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Foreword

Foreword

In 1981 the "Green Book" of SIN was distributed, a Users Handbook serving the needs
of people already working at SIN as well as informing new users about our installa-
tions. An update of the Green Book is necessary because many beams have disap-
peared, been modified or added, and the installation has been upgraded in intensity
and versatility quite considerably. The spectrum of users has shifted away from Nu-
clear and Particle Physics; applications in medicine, solid state physics and materials
science have gained in importance. This Users' Guide is intended to inform our users
about the changes, and to interest potential new users in coming to PSI. With the help
of this guide you will not be able to set your beam momentum to 112 MeV/c but you
should be able to judge whether what you plan to do can be done at PSI. We try to
facilitate access to PSI by giving as much scientific and practical information as pos-
sible, and to encourage the reader to contact people named in the guide for additional
help. Please also feel free to make suggestions to improve the next edition. This Users
Guide never could have been realized without the help of many contributors. Special
thanks are due to the secretarial team.

Hans Christian Walter
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Introduction

The Paul Scherrer Institut (named after the Swiss physicist Paul
Scherrer, 1890-1969), is located north of Brugg between Zurich
and Basel on the banks of the river Aare (Fig. 1.1). As a national
research centre for natural and engineering sciences, it is gov-
erned by the same federal authority as the two federal institutes of
technology in Zurich and Lausanne. The annual budget is about
160 million Swiss Francs and there are about 1100 employees,
including 200 persons paid by non-PSI funds. Research is done
together with Swiss universities, in close collaboration with govern-
ment agencies, industry, the private sector and a large interna-
tional users community in the following fields (1993 percentages of
PSI personnel involved):

• Nuclear and Particle Physics (18%)

• Life Sciences (14%)

• Solid State Physics and Materials Science (35%)

• Nuclear Energy Technology (18%)

• General Energy Research (15%)

PSI develops, builds and operates research facilities which are
beyond the capabilities of university institutes in size and comple-
xity, thus serving as a user laboratory and as a base for national
and international scientific collaborations. Its tasks range from fun-
damental research to applications ready to be transferred to indus-
try. It offers courses in its specialities, substantially contributes to
the education of graduate students (about 100 Ph.D. students are
supported by PSI), and participates in university teaching. The
heart of the PSI facilities is the accelerator complex and its experi-
mental areas. Built in the early 1970s for intermediate energy nu-
clear and particle physics mainly with pions and muons, it is being
continually improved and extended, and is now used increasingly
for applied research in medicine, solid state physics and materials
science. PSI beams are also highly appreciated as test beams for
simulating the effects of radiation on sensitive electronic compo-
nents, the influence on materials to be exposed to intense radia-
tion fields in magnetic fusion devices, or new detectors designed
for High Energy Physics experiments, e.g. at LHC, as well as for
calibration purposes. The early readiness of PSI to encourage and
support the most comprehensive utilization of its accelerator facili-
ties now seems to have established their longevity. Seeking inter-
disciplinary dialogue, and forming alliances with our colleagues at
the borderlines of established fields, will strengthen PSI and en-
large our horizons further.



Introduction

Fig. 1.1: Aerial view of the Paul
Scherrer Institut. The accelerator and
experimental facilities are located in
the three halls at the centre of the
picture.
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Fig. 2.1: Isometric view of the PSI accelerator installation and its experimental areas. Shielding walls have
been cut at a height of 4 m.



Accelerator Facilities

The accelerator facility of the Paul Scherrer Institut is located in the
area PSI-WEST on the west bank of the river Aare. The facility
specialises in the production of extremely intense particle beams.
Three cyclotrons offer a large variety of beams and irradiation
possibilities, distributed in three experimental halls (Fig. 2.1). A
summary of the accelerator-based beam lines and irradiation facili-
ties is given below.

Summary of Particle Beams at PSI

• a high power 590 MeV proton beam used to produce pions and muons, but otherwise
not directly accessible for experiments

• seven secondary beams of pions and muons with dedicated spectrometers and muon
channels in the "Main hall"

• a beam of up to 20 juA split from the 590 MeV proton beam available in the nucleon
area NA2 in the "NA-hall"; this beam line also has an energy degrader, and serves the
proton irradiation facilities PIF and PIREX and the medical beam line NA3

• a polarized 590 MeV proton beam up to 12 /nA in the nucleon area NA2

• a neutron beam facility in NA2 with an energy spectrum peaking at 540 MeV

• a medical beam line (NA3) with the 85-270 MeV proton therapy facility

• a beam of up to 100 nA protons split from the 72 MeV injection line available in the
isotope production facility of Injector 2 (IP2)

• low energy beams, i.e. variable energy and variable particle beams from Injector 1 with
energies up to 72 MeV for protons or 120 MeV Z2 /A for ion beams

• a beam of up to 100 |iA protons for isotope production with Injector 1 (IP1)

• polarized beams of protons and deuterons from Injector 1

• neutron beam facility at Injector 1 with energies up to 70 MeV

• OPTIS, a medical irradiation facility supplied with protons from Injector 1

• spallation neutron source (SINQ)

• 6 MeV-Tandem Van de Graaf Accelerator at ETH, large variety of ion beams in the
range of 1 to 50 MeV. Applications: Materials analysis and modification, Accelerator
Mass Spectrometer (AMS) of long-lived radioisotopes



Accelerator Facilities

2.1 Injector 2 and Ring Cyclotron

The main accelerator is the "Ring", a separated sector cyclotron
providing a high power proton beam at an energy of 590 MeV.
Design beam currents are around 1.5 mA from 1996 on, which
corresponds to a beam power of 0.9 MW. This beam is transported
to two meson production target stations to generate secondary
beams of pions and muons, which are available for research in
several experimental areas. Behind the meson production targets
the beam is either stopped in a high power beam dump or
refocused on the target of SINQ, the high flux spallation neutron
source, operational from 1996 on.

Fig. 2.2: The Ring cyclotron is a separated sector cyclotron with a fixed beam
energy of 590 MeV, built by PSI and commissioned in 1974. The 72 MeV beam
from either one of two injector cyclotrons enters from the back of the picture, is
injected into an orbit in the center of the Ring, accelerated over about 220
revolutions and extracted at the full energy in the foreground of the picture. The
design (by the late H.Willax) is based on criteria that allow operation at very high
beam intensities: an open structure of eight 2501 magnet sectors giving room for
the installation of four large and powerful RF-cavities providing a high
acceleration voltage, and a flat-top cavity operating at the third harmonic of the
accelerating RF-voltage. The resulting strong, phase-independent energy gain
per revolution gives good turn separation and hence beam extraction with low
beam losses. This is a mandatory condition for high current operation in a
cyclotron. The goal of the upgrade program of the RF-systems driving the cavities
is to increase the available power and to raise the energy gain to 3 MaV per
revolution. After completion of the upgrade program, beam currents of up to 1.5
mA are expected.
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Properties of the "RING" Proton Beam

•

•

•
•
•

injection energy
extraction energy
extraction momentum
energy spread (FWHM)
beam emittance
beam current
accelerator frequency
time between pulses
bunch width

72 MeV
590 MeV
1206 MeV/c
ca. 1.5%0

ca. 2n mm x mrad
1.5 mA DC
50.63 MHz
19.75 ns
ca. 1 ns

The Ring cyclotron is the iast machine in a chain of accelerators,
and operates with either one of two injector cyclotrons. Injector 2,
serving this purpose since 1985, was specially designed to deliver
high (up to 1.5 mA) beam intensities of protons at an energy of 72
MeV for injection into the Ring. Two beam splitters, one in the 72
MeV beam line between Injector 2 and Ring, the other in the 590
MeV beam line, can separate small fractions of the primary beam
for use in separate experimental areas. The corresponding pro-
grams operate parasitically with only minor interference with the
main program.

Fig. 2.3: Injector 2 is a specially
designed high current injector for high
power operation of the Ring cyclotron.
Like the Ring, it is a separated sector
cyclotron with a fixed energy of 72
MeV. Also built by PSI. it was
commissioned in 1985. Two powerful
RF-resonators allow the acceleration
of the beam to the full energy over only
100 revolutions. Two flat-top
resonators operating at the third
harmonic of the acceleration frequency
increase the phase acceptance during
acceleration. The result is a narrow
beam with a turn separation as large
as 20 mm which allows clean beam
extraction even at high intensitites.
where space charge forces blow up
the beam and spoil its quality. The ion
source is installed in the high voltage
terminal of a 870 keV Cockcroft-
Walton pre-accelerator (not shown in
the picture). The beam line that guides
the beam from the pre-accelerator can
clearly be seen above the cyclotron.
The beam is deflected by 90 degrees
and injected axially into the centre of
the cyclotron. The accelerated beam is
extracted on the right in the picture,
and transported to the Ring and the
isotope production area.

9



Accelerator Facilities

2.2 Injector 1 (Philips Cyclotron)

Injector 1, a variable energy cyclotron, served as injector for the
Ring from 1974 to 1984. Today it is used as injector only if polar-
ized beams are accelerated in the Ring. The large variety of
beams that can be accelerated with Injector 1 is however available
independently for research in separate experimental areas. The
machine offers beams of protons and deuterons, polarized and
unpolarized, and a long list oi particles at variable energies.

Fig. 2.4: Injector 1 is a variable energy cyclotron built by the Dutch company
Philips Gloeilampen-fabrieken. Its one-piece magnet has an azimuthally varying
magnetic field for vertical focusing even at relativistic energies. The beam energy
goes up to 72 MeV for protons and 120 MeV Z2/A for ions with charge Z and
mass number A. Equipped with several ion sources, Injector 1 offers a wide
variety of beams ranging from protons and deuterons to light and heavy ions.
Polarized beams of protons and deuterons are also available. In 1994 an ECR
ion source was installed to extend its ability to accelerate heavy ions.

In case of questions and suggestions concerning our accelerators
please contact U. Schryber, M. Olivo (Ring cyclotron and Injector
2), T. Stammbach and P.A. Schmelzbach (Injector 1).
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Particle Beams

The main experimental hall, shown in Figure 2.1, contains two of
the isochronous accelerators (the Injector 1 and the Ring cyclo-
tron) as well as the primary proton channel, the target stations, the
secondary particle beams and the secondary experimental areas.
The beams available at Injector 1 are described in chapter 3. 2.
The Injector 2 used for high intensity proton beams is located
outside the experimental hall. Placed ca. 5 m after the extraction
from the Ring accelerator an electrostatic septum allows to split
the 590 MeV proton beam into two branches: A low intensity
branch (lp < 20 (iA) is transported to the nucleon areas in the NA-
hall (see chapter 3.3), while the high intensity branch is used for
the production of secondary beams at the target stations TM and
TE. The proton beam can then either be stopped in a beam dump
or alternatively transported to the spallation neutron source SINQ
(see chapter 4), which will come into operation by the end of 1995.
In 1993 the routinely achieved total proton intensity was 800 nA.
An ongoing improvement program of the Ring accelerator high
frequency power aims for an increase of the intensity up to 1.5 mA.

In the NA-hall four research programs are currently under way:

• Experiments with high energy polarized protons and neutrons:
Polarized protons can be accelerated only with Injector 1 with
a beam intensity limited to about 12 \iA. They can also be used
for the production of polarized neutrons (see chapter 3.3). The
setup of polarized nucleon beams works in a single user mode
for the whole accelerator facility.

• Proton therapy installation (see chapter 5.2)

• Proton Irradiation Facility PIF (see chapter 6.1)

• Proton Irradiation Experiment PIREX (see chapter 6.2).

Depending on the type of experiments these facilities can run ei-
ther in main user mode or parasitic to each other. The cancer
therapy project is in construction and will begin with test operation
in fall 1994.

The central part of the main hall is occupied by the experimental
areas and their related infrastructure. Two target stations, built in
series, are dedicated for pion and muon production. The targets
are rotating truncated cones made of isotropic graphite, cooled by
thermal radiation, and have lengths of 7 mm (TM) and 60 mm (TE)
in the direction of the proton beam. At the target station TM two
secondary beams, jtM1 and KM3, are extracted at angles of 22.5°
with respect to the proton beam, while at the target TE there are
five secondary beams : 7iE1 and uE1 in the forward direction (10°),
jrE3 and nE4 at 90° and 7tE5 in the backward direction (175°). All
secondary beams are available simultaneously.

12



Particle Beams

Although the secondary beams have been designed as multipur-
pose beams for experiments with pions and muons, they can be
grouped into three classes:

• Beam lines especially suited for experiments with pions, i. e.
7cM1, JtE1, TCE3 and nE5.

• Beam lines designed for experiments with (polarized) muons,
i.e. |iE1 and nE4.

• One beam line exclusively dedicated to experiments with "sur-
face" and "subsurface" muons, i. e. 7iM3.

Their characteristics will be described in the following chapter.

Pion and Muon Beams at PSI

7tM1

nE1
Mode A

7TE1
ModeB

JIE3
achromatic

JtE3
chromatic

7tE5

momentum
range
[MeV/c]

100 - 500

80 - 280

250 - 500

40 - 250

40 - 250

30 - 120

7C+ f lUX TC' f lUX
[mA-V1] [mA-'s-1]
full momentum band

1.8-108

at 300 MeV/c

1.8-109

at 200 MeWc

2-109

at 320 MeV/c

2-109

at 180 MeV/c

2-109

at 180 MeVfc

1-101 0

at 120 MeV/c

1.5-107

ai 300 MeV/c

1.9-108

at 200 MeVfc

2-108

at 320 MeV/c

3-108

at 180 MeV/c

3-108

at 180 MeV/c

2-109

at 120 MeV/c

momentum
resolution
[% FWHM]

0.1

0.8

0.26

1.0

0.3

2.0

spot size
[mm FWHM]2

15 x 10

12 x 10

12 x 10

25 x 30

100 x 40

15x20

j iEl

(iE4

7tM3

;rE1

7iE3

7tE5

momentum
range
[MeV/c]

40 - 125

30 - 100

10 - 300

10 - 280

10 - 250

10 - 120

H+ flux n' flux
[mA1s-1] [mA-1s1]
full momentum band

2-108

at 125 MeV/c

4-106

at 50 MeV/c

4-106

at 28 MeV/c

1-106

at 28 MeWc

6-107

at 28 MeV/c

5-108

at 28 MsV/c

6-107

at 125 MeV/c

1-106

at 50 MeWc

4-106

at 100 MsV/c

2-107

at 100 MeV/c

6-107

at 100 MeV/c

2-108

at 100 MeV/c

momentum
resolution
[% FWHM]

1

1

0.8

0.8

1

2

spot size
[mm
FWHM]2

40 x 25

6 0 x 4 0

20 x 30

20 x 15

25 x 30

31 x 33

polarization
of n+ [%]

75

75

> 95

> 95

> 95

> 95
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Particle Beams

3.1 Pion and Muon Beams

A schematic summary of the secondary beam lines from the two
Fig. 3. 1: Secondary beam lines deri- target stations TM and TE is shown in Figure 3.1. The table on the
ved from the PSi main proton beam. previous page contains a summary of their main characteristics.

T o Hpa i j i ' . i i o n N c i t i r o i - S o u n c

( S I N Q )

/ / K l / / K l

\icn ( NA)
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Particle Beams

The 7iM1 Beam Line

7tM1 is a high resolution pion beam line with a momentum range
between 100 and 500 MeV/c. It is attached to the target station TM
at an extraction angle of 22.5°, which corresponds to the orienta-
tion of the target wheel. Because of this, the spot where the pions
are produced is horizontally as small as the target width of 2 mm.
Together with the high dispersion of 7 cm/% and a magnification
of 1 at the intermediate focus IF about halfway between the pro-
duction target and the end of the beam line, a momentum resolu-
tion of better than 103 FWHM is achieved. The pion momentum
can be determined from the hits in a hodoscope made of 64
scintillator strips, located at the intermediate focus. The character-
istics of the beam line are listed in Table 3.1. A layout of the
experimental area is shown in Figure 3.2.

Table 3.1: Characteristics of the nM1 beam line.

Total path length
Momentum range
Solid angle
Momentum acceptance (FWHM)
Momentum resolution (FWHM)
Dispersion at focal plane
Spot size on target (FWHM)

Angular divergence (FWHM)
on target

21 m
100-500 MeV/c
6 msr
2.9 %
10-3

7 cm/%
15 mm horizontal
10 mm vertical
35 mrad horizontal
75 mrad vertical

Surface muons are muons originating
from the decay of pions stopped at the
surface of the target in which they are
produced by the incoming proton
beam. Surface muons have energies
around 4.1 MeV (p(i = 28 MeV/c).

Subsurface muons are produced in
the same way as the surface ones, but
deeper inside the primary target, so
that they lose some energy before
leaving the surface. Their energy is
therefore lower than 4.1 MeV. "Sur-
face" and "subsurface" muons are al-
ways positively charged.

Cloud muons are produced by the
decay of pions near the production
target, within the angular acceptance
of the secondary beam. They can
have both polarities, and have a broad
continuous spectrum.

Fig. 3.2: Layout of the KM1 area. IF is
an intermediate focus.
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Particle Beams

Fig. 3.3: Pion and electron fluxes in
nM1.
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The beam line contains an electrostatic separator built at CERN
("2 m" type), which can reduce the proton contamination in a n*
beam from 400% to about 5% at 300 MeV/c momentum. Figure
3.3 gives the measured particle fluxes for the standard beam-line
tune as a function of momentum with an uncertainty of 10% at the
peak of the yield curves. The flux of muons is 100 times smaller
than the corresponding pion flux at momenta around 300 MeV/c,
and falls more slowly than for the pions towards low momenta.
Since rcM1 is the only beam line with a vacuum system separated
from the proton-channel vacuum by a thin window, there are no
"surface" muons available.

Nationality spectrum of PSI's external
users in Nuclear and Particle Physics
in 1993. •

• i
II

m
M

Switzerland

Germany

Italy

USA/CAN

East

Rest

16 20 24
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Particle Beams

Research in Nuclear and Particle Physics

In contrast to our sister institutes LAMPF in Los Alamos and TRIUMF in Vancou-
ver, PSI (formerly SIN) established in-house research groups relatively late. Today
F1 employs scientists working in the following fields (graduate students paid half
by PSI, half by a university):

Theory
Muon Particle Physics
Pion and Nucleon Physics
Experiments at External Accelerators
Low Energy Muon Production
HSR

senior

4
6
1
4
1
4

post-docs

5
1
1
1
1
0

grad.students

1
7
1
6
1
0

In addition F1 hosts groups supporting in-house and external experiments in the
following fields (see chapter 7): Detectors, Electronics, Cryogenics, Experimental
Areas and a Technician Pool. Many of the members of these groups are physi-
cists, who can also join in-house and external experiments. All research programs
are carried out in international collaborations.

The Theory group works mainly in the following fields: exotic atoms, strong inter-
actions (pion and antiproton physics), the Standard Model of particle physics (and
its limits and extensions), and lattice QCD. Traditionally it collaborates with many
short-term visitors, and organizes the spring school (now the summer school) in
Zuoz/Engadin every two years.

The experimental program in Nuclear and Particle Physics is shown in the Box
"List of Nuclear and Particle Physics Experiments". Also shown are the larger
facilities built for the in-house experiments and the collaborating institutes. A total
of 318 users from 47 institutes in 16 countries have published results or progress
reports in the 1993 F1 Newsletter. The nationality spectrum of users is shown in
the Figure on the opposite page.

PSI provides funds for both, in-house and external experiments in the order of
2 MSF/year. All proposals for experiments have to be presented to the F1
Forschungskomitee (see chapter 8.1). In view of the tightening financial and
personnel resources, PSI restricts its support of in-house experiments providing
secondary and tertiary particle beams and sharing the costs of the experimental
setups, scaling with the number of collaborating physicists. For external experi-
ments, expressions of interest by the collaborating Swiss universities for the par-
ticipation of PSI, and considerations of "visibility" of the PSI contribution are of
great importance. PSI is able to help support graduate students for common
research projects.

17



Particle Beams

Ring Accelerator Experiments 1993

Experimental
Program

Rare decays
ji-e conversion
M-M oscillation

Pion beta decay

Muon capture in
light systems

Neutrino masses

Muon catalyzed
fusion

Slow muon
production

Pionic Hydrogen

Pion scattering on
polarized targets

Low energy pion
scatt. and DCEX

Pion absorption

Polarized neutron
scattering

Facilities

SINDRUM I & II

Csl (pure) calorimeter

Cyclotron trap
and special

rcE1 -channel and special

I^CF-apparatus

Cyclotron trap
and special

Cyclotron trap,
X-tal spectr.

SUSI, polarized
targets

LEPS

LADS

NA2-area,
polarized targets

Collaborations

PSI, ETHZ, UniZ, Aachen, Heidelberg,
Tbilisi, Dubna, Swierk, Yale

PSI, UniZ, Charlottesville 1, Swierk,
Tempe, Dubna, Tbilisi, Zagreb

PSI, Williamsburg, ETHZ, Munich, Vienna,
Neuchatel, Frascati, Trieste, Louvain,
KIAE Moscow, Gatchina, Berkeley

PSI, ETHZ, UniZ, Charlottesville 2

PSI, Vienna, LANL 1, Munich, Neuchatel,
Berkeley, KIAE Moscow, Gatchina

PSI, Munich, ETHZ, Heidelberg

PSI, ETHZ, Neuchatel

PSI, TRIUMF, Karlsruhe, Regina,
Saskatchewan, Maryland, Hannover

PSI, Karlsruhe, Tubingen

PSI, Basel, Karlsruhe, LANL 2, Maryland,
MIT, New Mexico State, Zagreb

PSI, Geneva, Freiburg/D, Saclay, Prague,
Dubna

External Experiments 1993

Experiments

CP-LEAR
Rare K-decays
L3 F/B-system
H1
CMS

Facility

LEAR / CERN
E865 / BNL
L3 / CERN
HERA / DESY
LHC / CERN

PSI-part

MWPC's
Muon chambers, beam chambers
Muon chambers, alignment system
Microvertex detector, readout
R&D in Si MVD & crystals, test beams

18



Particle Beams

The 7iM3 Beam Line

The 7ilv13 beam line is currently the only beam line dedicated
exclusively to jiSR experiments with "surface" and "subsurface"
muons, although the original channel was optimized for pions of up
to 350 MeV/c. It is attached to the thin target station TM at 22.5°
in the forward direction.

At the front of the beam line a triplet of half quadrupoles allows for
a large solid angle acceptance of = 30 msr. The transported mo-
mentum band can be selected between 1 % and 3% by slits at the
intermediate dispersive focus. A 3 m long crossed-field separator,
built at CERN, can be used either as an electron/muon separator
or as a muon spin-rotator. Due to the optical characteristics of this
device, its transmission depends strongly on the high voltage set-
tings. A compromise between high rates and a high degree of
transverse polarization has been found experimentally, and a
muon spin rotation angle as large as 70° is used routinely. The
vacuum system of the beam line is directly connected to the target
vacuum chamber, except for a removable thin foil (3 mg/cm2 Mylar)
which acts as a barrier for the radioactive gases originating in the
target region.

Fig. 3.4: Layout of the nM3 area. LTF
= Low Temperature Facility. GPS =
General Purpose Spectrometer.
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Particle Beams

After the separator, the beam can be steered into one of two
experimental areas, shown in Figure 3.4. The first area houses the
low temperature facility LTF. In the second, a general purpose
system GPS for ̂ SR studies is installed. A description of these
facilities is given in the box "^SR Facility Instruments" on page 22.

Fig. 3.5: Flux of positive muons and
positrons in nM3.

p | M c - V / i - |

Fig. 3.6: Muon beam profiles in nM3 at
the GPS focus (see text).

The measured rates for positive muons and positrons up to 34
MeV/c are shown in Figure 3.5. Usi;.g the separator, the positron
contamination can be reduced to a level of 1 to 2%. Beam collimat-
ing systems, placed at both ends of the bending magnet shown in
Figure 3.4, allow the matching of the beam dimensions to the sizes
of the uSR targets, and so reduce the background from stopped
muons in the surrounding material. The beam profiles at the loca-
tion of the GPS with a circular collimator of 14 mm diameter are
shown in Figure 3.6. They are also representative of the beam
shape at the LTF location.
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Muons - Unique Tools in Solid State Physics and Chemistry

Due to their large magnetic moment (three times that of the proton) and their anisotropic
decay, polarized muons are very sensitive nuclear magnetic probes which can be used
to study a wide variety of questions in condensed matter physics and chemistry.

Positive muons are most widely used because, due to the repulsive Coulomb interaction,
they do not react with the nuclei in matter. Furthermore, in insulators and semiconductors
they may form the hydrogen-like Muonium atom M (//* e), which is a sensitive probe for
hyperfine interactions in these systems.

Negative muons are captured by nuclei, thus forming muonic atoms in which, as a con-
sequence of the very small Bohr radii, they probe the local magnetic fields at the site of
the nucleus. Due to the loss of polarization during the cascade into the ground state and
the reduced lifetime caused by reactions with nuclei, p axe not as widely used as j r .

Some jUSF. Research Fields in Solid State Physics and Chemistry

• electronic structure and dynamics studied by local magnetic fields

• superconductivity

• defects and impurities in crystals

• muons and Muonium in semiconductors

• diffusion of light, hydrogen-like charged impurities in solids

• structure, dynamics, and reactions of radicals

Please remember that ^SR is a space and time saving abbreviation for the three fields
Muon-Spin-Rotation, Relaxation, and Resonance and maybe more.

Roughly one half of the experiments focus on problems related to magnetism including
highly-correlated electron ("heavy fermion") systems, ferro-, antiferro- and paramagnetic
materials, and spin glasses. The other half is about equally shared between super-con-
ductivity (field distribution, magnetic penetration depth), chemistry (structure and dynam-
ics of radicals in the gas phase and adsorbed on surfaces), muon site and diffusion
including defect studies, and semiconductors.

The number of /JSR research collaborations and approved experiments has increased
steadily over many years. In 1993, 117 authors from 47 institutes in 16 countries have
published their results in the PSI Nuclear and Particle Physics Newsletter 1993 (Annex I).
In 1994 an even larger number of users have asked for beam time. The requests for GPS
and LTF (see ^SR User Facilities) in the dedicated 7tM3 area usually exceed the available
beam time by 50-100%, thus making severe cuts necessary.
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JJSR Facility Instruments

Instrument

Area
Special beam-line features

Muons

u+ flux [mfr 's ' l
at momentum [MeV/c]

Collimator [mm dia.]

Muon polarization11 [%]

Muon momentum [MeV/c]

Muon energy [MeV]

Muon range in CH2 [g/cm2]

Range width [g/cm2 FWHM]

Detector arrangement21

Temperature range [K]

Main magnetic field11 [T]

Aux. magnetic field11 [mT]

Special features

GPS

7tM3
Spin rotator

M*

4 x 106

28

< 10

> 95 II or l

5 - 30

0.1 - 4.2

< 0.15

< 0.03

MFBUDR
(MFBLRD)31

2.5 - 300

0 - 0.6 II

0 - 7 1

Ext. collimator
NMR field probe

Rotatable
cryostat

LTF

JIM3

Spin rotator

4 x 106

28

< 14

> 95 II or _L

5 - 30

0.1 - 4.2

<0.15

< 0.03

MFBLR

0.01 - 4.2

0 - 3 II

0 - 10 1

Top loading

Automatic r

GPD

uE1 / uE4

ir or LT

1.4 x 10B / 4 x 106

115/50

< 14

75 II

30 - 125

4.2 - 58

0.15 - 13

0.03 - 4.5

MFBUD
(MFB)J1

0.3 - 300

0 - 0.5 II or ±

0 - 7 1

3He cryostat

un sequences

ALC

jrE3
Separator

M"

3 x 107

28

30

> 95 II

5 - 30

0.1 - 4.2

< 0.15

< 0.03

FB
(MFB)5'

30 - 800

0 - 5 II

Time differential
uSR

(optional)

'' Directions (II = parallel, 1 = perpendicular) refer to the direction of the muon momentum.
2' M: muon detector: F,B.UrD,LR: forward, backward, up. down. left, right (as seen from the sample

in the direction of the muon momentum) positron / electron detectors
3' With vertical cryostat
41 With 3He cryostat
5 For time-differential measurements
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uSR User Facilities

In order to make efficient use of the available muon beams at PSI, a set of /.tSR Facility
Instruments covering a wide range of possible applications is maintained by a local
,«SR group (contact person: D. Herlach), which also takes care of continuous upgrades
and user support. The procedures of application for beam-time on one of the instru-
ments is described elsewhere (see chapter 8.1).

At present (1994) four instruments are maintained and supported by the facility group:
a General Purpose spectrometer for spin-rotated Surface fj* (GPS), a Low Temperature
Facility (LTF), a General Purpose spectrometer for Decay-channel n* or p (GPD), and
an instrument for Avoided Level Crossing resonance (ALC).

In addition to the facilities, two special instruments maintained by external groups are
available: a High Pressure Spectrometer and a Stroboscopic Spectrometer.

Medium-Term Developments

• Muons on Request (MORE). In order to make better use of the high muon flux, the
jtM3 beam line is being redesigned (in Fig. 2.1 the future is already shown), such
that two instruments may be served simultaneously by means of active beam split-
ting. On request of one of the instruments (the MORE facility), a fast electrostatic
kicker will be triggered. The next muon in the beam is then directed towards the
requesting instrument through a septum magnet. When the kicker is idle, the beam
is directed to a second, conventional instrument.

• Low-Energy Muon Beam. Experiments by E. Morenzoni and collaborators have
shown that moderation of 4 MeV surface muons by solid rare gas layers of appro-
priate thickness results in polarized /J* of only a few eV kinetic energy with an
efficiency of the order of 104 slow muons per incoming ft. This makes feasible the
development of a low-energy ft* beam with tunable energy (-10 eV to several tens
of keV) and sufficient flux for juSR experiments (~104 ftls in area rcE5 at a proton
current of 1 mA). Such a beam allows the extension of the j/SR techniques to a vast
field of new applications, in particular to thin films, layered structures, and surfaces.

23



Particle Beams

The 7tE1 Beam Line

The nE1 beam line supplies high intensity pion and muon beams
with momenta ranging from 10 to 500 MeV/c. The particles from
the thick target station are extracted in the forward direction at an
angle of 10°. In order to obtain a large angular acceptance, half
quadrupoles with pole tip radii of 20 cm are used as the first
focusing elements of the beam line. There is no vacuum window
in the system, so that extraction of "surface" or "subsurface"
muons is possible. Two optical modes of operation are available:

• Mode A provides high fluxes with low momentum resolution. Its
momentum is limited by the focusing strength of the first
quadrupoles to values lower than 280 MeV/c.

• Mode B is a low acceptance, high momentum resolution version
up to momenta of 500 MeV/c.

The characteristics of the beam line are summarized in table 3.2.
The layout of the experimental area is shown in Figure 3.7.

Fig. 3.7: Layout of the nE1 area.

24



Particle Beams

Table 3.2: Characteristics of the nE1 beam line

Mode
Length
Max. momentum [MeV/c]
Solid angle [msr]
Momentum acceptance (FWHM)
Momentum resolution (FWHM)
7t+ stop density [/g mA s]

A
16 m
280
32
7.8 %
0.8 %
2.5 x 107

B
16 m
500
13
8.0 %
0.26 %
1 x 107

The muon rates around 28 MeV/c are shown in Figure 3.8 a), and
the measured pion and electron fluxes in Figure 3.8 b). Although
the fluxes have not been measured, mode B provides pions down
to a momentum of 100 MeV/c with a rate smaller by a factor of 3
compared to mode A. Beam profiles for pions are shown in Figure
3.9. Without an electrostatic separator, the positron contamination
amounts to eVji* = 50. The use of a short crossed-field separator
( lef)= 0.7 m, E = 150 kV/13 cm, transmission = 80% ) and a
subsequent quadrupole doublet reduces this contamination to a
level of a few percent. There are three slit systems in the beam
line to control either the beam intensity by reducing the angular
acceptance of the beam, or the momentum band acceptance and
hence the momentum resolution of the transported beam.
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Fig. 3.9: Pion beam profiles in xE1.
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The 7iE3 Beam Line

The JTE3 beam line delivers pions and muons in the momentum
range from 10 to 250 MeV/c. It is designed to match the optical
characteristics of the low energy pion spectrometer LEPS, and is
the only beam line with a vertical bending plane, the experimental
area being 6 m above the floor level. The channel views the thick
target TE at 90°, images more than half of the 6 cm long target,
and is therefore also an excellent beam line for "surface" and
"cloud" muons.

A layout of the experimental area is shown in Figure 3.10. Two
optical modes of operation are available :

• A large acceptance achromatic mode and

• A high resolution chromatic mode

There are two pairs of slits (in the bending and the non-bending
plane) allowing a reduction of either the beam intensity or the
momentum acceptance.

Fig. 3.10: Layout of the nE3 area.
LEPS = Low Energy Pion
Spectrometer.
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Achromatic mode

This mode is optimized for high flux experiments with stopped
pions or muons. Its characteristics are given in Table 3.3 (at the
same target position as for the chromatic mode, LEPS pivot point
in Figure 3.10). Usually this mode is used for experiments with
surface muons. The measured intensities of positive muons
around 28 MeV/c at the focus point are given in Figure 3.11 a),
and the pion flux in Figure 3.11 b). By the use of a short (\el/ =
0.7 m) separator and a quadrupole doublet the high positron con-
tamination can be reduced to a level of 10 to 20 %, depending on
the experimental setup. The transmission of this device is 70%.

It is also possible to tune the beam to a mode with a dispersive
focus at the position of the first slit, in order to reduce the momen-
tum band transported. Otherwise in this mode the slits are used
only to reduce the intensity.

Table 3.3: Characteristics of the achromatic mode of the KE3 beam line

Length
Solid angle
Momentum
Spot size

Divergence

acceptance (FWHM)
(FWHM)

(FWHM)

13
16
8 °,
15
30
80
20

m
msr

mm horizontal
mm vertical
mrad horizontal
mrad vertical

Chromatic mode

This mode has been specially designed in combination with the
Low Energy Pion Spectrometer LEPS. The corresponding charac-
teristics are given in Table 3.4. Note that the dispersion plane is
vertical.

Table 3.4: Characteristics for the chromatic mode of the KE3 beam line.

Length
Solid angle
Momentum
Momentum
Dispersion

acceptance (FWHM)
resolution

13 m
7 msr
3.4 %
< 3 x 103

-5 cm / %

In this mode there is a dispersive focus at the position of the
second slit, where the accepted momentum band can be defined.
The pion rates are given in Figure 3.11 c), and the corresponding
phase space characteristics are shown in Figure 3.12.
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The 7cE5 Beam Line

The 7iE5 channel is a low energy (10-120 MeV/c) pion and muon
beam line, viewing the thick target at 175° with respect to the
primary proton beam. The main properties of the beam line are
given in Table 3.5, and a layout of the experimental area is shown
in Figure 3.13.

Table 3.5: Characteristics of the KE5 beam line.

Length
Momentum range
Solid angle
Momentum acceptance (FWHM)
Momentum resolution (FWHM)
Spot size (FWHM)

Angular divergence (FWHM)

10.4 m
10-120 MeV/c
150 msr
10 %
2 %
15 mm horizontal
20 mm vertical
450 mrad horizontal
120 mrad vertical

V — version

—7-i

* ,,,i- \ Fig. 3.13: Layout of the KE5 area. AST
~LJ " = second bending magnet.

• > i n
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The second bending magnet (AST) is so designed that the beam
can serve alternatively two experiments at the locations U and Z,
as indicated in the layout, with a short switching time.

In the middle of the beam line, where the momentum restricting slit
system is located, the aberrations are rather large and therefore
trie momentum resolution is poor (2% FWHM). The situation is
better at the final focus since the beam line is built up symmetri-
cally causing some aberrations to vanish at the end.

There are three sets of horizontal and one set of vertical slits,
which define the momentum and/or the acceptance in the two
versions of optics which correspond to the two positions for experi-
ments at locations U and Z.

Plots of the rates and phase space at the focus just behind the
second bending magnet AST are shown in Figures 3.14 and 3.15,
respectively. In the Z version, pions will be injected after a third
bending magnet into a 8.5 m long solenoid called the Pion to Muon
Converter (PMC). This is a device designed for the muon-electron
conversion experiment (SINDRUM II) to generate a pion-free
muon beam (%'lyT ratio < 109). It will be delivered by the end of
1994. The flux of particles at the focus of the optical version U is
reduced compared to the Z version by two factors: pion decay in
a 2 m additional path length, and losses in the refocusing qua-
drupole doublet (= 20% ). Additional losses have to be taken into
account in cases when a separator is used to reduce strongly the
high electron and positron contamination at low momenta. De-
pending on the experimental setup, a transmission factor of 70 to
80% is typical. Measurements of the particle fluxes show that the
rates are higher than predicted at momenta lower than 90MeV/c,

Fig. 3.14: Pion and muon fluxes in
nE5.
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and lower at higher momenta. Approximately independent of the
momentum, the electron rate is 2 x 109 mA's1. Since there is no
vacuum window, but only an optional thin foil ( 3 mg/cm2) to hold
back the radioactive gases, there will be "subsurface" muons with
momenta down to 10 MeV/c, where the rate is 5 x 106 mA1s1.

Due to the large opening of the vacuum chamber and the relatively
small bending radii, there is a high neutron background in the re-
gion of the second bending magnet. Estimated fluxes are: 150
neutrons mA-1s1cm2 at energies larger than 120 MeV, and low
energy neutrons, which produce a radiation level of 5 rem-mA1h1.
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The u.E1 Beam Line

The |iE1 is an experimental area for an intense medium energy
polarized muon beam, with very low pion and electron contamina-
tion. As in the case of the n£1 beam line, pions from the thick
target TE are extracted at an angle of 10° in the forward direction
using a triplet of half quadrupoles. The beam line consists of three
sections: a pion collection section, a long superconducting sole-
noid in which pions can decay and the muon extraction section.
The main characteristics of the beam line are listed in Table 3.6,
and a layout of the area is given in Figure 3.16.

Table 3.6: Characteristics of the fjE1 beam line.

Mode
Momentum acceptance [FWHM]
Pion momentum [MeV/c]
Muon momentum [MeV/c]
Rate of jr [mA-'s'1]
Spot size [FWHM] horiz.

vert.

A
3%

220 150
125 85

6 x 1 0 ' 3 x 10'
39 mm
25 mm

B
1%

220 150
125 85

2 x 10' 1 x 107

28 mm
17 mm

Fig. 3.16: Layout of the fiE1 area.
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Collection and Decay Sections

Pions produced at target TE are momentum selected by a bending
magnet and then focused by a quadrupole doublet onto the en-
trance of a superconducting solenoid of 8 m length, 12 cm inner
free diameter and 5 T field strength. There muons are collected
from pions decaying in flight.

The length of the solenoid was chosen in relation to the pion decay
length l̂  [m] = 0.055 x pn [MeV/c].

About half of the pions decay in the solenoid at p̂  = 220 MeV/c.
In this case a broad spectrum of muons is available at the solenoid
exit, ranging from 120 to 240 MeV/c.

Extraction section

The second part of the beam line allows selection of a central
muon momentum different from that of the injected pions, prefer-
ably at the low momentum edge corresponding to muons decaying
backwards in the centre of mass system. In this case the contami-
nation from electrons originating at the pion production target is
very low (e/(i = 5%), and the muon beam polarization reaches a
high value around 75%. Two different modes of operation are
available:

• Mode A is achromatic with low momentum resolution for experi-
ments aiming at the highest possible flux.

• Mode B is chromatic with good momentum resolution for experi-
ments with thin targets.

Rates for negatively charged muons and spot sizes for the two
modes are given in Table 3.6 for two of the most commonly used
momenta. The rate for positive muons is about three to four times
higher than that for negative muons.
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The |xE4 Beam Line

The jiE4 beam line is optimized for an intense polarized muon
beam in the momentum range between 30 and 100 MeV/c. Its
layout essentially duplicates that of (J.E1: a high acceptance pion
section, a superconducting solenoid and an extraction section. The
beam line is attached to the target station TE at an angle of 90°,
and the system has been adapted to the 6 cm length of the carbon
production target. Matching the lower pion energies available, the
superconducting solenoid is only 5 m long. The extraction system
can be operated in two different modes :

• Mode A is achromatic yielding higher muon fluxes.

• Mode B is chromatic (or analyzing) yielding four times smaller
range widths at a corresponding cost in intensity.

Table 3.7 lists the main characteristics of the extraction section.
The layout of the experimental area is shown in Figure 3.17; in
Figure 3.18 the measured negative muon fluxes and ranges as a
function of momentum are plotted. The flux of positive muons is
higher by a factor of four.

Fig. 3.17: Layout of the (tE4 area.
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Table 3.7: Characteristics of the fiE4 beam line.

Mode
Momentum acceptance (FWHM)
Beam spot at solenoid end [mm FWHM]

Beam divergences at channel end
[mrad FWHM]
CH2 range width at 88.5 MeV/c [g/cm2]
CH2 range width at 50.0 MeV/c [g/cm2]
Beam spot size at target [mm FWHM]

Mean muon polarization [%]

A
13%

50
35

100
300

2.0
0.3

60
40

B
3%

horiz.
vert.
horiz.
vert.

0.55
0.1

horiz.
vert.
75
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The muon channel |iE4 has the following advantages over the
channel:

• It is designed for experiments requiring low momentum and/or
small range widths, as seen in Figure 3.18. It is possible to
select even lower muon momenta than 50 MeV/c.

• Low neutron background due to the use of a 90° pion produc-
tion angle. Since the muon area jiE4 is located at backward
angles with respect to the target TE and the beam dump, very
few high energy (> 100 MeV) neutrons reach the area from
these sources (103 neutrons mA 1s1cnr2).The main source of
fast neutrons in the energy range from 1 MeV to 100 MeV is
therefore the pion dump after the last bending magnet, which is
well shielded. A second source of neutrons (in the case of n
operation) is the slit system where halo muons are dumped.

Contact persons for pion and muon beams: R. Abela,
F. Foroughi, D. Renker.

PhD student Ketevi Assamagan and
Dr. David Mzavia from Tbilisi, who
provided the cesium-iodine (pure)
crystals for the pion beta decay
experiment (see page 26).
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Superconducting Coil Iron Yoke
\ ;

\

Outer Drift Chamber \ \ !

Inner Drift Chamber

Target

Cryostat

Ce^renkov Hodoscope

Inner Hodoscope

Scintiiiator Hodoscope

The detector SINDRUM II, used to search for //-e conversion.
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3.2 Beams from Injector 1

Types of Beams

The Philips Cyclotron (Injector 1) is equipped with an internal
source, and an axial injection system which is supplied by either
a home-made intense source of polarized protons and deuterons,
or by a High-B, 10 GHz, CAPRICE ECR source of heavy ions.
Practical energy ranges are illustrated in Fig. 3.19. Beams of the
lighter species have been produced routinely over a large energy
range in the past, and their parameters are well known. The heavy
ion beams (available since 1994) require further development.

Fig. 3.19: Practical energies in MeV/
amu as a function of the mass number
of the accelerated particles

100
E/A

p d 3He4He C O Ar Kr Xe Pb

10 •

Z/A=0.5:

I Maximum Field Limit
(lor p HF Limit)

10

I Intensity Limited by
Injection Energy

100 1000

Minimum Field ! Energy and Intensity
Limit Limited by Charge

State

Typical Beam Properties

Emittance:

Energy resolution:

Intensities:

for all beams

dispersionless mode
analysed mode

P

P. d

Polarized p, d

a
Heavy Ions

30 mm mrad

ABE down to 2.5 x 103

AE/E down to 2 x 10-4

150 nA as injector for the Ring
<100 nA for isotope production (IP1)
10 uA for low energy experiments
(limited by shielding)
up to 12 uA depending on energy
up to 15 MA depending on energy
strongly dependent on ion type and energy, for
example: 2 uA 16O at 200 MeV; 10 nA 208Pb
at 600 MeV (design values)
up to 5 x 10s s 1 crrr2, <70 MeV, monoenergetic,
polarized
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Research Activities at the Philips Cyclotron (Injector 1)

From 1974 to 1984 the Philips Cyclotron was used mainly for injection into the Ring
accelerator, about 20% of the time being reserved for low energy nuclear physics.
When Injector 2 became operational in 1985, Injector 1 was used as back-up during
shut down and beam development periods (20%), to an increasing amount for isotope
production and cancer treatment (20%), and for low energy nuclear physics.

Evolution since 1990 is shown in the Figure below, which illustrates the shift in re-
search activities. The extrapolation to 1995 is based on proposed new experiments.
The reported values of the beam time attributed to the different type of activities
include production, set-up and specific beam developments. An important task re-
mains the injection of polarized protons into the Ring accelerator. The nuclear physics
program is reduced and concentrated on investigations of the N-N interaction and of
basic symmetries, both with polarized beams, and on high resolution nuclear
spectroscopy. The growing field of applications of particle beams in different domains
like atomic physics, radiochemistry, materials sciences and biology is expected to play
a dominant role in the future. The commissioning of the ECR heavy ion source in
1993/1994 strongly encourages these activities. The isotope production program con-
centrates on 11C for PET patients. The eye cancer treatment facility OPTIS is now
operated 13 weeks per year, and the possible use of deuterons and heavier particles
is under investigation.

Nuclear and Particle
Physics

I Polarized protons for the
' Ring accelerator

I Atomic Physics,
' Radiochemistry, Materials

Sciences

Various irradiations
(astrophysics, radiation-
hardness tests of
electronic components,...)

I Biology, Dosimetry

Tumor treatment (OPTIS)

I Isotope production for
medical application

1992 1993 1994 1995

Allocation of the Philips Cyclotron Beam Time
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Special features

Time structure: The pulse repetition rate is 16.9 or 50.6 MHz for 72
MeV protons. For operation at variable energy, frequencies be-
tween 4.7 and 17.1 MHz are used. Particles with energy between
5 and 72 MeV/amu are accelerated in the first harmonic mode.
The third harmonic mode is suitable for particles with E/A<7.5
MeV/amu. The phase acceptance of the pulse is about 20° FWHM.
It can be reduced to 6° at some cost in intensity.

Pulsed beams: Single pulse selection is achieved by a fast exter-
nal deflector. Beams with selection factors of 1/2 to 1/20 have
been routinely produced. Slow pulsing (rise time limit: 200 us) of
the polarized beam is available also. Other schemes are available
on request.

Polarized beam: The source is equipped with a medium field tran-
sition between the sextupole magnets, 3 strong field transitions (3-
5 and 2-6 for deuterons, 2-4 for protons) and a weak field transition
for protons and deuterons. For protons, the polarization is typically
76% (82% at 1/3 of the maximum intensity). For deuterons it is 80-
85% of the maximum theoretical value available with this RF sys-
tem.

Low Energy Experimental Areas

A layout of the low energy beam lines is shown on Fig. 3.20.

The facility is equipped with four experimental areas, called
Analysierbunker and INIiederenergieareal A, B, C:

AN The Analysierbunker contains a 120° analysing magnet, a
five port switching magnet, an isotope production facility
(IP1, -60° beam line) and a small irradiation station without
beam handling devices (-20° beam line).

NE-A The +60° beam line serves one target station and the eye
tumor treatment facility OPTIS.

NE-B The +20° and the -5° beam lines transport the beam to
three target stations. Two stations are specially dedicated
and equipped with permanent detector systems. The sec-
ond station on the -5° line is housed in a separate vault.

NE-C The -5° beam line ends in the area NE-C where two target
stations are available. The beam can also be switched to
a neutron production facility. A set of solenoids and bend-
ing magnets allows the orientation of the proton (or neu-
tron) polarization vector along the three coordinate axes.
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5 10 15m

Injector 1
Cyclotron

Fig. 3.20: Layout of the PSI low
energy beam lines from Injector 1

While some target stations are permanently occupied by large
experimental devices, new experiments can in principle be in-
stalled in all areas. Limitations are set by the low radiation levels
needed in the areas NE-A (OPTIS Facility) and NE-B (background
sensitive experiments) and by restriction to small experimental set-
ups. The area NE-C is equipped with a 3.2 ton crane and has
direct external access, allowing fast installation and removal of
large equipment.
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The electronic equipment can be installed in a dedicated
counting room connected by terminals and work stations to
the PSI Vax Cluster. A small separate computing room is also
available.

Experimental Equipment

Most of the experimental equipment has been developed by
user groups in collaboration with PSI. The following devices
are currently in use:

• Be or liquid deuterium production targets for unpolarized
and polarized neutrons respectively

• Polarized hydrogen target for neutron experiments

• Large scattering chambers specially designed for polari-
zation experiments

• p spectrometers and polarimeters

• Double scattering apparatus for p and d polarization
transfer experiments

• Beam polarimeters

• y coincidence, anti-Compton and high resolution bent
crystal spectrometers

• Jet target for production and transport of radionuclides

• Vertical beam for biological experiments

These devices are operated by the particular user groups. How-
ever, some of them can be made available for general use (scat-
tering chambers, neutron production target, beam polarimeters)
(contact persons P. A. Schmelzbach, T. Stammbach).
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3.3 Beams in the NA-Hall

The NA-hall is designed as a multi-purpose facility with nucleon
beams of high intensities. Its layout is shown in Fig. 3.21. The area
can be used for experiments with polarized or unpolarized protons
and neutrons. For both kinds of nucleons the available energy
ranges from about 100 MeV up to a maximum of 590 MeV.

Fig. 3.21: The NA-hall.

A proton beam of 590 MeV can be brought into the hall either by
splitting off part of the main PSI proton beam by means of an
electrostatic septum after extraction from the cyclotron, or by
switching the whole beam into this line with a magnet. From shield-
ing considerations the intensity of the proton beam in this area is
limited to 20 (aA, which corresponds to the expected maximum of
the polarized proton beam.

In the NA-hall a first target station (Proton IRradiation Experiment
PIREX) is used for radiation damage studies (see chapter 6.2).
Typical intensities used are 20 |JA at 590 MeV. At this place the
energy of the beam can be reduced in steps of 2.3 MeV by means
of several remotely controlled carbon and copper plates. Such a
degraded beam (typically 200 MeV, 1 nA) is used for the proton
therapy installation (see chapter 5.2) and for radiation damage
studies in the Proton Irradiation Facility PIF (see chapter 6.1).
Particle physics in the NA-hall is done using nucleon beams in the
area NA2. First, if the target station N is empty the proton beam
can reach NA2 without distortion and can be used for proton in-
duced reactions between 100 und 590 MeV with intensities up to
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10'° p/s. Secondly, for experiments with neutrons, a 12 cm carbon
target is moved into the beam at station N. Behind the target the
remaining protons are swept out of the neutron beam while the
neutrons are collimated towards two experimental set-ups.

Polarized Nucleons

For physics with polarized nucleons a vertically polarized proton
beam is extracted from the 590 MeV ring cyclotron with an inten-
sity of more than 10 jaA. Its polarization, typically about 75%, can
be reversed easily at the source with a maximum frequency of 100
Hz, and is monitored by a special polarimeter located at the PIREX
station. The polarization of the protons can be rotated into different
orientations with respect to the beam by means of superconduct-
ing solenoids SOL1 and SOL2. The subsequent bending magnet
deflects the protons by 31° to their final direction towards target N,
and rotates the spin into the longitudinal direction.

The polarized proton beam is also used for the production of po-
larized neutrons in a carbon target. The polarization of the neu-
trons can be rotated into different orientations using dipole
magnets in front of the experimental set-up.

Fig. 3.22: Polarization and energy
distribution of neutrons in the NA2
area.
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The polarized neutron beam has the following features:

1) continuous energy between -250 MeV and 580 MeV;
2) average polarization -35% - 45% with all possible orientations

A A f< .

s, n, k);
3) intensity ~5 x 106 n/cm2 s at 12 m from the production target

using the polarized p -̂beam (10 JIA).

The neutron energy spectrum, obtained from time-of-flight meas-
urements and the neutron polarization are displayed in Fig. 3.22.

Two spectrometers working simultaneously are installed in NA2. At
the first a frozen spin polarized target (100 cm3) is installed. The
second experiment has an LH2 target and analyzes the recoil pro-
ton polarization.

Contact person: M. Daum.
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Two departments at PSI are active in condensed matter research
and materials science. While the department for applied solid state
physics deals mainly with synthetic methods and applications, the
department for solid state research at large facilities emphasizes
the analytic approach and its experimental methods at various
facilities (Tandem van de Graaff, Spallation Neutron Source etc.).
This organisation has been formed to meet the new aims for re-
search at PSI. The institute's major facility, the proton accelerator
complex, will be used to provide the proton current to drive the
new spallation neutron source - the primary facility for experimen-
tal activities in condensed matter research in the near future.

Research at the Neutron Spallation Source

• crystal structures (complementary to X-rays)
• magnetic structures
• magnetic excitations
• lattice dynamics
• structure and dynamics of liquids
• dynamics of quantum liquids
• phase transitions
• precipitation of alloys
• nanostructured materials
• metal-hydrogen systems
• diffusion in solids
• type-ll superconductors
• high-Tc-superconductors
• polymer conformation and dynamics
• disordered structures
• protein-crystallography
• fullerenes

4.1 General Design

After penetrating the two meson targets (M and E), about 70% of
the main proton beam from the PSI cyclotron used to end up in a
beam dump. Now this part of the beam can be deflected into an
extended beam line and guided to a final target, designed to stop
the proton beam and produce neutrons: the target of the Spallation
Neutron Source SINQ.
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main target
shield

target services and
controls building neutron

guide hall

used target
repository

proton beam
transport line

The SINQ
Facility

The 50.6 MHz RF of the PSI cyclotron is too fast to induce a useful
pulse structure in the emitted neutron beam. The concept of SINQ
is therefore that of a steady state neutron source, which aims to
provide the highest possible neutron flux that can be generated
from the available beam power, and to offer the maximum possible
space for instruments. For this reason the proton beam is injected
into the target vertically from below, freeing the space around the
target for beam extraction. A perspective view of the Tacilities U
shown in Figure 4.1. The target block, which is shown partly c .
open to display the space in which the steel containment is in-
serted, surrounds a 2 m diameter DeO tank on whose axis the
target, with essentially cylindrical geometry, is positioned (Figure
4.2). The D2O moderator guarantees a long thermal neutron life-
time and hence a high thermal flux. Due to the nature of the
spallation reaction, the thermal neutrons near the target region
always contain a relatively small but undesirable fraction of high
energy neutrons, for which the massive target shielding is needed.
The expected distribution of unperturbed thermal neutron flux in

Fig. 4.1: Partial cut-away view of the
SINQ facility located in the neutron
target hall. The proton beam line
partially shown in the foreground
allows injection into the target from
below. The target shielding is shown
partially sectioned to display the space
where the atmospheric containment is
inserted, and to show the penetrations
for neutron beam ports and cold
source. Located adjacent to the target
shielding and above the neutron guide
shielding bunker is the target service
building, completely within the target
hall. Seven neutron guides, two of
which are visible, lead into the neutron
guide hall.
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Fig. 4.2: The inner parts of the SINQ
target block, showing the target and its
surrounding Dp moderator tank,
which are contained within two
concentric steel tank structures with
controlled atmospheres.
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Fig. 4.3: Contours of the unperturbed
thermal neutron flux in the SINQ-
moderator tank at 1 mA proton current,
for a massive lead target with low ab-
sorption container the highest flux is in
the centre near the beam window with
1.9 x 10u n/crrf s (light green), de-
creasing in steps of 0.2 x 10" n/cm? s
tor each consecutive coloured zone to
1 x 10'3 n/crrf s (yellow) at the edge.
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the D2O moderator is shown in Figure 4.3 for the case of an
optimum target. For a realistic day-one target, the expected flux is
about one half of these va'ucs, but still close to the 1014 n/cm2s
range at 1 mA proton current. All in all, SINQ is a medium flux
neutron source, very competitive with medium flux research reac-
tors.

A schematic floor plan of the entire facility, including the neutron
guides and the proposed instruments for day-one operation, is
shown in Figure 4.4.
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0 5m 10rnHigh Resolution
Powder Diffractometer

Fig. 4.4: Schematic floor plan of the
SINO target and guide hall, including
the neutron guides and the proposed
day-one instruments.

4.2 Experimental Infrastructure

In parallel to the design of the target block and the target itself,
great emphasis is put on the experimental infrastructure for the
instruments. This includes in particular

• spectrum shifters (cold or hot moderators)
• neutron guides
• neutron beam port inserts
• equipment needed to install and maintain these compo-

nents

Since these systems will serve a large number of instruments over
a long time, we consider it particularly important to provide state-
of-the-art equipment, even if this limits the number of instruments
we can provide on day one.

Two spectrum shifters (cold or hot moderators) can be located
near the maximum of the thermal neutron flux in the D2O-tank.
One of these is a 20 litre liquid D2 moderator, feeding the neutron
guide system on one side and a pair of beam tubes on the oppo-
site side.

A set of six neutron guides serves to transport cold neutrons
through the main shielding. The characteristic data of the guides
are listed in Table 4.1. One of them (1 RNR 16) is divided such that
two guides of reduced cross section (50 x 50 mm2) continue, with
opposite directions of curvature. Hence seven guides penetrate
the shielding of the neutron guide bunker to enter the neutron
guide hall where most instruments are located. The curvature of
the guides prevents a direct view of the source, and thus reduces
unwanted radiation, including fast and high-energy neutrons.
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Table 4.1: Specifications of the neutron guides at SINO. Guide coating is with
super-mirrors m = 2 unless otherwise indicated.

Guide
number

1RNR 11

1RNR 12

1RNR 13

1RNR 14

1RNR 15

1RNR 16

1RNR 17

Angle relative
to centre line

of set

-6.0°

-4.8°

-4.0°

+3.2°

+4.0°

+6.0°

+6.0c

Cross
sections, width

x height
(mm2)

50 x 120

20 x 120

30 x 120

35 x 120

30 x 120

50 x 50

50 X 50

Length of
curvature
Leu. (m)

20

20

20

20

20

20

24

Radius of
curvature

Rcu. (m)

1445

3612

2408

2063

2408

1445

1234

Characteristic
wave length

2.4

1.7
(m=1.2)

1.5

1.7

1.5

4.5
(Ni)

1.9

Except for guides 1 RNR 12 and 16, which serve instruments with
narrow ingoing collimation, all others are coated with super-mirrors
with twice the critical angle of natural nickel (m = 2). The super-
mirror coating is done at PSI. Tests have proved that reflectivities
of 90% or more are obtained routinely with super-mirrors with m
close to 2. Figure 4.5 illustrates the benefit of the super-mirror
coating. Comparing the coloured curves, the gain in intensity and
spectral range using super-mirrors is obvious.

Fig. 4.5: Calculated perturbed wave-
length spectrum for the SINO cold
moderator for a beam cross section of
120 x 35 mm2. The length of the beam
tube is 6 m. Also shown (coloured
lines) are the spectra for a 50 m long
guide coated with natural nickel (m =
1, R = 99.5%) and with super-mirrors
(m = 2, R = 90%), respectively,
illustrating the intensity and spectral
gain obtained by using super-mirrors
(note the logarithmic ordinate scale).
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Neutron beam port inserts in the target block comprise high-energy
shutters, consisting of eight synchronously driven vertical drums
with tapered slits, which also serve to limit the width of the beam.
The beam height can be limited by a horizontal drum that has
three open and one closed positions. A second, horizontal drum in
series with the first holds collimators of different specifications.
This provides a very high degree of flexibility in adjusting the beam
at the monochromator to experimental needs, and avoids
unneccessary activation of the monochromator region by limiting
the cross section of the beam.

4.3 Neutron Scattering Instruments

Fully equipped, SINQ provides space for about 20 neutron scatter-
ing instruments, even if, as currently envisaged, one of the thermal
beam ports will be used for a sample irradiation facility. The layout
of the first generation instruments is sketched in Figure 4.4. Five
of these instruments, planned to operate on day one, are briefly
described below. Their characteristic specifications are summa-
rized in Table 4.2.

Table 4.2: First generation instruments
for SINQ under PSI responsibility.

Instrument

Responsible

Location

Mono-
chromator

28mon

Detectors

Resolution/
range

Special

High resolution
powder
diffractometer

P. Fischer

Thermal neu-
tron beam port

Ge (hkl)

90 + 120 deg

Pos. sensitive
detector 160°

Ad/d = 6 x 1 0 "
or 3 x 1 0 3

Vertically
focusing
mono-
chromator

Four circle
diffractometer

J . Schefer

Thermal neutron
beam port

PG (002),
Cu (220)

15 - 19 deg

2 dim, He-3
210x185 mm 2

Microstrip
detectors
resolution
1,5 x 3mm z

High resolution
triple axis
spectrometer

W. Buhrer

Cold neutron
guide (super-
mirror)

PG (022),
Be (220)

30 - 145 deg

He-3

>7neV

Polarized neutron
triple axis
spectrometer

P. Boni

Cold neutron guide
(super-mirror)

Heusler(111),
PG (002)

3 0 - 1 4 5 deg

He-3

> 7neV

Heusler polarizers

Small angle
scattering
instrument

W. Wagner

Cold neutron
guide Ni-coated

Mech. velocity
selector

—

2 dim,
128 x 128 cells
960 x 960 mm2

3 x 10 3 nm 1

< Q <10 nm1

Double crystal
monochromator
(option)
polarization
[option)
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High Resolution Powder Diffractometer

A high resolution powder diffractometer is located at one of the
thermal beam ports in the target hall. Its layout is shown in Figure
4.6. For maximum intensity, a 20 cm high, vertically focusing Ge-
monochromator concentrates the primary neutron beam to a cross
section of 2 x 5 cm2 at the sample position. Two monochromator
angles 2Bmon = 90° and 120° can be chosen to adjust the incoming
neutron wavelength. The position sensitive detector with an angu-
lar range of 160°, and a resolution of 0.1°, covers almost the entire
scattering range around the sample simultaneously. Using thermal
neutrons, precise structure investigations reaching small
interatomic lattice spacings d are possible with this instrument. The
resolution is of the order of 6 x 104 or 3 x 103 in the high resolution
or high intensity modes of operation, respectively.

Fig. 4.6: Schematic design of the high
resolution powder diffractometer.

monochromator
shielding

sample

Four Circle Diffractometer

The second beam at the same beam port is occupied by a four
circle diffractometer equipped with three 2-dimensional position
sensitive detectors, which are mounted on individual columns and
can be moved around the sample on a common support plate.
Figure 4.7 gives a schematic representation of the instrument. It
serves predominantly for single crystal structural analyses. Since
sample environment equipment for a rather wide range of condi-
tions is provided, including cryostats and furnaces, tilting options
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for the sample are sometimes limited. For this reason it is possible
to move the detectors individually out of the horizontal plane. The
20 x 25 cm2 microstrip detectors with a resolution of 1.5 mm hori-
zontally and 3 mm vertically allow detailed intensity mapping of
individual reflections if desired. Besides rotating and tilting, varia-
tion of the sample-detector distance can be made manually. In
addition to single crystal diffraction, the instrument is also well
suited to texture studies.

Eulerian
craddle

2-dimensionaj
position sensitive
detector

XL

Fig. 4.7: Schematic elevation of the
four circle diffractometer.

sample table detector table

Triple Axis Spectrometers

Two triple axis spectrometers of similar design are installed at the
neutron guides. One is a conventional high-resolution instrument
mainly for small energy transfers; the other is equipped with
Heusler crystals for polarized neutrons.

A schematic representation of the design of the triple axis
spectrometers is shown in Figure 4.8. Great care was taken to
keep the background in the detectors as low as possible. There-
fore, as the tables move, the shielding of the monochromator and
analyser open up only where they are complemented by other
shielding.

57



The Spallation Neutron Source SINQ

Fig. 4.8: Conceptual layout of the triple
axis spectrometers at the SINQ
neutron guides. detector

monitor

monochromator

The non-polarized triple axis spectrometer is used mainly for the
investigation of structural phase transitions and high-resolution
spectroscopy. The super-mirror coating of the guide allows the use
of incoming energies between approximately 2 and 3 meV, cove-
ring a momentum transfer Q up to about 5 A1.

Although in principle of similar design, spin flippers and guide
fields along the neutron flight paths make the triple axis
spectrometer for polarized neutrons somewhat more complex.
Apart from the obvious possibilities of using this device in non-
polarized mode, curved Heusler crystals or polarizing super-mir-
rors are available as monochromators or analyzers, depending on
the neutron energies required.

Standard components are used to build sample tables for all four
of the instruments described above. They are movable on air cush-
ions and have compatible supports for standardized sample envi-
ronment equipment. The clearance from the sample table to the
beam centre line has been set to 400 mm. The spectrometer arms
are designed for 0.01° positioning precision. The precision of an-
gular positioning of the crystals has been specified to be 0.005°.
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Small Angle Neutron Scattering

The fifth instrument to be ready for day-one operation is for small
angle neutron scattering. This instrument serves for structural in-
vestigations in the 1-100 nm range, with applications predomi-
nantly in materials science, metal physics, polymer science and
biology. It allows a maximum sample-to-detector distance of 20 m,
combined with an 18 m long neutron guide-collimator exchanger,
to match the collimation before the sample to the resolution at the
detector. The main components of the small angle neutron scatter-
ing instrument are shown in Figure 4.9. Equipped with a mechani-
cal velocity selector, it could alternatively use a double crystal
monochromator by taking advantage of the fact that two vertically
displaced primary beam paths are possible in the neutron guide-
collimator exchanger. This might be of particular interest if pola-
rized neutrons are desired. The 2-dimensional detector has a sen-
sitive area of 96 x 96 cm2 with 128 x 128 position elements. It can
be moved sideways inside the large vacuum vessel to increase the
accessible Q-range at any detector position. The beam stop in
front of the detector can be adjusted independently.

Fig. 4.9: Main components of the
SINQ-Small angle neutron scattering
instrument.

Sample position table
with x-y-$ adjustment

Evacuated flight
tube for scattered
neutron* with built-in
detector displacement gear

Mechanical velocity selector
with adjustable tilt angle and
lateral position

Laterally movable 2 dimensional position
sensitive detector with Independently
adjustable beam stopper

CoHimator-neutron guide
exchanger with individually
movable sections of different lengths
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Further Instruments

In addition to these five instruments which are designed and main-
tained by PSI, we are preparing to accept at least three more
spectrometers in which interest has been expressed by external
groups. These include a neutron-optical bench (H. Rauch, Univ. of
Vienna, A) with several sets of pairs of perfect crystals for neutron
interferometry and very high resolution small angle scattering, a
backscattering spectrometer (W. Petry, Techn. Univ. Munich, FRG)
and a high-resolution time-of-flight spectrometer (R. Hempelmann,
Univ. of Saarbriicken, FRG). If these projects mature, SINQ will
provide a full suite of high performance instruments to its custo-
mers and users, while even more space is available for new deve-
lopments.

In conformity with its purpose as an external user's facility, about
70% of the neutron beam time will be reserved for experiments
proposed by external laboratories. We are now starting the setting-
up of the organisational structure for handling experimental pro-
posals and the allocation of beam time. Interested scientists from
universities and industry are encouraged to consider the opportu-
nities our source can provide, and to get into contact with the
Laboratory of Neutron Scattering at PSI. Contact persons are G.
Bauer, W. Fischer, A. Furrer.
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Radiation treatment of cancer dates back about 100 years, almost
to the discoveries of Roentgen and Becquerel. At present, about
two out of three cancer patients receive at least some radiation. In
the longer term, there is concern throughout Europe, and in par-
ticular in the EU countries, about the growing human toll of the
disease, and the increasing strain on health and welfare facilities.
In 1985 about three-quarters of a million people died of it in the EU
alone. Given present-day costs, improved (and cheaper) treatment
methods are becoming increasingly important.

One promising line of attack involves the use of accelerators.
Today, mega-voltage electron machines are used routinely to irra-
diate many kinds of tumours. More recently, other kinds of particles
have come into use, some already on a more or less routine basis:
neutrons, pions, protons and other light ioiis. Radiobiology covers
(inter alia) the whole field of the biological effects of ionizing radia-
tion at all anatomical scales from the subcellular (see box) to the
whole organism. Besides its intrinsic interest, it is closely bound up
with the development of new therapies. PSI, with its expertise in all
the disciplines involved - in particular its work on the high intensity
rather than the high energy frontier - and its national and interna-
tional contacts, is very well placed to contribute to the R & D effort,
and to some degree to routine treatments. This is borne out by
experience with the pion irradiation facility (the Piotron, now closed
down after 500 patients had been treated); and with OPTIS and
other equipment described in this section. However, the main goal
is to develop hardware and techniques that can be transferred to
the lower-technology environment of hospitals, clinics, etc., not
only in the developed world.

5.1 Ophthalmological Proton Therapy
Installation SIN (OPTIS)

The treatment of choroidal melanomas with protons began in July
1975 in Boston (Harvard University/Massachusetts General Hospi-
tal). As of 1992 more than 2000 cases had been treated in the
USA. The method was adopted in March 1984 by PSI (then SIN)
in close collaboration with I'Hopital Ophtalmique in Lausanne. The
construction here of "OPTIS", the first installation of its type in
western Europe, is based on the use of Injector 1. Irradiation with
protons is the alternative to enucleation for large choroidal
melanomas that cannot be treated conservatively by any other
technique, or the treatment of choice in cases where a better dose
distribution can be achieved than with radioactive plaques.
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Layout and Beam Transport to OPTIS

OPTIS uses a proton beam from Injector 1 as shown in Fig. 5.1.
The beam line from the cyclotron to the OPTIS treatment point is
about 38 m long. The beam optics is simple and insensitive to the
starting conditions, fulfilling one of the requirements for safe, rou-
tine operation. There are however some unusual features. First, to
ensure the safety of the patient and the personnel, particular atten-
tion has been paid to a sophisticated safety system. Again, partly
to reconcile the fairly high current required for control and safety
purposes with the low dose rate required for treatment, and partly
to enlarge the beam to match the dimensions of the tumour, the
beam passes through a series of scattering foils and collimators.

A
Scattering

Foil

Fig. 5.1: Layout of the OPTIS beam
line.

Properties of the Proton Beam for OPTIS

When protons of a given energy pass through material, they lose
energy to the material and cover a certain range. The specific
energy loss has a maximum at the end of the range, giving rise to
a peak at the end of the depth-dose distribution: the Bragg peak.
The proton beam used at PSI for OPTIS has a maximum range of
31.5 mm in human tissue.
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To obtain a biologically homogeneous dose at depth for therapy,
the proton range has to be modulated. This is done with a com-
bination of aluminium absorbers, both fixed and rapidly rotating,
and copper collimators. The cyclotron beam passes through sev-
eral collimators in such a way that a homogeneous beam of the
order of 106 protons mm2 s ' is obtained over a diameter of 34 mm.
A final copper collimator, 8 mm thick, allows the beam to be
shaped to any desired profile. In tissue, the transverse profile of
the beam is constant over the length of the range. At the end of
the irradiated region the dose falls from 90% to 20% of the maxi-
mum value within 1 mm.

Positioning the Eye Tumour

To make the best possible use of the precisely defined irradiation
field of the proton beam, the tumour has to be accurately posi-
tioned. By a combination of tantalum target rings sutured to the
tumour, an individual face-mask, a "bite block", a stereotactic chair,
and getting the patient to gaze at a luminous point, the tumour can
be located by X-rays to ±0.2 mm before each treatment.
Melanomas are treated in four successive daily fractions, each of
15 Gy-equivalent, lasting 20-30 seconds.

From 1984 to the end of 1993, 1564 patients have been treated at
PSI. Compared to other techniques, proton radiotherapy has been
proved by very satisfactory results. Contact person is E. Egger.

5.2 Proton Therapy Installation

In general, the aim of radiation therapy is to apply a tumouricidal
dose to the target volume (i.e. the tumour itself plus a safety
margin) while sparing surrounding healthy tissue as far as possi-
ble. Protons, because of their physical dose distribution, are well
suited to this aim. Using the spot scan technique of the PSI gantry,
we are able to match the high-dose volume to the target volume
more accurately than with conventional beams (photons and elec-
trons) and techniques. We therefore expect protons to be benefi-
cial in the treatment of tumours in or close to critical anatomical
structures, e.g. central nervous system, head and neck area, kid-
neys, etc. Though the traditional use of protons is for small vol-
umes, large and irregularly shaped tumours are also an indication,
since protons allow a reduction of the integral dose to the body.
Malignancies which cannot otherwise be treated, which have low
local control rates or high complication rates or both, are general
indications for proton radiotherapy.
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The Proton Therapy Beam

The beam used at PSI for proton therapy is obtained by separat-
ing, with an electrostatic splitter, a small part (< 20 iiA) of the
proton beam from the main accelerator. This allows the simultane-
ous utilisation of the beam for therapy (NA3) in the NA-hall and for
physics experiments in the main experimental hall. In the NA-hall
the split beam is slowed in a degrader system from the fixed en-
ergy of 590 MeV down to a variable energy between 270 and 85
MeV, the region of interest for therapy. The degrader consists of
blocks of carbon and copper which are moved into the beam under
remote control. The beam is then analysed in p-iase space and
momentum in a dedicated beam line following the degrader (NA3
beam line) before it is injected into the isocentric gantry system
used for proton therapy.

The nominal phase space of the beam is of the order of 40
mm x mrad in the x and y directions, and the momentum accept-
ance can be selected between ±0.2% and ±0.8% by adjusting the
opening of a collimator installed at the intermediate dispersive
focus of the beam line.

The beam current at the end of the NA3 beam line was measured
in 1992 to be about 1 nA at 200 MeV starting with 20 fiA on the
degrader. An essential component of the NA3 beam line is the fast
kicker magnet, which is capable of switching the beam on and off
with a reaction time of about 50 fis (by magnetic deflection of the
beam through the small gap of a vertical collimator placed up-
stream of the patient).

The vacuum system of the beam line is interrupted by a 20 cm drift
space in air just before the gantry beam line. This space is used
for the installation of a mechanical beam blocker, and for the inser-
tion of beam diagnostic elements and collimators into the beam at
the coupling point to the gantry.

The Isocentric Gantry

Fig. 5.2 shows the layout of the PSI isocentric gantry, which ro-
tates the proton beam around the patient over ±185°. The beam is
first parallel displaced by two 35° magnets to a distance of 1.27 m
from the gantry axis; it is then bent by 90° to be incident perpen-
dicular on the supine patient. Seven quadrupoles and three steer-
ing magnets are used in the beam line to control position and
focusing of the beam. The bending radius of the gantry magnets
has been chosen to be 1.27 m corresponding, at 1.8 Tesla, to a
proton energy of 225 MeV and a range in water of 31.5 cm. This
is the key parameter for the size of the rotating structure of the
gantry, which has a diameter of only 4 metres.
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nozzle (monitor
+ ranjge shifter)

Fig. 5.2: Layout of the PSI compact gantry for proton therapy. The important
components which can be recognized in the picture are the 90r magnet, followed
by the nozzle (with monitor system and range shifter) and the patient table. The
element placed immediately in front of the last bending magnet is the sweeper
magnet used for fast dynamic spot scanning of the beam.

Besides the ±185° rotation, the gantry allows the patient couch to
move under computer control in the three space dimensions, and
also to rotate by 120° in the horizontal plane. Thus, for head treat-
ments, the proton beam can enter from almost any angle.

The beam is focused from the coupling point of the gantry to the
isocentre to produce a 1:1 image in both the x and y directions.
The beam line in the gantry has been designed to be completely
achromatic. In this way a large momentum band (up to ±1%) can
be transmitted through the gantry beam line without increasing the
"dispersive size" of the spot at the isocentre. The angular accept-
ance of the gantry in the vertical direction (±7 mrad) is set by the
gap of the sweeper magnet, which is chosen at present to be only
5 cm wide. The exit angle of the poles of the 90° magnet was
designed to produce parallel sweeping of the beam at the
isocentre. The curvature of the entrance and exit faces of the poles
of the 90° magnet, and the slanted gap of the poles of the sweeper
magnet, were optimised to produce energy invariant focusing prop-
erties of the swept beam at the isocentre (orthogonal x-y focal
planes of the swept beam).

The devices for the spot scanning of the beam (sweeper magnet,
monitors and range shifter system) are an integral part of the
gantry design and are combined into the beam optics. For a de-
scription of the medical utilisation of the proton beam we refer to
the published literature. Contact persons are H. Blattmann,
G. Munkel and E. Pedroni.
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5.3 Radiopharmacy and Positron Emission
Tomography (PET)

For research and development of new radiopharmaceuticals the 72
MeV beam of either Injector 1 (IP1, see Fig. 3.20) or Injector 2
(IP2, see Fig. 2.1) can be used for isotope production (partly en-
ergy degraded). The production facility IP2 (in operation since
1986) is supplied with protons split off from the Injector 2 beam.
The splitter allows the provision of an isotope production beam of
up to 100 nA without disturbing the alignment of the main beam.
Different production targets can be placed in the beam: gas targets
for 15O, 11C and 18F; a liquid target for 18F; and solid targets for 82Rb,
123| 67QU t 0 m e n t j o n the most important. The main research activi-
ties of the Radiopharmacy Division are new PET-tracers for brain
neurotransmission, used by the PSI medical PET program and
external PET centres, as well as new SPET-tracers clinically tested
in European nuclear medicine departments. The second research
interest is therapy with such new isotopes as 67Cu, "1Ag or 186Re.
The effort is directed towards three subjects: first, the improvement
of tumour seeking vehicles, in particular the construction by chemi-
cal means of novel molecules derived from antibodies, which are
directed against antigens on the surface of tumour cells; second,
development of chelating ligands and labelling procedures; third,
development of large scale production of the radionuclides men-
tioned above. Contact person is P.A. Schubiger.

The PET Scanner at PSI:

PSI has a CTI/Siemens 933/04-16 whole body PET scanner at its
disposal (the purchase of a new PET scanner is currently being
negotiated). The nuclides normally used are 11C, 150,18F and 52Fe.
The primary research interests, in collaboration with outside users,
are pathophysiology and pharmacology in degenerative disorders
of the brain, and in oncology. Contact person is K. Leenders.

5.4 Other Facilities

In this section we describe briefly five more research activities
which use existing or planned particle beams. The first four are
managed within the Institute for Medical Radiobiology IMR (contact
person: B. Larsson). IMR is a joint institute of the University of
Zurich and PSI, with teaching and research responsibilities on a
national level, in radiobiological aspects of radiation protection,
and in the management of nuclear incidents.

67



Biomedical Installations

The Brown Boveri Betatron

The Brown Boveri Betatron provides electron and photon beams
for general biomedical and other purposes. First installed in 1951
at the Kantonsspital in Zurich, it was transferred in 1968 to the
University of Zurich. Electrons in the energy range from 8 MeV to
30 MeV are routinely extracted from the betatron; energies as low
as 5 MeV can also be obtained. Extracted currents are of the order
of one nA at 30 MeV and less at lower energies. By directing the
electrons onto a Cu target, photons of up to 30 MeV can be pro-
duced. Maximum photon dose rate at 30 MeV is 0.45 Gy/min;
maximum 30 MeV electron dose rate is 5 Gy/min.

Single Track Particle Beam

For biological experiments a special beam line has been devel-
oped to allow beam intensities of 105 to 107 particles/s with a
circular beam spot 3 cm in diameter. The beam line is set up in the
low energy area NE-C. The extracted beam intensity from Injector
1 is 0.1 to 5 nA. The particle energy can be set from ca. 10 to 72
MeV/amu. The primary beam is focused to a 3-4 mm spot centred
on a 5 or 10 micron gold foil. Particles scattered into a solid angle
of ca. 105 sr at an angle of 15° in the horizontal plane are colli-
mated and transmitted by a quadrupole triplet. A 90' magnet then
bends the beam upwards to the target, which is 3 metres above
the floor. A circular beam spot of 3 cm in diameter at the target is
formed by adjusting the beam line focusing. The position and size
of the beam are monitored with beam profile monitors using 1 mm
plastic scintillator fingers coupled to photomultiplier tubes by fibre
optics cables. The intensity of the beam is measured with a 1 mm
thick scintillator counter just behind the target. The aim of this
facility is to study the effects of single particles on individual cells.
It is also possible to monitor the position of a particle impact within
a cell.

Neutron Microradiography

Neutron microradiography is based on the labelling of biological
structures with stable nuclides which have large cross-sections for
thermal neutron capture, followed by irradiation with slow neutrons.
Tracks from the resulting captures are recorded in organic solid-
state track detectors. Suitable reactions are 10B(n,4He)7Li,
14N(n,p)l4C and 17O(n,4He)'4C. The concept permits sensitive, high-
resolution microradiography of biomedically important elements
(which have no long-lived radioactive isotopes), while avoiding
problems arising from radioactive decay. It has been extensively
tested at an existing reactor-based thermal neutron facility in
Studsvik, Sweden.
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At SINQ, the new PSI Spallation Neutron Source, the preferred
method of generating a clean cold neutron flux from the liquid
deuterium source is to use curved, guided beams, based on super-
mirrors (see chapter 4.2). Such devices, under construction for
SINQ, are calculated to be able to deliver capture fluxes of several
times 109 neutrons cm2 s1 over an area of several tens of cm2,
enough for radiography.

BNCT

Boron Neutron Capture Therapy (BNCT) is a promising cancer
treatment that has been under study at PSI and elsewhere for
many years; a version is in use in Tokyo. Briefly, the concept is to
load a tumour with 10B, and then irradiate the region near the
tumour with neutrons of keV energy, which have little effect on
surface tissues. TK- leutrons, after moderation in the tissue, will
be captured in the reaction 10B (n,a)7Li. More than 2 MeV is liber-
ated as kinetic energy of the a and Li, which have ranges of the
order of a cell diameter. If there is enough 10B in the tumour (30
ppm or more, with 1/3 or less of this in neighbouring healthy tis-
sues), and if the neutron fluence is adequate (1013cm2 over a
period of perhaps three hours), then about twice as much dose will
be delivered to the tumour as to nearby healthy tissue - a consid-
erable advantage. It is hoped to have a BNCT facility available at
PSI within the next few years, based on a 72 MeV 100 /JA proton
beam.

Magnetic Resonance Imaging

The phenomenon of magnetic resonance allows the study of sub-
tle effects in biological systems. For this purpose a commercial
type SIS 200/330 NMR Imaging Spectrometer, made by
Spectroscopy Imaging Systems Corporation Varian Associates,
Inc., Sunnyvale, California 94089 is used by the department for
Radiation Hygiene (contact person: R. Andres). The magnet sys-
tem is a 4.7 Tesla OXFORD Mark III superconducting magnet.
Some specifications are given in Table 5.1:

Magnetic field
Room temperature bore (without shims)
Clear bore
Length of the magnet bore
Distance from face plate to isocentre
Stray-field (5 Gauss line)

Gradients in bore

4.7 Tesla
330 mm
254 mm

1'252 mm
558 mm

6.95 m on-axis
5.60 m on-radius
2.3 G/cm

Table 5.1: Specification of the NMR-
magnet
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The host computer is a Sun SPARCstation 330GX, with 24 MByte
RAM, 669 + 327 MByte disks; software is standard VNMR
(Autoshimming, Control processing and display of NMR spectra
and images).

The RF System is as follows: Broadband RF transmitter with
amplitude and phase modulation; Frequency range 9 - 200 MHz;
1 kW RF Amplifier; Probes: 1H/19F volume coils with 159 mm and
82 mm ID respectively; Surface coil probe with coils for 'H, 2H, 13C,
19F, 23Na, 31P.

Biological Cells and Radiation

A eukaryotic cell (of which complex organisms such as PSI users are built up) consists of
the so-called cytoplasm, contained in a roughly spherical membrane typically 10 microns in
diameter; within the cytoplasm is the nucleus, typically 10% of the volume, which holds the
genetic information about the cell coded into a set of DNA molecules, the genes. In
prokaryotic cells (bacteria, etc., which tend to spend their lives alone rather than in
monoclonal communities like us) there is no nucleus.

The fundamental effects of radiation on living cells are at the atomic/molecular level. Atoms
in cells are a few tenths of a nm apart. A minimum ionizing charged particle on its way
through a cell will create an ion pair about every 160 nm along its track. A heavily ionizing
particle (100 keV/micron or more) ionizes most atoms on its track, disrupting the local
chemical structure. Because biological effects depend strongly on the linear density of ion
pairs, there is an important distinction between high and low linear energy transfer1 (LET).
Given the complex geometry and chemistry of DNA, the nucleus is much the most sensitive
part of a cell to radiation damage.

Biological effects can be studied in various ways. One can irradiate a culture of cells, and
observe the effects, over the short or long term. A more recent idea is to irradiate individual
cells, so precisely that one can distinguish between impacts at different sites within the cell.

The effect on a group of cells of the gram to kg size encountered in practical tumour therapy
depends largely upon the ability of damaged cells to repair themselves. Indeed, a cancer can
be regarded as the progeny of a cell which has been damaged (not necessarily by radiation),
which has recovered imperfectly, and which is proliferating out of control, fn general, therapy
can attempt to concentrate dose on tumours, or it can exploit the difference in recovery ability
between cancerous and healthy cells - the goal of fractionation schemes. These can be
combined together, (as in OPTIS or the Proton Therapy Installation, described in Section 5.1
and 5.2); and perhaps with other techniques such as drugs (as in BNCT, described in 5.4).
All these concepts are active areas of research and development at PSI.
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PSI has always been ready to offer its beams for applications
outside Nuclear and Particle Physics, to use by external organiza-
tions and industry. Proton, neutron, ion, pion and muon beams are
produced with high intensity and quality, either to test materials
and components for radiation hardness, or to test and calibrate
detector elements and electronics for use in external experiments.
The latter is important since PSI collaborates with Swiss universi-
ties in a number of external projects (see Box: List of Nuclear and
Particle Physics Experiments on Page 18).

6.1 Proton Irradiation Facility (PIF)

The Proton Irradiation Facility (PIF) in the NA-hall was built in 1992
by the PSI Astrophysics Group under a contract with the European
Space Agency. The main tasks of PIF are to study proton induced
effects on semiconductors, materials and man. As PIF should pro-
vide reliable information on effects caused by cosmic radiation in
satellite electronics and devices, emphasis is given to generate
realistic proton spectra encountered by spacecrafts in any possible
orbit. The facility serves, however, not only for the irradiation of
electronic components; PIF has been specially designed for a wide
range of applications. The characteristic features of the facility are:
broad range of energies and intensities of the proton beam; fast
and uncomplicated experimental set-up; flexibility towards user
requirements; and user-friendly operating systems. Experiments in
solid state physics and atmospheric physics can be performed, as
well as tests of particle detectors (e.g. CCDs), radiation monitors
and technologically novel semiconductors.

PIF investigations cover the following fields:

• studies of the radiation hardness of electronics;
• basic research on radiation effects in semiconductors;
• development of radiation monitors for space applications;
• tests of new, radiation-hardened technological products;
• performance studies of modern instruments, like SQUIDs,

CCDs etc., in the radiation environment;
• investigations of isotope production rates for atmospheric

physics;
• studies of biological effects for radiation protection pur-

poses;
• calibration of detectors for high energy physics and satel-

lites.
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The proton beam for PIF is delivered by the 590 MeV Ring accel-
erator with the help of the electrostatic beam splitter, which de-
flects between 1 and 20 /JA of the beam into the NA-hall (see Fig.
3.21). After the PIREX target station, the beam passes through a
set of exchangeable copper-graphite blocks (PIREX degrader), re-
ducing its energy and intensity, and is guided to the NA2 and PIF
areas. The PIF experimental set-up consists of the local PIF en-
ergy degrader, beam collimating and monitoring devices, and a
movable X-Y table with the sample holder (see Fig. 6.1). The
maximum allowed energy is 300 MeV; the current at this energy is
limited to 3 nA not to activate the experimental area.

Irradiations are usually carried out in air. According to experience
and user requirements, the monitor detectors are selected for each
experiment individually (ionization chambers, PIN diodes, plastic
scintillators). The irradiation is controlled through a set of sealers
and a PC-based data acquisition system. The system monitors the
flux of protons, calculates deposited dose and controls the position

Fig. 6.1: PIF experimental set-up

3x10

50 100 150 200 250
Degrader thickness [mm]

Fig. 6.2: Energy of protons vs. PIF degrader thickness.
Vertical bars show the energy straggling.

0 100 200 300
Proton energy after degrader [MeV]

Fig. 6.3: Maximum proton flux and dose rate (for Silicon)
for 1 IJA initial current at the PIREX target.
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of the sample and beam focus parameters. It also allows for set-
ting the beam energy with the help of the PIF energy degrader.
This allows to perform fully automated irradiations with arbitrary
proton spectra.

Main characteristics of the facility:

• Standard proton energies (after the PIREX degrader):
300, 254, 212, 150, 102 and 60 MeV, accurate to within
1%;

• Energies available using the PIF degrader: quasi continu-
ously up to 300 MeV - see Fig. 6.2;

• Energy straggling after the PIF degrader for 300 MeV
initial beam typically 7.2 MeV at 200.0 MeV and 15.4 MeV
at 50.0 MeV - see Fig. 6.2;

• Upper limit of the beam intensity at 300 MeV: 3 nA (0.5
nA at 50 MeV); the minimum intensity can be set as low
as a few protons/s;

• Maximum flux-dose rate at the beam centre for 300 MeV:
2.5 x 107 protons x cm2s1 - 1.2 rad s1 (0.012 gray s1) with
1 uA beam at PIREX - see Fig. 6.3;

• Beam profile at 300 MeV: Gaussian-like with 0 = 2 cm. It
can be flattened by defocusing the beam;

• Irradiated sample area: 10x10 cm2 or smaller, depending
on collimators and defocusing;

• Neutron background: less thaniO4 neutron/proton x cm2;
• Accuracy of the flux-dose determination: 5%.

The PIF operates as a main user or in parasitic mode with the
PIREX experiment. Because day shifts are usually reserved for
biomedical applications, PIF runs mainly at nights and during
weekends. There are about 6 to 8 weeks per year of beam time
available for PIF. Generally it is requested that users of PIF provide
funds for their beam time. Short-duration experiments require an
irradiation request only, whereas longer ones need approval by the
cyclotron Research Committee. For more information please con-
tact the PSI PIF project manager A. Zehnder.

6.2 Proton Irradiation Experiment (PIREX)

The PIREX (Proton Irradiation Experiment) installation is a facility
designed for radiation damage studies, mainly in metallic materi-
als. Its main purpose is the testing of candidate materials for fusion
reactor components. The 590 MeV protons simultaneously pro-
duce displacement damage and spallation products, amongst
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them helium, that simulate the effects of fusion neutrons. The fa-
cility became operational in March 1986. After extraction of the 590
MeV proton beam from the Ring cyclotron, an electrostatic septum
is used to split 10 - 20 ^A off the main beam for transport to the
PIREX beam line. This line has been designed so that a variety of
target geometries can be irradiated with luminosities of up to 4
uA mm2 of a positionable and spatially stable beam, focused by a
quadrupole doublet onto the plane of the specimen being irradi-
ated. The beam position in both horizontal and vertical axes is
defined by two sets of steering magnets, and is controlled by four-
teen profile and centre of gravity monitors. The luminosity at the
target is checked by a beam monitor. To improve the dose uniform-
ity on the target produced by the Gaussian intensity distribution of
the beam, a beam wobbler can be used to displace the beam
linearly with time. Local control and transport software calculate
the magnet settings needed for a given beam size and geometry.
The beam centering and positioning is controlled by standard soft-
ware.

The irradiation head is inserted vertically into a double wall
vacuum container, isolated from the beam line vacuum. The beam
is transported through 100 urn aluminium windows, and can be
discarded in a water cooled dump behind the target. The beam line
is locally surrounded by 3.5 m of iron shielding.

Fig. 6.4: The in-situ testing head
allowing fatigue tests during
irradiations.
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Since a large amount of heat is generated in the target, the speci-
mens are cooled by a stream of helium gas, circulating at pres-
sures of up to 40 bars at 8 -10 m/s. The cooling power of the
system is ~ 120 W cm2. The temperature of the gas is regulated
by a 29 kW counterflow heat exchanger that cools the gas as it
exits the specimen region, and a 9 kW electrical heater that can
preheat the input gas. Irradiation temperatures in the range 310 -
800 K can be obtained.

Two types of target geometries are normally used: (i) flat, tensile
type specimens, in which the irradiated region is typically 0.3 mm
thick, 6 mm wide and 9 mm long, and (ii) thin walled tubes, 3.4 mm
external diameter and 0.3 mm wall thickness, that are used for
fatigue testing. The specimen is placed coaxially in a cooling tube
in which the helium circulates. Up to three specimens can be irra-
diated simultaneously.

An in-beam testing head is also available (Fie, 6.4). The specimen
in this case is also tubular, with an irradiated region of the same
size as the post-irradiation fatigue sample, but the cooling gas now
circulates inside the specimen tube. A computer controlled system
allows testing the deformation of the specimen under beam, for
tensile, relaxation, creep or fatigue applications. Studies of the
dynamical interaction of beam damage, helium and stress can
then be performed.

A transport bottle is used for the transport of the heads to the Hot
Laboratory, where new targets can be installed using one of the
hot cells. Calculations of spallation impurity production and dis-
placement damage in different target materials are performed us-
ing a modified version of the HET code.

Typical investigations already performed or in the present (1994)
research program are:

• Studies of the defect structure produced by low proton
doses (10"3 - 10' dpa) in Cu, Au, Pd, Fe and Mo.

• The effects of radiation damage and helium on the post-
irradiation properties of the European cast MANET of the
DIN 1.4914 ferritic-martensitic steel.

• The in-beam, low cycle fatigue and relaxation properties of
the MANET steel.

• The combined effects of damage and helium on the me-
chanical properties of Mo and Mo-alloys.

• The post-irradiation mechanical properties of ferritic-
martensitic low activation steels.

• The amorphisation of Si by high-energy recoils.
• The synergetic effects of damage and helium in Cu-Cr-Zr

and Cu-AI2O3 alloys.
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Construction of the facility has been partially financed by the Eu-
ropean Fusion Technology Program. Research is organized on the
basis of Task Contracts with the Program. For further information
and beam availability please contact M. Victoria or D. Gavillet of
the CRPP-Fusion Technology-Materials Division Lausanne.

6.3 Test Beams

All the PSI beams, except for the primary proton beam, can be
used as test beams. 72 MeV proton beams from Injectors 1 and
2 can be used in the isotope production areas. The seven pion and
muon beams discussed in chapter 3.1 can also be scheduled for
test experiments. The area ;iM1 is no longer used much, and we
plan to transform it into a general test beam area for moderate
intensities. Apart from testing scintillation, semiconductor, and gas
detectors, the time structure with a bunch separation of 20 ns
allows realistic testing of high rate data acquisition and pipelining
systems for HERA and LHC detectors (bunch separation 100 ns
and 15 ns, respectively). The 7tE3 beam delivers large rates of
pions which can be used to study pion radiation damage, a poten-
tial danger for LHC detectors because of the strong 3,3 resonance.

Independent of the accelerator, well calibrated Cobalt sources
(1000 Ci) can be used for dosimeter calibration and electromag-
netic radiation damage studies. In case of questions please con-
tact C. Petitjean or A. Janett.
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PSI offers to the users a large infrastructure, distributed over all
research and logistic departments. A full range of high-level knowl-
edge and expertise, and state-of-the-art equipment, are available
for use in planning, designing, building up, running and evaluating
experiments done either at our own accelerators or at external
accelerator centres. In order to accomplish professional planning
matched to the available budget and synchronized with the avail-
able manpower, early contact between the project leader and the
responsible PSI staff is mandatory. Smooth and safe running of an
experiment and the well-being of our users largely depend on
mutual understanding and consideration, and on cooperation be-
tween PSI staff and users.

7.1 Support for Experiments

Detector Support

In the detector group (contact person: H. Kaspar) there is a long
and successful tradition of research and development in the field
of gas-filled detectors. Over almost two decades, multi-wire pro-
portional chambers of various geometries (planar and cylindrical)
have been built and tested, and a wide range of gas mixtures
investigated. Detailed experience has been accumulated in the
domain of gas scintillation proportional counters, not only for the
detection of charged particles, but also for high resolution
spectroscopy of atomic X-rays. The upgrade of the accelerator,
providing experimenters with a considerably increased beam inten-
sity, triggered the development of high-rate beam chambers. Sev-
eral prototypes and their electronics have been tested, and we
plan to continue these activities. The necessary equipment, wiring
machines, clean rooms, etc. are operated and maintained by three
technicians who are also experts in various techniques used in
detector construction (glueing, spotwelding etc.). Support in asso-
ciated mechanical and electronic design comes from two engi-
neers (mechanical and electrical). Fairly rugged MWPC's with two-
dimensional read-out for the quick determination of beam-spot size
and position in the secondary beam-lines are also available in
limited numbers. Our technical staff also maintains the gas-mixing
racks necessary for the operation of MWPC's.
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Fig. 7.1: Clean room 1993: 11 x 6 rrf;
2.4 m high, air-conditioned, humidity
controlled, class 1000. The group that
left the clean room in this state will not
be permitted to work again in this
room.

Electronics Support

The electronics group (contact person: W. Schoeps) specializes in
high speed and high precision analog and digital electronics for
detector and data aquisition systems. Standardized systems, such
as CAMAC, NIM, FASTBUS and VME, play an important role in
international collaborations. We support scientists in the planning
of their experiments. The main activities are:

• Consulting
Technical advice for state-of-the-art solutions; we have
close contacts with other laboratories and with vendors,
and we participate actively in the development and main-
tenance of relevant standards.

• Pool Electronics
The large pool of electronic equipment contains the most
frequently needed units. Administrative (inventory) and
technical handling is provided. Repair of vendor units is
organized through the pool. PSI units are repaired in-
house. Information about existing equipment (e.g. current
users) and technical information (data sheets, manuals)
are provided. We try to have some spare units for quick
tests or replacement. The pool is also accessible at night
and over the weekends with the assistance of the night
watchman.

• Development
For very special applications and new requirements we
develop electronic equipment, based on experience with a
large number of previous projects, and we organize its
production.

81



Support for Experiments and Users

Fig. 7.2: Distance sensor for the
CERN-L3 experiment, using modul-
ated red light (emitted downwards).

To maintain the good relationship with our "customers", our group
always tries to keep the door open for discussions to maintain the
necessary feedback.

Cryogenic Support

Cryogenic support (contact persons: J.A. Zichy, W. Gloor) includes
production and supply of liquefied gases (LN2, LHe). The cool-
down and operation of the two muon channels and of supercon-
ducting experimental magnets like SINDRUM II is done by this
group, which also provides advice and management support for
new cryogenic pojects to be realized by PSI or by external groups.

A variety of polarized targets (contact person: S. Mango) are avail-
able for experiments at the accelerators. All except the largest are
modular in nature, can be easily modified to suit special experi-
mental requirements, and quickly installed in a beam. The direction
of polarization can be perpendicular or parallel to the incident
beam or, in the largest, at any angle with respect to the beam.
Polarized proton, deuteron, 6Li, 7Li, and 15N targets have been in
operation in many experiments; others have been tested (e.g. 19F)
or are being investigated in the laboratory. Target sizes can be
from 1 cm3 up to 100 cm3.

As a byproduct of the development of refrigerators for polarized
targets, some special cryostats have been built, e.g. a superfluid
"He target with extremely thin windows, a dilution refrigerator suit-
able for the investigation of the response of a SSG detector to
beam particles, etc.

70 GHz

Fig. 7.3: Sketch of a dynamically
polarized target.

Magnet
2.5 T Beam

T=50mK

NMRCoil

82



Support for Experiments and Users

Computing Support

The PSI Computing Division supports experimenters and experi-
ments carried out at the various beam lines connected to the
accelerator facilities, by providing and maintaining hardware and
software for the data network activities, acquisition infrastructure
and support for data analysis.

Configuration and Networks

Each counting house in the area has a work station equipped with
a 1 Gigabyte user disk, 32 MByte Memory, a 19 inch colour
screen, and a 5 GByte 8 mm tape drive connected to the external
SCSI port. The work stations run the VAX-VMS operating system
with an OSF/Motif user interface. In addition to compilers such as
Ada, C and Fortran, and software development tools such as the
Language Sensitive Editor and the windows-based debugging and
code-management tools, the standard software distribution in-
clude^ data acquisition software supported by PSI. Additional soft-
ware is available on the central VAX cluster's PSI-PUBLIC disk
which is network-mounted on the area work stations.

With the exception of the //SR counting houses the standard
equipment for data collection is a CAMAC based processor run-
ning the RSX operating system. Data can be sent to the work
stations, via ethernet, at a rate of well over 100 kBytes/s. In addi-
tion, a few VME based front-end systems (a VME processor run-
ning the VAXELN real time operating system) with interfaces to
CAMAC and FASTBUS are available. The fiSR experiments use
VME-housed VAX processors with CAMAC interfaces.

The work stations communicate with other nodes at PSI and the
outside world via DECnet and internet (remote sessions, file trans-
fer, mail, etc.). Each individual area is connected to ethernet
through a fast network switch which restricts the data acquisition
traffic to the experimental halls. Consequently, virtually the full
bandwidth of 10 Mbit/s is available throughout the experimental
hall, the NA-hall and the low energy area. The support is
schematically shown in Fig. 7.4.

Data Acquisition

The computing division supports a VMS/Decnet-based data acqui-
sition system called TANDEM. It was designed to enable
customisation and coordination of acquisition activities such as
data collection, data distribution, data logging, and data analysis.
Support for data collection activities includes the handling of
multiple interrupts (LAMs, Front Panel Interrupts, Periodic Inter-

83



Support for Experiments and Users

rupts) and readout primitives for single and multi-crate CAMAC
configurations as well as procedures to generate the readout code.
TANDEM is distributed as a collection of utilities and libraries; the
utilities enable swift configuration for small-scale experiments,
whereas the libraries serve experimenters who wish to custom-
program larger and generally more complicated set-ups. Addition-
ally, TANDEM offers procedures enabling management of the
members of a user group, and management of an environment in
which multiple user groups exist. For histogram manipulation and
display, TANDEM takes advantage of the CERN Physics Analysis
Workstation software PAW. Experiments taking data from VME
and CAMAC may profit from packages which are provided as
extensions to the TANDEM software to support VME interrupt
handling, CAMAC readout through VME, and data production over
the network. The //SR experiments use a dedicated application
composed of a VME based histogram server and a menu driven
control and histogram display package tailored to the specific
needs of the /JSP users community.

The following list summarises the services offered by the PSI
Computing Division in support of data acquisition activities:

• set-up and maintenance of the workstations and real time
processors in the counting houses

• distribution and update of software development tools and
the TANDEM data acquisition software

• advice on the design of data acquisition software and
hardware, setting up of data acquisition hardware, and
programming of data acquisition software. Such services
need to be requested as early as possible in the planning
of an experiment and are subject to the availability of
personnel.

Support for Data Analysis

In addition to general purpose data processing, the PSI Computing
Division maintains a VMS farm integrated into the central VAX
cluster, and a DECAXP-OSF/1 based farm, which are more suit-
able for data analysis. These systems are equipped with disk
arrays and 8 mm tape drives, and experimenters may reserve disk
capacity and tape drives for fixed periods of time. Additionally a
tape archiving robot with a total storage capacity of currently 700
Gigabytes, accessible on the Internet via the PSI CONVEX C220.
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individual
segment

workstation
(control of
experiment)

exp. area (with detector)

experimental hall

Central Computing Facilities and E-Mail

Any person involved in an approved experiment can open an ac-
count on one of the central computers, e.g. the central VMS cluster
PSICLU. Ask a colleague who is logged on to his PSICLU account
to type "INFO" at the "$"-prompt, or type "INFO" at any terminal
that gives the "#"-prompt. Follow the instructions in the menu. You
will be asked who is your "VAX group manager" and what is your
"Kostentrager" if you don't know what applies for your experiment,
ask one of your colleagues.

From most computer systems at PSI (PSICLU, the workstations in
the experimental areas, and many others), you can reach any
computer on the Internet or HEPNET network through "telnet ..."
or "set host ...", e.g. to read electronic mail at your home institu-
tion. When you have an account on PSICLU, you may receive mail
both on Internet mail (your address: NAME@CVAX.PSI.CH) and
on VMS-Mail (your address: PSICLU::USERNAME, or
20550::USERNAME) Use the command "EAN" to access Internet
Mail or "Mail" to access VMS-Mail.

For further information please contact D. Vermeulen or D. Maden
(for

Fig. 7.4: Schematic of Computing
Support at PSI
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Design, Construction, Assembly

Once a project is approved (see chapter 8.1), PSI through the
Division of Mechanical Engineering (AMI) can provide the user
with advice and direct aid in setting up the experiment. The division
includes four sections with the following areas of expertise.

• General Project Engineering and Methodologies
All experimenters seeking advice and assistance would
first consult this section (contact person: G. von Holzen).
More specific needs, once determined, can be met by the
other sections.

• Design and Layout
This section (contact person: J. Kohout) will help transform
preliminary plans or designs into detailed drawings re-
quired by workshops both on and off-site.

• Fabrication and Testing
The workshop (contact person: H. Oschwald) can realize
given elements of an apparatus for which detailed draw-
ings exist. This work can be done either internally or exter-
nally by experienced private enterprises which the section
can recommend and represent.

• Assembly
Once an experiment is ready to be set up, this section
(contact person: A. Kuhn) will give advice on the installa-
tion, supervision and maintenance of all parts of the appa-
ratus.

In summary the Division of Mechanical Engineering is ready to
provide potential users with advice on different options, on how to
obtain further help, on proper techniques, external placement of
orders, necessary documents and other information for efficient
action.

Electronics and Electrical Engineering

Standard power available in the experimental areas of PSI is
230 V/50 Hz and 3 x 400 V/50 Hz. For any special needs for con-
necting and powering an apparatus, please contact the Electrical
Engineering Division AEI. There are Swiss regulations governing
electric energy distribution, and this department is ready to ensure
that all installations are in compliance with them. Experimenters
who anticipate exceptionally high power consumption should in-
form the group well in advance.
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In addition to these services, the division has extensive experience
in building up automated general control systems, as well as in
designing high precision magnet power supplies. The electronics
subdivision can develop and prototype electric circuit boards using
conventional as well as surface-mounted device technology. This
group has also accumulated special experience in the construction
and testing of sensors for the accelerator-specific environment of
radiation, vacuum and high magnetic fields. State-of-the-art elec-
tronics and programmable devices can be provided to interface
instruments with the associated data-acquisition and/or control
systems (contact person: H.-U. Boksberger).

Fig. 7.5: Profile monitor test assembly.
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7.2 Safety Support

PSI operates large and complex nuclear installations for basic re-
search and technological development. Great importance is there-
fore attributed to a sophisticated safety and quality culture. A
member of the board of directors (E. Loepfe) is charged with or-
ganising an adequate promotion program and the supervision of
the safety regulation system. He is supported by different advisory
boards and specialists, i.e.

• a nuclear safety committee

• a safety committee for the accelerator complex and the
accelerator-related experiments

• an organization concerned with the security of the experi-
mental area

• specialists in the field of radio-protection, working place
safety, and fire prevention

Special attention is paid to the radiological protection of the many
external users.

Safety Procedures for Experiments

The "Safety Committee PSI-West", composed of experts in radia-
tion hazards, chemical, mechanical and electrical risks, meets
once a month to discuss safety matters, and to work out recom-
mendations to the responsible officials.

Each experimental proposal (see chapter 8.1) must contain a para-
graph discussing the safety risks of the experiment, e.g. radioac-
tive materials (see below), poisons or materials of unknown toxic-
ity, explosive and inflammable materials, pressure vessels. This
information is considered in the decisions concerning the approval
of the proposed experiment. The authors of approved experiments
must discuss all safety risks with the above mentioned PSI safety
committee twice, first when the design of the apparatus is finalized,
and secondly before installing the apparatus at PSI for the first
time.

The users of the PSI accelerators are required to inform and con-
sult the safety committee in all relevant matters throughout the
experiment. The principal responsibility for the safety of the experi-
ment lies with the "spokespersons". However, since the experi-
ments normally run 24 hours a day (also on weekends), the

88



Support for Experiments and Users

spokesperson shall delegate part of his or her responsibility to
reliable persons. Such decisions have to be noted in the log book
(contact person: R. Frosch).

Radiation Protection

The experimental areas associated with the accelerator facilities
are part of a radiation controlled zone which includes the main
experimental hall, the NA-hall and the SINQ-hall. In spite of mas-
sive shielding, local prompt radiation fields (both neutrons and
gammas) may exceed the limits for uncontrolled access. In addi-
tion, activation products may lead to contamination, a problem
intensified by the fact that most experimental areas are open to the
experimental hall (no individual roofs). Access to very high radia-
tion areas, with significant radiological hazard, is restricted by an
access-control interlock-system supervised by the control room.
The PSI site as a whole is a surveyed radiation area where instru-
ments are installed to record continuously the general radiation
level. Additional measurements are also made to define more re-
strictive radiation areas, where the yearly dose to a person may
exceed 1 mSv.

The fundamental responsibility for radiation safety rests with each
individual. In suppo.1 of this, the radiation surveillance group (SU)
has the expertise, experience and equipment to address all radio-
logical questions arising during work at PSI. In most cases, the
personnel of this group has an advisory function. This involves
radiological advice on transport, monitoring of work areas, provi-
sion of calibration sources, etc. For more complex questions the
full experience of the division of radiation hygiene (shielding calcu-
lations, dosimetry, radioanalytics etc., contact person: R. Andres)

Entry to a high-radiation area.
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can be accessed through this group. In summary, the radiation
surveillance team may be of significant support and help when
doing experiments at PSI.

In cases relating to regulatory limits (e.g. doses, emissions) and
perceived or imminent radiological risks, the personnel of this
group has a managerial function. This includes the right and duty
to make binding decisions (e.g. shutdown of equipment, evacua-
tion of areas), until the situation has been analyzed and secured.
Scientists doing research work in controlled areas at PSI have to
comply fully with the radiation protection regulations and proce-
dures of PSI. This involves both technical and administrative mat-
ters:

• Only "radiation qualified" (professionally exposed) personnel
are permitted to enter the controlled areas. Swiss scientists are
required to be listed in the Swiss dose registry and to have
passed a medical examination. Foreign scientists have to pro-
vide written confirmation from their home institute, confirming
their status as que.!ified persons. Professionally exposed per-
sons shall not receive a dose to the whole body exceeding 20
mSv/year.

• On the first working day a dosimeter is issued to any person
wishing to work in the controlled zone, e.g. the experimental
hall. This dosimeter has to be visibly worn at all times in the
restricted area.

• A brief introduction to radiation protection procedures is given at
regular intervals. Participation at the earliest possible time is
requested.

• As outlined above the radiation protection aspect of a particular
experiment must be considered at the planning stage. It is
useful to contact the radiation specialist at PSI for early advice,
as this may significantly reduce later friction and delay.

• During experimentation, strict adherence to radiation protection
procedures is required. In particular, any transport of radioactive
material into PSI has to be announced to the radiation protec-
tion personnel well in advance. Any actually or potentially radio-
active material (e.g. activated components) must not be re-
moved from the restricted area without prior clearance by the
radiation protection personnel.

The rules as outlined above constitute a framework that permits a
great degree of freedom for experiments. In addition, when prop-
erly implemented, the procedures guarantee the radiological safety
of personnel and equipment, and preclude legal action by the rel-
evant regulatory offices in Switzerland in cases of unexpected ra-
diological events.
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7.3 Services for Users

As a researcher from an external institute working at PSI you are
welcome to use PSI's facilities and services.

Before coming to PSI please make sure that you have the neces-
sary visa, residence and work permits for Switzerland. Usually the
contact person inviting you to work at PSI will ask PSI's personnel
service to obtain the residence and work permits (contact person:
Mrs. S. Meierhofer). Please note that, as a rule, PSI does not
cover personal health and accident insurance. In case you plan to
import scientific equipment, customs documents are required. For
help with customs formalities, ask PSI's purchasing service (con-
tact person: Mrs. L. Bilgerig) at least two weeks before importing
the equipment to Switzerland.

When working here, it is necessary to have a PSI access card
(INTERFLEX-System). This allows you to

• enter PSI's sites outside working hours

• use the central store and the libraries outside working
hours

• help yourself from the food refrigerators in the Cafeteria
West outside working hours

• enter PSI's eastern area during working hours (for access
to the nuclear installations, you need special permission
from the head of the laboratory where you work at PSI,
and from the security service).

You may use a personal or a group card. You receive this card by
presenting the necessary form to the reception at PSI-East
(M. Schumacher). Your most important partner for administrative
questions is the secretary of the laboratory or division where you
work. She knows internal addresses, can send you in advance a
leaflet that shows how to get to PSI, and generally knows the
administrative procedures. Please ask her to help you with the
access card, and to inform the mail and telephone services of your
internal address at PSI.

PSI provides the following facilities:

Reception staff (aieas West and East): They will help you to find
buildings on PSI's sites, and can give you information about public
transport to and from PSI.
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Housing: There is a guest house on the West side (and some
rooms on the East side) which is managed by a foundation. For
reservations and prices, please ask the receptionist at PSI-West
(Mrs. M. Pulvermuller). PSI has available a number of apartments
for guest scientists accompanied by their families. For reservations
please ask the personnel service (Mrs. E. Baumann).

Parking: If y/ou arrive by car, please note that parking on PSI's
sites has to be paid for. Parking cards valid for one year can be
bought at the cash-desk in the main building at PSI-East. Other-
wise use parking meters.

Meals: The OASE restaurant on the East side is open from 11:30
to 13:30, Monday to Friday. In addition, for snacks and drinks there
is a cafeteria on each side of the Aare river. The western cafeteria
is accessible 24hrs every day. Outside working hours, meals and
drinks can be taken from the refrigerators and prepared in the
cafeteria; please note that you pay with your access card, which
therefore should have a positive balance.

Travel Service: In the western laboratory building (LG), there is a
travel service which will help you with your travel arrangements
(Mrs. C. Bertsch).

Telephone: You can make calls within Switzerland from (neatly) all
phones on PSI's site. For calls outside Switzerland, the telephone
exchange (No. 111) is in service during working hours. Outside
working hours, the exchange is switched over to the reception at
PSI-East (24hrs service, every day). In the PSI telt ...hone directory
you will find some useful information (maps, conference rooms,
opening hours of some services, etc.)

Mail: PSI operates a Swiss post office open to the public during
certain hours. In addition, internal mail is distributed to all buildings
twice a day.

Library: There are two main libraries (West and East) and a few
special libraries in some of the laboratories. In the near future all
libraries will be merged at PSI-West. Libraries are freely accessible
between 6:30 and 19:00. PSI is connected to the ETHICS-informa-
tion system; orders can be placed directly to the national scientific
library at ETH Zurich. ETHICS can be used from any PC or termi-
nal connected to PSI's network. Please make sure that you have
an account on the PSI VAX-cluster.

Central store: Tor ordinary material and equipment, PSI operates
a well-equipped central store in the western area. Outside working
hours the night-watchman can open the store for you.

Typing and printing: Reports concerning experiments at PSi .nay
be typed and printed at PSI. Please contact your secretary.
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8.1 Proposals, Programs, Committees

The experimental areas of PSI are in principle available to any
group of scientists who want to use them for scientific experiments
and tests. In order to maintain the highest possible level of re-
search quality and to establish an open forum for scientific discus-
sion and judgement, research groups have first to submit for each
experiment a Proposal explaining in detail their intentions, physics
goals, apparatus, needs, etc.

If a group is not yet ready to work out a full proposal, but wants
to get attention and/or permission for initialising tests, it can first
submit a Letter of Intent. This can be done very informally (no
special format required). If a group is already established with an
accepted proposal, but wants do go beyond the scientific goals
outlined previously, it can choose to submit an Addendum to the
proposal. Such an addendum will be treated like a proposal. When
a group - in the midst of executing their accepted proposal -
needs more beam time, it is usually sufficient to submit a new
Beam request accompanied by a short justification. This is also
sufficient for requesting beam time for tests of counters, equip-
ment, beam lines, etc.

The recommended Format of a proposal is given in Table 8.1. The
basic requirements which a proposal should fulfil are threefold:

(a) It should represent a document that can be judged on its sci-
entific content and merits by the experts on our international
committees.

(b) It should contain all necessary information such that it can be
examined by the PSI management on the technical-infra-
structural and financial feasibility, and on compatibility with our
facilities and other existing or proposed experiments.

(c) It should state the beam areas and times needed to set up and
perform the proposed experiment as a whole, and - in case of
larger programs - the experimental plan should be divided up
into several steps; at least the first step should be specified in
detail.

Proposals, Addenda, Letters and Beam requests can be submitted
twice a year, at the announced deadline which is usually fixed to
be one month before the forthcoming regularly planned Users
Meeting. All users listed on the proposals are invited to these
meetings. The User Meetings chaired over by the elected Presi-
dents of each user community. New proposals, addenda and re-
quests have in principle to be openly presented and defended by
their spokespersons. Anyone can ask questions or raise criticism,
including of course the members of our international scientific com-
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mittees. The members of the appropriate committees then judge
the proposals in succeeding closed sessions, and formulate scien-
tific recommendations for the PSI-management (Beschluss-
konferenz).

Table 8.1: Format and Contents which a Proposal to PSI should satisfy

Page Nr.

1

2

3

4

5

Format

front page

1 page

1 page

main article
(4.1)
(4.2)
(4.3)
(4.4)

(4.5)
(4.6)

1 page

Contents and detailed descriptions

• Title of proposed Experiment
• Authors and Institutions (Spokesperson underlined)

Beam Requirements:
• beam line, area, special facilities (spectrometers)
• beam properties (particle, momentum and width,

beam spot size, intensity, purity, etc.)
• duration of experiment (time for set-up in area,

time for tests with beam and production runs)
• any special conditions (accelerator time structure,

main or parasitic user modes, etc.)

Questions of Safety:
• radioactivity involved (sources, etc.)
• poisons or dangerous gases involved
• explosive materials
• liquid hydrogen
• pressure vessels with more than 1 m3 x atm
• any other safety risks
Precise descriptions of all safety risks must be made

Exact description of proposed Experiment:
Motivation, physics and other goals
Theory, state of other (previous) experiments
Principle of measurement, technique, apparatus
Proposed measurements, expected performance and rates
(subdivided in steps if necessary)
Estimate of beam time for each step
Percentage of involvement of each author

Technical, financial and other requests to PSI
(manpower, services, apparatus, equipment)
Contributions from other institutions than PSI
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The User Meetings are in addition the forum for general presenta-
tions, e.g. addresses of the director or his representatives, outlines
of PSI's general programs, new projects and policies concerning
cyclotrons, beams and schedules, progress reports, etc. Last but
not least, the user meetings are a forum for open discussion of
science at PSI and its future.

In Fig. 8.1, a flow chart is given on how proposals are handled by
PSI. For nuclear, particle and solid state physics, three user com-
munities are currently established:

• The Philips Cyclotron community (PC). This community
comprises all scientists and groups that are involved in
physics experiments with beams from the Philips Cyclo-
tron, i.e. the "low energy" nucleon beams in the areas NE-
B and NE-C. This community has to share the available
cyclotron beam time with polarized proton operation in the
NA2 area, the medical program OPTIS and with the
Philips Isotope production facility. The experimental pro-
posals and beam requests are judged by the PC-Commit-
tee, headed by the PC-President.

• The juSR-Community. This community deals at present
with all experiments in solid state physics, i.e. mainly with
the Muon Spin Rotation method (//SR). Usually it organ-
izes once a year its general //SR User Meeting. It is di-
rected by its own //SR-President head of the //SR-Commit-
tee. The //SR-community has its own dedicated facility in
beam line 7tM3, but shares in addition a number of beam
lines with the "High energy" community BVR (see next
section).

• The BVR-Community (Benutzer-Versammlung Ring). This
Community comprises all users doing particle physics with
the ring cyclotron, i.e. area NA2 for (polarized) protons and
neutrons, and areas JIM1 , TCE1 , rcE3, KE5, / IE1 and /iE4 for
pions and muons.

The BVR community has to share the nucleon beams (which are
split off from the main proton beam line) with the medical program
(proton therapy in area NA3), and with the proton irradiation facili-
ties PIREX and PIF. The meson beam lines have to be shared with
the //SR community. The BVR community meets twice a year at
the BVR Users Meeting and is directed by the BVR-President,
head of the BVR-committee. All BVR-proposals are evaluated and
judged by this committee. Included in this evaluation are participa-
tions in external experiments, i.e. experiments with some involve-
ment of PSI scientists taking place at other laboratories. Recently,
the BVR-committee was extended to include experts in high en-
ergy physics (LEP, HERA, etc.), to judge participation in high en-
ergy experiments.
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Fig. 8.1: Flow chart
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Generally, proposals are either accepted, partly or conditionally
accepted, postponed or rejected by the committee, and beam time
is allocated with various priorities. These assignments and alloca-
tions are recommendations on behalf of the management, which
usually accepts them.

The BVR-committee is also responsible for coordinating recom-
mendations of the other committees with overlapping interest.
Therefore the presidents of the PC- and of the /YSR committee (or
their representatives) are ex officio members of the BVR-commit-
tee. This rule applies also to the representation of the
"Forschungskommission" (Foko) of PSI. The Foko is the scientific
advisory board of PSI for new projects and general science policy.

After the users meetings and committee sessions, the
Beschlusskonferenz of PSI meets to decide about the new propos-
als, addenda and other requests, and to enact the official research
program with the accelerators. This conference is composed of the
PSI director, the presidents of each user community, the F1 man-
agement (responsible for all beam operations), and representa-
tives of research departments F2 and F3 (also involved in the PSI
beam program). The Beschlusskonferenz is led by the director of
department F1. The decisions are usually based on the committee
recommendations, but may also be influenced by more general
policy questions. A protocol about the Beschlusskonferenz and
about the committee sessions and recommendations is later sent
to every listed user. Once a proposal has been accepted it can get
PSI support as described in chapter 7. Please submit the neces-
sary forms and discuss your needs early enough with the appro-
priate contact people to avoid too much delay. In case of questions
and for the Proposal forms please contact C. Petitjean.
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8.2 Publications of PSi

SHIQ
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A) General Addressing

8.3 Addresses and Contact Persons

Mailing address:

Electronic Mail:
Telephone:

Fax:

Telex:

Paul Scherrer Institut
CH-5232 Villigen PSI, Switzerland
Name@cvax.psi.ch
++41-56-99 21 11 (Switch board)
++41-56-99 xx xx (xxxx = extension for direct dialing)
++41-56-99 33 01/02 (Control room)
++41-56-99 32 94 (PSI-West)
++41-56-99 21 99 (PSI-East)
82 74 19 psi ch (PSI-West)
82 74 17 psi ch (PSI-East)

B) Contact Persons

Responsibilities and addressing of PSI persons, whom a user might need to contact:

NAME RESPONSIBILITY TEL. EXTENSION

Director

M.K. Eberle Director of PSI 2722 Eberle

E-MAIL NAME
(name @ cvax. psi .ch)

Department Heads

H. Chr. Walter F1 Nuclear and Particle Physics
W. Hirt (a.i.) F2 Life Sciences
W. Fischer F3A Cond. Matter Research using Large Fac.
K. Knop F3B Applied Solid State Physics
W. Kroger F4 Nuclear Energy, Safety
P. Kesselring (a.i.) F5 Non-nuclear Energy
P.G. Seiler B8 Engineering and Techn. Support
A. Pritzker B9 Administration and Services

3644
2765
3412
01-4926350
2742
2723
3224
2713

Walter
_
-
Knop
—
-
Paul.seiler
Pritzker

Presidents of the Scientific Committees and Coordinators

H. R. Ott
Q. Ingram
M. Locher
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P.A. Schmelzbach
A. Seeger
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Theory
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2744
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3656
01-2575777
3260
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3655
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Ott
Ingram
Locher
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Petitjean
Siemssen@kvi.nl
Schmelzbach
_
Herlach
Frosch
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Accelerators,
R. Abela
T. Blumer
M. Daum
F. Foroughi
D. Gavillet
W. Hajdas
A. Mezger
M. Olivo
U. Rohrer
U. Schryber
T. Stammbach
E. Steiner
M. Victoria
A. Zehnder

RESPONSIBILITY

Beams and Areas
Secondary Beams
Accelerator Control System
Nucleon Areas
Secondary Beams
PIREX Irradiation Facility
Proton Irradiation Facility (PIF)
Operation
Ring Cyclotron and Injector 2
Primary Beams (590 MeV p)
Head of Accelerator Division
Deputy of Accelerator Division
Head of Experimental Facilities
PIREX Irradiation Facility
Proton Irradiation Facility (PIF)

TEL. EXTENSION

3271
3293
3668
3269
4173
4212
3406
4229
4035
3381
3378
3274
2063
3615

Organization

E-MAIL NAME
(name@cvax.psi.ch)

Abeia
Blumer
Daum
Fereydoun
Didier.gavillet
wojtek.hajdas
Mezger
Olivo
Rohrer
_
Stammbach
Steiner
Max.victoria
Zehnder

Experimental Support

F. Adamec
T. Biedermann
H. Blumer
H.U. Boksberger
A. Boss
J. Duppich
A. Frei
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P. Gheno
W. Gloor
D. Herlach
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M. Horvat
G. Irminger
U. Kalt
H. Kaspar
A. Kuhn
S. Mango
E. Morenzoni
H. Oschwald
W. Scnoeps
J. Ulrich
H. Vetterli
G. von Holzen
A. Widmer
J.A. Zichy

Computing

M. Grossmann
H. Kneis
R. Kessi
D. Maden
F. Schleputz
D. Vermeulen

General Control Systems
Survey and Alignment
Mechanical Workshop (West)
Head of Electronics & Electrical Engineering
General Electronics
Experimental Area Services
Experimental Hall
Magnets
Set-up Secondary Beams
Liquid Helium, Cryosystems
,uSR Facilities
Detectors
Power Electronics
Electrical Engineering
Vacuum Technique
Detectors
Assembly Operations
Polarised Targets, Cryogenics
Low Energy Muons
Manufacturing
Experimental Fast Electronics
Head of Mechanical Engineering
Set-up Experimental Areas
Project Management
Electrical Parts and Installations
Superconducting Devices

Electronic Mail
Computer Networks
Computing Projects
Online Computing
Head of Computing
Online Computing

3388
3329
3479
3290
3391
3320
3060
3588
4268
4105
3558
4240
4075
3384
3352
3672
2555
3245
3670
2579
3465
2513
3572
2576
3403
3596

3633
2985
3602
3616
3601
3620

Adamec
-
—
Boksberger
—
Duppich
—
George
-
—
Herlach
Herold
-
—
—
Kaspar
Kuhn
-
Morenzoni
-
-
Jack.ulrich
—
Vonholzen
_
Zichy

Grossmann
Kneis
Kessi
Maden
Schlepuetz
Vermeulen
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G. Bauer
Mrs. R. Bercher
W. Biihrer
A. Furrer
W. Wagner

RESPONSIBILITY

Source (SINQ)

Construction and Operations
Secretary
SINQ Spectroscopy
Head Neutron Scattering Lab.
Experimental Support / SANS

TEL. EXTENSION

2524
3402
2086
2088
2517
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(name @ cvax.psi.ch)
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Bercher
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-
W.wagner

Medical Sciences

H. Blattmann
E. Egger
B. Larsson
R. Leenders
Mrs. G. Munkel
E. Pedroni
P.A. Schubiger
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3683

3512
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Blattmann
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Pedroni
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R. Andres
R. Frosch
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3655
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4271

Roger.andres
Frosch
—

Organization

Mrs. L. Adrion
Mrs. E. Baumann
Mrs. C. Bertsch
Mrs. L Bilgerig
K. Gabathuler
Mrs. S. Meierhofer
Mrs. M. Pulvermuller

Mrs. M. Salzmann

Communication Services
Housing for Guest Scientists
Travel Services
Purchasing, Customs formalities
Divisional and Research Budgeting
Visa, Foreign Visitors
PSI-West Reception,
Guest House Reserv.
Public Relations

2715
2690
3248
2913
3251
2683
3221

2671

—
Elke.staeheli
Bertsch
—
Gaba
Meierhofer
Pulvermueller

Salzmann

PSI / ETH Tandem Accelerator Facility (Ion Beam Physics)

Mailing address:

Phone:
Fax:
M. Suter
G. Bonani
M. Dobeli

Paul Scherrer Institut
c/o Institute of Particle Physics
ETH-H6nggerberg
CH-8093 Zurich
++41-1-633 20 41
++41-1-371 26 65 (633 10 67 after August 15, 1994)
Head of Laboratory 2033
"C-Dating 2043
Materials Analysis and Modifications 2045

MSuter@czheth5a
Bonani @czheth5a
Doebeli @ rzvax.ethz.ch


