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Fifty years ago — nuclear physics

at Cambridge

By W. E. Burcham

This year marks the fiftieth
anniversary of the discovery
of the neutron by Sir James
Chadwick at the Cavendish
Laboratory, Cambridge. To
commemorate this milestone
in physics history, an inter-
national conference is being
held in Cambridge from 13—
17 September. Fifty years
ago, the Cavendish also saw
the first nuclear transforma-
tions using artificially accel-
erated particles, and was
soon to provide confirmation
of the discovery of the posi-
tron. In 1932, the Cavendish
Laboratory under the guiding
hand of Rutherford was a
world focus for research and
with these discoveries saw
the birth of modern particle
physics.

W. E. Burcham is Emeritus
Professor of Physics in the
University of Birmingham. He
began his research career at
the Cavendish in 1934, where
he collaborated in some of
the last experiments with the
original Cockcroft-Walton
apparatus.

On 16 June 1874, William Caven-
dish, Duke of Devonshire and Chan-
cellor of the University of Cambridge,
unlocked the door of a new laborato-
ry for the teaching of experimental
physics and handed the key to the
Vice-Chancellor. The building had
been paid for by the Chancellor him-
self and the name finally adopted for
the laboratory commemorated not
only this benefaction but also the
work of the Chancellor's distin-
guished ancestor Henry Cavendish
on the inverse square law of the
electric force and on the gravitational
constant.
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Nearly sixty years later, at the be-
ginning of the 1930s, the Cavendish
Laboratory had achieved a distinc-
tion in physics that placed it among
the great laboratories of Europe and
that attracted visitors and workers
from all over the world. The first Pro-
fessor of Experimental Physics, in
due course re-named Cavendish Pro-
fessor, was Clerk Maxwell (1871)
and he was followed by Rayleigh
(1879), and Thomson (1884). Each

The old Cavendish Laboratory, Free School
Lane, Cambridge.

(Photo Cavendish Laboratory)

of these men contributed fundamen-
tally to physical science and each
nurtured the growing research effort
of the laboratory, but it was the ap-
pointment of Rutherford (1919) and
the genius of that great man that car-
ried the Cavendish into the new
science of nuclear physics and main-
tained its leadership in the subject for
the greater part of the period be-
tween the two World Wars.

The first ten years or so of Ruther-
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ford’s tenure were a period of con-
solidation. He had disintegrated the
nitrogen nucleus by alpha particle
bombardment in Manchester in
1919 and when he moved to Cam-
bridge he brought Chadwick with
him to help exploit this discovery as
well as to continue work in classical
radioactivity. It was the task of most
of the Cavendish research students,
sometimes registered for the newly-
established PhD degree, to contri-
bute to this general attack on the pro-
blem of the structure of the nucleus.
By 1932 the staff and research stu-
dents in the Cavendish numbered
about 50; the famous annual photo-
graph of the year shows many
whose names have an honourable
place in the history of physics and
not exclusively in nuclear physics,
because there was a strong group
working on radio and the ionos-
phere, and Kapitza with the help of
Cockcroft was developing high mag-
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The historic group photograph taken at the
Cavendish Laboratory, Cambridge, in 1932.
Back row, left to right, N. S. Alexander,

P. Wright, A. G. Hill, J. L. Pawsey,

G. Occhialini, H. Miller. Third row, W. E.
Duncanson, E. C. Childs, T. G. P. Tarrant,
J. McDougall, R. C. Evans, E. S. Shire,

E. L. C. White, F. H. Nicholl, R. M. Chaudhri,
B. V. Bowden, W. B. Lewis. Second row,
P.C. Ho. C. B. Mohr, H. S. W. Massey,

M. L. Oliphant, E. T. S. Walton, C. E.
Wynn-Williams, J. K. Roberts, N. Feather,
Miss Davies, Miss Sparshott, J. P. Gott.

netic fields and hydrogen and helium
liquefiers. Most of the staff were at
the time participating in the under-
graduate teaching work of the labo-
ratory or of the Colleges of the Uni-
versity and few had uninterrupted
time for research. The laboratory it-
self was financed primarily by the
University and although not lavishly
equipped, provided the basic requi-
rements for the research pro-
gramme.

Fortunately in the nuclear physics
of the time, many of the experiments
were of a pioneer nature and could
be approached in a simple and direct
way without too much concern for
competition from elsewhere. Per-
haps this gave rise to the persistent
tradition that the Cavendish always
used the ‘string and sealing wax’
method. Often of course it did, but
only when such techniques were ad-
equate for the problem in hand, as
they were in the work leading to the

Front row, J. A. Ratcliffe, P. Kapitza, J.
Chadwick, R. Ladenberg, Prof. Sir J. J.
Thomson, Prof. Lord Rutherford, Prof.
C.T.R. Wilson, F. W. Aston, C. D. Ellis,
P.M.S. Blackett, J. D. Cockcroft. At the
time, the group already included four Nobel
prizewinners (Thomson, Rutherford, Wilson,
Aston), seated together in the middle of
the front row. Subsequent Nobel laureates
are Walton, Kapitza, Chadwick, Blackett
and Cockcroft.

(Photo Cavendish Laboratory)

discovery of the neutron. The nu-
clear techniques used in the Caven-
dish in the years immediately preced-
ing 1932 derived directly from Ru-
therford’s classical work in radioac-
tivity. Heavy charged particles were
for many years detected individually
mainly by scintillations of a zinc sul-
phide screen and beta and gamma
radiation by the gold-leaf electro-
scope or the photographic plate. En-
ergy measurements were made by
the absorption method. Curiously
enough, despite Rutherford’s early
use with Geiger of the proportional
counter, neither this type of detector
nor the point (Geiger-Miiller) counter
was used much in reaction studies.
On the other hand the cloud cham-
ber, brought into operation by Wil-
son in 1911, was used extensively
and definitively to give visual confir-
mation of particle behaviour and in
particular to study the kinematics of
individual processes.
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By 1932 however, technical devel-
opments were taking place. The
scintillation detector was being re-
placed for single particle detection
by the ionization chamber with am-
plifier and electromechanical register
or oscillograph recording. And soon
these recorders were supplemented
by the first versions of the scale-of-
two counter invented by Wynn-Wil-
liams and improved by Lewis. None
of the nuclear physicists at that time
had a cathode ray oscilloscope and
the possibility of electronic pulse-
height analysis must have seemed
remote, improbable and perhaps in-
deed unnecessary. Magnetic analy-
sis of course was quite another mat-
ter, since it had been much used in
beta particle work from the early
days of radioactivity and it stood
only in need of refinement and of
application to heavy particle spectra.
Following the work of Briggs in Cam-
bridge and of Rosenblum in Paris,
Rutherford insisted on high resolu-
tion magnetic analysis of alpha parti-
cle groups and Cockcroft designed a
low cost annular magnet of excellent
performance for the purpose. This
was a large instrument by the stan-
dards of the laboratory at the time
but its diameter was only 0.8 m and
for its maximum field of 1.8 tesla a
power of only 2.2 kW was required.
A further development of considera-
ble importance was the application
of Geiger counter control to the cloud
chamber by Blackett and Occhialini.

The achievements of the years
1919-32 were substantial and
worthwhile but not dramatic. What
might be discovered was perhaps
clearer to Rutherford than to anyone
else and the best known of his pre-
dictions occurs in his Bakerian lec-
ture to the Royal Society in 1920. He
there explicitly postulated the exist-
ence of a tightly bound hydrogen
nucleus and electron forming a neu-
tral system which ‘would be able to
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move freely through matter’. Staff
and students were encouraged to
look for this object in ways whose
diversity, and lack of success, recall
the quark searches of today. But
such  unfruitful  activities did
not hinder the general development
of nuclear spectroscopy and the
1920s in the Cavendish saw not only
a general survey of the production of
protons by alpha particles incident
on light elements, using natural
sources of alpha particles, but also a
quantitative understanding of the
complexities of the beta and gamma
ray emissions of the heavy elements.
The alpha particle work was clearly
limited by the strength of the availa-
ble sources and Rutherford’s
thoughts often turned to the possibil-
ity of using artificially accelerated
particles although the technical diffi-
culty of generating the necessary
high voltages was formidable. Fortu-
nately news of Gamow'’s theory of
the penetration of potential barriers
by charged particles reached the
Cavendish towards the end of 1928
and Cockcroft at once saw that this
would bring the proton energy
needed for the transmutation of light
elements down below 1 MeV and
make a laboratory apparatus feasi-
ble. He immediately began to assem-
ble the necessary equipment, but
many problems had to be solved and
several years passed before success
was achieved. Fortuitously this hap-
pened almost simultaneously with
the discovery of the neutron, for
which matters moved very rapidly
towards the end, so that 1982 sees
the fiftieth anniversary of both major
events. The letters to ‘Nature’ an-
nouncing the discoveries were dated
17 February and 16 April 1932 re-
spectively. Blackett and Occhialini’'s
verification of Anderson’s discovery
of the positron and their demonstra-
tion with Chadwick of pair produc-
tion by gamma radiation, thus con-

Sir James Chadwick (1891—1974),
discoverer of the neutron in 1932.

(Photo Royal Society)

firming Dirac’s theory of the electron,
were published in 1933 and 1934.

The neutron

The neutron story is now part of
most elementary courses in nuclear
physics and has been authoritatively
told by Chadwick himself. While
studying alpha particle reactions he
had not been, in his own words, “un-
mindful of the possibility of the emis-
sion of neutrons, especially from
those elements which did not emit
protons’. One of these was beryllium
which was found by Bothe and Beck-
er in Berlin and by Webster in Cam-
bridge to emit a neutral, penetrating
radiation under alpha particle bom-
bardment. Webster showed that the

‘radiation was most penetrating in the

direction of the incident alpha parti-
cles and Chadwick, reasoning that
this might be explained if the radi-
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ation consisted of neutral particles,
with possibly a magnetic moment,
sought in 1931 for lightly-ionized
tracks of such particles in the cloud
chamber. Nothing of the sort was
seen and the situation remained ob-
scure. A few months went by and
then came two startling announce-
ments from Paris. Irene Curie had
first found the beryllium radiation to
be much more penetrating than origi-
nally reported and then, with her hus-
band Frederick Joliot, had shown
that it could eject protons from a thin
absorber of paraffin wax placed in its
path. The authors thought that the
effect might be due to a Compton
interaction of high energy photons
with hydrogen. This conclusion was
received (January 1932) with incre-
dulity in the Cavendish by Chadwick,
by Feather and more remotely by
Rutherford himself, because the en-
ergies did not seem consistent with
the picture of nuclear structure that
was slowly building up.

Fortunately the matter could be
put to an immediate test because
Feather had brought from the USA a
number of old radon tubes from
which Chadwick himself prepared a
suitably strong polonium alpha parti-
cle source. He used this source to
repeat and confirm the Curie-Joliot
experiments and quickly added to
them the observation that not only
hydrogen nuclei could be projected
forward by the radiation but also the
nuclei of other atoms, for instance
nitrogen. Quantitatively the veloci-
ties were those expected if the pri-
mary radiation was a stream of neu-
tral particles with a mass about equal
to that of the proton. To clinch the
matter, he returned to the cloud
chamber and this time, with Feath-
er’s help, short heavily ionized tracks
were seen; the letter to ‘Nature’ was
sent off on the following day with the
proposal that the beryllium radiation
was due to the reaction °Be(a,n) '2C.
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There followed a period of excite-
ment at Cambridge while the Caven-
dish thought about its new particle,
but it was a period of hard work as
well and when Chadwick’s full paper
appeared laterin 1932 it was accom-
panied by accounts of Feather’s ex-
pansion chamber study of the elastic
and inelastic collisions of neutrons
with nuclei and of Dee’s highly im-
portant cloud chamber search for the
neutron-electron interaction. In the
space of a few months not only the
existence of the neutron but some of
its important properties had been es-
tablished.

Transmutations by protons

There is some connection be-
tween the discovery of the neutron
and the parallel work of Cockcroft
and Walton on proton acceleration,
because Chadwick had at one time
believed that Rutherford’s neutron
might be produced in an electrical
discharge in hydrogen at a voltage of
something like 200 kV. Direct vol-
tages up to 280 kV were in fact ap-
plied by Cockcroft and Walton, fol-
lowing earlier work by Allibone, to a
continuously evacuated glass bulb
containing an accelerating gap and
part of their motivation was the pos-
sibility of stimulating ‘a nuclear radi-
ation of the type discovered by
Bothe and Becker’. In first tests, us-
ing proton beams of about 10 mi-
croamps, radiation from targets of
beryllium and lead was sought using
a gold leaf electroscope, but yields
were low and no nuclear effect was
established. Encouraged by Ga-
mow'’s calculations and by Ruther-
ford’s intuition (and the modest fi-
nancial support that he extracted
from the University), Cockcroft and
Walton set about extending their ac-
celerating voltage to 800 kV in a high
room suitable for the purpose. Their

The original Cockcroft-Walton apparatus.

(Photo Cavendish Laboratory)

improved apparatus employed the
voltage doubler principle with a
transformer, rectifiers and condens-
ers. The central component was a
tall, continuously pumped rectifier
tower whose glass sections were
sealed to electrode plates using a
plasticene-like compound. The two-
section accelerating tube was also
continuously pumped using an oil dif-
fusion pump of generous dimensions
(for the time) capable of handling the
input of hydrogen gas from the dis-
charge tube ion source. The acceler-
ated protons in this apparatus were
allowed to pass out into air through a
mica window but no mention of nu-
clear effects was made in a paper on
the technique that was submitted to
the Royal Society on 23 February
1932. It seems that Cockcroft and
Walton's first concern was to meas-
ure the range of their protons in air
but then, in Cockcroft’s own words,
‘after wasting a certain amount of
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time in this way, until prodded by
Chadwick and Rutherford, we di-
rected it on to a lithium target and at
once observed, with a zinc sulphide
screen, the bright scintillations which
were obviously due to particle emis-
sion from the lithium’. This detection
of the ’Li(p,0)*He reaction was a
delight to Rutherford, especially as
the products were his beloved alpha
particles, and as they had been ob-
served with his favourite detector,
the scintillation screen, although the
ionization chamber, amplifier and os-
cillograph were also used. Although
there was little doubt, the final proof
was left to the cloud chamber, and
the beautiful pictures obtained by
Dee and Walton confirmed the trans-
mutation scheme in kinematic detail.
For Dee’s work a track chamber and
accelerating tube were set up in and
above a hut in Cockcroft’s laboratory
known as Newnham Cottage, after
Rutherford’s residence.
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... and afterwards

The neutron discovery has.rightly
attracted wider anniversary recogni-
tion than the Cockcroft-Walton ex-
periment because of the particle’s
special role in both theory and appli-
cation. The work of Cockcroft and
Walton however had the more pro-
found effect on the Cavendish and
other nuclear laboratories because it

inaugurated the age of nuclear ma-

chines, of which the apotheosis may
be seen in CERN today. At Cam-
bridge new accelerators were built
(or procured when funds became av-
ailable) and Rutherford himself used
a low voltage transmutation equip-
ment constructed by Oliphant for the
first study of the deuteron-deuteron
reactions. With the availability of
deuterium, the important photodisin-
tegration reaction was observed by
Chadwick and Goldhaber and the

neutron mass was confirmed to be
greater than that of the proton, con-
trary to the Rutherford proposal of
1920. Rutherford died in 1937 and
thereafter the influence of the Caven-
dish Laboratory on nuclear physics
inevitably declined, although the de-
cline had indeed started earlier with
the migration bf Blackett, Chadwick,
Ellis, Mott and Oliphant to chairs
elsewhere, partly at least because of
misgivings about the likely future lev-
el of resources for nuclear physics in
Cambridge. The dispersion of talent
was good for nuclear science in the
United Kingdom as a whole, and
those remaining in Cambridge were
not short of ideas, but the best times
for nuclear physics were past and as
the clouds of war gathered it was
clear that the Cavendish was to be a
radically different place in the future.
That has indeed happened but noth-
ing has taken place to deny to the
laboratory the special honour in nu-
clear history that it gained some fifty
years ago.

1933 cloud chamber picture by Dee and
Walton of a reaction using artificially
accelerated protons.
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Physics monitor

Monopole sighting?

Earlier this year, a young Stanford
University physicist saw Something
in the response of his superconduct-
ing magnetometer. The signal ap-

pears to correspond to what would

happen if a magnetic monopole had
passed through the apparatus, al-
though more mundane (and less in-
teresting) explanations cannot yet be
ruled out.

The absence of free magnetic
poles has long intrigued physicists,
as the equations of electromagne-
tism appear to be symmetric with
respect to electric and magnetic
charge. Paul Dirac revived the idea of
magnetic monopoles and predicted
that the magnetic charge should be
simply related to other physical con-
stants.

Recently the search for free mag-
netic poles has been given additional
impetus by the predictions of grand
unified theories which attempt to
bring together electroweak and
strong interactions (see May 1980
issue, page 114).

Superconductors make natural
magnetic charge detectors. In the
Stanford experiment, a four turn
20 cm? horizontal loop is connected
to the superconducting input coil of a
SQUID (Superconducting Quantum
Interference Device) magnetometer.
Both the loop and the SQUID are
enclosed in a magnetic shield with an
ambient field of 5 x 108 gauss. The
signal from the detector is contin-
uously monitored and during some
150 days of operation showed no
disturbances other than those
caused by periodic transfers of liquid

Blas Cabrera in his laboratory at Stanford
University where his apparatus recently
gave a signal compatible with the passage
of a free magnetic monopole.

(Photo Stanford University News and
Publications Service)
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nitrogen and liquid helium.

But on 14 February the apparatus
hiccupped. A single event was re-
corded which is consistent with a
stray magnetic monopole with Dirac
charge passing through the loop.

In such a sensitive experiment,
care was taken to minimize effects
which could also produce such a sig-
nal. The apparatus is continuing to
take data and larger detectors are
also being built.

Computing the hadron
spectrum

One of the basic problems in the the-
ory of strongly interacting particles is
whether the gauge theory of gluons
and quarks (quantum chromody-
namics — QCD)can indeed account
for the observed properties of ha-
drons. To do this, the theory must
explain both the quasi-free behaviour
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of quarks when probed at small dis-
tances and their apparent confine-
ment inside hadrons at relatively
large separations. The behaviour at
small distances (i.e. high energies)
can be theoretically studied by per-
turbative techniques, since it can be
shown that the strength of the inter-
action then becomes sufficiently
weak (a condition known as asymp-
totic freedom). The domain of low
energy phenomena, including the
problems of hadron spectroscopy,
lie outside the reach of perturbation
theory, and until recently looked dif-
ficult to attack.

A special way of regularizing quan-
tum chromodynamics, with the con-
tinuum of space-time replaced by the
points of a discrete lattice, has
opened the way towards powerful
new non-perturbative techniques.
The correct method of defining
gauge theories on the lattice has
been given by Ken Wilson of Cornell.
He was the first to propose the appli-
cation of different non-perturbative
methods, like strong coupling expan-
sions, variational methods and
Monte Carlo techniques, to high en-
ergy systems.

The first spectacular results on the
confining force between quarks ob-
tained by Mike Creutz at Brookhaven
using Monte Carlo methods were fol-
lowed by a burst of quantitative re-
sults from theorists at a number of
different centres. These studies led
to rather conclusive evidence for
quark confinement, a determination
of the value of the ‘string tension’
(the parameter characterizing the
force between quarks) and predic-
tions on the glueball spectrum. The
initial temperature when the hadron
matter goes over to non-confined
gluon (and quark) constituents has
also been determined. Recently a nu-
merical determination of the masses
in the spectrum of hadrons has been
attempted.
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The Monte Carlo method, some-
times combined with other techni-
ques, seems to be the most effective
way for studying lattice gauge theo-
ries. Monte Carlo simulations have
been used for several years in the
analysis of thermodynamical sys-
tems. Thermal averages are ex-
pressed as sums over configurations
weighted by the Boltzmann factor
(the quantity exp (—E/kT), where E,
T and k are respectively the internal
energy, temperature and the Boltz-
mann constant). Although the num-
ber of terms in these sums is enor-
mous, it is a crucial property of ther-
modynamical systems that effec-
tively only a subset of all possible
configurations contribute to the
averages. Monte Carlo simulations
work by sampling this set. An algo-
rithm is devised to produce a (pseu-
do) stochastic sequence of configu-
rations such that the probability of
encountering any definite configura-
tion in the sequence is proportional
to the Boltzmann factor. Averages
are then computed as averages over
the configurations occurring in the
sequence. The current values of all
dynamical variables are stored in the
memory of the computer. The basic
step in going from one configuration
to the next consists of altering the
value of one of the dynamical varia-
bles. If the change lowers the energy
it is accepted and the new configura-
tion replaces the old one. If the ener-
gy is increased, then the change is
accepted with a conditional probabil-
ity. This process simulates the ther-
mal fluctuations.

In quantum field theories, the aver-
age (observed) values of quantities
are also expressed as averages over
all configurations, the weighting fac-
tor being exp(—iS/h), where S is the
action of the configuration and h is
Planck constant. The trick of rotating
to imaginary time converts this fac-
tor into the better defined measure

exp(—S/h) — time is extrapolated
back to real time at the end of the
calculations. Using lattice regulariza-
tion, the formulae giving the average
quantum expectation values take
precisely the same form as those for
the thermal averages: the replace-
ment of E/kT with S/h and the fact of
working in four dimensions being the
only reminder that a quantum field is
being handled. '

Of course, the lattice is only acom-
putational tool. At the end of the cal-
culation the lattice distance should
be extrapolated to zero and a contin-
uous field theory recovered. The
available evidence seems to confirm
that this indeed can be done. In the
perturbative regime, lattice quantum
chromodynamics is equivalent to the
usual continuum formulation, and a
link can be established between the
perturbative results obtained earlier
in continuum QCD and the new lat-
tice results. For the non-perturbative
lattice calculations, renormalization
group arguments dictate a very de-
finite behaviour in the continuum lim-
it. Confronting the Monte Carlo data
with this expected behaviour helps
to decide whether the correct contin-
uum limit is obtained, assuring that
the measured quantities are free of
lattice artefacts. It is surprising that
on a lattice with some 10* lattice
points only, this continuous behav-
iour can be simulated rather consist-
ently.

Realistic models for strong interac-
tion must take account of fermion.
(namely quark) degrees of freedom.
Many of the most recent develop-
ments in Monte Carlo simulations
have concentrated on incorporating
the effects of fermionic fields into the
algorithm. Several schemes have
been devised: basically the quarks
are studied in the presence of a fixed
gauge field background and expecta-
tion values of fermionic observables
are computed. These expectation
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values are then further averaged over
a large set of configurations of the
gauge field.

The probability distribution of
these configurations is only partly
determined by the pure gauge field
dynamics: vacuum fluctuations may
modify the gauge field distribution.
Methods to deal with this dynamical
feedback from the fermions have
been proposed by several authors
and tested on lower dimensional
models with a reasonable degree of
success. Arguments can be given to
support the idea that a good approx-
imation may be obtained by neglect-
ing this effort and letting the distri-
bution of the gauge fields be gov-
erned by its own action. This approx-
imation has been applied to obtain
estimates for the hadronic mass
spectrum first in SU(2) and then in
SU(3).

Hadronic masses are determined
by measuring the correlation be-
tween one two-quark quantity,
which creates a meson at zero time,
and another which annihilates it at
time t. In Euclidean space-time the
lowest rate of decay of the cor-
relation is expected to be given by
exp(—mt), where m is the mass of
the state. By making t sufficiently
large, such a behaviour can be iso-
lated and a value for m derived. In
both SU(2) and SU(3), the mass of a
pseudoscalar state goes to zero
when the quark mass is setto zero, in
agreement with the notion of sponta-
neous symmetry breaking. For the
SU(2) case, the ‘experiment’ has
been performed by E. Marinari,
G. Parisi and C. Rebbi.

Using the pion mass to fix the
quark mass and the independently
derived value of the string tension,
one obtains 800+ 80 MeV for the
mass of the rho meson, 950 = 100
MeV for the mass of the scalar delta
meson and 150 + 10 MeV for the
pion decay constant. Similar esti-
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mates have been obtained by Don
Weingarten of the University of In-
diana. Applying the same approxi-
mation to the SU(3) gauge theory,
which also covers baryons, Herbert
Hamber of the Brookhaven Solid
State Theory Group and G. Parisi
have derived rather encouraging re-
sults.

Recently the experiment has been
repeated at CERN by a CERN / Rome
group with better statistics and a
more accurate analysis of the errors.
Although the errors are rather large,
the general pattern tends to repro-
duce the experimental data. The sta-
tistical fluctuations are particularly
strong for baryons: analogous diffi-
culties arise in this case within a dif-
ferent approach, based on a semi-
analytic method recently discussed
by a CERN group. The results for the
meson spectrum obtained in the lat-
ter approach are of the same quality
as Monte Carlo results. The general

trend of the predictions is rather en-
couraging, mainly if one considers
that a rather poor spatial resolution,
of the order of 0.2 fermi, has been
used in the computation.

Given the approximation involved,
this body of results gives very strong
support to the validity of quantum
chromodynamits as the theory of
hadronic interactions and leaves us
with some optimism that we may
arrive at a complete understanding
of hadrons in the not too distant
future.

(We are grateful to Claudio Rebbi,
Peter Hasenfratz and Roberto Pe-
tronzio for their assistance in prepar-
ing this article.)

The Centre for Interdisciplinary Research
at the University of Bielefeld, scene of the
recent meeting on physics with heavy ion
collisions.

(Photo D. Penke, Bielefeld)
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In search of quark
matter

There is a growing belief that matter
at very high densities and tempera-
tures could exhibit new properties.
From 10—14 May, the Centre for
Interdisciplinary Research of the Uni-
versity of Bielefeld, Germany, was
host to a meeting which brought to-
gether over one hundred physicists
sharing a strong common interest in
the quest for such new physics in
heavy ion collisions. _

The quark densities considered
are several times those found in nu-
clei and the temperatures talked
about are of the order of 200 MeV.
According to quantum chromody-
namics (QCD) a new phase of matter,
consisting of a quark-gluon plasma,
will appear under such conditions
(see December 1981 issue, page
455).

Uranium in Bevalac

On 11 May, the Bevalac at
the Lawrence Berkeley Labo-
ratory successfully acceler-
ated its first beams of ura-
nium ions. The Berkeley Be-
vatron and its linac injector,
the Super HILAC, have both
undergone improvement pro-
grammes to enable such
heavy ions to be handled.
The new ABEL ion source
was commissioned late last
year. The recent success fol-
lows installation of a new
Bevatron vacuum system.
Many experiments are lined
up to use the new heavy ion
beams, including the ‘Plastic
Ball" and the HISS heavy ion
spectrometer system (see
November 1981 issue, page
393).
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As the density and/or temperature
eventually fall, the plasma con-
denses into hadrons through a phase
transition which theorists are trying
to understand through non-perturba-
tive QCD' calculations on a lattice
(see previous article).

It is reasonable to think that such
conditions could be achieved in hea-
vy ion collisions with ion beams of
incident energy of the order of
100 GeV/nucleon. This is two ord-
ers of magnitude above what is pre-
sently considered as ‘high energy’
heavy ion research (Bevalac, Saturne
Il, Dubna...) but could be envisaged,
in a not too distant future, from ions
accelerated in larger machines, such
as those at CERN.

Theoretical progress recently
achieved, new knowledge gained
from the wealth of data already accu-
mulated at the Bevalac, and the pos-
sibility of using existing proton ma-
chines for this research at a limited
cost, called for a meeting to survey
the present state of knowledge and
to provide a forum for discussion.

The Bielefeld meeting brought to-
gether an unusual even mix of exper-
imentalists and theorists from parti-
cle and nuclear physics. A highly
congenial and cooperative atmos-
phere, conducive to very fruitful
work, prevailed throughout. The
morning sessions were organized
around plenary talks aimed at all par-
ticipants. This information was part
of the input for the afternoon ses-
sions involving seven different spe-
cialized working groups.

The last day of the Workshop was
given over to a general status report,
organized as an open conference
which actually filled the auditorium.
S. Nagamiya (Tokyo) reviewed pres-
ent energy heavy ion physics at the
Bevalac. Machine prospects were
surveyed by H. Pugh (Berkeley).
H. Gutbrod (Darmstadt) talked about
the ‘medium’ energy proposal to use

oxygen 16 ions at the CERN PS.
M. Albrow (Rutherford) presented
the very large amount of work which
the various experimental groups had
done with some very concrete pro-
posals very much in line with current
theoretical ideas. L. Van Hove
(CERN) concluded the meeting with a
review of the theoretical situation.

Heavy ion collisions as discussed
in Bielefeld could well be the way to
reproduce conditions which could
have prevailed in our very early Uni-
verse, less than 10~* s after the
initial ‘Big Bang’. After that the vac-
uum as we know it was created as
the expanding and cooling quark-
gluon plasma condensed into ha-
drons.

The thinking behind the use of hea-
vy ion collisions to investigate these
new frontiers was eloquently des-
cribed by Bill Willis in the article pub-
lished in our January/February issue,
page 17.

(We are grateful to Maurice Jacob
for the report of the recent Bielefeld
meeting.)

Fly’s Eye

First results are being produced from
the University of Utah’s ‘Fly’s Eye’
cosmic ray detector, designed to
study extensive air showers in the
energy range 10" to 102" eV. The
idea is to detect and measure the
atmospheric fluorescence produced
by these extreme energy particles.
Although the atmosphere is in fact a
poor scintillation medium, this is
compensated by the enormous num-
bers of secondary charged particles
produced. The experimenters com-
pare it to tracking a five-watt blue
light bulb travelling through the sky
at the speed of light.

There are two detecting stations,
separated by a distance of 3.3 km.
The first station (Fly’'s Eye 1) con-
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sists of 67 62-inch mirrors together
with 880 associated photomulti-

pliers and light collectors arranged in.

clusters in the focal plane of each
mirror. This detector is able to image
the entire night sky and pick up the

extensive air showers produced by:

the incoming primary cosmic parti-
cles. The other detector is smaller
and contains eight mirrors and pho-
tomultiplier clusters.

As a check on the tracking and
measuring procedures, a flash tube
has been installed at Fly’s Eye Il and
is ‘periodically fired over the main
detector (this flash tube is soon to be
replaced by a nitrogen laser). This is
also able to extend knowledge of
how the atmosphere attenuates and
scatters light.

The experimental group hopes to
be able to answer questions in both
particle physics and astrophysics,

and to disentangle particle physics.

and astrophysics effects.

The low luminosities provided by
Nature limit the detector to the study
of processes with relatively high
reaction rates. Potential topics for
study include total cross-sections,
secondary multiplicities, searches
forunusual events, and a study of the
composition and the spectrum of
cosmic rays.

A sample of 1500 events gives a
high energy cosmic ray spectrum
which is consistent with measure-
ments from other experiments. Inter-
esting indications are found as to the
direction of arrival of extreme energy
primary cosmic ray particles. The at-
tenuation of cosmic ray showers
gives a clue to the proton-proton
cross-section at these energies. A
proton-proton total cross-section of
120 millibarns is estimated, but
more precise results could be ob-
tained from a larger data sample.

Another possibility is the study of
extragalactic neutrinos. At large an-
gles, the earth’s atmosphere is so
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Plan of the Italian Gran Sasso underground
laboratory, showing the access and service
tunnels leading off the main 10 km-long
road tunnel.
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thick that protons cannot generate
showers near enough the detector to
be picked up. This large angle sector
provides a good place to search for
neutrino events. Their absence in the
initial data sample gives a limit on the
cosmic ray neutrino flux.

Underground tremors

The prediction of the unstable proton
continues to lure physicists away
from their habitual working environ-
ments at high energy physics labora-
tories to new ‘passive’ experiments,
under way or under construction
deep underground to shield off cos-
mic ray background.

The ‘grand unified’ theories which
attempt to synthesize electroweak
and strong forces into a single con-
ceptual framework predict that the
proton should live for some 1032
years, the exact exponent depending
on the theoretical input. To catch

such rare decays needs big detec-
tors.

Broadly, the experimental projects
can be divided into two classes,
those using Cherenkov radiation pro-
ducedin alarge volume of water, and
those using slabs of heavy detector
interspersed with electronics.

Examples of the water Cherenkov
type are at the Morton Salt Mine in
Ohio (Brookhaven / Irvine / Michi-
gan), the Silver King Mine in Utah
(Harvard / Purdue / Wisconsin), the
Homestake Gold Mine in South Da-
kota (Brookhaven / Pennsylvania)
and the Japanese Kamioka project
(KEK / Tokyo / Tsukuba).

Two electronics experiments are
already operational, at the Kolar Gold
Fields in South India (Bombay / Osa-
ka / Tokyo) and at the Soudan Iron
Mine in Minnesota (Argonne/Minne-
sota / Oxford). The Kolar Gold Fields
search produced its first proton
decay candidates last year (see
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July/August 1981 issue,
253).

In Europe, work is under way for
additional electronics experiments in
the Mont Blanc tunnel (CERN / Fras-
cati / Milan / Turin) and in the Frejus
tunnel (Ecole Polytechnique / Orsay /
Saclay / Wuppertal). These will soon
be joined by the new Italian project in
the Gran Sasso tunnel (Frascati / Mi-
lan / Rome / Turin).

The Italian Gran Sasso project is
one of the newer arrivals on the
scene, and the bill for its construc-
tion has been approved by the Italian
authorities inrecord time. It votes 2 x
100 |talian lire (about 15 million dol-
lars) for the construction of the new
underground laboratory 1400 m bel-
ow ground off the 10 km-long Gran
Sasso road tunnel near Rome.

Unlike other underground labora-
tories using existing road tunnels,
the Gran Sasso project can get under
way before the road tunnel comes

page
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into regular operation. Special ac-
cess and service tunnels for the labo-
ratory are planned, so avoiding some
of the problems with other under-
ground projects.

As well as the underground labora-
tory itself, big enough to house a
10000 ton detector, additional ac-
commodation near the entrance to
the tunnel would include offices, li-
brary, guest rooms, workshop and
lecture hall. The laboratory would be
open to all. A modular detector is
envisaged, so as to encourage parti-
cipation by smaller groups.

Unexpected results
with polarized
hyperons

Although the Argonne ZGS machine
ceased operation some three years
ago, interesting results are still
emerging from the mass of collected

Nobel prizewinners Steve Weinberg (left)
and Sheldon Glashow with Paul Frampton
(standing), organizer of the recent
Workshop on Grand Unification held at the
University of North Carolina, Chapel Hill.
Following the prediction of an unstable
proton by theories which attempt to unify
strong and electroweak interactions, such
meetings are now a regular feature of the
current particle physics scene.

(Photo Will Owens)

data. Whenever spin physics is dis-
-cussed, the unexplained effects
found with polarized protons at the
AGS (see October 1978 issue, page
347) still figure prominently, and un-
derline the need for polarized proton
studies at higher energies (see June
issue, page 180). Now another inter-
esting Argonne ZGS result has ap-
peared in the analysis of the beta
(semileptonic) decay of polarized hy-
perons.

An Argonne / Chicago / Ohio team
studied the decays of polarized ne-
gative sigma particles, produced in
negative kaon-proton reactions
‘tuned to the neutral Y * (1520) re-
sonance. The experiment measured
the up-down asymmetry (parity vio-
lation) of the emitted electrons with
respect to the spin direction of the
parent sigmas.

One of the notable physics suc-
cesses of the early 1960s was the
development by Nicola Cabibbo and
others of a simple formalism which
explains why certain decay channels
are favoured and others suppressed
in the weak decays of particles. The
idea was to assign SU(3) symmetry
properties to the weak currents. It
has become a cornerstone of particle
theory and has since been extended
to cover charmed particles.

In beta decays, the ‘handedness’
of the emitted particles provides es-
sential clues to the nature of the un-
derlying weak force mechanisms. It
was through precision studies of the
asymmetries of particles emitted in
nuclear beta decay that the very spe-
cial characteristics of the weak force
were discovered.

Not only is the new observed
asymmetry in polarized sigma de-
cays different to that predicted by
the Cabibbo theory, it is also in the
wrong direction! However radiative
corrections have yet to be made and
momentum dependence applied,
which could affect the result.
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The Cabibbo picture is only sup-
posed to be approximate, but the
emergence of a result so drastically
different to the predicted value is
puzzling.

Spin-related hyperon measure-
ments have a habit of giving unex-
pected results from time to time.
Hyperons produced in unpolarized
hadron collisions tend to be polar-
ized. Some of the observed hyperon
magnetic moments do not fit other-
wise successful theoretical models.

search far anomalon alpha particles,
without success. More anomalon
evidence comes from a Minnesota
cosmic ray group using samples
flown from balloons.

There is no shortage of theoretical
candidate mechanisms. Many of
these involve unusual quark configu-
rations, such as a ‘demon’ deuteron
involving three quark pairs instead of
the conventional deuteron of two
nucleons,
quarks.

Anomalons

Evidence continues to accumulate
for ‘anomalons’ — some interesting
and as yet unexplained behaviour ob-
served in nuclear collisions. A num-
ber of experiments have found ex-
tremely reactive secondary nuclear
fragments close to the collision
point. The lifetime of these states is
of the order of 10~ seconds, cer-
tainly stable against strong nuclear
decays and long-lived by any nuclear
standards.

Anomalons (the name arose after
a mistyping of the word anomalous)
are an order of magnitude more reac-
tive than ordinary nuclear matter of
the same mass. Nuclear excitations
which could produce such behaviour
typically live for 10=23 to 10~ se-
conds. The 10~ second anomalon
lifetimes defy comprehension.

Hints of such behaviour had been
seen in cosmic ray events some thir-
ty years ago. Now it has been ob-
served by a number of teams using
heavy ion beams with energies
around 2 GeV/nucleon at the Berke-
ley Bevalac. A Berkeley/Ottawa col-
laboration has evidence from the in-
teractions of iron and oxygen ions in
emulsion targets, and a Buffalo (New
York) group has examples from iron
and argon beams. This team reports
no anomalons with iron beams at half
the energy, and has made a special
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Counting neutrinos

A new experiment by Los Alamos
researchers could go on to provide
new clues in the study of the neutri-
nos emitted by the sun.

An appreciable flux of neutrinos
should be produced by the intense
thermonuclear reactions deep in the
sun’s interior which attain the enor-
mous temperatures able to resist the
huge gravitational compression. The
flux of these neutrinos, which should
be measurable on earth, provides in
principle a useful thermometer to
measure the temperature of the
sun’s interior.

For many years, a Brookhaven ex-
periment led by Ray Davis has been
using a neutrino detector 5000 feet
below ground in a South Dakota lead
mine to intercept these solar parti-
cles. But this study has only inter-
cepted a fraction of the expected
neutrino level.

The Brookhaven experiment looks
for neutrino-induced reactions more
or less as they occur. However the
Los Alamos study plans to look for
signs of neutrino interactions in fossil
ores in which the products of millions
of years of exposure to solar neutri-
nos would be stored.

Residues from molybdenum ore
mined a mile below the earth’s sur-
face in Colorado’s Red Mountain will
be brought back to the Laboratory

each containing three:

and examined for the presence of
three isotopes of technetium, includ-
ing two that result directly from the
interaction of neutrinos with molyb-
denum. These isotopes, with half-
lives ranging from 200 000 to four
million years, should provide a re-
cord of neutrino abundances over
the millenia. «

As well as finding any ‘missing’
neutrinos emitted by the sun, such a
study could reveal systematic varia-
tions in the sun’s activity.

Another possibility now receiving
attention is the construction of direc-
tionally sensitive neutrino detectors
containing large amounts of material
with polarized nuclear spins.

Muonium in a vacuum

Muonium is an atomic state consist-
ing of a positive muon and an “orbital’
electron. For atomic and chemical
purposes it is aptly described as a
light isotope of hydrogen with about
one ninth of the hydrogen mass. Be-
cause itis composed of (supposedly)
pointlike particles with no strong in-
teractions, it is a potentially useful
way of testing exact predictions.

Muonium is usually formed by
slowing down beams of positively
charged muons in matter. The inter-
action of this muonium with the tar-
get material is exploited in the muon
spin rotation technique (see, for ex-
ample, March issue, page 64). How-
ever this interaction can be undesir-
able if precision measurements on
muonium itself are required. Recent
developments at LAMPF and at
TRIUMF have succeeded in produc-
ing muonium in a vacuum by passing
low energy muon beams through thin
foils.

According to relativistic (Dirac)
electron theory, certain excited
atomic states should have exactly
the same energy. However this is not
the case, and the tiny energy differ-
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ence — the Lamb shift — is used as
one of the standard tests of modern
quantum electrodynamics. Because
it avoids the complications of pro-
tons, muonium provides a potentially
good laboratory for making precise
measurements. Preliminary measu-
rements of the Lamb shift in muon-
ium have been made at TRIUMF, and
are consistent with theory.

In the most easily accessible ex-
ample of the Lamb shift, the lower of
the two adjacent energy levels can-
not decay directly and is thus me-
tastable. This state has been ob-
served at TRIUMF. When a strong
electric field is applied, it is partially
converted through the Stark effect to
an adjacent state, which radiates
down to the ground state. The inten-
sity of the emitted radiation depends
on the degree of conversion
achieved, and gives an indication of
the Lamb shift.

Measurements of the muonium
flux from a variety of different foils
are under way at TRIUMF and meth-
ods are being considered for precise
measurements of muonium Lamb
shifts.

Tom Kirk (left), Project Manager of
Fermilab’s Tevatron Il, seen with Deputy
Project Manager Roger Dixon.

(Photo Fermilab)
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Around the Laboratories

FERMILAB
Tevatron Il
gets under way

This spring Fermilab was given the
go-ahead for Tevatron I, the project
to upgrade the Laboratory beam
switchyard and experimental areas
for operation at 1000 GeV (1 TeV).
Broad unexplored energy regimes
will open for fixed target physics. For
example, the gain in the event rate of
energetic interactions and the dou-
bled energy of the proposed muon
beam will allow expanded measure-
ments of the quark structure func-
tions of the nucleons and sensitive
tests of quantum chromodynamics
predictions. Careful measurement of
high energy neutrino interactions will
test the unified description of lep-
tons, including the predicted damp-
ing of the total event rates from the

anticipated effect of the intermediate
vector boson. The production of
heavy quarks is greatly enhanced at
higher energies. At the same time the
combination of higher beam energies
and new detector technology will
make it possible to study particles
with lifetimes as short as 1073 se-
conds. As aresult, it may be possible
to study charm and bottom mesons
in detail, and to start to look at tau
neutrinos.

Tevatron Il is one leg of the overall
Tevatron triangle. The base is the
Energy Saver/Doubler — the con-
struction of a superconducting accel-
erator ring in the present main ring
tunnel. A fair fraction of the installa-
tion of the Energy Doubler is com-
plete. The remainder will continue
this summer. The second part of the
overall project, Tevatron |, is the
construction of an antiproton source
and other associated facilities to per-
mit proton-antiproton collisions in
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the new ring with 2 TeV total energy.
The added refrigeration and acceler-
ation systems provided under the
Tevatron | project will make it possi-
ble to accelerate protons to 1 TeV at
a rate close to 100 GeV/s and to
provide long beam spills for experi-
ments. The third part is Tevatron ll,
the fixed target areas energy up-
grade.

There will be Tevatron Il activities
in both the Accelerator and Research
Divisions. Personnel from the Accel-
erator Division will handle the prima-
ry beam extraction and modifica-
tions in the switchyard while the Re-
search Division will carry out the up-
grade on the experimental areas.
Tom Kirk, deputy head of the Re-
search Division, is the project Man-
ager of Tevatron Il. Roger Dixon of
the Accelerator Division is Deputy
Project Manager.

A great deal of work has gone into

planning the Tevatron Il project. A
summer study in 1976 developed an
initial list of possible physics objec-
tives, desirable new facilities, and
modifications to existing ones. In the
following years a number of work-
shops at the Laboratory refined the
approach to the various experimen-
tal areas. In 1980 a comprehensive
design study was developed for the
programme. User interest and in-
volvement in these plans have been
intense at every stage.

All of the improvements for the
current 400 GeV programme in the
experimental areas over the last sev-
eral years have also taken into ac-
count future Tevatron operation. Ex-
amples include the installation of the
superconducting left bend to the Me-
son Areain 1980 and the installation
of iron from the Argonne ZGS in the
neutrino muon shield.

The bloodstream of a fixed target
laboratory is the switchyard and the
associated extraction facilities. The
Tevatron Il design uses the existing
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400 GeV switchyard enclosures to
the maximum extent possible. The
Tevatron will have both slow reson-
ant extraction and fast resonant ex-
traction with a spill of 1 to 3 ms. One
advantage of the superconducting
ring is the possibility of an extremely
long spill extending over many sec-
onds with a consequent improve-
ment in duty factor of the beam.
However this places additional de-
mands on beam extraction.

An important part of the switch-
yard construction will be a supercon-
ducting right bend for the Proton
Area. The right bend is a 5° horizon-
tal bend to the east in the primary
beam transport to the Proton Area. It
will be made with 12 Energy Doubler
dipoles running at 40 kG (1000
GeV). This is approximately one half
the size of the existing left bend
cryogenic system to the Meson
Area.

Each of the experimental areas will

A deliberate night ‘quench’ of a portion of
the Fermilab superconducting ring, showing
the effects of cold evaporating gas escaping
through a safety valve.

(Photo Fermilab)

undergo a major upgrade and will see
the addition of new features. In the
Proton Area the existing broad-band
photon beam will be replaced with a
high intensity electron beam. The de-
signers have aimed for a very large
momentum acceptance, *+ 15 per
cent, and a large solid angle of 4
microsteradians. The beam will be
able to transport electrons up to 800
GeV. These will be converted to pho-
tons in a radiator. The beam will be
operated purely as a bremsstrahlung
beam with no tagging of the photon
energy, permitting high photon
fluxes up to 500 GeV. It can also be
used as a high energy neutral hadron
beam. A splitting station will permit
simultaneous and independent oper-
ation of this beam with the tagged
photon beam. A new detector enclo-
sure will be built in the high intensity
electron beam capable of supporting
two experiments.

In the Neutrino Area a completely
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new 800 GeV muon beam will be
added to the east of the existing neu-
trino line. Stretching more than 8000
feet from the switchyard enclosure
to well beyond the existing bubble
chamber complex, the beam con-
sists of three parts — a hadron cap-
ture section, a FODO quadrupole de-
cay channel, and a muon transport
section. The quadrupoles for the de-
cay channel are contained in fifteen
small buried enclosures, each
spaced 200 feet apart. Conventional
quadrupoles will be used rather than
superconducting ones because of
the wide spacing. The muon trans-
port section follows the same pat-
tern. A new experimental area will be
constructed at the end of the line.
An active prompt neutrino beam
dump will also be constructed. This
will be located directly upstream of
the existing Neutrino Area experi-
ments. A new high energy dichro-
matic neutrino train will be available
so that the increased energy can be
exploited for neutrino physics.

The principal new feature in the
Meson Area will be a polarized pro-
ton beam that will cover the energy
range from 70 to 350 GeV. Argonne
National Laboratory will supply the
dipole magnets for the project, to be
built as a joint Argonne/Fermilab
project. The beam is produced by
using the polarized protons from the
decay of lambda particles. A special
array of dipoles called a ‘snake’ will
make it possible to rotate the polari-
zation to any orientation.

The targeting arrangements for
the upgraded Meson Area have been
a source of intense discussion. A
new philosophy has evolved so that
the three primary beams are hand-
led separately, permitting more flex-
ible operation and simplifying the
switchyard requirements.

The Tevatron Il construction pro-
ject will last until 1985. Improve-
ments will be made first in the prima-
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ry beams. The secondary beamlines
will benefit from the energy in-
creases in the primary beam even
when the secondary beams operate
at present energy capabilities, since
the yields will increase.

Over the past year the Fermilab
Physics Advisory Committee has re-
commended approval of twelve new
experiments for Tevatron running,
many based on existing equipment.
These would supplement several
transition experiments that are now
on the floor and would continue
operation in an early period of the
Tevatron. The programme spans the
entire gamut of particle physics.
However some potential beam
space is still available for particularly
important experiments.

Energy Saver/Doubler
progress

Installation of the Fermilab super-
conducting accelerator ring forges
ahead. Testing of three 40-magnet
cryoloops in A-Sector has continued
in parallel with the 400 GeV research
programme. The magnet system has
reached 4000 A, corresponding to
over 900 GeV.

The magnets have been ramping
continuously at 4000 A with a 75s
cycle since the end of April. Tests of
the quench protection system at full
current indicate that the installed
magnet systems can successfully
sustain a full energy quench.

Considerable expertise and con-
trols sophistication have been devel-
oped during the running which began
in January. This involved not only the
three satellite refrigerators on the A-
Sector cryoloops, but also the Cen-
tral Helium Liquifier, and a fourth sa-
tellite running the Systems Develop-
ment Facility at B-12. All of these
communicate with the console in the
Main Control Room.

Magnet production is at or above

A portion of the new Fermilab
superconducting magnet system has
attained 4000 A, equivalent to acceleration
to over 900 GeV. The step-like trace (upper
left) is the voltage from the power supply
(500 V per scale division). Note the zero
voltage during the flat-top. The lower trace
shows the current through the
superconducting magnets, attaining 4000 A.
Repetition rate is 75 seconds.

levels predicted in an intensive re-
view by the Department of Energy in
February. Magnet measuring is run-
ning substantially ahead of those
projections. As of 10 May, 696 di-
poles out of 774 needed for the ring
were complete and 631 were meas-
ured; 107 quadrupoles out of 216
were complete and 80 were meas-
ured; and 147 spoolpieces were
complete and measured.

The ring could be commissioned
within a year.

Annual users meeting

This year's Annual Meeting of the
Fermilab Users Organization was
particulaly important because 1982
is a year of change for Fermilab, with
a new machine in sight. The Users
Executive Committee had stressed
the need for users attending the
meeting.

Dick Gustafson, as head of the
Users Executive Committee, chaired
the two day meeting; he observed
that more than 300 users from
around the country and world had
responded. They were attracted by
an impressive schedule of speakers,
coupled with the opportunity to help
mould the programme and future di-
rection of the Laboratory.

A broad spectrum of outside user
participation from universities and
other institutions has been at the
heart of Fermilab activities since its
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inception. This extends well beyond
participation in the research pro-
gramme, including involvement in
the Physics Advisory Committee,
membership in the Board of Trus-
tees, planning of numerous work-
shops, the Users Executive Commit-
tee and of course the Users Annual
Meeting.

High on this year’s list of user con-
cerns was the basic science planning
process. Dick Gustafson announced
a Summer Study in Aspen, Colorado,
sponsored by the Division of Parti-
cles and Fields of the American Phy-
sical Society to look at intermediate
and long range needs in particle phy-
sics.

Several of the speakers at the
meeting helped to shed more light on

Dick Gustafson, Chairman of the Fermilab
Users Organization.

(Photo Fermilab)
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the science policy process. H. Guy-
ford Stever, addressing the users for
the first time as the new URA (Uni-
versities Research Association —
the governing body of Fermilab) Pre-
sident, reviewed the history of
science advice in Washington. Re-
presentative Don Fuqua, chairman of
the US House of Representatives
Committee on Science and Tech-
nology, stressed the importance of
good science education. He noted
that industry seems to be attracting
potential graduate students from the
engineering and scientific field, com-
menting that this was ’like eating
one’s seed corn’. He also judged the
Reagan administration as wise in the
area of basic research. Hugh Loweth,
Deputy Director for Energy and
Science of the US Office of Manage-
ment and Budget (OMB), and Martha
Krebs, Staff Director of the US Con-
gress Subcommittee on Energy De-
velopment and Application, shed
further light on the details of the
Washington budget process.

Leon Lederman’s briefing to the
users ranged as far as the year 2001.
He pictured a set of vigorous imper-
atives: operate the 400 GeV pro-
gramme, complete the Energy Sav-
er, produce an intense source of anti-
protons for colliding beam experi-
ments, construct the fixed target ar-
eas for the Tevatron, and still work
toward a long range future with ad-
vanced research on such projects as
high field superconducting magnets.
He noted the publication list from the
Laboratory for 1981 was long, var-
ied, and included many PhD theses.
Still, there has been a problem with
available accelerator time. There has
been a steady drop over the years
due principally to budget strictures.
He indicated that the President’s
budget proposal for 1983 holds
promise for the first real relief from

'this problem in nearly five years.

Taiji Yamanouchi and Norman Gel-

fand reviewed the present experi-
mental programme and the propo-
sals that have been received. Peter
Koehler outlined the extensive pro-
gramme of improvements that had

been carried out in the research areas

over the last year. In particular, a
large number of construction pro-
jects have beenunder way in the Pro-
ton Laboratory. In addition several
major new experiments have been
installed.

Rich Orr, John Peoples, and Tom
Kirk reported on the progress of the
large new projects now under way at
Fermilab. John Peoples showed the
updated plans for the Collider includ-
ing a striking new triangular de-
buncher-accumulator ‘ring’. He an-
nounced that invitations to bid on
construction for the experimental
area around the collision region went
out on 3 May.

Aninteresting new proposal for an
electron-proton collider was aired by
a US/Canadian group represented
by Nathan Isgur and Steve Holmes.
The project would use a 5 GeV elec-
tron ring, nearly 500 metres in cir-
cumference. It would be tangent to
the Saver ring and reach a luminosity
of 4 x 103" cm—2s~ 1.

John Cumalat, head of the Labora-
tory Computer Advisory Committee,
and Al Brenner, head of the Fermilab
Computing Department, discussed
the present and future computer sit-
uation at the Laboratory. Several
roads are available for relieving the
present problem with saturation of
computing capability but Brenner
stressed that a substantial increase
in capacity is not budgeted until
1984.

Martin Veltman gave his perspec-
tive on the current status of particle
physics. He listed some of the exotic
particle possibilities that have been
suggested but stressed the need for
careful, determined programmes to
attack the more prosaic problems.
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SACLAY
Polarized protons

Before it was shut downin 1979, the
Argonne ZGS machine successfully
pioneered the acceleration of polar-
ized protons into the GeV range. This
effort resulted in the discovery of
interesting physics spin effects that
are still not understood (see Novem-
ber 1979 issue, page 351). This has
fuelled the effort to provide more
accelerated polarized proton beams
(see June issue, page 180). Mean-
while GeV polarized protons have
once more been produced, this time
at the Saturne machine at Saclay.

The problem in accelerating polar-
ized particles is the crossing of the
various depolarizing resonances
which occur during the acceleration
cycle, without losing the valuable po-
larization. There are two ways of
doing this in a small ring. One is the
‘fast crossing’ technique, in which
the resonance is crossed so rapidly
that the particles do not get a good
chance to become depolarized. Cor-
rections are then applied to regain
any lost polarization. Alternatively,
the intrinsic power of the resonance
can be exploited to systematically
switch all the spins. Though the po-
larization direction is changed, the
beam still emerges in a highly polar-
ized state. This is called ’adiabatic
spin reversal’.

The polarized protons in Saturne
crossed nine resonances, of both
closed orbit and betatron type, dur-
ing their acceleration to about
2.4 GeV. Weak resonances were
negotiated using fast crossing.

Stronger resonances required adia-
batic ‘spin reversal to maintain the
high level of polarization. In some
cases the magnetic field conditions
responsible for the resonance were
manipulated to make the resonance
stronger.

After the appropriate theoretical
work had been done several years
ago, the Saturne polarization experi-
ments lasted for about a year. A
careful choice of extraction energy
had to be made in order to study
each resonance separately. A con-
trol system was developed for the
pulsed power supplies of the dipole
and quadrupole correctors used to
manipulate the magnetic fields.

The polarization measurements
were carried out with an external
proton polarimeter with four differ-
ent target positions and four detec-
tor arms, two picking up scattered
particles and two for recoil parti-
cles.

The polarized proton beam has
been used in a number of experi-
ments. The nucleon-nucleon interac-
tion is being studied from 600 MeV
up to 2.4 GeV to measure the differ-
ence in the observed reaction rates
for different spin configurations. The
formation of deuterons from polar-
ized protons is being studied, and
another experiment is now under
way using polarized deuterons.

- For the future, a small booster (the
MIMAS ring) could substantially im-
prove the polarized beam intensities.
It would also extend the machine’s
capabilities for handling heavy ions.

(A report of this work was given at
the recent DESY Polarization Work-
shop, covered in our May issue, page
139. An error crept into our account
of the meeting—the vital interest in
polarized electrons is of course of
potential benefit particularly for elec-
tron-proton as well as electron-posi-
tron projects.)

Polarized protons have been accelerated
to some 2.4 GeV in the Saturne machine
at Saclay. The diagram shows how the
various depolarizing resonances were
negotiated. The weaker resonances were
crossed quickly, while the power of the
stronger resonances was exploited in
‘adiabatic spin reversal’ in which the
direction of polarization was switched.
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Speaking at the recent Heavy lon Fusion
Symposium at GSI Darmstadt, John Lawson
of Rutherford suggested that the gulf
between concept and reality in this area
should be attacked.

(Photo GSI Darmstadt)

DARMSTADT
Symposium on Heavy
lon Fusion

One route towards inertial confine-
ment fusion is the use of heavy ion
beams for ignition of cryogenic pel-
lets of a few millimeters diameter as
deuterium-tritium targets. Beam en-
ergies are of the order 10 GeV, the
currents in the kiloampere range and
the beam pulse duration on the target
about 20 ns, resulting in a driver
power delivery of 100 to 240 Tera-
watt. The proposed accelerator con-
cepts are either an induction linac or
a linac-storage ring combination.
After four workshops on heavy ion
fusion in the past years (Berkeley
1976, Brookhaven 1977, Argonne
1978, and agairn Berkeley 1979)
about 85 participants from 9 coun-
tries of the comparatively young HIF
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community met at GSI Darmstadt
from 29 March to 2 April. The aim
was to review the progress and the
actual status of work, together with
ideas and proposals for future devel-
opments. A second issue was a thor-
ough review of a particular
linac/storage ring heavy ion fusion
scenario, proposed by a collabora-
tion of German research centres and
the University of Wisconsin, to
which was given the acronym HI-
BALL (Heavy lon Beams and Lithium
Lead). Although the symposium
mainly covered developments in ac-
celerator physics and engineering,
the participation of the target experts
stimulated some useful exchanges.

Surveys of the national pro-
grammes (US, UK, Japan, Germany)
of actual heavy ion fusion research
were followed by specialized talks
and informal working group sessions
covering linacs, storage rings, beam
transport, final focussing and target
studies. Lastly there was a review of
plans for beam experiments in
storage rings, considered to be of
major importance. These could be
realized in the next years at TARN
(Test Accumulator Ring for Numa-
tron) already in operation at INS (To-
kyo) as well as with the SNS syn-
chrotron under construction at the
Rutherford Laboratory.

Only a few possibilities are fore-
seenin the near future for experimen-
tal studies of beam-target interac-
tions with heavy ions. To explore the
predicted beam-plasma interaction
effects, even the next generation of
heavy ion accelerators will not deliv-
er the necessary energy density to
produce high enough temperatures.
The only possible exception could be
a programme proposed in the US to
build an induction linac capable of
delivering in about 35 ns 2.8 kJ of
100 MeV sodium ions to a plane tar-
get. This so-called High Temperature
Experiment should lead to a solid

density plasma of 50— 100 eV tem-

perature.

The meeting resulted in an in-
creased confidence within the HIF
community that the accelerator part
of a linac/storage ring Heavy lon Fu-
sion power station can be built. Rea-
sons for this confidence are:

— the elimination of some funda-
mental weaknesses in proposed
storage ring designs

— an increased confidence that the
linac and high energy beam trans-
port seem to grounded on a tech-
nologically mastered terrain

— establishment of a consensus
view on how the values in para-
meter space can be newly ad-
justed in a more optimized
scheme, and in a rapidly conver-
ging design

— the focus of attention on the ex-
perimental opportunities which
could be explored without too
much effort and cost in facilities
either under construction or up for
approval

— the promotion of international col-
laboration—particularly in view of
restricted funding.

RUTHERFORD
Progress with
neutron source

Itis some time since we reported the
progress of construction of the Spal-
lation Neutron Source, SNS, at the
Rutherford Laboratory. We begin
therefore with a brief recap of the
major aims and machine features.
To achieve the higher intensities
needed for present-day research
with neutron beams it has been ne-
cessary to move away from the tra-
ditional use of nuclear reactors to
neutron sources based on accelera-
tors. Such beams are used by physi-
cists, chemists, materials scientists,
biologists, etc., to investigate the
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structure and properties of a wide
range of materials including alloys,
defect solids, liquid crystals, ferro-
electrics, amorphous polymers, or-
ganic molecules and membranes and
macromolecules such as proteins
and viruses.

The Rutherford Laboratory has
had considerable experience in sup-
port of these research fields since it
has been the UK focus of participa-
tion in the research programme at
the reactor of the Institute Laue-Lan-
gevin at Grenoble. With the demise
of the UK's nationally-based high en-
ergy programme and the closing
down of the Nimrod proton synchro-
tron at Rutherford and the Nina elec-
tron synchrotron at Daresbury, re-
sources became available for the
construction of a high repetition-rate
high intensity machine for neutron
production.

The main design parameters of
the SNS are — proton energy of
800 MeV, 2.5 x 10'3 protons per
pulse at a repetition rate of 53 Hz
(1.3 x 10" protons per second).
Fired into a heavy metal target, some
thirty fast neutrons are generated by
spallation from each proton. The
neutrons are slowed down to appro-
priate energies for atomic studiesina
moderator surrounding the target.
With these parameters the SNS will
be the most intense spallation neu-
tron source in the world — a factor of
ten up on existing facilities.

The main SNS component is a ra-
pid cycling proton synchrotron built
in the hall of the Nimrod machine at
Rutherford. It will use negative hy-
drogen ion injection to achieve high
intensities from a 70 MeV linac origi-
nally foreseen as a new injector for
Nimrod. The synchrotron magnet
system has ten magnet superper-
iods. The magnets are powered from
the former Nina power supply. The
vacuum will be sustained between
10=% and 107 torr. Six r.f. acceler-
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ating cavities will operate at frequen-
cies from 1.3 MHz at injection to
3.1 MHz at 800 MeV ejection after
an acceleration time of 10 ms.

Up to now the ion source has pro-
vided 30 mA of ions compared to
the design aim of 40 mA. The 665
keV preinjector has operated at full
voltage and accelerated the negative
hydrogen ion beam. The first tank of
the four tank linac has operated at full
power. Large aluminium oxide strip-
ping foils (12 x 3 cm?, 0.25 micron
thick) to convert the ions into pro-
tons have been made and are ready
for tests with beam to ensure that
they can withstand an operating
temperature around 800 C.

Some problems were encountered
in the manufacture of the synchro-
tron bending magnets but now seem
to be solved. Quadrupole focusing
magnets have been delivered and
tested. Novel ceramic vacuum cham-
ber sections 30 cm long have been

A prototype SNS ceramic vacuum chamber
section, 5 m long with a bending radius of
7 m. A model bending magnet can be seen
in the background.

received from the manufacturers and
stacked and heated to 1100C to
form the ten 3 m-long chambers for
the quadrupole sections. Prototype
chambers for the quadrupole singlet
sections and the 5 m bending mag-
net sections have also been built suc-
cessfully. The bending magnet sec-
tions are particularly tricky, involving
a double stacking and heating pro-
cess on units which span a 36 degree
angle with a 7 m radius of curva-
ture.

A complete prototype r.f. system
has been built and is being tested.
Beam extraction units have been de-
signed and an extraction kicker mag-
net has achieved design field in
0.22 ps. Work continues on the cru-
cial design of the target station.

Preparations for the experimental
programme have reached the stage
where the first detection systems
are being tested. During April, tests
were carried out on the first of two
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Layout of the Spallation Neutron Source,
SNS, being built at the Rutherford
Laboratory. A 70 MeV linac feeds negative
hydrogen ions to an 800 MeV rapid cycling
proton synchraqtron, to provide high neutron
fluxes by spallation in a target.
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systems, scheduled for the SNS, to
beinstalled on the 136 MeV electron,
linac pulsed neutron source at the
neighbouring Harwell Laboratory. It
is a ‘Liquid and Amorphous Materials
Diffractometer’ (LAD) which wiill
move to SNS in 1984 as a total scat-
tering spectrometer. Some useful re-
search will be done on the linac, be-
ginning a programme of measure-
ments on the structure factors of
liquids and amorphous materials.

GRENOBLE
First beams at SARA

One of the priority items in French
nuclear research is heavy ion phys-
ics. A distinction can be made be-
tween three ranges in this physics,
depending on the energy of the inci-
dentions: up to 10 MeV per nucleon
is the low energy range in which a
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great deal of research has already
been done; from 10 to 100 MeV per
nucleon is the transition range; and
‘above 100 MeV per nucleon is the
range of relativistic heavy ions. The
transition range is potentially very
rich since it is here that the limit may
be found to some nuclear concepts
such as nuclear potential, the fusion
process and the extremes of physi-
cal values like angular momentum. It
also covers the Fermi threshold
which defines the movement of the
nucleons in the nucleus; it may be
possible to see here extreme states
of nuclear density, temperature and
interaction time before the physical
aspects of the particles themselves
become dominant.

The GANIL accelerator, construc-
tion of which is nearing completion-at
Caen, was designed for the overall
study of this transition range. How-
ever it is in the energy range around
30 MeV per nucleon that the greatest

changes in the behaviour of nuclear
material are expected and this range
is the most promising for the
appearance of new phenomena.
SARA  (Systéme  Accélérateur
Rhéne— Alpes), now cominginto ac-
tion at Grenoble, accelerates ‘light
heavy’ ions up to 40 MeV per nu-
cleon, providing exactly the right
conditions and, for a year, it will be
the only machine providing beams in
this energy range. It will sub-
sequently supplement GANIL, which
will handle heavier or higher energy
ions.

SARA is a heavy ion accelerator
system consisting of two cyclo-
trons. The first is of compact type,
rated at 90 MeV which has been
operating since 1968. It has a PIG
internal source and an axial injection
system also with a PIG source which
will be replaced in 1983 by an ECR
source.

The second cyclotron is of the
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Plan of the SARA twin-cyclotron heavy ion
accelerator complex at Grenoble.

, CYCLOTRON
!

POST ACCELERATOR

‘separate sector’ type, rated at 160
MeV. The ions accelerated in the first
cyclotron are stripped and further
accelerated in the second. The plans
for this second cyclotron were put
forward in 1976 and the decision to
build was taken a year later. It is a
joint project of two regional labora-
tories—the Nuclear Physics Institute
of Lyon and the Institute for Nuclear
Sciences of Grenoble, which man-
aged the project. It was built under
the supervision of a Scientific Project
Committee representing both labo-
ratories, while the construction itself
was completed by a group of about
forty technicians and engineers from
the two Institutes. The project has
cost 9 million francs (at 1976
prices).

The first SARA cyclotron acceler-
ates a beam of heavy ions to ener-
gies of between 2 and 7.4 MeV per
nucleon. The beam is stripped in a
carbon foil and is then guided from
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the first cyclotron to the centre of the
second accelerator, where it is in-
jected into the first acceleration orbit
by means of magnets and an elec-
trostatic kicker. After acceleration,
the beam is extracted and taken to
the various experimental stations via
the existing beam transport sys-
tem.

The second cyclotron acts as an
energy amplifier, giving a gain of al-
most 5.4. The frequency of its accel-
erating system must be properly
synchronized for the machine to be
able to accelerate all the beam
bunches provided by the first cyclo-
tron. The frequency of the second
cyclotron is double that of the first
and the harmonic used is also double
that of the first.

With the PIG source, the accelera-
tion limit in the first cyclotron makes
it impossible to accelerate ions with
mass over 50. When the ECR source
is installed, the performance will be

extended both in terms of energy
and of the range of ions which can be
accelerated (up to atomic masses of
100 and perhaps even 130).

Internal beam was obtained in the
second cyclotron in March during the
first trial injection. The beam was
extracted with an energy of 30 MeV
per nucleon on 6 April and 38 MeV
per nucleon was attained two days
later. Preliminary experiments are
under way, and full use of the ma-
chine is scheduled to start in Sep-
tember.

ECOLE
POLYTECHNIQUE
Frozen detectors

Light bubble chamber liquids, such
as hydrogen and deuterium, provide
the simplest conditions for the analy-
sis of particle interactions. On the
other hand, heavier target materials
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provide a more efficient means of
catching the products of the interac-
tions. The problem is to get the best
of both worlds.

One solution is the track sensitive
target technique in which a transpar-
ent box of liquid hydrogen or deuter-
ium is immersed in a bubble chamber
containing a heavier liquid. The box
acts as the primary target for the
beam while the surrounding heavy
liquid serves to intercept the pro-
duced particles.

Another possibility is to put a ‘li-
quid argon’ type calorimeter inside
the cryogenic bubble chamber, to
provide additional identification of
produced electrons and photons.
However liquid argon freezes at the
operating temperatures of big cryo-
genic bubble chambers, and the be-
haviour of these solid detecting me-
dia had to be investigated.

Tests with detectors made of a
multilayer sandwich of lead plates
and solid argon or neon were carried
out both at CERN and using abeam at
Saclay. These trials demonstrated
comparable results to those ob-
tained with liquid argon. Further tests
with a small neon-hydrogen or ar-
gon-filled assembly at Fermilab were
satisfactory. In particular they
showed how solid argon detectors
avoided some of the troubles en-
countered with liquid argon detec-
tors (see October 1981 issue, page
354).

After these trials with small scale
detectors, it remained to test a large
calorimeter. A 60-litre unit, compris-
ing 15 lead plates and intermediate
ionization chambers to cope with el-
ectromagnetic showers of up to 5
GeV, has now been tested at CERN.
The tests were carried out by a
Bari / Brussels / Ecole Polytechni-
que/lllinois Institute of Technolo-
gy/Tufts/University College London
collaboration with the CERN BEBC
team.
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Not all the test data has yet been
analysed, but already it is clear that
solid neon or argon behaves similarly
to liquid argon. There is a linear re-
sponse to the incident electron ener-
gy. and the assembly is stable even
in much higher particle fluxes than
would normally be encountered in
bubble chambers. Unlike liquid ar-
gon, the purity of the sample has little
effect. These tests are encouraging
and the installation of internal frozen

Prototype solid argon or neon calorimeter
built at the Ecole Polytechnique. Visible at
the bottom are the alternate layers of lead
and printed circuit boards, and the heat
exchangers for cooling the rare gas in the
surrounding vessel in which the apparatus
is eventually mounted.

(Photo Ecole Polytechnique)

calorimeters in cryogenic bubble
chambers thus becomes one step
nearer.
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People and things

New upsilon

The CUSB detector at Cornell’s
CESR electron-positron ring has
seen evidence for a new upsilon-
like state in the decays of the third
(3S) upsilon. As with charmonium,
only certain types of quark-anti-
quark states can be formed directly
in electron-positron annihilations.
The others have to be sought in
the subsequent decay processes.
The new state seen at CESR ap-
pears to correspond to one unit
of rotational angular momentum

in the heavy quark-antiquark sys-
tem. The standard upsilons have
no rotational angular momentum
between the component quarks.
This new enlargement of upsilon
spectroscopy will be of particular
interest to theorists looking at
inter-quark forces. More details
on the new upsilon in our next:
issue.
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DORIS Il turns on

After six months of rebuilding and
reconstruction, the DORIS electron-
positron ring at DESY was -

. switched on again on 9 May. The

new single ring DORIS aims to
reach energies of 5.6 GeV per
beam to permit upsilon spectro-
scopy, and with significantly re-
duced power consumption. Lumi-
nosity is expected to be boosted
by a factor of twenty. After some
initial runs for synchrotron radiation
experiments, first electron-positron
collisions are scheduled for mid-
July, when the Crystal Ball detec-
tor, recently arrived from SLAC,
will be installed in one of the two
interaction regions.

25 years of the Particle Data Group

This year’s edition of the Particle
Properties Data Booklet, the high
energy physicists’ bible for many
years, marks the 25th year of the
‘Particle Data Group'.

Finnish Minister of Science and Cultural
Affairs Kaarina Suonio inaugurated a physics
exhibition at Helsinki on 19 May. A major
part of the exhibition concerned particle
physics and was prepared by CERN in
collaboration with Finnish physicists led by
Hannu Miettinen. The exhibition was a great
success, attracting some 20 000 visitors
during the week it was open.

(Photo CERN 563.5.82)

CERN on show. Continuing its journey round
Europe, the CERN exhibition was recently

at the Museu de la Ciéncia in Barcelona.

The title under the CERN logo is in the
Catalan language.

(Photo CERN 181.3.82)

The style of the tabulation stems
directly from a 1957 article in the
Annual Review of Nuclear Science
by Murray Gell-Mann and Al Rosen-
feld. At that time, many new par-
ticles were being discovered, and
even before the first ‘Annual Re-
view’ was published, W. H. Barkas
and Rosenfeld were working on
the first update of the table of
masses and mean lifetimes.

In 1958, the first ‘wallet card’
appeared, containing six pages of
vital information. This has since
expanded by a factor of twenty
into today’s booklet.

The full version of the tabulation
contains some 35 000 data cards,
and is published alternately by
‘Reviews of Modern Physics’ and
‘Physics Letters’.

A whole physics generation
grew to know the listings by the
name ‘The Rosenfeld Tables’.
However in 1968 the Rosenfeld
team adopted the name ‘Particle
Data Group’ (PDG) and called their
periodic publication ‘Review of
Particle Properties’.

The PDG is composed of three
independent teams, one dealing
with each of the three main tables
— Stable Particles, Mesons and
Baryons. The Meson team is CERN-
based and is mainly a European
effort, while the other two are
based at Berkeley and are domi-
nantly US efforts. Technical work
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of tabulating and editing is done
at Berkeley and printing and distri-
bution is shared between Berkeley
and CERN.

This year’s edition is a few
months late due to severe budget
problems which have reduced the
manpower available at Berkeley
by about half. At the same time
the volume of work continues to
grow. The increased information
available demands adequate treat-
ment.

The level of future operations is
uncertain, but it is clear that as
long as spectroscopy remains an
active field, the high energy phy-
sics community expects its booklet
to be updated at regular intervals.
The Particle Data Group hopes that
this need will be recognized by the
funding authorities.

Tom Walsh, new spokesman of the DESY
Theory Group. He takes over from Hans
Joos.

238

Data Compilation Meeting

Representatives of seven groups
concerned with data compilation
in particle physics met in April at
the Rutherford Appleton Laborato-
ry to discuss the present status
of the numerical data services they
provide for a large community of
experimental and theoretical phy-
sicists. The participants included
from the CERN High Energy Reac-
tion Analysis (HERA) Group,
E. Flaminio (Pisa), G. Moorhead
and D. R. O. Morrison; from the
CERN Scientific Information Ser-
vice, A. G. Hester, from DESY,
P. Joos,; from the Fachinforma-
tionszentrum, Karlsruhe, G. Ebel;
from the Particle Data Group in the
UK, R. L. Crawford (Glasgow),
F. D. Gault (Durham) and R: G.
Roberts (Rutherford and Appleton
Laboratory),; from the Rutherford
Appleton Laboratory, B. J. Read;
and from the Serpukhov COMPAS
Group, N. E. Tyurin, V. V. Ezhela.
The participants were brought
up-to-date on the work of each of
the groups and there was a discus-
sion of standards in compilation
and the exchange of data. The
desirability was expressed of
greater coordination in the work
of particle physics compilation.
The group members, who met
previously at CERN in October

1980, agreed to continue their
discussions in about a year and
anyone interested in contributing
should contact one of the above.

On people

Nick Samios has been appointed
Director of Brookhaven National
Laboratory.

After 11 years on the faculty of

the University of California at Los
Angeles, John P. McTague has
come to Brookhaven to head the
recently organized - National Syn-
chrotron Light Source Division.

Stephen Hawking of Cambridge
has been awarded the prestigious
Franklin Medal ‘for his revolution-
ary contributions to, among others
the theory of general relativity,
astrophysics and cosmology, and
the dynamics, thermodynamics
and gravitational effects of black
holes’.

Signing of the new agreement between
CERN and the Orsay Laboratoire de
1"Accélérateur Linéaire. for the development
of linacs for LEP. Director General Herwig
Schopper (left) signs for CERN, and

J. Yoccoz for the French Institut National
de Physique Nucléaire et de Physique des
Particules (IN2P3). In the background is
Diether Blechschmidt of CERN.

(Photo CERN 392.3.82)
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SCIENCE AND ENGINEERING RESEARCH COUNCIL
RUTHERFORD APPLETON LABORATORY

High Energy Experimental Physicists

There are vacancies for Research Associates to
work with experimental groups in high energy
physics. Groups from the Rutherford Appleton
Laboratory are working on experiments at CERN,
DESY and SLAC. .

Candidates should in general be less than 28
years old. Appointments are made for 3 years,
with possible extensions of up to 2 years. RAs
are based either at the accelerator laboratory
where their experiment is conducted, or at RAL
depending on the requirements of the experi-
ment. We have in addition home-based program-
mes on development of detectors, microproces-
sor systems, etc. Most experiments include UK
university personnel with whom particularly close
collaborations are maintained.

Please write for an application form to:

Recruitment Office, R20

Rutherford Appleton Laboratory
Chilton, Didcot, Oxfordshire 0X11 0QX
ENGLAND.

 CERN LIAISON
PHYSICIST

LeCroy Research Systems is looking for a business
oriented scientist to interface with the CERN
Physics Community. Major responsibilities include:
developing and maintaining active dialog with
CERN staff and collaborators; investigating and
understanding CERN instrumentation and data ac-
quisition needs; promoting LeCroy technology and
products as solution to these data acquisition
needs; and aiding in the conception and design of
appropriate electronic systems and instruments for
CERN’s current and future research programs.
Technical education, experience in high-energy
physics instrumentation, and knowledge of CERN
research programs and operations required. Swiss
work permit desirable. Location: Geneva.

Please describe your experience and qualifications
by confidential letter or phone call to:

R. CHEVALLEY

LeCROY RESEARCH SYSTEMS SA

81, Avenue Louis Casai

1216 Cointrin-Geneva, Switzerland 41-22-98-97 97

R. EANDI

LeCROY RESEARCH SYSTEMS CORP.

700 South Main Street

Spring Valley, New York 10977, U.S.A. (914) 425-2000
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INTRODUCTION TO ATOMIC
AND MOLECULAR COLLISIONS

by R. E. Johnson, University of Virginia

This textbook allows the student to develop an understanding of
atomic and molecular collision phenomena based on the classi-
cal and semiclassical methods and approximations employed fre-
quently in the literature. It makes clear the commonality of
methods and approximations used in dealing with effects con-
trolled by electrons, ions, atoms, and molecules. These features,
along with bibliographies and appendixes for the reader who
wishes to pursue the topic further, make this book a useful refer-
ence for the professional.

approx. 300 pp., illus., 1982

$32.50 ($39.00/£20.48 outside US & Canada)
text adoption price on orders of six or more copies: $22.50

AN INTRODUCTION TO THE
PHYSICS OF INTENSE
CHARGED PARTICLE BEAMS

by R. B. Miller, Sandia Laboratories, Albuquerque,
New Mexico

A detailed survey of the various phenomena associated with in-
tense charged particle beams. Offers comsistent, logical treatment
of beam generation and propagation and covers important spe-
cial topics including powerful sources of coherent radiation, col-
lective ion acceleration, and particle beam fusion. A good
textbook for the first-year graduate student or beginning researcher.
362 pp., illus., 1982

$45.00 ($54.00/£28.35 outside US & Canada)

text adoption price on orders of six or more copies: $29.50

NUCLEAR ENGINEERING FOR
AN UNCERTAIN FUTURE

edited by Keichi Oshima, Yoshitsugu Mishima, and Yoshio
Ando, University of Tokyo

A group of nuclear engineers from Japan, Europe, and North
America explores the present status and future prospects of nu-
clear engineering, both as a discipline and as practiced in the de-
sign, hanagement, and regulation of nuclear power generating
plants. Nuclear safety, the breeder reactor, the nuclear fuel
cycle, and nuclear engineering education are among the topics
developed.

295 pp., illus., 1982

$45.00 ($54.00/£28.35 outside US & Canada)

Available from Plenum outside Asia.

Sforthcoming . . .

THE HIGH-ENERGY LIMIT

edited by Antonino Zichichi, European Physical Society,
Geneva, Switzerland

Frontier problems in subnuclear physics are presented in a peda-
gogical format by an international group of authorities in the
field. Together, their contributions provide a review of the very
low energy corner as well as an idea of what the next twenty
years could mean to the study of subnuclear physics. Volume 18
in The Subnuclear Series.

approx. 1100 pp., illus., 1982

$125.00 ($150.00/£78.75 outside US & Canada)

pITHE LANGUAGE OF SCIENCE

PUBLISHING CORPORATION

PLENUM PUBLISHING CORPORATION
233 Spring Street, New York, N.Y. 10013

In United Kingdom: 88/90 Middlesex Street
London E1 7EZ, England
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JUST FOUR BNFL URANIUM O IDE
PELLETS WILL ILLUMINATE BIG BEN’S
CLOCK FROM 3 5
DUSK TILL DAWN FOR
2YEARS.

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

BNFL also provides nuclear fuel cycle
services worldwide.

Its uranium conversion technology has been
licensed by major nuclear fuel manufacturers in
the USA and Europe.

British Nuclear Fuels Limited
Warrington, England WA3 6AS

sl

A
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NEW .
precision photomultiplier tubes

for high energy physics

large tubes.

0

50 0
LIGHT ACCEPTABILITY OF R1391X

o measured o-----

R1262 — A GaAsP high gain first dinode PMT
capable of excellent single and multi-photon
discrimination.
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HEMISPHERICAL PMT's —
1/2'" to 20" DIAMETER.
These PMT's provide good
quantum efficiency, cathode
uniformity timing character-
istics and light acceptance
significantly greater than

2 solid angle. The cost
per unit of cathode area is
very economical, approxi-
mately $0.50 per cm2on

ANGLE (Degrees)

- calculated

R1246X- Fast Response 1.6ns Rise Time PMT.
Bialkali 2", 14 stages Sb-Cs head-on photo-
multiplier tube for high energy physics.
Spectral response 300-700nm.

Typical Spectral Response
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R1635 — Compact g S N
10mm PMT. o _, \
Uses 35% of the cubic -3
space required by a 1/2" -4
tube. Fast response, - 46 10 20 40 100 200

good coincident timing,
excellent for low light
level detection where
space is limited.

Anode Peak Current (mA)

R1564X— Proximity Microchannel Plate PMT.
For use in high magnetic field environments requiring
magnetic field immunity and high speed response
such as in hodoscopes and for decay time fluores-
cence measurement. The R1564 provides 200 pico-
second rise time plus excellent gain stability to 10~
coulomb accumulated

charge and beyond. [ re — o« T =

s
SUPPLY VOLTAGE -36@@ V
L — .13

RELATIVE COUNTS

1 ! 1 L ! ! L

TIAE( . 2N5,01V)

Take advantage of Hamamatsu'’s state-of-the-art hemispherical photomultiplier tubes for
precise detection of Cerenkov light in proton decay or neutrino-type experiments. Use
our more traditional end-on PMT's in calorimeter, hodoscope and plasma applications.

CALL OR WRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.
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IL MURO DEL
FUOCO W

Il fuoco & sempre d’attualita.
Puo provocare grossi problemi a cavi di vitale importanza
in gallerie ferroviarie, metropolitane, autostradali,
cinema, teatri, musei, alberghi, ospedali, scuole,
per attrezzature, impianti e macchinari delicati e costosi.
Pensiamo alla sicurezza di persone e cose.
Abbiamo vinto il fuoco con una nuova linea di cavi:
FP 200, Afumex® Retox®
FP 200 continua a funzionare anche nel fuoco, consentendo
lalimentazione di luci di sicurezza, allarmi, apparecchiature antincendio.
Afumex® non propaga I'incendio,
non emette fumo e gas tossici e quindi non causa
panico e danni alle persone.
Retox® non propaga 'incendio e anche se emette fumo
riduce notevolmente 'emissione di sostanze corrosive, evitando
gravi danni alle attrezzature e agli impianti.

RReLL

Societa Cavi Pirelli spa

Gruppo Mercato Generale
Viale Sarca, 202
20100 Milano
Tel. (02) 64421 Telex 310135 PIREMI |
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LARGE

CALORIMETERS?

XP2008
and XP2012
contributeinUAT1and UA 2
PP CERN experiments with

A completerange of modern PMTs for industry and physics Stabi I ity

T = ~
cathode number stability pulse |resolution Llnearlty

PMT of linearity 137Cs

(m¢m) type |stages 16h(%)3pA 1-(()(;/1;1A (mA) o BBQity
200 |5 | Gonsistency

XP2008 | 32 |superA| 10
XP2012| 32| bialkali | 10

1 1

1 1
XP2202 | 44 | bialkali| 10 1 1 200 74 -
XP2212| 44 | bialkali | 12 1 1 250 7,5 R@SOI"tlon
XP2030| 70 | bialkali | 10VB 0,5 0,8 40%) 7,2
XP2050 | 110 | bialkali | 10VB 1 1 40%) 75 Economy
*) with a specially tailored bleeder
Matching the BBQ emission meet the most critical parameter Philips Industries,

spectrum (BBQity), these PMTs for system resolution: GAIN STABILITY.  Electronic Components
and Materials Division,

We've set the standard for over 20 years Eindhoven, The Netherlands

prips|  Electronic pH I LI ps
% Components

and Materials
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Some heated
arguments for
using the
thermal
specialists

If you have a thermal design problem, or are looking

for ways of optimising your existing heat exchange

equipment, here are arguments for using Alfa-Laval,
the Thermal Specialists.

The Plate Heat
Exchanger

Originally developed by us in
the thirties, the plate heat
exchanger is without doubt one of
the most efficient methods of
transferring thermal energy from
one medium to another.

The Plate Heat Exchanger
achieves heat transfer co-effi-
cients of up to 5000 kcal/m2h °C
at economic pressure drops. The
high thermal efficiency gives a
higher surface-to-volume ratio
than the cumbersome shell and
tube exchanger. The plates can
be arranged in varying ways,
materials and sizes to match your process specifications, the unit
itself remaining compact and cost-saving.

The Spiral Heat ¢
Exchanger / =%

This exchanger is particularly \ \
effective in handling sludges, “ \
liquids with solids in sus- 0l |
pension including slurries, |

and a wide range of viscous /
fluids; it has replaced shell / g -

and tube in overhead conden- / AR

ser installations, saving money

in the amount of corrosion f

resistent materials required.

The principle design feature of this all-welded assembly is a pair
of concentric spiral passages along which the two media flow, giving
the following advantages: higher overall coefficient than conven-
tional heat exchangers; minimal fouling effect; saving in installation,
servicing and capital costs.

==

i .

To obtain further information about our thermal
capabilities, or to discuss your own thermal design
requirements, contact

OC ALFA-LAVAL

INDUSTRIEGESELLSCHAFT AG

SOCIETE INDUSTRIELLE SA

Oberfeldstrasse 20 8302 Kloten
Telefon 01/814 0212 Telex 52339

244

Transmetteurs ef
capteurs de pression

Pression absolue
Pression différentielle
Surpression/dépression
Gammes de pression: de 75 mbar a 700 bar
' Linéarité: jusqu’a 0,06% M.D.
Compensation
de dérive thermique:

comat

INDUSTRIELLE ELEKTRONIK

. Exécutions pour:

de —40°a +150°C

COMAT AG
Bernstr. 4 gaH-3076 Worb
Tel. 031/ 811 TX 33 281

T T o i

of beryllium copper, alloy 165.
For grounding, tuning and shielding applications
and tube cavities in high-frequency equipment.
Large selection - fast delivery.
Special models also available.

SPEZIALIST FUR KONTAKTFEDERN

S. Feuerherdt - Olympische StraBe 12 - 1000 Berlin 19
West Germany %= 030/304 9569

PLEASE ASK FOR BROCHURE
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POWER-GRID I'IIBES FOR ACCEL
AND FIISION RESEARCII PRO | CTS

THE THOMSON-CSF ANSWER

With along background of participation in scientific research the Eieclron
Tube Division of THOMSON-CSF continues to improve and expcmd ”
its line of power-grid tubes for scientific applications.

Numerous THOMSON-CSF tubes are clrendy in use in various
worldwide programs. The reasons

are simple: high power and high

frequency capabilities, with

remarkab!e stability, due to their

Pyrobloc® pyrolytic-graphite

grids and (when necessary) ~

Hypervapotron® anode cooling,

for unmatched reliability and

overload safety and compaciness.

THOMSON-CSF, anametorelyon!

f ltm, THOMSON-CSF
@ COMPONENTS

THOMSON-CSF DIVISION TUBES ELECTRONIQUES | ; -
38 RUE VAUTHIER / BP 305 / 92102 BOULOGNE BILLANCOURT CEDEX / FRANCE ITEL.+(33.1) 6048]

UsA GERMANY A . SWEDEN
THOMSON.-CSF THOMSON.CSF  THOMSON-CSF THOMSON.CSF
COMPONENTS CORPORATION  BAUELEMENTE GmbH ~ COMPONENT] KOMPONENTER
RUTHERFORD NJ (201) 438:2300 MONCHEN (89) 7510.84  ROMA (6] 638.14.58 & ELEKTRONROR AB.

BRAZIL UNITEDKINGDOM ~ SPAIN. STOCKHOLM(8) 2
THOMSON.CSF THOMSON-CSF  THOMSON.CSF -

COMPONENTES DO COMPONENTS AND COMFGNENTES

BRASIL Ltda MATERIALS Lid YTUBOSS.A.

SAC.PAULO (1) 542.47.22 BASINGS?OKE (256} 29.155 MADmaﬂ } 419.88
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The Swiss precision
ball-bearing

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

cc4

SFERAX S.A. & s onanos

Axial bearings Télex 35 306 sfeax ch

Specially built for cooling of racks for telecommunica-
tion and electronic equipment.

For cooling with water, brine or direct expansion.

High cooling performance up to 10 kW, according to
operating conditions.

High efficiency as no losses through condensation.
Simple setting-up with standardized dimensions of
cooler and rack.

High air flow and external static pressure, assuring an
equal distribution over the whole rack.

Safe operation conditions with use of best quality
components and electronic controls.

Swiss made.

A’P‘GA APPLICATIONS ELECTRIQUES S.A.
Rue du Stand 20, 1211 Geneva, @ (022) 29 46 22
]

Telex Nr. 422 472
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Pour vos imprimés
consultez
les

PRESSES CENTRALES
LAUSANNE S A

7, rue de Geneve Téléphone 021 205901

CERN. GENEVE (SUISSE MAGRINI
Installations a haute tension. » GnLILEo
Disjoncteurs MHMe - 4 V, a gas SFe, Tension nominale 420 kV

MAGRINI GALILEO - Via L. Magrini, 7 - 24100 BERGAMO (ITALIA)
Telefono/ Phone: (035) 235.444 - Telegrammi/Cable: MAGRINI GALILEO BERGAMO - Telex: 301535 MAGGAL |



KUNZLI - VOTRE PARTENAIRE
POUR RESOUDRE VOS PROBLEMES

DEAA?Z

Exemple:
Installation de mesure a positions

multiples
Description du travail

Projeter et fabriquer un dispositif de
mesure pour boite d’engrenages —
mesure dans la ligne de production —,
entraxes, diamétre et parallélisme
de forage ou concentricité des
forages

Solution |

Processus de mesure automatique
(a induction) et bilatérale, évaluation
et impression des résultats des
mesures par des dispositifs électro-
niques et par ordinateur avec
programme statistique (durée du
processus: environ 1 min.)

Noldi Vonwiller, Grafiker + Gestalter ASG, St.Gallen
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Domaines de fabrication
Construction d'appareils de tous
types — Installations de montage et
d'automation — Construction de
machines spéciales — Dispositifs a
échange de palettes — Systemes a
changement d’outil — Installations
meétrologiques — Dispositifs de ratio-
nalisation

Otto Kiinzli A.G.
CH - 8570 Weinfelden
Téléphone (072) 22 30 30

82.02.17
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CAMAC

VIDEO DISPLAY DRIVERS

@ ONLY ONE CAMAC UNIT WIDTH

@ BLACK AND WHITE (VDD 2118) or COLOR VERSION (CDD 2119)
@ FAST WRITING SPEEDS UP TO 1°500°000 pixels/sec.

@ HIGH RESOLUTION : 512 x 256 pixel DISPLAY IN 8 COLORS

@ 96 UPPER/ LOWER CASE ASC Il CHARACTER SET

@ LIGHT PEN INTERFACE CONNECTOR

@ 75 Ohm/TTL OUTPUT FOR RASTER SCAN MONITORS

@ 393 k bit DISPLAY MEMORY (COLOR VERSION)

@ FULL VECTOR PLOTTING (AT ANY ANGLE)

COLOR DISPLAY MONITOR

@ HIGH RESOLUTION BLACK MATRIX
COLOR DISPLAY TUBE.
(12" DIAGONAL & 76° DEFLECTION).

@ 8 COLOR DISPLAY.
@ R.G.B. DIRECT DRIVE SYSTEM.

@ SCANNING FREQUENCY :
HOR.:= 15.75 KHZ,

VER. = 50 HZ.
@ RESOLUTION: HOR. = 690 dots,
VER. = 280 lines.

France: ORTEC Sarl; 7, rue des Solets: Tel. (1) 6872571 - Tix 202553F, F-94 RUNGIS - Germany : SEN ELEKTRONIK
GmbH; Brandstiicken 11; Tel. 041 802046 - TIx 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System; Radspielstrasse 8;
Tel. 089 916710 - Tix 529167d - D-8000 MUNCHEN 81 — Switzerland: SEN ELECTRONIQUE SA; CP 39; N
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103;

Tix 58257¢ch - CH-8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

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




Advertisements in GERN GOURIER

Format A4 Monthly publication
All advertisements are published in both English and French

cenn counlen editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)

Space Actual size (mm)
(page) width by height 1 3 5 10
insertion | insertions | insertions | insertions

/4 185 x 265 1550 1500 1450 1350
1, 18 a0 850 820 | 800 | 750
. .. . x 265
A unique advertising medium for Vs 90 x 130 480 | 450 | 430 | 410

scientific and technical equipment
’ Supplement for:
— each additional colour 1450 SwF

— Covers:

Cover 3 (one colour) 1750 SwF

Cover 4 (one colour) 2250 SwF

Publication date 1st of month of cover date:

Clos_i_ng d_ate for . ]
CERN COURIER is the internationally recognized positivefilms and copy -}-ﬁé%fo?togft;gﬁggci:Frgscgr‘]’gro(;ate
news magazine of high energy physics. Distributed translation for advertisements are
to all the major Laboratories of the world active charged in gddition. '
in this dynamic field of fundamental research, it is Screen (offset) g\g\;’;j‘s‘eﬁq"‘éﬁfs(l:?fng('j‘i‘;{er Tt

. . . . . e

oqmpulswe r.eadmg f_or scientists, engineers, ad- of month preceding cover date will
ministrators, information media and buyers. Written be invoiced.
in simple language and published simultaneously Advertising space is limited to 50% of contents and insertions
in English and French it has become the natural are selected on a strict first-come first-served basis.

communication medium for particle physicists in These rates are effective for the year 1982.

Europe, the USA, the Soviet Union, Japan—every- -
- All enquiries to:
where where the fundamental nature of matter is Micheline FALCIOLA / CERN COURIER — CERN

studied. CH-1211 Geneva 23 Switzerland
Tel. (022) 8341 03 Telex2 36 98

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos"

and Stanford in the USA, Darmstadt, DESY and ORGANISATION EUROPEENNE
Karlsruhe in Germany, Orsay and Saclay in France, ‘ POUR LA RECHERCHE NUCLEAIRE
Frascati in Italy, Daresbury and Rutherford in the EUROPEAN ORGANIZATION

U.K., SIN in Switzerland, Dubna and Novosibirsk FOR NUCLEAR RESEARCH

inthe USSR, KEKinJapan, TRIUMF in Canada and
Peking in China.

The annual expenditure on high energy physics MOVI NG ?

in Europe is about 1000 million Swiss francs.
The expenditure in the USA is about $ 400 million.
There is similar expenditure in the Soviet Union.

Please remember to let us know

CERN COURIER is the way into all high energy in good time. All notices of
physics research Laboratories. If you have a change of address must be

market in this field, there is no surer way to make .
your products known than by advertising in CERN accompanied by old and new
COURIER. addresses. (Include label from

magazine wrapper.)

Any enquiries regarding subscriptions

All enquiries to: should be addressed to:

Advertising Manager
Micheline Falciola

CERN COURIER Monika WILSON
CH 1211 GENEVA 23 CERN COURIER/CERN
Tel- (0221834103 1211 Geneva 23 Switzerland
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Interface to a wide variety of host CPUs -

2050 - 2088 Series

w

; o oK W
COMING SOON

Look for FASTBUS interface capa-

~ bility from Kinetic Systems with these
_ new FASTBUS products now under
development: .

e Active Segment Extender

e Segment Display Module

o Register and Scaler Modules

o Test and Data Storage Modules

e Data ‘Fitter and Processing Modules

Watch for more information.

evgﬁemé

sysTER SIS

e, STANS

oo, 2083 WY O

our powerful
CAMAC highway drivers

This series of CAMAC highway drivers provides an efficient interface between a
CAMAC highway and your host computer. Offering you the option of both serial
or parallel highway interfaces, these drivers can be used in a variety of applications
requiring distributed control, high-speed communication, or data acquisition. Com-
patible software includes device drivers and FORTRAN-callable subroutines to
support transparent communication between your computer and the remote crates.

HIGHWAY OPTIONS FEATURES

Serial highway driver
Parallel highway driver

Combined serial/parallel highway
drivers

COMPUTER INTERFACES
Digital PDP-11, LSI-11, and VAX
Systems 32
Modcomp I, I, 1V, and Classic
Hewlett-Packard 1000 and 2100

Offers D-port and U-port options
for serial highway conditioning

Supports single command, Q-Scan,
Q-Stop, Burst, and Execute List
modes with full DMA

Controls up to 7 parallel and/or 62
serial highway crates

Includes automatic error recovery

Provides FIFO storage for up to 64
serial Demand messages

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC72 * 3 ChemindeTavernay * 1218 Geneva, Switzerland = Tel. (022) 984445 + Telex 289622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, lllinois 60441 * Tel. 815838 0005 * TWX 910 638 2831



BOURNS

B=LINIE™

PRECISIONPOTENTIOMETER

SERIES

TAKE ADVANTAGE OF THE WIDE
VARIETY, THE HIGH QUALITY

AND VERSATILITY OF THESE
POTENTIOMETERS TO MEET YOUR
INDIVIDUAL REQUIREMENTS

® /8", 1'/16", 156", 2,0" DIAMETERS
@ BUSHING- OR SERVO MOUNT

@® WIREWOUND-, HYBRITRON- OR
CONDUCTIVE-PLASTIC-ELEMENTS

@ LINEAR- OR NONLINEAR
FUNCTIONS

@ GANGING UP TO 10 CUPS
EACH ADDED CUP INCREASES
THE HOUSING LENGTH BY

0,2" ONLY.
BOURNS
Bourns (Schweiz) AG 6340 Baar
Tel.042 /333333 Telex 868 722

)
O

En impression quadrichromie
nous vous garantissons
un résultat optimal
si vous nous
laissez engager totalement
notre responsabilité
a votre égard

Presses Centrales Lausanne S.A.

7, rue de Geneéve
Tél.(021) 20 59 01
1002 Lausanne

_J

A+D PRODUCTS SA

2502 Bienne r. Albert Anker 23

Tél. 032 236312/235582

Telex. 34834 ADPRO

CIM Modules

A +~ D PRODUCTS manufactures currently CERN
Instruments Modules (CIM) and compatible

POWERSUPPLIES for use with the CERN chassis

system 8905

TABLE of available models

Please contact us for additional information
We also represent for Switzerland:
Delta Elektronika BV (NL)
Wallis Electronics Ltd (UK)
E/M Electronic Measurements Inc. (USA)

252

MODEL VOLTAGE RANGE CURRENT LIMIT SIZE
151/ 5V 2A 48...55Vv 2,1 A 3HXI1L
152/ 5V 5A 48..55V 525A 3Hx2L
153/ 5V S5A 48...55V 525A SHx2L
154/ 5V 10A 48...55V 10,5 A SHx2L
155/ £15V *1 A 12,217V +1,05A 3Hx2L
156/ 15V 1A +12...£17V +1,05A SHx2L
157/ 24V 2A 23,8... 25V 2,1 A 3Hx2L
158/ 24V 2A 23,8... 25V 2,1 A SHx2L
159/ 24V 5A 23,8... 25V 525A SHx2L

Te
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PGOSII...

Multiwire

Proportional GChamher

Modern High Energy

Physics experiments utilizing
MWPC produce exceptionally high
singles rates and high event rates.
- LeCroy’s new PCOS lll uses exciting
advanced technology to produce a
totally integrated system for these ap-
plications.

PCOS Il consists of exceptionally
compact 16-channel chamber cards,
remote 32-channel delay/latch
modules and priority encoders to
scan and encode at high speed.
Readout is performed via LeCroy’s
CAMAC DATABUS system.

Exceptional Compactness

16 channels of amplifier/discrim-
inator on an 8x12 cm. card! Two new
LeCroy monolithics make this
possible.

Programmable Threshold
CAMAC programmable in 0.06 xA
steps. Makes computer-controlled
plateau a reality!

Programmable Pipeline Delay
CAMAC programmable with 1.5 nsec
resolution (300-682.5 nsec) with the

v

New technology through-

out + system engineered.

double pulse resolution of cable but
without the bulk, waste, or cost.

Prompt wire and latched outputs are
supplied. Provision for 2-fold to
16-fold in any combination. Compati-
ble with LeCroy’s ECLine family of
logic modules.

Rapid Encoding

Use of distributed intelligence results
in a total encoding time for typicai
events of 1-2 usec.

Cluster Compacting

Built-in logic allows automatic on-line
calculation of the cluster centroid and
width.

Interface to a Track Finder
Addresses of hit wires are supplied as
they are encoded. Unique ECLport
format optimizes readout rate.

Future FASTBUS Compatibility
Utilization of LeCroy’'s CAMAC
DATABUS standard makes this
system readily upgradable to the
FASTBUS standard with the Model
2799 FASTBUS interface, scheduled
for design soon.

PCOS lll integrates into virtually any
modern experiment. Options include
user-assignable logical wire ad-
dresses, programmable delay and
threshold, user assignable fast out-
puts, cluster-compacting control and
many more. PCOS Il is available
now. Contact LeCroy for details.

LeCroy

700 S.-Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Geneva, Switzerland, (022) 98 97 97; Heidelberg, W. Germany, (06221) 28192;
Les Ulis, France (6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75.

Representatives throughout the world.



Produits pour l'industne

Nous ne faisons pas que I"air, commutateurs pour cou-
vendre, nous vous conseillons rants a haute intensité, cables
également. ’ pour courants <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>