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Tokyo Conference

In the opening address at the
International Conference on High
Energy Physics, held in Tokyo from
24-30 August, KEK Director T. Nishi-
kawa pointed out that this — the
19th conference in the so-called
‘Rochester’ series — was the first
time the traditional biennial inter-
national meeting had been held out-
yle venues in Europe, the USA and the
@r

The conference was truly an inter-
national affair, with some 1000 par-
ticipants from nearly 50 countries.
Despite its size and complexity, with
the first three days being given over
to parallel sessions, the mammoth
meeting was managed with impres-
sive efficiency and precision, thanks to
the Organizing Committee led by G.
Takeda. But then almost everything in
the seething Japanese metropolis
seems to run this way.

No single big discovery or new
development emerged as the highlight
of the conference. Nevertheless, there
was much progress to report over a
wide range of investigations and the
general picture which emerged was of

firming-up of our understanding of

%rticle interactions.

In particular, the techniques of
quantum chromodynamics, which
describe the interactions of con-
stituents deep inside hadrons, appear
to have progressed to a level where
there is now widespread agreement
with experiment. However, the effects

~due to these deep interactions of
quarks and gluons are difficult to
detect and even harder to measure,
and Leon Lederman urged his fellow
experimentalists to strive hard to pin
down these delicate effects.

Quantum chromodynamics calcula-
tions can encounter problems and the
theoreticians have to find ways of
avoiding them. With calculations dif-
ficult to carry out and experimental ef-
fects hard to measure, the path
towards a quantitative understanding
of the inner workings of hadrons is a

rocky one, but the mood at Tokyo was
optimistic.

One particular new result was the
observation of the second upsilon
resonance near 10 GeV by two teams
working at the DORIS electron-
positron storage ring at DESY (see also
page 298). Until this precision
measurement on the upsilon prime,
the Fermilab data was always a bit am-
biguous, allowing the broad enhance-
ment between 9.5 and 10.5 GeV to
be fitted by either two or three
resonances, so the number of upsilons
remained open to question. However
the accurate result from DESY has now
ruled out a two resonance fit, showing
that there are at least three upsilons
and that this new particle family in-
deed consists of narrow resonances.
This consolidates the picture of the up-
silons as the bound states af a new
type of quark and antiquark.

As the mass of the upsilon prime
from the latest DESY experiments is
slightly lower than first indicated from
Fermilab, this increases the relative
importance of the third and heaviest
upsilon. Latest predictions for its mass
give 10.38 GeV and the DORIS ex-
perimenters were urged to push to this
mass region. DESY Director, Herwig
Schopper, indicated however that the
electricity bill during recent months
with DORIS cranked up to its record
energies has caused severe pain to the
Laboratory’s wallet. Maybe the third
upsilon is for PETRA.

As well as the DESY results and ac-
cumulated data from Fermilab, upsilon
sightings were also reported by three
teams working at the CERN ISR — the
CERN / Columbia / Oxford / Rockefeller,
Athens / Brookhaven / CERN / Syra-
cuse / Yale and CERN / DESY / Fras-
cati/MIT/Naples/Pisa collaborations.
These high energy results confirm the
upsilon as a way of life and show how
production levels increase with energy.

Experiments on dilepton production
by hadrons now reach out as far as
19 GeV in the dilepton mass spectrum

but no heavier states are evident.
Lederman added wistfully that some
sets of data seem to show small
enhancements at the extreme end of
their mass spectra, providing a tan-
talizing glimpse of things to come.

Inside the proton

It was perhaps indicative of the in-
trospective mood of the Conference
that as much attention was paid to the
non-resonant background production
of dileptons as to the new resonant
states. This background provides a
valuable window on the interactions of
quarks/partons deep within the
hadrons and provides a testing ground
for quantum chromodynamics. Theory
and experiment now agree in many
respects and determinations of the dis-
tribution of virtual quarks in the ‘sea’
surrounding the nucleon, using data
from dilepton production, now agree
with other determinations, for example
from the CERN / Dortmund /
Heidelberg / Saclay neutrino experi-
ment.

In another example of the use of
very recent results to search for inner
hadronic effects, Gideon Alexander of
Tel-Aviv presented an analysis of up-
silon decays measured in PLUTO
before the detector was resited at
PETRA. Theorists predict that decays
of the heavy quarkonium state should
show signs of the production of three
gluons, in much the same way that
positronium  decays into three
photons.

The observation of two jets in
hadron production from electron-
positron collisions at SLAC, now nearly
ten years ago, was one of the first
pieces of evidence for the existence of
constituents within hadrons. The idea
now is that, across a heavy resonance
such as the upsilon, this two-jet
behaviour should be replaced by a tri-
ple jet pattern. Such an effect would be
a valuable proving ground for quantum
chromodynamics predictions, which
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small scaling violations and the like.
G. Fligge of DESY pointed out that

jet behaviour does indeed seem to

largely restricted to

change across the upsilon region,
although in some cases the deviations
from a statistical ‘phase space’ decay
are not very marked. Confirmation of
this gluon effect could come from the
first experiments at PETRA.

More evidence for the interactions
of hadron constituents in hadron-
hadron collisions was summarized by
R. Sosnowski of Warsaw, using data
from experiments at the ISR by the
CERN /Columbia / Oxford / Rockefeller,
British / French / Scandinavian, CERN /
Collége de France / Heidelberg /
Karlsruhe, CERN / Saclay and
Brookhaven / CERN / Syracuse / Yale
collaborations. These results show
good indications of jet production,
both on the trigger and away sides of
the interaction and with the ’‘spec-
tator’ particles. This goes a long way
towards substantiating the hypothesis
that these phenomena are due to in-
teractions between constituent parti-
cles inside the hadrons and are similar
to the jets seen in electron-positron
annihilation.

Additional evidence for jet produc-
tion in hadron collisions was described
in a parallel session by W. Selove of
Pennsylvania, reporting results from a
Fermilab / Lehigh / Pennsylvania /
Wisconsin group which investigated
high transverse momentum reactions
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Nearly there! For many travel-weary
participants at the Tokyo Conference, this
welcome sign showed that at last the end of
their journey was in sight.

in both proton-proton and pion-proton

collisions. Jet-type signals are seen in
both types of processes and allow the
different quark behaviour in pions and
protons to be compared. According to
Selove, this work could go on to
measure the angular distribution *of
constituent quark-quark scattering.

Charm searches

Results from charm searches came
from a variety of directions in the paral-
lel sessions — cosmic rays, neutrino
beam dump experiments, high energy
photoproduction studies, etc. In sum-
marizing these attempts to pin down
the production levels and lifetimes of
free charmed particles, Bob Diebold of
Argonne said that the present situation
seemed ‘confused’ and hoped that it
would resolve itself over the: next few
years.

According to Diebold, specific as-
sumptions, such as the assumed
atomic number dependence and the
type and/or number of charmed parti-
cles being looked for, were often not
made clear in individual papers, and
this did not help in the comparison of
data. Experimental results also did not
tie in with theoretical predictions. In a
parallel session, F. Halzen remarked
that calculations of the production of
heavy quarks should be straight-
forward and very reliable, adding that
perhaps additional mechanisms could
be introduced to provide the necessary
corrections. Other theoreticians were
openly sceptical about the value of the
experimental results.

Wong-Yong Lee of Columbia
presented evidence for the production
of a charmed antibaryon by a team us-
ing the tagged photon beam at Fer-
milab. A peak is seen in the antilambda
plus three pion mass spectrum at 2.27
GeV, close to the value reported at Fer-
milab a few years ago using a different
set-up. The antibaryon, rather than
baryon, signal seemed puzzling to
some. There was also a report of a

charmed baryon signal from an experi-
ment at Serpukhov.

G. Fligge reported work at DESY
which has consolidated the spectrum
of the F mesons displaying both charm
and strangeness. There appears to be
as yet no reliable sighting of F mesons
at SLAC, although the existence of the
particles now tannot be doubted.

The charmonium spectrum ng =
begins to look crowded, and results O™
psi prime decays from the new sodium
iodide/lead glass detector at DORIS
point to a new hidden charm state near
3.6 GeV. The exact quantum numbers
of this state have yet to be fixed.

The other newcomer to the list of
particles was covered when G.
Feldman of SLAC drew a clear picture

- of the tau heavy lepton. Quantum

chromodynamics calculations give
good results for the decay of this parti-
cle into a muon (or an electron) plus
two neutrinos but the description of
the decay into a pion and a neutrino is
not in such good shape. The mass of
the tau’s neutrino is consistent with
zero.

Dibaryons and baryonium

A number of speakers covered the
dibaryon discoveries at Argonne (see
October 1977 issue, page 330). A.
Yokosawa of Argonne said he had
‘tons of data’ on a string of dibaryon
states above 2 GeV. Baryonium too got
its share of attention at the
Conference, although the narrow 2.95
GeV state reported last year by a team
working at the Omega spectrometer at
CERN has been submerged by new
data. However, the existence of both
broad and narrow mesonic states with
strong coupling to the baryon-
antibaryon channel now looks good.

According to some theoreticians,
these new effects could be just the tip
of a big iceberg of new hadron physics
with multiquark states and there was
talk of seeing this in electron-positron
annihilation.



As well as the dibaryon results, the
work with polarized protons at Argon-
ne has also produced possible
evidence for new effects, described as
‘dramatic’ by V. Tsarev of Lebedev in
his rapporteur talk. Experiments using
polarized beams and polarized targets
were first covered in a parallel session
by A. Krisch of Michigan who pointed

t that the comparison of high

omentum transfer results from colli-
sions. with similarly and oppositely
polarized protons at 11.75 GeV
seemed to point to some coherent ef-
fects between the proton constituents,
possibly due to gluons. It seems bizarre
that the Argonne ZGS, soon to cease
operation, is still such a fruitful source
of significant new results.

Neutrino experiments

In the neutrino area, there was little
new to report, as charged current ex-
periments, according to rapporteur K.
Tittel of Heidelberg, seem to be in step
with each other. Scaling violations
agree with those seen in electron ex-
periments and provide yet another ex-
’aple of agreement with quantum
chromodynamics predictions. Deter-
minations of the ‘sea’ content of vir-
tual quarks inside nucleons from these
experiments show 11-14 per cent
level for non-strange quarks but a 2-4
per cent level for strange quarks, in-
dicating that this virtual quark sea sur-
rounding the three valence quarks is
not SU(3) symmetric.

With everything behaving so nicely
in neutrino experiments, physicists can
afford to look at finer details of the
reactions in their quest for new or un-
expected results. Some effort has gone
into looking for signs of gluon jets
in the hadronic components but
more work is required before any
pronouncement can be made. Other
studies have concentrated on like sign
muon pairs and different experiments
give the ratio of like to unlike sign
muon pairs from zero to about 12 per

cent. Again it seems too early to say
anything definite.

In the neutral current area, the
Weinberg-Salam theory seems to
reign supreme. With the storm of
events initially observed for high
energy neutrino-electron scattering in
Gargamelle now subsiding, C. Baltay of
Columbia indicated that the world
average neutral current data for this
type of reaction points to a value of the
mixing angle, @, giving sin2 @ =0.23.

In the parallel sessions, Dick Taylor
from SLAC presented his epic result on
polarized electron scattering (see
August issue, page 245), which had
firmly established the Weinberg-
Salam model as the premier theory.
Additional fuel for this theory came
from L. Barkov who presented the
Novosibirsk results on the behaviour of
polarized light in bismuth vapour (see
June issue, page 200).

However D. Boulware in a subse-
quent unscheduled parallel talk said
that bismuth experiments at Seattle

In one of the early parallel sessions at the Tokyo
Conference, G. Alexander of Tel-Aviv described
how the DORIS data on upsilon decays had
been analysed to search for signs of triple gluon
production. Quark/gluon interactions were one
of the main talking points at Tokyo.

had still to detect any positive effect,
despite using new apparatus. But last-
minute news from the Oxford group in-
dicated that a parity violating effect
had at last been seen, though its
magnitude was not in agreement with
the standard theory. This lack of agree-
ment between the different groups
searching for p&rity violation in atomic
physics did not seem to worry Steve
Weinberg, who was convinced that
everything would come out right in the
end.

In theory

The last morning of the conference
was given over to theory. Weinberg
painted a rosy picture of the under-
standing of weak interactions, pointing
out that the existence of six flavours
and six leptons would provide a handy
framework for describing CP violation.
In his customary style, Weinberg was
able to cover new theoretical ideas
while at the same time dealing
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with details of and
phenomenology.

With hadronic and electro-weak
gauge theories in such good shape, it
was natural for Weinberg to turn to
unification schemes bringing together
the different aspects of particle
behaviour. One possible consequence
is the existence of a new realm of
"hyperweak’ interactions with only a
minute fraction of the strength of con-
ventional weak interactions. These
forces would convert quarks to leptons
and make the proton unstable.

This topic was taken up by Abdus
Salam, who pointed out the range of
group structures now on the market to
describe unified colour and electro-
weak effects. Depending on the nature
of this grand symmetry, new pheno-
mena are conceivable from new parti-
cle accelerators in the not too distant
future. On the other hand, the underly-
ing unification scheme might be such
that the energies required to see its ef-
fects will be unattainable. Another ap-
proach is via the lifetime of the proton
and, from his lofty theoretical seat,
Salam urged experimentalists to
search for signs of proton decay.

While the conference had no major
breakthroughs to report, it showed
steady progress over a broad front in
our understanding of particles. If this
progress continues when new results
come in from the next generation of
machines, we could at last begin to
glimpse the unified picture of Nature of
which Kepler and Einstein could only
dream.

experiment
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Farewell to Nimrod

On Tuesday 6 June, the Rutherford
Laboratory’s proton  synchrotron
‘Nimrod " was switched off for the last
time, bringing to a close an era of
home-based facilities for high energy
physics research in the United
Kingdom. The increasing cost of parti-
cle physics research, coupled with
widespread financial pressures over
the past few years, has forced the UK
to close its national facilities in favour
of maintaining a full commitment to
the research programmes at CERN and
at PETRA. As a result, Daresbury’s
electron synchrotron, Nina, was closed
on 1 April 1977 (see April 1977 issue,
p. 101), and now Nimrod has been
shut down.

The construction of a 7 GeV proton
synchrotron was approved by the UK
government early in 1957. The Ruther-
ford High Energy Laboratory {as it was
then called) was set up as the first
research establishment of the UK
National Institute for Research in
Nuclear Science, to be responsible for
the construction and operation of
facilities and equipment for univer-
sities. and institutions carrying out
research in the nuclear field. Dr. T.G.
Pickavance was appointed as the
Laboratory’s  first Director. The
Laboratory became a part of the UK
Science Research Council in April
1965.

With the approval of Nimrod, the UK
university scientists were provided
with a powerful proton accelerator
having the second highest energy in
Europe (or fifth in the world) and
amongst the leaders in beam intensity
(aiming for 102 protons per pulse and
22 pulses per minute). The variety of
particle beams available from Nimrod
offered a broad range of possibilities
for research into the properties of
known particles and to search for new
phenomena. Appropriately, the ac-
celerator was named ‘Nimrod’ - ‘the
mighty hunter’ according to the Book
of Genesis.

The construction of Nimrod was

completed in 1963 and on the 27
August protons were accelerated to
the design energy of 7 GeV. The
research programme officially started
in February 1964 and by September
1964 the design intensity of 10'2
protons per pulse was reached. This
figure has since been exceeded by a
factor of four.»

Nimrod was officially inauguratgi
on the 24 April 1964 by the Rt. Holvw
Quintin Hogg, then the UK Secretary of
State for Education and Science, who
described the project as "...essentially
an act of faith in the value to a nation of
knowledge acquired for its own sake,
of brains engaged in free speculation
about the ultimate nature of the
Universe and the structure of matter’.

The machine has been successfully
operated throughout fifteen years of

"high energy research providing about

60000 hours of beam time (or 2 x
1020 accelerated protons). About 20
universities have made use of the
research facility and completed about
80 major experiments. There has been
a great variety in the research
programme which has been supported
by the skilful development of n
detection techniques and the provision |
of large-scale and complex sets of ap-
paratus. Extensive computing facilities
have been provided for the analysis of
the experimental results.

The outstanding feature of the
Nimrod experimental programme has
been the systematic high-accuracy
study of the resonance region below
2.5 GeV. The pion-proton elastic chan-
nel has been studied with all combina-
tions of pion charge, with and without
polarized targets, including the very
difficult measurements of the charge
exchange polarization. The statistical
accuracy and momentum coverage
has overwhelmed earlier data.

In addition, the first systematic
measurements of the inelastic final
states lambda-kaon and sigma-kaon
using electronic techniques have been
carried out, including a measurement



of the spin rotation parameters in the
lambda-kaon  reaction using a
longitudinally polarized target. In re-
cent years some of the attention has
shifted to the kaon-nucleon system
with high accuracy measurements of
the kaon-proton elastic differential
cross-section and polarization, and
measurements of the polarization in
he reactions K*tn — K*n and
-X*n — Kp using a polarized
deuteron target.

The analysis of all these data has
produced the well-known superabun-
dance of resonance states which
prompted theoreticians to search for
underlying symmetries and structure
to explain the seeming chaos, produc-
ing first of all SU(3) and then SU(6) as
classification schemes, and introduc-
ing quarks as the fundamental con-
stituents of matter.

The quark model rests on two pil-
lars: the first is the deep inelastic scat-
tering of electrons, muons and
neutrinos which shows that pointlike
objects exist within nucleons and the
second is the resonance spectrum, in
particular that of the baryons, where
jn incredibly rich spectrum of states
and their decay rates can be semi-
quantitatively explained in terms of a
very simple model of three quarks con-
nected by harmonic oscillator forces.

The crowning glory of the quark
model is, of course, the discovery of

the psi and charmed particles, but it

should not be forgotten that, without
the earlier detailed work, to which
Nimrod made a very significant con-
tribution, and which first produced the
quark model, there would have been
no theoretical framework for these
subsequent discoveries.

Nimrod has also been active in many
other areas. Several experiments to
check violations of fundamental sym-
metries have been performed, in-
cluding one of the early investigations
on the CP-violating decays of the long-
lived kaon, a test of the A S=AQrule,
and two experiments testing the

charge symmetry invariance of the
electromagnetic decays of the eta
meson. An experiment which only
recently completed taking data is
testing the speculation that the CP
symmetry broken in K° — mtm"
decays could be restored in a suf-
ficiently high magnetic field. Pulsed
fields of 30 T were obtained and it
should soon be known whether or not
the decay rate into two pions is
reduced.

Hadronic experiments other than
those directly concerned  with

resonance formation have tended to .

share the same features of high resolu-
tion and high statistical accuracy. A
good example is the refined missing-
mass technique used to measure
directly the width of the omega (780),
the eta prime (960) and the cusp in
pion-proton elastic scattering near the
eta threshold by making measure-
ments at 1 MeV/c incident momentum
steps near the thresholds for these
resonances.

In the bubble chamber field Nimrod
has also been very active. As well as
heavy liquid and helium bubble
chambers, two hydrogen chambers
have taken over 11 million pictures,
mostly on low energy formation or
meson production studies. Two major
innovative projects have been under-
taken. The Rutherford Laboratory col-
laborated with CERN and DESY to
produce the first operational track sen-
sitive target in which the beam in-
teracts in a volume of liquid hydrogen
surrounded by a denser mixture of li-
quid neon and hydrogen. This techni-
que combines the simplicity of interac-
tions in the pure hydrogen chamber
with the high gamma ray and electron
detection efficiency of the heavy liquid
chamber.

The second innovation was the con-
struction of a rapid-cycling bubble
chamber as the target for a specially-
designed electronic detector system.
Problems in the operation of the
chamber and the early closure of

Sir John Cockcroft breaks new ground for the
Rutherford Laboratory in 1957.

The Laboratory’s first Director, Gerry
Pickavance, and the Secretary of State for
Education and Science, Quintin Hogg, at the
inauguration of Nimrod in 1964.

(Photos Rutherford)
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Stanford:
Lots of PEP

In the wake of the news from DESY
that PETRA is starting up, there is even
more determination to bring the
Berkeley/Stanford 18 GeV electron-
positron storage ring PEP into action
on the scheduled date of 1 October
1979. An additional injection of about
$6 million in the next fiscal year will be
needed to make this possible but there
is confidence that this extra money will
be found.*

Tunnel construction around the 2.2
km circumference is reasonably well
advanced with about three-quarters of
the ‘cut-and-fill" sections completed
and with the northern section remain-
ing to be tunnelled. Intersection halls
are being built. The injection links with
the SLAC linac will be completed at the
end of the year; the south injection
tunnel (for electrons) has been con-
creted and the north injection tunnel
(for positrons) will follow by April next
year. The complex magnets which will
make it possible to guide the electron
and positron beams from the linac into
the two tunnels towards PEP or to al-
low the electron beam through for
linac experiments and for the smaller
SPEAR storage ring, have been built by
Berkeley and are awaiting installation.

The "magnet factory’ on the Stan-
ford site began full-scale production in
August to turn out the 192 dipoles
(0.5 T field and 5.4 m long) at a rate of
one per day. Several such magnets
have been built and showed that this
production rate can be achieved. The
bending magnet laminations are
stacked at the Laboratory, and the coils
inserted in the assembled cores, which
are then welded. Quadrupoles arrive
already stacked and require only the
coils to be putin place. Most of the sex-
tupoles are being built by industry and
the special large aperture quadrupoles
for the intersection regions are being
built at Berkeley. The installation of the
magnets in the tunnel will begin in in-
tersection region 8 (where electrons
are injected and where the control
room is located) and proceed an-

ticlockwise around the ring.

The vacuum chambers, to give pres-
sures of 1078 torr in the ring, are being
produced comfortably on schedule.
Some minor troubles have been en-
countered in the plumbing of the r.f.
power systems and they need tidying
up before installation in the machine.
This work is a little behind schedule but
not worryingly so. Test cavities have
been powered to levels in excess of the
design value (6 MW at 350 MHz in
50m of cavity).

Three detection systems are ex-
pected to be ready for the start-up of
the machine - Mark Il (the successor to
the psi-finding Mark | magnetic detec-
tor), which has been in operation for
physics on SPEAR since March, MAC
and the “free quark search’. Mark Il has
greater acceptance than Mark | and an
improved time-of-flight system. Trig-
ger biasses are much reduced and it
has better photon detection and better
pion and electron identification. It will
have about another year at low
energies before moving to PEP and will
concentrate on the charmed mesons,
the heavy lepton and jets.

The High Resolution Spectrometer
(using the magnet of the Argonne 12
foot bubble chamber) and the am-
bitious Time Projection Chamber (be-
ing built at Berkeley) will probably fol-
low in April 1980. It will also be
decided this Autumn whether to bring
the DELCO detector, suitably modified,
to PEP. DELCO was moved from the
SPEAR ring in July to make way for the
‘Crystal Ball’ spectrometer and it has
been decided to build a Mark Il to fol-
low Mark Il on SPEAR rather than to
reintroduce an improved DELCO.

Mark Il is being optimized for
SPEAR energies (which the Mark Il is
not) and great attention is being given
to minimizing multiple scattering. The
Mark | magnet will be used and shower
counters will be positioned inside the
coil to spot low momentum photons.
The detector will mop up the physics in
the lower energy region where there is

* | ate news : It has been.

likely to be a lot of detailed work left
after the departure of Mark Il.

Thoughts are already turning to the
post-PEP operation years. One option
for the further development of the
storage ring has already been tabled
— anincrease in the peak energy from
18 to 24 GeV by the addition of more
r.f. cavities. «This is, however, very ex-
pensive in power.

Another option is the addition of a
proton storage ring in the same tunnel,
an idea which was in the very first PEP
proposal many years ago. It is strongly
believed that any implementation of
this option would come at a time when
new technology would be imperative
in the machine construction. The use
of both high field superconducting
magnets and superconducting r.f.
cavities is envisaged in a colliding
beam system involving 25 GeV
electrons on 350 GeV protons.

When PEP comes on, the face of
physics at SLAC will be considerably
changed. It is anticipated that PEP will
be operated for as many hours per year
as money makes possible, that SPEAR
will operate for 50 % of the time as a
high energy physics machine and the
other 50% to provide beams into the

Stanford  Synchrotron  Radiation
Laboratory (SSRL), and that the
physics programme using direct

beams from the linac will absorb the
remaining resources.

The linac programme is already
beginning to thin out a little but it is still
obviously very lively, as evidenced by
the recent beautiful polarization ex-
periment (see July/August issue, page
245). The streamer chamber is being
phased out, .the fast cycling 40 inch
bubble chamber may be moved to the
photon beam and a photon beam may
also be fed to LASS (the Large Aper-
ture Superconducting Spectrometer).

The photon beam and much else in
the present and projected programme
will take advantage of the higher
energies which are becoming progres-
sively available as the SLED project is
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Work in progress in July on the building at the
south arc of the SPEAR storage ring at Stanford
to house extensions of the synchrotron
radiation research facilities. The concrete
tunnel of SPEAR can be seen curving around
top right and three stubs already protrude from
it where the radiation beam times will be
located.

(Photo Stanford)

implemented. All the SLED units to
double the linac output energy (with
shorter pulse lengths) are completed
but it may be 1980 before they can be
installed (the rhythm being dictated by
money).

The SSRL is busy with Phase 1 of its
extension of the synchrotron radiation
research possibjlities at SPEAR. The
present research uses eleven ex-
perimental stations drawn from three!
radiation ports and it has excelled in
Extended X-ray Absorption Fine Struc-
ture (EXAFS) and photoemission work.

It has, however, suffered from the
high energy physics concentration at
SPEAR on the 4 GeV centre-of-mass
region which has caused an ‘X-ray
drought’. This makes the radiation
workers the only people in the world
unhappy with the psi particles.

The present three-year develop-
ment programme, funded to the extent
of $6.7 million, will see the addition of
new beamlines on the South Arc of
SPEAR. Five beamlines feeding four-
teen new stations will be housed in the
building now under construction. A
‘wiggler’ will be installed to extend the
X-ray range to the equivalent of 4 to
5 GeV electron beam energies. (A wig-
gler will be tried for the first time ever
in SPEAR later this year.) The syn-
chrotron radiation work on SPEAR, as
elsewhere, is growing almost ex-
ponentially. There are at present some
250 active proposals for experiments,
involving some 400 scientists.

Diagram of the SPEAR storage ring with the
synchrotron radiation areas picked out by heavy
lines. On the north arc is the existing facility ; on
the south arc to the left is phase | of the
extension now under construction where new
beams will be installed.



Proton-antiproton project

We have referred several times before
to the proposal to collide proton and
antiproton beams in the CERN SPS
ring. Now almost all the details of the
project are fixed and it was presented
to the CERN Council at its June
meetings. While the orders for the
hardware to make the project real are
being prepared, some crucial tests
Eook place at the end of July with the
storage, for the first time ever, of a
beam of antiprotons.

The proton-antiproton project is
seen as the major extension of the
research facilities at CERN in the im-
mediate future. With collision energies
of up to 270 GeV per beam (the max-
imum energy at which beams can be
stored with the SPS magnets run d.c.)
it will certainly open up a new region of
physics where several phenomena, un-
derlying the presently very successful
theoretical ideas, are expected.

The most dramatic of these new
phenomena could be the appearance
of the charged Ws and neutral Z— the
heavy vector bosons which are the in-
termediate particles carrying the weak
force in analogy to the photon carrying
yhe electromagnetic force. The best es-
timate at present puts their masses at
around 80 GeV and demonstration of
their existence would be a great
triumph of modern physics.

The same scheme which predicts
the Ws and Z requires other particles,
known as Higgs particles, to complete
the unified picture of weak and
electromagnetic phenomena. The
Higgs particles are at the origin of
‘spontaneous symmetry breaking’
(see September 1977 issue, page
272) and could also appearin the new-
ly accessible energy range. In addition,
access to higher energies could reveal
heavier particles of the J/psi and up-
silon type — the products of still
heavier constituent quarks.

Regardless of the particle searches,
the ability to collide hadrons at
hundreds of GeV energies should yield
more information on the quarks and

gluons of which they are assumed to
be made and hence tell quantum
chromodynamics (the theory which at-
tempts to explain their behaviour)
where to go. .

These are some of the physics at-
tractions which are luring both CERN
and Fermilab to a proton-antiproton
project. The difficulty in its realization
is to achieve a sufficient antiproton
beam intensity to make the physics ac-
cessible. At CERN this will require an
intricate sequence of manoeuvres
which we now summarize.

Providing the antiprotons

The heart of the scheme is an an-
tiproton accumulator (AA) where
stochastic cooling will be applied to
give intense beams of the required
quality. The accumulator will be built
7 m below ground on a site roughly
midway between the 28 GeV proton
synchrotron and the Intersecting
Storage Rings. Its circumference will
be one-quarter of that of the PS, and
equal to that of the 800 MeV Booster.

The ring will have a very large radial
aperture, up to 70 cm, to have max-
imum acceptance for the antiprotons
and to help particle mixing which isim-
portant for stochastic cooling. The ring
will be maintained at an ultra-high
vacuum of about 107'° torr. Twelve
large high field bending magnets and
twenty-four quadrupoles will leave
more than half the circumference free
for the stochastic cooling units, injec-
tion and ejection systems, diagnostic
devices and a r.f. cavity. The an-
tiprotons will be produced when 26
GeV protons from the PS are deflected
out of the ISR transfer tunnel, TT 2, and
strike a primary target. To concentrate
these antiprotonsin the accumulator, a
method has to be used which crowds
as many protons as possible into a
quarter of the PS circumference.

The PS Booster produces five
bunches of protons in each of its four
rings. In normal sequential operation,

at CERN

these bunches are fed into the PS one
after another. However the particles
can also be combined into two lots of
five double bunches. These will be in-
jected into the PS at slightly different
energies, so that one lot overtakes the
other. At this moment, the r.f. system
will capture them both, giving five
bunches of protons, each, with four
times the normal intensity. It is this
concentrated proton beam which will
produce the antiprotons with a produc-
tion maximum near 3.5 GeV/c.

Once in the accumulator, each
newly-injected pulse of antiprotons
will first undergo a rapid precooling
to reduce the momentum spread from
+ 7.5 to + 1 part per thousand after
which it will be taken by the r.f. system
across the vacuum chamber to be
stacked with previous batches. This
has to be accomplished before the next
burst of antiprotons appears.

The stack, which will be shielded
from the effects of the injection and
precooling kicker magnets by movable
shutters, will be cooled continuously
both longitudinally and transversely,
so that particles migrate to the bottom
of the stack, eventually forming a
beam of sufficient density. 24 hours of
stacking is expected to give 6 x 10"
antiprotons.

Because of limitations in available
straight section space in the ac-
cumulator, the injection and ejection of
antiprotons will take place in the same
section of the ring. This means that the
extracted particles will be travelling
away from the PS and have to be
brought back through a loop tunnel.

In the original design study, it was
proposed that the 3.5 GeV antiprotons
would be transferred directly to the
SPS for subsequent acceleration up to
270 GeV. However, this low injection
energy posed a number of problems in
the SPS. Instead, it was decided to
take the antiprotons to the PS for ac-
celeration to 26 GeV, which is above
the potentially troublesome SPS tran-
sition region near 22 GeV.
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The proton-antiproton scheme for CERN.
Protons from the PS produce antiprotons which
are cooled and stored in an accumulator ring,
AA. They then loop back to the PS, and are
accelerated to 26 GeV before being sent to
the SPS. There they are accelerated with
protons to 270 GeV and collided in long straight
section 5.

To do this, however, affects the SPS
proton injection system also since
protons and antiprotons must be ac-
celerated from the same energy
together. The TT10 transfer tunnel
must be upgraded to handle protons at
26 GeV for the new project, while
retaining the capability to handle 10
GeV particles during normal SPS
operations as at present.

Once in the PS, r.f. manipulations
will reduce each antiproton bunch
length to less than 1.5 m so that it can
be injected straight into one 200 MHz
bucket of the SPS, where it will be
stored while similar operations are car-
‘ied out on subsequent bunches of an-
tiprotons. Twelve bunches will thus be
equally spaced around the SPS
perimeter.

In the SPS

To transfer these antiprotons from the
PS to the SPS, where they will cir-

culate anticlockwise, a new transfer
tunnel TT 70 will be built. The an-
tiprotons will be extracted from the PS
in 'straight section 58 with equipment
previously used for extraction into the
East Hall. The particles will join TT 60,
now used to extract protons from the
SPS for the West Area, and be injected
through the existing SPS extraction
system.

Before the twelve antiproton
bunches are passed to the SPS, twelve
companion bunches of protons will
have been injected, circulating of
course in the opposite direction. The
protons and antiprotons will then be
accelerated to 270 GeV.

To accomplish this, the SPS will
have four travelling wave r.f. cavities,
two of them fitted with reversal
switches. In this way two cavities can
be used to accelerate protons, while
the other pair deal with antiprotons. To
achieve the required luminosity of 103°
per cm? per s, some r.f. gymnastics will

combine the bunches of protons and
antiprotons into six pairs.

The vacuum in the SPS ring must be
improved to protect the valuable an-
tiprotons from excessive scattering by
residual gas molecules. A level of at
least 107™° torr is required to retain
good luminosity over 24 hours while
the next antiproton beam is built up.
The number of sputter ion pumps in
the SPS will be doubled, and an ad-
ditional sublimation pump will be in-
stalled on each pumping port.

Finally, the beams will be compres-
sed by low-beta quadrupoles either
side’ of the collision point in Long
Straight Section 5, which soon will be
the scene of construction work for a
large underground experimental area.

The detection system

The detector for the new underground
experimental area will be built by a col-
laboration of physicists from Aachen /

QTIMR2-C=S
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Annecy / Birmingham/CERN/London/
Paris / Riverside / Rome / Rutherford /
Saclay / Vienna. The total weight of the
10 m long by 5 m wide apparatus will
be well over 1000 tons and this
precludes raising and lowering the
equipment. It is planned to have the
underground hall large enough so that
the apparatus can be rolled back into a
‘garage’ when it is not in use and a
shielding wall will allow development
work on the detector during normal
SPS operation.

The detector is designed to cope
with many particles, collecting unbias-
sed information over as wide a solid
angle as possible, taking energy
measurements by both magnetic cur-
vatures and calorimetry and allowing
simultaneous detection of electrons,
muons and neutrinos with large
transverse momentum (the neutrinos
being detected by missing energy
measurements).

A large conventional dipole will sup-
ply the main magnetic field of 0.7 T
over a volume of 85 m?3, using thin
aluminium coils. Inside the magnet
surrounding the beam tube will be an
array of drift chambers with image
read-out, covering a cylindrical volume
about 6 mlong and 1.11 m radius. The
central chambers will have their wire
planes arranged vertically, while
forward chambers will have them ar-
ranged horizontally. Wire spacing will
be 5 mm and the drift distance of
18 cm arranged so that signals from
one bunch of electrons can be col-
lected before the subsequent batch ar-
rives. It is hoped to achieve a spatial
resolution of 2560 um on each wire.

Around the  track sensitive
chambers will be the photon and
electron detector, consisting of 48
crescent-shaped modules of lead-
scintillator sandwich with end cap
shower counters. To gauge energy
flow where the particle densities
become too great for analysis by
magnetic means and to allow for pos-
sible new highly-penetrating hadron

An artist’s view of the large detector which will
be built for the proton-antiproton project shows
how the sides can be rolled back to give access
to the central volume.

Computer simulation of a proton-antiproton
interaction in the detector planned for the SPS.
The Monte-Carlo generation uses a simple
quark model extrapolated to beam energies of
270 GeV and the event corresponds to two high
transverse momentum jets emitted at large
angle plus the remaining two forward jets. Out
of the 42 charged tracks of this event, some
remain undetected in the beam tube and
additional forward chambers will help. The
picture corresponds to the information which
should be recorded on tape (geometrical
acceptance of the detector, chamber read-out
capabilities are included).

———0

components, an outer hadron
calorimeter will be used. This will con-
sist of slabs of scintillator fitted
between the C-shaped plates of the
return yoke of the. magnet (80 cm of
iron) together with end caps to close
the effective volume. Muons transvers-
ing all the modules will be detected by
drift tubes (300 m? in six planes).
Additional forward calorimeters will
be installed to analyse particles
produced in the narrow forward cone.

The total cost of the project is
estimated at 130 million Swiss francs
including almost 40 MSF for the detec-
tor and construction of the experimen-
tal area. The modifications to the ex-
isting accelerators, the accumulator
ring (about 50 MSF) and the new beam
transfer lines account for the rest of the
money. The construction time is ex-
pected to extend to the end of 1980
(including a six month SPS shutdown)
so that experiments start in 1981.
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As it now stands, the approved pro-
ject involves colliding high energy
protons and antiprotons at only one
point, Long Straight Section 5, in the
SPS ring. The project could be
enlarged if more money were available
by adding an additional collision area
in the SPS. Also antiprotons could be
injected in the ISR to give proton-
antiproton collisions in a different
energy range. There is also interest in
doing physics with very low energy
particles, so as for example to create
‘exotic atoms’ with orbital anti-
protons.

Long live the antiprotons

Before the project could get under way
in earnest, there was one big question
which had to be cleared up. An-
tiprotons had only been seen as tran-
sient secondary particles and no
proper lifetime measurements had
been possible. If the antiproton were
not stable, it would be impossible to
store the particles and the whole
proton-antiproton project would have
to be abandoned.

According to the CPT (charge, parity
and time reversal invariance) theorem,
which is a cornerstone of our present
understanding of elementary particles,
the antiproton should be as stable as
the proton, living for at least 1028
years. If the antiproton were not stable,
the whole foundation of modern field
theory would be undermined and
theorists would have to go back to the
drawing board.

However, such an instability could
account for the apparent asymmetry
between particles and antiparticles in
our Universe, where particle behaviour
dominates and antiparticles are a
curiosity. We could say that particles
and antiparticles existed in equal
numbers at the beginning of the
Universe but the antiparticles have
decayed away.

Earlier this year, the small storage
ring known as ICE (Initial Cooling Ex-
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periment) was used to demonstrate
that the stochastic cooling technique
can be used to improve the quality of a
beam of protons. On 29 July, ex-
perimenters at ICE held their breath as
antiprotons were injected into the ring.

Of the 240 or so antiprotons in-
jected, about 80 survived more than
three days later. The loss is consistent
with antiproton scattering on residual
gas molecules in the ring vacuum. The
antiprotons, like protons, seem to be
long-lived. The tests improved the ex-
perimental limit on the known lifetime
of the antiproton by nine orders of
magnitude and show that beams of
antiprotons can be stored for long
periods. The proton-antiproton project,
therefore, stays alive also.

Shedding light already

To complete recent news on protons
and antiprotons at CERN, we report
another entertaining first observation
which took place on 31 August.
Synchrotron radiation was observed
from the proton beam in the SPS.

Hardly a month goes by without
some story in CERN COURIER con-
cerning synchrotron radiation from
electron beams. It is an expensive pain
to the constructors of high energy
electron-positron storage rings; it is a
very fruitful source of physics and of
medical and industrial applications to
many others. The mass of the proton,
however, takes its low intensity radia-
tion spectrum into the far infra-red
even from the highest energy Fermilab
and CERN machines. It has never been
studied or used.

A paper by R. Coisson from Parma
University a year ago discussed radia-
tion from particles passing through a
field discontinuity, such as the edge of
a magnet, and maintained that the
spectrum from these positions could
be shifted much higher than the critical
frequency.

A make-shift system was put
together at the SPS looking at the

edge of a magnet near the injection
straight. A light beam was observed
emerging from the machine (above
300 GeV and with at least 5 x 102
protons) rising in intensity as the
proton energy increased and disap-
pearing on ejection. More precise
measurements will be made in Oc-
tober.

Quite apart from being a nice bit of
physics in itself, this discovery might
have direct relevance to the proton-
antiproton project since, if the
phenomenon is big enough and its
detection can be refined, it could prove
an excellent non-destructive beam
observation technique.




Los Alamos:

Mesons on the

The 800 MeV proton linear accelerator
LAMPF at Los Alamos is keeping its
nose ahead of the rival meson factories
— SIN in Switzerland and TRIUMF in
Canada (plus a facility now being built
in the Soviet Union near Moscow) —
in terms of accelerated beam intensity.
The machine is now regularly operated
at 360 pA and the steady advance to
the design intensity of 1 mA is ex-
pected to be completed as predicted in
1980.

In the present fiscal year, the
machine operated for some 4000
hours at full power with a reliability of
about 83%. An average of some ten
experiments were going on at any one
time and, in general, they were receiv-
ing more particles than they could
readily cope with. The same number of
running hours were anticipated for the
next fiscal year but some $2 million
may be added to the LAMPF budget
following an unprecedented initiative
in Washington to increase the funding
for the use of the machine. It could
result in the number of research hours
going up by about 20 %. This initiative
was prompted particularly by the out-
standing success of the practical ap-
plications programme at the ac-
celerator — a programme which has
always been strongly promoted by
LAMPF Director, Louis Rosen, as a very
worthwhile supplement to the basic
programme of nuclear research.

The physics experiments are
gradually mapping out the details of
the nucleon-nucleon and pion-nucleon
interactions in great detail. A polarized
proton beam and polarized target are
giving additional information and two
large spectrometer systems — the
High Resolution Spectrometer (HRS)
and the Energetic Plon Channel and
Spectrometer (EPICS) — are achiev-
ing very precise energy resolution (100
keV in the case of the HRS).

There are experiments crossing the
boundary between nuclear and particle
physics. For example, the decay of the
neutral pion into three gammas, in

Mmesa

violation of charge conjugation sym-
metry is being looked for. Muon and
electron number conservation is being
tested using the unique beam of
electron-type neutrinos, from the
decays of positive muons, directed into
heavy water where the electron
neutrinos can convert a neutron into a
proton and electron. The interaction is
used to calibrate the experiment. If the
separate lepton number conservation
is violated, electron antineutrinos

View of the 800 MeV proton linear accelerator,

LAMPF, stretching out along one of the mesas

in the spectacular scenery of New Mexico.
(Photo Los Alamos)

could be present giving detectable
positrons on interaction with a proton.

An experiment is beginning on
LAMPF to search for asymmetry in
proton-proton scattering in violation of
parity. It will push to higher sensitivity
a null result previously obtained on the
Laboratory’'s Van de Graaf in con-
tradiction with the result of V.M.
Lobashov et al. Direct leptons have
been looked for to establish whether
there is a threshold energy for their
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production. Proton energies of 256
and 800 MeV were selected since they
are either side of the pion production
threshold. There was no evidence for
direct leptons at either energy.

Unlike the high energy physics world,
advances in energy are not the key to
unlocking new doors in nuclear physics.
The 800 MeV from LAMPF is an ideal
energy for this research. The key is
more intensity and this is being pur-
sued. The limitations are tied-in to the
problems of handling accelerator and
detector components, which “see’ the
extremely high fluxes of particles,
rather than the ability of the machine
itself to accelerate higher currents.
There are already pressures at LAMPF
for a higher duty factor (which possibly
could be pushed to 9%) and for
variable energies (a run cycle of 10
weeks per year may be assigned to
running at 700, 650, ...MeV).

Future developments at LAMPF are
reviewed by the User Community and
the Laboratory itself. A nucleon-
nucleon meeting will be held later this
year and, next year, a two-week
Workshop is planned to outline the
most fruitful directions in which to
improve the facility during the next ten
years.

Practical applications

Among the practical applications at
LAMPF, the biomedical facility, which
is used for pion cancer therapy, has
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received most publicity. The pion bea

is now rather fully catalogued in terms
of what settings are needed to produce
particular characteristics of size and
stopping distribution. The beam is
used about a third of the time for the
treatment of patients and the rest of
the time for radiobiology and the
physics associated with clinical work.

About sixty patients with about a
hundred tumours (head, neck, lung,
bladder, pancreas...) have been treated
and doctors are very encouraged by
the results. It seems as if total regres-
sion has been achieved in about 50 %
of the tumours treated though the
‘follow-up’ times have so far been
comparatively short.

Further work will be done to
improve the beam, to investigate the
effectiveness of combinations of pion
treatment with conventional X-
radiation and neutron treatment, to
develop techniques of dynamic irradia-
tions (the patient moving in the pion
flux) and to improve the visualization of
the pion stopping distribution (perhaps
using positron cameras).

The isotope production facility in the
beam stop area is in operation full time
during machine operation producing
isotopes for use particularly in
medicine — bromine-77 to label es-
trone, selenium-72 for brain tumour
localization, copper-77 to label
gleomyacin, xenon-127 for pulmonary
studies and many others. On the pure
research side new isotopes far from

Left: The High Resolution Spectrometer, HRS,
which is one of the major facilities at LAMPF for
high precision measurements on nuclear

forces. (Photo Los Alamos)

Right : A Plon Generator for Medical Irradiation,
PIGMI, one of the projects in the newly formed
Accelerator Technology Division at Los Alamos.

stability have been produced and
studied in a Nuclear Chemistry Facility.

The Weapons Neutron Research
Facility was the last major research
area to come into use on the machine.
It is used for work on national defence
problems, for neutron transport
measurements, and for a wide range of
solid state physics experiments with
low energy neutrons. It is hoped to ex-
tend the potential of this Facility con-
siderably in a few years’ time with the
addition of a storage ring (see below).

Other work related to medical use of
accelerated particles or accelerator
techniques includes proton computed
tomography, muonic X-ray analysis
(which can give information on ele-
ment composition), and the r.f. heating
device for tumour control (covered in
the January issue, page 22) which is
now being manufactured by five com-
panies.

The side-coupled accelerator struc-
ture developed in the course of
building LAMPF is now standard in
radiation therapy units used in almost
every hospital in the USA. More
recently, the design of a pion generator
for therapy has been studied with the|
aim of optimizing it in terms of cost
and of appropriateness for use in a
hospital environment.

Work of the Accelerator Technology
Division

The pion generator project is under
study in the Accelerator Technology
Division. It is known as PIGMI (Plon
Generator for Medical Irradiation), a
name which also reflects the effort
to ensure small size. The first
technological innovation is to have a
very low injection energy, 250 keV, so
as to reduce the size of the high
voltage unit. This introduces dif-
ficulties with the focusing of the low
energy beam and ‘alternating phase
focusing " will be used while the beam
is accelerated to 750 keV. An Alvarez
linac section follows with permanent
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magnet quadrupoles in the drift tubes
(see August issue 1977, page 231).

The r.f. frequency will be increased
to 450 MHz compared to the usual
200 MHz and the accelerating gradient
to 6 MV/m compared to the usual
2.5 MV/m. Bright copper plating of the
drift tubes (as in the Japanese KEK
linac) and cambered drift tube faces (so
as not to have parallel surfaces which
are multi-pactor-prone) help towards
achieving the higher gradients. These
ideas have been successfully tried in a
six-cell test -cavity, PIGLET, which
reached 8 MV/m, limited only by the
power supply.

Beyond about 150 MeV, costs make
the Alvarez structure undesirable —
hence the side-coupled structure in
LAMPF. However the side-coupled
structure does not have efficient coupl-
ing to its r.f. power source and,
because of this, PIGMI has gone for the
‘disc and washer’ structure which
originated in the Soviet Union.

It is intended to operate a PIGMI
prototype in 1979 with 650 MeV out-
put energy which would be adequate
for pion production. A lower energy
around 40 MeV would be adequate for
neutron production and neutron
therapy. Such a machine, built on the
basis of the Los Alamos ideas, would
only be some 7 m long and probably
cost less than $2 million. The pion
generator would be about $12 million.
It is expected that the designs would
be taken up by some commercial

manufacturer and produced in quantity
for hospitals. .

The Accelerator Technology Divi-
sion has other major projects en route.
The first is the design of the proton
storage ring to be added in the
Weapons Neutron Research Facility. It
will effectively be a tap with which to
change the pulse lengths and pulse
rates of the neutron flux which are at
present necessarily tied to the LAMPF
operating rhythm.

The storage ring beam could be top-
ped up at a rate of about 100 pA by
taking 10% of the LAMPF beam and
could climb to some tens of A. The in-
jection of negative hydrogen ions is an
ideal way to reach high currents. The
Facility would be comparable with the
projects at Rutherford and Argonne in
its abilities to provide intense neutron
beams. The total cost is estimated at
$16 million to be distributed over four
years and it is hoped to start in the next
Fiscal Year.

Another project is the design of the
Fusion Materials Irradiation Test
facility (FMIT) to be built at Hanford.
The idea, which originated at
Brookhaven, is to accelerate a current
of 100 mA of deuterons to 35 MeV and
strip them to yield a high flux of 14
MeV neutrons, such as will be ex-
perienced in fusion reactors, so as to
investigate the materials problems
which will be encountered in the reac-
tors. A prototype is to be built at Los
Alamos.

A similar project to FMIT has been
proposed in Moscow by LV. Chuvilo.
An idea of .M. Kapchinskii of ITEP and
I. Teplekov of Serpukhov, to inject d.c.
beams in a special accelerating struc-
ture which will focus and bunch ready
for the subsequent r.f. cavities, will be
investigated at Los Alamos. Alter-
nating Phase Focusing will be used at
the low energy end if this idea is not
successful.

Finally, the Accelerator Technology
Division is taking a one year look at the
possibility of using accelerators for the
breeding of fissile material for nuclear
reactors (see May issue 1978). The
study is concentrating on a 1 GeV,
300 mA proton linac.

The major costs in such a machine
(about three quarters of the total) are
associated with the r.f. system and
work is therefore largely concentrated
on achieving higher efficiency r.f. This
includes a klystron optimization
programme (where 60% efficiency
has already been reached) and the
building of a gyrocon as at Novosibirsk
(where efficiencies of 90% could be
possible).
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Around the Laboratories

DESY
DORIS reaches
upsilon prime

Just in time for the Tokyo conference,
two groups working at DORIS an-
nounced the observation of a narrow
peak in the electron-positron hadronic
total cross-section at an energy about
560 MeV higher than the upsilon. Ac-
cording to the earlier results of the
Lederman group at Fermilab, the first
excited state of the upsilon meson, the
upsilon prime, is expected in this
region.

This also agrees with theories in-
troducing particular potentials for the
forces acting between the quark and
the antiquark, of which the upsilon
meson is assumed to be built up. The
exact measurement of the mass dif-
ference between upsilon and upsilon
prime is of great importance for these
quark theories.

For the experimentalists who
achieved this measurement, things
happened in a quite dramatic way.
Everything went as wrong as it could
for several weeks. Apart from natural
accidents like high temperatures and
strong rains (which flooded the linac),
they were also unlucky in the choice of
the energies for the resonance scan.
They started at a total energy of
10 GeV and continued in small steps of
less than 10 MeV with 8 points from
10.034 upwards. With still no
resonance after the ninth point, they
turned back to investigate the region
jumped on the first day. There it was
— the peak seems to be near to
10.020 GeV.

The first point on the resonance was
found exactly 26 hours before the
scheduled end of the running period.
However, agreements with other users
and some delay for PETRA positron
tests made it possible to continue
measurements for another 48 hours
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and produce the curves presented at
Tokyo.

Altogether the two groups have
seen more than a hundred upsilon
prime events (background subtracted).
The conditions to select events used by
both groups are rather similar and the
results are compatible, though the ac-
ceptance of the detectors is different.

The width of the observed peak is
compatible with the energy spread of
the storage ring beams. The size of the

First data obtained in August in the scan for the
upsilon prime at the DORIS storage ring at
DESY.

peak, usually expressed in terms of lep-
tonic width, is of the order of one third
of the same number obtained at the
upsilon itself. This, and the mass, are
provisional numbers which may be
improved after a more accurate
analysis of the data. But there is no
chance of more running time at DORIS
in the next fews months.

As was the case with the upsilon,
the DORIS machine group made an ex-
traordinary effort so that the upsilon
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The 1 m diameter scattering chamber
surrounded by eighty plastic scintillators used
by the Berkeley /| Darmstadt /| Marburg
collaboration led by Art Poskanzer and Hans
Gutbrod at the high energy heavy ion
accelerator, Bevalac, at Berkeley.

(Photo Berkeley)

prime scan became possible and they
have the highest merit in its observa-
tion. The two groups which
simultaneously measured the reaction
rate are: the already well-known

DASP-2 group (a collaboration of
DESY with the Universities of Dort-
mund, Heidelberg, Lund and South
Carolina) and the new group running
|the DESY/Heidelberg detector, now
called - the ‘Nal lead-glass detector’
which includes physicists from DESY,

the Universities of Erlangen, Hamburg,
Heidelberg, Munich and Wuerzburg,
the Max Planck Institute of Physics of
Munich, and the Institute of Nuclear
Physics of Krakow. In the latter group
most members have very recently
joined in a crash effort just devoted to
investigating this highest energy ob-
tainable with the DORIS storage ring.

The next measurements in this
energy region are expected to be done
at PETRA where the first experiments

may start in October. The magnetic
detector PLUTO is already in place and
its crew are waiting impatiently to start
measurements. Also the group called
‘MARK-J" led by Sam Ting, is anxious
to begin as soon as possible.

BERKELEY
Relativistic nuclear
collisions

From 24-28 July, 175 scientists
gathered at the Lawrence Berkeley
Laboratory to review the recent
developments in the field of high
energy (about 1 GeV/nucleon) nuclear
collisions. In addition to 75 partici-
pants from LBL itself, 100 participants
came from other Laboratories in-
cluding 45 from 14 countries outside
the USA.

In contrast to earlier conferences in
this field, the emphasis was not on ex-
otic phenomena which might be ex-
pected in high energy nuclear colli-
sions but rather on the physics behind
the vast amount of new data. This shift
in emphasis was clearly expressed by
Hans Gutbrod in an introduction to his
presentation of new data. He com-
pared the development of the field of
relativistic nuclear collisions to Colum-
bus’ search for the gold mines of the
West Indies ; Columbus did not find the
alluring gold mines but did find a land
abundant in other natural resources —
America. Similarly, no experiment to
date has conclusive evidence for spec-
tacular phenomena associated with
highly excited, dense nuclear matter
but the wealth of new data provides a
resource of knowledge which is only
now beginning to be appreciated.

Among the recent data described by
Gutbrod were single particle inclusive
cross sections, such as neon (of 0.25
to 2.1 GeV/nucleon) colliding with
neon, gold or uranium nuclei to give a
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proton, deuteron ...+ X with associated
multiplicities of charged fragments. By
triggering on high multiplicities,
central collisions (rather  than
peripheral or glancing collisions) can
be studied and the big surprise is that
as the multiplicity increases, a broad
peak emerges in the angular distribu-
tion of the emerging protons. In par-
ticular, Ne + U — p + X at 400 MeV/
nucleon, shows a peak at about 30° for
50 to 200 MeV protons in high mul-
tiplicity events. Thisisin sharp contrast
to the structureless distribution ob-
tained previously when high mul-
tiplicity was not taken into account.

A further trend is that this peaking
with high multiplicity gets weaker for
lower beam energies, such as 250
MeV/nucleon, and for lighter targets
such as aluminium. The suppression of
proton yields at forward angles as a
function of multiplicity (discovered by
Gutbrod, Poskanzer, Stock, et al.) was
also seen in a different experiment by
Shoji Nagamiya in the reaction Ar + Pb
— p + X at 800 MeV/nucleon.

Another significant result presented
by Nagamiya was evidence for direct
(knock-on) protons. This has important
consequences for theoretical models
of nuclear collisions. As emphasized by
Jorg Hifner in a critical review of ther-
mal models, the ‘non-thermal’ (knock-
on) proton yield may be up to 50 % of
the total yield. In future, thermal
models will have to include this signifi-
cant non-thermal component. Data
from Gutbrod also confirmed the non-
thermal component. Finally, new data
of Poskanzer etal.onNe + U —p + X
shows a significant discrepancy
between the most extensive firestreak
calculations (by Gosset, Westfall,
Kapusta) and the data for low energy
protons in the forward direction, which
again points to the importance of non-
thermal components.

A surprise contribution at the con-
ference was the first data onm ™~ cor-
relation from a streamer chamber ex-
periment of Fung (Riverside)et al. This

300

is the first of a new generation of data
measuring pion correlations from
central collisions ; the data are taken in
a trigger mode which requires that the
average negative pion multiplicity is
about ten. The data clearly show an
enhancement in the correlation at low
relative  momentum due to Bose
statistics (known as the GGLP effect in
high energy physics).

In his review of this effect, Steve
Koonin described how the correlation
function is expected to measure the
space-time evolution of the pion
source (the nuclear fireball). The data
of Fung are consistent with a source
radius of about 5 fm and, as more data
become available, it is hoped that the
degree of coherence of the pion field
can also be determined.

The emphasis of the Conference
was certainly on the new data but
there was also room for theoretical
speculations on exotic forms of nuclear
matter that may occur in nuclear colli-
sions. Mannque Rho presented a
‘critical review of critical phenomena’
wherein the models for pion condensa-
tion and density isomers were dis-
sected and the theoretical uncertain-
ties analyzed. On the more speculative
side, Arthur Kerman discussed possi-
ble phase transitions into quark matter
ending with a lively debate with T.D.
Lee on quark sausages. At this point
the conference adjourned for lunch!

Many other interesting talks were
given during the week and will appear
in the proceedings in a few months.
The proceedings will, however, not
capture the spirit of international
cooperation that prevailed throughout
the conference. This 4th LBL Summer
Conference showed that the field of
relativistic nuclear collisions is in a
period of fast growth and is maturing
rapidly.

Beefing up Bevalac

Much of the growth in this field has
been centred on the Bevalac at

Berkeley the combination of
Superhilac and Bevatron which has
made possible heavy ion beams of GeV
energies. There is an improvement
programme at the Bevalac, to be
implemented during the next two
years at a cost of $6 million, to make it
possible to accelerate uranium ions to
an energy of 1.2 &eV per nucleon. (The
heaviest ions currently accelerated
regularly are argon with intensities of
about 10° per pulse and iron with in-
tensities of a few 105 per pulse which
are used in calibrations for cosmic ray
experiments.)

The two major elements in this
programme are — the addition of a
third injector to the Superhilac, so as to
make more ion species available with
usable intensities, and the replace-
ment of the vacuum system in the
Bevatron, so as to establish a vacuum
high enough to allow the acceleration
of beams of partially stripped ions. The
improved vacuum will result in beams
of better quality and intensity and al-
low the machine to be operated at
lower output energies so as to make
contact with the data from heavy ion
cyclotrons, etc.

The experimental facilities. are also
being upgraded. One project is a super-
conducting spectrometer (HISS —
Heavy lon Spectrometer System)
which responds to the interest in col-
lecting data on heavy ion interactions
in a large volume magnetic field. For
$1.9 million it will provide a multipur-
pose detector with a 3 T fieldina 2 m
diameter, 1 m gap. Another project un-
der construction is a low energy
beamline (below 250 MeV per
nucleon) which will have very good
momentum resolution (1 part in
2000). It will give some information in
this energy range before the advent of
the Michigan and GANIL cyclotrons.

These facilities will carry further our
knowledge of nuclear matter at high
temperature and density — the study
of “central collisions " — which is being
pioneered at the Bevalac.



A silicon high-resolution powder diffraction
graph from a short period of running with the
neutron beams generated by the proton
Booster at Argonne. The traditional source of
such diffraction graphs (high flux beam
reactors) would have cut-off around the
(10,2,0) line for lack of neutron intensity. The
first runs with neutron beams at Argonne have
made the neutron physicists very happy with
what is already achieved and very enthusiastic
about what is to come.

ARGONNE
Research with neutrons
and polarized protons

The 500 MeV Booster, initially
intended to increase the proton inten-
sity in the 12 GeV Zero Gradient
Synchrotron at Argonne, mounted a
physics programme with neutron
beams for the first time in July. The
machine ran for two weeks at 10 Hz
providing about 8 x 10'" protons per
pulse into a zinc target to generate the
neutrons. It gave a foretaste of what
can be expected with the ambitious
neutron facilities planned for the
Laboratory in the coming years.

It is intended to move to 15 Hz
operation in October and 30 Hz opera-
tion next year, but it is already obvious
that fast cycle operation in this way
can flood experiments with neutrons to
the great satisfaction of physicists ac-
customed to working at the neutron
fluxes available from reactors. It is also
already obvious that, from the ac-
celerator point of view, the big problem
jof such operation will be associated
with materials damage and handling in
high radiation environments.

"~ Over the next year, operation of the
Booster for neutron research will be
parasitic on a crowded ZGS high
energy physics programme but, with
the close-down of the ZGS in a year's
time, neutron research on accelerators
will be a central feature of the
Laboratory’s work. $6.4 million will
probably be made available via the
Department of Energy Materials
Sciences budget in fiscal year 1979 to
implement [PNS-I (Intense Pulsed
Neutron Source) around the Booster.

The aim is to have a fully in-
strumented facility in operation early in
1981 catering for a community of
physicists, metallurgists, chemists and
other scientists to the tune of some
400 experiments a year. The machine
will feed two targets. One, of uranium
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surrounded by a water moderator, will
be the source of thermal and epither-
mal neutrons for diffraction and in-
elastic scattering experiments. The
other, of tungsten surrounded by a
heavy metal deflector, will yield fast
neutrons (MeV range) for materials
damage studies.

The major instruments are likely to
be one or two chopper spectrometers
for inelastic work, one or two diffrac-
tometers for powder diffraction experi-
ments, a single crystal diffractometer,
a small angle scattering instrument,
and one or two cryogenic irradiation
facilities for the study of fast neutron
damage.

IPNS-I will be available to provide
2 x 10" thermal, 2 x 10'® epithermal
(1 eV) and some 10"2 fast neutrons per
square centimetre per second. It is
hoped to follow this with the construc-
tion of IPNS-Il — a high intensity syn-
chrotron, using the ZGS building and
experimental areas, to increase these

fluxes by another order of magnitude
(which would retain competitivity with
the Spallation Neutron Source being
built at Rutherford Laboratory).

It seems unlikely at present,
however, that money for IPNS-II will
be forthcoming before some ex-
perience has been gained operating
IPNS-I. The total cost of the complex of
the two machines and experimental
facilities is estimated at $68 million.

ZGS swan song

At the ZGS, pressure is on to squeeze
as much as possible out of the unique
ability to accelerate polarized protons
before the machine is shut down at the
end of September 1979. The polarized
proton  experiments, many with
polarized targets also, and the
dibaryon studies (reported in the April
issue, page 118) are the only remain-
ing items in the programme now that
the neutrino experiments are finished.
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Schematic diagram of the Intense Pulsed
Neutron Source at Argonne. IPNS-I is being
funded to provide high flux neutron beams at
the ZGS Booster with fully instrumented
experimental facilities as from the beginning of
7981.

The accelerator has achieved a peak
intensity of 4.67 x 10'° polarized
protons and runs regularly with inten-
sities near 3 x 10'°. There are no
problems in operating with high
polarization up to 6 GeV and polariza-
tion as high as 70 % has been achieved
at 12 GeV after an extensive program-
me of development.

To continue the work on under-
standing the behaviour of polarized
proton beams in accelerators and

storage rings, so as to keep this option
open for future machines, Argonne has
proposed the construction of a 50 MeV
(to 3 GeV) storage ring using compo-
nents of the old Princeton-Penn-
sylvania Accelerator. (The vacuum
system is not good enough to carry out
this sort of research in the ZGS.) The
scheme includes the development of a
high intensity negative hydrogen ion
polarized source and the use of the
‘Siberian snake’ polarization reversal

ELECTRON STRIPPER

PROTON EXTRACTION

SWITCHING MAGNET

NEUTRON BEAMS

H™ ION SOURCE

LINEAR ACCELERATOR

SPALLATION TARGET
(NEUTRON SCATTERING)

SPALLATION TARGET
(RADIATION DAMAGE)

technique (developed at Novosibirsk)
in the storage ring.

It is also hoped that a collaboration
will develop with Brookhaven on the
application of polarized protons at
the 33 GeV Alternating Gradient
Synchrotron. Here, much is likely to
depend on the success of the negative
ion source and whether it proves possi-
ble in this way to achieve the same in-
tensity with polarized protons as with
normally accelerated particles.

It is intended that the strong high
energy physics groups at the
Laboratory will stay together when the
ZGS programme comes to an end. The
nearby Fermilab is an obvious base for
future research and polarized protons
feature again in one of two areas of
work involving Argonne physicists at
Fermilab. They have presented a
proposal to establish a high energy
polarized proton beam via lambda
decay and have been encouraged to
develop it further. The other area is the
building of the detector for colliding
beam experiments when the super-
conducting Energy Doubler ring is in
action.

Another major effort is participation
in the High Resolution Spectrometer
experiment which, it is hoped, will
come into action on the PEP electron-
positron storage ring early in 1980.
Argonne is providing, in particular, the
large superconducting magnet of the
former 12 foot bubble chamber. The
iron has already been shipped to
California, the poletips are being
reworked and the superconducting
coils are being modified to operate
horizontally. Because of the size of the
magnet, the particle path length which
can be observed could give five times
the energy resolution of other detec-
tion systems around PETRA and PEP. It
may be able to do some unique work,
for example in sorting out details
around the heavy quark particle mas-
ses.
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MICHIGAN
Progress on super-
conducting cyclotron

Work on the new 500 MeV super-
conducting cyclotron at the Michigan
State University Cyclotron Laboratory
is moving steadily towards comple-
tion. NSF funding for construction of
this cyclotron was approved shortly
after the first successful operation of
the superconducting magnet in June
1977 showed the feasibility of the pro-
ject (see August 1977 issue, p. 243).

Construction of a 3000 ft? addition
to the high bay wing of the laboratory
building was completed in January of
this year and in March the magnet was
reinstalled in its new permanent loca-
tion. The magnet was back in opera-
tion in May and in June a cold cathode
Philips lonization Gauge (PIG) heavy
ion source, using nitrogen gas, was
successfully operated for the first time
at full field (700 A).

Design of-the r.f. system has been
completed. The prototype transmitter
and a vacuum test stand consisting of
two of the final dee stems and a
simulated dee are under construction.
Full power tests will begin in No-
vember and the r.f. system is sched-
uled to be comipleted by July 1979.

The extraction system for the super-
conducting machine will consist of
three electrostatic deflectors together
with three sets of focusing bars, the
third set being divided into six subsets
to provide more focusing power and
greater flexibility. When completed,
the 500 MeV cyclotron will be con-
nected to existing experimental
facilities. First test beams are expected
in October 1979, with heavy ion
research beginning in early 1980.

Funding prospects for a second
stage cyclotron to work in tandem with
the 500 MeV machine seem bright.
The Nuclear Science Advisory Com-
mittee  (NUSAC) recently made

funding recommendations, giving the
second stage of the Michigan coupled
superconducting cyclotron project a
‘highest priority’ rating for fiscal year
1980. (NUSAC is a joint committee of
NSF and DOE whose function in
nuclear physics planning parallels that
of HEPAP for high energy physics.)
Interestingly, all of the four cyclotron
proposals considered by NUSAC for
fiscal year 1980 were supercon-
ducting designs.

The superconducting magnet (seen here with
the top raised) for the new 500 MeV cyclotron
at Michigan State University.

(Photo Michigan)

In the meantime, the 50 MeV
cyclotron continues to be effectively
used for light ion research, recently
yielding scattering data with a resolu-
tion of 3 keV at 30 MeV bombarding
energy per nucleon. Shutdown of the
50 MeV machine has been tentatively
scheduled for March 31, 1979, when a
major rearrangement of the ex-
perimental halls will begin ready for
use of beams from the 500 MeV
cyclotron.
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Physics monitor

25 years of the
renormalization group

The technique of renormalization was
introduced into physics through quan-
tum electrodynamics, where it enabled
theoreticians to handle the otherwise
troublesome infinities which kept
cropping up in their calculations. In this
technique, the infinities are removed
by a well-documented mathematical
procedure, enabling highly accurate
calculations to be made. The physical
ideas behind this renormalization
prescription in gquantum electrodyna-
mics are less clear, but the success of
the method, which produces some of
the most accurate predictions in the
whole of physics, cannot be doubted.

In 1953, E. Stueckelberg and A.
Peterman first drew attention to the
freedom in ‘renormalizable’” field
theories, such as quantum electrody-
namics, of choosing any one of an in-
finite number of different renormaliza-
tion prescriptions, each equally valid as
the conventional one. This is known in
the trade as ‘convention indepen-
dence’.

Each of these prescriptions defines
its own coupling constants and other
parameters, so that although in-
dividual calculations change, the final
physical predictions remain indepen-
dent of the renormalization scheme
used.

Like other invariances found in
physics (for example rotational or
translational invariance), finite renor-
malizations can be expressed in terms
of repeated infinitesimal operations,
and described by the mathematical
apparatus of group theory.

For some twenty years, this idea
remained an intellectual curiosity, but
recently it has found uses in new
problems in field theory, such as in
quantum chromodynamics, the can-
didate theory of inter-quark forces.
There, renormalization group techni-
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ques for scale transformations in-
troduce a ‘running coupling constant’
which gets smaller as the interacting
quarks get closer together. (See
November 1977 issue, p. 380.)

This produces the idea of ‘asymp-
totic freedom’, where quarks interact
little when close together, but bind
together more strongly as the distance
between them increases. This ap-
parently perverse phenomenon could
result in the perpetual confinement of
quarks and account for their conse-
quent non-appearance as free particles
in the laboratory.

The techniques of the renormaliza-
tion group have also been used suc-
cessfully in areas of physics which at
first (or even second) glance might
seem totally unrelated to field theory
— for instance in the description of
abrupt phase transitions in condensed
matter.

In the attempt to cover more and
more aspects of the behaviour of mat-
ter, the equations of physics have to
contend with more and more variables.
Luckily it is not necessary to write
down all the variables in every case —
by considering the behaviour of
relatively few atoms, for example, the
physics of gases can be understood
without having to write down the
quantum mechanics of every atomin a
large gas sample.

Modern physics, as well as having to
deal with continuous systems where
guantities can change smoothly from
one point to the next, also has to deal
with more complex systems where
variables, although continuous in prin-
ciple, do not necessarily vary smoothly
from point to point.

Such behaviouris found in the quan-
tum fluctuations of the electromagne-
tic field in quantum electrodynamics.
In this theory one cannot calculate the
exact value of the electromagnetic
field at every point. Instead one uses
correlation functions to predict expec-
tation values.

Similar difficulties arise in the

physics of condensed matter, where
one is faced with the problem of
describing an obviously discrete
system such as a lattice of atoms, in
term of bulk properties. For instance,
physicists try to arrive at a description
of the onset of ferromagnetic
behaviour of a sample at its Curie point
without having to worry about in-
dividual interatomic effects.

At such critical points, the system
becomes extremely (actually infinitely)
sensitive, and small changes in the ex-
ternal conditions cause the whole
system to change its configuration
abruptly. The sample appears to ignore
individual interatomic forces. Micro-
scopic degrees of freedom are ‘frozen
out’ to give a system which depends
on just a few bulk variables. This is to
be contrasted to the conventional
theory of gases, for example, where
the observed behaviour can be ex-
plained as an aggregate of smaller
samples.

A sample at its critical point thus
becomes invariant under scale trans-
formations. In mathematical lan-
guage, the critical point is a fixed point
— no matter what group operations
are carried out, the system stays the
same.

The renormalization group has
provided a tool to handle the study of
critical phenomena. The technique in-
volves the successive summation of a
series of individual steps, each of
which involves a successive reduction
in the remaining number of degrees of
freedom of the sample, until a stable
solution — the fixed point — is
reached.

Perhaps the main goal of physics is
to describe a maximum of phenomena
with a minimum of variables. The
renormalization group appears to offer
the mathematical apparatus to do just
this. With important applications in
field theory and in the study of critical
phenomena already to its credit, its use
could become more widespread in the
future.
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People and things

Superconducting linac progress
at Argonne

InJuly, beam was run through a super-
conducting linac section installed at
the output of a heavy ion tandem Van
de Graaff at the Argonne National
Laboratory. The linac cavity has a split
ring structure of niobium and tests of
six resonators earlier in the year
achieved 3.8 MV/m accelerating field
gradients. It is intended to build up the
linac progressively in order to add
some 20 MV or more to the existing
20 MV output of the tandem so as to
extend the physics potential at the
facility with precise beams of heavy
ions. The project is known as ATLAS
— Argonne Tandem-Linac Ac-
celerator System — and the cost is
estimated at $ 5.6 million for operation
in 1982.

On people

On 1 September Christoph Schmelzer,
Director of GSI Darmstadt, retired. For
the past 30 years he has been one of
the most active physicists in the
accelerator community. Following the
design of the Heidelberg cyclotron in
the early 1950s, he worked at CERN
until 1960 in charge of the r.f. system
and beam orbit control during
construction of the 28 GeV proton
synchrotron. He then became Director
of the Institute of Applied Physics at
Heidelberg University and promoted
studies for a heavy ion accelerator. His
work contributed particularly to the
knowledge of ionic charge exchange,
ion sources and r.f. accelerating
structures for heavy ions. It resulted in
a proposal for a universal heavy ion
accelerator facility (UNILAC) in 1968.
After this project was funded, he
became Director of the new Laboratory
(GS!) where his knowledge and
influence were of great value. When
UNILAC was operational he turned his
mind to the future and again to a

circular machine — a heavy ion
synchrotron with UNILAC as injector.
Having retired from his executive
duties, Professor Schmelzer intends to
remain active in physics. The new
director of GSI is Gisbert zu Pulitz,
formerly Professor in the Physics
Department of the University of
Heidelberyg.

The fund which was set up in memory
of the late John Rutherglen is being
used to finance an annual award to a
postgraduate student in experimental
particle physics from one of the
Universities associated with the
electron synchrotron NINA. The first
recipient of the award, the John
Rutherglen Memorial Prize, is George
Lafferty, a Glasgow student who
began his.research career under
Professor Rutherglen’s supervision.

The Institut universitaire des hautes
études internationales, Geneva, has
published a book of articles of Lew
Kowarski under the title ‘Réflexions sur
la science’, edited by Gabriel Minder.
Spanning the years 1947-1977, the
articles present Kowarski’s thinking (in
his elegant prose in both English and
French) on ‘nuclear energy — its role
and technology’ and ‘scientists —
their tasks, ways and means’. This
second group of articles has much to
say on high energy physics and on
CERN in particular.

Recent appointments at CERN :

G. Ullmann has become Member of the
Directorate for staff policy and staff
planning for three years from 1 July.
M.C. Crowley-Milling will become
Member of the Directorate for
Accelerator Programmes for three
years from 1 January 1979. S. Fubini
will continue as Member of the
Directorate for two years from

1 January 1979. V. Soergel will
become Member of the Directorate
for three years from 1 March 1979.

1. Chris Schmelzer
2. Lew Kowarski
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A sector of six superconducting dipoles,
complete with its cryogenic cooling system
which worked very well, for the ESCAR small
superconducting ring project. It has now been
decided to run down this project and
coqcengrate on the development of high-field
superconducting magnets.

(Photo LBL)

G. Brianti will become Leader of the
SPS Division for three years from

1 January 1979. A.J. Herz continues
as Leader of the Health and Safety
Division for three years from 1 July. H.
Laporte continues as Leader of the Site
and Buildings Division, A. Minten as
Leader of the Experimental Facilities
Division, G.L. Munday as Leader of the
Proton Synchrotron Division and P.
Zanella as Leader of the Data Handling
Division for three years, all as from

1 January 1979.

ESCAR running down

The project to build a small supercon-
ducting  accelerator at Berkeley
(ESCAR - Experimental Supercon-
ducting Accelerator Ring) is being run
down. Twelve dipoles had been built
and were achieving fields over 3.5 T. A
sector of six was operated but tests
were halted some months ago by an
accident when a power supply ‘ran
away’ and caused two magnets to be
damaged. It is now felt that the original
aim of ESCAR, to provide experience
with a complete accelerator system in-
volving superconducting magnets, will
be achieved too late to give valuable
input to the big superconducting ac-
celerator and storage ring projects
(ISABELLE and the Energy Doubler).
Effort at Berkeley is turning instead to
research and development on high-
field superconducting magnets, 6 T or
above, with an eye particularly to the
possible needs of the proton option for
the future extension of the research
potential with PEP.

One of the calves born to the buffalo herd at
Fermilab being fed by Victor Kirkman. This
photo prompted Tom Rossing of Northern
lllinois University to the remark that he was
happy to see the long-awaited Victor-bison
interaction !

(Photo Fermilab)



Come to Britain at CERN 78

The Group of Associations of Manufacturers
of British Instrumentation, Control and Automation

in co-operation with
The British Overseas Trade Board

and

The British Consulate General in Geneva

Invite you to an exhibition featuring twenty British Manufacturers of instrumentation,
components and equipment in the: .

CERN Administration Building
October 9-13
Daily 10.00-17.30 hours (Friday 12.00 noon)

l * National Research ~ Conseil national
Council Canada de recherches Canada

Experimental High Energy
PHYSICIST

The National Research Council of Canada requires an
Experimental High Energy Physicist at the assistant
research officer level. The position requires a recent
Ph.D. in high energy physics. He/she will be expected
to work with an active group of Ottawa-based exper-
imentalists at the major accelerators in the United
States. The group is currently working on boson
spectroscopy at the Stanford Linear Accelerator
Centre. They also carry out an active program of
instrumentation, development and equipment
construction with experience in most modern
techniques. A theoretical group actively cooperates in
all stages of the experimental program.

Salary: up to $ 24,140 per annum, depending on
qualifications.

Please apply in writing, giving complete details of
education and experience to the:

Employment Officer, National Research Council of
Canada, Ottawa, Ontario, K1A OR6.

In reply please quote P-78-1068.

BENNEY
ELECTRONICS LTD.
MANUFACTURERS OF ELECTRICAL AND ELECTRONIC EQUIPMENT

N.I.M. CHASSIS AND MODULES
Rack mounting and portable

N.I.M. POWER SUPPLIES

CAMAC MODULES EXPOSURE UNITS
TIMERS COUNTERS PULSERS

TEMPORARY PERSONNEL SERVICES

SCIENTIFIC ENGINEERING
TECHNICAL ELECTRONICS DESIGN
DRAUGHTING ILLUSTRATION
WIRING TOOLMAKING INSPECTION
SHEETMETAL FITTING WELDING
SECRETARIAL ADMINISTRATION TYPING
KEY-PUNCHING COMPUTING

FACILITIES IN THE U.K. AND NEAR GENEVA

FERNDOWN INDUSTRIAL ESTATE
WIMBORNE DORSET BH21 7QN ENGLAND
Telephone: Ferndown (0202) 892130
Telex: 444267 COMTEL G BENNEY ELECT. FERNDOWN
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—the nucleus of
advanced high vacuum
equipment

™
Edwards high vacuum equipment
has been making important
contributions to CERN activities
since the 1950’s — and continues
todo so. On Stand 10 we are
exhibiting a wide and interesting
selection of productsincluding
directdrive and belt drive high
vacuum pumps, vacuum measuring
equipment (now in mbar), new
vacuum valves, and vacuum oils.

The unique Diffstak pumping
system, which combines clean, fast
pumping with compactness,
convenience and economy will also
be shown, in additionto the LT104
mass spectrometer leak detector
and a 306 vacuum coater for
general purpose coating.

Edwards
’//7/7

Edwards High Vacuum
(Part of BOC Limited)

Manor Royal, Crawley,

West Sussex, England.

Tel : Crawley 28844

Telex: 87123 Edhivac Crawley

Swiss Distributor

N. Zivy & Cie, S.A.
Oberwil-Basel
(Tel: 061300303)

HEmyzmeER

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
HﬁHMZHM@ER T:Iex 0525777 hemes d

La détérioration
des roulements
sera

révélée a temps

Le contréle des roulements
avec la méthode SPM est simple, fiable
et a fait ses preuves mondialement

Des renseignements complémentaires
peuvent étre obtenus auprés de:

Roth & Co. S.A., Niederuzwil
Tél. (073) 516868

Producteur:

SPM Instrument AB
Strdngnéds, Schweden

P3979
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| etc.

AU SERVICE
DE L'ENERGIE
NUCLEAIRE
DEPUIS

LE

DEBUT

LE JOINT FRANGAIS

[S)IEECIALISTE
L'ETANCHEITE

Joints en '
caoutchoucs spéciaux

Joints métalliques
Etudes completes
d’étanchéite

pour

Réacteurs nucléaires
Séparation isotopique
Accélérateurs
Recherche nucléaire

Ie joint frangais

84-116, rue Salvador-Allende - 95870 Bezons - téléphone : 982.09.04
Télex : Joinfra 695009 F - Télégrammes : Joinfranoj - Bezons

for
ﬂ Nuclear reactors
' of all types

SERVING
NUCLEAR
INDUSTRY
FROM

THE
BEGINNING

SPECIALISTS
FOR SEALS AND
SEALANTS

All forms of special
synthetic rubber seals

Metallic and
elasto-metallic seals

Complete studies
for sealing applications

Isotope separators
Accelerators
Nuclear research
etc.
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[RRA 1, AB Bates

La meilleure amélioration jamais
faite sur le NORD-10

NORD-10 a suscité une assez grande surprise lors de son Cette ameélioration est significative, mais nous considérons
lancement: unordinateur detaille moyenne avec des facilités comme plus important encore le fait que tout le logiciel

dépassant souvent celles des grandes machines! développe depuis 5 ans sur le NORD-10 est exécutable sur
Le nouveau NORD-10/S allie aux meilleures caractéristiques  le NORD-10/S avec les nouvelles performances, et ce, sans
du NORD-10des performancesnettement supérieures. AUCUNE MODIFICATION.

Gréce a de nouveaux composants électroniques et un  Si vous avez un projet informatique, laissez nous la chance
logiciel optimisé, le NORD-10/S offre une capacité de d'expliquer comment et pourquoi.

traitement presque doublée — au MEME PRIX!

000 000
000 000

000
000
[ L

64, rte de Meyrin
01210 FERNEY VOLTAIRE
Tel. (50) 41-65-41

NORD -une alternative a étudier
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New Mini Crate Enhances
8010 Microcomputer System

\VWITH THE ADVENT of Kinetic-
Systems new mini crate, you can now
realize all the advantages of the CAMAC
computer interface standard within a
small  stand-alone  microcomputer
system.

This mini crate version of our 8010
Microcomputer System offers you
both an economical way to automate
your laboratory process and limitless
capabilities for expansion. It is spec-
ifically designed for your small system
requirements and for applications need-
ing distributed processing.
Twelve stations within the crate pro-
vide for:

e crate controller

e microcomputer

e memory

e |/0O modules
The right-hand enclosed portion of the
crate contains two Minifloppy™ disk
drives, a disk controller, and power
supplies. An optional CRT terminal is
also available.
As with our standard crate version of
the 8010, the mini 8010 can:

e provide fast access of remote points

e be configured for distributed
processing

e be programmed in either BASIC or
8080 assembly language

Since BASIC is quickly learned and
easily used, you can begin almost
immediately to program your system;
and because BASIC is an interpretive
language, you can implement changes

to your program in seconds.

Due to the modularity of CAMAC,
either 8010 System is inherently flex-
ible and can be easily expanded into a
number of different configurations.

Please contact us for additional information

Kinetic Systems International S.A.

As many as six additional crates can
be accommodated on the micro-

computer’s peripheral bus. Each
crate uses a 3908 Microcomputer
Crate Controller to communicate
with the microcomputer.

The 8010 System can drive a
CAMAC serial or branch highway
with up to seven remote crates on
the branch highway and up to 62
remote crates on the serial highway.

Remote intelligence is easily accom-
plished by placing an 8010 System
on a CAMAC serial highway. In this
configuration, the 3908 Crate
Controller is replaced by a 3909
Auxiliary Crate Controller along
with a 3952 type L-2 Serial Crate
Controller. It is thus possible to
have up to 62 crates, microcom-
puter-controlled, at any point along

the highway with these remote.

systems being monitored by a main
computer or another 8010 System.

TM Minifloppy is a registered trademark
of Shugart Associates.

An 8010 System Includes:

e a 1500 standard CAMAC crate or
a 1510 mini crate

e a 3880 microcomputer module

e a controller for the minifloppy
disk drives

e a 3816 memory module with 16
kilobytes of RAM and 5 kilobytes
of PROM (and expansion for 11
kilobytes more)

e 3 3908 crate controller {or, option-
ally, a 3909 auxiliary crate con-
troller and a 3952 type L-2 serial
crate controller)

e two 5400 minifloppy disk drives
an optional CRT terminal
the following software on diskette
or PROM (including one blank
diskette): DOS, BASIC (with
CAMAC extensions), 6001 mon-
itor program and test CAMAC,
6009 CAMAC list program, 6013,
editor, and 6010 macro assembler

» all interconnecting cables

Dept. CC98 * 6 Chemin de Tavernay * 1218 Geneva, Switzerland * Tel. (022) 98 44 45 x Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, lllinois 60441 * Tel.815838 0005 * TWX 910 638 2831
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WES CAMAC TEAM
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043

CAMAC-CRATES 200-500 W \

® CERN COMPATIBLE, PLUGABLE
POWER BOX

® PLUGABLE FAN UNIT

DISPLAY SHOWS : STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

® CURRENT/VOLTAGE DISPLAY
® SHORT CIRCUIT PROTECTION

® COMPUTER MONITORING PLUG
® THREE 500 W-VERSIONS

® NOW WITH CERN APPROVAL

For detailed technical and price information please contact WES:

WES-CAMAC-TEAM

represented in Switzerland by

\CANBERRA—STOLZAG BellikonerStr.218  CH-8967 Widen-Mutschellen  Telefon057/54078  Telex54070 /

RF AMPLIFIERS for high energy physics ...by ENI

In standard or modified form ENI amplifiers are used
for many applications in the field of high energy
physics. From routine laboratory applications where
higher power is needed for linear or pulse application
to their use as a drive source for accelerator tubes
ENI amplifiers have become recognised for their
performance and reliability.

Total frequency spectrum extends from 10 KHz to
1000 MHz with power output capability up to 5000
watts.

Model A300 illustrated offers 300 watts linear (500
watts pulse) and covers the range 0.3 to 35 MHz.

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

L)
ENI erM::zis o

3000 WINTON ROAD SOUTH 23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE
ROCHESTER, NEW YORK 14623 SG5 2JS ENGLAND
Tel.: 716-473-7330; Telex 97-8283 ENI ROC Tel.: (0462) 51711; Telex: 825153 ENI UK G
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Real-time laser imaging
in 625/525-line TV standard
with the Pyricon® thermal TV pick-up tube

The photo above shows the interferogram at 10.6 ym of a germanium

window. The Pyricon® uncooled pyroelectric-target vidicon allows

real-time, standard TV imaging in the following applications:

e laser interferometry e laser mode analysis

e non destructive testing e plasma studies

e coherent optical processing (pulsed or C.W. lasers).

Both hard- and soft-vacuum Pyricons have been specially developed

for active or passive imaging in the 3-5 ym and 8-14 ym spectral

bands. These tubes are also available with low microphonic effect
structures. Full details on these tubes or a complete thermal TV system are available on request.

A
THOMSON-CSF

DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (1) 604.81.75
Germany - THOMSON-CSF Elektronenrohren 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. / Calle del Segre, 17 / MADRID 2/ Tel. : (1) 250.84.07 °
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225815

United Kingdom - THOMSON-CSF Components and Materials Ltd. / Ringway House / Bell Road / BASINGSTOKE RG24 OQG / Tel. : (0256) 29155/ Telex : 858865

U.S.A. - DUMONT Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015/ Tel. : (201) 773.20.00




WITH THE

SILENA

BS27/NMCA

YOUR EXPERIMENTS TRAVEL WITH YOU EVERYWHERE

Though small in size, the SYSTEMBS 27/Nisa -

.complete analyzer system including the

amplifier, high voltage power supply and the

magnetic cassette.

All entirely contained in one compact,

easy-to-carry package.

— 50 MHz Wilkinson type ADC with 2048
channels

1024 channels memory x 10°~1 counts per — Comprehensive range of 1/0 interfaces for:
channel * TTY )

Powerful data handling capabilities: % Parallel Printer

% Spectra Normalization % Minicomputers

% Spectra Subtraction % Desk Calculators

* Data Transfer * Paper Tape Punches

% Background Subtraction % Magnetic Tape Recorders

% Integration of any number of ROls

For information, write to:

SILENA

SILENA S.p.A.

SOCIETA PER L'ELETTRONICA AVANZATA
20133 Milano

uffici: Via Negroli, 10/A

laboratorio: Via Negroli, 6

Tel. (02) 7490565 — 713871

ADVANCED

ELECTRONICS
CERN enquiries should be directed to
SILENA, Milano, ltaly

NETHERLANDS
BERTHOLD

Nuclear Instrumentation
Wilhelminastraat 4
BREDA (Holland)

Tel. 076—142441

SWITZERLAND

MASSINI AG

Honggerstrasse 122

8105 REGENSDORF/Ziirich (Switzerland)
Tel. 01/840 45 73 —Telex: 56832

UNITED KINGDOM

ALRAD INSTRUMENTS LTD.

19a The Precinct,

EGHAM, Surrey, TW20 9HN (England)

Tel. EGHAM (078 43) 4887 — Telex: 934037

CANADA

CONSOLIDATED CYBERNETICS CONTROLS LIMITED
Suite 2-A

1509 Sherbrooke Street West

MONTREAL 109, Quebec, Canada

Tel. (514) 934-0000 ~ Telex: 056-24452

Toronto office:

CONSOLIDATED CYBERNETICS CONTROLS LIMITED
777 Warden Avenue,

SCARBOROUGH, Ont. M1L 4C3

Tel. (416) 759—-0000

WEST GERMANY

LABORATORIUM PROF. DR. BERTHOLD
Calmbacher Strasse 22

Postfach 160

D-7547 WILDBAD-1 (West Germany)
Tel. (07081) 3981-Telex: 0724019

AUSTRIA

BERTHOLD-ANALYTISCHE INSTRUMENTE
Vertriebsgesellschaft m.b.H.
Witzelsbergergasse 10/28

A-1150 WIEN (Austria)

Tel. 0222-927222

BELGIUM

BAI

Benelux Analytical Instruments
Vaartdijk 22

1800 VILVOORDE (Belgium)
Telex: 61447

FRANCE

CRYOPHYSICS S.A.

3, Rue Antoine-Coypel

78000 VERSAILLES, (France)
Tel. (1) 9510371 - Telex 691096




Interfaclng with fast N ims

The expanding re

LINEAR FAN-OUT
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NE 4516 Linear Fan-out

4 channels each with a fan-out
of 2.

INPUTS dc coupled, +0.2V
to -2V range into 50 ohms,

£ 200V protected.
OUTPUTS Two per channel,
non-inverting, « 3ns rise and
fall times, +0.2V to -2V range
into 50 ohms.

GAIN X1 —5%, nonlinearity
2%

DELAY 2.4ns
OVERLOAD RECOVERY
3ns for X10 overload
POWER + 24V, 220mA;
+6V, 50mA; -6V, 80mA;
-24V, 250mA;12W
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NE 4685 Fast Logic
Fan-out

2 channels each with a fan-out
of 8.

INPUTS dc coupled, fast
NIM logic level into 50 ohms,
durationy 2ns, 1100V
protected.

OUTPUTS 8 fast NIM logic
levels per channel, non-
inverted, « 1.4ns rise time,

< 1.9ns fall time, duration as
per input.
PROPAGATION DELAY
3.3ns; Differential delay,
«1+0.1ns.

MAXIMUM COUNTRATE
200MHz

POWER +6V, 140mA; -6V,
410mA; 3.3W
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NE 4688 Logic Fan-in/out
4 sections selectable by front
panel control to give quad
4-fold fan-in/fan-out, or dual
8-fold fan-in/fan-out, or
single 16-fold fan-in/fan-out
with LED indication of mode.

INPUTS 4 per section, dc
coupled, fast NIM logic level
into 50 ohms, protected to
+100V.

OUTPUTS Fast NIM logic
level, 4 per section non-
inverting plus 2 per section
complementary, 2.5ns rise
and fall times, duration as per
input.

PROPAGATION DELAY
8.5ns; Differential Delay,
+0.25ns

MAXIMUM
COUNTRATE 100MHz
POWER +6V, 150mA; -6V,
420mA; -12V, 90mA; 4.5W

%awcmm !’

ge now mciudes linear and logic fan outs Ioglc fanmlauts and cmncldence
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NE 4691 Coincidence

3 Fold

3 channels each with up to 3
coincidence inputs.
INPUTS 3 per channel, dc
coupled, can be individually
disabled by front panel

5%

control. Fast NIM logic levels,
duration greater than 1.8ns,
protected to £100V.
OUTPUTS 3 fast NIM logic
levels, negative «2.5ns rise
and fall times, duration
adjustable from 5 to 50ns per
channel or common.
COINCIDENCE
RESOLVING TIME Greater
than 1ns overlap, set by input
duration.

PULSE PAIR
RESOLUTION .9ns
POWER +6V, 350mA; -6V,
430mA; -12V, 56mA; 5.3W

25, Chemm Erancois- Lehmann 1218 Grand Saconnex, Geneve.
Tel (022)98.16 61/62 Telex 289068

Nuelear Enterprises Ltd. L

Sighthill, Edinburgh EH11 4YE Somland Tel 031-443 4060
Telex 72333 Cables: Nugfear Edinburgh

Nuclear Enterprises GmbH. Schwanthalerstrasse 74
8 Munchen 2. Germany. Tel 5362 03 Telex 579938
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PRECISION COMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

BELLOWS EXPANSION JOINTS
VACUUM VESSELS
TOKAMAKS

BEAM TUBES

THIN-WALL FABRICATIONS
METAL SEALS

FLEXIBLE METALLIC HOSE
TRANSFER LINES .
COUPLINGS

%y R
All-stainless-steel multiple
flexible for irradiated fuel
dismantling facility —
Prototype Fast Reactor,
Dounreay.

Tokamak for TOSCA experiment at
U.K.A.E.A. Culham Laboratory

Avica Equipment Ltd.,

Mark Road, Hemel Hempstead,
Hertfordshire. HP2 7DQ

Telephone : Hemel Hempstead 64711
Telex:82256

Avica International
BP147 Principauté de Monaco
Telephone : (93) 30-09-39

. Telex:469771 MC

AVILA

GROUP OF COMPANIES Bsiis

ENTREPRISE GENERALE DE DECAPAGE
ET DE PEINTURE INDUSTRIELLE
REVETEMENTS SPECIAUX

GRENAILLAGE METALLISATION

PERSONNEL QUALIFIE
MATERIEL SPECIALISE
Siége : BP 647

57011 METZ (CEDEX)

6, RUE DE MERIC
. TEL. (87) 30.37.64 +

GROSSES REFERENCES EN
FRANCE ET A L'ETRANGER

,Z)w%ztizouiﬂe ;

R.C. Metz 58 B 226

. Télex 860280 Antiroui
N. LOUIS et ses Fils e nirodt

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 ZI.L. . prés Dunkerque Z.1. prés St.-Nazaire Z.l.Limay
1ére Rue - N° 18 43, Route de I'Etoile Av. de la Gironde Tél. (40) 45.71.52 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
Télex 420309
B.P. N° 8 - 13741 VITROLLES

57190 FLORANGE

Télex 820944
B.P. N° 38
59640 PETITE-SYNTHE

44480 DONGES

Télex 691749
R.C. Pontoise 73 B 607
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Nouveau:

Systeme 35

Centrale de mesure
pilotée par ordinateur

Capacité jusqu’a 4096 voies

Liaison a tout type de capteurs
Sensibilité 100 nV

Scrutation de parameétres numériques
Protection mémoire

Compatibilité avec software DEC
Interface IEEE/IEC

Logitiel Basac IV

Commande a distance

Utilisation: Surveillance automatique on-line pour
la production, systémes automatiques de test,
contréle de qualité, surveillance d’environnement,
acquisition sur maquettes (jauges de contrainte)

Ce qui compte ce sont
les performances,
I'expérience et le prix

Schlumberger.

Schlumberger Instrumentation SA

COI.D

canbevery
rewarding

And you can geta GOOD COLD
(room temperature to 10 kelvin) in
about half an hour, with an LTS-21
Series closed cycle refrigerator
system. Depending on the system
you choose, your cold can be stable
to + 0.5 kelvin or to ; 0.003 kelvin.
You can even get two colds at the
same time for a lot less money than
ever before.

The new universal compressor
supplied with all LTS-21 systems can
power two cold heads simultaneously
without sacrificing performance.

Features:

* Fast cool down (300K to 10K in

about half an hour)

Smaller size

State-of-the-art instrumentation
System flexibility

Capability to operate two cold
heads simultaneously from one
compressor

* Long maintenance interval

To learn more about a
GOOD COLD write or call:

In Europe: Cryophysics

Berinsfield, England Geneva, Switzerland
(856) 340257 (22) 329520
Darmstadt, W. Germany Versailles, France
(6151) 74081 (1) 9506578

In North America:

LAKE SHORE
(RYOTRONICS, INL.

1007 Lausanne, tél. 021/27 7718
8040 Ziirich, Tel. 01/52 88 80

P.O. Box 29876 Columbus, Ohio 43229
(614) 846-1250 Telex: 24-5415 Cryotron Col
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_ Before we
introduced our
new Series 1400,

we did some
reliability testing.

Three decades of it.

CRIOCERKS

We are the world leader in the production
of helium liquefier and refrigeration systems.
The new Series 1400 model you select will

Here is one of our
new CTT-CRYOGENICS
Series 1400 Helium Liquefier/

Refrigerator Systems. Experience in the satisty your cryogenic needs for decades to
design and manufacture of more than 500 come. Write or call: CTT-CRYOGENICS,
cryogenic liquefiers and refrigerators has Kelvin Park, Waltham, MA 02154.

gone intoits development. Plus three decades ~ Telephone (617) 890-9400.
of reliable operation in major laboratories

around the world.

Small wonder that the Series 1400 Systems
have even more reliability and versatility
than before. Over millions of hours of opera- CTI‘CRYOGENICS FELIX
tion have proven their design. - The pure performance company
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JANNEY MEETS THE DEMANDS OF THE
HIGH-ENERGY PHYSICS COMMUNITY

with Ultrahigh Purity, Ultrahigh Conductivity
Wrought Copper Components

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

requirements for:

e Ultrahigh Conductivity ® Shaped Wrought
(98-102% IACS) Geometries

¢ Excellent Brazing * Experienced
Characteristics Metallurgical

® Vacuum Integrity Control

Our engineering and production personnel
have contributed to every major high-energy
physics program since 1962.

These specialists are available to provide
metallurgical and design feasibility
consultation on request.

For further information or to discuss
vour particular requirements, write or phone:

JANNEY CYLINDER COMPANY

Subsidiary of Pittsburgh Forgings Company
7401 State Road, Philadelphia, Pa. 19136 U.S.A.
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA.

©1977 MARKAD SERVICE CO./all rights reserved W-ZB

Wm Air-Operated Ball Valves
insure fast, remote
on-off service

or switching

in systems up to 1”

e Double Acting and Spring Return air
operators have either 90 ° or 180 °
actuation.

e Spring Return models provide fail
safe service for emergency shut
down and other critical functions.

o Compact, lightweight designs
minimize load on tubing or piping.

e Operate from standard shop air or
any other clean, non-corrosive fluid.

WHITEY Top-Loaded and Swing-Out
Ball Valves with air operators are available in
brass and 316 stainless steel, with tube
or pipe ends, from local distributor stocks.

& - .
SwoeedO Type Fitting end connections
are available on all models.

TOP LOADED

8.4 KONTRON AG

E k ABTEILUNG PRAZISIONSARMATUREN

N
‘%Mw )
CH-8048 Ziirich - Bemerstrasse-Siid 169 - = 0162 92 62

D-8057 Eching b. Miinchen - Oskar-v.-Miller-Str. 1- = (0 8155)7 72 88

A-1140 Wien - Ameisgasse 49 - ‘= 94 56 46

\ SweodTM Crawford Fitting Company Various WHITEY Products are subjects of patent or patents pending applicationy

319



Un groupe de niveau européen
dans

DNET la prestation de services

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

Hygiene, désinfection, désinsectisation, dératisation
Manutentions

Office nouveau du nettoyage ONET

13008 -MARSEILLE 12 bis, boulevard Pebre tél. (91) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X¢ tél. (1) 6079484 |
GENEVE 55/67, rue Prévost-Martin tél. (022) 206848
74 -ANNECY 6, avenue de Mandallaz tél. (560) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (50) 419133

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

ANTAX - otehtiométres suisses
de précision a fils Leitgeb
vous les offre mamtenant'l

La gamme ANTAX englobe des
potentiomatres de 1a 25 spires.
La longueur est proportionnelle
au nombre de spires. A titre
d’'exemple, un potentiometre
monospire ne mesure que

8.5 mm tandis que la longueur du
type a 10 spires est de 20 mm!

Données techniques:

valeur de résistance: 1T0R-100K
tolérance de résistance: = 5% ou 1%

Les potentiometres ANTAX sont puissance nominale: = Tou2 W

basés sur le principe de la bofte linéarité indépendante: 0,25% (5,10 + 25 spires)
de construction. C'est-a-dire que : 0.5% {1+ 3 spires)
'exécution de l'axe, le nombre de linéarité totale: 0,5% (5.10 + 25 spires)
spires et le genre de fixation peu- 1% (1 + 3 spires)

vent étre adaptés aux besoins spé- portée de température: —50°C ... +100°C

cifiques.

_ D. Leitgeb SA
8600 Dubendorf, Uberlandstr. 199
Téléphone 01/820 1545, télex 55547

Leitgeb K.G.
A-9800 Spittal/Drau, Lagerstr. 51
Tél. 04762/4022, télex 48191
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SIEMENS

Chefs dentreprise,
ne dictez plus, ne cherchez
plus, ne criez plus!

Votre temps est précieux, consacrez-le a des choses im-
portantes. Cessez de dicter 100 fois les mémes lettres, ne

traitement de textes:
une nouvelle économie
avec le
Text-Systeme 580

Actuellement vous pouvez voir fonctionner
le Text-Systeme 580 au CERN.

mettez plus des heures & trouver un renseignement ma
archivé, en un mot, ne criez pluse

Avec le nouveau systéme de traitement de textes, Text-

Systéme 580 de Siemens, vous ne vous énerverez plus

Vous organiserez rationnellement toute la production
dactylographique de votre entreprise. Avec efficacité. Et

dans le calme.

@ Le courrier: le Text-Systéme 580 mémorise sur disque
souple (contenance 315.000 caractéres), lettres stan-
dards, réclamations d’impayés, offres, confirmations de
commande, états périodiques, contrats de travail. Il les
ressort autant de fois que vous le désirez aux variantes

prés (nom, adresse, montant...).

@® Les archives: le Text-Systéme 580 les stocke en mé-

moire et les tient toujours prétes.

Le Text-Systéme absorbe le travail de plusieurs machines
a écrire en apportant une personnalisation et une meil-
leure présentation de votre courrier. De conception modu-

laire il s'adapte a la taille de votre entreprise.

Economique, performant, le Text-Systéme 580 est cons-
truit par le département matériels de bureaux de Siemens.

C’est une garantie de qualité et de fiabilité.

Pour en savoir plus, téléphonez ou retournez le bon ci-

aprés:

SIEMENS-ALBIS SOCIETE ANONYME

42, rue du Bugnon, 1020 Renens, Téléphone 021-34 96 31

Info-Cheque

SIEMENS-ALBIS SOCIETE ANONYME
Zurich, Berne, Béle, Renens, Genéve
Département informatique

42, rue du Bugnon, 1020 Renens, Tél.021-34 96 31
[] Nous désirons une documentation détaillée du
Text-Systéme 580

[] Votre ingénieur de vente doit prendre contact avec
nous pour un premier entretien.

Nom

Raison sociale

Téléphone

Rue/ Case postale

e ———————

N.P./Localité
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LEADING EUROPEAN MANUFACTURER
OF CRYOGENIC EQUIPNMENT

O

divizion matériel cryogénique

57, av Carnot . 84500 Champigny’/M . France
Tel : 880.1. _ Télex: AL CH A230884 F
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choose your
discriminator

from a wide ot g 1758 1o
selection hy LeCroy 59 |

To meet continually varying demands in
experimental physics research, LeCroy
continues to update its discriminator line with
additional features. This philosophy

assures that a large variety of instruments are
available for use in your particular application.
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The table below summarizes the basic
characteristics of LeCroy’s present generation of
discriminators.

Output No. of Max. Bridged

Model Pack- No of Threshold Width Outputs Rate Summing Burst Input Required
No. age Channels Updating (mvV) (nsec) 1r im Veto (MH2) Output Guard Option Voltages
181L NIM 2 Yes —100 3-150 4 2 Yes 150 No Yes Yes +12; +24
620BL NIM 8 No —30 to — 1000 5-20 3 0 No 100 Yes No No +6;, +12;
(common) . —24

620CL NIM 8 No —30 to — 1000 5-20 3 0 Yes 100 No No No +6; +12;
(common) —24

623 NIM 8 Yes —30 to — 1000 6-150 3 0 No 100 No No Yes* *6; +12;
—24

621BL NIM 4 Yes —30 to — 1000 5-1000 5 1 No 100 No Yes Yes* +6; +12;
—24

Yes —30 to — 1000 6-150 3 0 No 100 No No Yes* +6; +12;
—24

Yes —30 to — 1000 5-1000 5 1 Yes 100 No Yes Yes* +6, £12;
—24

No Dual level for 4-50 3 0 Yes 100 No No No *6; £12;

low slewing

*Hi-impedance bridged inputs are available at the expense of one normal output.

SEND FOR CATALOG N EW! N EW!

Low-Slewing Hex General-Purpose

Select the discriminator that MODEL 826 Quad MODEL 821
specifically fits your application. For .

more f_orgp'et.e dteta"s on these or « 6 channels in #1 NIM module | * 4 inputs, each with 4 normal
other LeCroy instruments for particle e 100 MHz maximum rate and 2 complementary
physics or fusion energy research, e Variable threshold from outputs

please write or call your local LeCroy —10mv ¢ 100 MHz maximum rate
Sales Office or representative. « Low slewing — minimizes o Variable threshold from

—-30 mV

o NEW—Rate LitesTM
for visual verification of
phototube and discriminator
operation

e NEW—Veto Input

risetime effects
e Convenient Veto Input

LeCroy

RESEARCH SYSTEMS

HEADQUARTERS: LeCroy Research Systems Corp., 700 S. Main St., Spring Valley, N.Y. 10977 e (914) 425-2000 * TWX: 710-577-2832.
FACILITIES IN: Geneva, Switzerland * Paris, France * Heidelberg, Germany ¢ Wheatley (Oxford), England. Representatives worldwide.
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WHAT'S NEW IN CAMAC 300 WATT POWERED CRATES?

1§ ” R " il
LLL LIS Satabed i ]

RUTTEE
L4

THE NEW SEN 2093 AND 2094
CRATES MEET CERN SPECS TYPE 087
AND FEATURE THE FOLLOWING IMPROVEMENTS:

* less power dissipation through mains pre-regulation
* larger output ballasts for better MTBF.

* increased protection from mains fluctuations.
output cards interchangeable with SEN CPC 2057.

*

The new crates are available in the following versions:
SEN 2094 : 300W, 6 voltages: + 6V, + 12V, + 24V.
SEN 2093: 300W, 4 voltages: + 6V, = 24V.

PLUS
* SEN 470: 300W NIM crate, 6 voltages, especially
designed for the new high-density ECL-based NIM electronics.

For more details, please contact your nearest SEN office
or agent at any on the addresses given below.

France : ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71- Tix 202553F, F-94 RUNGIS — Germany : SEN ELEKTRONIK
GmbH; Brandstiicken 11; Tel. 04180 20 46 - TIx 216 3705d, D-2000 HAMBURG 53 — DIDAS Digital System; Radspielstrasse 8;
Tel. 089 9167 10 - Tix 529 167d - D-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) 94551 03;
Tix 58257ch - CH-8604 VOLKETSWIL — United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.

Headquarters :

SEN ELECTRONICS S.A.; Avenue Ernest Pictet 31; Tel. (022) 44 29 40 - TIx 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE
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...ormore down to 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 was
launched in1978. This s just one example
of the wide variety of applications for our
FOILS, WIRES, RODS, POWDERS, and TUBES.
Ourrange startsat0.0001lmm.

Ask for our new catalogue—a mine of information
on metals for research. Every item listed is available for
immediate despatch anywhere in the world.

Goodfellow Metals Ltd. Cambridge Science Park
Milton Road Cambridge CB4 4DJ England

Telephone Cambridge (0223) 69671

81683 CoodmtG m GOODFELLOW
== METALS

forresearch andindustry

some
like it

TE-104TS

’

TE-102TS

PHOTON-BY-PHOTON

counting means very low light levels. And that’s precisely what
these photomultiplier tube housings from Products for Research
provide. An excellent assist to extreme low light-level detection
with maximum dark current reduction. Continuous, gain-stable,
frost-free operation. Automatic temperature stabilization in the
case of thermoelectric models with TS designation.
Water-cooled Models TE-104TS (end-window tubes) and
TE-177TS and TE-146TS (side-window tubes) are best for lab
use. All models have interchangeable tube sockets for

optimum convenience.

Improving PMT performance is our only concern at Products for
Research. And we have both standard and custom chambers for
virtually every PM tube operation — cooled and uncooled. We're
ready to help you count the light fantastic. Complete catalog

by return mail.

Products for Research, Inc.

Do 78 Holten St. - Danvers, Mass. 01923 . (617) 774-3250

measuring with
crystals

Crystals are stable, temperature-resistant and have high mechanical strength.
That's why we’ve been using them for 20 years in our transducers.

1 Quartz pressure transducers measure
dynamic and quasistatic pressures from a few mbar to over 5 kbar,
at temperatures from —150 to 350°C.

» Piezoresistive pressure transducers
are based on silicon crystals and measure static and dynamic pressures from
vacuum to 200 bar, between —20 and 120°C.

s Quartz force transducers for one or more
components measure forces from a few mN to 1 MN. They are compact,
extremely rigid and give exceptional resolution. The same properties

characterize the + Multicomponent dynamometers and

measuring platforms for measuring forces
and moments in machining operations, automobile engineering, industry and

biomechanics. s Quartz accelerometers measure vibrations
up to 220000 g and shocks up to 50000 g with high natural frequency and

high resolution. 6 Measurlng without math: our measuring
systems are based on the concept of the “calibrated measuring chain”.

This simplifies operation and allows rapid evaluation of the measured results,
without errors. We supply the measuring electronics both in laboratory
execution and on Euro-Cards for industrial applications. oo

Request detailed documentation.

& .- KISTLER

Kistler Instrumente AG

CH-8408 Winterthur, Switzerland
Eulachstrasse 22

Telephone 052-252821 Telex 76458
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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.

Clean air is more important than ever !
VITAR-200 for use in bedrooms, living rooms and offices

VITAR-200 cleans the surrounding air Price : Fr.278.—

(within an area of up to 4 metres) of very T :

fine suspended particles of dust, which N

may enter the lungs (for example from

heating units, cars, industrial plant etc.). ’

— Completely silent and draught-free (no
fans)

— Weight: only 900 g

— 220V, SEV-tested.

In addition, the VITAR-200 produces

negative ions, which are conducive to

good health.

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

MONTAGE INDUSTRIEL
INSTALLATION
TRANSFERT
ENTRETIEN
LEVAGE

AGENCE:
13, chemin du Levant
01210 FERNEY-VOLTAIRE

Tél. (50) 405531

Siege social :
15, avenue Descartes
92350 LE PLESSIS-ROBINSON
Tél. 6302238 - Télex 250949 plrob

RICO-Gouttieres a cables
Chemins de cables

Eléments fabriqués en série, disponibles

de stock, préts a étre assemblés selon le principe
de la boite de construction, permettent

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

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

RIETH &.Co.

Fabrik fiir Eisenkonstruktionen
D-7312 Kirchheim-Teck

Tel. (07021) 45051

Telex 07 267 881

Max Banninger AG
8050 Ziirich
Nansenstr.1
Tel.1/4636 42

- CAMAC 50 OHM

Fischer electric connectors, 50 Ohm, for Camac serie
101 A004 (homologated by CERN-Geneva). These
connectors show the same characteristics than all
the well known FISCHER-Connectors with selflocking.

W. W, FISCHER

INGENIEUR-MORGES

Téléphone (021) 77 37 11
Télex: 24259 fisch - ch

Pat. pend.

CH - 1143 Apples
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SCINTILLATION DE'I'ECTORS
Head-on
Photomultiplier tubes

o
MICROCHANNEL PLATES

Single anode-high speed
Multi anode-high speed
highresolution

For MEDICAL For HIGH ENERGY

INSTRUMENTATION PHYSICS

e Gamma Cameras ¢ Calorimeter Detectors

e Emission Tomography ¢ Hotoscope Detectors

e CT Scanning e Cerenkov Counters
Write for Literature

Visift our booth

NATIONAL SCIENCE SYMPOSIUM
OCTOBER 18-20, 1978 « WASHINGTON D.C.

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

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

@ car body sheet

@ plastic sheet and tubing

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

Swiss and foreign patents

TIPSWITOOL®

Altkircherstrasse 30
P.0. Box - 4027 BALE/Switzerland - Tel. 061/396500

k— Degussa (Schweiz) AG

Friedrichsfeld

FRIALIT oxide ceramics

for electrical and electronic engineering

Application: for diode and thyristor
housings, capacitor and transformer
bushings, construction parts for power
tubes, cathode supports and insulators.

Postfach 2050 - 8040 Zurich
Telefon 01-54 3900 - Telex 57946

ACTIVE - PASSIVE ELECTRONIC COMPONENTS

Telex 68 636
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®

OPTRON, INC.

4932 Lotzwil

8’ new with mernofec

Complete
Optoelectronics
for Industry

4932 LOTZWIL TEL.063/281122 TELEX 68 636
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Débitmeétres uviMl

GEC-Elliott, Rotameter Works, Croydon

: .y Produits pour la technique réacteurs
Ap areils calibrés et

non calibrés
pour liquides et gaz
type 1100 Notre programme de vente

livrables ex stock Zurich comprend:

Heraeus

WITTMANN

@® Appareils de laboratoire
Creusets, capsules et électrodes en
platine, rhodium, iridium, or et argent
Fours de laboratoire jusqu'a 1775°C
Appareils de diffusion pour la
fabrication d’hydrogéne ultrapur

Rubans chauffants ] ) e
Cébles chauffants

® Terres rares
Métaux, oxydes, sels, Ce, Dy, Er, Eu,
Gd, Ho, La, Lu, Nd, Pr, Sc, Sm, Tm, Tb,
Y, Yb

Tuyaux chauffants

Sélecteurs de puissance
et de tension

Demandez la documentation auprés de . . .
© P ® Semis en platine, palladium,

@ Oerlikonerstrasse 88 rhodium, iridium, tantale, niobium,
WIEAE tél. 01/46 4040 tungsténe, molybdéne
vorm. WISMER AG 8057 Zurich en fil, baguette, anneau, feuillard
thermocouples, thermocouples
cryogéniques ainsi que
/ thermocouples a gaine méta lique

ANIMAT ELECTR NICS e M 1000

Matériel de haute densité pour la
protection antirayons

N/

22, RUE DU DOCTEUR COQUAND <~ 38.64.04
73100 ANNEMASSE . FRANCE

MJJJJJJJJJJM i "

® Produits pour usines chimiques

Disques de rupture, supports et
supports a vide

® Produits chimiques
Produits SPECPURE® et
PURATRONIC® de tres haute pureté
pour le laboratoire et I'analyse

® Brasures a l'argent et soudures
spéciales palladium, or, décapants,
« Brazepaste »

PRINTED CIRCUIT
DESIGN SPECIALISTS

from sketch to prototype JOHNSON MA TTHEY &
+CIRCUIT DIAGRAM ~ + LAYOUT +DIGITALISATION BRANDENBERGER AG
+ARTWORKS ~ +PHOTOGRAPHY  +SCREEN PAINTING Glattalstrasse 18
8052 Zurich

+LAYOUT DIAGRAM  +MANUFACTURE  + ASSEMBLY

Téléphone 01/514488

& /_

325



SWITCH MODE & LINEAR POWER SUPPLIES

Build up your requirements from this comprehensive range

15y,
SCEM, ﬂ?&t%zsg

L™

® o
GENERAL PURPOSE oo

BLOCKS TO oo
CERN SPEC 222

COMPACT DESIGN

FEATURES:— 1. Voltage & Current Monitoring Points
2. Inputs & Outputs via Burndy Connector
3. Soft Start (Controlled Inrush Current)
4. Low Cost

SWITCH MODE TYPES LINEAR REGULATOR TYPES
RATING TYPE CASE RATING TYPE CASE
5V 10A 07.61.24.150.0 A 5V 3A  07.61.24.100.0
5V 20A 07.61.24.200.0 B 15V 1A 07.61.24.250.0
24V 5A  07.61.24.400.0 B +15V 0.5A 07.61.24.300.0
24V 1A 07.61.24.350.0

CASE | A | B
DIMENSIONS |110H X 85W X TZOD] 110H X 170W X 120D

(Case dimensions in millimetres)

PLUG IN LINEAR SUPPLIES
o NIM RACK SIZE 3H 1L

e,

Spécialiste des composants
pour le VIDE et TULTRAVIDE

basés sur les soudures verre-métal

verelec

vous propose |

PASSAGES BASSE TENSION
connecteurs JAEGER 1,5KV/5A

hublots NIVEAU ZERO
) . STANDARD
d’observation  awacnerioues

passages de passages de
thermocouples courant

En outre, notre activité ne se limite pas au
matériel présenté ici, une équipe de techni-
ciens se tient & votre entiére disposition
pour étudier toute réalisation sur plan ou
toute modification du matériel standard

The latest techniches are used.
Also we guarantee a perfect nightness.
All our production is tested with heljum.

raccords RIGIDES In addition our activity is not limited to the
. material presented here, a team of techni-
tubulaires SOUPLES cians is at your entire disposal for studying

any work from drawing or any modification
of standard equipment.

vérélec

91, av. de Villeneuve-Saint-Georges - 94600 Choisy-le-Roi (France) *&; 520 5999

RATING
SV 2A

TYPE
07.61.28.050.0

NIM RACK SIZE 3H 2L

RATING
5V BA
+15V 1A
24V 2A

TYPE
07.61.28.053.0
07.61.28.085.0
07.61.28.101.0

NIM RACK SIZE 5H 2L

RATING
5V 5A
5V 10A

15V 1A

24V 2A
24V 5A

TYPE
07.61.28.056.0
07.61.28.062.0
07.61.28.088.0
07.61.28.104.0
07.61.28.110.0

ALSO AVAILABLE TRIPLE UNIT
IN 5H 2L 5V 2.6A PLUS
+15V 250MA

NIM RACK SIZE 3H 4L
5V 10A  07.61.28.059.0
24V 6A  07.61.28.107.0
ALSO AVAILABLE IN 3H 4L

30V BA

Belix also specialise in custom built power supplies

Write or telex us for
further information

or quotation to:

Belix Co. Ltd.

175 Hook Road,
Surbiton Surrey, England.
Telephone 01-397 0921
Telex 8951747

BELIX
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=—<h NOUVEAU ! Echelles isolantes

Entierement en fibre de verre plastifiée,
jaune, résistantes, durables, non
corrosives ...pour votre sécurité.
NEU ! Isolierende Leitern
Ganz aus glasfaserverstarktem
Polyesterharz, gelb, dauerhaft,

SEV geprift
approuvé par I’ASE

Pour I'industrie électrique et chimique/Fir die Elektro- und die Chemische Industrie

© (021) 257121
LAUSANNE
Télex: 25926

Ch. de Montelly 46 d
DUTILLRAGE
AT = < T LEl:
1000 Lausanne 20




The CASSETTE COUPLER Type 1151 Replaces Paper Tapes

and makes clever Macamac* even better to use!

* Macamac: Borer’s autonomous Camac controller ® For progre}(m tand data storage
. on magnetic tape

® Usable with almost any domestic
cassette recorder and any Camac
System operated through Macamac

® Plug-for-plug connections eliminate
installation problems

® Makes copying of information from
paper tape to magnetic tape or
vice-versa very simple

BORER ELECTRONICS AG
CH-4501 SOLOTHURN / SWITZERLAND
TEL.: 065-311131 TELEX: 34 228

Multichannel Transient Recorder
Mod. DL2800 and Mod. 2200

Number
of Channels: 110 32

Memory: 4096-word memory

per channel
Sampling Rate: 200 KHz and 2 MHz
Amplitude

10 Bit

Binary, BCD, ASCII,
X-Y, CRO

Resolution:
Output:

We invite you to see our equipments
at the Britannic Exhibition in CERN
from 9 to 13 October 1978.

\ |

| DL 2800  multichannel transient recorder datatab i
i R il &

CANBERRA- nn

Bellikonerstrasse 218 8968 Mutschellen Telefon 057/54078
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http://Mod.DL2800andMod.2200

Get high power RF generation,
switch and regulator tubes
for tomorrow’s accelerators
and fusion machines

from EIMAC today.

When combined RF power generation and high voltage
switching and regulation requirements for accelerators and
fusion machines develop, you need off-the-shelf power tubes—
not proposals. That's why EIMAC has developed the highest
power tetrode product line available for these requirements.
And that's why EIMAC is dedicated to a policy of continued
development of new tube materials, rf tubes, switch tubes
and high power circuitry for tomorrow’s requirements.

EIMAC high-current switch tubes with hold-off voltages
up to 70 kV are ready right now and development of products
up to 200 kV is underway.

RF power tubes with up to 1250 kW anode dissipatit
and cavities at 50 to 110 MHz are also,available at reasonat
prices from EIMAC. For example:

EIMAC EIMAC 500 kW
EXCITER 4CW50,000E X-2170 ——’ at
AND CAVITY AND CAVITY 55 MHz

Because EIMAC is a leader in state-of-the-art high
power tube development, EIMAC power tubes dominate the
field of fusion power generation and related experiments in
ERDA and world-wide national laboratories. For your high
power needs, contact Varian, EIMAC Division, Attn: Tom
Yingst, 301 Industrial Way, San Carlos, California
94070 USA. Or any of the more than 30 Varian
Electron Device Group Sales Offices

throughout the world.
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