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Looking for proton decay

The new unification theories of phy-
sics are being put to the test. Very
soon, the experiments being readied
at the CERN SPS could record their
first proton-antiproton collisions in a
new, and possibly final, phase of the
search for the long awaited interme-
diate bosons of weak interactions.
The LEP project is being prepared to

rovide the new unification of weak
and electromagnetic forces with
ideal experimental conditions.

Meanwhile the theorists have
gone a step further and, drawing on
the successes of the electroweak
theory, have proposed a unification
of the electroweak and strong
forces. One of the results of this
ambitious venture is the prediction
of the unstable proton. Current
thinking gives the proton a lifetime of
something like 1031 years (see May
1979 issue, page 116).

Such rare decays (about one per
hundred kilograms of matter per
century) cannot be detecting using
conventional scattering experiments
with particle beams. Instead, new
'j)assive' detectors are required, sit-
wated deep underground to help
screen off effects due to stray cos-
mic muons and neutrinos. The larger
the detector, the greater the chances
of catching rare events.

In the US, detectors to search for
proton decay and other exotic
effects are being assembled by
Irvine/Michigan/Brookhaven and
Harvard / Purdue / W.isconsin
groups, while in Europe an experi-
ment is being prepared by a CERN/
Frascati/Milan/Torino  collabora-
tion for installation in the Mont Blanc
tunnel.

Meanwhile a new project, in-
tended as a Laboratory open to an
international physics community,
has been officially approved by the
Italian Government. To be built
under the Gran Sasso mountain
some 150 km from Rome, the new
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Preparing to look for signs of proton decay :
1. — a photograph taken just before
installation of the waterproof lining in the
five-storey excavation in an old salt mine
near Cleveland, Ohio, for the experiment by
an Irvine/Brookhaven/Michigan group. The
bulldozer (bottom centre) gives an idea of
the scale.

2. — Assembly of a module of the detector
to be used by a CERN/Frascati/Milan/Torino
collaboration in the Mont Blanc tunnel.

{Photo CERN 380.12.80)
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facility will provide an underground
experimental area measuring 50 x
50x 20 metres, permitting detectors
containing 10 000 tons of material
to be assembled.

Another large new underground
project is being developed in Japan
by a Tokio/KEK/Tsukuba group.
Containing 1000 tons of detector
surrounded by specially-developed
phototubes, it is expected to be
operational 1000 m below ground
next April.

First proton decay
candidates

An announcement that proton
decay events could have been
found was made at the Work-
shop on Grand Unification
held at Ann Arbor, Michigan,
at the end of April. It came
from the Japan/India collabo-
ration (Tata Institute/Osaka)
working at the Kolar Gold
Fields. The detector contains
34 layers of detectors embed-
ded in 140 tons of iron at a
depth of 2300 m below
ground. Triggering on coinci-
dences seen in any four layers
of the detector during

131 days of running gives
three events which cannot be
explained in conventional phy-
sics terms and are considered
candidates for proton decay.
Two events show two out-
going tracks, while the third
has three tracks associated
with it. If interpreted as proton
decay, the lifetime comes out
to be of the order of

1030 years, which is not in
disagreement with the current
theoretical prediction.
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Colliding protons
with antiprotons
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As reported briefly in our previous
edition, the world’s first collisions
between stored beams of protons

and antiprotons were recorded at

the CERN Intersecting Storage
Rings early in April. As well as her-
alding a new era of physics, this
achievement shows that the CERN
antiproton project is progressing
confidently towards its ultimate ob-
jective of high energy proton-anti-
proton collisions in the Super Proton
Synchrotron.

After a minimum of machine
development work with the precious
antiprotons for the ISR team to
acquaint themselves with a new
kind of particle beam, the first dedi-
cated antiproton physics run began.
On 3 April, four pulses of particles
from the Antiproton Accumulator
(AA) were accelerated to 26 GeV in
the Proton Synchrotron and pro-
vided the ISR with a modest current
of 0.15 mA in one ring. A proton

On 4 April, an 0.61 mA antiproton beam

was stacked in the CERN Intersecting
Storage Rings. This picture shows the central
main stack together with the latest antiproton
pulse (right) still on its infjection orbit several
centimetres away.
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beam of 830 mA was quickly
stacked in the other ring and the
eager experimenters began to lor
their first collision data.

The following day, three more AA
pulses boosted the stored antiproton
currentto 0.6 1 mA, providing a lumi-
nosity of just over 1025percm2pers.
Only minor antiproton beam losses
were recorded and the experiments
continued to take data for several
more days, during which time the
Terwilliger scheme was applied to
improve the definition of the beam
intersection ‘diamonds’ in the even-
numbered intersection regions. The
run terminated on 8 April.

Although low, this initial luminos-
ity should nevertheless allow experi-
ments to look at the general features
of proton-antiproton interactions
such as total cross-sections and the
multiplicities and angular distri-
butions of the produced particles.

In the initial run, the proton current
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was limited because the vacuum
pipe in one of the intersection
regions (the Split Field Magnet) had
not yet been moved into the antipro-
ton running position. Once this has
been done, the next ISR antiproton
run can have a proton beam of 12 A,
and with only modest increases in
the antiproton supply, a luminosity of

rell over 1026 is on the cards. This
would be sufficient for experiments
to begin their first searches for rarer
events, such as those due to scatter-
ing of the quark/antiquark consti-
tuents within the colliding particles.
Eventually it is hoped to obtain 100
mA antiproton beams and luminosi-
ties in excess of 1029, |tis plannedto
use all the normal rungs of the ISR
energy ladder, with 11, 15, 22 and
26 GeV ejection from the PS and
also subsequent acceleration to 31
GeV (per beam) in the ISR.

With the intermediate boson of
weak interactions out of reach (ac-
cording to all the predictions at
least), ISR antiproton physics aims
to compare the features of proton-
roton and proton-antiproton inter-
.ctions. In particular, the antipro-
ton’s antiquarks will provide a plen-
tiful supply of hitherto rare interac-
tion mechanisms stemming from
quark-antiquark annihilation.

In the first antiproton run, six
experiments were able to take data :
R210, a CERN/MIT/Naples/Pisa/
Stony Brook group looking to meas-
ure proton-antiproton total cross-
sections through the total reaction
rate; R211 (Louvain/Northwest-
ern) measuring the total cross-sec-
tion using the 'Roman Pot’ techni-
que; R510, an Annecy/CERN mon-
opole search; R608, a CERN/Cler-
mont-Ferrand/Saclay/UCLA group
using a forward spectrometer in one
intersection arm; R703T, better
known as the UAS Bonn/Brussels/
Cambridge/Stockholm group using
large streamer chambers to photo-
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In the control room....

It is now customary at the
CERN Intersecting Storage
Rings to spend a minimum

of time on machine develop-
ment and to provide impatient
physicists with new colliding
beam conditions very quickly.
Despite their scarcity, antipro-
tons proved to be no exception
to this rule.

In a previous test in mid-
March, an antiproton pulse
narrowly missed circulating
in the ISR due to a synchro-
nization problem. This was
quickly corrected and confi-
dence was high that a steady
antiproton current would soon
be obtained. However a snag
in the Antiproton Accumulator
(AA) put a temporary end to
these hopes.

Two weeks later, all was
ready for the next series of
tests. On 2 April, there was
some initial doubt whether a
small pulse of 7 x 108 anti-
protons ejected from the PS
at 26 GeV was circulating,
but after 20 minutes a beam
scraper revealed that the pulse
was still there. More pulses
were subsequently added, and
everything went well, apart
from the bunch length being
somewhat longer than was
hoped for. Combined with the
low intensity, this prevented
the usual r.f. trapping techni-
que from working and the
beam had to be shifted from
its injection orbit by phase
displacement acceleration.

The stored antiproton beam
reached 0.06 mA but was
lost during preparations for
the subsequent injection.

After three further attempts
were made to use r.f. trapping,
it was clear that no quick solu-
tion was available and on 3
April, during the first antipro-
ton fill scheduled for physics,
it was decided to abandon
this technique temporarily in
favour of phase displacement
and rebunching. With a cur-
rent of 0.15 mA safely circu-
lating in one ring, protons
were stacked in the other and
in the early hours of 4 April,
the first collisions were re-
corded.

Meanwhile the AA and PS
teams had agreed to prepare
for an additional fill of anti-
protons. With injection well
optimized and with the phase
displacement/rebunching pro-
cedure being handled more
confidently, three more anti-
proton pulses (2.3 x 109, 6.6
x 109 and 3.1 x 109) emptied
the AA ring, giving a stored
current of 0.61 mA. During
this time, the overall transfer
efficiency between the AA
and the stored ISR stack
reached 70 per cent.

Several days later, the beam
was still circulating, having
suffered minimal losses. After
taking suitable precautions to
protect thin-walled sections
of the vacuum chamber, the
ISR Terwilliger scheme was
applied with no apparent
losses to the antiproton beam.

For subsequent runs, a
small hardware modification
and higher beam intensities
should ensure that the
standard r.f, trapping and stack-
ing techniques are effective.

197



Celebration at CERN of the tenth anniversary
of first operation of the Intersecting Storage
Rings. The cake cutters are the former
leaders of ISR construction — Kjell Johnsen
(now at Brookhaven) on the right, and Kees
Zilverschoon. On Johnsen’s right is Fritz
Ferger, present leader of ISR Division. Just
a few days after this photo was taken, the
ISR had its first successes with antiprotons.

(Photo CERN 506.3.81)

graph interactions; and R807, the
Axial Field Spectrometer of the
Brookhaven/CERN/Copenhagen/
Lund / Rutherford / Tel-Aviv colla-
boration.

For future antiproton runs, these
will be joined by R110, a CERN/
Oxford/Rockefeller group studying
the production of electron-positron
pairs and single photons, by R420,
an Ames/Bologna/CERN/Heidel-
berg/Warsaw group, and by R421,
aBari/Bologna/ CERN / Frascati/
Rome collaboration, the latter
two studies both using the Split
Field Magnet. However R703T's
work at the ISR is already done,
and with the first visual records of
proton-antiproton collisions in the
bag, the experiment is being moved
to the SPS ready for 540 GeV
(total energy) proton-antiproton
collisions.

The initial measurements on pro-
ton-antiproton interactions roughly
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parallel those made for the first time
with high energy colliding proton
beams when the ISR began opera-
tions ten years ago. However the
other physics aims, and the sophisti-
cated detectors used, reflect well the
progress of the last decade.

Precision measurements of the
proton-antiproton total cross-sec-
tion across the energy range availa-
ble with the ISR, together with pro-
ton-antiproton elastic scattering
spectra, are high on the list of phy-
sics priorities. Differences between
proton-proton and proton-antipro-
ton behaviour are always interesting,
and already other experiments using
low energy antiprotons on fixed tar-
gets have shown that the dip seen in
elastic scattering appears to set in
much earlier with antiprotons than
with protons.

While it is unlikely that the upsilon
will be seen with antiprotons, com-
parison of proton-proton and proton-

antiproton yields of J/psis should
produce a better understanding of
the production mechanism. Away
from resonances, the quark-anti-
quark annihilations in proton-anti-
proton collisions will make an excel-
lent laboratory for studying the elec-
tromagnetic production of lepton-
antilepton pairs (Drell-Yan mechan-
ism).

A relative newcomer to the phy
sics scene is single photon produc-
tion, which although difficult to iso-
late nevertheless provides relatively
clean conditions for studying quark
and gluon interactions. Proton-anti-
proton interactions should provide
another single photon production
mechanism, so enlarging our know-
ledge of quark and gluon behaviour.
Another area ripe for investigation is
the production of charmed parti-
cles.

The availability of antiproton
beams should provide a rich harvest
of physics results from the ISR to
complement those coming from the
SPS.
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Around the Laboratories

STANFORD
Linear Collider
Workshop

On 25-27 March, some 250 physi-
cists gathered at Stanford for a
Workshop on the SLAC Linear Col-
lider (SLC), the new machine pro-
osed for construction at Stanford.
The community of particle physicists
was broadly represented with about
80 SLAC participants, 150 from
other US institutions, and 20 from
other countries. David Leith organ-
ized the meeting, which was jointly
sponsored by SLAC and the SLAC-
Berkeley Users Organization.

The Workshop had several pur-
poses. The first was to provide a
detailed description of the present
plans for the SLC, of the research
and development programme SLAC
has undertaken on the remaining
issues in machine design, and of the
experimental research opportuni-
ties. The second purpose was to
form a number of working groups to
<tudy the challenges and opportuni-
ies of the Collider’s physical envi-
ronment and its prospective re-
search programme.

Pief Panofsky discussed how the
SLC is to be built and operated for
research with a large number of
potential users.The machine would
be built by SLAC, given the relatively
modest scope of the project, but
individual physicists from elsewhere
are encouraged to work on the many
challenging problems of machine
design and experimental use. It is
expected that collaborations will
evolve naturally as this work pro-
gresses, in a pattern similar to that
followed in the CERN and Fermilab
proton-antiproton projects. It was
suggested that an "anti-deadline’ be
set, before which no decisions on the
experimental programme would be
made (although proposals could of
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Aerial view of SLAC with the linac (passing
under the highway), together with the fixed
target halls and the PEP ring (centre). The
proposed path of the new collider is shown
dashed.

(Photo SLAC)

course be submitted at any time). If
the SLC is authorized for construc-
tion beginning in Fiscal Year 1983,
as presently requested, its three-
year construction schedule would
have it ready for first operationin late
1985.

Rationale for the SLC

Burt Richter reviewed the devel-
opment of electron-positron storage
rings during the past two decades,
and the remarkable physics discov-
eries that they have made possible.
Such machines have grown from
less than a metre to about 400 m in
radius, and the storage rings now
proposed at CERN (LEP) and Cornell
would be much larger still. However
it is likely that LEP would be the
largest electron-positron storage
ring ever built. This is because the
cost scales approximately as the
square of the maximum energy;

thus a storage ring to collide elec-
trons and positrons at 350 GeV, for
example, would have a circumfer-
ence of about 300 km and would
cost about 7 billion dollars.

This isto be contrasted with ‘linear
colliders’ (as proposed at Stanford
and Novosibirsk, see December
1979 issue, page 403) in which
intense bunches of electrons and
positrons are made to collide with
each other only once, and are then
disposed of. Although this is an
expensive way to produce colliding
beams at low energies, the cost of
such machines increases only lin-
early with the maximum energy. At
some point, therefore, the cost
curves for rings and linear colliders
must cross, and linear colliders will
become the preferred machines for
producing the highest energy elec-
tron-positron collisions.

This crossover point is within
sight, and the motivation for building
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the SLAC Linear Collider is thus
twofold. First, it will be a pioneer
machine for developing the many
new accelerator techniques that the
era of linear colliders will require.
Second, it will provide an early and
relatively inexpensive look at colli-
sion energies of 100 GeV, where
fundamentally new physics is ex-
pected to appear.

Technical challenges

Successful design and operation
of the SLC presents many technical
challenges, which were described by
Rae Steining. An intense, polarized
electron beam must be produced
(for which a laser-pumped photo-
emission electron gun is being dev-

Malcolm Derrick (left), Karl Strauch and Pief
Panofsky (right) discuss plans for the
proposed SLAC Linear Collider.

{Photo Joe Faust)
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eloped). The required positron beam
will be produced from a special tar-
get, followed by a booster and trans-
port system. Damping rings and
compressors will be used part of the
way down the linac to achieve the
desired beam characteristics. The
injected beams must be carefully
centred on the linac axis (requiring
new beam position monitoring and
feedback devices). Acceleration to
energies of 50 GeV or more requires
the 'SLED II' mode of SLAC linac
operation, which involves r.f. energy-
storage cavities and modified opera-
tion of the klystrons. The accelerated
beams must then be separated and
guided around two gently curving
arcs to final focusing sections where
the beams are brought into collision
with beam radius of only about 2
microns. '

The size of the beams allows very
small magnets to be used in the arcs
and final focusing sections. A dipole
magnet lamination was small
enough to be placed directly on an
overhead projector as an illustration
during Steining's talk. These lamina-
tions will be placed on square alu-
minium conductors, like ‘beads on a
string’ to form the dipole magnets.

Fred Gilman described the physics
opportunities that will become avail-
able within the SLC energy range. If
the presently accepted ‘standard’
model of the weak and electromag-
netic interactions is correct, then

At the recent SLAC Linear Collider
Conference : Pief Panofsky (left) and Burt
Richter (right).

(Photos Joe Faust)

there are several important kinds of
new particles to be discovered - the
top quark, the Higgs boson, and
especially the neutral carrier of the
weak force (the Z9). If its design
luminosity is achieved, the SLC will
produce more than a million Z°
events per vyear, thus enabling
detailed studies to be made of the
production and decay modes of this
vital particle. This work will include
accurate measurement of the one
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free parameter (the 'Weinberg an-
gle’) in the present theory ; determi-
nation of the number of neutrino
types by measuring the width of the
Z9; searches for new heavy leptons
and quarks; and tests of quantum
chromodynamics, the present candi-
date theory of the strong interac-
tions.

If the present standard model is
not correct, the SLC will still have an
important role to play in sorting out
the alternatives. In one of these,
several different kinds of Z° are pre-
dicted, at least one of which would
be accessible at SLC energies. Other
schemes which avoid the Higgs
mechanism for mass generation
might lead to a different class of
bosons.

Polarized electrons

Since the SLC is a single-pass
machine, the beams are not subject
to the depolarizing resonances that
occur in a storage ring. The SLAC
linac can produce highly polarized
electron beams and SLC will there-
ore have polarized beam experi-
ments as a unique part of its pro-
gramme. Charles Prescott described
some of the special physics that can
be done with such beams.

Because of the left-right asymme-
try of the standard model, the elec-
troweak interactions are expected to
show significant spin-dependence
at high energies, such as a charge
asymmetry in the production of
muon pairs. For comparable running
times, a measurement made with a
polarized beam will reduce the error
on the Weinberg parameter by
almost a factor of three. Several
other kinds of polarized beam exper-
iments will provide information on
weak interaction couplings available
by no other means.

One of the main purposes of the
Workshop was to establish working
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groups to study specific technical
areas of SLC experimental use dur-
ing the coming months. Eight such
groups were formed - Polarization,
Parametric study of detectors,
Tracking, Calorimetry, Particle
identification, Fast electronics and
computing, Support for two detector
scenario, and Interaction region. The
‘two’ detector scenario is particu-
larly interesting. It involves adding a
bypass to the arcs so as to allow
another interaction section in paral-
lel with that initially proposed, and
costs are under investigation.

Each of the groups will prepare a
report for the next meeting of the
Workshop, scheduled for October.

Progress with big
PEP detectors

When the PEP electron-positron ring
at SLAC came into operation last

4 am 28 February — successful operation

of the High Resolution Spectrometer solenoid
at full field brings (almost) all of the
collaborators to their feet in spite of the

early hour! The superconducting magnet,

for an experiment being built by a Midwest
collaboration for experiments on the PEP
electron-positron storage ring, reached 1.6

T (16 kG). The magnet had previously served
in the 12 foot bubble chamber at Argonne.

1

year, most of the beam intersections
already had experiments ready to
take data (see September 1980
issue, page 245). To complete the
PEP arsenal, construction work for
two big detectors — the High Resolu-
tion Spectrometer and the Time Pro-
jection Chamber - is well ad-
vanced.

An important milestone for the
High Resolution Spectrometer was
reached on 28 February when its
superconducting magnet attained
the operating field of 1.6 T. The HRS
is being built by a Midwest consor-
tium (Argonne/Indiana/Michigan/
Purdue) with additional collabora-
tors from Berkeley and SLAC.

The detector, based on the large
superconducting magnet originally
built for the Argonne 12 foot bubble
chamber, is equipped with the usual
array of drift chambers and shower
counters. The magnet is 4.45 m in
diameter and, with the addition of
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some iron to the return legs, the
distance between the pole tips has
been lengthened to 3.99 m. For its
new role, the magnet has been
rotated 90° from the original vertical
field configuration, requiring sub-
stantial modifications to the coil sup-
port structure. The transport of the
coil from Argonne to SLAC (see April
1980 issue, page 57) was the larg-
est load ever carried by road over
such a distance and caused quite a
stir.

Charged particle tracking is pro-
vided by an inner drift chamber, built
by the Michigan group, that has
fifteen layers of alternating axial and
stereo wires. The trajectories of the
high momentum tracks are then
measured again in an outer drift
chamber system at a radius of 1.88
m. These chambers, designed and
built by the Indiana group, consist of
two concentric layers of thin-walled,
stainless steel tubes. Momentum
precision, with a 200 micron setting
error on the drift chamber coordi-
nates, will be better than 1 per cent
at 15 GeV. This accuracy, which is
more than five times better than any
other detector for electron-positron
physics, will allow excellent discrim-
ination of narrow resonances
against background.

Outside the outer drift chambers,
but still inside the magnetic field
volume, are the forty modules of a
barrel shower counter, built by the
Argonne and Purdue groups. These
counters have eleven radiation
lengths of a lead scintillator sand-
wich. Lucite guides channel the light
through the end iron to 160 photo-
tubes located in two concentric cir-
cles on each end. The three space
coordinates of the showers are
measured by a series of proportional
chamber tubes, located three radi-
ation lengths into the counter. The
magnet pole tips are covered by
endcap shower counters built by the
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Cut-away sketch of the High Resolution
Spectrometer. Not shown are the Cherenkov
counter system, which fits between the
central drift chamber and the outer drift
tubes, and the muon chambers that will
cover all faces of the iron.
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Argonne and Indiana groups. These
give good electron to pion rejection
and, since both the PEP vacuum pipe
through the detector and the inner
cylinder of the drift chamber are
made of beryllium, pair production
backgrounds will be minimal.

The 75 cm of radial space
between the inner and outer drift
chambers will be occupied by a set
of aluminium toroids. The Cherenkov
light, emitted by particles traversing
the gas in these tubes, is detected by
the photoionization of benzene in
small proportional counters. The
development of this technique by
the Michigan group of Don Meyer
and Neville Harnew gives the HRS
good particle identification capabili-
ty. The use of photoionization to
detect the Cherenkov light means
that the counters will operate in the
magnetic field and no complicated
light guides are needed. When pres-
surized to 16 atmospheres, pions

will be separated from kaons and
protons from 1.1 to 4 GeV. The
system will have good segmentation
thanks to 800 individual counters
Time-of-flight measurements made
by the inner layer of the shower
counter will ensure pion separation
from heavy particles over the whole
momentum range populated by ha-
drons coming from annihilation ev-
ents at the highest PEP energy.

For initial operation, part of one
face of the magnet iron will be cov-
ered by muon chambers, and the
Purdue group has proposed con-
struction of muon detectors to cover
all the exterior iron. If approved, this
will be added in 1982,

The drift chamber system has
been under test, tracking cosmic
rays, for several months and the
reconstruction accuracy is good. The
barrel shower counters were individ-
ually calibrated and installed in the
magnet in December.
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Assembly of the Time Projection Chamber
detector of a Berkeley/Johns Hokpins/
Riverside/Tokyo/UCLA /Yale collaboration
which will occupy the central area of
intersection 2 at PEP.

(Photo Berkeley)

First cooldown of the magnet
started late January and helium was
introduced into the cryostat on 21
February. After minor tuning of the
refrigeration system, 2 kA of current
gave a field of 1.6 T on 28 February.
The test went unusually smoothly,
the heat load on the cryostat was as
predicted, and the stresses on the
axial and radial support rods were
well within tolerance. Detailed map-
ping of the magnetic field at several
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excitations shows the field shape is
close to the calculated value.

The next step is to install the drift
chamber array, connect all the pho-
totubes to the shower counters, and
have a full-scale test with cosmic
rays. The detector will then be rolled
into position during the PEP shut-
down in July and August so that the
physics programme can start in late
September.

Also using a superconducting

magnet is the Time Projection
Chamber, a sophisticated detector
being built for PEP by a Berkeley/
Johns Hopkins/Riverside/Tokyo/
UCLA/Yale collaboration.

Its central element is a charged
particle detector covering large solid
angles and providing excellent pat-
tern recognition with three-dimen-
sional nonprojective tracking infor-
mation, good spatial and momentum
resolution, and excellent particle
identification over the full PEP mo-
mentum range.

The chamber is in a uniform mag-
netic field generated by a thin super-
conducting solenoid, and is sur-
rounded by an electromagnetic calo-
rimeter, followed by one metre of
iron, segmented with muon propor-
tional chambers.

The project suffered a setback last
August when the superconducting
coil was damaged during an induced
quench at about half the design
current. Extensive analysis indicated
that the most probable cause was a
stray iron chip producing a short
between the bore tube and the alu-
minium winding. The coil will be
redesigned and rebuilt, paying spe-
cial attention to reliability and con-
trol. It should be available in the
spring of 1982 and installed at PEP a
few months later. In the meantime, a
conventional coil, capable of provid-
ing 0.4 T, is being constructed for
use in the initial tests and running of
the detector at PEP.

The fabrication, testing and as-
sembly of the detector components
have progressed significantly. As-
sembly of the magnet yoke, iron
absorber for the muon detector,
cable trays, electronics house and
other elements of the main frame are
essentially complete. Checkout of
the electronics is in progress and
over half of the individual circuit
cards have been produced.

The electromagnetic calorimeters,
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which cover the pole tips inside the
10-atmosphere pressurized volume,
the chambers for the muon detector,
and the drift chambers for triggering
are complete, and installation and
preliminary checkout with cosmic
rays is under way. In addition, sev-
eral of the endplane sectors which
carry the sense wires and cathode
pads have been constructed. Tests
at full operating voltage and pres-
sure indicate very satisfactory per-
formance.

The high voltage system began
final tests in January and full voltage
of 100 kV in a 10-atmosphere envi-
ronment has been achieved and
operated stably for several weeks.
Following final mechanical align-
ment, the high voltage system and
sectors will be integrated in prepara-
tion for TPC cosmic ray tests.

Production of the hexagonal elec-
tromagnetic calorimeter, which is
located outside of the solenoidal
magnet coil, started in April. This
calorimeter consists of forty layers of
sense wires operated in the Geiger
mode sandwiched between 0.2 radi-
ation-length sheets of lead con-
verter. The first of six modules
should be complete in July and all
modules should be ready for installa-
tion later this year.

FERMILAB
Second colliding area

With a view to enlarging the experi-
mental capacity of the Fermilab anti-
proton project, possibilities are now
being explored for a second proton-
antiproton beam intersection.

In 1978, a Colliding Dectector
Facility (CDF) group was commis-
sioned to design Fermilab’s first
major detector for proton-antiproton
collisions at 2 TeV. This collabora-
tion, under Alvin Tollestrup and Roy
Schwitters, is close to completing
the design of a large solenoid-calori-
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metric detector to be installed in the
BO interaction region.

The second collision area now
being considered is DO, normally
envisaged for extraction from the
Tevatron during fixed-target run-
ning. Both time and funding con-
straints place serious limitations on
the size of the interaction and stag-
ing area around DO. For these and
other reasons, Fermilab is interested
in user reactions to a proposal to
construct a second area with overall
dimensions 7 m x 7 m around the
Tevatron beam pipe and 10 m paral-
lel to the pipe.

Any detector designed for this
region would have to be removed
during fixed-target operation and
contend with the Main Ring vacuum
pipe (2 1in above the Tevatron) as an
additional obstruction. The detector
could be removed by rolling side-
ways and dismantling it into 20-ton
units for crane removal to a staging

Win Baker (left), new head of Fermilab’s
Meson Department, and new associate head
Alan Jockheere at the cryogenic area of the
Meson Laboratory.

(Photo Fermilab)

area, or by direct dismantling and lift.
The outer dimensions of the detector
would have to fit comfortably intn
the interaction hall with acce.
space all around. The present under-
standing of the collider mode indi-
cates a somewhat lower luminosity
for DO than for BO.

Fermilab is interested in reactions
from the user community in order to
refine the area drawings. Preliminary
ideas should be forwarded imme-
diately. This could be in the form of a
comment, a letter of intent, or a
criticism, constructive or otherwise.
These letters would be useful feed-
back, but would not be treated as
proposals. Actual proposals for a DO
colliding beam detector will be called
for by a date yet to be set. Fermilab
stresses that the small DO area calls
for a modest detector built by a
modestly sized group, with the
emphasis on ease of installation,
minimum debugging time, and max-
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Bjorn Wiik (left), coordinator of the HERA
proposal, with Werner Holler, builder of the
4 metre-long model of the HERA tunnel
seen in the background.

(Photo DESY)

imum innovation. The effort would
be modest enough to be discontin-
ued after one or two runs (or 3 to 4
months) to be replaced by a newer
device. Proposers are invited to con-
sider the virtue of being ready for
possible low-luminosity measure-
ments of collisions at about 2 TeV by
the end of 1983.

This new possibility is seen as a
challenge to the high energy com-
munity to come up with an imagina-
tive solution that is complementary
to or competitive with the present
colliding beam detector project at
Fermilab.

DESY
HERA ahead

Preparation of a detailed proposal for
the construction of the HERA elec-
tron-proton storage ring was the
subject of a meeting at DESY on 7-8
April, third in a series. A longer work-

One of the special attractions of
electron-positron annihilation is
that all the accessible quarks are
produced ‘democratically’. At
the energies available in the
PETRA electron-positron stor-
age ring at DESY, five species

of quark (up, down, strange,
charmed and bottom) are in-
volved in the annihilation into
quark and antiquark and subse-
quent production of hadrons.

In addition, the effects of the
weak neutral current are larger
at PETRA energies, making it
possible to study the weak cou-
plings of the heavier quarks as
well as the basic up/down doub-
let. This means that the standard
electroweak model, which accu-

New electroweak tests at PETRA

rately describes the low energy
weak interactions of the first
‘generation’ of quarks (u and d)
and their associated leptons, can
be put to the test both at higher
energies and in the context of
the weak neutral current cou-
plings of the heavier quarks.
Recent analyses of data from
the JADE and Mark~J experi-
ments have concentrated on a
careful measurement of the total
cross-section for hadron produc-
tion throughout the available
energy range. The results give
values for the weak coupling
constants of the quarks which
are in agreement with the pre-
dictions of the standard electro-
weak model. A value of 0.22

was obtained for the standard
mixing parameter (sin20), in fair
agreement with the value ob-
tained from scattering experi-
ments with electron and neutrino
beams, even though at PETRA
the majority of the annihilation
cross-section into hadrons is due
to contributions from the heavier
(s,c and b) quarks. This result is
consistent with the hypothesis
that the weak couplings of the
heavier quarks are the same as
those of their lighter counter-
parts, indicating that the pattern
of both the weak and electric
charges of the quarks are re-
peated in successive generations.
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shop was held between 15 February
and 7 March. About 50 physicists
and engineers from 22 institutes are
actively participating in this work,
and as was expected, significant
contributions are coming from out-
side DESY.

In the latest meeting, the original
HERA proposal (see May 1980
issue, page 99) was re-examined
and found to be essentially sound.
Nevertheless several improvements
were made. The interaction regions
were redesigned, particularly with
regard to the magnets used to "turn’
the particle spins and obtain longitu-
dinal polarization. This provides an
elegant way of studying parity-vio-
lating weak interactions between
quarks and leptons. The new posi-
tion of the polarization magnets
makes it possible to simplify the
layout of the four interaction regions.
Both machines are now totally inde-
pendent in energy and the amount of
synchrotron radiation which reaches
the interaction region has been con-
siderably reduced.

Another improvement concerns
the superconducting bending mag-
nets of the proton ring. Careful inves-
tigation has shown that it is possible
to use a ‘cold bore’ instead of the
‘'warm’ vacuum chamber previously
proposed. This makes it possible to
reduce the coil diameter from 100 to
75 mm, while keeping the same
beam aperture and reducing the
energy stored in the superconduct-
ing magnets by a factor of nearly
two. The magnets required for HERA
are now practically the same as
those successfully built at Fermilab.
The time required to organize indus-
trial production of these magnets
can now be considerably reduced
and would not delay the project. A
first written version of the detailed
HERA proposal, including all these
new aspects, will soon be ready.

Particular encouragement came
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TERMINIM

MBNIM

from the recent publication of the
final report of the Advisory Commit-
tee for future planning of large pro-
jects in fundamental research, ap-
pointed by the German Ministry of
Research and led by K. Pinkau (see
page 210). The very clear statement
recommending both LEP and HERA
was received with great satisfaction.
Preliminary work for HERA should
be started immediately in order to
clarify all the potential problems of
superconducting magnet production
and the building of the underground
ring.

CERN
Fast trigger logic off
the shelf

These days increasing use is being
made of general purpose spectro-
meters which can be readily adapted
for a wide range of different experi-

ASSIGNER
i, 4

The MBNIM electronics package has been
developed at CERN to improve trigger logic.

(Photo CERN 125.7.6.78)

STROBED
COINC. REG.
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ments and cater for a wide base of
users. A good example is the Omega
spectrometer in the West Experi-
mental Area at CERN (see Decem
ber 1980 issue, page 400).

To help make Omega as user-
friendly as possible, the electronics
team decided to develop a triggering
package to handle a wide variety of
different experimental requirements.
With such improved triggerlogic, the
rate of taking data could be mini-
mized as early as possible in the
decision-making process, providing
refined data samples and minimizing
the need for subsequent off-line
computer power.

The result is MBNIM (Multi-Bit
Nuclear Instruments Modules), cov-
ering the basic functions required
nowadays for experimental trigger
logic. As well as Omega, it has now
also been incorporated at CERN into
triggers for the Split Field Magnet at
the Intersecting Storage Rings, for
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the UA2 experiment for the SPS
proton-antiproton collider, and for
the European Hybrid Spectrometer
in the North Experimental Area.

The design of MBNIM was the
result of many years’ experience at
Omega. As time went on, several
requirements had become clear:

1 - because they require a lot of
space and extensive wiring and are
axpensive, conventional interface
modules and miniature coaxial ca-
bles are inconvenient for handling
large arrays of counters;

2 - visiting teams do not always
have sufficient knowledge of the
detector to develop their required
triggering system;

3 - trigger logic for different experi-
ments at the same detector fre-
quently requires the same compo-
nents (coincidence registers, memo-
ries, arithmetic/logic units, etc.);

4 — trigger modules designed else-
where can encounter unexpected
problems when brought to the spec-
trometer.

A distinguishing feature of
MBNIM is the replacement of con-
‘entional miniature coaxial cables by
a 40-wire flat-cable bus. This is a
single-ended ECL 10K bus termi-
nated at both ends and carrying 16
data lines, a data ready line, an
acknowledge line, and a read/write
line. Standard connectors permit
fast and convenient custom wiring.

The basic modules include a
strobed coincidence register sensi-
tive to the leading edge of pulses, a
bit assigner for handling coincidence
matrices, the ALU-16 16-bit arith-
metic and logical unit capable of
handling 16 logical and 16 arith-
metic operations, the RAHM
1K x 16-bit random access high
speed memory for handling look-up
tables, MISTER, a 32 bit 40 event-
deep pattern unit, and MIMOSA, a
32 channel 40 MHz 24 bit single
width CAMAC scaler.
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These modules use specially de-
veloped standard NIM and CAMAC
interface boards. Up to 10 ports can
be connected to the same bus with-
out seriously affecting data trans-
mission. All units offer easy access
to sockets. MBNIM is five times
cheaper to wire than miniature coax-
ial cable, although complex applica-
tions might benefit from experience
in handling flat ribbon cables. It has a
5 ns resolving time, short propaga-
tion delays and provides an econom-
ical alternative to other ECL trigger
systems. For further information,
contact F. Bourgeois, A. Corré, H.
Pflumm and G. Schuler, CERN EF
Division.

Evidence for ‘naked beauty’ — the signal seen
by a CERN/Bologna/Frascati group'in their
analysis of proton/neutral charmed meson/
pion production spectra using the Split Field
Magnet at the CERN Intersecting Storage
Rings.

Physics
monitor

'‘Beautiful’ evidence

Ever since the discovery of the upsi-
lon particle at Fermilab four years
ago, physicists have been searching
for signs of naked beauty, the fifth
quark flavour. Just as the J/psi, a
bound state of a charmed quark and
a charmed antiquark, ushered in the
era of charm, so the upsilon indi-
cated that there should be a fifth
layer of hadron spectroscopy wait-
ing to be discovered.

Now a CERN/Bologna/Frascati
group working with the Split Field
Magnet at the CERN Intersecting
Storage Rings has seen a signal
which is interpreted as the lightest
baryon carrying beauty. This baryon
is electrically neutral and decays into
a neutral charmed meson, a proton
and a negative pion. Evidence has
been collected for another decay
mode giving a charmed lambda
baryon and three pions.
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According to the standard (Gla-
show / lliopoulos / Maiani) model of
quarks, beauty is a "down-like’ quark,
as compared with charm, which is
up-like. This means that the lightest
beauty baryon, like the lightest
strange baryon and unlike the light-
est charmed baryon, is expected to
be electrically neutral. It should also
decay into a neutral charmed meson
(D°), producing in turn a negative
kaon and a positive pion. A naked
beauty baryon can only be produced
in high energy proton-proton colli-
sions if it is accompanied by an
antiparticle carrying equal but oppo-
site beauty. According to the quark
model rules, the weak decays of
such an antiparticle are character-
ized by emission of positrons, rather
than electrons, as in the case of
charm.

Thus the experiment, led by
Antonino Zichichi, concentrated on
looking for final states doubly forbid-
den by the rules of charm, but highly
suggestive of beauty. These states
would have to contain a proton, plus
a negative kaon and a positive pion
(produced by the decay of a neutral
charmed meson) and a negative pion
—all these from the decay of a beauty
baryon - together with a positron
characteristic of the weak decay of a
beauty antiparticle. To help suppress
background, the positron had to
have more than 800 MeV energy.
Additionally, selected events were
restricted to those in which one
proton carried a large proportion of
the available energy, ensuring that it
was the ’‘leading’ particle of the
secondary shower. To further refine
the sample, selected events had to
contain more than four additional
charged particles.

The raw mass spectrum of proton,
negative kaon and oppositely
charged pion pair shows little, how-
ever when the kaon and positive pion
effective mass is restricted to the
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mass of the neutral charmed D°
meson, a signal is seen at 5.425
GeV. This is interpreted as the light-
est (neutral) beauty baryon and its
mass looks about right.

Other mass distributions contain-
ing an additional pion show some
signs of more beauty baryons, carry-
ing electric charge and about 300
MeV heavier than the neutral
baryon. This could be the first
glimpse of a rich spectroscopy of
beauty particles to be investigated
and explored in the years to come.
Because the beauty quark is so hea-
vy, other particles containing more
than one beauty quark may not be
seen until much higher energies are
available.

For some time, a CERN / Collége
de France / Heidelberg / Karlsruhe
group, also working with the Split
Field Magnet at the ISR, has been
seeing a similar signal in a positively-
charged particle combination. How-
everthe groupis ‘not convinced’ that
this is new physics and is hoping to
go on and collect more data.

Measuring the
neutrino mass

The neutrino, one of the most elusive
of all the known particles, was pro-
posed by Pauli to fix up apparent
anomalies in observed beta-decay
spectra of nuclei. With the basic
parameters of the neutrino again in
question (see January/February is-
sue, page 21), beta decay spectra
are now back in vogue for neutrino
physics.

Although long considered a mass-
less particle, this has never been
conclusively proved, and physicists
are now asking whether the neutrino
does in fact have a vestigial mass.
The answer to this intriguing ques-
tion would be of interest to particle

specialists and
alike.

Last year, an ITEP (Moscow)
experiment investigating the beta
decay of tritium reported a neutrino
mass in the range 14 to 46 electron
volts (see July/August 1980 issue,
page 190). Now experiments are to
be run at the ISOLDE on-line isotope
separator of CERN’'s 600 MeV
synchro-cyclotron to make a preci
sion measurement of the neutrino
mass from the photon spectra (inner
bremsstrahlung) accompanying el-
ectron capture beta decay.

Standard beta decay with emis-
sion of an electron gives a nucleus
with an extra electric charge, how-
ever nuclear transitions are also pos-
sible in some cases with the release
of a positron (anti-electron), giving a
nucleus with one charge less.

Equivalent to such positron beta
decays are electron capture pro-
cesses where an inner orbital elec-
tron is swallowed by the nucleus.
Instead of having to generate the
rest mass of a positron, these pro-
cesses liberate the rest mass of the
captured electron as energy. Decay
with low energy release may thus
proceed by pure electron capture.

All beta decay processes are
accompanied by a continuous spec-
trum of bremsstrahlung radiation
from the produced or absorbed elec-
tron. However the spectrum of this
radiation has a particularly simple
form in the case of electron capture
and in principle its shape near its
high energy limit gives a direct han-
dle on the mass of the neutrino.

The best possible conditions, min-
imizing troublesome atomic excita-
tion effects, are provided by heavy
nuclei with low energy electron cap-
ture beta decays. Although the
bremsstrahlung intensities in these
cases are small, they should nev-
ertheless be detectable. This is due
to a resonance mechanism pre-

astrophysicists
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dicted in 1956 by Glauber and Mar-
tin which boosts the bremsstrahlung
near to atomic X-rays.

The best candidates are platinum-
193, holmium-163 and terbium-
157, while a search could also be
made for other suitable, and as yet
undiscovered, electron capture pro-
cesses. Such experiments are in
principle straightforward, using con-
ventional electron and photon spec-
trometers and coincidence techni-
gues to measure the radiation spec-
trum to a specific final atomic state.
However a good deal of preparatory
work is required at ISOLDE to per-
‘fect the production of the necessary
initial samples and techniques re-
quired to furnish the required
beams.

Work is beginning straight away
to develop these techniques and to
measure some new nuclear para-
meters. Once this has been
achieved, several experiments could
be run in parallel in the attempt to
provide a precision result on the
neutrino mass.

Kurt Symanzik (left) receiving the Max Planck
Medal from Horst Rollnick, President of the
German Physical Society.

(Photo Deutsche Presse-Agentur)
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People and things

On peob/e

The Max Planck Medal — the highest
distinction of the German Physical
Society — has been awarded this
year to Kurt Symanzik of the Uni-
versity of Hamburg and, since
1968, a senior staff member at
DESY. The first medals were given
to each other by Max Planck and
AlbertEinsteinin 1929, andthe award
is made to theoreticians continuing
in the tradition of Planck.

Kurt Symanzik obtained his doc-
torate under Werner Heisenberg in
Gdttingen. As well Hamburg and
DESY, he has worked at several
important research centres in Eu-
rope and in the USA, including the

Courant Institute of the University
of New York. His scientific work
has had a direct bearing on quan-
tum chromodynamics, the (so far)
successful candidate theory of inter-
quark forces. Symanzik pointed out
the possibility of the existence of
so-called ‘asymptotically-free’ the-
ories, now an integral part of quan-
tum chromodynamics dogma. His
work in the sixties on the relation
between field theory and statistical
mechanics is of great importance
in present attempts to explain the
absence of isolated quarks. Also
playing an important role in modern
field theory is the Callan-Symanzik
equation, developed independently
by Symanzik and by Curtis Callan.
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Yurii Borisovich (Georg) Rumer, the
oldest scientist at the Novosibirsk
Institute for Nuclear Physics, cele-
brated his eightieth birthday on

28 April. His scientific interests
have been mainly concentrated on
the general theory of relativity and
quantum chemistry. His early work
on quantum chemistry (particularly
in collaboration with E. Teller and
G. Weihl) were pioneering and
helped form this field of science.

In addition to his scientific achieve-
ments, his talents and profound
knowledge have been evident in
lectures on all fields of theoretical
physics which during half a century
have helped produce several gener-
ations of noted scientists.

Hans Willax

Hans Willax, who headed the build-
ing of the ring cyclotron at SIN, the
Schweizerisches Institut fir Nu-
klearforschung, died on 17 April after
a severe illness courageously borne.
He joined SIN in 1959 and devel-
oped the concept of the ring cyclo-
tron to achieve the high proton
beam intensities necessary for the
new generation of meson factories.
He was Head of the Accelerator
Department from 1974 and spent
the past two years working with

the Study Group set up in the Fed-
eral Republic of Germany to develop
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Yurii Borisovich Rumer Hans Willax
an intense spallation neutron source
(being concerned with a novel type
of accumulator ring at Jiilich). Hans
Willax was highly regarded for his
expertise in the field of accelerators,
for the originality of his thinking
and for his energy and enthusiasm.
His great achievements stand as a
lasting tribute at the SIN Laboratory.

Big projects in Federal Republic of
Germany

Recommendations have been made
by a Committee set up by the Fed-
eral Government, under the Chair-
manship of K. Pinkau, to study the
various large projects in fundamen-
tal research in which Germany is
involved, including those in the high
energy physics and accelerator sec-
tors.

The Committee recommended
the CERN electron-positron storage
ring project, LEP, for approval in
June 1981 and execution as plan-
ned, expressing the hope that the
project would go ahead following
a positive decision from the other
CERN Member States.

The Committee recommended,
in principle, the DESY electron-pro-
ton colliding beam project, HERA
(see May 1980 issue, page 99), but
did not encourage construction to
start before 1984 although prelim-
inary studies and planning should
begin. It was emphasized that HERA
should be an electron-proton colli-
sion machine — the electron-positron
option should not be pursued. The
desirability of having a second thriv-
ing international high energy physics
Laboratory in Europe in addition to
CERN was recognized, and the Com-
mittee urged international partici-
pation not only in its use but also
in its construction by any means
(financial, personnel or equipment)
to ease the burden on the Federal
Republic. The proposal to delay

authorization for several years is
made in the light of the exploitation
and upgrading of the PETRA stor-
age ring at DESY and of the further
time which will be needed to pursue
the development of superconducting
magnets.

The Committee also recom-
mended in principle the construction
of an intense neutron source as
proposed by the Karlsruhe/Jiilich
collaboration (the SNQ — Spalla-
tions-Neutronenquelle — project, see
October 1980 issue, page 299).
Again a delay of several years prior
to authorization was recommended
to allow for further studies and to
benefit from experience gained in
the construction of British and
Swiss spallation sources. The pro-
ject is also under examination by
another Committee.

The rapid development of the
SuSe superconducting heavy ion
cyclotron, proposed by Munich, was
recommended by the Committee
in line with the Lindenberger report,
with the proviso that certain con-
ditions are met and use of the facil-
ity by outside groups could be guar-
anteed. SuSe is a four sector cyclo-
tron designed to accelerate medium-
heavy ions to 300 MeV per nucleon
(up to sulphur ions) and heavier
jons up to 25 MeV per nucleon.

The Committee did not recom-
mend the construction of the super-
conducting cyclotron proposed by
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On 30 April a ceremony was held at CERN
in memory of Wolfgang Gentner, the
scientist from the Federal Republic of
Germany who played an important role in

the development of CERN. In the front row
of the photograph, left to right, are DESY
Laboratory Director V. Soergel, Mrs. Gentner,
President of CERN Council J. Teillac, and

Ms. H. Langevin-Joliot who spoke at the
ceremony.

(Photo CERN 204.5.81)

Jilich, was hesitant about the ur-
gency of the European Synchrotron
Radiation Facility (with HASYLAB
at DESY and BESSY in Berlin com-
ing into action) and felt that it was
too early to pronounce on the rela-
tivistic heavy ion proposal from
Darmstadt (see October 1980 issue,
page 298). In view of the inter-
nationally recognized importance
of this project, it is suggested that

some preliminary experiments at organized on 2-3 October.
CERN would be helpful to enable Further information from Peter Von
a special committee to arrive at an Handel, DESY, Notkestrasse 85,

early decision. D2000 Hamburg 52, Federal Re-
’ public of Germany.

HERA workshop

Conference

In view of the HERA electron-proton

project, a workshop on physics with  The Ninth International Conference
electron-proton facilities is being on Atomic Collisions in Solids will

be held at the Université Claude
Bernard Lyon-I, from 6-10 July.
Further information from Institut

de Physique Nucléaire, Université
Claude Bernard Lyon-I, 43 boulevard
du 11 Novembre 1918, 69622 Vil-
leurbanne-Cedex, France.

UNIVERSITY OF VICTORIA
PHYSICS DEPARTMENT
and
TRIUMF

ACCELERATOR

BRITISH COLUMBIA, CANADA

R. M. PEARCE PROFESSORSHIP

Applications are invited for a newly created position in Experi-
mental Intermediate Energy Physics supported jointly by the
University of Victoria and TRIUMF in memory of the late Dr. R.
M. Pearce, formerly Chairman of the Physics Department at the
University of Victoria and Associate Director of TRIUMF.

We are seeking a physicist with an outstanding record of
achievement in Experimental Intermediate Energy Physics who
will actively develop new projects using the facility at TRIUMF.
The successful candidate, who will be eligible for tenure in one
of the senior professorial ranks at the University of Victoria, will
have some teaching responsibilities in the Physics Department
and will be expected to supervise the research of graduate
students.

Salary and rank on appointment are negotiable.

Letters of application including a curriculum vitae, publication
list and the names and addresses of three referees, should be
sent as soon as possible to:

Dr.J. T. Weaver, Chairman
Physics Department
University of Victoria
P.0.Box 1700

VICTORIA, British Columbia
Canada, VBW 2Y2

THEORIST

KMS Fusion, Inc., a leader in laser fusion
research for the Department of Energy, has an
opening for an Accelerator Theorist with a
strong background in electromagnetic theory
to work in the area of Free Electron Lasers.
The work includes FEL theory, FEL
simulation code development, design of FEL
amplifiers and design of accelerator, electron
beam transport, and FEL systems.

Requirements will be a PhD and United States

Citizenship. Candidate must be eligible to
obtain Department of Energy Security
Clearance. Please forward resume to:

Human Resources Department
Code 81-003 FEL

kms
fusion

inc.
P.O. Box 1567
Ann Arbor, Ml 48106
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“AUSTRIAN PRESENTATION AT CERN

in CERN’s Administrative Building Nr. 60, 1st flool
Tuesday June 16 to Friday June 19, 1981

The world’s largest model of a nuclear power plant is situated in AUSTRIA, in Zwentendorf nea
Vienna... Nuclear plants with supplies and know-how from AUSTRIA operate all over the world

ATOMSCHIFF O. HAHN (D) BARSEBACK (S) EUROCHEMIC (B) - GARCHING (D
ATUCHA (RA) BIBLIS (D)  FT. ST.VRAIN (USA)  GENF-CERN (CH

AUSTRIA’s Speciality

@® Many years’ experience in traditional power plants
@® Made-to-measure solutions

® Own “metal development” with test facilitie
@ Reliable delivery terms and service

Trust in a good partner — AUSTRIA

L

Oskar ALGE ELEKTRONIKBAU GOERZ Electro

Electronic KG Krippner & Kletzmaier Ges.m.b.H. Gesellschaft m.b.H.

Hochster StraBe Gewerbehof Urfahr Halle C Sonnleithnergasse 5

A-6893 Lustenau A-4041 Linz A-1101 Wien ‘
Telefon: 05577/33 46 Telefon: 0732/23 64 66 DW 26 Telefon: 0222/64 36 66 DW 252
Telex: 59427 elalkg a Telex: 021800 krikle a Telex: 133161 goerz a
AUSTRIATOM ELIN-Union AG HAUSERMANN Ges.m.b.H. & Co
Osterr. Interessensgemein- Penzinger StraBe 76 Zitternberg 100

schaft fur Nukleartechnik A-1141 Wien - A-3571 Gars am Kamp
Mariahilfer StraBe 32 Telefon: 0222/ 82 9 00 DW 26 61 Telefon: 02985/21 41, 42, 43
A-1071 Wien Telex: 112763 eli a Telex: 78745 eloxal a

Telefon: 0222/93 34 88
Telex: 0132574 sgpz a

For any information about business with Austria apply to:

The Austrian Commercial Delegate
Dr. Fridolin KOCH

Stockerstrasse 38

CH-8002 Zirich

Phone: (01) 201 7575 and 76
Telex: 54958 oehde ch

Cable: austrohandel zurich

or to any of the Austrian Trade Delegates
in more than 80 countries




PRESENTATION DE LAUTRICHE AU CERN

dans le Batiment d’ Admlmstratlon (No. 60), 1°" étage du foyer
du mardi 16 juin jusqu’au vendredi 19 juin 1981

Le plus grand modéle d’'une centrale nucléaire se trouve en AUTRICHE, a Zwentendon‘ pres de
Vienne..Installations nucléaires de provenance AUTRICHIENNE sont en fonction dans le monde entier:

HINKLEY POINT (GB)  JULICH (D) LEIBSTEDT (CH) TRILLIO (E)
IRAN (IR) LAGUNA VERDE (MEX) RIO TERCERO (RA) etc.

Les spécialités de FAUTRICHE:

J . Longue expérience dans la construction de centrales traditionnelles
- @ Solutions faites a mesure

@ Propre «développement de metaux» avec possibilités d’essay
[ @ Livraisons promptes et service sir

{ Confiez-vous a un bon partenaire — TAUTRICHE!

ISOVOLTA OSTERREICHISCHES Forschungs- VOEST-Alpine AG
Osterr. Isolierstoffwerke AG zentrum Seibersdorf Gesmbh Postfach 2
- Industriezentrum NO.-Siid Institut fiir Strahlenschutz A-4010 Linz :
- A-2351 Wiener Neudorf Lenaugasse 10 A-1082 Wien Telefon: 0732/585 DW 88 51
. Telefon: 02236/86 5 00 Telefon: 02254-80/25 56 Telex: 21421 ral a
Telex: 079195 isovol a Telex: 14353 sgae a
NORMA MeBtechnik Ges.m.b.H. PVL, Physikalische Versuchs- WORO-Handelsges.m.b.H.
FickeystraBe 1-11 anstalt Leobersdorfer StraBe 133
A-1110 Wien Dr. B. Langenecker A-2560 Berndorf Il
Telefon: 0222/76 55 55 DW 56  A-8253 Waldbach Telefon: 02672/83 3 64
Telex: 132518 norm w a Telefon: 03336/411 oder 436 Telex: 14380 woro a

Telex: 39240 epvl a

Pour toute information sur les affaires avec I’Autriche adressez vous au:

Délégué Commercial d’Autriche
Dr. Fridolin KOCH
Stockerstrasse 38

CH-8002 Zurich

Téléphone: (01) 201 7575 et 76

Télex: 54958 oehde ch
Cables: austrohandel zurich

ou aux Délégués Commerciaux d’Autriche
dans plus de 80 pays
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Because we have
the world’s largest,
most efficient
superconductor
plant to produce
them in, inany

WhyAirco
superconductors
are available

the
megametre.

guantity you need from a metre to a megametre.

We also have the industry’s most advanced

on-line production quality-control program to
produce better tapes, braids, cables, sheathed
and reinforced systems, and magnets.

Now we are making over 100,000 metres of

superconductors for the MFTF-B fusion experi-
ment at Livermore. And we're finishing large
orders for Brookhaven, Fermilab, MIT, Oak
Ridge, Saclay, Karlsruhe and the U.S. Navy,
which gives us more capacity for you.

If you want to know more about us, ask for.

our capability brochure. It's titled “Airco Super-
conductors”” Ask us and we'll also send you free
reprints of all the major technical papers we have
written on superconductors and their use.

Street, Carteret, New Jersey
07008. Phone (201) 541-1300.
Or TWX AIRCO SUP CRET.

Write Airco Superconductors, 600 Milik

y L

Superconductors

Pre-dr

Air or

/ Input

I  pOINT METER
FTOMATIC

pEWPON
AU

Isthere water
indryairorgas? Now youcan
have the answer fast, exact
and automatically.

Nothing could be simpler.

1. Switchon.

2. Place fingertip over outlet
3. Chamber headrises.

4. Read dial.

No more Thermometers —
Graphs—Pumping -
cooling- recoating or
mathematical gymnastics.

The Shaw Automatic Dewpoint Meter -

ied
Chamber

letyour
fingers
cdothe

gas

| The Shaw
Automatic
Dewpoint
Meteris unique.

Look at these unique
features: Battery check
switch—dial readings on air
or gasirrespective of flow
rate— Automatic dry down
and calibration — Portable -
Government tested for safe
use inhazardous areas.

G#P electronic Ltd

Bernerstrasse 182
CH 8064 Ziirich/Switzerland

Tel.: 01/64 32 31 P. Euler
64 45 55
Telex: CH 54806 GPEL

214

( N
AN
N 59 FE
51 Crw 14 ¢
\\O f//,
—
99T ‘OOO ™25
C
- ’ \ —
32 P’ 203 Hg
/ \
®4 RANGES : 10, 100, 1 000, 10 000 cs!
| ® 5 PROBES : ® 3 RANGES : 01t 1000cs™!
o SMIBM :Soft B from 30 KeV e Battery life : 40 h with batteries or
eSMIBG : B from 250 KeV ® accumulator set ® Battery contrﬂ £
from 10 KeV elight : 2,1 kg o P threshold==30 KeV e
eSMIG : ¥ from 30 KeV e outputs : scaler o Battery life : 100 h 3
eSMIX : X from 5 KeV @ printer e light : 0,320 kg <
e SMIA :o<efficiency 40 % (239Pu) &
Commercial office : Head office :
'> n E rd E u x 17, rue Paul Bert Z| La Vallée du Parc
92120 MONTROUGE (FRANCE) 37600 LOCHES (FRANCE)
k Tél. . 655.24.29 Tél. : (47) 59.32.32. - Télex : 750 808 F
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HIGH

~ COUNT RATES?

Developed or Sl
Handles high count rates, high amplm.lde pulses
Retains timing, pulse linearity and tube life

A complete range of fast 2" PMTs for physics and industry 1t pu?sn(f gge
PMT number gain total tr tw pulse grggégr
of voltage linearity . light
stages (V) (ns) (ns) (mA) pulse
PM2242B 6 2x10* 2000 1,6 2,4 350 tw = anode
XP2020 12 2x107 2500 1,5 2,4 250 pulse
XP2230B 12 2x107 2500 1,6 2,7 250 duration
XP2232B 12 2x107 2400 2,0 32 250 FV(;’HI'tV' for
_ High sensitivity bialkali 44 mm diameter cathode ﬁgh?t petlJIse
* SIN = Schweizerisches Institut fir Nuklearforschung Philips Industries
Electronic Components
Other fast tubes: 3/4” PM1911 3" PM2312 and Material Division
17 PM2982 5” XP2041 Eindhoven, The Netherlands

We ve set the standard forover 20 years

priups] Electronic pH I LI ps
% Components

and Materials




.%‘
NOUVELLES ALIMENTATIONS A DECOUPAGE -
séries SDMU-HR et SDMT-HR
SDMU-HR 5. 5 * 18a 55V 5 A - Alimentations sans transformateur secteur
SDMU-HR 12. 25~ 55a13 Vv 25A - Réalisation simple :
SDMU-HR 15. 2 * 10 a1i16é Vv 2 A montage a un seul transistor (forward)
SDMU-HR 26. 1 * 15 a32 Vv 1 A - Rendement élevé : > 80 %
. . - Fiabilité : M.T.B.F > 80 000 heures a + 40°C
SDMT-HR 5. 10 18a 55V 10 A - Conformes aux normes VDE (804, 0871, 0875),
. SDMT-HR 12. 5 * 55a13 VvV 5 A CEIl 65 et NFC 92130.
SDMT-HR 156. 4 * 10 a16 V 4 A
SDMT-HR 26. 2 * 15 a32 V 2 A * Secteur : 220 V (série F) - 115 V (série EM).

 SODILEG GRENOBLE |

él.: (76) 96.87.26

: .00.2¢ .
et représentants régional
_ DELTRONIC - 06800 Cros-de-C:
DIMELCO - 59379 Mons-en-Bar

GOUTEYRON AUVERLEC -

7, avenue Louise - 93360 NEUILLY-PLAISANCE i

~ Tel.: (1) 300.38.07 - Télex: 212932 F




Throughout the World
of Quality Optics

SCHOTT-GLASS

Zeitschrift

fir Physik C PartiCIGS
and Fields

ISSN 0170-9739 Title No. 288

EPS  Europhysics Journal

Editors in Chief: G. Kramer, Hamburg; H. Satz, Bielefeld

Editors: K. Fujikawa, Tokyo; K. Gottfried, Ithaca;

K. Kajantie, Helsinki; A.Krzywicki, Orsay; P.V.Landshoff,
Cambridge; J.J.Sakurai, Los Angeles; P.S6ding,
Hamburg; B.Stech, Heidelberg; J. Steinberger, Geneva

Zeitschrift fiir Physik appears in three parts:

A: Atoms and Nuclei
B: Condensed Matter
C: Particles and Fields

Each part may be ordered separately.

Coordinating editor for Zeitschrift fiir Physik, Parts A, B
and C: O.Haxel, Heidelberg

ZEITSCHRIFT FUR PHYSIK C

PARTICLES AND FIELDS

® Experimental and theoretical particle physics
@ Structure of elementary particles

® High energy processes

® Strong, electromagnetic and weak interactions
® Symmetry principles

@® Unification schemes

® S-matrix theory

® Quantum field theory

Subscription Information:
1981. Volumes 7-10 (4 issues each).
Sample copy upon request.

All countries (except North America):

981: DM 864,-, plus postage and handling.
send your order or request to your bookseller or directly to:
Springer-Verlag, Wissenschaftliche Information Zeitschriften,
Postfach 105280, D-6900 Heidelberg, FRG

North America:

1981: US S 528.00, including postage and handling.
Subscriptions are entered with prepayment only. Send your order
or request to your bookseller or to:

Springer-Verlag New York Inc., Journal S¢i=s Dept.,
44 Hartz Way, Secaucus, NJ 07094, USA

5991/4/2h

Springer-Verlag
Berlin
Heidelberg
New York
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Working together, we will
continue to change the world
of optics.

Our development, our exten-
sive range of products and,
last but not least, our exacting
quality demands will help us
achieve this.

The success of our partners is
our main motivating factor.

Optical glasses
forlenses

Special optical glasses
Glasses for Cerenkov-
counters

Bubble chamber windows
Glasses for Faraday-rotators
Laser glasses

Radiation shielding windows
Radiation resistant glasses
Glasses for dosimetry
IR-transmitting glasses
IR-transmitting crystals
Glass ceramics ZERODUR®

Optical Filters
Heat-absorbing glasses
and filters

Coloured glasses and filters
Interference Filters
Thin-film coatings on glass

Fiber optical elements
Optical fibers (uv-vis-ir)
Light conductors

Flexible image conductors
Special fiber optical
components

Cold light sources
Changeable message signs

SCHOTT

Optics Division - PO. Box 2480 - D-6500 Mainz
Phone: 06131/6 61
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UNISLIDE

ECONOMY & ACCURACY IN LINEAR &
ROTARY TRANSLATION

As European manufacturers and suppliers of
UniSlide, Time and Precision offerauniquely
flexible range of top quality equipment for
application in the instrument and machine
construction field. The range includes both
manual and motorised assemblies, rotary,
co-ordinate and elevating tables, indexers,
encoders, micrometer heads, ball
slides and adaptor plates.

UNISLIDE CONSTRUCTION UniSlide
assemblies are constructed of high grade
aluminium alloy, with a lamination of
Nylatron G S bonded to the sliding
element producing compact, non-
magnetic, non-corrosive units. A wide
selection of sizes and sections are
available — for full details send for
afree catalogue. \

POSITIONAL DISPLAYS

CO-ORDINATE
TABLES
(manual or motorised
models available)

ROTARY TABLES
(Manual or motorised
models available)

Rotary Table)

time and S s
precision -
(sales) Itd g MOTORISED
: BALL SLIDES
Whitney Rd., Daneshill East, .
Basingstoke, Hampshire RG24 ONS, England. 2B 7401 INDEXER
Telephone: (0256) 28428. Telex: 858575. (max. count 999999 steps)

. 2

A4757 TSPE
ROTARY ENCODER
(fitted to A4757TS

MOTORISED
UNISLIDES
(with stepping
motors or AC/DC
gear motors)

)

TYPICAL
3-WAY MOTION

CAMERA HEAD

INFORMATIONS ABOUT OUR CAMERA

NAME

TITLE

COMPANY

ADDRESS

E-
mn

S

CITY

COUNTRY

CAMERA CRATE

RADIATION RESISTANT VIDEO CAMERA
REF. CERN (CH), SACLAY (FR), ORSAY (FR)

CONSTRUCTIONS
ELECTRONIQUES ET MECANIQUES
DU LEMAN - C.EME.L

Rue Léone de Joinville

01170 GEX FRANCE

Tél. (b0O) 41 5007
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FOR OVERWORKED COMPUTER OPERATORS,
OUR SLC-1MAKES THE PERFECT ASSISTANT.

Your computer may lose track of things once in a

while. The time, for example. When it does, your operator

has to make sure it gets things right again —which costs
- you time and money. If they make a keying error, these
costs go up. ,

That's one good reason fo get your computer a
smart new assistant like the SLC-1. It listens to everything
your computer says. When it recognizes a key phrase, it
flashes back the answer instantly. A battery backup system
keeps the SLC-1 running, come power failure or system
crash. And unlike your regular operator, the SLC-1
doesn’t make mistakes.

Plus the SLC-1 does a lot more than timekeeping. It
also provides instant answers to a variety of mainframe
questions. You pick the key phrase it looks for, and type in
the responses. Then — for example — if your computer goes

vdo'wn, it can be automatically re-booted back into action

under the SLC-1's supervision.
The SLC-1 does all this because it's driven by its own

“computer, a 6502 microprocessor. So when you want to

use your main computer for something else, you still have
—for backup —the SLC-1, with its own 1K bytes of RAM
(expandable fo 12K).

But even with its optional 10-digit display, the SLC-1

—is inexpensive to hire. And it's simple to train. Just plug it

into the RS-232 or 20-mA current loop serial link between
your computer and terminal, enfer your message responses, -
and you're all set.

So give yourself a break: talk to our personnel counselor
today at Digital Pathways, 1260 L'Avenida, Mountain View,
CA 94043. Or contact us at (415) 969-7600. TWX 910-

379-5034. We'll introduce you to
a new assistant that doesn't talk DIGITA'-
PATHWAYS

back. Except fo your computer.

'MEET THE ASSISTANT COMPUTER OPERATOR
THAT NEVER TAKES A COFFEE BREAK.

Canada: (4il3) 286-2744; England: 403 813 813;
Germany: Tel. (089) 60 60 71-72 Telex 5216290 isio d;
Switzerland: Tel. 022/310587 Telex 289191

Circle JJjiil on inquiry card.




PRECISION ENGINEERING FOR INDUSTRY

Number of employees: 70

Design Office and Inspection Dept. on site

» Mechanical sub-contracting

= Welding sub-contracting

s Construction of machines for the food-processing industries
Designing and building of automatic screwing unit

Building of special machines to customers’ specifications
Manufacture of special items for the nuclear industry and
research centres.

Tel.: (75) 61 24 22 (several lines)

Lucien Durand Ltd. romziosax” e seem

CALSI 11— u PROC.
. Crate Controller with buildt-in microcom-
s puter LSI-11/2 or LSI-11/23
i . Real time clock

e CALSI M . Console - interface °

) 50 to 19200 bits per sec.
w @ . Memory 32 k words (16 bit)

B

N
é 138 .

H @ @ expandable to 64 k words

i Qi E-Prom Memory 2 k words optionall
s . y words optionally

. Two port memory:
access by LS| and CAMAC-Dataway
possible

. CAMAC Interface according to Eur 4100
. ACB according to Eur 6500

. Calsi can be used optionally as auxiliary
Controller

. Five Hardware implemented Blocktransfer
modes:ACA,UCS,UQC,ULS andListmode

BEuBEEEREsnza.

FEER

Spaldingstr. 74
— Switzeriand. karl wehrmann S .

i/s trimatic Canberra-Stolz AG I ES Tel. (040) 2310 25

Telefon: (02) 65 00 89 Telefon: (056) 84 01 51 Telex 2 163 043
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® immediate avallability . -

Techniques and
Concepts of
High-Energy Physics

edited by Thomas Ferbel
University of Rochester

Techniques and Concepts of High-Energy Physics
addresses such concerns as quark models, deep inelastic
lepton-nucleon scattering, jet phenomena, particle
detectors, and electronic control devices. NATO Advanced
Study Institutes Series, Series B: Physics, Volume 66.
approx. 550 pp., illus., 1981, $65.00 ($78.00/£40.95
outside US)

Interacting Bose-Fermi
Systems in Nuclei

edited by F. Iachello
Universiteitscomplex Paddepoel, The Netherlands

This new work covers topics including collective features in
light nuclei, boson cutoff and band crossing, geometric and
dynamical properties of the interacting boson model, and ~
dynamical supersymmetries and the positive parity states in
odd-gold isotopes. Ettore Majorana International Science
Series—Physical Sciences, Volume 10. approx. 425 pp.,
illus., 1981, $49.50 ($59.40/£31.19 outside US)
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Synchrotron Radiation

Research

edited by H. Winick

Stanford Synchrotron Radiation Laboratory
and 8. Doniach

Stanford University

Synchrotron Radiation Research provides comprehensive
treatments of all of the major applications of synchrotron
radiation in the X-ray and ultraviolet parts of the spectrum.
In addition, information is provided on the properties and
sources of the radiation, research facilities, and many
specialized instruments. 774 pp., illus., 1980, $65.00
($78.00/£40.95 outside US)

pI THE LANGUAGE. OF SCIENCE

PUBLISHING CORPORATION

233 Spring Street, New York, N.Y. 10013

In United Kingdom: 88/90 Middlesex Street
London E1 7EZ, England
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/ AUGAT N

700 leader in IC Pﬂ(kﬂgillg ?

Series 800 DIP sockets and Series 700 lead

socket carrier assembly feature Augat’'s two- v

piece machined tapered entry contact assembly. ;
‘ |
. terminalsé

(z" sockets

Inner contact is gold. Sleeves available in gold or
tin plating. Available from 6 to 40 pins ex
stock. @ Single Eurocards have 35 patterns,
double cards 85. Universal cards have conti-
nuous rows of contacts suitable for 8 to 40 pin
IC’s. .Available ex stock. ® Teflon sockets for
TO-5 outline. 6, 8, 10 and 12 contacts. Ultra low
profile gtass filled nylon transistor and |C sockets.
3, 4, 8 and 10 contacts. Available ex stock.

All these produds are manufactured in Switzerland

\ ) Electronic /

Dewald AG
Seestrasse 561, 8038 Ziirich
Telefon 01 45 13 00, Telex52 012

International enquiries: Augat SA,
9, allée de la Vanne, F-94263 Fresnes
Telefon 668.30.90

YOU NEED
SHIELDS OR CONTAINERS
Nos 21 groupes FOR ABSORPTION OF

d’alimentations stabilisées HARD RADIATION

fonctionnent 24 h sur 24
au cyclotron de

Louvain-la-neuve CIME. BOCUZE.
| can supply you with
100W a 360kW, jusqu’a 11073 TUNGSTEN-BASED ALLOYS

certaines depuis 1975

JEMA
[

) o
REDUCED DIMENSIONS s
FIRE_RESISTING 3
BLANKS OR MACHINED COMPONENTS :
tél (02) 4250392 CIME-BOCUZE DIVISION TUNGSTENE _%;
: _ ST. PIERRE EN FAUCIGNY, 74800 LA ROCHE/FORON ©
rue de Menin, 22 -B1080 Bruxelles Tel.(50) 03 10 98 . Telex: 385027 FRANCE
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further surfaCe ba"mer déteétbr’s‘* a new step :
passwated ion |mplanted silicon junction detectors

Reverse current 50 to 100 times lower Design adapted to any needs : from
than for surface barrier detectors mosaic assemblies with a minimum
therefore optimal resolutions for dead region down to strip detectors.
charged particles. Partially or totally depleted detectors,

heavy ions detectors, X rays detectors,
X rays spectroscopy at room position sensitive detectors, strip
temperature. detectors.

A complete range available.

Schlumberger

ENERTEC
NUCLEAR INSTRUMENTATION BRANCH
, Parc des Tanneries
67380 LINGOLSHEIM (France)
TEL : (88) 78.57.10. Télex : 890177F

CERN Courier, June 1981 223

ESAP0010 PPCM



224

The new 32-bit ND-500
for the discerning user!

The new ND-500 system has proved in
benchmarks that it is considerably faster than
any other 32-bit machine now available. This

multi-user, multi-programming system handles

time-sharing, real-time, batch and
communications concurrently.

The heart of this multi-processor system is
the powerful 32-bit ND-500 processor with an
instruction set specially chosen to execute
high-level language programs efficiently.
Several functions such as FORTRAN DO-loops
are performed by a single machine instruction.
In this byte-oriented system instructions are
variable in length, and the most common are
executed in one 200-nanosecond machine
cycle. Instructions are pre-fetched to increase
throughput. Floating point instructions in both
single and double precision are carried out by
special hardware which performs arithmetic

e

operations on parallel arrays. This gives very
short instruction times: double-precision
addition and subtraction take only 400
nanoseconds, multiplication 500 and division
2900 nanoseconds.

The system has 32 to 128 Kbytes of cache
memory divided into two parts, one for
instructions and one for data, so these may be
fetched in parallel. The logical address space is
almost unlimited—more than 4 Gigabytes for
instructions and the same for data. And the
high-speed shared main memory of the system
can be as large as 32 Mbytes.

The software and peripherals are fully
compatible with those found on the well-known
ND-100 system. And those of you who have an
ND-100 will be glad to know that it can be field
upgraded to a complete ND-500 system.

Norsk Data

Siége : » Le Brévent «, av. de Jura, 01210 Ferney-Voltaire. Tél. : (50)408576
Paris : 120 Bureaux de la Colline, 92213 Saint-Cloud. Tél. : (1)602 3366
Lausanne : 7, Chemin des Charmettes, CH-1003 Lausanne

The competitive European Computer Company
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Cancel your liquid
helium order. ..

Get a HELIPLEX™
refrigerator.

Forget about the cost of liquid helium and
the bother of handling it. With the HELIPLEX
Model CS-308 closed-cycle refrigerator you get
stable temperatures down to 3.7K.

This refrigerator is highly reliable — its major
components have been proven in the field for 5
years. It operates virtually unattended and op-
tionally gives you automatic temperature con-
trol and readout. Normal maintenance interval
is 9,000 hours, and it is field maintainable.

The HELIPLEX 308 refrigerator has a conve-
niently small cold end (the refrigerator is only
35” high). This makes it useful for a variety of
research and industrial applications with a selec-
tion of temperature controllers, interface designs
and radiation shields available.

For more information, write or call Advanced
Products Department, Air Products and Chem-
icals, Inc., Box 2802, Allentown, PA 18105.
(215) 398-8419.

(2 A Produccts)
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-

RUPLT

® Générateur VHF/UHF de THz 4 1,3 GHz

® Synthétiseur a haute pureté spectrale

® Bruit de phase - 135 dB/Hz a 6,25 kHz de la porteuse
@® Composantes non harmoniques:[>— 100 dB

Représentation générale
et service
pour la Suisse

ROSCHI

RICO-Gouttieres 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

RIETH & Co.
Fabrik fiir Eisenkonstruktionen
D-7312 Kirchheim-Teck
Tel.(07021) 45051

Telex 07 267 881

Max Banninger AG
8050 Ziirich
Nansenstr.1
Tel.1/463642

226

GENERATEUR VHF/UHF, HAUT DE GAMME, 1Hz/1.3 GHz

® Programmation IEEE 488 compléte

® Modulation d'impulsions en optioft

@® \Wobbulation numérique de tous les paramétres
@ Générateur BF 1Hz 8 300 kHz incorporé

3000 Berne 31
Case postale 63

Télex 32137

Télécommunication SA T:¢phone 031 442711

hermetisch dichten Ubergangs-
.  steckern _

 Oniedrige Leckrate
. O unkompliziertes Bauteil

O optimale Kontaktsicherheit

‘O kleines VSWR ‘

O Ubergangsstecker verbinden die Schaltung ohne
mechanische Belastung. ’ "

O EMCKATALOG MIT ANWENDUNGEN
KOSTENLOS ANFORDERN! '

D-8911 Puergen
Karwendelstrafe 8
Tel. 08196-511
Telex05-27142
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Stesalit resolves your
individual problems

in fiherglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Such parts can also,be
manufactured in combination

with carbon fiber.

Stesalit AG

Kunststoffwerk

CH-4249 Zullwil SO

Telefon 061-8006 01

Telex 63182 03.001

JANNEY MEETS THE DEMANDS OF THE
HIGH-ENERGY PHYSICS COMMUNITY

‘with Ultrahigh Purity, Ultrahigh Conductivity
Wrought Copper Components

Janney is the major source for ultrahigh-purity,
wrought copper components for linear
accelerators, vacuum tubes and superconductor
cable used in high energy physics programs;
programs which have stringent
requirements for:

e Ultrahigh Conductivity (98-102% IACS)
Excellent Brazing Characteristics
Vacuum Integrity

Shaped Wrought Geometries

Experienced Metallurgical Control

Special Alloys

@ @ @ JANNEY CYLINDER OMP

Subsidiary of Pittsburgh Forgings Co.

7401 State Road, DEPT. CC Philadelphia, Pa. 19136 U.S.A.
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA.
An Ampco - Pittsburgh Company
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The Swiss precision
ball-bearing

SFERAX has been

making thrust ball-bearings
for 20 years. They are

used in mechanical engi-
neering and in equipment
construction where preci-
sion, quality and a long
useful life are prized. They
are, in other words, the
ideal solution to your thrust
bearing problems. Our
range includes thrust ball-
bearings, rotary and thrust
movement ball-bearings,
plastic-sleeved ball-bear-
ings, guide shafts, shaft
bearings and ball-bearing
blocks, standard compo-
nents, cross components
and link tables.

cc4a

SFERAX S.A. i us aoiass &tz

Axial bearings Telex 3 5 306 sfeax ch

Bien des industriels ont fait appel on generator Générateur de fonctia

a Elgasonic pour une machine a i j

nettoyer par ultrasons “heavy-current mains e cansigns pour
- plus simple sjueiop,and erplitude Flance, longueur e
-plus efficace " : SPPioE Sepmnoron, rogleglc
-et moins coiiteuse ontinustion with fresh Vation do 1 vales

Créce a notre know-how. Ce know-how est a s.,n f‘ S A\ A A /\\I D o/

votre disposition sans engagement. Et prépa- sago @ o @ @ @ @ =

rez-vous a faire de grandes économies de P |

solvants et de lessives industrielles! e e n 3 3 QN z‘i Eeg " o \
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elgascormic

D-8200Rose
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2501 Bienne, Tél. 032/25 3181, Tx: 349381
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Permanent Magnet Quadrupoles
Fixed or variable strength for

CERN Courier, June 1981

particle beam focussing

These revolutionary quadrupoles were developed for
New England Nuclear’s 45MeV proton linear accelerator.
They are one-third the size of equivalent electromag-
nets and of course require no power supply or cooling
apparatus.

Based on the Halbach and Holsinger concepts, the
designs make efficient use of Samarium-Cobalt to
produce high quality, high strength magnetic field gra-
dients. Standard magnets available in three fixed pole
tip fields and apertures: 9.6Kg, 2.20cm; 8.1Kg, 2.70cm;
and 5.7kg, 3.20cm. Standard variable magnets have
apertures of 7.5cm, maximum pole tip fields of over
3Kg, and modular configurations.

Write for detailed specifications, or call with your spe-
cial requirements: (U.S.A.) 617-667-9531, extension
5102 or 6013.

New England Nuclear

® 549 Albany Street, Boston, Massachusetts 02118
Call toll free: 800-225-1572  Telex: 94-0996
(In Massachusetts and International: 617-482-9595)

NEN Chemicals GmbH: D-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9; Tel. 514-636-4971, Telex 05-821808
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PM 800 046 PE DN 7338

PFEIFFER TURBO 040
High-Vacuum Pump

The TURBO 040 produces hy-
drocarbon-free high vacuum at a
low volume flow rate. It is there-
fore the ideal pump for modern
analytical work as for example
for the mass spectrometer and
for industrial use in the manufac-
ture of tubes and light bulbs.

The applications of the TURBO
040 are numerous. The high va-
cuum connection can be supplied
to order, either to KF, high vacu-
um flange to ISO-K or ultra-high
vacuum flange to CF standards.
The pump can be fitted in any
position from the vertical to the
horizontal. The TURBO 040 is
the first pump of its kind with-
out forced cooling and therefore

230

The smallest and lightest
turbomolecular pump

Height 166 mm
Diameter 95 mm
Weight 2,5 kg
Volume flow rate

for N2 40 1/s

operates problem-free. Its remark-
ably low level of noise and vibra-
tion helps to make it the univer-
sal high-vacuum pump for all
types of use. Noteworthy in

BALZERS

A. PFEIFFER

Vakuumtechnik Wetzlar GmbH
Postfach 1280

D-6334 Asslar, BRD

Tel.: 06441/8021

Telex: 48 3859

comparison with other high-vacu-
um pumps is its low energy con-
sumption.

The ‘81 Range

The 1981 TURBO range com-
prises six pump sizes. The choice
can be considerably increased
owing to possible modifications
such as flanges for high and ultra-
high vacuum, positioning of the
high vacuum connection and
choice of coolant. The range of
the volume flow rate from 40 to
5000 I/s gives the best possible
solution for every kind of appli-
cation.
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CAMAC

- SERIAL
SD 2087 SEriAL DRIVER HIG HWAY SYSTEM

FOR CONTROL APPLICATIONS TRY THE

SCC 2115 SeriaL CRATE CONTROLLER

SDP 2101
SERIAL DEMAND PROCESSOR

CAN FUNCTION AS A MODULE
IN A CAMAC SYSTEM OR BE
DIRECTLY LINKED TO THE

COMPUTER- FEATURES

FUNCTIONS IN BIT OR BYTE
MODE -

= PERFECTED DATA “TRANSFER - FyncTIONS AT SPEEDS UP TO

CONTROL, THANKS TO AN 5 MBI1T/BYTE/SEC.
ELABORATE LAM DETECTION- FEATURES

) oy ~ INCREASED SYSTEM RELIABILITY
PossIBILITY OF 16 AND THANKS TO A “Loop COLLAPSE

BIT READ/WRITE: AND A “Bypass ConTroL”.

- - - BUFFER FOR THE DEMANDS
ggﬁggﬁAﬁtETgREﬁggNgz ERROR DETECTION LOGIC- ARRIVING FROM THE SERIAL
THE FRONT PANEL. = AN AUXILIARY CONNECTOR HrGHwAY -

PERMITS THE USE OF A LAM
GRADER OR AN AUXILIARY - INTERFACES_DIRECTLY WITH
CONTROLLER- - THE SD 2087-

France: EG&G Instruments; Zone Silic 428; Tel. (1) 6872571 - Tix 202553F, F-94583 RUNGIS CEDEX—GEI’maI‘Iy: 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;
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103; Tix 58257ch -
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 23359¢h - CH-1211 GENEVE 13. ELECTRONIQUE



IS ADETECTOR
WITH SUB NANOSECOND
RISE-TIME
OF VALUE TO YOU?

PHOTO CATHODE w

‘ fo—-—62.0% - 1——— ANODE

I 32 09— FLANGE

SENSITIVITY (mAW)

TYPICAL RESPONSE
CURVES

-
.00 o
WAVELENGTH (A)

IF YES

Can you live with an S-1, S-5, S-13, S-20, or S-25 cathode?

IF YES

Will you pay $225 for it? Or $625 in a housing?

IF YES

Write, or call and talk to us about our fast rise time
phototubes and photomultiplier tubes.

IFNO

But you do need quality detectors such as Photomultipliers,
Vidicons, Silicon Detectors, InAs, InSb, and others ranging
in price from $1 to $6,000 send for our full catalog.

CALL OR WRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION ¢ 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE: 201/469-6640
International Offices in Major Countries of Europe and Asia.

LT T T T T T 1
: ] Quick, send complete NAME !
i inforrr;ation on th% super speed TITLE PHONE E
: detector. COMPANY :
H [ Not interested, but send the ADDRESS !
E catalog anyway. oITY STATE 2Ip i
1 1
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