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PSI in Brief

The Paul Scherrer Institute 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 industry, 
both at home and abroad. It is the largest national 
research institute with about 1,200 members of staff, 
and is the only one of its kind in the country. Its par-
ticular areas of specialisation are solid-state research 
and materials sciences, elementary 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 scien-
tific community. Strengthening this role and expand-
ing its research into solid-state physics and mate-
rial’s sciences is fundamental to the future of PSI, and 
is particularly important in determining the techno-
logical development and competitiveness of Swiss 
industry. In the biological sciences, PSI is concentrat-
ing on the diagnosis and treatment of cancer, with 
the help of its unique particle beams and on struc-
tural biology. Energy research is focused on projects 
related to safe, economical, and sustainable supplies 
of energy. In particle physics, PSI is making an impor-
tant contribution through its function as a base labo-
ratory for large-scale experiments conducted 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.
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Foreword

This is my tenth and also last foreword to the Annual 
Report of the Paul Scherrer Institute – a minor anni-
versary that merits one or two comments. Over the 
last ten years, PSI has successfully implemented all 
planned large-scale projects. It now has a clear iden-
tity and occupies a special position as a user labora-
tory and national research centre for the Swiss uni-
versities. There are many reasons for this success: 
first of all, its consistent staff policy – in each of the 
projects, the crucial difference is ultimately made by 
people. Furthermore, we have translated our clear 
and long-term vision into reality, and the ideas are 
clearly good. PSI seeks top quality – it measures itself 
by international standards and wants to be in the 
forefront with the world’s best, if not at the leading 
position. We would regard anything else as a waste 
of taxpayers’ money. The “me too” concept does 
not justify the expenditure of research funds. PSI 
now has state-of-the-art research facilities, which are 
increasingly being utilized by a national and interna-
tional research community – the market is there. It 
is particularly gratifying to us that industry is now 
also making use of our facilities. It is our aim to curb 
the brain drain to other countries, or, better still, 
to stop or even reverse it. We consider that there 
are good chances of again attracting more foreign 
talent, talent upon which Switzerland is urgently 
dependent.

On October 19, PSI officially opened the Swiss Light 
Source (SLS). This facility is a giant microscope for 
use in structural research in the fields of chemistry, 
biology, physics and the material sciences. It sets a 
new world standard in terms of brilliance at medium 
energy and coherence characteristics that are indis-
pensable for rapid precision measurements at very 
high resolution. The SLS achieved the planned speci-
fications right away, in part even exceeding them. 
The facility was constructed within budget and time 
schedule. Not only has PSI laid down a new marker 
with the SLS, but the official opening was just out of 
the ordinary: the celebration brought a broad cross-
section of people closer to the SLS, while installa-
tions, music and light effects were used in an attempt 
to appeal to the guests’ emotions. And their reac-
tions demonstrated that the scenography had suc-

ceeded in being convincing and exciting. Not least 
of all, it was also a question of looking after the 
guest’s well-being in culinary matters. Emotional 
intelligence is increasingly sought after; technical 
expertise is undoubtedly extremely important, but 
without social accomplishment nothing would be 
possible – life would also become much too tedious. 

The first research findings made at the SLS in August 
2001 were highly promising. The fact that outstand-
ing research is possible at the SLS is bound up not 
only with the latter’s high quality but also with the 
exceptional experimental facilities. In this context, I 
would cite the SLS’s beam line for protein crystal-
lography. As a multidisciplinary research institute of 
adequate size, PSI can utilize to the full a wide variety 
of synergies, representing a major trump card. For 
example, PSI has a vast background experience in 
detector construction for particle physics. The detec-
tors developed for the SLS can process extremely 
high data rates at very high resolution.

The SLS has globally unique beam qualities for facili-
ties of this kind. It is now a question of putting them 
to use, and so the building of other beam lines is 
planned as well – the need is there, but their funding 
is somewhat of a concern. 

Research at the neutron source SINQ is bringing new 
findings. During the past year, for example, we man-
aged to move one step nearer to a physical expla-
nation for superconductivity, i.e. current conduction 

Meinrad K. Eberle, 
Director of PSI
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without ohmic losses. New experiments have made 
it possible for the first time to measure the magnetic 
lattice directly. The results indicate that supercon-
ductivity is based on magnetic interaction in matter 
rather than on mechanical lattice oscillations.

The SINQ has met with great interest from research-
ers around the world. This is also manifested by 
cooperation with Risø, the Danish national research 
centre: three as-new Danish instruments for neutron 
scattering experiments are scheduled to be installed 
at the SINQ. In collaboration with PSI experts, a 
Danish research group has already commissioned 
one of the new instruments – a triaxial spectrometer 
(RITA II) –, which is now available to SINQ users 
for their research. Great progress has also been 
achieved in the last year on increasing the neutron 
flux at SINQ. An insert designed to double the flux 
of the very slow neutrons has been built, and the 
liquid metal target (see below) has also made great 
progress. Utilization of SINQ’s rate of capacity is very 
good, with some of the facilities being overbooked. 
This means that SINQ is very attractive for national 
and international research.

The treatment of deep-seated tumours with protons 
has made strategically important progress in 2001. 
PSI decided to equip the facility with a dedicated 
cyclotron so as to triple the number of patients 
treated, to increase research and treat new kinds of 
tumour. As part of this expansion, PSI is, together 
with industrial partners, developing a therapeutic 
facility based on PSI’s spot scanning technique and 
suitable for use in hospital. Many hospitals are inter-
ested in the PSI technology, and we hope that it will 
be possible in the not-too-distant future to construct 
a first facility outside PSI. Without the crucial sup-
port of generous sponsors, PSI would not be in a 
position to expand proton therapy – our deeply felt 
gratitude goes to all sponsors concerned. It is also 
positive to note that our application to have proton 
therapy included in the prescribed benefits of com-
pulsory health insurance for particularly appropriate 
indications has been approved by the Swiss Federal 
Council. As of January 2002, our proton therapy, 
which is unique in the world and will presumably set 
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the future standard for cases that are difficult to treat, 
will be covered by compulsory health-insurance ben-
efits. Up to now, PSI has met expenditure for patient 
treatment from its own resources.

In Switzerland, nuclear energy, which currently has 
a market share of 40%, will continue to be highly 
important for the power-supply purposes of the 
future. With the aim of not restricting the service 
life of nuclear power stations under the Nuclear 
Energy Law, materials research is becoming increas-
ingly important. Needless to say, the final disposal 
of radioactive waste should continue to receive the 
utmost attention. With increasingly improved results, 
PSI is managing to calculate the diffusion of radioac-
tive substances into various host rocks. This is a pre-
condition for assessing the safety of potential repos-
itories. Findings from research on nuclear energy 
and safety is being used by PSI in an increasingly 
generic way. For example, it is jointly responsible 
for the broadly designed, internationally supported 
MEGAPIE project. This project involves testing a 
liquid metal target exposed to a very high proton 
flux with a capacity of nearly 1 MWth. This target is 
planned to be used in the SINQ neutron source to 
increase the neutron flux further. The technology is a 
subject for scientific debate around the world, since 
it may be possible to reduce the toxicity of highly 
radioactive substances with the aid of a high neutron 
flux via what is known as transmutation. However, 
the Nuclear Energy and Safety Department is also in 
charge of the construction of the micro-XAFS beam 
line being planned at the SLS for material and envi-
ronmental research, with the latter being of maxi-
mum importance for nuclear energy as well.

In general energy research, an ambitious project has 
been realized: the first-ever construction of a fuel-
cell drive unit in combination with supercondensers 
which, when used in conventional passenger cars, 
makes for high power transmission. Thus, we have 
succeeded in achieving high vehicle dynamics with 
comparatively modest fuel-cell power, while creating 
scope for recovering brake energy with a high level 
of efficiency. This may result in a vehicle with excel-
lent fuel economy – in this case with hydrogen as 
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the energy source. PSI has implemented the project 
in collaboration with the Swiss Federal Institutes 
in Zurich and Lausanne and the montena ag, FEV 
Motorentechnik GmbH of Aachen, Germany, and 
VW group companies with the financial support of 
the Swiss Federal Office of Energy and the AMAG 
AG. Although many people are now talking about 
fuel cells, few people are making them and even 
more rarely is a joint project like this ever imple-
mented. The project has yielded new findings for 
PSI, which will be of major importance for the further 
development of fuel cells. Nevertheless, it will still be 
some while before fuel-cell vehicles appear on the 
market on a relatively large scale. The internal com-
bustion engine – though invented more than 100 
years ago – is in no way at the end of its develop-
ment. Discussion of the fuel-cell drive unit is provid-
ing it with new developmental impetus.

Through the project of the “China Energy Technol-
ogy Program“, PSI has, in collaboration with the 
Swiss Federal Institutes, the Massachusetts Institute 
of Technology and Tokyo University, made major 
contributions in connection with the “Global Alliance 
for Sustainability“, financed by the ABB company. 
An important finding made has been that expan-
sion of the Chinese power-supply system overall will 
become markedly less expensive, taking account of 
external costs, if previous power-generation technol-
ogy in China is replaced with up-to-date methods, 
although the investment costs for this are higher.

Technology transfer is set to become increasingly 
important for industry and commerce and the PSI 
budget. Progress can be glimpsed here, too. All spin-
offs from PSI are thriving and are in some instances 
producing good earnings – we are not committed 
devotees of the “new economy“. To bolster partner-
ship between the business community and PSI, at 
the end of 2001 PSI created the basis for establish-
ing the “PSI-Impuls” association. Happily, we have 
been able to attract well-known personalities from 
the business world for our association, which was 
formed in January 2002. 

A glance at this annual report demonstrates the 
variety of PSI’s activities – a PSI which has over 
recent years developed increasingly into a user labo-
ratory that is also very highly committed to energy 
research. Particle physics have achieved remarkable 
new results in the year under review; for example, 
a rare decay (beta decay) of the pion was for the 
first time measured to an accuracy of better than 

1%, thereby helping to improve understanding of 
elementary particle theory. The biosciences – also 
currently closely bound up with PSI’s major research 
facilities – are likewise making great progress.

Nonetheless, PSI would be unable to flourish without 
major support. In this context, I should like to express 
my gratitude to the Board of the Swiss Federal Insti-
tutes of Technology, the Swiss Federal Department of 
Home Affairs and the Federal Councils. A further vote 
of thanks goes to the colleagues of the other five 
institutions of the Domain of the Swiss Federal Insti-
tutes of Technology in consideration of their sub-
stantial contributions towards financing the SLS. The 
various committees have again accomplished signifi-
cant work in the year under review; above all, the 
internationally staffed plenary research committee, 
which renders inestimable services to assuring the 
quality of PSI research. Lastly, our ever more impor-
tant industrial partners and sponsors must not be 
omitted – without them, PSI would not be what it is 
today. And finally I should also like to mention the 
staff of PSI – without them, nothing would or could 
be achieved; they make the wheels go round. My 
sincere thanks go to them.

After ten full years of varied activity, I shall in a 
few months be placing the reins of PSI in younger 
hands. The time is opportune for this, as I find myself 
increasingly calling to mind that famous line from 
Goethe’s Faust: “…Werd ich zum Augenblicke sagen: 
Verweile doch! Du bist so schön!“ On September 
12, 2001, the Swiss Federal Council appointed Ralph 
Eichler as my successor. He is set to take up his duties 
on July 1, 2002. We all look forward to his taking up 
this new post, and I wish both him and PSI much 
luck and every success for the future.
      
Meinrad K. Eberle, Director
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Energy use and its consequences 

for the environment are major 

global issues. PSI’s energy and 

environmental research is cor-

respondingly wide-ranging. The 

PSI experts are committed to a 

sustainable dealing with energy 

and the environment, consider-

ing the consequences of current energy con-

sumption are a matter of grave concern.

At a press conference held on 16 May 2001, 

PSI gave the many assembled media repre-

sentatives an overview of its energy research 

and provided them with an opportunity to 

visit projects and facilities. Meinrad K. Eberle, 

Among the media representatives, the interest in PSI’s energy research 
was great, and reporting correspondingly informative.

Doors opened on 
energy research
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Director of PSI, spoke about the problems 

of global warming and urgently called 

for concrete action. The heads of both 

energy research departments at PSI, Wolfang 

Kröger and Alexander Wokaun, described 

the importance of nuclear, fossil and renew-

able energy in achieving sustainability. PSI 

On the day that the doors were opened on PSI’s 
energy research, questions from the public ranged 
from solar energy storage and sustainable mobility 
of a fuel-cell vehicle to nuclear power station safety 
and the safety of the disposal of radioactive waste.

also opened its doors to the general public 

on Sunday, 20 May 2001. Many interested 

people came along to see PSI’s energy 

research for themselves. At the visitors centre, 

the psi forum, this occasion provided the 

first opportunity to see the new energy show.
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As a result of new experimental methods 

of PSI and the University of Berne and the 

intensive particle beams at the accelerator of 

GSI in Darmstadt, Germany, the heavy ele-

ment hassium was incorporated in the peri-

odic table in the year 2001. The chemistry 

of this element was studied in a joint inter-

national effort by radiochemistry groups from 

Switzerland, Germany, the USA, Russia and 

China, headed by PSI and the University of 

Berne. The research group succeeded in clas-

sifying hassium in the eighth group of the 

periodic table on the basis of only six atoms. 

With an atomic number of 108, this element 

is now the heaviest element studied to date.

Heavy element fascinates 
the experts

Researchers from the group who used the PSI detec-
tor and electronics in the background to detect the 
individual hassium atoms.

A host of applications: neutron radiography

In 2001, about 70 experts gathered at PSI 

to exchange experience on neutron radiogra-

phy – radioscopy using neutrons. It became 

clear how broad and useful the applications 

of this experimental method are. Objects of 

research range from construction material, 

rock and wood structures to new materials 

and technical components. The modern facili-

ties and detectors used for neutron radiogra-

phy at PSI are among the best in the world.
Participants at the workshop on neutron radiography 
at PSI inspecting the research facilities at the SINQ neu-
tron source.
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Festival of Knowledge

In May 2001, researchers throughout Swit-

zerland aimed to establish a dialogue with 

the population. This was the case during the 

Zurich Festival of Knowledge, which, like all 

such initiatives, came under the patronage of 

the “Science et Cité” Foundation. On 4 May 

2001, Madame Ruth Dreifuss, Federal Coun-

cillor, opened the festival for the whole of 

Switzerland in the hall of Zurich Main Sta-

tion. Over the next three days, an estimated 

60’000 visitors came to the station hall to 

consult the researchers. Actual dialogue only 

The measuring vehicle 
demonstrated by PSI at 
the Festival of Knowl-
edge at Zurich Main 
Station sparked a lot of 
discussion on air pollu-
tion and protection of 
the environment.

took place when the occasion was right. 

PSI was represented by four topics at Zurich 

Main Station: it presented innovative ways 

of recycling heavy metals and storing solar 

energy in zinc and – jointly with the Swiss 

Federal Institute of Technology Zurich – the 

hybrid vehicle, which in city traffic consumes 

only half as much petrol as a standard 

vehicle. The fourth topic, enabled visitors 

to observe directly how air pollutants in 

the vicinity of Zurich Main Station could be 

recorded on the PSI measuring vehicle.
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The object of HESSI, a NASA satellite, is to 

observe the enormeous explosions on the 

sun (flares), which experts have so far been 

unable to explain. The contributions by a PSI 

research group enable new discoveries with 

HESSI, as its technology ensures the neces-

sary precision and stability for the measuring 

equipment. The contribution of PSI was deliv-

ered on schedule and in accordance with 

the requirements to the USA. PSI contributed 

the precision instruments needed to 

accurately determine the position of 

HESSI in outer space and to image 

the flares. PSI also built and installed 

a computer on HESSI which intelli-

gently and very rapidly reduces the 

data by about a thousand times 

before transmission to Earth.

HESSI (High Energy Solar Spectro-

scopic Imager) was not sent into 

Earth orbit until 5 February 2002 

instead of June 2000 as originally 

planned, due to unsuccessful vibration 

tests in the USA and problems with 

the carrier rockets.

HESSI – Swiss 
precision for solar research

Assembly of the HESSI satellite called for considerable techni-
cal expertise and immense care.
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Conference on intelligent cancer treatment

At PSI, a research group is successfully devel-

oping new preparations for diagnosis and 

treatment of particularly insidious tumours. 

Many of these so-called radiopharmaceuticals 

are already being trialled in clinical practice. 

An international conference on this subject 

organized by PSI was held at Interlaken in 

June 2001. Around 640 experts from around 

the world attended this fourteenth radiophar-

macology conference. This record attendance 

called for stringent selection of papers to be 

given, guaranteeing a high level of quality.

PSI staff who organized the conference on radiophar-
macology at Interlaken, with other participants.

Collaboration between PSI and the Risø 

National Laboratory, Denmark, was stepped 

up with the installing of instruments from 

Denmark at the SINQ neutron source. In 

November 2001, the first workshop on joint 

scientific projects with neutron scattering was 

A Swiss/Danish meeting

Participants at the first 
Swiss/Danish workshop 
on neutron scattering 
at PSI.

held at PSI. 57 people took part in this 

workshop, 19 from Denmark, 32 from Swit-

zerland and 6 from other European coun-

tries. The meeting gave young researchers an 

opportunity to present their work and led to 

lively and fruitful discussions.
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First measurements 
at the SLS

The SLS is a giant microscope whose syn-

chrotron light beams can be used for experi-

ments in many fields, for example for the 

study of new materials for modern technolo-

gies, for the investigation of proteins for the 

targeted drug development, and for energy 

and environmental research. Experts of PSI 

performed measurements at the SLS together 

with external groups back in the summer 

of 2001. The quality of the synchrotron 

light and of the measuring instruments was 

impressive even by that stage, and these 

initial test measurements showed that the 

SLS has the capability promised by PSI.

Researchers were able to perform 
the first measurements at the SLS in 
the summer of 2001.
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The SLS is a milestone in modern research; 

in its energy region and with its experimental 

equipment, it leads the world. The PSI 

experts built and successfully commissioned 

the SLS on schedule and within budgeted 

costs. The outstanding properties of the SLS 

enable a new class of experiments in physics, 

chemistry, biology and materials science to 

be realized. The SLS is now available to uni-

versities and industry for their research. The 

PSI officially inaugurated the SLS on 19 Octo-

ber 2001 with pride and gratitude for its 

Inauguration of the SLS

The atmosphere at the inauguration 
of the SLS also appealed at an emo-
tional level to the many guests from 
the worlds of science, politics and 
business.

The SLS was officially opened on 19 October 2001 
in the presence of Madame Ruth Dreifuss Federal 
Councillor.
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realisation. Meinrad K. Eberle, Director of PSI, 

said that the development and construction 

of this research facility was a remarkable 

example of precise and reliable teamwork. He 

outlined the progression of the SLS project. 

Thanks to tireless efforts to convince decision-

makers in higher education, politics and busi-

ness, there had been a switch from broad 

rejection to equally broad support. The Direc-

tor expressed his sincere thanks to all con-

cerned. PSI, for its part, received thanks and 

recognition from Madame Ruth Dreifuss, Fed-

eral Councillor, and the other speakers.

At the media conference held at the inaugura-
tion of the SLS, PSI welcomed a gratifyingly 
large number of journalists and was delighted 
with the broad and consistently positive media 
coverage. Newspapers, television and radio 
acknowledged the significance of the SLS for 
the world of research.
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Vote of thanks for 
PSI’s sponsors

Only the substantial 

support provided 

by its sponsors ena-

bled PSI to build 

its visitor centre, the 

psi forum. And the 

PROSCAN project to 

expand tumour 

therapy with protons 

can only be realized 

by PSI thanks to 

sponsorship. On 30 November 2001, PSI 

invited its sponsors to a splendid evening 

on its premises. With a dinner prepared 

in the highly thought-of PSI staff canteen, 

accompanied by music and other surprises, 

PSI thanked the invitees and their compa-

nies, organizations and foundations for their 

generosity.

Guests at the sponsors’ evening interested to hear about the success of the psi forum and the status of the 
PROSCAN project which they had helped to finance.
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Safety of final repositories

Geological repositories are 

intended to prevent radioactive 

waste reaching the biosphere. 

A project as part of the EU’s 

5th framework programme is 

devoted to the mobility of 

radionuclides in the repository 

and in surrounding rock strata. 

Research institutes and univer-

sities from Denmark, Germany, 

Sweden, Switzerland, Spain and 

the UK take part in this project. 

The aim is, through greater 

understanding, to gain confi-

dence in repository safety in 

Participants at the workshop on the safety of geological repositories.

various potential scenarios. A workshop was held at PSI 

in the year 2001 with this in mind. The small number 

of participants, namely 24, from 15 European organizations 

allowed for an intensive discussion.

For the Energy supply of the future

For the second time, PSI has organized a 

one-day symposium on the subject of energy 

technologies for a sustainable future. This 

time, the symposium addressed issues of 

future fuel supply such as sustainably pro-

duced hydrogen. This energy carrier may 

become increasingly important in the future, 

for example in fuel cell vehicles. However, 

problems such as the production of hydrogen 

from solar energy and its safe and cost-effec-

tive storage present a major challenge for 

research.

Participants at the symposium held on 23.11.2001 
had an opportunity to visit PSI’s research facilities – 
here, the solar concentrator.
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In Summer 2001, 15 crates containing 900 kg 

of glacial ice reached Switzerland from Sibe-

ria. An expedition undertaken by a team 

from PSI and the Russian Academy of Bar-

naul, headed by a PSI researcher, had 

removed the ice from the 4,000 m high 

Belukha glacier in the Altaj region of Siberia, 

using a special drill. The ice cores were then 

transported by a complex logistical effort 

to Switzerland. The Swiss-Russian research 

group will use this glacial ice as a record 

for documenting air pollution. It is currently 

being analysed by the group with highly 

sensitive instruments and used to reconstruct 

the historical profile of various pollutants in 

the Altaj.

Glacial ice from Siberia

The Swiss-Russian research team on the Belukha glacier, in Siberia.



  15 EVENTS 2001 PSI ANNUAL REPORT 2001 

Air pollutants at the 
Gotthard

In August 2001, a group of PSI together 

with research groups from across Europe 

spent a month investigating the impact 

of traffic crossing the 

Alps on air pollution 

in the Leventina 

Valley. Using aircraft 

and measuring vehi-

cle, they studied the 

processes that lead 

to the formation of 

ozone and tiny par-

ticles known as aero-

sol particles. To this 

end, they collected 

measurement data 

at various locations at different times. Follow-

ing the tragic events in the Gotthard road 

tunnel in October 2001, the tunnel had to 

be closed. The research group also measured 

air pollutants along the Gotthard and San 

Bernardino routes in December under this 

altered traffic conditions.

The measurement campaign to study air pollutant 
emissions from traffic crossing the Alps took place 
on the ground and in the air. On the top MetAir’s 
aircraft (photograph: MetAir AG, Roger Baer), on the 
bottom is PSI’s measuring vehicle (photograph: PSI).
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Research 2001
Solids and Materials

Particle Physics and Astrophysics

Biology and Medicine

Energy and Environment

research



18   PSI ANNUAL REPORT 2001 RESEARCH 2001

Solids and Materials

Research on burning ice

Methane hydrate is a compound in which methane 
gas (CH4) is enclosed in lattices of ice molecules. 
In pure form, methane hydrate is snow-white and 
decomposes at room temperature and atmospheric 
pressure into its constituents water and flammable 
methane gas. As a result, it is also called burning 
ice. It occurs worldwide on the seabed at a depth of 
500 m and occasionally also in permafrosts. In ocean 
sediments, it acts like cement and gives the seabed 
great strength and stability. Since it is naturally very 
widespread, the quantities of carbon stored within 
it are vast and, according to estimates, far outstrip 
currently known quantities of carbon in fossil fuels. 
Methane hydrate thus offers a promising store of en-
ergy and at the same time poses a climatic danger 
since methane is also a feared greenhouse gas.

However, the dangers and benefits of methane hy-
drate can only be assessed more precisely once its 
properties are better understood. These depend in 
turn upon the microscopic structures and dynamic 
behaviour of the compound. Neutron scattering ex-
periments may yield such microscopic understand-
ing. Researchers of the universities of Dortmund, Kiel 
and Ottawa as well as of PSI have over the last year 
been using the FOCUS (left) instrument on the neu-
tron source SINQ at PSI with the aim to measure 

the lattice oscillations of 
the hydrate. With these 
results, they can gain a 
deeper understanding of 
a very important physi-
cal property of hydrates, 
namely their low ther-
mal conductivity.

Neutron time-of-flight spectrometer FOCUS at the PSI’s neu-
tron source SINQ. The lattice oscillations of a hydrate have 
been recorded with this instument. The evaluation of such 
measurements enables conclusions to be drawn about micro-
scopic dynamics in the hydrates.

Methane hydrate (burning ice) decomposes at room tempera-
ture into its constituents: combustible methane gas and water 
(illustration: GEOMAR, Kiel).
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High-temperature supercon-
ductor: from the microscopic 
to the mesoscopic world

Microscopically speaking, exchange particles be-
tween electrons can generate attractive forces and in 
this way fundamentally modify the electronic prop-
erties of the metal in a compound. The electrons 
are bound in pairs, so-called Cooper pairs, and the 
material becomes superconducting, i.e. it conducts 
electric current without any loss. For simple com-
pounds, it has emerged that the interaction is virtual-
ly isotropic, i.e. practically the same in all directions. 
In complex materials, e.g. so-called cuprates, more 
sophisticated interactions are put forward to explain 
the superconductive properties. These are thought 
to be highly anisotropic, i.e. direction-dependent.

When researchers study magnetic properties via neu-
trons at a mesoscopic level, i.e. within the range of 
approximately 1000 Ångström, they indirectly ob-
tain information about the “cement” that holds the 
electrons together as Cooper pairs. This is because 
an external magnetic field has a very different effect 
in the sample depending on strength and ambient 
temperature. The magnetic field lines may for ex-
ample form flux line lattices which, depending on 
the properties of the superconductive “cement”, ex-
hibit differing symmetry. Using the SANS instrument 
at the neutron source SINQ, a research group has 
measured such a flux line lattice for the first time on a 
sample of La2-xSrxCuO4. This material is a member of 
the group of high-temperature superconductors dis-
covered by Nobel prize winners Bednorz and Müller. 
With a sufficiently strong magnetic field and at very 
low temperature, the scattering pattern of the neu-
trons exhibits an unusual fourfold symmetry (Fig-
ure). Up to now, a flux line lattice of this kind has 
never been observed in high-temperature supercon-
ductors, and measurements indicate an anisotropic 
interaction. This work was done in a collaboration of 
PSI with the universities of Birmingham (UK), St. An-
drews (UK) and Hokkaido (J).

Superconductors: materials  
which conduct the electric 
current without resistance

1 Ångström = 1Å = 
1/10 nanometer = 1/10 of 
1 millionth of a millimeter

SANS = Small Angle Neutron 
Scattering

High-temperature super-
conductors: conduct electric 
current without resistance 
at higher temperatures than 
ordinary superconductors.

Neutron scattering 
profile of the flow 

line lattice in 
La2-xSrxCuO4., 

measured with the 
SANS instrument with 

a magnetic field of 
0.5Tesla and at a tem-

perature of 5 K.

With SANS (background) also the experiments were performed 
with the high-temperature superconductor La2-xSrxCuO4. This 
device is specifically designed to measure neutrons that are 
scattered at small angles.
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Probing surfactants at soap 
film interfaces by muons

Surfactants (detergents), found in soap, washing-up 
liquid and washing powder, are “dual character” 
molecules possessing a water soluble headgroup and 
one or more long, water-insoluble hydrocarbon (fat-
like) chains. The molecular structure determines the 
mesophase which forms in concentrated aqueous 
solution, and also affects properties such as solubility, 
partitioning at oil/water interfaces, and detergency. 
Control of the mesophase structure is important as 
this affects the flow characteristics of undiluted prod-
ucts.

In order to achieve the desired cleaning perform-
ance at point of use, several different surfactants 
are mixed together. However, this can give rise to 
complex mesophase structures, and so to preserve 
the ability to pour the solution from the bottle it is 
essential to understand the interplay of the individ-
ual components, especially cosurfactant distribution 
within the mesophase. 

At PSI, a research group from the Unilever Research 
Port Sunlight Laboratory and the University of Stutt-
gart uses the properties of the short-living positive 
muon to form a spin-labeled cosurfactant. A “fin-
gerprint” measured by the muon spin resonance 
technique relays information about the dynamics, 
and structure in the local environment of the spin 
probe, particularly whether its preferred residence is 
in aqueous or oil-like environment. In this project the 
muon spin resonance technique, which hitherto was 
used exclusively in scientific fundamental research, 

is applied for the first time in an industrially rele-
vant context. This is so far the only direct method 
which allows such studies and negates the need 
for additional complex chemical labeling.

 PSI ANNUAL REPORT 2001 RESEARCH 2001

Top: Surface active molecules forming a lamellar phase (alter-
nating bilayer and water sheets). One bilayer sheet contains 
about 100’000’000 molecules.

Bottom: From the details and changes of such spectra the re-
searchers obtain their information.

Mesophase: complex aggre-
gated structure formed 
between surfactant and sol-
vent, e.g.liquid crystals or 
lamellar phases (bilayer 
sheets separated by solvent).

Muon spin resonance: is a 
measuring method on which 
myons are used as minute 
magnetic probes to provide 
information regarding the 
interior of a material.

 18000 20000 22000

Magnetic field [G]

PSI apparatus used to study surfactants by muon spin 
resonance.
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A special kind of glass

Various kinds of magnetic phenomena exist. The best 
known is probably ferromagnetism, in which, in the 
lowest energy state, all spins of the atoms and thus 
the magnetic moments are aligned in parallel. Wide-
spread use is made of this, as for example in data 
storage. However, materials also exist in which the 
interaction between the atomic magnetic moments 
is random – and such states are more frequent in na-
ture than ordered ones. If a material of this kind, for 
instance a manganese-copper alloy, is cooled to low 
temperatures, the spins become fixed and so too do 
the magnets. They freeze in a random orientation, 
just as molecules do in the formation of normal glass. 
Hence the name “spin glass”. Interest in the inves-
tigation of its properties has grown enormously be-
cause its behaviour is similar to that of neuron net-
works, which means that spin glass theory can also 
be applied to them.

At PSI, a research group is using muons as magnetic 
probes to study this kind of spin glass. Muons them-
selves are tiny magnets that can provide informa-
tion on the magnetic field within 
a material into which they are im-
planted. Freezing of the spin in 
manganese-copper alloys has pre-
viously been clearly observed, but 
the question of what happens in 
an extremely thin sample could 
not be investigated until recently. 
A unique instrument at PSI sup-
plies muons of such low speed 
that they stop in no more than 30 
atom layers. The result is surpris-
ing. The freezing point does not 
fall significantly as the film thick-
ness decreases, but the nature of 
the freeze changes dramatically; 
in layers no more than 10 nano-
metres thick, the spins no longer 
freeze! This can be compared with 
an extremely thin sheet of normal 
glass that does not shatter when 
bent. Using this unique experimental system, the Low Energy Muon Spectrometer, meas-

urements can be performed with extremely slow muons. Investigation of very thin 
films is therefore possible.

Spin: intrinsic angular 
momentum

Muon: elementary particle 
very similar to the electron 
but heavier

1 Nanometre = 1 nm =
1 millionth of a millimetre
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Why are defects in nano-
crystalline material rarer?

At PSI, a group is studying the structural and me-
chanical properties of nanocrystalline metals. Large-
scale atomistic computer simulations accompany the 
experimental research. The researchers use large-
scale parallel computer platforms in Switzerland to 
generate molecular dynamics calculations on sam-
ples containing up to 6 million atoms.

One area of research is the irradiation of interface-
dominated materials, which can trigger microstruc-
tural and corresponding mechanical changes. The 
calculations based on molecular dynamics methods 
used by researchers at PSI are helping to achieve a 
better understanding of the irradiation process and 
resulting defect structure. Nanocrystalline materials 
are believed to exhibit quite different response under 
irradiation compared with their courser grain coun-
terparts. Experiments have shown that the defect 
rate in nanocrystalline materials decreases by a factor 
of two compared with coarser grains, with no defects 
found for grains smaller than 20 nm.

One result in 2001 concerns the damage accumu-
lated in nanocrystalline nickel near a grain boundary. 
The lengthy calculations were performed for grain 
sizes of 5 and 12 nanometres for a range of ener-
gies. Through detailed analysis the researchers dis-
covered that shortly after the energy is deposited 
into the sample, a collective atomic movement takes 
place towards the grain boundaries. The result is a 
vacancy rich defect structure or no defects at all. 
Stable vacancy defects – stacking fault tetrahedral – 
form at higher energies. Thus the grain boundary 
structure for a nanocrystalline material such as nickel 
absorbs moving atoms without the grain boundaries 
shifting significantly.

A result from molecular 
dynamic calculations. It 
shows a region with 
a grain size of 12 nm, 
shortly after an atom 
has absorbed an ener-
gy of 5 keV. The atoms 
of the grain boundaries and displacement vectors are visible. 
The small illustration is a magnified section of the defect after 
cooling. The grain boundary structure is shown in green, blue 
and red atoms, the defects within the grain are predominantly 
blue.

nanocrystalline: 
a material is nanocrystalline 
when the grain sizes of its 
crystals are in the nanometre 
range; a single crystal con-
tains no grains.

1 Nanometre = 1 nm =
1 millionth of a millimetre

Energy units: 1 eV = 
1 electron Volt ist that energy 
which an electron acquires 
when it passes through a 
potential difference of 1 Volt
1 keV = 1000 eV
1 MeV = 1000 keV
1 GeV = 1000 MeV
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Chemical maps on a 
nanometric scale

Technical progress is based on understanding of mi-
croscopic processes. How does a catalytic converter 
work? How do magnetic atoms store data in com-
puter hard disks? Is it possible to arrange atoms and 
molecules in ordered structures and thus make com-
puters even smaller? These questions can be studied 
by researchers at the Swiss Light Source, SLS, using 
a special X-ray microscope. Their goal is to under-
stand the fundamental physical and chemical proc-
esses taking place at surfaces. This knowledge can 
then be used for designing new products.

The X-ray microscope at 
the SLS was put into 
service in 2001. The first 
pilot experiments were 
carried out as early as 
August 2001. The equip-
ment is available to ex-
ternal users, who are in-
vestigating the proesses 
taking place in their 
samples, in collaboration 
with PSI researchers. This enables them to produce 
chemical and magnetic “maps” of surfaces with a 
resolution of around 50 nanometres, at which ob-
jects with a diameter of only about 500 atoms can be 
seen. This is possible through a com-
bination of an optimized X-ray source, 
the SLS, and the special microscope. 
The SLS provides X-rays with selectable 
energy and polarization. This X-rays 
have suffucient energy to knock elec-
trons out of the different atomic or-
bitals. These electrons are collected 
by the microscope and produce an 
image on a fluorescent screen with a 
magnification of about 4000.

Worldwide, this is one of the few most 
advanced microscopes in which both 
the energy and polarization of the 
X-rays can be selected with such flexi-
bility. This makes it possible to study 
on the same sample such varied ques-
tions as: What element is in what 

The X-ray microscope for surface investigations at the SLS. It is 
a Photo Electron Emission Microscope (PEEM). The X-rays from 
the SLS enter the instrument from the right. The Y-shaped part 
is the microscope, while the camera can be seen on the bot-
tom right.

An image taken with the X-ray microscope. It shows a test 
structure, produced at PSI, with nanometre dimensions. Its di-
ameter is in reality only 0.2 mm, and the radial spokes of this 
so-called “Siemens star“ are very clearly visible.

Polarization: oscillation 
direction of a wave

chemical environment? In which direction does the 
magnetic field of the atoms point? Do the magnetic 
fields of all the atoms point in the same direction or 
alternately upwards and downwards? As the polari-
zation can be quickly switched, time-varying effects 
are measurable or particularly precise measurements 
are possible.
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Is a confined fluid still fluid?

When a colloid is being confined between two paral-
lel surfaces at very close distance, the colloidal parti-
cles tend to order themselves in layers parallel to the 
surfaces. At least, this is what one intuitively expects. 
Recent X-ray scattering experiments by a group from 
the SLS at ESRF (Grenoble) have shown this to be 
indeed the case. Through this ordering, the colloi-
dal fluid attains solid-like properties, making it sticky. 
The colloid stands model for a molecular lubricant. 
It has been conjectured that confinement of a lubri-
cating fluid within a narrow gap induces ordering ef-
fects within the fluid that strongly enhance the flu-
id’s viscosity. Indeed, it is well known that lubricants 
tend to become less effective if the gap closes down 
to distances of only a few times the molecular diame-
ter. Needless to say, that research of such confine-
ment-induced ordering effects is highly relevant for 
a fundamental understanding of phenomena such as 
friction and wear.

For the detection of the ordering effects the group 
employed a novel technique of coherent x-ray scat-
tering, which utilizes the confining system as a 
waveguide. In essence, the X-rays are captured with-
in the space between the confining plates and are 
simultaneously diffracted from the ordered fluid lay-
ers (top). Detailed analysis of the measured diffrac-
tion patterns then yields the density profile of the 
fluid across the gap (bottom). Dense colloids, which 
are normally fluid, were generally found to crystallize 
into a closed-packed layered structure, exhibiting de-
creasing order toward the centre of the gap. Meas-
urements of time-dependent changes in the diffrac-
tion pattern revealed the effect of confinement on 
the diffusional properties of the colloidal particles. 
Even for highly diluted solutions evidence was found 
for a substantial slowing down of the particles. The 
rate of data taking could be enhanced by a factor 
of fifty by pre-focusing the X-ray beam onto the en-
trance of the confining gap using a Fresnel zone 
plate fabricated at PSI.

Waveguiding of X-ray beam within a fluid confined by two par-
allel surfaces. Layering of the fluid gives rise to a characteristic 
diffraction pattern. The diffraction patterns are measured as a 
function of the incidence and exit angles.

Contour plot of the diffracted intensity measured for a colloidal 
solution of 110 nm Ø silica particles, confined within a gap of 
655 nm. Experts can deduce the density profiles in the liquid 
layer from such patterns.

Colloid: solution of particles 
in a liquid

ESRF = European Syn-
chrotron Radiation Facility, 
synchrotron light source in 
Grenoble (F)

1 Nanometre = 1 nm =
1 millionth of a millimetre
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A crystal ball 
for new discoveries

The decay of the positively charged pion into a neu-
tral pion, a positron and an uncharged neutrino is 
being studied at PSI. This is also called the beta de-
cay of the pion. Its probability compared with nor-
mal pion decay is only around 10-8 (0.000’000’01). It 
is thus a rare decay, and because it is relatively simple 
it plays an important role in the standard model of 
particle physics. This is because the theoretically ex-
pected probability of this decay compared with nor-
mal pion decay can be calculated to an accuracy of 
0.2%, which allows for a critical test of various state-
ments of the standard model. If the results are not in 
accordance with the model, this might indicate phe-
nomena that extend beyond the standard model.

The measurements at PSI continued throughout 
2001. Around 30’000 events of this rare decay were 
observed. In international collaboration, the research 
group developed a very specific detector system for 
this in the form of a crystal ball (left). Using the re-
sults from previous years, the researchers will achieve 
an accuracy of 0.5%, but owing to the time required 
for the analyses, their objective has yet to be fully 
achieved. Nonetheless, they can now for the first 
time confirm the validity of fundamental calculations 
for the pion from the standard model. This precision 
is unique. The previous best experiment in 1985 re-
vealed decay probability with an accuracy of 4%.

For the first time, precise predictions of the stand-
ard model for the mesons (consisting of two quarks), 
to which the pion belongs, can be tested experi-
mentally. The importance such precision measure-
ments may have has been shown in electromag-
netism, where measurements and calculations of this 
kind have led to the most precise theory known. The 
detailed results for pion beta decay can now help to 
clarify discrepancies between the measurements of 
neutron decay and the expectations of the standard 
model.

Pion: an elementary particle 
of intermediate mass

Positron: positively charged 
electron

Mesons: consist of two 
quarks

Quarks: Building blocks of 
heavy particles, protons and 
neutrons contain three quarks 
each.

The equipment for the measurement of pion beta decay under 
construction. The white ball, which is held by a stable frame-
work structure (pink), contains 240 crystal detectors. The light 
amplifiers, which record the light generated in the crystals, are 
mounted in the holes on the ball surface. The outer diameter 
of the crystal ball shell is around 1 m.
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The standard model of elementary particles 
under the magnifying glass

In a particle physics experiment at PSI, researchers 
search for the spontaneous conversion of the muon 
into an electron, without neutrinos being created. 
This muon-electron conversion is a part of a series of 
processes that have so far not been observed, and 
only because they apparently do not exist they are 
forbidden in the standard model of particle physics. 
Though accepted that they do not exist, it is not un-
derstood. The search for such conversions is thus a 
search for a way out of the restrictions of the stand-
ard model and towards a broader so-called “world 
theory“ of elementary particles, a “theory of every-
thing“. It pursues the same aim as research on large-
scale accelerators by alternative methods.

The research group at the PSI designed its equip-
ment carefully for this unpermitted muon decay to 
take place and to record it with maximum preci-
sion. For the conversion to occur, the muon would 
require a heavy nucleus in the vicinity. A thin tubu-

The target made from gold in which potential conversion of the muon into an electron 
might take place must be extremely thin and yet self-supporting, so that the measure-
ments are not disrupted. Its wall thickness is 40 micrometres.

Muon: elementary particle 
very similar to the electron 
but heavier

Electron: Light elementary 
particle

Neutrino: an uncharged and 
perhaps massless elementary 
particle

Target: Material in 
which particles liberate 
other particles or cause 
reactions

lar target made from gold was chosen for this (top). 
After many hours of measurement in the previous 
year, the research group analysed the data in 2001. 
Although it did not discover the process sought, 
it can now indicate the most precise probability 
in the world of such decay taking place: it is less 
than 5·10-13 (i.e. 0.000’000’000’000’5). Such a low 
limit for muon-electron conversion has not previous-
ly been determined. The result will presumably re-
main a record for some time.

Whether or not a muon-electron conversion is found, 
its pursuit is improving our understanding of the 
fundamental laws of matter. Should it be found, 
that would be a sensational breakthrough in particle 
physics. Until then, experts developing new theories 
of particle physics can be guided by the precise re-
sults of the PSI in restricting various model assump-
tions.
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XMM-Newton reveals 
secrets of stars

PSI contributed to the construction of the XMM-
Newton. Using this satellite a PSI research group is 
studying processes in the stars in which energy levels 
are so high that temperatures of 10 million degrees 
or more occur. Young stars in particular exhibit this 
phenomenon to an extreme degree. In this way re-
searchers can study the history of our own solar 
system and the effects of these processes on the 
formation of planetary systems. They are trying to 
understand why high-energy processes in the uni-
verse are important and what part they might play in 
the evolution of stars. Answers are being sought to 
questions such as: How are cosmic gases (plasmas) 
heated? What role do magnetic fields play? How do 
high-energy processes influence the composition of 
the gas envelopes of the stars?

In 2001, the group collected unique observations of 
X-ray stars, particularly of magnetically highly active 
and young stars. These include stars that release ex-
plosive magnetic energy (flares), double stars with 
large magnetic shells, double stars with colliding 
winds and double stars that eclipse one another in 
orbit. The group also studied the elementary com-
position of the gas shells of stars (coronas) and dis-
covered that the more magnetically active the star, 
the less represented are elements such as iron, mag-
nesium and silicon compared with oxygen, carbon, 
nitrogen and neon. The results are unique, since sen-
sitivity not hitherto achieved is combined with high 
energy resolution on XMM-Newton. Researchers are 
using a series of highly sensitive detectors on XMM-

The Castor multiple system in the X-ray region. The two stars 
very close together at the top can only be distinguished with a 
very powerful telescope and make up the visible star Castor in 
the constellation Gemini. In reality, both stars are themselves 
double, with a mutual orbiting period of only a few days. The 
lower star is very weak in visible light and scarcely discernible 
from Castor by the naked eye. It actually consists of two stars 
of small mass that orbit around one another in only 19 hours 
and fully eclipse each other every 9.5 hours.

Diagram of the Gamma Velorum principle (see also figure to the right). Two stars orbit around one another and both generate strong 
winds. In the very strong wind from the star in the centre, the wind from the orbiting star behaves like a comet: between the colliding 
winds, a shock zone is formed which causes a very hot plasma (around 10 million degrees). One revolution of the two stars takes 78 
days. (Graphic by Gregor Rauw/Liège, Belgium; http://vela.astro.ulg.ac.be/themes/spatial/xmm/gt_f.html)

Winds from stars, like solar 
wind, are particles and radia-
tion emitted by the star 
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Densely packed stars around the star Gamma Velorum (brightest star in the centre). Most stars on this X-ray photograph were formed 
at the same time and are still very young (several million years). They radiate in the X-ray range up to 1000 times more powerfully 
than the sun and vary widely, with several probably having emerging planets. Gamma Velorum itself is a double system consisting of 
two stars with a high mass which both generate a wind (as outlined in the figure on the left side).

Newton that are connected to the largest X-ray mir-
ror in existence. In addition to photographs, they 
obtain X-ray spectra from so-called reflection grat-
ing spectrometers, which the PSI helped to develop. 
In this way they can measure the temperature, the 
chemical composition, the density and speeds of the 
plasma.

RESEARCH 2001 PSI ANNUAL REPORT 2001
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First protein structure 
determined using SLS 
           measurement

Proteins are macromolecules that con-
sist of of long chains made from hun-
dreds of amino acids comprising thou-

sands of atoms. They take care of vital 
functions in cells and organisms such as 

metabolism (enzymes), cell division or de-
fence against pathogens. To understand the 

functions of proteins in greater depth, researchers 
at PSI are determining their structures down to the 
atomic level. This understanding can then be used 
in, for example, fighting metabolic diseases or dis-
eases caused by bacteria or viruses. For their work, 
the researchers must obtain the proteins in pure 
form in relatively large quantities and grow crystals 
similar to salt or sugar crystals. They then irradiate 
these protein crystals with X-rays and measure the 
resulting diffraction patterns. The wavelengths of the 
X-rays are up to 5,000 times smaller than those of 
visible light, which is why they can detect atomic de-
tails. The extremely brilliant and pure X-rays at the 
SLS make it possible to record excellent data even 
from very small crystals that are otherwise difficult 
to measure. Complex computer evaluations of these 
results then provide a protein model in which the 
position of each atom is determined.

The research group determined a first protein struc-
ture using data obtained at the SLS. It is the struc-
ture of an enzyme called aldehyde dehydrogenase 
(ALDH) from the bacterium Thermus thermophilus 
which lives at 72°C. Aldehydes are generally harm-
ful to cells and ALDH plays an important role in cell 
detoxification. The equivalent enzyme in humans is 
to be found in the liver and is involved among other 
things in alcohol breakdown. The atomic structure 
of ALDH provides researchers with a basis for gain-
ing a better understanding of the vital cell detoxifica-
tion process. It also gives them an insight into how 
biological molecules can be stable and functional at 
such high temperatures.

Four molecules of aldehyde dehydrogenase (ALDH) form a 
complex consisting of some 14’000 atoms. The scale of the 
illustration is 10’000’000:1, which roughly corresponds to the 
magnification of a grain of sand to the size of the Mount Ever-
est.
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By the end of 2001, PSI had successfully treat-
ed 99 patients with deep seated tumours at 
the proton therapy installation, the gantry. As 
the gantry is supplied with protons by the ring 
accelerator, the treatment options are limited. 
For instance, the accelerator and associated fa-
cilities were shut down on 22 December 2000 
for retrofitting and servicing work and were 
therefore unavailable for medical applications 
until the end of May 2001. The OPTIS facility 
for irradiating eye tumours was also out of serv-
ice for refurbishment work at the accelerator 
Injector I, and was available for therapy again 
by mid-March 2001. A total of 3’429 patients 
with oval melanomas have now been treated 
up to the end of 2001.

The selection of patients for treatment on the gan-
try is based on medical benefit; in other words, a 
therapeutic benefit from the proton therapy must 
be anticipated. The radiation medicine department 
of PSI, together with Switzerland’s radiation therapy 
centres, selects diseases treatable at PSI on the basis 
of these criteria. That involves tumours of the head 
and neck region, tumours in the area of the spine, 
trunk and extremities. Additional benefit from a ther-
apy with protons can be expected for tumours in 
children and adolescents, where the protection of 
the growing organism requires radiation therapy 
with particular sparing of the normal healthy struc-
tures.

Following the success of the proton therapy, PSI ini-
tiated the PROSCAN project and started the design 
and construction work in 2001. The objectives of the 
project are the further development of the unique PSI 
spot scanning technique for tumour therapy using 
protons, clinical research in this field and 
the treatment of a larger number 
of patients, in order to inves-
tigate the strengths and weak-
nesses of the method. The aim of 
the development is to use this thera-
py in hospitals. The PROSCAN project 
makes provision for an expansion of the 

Biology and Medicine

Proton therapy at PSI: 
results and goals

research facilities (right). The basis for this is a com-
pact cyclotron which will supply the protons for the 
treatment rooms in the future. An important first 
step in 2001 was the placement of the order for 
delivery of the cyclotron with ACCEL Instruments 
GmbH.

Left: PSI’s proton therapy gantry, used for the treatment of deep seated 
tumours by the spot scanning technique. Right: Vue into the prepara-
tion room with the Computer Tomograph for precise positioning of the 
patients.

Layout of the PROSCAN project.

Compact Cyclotron
•  Biology and
 Material Sciences

Gantry 2

• 
OPTIS/
horizontal 
beam

Gantry 1

Medical building
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The treatment of many diseases calls for the absorp-
tion of molecules into the cells of the diseased organ. 
The substances must be carried by the blood to the 
target organ and there translocated through the cell 
membrane to the interior of the cell. A cell is separat-
ed from its environment by the cell membrane, con-
sisting of a layer of lipid molecules. Many well-known 
drugs such as the classical aspirin are small mole-
cules which reach the cells rapidly and efficiently. 
For large and complex molecules special biochemi-
cal tricks are needed in most cases.

The aim of the PSI research group is to smuggle 
sufficient quantities of toxic active substances into 
tumour cells to destroy them. For efficient tumour 
therapy, the substance must first be transportet se-
lectively to the tumour and secondly be capable 
of penetrating the cell membrane. The group uses 
small, fat-soluble bubbles called liposomes with a 
diameter of around 100 nanometres as delivery ve-
hicles. They can be filled with various substances 
which, when injected into the blood, are protected 
by the outer skin of the liposomes from premature 
inactivation in the kidneys, liver etc. The researchers 
have attached to these liposomes a kind of address 
label which leads to their enrichment in the tumour. 
These labels consist of protein molecules that are 
capable of distinguishing tumour cells from healthy 
cells. Building on earlier studies, the researchers are 
using another molecule, a peptide, to accelerate the 
absorption of large molecules into the cells without 
damaging them. Comparative measurements in cell 
cultures have clearly shown that liposomes marked 
with the peptide penetrate the cells more quickly 
than unmodified liposomes. If this behaviour is con-
firmed in a subsequent phase, a major problem 
encountered with liposome therapy to date will be 
alleviated. Until now liposomes have been retained 
in the liver only a few minutes after injection into the 
blood and have been lost for therapy in the target 
organ.

Biology and Medicine

Overcoming the barrier 
to get into cells

Tests in cell cultures have shown that if fat-soluble bubbles 
called liposomes have small protein molecules (peptides) on 
the surface, they reach the interior of the cell within a few 
minutes, whereas normal liposomes are not absorbed into the 
cells for some hours.

1 Nanometre = 1 nm =
1 millionth of a millimetre

Liposome, fat-soluble bubble.

 «Cargo» 
of liposome, e.g. radioisotop 
or drug.

Modified liposome, which 
better connects to the cells.

«Peptide», finds target cell.
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Biology and Medicine

A bridge to clinical use

At PSI, researchers are developing sub-
stances for use in positron emission tomo-
graphs (PETs). These PET systems are used 
in hospitals among other things for diag-
nosis of brain disease or tumours. PET is 
a modern imaging technology that is be-
coming increasingly important since it can 
be used to reveal both structures and 
processes within the body. For example, 
a tumour with raised metabolism can be 
located, or nerve damage processes in 
Parkinson’s or Alzheimer’s disease can be 
detected. With the PET method, small 
amounts of special substances, containing 
a radioactive nucleus, are injected into the 
bloodstream. A ring of counters surrounds 
the body and measures the radiation emit-
ted, from which the distribution of the ra-
dioactivity and therefore of the substance 
within the body can be reconstructed. Eve-
ry new PET substance must be extensively 
tested on animals prior to use in the clinic. But as the 
spatial resolution of clinical PET tomograph images 
is not adequate for this, special small, compact sys-
tems are needed for small animals. The PSI experts 
purchased and commissioned one of the world’s first 
such devices at the beginning of 2001. They can use 
it to image physical structures of small animals to an 
accuracy of around 1 mm3 – the images from clini-
cal systems for humans are much less precise, being 
accurate to around 50 mm3.

With the new tomograph, researchers at PSI can ex-
amine their newly developed PET substances for the 
hospitals more quickly and effectively. New medi-

Preparations for measurement in the new positron emission tomograph. 
As the rat is not meant to move during the measurement, it undergoes 
mild inhalation anaesthetization beforehand.

cation can also be developed much more easily and 
quickly with this tomography, as the therapeutic 
effect can be monitored on the same animal for 
quite some time. In 2001, the PSI experts successful-
ly carried out initial measurements on animals using 
established and new substances. They are convinced 
that the new tomography provides an important 
bridge between preclinical research on animals and 
clinical research on humans.
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Energy and the Environment

Transport of radioactive 
substances from the final 
repository

A part of radioactive waste must be isolated from hu-
mans for extremely long periods of time. In particu-
lar, substances from irradiated fuel assemblies from 
nuclear power plants remain radioactive for a long 
time. Experts at PSI are dealing with safety issues re-
lated to deep geological repositories, where long-
lived radioactive waste can be stored for thousands 
or millions of years, isolated from the biosphere. They 

investigate mainly the physicochemical pro-
cesses in the final repository systems, thereby 
seeking realistic descriptions of the risks asso-
ciated with the storage of radioactive waste.  
They are searching for methods to extrapolate 
the comparatively small-scale and short-term 
tests to the large spatial and temporal dimen-
sions of a repository.

A PSI research group is studying the trans-
port of radionuclides in opalinus clay. This is 
a sedimentary rock that was formed nearly 
200 million years ago also in southern Germa-
ny and northern Switzerland. Under the very 
high water pressure of the sea that existed at 
that time, dense clay layers were formed, in 

which the pore water is virtually static. The radionu-
clides dissolved within it are, however, constantly in 
motion and can be propagated. This process is called 
diffusion and is being studied by the PSI group at 
its laboratories (top) and in rock laboratories (bot-
tom). For this purpose, this group has developed a 
device that can take measurements at the high pres-
sure prevailing deep within the rock layer. In this 
way it can, for example, determine the porosity and, 
thus, the permeability of the rock using samples 
from various sites.  In addition, the experts are stud-
ying the motion of the radionuclides in opalinus 
clay with on-site measurements. The results show 
that diffusion is not significantly affected by pressure, 
but that it differs according to the origin of the sam-
ples, which is presumably associated with the vary-
ing pore size of the rock.

Laboratory work on high-pressure cells developed at PSI

Mont Terri rock laboratory in the Swiss Jura, where the PSI re-
search group conducts its experiments on the transport of ra-
dionuclides in clay.

Radionuclides: a kind of 
atomic nuclei, which emit 
radiation an convert into an 
other kind.
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Energy and the Environment

Reduction of plutonium 
stock piles possible

Careful use of nuclear fuel stocks and reducing ra-
dioactive waste are both important matters of cur-
rent concern in the nuclear industry, the adequate 
management of plutonium being an important fac-
tor.  Even though mixed nuclear fuels containing ura-
nium and plutonium are often used in many Euro-
pean countries in order to consume plutonium, the 
production of new plutonium from uranium in the 
mixture remains a serious disadvantage. Experts at 
PSI are, therefore, investigating and developing a 
uranium-free radioactive fuel (plutonium-erbium-zir-
conium oxide) which could be directly used in nucle-
ar power plants of current technology. This will help 
to increase plutonium consumption and minimize 
proliferation risks. The fuel being investigated by the 
PSI group also has sufficient conductivity properties 
and good retention capability for radioactive fission 
products. It can, therefore, be directly stored after 
use in the reactor.

The researchers are dealing, on the one hand, with 
the reliability of the reactor physics calculations for 
fuel and core design and for the safety characteristics 
and, on the other hand, with the material proper-
ties and the irradiation behaviour of the new fuel. To 
this purpose, they made up three comparable fuel 
rod samples with fuel pellets produced at PSI. One of 
these was used for reactor physics measurements in 
the PROTEUS research reactor at PSI, the other in an 
irradiation experiment in the test reactor at Halden 
(Norway), and the third in the high-flux reactor in 
Petten, Netherlands. It was, thus, the first time that 
such fuel samples were irradiated in a realistic con-
figuration. At PSI, the experts have replaced a normal 
uranium oxide fuel rod in a commercial fuel assem-
bly with one made from the new material and have 
then taken measurements in PROTEUS. They have 
placed the newly developed fuel rod at various lo-
cations and have compared experimental data with 
calculations to make sure that the behaviour of the 
new fuel can actually be predicted.

Fuel rod arrangement in PROTEUS.  The test module is shown 
at the bottom left.

The fuel rod module being inserted in the PROTEUS test tank.
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Energy and the Environment

Safety aspects of nuclear 
power stations

A research group at PSI is using advanced compu-
tational methods to investigate and further improve 
the safety of light water reactors. They are studying 
the behaviour of gases and liquids in large volumes 
during a postulated transient. Conventional compu-
tational methods often are not sufficient to investi-
gate the reactor system behaviour during postulated 
incidents. In such cases, advanced three-dimension-
al computational methods with better spatial reso-
lution are necessary. These may require significant 
computing effort and are  only possible with today’s 
high-performance computers.

The PSI researchers compute first with a relatively 
rough three-dimensional model in cells of approxi-
mately 10 to 100 cm. Together with the results of 

corresponding simulation experiments, they thus de-
tect the important aspects. For the second step, they 
neglect unimportant phenomena and calculate with 
cells measuring centimetres or even millimetres. An 
economical exploitation of computing power is of 
enormous importance: For example, it takes one 
week computing time to calculate a 1000 seconds 
transient with 100‘000 cells. Researchers at PSI are 
involved with 14 other countries in an OECD project 
that has been running since April 2001 and encom-
passes experiments at the PSI facility PANDA (left). 
The aim is to experimentally test, for the first time, 
advanced computational methods for a postulated 
accident. In a second project within the EU the prin-
ciples of the application of advanced computational 
methods for the safety analysis of reactors are inves-
tigated. Within this project guidelines for the code 
applications are derived, improved models are elabo-
rated and verified. To do this, experts at PSI will com-
pare the results of their predictions (bottom right) 
with the measurement results. There were as yet no 
experiments that allow for such detailed investiga-
tions. This would help to get a better insight in the 
evolution of postulated accident transients, to re-
duce unnecessary safety margins and to win a higher 
flexibility of nuclear power plant operation.

Diffusion of a helium-rich gas mixture in two containers. The 
mixture is injected in the right, generates there a strong jet-like 
upward stream (left) and first circulates in a clockwise motion. 
250 seconds later (right), the circulation in the right vessel has 
been reversed. The overflow of the helium-rich gas mixture in 
the left vessel is still relatively weak, but a pronounced stratifi-
cation begins to appear.

Inside view of the PANDA facility at PSI.

Transient: Behaviour of a 
change in the reactor
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Switzerland’s 1985 waste model requires only mate-
rials that are recyclable or suitable for final disposal 
to be formed during waste processing – i.e. hazard-
ous waste cannot be produced. This is an ambitious 
target, and procedures developed or under investi-
gation since then have not so far caught on. Various 
factors contribute to this, such as unresolved techni-
cal problems and excessive costs. The relevant PSI 
projects therefore focus on procedures that are either 
based on existing technology or can be integrated in 
existing facilities. As an example, experts at PSI are 
investigating thermal heavy metal separation from 
slag or filter ash from municipal waste incinerators. 
They have developed and patented a measurement 
technique by which evaporation of the heavy metals 
can be analysed and optimized. In the case of filter 
ash, the heavy metals are so completely separable 
that they become recyclable and the residue is suit-
able for permanent disposal.

In 2001, researchers at PSI studied heavy metal re-
covery from filter ash in more detail, based on the 
example of the evaporation of zinc. The evaporation 
technique can be directly observed and investigated 
in the laboratory. Researchers found that zinc evap-
orates in three stages, and observed peak values at 
640°C, 865°C and 950°C. As a result of new 
measurements with synchrotron light at the 
ESRF synchrotron light source in Grenoble, re-
searchers now have a clearer understanding 
of the mechanism by which zinc evaporates 
from filter ash. They found that a change from 
zinc oxide to zinc sulphide occurs during the 
process. The synchrotron light method is es-
sential for these studies, as the heavy metals 
in the filter ash are present only in trace form. 
Thanks to the SLS, experiments of this kind 
are now also possible at PSI.

Energy and the Environment

Waste incineration without 
hazardous waste production

Samples of filter ash being investigated for heavy metal con-
tent following thermal treatment.

ESRF = European Syn-
chrotron Radiation Facility, 
synchrotron light source in 
Grenoble (F)

The level of heavy metals is being analysed here in a plasma.
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Energy and the Environment

PSI technology accelerated

Fuel cells convert the energy content 
of chemical fuels and propellants di-
rectly into electrical energy. These 
electrochemical processes are much 
more efficient than thermal conver-
sions such as combustion. Fuel cells 
are suitable for applications in sta-

tionary power plants, vehicles and portable devices. 
Those with a plastic membrane (called polymer elec-
trolyte fuel cells) are arousing great interest in the au-
tomotive industry for use in new drive systems. Fuel 
cells running on hydrogen do not emit any air pol-
lutants. As fuel cells will be much more efficient, they 
can also help to reduce greenhouse gas emissions. 
To ensure the success of fuel cell technology, cost 
issues, fuel supply infrastructure and on-board fuel 
storage must be addressed.

A PSI research group is developing polymer electro-
lyte fuel cells that are powered by hydrogen, as well 
as fuel cell stacks and supercaps. The group’s ob-
jective was to design and manufacture a low con-
sumption vehicle. It produced in cooperation with 
the ETH and VW hydrogen-powered fuel cell stacks 
for the vehicle and developed and built a complete 
drive system (Figure) incorporating both the fuel cell 
stacks and the PSI supercaps (collaboration with the 
company montena; see also p. 75). Supercaps are 
used to store energy during regenerative braking. 
Complete systems always call for know-how in many 
areas, which is why PSI is involved in both material 
and structural research and modules and total sys-
tems. In 2001, the team constructed a full-scale vehi-
cle powertrain and thus achieved the first ever inter-
action between fuel cells and supercaps in a highly 
efficient vehicle drive system. The PSI technology 
proved its technical performance capability on the 
new fuel cell vehicle’s first test run over the Simplon 
Pass.

This fuel cell vehicle of 
VW and PSI completed 
successfully the test run 
over the Simplon Pass in 
January 2002.

Principle of the new fuel cell vehicle’s power train. The first 
water-cooled fuel cell stack (small illustration) was built by PSI 
in 2000. It consists of 100 individual cells, achieves power of 
6500 watts and weighs 3 kg/kW.
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Zurich in the morning

Energy and the Environment

Aerosol particles and 
ozone in the Zurich area

During combustion processes, both water and car-
bon monoxide and in general by-products such as 
nitrogen oxides, carbon monoxide, unburned hy-
drocarbons or aerosol particles are formed. These 
substances are either directly toxic or generate toxic 
products in the atmosphere, e.g. ozone, as a result 
of chemical reactions. Aerosol particles are increas-
ingly the focus of public interest as they are probably 
very harmful to health, although this has not been 
definitely proven. Presumably it is not just the mass 
concentration but also the number of aerosol parti-
cles that has an effect, but only very scant data on 
this exist worldwide.

Researchers at PSI are therefore aiming to under-
stand the formation of ozone and aerosols more 
clearly, dependent on the season, weather condi-
tions and location. They are using a mobile meas-
uring van (top) fitted with the latest equipment to 
help them record various gases and particulates si-
multaneously. Thanks to an ingenious power supply 
system, they can measure spatial distributions of air 
pollutants during operation. In 2001 they conducted 
more than 30 successful measurement runs in the 
Zurich area (right). These proved that the concen-
trations of ultra-fine particles smaller than 20 nano-
metres rise sharply from morning to afternoon, par-
ticularly in the city centre (bottom). This and other 
results indicate that in the case of very small aero-
sols atmospheric chemistry is of great impor-
tance as well as direct emissions from traffic. 
These were the world’s first simultaneous meas-
urements of many trace elements, gases and 
particulates using a mobile measuring unit over 
a relatively long period. These experimental re-
sults and model calculations contribute to a 
better understanding of the formation of air 
pollutants and therefore to decision-making on 
the most effective reduction measures.

The concentration of ultra-
fine particles smaller than 
20 nanometres is very high 
in the afternoon, particular-
ly in Zurich city centre.

PSI’s mobile 
measuring van 
for the detec-
tion of gaseous 
and particulate 
air pollutants.

The measurement route 
passes through the city of 
Zurich, into the Zurich up-
lands, over Bachtel, then 
northwards to the airport 
and back to the city of Zu-
rich. The pollutants are re-
corded at intervals of sec-
onds over the measurement 
run and the route is trav-
elled in the morning and af-
ternoon. One measurement 
day lasts about 14 hours.

1 Nanometre = 1 nm =
1 millionth of a millimetre
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PSI: the
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Development of PSI as a user 
laboratory

A high rating for PSI’s research facilities

For the operation of the ring 
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New possibilities at the SINQ

The µSR facilities in 2001

The SLS in 2001: stability and precision

Hot Laboratory

userlab
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Development of PSI
as a user laboratory

This figure shows the total number of days on which research-
ers have used the PSI facilities since 1999 and the prognosis up 
to 2007. As a result of new facilities and instruments as well as 
optimization of existing ones, the increase of PSI’s user labora-
tory function is considerable.

PSI is a user laboratory, i.e. a centre that makes its 
facilities available for experiments to the Swiss and 
global research community within universities and 
industry. It is therefore an international attraction. Its 
role as a user laboratory has expanded considerably 
in the past year and will increase in overall impor-
tance in the future. Elementary particle physics at 
PSI will probably be cut, research on muons (µSR) 
will remain roughly the same, while use of the neu-
tron source (SINQ) and above all the new Swiss Light 
Source (SLS) will increase markedly. Many items of 
equipment which can be used at the same time are 
available at every research facility. Many of these are 
unique in the world. As a result, not only is the quan-
titative importance of PSI as a user laboratory grow-
ing, but the quality of the research at the PSI facili-
ties ranks with the best in the world. This is ensured 
by, among other things, the PSI Research Commis-
sion, the Advisory Commission for the various de-
partments and regular expert appraisals, so-called 
audits.
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EU= European Union

SINQ: neutron source at PSI

Muons: heavy electron

µSR = Muon Spin Resonance

SLS = Swiss Light Sources

A high rating for PSI’s 
research facilities

With the promise of financial resources and a good assessment, 
the EU is promoting use of two major facilities at PSI by re-
searchers from the EU. Instruments for neutron scattering at 
the SINQ are shown on the illustration.

In the case of two of its major research facilities, PSI 
has successfully applied for participation in an EU 
project, which is set to facilitate cross-border access 
to research infrastructure. The facilities in question 
are the neutron source SINQ with its experimenta-
tion equipment for neutron scattering (illustration) 
and those in which muons are used as probes for 
the investigation of materials (µSR). PSI runs these 
research facilities for some time and they are increas-
ingly attracting scientists from home and abroad. 
Around a quarter already come from EU countries to 
use PSI’s major facilities and their number will rise 
when the SLS comes into service for routine opera-
tion for external users in 2002. For reasons of timing, 
however, the SLS has not yet been included in the EU 
assessment.

An EU assessment committee has awarded both PSI’s 
research facilities top marks for the quality of the 
facilities, research potential, user support and infra-
structure. The experts also rated interest from the 
EU area and efficiency of resource deployment at PSI 
very highly. To promote the use of both facilities by 
researchers from the EU, the EU Commission has ear-
marked around CHF 2.8 million – within the frame 
of the fifth EU programme over the next 28 months. 
As signature of the bilateral agreements has been de-
layed, direct promotion by the EU is not yet possi-
ble, but the Federal Office for Education and Science 
in Switzerland has made the promotional resources 
available to PSI for the relevant period. What this 
promotion may mean is shown among other things 
by the sharp increase in applications for experi-
ments at the SINQ since the facility has been incor-
porated in the EU program: hoping for easier access, 
three times as many research groups as previously 
have submitted proposals for experiments on neu-
tron scattering.
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The goal for 2001 of the experts at the ring accelera-
tor was to achieve a high degree of availability with 
a large proton current (more than 1.75 mA). Gener-
ally speaking, they were successful with an availabili-
ty level of 90% and sometimes even as high as 98%. 
However, defects and interruptions in the power and 
water supply also occurred, necessitating unsched-
uled repairs. Long interruption-free production peri-
ods were nevertheless experienced at 1.8 mA – no 
small achievement for a facility at which the deliv-
ered beam power has been increased by a factor of 
20 during its 25 years of operation. Only by continu-
ous optimization and improvement can reliable op-
eration of the ring accelerator be achieved. Signifi-
cant contributions are also made by the staff of the 
technical infrastructure, with their high level of tech-
nical know-how. Some examples are given on the 
next two pages.

For the operation of the ring accelerator

High availability at 
high power

A company in France is currently producing a new cavity for the ring accelerator (right). A prototype will be tested at PSI from autumn 
2002. Operation of a cavity makes very heavy demands in terms of precision. In order to mechanically tune the cavity on site, experts 
at PSI have developed a hydraulic device (left). With a pressure of 7 tonnes, dynamic regulation of the cavity to a precision better than 
10 micrometres will be possible.

Proton current: Measure 
of proton intensity; 2mA 
(milliampere) corresponds to 
around 1.3 1016 protons per 
second.

Cavity: device in which 
charged particles are acceler-
ated.

Components for an experimentation facility (spin rotator), 
which no company believed itself capable of making, have 
been produced by experts at PSI itself.
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Target: Material in which 
particles liberate new 
particles or cause reactions.

For the operation of the ring accelerator

Improvements at the proton 
beam line

The proton beam line between the two targets was 
adapted in 2001 as the last major renovation work, 
owing to the increase in intensity. The previous facili-
ties were built when the accelerator was construct-
ed for an intensity level approximately twenty times 
lower. During the annual maintenance shutdown, 
the old components were replaced 
with newly-developed ones. Careful 
preassembly in a non-active envi-
ronment (right) outside the acceler-
ator facility was very important so 
that any construction or manufac-
turing defects could be corrected. 
This proved helpful, as unforeseen, 
time-consuming problems occurred 
during the on-site testing, but by 
the first stage of commissioning the 
new components proved to be free 
of problems: all the magnetic ele-
ments and beam measuring equip-
ment functioned immediately. The 
last section of the proton beam line 
is now user-friendly and radiation-
proof (bottom). All elements can be 
disassembled from above by crane.

Test set-up for replacement of the proton beam line between the two targets in a non-
active environment.

Installation of the new beam line between the two targets.

PSI: THE USER LABORATORY PSI ANNUAL REPORT 2001  
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For the operation of the ring accelerator

Aesthetics, physics, mathe-
matics and large computers

CERN: European laboratory 
for particle physics.

Neutrinos: an 
uncharged and perhaps 
massless elementary par-
ticle

To achieve higher intensities and smaller losses in 
PSI’s ring accelerator, precise understanding of the 
motion and modification of particle bunches in the 
accelerator and in the beam lines is necessary. As 
the protons are charged, they might be expected 
to repel one another. However, the conditions in an 
accelerator and the high particle speeds make things 
much more complicated. Deeper understanding of 
these space charge effects is the key to increasing 
the beam intensity at our facility and developing 
new accelerators. A PSI group is therefore studying 
how particle bunches behave, with the aid of models 
and simulations. It has developed a three-dimension-
al simulation programme which calls for the largest 
existing parallel computers.

One finding was obtained in 2001 from the three-
dimensional calculation for the PSI injector cyclotron. 

The observation of the behaviour of the 
beam was confirmed: the proton bunch 
in the accelerator rolls up (illustration). 
Use of the method is not confined to a 
specific cyclotron – it may also be very 
helpful in any new design and in increas-
ing the power of existing facilities. The 
crucial elements of the simulations are 
also to a large extent universally appli-
cable, for example in astrophysics. The 
PSI group has also carried out three-di-
mensional calculations for a beam line at 
CERN of more than 550 m in length and 
works on the storage ring concepts for 
the neutrino facility planned at CERN. 
The researchers are trying to adapt their 
models on the measurements on the ac-
celerator. In this way, they obtain mean-
ingful physical parameters if no more di-
rect way of experimental determinations 
exists.

Results of the calculations of bunches for the shown pre-ac-
celerator, the PSI injector cyclotron. After every rotation, the 
cross-section of the proton packet in the accelerator looks dif-
ferent: as the speed increases, it rolls up and does not split. 
These results are based on a three-dimensional calculation with 
1 million particles.
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The year 2001 brought considerable progress on ex-
perimentation facilities at the SINQ. In addition to 
the existing seven instruments, AMOR became avail-
able to users in the second half of the year. Despite 
an extended maintenance shutdown for the accel-
erator, around 700 instrument days were used by 
130 users from 10 different countries. Use by Swiss 
groups was around the 50% mark. As in previous 
years, the main interest was in magnetism (25%), 
followed by electron systems, structural and dyna-
mic analysis and superconduction (Figure).

An important milestone was the start of close co-op-
eration between PSI and the Risø National Labora-
tory (Denmark). Following the shutdown of the re-
search reactor there, three instruments for neutron 
scattering are to be transferred to the SINQ and 
jointly operated with PSI. One of these, RITA-II, has 
already been in service at PSI since the early summer 
of 2001, and a further instrument of the same kind 
and a facility for neutron scattering at small angles 
are to follow later. The unusual feature of RITA-II is 
a junction-surface detector that can record several 
measurement points at the same time, significantly 
increasing the efficiency of the device. As well as col-
laboration on instruments, close scientific co-oper-
ation has also been agreed between the two insti-
tutes.

In 2002 too, many improvements will further en-
hance the appeal of the SINQ. The TriCS and AMOR 
instruments are to be equipped with suface detec-
tors. In the case of FOCUS, a second monochromator 
will be available which improves resolution, where 
required, by a factor of 10 (right). Lastly, POLDI is 
set to come into service. This is a new type of instru-
ment that can measure the internal stress in samples 
and strong demand from the material sciences is ex-
pected (see p. 48).

New possibilities at the SINQ

Neutron scattering: new 
detectors and equipment

The research fields at SINQ. For each field, the proportions of 
available instrument days are shown for the years 1999–2001.

The new mica monochromator for the FOCUS 
instrument during its installation.

AMOR: reflectometer

RITA-II: triaxial spectrome-
ters

TriCS: Single cristal diffrac-
tometer

FOCUS: time-of-flight 
spectrometer

Monochromator: a device 
that allows only particles 
of a specific energy to pass 
through

POLDI: an instrument for 
stress measurements
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New possibilities at the SINQ

POLDI – an innovative device 
for stress measurements

The POLDI device for measurement of stress fields inside a sample

Even today, non-destructive meas-
urement of internal stresses in 
materials is difficult, but these 
measurements are of crucial im-
portance in the development and 
investigation of high-performance 
materials, for example for turbine 
blades or railway tyres. Only scat-
tering methods provide such in-
formation on internal stress fields. 
Although synchrotron light per-
mits measurements with a very 
good spatial resolution, it only has 
a modest penetration depth. Neu-
trons are therefore much more 
suitable for many practical applica-
tions. As they penetrate deep into 
the material, workpieces of 10 cm 
thickness or over can be exam-
ined in terms of depth. However, 
special instruments optimized for 
this purpose are few and far be-
tween around the world.

PSI experts have developed an innovative concept 
for this and constructed a special time-of-flight de-
vice (illustration) combining the advantages of vari-
ous instrument types for the measurement of stress 
fields and thus achieving maximum local resolution 
and flexibility coupled with optimum use of inten-
sity. The massive sample table also allows for in-
vestigations of large components weighing up to 
6 tonnes. Initial measurements towards the end of 
2001 with a new type of detector developed at PSI 
have already shown the successful realisation of the 
concept. POLDI will be available to users from uni-
versities and industrial fields from middle of 2002.
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Systems which, like the SINQ, generate neutrons on 
the basis of an accelerator (spallation), are currently 
attracting great interest. They are in demand not 
only as neutron sources for fundamental research but 
also for future energy systems. The MEGAPIE project 
at PSI, in which a target made 
of liquid metal (lead-bismuth 
eutectic) is being developed, 
is a significant milestone along 
this path. One of the critical 
components of a target of this 
kind is the beam window. This 
is the location in the steel shell 
for the liquid metal where the 
intensive proton beam pene-
trates. It is subjected to a com-
plex thermal and mechanical 
load, and the behaviour of 
materials under these extreme 
conditions has yet to be inves-
tigated.

With the LISOR experiment, 
experts at PSI intend to in-
vestigate these questions un-
der conditions that are rele-
vant for MEGAPIE. They will 
irradiate mechanically loaded 
samples of the beam window 
material with protons in a 
300°C hot lead-bismuth cir-
cuit using one of the PSI preac-
celerators. The load (tensile 
stress) is to be kept constant 
at around 50% of the material’s yield strength, and 
the exposure time will be 20 – 60 days in each case. 
The research group plans to use this experiment to 
discover whether the reactions between the steel 
and the liquid metal – corrosion and embrittlement – 
change under irradiation and whether they are con-
trollable for the planned liquid metal target. The ex-

New possibilities at the SINQ

LISOR – an experiment for 
extreme conditions

Construction of the facility for the LISOR experiment in which the container material for a 
liquid metal target is being investigated.

Target: Material in which at 
the SINQ the incident pro-
tons liberate neutrons

LISOR = Liquid metal-Solid 
metal Reactions

perimental facility consists of a complex liquid metal 
circuit with extensive monitoring and safety facilities 
(illustration). It was constructed as a test set-up in 
2001 and intensively tested without a beam. It is 
now being mounted on the accelerator and can 
come into service in 2002.
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New possibilities at the SINQ

A new magnet for most 
rigorous demands

Experimental equipment that meets the most rigor-
ous demands increases the appeal of a user laborato-
ry considerably. For the benefit of the SANS facility at 
the SINQ, a new cooled magnet (cryomagnet) was 
aquired by the universities of Birmingham (U.K.), 
Warwick (U.K.), Zurich and the PSI. It was commis-
sioned by a group of PSI. A high magnetic field of up 
to 11 teslas can be generated in the neutron beam 
and samples can be measured within it at tempera-
tures of between 1.5 and 300 K. Complex mechanics 
which are not disrupted by the magnetic field make 
it possible to rotate the magnet and sample in any 
suitable direction. In this combination, the equip-
ment is unique in the world, and initial measure-
ments on a high-temperature superconductor (see 
p. 19) have already yielded unique results

SANS: an experimental 
facility for neutron scattering 
at small angles.

The rotating magnet on the SANS instrument permits 
measurements of a new kind.
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New possibilities at the SINQ

Neutron tomography 
of unique precision

Neutron tomography images – i.e. three-dimension-
al fluoroscopic images – can be produced by a facil-
ity at the SINQ. The facility became an actual user 
device in 2001, as all the instrument components 
have now been combined and automated. Record-
ing times have been reduced and the quality of the 
results markedly improved. Depending on the ob-
ject, experts can now vary the image size from 2 cm 
to 30 cm and adjust the local resolution from 0.5 mm 
to a remarkable 0.05 mm. Since this is the only neu-
tron tomography unit of this kind, interest is high, 
with a variety of research objects ranging from air-
bag detonators to turbine blades, spent lithium bat-
teries (bottom) and even sea snails, antique bronze 
coatings and cultured pearls (right). A coat of paint 
0.1 mm in thickness can even be measured on a met-
al surface and analysed.

Spent lithium battery. 
The battery is 49 mm in 
length and 25.4 mm in 
diameter and has a pixel 
size of 0.2 mm.

Cultured pearl drop with a cavity. The total length is 15 mm 
and the pixel size 0.05 mm.
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The µSR facilities in 2001

In 2001, PSI made various modifications available to 
users who employ what is known as the µSR meth-
od for their research. The PSI experts developed 
new data collection systems for all µSR installations. 
They modified both the hardware and software and 
successfully put them into service in 2001. For the 
experiments with low-energy muons, by which ex-
tremely thin layers can be studied, another PSI group 
has built a new unit for cooling large samples to 
very low temperatures (cryostat). The basic tempera-
ture is only 2K, which is quite remarkable under 
the prevailing conditions 
of a large opening in the 
beam direction and elec-
trically insulated sample 
support. A further inno-
vation in 2001 was a 
structure for decelerating 
muons which will virtual-
ly double the rate of low-
energy muons. A special 
appliance, known as a 
spin rotator, was com-
pleted in the summer of 
2001 and will consider-
ably enhance the value 
of the measuring device 
dubbed DOLLY.

The µSR facilities were 
again in great demand in 
2001. Around 80 experi-
ments were allotted radi-
ation time, which meant 
a total of 440 measure-
ment days on all the in-
struments. However, the research community had 
applied for 800 days. Users come from far and are 
of wide international origin: Switzerland, Germany, 
U.K. and Russia each account for around one eighth, 
France and the USA for one tenth each and the 

The ALC spectrometer is one of the measuring devices at PSI on which the µSR method is adopted 
for research purposes.

µSR = Muon Spin Resonance

Unit of temperature: 
273,16 K (Kelvin) = 
0°C (Grad Celsius)

DOLLY: a spectrometer for 
experiments performed using 
the µSR method

Netherlands, Italy and Japan for one twentieth each. 
As can be seen from the research chapter of this an-
nual report, the µSR equipment also generated some 
interesting results.
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The SLS in 2001: stability and precision

Why the SLS leads the world

2001 brought the breakthrough for the SLS. After 
the electron beam had been stored for the first time 
in December 2000 and the first synchrotron light 
was generated, the SLS team optimized the accelera-
tor system for maximum operating quality in 2001. 
The target values for energy and intensity of the elec-
trons and also for the size of beam and other relevant 
parameters were achieved – and in some cases even 
surpassed. It emerged that the innovative new devel-
opments had accomplished what had been expect-
ed. A digital position measuring system can meas-
ure the location of the electron beam throughout 
the storage ring extremely accurately and at high 
speed. Newly-developed digital controller on the 
power supplies for the magnets (see pp. 60) gener-
ate magnetic fields with a high degree of stability. 
Advanced computer programs for dynamic position 
correction and energy stabilization make use of these 
developments and thus guarantee a level of position-
al stability of the light never previously achieved in a 
synchrotron light source (Figure p.55, top).

The SLS team supplemented the 
new developments in the acceler-
ator components with an entirely 
new concept for the main accel-
erator, the booster. It is installed 
in the same tunnel as the storage 
ring (Figure p.55), and its many 
small magnets generate an elec-
tron beam of very small size. The 
beam is then transferred to the 
storage ring without any loss. A 
special mode of operation used 
for the SLS is called top-up injec-
tion. In this mode, electron losses 
are compensated at short inter-
vals, thus permitting unique sta-
bility in intensity and position.

SLS = Swiss Light Source

Storage ring: The electrons 
circulate within this, on a 
path of 288 m circumference, 
and emit synchrotron light 
where they pass through spe-
cial magnet elements (deflect-
ing magnets, wigglers, undu-
lators).

Booster: Accelerates the elec-
trons coming from the Linac 
to nearly the speed of light.

Linac =  Linear Accelerator; 
the pre-accelerator at the SLS
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During a measurement that lasted 17 hours, the position of the 
synchrotron light varied by less than one thousandth of a mil-
limetre. Energy stability was only a few hundredths of a thou-
sandth.

When the SLS went into operation, the great chal-
lenge was to achieve operating conditions making 
full use of its outstanding characteristics. These 
are the high brilliance and wide selectable wave-
length range of the synchrotron light, generation 
of ultrashort wavelengths in the X-ray range and 
beam stability. The powerful focussing of the elec-
tron beam to generate the high brilliance was suc-
cessfully adjusted and anomalies due to unavoidable 
magnetic and positioning errors were corrected. The 
team was able to develop a precise model of the 
SLS storage ring to garantee maximum precision of 
operation. Undulators (see pp. 58/59) with an ex-
tremely close pole spacing have also been used al-
ready and SLS experts have demonstrated that they 
can operate the SLS with these devices without loss 
of beam quality.

The SLS in construction. The main accelerator, the booster (on 
the left of the illustration) accelerates the electrons to the nec-
essary speed. The electron beam is then channelled into the 
storage ring (right), where it circulates for hours and emits syn-
chrotron light through specific beam ports.
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The SLS in 2001: stability and precision

SLS ready for users

Even before the SLS was officially opened on 19 Oc-
tober 2001, external researchers had been coming to 
use its facilities. They performed the first experiments 
on the beam lines for protein crystallography and 
for material sciences. Subjects covered ranged from 
structural analysis of a protein to the study of cement 
hardening. The practice of commissioning beamlines 
with the help of users proves to work well. The users 
gave valuable feedback on how to make the oper-
ation user-friendly. Since the autumn of 2001, the 
beam line for protein crystallography has been in 
virtually constant operation and is used by research 
groups from both universities and industry. The same 
can be said about the tomography and powder dif-
fraction stations at the materials science beamline. 
The SLS users meeting held in November 2001 (Fig-
ure) was very well attended. Workshops were held in 
parallel on topics investigated on the various beam 
lines. The great interest in applications of environ-
mental sciences was remarkable. The SLS intends 
to offer excellent research facilities for this branch 
of science too. Two new beam lines are therefore 
planned for 2004 which will have facilities for inves-

tigation of chemical ele-
ments of relevance to the 
environment. Proposals 
for experiments at the 
SLS are assessed by a 
committee. 

SLS users met at PSI on 14 and 15 November 2001.

beam lines: The connecting 
lines between the light 
sources in the storage ring 
and the experimental sta-
tions.
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The SLS in 2001: stability and precision

The first beam lines at 
the SLS

The important milestone of “light on the sample“ 
was reached on schedule for all four beam lines. 
The names of the four beam lines indicate the 
research fields, namely: “surface/interface spectros-
copy“ (SIS), “surface/interface microscopy“ (SIM), 
“material sciences“ (MS) and “protein crystallogra-
phy“ (PX). Their very rapid installation was only pos-
sible due to effective co-ordination of the activities of 
the various PSI departments and important collabo-
ration with experts at other synchrotron light sources 
(SPRING-8, BESSY, ELETTRA and APS).

The deadline was somewhat tight for the UE56 un-
dulator (see pp. 59) on the SIM beam line, as its in-
stallation began only in November 2001. The two 
beam lines for surface analysis (SIM and SIS) require 
highly complex optical devices as they are intended 
to deliver light of only one wavelength with revers-
ible polarization. However, both these beam lines 
are due to be ready for research groups in the first 
months of 2002.

Major progress was also achieved in the development 
of the so-called pixel and strip detectors. These are of 
crucial importance on the “protein crystallography“ 
and “material sciences“ beam lines since they en-
able complete scattering patterns to be 
recorded simultaneously with very high 
local resolution (Figure). They are also 
fast and thus well suited to the study of 
temporal changes.

Initial tests were performed for a new 
project at the SLS. This involves gener-
ating extremely short synchrotron light 
pulses to study very rapid processes in 
samples online. Further beamlines are 
planned in the area of micro-XAFS and 
infrared spectroscopy. The existing sur-
face science beamlines will be extend-
ed so as to include facilities for other 
experimental methods.

New pixel detector installed at the beam line.

Polarization: oscillation 
direction of a wave

Comparison of measurements of X-ray scattering on a protein 
crystal. The scattering pattern on the left was recorded with a 
conventional detector, that on the right with PSI’s new pixel 
detector.
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The SLS in 2001: stability and precision

Four special light sources: 
three undulators and one wiggler

The actual sources of the synchro-
tron light are magnetic elements 
in the storage ring – the so-called 
wigglers and undulators – in which 
the electrons move in narrow sla-
lom orbits. The properties of the syn-
chrotron radiation and therefore the 
quality of the research depend not 
only on the SLS facility itself and the 
measuring equipment at the end of 
the beam lines but also on these 
magnetic elements. An idea of their 
technical beauty is provided by the 
following four illustrations.

This undulator (U24) on the “protein crystallography” beam 
line supplies synchrotron light of very high brilliance up to en-
ergy levels that are high enough for measurements on protein 
crystals. The pole distance is only 6.5 – 4 mm, and the use of 
an undulator of this kind is only possible due to the high qual-
ity of the electron beam in the storage ring.
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At the beginning of the “surface/interface spectroscopy” beam 
line is undulator UE212 (period 212 mm), which generates 
synchrotron light of circular polarization. This enables thin lay-
ers of superconductors etc. to be investigated.

Thanks to undulator UE56 (period 56 mm), 
the “surface/interface microscopy” beam 
line has a beam with selectable polarization 
between circular and linear. This is neces-
sary in e.g. dynamic investigations of mag-
netic data storage.

In the case of the “material sciences” beam 
line, high intensity over a small area, i.e. a 
high flux density, is required at short wave-
lengths. A wiggler is therefore located at its 
source in the storage ring (W61). Its period 
of 61 mm is relatively short, as is the pole 
distance of 7.5 mm. It has been optimized 
so that top-quality tomography is possible.
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The SLS in 2001: stability and precision

580 new 
power supply devices

The SLS is the first facility at which power supply de-
vices are digitally controlled. This type of control has 
not previously been used, as it was generally consid-
ered doubtful that the necessary precision and speed 
could be achieved. However, PSI experts took the 
plunge with this development, were extremely suc-
cessful and are now contributing significantly to the 
quality of the SLS. Over 580 devices are now in use. 
Along with the 500 or so devices for the booster and 
storage ring magnets, another 80 have been sup-
plied for the beam lines.

Control is based on high-precision analog-digital 
converters and a high-performance signal processor. 
This permits identical monitoring hardware for near-
ly all equipment, completely new functions, a very 
high integration density, simple changes in functions 
via reprogramming and rapid software updates from 
a central location. The very good results show that 
this solution fully meets the requirements in terms of 
precision and speed. 

The power supply devices for the SLS’s magnets are digitally controlled. This control is precise and fast, which almost no-one originally 
believed the PSI experts could achieve.
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Hot Laboratory

Backfitting of the 
hot laboratory

The hot laboratory at PSI is used for applied material 
research on highly radioactive samples and for waste 
management research. The samples come mainly 
from reactor cores of nuclear power plants, as well 
as from research reactors, the SINQ and the ring 
accelerator of PSI.

The hot laboratory facilities must be available any 
time for scientific materials investigations and dam-
age analyses on components from Swiss nuclear 
power plants. Maintaining this service capability dur-
ing renovation of the hot laboratory was a major 
challenge – and was successfully achieved.

After more than 35 years of operation, the experts 
successfully carried out the safety-related renovation 
of the hot laboratory under rigorous protection 
measures in 2001. The main aim was to eliminate 
radiation protection and fire protection deficiencies 
that appeared over the years, also to comply with to 
the new, more stringent Radiation Protection Regu-
lations. In addition, the building structure was im-
proved, the workshop for radioactive materials ex-
tended, and an active component store established.

The hot laboratory during the renovation work. Top: starting 
work on the roof of the new media installation corridor, from 
which all rooms can be reached vertically. Bottom: one of the 
renovated laboratories.
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Other Swiss, 1%

UNI BE/BS/ZH, 
19%

EPFL, 11%

UNI GE/LS/NE/FR, 2%

ETHZ, 60%

Abroad, 7%Other, 19%

Engineering 
sciences, 23%

Biology, 7% Chemistry and 
Biochemistry, 23%

Physics, 28%
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Around 240 students are working for their doctoral 
theses at PSI’s facilities within the context of exter-
nal or internal research groups. They are supervised 
by PSI staff and external university professors. These 
doctorate candidates primarily study physics, chem-
istry and engineering sciences as their main subject 
and come predominantly from the Swiss Federal In-
stitutes of Technology in Zurich and Lausanne and 
the Universities of Berne, Basel and Zurich. In 2001, 
30 students completed their doctoral theses at PSI. 
Eight were women – six more than last year.

Origin of students producing their doctoral theses at PSI’s fa-
cilities.

Doctorate Candidates

Some figures

Breakdown of doctorate candidates employed at PSI, accord-
ing to main subjects. It is pleasing to note that 27% of these 
are women.
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Bioinformatics links the fields of molecular biology, 
biochemistry and genetics with theoretical and prac-
tical informatics and computer linguistics. It has 
arisen from the current need to handle large vol-
umes of biochemical and genetic data. The aim is to 
understand the complexity of living organisms. Ap-
plications of bioinformatics include the diagnosis of 
diseases and the design of new biological materials, 
e.g. new drugs. Bioinformatics is a field of knowl-
edge that is developing very rapidly, but for which 
the range of available training is still inadequate. PSI 
is therefore offering a practically oriented course in 
bioinformatics. It is geared to doctorate candidates 
who want to learn how to handle biological data 
effectively and use the relevant software.

Doctorate Candidates

A special offering: 
courses in bioinformatics
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For the Apprentices

Vocational training at PSI

Vocational training is an important issue at PSI. Fol-
lowing a steadily growing number of apprentices, 
PSI currently trains 75 young people in 13 profes-
sions. In 2001, 20 apprentices completed their voca-
tional training at PSI. Across all professional groups, 
the average grade was 5.0. A great success and a 
good reason for accepting the PSI Director’s con-
gratulations with pride. At the end of August, the 
young professionals received their Certificates of Pro-
ficiency, and their farewell from PSI was suitably cel-
ebrated (left). 22 new apprentices started their voca-
tional training at PSI in summer 2001 (bottom). As 
in the last two years, these young people had the 
opportunity to familiarize themselves with PSI during 
the first working week. For example, they gained an 
initial impression of their future work environment 
via a tour and a visit to the psi forum. The young 
people found it quite remarkable that the Director 
himself gave them a presentation on PSI. The new 
apprentices are training at PSI as chemical labora-
tory technicians, electronics technicians, IT assist-
ants, machine draughtsmen, sales assistants, logistics 
assistants, physics laboratory technicians, mechan-
ics, catering employees and woodworkers. As PSI is a 
multidisciplinary research institute, it provides optimal 
conditions for all-round occupational training. This 

is a matter of major con-
cern of the professionals 
responsible for training 
apprentices at PSI.

Newly graduated professionals celebrating the end of their 
training.

PSI’s new apprentices in 2001.
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It is a matter of common knowledge that physics and 
chemistry are not among the most popular subjects 
in high schools. PSI has taken the initiative of giving 
the natural sciences fresh impetus in these estab-
lishments. It offered high-school teachers of the nat-
ural sciences a chance to spend a period of time at 
PSI. The intention is to give them time away from 
school routine and, through practical collaboration, 
let them discover what is currently happening in re-
search. The hope is that their teaching may then 

be inspired by a new enthusiasm for 
the subject. This idea was successful-
ly tried out for the first time in 2001, 
without complicated organizational 
measures. A researcher at PSI and a 
physics teacher at a Cantonal High 
School of Aargau simply traded plac-
es. And the experiment was a suc-
cess. Both reported a host of findings 
and recommended that this chance 
at PSI should definitely become per-
manent. Efforts to find a suitable or-
ganizational form are still on-going. 
Another, unexpected result was that 
students who came into contact with 
PSI during the exchange are now 
working on a homepage for the 
“exchange teacher’s“ current PSI re-
search project, as part of an educa-
tional project.

For the high schools

A new offering for high-
school teachers

One of the school classes involved in the exchange between school and science.
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The PSI autumn school was held 
for the eighth time in 2001. Two 
female and ten male students in 
their final year before graduating 
from high schools in the cantons 
of Aargau, Solothurn and Neu-
châtel spent a week at PSI for 
whom, according to the young 
people concerned, it really paid 
off to spend part of their autumn 
holidays in this way. The subject 
“Contributions from research and 
technology for a sustainable fu-
ture“ apparently held their un-
divided attention. Many experts 
at PSI gave them a brief run-
down of projects at PSI that are 
concerned with sustainability, and 
made them aware of the potential 
of sustainable technologies. This 
concerned topics like the global 
climate change, the reactions of 
ecosystems to climate change and air pollutants, the 
overall assessment of energy systems, new kinds of 
environmentally friendly automotive concepts, solar 
technology and the recycling and disposal of radio-
active material. The PSI experts are convinced that 
they have made a contribution to long-term sustain-
ability via this autumn school.

High-school graduates at the PSI autumn school held in the year 2001.

For the high schools

The PSI autumn school for 
high-school graduates 
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The PSI radiation protection 
school primarily teaches radia-
tion protection skills for techni-
cal fields such as nuclear facilities, 
medicine, emergency organiza-
tions, transport and chemical 
laboratories (Figure). However, it 
also runs courses for teaching 
staff in high schools as well as 
introductory courses for high- 
school classes. In this way, PSI is 
helping assure that knowledge of 
ionizing radiation and practical 
handling becomes part of basic 
training in the natural sciences.

One example provided in 2001 
was the one-day workshop under 
the title “Phenomena and experi-
ments from the world of natural 
radioactivity“. At this event, ex-

perts from PSI presented various radiation phenom-
ena in the world around us to teaching staff from 
across Switzerland. In quite practical terms, radon 
and its by-products, for example, were measured; in 
the air, in drinking water, in building materials and 
rocks, in fertilizers and in uranium-containing glazes 
found in everyday pottery. Using simple, easy-to-
grasp computer software, the decay curve of radon 
was plotted and its half-life determined.

Thanks to a sponsor, the teachers were able to take 
away with them not only new insights but also teach-
ing resources, an experimental bag and a radiation 
measuring device. Such courses also show that PSI’s 
radiation protection school plays an important role 
in the public arena in providing information on prob-
lems and issues relating to the handling of radio-
activity.

For the high schools

Courses in radiation protec-
tion for high-school teachers

At PSI’s radiation protection school.
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For the high schools

High-school classes 
visited the SLS

When the Swiss Light Source 
(SLS) was officially opened in 
the autumn, PSI also invited 
high-school students to take 
a look at this unique research 
facility. Although the PSI visit 
was optional at many schools, 
the invitation attracted such 
interest that this day-long 
event had to be held twice. PSI 
attempted to bring its research 
and the SLS closer to the 400 
students and 30 teachers via 
presentations and a tour. The 
students and teachers came 
from high schools in the cantons of Aargau, Zurich, 
St. Gallen, Solothurn, Baselland and high schools in 
southern Germany. And this event was a great suc-
cess; as one teacher put it: “Students and teachers 
at the highschool of Limmattal were unanimous in 
ranking this event as one of the best information 
events ever held in Switzerland. The students were 
neither over-stretched nor bored by the presenta-
tions, and I myself glimpsed again how multifaceted 
research can be.”
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Patent applications – 
examples for 2001

The exploitation of knowledge is 
of great importance to PSI. It 
gives the business a fresh boost, 
which can have the effect of se-
curing existing jobs or creating 
new ones. One of the most direct 
ways in which PSI imparts knowl-
edge is without doubt the train-
ing of professionals and academ-
ics, who then use their skills in 
private enterprise. Other ways in-
clude collaboration with industry 
on applied research, the joint de-
velopment of new products until 
they are ready for market, the 
spin-offs from fundamental re-
search and – if the invention looks 
capable of a successful market 

launch – patenting. Some examples are briefly men-
tioned here or described on the following pages.

One invention concerned a structured catalyst car-
rier for processes demanding high levels of heat or 
cooling. It improves thermal transfer and increases 
product yield and the direction of flow can be de-
fined. Another patent application concerns a device 
for measuring radioactivity in the exhaust air from 
nuclear power plants, if venting of the reactor con-
tainment is required. Samples of the exhaust air 
can be taken via a capsule without auxiliary energy 
(Figure). A special observation window (a mono-
crystal consisting of stabilized zirconium oxide) was 
also invented at PSI. This window remains transpar-
ent even under extreme conditions, thus allowing 
the monitoring, control and analysis of processes 
at high temperature and in aggressive solutions. A 
patent application has also been filed by PSI for a 
new procedure to extract metals from metal oxides, 
a process which currently requires considerable ener-
gy. Addition of the correct quantity of hydrocarbons 
such as methane means that PSI’s invention does not 
require further heat sources or any catalysts.

Capsule to take exhaust air samples and its internal fittings. 
Simultaneous measurement of a wide range of radioactive 
fission products is now possible.
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Super performance with supercaps

Over many years of collaboration with the 
companies ABB, Leclanché and montena 
SA, a research group at PSI has devel-
oped new kinds of electrochemical ener-
gy storage device – known as supercaps 
– and their components. Supercaps have 
a number of advantages: deliberate en-
largement of the electrode surface makes 
their storage capacity much greater than 
that of conventional capacitors. The elec-
trical energy is stored in an electrochem-
ical double layer (see following article), 
which does not involve chemical conver-
sions of the kind that take place in lead-ac-
id batteries. Supercaps can be charged in 
a matter of seconds and discharged even faster. They 
are also capable at withstanding up to 5’000’000 
charge and discharge cycles.

Supercaps can be used in fuel-cell powered vehicles 
(see page 38) to increase performance. They provide 
top-notch performance for short bursts of accelera-

Supercaps as used in the PSI and VW fuel-cell vehicle. They 
contain an electrode developed at PSI and are manufactured 
by the company montena SA.

tion, while the fuel cell meets the energy demand at 
constant speed. In addition, braking energy can be 
recovered by storage in the supercaps.

Electrodes for supercaps

A group at PSI is studying reactions and cross-linking 
of polymers with carbon materials such as industrial 
carbon black and active carbon. It has developed 

Equipment for producing a new kind of electrodes for the 
supercaps.

better electrodes for charge storage in the electro-
chemical double layer, which have been used in PSI’s 
supercaps.

In these electrodes, the carbon material is for the first 
time bound chemically and not, as up to now, ap-
plied as a surface layer. As expected, this chemical 
bonding reduces limitations such as electrical resis-
tance. The reactions with the carbon material were 
conducted in a nitrogen atmosphere by the research 
group, which varied the polymers, investigated the 
products and lastly analysed the electrochemical pro-
perties of the electrodes in a series of tests.

In 2001 it manufactured the chemically bound ma-
terial.
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Lithium-ion batteries: 
safer and more 
environmentally friendly

Present-day lithium-ion batteries contain the very 
expensive and carcinogenic oxide LiCoO2 in their 
positive electrode (left). A group at PSI therfore tar-
geted the goal of finding a better material. Its work 
generally involves developing more environmentally 
friendly and at the same time less expensive materi-
als and components for the storage of electrical en-
ergy, while at the same time it aims at increasing the 
service life and safety of these batteries.

In 2001, the PSI experts filed a patent for a new kind 
of oxide which is suitable for use in lithium-ion bat-
teries. PSI has sold the patent application to Ferro 
GmbH, of Frankfurt am Main, and assigned the tech-
nology rights to this company. This innovative mate-
rial will give lithium-ion batteries both a high store 
density and a unique service life and efficiency in 
terms of charge and discharge cycles. The new bat-
teries are to be used in the short term for small port-
able applications such as mobile telephones or lap-

tops and in the longer term in electric and hybrid 
vehicles as well as in fuel-cell vehicles as on-board 
batteries. PSI has for many years been successful-
ly collaborating in this field with the Department 
of Inorganic Chemistry of the Swiss Federal Insti-
tute of Technology in Zurich (ETH) which designs 
new structures and produces the oxides. The PSI 
group converts the oxides into electrodes (left) 
and tests them in batteries.

Principle of the operation of a lithium-ion bat-
tery.

The new kind of electrodes being manufactured for lithi-
um-ion batteries in PSI’s electrochemistry laboratory.
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PSI again had a stand at the 2001 Hanover Trade 
Fair. PSI exhibited a quick-fit closure device at this 
event (Figure). This fastening system was invented at 
PSI for the positioning of patients in proton therapy. 
However, it is suitable for general use and is charac-
terized by high precision and quick and simple op-
eration. Initial contacts with interested visitors to the 
fair were promising and resulted in negotiations on 
the exploitation of this quick-fit closure.

At the 2001 Hanover 
Trade Fair

A PSI employee demonstrating the quick-fit closure. PSI has developed this device for medical pur-
poses, but its potential applications are quite wide.

PSI’s aim at the Hanover Trade Fair is not, however, 
to transfer a specific project to the industrial arena. 
Its objective is generally to establish new contacts 
with the business community and the world of poli-
tics, to explain PSI’s activities, publicize its know-how 
and show that PSI is committed to exploiting its find-
ings. In this respect, the 2001 Hanover Trade Fair 
also brought new contacts for other PSI research top-
ics such as fuel cells and methods such as neutron 
radiography.
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Testing the 10 kW solar reactor to produce lime in PSI’s solar 
concentrator

The lime and cement industry produces huge quan-
tities of CO2 and other greenhouse gases. If fossil 
fuels are replaced with solar energy in calcining 
processes, some of these pollutant emissions can 
be avoided, thus helping to improve the global cli-
matic situation. In collaboration with QualiCal AG, of 
Lugano, a PSI group has developed a solar reactor 
for the production of lime at high temperatures in a 
solar concentrator.

In 2001, the researchers successfully developed and 
built a 10 kW solar reactor (left) which also incor-
porates an innovative delivery system for continuous 
operation, a rotating, heat-resistant reaction cham-
ber and a water-cooled front panel (bottom). The 
successful experiments in PSI’s solar furnace showed 
that a calcination level of more than 98% is achieva-
ble, that the thermal efficiency is 10–15% even with-
out an optimized reactor and that lime of varied 
quality can be produced. Standard lime from a small 
decentralized solar furnace could, for example, be 
used for building roads and houses in remote areas. 
A solar plant could also produce special types of lime 

for the chemical 
industry. The idea 
of replacing fossil 
fuels with concen-
trated solar energy 
in the burning of 
lime was quite new 
and yielded satis-
factory results, since 
the lime produced 
by solar means 
meets the require-
ments of industry. 
Based on the suc-
cess with the test 
facility, model cal-
culations and cost 
estimates, the PSI 
experts are convin-
ced that a plant of 

 around 0.5 MW for 
 solar production of 
 lime is technically 
 and economically 
 feasible.

Burning lime with sunlight

The conveyor system (top), reaction chamber (right on the 
top) and water-cooled front panel (right on the bottom) can 
be seen here.
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Temperatures of up to 2000°C or more can be de-
veloped at the focal spot of PSI’s solar concentrator. 
PSI experts are using this device to study subjects 
such as lime burning (mentioned above) and direct 
conversion of sunlight into chemical energy carriers, 
with the solar energy being stored in transportable 
form. For solar chemical processes, understanding 
and control of the reaction temperature is of central 
importance because it is only by precise measure-
ment of the temperature of the substances con-
cerned that the reaction profile can be determined, 
enabling solar chemical reactors to be designed. 
These high temperatures call for complex measure-
ments, which is why researchers at PSI have devel-
oped a measuring device (pyrometer). Using this 
device, they can analyse thermal radiation and ac-
cordingly calculate the surface temperatures in PSI’s 
solar furnace. In 2001, they devel-
oped the pyrometer to industrial 
prototype standard, bringing many 
years’ work to fruition.

This measuring device is the only 
one of its kind that can measure 
the temperature of an opaque sur-
face under intense outside light, for 
example in concentrated solar radi-
ation. The measurement procedure 
has been developed by a team at 
PSI. The software development work 
was started by two computer science 
students at Aarau Technical Universi-
ty and completed by one of the two 
after leaving university on behalf of 
PSI, in close collaboration with a PSI 
researcher.

How hot is it really in a 
solar concentrater?

In the solar concentrator of PSI the temperature can be very high.
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Epiphaniometer purchased

The epiphaniometer is a device developed ten years 
ago by PSI which can measure tiny particles in am-
bient air – so-called aerosol particles (see also p.39) – 
in minute concentrations. It is nowadays becoming 
ever clearer that fine, respirable particles are detri-
mental to health. They have to be monitored and 
reduced, which explains the growing interest in the 
PSI measuring device. PSI has further developed 
the epiphaniometer; Aarau Technical University was 
responsible for the control electronics and automatic 
function monitoring. The device is manufactured by 
Matter Engineering AG, of Wohlen.

The epiphaniometer is based on the following prin-
ciple: in the measurement chamber, unstable lead 
atoms from a radioactive source are absorbed by the 
aerosol particles in the ambient air. The decompo-
sition of the lead atoms is then recorded and pro-

vides a measure of the concentration 
of these particles. Measurement has 
to be possible without direct super-
vision. Therefore a high level of relia-
bility and self-monitoring is required. 
This is provided by the electronics 
developed at Aarau Technical Uni-
versity which allow both local data 
storage for 6 months and remote 
transmission via telephone and the 
Internet. A prototype of the device 
is now with Matter Engineering AG 
for purposes of duplication. A sec-
ond instrument is in use at a univer-
sity in the USA with which PSI col-
laborates. Around seven measuring 
devices – each costing about CHF 
30’000 – are scheduled to be built 
by spring 2002.

The Epiphaniometer
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Nitrogen oxide reduction 
in diesel vehicles

The EU limits for large diesel engines are due to 
come into effect in 2005, by which time both par-
ticulate and nitrogen oxide emissions of present en-
gines must be reduced. One promising way of re-
ducing nitrogen oxides was developed at PSI, but 
this exhaust gas aftertreatment process had to be 
further developed. The PSI group translated its find-
ings over the last few years from a joint project with 
industrial partners directly to a demonstration system 
with marketing potential. In collaboration with the 
companies Liebherr Machines Bulle SA and Oberland 
Mangold GmbH, of Garmisch Partenkirchen, the PSI 
group developed a system suitable for vehicles which 
reduces NOx emissions from diesel engines.

Diesel engine test bed at Liebherr Machines Bulle SA.

The first test equipment on the PSI diesel test bed 
made it possible to select and dimension the catalyst 
and to determine the characteristics of the system 
in dynamic operation. Based on the results, control 
and regulation of the reducing agent dosage were 
developed jointly with the Swiss Federal Institute of 
Technology in Zurich. The improved system is now 
being built by Liebherr Machines Bulle SA for a big-
ger engine. Following extensive testing, long-term 
experience will be gained using the system in an ac-
tual vehicle (a mobile crane). Mangold GmbH has 
supplied the first prototypes of the catalyst to Lieb-
herr Machines Bulle SA, where the other compo-
nents are also ready for construction of the large test 
bed.
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Sound-generation by flames

The importance of electricity genera-
tion by gas turbines is growing con-
stantly. The efficiency of these tur-
bines has been improved from 38% 
to values approaching 60%. Howev-
er, one problem has arisen with the 
new state-of-the-art systems: the gas 
turbine burners generate extremely 
high noise levels. This is a nuisance 
to people in the vicinity and also 
exposes the machines to mechani-
cal loads. As a result, these gas tur-
bines cannot be run at full capacity 
and possibly have a shorter useful 
life than expected. An understand-
ing of this noise generation is con-
sequently of great commercial inter-
est.

The experts at PSI were also interest-
ed in studying this problem from a scientific point of 
view, being in a position to measure what takes place 
in flames using their non-intrusive laser measuring 
methods. They applied these methods to an investi-
gation of the effect of inhomogeneous combustion 
and premixing on the development of acoustic vi-
brations in gas turbines. To do this they used an in-
dustrial test facility to carry out measurements with 
a single commercial burner at atmospheric pressure. 
In actual operation, these gas turbines contain 10 – 
20 burners, and the pressure is 15 bar. Nevertheless, 
the PSI group’s results allow conclusions to be drawn 
about actual operating conditions because they pro-
vide information on the cause of the noise. It turns 
out that the sound is produced by the flame itself. 
This is a new discovery which will enable industry 
to examine action to prevent or at least reduce the 
noise generated by the flames.

The PSI experts can gain new knewledge from such special LIF laser measurement.
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As a scientific technical centre, PSI 
makes its know-how and experience in 
the handling of radiation available for 
Switzerland’s benefit. The PSI radiation 
protection team accepts commissions 
from Swiss federal bodies such as the 
National Alarm Centre (NAC), Swiss 
Federal Office of Police, Swiss Federal 
Customs Administration, cantonal po-
lice corps and even private individuals 
(Figure). These include assignments 
from foreign clients such as checking 
the radioactive contamination of emp-
ty transport vehicles arriving at the 
Swiss border. PSI also acts as an inde-
pendent technical body by providing 
expert opinions and forming a stand-
by unit if situations involving a possi-
ble radiation hazard occur. PSI guaran-
tees these services when the alarm is 
raised by the NAC, including outside 
normal working hours. The PSI radiation protection 
standby unit has been called in quite frequently to 
check defective or unknown radioactive packaging 
at Zurich-Kloten airport. If necessary, the PSI experts 
take the radioactive material away for orderly dispos-
al. Otherwise, they release it for onward transit after 
an inspection. They also check whether people have 
been exposed to radioactivity and if so the dose in-
volved. Since September 2001 a new PSI and NAC 
standby unit vehicle has been in use (top). The meas-
uring instruments and equipment were financed by 
PSI, and the vehicle was paid for by the NAC.

Number of external deployments of the PSI radiation protec-
tion team. The increases in PSI deployments resulting from the 
opening up of the Eastern Bloc and in particular due to the 
checking of transport vehicles are clearly apparent.

The new PSI and NAC standby unit vehicle has instrumentation to measure all types 
of radiation and equipment for collecting samples, closing-off and personal protec-
tion. Mobile telephones and notebooks with modems naturally form part of the 
equipment.

Radiation monitoring for 
Switzerland’s benefit
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In the last reporting year PSI spent 261.6 million 
Swiss Francs on research, on development, construc-
tion and operation of research facilities and on other 
infrastructure and service costs. The Swiss Federal 
Government contributed 228.3 million Swiss Francs; 
about 1 million less than the year before. As for the 
third-party funding, also in 2001 60 percent came 
from private industry and one-quarter from Federal 
research promotion programmes (Swiss National 
Foundation, Swiss Department of Energy). About 10 
percent of the third-party funding are connected 
with EU Programmes. In the year 2001 more than 
65 million Swiss Francs of the total PSI budget were 
invested, a large part of that for final construction of 
the SLS. Personnel costs made up about 55 percent 
of PSI’s total expenditure in 2001.

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.

The distribution of the total resources according to PSI priority 
areas (product groups). The research equipment – in particular 
the accelerator facilities and SINQ – are allocated to the prior-
ity areas; the SLS is separately presented, and in the year 2001 
required 18% of the overall budget of PSI.

Nearly 70 percent of the total expenditure in the year 
2000 went towards the user laboratory function of 
PSI. The large costs for the external user comunity 
cause limitations for the research of PSI itself. This will 
mainly affect those research topics which have only 
limited connections with the user laboratory function 
of PSI. The external users of our research facilities can 
receive optimal help and support only if PSI’s own 
research at the installations remains adequately com-
petent and attractive.

At the end of the year 2000 nearly 1200 persons 
in all were employed at PSI. In addition over 110 
doctorate students are employed by PSI, and 75 
apprentices receive vocational training at PSI. More 
than 100 additional doctoral students are involved in 
research projects at PSI, though they have contracts 
of employment with a university or with one of the 
two ETHs. They also benefit from the research facili-
ties at PSI.

PSI Personnel StructureAllocation of Resources in 2001, 
incl. Third-Party Funding

Life Sciences, 14%

Solid-State Research 
and Materials Sciences, 21%

Nuclear  
Energy Research,  

20%

Particle and 
Astrophysics, 10%

SLS, 18%

General Energy Research, 17% Engineering Sciences, 8%

Sciences, Medicine,  
Pharmacy, 35%

Administration, 3% Technical 
Personnel, 43%

FH, HTL, 11%
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DIRECTORATE

Director Eberle M.K. Prof. Dr.
Deputy Director Eichler R. Prof. Dr.
Head of Staff Jermann M.
Head Project SLS
Department Heads

Research Committee

Ott H.R. Prof. Dr.

STAFF

Dietrich Ph. Dr.
Loepfe E. Dr.
Salzmann M. Dr.

Human Resources

Kenel S.

Research Department

Particles and 
Matter (TEM)

Eichler R. Prof. Dr.
i.P.

Particle Physics
Gabathuler K. Dr.

Astrophysics
Zehnder A. Dr.

Muon Spin 
Spectroscopy
Herlach D. Dr.

Micro and Nano
Technology
Gobrecht J. Dr.

Radiochemistry
Gäggeler H. Prof. Dr.

Ion Beam Physics
Suter M. Prof. Dr.

Research Department

Life Sciences
(BIO)

Winkler F. Prof. Dr. 

Radiation Medicine
– Proton Therapy
 Goitein G.
– Tumor Therapy
 Evaluation
 Blattmann H. Dr.

Center for
Radiopharmaceutical 
Science
Schubiger P. A. Prof. Dr.

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

Structural Biology
Winkler F. Prof. Dr.
i. P.

Research Department

Condensed Matter
Research with 
Neutrons (FUN)

Fischer W. Dr. 

Condensed Matter
Theory
Morf R.H. Dr.

Neutron Scattering
Furrer A. Prof. Dr.

Low Temperature
Facilities
van den Brandt B. Dr.

Research Department

Nuclear Energy
and Safety (NES)

Kröger W. Prof. Dr.

Reactor Physics and 
Systems Behaviour
Chawla R. Prof. Dr.
  
Thermohydraulics
Dreier J. Dr.

Materials Behaviour
Bart G. Dr.

Waste Management
Hadermann J. Dr.

Research Department

General Energy
(ENE)

Wokaun A. Prof. Dr.

Energy and  
Materials Cycles 
Stucki S. Dr.

Solar Technology
Palumbo R. Prof. Dr.

Combustion Research
Boulouchos K. Prof. Dr. 

Electrochemistry
Scherer G. Dr.

Atmospheric Chemistry
Baltensperger U., PD Dr.

Department

Large Research
Facilities (GFA)

Steiner E. Dr.

Accelerator Physics
and Development
Schmelzbach P.-A. Dr.

Experimental Facilities
Steiner E. Dr. i.P.

Spallation Neutron
Source 
Wagner W. Dr.

Technical Support
and Co-ordination
Duppich J.

Department

Logistics and
Marketing (LOG)

Pritzker A. Dr.

Administration and
Services
Pritzker A. Dr. i.P.

Infrastructure Systems 
Boksberger H.-U.

Mechanical  
Engineering
Ulrich J.

Information Technology
Egli St. Dr.

Radiation Protection, 
Safety and Radioactive  
Waste Treatment
Andres R. Dr.

Project

Swiss Light 
Source (SLS)

Wrulich A. F. Dr.

Machine 
Wrulich A. F. Dr. i.P.

Users 
van der Veen J.F. Prof.Dr.

Building
Janzi G.

Organizational Structure
Paul Scherrer Institut 1.1.2002



88 PSI ANNUAL REPORT 2001 COMMITTEES

Particles and Matter (TEM)
Experiments at the Ring Cyclotron
Prof. Dr. P. Truöl, President University of Zurich, CH
Prof. Dr. A. Blondel University of Geneva, CH
Dr. D. Bryman TRIUMF, Vancouver, CDN
Prof. Dr. C. Hoffman LAMPF, Los Alamos, USA
Prof. Dr. M. Pendlebury University of Sussex, GB
Prof. Dr. L. Tauscher University of Basle, CH
Prof. Dr. G.J. Wagner University of Tübingen, DE
Prof. Dr. D. Wyler University of Zurich, CH

Experiments at the
Philips Cyclotron (Injector 1)
Prof. Dr. J.V. Kratz, President University of Mainz, DE
Prof. Dr. J. Deutsch Catholic Univ. of Louvain-la-Neuve, BE
Prof. Dr. J.C. Dousse University of Fribourg, CH
Prof. Dr. A. Fässler University of Tübingen, DE
Prof. Dr. G. Kraft Society for Heavy-Ion Research, Darmstadt, DE
Prof. Dr. P.U. Sauer University of Hanover, DE
Prof. Dr. I. Sick University of Basle, CH

Muon-Spin Spectroscopy
Prof. Dr. H. Keller, President University of Zurich, CH
Prof. Dr. A. Baldereschi EPF Lausanne, CH
Dr. M. Fähnle MPI, Stuttgart, DE
Dr. P. Fischer ETH Zurich, CH
Prof. Dr. E. M. Forgan University of Brimingham, UK
Prof. Dr. J. J.M. Franse Van der Waals-Zeeman Laboratory, Amsterdam, NL
Prof. Dr. F. J. Litterst IMNF, TU Braunschweig, DE
Prof. Dr. P.W. Percival Simon Fraser University, Burnaby, CDN
Dr. F. Pratt RIKEN-RAL/Oxford University, GB

Life Sciences (BIO)
Prof. Dr. B. Hirt, President ISREC, Epalinges, CH
Prof. Dr. H. H. Coenen Forschungszentrum Jülich, DE
Prof. Dr. U. Haberkorn Universitätsklinikum Heidelberg, DE
Prof. Dr. J. A. Hubbell ETH Zurich and University of Zurich, CH
Prof. Dr. D. Moras UPR de Biologie Structurale IGBMC, 
 Illkirch-Strasbourg, FR
Prof. Dr. H. Möhler ETH Zurich and University of Zurich, CH

Research Committees
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Solid-State Research 
with Neutrons (FUN)
SINQ Scientific Committee
Prof. Dr. P. Schurtenberger, President University of Fribourg, CH
Prof. Dr. P. Böni TU Munich, DE
Prof. Dr. B. Dorner ILL Grenoble, FR
Prof. Dr. P. Fratzl Erich-Schmid-Institut, Leoben, AT
Prof. Dr. H. Güdel University of Berne, CH
Prof. Dr. R. Hempelmann University of Saarbrücken, DE
Prof. Dr. G. Kostorz ETH Zurich, CH
Prof. Dr. J.S. Pedersen University Aarhus, DK
Prof. Dr. W. Steurer ETH Zurich and University of Zurich, CH
Dr. C. Wilson ISIS Facility, RAL, Rutherford, GB 

Nuclear Energy and 
Safety (NES)
Dipl. Ing. P.U. Fischer, President EGL, Laufenburg, CH
L. de Faveri BBW, Bern, CH
Dr. H. Fuchs Aare-Tessin AG, Olten, CH
Prof. Dr. M. Giot Université Catholique de Louvain/SCK-CEN, BE
W. Jeschki HSK, Würenlingen, CH
Dr. Ch. McCombie Gipf-Oberfrick, CH
Dr. M. Salvatores Dept. of Reactor Studies, CEA, FR
Prof. Dr. E. Tenckhoff Siemens KWU Erlangen, DE

General Energy (ENE)
Prof. Dr. A. Zehnder, President EAWAG, Dübendorf, CH
Dr. P. Jansohn Alstom Power, Dättwil, CH
Prof. T. Peter ETH Zürich, CH
Prof. Dr. A. Reller University of Augsburg, DE
Dr. M. Schaub CT Umwelttechnik AG, Wintherthur, CH
H.U. Schärer BFE, Bern, CH
Prof. Dr. L. Schlapbach University of Fribourg, CH
Prof. Dr. A. Voss University of Stuttgart, DE





SLS Guiding Group
Prof. Dr. M. K. Eberle (Chairman) Director, Paul Scherrer Institut, Villigen, CH

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

Prof. Dr. P. Martinoli University of Neuchâtel, CH

Prof. Dr. K. Müller Hoffmann-La Roche AG, Basle, CH

Dr. H. Rohrer Bäch, CH

F. Swoboda ETH Board Staff, Zurich, CH

Machine Advisory Committee 
(MAC)
Prof.Dr. M. Eriksson (Chairman) Max Laboratory, University of Lund, SE

Dr. A. Hofmann CERN, Geneva, CH

Dr. A. Hutton Thomas Jefferson National Accelerator Facility, 
 Newport News, USA

Prof. Dr. E. Jaeschke BESSY, Berlin, DE

Dr. R. Walker Sincrotrone Trieste, Trieste, IT

Scientific Advisory Committee 
(SAC)
Prof. Dr. M. Altarelli (Chairman) Sincrotrone Trieste, Trieste, IT

Prof. Dr. Y. Baer University of Neuchâtel, CH

Prof. Dr. K. Brändén Microbiologie & Tumorbiologie Center, Stockholm, S

Prof. Dr. W. Eberhardt BESSY GmbH, Berlin, DE

Prof. Dr. J. Hastings SSRL/SLAC, Stanford, USA

Prof. Dr. G. Margaritondo EPF, Lausanne, CH

Prof. Dr. G. Materlik Diamond Project, Oxfordshire, UK

Prof. Dr. Dr. h.c.mult. K. A. Müller Hedingen, CH

Prof. Dr. T. Richmond ETH Zurich, CH

SLS Committees

COMMITTEES PSI ANNUAL REPORT 2001 91 



92 PSI ANNUAL REPORT 2001 COMMISSIONS

Prof. Dr. G. zu Putlitz, President Institute of Physics, University of Heidelberg

Dr. E. Kiener Director BFE

Prof. Dr. P. Martinoli Institute of Physics, 
 University of Neuchâtel

Prof. Dr. K. Müller F. Hoffmann-La Roche AG, Basle

Dipl. Ing. J.-L. Pfaeffli SA l’Energie de l’Ouest-Suisse

Dr. iur. M. Reimann Swiss Senator, Gipf-Oberfrick

Dipl. Ing. O.K. Ronner President, Siemens Building Technologies AG, Zurich

Prof. Dr. A. Waldvogel Vice-President for Research, ETH Zurich

Dr. P. Zinsli Deputy Director, Federal Office of
 Education and Science

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

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

Dipl. Phys. M. Jermann, Secretary Head Directorate Staff, Paul Scherrer Institut

Advisory Commission



COMMISSIONS PSI ANNUAL REPORT 2001 93 

External Members
Prof. Dr. H.-R. Ott, President Laboratory for Solid-State Physics, ETH Zurich, CH

Prof. Dr. U. Amaldi University of Milano Bicocca, Mailand, IT

Dr. B. Barré COGEMA, Vélizy, FR

Prof. Dr. W. Baumeister Max-Planck-Insitut für Biochemie, 
 Martinsried b. München, DE

Prof. Dr. Ø. Fischer Dept. of Condensed Matter, 
 University of Geneva, CH

Prof. Dr. B. Johannsen Institute of Bioanorganic and Radiopharmaceutical
 Chemistry, Rossendorf, DE

Dr. D.E. Moncton Advanced Photon Source, Argonne National 
 Laboratory, Argonne, USA

Prof. Dr. D. Richter Institute for Neutron Scattering at the
 Institute of Solid-State Research, Jülich, DE

Prof.Dr. J.W. Tester Energy Laboratory, Massachusetts Institute of
 Technology, Cambridge, USA

Prof. Dr. U. Wagner Energiewirtschaft und Anwendungstechnik, 
 TU München, DE

Prof. Dr. P. Zerwas DESY, Hamburg, DE

Internal Members
Dr. K. Ballmer Life Sciences

Dr. J. Hadermann Nuclear Energy and Safety

Dr. R. Henneck Particles and Matter

Dr. P. Hosemann Nuclear Energy and Safety

Dr. R. Morf Solid-State Research with Neutrons

Dr. G. Scherer General Energy

Dr. N. Schlumpf Logistics and Marketing

Dr. L. Simons Particles and Matter

Dr. W. Wagner Research with Large Facilities

Dr. P. Hasler, Secretary Life Sciences

Permanent Guest
(President of the ETH Zurich Research Commission) 

Prof. Dr. H. Hennecke Institute for Microbiology, ETH Zurich, CH

PSI Research Commission



 Paul Scherrer Institut Phone 056 310 21 11
 CH-5232 Villigen PSI Fax 056 310 21 99
 Internet http://www.psi.ch

PS
I A

nn
ua

l R
ep

or
t 

20
01

 
G

en
er

al
 V

ol
um

e

P A U L  S C H E R R E R  I N S T I T U T




