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PSI in Brief

PSI in Brief

The Paul Scherrer Institute (PSI) is a multi-
disciplinary research centre for natural sci-
ences and technology. In national and inter-
national collaboration with universities, other
research institutes and industry, PSI is active
in elementary particle physics, life sciences,
solid state physics, materials sciences, nu-
clear and non-nuclear energy research, and
energy-related ecology.

The institute's priorities lie in areas of basic
and applied research, particularly in fields
which are relevant for sustainable develop-
ment, as well as of major importance for
teaching and training, but which are beyond
the possibilities of a single university depart-
ment. PSI develops and operates complex
research installations which call for espe-
cially high levels of know-how, experience
and professionalism, and is one of the world's
leading user laboratories for the national and
international scientific community. Through
its research, PSI acquires new basic know-
ledge and actively pursues its application in
industry.
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Foreword

Foreword by the Director

The pronounced trend towards optimisation of profits, now familiar under
the term "shareholder value», has gripped the Swiss economy too, and is being
expressed in terms of rising unemployment. It is now vital that the economy
comes to terms with international competition. The only people who are
going to achieve real success in the market-place are those who can produce at
particularly attractive prices, or who can offer high-profile innovative and
novel products. Cheap production generally calls for mass production in high
unit numbers, with production capabilities in 24-hour operation — in order for
the sometimes very heavy investment to be recouped - or low wage costs. In
this context, Switzerland is successful in only a few niche sectors, if at all. Our
strength lies in the production of quality products of high value, in compara-
tively low numbers. Innovations, intelligent concepts, and an advanced and
sophisticated system technology, combined with high-tech components, are
what attracts us. To invent, develop, and produce such processes, procedures,
and products calls for well-trained and skilled personnel. We also need to create
an atmosphere which rewards creativity, promotes what is new, and accepts
flexibility and positive change as a norm. We must set ourselves the goal of
being better than the others; this is a great challenge, but it is one which we
must take up if we are to retain our standard of living in the future.

Being better than the others means always adding to what we have learned,
and setting ourselves realistic goals, even if they seem difficult to achieve. In
science, this is a daily occurence; and only by adopting this attitude is it possible
to keep up with the front runners on an international level, and compete with
them. Not a «\ve too» approach, but new ideas, innovation, and «quantum
leaps» are the order of the day.

Of course, research alone will not provide any innovative products — but it
is the precursor to them.Things start happening right with basic research.This
research whose goal is knowledge often produces the unexpected, and con-
tributes a great deal to learning and training. About half of the 230 doctoral
students at PSI work in the area of basic research, a context in which the uni-
versities are PSI's central partners. Unique research facilities are the reason why
PSI has a reputation that reaches far beyond the frontiers of our own country,
and every year attracts more than 600 researchers from all over the world. At
the moment we are committing some 45 % of PSI's own resources to the fur-
ther development and operation of our large research facilities.

The aim of application-oriented research is to create new processes and
procedures, new materials, and, very generally, new products. In most cases,
today, this is highly interdisciplinary, and has to be accomplished in close co-
operation with industry. About half of PSI's own research is performed in this
context.

PS1 is conceived as a multi-disciplinary, national research laboratory. With
top performance in the areas of the natural science and engineering research
our goal is to contribute to sustained economic development in Switzerland,
which will be competitive on an international level, as well as promoting and
supporting basic and advanced education at universities, technical universities,
and technical colleges. We operate research facilities today which are unique,
and which are used by a broad international scientific community. Our expe-
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rience also shows that top-flight facilities, professionally handled, attract top-
flight researchers; this in turn generates new ideas, and additional intelligence is
drawn into the country.

1996 — A very successful year for PSI:

• We were able to treat the first human patient, successfully, in our unique
cancer therapy facility, which destroys deep-seated tumours by means of
precisely-guided protons.

• The SINQ Spallation Neutron Source was successfully commissioned at the
beginning of December, and the intensity of very slow (cold) neutrons
achieved was well above expectations.

• The highest beam power m the world, from the PSI accelerator, with a pro-
ton current of 1.5 milliampere, was taken into «routine» operation.

• Since early 1996 we have been operating a new nano-technology laboratory,
in which we can structure and characterise surfaces and micro-components
on scales of millionths of a millimetre. At the present time, we are develop-
ing, among other things, new types of bio-sensors based on nano-techno-
logy. This laboratory is also available to the universities and interested indu-
strial groups.

• We have developed a high-efficiency solar cell, with a degree of efficiency
which is among the highest ever achieved in the world, and which can be
produced with significantly fewer process stages.

• We have been able to gain new knowledge concerning accident scenarios
with reactors of the Chernobyl type, and pass these on as a contribution to
increasing the safety to the managers of such reactors in the countries of
Eastern Europe.

• The SLS Project has been further developed, and the characteristics of the
system again perceptibly improved, while at the same time the cost of the
facility has been reduced.

Many other examples of PSI research achievement m 1996 are presented in
this Animal Report.

Ĉ )ne particular area of focus in 1996 was the completion of SINQ, the
Spallation Neutron Source. In May we set 3 December as the date for commis-
sioning the installation, and, indeed, on that (.late the first neutrons were pro-
duced. Ideas for creating this facility go back to the 70s. Basic developments
ami technological problem solutions were worked out in the first half of the 80s
and. in parallel to this, the Swiss Science Council and the Swiss National Fund
also evaluated the project. The creation of SINQ was seen by these scientific
committees as part of an overall policy to set high priority on research into
condensed matter, using the very latest resources. Synchrotron radiation was
even then being hailed by the Science Council as an important complementary
method for this area of research. In 1986 the Parliament approved the SINQ
proposal (Botschaft), and a start was made on construction at the end of the 80s.
A great deal of pioneering work was still needed, because this type of source
sets new international standards. SINQ is the most powerful neutron source in
the world based on the principle of spallation. But even now, after the successful
commissioning of the facility, there is still a lot of trail-blazing to be done. In
particular, the behaviour of the target, which releases the neutrons, has still been
little investigated in terms of material technology. The international scientific
community is accordingly following with great interest PSI's experience with
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this method ot creating high neutron intensities, particularly with a view to
building even more powerful sources in Europe and the USA. 1997 will see the
actual start of operation for experimentation. PSI will be setting particular
emphasis in future on the development ot new types ot measuring instruments,
and it is intended that, in this context too, unique resources should be made
available to researchers.

A research centre such as PSI is always looking to the future, and it should
always be one step ahead of those who are conducting research on existing
facilities. The creation of complex research facilities is very time-consuming, as
the development of SINQ shows. Since the beginning of the 90s we have been
developing a new research facility, the Swiss Light Source SLS. It SLS is built,
we at PSI will be able to offer researchers from all over the globe a universally
unique opportunity to investigate the structures ot matter, using high quality
photons, in addition to neutrons and niuons. During 1996 we advanced the
development of the SLS Project to the stage where a decision could be taken;
and following a decision in principle by the Federal Council in March 1996,
we prepared a proposal (liotschaft) for the SLS to be built at PSLVilligen. On
2() November 1996 the Federal Council applied to the Federal Parliament for a
guaranteed credit ot 159 million Francs. Financing is intended to be provided
in full by resources earmarked for the purpose from the existing finance plan,
with the result that no additional disbursements are to be expected from the
Federal Government. Essentially, the tunds to be used tor this will be drawn
from the Domain of the Swiss Federal Insitutes of Technology (ETH domain)
and, in particular, from PSI. Parliament is due to reach a decision on this
pioneering project during the first half of 1997. We are confident that Parlia-
ment will recognise the scope and significance of the SLS for our research, and
accordingly also for the future of employment in Switzerland. In this context,
too, we are again aiming to make a step forwards on an international level with
top performance to provide new possibilities and perspectives for our research,
for training, and for the economy as a whole.

These two new facilities, and the union beams at the accelerator, will pro-
vide PSI with the most modern methods available tor the investigation ot
material structures.They are ot great strategic importance in areas of modern
biology, medicine, material sciences, and pharmaceutical chemistry.

AH this means that PSI has a great future ahead of it. The changes that will
be associated with this are large. As the resources allocated to PSI are being
slightly reduced, a number of other projects and facilities will have to be cut
back or terminated. Consequently, we intend to evaluate ongoing research very
critically in order to make our decisions. Only in this way shall we be able to
implement what is new in good time and at the correct level.This will call for
flexibility at all levels and a positive attitude towards change, and, based on what
has happened in 1996,1 am full of optimism about our ability to meet this great
challenge.

I would like to thank all staff who have contributed so much over the past
year to our many successes with a great deal ot commitment. In particular, I
would also like to thank the two Presidents of the technical universities (ETH)
and the directors of the other research institutes of the ETH domain, who have
supported the financing of the SLS Project with resources from the entire
ETH domain in a spirit of solidarity and cooperation, and who have therefore
made the achievement of this project possible.

Meinrad K. Eberle
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Highlights of 1996
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The three major milestones
of 1996 were

• The inauguration of the proton therapy facility

• The decision by the Federal Council for the SLS

• The commissioning and inauguration ofSINQ

These three special milestones of 1996 have strengthened the main
character of FSI; that is, its function as a user laboratory, and as the
largest national laboratory of Switzerland. As a «User Lab», PSI provides
groups from universities and industry, from home and abroad, with spe-
cial facilities of a worldwide competitive standard, and supports them
with know-how and infrastructure. The user communities have natu-
rally responded very favourably to the progress made in the past year.
For the proton therapy facility, these are the physicians from university
clinics and cantonal hospitals; for the SLS project, it is an SLS user com-
munity, founded in 1996 and steadily growing; and for SINQ it is the
established group of those experts and specialists who use neutrons for
their research.
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Highlights of 1996

The inauguration of the Proton

At the Paul Scherrer Institute we now have a mmour t rea tment
technique which is unique in the world. On 30 januafv i ^ h PS!,
together with the future user community <<* medical specialists trom
Switzerland and abroad, was able to inaugurate the new proton thenvp)
installation - the first of its kind in the world. The beam technology
developed at FSI for treating deep-seated tumours, known as the Spot-
Scan Technique, promises great advances in radiation therapy, thanks to
the higher degree of precision which can be achieved. Patients are
referred for protoi- rher<un at PSI by the university clinics and cantonal
hospitals, within a framewoik ^i u-umcut protocols which have been
jointly laid down.

Guests watch with tascwa.to,/ .o ^ < • proton therapy facility - •* worldwide first



Highlights of 1996

The decision by the Federal Council for the SLS

The year 1996 was marked by a number of milestones
for the Swiss Light Source Project, SLS.

On 18 March 1996, the Federal Council took a
preliminary decision on an application by the
ETH Board and the Group for Science and Re-
search to build a Synchrotron Light Source, the
SLS, at the Paul Scherrer Institute inVilligen.
The Federal Council welcomed this research initia-
tive, and accordingly instructed the Federal Depart-
ment of the Interior to prepare by the end of
October a proposal for the construction and opera-
tion of the SLS at PSI in Villigen. In addition, the
Federal Finance Department was empowered to
carry out a project evaluation for the construction
section of the project, for which a credit of 1.8 mil-
lion Francs was approved.

This enabled the project evaluation for the
buildings for the SLS to be started on - another
milestone. This was concluded by mid-September
1996, and a design selected to be worked on in de-
tail. It involves a circular building, with a diametre of
about 120 metres and a height of about 14 metres,
which will house the SLS at the southern end of the
PSI West Site.
A special chapter on the progress and present status
ot the SLS project begins on page 35.

A third milestone related to industrial co-operation.
The positive judgement about SLS by the academic
world and the committees involved in Swiss research
and science policy was backed up in 1996 by a de-
finite industrial interest in the SLS. Following
successful discussions with private industry, it proved
possible to establish the SLS Techno-Trans AG
(SLS-TT AG). It created the preconditions required
for intensive co-operation between industry and the
research centre PSI. Its aim is to promote technology
transfer and to take care of the setting up and
running of industrial research at the SLS. This new
approach to a close partnership arrangement could
turn out to be a model of its kind, and, in the view of
PSI, such steps are essential if we are to strengthen
Switzerland as a place of research and of production.

The fourth, and most significant, milestone on
the pathway to the SLS was the decision by the
Federal Council on 20 November 1996 for the
SLS; the text of the press release from the Federal
Council is reproduced on the following page.

Day of assessment for
the building to house the SLS.
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Press Release by the Federal Council, November 1996

SLS, Swiss Light Source

The Federal Council has decided in favour of the
application by the EDI, Federal Department of the
Interior, for the establishment of the Swiss Light
Source (SLS) at the Paul Scherrer Institute (PSI) in
Villigen, Canton Aargau, and will recommend the
proposal prepared by the ETH Board to the Federal
Parliament.

The proposal applies for the provision of two guaranteed
credits to a total of 159 million Francs. The resources have
been set aside in the finance plan for the ETH domain as
well as in the capital expenditure plan for civil buildings
of the Federal Finance Administration, and will not incur
any additional burden on the Federal budget. The resources
to be supplied from the ETH domain will be provided by
internal redistribution.

With this decision, the Federal Council aims to promote
training and research in Switzerland — despite financial
restrictions — by means of a research initiative focused on
the future, and to accelerate the industrial implementation
of future technologies. The intention is to strengthen Swit-
zerland's international competitiveness as a workplace which
at present is under threat in many industrial branches.

The ring-shaped SLS generates electromagnetic radiation,
characterised by extremely high intensity and sharp focus-
ing. Research projects in strategically important areas of the
material sciences, biology, medicine, pharmaceutical chemi-
stry, and physics will be able to benefit from this to a par-
ticularly high degree. The SLS will contribute towards en-
suring that our country remains especially attractive on an
international level for science and training, and continues
to draw gifted researchers. This will also ensure access for
Switzerland to the very latest findings in those disciplines
which are so important for our own research and work.

The Swiss Science Council and the Swiss National Fund
both support the SLS Project. They emphasise the high
quality of the SLS and its pioneering nature, which will
ensure its attractiveness well beyond the borders of Switzer-
land.

The Federal Council has considered in detail the question
of the siting of the SLS, since both the Cantons of Nenen-
burg and Glarus had also expressed interest. The decision
on the PSI site at Villigcn, in Canton Aargau, was taken
on the basis of the criteria of scientific policy. A determining
factor in this was the scientific synergy effect provided by
the PSI location, where the project has been developed and
where the SINQ neutron source and other experimental
facilities for universities and industry are already being
operated. This means that there ivould be a number of com-
plementary methods available at the same location for
projects in the natural and engineering sciences. The inter-
national significance of PSI as a user laboratory would
accordingly be fully exploited.

The decision by the Federal Council; to build and operate
the SLS at PSI will promote the new strategic redirection
of PSI, as determined by the ETH Board.This includes,
in particular:

• Strengthening of the function as a user laboratory, in sup-
port of universities and industry;

• A more marked emphasis towards solid-state research
and the material sciences;

• Focusing of the life sciences on cancer diagnostics and
treatment;

• Directing energy research towards projects which take
account of sustained development;

• The management of basic facilities for the high-energy
physics of the universities.

As a national research laboratory, PSI is the ideal location,
thanks to the range of its activities and know-how, to con-
struct installations such as the SLS for a broad research com-
munity, and to provide the research support which they need.

Federal Department of the Interior, Press and Information

Service
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he Commissioning and Inauguration of SINQ

sn.il
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On the occasion or thtf inauguration of SINQ, the Director of PSI.
rvleinrad K. Eherie. made reference, not without some pride, to the suc-
cessful and troubie-rree commissioning; of this complex and technicalh
verv demanding; facility. Thanks to ciose niterdiscipiinary co-operation
over an eight-year period among PSi specialists. SINQ, which cost
85 miiiion Francs, delivered the expected high intensity of neutrons right
rrom the srart - to the great satisfaction, too, of the future user groups
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The m luguianon t eiemonv in addition
a presentation ot SINQ and its applicative-. <uso fbcuseo
on another broad topic The head oftiv \ "* , : aera'
Counulloi Ruth Drcifusb, and otner lm, tia^it speakers
concentiated on the importance for Switzerland and
I.UIODC ot SINQ anu oi?>- - - ' «uliue!>. in temis
<>-• 'Ciearcn anci science .JOIK

 ; '<-• s-^aKers cinpnasised
»„ neeci ror me concennation " '}Tr-;r on such nioiects
t iesean.li tenties such s . rhe Paul Sciieirer Institute

PSI, as the largest nation li Li, -iton" -> Svvitzeiland, is
predestined to fill tins role, witn i -, J to its new orien-
tation and in view of its experience

A ypciial ivmt (oi out iLhtoiiil ••tudem^ ,1 IIIHU^IOII with Iidual Councillor
Ruth Dnifn\\ folloinn^ tin SI\Q maw>utiUion aumony
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... and other highlights from 1996
It we allow the events of 1996 to pass before us in review, we can see two othei m.ijor tooirs cmeiging, i
to the three main milestones: education and training and scientific conferences, hi ' •'• < OK lesearc
community and young people again played a major role as far as PSI was (.oiiLernec '• ' to lepresc,-;
events which took place during the year, here are a few examples, in woids aim ; ••

VlFlOil

Education and training

In addition to internal PSI education and training, which covered more than 201) douoral profits mini. >us
diploma and post-graduate research projects, and about 45 training positions io; apj: :*w- PS I also intt asified its
co-operation with technical colleges during 1996. At the end of 1996. PSI, HT Jtfru" \&'indis<.b, „ - , Canton
Aargau concluded an agreement relating to education and training and research, ana tnosi, involved ex;T-*< this to
benefit Aargau as a location tor technology. In addition to the large nurnbei of scnooi cu,v , whicli \ isit ^Si each
year, in 1996 we again offered special opportunities for final-year high-schooi students. The response was so
great that participation had to be limited due to lack of capacity.

I'rom M) September to 4 October

IV96, school students from hi^h-

schools in ('iintons Aiir^tiu,

BasclLuui, Solotluirn, audTluir-

gtw took part in the PSI

Autumn School, a\ul tackled the

question of »Basic research:

Vrom elementary particle physics

to biology».

leaching roles reversed. On

Parents' Day, PSI apprentice

explain their work to their

mothers and fathers.
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Highlights of 1996

Scientific conferences

For the research community, exchanges on an international level are of fundamental importance. Experts from

PSI make contributions in this context again and again, by arranging conferences, workshops, and symposia in

their specialist fa Ids it I'Sl 01 e\temall\ We shall mention iiiit i few of thes<. hen. uul v. ite tin. appiopnan innu.il

eporcc trom the research foi moie mroimation
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horn (>-H II <>h I In I>\1 tin I n i l

/ ] / (> / ' ( . / p,uthiiLul) mint wi//1,1

The PSI Summer School in Zuoz. from 4-10. H. 96, thi.< Summer
School concentrated on neutrinos, and from 18—24.8 close to
a hundred participants discussed neutron scattering at SI\'Q.

I" ISl'D, 9-11.9.96, PSI.

The theme of this symposium

was the L'ltrasonic Doppler

Method developed at PSI for

studying flow patterns.

HCNS '96, 8-11.10.96, Interlaken. Almost 700 specialists from 40 countries showed how

great the interest is in neutron scatteriug.Thauks to the Organizing Committee (above),

everything went perfectly, even the visit by the entire conference to PSI (left).
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PSI in Figures

PSI in Figures and Structure

Finances
In 1996, PSI had an available budget of 158 million Swiss Francs, according to
the estimate by the Board of the Swiss Federal Institutes of Technology (ETH).
Additional, external funding amounted to almost 28 million Swiss Francs, pro-
vided to PSI in return for carrying out contract research for private industry
(such as NAGRA, power stations, etc.) or in the context of research for Federal
departments (such as BEW, HSK, etc.), for the Swiss National Fund, or for
other research promoting bodies (such as the National Energy Research Fund).

Staffing

At the end of 1996, staffing at PSI amounted to the equivalent of 900 PSI-
funded full-time positions, of which 670 were permanent posts. Somewhat
more than 200 additional full-time positions are third-party funded, of which
about 120 are in energy research. PSI has a current complement of about 130
doctoral students. In addition, to these, there are about 100 students who are
funded by a university, but are nevertheless completing their doctoral studies
at PSI (Fig. 1). PSI also supervises a large number of diploma students, and
about 45 apprentices are currently gaining their professional/technical qualifi-
cations.

Engineering Sciences 8%

Figure 1: Doctoral studies at PSI.
The picture shows the distribution,
by discipline, of doctoral candidates.
At present, some 230 students
are pursuing their research here,
of whom 15 % are women.

Allocation of Funds

Of the total 1996 PSI budget of 158 million Swiss Francs, approximately 40 %
was committed to solid-state and materials sciences research. About 30 %
was spent on energy research (nuclear energy and general energy), while the
remaining resources were allocated to nuclear and particle physics and the
life sciences (Fig. 2). Construction work on the spallation neutron source,
SINQ, again absorbed somewhat more than 10% of PSI resources in 1996.

The redistribution of staff, introduced over the past few years, has continued
(Fig. 4). This is in line with the new orientation for PSI, as laid out in the strate-
gic plan. A start has been made on building up the project team for the realisa-
tion of the Synchrotron Light Source, SLS.
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Total Budget 1996: 158 million Sfr. (PSI funds)
Allocation to research areas

Life sciences 13%

Solid state ana \ ''••,
materials sciences 41% \

Nuclear ana
particle physics 14%

/ :
General
energy research 15%

Nuclear
energy research 17%

Figure 2: Allocation of funds to PSI research areas. Running, capital, and infra-
structure costs are apportioned to the research areas according to their usage.
In addition to nuclear and particle physics, PSI's cost-intensive accelerator facilities
are increasingly being used for solid-state and materials sciences research, as
well as in the life sciences for radiation therapy and the creation of radio isotopes.
These costs are included in the figures shown in this chart.

Sources of external funding, 1996

Total 28 million Sfr.

Medical Research
Foundation EU/ESA

NAGRA Swiss National Fund

Electricity
generation
industry

Figure 3: Sources of external funding. Contract research brought in approxi-
mately 28 million Swiss Francs to PSI in 1996. About a third of this was derived from
the electricity generating industry and NAGRA, predominantly for the financing of
nuclear energy research. Somewhat more than a quarter was provided by Govern-
ment agencies, in the context of research support and sectoral research grant aid.
About a quarter of external funding came from industry and from private research
funding bodies, and a little less than 10 % was contributed by programmes of the
European Community and the Swiss National Fund.
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PSI in Figures

SLS F2 F3A/B F4 F5 B8 B9

Externally-funded staff

100

F1 F2 F3A/B B8 B9

_• 1.1.88

1.1.89

1 1.1.90

1-191

• 1.1.92

11.1.93

11.1.94

"1 1.1.95

"11.1.96

~! 1.1.97

Figure 4: Personnel development by departments. Personnel levels in 1996
have remained almost constant, but positions funded by external sources have
increased slightly during the year. Previous years have seen growth in particular
in the areas of solid-state research and materials sciences (F3A/B) and in General
Energy Research (F5). In Nuclear Energy Research/Safety (F4), a marked shift
towards external funding was put into effect.
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PSI Organisation Chart
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Neutrons for Research

Neutrons, protons: The building blocks
of the atomic nucleus; their common
name is nucleons.

Atoms: The core of the atom, the nu-
cleus, together with its shell of elec-
trons. These are the building blocks of
all matter in our world.

Molecules: Combinations of atoms.

Why neutrons are in such demand
How do certain alloys acquire the ability to «remember»? Which substances
are best at storing hydrogen - the fuel of the future? What are the secrets of
magnetic materials? Why does a material become superconducting? How
can we cut the costs of the renovation of concrete structures?

The answers to these and many other questions can be found if we use neu-
trons as probes. If we scatter these uncharged particles at matter, they
provide us with an insight into the dimensions of its atoms. Atoms are very
small - their diametre is some hundred million times smaller than a centi-
metre - and therefore cannot be seen with the naked eye. Yet with the aid of
neutron scattering we can make atoms «visible». Yes, neutrons not only tell
us where particular atoms and molecules are located in a solid or liquid mate-
rial, but even what they are doing there. No other experimental method gives
us a similar wealth of information about the arrangement and movement of
the atomic building blocks in the world around us. Thus neutrons have
become an essential tool for many disciplines, such as physics, chemistry,
biology and materials research. Their range of application is becoming in-
creasingly broader, and extends, for example, from research into proteins or
biological processes in cell membranes, through the study of catalysts, bat-
teries, and magnetic substances, to the determination of the service life of
turbine blades in gas turbines, as these are used in the utilisation of energy.

Figure 1: The Marshall Islands. Comparison between a rod chart from the thir-
teenth century (left) and a geographical map from the twentieth century (right).

How the Polynesians discovered islands - without seeing
them.

The extreme importance of neutron
•^•f scattering can be illustrated, surpris-

ingly enough, by the example of an in-
' •• • •''.- ',";•; vention by the Polynesian islanders. As

• '•' ''• early as the thirteenth century, these
' '• people were making long journeys in

;: their outrigger boats between Tahiti,
New Zealand, and the Fiji Islands.

V , i ' While methods of navigation in the
' • •• K\ Western world were based largely on

• >" the stars, the Polynesians relied on
their observations of the ocean, which
they set down in rod charts (Fig. 1).
These were made from the ribs of palm
leaves, which indicated the ocean cur-
rents and swell; mussel shells attached
to these represented the positions of
the islands. The locations of the islands
created interference patterns on the
ocean waves which were distributed
across wide areas. At the points at
which swell systems coincided, equali-
sation points or nodes were estab-
lished, and the sea-going natives used

it
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these to find their way. In other words, when the Polynesians were on the high
seas they observed the wave patterns, and this enabled them to locate is-
lands without actually seeing them.

This gives us some idea of how we can find our way around in the world of
atoms. We send out the right kind of waves into matter, and we observe the
wave pattern after it has passed through the sample. We can then draw con-
clusions about the arrangement and movement of the atoms. Suitable for this
are, for example, electromagnetic waves such as synchrotron light and neu-
trons.

What have neutrons to do with water waves?

The popular conception of neutrons is that they are particles. By this defini-
tion, the neutron is a point-like uncharged particle with mass, which rotates
on its own axis, has a measurable speed, and, in addition, behaves like a tiny
bar magnet. Neutrons, therefore, are ideal probes for the kind of research
referred to above, because as neutral particles they penetrate deep into mat-
ter without disturbing it. An elementary particle like the neutron can, however,
also behave like a wave (Fig. 2). Its reaction with atoms is then analogous to
that of the water waves and the islands: we can measure interference pat-
terns. The neutron accordingly manifests itself both as a particle and as
a wave. This is amazing, but both concepts are correct; they are equivalent.
We can both count individual neutron particles in a detector, as well as
observe neutron wave patterns. The behaviour of the neutron which pre-
dominates depends on the process which is being observed. In the wave
image, a wavelength is allocated to the neutron which depends on its mass
and velocity as a particle.

Nanometre (nm): 1 nanometre is one
millionth of a millimetre, or 10 A (Ang-
strom).

Figure 2: The concepts of the neutron
as a particle and as a wave are equi-
valent.

As a particle As a wave

m

m Neutron
# Proton
* Electron **.-

* . • » *

> Particle with mass Cftiasa a t.07.10-^ &}
• Rotates on its own axis (spin)
> (s a tiny bar magnet
> Measurable veSocity^
Thermal neutrortst ca, 2200 m/sec
Coid neutrons: ca. 700 m/sec

> Wave
• Diffraction and
interference pattern

> Measurable wavelength
Thermal neutrons: ca. 0.1 nanometre (1A)
Coid neutrons: ca. 0.4 nanometre (4A)
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How we can use neutrons for research into the building
blocks of matter, without seeing them.

Thanks to the Spallation Neutron Source SINQ, since the end of 1996
researchers at the Paul Scherrer Institute (PSI) have a versatile and powerful
neutron source available to them. The neutrons are «tapped off», in quantities
of billions per second, by means of steel tubes and neutron beam guides (see
page 31). Carrying this out calls for a lot of care, however, because in the
process we are opening up a way to the outside for the neutrons, which are
kept within the neutron source by iron, as if locked up within a bottle. This
means that we have to trap the unwanted radiation, and this is performed by
massive shielding, in which the monochromator is located. This functions as
a kind of policeman, making sure that the speed limit is strictly adhered to.
Neutrons which either speed along too fast, or dawdle along like "Sunday
drivers", are captured. Only those neutrons which keep to the recommended
speed are allowed to continue their journey. Outside the shielding they en-
counter the object being investigated, and are scattered in every direction;
which is why we speak of «neutron scattering". The scattered neutrons are
recorded by means of sensitive detectors, which we can position exactly, on
air cushions, in any desired direction. The measurement results are plotted,
and evaluated by means of computers. Figure 3 shows a schematic repre-
sentation, and Figure 4 a photograph, of an experimentation instrument.

Figure 3: Diagram of an instrument
for neutron scattering.

Figure 4: Instrument for
neutron scattering.

PSI Annual Report 1996

22



Theme 1996: Neutrons for Research; SINQ

We shall describe here a few of the experiments which PSI researchers have
been carrying out in the context of international co-operation. They make spe-
cific use of the special advantages of neutrons and neutron scattering, and
provide excellent examples of the wide range of possible applications.

How do certain alloys acquire the ability to «remember»?

There are certain metal alloys which exhibit changes in their state which are
associated with a «shape-memory» effect. Figure 5 shows an application of
this effect; a clamp which is shaped at a low temperature «remembers» its
original shape when it is heated up, in this case the smaller radius. It bends,
and so acts as a clamp. This means that, when two metal items are joined,
strengths can be achieved which are comparable to that of a welded seam.
The bond can, if necessary (for example, for a repair), be released non-de-
structively simply by cooling it again to the low temperature.

What lies behind this ability to «remember»? To answer this question, we can
consider in detail, for example, the «shape-memory» alloy of copper-zinc-
aluminium, using neutron scattering. The scattering patterns (diffractograms)
at the low temperature (20 °C) and at the high temperature (90 °C) differ
dramatically (Fig. 6). From scattering patterns, we can unambiguously deter-
mine the structural differences of the two states (Fig. 7), which is a great help
in understanding this remarkable material property, optimising it, and utilising
it in technical applications. This experiment provides an impressive demon-
stration of the specific strength of neutrons; that is, their ability to make
selective distinctions, even among elements which are next to each other
in the periodic table - in this case, copper and zinc. This is not possible, for
example, with X-rays.

Figure 5: A clamp made of material
capable of '-remembering" its shape.
Under high-temperature conditions
this acts as a clamp, and releases at
low temperature.

iu-Zn-Ai

90°C

Scattering atiqic;

3 -in/A;

Cu/2n

Figure 6: The neutron scattering
pattern of the shape-memory alloy,
copper-zinc-aluminium (Cu-Zn-AI)
varies a great deal at 20 "C from that
at90°C.

Figure 7: Structures derived from the scattering patterns for the alloy Cu-Zn-AI, in
its low-temperature and high-temperature states.
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Figure 8: The structure of a hydrogen
storage medium. One very promising
material for hydrogen storage is the
metallic hydride LiMg2RuD7, in which
a large quantity of hydrogen is stored
in the form of deuterium (D).

Which substances are best at storing hydrogen - the fuel of
the future?

Hydrogen is a fuel which is unquestionably available in unlimited quantities.
Hydrogen energy is environmentally friendly; if we burn hydrogen, apart from
nitric oxide all we obtain is water. There are difficulties with the storage of
hydrogen, however. There are certain metallic compounds which can store
atomic hydrogen at up to three times the density of hydrogen in its liquid
state, and release it again, under normal environmental conditions. Nowa-
days hydrogen storage media formed from iron-titanium or lanthanum-
nickel compounds are the norm. For a large-scale technological break-
through, however, the disproportionate ratio between the weight of the
storage material and the stored hydrogen is still a major obstacle.

In other words, the task facing researchers is to find lighter storage sub-
stances, in particular those which are capable of absorbing more hydrogen.
To do this, we need to understand precisely how the hydrogen is stored, and
how it moves within the storage medium; and this is something we can
achieve with the aid of neutron scattering experiments, because neutrons
are scattered particularly strongly by hydrogen. The focus of research is
on storage media created from light elements such as lithium and magne-
sium. As an example, the structure of the light metallic hydride LiMg2RuH7 is
shown in Fig. 8. Whether this material is suitable as a reservoir for hydrogen
depends essentially on the mobility of the hydrogen. This manifests itself in
a neutron scattering experiment as a broadening of the scattering pattern.
Initial results indicate that the hydrogen in the storage material moves in
jumps, performing about a billion jumps every second and jumping at a speed
of more then 100 km/h. This supports the suitability of this material as a
hydrogen storage medium.

Figure 9: A facility for the manu-
facture of the super-mirror developed
at PSI.

What are the secrets of magnetic materials?
The phenomenon of magnetism permeates our everyday lives almost unob-
served, but in a vast number of ways, from the technical application of perma-
nent magnets in engines through to medical applications. One particular
strength of neutron scattering lies specifically in the investigation of the mag-
netism of matter, because the neutron is itself a «mini magnet» and can
therefore «see» magnetic effects directly, by means of interaction.

On the other hand, it is not exactly easy to conduct experiments with mag-
netically-oriented (polarised) neutrons. With the development of a new type of
super-mirror (Fig. 9), however, researchers at PSI have made a break-
through in this field. Super mirrors such as these consist of up to 900 alter-
nating layers of differing thicknesses of iron-cobalt-vanadium and titanium.
They enable us to polarise neutrons more than 90%. A special coating tech-
nique also makes it possible for the super-mirrors to be used even without an
external magnetic field for the selection of the neutron polarisation, some-
thing which provides significant new advantages for experimental technology.
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Why does a material become superconductive?

Even ten years after its discovery, the mechanism of high-temperature
superconductivity (i.e. the transport of current without any resistance) is still
largely not understood. Neutron scattering experiments have shown, how-
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Figure 10: Schematic representation of high-temperature superconductivity in a copper oxide layer.

ever, that the electrical charge carriers behave differently from those in con-
ventional superconductors. Basically, if we provide (dope) a copper oxide
compound with charge carriers, they initially remain shut inside a kind of cage
(Fig. 10). By increasing the number of charge carriers, these cages join to-
gether to make an interconnected network, in which the charge carriers can
now move freely. As a result of this, superconductivity comes into existence
below a critical temperature; in other words, a current flows without resist-
ance. In technical circles, this phenomenon is called «percolative supercon-
ductivity, because the charge carriers in the cage network move in a similar
fashion to the water in a coffee filter (a «percolator»). High-temperature su-
perconductivity, in other words, is a non-homogenous property of the ma-
terial. Experts can interpret this directly from the neutron energy distribution
(Fig. 11). In this instance, a number of curves are overlaid on one another;
with homogenous superconductivity, there would only be one visible.
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Figure 11: Energy distribution curves
of neutrons after traversing a
high-temperature superconductor
(Pr2-xCexCuO4). The overlaying of
several curves indicates that the
superconductivity is not homogenous.
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Figure 12: Moisture penetrates into
concrete. We have brought the under-
side of the originally dry specimen
(edge length 15 cm) into contact with
water, and then irradiated it at diffe-
rent times with neutrons. These neu-
tron radiographic images make the
increasing dispersion of the moisture
(blue) clearly identifiable.

How can we cut the costs of the renovation of concrete
structures?

The penetration of water into concrete and the renovation of buildings are
well-known causes of some not insignificant financial burdens. For example,
maintenance of the 3'088 bridges on the National Highway network in Swit-
zerland costs about 100 million Francs a year. A more precise understanding
of the spreading of moisture in concrete is therefore of direct practical use, in
helping to reduce or avoid altogether the high cost of renovation, and in de-
veloping techniques for protecting structures of major cultural and historical
significance. Again, it is neutrons which allow us to make the lighter water
visible in concrete (Fig. 12), because they react with the hydrogen in the water
more strongly than they do with the constituents of the concrete. Such trans-
illumination with neutrons, known as neutron radiography, can in gen-
eral be used for the non-destructive study of the different constituents inside
materials. Because the ability to discern differs between neutrons and
X-rays- such as, for example, synchrotron light - they complement each
other ideally for these applications, too.

t = Oh t = 9h t = 24h

t = 50h t = 80h

ts.

t = 130h

As these examples show, research with neutrons provides us with informa-
tion about the order and movement of atoms and molecules in matter. And
knowing these microscopic phenomena helps us to understand macroscopic
material properties, as well as to influence them and put them to use in new
applications.

of
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Thanks to their specific properties, neutrons and synchrotron light are the ideal complement for many pioneerina
areas of research. y
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The Spallation Neutron Source SINQ at RSI

Where do we obtain neutrons from? As the partners of protons, they are the
building blocks of the atoms of which matter is made. In contrast to the pro-
ton, the neutron carries no electrical charge. Its mass is a little higher than
that of the proton, which means that it is not stable as a free particle, and
decomposes with a half-life of some 890 seconds into a proton. Thus free
neutrons do not occur in nature, but are stabilised in atomic nuclei by
bonding forces. In order to use neutrons for experiments, we must first re-
lease them from the nuclei of the atoms. This means they are not easy to
obtain, but there are two main ways of accomplishing this:

• Splitting the nucleus of fissionable material (uranium, plutonium) in a
nuclear reactor. There are a number of research reactors in operation as
neutron sources, such as at ILL in Grenoble, France.

• A spallation reaction, in which a heavy metal (such as lead) is bom-
barded with a proton beam from a particle accelerator. This is the basis for
the sophisticated and complex technology of a spallation neutron source,
such as SINQ at PSI (Fig. 13).

Figure 13: The Spallation Neutron
Source SI NO at PSI during the
construction phase. The picture shows
the steel tank, which encloses the
whole inner region of the source,
being lowered into place.

PSI Annual Report 1996

27



Theme 1996: Neutrons for Research; SINQ

Figure 14: The spallation reaction.
First, protons dislodge one or two
nucleons with high energy from a nu-
cleus, through direct impact, and then
transfer a large amount of energy into
the entire volume of the atom. This
energy is released by the atom by
"evaporating" spallation neutrons.
The residual energy is radiated away
through radioactive decay, which may
last from a few milliseconds up to
several years.

Moderator: Material which slows neu-
trons down.

Heavy hydrogen = Deuterium (D): Its
nucleus consists of one proton and
one neutron.

Heavy water: Instead of hydrogen (H),
this contains deuterium (D), in other
words, heavy hydrogen.

Spallation neutrons

The Paul Scherrer Institute has been operating a proton accelerator with
great success for more than 20 years, and, thanks to a number of special
further developments in the past few years, this now holds the world record
for power. The PSI proton beam is used by groups from all over the world for
their research experiments on elementary particles, in solid-state physics,
and on materials, as well as being employed for medical purposes such as
tumour therapy. Alongside this, we direct the remaining, high-intensity proton
beam onto the Spallation Neutron Source, SINQ. There, the protons strike a
bar made of lead (known as the target) at high velocity. The protons colliding
with the lead nuclei cause them to become highly excited («nuclearly heated
up»). This internal energy is released primarily by «evaporating» neutrons
(Fig. 14); these are known as spallation neutrons. At the beam energy of the
PSI accelerator, each proton releases about ten neutrons from a lead target,
but, in contrast to nuclear fission, spallation does not result in a chain reac-
tion, because the spallation process stops as soon as the accelerator is
switched off.

Lead

* Neuiron
9 Proton

Thermal and cold neutrons

The neutrons which are released escape from the target with a velocity of
about 20'000 km/sec, which is much too fast for our purposes. For this reason
we slow the neutrons down in a moderator material, which surrounds the
target, by means of atomic collisions (Fig. 15). After this process, which lasts
about 1-2 milliseconds, the neutrons have, on average, about the same
velocity as the molecules of the moderator, ca. 2'200 m/sec, and we refer to
these as thermal neutrons.
In addition to this, if we slow neutrons down in a very cold medium, the neu-
trons then become colder; in other words, their velocity becomes even lower,
down to about 700 m/sec., and we then speak of cold neutrons. In SINQ, we
create these in a separate volume of about 20 litres, which is embedded in
the moderator tank and contains liquid heavy hydrogen at a temperature of
-250 °C.

Seavy atomic nucieus

Heutron

fteutron

Neutron

Neutron
Ptotoh •••-..

'% Proton

Figure 15: Neutron moderation. If a neutron collides with a heavy atomic nucleus, its direction of flight may change, but it hardly
loses any energy at all. On the other hand, if two particles of about the same weight collide, then something else takes place: a
fast neutron transfers its energy to a proton. Hydrogen, the nucleus of which consists of one proton, is therefore a very good
slowing-down material, i.e. an efficient moderator. The SINQ moderator tank contains about 6 m3 of heavy water as moderating
medium.
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Extremely fast neutrons

Neutrons with very high energy, which are likewise created during the spalla-
tion reaction, can hardly be slowed down at all in the moderator. In order to
protect the surroundings from them, the target and moderator region is
surrounded by a massive five-metre-thick shielding, made of iron and spe-
cial concrete. Even extremely fast neutrons are slowed down within this, par-
tially reflected back again, or finally absorbed, whereupon their kinetic energy
is converted into heat. Because of this, we must cool the inside of the shield-
ing with water. This shielding allows research groups to remain safely in the
immediate vicinity of the source for longer periods, while it is running.

Thermal neutrons: These result from
deceleration in a substance at room
temperature (20 °C), and have a velo-
city of about 2'200 m/sec.

Cold neutrons: These are produced
by deceleration in a substance at very
low temperature (e.g. in liquid heavy
hydrogen, at -250 C). and have a
velocity of about 700 m/sec.

The neutron source
Figure 16 shows a model representation of a section through SINQ. The
target block and the beam guide of the proton beam are visible, the beam
being directed from below onto the lead target in the centre. The target is
surrounded by the moderator tank and this whole inner region of the neutron
source is enclosed by a double-walled steel tank and a massive shield to
provide protection against extremely fast neutrons.

Figure 17: Overall view of the target block, from a perspective similar
to that of the model in Figure 16. On the left, the monochromator
shielding for two experimental facilities with thermal neutrons is being
installed and, on the right, a facility for irradiation.

Figure 16: Model of the Spallation Neutron Source,
SINQ, showing a section through the target block,
and the beam guide for the protons, which emerge
vertically from below.
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Beam channels (on the left in the model), which can be closed off, lead out
through this shielding to the experimental stations for thermal neutrons. On
the right, embedded in the shielding, is installed the cold system for the cold
neutrons. Figure 17 shows the actual facility from a similar perspective to that
of the model, at the installation phase of the monochromator shielding for the
experimental stations already mentioned. These, together with the shielding,
can be moved on air cushions. While thermal neutrons escape from the
system through the steel thimble-shaped penetrations of the moderator tank
(Fig. 18) and the steel channels connected to them, we can transport cold
neutrons out of the source and to the more remote experimental facilities by a
more efficient method: using neutron guides.

«?wH

Figure 18: The moderator tank, shortly before, and
during, installation. The lead rod (the target) is intro-
duced into the central tube from above; the aper-
tures in the tank wall are thimble-shaped penetra-
tions which extend into the region of the tank centre,
forming the innermost sections of the steel tubes
from which the thermal neutrons emerge.
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The neutron guides

Cold neutrons, with their lower velocity, exhibit a long wavelength. Their wave
nature is so marked that we can influence them in the same way as light
waves. In addition to wave superimposition, mirroring (total reflection) also
occurs on suitable material surfaces. This means that we can transport cold
neutrons in specially mirrored glass ducts, referred to as neutron guides,
over considerable distances (50 metres and more) without significant losses.
A bundle of such neutron guides is accordingly directed onto the cold moder-
ator (Fig. 19), and led into the neutron-guide hall. Neutrons from these guides
can be taken in, laterally or straight ahead, by the numerous different experi-
mental installations.

Figure 19: Neutron guides, which
transport cold neutrons to the experi-
mentation locations.
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Theme 1996: Neutrons for Research; SINQ

Figure 21: The arrangement of the
different experimental instruments
around SINQ and in the neutron-guide
hall.

The experimental facilities

The flexibility and variety of the experimental facilities at SINQ are exceptio-
nally large, of which Figure 21 gives an impression. The particular strength of
SINQ lies in the field of cold neutrons. These make it possible to conduct
experiments with substances such as macro-molecules and nano-crystals,
which are of major importance in particular in the «growth areas» of biology,
pharmacy, material sciences and earth sciences. Researchers at PSI make
systematic use of the advantages of SINQ when installing their instruments
for neutron scattering, and, by making use of innovative, unconventional con-
cepts, they achieve maximum utilisation of the new SINQ neutron source, to
the benefit of a broad international user community.

B PSI-LNS instruments
• Instruments of external origin

Planned instruments
* Area reserved for additional instruments
• Neutron protection wall

"'" ~~,±'

Neutron-guide hall

A successful 1996

As planned, we took SINQ into operation on 3 December 1996 - and with
immediate success (Fig. 22). Thanks to optimum preparation and co-opera-
tion on the part of all concerned, the maximum intensity aimed at for sus-
tained operation was almost reached by the second day; and the neutron
yield more than fulfilled expectations. This was the reward for dedicated work
on the proton accelerator, on SINQ, and on the development of new technolo-
gies for the experimental equipment. Thanks to this pioneering work by PSI,
the research community now has the highest continuous flow of spallation
neutrons in the world at its disposal, at SINQ.

Figure 22: Thanks to joint and com-
mitted effort on the part of a large
number of PSI staff and future user
groups, SINQ more than fulfilled
expectations on its very first day. The
blue curve shows how many cold
neutrons passed into one of the
measuring devices, and at which
velocities (wavelengths) - and there
were more than expected (red
squares).
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The PSI accelerator and its applications
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Protons are raised to high velocity in the PSI accelerators, and then formed into a beam. After a wide range of applications
for particle physics, medicine, and solid-state research, the beam reaches SINQ, where it produces spallation neutrons (lower
right in the picture).

PSI Annual Report 1996

33



PSI Annual Report 1996

34



Swiss Light Source,
SLS

i
1

x^oxS:::^::^ ' x^:x:x:^^

PSI Annual Report 1996

35



Swiss Light Source, SLS

Storage ring: A ring of magnets and
other components, in which charged
particles (at the SLS, electrons) cir-
culate.

Beam lines: These consist of ele-
ments (magnets, mirrors, monochro-
mators) by which the synchrotron light
is suitably prepared and guided into
experimental stations.

Our main topic in this section is the progress achieved in 1996 with the SLS
project. More information about the SLS, its benefit, and its connections is
available in the PSI brochure "Synchrotron Lichtquelle Schweiz» and in the
proposal by the Swiss Federal Council of 20.11.1996. On this date the Swiss
Federal Council approved the application by the Swiss Federal Department
of the Interior to build the Swiss Light Source (SLS) at the Paul Scherrer
Institute (PSI) in Villigen, Canton Aargau, and passed its decision on to the
Federal Parliament.

This new installation will be used to generate electromagnetic radiation of
very high intensity, extending from ultraviolet light to X-rays. Synchrotron light
is gaining increasing international importance for the study of atomic struc-
tures, for the determination of mechanical, electromagnetic, and chemical
properties, and for the structuring of materials in important research areas of
major significance for the future in biology, chemistry, and medicine, as well
as in materials science and in physics. Its possible application areas extend
from the study of protein crystals, biosensors, and artificial nanostructures,
through to the investigation of catalysts and superconductors.

The really special feature of the SLS concept, which has been under develop-
ment at PSI since the beginning of the 1990's, at a cost of some 10 million
Francs, is the extremely high brilliance - meaning the same as high intensity
together with small divergence - of its emitted light, which makes the SLS
particularly attractive for modern research both in the natural and in the engi-
neering sciences.

\ \
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Main accelerator

Storaqe ring
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What is synchrotron l ight?

Synchrotron light, or synchrotron radiation
(also called X-ray light), is generated when elec-
trons circulating in a storage ring are defiectea.
This happens on the one nand in the bending
magnets, and, on the other, in periodic magnet
structures inserted in the straight sections of the
storage ring. Depending on the type of structure
(numoer of periods, magnetic fieid, gap width), we
refer to these elements as undufators, wigglers,
or waveiength shifters.

a ;.•*

• - • - . 2 )!•?&•••

Figure 7: Grouna pian of the SLS facility, with the
pre-accaieraior, main accelerator, and storage
ring. The preliminary user topics for five of the
beam lines, marKea in blue nave already been
suggested during 1996.

What is the SLS?

in the SLS, electrons are brought up to the re-
quired veiocity oy means of a pre-acceierator ana
a main accelerator, and are then guided into the
storage ring, where they circulate. In the magnetic
elements, the electrons generate synchrotron
light, which ieaves the storage ring at a tangent
ana reaches the experimental stations through
beam lines (Fig. 1}.
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Swiss Light Source, SLS

The SLS achieves this extremely high level of brilliance in the range between
ultraviolet light and hard X-rays, which makes it an ideal and necessary
extension to the European ESRF facility in Grenoble, which has been opti-
mised for even harder X-rays.

The heart of the SLS is an electron storage ring with an energy of 2.1 GeV.
The synchrotron radiation is generated in deflector magnets, undulators, and
wigglers.

Progress in the accelerator concept (system part)
In 1996, the SLS team again revised the SLS accelerator concept, to take
account of experience gathered throughout the world over the past few years
in the operation of synchrotron light systems of the latest generation, and in
order to construct the planned accelerators in the simplest engineering
manner and as cheaply as possible. There are a number of changes in the
present storage ring concept in comparison with the proposal from 1993:

• The long, straight sections for the undulators and wigglers have been
shortened from 16 m to 11 m, since, in concordance with the SLS Scientific
Advisory Committee, we could see no specific application for longer ones.
We did, however, increase the number of long, straight sections from two
to three, because the use of synchrotron light from undulators could de-
velop into one of the focal points of research at the SLS. There are, in addi-
tion, three installation zones, each 7 metres long, and a further 6 zones
4 metres long, for special undulators, wigglers, and superconducting wave-
length shifters.

• The smallest attainable horizontal emittance has been reduced from 3.6 to
2.8 nm rad, by which we will be able to correspondingly increase the
already very high brilliance. In order to increase the lifetime of the beam
(particularly in single-bunch mode), electrons must also be able to circu-
late stably in the facility, even with an energy deviation of up to 6 %. The
magnet assembly has thus been adapted accordingly. The SLS also needs
a bigger high-frequency voltage, and we see a cheap solution to this in the
use of superconducting resonators.

Energy units: 1 eV = 1 electron Volt,
the amount of energy which an elec-
tron gains when it crosses a potential
difference of 1 Volt.
1 keV = 1000 eV
1 MeV= 1000 000 eV
1 GeV= 1000 MeV

Brilliance: This is the property which
determines the quality of a synchrotron
light source. Brilliance simultaneously
describes the intensity as well as the
convergence of the synchrotron light
beam.

Emittance: This describes how well
the electron beam is focused in the
SLS components (pre-accelerator, main
accelerator, storage ring).

Resonator: A cavity in which strong
high-frequency electrical fields are
generated in order to accelerate the
electrons.

Figure 2: True-to-scale cross-section
through the accelerator tunnel, which
accommodates both the storage ring
(right) as well as the main accelerator
(left).

A new magnet assembly will also allow differ-
ent types of beams to be generated, and will
permit their geometrical distribution into more
easily handled units.

In order to obtain the above advantage, we
have increased the circumference of the stor-
age ring to 288 m. The main accelerator
should now be composed of multi-function
magnets, mounted on the inner wall of the tun-
nel (Fig. 2). At an energy of 2.1 GeV it will de-
liver an electron beam with an emittance of
only 6 nm rad, which will facilitate injection into
the storage ring.

Shielding tunnel •

Main accelerator magnet

Storage ^~-
ring magnet

Girder ——

3m
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Swiss Light Source, SLS

Figure 3: Plan of the ground floor

Progress in the building concept (building part)

In April 1996, the Federal Department for Buildings (AfB) placed a contract
with each of four architectural/engineering offices for a fully-developed draft
design for the SLS operations building and its conventional domestic engi-
neering systems. These four designs were submitted in August 1996, and,
after consideration of the technical and financial aspects by the AfB and the
SLS team, were then forwarded to an assessment committee for the best
design to be chosen. The main criteria in the evaluation were the assurance
of SLS operation and the cost effectiveness of the concept.

The choice for further development was the design
by the team of Marchand and Partner, Bern. Figure
3 shows the plan of the ground floor, and Figure 4 a
cross-section through the buildings, in the form
shortly before the conclusion of the revision phase.
The centre of the facility is the circular experimental
hall, with its floor area of ca. 12'000 m?. The floor of
the hall, on which the shielding tunnel stands, and
the experimentation area connected to it outside,
consist of a seamless, highly-reinforced concrete
slab, about 0.5 m thick, which in turn rests directly
on the unweathered gravel of the Aare Valley.

Natural lighting of the hall is provided through win-
dows in the outer facade, which are, however, ar-
ranged in such a way that no direct sunlight can

affect the highly stable internal temperature needed for the hall. The entire
hall area is covered by a crane with a capacity of 6 tons. Arranged inside are
the accelerator technology areas, the control room, the electronics and com-
puter rooms, and encircling a small, open courtyard, the offices and labora-
tories of the operating staff.

The domestic engineering systems with their pumps, heat exchangers, and
cooling towers are placed away from the hall, so as to provide protection
against vibration. Access for services is provided by means of an under-
ground passageway. Figure 5 shows a view of the PSI West zone, with the
SLS in its planned location.

Figure 4: Cross-section through the I I
building complex '§$MMM.

WM$§}^^^^^^WM^^MW9$9$>.:-
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1 tS:

Figure 5: View of the whole of PSI
West, with the SLS

Progress at the SLS Test Stand

Because the SLS makes use of the very latest discoveries and technologies,
an SLS test stand was built and successfully put into operation in 1996
(Fig. 6). We are now in a position to go ahead with gaining practical experi-
ence, by studying on the test stand how electrons can be optimally generated
and transported into the storage ring.

On 9 October 1996, we produced and measured the first electrons on the
SLS test stand. We created the extremely short electron pulses with a special
device known as a high-frequency electron source. To study and optimise the
quality of these electron bunches, we shall next accelerate them, as later in
the SLS pre-accelerator. To achieve this, the German DESY research centre
in Hamburg has loaned us two sections from an old linear accelerator.

We will later be able to use the facility, which was extended for test purposes,
as an electron source for the SLS.

Figure 6: The SLS test stand was
commissioned in 1996
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The SLS user community and the experimental facilities

The first SLS users meeting took place on 15 March 1996. Its aim was twofold:
firstly, to exchange information about the status of the project, and, secondly,
to promote discussion about the SLS user concept, based on the research
goals of the various groups from universities and research institutes. More
than a hundred people took part. Initial lectures were concerned with the new
research possibilities offered by the very latest synchrotron sources. These
were followed by presentations by groups which had formed themselves into
research teams, referring to their research projects based on the SLS. In ad-
dition to this, we asked national and international research groups to submit
their proposals for their specific use of the SLS.

CO

Collaborations
Cantonal Hospital, Aarau

IBM Ruschlikon
University of Ulm

University of Zurich
University of Neuchatel
University of Lausanne

University of Geneva
University of Fribourg

University of Berne
University of Basle

PSI
ETHL
ETHZ

Number of proposals per Institution

Figure 7: The SLS user community already submitted a considerable number of
proposals during 1996 with regard to the equipping or joint usage of beam lines.
The graph shows the distribution of proposals among the various institutions.

Based on the proposals received so far (Fig. 7), we prepared a preliminary
selection of beam lines which should be available when the SLS is commis-
sioned in the year 2001 (see also Fig. 1). These beam lines will cover the
following research areas:

• Research into surfaces and interfaces
• Research into crystals (X-ray crystallography), with an emphasis on pro-

tein crystals
• Examination of non-crystalline substances in materials science (powder

diffractometry/EXAFS)
• Manufacture of microstructures and nanostructures (LIGA)
• A universal beam line, which should be principally operated for test pur-

poses.

The initial properties and features of these beam lines have been specified,
and we shall be taking successive decisions about their selection and techni-
cal characteristics after discussions with the Scientific Advisory Committee
and the SLS users.
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Of particular interest is the development of monochromators for soft X-
rays (energies smaller than 1.5 keV), which are based on diffraction gratings
with variable grating intervals. Our studies have shown that this arrangement
has very good optical properties (good energy resolution, very small optical
distortion effects) over an extremely wide energy range. Thanks to a very skil-
ful choice of grating properties, the desired synchrotron light can be optimally
reflected.

Members of the SLS team have also been taking part in scientific experi-
ments with synchrotron radiation in different research areas. Examples of
these are measurements on high-temperature superconductors, the first
three-dimensional microtomographic images of animal bones taken with a
new type of monochromator system, and tests on measurement sensitivity
with extremely diluted samples.

Monochromator: An instrument for
selecting synchrotron light with a spe-
cific wavelength.

Diffraction grating: A surface with
patterns of lines in the micrometre
range.

Project status and further steps
Following the decision by the Swiss Federal Council on 20.11.96 to build the
SLS at PSI, the approval procedure is going ahead at the parliamentary level
and the final decision by Parliament is expected in the summer of 1997. In the
meantime we are preparing the individual components of the project to the
point where, once the final decision has been taken, construction of the facil-
ity can begin with the minimum of delay.

• The revised draft design of the building part was approved in December
1996. The construction project will be worked out by April 1997, and it is
foreseen that advanced implementation planning will be completed by
about September 1997, with construction work scheduled to start at the
beginning of 1998.

• As far as the system part is concerned, we are preparing the specifica-
tions for the large components with longer construction or delivery times,
through to the stage at which they can be offered for tender. This relates in
particular to the series of magnets, the high-frequency large-scale compo-
nents, and the long ultra-high vacuum chambers.

• Together with academic users, we are working out the concept for the first
five as well as for the subsequent beam lines, and their use, and technical
specifications and detailed planning are now under way. In addition to
these users, considerable interest is also expected from industry, and in
order to satisfy the special requirements of this user group, and to procure
the necessary finances, private industry has established a limited compa-
ny, known as SLS Techno-Trans AG (SLS-TT AG).

• In the course of 1997, it is planned that the SLS group at PSI will be ex-
panded from the present staff of 20 to at least 40.
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Nuclear and Particle Physics

Arrival of the Pion-Muon Converter at PSI
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Nuclear and Particle Physics
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Nuclear and Particle Physics

Proton current: A measure of the
number of protons per second;
1.5 milli-Ampere (mA) corresponds
approximately to 1016 protons per
second.

Successful Operation of the Accelerator Facility

Nuclear and Particle Physics has again shown, in 1996, that it can be relied
on to deliver maximum effort and performance. Many of our staff have made
their contribution, both directly and indirectly, to the two highlights of the year,
the commissioning of the proton therapy facility and the spallation neutron
source, SINQ, often by sacrificing their personal, financial, and material wish-
es for their own projects. We might recall, for example, that neutron
production has downgraded our pion and muon fluxes by factors of between
2 and 5.

In 1996 our Operations Division was able to demonstrate that the reliable
operation of the ring cyclotron is feasible on demand (Fig. 1) and over an
extended period of time (Fig. 2), which is of major importance for the medical
programmes, in particular.

With the proof that high flux intensities are possible using a cyclotron acce-
lerator, the question then arises more and more frequently concerning the
use of such facilities outside basic research. They arouse increasing interest
internationally, because they feature not only high proton intensity but also
low beam losses, small spatial requirements, and relatively high degrees of
efficiency for the conversion of supplied electrical energy into beam power.
During regular high-current operation, our two cyclotron stages consume
about 5.5 MW, and convert some 16 % of this into beam power. The use of
cyclotrons for the production of radio isotopes and as the driver stage for an
energy amplifier is under discussion. This would make use of a new and
inherently safe method for the production of nuclear energy, and could pos-
sibly also convert long-lived waste from nuclear power plants and atomic
weapons. Our Accelerator Division is studying a 10 MW cyclotron complex for
this purpose, and is interested in co-operating in projects of this nature.

I I P

siffis 20 M - S O ;

Figure 1: For the commissioning of SINQ, on 4 Decem-
ber 1996, we provided a proton current of up to 1.6 mA
from the accelerator, for about 4 hours. At the end of the
test, 0.9 mA was measured at the SINQ target. All the
main components worked perfectly when put to the test.

Figure 2: Accelerator operation in 1996. The diagram shows
the operational current, i.e. the target current, as discussed
at the weekly planning meetings. The two other curves show
the mean proton current and the beam availability, both mea-
sured over a weekly period.
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We are still continuing to work on the clean separation of part of the proton
beam for medical purposes and various experiments. To separate a 0.02 mA
beam from a 1.5 mA main beam, an arrangement is used which is known as a
septum, which is positioned in the beam (Fig. 3). This consists of a row of
tungsten strips located precisely one behind the other (difficult to see in the
picture). Separation of the beam is achieved by strong electrical fields which
are created by means of high-voltage electrodes on either side of the septum.
Experiments with thin wires, however, to produce lower scattering of the
beam, led to greater activity further down the beam.

Foil splitter [2 mm • 50fjm]

Figure 3: Photo and operating
principle of the beam splitter.

The losses from the foil and wire
versions are approximately the

same, but the foil splitter produces
scattering over a wider angle

because of its higher total mass.

Wire splitter [50 (am O]

Temperature •

Elementary particle physics with the ring accelerator

In 1996 we were able to successfully conclude three experiments. The first
was the quest for muonium-antimuonium conversion with SINDRUM I.
Whereas we have not yet actually discovered the process (the latest data still
has to be evaluated, however), we have raised sensitivity by more than a
thousand times. As a result, we can already show that a series of theoretical
speculations about the physics beyond the standard model are erroneous, or
that they are very shaky. This satisfying result was achieved during the period
1991-96, with a total expenditure of 3 million SFr, and has led altogether to 17
doctorates and diplomas at home and abroad. With the final evaluation and a
number of publications, the LADS experiment has now been concluded. This
has provided some significant improvements in our understanding of the
complicated processes following the capture of pions by nuclei. Likewise,
qualitatively new and as yet not fully understood effects have been discover-
ed involving light nuclei (Figure 4). The third experiment to be concluded was
CP-LEAR (see page 51).

Muonium: An exotic atom, whose
nucleus is a muon (u.*), while the shell
consists of one electron (e-)

Antimuonium: Consists of one j.r and
one positron (e+)

LADS = Large Acceptance Detector
System

Figure 4: Absorption of pions in helium (4He) nuclei, in which the
available energy (Q) is divided among three protons. For reasons
of symmetry, each event appears in this diagram (the «Dalitz»
plot) six times, according to the kinetic energy (T1, T2, and T3)
of the three protons released. It has been shown that, as with she,
simultaneous absorption in three nucleons also occurs in 4He.
We did, however, also observe events which are not yet under-
stood (marked with a ?). These events could be of significant
importance for our understanding of nuclear forces at short
distances.
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Nucleons: Proton (p) and neutron (n),
the building blocks of matter

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

Pion (re): Medium-mass elementary
particle (meson), consisting of two
quarks

The two remaining major experiments in elementary particle physics, muon-
electron conversion and pion-beta decay, have come a great step closer
to the start of measurement. The pion-muon converter (PMC) has been back
at PSI since 19 November, following a major repair (see photograph on page
45), and we are eagerly awaiting its cooling-down in February 1997. Figure 5
shows some of the points along the «road of suffering" of the PMC. If all goes
well, the final spurt for this experiment will begin in March 1997.

Figure 6: The pion-beta decay
experiment. The spherical housing,
weighing 250 kg and made of two
hemispherical sheet-steel sections
welded together, was fabricated by
the Baumgartner AG company of
Tegerfelden in 300 working hours.

Figure 5: The "road of suffering" of the Pion-Muon Converter (PMC). The entire
cooling section had to be removed (1) and rebuilt, and the coil installed. The tower,
too, which contains all the supply lines, is new (2). The arrival of the PMC at PSI on
19 November 1996 was recorded by Mr. von Bergen (3). A leak test conducted while
still at the production company showed that, at least in the warm state, no leaks
occur (4).

The supply of the crystals of pure caesium iodide for the pion-beta decay
experiment, which come from Kkarkhov in the Ukraine, continues to be
somewhat slow, although the quality of the crystals has visibly improved and
stabilized. We are now in possession of 108 satisfactory crystals, which is
45 % of the total quantity needed. Mechanical construction is proceeding
smoothly. Figure 6 shows what is referred to as the spherical housing, which
will accommodate the crystals and which was manufactured by the Baum-
gartner AG company of Tegerfelden. In order to push the experiment forward
more rapidly, we are aiming to set up a pilot version in the second half of 1997
with 120 genuine and 120 simulated crystals, and measure the first data for
pion-beta decay in 1998.
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Atomic physics with pions and slow muons

We are conducting a number of experiments to study the extremely complex
processes which take place during the capture of pions and muons in the
shells of atoms and during the subsequent de-excitation of such highly-ex-
cited exotic atoms. It often happens that such questions require greater in-
depth study than expected, due to the fact that the original experiment (such
as, for example, the measurement of the mass difference between charged
and neutral pions, or the precise measurement of the extent of a proton with
the aid of muons) runs into unexpected obstacles, which must first be cleared
away. Just as often, however, what initially appear to be problematic effects
turn out to be real treasure troves for independent and extremely interesting
research, which often even break new technological ground (for example,
muon-catalysed «cold» fusion).

The time-of-flight spectra of neutrons from the reaction 7rp-*7i°n in liquid
hydrogen show broad tails on both sides (Figure 7). We have been able to
clarify the origin of these by means of specific measurements. An exited up
atom collides with a hydrogen atom, whereupon they both share the de-exci-
tation energy. Analysis shows energy values for some 6 % of the 7rp atoms of
more than 200 eV. The height of the steps (smaller Figure) enables very con-
troversial theoretical models to be tested.

Energy units: 1 eV = 1 electron Volt,
which is the amount of energy which
an electron acquires when it passes
through a potential difference of 1 Volt.
1 keV = 1000 eV
1 MeV= 1000 000 eV
1 GeV= 1000 MeV

Another experiment is being carried out with very low densities of hydrogen
(Figure 8). The distribution of the kinetic energies of muonic hydrogen
atoms (u p atoms) could be measured for the first time at pressures down to

1 nanosecond (ns) = one billionth of a
second

600 Figure 7: Time-of-flight spectrum
(trajectory 8.35 m) of neutrons from
the reaction n-p-^> nn in liquid
hydrogen.
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Cyclotron trap: A facility which traps
muons, slows them down, and forms
them into a beam.

Scintillator: Material in which elemen-
tary particles leave a track of light.

Polarisation of protons: Aligning their
intrinsic angular momentum (spin)

only V16 mbar. Such low pressures are necessary in order to maintain the low
kinetic energy of the muons (less than 1 eV) at which the jap atoms are pre-
sumed to form. With the aid of two new techniques developed at PSI (see
1994 Annual Report), it was possible for the first time for the de-excitation
simply by emitting X-rays of a muonic hydrogen atom to be observed (electro-
magnetic cascade). Further experiments with cold (slow) muons are planned,
for which the new cyclotron trap (Figure 9) will be used.

Figure 9: New and improved cyclotron trap. Using this, we are hoping to create
a muon beam with very low energy, and also determine the mass of the pion to an
accuracy of one in one million.

Figure 10: Detector (1 mm thick) of
organic scintillator material, the
protons of which can be polarised.
This is being used in two experiments
at PSI, and will be employed in broad
applications in laboratories around the
world.

We must not fail to mention one unique product which the group under Sal-
vatore Mango has succeeded in manufacturing and putting to use in an expe-
riment. This is a scintillator, the protons of which are more than 55 % pola-
rised (Figure 10). It has to be operated at a temperature of 0.3 °K and in a
magnetic field of 2.5 Tesla, and the light must be capable of being registered
at a metre distance at room temperature.
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Experiments at external accelerators
With the closing down of LEAR at CERN, CP-LEAR has also come to an end.
A large number of publications bear witness to the wide range of results
achieved. As an example, we can mention one of the most important and
best-known parametres of particle physics, the mass difference between the
two neutral K-mesons.

The higher energy which is now available at LEP II makes it possible for
W-bosons to be created (in pairs). The L3 detector has been extended with
the assistance of PSI, with the result that a precise determination of the
mass of this W-boson has proved possible (Figure 11).

Finally, the work on CMS has proceeded. Various internal and external
groups at PSI have irradiated, for example semiconductors, with protons.
GaAs, well-known for its low noise, has been shown to be less resistent to
irradiation than silicon by a factor of nine, and this has consequently raised
doubts as to its suitability as detector and chip material.

Figure 11: Mass of the W-boson.
From the production of two
W-bosons at LEP-II, the value of
the mass of the W-boson can be
determined.

LEAR = Low Energy Antiproton Ring

K-meson: Medium-mass elementary
particle (meson), such as the pion (JI)

LEP II = Large Electron Positron Colli-
der, further developed Version II (at
CERN)

L3: Major experiment at CERN

W-bosons (W\ W-): Elementary par-
ticles, known as vector bosons; car-
riers of the weak interaction

CMS = Compact Muon Solenoid

GaAs: Gallium-Arsenid; a semicon-
ductor

Neutrino (v): Uncharged and possibly
massless particle

Muon Spin Rotation,
During 1996, 63 \tSR experiments were carried out at PSI, 80% of which
made use of PSI facilities. Among the areas of research, magnetism predo-
minated with 63%, followed by superconductivity with 21 %, chemistry with
8%, diffusion and defects 4%, and semiconductors/muonium 4%. Subjects
covered were, for example, the melting of the flux line lattice in organic
molecular superconductors, structures in layered high-temperature super-
conductors, the behaviour of hydrogen in silicon and germanium, and ferro-
magnetism in super-cooled metallic melts (Figure 12).

Theory of elementary particle physics
In addition to intense research in nuclear and particle physics, the Theory
Group also organized, as part of the traditional PSI Zuoz Schools, the sum-
mer school on «Physics with Neutrinos». This topic is closely associated with
Zurich, as the existence of neutrinos was proposed in 1930 by Wolfgang
Pauli, at that time professor at the ETH Zurich. Despite their extremely low
interaction with matter, precision experiments with neutrinos are now pos-
sible. In the exciting atmosphere of the school, there was a lively exchange of
ideas amongst the 75 participants.

Figure 12: Liquid magnets.
Researchers from the University of
Bonn, the DLR Space Simulation
Institute in Cologne, and PSI have
succeeded in proving magnetic order
in liquid metals. The picture shows
a floating drop of a super-cooled melt:
above, at 100 K, and below, at
300 K below melting temperature,
being attracted by the magnet visible
on the left of the picture.
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A protein crystal grown at PSI for pilot tests
with synchrotron radiation
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Life Sciences
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SLS = Swiss Light Source

SINQ: The Spallation Neutron Source
at PSI

The main focus of attention in Life Sciences in 1996 was on the assessment,
or audit, conducted by international experts. The results of this audit, together
with earlier thoughts, form the basis for the strategic planning of this depart-
ment, which is, essentially, to concentrate on two key areas:

• The onset, identification, and treatment of cancer (oncology)

• The application of synchrotron radiation in biology and medicine.

The introduction and implementation of the changes needed to achieve this
are very complex management tasks, which we already have well in hand.

The audit was carried out at PSI at the beginning of April 1996. Over a
period of two and a half days, a working group of ten internationally-recog-
nised experts from the USA, England, Scandinavia, Germany, and Switzer-
land (Fig. 1) subjected PSI Life Sciences to a critical analysis, and evaluated
the scientific quality, relevance and compatibility of the current and planned
research projects, on the basis of international standards. The results and
recommendations of the audit, together with the long-term planning at PSI
(particularly with regard to the SLS facility), form the guidelines in the strate-
gic planning for the Department. As hitherto, it is intended that it will continue
to be an integral, constituent part of PSI, and, on the one hand, as a national
centre, make optimum use of the major facilities available at PSI, particularly
the proton therapy facility, the SLS, and SINQ. On the other hand, it is also
intended that use will be made of the very latest medical and biological tech-
niques, such as the structural analysis of biological macromolecules at the
SLS and molecular biology, for biologically and medically relevant basic
research.

Figure 1: A group of international experts, seen here together with PSI staff,
assessed (audited) the work of Life Sciences in 1996 and provided an important
impetus for strategic research planning.
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These guidelines for research strategy require, in association with limited
resources at PSI, the modification and focusing of our research on the
onset, identification, and treatment of cancer, as well as on the application of
synchrotron radiation in biology and medicine. Research into brain disorders
will, in contrast, be accorded a lower priority.

A series of structural adjustments, which were carried out in 1995/96 inde-
pendently of the audit, likewise contributed to the major challenges of change
and adaptation posed to all our management staff, in addition to their re-
search tasks.

Radiation medicine

The long-term evaluation of proton therapy for malignant eye tumours at
the OPTIS facility is under way. The preliminary results achieved since 1984
on more than 2'000 patients are very promising, but we are re-evaluating
them quantitatively in relation to local tumour control and the maintainance of
vision in the long-term. This is providing us with a definite basis for optimising
proton therapy and evaluating the success of this form of treatment in com-
parison with surgical removal of the affected eye, which has been the usual
procedure until now.

Figure 2: Before each application of radiation with
the proton therapy installation (the Gantry), the patient
is secured on a computer-controlled couch.

The new proton therapy facility, the Gantry, which was inaugurated in
January 1996, makes it possible for deep-seated tumours inside the body to
be irradiated with high, very precisely targeted doses which are conformed in
three dimensions to the shape of the tumour. The planning for the radiation
treatment is based on the precise determination of the location and extent
of the tumour by means of computer tomography. The Gantry, which was
developed and constructed by our experts at PSI, is the first facility of its kind
in Europe, and the concept of the dynamic, computer-controlled Spot-Scan
technique (see 1995 Annual Report) is a world-wide pioneering achievement
by PSI. This proton irradiation facility, in comparison with established modern
photon therapy facilities, promises substantial improvements with regard to
maximum dose and its spatial confinement. This radiation therapy allows tar-
getted destruction of tumours, while at the same time largely preserving
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PET = Positron Emission Tomography

the surrounding healthy tissue. In June 1996, a working group of experts con-
ducted a thorough analysis of the complex computer-controlled therapy
facility with regard to safety. In November 1996, we treated the first patient in
the Gantry. The preparation and precise positioning of the patient before each
application of radiation plays an important part (Fig. 2).

In parallel with this, we are developing a complementary therapy program,
with protons, for dogs with spontaneous tumours; this project is being carried
out in close co-operation with the Veterinary Medicine Faculty and Radio-
oncology Department at the University of Zurich. This is based on many years
of experience in the application of radiation therapy to pets (dogs, in parti-
cular) using photons (Fig. 3). Because of the relatively short lifespans of
these animals, and the relatively high frequency of tumours in dogs (with
comparable biological behaviour to humans), this helps not only the animals
but the results can also be used to advantage for therapy in human beings. In
addition, we are planning to investigate other tumour-related questions in co-
operation of Radiopharmacy, PET, and the Institute for Medical Radiobiology.
Such interdisciplinary co-operation within our Department, as well as be-
tween PSI and the universities is, as far as we know, not being practised in
any comparable research project anywhere in the world.

Figure 3: We are able to demonstrate the
technical feasibility and medical effectiveness
of proton therapy, from the successful treat-
ment of animal patients with naturally-occur-
ring tumours.

Radiotracer: A substance which con-
tains a radionuclide

Radionuclide: A type of atomic nuc-
leus, which emits radiation and turns
into another type in the process.

Radiopharmacy

Radiopharmacy at PSI is concerned with the development of new diagnos-
tic radiotracers and therapeutic radionuclides. This work is markedly
interdisciplinary and is now already well established in connection with the
Department of Pharmacy at ETH Zurich and the Clinic for Nuclear Medicine
at the University Hospital of Zurich - relationships which will be extended
even further in the future. With the support of the PSI team, an ultra-modern
radiopharmacy laboratory has been set up at the University Hospital for the
production of routine radiotracers, which are needed for PET investigations
on human beings. Radiopharmacy at PSI can accordingly concentrate in-
creasingly on basic research and the production of new radiotracers. The
goal in the development of new radionuclides is to obtain effective targetting
preparations, for example, for the treatment of tumour metastases. Instead of
the preparations used to date, charged with iodine-131, we are concentrating
our development work on preparations which we can seed with radioactive
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metals, such as copper-67, rhenium-186, or silver-111 (see 1995 Annual
Report). We have recently been able to demonstrate, in co-operation with the
University of Lausanne, that antibodies against intestinal cancer, which are
marked with radioactive copper, concentrate in tumorous tissue 2.5 times
more strongly than analogous iodine-marked ones. In another study, together
with the University Hospital in Nottingham, England, we are concerned with
the treatment of cancer of the bladder. Figure 4 shows the high concentration
of antibodies charged with copper-67 in a bladder tumour.

There is still a long way to go, however, between these first clinical trials and
the evaluation of therapeutic effectiveness. The extremely complex research
into these forms of therapy calls for close co-operation between chemistry
and modern immunology, with regard to the manufacture of suitable anti-
bodies. In order to achieve pioneering results, close co-operation with univer-
sities both at home and abroad is absolutely essential.

Figure 4: The tumour visible in the X-ray image (left), in the bladder, is treated with
a radiotherapy nuclide which specifically concentrates in this tumour.

Positron Emission Tomography (PET)
Using PET, we can observe metabolic processes in tissue by administer-
ing radiotracers to the patient. The radioactively marked substances must
behave In the metabolic process in the same way as natural, unmarked meta-
bolic products. Close co-operation between PET and Radiopharmacy is a
logical prerequisite for this task. With the partial relocation of the activities of
PSI Radiopharmacy to the ultra-modern PET facility at the Clinic for Nuclear
Medicine at the University Hospital, Zurich, the PET team at PSI, too, has
now experienced some changes in the distribution of its work. Clinical PET
studies are carried out primarily in Zurich. Projects relating to brain disorders
will be carried out by the PSI team in close co-operation with the Neurological
Clinic and the Clinic for Nuclear Medicine in Zurich. At PSI, the PET team will
concentrate primarily on pilot tests with new radiotracers and on physiological
activation studies. As part of a new research project, we have been examin-
ing the concentration of specific radiotracers in brain tumours. Other projects
relate to investigations of the brains of patients with Parkinson's disease and
the study of increased brain activity in conjunction with a specific action. All
this work is based on co-operation with a number of different clinical centres
in Switzerland and abroad, supported by external financing.
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Health Physics

Health Physics at PSI bears responsibility for the operational radiation pro-
tection at PSI, though its range of tasks far exceeds this service function. In
addition to scientific questions, it also covers tasks which we, as radiological
experts, carry out as a service to the public. Many of our staff are members of
international expert groups, thereby contributing the Swiss viewpoint in
worldwide efforts to achieving harmony in technical and organizational areas
of radiation protection. In Switzerland, Health Physics at PSI has taken on a
responsible leading role with regard to quality assurance in technical radia-
tion protection. Over the past two years, we have built up a Quality
Management System, which, during 1996, was assessed by two teams of
external experts, and we succeeded in gaining accreditation in the four spe-
cialist areas of Calibration (Fig. 5), Dosimetry, Radioanalysis, and Radiation
Protection. This makes us the first organization in Switzerland to obtain the
highest quality awards in this field.

Figure 5: We arranged for the work
of Health Physics - shown here is the
Calibration Laboratory - to be asses-
sed, and the results formed the basis
for the accreditation of our Quality
Assurance System, the first time this
has been achieved in this field in
Switzerland.

Institute of Medical Radiobiology (IMR)

IMR is an institute managed jointly by the University of Zurich and PSI, con-
cerned with basic research, primarily the study of the effects of ionising radi-
ation on biological tissue (cells, cell organs, and cell cultures of normal or
cancerous tissue) (Fig. 6).

One of the high points of 1996 for IMR was the Seventh International Con-
gress on «Neutron Capture Therapy for Cancer», organized and chaired by
B. Larsson in September, at ETH, Zurich, which was attended by a very large
number of experts from all over the world.

At the end of the 1980s, the medical faculty planned to establish two profes-
sional chairs, one in Medical Radiobiology, held from 1990 to 1998 by Pro-
fessor Borje Larsson, and a second in Molecular Radiobiology, which was
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set up in August 1996 with the appointment of Professor J. Jiricny. Due to
restrictions in public funding, it is not possible at present for both chairs to
continue to be held. On his appointment, Professor J. Jiricny replaced Profes-
sor Borje Larsson as Director of IMR, under the condition that the IMR staff
be reduced by half over the next few years. This reduction in personnel will
mean, in future, a narrower focusing of research. IMR will concentrate in par-
ticular on research projects which are of relevance to cancer, using the very
latest molecular biology techniques. In addition to IMR, PSI Radiopharmacy,
PET, and Radiation Medicine are taking part in a new, interdisciplinary, major
project examining the growth factor for blood vessel cells (VEGF, Fig. 7),
relating to the onset, diagnosis, and therapy of cancer.

VEGF = Vascular Endothelial Growth
Factor

ESRF = European Synchrotron Radia-
tion Facility

Signalling in Cells: Protein Kinas@s
VEGF - Receptors

VEGF -

Figure 6: Microscopic photographs of
a living cell. The new process used
here makes it possible to observe the
reactions of cells to radiation without
disturbing them.

Figure 7: A simplified representation of the signal paths
within a cell. The newly-developed kinases cloning technique
is helping to answer many questions in radiobiology.

Synchrotron Radiation and Life Sciences

With regard to the use of the future SLS facility which is planned
at PSI, we conducted a number of preparatory experiments
during 1996 at synchrotron light sources abroad (Fig. 8).

The focus this year was on research into the radiation resistance
of protein crystals. These crystals were grown at PSI, irradiated
at the ESRF at Grenoble, and analysed at PSI. During this pro-
cess we encountered an extraordinarily high proportion of radia-
tion-induced polymers, i.e. linked protein chains.

Figure 8: Experimental work at the ALADDIN synchrotron light source at the University of Wisconsin. USA. in preparation for
the application of synchrotron radiation at the SLS in the life sciences.
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SIMS enables the highly sensitive determination of
trace elements in ultra-pure material samples. This view

into the sputter chamber, through the vacuum window,
shows the target holder with a silicon specimen and the

caesium sputter device. In order to prevent
contamination, all components are plated with pure gold.
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Solid State
at Large
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Projects

Spallation Neutron Source, SINQ

SINQ was successfully commissioned on 3 December 1996, and on the fol-
lowing day we ran the facility for several hours under test conditions with high
beam power. Once the final touches have been made to the source and ex-
perimental instruments, and after the routine shut-down of the accelerators,
SINQ will go into regular service.

There is a special section in this Annual Report dedicated to SINQ, and for
this reason we shall restrict ourselves here to taking a look at the develop-
ment work carried out at PSI for the planned European Spallation Neutron
Source, ESS.

Target: Material in which protons, in
this case, generate neutrons

ESS = European Spallation Source

Target for the European Spallation Neutron Source Project
(ESS)

November 30, 1996 marked the official end of a study phase which had ex-
tended over several years, in the course of which twelve European laborato-
ries worked on the concept of a next-generation spallation neutron source.
The study was extensively funded by the EU, and the Paul Scherrer Institute
was asked to examine the possibilities of a target made of liquid metal. In
comparison with SINQ, for which, in the long-term, liquid metal is also an
option, the ESS concept is distinguished primarily by a five times higher pro-
ton beam power (5 MW), and by operation with very short pulses (duration
1 (is, repetition frequency 50 Hz). In contrast to SINQ, the ESS proton beam
will hit the target horizontally.

The proposal (Fig. 1) drawn up by the PSI project group has a special ar-
rangement of the target in the area of the reaction with the proton beam. On
the one hand, this ensures that the beam-entry window is adequately cooled
and, on the other hand, it also guarantees that the metal flowing back does
not form any zones which could lead to the material overheating. In the event
of target hull failure, a separately cooled protective cladding around the target
will guide the liquid metal safely back down a chute into a catchment contain-
er. In June 1995, the international ESS target group selected the PSI design
as the reference concept, and in the interim it has also been adopted by other
project studies for spallation neutron sources of the next generation in the
USA and Japan.

Figure 1: Computer representation of
the ESS target with small moderators (for
slowing down), which generate a short
pulse of slow neutrons and are surrounded
with lead as reflector material.
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The high pulse power of the ESS (100 kjoule) and the short duration of the
pulse (1 (is) cause one particular problem: they produce pressure waves in
the liquid metal, which generate mechanical loads on the target cladding.
Unless special measures are taken, the stresses which this creates would
exceed the permissible limit in the steel. The PSI project group developed a
special computer program to calculate these effects in detail, which also ena-
bled us to demonstrate that a small proportion of gas (about 4 % by volume)
in the target material would probably reduce the stresses in the cladding to a
acceptable level. Preparations are currently in hand to check the theoretical
results (Fig. 2) by experiment.

In addition to our Department, the Nuclear Energy Research Department at
PSI is also working with us on this project. The final report on this target study
has been issued as PSI Report 96-21.
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Figure 2: Calculated transient curve
of the stress in the wall of a cylindrical
target holder after the arrival of a
proton pulse with an energy content
of 100 kJ and a duration of 1 fis.

Research and Development
As part of our research program into nanostructured materials, we have been
running computer simulations of elastic and plastic deformations of a nickel
sample at low temperature (Fig. 3). We have compared these calculations, for
a variety of mean grain sizes in the range of 3-5 nm, with experimental
results; for these simulations we need the CRAY-T3D at EPFL.

1 nanometre (nm) = 1 millionth of a
millimetre
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Figure 3: Nanostructures in a section of a specimen 0.2 nanometres thick, with a
mean grain size of 5.4 nm. The grey circles represent atoms in the position of an
ideal lattice, while the coloured dots are those atoms with a high energy level. The
latter behave in the same way as in an unordered system. The coloured empty
circles represent atoms which, in terms of energy, lie between the other two types.
Experts can identify, from the distribution of the coloured empty circles, that a stress
field is building up from the boundaries into the interior of the crystal.
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AMS = Accelerator Mass Spectro-
metre: The smallest particles are given
a very high velocity in an accelerator;
their mass is then determined very
precisely by magnetic deflection.

SIMS = Secondary Ion Mass Spectro-
metry

Ions: Electrically charged atoms

Fullerene: Also known as "football
molecules», these consist of 60 carbon
atoms

Tandem accelerator: Facility for acce-
lerating ions

Depth in nanometres

From the Laboratories

Ion Beam Physics

Of our two main priorities
• The application of AMS for geology and for research into climate and the

environment
• Materials research with ion beams,
we shall provide a brief presentation of two projects from the latter.

Figure 4: Super SIMS. This is the apparatus with which we can discover the smal-
lest amounts of impurities in, for example, ultra-pure semiconductor materials. To do
this, the semiconductor material is atomically pulverised with an ion beam. The
atoms and molecules which are released are then analyzed with the Accelerator
Mass Spectrometre.

Super SIMS. The SIMS chamber for highly-sensitive determination of stable
trace elements was connected to the Accelerator Mass Spectrometre in
spring 1996 (Fig. 4). The facility is now fully operational, and has been tried
out in several series of tests for about a dozen of the most important trace
elements (Fig. 5). For most elements, the measurement thresholds are satis-
fyingly low, and equal to, or better than, the results which can be achieved
with the most expensive commercial SIMS devices (costing several million
Swiss Francs), even on good days. At the moment, impurities caused by
elements which are present in stainless steel are being investigated. If we
can solve this problem, we expect even considerably lower measurement
thresholds.

Fullerene beams. Once again, we have also been working on the accele-
ration of Fullerene (C6o, see 1995 Annual Report). In co-operation with the
Laboratory for Micro- and Nanotechnology at PSI, we have investigated the
surface tracks of Fullerene impacts on a number of materials. First applica-
tions of C6o beams involved the creation of nanometre holes in thin layers of
perspex, but they are also of interest for biosensors and for the manufacture
of nano-wires.

Figure 5: Testing the new Super SIMS equipment. With the tandem accelerator, we implanted a known number of antimony
atoms in a piece of high-purity silicon, and then counted them again with the Super SIMS. The top picture shows a light micro-
scope picture of two concentric craters in which the silicon surface has been removed nanometre by nanometre. The lower
picture shows the number of antimony particles counted at specific depths. This then provides a concentration profile of the
type of atom implanted, and measurement thresholds of up to one in one billion are already possible.
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Radiochemistry and Environmental Chemistry

In June 1996, we were able to create a number of atoms of Element 104 at
Injector I, by the irradiation of exotic target materials such as plutonium-244
and cadmium-248 with intensive heavy-ion beams. This has now established
PSI as only the fourth institute in the world at which super-heavy elements
can be synthesised, the others being LBNL at Berkeley (USA), GSI at Darm-
stadt (Germany), and FLNR at Dubna (Russia). In the experiments at PSI, we
have been measuring, on the one hand, the production probability, while, on
the other hand, the chemical properties of Element 104 in the aqueous phase
have been examined in two different experiments at the University of Mainz
and at GSI.

Thanks to the OLGA technique, developed at PSI, it has proved possible for
the chemical properties of Element 106, Seaborgium, to be examined in
greater detail. In November 1996, at GSI in Darmstadt, a few atoms of Sea-
borgium and, simultaneously, of tungsten were manufactured. This has made
it possible, for the first time, for the chemical properties of the two elements to
be compared in the same experiment.

We have also been examining the effect of aerosol particles on atmo-
spheric chemistry. For this purpose we are researching in situ, in other
words in the aerosol itself, into the reaction of gaseous molecules with aero-
sol particles. At present we are concentrating on nitrogen oxide (NO2), using
Injector I to radioactively mark the nitrogen by means of unstable Nitrogen-13
(with a half-life of 10 minutes). Our experiments have shown that, in contami-
nated air, the reduction of NO2 due to deposition on the existing particles is
significantly enhanced (Fig. 6).

Using the same technique, we have also succeeded for the first time in
demonstrating the formation of nitrous acid (HONO) on the surface of aerosol
particles in laboratory experiments with realistic nitric oxide concentrations.
HONO is the subject of a large number of ongoing and planned research
projects. Its surprisingly high concentrations which have been determined
in experiments in the field have not so far, however, been satisfactorily calcu-
lated with existing chemical models.

Injector I: Former pre-accelerator of
the PSI Ring Cyclotron

OLGA = On-Line Gas chemistry Ap-
paratus

Aerosol particles: Solid and liquid
particles distributed in a gaseous me-
dium, such as air

Figure c E\j !pment for measuring the reaction rate of NO2 with carbon aerosol.
The radioactive Nitrogen-13 which is used in this process is transported from Injec-
tor I into the laboratory through a gas tube.
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Monochromator: An instrument for
selecting neutrons of the desired ve-
locity

Spectrometre: Measures the frequen-
cy of occurrence of the neutron velo-
cities, the photon wave lengths etc.

Laboratory for Neutron Scattering, LNS

New types of Germanium monochromators. The efficiency of neutron
spectrometres is based largely on the optimum properties of the crystals of
the monochromator. Germanium is an almost ideal material for this. For prac-
tical application, the crystals must undergo plastic deformation, which up to
now had proved impossible to reproduce. By means of a new process, we
deliberately deformed thin Germanium plates, 0.4 mm in thickness and
76 mm in diametre, applying predetermined pressure and temperature
cycles, and then put them together into a pack of 24 plates. This provided an
artificial monochromator crystal with the required specific properties (Fig. 7).
These new types of monochromators are used in SINQ for neutron scatter-
ing, making it possible to see extremely fine detail in structure research at
high intensity.
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Figure 7: Intensity diagram of a Germanium layer pack. A narrow curve
in the scattering plane (top) produces high resolution, and a broad curve
perpendicular to the scattering plane results in high intensity.

Figure 8; Schematic representation of
the magnetic ordering of manganese
in the iron-manganese complex

Neutron scattering. In the special section on page 19 you will find examples
of the wide range of uses for neutron scattering. Because of this, we will only
briefly mention here two results in addition. Large molecular systems, e.g. of
iron and manganese, are of interest for various technical applications be-
cause of their optical and magnetic properties, such as, for example, as iso-
lating permanent magnets or as magneto-optical memories. With neutron
scattering, we have been examining such iron-manganese complexes, and
have discovered that magnetic order is established at higher temperatures
than had been expected (Fig. 8).

We are also trying to achieve a better understanding of high-temperature
superconductors, which, as is well-known, are hoped to have a wide range
of possible applications. A high-temperature superconducting material
(Nd2xCexCu04) exhibits an extraordinarily high specific heat at low tempe-
rature. The results of our non-elastic neutron scattering research have meant
that the explanations previously postulated in the scientific world for this
effect have had to be rejected.
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Astrophysics
Astrophysics at PSI achieved encouraging results in 1996 in the detection of
X-ray radiation, using superconducting tunnel detectors. The number of users
of the PSI proton beam for irradiation tests on electronic components also
continued to rise.

The monitoring, analysis, and modelling of data from the two Radiation
Environment Monitors (REMs) at PSI has continued. Even in their third year
of operation, they are delivering data every day from the Russian space sta-
tion Mir and from the satellite STRV 1b. We are also concerned with astro-
physics research, especially in the field of the physics of the coronas of stars.
A number of X-ray telescopes and the Hubble Space Telescope are being
used for the observations, and we are also working on the theory and possi-
ble observation of «dark matter».

The launching of the satellites SRG (in about 1998) and XMM (around 1999)
will open new horizons for astrophysics, and members of PSI Astrophysics
are represented in the ESA and RSA projects.

FUVITA on SRG. PSI supplies the central photon detector and the readout
electronics for the FUVITA instrument on the Russian SRG mission. The
calibration measurements of the in-flight detectors, carried out in the late
summer of 1995 at Berkeley, USA, were fully analyzed, and documented in a
doctoral thesis. We achieved the angular resolution which was desired (less
than 10 seconds of arc) with complete success. With the support of PSI, the
electronic connection element to the satellite and the telescope structure are
being constructed at Bishkek (Kyrgyzstan). In parallel with this, we have built
a photon spectrometre (Fig. 9) for the UV range (wavelengths from 2 to
200 nm), in order to be able to carry out such measurements in future at PSI
itself, as well as similar ones for detector, filter, and mirror developments.

XMM. The two in-flight models of detector housing and cooling system, for the
PSI contribution to the ESA Cornerstone Mission XMM (see 1995 Annual
Report), were accepted and delivered on time.

FUVITA = Far UV Imaging Telescope
Array

SRG = Spectrum Rontgen (X-ray)
Gamma

Photons: Light packets or light quanta

XMM: X-ray Multimirror Mission

Figure 9: The FUVITA detector at the exit of the spectro-
metre measuring chamber. In the laboratory we record all
the data with a PC, which is replaced on the satellite by
a special computer (supplied from Kyrgyzstan).
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Integrated on one tiny crystal of gallium arsenide are
a number of complete optical interferometres for high-precision

distance measurement. Each one contains all necessary
components: a laser light source, integrated optics for

beam guidance, and two detectors each (see picture in
background). With this chip, distances over 300 mm can be

precisely measured to fractions of a micrometre.
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In view of the planned construction of the Swiss Light Source, SLS, at PSI,
and the associated redirection of PSI to concentrate on its role as a user
laboratory, Applied Solid State Physics also found itself challenged, during
1996, to scrutinise its activities and to examine innovative optimisations of its
programme. In this connection, the possible re-affiliation of a significant part
of the Zurich Laboratory, PSIZ, stood at the forefront of discussions. Despite
the considerable investment of personnel resources, no firm conclusion on
the subject was reached during the year under review. Our Scientific Ad-
visory Board had the opportunity of commenting on the proposals at the
beginning of 1997.

Several preparatory organizational measures were nonetheless put into
effect on 1 December 1996, with the result that the department now exhibits a
simplified structure, consisting of two parts: the Laboratory for Micro- and
Nanostructures (LMN) and PSIZ. LMN includes the «Nanosciences and
Nanotechnology» section, as well as parts of the former "Solid State
Physics» section; PSIZ has the combined sections of "Optoelectronic Com-
ponents", «Micro-optics», and «lmage Sensing» (see the second part of this
chapter). The remaining part of «Solid State Physics» was assigned to SLS
research and to the establishment of a new solid-state theory group.

Fresnel elements: A special type of
optical lens

Zeolite: Crystal structures with chan-
nels and cavities of atomic dimensions

Figure 2: Aligned and fixed zeolite
single crystals on a prestructured sili-
con substrate

* >•;

Figure 1: New clean room at PSI for micro- and nanostructuring

1996 was also marked by the completion, commissioning, and inauguration
of the new clean room for micro- and nanostructuring (Fig. 1); in addition
to this, the priority programmes OPTIQUE 2 and MINAST (in which our de-
partment is heavily involved) were launched.

One particular highlight was the recognition of our work on the topic of
"Embossing and coating: Ideal partners for integrated optical sensors» by
the innovation competition Technology Location Switzerland, and the
presentation of this work at the Hannover Fair. Our doctoral candidate
Markus Rossi was also awarded the «Prix Omega» for his doctoral studies
on microscopic Fresnel elements.

At LMN, zeolite single crystals were successfully arranged in three dimen-
sions for the first time, and the orientated implantation of the substance
known as p-Nitroanilin was detected (Fig. 2). This process has opened new
prospects for the application of zeolites in the field of sensor technology, opti-
cal spectroscopy, and other applications. In a theoretical study, we have
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developed a greatly improved method for the calculation of zeolite and other
nanostructures with complex forms.

In the field of bio-nanosensors, we have been able to make visible the indi-
vidual molecules fixed on a surface, by means of the atomic force microscope
(Fig. 3). This has opened up new possibilities for monitoring how these bio-
molecules function. We have also taken a step forward in the development of
an immunosensor, by discovering a process for protecting electro-chemi-
cally active gold electrodes against protein absorption.

We likewise achieved a good result at LMN which could be of significant
importance for the embossing of micro- and nanostructures in polymers: By
applying a non-stick layer to the embossing punch, its service life can be con-
siderably improved, as can the quality of the copy.

Spectroscopy: A method with which
the distribution of the different wave-
lengths of light can be determined.

Nanostructures: Structures with di-
mensions in the nanometre range
(nm); a nanometre being one millionth
of a millimetre.

DF-lheory -

'If
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Figure 3: Individual protein molecules fixed on a sensor surface, pictured using the
atomic force microscope.

Figure 4: Properties ofAlxGai-xAs as
functions of the aluminium fraction x:
experimental and theoretical data.

The new clean room, which is primarily designed for technologies involving
silicon, germanium, and carbon, in 1996 immediately achieved an extraordi-
narily satifying result in the field of alternative energy: a silicon-based solar
cell with an efficiency of 21.1 %. This is one of the ten highest ever
published and internationally recognised values. Although the Photovoltaic
research has recently been transferred to the General Energy Research
Department, our department will continue to contribute to the development
of photovoltaic cells.

From the field of more fundamentally orientated solid-state physics, the fol-
lowing highlights can be mentioned. For the first time, it has proved possible
to come closer to a consistent image of the material properties of the com-
pound semiconductor AlxGai-xAs, by means of direct measurement with
X-ray diffraction (Fig. 4). In close co-operation with a visiting professor from

AIGaAs = Aluminium Gallium Arse-
nide: A basic material in semiconduc-
tor technology
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Quantum structures: Structures which
are so small that what is known as
quantum physics applies to them

Pretoria (South Africa), the existence of self-organising light-emitting current
fibres in AlxGai-xAs could be demonstrated (Fig. 5). The deeper understand-
ing of this could be of great importance for the analogous occurrence in
silicon.

For the first time, we have been able to measure the efficiency and properties
of the light emission of silicon quantum structures (embedded in an
SiNx matrix) with a high degree of precision. There is some resulting evidence
that suitably optimised structures should have light yields in the percentage
range, which could be of great interest for practical applications.

Figure 5: An electrical voltage is applied to a p-n-p-n AIGaAs/GaAs heterostructure.
At a fault point, the pn transition, under reverse voltage, breaks down locally and the
current fibre created in the process produces light in the GaAs quantum film (picture
right).

Optical microsystems for sensor technology
Microsystem technology will bring about fundamental changes in the devel-
opment of many traditional technologies, make new products possible and
open up new markets, as well as having a major long-term effect on industry
and on our society. Continuous miniaturisation, such as that which has been
achieved over the past few decades in the world of electronics, will be extend-
ed in a wide variety of ways over a vast range of applications, thanks to
microsystem technology. While micromechanical components are already
being used commercially, such as airbag sensors in automobiles, or pressure
measurement cells, micro-optical systems are just on the threshold of indus-
trial application.

At PSIZ we have been developing key technologies for optical micro-
systems and their application in measurement and sensor technologies for
many years. PSIZ thus complements the activities at the centres for micro-
system technology which are concentrated in Switzerland in the Neuenburg
area (IMT at the University of Neuenburg and CSEM) and at Lausanne
(EPFL).

An optical microsystem consists, in general, of three components: a light
source, a variety of micro-optical components for guiding the light, and a
detector. In only a few laboratories in Europe, including PSIZ, are all three
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components the subject of research and development, and easily accessible
for applications at the universities and in industry. This is one of the strengths
of our laboratory. It makes unique new solutions possible for many traditional
measurement problems in the machine-tool industry, chemistry, medicine,
environmental analysis, and optics. However, we are also working on funda-
mental new concepts, preferably in co-operation with the universities, and in
the context of doctoral studies. These projects are jointly financed to a con-
siderable degree by the priority programmes OPTIQUE and MINAST, as well
as by Swiss and European research promotion. Hitherto, the contribution
from industry has been concentrated on its own co-operation in the projects.
However, in view of limited funds at PSI, it is possible that in future a more
substantial financial commitment may be requested.

Many problems in optical measurement require very special application-spe-
cific light sources. A new type of tiny laser light source, on the develop-
ment and optimisation of which we are successfully working, is the surface-
emitting VCSEL. These lasers are characterised by a high degree of spectral
purity (coherence), and the absence to a large extent of disturbing mode
jumps. The impressive characteristic data of the VCSEL created at PSI are
already arousing interest from industry, and an initial application in the gas
sensing technology field is currently under vigorous discussion with a number
of direct users. We are also conducting tests to document the lifetimes of
these microscopic light sources. The investigation of what are known as the
transverse modes is of particular interest to us. This is a topic which is of a
fundamental nature (Fig. 6).

With passive optical components, such as optical diffraction elements,
waveguide structures, anti-reflection coatings, microlenses, etc., we have
achieved results on the basis of two very different technologies: As a first
step, a polymer surface is microscopically structured by hot embossing or
associated techniques, one of our in-house specialities at PSIZ for many
years. Next, we cover the structured surface uniformly with a thin film of a
second optical material. The combination of the diffractive and reflective
properties of the structure and the thin film results in a fundamentally new
form of behaviour. A good example of this is the focusing grating coupler in a
waveguide (Fig. 7), a process which is well-suited for economical industrial
mass production.

VCSEL = Vertical Cavity Surface Emit-
ting Laser

Modes: Different states of light emis-
sion

(c)

(e) (f)

Figure 6: Near-field images of the dif-
ferent modes of a surface-emitting
laser (VCSEL):
a) Current is smaller than the

threshold current,
b) Current is the same as the

threshold current,
c)-f) Current is greater than the

threshold current.

Figure 7: Focusing grating coupler, created by
hot embossing in a polymer surface and subse-
quent deposition of a waveguide layer. Dimension
of the grating: 1.2 x 1.2 mm?.
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Pixel: Element of a picture

CMOS = Complementary Metal Oxide
Semiconductor

CCD = Charge Coupled Device

We have made great progress in reducing the noise and increasing the sensi-
tivity range of image detectors. The result is that there is today a whole
range of pixel functionality available, with which sensors can be created to
suit particular applications. Examples are: programmable offset current,
programmable amplification, or adjustable dynamic compression. Figure 8
shows an image sensor with a logarithmic characteristic. This sensor also
enables the resolution of optical measurement problems that, until now, have
been insoluble because of the excessive contrast range of the images.

In the context of detectors, we are working on the design, testing, and appli-
cation of these components, with the actual construction being left to the
semiconductor manufacturers. For the first time we have also succeeded in
manufacturing semiconductor image sensors in CMOS and CCD technology,
in a Swiss company, at ME Marin (Fig. 9). Something which is particularly
pleasing is that we immediately achieved excellent characteristics.

Figure 8: Logarithmic image sensor
a) Pixel arrangement with a pixel pattern of 30 x 30 jjm
b) Picture of a light bulb with large contrast range, taken with an experimental

logarithmic image sensor of 64 x 64 pixel

Figure 9: CCD image sensor
a) Chip photograph of the first CMOS-compatible CCD image sensor produced in

Switzerland
b) One of the first pictures taken with this experimental 40 x 80 pixel Swiss CCD
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Complete micro-optical sensor systems are nowadays still predominantly
manufactured using hybrid technology, from individual components. The
long-term goal, however, must be monolithic integration, which is obviously a
key factor in the success of semiconductor technology. An example of a com-
plete hybrid-structured, integrated-optic, chemical sensor module is
shown in Figures 10 and 11. The measurement principle is based on an opti-
cal waveguide and is well-suited for (bio)chemical analysis with extremely
high sensitivity.

Figure 10: Chemical analysis system
based on an integrated optical sensor
module.

Figure 11: Detailed view of the sensor
module with integrated optical sensor
chip, detector, and electronics.

As a second example, Figure 12 shows an optical miniature spectrometre
for applications in colour measurement technology and chemical analysis.
The light is brought in by means of an optical fibre, spectral dispersion is
achieved by a holographically-produced grating, and detection carried out by
means of a line sensor tailored to suit this application. The miniaturised spec-
trometre operates in the range of visible light, with a resolution of better than
10 nm.

Only time will tell where the real applications of micro-optical systems are to
be found. Nevertheless, the fact that such systems can be manufactured eco-
nomically and in large numbers will be decisive. In addition to this, a high
degree of parallelism, i.e. many measurements at many locations simultane-
ously, basically opens up new perspectives for sensor technology.

Figure 12: Miniature spectrometre.
This close-up picture shows the con-
nection fibre (left) and the PhotoASIC
developed especially for it.

Spectrometre: Measures the frequen-
cy spectrum; i.e. answers the question
of how often a frequency or wave-
length occurs.

ASIC = Application Specific Integrated
Circuit

PSI Annual Report 1996

75



Nuclear Energy, Safety

Proteus critical facility. As from the end of 1997, we shall be
conducting reactor physics measurements in the Proteus

critical facility on the very latest, highly complex fuel elements
for boiling water reactors, in order to acquire data for

validating computer codes. We are currently converting the
facility so that full-length elements of this type can fit in.

The figure shows a section through the future facility, prepared
by CAD/CAM.
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PNC = Power Reactor and Nuclear
Fuel Development Corporation, Japan

CORVIS = Corium-Reactor
Interaction Studies

Vessel

NAGRA = National Cooperative for the
Storage of Radioactive Waste (Natio-
nale Genossenschaft fur die Lagerung
radioaktiver Abfalle)

HSK = Nuclear Safety Inspectorate
(Hauptabteilung fur die Sicherheit von
Kemanlagen)

LWR =Light Water Reactor

STARS = Simulation Models for Tran-
sient Analysis of Reactors in Switzer-
land

ATWS = Anticipated Transient without
Scram

1996 was a year of significant events for the Nuclear Energy and Safety
Research Department. Scientific successes, such as the ALPHA Project, the
securing of our market position (such as, for example, by the conclusion of a
cooperation agreement with PNC for the development of advanced nitride
nuclear fuels), and advances in the reduction of old radioactive waste, were
offset by the need to tighten up the overall research programme even further.
A careful evaluation led to the decision to terminate the «Fast reactor safety»
project and to end the PSI involvement in CORVIS.

We accordingly pursued our other projects all the more intensively, and
renewed contracts with our most important Swiss associates: the electricity
industry, NAGRA, and HSK. Five proposals from our Department were adopt-
ed in the EU Framework Programme IV and four more have passed through
the evaluation phase prior to the conclusion of contracts. We can provide
here, by way of example, some insight into the current activities of our three
main areas of research: Safety and safety-relevant aspects of existing
reactor facilities, the disposal of radioactive waste, and safety features
of future reactor concepts and fuel cycles. We should not fail to mention,
however, the work associated with the PROTEUS zero-power reactor and
advanced fuel cycles, the «LWR Contamination" project, the analyses of
severe accidents, and the "Component Safety» project.

To support the safety authorities, we have analysed, within the framework of
the STARS Project, how the assumed closure of the main steam valves in-
fluences the behaviour of the reactor, if at the same time the reactor fast shut-
down system were to fail (ATWS). Even if such events are not considered to
be design basis events, it still needs to be demonstrated that they will not
initiate a severe accident. The analyses, based on the existing regulations,
revealed that the reactor operator would have to shut off the feedwater pumps
after about 90 s (corresponding to 60 s after a temperature of 40 "C has been
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Figure 1: STARS results. The graph shows the
effect of boron injection after 10 minutes (stabi-
lizing the temperature in the pressure suppression
pool), for the situation when the feed water pumps
are shut off 5 s after 40 C has been reached in
the pool.
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reached in the pressure suppression pool), and then activate the boron injec-
tion. HSK has accordingly demanded that the first operator interventions
should take place at the earliest after 5 minutes. On the assumption of the
postulated retrofitting of the feedwater pumps for automatic shut-off, the cal-
culations conducted at PSI (with the transient code TRAC-BF1) have shown
(Fig. 1) that manual actuation of boron injection could even be carried out
after as long as 10 minutes.

In the ALPHA project, for investigating passive safety systems of modern
reactor concepts, we analysed the results from the long-lasting experiments
on the PANDA facility at the beginning of 1996, and documented them in
accordance with the very strictest requirements of quality assurance. The
American safety authorities have, in the meantime, accepted these results.
The experiments have proved the functional reliability of the passive system
for the removal of decay heat from the containment of the SBWR. In parallel
with this, we carried out post-test simulation of all the experiments with
TRACG, and thus concluded the quality assurance of the work for validation
of the code. This accordingly marked the ALPHA project's entry into its
second phase, with partial tasks from three EL) projects. In contrast to the first
phase, results achieved from the test facilities of all partners are now
available to all those involved. In addition to the passive containment cooling
system for the «European» version of the SBWR (ESBWR), it is also intend-
ed that two further concepts for passive removal of decay heat from the con-
tainment should be conducted on the PANDA facility (for the SWR-1000 and
EPP concepts). The LINX facility is now ready for the first series of single-
effect tests in containment condensers (Fig. 2).

In many advanced boiling water reactors, the intention is that a passive
condenser system should prevent a containment failure, associated with a
high activity release, by removing heat by condensation and retaining gas-

PANDA = Passive Decay Heat Remo-
val and Pressure Reduction (Passive
Nachwarmeabfuhr und Druckabbau)

SBWR: Simplified Boiling Water Reac-
tor

LINX = Large-scale Investigation of
Natural Convection and Mixing

Figure 2: The LINX test facility. Here we are conducting experiments on
single effects associated with the mixing of different fluids, particularly
steam venting into water pools. We can. however, also use the vessel for
scaled simulation of reactor containments and the condensers located
within them, as is the case currently for the EU project INCON (Innova-
tive Containment Cooling for Double Concrete Containment).
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AIDA = Aerosol Impaction and Deposi-
tion Analysis

Aerosols: Solid and fluid particles
distributed in a gaseous medium, for
example in air

borne radioactivity in the containment atmosphere. Data relating to aerosol
deposits points in principle towards a possible blockage of the condenser
tubes, which would interfere with removal of the decay heat. We have been
investigating this, in the AIDA experimental programme, in the presence of
non-condensable gases and aerosols under accident conditions. The objec-
tive of the six-part research programme was to determine the maximum
reduction in condensation rate, its transient development, and the effect of
the particle composition on the deposition behaviour and the condensation
rate. The results (Figures 3 and 4) show that the latter is very heavily depend-
ent on the aerosol material used, whereby soluble particles (caesium iodide)
which are smaller than 0.1 urn are unimportant. Larger, insoluble aerosol
particles, in contrast, cause substantial changes in the heat removal charac-
teristics.

In order to reduce the volumes of waste and cut fuel costs, power plant
operators would like to increase the lifetimes of the fuel pins in their LWRs.
Years of operation in a very strong radiation field, under high pressures, tem-
peratures, and water flow rates, impose extreme stress on the pins, however,
and lead to corrosion and embrittlement of the cladding material, which limit
their service life. By optimising the material properties, an attempt is therefore
being made to reduce and slow down the symptoms of ageing. To achieve
this, optimised «pathfinder» pins are used and their behaviour investigated
after operation in a reactor. In 1996 we determined the properties of the most
highly irradiated fuel pins in the world. What was of interest to us in particular
was the microscopic material properties, because these provide evidence of
the predominant corrosion reactions. For the first time, in this way, we suc-
ceeded in preparing cladding samples which were so thin that we were able
to examine them under the transmission electron microscope at the transition
from metal to corrosion layer, and, with very high resolution, were able to
differentiate between the individual levels (Fig. 5). We are also examining
macroscopic changes in the cladding, and attempting to understand their
relationship to microscopic properties. To do this, we undertook the elaborate
construction of a burst cell, in which we ruptured irradiated cladding sections,
15 cm long, at 300 C and up to 800 bar (Fig. 6). We want to demonstrate how
far the local concentration of brittle precipitation can lead to premature failure,
and what residual strength the cladding still has after ageing in a reactor.

•x <•

Figures 3 and 4: AIDA. Aerosol particles greater than 0.1 fim
cause deposits in the condenser, which block about half the
inlets of the condenser tubes. As a result of overloading of the
tubes which are still active, the efficiency of the condenser
is reduced by about 40 %. After about five hours of aerosol
loading, a slight pressure increase at the inlets of individual
condenser tubes causes them to open again. This results in a
fluctuation of the efficiency of the condenser between 50 %
and 70 % (see right).
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F/gure 5/ Thanks to the most modern methods, we have
succeeded with the electron microscope in rendering
visible the individual atom lattice elements in corroded
fuel pin cladding samples, at the transition between the
metal and the oxide film layer. This enables conclusions
to be drawn about the predominant corrosion mecha-
nism.

Figure 6: In the strongly shielded burst cell we conduct
tests to determine the residual strength of heavily irradia-
ted, aged fuel pin claddings after their operation in a
reactor. Screwing the test segments to the pressure lines
with manipulators is very complicated, as the samples are
to be subjected to pressures of up to 800 bar.

Our work on the disposal of radioactive waste is directed toward the safety
analysis of repositories. They extend from the study of nuclide release from a
repository through to the calculation of the potential dose for human beings
after extremely long periods. In view of the fact that this proof of safety is
determined by computer calculation, great importance is attached to the reli-
ability of model assumptions, and the validation of models is a permanent
issue. We have been taking part since 1988 in the migration experiments con-
ducted by NAGRA and PNC at the Grimsel rock laboratory. These have now
been concluded and are, together with parallel laboratory experiments, easily
the most extensive investigations ever conducted into nuclide transport in
crystalline rock. The experiments and their interpretation were a complete
success; we were not only able to consistently describe the time dependence
of the concentrations of different tracers, but forecasts also agreed well with
subsequent experiments from another flow field (Fig. 7). The agreement
between theory and experiment extends over many powers of ten in radio-
nuclide concentration and in time. The method selected for validation has
proved to be correct. Of particular significance for safety analysis is the fact
that we did not need to postulate any hitherto unknown transport mechanism
to explain the experimental data, and were able to transfer the sorption distri-
bution constants obtained in the laboratory to a dynamic field situation. What
remains unresolved, however, is the question of the transfer of parametre
values to substantially greater spatial ranges.

Radionuclide: Radioactive atomic nu-
cleus

Sorption: Adherence to surface struc-
tures
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Figure 7: Migration experiments in the
Grimsel Rock Laboratory. Calculated
(solid lines) and measured (dotted
lines) penetration curves of different
tracers agree well, and support the
basic model concept. The results
show very impressively the different
influence of the rock on the nuclide
transport.
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Finally, as part of our project for the integral analysis of energy systems
(GaBE), we have established a comprehensive database of severe acci-
dents, with the main emphasis on the energy sector. This covers the entire
chain of fossil energy sources (coal, oil, natural gas), nuclear energy, and
hydroelectric power, and consequently includes exploration, extraction, trans-
portation, processing, storage, energy conversion, and waste disposal. At the
present time, the database comprises 9,845 accidents, of which 3,319 are
energy-related. Of these, in turn, 1,772 are classified as «severe», on the
basis of their consequences (deaths, injuries, scale of evacuation, bans on
foodstuffs, economic losses, etc.).

Figure 8: Diagram of the CORVIS
experimental facility.
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Phenomena in hypothetical severe reactor accidents
In the event of an accident occurring in an LWR involving loss of coolant, and
if, independently of this, the emergency cooling systems provided were not
available, the reactor core would begin to melt. Fluid and solid components of
the fuel elements and structures would fall into the lower head of the reactor
pressure vessel (RPV); the molten substances would then solidify again in
the residual water still present. This water would evaporate as a result, and
the core and structure materials debris would again melt down. About two
hours after the accident began, the two-phase (metallic and oxidic) melt bath
would still have a specific thermal power of 150 W/kg.

In 1989 we asked ourselves how such a nuclear meltdown accident would
continue, in detail, after the evaporation of the remaining water. It was clear
that a conservatively assumed large-area failure of the RPV would lead to a
sudden major energy influx into the containment, which could have much
more serious consequences than core melt falling onto the building founda-
tion in the event of only small-area failure. In view of the fact that most RPVs
have a variety of tube penetrations at the bottom (water drain lines, instru-
mentation tubes, guides for control rod drives), we wondered whether the
connecting pieces of the penetrations would fail first on the inside or on the
outside, and whether whole tubes would melt through or be ejected. Could
the pipes become blocked by solidified melt without failing? Would the RPV
lower head then give way locally, or even as a whole, which could lead to the
destruction of the containment?

We decided to examine these questions both experimentally and with compu-
ter model calculations. Assisted by a group of experts representing 20 insti-
tutions from 12 countries, the CORVIS meltdown facility (Figures 8 and 9)
was set up, which we commissioned in spring 1993. We simulated a section
of the bottom of an RPV, with various tube penetrations, using original reactor
material, on a geometrical scale of 1:1.
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Figure 9: The CORVIS experimental facility. On the right
(green): Electric arc furnace for sustained heating of
the melt in the experimental crucible (power 300 kW). This
experimental crucible is located beneath the furnace (not
visible in this picture). In the background, at the top, is the
thermite reaction vessel (loading capacity 2000 kg),
and below it is the movable pouring channel for separating
metallic and oxidic thermite melts.

The two-phase melt consisted of iron and aluminium oxide, which we created
with a thermite reaction. We were able to separate both melt components for
the purposes of the experiment. The pouring temperature rose to 2400 C
(Fig. 10), which corresponded to the reactor incident described. To simulate
the post-accident decay heat, we constructed a special immersed arc fur-
nace (Fig. 11), with two concentric graphite electrodes (4 kA).

Four major experiments, each with one metric ton of thermite in the reaction
crucible, demonstrated that tube penetrations would probably only fail if the
melt is metallic and superheated. Local small-area melt-through of the RPV is
possible, due to jet impingement of the incoming stream of liquid metal. It was
also shown that previous models for the penetration behaviour of melts in
pipes were incorrect. Experiments with oxidic melts also revealed that very
complex processes of crust formation and crust remelting determine the be-
haviour of the RPV. Without elevated pressure in the RPV, melt-through is a
long-term process; otherwise, local failure as a result of creep, or fracture of
the entire lower head, can be expected.

In order to improve the failure model, further experiments with completely
external financing would be necessary, and experiments with control rod
penetrations have also not yet been conducted. The member countries have
nevertheless not supported a proposal for a broader-based CORVIS project,
financed by the OECD, or at least have not accorded it high priority.

•yyy

Figure 10: Drawing off 1,000 kg of thermite from the
reaction vessel into the pouring channel.

Figure 11: The electric arc furnace in operation.
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Bipolar plate for fuel cell stacks. These plates separate the
individual fuel cells in a stack, are electrically conductive, and,

at the same time, serve to provide gas distribution.
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At the focus of attention for the General Energy Research Department is the
development of technologies for a sustainable energy supply. Projects span
the range from the use of renewable sources of energy to storage, low-pol-
luting efficient energy conversion, and the consequences of energy utilisa-
tion. Specific materials development and new methods of characterisation
have contributed to advances made in the areas of electro-chemical and
chemical energy storage. We have reached important intermediate steps in
high-temperature solar chemistry, on the way towards solar hydrogen. Laser
diagnostics have provided guidelines for the development of processes for
reducing nitric oxide emissions in combustion waste gases. The deter-
mination of pollutant concentrations, of ozone in particular, is providing the
basis for calculating the external costs of energy utilisation.

Fuel cell: Converts, for example, hy-
drogen and oxygen directly into elec-
trical energy.

Electro-chemical and chemical energy storage
The need to reduce traffic-related emissions has focused public interest on
electric and hybrid motor vehicles, and a meeting at the ETH Zurich in
November 1996 was dedicated to this topic. During the year under review, we
at PSI were concerned, in this area, in particular with the design of stacks of
electro-chemical elements suitable for technical applications. For electric
drives we are developing rechargeable zinc/air batteries, with high energy
storage densities. We have increased capacity and service lifetime. In a stack
of seven cells a charge of 8 Ampere hours (Ah) was stored at an operating
voltage of 6 V, marking another major milestone on the road to the manufac-
ture of larger battery modules.

In the context of low-temperature fuel cells, which with high efficiency and
no local emissions provide the technological bases for sustainable individual
transportation, we have also combined several cells to form a bipolar stack, in
order to increase power. Improvements during the year under review (Fig. 1)
have led to a significant reduction in the need for auxilliary energy.

Electrolyte

Glass-carbon film
activated both sides i

Figure 1: Low-temperature fuel cell. With a new design for distri-
buting the reactant gases over an active surface area of 210 cm?,
we have achieved an output of 50 Wper cell in operation with
air and at low over-pressure (1.3 bar).

Figure 2: Supercapacitor stack for applications in
power electronics. Energy storage in the electro-
chemical double layer results in an exceptionally
high power density.
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For applications in power electronics, we are developing supercapacitors
which can store electrical energy and then make it available again in a time
span of milliseconds. With electrodes produced by the activation of glassy
carbon, we can assemble capacitor stacks in order to achieve the voltage
levels required (Fig. 2).

Development and characterisation of materials for energy
research
A key element for progress in energy technology is the development of mate-
rials; research into their structure using modern methods is accordingly a
major focus of our attention. Our newly-installed Raman microscope is a de-
vice with which we can examine in detail the surface structure of solid speci-
mens. The vibrational patterns of groups of atoms and molecules can be
recorded with a spatial resolution of 2 urn. Studies such as these are being
applied in combustion research.

In order to understand the dynamic processes which take place on the sur-
face of solid catalysts, we must be able to monitor time-dependent changes.
As an example, we have been studying CO oxidation, one of the reactions of
the motor vehicle exhaust gas catalyser.

By means of controlled heating of noble metal catalysts in a diluted stream
of oxygen, we have succeeded in burning off obstructive carbon deposits,
and have thus been able to restore the original efficiency. Repeated applica-
tion of this regeneration process multiplies the operational service life of the
expensive catalyst materials.

We are also developing and investigating new materials in the fields of micro-
technology and nano-technology, for example for the development of our
fuel cells. Light-sensitive plastics (polymers) can be removed by irradiation
with a focused, pulsed ultra-violet laser, which produces sharp structures de-
pending on to the wavelength used (Fig. 3).

High-temperature solar technology
The goal of high-temperature solar chemistry is the direct storage of solar
energy in the form of chemical energy carriers. In the water splitting cycle on
which we have reported earlier, we use metallic oxides as the first storage
medium.

Raman microscope: Makes particular
electromagnetic waves visible

Nano-technology: Concerned with
structures in the nanometre range;
1 nanometre (nm) = one millionth of a
millimetre

- :
0"!

Figure 3: Microstructuring of light-
sensitive polymer with laser pulses.
Sharp contours are obtained with a
resolution of less than 1 j.tm. During
the removal of material, no solid
residue remains on the surface, and
no wet-chemical development stages
are necessary.

Along the way towards the production of solar hydrogen, the combined
utilisation of fossil energy carriers and solar energy represents an important
intermediate stage. In the solar furnace we thermally activated iron oxide
(Fe3O4) to react with coal dust by means of concentrated sunlight, in the
course of which the reduction of iron oxide and coal gasification take place
simultaneously. By using sunlight, the carbon dioxide emission is reduced by
more than half in comparison with the conventional process, and two valuable
products are obtained. A technological implementation of this process would
make use of the synthesised gas for producing methanol, and the reduced
iron oxide could be exploited metallurgically or for the production of hydrogen.
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Figure 4: Catalytic splitting of hydro-
carbons using solar energy. Hydrogen
and highly-porous carbon are obtain-
ed by irradiation in the PSI solar fur-
nace. The electron microscope image
shows carbon tubes and filaments
with diametres of about 30 nm.

As part of this concept, we have also been investigating the catalytic splitting
of hydrocarbons by solar energy in the PSI solar furnace. During this proce-
dure, gaseous hydrogen is obtained as a fuel, and solid carbon residues are
deposited in a special form. Electron microscope images show, among other
things, threads and tubes of carbon with a typical diametre of 30 nm (Fig. 4).
Such investigations can also be of interest for the removal and separation of
carbon prior to the combustion of fossil fuels.

Combustion research

One research priority is to advance primary measures for the reduction of
nitric oxide formation during the combustion of natural gas (methane). An
industrially applied process is the mixing of methane with excess air prior to
introduction into a combustion chamber. In order to study the effect of pres-
sure on nitric oxide formation, we have commissioned a pilot plant in which
we can measure in detail the temperature and nitric oxide concentrations in
the mixing zone and the combustion zone, under conditions which are rele-
vant to gas turbines.

Figure 5: A test stand for investigating catalytically-stabilised com-
bustion. The fuel, methane, enters at the centre and flows radially to
the outside between the catalyst-coated plates.

Cluster: Consists of a few or many
atoms.

In the long term, we expect to make significant advances in nitric oxide reduc-
tion thanks to the use of chemical reactors in which part of the fuel is con-
verted free of pollutants on a catalyst-coated wall. On the new test stand
(Fig. 5), the fuel flows laminarly in a parallel channel between the plates
which carry the catalytic coating.

In addition to nitric oxide reduction, reducing soot formation in diesel engines
is one of the most urgent tasks of research and development. In order to
investigate the mechanisms of soot formation from elementary fragments, we
have constructed an apparatus in which we create carbon clusters and study
their reactions by means of laser diagnostics (Fig. 6).
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Figure 6: Commissioning the facility for studying the creation of soot.
The source produces carbon fragments consisting of a few carbon
atoms, which we can identify by means of laser diagnostics.

Effects of air pollutants on ecosystems

The start of two newly accepted EU programmes has marked a phase of in-
tense experimental activity in the field of air pollution. The project ECOMONT
is aimed at assessing changes in Alpine ecosystems, caused by changes in
the use of the land (Fig. 7). Our contribution is the quantitative assessment of
the flows of water vapour, carbon dioxide, air pollutants, and heat between
the atmosphere and the vegetation. One particularly significant method of
analysis is the determination of the concentrations of natural stable isotopes.

Isotopes: Types of atoms of the same
element but with differing masses

Aircraft

Figure 7: Measuring the deposition
of air pollutants within the scope of the
EU project ECOMONT. To calculate
the flows of pollutants, the water
balance of the plants and the micro-
meteorology need to be recorded
in detail.
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In the second EU project, VOTALP, the vertical exchange of ozone in the
Alpine region is being investigated. As part of a measurement campaign in
the late summer of 1996, in Misox (Valle Mesolcina, Canton of Grisons), we
measured the ozone exchange between the valley gorge and the free tropo-
sphere, as well as the effect of thermal circulation (Fig. 8).

The experimental research described above is providing the basis for calcu-
lating the ecological consequences of energy-related emissions. Our aim is
to determine, in computer calculations, from a knowledge of the mechanisms
of ozone production, the ozone concentrations observed over a period of a
year, and to relate them to the emission sources which are responsible for the
formation of the ozone.

On the basis of these computer calculations, we determine the total number
of hours during which the ozone concentration exceeds a threshold value
(40 ppb) which is regarded as critical for the damage of harvest crops. These
results may form the basis for the calculation of the external costs of nitric
oxide emissions.

Figure 8: Measurement station for the
VOTALP measurement campaign
(Valle Mesolcina. September 1996).
The tip of the tower carries the ozone
sensor and meteorological measuring
instruments. Close to the tower is
part of the optical instrumentation with
which we determined the ozone
concentration and wind velocity in a
line transversely across the valley.

Materials cycles
It is not only gaseous pollutants which impose a burden on the environment,
but also solid combustion residues such as ash from the combustion of mu-
nicipal waste, since this contains toxic heavy metals. With the goal of closing
materials cycles, we are working on methods for separating the heavy met-
als as completely as possible by evaporation, so that the residue no longer
needs to be deposited as special waste. In 1996 we were able to identify the
formation of mineral heavy metal compounds (such as the incorporation of
zinc as low-volatile zinc silicate) as a mechanism which limits evaporation,
and which accordingly must be avoided by means of appropriate process
control.

Troposphere: Atmospheric layer from
ground level to a height of about 10 km;
this is the range in which the weather
occurs.

ppb = parts per billion.

REMAPE = Regional Modelling of Air
Pollution in Europe

Convective: Weather condition which
prevails locally (e.g. situation of high
pressure)

Advective: Weather condition which
is introduced into a region from outside
(e.g. a westerly wind situation)

Integrated analysis of development scenarios
In the area of ecological effects, we are looking into the effectiveness of
measures such as a reduction of nitric oxide or hydrocarbon emissions on the
occurrence of ozone in summer smog situations. This has also allowed us to
assess scenarios for the future energy supply of our country, with regard to
their effects on the burdening of the troposphere with air pollutants and the
damage which this causes.

This research forms part of a programme being supported by PSI and ETH
Zurich for the comprehensive assessment of energy systems (GaBE). We
communicate our results by participation in the energy-related dialogue in
Switzerland, by involvement in European projects (REMAPE), and by interna-
tional co-operation within the framework of the Alliance for Global Sustaina-
bility.

The second report from the Intergovernmental Panel on Climate Change
(IPCC), which appeared recently, confirms the climatic effect of CO2 emis-
sions of human origin, and highlights the urgent necessity for international
efforts to restrict them. A study carried out at PSI documents the presence of
long-term climatic change by way of another indicator: the relative frequen-
cy of convective and advective weather patterns in Switzerland has changed
significantly since 1945 (Fig. 9).
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Figure 9: Evidence of long-term cli-
matic change. Our analysis of weather
statistics in Switzerland shows that
the relative frequency of days with
advective or convective weather cha-
racteristics has changed significantly
during the last 50 years.

• Convective ;

A Advective ;

• Mixed conditions i

1950 i960 1970 1980 1990
Year

In view of the potentially drastic consequences of climatic change, a "pre-
ventive strategy" has appeared as a guideline for international action which
is capable of acquiring a consensus. Even if the quantitative degree of dam-
age caused by the greenhouse effect is not yet known, the international com-
munity can still make preparations for future action through moderate control
measures. Our energy models, which combine technological innovation, re-
source consumption, and the environmental burden of energy generation
with the criterion of economic welfare, are looking into the effects of such a
preventive strategy on CO2 emissions (Fig. 10). As soon as the necessary re-
duction goals have been identified, the basic prerequisites can be achieved
by way of suitably forced or relaxed measures. The analysis shows the finan-
cial advantages of a step-by-step process of this nature, and, in particular,
the advantages of international co-operation in achieving the reduction goal.

Preventive strategy

Decision: No reduction

Decision: Stabilization

Decision: 20% reduction

Basic situation

Stabilization

20% reduction

Figure 10: Strategies for the reduction
of CO2 emissions of human origin,
for the example of Switzerland. The
dashed curves show computer calcu-
lations for the release of CO2 without
control measures (red), with stabiliza-
tion (blue), and with the implementa-
tion of a reduction of 20 % by the year
2025. A preventive strategy (conti-
nuous curve) pursues an in-between
strategy, which can be agreed upon,
with associated technological advan-
ces, until the uncertainties regarding
the effects of climatic change have
been eliminated.

1990 1995 2000 2005 2010 2015 2020 2025
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The new electrostatic beam splitter was a great challenge
for Engineering and Technical Support.
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Technical Support
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Developing new equipment, processes, and ranges of services to meet the
needs of the research projects is one of our main tasks. It is a constant chal-
lenge for our staff and offers them the opportunity for continuous further train-
ing. In addition to this, their job also involves adapting and updating the exist-
ing, tried and trusted facilities and services in order to satisfy the increasing
demands of the projects, whether it be for precision, capacity, safety, or avail-
ability. Of course, our Departement is also heavily involved in the construction
of the new major installations at PSI.

Developing and implementing innovations

Electronics and Electrical Engineering (AEI) has, for the first time,
installed a new generation of control magnet power supply units, which,
thanks to increased precision and reduced response times, allow faster con-
trol of the particle beams (Fig. 1).

Figure 1: Power supply for control magnets. The new generation of control magnet
power supplies is designed to provide fast response times. The increased demands
which this imposes on the electromagnetic compatibility calls fora clear layout.
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Mechanical Engineering (AMI) has been designing and constructing a new
electrostatic beam splitter (Fig. 2), on the basis of concepts provided by the
Particle Physics Department, which, with an imposed voltage of about
160 kV, stably separates about 1 percent of the proton beam, for the proton
therapy facility and for a number of experimental areas.

Figure 2: Beam splitter. In addition
to a high degree of mechanical
precision, the demands on operation
with high electrical voltages of up to
160 kV also needed to be taken into
account. The photograph provides a
view of the two cathodes, finished with
ultra-smooth surfaces and suspended
on special insulators, with the harp-
shaped anode lying between them.

In Computing (ACO), preliminary work was started on the setting up of a
Windows-NT service capable of serving the entire institute. The basic con-
cepts were presented to the potential users towards the end of 1996. In paral-
lel to this, it was announced that, in future, there will be a concentration on the
UNIX and Microsoft-Windows/Windows-NT operating systems. UltraSparc
computers from SUN were delivered at the end of the year, to modify the
DEC-UNIX computer farm into a broadly-supported UNIX service, with a
common file server. For Radiopharmacy, ACO has been developing a new
application, based on modern PC products, for order processing in isotope
production; this has been in productive operation since November 1996, and
has taken the place of an old VMS-specific program.

VMS: Operating system for VAX com-
puters from Digital

Renewing and expanding what is tried and trusted

Design drawings are becoming more and more complex all the time. With an
improved version of the CAD system CATIA we have introduced new possi-
bilities in three-dimensional processing in the Mechanical Engineering divi-
sion (AMI). By expanding the CAD/CAM chain, in addition to the machines in
the West Workshop it is now also possible to supply three machines in the
East Workshop directly with the geometry data of the design models. In the
blueprint archive we are able to record on microfilm, by computer, drawings
generated by CATIA as well as those recorded from paper by a scanner. The
camera previously used for this nowadays serves another purpose in the
government administration. An extra module for the software of the blueprint
archive makes it possible to gain electronic access to archived drawings and
anyone interested can now look at them on their own computer screens.

CAD = Computer Aided Design

CAM = Computer Aided Machining
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Figure 3: Final acceptance of the EDP internal cabling of another re-wired building.

LAN = Local Area Network; at PSI, in-
tegrated into the Ethernet Standard

LAN emulation: Transfer of Ethernet
packets via ATM connections

ATM = Asynchronous Transfer Mode

UniTree: A software package for the
transfer of files to secondary storage
media.

DLT = Digital Linear Tape; a recording
process for magnetic tapes

GByte: GigaByte, a billion characters

EDP = Electronic Data Processing

Following the construction of a new 16 KV ring system for electricity energy
distribution, in the previous year Electrical Engineering (AEI) renovated the
medium-voltage supply at PSI-East in 1996. The adaptation of the low-volt-
age equipment, parts of which are now outdated, is continuing. This work will
make a considerable improvement to the availability and reliability of the elec-
tricity supply.

In co-operation with the Federal Department for Buildings and AEI, Comput-
ing (ACO) was in charge of changing numerous buildings over to universal
cabling for EDP communication and for telephones (Fig. 3). As a test, we
have connected a few buildings using the technique of LAN emulation via
ATM. ATM is a high-capacity, scalable communications protocol, and the con-
version was completely invisible for the computer users. The system is run-
ning stably, which means there are no obstacles to a step-by-step extension
of this process to other buildings. We have replaced the magnetic tape robots
of the CONVEX/UniTree file server system by modern DLT tape robots, with
some four to five times the capacity. Since the system was put into operation,
the volume of data stored has doubled to about 800 GByte.
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In focus: The Spallation Neutron Source, SINQ
Despite problems with completion, the manufacturing company was able to
deliver the moderator tank for SINQ, according to specification, albeit a little
delayed. The close following up of the order, together with the competent and
unbureaucratic assistance provided by the PSI Projects and Methods Section
in the quest for alternative solutions, led finally to a result which was, overall,
first class (Fig. 4). The careful management of the project network plan by the
Technical Operations Systems West section helped to keep the effects on the
overall completion of the facility as small as possible. The marked reduction in
construction effort for the SINQ facility proved to be a benefit for the greater
amount of design activity required for the SINQ experimental equipment. The
control system for these instruments, and the electronics for data acquisition
and reduction, are being worked on with high priority within AEI, and two of
the instruments are already equipped. Work is going ahead just as intensely
on the electrical installations, on components of the SINQ facility, the shut-
down system for providing protection against overloading, and the overall
system for monitoring and control. The central part of SINQ alone, instru-
mented by AMI, comprises a total of 370 measurement points with 330 ther-
mocouples, 25 moisture detectors, and 15 strain gauges.

Figure 4: The moderator tank for SINQ, shortly
before Installation in the central part (left rear). In
the picture, the moderator tank is being raised from
its horizontal transportation cradle into the vertical
installation position, using a specially designed and
constructed turning frame.

PSI Annual Report 1996

99



Administration and Services

Thanks to the extension of the Main Building West, we have
been able to centralize the PSI libraries at one place.
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Figure 1: The Library has been set up
in new quarters

The year 1996 has proved yet again that the tasks facing Administration and
Services are ever changing.

Library

The extension of the Main Building West has made it possible for the East
and West Libraries to be centralized at one place, and for the Library to be
reorganized (Fig. 1). The basis for this was a Library Concept, worked out by
the Library Commission and the Library staff. The merger will help achieve
medium-term economies, as well as providing a better service.

Personnel

In 1996 it was possible for the first time to reward outstanding performance. In
total, PSI made special awards to about 9 % of the staff. We did not make
use of a conventional performance-related salary increase, because this is
based on management with target agreements, and the relevant training
has not yet been provided to senior personnel. For this purpose, we arranged
for an OAS (Organisational Alignment Survey) analysis to be carried out,
which highlighted the strengths and weaknesses of leadership at PSI. After
this, we worked out guidelines for management and co-operation (Fig. 2),
which will provide the foundation for us to start in 1997 on an oriented man-
agement training programme. We already started, last year, on systematic
project management training, tailored to the circumstances at PSI, and we
are planning, in the years ahead, to train a dozen researchers each year
under this programme. In the context of the overall trainee concept, we
have revised the eduction and training for chemical laboratory apprentices,
which will enable us to increase their number at PSI. The Women's Forum
has also applied great initiative in 1996 in carrying out events and surveys, as
well as working on solutions for specific problems. In matters concerning the
advancement of women, this working group is a valuable partner for the PSI
directorate and administration.

Figure 2: Intense discussion jbout the guidelines for management and co-operation
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Special Administration Areas
Over the past ten years, the third-party funding available to PSI for research
has increased tenfold. Over this period, we have developed third-party fund-
ing management, as practised by private service companies. The responsi-
bility for this, as with PSI funding, has been delegated to the research depart-
ments.

The planned withdrawal from service of the administration computer (MV-
9600), on cost grounds, has required the replacement of the previously used
software by Windows 95. We have re-equipped the Administration accord-
ingly (Fig. 3) and trained the staff.

Figure 3: «PC-Supporter» installing
Windows 95

Logistics
The Central Stores provides PSI with standardised articles. It is our aim to
keep stocks as low as possible, but nevertheless satisfy demands as quickly
as possible. To achieve this, we have uprated standardisation in electronics.
The size of the PSI sites, co-operation with external institutes, and the optimi-
sation of the application of resources have forced us to create a new concept
for transport logistics. Waste disposal logistics, too, have had to be put on
a new basis, in the face of rapidly increasing regulations and costs (Fig. 4).

The PSI Supporting Services have commissioned a
study aimed at integrating the future logistics in the
areas of workshops, stores, and internal transport, at
an organizational and local level, and, where neces-
sary, redimensioning them.

Figure 4: Waste paper. Where are the paper-free offices?
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Communications

Since mid-1994, our activities in the area of communications have been
based on a communications concept. Printed and oral information about
PSI, and information on the Internet, have achieved a standard which is
widely admired; but in many sections of the public, awareness of PSI is still
insufficient. We have accordingly decided to establish a meeting centre, the
PSI Forum, which is intended to provide a point at which science, culture,
and industry can meet, and familiarise the public with the wide range of our
research. The PSI Forum will be located in an annexe building to the OASE
staff restaurant, and so serve as a central orientation point. We worked out
the concept in 1996, and are planning to open PSI Forum to the public in the
Swiss Jubilee Year 1998.

As well as the PSI Forum, visitors will
continue to be able to visit our research
installations and experimental facilities.
We have streamlined our visitors
service, and trained the researchers
who receive and look after the guests in
public speaking (Fig. 5).

Figure5: Visitors'guide during self-training

Catering services

For many years, the catering services at PSI have been making a modest
profit, which has been passed on to the customers. Since the renovation of
the staff restaurant in 1985, the number of guests has almost doubled; in the

Figure 6: Inviting, bright, and friendly: the newly renovated Cafeteria West
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interim, the extension of the restaurant has been approved, and we have also
been able to renovate the Cafeteria West, which was much in need of resto-
ration (Fig. 6). The attractively-priced and wide variety of night-time and
weekend catering has been extended so that the Guest House kitchen, which
is sometimes requested, is not necessary.

Radioactive Waste Management

The management of radioactive waste from research and services is an
important task. We have succeeded in reducing still further the amount of
unused nuclear fuel at PSI. The Swiss Department of the Interior has
enacted a regulation which obliges PSI to continue to receive all radioactive
waste from the areas of Government responsibility (medicine, industry,
research), to process it, and to keep it in temporary storage. As part of the
collection programme for 1996, we have collected some 37 cubic metres of
radioactive material from 65 organisations.

In future, ZWILAG will take over the tasks of disposal of radioactive wastes
from PSI and nine members of PSI staff entrusted with these tasks have been
transferred to ZWILAG.

Construction activity

The renovation work on the Administration Building East, and the exten-
sion of the Main Building West, have largely been concluded. The Spallation
Neutron Source SINQ team has moved offices into the Main Building West,
and the PSI Library has also been set up there. Thanks to careful planning, it
proved possible to complete the renovation of the Cafeteria West in just three
months.

Supply Services, Cooling, Waste Water

Because the old PSI heating system could no longer fulfil the Air Purity regu-
lations, we have installed a new heating boiler. The costs were shared with
the district heat supply company, REFUNA AG, since our system will be used
as a back-up in the event of a breakdown in the district heating system. We
have installed new ventilation systems for a number of controlled zones,
which must fulfil the highest demands. One example is the exhaust air
balancing system for the pickling laboratory in the DIORIT Building. There,
the chemical loading of the exhaust air will be examined, since this decisively
influences the service life of the filter cells. Downstream from the aerosol
filter, the radiological burden (alpha, beta) is measured in a test air flow. If the
limits are exceeded, the control system will interrupt the pickling process.
With regard to technical alarms, the balancing system is connected to the
building management system (Fig. 7).

The completion of the cooling system for SINQ called for the largest effort
in the area of cooling during 1996. As part of a re-equipping proposal, we
have renewed a number of infrastructure installations. This concerns in
particular the rain water and the connection of the domestic waste water
system to the Villigen sewage treatment plant. The community of Villigen has
now created the long-planned cycle track between Villigen and PSI, along the
track of the waste water pipe.

Figure 7: Monitoring equipment for the
exhaustairfrom the pickling laboratory
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PSI Committee Structure

PSI Research Committees

F1: Nuclear and Particle Physics

Main Ring Cyclotron:
Prof. Dr. P. Truol, President

Dr. D. Bryman
Prof. Dr. C. Hoffman

Prof. Dr. F. Lenz
Dr. K. Maier

Dr. J.P. Perroud
Prof. Dr. H. Schmitt

Prof. Dr. T. Siegel
Prof. Dr. R.-H. Siemssen

Prof. Dr. L. Tauscher

University of Zurich, CH
TRIUMF, Vancouver, CDN
LAMPF, Los Alamos, USA
University of Erlangen, D
ISKP, University of Bonn, D
University of Lausanne, CH
University of Freiburg, D
College W&M, Williamsburg, USA
University of Groningen, NL
University of Basle, CH

Philips Cyclotron:
Prof. Dr. R.-H. Siemssen, President

Prof. Dr. J. Deutsch

Prof. Dr. J.C. Dousse
Prof. Dr. A. Fassler
Prof. Dr. J.V. Kratz

Prof. Dr. B. Larsson
Prof. Dr. P.U. Sauer

Prof. Dr. I. Sick

University of Groningen, NL
Catholic University of
Louvain-la-Neuve, B
University of Fribourg, CH
University of Tubingen, D
University of Mainz, D
University of Zurich, CH
University of Hannover, D
University of Basle, CH

Muon Spin Rotation:
Prof. Dr. K. Maier, President

Prof. Dr. A. Baldereschi
Prof. Dr. J. W. Blatter

Prof. Dr. S.F.J.Cox
Dr. M. Fahnle
Dr. P. Fischer

Prof. Dr. J.J.M. Franse

Prof. Dr. P.W. Percival
PD Dr. A. Schenck

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

F2: Life Sciences

Prof. Dr. B. Hirt, President
Prof. Dr. M. Anliker

PD Dr. A. Bischof Delaloye

Prof. Dr. D. Comar
Prof. Dr. M. Cuenod

Prof. Dr. P. Kleinhues
Prof. J. Kurtz

Prof. Dr. H. Mohler

Dr. C. von Planta
Prof. Dr. G. Stocklin

Prof. Dr. N.deTribolet

Epalingues, CH
Biomedical Engineering and Medical
Informatics Laboratory,
University of Zurich and ETHZ, CH
Nuclear Medicine,
University of Lausanne, CH
PET Research Centre, Lyon, F
Brain Research, University of Zurich, CH
Neuropathology, University of Zurich, CH
Radiology, University of Geneva, CH
Pharmacology/Pharmacy,
ETHZ and University of Zurich, CH
Hoffmann-La Roche, Basle, CH
Inst. of Nuclear Chemistry, KFA Julich, D
Neurosurgery,
University of Lausanne, CH
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PSI Committee Structure

F3B: Applied Solid State Physics

Prof. Dr. P. Wyder, President
Prof. Dr. M. llegems

Dipl.lng. ETH H.-C. Koch
Prof. Dr. H.R. Ott

Dr. G. Pfister
Dr. C. von Planta

Prof. Dr. S. Radelaar
Prof. Dr. T.M. Rice

Prof. Dr. N. de Rooij
Dr. S. Strassler

CNRS, Grenoble, F
IMO-EPFL, Lausanne, CH
SINARAG, Schaffhausen, CH
ETH, Zurich, CH
Cerberus AG, Mannedorf, CH
Hoffmann-La Roche, Basle, CH
Delft University of Technology, NL
ETH, Zurich, CH
University of Neuchatel, CH
Huba Control AG, Wurenlos, CH

F4: Nuclear Energy Research

Dipl.-lng. P.U. Fischer, President
Dr. M. Salvatores
Dr. R. Rometsch

Dr. H. Fuchs
Dr. S. Pretre

Prof. Dr. H. Nickel

Dr. G. Schriber

EGL, Laufenburg, CH
Dept. of Reactor Studies, CEA, F
Grindelwald, CH
Aare-Tessin AG, Olten, CH
HSK, Wiirenlingen, CH
Inst. of Reactor Materials,
KFAJulich, D
BEW, Berne, CH

F5: General Energy Research

Dipl.-lng. J. Gfeller, President
Prof. Dr. A. Baiker

Dr.J.Hellat
Prof. Dr. A. Reller
Dr. G. Sandstede

Dr. J.-R Taran
Dr. G. Verdan

Prof. Dr. A. Voss
Prof. Dr. C.J. Winter
Prof. Dr. A. Zehnder

Prof. Dr. A. von Zelewsky

BEW, Berne, CH
ETH, Zurich, CH
ABB, Baden, CH
University of Hamburg, D
Frankfurt am Main, D
ONERA, Palaiseau, F
BUWAL, Berne, CH
University of Stuttgart, D
Energon, Uberlingen, D
EAWAG, Dubendorf, CH
University of Fribourg, CH
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Commissions

Advisory Commission (BK)

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

Prof. Dr. M. Campagna Director of Research, ABB,
Research Centre

Prof. Dr. R. Dandliker

Dr. H.J.Huber

Prof. Dr. R. Hiitter

Institute of Microtechnology,
University of Neuchatel

Former Senator of the Swiss
Federal Parliament, Zurzach

President of the Foundation Council
of the Swiss National Fund

Dr. E. Kiener Director, BEW

Prof. Dr. Verena Meyer President of the Swiss Science Council,
University of Zurich

Dipl. Ing. J.-L. Pfaeffli Deputy Director, SA I'Energie de
I'Ouest-Suisse (as from November 1996)

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

Board of the Swiss Federal
Institutes of Technology

(ETH Board):
Prof. Dr. F. Waldvogel President of the ETH Board

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

PSI Directorate:
Prof. Dr. M. K. Eberle Director, Paul Scherrer Institute

Dipl. Phys. M. Jermann, Secretary
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Commissions

PSI Research Commission

External members

Prof. Dr. H.R. Ott, President

Prof. Dr. D. Favrat

Prof. J. Haissinski

Prof. Dr. K. Heinloth

Dr. J. Kjems
Prof. Dr. U. Muller

Prof. Dr. M. Peter

Prof. Dr. G. Riccabona

Prof. Dr. E. W. Vogt

Laboratory for Solid State Physics,
ETH, Zurich, CH
Laboratory of Industrial Energy Systems,
EPFL, Lausanne, CH
Linear Accelerator Laboratory,
Orsay, F (as from January 1996)
Rheinische Friedrich-Wilhelms University,
Bonn, D (as from May 1996)
Riso National Laboratory, Roskilde, DK
Institute of Applied Thermal and
Fluid Dynamics, FZK Karlsruhe, D
Dept. of the Physics of Condensed Matter,
University of Geneva, CH
University Clinic of Nuclear Medicine,
Innsbruck, A
TRIUMF, Vancouver, CD

Internal members

Dr. G. Bauer

Dr. P. Benz

Dr. J. Hadermann

Dr. J. P. Hosemann
Dr. Q. Ingram

Prof. Dr. B. Larsson

Dr. R. Morf
Dr. G. Scherer

Dr. F. Schleputz

Dr. N. Schlumpf

Prof. Dr. G. Yadigaroglu

Dr. P. Hasler, Secretary

Solid State Research at Large
Facilities, PSI
General Energy Research, PSI
(stood down in November 1996)
Nuclear Energy, Safety, PSI
(as from November 1996)
Nuclear Energy, Safety, PSI
Nuclear and Particle Physics, PSI
Medical Radiobiology Institute, UNIZ,
and Life Sciences, PSI
Applied Solid State Physics, PSI
General Energy Research, PSI
(as from November 1996)
Engineering and Technical Services, PSI
(stood down in November 1996)
Engineering and Technical Services, PSI
(as from November 1996)
Institute for Energy Technology, ETH Zurich,
and Nuclear Energy, Safety, PSI
(stood down in November 1996)
Life Sciences, PSI

Permanent Guest

Prof. Dr. W. Bachtold

(President of the ETH Zurich
Research Commission):

Electromagnetic Fields and Microwave
Electronics Laboratory, ETH Zurich, CH
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P A U L S C H E R R E R I N S T I T U T

Paul Scherrer Institute
CH-5232 Villigen PSI

Internet address

Phone 056 310 21 11
Fax 056 310 21 99

-http://www.psi.ch


