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A decade of

colliding proton beams

Ten years ago at.the Intersecting
Storage Rings at CERN, two proton
beams collided for the first time. On
27 January 1971 physicists with
detectors installed at intersection
regions 14 and I5 saw signals com-
ing from colliding protons — the ISR
was giving access, in controlled
experimental conditions, to particle
teractions at energies previously
observed only in cosmic rays.

In a field liberally sprinkled with
outstanding achievements, the ISR
is widely regarded as the finest
example of the accelerator builders’
art. This article celebrates the ten
year history of the machine and
reviews the physics programme
which it has made possible.

Commissioning days

Now that proton-proton storage
rings have their regular place in the
catalogue of accelerators, it is easy
to forget that, in the early 1960s
when the ISR project was first
mooted, there were many who
Houbted the feasibility of high lumi-

i0sity performance and the possibil-

ity of extracting good physics. Des-
pite the positive results from the
preceding work in CESAR (CERN
Electron Storage and Accumulation
Ring), the building of the ISR was
something of an act of faith.

This degree of risk, coupled with
the CERN tradition of thoroughness
in its machine construction, led to
great care being taken in the prepa-
ration of all the ISR components. In
this way the anticipated battle with
the physics of stored proton beams
would not be made more difficult by
problems related to unreliable com-

ponents. This meticulousness in the,

building of the machine led to dra-
matically impressive commissioning
days.

On 3 September 1970, the first
attempt to transfer a pulse from the
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proton synchrotron to the ISR saw
protons hitting the beamstop at the
ISR, over 500 m away, within a few
millimetres of the desired location.
On 29 October the first pulse fed into
one of the rings went around and
around. Instead of the usual coaxing
process to achieve circulating
beams, the ‘theoretical’ machine
settings (and the components’ res-
ponse to those settings) were so
good that stored beam was achieved
immediately. On 25 January 1971
the same story was repeated in the
second ring.

On 27 January both rings were fed
with protons for the first time and it
was early in the afternoon that the
machine physicists knew they had
won. The presence of fairly intense
beam in one ring did not seriously
perturb a more modest beam in the
other ring. ‘Beam-beam effects’
were not as troublesome as people
had anticipated. The construction

ISR Control Room, 27 January 1971,
13.40 hrs. Kjell Johnsen, leader of the ISR
construction team, announces that
experimental teams watching two of the
intersection regions had for the first time
observed proton-proton interactions in
colliding beams.

(Photo CERN 248.1.71)

team then knew that they could
deliver a machine in which useful
physics could be done. A few min-
utes later the physicists in the count-
ing rooms rang through with the
news of observation of the first-ever
collisions. The ISR was on its way.

Ten years of
improving performance

In terms of its usefulness for phy-
sics the important parameter of the
ISR is its luminosity. This figure is
directly proportional to the number
of proton-proton collisions occurring
in a given time and thus to the
number of interactions which the
physicists can observe in their detec-
tion systems.

The design value for the ISR lumi-
nosity was 4 x 103° per cm? per s.
This value was reached for the first
time on 20 December 1972 (with
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currents of 12.2 A and 11.3A at
22 GeV in the rings). It has since
been significantly surpassed reach-
ing a peak of 3.5 x 103" even in
physics runs at 31.4 GeV and with-
out the low beta insertions. The
evolution of the luminosity over the
years of machine operation is shown
in the accompanying graph and is a
good indication of how far ISR per-
formance has exceeded expecta-
tions.

Another significant parameter
from the machine physics point of
view is the peak current stored in the
rings. IndJune 1974, the design value

Luminosities achieved during ten years of
ISR operation with beams accelerated to
31.4 GeV in the storage rings. The lower
curve is from a standard intersection, the
upper one from an intersection fitted with
a ‘low beta insertion’ using conventional
steel focusing magnets. In both cases, even
with the current losses involved in
accelerating beams in the ISR, the design
luminosity of 4 x 1030 per cm? per s has
been comfortably surpassed.
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Werner Heisenberg speaks at the official
inauguration of the ISR on 16 October 1971.
With him on the platform are (left to right)
Edoardo Amaldi, Viki Weisskopf, Marcel
Antonioz and Willi Jentschke.

(Photo CERN 348.10.71)
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Peak stored currents in the ISR over the
past ten years. The top curve shows the
values achieved with 26 GeV beams injected
from the proton synchrotron, while the
bottom one indicates performance with
beams accelerated to 31 GeV in the ISR
itself. In both cases the design value of 20 A
has been greatly exceeded.
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of 20 A per ring was reached for the
first time, bringing with it another

mMp in luminosity to over 103'. The
evolution of stored peak currents up
to remarkable value of 57 A is also
shown in the graph. This demonstra-
tion of the ability to hold such intense
beams in storage rings has had great
influence on the thinking on subse-
quent colliding beam projects in high
energy physics and on the ideas of
using intense heavy ion beams in
inertial fusion devices (see, for
example, September issue 1976,
page 291).

We now pick out, in no particular
order of priority, several other major
performance achievements of the
ISR. In 1972 the radio-frequency
systems in the rings were used for
the first time to accelerate the
injected beams (using the phase dis-
placement technique) to higher en-
ergies. (Up to this point, the ISR had
stored its proton beams at the
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energy supplied by the PS.) Beams
injected at 26 GeV were taken to
31.4 GeV with some loss in intensi-
ty. At these beam energies the
‘centre-of-mass’ collision energy is
equivalent to that which would be
achieved usinga 2000 GeV acceler-
ator to fire protons onto a stationary
target. By now it has proved possible
to accelerate currents as high as
38 A to 31.4 GeV.

One of the vital aspects of the ISR
in relation to the physics programme
which it has supported is the reliabil-
ity of the machine. This is all the
more noteworthy because the stor-
age rings were, at the time of their
construction, the most complex ac-
celerator systems ever built. To pick
out just one moment when reliability
made news — during the Inter-
national Conference on High Energy
Accelerators at Stanford in May
1974, the CERN participants were
able to announce that during the

Conference the ISR had had a con-
tinuous run of 34 hours for physics.
It began with a luminosity of 6.6 x
103%and the rings were closed down
with the luminosity at 5 x 10390, This
corresponds to protons being lost at
the rate of one per million per min-
ute. If the “off’ button had not been
pressed some of the same protons
could have been still orbiting the
rings two years later.

One of the major technological
achievements behind the success of
the ISR as a machine has been the
mastery of the vacuum system. This
proved necessary to an extent which
had not been anticipated in the con-
struction. It had of course been real-
ized that ultrahigh vacuum would be
necessary in the beam tubes to avoid
significant loss of protons due to
collisions with molecules of residual
gas during their millions of orbits
around the rings. The requirement
was still more stringent in the beam
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collision regions to reduce ‘back-
ground’ due to proton-gas collisions
when the experimenters were look-
ing for true proton-proton collisions.
Thus the design parameters were
initially set at an average pressure of

10-%torr around the rings and
10-""torr in the intersection re-
gions.

Even these tough requirements, a
thousand times more stringent than
was then common in accelerators,
proved insufficient. The first serious
limitations in machine performance
were traced to phenomena which
became known as ‘pressure bumps’.
As the beam reached a particular
intensity it caused a correspondingly
increased degree of ionization of the
residual gas. The liberated ions bom-
barded the chamber walls liberating
gas molecules which became the
source of further ions. An avalanche
effect developed, killing any attempt
to take the beam intensity higher.

This discovery led to a methodical
attack on improving vacuum con-
ditions — an addition of pumping
capacity and the development of
new techniques in vacuum vessel
surface treatment. (Further informa-
tion on this work can be found, for
example, in the April 1974 issue,
page 124.) Now the average va-
cuum around the ring is about 10-""
torr and in the intersection regions as
low as 10-'3 torr. The ISR has the
largest ultrahigh vacuum system in
the world and these new techniques
have made it ultrahigher than ever.

In 1975, the ISR was the scene of
the first tests of the idea of ‘stocha-
stic cooling” which aims to concen-
trate a stored beam around desired
parameters. It was pursued in an
attempt to push the luminosity
higher. The idea is to observe the
spread of the beams and then act on
the beam with appropriate fields so
as to nudge the majority of the
orbiting particles towards the de-
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Intersection region I8 at the ISR, where the
superconducting quadrupoles have recently
come into operation to increase the
luminosity for the experiments. At the centre
of the photograph it is just possible to see

the cylindrical cryostats containing the
magnets. These are the first superconducting
magnets to be brought into operation actually
in an accelerator.

{Photo CERN 242.11.80)

sired values. Repeating this process
very many times achieves beam
concentration. Since the first tests,
the technique has been refined con-
siderably both in the ISR and in the
specially-built ICE storage ring (see,
for example, the October 1979
issue, page 309).

Some people regard beam cooling
as the greatest development in
accelerator technology since the
invention of alternating gradient
focusing. It is now a key element in
the production of intense antiproton
beams, via the Antiproton Accumu-
lator ring, which will be used in major
CERN physics experiments in the
near future, and there are probably
many other applications of beam
cooling yet to be thought of.

The precision of the ISR has also
been demonstrated by its use in the
acceleration of particles other than
protons. At the request of the physi-
cists, the machine was tuned in

R

A

1975 to receive deuterons from the
PS.The particles were stacked at the
first attempt, in accordance wi
tradition, and very high energy deu-
teron-deuteron and proton-deuteron
collisions could be studied. In 1980
the exercise was repeated with
alpha particles from the faithful PS.
Again the runs went well and they
had the added distinction of estab-
lishing a new world record for
centre-of-mass energies (with two
colliding beams of alpha particles
eachat62 GeV). Inthe near future, it
is hoped that antiprotons will be the
fourth type of particle to be received
into the ISR. The range of physics
which the storage rings have made
possible is still growing even after
ten years of operation.

Physics at the ISR

The colliding proton beams in the
Intersecting Storage Rings p_rovide
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an as yet unrivalled collision energy,
equivalent to a fixed target proton
accelerator producing beams of
some 2000 GeV. With the availabil-
ity of such high collision energies,
some people had dared to hope that
the machine would either reveal the
‘asymptopia’ of hadronic physics, a
dreamland where all interaction de-

ails would be smoothed out and the
observed behaviour would approach
a limiting value, or else produce free
quarks!

While this was not to be, the ISR
opened up a wide energy range for
hadronic physics, where previously
only fragmentary information was
available from cosmic ray studies.

In the ten years of work at the ISR,
many phenomena have been discov-
ered and extensively studied. Land-
marks are the energy dependence of
the total reaction rate in proton-
proton collisions, the behaviour of
proton-proton elastic scattering, the
features of particle production, vio-
lent collisions involving large trans-
verse momenta where the colliding

rotons interact violently, and
prompt’ lepton production.

Broadly speaking, the results ob-
tained at the ISR fall into two cate-
gories. Firstly, there are the pro-
cesses which occur relatively fre-
quently and whose behaviour ap-
pears to be dependent on the loga-
rithm of the energy, rather than the
energy itself. This behaviour appears
to be the results of interactions
between entire protons, and is char-
acteristically ‘soft’, with little debris
emerging at large angles to the col-
lision axis. This physics covers the
investigation of the proton-proton
total reaction rate, proton-proton
elastic scattering, and the dominant
features of particle production.

Secondly, there are the interac-
tions which occur much more rarely,
but whose effects can change by an
order of magnitude over the ISR
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Superconducting success

The latest machine achieve-
ment at the ISR occurred at
the end of November 1980.

One way of improving lumi-
nosity at the ISR is squeeze
together the beams at their
intersection regions. The lumi-
nosity is inversely proportional
to the vertical height of the
beams where they cross and
the technique, known to the
specialists as ‘introducing a
low beta insertion’ involves
using quadrupole magnets
around the intersection to
reduce the height of the beam.

This was tried first with
conventional magnets in inter-
section 17 in 1974 (later
moved for experiments to I1).
The quadrupoles squeezed
the beams by a factor of 2.3
and the observed luminosity
was boosted by this amount
to a new record. It was ob-
vious that if the beams could
be squeezed still harder by
applying the higher fields av-
allable from superconducting
magnets, then more gains
could be achieved. However
high intensity storage rings
are ‘hostile’ environments for
sensitive superconducting
magnets and it needed careful
work to ensure that their intro-
duction would not disrupt the
reliable ISR operation.

After successful operation
of a prototype magnet, in
1979 the decision was taken
to build eight quadrupoles for
installation in intersection I8
with the aim of a sixfold boost
in luminosity.

The major parameters of
the magnets are: gradient of
43 T per m over a diameter
of 173 mm, current of 1680 A
and maximum field of 5.8 T,
four magnets of length 1.15 m
and four of 0.65 m, conductor
of rectangular solid composite
wire 1.8 x 3.6 mm? containing
about 1250 twisted niobium-
titanium filaments, each 50
microns in diameter, in a cop-
per matrix. The magnets were
built by industrial firms and
installed in I8 during Autumn
1980.

Their first tests on 24 Nov-
ember went well. Beams were
stored without problem (al-
though initially at low intensi-
ty) and the measurements of
beam height showed that the
anticipated increase in lumi-
nosity was being achieved.
Since then the usual high cur-
rents have been stored, the
magnets are working up to
their design performance and
are an integrated part of the
ISR magnet system.

This is the first time super-
conducting magnets have been
used as part of a routinely
operating accelerator/storage
ring (although of course there
have been notable achieve-
ments in the use of supercon-
ducting magnets in beam-
lines). It is also the first time
that industry, rather than the
operating Laboratory, has pro-
vided the magnets. A fine
achievement to round off ten
highly successful years of ISR
operation.
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energy range. These ‘hard" pro-
cesses include large transverse
momentum collisions and the pro-
duction of prompt leptons. These
effects seem to derive from inter-
actions between the inner consti-
tuents of protons. This area of
research has received much atten-
tion in recent years and has provided
valuable information on what goes
on inside the proton.

Initial experiments used relatively
simple detectors and gave rapid
results. As time went on, larger and
more sophisticated detectors were
built to study rare events, or to study
the correlations between several
particles produced in the same reac-
tion. In particular, a lot of work went
into the construction of detectors to
look for leptons produced in the
proton-proton collisions. Although
this effort began before the discov-
ery of the J/psi, it only bore fruit after
the discovery of the upsilon. The
ISR’s latter-day preoccupation with
rare events has been greatly assisted
by the steady increase over the years
in the machine’s luminosity.

Some of the earliest experiments
at the ISR concentrated on measur-
ing the total cross-section (yield) of
proton-proton collisions in the ISR
energy range. Earlier experiments at
other accelerators, such as the
CERN 28 GeV proton synchrotron,
showed that the probability of a
proton undergoing any interaction at
all decreased as the energy of the
proton increased. At the end of the
1960s, results from an experiment
at the Serpukhov 76 GeV synchro-
tron, at the time the highest energy
accelerator in the world, showed
that this probability decreased more
slowly at these higher energies. The
proton’s total reaction probability
seemed to be approaching an
asymptotic value, so that little
further change in the behaviour of
the proton, and therefore in physics
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as.a whole, could be expected at
higher energies. This had to be
checked out, and the ISR appeared
on the scene at an opportune time to
provide the answer!

Experiments by CERN / Rome and
Pisa / Stony Brook collaborations
soon showed that the probability of
protons interacting increases at ISR
energies, so that the proton still had
much more to tell us. While the
Pisa / Stony Brook experiment
determined the reaction rate direct-
ly, the CERN / Rome group meas-
ured proton-proton elastic scatter-
ing at very small angles and obtained
the total reaction rate using the Opti-
cal Theorem, which relates the total
cross-section with the (imaginary
part of the) forward elastic scatter-
ing amplitude. Later experiments
made more precise measurements.

As well as the total cross-section
which measures the probability of
anything at all happening in proton-
proton interactions, another import-
ant parameter is the cross-section
for elastic scattering, which meas-
ures the way protons simply bounce
off each other without any other
particles being formed. The proton
can be considered as a semi-opaque
disc-shaped obstacle. Because of
the wave nature of the proton, one

expects that when these discs

encounter each other, they will pro-
duce diffraction patterns with max-
ima and minima, similar to those
seen in the diffraction of light.
Before the ISR came into opera-
tion, such behaviour had never been
seen in proton-proton scattering, but
early experiments by an Aachen /
CERN / Genoa / Harvard / Turin
group saw a diffraction-type ‘dip’ in
the elastic scattering spectrum. Sub-
sequent experiments confirmed this
effect and studied how the dip
moved with energy. This provides
very accurate information on the
interaction mechanismoftheproton.

Top, early days when the two ISR beam
pipes could be clearly seen in intersection /4.
Below, six years later, and the intersection
had become totally submerged by the big
detection systems of the Split Field Magnet.

(Photos CERN 37.2.71 and 325.11.77)
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Apparatus used by a CERN / Columbia /
Rockefeller team which in 1972 saw
particles emerging at wide angles to the
proton-proton collision axis. This was one

of the first experiments which saw evidence
in proton-proton interactions for the existence
of hard scattering centres deep inside the
proton.

(Photo CERN 123.11.72)

The mechanism which produces
elastic scattering also produces "dif-
fractive dissociation” where one (or

ven both) of the initial protons is
converted into an excited state with
the same quantum numbers and
then quickly decays. This had been
seen atlower energies, but its impor-
tance has been underlined by exper-
iments at the ISR, which cover pro-
ton excitation energies up to ten
times its rest mass.

While the elastic scattering of pro-
tons is interesting, the bulk of the
interactions in the ISR are inelastic,
producing additional particles. The
dominant features of these particle
production processes and the corre-
lations between the different pro-
duced particles have been exten-
sively studied at the ISR by many
different experiments, and have pro-
vided a wealth of data on the proper-
ties of the proton as a whole. Of
particular importance was the dis-
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covery of a ‘rapidity plateau’ where
many particles are produced with
relatively small energies in the
centre-of-mass system, but which
can show significant correlations.
This demonstrated the existence of
‘short range order’ effects where
particles appear to originate from
independent clusters.

Looking inside the proton

In the late 1960s, high energy
scattering experiments with elec-
tron beams at SLAC had shown that
the proton does not invariably
behave as a single particle. Just as
Rutherford’s epic experiments ear-
lier in the century revealed the
nuclear atom, these studies showed
that deep inside the proton there are
small, hard grains, now identified as
quarks. When the incident particles
penetrate the outer layers of the
proton and hit these grains, violent

collisions occur, producing frag-
ments at wide angles to the collision
axis.

For hadron-hadron collisions, this
behaviour was first seen at the ISR
as an anomalously large yield of
particles with large transverse mom-
entum. It was seen by Saclay /
Strasbourg 4 CERN / Columbia /
Rockefeller and British / Scandinav-
ian collaborations in 1972. Its con-
tinuing study has led to the develop-
ment of large detectors to try and
catch as many of these rare wide-
angle events as possible.

One aspect of these proton consti-
tuent interactions is the emergence
of hadron ‘jets’, where fairly well-
defined sprays of particles are pro-
duced. These jets, which were first
seen at the ISR in 1975, appear to
be the products of proton consti-
tuents (quarks and gluons) torn from
their parent particles. The behaviour
and configuration of these jets pro-
vides important clues to the proper-
ties of hadron constituents.

The production of ‘prompt’ lep-
tons which emanate from or very
close to the proton-proton collision
has been a highly profitable field of
study world-wide, which among
other things has led to the discovery
of the J/psi and the upsilon particles.
Atthe ISR, background and luminos-
ity limitations could only slowly be
overcome using the newer large and
highly instrumented detectors. Al-
though too late for the J/psi and the
upsilon, these detectors have still
made valuable contributions to the
study of lepton pair production.
Away from resonances, the ob-
served spectrum of lepton pairs pro-
vides a deep insight into the interac-
tions of quarks, and here the ISR has
provided valuable data at the highest
collision energies available.

Recent ISR experiments (see Sep-
tember 1979 issue, page 247) have
given evidence for the production of
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charmed particles, in particular
charmed baryons. Another import-
ant latter-day accomplishment is the
observation and study of single pho-
tons. These were long expected as a
result of quark-gluon collisions
within protons. These photons
proved difficult to isolate, but have
now been seen by Athens / Brook-
haven / CERN / Syracuse (also in
collaboration with Brookhaven /
CERN / Copenhagen / Lund /
Rutherford / Tel Aviv) and by CERN
/ Columbia / Oxford / Rockefeller
collaborations.

The ISR has also provided consid-
erable data on deuteron collisions. In
addition, the machine was also used
last year to study the collisions of
alpha particles, which because of
their double electric charge enabled
the collision energy to be effectively
doubled for a minimum of effort. For
the future, runs are scheduled with
colliding beams of protons and anti-
protons. This will revisit many of the
major proton-proton landmarks and
provide valuable comparisons (or
contrasts) of the behaviour of parti-
cles and antiparticles, and of quarks
and antiquarks.

(In a brief review such as this, it is
impossible to cover in any detail the
vast amount of information which
has emerged from the ISR, scene of
over 50 experiments. For a detailed
account, the interested reader is
referred to the review paper by
G. Giacomelli and M. Jacob, pub-
lished in Physics Reports, Volume
55, No 1, in September 1979.)

Around the Laboratories

FERMILAB
"Left bend’ goes
superconducting

The world’s largest energy-saving
superconducting system — the ‘left
bend” beamline at Fermilab — has
begun successful operations. A
string of 21 superconducting mag-
nets, occupying a length of 450 feet,

Roger Dixon, leader of the beam switchyard
Group of Fermilab’s Accelerator Division,
inspects the newly-operating superconducting
‘left bend” which now supplies beam to the
Meson Laboratory. As a precaution against
helium leaks, he carries an oxygen monitor
and emergency ‘airpac’.

(Photo Fermilab)

takes beam from the main ring to
the Meson Laboratory. The magnets
are also Tevatron-compatible and
their successful operation means
that a significant landmark has been
passed in the development and con-
struction work for the Energy Sav-
er/Doubler. As a portent of things
to come, the new beamline uses
only one-fifth of the electrical power
of its predecessor, which was based
on 56 conventional magnets.

O

LEFT BEND MESON

FERMILAB
MAIN
RING

\\ NEUTRINO
SWITCHYARD PROTON
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A London plane tree was planted during the
ground-breaking ceremony for the new
National Superconducting Cyclotron
Laboratory. Participating (left to right)

are Cornelius Browne of the National Science
Foundation, Enloe Ritter of the Department
of Energy, Chairman of the MSU Board of
Trustees John Bruff, Laboratory Director
Henry Blosser, Robert Bauer of the
Department of Energy and University
President Cecil Mackey.

(Photo Michigan)

MICHIGAN
Cyclotron progress

A ground-breaking ceremony was
held at the National Superconduct-
ing Cyclotron Laboratory on 5 De-
cember 1980 to mark the beginning
of construction of a building to house
an 800 MeV superconducting cy-
clotron with its associated experi-
mental areas and to provide addi-
tional office space for University
faculty and researchers. The new
building on the Michigan State Uni-
versity campus will double the exist-
ing high bay area of 14 000 square
feet; office space will be increased
by approximately fifty per cent from
the existing 30 000 square feet.
Construction is scheduled for com-
pletion in May 1982,

The $30 million project, funded by
the U.S. Department of Energy, is the
second phase of the Laboratory's
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Phase |,
Science

heavy ion programme.
funded by the National
Foundation, includes the construc-
tion of a 500 MeV superconducting
cyclotron, in the existing building.
This accelerator, scheduled for first
operation later this year, replaces the
50 MeV room temperature ma-
chine, which was closed down in the
summer of 1979 after fifteen years
of productive operation for very pre-
cise, light ion physics. When the
800 MeV cyclotron is completed, it
will be able to operate either coupled
to the 500 MeV machine or
independently.

Phase Il (and the designation of
the Laboratory as the National
Superconducting Cyclotron Labora-
tory) officially started in late 1979.
Many items for the 800 MeV cyclo-
tron are now on order including the
superconductor for the main coil, the
bobbin assembly, the magnet core,
the helium liquefier, and the anode

power supply. First beam tests are
scheduled for late 1983.

In the past year, considerable pro-
gress has been made in preparing
the 500 MeV machine for operation.
The superconducting magnet, which
operated successfully as a prototype
for more than two years, was modi-
fied and reasgembled. The geometry
of the pole tips was finalized with the
addition of a number of details such
as holes for trim coil leads, phase
selection slits, extraction system
actuating arms, etc. The magnet is
now cooled down again and final
field maps are being taken.

The design of the extraction sys-
tem has also been finalized, based on
a pair of electrostatic deflectors with
further focusing provided by a series.
of inert iron bars. The magnetic ele-
ments of this system have been
installed so that their effect is
included in the field maps. The room
temperature coils (trim coils), which
shape the field to match the iso-
chronous requirements of the var-
ious particles to be accelerated, are
also operational. The effect of each
of these coils will be measured indi-
vidually in the mapping.

For the r.f. system, major improve-
ments in the reliability of the full
power prototype resonator have
been made and construction of the
remaining two amplifiers and reson-
atorsis proceeding. A cryopanel sys-
tem for vacuum pumping has been
constructed and successfully oper-
ated in a test stand. Internal ion
sources have been tested in the high
field magnet using a special elec-
trode system to identify charge
states. Electrostatic deflectors have
been tested in the 50 MeV cyclotron
magnet to confirm their voltage
holding capability. Installation of all
of these elements in the cyclotron is
the major task for the coming
months.

The 800 MeV cyclotron will be
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used to provide a second stage of
acceleration for beams emerging
from the 500 MeV superconducting
cyclotron. A stripping foil at the
injection point of the second cyclo-
tron will increase the ion charge by a
factor of two to four (depending on
the ion) and this, in combination with
the larger energy constant of the
second cyclotron, will give a total
energy increase by a factor of up to
twenty (see December 1976 issue
page 431). The coupled cyclotron
system will then produce energies of
200 MeV per nucleon for ions lighter
than calcium and a decreasing
energy per nucleon for heavier ions,
down to avalue of about 20 MeV per
nucleon for uranium.

A new spectrograph is being con-
structed from existing magnets and
is tailored to provide analysis up to
the full magnetic rigidity of the
500 MeV cyclotron. This ‘low bud-
get’ spectrograph will have relatively
poor resolution (one part in a thou-
sand) but will be ideal for a number
of important programmes such as
elastic scattering and giant reson-
ance investigations. Design studies
are also in progress on a large new
spectrograph for Phase Il, with a
maximum bending limit the same as
the 800 MeV cyclotron and major
design features resembling the High
Resolution Spectrometer (HRS) at
Los Alamos.

Recently, a mailing list was set up
to provide information for prospec-
tive users of the 500 MeV cyclotron
and is being used as an information
channel to solicit comments and
advice on the design of experimental
facilities for the coupled 500 + 800
MeV cyclotron system. On a number
of occasions future users have
visited the Laboratory to work on
devices of interest to them or to
work independently on experimental
devices in which they are particularly
interested.
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The main elements of the vertex detector
(a rapid cycling bubble chamber) of the
European Hybrid Spectrometer.

1. Hydraulic Actuator
2. Plastic Piston and Bellows
5 3. Active Volume (250 litres)
4. Main Optical Window
5. Vacuum Enclosure
6. Superconducting Magnet Coils
7. Refrigeration Control Vessel
8. Iron Support Structure
9. Damped Mountings

A Users Executive Committee
was also recently elected consisting
of J.X. Saladin (Pittsburgh) — Chair-
man, A. Galonsky (Michigan State),
J.R. Huizenga (Rochester) and
S.G. Steadman (MIT). G.M. Crawley
of Michigan State liaises between
users and the Laboratory.

CERN

European Hybrid
Spectrometer
shapes up

Finishing touches are now being put
to the new European Hybrid Spec-
trometer (EHS) in the North Experi-
mental Area of the SPS. The first
physics experiments have been
approved, and are scheduled to start
taking data later this year when the
SPS resumes operation after its pre-
sent long shutdown.

Built by a large collaboration of
European Laboratories including a
strong CERN contribution, EHS is &
versatile detector which combine
the use of bubble chamber and elec-
tronic techniques for particle detec-
tion, measurement and identifi-
cation. At the heart of the detector is
a 250 | rapid cycling liquid hydrogen
bubble chamber, designed and built
by the Rutherford Laboratory for
expanding at rates of up to 30 Hz. It
uses a 3 T magnet built by Saclay.

This magnet (M1, see figure) con-
sists of two separate circular coils
assembled with their axes horizontal
in a massive iron structure. It pro-
vides a central field of upto 3 Tin a
useful volume of 1.4 m diameter and
0.82 m gap. It uses the classical
pancake structure and bath cooling
from a 100 1/h helium liquefier/
refrigerator.  Nominal current is
4000 A, resulting in a stored energy
of 55 MJ. Special features include a
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The array of detectors for the European
Hybrid Spectrometer. The distances indicated
are in metres. For an explanation of this
complex detection system, see text.
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relatively high average current den-
sity (2500 A/cm2) and an elaborate
support structure, which is needed
because of the particular force confi-
guration within the iron frame. After
assembly at CERN early in 1980, the
magnet was cooled and operated
three times for test purposes and
field mapping.

The rapid cycling bubble chamber
(RCBC) is in a cylindrical stainless
steel assembly designed for easy
installation into the iron frame along
the horizontal magnet axis. The
active volume is a cylinder, 80 cm in

iameter and 40 cm deep, between
che optical window and the scotch-
lite-covered piston-bellows assem-
bly made of fibreglass-reinforced
plastic. All vacuum, cooling, filling
and expansion systems are concen-
trated on the left end of the cylinder,
leaving the right end for optical com-
ponents, in particular the three fast
(up to 25 Hz) CERN-built cameras
with bright field illumination. The
RCBC is cooled from a 17 K/1 kW
helium refrigerator and filled by gas
condensation into the central
volume. As liquid hydrogen is only
used inside its vacuum tank, the
hydrogen safety requirements could
be met by having a ventilated enclo-
sure only around the expansion end
of the iron frame, thus giving free
access to the beam windows for
trigger equipment and wire cham-
bers. The CERN-built expansion mo-
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European Hybrid Spectrometer Constructors

Detector Constructors
RCBC CERN, Rutherford Laboratory
M1 Saclay, CERN

Prop. chambers
Drift chambers

SAD

ISIS Oxford

FC

TRD Aachen

IGD, FGD
Trieste

INC, FNC Madrid, Mons,
Vienna

LEBC CERN

CERN, Padova
Amsterdam, Vienna
Brussels, Mons, Strasbourg

CERN, Madrid, Strasbourg

CERN, Heidelberg, Padova, Paris, Rome, Serpukhov,

Paris, Serpukhov, Strasbourg,

tor is a hydraulic servo-system pro-
viding the flexibility required for
reproducible track formation in
bursts of up to 60 expansions every
SPS cycle. )

The RCBC main components
arrived at CERN last July, and, with a
concerted effort by Rutherford and
CERN staff, were finished, tested
and installed within three months.
Although still unfinished by the man-
ufacturer, the inflatable gasket for
the main window was mounted for a
first trial cooling and filling in Nov-
ember. In the absence of an SPS
beam, good quality cosmic ray
tracks were photographed at 10 Hz,

despite strong boiling around the
gasket. A better situation is expected
in the next RCBC run with a healthy
gasket.

The bubble chamber is comple-
mented by a 40 m long, two lever
arm spectrometer. The firstarm uses
the fringe field of the bubble cham-
ber magnet and consists of a propor-
tional chamber (W2), a silica aerogel
Cherenkov (SAD) and a series of drift
chambers for momentum measure-
ment at 1 per cent precision level
and particle identification in the
2-50 GeV range. ISIS is a special
large drift chamber achieving parti-
cle identification by ionization sam-
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pling (see May 1978 Iissue,
page 160) and which is now being
finally assembled at CERN. The
second lever arm, which accepts
most of the secondary particles
above 50 GeV, consists of a spec-
trometer magnet (M2), three drift
chambers, a variable temperature/
density gas Cherenkov (FC) and a
transition radiation detector (TRD).

Downstream of the particle identi-
fication system are the photon
detectors to pick up the decay pro-
ducts of the large numbers of neutral
particles, mainly pions, which are
produced at SPS energies. The so-
called intermediate gamma detector
(IGD) is installed just downstream of
ISIS, while another gamma detector
(FGD), to pick up the photons pro-
duced in the narrow forward cone, is
some 25 metres further away. Now
also approved for construction are
two calorimeters (INC and FNC)
which will be mounted in the
shadow of the photon detectors to
measure the energy and position of
neutral hadrons.

Already many research centres in
the CERN Member States are
involved with EHS, and it has
attracted collaborators from other
countries, notably Spain, India, Ja-
pan, the USA and the USSR. Its first
three experiments cover comple-
mentary fields of physics and exploit
the different SPS beams available. A
Bombay / Cambridge / Collége de
France / Liverpool / Mons / Paris /
Serpukhov / Strasbourg / Vienna
team will carry out a high statistics
study of proton-antiproton annihila-
tion. An Aachen / Brown / Brussels
/ Mons / Cracow / Helsinki/ MIT /
Nijmegen / Serpukhov / Haifa /
Warsaw collaboration will look at
the influence of parton structure in
hadronic collisions using beams of
protons and positive kaons and
pions. The study of diffractive disso-
ciation, especially into strange and
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charmed particles, will be the sub-
ject of a study by a Bombay / CERN
/ Frascati / Genova / Madrid /
Pavia / Serpukhov / Tokyo / Vienna
group.

While the whole of EHS has yet to
be used for physics, last summer the
elements of the electronic detection
system already in place were used in
an experiment on hadronic charm
production, using the LEBC mini
bubble chamber as vertex detector
(see June 1980 issue, page 159).
Many groups are interested in
continuing this physics with EHS.
The RCBC would again be replaced
by a mini bubble chamber, using new
holographic techniques for achiev-
ing a resolution of less than 10
microns without depth of field illumi-
nation. Two such prototype experi-
ments have recently been ap-
proved.

EHS will be a powerful new addi-
tion to the armoury of detectors
exploiting the SPS. It is also a fine
example of international scientific
collaboration.

Strange dibaryon

The best-known dibaryon, the deu-
teron, is the only known bound state
of two nucleons. However recent
data, for example from Argonne (see
September 1980 issue, page 252)
and from SIN (see December 1980
issue, page 399), have revealed
signs of transient two-nucleon re-
sonances. In addition, experiments
using negative kaon beams in the
energy range up to 1.6 GeV have
seen signs of a strange dibaryon
(strangeness —1, mass 2130 MeV,
width 10 MeV). This is produced,
together with a negative pion, in the
interaction of the kaon with a deute-
ron and subsequently decays into a
lambda and a proton (see May 1977
issue, page 152).

A Rome / Saclay / Vanderbilt collaboration
working at the CERN PS and using a missing-
mass spectrometer has seen a strangeness-
carrying dibaryon of mass 2130 MeV and
width 10 MeV in experiments using beams
of negative kaons and positive pions.

K- , D ~——=> Pl— , MISSING MASS AT 1.4 GEV/C

2> s wass (ev/one.)

Pl+,D —-——-> K+ , MISSING MASS AT 1.4 GEV/C

0 .

2 s wis tev/om2)
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The Berkeley Bevatron, built to accelerate
protons, but which now accelerates heavier
fons as part of the Bevalac system. With
these heavy ion beams, signs of unexplained
new nuclear behaviour have been seen.

(Photo Berkeley)

Now a counter experiment carried
out by a Rome / Saclay / Vanderbilt
ollaboration at the CERN PS using a
missing mass spectrometer has
seen this dibaryon both in the pro-
duction process with negative kaons
and, for the first time, in the interac-
tion of positive pions with deuterons.
The spectrometer had excellent
mass resolution (two parts in a thou-
sand) and benefitted from a very
intense kaon beam at the PS, provid-
ing twenty thousand negative kaons
per pulse at 1.4 GeV.

The experiment began with a
search for dibaryons in the mass
range 2-2.5 GeV carrying two units
of strangeness. No such state was
observed down to a production
cross-section of 50 nb per steradian.
The detection system, using aerogel
Cherenkov counters and refined
time-of-flight measurement, then
turned its attention to a search for
dibaryons with strangeness —1, and

CERN Courier, March 1981

clearly revealed the 2130 MeV state
in the two production processes stu-
died. The forward production rates
were very different in the two cases
— 200 pb per steradian with inci-
dent kaons and 5 ub per steradian
with pions.

The signal could be due to a lamb-
da-proton resonance, a sigma-
nucleon bound state, or some new
configuration of six quarks. The
experiment hopes to clarify this by
studying the variation of the dibar-
yon production rate with the incident
kaon and pion energies.

BERKELEY
New nuclear
behaviour

Results from studies at the Berkeley
Bevalac using beams of iron and
oxygen ions at energies of up to
2 GeV per nucleon have revealed

new nuclear behaviour, as yet unex-
plained. In central collisions be-
tween nuclei, evidence is found for
short-lived states of high particle
and energy density. A similar phe-
nomenon was first seen some thirty
years ago in cosmic ray experiments,
but the slim evidence was dismissed
as a chance occurrence.

In the analysis of some 1500
heavy ion collisions in nuclear emul-
sion at the Bevalac, the Berkeley/
Ottawa collaboration finds second-
ary fragments close to the initial
collision point which apparently
interact much more readily with tar-
get nuclei than do the primary heavy
ion beams. This behaviour is not
seen further away from the initial
collision.

While many different nuclei are
known, the bulk properties of all
these are much the same, so that the
range of nuclear matter available for
study is limited. Recently, specula-
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tion has been mounting that under
different conditions, new forms of
nuclear matter are possible (see
December 1980 issue, page 404).

The behaviour seen in the heavy
jon experiments at Berkeley cannot
be explained if the secondary frag-
ments are ordinary particles, and one
suggestion is that evidence is being
seen for a new type of nuclear
matter. While still made up of
quarks, this new metastable nuclear
material has its component quarks in
configurations very different to
those of normal particles. Experi-
ments are continuing to study the
behaviour of these short-lived colli-
sion fragments.

STANFORD
Tidying up
charmonium

Charmonium is the family name
given to mesons composed of a
charmed quark bound to a charmed
antiquark. The discovery in 1974 of
the first charmonium state, the J/
psi, at Brookhaven and at SLAC
heralded the arrival of a new era in
the study of elementary particles,
the so-called 'New Physics’. The
existence of this new quantum num-
ber was one vital clue which radically
changed our understanding of the
basic forces in Nature. Since then
the careful study of charmonium
spectroscopy has gone on to provide
much valuable information on quark
dynamics.

Charmed quarks and their antipar-
ticles each carry intrinsic angular
momentum (spin) of half a unit, and
according to the rules can combine
together either with their spins
parallel (a triplet state), giving a
meson of spin one, or with their spins
antiparallel (a singlet state), forming
a spin zero particle. The J/psi has
spin one, and since 1974, a rich
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spectroscopy of triplet charmonium
states has been uncovered.
However their singlet counter-
parts have proved to be much harder
to find, and for good reasons. Char-
monium normally comes from ener-
getic photons, produced for example
from the annihilation of colliding
electrons and positrons. Because
the photon itself carries spin one, the
selection rules for these reactions
say that only spin one charmonium
states can be formed directly. In
experiments with colliding electron-
positron beams, singlet charmonium
shows up only in the subsequent
decays of the triplet variety, and is
correspondingly more elusive.
Preliminary reports of the ground
state spin zero charmonium, now
called the eta-c, came from experi-
ments at the DORIS electron-posi-
tron ring at DESY. Theoreticians had
already deduced much from the
unfolding spectrum of triplet char-

The SPEAR electron-positron storage ring
at SLAC. After first generation detectors
discovered charmonium, new experiments
are now uncovering the details of the rich
charmonium spectroscopy.

(Photo SLAC)

monium. They had definite ideas for
the mass of the eta-c, which did not
agree with the preliminary informa

tion from DORIS.

Then new data began to come
through from new detectors at the
SPEAR electron-positron ring at
SLAC (see September 1979 issue,
page 246). Playing a prominent role
in this search was the Crystal Ball
detector (a Caltech / Harvard /
Princeton / SLAC / Stanford colla-
boration). This spherical array of 672
sodium iodide crystals, each viewed
by a photomultiplier, gives good
angular coverage of the electron-
positron collision region, and good
measurement of low energy photons
produced in the decay of triplet char-
monium.

These ‘radiative’ decays can pro-
duce a variety of secondary char-
monium states, and the photon
spectrum from the Crystal Ball
showed sharp peaks corresponding
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to transitions between different tri-
plet charmonium levels, in much the
same way that sharp spectral lines
show up when ordinary atoms are
excited. In addition, a small but sta-
tistically significant peak was seenin
the spectrum corresponding to a
new charmonium state of mass
2983 MeV. Some months later, the
Vark Il group (Berkeley / SLAC),
announced the first evidence for a
specific eta-c decay mode, while
another decay mode was found by
the Crystal Ball shortly afterwards.
This was already sufficient to make
theoreticians feel better, but to pin
“down this new candidate charmon-
ium state, its quantum numbers first
had to be fixed.

The Crystal Ball is well suited to
measure electromagnetically show-
ering particles like electrons and
photons. To handle charged hadrons
required more work, and further evi-
dence in favour of an eta-c assign-
ment for the new state came from
analysis of channels containing ap-
propriate combinations of hadrons.

At present, the characteristics of the
state are highly suggestive of the
eta-c, but further work is needed.

Elsewhere in the photon spectrum
from radiative charmonium decays,
the Crystal Ball shows evidence for
decays producing a meson of mass
1420 MeV. A small sample of spe-
cific decay modes for a meson of this
mass was also reconstructed by
both Mark Il and the Crystal Ball. A
spin one meson of this mass, the E,
has been known for some time
through the analysis of bubble
chamber exposures to hadron
beams.

In the Crystal Ball, the radiative
transitions producing E-mesons ap-
peared to be quite copious, and this
led some people to speculate that
the E, rather than being a conven-
tional meson built up of a-quark and
an antiquark, could be an example of
a ‘glueball’ — a new type of matter
much talked about but never before
seen.

Current thinking says that quarks
interact through the ‘colour’ force

mediated by the exchange of so-
called gluons, similar in some res-
pects to the photon exchange res-
ponsible for the familiar electromag-
netic force. As well as transiently
flitting between quarks, these gluons
should also be able to stick together
to form ‘gluonium’ or ‘glueballs’.
Whether the E-meson signal seen in
radiative charmonium decays is a
glueball or not remains to be sett-
led.

With Mark |l having already
moved to the bigger PEP ring, the
Crystal Ball is presently the only
detector operating at SPEAR. Even
though its move to PEP has been
approved, this will not take place for
at least a year. An important task
remaining at SPEAR isto continue to
search for the F-meson, carrying
both charm and strangeness. F can-
didates have now been reported
from experiments at several Labora-
tories, but as yet none from SPEAR.
Other objectives include more eta-c
data and ascan of the SPEAR energy
regions so far largely neglected.

Physics monitor

Ultrahigh energy
cosmic rays

Cosmic ray experiments have tradi-
tionally provided physicists with
glimpses of behaviour beyond the
energy range attainable with artifi-
cial particle beams. However with
the CERN antiproton project promis-
ing to provide collision energies
equivalent to those of 155 000 GeV
beams, and with the prospect of
ISABELLE at Brookhaven going
even higher, physicists hope that
some of the exotic behaviour
reported from cosmic ray studies will
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soon come within the reach of labo-
ratory experiments.

Meanwhile the cosmic ray spe-
cialists continue their studies, and
from 20-29 October, the city of
Nakhodka in the Soviet Far East was
host to a Soviet-Japanese sympo-
sium on processes at ultrahigh ener-
gies in cosmic rays, investigated
using emulsion chambers exposed
at altitude. There were participants
from the Japanese/Brazilian colla-
boration at Mount Chacaltaya in the
Andes, from the group carrying out
experiments on Mount Fuji, Japan,
and from the 'Pamir’ Soviet-Polish
collaboration.

Various characteristics of the
fragmentation region of inelastic
hadron-nucleus interactions were
covered, and detailed comparison of
the comparable data obtained by all
three groups shows quite reasona-
ble agreement in a number of res-
pects.

1. The cross-section of the hadron
inelastic interaction with an air
nucleus still increases at least up to
energies of 10'5eV at nearly the
same rate as at accelerator ener-
gies.

2. Atultrahigh energies there is con-
siderable deviation of scaling not
only in pionization but also in the
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A ‘binocular’ event seen by the ‘Pamir’
collaboration looking at the effects of
ultrahigh energy cosmic rays passing through
a 5 cm lead plate. The spot on the left
contains more than sixty quanta while that
on the right is due to a single quantum with
an estimated energy of over 500 TeV.

Here it is

fragmentation
assumed that the composition of the
primary cosmic radiation does not
change at ultrahigh energies.

3. The energy dissipation of the inci-
dent hadron in the strong interaction

region.

collision increases considerably.
Apparently the number of secondary
particles in the fragmentation region
at ultrahigh energies is growing with
the energy of the primary cosmic ray,
E, as fast as E4, and maybe even
faster at energies above 10'6eV.
The inelasticity increases corres-
pondingly and the role of leading
particles in the development of
nuclear cascades is considerably
diminished. The energy spectrum of
secondary particles becomes
softer.

4. Among the different so-called
‘families’ of ultrahigh energy events,
there is a significant number of
secondary particles with large (over
5 GeV) transverse momenta. Some-
times these events are also aniso-
tropic in the plane perpendicular to
the primary direction. There are
events of a pronounced jet structure
with a comparatively large number
(more than five) of jet particles and
comparable energies of the separate
jets (for two-, three- and many-jet
events). The percentage of unusual
events grows with increasing energy
of the primary particle. The study of
this type of event makes for useful
comparisons with the predictions of
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quantum chromodynamics.

5. Atultrahigh energies, some pecu-
liar processes exist which produce
exotic events, particularly of the so-
called ‘Centauro’ type, where most,
if not all, of the energy goes into
producing long-lived secondary ha-
drons with few neutral pions. The
Japanese-Brazilian  collaboration
has found about half a dozen reliable
examples of Centauros, while the
Pamir group has also seen a few
events of this type, but less clean.
Simulations based on standard phy-
sics models indicate that these
events cannot be due to fluctuations.
A few examples of other exotic
events have also been seen which
likewise await an explanation. The
study of these phenomena is of great
interest and could lead to the need
for new types of quark or new baryon
states.

Results using present cosmic ray
techniques show that the behaviour
seen at ultrahigh energies is not a
simple extrapolation of the detailed
and reliable results obtained at
accelerators. This provides clear
motivation for higher energy pro-
jects and suggests possible direc-
tions for future studies.

At the same time, cosmic ray spe-
cialists are anxious to extend their
present experiments with emulsion
chambers and accumulate more
data in the interesting ultrahigh
energy region. For this, good collabo-
ration between different experimen-
tal groups will be important, and the
Symposium was a move in this
direction.

(We are grateful to S.A. Slava-
tinsky of the P.N. Lebedev Institute,
Moscow, for transmitting news of this
Symposium.)

AT

Dark spots recorded in X-ray film from the
‘Centauro-1’ cosmic ray event seen by a
Japanese-Brazilian collaboration. The top
picture is taken in the upper chamber, under
7.8 cm of lead. The lower picture is from
the lower chamber, under 3 cm of lead and
a carbon hadron converter. (The unit on the
attached scale is 1 mm.) The big surprise

/s the asymmetry between the patterns
recorded in the top and bottom chambers
— hence the name Centauro. This is
interpreted as an absence of neutral particles
(producing electromagnetic showers) in the
initial interaction.
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The goal of theoretical physics — 2

Last month we published the first part
of Stephen Hawking's inaugural lec-
ture* as Lucasian Professor of Mathe-
matics in the University of Cambridge.
In the second part of the lecture,
which follows here, Hawking turned
to the subject of gravity. After Ein-
stein's monumental work on gravita-
tion earlier this century, efforts to
inite this force with the other
mechanisms found in Nature have
been consistently unfruitful. But there
are indications that this is beginning to
change.

‘So far most of the effort has been
devoted to unifying the first three
categories of physical interactions,
the strong and weak nuclear forces
and electromagnetism. The fourth
and last, gravity, has been neglected.
One justification for this is that grav-
ity is so weak that quantum gravita-
tional effects would be large only at
particle energies way beyond those
in any particle accelerator. Another
is that gravity does not seem to be

enormalizable: in order to obtain
.inite answers it seems that one may
have to make an infinite number of
infinite subtractions with a corres-
pondingly infinite number of unde-
termined finite remainders.

Yet one must include gravity if one
is to obtain a fully unified theory.
Furthermore the Classical Theory of
General Relativity predicts that
there should be space-time singular-
ities at which the gravitational field
would become infinitely strong.
These singularities would occur in
the past at the beginning of the
present expansion of the Universe
(the BigBang) andin the future in the
gravitational collapse of stars and,
possibly, of the Universe itself. The

*'Is the end in sight for theoretical physics ?”
by Stephen Hawking, published by Cam-
bridge University Press.
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prediction of singularities presuma-
bly indicates that the Classical The-
ory will break down. However, there
seems to be no reason why it should
break down until the gravitational
field becomes strong enough so that
quantum gravitational effects are
important. Thus a quantum theory of
gravity is essential if we are to des-
cribe the early Universe and to give
some explanation for the initial con-
ditions beyond merely appealing to
the Anthropic Principle, which can
be paraphrased as ‘things are as
they are because we are’.

Such a theory is also required if we
are to answer the question ‘Does
time really have a beginning and,
possibly, an end as is predicted by
Classical General Relativity or are
the singularities in the Big Bang and
the Big Crunch smeared out in some
way by quantum effects ?”

This is a difficult question to give a
well-defined meaning to when the
very structure of space and time
themselves are subject to the Uncer-
tainty Principle. My personal feeling
is that singularities are probably still
present though one can continue
time past them in a certain mathe-
matical sense. However any subjec-
tive concept of time that was related
to consciousness or the ability to
perform measurements would come
to an end.

What are the prospects of obtain-
ing a quantum theory of gravity and
of unifying it with the other three
categories of interactions ? The best
hope seems to lie in an extension of
general relativity called supergravity.
In this the graviton, the spin-2 par-
ticle that carries the gravitational
interaction, is related to a number of
other fields of lower spin by so-call-
ed supersymmetry transformations.
Such a theory has the greater merit
that it does away with the old dicho-
tomy between ‘matter’ represented
by particles of half-integer spin and

Werner Heisenberg, discoverer of the famous
Uncertainty Principle. Physics becomes even
more uncertain when black holes are

involved.

(Photo Pfeiffer)

‘interactions’ represented by inte-
ger-spin particles. It also has the
great advantage that many of the
infinities which arise in quantum the-
ory cancel each other out. Whether
- or not they all cancel out to give a
theory which is finite without any

infinite subtractions is not yet
known. It is hoped that they do
because it can be shown that theo-
ries which include gravity are either
finite or non-renormalizable, that is,
if one has to make any infinite sub-
tractions, then one will have to make
an infinite number of them with a
corresponding infinite number of
undetermined remainders. Thus if all
the infinities in supergravity cancel
each other out, we could have a

. theory which not only fully unified all

the matter particles and interactions,
but which was also complete in the
sense that it did not have any unde-
termined renormalization = para-
meters.
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Although we do not yet have a
proper quantum theory of gravity, let
alone one which unifies it with the
other physical interactions, we have
an idea of some of the features it
should have. One of these is con-
nected with the fact that gravity
affects the causal structure of
space-time, that is, gravity deter-
mines which events can be causally
related to each other. An example of
this in the classical theory of General
Relativity is provided by a black hole,
which is a region of space-time in
which the gravitational field is so
strong that any light or other signal is
dragged back into the region and
cannot escape to the outside world.
The intense gravitational field near
the black hole causes the creation of
pairs of particles and antiparticles,
one of which falls into the black hole
and the other of which escapes to
infinity. The particle that escapes
appears to have been emitted by the
black hole.

An observer at a distance from the
black hole can measure only the
outgoing particles and he cannot
correlate them with those that fell
into the hole because he cannot
observe them. This means that the
outgoing particles have an extra
degree of randomness or unpredic-
tability over and above that usually
associated with the Uncertainty
Principle. In normal situations the
Uncertainty Principle implies that
one can definitely predict either the
position or the velocity of a particle
or one combination of position and
velocity. Thus, roughly speaking,
one’s ability to make definite predic-
tions is halved. However, in the case
of particles emitted from a black
hole, the fact that one cannot
observe what is going on inside the
black hole means that one can defin-
itely predict neither the position nor
the velocities of the emitted parti-
cles. All one can give are probabili-
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ties that particles will be emitted in
certain modes.

It seems therefore that, even if we
find a unified theory, we may be able
to make only statistical predictions.
We would also have to abandon the
view that there is a unique universe
that we observe. Instead we would
have to adopt a picture in which
there was an ensemble of all possi-
ble universes with some probability

The Lucasian
Chair
at Cambridge

Gravity specialist Stephen
Hawking is the present Luca-
sian Professor of Mathematics
at the University of Cam-
bridge. His immediate prede-
cessor was Sir James Light-
hill, and before that, Paul D/
rac. One of the earlier holders
of this prestigious Chair was
Isaac Newton, the founder of
the theory of gravitation,
which makes Hawking's ap-
pointment especially apt. Back
in the 1660s, Newton's pred-
ecessor as Lucasian Professor
was Isaac Barrow, a remark-
able character who was also
Regius Professor of Greek
and Gresham Professor of
Geometry. While Newton was
withdrawn and introvert, Bar-
row was a swashbuckler who
among other things was a
fighter of some repute. Again
in contrast to Newton who
seldom ventured far, Barrow
was a seasoned traveller who
once successfully defended
his ship against attack by pi-
rates. In these days of tight
budgets, this particular attri-
bute remains valuable in any
senior position in science.

The main computer centre at CERN.
According to Stephen Hawking, the recent
rapid rate of development of computers
could mean that machines will take over
theoretical physics!

(Photo CERN 186.12.80)

distribution. This might explain why
the Universe started off in the Big
Bang in almost perfect thermal
equilibrium because thermal equili-
brium would correspond to the lar-
gest number of microscopic configu-
rations and hence the greatest pro-
bability. To echo Voltaire's philoso-
pher Panglosss ‘we live in the most
probable of all possible worlds.’
What are the prospects that we
will find a complete unified theory in
the not too distant future ? Each time
we have extended our observations
to smaller length scales and higher
energies, we have discovered new
layers of structure. At the beginning
of the century the discovery of Brow-
nian Motion with a typical energy
particle of 3 x 10-2 eV showed that
matter was not continuous but was
made up of atoms. Shortly thereafter
it was discovered that these sup-
posedly indivisible atoms were
made up of electrons with energies
of the order of a few electronvolts
revolving about a nucleus. The
nucleus in turn was found to be
composed of so-called elementary
particles, protons and neutrons, held
together by nuclear bonds of the
order of 106 eV. The latest episode
in this story is that we have found
that the proton and the neutron are
made up of quarks held together by
bonds of order 10° eV. It is a tribute
to how far we have come already in
theoretical physics that it now takes
enormous machines and a great deal
of money to perform an experiment
whose results we cannot predict.
Our past experience might sug-
gest that there is an infinite
sequence of layers of structure at
higher and higher energies. Indeed,
such a view of an infinite regress of
boxes within boxes was official
dogma in China under the Gang of
Four. However it seems that gravity
should provide a limit but only at the
very short length scale of 10-33 cm
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or the very high energy of 1028 eV.
On length scales shorter than this,
one would expect that space-time
would cease to behave like a smooth
continuum and that it would acquire
a foam-like structure because of
quantum fluctuations of the gravita-
tional field.

There is a very large unexplored
region between our present experi-
mental limit of about 100 eV and
the gravitational cut-off at 1028 eV,
It might seem naive to assume, as
Grand Unified Theories do, that
there are only one or two layers of
itructure in this enormous interval.
However, there are grounds for
optimism: at the moment at least it
seems that gravity can be unified
with the other physical interactions
only in some supergravity theory.
There appear to be only a finite
number of such theories. In particu-
lar, there is a large such theory, the
so-called NV =8 extended supergrav-
ity. This contains one graviton, eight
spin-3/2 particles called gravitinos,
twenty-eight spin-1 particles, fifty-
six spin-2 particles and seventy par-
ticles of spin O. Large as these num-
bers are they are not large enough to
account for all the particles that we
seem to observe in strong and weak
interactions. For instance the twen-
ty-eight spin-1 particles in the N=8
theory are sufficient to account for
the gluons that carry the strong
interactions and two of the four
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particles that carry the weak interac-
tions, but not the other two. One
would therefore have to believe that
many or most of the observed parti-
cles such as gluons or quarks are not
really elementary as they seem at
the moment but that they are bound
states of the fundamental N = 8
particles. It is not likely that we shall
have accelerators powerful enough
to probe these composite structures
within the foreseeable future, or
indeed ever, especially if one makes
a projection based on the current
economic trends. Nevertheless the
fact that these bound states arose
from the well-defined NV = 8 theory
should enable us to make a number
of predictions that could be tested at
energies that are accessible now or
will be in the near future. The situa-
tion might thus be similar to that for
the Salam-Weinberg Theory unify-
ing electromagnetism and weak
interactions. The low energy predic-
tions of this theory are in such good
agreement with observation that the
theory is now generally accepted
even though we have not yet
reached the energy at which the
unification should take place.

There ought to be something very
distinctive about the theory that des-
cribes the Universe. Why does this
theory come to life while other theo-
ries exist only in the minds of their
inventors? The NV = 8 supergravity
theory does have some claims to be

special. It seems that it may be the
only theory:
1. which is in four dimensions,
2. incorporates gravity,
3. whichis finite' without any infinite
subtractions.
| have already pointed out that the
third property is necessary if we are
to have a complete theory without
parameters. But it is difficult to
account for properties 1 and 2 with-
out appealing to the ‘Anthropic Prin-
ciple’. There seems to be a consist-
ent theory which satisfies proper-
ties 1 and 3 but which does not
include gravity. However, in such a
universe there would probably not
be sufficient in the way of attractive
forces to gather together matter into
the large aggregates which are prob-
ably necessary for the development
of complicated structures. Why
space-time should be four-dimen-
sional is a question that is normally
considered to be outside the realm of
physics. However there is a good
Anthropic Principle argument for
that too. Three space-time dimen-
sions, that is, two space and one
time, are clearly insufficient for any
complicated organism. On the other
hand, if there were more than three
spatial dimensions, the orbits of pla-
nets round the Sun or electrons
round a nucleus would be unstable
and they would tend to spiral
inwards. There remains the possibil-
ity of more than one time dimension
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but I, for one, find such a universe

very hard to imagine.

So far | have implicitly assumed
that there is an ultimate theory. But
is there? There are at least three
possibilities:

1. There is a complete unified the-
ory.

2. There is no ultimate theory, but
there is an infinite sequence of
theories which are such that any
particular class of observations
can be predicted by taking a
theory sufficiently far down the
chain.

3. There is no theory. Observations
cannot be described or predicted
beyond a certain point but are just
arbitrary.

The third view was advanced as an

argument against the scientists of

the seventeenth and eighteenth cen-
turies. 'How could they formulate

laws which would curtail the free-
dom of God to change his mind?’
Nevertheless they did, and got away
with it. In modern times we have
effectively eliminated possibility 3
by incorporating it within our
scheme: quantum mechanics is
essentially a theory of what we do
not know and cannot predict.

Possibility 2 would amount to the
picture of an infinite sequence of
structures at higher and higher ener-
gies. As | said before, this seems
unlikely because one would expect
that there would be a cut-off at the
Planck energy of 1028 eV. This
leaves us with possibility 1.

At the moment the NV = 8 super-
gravity theory is the only candidate
in sight. There are likely to be a
number of crucial calculations within
the next few years which have the
possibility of showing that the theory

is no good. If the theory survives
these tests, it will probably be some
years more before we develop com-
putational methods that will enable
us to make predictions and before
we can account for the initial con-
ditions of the Universe as well as the
local physical laws. These will be the
outstanding pyoblems for theoretical
physicists in the next twenty years ¢
So.

But, to end on a slightly alarmist
note, they may not have much more
time than that. At present computers
are a useful aid in research but they
have to be directed by human minds.
However, if one extrapolates their
recent rapid rate of development, it
would seem quite possible that they
will take over altogether in theoreti-
cal physics. So maybe the end is in
sight for theoretical physicists if not
for theoretical physics.’

People and th

On people

At the Annual Meeting of the Amer-
ican Physical Society and the Amer-
ican Association of Physics Teach-
ers, held in New York in January,
retiring APS President Herman
Feshbach awarded the Heinemann
Prize to Jeffrey Goldstone of MIT
for his work in nuclear physics,
condensed matter physics and quan-
tum field theory.

The UK Institute of Physics has
announced the award of the Glaze-
brook Medal and Prize for 1981 to
Godfrey Stafford, Director General
of the Rutherford and Appleton
Laboratories and until recently
Chairman of the CERN Scientific
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Policy Committee. The award was
made in recognition of his ‘out-
standing contribution to the organ-
ization of experimental high energy
physics, particularly through the
direction of the Rutherford Labo-
ratory.’

R. Scrimaglio has been reappointed
for another period of three years
as Director of the Frascati National
Laboratory of INFN (ltaly). Professor
Scrimaglio is a well-known experi-
mentalist in intermediate energy
and nuclear physics. He is at pre-
sent collaborating in an experiment
being prepared for the LEAR low
energy antiproton ring at CERN.

P. Spillantini has been nominated
as successor to A. Reale as Leader
of the Research Division at Frascati.

He is an experimentalist working
mainly in the fields of photoproduc-
tion and electron-positron annihila-
tion, and at present is involved in
the NA1 and NA7 experiments at
the CERN SPS.

Frank Solmitz, physicist from the
Lawrence Berkeley Laboratory, died
on 28 August last year following
five years of incapacity after a
tragic accident. He made major
contributions in the early days of
bubble chamber physics in develop-
ing the associated computational
techniques. These techniques were
crucial to the many particle discov-
eries made by Luis Alvarez’ group
at Berkeley. Frank Solmitz had suc-
ceeded Alvarez as group leader in
1970.
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R. Scrimaglio (left) and P. Spillantini, Director
and Research Division Leader respectively
of INFN Frascati National Laboratory.

(Photo Frascati)

Second e+e- Workshop
at Cornell

US-USSR Joint Coordinating
Committee

Following the first meeting held in
November, the second in a series
of Workshops on electron-positron
physics at 100 GeV was held at
Cornell in January. About 75 phys-
icists from all over the US met for
three days to discuss detectors for
experiments at a 100 GeV electron-
positron colliding ring. Working
groups on track detectors, calori-
metric detectors, specialized detec-
tors, etc. presented their findings
after two days of discussions. These
groups will come together again in
April to present their reports after
continuing their work at home insti-
tutes. Meanwhile a Z°-physics
theory Workshop took place from
6-8 February, where many theorists
met at Cornell for discussions on
the standard model, and beyond,

of weak interactions.

The General Meeting on LEP fore-
seen by ECFA (see January/
February issue, page 11) will be
held from 1-7 June at Villars-sur-
Ollon in the Swiss Alps. Maurice
Bourquin is Chairman of the Organ-
izing Committee, and further infor-
mation can be obtained from the
Secretary, Christine Redman, ISR
Division, CERN, 1211 Geneva 23,
Switzerland.
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The US-USSR Joint Coordinating
Committee on research on the fun-
damental properties of matter met
in Moscow on 9-10 December.

The purpose. of the meeting was to
seek reestablishment of collabora-
tion on new initiatives. Delegation
heads were Jim Leiss of the US
Department of Energy and V. Chu-
vilo of ITEP. According to LAMPF
Director Louis Rosen, who attended
the meeting, areas of common inter-
est were neutrino, pion and nucleon
experiments, together with bio-
medical research, where new Soviet
projects are understood to be immi-
nent with pion therapy beams at
Dubna, and with biomedical proton
beams at ITEP and Gatchina. As a
result of the meeting, resumption
of personnel exchanges is expected.
In particular, it is hoped that

V. A. Nazarenko of Leningrad Nu-
clear Physics Institute and V. M. Lo-
bashov of the Institute for Nuclear
Research will visit LAMPEF this year.

Darmstadt.: Review meeting
on Heavy lon Fusion

One year after a study programme
of heavy ion inertial confinement
fusion was started in the Federal
Republic of Germany as a collabo-

ration of six university institutes
and three national research centres,
a review meeting was held at GS/
Darmstadt on 4-5 December. After
introductory talks on reactor design,
pellet calculations and accelerator
scenarios, the groups presented
their progress reports on ion
sources, acgelerator experiments,
storage ring problems, final focus-
ing layout and pellet-related physics
and computational effort.

Differing from some earlier con-
cepts where the layout started from
the ion source and shortcomings
became clear at the target end, a
closer look was given to the high
energy end of the accelerator (for
example, the final lenses) which
were felt to have been somewhat
neglected in the past.

The presented HIBALL (Heavy
lon Beam And Lithium-Lead) scen-
ario started from the reactor envi-
ronment and worked backwards
through the accelerator aspects.
The strong involvement of reactor
issues came from the participation
of the Nuclear Engineering Depart-
ment of the University of Wisconsin,
which contributed expertise in
fusion reactor design to the accel-
erator skills of the German groups.

One of the GSI contributions to
the programme is the study of a
high current heavy ion low-velocity
accelerator. After the start-up of a
proton model, in cooperation with
the University of Frankfurt, the de-
sign of a 30 mA, 50 keV per nu-
cleon, 13.5 MHz radiofrequency
quadrupole structure has begun.
This follows the successful opera-
tion of radiofrequency quadrupole
structures in linacs at Los Alamos
(see May 1980 issue, page 108).
The construction of the first section
will begin this year. It will be tested
with beam in 1982 to learn whether
the necessary field strengths can
be reached. The intention is to use
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Two views of a 62 GeV proton-proton
collision in the CERN ISR as recorded in the
six metre streamer chamber of the UAS
Bonn / Brussels / Cambridge / CERN /
Stockholm collaboration. The aim is to
record the first proton-antiproton collisions
in the ISR as a run-up to 540 GeV proton-
antiproton studies in the SPS later this year.
The UA5 detector is thought to provide the
longest sensitive volume for visual recording
of particle tracks.

the complete accelerator as a high
current injector for the Darmstadt
Unilac.

Name changes

As from 1 January the Los Ala-

mos Scientific Laboratory has
assumed the name of Los Alamos
National Laboratory. The Laboratory
continues to be operated by Univer-
sity of California for the USA
Department of Energy.

Fermilab summer school

A summer school on high energy
particle accelerators will be held at
Fermilab from 13 to 24 July. The
school will offer lectures, seminars,
and work study periods on basic
physics of high energy particle ac-
celerators and colliders. Interested
young scientists in particle physics
and related fields should send re-
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quests with a brief resume to
F. R. Huson, Fermilab (Mail Stop
306), Box 500, Batavia, lllinois,
605710 USA before 1 April.

Tentative topics and lectures in-
clude:

Introductory concepts —
E. Courant,

Superconducting magnets —
A. Tollestrup,

Radio-frequency power and
linacs — P. Wilson,

Non-linear orbit dynamics —
A. Dragt,

Collective-field acceleration —
A. Sessler,

Coherent instabilities —
C. Pellegrini,

Interaction of electromagnetic
fields and beams — R. Pantell,

Polarized electron beams —
A. Chao.

Leon Lederman is director of the

school. The organizing committee

is M. Month — DOE, J. Bjorken —

Fermilab, R. Huson — Fermilab,

C. Pellegrini — Brookhaven,

B. Richter — SLAC, R. Schwitters
— Harvard/Fermilab, A. Tollestrup
— Fermilab, W. Willis — CERN/
Brookhaven.

The school is sponsored by the
United States Department of Energy
and the National Science Founda-
tion.
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Besides our well known Electrocurtain®-Processors for industrial applications
we manufacture the world’s most compact electron beam laboratory unit for
scientific and industrial research and development.

Electrocurtain-Processors are equipped with a linear cathode emitting electrons
uniformly and curtain-like over the entire width of the sample to be treated.
The absence of an accelerator tube and a beam scanner enabled the design and
construction of small, compact and very efficient electron beam processors.

CB-175/15/10 L Electrocurtain® Lab Unit
voltage: 150-175 kV / sample size: 24 x 15 cm or 15 cm wide webs.
Equipped with integrated Selfshield® radiation shielding

Electrocurtain®-processors are the most advanced electron beam processors in
use today by many industries and research establishments.

CRARMILLES =

DIVISION ENERGY SCIENCES INTERNATIONAL

ATELIERS DES CHARMILLES S.A. GENEVE - DIVISION ENERGY SCIENCES INTERNATIONAL
CASE POSTALE 293 « CH-1211 GENEVE 13 (SUISSE) » 109, RUEDELYON « TEL.022/458821 » TELEX:27 334.CharmCH » TELEGR.. CHARMHYDRO
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The Proven Kicker Switch (2

For more than ten years EEV has been supplying thyratrons used
to energise kicker magnets. These tubes are installed and working
successfully in every major High Energy Nuclear Physics Laboratory
in the world.

Hundreds of thousands of hours of reliable service have been
achieved and are substantiated by recent reports.

Copies of these along with tube data and technical information
can be obtained from Roger Snelling at Chelmsford,
telephone (0245) 61777 ext: 428.

EB/ THYRATRONS

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM12QU, ENGLAND. TEL (0245) 61777. TELEX99103. GRAMS ENELECTICO CHELMSFORD
A MEMBER OF THE GEC GROUP

S734
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Adaptable et
avantageux: organes
de levage a vis WORO

Une alternative intéressante a I’hydraulique,
aux avantages surprenants.

@ Les organes de levage WORO
sont disponibles en
8 grandeurs pour des capacités
de 0,5 a 50 tonnes.

@® Fonctionnement synchrone garanti
méme pour plusieurs éléments.

@® Totalement autobloquants

AR

alarrét.
@ L'élément de levage adapté
a chaque cas d'application.

@® Adaptables aux
exécutions spéciales.

Eprouvés, sirs
et avantageux!

Demandez une .
documentation détaillée.

BACHOFEN-SA

Automation industrielle
CH-8610 Uster, Ackerstrasse 42, Tél. 01 9407001
CH-1033 Cheseaux's. L., Grands-Champs 4, Tél. 021 9126 41

YOU NEED
SHIELDS OR CONTAINERS
FOR ABSORPTION OF

HARD RADIATION

CIME_.BOCUZE
can supply you with

TUNGSTEN - BASED ALLOYS

REDUCED DIMENSIONS
FIRE_RESISTING
BLANKS OR MACHINED COMPONENTS

CIME-BOCUZE DIVISION TUNGSTENE

ST. PIERRE EN FAUCIGNY, 74800 LA ROCHE/FORON
Tel.(50) 03 10 98 . Telex: 385027 FRANCE
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atelier s. devillard

Die Herstellung von Kontaktfedern verlangt u.a.
hochstehende

BERYLLIUM-KUPFER

Materialien in Form von Bandern, Dréhten, Stan-
gen

(M 73> Be—Cu .o

Johnson Matthey garantiert lhnen:

— regelmassige und hochstehende Qualitaten in ver-
schiedenen Harten/Zugfestigkeiten

— grosse Auswabhl an kurzfristig lieferbaren Lagerab-
messungen

— interessante Bedingungen

Weitere Informationen durch lhren Kontaktmaterial-
und Edelmetallspezialisten:

JOHNSON MATTHEY &
BRANDENBERGER AG

Glattalstr. 18, 8052 Ziirich
Tel. (01) 3024488, Telex 53072 jmbz
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The Read/Write REMUS System
CERN NP 283/NP 284

by SEN Electronique

* large ADC, TDC read-out systems
* compatible with ROMULUS system

* high data acquisition rates with buffered
DMA operations

* versatile scan procedures

Description
- p

These modules are intended for use in large systems1
where large numbers of similar type modules are to be
read as a block and where a minimum amount of pro-
gram control is required.

The controllers and branch drivers form a subsystem
located within a normal CAMAC configuration.

The data structure is defined by pointers (word counts)
generated by the branch drivers, minimising software
overheads.

By using 40 word FiFos in controllers and branch drivers
a high data acquisition rate is obtained and data acqui-
sition can occur before and during the opening of the
DMA channel. All branches are activated simultaneously,
hence slow modules e.g. ADCs with long conversion
times can be situated in the farmost branches. Ideally,
the process resolves to one of sequentially reading out
the FiFos.

Several read modes are available:
Repeat Mode, Stop Mode, Adress Scan Mode and LAM
Scan Mode.

Some write facilities have been added to allow pedestal
control in ADCs.

The system is organised as a tree with branches and
subbranches and can thus process data of very large
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SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - TIx 23359ch - CH-1211 GENEVE 13.

systems.

ELECTRONIQUE
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ROHDE &SCHWARZ
y y [ 4
GENERATEUR-SYNTHETISEUR XPC
® Générateur-Synthétiseur entiérement programmable ® Plage de niveau de sortiede— 143 dBm a+ 13 dBm
® Plage de fréquence de 50 kHz a 1360 MHz ® \Wobbulation numérique possible
® Résolutionde 0,13 1 Hz ® Commutation rapide de fréquence (10 a 15 ms) 4
® Grande pureté spectrale ® Conservation des données en cas de panne du secteur

& ROHDE & SCHWARZ SYNTHESIZER GENER

DUDqUGB 0 MH:z

HF-RF

FREQUENLY

s

" vam, x

MADE IN GERMANY.

s

S

Y A
s — «© ()

SWeEP sv/at ‘*/

Représentation générale ROSCH' 3000 Berne 31, P.0O.B. 63
et service - Télex 32137

pour la Suisse - Telecommumcatlon SA Téiéphone 031 442711
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-
A basic source of numerical data and functional

relationships in science and technology

LANDOLT-BORNSTEIN — New Series

Landolt-Bornstein is the only fully systematic and com-
prehensive collection of critically assessed DATA from
all fields of physics, physical chemistry, geophysics,
astronomy, material technology and engineering.

The New Series provide exhaustive data reviews on
selected topics and are designed to meet the needs of
today’s specialist requiring well coordinated, concise
and up to the minute information in his field. Most of
the New Series volumes cover areas which are at pre-
sent developing rapidly and in which new findings are
reported continuously. .

The New Series are divided into 6 main groups, each
of which is further divided into a series of volumes on
particular topics. The number of volumes in each group
is not fixed and is expanded to include new spheres of
current scientific interest and/or revised appraisals and
extensions of existing data as the need arises. At
present 56 volumes of the New Series are available.

Springer-Verlag Berlin Heidelberg New York

4005 - Marketing, Heidelberger Platz 3, D-1000 Berlin 33, Germany

The 6 main groups cover:

I Nuclear and Particle Physics

Energy levels, radii, decay, reactions of nuclei. Angular
correlations. Properties, production and scattering of
elementary particles, etc. . . (up to now: 11 volumes).

II Atomic and Molecular Physics’ )

Structure and molecular constants of free molecules,
magnetic properties of free radicals and of coordina-
tion and organo-metallic transition metal compounds,
luminescence, molecular acoustics, etc. . . (up to now:
16 volumes).

III Crystallography and Solid State Physics

Crystal structure data of elements, intermetallic,
inorganic and organic compounds. Linear and non-
linear elastic, dielectric, optic and coupled properties.
Ferro- and antiferroelectric substances. Magnetic
oxides and related compounds. Electron and phonon
states of metals, etc. . . (up to now: 23 volumes).

IV Macroscopic and Technical Properties
Thermodynamic properties of liquid systems. High
pressure properties of matter (up to now: 5 volumes).

V Geophysics and Space Research
In preparation (2 volumes).

VI Astronomy and Astrophysics
(up to now: 1 volume).
The following publications are available free of charge:

Brochure “What is Landolt-Bornstein?” — an
attractively presented, informative booklet.

Landolt-Bornstein Reference Chart Poster
Landolt-Bornstein Outline

The keying system prevents Many keying variations increase

mismating.

versatility and prevent cross-
mating.

Electrotechnique - CH-1110 Morges-Suisse
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B-Range

New range of LEMO miniaturi-
zed connectors with single
key or twin polarisations keys.
Solder or crimped contacts.
This newrange of connectors
has from 2 to 80 contacts
suitable for screened or un-
screened cablesbetween 1,5
and25mmoveralldiameter.

it

Normalized crimping tools to Alternative crimp contacts for quick
MIL-M 22520 may be used. assembly: a major advantage.
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CAMAC - CRATES

B Cern - standard 099 approved 1978
FHD-HV1-with a new designed digital

display

New in production:

B Cern - standard 199 approved 1979
FHD - HV 4 - for RMH - Systems

[l Cern standard 299 approved 1980
FHD - HV 5 - with uprated * 24 Volt

Pleaseaskfordetailedtechnicaldatas.

Three ways to take an
oscilloscope
trace

THE SHACKMAN
SUPER SEVEN
A CRO camera to
satisfy the most
discerning engineer.
A wide choice of
specification with
interchangeable
features. Over 60
adaptors currently
available

SHACKMAN 7000

A lightweight Low Cost camera

1) Choose it to hand hold with
one of ten interchangeable
hoods allowing photographs to
be made from most CRO
displays

or

2) By using an oscilloscope
adaptor (from our range of
over 60) custom made to fit the
oscilloscope and our unique
spacer body, the camera is
permanently fixed during
exposure and can be swung

away for viewing

SHACKIVIAN

SHACKMAN INSTRUMENTS LIMITED
MINERAL LANE CHESHAM

] BUCKINGHAMSHIRE ENGLAND HP5 1NU
TELEPHONE (02405) 4451 TELEX 837265

The image of perfection
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PEARSON

Wide Band, Precision

Current Monitor

With a Pearson current monitor and an oscilloscope you can
make precise amplitude and waveshape measurement of ac
and pulse currents from milliamperes to kiloamperes. Cur-
rents can be measured in any conductor®r beam of charged
particles, including those at very high voltage levels.

A typical model gives an amplitude accuracy of +1%, —0%,
20 nanosecond rise time, droop of 0.5% per millisecond, and
a 3 db bandwidth of 1 Hz to 35 MHz.

Contact us and we will send you engineering data.

PEARSON ELECTRONICS,INC.

4007 Transport Street Palo Alto, Calif. 94303, U.S.A.
Telephone (415) 494-6444 Telex 171-412

PRECISION ENGINEERING FOR INDUSTRY
Number of employees: 70

Design Office and Inspection Dept. on site

Mechanical sub-contracting

Welding sub-contracting

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)

I-“Cien Durand I-td- F-07210 BAIX Telex: 345920
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DANFYSIK A/S - JYLLINGE - DENMARK and WENZEL ELEKTRONIK -
WEST GERMANY

are pleased to announce that they have concluded a licence
agreement whereby Wenzel Elektronik will manufacture,
distribute and service the Danfysik A/S Models 140 and 150
series of Multichannel High Voltage Systems for Photo-
multipliers and Wire Chambers.

This new agreement together with the Model N1130 - 2 and 4
channel HV unit will give Wenzel Elektronik the most complete
range of computer controllable multichannel high voltage

instrumentation available from one company on the market today.
Al enquiries should in future be sent to:

WENZEL ELEKTRONIK, D-8 Miinchen 82, Schwedensteinstrasse 3,
West Germany, tel. 089-4302068, telex 5 24578

Helle Do Do Ne e NelNe Ne Mol Ne Mo Ne MNe Ne/
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Pour vos imprimés
consultez
les

PRESSES CENTRALES
LAUSANNE S A

7, rue de Geneve Téléphone 021 205901
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Ifit’saquestion
of C -

No one can offer the research community

awider range of reliable, useful cold sources. -
HELI-TRAN® systems provide simple-to-
operate cooling in the 2-300K range.
DISPLEX® cryocoolers offer unsurpassed
versatility and reliability in continuous
closed-cycle cooling from 10-300K.
HELIPLEX™ refrigerators can replace use
of liquid helium for around-the-clock
cooling down to 3.7K.
Add to this the most complete selection
of temperature controllers and indicators,
radiation shields, vacuum shrouds, sample
holders, and other equipment vital to ESR, NMR,
Mossbauer effect, x-ray diffraction, and other
low-temperature research.
More than 1000 laboratories worldwide use our
reliable cryogenic equipment. Send today for our
latest catalog: Laboratory Cryogenic Systems.

(A At Proctiicts)

| APD CRYOGENICS
1919 Vultee Street, Allentown, PA 18103 (215) 398-8419 Telex: 84-M16




- OLTRONIX offre davantage
que courant et tension.

Le programme complet:

LABPAC: alimentations de laboratoire, 0-6 V &4 0400 V; 30-90 W

RACPAC: pour laboratoire et industrie, 0-32 V ou 0-60 V; 300-1000 W

HIGHPAC:  pour laboratoire et industrie, 0,8-3,4 KV, jusqu'a 200 mA

STABPAC:  modules pour lindustrie, 5-120 V; 7-300 W ,

FRAMEPAC: modules a chéssis ouvert pour lindustrie, 8-28 V; 212 V; jusqu'a 70 W

SWITCHPAC: modules & découpage pour lindustrie, 5-28 V; £12..£15 V; 25~200 W

SR POXYPAC:  petits modules pour lindustrie, 5-24V; £12 V; £ 15 V; 1,26-10 W

- DC-PAC:  convertisseur CC/CC pour l'industrie, 5-48 V; 1-10 W N
CARDPAC: alimentations enfichables sur Eurocartes, 5-24 V; 215V, jusqu'a B0 W
COOLPAC: - boitiers vides & grande capacité de dissipation de chaleur :

iy

]
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Throughout the World
of Quality Optics

SCHOTT-GLASS

MODEL 8175 HIGH TEMPERATUR
LINEAR POSITION TRANSMITTER

LINEAR-
POSITION TRANSDUCERS
5 mm to 500 mm

MODEL 5175
High temperature +260° C capability

Power rating: 1 Watt / 25 mm at 40°C

MODEL 5184
Long life performance

§ Power rating: 0,5 Watt at 75°C

MODEL 5194

Long travel unit

Standard

ranges: 200/ 300/ 400 / 500 mm
Long life performance

MODEL 5141
Short travel 5 mm to 12 mm

6340 Baar

Bourns (Schweiz) AG
Telex 868 722

Telefon 042 / 33 33 33

Standard ranges: 25/50/100/150 mm -

Standardranges: 25/50/100/150 mm

BOURNS
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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
for lenses

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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LES ALIMENTATIONS A DECOUPAGE
SDSI-HRA

5.15* 1,8a 55V 15A 82,5W/dmd Alimentations sans transformateur secteur
12,7 * 556a13 v 7A 91 W/dmd Reéalisation simple, rendement élevé :
156 * 10 a16 V 6A 96 WwW/dm? montage FORWARD
26.3 * 15 a32 Vv 3A 96 W/dmd Rendement global > a 80 %

Fiabilité : M.T.B.F.:
Secteur: 220V (série F)- 115V (série E ) > 80000 heures a + 40°C




Over 500 years of Swiss
time-keeping know-how

= now available in Camac format!

The single Camac width Clock and Calendar module Type 1413 contains
a battery-buffered crystal-controlled autonomous clock and electronic
calendar offering total immunity to power loss conditions. Time and
date can be read via the Camac dataway and visually at the front panel.

This new-generation time keeper enables you to:

® Label your system records with the current day, month,
year and time accurate to "o second

Log power failures and alarms
Measure the duration of power failures

Power-down your system without losing your absolute
time reference

Save all that software overhead
normally associated with the
real time clock in your computer.

Borer Electronics AG

POSTFACH, CH-4501 SOLOTHURN/SWITZERLAND TEL: 065 - 311131, TELEX: 34228

SUPERCOOL

THERMOELECTRIC
PMT CHAMBER

AT LEAST 60°C COOLER cathode operating

Photo: The «Red Tower» central time source
in the City of Solothurn, Switzerland
Completed in 1411

SI VOUS ETES UTILISATEUR
DE CONNECTEURS SUB D, VOUS AVEZ A
VOTRE DISPOSITION DE NOMBREUSES
SOURCES D'APPROVISIONNEMENT: VOUS
AVEZ L'EMBARRAS DU CHOIX. C'EST UN
EMBARRAS INUTILE CAR

.... LA SERIE SUB D ET
SES VARIANTES
DE SOURIAU EST
SANS PROBLEMES
ET INTERCHAN-
GEABLE AVEC

BEAUCOUP temperature is provided by this new,
D'AUTRES water-cooled PMT housing.
FABRICATIONS. Temperature stability is 30.05°C.

No bulky compressor means high
NOUS TENONS A reliability. Model TE-210 TSRF
VOTRE end-window tubes (and side-
B%\?g’?‘glgll(ON window version) provide fully

wired socket assembly for all
standard PMTs. Also —
Front Mounting Adapter

and 19" Relay Rack
Controller. It accepts
options offered for all
standard PFR
chambers. Call
(617) 774-3250
or write:

BIEN ASSORTI.

ofRIE /8630/86a0

E‘ Ask about our new

21-pin Ceramic Socket
for cooling to dry

Société anonyme

PREGIMATION

Rue de I'Hopital 12 — 2501 Bienne
Tél. 032 223223 Télex 34222 preci ch

Les connecteurs subminiatures rectangulaires
des séries Sub D, 8630 et 8650 sont offerts en
huit variantes. Le boitier normalisé est tou-

jours identique et permet un grand nombre de
contacts pour un encombrement réduit.
Brochages standards: 9-15-25-37-50 (série
8650: double densité pour les mémes dimen-
sions du boitier).

Données techniques: (contacts standards) in-
tensité nominale 7,5 A, tension d'essai 1000 V
eff., résistance de contact 3 milliohms max.,
résistance d'isolement min. 5000 Mégohms,
endurance garantie 500 manoeuvres.

ice temperatures.

Products for Research, Inc. I%

78 Holten Street, Danvers, MA 01923
CABLE: PHOTOCOOL TELEX 94-0287
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the multichannel
alyzer that's more

1 than just
an“MGA”

i~=l] LeCroy’s System 3500
features the highest
performance pulse height arralysis and
multichannel scaling front ends AND
computes, controls, and is CAMAC-bhased
to easily adapt to other applications.




EIMAC 8973 tetrodes
helped bring fusion power

a step closer at Princeton.

Project PLT—a Signiﬁcant major rfegearch facility involv(cj’d in1 the Dcpgrti
: ment of Energy’s program to develop practica
achlgveglenF 5 1978 scientists at Princ fusion power. The 8973 is a regular production
DN AUUSTH, 17/6 SCIEntISts at Frinceton tube designed for high power switching and
University Plasma Physics Laboratory succeeded | "0 W 9 e 0 & Puision of Varian
in heating a form of hydr()gcn to more than 60 yr o

million degrees Celsius and produced the high-
est temperature ever achieved in a TOKAMAK Jaﬂuafy 1980

device—four times the temperature of the in- EIMAC 8973 provides over one megawatt
terior of the sun, thus bringing fusion power a CW power output at 78 MHz with 14 dB
step closer for mankind. stage gain.

EIMAC tetrodes for switching

and regulating.
Four EIMAC super-power 8973
(X-2170) tetrodes were used to con-
trol and protect the four sensitive
neutral beam sources in this scien-
tific achievement. The next
experiment in this series
(PDX) will also utilize
EIMAC 8973 tetrodes to
control the neutral beam
sources. The EIMAC
8973 is also being used
at Oak Ridge National

Laboratory, another

OF information
= Contact Varian, EIMAC
Division, 301 Industrial Way,

San Carlos, California 94070.
Telephone (415) 592-1221. Or
any of the more than 30 Varian
Electron Device Group Sales
Offices throughout the world.

varian
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Uranium YESterc]ay it was used for colour.
Today it’s a vital source of energy.

. Inthenineteenth century
uraniumwasintroducedinto glass
for colouringand ceramics for

decoration, -
‘Then they found other ways

BNF 51 D]



New 8033 CONCEPT

gives you the best
of two worlds-

CAMAC
control and
LSI-11
power

Now you can realize all the advantages of a cost-
effective, compact LSI-11 microcomputer system
within a CAMAC crate. Another total system
concept, the 8033 can be used as an autonomous
stand-alone system or as an integral part of a
CAMAC serial highway. Its applications include

laboratory automation, industrial process control, -

distributed systems, and software development.

The 8033 CONCEPT offers you a unique 1/O-
addressable crate controller concept where four
registers in the crate controller can be mapped
anywhere in the LSI-11's I/O page. This concept
liminates address restraints on the 1/0O page and
permits your application software to take full
advantage of the LSI-11/23's speed.

In addition, the 8033 CONCEPT features:

o full LSI-117 bus compatibility
e four strap-selectable LSI-11/23 interrupt levels

e support for multiple crates on a single LSI-11
bus

e software  drivers and FORTRAN-callable
subroutines  available and  supported by
KineticSystems ‘

” . : ‘c.
O(\O@p
@ s *6\,6,66\’(\6

3923
ST /23 :
CRATE CONTROLLER

3

8033 CONCEPT system

This LSI-11/23 CAMAC system is an expandable modular
device composed of these major components:

e a 1500 25-slot powered CAMAC crate (housing your
microcomputer system and process modules)

e a 3923 CAMAC crate controller for LSI-11 (serving
in either main or auxiliary mode)

e a 3823 Processor Adapter Unit (housing an LSI-11/23
CPU module)*

e a 3824 Peripheral Adapter Unit (housing memory or
peripheral interface modules)

*This unit houses an LSI-11/2 CPU module in our 8032
CONCEPT system.

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC31 * 6 Chemin de Tavernay =* 1218 Geneva, Switzerland » Tel. (022) 98 44 45 « Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, lllinois 60441 « Tel.815838 0005 » TWX 910638 2831



R W.W. LISCHER ing.

CH - 1143 Apples

Téléphone 021/77 37 11
Télex 24 259 fisch - ch
Switzerland

50 OHM MULTICOAXIAL CONNECTOR

FISCHER electric connectors with
self-locking satisfy the most exacting
requirements of modern technolo-
gies, such as nuclear research,
atomic energy, space research, etc.
Their main characteristics are:
— robust construction and
high precision
— dependable operation, self-locking
— simple keying
— simple and trouble-free mounting
— reliable positioning on different
elements guaranteed by two
half-shell shaped metallic guides
— high quality insulation,
normally of P.T.F.E.
— pressure tight and high vacuum
sealed designs
— sealed models resistant to
radiation up to 108 Rad. and
temperatures from
— 60 to +150°C
— construction with ceramic
insulating material resistant to
radiation and to high temperatures
— special connectors for
thermocouples

FISCHER connectors with self-
locking can now be supplied in 8
different sizes and come in a very
wide range:
— coaxial connectors for

high frequencies
— coaxial connectors for

high voltages
— multiple connectors
— multiple connectors for

high voltages
— compound connectors:

high frequency and low voltage
— connectors for thermocouples
—~ connectors for Camac-Modules

Certain connectors for thermo-
couples can be supplied with con-
tacts of special materials, e.g.
chromel, alumel, iron, constantan,
copper, etc.

Residual leakage: Connectors with CERAMIC insulating

Rapid and reliable construction of <109 m bar. I. sec.-1 material resistant to radiation and to
special connectors. high temperatures



trigger logic timing
by remote control




Sulzer—the world's first address for dependable
cryogenic refrigerators

Turbocryofrldge
TCF 20

The NEWsmall-size,low-capacity Helium Liquefier/Refrigerator
System that brings the most successful advanced technology
within the reach of everybody in the cryogenics community

Major features: @ Fully automatic, unattended ® Easy, fast and low-cost instal—
; operation—even during cool- lation
@ Capacity range down and warm-up @ Leakproof construct;on-——pr&
Liquefaction: ® Two gas-bearing turboexpand- vents costly helium losses
8 to 20 1/h without LN ers with dynamic (self-acting) ® Low maintenance, long service
precooling bearing system—free of wear, life, reliable and fast service
15 to 40 I/h with LN precooling no scheduled maintenance organization
Refrigeration:
3510130 Wat4.5K

@ Built-in helium-cooled purifier

® Rotary cycle compressor of high
efficiency, low vibration and
noise level

@ Only two skid-mounted, works-
tested modules

® No foundations required

Sulzer Brothers Limited
.CH-8401 Winterthur, Switzerland:
Cryogenics Department
Telephone 052 8137 28/813823
Telex 76165
(from June 1981: 896 165)

Sulzer Bros (UK) Litd.
Blackwater Way
Aldershot/Hampshire
Creat Britain GU12 4DR
Telephone 0252-33 13 51
Telex 858400

SULZER' - el
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