





Atom

Smashers...
Fifty Years

As reported in our December issue, an
exhibition tracing the history and
development of particle accelerators
and particle detectors has opened at
the National Museum of History and
Technology of the Smithsonian Institu-
tion in Washington. It is probably the
most thorough exhibition ever pulled
together in one place of the instrumen-
tation used in the study of the nature of
natter. By now, of course, we have
passed beyond ‘atom smashers’ to
‘nucleus smashers” and ‘particle
smashers’ but the popular name for all
accelerators was chosen for the exhibi-
tion which has the title ‘Atom
Smashers... Fifty Years'.

The exhibits open with documents,
papers, notebooks and photographs
from the vyears of research into
radioactivity and the properties of
nuclei and the first ideas on accelera-
tion techniques. These include, for ex-
ample, the notebooks of Rolf Widerte
from 1923 in which he outlined
betatron acceleration and linear
resonance acceleration and the 1928
sketches of E.T.S. Walton and Leo
Szilard of their linear accelerator ideas.

There is a full size replica of the ac-
celerator tube of the voltage-multiplier
system used in England by Walton
with John Cockeroftin 1932 in the first

One of the opening displays at the exhibition is
a portrait of J.J. Thomson, (the first man to
realize, in 1897, that he was smashing atoms)
which appears behind replicas of his cathode
ray tubes. His explanation of the cathode ray
phenomenon concluded, ‘atoms are not
indivisible for negatively charged particles can
be torn from them by the action of electrical
forces’.

{Photo Fermilab)

Reassembly at the Smithsonian under the
supervision of Louis Brown of the first Van de
Graaff accelerator which was built by Merle
Tuve, Odd Dahl and Lawrence Hafstad at the
Department of Terrestrial Magnetism of the
Carnegie Institution in Washington in 1932.
These machines were amongst the first to
achieve MeV energies sufficient to penetrate
the nucleus.

{Photo Smithsonian)




The generation of cyclotrons, initiated by E.O.
Lawrence at Berkeley in the 1930s, brought in
the crucial idea of using the same accelerating
fields repeatedly by circulating particles
through them many times. An exhibit including
a model of this 27 inch cyclotron with an actual
vacuum chamber was prepared for the
Smithsonian under the direction of Ed Lofgren.
The original magnet now stands outside the
Lawrence Hall of Science at Berkeley. -

{Photo LBL)
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The exhibition has the 1946 control console of
the Berkeley 60 inch cyclotron which was
completed in 1939. Behind it is a 1939
blackboard announcement of the Nobel Prize
award to Lawrence. Photographed at the
console is Ed McMillan, former Director of
Berkeley, himself Nobel Prize winner and
discoverer, with Viadimir Veksler, of the phase
stability principle which led to synchro-
cyclotrons and synchrotrons.

(Photo Fermilab)

successful atom smasher. Others were
hot on their heels — the first Van de
Graaff accelerator which operated at
the Carnegie Institution in 1932 has
been transposed to the Smithsonian.
Both these types of machine are
limited in peak energy by their
operating principle of maintaining a
high voltage gradient through which
the particles pass once.

The route to still higher atom
smasher energy really opened up when
E.O. Lawrence emerged with the idea
of the cyclotron which, by circulating
the particles through the same ac-
celeration system many times, could
increase energies in small doses.
Notebooks of Lawrence and Stan
Livingston cover the time from the first
successful operation of the 4 inch
cyclotron at Berkeley to the construc-
tion of the 27 inch cyclotron in 1936
which achieved proton energies of 6
MeV. A model of the 27 inch machine
is exhibited as well as the second con-
trol console, built in 1945, of the sub-
sequent 60 inch machine completed in
1939. Lawrence went on to build the
184 inch cyclotron at Berkeley and
cyclotrons in modern guise, such as
those at SIN in Switzerland and
TRIUMF in Canada, are still “front-line
machines. Lawrence was also a fer-
vent promoter of the use of atom
smashers in medical applications and
would be happy at the present
widespread use of cyclotrons in
hospitals.

Alongside the cyclotron exhibits is
D.W. Kerst's ‘magnetic induction ac-
celerator’, the first betatron which
operated in 1940. Accompanying it is
the European equivalent — the
betatron built during the War at the
Siemens-Reiniger Werke in Erlangen.
Betatrons have subsequently gone to
the hundreds of MeV region, for exam-
ple, the 340 MeV machine at the
University of Illinois.

Linear accelerators, both for protons
and for electrons, came into fashion
soon after the war mainly as a conse-



quence of the production of powerful
microwave amplifier tubes for radar
applications. The exhibition presents
the development of both types. There
is a section (the first sixth) of the 40
foot proton linac operated at Berkeley
in 1947 by Luis Alvarez. It reached 30
MeV and was seen as a step en route
to 1 GeV but this was put aside. The
present 800 MeV machine at Los
Alamos is not far from that first goal.

Across the San Francisco Bay, the
electron linac was emerging from
developments at Stanford University.
The way had already been paved by
the pre-War work of William Hansen
and Russell Varian. Hansen had ex-
perimented with electron beams pas-
sed through small copper cavities fed
with r.f. power. Such a ‘rhumbatron’
from 1937 is displayed at the exhibi-
tion as are Varian's notebooks with the
original concept of the klystron power
amplifiers.

Sections of the Mark | (1.5 MeV) and
Mark Il {200 MeV) electron linear ac-
celerators, operated at Stanford
University in 1947 and 1952 respec-
tively, are shown. The rebuilt Mark 1|
eventually reached 1.2 GeV in 1964.
lhe crowning glory of electron linacs is
displayed as a 3 metre section of the
SLAC machine which now reaches
energies in excess of 20 GeV. To com-
plete the linac section of the exhibit,
there is a 6 MeV electron linac used in
medical applications in the early
1950s at Stanford — the first of a long
series used in cancer research and
therapy.

The next major advance towards in-
creasing atom smasher energies was
the phase stability principle (advanced
independently by Ed McMillan and
Vladimir Veksler in the mid 1940s)
which keeps the accelerating fields in
step with the increasing particle
momentum. They opened the door to
synchrotrons and McMiilian built a 330
MeV electron synchrotron at Berkeley
in 1949. This machine is the most
elaborately reconstructed of the whole

An exhibit on the historical development of
linear electron accelerators was prepared by
SLAC. It includes a prewar ‘rhumbatron’,
sections of the Mark | (1947) and Mark Il
(1952) linacs, and a 3 metre section of the
SLAC accelerator. On the left stands a SLAC
klystron, cut away to show electron gun and
cavities. Suspended overhead is the first of the
medical linacs completed in 1955 for the
Stanford University Medical Center.

Modern proton synchrotrons are represented
particularly by the Fermilab 500 GeV machine
of which there is this large aerial photograph
and a 30 metre complete section of the main
ring tunnel with back lit transparencies across
the ends giving the impression of its

continuation around the 6 km circumference.

{Photos Fermilab)
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1. At the opening of the exhibition in December,
the exhibits are toured by S. Dillon Ripley
(Secretary of the Smithsonian Institution) and
his wife.

2. Bill Wallenmeyer (left) from DOE conveys his
historical perspective to C.N. Yang during the
opening cocktail. James Kane, Director of the
Division of Physical Research of DOE, is in the
background on the left.

exhibition and was put together under
the direction of Rudin Johnson who
had operated it for many years.
Cyclotrons also benefited from the
new phase stability principle and in
their synchro-cyclotron versions they
have been taken since 1967 as high as
1 GeV peak proton energy at the
Gatchina Laboratory near Leningrad.
Atom smasher energies were taken
into the GeVs in 1952 with the 3 GeV
proton synchrotron, the Cosmotron, at
Brookhaven of which there is a big
C-shaped magnet block on display.
10 GeV was then breached at Dubna in
the Soviet Union while the next great
idea had arrived to climb higher still.
Nicolas Christofilos and, independent-
ly, Ernest Courant, Stan Livingston and
H. Snyder developed the concept of
alternating gradient focusing which
allowed higher energies and higher ac-
celerated beam intensities. Docu-

ments from their work are shown.
Electron synchrotrons were the first

3. Paul Forman (right) organizer of this
exhibition stands with Bruce Strauss (Fermilab)
before a layout drawing of the CERN
Intersecting Storage Rings which are the major
exhibit in the ‘current developments’ section.

{Photos Fermilab)

to fasten onto the alternating gradient
idea and there are stacks of the
specially shaped pole-piece lamina-
tions used in the 1.2 GeV machine built
by Bob Wilson at Cornell in 1952, In
Europe, Bonn University had a 500
MeV machine in operation in 1958.
Cornell has since taken electron syn-
chrotron energies highest with their
12 GeV machine.

Big proton synchrotrons using the

alternating gradient focusing techni-

que were led by the operation of the 28
GeV proton synchrotron built under
John Adams at CERN in 1959 (symbol
of the great European revival in this
field), closely followed by the 33 GeV
AGS built under Ken Green at
Brookhaven. The high energy crown
now belongs to the 500 GeV machine
brought into operation under Bob
Wilson at Fermilab in 1972, A 10
metre section of the Fermilab tunnel is
one of the main attractions at the ex-
hibition.

Dramatic further increases by orders
of magnitude in atom smasher energy
cannot be expected with the present
technology though superconductivity
will have an impact. It is via colliding
beams in storage rings that the study
of higher energy phenomena looks
most promising. Superconductivity
and storage ringg are featuredin a ‘cur-
rent developments’ section at the ex-
hibition which has a strong European
flavour.

There is a presentation of the
vacuum chamber of the first electron
storage ring, AdA, of Frascati and
Orsay accompanied by Bruno Tou-
schek’s notes. This work opened the
route to the PETRA machine at DESY,
the PEP machine at SLAC and the LEP
project in Europe. There is a large dis-
play on the CERN proton ‘Intersecting
Storage Rings’, built under Kijell
Johnsen, up to now a unique machine
which will see a higher energy version,
ISABELLE, at Brookhaven.




The final part of the exhibition is
given to the development of particle
detection techniques with - Geiger-
Muller tubes, R. Hofstadter's first
sodium iodide scintillator, spark
chambers, multiwire proportional
chambers, a replica of Wilson’s first
cloud chamber, nuclear emulsions,
Glaser’s first bubble chambers through
to the 80 inch hydrogen chamber from
Brookhaven, ‘Franckenstein” bubble
chamber film measuring equipment,
etc.

The exhibition was organized by
Paul Forman, curator of Modern
Physics at the Museum of History and
Technology, assisted by Claudine
Klose and Michael Meo. John Schmid
was exhibit designer and Richard Virgo
coordinator. Bill Hermannsfeldt, sup-
ported by Bill Wallenmeyer and Sam
Lindenbaum, initiated the exhibition
while in Washington with ERDA, and
his successor, Dave Sutter, helped
keep it moving. It was prepared in col-
laboration between the Smithsonian
Institute and the US Department of
Energy.

It is an exhibition not to miss, if the
opportunity arises, for anyone involved
'in high energy physics, or indeed
anyone interested in the progress of
science and of the technology that it
requires.

From Franck

and Hertz

to Partons and Quarks

Throughout the history of particle
physics, scattering experiments using
electron beams have helped physicists
to gain new insights into the structure
of matter. The classic experiments of
J. Franck and G. Hertz in 1914 with
electrons and mercury atoms were
some of the first examples of scatter-
ing. Besides providing direct evidence
for the existence of discrete energy
levels in atoms, these experiments
showed ionisation effects in which
constituents were ejected from the
mercury atoms in violent collisions.

Subsequent experiments at the
Cavendish Laboratory, Cambridge, ex-
tended this study of atomic structure
using electron beams. The spectra
which were obtained typically showed
a peak of elastically scattered
electrons which had lost energy only
through giving energy to the recoiling
atom, while secondary peaks were
seen, each corresponding to a par-
ticular energy loss through giving dis-
crete quantities of energy for an atomic
transition. Finally a broad peak was ob-
tained corresponding to ionisation
processes where the incident electrons
knocked bound electrons out of the
atomic system.

The next generation of electron
scattering experiments was carried out
by R. Hofstadter and his collaborators
at Stanford in the 1950s. With
energies millions of times greater than
those of Franck and Hertz, the Stanford
electrons were able to probe inside
atomic nuclei. Here, the energy losses
reflected nuclear transitions and gave
valuable information on nuclear energy
levels. In addition, nuclei like helium
with restricted stable energy levels

showed nuclear ‘ionisation’ effects
where component nucleons were
knocked out by the incoming
electrons.

Most recently, the electron scatter-
ing experiments with GeV energies at
SLAC in the late 1960s have added a
further chapter. These electrons were
able to pierce the nucleons themselves

and showed for the first time that
tiny constituent particles, baptised
‘partons’ by R. Feynman, were lurking
inside the nucleons. Thus in the space
of sixty vyears, electron experiments
have helped peel back three layers of
the structure of matter, showing in
each case, that there is a further level
of corpuscular effects hidden beneath.

However, there are signs that, with
the discovery of partons, the limit of
corpuscularity has been reached, or at
least that the constituents of the
nucleons behave very differently to the
constituents of the atoms and of the
nucleus. While atomic and nuclear ex-
periments show ionisation effects
where constituent particles are set free
by energetic enough collisions, the
nucleon does not ‘ionise” and, up to the
higher energies yet achieved, no con-
vincing sign of free partons has been
seen.

The main features of atomic and
nuclear interactions can be described
without using relativity, but at the
parton level, the energies involved
mean that only a fully relativistic pic-
ture can be used. As well as including
these kinematical effects, the parton
dynamics may also be totally different
to anything else, so that well known ef-
fects like ionisation need not carry over
in an easily recognised way. Even so,
the absence of recognisable nucleon
ionisation in high energy electron scat-
tering has significant implications.

If the constituents always remain
firmly locked inside nucleons, how can
they be recognised and how can their
properties be studied ?

The parton picture

The basic idea of the parton picture is
very simple. At high energy, the inci-
dent electrons (or other point-like pro-
jectiles, such as neutrinos or muons)
scatter from the partons within the
target nucleons. In each scattering
process, one parton interacts with the
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Inelastic electron scattering over the years:

1. Scattering of low energy electrons on
mercury vapour recorded at the Cavendish
Laboratory in the 1930s. The large signal from
elastically scattered electrons is not shown. The
peak at an energy loss of 6.3 electron-volts is
caused by transitions involving an outer
electron energy level in the mercury atoms. The
broad peak at higher energy losses comes from
scatterings on inner electrons.

2. Scattering of 400 MeV electrons on helium
nuclei at Stanford in the 1950s. The sharp peak
due to elastic scattering is followed by a broad
enhancement due to scattering from
component nucleons.

3. Scattering of 4.9 GeV electrons on hydrogen
at SLAC in the 1960s. The elastic peak (much
reduced in scale to fit into the diagram) and
excitation effects are followed by a broad
signal, this time due to scattering from
component partons within the proton.
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incoming particle, while the other
partons behave as ‘spectators’.

During each interaction, the parton
is considered to behave as a free parti-
cle. Since free partons have never been
seen, this assumption seems puzzling.
However, if the interaction times are
short enough, it is possible that in the
collisions, the partons do not get a
chance to ‘feel’ the forces which bind
them together in the nucleons. Under
this assumption, we obtain a descrip-
tion of the overall nucleon behaviour
by adding up the individual interac-
tions of its free component partons.

When a large amount of momentum
is transferred from the incident particle
to the nucleon, this implies that the in-
cident particle probes deep inside the
target and interacts violently. In these
cases, the results given by the parton
model can be simplified to obtain a
description of the scattering which de-
pends only on kinematical variables
and on the parton distributions within
the nucleon. These distributions
describe the relative probability of
finding a parton inside the nucleon and
are therefore dimensionless.

Thus the high energy behaviour for
large momentum transfers reduces to
a form which depends for its
magnitude only on the kinematical
conditions of the experiments (energy,
momentum transfer, and so on) and is
independent of any dimensioned
characteristics like the masses of the
participating particles, an effective

8
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‘size’ of the interaction region, etc. As a
consequence, we can predict particle
behaviour once we have observed
behaviour under one set of kinematical
conditions by simply ‘scaling’ ac-
cording to the new kinematics of the
experiment.

The result, known as ‘Bjorken
scaling” since it originated with J.D.
Bjorken, is not at all obvious, and is cer-
tainly not observed in most scattering
processes, the behaviour of which de-
pends on the nature of the par-
ticipating particles.

The first results of electron-proton
scattering at the 20 GeV electron
linear accelerator at Stanford seemed
to show, that for large momentum
transfers, Bjorken scaling apparently
was exact. Excitement rose that here,
indeed, was proof that the proton itself
had a grainy structure.

Partons and quarks

This was not the first time that the idea
of constituents within the nucleon and
other hadrons had proved successful.
For many years before the verification
of the parton picture, theorists realized
that the observed proliferation of parti-
cles and their classification into
families could be accounted for by the
existence of a small number of building
blocks, termed ‘quarks’, from which all
hadrons were presumed to be com-
posed.

These quark ideas were able to ex-

3.

plain with astonishing success the
static properties of hadrons, such as
electric charge, strangeness and spin
and their grouping together into
families. However free quarks had
never been seen, and despite its
triumphant successes for particle clas-
sification, the quark model had very
little to say about the dynamical
behaviour of hadrons and the spectra
seen in scattering experiments.

The scaling behaviour seen at Stan-
ford was the first dynamical evidence
for the existence of constituents within
hadrons, and it was tempting to iden-
tify partons with quarks and so tie-
together two important developments™
in theory. However more proof was re-
quired before this jump could be made.

Important evidence which helped to
clinch this unification of the quark and
parton ideas came from neutrino ex-

~periments at CERN using the Gar-

gamelie bubble chamber. The results
from these experiments showed that
there were three basic components in-
side the nucleon, each with spin one-
half. The quark and parton became one
and the same thing.

Scale breaking

All good things have to come to an
end. The Bjorken scaling ‘law’ in
electron-nucleon scattering is only an
approximation valid at very large
momentum transfers. While the
momentum transfers in the SLAC ex-



periments were large, they were not
large enough to justify the approxima-
tions used in the analysis, and the scal-
ing should at best be only roughly cor-
rect. Subsequent experiments at Stan-
ford and Fermilab showed that this in-
deed was the case.

However the observed scaling ef-
fects, even though only approximate,
are still relevant and provide an impor-
tant window on the underlying quark/
parton structure of the hadrons. At the
same time, the deviations from scaling
(scale breaking) can provide clues to
the lepton-parton interaction which
contributes toward the observed
behaviour.

In the simplest treatment of the
quark/parton model, the individual
lepton-parton interactions are de-
scribed by the easiest mechanisms to
write down — single photon exchange
for electromagnetic scattering and
heavy boson exchange for weak in-
teractions. Although these mecha-
nisms do contribute significantly to the
observed behaviour, and give scaling,
there is a dressing of additional effects
which can still be important, even at
very large momentum transfers.

In a relativistic field theory, such as
that required to describe the behaviour
of ‘the quark/partons, interactions be-
tween the particles and the field itself
have to be included. Also, the continual
production and annihilation of particle-
antiparticle pairs has to be taken into
account, so that even a ‘'vacuum’ has
residual particle properties.

In the mainly non-relativistic world
of atomic and nuclear structure, such
correction terms, due to the interaction
of a charged particle with field photons
and the spontaneous creation of
electron-positron pairs are almost un-
heard of. However, in the world of
relativistic electrodynamics these ef-
fects become important and produce
measurable effects like the Lamb shift
between adjacent atomic spectral
lines.

For the quark/parton too, the in-

teraction with the field has to be taken
into account. Likewise, the continual
formation of quark-antiquark pairs
means that, for example, nucleons
behave as though they contained a
smali proportion of antiquarks in addi-
tion to their main quark constituents.
Quark field theory, also known as
quantum chromodynamics, attempts
to describe the interactions between
quark/partons as the result of the ex-
change of massless ‘gluons’ in the
same way that quantum electro-
dynamics uses massless photons to
describe successfully electromagnetic
phenomena. (Some of the ideas
behind quantum chromodynamics
were described in the November issue,
1977, page 380).

Using these ideas, relativistic effects
involving virtual quark-antiquark pairs
and interactions with the gluon field
can be calculated. They imply
systematic deviations from the scaling
predicted by the simple quark/parton

The Split Field Magnet at the CERN Intersecting
Storage Rings, scene of the investigation of the
production of jets’ in violent proton-proton
collisions. These jets could be the hadronic
equivalent of ionisation processes in atomic
and nuclear physics.

(Photo CERN 12.9.75)

picture and seem to be in agreement
with the latest data from electron,
muon and neutrino scattering experi-
ments over a wide range of scaling
variables.

Hadron — hadron interactions

While lepton-nucleon scattering ex-
periments provide a good testing
ground for quark/parton ideas, they
cannot be used to investigate the high
energy interactions of the quark/
partons with each other. For this, the
physicists have to turn to purely
hadronic experiments.

It was in 1972 that experiments at
‘the CERN Intersecting Storage Rings
first showed that the production of
hadrons at wide angles to the incom-
ing beams (i.e. large momentum
transfers) was much greater than
would be expected by extrapolating
the behaviour seen closer to the beam
direction. This indicated that some



new mechanism must be at work in the
proton-proton scattering which could
perhaps be related to the parton
phenomena seen in lepton-nucleon
scattering.

These experiments were analogous
to the classic investigations of Ruther-
ford which demonstrated that there
was a tiny hard nucleus hidden deep
inside the atom which, when struck,
caused particles to be scattered at
wide angles.

Whether the hard scattering centres
encountered in proton-proton colli-
sions are in fact quark/partons is not
yet clear. The results obtained so far
certainly do not rule out this logical
conclusion. In these hadronic experi-
ments, scaling effects are seen and
provide an important means of

monitoring the behaviour of the
hadron constituents.

Free quarks are still not seen but the
high energy proton-proton coilisions
do produce ‘jets’ of secondary particles
which emerge with rather well-defined
directions. These jets have now been
extensively studied (see June issue
1977, page 196) and could perhaps be
the hadronic equivalent of ionisation
as experienced earlier for atoms and
nuclei.

The corpuscular structure of the
nucleon has now been demonstrated
in a wide variety of experiments.
However, unlike the other corpuscular
systems known in Nature, the nucleon
does not break up into its constituents,
preferring instead to lose excess
energy by creating more particles.

This is more remarkable when
models, which assume the proton con-
stituents to behave largely as free par-
ticles, come out with results which
agree, within broad limits, with the
observed behaviour.

It is almost as though the quark/
partons are ‘tied’ inside the nucleon by
a thick string which is normally slack.
Only in very violent collisions does this
thick string tighten up — the tighten
the string, the stronger the constrain-
ing force between the quark/partons.
Moreover, as this string tightens, it
‘vibrates’ and radiates mesons.

Whether the string is strong enough
to withstand even higher tensions and
stop free quark/partons from ever ap-
pearing, only time and higher energy
experiments will tell.

Around the Laboratories

BROOKHAVEN
ISABELLE
gets ‘go ahead’

In his budget message on 23 January
President Carter announced that a sum
of $ 275 million will be assigned to the
construction of 400 GeV proton-
proton storage rings at the Brookhaven
National Laboratory. This project,
known as ISABELLE, has been under
discussion for many years and will add
significantly to the armoury of high
energy physics research facilities in the
USA.

The scheduled construction time
has been extended from five to seven
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years by the Department of Energy in-
volving a cost increase from the $ 238
million requested by Brookhaven. The
first instalment of $ 23 million is ex-
pected for Fiscal Year 1979 which
begins on 1 October 1978. All these
monies have, of course, still to pass
through Congress but no problems are
anticipated.

There has been some internal
reorganisation within the Laboratory
to confront the construction of
ISABELLE. Jim Sanford will be
Chairman of the Accelerator Depart-
ment, with Lyle Smith as Deputy, and
will also head the ISABELLE project as-
sisted by Harald Hahn and Julie Spiro.

Mark Barton, former Chairman of
the Department, had asked to be

relieved of some of his administrative
duties and will lead one of five Divi-
sions set up for the ISABELLE project
-— the Accelerator Division which will
be responsible for the design and con-
struction of the storage ring compo-
hents. An Experimental Areas Division
will be headed by Hywel White (on
leave of absence from Cornell), a
Detectors Division will be headed by
Bill Willis, an Administration Division
will be headed by Harvey McChesney
and the head of a Construction Division
remains to be appointed.

The ‘go ahead’ for ISABELLE is good
news for the high energy physics
world. We wish Jim Sanford and his
colleagues every success in their chal-
lenging project.



AGS experimental
programme

The New Year seems a good time for a
brief summary of the research
programme at the Brookhaven 33 GeV
Alternating Gradient Synchrotron. The
current experiments are directed
toward subjects which range from the
most current topics in particle physics
(charm, neutrino oscillations, axions,
baryonium...) to precision measure-
ments of parameters important for un-
derstanding pre-charm physics.

In the year which began October
1977, the AGS is to run ten weeks for
the neutrino experiments, which use
the fast extracted beam, and twenty
weeks for experiments which use the
slow extracted beam (SEB). These
programmes are run separately
because each needs the 10'® protons
accelerated by the AGS. This arrange-
ment also lowers power consumption
and allows the neutrino area to run
with a 1.5 s pulse rate.

The neutrino area has started its ten
week run with the 7 foot bubble
chamber filied with a 70 % neon, 30%
hydrogen mixture for a Columbia /
Rutgers/Stevens collaboration which
hopes to obtain 700 thousand pictures
with  neutrino narrow-band and
neutrino and antineutrino wide-band
beams. So far 157 thousand pictures

have been taken. In 1977, the
chamber took a total of 910 thousand
pictures.

Two counter spark chamber experi-
ments are set up behind the bubble
chamber. A Columbia / lllinois / Brook-
haven collaboration is studying neutral
current neutrino-proton elastic scat-
tering and single pion production. The
apparatus uses aluminium plate op-
tical spark chambers, scintillators and
both air gap and iron toroid analyzing
magnets. The first data were taken last
April. The second experiment has li-
quid scintillator-drift chamber ap-
paratus for a Harvard / Pennsylvania /

Wisconsin / Brookhaven collaboration
taking data on neutrino-proton and
antineutrino-proton elastic scattering.
Last fall, the same group completed a
ten day search for neutrino oscilla-

tions, with the AGS accelerating
protons to 1.5 GeV/c {see December
issue, page 417). All three experiments
are now checking the feasibility of run-
ning a beam dump experiment to
search for axions and other new parti-
cles.

The hypernuclear spectrometer in a low energy
separated beam at the Brookhaven AGS. The
spectrometer uses the missing mass technique
to detect hypernuclei when a negative kaon
interacts to give a nucleus containing a lambda
and emits a negative pion. The resolution is
about 200 keV.

{Photo BNL)

Eleven experiments are likely to be
in action during the SEB which is
scheduled for March through June.
The Multiparticle Spectrometer Facil-
ity (MPS) will use the High Energy Un-
separated Beam (HEUB). Presently, the
MPS is set up with an electron trigger

which uses lithium-foil transition
radiation detectors and a lead-
scintillator shower hodoscope. A

Brookhaven / Stony Brook / Brandeis /
Syracuse / Penn collaboration is
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searching for charm production and
plans to measure the spectrum of
electron-positron pairs at low invariant
mass. This experiment took test data
last fall.

A Brookhaven /Brandeis / CCNY / U.
Mass. group will perform the next ex-
periment in the MPS. Arandom access
memory {(RAM) with about 6 x 10°bits
will be used to trigger on one or two
fast forward protons or a positive kaon
and a slow recoil proton to search for
charmed particles and baryonium. A
third experiment will be set up in the
MPS at the end of the SEB period. The
MPS change-over for these experi-
ments takes one to two weeks and
during the two change-over periods a
Yale / Brookhaven group will take
preliminary data in the other branch of
the HEUB searching for CP violation by
measuring transverse muon polariza-
tion in the decay of the long-lived kaon
into a muon, pion and neutrino.

At the B target station, a Princeton /
Brookhaven group, which is searching
for D meson production in negative
pion-nucleon interactions, will resume
data taking with their two arm
spectrometer. Most recently this ex-
tremely versatile spectrometer has
been used to search for H production
and in a feasibility test for a baryonium
search. The spectrometer used by a
University of Massachusetts group to
study the beta decay of the lambda in
the neutral beam derived from the B
target station is still set up and a U.
Mass. / Brookhaven collaboration has
proposed to use it to measure the
polarization of lambdas produced in
hydrogen and deuterium targets. Also,
the Rutgers/Brookhaven cylindrical
spark chamber spectrometer, which is
set up in the medium energy separated
beam may take additional pp —-V°V°
data.

The C target station will produce
two low energy separated beams. Two
experiments will be set up in the exist-
ing beam, LESB I A hypernuclear
spectrometer of a Brookhaven /
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Princeton / MIT / Houston / Vassar col-
laboration, took test data last fall and
plans a substantial run in spring. A
Berkeley / Mt. Holylake / Brookhaven
group is setting up a high statistics
measurement of backward kaon-
proton elastic scattering and negative
kaon-proton producing a sigma and a
pion at zero degrees, with incident
momenta 500 to 1070 MeV/c.

A new, more intense beam, LESB Il,
will be commissioned in spring. One
branch will be used by a University of
California, Irvine/New Mexico/los Ala-
mos/Temple collaboration to search
for baryonium states. The apparatus
will be equipped to identify nucleons,
pions and photons. The other branch
will be used for another baryonium
search by a Syracuse / Michigan State
/ Brookhaven / Brown collaboration
and will have a pair spectrometer to
measure the photon spectrum.

CERN
Entering the ICE age

One of the most exciting advances in
the experimental facilities envisaged
on the existing CERN accelerators for
the coming years is the possibility of
colliding protons and antiprotons in
the 400 GeV synchrotron, the SPS. To
achieve such collisions at a rate which
will make experiments feasible re-
quires much higher intensity an-
tiproton beams than have been
available up to now. It is the technique
of ‘beam cooling’ which has opened
the way to such higher intensities.
The essential feature is that, if it is
possible to accept antiprotons of a
wide momentum and angular spread
{(increasing the number drawn from a
target) and to ‘cool’ them quickly to
reduce this spread, intense antiproton
beams can be built up in an acceptable
time. Two techniques have emerged in
recent years — electron cooling (fol-

lowing work at Novosibirsk) and
stochastic cooling (following work on
the Intersecting Storage Rings at
CERN). As a preliminary to the proton-
antiproton project at CERN these
technigues are to be tested in an Initial
Cooling Experiment, ICE.

ICE has a magnet ring (rebuilt from
the muon storage ring of the famous
g-2 experiment) with magnet arcs 7 m
radius and four long straight sections.
Fields of up to 1 T in the magnets hold
protons of momentum up to 2.1
GeV/c. The ring is located in the hall
which housed Gargamelle shielding
and beams prior to its move to the
SPS. Itis fed with protons from the PS.
There are stochastic cooling systems
and a panoply of beam control and
beam monitoring devices. One of the
straight sections will be fitted with an
electron cooling system (providing 60
keV electrons to cool 110 MeV
protons).

During the week before the shut-
down of the CERN accelerators before
Christmas, injection and cooling tests
were carried out. The protons were fed
in at 1.73 GeV/c and it was quickl
shown that the beam control systems
using pole-face windings and back-leg
windings, are adequate to store the
beam in stable conditions (half life up
to 300 s). Amomentum spread of over
0.2 % could be accepted.

Stochastic cooling was then tried.
The system was far from optimized but
cooling was achieved — both momen-
tum and vertical betatron cooling
{reducing the dimensions of a proton
bunch both in the longitudinal and ver-
tica! directions). This was a very good
start.

When the PS comes back into ac-
tion in February stochastic cooling will
be pursued again with the aim of
demonstrating cooling times of a few
seconds. A few months later electron
cooling will also be tried but with less
urgency since it is probable that only
stochastic cooling will be used in the
antiproton system for the SPS.






since r.f. superconductivity is a surface
phenomenon (the fields penetrate only
about 50 nm into the niobium). The
performance of the cavities is limited
by the magnetic field levels which can
be supported at the surfaces without
causing the superconductor to go ‘nor-
mal’. The mechanisms behind this are
not fully understood but it has become
obvious that extremely clean, smooth
and homogeneous surfaces are essen-
tial for good performance.

The deflectors have many square
metres of superconductor surface of
complicated geometry. Surface treat-
ment techniques were developed at
Karlsruhe including a large ultra high
vacuum furnace operating at 1850°C.
All these treatments are done under
dust free conditions such as those
used in microelectronics or phar-
macological production lines.

Superconducting deflectors have Q
values of 10° or above, which corre-
sponds to a bandwidth of a few Hz at
3 GHz. This required special measure-
ment methods. Each connection to the
cavity from the outside world (r.f.
coupling, probes, frequency tuners)
needed new technical solutions so as
not to limit fields or Q values.

To have sufficiently low r.f. losses,
the niobium deflectors are operated at
1.8 K well below their 9.2 K transition
temperature. The resistance of the
walls decreases with temperature for
r.f. fields (unlike for d.c. fields where
the resistance drops virtually to zero
below the transition temperature). To
achieve 1.8 Kimplies the use of helium
in its superfluid state which needs
more stringent precautions against
leaks. The deflectors sit in a bath of
helium within their cryostat and there
are over 50 connections to vacuum
which have to be helium-tight.

The refrigerators used at Karlsruhe
and CERN to supply the helium are the
first large-scale installations of their
type. They include a large pumping
system to keep the helium bath at a
pressure of 16 mbar corresponding to
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1.8 K. Under c.w. operation each
deflector absorbs about 7 W of r.f.
power, at maximum field levels, which
has to be cooled by the 1.8 K system.
This can only be achieved with about
0.05 % efficiency — for every watt ab-
sorbed at 1.8 K, 2 kW are produced at
room temperature. Nevertheless thisis
much smaller than the 10-20 MW of
r.f. power which would be needed for
an equivalent room temperature
separator.

One of the superconducting deflectors built at
Karlsruhe during assembly in its cryostat in the
beam-line to the Omega spectrometer at CERN.
The r.f. superconducting separator operated
successfully in December.

{Photo CERN 94.11.77)

The design values for each deflector
of 104 cells were — Q value of 0.5 x
10° and deflecting field of 2 MW/m. A
test section of four cells gave aQof 2.5
x 10°% and field of 5.5 MV/m. The ten
sections tested individually gave Qs
from 1.2 to 3.6 x 10% and fields of 1.6
to 2.6 MV/m. The two assembled
deflectors gave Qs of 1.8 and 2.2 X
10° and fields of 1.2 and 1.4 MV/m. As
the surface treatment techniques
improved, the Q-values were progres-



At the top is a drawing of the geometry of the
field lines in an r.f. cavity fon the left) with
the cavity structure (on the right) showing how
the superconducting niobium cells are joined.
Below is the layout of a full deflector assembled
from five sections, two of 19 cells and three
of 22 cells. The positions marked A are r.f.
joints, Bis ther.f. input, C the r.f. probes, D and E
the frequency tuners and F the beam tube.
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sively raised well above design values.
However, the fields in the completed
deflectors were below design values
for reasons that are not completely
clear.

“In August 1977 the completed
separator operated for 300 hours at
Karlsruhe and was parcelled up for
transport to CERN. The beam-line to
Omega was modified under the super-
vision of D. Plane to its separated ver-
sion at 16 GeV/c and the refrigerator
was brought into action by G. Winkler.
On 13 December, the separator was
cooled to 1.8 K and reached its Karls-
ruhe operating figures. During the tests
of the next two days, performance was
remarkably successful.

Three hours after the beam was
switched on, deflection of particles by
the separators was detected showing
that, happily, Maxwell’s equations re-
main valid at 1.8 K. A few hours later
the r.f. control systems were properly
synchronized and separated particles

reached expt. WA33. Optimization at
16 GeV/c gave enriched beams of anti-
protons or negative kaons by a factor
of 25, well above the anticipated value
of 10.

Things went so well that the
physicists decided to try separator per-
formance also at 26 GeV/c and then
37 GeV/c using the excellent computer
control and beam diagnostics of the
beam-line. All this was accomplished
in a few hours with good results and
the start of physics with the separated
beams could begin at the end of the
present SPS shutdown.

Bringing the separator to this stage
has not been easy and the technology
of superconducting r.f. still has some
troublesome problems. Nevertheless,
it is a great advance to have mastered
the production of adequate surface
guality in complex structures and to
have mastered the r.f. and cryogenic
systems. This bodes well for the further
stages which could contribute so much

to the r.f. accelerating systems of the
next generation of electron-positron
storage rings.

Upsilons at CERN

Just in time to catch the December
issue of the COURIER as it went to
press, came news of the sighting of
Upsilon particles at the CERN
Intersecting Storage Rings by an
Athens / Brookhaven / CERN /
Syracuse / Yale collaboration. First
reported from Fermilab earlier last year
(see July/August issue, page 223),
Upsilons seem to be similar to J/psi
particles but about three times heavier.
Just as the J/psi heralded the dis-
covery of charm, so the Upsilon could
mean that there are more quark
flavours waiting to be discovered and
explained.

The CERN group sees a relatively
strong signal in the spectrum of
electron-positron pairs produced in
high energy proton-proton collisions at
the Intersecting Storage Rings with
centre of mass energies ranging up to
62 GeV. At these high energies, the
production of electron-positron pairs
falls off sharply above the J/psi mass,
so that very little is seen in the
electron-positron  spectrum  above
about 7.5 GeV/c?. However in the
mass range 8.7 - 10.3 GeV/c?, the
CERN experiment sees a handful of
events which seem to stand on zero
background and these are attributed to
the production of Upsilon-type
enhancements.

Less than a dozen such heavy
electron-positron pairs have been seen
but the very low pair production level
from other sources makes the effect
stand out vividly. In the Fermilab
experiment looking at muon pairs
which first reported Upsilons, the pair
production attributable to other
sources is subtracted to reveal the true
nature of the Upsilon spectrum. The
thousands of Upsilon events collected
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The heavy Upsilon enhancements have been
seen in electron pairs by a Brookhaven /[ CERN /
Syracuse | Yale collaboration at the ISR using
some new detection techniques. Radiating
outwards from the cylindrical wire chambers
surrounding the vacuum chamber can be seen
successive layers of lithium foil transition
radiation detectors and scintillation counters.
Top and bottom are liquid argon-lead plate total
absorption calorimeters.

{Photo CERN 172.3.76)

at Fermilab represent almost all the
world statistics on these new particles.

The ISR collaboration had seen a
few heavy electron-positron pairs
sticking out from zero background in a
preliminary run using a temporary ex-
perimental configuration in 1976. But
given the preliminary nature of the
system and the tentative confidence at
that time in novel detectors, the events
were never announced.

The ISR experiment uses two novel
types of detector — liquid argon
calorimeters and lithium foil transition
radiation detectors to measure and
identify the produced electrons. The
collaboration was the first to build a li-
quid argon calorimeter and use it in an
experiment and provided a valuable
demonstration of the abilities of transi-
tion radiation detectors. So novel are
these detection techniques that the
chances of them both performing well
was not, initially, rated high. For a long
time the system carried the title Test’
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rather than the fully authorized ‘Experi-
ment’.

Liquid argon calorimeters are now
lined up for several PETRA experi-
ments and for the Mark |l detector to
be used at PEP after preliminary work
at SPEAR, while transition radiation
detectors are coming into use at CERN
and Brookhaven after many years of
limited success.

Having blazed a trail for the use of li-
quid argon calorimeters and transition
radiation techniques and providing a
useful independent confirmation of the
Upsilon, the Athens / Brookhaven /
CERN / Syracuse / Yale collaboration
will have its run extended with an alter-
ed configuration of the experimental
equipment. It will then give way to in-
vestigation of high transverse momen-
tum phenomena.

Meanwhile, first indications of
enhancements in the Upsilon region
have been heard from two other ex-
periments at the ISR — one a CERN /
Columbia/Oxford/Rockefeller collabo-
ration looking at the production of
electron pairs, and the other a Frascati/
Genoa / Harvard / MIT / Naples / Pisa
collaboration studying muon pairs.

Crash programme

The last SPS run in 1977 saw intense
activity in neutrino ‘beam dump’ exper-
iments, with some hadronic work
being put aside while the BEBC and
Gargamelle bubble chambers and the
CERN/ Dortmund/ Heidelberg / Saclay
counter set-up all searched for unusual
neutrino happenings.

Neutrino experiments at Fermilab
and CERN have amassed relatively
large numbers of events with two,
three and even more muons emerging.
(The Harvard / Wisconsin / Penn-
sylvania / Fermilab / Rutgers experi-
ment at Fermilab also has evidence for
a four muon event; we reported a four
muon event from CERN in December.)
The origin of all these events is not
clear and the major aim of the crash

programme of beam dump experi-
ments at CERN was to see if multi-
muon events could be attributed to
some previously unknown component
in conventional neutrino beams.

The usual primary target was taken
away and the SPS beam was deposit-
ed into a 2 m long copper block —
hence the ‘beam dump’ title. In such a
mass of metal, secondary pions and
kaons are quickly absorbed close to
their formation vertices and have little
chance of decaying weakly to produce
neutrinos. In this way, the flux of con-
ventional neutrinos was reduced by a
factor of about a thousand. How-
ever, the vyield of some directly
produced new type of penetrating par-
ticle or of neutrinos from the decay of
very short-lived hadron parents would
not be affected.

To maximise its chances of spotting
neutrinos, BEBC was filled with a
heavy neon-hydrogen mixture. Some
70000 photographs were taken and
an event due to a high energy neutral
incoming particle was seen roughly
once in every thousand exposures.
During the same run, the Gargamelle
heavy liquid chamber took about
80000 photographs resulting in some
fifty events of interest. The counter
experiment recorded details of about
a thousand muon events.

Preliminary results can be under-
stood without the need for a new kind
of neutrino. The evidence so far seems
to point to multimuon events being
due to the production of muon pairs in
the hadron showers emerging from
charged current neutrino interactions.

However, the bubble chambers see
a relatively large number of events
with electrons or positrons emerging.
The electron neutrinos responsible for
these interactions could come from
very short-lived parent particles which
manage to decay in the beam dump.

Recently there has been speculation
that new types of particles, such as
‘axions’, could reveal themselves in
beam dump experiments.



Intersecting

Some figures from the CERN Experimental
Programme at the end of 1977
Super P Svnch
Proton Storage S rﬁton ynlc ro-
Synchrotron Rings ynchrotron cyclotron
Number of active 15
experiments 38 9 5 (+ ISOLDE)
Number of
physicists 1064 196 66 (AN
(+ 102 at
Averagfe pumber ISOLDE)
of physicists
per experiment 28.0 21.8 13.2 7.4
Average number
of CERN physicists
per experiment 3.1 4.6 2.6 1.1
Average number
of Institutes
per experiment 5.0 4.1 3.0 *2.4

Total number of physicists: 15639

New trends in CERN
research

Addressing the CERN Council Meeting
in December, Research Director
General Leon Van Hove described the
significant achievements of CERN
research in 1977, using a selection of
results from some thirty experiments
to illustrate the major areas of progress
made during the year. Many of these
results have been described in CERN
COURIER.

At the end of the first year of opera-
tion of the 400 GeV proton syn-
chrotron (SPS) for physics, Professor
Van Hove drew attention to the
changed profile of research at CERN
now that this big machine is in use.
Already there are about the same
number of active experiments at the
SPS as there are at the ISR, PS and SC
combined, while about twice as many
physicists work on the SPS as on the

other machines (even taking into ac-
count the large ISOLDE contingent).
More physicists tend to be involved in
an SPS experiment than is the case
with the other machines but relatively
less of these SPS physicists are from
CERN, the increased numbers being
made up by the scientists from outside
research centres.

Because of this high level of par-
ticipation by visiting scientists in the
research at CERN, an Advisory Com-
mittee of CERN Users is being set up.
Its job will be to look after the interests
of visiting scientists using the research
facilities, particularly concerning work-
ing conditions and technical support.
The Committee will not concern itself
with the scientific programme as such.

CERN users come in all shapes and
sizes, and the Committee membership
will reflect this, including scientists
working at their home institutes and
travelling only occasionally to CERN
and physicists based at CERN.

SERPUKHOV/CERN
Charmonium news

New analysis of data from an
experiment carried out at the 76 GeV
proton synchroton at Serpukhov, un-
der the auspices of the CERN-
Serpukhov agreement, has come up
with further evidence for the hidden
charm X(2.8) meson which was first
seen by the DASP collaboration at
DESY.

The Karlsruhe / Pisa / Serpukhov /
Vienna collaboration made an exten-
sive study of pion-proton charge ex-
change reactions using a 40 GeV/c
negative pion beam. Results from this
experiment have already been
published but, using improved pattern
recognition software, the data has
been further analysed to uncover
hitherto unseen effects due to
energetic photon pairs produced by
the decay of heavy neutral mesons.
The new photon pair spectrum shows
an enhancement at 2.85 GeV, in-
terpreted as the hidden charm X(2.8)
meson seen at DESY among the
decays of the J/psi.

The production levels of this meson
measured in the Serpukhov experi-
ment are in broad agreement with the
prediction of quark-gluon models
which describe the production of hid-
den charm states from conventional
guark matter.

Hidden charm mesons (sometimes
called charmonium} consist of a
charmed quark and a .charmed anti-
guark in a bound state. These quarks
can bind together in different spin
states but selection rules dictate that
only the spin one states, like the J/psi,
can come directly from a single
photon. As a result, these states are
seen more often in electron-positron
colliding beam experiments such as
those on DORIS at DESY and SPEAR at
Stanford.

The spin zero charmonium states
cannot come from a single photon and
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The detection system of the Karlsruhe / Pisa /
Serpukhov/ Vienna collaboration at the 76 GeV
Serpukhov accelerator, In the foreground,
surrounded by counters and cables, is the
hydrogen target which is bombarded by a
negative pion beam. At the rear is the on-line
photon detector. Further analysis of data from
this experiment has produced important new
evidence for the X (2.8), the lightest
charmonium state.

are more reluctant to show them-

selves. They show up only in the
decays of spin one charmonium {main-
ly the J/psi). The X{2.8) is the lightest
charmonium state yet seen and has
previously only been sighted at DORIS
in the decay of the J/psi into three
photons. An additional sighting of this
state is therefore particularly welcome.

It is tempting to identify the X(2.8)
with the n_ particle, predicted by the
quark model as the ground state of
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charmonium with spin zero and
negative parity, but this can only be
confirmed by fixing the spin and parity
of the X(2.8). Just as the J/psi and psi
prime states are only the bottom two
rungs of a whole ladder of spin one
charmonium states, so the n_is the
lightest member of another series of
states.

Heavier charmonium states show
up in other experiments. The Brook-
haven / CERN / Syracuse / Yale col-

laboration at the CERN ISR which sees
signs of the Upsilon has also looked at
the correlation between J/psis and
photons. An enhancement in the
electron pair-photon spectrum near
3.5 GeV is attributed to the decay of a
heavier charmonium state into a J/psi
and a photon and is large enough to in-
dicate that a significant proportion of
J/psis come from the decay of heavier
charmonium states rather than being
formed directly. This could help ac-
count for the wide difference between
the observed production rates of the
J/psi and psi prime.

DESY
Heavy leptons below
charm threshold

Since the discovery of electron/
muon events at SPEAR in 1975, there
has been increasing evidence for the
production of a heavy lepton in
electron-positron interactions. This
new particle, named tau by the SLAC /
LBL group, is expected to be produced
in pairs like electrons or muons. Ac-
cording to theoretical models, about
80 % of the tau decays lead to a single
charged particle (lepton or hadron) and
additional neutrinos or other neutrals.
A good way to study tau pair
production is therefore to look for
events with a lepton (electron or
muon} plus a single charged particle.
The only competing process, charmed
particle production followed by
semileptonic decay, contributes only a
small background. In fact, significantly
more ‘lepton plus one prong’ events
have been observed than expected
from charm production. Moreover, the
lepton momentum spectrum in these
events agrees well with the expected
tau decay spectrum. In the multiprong
events, the leptons have lower
momenta and the spectrum fits
semileptonic charmed meson decay.



Welcoming the Chinese physicists from the
High Energy Physics Institute in Peking, who
will collaborate at the PETRA experiment,
MarkJ,; — Drs Tang (seen from back/, Deutsch,
Schopper, Ma, Tung and Ting.

{Photo DESY)

The spectrum at the foot of the page shows
effects due to the heavy tau lepton as measured
by the DASP group on the DORIS electron-
positron storage rings at DESY. "Lepton plus
one-prong’ events are seen below the threshold
for charm production (3.73 GeV), and are
attributed to the tau. This experiment gives a
better value for the tau mass.
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New and very conclusive evidence
that the events with a lepton plus a
single charged particle cannot be ex-
plained in terms of charm production
comes from a recent measurement
with the DASP detector on the DORIS -
electron-positron storage rings. Events
of this type have been observed at the
psi prime (3.68) resonance, well below
the charm threshold at 3.73 GeV.
Since no events were found at 3.6
GeV, the tau mass must lie between
1.80 and 1.84 GeV. The data are well
fitted by the cross section for pair
production of point-like fermions.
From the fit, the tau is determined to
be 1.807 + 0.02 GeV. This is more
precise than earlier values because of
the data point close to threshold.

In the DASP experiment, the tau
was detected through its decay into an
electron and neutrinos. Nearly the
whole momentum range of the
electrons was covered. A very clean
particle identification was achieved us-
ing Cherenkov, time of flight and
shower counters. In the muonic decay
mode most of the events would have
been lost due to the high cut-off
momentum required for muon iden-
tification.

Earlier DASP measurements have
shown other interesting properties of
the tau. Kaons are very rare among the
decay products, indicating that the
weak current responsible for tau decay
has a small coupling to strange quarks
like the normal Cabibbo current. Quite
different, but also well understood, is
the observation that the multiprong
events contain (almost) one charged
kaon per event, that is (almost) one
charged or neutral kaon per charmed
meson decay.

The decay into a rho has been
observed, giving information on the
vector part of the tau weak current.
There is still a puzzle in that too few
decays into a pion have been found, so
there is a problem about the axial vec-
tor part of the weak current.

At the end of 1977 electrons and
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Bob Wilson, Director of Fermilab, examines a
gift to the Laboratory from the Lederman group
— the chrome-plated remains of a high current
copper magnet shunt. The shunt caused a fire
which delayed the Upsilon discovery last year.
Leon Lederman pointed out that successes in
experiments are duly recorded but failures,
which can be even more spectacular, are not
properly honoured.

positrons in DORIS reached an energy

of 4.2 GeV in each beam — the
highest ever achieved in an electron-
positron storage ring. During routine
experimental shifts the DASP and
PLUTO detection system are now tak-
ing data at 3.9 GeV with luminosities
greater than 10% per cm?2 per s.

FERMILAB
Eight magnet test

A string of eight superconducting
magnets for the Fermilab Energy
Doubler / Saver has passed a week-
long test and provided useful informa-
tion on monitoring and control ques-
tions relating to the Doubler. The testis
in the sequence of one, two, and four
magnet tests heading toward a full
sector test of one-sixth of the ring. Rich
Orr, former Laboratory Business
Manager, is now in charge of the sec-
tor installation.
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The same group had previously (in 1975)
presented Fermilab with a block of leadglass
intended for high energy electron detection. An
error during heat treatment produced a
beautiful pattern of internal fractures. Science’s
loss was Art’s gain.

{Photos Fermilab)

Preparations for the eight magnet
test began in August. Eight supercon-
ducting bending magnets were set up
in series at the ‘awning’, a test shed
located one sixth of the way clockwise

round the ring from the Central
Laboratory Building. September and
October saw the solution of numerous
vacuum and electrical problems. The
tests culminated in late October when
the eight magnet string was energized.
Through the next week, the magnets
were ramped about 2000 times with
currents of 3.5 kA. The peak current
during the test was 4.1 kA.

After the ramp tests, quench experi-
ments were run to test magnet protec-
tion circuitry. When a superconducting
magnet goes normal, or quenches, the
stored energy must be removed quick-
ly to prevent damage to the magnet
coils. Investigations are now under
way on guench protection schemes
using heater wires integrally wound
with the superconducting wire. With

this approach, when a quench is
detected, a heat pulse is spread
throughout the magnet to distribute
the quench.

LOS ALAMOS
LAMPF Users’ Meeting

Achievement of a 300 pA (average)
proton beam, routine use of the
negative hydrogen ion beam, comple-
tion of the EPICS spectrometer and the
start of the experimental programme in
the pulsed neutron area (WNR), were
among the 1977 developments
reported to the 11th LAMPF Users’
Group Meeting on 13 - 15 November.
LAMPF is one of the world’s ‘'meson
factories’ using a 800 MeV high inten-
sity proton linac to produce high fluxes
of mesons.

Louis Rosen, Director of LAMPF,
saw this as an appropriate time to look
back with some satisfaction on the
research programme. Highlights men-
tioned by Rosen were results from pion
charge exchange, pion total cross sec-
tions, neutron and proton distributions
in nuclei, high momentum compo-
nents and clustering effects in nuclei,
pion channelling, the pion-pion in-
teraction, identification of new
isotopes, radiation damage studies,
proton-proton scattering with
polarized beam and target, neutron-
proton scattering, muonium hyperfine
structure, colliding photon excitation
of negative hydrogen ions, pion and
muon rare decay modes (neutral pion
to three gammas, muon to electron
and gamma) and neutrino interactions.

Recently highly successful negative
pion treatments of deep seated cancer
tumours have been reported by the
biochemical researchers. These
results, in some cases exceeding ex-
pectations, have given great satisfac-
tion, especially since these were
tumours particularly difficult to treat by
conventional means.



Harvey Willard (in the foreground), then
Chairman of the LAMPF Users’ Group, leads the
applause for LAMPF Director, Louis Rosen, at
the end of his account of the achievements at
the 800 MeV proton linac ‘meson factory’in the
course of 1977.

Sooner or later, the discussion of the
research programme at any large ex-
perimental facility must turn to money.
Rosen said that the present budget
level would allow only 26 weeks of
operation in 1978 and expressed the
hope that additional operating and
improvement funds would be granted.
Enloe Ritter, representing the U.S.
Department of Energy (DOE) and Doug
Bryman from the National Science
Foundation (NSF) took up this buck.
Their cautious message was that
funding, at least to support the present
level of operation, could be expected to
continue despite the rapid increase of
electric power costs.

The Users’ Meeting also heard of the
programmes and plans at the other
‘meson factories’ reported by Jack
Sample from TRIUMF and John
Domingo from SIN. Technical talks
were given by William Fowler (Cal.
Tech.) on Astrophysics, George
Burleson (New Mexico State) on Pion
Physics, Ed Knapp (LASL) on WNR,
Herb Chen (lrvine} on Neutrino
Physics, Mike McNaughton (Case
Western) on Polarization Experiments,
George Igo (UCLA) on HRS results, and
Wilhelm Gauster (Sandia) on Muon
Spin Rotation Experiments.

The Board of Directors of the Users’
Group for 1978 was elected - Chair-
man John Alired (Houston) ; Chairman-
elect lIsaac Halpern (Washington);
Past Chairman Harvey Willard (Case
Western); Members - Cliff Hargrove
(NRC, Canada), Ralph Minehart
(Virginia), Dick Mischke (Los Alamos),
Glenn Rebka (MIT).

The LAMPF Program Advisory Com-
mittee met mid-January to consider
research proposals. They were in-

Use of the hand-held device developed at Los
Alamos for treatment of ‘cancer eye’ in cattle.
This r.f. heating technique has had great
success in field trials and can be used easily by
ranchers themselves.

The device is in commercial production and the
technique is being extended to therapy on
human cancers.

(Photos Los Alamos)
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formed of a successful development
run giving a 400 yA beam intensity.
Although currents up to 440 pA were
held for several hours, the linac ap-
pears to be approaching a beam spill
iimit imposed by emittance. Also in the
high intensity experimental area,
heating at the targets poses increasing
problems as the beam current is raised.

Treatment of
‘cancer eye’

A new spin-off from the work on the
LAMPF project was also reported to
the Users’ Meeting; it concerns the use
of r.f. heating to destroy cancerous
cells. This has been successfully ap-
plied in the treatment of ‘bovine cancer
eye’ and therapy trials with tumours in
humans are beginning.

‘Cancer eye' is one of the most
troublesome diseases in cattle involv-
ing benign or malignant tumours ap-
pearing on the eye or eyelid of cattle. It
is a main cause of cattle carcass rejec-
tion in slaughterhouses and, in the
USA alone, it is estimated that losses
from this cause exceed $ 20 million per
year.

The conventional treatment is sur-
gical removal of the tumour which is a
costly and time consuming progress.
The LAMPF Practical Applications
Group, together with Dale Holm of the
Los Alamos Agriculture Biosciences
Group and L.M. Holland of the Mam-
malian Biology Group, turned their at-
tention to another technique because
of their experience with r.f. systems
such as were used in the building of the
800 MeV linac.

Some types of cancer respond to
heating of the cancerous cells to
temperatures above the normal body
temperature, since they are more
susceptible to damage and thus
preferentially destroyed compared to
the healthy cells. The Los Alamos team
developed a hand-held device
operated from a 12 V battery {which
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can thus be plugged into a car ciga-
rette lighter socket) which feeds r.f.

" {2 MHz and about 10 W) to electrodes

which are applied to the tumours. The
resistance of the tissue to the high fre-
guency current causes heating (usually
up to about 50°C after 10 s of applica-
tion of the electrodes) and cells are
destroyed. Using r.f. there is no sensa-
tion of electrical shock.

In collaboration with the University
of New Mexico Medical School a series
of field trials with affected cattle have
been carried out. During the later part
of this pilot programme cure rates of
over 90% seem to have been
achieved. The device has now moved
into commercial production and will be
suitable for field use by veterinary sur-
geons or by ranchers themselves.

The same technique has also
recently been used on carefully
selected human patients at the Univer-
sity of New Mexico Cancer Research
and Treatment Center. Significant
tumour regression has been achieved.

SACLAY
Hail CESAR

The first superconducting dipole of the
‘CESAR’ project was successfully
tested at Saclay in December. The
magnet was designed and built by a
joint group from Saclay (STIPE) and
CERN (superconducting group of the
SPS Experimental Areas Groups) in a
collaboration since September 1975.

The aim is to build two dipoles with
the same features as the conventional
MBN-type beam transport magnets
which are used in the experimental
areas of the SPS. A special feature of
these dipoles is their highly uniform
field, necessary for their use in
spectrometry experiments. They have
a bending power of 9 Tm achieved by a
field of 4.5 T along a magnetic length
of 2 m. The dipoles have warm bore,
100 mm in diameter, in which field
precision to two parts in ten thousand

must be sustained within a rectangular
area measuring 80 mm horizontally
and 40 mm vertically.

In the December tests, the nominal
characteristics of the magnet were ob-
tained without training at approx-
imately 80 % of the critical field. This is
probably a consequence of the high
mechanical quality of the magnet since
careful attention was given to the
mechanical structure. An example of
this is the coil, in which the shims
between the current carrying conduc-
tors are made from copper to minimize
differences in contraction and provide
a very uniform structure. Another ex-
ample is the magnetic circuit which
forms the collar of the coil, and whose
radial and longitudinal contractions are
precisely matched to those of the coil.

The magnet and its cryostat
(completely welded) were tested as
a combined unit and functioned
smoothly from the first cool-down.
This emphasises that magnets of this
type are no longer to be considered as
laboratory produced units but as units
ready for industrial production. The
field measurements are in accordance
with expectations and anticipated
quadrupole corrections will not have to
be made. Only sextupole correction
will be necessary, using a special coil,
because of iron saturation.

The cryogenic system is also highly
satisfactory ; the consumption is ap-
proximately 8 | of helium per hour (with
a cryostat volume of about 3 m3, cold
weight 5 tons, warm bore). A nitrogen
screen is used, with a consumption of
1.5 | of nitrogen per hour. The cooling
time was 130 hours from 300 K to
80 K using a nitrogen exchanger
requiring approximately 2000 litres of
liquid nitrogen. Cooling from 80 K to
4.2 K required 1000 litres of liquid
helium and took 48 hours.

This first dipole, built with Vacuum-
Schmelze conductor, was delivered to
CERN in January. The second dipole,
made from M.C.A. conductor, is now
being tested at Saclay.



The superconducting dipole, CESAR, built at

Saclay shown being inserted into its cryostat.
Two dipoles will be used in a North Area beam
of the CERN SPS in July.

(Photo Saclay)

Monochromatic
photon beam

An intermediate energy quasi-mono-
chromatic photon beam produced by
positron annihilation in flight is now
available at the 600 MeV electron linac
accelerator, ALS, at Saclay. The
photon energy can be varied from 150
to 450 MeV and the number of
photons is 5 x 107 per second at
300 MeV with a 1% energy resolution.
Obtaining such an intense mono-
chromatic photon beam from double
conversion  (electron-positron  an-
nihilation followed by the decay of the
positron to give a photon) depended on
high current and high linac duty cycle

which are characteristics of the ALS.

The main photon source used up to
now in this energy region was the
Bremsstrahlung; because it gives a
continuous spectrum of energies, the
kinetic relations of reactions cannot be

in most cases and the

established
cross sections have to be ‘extracted’
from yield curves. This was a serious

limitation in nuclear studies with
Bremsstrahlung beams.

The ALS electron beam of about 80
MeV and 80 pA average current (20
mA, 8 ps, 500 Hz) hits a fixed gold con-
verter (about one radiation length
thick) located about a third of the way
down the linac. The positrons are

further accelerated to a final energy

.variable between 150 and 450 MeV.

At the entrance to the experimental
room after the beam transport system,
the ratio between the positron current
(after a 1 % momentum analyzing slit)
and the electron current on the con-
verter, is 0.5 x 1072 at 200 MeV and
1072 at 450 MeV.

At present the main limitation to in-
creasing photon flux is the limit of ther-
mal destruction of the electron-
positron converter. With the fixed con-
verter, the limit is about a third of the

maximum average current which can
be delivered by the linac.

The ‘monochromator’ positron to
photon converter consists of a lithium
annihilation target about a hundredth
of a radiation length thick, followed by
a 30° sweeping magnet and a Faraday
cup all buried in iron and lead
shielding. The photon source is very
close (3.5 m) to the experimental
target to ensure the maximum of
photons in the solid angle determined
by a 3 cm spot on the target.

The Bremsstrahlung of positrons
can be corrected for by using the fact
that two converters of same radiation
length, but of different atomic number,
give the same number of Brems-
strahlung photons, but a number of an-
nihilation photons which is inversely
proportional to the atomic number.
The quasi-monochromatic photon flux
can be obtained by subtracting two
measurements using a lithium and a
copper converter.
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The elastic differential cross section for the
negative pion-proton interaction, as a function
of momentum angle measured in an
experiment at the Argonne Zero Gradient
Synchrotron. The structure looks more
complicated than expected. Statistical errors
range from 3 % for the lowest energy points to
30 % at the highest energy.

ARGONNE
Pion-proton
scattering structure

An experiment at the Argonne ZGS has
shown that large angle pion-proton
elastic scattering is more complicated
than had been previously known. The
experiment by a Minnesota/Columbia/
Argonne collaboration fills large gaps
in the data on the elastic differential
cross sections.

A two arm non-magnetic spectro-
meter was used to give a smooth and
large (20%) acceptance over the
centre of mass angular range up to cos
0 about 0.3. Data were obtained in
0.6% incident momentum intervals
from 2 to 9 GeV/c for negative pion-
proton and proton-proton elastic scat-
tering and from 2 to 6 GeV/c positive
pion-proton. The proton-proton reac-
tion, which has been extensively
measured in previous experiments,
provides a useful check on the nor-
malization and analysis.

The negative pion-proton cross sec-
tions fall from 10% pb/(GeV/c)? to 1072
ub/(GeV/c)? in the range of this
measurement and, as the figure il-
lustrates, it is not a slope for beginners.
The dominant feature is the well-
known minimum at 3(GeV/c)?. In addi-
tion, there are many other statistically
significant structures in the data. A
gualitative analysis reveals that these
structures cannot be explained by
features which are constant in other
kinematical variables. They have
widths of the order of 100-200 MeV
and exist in both negative and positive
pion data. The proton-proton data, on
the other hand, show no statistically
significant  fluctuations and are
consistent with previous experiments.

These results are not totally unex-
pected. S. Frautschi suggested in
1972 that if there were many overlap-
ping resonant states in the pion-proton
system at energies above 2-3 GeV, this
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could result in sizable fluctuations in
the large angle cross sections. Such
fluctuations have been known for
many years in nuclear reaction cross
sections and have been used to extract
information about the average width
and density of resonant states.

In an experiment at CERN, it was
found that large angle positive pion-
proton cross sections near 5 GeV/c
changed by as much as a factor
of three between two momenta

separated by only 20 MeV and that
result was interpreted as support for
Frautschi's model. A quantitative
analysis of the data from the ZGS ex-
periment is being attempted to deter-
mine whether the details of the fluc-
tuation model can be confirmed.




STANFORD
On-line polarization
measurement

Polarization experiments using high
energy electron beams provide a
useful way of comparing the effects of
weak and electromagnetic interactions
and could give a handle on the elusive
parity-violating component of the
weak neutral current.

The usefulness of polarized electron
beams for physics increases at higher
energies but, unfortunately, depolariz-
ing effects due to spin resonances, ver-
tical betatron motion, etc., come into
play and it had been believed that it
would be difficult to hold polarized
beams in storage rings up to high
energies.

However, many physicists are now
confident that these depolarizing ef-
fects can be controlled so that
sophisticated polarization experiments
will be possible even with very high
energy machines like PETRA and PEP
(see June issue 1977, page 186). To
check the effectiveness of techniques
for optimizing beam polarization, some
form of polarimeter is needed to give
‘fast, accurate measurements of the
beam.

A collaboration of physicists from
Wisconsin and SLAC has developed a
polarimeter for the SPEAR electron-
positron storage ring which is able to
measure beam polarization accurately

within a minute and is now being used
to ‘explore the variation of beam
polarization with energy and storage
ring tuning.

In the polarimeter, linearly polarized
photons are produced by a laser
operating at the SPEAR bunch fre-
qguency of 1.3 MHz. These photons are
then passed through a Pockels cell (an
electrically controlled quarter-wave
plate} to become circularly polarized
and a photon detector measures the
resultant back scattering from the
SPEAR beam particles (in this case the
positrons). The observed asymmetry in
the photon distribution depends on the
level of transverse polarization in the
positron beam. The system is function-
ing well.

Schematic drawing of the polarimeter now in
operation on the SPEAR electron-positron
storage ring at Stanford. Polarized laser
photons are back scattered from polarized
positrons in the storage ring giving an
asymmetry in the scattered photons. The laser
and detector are in fact quite small units (‘table
top’) located some 13 m from SPEAR.
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Muon puzzle continues

The mu-meson, or muon, is a
perplexing particle. Even its name is in-
appropriate. The word meson, for in-
termediate mass particle, was original-
ly coined to label particles which have
a mass heavier than the electron but
lighter thgn the proton and the muon
obviously fitted that requirement.
However, ‘'meson’ now describes a
boson (particle of integer spin) which
takes part in strong interactions and
consists of a quark-antiquark combina-
tion.

The muon certainly does not fit that
requirement — it takes no part in
strong interactions and is not in-
terpreted as a quark-antiquark com-
bination. It no longer has any right to
the term ‘meson’ in modern ter-
minology. However the name has
stuck.

Not only did it get baptized with the
wrong name, but also everyone wished
it hadn’t been born. The muon was dis-
covered in cosmic ray experiments in
the 1930s, when physicists were
eagerly looking for the Yukawa meson
(the pi-meson or pion), postulated as
the field quantum responsible for the
forces inside nuclei. At first mistakenly
identified as the Yukawa meson, the
muon was subsequently found to have
properties very different from those of
a particle closely involved with the
mechanisms of the strong nuclear
force.

The muon in fact interacts very little
with nuclear matter, as vividly
demonstrated by its ability to travel
through the whole thickness of the
earth’s atmosphere, and even to con-
siderable depths below ground, before
being transformed in some interaction
with another particle. Taking no direct
part in strong nuclear interactions, the
muon belongs with the electron and
the neutrinos, to which we should now
add the new tau particle (seen at SLAC
and DESY), in the small group of parti-
cles called leptons.
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Although the muon is some two
hundred times heavier than the
electron, and is unstable with a mean
lifetime of 2.2 us, all its other proper-
ties appear to be similar to those of its
stable relative. The muon and the
electron both appear to be ‘point-like’
particles whose interactions can be
precisely calculated by the methods of
guantum electrodynamics.

The uncanny duality between the
electron and the muon has been a
great mystery in particle physics and is
still not understood. Nothing has yet
been found to ‘explain’ the existence of
the muon and to account for its being
so much heavier than the electron.
However, to the best of our knowledge
the muon and the electron, although
similar in so many ways, are not
interchangeable. There is some
mysterious ‘muonness’ which, like
electric charge, has to be preserved in
particle interactions and prevents the
muon from changing directly into an
electron while shedding its excess
mass.

Much effort has been spent in look-
ing for violations, no matter how small,
of this rule which strictly distinguishes
muons and electrons. These investiga-
tions have been given additional
stimulus in recent years with the
availability of the so-called ‘meson fac-
tories’ — LAMPF at Los Alamos, SIN
near Zurich and TRIUMF in Vancouver
— where muons can be poured out in
abundance.

Experiments were mounted to look
for examples of muons turning into
electrons or of muonic matter being
transformed into electronic matter, but
without success. Before the meson
factories began operation, the ex-
perimental accuracy implied that if
there were any such reactions which
violated conservation of muonness,
then they were at least 108 rarer than
conventional processes. The limit has
now been carried much further.
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Gauge theories

At the same time as new experiments
at TRIUMF and SIN were searching for
hints of muon-electron conversion,
developments in gauge theory enabled
the weak and electromagnetic interac-
tions of particles like the electron and
the muon to be considered together.
The theories provided a framework to
describe and to calculate any muon-
electron affinity.

In such a theoretical picture, all mat-
ter can be seen as consisting of spin
one half fermions — that is, particles
which obey the Pauli Exclusion Princi-
ple. The fermions are either quarks
(making up hadronic matter) or leptons
(like the electron, muon and neutrinos).
One problem is that nobody yet knows
how many quarks or how many
leptons should be included in the
theory.

The standard model which em-
bodies this synthesis between quarks
and leptons uses four quarks (up,
down, strange and charm) and four
leptons (electron, muon and their
respective neutrinos). In this model,
which seems to describe, for example,
many aspects of the behaviour seen in
neutrino experiments, the zero mass
attributed to the two neutrinos rules
out the possibility of muon-electron
conversion.

Now it looks likely that at least one
extra lepton (the tau particle) has to be
incorporated into this model and such
an additional lepton should, according
to the rules, bring with it its own
neutrino. The two additional leptons
would imply extra quarks to keep them
company and these may well have
been presaged by the new heavy Up-
silon enhancements discovered at Fer-
milab.

Any such enlargement of the fun-
damental set of quarks and leptons
used in the gauge theory picture opens
the door to muon-electron conversion,
but in a way which depends on the
basic set of particles used and on the

form of the mechanism proposed to
‘drive’ the conversion. Although al-
lowed in these enlarged models,
muon-electron conversion is suppres-
sed to a low level by the ratios of parti-
cle masses, etc.

Experimental results

Searches for anomalous muon decays
have recently been carried out by
TRIUMF and SIN collaborations and a
Bern group has searched for muon-
electron conversion in nuclei at SIN.
No examples have been seen and the
accuracy of these experiments means
that the upper limit on the possible
fraction of processes showing
anomalous muon decay is down at the
107® level, while the corresponding
limit for muon-electron conversion in
nuclei is estimated by the Bern group
to be in the 1079 region.

While absorbing these figures, it is
worth recalling that the fraction of
events violating charge-parity conser-
vation in the decay of the neutral kaons
is about 1072 and even that is con-
sidered a small effect. With limits now
down near 107'°, any kind of muon-
electron conversion would be a
minuscule effect and very difficult to
detect.

If these new limits imply that the
muon and electron always retain their
individual identity then physicists still
need a reason for the muon’'s ex-
istence. Forty years after its discovery,
the muon remains a perplexing parti-
cle.




People and things

Bernard Gregory

We learned with shock that Bernard
Gregory died from a heart attack
during the night of 24-25 December.
Only days before, he had been elected
President of the CERN Council and the
European high energy physics
community was looking forward to his
devoted and experienced leadership in
the coming years.

Bernard Gregory was born in
Bergerac, France, in 1919. His
reputation in our field of research grew
in the 1950s when he worked with
Louis Leprince-Ringuet at the Ecole
Polytechnique participating in
important cosmic ray physics and then
becoming a specialist in the
exploitation of the new technique of
bubble chambers. His qualities were
seen to be so outstanding that he was
elected Member of the CERN Scientific
Policy Committee in 1960 — an
honour assigned only on the basis of
scientific ability. Around that time he
was involved in the early research with
bubble chambers, directing the work
on the 81 cm hydrogen chamber built
at Saclay and brought to the CERN PS.

In 1964 he joined CERN as
Directorate Member for Research and
in 1966 became Director General. He
led the Laboratory through those
difficult years (1966-1970) of the
debate on the construction of the 300
GeV machine. He poured enormous
energy and talent into keeping this
debate alive and was one of the three
people (with Edoardo Amaldi and John
Adams) cited, when construction
authorization was finally achieved in
1971, as someone whose contribution
to the decision had been outstanding.
It was during his period of office as
Director General also that that unique
instrument, the Intersecting Storage
Rings, was constructed and that the
collaborations with our colleagues in
the Soviet Union flourished.

Bernard Gregory returned to France
and became a very influential figure in

national science policy. He led the
Centre national de la Recherche
scientifigue (CNRS) from 1973 to
1976 and was then appointed Délégué
général a la Recherche scientifique et
technique (DGRST).

At the December 1977 CERN
Council session he was elected
President. He had the respect of the
whole European science community
and of the political bodies which
determine science policy. His broad
experience, his commitment to the
field of high energy physics, his great
talent for analysis and the formulation
of acceptable compromises, were just
the qualities which will be needed in
the coming years as Europe looks to
the future again. His death has created
a deep sense of loss.

Meetings

The 4th General Conference of the
European Physical Society will be held

at York in England from 25-29
September 1978 under the title
‘Trends in Physics’. In the high energy
physics field there will be a plenary
session on ‘New developments in
elementary particle physics’ and sym-
posia on quarks and on synchrotron
radiation. Further information from
EPS4, The Meetings Office, The In-
stitute of Physics, 47 Belgrave Square,
London SW1X 80X.

A Workshop on Channelling at High
Energies sponsored by the State
University of New York at Albany and
Fermilab will be held at Fermilab on
7-8 April. For further information, con-
tact R.A. Carrigan at Fermilab, P.O. Box
500, Batavia, lllinois 605170,

The next SLAC Users’ Meeting, fol-
lowed by Workshops on the future of
Linac and SPEAR physics, will be held
on 30-31 March (possibly extending to
1 April) at the Stanford Linear Ac-
celerator Center.
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The Fourth Summer Study on High
Energy Nuclear Collisions will be held
at Berkeley from 24-28 July. It will
consist of a relaxed schedule of discus-
sion and talks covering experimental
and theoretical accomplishments of
the last two years and perspectives for
the future for heavy ion physics in the
approximate range 20 MeV/nucleon to
a few GeV/nucleon. Further informa-
tion can be obtained from the ARC
Office, Building 51, Lawrence Berkeley
Laboratory, Berkeley, California
94720.

APS/AAPT in San Francisco

The 1978 Annual Joint Meeting of the
American Physical Society (APS) and
the American Association of Physics
Teachers (AAPT) was held in San
Francisco from 23-26 January. Among
the highlights was a session on
DUMAND, the Deep Underseas Muon
and Neutrino Detection project which
hopes to open an era of neutrino
astronomy (see May issue, 1977, page
154). Sid Drell from Stanford gave the
1978 Richtmeyer Lecture with the title
‘When is a Particle ?". Norman Ramsey,
Higgins Professor of Physics at
Harvard University, prominent on the
scientific and political scene in USA
high energy physics for many years,
has taken over this year as President of
the APS.

Principles of lgnorance

The ‘Encyclopaedia of Ignorance’,
recently published by Pergamon Press,
is an attempt to put between two
covers the present limits of scientific
knowledge and to indicate those areas
where our understanding is a bit thin.
The book contains contributions from a
number of distinguished cosmologists
such as Herman Bondi, J.A. Wheeler,
W. McCrea. Only Abdus Salam writes
on the underlying structure of matter.
Does this mean that in particle physics
we are less ignorant than in cosmology
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or does it mean we are less ready to
admit it?

On People

Laura Fermi, author of several books
on the world of atomic physics and
physicists and wife of Enrico Fermi, the
Italian physicist who built the first
nuclear reactor in Chicago, died on 26
December at the age of 70. Laura
Fermi remained a lively and active
personality right up to her death. She
was a main speaker at the dedication
ceremony in 1974 of the National
Accelerator Laboratory which was
named the Fermi National Accelerator
Laboratory (Fermilab) in honour of her
husband.

Kurt Mellentin, Head of the DESY
library, died on 28 December at the
age of 54. Dr. Mellentin went to DESY
in 1962 to organize the library and
built up an information and
documentation system, including
preprints which were not covered by
other systems. In the High Energy
Physics (HEP) Index, now in its 16th
volume, compiled at DESY and
published by ZAED, new publications
and preprints are included within four
weeks. The Index is on tape and DESY
provides a SDI service and
retrospective searches (one of the first
services of this kind). The tapes are
used by other information services as
part of their data base (for example
SPIRES at SLAC and HEPPI at CERN).
Those who knew Kurt Mellentin
closely had a high respect for his broad
knowledge in science and the liberal
arts.

On 22 November, Samuel Goudsmit,
for 26 years until 1974 a scientist at
Brookhaven, received the National
Medal of Science (the USA’s highest
national award for scientific or
engineering achievement) from
President Carter. The citation read, for
the discovery of the electron spin as

the source of a new quantum number’
and commemorates the work carried
out in 1925 in collaboration with
George Uhlenbeck who also received
the Medal.

Gerald Smith has been appointed to
succeed Tom Fields as Associate
Laboratory Director for High Energy
Physics at Argonne. Dr. Smith, from
Michigan State University, joined
Argonne on 16 January as Head of the
Accelerator Research Facilities and
High Energy Physics Divisions. Tom
Fields is returning to full time research
and spending a sabbatical year at
CERN.

Giorgio Bellettini has become Director
of the National Laboratories of Frascati
in ltaly. Among his other duties prior to
his appointment, Professor Bellettini
was Leader of the Pisa University
group in the Frascati / Genova /
Harvard /| MIT | Naples / Pisa
collaboration at the CERN Intersecting
Storage Rings and was joint
spokesman of the collaboration with
Sam Ting. P.L. Braccini has now taken
over as joint spokesman.

At the December CERN Council
Session there were tributes to

P. Levaux the retiring President for the
very efficient way in which he had
guided Council affairs during his years
in office and to W. Paul for his
leadership of the Scientific Policy
Committee for the past three years.

The following elections and
appointments were made at the CERN
Council Session in December: Vice-
Presidents of Council - P. Levaux,
A.C. Pappas,; G. Stafford succeeds
W. Paul as Chairman of the Scientific
Policy Committee and N. Cabbibo,
W. Paul, H. Schopper and V.L. Telegdi
are elected SPC members for three
years; M. Gigliarelli Fiumi was re-
elected Chairman of the Finance
Committee with J. Beattie as Vice-



1. Laura Fermi at the Fermilab Dedication
ceremony in 1974.

2. Hans-Otto Wiister, newly appointed Head of
the JET fusion project.

3. P. Levaux, retiring President of CERN Council.

Chairman; E. Lohrmann will continue
as Member of the CERN Directorate for
Experimental Physics until the end of
1978 and will be succeeded by |.
Mannelli,

From 1 January E. Gabathuler has
succeeded E. Picasso as Leader of the
Experimental Physics Division (as
decided at the June 1977 Council
Session). Emilio Picasso earned much
praise for his work as Division Leader
‘and for the engaging style with which
he carried out his work.

Joining the Jet Set

Hans-Otto Wiister, Directorate Mem-
ber at CERN, has been appointed to
lead the JET project at the Culham
Laboratory in the UK. JET (Joint Euro-
pean Torus) is Europe’s next step in the
attempt to master thermonuclear fu-
sion by the toroidal plasma confine-
ment technique which usually goes

under the name of ‘Tokamak’, selected
by ' its originator the late Lev Art-
simovitch from the Soviet Union. The
project is under the auspices of
Euratom (European Atomic Energy
Community).

Hans-Otto Woiister has had a dis-
tinguished career in high energy
physics Laboratories. At DESY he was
also a Member of the Directorate and
had much to do with the bringing into
operation of the successful electron
synchrotron. He came to CERN in
1971 as Deputy to John Adams during
the construction of the SPS with
special responsibilities in budgetary
and  personnel  matters. These
managerial responsibilities were ex-
tended to the whole of CERN in the

reorganization at the beginning of
1976. They have been conducted in
ebullient style backed by a very keen
mind and a thorough understanding of
what he was managing.

It is perhaps not a coincidence that

the USA equivalent of JET (TFTR, the
Tokamak Fusion Test Reactor being
built at Princeton) is also headed by an
ex-accelerator physicist Paul
Reardon, who was a leading per-
sonality in the construction of the Fer-
milab machine. Their appointments
are a measure of the strength of exper-
tise and leadership which exist in high
energy physics Laboratories.

CERN will miss Hans-Otto Wiister's
abilities and personality very much.
We wish him well in his new appoint-
ment.

New Division at Los Alamos

A new Accelerator Technology
Division has been formed at Los
Alamos Scientific Laboratory, under Ed
Knapp as Division Leader and Bob
Jameson as Alternate. It will bring
together activities from several
existing Divisions. One of the core
projects will be the PIGMI linac design

N i,d.? " )
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for medical applications under Don
Swenson (see September issue,
1976). A new study on accelerators for
fertile to fissile nuclear fuel conversion
will be shared between the Energy
Division and the Accelerator
Technology Division. Work on gyrocon
r.f. power generation as promoted at
Novosibirsk (see August issue, 1977)
and high-brightness negative
hydrogen ion sources will also move to
the new Division together with the
design and construction of a proton
storage ring for the LAMPF Pulsed
Neutron Source, now under active
consideration for funding by the US
Department of Energy.

Reorganization of colliding beams
research at Fermilab

The colliding beams effort at Fermilab
has now been split into three separate
groups. In the Research Division, a Col-
liding Detector Facility (CDF) Depart-
ment is responsible for organizing the
design, construction and implementa-
tion of a facility to study proton-proton
and proton-antiproton collisions. The
existence of such a facility is not meant
to preclude other more modest experi-
ments, but there is no need to organize
such experiments at this early time.
Instead they might be planned and
proposed when colliding beams are
closer to operation at the Laboratory.
Alvin Tollestrup will Head the CDF
Department, with Jim Walker as
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Deputy Head and Peter Mcintyre as
Assistant Head.

In the Accelerator Division two new
groups have been formed. One, the
Colliding Beam (CB) Group, will be
responsible for research on such topics
as beam lifetimes, experimental
backgrounds, low beta insertions, and
similar other topics. The grou}J is also
responsible for the design and con-
struction of the experimental area in
which the CDF js to be housed. Stan
Ecklund is heading this new group. A
second group, the Antiproton Cooling
(AC) Group, is responsible for the con-
struction and use of the new cooling
ring, of the reverse injection line
between Booster and the Main Ring,
and of the antiproton target to be
located in that line. Don Young is
Group Leader and Fred Mills is the As-
sociate Group Leader.

J.H. Bannier /| W. Gentner

The CERN Council bade good-bye to
two of its most distinguished, long-
standing members during the
December session. J.H. Bannier left the
Council as delegate from the
Netherlands. W. Gentner left the
Council as delegate from the Federal
Republic of Germany. Both were
amongst the small group, who, 25
years ago, brought CERN from the
realm of ambition to reality. Both have
played important roles in the
intervening years to ensure the

3.

1. Ed Knapp, Leader of the new Accelerator
Technology Division at Los Alamos.

2. J.H. Bannier, retiring CERN Council delegate
from the Netherlands.

3. W. Gentner, retiring CERN Council delegate
from the Federal Republic of Germany.

Organization’s growth and success.

Dr. Bannier served as Chairman of
the Finance Committee from 1958-
1960 and he was the architect of the
financial planning system, the ‘Bannier
procedure’, which helps the
Governments of the Member States
and the CERN management in their
long-term planning, by preparing
budget figures for four years ahead. He
was President of the Council from
1964-1966 when the improvement
programme for the existing facilities
took shape and when the construction
of the Intersecting Storage Rings was
authorized.

Professor Gentner was one of the
early leaders at CERN itself heading
the team which built the first
accelerator — the 600 MeV synchro-
cyclotron. He played an important role
in the development of the
experimental programmes as Director
of Research. He has long contributed
to the work of the Scientific Policy
Committee and was President of the
Council from 1972-1974.

To both of these devoted friends of
CERN we express our gratitude and our
best wishes for many full and happy
years to come.




DISPLEX® cryogenic vacuum pumps offer
the ultimate in clean vacuum because their
cycles are completely closed, consuming
nothing but electricity. DISPLEX pumps easily
mate to existing chambers and pump all gases,

with air pumping speeds from 1,100 to 18,000 L/s.

And once-yearly maintenance is all that’s
recommended.

For more information concerning laboratory
cryogenic systems, write Air Products and
Chemicals, Inc., Advanced Products Depart-
ment, Box 538, Allentown, PA 18105. Or call
(215) 398-8355.

107 torr, clean and fast

DISPLF.X closed-cycle
cryogenic vacuum pumps.

CYROBGENIC SYSTEMS

ISABELLE

NEW HIGH ENERGY
PROTON-PROTON COLLIDING
BEAM RESEARCH FACILITY

OPPORTUNITIES FOR
ACCELERATOR

PHYSICISTS

ALL AREAS

Send resume to:
James R. Sanford; Project Head

ISABELLE

BROOKHAVEN NATIONAL LABORATORY
Associated Universities, Inc.
Upton, Long Island, New York 11973

AN EQUAL OPPORTUNITY EMPLOYER M/F

Designed to
wash away
damaging
contaminants.

s Model 7060-8
with patented “Feather-Flo" heads

Install Haws emergency eye/face-wash fountains near
every hazard. Push of the valve handle provides instant,
gentle, pressure-controlled water to float away
contaminants without damaging delicate tissues.

This equipment can help to eliminate potential permanent
injuries. Write for free information and catalog.

Haws International, 1439 Fourth St.,
Berkeley, California 94710, U.S.A.

®

Decontamination Stations «
Laboratory Units - Freeze-
Proof Units

INTERNATIONAL

Haws Emergency
Equipment: Eye/Face-Wash
Fountains + Drench Showers +
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La meilleure amélioration jamais
faite surle NORD-10

NORD:-10 a suscité une assez grande surprise lors de son
lancement: unordinateur detaille moyenne avec des facilités
dépassant souvent celles des grandes machines!

Le nouveau NORD-10/S allie aux meilleures caractéristiques
du NORD:-10des performancesnettement supérieures.
Grace a de nouveaux composants électroniques et un
logiciel optimise, le NORD-10/5 offre une capacité de
traitement presque doublée — au MEME PRIX!

Cette amélioration est significative, mais nous considerons
comme plus important encore le fait que tout le logiciel
developpé depuis b ans sur le NORD-10 est exécutable sur
le NORD-10/S avec les nouvelles performances, et ce, sans
AUCUNE MODIFICATION.

31 vous avez un projet informatique, laissez nous la chance
d'expliquer comment et pourquol.
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The HELIFIER"helium
liquefier will produce 3 to 20 liters
of liquid helium per hour. Installa-
tion 1s simple and the unit operates
virtually unattended.

Adaptable to a variety of labora-
tory and operational uses, this

system can be used in the liquefier
or refrigerator mode, and it will
cost you less than comparable
systems.

Our HELIFIER helium
liquefier is designed for operation
of at least 6,000 hours before
service, and for variable speeds
for fast cool down.

The HELIFIER helium
liquefier gives you efficiency, relia-
bility and built-in safety features
at low life-cycle costs.

For more information, just call
or write Advanced Products
Department, Air Products and
Chemicals, Inc., Box 538, Allen-
town, PA 18105, U.S.A.

2\ A Prodiili )

Introducing Helifier; the affordable
He liquefier that doesn’t need a sitter.
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LEMO - univerrally recognized
to be the finest connectorr in the world,
guaranteeing the strongest connections!

Ever since 1957 when the first LEMO self-locking connectors
roused the enthusiasm of experts all over the world, LEMO has never
ceased setting ever higher standards of quality, culminating in
near-perfection from the points of view of appearance, simplicity and
efficiency. LEMO connects all types of cable: coaxial, multiple,
high voltage and combined. And if your problem calls for a new solution,
LEMO will find it for you!

LEMO 54

LEMO -Electrotechnique
Tel. (021) 711341 Telex 24 683 1110 Morges (Switzerland)

RACOM ELECTRONICS CO. LTD.

TEL-AVIV TEL.: 44 3126

(1D LEMO ITALIA S.R.L. MILAN TEL.: (02) 738 18 91

() K.K. CODIX TOKYO TEL.: TOKYO 436-64 41/5

(WD) GEVEKE ELEKTRONICA EN AUTOMATIERY. ..
020} 8028¢

JOHN BARRY GROUP OF COMP.
ARTARMON, N.S.W. SYDNEY TEL.: 439 69 55
LEMOSA GES.M.B.H. WIEN -
TEL.: {02 22) 6392 27

CLOFIS §.P.H.L,

‘ OVERIISE/BRUSSEL e
KNUD KAMUK A/S : (GO A/S OSLO 5 TEL: (02) 22 4150
(8F) OY CHESTER AB HELSINKI 81 TEL.: 735774 CRESA BARCELONA TEL.: (0312305507
(E) JUPITER S.A. CONSTRUCTIONS ELECTRIQUES  (§)AB D.J. STORK

PARIS TEL.: (01) 705 39 68 ) SUNDBYBERG 1 TEL.: (08) 28 9215
LEMOSA GMBH PUTZBRUNN/MUNCHEN LEMO (U.K.) LTD. WORTHING/SUSSEX
TEL.: (089) 46 50 67 TEL.: (09 03) 20 46 51

(iNg) APLAB APPLIED ELECTRONICS P. LTD. LEMO U.S.A. INC. BERKELEY
BOMBAY TEL.: 39 48 00 TEL.: 415 / 548-1966
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Muitichannel High Voltage System

NE 4800 SERIES

¢ For use with large photo-multiplier

detector arrays and wire chambers.

3} Economical

NE 4803 PHOTOMULTIPLIER HV

Outputs Up to 32 per crate

Voltage 300V to 3kV negative (positive

optional)

Current 0 to 2mA average per channel, 3mA max
Stability 0.1% for line and temperature, range
0°C to +50°C

Ripple <0.5V peak to peak at 2mA

Protection Protected against short circuits on
output

Overload Common overload line activated when
any channel is overloaded

HV Monitoring From rear panel connector on
common analogue line. Ratio 1V/1kV
Packaging 3'u’ high rack containing 16 cards
each with 2 individual outputs

NE 4802 HV CONTROL MODULE

Common to PM and wire chamber systems.
Allows local control of any of the HV channels in
the associated crate.

Control Range 0 to 6399V

Resolution +0.5V

Up/ Down 3 toggle controls provide voltage
increment/decrement from single step to 200V/s.
Monitor 1V/kV trimmable to 0.05% at a specific
voltage

Take Down Range 0 to 2500V set by front panel
control {common to all channels)

Maximum Voltage Range 1kV to 7kV set by
front panel control (common to all channels)
Data Bus Serial duplex, 20mA current loops.
The control signals are based on the ASC11 code
allowing remote control of any channel {256 per
remote controller output) using either a remote
Camac controller or a Teletypewriter {or similar)
terminal.

3 Easily serviced

3 Manual control of each channel or external
control by Teletype or computer control via CAMAC

9 @ 0

LOUAL POWESR

CRAYE

VOLTAGE
MONITOR

AKX

TAKE DOWMN VOLTS

VLTS
@mawg

g

FALILY E

BEMOTE LY HYy

Request full details and new NIM Catalogue from:

N.E.NUCLEAR ENTERPRISES S.A.

25 Chemin Francois-Lehmann, 1218 Grand Saconnex, Geneve Tel. (022) 98 16 61/62. Telex 289066.

Nuclear Enterprises Ltd.
Sighthill, Edinburgh Eh11 4EY.

Scotland. Tel. 031-443 4060 Telex 72333

Cabtes Nuclear, Edinburgh

Nuclear Enterprises GmbH

Germany Telephone 53-62-23
Telex 529938

Schwanthlerstrasse 74. 8 Munchen 2.

NE 4804 WIRE CHAMBER HV

Outputs 16 per crate

Voltage 2.5kV to 7kV negative (positive aptional)
Current 0 to 0.7mA

Stability 0.1% for line and temperature, range
0°C to +50°C

Ripple <1V peak to peak at0.5mA

Overshoot <50V

Protection Protected against short circuit on
output

Current limit Presettable for each channel 10uA
to 700uA

Overload alarm Common overload line activated
when any one channel goes into current limit

HV Current Monitoring From rear panel
connector on commaon analogue line. Ratio
1V/1kV or 1V/100uA

Meter Indication Meter indicates voltage or
current for each channel

Typical system: NE 4801 Crate and Low
Voltage, NE 4802 Control, NE 4803
PM cards X16 = 32 channels, or

NE 4804 wire chamber cards X16 =16
channels

Nuclear Enterprises Inc

931 Terminal Way, San Carlos,
California 94070, USA

Tel: 415 592 8663 Telex 348371
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NEWSHS
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vials

and Uniqus Aids

v/

Tubes en maté-
riau Hp et Hgw

8]

Isolant flexible

Stratifié pressé

Nous produisons
entre autres:

@® Cadres

pour chambres

a particules

@® Chambres

de coupure

® Isolants

pour conducteurs

sous vide

@® Tubes, ronds,
méplats, plaques
selon normes DIN,
NEMA, etc.

® Formes
et dimensions
standard ou selon
dessin

Matériel de base
pour circuits
imprimés

Fibre de verre

N 2
Matériel isolant
bakélisé

pour encoche

Matériel électrique et électronique

1023 Crissier-Lausanne
3, avenue des Cerisiers
Tél. 021/355444 - Télex 25360

isovolta

Osterreichische
Isolierstoffwerke
Aktiengesellschaft

For the Laboratory
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»see

besides our general catalog '77-'78
now also available specialized booklets
1 vials and closures 2 protein digest

PIERCE EUROCHEMIE B.V.

P.0.BOX 1151-ROTTERDAM, THE NETHERLANDS
PHONE 01860-4822 - TELEX 21676

Yes, | like to receive free of charge:

[:' vials and closures D protein digest

Name

Company/Institute

PR

...or more downto earth
Nickel foil from Goodfellow Metals has been used
inthe satellite illustrated as an electrostatic screen
to protect critical parts of the camera electronics from
electrical interference. This joint NASA, ESA, SRC
International Ultraviolet Explorer satellite is
scheduled for launching in1977. This is just one
example of the wide variety of applications for our
FOILS, WIRES, RODS, POWDERS, and TUBES.
Ourrange starts at0.0001mm.
Ask for our new catalogue—a mine of information
onmetals for research. Everyitem listed is available for
immediate despatch anywherein the world.
Goodfeliow Metals Ltd. Cambridge Science Park
Miiton Road Cambridge CB44DJ England
Telephone Cambridge (0223) 69671

Telex

Department

Address 81683 Goodmt G m GOODFELI—OW
City-code — METAI—S

Country forresearchandindustry
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Counting and timing made easy with
our versatile set of CAMAC modules

3610

6-Channel, 50 MHz Counter

3615

Six independent 24-bit counters

Counter inputs are 50 ohm terminated or TTL
(strap selected)

Input pulse rate from DC to 50 MHz
Independent clear by command for each counter
LLAM status bits set on overflow

6-Channel, 100 MIHz Counter

Six independent 24-bit counters

Counter inputs are 50 ohm terminated

Input pulse rate from DC to 100 MHz
Independent clear by command for each counter
L AM status bits set on overflow :

Please contact us for additional information

Kinetic Systems International S.A.

3640
4-Channel, Up-Down Presettable Counter

3655

TTL
PULSE
OUTPUT

00000000

RECYCLE [ [
crock 0 [

Four independent 16-bit up-down counters
Separate up/down inputs for each channel
Counter inputs are TTL

Input pulse rate from DC to 20 MHz

LAM status bits set on underflow and overflow

8-Channel Timing Pulse Generator

Eight independent pulse outputs
Includes eight 16-bit set point registers
Operates from internal or external clock

Controls Dataway [nhibit to provide timing
window for counters such as the 3610 or 3615

LAM status bit set by each pulse output

Dept. CC18 =+ 6 Cheminde Tavernay » 1218 Geneva, Switzerland + Tel. (022) 98 44 45 = Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive = Lockport, lllinois 60441 * Tel. 815838 0005 » TWX 910638 2831
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HIPOTRONICS DELIVERS

MEGAWATTS

Part of an 8.4 MW HV DC Power Supply which
HIPOTRONICS recently delivered to Oak Ridge National
Laboratories for continued research in Nuclear Fusion!

When the requirements got tough
Hipotronics got the call. Oak Ridge
needed 168 kilovolts at 50 Amps for
the next phase of development of
their Fusion Reactor. So they turned
to Hipotronics, the leader in high volt-
age technology. They got exactly
what they wanted, a well regulated
high power supply that is rugged
enough to withstand repeated crow-
bar shorts with no damage to the
power supply.

Innovative design approaches are
everyday occurrences at Hipotronics
We design, manufacture and fabri-
cate every important component
and our facilities are the largest and
finest in the industry. That allows us
the flexibility to meet the most de-
manding specifications and condi-
tions of high technology programs
such as Neutral Beam Injectors and
High Power Lasers.

Hipotronics has also manufactured a
wide range of high voltage power
supplies for other applications:

® Capacitor Bank Charging

a Klystron Tubes

a Traveliing Wave Tubes

m High Powered Lasers

s Accelerators

Whatever your requirements, pulsed

or continuous duty, brute force or
finely regulated, call us.

Remember —
HIPOTRONICS DELIVERS!

HIPOTRONICS, INC.

P.O. Drawer A, Brewster, NY 10509
(914) 279-8031 Twx 710-574-2420
Amex Symbol: HIP




@ and packs all this into a single module width
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ONET

Un groupe de niveau européen

la prestation de services

Nettoyage industriel
Nettoyage d’ateliers, bureaux, laboratoires, cliniques

Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008 -MARSEILLE 12 bis, boulevard Pebre tél. (949) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X¢ tél. (1) 2081557
GENEVE 55/67, rue Prévost-Martin tél. (022) 206848
74 -ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (50) 419133

Fournisseur du CERN a Genéve, du CEA 3 Marcoule, Pierrelatte, Cadarache,
La Hague, de 'ONU et de I'UIT a Genéve.

Our recently introduced A150 power amplifier may
be just right for your exacting needs of rf drive power.
Covering the frequency range from 0.3-35 MHz with
50 dB gain the A150 produces 150 watts of linear
Class A power. If distortion is unimportant the A150
will deliver up to 250 watts of CW and pulse power.

3000 WINTON ROAD SOUTH
ROCHESTER, NEW YORK 14623
Tel.: 716-473-7330; Telex 97-8283 ENI ROC

Broadband
r.f. power...

But... ...by ENI

If your requirement is beyond the capability of the
A150 maybe another amplifier from our wide
catalogue would be more suitable. Here is just a brief
selection

Model 240L 20KHz-10MHz 40 Watts

Model 3100L 250KHz-105MHz 100 Watts

Model 440LA 150KHz-300MHz 35 Watts

Model 503L 2-510MHz 3 Watts

All ENI amplifiers are fully protected against load
mismatch and will deliver constant forward power
regardiess of load impedance.

For more data contact your local
Representative or direct to ENI.

-
eni:s
SYSTEMS, LTD.
23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE

SG5 2JS ENGLAND
Tel.: (0462) 51711; Telex: 825153 ENI UK G
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PULSE HANDLING

AMAC

SYSTEM

DUAL PROGRAMMABLE

ATTENUATOR
2PA 2049
T
NUMBER OF CHANNELS 2 SN

INPUT
50 O, LEMO QO connectors,

REFLECTION

<6% with tr=1ns,

RANGE

0db to 31. 5db in increments of
0. 5db + 0. 5db of internat
attenuation

Fatom

SWITCHING TIME 3 5ms

X

DELAY

<76, 5ns

SETTING

front panel increment switch with
audtomatic timer or dataway com-
mand m

Q:Q

CAMAC FUNCTIONS per channel:
Read, write, Busy/Done checking
LAM testing,disabling and clearing

Eateng
Address B

POWER +6\  500mA S
+264V 0-240mA

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - Tix 202553F, F - 94 - RUNGIS — Germany: SEN ELEKTRONIK GmbH;
2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8;
- 8000 MUENCHEN 81 ~— Switzerland: SEN ELECTRONIQUE SA.; CP 39;
Tel. (022) 442940 - Tix 23359ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03;
8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.

Postfach 223; Tel. 04 103 62 82 - Tix 2183 548d, D -

Tel. 089 91 67 10 - Tix 529 167d - D

Tix 58257ch - CH -

DUAL PROGRAMMABLE
DELAY UNIT
2PD 2048

FET]

aual FAGSR BELAY

 EEn

SF 83 to 38ax

NUMBER OF CHANNELS 2 L St T

50 fihms
INPUT
50 N, LEMO OO connectors,
i External
Delay
+3.5ay ‘
REFLECTION 4
<6% with tr=1ns. 8 ’
+ 0
nternal 2 ‘
Delgy ! ’
Y
+§ Sns s
RANGE ) .
0 to 31, 5ns in increments of 1
0. 5ns + 6. 5ns of internal delay
and external delay, @ Extend
SWITCHING TIME 3, 5ms Addess 1
Addruss 4
ATTENUATION <10%
@ 50 Ofims
SETTING i
front pane! increment switch with Externat
automatic timer or dataway com- Selay
mand +3.5ns ’
O e
i -4
54
CAMAC FUNCTIONS per channel: 1 @
Read, Write, Busy/Dor\c checking Internal 1 ’
LAM testing,disabling and clearing Dslsy s .
+8.5ns ;w
POWER +6V  500mA
+24\ 0-240mA

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

Headquarters:

SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31; Tel (022) 44 29 40 - TIx 23359ch - CH 1211 GENEVE 13.

-
WIDE—BAND
ROUTER
WBR 2073
WBR 2073
WinE-8AND
ROUTER

NUMBER OF CHANNELS 12

&

INPUT
50 1, LEMO OO connectors

£

REFLECTION

5% with tr=1ns

B

e

SWITCHING TIME 3. sms

w

ATTENUATION <7%

o

DELAY 2, 5ns

p

£

CHANNEL SELECTION MODE
-single channel addressing
—automatic scanning
—automatic skip of unused

@

.0.0.0.0,0,0.0.0,0.0

channets

°

&

CAMAC FUNCTIONS

select a channel, Busy Done chec-
king, LAM testing and clearing,
scanning matrix leading, auto-
scanning, clearing

o@

Lot
B Dions
it Qulay
. & Yus
+6Vv  700mA i,
+24\V/ 80mA ‘

POWER

BEe H5

N

ELECTRONIQUE
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Spécialiste des composants
pour le VIDE et TULTRAVIDE

basés sur les soudures verre-métal

verelec

vous propose ;

INSTRUMENTS POUR LA TECHNIQUE
DES PROCEDES INDUSTRIELS

CONVERTISSEUR DE MESURE

Pour des données
électriques et non élec-
triques telles que cou-
rant, tension, puissance,
cos. O, fréquence,

temperature, nombre PASSAGES BASSE TENSION

de révolutions
connecteurs JAEGER 1,5KV/5A
hublots NIVEAU ZERO En n}l(re‘, notre activité ne se Iun:e paT au
natér té ici, une équipe de techni-
Exécutions spéciales possibles méme pour de d’observation - NPARP diens se tiont 4 votre sntior dispositon
petites séries N amaGNETIOUES pous e tst rélsation st la o
te modification du matériel standard.
passages de passages de "
. The lates: haich d.
thermocouples  courant 50 s guerantos 2 pevtoet ightness
All gur production is tested with hetium.
raCCOI’dS RIGIDES In addition pur aetivity s not imited to the

. material presented here, a team of techni-
PER I PH E RI E tubulaires SOUPLES cians is at your entie isgosal far studying
any work from drawing or any modification

vérélec

of standatd equipment.

- Instruments encastrées,
dimensions selon DIN 43700
avec échelle guadrangulaire,
profilée et circulaire

tél. 890 89.90

91, av. de Villeneuve-Saint-Georges - 94600 Choisy-te-Roi- ot 890 92.17

— Instruments a panneau digital

- Instruments avec index : ® s

BT O 0 sglabl
JUTE | gl ndusine iac
— Relais électroniques de

mesure
— Régulateur a 2 et 3 points ZODIAC, un engineering dynamique et audacieux. La technigque du
souple et du gonflable progresse tous les jours. En voici quelques
Service et livraison rapides exemples:

Les gazomeétres: Anti-pollution. A récupération d’énergie. A
accumulation.
Les abris souples (tentes): De 20, 40 ou 60 m?, ils sont réelle-

APPAREILS DE MESURE ment polyvalents: ateliers, infirmeries de campagne, unités de

ET DE TEST stockage ou de décontamination... Partout ou il y a mobilité ou
urgence, leur rapidité de montage, de démontage et leur effi-
cacité facilitent les opérations.
L : ! i ila-
MESSUMFORMER-TESTER es membranes souples: Membranes d'expansion ou de dila

tation, utilisées dans les domaines chimique, médical, agro-
MU-T : .
alimentaire, etc.
Quelles que soient sa nature et sa destination, une réalisation
industrielle ZODIAC est, de par sa signature méme, une garantie
de fiabilité, de sérieux, d’endurance. N'est pas ZODIAC qui veut.

Combinaison d’instrument de
lecture et de source pour
mA= etmV= avec

lecture digitale Pour documentation

et renseignements :
Découper et renvoyer a:
Messieurs Alain Letessier
et Thierry de Garilhe

Autres appareils:

multimétres

enregistreurs

contréleurs d’isolement
contréleurs de conductance

ZODIAC Département des marchés spéciaux.
61, quai Carnot 92210 Saint-Cloud France.
Télex: 270569 F. Tél.: 602.00.20.

ULRICH MATTER S.A, 5610 WOHLEN Nom: ... Société: U

Instruments électriques de mesure Fonction :
Téléphone (057) 61454/62834

Adresse:

cc
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Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Stesalit AG
Kunststoffwerk
CH-4249 Zuliwil SO
Telefon 061 8006 01
Telex 63182

. L
\\ ] ot

L

Give yourself peace of mind.

With our fully automatic ionization gauge controller. It
does the work right every time. Should you trust your vac-
uum process to controllers that offer less performance?

Using our controller your systems cycle the same way
every time. After programming, no one needs to touch or
even look at the Series 270 controller as your systems go
through production cycles. :

You get electronic autoranging that responds rapidly to
pressure bursts. That means you avoid unnecessary sys-

FOR SALES AND SERVICE CONTACT:

France: VM.D.I. Le Vide Moleculaire, Dans L'industrie, 11, Rue De La Villette,
75019 Paris, France, Telephone: 205-26-80, Telex: 280 823/500 ITSER e ltaly:
G. Gambetti Kenologia, 20122 Milano, Via Lamarmora 33, Milan, ltaly, Telephone:
54.66.982, 54.66.986, Telex: 843-32250, Cable: TECNOTORR e Netherlands:
Intechmij B.V,, Lip Van De Landre and Glinderman Groep, Postbus 8068, Hoogkar-
spelstraat 68, Den Haag, Holland, Telephone: 070-251212, Telex: 31216 » Bel-
gium/Luxembourg: Landre-Intechmij N.V., Lange Leemstraat 383, 2000 Antwerp,
Belgium, Telephone: 031-303273/303278, Telex: 35264 Landre-B » Sweden,
Norway, and Finland: Vacuumservice, a.b., PO. Box 42137, S-126 12 Stockholm
42, Sweden, Telephone: 08-744-29-85, Telex: 116 95 Vacserv S, Cable: Vacuum-
service Stockholm » Switzerland, Liechtenstein, and Austria: U. Grazer Vakuum-
technik, Neumuhlegquai 6, 8001 Zurich, Switzerland, Telephone: 01 47 1588, Tel-
ex: 58933 » United Kingdom/lreland: Kratos Lid./A.E.l. Scientific Apparatus, Bar-
ton Dock Road-Urmston, Manchester M31 2L.D, England, Telephone: 061-876
4466 Ext., Telex: 668482 Kratos G., Cable: Sciapp Manchester « West Germany:
Vivod/Physik-Technik, Augustenstrasse 27, 8000 Munchen 2, West Germany,
Telepheone: (089) 521002, Telex: 524687 Vivod D e

tem shutdowns that can be caused by mechanical range
changing mechanisms.

Service problems can be easily corrected. All circuit com-
ponents, including all switches, are mounted on two printed
circuit boards that can easily be changed without any sol-
dering operations.

These are some of the advantages of our Series 270 Con-
troller. It can make your vacuum processing easier, more re-
liable, and give you peace of mind.

Specifications, prices, sales and service on our complete
line of ionization gauge controllers are available by contact-
ing the appropriate company below.

GRANVILLE-PHILLIPS

5675 EAST ARAPAHOE AVENUE
® BOULDER, COLORADO 80303, U.S.A.
PHONE 303/443-7660 - TELEX 045-791

Where you buy with confidence.
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ENTREPRISE GENERALE
DE DECAPAGE
ET DE PEINTURE INDUSTRIELLE
REVETEMENTS SPECIAUX

PERSONNEL QUALIFIE GROSSES REFERENCES EN
MATERIEL SPECIALISE

‘_ 7 FRANCE ET A L'ETRANGER
Siége: t i 'éé
57000 METZ (Mos.) ’2 < ; neLeouLtvlve

6, RUE DE MERIC R.C. Metz 68 B 226

TEL. (87) 30.37.64 + . Télex 860280 Antiroui
N. LOUIS et ses Fils

S.A. au Capital de 3000000 F
_P.D.G.: Marc LOUIS

Trés grosses références en

OFFSHORE INSTALLATIONS PORTUAIRES
TERMINAUX, PIPE-LINES - GAZODUCS,
RAFFINAGE, PETROCHIMIE

Spécialiste des revétements spéciaux
Connaissance parfaite des produits de toutes marques
Service Etudes parfaitement rodé

Agences
13741 VITROLLES 57190 FLORANGE 59640 PETITE-SYNTHE 44480 DONGES 78520 LIMAY
Zone industrielle Z.IL. ] prés Dunkerque Z.1. prés St.-Nazaire Z.1.Limay
1ére Rue 43, Rue de I'Etoile Av. de la Gironde Tél. (40) 45.71.62 Porcheville
Tél. (42) 89.06.75 B.P. N° 38 Tél. (20) 66.28.20 R.C. St.-Nazaire 65 B 17 8A, rue Fernand-Forest
R.C. Salon-de-Provence Tél. (87) 58.18.62 R.C. Dunkerque 68 B 20 B.P. N° 13 Tél. 477.45.84
68 B 30 57190 FLORANGE Télex 820944 44480 DONGES Télex 691749
Télex 420309 B.P. N° 38 R.C. Pontoise 73 B 607
B.P. N° 8 - 13741 VITROLLES 59640 PETITE-SYNTHE

o SCREW LIFTING TABLES.

@® sheet metal up to 1.5mm #
@® thin-walled piping

@ car body sheet

@® plastic sheet and tubing

The ideal
servant for
all .
laboratories
and
workshops

For installing signalling devices, assembling instrument
panels, automatic installations, fitting aerials, laying
pipes and cables. For reaming out existing holes. For
deburring.

Indispensable for equipment assembly

2 MODELS

i i Capacity : 500 kg Capacity : 100 kg
Swiss and foreign patents Platform . 800 x 500 mm | Platform : 400 x 400 mm
® Closed Height : 450 mm Closed Height : 220 mm
TIPSWITOOL Raised Height : 1150 mm Raised Height : 620 mm

Altkircherstrasse 30 Write directly to : 128 bis, Avenue Président Wilson
P.O. Box - 4027 BALE/SwitzerIand - Tel. 061/396500 S.E. p.M. 93100 MONTREUIL-Sous-BOIS
Tél, : (1) 287.70.69 FRANCE
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Light — the information medium
Transmission and Optical Fiber Department
T 1 1

NUVIBER ONE
with its
manufacturing program

Presheathed single fiber - LD O2

Specifications : -, =
o Matferal Stica

o Atfenuation 51010 dB/km

e Numerical aperture 18 to 20°

o Passband 300 MH ki

e Outer floer dic A20p x5

o Cable OD O9mm+01--0O

o Maox available length 15600 mm

Ovtical cable with 3, 7 19 silica fibers TIS LD

Obfical cable with 7 silica fibers TIS ZMO7 and TIS PZO7

Specifications . e Material . Siica
o Aftenuation 1510 50 dB/km
e Numerical aperture . 32
e Passband > 150 MH//500 My
e Outer fiber dia 400w+ 10u
o Cable OD S6mm
o Max avalable length . 500 mm
e Tengie strength .75 Kg
[ ]

Radius of curvature - 80 mm

-

Oofical cable with 19 glass fibers TIS-MD 19

Specifications : o Materiai Glaiss
e Affenuation < OO dM/km
o Numercai aperfure . 5/
o Passbond > 100 MM/ 100 mn
> o Oufer fiber dic A0ou x5
o e Cubie OD SOmm
o« o Mox avdilatie length . 250 m
e Tensie sfrength .25 kg
e Radius of curvature - 80 mm

ALL OUR CABLES con be dielivered WITH o WITHOUT CONNECTORS
TRANSMITTER-RECEIVER ASSEMBLIES for floeroptic cablas

Type TS /M and MD
with connectors

Systermn for
LOGIC, ANALOGUE,
DIGITAL,
fransmission

Z.l. de la Gaudrée‘- b, rue Lambert
91410 DOURDAN {France)

Téi. (1) 492.94.63+

Télex : TXFRA 270105F REF. 643
TQS @5 FDIVE 00 sy

Tet. {061 21)28 36

<&F I'ORT

VIA PAICCININ) 2
24100 BERGAMO - ITALIA
Tel. {035) 222 671

FFORY 25 1TALIA

FORT IS MARKETED IN 14 COUNTRIES

For laser beam manipulation there’s
no better solution than Ealing
miniature micropositioning devices.

These compact devices have been developed as
a system to provide all necessary modes of adjust-
ment with the required precision but minimum
complexity. They can be assembled in a variety of
configurations and can be mounted on optical
tables, benches, pin and column mounts. Unnec-
essary refinements have been omitted but accu-
racy has been maintained. Automated production
methods ensure a consistent standard at the min-
imum price. Delivery is normally from stock.

Ealing miniature micropositioning devices will
solve your laser beam manipulation problems.
Contact your Ealing office for more information.

Greycaine Road, Watford, WD2 4PW, England

South Natick, Mass. 01760, Tel: (617)655-7000

9649 Cote de Liesse, Dorval HOP 1A3, Québec

UnitNo. 5, Carlingview Drive, Rexdale MOW 5E7, Ontario
Bahnhofstr 8, Postfach 1226, 6128 Hochst, W. Germany
1031, Boulevard Jeanned'Arc, 59500 DOUALI, France
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HEmzmeER

Precision
Power Supplies

Stability upto 1078 ; up to 300 kW ; up to 300 kV

for all applications

Magnets Microwave tubes
Superconductors Capacitor charging

Beam deflection Multipliers

Control and Measuring Techniques
Happinger Strasse 71
8200 Rosenheim

[ Tel. 08031 - 66397/66116
H_EHNZHM@ER T:Iex 0525777 hemes d

A NEW CAMAC CRATE
AND POWER SUPPLY

“THE ULTIMA 3000”
from

STANDARD ENGINEERING

The Ultima 3000 was designed specifically for:

® Simplicity - Achieved through rugged monolithic
construction,

® Longevity - Achieved through solidity and over
design,
® Trouble free operation - Achieved through minimizing parts

count and attention to cooling air
flow,

® Low, easy maintenance - Achieved through rapid access &
modular design,

® Heavy duty - Achieved through 42 amps/6 volt
standard output.

9
T

STANDARD ENGINEERING CORPORATION

44800 industrial dr. - fremont, ca. 94538 - 415 B57-75%8

a second
prefabrication

plant:

after the plant in Montelimar FRANCE,

the plant in Olazagutia SPAIN

has become operational .

You can :

m leave to us the installation of
500 t/month of piping circuits

B be sure that the quality
requirements and delivery date
that you ask for will be met

~

Montélimar

Our 2 prefabrication plants
Assembly area

béccard

DESIGN, SUPPLY, FABRICATION AND INSTAL-
LATION OF PIPING SYSTEMS FOR RESEARCH,
OFFSHORE OIL EXPLORATION AND REFINING
& CHEMICAL AND PETROCHEMICAL INDUS-
TRIES @ IRON & STEEL INDUSTRY e NU-
CLEAR POWER STATIONS...

2000 People - 500 Licensed welders

Sté BOCCARD

© BP 6080 - 69604 Villeurbanne Cedex
FRANCE - Tél. (78)68 3435 Télex 300426 F

® Tervuerenlaan 42 - 1040 Brussel 4
BELGIQUE

@ Edificio Deusto - Avenida del Ejercito 3
Deusto - Bilbao 14 - ESPAGNE

@ Ofazagutia - (Navarra) - ESPAGNE
® Via Gozzi N° 5 - 10121 Torino - ITALIE
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WES

CAMAC
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1

TEAM

TEL. 040/241511 TLX 2163043

For detailed technical and price information please contact WES and ask for catalog 9/76

WES-CAMAC-TEAM

represented in Switzerland by

KCANBERRA—STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070

CAMAC-CRATES 200-500 W

® CERN COMPATIBLE, PLUGABLE
POWER BOX

PLUGABLE FAN UNIT

DISPLAY SHOWS : STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

CURRENT/VOLTAGE DISPLAY
SHORT CIRCUITPROTECTION
COMPUTER MONITORING PLUG
THREE 500 W-VERSIONS

J

Chantiers modernes
S.A. au capital de Fr. 30000000 f

88, rue de Villiers
92532 LEVALLOIS-PERRET - CEDEX
Téléphone: 757-31-40
Télex: 610202

Paris - Bordeaux - Vitrolles - Nantes - Le Havre
La Réunion - Libreville - Pointe-a-Pitre
Abidjan

ULTRASONIC CLEANING EQUIPMENT

Compact units

Proven, top-quality products, of the
most advanced design, at affordable
prices.

0.2 to 28
litres
capacity.

— Frequency 35kHz

— Simple to
operate

— High wattage per
litre capacity

— Stainless steel tank coated internally
to withstand cavitational damage

Thoroughly cleans:
oil filters, strainers, heald shafts, nozzles, instruments, relays,
counters, precision engineering components, polished items.

For LARGE-SCALE INSTALLATIONS :

modular generators (modules
interchangeable within minutes)
and immersed oscillator.

M. SCHERRER AG, CH- 9500 WIL/SG
Gallusstrasse 41 (Switzerland) Phone (073)223476

b4



Twenty years of accelerator-klystron
progress at THOMSON-CSF

Nearly twenty years ago, back in 1959,
THOMSON-CSF's TH 2010 was the first
high-power accelerator klystron
delivering over 20 MW peak output
power and 20 kW average. At that time,
four RF outputs were necessary, due to
output-window limitations.

A few years later, we obtained 20-MW/
20-kW performance with only two
output windows, as in the TV 2011, due
to advances made in RF-window
technology.

Then, in 1968, thanks to an ongoing
klystron R&D effort, we were able to
introduce 20-MW/20-kW klystrons

in L and S band, each having just a
single RF-output window: the TV 2001
and TV 2002.

Today, sophisticated computer-aided
design techniques, our wealth of
experience and our mastery of
high-power klystron technology make it
possible for the THOMSON-CSF line of
accelerator klystrons to offer the right

A

@
THOMSON-CSF

tube for practically any application.
Just two of the latest THOMSON-CSF
accelerator klystrons are the TH 2075
(50 kW CW at 2450 MHz) and the

TV 2022A (a 20-MW/50-kW L-band
model). More than 100 service
positions, all around the world,
clearly mark THOMSON-CSF as a
world leader in this field. Contact us
for full-details on our remarkable
accelerator-klystron line, or for a tube
tailored to your exact application.

DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (1) 604 81.75
Germany - THOMSON-CSF Elektronenréhren GmbH./ Leerbachstr. 58 / 6000 FRANKFURT am MAIN. 1/ Tel. : (0611) 71.72.81
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71/1- 00136 ROMA / Tel. : (6) 638.14.58
Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / 7102 / Tel. : (03) 264.63.41
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226.76.09
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225.815
United Kingdom - THOMSON-CSF U.K. LTD. / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel. : (0256) 29.155 / Telex : 858865
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. : (201) 779.10.04
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