
reactors, with which extremely long-
lived radioactive waste could be trans-
formed into those with a short lifetime.

In this way the potential dangers of
waste repositories, and thus the
ensured retainment period, could be
significantly reduced. This conference
also demonstrated how important
international organisations are for
stimulating and co-ordinating such
future-oriented research.
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In this Section we report on the devel-
opment of the PSI research facilities
and their circle of users. As a User Lab-
oratory, PSI offers world-acclaimed and
sought-after instruments to the scien-
tific community from universities and
industry, as well as specialist support
for their experiments. Around 700 re-
searchers from home and abroad took
advantage of these possibilities during
1998. The attraction of PSI as a User
Laboratory lies both in its first-class fa-
cilities and the know-how of PSI spe-
cialists, as well as on an international
and multi-disciplinary environment and
on-the-spot user support. Here, expe-
rimental methods or ideas can be
transferred from one specialist field to
another, and strong links can be built
between the universities and with
industry. Last but not least, young re-
searchers also benefit in their education
from this atmosphere at PSI.

Around the Accelerators

The basis of the user-laboratory func-
tion of PSI is the ring accelerator. We
use it to produce proton beams of the
highest international quality, which
we prepare for use with special instru-
ments in a multitude of ways; such as
for the creation of other particles for
examining the structure of materials
and for elementary particle physics, or
directly as special proton beams, for
example for cancer therapy.
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The shut-down during the first half of
1998 was used for making numerous
improvements to the facilities. The ring-
accelerator operation then demonstrat-
ed outstanding reliability and proton
beam production was continuously sta-
ble. We were even able to increase
beam availability as well as its intensity;
and do this simultaneously with routine
operation of the SINQ neutron source.
For example, at a proton current of
1.5 mA we improved the availability
from around 35% in 1996 to 67% dur-
ing the year 1998 (see graph). However,
the facility has still not reached its per-

formance limit - a proton current of
1.7 mA is entirely within the realms of
possibility.
In order to supply protons to various
facilities at the same time, so-called
beam-splitters are required. The one
which separates off protons for tumour
therapy was replaced in 1998, and the
new one successfully put into opera-
tion. The new beam splitter separates
off a part of the high-intensity proton
beam stably, reliably, and with reduced
losses, thanks to a technically refined
and improved foil system.

iiVirt: Measure of
the•rjumbeif ofprotons per \:

Second. IS rnAcorresponds .
O16 prt)- •

er second. :; : ; ;

1mA = 1 miliiampere

SINQ: The PSI neutron
source

100

0,25 0 ,50 0,?5 1,00 1,25 1,50

Proton Current [mAJ
1,75

fhegr^ph.shows the high
availability of the ring
accelerator in 1998, at the
approved proton current
of 1.5 mA. Since 1992, we
have made significant
progress in the direction
of higher proton current
(horizontal axis), as well as
in the direction of higher
availability (vertical axis).

The new beam splitter
sends protons simultane-
ously to different facilities.
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Accelerators

BEAMS
N DEMAND

Pion (n): Medium-mass,
elementary particle (meson),
composed of two quarks

Muon (\\): Heavy.electron (e)

CERN: European research
centre in Geneva ••

Standard Model: Cur-
rently accepted picture of
the particle world

The PSI ring accelerator and the facili-
ties grouped around it are unique, and
consequently the quality and intensity
of the experimental pion and muon
beams which they provide are also
unique in the world. About 30% of the
beam-time is used today for elementary
particle physics, some 45% for solid-
state research with muons, and 20% for
the development and testing of com-
ponents for future large detectors, for
example for experiments at CERN. The
latter is tending to expand strongly,
as a result of which PSI is increasingly
becoming a test laboratory, as well as
being a user laboratory. For a few weeks
each year, the facilities are also made
available for the education of students
from the universities.

The elementary particle physics user
community carries out research into the
smallest building blocks of matter and
the forces with which they interact. Re-
searchers at PSI are primarily interested
in deviations from the current Standard
Model of elementary particles. For this,
they employ precision measurements
which, in this form, cannot be made at
CERN. In this way, for example, a group
is examining a decay of muons which
would break the rules of the Standard
Model, and already as a result hold the
world record for sensitivity. Neverthe-
less, they want to improve on this by a
factor of about ten, or finally break the
rule, and to do this require an extremely
pure muon beam. After two years work,
they were able in 1998 to commission
the so-called pion-muon converter
which is needed for this.

This facility, called the pion-muon converter, now enables measure-
ments to be made which could perhaps turn the world view of
elementary particle physics upside down.
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The jiSR user community applies
muons at PSI as high-sensitivity mag-
netic microprobes, in order to examine
the magnet fields in the interior of
matter. Muons can also detect defects
in crystals or provide information, for
example on how hydrogen would be-
have within semi-conductors, insula-
tors, or organic molecules. The (iSR
user community comprises over 250
people from 100 research institutes
and 20 countries, who performed
some 70 experiments during 1998.
Particularly liked is a user facility which
covers various needs within a single
instrument, and it has often been over-
booked by more than a factor of two
during the past few years. With the
support of ETH and the University of
Zurich, we have consequently built a
second. The copy of the facility - at
any rate improved - is called "Dolly",
and was successfully commissioned in
1998. An additional, unique facility
offered by PSI is MORE, which delivers
individual muons on demand and
produced excellent results in 1998.

= Muon Spin Rotation,,,
a measurement technique
using muons ;

Spin: Intrinsic angular mo-
mentum of an elementary
particle • ,'.•:.

MORE = Muons on Request

This team gave the name "Dolly" to its improved
copy of a facility for research using muons.

12 13



USER AND BASE LABORATORY FOR UNIVERSITIES AND INDUSTRY PSI ANNUAL REPORT 1998

Around the Accelerators

MORE AND Ml)RE
EXPERIMENTS A^TSINQ

Target. Material m which
protons release neuttom

Neutron scattering;
Neutrons scatteied within
material generate a pattern
which is a representation
of the mteriot structure.

Neutron ladiogiaphy
Radwgtaphic examination
of samples using neutions

At the SINQ neutron source, we use
the proton beam from the ring acce-
lerator to produce neutrons which the
user community applies as probes for
its research. We will report here on
improvements made during the year
1998 at the neutron source itself,
and on its user community and their
equipment.

We were able to run SINQ successfully
and fully automatically during its first
routine operational phase. In the year
1998, the SINQ operation time over a
comparable period was four times
longer than during the starting phase
in 1997. Naturally, the users want to
have a higher and higher neutron
beam intensity, and possibilities have
emerged which would already partially
satisfy these wishes in 1999. Study of
the target - the material in which the
protons release neutrons - will further
the more long-term development of
SINQ. The first target was exchanged
in 1998 with a second, containing
temperature sensors and small test
rods at different levels. With the help
of these, we can gather information
about temperature and material be-
haviour under the extreme conditions
within a spallation neutron source.
This, and our operational experience
with SINQ, are important for the
development of future neutron sources
and have been received with great
international interest - the more so as
SINQ is by far the most powerful
spallation neutron source in the world.

The new. SINQ target: on the left, the complete target; on the
right, a component with small test rods of various materials.
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The largest user community at SINQ
is working with the method of neutron
scattering. Using this they can, for
example, find answers to the question:
Which atoms are placed where in the
interior of materials, and how do they
move? in 1998, 83 proposals were
received for experiments at the neutron
scattering facilities. Around 70 projects
were allocated experimentation time
for 1998, 40 of these completed their
measurements by the end of the year,
and some of the results can be found
in the following Section. About 100
projects were approved for 1999 at the
first SINQ Users Meeting, in autumn
1998. Thus, the user community has
risen to about 120 groups and 480 peo-
ple - and it is still growing. Some faci-
lities are many times overbooked, such
as, for example, the experimental in-
strument called FOCUS, which was only
put into operation at the end of 1998.
Another instrument is in such demand
that we are building a second, which
will be available in 1999. Alongside the

foreseen increase in intensity of the
neutron beams, we are also following
the wishes of the growing user com-
munity by expanding the instrumenta-
tion side. As an evaluation in 1998
within Europe demonstrated, PSI re-
search with neutron scattering is world-
class, thanks not least to outstanding
PSI researchers.

The new FOCUS facility at
SINQ, in great demand,
contains a special element
of graphite crystals (small
photo).

Other facilities at SINQ are used for
neutron radiography of samples. With
this method, we are able to study ma-
terials non-destructively. In addition,
irradiation experiments are also possi-
ble at SINQ. We measure tiny traces of
substances in samples, for example, or
create radioactive nuclei which can
then be built into suitable molecules for
tumour therapy. These instruments,
too, have all been successfully commis-
sioned during 1998. The neutron radi-
ography facility at PSI belongs to the
best in the world due to its high spatial
resolution, short measurement times,
and the large region, 25 cm in diame-
ter, which can be homogeneously irra-
diated. Therefore, increasing demand is
being shown, for example, for testing
junctions such as glued and soldered
regions, and observing processes such

as crystal growth at low temperatures
as they occur. A future priority for
this facility is also the three-dimen-
sional representation of samples
radiographed with neutrons (tomo-
graphy).

X-ray picture
(in 120 minutes)

Neutron radiograph
(in 20 seconds)

Cavity with
plastic insert

Lead container

14
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Around the Accelerators:

MULTi DISCIPLINARY
RESEARCH AT INJECTOR 1

The application areas of Injector 1 are many-sided, such as a vertical beam for
biology experiments shown here.

Injector 1 accelerates light-weight as
well as medium-weight particles to a
requested velocity. Therefore, the
application range of this user facility
is very broad. The approximately 189
researchers who work at Injector 1
come primarily from the areas of phys-
ics, radiochemistry, biology, and me-
dicine. In addition, in about 15 years
we have successfully treated a total of
2750 eye tumours with a special proton
beam (OPTIS). PSI has instruments as
well as know-how to offer at Injector 1.
For example, not only are beams of
heavy ions available, but also radio-
chemistry laboratories as well as the
technical expertise for the handling of
radioactive material. Multidisciplinary
themes will thus continue to remain
priorities at Injector 1.

Beam-time usage at PSI Injector

Biology and dosimetry, 9%

Isotope production for medicine, 10%

Various applications, 10%

3 Atomic physics, 13%

^ Cancer therapy (OPTIS), 13%

Radiochemistry and heavy-element research, 15%

Nuclear physics, 30%
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'VA fesearcher taking sampfes from a- boulder in the Antarctic, on the western flank of the Arena valley,
wSouth Victpna Land. From measurements at the Tandem Accelerator, we were able to determine

when the boulder was set free The mighty Taylor glacier in the background has left many striking
' morame embankments behind, and the dating of past advances of such glaciers is important for

present-day climate research.

Around the Accelerators

Ions: Blecti ically chaiged
atoms ^

Tandem Accelerator:
Facility for the aifeleration
of ions >s ,

Carbon-14 method: The
pwportion of unstable tai-
bon-14 CO remaining to-
day, compared with normal
carbon (I2C), is a measme of
the age of a sample

, • > < " '

ALSO USED INTENSIVELY DURING 1998:
THE TANDEM ACCELERATOR
PSI and ETH Zurich jointly operate the
so-called Tandem Accelerator. External
research groups used it again in 1998
for around 2500 hours. We noticed in-
creased interest in the dating of surface
rocks, from which the glaciation and ice
ages, as well as the causes of climate
changes, can be studied. In addition,
the number of examinations of archae-
ological samples and art objects using
the carbon-14 dating method tended

to increase. Furthermore, researchers
measure samples from polar ice shields
in order to reconstruct earlier climatic
conditions. Such investigations have
demonstrated that, for example, ex-
treme fluctuations in climate occurred
towards the end of the last ice age.
Today, more and more specialists from
the fields of geology and mineralogy
are interested in trace analysis.
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Swiss light Source, SLS

ABOUT SLS

The annular-shaped SLS building is an architec-
tural speciality of steel and timber.

Synchrotron light: Electio-
magnetic radiation, such as
visible light

For the Swiss Light Source (SLS), the
year 1998 saw development proceed-
ing on schedule and a few milestones
reached on the way to realisation,
which received a positive response
from the future user community.
Following the breaking of the ground
on 2 July, the large circular foundations

The beam stopper for the SLS synchrotron light under

o
CT1

grew surprisingly rapidly. A milestone
in the literal sense of the word was
the laying of the foundation stone on
21 October. The ring-shaped building
which will house the SLS itself took
form encouragingly during 1998. it
will be completed on schedule, so that
we can begin construction of the
research facility itself in the middle of
1999. The SLS will go into operation
in the year 2001, and then be available
to a wide user community, but it is al-
ready giving impetus to Swiss research
today. In 1998, in various workshops,
the SLS team and the future SLS users
specified the first experimental stations
in concrete terms. Alongside this initial
equipment, further experimental sta-
tions are already being planned. One
station, for example, should enable
material studies to be made for envi-
ronmental science. The further devel-
opment of special PSI detectors for
experiments at the SLS, the concept
and the construction of a beam stop-
per, and a highly modern surveying
device which will also be employed
during construction of the SLS show
how important the know-how at PSI is
for the optimal realisation and usage
of the SLS. As will be seen in examples
given in the following Section, re-
searchers from the SLS team have also
carried out successful experiments
abroad with synchrotron light during
1998.
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The PSI Hot Laboratory offers the possi-
bility of carrying out complicated tasks
remotely, behind thick shielding. In ad-
dition, the laboratory is equipped with
the most up-to-date equipment availa-
ble for material analysis. This encom-
passes the mechanical examination of
radioactive samples as well as the analy-
sis of the microscopic composition of
sample surfaces. In Switzerland, only
the Hot Laboratory is in a position to
carry out these types of tasks. Hot Labo-
ratory services can also change into
collaborative research, such as in a
project with EPF Lausanne, for example,
where specialists in the Hot Laboratory
analysed material samples which have

been irradiated with an extremely high
dose in the proton beam of the PSI
ring accelerator. Such experiments
benefit fusion reactor research at EPFL.
PSI is also interested in other aspects
of material changes. In 1998, for this
work, EPFL and PSI have together
acquired some new, very up-to-date
facilities, including a so-called laser
microscope, with which PSI can, for
example, reconstruct the development
of cracks in steel. This is extremely
important for the safety of nuclear
power plants, in order to precisely un-
derstand if and how stress cracks are
generated under high radiation condi-
tions and can grow.

View into a shielded ceil at the PSI Hot Laboratory, in which radioactive material samples are being
mechanically tested.

18 19
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as a Base Laboratory

Î ATERIALS RESEARfH
ENERGY < 1

AND ENVIRONMENT
F-

serves

i I K I i in \ h the investigation and handling of material samples
erser-gy researches, well 3S other fileds of materials development

A facility for the analysis of materials,
which has been in operation at PSI since
1995, enjoys increasing popularity
amongst internal and external research-
ers, and additional demands have kept
on coming. An extension in 1998 was
therefore the logical consequence. Such
a facility brings valuable knowledge
about materials for novel types of bat-
teries, super-capacitors, fuel cells, and
catalytic converters, as well as for any
other type of material development. An
X-ray beam is used to release electrons
from the sample surface. Their number
and energy give us information about
which element is on the surface, as well
as the amount of it and its chemical
surroundings. A new feature is that sam-
ples can now not only be analysed but
also prepared and modified under con-
trolled conditions, for example in a
vacuum, under high pressure, at high
temperature. In addition to the identi-
fication of elements, researchers can
now determine the size and structure
of molecules on the surface. For many
projects at PSI, and for those outside
the Institute who are interested, these
extensions are of great benefit for the
targeted development of materials for
areas of future importance. Specialists
can already also use this facility to gain
experience for experiments at the SLS.
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> of light in
scintillatois (middle) arc
far more compact than
noimal photomultipliers
(second left)

=-. s

a ftase Laboratory '•i .,

PHOTOSENSORS OF
THE FUTURE
Some of the most important instru-
ments with which we gain information
about elementary particles are scintilla-
tors. These are crystals or special plastic
materials in which the particles gener-
ate flashes of light (photons). This light
is then transformed by so-called photo-
multipliers into a measurable electrical
signal. Magnetic fields are a problem
for these tubes, and in addition they are
relatively large, require a lot of effort
to construct, and are therefore costly.
For particle physics experiments in
strong magnetic fields and with a huge
number of scintillators, we therefore
need other light counters (photosen-
sors). Thus, PSI and a Japanese compa-
ny have jointly developed a new type

of photosensor, called an "Avalanche
Photodiode". It has the advantages of
phototubes but not their disadvantages.
It consists of thin wafers of silicon,
which can be mass produced in large
numbers, relatively cheaply, and it has
successfully survived all tests, for exam-
ple those in high magnetic fields and
under strong irradiation. We want to
equip 60,000 scintillator crystals with
the newly developed photosensors, for
a project at'CERN in which PSI is in-
volved. We also intend to employ them
for experiments at PSI. In the mean-
time, other applications are appearing;
for example, a PET facility equipped
with "Avalanche Photodiodes" started
operation in 1998 in Munich.

SiiittiUutof \Uitaicd in
Hindi pollutes generate
flashis of light

Photosensor: Detectoi foi
flushes of light
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TINY STRUCTURES AND
NEW MATERIALS

The research of tiny structures in the
size range of molecules and atoms
brings knowledge which is closely re-
lated to the material properties which
we are familiar with on a large scale,
e.g. strength, electrical conductivity
or magnetization. Only when we un-
derstand the relationship between
the microscopic and the macroscopic
can we make a targeted search for
the most appropriate material or
structure for every application. Also,
the applications for this research are
manifold, for example for new types
of materials and surfaces, and for
modern technologies, biology, medi-
cine, and environmentally-friendly
use of energy.
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Solid-State Research and Materials Sciences

MAGNETIC NANOSTRUCTURES
UNDER THE MAGNIFYING GLASS
When correctly pre-treated, an alloy
of copper, nickel and iron can have ex-
cellent magnetic properties - and this
also always means that the material
is technically interesting; this one, for
example, for high-density data storage
or for permanent magnets. Therefore,
PSI researchers have "put it under the
magnifying glass". Larger or smaller
irregularly distributed magnetic cells are
formed (upper pictures), depending on
how long, and at which temperature,
the alloy is heated. The cell dimensions
of around 10 to 20 nanometres point
to new physical phenomena, which is
often the case with nanostructures. In
order to come nearer to a basic under-
standing of such magnetic nanostruc-
tures, and subsequently developing
them further in a targeted manner, PSI
researchers posed the question: How
do these cells influence one another,
and how do they couple magnetically?
Experiments in 1998 gave them the

answer, because they used a special
piece of equipment at SINQ with which
they can observe neutron scattering
at very small angles. When they place
the sample in an external magnet field,
the magnetisation scattering pattern
changes (lower pictures). And this be-
haviour tells them that the magnetic
cells have aligned themselves regularly.
This is a special nanostructure phe-
nomenon, because the scattering pat-
tern with a sample of pure iron would
appear the same in a strong magnetic
field as without the field.

20 nm

1 nanometre = 1 thou-
sand-millionth of a metre

Nanostructures: Objects
with dimensions which lie
in the range of tliousand-
millionths of a metre

SINQ: Neutron source at PSI

In this afloy, nanostructures build up according to its temperature treat-
ment. The irregularly distributed white cells die magnetic and contain iron
and nickel, the surroundings consist of copper.

Change sn the magnetization pattern of the nanoslructure alloy of copper, nickel
and iron. Results from small-angle neutron scattering show the pattern without
an external magnetic field (left), and with one (right). 24 25



RESEARCH 1998 PSI ANNUAL REPORT 1998

Solid-State Research and Materials Sciences

A MOLECULAR WHEEL
OF IRON

Cold neutrons: Have a
velocity of around 700m/s,
and are produced by slowing
down neutrons from SINQ
in a very cold substance.

Energy units:
leV = 1 electron volt - the
energy an electron gains
when it crosses a potential
difference of 1 volt.

1 meV - VioooeV

In 1998, other specialists at PSI used
neutrons from SINQ to study not
nanostructures but the even smaller
structures of molecules. Here we are
dealing with new organic substances
which are magnetic because they
contain a wheel of iron atoms (dia-
gram, top). They are technically
extremely interesting, because it
would be much easier to produce
light permanent magnets from them
by mixing and pressing at reasonable
temperatures, than from metal alloys.
But, in order to optimise such mag-
nets, we also need a deeper micro-
scopic understanding of them. The
iron wheel is just waiting to be exam-
ined and is also an interesting test
object for basic models of quantum
mechanics. Researchers have excited
the iron wheel molecule magnetically
with neutrons. They recognised that
the present-day simple model of cou-
pling in the iron wheel is not correct
(graph, below), and were able to ex-
plain their experimental results with an
improved model. This assumes that
not only neighbouring molecules inter-
act, but the next but one molecules
are also involved. With this new class
of substances, such results are only
possible using the special beams of
so-called cold neutrons available at
SINQ.

Iron (Fe)
O Oxygen (O)
O Nitrogen (N)
• Hydrocarbon (CH2)

<Q Sodium (Na) or Lithium (Li)

A molecular wheel of iron which makes
organic substances magnetic

Expected

0.5 1 1.5 2 2.5 3

Change in neutron energy (meV)

The new type of magnetic substance does not behave
according to the conceptions of the former model. The
difference between the expected curve (red) and that
measured with neutrons at SINQ (blue) is clear.
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With this SINQ instrument, the powder diffractometer DMC, we can for the first
time bettor understand the unusual substance which can be conducting as well
as insulating

Solid-State Research and Materials Sciences

WHY DOES A CONDUCTOR
BECOME AN INSULATOR?
A material which contains manganese
and oxygen, amongst other things,
is at the present time interesting the
specialist world because of its unex-
pected properties, and because it could
be suitable for magnetic data storage
or for sensors, (f the oxygen-16 within
it is replaced by the chemically identi-
cal, but heavier, oxygen-18, something
drastic happens at low temperatures:
The previously electrically conducting
material turns into an insulator. This
unexpected behaviour could not be ex-
plained, which is why PSi researchers
pursued the question: What do the
magnetic fields look like in the interior
of such a sample? With the SINQ in-
strument DMC, they found an answer
with the aid of neutron scattering. The
measured scattering pattern at very
low temperatures made the situation

clear for the first time. With oxygen-16
in the sample, the manganese atoms -
acting as tiny bar magnets - all line up
in the same direction; the material is
ferromagnetic. With oxygen-18, the bar
magnets line up alternately in opposite
directions - a condition we call antifer-
romagnetic. The results indicate, there-
fore, that the small difference in the
masses of the oxygen atoms plays an
enormous role in determining the type
of magnetism in the material, and
consequently its conductivity. Or put
another way, the vibrations of the
oxygen atoms in the crystal alter the
magnetism considerably. And here
too - at the level of atoms - new re-
search results are not only scientifically
exciting, but also a significant prere-
quisite to the targeted development of
new materials.

:^ Double-A^^

Diffractometer I I | lP

;2£¥^
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Solid-State Research and Materials Sciences

HOW CAN SUPERCON-
DUCTIVITY BE DESTROYED?

Rare earths: A group of
heavy chemical elements
with very similar properties.

Structure of a often studied
superconductor. This mate-
rial is based on.copper
oxide and is thus called
cuprate. Different so-called
rare earths can be located
at the position "R".

Materials which can conduct electrical
current at practicable temperatures
without losses are called high-tempe-
rature superconductors, and are ex-
tremely interesting for energy-saving
applications for the future. Comple-
mentary studies with neutrons, syn-
chrotron light, and muons help to
explain why substances become super-
conducting - or how, as in the follow-
ing case, they lose this property. Only
a fundamental understanding of the
phenomenon enables a targeted
search to be made for the right com-
position and structure of new materi-
als. Promising superconducting sub-
stances known as cuprates (diagram,
left) are currently being studied by re-
searchers from PSI, the Argonne Na-
tional Laboratory (USA), and the Ames
Laboratory (USA) using synchrotron

light at the Brookhaven National Labo-
ratory, USA, because specialists still do
not understand one unusual aspect of
these materials. That is to say, supercon-
ductivity is normally not significantly
affected by which element from the
family of the rare earths is built into the
material, but one element from this
family, praseodymium, can make super-
conductivity disappear, and even turn
the material into an insulator. Measure-
ment results (graph, below right) show
the difference to that with erbium, from
the same family of elements, with which
the substance is superconducting. This
result could advance the complex theo-
ry of superconductivity as, in order
to obtain a deeper understanding of it,
specialists must also be able to explain
its disappearance.

Copper (Cu)
Oxygen; (O):
Barium{Ba)
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•; Measured results using synchrotron light. The difference when erbium (Er) is
^replaced by praseodymium (Pr) in a superconducting material is small, but
: nevertheless unmistakable. However, the effect is even more impressive -
the superconductivity is destroyed. . ;•• : :rV
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Incoming sunlight

Electrons (e-) ^ ^ • Dye molecule

Titanium oxide
nanoparticles

On the left is shown the principle of asolareel I which transforms sunlight into electrical current with the heipof organicmolecuies(dye
molecules). The molecular structure model next to it shows the bonding of a dye molecule to titanium oxide (red: titanium; green:
oxygen). The model is Based ort results from:experiments carried out for the first time using synchrotron light. :• • ;

SoJid-State Research and Materials Sciences

PRO MI S I N G CAN DILATES
FOR SOLAR CELLS

New types of solar cells, in which large
organic molecules (dye molecules) are
located on a nanostructured material,
are being intensively investigated today
because of their possibility for generat-
ing solar power efficiently. The prin-
ciple is well-known (diagram, top left).
Sunlight excites electrons in the dye
molecules so much that they pass into
the underlying layer, made of titanium
oxide particles, for example. As a result,
an electric current is produced when
the circuit is closed. However, every-
thing depends on how the light-sensi-
tive dye molecules bond to the surface,
as the transfer of the electrons - and
consequently the solar cell itself - is
only efficient when this bonding is very
good. Thanks to various measurements
using synchrotron light in Sweden

(MaxLab), researchers from PSI and
the University of Uppsala (S) have
found out for the first time that a par- ;
ticular dye molecule on titanium oxide
is an excellent candidate for fast elec-
tron transfer. They were able to rule
out certain assumptions about the
bonding of the dye molecules together,
and their results show that there is
four-fold bonding of the molecules to
the titanium atoms, which is therefore
beneficial (diagram, top right). The
measurements tell them not only how
and where a dye molecule is coupled
to the substrate, but also how it is
oriented. Such experiments need inter-
disciplinary collaboration between
specialists of surface physics, of the
chemistry of dye molecules, and of
synchrotron light.

• Dye molecule: Metal-
. organic, liglit-sensitive
colouring nioieeifle '•;.• • : :

Nartosfrucfiireiriateriai:y
Structure, herebftitaiwiift: •
oxide/wliose dimensions: lie
in the tlioiisand-miiiipntlis-}:

of a metre range. : •• V: \ ••; .-•;';
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Solid-State Research and Materials Sciences

MORE ABOUT
SOLAR CELL MATERIALS
THANKS TO MUONS

Muon (\i): A particle simi-
lar to the electron (e), but
heavier.

Hydrogen plays an important role in
semiconductor components. Never-
theless, very little is still known about
its influence on solar cell materials
composed of thin layer structures
which also contain, for example, cad-
mium sulphide. However, a positively
charged muon can give us information
about the behaviour of a hydrogen
atom in a substance by adopting its
role. Once a muon has been implanted
in a sample, it combines with an
electron to form an atom similar to
hydrogen -so-called muonium. In
an international collaboration in 1998,
researchers at PSI discovered a state
of muonium in cadmium sulphide
which had never been seen in a semi-

conductor before. The electron is sur-
prisingly weakly bound within the atom,
which could thus contribute to more
easily producing electrical current.
Transferring this behaviour to the hydro-
gen means that the conducting pro-
perties of cadmium sulphide could be
adjusted through the hydrogen con-
centration. This unexpected result was
made possible by the unique MORE
facility at PSI, which delivers single
muons on request. How far this result
will influence the development of solar
cells is not yet clear. However, such
observations are important pieces of
the jigsaw puzzle in understanding
new materials for energy technology.

Muonium is an artificial "atom" and is very similar to the hydrogen atom. Its nucleus consists of an
Antimuon instead of a proton, but the shell is still an electron. Muonium can thus adopt the role of
hydrogen as a "spy" to deliver information from the interior of materials.

Hydrogen

Proton

Muonium

Antimuon
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A research group discov-
ered a surprising state in
cadmium sulphide, using
this facility which exists
only at PSI.

30 31
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THE VERY SMALLEST AND
THE VERY LARGEST

Elementary particle physics is concerned
with the smallest building blocks of
matter. And these smallest stand indi-
rectly in relationship to the fascinating
questions about the largest - the uni-
verse. Astrophysics directs its gaze,
however, directly on the cosmos. In
order to obtain an understanding of
the fundamentals of the very smallest
and the very largest - that is, elemen-
tary particles and the universe - today
requires, more than ever, the uniting
of all our energies. Elementary particle
physics at PSi is oriented towards close
international collaboration, and is
known throughout the world for its
particle detectors. PSI devices can also
be found in the study of the universe
by space missions, and PSI detectors are
measuring radiation in space on board
satellites.
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Particle Physics and Astrophysics

THE FIRST PICTURE OF
ANOTHER SUN

First direct radio-wave picture of the sun-like star
UV Ceti. The dashed circle marks the approxi-
mate position and size of the optical image of
the star. The excellent angular resolution amounts
to 0,8 milliseconds of arc.

PSI ASTROPHYSICS:

APPRAISED AND

PRAISED

During the year 1998,

we invited a team of

international experts to

audit our research in

the field of astrophys-

ics. These experts gave

our research laboratory

an outstanding certifi-

cation. They recom-

mended that PSI con-

tinues with its

experimental astro-

physics, in close con-

tact with ETH Zurich,

where a new professo-

rial chair is planned.

Researchers in astrophysics use the sun
and stars as a laboratory. In order to
understand what is happening there,
and how the sun and stars similar to it
are developing, they observe, for ex-
ample, its atmosphere - the so-called
corona. Temperatures of millions of de-
grees exist there, and particles cap-
tured within strong magnetic fields
emit X-rays and radio-waves into
space. Due to its particular knowledge
in the construction of highly developed
X-ray detectors, PSI is welcomed inter-
nationally as a partner in satellite
projects for solar research. We achieved
significant progress during 1998 in the
HESSI project, which is concerned with
research of the sun. In addition, a
group from PSI, ETH Zurich, and the
ONSALA Observatory (S) examined the

sun-like star UV Ceti. In order to meas-
ure the radio-waves which it emits,
eleven special radio receivers distribut-
ed over the USA were directed at the
star. The angular resolution of this cou-
pled arrangement was 100 times better
than that of the Hubble telescope, and
in 1998 the group was able to produce
the first direct picture of UV Ceti. This is
a radio-wave picture, and a surprising
one, because it shows two strong indi-
vidual radio-wave sources, whose sepa-
ration and extent is much larger than
the stellar radius. This is completely dif-
ferent to our sun, in which a few small,
strong sources can be seen near the sur-
face. In general, such observations
deepen our understanding of the devel-
opment of "young" stars and, there-
fore, of the past history of our sun.

HESSI = High Energy Solar
Spectroscopic Image?

Angular resolution: 1 mil-
lisecond of arc means that a
O.S-mm-thick thread can be
distinguished at a distance
of WO km.
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Standard model: Th$
(still) current model which
attempts to explain elemen-
tary particles and their in-.
temctions.

Gravitational force: The
force which exists between
all bodies. It keeps, for ex-
ample, the planets in their
orbits and is experienced on
the earth as weight.

Muon (jj,): A particle simi-
lar to the electron (e), but
heavier.

Particle Physics and Astrophysics

BEYOND THE LIMITS

In 1998, a research group at PSI pre-
sented the conclusions of its search for
a process which the standard model
of particle physics forbids. Why do re-
searchers want to cross the limits of
this standard model? Because they are
not satisfied with the model: It cannot
really answer certain questions of par-
ticle physics. For example, the posi-
tioning of gravitational force in this
standard model of the particle world is
still not clear. The question of the PSI

group was: Does muonium change
spontaneously into antimuonium,
although this is forbidden by the stand-
ard model? In this case, muonium is
not a tool (as on p. 30), but is itself the
object of our curiosity. It is an artificial
"atom", whose nucleus is a muon and
whose shell contains a single electron
(,u+e~). In the antimuonium which is be-
ing searched for, the charges of the
muon and the electron are exchanged
(,u'e+). The discovery of this transforma-
tion would have been a clear indication
of an interaction between muons and
electrons which is not foreseen in the
standard model - and it would have
been a real sensation. However, this did
not happen, but the PSI research group
leads the world with the 3000-times
improvement in its measurement results.
Thanks to this high precision, newer
model approaches and ideas for ex-
plaining open questions about the
standard model were tested, and two
can now be classified as incorrect.
The study with such a high degree of
precision of such forbidden processes
is possible because of the high-intensity
muon beams and special equipment
which are only available at PSI.

Using this facility, a research group at PSI has
explored the boundaries of the standard model
of particle physics.

Muonium

Antimuon

Antimuonium
Electron

Anti-electron
(Positron) :
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The polarised scmtillatoi is a particle detector only to be found at PSI, which simultaneously polar-
ises its protons and delects the particles passing through it. It was applied for the first time suc-
cessfully for elementary particle physics at PSI.

Particle Physics and Astrophysics

A SPECIAL PARTICLE COUNTER

Elementary particles, such as protons,
neutrons or pions, are like tiny gyro-
scopes. This means that they have in-
trinsic angular momentum, called spin,
if we understand better how these
gyroscopes interact with one another,
we will have a deeper understanding
of the world of elementary particles.
Researchers at PSI are therefore study-
ing this interaction at different align-
ments of the spins by scattering neu-
trons, for example, at the protons in a
sample. To do this, they must not only
align the neutron gyroscopes in the
beam (polarise them), but also the pro-
tons in the sample. A research group
at PSI has now developed a new type of
detector, a so-called polarised scintilla-
tor. It is the sample at which the neu-

trons are scattered, whose protons are
polarised and which can detect the
particles. This development was a great
technical challenge, requiring a material
which scintillated and whose protons
could be polarised, and which could
operate in very homogeneous, strong
magnetic fields and at extremely low
temperatures, approaching absolute
zero. This particle counter is the only
one of its type in the world, and allows
a wealth of measurements to be made
which are related to the interaction of
the spins of elementary particles. It has
already been applied in experiments in
particle physics and brought an enor-
mous improvement over earlier meas-
urements, making many more details
visible by reducing the background.

Protons and neutrons:
The building blocks of
matter

Pion (n): Medium-weight
elementary particle (meson),
composed of two quarks

Spin: Intrinsic angular
momentum of an elemen-
tary particle

Polarise: To align the spin
of the particles

Scintillator: Material
in which particles produce
flashes of light
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HUMANS
AND HEALTH

In biology and medicine, PSI research-
ers are focusing their attention on
cancerous diseases. Together with uni-
versity clinics, they are concentrating
on those diagnostic methods and treat-
ments of tumours for which the PSI
particle beams are most advantageous.
In these fields, the collaboration be-
tween various specialists plays a parti-
cularly important role.

-a
c
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Biology and Medicine

FIRST EXPERIENCES WITH
PROTON THERAPY
The proton therapy facility for deep-
seated tumours (photo, right), which
PSI specialists have developed and
built, makes possible an irradiation
technique which is unique in the world.
It optimally uses the advantages of
protons and protects the healthy sur-
rounding tissue. Together with the
Swiss radiation therapy specialists, PSi
has defined the selection criteria for
the types of tumour for which this
treatment promises improvements.
Over a treatment period of a total of
9 months, the PSI team already
collected valuable experience. During
this time, 19 patients were treated
and all have stood up well to the irra-
diation; i.e., without side effects and
medical problems. However, the ob-
servation period is still relatively short,
and conclusive statements from the
results of the therapy can be expect-
ed, at the earliest, in two years. The
sizes of the various tumours in the
head and abdominal regions varied
from 30 to 3900 cm3. The two ex-
amples (right) demonstrate how well
the radiation dose can be conformed
to the shape of the tumour, using
the PSI irradiation technique.

After successful trials, such therapy
facilities could be installed in clinics.
The PSI pilot facility has received
increasing international interest in
medical and industrial circles since
1998 and PSI has taken the first
steps towards converting it into a
marketable product. Over a period
of almost 15 years at another facility,
OPTIS, PSI very successfully treated
more than 2750 patients who were
suffering from eye tumours.

The compact construction of the PSI proton therapy facility and the new type of
irradiation technique are unique in the world.

Cross-sectional pictures (grey) of two cases of connective tissue tumours and the
optimalty conformed proton dose distribution (maximum: red); for a tumour at
the base of the skul! (left), and one in the abdominal region (right).

37



RESEARCH 1998 PSI ANNUAL REPORT 1998

Biology and Medicine

STARVING TUMOUR CELLS

Tissue-specific vectors:
Substances which transmit
information and instruc-
tions from cell to cell.
Thanks to a specific struc-
ture (key), they couple
exclusively to those cells
for which the message fits.
For only on these surfaces
do they find the correspond-
ing counter-structure (lock).

The new facility, in which, in 1998, tissue-
specific vectors for possible indirect
tumour therapy were manufactured for
the first time.

Local growth
of a tumour

Tumour stimulates the growth
of new blood-vessels

Tumour cells invade
the whole body

Tumour cel|s

Therapy: New building-up — ^ Result:
of blood-vessels is blocked • No spreading of

tumour cells
• Tumour shrinks

Indirect tumour therapy: When the growth of new blood-vessels is inhibited, the
tumour can no longer develop further and dies off.

Tumour cells release special message-
carrying substances in order to trigger
the creation of new veins near the
blood-vessels in their vicinity. From
these they feed, grow and become
malignant, because cells spread
through the bloodstream (diagram).
How can we prevent this new creation
of blood-vessels and thus prevent a
tumour from spreading through de-
stroying it by starvation? Researchers
from PSI and the University of Zurich
are seeking answers to this question.
They plan to introduce modified tissue-
specific vectors which will take the
place of the original ones, hinder the
growth of new blood-vessels, and de-
stroy the tumour. First of all, however,
they must understand precisely how the
tissue-specific vectors work, in order to
then develop therapy methods. They
are studying this on the one hand in cell
cultures from tumour and blood-vessel
cells, and on the other hand on egg
yolks. For this they need the correct tis-
sue-specific vectors, and in 1998 they
were able to produce 100 mg of it in a
piece of their own equipment; for such
substances, this is an enormous amount,
which would have been very expensive
to buy. With this tissue-specific vector
they have already been able to cause
blood-vessels to grow in cell cultures.
They have also been able to successfully
build radioactive nuclei (radionuclides)
into the substance, whose task it will
then be to destroy the blood-vessels of
the tumour. The goal of this interdisci-
plinary task is a systemic tumour thera-
py. In addition, the researchers want to
know all about the structure, at the po-
sition in the blood-vessels where the tis-
sue-specific vector couples to the target
cell. They are asking: How does the key
fit into the keyhole? They could gain
new information about this at PSI in the
future using synchrotron light.
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Biology'andMedicine

COMMUNIGATE?
Specialists from various fields at PSI
want to build up a network of living
nerve cells, in order to directly study
neural information processes and thus
better understand the functions of the
human brain. Their knowledge could,
in future, also be beneficial for the
development of implants, for example
for artificial sight. First of all, however,
they must very precisely understand
the interface between the electrical and
the organic parts, and optimize its de-
sign. They were able to take two steps
in 1998 towards this goal. In the first,
they manufactured microchannels,
each for a single nerve cell (picture,
below left). These could be electrically
and individually controlled, through
tiny conducting strips of gold. In another

step, they coated surfaces successfully
with the correct molecules, so that
nerve cells (from fertilized hen's eggs)
adhered, grew, and created out-
growths (picture, below right). These
are unavoidable requirements for a
working connection between the phys-
ical-technical and the organic worlds.
Researchers are confident that they will
now be able to attach single, real living
nerve cells in the micro-channels, and
to stimulate them. In this way, they can
then construct neural networks and
study how information is transferred.
Projects such as this are sustained by
the boundary-crossing collaboration of
specialists from materials sciences, mo-
lecular and cell biology, and chemistry.

1,1(1)1 = '/'woo mm

This micro-channel with its two gold contacts is
about 20 jim wide and can host a single nerve
cell

Nerve cells grow on a glass
surface if it is coated with
suitable molecules.
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AN INTEGRAL SYSTEM

In energy research, PSI is studying
technologies and processes which con-
tribute significantly to the safe imple-
mentation of energy technology and
to global, sustainable development.
PSI can apply its particular knowledge
and experience optimally here, as
well as its professionalism in the con-
struction and operation of complex
research facilities. The production and
use of energy burden our environ-
ment. Thus we must understand and
evaluate the advantages and disadvan-
tages of individual energy technologies
and processes in an integral manner,
keeping in mind the sustainable devel-
opment of our society. To achieve this,
lateral thinking and the inclusion of
national and global standpoints are
vital.
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Energy and Environmental Research

NEW SAFETY SYSTEMS
ON THE TEST BED

Researchers at PSI are investigating sys-
tems for the safety of nuclear power
plants which are simpler, perhaps still
safer, and also cheaper than those at
present. These are, for example, passive
systems which, following an incident,
continuously remove from the reactor
and the safety containment the heat
which continues to be produced after
a reactor has been shut down. They
make use of the laws of nature and only
require technical structures. Cooling is
achieved through natural convection,
as a result of gravitation, and requires
no outside energy or external action.
Such concepts are new and must there-
fore be tested by integral experiments.
For this purpose, PSI operates the large
facility PANDA (photo, left), which is

unique. Huge vessels and a scale
height of 25 m create realistic condi-
tions, so that specialists can really
simulate natural convection for various
complex situations. In 1998, they
completed a test series for a passive
concept from the Siemens company.
The system behaviour showed, for
example, that the heat exchanger
(photo, right) guarantees safety even
when it is built more simply, i.e. with-
out cooling ribs. Thanks to the high
quality of the data, which is respected
in scientific circles, and the flexibility
of PANDA, PSI has built up broad inter-
national links in this research field,
and is also in demand as a partner in
EU Framework Programmes.

The PSI research facility PANDA enables lealistic
simulation to be made of passive safety systems
for nuclear power plants

A series of tests with PANDA
showed that a simpler de-
sign of this heat exchanger
is adequate for providing
safe cooling
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Energy

STICK "TO SURFACES
Sorption: Adherence to
surface structures.

RadionucHde: A kindof
atomic nucleus (miclide)
which emits radiation and
transforms into another
kind in the process.

Sorption, which means the adherence
of radionuclides to repository materi-
als, plays an important part in the
long-term safety of the storage of
radioactive waste. Researchers at PSI
are studying this experimentally and
are building the data into computer
models. In order to be certain that
their model is correct, they want to
understand why radionuclides behave
as experiments in the field show. For
this they complement macroscopic
studies by examination on the micro-
scopic level, and study the bonding of
individual molecules to a specific ma-
terial. They found some answers in
1998, from experiments with synchro-

tron light, that told them where which
atoms "sit" on a surface. They have
carried out various measurements on
the sorption of nickel to a mineral
clay (photo), at external synchrotron
sources. From the various bonding
possibilities, the one which is correct is
that in which the molecules bond with
one another as well as with the surface.
That means that they form so-called
surface clusters, and as a result stick par-
ticularly stably, which is beneficial for
the long-term safety of a repository.
Such findings are important for a more
accurate forecast of the mobility of
radionuclides and their long-term trans-
port in geological strata.

Nickel

Equipment belonging to the Forschungs-
zentrum Rossendorf, at the ESRF synchrotron
source at Grenoble, where the PSI group
performed sorption experiments.

Electrostatic
adsorption

Embedded in
mineral clay

Chemical
adsorption

•Wv
—o-o- o~

Surface cluster

Molecular representation of various adhering possibilities for nickel on the surface
of a mineral clay. Measurements revealed that the idea on the far right is conect
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EI,|||RICAL PO\ilER MIX:
D l i i l V E FOR E€€>-BALANCES
PSI is occupied with the integral as-
sessment of energy systems, for exam-
ple through life-cycle and material
flow analysis of energy technologies,
as well as the evaluation of their safety
and economics. "Eco-balances" show
us the effects of activities and products
on the environment. They are very
complex as they must realistically con-
sider all effects relevant to the environ-
ment, including the correct electrical
power mix, meaning realistic combina-
tions of technologies with which the
consumed electricity is produced, for
every case, country or even region.
Different power-mix models have a
critical influence on eco-balances. In
1998, PSI specialists presented their
own model for an electrical power mix
for Switzerland, and compared its
effects on eco-balances with the one
using other models. What was new
about this model was that, for simulta-
neous import and export of electricity,
Switzerland was taken to be a transit
country, which is not easy, considering
the limited statistics available. Never-
theless, this electrical power-mix mod-
el comes closer to reality than the
others. As the example shows, the
power mix alters very strongly the lev-
el of the burden on the environment,
because imported electricity is based
much more on fossil fuels than that

H?at(n<j:oil

viittmmzxwaxmsm

PSI model

fflililiiiillil

^•iMilii

UBS model

100 : : 20011;.; 3#:
Eco-points per:e;rRi?loye6;;[iiii

500

The effeCJsv.on the environment of the ecologically relevant asjseets ojrunning a
bank (U6S Zurich, 1994). The eco-points for electricity'from ttegrid>\vere calcu-
lated using two models (those of PSI and UBS). The strong influence of the assumed
power mix is obvious. •;;;:.: : ; ' .^Sl:;, '-.'y- : ;•

produced in Switzerland, with its
negligible fossil contribution. This PSI
research allows a better assessment to
be made of eco-balances, the answer-
ing of open questions about the clean-
liness of Swiss power, or the support
of companies and institutions in the
setting up and evaluation of eco-bal-
ances. From this work, a better evalua-
tion could be made of the effects on
the environment of Swiss heavy-goods
traffic or the decentralized supply of
energy through combined heat and
power generation.
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Energy and Environmental Research

OZONE-
WHERE FROM? WHERE TO?

Troposphere: Atmospheric
layer extending up to a
height of about Wkm above
the earth's surface, in which
the weather takes place.

1 f.lg (1 microgram) =
1 millionth of a gram

500 km*

The airflows in this way in the Misox valley
during the day: Of the 600 km3 of air per day
which flows into the lower Misox, only about
100 km3 leaves in the direction of the San
Bernardino Pass, while 500 km3 flows upwards,
reaching heights of over 2000 m above sea
level.

If we had a better understanding of the
exchange of air, and thus the transport
of air-polluting products, in the Alpine
region, we would consequently be able
to draw conclusions on a border-cross-
ing environmental and traffic policy. For
this reason, the EU project VOTALP is
studying the vertical transport of ozone
in the Alps. The PSI researchers involved
had already taken measurements of the
ozone content at different altitudes in
summer 1996 in Misox (the Mesolcina
valley in Canton Grisons). Down in the
valley, containing a trans-Alpine road, it
exceeded the threshold (120 mg/m3)
with a value of around 160 mg/m3 dur-
ing the day, but sank significantly lower
than this overnight. Over about 2000 m
above sea-level, the ozone concentra-
tion stayed at around 120 mg/m3, day
and night; that is, at the threshold level.
At high altitudes it has doubled over
the past 50 years! A measurement cam-
paign in 1998 showed that deep val-
leys, such as Misox, transport exhaust
materials very efficiently out of the
valley and up to heights of 2000 m to
4000 m. Using a motorised glider and
some 20 ground stations, researchers
have for the first time measured the
wind over the whole volume of the
valley, and from this calculated the air
volume balances. During the day,
which is when the pollution burden in
the valley is greatest, Misox transports a
net average of five times its volume up
to over 2000 m above sea level; that is,
500 km3 of air. When polluted air from
deep valleys near the crest of the Alps is
as efficiently carried aloft, then the in-
crease in trans-Alpine traffic has even
greater ecological consequences than
expected, because the concentration of
ozone and other pollutants rises, as a
result, not only in the Alpine regions
but in the whole lower free troposphere
of central Europe.
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Successful test of a first
pilot propulsion unit for an
automobile using a PSf fuel
cell, supercapacitor, control
system and electrical load.
(Photo: H.R. Bramaz)

Energy and Environmental Research

PROPULSION SYSTEMS FOR
SUSTAINABLE MOBILITY
Fuel cells supply electrical energy from
hydrogen and atmospheric oxygen
efficiently and in an environmentally
friendly manner. If hydrogen is ob-
tained using solar energy, for example,
then they are promising candidates for
the sustainable mobility of the future.
PSI specialists are developing the cen-
tral element of the fuel cell, a polymer
membrane, and in 1998 reached a
membrane lifetime of 10,000 hours. In
addition, they are working on techni-
cally demanding system questions such
as optimal gas distribution, moisture
level of the membrane, and the combi-
nation of fuel cells to stacks. In 1998

they were able to demonstrate that a
stack of 20 cells and 1 kW power func-
tioned reliably and satisfied the high
demands of efficiency. A fuel cell stack
of 2.5 kW is now in preparation. How-
ever, a modern, environmentally friend-
ly automotive propulsion unit needs
not only an optimal fuel cell but also a
suitable advanced propulsion system.
Together with ETH Zurich, PSI con-
structed a propulsion unit with fuel cell,
supercapacitor, control system and
electrical load. The researchers success-
fully tested the pilot unit in 1998, ini-
tially with a power of 1 kW.
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ENERGY STORAGE
ON A SytCESSiyk TRACK

The energy storage density of the PSI zinc-air battery in comparison with
commercial battery types. With the same amount of energy stored, it is around
three times lighter than a lead accumulator. . • •
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The PSI zinc-air battery provides
12V/20Ah and consists of 10 cells,
with a surface area of 200 cm2.

In collaboration with industrial compa-
nies, PSI is developing an electrically
rechargeable zinc-air battery (accumu-
lator), which is environmentally friend-
lier and lighter than other batteries. It
has an outstanding energy storage
density of 100 watt-hours/kg (Wh/kg),
and is thus better than commercial ac-
cumulators (graph). In 1998, the de-
velopment of new electrode materials
culminated in the construction of a
demonstration battery of 12V/20Ah
(photo, below), giving the PSI research
team a breakthrough to a practical us-
able battery. Without significant losses,
it has already been shown that it can
be charged and discharged around 60
times over a period of 1200 hours,
showing good cycle stability. The use
of such PSI batteries is therefore con-
ceivable in vehicles such as wheel-
chairs, as well as portable electrical
appliances, for example mobile tele-
phones or Laptops.
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When short-duration high power or
energy recovery are required, the
supercapacitor is the ideal addition to
batteries and fuel cells. A research
group at PSI is developing supercapac-
itors with electrodes of so-called glassy
carbon. Because of their larger surface
area, they can store a large charge in a
small volume and can be charged or
discharged in a split second. In 1998,
PSI specialists tested a supercapacitor
stack (photo) with a maximum power
of 100 W and volume of 15 cm3. Its sta-
bility over many charge and discharge
cycles was outstanding; after 100,000
cycles, the resistance and capacity had
changed by less than 10%. Such su-
percapacitors can, for example, be
extremely useful in vehicles powered
by fuel cells, during acceleration and
in recovering the energy which would
be lost during braking. In research
and development in such areas, PSI
specialists are working closely together
with industry. This PSI supercapacitor demonstrates outstand-

ing cycle stability under charge and discharge.
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FOR THE SOCIETY OF TOMORROW

Switzerland is a country with very few
raw materials and will be highly de-
pendent on well-trained specialists and
technologists if it wishes to help shape
the future and remain internationally
competitive. Top-quality education is a
prerequisite for this. The future will

demand people who cross boundaries,
recognise relationships, and create
connections. Anyone trained at PSI will
automatically learn this, as the variety
of people, subject matter, fields of work,
and techniques is extensive here.

FOR THE FUTURE OF
SCIENCE AND TECHNOLOGY
The education of the new academic
generation is of great concern to PSI.
Again in 1998 there were around
240 students working on their doctoral
studies here - a half in physics, about
a sixth each in chemistry and the
engineering sciences, and the remain-
der mainly in biology, medicine and
pharmacy. At 17.5%, the proportion of
women students has only risen by a

small amount compared with the previ-
ous year, but in 1998 about 30% of
the completed doctorates were award-
ed to women - an exceptionally high
percentage. Many PSI staff pass on their
knowledge at universities or technical
colleges by giving lectures and semi-
nars, and also by supervising under-
graduate and doctoral projects, as well
as summer students.

Doctoral sWdents become acquainted
with practical scientific work at PS!.
(Photor H. R. Bramaz)

The distribution of doctoral studies at PSI
according to different specialist fields

Chemistry

) \ 9.4% Biology/medicine/
pharmacy

16% Engineering
sciences

50% Physics

l \ 7.2% Natural sciences



The involvement of PSI in vocational
training is bearing fruit. In 1998, the
number of apprenticeship positions rose
to 65, which is 22 more than in 1996,
and by the year 2001 this will increase
to 75. However, vocational training
which is of high quality and up-to-date
is as important to PSI as its build-up in
terms of numbers. Therefore, PSI organ-
ises the apprenticeships which it offers
around its specialist knowledge, and has
also begun enthusiastically to imple-
ment changes in vocational training. In
addition to giving purely specialist
knowledge, PSI's training of apprentices
will be more and more trade-overlap-

:::'& ::::-::\'?:;::

ping and give more comprehensive
expertise along the way. Consequently,
they should be equipped for the future
demands of a modern working envi-
ronment which will need independent,
flexible, creative, and socially compe-
tent people, who are able to learn.
This comprehensive vocational training
begins naturally with the instructors. In
order to come to grips with the new
role of supervision, encouragement,
and guidance, they started appropriate
additional training during 1998. And
there has been a new training plan for
the apprentices since the middle of
1998.

In the PS! apprentices' work-
shop, expanded during 1998

During 1998, apprentices were also working
quite independently, in the'comprehensive
vocational training sense, for the new PS! Visi-
tor Centre the psi forum.

SI
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FOR
COMPETENT PERSONNEL

In 1998, more than 500 PSI staff took
courses, for example in specialist top-
ics, management, informatics or lan-
guages. Amongst the secretaries, con-
tinuous further training is today
especially necessary as the responsibili-
ties of administrative staff are multi-
faceted and are changing very rapidly
due to developments in informatics
and increasing networking. Over a pe-
riod of two days at PSI in 1998, they
discussed changes in job perception
and new demands and opportunities.
An intensive exchange about job-relat-
ed questions and special situations at
work gave them interesting perspec-
tives. This motivates them to accept
the challenges, and help to support
the changes, of PSI. A future-oriented
undertaking such as PSI needs adminis-
trative assistants with good knowledge
of their profession, who are flexible
and able to communicate well. As in all
areas of PSI, the personal potential of
women should also be able to develop
optimally here.

Administrative assistants: a
new understanding of their
profession is motivating.
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FOR
PROTECTION FROM RADIATION
Every year, around 3000 people attend
courses at the PSI School for Radiation
Protection. They come primarily from
emergency organisations, from re-
search, from the nuclear power plants,
from the pharmaceutical industry and
from medical professions. At PSI they
learn, for example, how to deal safely
with irradiation equipment and radio-
active substances.

1000 Persons

800

600

400

200

re

c
co
<uQ.
^ .

pl
an

i
ai
>
o
a.
(S

in
du

re
u

a;
ore
E

E
<

Where the people come from who attend the PSI School for Radiation Protec-
tion.

Practical training at the PSI
School for Radiation Protec-
tion is beneficial for the
whole of Switzerland.
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FROM RESEARCH
TO COMMERCIALIZATION

PSI wants to make new discoveries
emerging from research rapidly availa-
ble to private industry. It is energy and
measurement technology, as well as
medical research, at PSI where most of
the technology transfer is possible. For
this, PSI works in close partnership with
industry and also offers it its special
facilities and knowledge. However, the
best transfer of knowledge and tech-
nology is when young specialists gather
practical experience within PSI research
projects after their studies and then
move to private industry. Other ways of
exploiting PSI's knowledge are research
contracts and scientific services for third
parties. Customers range from govern-
ment agencies through industrial com-
panies to archaeological institutes and
art galleries. Amongst PSI's services are,
for example, the simulation of safety
technology, process and system analy-
sis, the examination of material sam-
ples, dose measurements of people and
the environment, and a radiation pro-
tection standby service for Switzerland.
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Technology Transfer

USING SINQ:
INDUSTRY DAY 1998
Facilities such as the SINQ neutron
source not only bring new discoveries
for research but also new applications
for industry. However, companies must
learn about these possibilities in order
to be able to use them if they need to.
In autumn 1998, PSI therefore invited
industry from Switzerland and from
bordering regions abroad to an Industry
Day. We presented to the guests the
possibilities for use which the SINQ
neutron source offers them. About forty
visitors, primarily from the machine and
plastics industry, accepted the invita-
tion. They represented a pleasingly
large number of small and medium-
sized businesses and a few large enter-
prises. Presentations on industrially
relevant applications, information about
the access possibilities for industrial
users, and a tour of the facili
them an impression of the v

and quality of what SINQ offers. A
substantial number of firms registered
a concrete need, and pilot tests for
them have already been agreed upon
or are being performed. Others were
considering longer-term plans, while
the majority of those firms which see
no direct applications for themselves
passed information on about others
who may be interested. As expected,
the industrial partners were primarily
interested in the testing of materials
with neutrons, the examination of
boundary surfaces and layer structures,
and the study of stresses in compo-
nents.

SINQ: The PSI neutron
source

At the SINQ Industry Day,
groups of guests from
industry looked around the
facilities at the SINQ neu-
tron source which could
possibly be of use to them.
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Technology Transfer

PROTECTING KNOWLEDGE:
PATENTS IN 1998

O

The timely application for a patent is
an important element in the commer-
cialization of knowledge. In 1998, PSI
again registered a number of discover-
ies, primarily from energy research
and from developments for the Swiss
Light Source, SLS.

The realization of an idea in
glass, with which heavy
metals can be measured in
hot gases.

One discovery for which PSi applied
for a patent during 1998 enables
heavy metals and other poorly volatil-
izing compounds to be measured in
hot gases. The apparatus reduces the
problems of condensation which occur
in the transfer of hot gases in conven-
tional measuring equipment. With the
new method, different trace elements
can be simultaneously measured. The
present-day lengthy determination of
heavy metals in polluted solid samples
can thus, for example, be replaced
by processes in which the material is
evaporated.

Using concentrated solar radiation in
the solar furnace, PSi specialists are
studying the usage of solar energy at
extremely high temperatures, for
example its storage in chemical fuels.
For this, they are developing solar
reactors in which the reaction can
optimally proceed. A patent was applied
for by PSI in 1998 for a new type of
reactor for the treatment of metal- and
carbon-containing materials with
focused solar radiation. With this reac-
tor, special waste can be reprocessed
and the products created used again as
energy carriers or raw materials. An
advantage of the new reactor is that it
makes fewer demands on the consti-
tuency of the material fed into it than
the one developed earlier at PSI. A
prototype for the transformation of zinc
oxide into zinc was tested successfully
in the PSI solar furnace at over 1500 C.
Because such applications are primarily
of interest in sunny and raw-material-
rich regions, PSI has applied for a patent
in some relevant countries.

Progress in the development of PSI
fuel cells, in particular of the central
plastic membrane (see the Section
"Research"), resulted in 1998 in another
patent application.
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Two patent applications concerned
inventions which came from experi-
ments using synchrotron light. The
first enables the rapid switching of the
properties of a synchrotron light
beam, enabling, for example, struc-
tures of magnetic layers or organic
molecules to be studied at the SLS and
other synchrotron sources. This will
attract interested industries, as this re-
search can significantly contribute to
the improvement of magnetic storage
or catalyzers.

The second discovery is also related to
the properties of a synchrotron light
beam, and concerns the art of bend-
ing a crystal in such a way that a
beam a few millimetres across can be
focused to a few micrometres without
loss. The new method developed at
PSI is based on an ingenious geometry
of the bending device and the crystal,
which prevents the crystal's interior
structure from distorting when it is
bent. Thus, experiments can fully ben-
efit from the high quality of current
synchrotron light beams.

Synchrotron light: Electro-
magnetic radiation, such as
visible light.

SLS = Swiss Light Source

The art of bending a crys-
tal: The crystal being bent
is located in the leaning
part of the apparatus. It can
concentrate the incoming
synchrotron light coming
from the right onto a few
micrometres, without loss.
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Technology Transfer

COMP/iif

Crowing demands for age determi-
nation prompted PSI, together with an
industrial company, to construct a
compact standard device for this pur-
pose. Using a method developed by
PSI and ETHZ, a facility was built which
is significantly smaller and cheaper
than had previously been possible. The
National Electrostatic Corporation,
from the USA, supplied the accelerator,
while PSI and ETH specialists dealt
with the beam lines, the analysis equip-
ment, and the control system. First
tests showed that this small facility en-
ables measurements to be made with
the highest precision. The company
will develop a commercial product,
based on experiences with the test
facility. Thus, university institutes will in
future be able to buy such a facility
and set it up in their own laboratories,
for example for their environmental or
climatic research, or for geology. Also,
with the prototype, PSI owns a modern
dating facility which is at the forefront
of the technology, and will benefit
from its commercial success.

The new, compact facility
for age determination went
into operation in 1998 at
PSI. It is at the forefront of
technology and is the pro-
totype for an instrument
which will be available
commercially in the future.



EXPLOITATION OF KNOWLEDGE PSI ANNUAL REPORT 1998

I- [-Magnetic field
"-generator •

Position
measured

Tiny magnetic
probe

The principle of measuring
the position in the interior
of a body. An ingenious
arrangement of magnet
coils generates an alternat-
ing field which spreads
unhindered and harmlessly
within the body. A tiny
magnetic probe (small
photo) uses this field to
continuously indicate its
position and orientation
very precisely.

Technology Transfer

TUMOUR MOVEMENTS:
PRECISE AND RAPID MEASUREMENTS
The high-precision PSI tumour therapy
with protons requires that we know
exactly where a moving tumour is at
any moment in time. In order to
achieve this, specialists at PSI devel-
oped a method without X-rays with
which a tiny magnetic probe can
measure position within the body to
millimetre accuracy. Measurement is
based on harmless magnet fields, is not
only precise, but is also rapid, and
therefore has good and extensive com-
mercial possibilities. This, too, in the
most modern medicine, where probes
are used wherever possible. In com-
puter controlled surgery, for example,

this is more protective, efficient, and
ultimately cheaper than a long stay
in hospital. PSI has applied for an inter-
national patent for the discovery and
has assisted two young researchers
in founding their own company, Med-
netix AG (see the PSI Annual Report
1997). Mednetix AG has now been
independent since the end of 1998, is
manufacturing the new measurement
device, and is selling it commercially.
As PSI and various university hospitals
want to apply this method for their
precise therapy of moving tumours,
PSI began a research project in 1998
for its further development.
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Contract Research and Services

FOR INDUSTRY:
DIESEL OIL SPRAY STUDIED

The PSI laser measurement
method provides such
cross-section pictures for
vaporized diesel oil, which
demonstrate the distri-
bution of the oil spray con-
centration.

PSI can study combustion processes
using its laser measurement methods.
The deeper understanding which these
give helps to designedly reduce the
emission of pollutants, and to improve
efficiency. Such application-oriented
work in partnership with industry is thus
of direct usefulness to society. For exam-
ple, in a research contract from ABB,
PSI researchers studied how diesel oil
distributed and mixed with the air as

it was injected into the combustion
chamber of a gas turbine. Really rela-
tively little is known about this so-called
premixed combustion of liquid fuels.
ABB - one of the four largest companies
in the world in this field - wants to
know how homogeneous the mixing
and the temperature are, on which
depends, for example, the emission of
nitrogen oxide, which has become an
important sales criterion today. The PSI
group studied this in 1998 at the burner
test facility at ABB. In order to see into
the interior with the pulsed laser beam,
they needed a quartz glass window. The
measurements produced good quanti-
tative results. Never before have such
experiments been conducted with a
commercial fuel. ABB is interested in fur-
ther studies in which PSI should use the
laser method to investigate the transi-
tion between mixing and combustion
for gas turbines using natural gas, as is
normal practice.

For the study of combus-
tion processes using laser
measurement methods,
the test stand, as seen in
the centre of the photo-
graph, needs a "view"; that
is to say, a quartz window.
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Contract Research and Services

FOR HSK:
SAFETY EVALUATED

PSI's specialised knowledge is invaluable
for the independent assessment of the
safety of Swiss nuclear power plants by
the regulatory authorities. It is the only
place in Switzerland with the necessary
breadth and depth of knowledge. As a
result of its scientific work in relevant
areas, on the one hand of material and
component behaviour and cooling
water chemistry, and on the other hand
of reactor physics and safety analysis,
PSI is at the forefront of research and
technology. In 1998, PSI specialists
again gave various expert opinions for
HSK, for example on the question of
whether new computer programs for
the assessment of the safety of Swiss
nuclear power plants are better than
the currently used programs. This con-

cerned the modification of the com-
putational methods for the dynamic
behaviour of the reactor core, which is
being repeatedly optimised, not only
for safety and technical reasons, but
also on economic grounds. The assess-
ment of the PSI specialists is based on
in-core measurements and on their own
experience with the extremely compre-
hensive computer programs with which
they simulate operational malfunctions
and incidents. The permission for such
further development is given by HSK
only when the calculations reliably
demonstrate that all safety-relevant
conditions have been fulfilled. Such ex-
pert opinions given by PSI are accord-
ingly an important basis for the routine
regulatory activities of HSK.

Contract Research and Services

FOR THE SBB:
SCANNING STAFF
PSI is the national technical centre for
special cases of irradiation. When it be-
came known that railway wagons had
become radioactively polluted during
the transport of fuel elements from
Swiss nuclear power plants, the SBB
turned to PSI for support. Quickly and
without any red-tape, in summer 1998,
PSI and HSK experts carried out whole-
body measurements of the railway staff
concerned. There are only three whole-
body counters in Switzerland, and only
PSI has a highly modern, so-called ger-
manium detector. Because caesium and
cobalt were found in the contaminated
railway wagons, specialists examined

everyone with the whole-body counter,
primarily for the radiation from these
radioactive nuclei. They found no traces
in the 151 people examined. This means
that none of these railway workers had
ingested such radioactive substances
during the past few years, and no-one
had received a measurable dose of radi-
ation. That every one of those concern-
ed was able to look at the results straight
away after the measurements had been
taken, had the effect of counteracting
their insecurity and reducing their fears.
In this way PSI was able to supply the
SBB with the basis for well-founded in-
formation to give to their staff.

HSK = Hauptabteilung
fur die Sicherheit der Kern-
anlagen des Bundesamtes
fiir Energie (Swiss Nuclear
Safety Directorate)
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FINANCES STAFFING
In accordance with the proposal of
the government, PSI had a budget of
151.5 million Swiss Francs in 1998,
3.5 million less than in the previous
year. An additional 10 million Francs
were made available by the Board of
the Swiss Federal Institutes of Tech-
nology (ETH Board) for building the
SLS. Additional, external funding
amounted to about 26 million Francs,
supplied to PSI under research con-
tracts with private industry (NAGRA,
power stations, etc.), or in the frame-
work of research for Federal depart-
ments (BFE, HSK, etc.), the Swiss
National Fund, or other research-
promoting organisations.

At the end of 1998, there were 895
PSI-funded, full-time staff positions at
the Institute. Added to these were
almost 250 full-time externally funded
positions, of which more than half were
in energy research. At the present time,
PSI employs and finances some 140
doctoral students. In addition to these,
about 100 doctoral students are funded
by a university, but carry out part
of their post-graduate studies at PSI.
A large number of undergraduate
students are also supervised at PSI, and
65 apprentices are carrying out their
professional/technical training at PSI,
13 more than in the previous year. Thus,
we have raised the number of
apprenticeships at PSI over the past
2 years by more than V3.

ALLOCATION OF FUNDING
Of the 151.5 million Francs allocated in
1998, about 40 % went into the areas
of solid-state research and materials sci-
ences, almost 30 % to energy research
(nuclear energy and general energy),
and the remainder was used for nuclear
and particle physics and for the life sci-
ences (see diagram, top of page 67).

Following the completion of the spalla-
tion neutron source, funding was
moved over to the construction of the
synchrotron light source, SLS. This shift
in allocation of resources follows the
new orientation according to PSI's stra-
tegic planning.
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ALLOCATION OF FUNDING
TO PSI RESEARCH AREAS
Operational, facilities, and infrastructure
costs were distributed among the re-
search areas as needed. The cost-inten-
sive accelerator facilities at PSI are used
today, alongside nuclear and particle
physics, primarily for solid-state re-

search and materials sciences, as well
as in the life sciences for radiation ther-
apy and for the production of radio-
isotopes. Facility costs are charged to
the research areas.

Total budget 1998: CHF 161.5 million (PSI funding, including contribution from the ETH Board for SLS)

Nuclear and Particle Physics, 11 %

General Energy Research, 14%

Nuciear Energy Research, 16%

Swiss Light Source, SLS 9%

Life Sciences, 12%

Solid-State Research and
Material Sciences, 38%

SOURCES OF EXTERNAL FUNDING
Contract research brought in almost
CHF 26 million to PS! in 1998, about
12 % Jess than in the previous year. The
decrease is the result of reduced activi-
ties in the Priority Programmes and
the disbanding of the National Energy
Research Fund, NEFF. Around 45 % of
third-party funding came from the elec-
tricity generation industry and Nagra,
primarily for financing nuclear energy

research. Somewhat more than 30 %
was provided by government agencies
in the framework of research support,
from the Swiss National Fund, and for
contract research. A good quarter of
third-party funding came from private
industry, from private research-promot-
ing organisations, and from the Pro-
grammes of the European Union.

External funding 1998: CHF 26 million

"^^ Industry, 9%

~ ! !^H European Programmes, 12%

"=33411 Swiss National Fund and other

Research Promotion, 3%

Government Departments and KTI, 29%

Nagra, 9%. :

Electricity Generating Industry, 38% ;
66 67



PSI IN FIGURES PSI ANNUAL REPORT 1998

PERSONNEL
DEVELOPMENT BY
DEPARTMENTS

PSI Staff

Organisational adjustments were under-
taken in autumn 1998 as the result of
PSI's new reorientation (Organisational
Structure, page 69). The large PSI re-
search facilities were combined into a
separate department, and the former
Particle Physics and Applied Solid-State
Research departments were integrated
into a new department called "Particles
and Matter". The former B8/B9 depart-

ments have been essentially combined
within the department "Logistics and
Marketing". The diagrams below show
the personnel development under the
former organisational structure. Person-
nel levels remained almost constant in
1998, with growth taking place over the
past three years primarily in the depart-
ments for solid-state research and mate-
rials sciences and the SLS project.
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Organizational Structure
Paul Scherrer Institut, 4.1.1999 Research Committee

OttH.R. Prof. Dr.

DIRECTORATE

Director
Deputy Director
Head of Staff
Head Project SLS
Department Heads

EberleM.K.Prof. Dr.
Eichler R. Prof. Dr.
Jermann M.

STAFF

Loepfe E. Dr.
Salzmann M. Dr.
Schwaller P. Dr.
Dietrich Phtlipp Dr.
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Project

Swiss Light
Source(SLS)

Wrulich A; F Dr.

Machine
Wrulich A. F Dr. i.R

Users
Abela R. Dr. a.i.

Building and Media
Janzi G.

Research Department

Particles and
Matter (TEM)

Eichler R. Prof. Dr.
i . R ; • - ••

Particle Physics .
Gabathuler K. Dr.

Astrophysics
ZehnderA..Dr.

Myon Spin
Spectroscopy
HerlachD. Dr.

Micro and Nano
Technology
GobrechtJ.Dr.

Radiochemistry
Gaggeler H. Prof. Dr.

Ion Beam Physics
Suter M. Dr.

Research Department

Life Sciences
(BIO)

Ammann R. Prof. Dr.
a . i . . . . . ' ' •

Radiation Medicine
- Proton Therapy

GoiteinG.
- Tumor Therapy

Evaluation
BlattmannH.Dr.

Center for
Radiopharmacy
Schufaiger P. A. Prof. Dr.

Institute of Medical
Radiation Biology (IMR)
Jiricny J. Prof. Dr.

Structure Biology
N.N.

Research Department

Condensed Matter
Research with
Neutrons (FUN)

Fischer W. Dr. : ' •

Condensed Matter
Theory
MorfR.Dr.

Neutron Scattering
Furrer A. Prof. Dr.

Low Temperature
Facilities
Mango S. Dr.

Research Department

Nuclear Energy
and Safety (NES)

Kroger W. Prof. Dr.

Reactor Physics and
Systems Behaviour
Chawla R. PrOf. Dr.

Thermohydraulics
Yadigaroglu G. Prof. Dr.

Materials Behaviour
Bart G. Dr.

Waste Management
Hadermann J. Dr.

Safety and Severe
Accident Research
Hosemann P. Dr.

Research Department

General Energy
(ENE)

Wokaun A. Prof. Dr. ;

Energy Systems
Wokaun A. Prof. Dr. a.i.

Energy Storage
- Hj based Systems

Schucan Th. PD Dr.
- Element Cycles

StuckiS. Dr.

Electrochemistry
Haas 0. Dr.

Solar Technology :
Palumbo R. Prof. Dr.

Combustion Research
Boulouchos K. Prof. Dr.

Atmospheric Pollution
GraberW. Dr.

Department

Large Research
Facilities (GFA)

Ste.ifi.erE. Dr.

Accelerator Physics
and Development
Stammbaeh Th. Dr.

Experimental Facilities
SteinerE. Dr.a.i,.

Spallation Neutron
Source
Bauer G. Dr..

Technical Support
and Co-ordination :
DuppichJ.

Department

Logistics and
Marketing (LOG)

Prjtzker A. Dr.:

Administration and
Services '• [
PritzkerA. Dr.i.P.

Buildings and
Plant Installations
Bohlen W..

Electronics and
Electrical Engineering
BoksbergerH.U.

Mechanical
Engineering
UlrichJ.

Telematics
Schleputz F. Dr.

Radiation Protection
and Radioactive
Waste Treatment
Andres R. Dr.
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RESEARCH COMMITTEES

Particles and Matter (TEM)

Experiments at the Ring Cyclotron
Prof. Dr. P. Truol, President
Dr. D. Bryman
Prof. Dr. C. Hofmann
Dr. J.P. Perroud
Prof. Dr. T. Siegel
Prof. Dr. L. Tauscher
Prof. Dr. C.J. Wagner
Prof. Dr. D. Wyler

Experiments at the
Philips Cyclotron (Injektor I)
Prof. Dr. J.V. Kratz, President
Prof. Dr. j . Deutsch
Prof. Dr. J.C. Dousse
Prof. Dr. A. Fassler
Prof. Dr. P.U. Sauer
Prof. Dr. I. Sick
Prof. Dr. C. Kraft

Muon-Spin Spectroscopy
Prof. Dr. K. Maier, President
Prof. Dr. A. Baldereschi
Prof. Dr. j.W. Blatter
Prof. Dr. S.F.j.Cox
Dr. M. Fahnle
Dr. P. Fischer
Prof. Dr. J.j.M. Franse

Prof. Dr. P.W. Percival

University of Zurich, CH
TRIUMF, Vancouver, CDN
LAMPF, Los Alamos, USA
University of Lausanne, CH
W&M College, Williamsburg, USA
University of Basle, CH
University of Tubingen, D
University of Zurich, CH

University of Mainz, D
Catholic Univ. of Louvain-la-Neuve, B
University of Fribourg, CH
University of Tubingen, D
University of Hannover, D
University of Basle, CH
Society for Heavy-Ion Research,
Darmstadt, D

University of Bonn, D
EPF Lausanne, CH
ETH Zurich, CH
RAL, Chilton, GB
MPI, Stuttgart, D
ETH Zurich, CH
Van der Waals-Zeeman Laboratory,
Amsterdam, NL
Simon Fraser University, Burnaby, CDN

Life Sciences (BIO)

Prof. Dr. B. Hirt, President
Prof. Dr. U. Amaldi
Prof. Dr. R. Frackowiak
Prof. Dr. H. Hengartner
Prof. Dr. j . Hubble
Prof. Dr. C. Kuenzle
Prof. Dr. H. Mohler
Dr. F. Winkler

ISREC, Epalinges, CH
CERN, Geneva, CH
Institute of Neurology, Univ. of London, GB
University of Zurich, CH
ETH Zurich and University of Zurich, CH
University of Zurich, CH
ETH Zurich and University of Zurich, CH
Hoffmann-La Roche, Basle, CH
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Solid-State Research
with Neutrons (FUN)

SINQ Scientific Committee
Prof. Dr. K. Yvon, President
Prof. Dr. B. Dorner
Prof. Dr. H.U. Gudel
Prof. Dr. R. Hempelmann
Prof. Dr. G. Kostorz
Prof. Dr. H. Rauch
Prof. Dr. P. Schurtenberger
Prof. Dr. D. Schwarzenbach
Prof. Dr. W. Steurer
Prof. Dr. H. Stuhrmann

University of Geneva, CH
ILL, Grenoble, F
University of Berne, CH
University of Saarbrucken, D
ETH Zurich, CH
Atomic Institute, University of Vienna, A
ETH Zurich, CH
University of Lausanne, CH
ETH Zurich and University of Zurich, CH
Research Centre Geesthacht, D

Nuclear Energy and
Safety (NES)

Dipi.-lng. P.U. Fischer, President
Dr. M. Salvatores
Dr. Ch. McCombie
Dr. H. Fuchs
Dr. S. Pretre
Prof. Dr. H. Nickel
Prof. Dr. E. Tenckhoff
Dr. G. Schriber

EGL, Laufenburg, CH
Dept. of Reactor Studies, CEA, F
Gipf-Oberfrick, CH
Aare-Tessin AG. Olten, CH
HSK, Wiirenlingen, CH
FZJulich, D
Siemens KWU, Erlangen, D
BFE, Berne, CH

General Energy (ENE)

Dipl.-lng. J. Gfeller, President
Prof. Dr. A. Baiker
Dr. ]. Hellat
Prof. Dr. A. Reller
Dr. G. Sandstede
Dr. j.P. Taran
Dr. G. Verdan
Prof. Dr. A. Voss
Prof. Dr. C.J. Winter
Prof. Dr. A. Zehnder
Prof. Dr. A. von Zelewsky

BFE, Berne, CH
ETH Zurich, CH
ABB, Baden, CH
University of Hamburg, D
Frankfurt am Main, D
ONERA, Palaiseau, F
BUWAL, Berne, CH
University of Stuttgart, D
Energon, Uberlingen, D
EAWAG, Diibendorf, CH
University of Fribourg, CH
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ADVISORY COMMISSION

Prof. Dr. G. zu Putlitz, President

Prof. Dr. R. Dandliker

Dr. E. Kiener

Prof. Dr. Verena Meyer

Dr. jur. M. Reimann

Dipl. Ing. O.K. Ronner

Dipl. Ing. j . -L Pfaeffli

Dr. P. Zinsli

Prof. Dr. Albert Waldvogel

Institute of Physics,
University of Heidelberg, D

Institute of Microtechnology, University
of Neuchatel

Director BFE

President of the Swiss Science Council,
University of Zurich

Swiss Senator, Cipf-Oberfrick, CH

President, Siemens AG, Zurich

SA I'Energie de I'Ouest-Suisse

Deputy Director, Federal Office of Edu-
cation and Science

Vice-President for Research, ETH Zurich

Board of the
Swiss Federal Institutes
of Technology (ETH Board)

Dr. S. Bieri Delegate and Vice-President of the ETH
Board

PSI Directorate

Prof. Dr. M.K. Eberle Director, Paul Scherrer Institut

Dipl. Phys. M. Jermann, Secretary Head, Directorate Staff
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PSI RESEARCH COMMISSION

External Members

Prof. Dr. H.-R. Ott, President

Dr. B. Barre

Prof. Dr. 0 . Fischer

Prof. Dr. J. HaTssinski

Prof. Dr. K. Heinloth

Prof. Dr. B. johannsen

Dr. D.E. Moncton

Prof. Dr. D. Richter

Prof.Dr. J.W. Tester

Prof. Dr. E.W. Vogt

Prof. Dr. P. Zerwas

Laboratory for Solid-State Physics,
ETH Zurich, CH

CEA, Paris, F

Dept. of Condensed Matter,
University of Geneva, CH

Linear Accelerator Laboratory, Orsay, F

Institute of Physics, Rheinische Frie-
drich-Wilhelms University, Bonn, D

Institute of Bioanorganic and Radiophar-
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