CERN COURIER

International Journal of High Energy Physics




Laboratory correspondents:

Argonne National Laboratory, USA
W. R. Ditzler

Brookhaven National Laboratory, USA
N. V. Baggett

Cornell University, USA
D. G. Cassel

Daresbury Laboratory, UK
V. Suller

DESY Laboratory, Fed. Rep. of Germany
P. Waloschek

Fermi National Accelerator Laboratory, USA
R. A. Carrigan

KfK Karlsruhe, Fed. Rep. of Germany
M. Kuntze

GSI| Darmstadt, Fed. Rep. of Germany
G. Siegert

M. Gigliarelli Fiumi
Institute of High Energy Physics,
Peking, China
Tu Tung-sheng
JINR Dubna, USSR
V. Sandukovsky
KEK National Laborato
K. Kikuchi
Lawrence Berkeley Laboratory, USA
W. Carithers
Los Alamos National Laboratory, USA
0. B. van Dyck
Novosibirsk Institute, USSR
V. Balakin
Orsay Laboratory, France
Anne-Marie Lutz
Rutherford Appleton Laboratory, UK
R. Elliott
Saclay Laboratory, France
A. Zylberstejn
SIN Villigen, Switzerland
J. F. Crawford
Stanford Linear Accelerator Center, USA
W.W. Ash
TRIUMEF Laboratory, Canada
M. K. Craddock

, Japan

Copies are available on request from:
Federal Republic of Germany —
Gerda v. Schlenther
DESY, Notkestr. 85, 2000 Hamburg 52
Italy —
INFN, Casella Postale 56
00044 Frascati
Roma
United Kingdom —
Elizabeth Marsh
Rutherford Appleton Laboratory, Chilton,
Didcot
Oxfordshire OX11 0QX
USA/Canada —
Margaret Pearson
Fermilab, P. O. Box 500, Batavia
lllinois 60510
General distribution —
Monika Wilson
CERN, 1211 Geneva 23, Switzerland

CERN COURIER is published ten times yearly
in English and French editions. The views
expressed in the Journal are not necessarily
those of the CERN management.

Printed by: Presses Centrales S.A.
1002 Lausanne, Switzerland

Published by :

European Laboratory for Particle Physics
CERN, 1211 Geneva 23, Switzerland

Tel. (022) 83 6111, Telex 419 000

(CERN COURIER only Tel. (022) 83 41 03)

USA: Controlled Circulation
Postage paid at Batavia, lllinois

182

CERN COURIER

International Journal of the High Energy Physics Community

Editors : Brian Southworth, Gordon Fraser, Henri-Luc Felder (French edition) /
Advertisements: Micheline Falciola / Advisory Panel: J. Prentki (Chairman),

J. Allaby, J. Cronin, K. Hubner, E. Lillestgl

VOLUME 24 N° 5

HERA’s welcome ;
Formal approval for blg German e/ectron—proton coII/der

Large Hadron Collider workshop
Getting more out of LEP .

Heavy ion fusion revisited .
Accelerators for thermonuclear fusron

Around the Laboratories

CERN: UA1 gets a refit/A wiggler for LEP

Big detector upgraded-for 1984/Preparing to handle electrons

ELECTRONICS: Fastbus gathers momentum
New data acquisition systems in action

BROOKHAVEN: ‘Smoking gun’ .
Getting more out of the Alternat/ng Gradlent Synchrotron

DARMSTADT: Element 108
New heavy nucleus discovered

CONFERENCE : Physics in the Alps

Report from this year’s ‘Rencontre de Morlond

Physics monitor

Flowing nuclear matter e
Initial evidence for new nuclear behav:our?

Putting cosmic rays to work
Natural ‘X-rays’

People and things

JUNE 1984

183

18!

188

189

192

194

195

195

196

197

198

Cover photograph: Not gold, but extruded lead-glass bars for an

experiment to study the production of single photons at Stanford’s PEP

electron-positron ring (Photo Stanford Linear Accelerator Center).

CERN Courier, June 1984



HERA' s welcome

The final approval of the big HERA
electron-proton collider project was
officially announced by Federal Ger-
man Minister of Research and Tech-
nology Heinz Riesenhuber in a cere-
mony at the German DESY Laborato-
ry on 6 April. In a memorable speech
in the crowded experimental hall of
the DORIS storage ring, Minister Rie-
J2nhuber pointed out the importance
f basic research for our future and
the absolute priority of freedom for
science.

‘The frontiers of our knowledge
are defined by the scientists them-
selves and the means to explore
these frontiers must be chosen by
them too. The search for applica-
tions should never interfere with bas-
ic research. Preprogrammed re-
search only reproduces the status
quo; it should be the ‘unknown’
which fascinates the scientists and
drives them to new investigations,
and never some eventually expected
practical applications.’

He emphasized the technological
importance of the HERA project and
28 general consensus obtained in

e city of Hamburg and in the neigh-
bourhood for its construction. The
international participation was also
stressed; the technological and
scientific contributions from the
countries taking part in the project
will benefit all of them. "Once scien-
tific and technological progress has
been achieved, once it is shown that
something works, then a lot of peo-
ple find applications and new hori-
zons open up.’

Senator for Science and Research
of the City of Hamburg Hansjoerg
Sinn, an old friend of DESY and
enthusiastic supporter of HERA,
pointed out the scientific importance
of the work done at DESY and the
economic spin-off, particularly for
the Hamburg region. Sinn also re-
minded the audience of the pioneer-
ing work of Willibald Jentschke, who
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The crowded experimental hall of the DORIS
electron-positron ring at the German DESY
Laboratory on 6 April for the ceremony to
mark the official approval of the big new
HERA electron-proton collider.

(Photos J. Schmidt, DESY)

came to Hamburg to discuss acceler-
ator projects for the first time exactly
30 years ago.

Volker Soergel, chairman of the
DESY directorate, began the pro-
ceedings by welcoming the many
distinguished guests and thanking
the political authorities. He empha-
sized, among other things, the im-
portance of the Pinkau committee
which had advised the Federal Gov-
ernment and took into account many
points of view within the scientific
community. This was also pointed
out by the other speakers. Itis a gen-
eral policy of the German Federal
Government to ask scientists for ad-
vice on their own projects.

One very important document
signed during the ceremony at DESY
was the contract between the City of
Hamburg and the Federal Govern-
ment on HERA funding. The city of
Hamburg will bear 20 per cent of the
costs on the civil engineering side,

and 10 per cent for the construction
of the new machines. In addition Lab-
oratories and research organizations
in Canada, France, Israel, Italy, the
Netherlands and the United Kingdom
have declared their intention to make
significant contributions, mainly in
the form of HERA components to be
developed and built in collaboration
with home industry.

The total investments for HERA
will be of the order of 950 Million DM
(equivalent to the originally quoted
figure of 654 MDM in December
1980). About 30 per cent of the
funding will go in building the 6.3 km
tunnel and the four experimental
halls, 23 per cent will go into the
electron ring and 47 per cent for the
superconducting proton ring.

In the budget plans of the Federal
Government and of the City of Ham-
burg, a total of 282 MDM have been
allocated for HERA for the next three
years. Of this, over 50 MDM can be
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spent this year, boosting the total
budget of DESY from last year’s fig-
ure of 142 MDM to nearly 195 MDM
this year.

After the signature of the financial
agreement, congratulations were ex-
pressed by Chairman of the DESY
Scientific Council Klaus Luebbels-
meyer (Technical University of Aa-
chen), by European Committee for
Future Accelerators chairman Jean
Sacton (Free University of Brussels)
and by Hans Wolfgang Levi, Chair-
man of the association of the 13
major German research institutes of
which DESY is a member.

The work on HERA will now accel-
erate. The tunnel and experimental
halls should be finished by the end of
1987, the electron ring about
4 months later and the proton ring in
the middle of 1989. Digging for the
first experimental hall has already
started, since most of the adminis-
trative tasks, including tenders, have
been completed.

In the meantime the first full size
superconducting HERA dipole mag-
net, wound and mounted at DESY
and fully equipped with cryostat and
all required connections, at its first
cooldown reached a current of
6000 A without a single quench,
about 8 per cent more than the cur-
rentrequired for 820 GeV protons. A
forced quench at 6060 A did not
cause any damage.

The two dipole approaches fol-
lowed so far (warm and cold iron,
see March issue, page 52) have each
shown good features and thinking is
converging towards a hybrid model
which may include advantages of
both prototypes. Considerable sim-
plification and economy may also be

DESY Director Volker Soergel welcomed
the many distinguished guests to the HERA
ceremony. Behind him were the flags of
the countries (Canada, France, Israel, Italy,
the Netherlands and the United Kingdom)
which have pledged significant HERA
contributions.
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The HERA project is funded by the Federal
German Government and the City of
Hamburg. Here Federal Minister of Research
and Technology Heinz Reisenhuber, right,
and Hamburg Senator for Science and
Research Hansjoerg Sinn sign the official
HERA agreement.
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obtained by making the magnets 9
metres long (instead of the original 6
metres). Final decisions on these
magnets are scheduled to be takenin
summer 1985.

The electron and proton injection
systems, including the new synchro-
trons DESY-Il (for electrons) and
DESY-Ill (for protons — see May is-
‘gue, page 151) will then be progress-
%g. The HERA electron ring will use
part of the r.f. system currently in-
stalled in the PETRA electron-posi-
tron ring, including power supplies
and cavities. The bending magnets
are of very simple design and require
only 1850 gauss for the 30 GeV
electrons.

With the final approval, Gustav-
Adolf Voss and Bjoern Wiik have
been nominated project leaders. Gus
Voss becomes responsible for civil
engineering, the electronring and the
injection channels between PETRA
and HERA. Wiik takes over the su-
perconducting proton ring, including
its refrigeration system, and the pro-
ton injection system (including a new
Egroton linac, the conversion of the
’Existing electron synchrotron into
the DESY-lll proton machine, and the
modifications required on PETRA).

At DESY, further HERA news wiill
be published in the new HERA Bulle-
tin.

Sketch of a cross-section of the 27
kilometre circumference tunnel for the LEP
electron-positron collider, now being built
at CERN. On the floor are the LEP magnets,
with above, the space available for the
Large Hadron Collider (LHC) superconducting
magnets. On the right is the monorail
transport system. Although LHC would not
come before the middle of the next decade,
the construction of LEP requires LHC
thinking to be coordinated well in advance.
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Large Hadron
workshop

CERN is at present building the LEP
electron-positron collider and pre-
paring for its exploitation up to the
highest energy now foreseeable.
The physics case for LEP now ap-
pears even stronger thanin 1978-79
when workshops and meetings
organized by the European Commit-
tee for Future Accelerators (ECFA)
and CERN demonstrated the wide-
spread support and enthusiasm of
the European high energy physics
community for the project and led to
its approval in 1981.

Now the impressive results of the
CERN proton-antiproton collider,
with the discovery of the W and Z
weak intermediate bosons and the
clear emergence of hadronic jets,
have confirmed the most optimistic
statements earlier advanced for LEP
physics.

The installation of a hadron collider
in the LEP tunnel, using supercon-
ducting magnets, has always been

Collider

foreseen by ECFA and CERN as the
natural long term extension of the
CERN facilities beyond LEP. Indeed,
such considerations were kept in
mind when the radius and size of the
LEP tunnel were decided. The recent
successes of the CERN Collider now
give confidence that such a collider
would be an ideal machine to explore
physics in the few TeV range at
the particle constituent (quarks and
gluons) level. The present enthu-
siasm for the Superconducting Super
Collider (SSC) in the US reflects the
impressive potential of such ma-
chines.

Although the installation of such a
hadron collider in the LEP tunnel
might appear still a long way off (LEP
is scheduled for initial operation in
1988), it was still an opportune mo-
ment for ECFA, in collaboration with
CERN, to organize a "Workshop on
the Feasibility of a Hadron Collider in
the LEP Tunnel’ from 21-27 March.
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The first four days of detailed work
were held in Lausanne, at the kind
invitation of the University, and were
followed by two days of summary
talks and discussion at CERN.

The Workshop was initiated par-
ticularly by the then ECFA Chairman
John Mulvey in keeping with ECFA’s
role in stimulating and coordinating
plans for future particle physics facil-
ities in Europe. The Workshop was
timed to enable CERN to communi-
cate presentideas onlongterm pros-
pects to an ICFA (International Com-
mittee for Future Accelerators) Sem-
inar held in Tokyo from 15-19 May
and entitled ‘Perspectives in High En-
ergy Physics’.

In his opening address at the
Workshop Summary Session, CERN
Director General Herwig Schopper
emphasized that CERN's top priori-
ties remain the completion of LEP
Phase | (to achieve electron-positron
collisions up to 50 GeV per beam),
followed by Phase |l (taking the beam
energies to around 100 GeV). Thus
the Large Hadron Collider (LHC)
means looking as far ahead as the
middle of the next decade.

Nevertheless, LHC would have to
use the infrastructure permitted by
LEP. Present ECFA Chairman Jean
Sacton emphasized what LEP and
CERN would offer. Besides the LEP
tunnel itself, the PS and SPS provide
excellent proton (and antiproton) in-
jectors. In particular, with the experi-
ence of the Intersecting Storage
Rings (ISR) and the proton-antipro-
ton Collider under its belt, CERN can
claim unique experience and exper-
tise with bunched beam hadron col-
liders. The European particle physics
community is also well aware of the
competition from the SSC in the US
breathing down its neck.

Giorgio Brianti summed up the out-
come of the LHC machine studies so
far. After confirming that the LEP
tunnel would indeed be suitable for
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At the CERN Large Hadron Collider
Workshop, Herman Grunder of Berkeley
reported progress on US planning for the
20 TeV Superconducting Super Collider
(SSC).

such a machine the next conclusion
was that construction moreover
need not interfere significantly with
LEP operation, given the foreseen
LEP operating schedule. Four excav-
ated colliding beam regions are still
vacant, although this may not still be
the case by the time of LEP
Phase Il.

To be competitive, LHC has to
push for the highest possible ener-
gies given its fixed tunnel circumfer-

US plans

The US particle physics com-
munity is pushing for a

20 TeV Superconducting
Super Collider (§5C), and
progress was reported, at the
CERN Large Hadron Collider
Workshop by Herman Grun-
der of Berkeley.

The US Department of
Energy, via the US Laboratory
Directors, launched the pre-
paration of a ‘Reference De-
sign” under Maury Tigner
with an Advisory Group under
Paul Reardon. This design
aims to demonstrate the fea-
sibility of an SSC (but not to
fix the design parameters)
and to indicate the ‘ball park’
machine cost within 30 per
cent.

The SSC circumference
could be up to four times
that of LEP, depending on
the selected magnet design,
with colliding proton beams,
six collision regions and
1 TeV injection. Three mag-
net designs, all based on nio-
bium-titanium superconduc-
tor, are under study — 3 T
two-in-one superferric mag-
net based in Texas, 5 T one-

in-one ‘no iron’ magnet,
based in Fermilab, and 6.5 T
two-in-one magnet based in
Berkeley and Brookhaven.
The Reference Design is
going to the Department of
Energy via the Laboratory
Directors, and is scheduled
to be with the Energy Secre-
tary in June. In August it is
hoped that the decision can
be taken to start Phase | of
the project, foreseen as a
three-year period of research
and development to produce
the detailed design. The Di-
rector for this stage of the
project would be proposed
by the Universities’ Research
Association, present opera-
tors of Fermilab, who were
selected as ‘prime contractor’
for the SSC because of their
wide representation amongst
the universities and research
centres involved in the US
particle physics programme.
Construction of Phase Il
would follow the completion
of the detailed design, at an
anticipated cost of over two
thousand million dollars.
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ence. Thus the competitivity lives or
dies with the development of high
field superconducting magnets. The
long gestation period of LHC fits in
with the research and development
required for 10 T magnets (probably
niobium-tin), which would permit
10 TeV colliding beams. The keen
interest in having such magnets ex-
2nds into the thermonuclear fusion
E;Id, and development collabora-
tions in the US, Japan and Europe
look feasible.

There are two main options — ei-
ther to build a single ring and have
proton-antiproton colliding beams,
as in the CERN SPS Super Proton
Synchrotron and scheduled for Fer-
milab’s Tevatron, or to build two
rings and have colliding proton
beams. Two considerations turned
the thinking firmly towards the se-
cond option. The first is the advan-
tage of the higher luminosity (up to
1033 per cm? per s) of proton-proton
collisions. The second is the compli-
cations in separating the multi-bunch
proton and antiproton beams out-
ide the collision regions, which
&/ould require cumbersome separa-
tors. These considerations outweigh
the intrinsic economy of having pro-
tons and antiprotons circulating in
the same ring. At the Workshop,
designs were presented of two-in-
one magnets in single cryostats with
the two proton beam channels less
than 20 cm apart.

At such high energies, there are
aspects of machine operation which
need special attention. For example
— the enormous stored energy in the
beams means that the beam-abort
system would have to cope with
60 MJ, the vacuum chamber design
has to take account of synchrotron
radiation heating, the refrigeration
system has to distribute liquid helium
over tens of kilometres and be able
to cope with several superconduct-
ing magnet quenches at a time. The
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growing experience at the Fermilab
Tevatron, where the world's first
superconducting synchrotron has
come so impressively into operation,
would provide important input into
design decisions.

Preceding the workshop, studies
of machine design, magnets and
cryogenics had been (and continue
to be) underway at CERN, with per-
iodic meetings to review progress.
This work was summarized at Lau-
sanne, including a panel discussion
on superconducting magnet design
and technology.

On the experimental side, eight
working groups had been set up:
Jets (convener P. Jenni), Electron
and photon detection (P.Bloch),
Muon detection (W. Bartel), Track-
ing chambers - (A. Wagner)( Ver-
tex detection (G. Bellini), Triggering
(J. Garvey), Data acquisition (D.
Linglin) and Forward physics
(G. Matthiae). There was also a great
deal of input from theorists, and the
Lausanne theory talks were also at-
tended by many experimentalists.

The reports of these working
groups provided much valuable in-
put, and several general conclusions
emerged. The highest energy would
be a valuable asset but there is no
actual threshold known now. The
key point is to have at least 10 TeV
collision energy in order to have typi-
cally at least one TeV at the hadron
constituent level. There is also a
trade-off between energy and lumi-
nosity, a gain in luminosity for a loss
in energy and vice versa.

According to present wisdom,
differences between proton-proton
and proton-antiproton reactions
would be in most cases too small to
be detectable. Information from pro-
ton collisions should hence be ade-
quate.

Production rates for hitherto un-
known objects are ‘expected’ to de-
crease quickly with the mass of

these objects, so that here high lumi-
nosity would be an advantage. Mul-
tibunched beams were envisaged
with 3564 bunches per ring, giving
25 ns between bunches and an aver-
age of one interaction per bunch
crossing. Much thought is going into
particle detector performance and
there is confidence that the high lumi-
nosities could be handled.

Another attractive possibility with
both proton and electron rings in the
same LEP tunnel is the provision of
high energy electron-proton colli-
sions ‘for free’.

No attempt was made at the
Workshop to arrive at even a tenta-
tive cost estimate for LHC in the LEP
tunnel. The project has only been
under consideration for a few
months and a great deal of further
study is needed. However as Carlo
Rubbia emphasized in his concluding
remarks — the feasibility of the LHC
has been demonstrated, a good phy-
sics case has been outlined and
CERN is able to promise a great deal
when future perspectives in high en-
ergy physics are discussed.
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Heavy ion fusion revisited

Enthusiasm for the heavy ion route to
thermonuclear fusion has had its ups
and downs since it first flourished in

1976. Now it seems to be on the

way up, judging by the discussions
at the ‘Heavy lon Accelerators and
their Applications to Inertial Fusion’
Symposium held at the Institute for
Nuclear Study in Tokyo in January.
(We are grateful to Helmut Reich for
communicating information from
this Symposium.)

The basic idea is to bombard deu-
terium-tritium pellets with intense
beams of high energy heavy ions so
as to compress the pellets to the
point where fusion occurs (and ulti-
mately, of course, to use the energy
liberated in the deuterium-tritium
reaction to produce electricity). De-
spite the fiendish complications in-
volved in achieving this objective,
there are those who advocate this
technique as being more likely to
achieve controlled thermonuclear
fusion for power reactors than any
other currently under investigation
(including the conventional magnetic
confinement technique studied, for
example, at the Tokamak Fusion
Test Reactor at Princeton in the US
and the Joint European Torus at Cul-
ham in the UK).

To set the scale of the complica-
tions — the heavy ion beam energy
would need to be in the region of
10 GeV and have an intensity of
some 30 kA, bombarding the fuel
pellets from both directions. Infor-
mation on appropriate pellet design
has become more open than it was
some years ago, but a lot of thorough
work on the physics of these target
pellets remains to be done (stopping
power, effect of pre-heating, energy
transport parameters, possible in-
stabilities, etc.).

To provide the necessary ion
beams, two schemes (usually known
as ‘drivers’) remain under study, and
all synchrotron schemes have been
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The two schemes which remain under study
as ‘drivers’ to achieve controlled
thermonuclear fusion via heavy ion
bombardment of deuterium-tritium pellets.
On the left, radio-frequency linacs and
storage rings produce the high energy, high
intensity bombarding ion beams. On the
right, an induction linac, accelerating several
beams simultaneously, produces the
required beams.

L ION SOURCES ]
13.5 MHz 8 x 20 mA
RFQ
27 MHz 4 x 38 mA
WIDEROE
54 MHz 2 x 75 mA
WIDEROE
108 MHz 150 mA
ALVAREZ
324 MHz 150 mA
ALVAREZ
10 Gev

TRANSFER RING

CONDENSER
RINGS
(5 STACKED)

INDUCTION
BUNCHERS

STORAGE STORAGE
RINGS (5) RINGS (5)
5 x 4A 5 x 4A

5 x 250A REACTOR 5 x 250A

ION SOURCE
3 MeV INJECTOR
3 MeV — 6 A, 50us
1GeV ——]| f~—— 600 A 500 ns
2.5 GeV 4— 1.1 kA 270 ns
‘5 GeV l~—— 1.9 kA 160 ns
10 GeV 2.6 kA 115 ns
BUNCHER
SPLITTER
8 8
BEAMS BEAMS
REACTOR

dropped after it was realized that
high currents and lower energies are
inappropriate.

One driver uses conventional tech-
nologies, although aimed at limits yet
to be achieved. It has a cascade of
r.f. linacs progressively funnelling
ions from many sources into a single
beam as the energy is increased.
Storage rings subsequently get the
beam to the right intensity and the
right form for bombarding the pel-

lets. This is the scheme under study
predominantly in Japan and in the
Federal Republic of Germany.

Work on ion sources to produce
intense beams and on radio-frequen-
cy quadrupoles for the linac inputs is
quite well advanced. At the Tokyo
Institute for Nuclear Study, a small
storage ring, TARN (Test Accumula-
tion Ring for NUMATRON — a heavy
ion project), and LITL (Lithium lon
Test Linac) are being used for beam
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studies. A larger (25 m diameter)
version, TARN Il, is proposed to ex-
tend theion energies to 450 MeV per
nucleon to investigate such aspects
as multiturn injection at high cur-
rents, beam bunching and instabili-
ties, and the possibilities of beam
cooling. The Japanese have also pre-
pared a conceptual design known as
HIBLIC (Heavy lon Beam and Lithium
‘Curtain). It has 16 ion sources for
singly charged ions of lead 208 and
radio-frequency quadrupoles pre-
ceding the linac cascade. Alvarez
linacs complete acceleration to
15 GeV prior to bunchers and stor-
age rings.

In Germany, a six-year research
and development programme began
in 1979, based at the GSI Labora-
tory, Darmstadt (the home of the
UNILAC heavy ion linac), Garching,
Karlsruhe, and the Max Planck Insti-
tute of Quantum Optics, together
with several universities (including
Wisconsin). They have also pre-
pared a conceptual design know as
HIBALL with eight bismuth ion
sources, linacs and storage rings
finishing up with 10 GeV, 2.5 kA
pulses being fired at the pellets.
There are plans to extend the work
beyond the present programme

(1985—-90) with a storage ring at

‘Darmstadt and with target experi-

ments.

Before leaving the r.f. linac scheme
for the driver of a fusion reactor, it is
worth mentioning the work at Wes-
tinghouse in the US, where the think-
ing has been carried all the way
through to the eventual electrical
power generator. Other studies at
the Rutherford Appleton Laboratory
in the UK have shown that their Spal-
lation Neutron Source, shortly to
come into operation, will be useful
(operating in storage ring mode) for
some important simulation studies
on heavy ion beam dynamics.

The second driver scheme under
study is based on the use of linear
induction accelerators (where the ac-
celerating field gradients are pro-

vided by changing the flux in cores’

around the beam) has been success-
fully used in electron acceleration but
not yet for heavy ions other than in
single modules. The scheme has re-
ceived most attention at Berkeley in
the US and the requirements for a
full-scale driver have been sketched
out. Four 3 MeV ion beams are en-
visaged at the linac input and the out-
putis some 3 kA of ions at an energy
of about 10 GeV. There are plans for

a 'High Temperature Experiment’ by
the end of the decade with 6.5 A
sodium ion beams taken down
500 m of induction linac to an energy
of 125 MeV. Amongst the main pre-
paratory studies, cores of the new
Metglas material are being tested.

There was one new idea from Al
Maschke presented at the Sympo-
sium under the name ‘momentum
rich beams’. It suggests trying to
achieve the necessary energy trans-
fer to the deuterium-tritium pellets
not by energy deposition, as the ions
are brought to a halt in the pellets,
but simply by momentum transfer on
collision. The need is then for a beam
of neutral particles of total mass over
one milligram (for example 1MV,
100 kA caesium beams) transferring
some 25 per cent of their energy on
collision.

The Symposium showed that the
interest in pursuing the concepts of
heavy ion drivers for fusion is still
very much alive and a number of
research programmes will contribute
more information in the coming
years. Schemes to reach the stage of
a High Temperature Experiment,
where ion interactions in a hot plas-
ma can be confined, are on the table
in Germany, Japan and the US.

Around the Laboratories

CERN
UA1 gets a refit

Although still basking in the glory of
last year's epic discoveries of the W
and Z particles, and with recent in-
dications of still more interesting
physics to come (see May issue,
page 139), the design concepts be-
hind the big UA 1 detector at the SPS
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proton-antiproton Collider are never-
theless six years old.

Since it recorded its first events
back in 1981, the mammoth detec-
tor has operated to its design speci-
fications and schedules, and most of
the physics goals foreseen in the ini-
tial design are now science history.

However techniques at the SPS
proton-antiproton  Collider have
evolved over the years, and with
the Antiproton Improvement Pro-

gramme now approved (see Janua-
ry/February issue, page 23), sub-
stantial increases in the proton-anti-
proton collision rate can be expected
over the next few years. The detec-
tor itself is looking towards new phy-
sics. Thus the UA1 team has em-
barked on an ambitious improve-
ment programme, the first phase of
which is scheduled to be ready for
this year’s Collider run which begins
in September.
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These initialimprovements include
the outer muon shielding and detec-
tion system, the inner ‘microvertex’
detector and new data acquisition
electronics and triggering.

The UA1 detector consists of a
central cylindrical tracking chamber,
surrounded in turn by modules which
measure the deposition of electro-
magnetic energy and hadronic ener-
gy, and finally the outer detector to
pick up the penetrating muons which
traverse the rest of the apparatus.

To improve the efficiency of muon
detection in the outer arrays of drift
chambers, more iron shielding and
instrumentation is being added. This
is particularly important in the for-
ward and backward sections of the
detector, where the muon counters
are hit much more frequently than
those around the sides. With the
existing muon detection system,
there was a risk that these counters
would be swamped if (as is hoped)
the proton-antiproton collision rate
in the forthcomijng runs went much
above the level achieved in 1983.

The extra shielding being installed
in the forward and backward sec-
tions of the detector amounts to
some 800 tons of iron, on average
1.2 m thick. More iron has been ad-
ded around the sides. This shielding
will be magnetized and interspersed
with special streamer (‘larocci’)
chambers to track the particles as
they traverse the outer slabs of the
detector, and to link back with tracks
picked up in the central detector.

Another new feature of UAT1,
1984 style, will be the microvertex
detector embedded inside the cen-
tral calorimeter, surrounding the
beam pipe. This is designed to
achieve the fine resolution (some
40 microns) required to pick up the
small ‘offsets’ from the main interac-
tion vertices due to the production
and decay of short-lived particles.

The beam pipe inside will be of

190

beryllium to minimize secondary in-
teractions. The microvertex detector
is 85 cm long, has inner and outer
radii 25 and 80 mm, andiis fitted with
256 sense wires. With this in place,
the UA1 team hopes to be able to
uncover signs of the long awaited
sixth (‘top’) quark, which has failed
to show itself conclusively so far.

It is in the domain of electronics
and data handling that the rapid
development of modern technology
really shows itself, and UA1 is no
exception. One of the outstanding
features of the original UA1 design
was the brilliant data acquisition and
triggering system which coped
splendidly with the vast volumes of
accumulated data, providing fast on-
line selection to enable the W and Z
particle samples to be isolated in
record time (see April 1983 issue,
page 82).

Here again, if the proton-antipro-
ton collision rates improve signifi-

Assembly at CERN of the new muon
chambers which will be added to the giant
UA'1 detector at the CERN proton-antiproton
collider for the next run, scheduled to begin
in September.

(Photo CERN 687.4.84)

cantly, then the unmodified electron-
ics would become saturated by
signals. To avoid this, the available
memory space in the fast digitizing
electronics of the central detector
has been increased and the already
fast analog to digital conversion has
been speeded up. In this way the
‘deadtime’ of the central detector di-
gitization (before the data handling
electronics is ready for the next ev-
ent) is reduced from 35 msec to less
than four microsec. This ‘double buf-
fering’ conversion was a major hard-
ware and software enterprise.

In addition, extra triggers have
been provided (these now cover
electrons, particle jets and total
transverse energy in the calorimeters
together with improved selection of
muons) at an initial level, while the
complement of 168 E emulators for
fast on-line event selection has been
considerably increased. These pro-
cessors played a valuable role in the
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A model of the RICH (Ring Imaging
Cherenkov Counter) installed in one of the
endcap sectors of the UA2 detector at the
CERN proton-antiproton collider. Later this
year, the RICH will be for real.

(Photo CERN 333.2.83)

UA2 gets RICH

When the run for proton-
antiproton collision physics
gets underway at the SPS
ring in September, one of the
new features of the UA2
detector will be a Ring Imag-
ing CHerenkov (RICH) counter
in one of the endcap sectors.

In this way, the detector’s
ability to distinguish electrons
of intermediate energy (1-
15 GeV) previously achieved
using lead/scintillator shower
counters alone, should be
significantly enhanced in this
sector.

The RICH technique is a
refinement of the classic
Cherenkov counter in which

the angle of light emission is
determined, giving a precise
measurement of particle ve-
locity. The UA2 RICH uses
the now commonly-used
TMAE as light-sensitive ma-
terial and a Time Projection
Chamber (TPC) to measure
the ring of Cherenkov light.

It was built by a CERN /
Collége de France / Uppsala
team (the ‘RICH Group’)
which is also assisting with
a similar, but much larger,
high resolution detector for
the DELPHI experiment at the
LEP electron-positron collider
now under construction at
CERN.
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fast data handling carried out last
year in the discoveries of the W and
Z particles. The 168 E’s algorithms
are also being extended to cover jets
and missing energy as well as the
electron data handled with the initial
versions.

The passive CAMAC data collec-
tion techniques have been largely re-
placed by the ‘intelligent’ VME sys-
tem under microprocessor control.
This will allow for easier incorpora-
tion of new triggers, while providing
general flexibility and modularity for
fast event handling and data format-
ting. A ‘readout supervisor’ proces-
sor will look after digitization, trig-
gers and input/output, and an ‘event
manager’ processor will take care of
event data requests.

Together, these short-term im-
provements promise to keep the effi-
ciency of the data-handling systemin
step with the envisaged increases in
collision rates. For the longer term,
other plans are being prepared, so
that after its flying start, UA1 looks
assured of a long and distinguished
physics career.

A wiggler for LEP

In the last few years, so-called
‘wiggler’ magnets have been exten-
sively used at electron machines to
act on the circulating beams and
provide more intense sources of
synchrotron (electromagnetic) radi-
ation to feed experiments and more
recently, to test free electron
lasers.

In their simplest form, wigglers
consist of a few sections of alternat-
ing polarity magnets with relatively
high transverse field. While there is
no net deflection of the particle
beam, the electrons swerve violently
to and fro as they pass through, emit-
ting lots of synchrotron radiation as
they do so.
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The CERN prototype wiggler magnet
installed in the ring of the DCI machine at
Orsay for tests with positrons.

However 30 years ago, the idea of
the late Ken Robinson was not so
much to use this radiation explicitly,
but to exploit the resulting damping
of the stored electrons to obtain
more stable beams in combined
function machines. First tests were
carried out at the Cambridge (Massa-
chusetts) Electron Accelerator.

Now the wiggler wheel has turned
full circle. To enable it to provide
compact electron beams for the LEP
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machine now being built at CERN, the
CERN 28 GeV ‘proton’ synchrotron
(PS) is to be equipped with such a
magnet, and a prototype was built at
CERN last year. The effect on proton
beam optics was measured, using an
additional (fifth) magnet cycle to
simulate the acceleration of elec-
trons and positrons.

At the beginning of this year, the
magnet was moved to the DCI elec-
tron-positron ring at Orsay in France
to measure its ability to damp real
beams of electrons. At the end of
February, the predicted damping
effects were observed by a PS team,
working in close collaboration with
DCI personnel.

The horizontal profile of a positron beam
in the DCI machine at Orsay before and
after excitation of the new CERN wiggler
magnet, showing the damping achieved.
Now that the magnet has shown its paces,
three will be installed in the CERN 28 GeV
‘proton’ synchrotron for damping the
electron and positron beams required for
the new LEP electron-positron collider.

After the success of these tests,
three magnets of this type will be
installed over the next two years so
that electron and positron beams
(provided by the LEP Injector Linacs
and the EPA Electron-Positron Accu-
mulator) emerging from the PS will
be compact enough for injection into
the SPS on the next lap of their jour-
ney towards the 27 km LEP main
ring.

ELECTRONICS
Fastbus gathers
momentum

Fastbus, the new physics data acqui-
sition electronics system, has defi-
nitely moved out of the prototype
stage into the domain of implemen-
tation and application. After initial
pilot projects, several major Fastbus
applications are either already in ac-
tion or being assembled. In particu-
lar, all the four experiments being
prepared for the LEP electron-posi-
tron collider now under construction
at CERN will have large portions, if
not all, of their data acquisition sys-
tems based on Fastbus.

The definition of the Fastbus
specification was a real international
effort, involving task groups both in
Europe (ESONE Advanced Systems
Study Group) and in the US (NIM Fast
Systems Development Group).

To facilitate its entry, starter kits
have been provided, comprising
power supply and cooling, ancillary
logic, CAMAC to Fastbus interface,
etc., and some thirty such kits have
been issued in Europe. Now com-
mercial manufacturers are offering
additional off-the-shelf systems.
However there is still a lot of ground
to be covered before the system
gains acceptance as universal as its
CAMAC predecessor.

At the Swiss Institute for Nuclear
Research (SIN), a Fastbus system for
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the SINDRUM experiment (see May
issue, page 106), has been taking
data since last August. At CERN, the
Fastbus pilot project for the Euro-
pean Muon Collaboration experiment
(see January/February 1983 issue,
page 9) continues to give excellent
performance. The CERN / Dortmund
/ Edinburgh / Orsay / Pisa / Siegen
t})xperiment in the North Experimental
Area of the 450 GeV proton syn-
chrotron will shortly use new instru-
mentation, including Fastbus, to
make new measurements of the (CP-
violating) decays of neutral kaons.
The initial (real time) trigger rate is
some 5 x 10% per s, which should be
reduced to some 300 per s by the
Fastbus-based multilevel data acqui-
sition and handling system.

A microprocessor-based general-
purpose CAMAC to Fastbus inter-
face has now been developed, and
other designs are nearing comple-
tion. Crates, power supplies and
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cooling have been integrated. Stimu-
lated by the demand from the starter
kits, considerable effort at CERN has
gone into Fastbus software.

However in Europe most Fastbus
attention centres on the four gigantic
experiments for the LEP machine,
each of which has between 100 000
and 200000 data channels. The
ALEPH, DELPHI and L3 experiments
have their data acquisition systems
committed to Fastbus, while OPAL
will use Fastbus for its central detec-
tor readout system.

At Fermilab too, a big effort is
underway, and prototypes or small
production quantities of several
modules have been completed. A US
/ CERN / TRIUMF (Canada) / KEK
(Japan) collaboration is working on
interface circuitry. .

The University of lllinois is particu-
larly involved. Fermilab experiments
E400 and E401 (particle search and
study of photoproduction in the Pro-

ton East Lab) have high speed data
acquisition systems using Fastbus
elements.

Elsewhere at Fermilab, the CDF de-
tector for the Tevatron proton-anti-
proton collider has a considerable
investment in Fastbus electronics
(see January/February issue, page
13). Other experiments supplement
home-grown equipment with off-
the-shelf Fastbus modules from
commercial suppliers.

At Brookhaven, an early prototype
Fastbus system has been in opera-
tion for several years (see October
1980 issue, page 301), while at the
MPS multiparticle spectrometer, a
newer Fastbus design has been in
operation since 1982, and a replace-
ment is being built.

At Stanford, more hardware is
being developed. The first Fastbus
application at the Laboratory is the
control system for the liquid argon of
the Mark Il detector, scheduled for
installation at the new SLC linear col-
lider. The upgrading of the detector
will also include a Fastbus-based
data acquisition system.

Other Fastbus applications are
afoot at Los Alamos, Berkeley,
TRIUMF (Canada), and KEK (Japan).
At the giant TRISTAN electron-posi-
tron collider now being built at KEK,
Fastbus will feature in the accelerator
control system and the experiments’
data acquisition systems.

Just as CAMAC, the previous
standard physics data acquisition
system, went on to be a great suc-
cess, so hopes are high that Fastbus
too will gain widespread recognition
and promote interchange of exper-
imental skills and techniques.

A Fastbus crate (left) under the control of
a CAMAC module. Fastbus, the new data
acquisition electronics system standard for
high energy physics experiments, is quickly
becoming a way of life.

(Photo Lecroy Research Systems)

193



Gerry Smith of Penn State was one of the
summary speakers at the recent Brookhaven
High Energy Discussion Group Meeting.

He stressed the rich diversity of the particle
physics programme and the importance of
pushing for rapid upgrades.

BROOKHAVEN
‘Smoking gun’

Already assured of an illustrious his-

tory, the twenty-four year-old Alter-,

nating Gradient Synchrotron (AGS)
at Brookhaven could also have a
bright future. With traditional syn-
chrotrons at many Laboratories be-
ing pressed into service as injectors
for newer, bigger machines, the
AGS, now that the plans for Brook-
haven’s Colliding Beam Accelerator
have been shelved, has the oppor-
tunity to make additional significant
contributions to physics.

However to accomplish this, it is
clear that AGS hardware improve-
ments are required, and an ‘AGS |l
Task Force’ was recently set up,
charged with making recommenda-
tions (at high speed) on what needs
to be done. These were extensively
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discussed at a user meeting at
Brookhaven at the end of March.

The physics areas identified as
being ripe for exploration with a re-
vamped AGS include rare kaon de-
cays, heutrino interactions, muon
physics, exotic atoms, dibaryons
and hypernuclei. Intense hadron
beams and polarized proton beams
would be useful in detailed studies of
quark-gluon dynamics.

To carry out this programme, the
intensity and intrinsic reliability of the
AGS would have to be improved. A
full energy stretcher ring could
smooth out the supply of extracted
particles. Further intensity increases
(up to 10" protons per s) could
be attained with a 2.5 GeV, 10 Hz
booster machine. In parallel, many of
the existing AGS systems (r.f., vacu-
um, control,...) would be upgraded.
New beamlines would be required
and there would be a parallel effort
with new detectors.

While the recommendations are
seen as ‘ambitious’, the Task Force
recommended that the goals should
be attacked ‘aggressively’, to ensure
that the ongoing physics programme

at the AGS is in keeping with its

splendid tradition.

These recommendations and
other Brookhaven activities were re-
viewed when the Laboratory’s parti-
cle physics community (High Energy
Discussion Group) had its annual
meeting at the end of March. Partic-
ularly important for the future are
beams of heavy ions and polarized
protons in the AGS. At the meeting,
the polarized proton progress and
plans were reviewed by Alan Krisch
(see April issue, page 100), while
Arthur Schwarzschild covered the
project to transfer heavy ions from
the tandem to the AGS (see Janua-
ry/February issue, page 17). Mean-
while a Brookhaven heavy ion user
groupis being formed (contactman is
Ole Hansen at Brookhaven).

On the heavy ion front, great pro-
gress has been made. New funding
has been made available for the con-
struction of the transfer line, and ions
up to sulphur with energies of
15 GeV/nucleon are expected by the
summer of 1986. Five weeks of
heavy ion operation are foreseen for

‘that year, increasing to about ten

weeks in subsequent years.

The meeting then turned to the
AGS Il Task Force recommenda-
tions. Paul Reardon underscored the
commitment of the Laboratory over
the next three years to improving the
AGS reliability and duty factor, in-
creasing intensity by adding a 1 GeV
(rather than 2.5 GeV) ‘El Cheapo’
booster, and providing multiple
beam operation. Further intensity im-
provements would come later, plus
the stretcher ring.

The new booster would serve
both the proton and heavy ion pro-
grammes and even in an initial up-
grade couldincrease proton intensity
fourfold while allowing the accelera-
tion of heavier ions (as far as ura-
nium). With some initial funding next
year, the first phase of the booster
project could be complete by late
1987.

Laboratory Director Nick Samios
covered the global Brookhaven pro-
gramme, which includes the US Na-
tional Synchrotron Light Source now
coming into operation, a major effort
on research and development work
for the proposed US Superconduct-
ing Super Collider (SSC), the ongoing
AGS programme and the Relativistic
Heavy lon Collider (RHIC), which wiill
be proposed this simmer. RHIC
would be built in the tunnel cut for the
cancelled Isabelle / CBA Collider to
provide all kinds of ions at
100 GeV/nucleon and a luminosity
of 10?7 per cm? per s. This would
require a booster similar to that con-
sidered by the AGS Task Force.

Many presentations covered the
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This 10 cm detector at GSI (Gesellschaft
fir Schwerionenforschung) Darmstadt has
now identified elements 107, 108 and 109,
as well as discovering single proton
radioactivity.

(Photo GSl)

physics possibilities at the AGS.
Pointing out the machine’s potential
ipr new discoveries, John Donoghue

bserved ‘it would be fun to find the
smoking gun for 1 TeV physics ten
years before the dead bodies are
found at the SSC’.

DARMSTADT
Element 108

The GSI (Gesellschaft fur Schwerion-
enforschung) Laboratory in Darm-
stadt has made something of a spe-
ciality out of the discovery of new
heavy elements. After element 107
in February 1981 and element 109 in
August 1982, a group of 14 physi-
cists headed by Gottfried Munzen-
berg has now seen element 108 (see
January/February issue, page 21).
A week before the run for element
108, isotopes of element 106 were
investigated, among them the alpha
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decay products of element 108.
Thenin atwelve-day run at the end of
March, element 108 was formed by
fusion of iron 58 projectiles with lead
208. The iron beam was accelerated
to b MeV per nucleon in the UNILAC
machine, sufficient to overcome the
Coulomb barrier. With a beam inten-
sity equivalent to 200 nA, three
nuclei of element 265108 were iden-
tified. (The compound nucleus
266108 evaporated one neutron.)

To distribute the heating due to the
beam over a larger surface, the lead
target was continuously rotated on a
wheel, and despite this and addition-
al cooling by carbon layers on both
sides of the target, the isotopically
pure target had to be changed every
two days.

The fusion products carry only
about a fifth of the beam velocity and
are deflected by a velocity filter into
silicon surface barrier detectors.
Subsequent analysis pins down the

alpha disintegration chain of the new
element. Its half-life is approximately
two millseconds and the alpha decay
energy (for26°108)is 10.4 MeV. The
half-life against spontaneous fission
appears to be about an order of mag-
nitude larger than theoretical predic-
tions, hinting at possible new struc-
ture effects in nuclei beyond the con-
ventional periodic table.

CONFERENCE
Physics in the Alps

One of the annual features of the
European particle physics scene is
the traditional ‘Rencontre de Mo-
riond’” organized by G. Tran Thanh
Van at Orsay, which for almost twen-
ty years has been attracting a bal-
anced blend of experimentalists and
theoreticians to mountain resorts in
Haute Savoie (French Alps) in late
February/early March.

This year the conference took
place at La Plagne-Bellecote, with
the first week given over to electro-
weak interactions and unified theo-
ries. A conference on astrophysics (a
more recent arrival to the Moriond
series) was held in parallel, covering
the composition, spectrum and
origin of cosmic rays.

Summarizing the physics results,
Gerson Goldhaber was able to cover
the physics of the W and Z particles
which carry the weak nuclear force,
the observation of the F (carrying
strangeness and charm) meson at
1970 GeV (see May issue, page
157), and the narrow ksi particle
seen at 2200 MeV (see April issue,
page 99). These, together with re-
cent estimates of the lifetimes of par-
ticles carrying ‘beauty’ (relatively
long — see October 1983 issue,
page 312) and the new limits of pro-
ton stability given by the big Irvine /
Michigan / Brookhaven underground
experiment, were considered to be
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the main results of the year.

Despite much effort, searches for
new effects such as ‘top’ and super-
symmetric particles, right-handed
weak currents and anomalous muon
decays only succeed in pushing back
the limits.

A few spectacular events evoked
much interest — an unlike sign muon
pair plus jets seen at the PETRA elec-
tron-positron ring at the German
DESY Laboratory, and like sign muon
pairs accompanied by strange parti-
cles in the UA 1 detector at the CERN
proton-antiproton  Collider.  No
unambiguous explanation is avail-
able, and more statistics are needed
before these effects can be ex-
plained.

In the area of known phenomena,
new data with increased precision is
proving very useful. The decays of
beauty and charm particles now con-
strain the parameters of the six-
quark model (Kobayashi-Maskawa
matrix). New determinations of the
electroweak mixing angle come from
experiments at the PETRA (DESY,
Germany) and PEP (Stanford) elec-
tron-positron colliders, and from
studies with neutrino, electron, and
muon beams. In addition, the mea-
surement of the masses of the W
and Z particles by the UA1 and UA2
experiments at the CERN Collider
uphold the validity of the electro-
weak picture.

One place where there was a pos-
sible hint of a new effect was in the
workshop on neutrino masses and
neutrino mixing, with a suggestion
from the Annecy / Grenoble team
working at the Bugey reactor of neu-
trino oscillations. The candidate sig-
nal is in an area not excluded by pre-
vious studies (see March issue,
pages 62-3).

One day in the first Moriond week
was shared by particle and astro-
physicists. The exchange of informa-
tion and ideas between the two com-
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munities was fascinating at a time
when the disciplines are focusing on
common problems, and suggest a
new vision of the physical world.

The second week at Moriond was
devoted to the study of new parti-
cles, particularly at the SPS Collider
and at big electron-positron rings,
with special emphasis on the search
for massive new states and ‘glue-
balls’ (particles containing gluons but
no quarks) and heavy flavour spec-
troscopy. The summary talk at the
end of the second week was given
by K. Berkelman.

Besides the particle physicists and
astrophysicists there were also the
biologists, who also have a long-
standing tradition of Moriond meet-
ings. Two remarkable moments of
this year's meeting were, the joint
lectures for biologists and physicists
— Patricia Simpson on ‘How do ani-
mals get their form? From a linear
genetic code to a three dimensional
animal’, and Frank Close on “Cosmic
Onions’.

In the characteristic Moriond style,
experimentalists and theorists pre-
sented and discussed their results
and ideas together, providing a fer-
tile ground for debate and for new
points of view. These lively discus-
sions are often the place where novel
ideas and approaches are born. This
year, once again the Moriond partici-
pants left the meeting full of fresh
ideas and sharing the speakers’
enthusiasm for such interesting re-
sults.

(From P. Musset and L. Montanet)

Physics
monitor

Flowing nuclear
matter”

Besides the nuclei (composed of
protons and neutrons) of everyday
atoms, a different type of nuclear
matter is believed to exist in the
dense cores of neutron stars anQ
other cosmic exotica.

Such compressed matter would
have properties very different to
those of ordinary nuclei, and calcula-
tions based on hydrodynamical
models predict that any blobs of
dense matter formed in high energy
collisions should take on definite
shapes. Instead of .scattering off in
many different directions, the par-
ticles of the colliding nuclei would
stick together, and in the subsequent
reexpansion, a blob of matter would
be deflected sideways.

So far, the only way open for
physicists to create such nuclear
matter is in the high energy collisions
of heavy nuclei (ions). Now in a col-
laboration between the GSI Darn’q
stadt and Lawrence Berkeley Labo-
ratories, new behaviour has been
seen which could be due to com-
pressed nuclear matter.

At the Berkeley Bevalac, calcium
and niobium beams were acceler-
ated to 400 MeV/nucleon and the
products of these beams hitting cal-
cium or niobium targets analysed in
the Plastic Ball / Plastic Wall detec-
tor.

This instrument is designed to
cover a maximum solid angle. The
Plastic Ball is an intriguing spherical
array of pyramidal scintillator mod-
ules, while the Plastic Wall is placed
6 m downstream to detect particles
which emerge a few degrees from
the beam. (There are plans for the
detector — with a streamer chamber
— to come to CERN for use with new
heavy ion beams from the 28 GeV
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‘proton’ synchrotron — see July/Au-
gust 1983 issue, page 223).

In each case, 50 000 events were
analysed, and the energy flow calcu-
lated for each. Fluctuations due to
finite particle effects are a big obsta-
cle in extracting information from
such a flow analysis, so the analysis
took account of the number of
rharged particles produced (multi-
plicity).

With niobium, higher multiplicities
show a definite deflection of the
energy flow (termed ‘side-splash’)
which moreover increases with mul-
tiplicity. No sign of this is seen with
the lighter calcium. The extensive
modifications to the Bevalac which
enabled it to work with heavier ions
such as niobium thus seem to have
paid dividends.

The definite flow angles detected
in the collisions provide a natural
reaction plane for each event. In a
further analysis, the projections of
transverse momentum on this plane
are calculated and their angular dis-
tributions compared for both calcium
jmnd niobium reactions.

In a conventional scattering mod-
el, such an analysis is symmetric
about the beam axis, but in the
GSl/Berkeley experiment there is a
definite asymmetry, with the rem-
nants of the projectiles preferring to
come off at an angle (‘bounce-off’).
This appears to be due to a slowing
down of the projectile fragments to-
gether with a sideways deflection.
Both bounce-off and side-splash
occur in the same plane.

Although the new findings are
encouraging, not all the predicted
behaviour is seen. Comparison with
simulations indicates that only about

The ‘Plastic Ball’ detector used at the
Berkeley Bevalac to study the products of
heavy ion collisions. In the background is
the ‘Plastic Wall’, which picks up the most
forward particles.

(Photo LBL)
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10 per cent of the total kinetic ener-
gy of the collision is contained in the
collective nuclear motion,
makes its detection and analysis dif-
ficult.

More data has been taken for nio-
bium-niobium and gold-gold colli-
sions at other energies, and results
are eagerly awaited.

Putting cosmic rays
to work

How much does the Bolshoi Theatre
in Moscow weigh? That question is
not as futile as it might sound. When
an underground railway line, for in-
stance, is to be built under a large
building it is vital to know the pres-
sure that the building exerts on the
ground. But how can this be done
without knowing the weight of all the
building’s components and its con-
tents? That's where cosmic ray

which,

* Similar behaviour has also been
seen in a GSI Darmstadt/
Berkeley experiment using

a streamer chamber to study
pion production. More next
month.

muons come in. Scientists at the
Moscow Institute of Geological Re-
search are putting these extraterres-
trial particles to work for very down-
to-earth purposes.

Up to the moment they strike the
earth’s atmosphere, cosmic ray par-
ticles have an energy of thousands
of millions of electron-volts. Apart
from that, the flux is also remarkably
stable: its radiation intensity varies .
by less than a per cent. When the
primary radiation passes through the
earth’s atmosphere it creates a sec-
ondary shower of various particles,
including muons capable of pene-
trating several kilometres into the
earth’s crust. These particles can be
used as natural cosmic ‘X-rays’ for
examining rocks and for civil engi-
neering applications.

These measurements are carried
out using a muon telescope — sev-
eral parallel rows of counters record-
ing particles moving in a definite di-
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rection. The density of the subject

~ (target) can be very accurately deter-
mined from the radiation intensity
registered by these counters in-
stalled in tunnels underneath the tar-
get.

Muon- telescopes have already
done excellent work during the con-
struction of RATAN-600, the largest
radio telescope of the USSR Acad-
emy of Sciences. The land under the
radio telescope is composed of ir-
regular deposits of rocks, sand, clay
and gravel, and the water table was
very close to the surface. Thus it
was impossible to use conventional
methods for assessing the density
and condition of the soil under the
foundations. It was decided to bore
about twenty pits, in each of which a
compact muon telescope was low-
ered to a depth of 10 metres. The
invisible particles accurately ‘drew’ a
geological cross-section of the
ground.

The same method was used to
solve a similar problem when a new
underground railway line was being
built beneath the Moskva hotel in the
Soviet capital. A telescope was in-
stalled in a tunnel under the building
to record the muon flux passing
through. From this data it was pos-
sible to determine the density of the
building and hence its mass and the
pressure it exerted on the ground —
a mass of nearly 45 000 tonnes and
a pressure of 1.1 kg per square cen-
timetre.

Muons also help to detect cavities
in mountain ranges formed when so-
luble rock such as limestone is worn
away by underground water. The re-
cording principle is the same: if there
are cavities in the muon telescope’s
field of vision the particle flux in-
creases immediately. These tele-
scopes are used to monitor system-
atically the formation of cavities in
seams of rock to make sure that it is
safe to carry out underground work.
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Telescopes of this type detected a
landslide in a rock seam in the North
Caucasus in time to prevent an acci-
dent.

The muon telescope can also be
used to prospect for minerals. When
a mineral (which is generally more
dense than the surrounding rock) is
‘in the way’ of the particles, the
counters immediately show a weak-
ening of the flux. The contours of the
seam and its volume can therefore
be calculated.

Another idea which came up was
to use muons to estimate how much
water there was in a blanket of
snow. Such information is essential
to predict avalanches in mountain
regions or to estimate water re-
serves in river basins. Measure-
ments carried out by scientists from
the Kharam-Koul Institute of Applied
Geophysics in Tadjikistan have
shown that a high degree of preci-
sion and reliability can be obtained,
despite the relatively low density of
snow.

Elsewhere, archaeologists are us-
ing cosmic rays to try and trace the
secret passageways in the Cheph-
ren pyramid. Geologists are also pin-
ning great hopes on neutrons for un-
derground exploration. It is known,
for instance, that some chemical ele-
ments, in particular tungsten, active-
ly absorb slow neutrons. Thus even
small deposits of these elements can
be detected in rock by a weakening
of the particle flux.

Other ideas have been put forward
to use neutrino detection to ‘X-ray’
large areas of the earth’s crust.

(Novosti)

People
and things

Piotr Leonidovich Kapitza

With his scientific contributions
spanning more than fifty years,
physics lost one of its monumental
figures when Piotr Kapitza died on
8 April. He was born in Kronstadt,
Russia, in 1894, and after initial
training as an engineer became a
lecturer at the Petrograd (Lenin-
grad) Polytechnical Institute in
1919. However his research career
began in earnest when he came

to the Cavendish Laboratory, Cam-
bridge, UK, in 1921 to work with
Rutherford. The story goes that
Rutherford initially told Kapitza he
could not take on another research
student. However after pointing
out that one extra student would
change the research staff comple-
ment by less than the ten per cent
accuracy inherent in Rutherford’s
own measurements, he was ac-
cepted. His early work at Cam-
bridge was on classical nuclear
physics, however he soon dis-
played his strong flair for technical
applications, in particular the gen-
eration of strong magnetic fields.
During his later years at Cam-
bridge, Kapitza also turned to the
work in low temperature physics
that was to continue for much of
his life. In 1933 he was appointed
Director of the newly created Mond
Laboratory at Cambridge, but the
following year he returned to the
USSR to become Director of the
Institute of Physical Problems of
the USSR Academy of Sciences

in Moscow. There his work in phy-
sics continued to expand, leading
to important contributions to cryo-
genics and to high power electron-
ics. From time to time he turned
his attention to interesting topics
in basic general physics. In 1978,
he shared the Nobel Physics Prize
with Arno Penzias and Robert Wil-
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On 17 April, the Joint European Torus (JET)
nuclear fusion joint undertaking was formally
opened at Culham, UK, by Britain’s Queen
Elizabeth Il and France’s President Francois
Mitterrand. The two guests of honour are
seen here being escorted by JET Council
President Jean Teillac, formerly President
of CERN Council. Two rows behind the
Queen looms the large figure of Hans-Otto
Wiister, JET Director and a former member
of the CERN Directorate.

(Photo JET Joint Undertaking)
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son. In addition, this giant of mod-
ern physics was showered with
awards from both his native

“country (the Order of Lenin no less

than six times) and abroad, with
recognition from the UK, USA,
France, Sweden, Belgium, the Ne-
therlands, Yugoslavia, Finland,
Czechoslovakia, India, Germany,
Denmark...

On people

Louis Michel of the Institut des
Hautes Etudes Scientifiques at
Bures-sur-Yvette receives the
Wigner medal for 1984. This
award is made every two years
for distinguished contributions to
physics using group theory.

Michel is well known for his
work in beta decay (the ‘Michel
parameter’) and for the introduction
of G-parity. In addition, he has
shown great inventiveness in
applying abstract mathematical
techniques, including group theory,
over a wide range of physics.

Previous recipients of the award
have been E.P. Wigner and
V. Bargmann (1978), I.M. Gel'fand
(1980) and Y. Ne‘'eman (1982).

Louis Rosen, leader of the Medium
Energy Physics Division at Los
Alamos National Laboratory, has
been named vice-chairman of the
Nuclear Physics Division of the
American Physical Society. Rosen
will succeed to the chairmanship
in 1985.

Final activity at the CERN Intersecting
Storage Rings (ISR). After the end of
colliding beam physics last year, the only
task left for the ISR was to provide a beam
of antiprotons for this Annecy / CERN /
Genoa / Lyon / Oslo / Rome / Turin
experiment studying charmonium
spectroscopy. In the foreground are the
two arms of the ISR beampipes, with the
one on the right sealed off.

(Photo CERN 116.3.84)
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Secretary of State at the Federal German
Ministry for Research and Technology
Albrecht Probst (centre) being welcomed
to CERN by Director General Herwig
Schopper (right).

(Photo CERN 329.3.84)

Eta-c at Mark }II

In our report of physics from the
Mark Ill detector at Stanford’s
SPEAR electron-positron ring (April
issue, page 99), a few unfortunate
errors crept in. The detector has
been looking at the radiative de-
cays of J/psi particles, mesons
composed of a charmed quark and
antiquark. One possible outcome
is the eta-c, where the charmed
quarks’ spins are aligned antiparal-
lel (spin zero), rather than parallel
(spin one) as in the J/psi. After
laboriously explaining this, the ar-
ticle went on to say that the eta-
c’s spin was one, ‘as expected’.
Clearly this was wrong, as we
hope alert readers would have
spotted. The eta-c really has spin
zero and negative parity, as ex-
pected! (See March 1981 issue,
page 68.)
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The Second International Work-
shop on Atomic Physics for lon
Fusion will be held at the Ruther-
ford Appleton Laboratory, UK,
from 10-14 September. Further
information from J. H. Aram, Build-
ing R63, Rutherford Appleton Lab-
oratory, Chilton, Didcot, Oxford-
shire OX11 0QX, UK.

The Stanford Linear Accelerator Center has
become the 67th US National Mechanical
Engineering Landmark of the American
Society of Mechanical Engineers.

NATIONAL HISTORIC

~ ENGINEERING LANDMARK
THE STANFORQ hL\NEAR VACCELERATDR EENTER

_ST NFORD CALIFORNEA

THE STANFORD TWO MILE: ACCELERATOR THELLONGEST !N THE WORLD
ACCELERATES ELECTRONS TO-THE VERY-HIGH ENERGY NEEDED IN THE'STUDY
OF SUBATOMIC PARTICLES AND FORCES, EXPERITMENTS PERFORMED HERE HAVE:
SHOWN THAT THE PROTON,:ONE OF THE: BUILDING BLOCKS OF THE ATOM, IS 1IN
TURN COMPOSED. OF SMALLER PARTICLES NOW CALLED QUARKS.OTHER RESEARCH:
HERE HA'S UNCOVERED NEW FAMILIES OF PARTICLES AND DEMONSTRATED:SUBTLE
EFFECTS OF THE. WEAK NUCLEAR FORGCE:" :
THIS RESEARCH REGUIRES'THE UTMOST PREG\S!GN IN THE LARGE AND UN!C\UE
ELECTROMECHANICAL DEVICES AND SYSTEMS THAT ACCELERATE, DEFINECDELIVER
AND STORE THE BEAMS OF PARTICLES, AND IN THE DLTECTGRS THAT ANALYZE
THE RESULTS OF THE PARTICLE INTERACTIONS.

THE AMERICAN SOCIETY OF MECHANICAL ENGENEERS 1984
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TRIUMF

MESON RESEARCH FACILITY
University of Alberta

Simon Fraser University
University of Victoria

University of British Columbia
Competition No. 446-044

ACCELERATOR PHYSICISTS

The Accelerator Research Division at TRIUMF has openings
for physicists or engineering physicists with significant expe-
rience in the following areas:

— Cyclotron beam dynamics — in support of improved cyclo-
tron performance, particularly towards higher beam intensi-
ties, short pulses, separated turn operation and extraction of
H™ ions.

— Secondary channel optics — to design and assist in the
commissioning and improvement of channels for pions,
muons, kaons, neutrinos, etc.

— Synchrotron Design — for beam dynamics, lattice design
and hardware design studies of machines dealing with very
high intensity beams.

Candidates should have a Ph.D. or equivalent in physics or
engineering and at least three years relevant experience in an
accelerator laboratory. A good theoretical background is
required, together with appropriate experimental abilities.
Salary will depend on qualifications and experience.

Please reply in writing by June 30, 1984, outlining qualifica-
tions and experience to:

TRIUMF Personnel (Competition No. 446)
Attention: Dr. M. Craddock,

Head, Accelerator Research Division
4004 Wesbrook Mall

Vancouver, B.C. V6T 2A3

We offer equal employment opportunities to qualified male and
female applicants.

ACCELERATOR ENGINEER OR PHYSICIST

JAMES R. MACDONALD LABORATORY,
KANSAS STATE UNIVERSITY

The James R. Macdonald Laboratory at Kansas
State University is seeking an engineer or physi-
cist to be in charge of engineering and installa-
tion of a superconducting linear accelerator on
the laboratory’s Tandem. This person will be work-
ing directly with the project director on all as-
pects of the LINAC design, construction and in-
stallation. Applicants should have at least three
years experience with accelerator design and op-
eration and have demonstrated ability to work ef-
fectively with support personnel and other physi-
cists. Cryogenics experience preferred but not
required. Salary will depend on qualifications.

To apply, send resume and three letters of ref-
erence to:

Professor Patrick Richard, Director
James R. Macdonald Laboratory
Department of Physics

Kansas State University
Manhattan, KS 66506 USA

The closing date for applications is October 14,
1984, or until position is filled.

Kansas State University is an
Equal Opportunity/Affirmative Action Employer.

POSTDOCTORAL
OPPORTUNITIES
AVAILABLE IN
NUCLEAR PHYSICS

The LAWRENCE BERKELEY LABORATORY’'S
Nuclear Science Division has postdoctoral oppor-
tunities in experiment and theory appropriate to
the basic research programs involving heavy-ion
studies at low, relativistic, and ultra-relativistic
energies. These programs are presently carried
out at the Laboratory’'s 88-Inch Cyclotron and
Bevalac/SuperHILAC facilities as well as at the
CERN SPS. Those candidates with 0-3 years from
Ph.D. in Nuclear or High Energy Physics who wish
to be considered should provide two copies of a
curriculum vitae and publication list, and arrange
for three letters of recommendation to be sent to:

Lawrence Berkeley Laboratory,
LAWRENCE One Cyclotron Road,
BERKELEY Employment Office 90-1042,
LABORATORY  Berkeley,

CA 94720.

Please specify Job No A/2830.

The Lawrence Berkeley Laboratory is an
Affirmative Action/Equal Opportunity Employer
M/F/H.

TRIUMF

MESON RESEARCH FACILITY
University of Alberta

Simon Fraser University
University of Victoria

University of British Columbia
Competition No. 449-044

RESEARCH
ASSOCIATES-EXPERIMENTAL
PARTICLE PHYSICS

The particle physics group at TRIUMF is seeking two post-
doctoral research associates to contribute their ideas and
talents to an active experimental program. The group’s major
new project is a measurement of the decay K—mvv recently
approved for running at BNL. Experiments performed at
TRIUMF include the ongoing search for muon-electron
conversion using the TRIUMF Time Projection Chamber, a
new high precision study of the decay m— ev and measure-
ments of other rare processes.

Salary will be commensurate with experience.
Interested candidates should reply to:

TRIUMF Personnel (Competition No. 449)
4004 Wesbrook Malli
Vancouver, B.C. V6T 2A3

or contact D. BRYMAN (604) 228-47 11

We offer equal employment opportunities to qualified male and
female applicants.
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Analyst/Programmer

The Swiss Institute for Nuclear Research com-
puting group has an opening for an Analyst/Pro-
grammer to continue development and to main-
tain its standard, real-time, data acquisition
package. The institute has a triple VAX central
computing facility plus many PDP-11 mini-
computers used for data acquisition, and is
currently implementing an Ethernet local area
network. Experience with real-time systems
and/or technical-scientific applications is desired.

SIN is a Swiss national facility supporting funda-
mental research into nuclear and particle physics
and their applications, and is located in a very
pleasant, semi-rural area approximately 40 km
north-west of Zurich. Starting salary will be in the
range £ 15,000 - 20,000 depending upon qualifi-
cations and age.

Applications including a CV should be sent before
June 24, 1984 to

Personnel Department
Swiss Institute for Nuclear Research
CH-5234 Villigen, Switzerland

BUSINESS MANAGER
FOR ACCELERATOR FACILITY

The Southeastern Universities Research Association (SURA), a
consortium of 31 universities, is planning to construct the
Continuous Electron Beam Accelerator Facility (formely NEAL)
for the U.S. Department of Energy. CEBAF will be a new
laboratory for research in nuclear physics. Located in Newport
News, Virginia, USA, it will be built in 1984-1990 at a cost of
approximately $ 200 M, and it will eventually employ a staff
of over 200.

SURA seeks an

ASSOCIATE DIRECTOR
FOR ADMINISTRATIVE SERVICES

who will report to the director and have responsibility for
administrative services such as accounting, personnel, pur-
chasing, budgeting, buildings and grounds, security and the
control of documentation. Senior management experience,
including familiarity with computerized systems, is required.
Scientific laboratory experience is desirable. The incumbent
will have an opportunity to plan the management structure for
a new facility, and will play a leading role in assembling the
initial staff. Salary depends on experience. Application deadline
is 1 July 1984. Please submit a letter of application, a com-
plete curriculum vitae, and the names of three references to

Franz Gross, Chairman
Personnel Search Committee
CEBAF

12070 Jefferson Avenue
Newport News, VA, USA 23 606
Tel.: (804) 877-9231

ENRAF
NONIUS
DELFT

DISTINVAR

designed and developed by CERN specialists for
their specific need to survey with highest precision
the 27 km LEP ring

manufactured by ENRAF-NONIUS, specialists in
high precision instrumentation for scientific and
industrial applications

ENRAF-NONIUS

manufacture and market a complete line of most
advanced equipment for X-ray diffraction inclu-
ding:

o X-ray generators

® high precision cameras for single crystal and
powder work

and the famous
o CADA4 Kappa Axis single crystal diffractometer

e FAST Fast Area Sensitive Television detector
diffractometer

; state of the art (@@ |ENRAE
us
FAST TV detector |l DELEY

2600 AL DELFT RONTGENWEG 1
Tel. 0156-566 92 30 Telex 38083

P.0.B. 483

Offices in: Solingen, New York, London, Paris, Copenhagen
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NEUTRINO
OSCILLATIONS?

gt

KfK is looking for them
with the XP3462

XP3462 The KfK* experiment, in a 6000 ton neutrino
. 3 blockhouse at the Spallation Neutron Source
tr = 3ns, anode pulse rise time for delta-function light pulse at RAL, calls for 2240 photomultipliers
Re = 10%, for 57Co and a 3" x 3" Nal(Tl) scintillator combining first-rate time response with good
sk = 85mA/W (11,5 uA/ImF) energy resolution. To their specification we
G =10%at1500V developed the 3inch, 8 stage XP3462.

i | I 1 o,
Pulse linearity within 2% up to 100 mA *KfK: Kernforschungszentrum Karlsruhe

We’ve set the standard for over 20 years

Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands. Telex 35000 phtcnl

puiies]  Electronic o
% components

and materials



ELECTRON BEAM PROCESSING

Besides our well known ELECTROCURTAIN®-Processors for industrial
applications we manufacture the world’s most compact electron beam
laboratory unit for scientific and industrial research and development.

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

CB-175/15/10L ELECTROCURTAIN® Lab Unit
Voltage: 150-175 kV / Sampl%size: 24 x 15 cm or 15 cm wide webs.

Equipped with integrated Selfshield™ radiation shielding and LABCOAT coating /
laminating machine

The above unit is available for trials in our plant in Geneva

ELECTROCURTAIN®-Processors are the most advanced electron beam
processors in use today by more than 150 industries and research establishments.

ClRARMILLSES B

DIVISION ENERGY SCIENCES INTERNATIONAL

ATELIERS DES CHARMILLES S.A. GENEVE - DIVISION ENERGY SCIENCES INTERNATIONAL
CASEPOSTALE 293 » CH-1211 GENEVE 13 (SUISSE) « 109, RUEDELYON « TEL.022/458821 « TELEX:27 334 Charm CH « TELEGR.: CHARMHYDRO
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Evolution de premier ordre
dans les mesures industrielles

L. % _§ N N N _§R N ]
I Commande du prospectus Wild N3 |

Le nouveau niveau de précision Wild
N3 est le fruit d’'une longue expé-
rience dans la construction d’appa-
reils de mesure optique de haute
précision et des techniques de
fabrication les plus modernes. Il a
des caractéristiques qui vous aident
a résoudre vos problemes d’hori-
zontalité, de planéité, d’alignement,
de différence de niveau lors de vos
travaux de plus en plus précis et
complexes de contrdle de fabrica-
tion, de montage, d’assemblage.
Avec sa lunette panfocale vous
visez un objet déja a 30 cm de I'ob-
jectif dans un champ de 30 mm de
diamétre. La constance de sa ligne
de visée a toutes les distances lui
donne les propriétés d'une lunette
d’alignement. Avec le systeme de
basculement a vis micrométrique
vous mesurez de petites différences
d’inclinaison et avec le micromeétre
alame planparalléle de faibles

écar{s verticaux. Avec des oculaires
spéciaux en option vous rendez
visible la ligne de visée au moyen
d’un faisceau laser, vous profitez de
I"autocollimation avec observation
directe ou latérale pour vos mesures
de planéité.

La disposition des éléments de com-
mande et de lecture résulte d'une
étude ergonomique poussée; vous
aurez tout de suite bien en main ce
nouveau niveau a nivelle. Avec sa
précision du centiéme de milli-
meétre a quelque meétres le N3 cons-
titue pour vous un outil de premier
ordre.

Envoyez le coupon & la maison Wild Heer- |
brugg SA, CH-9435 Heerbrugg, Suisse ou
directernent au représentant Wild de votre I
pays.

Nom . I
Maison I
Adresse I

o)

Wild Heerbrugg SA
CH-9435 Heerbrugg, Suisse

A 4 B 9N =
HEERBRUGG
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40 kV-1 MJ BANK FOR PLASMA
PHYSIC RESEARCH

PASSONI & VILLA ...

Bushings and Capacitors Factory

Direction: 20124 MILAN - Italy Production:
Via E. Oldofredi, 43
Phone: 02/6887045

Telex: 330420 PASVIL |

DC Generators
Impulse Generators
Filter and Discharge
Capacitors .

Spark Gaps

Voltage Dividers
Equipments for test and
research Laboratories

& Polytec

LASER

for industrial applications, education
and research. Made in Europe.
Favourable prices, reliable service, short delivery.

- PL505B_ 0.5mW battery powered

PL-605 0.5mW integral power supply
PL-610 1.5mW integral power supply
PL-710 1.5mW separate power supply
PL-750 50mW separate power supply
| PL-650W 5.0mW ‘waterproof
 PL-810  1.2mW head size (dia.x ) 25 x 240 mm
| PL-1000 } Invar resonator with

: pt_ﬁ.g‘gnp ! Brewster windows -

Polarized versions are also available. Typical tube life time:
15000 hrs.

Ask for detailed laser data sheet and price information.

& Polyscience AG

Bleichistrasse 8
CH-6300 ZUG
Tel. 042/221533
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Advertisements in GERN GOURIER

Format A4 Monthly publication
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 3 5 10

insertion | insertions | insertions | insertions

/4 185 x 265 1630 1680 1630 1430
185x 130

/2 90 x 265 900 870 850 800

a 90x130 510 480 460 440

Supplement for:

— each additional colour 1500 SwF
— Covers:

Cover 3 (one colour) 1930 SwF
Cover 4 (one colour) 2570 SwF

Publication date 1st of month of cover date:
Closing date for
positive films and copy 1st of month preceding cover date
The cost of making films and of
translation for advertisements are
charged in addition.

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding 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.

These rates are effective for the year 1984.

Screen (offset)

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland

Tel. (022) 83 41 03 Telex 2 36 98
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Hamamatsu detectors can help you use photons in
ways never before thought possible. Many of our
photomultiplier tubes offer theoretical sensitivity,
resolution and repeatability. Our silicon photocells
provide outstanding sensitivity, stability and linearity
from 190nm to 1200nm. New detectors for high
energy physics achieve high gain, high count rates
and high energy resolution. Unique PMT'’s feature
sub nanosecond rise time and internal image inten-
sification. New array detectors open photodetection
capabilities never before possible.

We offer the world’s most complete line of photo-
multiplier tubes %" to 20" in diameter, but we are not
limited by these sizes. We custom select detectors,
custom modify detectors and design unique detec-
tors to meet special needs. In fact we need to know
your special needs so that we can develop the
detectors of the future.

So, take a look at our detector brochure and tell
us the kind of photons you want to count. The odds
are we can help you do it extremely well.

CALL OR WRITE FOR CATALOG

HAMAMATSU

HAMAMATSU CORPORATION ¢ 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE: 201/469-6640
International Offices in Major Countries of Europe and Asia.
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RESOLVEZ VOS PROBLEMES DE NEUTRONS
GET YOUR NEUTRON PROBLEMS SOLVED OUT

AVEC counter *He ‘
WITH compteur a °He

reliable
robuste

autonomy : 30 hours with 12 V Ni-Cd accumulator
autonomie : 30 heures sur accumulateur Cd- Ni12 Vv

M m |cr0processor
m lcroprocesseur

Systéme CEA Débit d'équivalent de dose
automatic reading CEA System [Equivalent dose rate

automathue

10" 10° m-rem/h

Equivalent de dose

5 m-
Equivalent dose 0 — 10" m-rem

Réalisations Publicitaires Industrielles

||ght Temps de cumul

Ieger Timing 0—10h

d Agence Commerciale : Z.A. de Courtabceuf - Av. d’Islande EVOLIC 4 - 91940 LES ULIS
nar Eux Commercial Branch : Tél. (6) 928.59.46 - Télex : 691 259 F

TREFICABLE PIRELLI

C’est une gamme
compléte d‘appareillages

BTeMTe HT

e Jonctions

e Extrémites

e Matériel embrochable
pour transformateurs
et cellules

POLIVAR S.p.A.

Via Naro, 72 P.O. Box 111
00040-POMEZIA (Roma)
Tel. 06/912 1061 Telex 611227 PLVI

7 groupe appareillage
éf@ﬂ@db[e 15, Boulevard des Alpes Product line

U D) 5?2'54:&) Bﬁgﬁ:n(ﬁ;&;{fﬁﬁg Cast acrylic sheets, bars, blocks, scintillators,

UR[=LLL Tei. : 76) 90-72-54 light guides

Télex 980195 F )

D
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Recorders for every application

Common properties
(SE 120, SE 420, SE 430)

@ Response time 0.5 s

@ Accuracy 0.5%

@ \/oltage measuring ranges from 10 mV to 100 V
(variable from 1 mV) and from 100 mV to 250 V.
Current measuring ranges from 0.l mA to T A.
Temperature measuring ranges for thermocouples of
types J and K (linearised characteristics, cold junction)

@ Electronic limit cut-out

@ Chart drive by quartz-controlled stepper motor

® Chart speeds from 3 cm/h to 60 cm/h—electr. chart
positioning

@ Recording with ink or felt pen at choice

® Low power consumption

@ Low weight—integrated carrying-/tilting handle

SE 120

@ Single- and dual-channel flatbed recorder
@ Recording width 250 mm

SE 420

@ Single- and dual-channel vertical recorder
@ Recording width 250 mm

SE 430

® One-, two- and three-channel vertical recorder
® Recording width 120 mm

Pen Sync

Compensation, controlled by micro-

SE 460-Series

® \/T- or XY, ... Ys-operation at your choice

@ Recording width 250 mm

@ Accuracy 0.3%

@ Response time 0.3 s, for X-axis 0.4 s

@ Electronic limit cut-out

@ Plug-in and module technique throughout, easy retro-
fit, extremely easy to service

@ \/oltage ranges from 0.05 mV to 200 V-and from 10
mV to 20 mV

® Current ranges from 1 mA-to 20 mA-to 2 A.
Temperature measuring units for thermocouple (line-
arized cold junction compensation) and Pt 100 resis-
tance thermometer (2-, 3-, 4-core vable at choice).
Calibrated zero, suppression manual and automatic,
logarithmic recording

@ 12 chart speeds from 1 cm/h up to 60 cm/min; Quartz-
controlled stepper motor

@ Electronic Paper positioning, forward/reversed,
progressive

@ Roll charts and folding pack generally provided, DIN-
paper, 32 cm long

@ Chart desk tilting out 45° for comfort of marking

@ Event marking (needle pulse) for each channel

Printer (SE 462/463)

Alphanumeric printer with display on thermosensitive
paper, on left hand side of chart, of 60 mm width, up to
24 signs per line, 5 x 7 point matrix, and marking trace.
Printed display of the set measuring parameters and of
the time, without external accessories, or respectively, of
entered texts without interfering with the analog recor-
ding via serial inter-
face-\VV24 or 20 mA

processors, of pen displacement without
loss of information in modular construc-
tion, with evaluation of maximum and
minimum values and averaging (digital
filter); can be subsequently built into
recorder (no additional case).

Transient

current loop, also control
and interrogating (sam-
pling) functions.

Recording

Digital storage up to five
channels allows recording
of rapidly changing ana-
log signals up to 150 kHz.
Transient recording with
the SE 460 series is as easy
as conventional recor-

ding—just plug-in a proper
transient measuring unit.

METRAWATT

i

vy  Gorz
BBC METRAWATT

Felsenrainstrasse | - CH-8052 Ziirich - Tel.01-30235 35
1700 Fribourg - Tel. 037-2477 57
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Electrotechnique
Electronique
Informatique

Produits originaux de Digital Equipment Corp.

Conseils Profitez de nos
Livraison du stock prestations et faites
Support permanent nous confiance!

D 1044/84F

Distributeur Eﬂgnﬂan autorisé

W.MOORAG W.MOOR SA

Bahnstrasse 58, CH-8105 Regensdorf 4, route de Préverenges, CH-1026 Denges/Lausanne
Telefon 01 84066 44, Telex 52042, Telefax 01 8400619  Téléphone 021710901, Télex 458237, Téléfax 021710959

w. MOOR Ges.m.b.H., Wien; W. MOOR DATA Ges.m.b.H., Wien; W. MOOR GmbH Stuttgart, Dortmund et Miinchen



High Vacuum Chamber Section

[ MBA
—

s 3

i

4 -

High vacuum chambers. Special section pipes.
Cryogenics. Engineering Construction in stain-
less-steel, Titanium, Hastelloy, Inconel, Copper.

Send enquiries.

. PRO-CU‘RA
°Z¢ IMPIANTI sS.R.L.
" Via dei Guarneri 14
1 20 141 Milano, ltaly.

Phone 02/5390.281/5692.122. BERGOZ - CROZET - 01170 GEX, France (50) 41 00 89
Cable PROCURAMA, MILANO ITALY Electronic Equipment Manufacturing

HEINZINGER

Regel-und MeBtechnik

8200Rosenheim - Happinger Str.71
Tel.08031/6 4141 Telex:0525777

g NUCLEAR )

ENGINEERING

For over twenty years CERN has been placing its trust
in our members, who are specialists in such fields as:

HIGH VOLTAGE POWER SUPPLY

0 TO 300 kV DC

0TO 10 mA

CURRENT AND VOLTAGE
STABILITY 1.10°4

OUTPUT RIPPLE AND NOISE
1.10" 4pp

POWER INPUT 380 V + 10% PHASE

precision machining
miniature components
electronics (hard and soft)
sheet-metalwork

welding for high-vacuum
precision industrial optics.

In addition to technical expertise, our firms guarantee:

e reliable delivery dates

o Swiss precision

e excellent value for money
e agood after-sales service.

It is not mere chance that Geneva, the birthplace of
major inventions, is still in the forefront of industrial
progress.

Consult our specialists. They are there to find you
the best sub-contractor.

Come fo visit our permanent exhibition open from
Monday to Friday 8 a.m. to 6 p.m.

== OFFICE POUR LA PROMOTION
o I DE L'INDUSTRIE GENEVOISE
9, rue Boissonnas, CH-1227 Geneva

Telephone: 022 / 424244; telex: CH 429080 opi
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10.001 E

ader for
High Voltage

Concerned in the case of this com-
ponent is a voltage divider for the
pilot experiment of «LEP-DELPHI»
resp. BARREL RICH. ,
@ Entire component from outside
- \—/ with visible electrode no. 30.
Enlarged section through the
electrode parts. :
In a series of preliminary development
stages it has been successful,
to break down a defined voltage of
210 KV over 30 graded built-in
electrodes.
Isolating distance between the elec-
trodes is 0.7 mm. ;
The entire component was produced
by the high-vacuum process.

‘Stesalit AG
Kunststoffwerk

CH-4249 Zullwil/SO
Telefon 061/80 06 01, Telex 63182




ELECTRIC
SURFACE HEATING

Xy
vy

Custom bui Heating Jacketsand
Cut to Length Heating Tapes

000g=

Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2AF, England. Tel:01-953 6242.Telex: 261761

PTFE-Teflon-Pumps

for highly corrosive media
and pharmaceutics

self priming
without stuffing boxes or seals

PETROLEUM TEGHNICAL COMPANY SA
47, chemin des Mésanges
CH-1225 Chéne-Bourg Genéve
Tel. No. 022 48 67 49, Telex 23 897 PTC

CERN COURIER

A unique advertising medium for
scientific and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active
in this dynamic field of fundamental research, itis
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Written
in simple language and published simultaneously
in English and French it has become the natural
communication medium for particle physicists in
Europe, the USA, the Soviet Union, Japan—every-
where where the fundamental nature of matter is
studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos
and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascati in Italy, Daresbury and Rutherford in the
U.K., SIN in Switzerland, Dubna and Novosibirsk
inthe USSR, KEKinJapan, TRIUMF in Canada and
Peking in China. ‘

The annual expenditure on high energy physics
in Europe is about 1000 million Swiss francs.
The expenditure in the USA is about $ 400 million.
There is similar expenditure in the Soviet Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a
market in this field, there is no surer way to make
your products known than by advertising in CERN
COURIER.

All enquiries to:

Advertising Manager
Micheline Falciola
CERN COURIER
CERN

CH - 1211 GENEVA 23
Tel. (022) 834103
Telex 236 98
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mul compasute conductors for highly
sophisticated magnet designs.

VACUUMSCHMELZE GMBH - Griiner Weg 37 - D-6450 Hanau - Tel.: (06181) 362-1 59

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

f‘DVf'\lAAf‘MI:TIf‘Q INIC
CRIVIVINANTIYLIIN Y, 11V,

INNOVATION AND EXCELLENCE IN CRYOMAGNETICS

0. , RID Telephone (615) 482-9551
Presses Centrales Lausanne S.A. P.0. BOX 548, OAK RIDGE, TN 37831 USA Telephone (615) 482-955

Representatives in Europe:

7, rue de Genéve

M KLAUS SCHAEFER, GmbH D-6070 Langen, Federal Republic of Germany
Tél.(021) 20 59 01 Tel. 06103-79085

1002 Lausanne KLAUS SCHAEFER & CO. CH-8050 Zurich, Switzerland Tel. 01-3112867

\_ ) SCHAEFER TECHNIQUES SARL F-91620 Nozay, France Tel. 6-9014973

kSCHAEFEH INSTRUMENTS LTD Wantage, Great Britain Tel. 02357-3412)
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Heating, ventilation and air conditioning systems for
civil and industrial facilities.

Sanitary, firefighting systems and overpressure
units.

Fan coils systems for industrial building or combined
systems for office building or dwelling units.

Fumes and vapors exhaust systems, ventilation sys-
tems for workshops, factories and tunnels.

Refrigeration systems for general industrial users.

Different systems for nuclear industry including air and
fluids treatment and distribution.

Heat exchangers.
Pressure vessels.

Filters for collection of foreign matters contained in
fluids.

Heat technology equipment approved by ISPESL —
RINA — LLOYD REGISTER — BUREAU VERITAS.

OLIVIEROD ()

IDEIIVIEEINLXEZLD i1l
ne peut accéder... <§ %

Head Office: C.so Orbassano, 402/14-10137 Torino
Tel.: 30.96.666 (5 lines in automatic selection)
Telex: 221.530 OLIDO |

flexibles
Components and . gm
Engineering a fibres de verre
e Coax and Waveguide pour I'inspe_ctinn directe de corps creux
« Pressurization Systems non accessnples aux yeux. @ 3—]4 mm
e Microwave Absorbers Ionguelllrs utiles 0.,:5-12 m. F:clalfagg )
o Monopulse Comparators de. I'uhjet‘par Iuml(?re halogéne intégrée.
« Waveguide Switches Alimentation par pile et se.cteur.
* Open Wire Switches
EXEMPLARY SPECIFICATIONS ° Coax Breakaways
RESONANT RINGS * Coaxial Switches For optical
R IR © Phase Shifters interior inspections...

e Stub Tuners
e DC Breaks

-3 boroscopes,
fiberscopes.

Frequency ........ ... ... 2800MHz.
Power - peak.............. ... ...

- average . ...
Phase shifter. . ...
Pressure ........ ... ... ...
Cooling.

»
»

Ask for details.

DIELECTRIC COVIMUNICATIONS
A UNIT OF GENERAL SIGNAL

A FORTUNE 250 COMPANY

TOWER HILL ROAD, RAYMOND, MAINE USA 04071

TEL. 207-655-4555 800-341-9678 TWX: 710-229-6890

1)= TECHNOKONTROLL AG

A 4 8049 Ziirich, Imbisbiihlstr.144 Telefon 0156 56 33
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“Mini”’-Fastbus-Crate Type 102

| Ll |

DR. B. STRUCK

groupe

liellealole

agence de grenoble

Precicable

151, Rue Michel-Carré
B.P. 10

95102 Argenteuil Cedex
Tél. (3) 947-09-07
Télex 698919 F

CABLES

SPECIAUX

1 @ Nucléaire

o Electronigue
® Haute Fréquence

R @ Haute Température
B o Opto Electronique

15, boulevard des alpes
z.a.c. buclos grand pré
france 38240 meylan

® Crateincl. 13 slots
Backplane

® |ntegrated Power Supply
(2 versions available)

® .Integrated aircooling

e \oltage/current display
(switch selectable)

e auxillary board optional

12 different FASTBUS -
modules available

For additional information please contact:

Dr. Struck—Tel.: 041 09 -99 66 — Telex 2180 715 tegs
D-2000 Tangstedt, Hauptstr. 95

or in Switzerland:

Antares AG — Schulstrasse 3

CH-5415 Nussbaumen/Baden

Tel.: 056 - 82 37 83 — Telex 58703

SCINTILLATORS

® Polyvinyltoluene

® Acrvlic

® Liquid

® Custom Fabrication
® Light Guides

® Wavelength Shifters
® Accessories

FOR A COMPLETE CATALOG
AND SPECIFIC DETAILS
CONTACT

ational ,
1agnostics

198 RTE. 206 SOUTH SOMERVILLE,N.J.08876

TELEX 6858083 (201) 874-8696

I ’——J téléph. : (76) 90.72.54
\_ O[R2[E[LLO tslex : 980195 F
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ESA-IRS

NUMBER ONE IN EUROPE
FOR INFORMATION

is making available to you

&« 60 ONLINE DATABASES ...

representing 30 million bibliographic
references in all sectors of science and
technology.

* OF WHICH A LARGE PART ...

contain references on research in high

| energy physics, like for example INIS,
NASA, NTIS, INSPEC, Chemical Abstracts,
Conference Papers Index, etc.

e ACCESSIBLE WORLD-WIDE ...

~ . via TYMNET, EURONET, and other national
and international data transmission net-

. works. The system is available 20 hours a
. day.

, e AND 16 YEARS EXPERIENCE DEDICATED
TO CUSTOMER SERVICE !

ESA-IRS, the European
approach to Online Information

The Information Retrieval Service of the European Space Agency

ESA-IRS, via Galileo Galilei, 00044 Frascati, (Italy)
Tel. (39/6) 94011 Twx. 610637 esrin i
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FASTBUS

- for Data Acquisition

Data acquisition in FASTBUS using LeCroy’s 1800 Series FASTBUS Standard Modules

and our system integration approach offers new advantages through frontier technology.
Sophisticated multiple master architecture permits computer networking, distributed in-
telligence, multi-tiered decision making, and system monitoring. It uses a 32-bit wide
data field providing operations easily 20 times faster than CAMAC.

The 1870 Series 96 Channel TDC's employ high speed SOS shift register IC’s and the

. 1880.Series ADC’s use QMUX, a special integrated circuit. These custom components
res;mt in easy to understand electronics, excellent linearity, high interchannel isolation,
and more. ‘

Our expanding line of FASTBUS modules features unprecedented channel multiplici-
ty, self-test and -calibration, convenient trigger processor connections, and rapid con-
version and readout. FASTBUS-to-computer interfacing and multiple event buffer

- memories are also available. o
For more information on the expanding frontiers in data
' acquisition with FASTBUS, contact your nearest LeCroy
BalesOffice. @ . . e . ;

{3
{
i
gt
&
%

FASTBUS 1880 Series

Event ADC’s

e 96 Channels, 12 and 15-bit
operation

¢ Negative or positive inputs

¢ Simultaneous readout and
conversion

e Fast clear <600 nsec

¢ Automated testing

¥ i
;
;

FASTBUS Standard 1] FASTBUS 1870 Series

Multihit TDC’s
® 96 Channel Pipeline TDC
e Programmable resolution to 2 nsec/count

¢ Fast clear <10 nsec
¢ Pulse width encoding
r y ¢ Trigger Processor connection

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Geneva, Switzerland, (022) 82 33 55; Heidelberg, West Germany,
(06221) 49162; Les Ulis, France, (6) 907.38.97; Rome, Italy, (396) 320-0646; Botley, Oxford, England, (0865) 72 72 75.
Representatives throughout the world.



AMP-01 la maitrise sur toute la ligne

C’est vraiment 'amplificateur d’instrumentation
‘monolithique idéal:

Précis: Une linéarité de 16 bits en gain de 1000. Une tension d’erreur de | Tel. 042/ 33 33 33 Telex 868 722
15 pV.

Stable: Sans oscillation sur une charge capacitive de 1F. Une dérive de | [BM] Precision

tension d’erreur de 0,1uV/°C.

Bourns (Schweiz) AG, 6340 Baar

A BOURNS MOﬂOl iThiCS

Performant: Il remplace la combinaison «amplificateur d’instrumentation + | sussiniary

buffer de puissance» (I sortie =50 mA).

e Incorporated

=(E50capacitors
* A DIVISION OF CSI TECHNOLOGIES, INC.
BOX 2052, ESCONDIDO, CALIFORNIA 92025 / TLX 697832 / (619) 747-4000  WORLDWIDE
| | | | [
SERIES | TYPE |FEATUREi,F 1onF_ 100nF 1uF _ 10uF  100uF
DCIAC
NT FILTER 1o 50KHZ
FT | oen | 807 EIECTIN
M FILTER XMITTER *}Z
RAILS
AE | euse | RS, EEEETTITEN
GENERAL
WM PULSE | PURPOSE
FLASHLAMP
RAILS
WPC PULSE LOW L
HIGH E
!
HIGH RR. 3300 JOULES
RGY
ES SO AnaE o S 5500 JOULES 4-125kV
NON-FLAM. | gg00 youLES 4-125 kV
: -
150° C
CUSTOM | (%o SnH 0.6 kVDC - 250 kVDC  100VAC - 180 KVAC
& SCR | piELECTRIC | 4000KW
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LEP - THE LARGEST
ACCELERATOR RING IN THE WORLD
IS PUMPED BY THE NEW VARIAN
StarCell™ Vaclon®" PUMP

U': Ny '#‘«

Préve

W w0 W

Mo

KOLMAR

For more information on our new StarCell Vaclon pump call us or send the coupon to:

Varian S.p.A. Varian Associates Ltd.
Vacuum Products Operation 28 Manor Road
Direzione Commerciale GB-Walton-on-Thames-Surrey
Corso Svizzera 185 - 10149 Torino Tel. (09322) 43741 - Telex 928070
Tel. (011) 741.22.69-Telex 213554

Varian Benelux B.V.
Varian AG Jan Rebelstraat 21
Steinhauserstrasse-CH-6300 ZUG NL-1069 CA Amsterdam

Tel. (042) 232575 - Telex 868841 Tel. (020) 104705 - Telex 14099
IPO/84/2a-e/CC




The most economical turbo pump
with high volume flow rate

The volume flow rate of this pump is
1300 to 1500 I/sec for N5, He and H,,
with a H, pressure ratio of 2500.

DN 200 and DN 250 flanges to ISO-K
or CF are used. The installation angle
can be selected from horizontal to
vertical.

The maintenance intervals of these
pumps are approx. 10 000 hours;
changing the oil is very easy. The sta-
tor setting and balance are not affect-
ed by a bearing replacement, which
can also be carried out by the cus-
tomer.

PM 800 056 PE

A cost/benefit ratio was able to be
achieved for the Turbo 1500 which
makes this pump truly competitive.

The ‘84 Turbo pump range

Balzers offer a range of seven pump
sizes. The proven dual flow pumps
with their unsurpassed smooth run-
ning, and the high-efficiency single
flow pumps satisfy all user require-
ments. Several types of flanges and
selection of the cooling medium al-
low the seven basic pumps to be ex-
panded to ten pumping speeds be-
tween 27 /s and 6500 I/s.

Balzers Aktiengesellschaft
FL-9496 Balzers
Firstentum Liechtenstein
Tel (075) 44111

Telex 77 841 bag fl

A step towards the future:

The new
Turbo 1500

A totally new turbo pump has been
developed for universal use in high
and ultra high vacuum.

Accelerators, fusion experiments, se-
miconductor production, and metal-
lurgy are examples of the uses these
vacuum pumps can be put to. In one
case, efficiency is the decisive factor,
and in other cases the technical de-
pendability and ease of handling.

The Turbo 1500 is an ideal combina-
tion of all these factors.

BALZERS

Balzers

8 Sagamore Park Road
Hudson, NH 03051

Tel (603) 889-6888
TWX 7102287431

Arthur Pfeiffer
Vakuumtechnik Wetzlar GmbH
Postfach 1280

D-6334 Asslar

Tel (06441) 8021
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Fast 16 Channel CAMAC ADC
Faster Gonversion Time
Fastest Readout Speed
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OurNew Fast Encoding and Readout ADC System
forHigh Rate Analog Data Acquisition Applications, Real Time Systems,
Colliding Beam Diagnostics, and Energy Based Triggers in Particle Beam Experiments

Now, an ADC system with enough precision (8 to 11 bits) to achieve high signal to noise ratios and wide dynamic range,
but fast enough for real-time decisions: An ADC System that can be used for test and proto-type work and then expand
to a full scale data acquisition systems.

LeCroy introduces the System 4300 Fast Encoding and Readout ADC (FERA), our new high speed, low cost, high density,
analog-to-digital conversion system. Flexible modular design permits growth from single 16-channel ADC modules in exist-
ing CAMAC systems, up to multi-crate buffered installations with programmable real-time data processing.

The Model 4300 16 Channel FERA combines fast parallel conversion with an optimized readout scheme to achieve an
extremely high data throughput rate. For example, if the 272 channels shown above contain 20% valid data, they can be
digitized into 11 bits, have the pedestals subtracted, and be read out into the memory every 16 microseconds.

The Model 4302 Memory holds 16K of 16-bit words and can be loaded at 100nsec/word. An optional FERA Driver, the
Model 4301, distributes Gate, Clear and Test signals and includes a 12-bit DAC for calibration and testing. The crate may
be controlled by a Series 4800 CAB, Programmable CAMAC Processor which can perform complex algebraic operations
such as cluster finding on the data as well as further data compression.

For more information on FERA, contact your local sales representative.

Rue Cardinal-Journet 27, 1217 Meyrin 1-Geneva, Switzerland, 82 33 55. Offices: USA,
(914) 425-2000; Heidelberg, W. Germany, (06221) 49162; Les Ulis, France,
(6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75. Representatives throughout
the world.
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The world’s best power tubes
are used in the world’s most
important scientific programs.

Since 1971, when Varian EIMAC
introduced the one megawatt X-
2159/8974, we have been the
world leader in design and man-
ufacture of high power tubes for
scientific and communcation
applications.

Among the many users of
EIMAC tubes in high technology
fusion research, particle accel-
eration and other state-of-the-
art investigations are:

= European Organizations for
Nuclear Research (CERN) =
Fermi National Accelerator Lab-
oratory = Stanford Linear Accel-
erator Center = Lawrence
Berkeley Laboratory = Los Ala-
mos National Laboratory
(LAMPF and FMIT programs) =

Oakridge National Laboratory =
Princeton Plasma Physics Labo-
ratory = TRIUMF Laboratory
(University of British Columbia)
= GS| Darmstadt (FRG) = Culham
Laboratory (England) = CEA
Fountenay-au-Rose (France) =
Textor-KFA Julich (FRG) = GA
Technology (Doublet-3).

Power tubes developed and
manufactured by Varian EIMAC
used in the facilities mentioned
include the 8973, 8974, X-2062K/
9009 and Y676A/9013. These
tube types will be joined by oth-
ers in development to meet new
program requirements.

More information is available
from Varian EIMAC. Or the near-
est Varian Electron Device

Group sales office. Call or write
today.

Varian EIMAC

301 Industrial Way

San Carlos, CA 94070

415 - 592-1221

VARIAN AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Tel: (042) 23 25 75

Telex: 868-841

varian
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