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Cover photograph: The coil of a beta spectrometer installed at the heavy ion
linear accelerator, Unilac, by a Darmstadt/GS/ collaboration. It is used to look for
electrons and positrons emerging from heavy ion reactions in a target placed on
the axis. The detector can measure these particles within the energy range

10keV'to 2.6 MeV. Because of its segmented form, it is referred to as the ‘orange’

beta spectrometer. (Photo GS/ Darmstadt)



And then there were three

1. The toroidal magnets of the
CalTech/Fermilab/Northwestern/Rockefeller
team which was the first to see trimuon events.

2. A trimuon event from the detector,
NEULAND, of the Harvard /| Wisconsin /
Pennsylvania | Fermilab / Rutgers collaboration
which has six events to its credit.

(Photos Fermilab)

The discovery of dimuon events (two
muons emerging from high energy
collisions of neutrinos and anti-
neutrinos with nucleons) has been one
of the highlights of high energy physics
in recent years. They were first seen
at Fermilab in 1974 and two
collaborations there, using large
electronic detection systems, now
have many examples of dimuon
.avents. They are being joined by the
collaboration using the CERN neutrino
detector at the SPS, where the quality
of the neutrino beams and the struc-
ture of the huge detector are making it
possible to amass large quantities of
data which should lead to a more
thorough study of the phenomenon
than has been possible up to now.

The origin of the dimuon events is
probably tied up with the production of
charmed particles in the neutrino
interactions. The characteristics of
almost all the observed events are con-
sistent with such an interpretation.

The new discovery is that trimuon
events (where three muons emerge
from a high energy neutrino collision)
also exist. The evidence so far is thin on
the ground but convincing. Trimuon

.3vents seem to occur at the rate of a
few percent compared to the dimuon EVENT 119-017911
events.

The first news of trimuon production
came from the CalTech / Fermilab /
Rockefeller collaboration led by Barry
Barish which was measuring neutrino
and antineutrino total cross sections
with their extended detection system
(see November issue 1976). In the
sample data first analysed, events A%
were selected where at least one muon
was seen to traverse the spectrometer
magnet, while additional muons were

Ey= 13GeV
N HODOSCOPE

(=) 157 GeV
(+) 47 GeV

identified by spark chambers em- VETO
bedded in the steel of the detector. COUNTER SCALE _Jo5m
They saw two trimuon events from | B OB im
neutrino interactions. :
FeT LigC F
One possibility which had to be -Fe iqC —f-FeC-f-4 SPECTROMETER™]

eliminated at the outset was that of
contamination due to background,
‘non-prompt’ trimuon production in 2.
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which a third muon appears as a result
of pion or kaon decay along with nor-
mal dimuon production. Barish’s group
maintains that even just their two
trimuon events are in excess of the
number which would be expected as a
background effect.

Both events have one energetic
muon together with two muons of
lower kinetic energy and the group sur-
mise that this is possibly characteristic
of low mass muon pairs emanating
from meson decay, or from virtual
photons, or from the decay of new
hadrons. Their inclination is therefore
to assign a hadronic origin to the
trimuon events with charmed particles
very much in mind.

Meanwhile the Fermilab / Harvard /
Pennsylvania / Rutgers / Wisconsin
collaboration, led by Dave Cline, A.K.
Mann and Carlo Rubbia, using their
new large angle neutrino detector,
NEULAND, at Fermilab (also described
in the November 1976 issue) has
come up with six examples of trimuon
final states from neutrino interactions,
with the momenta and charges of
almost all the muons firmly es-
tablished. In four of the six events, all
the muons have momenta greater than
or equal to 10 GeV/c, while the angle
between any two muons is less than
five degrees.

Again the possibility of the three
muons coming from ‘normal’ dimuon
events in association with pion or kaon
decay is quickly discounted, while es-
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timates also eliminate other candidate
mechanisms such as direct muon
production at the hadron vertex,
charm-anticharm production by a
neutrino in a weak charged current in-
teraction with subsequent semilep-
tonic decay of both charmed particles,
sequential semileptonic decays of new
hadrons or weak neutral current decay
of a charmed hadron.

Although the group thinks that in
some cases a few events may be
attributed to some of these effects,
none of these mechanisms seems like-
ly to be responsible for all the observed
events. Instead, they propose that the
three muons come from some new
lepton states. Their idea is that a
massive new lepton is first formed
which decays into a muon, an an-
tineutrino and another new lepton
which, although still fairly massive, is a
bit lighter than the first one. This
second new lepton decays in turn into
two muons and a neutrino.

At CERN, analysis of the first data
collected at the SPS by the CERN /
Dortmund / Heidelberg / Saclay
collaboration, led by Jack Steinberger,
has started. They already have over a
hundred dimuon events, two can-
didates for trimuon events from
neutrino interactions and the first can-
didate for a trimuon event from an an-
tineutrino interaction.

With the total number of observed
trimuon events seen anywhere in the
world only just reaching double

o

The huge detection system of the CERN /
Dortmund/Heidelberg / Saclay collaboration at
the SPS which is ideally suited to the detection
of trimuon events.

(Photo CERN 1.10.76)

figures, statistics can hardly be said to
be good, but speculation is rife as to
possible explanations of this new
phenomenon. The question of
hadronic versus leptonic origin is the
chief cause of head scratching.
Hadronic would most likely contribute
more to the knowledge of charmed
particles. Leptonic would most likely
add more evidence for the existence o
new heavy leptons beyond that which
has been seen at Stanford and DESY at
the electron-positron storage rings.




USA Accelerator Conference

On 16-18 March over 600 accelerator
physicists and engineers, together
with many colleagues from related in-
dustries, gathered in Chicago for the
1977 Particle Accelerator Conference.
This is the USA national conference
(the international conference is sched-
uled for Serpukhov in July) but
attracts many participants from other
countries.

“ It was an intense three days,
relieved on 17 March by a touch of
local colour — the fortuitous coin-
cidence with the Chicago St. Patrick’s
Day parade. Tens of thousands of
sporters of the green marched in the
all-afternoon procession and everyone
of them seemed to finish up in the
Tipperary bar at the Pick Congress
Hotel where the conference was held.

One feature of the national con-
ference, which distinguishes it from
the international, is emphasis on prac-
tical applications of accelerator tech-
nology and on applications in other
fields of science as well as in high
energy physics. Thus there were
papers on medical applications,
neutron sources, synchrotron radiation

pources, ion implantation, heavy ion
‘acilities, spallation breeders and par-
ticularly on the possible use of high
energy heavy ion beams in producing
inertial confinement fusion.

This last topic prompted a large
number of contributions to the con-
ference, was the subject of an
evening’'s panel discussion and was
the major talking point in the corridors.
Whether it proves to be a mirage, or
too difficult to achieve with acceptable
investment, remains to be seen but the
subject of fusion as a source of energy
is too important not to be pursued by
every route which shows some
promise.

The task is to build systems which
can deliver power to a deuterium-
tritium pellet so that it implodes
reaching density and temperature con-
ditions in which fusion reactions are
sustained. A heavy ion system would

need to deposit 600 TW of power and
10 MJ total energy, delivered in a
tailored pulse giving some 60 % of the
energy in about 10 ns using at least
two, and probably more, beams. (For a

much fuller discussion see the
September issue 1976.)
Several heavy ion accelerator

systems to meet these requirements

are being promoted. Three of them*

have been under study for some time.
Al Maschke of Brookhaven, Ron Martin
and R. Arnold of Argonne have storage
ring schemes using uranium and
hydrogen iodide ions respectively.
Dennis Keefe from Berkeley has a
linear induction accelerator scheme
(with a conventional linac first stage)
for uranium ions. New schemes have
come from C.L. Olson of Sandia
Laboratories using the collective ion
technique (see February issue 1971)
and from Lee Teng of Fermilab using
‘conventional’ techniques of linac and
synchrotron.

An idea of the scale of the problem
can be grasped from the parameters
Lee Teng's scheme — 2000 A beams
of singly charged uranium ions
accelerated to 150 GeV in ten bunches

(extracted simultaneously by ten ex-

traction systems so that the ten
bunches bombard the pellet at the
same time). The heavy ion energy
would need to be delivered to the
targetin a peak pulse some 10 ns long.
These are extremely difficult re-
guirements to meet but a great deal of
the accelerator technology involved in
the various proposed schemes has
already been mastered.

Experiments are now needed to look
at some of the unknowns such as the
charge exchange cross sections and
the ability to bunch high intensity
beams to pulse lengthsin the 10 ns ran-
ge rather than the 10 ps range we are
used to. A first test on bunching was
done at the Brookhaven AGS by Al
Maschke, Gordon Danby, John Keane
and Edward Gill. They applied ther.f. at
400 kV/turn and saw the proton beam

bunch in about eight turns with an in-
stantaneous current of 1.6 A. There
was no sign of instabilities.

The ERDA programmes hope to
demonstrate implosion fusion within
the next few years using laser, electron
and heavy ion beams. There was an
announcement from Los Alamos at the
beginning of March to the effect that
fusion had been obtained using the
world’'s largest carbon dioxide laser.
This type is more efficient than
neodymium glass lasers, can operate
at higher repetition rates and is easily
scaled up for large systems. It had
been expected, however, that the gas
lasers, with their longer wavelengths,
would have difficulty in achieving the
right profile for energy deposition in
the target. The Los Alamos tests which
began in October 1976 used a two
beam bombardment of a deuterium-
tritium pellet, delivering 200J in 1ns,
and culminated in the observation of
the characteristic 14MeV neutrons
from the fusion reaction. An eight
beam system is scheduled for com-
pletionin 1978 and a ‘breakeven’ reac-
tor, High Energy Gas Laser Facility
(HEGLF), is under design for com-
pletion in 1981. To get things in
proportion again, a 1000 MW
generating plant would probably need
1MJ on target in less than 1ns.

It is interesting to note that the other
major route to fusion, the magnetic
confinement schemes, are also calling
on accelerator technology. For ex-
ample, the TFTR (Tokamak Fusion Test
Reactor) project at Princeton, which is
led by Paul Reardon from Fermilab and
where many accelerator faces are to
be seen, will have four neutral beams
as an additional source of energy in-
jection into the plasma.

To sum up the heavy ion ac-
celerators for fusion discussions — a
number of fundamental uncertainties
remain (for example, the charge ex-
change cross sections which dictate
everything downstream must come
out good, problems with the reactor
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vessel God's own ‘hostile en-
vironment’ — must be solved, etc...).
Even if these uncertainties are cleared
satisfactorily, the scale, and probably
the cost, of a reactor will be great.
Nevertheless Glenn Kuswa, at the end
of his review talk, extended his neck so
far as to say that if fusion is ever going
to be a source of energy for mankind,
the heavy ion route is the one most
likely to work.

One fusion scheme aside from the
main discussions is being promoted by
Bogdan Maglich. In a device known as
MIGMA (now at version IV) he is
shooting for fusion of two helium 3
ions. The device attempts to achieve
the necessary fusion rates by injecting
ion beams and arranging the field en-
vironment in which they move so that
particles, during many orbits, traverse
an interaction region many times. The
effective ion concentration in this
region is then very high. The idea is be-
ing pursued by the Fusion Energy Cor-
poration and their work was illustrated
after the Maglich talk by the longest
five minute film on record.

The papers on accelerators for high
energy physics concentrated on future
projects. The newcomers on the scene
were also welcomed — John Adams
gave a talk on the start-up of the CERN
SPS and Tetsuji Nishikawa on the
start-up of the KEK synchrotron. At
present the 18GeV electron-positron
storage ring, PEP, at Stanford and
a 1000GeV superconducting ring,
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Energy Doubler/ Saver, at Fermilab are
in the early stages of construction.
200GeV proton-proton storage rings,

ISABELLE, at Brookhaven and an
8GeV electron-positron storage ring,
CESR at Cornell are at advanced
stages of preparation.

Progress on PEP was reported by
project leader John Rees. The storage
ring, 2200m in circumference, has
been designed to give peak luminosity,
103 per cm? per s, at 15GeV and
usable luminosity, 103!, up to 18 GeV.
The normal dependence of luminosity
on energy (inversely as E%) has been
reduced to E2 by using the full aperture,
by tune control and by use of a wiggler
triplet of bending magnets. To achieve
the design luminosity requires 50mA
per beam, 2.6 x 10'? particles, with
three bunches per beam intersecting in
six long straight sections. Five
straights, with 19 m available for ex-
perimental equipment, will eventually
be assigned to physics, and the sixth
reserved for machine development.

The filling time from the 22GeV
electron linac is only a few minutes
while the beam lifetimes with a
vacuum of 1078 torr should be several
hours. The r.f. power will be supplied
by 24 units of 5 cells with m - mode
coupled structures driven in pairs by
12 klystrons. Klystron development
has so far produced a tube giving 55 %
efficiency.

Since the design first emerged in
1974, there have been two major

Location of the PEP 18GeV electron-positron
storage ring on the site at Stanford. The 22 GeV
linac, coming in from the left will provide the
particles for injection. The break-in to the
switchyard for the injection tunnels will start in
the Summer.

(Photo SLAC)

changes. The separated function lat-
tice is now symmetric around the half
way point in a machine arc. Also the
number of quadrupoles has been
doubled to reduce the phase shift per
cell. This may also make it possible to
push the peak energy, with acceptable
luminosity, above 20GeV.

Excavation of the ring tunnel is
scheduled to start in May. Site work
and roads will begin a month later. Thi,y_
break-in to the switchyard of the
22 GeV electron linac for the injection
tunnels will take place late-Summer
during a long shutdown of the linac for
the installation of the Mark |l magnetic
detector in the SPEAR storage ring.
PEP is scheduled for completion
between September 1979 and April
1980 (depending on the rate of fund-
ing) with a total project cost of $ 78
million.

The Energy Doubler / Saver project
at Fermilab was reported by Phil Liv-
dahl. It aims to thread a ring of super-
conducting magnets under the exist-
ing 500 GeV ring of conventional
magnets. This will enable the peak
energy to be taken to 1000GeV
(1TeV) and, by making use of the lo
power consumption of the supercon=
ducting system, cut the electricity cost
per year from the present figure of over
$7 million by up to $5 million.

At the time of the Conference,
prototype superconducting dipoles, 22
foot long, were being made at the rate
of about one per week and had reach-
ed number 24. This rhythm is now be-
ing pushed towards one per day in the
‘magnet factory’ refurbished for the
mass production of superconducting
magnets. After training, all the
magnets have reached the field of
4.5T required for 1 TeV operation but
they are not yet of adequate field
quality for installation in a synchro-
tron ring. The measured field in-
homogeneities can be correlated with
knownmechanical imperfectionsin the
construction. More work is needed to
ensure the necessary coil positioning




Cross section of a superconducting bending
magnet for the Energy Doubler/Saver project at

_Fermilab. Note the shape of the vacuum vessel
which increases vertical aperture to help
ejection in the vertical direction. Over 700
magnets about 6 m long are needed to
complete the 1000 GeV ring.

Test installation of two prototype
superconducting magnets for the Doubler in the
ring of the 500 GeV proton synchrotron. The
Doubler magnets will be threaded through the
support stands of the conventional magnets.

(Photos Fermilab)

precision and mechanical stability. The
magnets which have been built so far
will be used, and are needed, in the ex-

perimental area beam lines where the &%Nﬁfgn

field quality requirement is not so pzz A j N |77

severe. O o %
A main purpose of the prototype NITROGEN 2

construction which has been achieved, %

was to develop the necessary techni- i

ques to ensure that the magnets can 7

.ae mass-produced (about 750 are TWO PHASE SPACE FILLED WITH

needed) at a reasonable price. The HELIUM MUCTILAYER INSULATION

cross section of the latest version of J

the dipole can be seen in the figure. It f WIRE ﬁi’bm%ﬁé‘ﬁ

has thicker collars, to clamp the coils

more firmly, and hence a larger S B \ \ / B pesuLatioN AND
cryostat. The vacuum chamber has % vcﬂmhé[gm .

been changed to a squared type
without increase in cost and with a
gain in vertical aperture which will be g SFIIAN%D-OFF MOUNTING
useful for the necessary vertical ejec- %Q[/ O
tion. Magnets have been operated in
strings of two (pulsed for five hours at “ <Pz e e
4.5T) and a string of four will be put
together soon. These tests are taking
place near the first completed satellite
refrigerator which is working well.
The Doubler project is being treated
as ‘Research and Development’ up to
.the stage of circulating beam in the
Doubler and $35 million have been
estimated for this stage given a rapid
rate of funding. During his Congres-
sional Sub-Committee testimony on 3
March, Fermilab Director Bob Wilson,
urged an increase in the Doubler
money to $20 million for Fiscal Year
1978 rather than the $10 million
which is assigned in the President’s
budget. To exploit the Doubler to the
maximum is anticipated to involve a
total project cost of $100 million.
Beams in the Doubler ring could be
used in collision with beams in the ex-
isting ring (which can be run d.c. as a
storage ring at 200 GeV). Construction
of the 1 km link with the 8 GeV Booster,
to enable beams to be injected into the
Main Ring in the opposite direction,
will begin soon. The breakthrough to
the Booster building is likely. to take
place during the August shutdown.
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A half cell of the ISABELLE storage rings
assembled for tests in the old Cosmotron
building. It consists of two superconducting
dipoles and a superconducting quadrupole. On
the left is a model tunnel section which will be
extergde'd to cover the half cell completely.

(Photo BNL)

The other colliding beam scheme
using cooled antiprotons (see March
issue, page 54) is also en route with
the hope that cooling experiments can
begin in the test ring at the end of this
year. In addition the experimental
areas are being converted for higher
energy beams under the masterplan
that Fermilab shall be a place of TeV
physics in a few years time.

Preparations for the ISABELLE
200GeV proton-proton storage rings
were reported by project leader Jim
Sanford. There has been a second
allocation of C, P and D (Construction,
Planning and Design) money to firm up
the details of the project, whose total
cost is estimated at $ 173 million with
a five year construction time and,
generally, there is more optimism that
the project will go ahead. One factor in
this is the confidence which exists in
the superconducting magnet design
for ISABELLE. Another is that
ISABELLE protagonists now have a
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stronger voice in political circles in
Washington.

The machine design has now moved
to having six long straight sections. In-
jection into the two 2.6km circum-
ference rings from the AGS will be
at 30GeV. The filling time will be a few
minutes (e.g. a hundred pulses at 5 x
10'2 protons per pulse to build up
currents of 10 A per beam) and the an-
ticipated luminosity is 1032 to 1033 per
cm? per s. A new detailed proposal will
be presented soon.

The design requirement is for
dipoles, 4.25m long witha 12cm coil
aperture, able to give fields of 4T. The
results from the prototypes indicated
that BT is probably feasible cor-
responding to energies of 250GeV.
Mark V prototype dipole was tested
early this year. It exceeded the 4T field
on its first quench and was at 4.9T on
the ninth quench. Field quality was
very good. The construction technique,
with its excellent mechanical con-

straints on the coil, is achieving the
magnet performance which is re-
quired. The cooling of the coils with
forced convection of high pressure
gaseous helium, adopted last year, is
working well and is now definitely in-
corporated into the design. Coils are
now being wound for the Mark VIl
dipole.

Mark V and Mark Il are incorporated
with a superconducting quadrupole ir_
an assembled half cell of the ISABELLE
lattice which is now undergoing tests
in a model section of the tunnel built in
the old Cosmotron hall. A full cell will
be assembled later this year using

industrially produced coils and
collaboration with industry is being
developed.

It is intriguing to see the different
approaches of Brookhaven and Fer-
milab to the problem of supercon-
ducting dipole manufacture on a large
scale. The approaches can be
simplified as follows: Brookhaven
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have worried first about magnet
quality and their ‘hand built’ magnets
are performing well. They are con-
fronting the problems of manufacture
by industry. Fermilab worried first
about a design which could be
manufactured rapidly and cheaply by
industry. This they have achieved. They
are now confronting the problems of
magnet quality within the confines of
his design.

Several ISABELLE Workshops will
be held at Brookhaven from 18-29
July. After an introductory session and
Laboratory tours there will be parallel
sessions on specific topics such as
operational problems, physics objec-
tives and detector developments.
More information can be obtained
from Jim Sanford (Building 902,
Brookhaven National Laboratory, Up-
ton, New York 11973).

The CESR, Cornell Electron Storage
Ring, is a more modest project than the
three we have just covered. The design
of the 8 GeV electron-positron storage
ring was described in CERN COURIER
April 1976. The present status was
described at the Conference by Maury
Tigner, originator of the novel storage
'ing filling scheme.

Present plans are for a single ex-
perimental region where a luminosity
of 1032 per cm? per s is expected.
Experiments would investigate the
energy region from 1.5 to 10GeV per
beam which is below the regions
where PEP and PETRA (the ring under
construction at DESY) will operate
most efficiently. The National Science
Foundation has requested money for
CESR and if this is forthcoming in the
next fiscal year it is hoped that the pro-
ject could be completed in October
1979.

Heads were raised from immediate
concerns by the splendid concluding
talk of Leon Lederman whose wit flicks
out like a whip no matter what subject
he is covering. He could probably bring
amusement to the composition of an
income tax form. His subject was

international collaboration on very big
accelerators’ in the wake of the 1975
New Orleans and 1976 Serpukhov
meetings (see for example CERN
COURIER June 1976). The idea of
building a Very Big Accelerator, VBA,
by a world-wide collaboration brings
some Very Big Problems. But it is not
the first time that the high energy
physics community has pioneered in-
ternational collaboration.

This long-term subject is being kept
alive under the auspices of the IUPAP,
Particles and Fields Division. A
meeting of ICFA, Interregional Com-
mittee for Future Accelerators, under
the Chairmanship of Bernard Gregory
is scheduled for early Summer.

Closedown

of NINA

Alick Ashmore

The 5GeV electron synchrotron, NINA,
at the Daresbury Laboratory was
closed down at mid-day on 1 April
1977. The occasion was marked by a
funeral party at which there were
tributes from those who had known
and loved her.

NINA came into operation on 2
December 1966, the culmination of an
outstanding effort by Alec Merrison
and his colleagues who had started to
build the Laboratory just over three
years earlier in green fields by the
Bridgewater Canal in the parish of
Daresbury in Cheshire, the birthplace
of Lewis Carroll. In 1965, the
Laboratory had been taken over by the
newly formed Science Research Coun-
cil from the National Institute for
Research in Nuclear Science, a body
much mourned by nuclear physicists.
In November 1972, the Council
decided that, as part of the price for the
entry of the United Kingdom into the
SPS programme at CERN, NINA
should be closed within about five
years. A lifetime of ten years is short for
an accelerator but it is long enough for
the experimental programme to bloom
and it may be better to die with a bang
than with a whimper.

Daresbury Laboratory was built to
provide research facilities in high
energy physics particularly for Univer-
sities in the Northern part of the
country. Liverpool and Glasgow were
the founder members and the es-
tablishment of the Laboratory led to an
expansion of the small group at
Manchester and the formation of new
groups at Lancaster and Sheffield.
These five Universities, along with the
Laboratory itself, have provided the
main body of NINA users. There has
also been welcome participation from
Orsay and Strasbourg in France and
from Pisa and Frascati in Italy.

With the prospect of closure, the
users have gradually turned their
attention to the higher energies
available elsewhere in Europe. Par-
ticipation of NINA wusers in the
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1. The site of the Daresbury Laboratory in April
1964 when the foundations for the ring of
the electron synchrotron, NINA, were being
prepared.

2. The site insMarch 1977 photographed
from the top bf the tower which will house a
30MVtandem. The 2 GeV electron storage ring
to be used as a source of synchrotron radiation
will be installed in the NINA ring — the circular
building on the left of the picture.

programme at CERN started in 1969
with the proton-antiproton experiment
at the PS and proceeded to the ISR and
the SPS. More recently, some have
become involved in the JADE
programme destined for PETRA at
DESY. Thus, now supported through
the Rutherford Laboratory, the NINA
user community has not been lost
along with their accelerator.

In 1970 the decision was taken to
set up a Synchrotron Radiation Facility
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to exploit the intense radiation from
NINA in the ultra violet and x-ray
regions, following pioneering work of
groups from Manchester and Reading.
This Facility has attracted scientists
from Universities and research centres
from all over the United Kingdom and
from lIsrael, Finland, Federal Republic
of Germany, Canada and the USA.

A wide range of science has been
covered concentrating on atomic,
molecular and solid state physics but

extending to crystallography and
molecular biology. The Facility has also
been used by the National Physical
Laboratory for radiometry in the
vacuum ultra violet region. The yield of
scientific results has led to the
approval of a 2GeV electron storage
ring dedicated to synchrotron radiation
applications, which is now under con-
struction at Daresbury to become one
of its two major research facilities fo‘
the coming years. )

.
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The huge double arm spectrometer of the
‘Mancaster’ (Manchester/Lancaster)
coincidence experiments which carried out a
very thorough study of electroproduction. The
hadron arm on the right of the picture has

a total mass of about 250 tonnes and the
section which can be moved vertically a mass of
about 185 tonnes.

Looking back on the achievements
with NINA, it seems that those who
formulated the project were gifted
.with remarkable foresight. The choice
of an electron machine was natural,

since it was complementary to
NIMROD, the 7GeV proton syn-
chrotron at Rutherford Laboratory. It
also turned out that the choice of
energy was fortunate since it directed
attention to the study of photo-
production and electroproduction in
and near the resonance region which
has been the major scientific con-
tribution from NINA. Furthermore, the
synchrotron radiation spectrum
peaked nicely for x-ray diffraction and
scattering experiments.

During the lifetime of NINA, a series
of progressively more sophisticated
experiments was carried out with high
energy photons and electrons. An im-
portant factor in this progression was
the increasing abilities and reliability of
the accelerator which, for the last few

years, had an operating efficiency of
about 90 %. The available beams were
gradually improved — a polarised
photon beam from an internal diamond
target was commissioned early in
1973 and separated function ex-
traction of electron beams from the
end of 1974 gave both better quality
and the possibility of sharing a high in-
tensity electron beam with a tagged
photon beam. The tagged photon
beam has been a special feature of the
NINA programme.

Magnetic spectrometers figured in
the experimental programme from its
early days including the massive ‘Man-
caster’ (Manchester/Lancaster) double
arm spectrometer for coincidence ex-
periments in electroproduction, with
the hadron arm movable in the vertical
as well as the horizontal plane. The
second version of this system, with in-
creased acceptance for hadrons, was
an impressive example of the big ap-
paratus required for the study of

minute particles. A polarised proton
target, introduced by the Liverpool
group in 1971, was subsequently
modified for experiments with the
polarisation direction in the scattering
plane. Multiwire proportional cham-
bers were developed in the Laboratory
for the final stages of the NINA
programme and for the SPS. A distinc-
tive characteristic of the NINA
programme was the use of the
Laboratory’s central computer for data
acquisition with fast links to small
computers on-line at the experiments.

Highlights include the pioneering
experiment on rho-omega interference
by the Daresbury WAPP group, the
total cross section measurements by
the Daresbury / Glasgow / Sheffield
collaboration using a photon tagging
system, the definitive experiments on
pseudoscalar meson photoproduction
by the Glasgow / Liverpool / Sheffield
collaboration using a polarised photon
beam and a polarised proton target.
The thorough study of electro-
production by the Lancaster/
Manchester collaboration over many
years has a natural successor in the
European Muon Collaboration at the
SPS and the study of multiparticle
photoproduction by the LAMP
collaboration (Daresbury / Lancaster /
Sheffield), which collected 15 million
triggers, has its successor in the
electron / photon programme at the
SPS.

There were also ‘alarums and excur-
sions’, such as discrepancies in wide
angle pair production, the possible
existence of an isotensor component
in the electromagnetic current and
oscillations in the angular distribution
of electrons elastically scattered from
protons, all of which went away under
further scrutiny.

The Theory Group, formed in 1969
under the leadership of A. Donnachie,
had a major influence on the high
energy physics programme. There is
no doubt from this experience that the
existence of a theory group in a
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National Laboratory supporting the
work of the experimental teams has a
value out of all proportion to its cost. It
is in this spirit that the group has been
reconstituted in support of the future
research at the Laboratory.

The tenth anniversary of the first
accelerated beam in NINA was
celebrated in December 1976 by
visitors, users and Laboratory staff
associated with the construction and
exploitation of NINA. A fascinating and
attractive display was set up showing
in words and pictures the history of
NINA and her physics achievements.
Under the chairmanship of J.R. Holt,
short talks were given by J.M. Cassels
on the pre-history, A.W. Merrison on
NINA construction, A. Donnachie on
the exploitation and A. Ashmore on the
coming years at Daresbury. They
brought out much of the interest and
amusement in large scale scientific
research and its personalities.

Daresbury is now in another con-
struction phase but this time with the
supporting base of an established
Laboratory. The tower which will
house the 30MV tandem of the
Nuclear Structure Facility looms large
over the site and the foundations for
the 600MeV injector of the Syn-
chrotron Radiation Source are being
laid. Thus the Laboratory can look
forward to a new physics era before
long and can hope that it will be as
productive as that which has now
come to an end on the 5GeV electron
synchrotron, NINA.
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The tenth anniversary of the first operation of
NINA was celebrated in December 1976. The
photographs show —

1. Sir Sam Edwards, Chairman of the Science
Research Council, with Bob Voss, one of the
original NINA construction team and now
project leader for the Nuclear Structure Facility
at Daresbury.

2. Mike Moore, one of the original NINA
construction team and Head of Engineering
Services Division at Daresbury until his
retirement last June, with Sir James
Mountford, formerly Vice-Chancellor of
Liverpool University and a member of the Board
of the National Institute for Research in
Nuclear Science.

(Photos Daresbury)




Around the Laboratories

DARMSTADT
Research at Unilac

Recent months at the Unilac heavy
ion linac of the Gesellschaft fur
Schwerionenforschung at Darmstadt
have been characterized by a steady
increase in the reliability of the
machine. In December 1976 the
..highest energy operation to date was
reached — 9.2 MeV/u '3Xe — with
thirteen single gap cavities in use.
Energy settings in the range from 3 to
7.6 MeV/u are now available routinely.
At the beginning of the year, a four
week shutdown was used to replace
the stem bellows of the outer drift
tubes in the Widerbe structure by a
type less sensitive to corrosion; leaks
in the wall between the vacuum and
the cooling water channels had caused

many unscheduled maintenance hours.

In February a record number of
hours for research in a single month

were clocked up — 394 hours with
beam on target plus 43 hours for
machine studies. A relatively high
percentage (at least 20 %) of the total
operating time is necessary for tuning
up the machine, since frequent
changes of ion species and energies
are required. During recent weeks
accelerated ions were “°Ar, 8% 86K,
129, 139, 136Xe, 58Ni, 208phy gnd 238Y.
Particle currents on the target ranged
from 2 x 10"° per s for uranium to 103
per s for argon. In the case of '36Xe the
enriched isotope was used and three
charge states were accelerated si-
multaneously in the poststripper
section giving a particle current on the
target of 2 x 10'2 per s.

The rather elaborate beam diag-
nostic system has proved to be very
valuable in minimizing the tune up
time of the machine and beam trans-
port system. Out of the many devices
for measuring current, profile, position,
emittance, time structure and energy

Plan of the target positions and beam lines
in the experimental hall of the heavy ion
accelerator, Unilac, at Darmstadt. (The
equipment for Z1 is still being assembled.) The
experimental programme is predominantly

in the field of nuclear physics.

at many points along the beam path,
the profile harp and a capacitive probe
for observing the microstructure of
the bunches have been particularly
profitable. The d.c. beam delivered by
the injector is density modulated by a
27 MHz buncher and focused into
27 MHz pulses during acceleration in
the Wideroe prestripper section. Phase
probes, delivering a bipolar signal of a
beam micropulse, are installed along
the beam line and allow a display of the
bunch form and (particularly impor-
tant) an energy measurement on-line
with high precision (better than 1073).
The energy spread is less than 1 %. The
time-of-flight technique is a routine
tool for energy and phase matching
between pre- and post-stripper ac-
celerator sections during normal oper-
ation (even the energy loss in the gas
or foil stripper is easily measured) as
well as for tuning the Alvarez sec-
tion and for adjusting the single gap
cavities.
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A shutdown of two weeks is
planned for the end of April to install
a beam splitter, an arrangement of
septum magnets providing three
simultaneous beams in the main ex-
perimental area. At the same time, the
first of four rebuncher helices for the
beam lines of the experimental area
should be available making it possible
to restore the bunch structure at the
target. Because all targets are at least
'560m from the accelerator, rebunching
is indispensable for experiments using
time-of-flight techniques.

From more than 100 submitted
proposals for experiments, about 75%
are in the field of nuclear physics while
the remaining 25% are from other
fields — predominantly atomic phy-
sics. Demands for beam time come
about equally from outside users and
from joint groups (including GSI users)
while about 14% comes from GSI
users alone. Outside users are mainly
German Universities and research
institutions such as Max-Planck-
Institutes and the federally sponsored
research centres. The Users Com-
mittee has accepted 49 proposals.

The initial phase of the experimental
programme has involved testing of the
detection systems and preliminary in-
vestigations. Fourteen target positions
are available in the main experimental
area and the equipment in operation
includes helium-jet systems, tape
systems and a fast rotating wheel (for
the investigation of short half-lives), an
on-line isotope separator, a velocity
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separator (allowing the separation of
fusion products from the primary
beam), a solenoid and an ‘orange’ beta
spectrometer, time-of-flight telesco-
pes combined with energy loss and
energy detectors, a multi-coincidence
spectrometer using position sensitive
large area detectors, as well as in-
struments for a systematic programme
of chemical separations and low level
counting for the identification of spon-
taneously fissioning, alpha and beta
active nuclei.

A number of reaction studies are un-
der way with the emphasis on very
heavy projectiles like 2°®Pb and 2%8U. Of
particular interest is the radiation
emitted from the highly excited states
with high angular momentum which
can be formed in heavy ion reactions.
Present experiments aim to determine
the number of gammas emitted in a
reaction, which is a measure of the
angular momentum of the emitting
state, and to search for isomerism of
such a state.

The first measurements with the

velocity separator, built by a
Giessen/GSI collaboration, showed
that the primary beam can be

suppressed by factors of, at least, 102
for xenon to 10'2 for argon according

to the velocity difference between pro-

jectiles and the evaporation residues of
the original fusion products. These
results make it possible to use sen-
sitive detector systems directly at the
focus of the separator.

A run with '3Xe as projectile at

View inside the Unilac experimental area.
The heavy ion beam enters top right and ions
can be deviated to the detection systems on the
left. By refering to the experimental area
plan on the previous page, from bottom left
upwards can be identified — X5 for gamma
multiplicity measurements, X4 for X-ray
measurements, X3 a scattering chamber for
particle spectroscopy with time of flight and
energy/energy loss spectrometers, X2 a multi-
purpose scattering chamber and X1 a kinematic
coincidence spectrometer with position
sensitive particle detector telescopes.

energies between 5.2 and 5.6 MeV/u
and '7°Er as target nucleus — one of
the few reactions which is predicted to
be favourable for the production of the
elusive superheavy nuclei has
shown no evidence for the existence of
such nuclei with half-lives for alpha
decay and spontaneous fission
between 1 us and about one hour and a
production cross section larger than
10733cm?2. A Mainz/GSI group had the'<
same aim when irradiating a thick
target of 238U by '*¢Xe (7.5MeV/u); a
dose rate of 6 x 10'® particles could be
reached within 22 hours, at least a fac-
tor of 20 more than achieved before.
To identify the radioactive species,
radiochemical separations were per-
formed, so that the reaction products
could be devided in chemical groups.
Looking for fission events and alpha
spectra led to the conclusion that
the production cross section for
superheavies is smaller than 103*cm?

if the half-life is assumed to be
between 1h and 100 days. This
method should be sensitive to

elements with Z between 108 and
118 or with Z around 126. The same
procedure was applied to a uranium%
target irradiated by 7.4 MeV/u 238U and
no unexpected results were ‘found.
Direct reaction products were detected
in the mass region between gold and
fermium but the dose rate was only
about 103,

In another experiment (Heidelberg/
GSI) investigating the reaction 23%U +
238 by measuring energy and energy
loss, alpha spectra and fission events
of the emerging particles indicated no
formation of spontaneously fissioning
nuclei. The experiment is giving data
on the mass distribution of products
formed in U + U by fission, transfer of
nucleons between target and projec-
tile, or combination of these processes.

To study nuclei far from stability, the
GS| on-line isotope separator has
started operation. This facility is similar
to ISOLDE at CERN (see January/
February issue of CERN COURIER).



Reaction products are stopped inside
an ion source and, after re-ionisation,
are separated according to their
masses by a magnetic field. It is only by
such a separation that identification
and investigation of nuclei far from
stability becomes possible in the bulk
activity of evaporation residues from
heavy ion reactions.

At present, experiments at the on-
‘.ine separator are concentrating on
searching for proton-rich nuclei around
the doubly magic tin nucleus '3 Sn.
For example, by reactions of a beam of
nickel ions (intensity 2 x 10" ions/s,
energy 5MeV/u) on a nickel target,
a proton-rich nucleus of barium is
formed which can deexcite by emis-
sion of three protons and some
neutrons to iodine isotopes. In an ex-
periment at the beginning of March,
the chain of iodine isotopes was ex-
tended to the nucleus ''°l (17 neutrons
less than the stable '#7l) which has a
half-life of 0.6s. This nucleus is sup-
posed to be the last bound isotope of
iodine. Nuclei in this region are
characterized not only by beta-delayed
proton (or alpha) emission but also by
‘Ipha decay of their ground states
which reflects the shell structure.

Unilac was described by James Ball
of Oak Ridge at the recent USA
Accelerator Conference as ‘the most
elegant’ of the presently operating
heavy ion facilities. It is developing an
experimental programme to match the
abilities of the accelerator.

ARGONNE:
Intense Pulsed
Neutron Source

Whatever the Chinese might call it,
1977 looks like being the year of the
pulsed neutron source. The US Energy
Research and Development Admi-
nistration (ERDA) has given Argonne
National Laboratory Construction,

Planning and Design (C, P and D)
money to the tune of $400000 to firm
up the design of the proposed Intense
Pulsed Neutron Source (IPNS). This
follows hard on the heels of a
provisional go-ahead, pending final
allocation of UK research funds, to the
Rutherford Laboratory’'s twin proposal
for a Spallation Neutron Source (SNS)
described in the May issue 1976.

The Argonne IPNS project is es-
timated to cost $562 million and its
construction would follow the close-
down of the ZGS proton synchrotron.
Many of the buildings and components
already in use at the ZGS would be
used in the new machine, bringing
considerable savings.

Shutdown of the ZGS is likely in
1979 and the new IPNS project could
then be operational by 1983, offering
chemists and biologists, as well as
physicists, new facilities to study the
structure of matter at the atomic and
molecular levels.

A view of the on-line mass separator facility
where the properties of short-lived nuclei far

- from stability, can be studied. The heavy ion

beam from Unilac enters top left into the target
and ion source system. The nuclei to be
investigated emerge from the ion source into
the experimental and control area on the right
of the shielding wall where they are mass
separated.

(Photos GS/ Darmstadt)

The design has an 800 MeV proton
synchrotron firing intense beams into
heavy metal targets to produce
copious quantities of neutrons by
spallation and would increase by a fac-
tor of ten the available fluxes of ther-
mal neutrons. Fast neutrons would
also be available to enable ex-
periments to be carried out on the
effects of neutron irradiation on reac-
tor components and materials, which
is of great importance for the future of
fusion reactors.

The groundwork for IPNS was
carried out using an experimental
booster synchrotron at the Argonne
ZGS to intensify the available proton
beam. The successful results obtained
with this booster led in turn to the
design of a second prototype machine,
several hundred times more powerful
than the first, which will use the new
ZGS 500 MeV Booster Il synchrotron,
shortly to become operational. This
will provide 5 x 102 protons per pulse
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The carbon polarimeter used by the BASQUE
collaboration at the TRIUMF cyclotron in
their thorough study of the nucleon-nucleon
interaction at intermediate energies. The
polarimeter has.twelve large multiwire
proportional cAambers. On the right can be
seen the cylindrical outer vessel of a
superconducting solenoid.

(Photo TRIUMF)

at 30 Hz and should give valuable input
for the final design of the IPNS, which
will operate at 60 Hz. Peak fluxes
should be ten times greater than those
obtainable with the 500 MeV Booster
Il machine.

TRIUMF :
Polarised neutron beam

The ability to extract proton beams of
continuously variable energy from 180
to 520MeV is one of the most use-
ful design features of the TRIUMF
cyclotron. In conjunction with a
polarised negative hydrogen ion
source, providing external proton
beams of about 78 % polarisation and
30nA intensity, it provides a powerful
facility for the study of nuclear reac-
tions at intermediate energies. This
capability has recently been extended
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by the commissioning of a secondary
beam of monoenergetic polarised fast
neutrons produced at 9° lab by the
polarised proton beam bombarding a
liquid deuterium target.

The neutron polarisation varies
smoothly from 73+9 % at 220MeV to
38+5% at 495 MeV, while the inten-
sity is typically 1.5 x 10°% neutrons/s
for a 7cm Xx 9cm spot. The energy
spread of the 495MeV beam was
smaller than could be resolved by the
time of flight technique (60 MeV) and
much smaller than that observed for
neutrons produced from a carbon
target (about 200 MeV). Theoretically,
the energy spread is estimated to be
11MeV, due to the final state in-
teraction between the two protons
recoiling slowly in the lab system.

The optimum conditions for the
polarised neutron beam were deter-
mined in a survey experiment by the
BASQUE (Queen Mary / British Colum-
bia / Surrey / Bedford / Victoria / UCLA)

collaboration. To find the best
production angle, neutrons from the
20cm long liquid deuterium target
were collimated by a 3.5m long lead
collimator into channels spaced at 3°
intervals from 0° to 27°. To determine
the initial and final spin directions giv-
ing the optimum neutron polarisation,
the Wolfenstein transfer parameters
were measured.

The proton spin direction could ba“,
controlled by reversal at the source
and by precession in the transverse
plane in a superconducting solenoid
(described in the May issue 1974). The
neutron spin direction could be
precessed about vertical or horizontal
axes by means of dipole magnets. The
proton polarisation was monitored by
proton-proton scattering in a poly-
ethylene foil and the neutron
polarisation (for a part of the ex-
periment) by using a carbon
polarimeter and (for the remainder) by
neutron-proton scattering from a
50cm long liquid hydrogen target. At
the lower energies there is almost
complete polarisation transfer from
protons to neutrons.

The BASQUE group has already pu&
the polarised neutron beam to goo
use in their study of spin dependent
effects in neutron-proton scattering.
So far the angular distribution of the
Wolfenstein D, parameter has been
measured at three energies. The
polarisation of the recoil protons is
determined in a carbon polarimeter,
the dominant feature on the ex-
perimental floor. This consists of a
carbon scatterer, 6¢cm thick, sand-
wiched between twelve large mul-
tiwire proportional chambers (the front
six being 50 x 50 cm?, the rear six 100
x 100cm?) to determine the proton
scattering angles. This polarimeter
provides a reasonable analysing power
(0.35 on average) with a high
detection efficiency (roughly one
proton in fourteen is scattered).

Further experiments are planned to
measure other parameters in neutron-



proton scattering. The advantage of a
monoenergetic  polarised neutron
beam here is that it makes possible a
direct study of the neutron-proton
scattering process, whereas previous
studies have had to rely on subtracting
proton-proton from proton-deuteron
scattering data. The present ex-
periments, therefore, yield more ac-
curate results. Their importance is that
they enable the isospin T = O nucleon-
nucleon scattering amplitudes, which
are relatively poorly known at present,
to be determined with greater ac-
curacy.

The other main thrust in the BAS-
QUE group’s general assault on the
nucleon-nucleon interaction at in-
termediate energies has been directed
at proton-proton scattering, which in-
volves isospin T = 1 only. For this they
have measured Wolfenstein para-
meters, to an accuracy of +0.02 at a
number of forward angles at five
energies between 209 and 515 MeV.

These experiments utilised the
polarised proton beam, the liquid
hydrogen target, the carbon

polarimeter and the spin-precession
solenoid and dipole magnets. The
results were in good agreement with
existing data at 210MeV. At higher
energies it was possible to determine
the phase shifts with significantly
greater accuracy than before.

CERN
SPS practises as
a storage ring

One of the potential future extensions
of the research facilities at CERN is the
use of the 400 GeV proton synchrotron
for colliding beam physics. Proton-
antiproton schemes have been in the
news recently, in connection with the
new possibilities opened by the beam
cooling technique, and proton-electron
schemes also have their strong ad-

vocates. The power requirements are
such that the SPS can be operated d.c.
(in storage ring mode) at energies up to
270 GeV. Before carrying any of these
ideas much further, it is important to
get some idea of how well the SPS can
perform as a storage ring.

On 23 March the first test took place
during a machine development run.
The synchrotron was operated with its
normal pulse — acceleration to 200
GeV, where a intermediate ‘flat top’ is
introduced to send protons to the West
Hall experiments, and then continued
acceleration to 400 GeV, where the
remaining protons are sent to the
neutrino target. The intensity injected
from the PS was kept low (about 102
protons per pulse) to limit irradiation of
the machine.

When a beam of healthy intensity
was achieved, the normal pulse was
interrupted and the magnet fields were
held constant at the levels cor-
responding to a proton energy of 200

On the left the SPS; on the right the SSR. These
oscilloscope traces from a machine
development run show, on the left, the normal
pulses of the magnet cycle (above) and
beam intensity (below) of the CERN 400 GeV
proton synchrotron, the SPS. It has an
intermediate flat top at 200 GeV which is
normally used to send protons to the counter
experiments in the West Hall. On the third
pulse, a button is pressed to hold the magnet
fields at the 200 GeV value and, on the right, the
traces remain at constant values as the
machine is converted into a Super Storage
Ring.
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GeV. This was tried with the r.f.
switched off, giving a stored un-
bunched beam and with the r.f.
switched on at low voltage, giving a
stored bunched beam. In both con-
ditions the protons could be held with
comparatively little loss of intensity for
times in excess of an hour. The beam
lifetime that could be calculated from
these results was in good agreement
with that the prediction from scatter-
ing of the protons on the residual gas
molecules in the machine vacuum of 5
x 1078 torr, which was believed to
prevail.

After the run, a closer look at the
average pressure indicated that it was
actually 7 x 107 torr and, in this case,
effects in addition to scattering must
have been causing loss of beam. This
was investigated a week later. First,
the active beam damper was switched
off and the lifetime climbed to nearly 7
hours. Secondly, a higher intensity
beam was injected (4 x 10'2 protons)
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and rapid initial loss of protons was
observed, indicating that the cause of
the loss was strongly dependent on the
intensity.

Drawing on ISR experience, it looks
as if the presence of electrons from the
ionized gas is a likely source of the
beam loss. There are no clearing
electrodes to pull the electrons out as
there are in the ISR and it is known that
they can have a stronger effect than
the scattering. Another pointer in this
direction is that a bunched beam
should show less intensity
dependence (since the electrons have
time to leak away between bunches).
This was confirmed and even a 4 X
10'2 beam had a lifetime of 2%z hours
when bunched.

This first look at the Super Proton
Synchrotron as a Super Storage Ring
looks good. The performance is already
not negligible and at least the
dominant causes of the beam losses
seem to be understood.

Meanwhile, not to be outdone by
the newcomer, CERN’s old machines
were also showing their paces. During
a machine development run on 31
March, Ring Il of the ISR topped a 40 A
current, for the first time. This followed
a period of PS/ISR collaboration which
achieved high longitudinal phase
space density of the beam.

The ISR uses such runs to find the
‘'vacuum limit’. The current is increased
until beam induced pressure bumps
(see November issue 1972, page 361)
cause the beam to blow up and be lost.
This tells the vacuum people where
their weakest points are in the rings. In
the run at the end of March the current
climbed to 41.1 A before blow up oc-
curred. The beam conditions were not
suitable for physics runs but it is,
nevertheless, a milestone for the ISR to
have doubled the 20 A design current.

From 14-21 September the second
session of the Workshop on Future ISR
Physics will be held at CERN. The first
part, with some 40 participants, will be
devoted to detailed studies relevant to
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the future possibilities at the ISR and
the last three days will be discussion
meetings for a larger audience. Physi-
cists interested in contributing to the
Workshop can communicate their field
of interest to B.G. Pope at CERN.

New fire detection
technique

Insurance company statistics show
that some 30 per cent of all fires are of
electrical origin, so that in an en-
vironment like a scientific laboratory
where a great deal of electrical ap-
paratus is in use, an efficient system of
fire detection is necessary.

With electrical installations, the
main problem is to detect the potential
fire hazard well before insulation
begins to deteriorate and the risk in-
creases as short circuits occur. Existing
methods of fire detection usually
depend on the detection of smoke,
flames or high temperatures, but in an
electrical installation the insulating
material could well have been damag-
ed by the time the fire is detected.

A new method of fire detection has
been developed at CERN by A.H.
Pietersen after the damaging cable fire
at the PS in 1975. It uses an easily
detectable gas which is liberated at a
low enough temperature to ensure
that the insulating material does not
have time to ignite. The ideal detection
temperature is around 70°C, in-
termediate between the maximum
operating temperature of the cable
(50°C) and the temperature at which

the insulating material smoulders (90°).

The CERN solution is to use 120um
diameter gelatin microcapsules con-
taining liquid freon. When the internal
vapour pressure exceeds the critical
value as the temperature increases,
the microcapsules burst, releasing the
easily detectable freon. (The popping
sound of the bursting capsules could
also be picked up by a cheap
microphone.) The microcapsules can

either be scattered on cable arrays
directly, or mixed with paint.

FERMILAB
Multiparticle spectro-
meter workshop

A Workshop on the Fermilab Multi-
particle Spectrometer Facility (MPS)
was held on 4-5 March. This facility,
located in the Meson Area, was
designed and built by a collaboration of
physicists from Cal.Tech / Fermilab /
UCLA / lllinois / Indiana. It has been
used in an experiment on hadron jets
and is now in operation, with a slightly
modified configuration, for studies of
several exclusive channels.

The Workshop convened to examine
the physics potential of the MPS based
on operating experience, to explore
how well second generation experi-
ments can utilize the capabilities of the
present facility and to discuss possible
improvements.

The spectrometer is built around
a superconducting magnet with a
0.6 m high aperture and a maximum p;
kick of 750MeV/c. Charged particles
emerging from a hydrogen target up-
stream of the magnet at angles out to
about 150 mrad are analysed by the
magnet and track chambers. In the
hadron jet configuration, the MPS is
triggered by two large downstream
calorimeters. Each module has a lead
scintillator front section (for electro-
magnetic showers) and an iron scin-
tillator back section (for hadron
cascades). These calorimeters can
trigger the apparatus on a jet, defined
experimentally as a cluster of high pt
particles. Track chambers interspersed
through the apparatus give charged
particle trajectories while several large
multicell atmospheric  Cherenkov
counters are used for mass iden-
tification of emerging particles.

There is also a cylindrical propor-
tional wire chamber and a 24 segment
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1. A single jet event recorded in the Fermilab
multiparticle spectrometer (MPS). A Workshop
was held in March to discuss the future use of
this facility.

2. Beam intensity trace at the Fermilab
synchrotron during double pulse extraction for
neutrino experiments in the 15 foot bubble
chamber. The ‘staircase’pattern at A shows the
increasing intensity during the injection of
twelve pulses from the 8 GeV Booster. The
intensity stays constant during acceleration and
at B the first extraction takes place (7/12 of the
beam) and at C, one second later, the remaining
beam is extracted.
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barrel shower counter surrounding the
hydrogen target. Chambers line the
magnet to select highly asymmetric
double pion scatters. Test runs on the
latest experiment were in progress at
the time of the Workshop and the new
configuration appears to be working
well.

The physics results from the MPS
were reported at the Workshop. The
experimenters showed evidence for a
coplanar double jet structure and

stated that the distribution in z (the
fraction of jet momentum carried by in-
dividual charged particles) shows a
striking similarity to that observed in
lepton induced processes. The op-
posite side z distribution shows that
the single particle (one high p; particle
trigger) and jet triggers balance
transverse momentum in similar ways.
This is expected in the quark picture
but seems difficult to understand in the
constituent interchange model. The
experimenters report that the jet and
single particle cross sections have a
similar shape from 3 to 5 GeV/c but the
jet cross section is over two orders of
magnitude larger.

The particles in the jet naturally
divide into three categories: (1)
charged particles, comprising 57 % of
the jet momentum with a typical mul-
tiplicity of three into the calorimeter
and a total observed event multiplicity
of nine or above, (2) photons from
neutral pion or other decays, compris-
ing 30 % of the jet momentum and (3)
neutral hadrons. The possibility that
the jet cross section is several orders of
magnitude higher than the single parti-
cle cross section had been predicted in
models which postulate that hadrons
with large p; come from the fragmen-
tation of quarks in a hard collision
between constituent quarks in the in-
itial hadrons. No clear resonance
signals are seen in the jet data.

Ideas for future experiments and im-
provements for the MPS are plentiful.
Some of the topics discussed were
charm searches, a study of multi-
particle peripheral hadron reactions
yielding forward neutral mesons, the
use of nuclear targets, double V°
physics (double kaons and double
lambdas to high effective mass), and
further study of hadron jets up to
400GeV. Possible improvements for
the MPS include replacing existing
spark chambers with proportional wire
chambers to increase the rate
capability, larger aperture calorimeters
and doubling the energy of the beam.

The meeting concluded with two
rousing theoretical talks by Ed Berger
(Argonne) and Steve Ellis (Wash-
ington) who challenged the Workshop
participants with the many exciting
physics possibilities they could en-
visage for the MPS or similar mul-
tiparticle detectors.

Double pulse
test completed

A new mode of extracting beam from
the Fermilab accelerator was tested on
4 March. It aimed to demonstrate the
possibility of taking two neutrino ex-
periment pictures in the 15 foot bubble
chamber during each accelerator cycle
with the chamber filled with a heavy
neon-hydrogen mixture. This would
substantially increase the number of
neutrino events recorded without
burning up the target (as can happen if
all the beam is extracted at one time). It
is, therefore, of great interest to the
Laboratory’s programme scheduling
as well as to experimenters using the
chamber.

The new approach has been under
discussion for some time. The 15 foot
was double pulsed successfully with a
hydrogen fill about a year ago. Tests of
other component systems had been
made over the preceding weeks. The
focusing horn on the Neutrino Line was
tested in the two pulse mode. The
15 foot was again checked for the
capability of getting clear pictures on
two expansions less than one second
apart. The Switchyard Group de-
veloped hardware for removing the
beam from one half of the Main Ring’s
four-mile circumference with one
pulse of the fast extraction magnet and
the other half with a second pulse at
the end of the cycle.

All the systems were put together
for a six-hour operating period on
4 March. Two thousand pictures were
taken and the results were satisfac-
tory.



Measurements of skin reaction, by the Los
Alamos biomedical team, as a function of total
dose on shallow skin tumours for pions and
X-rays 43 days after finishing the treatment.
This measurement indicates approximately
42 % greater biological effectiveness for pions
than for X-rays.

The scanning range shifter in position beneath
the LAMPF biomedical channel. The range
shifter uses a liquid and bellows to move the
pion range through the tumour volume.

(Photo Los Alamos)

LOS ALAMOS
Pion biomedical
programme

3.0 o Since radiation therapy is used on over
PIONS X 50% of cancer patients, impro-
X XRAYS X vements in this procedure could

o significantly affect the overall picture
Jd of cancer treatment. COURIER readers
are aware of the wide interest within t
2.0 X the accelerator community in this sub-
0 /

ject and of the development of
biomedical facilities  at many

B / accelerator laboratories.
The potential physical and biological
/ advantages of negative pions have
often been discussed (see, for ex-
ample, the December issue 1976).
Briefly, pions provide good localization
of dose due to definite range, the Bragg

TOTAL DOSE (I'Cld) peak in ionization loss, and the

| . | . l i | emission of short range nuclear

1000 2000 3000 3000 Lr_agmepts.a.s a resul’_c of pion capture.

ighly ionizing, or high linear energy
transfer (LET), radiation also serves to
reduce the intrinsic resistance of
hypoxic cells commonly found in
tumours. Clinical studies with pions
have awaited the advent of meson fac-
tories, such as the 800MeV proton.y
linear accelerator, LAMPF, at Los
Alamos, to supply therapeutically
useful dose rates.

The small volume stopping pion dis-
tributions developed with early LAMPF
operation at 10pA were quite ade-
quate for fundamental radiobiology
studies and preliminary human biology
studies. Developing, characterizing,
and applying larger volume beams for
therapeutic use were the chief goals in
the programme when proton beams
became available again in 19786.

The distribution of dose through
tissue volume is controlled by beam
focus and collimation in the transverse
direction and in tissue depth by the
beam energy. Recently, channel tunes
for several volumes up to 8 x 10 x
7cm® have been developed at
163 MeV/c and 206 MeV/c (the latter

SKIN REACTION
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The Chancellor of the Federal Republic of
Germany, Helmut Schmidt, visited the DESY
Laboratory on 11 March. He is seen here (left) in
conversation with Helwig Schopper, Chairman
of the DESY Directorate.

(Photo’DESY)

momentum for tumours as deep as
28cm). With 150pA production
beams from the linac, the dose rate in
50cc can be as intense as 40rad/min.

The distribution of peak dose in
depth is determined by the pion beam
energy spread. Wedge degraders at
the channel intermediate focus can
compress the stopping distribution to
1cm rms width at 15cm tissue depth.
If required, the narrow peak can be
spread in depth by using a scanning
range shifter moved into position at
the channel exit to yield any prescribed
depth dose distribution with thick-
nesses ranging from about 3 to 14 cm.

Dosimetry is performed using thim-
ble type ionization chambers with
tissue-equivalent plastic walls filled
with methane based tissue-equivalent
gas. Measurements are made in a large
phantom filled with water or tissue-
equivalent liquid using a three dimen-
sioned scanner. Additional micro-
dosimetric measurements with
spherical gas proportional counters
and Si(Li) detectors are made to obtain
LET distributions within the ionization
peak, to allow better estimation of
relative biological effectiveness (RBE).

Although most time on the bio-
medical channel is spent in tuning,
dosimetry, and measurements on
simpler biological systems, clinical
studies with human patients is the last
and most dramatic step toward
therapeutic use of pion beams.
Treatment began on four selected
patients in 1974 and after the ‘Great
Shutdown’ in 1975 eight more
patients have participated. Tumours
were treated in skin, subcutaneous
tissue, muscle, oral cavity, chest wall,
and lung.

The initial goal was to determine
normal tissue tolerance, which is the
limiting factor in delivering doses to kill
tumours. Typically, a fractionated ra-
diation schedule (15 fractions in 19
days) was used based on conventional
dose-time relationships in clinical
practice. Fractionated treatment in

which a series of small doses are
delivered permit differential repair and
recovery of normal tissue while the
tumour cells accumulate a lethal dose.

The initial pion skin doses were
60 % of the curative X-ray dose divided
by a safety factor of two. Doses were
gradually increased until definitive
studies were performed on two pa-
tients having a combined total of 30
metastatic shallow skin nodules. To
obtain a meaningful RBE the pion
depth-dose curve was matched to the
depth-dose  distribution of the
reference radiation (100kVp X-rays)
by using sufficient absorber above the
skin to place the tail of the narrow pion
peak in the tumour volume. Both the
reference radiation and the pion beam
were collimated in the transverse
plane so that similar areas were
irradiated. Peak pion dose rates were
10 to 15rads/min. The nodules were
randomly assigned to X-ray or pion
irradiations at several total dose levels
up to 1951 rads.

Skin reactions were periodically
scored after irradiation using standard
methods. The results for day 43, on
which the greatest discrimination was
observed, are shown in the graph. The
RBE for acute skin effects is calculated
to be between 1.40 and 1.44. No un-
toward effects have been noted up to
5% months after the start of
treatment, at which time all nodules
(both pion and X-ray) had disappeared.
Histological examination revealed no

quantitative differences in the nodules
irradiated in the two ways.
In late 1976, several larger tumours

were irradiated with pions with
volumes ranging from 4 x 4 x 4cm3to
8 X 10 x 7cm?, the latter being ob-
tained with the dynamic range shifter.
The dose rate in the largest volume
was 4.5rads/min. The results of
radiobiology and microdosimetry ex-
periments were used to shape the
pion-stopping distributions; in some
cases the tumour volume and location
were determined by ultrasound scans.
All patients are currently under obser-
vation.

DESY
Distinguished visitor
sees PETRA progress

Helmut Schmidt, Chancellor of the
Federal Republic of Germany, visited
the DESY Laboratory on 11 March. He
saw many changes since his last visit
in 1969 when excavation for the
DORIS storage ring had just started.
This time he watched preparations for
digging the last 24m of the 2.3km
PETRA ring tunnel, which was com-
pleted three days after his visit. At the
injection region the Chairman of the
DESY Directorate, Herwig Schopper,
told the Chancellor that positrons of
7.5GeV have already travelled the first
100m from the synchrotron towards
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The first series-production radiofrequency
accelerating cavity for the PETRA electron-
positron storage ring at DESY has arrived on
site. Below are tuning plungers on the second
and fourth of the five cells. On the left the input
coupler to the waveguide is receiving attention.

1
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The first bending magnets in position in the
PETRA tunnel. They are moved into place by the
specially designed support vehicle in the
foreground.

(Photos DESY)

PETRA and that all work at PETRA is on
schedule.

Meanwhile, on 5 April, the seeming-
ly complicated technique of ac-
cumulating positrons in DORIS in a
single ring mode (only the two upper
ring halves of DORIS are used) and
ejecting single bunches back to the
DESY synchrotron via the electron in-
jection channel, has been very

- successfully tested.

At PETRA, the 2 x 19GeV storage
ring itself, one dipole per day is arriving
on site since the beginning of March,
and the same rate is now valid for
quadrupoles and sextupoles. Magnetic
measurements of the dipoles showed
the integrated field to vary by less than
+3 x 107* with respect to the integral
along the axis over a region 12cm
wide. Measured variations from
magnet to magnet are also of the same
magnitude.

The rather unusual joint programme
for producing these C-shaped dipoles
seems to be a great success. Special
punching tools are made by a firm
in West Hamburg; laminations are
stamped by a Rendsburg firm from
sheet steel produced in Bochum. The
core builder, located East of Hamburg,
combines roughly 3500 laminations
on a stacking and welding fixture
developed at DESY. The coils, supplied
by a United States and a German firm
are installed by DESY people who also
wind the correction coils onto the
backlegs of about a hundred dipoles.

The quadrupoles and sextupoles are
made by U.K. firms out of steel from
the same manufacturer who produces
the steel for all the ring magnets and
the big quadrupoles for the interaction
regions. The first magnets have been
installed in their final place in the ring
tunnel where vacuum chambers will
also soon be installed.

Integrated sputter ion pumps, which
use the magnetic field of the bending
magnets, provide the required pump-
ing speed in the PETRA vacuum
chambers. These pumps have been



designed with two different anode
cells of 32 and 17 mm diameters. The
32mm cells can work as well at low
magnetic fields as in the strong field of
the dipoles. The 17mm cells assure
the required pumping speed for high
energy operation, where the maximum
degassing rates occur. A total number
of 2300 pump units consisting of
15000 large and 65000 small cells

@ will reach a pumping speed of 150000

I/s. Due to excellent cooperation with
the Technical University of Aachen itis
possible to develop and produce these
pumps in about one year.

Another problem had to be solved in
order to achieve this pumping speed
in the beam region. PETRA requires
smooth vacuum chambers due to the
expected high bunch currents which
can cause beam energy losses by ex-
citation of r.f. parasitic modes in
irregularities of the vacuum chamber.
Therefore, the connecting slots in the
wall between the beam space and the
integrated pump have to be produced
without significantly distorting the
chamber smoothness.

Possible techniques such as milling,
boring, punching and spark erosion
were studied. This last has been
prefered because of the possibility of
perforating any slot shape. Long tools
with copper electrodes having the
shape of the wanted slots were con-
structed in cooperation with Lufthan-
sa, who have used this technique for
perforating complicated shapes in jet
turbines. Several tests and mo-
difications reduced the spark erosion

time for a chamber from 6 to 1 ¥z hours.

A thousand slots of 10 by 5mm will
connect the beam and the pump
tunnel of each chamber, that means a
total number of 250000 slots around
PETRA. Thus a maximum pumping
speed is achieved with a minimum
distortion of the chamber smoothness.
The chambers for the first PETRA
octant are already perforated and
series production for all the others is
under way.

The first r.f. accelerating cavity was
delivered to DESY at the beginning of
March and tests started immediately
to learn if the specifications developed
with an aluminium model have been
fulfilled. The final degassing rate of 4 x
107'2 torr I/s cm? has proved twice as
good as specified, demonstrating that
the firm is well acquainted with the
technique of electron beam welding.
All other test measurements on this
first cavity have been in good
agreement with specifications.

BROOKHAVEN
New energy
record at AGS

Two recently proposed experiments
at the 33GeV Alternating Gradient
Synchrotron at Brookhaven asked for
very unusual machine performance —
extraction of the protons at 5GeV and
at 800 MeV kinetic energies, far below
the design energy. Since the AGS has
never operated below about 20GeV it
was not certain that the various com-
ponents could perform satisfactorily so
far from their nominal setting. For
5GeV the answer is a resounding yes,
and for 800MeV the answer is
‘probably’.

A BNL / Princeton collaboration, led
by T. Kycia and Val Fitch will use the
5GeV beam to search for the H particle
— a bound state of six quarks, recently
predicted by a bag model calculation of
R. Jaffe. The H would have the quan-
tum numbers of two lambda particles
and a mass near the two lambda
threshold of 2230MeV. The signature
of the particle would be the two
positive kaons produced in the
reaction pp =—H K+K*. The kaons can
be detected in a symmetric two arm
spectrometer used in a recent charm
search by the Princeton collaborators.

The experiment will use a hydrogen
target and identify the H through a
peak in the missing mass spectrum

with a sensitivity of about 1 nb. The ap-
paratus can stand about 5 x 108
protons / pulse which was more than
the secondary beam line could supply.
Extracting at 5GeV, however, gives a
sufficient flux of protons with the
further advantage of no pion con-
tamination. Also the duty cycle can be
increased between 40 % and 80 % and
the power cost is very small. AGS
studies have demonstrated that a
satisfactory flat top can be maintained
at 5GeV and that Coulomb scattering
from an internal target will deliver
more than enough flux. The ex-
periment is scheduled for this
Summer.

A Harvard / Pennsylvania / Wis-
consin / Brookhaven collaboration led
by L. Sulak and H.H. Williams will
search for neutrino oscillations with
their present detector. The experiment
will look for electron-type neutrinos in
a beam of low energy muon-type
neutrinos. The muon-type will be
produced in the decay of pions from

the /A\(1238) resonance, the pre-
ponderant channel for the in-
teraction of 800MeV (1.5GeV/c

momentum) protons. The interest in
low energy is primarily because the
sensitivity is proportional to the length
of the neutrino flight path and inversely
proportional to the neutrino energy.

A further consideration is that the
electron-type neutrino background is
lower if the protons are below
threshold for kaon production. A
repetition rate of one pulse every 1.3s
and a low power cost also help make
the experiment feasible. Two brief AGS
periods have been devoted to tests for
this experiment. Thus far, three turn
extraction with 60% efficiency has
been achieved but work on extraction
at high intensity and on beam trans-
port still needs to be done. The ex-
perimenters plan a one week test of
the experiment in Summer.

The AGS, with its increasing inten-
sity and reliability, is still a versatile
accelerator.
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People and
things

Future accelerators in Europe

The ECFA Committee for Accelerator
Studies is calling a Discussion Meeting
on Regional Accelerator Projects on 24
May at CERN. It will hear reports on the
physics interest of higher energies, on
projects for higher energy proton
facilities in the USA (Brookhaven
ISABELLE storage rings, Fermilab
Energy Doubler) and the European
studies concerning higher energy
colliding proton beams and colliding
electron-positron beams. The
Discussion Meeting will immediately
precede a Plenary ECFA Meeting in the
CERN Council Chamber on 25 May.
(This is an open meeting.) The main
point on the agenda is the preliminary
formulation of a recommendation
concerning the future facilities for
particle physics research in Europe.

On People

Pierre Auger has become a Member of
the French Academy of Sciences follo-
wing an initiative by President Giscard
d’Estaing to extend and revitalize the
Academy. The Academy previously
had 80 Members from all the science
disciplines and new Members were ap-
pointed only on the death of an existing
Member. The number is being increa-
sed to about 130 and many younger
scientists are being brought in. There is
also a clearer distinction between the
disciplines than before. Pierre Auger
was Godfather to CERN when he was
Directorof Natural Science at UNESCO
in CERN's formative years.

Herbert Coblans, first Head of the
Scientific Information Service at CERN
and an internationally recognized
library expert, died on 18 March. After
an extensive professional career, in-
cluding direction of the UNESCO
Library in 1949/50, Dr. Coblans joined
CERN in October 1954, where he es-
tablished the Library and Scientific In-
formation Service. Ten years later, he
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74
left for the United Kingdom, where he
worked for ASLIB on a number of
library research and development pro-
Jjects. Even after his retirement in
1969, he continued to be active in in-
ternational projects where he was in-
volved in the setting up of international
information services in nuclear and
agricultural sciences (INIS and AGRIS)
as well as the standardization work of
UNESCO (UNISIST).

On 30 March, Marian Danysz received
the degree of Doctor Honoris Causa
at the University of Warsaw. Professor
Danysz has just retired from the
University. He is well known for his
discovery in 1952, together with
J. Pniewski, of a hypernucleus in
a nuclear emulsion experiment. This
work opened up the new field of hyper-
nuclear physics.

Gordon Fraser has joined the editorial
team on CERN COURIER succeeding
Michel Darbin. He received his Ph D in
particle physics at Imperial College
London in 1967 and has since been in-
volved in research and in science jour-
nalism. For the past year and a half he
worked as Information Officer at
Rutherford Laboratory. With Gordon's
arrival we hope to strengthen par-
ticularly the particle physics coverage
of the journal.

CERN at the Fair

Visitors to the world’s largest industrial
fair, the Hanover Fair in the Federal

1. Pierre Auger
2. Marian Danysz

Republic of Germany, were able to get
a glimpse of CERN on show there from
20 to 28 April. In the section dedicated
to Research and Technology, the CERN
stand displayed some of the in-
teresting technical developments re-
sulting from pure research and thus
repeated, on a smaller scale, what had
been done in 1974 when a Meeting on
Technology Arising from High Energy
Physics was held at CERN (see April
issue 1974).

The very sophisticated SPS Control
Computer system formed the heart of

the CERN stand. Demonstrating its L

highly flexible control facilities and
colourful displays, it controlled a
number of exhibits such as a liquid
dispenser (originally designed as a
precise dosing system for chemicals
used in the development of bubble
chamber film) used at the Fair to mix
drinks for thirsty visitors. Also on show
was a fire early warning system using
gas-filled microcapsules which burst
when overheated so that the popping
sound and the released gas give an
alarm. In an improved type of con-
densation cryopump, the losses due
to thermal radiation have been so
reduced that one charge of liquid
helium at 4.2 K provides autonomy for
about 200 days.

Another exhibit was the laser
alignment system which helped in
the precise positioning of the SPS
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numerical programming.
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IKO

INSTITUTE FOR NUCLEAR PHYSICS RESEARCH,

AMSTERDAM

The pion-muon group, has vacant positions for

PHYSICISTS

at post-doc or senior level, experienced in the field of experimental nuclear physics, intermediate energy-
or high energy physics. Candidates should be acquainted with modern detection techniques and with

-at senior level, with experience directly applicable to the low energy mu-physics program of the institute;
-at senior level, with engineering experience in one or more of the following fields : detection techniques,
beam optics, beam interacting with matter, electromagnetic or particle radiation problems.

Appointments depend on age, qualifications and task-definition. They generally range from several months
“visiting scientists” to 3 years; (a permanent appointment may be considered). Salaries are between Dfl.
2850,— and Dfl. 4200.— per month. Activities will be concentrated on the setup of low energy mu-physics
experiments. Participation in experiments elsewhere (e.g. CERN) is possible. Pion-muon beams are planned
to be available in the institute by 1979/1980.

Applications are to be sent to the personnel-division, IKO, Oosterringdijk 18, Postbus 4395, Amsterdam,
within two weeks after appearance of this advertisement and should include curriculum vitae, list of
publications and/or references. Information can be obtained from R. van Dantzig, IKO, tel. 020-930951.

magnets. Other items were a quick-
release coupling ~mechanism for
vacuum systems (suitable for remote
handling in radioactive environments)
and the production of high quality grids
by chemical or electrochemical ma-
chining (such as used in precise
collimators) in a wide variety of
materials, ranging from plastic film to
the hardest of refractory metals. The
numerous visitors could also inform
themselves about CERN in general —
its aims and facilities and its role as
one of the world’s largest international
organization engaged in pure research
which brings benefits also in practical
fields.

TRIUMF muon decay experiment

An experiment, by a British Columbia /
Montreal / Victoria team, has recently
been completed at the TRIUMF
cyclotron on the elusive decay of the
muon into an electron and a gamma,
which has been much in the news
recently (see March issue page 51).
Four weeks of beam time were used in
February and March and the analysis of
the data has started. The equipment
consisted of two large sodium-iodide

crystals which were placed opposite
each other with a stopping target
between. A pion beam was used
because insufficient stop-rate was
obtained with a muon beam but,
unfortunately, the use of pions
increases the accidental background
considerably. Coincidences between
the two detectors were recorded and
the energy of the particles in each
detector will be used to identify the
muon decay.

There were a large number of events
observed which had low energy
electrons and gammas indicating that
two neutrinos had also emerged from
the muon decay. These are being used
as a check on the geometrical
efficiency of the system and will also
be an interesting by-product. At
present the search for events
continues and a final result is not yet
available. However, so far, no obvious
candidates for the decay have been
observed at a sensitivity which is
better than the existing published limit
of 2 x 1074

Meeting on HEP finance in UK

Finance was very much on people’s
minds at the latest UK High Energy

Physics Users’ Meeting, held at the
Rutherford Laboratory, on 14 March.
Just a few days after that meeting, the
Science Research Council, whichis the
channel of finance for pure research in
the UK, was itself convening to fix the
allocation of funds for the next few
years. The outcome of the Council
meeting was much as had been ex-
pected, which does not mean that
particle physicists were satisfied. In
the general cutback of government
expenditure in the UK, high energy
physics has suffered proportionally
more than other areas of pure research
and a sudden reversal of this trend was
not anticipated.

Conference at SIN

From 29 August to 2 September the
7th International Conference on High
Energy and Nuclear Structure will be
held at SIN, (Schweizerisches Institut
fiir Nuklearforschung), near Zurich.
Participation is limited to 400 people.
For further information contact Mrs. E.
Huber, SIN, CH - 5234 Villigen.
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NIM BIN AND
POWER SUPPLIES

NE 4655 LOW VOLTAGE
+24V 1A Stability +0.1%

+ 12V 2A Stability +0.1%

+6V 5A Stability +0.2%

Total Power capability 96W

* Output voltage adjustment presettable to +0.05%.

* Short circuit protected with rentrant fold back current limit.
* Thermal warning and thermal cut out switches fitted.

* Manufactured to TID 20893 for type VH power supplies.

NE 4690 LOW VOLTAGE

+ 24V 1A Stability 0.1%

+12V 2A Stability 0.1%

+6V 8A Stability 0.2%

Total Power capability 120W

* Output voltage adjustment presettable to +0.05%.

* Short circuit protected with rentrant fold back current limit.

* Thermal warning and thermal cut out switches fitted.

* NE 4690 exceeds specification for current output specified
in TID 20893.

NE 4601 BIN g A s NUCLEAR

* Ensures complete mechanical interchange of modules. TERPRISE

* Prewired for p(eferred voltages +12, +24, + 6,_ 117 Vac. A ChemEI:'anwislzfehmann S SA

* M%r\géggt:;ured in accordance with recommendations of 1218 Grand Saconnex. Geneéve.
: Xel. [022] %% 16 61/62 Telex 289066.

NE 4626 POWER PANEL ssociate Companies ' .

* Controls power to low voltage supply. Eglcr:g%';'gEl? EET1 4R Scotiand T, 031-443 4060

* Test monitor points for each low voltage line output. Telex 72333 Cables Nuclear, Edinburgh

* Thermal warning and power on indicator lamps. Nuclear Enterprises GmbH, Schwanthalerstrasse 74,

8 Minchen 2. Germany. Tel. 53-62-23 Telex 529938
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ERNI + Co. Elektro-Industrie
CH-8306 Briittisellen (Ziirich)
Telephon 01/833 3333
Telex 53699

U

ERNI

30

JAHRE
ANS
YEARS

Dual-In-Line-Reedrelais

Diese Reedrelais sind beztiglich Anschlussbild und
Platzbedarf kompatibel mit Dual-In-Line Typen im
IC-Format. Es stehen 2 verschiedene Bauhthen von
DIL-14-Gehausen zur Verfiigung.

DILRID-A-. .. Bauhohe 5mm, mit 1 .. 2 Arbeitskontakten

DILRID-B-. .. Bauhohe 10,5 mm, mit 3 .. 4 Arbeits
1 .. 2 Wechselkontakten, oder 1 .. 2
Arbeitskontakten und hochohmiger Spule
speziell fur TTL-Technik geeignet.

Arbeitskontakt Rhodium:

500 mA/10W 100 VDC/70 VAC
Wechselkontakt Rhodium:

100 mA/ 3 W 28 VDC/20 VAC
Quecksilberbenetzter Arbeitskontakt:
2 A/50 W, 100 VDC

Alle Typen sind auf Wunsch mit eingebauter Diode
und/oder mit statischer bsw. magnetischer Abschirmung
erhaltlich.

ERNI -+ Co. fur Qualitat, anwendungstechnische Beratung,
ausserst gunstige Preise, schnelle Lieferung




DRIFT
CHAMBERS

SEN digital systems provide one-pass data collection
and do not require a zero-time offset adjustment.

RECORDER UNITS 16 TD 2086 8 TD 120-111 4TD 2082
(DTR) (Nevis Lab) (TCcs)
Max, drift time (ns) 2048 1440 960
Resolution (ns) 4 1.5 2
Multiplicity 16 14 7
Inputs 16 8 4
Two pulse resolution (ns) 0-56 0-48 0-44
Input level NIM NIM MECL
Clock input (MHz) 125 88, 33 125
Packaging 2U CAMAC 1U non-CAMAC 2U CAMAC
Power required (W) 44 32 26
Units per crate 11 22 11
Type of crate CAMAC - CAMAC
Units built and 10 109 128

in service

These recorders, on a minimum basis of 1000 channels,
offer a price per channel of between 100 and 600 S.Frs..
We deliver complete systems with crates, CAMAC inter-
face, recorders and preamplifiers as required. Also, it is
possible to combine the three systems where different
areas of the experiment have varied performance levels.

SEN ELECTRONIQUE
ZURICH
HAMBURG
MUNICH

Case Postale 39
Rustrasse 4
Postfach 223
Radspielerstr. 8

CH 1211 Geneve 13
CH 8604 Volketswil
D 2000 Wedel

D 8000 Miinchen 81

tel (022) 4429 40 tIx23359 ch

tel (01) 9455103 tix 58257ch
tel 04103 6282 tix2189 548d
tel 083 916710 tix529167d

ELECTRONIQUE
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Brides en acier inoxydable équipées de traversées
céramique-métal pour alimentation d'électro-aimants
d'un accelérateur de particules

FABRICATIONS
DE NOTRE USINE D’EVREUX

PASSAGES ELECTRIQUES ETANCHES
Céramiques métallisées et brasées

PIECES pour MECANIQUE, NUCLEAIRE,
ELECTROMECANIQUE

Tubes, barreaux, plaques, disques en AF 997
Pieces usinées rectifiees
PIECES pour ELECTRONIQUE
Radomes, fenétres électromagnétiques
Poudres abrasives et pour projection
Revétements céramiques par projection plasma

LUMIDOSIMETRES en Verre Phosphatique
(BREVET C.E.A)

LUMIDOSIMETRES en fluorure de Lithium pour
dosimétrie individuelle (Brevet C.E.A))

ARTICLES DE LABORATOIRE en oxydes frittés
Creusets pour évaporation

Advertisements in CERN COURIER

All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) width by height 1 5 10
insertion insertions insertions
1 184 x 267 1300 1200 1100
A 184 x 130
88 x 267 700 650 600
s 88 x 130 380 350 320
Supplement for
one colour 950 SwF
four colours 3800 SwF
Covers :

Cover 3 (one colour) 1450 SwF

Cover 4 » » 1780 SwF

Publication date End of month of cover date

Closing date for

positive films and copy 1st of month of cover date

The cost of making films and of trans-
lation for advertisements are charged
in addition

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st

of month of cover date will be invoiced

Advertising space is limited to 50% of contents and insertions
are selected on a strict first-come first-served basis.
All enquiries to :

Micheline FALCIOLA / CERN COURIER - CERN
1211 - GENEVA 23 Switzerland
Tel. (022) 419811 Ext. 4103 Telex 2 36 98

Screen (offset)

Desmarquest & C.E.C. s.A.

LOCH
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METAUX PRECIEUX

High-purity precious metals
Evaporation discs (5N)
Au, Pt and Pd targets (5N)

Pt-PtRh precision thermo-couples, supplied
with a guarantee or calibration certificate

Miniature PtCo magnets, made to measure

Electrical contact materials

99 €88«

Please ask our technical advisers for further details

METAUX PRECIEUX SA Telephone  Telex

2, Av.du Vignoble
CH-2000 Neuchéatel 9

7.Bvd du Théatre
CH-1211 Genéve 11

19, Lowenstrasse
CH-8039 Ziirich

038-257231 35101
35401

022-216377

01-278120 57783
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WE CAN VISUALISE YOUR PROBLEMS

The 4051 Graphic Computing and calculating. Use it as a: fillin the reader service card.
System stands alone: a desk-top —BASIC Language Computer. Write or phone Telstronix
unit that offers so many —Calculator. International AG Gubelstr. 11
possibilities for areasonable price. —Intelligent terminalin a 6300-Zug Tel. (042) 219192

In medicine, finance, research time-sharing environment. p
and engineering, among others, —Heart of a measurement 5
the 4051 offers you personal system. TEKTRONIX
computing power for all forms of For more information on how .
statistics, forecasting, planning the 4051 could work for you, just




10/80

You too shoul make use of our
Know-How in the field of
Light Structures Technology!

Our experience for decades:

estructures made of fibre reinforced synthetic materials ¢
efibre reinforced synthetic foams

ebonding technique ®sandwich plates estructures

Contact: Contraves AG, Schaffhauserstr. 580, CH-8052 Zlirich

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 FANUNIT

® DISPLAY SHOWS : STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

® CURRENT/VOLTAGE DISPLAY
® SHORT CIRCUIT PROTECTION
® COMPUTER MONITORING PLUG
® THREE 500 W-VERSIONS

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

WES-CAMAC-TEAM represented in Switzerland by
CANBERRA-STOLZAG Bellikoner Str.218  CH-8967 Widen-Mutschellen Telefon 057 54078  Telex 54(9
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KANT-TWIST

Serre-joint

KANT-TWIST combines the best features of C and parallel
clamps — eliminates distorting, twisting action —
_ no unsupported screw or loose pad

KANT-TWIST clamps weigh approx. half as much as
comparable C-clamps yet are 40% stronger, hand-tight is tight
enough, all clamps are of rugged construction, quick acting fixture
clamps automatically adjust to varying thicknesses.

LESTOPREX AG CH-8640 RAPPERSWIL
Postfach 99, Telefon (055) 27 36 51/27 41 41

Hcalel

GROUPE CGE

charge
amplifiers for
¢ Chantiers modernes Eroportlonal
wire chambers

e High sensitivity (250 mV/picocoulomb)
e Low noise (0,004 picocoulomb)
e Variable shaping time
e Available in three versions
88, rue de Villiers (2 for cathodes, 1 for anodes)
92300 LEVALLOIS-PERRET e Thick film technology

Téléphone: 767-31-40 e Two channels per module
Télex: 610202

e Low price
Full details from: §
Paris - Bordeaux - Vitrolles - Nantes - Le Havre . CIT ALC,ATEF . ;
La Réunion - Libreville - Pointe-a-Pitre Microelectronics Division 8
Abidjan 13, rue Périer 92120 Montrouge (France) &
g

Phone: (1) 657 12 70 - Telex 270014 F
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VAGUUM VESSELS FOR

i

WORLD NUGLEAR RESERRGH
? ' |

Vacuum chamber for S.R.S. Tokamak for TOSCA
Booster Synchrotron at experiment at U.K.A.E.A.
S.R.C. Daresbury Laboratory Culham Laboratory

Beam tubes for I.S.R. facility
at CERN, Geneva

Avica Equipment Ltd.,

Mark Road, Hemel Hempstead,

Hertfordshire, HP2 7DQ.

Telephone: Hemel Hempstead 64711 h'

WHETHER COMPLETE
VACUUM VESSELS FOR
TOKAMAKS OR FOR
RESEARCH FACILITIES, Telex: 82256
AVICA HAS THE CAPABILITY TR T T

AND EXPERTISE GROUP OF CDMPANIES ?;thgrr]igf:i(ggrg%fioz_l\élgnaco

Telex: 469 771 MC

Un groupe de niveau européen
dans

DNET la prestation de services
Nettoyage industriel }
\ ’ Nettoyage d’ateliers, bureaux, laboratoires, cliniques
Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008 - MARSEILLE 12 bis, boulevard Pébre tél. (91) 732850
75- PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74 - ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (60) 411207

Fournisseur du CERN a Genéve, du CEA a Marcoule, Pierrelatte, Cadarache,
La Hague, de 'ONU et de I'UIT a Geneve.
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A line of television cameras for use in

radioactive environments and especially adapted for :

Control « Surveillance ¢ Intervention

Television equipment to
investigate at the
core of nuclear reactors.

Environment:

e Temperature: 225 °C (437 °F)
® Pressure: 45 bars

e Radiation: (Combined dosages)
Gamma Rays: 5.108 R

Thermal Neutrons: 3.1014

Fast Neutrons: 3.1015

A

THOMSON-CSF

DEPARTEMENT AUDIOVISUEL

55, RUE EDGAR QUINET / 92240 MALAKOFF / FRANCE
TEL.: (1) 6571110

2868
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La nouvelie

génération SERVOGOR’

Largeur d’enregistrement 250 mm et A4 - haute précision
extensions possibles - tracé a plume ou feutre - service facile

SERVOGOR® 300

p Construction modulaire
a tiroirs

» 1,2 ou 3 canaux

p Calibres 0,5 mV ... 200 V—

P Calibré et variable

P Classe de précision 0,2 %

p Sortie des valeurs de mesure
0...10V

P Atténuation de point zéro
0...900 "%

P Lin-log ou avec intégrateur

p Avance de papier
15 .. .72 000 mm/h & commande
interne ou externe,
compatibilité TTL

SERVOGOR® 200

p 1 ou 2 canaux

p Pour tensions continues
et alternatives
1mV...10 V

P Calibré et variable

p Classe de précision 0,5 %

p Avance de papier
1...240 mm/h

p Alimentation par batterie
12 V ou secteur alternatif

Demandez les listes
A 8-5, A8-6

AG FUR MESSAPPARATE

3013 Bern ¢ Schlaflistrasse 17 ¢ Tel. 031-42 1506

Deféctuosité du roulement
a hille?

Surveillance continu du roulement a bille avec
le systéme SPM 32 qui accentu la sureté en vue
d’'une défaillance de I'équipement ou d'une
perturbation inattendu de la marche du travail.

nous vous donnons volontiers de plus

amples renseignements:

Roth + Co.AG
9244 Niederuzwil SG
Tel.073-5168 68
Instrument

Hersteller: SPM Instrument AB,Strangnas,Schweden

N 400 series
&
Electrical
connectors
with plastic
bodies

Some of their characteristics:

— self-locking

— positive and reliable positioning

— high quality insulation

— consistant, low contact resistance
simple handling and simple assembly
solder style for up to 15 pins

crimp style for up to 12 pins

long life

light-weight

Pat. pend.

R W.w. £ISCHER

Téléphone (021) 7737 11

CH - 1143 Apples Télex: 24259 fisch - ch

N
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These Multiscalers
“video-ize” your data

Two remarkably inexpensive
Multi-scalers offer:

® Simultaneous live display on a
Video screen of 12 independent
7-decade Scalers

® Type 341- 100 MHz input resolution

® Type 342- 50 MHz input resolution
® One pre-settable counter
® Parallel printer Output

® System-independent
(double NIM-module)

4500 SOLOTHURN 2 SWITZERLAND
tel: 065/311131 telex: 34228

Angst  Pfister /P

VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE

® MATIERES PLASTIQUES

. B Lubriflon-PTFE, Ertalon, Ertacetal, Eltflon pour applications électroniques

® POLYPLATE PROCESSING

Condensateurs,cones d'antennes, substrates

® TUYAUX FLEXIBLES

pour basse, moyenne et haute pression, types spéciaux avec capacité
de résistance aux radiations — fluide eau déminéralisée

e ELEMENTS DE TRANSMISSION

Accouplements élastiques, variateurs de vitesse,
transmission par courroies trapézoidales et dentées, etc.

® JOINTS D'’ETANCHEITE

standard ou sur plans en tous matériaux

1219 GENEVE-LE LIGNON TEL.: 022/964211
ROUTE DU BOIS-DES-FRERES 52-54 TELEX: 22 675APG
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Poiey pLovviNe

We supply a complete line of microcomputer modules, related CAMAC products and software.

3880 Microcomputer Module — 8080A-based with full serial and parallel 1/0, 16 levels of interrupt, real-time clock, 4K words of
RAM and up to 4K words of PROM. Includes a Monitor and Test CAMAC program in PROM.

3816 Memory Expansion Module — Expands 3880 memory by up to 16K words of RAM and 16K words of PROM.

@ 3908 Crate Controller — Used with 3880; Q-scan, Q-stop block transfers are provided. One 3880 supports up to seven 3908's.
3909 Auxiliary Crate Controller — Used with 3880 and a main crate controller (Type A-2, L-2, etc.) for remote intelligence.
3981 Auxiliary Crate Controller — Combines 8080A-based microcomputer and crate controller in a single-width module.
3953 Auxiliary Controller Adapter — Used to operate auxiliary crate controllers without a main crate controller.

3821 RAM Memory Module — Has 4096 24-bit words of memory. For communication between main and auxiliary controllers.
3090 PROM Programmer Module — Programs UV-eraseable PROM's in 3880 crate or in any other CAMAC crate.
8001 Test CAMAC System — Microcomputer, crate controller, test modules, rack-mounted crate, 1/0 terminal and software.

Software — PROM'’s 6001 to 6009 to provide everything from a system monitor to an extensive CAMAC debug program.

Please contact us for additional information.

lﬁ\<<< Kinetic Systems International »S.A.

2 Cheminde Tavernay * 1218 Geneva, Switzerland * Tel. (022) 982582/3 + Telex 23 429
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel.815838 0005 * TWX 910638 2831



ntroa/ucing

LeCroy’s revolutionary

. photomultiplier
high voltage system

LeCroy’s new Model HV4032 revolutionizes photomultiplier high voltage by providing microprocessor control and
monitoring of an economical 32-channel rack-mount power supply and distribution system.

Think of the advantages!

Intelligent

Each supply can be remotely monitored or set, permitting con-
tinuous on-line gain control. The outputs are repetitively com-
pared with the 32 voltage set-points stored in memory; any
defective channels are identified for on-line disengagement.
The microprocessor permits digital control via CAMAC or TTY,
as well as manual control via front-panel switches. Internal
microprograms even check the battery backup system.

Complete

The HV4032 provides not only high voltage, but also distribution
to 32 independent outputs, manual and remote control and
monitoring of each output, front panel display, internal error-
checking, and battery backup in case of power failure.

RESEARCH SYSTEMS

Economical

Compact packaging puts both high voltage and distribution
into one convenient rack-mount assembly. Remote control and
monitoring eliminate long high voltage cable runs. Ease of
internal supply shutoff or replaceability saves down time.

THE HV4032 PROVIDES.. ..

° 32 complete channels per single rack-mount package.

° >2mA at up to —3 kV per output.

° Remote settability and monitoring to <1 volt per step.

* Optional positive voltage operation.

° Manual, TTY, or CAMAC control.

° Microprogrammed safeguards and error-checking subroutines.
* Easily accessible and interchangeable internal supplies.

* Ultimate sophistication at a low cost.




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:

il filters, strainers, heald shafts, nozzles, instruments, relays,
unters, precision engineering components, polished items.

For LARGE-SCALE INSTALLATIONS

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

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

Débitmétres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés

pour liquides et gaz
type 1100

’ livrables ex stock Zurich

Heraeus

WITTMANN

Rubans chauffants
Cables chauffants
Tuyaux chauffants

Sélecteurs de puissance
et de tension

Demandez la documentation auprés de

o Oerlikonerstrasse 88

WI tél. 01/46 4040

vorm. WISMER AG 8057 Zurich
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Soft ware

Vacuum pumps

and industrial processing

PFEIFFER rotary vane
pumps and accessories
have been designed with
practical considerations
in mind. They operate re-
liably in the coarse and
medium vacuum range.
When selecting the cor-
rect pump it is not only
the pressure but the in-
dustrial process which is
essential for the combina-
tion of pump and acces-

PK 800 034 PE

sories. PFEIFFER rotary
vane pumps can meet all

BALZERS

ARTHUR PFEIFFER
Vakuumtechnik Wetzlar GmbH
Emmeliusstrasse 33 - P.O. Box 1280
D-634 Asslar
Tel.: 06441 - 802-1 - Telex: 483 859

PFEIFFER rotary vane pumps for modern process engineering

requirements:

® remote monitoring of
operation ® protected va-
cuum section in the event
of a power failure ® re-
starting without prob-
lems ® compensation of
the oil mist produced in
the high pressure range ®
continuous purification
of the oil ® pumping of
aggressive media and
dust-contaminated gases
® no backstreaming of
hydrocarbons.
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For your
Magnet Problem:

VACUUMSCHMELZE

VACRYFLUX

Upto1oT VACRYFLUX 5001

NbTi-multifilament superconductors:

Monolitic wires in different sizes and fully transposed multistrand cables
with round and rectangular shape

Current capacities 100-50.000 A at 5T

Single core superconductors with copper and copper nickel substrate
for high homogeneity magnets

Inexcessof 10T VACR YFLUX NS

Solid diffusion copper tin niobum base multifilament superconductors

VACUUMSCHMELZE GMBH

Griiner Weg 37, D-6450 Hanau - Cable Address: Vacuum Hanau -

Telex:04184863 - Tel. (06181) 362-1

S-6

Precision

Power Supplies
Stability upto 1076 ; up to 300 kW ; up to 300 kV

for all applications
Magnets

Superconductors

Beam deflection

HemzmerR

HEmzmeER

Microwave tubes
Capacitof charging

Multipliers

Control and Measuring Techniques
Happinger Strasse 71

8200 Rosenheim

Tel. 08031 - 66397/66116
Telex 0525777 hemes d
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t's tight squeeze,
but no jam!
Compression

Ferrule Unions

on is exceptionally simple and reliable.
Even ¢ asy: just cut the tube off, push it
int ht. The job is done!

can go wrong, even if there is a
itch somewhere else.

s the union nutis tightened, the ferrule is so
‘compressed that it squeezes a neck in the
tube, without damaging it. This affords a
tight connection, even under heavy vibra-
tion, pressure surges or temperature fluc-
tuation. A "tight squeeze’ is not necessarily
a ‘jam’.

Every SERTO connection is a butt connec-
tion, and radially removable. This simplifies
everything and ensures no jamming, even
in the most confined space.

GRESSEL AG CH-8355 AADORF
phone 052/47 26 21 telex 764 36 gress




TN-1710 MICROCOMPUTER
BASED MODULAR MCA

~ m Multipl exfroutefs for multi

. ch spiay plus ?rac r Northem s exclusive

autorangmg feature

m Regions of interest with gross integral and net

integral above background

B Unique bipolar or unipolar memory display

W Cursor for region of interest and individual channel
selection

B LSI-11* microcomputer-based

B Field expandable with extra memory and new
function modules

B Additive and subtractive transfer

W X-Y analog output for recorders or plotters with
alphanumeric character plotting

m New modular chassis capable of housing a wide
variety of ADC and scaling inputs plus many data
processing and display options

B Interface for teletype or serial printer

B Multiple regions of interest with overlapping
region limits

DATA PROCESSING MODULES
AVAILABLE

B Energy and time calibration for PHA/MCS data

B Data processing including smoothing, stripping,
normalization, plus spectrum integration and
differentiation

B Automatic learn mode for operation of complex
analysis sequences

B Peak or region of interest ratio

B X-ray, K, L and M line markers

INPUT/OUTPUT INTERFACES
AVAILABLE

m EIA, RS-232C

B Parallel printer interface

B Paper tape punch and reader

B Floppy disk

raz0r Northern

Tracor Europa B.V.

Schiphol Airport Amsterdam
Building 106, The Netherlands
Telephone (020) 41 18 65

2551 West Beltline Highway
Middleton. Wisconsin 53562
(608) 836-6511
TWX-910-280-2521

Telex 13695

*LSI-11 is a registered trademark of the Digital Equipment Corp.



40 000
hours

service
atFNAL.

The EIMAC 8959 —a member of the 4CW100,000E family of
power grid tubes—has provided up to 43,000 hours of life in the
accelerator program at Fermi National Accelerator Laboratory,
Batavia, lllinois.

Seventy-two 8959s are used, 36 as modulators and 36
as rf amplifiers, in the high-energy ring accelerator. Tubes are
tested at 120 kW at 53 MHz prior to use in the accelerator.

The impressive combination of FNAL'’s excellent
engineering program and EIMAC’s power tube capability are
unlocking the heart of the atom for today’s physics research
programs.

A switching version of the 4CW100,000E, the Y-676, is
used in switching and regulator service in
world-wide fusion programs.

For complete details, contact Varian,
EIMAC Division, 301 Industrial Way, San
Carlos, California 94070. Telephone (415)
592-1221. Or contact any of the more than 30
Varian Electron Device Group Sales Offices

varian throughout the world.
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