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Around the Laboratories

LOS ALAMOS
Present projects
In accelerator
technology

The financial constraints of recent
years have driven all the high energy
physics Laboratories to cut back the
resources they assign for accelerator
technology to those directly related
to the needs of their immediate pro-
jects. The financial flexibility of some
years ago which allowed a modest
amount of ‘pure’ accelerator re-
search at most Laboratories has
gone. This situation may seem ne-
cessary at the moment but, long
term, could jeopardize the health of
high energy research. The danger
has been recognized, for example by
the USA Committee led by Maury
Tigner (see August 1980 issue, page
203) and ECFA also expressed its
concern via the September Confer-
ence in Oxford on novel acceleration
techniques. »

One Laboratory which has man-
aged to retain variety and search for
novelty in its accelerator programme
is the Los Alamos National Laborato-
ry where a Division (until recently led
by Ed Knapp who has now takenup a
senior position in the National
Science Foundation) was set up four
years ago with the title ‘Accelerator
Technology’. The Division is contri-
buting to several projects outside
high energy or nuclear physics and
has consistently looked for novel
ways of achieving required machine
performance.

Probably their most famous contri-
bution emerged from the programme
known as PIGMI (Pion Generator for
Medical Irradiations) searching for a
cheap source of pions for cancer
therapy in hospitals. The programme
itself is now in abeyance but among
its technological developments was
the demonstration of the abilities of
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Sketch of the Fusion Materials Irradiation

Test (FMIT) project at Los Alamos. The
idea is to accelerate an intense deuteron
beam, subsequently stripped to obtain the
same energy neutrons that emerge from
fusion reactions.
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radio-frequency quadrupoles, RFQs
(see May 1980 issue, page 108).
Based on a concept initially pro-
posed by |.M. Kapchinskii and V.A.
Teplyakov, RFQs give bunched, li-
nac-quality, beams with high effi-
ciencies and from low energies. This
development is being taken up at
many Laboratories — Brookhaven,
CERN, Darmstadt, Fermilab, etc....
We now turn to some of the present
projects of the Accelerator Techno-
logy Division to indicate the techno-
logical challenges now under investi-
gation.

Fusion Materials Irradiation Test

One project, which has endured
more than the usual share of oscilla-
tions in the USA funding cycles (the
slope now being positive after pass-
ing through zero) is the Fusion Mate-
rials Irradiation Test, FMIT. Emerging
from work at Brookhaven, the aim is

to accelerate an intense beam of
deuterons and strip them to neutrons
which will have the energy of the
neutrons which emerge from fusion
reactions. The neutron beam can
then be used to investigate the be-
haviour, under intense flux, of mate-
rials which might be used in a fusion
reactor. Construction of the machine
has been assigned to the Hanford
Engineering Development Laborato-
ry who have needed to lean on Los
Alamos for accelerator expertise.
The machine specifications are to
accelerate 100 mA c.w. of deute-
rons to 35 MeV and to strip in a tar-
get of flowing lithium to yield intense
fluxes of neutrons.

The Los Alamos work is at present
concentrated on a 5 MeV prototype
to handle 100 mA. It consists of a
RFQ section taking the beam up to 2
MeV ; this is under construction and
should be in operation next Spring. If
further funding becomes available a
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drift tube linac section will be added
to extend the energy to 5 MeV by the
fall of 1984. Hanford are building a
prototype lithium target. The present
project schedule hopes for beam
from the completed FMIT in 1987.

Accelerator Inertial Fusion

Another possible application of
accelerators in the field of fusion is to
achieve inertial fusion by bombard-
ing pellets with intense beams of
heavy ions. If inertial fusion is to be a
successful route, it now seems more
and more certain that ion beams will
be used for pellet compression rath-
er than lasers. However, even to test
the feasibility of a heavy ion fusion
reactor would require high invest-
ment in a prototype. Different ap-
proaches have been proposed at
Berkeley (using induction linacs) and
Argonne (using r.f. linacs). Los Ala-
mos has been designated ‘lead La-
boratory’ to investigate the field and
to advise the funding agency on the
optimum project. Here again there
have been severe financial restraints
and the name of the game has been
changed to Accelerator Inertial Fu-
sion, AIF, rather than Heavy lon Fu-
sion, HIF, perhaps for psychological
reasons. Responsibility for the work
will pass from the Defense to the
Energy Department in 1983.

While Berkeley continues to pur-
sue the use of induction linacs, Ar-
gonne has had to drop its pro-
gramme and the Accelerator Tech-
nology Division at Los Alamos is
therefore picking up the further in-
vestigation of r.f. linacs. The aimis to
have a ‘high temperature experi-
ment’ before the end of the decade
with ion beams onto a target to heat
matter to 50-100 eV. The design of
the ion accelerator should ideally be
in place before the end of 1986.

The Los Alamos initial contribution
is to study the use of RFQs in high
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current designs, perhaps using other
forms rather than the four-vane re-
sonators, the necessary funnelling
techniques whereby many linac
beams will be brought together, the
beam dynamics (with an attempt at
three dimensional simulation of the
intense space charge effects), the
use of higher multipoles (rather than
the usual quadrupoles) in beam fo-
cusing, and some ideas on heavy ion
storage rings.

Free Electron Laser

Work on a Free Electron Laser,
FEL, began two years ago and very
encouraging results have been ob-
tained using a 20 MeV electron linac,
a permanent magnet wiggler array
and a pulsed carbon dioxide laser.
The transfer of 4% of the electron
energy to amplify the laser beam was
clearly demonstrated. Inverse opera-
tion, accelerating the electrons by

The linac tank for the Los Alamos Fusion
Materials Irradiation Test (FMIT) project.

(Photo Los Alamos)

transfer of energy from the laser
light, was also seen. The next stage
will be to install mirrors to achieve
operation as an oscillator. Later, re-
circulation of the used electron beam
to give energy back to ther.f. system
will be tried with the aim of reaching
overall efficiencies in the region of
30%.

The potential abilities of free elec-
tron lasers in efficiency and in beam
quality would represent a tremen-
dous breakthrough in laser technol-

ogy.

Other projects

The accelerator technology divi-
sion has major responsibilities in the
construction of the proton storage
ring at LAMPF and in the preparatory
thinking for the extension of the re-
search abilities LAMPF Il project (see
October issue, page 324). There is
also work on pushing the perfection
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Difference between energy spectra at two
different scattering angles for the charge
exchange reaction of 165 MeV negative
pions on tin 120 at Los Alamos, showing
the well known giant dipole resonance and
the newly discovered isovector monopole
state.
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of accelerators to reach ultimate per-
formance limits. This is to see just
how bright it is possible to make an
accelerated beam.

A heavily instrumented accelera-
tor test stand is being built to pro-
duce high current, low emittance,
negative hydrogen ion beams up to
5 MeV. AnRFQ structure is used and
permanent magnet focusing ele-
ments are proving amenable to rath-
er straight forward modifications to
perfect their properties.

Other small-scale work includes a
185 MeV racetrack microtron pro-
jectin collaboration with the National
Bureau of Standards. This prototype
will be used to judge the appropriate-
ness of this type of machine fora 1to
2 GeV nuclear physics facility.

R.f. amplifier systems (klystrons
and gyrocons) are under study with
the aim of improving efficiencies.
Different r.f. structures have been
gied ; astrong favourite forimproved
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performance — the ‘disk and wash-
er’ structure — has not proved as
successful as expected. Theoretical
work has extended the ability to cal-
culate beam behaviour in r.f. struc-
tures in a similar way to the computer
simulations of behaviour in magnet
structures.

Nuclear monopole

In 1948 Goldhaber and Teller de-
duced from the resonance behaviour
of photoabsorption cross-sections
that the nucleus undergoes collec-
tive dipole excitations. The magni-
tude of the observed cross-sections
showed that almost all of the possi-
ble electric dipole transition strength
was concentrated in a single reso-
nance. This fundamental mode of
nuclear excitation, since called the
giant dipole resonance, occurs in all
nuclei having more than a few nu-
cleons.

Extensive work using hadronic and
electromagnetic probes has shown
that the nucleus exhibits additional
giant resonances. These excitations
are characterized by isospin and an-
gular momentum quantum numbers.
For isovector resonances, such as
the giant dipole, the neutrons and
protons mov€ out of phase, and for
isoscalar resonances they move in
phase. Giant resonances with angu-
lar momentum greater than zero are
primarily surface excitations in con-
trast to monopole (zero angular
momentum), modes which involve
density oscillations of the nuclear in-
terior. Thus the excitation energy of
the isovector monopole is sensitive
to the isovector compressibility of
nuclear matter.

Before an experiment was carried
out at LAMPF by a Los Alamos / Tel
Aviv / TRIUMF collaboration, there
was no direct evidence for the exist-
ence of the isovector monopole exci-
tation. The absence of this state pre-
sented problems for theories of col-
lective nuclear excitation. In order to
produce an isovector excitation with
a favorable signal-to-background ra-
tio, it is necessary to have a probe
that selectively excites either pro-
tons or neutrons. In first order the
negative to neutral pion charge ex-
change reaction couples only to pro-
tons and produces only isovector
excitations. The interior of the nu-
cleus is black for resonant pions, so
elementary scattering theory pre-
dicts that the maximum of the mo-
nopole angular distribution occurs in
the forward direction. Therefore the
experiment should detect forward
scattered pions. The kinematics of
the neutral pion to two gamma decay
are attractive experimentally be-
cause decay photons can be de-
tected outside the incident beam.
The intense monochromatic nega-
tive pion beams available at the Low
Energy Pion Channel (LEP) coupled to
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Results from the European Muon
Collaboration experiment at CERN, which
uses high energy muon beams to probe
the structure of nuclear targets. The F,
structure function, which is a measure of
the nucleon quark and antiquark content,
has been measured using iron and deuterium
targets, and the results show how the ratio
of measured structure functions depends
on x, the momentum fraction. This effect
remains to be explained, even if it only
turns out to be some systematic effect in
the apparatus.

the neutral pion spectrometer (see
June 1979 issue, page 156) are well
suited to detect the isovector mono-
pole resonance.

An experiment to search for the
isovector monopole resonance was
done at LAMPF last summer. Fluxes
of greater than ten million negative
pions per s in a one-MeV energy
interval are delivered at the Low En-
ergy Pion Channel. The beam energy
was set at the delta resonance to
maximize absorption. The spherical
heavy nuclei tin 120 and zirconium
90 were selected because these are
well studied by other reactions. It is
expected that the excitation energy
and the width of the resonance
should decrease as the atomic num-
ber of the nucleus increases.

Data were taken over a range of
scattering angle with two settings of
the spectrometer. These data were
sorted into angular bins to give six
differential cross-section spectra as
a function of detected pion energy. A
feature of the data is that there is a
peak in the forward-angle spectra
which vanishes at larger angles. The
signature for the resonance is seen
by subtracting an observed energy
spectrum from the forward spec-
trum. At most measured kinetic en-
ergies, the difference of the two
measured spectra is consistent with
zero, which suggests that the nonre-
sonant background is isotropic.
However two peaks are seen. One
(negative) peak occurs at the energy
of the well-known giant dipole re-
sonance, while a positive peak oc-
curs at the expected energy of the
isovector monopole. From an analy-
sis of the other spectra, the angular
distribution of the positive peak has a
maximum in the forward direction as
expected for amonopole. The size of
the cross-section is close to the va-
lue predicted by the isovector mono-
pole sum rule, indicating the collec-
tive nature of the state. The excita-
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tion energy for the monopole peak in
zirconium 90 is slightly higher than
that for tin 120, as predicted by the
hydrodynamic model estimate of the
excitation energy.

Further studies are planned for la-
ter this year to determine the syste-
matic behaviour of the monopole re-
sonance, as well as other ispvector
resonances. The discovery of the
monopole resonance is a triumph for
nuclear physicists working at me-
dium energy accelerators since the
special properties of the pion are
used to elucidate previously un-
known features of nuclei.

CERN
Hints from high
energy muons

The two experiments using the high
energy muon beam from the SPS
400 GeV proton synchrotron have
some indications of interesting new
effects which could have significant
implications for our understanding of
particle interactions.

Upstream in the beam is the Euro-
pean Muon Collaboration spectro-
meter. As well as the muons scat-
tered from the target (hydrogen, deu-
terium or iron) the hadrons produced
are also measured in the spectromet-
er which has recently been modified
by incorporating a large aperture ver-
tex magnet and detector (see Janua-

ry/February issue, page 4).

From measurements made with
this apparatus, physicists have ob-
tained the quark distributions (struc-
ture functions) of the different tar-
gets. Recent results seem to indicate
that there is a systematic difference
between the structure functions
measured in iron and in deuterium.
The quarks in iron do not behave like
those in deuterium. Initial efforts to
explain this in terms of the normal
internal motion of the nucleons
(Fermi motion) do not work, in fact
going in the opposite direction, and
the effect remains to be explained.
Final checks prior to publication of
the result are now in progress.

While the target of the European
Muon Collaboration is only a few
metres long, the downstream ex-
periment of the NA4 group (Bologna
/ CERN / Dubna / Munich/
Saclay) has a carbon target 40 m
long, surrounded by a toroidal
spectrometer which traps the scat-
tered muons.

With this long target, the chances
of encountering rare types of colli-
sions between muons and nucleons
are considerably increased. The
muon cannot interact through the
strong nuclear force, and the ob-
served behaviour is due mainly to the
electromagnetic force. (There is an
additional contribution from the
weak force, seé January/February
issue, page 5.)
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The HOBC holographic bubble chamber
used at CERN. The visible volume, filled
with freon, is a third of a litre. This is the
first time that holographic techniques have
been used to collect physics data.

The conventional interpretation of
collisions between muons and nuclei
is in terms of the interactions of
muons with individual moving nu-
cleons. These nucleons are trapped
in nuclei and their position is res-
tricted. The Uncertainty Principle
says they therefore must possess a
certain amount of momentum. Pre-
liminary indications from the NA4
experiment show a higher rate of
larger nucleon momenta than would
be expected on the basis of the sim-
plest theories. However quantitative
conclusions await further data analy-
sis to separate any effect from
potential sources of background.

Whatever the final explanations of
these two effects, the results ob-
tained so far only heighten the cur-
rent interest in experiments which
probe the nature of nuclear matter.
Interesting results have been ob-
tained over a wide range of energies
and experimental conditions.
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40 000 holograms

Holographic techniqués are among

~ the new tools being exploited in the

continuing study of short-lived parti-
cles. In September, the first holo-
graphic bubble chamber experiment
took physics data. The NA25 study
(a Bari / Brussels / CERN / Mons /
Paris / Strasbourg / University Col-
lege London / Vienna collaboration)
had a successful run at the SPS 400
GeV proton synchrotron. A total of
40 000 holograms of high energy
particle interactions were taken.
These will be used to study the pro-
duction of charmed particles in ha-
dronic interactions.

Data were taken at 360 and 200
GeV incident momenta. The aim of
the experiment is to determine the
total charm cross-section at each en-
ergy, and consequently its energy
dependence.

The great advantage with holo-

graphic recording is the very large
depth of field. For a spatial resolution
of about 10 microns, the depth of
field with classical optics is a fraction
of a millimetre, while for holography,
events in the whole bubble chamber
are correctly recorded. With classi-
cal optics thg incident particles all
have to lie inside a very narrow band,
while for holography they can be
spread in the whole chamber. This
makes it possible to fill the chamber
with many more particles.

During the last two years tests
with holography have been made in
several small bubble chambers. The
first holographic recording of bubble
chamber tracks was in 1980 at the

.SPS, using the BIBC chamber. A year

later the NA25 experiment had a ho-
lographic test run with the HOBC
chamber, during which some 12 000
holograms were accumulated. Of
these only a small fraction employed
a muon trigger and could be used for
the study of charmed particle pro-
duction. Tests of a variety of differ-
ent optical arrangements have been
made both in HOBC and in the hy-
drogen bubble chamber HOLEBC
(Experiment NA26).

HOBC (a small two-litre chamber)
was specially built for in-line hologra-
phy in the NA25 experiment. It is a
see-through chamber with two high
quality optics windows. It was filled
with the heavy liquid freon and was
heated to a temperature of 53°C.
The chamber was expanded at a fre-
quency of 10 Hz (limited by the time
necessary to dissipate the heat due
to the recompression of the bubbles
from the preceding expansion) thus
producing 26 expansions per SPS
cycle. During the run the chamber
was expanded 2 million times.

The small dimensions of the cham-
ber (the visible volume is 5 x 6 x 11
cm® and the compact thermal
shielding resulted in a very neat
chamber which simplified the instal-
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Scanning on holograms in situ. The event
seen on the TV screen covers 1.4 mm in

space.

lation of the optical elements needed
for an optimal recording of the holo-
grams. lllumination was provided by
a two-stage laser. The holographic
arrangement used was of the in-line
(or Gabor) type using one laser beam
through the chamber. Bubbles in the
chamber caused some of the light to
scatter, while the majority went
straight through the chamber to pro-
vide the reference beam. The scat-
tered light interfered with this to pro-
duce the hologram.

The quality of the hologram de-
pends very much on the distance
from the bubble chamber to the holo-
gram, especially when there is turbu-
lence in the liquid. In order to artifi-
cially reduce this distance some
lenses were used to produce an
image of the bubbles at a distance of
around 5 cm from the hologram. This
image rather than the tracks them-
selves was then holographed.

A muon trigger was used to enrich
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the number of events with charm
particles. Immediately downstream
of the chamber a 1.8 m iron dump
with a core of tungsten was situated.
Further downstream was the muon
detector, composed of layers of iron,
scintillators and proportional wire
chambers of the old NA19 experi-
ment.

The beam intensity was typically
80 particles per bubble chamber ex-
pansion. Particles arriving before and
after the useful part of the bubble
chamber sensitive time were re-
moved from the beam with a kicker
magnet in order not to clutter up the
picture unnecessarily. For special
test runs the number of beam parti-
cles per expansion was as high as
200, but to obtain very good pic-
tures, the time between expansions
had to be increased. The holograms
taken were usually of very high qual-
ity. The bubble size was typically 10
microns and the bubble density was

A blowup of an event contained in a 2 mm
length. Bubble size is 10 microns and there
are more than one hundred bubbles per
centimetre.

about 100 cm~" for the beam parti-
cles.

Film test strips were rapidly devel-
oped and scanned at the experiment
in order to get fast feedback for the
picture quality. During the setting-up

Holography

A hologram contains the inter-
ference pattern of two light
waves — a plane wave that
serves as reference and which
does not contain any informa-
tion, and a spherical wave (or a
superposition of several spher-
ical waves) caused by light
scattered by an object. The in-
formation about the object is
stored in the hologram as inter-
ference fringes.

When a hologram is illumi-
nated by a laser beam (a plane
reference wave) then the ob-
Ject wave is reconstructed, giv-
ing a real and a virtual image of
the original object. The two
images can be seen in three
dimensions by an observer.
Usually the real image is first
magnified and then either re-
corded photographically or
projected on a screen ora TV
camera. The image is scanned
in depth by moving the record-
ing plane.

CERN Courier, November 1982



* The LEAR ring had its first
antiprotons on 11 October.

phase this was one of the most im-
portant activities, but once the pro-
duction was started the main aim
was to verify that the stable running
conditions were maintained. For this
fast scanning of holograms, the Bari
scanning table was used. This com-
pact device is the only portable holo-
graphic scanning table in the collabo-
ration (and probably in the world!).
Also the CERN scanning and measur-
ing machine HOLMES was used to
determine the optimal working con-
ditions.

Holographic recording of the bub-
ble chamber picture can easily permit
80 to 100 incident particles per bub-
ble chamber expansion. This drama-
tically improves the possibility of
studying event configurations with
very small production cross-sec-
tions if the bubble chamber is com-
bined with a suitable enriching trig-
ger. At the same time a spatial reso-
lution of around 10 microns is ob-
tained — ideal for charm and maybe
good enough for beauty.

LEAR workshop *

With the commissioning of the LEAR
low energy antiproton ring imminent
(see September issue, page 272),
attention turns naturally to the range
of new physics which is opened up
by this unique machine.

Earlier this year, a workshop on
LEAR physics was held at the Ettore
Majorana Centre in Erice. With 100
participants from 45 institutes in
11 European countries plus Canada,
the USA and the USSR, it reflected
the interest in this new sphere of
study.

Presentations on the machine it-
self set the scene. The remainder of
the programme covered the physics,
including the theoretical motivation
and progress reports onthe 16 LEAR
experiments in varying degrees of
preparation (see April 1981 issue,
page 113).
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Inits initial form, LEAR will provide
low energy antiproton beams to
fixed target experiments. However
future developments were also aired
— co-rotating antiproton and nega-
tive hydrogen ions to produce pro-
tonium atoms for precision spectro-
scopy; an internal gas jet target for
precision scattering; contra-rotating
proton and antiproton beams for
charmonium spectroscopy; an addi-
tional smaller ring to attain energies
down to 200 keV, and lots, lots
more.

The image of the LEAR physics
programme emerging from the
workshop was a lively one. The
range of studies too is impressive —
searches for glueball states; meson
and baryon spectroscopy; searches
for new quark states and for struc-
tures in the nucleon-antinucleon sys-
tem; study of annihilation dynamics;
precision measurements on proton-
ium ; elastic scattering ; specific anni-
hilation channels with a polarized tar-
get; the possibility of using a polar-
ized antiproton beam; production of
antibaryons; antiproton reactions
with nuclei.

As well as opening up a new field
of study, the compact LEAR ring
seems to offer excellent research
value for money in these cost-con-
scious times.

{(We thank Ugo Gastaldi for pro-
viding us with this information.)

A view of the experimental area for the
new LEAR Low Energy Antiproton Ring at
CERN. The available space will soon be
filled by the 16 experiments in preparation.

(Photo CERN 127.7.82)

School of Physics...

The venerable University of Cam-
bridge (UK) provided an interesting
and unusual setting for the 1982
CERN School of Physics, held from
5-18 September, with financial sup-
port from the Rutherford Appleton
Laboratory. The lectures took place
in the Department of Applied Mathe-
matics and Theoretical Physics while
all participants were accommodated
in Pembroke College, one of the ol-
dest Colleges (founded 1347).

The main lecture courses were ‘In-
troduction to gauge theories’ by B.
de Wit (NIKHEF-H, Amsterdam);
‘Fundamentals of QCD’ by J. C. Tay-
lor, (Cambridge); ‘Applications of
QCD’ by P.V. Landshoff, (Cam-
bridge); ‘Unification and grand unifi-
cation’ by R. Peccei (MPI, Munich)
and ‘Experimental tests of gauge
theories’ by G. Barbiellini (INFN, Fras-
cati and CERN). In addition, C. Mi-
chael (Liverpool) spoke on ‘Lattice
gauge theories’, H. G. Fischer (CERN)
spoke on ‘Physics of Detectors’ and
J.D. Dowell (Birmingham) on ‘Pro-
ton-antiproton physics’.

In the afternoons, the presence of
ten discussion leaders made it pos-
sible to divide the 70 students into
several different groups to clarify
points arising out of the lectures.
This feature of the CERN Schools
seems to play an increasingly im-
portant role. An evening poster ses-
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A student’s view of the recent CERN School
of Physics, held in Cambridge, UK, by Dario
Menasce.

.

sion was a great success.

The less formal part of the pro-
gramme included a lecture by a
former ‘Brain of Britain’, Henry But-
ton, who spoke on ‘Cambridge, Past
and Present’, stressing its funda-
mental differences with its traditional
rival, Oxford; together with talks on
‘The History of the Appearance of
Particles’ by Sir Rudolf Peierls and on
‘Astrophysics and particle physics’
by Martin Rees.

Visits were made to the New Cav-
endish Laboratory, and to the Radio-
Astronomy Laboratory at Lords
Bridge, as well as to Kings College
Chapel, Ely Cathedral and the me-
diaeval village of Lavenham.

Many students found living in an
old college to be a rewarding exper-
ience although a few found the con-
ditions a little spartan. The food was
plentiful and served at the evening
formal dinner with a startling rapidi-
ty | For the record the 70 enthusiastic
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students of 18 different nationalities
are working presently in nine CERN
Member States and three non-Mem-
ber States. The Director of the
School was Peter Landshoff of Cam-
bridge, assisted as Deputy Director
by John Ellis of CERN, while Tom
White of the Cavendish Laboratory
very efficiently organized the visits
and took care of many matters be-
hind the scenes to ensure the
smooth running of the School.

...and School of
Computing

These days, computingis an intrinsic
part of nearly every aspect of high
energy physics. With this in mind,
the aim of the recent CERN School of
Computing, held in Zinal, Switzer-
land, was to make young physicists
more aware of computing, and to
inform computer specialists about
recent advances in techniques.

This School was the seventh in a
biennial series, and was the first time
it had been held in Switzerland. On
this occasion, some very welcome
financial support was received from
the Swiss authorities. The school
was attended by about 50 students,
mostly from CERN Member States,
and staffed by internationally-known
lecturers.

To fulfil its objectives, the School
programme included both survey
courses on topics of widespread use
in the community, and subjects of
more recent development. An im-
portant aspect of the choice of sub-
jects was that there should be an
appropriate balance between phy-
sics and computing. Thus there were
courses on triggering and filtering for
collider experiments, on program-
mable digital micro-circuits, and on
bus systems for distributed comput-
ing. All these are of interest not only
to those involved in the present gen-
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A scanning electron micrograph of a
superconducting binary logic circuit based
on the Josephson effect, one of the exciting
new developments discussed at the recent
CERN School of Computing.

(Photo IBM)

eration of collider experiments, at
CERN and elsewhere, but also to all
those now thinking about experi-
ments at LEP. In addition, there were
courses on computer graphics, on
numerical and computational as-
pects of linear equations and ma-
trices, and on algorithms and data
structures. Programming and com-
mand languages is a topic of great
importance at the moment in high
energy physics, and this was also
included in the curriculum. The ques-
tion of the future of FORTRAN and of
ADA aroused particular interest.

A number of subjects were dis-
cussed which were not familiar to
most participants in the School, but
which could be of importance in the
future. Among these was the ques-
tion of parallelism and array process-
ing, and program validation. Another
of the topics was that of robotics in
an industrial environment.

The School lasted for two weeks
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and the programme was a very full
one, both from the standpoint of for-
mal lectures and of the discussions
which took place. Judged by any
standards, the School was highly
successful, well attended, topical
and useful. Among students and lec-
turers it was unanimously felt that in
view of the rapid pace of develop-
ments in both physics and in com-
puting, never was the need greater
for a School of this type, and they
hoped that this would not be the
last.

CORNELL
Studying upsilon
decays

The wide fourth upsilon state discov-
ered at the CESR electron-positron
ring at Cornell decays into beau-
ty mesons, composed of beauty
quarks combined with lighter quarks.

Beauty mesons in turn decay through
the weak decay of the beauty (b)
quark. In the standard, six-quark
model of the weak decays of quarks,
the b quark decays into the more
common ‘charm’ (c) and/or ‘up’ (u)
quarks. This model does not specify
the relative proportions of b — ¢ and
b — u decays; this ratio has to be
determined by experiment.

The lepton spectrum in semilep-
tonic B meson decay is an excellent
source of information onthe (b —u) /
(b — c) ratio. The momentum distri-
bution of the produced lepton will
depend on the mass of the accom-
panying hadrons. When b decays to
¢, these hadrons will contain a ¢
quark, so the hadronic mass will be
at least as large as the D (charmed)
meson mass. On the other hand,
when b decays to u, the hadronic
mass can in principle be as small as
the pion mass. Since the total energy
of the B meson is about 5.3 GeV, the
1.9 GeV mass of the D meson greatly
limits the maximum possible energy
available for leptons associated with
b — c decay. The observation of lep-
tons with higher energy would be
evidence for the decay b — u.

The CUSB (Columbia / Stony
Brook / Louisiana State / MPI-Mu-
nich) collaboration has measured the
electron energy spectrum for B
meson decays using the good elec-
tromagnetic calorimetry of their so-
dium iodide/lead glass detector. The
CLEO (Cornell / Harvard / Ithaca Col-
lege / MIT / Ohio State / Rochester /
Rutgers / Syracuse / Vanderbilt)
group has measured both the elec-
tron and muon spectra in their drift
chamber. In the CLEO experiment,
electrons were identified in ioniza-
tion chambers and electromagnetic
shower counters, and muons were
identified in drift chambers placed
outside of iron absorbers.

The CUSB energy spectrum of
electrons from B meson decay falls
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very much on top of the prediction
for b — ¢, and an upper limit of 9 per
cent is obtained for the ratio b — u/b
— c¢. By studying how the results
depend on the mass of the u quark
hadrons, the CLEO group finds that
the results are insensitive to masses
below about 1 GeV. Upper limits for
the ratio of branching ratios of 9 per
cent are obtained by the CLEO group
from both their muon and their elec-
tron spectra.

These three measurements estab-
lish that the b quark decays predo-
minately into ¢ quarks, rather than u
quarks. This results in a significant
improvement of our knowledge of
the parameters of the six-quark mod-
el. With the larger data samples that
will become available, is should be
possible to measure the b — u frac-
tion from the lepton spectrum.

STANFORD
Anniversary time

Five physicists whose work spans
fifty years of experimental and theo-
retical study in particle physics
spoke at the recent multiple anniver-
sary celebration of the Stanford Li-
near Accelerator Center.

This multiple anniversary marked
35 years of electron linacs, 25 years
since the launching of the proposal
forthe SLAC linac, 20 years since the
beginning of the linac construction,
15 years since the linac achieved its
design energy, 10 years of SPEAR
operation, and 5 years since the be-
ginning of PEP construction.

Edward Ginzton traced the begin-
nings of the linear accelerator work
at Stanford from ideas of young stu-
dents with $100 to spend on mate-
rials, to the famous klystron tubes
which have found great use in radar
and other microwave work, to a sec-
tion of accelerator which could be
carried on a man’s shoulder, to the
Mark 3 Linac at Stanford used by
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Robert Hofstadter in his Nobel prize
winning study of the structure of the
proton, and finally to the beginnings
of the Two Mile Linac with the an-
nouncement of support for the pro-
ject by President Eisenhower in
1957.

SLAC Director Pief Panofsky con-
tinued the story through the years of
construction of the enormous pro-
ject which was 30 times larger than
existing machines of the kind. Many
problems broke new ground in areas
requiring the cooperation of the uni-
versity staff with industry. New
ways of managing the powerful
beams of up to one megawatt were
needed.

James Bjorken, now at Fermilab,
reviewed the theoretical and exper-
imental work which has resulted
from these intense electron beams.
A series of theories were used to
understand the ways in which elec-
tron and photon beams actually
probe the structure of matter. Much
of this culminated in the understand-
ing of the unexpected results ob-
tained with SLAC’s giant spectro-
meters in electron scattering on hy-
drogen. This led to the parton picture
of pointlike constituents in the pro-
ton and neutron.

Burt Richter discussed the inven-
tion of storage rings with its begin-
nings as the Princeton-Stanford elec-
tron rings on the campus. The tech-
nique of colliding beams has proven

George A. Keyworth, Science Adviser to
President Reagan and Director of the
President’s Office of Science and
Technology Policy, speaking at the SLAC
anniversary — ‘a deep personal pleasure
to pay tribute to the powerful impact this
excellent laboratory has had on the world’s
science’.

enormously useful to particle phy-
sics and has spawned nearly 20 ma-
chines of increasing size. The most
prolific has been SPEAR, a ring built
at SLAC in 1972. Richter shared the
Nobel prize of 1976 for his work in
the discovery of the charmed quark
and the development of this new
technique. A new kind of machine
using the colliding beam idea is now
being planned at SLAC so this study
can continue past the present practi-
cal limits.

Sidney Drell presided over this
symposium on electron physics.
Theoretical work by Drell has been
very important both in the exploita-
tion of secondary particle beams as
well as in understanding many of the
experimental results. As Deputy Di-
rector of SLAC he heads the theore-
tical section, which has students and
researchers from around the world.

Accelerator Summer
School

Approximately 150 physicists and
engineers from the United States,
Canada, Europe and Asia spent two
weeks at SLAC in the Second Sum-
mer School on High Energy Particle
Accelerators. The school was spon-
sored jointly by the US Department
of Energy (DOE), the US National
Science Foundation, and SLAC. M.
Month of DOE was Chairman of the
Organizing Committee and G. Loew
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Physicists who spoke at the recent multiple
anniversary ceremony at SLAC, left to right,
Edward Gintzon, Sidney Drell, James
Bjorken, Burt Richter, ‘Pief’ Panofsky.

(Photos Stanford News and Publications
Service)

of SLAC was the school’s director.

The school was divided into 12
morning lectures and 7 afternoon
seminars with time out in the early
afternoon for study and informal
discussion. The lectures covered the
principles of linacs and synchro-
trons, lattice and magnet design,
beam instrumentation, new meth-
ods of acceleration and new acceler-
ator technology, the beam-beam
interaction and coherent beam
phenomena, and computer tech-
niques in accelerator design. The af-
ternoon talks covered the applica-
tion of these tools and principles to
current and planned machines in-
cluding colliders, hadron and lepton,
linear and circular.

M. Veltman surveyed the theoreti-
cal landscape for points of reference
to machine builders. He concluded
that we are facing an energy curtain
which has been raised beyond the
first two families of quarks and lep-
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tons and almost past the third. The
top quark and the W, Z boson family
is still behind. Detailed study of the Z
should be possible in 5 to 7 years in
the US and Europe. At that point
experiment has caught up with theo-
ry. The next questions probe the do-
main of ignorance: how many fami-
lies of quarks and leptons are there,
and which of the several mecha-
nisms of Higgs particles, techniparti-
cles and so on, if any, are responsible
for curing the unacceptable high en-
ergy behaviour of the postulated
vector bosons? There is much talk of
the ‘desert’ in which there is little
happening beyond the Z and W until
extraordinarily high energies. Velt-
man noted that this is another name
for lack of knowledge and imagina-
tion and said we must explore the
particle spectrum above 100 GeV up
to 1 TeV. This requires electron-
positron collisions of 1 TeV and pro-
ton-antiproton at 10 TeV.

Pief Panofsky presented his per-
spectives on accelerators at the
opening of the conference. He con-
cluded that the candidates for the
coming generation of very large cir-
cular proton-antiproton colliders,
and very large r.f. supplied linear col-
liders for several particle combina-
tions look both practical and ex-
tremely promising. The generation
after next looks very difficult, and the
talents of the accelerator physicists
are needed more than ever to enrich
the technology, to keep the enter-
prise going, and to make the great
inventions.

Bob Wilson described thinking to-
wards a 20 TeV synchrotron. The
conceptual study foresees ‘superfer-
ric’ magnets using superconducting
coils within an iron yoke. This was
described at the recent American
Physical Society's meeting at Aspen
(see October issue, page 332). The
radius of such a machine would be
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25 miles (1) and magnets would have
to be extruded like toothpaste. In
characteristic indomitable mood,
Bob Wilson said ‘when we're ready
fora 20 TeV accelerator, yes we can
build it". He also voiced the opinion
that the students at the school would
build a 100 TeV machine and get
results, but not using any of the tech-
niques being described at the SLAC
school.

One of the afternoon study periods
was enlivened by a film showing the
computer simulation of wake field
patterns with electric field lines snap-
ping along discontinuities in several
beam structures. The film was
created by Tom Weiland about two
years ago while at Los Alamos. It
was called back for several en-
cores.

SLUO anniversary

In addition to the many other Stan-
ford based anniversaries this year,
the SLAC-LBL Users Organization
(which suffers the abbreviation
SLUO) is also celebrating ten years
existence since it was initiated by
R. Lauder in 1972. It now groups
thirty-five universities and institutes
(including Stanford and Berkeley)
with about 500 physicists. SLUO is a
channel of user communication to
the managements-of the two Labo-
ratories, eases the involvement of
university scientists in projects at the
Laboratories and helps the flow of
information from the Labs to the us-
ers.

SLUOis not a ‘creature’ of the Lab-
oratories as many user groups are,
butis funded by the participating Uni-
versities and Institutes. A Working
Committee with representatives
from all the participating institutes
meets about five times a year. The
Chairman, at the time of writing is
David Pellett and Bruce Barnett is the
Secretary and Treasurer. At present
there are subcommittees, with Toby
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Bob Wilson at the recent SLAC Accelerator
Summer School — ‘when were ready for
a 20 TeV accelerator, yes we can build it".

(Photo SLAC)

Burnett as coordinator, concerned
with PEP, Science and government
policy, and Facilities at the Stanford
Linear Collider.

Involvement in the decision-mak-
ing process goes on at different
levels and various stages. Normally,
the Working Committee invites the
directors of SLAC to sit in on por-
tions of meetings where information
and opinions can be freely ex-
changed. Often, the issues and con-
cerns to the user community which
are brought up and discussed on
these occasions are resolved during
these discussions. Other items of
concern are communicated directly
to the appropriate people in the La-
boratory. In addition, the chairman of
SLUO often presents user points of
view to the various advisory commit-
tees of SLAC including the Scientific
Policy Committee. SLUO has been
actively involved in many of the poli-
cy decisions at Stanford.

BROOKHAVEN
Preparing for polarized
protons

The project to accelerate polarized
protons in the Brookhaven Alternat-
ing Gradient synchrotron is well ad-
vanced and a,call for proposals to
use this unique facility has been is-
sued. (Interested experimenters
should make contact with Derek
Lowenstein at Brookhaven.)

The major items of the scheme are
the polarized source, aradio-frequen-
cy quadrupole (RFQ) pre-injector, po-
larimeters and quadrupoles to jump
depolarizing resonances. These are
being prepared in collaborations in-
volving Argonne / Brookhaven / Mi-
chigan / Los Alamos / Rice / Yale.

The polarized source is being de-
veloped to provide negative hydro-
genions at 20 keV via the interaction
of caesium ions with polarized neu-
tral hydrogen atoms. The AGS has
been converted for negative ion in-
jection and the proton source has
been taken out. This will give a
brighter beam and possibly higher
intensity for normal proton beam
operation. With the polarized beam it
is hoped to reach around 10 pA from
the source in 500 ns pulses which is
the maximum pulse that the linac can
take. The use of an RFQ preinjector,
rather than the conventional Cock-
croft-Walton, avoids the complex
source being up at high voltage. The
aim is to have the RFQ ready for May
1983. By then a polarimeter will be
installed at the end of the 200 MeV
linac to allow continuous monitoring
of the polarized beam.

In the AGS the beam has to be
manoeuvred through eight intrinsic
resonances and many imperfection
resonances (due to magnet misalign-
ments etc.). The latter can be dealt
with by existing dipoles (though the
process may initially be rather te-

CERN Courier, November 1982



The Michigan pulsed quadrupole for the
Brookhaven AGS polarized beam. The
hyperbolic ferrite poles and coils form a

very symmetric pattern. The AGS polarized
protons will pass through 12 of these quads
in order to jump’ the depolarized resonances.

(Photo Brookhaven)

dious) but the intrinsic resonances
need twelve additional special qua-
drupoles installed in the AGS ring to
provide Q jumps. The quadrupoles
themselves have been built. They re-
quire rather unconventional power
supplies allowing them to be turned
oninless than 2 ps and their currents
then to be sustained for some 3 ms.
This involves a combination of thyra-
trons for fast turn on and large igni-
trons to take over the long current
pulse. Production of these supplies
will start in January of next year for
installation in the autumn. The qua-
drupoles themselves, plus alumin-
ized ceramic vacuum chambers are
being installed now.

An internal polarimeter will be in-
stalled in the AGS at the end of this
year and an external polarimeter with
two large spectrometer arms will
provide an absolute measurement
which will also serve for calibration
of the other two polarimeters. The
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research programme with polarized
protons is scheduled to start in
1984.

GOESGEN
Looking for neutrino
oscillations

A team from Caltech, SIN and Mu-
nich Technical University has recent-
ly produced new results on the much
discussed subject of neutrino oscilla-
tions. (There are several types of
neutrinos, once thought to be immu-
table. However there is a possibility
that these different types of neutri-
nos could interchange roles, albeit at
a very low rate.) Indications of such
oscillations came from earlier work
at the Savannah River reactor and
from the continuing measurements
of the solar neutrino flux in the Home-
stake Mine experiment.

The measurement was of the rate

at which the electron antineutrino in-
teracts with a proton to give a posi-
tron and a neutron. It was essentially
an extension, with an improved de-
tector and with better statistics, of a
previous experiment carried out at
the Institut Laue-Langevin, Grenoble.
The neutrings came from beta de-
cays of fission products from the
Swiss Goesgen light water reactor.
The protons were contained in
377 litres of liquid scintillator, which
also detected the positrons and
moderated the neutrons.

Neutrino production in the reactor
is well understood and the absolute
energy spectrum of the emerging
neutrinos is known to an accuracy of
a few percent. The cross-section for
the reaction can be found from weak
interaction theory and hence the de-
pendence of the rate of the reaction
on the distance from the reactor core
can be predicted. If the neutrinos
oscillate or disappear in any way at
all, the observed and predicted rates
will differ.

During a six month period, the ex-
perimenters were able to record
some 11000 neutrino events with
the apparatus set up at a distance of
37.9 m from the reactor core. The
ratio of the observed to the predicted
event rate was 1.05 + 0.02 (statis-
tical) = 0.05 (systematic). Hence the
result is consistent with there being
no neutrino oscillations, and sets
new limits on the relevant oscillation
parameters. The measurement is be-
ing continued at a distance of 46 m
to improve the sensitivity.

The results of these searches have
wide implications, extending from
particle physics to theories of solar
evolution and beyond to questions
on the possible gravitational closure
of the entire universe. This is an im-
pressive contribution from a modest
experiment at a power station in a
small country on a minor planet of a
typical star in an average galaxy!
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RUTHERFORD
Neutron source
components

The Spallation Neutron Source (SNS)
now being constructed aims to pro-
vide 800 MeV protons in pulses of
2.5 x 10"3 particles at a repetition
rate of 53 Hz. Fired into a heavy
metal target, these particles will pro-
duce neutrons for a wide range of
research applications (see July/Au-
gust issue, page 232).

In the SNS the maximum intensity
achievable will probably be deter-
mined by coherent beam instabili-
ties. Longitudinal and transverse
motions of the proton beam circulat-
ing within the synchrotron vacuum
chamber induce image currents in
the structures surrounding the beam.
These currents produce electric and
magnetic fields and forces which act
back on the circulating beam. If the
interaction enhances an original per-
turbation (for example caused by a
slight construction error or other dis-
continuity), then unstable collective
longitudinal and transverse oscilla-
tions of the beam can occur, with
subsequent beam loss. For the SNS,
the frequencies of such unstable os-
cillations range from 100 kHz up-
wards. The forces and their effect on
the beam depend on the beam ener-
gy, beam distributions and beam in-
tensity and also on the strength of
the coupling between the beam and
the surrounding structure. To max-
imize the intensity in the synchrotron
it is necessary to minimize the beam
coupling impedances.

The fast cycling (60 Hz) magnets
of the SNS synchrotron are lami-
nated in a direction transverse to the
direction of motion of the circulating
beam and the induced image cur-
rents. These laminated structures
surrounding the beam therefore have
very highresistive and reactive impe-
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dance components and it is neces-
sary to interpose radio-frequency
shields between the beam and the
magnets to screen the beam from
the laminated magnet structures and
reduce the beam coupling imped-
ances to acceptable values. To be
fully effective the shields have to be
positioned accurately in the ceramic
vacuum vessels and have to follow,
as closely as possible, the circulating
beam profile.

The first quadrupole shield for the
Rutherford Appleton Laboratory’s Spallation
Neutron Source fitted into its ceramic
vacuum chamber. This is a tricky job, and
having mastered the technique for straight
sections, the next task is to deal with the
more difficult curved dipoles.

(Photo Rutherford)

The design and construction of the
shields have presented many prob-
lems — solid metal plates can only be
used in a few places because of eddy
currents, supports have to be made
of ceramics to withstand radiation,
the shield has to be accurately align-
ed and supported from the inside of
the ceramic vacuum vessel. The
structure, handling and construction
techniques have to conform to ultra-
high vacuum requirements.
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The Plastic Ball/Plastic Wall detector at
the Berkeley Bevalac — an example of the
growing interest in nuclear reactions using
beams of heavy ions.

BERKELEY
VENUS rising

From 15—18 September a Work-
shop was held at the Lawrence Ber-
keley Laboratory to discuss the pro-
posal which it is intended to present
by the end of this year concerning the
accelerator complex, known as VE-
NUS, for physics with heavy ion
beams. The project, as then con-
ceived, was described in the Decem-
ber 1979 issue, page 406. The ulti-
mate aim is to have multi-GeV per
nucleon colliding beams but the fi-
nancial resources to reach this aim
are not within reach at the moment.
Much could be done, however, to
extend the research programme by
building just the injection stages of
the full VENUS project.

The interest in nuclear physics
with heavy ion beams has grown in
the past decade with the use of the
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Bevalac (the ex-Bevatron constant
gradient synchrotron fed by the Su-
perHILAC heavy ion linear accelera-
tor). It now supports a community of
some 200 physics users and in addi-
tion has a thriving biomedical re-
search programme (which we return
to as a separate item at the end of
this article). This year the abilities of
the accelerator have been increased
via a new ion source (ABLE) on the
linac, to make good beams of ions up
to uranium available, and via the in-
stallation of a new vacuum liner in the
synchrotron to achieve a low enough
pressure for the heavierion beams to
be transmitted during their accel-
eration. These improvements have
worked very well and usable beams
of uranium ions at 1 GeV per nucleon
can now be provided to the experi-
menters.

Just as important, in terms of pull-
ing out significant results, is the com-
ing into action of more sophisticated

detectors. There has been difficulty
in extracting the physics from the
complex heavy ion collisions (as was
commented upon by the DOE nuclear
science review committee, chaired
by Erich Vogt, which reported on
existing research facilities in June of
this year). The new detectors are a
heavy ion Superconducting spec-
trometer, HISS, and the ‘Plastic Ball’
described in our November 1981 is-
sue, page 393. There are projects to
add the lampshade magnet and, lon-
ger term, aheavy ion Time Projection
Chamber. The improved detection
abilities should help to clarify the in-
formation which has come from the
first survey of collisions between
high energy nuclei.

The VENUS project in its present
form requires rebuilding the prestrip-
per on the SuperHILAC to increase
injected ion beam intensities by a
factor of ten. Two rings would then
receive the beams. A superconduct-
ing booster ring of 30 m radius would
accelerate uranium ions to 7 GeV
per nucleon. The second d.c. super-
conducting stretcher ring, probably
stacked on top of the first ring (both
of them being installed in the Beva-
tron hall), will store ions and allow
100% duty factor with the beams
ejected to external targets. A variety
of modes of operation with interplay
between the two rings would be
possible. In particular beams from
this second ring could be reinjected
into the first ring after stripping so as
to be accelerated to higher energies
(10 GeV per nucleon which is ten
times the energy available from the
present Bevalac). Stochastic cooling
in the storage ring may also be used
to produce beams with much lower
energy spread, 1075, than is pos-
sible now. At a later date, two large
superconducting rings each to give
colliding beam energies of 20 GeV
per nucleon could be built to take
VENUS parameters to the very high
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centre of mass energies initially pro-
jected.

High fields from the superconduct-
ing magnets are anticipated for all
the storage rings — for example 6 T
in the dipoles of the booster ring.
This is in line with a programme of
work on high field superconducting
magnets at Berkeley initiated several
years ago with the major aim of de-
veloping magnets suitable for the
next generation of high energy pro-
ton synchrotrons (20 TeV and
above). The goal of the development
programme is to produce magnets
capable of 10 T in a 4 cm bore. En
route, the team did build an “alterna-
tive ISABELLE magnet’ and, with a
four-layer coil structure, achieved
7.6 T in helium-2 at 1.8 K with little
training.

Two designs are being pursued at
Berkeley to achieve high current den-
sity in the superconductor with mini-
mum copper stabilizer. One involves
a four-layer coil structure like the al-
ternative ISABELLE magnet; the oth-
er involves the use of niobium-tin
conductor in rectangular cable — the
so-called ‘block’ design — operating
at 4.2 K. Niobium-titanium and nio-
bium tin are possibilities for the su-
perconductor. (Another approach,
involving Fermilab and KEK, is to use
a niobium-titanium-tantalum alloy in
afour layer magnet. KEK are also try-
ing niobium-tin and niobium-titan-
ium.) It is hoped to have a first nio-
bium-titanium prototype tested be-
fore the end of the year.

Plans for a ‘medical accelerator’

The success of the biomedical pro-
gramme on the Bevalac has led to the
National Institute of Health funding a
study at Berkeley to design a heavy
ion accelerator appropriate for use in
a hospital environment. For the treat-
ment of cancer by bombardment
with particle beams, heavy ions
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Graph of the energies and ion species which
could be covered by the VENUS project at
Berkeley. Other existing and planned
machines are also indicated. On the right

is a list of the fields of physics which could
be studied by the machine in its various
operating modes.
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seem to be emerging as the strong
candidate. The use of neutrons is
also continuing but pion beams are
now not in favour. The pion facility at
LAMPF has been closed down and
the PIGMI project at Los Alamos to
develop a pion accelerator for hospi-
tals is no longer active (though it did
yield some superb accelerator tech-
nology). The production of seconda-
ry beams of pions is harder than
using primary beams and biologically
their effect is not as useful as heavy
ions.

The present design for a ‘medical
accelerator’ aims to achieve beams
of silicon ions (which are preferred in
order to limit spallation from the irra-
diated volume) at an energy of 800
MeV per nucleon using a synchro-
tron. Lower mass ions could also be
accelerated and perhaps argon
ions.

Great emphasis is put on opera-
tional simplicity and reliability since

the accelerator will have to run in an
environment where little accelerator
expertise will be available: The de-
sign will incorporate a radio-frequen-
cy quadrupole to avoid a high voltage
Cockcroft-Walton. The Berkeley
team fed in the idea of rings in the
RFQ structure to help in balancing the
structure. In addition to the synchro-
tron design there is also work on the
system to deliver beam to the patient
so as toirradiate the required volume
in the most effective way.

With this medical accelerator it is
hoped that an extensive programme
of heavy ion therapy can be carried
out to ensure a very thorough evalu-
ation of effectiveness and appro-
priateness for different types of can-
cer.
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Ten years on the IUPAP Commission
on Particles and Fields

by Edwin Goldwasser

My participation with the IUPAP
Commission on Particles and Fields
started in 1970 when Bob Wilson
and | (then Fermilab Director and De-
puty Director respectively) proposed
to host the XVIth International Con-
ference on High Energy Physics at
Fermilab in 1972. The Conference
was eventually held in the Fermilab
auditorium, then still under construc-
tion (Parke Rohrer, Manager of the
Laboratory’s architect-engineering
firm, spent the night before the Con-
ference caulking the auditorium roof
to stop the leaks). During the follow-
ing year | was elected to serve a three
year term as one of the two US repre-
sentatives on the Commission. Frank
Yang (USA) was then Chairman and
when he was succeeded by Bernard
Gregory (France). | was elected
Secretary. On the tragic and un-
expected death of Bernard Gregory, |
was asked to act in his place as
Chairman.

Six years is the normal limit in
terms of service on the Commission,
but in 1978 a number of important
problems were unresolved and the
other members requested the Gene-
ral Assembly of IUPAP that | be
elected for one more term. The re-
quest was accepted and my third
term was completed last year.

One of the notable features of the
decade was a transition from an age
of plenty to an age of scarcity for
research in general, and for high
energy physics in particular. The im-
pact of the change in the world econ-
omy was felt more acutely in the
arena of international scientific coo-
peration than in other scientific activ-
ities.

In 1972 there was an insistent call
for a proliferation of international
conferences on high energy physics.
New developments seemed to be
too rapid for the journals to respond.
The principal means of communica-
tion was becoming preprints or short
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‘letters’.  Such communications
alone were not completely satisfac-
tory and physicists were finding that
a valuable medium was presentation
at a conference where active physi-
cists could compare notes, criticize
interpretations, develop new ideas,
and even arrange new collabora-
tions.

With the increasing size and com-
plexity of facilities, experimental
groups had increased in size. Fur-
thermore, with the increasing cost of
such facilities, there was pressure to
avoid duplication. Large facilities first
involved the joint effort of a number
of scientists at a single institution.
Then came inter-institutional co-
operation.  Finally, international
teams have become common. That
last step requires a suitable forum
where people can meet to discuss
their interests and ideas.

It has always been my belief that
such conferences also serve an al-
most independent purpose in the
sphere of international relations. If
we are to develop a better under-
standing among nations, nothing is
more important than improving com-
munication. [IUPAP sponsorship has
been important in the development
of fuller participation in international
conferences. Such sponsorship is re-
cognized in many nations as an indi-
cation of the value and appropriate-
ness of a conference.

With the tightening of research
budgets during the past decade, the
atmosphere surrounding the pre-
vious proliferation of conferences
gradually changed. The choice
whether to invest funds in foreign
travel or in research equipment and
operations became more difficult.
Sponsoring agencies in a number of
countries established tighter con-
trols over foreign travel. Valuable as
international conferences may be, it
is understandable to look at them as
peripheral to the ‘real’ conduct of

Edwin L. Goldwasser, now Vice-Chancellor
for Academic Affairs of the University of
lllinois at Urbana-Champaign.

research. | believe this jeopardizes
the effectiveness of research in our
era. It also poses a real threat to one
of the fragile threads of international
cooperation.

As funding decreased, those au-
thorities and agencies who screen or
sponsor foreign travel leaned more
heavily on the symbol of IUPAP’s
sponsorship as an indicator of the
importance of conferences in high
energy physics. This responsibility
has become increasingly evident and
the Commission is more selective in
its sponsorship, tending to limit it to
those conferences which are vital to
the vigour of the scientific enterprise
and to the health of international co-
operation. The Commission has felt
that the symbol of IUPAP sponsor-
ship must be protected in order to
maintain its value as an ‘imprimatur’,
accepted by many national authori-
ties as an indicator that visas should
be issued and travel supported.
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Today, the Commission reserves
its sponsorship, in the main, for three
series. One is the biennial Inter-
national Conference in High Energy
Physics (the ‘Rochester Confer-
ence’). Another is the biennial Inter-
national Symposium on Leptons and
Photons at High Energies, held in
alternate years to the Rochester Con-
ference. Finally there is the Inter-
national Conference on High Energy
Accelerators whose frequency has
decreased to once every three years
since accelerator developments
have slowed.

Each of these series falls within the
spirit of the general IUPAP guide-
lines, and gives good coverage to the
field with a time frequency matched
to the rate of developments. They do
not give as much in-depth coverage
as can be realized through small topi-
cal conferences, but these are still
held on an ad hoc basis, usually with-
out IUPAP sponsorship.

Attendance at IUPAP conferences
has always been a sensitive issue.
Their importance is widely recog-
nized and leading scientists usually
attend. Because of the working
nature of the conferences and be-
cause of the unique forum they pre-
sent, active physicists feel they
‘must’ be there. Unfortunately, be-
cause their effectiveness seems to
many to hinge upon a limitation on
the number of participants, atten-
dance has traditionally been by invi-
tation. This has made it possible to
maintain appropriate international
representation.

It has been traditional to give the
organizer the broadest possible au-
tonomy in arranging the conference.
However during the past decade it
became clear, in particular with the
Rochester series, that the interests
of international participation would
be furthered if the Commission took
responsibility for the national quo-
tas. On several occasions, an
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organizing committee arbitrarily re-
duced the traditional representation
of some other nation. On one occa-
sion during Bernard Gregory’s chair-
manship, one organizing committee
arbitrarily halved the Commission-
established quota for another nation.
After other appeals had been ineffec-
tive, Gregory and | had to indicate
that IUPAP sponsorship would be
withdrawn unless the problem was
rectified and the quota was restored.
The Commission has therefore
established detailed quotas which
are transmitted to the conference
host.

There has been an increasing sen-
timent in the USA against the exclu-

sivity implied by the practice of par-

ticipation by invitation only. IUPAP
representatives from elsewhere still
tended to believe that practical con-
siderations limit attendance. The
1980 Rochester Conference was
scheduled to be held in the United
States, and there were two propo-
sals. The first came from the Univer-
sity of Wisconsin on condition that
they could experiment with an ‘open
conference’ format. A California
group submitted a second proposal
to host the conference on an invita-
tional basis. The Commission finally
decided for Madison, under the con-
dition that provision would neverthe-
less have to be made for the estab-
lished international quotas. The Wis-
consin group, in consultation with
the Commission, devised proce-
dures which made it possible both to
maintain national quotas and to
make the conference effectively
open to all. The Commission was
pleased with the result and now en-
courages such open conferences.
Another major development in the
activities of the Commission has
been the decision to sponsor a new
committee which concerns itself
with the long range future. This Inter-
national Committee on Future Accel-

erators (ICFA) hasits roots in a series
of meetings of laboratory directors,
physicists, and officials, culminating
in a meeting in New Orleans in 1975.
The subject was ‘Perspectives in
High Energy Physics’. During that
meeting it was noted that the pro-
gress of high energy physics, in the
next decade, would almost certainly
require an accelerator and experi-
mental facilities so large that they
could not be built by an individual
nation or region. It was recognized
also that the technical, organiza-
tional, economic and political prob-
lems connected with the formation
of a ‘world’ laboratory would be for-
midable. It was suggested that a stu-
dy be started to consider the next
large high energy physics develop-
ment, then seen about a decade in
the future. The facility was named
the Very Big Accelerator (VBA).
After some preliminary meetings,
the informal study group established
at the New Orleans meeting ap-
proached the Commission request-
ing sponsorship for the formation of
ICFA. In 1976 the Commission
agreed and it was decided that ICFA
should have three members from
CERN Member States, three from the
Soviet Union, three from the USA,
one from Japan, and one from Dubna
Member States (other than the
Soviet Union). The Chairman of the
IUPAP-Commission was designated
to be a twelfth member, ex officio.
The Commission defined ICFA res-
ponsibilities "to organize workshops
for the study of problems related to
an international super high energy
accelerator complex (VBA) and to
elaborate the framework of its con-
struction and use; to organize meet-
ings for the exchange of information
on future plans of regional facilities
and for the formulation of advice on
joint studies and uses.’ ICFA elects
its own chairman. Before he died,
Bernard Gregory had been chosen to
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The University of Wisconsin-Madison,
scene of the 1980 ‘Rochester’ Conference,
which dispensed with the traditional rule
of participation by invitation only.

(Photo University News Service)

be the first. John Adams was elected
to replace him.

In its first five years ICFA has
organized more than a half a dozen
meetings and workshops to con-
sider the physics motivation for the
construction of a VBA, possible de-
signs and limitations, and develop-
ments in detectors, magnets, and
instrumentation. It has also been
agreed that there should be a meet-
ing on some of the political, econ-
omic and organizational problems
associated with the establishment of
an international laboratory. ICFA has
been successful in stimulating the
kind of discussion which must occur
prior to any serious planning for the
VBA. On the other hand, the world
economy has faltered and the
original lead time of one decade from
1975 was clearly too short.

Another development during the
past decade is the reestablishment
of communications with the People’s
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Republic of China. China indicated an
interest in high energy physics and
the Commission responded imme-
diately with an invitation to join. Al-
though there has been much friendly
conversation, the Chinese have not
yet engaged in the activities of the
Commission. They are reluctant be-
cause IUPAP recognizes Taiwan as
an active participant in its affairs.
Sporadic discussions are still in pro-
gress, and it is hoped that China will
enter into the activities of IUPAP and
ICFA in the near future.

During my decade on the Commis-
sion, the most troublesome problem
has been the inability of conference
organizers to arrange for the partici-
pation of some of the outstanding
physicists from the USSR. A ten year
survey showed that whereas 95 per
cent of speakers invited from other
nations had accepted invitations to
speak at IUPAP-sponsored confer-
ences, less than 30 per cent of those

invited from the USSR had similarly
been able to accept and attend the
conferences. In response to a series
of problems faced by conference
organizers and in response to the
results of its ten year survey, the
Commission, at its 1978 meeting in
Tokyo, therefore passed the follow-
ing resolutien:

‘At all conferences sponsored by
the [IUPAP Commission on Particles
and Fields every endeavour must be
made to ensure that the best qual-
ified scientists from all regions are
able to attend. The foundation of the
Commission’s programme of major
meetings has, in the past, been a re-
gular rotation of the venue among
those regions actively engaged in
high energy physics research. The
principle of a parity of rotation is only
meaningful if there is a correspond-
ing parity in the participation at the
conferences by scientists who are
most actively engaged in the re-
search to be discussed. The Com-
mission’s established policy must
necessarily be placed in jeopardy if
any nation or region is judged by the
Commission not to be contributing
its fair share to the scientific ex-
change. The Commission will not
normally choose such a nation or
region as a site for any confer-
ences.’

Since this resolution was passed
there have been three major confer-
ences sponsored by the Commis-
sion. In each case, the conference
organizers were unable to get the
same kind of participation from
invited Soviet scientists as is tradi-
tional from scientists of other
nations.

Normal procedure dictated that a
site for the 1984 Rochester Confer-
ence should be chosen at the 1981
meeting of the Commission in Bonn.
In accordance with the usual rotation
among the three major regions, the
1984 Conference normally would
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have been scheduled for the USSR.
However there was substantial sup-
port of the Tokyo resolution by high
energy physicists in the United
States and in Europe.

At the Bonn meeting, a tentative
invitation was submitted by East
Germany, proposing that the 1984
Conference be held in Leipzig. The
Commission accepted that invitation
on a provisional basis, pending a
satisfactory response to the usual
questions which were answered at
the Commission meeting in conjunc-
tion with the 1982 Rochester Con-
ference in Paris. Just before retiring
as Chairman, | wrote to Anatoly Al-
exandrov, President of the Academy
of Sciences of the USSR, and to An-
drei Petrosyants, Chairman of the
USSR State Committee for Utilization
of Atomic Energy. In that letter | indi-
cated my own thoughts as follows:

‘l would not be completely honest
if | did not inform you about my own
ideas about the future, recognizing,
of course, that my official responsi-
bility for these matters is now com-
ing to an end. Of course |l join all of my
colleagues in hoping that USSR par-
ticipation in international confer-
ences will soon become indistin-
guishable from the participation of
other IUPAP members... You have
my very best wishes for success in
your continued efforts to further the
goals of science in the USSR. The
potential for major contributions in
high energy physics from the Soviet
Union is great, and the potential for
achievement by the gradually devel-
oping international community of
scientists is greater yet. The poten-
tial of each of us can be magnified
manyfold if we join hands in a com-
mon effort. But such an effort re-
quires the full and free participation
of the best scientists, no matter from
where they come. Not only does
such a cooperative effort enhance
the progress of science, but it also
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contribytes significantly to the pres-
tige of those nations whose scien-
tists are able to push the frontiers of
knowledge still further ahead. On the
other hand, any nation which frus-
trates the efforts of its scientists and
handicaps them in their activities not
only sets back the progress of
science, in general, but also deals
itself a costly blow in world prestige,
in its ability to contribute to the
advancement of science, and in its
ability to exploit the full potential of
its own scientific talent.’

Dame Margaret Weston, Director of the
Science Museum in London, gives the
opening address at the inauguration of a
CERN exhibition at the Museum, open until
the end of November. Left is William
Shelton, Under Secretary of State at the
UK Department of Education and Science,
who formally inaugurated the exhibition,
and right is CERN Director General Herwig
Schopper.

(Photo 5631.9.82)

People
and things

On people

Paul Reardon, at present heading
construction of the Tokamak Fu-
sion Test Reactor (TFTR) project
at the Princeton Plasma Physics
Laboratory, is to move to Brook-
haven where amongst his respon-
sibilities will be leadership of the
ISABELLE project (now, in view

of its likely reformulation — see
October issue, page 318 — usually
referred to as the Colliding Beam
Accelerator, CBA). He has exten-
sive previous experience at Prince-
ton, MIT (where he headed the
team that built the electron linac)
and Fermilab (where he headed
Booster construction and was later
Technical Director).

Meetings

The 11th International Symposium
on Lepton-Photon Interactions at
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The Nobel Prize for Physics
goes this year to Cornell
theorist Kenneth Wilson.

Paul Reardon.

Among the visitors to CERN in September
was Belgian Secretary of State for Energy
Etienne Knoops, seen here (right) receiving
animated explanation about the LEP project
from CERN’s Energy Coordinator Oscar
Barbalat.

(Photo CERN 35.9.1982)

High Energies will be held at Cor-
nell University, Ithaca, New York,
from 4—9 August 1983. Atten-
dance is by invitation only. Re-
quests for invitations should be
addressed to the Conference Se-
cretary, Newman Laboratory, Cor-
nell University, Ithaca, New York
14853, USA. Persons in the USA
may correspond directly with Prof.
F. J. Sciulli, Nevis Laboratory, PO
Box 137, Irvington-on-Hudson,
New York 10533, and in Europe
with Prof. E. Lohrmann, DESY,
Notkestrasse 85, D-2000 Hamburg
52, Federal Republic of Germany.

Glueballs

According to our present under-
standing of the quark forces acting
deep inside strongly interacting
particles (hadrons), these forces
are communicated by the exchange
of gluons. These new force carriers
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thus appear high up on experi-
menters” want lists. But as well
as carrying the inter-quark force,
gluons should also be able to stick
together to form new particles,
called variously ‘gluonia’ or ‘glue-
balls’.

At each major physics conference
these days, a number of glueball
candidates are proposed, and the
list is steadily increasing. Although
no definite claim can be made,
confidence in glueballs is increas-
ing. One such candidate is the E
(1425) meson, recently studied at
SLAC in the radiative decays of
J/psis.

However this particle is no new-
comer to the physics scene. Glue-
balls could have been seen no less
than 19 years ago by a CERN/Col-
lege de France team in the analysis
of proton-antiproton annihilations
at rest, observed in a hydrogen
bubble chamber.

Reorganization at SLAC

With the retirements of Dick Neal
and Joe Ballam at SLAC, more
details of Laboratory reorganization
have been announced (see also
September issue, page 285, which
reported the appointment of Burt
Richter as Laboratory Technical
Director, and Associate Director

in charge of an expanded Technical
Division). While Joe Ballam initially
remained in charge of Research
Division, this responsibility was
assumed on 1 November by Ri-
chard Taylor.

In Technical Division, Ewan Pat-
terson becomes Head of the new
Operations Department, with res-
ponsibility for the existing acceler-
ators. Matt Allen becomes Head
of Accelerator Physics Department.
Klystron Department and the PEP
Vacuum Group are combined into
a new Klystron-Vacuum Depart-
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ment, headed by Gerry Konrad
with Norm Dean deputizing. As
already announced, Lew Keller’s
Experimental Facilities Department
is transferred to Research Division.

The SLAC Linear Collider Project
(SLC), under Project Director John
Rees is now a formal part of the
SLAC management structure and
specific responsibilities have been
assigned. David Leith will oversee
the optimization of the SLC for
physics experiments and will pro-
mote user involvement.

Muon lifetime

The contest to measure the lifetime

of the positive muon to high accu-
racy has a new entry. A group
from the College of William and
Mary in Virginia, using a muon
beam at the TRIUMF cyclotron in
Vancouver has recently measured
the positive muon lifetime to one
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Prominent faces from the reorganization at
SLAC: top, Burt Richter, who becomes
Technical Director and Associate Director

in charge of an expanded Technical Division;

centre, Richard Taylor, new Associate
Director in charge of Research Division;
below, John Rees, Project Director of the
SLAC Linear Collider (SLC).

part in 36 000. The new value is
2.19695 + .00006 microsec,
which differs slightly from the cur-
rent world average while increasing
its precision. Indeed, the relative
precision with which the positive
muon lifetime is known is better
than that for any other radioactive
decay, thanks to the convenient
timescale involved. This scale lies
comfortably within the reach of
digital clocking techniques and is
yet brief enough to minimize cos-
mic ray background.

By following the theoretical
methods of A. Sirlin for calculating
radiative contributions to the decay
rate, the above value can be con-
verted into a weak coupling con-
stant for muon decay. This con-
stant is, for non-strange weak
interactions, analogous to the fine
structure constant for electromag-
netic interactions. In dimensional
form, as is necessary until the ex-
perimental weak boson mass is
known, the muon decay coupling
deduced from the new muon life-
time measurement is (1. 16637 +
0.00002) x 10° GeV=2.

More synchrotron light at Brook-
haven

Early in September, first circulating
beam was achieved in the X-ray
ring of the US National Synchrotron
Light Source at Brookhaven, just

over a year after the first beams
were obtained in the vacuum ultra-
violet ring. Full experimental use
of the VUV ring has been under
way since early August. The X-ray
ring should be available to experi-
menters this year.

This 1951 photograph by C.F. Powell,
passed to us by John E. Hooper, illustrates
the risks of particle physics research. The
launching of a hydrogen-filled balloon to
register cosmic rays did not quite go as
planned. The unfortunate victims were, left
to right, John Mulvey, the late Max Roberts,
Owen Lock and John Hooper.
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INCAA announces the CAPRO 68K
The most powerfull CAMAC-CRATE PROCESSOR ever built.

OPERATING SYSTEM
SOFTWARE/FIRMWARE
PACKAGES:

EXECUTIVE The CAPRO 68K is
standard equipped (firmware) with a
multitasking executive, specially
designed to run Real Time Applications.
Features: interrupt handling, task
scheduling: Start stop, suspend,
resume tasks. Drivers to both serial 1/0
ports on the front panel, floppy disk
driver. Loading and dumping of tasks
via serial port, floppy disk and hard
disk. Debugging, trace and memory
access facility.

ASSEMBLER/EDITOR for 68000
statements, 8 character labels and
variables, format independent, block
structure, recognition of local and
global variables, definition of variables
based on address registers,
comfortable support by mix 8/16/32 bit
variables. Editor, line oriented,
comments include: Append, Bottom,
Change, Delete, Find, Insert, List,
Overlay, Search, Top, Append File.
Assembler, and Editor operate
interactively.

UNIX V7. The basic package consists of
a kernel with 40 utilities, CAMAC library
and C-compilier. Real time programs
developed under UNIX may be written
in C, PASCAL or FORTRAN. The target
programs may run directly under the
executive (real time) however if UNIX is
extended with the CAMAC library, the
target programs may RUN under UNIX
for test purposes.

HARDWARE FEATURES:

CAPRO 68K is an autonomous CAMAC
processor/controller, housed in a 3 wide
module and based on a 68000 8 Mkz bit
MiCro-processor.

FRONT PANEL two RS232 asyn/synchr
ports, 14 status indicators,
”sense”/baudrate switch, and a 64 pole
bus extention connector.

CPU workspace, executive 16K EPROM,
3 timers, high speed Memory
Management Unit (30 nsec) with write
protection supervisor/user and stack
overflow warning. The MMU is able to
handle 16 tasks and administrate data
and program address space.

CAMAC INTERFACE 16/24 bit transfers,
1 uS camac cycle. Direct Memory
Access between the CAMAC interface
and the internal dual port memory. On
average the DMA will be able to
transfer 2 Mega bytes/sec. The
available models are: address scan, g-
stop, g-repeat, list mode, vectorized
interrupt system, individual vectors for
each LAM.

MEMORY 256K or 512K standard built-
in BYTE, dual port, parity per byte,
dynamic RAM type, total access time
including arbitration 200 nS.
GENERAL, the CAPRO 68K may be
used in multi-micro processor
configurations because a bus
arbitration mechanisme is provided.
The CAPRO 68K may also be used as
an auxiliary controller.

SYSTEM MODULES

DUAL ASYNCHRONOUS
TRANSMITTER/RECEIVER

Full duplex RS232 compatible
interfaces Opto-isolated 20mA
current loops. Half duplex mode
and internal current generation
possible. For multi-user
configurations.

DEBUGGALYZER, hard and
software test and debugging
tool for CAPRO 68K based
systems.

Features

- display and update of 68,000
data and address register,
program counter and stack
pointers.

- display and update of
memory.

- bus driving.

- stepping the 68,000: single
bus cycle or instruction step
with display of bus status and
registers.

- multiple breakpoint setting

- combination includes boolean
and simple arithmatic
expressions.

]
FLOPPY DISK CONTROL UNIT
has a Shugart/BASF compatible
interface based on IBM 3740
format. The control unit has an
“on-board’ microprocessor,
memory and LSI disk driver. The
buffers allow a maximum data
transfer rate and prevent time
critical situations in the host
computer.

inctaa

INCAA B.V., P.O. Box 211, 7300 AE Apeldoorn, Holland. Tel. 055-551262

WINCHESTER DISK DRIVE, 80
M byte Formatted in 19”
mountable rack including power
supply, ventilation SMD
interface including A-B interface
cables, 3mtr. With CAMAC
compatible interface controller
optionally 20M bytes cartridge
streamer built-in.
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PHOTOELECTRONS?

High Gain d1s70 SER

New XP2262 facilitates multiplier noise discrimination

A complete range of fast 2" PMTs for physms and industry

pulse
linearity

XP2262

XP2242B

XP2020

XP2230 0,35 0,60

High sensitivity bialkali 44 mm diameter cathode

XP2262 replaces XP2232. Other fast tubes:
3/4" PM1911 3" PM2312
*SER = Single Electron Resolution 1”7 PM2982 5" XP2041

tr =anode pulse rise time for a
delta light pulse

tw = anode pulse duration FWHM
for a delta light pulse

Ot =transit time spread for single
electron mode

Atge = transit time difference
centre-edge

Philips Industries
Electronic Components and
Materials Division
Eindhoven, The Netherlands

We've set the standard forover 20 years
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Gould
Simflex

La nouvelle
génération
d’alimentations
fiables

@ Trés haute fiabilité.

@ Tension d’isolement selon
VDE 0730.

@® Rendement élevé grace au
découpage primaire.

® max. 3 tensions de sortie.

@ Régulation de toutes les sorties.

@ 3 différentes classes de
puissance.

== GOULD

Gould Elektronik AG
Grubenstrasse 56 - 8045 Zurich
Tel. 01/3527 66

Telex 813607
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FLOWMETERS

Calibrated and non-
calibrated instruments for
liquids and gas

type 1100
Available from our stock
in Zurich

cuvettes, hatches,
disks, prisms,
rods, tubes

Quartz glass

Triple prism in isotopic and homogeneous
SUPRASIL quality‘ deposited on the moon in
a retro-reflector-system as part of the
Apollo program.

Ask for further information

Oerlikonerstrasse 88
tel. 01/311 40 40
8057 Zurich

A+D PRODUCTS SA
2502 Bienne r. Albert Anker 23

@

Tél.032 2363 12/235582 Telex. 34834 ADPRO
A + D PRODUCTS manufactures currently CERN
Instruments Modules (CIM) and compatible
POWERSUPPLIES for use with the CERN chassis
system 8905
-~
e
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LT A
TABLE of available models
MODEL VOLTAGE RANGE CURRENT LIMIT SIZE
151/ 5V 2A 4,8...55Vv 2,1 A 3HXI1L
152/ 5V 5A 4,8...55V 525A 3Hx2L
153/ 5V 5A 4,8...55V 525A 5Hx2L
154/ 5V 10A 48..55V 10,5 A 5HX2L
155/ ¥15V #1 A +12...£17V +1,05A 3Hx2L
156/ £15V £1A +12... 417V +1,05A 5Hx2L
157/ 24V 2A 23,8... 25V 2,1 A 3Hx2L
158/ 24V 2A 238... 25V 2,1 A 5HXx2L
159/ 24V 5A 23,8... 25V 525A SHx2L
Please contact us for additional information
We also represent for Switzerland:
Delta Elektronika BV (NL)
Wallis Electronics Ltd (UK)
E/M Electronic Measurements Inc. (USA) .
e
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LetHarshaw

throw you a new curve.

[ 1 1 |

[ 11

04 06 08

Photon

Energy (MeV)

The Bismuth Germanate Scintillator;

This special high-Z crystal has the highest
stopping power and lowest afterglow of any
commercially produced scintillator.

Non-hygroscopic Harshaw BGO simplifies
handling and equipment. It eliminates the complexities
and size increases of hermetically sealed housing
required in Nal (T1) scintillators.

Low afterglow performance, high-Z, and ease
of handling make BGO ideal for industrial density
gauging applications. The afterglow of a BGO
scintillator is typically +.005% within 3 ms.

BGO is suitable for pulse counting applications
because of its high photopeak efficiency, excellent

Photopeak Efficiency peak-to-Compton ratio and

stikev acceptable pulse-height
resolution. For instance, it takes

% | 8.5 cm. of BGO compared to

13.4 cm. Nal (TI) to attenuate

< i M\ | 99% of incident 511 KeV

CHANNELNl;;ﬂ;ER = gamma ray.

For performance specifications on

efficient, rugged Harshaw BGO, call or write us.

We're The Harshaw Chemical Company, Crystal &

Electronic Products, International Operations,

1945 East 97th Street, Cleveland, Ohio 44106 U.S.A.

(216) 721-8300. Telex: 98-5457. Cable:

Harshaw — Cleveland.

COUNTS/CHANNEL

Photon energy curve reprinted from “Gamma-Ray Response of a 38-mm Bis- HM‘S"AW
muth Germanate Scintillator”, paper No. 2C-2, 1979 IEEE Nuclear Science 'd
Symposium, by Albert E. Evans, Jr.

CERN Courier, November 1982

385



... OU soumettez-nous votre

’. [ ]
pOI.II' I II!dIlS" I'Ie § probléme. Vous verrez que nous
‘ 83 conduirons la chaleur 1a ou il
des I'!(I"Ieres vous la faut.
plastiques.

Qu'il s’agisse de corps de
chauffe pour cylindres ou
injecteurs, de corps de
chauffe plats, de car-
touches chauffantes,

de barres chauffantes
rondes ou plates,

vous trouverez chez

nous la solution qu’il vous %

faut. Qu’il s’agisse d'une EI:EIDI
piéce ou d’'une série, vous (E:‘l(E.‘"l_“[E:.—‘Iﬂ__”

serez servi avec le méme ¥ : . 3 ¥ Elcalor SA, Dépt. Corps de chauffe
soin proverbial. Demandez 5000 Aarau, Tél. 064-25 33 88
la documentation detaillée... Télex 981 143

it

e\  The Swiss precision
0500000000068 ba"'hearmg

SFERAX has been making
ball-bearings for 25 years.
They are used in mecha-
nical engineering and in
equipment construction
where precision, quality
and a long useful life are
prized. They are, in other
words, the ideal solution to
your linear displacement
problems. Our range in-
cludes linear ball-bearings,
linear and rotating move-
ments ball-bearings, linear
ball-bearings in plastic
housing, 60° open ball-
bearings, guide shafts, shaft
supports, plummer blocks
for shafts and ball-bearings,
standard componenttables,
cross component tables
and tables with open type
ball-bearings.

SFERAX S.A. % comaon

Axial bearings Télex 35 306 sfeax ch
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NEW TECHNOLOGY

REDUCES PRICES 33%
ON STREAK CAMERAS

- Lo
73&&&%&!&: :
. S pEsey

RESET  WORTOR

Now industrial and university laboratories
can afford Hamamatsu cameras for time
resolved spectroscopy and other fast
kinetics research.

New manufacturing technology and increased produc-
tion volume has permitted a 33% price reduction on
fast and slow Temporaldisperser® Streak Cameras.
These are the same precise, dependable cameras
that have been consistently chosen over the competi-
tion in comparative performance tests.

Each Hamamatsu streak camera features a streak
tube with a built-in microchannel plate for weak signal

amplification of greater than 3 X 102 Since no external
image intensifier is needed, the camera is depend-
able, compact and easy to use. Precise shot-to-shot
reproducibility is better than 95%.

Your industrial or university R & D laboratory now can
afford a streak camera, or an entire system, for fast
kinetics research. With the entire Temporaldisperser®
System, you'll be able to see results as they happen
in the 3 dimensions of intensity vs. time vs. position.

For immediate information about these versatile
and affordable streak cameras and systems, call for a
demonstration in our Fast Kinetics Applications Lab-
oratory. Or write for our new brochure and price lists.

CALL OR WRITE FOR NEW BROCHURE

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 » PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.
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Innovation est

investissement

Indispensable pour
— Recherche et développement
~ Brevets
— Gestion

LISIT fournit de facon rapide et
efficace des informations scientifigues
et techniques par

— Recherches de littérature
— Fourniture de littérature
~ Analyses de littérature
— Lonsultations pour le développement

i Institut
W Suisse pour
& /Information

de la SAR
CH-3000 Berne §, Waldheimstrasse 18

Télex 32939, Téléphone 031 24 03 33

CERN COURIER

A unique advertising medium for
scientific and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active
in this dynamic field of fundamental research, it is
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Written
in simple language and published simultaneously
in English and French it has become the natural
communication medium for particle physicists in
Europe, the USA, the Soviet Union, Japan—every-
where where the fundamental nature of matter is
studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos
and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascati in Italy, Daresbury and Rutherford in the
U.K., SIN in Switzerland, Dubna and Novosibirsk
inthe USSR, KEKinJapan, TRIUMFin Canada and
Peking in China.

The annual expenditure on high energy physics
in Europe is about 1000 million Swiss francs.
The expenditure in the USA is about $ 400 million.
There is similar expenditure in the Soviet Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a
market in this field, there is no surer way to make
your products known than by advertising in CERN
COURIER.

All enquiries to:

Advertising Manager
Micheline Falciola
CERN COURIER
CERN

CH - 1211 GENEVA 23
Tel. (022) 834103
Telex 236 98
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CAMAC /NIM

SEN PRESENTS THE NEW MODULAR

MOTOR DRIVER SYSTEM

e AUTOMATIC POSITIONING OF 4 STEPPER MOTORS
(3 or 4 phase) OR 4 DC MOTORS.

® PRECISION: UP TO 24-BIT RESOLUTION
FOR THE MOTOR POSITIONING.

e COMPATIBLE WITH 3 TYPES OF POSITION
ENCODERS.

e BUILT IN y PROCESSOR.
e STANDARD SOFTWARE PAK.

e MANUAL CONTROL THROUGH TERMINAL OR
MICROTERMINAL.

e REMOTE CONTROL OF MOTORS WITH
OPTIONAL HANDSET MODULE
(HS 287 or HS 283)

THE SYSTEM CONSISTS OF:

e 4-CHANNEL MOTOR DRIVER (CAMAC COMMAND MODULE): 4 MD-2098/A
e POSITION ENCODER -DECODER (NIM): EN 284 /A

’. DC or STEPPER MOTOR DRIVERS (NIM): MD 283 A or SMD 287/A

e HANDSET FOR MANUAL POSITIONING: HS 283 or HS 287 (OPTIONAL )

BLOCK DIAGRAM OF THE SYSTEM

EXTERNAL
NT
INTERRUPTS 5 ~ EN 284 A
2 ESCODER
n)
— 7 CODER
& NIM MOD.
a
X 4MD 2098A —
4 POSITION (£
?_( 4 CHANNEL ENCODERS @ % % %
g MOTOR .
9 DRIVER 0
s m
Z - MD 283A or
S g STP 287A
o
CAMAC MOD. £ 4 CHANNEL —
<~ _* S INTERFACE
x MOT. DRIVER e
% NIM MOD.
TERMINAL 5 L
OR © 4 DC MOTORS
MICRO - < -5 or
——
TERMINAL L anose7| 4 STEPPER MOTORS

HS 287

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 6872571 - Tix 202553F, F-94 RUNGIS — Germany: SEN ELEKTRONIK

GmbH; Brandstiicken 11; Tel. 041 802046 - TIx 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System; Radspielstrasse 8;

Tel. 089 916710 - Tix 529167d - D-8000 MUNCHEN 81 — Switzerland: SEN ELECTRONIQUE SA; CP 39: N
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103;

Tix 68257ch - CH-8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.

9328.66744 - GB - KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE



PROGRAMMABLE
MICROPOWER -
OPERATIONAL AMPLIFIER
SINGLE OR DUAL SUPPLY

OR-22

® PROGRAMMABLE SUPPLY CURRENT
1 pA to 400 pA

® SINGLE SUPPLY OPERATION
+3Vto+30V

® DUAL SUPPLY OPERATION ~
+1,5Vto£15V

® LOW INPUT OFFSET VOLTAGE 100 nV

® LOW INPUT OFFSET VOLTAGE DRIFT
0,75 pVv/°C

® HIGH COMMON-MODE INPUT RANGE
V-toV+(—15YV)

® HIGH CMRR AND PSRR 115 dB
® HIGH OPEN-LOOP GAIN 1800 V/ mV

® INPUT OVERVOLTAGE PROTECTION
=30V

® PLEASE CONTACT YOUR BOURNS
REPRESENTATIVE FOR DATA SHEET
AND APPLICATION INFORMATION.

PMI

Bourns (Schweiz) AG
Tel. 042 /33 33 33

PRECISION MONOLITHICS INC.
Santa Clara, California, USA
® A Subsidiary of Bourns Inc.

6340 Baar
Telex 868 722

390

ORGANISATION EUROPEENNE
POUR LA RECHERCHE NUCLEAIRE

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

CERN

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. {Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland

ORMICATIVICIERR
RESIN CASTINGS

For high voltage d.c. applications such as ion
s, sources, neutron injectors and insulators.
Manufactured to virtually any size from
. your drawings or to our design for your
» specific requirements.

160 kV insulator for UKAEA, Culham Laboratory.

Please contact: The Marketing Manager
International Research & Development Co Ltd
Fossway Newcastle upon Tyne NE6 2YD
England Telephone (0)632 650451
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'Sl INSTRUMENTE TRY u s
(e
M |crop05|t|on|ng
with linear and rotary .
Aith miorometer or o FI Rs I
\évgcklash worm gear .

drives. Suitable for hori-

zontal or vertical mount- FOR RESEARCH MEM

ing. These modular FOILS WIRES: RODS- POWDERS - TUBES- COMPOUNDS- LUMPS -
units can be combined MICROFOILS-SPUTTERING TARGETS-GLASSY ALLOYS

pm-positioner with stepping motor drives AND Now FOR

with Piezo, stepping Motor POLYMERS-COMPOSITES - HONEYCOMBf' CRYSTALS -CERAMICS

or DC Motor Drives : PLUS:INSTRUMENTS

. . MICROMANIPULATORS - FIBRE OPTIC LIGHTS - MICRODICERS
Plezoelectr'lc translators VIDEOQSCOPES- HIGH PERFORMANCE COMPUTER INTERFACES
for generation and mea- . AND PERIPHERALS
surement of distance ‘ '
variations to below N e WRITETOUS DIRECT FOR
drives with resolution f % B = ]| USE READER SERVICE CARD
up to 4000 steps/revo- f . B G 14 FOR GENERAL INFORMATION
lution, controls with - . o v 3 4 3) 1§/ Goodfellow Metals Ltd

A . - 59§/ Cambridge Science Park Milton Road
IEC-Bus interface, pro- Ji/ Cambridge CB4 4DJ England

grammable. Y 60" Y/ Telephone Cambridge (0223) 69671
Telex 81683 Goodmt G

e T

Bleichistrasse 8

& Polyscience AR So0sce

HIGH TEMPERATURE
ULTRA HIGH VACUUM

VSWR less than 1.5 up to 6 GHz
-50°C to +400° C*

Pressure ratings 107 to 107" torr
or 1 atm. to 750 psig @ 20°C

Operating voltage 500 volts peak
Ceramic-metal bonded

*with plug disconnected
above 200°C

REQUEST CATALOG

Ceramaseal, Inc.
A SUBSIDIARY OF iNTERPACE

CORPORATION

NEW LEBANON CENTER, NEW YORK 12126 (518) 794-7800 TELEX 14-5442

CERN Courier, November 1982




RICO-Gouttiéres a cables
Chemins de cables

Eléments fabriqués en série, disponibles
de stock, préts a étre assemblés selon le principe
de la boite de construction, permettent

des gains de temps importants dans
I'établissement des plans, dans les

bureaux d'études, sur le chantier et a I'atelier.

1/4

Schweiz

Bruno Winterhalter AG
WerkstraBe 5
CH-9006 St. Gallen
Tel. 071-24 9417
Telex 77 303

RIETH & Co.

Fabrik fiir Eisenkonstruktionen
D-7312 Kirchheim-Teck

Tel. (07021) 45051

Telex 07267 881

Publicité dans le COURRIER CERN

Format A4 Publication mensuelle
Les annonces paraissent simultanément dans chacune des deux
éditions anglaise et francaise. Les insertions dans la deuxieme
langue sont publiées sans supplément.

Prix par insertion (en francs suisses)
Espace | Surface utile (mm)
(page) largeur x hauteur 1 3 5 10
insertion | insertions | insertions | insertions
1/ 185 x 265 1550 1500 1450 1350
185x130
/2 90 x 265 850 820 800 750
/a4 90x 130 480 450 430 410
Supplément:
— pour une couleur 1450 Fr.s.
— pages de couverture:
Couverture 3 (1 couleur) 1750 Fr. s.
Couverture 4 (1 couleur) 2250 Fr. s.
Date de publication 1 du mois

Délai de réception des
films positifs et textes 1er du mois qui précéde

Les frais de fabrication des films et
de traduction des annonces sont
facturés a part.

60 ou 54 saiisse (150 anglaise et
frangaise)

Les annulations parvenues apres le
1er du mois précédent ne sont pas
prises en considération.

La publicité est limitée a 50 % du volume de la publication.

Les commandes seront satisfaites dans |'ordre strict de leur
réception.

Ces tarifs sont valables pour I'année 1982.

Pour toute demande de renseignements, s'adresser a:

Micheline FALCIOLA / COURRIER CERN - CERN
CH-1211 GENEVE 23 SUISSE
Tél. (022) 83 41 03 Télex 2 36 98

Trame offset

les

PRESSES CENTRALES
LAUSANNE S A

7, rue de Genéve Téléphone 021 205901

Pour vos imprimés
consultez
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ORGANISATION EUROPEENNE
‘ POUR LA RECHERCHE NUCLEAIRE
N7

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

VOUS DEMENAGEZ?

Veuillez nous en avertir en
temps utile. Toutes les
notifications de changement
d’adresse doivent mentionner
I'ancienne et la nouvelle
adresse. (Inclure

I"'étiquette figurant sur

la bande d'expédition de

la revue)

Pour tous renseignements sur les
abonnements, écrire a:

Monika WILSON
COURRIER CERN/CERN
1211 Genéve 23, Suisse

CERN Courier, November 1982

NMR
Magnetometer

for the precise measurement
of magnetic fields.

IR
—

An economical and easy to use
NMR Magnetometer for the accurate
measurement of magnetic fields.

With the Model 1000 you get these features:

1 to 68 kGauss field range

7 digits display in Gauss

0.01 Gauss resolution

+ 10 absolute accuracy, =5 x 107 relativ
Automatic field tracking

Error voltage output for feedback control
Packaged in double-width NIM Module
BCD output

Accessories available include Probes, Multiplexer,
CAMAC Interface and NIM Module Display
Oscilloscope.

Please call or write for literature and pricing.

SENTEC S.A. ,
13, Avenue Ste-Clotilde, CH-1205 Geneva
Tel.: (022) 28 87 19 / Telex: 421 254 anec

In the USA and Canada:

ANAC Inc.
3200, Scott Blvd., Santa Clara, CA 95051
Tel: (408) 727-5221 | Telex: 172 108 anac snta

In Japan:

DAIEI MUSEN DENKI Co. Ltd.
10-10, 3 Chome, Soto Kanda, Chigoda-Ku, Tokyo
Tel: Tokyo 03-255-0931 / Telex: J 23923 daiei
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ZURRER>

Serto INOX for clean, safe, corrosion Motoréducteurs

resistant tubes in the chemical and
food industries, laboratory and LES ENTRAWEg&gTS PARFAITS

medical installations, water . . . .
Machines-outils et machines textiles

; conditioning plants and ‘ . o
i . Machines a emballer et machines spéciales
waste disposal systems Installations de transport

etc. Compteurs de monnaie, Portes automatiques
@ pour couples de 3—1600 Nm

HEH

HH

small, per-
manently
lubricated, and
easy to install.
Insert the tube —
turn the nut -
finished.

GRESSEL. AG CH-8355 AADORF
Phone 052 4726 21 Telex 76436 gress

e

1031 b Z

Th. Zurrer + Cie

Birmensdorferstrasse 470, CH-8055 Zurich
Tél. 01/35 25 55, Télex 813 437 tzco

N
Analyseur logique IMAT

analyse de circuits digitaux et hybrides
16 canneaux

capacité de mémoire 1 Kbyte

fréquence d’'échantillonnage 100 MHz
mesure de signaux analogiques
analyse de signature

indication des impulsions parasites
manipulation par soft-key
compatible au bus IEC 625

3000 Berne 31

Représentation générale Case postale 63

et service ) e . . Télex 32137
pour la Suisse =, Télécommunication SA Te¢phone 031 442711
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03.001 E

Stesalit resolves your individual
problems in

fiberglass
construction

for science and advanced
technic.

Please request detailed infor-
mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

We provide easily built-in CH-4249 Zullwil/SO
safety in Know-how. Telefon 061/80 06 01, Telex 63182 ;

- “ent'nn - Piezoresistive Pressure
Transducers and Transmitters
Eil‘l umfassendes A“gebOt for the measurement of dynamic
an Metallen und Chemikalien and static pressures

Measuring range up to 600 bar Safety code EExib I CT5
Accuracy up to 0,25% PTB-Nr. Ex-80/2161
Output signals 0-20mA atoutput  4-20mA
4-20mA

@ Metalle von technischer @ Standards fir AAS und

bis héchster Reinheit als Massenspektroskopie
Pulver, Stabe, Drahte, Folien... @ Deuterierte Losungsmittel
® Chemikalien von A-Z @ Verbindungen mit stabilen
(Anorganika-Metallorganika- Isotopen....

Organika)

Fordern Sie unsere Kataloge an!

Ventron GmbH : : i k
Postfach 65 40, ZeppelinstraRe 7 HAENNI & CO.LTD. - Phone (031) 960011
D-7500 Karlsruhe 1 CH-3303 Jegenstorf  Telex 32386
Tel. (0721) 85 30 61, Tx 07 826 579 vent d !
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JUST FOUR BNFL URANIUM O
PELLETS WILL ILLUMINATE BI
CLOCK FROM
DUSK TILL DAWN FOR
2YEARS.

BNFL makes the fuel for all Britain’s nuclear
power stations which together generate about
14% of the country’s electricity needs.

BNFL also provides nuclear fuel cycle
services worldwide. :

Its uranium conversion technology has been
licensed by major nuclear fuel manufaciur 1S in
the USA and Europe. »

British Nuclear Fuels Limit

- Warrington, England WA3 6AS

CERN Courier, November 198:




4 The hardware, the know-howand
- the experience in communications.

 Public networks:

_— X25 interface to Camac
— X25 interface to Ethernet® . o 2
: . : s < 4 . Public
~ X25 general purpose interface : ‘o Packet
with V24 user port - Switching
, , . Network
. Co : o : / Datanet
.Local networkw ‘ i 1 0 ae Processor

~ — Interface between LAN's and Camac

'_ Terminal interface to Ethernet® Y o v | X25 — Ethernet
5 = e , L : | Gateway

— Ethernet® cable drivers and
interconnection assemblies

Ethernet
Terminal
Interface

"Borer Electrorﬁcs AG

CH 4501 SOLO‘(HURN{ SW!TZERLAND
Tel.065- 31 11 3t Telex 34228

hg HOTCHKISS-BRANDT
SOGEME groupe THOMSON-BRANDT

25 rue de CHONY - 26500 BOURG LES VALENCE - BP 434 - 26004 VALENCE - Tél. (75) 42.91.42. - TELEX 345741 BRGLV
239 Boulevard ANATOLE FRANCE - 93200 SAINT-DENIS - Tél. (1) 243.32.62.

Contréle d’Etanchéité :
2 Hélium - Ammoniac - Fréon - Héxafluore de soufre
Courants de Foucault (mono et multlfrequence 3F)
4 Radiographie X et Gamma 0
7 Ultra-sons
/ Magnétoscopie ()
7 Inspection par caméra
7  Ressuages: liquides pénétrants
7/ Hélium - NH3 0¢% 900
Etudes - Essais - Assistance Technique
éMontage - Contrdles dimensionnels XYy
7 Essais d’installation - Réception - Inspection

Etablissement de cahiers des charges
Travaux de laboratoires :f {0 9
Metallographie Essais chimie - Contréles des

Vbl ik // (M
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Introducing:

Ohara,
Scintillation
(GGlass

Triples the light output over
lead glass. . . economically.

Low energy gamma rays are now resolved more accurate-
ly and economically. Our new SCG-1 scintillation glass has
a per volume cost roughly 50% higher than SF5 lead glass,
but less than 10% of the cost of sodium iodide (Nal).

SCG-1 Characteristics:

Radiation Length (cm) _ 4.35
. Refractive Index (nd) 1.603
Density (g/cm3) 3.36

Linear Coefficient of
Thermal Expansion (100—-300°C)

(10-7/°C) 108
Excmng Wavelength (nm) 375
Fluorescent Wavelength (nm) 429
i Fluorescent Life Time (n. sec) 80
‘ Light Output About 3.8 times as high

as Cerenkov Light of SF5

Requires no special handling.

Finely polished pieces ready for use in counters are made
to your size and shape specifications including square,
rectangular, hexagon, and disc shape.

Please contact us for further information and a proposal.

@ OHARA OPTICAL GLASS, INC.

10 Shawnee Drive  Watchung, New Jersey 07060 ¢ U.S.A.
Telephone: (201) 753-0120 . Te!ex 833348
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® Gaz techniques
® Gaz purs

® Gaz ultra-purs

® Gaz spéciaux

® Mélanges de gaz

Al(CHs); CiHs  Kr
Ar CHs  NH,
AsH; CHs NO
BCl, CH, NO,

BF3 C4H10 N2
CF4 C4H16 N204
CH, C:H,, Ne
(CN), CeHie O
CoO CH,, PF;

COcCl, CIF, PH,
Cos Cl, SF,
Co, D, SO,
C.,H, GeH, SeH,
C.H, HBr SiH, Cl,
C,H,0O HCI SiH,

C,H, H,S Zn(C,Hs),
He etc.

Equipements pour la mise en ceuv

Documentation | { required

l
l désirée
| Visit(e)/Besuch J (erwinscht
l Name/Nom
l Firma/Ets. _
I Tel.
l JAdresse
|
\
N\

Tty e s am e GEs SaEs e S o=

- ———m = — —

® Technical Gases ® Technische Gase
® High Purity Gases ® Reine Gase

@ Ultra High Purity Gases @ Hochreine Gase
® Special Gases ® Spezialgase

® Gas mixtures ® Gasgemische

«i‘mi Gl

re de gaz. Equipements cryotechniques.

AN DN

Equipments for manifold installations and low pressure gas handling. Cryogenic equipments.
Gasversorgungsanlagen und Armaturen. Kryotechnische Apparate.

Groupe Gaz spéciaux
Group Special Gases
Gruppe Spezialgase

Earbangs

Bern 031532222
Zirich 0144241
Geneve 022 296166

_
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