NO. 5 VOL. 18 MAY 1978




CERN COURIER
Journal of High Energy Physics

Editors: Brian Southworth
Henri-Luc Felder
Gordon Fraser

Advertisements: Micheline Falciola

Laboratory correspondents:

Argonne National Laboratory, USA
Ch. EW.Ward

Brookhaven National Laboratory, USA
P. Wanderer

Cornell University, USA
N. Mistry

Daresbury Laboratory, UK
V. Suller

DESY Laboratory, Fed. Rep. of Germany
D. von der Ropp

Fermi National Accelerator Laboratory, USA
R.A. Carrigan

KfK Karlsruhe, Fed. Rep. of Germany
F. Arendt

GSI| Darmstadt, Fed. Rep. of Germany
H. Prange

INFN, Italy
M. Gigliarelli Fiumi

JINR Dubna, USSR
V.A. Biryukov

KEK National Laboratory, Japan
K. Kikuchi

Lawrence Berkeley Laboratory, USA
W. Carithers

Los Alamos Scientific Laboratory, USA
0.B. van Dyck

Novosibirsk Institute, USSR
V. Balakin

Orsay Laboratory, France
J.E. Augustin

Rutherford Laboratory, UK
J. Litt

Saclay Laboratory, France
A. Zylberstejn

SIN Villigen, Switzerland
G.H. Eaton

Stanford Linear Accelerator Center, USA
L. Keller

TRIUMF Laboratory, Canada
M.K. Craddock

Copies are available on request from:
Federal Republic of Germany —

Frau |. Schuetz

DESY, Notkestieg 1, 2 Hamburg 52
Italy —

INFN, Casella Postale 56,

00044 Frascati,

Roma
United Kingdom —

Elizabeth Marsh

Rutherford Laboratory, Chilton, Didcot

Oxfordshire 0X11 0QX
USA/Canada —-

Margaret Pearson

Fermilab, PO Box 500, Batavia

Illinois 60510
General distribution —

Marie-Jeanne Blazianu

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 manage-
ment.

Printed by:  Cherix et Filanosa SA,
1260 Nyon, Switzerland
Merrill Printing Company
765 North York, Hinsdale,

Illinois 60521, USA

Published by:

European Organization for Nuclear Research
CERN, 1211 Geneva 23, Switzerland

Tel. (022) 834103, Telex 23698

USA: Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, lllinois 60510

Tel. (312) 840 3000, Telex 910 230 3233

150

Contents

Surprise at Gargamelle
Electron-neutrino interactions at h/gh energy appear to break the ru/es

Could accelerators replace fast breeder reactors ? .
More thinking on the possible use of particle acce/erators to produce
fissile material

ECFA Meeting .
Europe studies its future acce/erator requrrements

Around the Laboratories

. LOS ALAMOS : Factory managers’ meeting

Senior scientists from the world’s meson factor/es d/scuss common
objectives
FERMILAB : New four lepton event/ Internal Picket Fence test .
Four leptons seen in neutrino bubble chamber interaction / Add/t/ona/
instrumentation for 15 foot bubble chamber
PEKING : Design of proton synchrotron
Chinese draw up plans for new acce/erator
KEK: Photon Factory
Japanese synchrotron rad/at/on facr//ty gets the go ahead
BROOKHAVEN: : Light source takes shape
Plans advance for new US synchrotron rad/at/on mach/ne
USSR:SRFsin USSR .
Synchrotron radiation facr//t/es in the S owet Un/0n
OXFORD/FERMILAB: ISIS/CRISIS
New type of detector developed for use in /arge hybr/d systems at
CERN and Fermilab
CERN : Computer network /A hundred years later / Nuclear traffic .
New data communications system for big experiments / Today’s tech-
niques add another chapter to atomic spectroscopy / Reactors and
accelerators working together in nuclear physics experiments
DESY : DORIS running at 9.4 GeV .
Record energies reached in e/ectron—posﬂron co//rsrons and further
data from the experiments

Physics monitor

The wonderful world of helium-3 .o
A possible new scenario for neutral current effects

Black holes large and small
Good evidence for the existence of black ho/es

Cosmic thoughts on cosmic rays
The mystery of extreme energy cosmic rays remains

People and things

151

152

154

155

156

158

158

158

159

160

162

164

166

167

168

169

Cover photograph: ‘Break-through’ at SLAC in the tunnel boring of the

Berkeley/Stanford electron-positron storage ring, PEP. The photograph shows
the tunnel opening, which was gratifyingly in the right place, being enlarged. This
completes the first 800 foot stretch to be bored for the ring. (Photo Joe Faust)



Surprise at Gargamelle

One of the immediate objectives of
particle physics research is to under-
stand weak interactions and, in par-
ticular, the phenomenon of the weak
neutral current which was ‘discovered
in the Gargamelle heavy liquid bubble
chamber at CERN in 1973. This dis-
covery was a major success for the
gauge theory which attempts to unify
weak and electromagnetic interac-
\Jons, since it had predicted the ex-
istence of the weak neutral current.

Experiments during the past few
years have generally been in line with
the standard gauge theory of weak and
electromagnetic interactions. It began
to look as though the dust was settling
and that the neutral current could take
its place in physics textbooks as an un-
derstood phenomenon.

However, the experiments up to
now have concentrated on the neutral
current interactions of neutrinos with
nuclei, which are much more abundant
than the corresponding interactions of

neutrinos with electrons. A new in-
vestigation, using Gargamelle resited
at the 400 GeV proton synchrotron, of
the high energy elastic interactions of
neutrinos and electrons using the wide
band neutrino beam, has come up with
totally unexpected results. The experi-
ment, involving a Bari/CERN/Ecole
Polytechnique/Milan/Orsay collabora-
tion, is a rerun at higher energy of the
classic 1973 study which saw neutral
current interactions between neutrinos
and electrons for the first time.
While the object of the exercise in
1973 was simply to search for this
new type of interaction, the aim at the
SPS is to measure the production rate
of elastic electron-neutrino scattering
at higher energies and to find if the
neutral current phenomenon with
electrons changes significantly with in-
creasing energy. This would be new in-
formation on the leptonic neutral cur-
rent which is much less known than
the hadronic neutral current (the reac-

One of the events recorded (via three cameras)
in the heavy liquid bubble chamber,
Gargamelle, using high energy neutrino beams
from the 400 GeV proton synchrotron, where a
neutrino entering from the left has interacted
with an electron producing the spray on the
right initially from a single electron track.
Neutral current interactions of this type have
been seen in numbers much higher than
anticipated which is causing considerable
confusion in the standard theory of what is
happening.

tions of neutrinos with nuclei).

With Gargamelle filled with a mix-
ture of 90 per cent propane and 10 per
cent freon, 128000 pictures were
taken in October and November last
year. After careful selection, ten clear
candidate electron-neutrino events
were found and painstaking analysis
revealed that asignal equivalent to just
a small fraction of an event could be
attributed to background processes
which mimic true neutral current ef-
fects. So the ten events look good and
provide the first measurements of this
important process at high energies.

In the gauge theory of weak and
electromagnetic interactions, which
had so far appeared to be highly suc-
cessful in accounting for the observed
behaviour in neutrino experiments, one
vital parameter is the so-called
‘Weinberg-Salam’ mixing angle. This
pins down how the two neutral bosons
— the photon of electromagnetism
and the neutral intermediate vector
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boson responsible for weak neutral
current effects — appear in the theory
and dictates how the usual electro-
magnetic phenomena are embedded
in a unified picture of weak and
electromagnetic interactions. Any
measurement of neutral current ef-
fects gives a value for this mixing
angle.

With most other experiments over a
wide energy range consistently hom-
ing in on a value for a mixing angle near
sin? @ = 0.25, a radically different
result from the new Gargamelle experi-
ment comes as a great surprise. The
measurements on the production rate
for electron-neutrino neutral current
events at SPS energies gives the sin?
0 parameter as at least 0.74, vastly
different from the value of 0.25 found
for nucleon-neutrino neutral current
interactions at any energy studied so
far. The significance of this measure-
ment is highlighted when it is pointed
out that the conventional 0.25 value
would result in less than two electron-
neutrino events being seen in the
128000 picture sample. The chances
of seeing ten events in such a big
statistical sample when less than two
are expected are extremely remote.

The differences in behaviour bet-
ween electron-neutrino and nucleon-
neutrino neutral current events could
be attributed to a current which cou-
ples to electrons but not to nucleons.
The change in behaviour of electron-
neutrino interactions with increasing
energy is, however, less easy to ac-
count for. Just as we thought we were
beginning to understand what goes on,
the theory of weak interactions has
been thrown back in the melting pot
and we can only speculate on what will
emerge.
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Could accelerators

replace
fast breeder

Questioning the "usefulness’ of high
energy physics research has damped
down considerably in recent years.
One reason for this is the renewed
vigour and liveliness of the research
itself where discoveries and fresh in-
sights are tumbling over one another.
Another probable reason, leaving aside
the more idealistic arguments about
increasing human knowledge etc., is
that the technology required for high
energy physics research is finding ex-
tensive applications in other fields.

The degree of sophistication which
accelerator and detector technologies
have achieved has opened up uses, for
example, in medicine, as intense
neutron sources, in a host of syn-
chrotron radiation applications, and,
recently, in the prospect of a new
route to thermonuclear fusion (see
November 1977 issue, page 364). This
last idea, that heavy ion accelerators
could be the instruments to implode
deuterium-tritium pellets, is a potential
application of high energy physics
technology which could prove of in-
estimable value.

Another topic, which has been sim-
mering for some time, suddenly seems
to be emerging strongly and is of the
same stature as the heavy ion fusion
concept. It is the idea of using ac-
celerated proton beams to breed fis-
sionable material. Perhaps the present
unease about fast breeder reactors has
prompted the increased interest in
finding an alternative way to sustain
the fuel supply for ‘conventional’ fis-
sion reactors.

If nuclear fission is to continue as an
energy source for long into the future,
some method of manufacturing the fis-
sile fuel from non-fissile material at a
faster rate than the fuel is spent — the
process known as breeding — has to
be applied. This is because the conven-
tional thermal reactor burns uranium-
235 (which produces energy when its
nucleus breaks up on absorbing an ad-
ditional neutron) and the energy
potential from the total known natural

reactors ?

reserves of uranium-235 is only a fifth
of that of the known oil reserves. Not
many decades can go by before all the
fissile uranium ore of high grade is
used up and costs would then rise
steeply. ’

The breeder technique which has
received most attention so far, is that
of the fast breeder reactor where
uranium-238 nuclei receive fas'g
neutrons from the fission of plutonium-
239 and convert to plutonium-239.
Burning plutonium-239 in the reactor
core releases fast neutrons which
breed more fuel in a surrounding
uranium-238 blanket. This would en-
sure energy resources for a very long
time since uranium-238 is 140 times
more abundant in Nature than
uranium-235.

There are, however, several worries
about this technigue mainly because of
the high energy density in the breeder
reactor core, which is not easy to con-
trol, and because of the dangers in-
herent in producing large quantities of
plutonium-239.

Another approach to breeding fissile
fuel starts from thorium-232 nuclei
which receive slow neutrons and con;
vert to fissionable uranium-233. The
process is not as efficient as uranium-
plutonium but thorium-232 is com-
paratively plentiful in Nature and con-
ventional thermal reactor technology
(rather than fast breeder technology)
can be used since only slow neutrons
are needed. Reactors fuelled with
uranium-233 surrounded by a thorium
blanket thus have attractions com-
pared to the fast breeders.

However the breeding process for
thorium is, by itself, not quite efficient
enough. The uranium-233 fission has
to liberate one slow neutron to sustain
the fission chain reaction in the reactor
core by seeding another uranium-233
nucleus. Then there are inevitable
neutron losses from the reactor, usual-
ly listed as 0.2 to 0.3 neutrons per fis-
sion, and, on top of this, another slow
neutron has to be available for con-
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verting a thorium nucleus to replace
the fissioned uranium nucleus.

If the system is to breed — creating
more uranium nuclei than are initially
burned in the reactor, the average fis-
sion has to vyield over 2.3 slow
neutrons. The uranium-233 to
thorium-232 cycle falls short of this in
practical systems, such as the CANDU
(Canadian Deuterium Uranium) heavy
water reactors, by some 10%.

If the uranium-thorium cycle is to be
used as a breeder system, we need an
economic source of neutrons to top up
the few percent that the cycle itself
)1oes not provide in order to use up all
the thorium. This is where accelerators
could come in. It is worth underlining
that the job of the accelerator is not to
undertake the full breeding process but
to top up what is achieved at the reac-
tor itself.

The idea of accelerated beams
producing fissile material is not new.
Glenn Seaborg and his colleagues
produced tiny quantities of plutonium-
239 from uranium-238 using deute-
rium beams as long ago as 1940. The
idea of using accelerators as a source
of neutrons, which would then initiate
fission, is more difficult to trace. The
earliest relevant papers we know of
date back to 1947 when Vanna Coc-
coni realized, while studying cosmic
rays with boron trifluoride counters,
that high energy particles ploughing
into nuclear matter were sources of
many neutrons. This was documented

in several papers, some with Giuseppe
Cocconi. In 1948, R.H. Goeckerman
and I. Perlman saw 190 MeV deuteron
interactions in bismuth giving twelve
neutrons and, in the same year, P.R.
O’ Connor and Glenn Seaborg saw the
same effect with alphas on uranium.

The first practical attempt to build
an accelerator to perform this function
was abandoned in 1952 when high
grade uranium ore was discovered.
This accelerator was the incredible
MTA linac at Livermore, promoted by
E.O. Lawrence, which was intended to
use 500 MeV deuteron beams fired
into beryllium (to produce neutrons)
surrounded by uranium-238 which
would convert to plutonium-239.
When MTA died, the banner was taken
up by W.B Lewis in Canada.

A Canadian team at Chalk River
proposed a 1 GeV, 65 mA proton linac
- the Intense Neutron Generator, ING -
where spallation neutrons would
emerge from a heavy metal target. The
soundness of the proposal was
checked on the Brookhaven Cosmo-
tron where proton beams of up to 2
GeV were fired into metal targets and
were found to yield between 20 and
50 neutrons per incident proton. By
now, neutron sources using the spalla-
tion process are major projects at
Rutherford and Argonne.

The ING proposal did not receive
financial support but Chalk River has
remained a strong proponent of such a
scheme as evidenced at accelerator

Scenario for the use of accelerators in a breeder
system to convert thorium into uranium-233
which could be fissioned in conventional
thermal reactors to produce power.

conferences in papers by P.R. Tun-
nicliffe (who has recently retired), J.S.
Fraser and S.0O. Schriber. Their present
thinking centres on a 1 GeV, 100 to
300 mA proton linac. Each 1 GeV
proton fired into uranium block would
give 50 neutrons into a surrounding
thorium blanket. This could top up a
dozen uranium-thorium breeder reac-
tors of the 1000 MW CANDU type in
Canada.

Meanwhile proton linacs of high in-
tensity have begun to look more
realistic, thanks particularly to the
work of Louis Rosen and his team on
the 800 MeV LAMPF accelerator at
Los Alamos. Los Alamos recently in-
itiated a new study on fertile to fissile
nuclear fuel conversion, using ac-
celerators as the neutron source, in the
Energy Division and the Accelerator
Technology Division led by Ed Knapp.
Oak Ridge are also interested and have
completed a similar study in a team led
by Fred Mynatt (Report ORNL/TM-
5750). A lot of thinking about the pos-
sibility of breeding using accelerators
was pulled together at an ERDA Infor-
mation Meeting held in Brookhaven in
January 1977.

At Fermilab, Bob Wilson has thought
about the use of higher energy (1000
GeV) protons for the same neutron
producing purpose (see December
1976 issue, page 440). The neutron
yield goes up linearly and one 1000
GeV proton could produce about 50
thousand neutrons. A high energy
comparatively low current accelerator
could circumvent the high intensity
problem of accelerators in the 1 GeV
range. However, the neutron yield
would be spread over a longer target
needed to stop the high energy proton
which could introduce different prac-
tical difficulties.

One surprising fact, in view of the
potential importance of the topic, is
that spallation neutron yields from
targets of different elements and dif-
ferent configurations do not seem to
have been studied in a systematic way.
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These comparatively straightforward
experiments would enable more
precise figures to be fed into the very
sensitive calculations used by the ad-
vocates of accelerators for fission
systems. Some measurements are un-
der way at the TRIUMF cyclotron in
Vancouver and are planned at LAMPF.

Typical estimates are that a 1 GeV
proton would produce 50 neutrons
and 4 GeV of heat in a natural uranium
target sufficiently large for the full spal-
lation chain to occur. Some advocates
propose that this production of heat
could be put to good use, for example
as the source of energy for the ac-
celerator operation, but it may, in fact,
only be a complication. The materials
problems at the target would be severe
and there is probably much to be
learned from the fast breeder and fu-
sion experts.

Since almost all the neutrons could
convert a fertile atom to a fissile atom,
a beam of 300 mA, 1 GeV protons
could give a ton of fissile material per
year. More importantly, this same
beam, or a mueh less intense beam
(say 25 mA) could be used to “top up”’
the conversions already achieved in a
thorium blanket around a uranium-
233 thermal reactor. In this way fissile
material could be bred, using the
thorium-uranium-233 cycle, conven-
tional reactor techniques and ac-
celerator systems, without resort to
the uranium-plutonium cycle or fast
breeder technology.

Cost estimates can only be tentative
until more precise figures can be as-
sociated with target performance and
until accelerator technology has been
extended to achieve the necessary
machine parameters. In any case, the
cost of producing energy from an
accelerator-based system is unlikely to
come out below the corresponding
cost using fast breeders. But if the
necessary development can be suc-
cessfully accomplished, mankind may
well judge the other advantages to be
worth the cost.
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ECFA Meeting

A plenary meeting of ECFA was held
on 12 April at CERN under the Chair-
manship of Marcel Vivargent, with the
purpose expressed in its title — Euro-
pean Committee for Future Ac-
celerators — very much in mind. The
possible future projects which Europe
may undertake were major items on
the agenda.

ECFA has already given top priority
to the construction of a much higher
energy electron-positron colliding
beam machine. This is now being
studied at CERN in a 70 GeV version,
LEP-70. This would be half the size of a
100 GeV version initially envisaged, for
which some severe machine problems
were found.

To involve the full European high
energy physics community in the con-
tinuing discussion about the machine
design and its physics programme,
ECFA has set up a "Working Group on
LEP Studies’ under the Chairmanship
of Antonino Zichichi. It is likely to have
four sub-groups looking at the ma-
chine characteristics, the theoretical
considerations dictating the choice of
the machine, the experimental
programme and the detection
systems. With the advent of this new
Working Group, the ECFA Committee
for Accelerator Studies, ECAS, has
been disbanded.

A LEP Summer Study is to be held at
Les Houches (France) and CERN from
11-22 September. The Study will be
sponsored- jointly by ECFA and
CERN and will consist of a ten day
meeting with limited participation at
Les Houches, followed by an open two
day summary meeting at CERN. A
preliminary meeting to acquaint peo-
ple with the present state of the LEP
design was held at CERN on 3 May.

The Summer Study will involve
about sixty people in the working ses-
sions at Les Houches. Convenors will
be J. Le Duff for ‘machine parameters’,
Chris Llewellyn-Smith for ‘electron-
positron physics much beyond PETRA
energies’, M. Davier for ‘experimenta-

tion at LEP’, P. Strolin for 'design of in-

teraction regions’ and Klaus Winter for

‘new ideas about detectors’.

At the April meeting, ECFA also
looked at other accelerator pos-
sibilities which have high physics in-
terest and which do not involve a major
new project. At the end of presenta-
tions on the physics (by Chris
Llewellyn-Smith) and technical con;
siderations (by Franco Bonaudi), ECF+
formulated the following statement:
1. ECFA restates that its highest

priority is the rapid construction of
a high energy positron-electron
colliding beam system (LEP).

2. ECFA has examined a number of
recent reports on the upgrading of
existing facilities. Amongst these,
apart from the proton-antiproton
project which is already at a mature
stage, ECFA considers the electron-
proton collider proposals as having
the greatest scientific merit.

Another Working Group was set up
under the Chairmanship of John
Mulvey — “Working Group on High
Energy Physics Activities in the CERN
Community’. Its purpose is to draw up
an inventory of existing resources an
to monitor their evolution in the chang-
ing situation of European high energy
physics. As a result of its work, ECFA
should be in a position to comment on
collaboration at international, national
and University levels, on the develop-
ment of national activities, on person-
nel requirements and on the distribu-
tion of financial resources.




Around the Laboratories

LOS ALAMOS
Factory managers’
meeting

On 30-31 March, Directors and senior
scientists from most of the world’s
‘meson’ factories met at Los Alamos
to discuss their common hopes and
‘problems. Present were Louis Rosen
(LAMPF), J.P. Blaser (SIN), Jack
Sample (TRIUMF), Peter Demos and
William Turchinetz (Bates Accelerator
MIT), Claude Schuhl (ALICE, Saclay),
A.H. Wapstra (IKO Amsterdam), René
Buertey (Saturne, Saclay), Gunnar
Tibell as observer (CERN) and Andrew
Bacher (Indiana Univ.). The aims of the
meeting were to improve communica-
tion of experimental results and
programmes, to avoid unnecessary
duplication, to coordinate computer
work, and to discuss improvements to
machines and detectors. It is intended

to hold the meetings on an annual
basis.

At the end of the meeting it was
decided to pursue the following ini-
tiatives:

1. Timely dissemination of informa-
tion of data obtained, experiments un-
der way and planned, operational
status of facilities, and plans for
developing new opportunities.

2. ldentify a liaison person at each
facility to serve as a source of informa-
tion and as a coordinator for special
arrangements such as the exchange
of personnel, organization of study
groups, and of workshops and the
cataloguing of available resources
such as surplus equipment, computer
programs, special reports on in-

strumentation and exchange of un-
published data from experiments of
common interest. .

3. ldentification, by each Laboratory,
of specialists who can be consulted
with respect to specific technologies

Attendees at the Medium Energy Accelerator
Management Conference, held at Los Alamos.
Clockwise from head of table: Louis Rosen,
Jack Sample, William Turchinetz (hidden from
camera), Andrew Bacher, A.H. Wapstra, Gunnar
Tibell, René Beurtey, Claude Schuhl and Peter
Demos.

(Photo Los Alamos)

involved in experimental programmes,
or accelerator improvements, of com-
mon interest.
4. Develop and distribute listings of
current experiments to be updated
every six months. A one-page yearly
summary will be prepared for each ex-
periment which has been in progress
during that year.
5. Trytoincrease the opportunities for
scientific and technical exchanges and
collaborative experiments as a means
of stimulating technology transfer and
enhancing the effectiveness and
productivity of all the facilities in-
volved.
6. Encourage the attendance of
observers from sister facilities at scien-
tific programme committee meetings.
7. Develop a mechanism for the rapid
dissemination of experimental results.
In order to accomplish the above ob-
jectives, the liaison persons will at-
tempt to maintain good communica-
tions among the various Laboratories
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and with two secretaries - one for
Europe and one for North America. For
the next year the secretaries will be
Claude Schuhl from Saclay and Jack
Sample from TRIUMF. The secretaries
will invite the management of other
comparable facilities to participate in
the activities and in future meetings.

FERMILAB
New four lepton event

A partial scan of photographs of
neutrino-induced events in the 15 foot
bubble chamber at Fermilab has
revealed an unusual event. It has four
leptons (two electrons, one positron,
and a positively charged muon), a
neutral kaon and seven gammas with a
total visible energy of 32 GeV. It was
recorded using the quadrupole triplet
neutrino beam, the bubble chamber
and a two-plane External Muon lden-
tifier (EMI) by a collaboration of
physicists from Wisconsin / Fermilab /
Hawaii / LBL / Seattle. The chamber
was filled with a 47 % mixture of neon
in hydrogen.

Several experiments have reported
four muon events and trimuon events;
this is the first reported four lepton
event with three electrons. It appears
to differ from the four muon event seen
by the CERN / Dortmund / Heidelberg /
Saclay collaboration (see December
1977 issue, page 406) in carrying a
much smaller proportion of hadronic
mass.

One electron has 0.91 GeV, the

other 2.29 GeV, the positron 2.03 GeV-

and the muon 21.74 GeV. The neutral
kaon decay occurs 1.7 cm from the
vertex and has a good 3C fit with an
energy of 2.06 GeV. The signatures for
an electron come from bremsstrahlung
gammas which are tangential to the
track and subsequently convert into
electron pairs. The schematic diagram
shows dotted lines representing the

156

gamma rays from the brems-
strahlungs. However, some conver-
sions occur rapidly and appear as tri-
dents along the electron track. Both
the positron and low energy electron
have a trident within 15 cm of the
vertex. Background processes that
could create these electrons are
calculated to be small.

The muon track was extrapolated
through nine absorption lengths and
recorded in one chamber in each plane
of the EMI. There were no other hits in
either chamber. This event appears to
have been produced by an antineutrino
since the muon has the largest
transverse momentum and more than
half the visible energy of the event.

A prevailing view of neutrino in-
teractions suggests that multi-lepton
events are signatures for the produc-
tion of new quarks or heavy leptons.
Some theoreticians have suggested
that this event could be typical of what
would be expected from the produc-

tion of a free top (or bottom) quark.
However, it is difficult to reconcile the
kinematics of this event with the cur-
rently popular theories. One possible
interaction is production of charmed
and vector mesons with the vector

meson decaying into an electron-
positron pair. The invariant mass of the
pair is consistent with this decay but
the expected rate per antineutrino
event is much smaller than could nor-
mally have been observed in the ex-
posure.

Internal Picket
Fence test

For several years the External Muon
Identifier (EMI) at the 15 foot bubble
chamber has helped in identifying
muons produced in neutrino interac-
tions. Last year the EMI was substan-
tially upgraded with more multiwire



The neutrino-induced four lepton event,
including three electrons, seen in the 15 foot
bubble chamber at Fermilab with an insert
showing a magnified view of the neutral kaon
decay into two pions. The event was seen in a
Wisconsin/Fermilab/Hawaii/ LBL [ Seattle
experiment using a neon-hydrogen mixture in
the chamber. The area shown is roughly of T m
side. The schematic diagram below (turned
through 90°) indicates the electron
identifications viatrident production(T,)and
bremsstrahlung tangential to the track
(indicated by dotted lines) converting to
electron-positron pairs. The pion tracks come
from the neutral kaon decay.

Plan view of the Fermilab 15 foot bubble
chamber equipped with an Internal Picket
Fence counter system (IPF). These wire planes
are sandwiched inside the magnet coils near
the operating volume. The External Muon
Identifier (EMI) planes are located downstream
of the chamber.
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proportional chamber planes and new
electronics. As a part of this improve-
ment programme, a test version of an
Internal Picket Fence (IPF) consisting
of sixteen counters was built and in-
stalled. It is expected to increase the
usefulness of the EMI especially for
high-y, charged current and neutral
current interactions as well as dimuon
events.

Presently all the hits in the EMI
(integrated over the entire beam spill)
in the vicinity of the extrapolated bub-
ble chamber track must be considered
as potential muon candidates.
However, most of them (85 to 90 %)
arise from neutrino interactions in the
absorber and other material sur-
rounding the bubble chamber.
Because of multiple Coulomb scatter-
ing, the probability of an accidental
match becomes very large for low
momentum tracks.

The IPF counters were located in-
side the vacuum tank between the
chamber and the superconducting
magnet. They provide the times of all
charged particle tracks emerging from
the chamber. The time of the neutrino
interaction is obtained by interrogating
those IPF counters predicted to be hit
by analysis of the bubble chamber pic-
ture. The event time obtained from the
Internal Picket Fence can then be used
to eliminate accidentals. It can also be
used to identify a neutral current event
if no hits occur in the EMI in a time slot
specified by the IPF.

The environmental conditions place
severe constraints on the Internal
Picket Fence counters. They have to be
vacuum-tight, small enough to go into
the 4 cm gap between the chamber
and magnet coil and operate near
equipment at liquid  hydrogen
temperature, as well as in a magnetic
field of 3 T. Each IPF counter has nine
sense wires and eight field wires inside
a 1.5 cm thick, 10 cm wide, 120 cm
long rectangular aluminium tube. All
sense wires are tied together to give
one signal output per counter. The
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counter is contained in a vacuum-tight
stainless steel vessel wrapped with
many layers of super-insulation. Since
argon-ethane was used for the gas, the
temperature of the IPF is regularly
monitored to keep it at room
temperature with a small heater.

Last winter the test IPF operated for
three months during a neutrino bubble
chamber experiment and preliminary
analyses have revealed promising per-
formance. The detection efficiency of
the counters was about 80 % per track
and the probability of a neutrino in-
duced interaction hitting at least one
counter was as high as 65%, even
though the area covered by the test
version is only 25% of the down-
stream region (roughly 2 m x 2.5 m) of
the bubble chamber.

Encouraged by these results, Fer-
milab plans to install a larger scale IPF
in the summer with much less dead
space.

PEKING
Design of
proton synchrotron

The Institute of High Energy Physics at
Peking is developing the design of a 30
to 50 GeV proton synchrotron. It is felt
that such a machine is within the pres-
ent capacity of Chinese industry and
one of the aims in the decision to build
a particle accelerator, in addition to the
desire to enter the field of high energy
physics research as soon as possible, is
to stimulate Chinese industry. The ac-
celerator design has in mind the pos-
sibility of it being used in the injection
system of a multihundred GeV
machine, or a colliding beam machine,
at a later date.

The preliminary design has a 200
MeV linac feeding a synchrotron about
460 m in diameter with peak magnetic
field around 1.6 T. The anticipated in-
tensity is about 5 x 10'? protons per
pulse at a repetition rate of about one

158

pulse every three seconds. The
probable subsequent addition of a fast
cycling booster could later take the in-
tensity to over 103,

Contacts with industry are being
made to produce the prototype of the
first 10 MeV tank of the nine tank linac
which will operate at about 200 MHz.
The option of negative hydrogenion in-
jection to increase intensity is being
kept open.

A site near Peking is being in-
vestigated and the aim is to have the
accelerator constructed during the
next five years.

KEK
Photon Factory

The construction of a ‘Photon Factory’
for synchrotron radiation research has
been approved in the budget for Fiscal
Year 1978 in Japan. Originally it was
planned to be an independent institu-
tion but it was finally established as a
part of the KEK Laboratory where the
12 GeV proton synchrotron is in opera-
tion. Construction will be completed in
four years at a total cost of about $70
million of which $33 million is for the
accelerator complex and experimental
facilities and $37 million for buildings,
including the electric power station
and the water cooling plant.

The accelerator consists of a 2.5
GeV electron linac (total length 400 m)
and an electron storage ring (diameter
50 m). The design performance is for
an electron beam intensity of 50 mA
from the linac at a repetition rate of
50 Hz. The storage ring has an electron
beam intensity of 500 mA. The
magnetic field is 1 T and the life of the
electron beam is about ten hours.

The energy spectrum of the syn-
chrotron radiation reaches a maximum
intensity of 10'® photons per second
per angstrom at the wavelength of
about 2.3 A without any specific

devices. A superconducting ‘wiggler’
will be installed to raise the peak to
10'7 photons at a smaller wavelength
0.38 A.

Six channels will be provided for ex-
periments. Outside KEK, there is a
mighty Users’ Association which has
grown from the Users’ Group at INS-
SOR (the 300 MeV storage ring at the
Institute for Nuclear Study, University
of Tokyo) in the past fifteen years and
now consists of 360 members.

The project head is K. Kohra who
has been in charge of the Users’ As-
sociation and has been the most
earnest promoter of the project. Head
of the linac construction is J. Tanaka,
who has been the head of the proton
linac group of the KEK proton syn-
chrotron, and the head of the storage
ring construction is K. Huke, who has
moved from being head of 1.3 GeV
electron synchrotron group at the In-
stitute for Nuclear Study in Tokyo. At
present there are only a few people on
the staff of this new project and staff
from the PS are therefore collaborating
with them in the machine construc-
tion. The total number of staff is ex-
pected to increase to about 160 in four
years.

BROOKHAVEN
Light source
takes shape

Both storage rings of the National
Synchrotron Light Source, NSLS,
which is to be built at Brookhaven are
now at an advanced stage of design
and all major parameters have been
fixed. The NSLS, which has construc-
tion funds of $ 24 million, involves two
electron storage rings to provide in-
tense fluxes of synchrotron radiation
for research in the X-ray and vacuum
ultraviolet regions.

The present aim is to bring the VUV
ring into operation in 1980 with eight-



The proposed arrangement for the ‘Photon
Factory” — an electron storage ring for
research with synchrotron radiation — to be
built at the KEK Laboratory in Japan.

Y w Storage
Ring

een beam ports (including two fed by
‘wiggler’ sections to give smaller
\wavelength radiation). The X-ray ring
will follow later having thirty beam
parts (including five ‘wigglers’).

The project, led by Arie van
Steenbergen, now involves about fifty
people. Two committees have been set
up to look at the research priorities of
the user community and the costs that
these will involve. An X-ray Committee
is being chaired by T. Koetzle and VUV
Committee by R. Holroyd. Martin
Blume is the Users’ Organization Coor-
dinator and Morris Perlman Head of
the Research Facilities Section.

SRFsin USSR

Since we already have two articles on
synchrotron radiation research facili-
ties this month (from Japan and Brook-

haven) it is a good time to add some
notes on facilities in the Soviet Union.
We were helped by a report of Herman
Winick from the Stanford Synchro-
tron Radiation Laboratory who toured
the USSR last Autumn.

A Synchrotron Radiation Commis-
sion has been set up chaired by Vitaly
Goldanskii of the Moscow Institute of
Chemical Physics with Sergei Kapitza
of the Moscow Institute for Physical
Problems as Vice-Chairman and
Evgeny Kosarev of IPP as Secretary.
Research is under way at two syn-
chrotrons of the P.N. Lebedev Institute
(a 1.2 GeV machine, Pakhra, about 35
km from Moscow, and a 680 MeV
machine, Fian, in Moscow), at the
Erevan 4.5 GeV synchrotron, Arus, in
Armenia and at the storage rings of
Novosibirsk. There are also facilities at
Tomsk (the 1.3 GeV electron syn-
chrotron) and at Kharkov where there is
a 2 GeV linac and a 100 MeV storage
ring.

At Pakhra there is a single radiation
beam line and a second is planned for a
new experimental hall. Accelerated
currents are around 10 mA and there
are plans to increase this to over 1 A by
using a 25-40 MeV racetrack micro-
tron which is under construction as a
new injector. They have put a lot of
thought into the use of undulators to
achieve radiation with special char-
acteristics.

Fian was a scale model of the Dubna
10 GeV synchrophasotron. It now
operates with currents up to 300 mA
following the installation of a Tesla
transformer, built at Novosibirsk, as in-
jector. It has one beam line with five
experimental stations.

At the Erevan Physics Institute
(ERPI) the main research emphasis is
in the field of high energy physics but
the Director, I. Amatuni, is also very in-
terested in synchrotron radiation re-
search, which goes on in parallel plus
about 100 hours of dedicated use a
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The large ISIS detector constructed at Oxford
University to be used for the identification of
particles in the European Hybrid Spectrometer
at the CERN SPS.

L TTETTTIIT

year. The circulating current is 1.5 mA
and there are two radiation beam
lines. The machine has a ‘wiggler’
(built by Marzik Petrossian), which can
produce fields of 1.8 T,and abeam line

is being built to use the lower
wavelength radiation which this will
make possible.

ERPI also have plans for a storage
ring (ERSINE) dedicated to syn-
chrotron radiation research. The
design group is led by lvan Karabekov.
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The ring is for up to 2.5 GeV electrons,
injected at full energy from Arus, with
circulating currents up to 0.75 Ain a
ring 13 m in diameter.

The synchrotron radiation facilities
at the storage rings of the Novosibirsk
Institute of Nuclear Physics have been
covered in the COURIER pages before
(see, for example, March 1977 issue,
page 62). Three VEPP rings are in ac-
tion and a large and growing research
programme with good instrumentation

Direct display of signals from the wires
reconstructing tracks passing through the
detector ISIS which is undergoing tests on the
Nimrod synchrotron at Rutherford. The tracks
are produced by a beam passing 1.5 m from the
signal wire plane. The detector, filled with an
argon/20% carbon dioxide mixture, was being
run at 100 kV (140 kV has been reached). The
drift time was 75 us. Some low energy
electrons were also observed.

surrounds them. The programme is en-
couraged by the interest of the Direc-
tor, A. Skrinsky. Adding to the existing
equipment, a superconducting wiggler
is scheduled for installation in VEPP-3

very soon.

OXFORD/FERMILAB
ISIS/CRISIS

A new type of particle detector, known
as ISIS — Identification of Second-
aries by lonization Sampling, was
proposed at Oxford University in 1974
(see April issue, page 128). An ISIS
has now been built and is undergoing
tests on Nimrod at the Rutherford
Laboratory. First results look good.

ISIS is a variant of the drift chamber
technique which adds the ability of
identifying very high energy particles
by taking a large number of samples of
the ionization they leave in their wake.
For the different types of particle of a
given momentum, the ionization is
slightly different (e.g. about 15 % more
for pions than kaons and 10 % more for
kaons than protons over a wide range
of energies from about 5 to 100 GeV).
Many samples have to be taken to
avoid being confused by Landau fluc-
tuations.

The tested detector (constructed at
Oxford and moved for tests to Nimrod)
encloses a large volume 4 x 2 x 1.5m?



of gas in which a uniform electric field
is established. A horizontal plane of
signal wires runs along the centre and
the volume is effectively divided into
ionization sampling sections of width
equal to the signal wire spacing. The
time of arrival of signals gives particle
positions accurately and the amplitude
corresponds to the ionization caused in
that sampling section and helps to
identify the type of particle.

A larger volume ISIS is intended to
act as particle identifier in the Euro-
pean Hybrid Spectrometer which is to
be installed in the North experimental
area at the CERN 400 GeV proton syn-
chrotron, the SPS.

The multiparticle detection abilities
have been confirmed as shown in the
photograph. Everything is now ready
to test the ionization abilities using
pions and protons at 3.5 GeV/c tagged
by a time of flight system.

The Oxford design has also been
taken up at Fermilab for a hybrid
system at the thirty inch bubble
chamber. It ‘has gathered the name
CRISIS, Considerably Reduced
ISIS. The device, one meter on a side,
delivered the design resolution during
tests at Fermilab in November and
December, 1977. The team, led by
Vera Kistiakowsky, included contribu-
tions from MIT, Yale, Tennessee, In-
diana and Fermilab.

The complete CRISIS will be Tm x
Tm X 3m and is destined for
downstream particle identification in
the Fermilab Hybrid Bubble Chamber
Spectrometer which will also include a
forward gamma detector and a 2m x
2m X bm segmented Cherenkov
counter to be built by Michigan State
with some assistance from Fermilab.
The tested device was a full scale
module which will be one-third of the
final system. This module contains two
sense wire planes and a central drift
potential wire plane, as well as upper
and lower drift potential planes. The
sense wire planes consist of alternate

CRISIS at Fermilab. Nothing to do with funding
this time ... just a module of a detector known as
‘Considerably Reduced ISIS “which is intended
to be part of the hybrid system of the 30 inch
bubble chamber. The main frame is shown with
the central plane consisting of high voltage

wires and the other two planes of sense wires.

First results from tests of the CRISIS module
showing the average ionization detected by the
relativistic rise technique. The final detector will
have three times the number of sampling cells
to improve the resolution further.
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sense and cathode wires with a 4mm
wire separation. Pairs of wires are
ganged together to form 64 channels
providing signals which correspond to
the amount of ionization produced in
1.6cm of 80% argon, 20% carbon
dioxide gas mixture.

The test was carried out with 40
GeV/c and 100 GeV/c pions and
protons. At 40 GeV/c, the resolution
for average ionization was 14 % full
width at half maximum, the expected
value for the reduced system using 32
ionization samples for each particle
which had the smallest values. The
resolution is not sensitive to the exact
percentage of samples used for the
average in the range 30-70% (as has
also been observed by the Oxford and
CERN EPI groups).

The separation between the dis-
tributions for pions and protonsis 15 %
as anticipated in 80% argon, 20%
carbon dioxide at 40 GeV/c. Neither
the pulse height nor the resolution
depended on the drift distance, in-
dicating the absence of field non-
uniformities and electron attachment
in the gas. The complete CRISIS will be
identical in all respects but will have
three times as many wires and
therefore provide up to 192 ionization
samples for each particle and 8%
FWHM resolution. This will permit the
separation of pions, kaons and protons
in the momentum region from 4 to
40 GeV/e.

CERN
Computer network

With the advent of the 400 GeV proton
synchrotron, the demand for data com-
munications at CERN has increased
considerably. Particularly with the
coming into operation of the North Ex-
perimental Area (see April issue, page
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121), communication links have now
to be set up over distances of several
kilometres. At the same time, experi-
ments themselves have become big-
ger and more sophisticated. By linking
local computers at these experiments
to the powerful resources available at
the main computing centre, these ex-
periments can have immediate access
to the required level of data processing
power.

The CERN Computer Network
(CERNET), now coming into operation
to serve experiments in the North Area,
will provide flexible high speed data
transmission to service ultimately the
whole CERN site and to provide links to
computer centres in other research
centres or other computer networks.
Connected to the Control Data and
IBM computers at the main CERN
computer centre, CERNET uses
Modular Computing Services (Mod-
comp) computers as switching nodes
of a ’‘store and forward’ packet-
switching type of communications
network. This technique has been used
before at CERN in the control system of
the SPS.

In such a network, individual mes-
sages are not transmitted in their en-
tirety but are broken up into small units
or ‘packets’. Each packet has a
"header’ indicating the message to
which it belongs, where it has come
from and where it is to go. These in-
dividual packets are then forwarded
separately  through the ‘mesh’
network by the switching nodes, ac-
cording to the transmission paths
available at any time, and reassembled
into the complete message when they
reach their destination. This makes for
efficient sharing of the available links
and ensures uninterrupted service
should individual links break down.

CERNET will provide a powerful and
flexible communications network in
the years to come, serving the growing
data communications needs inside
CERN and connecting with the fast
developing data traffic outside.

In TIELINE, another computer com-
munications development at CERN,
the Control Data and IBM machines in
the main computer centre have been
linked so that users of the IBM
370/168 computer, which is soon to
be joined by an IBM 3032 (see
November 1977 issue, page 372), can
transmit output and print files to the
numerous on-line and remote job entry
terminals attached directly to the
Control Data computers. CERNET also
provides a connection between the
two types of computer and offers an
alternative path for high speed file
transfer.

A hundred years later

After a lapse of more than a hundred
years, another item can be added to
textbook atomic spectroscopy, follow-
ing experiments at the CERN 600 MeV
synchro-cyclotron (SC) where physi-
cists at the ISOLDE on-line isotope
separator have measured optical
spectral lines from the rare element
francium.

The most unstable of all the
naturally-occurring elements, with
even its most stable isotope having a
half-life of 22 minutes, francium
(atomic number 87) belongs in the
same column of the periodic table of
elements as the ‘alkali metals’
lithium, sodium, potassium, caesium
and rubidium.

The wavelengths of the main
spectral lines of sodium were first
measured by Fraunhofer in his in-
vestigations early in the 19th century
of absorption spectra in sunlight, while
the main spectral lines of the heavy
alkali metals caesium and rubidium
were discovered by Bunsen and
Kirchoff in the 1860s.

Francium was discovered in 1939
by Marguerite Perey, working at the
Curie Institute in Paris. Itis produced in
the alpha decay of actinium and so is



naturally present in uranium minerals.
It is estimated that, at any one time,
there is less than an ounce of francium
in the whole of the earth’s crust. In the
laboratory, the element is manufac-
tured by bombarding heavy metals like
uranium or thorium with protons.

At CERN, francium ions are provided
by the ISOLDE separator, with two ex-
periments using ion beams of different

| francium isotopes and applying dif-
ferent analysis techniques. Theoretical
estimates gave the wavelength of the
7p-7s ground state transition some-
where in the range 7000 to 8000 ang-
strom units and one experimental
group from Mainz started at the higher
limit and worked downwards, while
another group from Orsay began at the
lower limit and worked upwards.

In the event, it was the Orsay group
which won the race, as the spectral
line was discovered near 7200
angstroms. In their experiment,
specially prepared oxide surfaces sup-
plied electrons to convert the ions into
electrically-neutral francium atoms.
These were then exposed to carefully
controlled laser beams, reionized and
analysed in a mass spectrometer. The
detection rate remained constant until
the laser was tuned to the wavelength
of the spectral line and a clear shift was
seen in the detected intensity.

Now that the position of the main
transition has been found, the ex-
perimenters are looking for the fine
structure splitting.

Nuclear traffic

Another story from ISOLDE concerns
the growing collaboration in experi-
mental nuclear physics between the
separator and the reactors at the
research complex at Grenoble in
France. It well illustrates the way in
which nuclear reactor and particle ac-
celerator facilities can complement
each other in studies using radioactive
nuclides.
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Two-way traffic in radioactive
nuclides between CERN and Grenoble
is now commonplace, with samples
manufactured at one site being used in
experiments at the other, so widening
the fields of research at both centres.
One study that has made great pro-
gress as a result of this cooperation is
the investigation of atomic structure
effects in X-rays, where radioactive
samples were continually ferried at
high speed between the experiment at
CERN and the reactor at Grenoble.

Beta decay, through the capture by
the nucleus of an inner orbital electron,
leaves a "hole’ in the low-lying energy
levels so that the daughter atom of
atomic number Z retains, briefly, the
outer electron configuration of the
parent atom (Z + 1). This can affect the
X-ray energies measured in high preci-
sion experiments and the shift in
wavelength is expected to be largest
for rare earth and actinide elements
where the outer electron shells are

Part of the data acquisition complex for the
European Muon Collaboration experiment soon
to begin in the North Experimental Area at the
CERN SPS. These computers are part of the
OMNET communications network originally
developed for the Omega spectrometer in the
West Hall. This network is now linked to the
main computer centre through the new
CERNET packet switching network.

(Photo CERN 153.2.78)
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filled before the inner ones. Rare earth
isotopes can be prepared at ISOLDE
and through reactor irradiation at
Grenoble, so providing a twin supply of
nuclide samples for study. This enables
other small effects due to solid state
structure to be identified.

The transport of samples between
Geneva and Grenoble was an impres-
sive exercise with health physics and
transport personnel at CERN, French
and Swiss customs officials, and
health physics and reactor staff at
Grenoble all involved in a finely timed
programme. Samples for irradiation in
the reactor were taken to Grenoble in a
CERN car, where they were exchanged
for newly irradiated ones. These highly
unstable sources, with half-lives
measured in hours rather than days,
were then rushed back to CERN, where
physicists were waiting to set them up
in the experiment. The 150 kilometre
trip between CERN and Grenoble, in-
cluding packing, customs formalities

163



The experimental area at the high flux nuclear
reactor of the Institut Laue-Langevin (ILL),
Grenoble. Experiments have been carried out
on neutron-induced charged particle emission
from heavy nuclei, using radioactive samples
prepared at the ISOLDE isotope separator at
CERN.

(Photo ILL)

Later news from the beginning of May
— a narrow resonance has been seen
around a mass of 9.46 GeV. More de-
tails in the next issue.

at the border and setting up in the ex-
periment is usually accomplished in
about four or five hours.

An experimental programme which
has benefited from radioactive sam-
ples prepared at ISOLDE and taken to
Grenoble is the investigation of the
proton and alpha particle emission in-
duced by thermal neutrons. Normally
the binding energies in heavier nuclei
suppress such reactions, and thermal
neutrons only release charged parti-
cles from light nuclei. However, the
reaction is favoured in highly neutron-
deficient nuclei, such as those
prepared at ISOLDE, and these un-
stable nuclear samples are studied in
thermal neutron beams at the Institut
Laue-Langevin (ILL), Grenoble.

The first nuclide to be prepared at
ISOLDE and sent to ILL for study was
rubidium-84. It provided the first ex-
ample of thermal neutron-induced
proton emission in a heavy nucleus.
Experiments have now been carried
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out

using
cadmium-109,
127 and caesium-132.

This collaboration is still in its in-

argon-37, bromine-76,
xenon-125, xenon-

fancy but the increased range of
radioactive samples and the wider
selection of measuring and detection
capabilities, should pay handsome divi-
dends for the European nuclear
physics community.

DESY*
DORIS running
at 9.4 GeV

The electron-positron storage ring
DORIS at DESY is running successfully
at centre of mass energies of more
than 9.4 GeV, the highest energy ever
reached in electron-positron collisions.
Peak luminosity is currently 1.5 x 103°
per cm? per s giving a mean of over 20

nb to both interaction regions during
the last week of April.

Two groups operating the well-
known detectors DASP and PLUTO are
scanning to find the Upsilon resonance
discovered at Fermilab by the
Lederman group (see August 1977 is-
sue, page 223). The first interesting
observation was the two-jet character
of most of the hadronic events at these
energies seen by the PLUTO Group.
The effect was also seen in DASP.
These extremely interesting events are
seen at all energies covered up to now
by the scan. They were, in fact, ex-
pected from theory and from data at
lower energy from SLAC.

The total hadronic cross-section is
of the order of 4 nb providing only 80
events per day to each one of the two
groups at DORIS. Relevant results
regarding the resonance are expected
in the near future. The event shown in
Figure 2 seems to contain the correct
greek character ... perhaps a good sign.



1. Typical hadronic jet event obtained during
one of the runs of the PLUTO detector on the
DORIS electron-positron storage ring at 9.36
GeV centre of mass energy.

2. A particularly beautiful event from PLUTO
with some resemblance to a particular greek
character ...

3. A jet event as observed in the DASP
detector.

RUN 16609 EVENT 426

1.

Other experiments on DORIS were
discussed at this vyear's ‘DPG-
Frihjahrstagung fir Teilchenphysik'.

Results from the DASP detector and
the DESY/Heidelberg experiment were
reviewed, especially in the context of
the expected eta states of char-
monium. The new measurement of the
radiative decay of J/psi into fy at the
PLUTO detector was of topical in-
terest. The angular distribution in this
reaction offered the first opportunity to
check and verify detailed QED predic-
tions.

The last link in the chain of argu-
ments in favour of the charm model,
the F meson, is supposed to carry both
charm and strangeness. This long
awaited particle was discovered last
year by the DASP group at DESY. At
the DPG meeting the group presented
convincing new evidence both of the
4.4 and 4.15 resonances. The correla-
tion of eta mesons and soft photons,
which is characteristic of the produc-

tion and decay of F mesons in conjunc-
tion with its excited partner F¥, could
be confirmed in the 4.4 region (see
August issue 1977, page 235). In ad-
dition, a strong eta signal was seen in
the 4.15 region without any soft
photon correlation, indicating the
production of FF at this resonance. All
signals are correlated with direct
electrons. This proves that the eta
meson is indeed produced in a weak
process as expected in charm decays.
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From its decay into an eta and a pion
the mass of the F meson was deter-
mined as 2.03 + 0.06 GeV/c?.

The heavy lepton tau was es-
tablished through ‘anomalous’ muon-
electron and muon events at SLAC and
DESY. Since then, efforts have been
concentrated on the electron decay
mode. Due to the low momentum cut-
off, these measurements are sensitive
even very near to the tau production
threshold, where the lepton spectrum
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from tau decay is still relatively soft.
DASP and DESY / Heidelberg groups
have analysed their data looking for
anomalous lepton signals down to 3.6
GeV centre of mass energies. In fact,
DASP found anomalous electron
events at the psi prime resonance
(3.68 GeV) which they could unam-
biguously attribute to tau production
(see January issue, page 18). From this
measurement the mass could be
determined very precisely as 1.807 +
0.02 GeV/c2 DESY / Heidelberg could
do even better. They confirmed the
signal at psi prime and got a small
signal at 3.6 GeV. Combining their
anomalous electron and muon data
they determined a mass value of 1.792
GeV/c2. Both, measurements shift the
tau mass below the charm threshold,
thus removing any doubt about possi-
ble confusion with charm.

Due to the axial component of the
weak current, a decay into three pions
is predicted. The PLUTO group looked
into this decay channel and found a
strong signal in the electron plus three
pion final state. From the electron
spectrum the tau origin of these events
can be demonstrated. Further analysis
of the mass distribution shows that the
full signal can be attributed to a tau
decay into rho-pi-neutrino with rho-pi
in a s-wave state. This proves that an
axial piece must be present in the weak
decay current. The rho-pi mass dis-
tribution can best be described by a
resonance in the 1% s-wave, which
hints at the A; meson. The experimen-
tal branching ratio corresponds to the
theoretical expectation.
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Physics monitor

The wonderful world
of helium-3

Parity violation — the absence of a
universal left-right symmetry — was
first seen in weak interactions some 25
years ago. However, violations have
only been detected in the more
traditional weak interaction which
shuffles around the electric charges of
the participating particles (charged
current interactions).

In 1973, experiments at CERN dis-
covered that there is an additional
component in weak interactions which
is electrically neutral and leaves the
charges of the participating particles
unchanged. This "neutral current’ has
important implications for the possible
unification of electromagnetic and
weak interaction phenomena and,
since its discovery, physicists have
looked for signs of left-right asym-
metries in neutral current interactions,
with little success (see December
1977 issue, page 422). Until this parity
violation is pinned down, theoretical
progress is difficult.

Recent work in a totally different
area of physics has indicated that
parity violating neutral current effects
could show up somewhere else — in
the behaviour of the remarkable liquid
of the isotope helium-3.

Although helium-3 occurs naturally,
the techniques to isolate it in sufficient
quantities to do experiments were only
perfected in the late 1950s. Like its
more abundant partner helium-4, it
becomes a superfluid at very low
temperatures. The mechanisms res-
ponsible for this ‘superbehaviour’ are
very different for the two isotopes.

The helium-4 atom has integer spin
and is therefore a boson. There are no
restrictions on the number of particles
which can occupy the same energy
level. At very low temperatures (a few
degrees Kelvin) the helium-4 atoms
tend to accumulate in the lowest

energy state (Bose condensation) and
this grouping together of atomic
properties results in the superfluid
behaviour which has been known and
studied for over forty years.

The helium-3 atom on the other
hand contains an odd number of spin
one-half particles and is, therefore, a
fermion. Fermions obey the Pauli ex-
clusion principle which restricts each -
energy level to just one particle, so that
no comparable condensation process
occurs at low temperatures. For a long
time, people believed that helium-3
would not show superfluid properties.

At about the same time as helium-3
was becoming available in sufficient
quantities to do experiments, a quan-
tum theory of solids was being
developed which explained the
phenomenon of superconductivity in
metals. This theory (named the BCS
model after John Bardeen, Leon
Cooper and Robert Schrieffer)
proposed that fermions of opposite
spin would have a great affinity: for
each other at low temperatures, giving
boson-like electron pairs which could
wander at will through a metal and
produce the superconducting effects.

This binding (‘Cooper pairs’) can
also occur in any other low-
temperature system of fermions —
like helium-3. Although these pairs of
helium-3 atoms are electrically neutral
and so cannot produce superconduc-
tivity, they can still wander easily
through the liquid helium sample and
produce some form of superbehaviour.
This superfluidity of liquid helium-3
was long suspected by theorists but
was observed in 1972 only after the
development of refrigeration techni-
ques to attain millikelvin temperatures.

Encouraged by this success,
theorists studying helium-3 went on to
make more predictions. The Cooper
pairs, they said, must also have a
magnetic moment, but unlike the ther-
mally disoriented diatomic pairs in an
ordinary gas, these pairs all rotate in a
preferred direction. This should



produce a definite ferromagnetic effect
and, this year, experiments at the
University of California at San Diego
have provided the first evidence for
this bizarre form of ferromagnetism.

One of the leading lights in the study
of liquid helium, theoretician Tony Leg-
gett, has gone a step further and
predicted that liquid helium-3 should
have an electric dipole moment as a

'result of the neutral weak interaction.
The effect of this dipole moment
should increase with the size of the
sample to give a macroscopic effect
which, in principle, should be detect-
able.

Time reversal invariance normally
precludes an atomic system,
characterized by a single angular
momentum value, from having an
electric dipole moment. Indeed tests
on time reversal invariance to a higher
degree of sensitivity are under way at
the Institut Laue-Langevin in Grenoble,
establishing an upper limit for any
electric dipole moment of the neutron.

In an ordinary atom, the orbital spin
angular momenta of the electrons and
nucleons are not separately conserved
but couple together to produce a total
atomic¢ angular momentum. However
if the orbital and spin angular
momenta are uncoupled, the restric-
tions of time reversal invariance are
less strict and an electric dipole mo-
ment can exist.

In superfluid helium-3, the relative
orientation of the spin and orbital ef-
fects are fixed so that the two compo-
nents of angular momentum no longer
precess around each other. This means
that in principle a permanent electric
dipole moment can be produced as a
result of the weak neutral current in-
teractions between nucleons and or-
bital electrons.

Estimates of this dipole strength in-
dicate it to be very small, giving an
energy 10% times less than the thermal
excitation energy even at millidegree
temperatures. However, the effect is
proportional to the applied electric

.. meanwhile back in Canada ... In a letter to
Physics Today (April issue), a reader points out
the existence of a Black Hole which has been
known for a long time. This one is a local beauty
spot in Western Nova Scotia.
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field and has a sharply defined pre-
ferred direction unlike the thermal ex-
citations. This could make detection of
this tiny electric moment possible.

As well as providing entirely new
evidence for the weak neutral current,
such an electric moment would be the
first macroscopic signs of parity
violating mechanisms at work in
atomic forces.

Black holes
large and small

Recent observations with optical
telescopes in the USA have revealed
that the giant distant galaxy,
codenamed M87, could have a black
hole at its centre. This is initial
evidence for the existence of these
bizarre concentrations of matter,
predicted as far back as 1797.

Theoretical work in the past ten
years has used the concept of black
holes as a prolific source of new ideas,
ranging from a possible mechanism for
quasar production to new quantum ef-
fects (see October 1977 issue, page
334). This new black hole ‘sighting’
(black holes by definition cannot be
seen) could provide fresh impetus for
the theorists in their quest for fresh in-
sights into the workings of Nature.

Black holes are giant stars which
have long fizzled out and, without any
supply of internal energy to give them
shape, have been swallowed up by
their own gravitational fields into im-
mensely heavy centres of mass, so
small and so heavy that the velocity
needed to escape from their surface
exceeds that of light. As a result,
nothing can emerge from a black hole,
while it voraciously devours anything
coming within its "event horizon’.

From the start, measurements on
M87 revealed that unexpected things
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were going on. The galaxy was found
to be tremendously energetic, pouring
out an absurdly high amount of radia-
tion, while radio astronomers dis-
covered minute regions of intense ac-
tivity deep inside the galaxy.

Following up these first investiga-
tions, photometric studies saw a bril-
liant speck of light, equivalent in
brightness to 108 suns. Further optical
work showed that the velocity of cir-
culating matter in M87 increases
dramatically near its centre. This is
thought to be the last convulsions of
the doomed galactical matter before it
is finally sucked inside the event
horizon of the central black hole and
lost forever.

Besides these stellar black holes
which have evolved over a long time,
theoreticians have also suggested that
tiny primordial black holes could have
been produced where pressures in the
initial ‘Big Bang’' of the Universe
squeezed matter into tiny regions
where the gravitational force took over
and created ‘'mini’ black holes. These
would be the size- of a nucleon, but
weighing 10'® grams.

While big black holes dominate
enormous regions of space, these tiny
primordial black holes could affect a
region only a few dozen metres across.
Estimates of the density of matter in
the Universe would be seriously af-
fected by their existence. Some
theoreticians have said that the Milky
Way could contain up to 1023 of these
black holes and if so we could expect a
few to turn up inside the solar system !

Cosmic thoughts
on cosmic rays
Until higher energy colliding beams

become available (in the ISABELLE
project at Brookhaven, the various Fer-
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milab schemes and the CERN proton-
antiproton project) physicists have to
rely on cosmic ray phenomena to
provide them with glimpses of what
happens to hadrons at extremely high
collision energies.

Already cosmic rays have been
observed whose energies seem to be
well in excess of anything even this
next generation of colliding beams
could provide. These highest energy
cosmic particles produce inconsisten-
cies in our present picture of particle
interactions and one hope is that the
behaviour seen at ISABELLE or other
colliding beam projects will make
these inconsistencies go away.

The scanty information from cosmic
ray interactions is making some
physicists hope for great things from
the next generation of colliding beam
experiments. For example, the number
of secondary particles produced from
one interaction can far exceed what
would be expected by extrapolating
experience at laboratory energies and
a dearth of neutral mesons shows that
the charge distribution of these se-
condaries can be radically different

(see September 1977 issue, page
289).
Unlike beams at accelerators,

primary cosmic rays are (presumably)
not of a fixed type and, moreover, can-
not be observed directly. Terrestrial
cosmic ray experiments can only col-
lect the produce of the interactions
high up in the atmosphere and the
nature of the primary cosmic rays has
to be inferred from the observed
spectra of these secondaries.

Unusual behaviour by laboratory
standards has been seen in events
whose primary energy is estimated to
be some hundreds of TeV (1 TeV =
1000 GeV) but other phenomena have
been recorded whose primary energies
appear to extend out into the almost
unimaginable 108 TeV region.

At these prodigious energies, which
make man’s present attempts to ac-
celerate particles seem puny, there is

enough energy concentrated in one
primary particle to light a 40 W light
bulb for a second (which normally in-
volves some 10'8 particles) !

Apart from the major problem of un-
derstanding how particles can ever be
accelerated to such immense energies,
according to our present under-
standing of particle behaviour it is
becoming difficult to explain how such
energies persist in a Universe which is '
not, after all, just made up of sporadic
concentrations of matter in an
otherwise empty space.

After much theoretical speculation
about the possible existence of some
permanent electromagnetic radiation
filling the whole Universe, it was dis-
covered in 1965 that an isotropic con-
stant radiation does fill space. While
being a result of major importance for
pure science, this discovery was a
spin-off from an investigation of the
background radiation problems for
satellite communications work.

The wavelength of this radiation isin
the 3 mm (microwave) region and cor-
responds to what would be emitted by
a perfect radiator (a ‘black body’) main-
tained at a temperature of 2.7°K. As a
result, even the furthest regions of
outer space are now attributed with
this temperature and the microwaves
are understood as the vestiges of the
intense primordial radiation which ex-
isted early in the history of the uni-
verse. As the universe expanded, the
wavelength of the radiation continually
increased due to Doppler shifts, even-
tually reaching the wavelength we
record today.

This all-pervading radiation corre-
sponds to a density of some 550
photons per cubic centimetre, each
with a mean energy of some 7 x 107
eV, so providing a thin but constant
barrier to cosmic particles. When
cosmic particles with energies in the
10%8 TeV region meet these feeble
photons, the collision energy turns out
to be well inside the range explored in
the laboratory and should result in the



formation of particle-antiparticle pairs,
in nuclear disintegrations, or in meson
production, depending on the nature of
the cosmic particles.

All these processes would sap the
energy of the primary particles and
simple kinematical calculations show
that the thresholds where this cosmic
ray ‘friction’ should begin are well
below the maximum energies of the
primaries estimated from cosmic ray
experiments. This makes these ex-
treme energy cosmic rays very difficult
to explain according to our present pic-
ture. Even if the extreme high energy
effects are attributed to neutrinos, with
their low affinity for any kind of matter,
the problem does not go away.

To get any idea of what happens in
the very high collision energies of
primary cosmic ray interactions with
nuclei high up in the atmosphere and
to infer the energy of the primary parti-
cles, laboratory experience has to be
boldly extrapolated across many
orders of magnitude in energy. When
results from ISABELLE and other col-
liding beam experiments become
available, these extrapolations will be
made with more confidence and the
problem might just disappear.

As Washington interest in the Energy
Doubler/Saver has increased, Fermilab has
been visited by several prominent
Congressmen. Bob Wilson (left) and Ned
Goldwasser (right) are explaining a model of the
site to Representative Mike McCormack of the
House Science/Technology and Public
Works/Transportation Committees during a
visit in April.

(Photo Fermilab)

People and things

Electron accelerators for nuclear

physics

A Study Group, set up to look at the
use of electron accelerators in medium
energy nuclear physics in the USA, has
recommended increased funding for
this work and in particular the con-
struction of a new national electron ac-
celerator of 1 to 2 GeV energy.

The Group, headed by Stan
Livingston, reported its recommenda-
tions to the newly organized DOE-NSF
Nuclear Science Advisory Committee,
pointing out that the early progress
made in the 1950s using electron
beams to probe the structure of nuclei
has not been followed up. The report
contends that the ability of the
proposed machine to probe the
behaviour of the nucleon-nucleon
system at small interaction distances
could open up new fields of research
for nuclear physicists.

These could include precise
measurements  of charge  and
magnetic  distributions in  nuclei

throughout the periodic table, a fuller
description of the nucleon-nucleon
force through systematic studies on
two- and three-particle systems, the
study of single particle wave functions
and investigations on clustering
phenomena in nuclei. Such experi-
ments could supplement present
knowledge on nuclear shell models
and inter-nucleon potentials. In addi-
tion, experimenters would be able to
study nuclear interactions under new
conditions where meson  production
plays an important role.

Besides the proposed new ac-
celerator, existing nuclear physics
laboratories at MIT, Illinois and Stan-
ford should benefit from increased
funding, says the report. In particular,
more experience in the use of both
conventional and superconducting
technologies would be useful before
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the design of the proposed GeV
electron machine can be formulated.

New injector for SIN approved

The construction of a new injector
cyclotron for the ‘meson factory’ at the
Swiss Institute for Nuclear Research,
SIN, has been approved by the Swiss
Parliament. The new injector, which
will be built at SIN, will provide a
proton current of at least 1 mA for
injection into the main ring accelerator.
It is expected to start operation in
1982. The present external proton
channel from the ring, target stations
and beam dump, secondary beam
lines and shielding will be used for
intensities of 400 to 500 pA but higher
intensities, which will become
available using the new injector, will
require some changes. A detailed
report on the project will appear in a
coming issue of CERN COURIER.

On People

L. Janossy, Hungarian physicist
particularly well known for his
contributions in the early days of
cosmic ray research, died on 3 March
at the age of 66. Professor Janossy
was Professor of Physics at the L.
Eétvds University, Scientific Adviser at
the Central Research Institute for
Physics and member of the Presidium
of the Hungarian Academy of Sciences
where he served as Vice-President for
ten years. He had published over a
hundred papers on subjects such as
cosmic rays, statistics and relativity.
His 1947 monograph on cosmic rays
at the Oxford University Press was the
first concise account of this field and
he also did much to communicate
science to the general public.

CERN physicist Brian Couchman was

killed in a car accident on 15 April.
Brian moved to CERN from Daresbury,
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where he had participated in the
construction of the NINA synchrotron,
helped in building the beam transport
system of the ISR and then worked in
close collaboration with the high
energy physicists in the preparation of
ISR experiments. He had recently
Joined the proton-antiproton project
after returning from sabbatical leave at
SLAC.

Bob Sachs who has been Director of
Argonne National Laboratory for the
past five years has announced his

" intention to retire as from 1 October.

Professor Sachs wishes to return to
academic life. He has successfully
guided Argonne through years of
change and, in accepting his
resignation, J.T. Wilson, the President
of the University of Chicago, said that
“his leadership will be hard to replace .

Kjell Johnsen, renowned leader of the
team which built the CERN
Intersecting Storage Rings, has
accepted an invitation from the Centre
national de la recherche scientifique of
France and the Max-Planck Gesell-
schaft zur Férderung der
Wissenschaften of the Federal
Republic of Germany, to set up an
Institute for Radio Astronomy in the
Millimetre Range (IRAM). Dr. Johnsen
will be seconded from the CERN staff
and continues to work temporarily at
the CERN site until the location of the
Institute is decided.

The American Institute of Physics end-
April meeting had a special session to
mark the fortieth anniversary of the
discovery of nuclear fission with John
Wheeler, Lawrence Wilets, Sven
Bjornholm and Viki Weisskopf as
speakers. There was also a session in
memory of Gersh Budker of
Novosibirsk with tributes from T.K.
Fowler, Roy Schlitters, Fred Mills and
Burt Richter. The 1978 Tom W. Bonner
Prize for Nuclear Physics was

presented during the Meeting to
Sergei Polikanov of Dubna and V.M.
Strutinsky of Kiev ‘for their significant
contributions to the discovery and
elucidation of isomeric fission’. Also
Vernon Hughes of Yale received the
1978 Davisson-Germer Prize ‘for his
pioneering experiments on muonium
and for his measarement of
fundamental atomic properties and
tests of quantum electrodynamics’.

John Adams, Executive Director
General of CERN, received the
Honorary Degree of Doctor of Science
from the University of Strathclyde on
14 April.

A.F. Gibson, Head of the Laser Division
at the Rutherford Laboratory, has been
elected Fellow of the Royal Society,
FRS, ‘for contributions to physics of
semi-conductors and for applying
them to development of laser-
detectors and modulators, especially
in making possible detection of infra-
red laser pulses and in achieving
stabilization of CO, lasers".

Leland Haworth, Director of
Brookhaven from 1948 to 1961 during
which time he produced the world’s
most condensed accelerator project
proposal — a five page letter to the
AEC on the building of the Alternating
Gradient Synchrotron, has been
elected the first-ever Director Emeritus
by the Council of Oak Ridge Associated
Universities.

J.D. Bjorken, well-known high energy
physics theoretician from the Stanford
Linear Accelerator Center, was among
the five recipients of the E.O. Lawrence
Memorial Award for 1977, presented
on 27 April.

Maury Tigner, accelerator physicist at
Cornell and inventor of the injection
technique to be used in the CESR
electron positron storage ring, has
been appointed Professor in the



Department of Physics and Laboratory
of Nuclear Studies at Cornell
University.

It was announced at the end of April
that the Board of Trustees of the
Associated Universities Incorporated,
which operates the Brookhaven
National Laboratory, has reappointed
George Vineyard Director of
Brookhaven. Dr. Vineyard has held this
post since 1973.

On 24 April, Raymond Davis from
Brookhaven received the Cyrus B.
Comstock Prize at the Annual Meeting
ofthe National Academy of Sciences in
Washington. The Prize, which is given
every five years, was awarded “for his
determination of the intensity of
neutrino radiation reaching the earth’,

Are you doing the right thing

A recent Harris survey of over 1500
adults in the USA emerged with scien-
tists at the-top of the prestige scale
among a variety of professional oc-
cupations, slightly ahead of doctors. At
the bottom of the scale were sales-
men, with politicians and journalists
not far away !

Making masks at Rutherford

The UK Science Research Council has
allocated £ 1.33 M for precision mask
making and the fabrication of
semiconductor devices. The mask
making facility will be at the Rutherford
Laboratory using an Electron Beam
Lithography (EBL) machine from
Cambridge Instruments Company to
be delivered at the end of this year.
Generating patterns with these
computer controlled electron beams
makes possible much finer line widths
for microelectronic circuits.
Components can then be packed with
a density as much as two orders of

magnitude higher on a single silicon
chip. The technique is of great interest
to industry and Rutherford will be in
collaboration with the Department of
Industry, Plessey and GEC. Further
technical information is available from
R.A. Lawes at the Rutherford
Laboratory.

Monitoring airborne cotton

One of the superconductivity projects
of Brookhaven National Laboratory is
the construction of a length of power
transmission line (see November issue,
1974). In the course of this work a
problem with oil leaks into the helium
has been continually monitored using
laser beam scattering from oil parti-
cles. The device which does this
monitoring reacts to oil levels of a few
parts per billion and was developed by
Brookhaven and PPM Inc. It works
with many types of particle and has
found application in cotton mills to
monitor airborne cotton dust which
can cause the disease known as
‘brown lung’. The existing monitors
take one reading per eight hour shift
and their data needs elaborate proces-
sing. The new monitor can take four
readings per second and provides the
result instantly.

Pop goes the magnet

To recover steel from faulty magnets,
Fermilab has applied a brute force
technique to prise the magnets apart.
Rather than burning off the ‘glue’
holding the magnet blocks together in
a furnace, the magnets are immersed
in liquid nitrogen and a hefty current is
passed through the coils. The steel
core stays cold via the nitrogen while
the copper coils heat up until the
mechanical stresses become too great
and the magnet pops open. Total cost
is around $70 per magnet (almost all
of it for the nitrogen which is boiled off)
which is much lower than conventional
techniques.

1. Hungarian physicist, L. Janossy, who died in
March.

2. Bob Sachs who is to retire as Director of
Argonne in October.
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The late Gersh Budker photographed during a
seminar at CERN. Tribute was paid to his
memory in his Institute in Novosibirsk at the
end of April.

(Photo CERN 356.4.67)
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CERN had a very successful stand at the
Hanover Fair from 19-27 April presenting
vacuum technology, particularly as developed
for the Intersecting Storage Rings. Among the
many visitors to the stand was Erwin Stahl
(third from right) the German Parliamentary
Secretary for Research and Technology. He is
photographed here in conversation with Erhard
Fischer (right) head of the ISR vacuum group
and Eric Lohrmann (second from right) CERN
Directorate Member.

(Photo Hans Jurgen Fratzer)

Tribute to Gersh Budker

On 25-27 April the Novosibirsk In-
stitute of Nuclear Physics held a
Budker Memorial Seminar in honour of
the former Director, Gersh Budker,
who died in July of last year. The In-
stitute, which was very much Budker’s
creation, had celebrated the twentieth
anniversary of its foundation the day
before, 24 April.

Talks were given on many of the
subjects in which Gersh Budker had
had a great interest and had played a
leading role. Particularly topical at the
moment were some new results on
electron cooling of proton beams. The
Novosibirsk team has achieved cooling
of a 1.5 MeV proton beam (the injec-
tion energy into the cooling ring NAP-
M) with an electron current of 2 mA.
The cooling time was 0.2 s which
scales with energy as predicted (with
beta squared) compared to the
previous tests at 65 MeV.

It was recalled during the Seminar
that Budker’s original scheme for
electron cooling involved high energy
application with a small electron
storage ring. This was not pursued and
only low energy tests with currents
from electron guns have been made so
far. However, the high energy idea has
now been resurrected by Carlo Rubbia
with the realization that it can be ap-
plied to pre-cooled beams in connec-
tion with the proton-antiproton pro-
jects (see April issue, page 114).

Accelerators and medicine in Japan

The Japanese Radiological Society is
promoting an interdisciplinary
research project, supported by a
national grant, on the ‘biomedical use
of accelerators’. Accelerator physicists
and doctors from throughout Japan
are participating in the project. It was
brought to our attention by M. Akisada
who is Chairman of the Department of
Radiology at the University of Tsukuba.



Model 140 MCHYV

Question

How can you simplify and reduce the cost of your high voltage installation for
photomultipliers and multiwire proportional chambers and still have

e.g.
— Multi-channel operation

— Aﬁy combination of +—3 kV or +—6 kV
— Individually selectable by channel

— Manual or computer control

— Facilities for setting and monitoring
locally or remotely

— Unit to be self-checking
— Max voltage and current limits

— Take down facility to INC panel
life time of PM’s

— Minimum cross talk
— Low cost / channel

Conclusion
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Group Leader
of On-Line Computing

Applications are requested for the position of group
leader of the SIN on-line computing group. Applicants
should have several years of experience in the pro-
gramming of on-line computers in a scientific environ-
ment, and should preferably have experience with both
PDP-11 and Camac systems.

The applicant must also have proven leadership capabi-
lities.

The chief responsibility of the group leader will be to
direct the development and implementation of a flexible
physicist oriented software for use in on-line data collec-
tion and analysis. In addition he will be expected to
coordinate the support to the user groups, plan the long
range development of the SIN on-line system, and insure
that SIN keeps abreast of the latest developments in
on-line computing.

Applications should be sent to:

SIN, Swiss Institute for Nuclear Research, Personnel
Div., CH-5234 Villigen, Switzerland

/A\V/A\ Viétareg

Montage industriel
Installation
Transfert

Entretien

Levage

AGENCE:
13, chemin du Levant
01210 FERNEY-VOLTAIRE
Tél. (50) 425531

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

The large variety of logic units
offered by LeCroy allows selec-
tion to meet a wide range of ap-
plications. The design of LeCroy
logic units also affords the max-
imum counting rate capability
and minimum coincidence resolv-
ing time possible with no
sacrifice of reliability. Special
LeCroy features include:

* Minimum propagation delay
Low input-output delay means
rapid decision-making, even with
complex trigger configurations.
This can represent substantial
savings in analog delay cable.

* Compact packaging
High density single-width NIM
modules, with multiple channels
per module, minimize require-
ments for NIM bins.

* Veto
Inhibit capability affords greater
versatility of trigger selection
and in many applications
decreases the total decision-
making time.

* Updating
Updating outputs allow maximum
counting rate capability without
saturation. Veto efficiency is
therefore maximized by updating.

* High fan-out
Most LeCroy logic units supply
multiple outputs. This allows for
complex trigger configurations
with ease.

* Complementary logic
Ihe complementary outputs on
all logic units increase their ver-
satility. Complementary logic
may also be used to generate
delays without cable.

* Low power '
Fill a NIM bin without over-
loading the power supply. Low
power means lower operating
temperature and thus high
reliability.

You will find a LeCroy logic unit
suited to almost every trigger.
For details or technical
assistance, call or write your
local LeCroy sales office or
representative.
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standard for fast logic:

a proven line for a sophisticated need

COINCIDENCE

Dual 4-Fold

Majority Logic

MODELS 364AL, 365AL

The standard for resolving
time, counting rate and
reliability. Choose between the
364 Series (overlap output) and
the 365 Series (adjustable out-
put width). Programming pins
virtually eliminate accidental
changes in operating mode.
These updating units feature
separate veto for each channel
and guaranteed 150 MHz opera-
tion.

Triple 4-Fold

Coincidence

MODEL 465

This high-density coincidence
unit features both adjustable
output width and overlap out-
puts. Guaranteed 720 MHz
operation, 1 nsec coincidence
resolving time, separate veto
for each channel, and updating
operation.

Quad 2-Fold

Logic Unit

MODEL 622

Each of the four independent
updating channels of the 622
may be used in coincidence
and OR mode. The unit
features a common veto, high
fan-out per channel, updating
operation, and the widest
range of output width adjust-
ment of any LeCroy logic unit.

8-Channel
Strobed Coincidence
MODEL 370C

Accepts 8 NIM inputs and a
latching strobe to record the
status of a set of detectors.
Coincidence resolution <1.8
nsec. Useful for multitrigger
configurations. 125 MHz opera-
tion.

|

FAN-IN/FAN-OUT

Multiplicity

Logic Unit

MODEL 380A

Accepts up to, 32 NIM inputs.
Supplies a NIM logic pulse
when N inputs fire simul-
taneously (1=N=<6). N is
switch-selectable. A >N output
is also supplied. Larger
multiplicity and greater than 32
inputs are achievable by using
the summing output. Module
simplifies straightforward
hodoscope logic.

Octal
Meantimer
MODEL 624

...deadtimeless circuit de-
signed to equalize photon tran-
sit time in large scintillation
counters. Discriminated
signals from both ends of the
scintillator are employed. The
unit gives less than 300 psec
FWHM timing and offers three
NIM outpits per each of the 8
channels. This circuit allows
large counters to participate in
coincidence triggers without
computer corrections.

Quad Mixed Logic
Fan-In/Fan-Out
MODEL 429A

Each of the 4 independent
channels logically ORs 4 NIM
inputs. All inputs respond to
both NIM and TTL signal
levels. Provides three —32 mA
NIM output pairs, two normal
and one complementary. Con-
tains provision for channel mix-
ing 2x8, 4x4 or1x16. Direct-
coupling throughout means no
duty cycle effects. Unique
design keeps power require-
ments within NIM specs.

GENERATORS

Dual Gate and

Delay Generators

MODELS 222, 222N, 222NL
Two channels per module each
give gates of 100 nsec to 11
sec. Accept NIM or TTL inputs
and supply both as outputs.
Completely deadtimeless
operation.

Level

Adapter

MODEL 688AL

Solves the problem of mixing
NIM and TTL logic signals.
Converts 8 channels of NIM to
TTL and 8 channels of TTL to
NIM.

Innovators in Instrumentation

Headquarters: 700 South Main Street, Spring Valley, New York 10977; Phone: (914) 425-2000; Offices in: Palo Alto, California; Geneva,
Switzerland; Heidelberg, W. Germany; Paris, France; Wheatley, Oxford, England. Representatives throughout the world.

175



GOT MULTIWIRE PROPORTIONAL CHAMBERS ?

Save the pain of designing your own read-out system !
Here is the off-the-shelf answer from the european semiconductor industry

MONOLITHIC INTEGRATED CIRCUITS

associated to a fast, compact and powerful CAMAC system

From your MWPC requirements you can choose among three highly modular systems. Look...

MWPC 2000 System

ECL 2-channel frontend (RBAI.C.)
8nstime slewing, 2 Xto 20X

PMOS 8-channel logic. processor (RBBI.C.)
—250 pV threshold (on 100 Qt0 250 Q)
Delay adj. from 250 nsto 600ns

Dual monostable delay stacks

Double memory points

350 mW dissipation per channel

Size 170 x 225 x 40 mm

Bus oriented outputs

32-channel on chamber 2001 modules
Low cost:about 68 FF per channel
Already 30000 channelsinstalled at CERN

Do consult us for data sheets, application
reports, delivery time, prices or any
information you may need for your particular
application experiment.

MWPC 1000 System

8-channel modules based on FILAS |.C.
—3mV on 6kQ min. threshold
Delay adj. from 400 nsto 1.2us
200 mW dissipation per channel
Radiation resistant (up to 10%rad.)
Small size (63 x 56 x 10 mm)

Wire-OR able outputs (bus oriented)

On-chamber 1005 modules

Low, low, low cost : about 36 FF per channel

More than 100000 channels in use now or soon
at SACLAY, CERN, DESY, SIN, JAPAN!

MWPC 2100 System

Compacted version of MWPC 2000

8-channel 2101 on-chamber modules

2 mm wire-spacing compatible

Electronics housed in a 100 x 45 mm min.
section

Possibility of pulsed supplies

Wire-OR able outputs

B Low cost:about 60 FF per channel

Write or call:

E.F.C.LS.
85X, 38041 GRENOBLE CEDEX
(FRANCE) Tel.: (76) 974111

Telex: EFCIS 320 226 F
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The CASSETTE COUPLER Type 1151 Replaces Paper Tape

and makes clever Macamac* even hetter to use!

* Macamac: Borer’s autonomous Camac controller ® For program and data storage

Débitmetres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés

pour liquides et gaz
type 1100

livrables ex stock Zurich

Heraeus

Verres de silice

lentilles, miroirs
regards, hublots
plagues, prismes
tiges, tubes

Triple prisme en qualité SUPRASIL isotrope et
homogéne, déposé sur la lune sous forme de
réflecteur rétro-directeur dans le cadre du
programme Apollo.

Demandez la documentation aupres de

WiEAE Oerlikonerstrasse 88
tél. 01/46 4040

vorm. WISMER AG 8057 Zurich

on magnetic tape

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

® Plug-for-plug connections eliminat
installation problems

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

BORER ELECTRONICS AG
CH-4501 SOLOTHURN / SWITZERLAND
TEL.: 065-311131 TELEX: 34228

Wide Band, Precision
CURRENT MONITOR

With a Pearson current monitor and an oscillo-
scope, you can measure pulse or ac currents
from milliamperes to kiloamperes, in any con-
ductor or beam of charged particles, at any
voltage level up to a million volts, at frequences
up to 35 MHz or down to THz.

This video monitor is physically isolated from
the circuit. It is a current transformer capable of
highly precise measurement of pulse amplitude
and waveshape.

Whether you wish to-measure current in a
conductor, a klystron, or a particle accelerator,
it is likely that one of our off-the-shelf models
(ranging from %" to 10%" ID) will do the job.
Contact us and we will send you engineering data.

PEARSON ELECTRONICS, INC.
4007 Transport St., Palo Alto, California 94303, U. S. A.

Telephone (415) 494-6444
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WITH THE

SILENA

BS27/NMCA

YOUR EXPERIMENTS TRAVEL WITH YOU EVERYWHERE

Though smallin size, the SYSTEMBS 27/Nisa — 1024 channels memory x 10°-1 counts per - Comprehensive range of 1/0 interfaces for:

complete analyzer system including the

amplifier, high voltage power supply and the

magnetic cassette.

All entirely contained in one compact,
easy-to-carry package.

— 50 MHz Wilkinson type ADC with 2048

channels

channel

Powerful data handling capabilities:

% Spectra Normalization
* Spectra Subtraction

% Data Transfer

* Background Subtraction

* TTY

% Parallel Printer

* Minicomputers

* Desk Calculators

* Paper Tape Punches

* Magnetic Tape Recorders

* Integration of any number of ROls

For information, write to:

SILENA

SILENA S.p.A.

SOCIETA PER L'ELETTRONICA AVANZATA
20133 Milano

uffici: Via Negroli, 10/A

laboratorio: Via Negroli, 6

Tel. (02) 7490565 — 713871

ADVANCED

CERN enquiries should be directed to
SILENA, Milano, Italy

NETHERLANDS
BERTHOLD

Nuclear Instrumentation
Wilhelminastraat 4
BREDA (Holland)

Tel. 076142441

SWITZERLAND

MASSINI AG

Honggerstrasse 122

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

UNITED KINGDOM

ALRAD INSTRUMENTS LTD

19a The Precinct,

EGHAM, Surrey, TW20 9HN (England)

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

CANADA

CONSOLIDATED CYBERNETICS CONTROLS LIMITED
Suite 2-A

1509 Sherbrooke Street West

MONTREAL 1089, Quebec, Canada

Tel. (514) 934-0000 — Telex: 05—-24452

Toronto office:

CONSOLIDATED CYBERNETICS CONTROLS LIMITED
777 Warden Avenue,

SCARBOROUGH, Ont. M1L 4C3

Tel. (416) 759-0000

WEST GERMANY

LABORATORIUM PROF. DR. BERTHOLD
Calmbacher Strasse 22

Postfach 160

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

AUSTRIA

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

A-1150 WIEN (Austria)

Tel. 0222-927222

BELGIUM

BAI

Benelux Analytical Instruments
Vaartdijk 22

1800 VILVOORDE (Belgium)
Telex: 61447

FRANCE

BERTHOLD-FRANCE s.a.

68 bis, rue Sartoris

B.P.38

92250 LA GARENNE-COLOMBES (France)
Tel. 781-41-06 Telex: 611485
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PFEIFFER-TURBO

the optimized programme to produce hydro-carbon free

Turbo-molecular pumps, to make
vacuum production a mere trifle.
High compression ratio for hydrogen
and other light gases ® constant
pumping speed over a large working
range ® low vibration and noise level
® high performance/weight ratio ®
easy installation due to horizontal or
vertical connection ® low operating
costs @ sturdy and reliable ® easy
handling @ simple maintenance.

PFEIFFER TURBO for cleanest vacuum
in: particle accelerators, their beam
guide systems and target chambers

® neutron generators ® UF-techno-
logy @ plasma physics ® mass spectro-
metry and gas analysis @ electron

high and ultra-high vacuum.

TPU 200 on heavy ions accelerator of the
Gesellschaft fiir Schwerionenforschung (GS)
(Society for Heavy lons Research), Darmstadt.

BALZERS

BALZERS HOCHVAKUUM AG
Stampfenbachstrasse 48
Postfach 186
CH-8035 Zirich
Tel. (01)6032 66 Telex 52278

microscopy and micro probes ® vacu-
um coating and sputtering ® optics

@ semi-conductor production ® manu-
facture of high-frequency quartz
crystals ® manufacture of incandes-
cent bulbs and tubes ® space simula-
tion @ calibration systems ® metal-
lurgy @ production of hydrocarbon
free «fore-vacuum» for other HV and
UHYV pumps, e.g. ion detter, sorption
and cryo pumps.

PFEIFFER TURBO available for pump-
ing speeds between 100 and 6500 I/s.

PFEIFFER TURBO: advanced vacuum technology
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RRA 1 AB Bates

La meilleure amélioration jamais
faite sur le NORD-10

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

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

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

traitement presque doublée — au MEME PRIX!

000 009 000

000 000

000 000
[ oo 000
0:Nb 000

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

NORD -une alternative a étudier
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THE FIRST TV CAMERA DESIGNED FOR
COMPUTER INTERFACE

SUPERB RESOLUTION—

Observe minute detail with resolution over
1000 TV lines.

VIRTUALLY DISTORTION-FREE—

Image is accurate, linear from center of screen to outer
edge with less than 0.2% distortion.

STABLE—

Less than 0.05% drift per 24 hours, less than 0.2% from
10° C to 40° C.

PLUS ALL LINES NEEDED FOR
DIGITAL AND ANALOG
COMPUTER INTERFACE

THIS UNIT IS “INSTRUMENT QUALITY”

—NOT A VIDEO SYSTEM FOR
ENTERTAINMENT VIEWING

APPLICATIONS:

MEDICAL

Tissue analysis

Blood analysis

Neurological—X-Y movement analysis

Optical Instrument data analysis

Other analysis of visual data

INDUSTRIAL

Aerial photography analysis—crop areas,
insect infestation

IR Analysis—detect forest fires, direct robot
fire fighters

Bottle inspection—using polarized light

Dimension analysis and control, area
measurement, displacement measurement

Printed pattern analysis and control

Missile tracking

UNIVERSITY

Analysis of any visual information that can be
measured through variation in light intensity

Medical research

Physics research

Laser technology

HAMAMATSU

HAMAMATSU CORP. e 120 WOOD AVENUE e MIDDLESEX, NEW JERSEY 08846 e (201) 469-6640
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information

AUGAT

leader in IC

Series 500 DIP Single Eurocards

sockets and have 35 pat-
Series 700 lead H terns, double
2gggemtb?3rrier P"‘kugmg cards 85.
Universal cards
featurg Augat’s have conti-
two-piece nuous rows of

machined tape-
red entry contact
assembly.

Inner contactis gold.
Sleeves available in
gold or tin plating. Avail-
able from 8 to 40 pins
ex stock.

contacts suita-
ble for 14 to

40 pin IC’s.
Available ex stock.

Teflon sockets for
TO-5 outline. 6, 8,
10 and 12 con-
tacts. Ultra low
profile glass
filled nylon
transistor and
IC sockets.
3,4,8and
10 contacts.
Available
ex stock.

All these
produds are
manufactured
in Switzerland

Dewald AG
Seestrasse 561, 8038 Ziirich
Telefon 01/451300, Telex 52012

International enquiries:
Augat N.V,, 103-Bus 4, Bd. A.Reyers, Brussels 1040, Belgium
Telefon 02/7369399, Telex 23834

POWER

Give yourself peace of mind.

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

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

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

FOR SALES AND SERVICE CONTACT:

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

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

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

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

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

GRANVILLE-PHILLIPS

5675 EAST ARAPAHOE AVENUE
BOULDER, COLORADO 80303, U.S.A.

® PHONE 303/443-7660 - TELEX 045-791

Where you buy with confidence.
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THE FASTEST 8-CHANNEL,
UP DATING, LOW-THRESHOLD
DISCRIMINATORS AVAILABLE.

PUT A NEW

STANDARD

YOUR CRATE

(R’ (R
@
*

. " Dy
Foio'®
3 'C’;‘Q

{7
%

Fo2s3 OCTAL
DISCRIMINATOR REWTPR WS

L DISCRIMINATOR

TYPE FD 253 FD 254 FD 255 FD 256
Nb of channels 8 8 16 8
Updating yes yes yes yes
Threshold (mV) —30 to —540 —8 to —1000 —8 to —1000 —8 to —1000
computer screw driver adj. screw driver adj. screw driver adj.
controlled® common to 8 ch. common to 8 ch.
Output width (ns) 5 to 3b
computer <5t0>40 <5t0>40 <5 to>40
controlled*®
Nb of outputs 2 3 1 3
Fast veto no yes ves ves
Typical rate (Mz) 100 100 100 100
Double pulse 10 <10 <10 <10
resolution (ns)
Time slewing (ns) <1 <1 <1 <1
Input connector BNC Lemo Lemo Lemo
Output connector AMP Lemo Lemo Lemo
Input-output 19 to 34 <20 <20 <20
delay (ns) computer
controlled®
Output level MeclL NIM NIM NIM

* Through SATAN Unit SSU 400

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - TIx 202553F, F - 94 - RUNGIS — Germany: SEN ELEKTRONIK GmbH;
Postfach 223; Tel. 04 103 62 82 - TIx 2189 548d, D - 2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8;
Tel. 089 9167 10 - Tix 529 167d - D - 8000 MUENCHEN 81 — Switzerland: SEN ELECTRONIQUE SA.; CP 39;
Tel. (022) 442940 - Tix 23353ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03;
Tix 58257ch - CH - 8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.

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

ELECTRONIQUE



PREGISION GOMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

BELLOWS EXPANSION JOINTS
VACUUM VESSELS
TOKAMAKS
BEAM TUBES
THIN-WALL FABRICATIONS
METAL SEALS
FLEXIBLE METALLIC HOSE

All-stainless-steel multiple TRANSFER LINES
R G COUPLINGS

Dounreay.

‘ Avica Equipment L.td., Avica International
Mark Road, Hemel Hempstead, BP147 Principauté de Monaco
Hertfordshire. HP2 7DQ Telephone: (93) 30-09-39

Telephone : Hemel Hempstead 64711 Telex:469771 MC

GROUP OF COMPANIES “o? l Telex: 82256

Rectification Depuis plusieurs

dizaines d'années,

Plane la société
MICROPIERRE
CEﬂ[GTlBSS est spécialisee
ndri dans l'usinage
Pylmd”que au diamant
Inter. et exter.  de mawriaux
trés durs:
PBFCHQE saphir - rubis,
; destinés @
FI'B'[E]QB la bijouterie
et a I'horlogerie.
Rodage
Polissage
QUALITE L'apparition de
; nouveaux materiaux
PRECISION 4 usage industriel

justiciables des

MICROPIERRE s.a.

R. de Trépillot, 25000 Besancon - Tél. (81) 803069 s
Usinage a facon avec meule diamant: MICROPIERRE
Alumine frittée - Toutes céramiques 3 étendre
Corindon - Quartz - Silice - Ferrite - Zircone ses activités
Carbure de tungsténe - de silicium - de bore dans ce domaine.
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-z i I
Ultrahigh-vacuum feed-throughs
and viewing ports

A wide range of standard models, including all of the most-required types:
e Feed-throughs of alumina-Kovar or alumina-special metals construction,
e Viewing ports of glass, sapphire or quartz.

A “specials” capability, to meet almost any particular requirements.

All from THOMSON-CSF, Division Tubes Electroniques. Contact us for the catalog or any further information needed.

\

e
THOMSON-CSF

THOMSON-CSF DIVISION TUBES ELECTRONIQUES 38 RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (1) 604 81.75

Germany - THOMSON-CSF Elektronenréhren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN 1/ Tel. : (0611) 71.72.81
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71/ 1- 00136 ROMA / Tel. : (6) 638 14 58
Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / 7102 / Tel. : (03) 264 6341
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226 76.09
Sweden - THOMSON-CSF Elektronrér AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 22 58 15
United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel. : (0256) 29155 / Telex : 858865
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015/ Tel. : (201) 773 1004

2880
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Un groupe de niveau européen
/ \ dans
nNET la prestation de services
Nettoyage industriel
\ ’ Nettoyage d’ateliers, bureaux, laboratoires, cliniques
Hygiene, désinfection, désinsectisation, dératisation
Manutentions

Office nouveau du nettoyage ONET

13008-MARSEILLE 12 bis, boulevard Pébre tél. (9%) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - Xe tél. (1) 6079484
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74-ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (560) 419133

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

Cuand Ia fiabilité supréme est une nécessits
les plus siirs sont tout juste assez bons:
les «High Reliability Products» de Corning!

Leurs composants ont déja prouvé mille
fois leur fiabilité dans les projets
militaires, les systemes de
fusées, les appareils de guidage
automatique du vol. Les éléments
_ répondent aux exigences de la
norme établie par I'autorité européenne
du vol spatial (CNES et GfW) et
des normes MIL.

Partout ou la défaillance d’appareils peut g
mettre la vie en danger, causer des =
accidents, interrompre des liaisons
vitales, entrainer des dommages __~
unestlmables bref partout ou &~
une tres grande fiabilité de
I’'hnomme et du matériel est de
rigueur, c’est 1a justement que I'on
emploie les 1
résistances a film métallique, condensa— “
teurs de verre et condensateurs
céramiques CORNING Hi-Rel.

o

Sur demande, nous vous enverrons
volontiers la documentation
désiree.

/

_ D. Leitgeb SA
8600 Dubendorf, Uberlandstr. 199
tél. 01/8201545 télex 55547

Ing. D. Leitgeb
A-9800 Spittal/Drave, Lagerstr. 51
tél. 04762/4022, télex 48191
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LEMO - univerrally recognized‘
to be the finest connectors in the world,
guaranteeing the strongest connections!

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

LEMD 5/

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

(aUS) JOHN BARRY GROUP OF COMP. (ID) RACOM ELECTRONICS CO. LTD.
ARTARMON, N.S.W. SYDNEY TEL.: 439 69 55 TEL-AVIV TEL.: 44 3126
(A) LEMOSA GES.M.B.H. WIEN ' (D LEMO ITALIA S.R.L. MILAN TEL.: (02) 73818 91
TEL.: {02 22) 6392 27 (0D K.K. CODIX TOKYO TEL.: TOKYO 436-64 41/5
CLOFIS S.P.R.L. (ND) GEVEKE E \

OVERIJSE AMSTERDAM
KNUD KAMUK A / ‘ )
(SF) OY CHESTER AB HELSINKI 51 TEL.: ARC
(P JUPITER S.A. CONSTRUCTIONS ELECTRIQUES  (S) AB D.J. STORK
PARIS TEL.: (01) 705 39 68 ) SUNDBYBERG 1 TEL.: (08) 28 92 15
(D) LEMOSA GMBH PUTZBRUNN/MUNCHEN LEMO (U.K.) LTD. WORTHING/SUSSEX
TEL.: (089) 46 50 67 TEL.: (09 03) 20 46 51
(IND) APLAB APPLIED ELECTRONICS P. LTD. LEMO U.S.A. INC. BERKELEY
BOMBAY TEL.: 39 48 00 TEL.: 415 / 548-1966




Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistanee.

Stesalit AG
Kunststoffwerk
CH-4249 Zullwil SO
Telefon 0618006 01
Telex 63182

D

HepmerR || Industriel Zodiac

ZODIAC, un engineering dynamique et audacieux. La technique du
souple et du gonflable progresse tous les jours. En voici quelques
- = exemples:

PreCIS|on Les gazomeétres: Anti-pollution. A récupération d’énergie. A
accumulation.

Les abris souples (tentes): De 20, 40 ou 60 m?, ils sont réelle-

-
Power supplles ment polyvalents: ateliers, infirmeries de campagne, unités de

stockage ou de décontamination... Partout ot il y a mobilité ou
Stability up to 1078 ;upto 300kW : up to 300 kV urgence, leur rapidité de montage, de démontage et leur effi-
: cacité facilitent les opérations.

Les membranes souples: Membranes d'expansion ou de dila-
tation, utilisées dans les domaines chimique, médical, agro-
for all applications alimentaire, etc. L o

Quelles que soient sa nature et sa destination, une réalisation
industrielle ZODIAC est, de par sa signature méme, une garantie

Magnets Mlcrowave tUbes de fiabilité, de sérieux, d’endurance. N'est pas ZODIAC qui veut.

Pour documentation
et renseignements :
>, Découper et renvoyer a:
Messieurs Alain Letessier
et Thierry de Garilhe

Superconductors Capacitor charging

Beam deflection Multipliers
ZODIAC Département des marchés spéciaux.
61, quai Carnot 92210 Saint-Cloud France.

Télex: 270569F. Tél.: 602.00.20.

Control and Measuring Techniques Nom: __ Société:
Happinger Strasse 71
8200 Rosenheim

Tel. 08031 - 66397/66116 Ad :
%\”;EHH\\HZHN@ER Telex 0525777 hemes d e

Fonction:

cc
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Diamond Tools for all purposes

Our speciality

Diamond turning and milling tools for non-ferrous metals
and plastics

Other products

Special diamond tools for the watch and jewelry industries
Diamond-tipped dressing tools

Hardness testers

Glass cutters and diamond scribers

Custom-designed tools

Tool-bit repolishing work

Precise, top-quality work. First-class references

VOEGELI & WIRZ LTD CH-2502 Bienne/Biel
Diamond cutting and lapping works Gurzelenstr. 16
Phone: 032/41 21 81

CAMAC 50 OHM

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

W. W, £ISCHER

INGENIEUR-MORGES
Pat. pend.

Téléphone (021) 77 37 11
CH - 1143 Apples Télex: 24259 fisch - ch

W 1S
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a second
prefabrication

plant :

after the plant in Montelimar FRANCE,
the plant in Olazagutia SPAIN
has become operational .
You can:
m leave to us the installation of

500 t/month of piping circuits
®m be sure that the quality
requirements and delivery date
that you ask for will be met

> A

Montélimar
o
lOngaguts

Our 2 prefabrication plants
Assembly area

bécca

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

2000 People - 500 Licensed welders

Sté BOCCARD

© BP 6080 - 69604 Villeurbanne Cedex
FRANCE - Tél. (78)68 34 35 Télex 300426 F

@ Tervuerenlaan 42 - 1040 Brussel 4
BELGIQUE

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

® Olazagutia - (Navarra) - ESPAGNE
® Via Gozzi N° 5 - 10121 Torino - ITALIE
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B NiM signal
B 10inputs
M 6 outputs

B CAMAC
programming

M Differential
ECL signal

B 10inputs
M 6 outputs

B CAMAC
programming

B Twoindependent
logic units

W NIMsignal
W 4 inputs
M 4 outputs

B Manually
progrommoble

BERRER

Common features of the modules:
B Outputs independently programmable.
W Three operation modes

overlap, strobed, s(robed+shaped
W Propagation ime independent from

the chosen logical combinations.

e NEERERY

WES CAMAC ' TEAM
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043

CAMAC-CRATES 200-500 W \

® CERN COMPATIBLE, PLUGABLE
POWER BOX

® PLUGABLE FANUNIT

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

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

I T D

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

WES-CAMAC-TEAM

represented in Switzerland by
QQNBERRA—STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070 J
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JANNEY MEETS THE DEMANDS OF THE
HIGH-ENERGY PHYSICS COMMUNITY

with Ultrahigh Purity, Ultrahigh Conductivity
Wrought Copper Components

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

requirements for:

e Ultrahigh Conductivity * Shaped Wrought

(98-102% IACS) Geometries
¢ Excellent Brazing * Fxperienced
Characteristics Metallurgical

¢ Vacuum Integrity Control

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

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

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

JANNEY CYLINDER COMPANY

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

ULTRASONIC CLEANING EQUIPMENT
CompaCt units n“nnnnn"n
Proven, top-quality products, of the

—_ ; most advanced design, at affordable

PHOTON COUNTING

0.2 to 28
litres
) capacity.

— Frequency 35kHz PR-1401 RF Pﬁ-uoo RF
— Simple to :
operate When We Say PHOTON-BY-PHOTON, We Mean It! These

RF Shielded housings provide multiple features for one
low price. Model PR-1400 RF accepts 2" & 112" dia. PMTs;
PR-1401 RF houses 1'%" dia. & smaller tubes. Both models
are tested with broadband high-gain Photon Counting
systems and provide: Electrostatic Shielding at cathode
Thoroughly cleans: potential; Magnetic Shielding (0.040" thick high perme-
oil filters, strainers, heald shafts, nozzles, instruments, relays, ability material) extending %2 cathode dia. in front of pho-
counters, precision engineering components, polished items. tocathode; Photocathode concentricity maintained with

- opaque insulating ring; Removable Universal Front
Mounting Flange (interchangeable with most SSR, PPI
AND GENCOM housings). Also — Model PR-1402 RF for
Side-Window tubes. For Performance and Prices Call
(617) 776-3250 or Write:

— High wattage per
litre capacity

— Stainless steel tank coated internally
to withstand cavitational damage

For LARGE-SCALE INSTALLATIONS : |

modular generators (modules
interchangeable within minutes)

and immersed oscillator BN Products for Research, Inc.
M. SCHERRER AG CH- 9500 WlL/SG [}0 78 Holten Street @ Danvers, Mass. 01923

Gallusstrasse 41 (Switzerland) Phone (073)223476 CABLE: PHOTOCOOL TELEX: 94-0287
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SC'enfl 'que Nous sommes a fnéme de vous fournir
d td 3| d
un gaz Pur gaz de heasu’?eaéuerete’e,sdmrews rgq%z?itéeinvariable
bl té Se.
’est pqs 'OU|°urs Nous savons ceequeep;%%vsegevons a la science,

a la chimie et a la technique moderne.

| assez purO ‘ AGA Société Anonyme

4133 Pratteln, 061-817282
1219 Le Lignon/GE,022-9627 44
8048 Ziirich, 01-629022
7304 Maienfeld,085-924 21

Un nom qui garantit \EE 011




Défectuosité du roulement

Surveillance continue du roulement a billes avec
le systéme SPM 32 qui accentue la sireté en vue
d’une défaillance de I'équipement ou d’une

perturbation inattendue de la marche du travail.

Nous vous donnons volontiers de plus

amples renseignements :

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

Hersteller: SPM Instrument AB, Strangnas, Sweden

Assortiment d’outils pour I’électronique’

Pour service de montage, de dépannage, de réparations, de contrble et d'entretien
d'appareils électroniques, de télécommunication, de télécommande, d'automation, etc.

Elektronikwerkzeugsortiment

Fur die Montage, Reparatur-, Kontroll- und Stoérungsdienst, sowie fiir den Unterhalt
von elektronischen Apparaten, Fernmeldedienst, Fernsteuerungen, Automation, usw.

nONOY
1AYATAYAY

Halle 3/Stand 211

Ch. de Montelly 46 @ (021) 267121

)
eurunce Bt igriard  LAUSANNE
1000 Lausanne 20 D Télex: 25926

there
IS a
difference

when it comes to

CRYOGENIC
INSTRUMENTATION
AND SENSORS

Only Lake Shore Cryotronics, Inc.
provides state-of-the-art sensors, instru-
mentation and close cycle refrigeration
systems for virtually every cryogenic
application. .

INSTRUMENTATION
Digital thermometers 1-400 kelvin
Digital thermometer/controllers
1-400 kelvin
® Ultra stable precision controllers
1-400 kelvin
High stability fixed and program-
mable current sources
Liquid level readouts and controls
Vacuum regulator valves

*

Model DTC-500 Precision
Cryogenic Temperature Controller

SENSORS
* Germanium resistors <0.05K to 100K
Carbon glass resistors { 1K to 100 K
{300K)
Silicon diode sensors 1K to 400K
GaAs diode sensors 1K to 400K
Platinum resistors 20K to 900 K
Capacitance sensors 1K to 300K
Rhodium iron resistors
Chromel-gold/iron thermocouples
Hall generators

SYSTEMS
LTS-21 closed cycle refrigerator systems
* + 003K to +0.5K stability
* (10K to 300 K temperature range
¢ State-of-the-art instrumentation
* Complete accessories

.

¢ s 9 0 0 0o

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

In North America:

Leaveitto. ..

LAKE SHORE
C(RYOTRONICS, INC.

P.0. Box 29876 Columbus, Ohio 43229
(614) 846-1250 Telex: 24-5415 Cryotron Col
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ACTIVE - PASSIVE ELECTRONIC COMPONENTS

ag

Telex 68 636

... B wie Buffer,

Telefon 063 / 28 11 22

Wichtigste Merkmale o
L]

4932 Lotzwil

Verlangen Sie die neusten Datenblatter !

nun ist sie da, die neue

COS/MOS-Reihe von SGS-ATES

gebufferte Ausgange
geschitzte Eingdnge
Versorgungsspannung 3 — 18 V
ideale Transferkennlinie

4000 B- und 4500 B-Reihe

Ab Lager !

approved by the European Space Agency (ESA)

4932 LOTZWIL TEL.063/281122 TELEX 68 636

CARLO GAVAZZI

Kanzleistrasse 80  Postfach
Telex 52308

CARLO GAVAZZI AG
8026 Zurich Telefon 01242 3122
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Drills:

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

@ car body sheet

@ plastic sheet and tubing

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

Indispensable for equipment assembly

Swiss and foreign patents

TIPSWITOOL "

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




ANALOG OUTPUT

These modules provide one or more pre-
cision voitage outputs for use in such
analog control and monitoring situations
as driving X-Y recorders, driving panel
meters, and programming power supplies.
Power supply controllers also provide
output control signals and binary status
input.

3110 8-Channel, 10-Bit D/A Converter

c AM Ac 3112 8-Channel, 12-Bit D/A Converter

3158 Power Supply Controller
mo d ul es 12-bit D/A converter, 4 digital out-
put control signals, 8 status input
signals
3160 Power Supply Controller
contains an additional output con-
trol signal

3162 Power Supply Controller
features two 12-bit D/A converters

3112 3158

ANALOG INPUT

These modules provide the ability to
monitor analog parameters. Included are
multiplexing, signal conditioning, and
various types of single and dual A/D
converters.

3510 16-Channel Scanning A/D
Converter (11 bits)

3512 16-Channel Scanning A/D
Converter (12 bits)

3515 10-Bit A/D Converter

3520 12-Bit A/D Converter

3530 15-Channel Relay Multiplexer

3520 3530 used alone or to expand the 3552 or
3553 to multi-channel applications
3540 16-Channel Signal Conditioner
external amplifiers measure low-
level signals from strain gauges,

handle
a wealth

thermocouples, or other trans-
ot Of ducers. Can be used with the 3510
or 3512

analog I/o 3552 12-Bit A/D Converter

3553 12-Bit A/D Converter
3560 Dual V-F Converter
3561 Joystick Interface

COMING SOON

a new 16-Channel Temperature Monitor
module

a new driver for standard 4-20 milliampere-
analog process loops

¥

3553 3560 3561

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC58 * 6 Cheminde Tavernay * 1218 Geneva, Switzerland = Tel. (022) 98 44 45 = Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel.815838 0005 * TWX 910638 2831

195



wnijsy e

(2H/200/8H/4v)
XOUule) e

(8H/IY - H/Y)
oeqie) e

(20/4v)
xowue) e

| (20/200/1V - 209/1v).
Bue) e

uobie,p sabuelpin
ayosiwebuobiy e

A

(tv) . e
uobiy e - ;V)”

%
. («s» 200)
anbiuoqies apioy
* pAxoipusiyoy e
(2H?2)
SNOSsIp-auglAlooy
SNossig-udjAlozy e
(=0)
augbAixQ
jjoisianeg e

abepnos ap anbiuysa3 ej anod
zeb ap sabuejpw 39 zeb ap
39]dwod x104yd un

Nqluyodeyssiomydg alp iny
usyosiwabsen pun uases Uoa
JudwinIog sabipuels||oAa uigy

196



