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Swiss Light Source - SLS

Introduction

Synchrotron radiation: is - like visible light
- electromagnetic radiation. It is generated
(for example) when fast electrons are forced
to circulate on curved trajectories in a
storage ring.

The Paul Scherrer Institute has begun work on the implementation
of the Swiss Synchrotron Light Source, the SLS, within the context
of the overall planning for the ETH domain. The decision-making
bodies are convinced of the scientific value of the project, of its
significance for science politics in terms of teaching and research,
and of its positive influence on the Swiss research sector. The
Swiss Parliament approved the SLS project in 1997.

The importance of synchrotron radiation to modern science and
to the industrial scene of the future is demonstrated by the enormous
development which has taken place within the field: the first
synchrotron light source for analysis was built in 1966. Today
there are about 44 of them in operation worldwide. The total
number of synchrotron radiation users in Europe is currently around
6000. The OECD estimates that this number will approximately
double within the time it will take to construct the SLS. In addition,
the demands made on the quality of the facilities will also increase
substantially, with the result that many of the older sources will
no longer be competitive. With this anticipated future demand in
mind, replacement projects are already at the proposal or
implementation stage for all the most important of the older facilities
in Europe. However, these will mainly result in qualitative improve-
ments rather than extra resources.

The USA, Japan and Europe (ESRF in Grenoble) each have a
single large-scale facility to provide beamlines of the highest quality
in the hard X-ray field. In contrast, however, synchrotron radiation
sources generating soft X-rays have been conceived and operated
as smaller, single-nation facilities.

Swiss researchers currently have to carry out their experimental
work at centres spread out all around the world. Since the
commissioning of the European ESRF facility it has been possible
to carry out high-quality experimental work using hard X-rays,
in proportion to the Swiss contribution to the financing of the project.

A detailed analysis indicated, however, that the facilities currently
available fall far short of demand, and that extremely promising
projects cannot be pursued for this reason. This situation will
deteriorate still further in the future because of the general increase
in demand.

Swiss participation in ESRF is therefore to be supplemented
by the construction of SLS at the Paul Scherrer Institute. It has been
planned to suit the requirements of Swiss universities and industry,
and makes the most efficient use of the resources available.
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The construction of this facility, which will have international scope,
is intended to provide a national focus for co-operation between
various disciplines and for research in material sciences. Although
basic research in physics and chemistry, biology, medicine and
environmental sciences would seem to be in the foreground,
industrial users also have an interest in the SLS. At present, this
mainly centres on investigations into the structure of biological
and chemical molecules, the use of high-performance methods of
analysis, and the manufacture and investigation of microstructures.
The SLS-TechnoTrans company was founded in 1997, in recognition
of the industrial application of SLS.

SLS is intended to be available as a user facility for Swiss research-
ers, although it will also be attractive to international users because
of its particular characteristics. However, the project is national
in scope, and forms part of the international network of sources
of synchrotron radiation. The SLS has a significant contribution
to make in retaining research work in Switzerland - and, in the
end, in retaining jobs. It will open up attractive options for training
at the universities and at technical colleges, and for national and
international cooperation.

SLS is designed to provide the highest possible degree of quality
and flexibility. Its performance is optimised to the ultraviolet light
and soft X-ray sectors, with top performance anticipated almost
as far as the hard X-ray area. SLS will thus act as a complement
to ESRF, which was designed specifically for hard X-rays. However,
SLS will be a good source for the latter too, and can be bettered
in this respect by only a very few facilities around the world. SLS
will also enable industrial research activities of a highly confidential
nature to be carried out, as well as local preparations for
complicated experiments which will later be carried out more
efficiently at large-scale facilities, such as ESRF.

Paul Scherrer Institut



Swiss Light Source - SLS

"*»<*££ !£,#,

I i

The significance of the SLS

Switzerland and research - today and tomorrow

Switzerland is a small, hard-working country with a low supply
of natural resources coupled with a relatively high density of
population. Switzerland has achieved a high standard of living
to a significant degree because of its outstanding educational
provisions and its research work, which is world class. In addition,
an important contribution has been made by foreigners, including
those who have arrived here during the course of this century as
refugees.

Switzerland enjoys some substantial advantages, such as:

• social and political stability
• a high degree of training at all levels
• outstanding infrastructure, right at the heart of Europe

These advantages are worth retaining and developing further,
which means that Switzerland needs a flourishing industrial base.

Industry in Switzerland therefore urgently needs training, research
and development at the highest level.

Traditionally, private industry has supplied 70% of the cost of
research and development, with the remaining 30% coming from
the public purse. The total costs of research amount to 2.7% of
the gross national product, placing Switzerland amongst those
at the top of the industrial nations. Because of our situation, we
really ought to be at a higher level than the other countries, since
we have no natural resources of our own except water, and we
can only lay claim to a small domestic market.

The main role of public funding ought to be in the scientific, fun-
damental areas of research, rather than in applied research. Fun-
damental research is associated with a high level of risk, is less
amenable to planning, is long-term and holds the potential for
the truly new and unexpected. However, it is absolutely necessary
as a foundation for industrial research and development, in that
it produces the basic new discoveries and methods. Naturally,
there are grey areas between basic research and applied research
- public funds will have to be increasingly used for the sake of
long-term vision in areas where business still does not take such
criteria such as ecological considerations sufficiently into account.

Lack of financial resources is endemic all around the world, which
means that priorities now have to be set. New achievements can
be implemented only by letting go of the old. Vision, analysis of
the quality of results and accountability are all in demand - as is
effective communication with the public. We are still learning how
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to function in this new environment. Private industry has had to
make rapid changes - and still has to do so, even now, if it is not
to be threatened with bankruptcy. Focussing, teamwork and an
improved use of infrastructure have become new slogans. Orga-
nisation is no longer as vital as competition; resources have to
be utilised where they will be most profitable. We can not do
everything.

Relevance and the ratio of cost to benefit will be questioned. In
the case of basic research, this is a difficult, if not impossible
matter to judge. It is therefore sensible to invest in basic research
with confidence whenever possible, i.e. it will have to be associated
with a variety of foreseeable important results so that the risk can
be spread more widely.

Any investigation into the question of the ratio of cost to benefit
must ensure that the significance of innovative research to the
education of the coming generation, particularly in Switzerland,
is accorded a very high value.

Research work is now much better focussed, is carried out more
efficiently by teams, brings into effect a greater range of disciplines
and is better communicated. Higher quality has to be achieved
to ensure that the research work is internationally competitive and
promotes the strengths of Swiss industry for the future.

We need a strong national research effort of the highest quality
in order to attract the rest of Europe and the world in general.
This in turn will then draw additional foreign intelligence of a
high standard back to Switzerland. Highly qualified scientists inside
Switzerland contribute more to the country than do those outside
it. They alone can produce crystallisation points for new sources
of jobs. Silicon Valley was not facilitated by the formal co-operation
of the USA with other countries, but by providing the required
basic conditions within the state of California. These included
outstanding universities and research laboratories, which attract
an international, performance-oriented, innovative young gener-
ation of people. The climate and ambience of a successful research
community are still very local in geographical terms.
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SINQ: the new neutron spoliation source
at PSI. Its neutron beams are used to
determine the atomic geometric and ma-
gnetic structure of materials; SLS and SINQ
are complementary.

Muons: are elementary particles like elec-
trons, but are heavier and instable.

The significance of the SLS to Switzerland

SLS has world-class performance in its energy range. The
completion of SLS, combined with the existing SINQ spoliation
neutron source and the muon beams at PSI, will be a milestone
of science policy in Switzerland. The SLS will provide an additio-
nal impetus to many areas of research which are of importance
to Switzerland and will open up new fields. This range of possible
new applications has never been within reach before, from the
structural research in biology, physics, chemistry and materials
sciences to the potential of nanotechnology and new products in
the field of X-ray lithography.

The fascination of the nanoworld, in which the size of objects is
measured in millionths of a millimetre (= nanometres) is a real
prospect. We are still at the very beginning of this expanding
technical revolution. It will be no less important in any way than
that of microtechnology, which began with the transistor in the
1950s. Mastering the nanoworld, even more than the microworld,
is vital for the high-tech Switzerland of tomorrow. SLS is
unquestionably an indispensable prerequisite for this route into
the future. We will have to take advantage of this opportunity
now, in order to make the most of the head start we still have. It
would be even better to build yet further on this, even if industrial
applications for micro and nano components seem to lie in the
more distant future. MITI (the Ministry of International Trade &
Industry) in Japan has invested hundreds of millions of dollars for
this very reason, so that it can race ahead to the front line of the
nanoworld. For this reason, it supports some projects which can
only be described as extremely Utopian.

Nanoscience, Nanotechnology: deal with
objects with dimensions in the nanometer
(nm) range. One million nanometers is one
millimeter.

SLS will now provide Switzerland with an opportunity to join in
the leadership of a new area of development, and to apply its
pioneering spirit to innovation in research as well as in production.
It is inevitably expensive to miss chances as they arise, since it
costs much more money to catch up than it does for the initial
investment in research. One Swiss Franc invested in research
translates into 10 Francs of development and 100 Francs of
production. Expensive catching-up exercises are increasingly ir-
relevant in a global context in any case, since research and
development are by then already taking place elsewhere. Targeted
research of the highest quality is therefore a good investment in
terms of pure cash.

SLS will ensure that Switzerland has the greatest possible presence
in those fields which will prove to be most important. It will give
the Swiss synchrotron radiation community an identity without losing
its internationality. The location of the SLS in Switzerland is also
an essential component for any future industrial applications, e.g.
for small and medium-sized business. It gives Swiss Science visibility
and will attract foreign scientists and students. The design quality
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of the facility is excellent, and will guarantee the relevance of
SLS well into the future; its outstanding brightness will be fully
appreciated in the nano age.

Contact with the chemical, electronic and mechanical industries
has proved that interest in the use of SLS as a tool for front-line
research and the development of new products is strong. Industry
and PSI both therefore seek to have at their disposal a structure
which will strengthen the co-operation between industry and PSI,
and which developes and organises the community of industrial
users at SLS. After wide-ranging discussions with representatives
of private industry, the SLS TechnoTrans AG company (SLS-TT AG)
was set up at the beginning of 1997. The aims of this company
are to support the transfer of technology, to look after the
development of specific beam lines to serve the requirements of
industry, and to take care of industrial research operations at SLS.
This company consists of members from private industry, with the
participation of the Canton of Aargau and an option for the
involvement of the Swiss Government.

An inside view of the SLS building

Paul Scherrer Institut

7



Swiss Light Source - SLS

SLS - a Tool for
Interdisciplinary Research

Vacuum Ultraviolet (VUV), soft and hard
X-rays: different energy regions of the syn-
chrotron radiation spectrum (Fig. 1).

X-ray microscopy: the shorter wavelength
of synchrotron radiation compared to visible
light allows higher spatial resolution, e.g.
of cells or cell components; with synchrotron
radiation, such investigations are possible
in situ with highly diluted samples.

Radiography: an imaging technique based
on absorption and transmission of radiation
(e.g. angiography)

During the last few decades, synchrotron radiation has become
an important tool in many fields of research, including physics,
chemistry and the biological sciences. Its impact has always dealt
with a central theme:

«the investigation of phenomena related
to the electronic bonds and atomic structure
of condensed matter.»

Areas of research which at first glance seem unrelated, such as
microscopic physiology, protein structure, cluster formation,
superconductivity, artificial nanostructures and catalysis, have a
common basis in the atomic structure of matter and the electronic
bond.

Energy units: 1 eV = 1 electron Volt, is the
energy gained by an electron traversing a
potential difference of 1 Volt.
1 keV =1 '000 eV
1 MeV = 1 '000 000 eV
1 GeV = 1 '000 MeV

Experimental methods for the investigations of these phenomena
generally rely on the interaction of the system of interest with a
microscopic probe. Among the most important of these probes is
electromagnetic radiation. Although the laser is a convenient,
intense source of visible and ultraviolet, for radiation of still higher
quantum energy (above approximately 10 eV), synchrotron
radiation is the unchallenged best choice (see Fig. 1).
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Fig. 1: Applications of synchrotron radiation (from "Synchrotron Radiation", HASYLABj.
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Besides its widespread use in basic research, synchrotron radiation
is also an important tool for technological development and medical
applications.

The outstanding characteristics of synchrotron radiation are:

high intensity
finely collimated beams
continuous tunability over a wide range of photon energy
(wavelength)
high degree of polarization
short pulse length.

Energy and Wavelength: are equivalent;
higher energy means shorter wavelength

An important characteristic of a synchrotron radiation source is Photons: "light particles", packets of elec-
the brilliance. The brilliance is simultaneously a measure of the ^magnetic waves
intensity and the collimation of the photon beam and therefore photon flux: Number of photons per se-
quantifies the quality of the source. • conc'-

A high brilliance makes experiments possible

• with high photon flux onto very small samples
• with high energy resolution
• with very good spatial resolution
• involving extremely rapidly changing phenomena

Resolution: Accuracy of a measurement,
e.g. in space (spatial resolution) or energy
(energy resolution); a high energy resolution
means that it is possible to measure small
differences in energy.

As opposed to experiments using conventional synchrotron sources,
which generally can be optimized with respect to only one of
these characteristics, the SLS goal of excellent brilliance will allow
the optimization of several of these characteristics simultaneously.

Fig 2: The X-ray hologram (left} contains all the information necessary for creating the picture (right) of Zymogen
granules, which are the energy centers of plants (S. Rothmann et al. NSLS Brookhaven).

Paul Scherrer Institut
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Coherence: The waves of coherent light are
rigidly related in space and time. Only light
with a single wavelength (monochromatic)
can be coherent. An example is laser light.

Picosecond (ps): is the millionth part of a
millionth of a second.

Furthermore, a high brilliance also results in a high degree of
coherence of the emitted radiation. It becomes "laser-like". This
opens the possibilities of novel imaging techniques such as
holography (see Fig. 2).

As a result of the temporal structure of the SLS radiation, it will be
possible to perform time-dependent investigations with which -
depending on the time-response of the system under study -
phenomena down to the picosecond scale can be accessed. This
implies that complex chemical and biological processes can be
observed in real time.

Research groups from several Swiss universities currently make
use of high-quality synchrotron radiation. Here we briefly present
three of these experiments.

New materials: zeolites as catalysts

Zeolites are crystal structures based on an alumino-silicate skeleton
which contains channels and voids (cages) with atomic dimensions.
The openings of these channels act as molecular sieves (only certain
molecules can diffuse in or out), and the cages can serve as well-
defined "reaction vessels" for particular chemical reactions
involving these molecules. Since specific reactive species can be
incorporated into the structure of these materials, zeolites are used
in many applications as highly specific catalysts. Furthermore,
modified zeolites are attracting increasing interest for use as
promising materials with special optical, electrical or magnetic
properties. For these reasons, a large effort is presently underway
to fabricate zeolites with new compositions.

Fig. 3: Structure of a rubidium zinc silicate molecular sieve. Within an elementary cell of
about 7200A3 this structure contains more than 900 Atoms. (Ch. Baerlocher and L.B. McCusker,
ETH Zurich; data taken at the Swiss-Norwegian beamline, ESRFj.

Paul Scherrer Institut
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News about biomolecules: the chemistry of life and novel drug
development

The fundamental processes of life are based on the specific
identification and interaction of molecules. In this way a chro-
mosome is formed by the interaction of different proteins with the
DNA. The protein complexes, which make up the chromosome,
regulate the ordered structure of the genes in the DNA, that contain
in an encoded form the blueprints of the "bio-tools" and structural
elements, which are essential for the form, function and differen-
tiation of a cell.

Over the last few decades the structural determination of complex
biomolecules was revolutionized by the development of synchrotron
radiation as well as by advances in molecular biology. The
determination of the structure of the nucleosome core is an example
of it. The nucleosome core can be found in more or less identical
form in all highly developed living species - from yeast to humans.
This finding represents an important step in the determination of
the chromosome architecture and marks significant progress in
the field of DNA-structural analysis in the tradition of Watson and

Fig. 4: Atomic structure of the nucleosome core (left: front view, right: side view) as measured at the ESRF, Grenoble.
Millions of nucleosomes (consisting of the nucleosome core, an additional DNA part and a histon protein) are
connected like beads on a string and together form the so called "chromatin". The nucleosomes in the chromatin
form long interwoven spirals consisting of six to eight nucleosomes per turn. The flexible tails of the histon proteins
are mainly responsible for the formation of the chromatin fiber as they generate a connection with the protein coil
of the neighbor nucleosome. Such a contact between two nucleosomes - probably relevant for the formation of
the chromatin fibers - is shown in the figure. In the nucleosome core, the genetic information (or deoxynucleic
acid, shown in white) is wound in two narrow turns around a protein coil (shown in red, blue, green, and yellow).
In this form the genetic information is present in the living cell (Karolin luger, Armin W. Mader, Robin K. Richmond,
David F. Sargent and Timothy J. Richmond, Nature, 389 [1997] 251).

Paul Scherrer Institut
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Crick, who discovered the double helical nature of DNA 45 years
ago.

Information on atomic structure promises also novel possibilities
for the development of new drugs. Active ingredients which inhibit
the function of essential proteins of the AIDS virus are, for example,
presently in the last phase of clinical tests.

New directions in bfoloqv: how are trace elements distributed in the
brain?

In the search for new therapeutic methods, the question is asked
how trace elements are taken up by living cells. Of importance is
often not only the amount, but also the spatial distribution in the
cell tissue. To solve such problems, experimental methods are
necessary which combine a fine spatial resolution with a highly
specific elemental sensitivity. The experimental results using
synchrotron radiation shown in Figure 5 are a first step in this
direction.

190 194 198

Photon Energy (eV)

Fig. 5: Synchrotron radiation in medicine. What is the distribution in the
brain of a specific boron compound? The analysis of a synchrotron radiation
experiment showed that the distribution is inhomogeneous. Results of this
type are important for a novel radiotherapy technique (Gelsomina DeStasio,
EPFL; Takahashi Suda, Uni Zurich; Roger Andres, PSIj.
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The SLS-Facility

The SLS is designed to produce a maximum brilliance in the vacuum
ultraviolet and soft X-ray regions. It will exceed the performance
of the so-called "third-generation" sources (ELETTRA, ALS, MAX-
Lab).

The SLS will not be "just another source" but rather a highly
competitive facility for the years 2000-2020, which is integrated
into the European network of synchrotron light sources. The facility
design emphasizes high quality instead of a maximum number
of beamlines. The validity of this goal was confirmed by an OECD-
Report (Megascience Forum, Expert Meeting on Synchrotron Ra-
diation Sources and Neutron Beams, Ris0, Denmark, 29 Novem-
ber - 1 December, 1993), in which the SLS is cited as one of the
continent's most advanced and challenging new projects.

That this opinion is shared by the international user community is
evidenced by the fact that future projects have recently adopted
several features of the SLS design.

Bending magnets: Synchrotron radiation
is the generally short-wavelength light
emitted by high-velocity electrons as they
curve in a magnetic field. The radiation is
emitted tangentially to the electron path.

Undulators and wigglers: are magnets
which force electrons in the storage ring
to move on narrow slalom-like trajectories.
Superposition of the emitted waves leads
to sharply focused high-intensity synchro-
tron radiation.

'iBlWffiBifiSr
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The major component of the SLS is the electron storage ring, the
design of which is very advanced. The quality of the synchrotron
radiation source is on the one hand given by the quality of the
electron beam and on the other hand by that of the undulators.

Storage ring: A ring of magnets and ad-
ditional components in which charged
particles (electrons in SLS) circulate.

Beamlines: consist of elements (magnets,
mirrors, monochromators) which prepare
the synchrotron radiation suitably and guide
it to the experimental station.

Storage Ring (2.4 GeV, 288 m)

Fig. 6: Layout of the SLS facility with pre-accelerator (linacj, main accelerator
(booster), storage ring, and beamlines (first phase shown in green).

High brilliance = high flux
on small samples

High brilliance =
strong source

of coherent radiation

Because the storage ring represents a major capital investment
within the SLS project, the facility has been optimized such that
for a given size (cost) of the ring, the highest beam quality is
achieved. Figure 6 shows a plan of the SLS design concept.

As mentioned, the very high brilliance of the emitted synchrotron
radiation (Fig. 7) implies a high spatial resolution and the possibility
of investigating very small samples. Furthermore, the resulting very
short measurement times can be of great importance. Finally, high
brilliance is a necessary requirement for a high degree of coherence
of the synchrotron radiation.

Paul Scherrer Institut
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Another important characteristic of the SLS design is the provision
of long straight sections with the potential for new developments.
The installation of a very long electromagnetic undulator with a
period of 212 mm is planned, in order to generate a still higher
intensity. This will be a radiation source with extremely high
brilliance and complete coherence up to TOO eV. Using a novel
technique, the polarization direction of the light can be switched
at a rate of several Kilohertz. Circularly polarized synchrotron
light is in the process of becoming an attractive tool for investigating
the magnetic properties of materials.

Polarization: spatial orientation: e.g. orien-
tation of the electromagnetic fields of light,
or orientation of the spin of particles.
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Brilliance or brightness: is the figure of merit
for the quality of a synchrotron light source.
Brilliance simultaneously describes intensify
and focusing of the synchrotron radiation
beam.
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Fig. 7: Brilliance of the synchrotron radiation from SLS from undulators and
bending magnets. High brilliance nowadays is in great demand from
researchers. The SLS surpasses all national synchrotron radiation facilities
built to date. In Europe, only the ESRF offers a higher brilliance at very high
photon energies. Even with normal and superconducting bending magnets,
SLS offers high brightness beams.

Paul Scherrer Institut
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Synchrotron radiation offers several advantages, both in macro-
molecular and in conventional crystallography. Higher resolution
data can be obtained, and smaller samples - which are often far
too small for rotating anode laboratory sources - can be measured.
The energy tunability can be exploited for signal optimization or
as a contrast mechanism. The first two points are specific to high
brilliance sources like the SLS.

In addition to the brilliance, the availability of a synchrotron facility
is of importance. The SLS, being located in the immediate vicinity
of many user groups, will significantly improve the research
opportunities in the field of crystallography in Switzerland.
Particularly for the most demanding experiments, minigap-undu-
lators at the SLS facility will offer sources with outstanding brilliance
in the 5 to 1 7 keV X-ray region.

Another very important property of synchrotron radiation is its
time structure. Very short synchrotron light pulses, with several
picoseconds duration, can be produced in a flexible sequence.

In recent years, we have witnessed the commissioning of several
third-generation synchrotron light sources (ESRF, ALS, ELETTRA,
MAX-Lab). The experience won from these projects strengthens
our confidence in the proposed operating parameters for the SLS.
Furthermore, the first experimental results from these facilities have
confirmed the importance of improving the source quality
of the principal motivations of the SLS design philosophy.

one

Fig. 8: Three-dimensional micro-tomograms of human
bone samples, measured with synchrotron radiation,
show the disease osteoporosis in two stages of de-
velopment. (U. Bonse et. a!., Institute of Physics, University
of Dortmund)

Fig. 9: Optical microstructures with X-ray lithography:
right optical fibers for the transmission of light signals
(Fiber diameter is 125 micron) and left micro-lenses for
focusing (produced with synchrotron radiation at the
IMM, in the context of a thesis of a PSI employee).

Paul Scherrer Institut
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The User Community of Synchrotron
Radiation

To the Swiss circle of synchrotron radiation users belong scientists
from various disciplines: chemistry, biology, medicine, solid state
physics and crystallography. They presently perform their research
at centers distributed worldwide, such as Daresbury (GB), MAX-
Lab (S), LURE (F), ELETTRA (I), ESRF (EU), HASYLAB (D).

Switzerland is a full-fledged member of the European Synchro-
tron Radiation Facility (ESRF) and is thus entitled to the use
of beamlines, according to its financial involvement. In addition,
groups from several Swiss universities, have cooperated with
Norwegian universities to build an additional beamline. Since
1987, another cooperation exists between Swiss and French groups
at Super-ACO (LURE). An outstanding beamline in the VUV/soft
X-ray region is available at this institute. An advantage of these
initiatives is that a wide circle of users obtains access to synchrotron
radiation. In this way, besides the scientific research work itself,
a foundation is developed for experiments and methods which
rely on the unusually high brilliance of ESRF and, in the future, of
SLS.

A study was made in 1994 of the Swiss activities in synchrotron
radiation research, and a prognosis was made of the expected
development in coming years. The study made clear that, because
of the construction of SLS, the user community in Swiss universities
will grow from its present level of 90 scientists to between
approximately 220 and 250. These numbers include neither
industrial users nor foreign research groups. Two factors will be
responsible for this growth. Worldwide, the number of groups
using synchrotron radiation methods will increase, as documented
in a recently completed study by the OECD Megascience Forum.
The second factor is the increased demand of measurement time
per research group, which is due both to the higher complexity
of the scientific questions addressed and to the development of
new research methods. This trend can be seen at newer facilities
such as MAX-Lab, ELETTRA and BESSY I.

The demands on synchrotron radiation can in no way be met by
the facilities presently available. The quality of research work suffers
from this situation, and with it, the progress of science and
technology in Switzerland.

Paul Scherrer Institut
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The Community of SLS Users

The user community of synchrotron radiation at the SLS can be
divided into two groups:

• academic users, both foreign and domestic (universities and
publicly-funded research institutes)

• users from industry and the public sectors (privately-financed
industrial and service companies with their research laboratories,
and hospitals)

The first group uses the synchrotron radiation of the SLS principally
for basic research and education, with the goal of publicizing
their results, typically within a year, in scientific journals and at
scientific conferences. The users obtain access to the research
facilities of the SLS via a well-founded proposal, which is assigned
priority by a scientific jury. Following international custom, for
such users, the use of the SLS is free of charge.

It is known from other synchrotron radiation centers that the number
of academic users is substantially higher than that of the industrial
users. The majority of these users requires project-oriented
measurement time on specific experimental apparati at existing
beamlines built by PSI in consultation of the users. A minority of
SLS users have sufficient technical/scientific know-how to be able
on their own to build a new beamline or to modify an existing
one. These beamlines are then made available to other users.

To the second group belong those users whose requirements,
analytical and/or process-related, are directed toward product-
oriented research, development and fabrication. It is important
that their results remain confidential, which precludes a selection
process. In return for their SLS use, these users are expected to
cover some of the financial costs.

Paul Scherrer Institut
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For industrial and public-service users, two aspects are of principal
importance:

• the analysis and characterization of materials and processes,
for example: materials testing with respect to cracks, inclusions,
lattice dislocations and chemical composition or diagnosis of
elemental distributions and trace element analysis

• the fabrication and production of masks (e.g. for the production
of computer chips) and components, as well as the synthesis of
new substances, for example: protein-crystallography; synthesis
of new biological and medical products or micro- and nano-
structuring and modification with nanometer dimensions.

The inner courtyard of the SLS building

Paul Scherrer Institut
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The Paul Scherrer Institute:
a research center and international user laboratory
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The International Network
of Synchrotron Light Sources

According to their energy spectra, today's sources can be divided
into two general categories:

• Facilities with an electron energy below 3 GeV are particularly
well suited to the generation of radiation in the ultraviolet and
soft X-ray regions.

• Facilities with an electron energy above 5 GeV are ideal sources
of hard X-rays.

These facilities are to a large degree complementary to one another,
and in Europe, they are built and operated at different levels of
cooperation (Fig. 10).

The low-energy rings such as BESSY (DJ, ELETTRA (I), MAX-Lab
(S), Super ACO (F) are built as national research centers and
exert a strong influence on the science, technology and education
within the home country and the nearby international regions.
On the other hand, the high-energy European facility ESRF
(European Synchrotron Radiation Facility) is in terms of its size
and concept a truly international center.

Fig. 10: Synchrotron radiation sources in Europe.
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SLS Time Schedule and Financing

Time schedule

Fig. 1 1 illustrates the time schedule for the construction of SLS. The
construction of the building part of SLS started as soon as the
Swiss Parliament approved the project. Up to this time, planning
- including design and preliminary planning of the building -
has been brought to the stage of issuing an invitation to tender.

The construction of the building was terminated June 1999. Orders
are placed for the system part components. Installation of the system
components started middle of 1999. The beamlines will then be
mounted, and the first experimental facilities will be set up.
According to the timetable, SLS will be taken into service equipped
with an initial experimental installation comprising four or five
beam lines by the middle of 2001.

The operational life of a synchrotron light source amounts to at
least 20 years. It will be subject to constant further development
throughout its service life, to enable the scientists to have the newest
techniques at their disposal. Additional beam lines and experi-
mental facilities could also be built within this time frame. New
technical developments can stretch the useful life of this type of
facility by 10 years or more, if sufficient flexibility is planned in
at the beginning.

199511996 11997

i-... .„]

1998 1999

Building part

System

2000 2001

part

2002

|[][]| Experiments

Design and Project:
® Building part

« System part

Phase of approval

Construction phase

Operating phase

Fig. 11: Schedule for the construction of the SLS. Following approval by the Swiss Parliament in 1997, construction
is planned to last four years. Operation will start in 200 I.
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Investment costs

A total investment expenditure of 159 million Swiss Francs has
been granted by the Federation for the construction of SLS at the
Paul Scherrer Institute in Villigen, over a construction time of
4 years. The financing of SLS will be completely covered by
resources already included in the 1997 estimates and in the
financial plans of the National Financial Administration and the
ETH domain, respectively, for the following years. The project will
not, therefore, mean any additional burden on the federal budget.
The ETH council has directed its financial planning towards this
project by setting priorities in good time.

The sum of 159 million Swiss Francs will enable the SLS with four
or five beam lines to be brought into operation by the middle of
the year 2001.

Operating costs

The 23 million Swiss Francs of annual operating costs for SLS
(including staffing costs, as indexed in 1995) will be financed
from the start of operations in the year 2001 out of the ordinary
resources of PSI. 3 million Francs of this will be taken up by energy
costs, 12 million Francs by staffing costs and 8 million Francs by
material costs. These costs will be borne internally by PSI by re-
allocating funds. These funds will guarantee the operation of the
first four or five beam lines, the necessary technical and scientific
support for the scientists working at the facility and the further
development of the facility in accordance with changes in
requirements.
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A Brief Overview of PSI
The Paul Scherrer Institute (PSI) is a multi-disciplinary research centre for

natural sciences and technology. In national and international collaboration

with universities, other research institutes and industry, PSI is active in solid

state physics, materials sciences, elementary particle physics, life sciences,

nuclear 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 development, as well as of major

importance for teaching and training, but which are beyond the possibilities

of a single university department. PSI develops and operates complex research

installations which call for especially high standards 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 knowledge and actively pursues its application in

industry.

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

Paul Scherrer Institut Phone 056 310 21 11
CH-5232 Villigen PSI Fax 056 310 2 1 9 9

Internet http://www.psi.ch

Contact

• Head SLS Project:
Dr. A. F. Wrulich

• Information Officer:
Dr. Myriam Salzmann
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