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Cover photo

For research with synchrotron light. Innovative methods and devices are being developed at the Paul Scherrer Institut for the
Swiss Light Source (SLS), which will be available for researchers from the middle of 2001. This photograph of a silicon surface
coated with arsenic by vapour deposition was taken with a novel detector (see Page 24) in only five seconds. A commercial device
would have needed 5 hours to take it. Measurements of this type tell specialists where on a surface, for example, which molecules
are sitting and how strongly bonded they are.
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PSI in Brief

The Paul Scherrer Institut is a centre for multi-disci-
plinary research in the natural and engineering sci-
ences. It collaborates closely with universities, other
research institutions, technical colleges, and indus-
try, both at home and abroad. It is the largest
research institute in Switzerland, with about 1,200
members of staff, and is the only one of its kind in
the country. Its particular areas of specialisation are
solid-state research and materials sciences, elemen-
tary particle physics and astrophysics, biology and
medicine, and energy and environmental research.

PSI concentrates on those subjects which are at the
leading edge of scientific knowledge, which contri-
bute to the education of the next generation, and
which pave the way to a sustainable, environmen-
tally-friendly 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's sciences is fundamental
to the future of PSI, and is particularly important
in determining the technological development and
competitiveness of Swiss industry. In the biological
sciences, PSI is concentrating on the diagnosis and
treatment of cancer, with the help of its unique par-
ticle beams. Energy research is focused on projects
related to safe, economical, and sustainable supp-
lies of energy. In particle physics, PSI is making
an important contribution through its function as
a base laboratory for large-scale experiments con-
ducted by the Swiss universities.

The special atmosphere which exists at PSI creates
new networks of co-operation, reaching across sci-
entific specialisations and national borders. Partners
from universities and industry can find a platform
here for international, interdisciplinary projects.

A .

A magnet element for the storage ring of the Swiss Light
Source, SLS.
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Foreword

The Director of PSI, Meinrad K. Eberle, in conversation with
Albin Wrulich, the project leader of the Swiss Light Source,
SLS.

The year 1999 was influenced by the new orienta-
tion adopted by PSI, highlighted by the construc-
tion of the Swiss Light Source (SLS). To this belongs,
primarily, the expansion of PSI's function as a User
Laboratory, strengthened integration of PSI facilities
for its own internal research projects, and broader
support by PSI specialists for external scientists in
the use of the complex research equipment.

PSI is a national research centre, but one with a very
broad international reputation. Our research facil-
ities are unique. They are known throughout the
world and are being used by hundreds of research-
ers from other countries. No other governmental
research institution in Switzerland has as many inter-
national links as PSI. This is extremely important
for the future of Switzerland as a place of research,
because an attractive research ambience draws the
best specialists to it, and these bring new ideas into
our country. According to a statistical evaluation by
the Swiss Science Council (1999), PSI is right at the
forefront as far as international collaboration is con-
cerned.

The SINQ Spallation Neutron Source and the facil-
ities for research with muon beams are good exam-
ples of PSI's User-Lab function. Over 400 scientists
have used these for their research work during the
past year, and some of the measuring instruments
are very much overbooked. The SINQ User Com-
munity has consequently asked for the neutron flux
to be increased, which would decrease the time
needed to take measurements and thus improve the
effective usage of the instruments. The User Com-
munity which applies muon beams for their research
in solid-state physics would also like to have higher
beam intensity. As a result, in the past year we have
made great efforts to further increase the intensity
of the proton beam from the Ring Accelerator, which
is, so to speak, the source for the production of
the muons and neutrons. The accelerator installa-
tion celebrated its 25th anniversary in 1999, but in
spite of its age it is still very much in demand, as
the cyclotron concept developed at PSI leads the
world and is the example being copied for many
new projects abroad. The PSI Cyclotron also holds
the world record for beam power.
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A great deal of attention is being paid
to SINQ internationally, because it is
the first high-power neutron source
of its type, working on the principle
of spallation, in which neutrons are
released through the interaction of a
proton beam with heavy atomic nuclei.
New projects in the USA and Japan,
which will adopt SINQ target technol-
ogy, are in the process of development.
A large project is also in preparation in
Europe to build a combined research
facility in which a high-intensity proton
accelerator will be used to produce
neutrons for material research, as well
as for studying the transformation of
extremely long-lived radioactive prod-
ucts into those with a shorter lifetime.

The building to house the SLS was completed in
the middle of 1999, on schedule after a construc-
tion time of one year, and the installation of the
components for the electron accelerator was started.
Accelerated electrons will generate the characteris-
tic synchrotron radiation which will be guided to the
experimental equipment by means of specially devel-
oped optical elements. Nevertheless, great efforts
are still necessary in order to be able to begin SLS
operation as planned in the middle of 2001. In 1999,
PSI used over 20 % of its resources for the construc-
tion of this research facility, and there is a corre-
spondingly strong commitment of PSi staff to the
project. In addition, a large number of research
groups from the Swiss universities and from abroad
are at the present time preparing the experimental
equipment and the research infrastructure for the
SLS. Over 100 specialists met at an international SLS
conference in the autumn and discussed the new
research possibilities it will offer.

Expectations for the SLS are high, and the general
public also has a great interest in the project. This
was demonstrated on the SLS Open Day, at the end
of October 1999, when about 6,400 visitors took the
opportunity to look at the equipment being con-
structed. The SLS has the highest priority at PSI,
which means that other PSI projects must take a

The atrium of the SLS building.

back seat at the moment. However, PSI can make a
name for itself with this research facility, which will
ultimately benefit all PSI staff. The project is very
highly integrated within PSI, as the SLS could not
be built within the planned budgetary and time-
span frameworks without a high degree of network-
ing and good access to PSI resources. In addition, it
is possible to incorporate innovative ideas into the
SLS as a result of know-how available from other
PSI Departments. The SLS can benefit, for example,
from developments made at PSI for experiments at
CERN. This type of matrix approach requires not
only high expertise but social competence as well. At
this point it should also be mentioned that the con-
struction of this facility would not be possible with-
out the support of the whole ETH domain. For this,

. our sincere thanks are extended to the other institu-
tions associated with us and to the ETH Board.

During the past 12 months, another PSI project
has also received a large amount of international
attention - the novel radiotherapy facility which we
have developed for the treatment of deep-seated
tumours using a proton beam scanning technique.
This new technique makes it possible to irradiate
tumours extremely accurately, and optimally protect
surrounding healthy tissue.
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Many radio-oncologists and leaders of clinics, from
all over the world, visited the PSI facility in 1999.
We discussed the possibilities of collaboration and
advised them, from our own experience, on setting
up this type of radiation therapy centres themselves.
We know of about 20 such projects at the present
time, of which more than half are considering adopt-
ing our technology. However, most of them are not
very far advanced yet. As far as a future market is
concerned/ industry is also interested in the Spot-
Scanning Technique developed at PSI. However, in
order to be able to use it industrially, it should be
made more user friendly,, which will require further
development of the Proton Gantry. The number of
patients who can be treated by the new irradiation
technique must also be significantly increased, to be
able to obtain reliable information about the suc-
cess rate, to include other types of tumours, and to
deepen our research. Our goals for the coming year
are to expand our therapy facility, equip it with its
own compact proton cyclotron, and refine the irra-
diation technique further. Today we can treat just 40
patients each year, because the accelerator is only

available for medicine for very limited periods. After
the planned expansion, which will cost somewhat
more than 20 million Swiss Francs, we will be able
to triple the number of patients treated each year. At
the moment we are looking for sponsors to help us
complete the PROSCAN project, which is essential
for a breakthrough for this new form of cancer treat-
ment - for the benefit of our society.

We have made further progress in energy research
in the area of sustainable energy concepts. We have
entered into collaborations with leading automo-
bile manufacturers for applying the fuel cell tech-
nology which has been developed at PSI. In this
way, we are trying to usefully transfer PSI technolo-
gies to industry. The future belongs to sustainable
energy systems. As a result of its research activities,
PSI possesses broad knowledge of the potential, the
advantages, and the disadvantages of future energy
technologies. We are therefore especially qualified
to comment on energy questions, seeing ourselves
fulfilling the role here of an "honest broker". In order
to transfer knowledge from our research to a broad
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public, we have launched the "Energy Mirror", and
in the first issue reported on the subject "New,
renewable sources of energy". Through this publica-
tion, we are trying to bring more clarity and profes-
sionalism to political energy discussions.

Our commitment to improving the communication
of PSI research has paid off. We received more than
17,000 visitors up to the end of 1999 to our Visitor
Centre, the psi forum, which was opened in Novem-
ber 1998. We have received much praise for this
initiative, but it should also be mentioned here that
the project was only possible through the help of
private sponsors, and we would like, at this point, to
sincerely thank them again for their support.

The ETH domain - and with it PSI as well - is gaining
increasing autonomy. In 1999, the resources for con-
struction and buildings have been fully integrated
into the ETH domain, and other areas will follow
during the year 2000. We are pleased with the new
possibilities we have acquired, and are convinced
that we will be able to make good use of the addi-
tional entrepreneurial freedome we have.

PSI's achievements are the result of the united efforts
of all its staff. With particular thanks I would like
to mention here ail those who work in the depart-
ments concerned with the infrastructure. Without
them, PSI would never be able to fulfil its function as
a User Lab. Additional thanks go to all research com-
mittees, the internal and external members of the
research commission, the PSI advisory commission,
the ETH Board, and, finally, the National Parliament,
through which we receive the largest proportion of
our funding.

Meinrad K. Eberle, Director

Inside the SLS building
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Events of 1999

The commitment of PSI to bring the world of research to society was very satisfyingly

received in 1999. An exceptionally large number of people from research, politics,

industry, and the general public came to experience how and why we at PSI do

research, and find out what it is useful for. The following pages illustrate this.

The general public showed great interest in seeing inside the
SLS building.
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Impressive Interest in the SLS

The Swiss Light Source, SLS, will begin

operation in this futuristically striking circu-

lar construction in the middle of 2001. The

SLS is a huge microscope for the research

of the future. In autumn 1999, PSI opened

the doors of the SLS building to show future

users, the media, and the general public

what is happening there.

* •*
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Large throng in the SLS building. Around 6,400 people came along when PSI opened the

doors of the SLS building to the general public on 31st October 1999.

Some WO participants attending the

SLS conference visited PSI and the SLS

at the end of October.

Media personnel also showed great

interest in the future-oriented SLS pro-

ject.
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The psi forum 1999:
A Success Story

Around 17,000 people visited the psi forum

between its opening in November 1998

and the end of 1999, a great success for

this PSI idea to bring the world of research

closer to the general public. A high point

was the joint celebration with the sponsors

on 11.11.1999 of the first anniversary of the

opening of the psi forum. For this, the PSI

apprentices demonstrated their new exhi-

bit on energy transformation and storage.

They had developed and built this in team-

work which overlapped many professions.

The physics lessons for children which the ETH professor and PSI deputy director, Ralph

Eichler, gave at the psi forum for the children in the fifth classes of the primary schools at

Wurenlingen and Villigen also went down very well. The children handled the experiments

themselves with great enthusiasm.
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On the Benefits of Muons

Muons are elementary particles which can be applied as tiny magnetic spies in research

on matter. At the eighth international conference on these methods, in late summer 1999,

about 180 researchers from around the world met at Les Diablerets. Over 200 conference

presentations testified to the variety of research topics to which this experimental technique

makes valuable contributions.

In February 1999, the first international

Working Croup Meeting on a newly devel-

oped measurement method using muons

took place at PSI. The attendance of more

than 70 participants from 15 countries,

and the setting up of a user group, demon-

strated that this technique will play an

important role in future applications of

muons.
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The Future with
Neutron Scattering

Participants in the

PSI Summer School

on Neutron Scatter-

ing in the central

square at Zuoz.

They met with the

theme "Neutron Scat-

tering in the Next

Millennium". Neu-

trons are particles which are being used more and more, and in a variety of ways, as

probes for research, for which numerous instruments are available at the SINQ neutron

source at PSI. More than 80 people from 16 countries took part in the Summer School.

Fourteen speakers presented unconventional and innovative experiments which promise new

knowledge in science and technology.

High School Graduates
Sample the
Research Atmosphere

In October 1999, PSI carried out its Autumn

School for the sixth time. The high school

graduates spent, as they admitted them-

selves, a highly interesting week at PSI.

The theme "Interdisciplinarity: A look into

research in the 21st century" made the

young people aware of the change in rela-

tionship occurring between the scientific

disciplines as well as between science and society. PSI enabled the 17 young

make an excursion through PS! projects which are all positioned at points of

various scientific fields.

people to

contact of
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The Heart of HESSI
Transported to the USA

PSI has made an important contribution to

HESSI (High Energy Spectroscopic Imager),

a NASA project. This space telescope should

observe the sun from the middle of 2000

with a precision never before achieved. The

starting point in July 2000 is so important

for this because the sun only exhibits every

11 years a peak of the huge, explosion-

like outbreak of activity which will be stu-

died with HESSI. Thanks to the great efforts

of many PSI staff in the most varied pro-

fessions, the heart of this space telescope

could be sent to California by PSI in Decem-

ber 1999, on schedule and satisfying all

requirements of precision and stability.
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The Large Experiment CMS
and PSI

A meeting of researchers preparing for the

construction of the huge CMS experimental

facility at CERN took place at PSI in Sept-

ember 1999. The abbreviation CMS stands

for the project "Compact Muon Solenoid",

on which around 2,000 staff from 144

institutes in 30 countries are involved. In

Switzerland, these are PSI, ETH Zurich, and

the Universities of Zurich and Basle. From

the year 2005, the CMS detector at CERN

should track down new particles and study

their interaction with the building blocks

of matter which are already known. PS! is

responsible for the development and con-

struction of its central particle detectors

and can take on this big challenge thanks

to its know-how.
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25 Years for Research

Twenty-five years of age and still not

old! That is PSI's ring accelerator, which

still holds the world power record. Thanks

to continuous further development, it has

always retained its attraction and has

brought the research world up to 1,000

publications so far.

/iJ&ZL&ti&L

In 1999 it reached 25 years of age: the

signatures of all those who were involved

when the PSI accelerator started up.
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Versatile Membranes

Electro-active membranes are thin foils

which can conduct electrical current and

have very many uses. They are found in

fuel cells and water purification systems,

in mechanical and biological sensors, as

well as at the interfaces between electronic

chips and nerve cells. Their further develop-

ment consequently demands close collabo-

ration across the borders of disciplines. For

this reason, in February 1999 PSI organised

the first international interdisciplinary con-

ference on Monte Verita, at Ascona, which

Also crossing frontiers: An artist produced a video
film at the conference on the theme "Skins".

successfully brought together the perspec-

tive on membranes from very different sci-

entific fields.

On the Track of Climatic History

In the search for explanations of climatic

phenomena such as El Nino, a research

group from PSI and the University of Bern

went to a great deal of effort to obtain

drilled cores of ice from the highest peaks

of the Andes. They are analysing this his-

torical record of glacier ice in the laboratory

,- and thus gaining valuable indica-

' tions of the history of the local cli-

mate there. After a four-week expedi-

tion, the drill cores of glacial ice from

the Cerro Tapado, at 5550 m alti-

tude in Chile, reached the cool stor-

age room at PSI safe and sound.
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PSI Party at an Unusual Place

The SLS building was completed on 1st July

1999, just 13 months after the start of

construction. At a PSI party, organised by

the Sports Club and numerous other PSI

employees, PSI staff and their relatives took

over this large circular building on 20th

August in an original and sporting manner.

Amongst other things in the SLS building,

the fastest runner in PSI was found, who

took 53 seconds for a lap around the only

covered "400m track" in Switzerland.

There were numerous opportunities for large and
small to enjoy themselves at the PSI Party.
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User Laboratory
for Universities
and Industry

A User Laboratory is a research institute which makes demanding large-scale facili-

ties, and its own specialist knowledge, available to external groups from universities

and industry. PSI is such a User Laboratory of international importance. The research

of the user groups has been concentrated so far at PSI around the ring accelerator,

primarily in particle physics, as well as in solid-state physics at the SINQ neutron

source and the ySR facilities. From the year 2001 onwards, the Swiss Light Source,

SLS, will significantly strengthen this PSI function.

Around the Ring Accelerator

At the SINQ Neutron Source

Muons as Tools

The SLS Emerges

At the SINQ Neutron Source, researchers are studying, for
example, the structure of such crystals.
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Proton (p), Neutron (n):
Thv building blocks of
matter

Proton current: Measure
of proton intensity; 1.5mA
imilliampere) corresponds
to around 10'" protons per
second.

S1MQ: The PSI Neutron
Source

Pion (a): Elementary
particle with medium mass
(meson)

Muoit (fi): heavy electron (e)

Y.lectron (e): Light elemen-
tary particle

Around the Ring Accelerator

Records at the
Ring Accelerator

The specialists who further develop and operate the
PSI ring accelerator were able to set new records and
extremely stable operation again in the year 1999.
They raised the maximum proton current - which
means the beam intensity-during 1999 from 1.5 to
1.8 mA, which corresponds to a world record power
in the ring accelerator of 1MW. The numerous facili-
ties attached to the ring accelerator profited as a
result of this, in particular the users at SINQ, who
received the higher neutron beam intensity they had
wanted. The consequence of this continuous devel-
opment over the years is reflected in the increase
not only in the intensity of the proton beam, but
also in the reliability of the accelerator facility.

AVi

1999: 89% availability
at 1.5 mA

proton current

The increase in proton intensity and the availability of the
beam at the Ring Accelerator since 1989 is displayed three-
dimensionally. The red track along this "Current Mountain"
follows the most efficient operational conditions each year.

This beam splitter - here on the crane hook while being in-
stalled - which divides the proton beam in such a way that
research and the treatment of tumours are possible simulta-
neously, proved its worth during 1999.
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Around the Ring Accelerator

Elementary Particle Physics
with Large Instruments

The User Community around the accelerator facilities
is working in the fields of solid-state research, mate-
rials sciences, and elementary particle physics. For
40 weeks during 1999, the pion and muon beams
were available to seven areas simultaneously. Over
50 institutes, mostly in larger groups, were involved
in particle physics projects at PSI during 1999. The
distinctive international User Community for particle
physics consists at the present time of 235 research-
ers, of whom 53 are from Swiss institutes. Again,
during the past year, priorities, measurement times,

and area distribution were determined at two User
Meetings. Particle physics experiments are compar-
atively large-scale and long-term, examples at PSI
being precision experiments such as the search for
the transformation of a muon into an electron, or
the measurement of the rare decay of a charged
pion into a neutral pion. After some 10 years of plan-
ning, development and construction, measurements
were successfully taken at each of these experiments
for around 25 weeks, but results are not expected
for a year, at the earliest.

Accelerator Facilities
C Cockcroft-Walton
\2 injector 2
R 590 MeV Ring Cyclotron
11 Injector 1

Beam Transport Lines
P Proton Channel

Neutron Spallation Source
S Neutron Spallation Source S1NQ
I Target-Storage Pit

i"-3 Medicine
1 Isotope Production IP2
2 Eye Treatment OPTIS
3 Proton Therapy Gantry

This representation of the
accelerator and experiment-
al areas shows how versatile
they are. In addition can be
seen the new record values at
the pre-accelerator (12), the
ring accelerator (R), and the
SINQ neutron source (S).
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At the SINQ Neutron Source

95 % of Protons used

Average sum of the
proton current per month

500 mAh

400

300

200

U

> f

100

1997 1998 1999

'• Protons delivered

1 Protons used for the production
of neutrons

The protons from the Ring Accelerator produce neut-
rons at SINQ which are used by the User Commu-
nity primarily for solid-state research and materials
sciences. These profited from numerous improve-
ments during the third year of SINQ operation,
and in 1999 the facility ran for the whole opera-
tional period under automatic control, 24 hours a
day. Thanks to longer availability and higher proton
beam intensity, many more neutrons were available
for research during 1999 than in the preceding year.
In 1999 SINQ used 95% of the protons delivered to
it, but in 1998 had only used 75%.

Comparison between the protons delivered each month to
SINQ and those used for the production of neutrons clearly
shows the progress made over the first three years of SINQ
operation.
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At the SINQ Neutron Source

Method in Demand:
Neutron Scattering

At the beginning of 1999 there were four experi-
mental instruments for neutron scattering operat-
ing reliably at SINQ. Two more were added during
1999, and all can take measurements simultane-
ously. Their names sound somewhat exotic: DMC,
DruchaL, SANS, TASP, FOCUS and TriCS. A total
of 222 experiments were carried out in 1999 with
them, directly involving 165 researchers, many of
whom came to PSI a number of times. An additional
100 researchers either prepared experiments or ana-
lysed measured data. To a large extent the research
programme followed the recommendations of the
10 external experts of the SINQ Scientific Advisory
Committee. The international attraction of SINQ is
extremely strong, with more than 50% of the users
coming from abroad.

mAh = Miiiiarnpere-hotirs,
a unit of electrical charge;
here a measure of the total
number of protons.

Neutron scattering:
Neutrons scattered within
material generate a pattern
which is a representation of
its interior structure.

^ 43.1% Switzerland (of which 14.5% PSI)
C"- 10.9% Great Britain
l > 10.1% USA
! > 8.4% Russia
"*"* 7.6% Germany
-"- 6.7% Austria
"*•* 5 . 1 % France
"^ 2.5% Japan
-•- 2.5% Poland
""•" 1.7% Australia
^ 0.8% Czech Republic •-—
""** 0.8% Ukraine

Where the researchers come from who carried out experi-
ments at SINQ.
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At the SINQ Neutron Source

The Neutron:
A Laboratory for Quarks

Polarised: Particles are
pohiriscil when their spins
are aligned; the spin is the
intrinsic tiiiguhw momentum
of an elementary particle.

Standard Model: The cur-
rent picture of the particle
world.

Quarks: Elementary builil-
iug blocks of heavier par-
ticles such us protons and
neutrons, which each con-
ta.in three quarks.

fiSR: Muoii Spin Spec-
troscopy is a measurement
method in which unions, act-
ing as tiny magnetic probes,
give information about tlic
interior of materials.

With the help of a piece of equipment built at SINQ
in 1999, particle physicists want to use neutrons not
as probes, but to make the neutron itself the object
of their curiosity. Neutrons within an atomic nucleus
are stable and even behave like glue, but when they
are free, as in SINQ neutron beams, they live for
an average of only 10 minutes, and then decay.
Researchers from Switzerland (PSI and ETH Zurich),
Russia, and Poland want to study this process with
extremely slow, highly polarised neutrons, in this
way, they are hoping to reach the limits of the Stand-
ard Model, or even go beyond them, which, for
example, could shed light on the first microseconds
after the birth of our Universe. The neutron is like a
laboratory in which three quarks are captured, and
it can provide information about the basic laws of
time and space. The new and demanding experi-
mental equipment was installed at SINQ during
1999. Extensive tests demonstrated that our new
beam at SINQ is at least as good as those from high-
flux research reactors.

The joint efforts of different PSI technical staff were essential
for the successful installation of the new particle physics
equipment at SINQ.
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Muons as Tools

Outstanding Results High Pressure for fjSR

The User Meeting of the Research Community for
Muon Spectroscopy (uSR) was held in 1999, for the
first time along with that for Neutron Scattering, as
their study objects are often the same, or similar.
In 1999, some 255 researchers were engaged in
about 75 uSR experiments. They came from 23 dif-
ferent countries, including, for the first time, Greece,
Spain and the Czech Republic. In spite of having an
additional research instrument, the PSI experimental
facilities were again this year overbooked by a factor
of two. Great demand is also being shown for the
only facility of its type in the world for delivering
muons on demand, which allows surface studies to
be performed in the nanometre range. In 1999, it
led to some outstanding results which could never
have been achieved anywhere else. Two experi-
ments were carried out in direct collaboration with
industry. One of these projects is concerned with
fragrances for textiles (University of Stuttgart with
Unilever) and the other concerns the characteristics
of hydrogen in silicon (MPI Stuttgart with Wacker
Chemicals).

In order to fully understand the behaviour of mate-
rials, it is necessary to obtain information about as
many different external influences as possible, such
as, for example, temperature, electrical and mag-
netic fields, and pressure. For this, the application of
external pressure often plays a key role, which until
now had required considerable effort with the uSR
method. For this reason PSI, together with the Uni-
versity of Geneva and ETH Zurich, has developed a
compact and user-friendly pressure cell which has
brought significant improvements and can with-
stand up to 15,000 bar. Pressure is raised with the
help of a simple press and retained when the cell is
screwed together. The cell can then be used within
a normal piece of uSR equipment, and time-con-
suming pressurisation during the experiment using
a compressor is then eliminated.

The user-friendly pressure cell for research with muons.
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The SLS Emerges

For the SLS User Community

The Swiss Light Source, SLS, will deliver synchrotron
light generated by accelerated electrons, making
high-quality research possible for international
groups from universities and industry. It is a mile-
stone for modern research and will begin operation
in the year 2001. The extremely high intensity, the
strong bundling, and the free choice of the wave-
length of the synchrotron light make the SLS espe-
cially attractive for the user community.

PSI organised an international SLS conference in
1999, and again offered young students the oppor-
tunity to gain practical experience at the synchrotron
light source at Brookhaven, USA. At the 1999 SLS
conference, future users and specialists from other
synchrotron facilities around the world discussed the
possibilities of the SLS. These include, for example,
the study of novel materials for modern technolo-
gies and for energy and environmental research, and
research on proteins.

The pre-accelerator (Linac) under construction.

The SLS is at the moment under construction in this unusual
building.
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The SLS Emerges

Beam Lines for many Fields

Storage Ring (2.4 GeV, 288 m)

The layout of the SLS with pre-accelerator (Linac), main ac-
celerator (Booster), storage ring, and beam lines.

In discussion with future users, PSI specialists have
further optimised the concepts of the SLS beam

ines, and in 1999 organised user meetings for
the first four lines. Two beam lines will be

used for surface research. One of them will
be dedicated to the study of binding

and adhesion on material surfaces,
such as in catalysers. The other will

be used to obtain an exact local
picture of surfaces, such as to
find out which molecules are
attached where. It is foreseen
that the third beam line will be
applied for materials research
where structural characteristics
of modern materials are of inter-

est, or when growth processes,
for example for electronic chips

and surface treatment, need to be
observed "live". Micro-tomography,

the taking of three-dimensional pic-
i tures non-destructively, for medicine, for

bio-compatible raw materials, or for new
compounds will also be possible at this beam

line. The fourth beam line will be reserved for the
study of protein structures.

Magnet elements for the
booster synchrotron were
mounted and tested in
1999.



USER LABORATORY FOR UNIVERSITIES AND INDUSTRY PSI ANNUAL REPORT 1999 23

The SLS Emerges

Building and Facilities:
Progress in 1999

In spite of a winter period with much snow, the final
facade elements had been fitted to the SLS building
by 12th February 1999. The architecturally and con-
structionally unique circular building was completed
on 1st July 1999, and the demanding installation
of the accelerators, the storage ring, and the beam
lines was able to begin on schedule. The members
of the SLS team were thus able to look back on the
year 1999 with satisfaction.

By the end of the year, all components for the pre-
accelerator, the Linac, had been delivered, about
90% of the 273 magnets for the main accelerator,
the booster synchrotron, had been fabricated, and
around 50% of the deflecting magnets were already
mounted on the tunnel wall. The unit for the accel-
eration of the electrons was also installed. The con-
necting line from the Linac to the Booster synchro-
tron was mounted, and the 270m-long vacuum
chamber with its 100 pumps and 60 monitoring
devices was ready to be constructed. The 48 sup-
ports for the magnets and the 36 deflecting mag-
nets for the storage ring were likewise at PSI. About
half of the 300 focusing magnets had also been
built, and some had arrived at PSI after their long
journey from Siberia.

Beam Lines: The connect-
ing lines between the liglit
sources in the storage ring
and the experimental sta-
tions.

Linac = Linear Accelerator
which initially accelerates
the electrons.

Booster Synchrotron:
Accelerates the electrons
coming from the Linac to
nearly the speed of light.

Storage ring: The electrons
circulate within this, on a
path of 288 in circumfer-
ence, and emit synchrotron
light where they pass through
special magnet elements
(deflecting magnets, wig-
glers, undulators).

The first of the 12 sectors of the storage ring had already been
mounted by the end of 1999.
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The SLS Emerges

As in a Film Studio: A Novel
Detector for the SLS

Superconductivity: Electri-
cal current flows without
resistance.

X-ray quantum: According
to the Quantum Theory,
each light ware, including
X-rays, consists of liny pack-
ets - quanta.

DESY = Deutsches Elektro-
nen-Synchrotron (Hamburg)

CERN: European laboratory
for particle physics.

This picture of a silicon surface coated with arsenic by vapour
deposition gives information about the electronic structure of
the test sample. It was taken in five seconds using the new
detector; a commercial instrument would have needed five
hours.

A better understanding of the sudden changes in
the condition of solid substances, for example of
their magnetism or superconductivity, is scientifi-
cally extremely interesting. Information about the
processes can be given by electrons which are
expelled from a material when synchrotron light
strikes it (photoelectrons). Measurement of electron
energy and direction of flight - so-called photoelec-
tron spectroscopy - tells specialists which atoms are
located where on a surface and how strongly they
are bound. With a view to performing such experi-
ments at the SLS, PSI researchers are involved in the
construction of a device which was developed in the
Physics Department of the University of Dortmund
(see also the SLS Progress Report). It is about 500
times more efficient than present devices and hence
can measure more rapidly than any conventional
instrument. Thus measurements which used to take
hours can now be carried out in seconds, thereby
opening up completely new possibilities for observ-
ing rapid changes. It will then be really possible
to take, so to speak, a film of what is happening,
because instantaneous pictures of the whole elec-
tronic surface can be generated within seconds. The
quality of the detector was very impressively demon-
strated by the first pictures taken in autumn 1999.

"""I

The newly developed fast detector for photo-electrons.



USER LABORATORY FOR UNIVERSITIES AND INDUSTRY PSI ANNUAL REPORT 1999 25

The SLS Emerges

Each X-ray Quantum is
Counted

Motivated by the enormous demands for the meas-
urement of particle tracks in experiments at the
DESY and CERN research centres, PSI specialists have
continued the further development of the techno-
logy for the manufacture and operation of semi-
conductor detectors. Synchrotron light, the X-rays
of the SLS, can also be measured efficiently with
such silicon detectors. With the appropriate read-
out electronics, every single X-ray quantum striking
the detector can be counted. This must be done
extremely rapidly, because at the SLS up to 25 mil-
lion X-ray quanta will arrive each second and mm2.
The group is therefore working on read-out chips
which will be able to deal with such rates.

Two special systems have been developed for the
SLS. In one system, a two-dimensional detector with
four million pixels has been developed for the beam
line for protein research, consisting of silicon mod-
ules in which the read-out chips have been attached
to the detector layers using the special PSI process
of bump-bonding. A large number of such modules
then make up the complete detector. The second
system is a one-dimensional, micro-strip detector for
scattering experiments on powder samples, which
has a total of 20,000 read-out channels. Measure-

A read-out chip developed at PSI for the SLS Pixel Detector.
The chip itself can be seen in the middle, with an area of
4.4x7 mm2 and containing 22x30 Pixels, each 0.2 x 0.2 mm2.
When equipped with such a read-out chip, a detector can
register up to 25 million X-ray quanta each second and mm2.

ments which used to take hours can be taken with
this device within seconds. As a result of the very
fine pitch of the strips (50 micrometres), its resolu-
tion is consequently almost as good as that of con-
ventional, but much slower, systems.

Dynamic and Flexible

This electrical supply unit is one of the new develop-
ments made for the SLS. Its characteristics can be
altered rapidly, according to momentary operational
demand, and it can be very precisely controlled over
a wide working range - up to 1000 amperes in steps
of one ten-thousandth of a percent.
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Research 1999

PSI research has strong international links and crosses specialisation boundaries. Based

on its special facilities, it complements the research of the universities and prepares

the way for technological innovations. Research at PSI looks into the depths of novel

materials and tiny structures, studies the world of elementary particles and heavenly

bodies, develops new diagnostic and therapy methods against cancer, and keeps in

mind the safe, environmentally-friendly use of energy.

Solid States, Particles and Matter

Biology and Medicine

Energy and Environment

A doctoral student working with TASP, one of the meas-
urement instruments at SINQ which are used by numerous
research groups.
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More about Superconduc-
tivity thanks to Spin Waves

Neu tron scattering:
Neutrons scattered within
material generate a pattern
which is a representation
of its interior structure.

High-temperature
superconductor: Conducts
electrical current without
resistance at higher temper-
atures than in conventional
superconductors.

Superconductor: Electrical
current is conducted without
resistance.

Spin waves: The propaga-
tion of oscillations of copper
spin.

Copper spin: The intrinsic
angular momentum of the
copper atom; it is connected
with a miniature elementary
magnet.

Preparations at the TASP measuring instrument at SINQ.

Results of neutron scattering experiments on a test sample of
thallium copper trichloride. These measurements are the first
in the world, and the difference to the corresponding calcium
compound shows specialists that the miniature copper mag-
nets in thallium copper trichloride couple more strongly.

Magnetism is present in many places in our everyday
lives: from permanent magnets in motors to medi-
cal applications. Because a neutron is itself a "mini-
magnet", and can therefore directly "see" magnetic
effects, neutron scattering is particularly suited to
the study of magnetism, and to the understanding of
high-temperature superconductors as well, as their
magnetism disappears when they become supercon-
ducting. All materials of this type known today con-
tain magnetic copper oxide in layers. If the copper
atoms are aligned in a chain, superconductivity
could occur at higher temperatures. Thallium copper
trichloride (TlCuCb) is such a compound, and is par-
ticularly interesting because its copper atoms are
incorporated in pairs in the chain structure.

Consequently, for the first time in the world, research-
ers have used the SINQ instruments DruchaL and
TASP to measure the propagation of so-called spin
waves in this material. In a similar way to the fact
that we can observe different water waves whether
we are on the shore, in the middle of a lake, or on
a voyage in a ship, so these spin waves expand dif-
ferently in different directions. Such measurements
then give specialists a precise picture of the coupl-
ing of miniature copper magnets. Information of
this type is absolutely necessary in order to obtain
a detailed understanding of the characteristics of,
and make predictions about, phenomena which are
today still unknown, for example in superconduc-
tivity.
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Solid States, Particles and Matter

Good Hydrogen Storage:
Metal Hydride

Hydrogen is an environmentally-friendly energy car-
rier, whose storage in the form of gas or liquid,
however, is unsatisfactory. Much more promising,
though, because they are in a solid form, are so-
called metal hydrides. They behave like sponges,
absorbing hydrogen at a certain pressure, and releas-
ing it again when the pressure drops. In doing this,
their storage capacity often exceeds that of liquid
hydrogen and hydrogen-rich organic compounds.
As an example, the storage density of 150 grams per
litre in the metal hydride Mg2FeHe is twice as high
as that of liquid hydrogen itself. However, because
metal hydrides are relatively heavy and expensive,
they have so far not been used in great quantities for
hydrogen storage.

A group from the University of Geneva has, there-
fore, undertaken to produce hydrogen-rich com-
pounds which are light and cheap. To be able to
achieve this, they must measure the position of
the hydrogen within the material to a high degree
of accuracy, as this determines whether the stored
hydrogen is also easy to set free when it is needed.
Neutron scattering with a high-precision instrument
at a high-intensity neutron source, such as SINQ, is
suitable for this. Because normal hydrogen produces
a great deal of disturbing scattering, heavy hydro-
gen (deuterium) is being used for such experiments.
In addition, complementary studies with synchro-
tron light, as will be available at the SLS, are ideal.

This high-precision instrument is called HRPT and is supplied
with neutrons by SINQ. It contains one of the two largest
multi-detectors in the world for neutron scattering, and
makes simultaneous measurements possible at 1,600 scatter-
ing angles, over a range of 160 degrees.

Metal hydride: Compounds
of metals and hydrogen.

Deuterium: Heavy hydro-
gen, with a nucleus consist-
ing of a proton and a neu-
tron.

40000

35000

30000

25000

20000

15000

10000

5000

0

Cs3 MgD5 + Cs

experiment

calculation

difference

Scattering Angle [°]

This is the scattering pattern of a new storage medium for
hydrogen (CsjMgDs), measured with deuterium instead of
hydrogen. The many narrow peaks show the excellent per-
formance of the new HRPT instrument.
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Solid States, Particles and Matter

Superconductivity
and Disorder

Preparatory work on the SANS high-precision measuring in-
strument can be quite heavy.

Often the electrical resistance of high-temperature
superconductors under higher magnetic fields and
temperatures is not exactly zero. In order to be able
to understand this, the structure and behaviour of
lines of magnetic flux in the interior must be studied,
because magnetism disturbs, even prevents, super-
conductivity - they are like fire and water! The more
ordered the lines of the inner magnetic flux are, the
more likely superconductivity is between them.

To answer the much discussed question of how the
flux line lattice loses its order, the specialist world
is concentrating at the moment on an effect by
which the unordered flux line lattice possibly pairs
with defects in crystals. In order to examine this,
a group at Bell Laboratories (Lucent Technology,
USA) is studying a superconductor, a pure crystal
of niobium, using the SANS instrument at SINQ. As
neutrons are tiny magnets, neutron scattering gives
microscopic information about the flux lines in the
interior of the test sample. The neutron scattering
pattern tells specialists whether the flux lines are
ordered or disordered. They also put the sample in
a weak microwave field and discovered that micro-
waves can order the flux lines, meaning that they
contribute to the development of superconductivity
in between.

Microwaves influence the
structure of the internal mag-
netic lines of flux. The scat-
tering pattern when the lines
of flux are disturbed can be
seen in the picture on the
left, taken with the SANS
instrument. On the right is
shown the hexagonal sym-
metry with ordered lines of
flux under the influence of a
microwave field.



RESEARCH 1999 PSI ANNUAL REPORT 1999 31

Solid States, Particles and Matter

Just under the Surface:
Muons as Magnetic Spies

Thin films of high-temperature superconductors are
of increasing technological importance, as their
magnetic and superconducting characteristics can
change dramatically according to film thickness. For
this research at the forefront of science, PSI offers
experimental possibilities which are the only ones of
their kind in the world. Here, muons act as micro-
scopic magnetic probes. Their velocity can be finely
tuned and also set so low that the examination of
magnetic characteristics is possible just under the
surface of a material, at a depth of a few nanome-
tres

For the first time, PSI specialists in 1999 used this
technique to directly measure the penetration depth
of a magnetic field under the surface of a high-
temperature superconductor. Results show that the
penetrating magnetic field decreases very rapidly
(exponentially). In this way, very important infor-
mation which is direct and model-independent can
be gained about the charge carriers near the sur-
face of a superconductor. The beam of extremely
slow, polarised muons and the measurement method
were developed at PSI,
and these types of ex-
periments are so far
nowhere in the world
possible except at PSI.
Similar projects are
being planned in japan
and England.

1 Nanometre (nm) =
1 millionth of a millimetre

Polarised rnuons:
The intrinsic angular
momenta (spins) of
the muons are aligned.

Vacuum

Magnetic field
A strength;
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How a magnetic field penetrates a thin super-
conducting film.

The PSi equipment which
delivered the results with
extremely slow muons in
1999.
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Bohrium: Chemically
Examined for the First Time

The brand-new results from the experiment with bohrium at
PSI were also presented to the media.
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In September 1999, a heavy element with the name
Bohrium, created at one of the PSI accelerators, was
chemically studied at PSI for the first time. An inter-
national research group positioned bohrium in the
periodic table of elements after examining only 6
atoms. They could unequivocally prove that bohrium
has similar chemical behaviour to the related lighter
elements rhenium and technetium. Thus bohrium
is the heaviest element on which chemical studies
have ever been carried out. Such fascinating exami-
nations place the highest demands on the experi-
mental art of the researchers, because they must
carry out chemical analysis with just a few atoms,
which only have a short life - in this case it was
20 seconds. For this, the PSI particle beams and a
special piece of equipment were essential. The com-
plete success of this demanding experiment, led by
the Laboratory for Radio and Environmental Chem-
istry of PSI and the University of Bern, was also due
to impressive international collaboration, as special-
ists from Germany, japan, Russia, and the USA were
involved too.

That bohrium could so clearly be positioned in the
periodic table of elements was not at all certain from
the start, as with atoms as heavy as this - bohrium
contains 107 protons - the ordering principle of the
periodic system could loose its validity.
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Nanometre Islands
under Control

Silicon is by far the most widely used semiconduc-
tor in industry. If optically active elements could
be developed on a silicon base and integrated into
established silicon technology, this would revolu-
tionalize modern communications technology. Sili-
con alone emits practically no light, but ingenious
combinations with germanium can. As the atomic
separation distances of silicon and germanium are
different, stresses occur when germanium is vapour
deposited onto a silicon layer. Three-dimensional
structures can form as a result of this, in the shape
of tiny germanium peaks and, when these are suf-
ficiently small, they can emit light.

At PSI, a research group has studied these pro-
cesses over the past few years. Normally the silicon
atoms organise themselves over the surface in pairs.
If carbon is added, however, the silicon pairs join
up in groups of four. Germanium concentrates pref-
erentially next to silicon; that is, where there is no
carbon. It thus builds up into small islands separated
by carbon. The PSI specialists can control the size
of these islands by varying the quantity of carbon.
Without carbon the germanium islands are 20 to 30
nanometres in size. With carbon they can be smaller
by a factor of ten, which is decisive as far as the
ability of these elements to emit light is concerned.
These growth processes of nanometre-size germa-
nium islands are scientifically interesting and they
could also find broad technical application as tiny
light sources.

1 Nanometre (ntn) =
1 millionth of a millimetre

1 Monolayer: The surface is
covered by a densely packed
layer of atoms; 0.1 mono-
layers means a coverage of
10%.
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A silicon surface on which 0.1 monolayers of carbon and 0.5
monolayers of germanium were deposited at 350°C, "photo-
graphed" using the Raster Tunnel Microscope (RTM). Here
the germanium forms small, almost square, islands (light
regions). The silicon surface restructured by the carbon can
be seen in between. The profile of an island, three mono-
layers high and around 4nm long, was measured along the
white line (graph above).
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Nanostructures Simply and
Cheaply Manufactured
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This imprint of a detail from the Gutenberg bible, reduced
10,000 times, was manufactured by plastic injection mould-
ing and is on the CD only about as large as a bacterium.
(Gutenberg Museum, Mainz; photo: H.R. Bramaz)

Plastics are exceptionally well suited for moulding
micro- and nanostructures. Thus large amounts of
data can be stored as microscopically small pits on a
CD. These have become so successful because they
can be produced cheaply and in large numbers by
so-called replication processes. This requires only
one master copy, from which the identical structures
can then be reproduced. PSI researchers, together
with the Technical College at Aarau, the KATZ, and
industrial companies, have moulded significantly
smaller structures than those on a CD. They manu-
facture the master copy with the new PSI electron
beam writer, which is particularly well suited to the
inscribing of nanostructures. This master copy is then
placed in a commercial injection moulding machine,
which ejects a transparent plastic disc every four
seconds. These are coated with structures on the
surface which are smaller than 100 nanometres. In
this way, the contents of a complete CD can be
stored on a small plate 10 mm square. Researchers
of the nanoworld also benefit from such nanore-
liefs, because they need precisely defined, but low-
priced, objects for calibration, in order to be able to
measure new structures exactly. In 1999, PSI manu-
factured such nanostandardsfor a company.
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How Fast can an Electron
]ump?

This was the question in 1999 of a research group
concerning a candidate solar cell which they had
already looked at the year before. In this material,
dye molecules sit on the surface of a nanocrystal
of titanium oxide. Sunlight excites electrons in the
dye molecules so much that they jump into the layer
beneath, thus causing a current flows. At that time,
scientists discovered very good, fourfold bonding of
the dye molecule to the surface.

A second precondition for a good solar cell candi-
date - namely that the electrons jump easily and
rapidly - was investigated by researchers from PSI
and the University of Uppsala (S) with an ingenious
method which only one other group in the world
uses. This was very difficult as it necessitated meas-
uring a few femtoseconds! The specialists precisely
limited the electron jump, so to speak, using the
inner clock of the atoms. With synchrotron radiation
they excited an electron from the nitrogen in the
connecting part between the dye molecule and the
surface layer. This electron must jump into the tita-
nium oxide in less than 5 femtoseconds, otherwise it
would be swallowed by another process and lost to
the current.

Results showed that the electrons really do jump this
quickly and that the connecting part of this solar
cell material is thus ideal. Such experiments are only
possible with synchrotron light, whose energy can
be extremely accurately set.

Time of incidence
of synchrotron light

Arrival time
of electron

Carbon (C)

Hydrogen (H)

©Oxygen (O)
©Titanium (Ti)

Progress of the electron jump in a very promising solar cell
material. Incident synchrotron light excites an electron in
the nitrogen, which then jumps onto the sub-layer. The time
which this takes is shorter than 5 femtoseconds.
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How does Ecstasy work?

Radionuclide: Type of
atomic nuclei which emits
radiation and is thereby
transformed into another
type.

Cross-sections through a test person's brain, on the left be-
fore taking Ecstasy, and on the right two hours afterwards.
The light regions have clearly shrunk. On the right, where
there is less yellow and red, Ecstasy now sits in place of the
test substance. That means that Ecstasy occupies Serotonin
binding sites.

Ecstasy is a stimulant and a substance which pro-
motes communication. How it exactly works in the
human brain, however, was studied in 1999 for the
first time on human beings by specialists of the
Centre for Radiopharmaceutical Science of PSI, ETH
Zurich, and the University of Zurich.

Serotonin, a naturally occuring neurotransmitter
molecule, affects our feeling of well-being by sig-
naling across two nerve endings. One such ending
releases Serotonin which binds to receptors on the
opposite nerve ending, thereby transmitting a signal.
After release from these receptors, Serotonin returns
to the site from which it was released. The research
group has now found out that Ecstasy sits at the
place originally occupied by Serotonin, so that this
cannot return, which causes a lasting feeling of well-
being. Healthy volunteers were given a test sub-
stance which coupled to the original position occu-
pied by the Serotonin and contained a radionuclide
(carbon-11). This then emitted signals which show
up in cross-sections taken of the brain. Measure-
ments were then repeated after the volunteers had
taken Ecstasy. This demonstrated clearly that Ecstasy
took the place of the test substance, because its sig-
nals were weaker there. And this means that Ecstasy
really does sit in the place originally occupied by the
Serotonin.



RESEARCH 1999 PSI ANNUAL REPORT 1999 37

Biology and Medicine

Good Experience with
Proton Therapy

For the treatment of tumours with protons, PSI
has developed a Gantry facility for irradiation with
the unique Spot-Scanning Technique. Furthermore,
tumours of the eye have been very successfully
treated at the OPTIS facility since 1984.

Forty patients have been treated in three years using
the Gantry, 21 of these in the year 1999. All suffered
from tumours near radiation-sensitive organs, such
as brain tumours, and tumours near the base of the
skull or the spinal cord and in the pelvis region. As
the Spot-Scanning Technique enables optimal adap-
tation of the dose to the shape of the tumour, the
side effects of the irradiation are very low. In 1999,
the specialists raised the number of treatments and
their precision, for example through more precise
patient positioning. A treatment programme for
prostate cancer was begun with a first patient. Three
tumours near the spinal cord, two of which were
in children 7 and 8 years of age, were also treated.
In one case, a so-called intensity-modulated proton
therapy was carried out for the first time in the
world. That means that defined dose distributions
were superimposed from different directions.

From 1984 until the end of 1999, 3,000 patients
suffering from tumours of the eye were treated
with protons at the OPTIS facility at PSI. This tech-
nique was introduced in Europe by PSI in 1984, and
since then applied in collaboration with the Hopital
Ophtalmique, Lausanne. The eye is optimally pre-
served due to the precise proton irradiation. Check-
ups over 10 years show that 98% of the tumours
have disappeared, and that the preservation of the
irradiated eye and the survival of the patient depend
upon the size of the tumour.

With this intensity-modulated proton therapy, the first in
the world, PSI specialists achieved a homogeneous dose in
the tumour and particularly good preservation of the spinal
cord.
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Biology and Medicine

Metabolicaliy Stable Compounds
for Diagnosis and Therapy

Structure of the antibody which selectively binds to tumour
cells. This model shows where the complex with the radioac-
tive technetium is bound to the antibody (blue ball). It is thus
remote from the regions attached to the tumour cells (yellow
strips) and does not affect binding. (Model calculation: Dr A.
Honegger, Zurich University)

In two important medical fields, the
diagnosis and therapy of tumours,
radioactive substances which find
their way to the correct place in the
human body, namely the tumour
cells, are very helpful. Successful
collaboration between biology and
organo-metallic chemistry, as exist-
ing at PSI, is required. The Centre for
Radiopharmaceutical Science devel-
ops such substances and for this
builds suitable radionuclides into
selected antibodies. The antibodies
find the tumour cells among all the
normal cells and become specifi-
cally bound to their target cells.
These "intelligent pharmaceutical"
thus carry the radiation of the radio-
nuclide selectively into the tumour,
thereby protecting healthy cells from
damage.

Certain constituent parts (Histidines)
of the antibody react simply and
rapidly with the radionuclides tech-
netium (for diagnosis) and rhenium

(for therapy). Both metals are prepared as organo-
metallic compounds such that they are stably bound
and do not disturb the biological function of the
antibody. Together with the Universities of Zurich
and Lausanne, the PSI research group demonstrated
that these radioactive antibodies really do bind to
the tumour. They have thus developed a general and
simply applicable method of incorporating diagnos-
tically and therapeutically important radionuclides
into antibodies.
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Energy and Environment

How Steel Fatigues

Non-destructive methods which locate and moni-
tor fatigue in stainless steel are very important for
technical installations. An example of this is the early
recognition of material changes in the pipework of
nuclear power plants, which is essential for safety
and reliability. Austenite is a stainless, non-magnetic
steel, but under load conditions, such as tempera-
ture and stress changes, needles of magnetic, mar-
tensitic steel (which can rust) build up within it.
As these martensitic needles build up early, before
cracks occur, they enable early recognition of the
fatigue of steel components. Ultrasonic and mag-
netic measurements are, however, indirect and do
not yield the absolute proportion of martensite.

Therefore PSI specialists have now studied the fatigue
process of austenite more closely, using neutron scat-
tering, which is ideal for this as the atomic structures
of austenite and martensite are different. At SINQ,
they precisely determined the absolute proportion
of martensite in pre-treated steel samples, and also
studied the influence of the degree of loading, the
stress cycles and the temperature on the martensite
build-up. The method is very sensitive, and indirect
measurement techniques can be assessed and cali-
brated using it. Measurements with synchrotron
light provide additional information about the sur-
faces of the steel sample.

Austenite: non-magnetic Martensite: magnetic

Polished section of austenitic steel in which martensitic need-
les have formed. The proportion of martensite indicates the
level of fatigue of the steel, and PSI specialists have studied
this for the first time using neutron scattering and synchro-
tron light.

The steel samples are examined using the DMC instrument at
SINQ.
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Energy and Environment

Fuel Rods
which use up Plutonium

Plutonium is produced by using uranium in nuclear
reactors. A large proportion of it is fissioned again
directly within the reactor and contributes to the
production of energy. A remnant stays behind in the
burned-up fuel rods. This could be used again in a
'normal' nuclear power plant and the amount effec-
tively reduced while being used to produce energy.
This happens today through mixed-oxide fuel ele-
ments (so-called MOX), in which, however, the ura-
nium present leads to the production of new plu-
tonium. PSI specialists have developed novel fuel
pellets of zirconium oxide with embedded pluto-
nium, which contain no uranium.

Fuel pellets are about 1 cm high and 1 cm diameter
and, because of their plutonium content, must be
handled in hermetically sealed glove boxes, which
also contain the pressing equipment, sintering oven,
and polishing machine. The complete assembly was
first thoroughly tested using plutonium-free mate-
rial. The pellets are stacked within a tubular metal
cladding to become a fuel rod, and can then be used
in a normal Light Water Reactor, where they gener-
ate heat and a large percentage of the plutonium
is destroyed. This ceramic material is mechanically
and chemically very stable. The remaining pluto-
nium and the newly generated radioactive products
with a shorter lifetime, are extremely well confined
and directly storable in a final repository. The pellets
fabricated in 1999 will now be irradiated in a test
reactor in Norway. This will be the first irradiation in
the world of this novel type of material.

Zirconium oxide: A very
stable constructional
ceramic.

A view into the glove box with the pellet press shortly before
it went into operation.
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Energy and Environment

New Arrangements
of Real Fuel Rods Studied

A researcher carrying out preparatory work on the central
test zone of the PROTEUS research reactor, which contains
real fuel rods for these experiments.

The efficient exploitation of the fuel
is of particular importance for the
competitive operation of a nuclear
power station. Fuel rods must be
burned up as uniformly as possible,
which is why complex computer
codes are employed to calculate how
they are placed within the reactor
core of a nuclear plant. The more
accurate the calculations are, the
more economically can the fuel be
burned, though predefined safety
limits must also be respected.

In order to check the accuracy of the
computer codes, PSI specialists car-
ried out, for the first time in the PRO-
TEUS research reactor, reactor phys-
ics experiments with real fuel rods
from a Boiling Water Reactor. This is
the type of reactor which is at Leib-

stadt. They studied fuel rods with different degrees
of uranium enrichment and gadolinium additives.
They obtained a measurement accuracy of more
than 0.5% for the power distribution within the fuel
rods. For the reaction rates, for example the ratio
of the number of fission reactions to the number
of neutron captures in uranium, the accuracy was
around 1 %. The results will now be applied for the
further improvement of the accuracy of the compu-
ter codes which will be used in nuclear power plants
for configuring the arrangement of fuel rods. As a
result, the plant operators expect higher efficiency
and better exploitation of fuel, additional safety in
fuel usage, and a reduction of the fuel waste which
must later be disposed of.
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Energy and Environment

Small Tubes in
the Nanometre Range

Carbon nanostructures have been receiving great
interest for some time because of their novel char-
acteristics. A PSI research group has now, together
with the ETH Zurich, manufactured and studied a
nanostructure of a different type: tiny tubes whose
walls are made of vanadium oxide, with the spaces
between them consisting of a carbon compound.
Such nanostructures are useful whenever large sur-
face areas are needed within a small volume, for
example for lithium batteries, catalysts, or storage
of hydrogen. These new nanotubes have the advan-
tage over carbon tubes that vanadium oxide is itself
a catalyst material.

The researchers learned in 1999 how to manufac-
ture these nanotubes and studied them using dif-
ferent methods. They mix a carbon compound, i.e.
an organic material, with the vanadium oxide in
an alcohol solution. Then the reaction product is
heated at 180°C for around 48 hours. Firstly, layers
are formed which then bend around to form tiny
tubes. These are up to 15 micrometres long, with
an outside diameter of 15 to 150 nanometers and
an inner diameter of 5 to 50 nanometers. The exact
dimensions depend on the conditions under which
the tiny nanotubes are produced.

Pictures of the novel tiny nanotubes taken with
a transmission electron microscope. On the left
is a side view of tiny tubes bundled together. On
the right a cross-section through a single tiny
tube, with the white arrowheads pointing to de-
fects, can be seen.

100 nm
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Energy and Environment

Climate History Thanks
to Content of Oxygen-18

There is still need for further investigation which part
of global warming is due to greenhouse gases and
which to natural climatic factors, because the cli-
matic system is very complex. Looking back on his-
torical climatic changes, researchers can learn more
about the processes which influence them.

The upper curve shows the
slow variations in the ratio of
oxygen-18 to oxygen-16 in
the growth rings of fir trees
over a period of 150 years.
Below the July temperatures
in Berne are displayed. Both
curves clearly show an anal-
ogous trend.
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A PSI group, together with the Research Institute for
Forest, Snow and Landscape, has studied the pro-
portion of the heavy, relatively rare oxygen-18 (18O)
isotope in comparison with the 'normal' oxygen-16
(16O) in the growth rings of trees. In this way they
are able to reconstruct climatic and environmental
changes, because the ratios of 18O to 16O in rain
and in plants is closely related to the temperature at
the time. In order to determine this relationship, PSI
specialists developed an optimised, rational process,
and in 1999 applied it to samples from fir trees from
the jura region of Switzerland. The slow variations in
the proportion of the oxygen-18 in the growth rings
agreed very well with the temperature variations at
the weather station in Berne. Climatic phenomena
are thus actually archived over a long period of time
in the oxygen of the growth rings of trees. Using this
oxygen-18 curve - the longest so far measured in
Europe - the researchers could demonstrate natural
variations of the climatic system. Their studies also
form a valuable basis for a better understanding of
the North Atlantic climatic system, which is impor-
tant for the weather in Europe.
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Energy and Environment

Learning Curves
and Climate Politics

In order to be able to make decisions in climate
politics, it is of prime importance to understand
the dynamics of technical progress. Whether envi-
ronmentally-friendly systems become viable or not
depends on their costs in comparison with existing
technologies. And these costs decrease when expe-
rience broadens not only by research and develop-
ment but through early investment and the spread
of innovative technologies on the market.

In energy planning models until now, however, tech-
nical progress has only been treated as an independ-
ent factor. In reality, though, it is a process which
proceeds as a complex interplay of research, devel-
opment and the market. PSI researchers in 1999, for
an EU project, included this fact for the first time in
the form of experience or learning curves in a widely
used model. Such curves show the learning effect,
namely the sinking costs with growing deployment
of a technology. Numerous technical, economic and
social factors influence this process. The specialists
have, in addition, analysed the effects of such learn-
ing curves on the structure of global energy supply.
They calculated, for example, the proportions of dif-
ferent energy sources in the year 2050 with unchang-
ing investment costs, and when taking the learning
curves into account. This comparison shows how
important early, pioneer investments are for sustain-
able technologies, as these can only be competitive
when the costs move along the learning curves.
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Example of a learning curve for the use of solar energy by
photovoltaic generators. This shows how investment costs
have dropped since 1977 with the increasing spread of this
technology.

Structure of worldwide electricity produc-
tion in the year 2050, with and without
taking account of the learning effect. The
reference case of 1990 is on the left. The
high absolute increase is due to the addi-
tional electricity needs of countries with
strong industrial development. It is shown
clearly that new and innovative technolo-
gies can only contribute a high propor-
tion when the learning effect is taken into
consideration.
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Education
and Advanced
Training

Switzerland is dependent upon well-trained specialists and technologists if it wishes

to be globally competitive in the future. PSI contributes in numerous ways to this

necessary high-quality training.

Well-trained technologists are essential for successful PSI
research.
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Education at PSI:
Variety and On-the-]ob

Education and training are important concerns of
PSi. Its commitment is correspondingly multifac-
eted and differentiated, and covers academic edu-
cation and vocational training, training of external
and internal personnel, as well as indirect support of
training. Numerous PSI staff lecture at universities or
technical colleges, supervise diploma and doctoral
studies, or are involved in apprentice training.

PSI runs, in addition, a Radiation Protection School
which enjoys an international reputation and is annu-
ally visited by around 3,000 people. Training is on-
the-job, and thus those who take part learn, for
example, how to deal with radioactive sources and
X-ray equipment. Radiation protection staff, those
from the medical professions, members of the fire
brigade, first-aid officers, the military, the police,
members of the civil defence, university and techni-
cal college students, as well as staff from the nuclear
power plants, all attend PSI courses. In 1999, PSI also
offered, for the first time, a seminar about the effects
of radioactive radiation for teaching staff from the
cantonal high schools, which was so popular that
additional courses are planned.

The new Visitor Centre, the psi forum, and the PSI
Group Tours also contribute in their own way to
education, as they spread an understanding of sci-
ence amongst the general public. A large propor-
tion of the groups are classes from the high schools.
Each year, PSI additionally offers an Autumn School
for interested high school graduates, thus enabling
them, too, to get to know the world of research in
a very practical way. PSI makes its information
material available for school lessons whenever it is
requested.

Whoever wants to can also learn something at the psi forum.



EDUCATION AND ADVANCED TRAINING PSI ANNUAL REPORT 1999 49

Doctoral Students

The topics of doctoral studies which are carried out
at PSI concern questions of physics, biology and
medicine, chemistry, and the engineering sciences.
There are around 240 students who are working for
their doctorates within research projects and on PSI
facilities. They are being supervised by PSI staff as
well as by external university professors. Compared
with past years, an increase in 1999 can be observed
of studies in the fields of the engineering sciences,
primarily at the expense of physics.

In 1999, 25 doctoral studies were being conducted,
for example, in the fields of chemistry and phar-
macy. One piece of work is concerned with the ques-
tion of how the permeability of blood vessels is con-
trolled. For this, basic knowledge is needed of the
mode of action of a particular complex protein. This
is secreted by those cells which surround the blood
vessels, for example during inflammation, and it can
now be manufactured at PSI. It turned out that this
substance influences the permeability of the blood
vessel walls, and also that it blocks communication
between the cells. The goal of the doctoral work
is a better understanding of these processes, in
order to be able to influence the vessel permeability
and therefore, perhaps, the progress of specific ill-
nesses.

jfp^ ETHZ, 59%

U ^ EPFL, 5.5%

*—- Univ. BE/BS/ZH, 22.5%

,""*>- Univ. GE/NE, 3.5%

*"""*'- Other Swiss, 1 %

""""̂  Abroad, 8.5%

Origin of students making their doctoral studies at PSI.

A doctoral student who is studying how a complex protein
affects blood vessels.
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More Apprentices again

PSI organises the apprenticeships which it offers
according to its particular specialist knowledge. As a
multi-disciplinary, national research institute with a
variety of tasks and topics, PSI is additionally extra-
ordinarily predestined to give comprehensive voca-
tional training. In addition to pure technical com-
petence, it can provide young technical staff with
comprehensive abilities across different specialist
areas along the way, and train them to learn, to
be independent and to be socially competent. An
example of a demanding and successful collabora-
tion across different specialist areas in 1999 was the
"Energy Storage and Energy Transformation" exhi-
bit which PSI apprentices developed and built for
the psi forum.

Alongside the traditional vocations - chemistry and
physics laboratory technicians, electronics specialist,
engineering draughtsman, mechanic, office staff, or
cook - PSI also offers training in informatics or as
an industrial janitor. Three young people are also
able to make a two-year traineeship at PSI. In 1999,
13 apprentices successfully completed their training,
including, for example, three electronics experts,
three physics laboratory technicians, and an engi-
neering draughtsman, of whom six also successfully
attended technical high school.

After one year of basic training in the laboratory, this electro-
nics apprentice is now working on various PSI projects, in line
with the new concept, here at the Swiss Light Source.
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Automation

Automobile mechanic

Industrial janitor

Chemistry lab. tech.

Electronics

Informatics

Office staff

Cook

Design engineer

Stock-keeper

Polymechanic

Physics lab. technician

Total

Printer
Woodworker
Gastronomy employee
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During the last few years, PSI has steadily expanded the app-
renticeships it offers. The number of PSI apprentices in 1999
rose to 69, and will continue to increase.

"Energy Storage and Energy Transformation", an exhibit at
the psi forum which was created by apprentices in teamwork
crossing specialization boundaries.

These young people began
their apprenticeships at PSI
in August 1999.
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Start of Advanced Teacher
Training in 1999 at PSI

The beginning of advanced training for primary
school teachers in Canton Aargau took place in 1999
at PSI, as the theme was "Science - Questions and
Facts", and PSI was therefore the appropriate place
for it. All teachers are encouraged to interest children
in nature and its phenomena. Therefore, PSI brought
science nearer to them on a Saturday in autumn,
with presentations and visits to its facilities as well
as to the psi forum. PSI specialists introduced them-
selves, their motivation, the way they work, and their
facilities. In this way they showed the teachers what
research means and what significance science has in
our society. Thus the teachers received a very con-
crete insight into selected fields of work of research-
ers in the areas of physics, biology, medicine, energy,
and the environment. In the psi forum they could
also experience how they can treat abstract topics
by their own experimentation, in the form of playing
games. PSI also showed, as a consequence of its
experience with the psi forum, how one can excite
children and teenagers about science.

Teachers at a research facility at SINQ during a tour of PSI.
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Leading Complex Projects

Training and further education of its own staff are
important aspects for PSI's future. As research pro-
jects at PSI are mainly complex, cover different
departments, and are often interdisciplinary, PSI
offers special project-leader training for all who
need it. Such projects demand special leadership by
people who have a complete overview and coordi-
nate varied specialists. Those leading a project also
need, alongside a technical overview, personal lead-
ership characteristics as well as good knowledge
of methodical procedures. The training of PS! spe-
cialists in project management methods and team

leadership promotes the career and flexibility, also
for later entry into private industry. PSI has trained
67 persons in the six seminars carried out since 1996,
and has questioned everyone who had attended
courses 2 or 3 years before, how they would judge
them from their practical experience. These trainees
emphasised that such training has been very useful
for their project work and had brought, above all,
improvements in the agreeing on goals, supervising
and controlling the project, as well as dealing with
conflicts and with respect to openness, transparency
and teamwork.
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The largest and most complex project at PSI at the moment is the Swiss Light Source. It has often been necessary during its
construction to coordinate about a hundred staff. A help in doing that, for instance, is this plan, on which all steps are synchronised

and which is continually kept up to date.
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Commerciali-
zation of
Knowledge

PSI endeavours to make new research findings rapidly available to private enterprise.

It is working towards this in close collaboration with industry while also offering its

special facilities and knowledge.

These PSI researchers are studying the volatilization of
heavy metals in plants burning household waste.
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Patents Applied for
and Marketed

New devices developed at PSI for obtaining rapid, uncompli-
cated and precise mechanical connection. It was invented for
precise tumour therapy using protons, but can also be useful
in other fields.

In 1999, PSI applied for a number of patents. One
of these concerns the humidification of gases for a
fuel cell, which prevents its membrane from drying
out. Another patent protects a new process for the
reduction of the waste storage volume of activated
reactor graphite. A further patent concerns an elec-
trode material for a rechargeable lithium battery.
Likewise, PSI has invented a highly sensitive process
to detect penicillin, which can be of particularly
great benefit where penicillin is used in farming and
the food industry. A novel concept for the construc-
tion of the PSI proton therapy facility (the Gantry)
was also registered for patent. A further PSI inven-
tion is also related to high-precision proton therapy.
It is a rapid fixing tool with which a position can
be very precisely reproduced, and with little force.
Another patent applied for in 1999 by PSI is con-
cerned with the manufacture of tiny step-shaped
profiles of nanometre size for optical elements. It
is impossible to create such small and steep steps
using current technology. These types of optical ele-
ments will also render good service at the SLS, as the
very short wavelength X-rays from the SLS require

particularly narrow and, at the same
time, quite 'high' structures.

Precision and sharp edges of multi-stepped
nanostructures are important for the manu-
facture of optical elements. The four steps
of a test structure can be very clearly seen
here.
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New PSI Technologies at the
Hanover Industrial Fair

PSI made four of its projects more widely known
in 1999 at the Hanover Fair, in order to accelerate
their transfer to industry and their development into
commercial products. One of these stood out in the
context of the "Technologiestandort Schweiz" com-
petition, and was presented at Hanover. It is an elec-
trically rechargeable zinc-air battery, which can store
about three times as much energy per kilogram as a
lead accumulator. PSI also took part at a joint stand
with ETH, Zurich, with three projects which are tech-
nically first-rate. It presented its neutron radiogra-
phy facility at SINQ, which belongs to the best in
the world and enables the non-destructive testing
of materials. The process for the separation of heavy
metals from the filter ash from the burning of house-
hold waste, developed together with CT Environ-
mental Technology, demonstrated successful tech-
nology transfer to private industry in an exemplary
fashion. With this method, 99% of the poisonous
heavy metals can be separated and the filter ash
thus turned into reusable inert material. In addition,
PSI presented a method with which tumour move-
ments within the body can be accurately and rap-
idly followed. This is being developed to commercial
maturity through the spin-off company Mednetix.
In addition to its great importance for high-precision
tumour therapy with protons at PSI, it also has appli-
cation potential in numerous other fields.

Fuel cell: Transforms chemi-
cal energy, for example from
hytirogen and oxygen, into
electrica I e: ici'gy.

1 Nanometre (inn) =
1 millionth of a millimetre

SLS = Swiss Light Source

PSI presented four projects at the Hanover Industrial Fair in
1999.
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PSI-
A Partner for Industry

In autumn 1999, PSI invited industry representatives
to a voluntary exchange of ideas, in order to discuss
new joint projects and to deepen collaboration, as
this is of benefit for both sides. On one hand, new
PSI processes can pass over into product develop-
ments, and on the other hand PSI can profit from
the strengths of industry.

Participation was gratifying, as top representatives
from around 35 companies accepted the PSI invita-
tion. As a starting point for discussions, PSI presented
selected facilities and various research projects which
are close to application and could be of use to indus-
try, and the focal points of its technology transfer.
In the personal discussions which followed, not only
were existing links strengthened, but new ones were
also formed. Direct contact with researchers there-
fore enables tailored, mutual projects. This event has
already generated a few new project proposals for
collaboration, and PSI will organise further meetings
as a common platform.

Representatives from industry in discussion with the PSI
Director, and on a tour in the psi forum.

I
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SwissNeutronics:
Another PSI
Spin-off Company

Along with the construction of SINQ, PSI also per-
formed pioneer work in the area concerned with the
focusing and guidance of neutrons, so-called neu-
tron optics. Foreign institutes are becoming increas-
ingly interested in this PSI know-how; for example
in the super-mirrors which can transport neutrons
over long distances with minimal losses, and which
are the best in the world. The market situation is
particularly advantageous for such mirrors as there
is no industrial company with sufficient competence
to make them.

Therefore, in April 1999, five PSI staff founded a
company called SwissNeutronics. As a result of their
knowledge and experience, they are able to manu-
facture unique products. For this, they lease facili-
ties and infrastructure from PSI. Their product pal-
ette ranges from super-mirrors for research facilities,
such as neutron and synchrotron light sources, to
extended-surface coatings for industry. The first year
of business has already resulted in a good order
list, and the founders are convinced about the fur-
ther positive development of their company in the
coming years.

The new company SwissNeutronics belongs to these five PSI
staff members.

^^^^B^^^B^^^^^A^U

SwissNeutronics can manu-
facture such elements for
the energy selection and
focusing of neutrons.
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PSI Know-how for Battery
Production

Lithium-ion battery for mobile telephones from the company
RENATA. This high-tech product is an example of how it is
really possible in Switzerland, with innovative ideas, to move
into an already established mass market.

PSI has worked since 1991 in the field of lithium-
ion batteries. It is thus a competent scientific part-
ner for the company Renata, which belongs to the
SMH Croup and is currently bringing such a battery
for mobile telephones onto the market. It is the first
rechargeable battery of this type in Europe which
has been developed to the point of manufacture.
The experience and know-how of PSI have helped,
for example, in the choice of material. New discov-
eries by PSI researchers about the mutual interac-
tion of the battery components have been incorpo-
rated in the development of modern constructional
techniques and engineering processes. Production
optimisation contributes to the reduction of manu-
facturing costs. Market studies forecast large growth
potential during the next few years for lithium-ion
batteries for portable applications - above all, for
portable telephones. This new battery, with its low
weight and higher capacity, has good prospects. In
1999, the company Renata commissioned the fully
automated pilot manufacturing facility, with plans
to begin mass production in the early part of the
year 2000.

How Reliable are Analyses of
Human Reliability?

Nuclear power stations perform safety assessments
of their facilities for the regulatory authority. These
risk analyses cover about 1,000 pages and contain,
for example, all possible incidents which could lead
to a core meltdown. Part of these analyses deal with
the question of what role human influences play. As
part incidents show, these are of great importance
for plant safety.

In 1999, PSI specialists set up guidelines at the
request of the regulatory authority for assessing such

existing safety analyses of human reliability. The
guidelines describe how the analysis of a nuclear
power station should be checked out as far as human
factors are concerned. In risk analysis, the configu-
ration of the interface between man and machine
must be understandably described. The guidelines
contain questions such as: Does the risk analysis
take account of whether the staff are trained for the
relevant action, or are regulations available, or can
the instrument readings and signals be well distin-
guished, and do they even exist? Does it take account
of the necessary available time for the action? These
guidelines are, according to foreign experts, unique,
because of the way they are built up, their compre-
hensiveness, and their proximity to actual practice.
They describe not only what must be checked in an
analysis of human reliability, but also how the check-
ing should be carried out.
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How old are Kelim Carpets?

At the PSI tandem accelerator in Zurich, the con-
tent of radio-isotopes of different elements (in con-
centrations from 10"10 to 10~15) can be determined
for a variety of specialist fields, for example beryl-
lium-10, carbon-14, aluminium-26, chlorine-36, and
calcium-41. Every year, 3,000 such analyses are per-
formed there, for instance for climate and environ-
ment research or for age determination. Around 300
measurements are age determinations with the so-
called 14C method on objects from museums, art
dealers, or private collectors.

14C method: The proportion
of unstable airboii-14 (I4C)
remaining in an object,
compared with the stable
carbon-12 (12C), is a measure
of its age.

Isotopes: Types of the same
atom with different masses.

Radio-isotopes: Unstable
isotopes.

The "C method yielded an age of about 300 years for this carpet. It is a Saf Kelim fragment from the Dazkiri region of Western
Anatolia, about 256x128 cm2, in private ownership. (Photograph from the book "Anatolian Kelims & Radiocarbon Dating", edited
byjurg Rageth, edition@rageth.com)
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Vehicle Propulsion Unit
of the Future

Fuel cells: Transform chemi-
cal energy, for example from
hydrogen and oxygen, into
electrical energy.

PSI develops and builds fuel cells and fuel cell sys-
tems for mobile applications. Fuel cells transform
chemical energy into electrical energy, with a very
high conversion efficiency and without local pollu-
tion. Such fuel-cell propulsion units are quiet and
enable sustainable mobility when they use hydrogen
produced by renewable energy.

PSI is working primarily on improving the cell's poly-
mer membrane and achieved a reduction in the
necessary platinum at the same operating quality.
PSI researchers have also developed an innovative
fuel-cell stack concept and minimised the power for
the auxiliary devices. They constructed a robust and
simple working system with a power of 300 Watt for
educational use, primarily at technical high schools.
In 1999, they fitted a fuel-cell system with a power
of 1.6 kW into a boat, for test purposes, although
the development itself is designed for mobile use
in cars. In this way, PSI contributed also in 1999 to
research projects at the technical high schools, and
in addition built the most powerful fuel-cell system
developed in Switzerland.

The PSI fuel cell system being tested in a boat.
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Zinc from the Solar Oven

One possibility for transforming solar energy into
storable, transportable fuel is the production of zinc
from zinc oxide. This is decomposed into its ele-
ments, zinc and oxygen, by highly concentrated
sunlight, at more than 2,000°C. The zinc can be col-
lected and directly used in a battery. On the other
hand, zinc can also be used for splitting water in
order to produce hydrogen. The by-product in both
cases is zinc oxide which can be fed back into the
solar process; that is, recycled. This usage of energy
is sustainable as it is based on renewable solar energy
and on a closed material cycle. A PSI group has
developed a novel solar chemical reactor for this
process. The inflowing zinc oxide particles form a
surface layer in a rotating container with a window
for the incoming solar energy. Thus the zinc oxide is
simultaneously the chemical raw material, the radia-
tion absorber, and the thermal insulator. In 1999, a
prototype reactor of 10 kWth was successfully tested
at the PSI solar oven, and the zinc oxide decom-
posed by more than 90%.

The ROCA (rotating cavity) solar reactor was developed at
PSI, tested in the solar oven, and is now patented.

Zinc oxide inlet

Zinc outlet

* Quartz window

Zinc oxide layer
v Rotating container

Inlet opening

Outline of the ROCA solar reactor for decomposing zinc oxide
by means of concentrated solar energy.
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This picture of a dead ray (Raja spec.) demonstrates how good the picture resolution and contrast can be when
using neutron radiography.
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Three-Dimensional World:
Exploring with Neutrons

Neutron radiography, which means non-destructive
imaging using neutrons, has a multitude of appli-
cations. These vary from architectural physics, the
analysis of timber structures, and fuel rod exami-
nation to studies for medicine and museums. Neu-
trons are optimally suited for these types of meas-
urements, as they can penetrate metals well and
are very sensitive to compounds containing hydro-
gen. In 1999, PSI specialists developed the method
further. They can now make three-dimensional pic-
tures with good resolution, and consequently have
opened up additional application areas.

Thanks to the optimal adaptation of the quality of
the neutron beam and the equipment, measure-
ments are efficient and of short duration. Thus, in
the year under review, a large amount of data was
gathered for the most varied problems, which now
has to be evaluated.

This is a three-dimensional image of a floppy-disk drive tak-
en using neutron radiography. Ajl possible perspectives and
cross-sections can be generated from the data, and it is even
possible to take the object apart virtually into its constituent
components.
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PSI in Figures

Organizational

Structure

Committees and

Commissions

The precise surveying of components is the precondition for
the optimal operation of PSI research facilities.
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PSI in Figures

PSI spent 240.5 million Swiss Francs in the year
under review for research, for development, con-
struction, and operation of the research facilities and
the rest of the infrastructure, as well as for services.
Of this, third parties contributed 29.1 million Francs
for research and research services. Sixty percent of
this third-party funding came from private enter-
prise and a quarter from research-promoting Fed-
eral funding programmes (Swiss National Founda-
tion, Swiss Department of Energy). In comparison
with previous years, the participation of PSI in Euro-
pean Research Programmes increased, with 10% of
the third-party funding being related to ELJ Pro-
grammes. Somewhat more than 30 million Francs of
the total PSI budget were spent for building invest-
ment, a large proportion of which went into the
construction of the SLS building. Personnel costs at
PSI absorbed around 50% of the total budget in
1999.

More than 60% of the outlay went towards the User-
Lab function of PSI. In the coming years this pro-
portion will continue to increase still further. This
means that PSI's own research activities, with con-
stant or reducing Federal funding for PSI, will rather
decrease. This development will be closely followed,
because the external users of our research facilities
can only be optimally supported if PSI's own research
at the facilities is carried out with sufficient compe-
tence.

In total, around 1,200 people were employed at PSI
at the end of 1999. This figure also includes the 112
doctoral students who are employed by PSI and 68
apprentices who are receiving training for their pro-
fessions. More than an additional 100 doctoral stu-
dents are involved in research projects at PSI who
have, however, a position at a university or at one
of the two Federal Institutes of Technology (ETHZ
and EPFL). Twenty-nine of the doctoral students
employed at PSI successfully received their doctor-
ate degrees in 1999.

Allocation of Resources in 1999, incl.
Third-Party Funding

SLS, 21 %

Solid-State Research
and Materials
Sciences, 22%
(of which SINQ, 6%) .'

Particle Physics, 11%

Nuclear Energy
Research, 20%

General Energy
Research, 16%

Life Sciences, 10%

PSI Personnel Structure

Sciences, 35%

Engineering
Sciences, 8%

Medicine,
Pharmacy, 1 %

HTL, 9%

Technical
Personnel, 44%

Administration, 3%

The distribution of the total resources according to PSI prior-
ity areas (product groups). The research equipment - in par-
ticular the accelerator facilities and SINQ - are allocated to
the priority areas; the SLS is separately presented, and in the
year 1999 required 21% of the overall budget.

The personnel structure clearly demonstrates that PSI takes
its function as a User-Lab seriously: The large facilities and the
complex instruments for research demand a large number of
technical personnel.
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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. Hoffman
Prof. Dr. M. Pendlebury
Dr. J.P. Perroud
Prof. Dr. T. Siege!
Prof. Dr. L. Tauscher
Prof. Dr. G.J. Wagner
Prof. Dr. D. Wyler

Experiments at the
Philips Cyclotron (Injector 1)
Prof. Dr. j.V. Kratz, President
Prof. Dr. j . Deutsch
Prof. Dr. J.C. Dousse
Prof. Dr. A. Fassler

Prof. Dr. G. Kraft
Prof. Dr. P. U. Sauer
Prof. Dr. I. Sick

Muon-Spin Spectroscopy
Prof. Dr. K. Maier, President
Prof. Dr. A. Baldereschi
Prof. Dr. J.W. Blatter
Dr. M. Fa'hnle
Dr. P. Fischer
Prof. Dr. J.j.M. Franse
Prof. Dr. P.W. Percival
Dr. F. Pratt

University of Zurich, CH

TRIUMF, Vancouver, CDN
LAMPF, Los Alamos, USA
University of Sussex, GB (from Jan. 2000)
University of Lausanne, CH
W & M College, Williamsburg, USA (until June 1999)
University of Basle, CH
University of Tubingen, DE
University of Zurich, CH

University of Mainz, DE
Catholic Univ. of Louvain-la-Neuve, BE
University of Fribourg, CH
University of Tubingen, DE
Society for Heavy-Ion Research, Darmstadt, DE

University of Hanover, DE
University of Basle, CH

University of Bonn, DE
EPF Lausanne, CH
ETH Zurich, CH

MPI, Stuttgart, DE
ETH Zurich, CH

Van der Waals-Zeeman Laboratory, Amsterdam, NL
Simon Fraser University, Burnaby, CDN
RIKEN-RAL/Oxford University, GB (from Dec. 1999)

Life Sciences (BIO)

Prof. Dr. B. Hirt, President
Prof. Dr. U. Amaldi
Prof. Dr. R. Frackowiak
Prof. Dr. H. Hengartner
Prof. Dr. J.A. Hubbell
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 (until Oct. 1999)
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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, FR
University of Berne, CH
University of Saarbrikken, DE
ETH Zurich, CH

Atomic institute, University of Vienna, AT
ETH Zurich, CH
University of Lausanne, CH
ETH Zurich and University of Zurich, CH
Research Centre Geesthacht, DE

Nuclear Energy and
Safety (NES)

Dipl. Ing. P.U. Fischer, President

Dr. M. Salvatores

Dr. Ch. McCombie
Dr. H. Fuchs
Dr. S. Pretre
Prof. Dr. E. Tenckhoff
Dr. G. Schriber

EGL, Laufenburg, CH
Dept. of Reactor Studies, CEA, FR
Gipf-Oberfrick, CH
Aare-Tessin AG, Oiten, CH
HSK, WCirenlingen, CH
Siemens KWU Erlangen, DE
BFE, Berne, CH

General Energy (ENE)

Dipl. Ing. j . Gfeller, President
Prof. Dr. A. Baiker
Dr. j . 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 Augsburg, DE
Frankfurt am Main, DE
ONERA, Palaiseau, FR
BUWAL, Berne, CH
University of Stuttgart, DE
Energon, Uberlingen, DE
EAWAG, Dubendorf, CH
University of Fribourg, CH
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SLS COMMITTEES

SLS Guiding Group

Prof. Dr. M. K. Eberle (Chairman)

Dr. S. Bieri

Prof. Dr. P. Martinoli

Prof. Dr. K. Miiller

Dr. H. Rohrer

H. R. Wasmer

F. Swoboda

Director, Paul Scherrer Institut, Villigen, CH

Delegate and Vice-President of the ETH Board,
Zurich, CH

University of Neuchatel, CH

Hoffmann-La Roche AC, Basle, CH

Bach, CH

Deputy Director, EAWAG, Dubendorf, CH

ETH Board Staff, Zurich, CH

Machine Advisory Committee
(MAC)

Prof.Dr. M. Eriksson (Chairman)

Dr. A. Hofmann

Dr. A. Hutton

Prof. Dr. E. jaeschke

Dr. R. Walker

Max Laboratory, University of Lund, SE

CERN, Geneva, CH

Thomas |efferson National Accelerator Facility,
Newport News, USA

BESSY, Berlin, DE

Sincrotrone Trieste, Trieste, IT

Scientific Advisory Committee
(SAC)

Prof. Dr. P. Wyder (Chairman)

Dr. M. Altarelli

Prof. Dr. Y. Baer

Prof. Dr. F. j . Himpsel

Prof. Dr. G. Materlik

Prof. Dr. Dr. h.c.mult. K. A. Muller

Prof. Dr. T. Richmond

Max Planck Institute, Grenoble, FR

Sincrotrone Trieste, Trieste, IT

University of Neuchatel, CH

University of Wisconsin, Madison, USA

Hasylab DESY, Hamburg, DE

Hedingen, CH

ETH, Molecular Biology, Zurich, 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. iur. M. Reimann

Dipl. Ing. O.K. Ronner

Dipl. Ing. J.-L. Pfaeffli

Dr. P. Zinsli

Prof. Dr. A. Waldvogel

Prof. Dr. P. Martinoli

Prof. Dr. K. Muiler

Institute of Physics, University of Heidelberg

Institute of Microtechnology,

University of Neuchatel (until Dec. 1999)

Director BFE

President of the Swiss Science Council,
University of Zurich (until Dec. 1999)

Swiss Senator, Gipf-Oberfrick

President, Siemens Building Technologies AG,
Zurich

SA I'Energie de I'Ouest-Suisse

Deputy Director, Federal Office of
Education and Science

Vice-President for Research, ETH Zurich

Institute of Physics,
University of Neuchatel (from Jan. 2000)

Hoffmann-La Roche AG, Basle (from Jan. 2000)

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

Dipl. Phys. M. jermann, Secretary

Director, Paul Scherrer Institut

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. ]. HaTssinski

Prof. Dr. K. Heinloth

Prof. Dr. B. Johannsen

Dr. D.E. Moncton

Prof. Dr. D. Richter

Prof.Dr. J.W. Tester

Prof. Dr. P. Zerwas

Internal Members
Dr. K. Ballmer

Dr. J. Hadermann

Dr. R. Henneck

Dr. P. Hosemann

Dr. Q. Ingram

Dr. R. Morf

Dr. G. Scherer

Dr. N. Schlumpf

Dr. L. Simons

Dr. W. Wagner

Dr. P. Hasler, Secretary

Permanent Guest
Prof. Dr. H. Hennecke

Laboratory for Solid-State Physics, ETH Zurich, CH

COGEMA, Velizy, FR

Dept. of Condensed Matter,
University of Geneva, CH

Linear Accelerator Laboratory, Orsay, FR

Institute of Physics, Rheinische Friedrich-
Wiihelms University, Bonn, DE

Institute of Bioanorganic and Radiopharmaceutical
Chemistry, Rossendorf, DE

Advanced Photon Source, Argonne National
Laboratory, Argonne, USA

Institute for Neutron Scattering at the
Institute of Solid-State Research, julich, DE

Energy Laboratory, Massachusetts Institute of
Technology, Cambridge, USA

DESY, Hamburg, DE

Life Sciences (from Jan. 1999)

Nuclear Energy and Safety

Particles and Matter

Nuclear Energy and Safety

Particles and Matter (until Feb. 2000)

Solid-State Research with Neutrons

General Energy

Logistics and Marketing

Particles and Matter (from March 2000)

Research with Large Facilities (from Sept. 1999)

Life Sciences

(President of the ETH Zurich Research Commission)

Institute for Microbiology, ETH Zurich, CH
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