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Quantum chromodynamics 
shows its paces 

One of the striking features of the 
International High Energy Physics 
Conference held at Tokyo at the end of 
August (see September issue, page 
283) was the demonstration of the 
predictive power of quantum chromo
dynamics (QCD) — the candidate 
theory of interactions of the pointlike 
components hidden deep inside 
nucleons. 

i With a number of impressive agree
ments with experiment now to its 
credit, QCD must be considered much 
less of a speculative theory and more 
of a real physical picture which ac
curately reflects the mechanisms at 
work inside hadrons. 

The first evidence for the existence 
of small hard scattering centres deep 
within nucleons came from electron 
scattering experiments. These small 
nucleon constituents were termed 
partons and evidence soon began to 
build up which enabled these minute 
particles to be identified with the quark 
building blocks which successfully ac
counted for the proliferation of 
observed hadrons and their classifica
tion into families. 

In this way, two different pictures of 
the composition of hadrons were 
brought together — the parton model 
describing dynamical interactions and 
the quark model dealing with static 
properties. As a result, the words 
parton and quark can be interchanged 
freely. 

In the simplest parton picture, high 
energy lepton-hadron scattering is 
described by the interactions of the in
cident pointlike leptons as they probe 
inside the target nucleons and find a 
target parton. In each such interaction, 
an incoming lepton hits one parton 
while the others behave as 'spec
tators'. 

By adding together these individual 
lepton-parton interactions, in principle 
one could predict the overall behaviour 
of the nucleon when bombarded by 
lepton beams. However the dynamical 
description of the partons bound inside 

the nucleons is difficult to pin down 
and -it therefore becomes difficult to 
extract exact results. 

However for those cases where the 
incident lepton probes deep inside the 
nucleon and interacts violently with 
one of the constituent partons, the cal
culations can be simplified. When 
such large amounts of momentum are 
transferred from leptons to partons, 
the result is dominated by the 
kinematical variables of the scattering 
process and on the distribution of the 
partons inside the nucleons. 

These results for high momentum 
transfer processes therefore turn out 
to be governed by the kinematical 
variables and are independent of quan
tities like particle masses or sizes of 
interaction regions. As a result, once 
behaviour has been measured under 
one set of kinematical conditions, 
predictions for scattering at other 
energies can be made simply by 
'scaling' the appropriate kinematical 
variables. 

This scaling behaviour was seen 
early on in lepton-nucleon scattering 
experiments at SLAC and provided 
valuable evidence for the existence of 
partons. (An earlier article on this sub
ject, in January / February issue, page 
7, referred to these pioneering electron 
scattering experiments, but in one of 
the diagrams, data which was in fact 
collected at DESY was inadvertently 
attributed to SLAC.) 

While the parton picture provided 
the first glimpses of the mechanisms at 
work inside hadrons, theorists were 
more ambitious. Instead of a semi-
empirical model with limited applica
tions, they sought a full-scale quantum 
field theory which naturally described 
the behaviour of hadron constituents 
in the same way that quantum 
electrodynamics provides a self-
contained framework for describing 
electromagnetic interactions. 

The contender for this theory is 
quantum chromodynamics (QCD), in 
which the interaction between partons 

is attributed to the exchange of gluons 
which carry the so-called 'colour' 
forces (hence 'chromodynamics') be
tween the quarks in much the same 
way as photons mediate the 
electromagnetic force. Some of the 
ideas behind the introduction of colour 
as a new quantum number have been 
described in a previous article (see 
November •! 977 issue, page 380). 

In quantum electrodynamics, ob
served interactions are the net result of 
a number of individual processes in
volving charged particles and photons, 
each of which can be represented pic-
torially by a Feynman diagram. These 
individual processes combine together 
in a well-defined way (perturbation 
theory) and successive approximations 
to the required result can be obtained 
by including more and more of them in 
the calculation. 

The same approach is taken in QCD, 
where each individual interaction 
mechanism is represented by a Feyn-
man-type diagram which indicates the 
particles involved and the way they in
teract. Hopefully a meaningful predic
tion can be made by including con
tributions from a manageable number 
of individual diagrams. 

In QCD, variables describing intrin
sic particle properties (such as isospin 
and flavour) are allowed also to de
pend on space and time. If such a 
technique (called a 'Yang-Mills' theory) 
is used inside successively smaller 
regions of space-time, it was found on 
theoretical grounds that the interac
tion between the individual particles 
would diminish. This property is known 
as 'asymptotic freedom'. On the other 
hand, if the space-time volume of the 
interaction region is increased, the 
magnitude of the inter-particle interac
tion also increases. 

This result is incorporated in QCD by 
introducing a running coupling con
stant, the square of which behaves as 
the inverse of the logarithm of the 
square of the momentum transferred 
in the interaction. As the momentum 

335 



(a) 

transfer gets larger (i.e. the space-time 
volume of the interaction gets smaller), 
the effective coupling constant 
decreases. 

It is as though the partons, although 
strongly bound inside hadrons, can 
'forget' about this strong binding if 
they are made to interact quickly 
enough. This means that if the condi
tions are right, the techniques of per
turbation theory can be used in QCD 
and predictions can be made by sum
ming contributions from relatively few 
individual processes represented by 
Feynman-type diagrams. 

These limitations usually mean that 
QCD calculations are restricted to 
processes where a lot of momentum is 
transferred in the interaction. For ex
ample an experiment can be set up to 
be triggered by a pion coming out at a 
relatively large scattering angle. In this 
way the data is automatically selected 
to be suitable for treatment by QCD 
techniques. 

While the introduction of the run
ning coupling constant enables some 
calculations to be made, the reason for 
the apparently perpetual confinement 
of quarks within nucleons and their 
reluctance to appear as free particles 
remains a mystery. This may emerge 
naturally from a more mature version 
of the theory but now all that can be 
done is to embed the QCD effects in a 
smooth wave function which describes 
the hadronic material surrounding the 
inner partons. 

This outer hadronic dependence 
cannot be calculated and has to be 
determined from nucleon structure 
functions measured by experiments. 
The structure functions can be com
pared to the form factors used in the 
analysis of electron-nucleus scattering 
some twenty years ago. 

With these techniques, calculations 
using the simplest diagrams for in
dividual lepton-nucleon scattering 
reproduced the broad scaling effect 
seen in initial electron-nucleon scatter
ing experiments. However, the inclu-

(c) 

sion of additional diagrams (see figure) 
involving internal gluon exchanges 
produce additional effects and these 
spoil the overall scaling behaviour. 

A close examination of the ex
perimental results had shown that 
scaling is in fact not exact and 
systematic deviations occur. These 
systematic deviations agree with the 
QCD predictions, the recent results 
from neutrino scattering using the 
BEBC bubble chamber at CERN 
providing particularly impressive 
agreement with the theory. 

Despite the observation of scaling 
violations in lepton-nucleon scattering, 
the predictive power of QCD still 
remained limited. Only lepton-nucleon 
scattering (together with lepton-
antilepton annihilation) could be 
handled by QCD without encountering 
major obstacles in the underlying for
malism. 

For other applications, there were 
apparently insurmountable technical 

Diagrams showing some of the possible 
mechanisms contributing to lepton-nucleon 
scattering. In the simplest diagram (a), the 
incoming lepton exchanges a photon with one 
of the constituent quarks of the nucleon. 
Diagrams (b) and (d) are complicated by 
emission of gluons, while diagram (c) shows an 
interaction with a 'virtual' quark emitted from 
the constituent or 'valence' quark. 

difficulties. For example it is not known 
how to handle states with more than 
one hadron, so QCD calculations for 
hadron-hadron interactions at first 
sight appeared impossible. Other 
calculations on the production of cer
tain types of particle did appear possi
ble but it was not clear which diagrams 
should be included to obtain a good 
approximation. Many different dia
grams provided comparable contribu
tions, so that it appeared impossible to 
isolate a manageable subset of dia
grams more important than the others. 

The new breakthrough in QCD in re
cent months is that a method has been 
developed which preserves the good 
results obtained for lepton-nucleon 
scattering using the old technique, but 
which opens the door to calculations 
which before were impossible. 

One immediate application of this 
new technique is to the production of 
lepton pairs in hadron-hadron colli
sions. In the appropriate kinematical 

gluon 
quark 

lepton 

photon 

(b) 

* 

+» 

336 



Some of the possible mechanisms for lepton 
pair production in hadron-hadron collisions, in 
which a quark from one hadron annihilates with 
an antiquark from the other. This produces a 
heavy photon, which decays into the pair of 
leptons. The basic process is shown in diagram 
(a), and the additional effects including g/uon 
interactions — diagrams (b), (c) and (d) — can 
now be calculated using the techniques of 
quantum chromodynamics. 

(a) 

/ / 
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regions, these lepton pairs show signs 
of heavy resonances such as psions 
and upsilons, but away from these 
resonance regions, the lepton pair 
spectrum is smooth. 

This smooth background is at
tributed to the so-called 'Drell-Yan' 
mechanism in which a quark from one 
hadron annihilates with an antiquark 
(coming from the 'sea' of virtual parti
cles surrounding the three 'valence' 
quarks) from the other. This produces 
an intermediate heavy photon, which 
decays into the pair of leptons (see 
diagram). 

According to QCD, additional in
teractions, for example involving inter
nal gluons, are also relevant to this 
process, but in the original formulation 
of the theory these corrections could 
not be calculated. In the new prescrip
tion, these additional diagrams are 
seen to be related to the processes 
which cause scaling violation in 
lepton-nucleon scattering. 

LSJULSJ^ 

(b) 

gluon 

photon 

hadron 

quark 

lepton 

(d) 

Thus the correction terms for the 
'naive' Drell-Yan mechanism can be 
calculated using data from deep in
elastic lepton-nucleon scattering, and 
the results agree with experiments on 
lepton pair production. 

This new predictive power for QCD 
brings within reach a whole new range 
of calculations which before were out 
of the question and shows that our un
derstanding of Nature does seem to 
have managed to penetrate the 
mysterious inner regions of the 
nucleons — perhaps the ultimate of all 
microscopic worlds? 

One of the most remarkable things 
about the theory is that — given the 
right conditions — the traditional tools 
of perturbation theory can still be ex
ploited. Not so long ago, it was thought 
that any meaningful theory of inner 
hadronic mechanisms would have to 
wait for the development of some new 
mathematical technique to replace 
perturbation theory. 

This may still be the case, as most of 
the manifestations of the colour force 
seen so far are only small effects which 
are added as some sort of 'fine struc
ture' to other more gross phenomena, 
such as scaling. 

One place where experiment could 
break out of the straitjacket of small 
colour effects is in the decays of heavy 
particles such as the upsilon. If the up-
silon is the bound state of a heavy 
quark and its antiquark, it should in 
principle be able to decay into three 
gluons in much the same way that 
positronium (a bound state of an 
electron and a positron) decays into 
three photons. 

Such a decay would not be a small 
correction effect, and in its present 
form QCD can make predictions for the 
three gluon spectrum. Experimentally, 
this decay seems difficult to pin down 
with the present upsilon data, but 
further statistics on upsilon decays 
would provide a valuable proving 
ground for larger scale QCD pheno
mena. 

Other theorists are homing in on the 
problem from another direction by 
studying the non-perturbative aspects 
of QCD such as instantons (see 
September 1977 issue, page 290). 
Here the hope is that eventually a pic
ture can be built up which describes 
the 'long distance' interactions of 
quarks and gluons and the mechanism 
which confines quarks inside hadrons. 

Despite the problems which remain 
to be solved, QCD has shown its paces. 
With a number of good predictions to 
their credit, QCD theorists can face the 
future with confidence. 
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Around the Laboratories 

Fred Mills stands beside the 200 MeV storage 
ring which is now in operation at Fermilab. The 
ring will be used for studies of electron cooling 
for the proton-antiproton project. 

(Photo Fermilab) 

FERMILAB 
Cooling ring in 
operation 

A new storage ring was born at 
Fermilab in September when a beam 
of protons was injected and stored in 
the 200 MeV cooling ring. The ring is 
part of the antiproton cooling project 
aimed at providing high intensity an
tiproton beams for colliding with 
protons in the main ring or the Energy 
Doubler in the future. The ring will be 
used initially to study electron cooling 
of protons with tests beginning later 
this fall. 

The new 'racetrack' ring is located 
West of the Booster at the 200 MeV 
end of the Linac from where it receives 
its protons. Initial operation was very 
gratifying. The calculated magnet cur
rents resulted in a good circulating 
beam with a mean lifetime of 30 s, 
consistent with the limitations im
posed by the present vacuum. No cor
rections were required. 

The cooling of protons by electrons 
is a process which was first de
monstrated at the Soviet Institute of 
Nuclear Physics, Novosibirsk. Trans
verse and longitudinal momenta of the 
protons are transferred to electrons so 
that the proton beam is 'cooled' to a 
particular momentum value. This 
reduces the size of the proton beam. 
Successive pulses of protons can be 
stored in the storage ring for long 
periods of time. 

The Fermilab project was proposed 
in the fall of 1976. Construction of the 
major components started in late sum
mer 1977 with a small group of 
physicists and technicians. The An
tiproton Cooling Group, under Don 
Young and Fred Mills, has been 
primarily involved with the construc
tion and development of the storage 
ring accelerator while Internal Target 
Group led by Peter Mclntyre prepared 
the electron beam cooling system. 

The cooling ring has 32 quadru-
poles, 24 4-foot bending magnets and 
two 45-foot straight sections to ac
commodate the electron-beam cool
ing system. The circumference is about 
1/3 that of the Booster. A bakeable 
vacuum system is capable of achieving 
a vacuum of 10~10 torr to ensure the 
long beam lifetime required for the ac
cumulation of antiprotons. A pressure 
of about 10~8 torr was obtained before 
baking with only about 5% of the 
ultimate pumping speed available. 

Argon calorimeterfor 
pion dissociation 

Although the nature of the photon is 
well understood and its interactions 
with other elementary particles can be 
predicted, it would certainly not be un
usual if Nature unleashed another sur
prise and revealed new phenomena in 
the scattering of mesons with photons. 

A group of physicists from Fermilab / 
Minnesota / Rochester have embarked 
on a programme to examine meson-
photon collisions at high energy in the 
hope of finding just such surprises. 

Since it is not possible to have a 
meson target (the longest-lived 
stationary mesons exist for only about 
10"8 s) nor a real photon target 
(photons exist only insofar as they 
have momentum) it is difficult to scat
ter photons on mesons. At very high 
energies, however, a large nucleus can 
be regarded as a target providing a sea 
of photons. These photons arise from 
the presence of nuclear electric charge 
and the consequent Coulomb field sur
rounding the nucleus. 

To study meson-photon collisions it 
is necessary to have mesons interact 
with nuclear targets at distances 
where the electromagnetic properties 
of the nucleus dominate over the 
strong nuclear forces. Such collisions 
ensure that the entire nucleus is still in-
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Online computer display of a typical meson-
photon event from the Fermilab/Minnesota / 
Rochester experiment on pion dissociation 
using a lead target. The two vertical lines on the 
right define the positions of the front and back 
sections of the liquid argon calorimeter. 
Horizontal lines are used to indicate the 
distribution of energy deposited in the 
calorimeter. The remaining vertical lines 
represent drift or proportional chamber planes 
and the tic-marks indicate the trajectory of the 
pion through the spectrometer. The diagram 
below shows the event in schematic form. 
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tact after the interaction has occurred 
and guarantee that the meson collided 
with an electromagnetic photon rather 
than with the hadronic material in the 
nucleus proper. 

The probability that a meson-
photon collision produces some par
ticular particle increases by about a 
factor of ten in going from AGS/PS to 
Fermilab / SPS energies while the 
probability that a similar particle is 
produced in the strong interaction of a 

meson and a nuclear target drops 
typically by about a factor of ten. As 
the energy of the incident meson in
creases, it also becomes easier to in
terpret the meson-photon collision 
because the photon becomes less vir
tual — more like a real photon. 

The first theoretical suggestions for 
this possibility of examining collisions 
of real particles with photons provided 
by the nuclear Coulomb field were 
made by H. Primakoff some thirty 

years ago but it is at Fermilab and at 
SPS energies that such studies can 
come to fruition. 

To take advantage of the physics 
possibilities of photon targets, the 
Fermilab / Minnesota / Rochester col
laboration has built a spectrometer 
system located in the M1 beamline of 
the Meson ̂ Laboratory. One of the key 
elements of the spectrometer is a high 
resolution photon detector — a liquid-
argon calorimeter of the type 
developed over the past few years by 
Bill Willis at CERN. A preliminary 
calibration of the detector shows an 
energy resolution of ± 2 % for 50 GeV 
photons and a position resolution of 
± 1 mm. 

The first experiment of the series 
planned by the collaboration was 
finished in July. The calorimeter and 
spectrometer performed exceedingly 
well, and the experimenters obtained 
valuable data on the reaction n"+Y -> 
n~+n°. The results will be used to 
check SU(3) symmetry predictions and 
quark-model rules relating the decays 
of vector mesons produced in n" Y col
lisions. 

In particular, the production of the 
rho meson has already been observed 
and its probability of decay into a 
negative pion and a photon ascer
tained. The decay probability is much 
smaller than expected on the basis of 
present theory but is consistent with 
earlier measurements of the same 
process at the AGS where, because of 
the lower energy, the interpretation of 
data was somewhat more difficult. 

High intensity lab 
on the air 

The High Intensity Laboratory situated 
in the Proton West beamline at Fer
milab was commissioned during the 
latterpartof the summer. The area was 
designed and built by a team from the 
Proton Department headed by Brad 
Cox. 
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Initially a zero degree negative 
charged beam was set up and the first 
high intensity pion flux was trans
ported to the experimental hall. The 
beam transport system was then set in 
a zero degree neutral beam configura
tion and a unique high intensity an-
tiproton beam was generated by col
lecting antiprotons from lambda 
decays. Fluxes of these two beams 
have been measured to be greater than 
1010 negative pions and approximately 
107 antiprotons per 1013 incident 
protons respectively, making them the 
most intense beams of their type in the 
world by two to three orders of 
magnitude. In addition, the antiproton 
beam is the cleanest antiproton beam 
with proton/pion ratios approaching 
5 0 % at 100 GeV/c. 

The complex of targets, shielding, 
beam dumps, tunnels, beam trans
port, and experimental hall has been 
under construction for two years. Over 
1000 feet of tunnel including the 230 
feet long experimental hall had to be 
constructed 20 feet underground 
because of the high intensity of the 
secondary beams. The proton beam 
target system posed particularly dif
ficult shielding problems because of 
the design requirement to take several 
times 1013 protons per pulse. Also the 
area was constructed such that the 
1000 GeV beams from the Energy 
Doubler can be accommodated. 

Approximately thirty magnets are 
involved in the targeting and second
ary beam transport. They operated up 
to 250 GeV in the initial tests and with 
few changes can be adjusted to 300 
GeV/c. The implementation of the full 
capacity of the beam for the Energy 
Doubler era requires a supercon
ducting transport system to replace 
the largely conventional transport 
which is now in place. 

Two major steps were taken this 
summer in preparation for this super
conducting transition. A group led by 
Brad Cox, Peter Garbincius, Peter 
Mazur and John Satti, project engineer 

of the Proton Department, successfully 
completed and operated a prototype 
large aperture, low current supercon
ducting dipole. These dipoles (and the 
comparable quadrupoles which are 
now under design) operate at 220 A 
and have a 1 5 cm diameter bore. With 
them, the beam transport can be up
graded to 1000 GeV with an increase 
in beam acceptance. 

The second step involved the oper
ation of an Energy Doubler dipole in the 
proton targeting system during com
missioning of the High Intensity 
Laboratory. For the first time at Fer-
milab an Energy Doublerdipole, similar 
to the type to be used in the 1000 GeV 
accelerator, was used in a beam trans
port system. During the months of July 
to September, it deflected protons 
onto the secondary beam production 
target. The effects of beam loading and 
single pulse beam quenches were 
studied. An additional benefit from the 
use of this magnet was the experience 
gained in operating the helium refri
gerator systems. 

In October the first round of 
experiments using the unique 
capabilities of this experimental area 
began. Three experiments will be in
stalled in the hall in the coming year. A 
Chicago/Princeton group plans to 
study high transverse momentum in
clusive particle production and dimuon 
production by pions with a detector 
system which consists of a small aper
ture single arm spectrometer and a 
large aperture iron toroid. A second 
group of scientists from Princeton / 
Saclay / Brookhaven is installing a two 
arm spectrometer to study negative 
pion production of D*. A third set of ex
perimenters from Fermilab / Athens / 
Michigan / McGill is using a large aper
ture forward spectrometer to study di
muon production by antiprotons using 
the lambda beam. 

With these experiments, work with 
high intensity secondary beams will 
have begun in earnest. 

KEK 
Open house 
After the International Conference at 
Tokyo in August (see September issue, 
page 283), participants had the 
chance to visit the Japanese National 
Laboratory for fjigh Energy Physics 
(KEK) and to see for themselves the 
progress which has been made and the1 

range of experiments under way. 
Although only some 60 km north

east of Tokyo, KEK is reached after a 
tortuous drive of several hours through 
narrow roads. It is situated in the new 
Tsukuba Academic District, a new 
development which houses nearly fifty 
different research centres and in
stitutes of higher education together 
with their staff and their families. Ap
proved only in 1970, Tsukuba has 
grown quickly, its present population 
being around 120000. 

Work started at KEK in 1971, and 
the main proton synchrotron reached 
its initial 8 GeV design energy in March 
1976. The physics programme, which 
began last year, can exploit the full 
12 GeV output from the main ring. 
Maximum beam intensity reached 
so far is 2 x 1012 protons per pulse. 

With the central synchrotron com
plete, work began on a 500 MeV 
booster beam. As well as serving the 
main KEK ring, the booster also sup
plies additional protons for experi
ments in nuclear physics, neutron dif
fraction and radiobiology. 

This year saw the start of construc
tion work for a synchrotron radiation 
source, including a 2.5 GeV electron 
linac and storage ring. This is 
scheduled for completion in four years' 
time (see May issue, page 158). 

Initial KEK experiments used a fast 
extracted beam with the 1 m bubble 
chamber and an internal target supply
ing beam to counter experiments. This 
year work is continuing on a slow ex
tracted beam to increase the scope for 
counter experiments. 
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Aerial view of the Japanese KEK High Energy 
Physics Laboratory. The 12 GeV proton 
synchrotron, centre, serves two experimental 
halls, the smaller one at the bottom of the 
picture housing the 1 m bubble chamber, while 
the larger is the scene of counter experiments. 

(Photo KEK) 

This new beamline makes use of a 
three-way proton beam splitting 
system. Two of these beams irradiate 
targets producing kaon and antiproton 
secondary beams and are the scene of 
preparations for experiments on kaon 
decays, on hypernuclei and on the in
teractions of kaon beams with 
polarized targets. The third beam is be
ing used in a new experiment studying 
direct lepton production. 

Work on these beamlines is well ad
vanced, and proposals have been put 
forward to extend further the range of 
experimental facilities at the main 
machine. These include a low momen
tum pion and muon beam for nuclear 
physics experiments, a hyperon beam 
and a high momentum (up to 8 GeV) 
unseparated beam using supercon
ducting magnets. 

Preliminary results from counter 
experiments at KEK were reported 
at the Tokyo Conference and covered 
the differential cross-section and 

polarization behaviour of charge ex
change reactions of negative pions on 
protons in the 2-3 GeV energy range. 
This experiment took beam from the 
internal target to irradiate a specially-
constructed polarized target of 
ethylene glycol. 

Bubble chamber experiments with 
the 1 m chamber started in 1977 and 
soon amassed 280000 pictures with 
6 GeV negative pion beams. A subse
quent experiment, investigating lepton 
production with 8 GeV protons, used 
tantalum plates inside the chamber 
and has exceeded the 1 million picture 
mark. 

The measurement and analysis of 
the bubble chamber film is helped by 
the KAMA (KEK Automatic Measuring 
Apparatus) system, based on a Hitachi 
HITAC computer. As well as handling 
KEK film, ' KAMA also takes 
photographs from a pion-proton ex
periment at SLAC. However the ma
jority of the bubble chamber film 

analysis load is borne by the univer
sities, with Tohoku in particular taking 
a lot of film. 

Computing at KEK is based on a 
twin Hitachi HITAC 8800 configura
tion, with the KEKOPEN system han
dling the batch processing load. Use of 
on-line terminals is not widespread. 
For monitoring experiments there is 
the KEKNET system, where individual 
minicomputers (mostly PDP-1 1/45s) 
in the experimental hall are connected 
to the main computer centre through a 
250 kbyte/s link. 

No high energy physics Laboratory 
these days is complete without its 
large-scale plan for the future and KEK 
is no exception. The site is big enough 
to accommodate a ring of more than 
2 km in circumference, and with a 12 
GeV proton synchrotron and a 2.5 GeV 
electron linac available, a number of 
different colliding beam schemes can 
be envisaged. 

Called TRISTAN — Transposable 
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Ring Intersecting STorage Ac
celerators in Nippon — the project 
could use a ring equipped with conven
tional magnets to store electrons and 
to act as an intermediate accelerating 
ring for protons before they are in
jected into a superconducting ring to 
be taken to several hundred GeV. 

FRASCATI 
Electron-positron 
physics at medium 
energies 
A meeting on electron-positron 
physics at medium energies has been 
held in Frascati with the participation 
of more than a hundred physicists. The 
opening address was given by INFN 
President A. Zichichi in the presence of 
G. Postal (Italian Under-Secretary of 
the Ministry for Scientific Research) 
and the closing address by M. Pedini 
(Italian Minister of Public Education). 

The meeting was intended to give 
specialists working in this field the 
possibility to review results since the 
Hamburg Conference in 1977 and to 
discuss the new perspectives opened 
up by the recently proposed high 
luminosity electron-positron storage 
ring to be built in Frascati. 

The general consensus was that this 
low beta, high luminosity storage ring 
(ALA - Anello a Luminosita Alta) 
designed by the Frascati Accelerator 
Group, which would work at a 
luminosity a hundred times higherthan 
the ADONE storage ring at a centre-of-
mass energy of 2.4 GeV (and still be 
greater than 1030 per cm2 per s at 
1 GeV) would be a unique instrument 
to increase our knowledge of a large 
range of phenomena in this energy 
range. 

The ALA design is a 17m diameter, 
1.2 GeV storage ring with four straight 
sections — one for injection, one for 
the r.f. system and two 3 m low beta 

insertions for the experiments. The 
peak current would be 150 mA per 
beam with one bunch in each beam. 
Injection may be directly from the ex
isting linac used to feed ADONE, or 
may use ADONE as a booster. 

Notwithstanding the efforts at many 
Laboratories to search for new 
resonances in the 1 to 3 GeV mass 
range, the experimental situation is far 
from clear. In fact, while some of the 
resonances observed up to now have 
been confirmed, others need to be sup
ported by more statistically significant 
data. 

As discussed during the meeting 
from many theoretical points of view, 
high statistics electron-positron 
searches wil l , for example, clarify the 
problems connected with complex 
quark states like baryonium. A detailed 
analysis has also shown the great in
terest of some more conventional 
aspects of electron-positron physics: 
the pion/kaon form factors, the radial 

Nino Zichichi gives the opening talk at the first 
session (chaired by Sam Ting) of a meeting at 
Frascati to discuss electron-positron physics at 
intermediate energies. 

(Photo Frascati) 

and orbital recurrences of vector 
mesons, radiative decays, problems of 
mixing, two-photon physics, exotic 
states, rare processes involving 
quarks. 

To carry out this physics program
me, a powerful detector will be needed 
coupled to ALA. A longitudinal 
magnetic detector covering about 
9 0 % of the totaT solid angle, with the 
ability to distinguish between pions,^ 
kaons and protons, will meet this re
quirement and help physicists improve 
the understanding of the interesting 
phenomena now just showing up in 
ADONE. The new project will ensure an 
active scientific life at Frascati in the 
coming years. 

DESY 
Luminosity at PETRA 
The electron-positron storage ring, 
PETRA, at the DESY Laboratory has 
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Beams in the new electron-positron storage 
ring, PETRA, atDESY. Above is the signal from a 
2 mA electron beam and below from a 1.5 mA 
positron beam. 

been in operation for most of the time 
since beam was first stored on 1 5 July 
(see August issue, page 243). During 
the first six weeks, however, priority 
was given to the operation of the 
DORIS storage ring, which, following 
its observation of the upsilon 
resonance in an electron-positron 
storage ring was carrying out a suc
cessful hunt for the upsilon prime. 

It was not until the first week in 
September that positrons became 
available for PETRA. This is because, 
until the construction of an additional 
ring called PIA, DORIS is part of 
the positron accumulation system for 
injection into PETRA. By mid-Septem
ber positron bunches collided with 
electron bunches at an energy of 
5 GeV per beam resulting in the first 
measured luminosity of 2 x 1029 per 
cm2 per s. This figure was about one 
quarter of the maximum theoretical 
luminosity per bunch interaction at this 
energy for the particular optics used in 
the test. 

In August, while PETRA was waiting 
for DORIS to become available for in
termediate positron accumulation, a 
number of interesting developments 
took place. Single bunch currents of 
electrons were accumulated up to 6.5 
mA, which is already a third of the 
maximum design current of 20 mA. 
(After positrons became available, 
single positron bunches with currents 
up to 5.5 mA were achieved.) Also 
stored beams were accelerated to 
energies of 11.11 GeV without any 
observable loss. 

The most surprising result came 
when the bunch lengths of stored 
electrons and positrons were 
measured. The observed bunch 
lengths of 1.7 to 2.5 cm corresponded 
very well with theoretical expectations 
for small currents and the anticipated 
'bunch lengthening effect' was much 
smaller than expected. At average cur
rents up to 3 mAthe lengthening effect 
was smaller than 35%. This is good 

news for the experimenters, who can 
look forward to a very small energy 
spread for the production of narrow 
resonances. 

KARLSRUHE 
Superconducting 
r.f. cavities 

In the design study for the LEP 
electron-positron colliding beam ma
chine (see page 353) a two stage 
procedure is foreseen. A peak energy 
of 70 GeV is to be achieved in the first 
stage using normal r.f. cavities and in 
the second stage the energy will move 
finally to 100 GeV by exchanging the 
cavities with superconducting ones. 
This will circumvent the extremely high 
r.f. power consumption at higher 
energies. 

The technology of superconducting 
cavities has reached a state which 
makes such a scheme feasible. The 
improvement factor — the ratio 
between cavity losses (comparing cop
per at room temperature to niobium at 
4 K) — is 104 to 105 for the operating 
frequencies considered for storage 
rings and accelerating field gradients 
of 2 to 3 MV/m can be expected. Con
fidence in the reliability of supercon
ducting r.f. systems has increased very 
much with the operation of the super
conducting r.f. separator at the CERN 
SPS since December 1977 without 
trouble. 

There are, however, several open 
questions when considering the ap
plication in storage rings. Can the in
itial performance be maintained for an 
appreciable period of time in the 
presence of a particle beam (giving 
synchrotron radiation and scattered 
particles) and with the cold cavity be
ing connected to a long warm beam 
tube? Can the excitation of higher 
modes in the cavity be handled ? Is it 
possible to couple the large amount of 
beam power into the cavity? 
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Most of these questions can be 
studied only by testing a supercon
ducting cavity in an operating storage 
ring. Moreover, concepts for mass 
production of cavities plus ancillary 
equipment (like tuners, cryostats and 
couplers) at reasonable costs have to 
be worked out. 

A collaboration between CERN, 
DESY and Kernforschungszentrum 
Karlsruhe has been set up, according 
to which Karlsruhe is developing two 
cavities for tests in the DORIS 
electron-positron storage ring at 
DESY. The costs are being equally 
shared between the three centres. 

The cavities will be fabricated from 
sheet niobium by argon arc welding. 
The input coupler is designed to bring a 
beam power of about 100 kW from 
room temperature down to 4 K. This 
makes it necessary to have a very 
careful design of the coaxial line inside 
the cryostat. The heat influx is reduced 
by capacitive separation of the line at 

temperatures of 4 K, 80 K and 300 K. 
The parts close to the cavity are super
conducting to minimize heat losses. 

The higher mode output coupling 
system has been developed to couple 
99 .9% of the power delivered by the 
beam out to a room temperature load 
without affecting the fundamental ac
celerating mode. The cavity is cooled 
in a liquid helium bath at atmospheric 
pressure to 4 K. The beam entrance 
tubes of the cryostat are cooled before 
the cavity in order to freeze out gases 
from the rest of the beam pipe in the 
beam tube rather than in the cavity. 

The cavities are under construction 
and will be available for laboratory 
tests at the end of this year. After com-

The new linear accelerator for the CERN 28 Ge V 
proton synchrotron has now attained its 
50 GeV design energy and is scheduled to 
come into service early next year, replacing the 
existing linac which has been in service since 
1959. 

(Photo CERN 14.9.78) 

pletion of all additional equipment it is 
hoped that the test in DORIS can take 
place in the second half of 1979. 

CERN 
New linac reaches 
design energy 

With the 28 GeV proton synchrotron 
(PS), the Intersecting Storage Rings 
(ISR) and the 400 GeV proton syn
chrotron (SPS) all in action at the same 
time, CERN is the scene of the widest 
diversification of high energy physics 
experiments with protons. To this will 
soon be added the proton-antiproton 
colliding beam project (see September 
issue, page 291). 

The source of all these protons (and 
antiprotons) is the linac at the PS. It is 
obviously of vital importance to have a 
top quality, high reliability linac, and a 
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One of the events recently observed by a Ban/ 
CERNI Milan I Or say I Pa/a/sea u collaboration 
in the Gargamelle bubble chamber using the 
SPS wide band neutrino beam. This is the first 
observation of the reaction V u + e~~>Ve + u~. 
The isolated horizontal track, originating in the 
liquid and directed to the right, is the secondary 
muon emitted in the reaction. It is the inverse of 
the beta decay of the muon u~->e~ + V u + Ve. 
These are the only weak interactions in which 
onlyleptons are involved. The existence of this 
new reaction has been expected for several 
decades and the measurement of the cross-
section will enable the universality of the weak 
charged current theory to be verified. 

To distinguish the events from possible 
backgrounds, several requirements have to be 
satisfied. First, the interaction region has to be 
observable with great precision to eliminate the 
possibility of other tracks. Secondly, the muon 
has to be identified and selected with high 
efficiency. This is done by the counters 
surrounding the bubble chamber: veto, picket 
fence, and the two-plane muon identifier. 
Finally, the angle of the muon to the neutrino 
beam has to be measured with a precision of 
the order of one milliradian to isolate this 
reaction from the elastic type which takes place 
on nuc/eons. The first measurements give hope 
that a good separation of this reaction can be 
achieved. 

new one has been built. The construc
tion of a new linac for the PS was 
launched in 1973 and is presently 
scheduled to take over the respon
sibility early next year for supplying 
protons to the PS. 

Protons come from a duo-
plasmatron source and 750 keV 
Cockcroft-Walton pre-accelerator. The 
750 keV beam transport system 
provides for careful matching into the 
linac which consists of three Alvarez-
type tanks with post coupler stabiliza
tion, operating at 202.5 MHz. The r.f. 
power system uses FTH 1 70 triodes 
(anode with direct water cooling) and 
contains wide band phase and level 
servo-loops. The whole machine is 
controlled by a very flexible system 
based on PDP 1 1 -45 computers. 

The machine reached 50 MeV for 
the first time on 6 September and the 
design current of 150 mA was ob
tained at the end of tank 3 on 4 Oc
tober. During a 48-hour run which 

began the following day, beams of 90 
mA (standard operation level) and 120 
mA were injected into the Booster. 
Up to 2.6 x 1013 ppp instead of 2 x 
1013 previously were obtained in the 
Booster after multiturn injection 
leading to a new intensity record of 
1.67 x 1013 at 800 MeV, limited, as an
ticipated, mainly by longitudinal in
stabilities and beam loading. Ease of 
adjustment and stability during the 
beam pulse as well as from pulse to 
pulse were improved. 

Some of the necessary improve
ments to the Booster are already under 
way to exploit this new and, it appears, 
very healthy member of the CERN 
family of accelerators. 

SPS ups intensity 

At the opposite end of the proton 
acceleration scenario at CERN from 
the linac is the proton beam emerging 

from the 400 GeV synchrotron, the 
SPS. The accelerated beam intensity 
has reached record levels in the last 
two operating periods. 

These achievements followed the 
implementation of double batch injec
tion from the PS. Instead of sending a 
single pulse of 10 GeV protons to the 
SPS ejected over ten turns and dis
tributed almost all the way around the 
SPS ring, in double batch injection, the 
PS sends two pulses ejected over five 
turns giving nearly half a ring's worth 
each pulse. The total cycle time is in
creased from 8.4 s to 9.6 s. The PS 
beam is ready bunched at the SPS r.f. 
frequency of 200 MHz before being 
ejected. 

With these manoeuvres the ac
celerated beam intensity was taken to 
1.5x101 3 protons per pulse (sustained 
for at least fifteen minutes) in period 
5 and to 1.6 x 1013 in period 6. A record 
number of protons was sent to the 
experiments during period 6. 
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The installation of 22 litres of Cryogenic 
Sensitized nuclear emulsions from Moscow in 
two neutrino target boxes being checked inside 
the Fermilab 15 foot bubble chamber by Lou 
Voyvodic, spokesman for the US / USSR / 
Poland collaboration. The hybrid bubble 
chamber / emulsion technique is being used to 
study the production and decay of charmed 
particles. 

(Photo Fermilab) 

Particle tracks from the exposure of Cryogenic 
Sensitized nuclear emulsions maintained at 
liquid hydrogen temperatures to a 45 GeV 
negative pion beam at Serpukhov. The 
horizontal scale covers about 100 microns. 
Such tests showed the feasibility of using these 
emulsions inside cryogenic bubble chambers. 
An experiment by a US / USSR / Poland 
collaboration using this technique is soon to get 
under way at the 15 foot chamber at Fermilab. 

More 10 GeV pulses into the SPS 
per cycle are scheduled and, next year, 
four additional amplifiers will double 
the r.f. power available. The aim is to 
achieve 3 x 1013 protons per pulse 
from the SPS and to push the peak 
energy to 450 GeV. 

CERN/FERMILAB 
Emulsions inside 
bubble chambers 

In the continual quest for rare events 
like charm production, different detec
tion techniques are increasingly being 
used in conjunction to facilitate the 
search. One example of this trend is the 
use of emulsions with additional 
downstream detectors to monitor the 
decay products of interactions in the 
emulsion target. 

Measurements on charm decays are 
in progress using emulsion targets 
with the Omega spectrometer at CERN 
(see June issue, page 208), where the 
reconstruction of events in the 
downstream detector helps locate the 
interaction vertices in the emulsion^ 
plates. Another experiment by an 
Ankara / Brussels / CERN / Dublin / 
London / Pisa / Rome /Turin collabora
tion has exposed an emulsion stack in 
front of the BEBC bubble chamber. 

For maximum effect, the emulsion 
and the downstream detector should 
form a continuous system, as gaps 
between the emulsion and the detec
tor lead to inaccuracies in locating the 
interaction in the emulsion. Tests have 
recently been carried out to investigate 
the possibility of obtaining a con
tinuous system by mounting an emul
sion target actually inside a bubble 
chamber. 

At Fermilab, an experiment is to be 
carried out in the 15 foot chamber. 
This makes for special problems in 
handling emulsions in a low temper
ature environment. At CERN, the 
periodic use of the Track Sensitive 

346 



do", 
dt 

3 

ft* 

11.75 GeV/c 

vv* 
1 2 , 3 ,4 

R[GeV/c]2 

9G 

,1 

s . 

Target (TST) inside BEBC makes it dif
ficult to install emulsion targets inside 
the chamber. 

While in a cryogenic chamber the 
problem is low temperature, emulsion 
targets inside the Gargamelle heavy l i
quid chamber at CERN have to contend 
with a relatively high temperature. The 
interior of Gargamelle is maintained at 
54°, but to ensure its preservation an 
'emulsion target has to be kept below 
15°. 

Some tests have been carried out 
using a small aluminium alloy 
refrigerated box built and mounted in
side the access door of Gargamelle. In 
preliminary trials with a dummy load, 
the cooling system for the box worked 
satisfactorily and, thanks to the op
tically clean coating on the outside of 
the box, the quality of the bubble 
chamber photographs remained good. 
Tracks were visible right up to the sur
face of the box. In subsequent trials, 
2.5 litres of emulsion were placed in
side the box and exposed to neutrino 
and antineutrino beams. 

For the next running period of the 
Fermilab 1 5 foot chamber for neutrino 

iand antineutrino interactions in 
deuterium, an additional experiment 
by a collaboration of groups from Fer
milab / Kansas / Washington and 
Krakow and from the IHEP/ITEP/JINR 
Institutes in the USSR will make use of 
special nuclear emulsion targets inside 
the chamber. 

The use of emulsions inside 
cryogenic or freon bubble chambers 
was proposed at Fermilab in February 
1976. After tests at Serpukhov in 
September 1977 confirmed good 
track characteristics in Cryogenic Sen
sitized BR-2 emulsions exposed at l i
quid hydrogen temperatures, 22 one-
litre stacks of these emulsions were 
prepared in Moscow and are now in
stalled in two target boxes mounted 
on the inside of the upstream nose 
cone of the chamber. 

Reconstruction of tracks emerging 
from the emulsion boxes is expected 

to provide accurate predictions for 
locating approximately 1000 neutrino 
interaction vertices in the emulsion 
layers, as well as helping to provide full 
analysis of each event. 

As well as charmed particles, this 
technique could show signs of other 
species of particles whose lifetimes 
range from 10"11 to 10"15 seconds. 

New data from polarized proton scattering 
experiments at Argonne (square points) show 
that the spin effects first observed last year 
continue to grow with energy. At the highest 
energies it is not clear whether the effects have 
reached a limiting value or whether they will 
grow further. 

ARGONNE 
Proton scattering still 
in a spin 
Last year a team, working with the 
polarized proton beam and polarized 
targets at the Argonne Zero Gradient 
Synchrotron, discovered that proton-
proton elastic scattering had a large 
and totally unexpected spin-spin force 
at large transverse momentum (see 
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Recent aerial view of the SPEAR storage ring at 
SLAC. The two straight sections of the ring 
house the high energy physics detection 
systems (Mark II on the right, Crystal Ball on the 
left). The two arcs house the synchrotron 
radiation experiments with the recent addition 
on the south arc at the top. 

August 1977 issue, page 237 and 
November 1977 issue, page 283). This 
spin effect developed very abruptly at 
a value of the transverse momentum 
squared of 3.5 (GeV/c)2. The Michi
gan / Argonne / AUA team has now 
extended their measurements to 
largervalues. 

Using the new record polarized 
beam intensity of 5 x 1010 protons / 
pulse and running continuously for two 
months at a beam energy of 11.75 
GeV/c, the team has extended the 
measurements out to 90° in the centre 
of mass and a value of 5.1 (GeV/c)2. 
The new spin measurements are 
shown in the graph as the ratio of scat
tering with parallel proton spins to that 
with antiparallel spins. 

At the largest available values, the 
spin-parallel cross-section is four 
times larger than the spin-antiparallel 
cross-section. There is presently no 
theoretical explanation of this aston
ishingly large effect. However, there 
is a strong belief that elastic scattering 
at large transverse momentum is 
caused by the direct scattering of the 
proton constituents and that these 
constituents must, for some reason, 
rarely scatter unless their spins are 
parallel. 

At 11.75 GeV one cannot go to 
larger values since they are already 
maximized at 90° in the centre of 
mass. However, the experiments hope 
to extend the measurements by in
creasing the polarized beam energy 
and to distinguish between the present 
uncertainties as to whether the ratio of 
cross-sections has reached a limiting 
value or is still growing. 

The six-pole, 18 kG wiggler magnet installed in 
the SPEAR storage ring to generate 'hard' 
synchrotron radiation by inducing sharp bends 
in the electron beam. Thus hard radiation will be 
available for experiments even when SPEAR is 
working at comparatively low energies. This is 
the first wiggler to be installed in an operating 
ring. 

(Photos SLAC) 
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STANFORD 
SPEARhead 

The electron-positron storage ring 
SPEAR continues to be the centre of 
intense scientific activity for both high 
energy physics and synchrotron radia-
Jion experiments. During the first half 
p f this year there was the longest run
ning period in SLAC's history (14 
January to 13 July) when the storage 
ring operated almost continuously. The 
only interruption was seven days dur
ing which SPEAR could not run 
because of incompatibilities with the 
high-priority parity violation experi
ment performed in end station A. The 
asymmetries being studied in that ex
periment were so small that they could 
be overshadowed by small electrical 
transients caused, for example, by 
switching from positron to electron in
jection for SPEAR ! 

During that period SPEAR ran for 
344 colliding-beam eight hour ex
perimental shifts for the Mark II detec
tor and for the DELCO experiment. 
Synchrotron radiation experiments 

Hvere also under way on a parasitic 
basis. In addition, SPEAR operated as a 
single-beam dedicated synchrotron 
radiation source for one week (21 
shifts) and during that week the stored 
beam energy was 3.0 to 3.7 GeV with 
currents as high as 100 mA in four 
bunches. Most of the colliding beam 
operation used stored beam energies 
of 1.8 to 2.2 GeV with 10 to 25 mA 
stored in one bunch. 

A 14 week shutdown ending in mid-
October saw the DELCO experiment 
removed from the east interaction 
region and the Crystal Ball experiment 
installed in its place. The Mark II con
tinues in residence in the west interac
tion region until the summer of 1979 
when it is scheduled to move to PEP. It 
has recently been decided that DELCO 
will also be installed on PEP as one of 
the first round experiments. 

During this same shutdown period 
the Stanford Synchrotron Radiation 
Laboratory (SSRL) began installation 
of its major new experimental hall and 
several beam channels on the South 
arc of SPEAR as reported last month. A 
six-pole, 18 kG wiggler magnet was 
also installed in a SPEAR straight sec
tion. This is the beginning of the three 
year expansion programme for SSRL 
to provide 12 to 14 additional ex
perimental stations beyond the ten 
now in operation. The first of these 
new stations will begin operation early 
in 1979 and the rest will be completed 
by the end of 1980. 

There is an agreement between 
SSRL and SLAC that when PEP is well 
under way with its experimental 
programme, SPEAR will be available 
as a dedicated synchrotron radiation 
source for half of its operation time. 
With first stored beam trials of PEP 
now scheduled for October 1979 the 
transition to the new mode of opera
tion for SPEAR should begin by early 
1980. 

Physics 
monitor 

Colour chemistry 

Although our present picture of strong 
interactions is still in a formative stage, 
there are already signs that the range 
of hadronic states discovered so far 
might just be the tip of an iceberg. 
Once the experimental techniques 
have been developed, the mechanisms 
of strong interactions could rival those 
of chemistry in their ability to create 
new and interesting compounds. 

It hinges on the idea of 'colour', al
leged to play a role in strong interac
tions analogous to that of electric 
charge in electromagnetism. Ad
ditional particles called gluons carry 
colour between the quarks in much the 
same way that photons mediate 
electromagnetic interactions. 

Although not many manifestations 
of colour have been seen, it enables us 
to account for the wave function of the 
decuplet of baryons being symmetric 
in flavour (electric charge and 
strangeness) and spin, while the Pauli 
exclusion principle would like the wave 
function to be antisymmetric. This 
dilemma can be solved by the addition 
of colour to bring in the required 
degree of asymmetry. 

In the colour picture, quarks are at
tributed with another quantum 
number in addition to charge, flavour 
and spin. However little trace of this 
colour attribute is seen — it is as if the 
extra colour degree of freedom has 
been frozen out. The colour affinity 
between quarks seems to be so strong 
that they want to bind together to form 
'colourless' (zero net colour) states. 

Normally, when an extra degree of 
freedom exists in physics, it eventually 
shows up in spectroscopy, in the way 
that spin degrees of freedom add fine 
and hyperfine structure to the normal 
atomic spectrum. With hadronic 
spectroscopy, the question is where to 
look to see any additional effects due 
to colour. 

For baryons made up of three quarks 
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and mesons composed of a quark-
antiquark pair, the colour degree of 
freedom is completely frozen and in 
each case there is only one way of 
making a state with zero net colour. 

However when hadron states 
become 'hot', so much energy can be 
brought in that at least one extra 
quark-antiquark pair is created inside 
the hadron and the colour configura
tion could change. 

Then it would be possible to have 
colour isomers — states with the 
same quark content but with different 
physical properties as a result of the 
different distributions of colour. Such 
colour isomers could already have 
been seen in experiments, although 
this is not yet certain. 

One of the proponents of the quark 
isomer idea, Chan Hong-Mo, prefers to 
talk in language borrowed from 
chemistry. Blobs of quark matter — 
'chromions' — can bind together with 
tubes of colour field lines to form com
posite colour 'molecules' in much the 
same way that ordinary ionic 
molecules are formed. 

If the constituent chromions are 
kept apart, for example by a high 
angular momentum barrier, they will 
keep their individual identities, so that 
the properties of the colour molecule 
could be deduced from the properties 
of its component chromions. 

Normally when such a colour 
molecule breaks up, it will be as a 
result of the tube of colour field lines 
being broken, rather than the chro
mions themselves decaying. When the 
tube snaps, quarks and antiquarks ap
pear on the two sides of the break, in 
much the same way as cutting a bar 
magnet in half produces an additional 
pair of magnetic poles. 

Systems made up of two quarks (as 
opposed to a quark plus antiquark) do 
not have zero net colour and have un
usual properties such as fractional 
electric charge. As a result they are not 
seen as free hadrons. However a di-
quark could be a simple form of chro-

mion, and a simple colour molecule 
would be 'diquonium' — a diquarkand 
an antidiquark, connected by a colour 
tube, rotating around each other. 

Depending on the colour configura
tion of the diquarks, one or two quarks 
are formed on each side of the break if 
the connecting colour tube snaps and 
causes diquonium decay. If just one 
new quark is created on each side, the 
decay produces a baryon-antibaryon 
pair (see diagram). 

Co/our chemistry in action. A colour 'molecule' 
could consist of a pair of quarks and a pair of 
antiquarks held together by a 'tube' of colour 
force. Should this tube snap, a quark and an 
antiquark are formed either side of the break, in 
the much same way that sawing a bar magnet 
in half produces an additional pair of magnetic 
poles. The decay of the colour molecule 
produces a baryon and an antibaryon, and 
provides one explanation of 'baryonium' — 
states which a/though existing in mesonic 
channels, prefer to decay into baryon-
antibaryon pairs. 

These diquoniums could be iden
tified with the 'baryonium' states now 
seen in a range of different experi
ments. A number of these states have 
been reported, all having the property 
of appearing reluctant to decay into 
mesons. Even though they appear in 
meson-like (integer spin) channels, 
they prefer instead to couple to 
baryon-antibaryon pairs. 

Such states had been expected on a 
number of theoretical grounds. The 
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meson exchange forces which make it 
difficult to form any bound state of two 
baryons other than the deuteron are 
expected to produce, on the other 
hand, a relative wealth of states which 
couple to the baryon-antibaryon 
system. Baryoniums also smooth out 
difficulties with the simple quark 
model in baryon-antibaryon reactions, 
where basic ideas of 'duality' seemed 
to break down (see June 1977 issue, 
page 197). 

Experiments seem to show that 
there are two kinds of baryonium. 
Some states are broad, having typical 
hadronic decay widths of a hundred 
MeV or more, and are seen at 2190 
and 2350 MeV in painstaking analysis 
of nucleon-antinucleon scattering 
data. 

Other baryoniums have a much nar
rower width, usually of the order of 
tens of MeV, and are seen in selected 
channels of production experiments, 
such as the proton-antiproton pair in 
n"p -> prTpp. 

In the diquonium picture, these two 
kinds of baryonium are explained as 
being colour isomers with the same 
quark content but different interior 
colour configurations. Depending on 
this configuration either one or two 
quark pairs are formed when the colour 
tube connecting the diquarks snaps. 

It is more difficult to produce two 
quark pairs than one, so the di-
quoniums producing two quark pairs 
will have a narrower decay width than 
those which produce just one pair. 
They will tend to emit mesons and 
change into other diquoniums. 

However the diquark is only one 
simple example of a chromion, and 
whole ranges of new hadronic states 
could be formed from other chromions. 
Some narrow resonant states which 
have been reported could be explained 
as colour molecules built from two 
chromions, one containing three 
quarks and the other a quark-antiquark 
pair. 

According to the ideas of colour 

chemistry, these hadronic states are 
the'forerunners of an infinite number of 
possible colour molecules. If so, this 
will provide fuel for many more years 
of experimental effort. 

The solar neutrino 
problem 

The puzzle of solar neutrinos has now 
been with us for some 20 years, but 
new technical developments afoot in 
the US and the USSR giving greatly 
improved capabilities for neutrino 
detection might soon resolve the 
problem. 

It was W. Fowler and A. Cameron 
who first pointed out that the range of 
thermonuclear reactions in the sun's 
interior should produce an appreciable 
flux of neutrinos. These'intense reac
tions provide the temperature which 
resists the immense gravitational 
forces trying to crush the sun, and the 
level of these reactions, as measured 
by neutrino fluxes, is a good ther
mometer for the sun's interior. 

These neutrinos fly out through the 
sun and into space, some of them ar
riving on the earth. However observa
tions so far show that the detected 
level of solar neutrinos is only a frac
tion of what is expected from 
theoretical estimates. If this is correct, 
it means that we do not understand 
well enough what is going on in the 
sun. 

Solar neutrinos can be detected 
through a variety of neutrino-induced 
nuclear reactions, such as the conver
sion of chlorine-37 to argon-37. One of 
the pioneers of solar neutrino work, 
Ray Davis of Brookhaven, has built 
a neutrino detector consisting of a 
100000 gallon tank of dry-cleaning 

fluid (perchlorethylene) buried 5000 
feet below the ground in a disused gold 
mine in South Dakota. 

Results from this huge installation 
give results that are consistently less 

than the predictions of various 
theoretical models, and moreover the 
results seem to be independent of the 
sun's, position, showing that the 
recorded level might be due to some 
other source instead. 

Theorists have tried to find ways out 
of the problem by tinkering with the 
parameters of the sun's interior, but 
these attempts appear to produce 
more difficulties than they remove. 

One reason for the present impasse 
could be that the currently-used 
methods for neutrino detection have 
threshold energies which do not match 
well the spectra of the solar neutrinos. 
As a result, only the high energy tail of 
the neutrino spectrum is intercepted 
and the lower energy component of 
the flux remains undetected. To catch 
these more elusive but much more 
abundant neutrinos, other detection 
methods must be sought. 

An example of such a method uses 
gall ium-71, which is converted by 
neutrinos into germanium-71, but until 
recently it appeared difficult to extract 
the tiny amounts of produced ger
manium from the mass of gallium in 
the detector. However recent develop
ments in the US now show how this 
can be done. All that remains is to find 
the money to purchase the gallium — 
some 15 million dollars would be re
quired for a typical detector containing 
50 tons of gallium. 

In the USSR, a huge neutrino obser
vatory in the Caucasus is now nearing 
completion. Among other things, this 
uses gallium detectors and should be 
able to identify solar neutrinos with 
much lower energies. 

Asthenodynamics 

In our July / August issue (page 246), 
we intimated that someone might 
come up with a name to describe the 
new unification of our description of 
the weak and electromagnetic interac
tions. 
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People and things 

'Broken Symmetry'— the latest sculpture from 
Bob Wilson which stands over the Pine Street 
entrance of Fermi lab. The Hi-rise building is 
visible in the background. The sculpture uses 
steel deck plate from the USS Princeton, stands 
16m high and weighs 21 tons. 

(Photo Fermilab) 

As a result of theoretical develop
ments which have become known as 
the Weinberg-Salam model, the weak 
and electromagnetic interactions can 
now be understood by a single picture. 
In a way this parallels the develop
ments in the last century when 
theoretical developments culminating 
in Maxwell's equations achieved a syn
thesis of electricity and magnetism, 
giving birth to the word electro-
magnetism. 

No new word analogous to 
electromagnetism seems to be in com
mon parlance among physicists to 
describe this newest unification. Many 
people still talk of the Weinberg-Salam 
or the 'standard' model. However 
Salam himself uses the term 'electro-
weak'fairly freely. 

Another possibility that has been 
suggested is pointed out by one of our 
readers in Edinburgh University, who 
regrets that physicists don't resort to 
Greek for new nomenclature in the 
way they used to. The background of 
classical education which produced 
such elegant words as hadron, meson, 
lepton or baryon has now given place 
to a new candour, with homespun 
names like parton, gluon, colour and 
flavour. 

The suggestion is for the new 
electro-weak phenomena to be given 
the name 'asthenodynamics', or the 
'asthenic force'. The Greek adjective 
'asthenis' has the virtue of meaning 
'not strong', rather than merely weak. 
In this way it can be used logically to 
describe all phenomena not associated 
with the strong force. 

The root of the word 'sthen' means 
strong, and the a prefix denotes 
'not', as in asymmetric. This gives us 
quantum asthenodynamics (QAD) as 
the field theory of the forces to be dis
tinguished from those attributed to 
quantum chromodynamics (QCD) and 
strong interactions. 

EPS and Trends in Physics 

The 4th General Conference of the 
European Physical Society was held at 
York in the UK from 25-29 September. 
Organized in collaboration with the 
British Institute of Physics, it attracted 
700 participants from Europe and 
overseas to the modern campus of 
York University. 

Under the wide-ranging theme of 
'Trends in Physics' the great diversity 
of present-day physics research was 
evident as a full programme of plenary 
sessions, specialized Seminars and 
posters attempted to cover the 
spectrum of modern optics, surface 
physics, phase transitions, nuclear 
astrophysics, hot plasma, heavy ions, 
synchrotron radiation and quarks. 

In addition to the quark sessions, 
high energy physics came into 
prominence during the opening ad
dress of Professor A. Zichichi, Presi

dent of the Society, at the General As
sembly. He pointed out that in 1978 
(the 1 Oth anniversary year of the EPS), 
we can look back 100 years to the for
mulation of MaxwelTs equations that 
unified electricity and magnetism and 
we can also see the new unification of 
electromagnetic and weak interactions 
as the model of Salam and Weinberg 
comes to fruition. 

The laser and synchrotron radiation, 
two remarkable new tools now at the 
disposal ot the experimental physicist, 
dominated the proceedings. Their 
almost ideal experimental character
istics have resulted in an increasing 
trend towards all forms of spectro
scopy. A widening interdiscip/inarity, 
with physics bridging the gap between 
such diverse disciplines as biology, 
ecology, medicine and telecom
munications, was also noticeable. 

Discussions on the role of education 
in popularizing science, on physics in 
the developing nations and on the 
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Top level meeting at the CERN-LAPP stand 
when the Annecy Fair was inaugurated on 
29 September. In the foreground from left to 
right — Leon Van Hove (CERNResearch 
Director-General), John Adams (CERN 
Executive Director-General), RaymondBarre 
(Prime Minister of France), Jean Teillac 
(President of CERN Council) and Marcel 
Vivargent (Director of LAPP, Annecy). 

(Photo CERN 253.9.78) 

physicist's attitude to the arms race 
drew animated audiences. Physics and 
science as a whole have a great role to 
play as a unifying force in human 
culture and the enthusiasm of the 
young physicists, so evident at York, 
augurs well for the Society which 
needs the support of a growing 
membership to fulfil its important task 
as a European forum of physicists. 

CERN and LAPP at the Fair 

From 29 September to 9 October, 
CERN and LAPP (Laboratoire d'Annecy 
de Physique des Particules) had a joint 
stand at the Annecy Fair— one of the 
biggest held in the region ofhiaute-
Savoie in France. The stand presented 
high energy physics and the research 
facilities used by CERN and by LAPP to 
do this physics. The stand was a 
considerable success and attracted 
many thousands of people. 

The Fair was inaugurated on 
29 September by the Prime Minister of 
France, Monsieur Raymond Barre, who 
visited the stand and spoke very 
favourably of CERN in his opening 
address. 

On 7 October the theme of the Fair 
was devoted to science. Films from 
CERN were projected throughout the 
day and talks on CERN and its work 
were given by Rafel Carreras and 
Robert Levy-Mandelfrom CERN and 
byM. Pessardfrom LAPP. 

A step to LEP 

From 10-22 September, European 
high energy physicists and accelerator 
specialists gathered at Les Houches 
and CERN for a major review of the 
proposed large electron-positron 
storage ring, LEP, which is now un
animously acclaimed as the next 
desirable machine to extend particle 
physics research facilities for Europe in 
the future. This LEP Summer Study 
was under joint ECFA-CERN spon
sorship with Marcel Vivargent and 
Sergio Fubini as Chairmen of the 
Organizing Committee, 

The first eleven days drew some 80 
people to Les Houches. Five working 
groups were set up — Electron-
positron physics beyond PETRA 
energies (convener Ch. Llewellyn-
Smith), Machine parameters and 
characteristic features (J. Le Duff), 
Design of interaction regions (P. 
Strolin), Experimentation at LEP (M. 
Davier) and New ideas about detectors 
(K. Winter). The last two in fact merged 
and resplit between physics topics. 

On the machines itself, the focus of 
attention was a 'Design study of a 15 
to 100 GeV e+e~ colliding beam ma
chine (LEP)', which was produced at 
CERN with the report number CERN / 
ISR-LEP I 78-17 and which is now 
commonly referred to as the 'blue 
book'. It emerged from the work, led 
jointly by E. Kef/, W. Schnell and K. 

Zilverschoon, which aims to have a 
design and report ready for the 
December CERN Council Session. We 
shall be returning to a description of 
the project and its physics aims in 
CERN COURIER about that time. 

On 21-22 September summary 
talks from the work at Les Houches 
were given at CERN to packed 
audiences by the conveners, P. Dar-
riulat considering polarization at LEP 
energies, J.B. Adams looking at the 
political scenario in which LEP takes its 
place and S.L. Glashow looking at the 
physics scenario(s). 

She/don Glashow did not limit 
himself to things serious during the 
Summer Study and decorated a 
blackboard at Les Houches with the 
following: 
'They all think we are building the 
bombs 
As they scream and shout in alarm 
But if they only knew it 
They'd all say 'LEPS do it' 
LEPS verify Weinberg-Salam' 

ACCUatCERN 

The CERN research facilities are now 
used by a very large number of 
physicists — the 'CERN Users'. The 
vast majority of them are from the 
scientific Institutes of the Member 
States and are financially supported 
by those Institutes. Their number, 
registered with CERN as 'Unpaid As
sociates', has risen from just under 
900 in 1973 to over 1400 in 1978. 
The remaining CERN Users are 
research physicists financially sup
ported by CERN, as established 
Research Staff Members, Fellows, and 
Scientific Associates paid fully or 
largely by CERN. Their number in early 
1978 was about 320 (90 established 
staff members, 130 Fellows, 100 
Scientific Associates paid fully or 
largely by CERN for a period of one 
year or more). 
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1. EdoardoAmaldi. 
2. AbdusSalam. 

It has been apparent for some time 
that it would be useful to have an 
organized channel of consultation 
between the CERN Direction and a 
representative group of CERN Users to 
review, at regular intervals, the prac
tical measures and arrangements 
taken by CERN for the work of the 
Users at the Laboratory. 

To that end, CERN has set up an 
Advisory Committee of CERN Users 
(ACCU). Its task is to advise the 
Directors-General on the practical 
measures taken by the CERN Manage
ment to smooth the use of the research 
facilities. This concerns in particular 
the working conditions and the ar
rangements for technical support. 

The Chairman and members of 
ACCU are appointed by the Directors-
General of CERN for a period of two 
years, with the possibility of extension 
but with a reasonable rate of rotation. 
It is intended that the members should 
be active users of CERN and that, for 
the users not paid by CERN, a balance 
should be established in ACCU 
between those mostly residing in the 
Institutes of their own countries and 
those present at CERN for longer 
periods of time. 

The membership of ACCU has two 
Users, not paid by CERN, coming from 
each larger Member State (France, Ita
ly, Germany, United Kingdom); one 
User, not paid by CERN, coming from 
each smaller Member State; two 
Users paid by CERN. Further members 
may be added if necessary and 
meetings are attended by members or 
representatives of the CERN Manage
ment and by a representative of the 
CERN Staff Association. 

The Chairman of ACCU is E. Lillest0l 
(University of Bergen) and the 
Secretary is W. Blair (CERN). So far 
three meetings have been held and 
topics discussed have ranged from 
hostel accommodation at CERN and 
on-site restaurant and transport ar
rangements, to computing and 
electronics facilities for users. 

On people 

From 7-9 September a symposium, 
'Perspectives of Fundamental Physics, 
was held in Rome to mark the 70th 
birthday of EdoardoAmaldi. Organized 
by Carlo Schaerf and Giorgio Tecce of 
the Faculty of Science of Rome 
University, it brought together some 
500 scientists from throughout the 
world to honour Amaldi, who has 
contributed so much to science and to 
Europe, being one of the major 
personalities in the history and 
development of CERN. The topics at 
the symposium reflected Amaldi's 
science interests and the areas of 
physics where his political influence 
has had great impact. It is a pleasure to 
add our greetings to a personality of 
such integrity, commitment and 
achievement. 

On 14-15 September a symposium 
devoted to the quark concept was held 
at Stockholm as part of the 
celebrations to mark the hundredth 
anniversary of the University of 
Stockholm. A very successful meeting 
opened by the Vice-Chancellor, Steffan 
Helmfrid, andGosta Ekspong, heard 
talks by Don Cundy, Abdus Salam, 
Leon Lederman, Robert Jaffe, Gustaf 
Weber, Gerson Goldhaber, Harald 
Fritzsch, Erwin Gabathuler and 
Sheldon G la show. 

Abdus Salam has been awarded the 
American Institute of Physics 1978 
John T Tate International Medal for 
Distinguished Service to the 
Profession of Physics, for his 
successful efforts in bringing together 
physicists from different countries to 
collaborate on significant projects. The 
award no doubt recognizes in 
particular Professor Salam's role in 
creating the Trieste Centre for 

354 



The superconducting magnet of the Argonne 
12 foot bubble chamber is being modified for 
use in the High Resolution Spectrometer (HRS) 
at the PEP electron-positron storage ring. Most 
of the 1600 tons of steel will be used intact but 
the end cap pieces are being extensively 
modified to allow access for the electronic 
detectors. This requires careful cutting through 
60 cm thick steel pieces which, for reasons of 
economy, has to be done by cutting torches. 
Cuts of remarkable straightness were achieved 

with a maximum 1.4 cm kerf, demonstrated by 
Klaus Jaeger who is in charge of the magnet 
modification. The next job will be to modify 
mechanically the superconducting coils to 
operate with their axis in the horizontal 
direction, rather than vertical as in the bubble 
chamber. Tests of the new configuration are 
expected in January and reassembly at PEP will 
take place by the fall of 1979. 

(Photo Argonne) 

Theoretical Physics. The award was 
presented by William Koch, 
the AIP Director, on 28 September. 

Edouard Regenstreif, oneofCERN's 
earliest staff members, died on 
1 September. He had worked on the 
building of the PS and edited the three 
volume book which describes the 
machine in great detail. From 1963 he 
was Professor at the Universite de 
Rennes. 

On 26 September the first meeting of a 
new CERN Experiments Committee 
took place. It is known as the PSCC 
and is the result of merging the 
previous PS andSC Committees. The 
Chairman is Professor R. Klapisch from 
Or say. 

On 30 August Frank Sacherer from 
CERN and Joseph H. We is, who was a 
visitor in the CERN Theory Division, 
died in a mountaineering accident in 

the French Alps. Frank Sacherer had 
established himself as one of the 
world's leading accelerator theorists. 
He contributed greatly to the 
understanding of instabilities and, 
more recently, to the theory of 
stochastic cooling. Joe Weis was from 
the University of Washington in 
Seattle and an expert on multiparticle 
production. Some of his last findings 
were used extensively in the recent 
LEP Summer Study in Les Houches. 

Edward Sal ant, for almost twenty 
years a member of the Brookhaven 
Physics Department prior to his 
re tire men tin 1966, die d on 
13 September. He was involved in 
many important emulsion experiments 
including the first observation of 
accelerator-generated kaons. 

Meetings 

The 1979 Particle A ccelerator 
Conference on accelerator engineering 
and technology (the eighth in the USA 
series) will be held in San Francisco on 
12-14 March. Further information may 
be obtained from Ruth Thor Nelson, 
SLAC, P.O. Box4349 Bin No. 11, 
Stanford CA 94305, USA. 

The International School of Nuclear 
Physics offers a course on 'Heavy Ion 
Interactions at High Energies' atErice, 
Sicily from 26 March to 6 April 19 79. 
Further information may be obtained 
from Sir Denys Wilkinson, University of 
Sussex, Faimer, Brighton BN1 9RH, 
UK. 

The eighth International Conference of 
High Energy Physics and Nuclear 
Structure will be held at the University 
of British Columbia, Vancouver, 
Canada, on August 13-17, 1979. 
Enquiries should be sent to Dr. E. G. 
Auldat TRIUMFregarding registration 
and accommodation and to Dr. D.F. 
Measday regarding the programme 
and submission of papers. 
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Research Physicists 

UofC-AUA-USDOE 

The High Energy Physics Division at Argonne National 
Laboratory, a major R & D facility near Chicago, Illinois, is 
seeking well-qualified experimentalists at both the Assistant 
Physicist and Postdoctoral levels. 
Current research programs include polarized proton beam 
experiments at the ZGS, the prototyping and construction of 
colliding beam detectors for both PEP and Fermilab, and the 

design of a high energy polarized 
proton beam for Fermilab. ZGS 
polarized beam experiments involve 
high statistics studies of exclusive 

channel reactions to investigate baryon spectroscopy and 
production mechanisms, and measurement of total and elastic 
cross sections in specific spin states using polarized targets. 

We are particularly seeking candidates interested in strong 
interaction phenomenology and experienced in data analysis. 
Professionals with backgrounds in either instrumentation or the 
use of large software systems are also urged to apply. We offer 
fully commensurate compensation as well as unusual potential 
for recognition and career growth. Send resume ^kindly list 
three references) to Mr. W. D. McFall, Box HEP 1109, 
Argonne National Laboratory, 9700 South Cass Avenue, 
Argonne, Illinois 60439. 

ARGONNE NATIONAL LABORATORY 
An equal opportunity employer 

Job Opportunity for 
an Experimental 

Physicist 

There is an opening for a post-doc or more 
senior scientist at the Labor for Hochenergie-
physik der Eidgenossischen Technischen 
Hochschule (ETH) in Zurich. Experimental 
physicists who are interested in doing and 
planning medium energy particle physics 
experiments at the Schweizerische Institut fur 
Nuklearforschung (SIN) should write to : 

Dr. P.G. Seiler 
Laboratorium fur Hochenergiephysik 

Eidgenossische Technische Hochschule 
c/o SIN 

5234 Villigen / Switzerland 

NEW IN-LINE PHOTOMULTIPLIER 
DISCRIMINATOR drives 100 MHz 
logic signals over 500 feet of 
cable without pileup Passing fast detector 
signals over long interconnecting cables can result in serious pileup and 
shrinking of amplitude. The new LeCroy Model EPD 120/R provides a conve
nient means of locating a discriminator right in the coaxial cabling. This 
permits pulse standardization right near the photomultiplier, and restand-
ardization after transmission over long distances. The bipolar output shape 
of the EPD 120/R permits the transmission of fast signal bursts by 
eliminating pileup effects. The EPD 120/R is powered by - 12 voits applied 
to the output cable, which eliminates the need for separate power cables. 
BNC or Lemo connectors are available. 

FEATURES 

Variable Threshold: - 3 0 mV to 
- 500 mV 
Reflections: < 4 % 
Coupling/Impedance: AC/50 O 
Double-Pulse Resolution: 9 nsec 

Outputs: Two > -800 mV into 50 n 
during output (one with power sup
ply); positive compensation pulse 
follows normal output. 

Output Rise & Fall Times: 2.5 
nsec. 
Slewing: approx. 1 nsec. 
Input/OutputDelay: approx. 7 
nsec. 
Package: RF-shielded box; 
8.3 cm x 5.8 cm x 4 cm. 

For further information, con
tact LeCroy/European Prod
ucts Division or your local 
sales office. 

LeCroy 
RESEARCH SYSTEMS ^ S A 

EUROPEAN 
PRODUCTS 
DIVISION 

HEADQUARTERS: 81, avenue Louis Casai, 1216 
Cointrin-Geneva, Switzerland 
Offices in Spring Valley, N.Y.; Palo Alto, Calif.; Paris, 
France; Oxford, England; Heidelberg and Hamburg, 
West Germany. 



BENE 
PIPE FITTINGS 

AVAILABLE 

• in316LSS, 

• in sizes from 
1/4" to 2 " 

• in most popular 
or special figures 
like weld or thread 
fittings, plugs, 
nuts, reducers, 
elbows, tees, cross. 

Also available in CERN 
central store 

mab 
Kemi 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Tel 061/73 48 22 
Telex 62 440 

Designed to 
wash away 
damaging 
contaminants. 

Exclusive distr ibutorfor Switzerland 

Haws Model 7060-B 
with patented "Feather-Flo" heads 

Install Haws emergency eye/ face-wash fountains near 
every hazard. Push of the valve handle provides instant, 
gentle, pressure-control led water to float away 
contaminants without damaging delicate tissues. 
This equipment can help to eliminate potential permanent 
injuries. Write for free information and catalog. 

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

I N T E R N A T I O N A L 

Haws Emergency 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stations • 
Laboratory Units • Freeze-
Proof Units 

^ 

PMA 
Power supply module operating from 
a 220 VAC source. 
Standard 1" printed circuit mounting. 

Dimensions and pins compatible 
with international standards. 

20 MODELS 
ON THE SHELF 

Call SAPHYMO-STEL for all energy conversion problems, 
from 2.5 V to 3400 V and from 0.05 A to 100 A. 

SAPHYMO-STEL 
ATHOMSON-CSF's subsidiary 

DIVISION ELECTRONIQUE 
27-29, AVENUE CARNOT / B.R 53 / 91301 MASSY/ FRANCE / TEL. (1) 920.84.71 
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Hello again from DANFYSIK! 

To all Photomultiplier and 
Multiwire proportional Chamber Users 

Just a reminder about the Multichannel High Voltage and Control Systems 
available from DANFYSIK. 

Whatever the number of channels we have a unit or system to meet your requirements. 

MODEL 1130 

MODEL140 

MODEL141 

MODEL 150 

4 channel - NIM unit - 3 or 6 kV.* 

32 channel - 1 77 mm x 500 mm rack unit - 3 or 6 kV. 

Computer/CAMAC interface with possibility to control 
up to 24 model 140's. 

Recommended for 700 channels and up - basic system 
block 720 channel in 2 m x 0.5 m rack,2, 3, or 6 kV. 
All units available with positive or negative voltage. 

DANFYSIK Model 140 

&&;' • 

KV, POWER SUPPLY TYPE "*40 
3% CHANNELS 

{% ^ 0% 0% 0% &% 0b 0& fa • %£ sl% 0& wh 1% IWI 

HHit 

CtaS 

For more information contact: Danfysik A/S, Jyllinge, DK-4000 Roskilde DENMARK 
Telephone : 03-388 1 50 - Telex: 43 1 36 

or one of our representatives: 

PEABODYSCIENTIFIC, P.O. Box2009 , Peabody, Massachusetts01960, USA, Tel: (617) 5 3 5 0 4 4 4 . 

CRYOPHYSICS SA, 3, Rue Antoine Coypel, F-78000 Versailles, France, Tel: 9 5 0 6 5 7 8 . 

DAINI SEIKOSHA CO. LTD., 31-1 Kameido, 6-chome, Koto-ku, Tokyo, Japan, Tel: 6 8 2 1 1 1 1 . 

SILENA, Via Negroli, 10/A, Milano, Italy, Tel: 7 4 9 0 5 6 5 . 

For CERN, United Kingdom, West Germany and Scandinavia contact, DANFYSIK A/S direct. 

*The N11 30 is manufactured under licence by Wenzel Elektronik, Munich, West Germany. 

DANFYSIK 
JYLLINGEDENMARK 
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TURBOVAC 120 £3 
LEYBOLD-HERAEUS -

The complete knowledge 
of vacuum technology and 

its scientific and 
industrial applications: 

Research and Development. Production of Equipment. After Sales Service. 

latest and smallest model of our range of well-tried TURBOVAC pumps 

- it even works upside down -
No matter in what position the new 
TURBOVAC 120 is fitted, it gives 
the same excellent performance, 
even when standing on its head. 
This mounting flexibility is due to a 
special design lubrication system. 
The TURBOVAC 120 combines 
compact size with high pumping 
speed and high compression ratios, 
particularly for hydrogen. 

High performance in all sizes of 
LEYBOLD-HERAEUS Turbomolecular 
Pumps: TURBOVAC 120, 220, 450, 
550 M, 1500 and 3500. 

Please ask for detailed information. 

m 
LEYBOLD-HERAEUS 
Postfach 510760 • D-5000 Koln 51 

The TURBOVAC 120 features 

• silent, vibration-free operation 

• virtually without maintenance; 
low operating costs 

• flanges directly 
and in any orientation 
on to vacuum system 

• no rotary transmission 
to atmosphere 

• insensitive to accidental air 
admission 

• easy to clean by the user 

• reliable due to long bearing life 

Pumping speed for N2 . . 140Itr/sec 

Pumping speed for H2 . . 120ltr/sec 

Ultimate pressure . . . . < 10~10 mbar 



Research has 
away of expanding. 

Sodoournew 
Series 1400 Helium 

Liquefiers and 
Refrigerators. 

The new CTI-CRYOGENICS Series 1400 
Helium Liquefiers and Refrigeration Systems 
provide high reliability, ease of operation, and 
flexibility in capacity. And with their modular 
design you can start with a relatively simple 
system and increase its capacity as your needs 
grow by adding components. 

Series 1400 Systems are available for 
helium liquefaction from 5 to 40 liters per 
hour, or for closed-cycle refrigeration from 20 

to 100 watts. Major Series 1400 components 
have been proven in over 125 field operating 
systems, so reUability is assured. For more 
expansive information on CTI-Cryogenics 
Series 1400 Helium Liquefiers and Refrigera
tion Systems write or call CTI-Cryogenics, 
Kelvin Park, Waltham, Massachusetts 02154 
(617) 890-9400. Telex 92-3442. 

CTI-CRYOGENICS M 
The pure performance company 
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LE DEROULEUR DE BANDES MAGNETIQUES OEM 
REPONDANT AUX PLUS GRANDES EXIGENCES 

EST ENFIN ARRIVE 

~**r 

«i 

•:'. I 

'•AS 

el 

@l 

' « * ' 

1600 bpi 

6250 bpi 
STC 1900 Magnetic Tape 
Subsystem 

Derouleur 
Enregistrement PE/GCR 
Vitesse 75 IPS 
Vitesse de transfer 120/470 KB 

Controleur 
1 a 4 derouleurs avec connexion radiale possible 

Installation possibledansunRackde 19" 
Interface PDP 11 

BDV Computer Products SA 
Guterstrasse 82 
4002 Bale 
06122 80 07 

Distributeur General 
pour la Suisse 
et le Liechtenstein 

BDV 
computer 
products 



LEfTIO -univer/olly recognized 
to be the fine/t connector/ in the world, 

guaranteeing the /tronge/t connection/! 
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! 

J O H N BARRY GROUP OF COMP. 
ARTARMON, N.S.W. SYDNEY TEL : 439 69 55 

( A ) LEMOSA GES. M. B. H. WIEN 
T E L ; (02 22) 63 92 27 

CEf) CLOf*IS S . P R .L 
OVERIJSE/BRUSBkTEL ; (02) 6 5 7 1 8 0 5 

(DK) K N U D KAIVIUK A / S LYNGBY T E L : COf) 88 38 33 
(SF) OY CHESTER AB HELSINKI 51 T E L : 73 57 74 
r p } JUPITER S . A . CONSTRUCTIONS ELECTRIQUES 
^ ^ PARIS TEL: (01) 705 39 68 
C D ) LEMOSA GMBH PUTZBRUNN/MUNCHEN 

TEL : (089) 46 50 67 
(IND) APLAB APPLIED ELECTRONICS P. LTD. 

BOMBAY T E L : 39 48 00 

R A C O M ELECTRONICS CO. LTD. 
TEL-AVIV TEL : 44 31 26 

' I - LEMO ITALSA S. R. L MILAN T E L : (02) 738 18 91 
i j ; K . K . C O D I X TOKYO TEL : TOKYO 4 3 6 - 6 4 41/5 
( N L GEVEKE ELEKTRONICA EN AUTOMAT!E BV 

; ' AMSTERDAM TEL : (020) 80 28 0 2 
'- N ? HENACO A / S OSLO 5 TEL : (02) 22 41 50 
('E'J CRESA BARCELONA TEL : (03) 2 3 0 55 07 

S A B D . J . STORK 
' SUNDBYBERG 1 TEL : (08) 28 9215 

GB; LEMO ( U . K . ) LTD. WORTHING/SUSSEX 
TEL : (09 03) 20 46 51 

(USX) LEMO U . S . A . INC. BERKELEY 
T E L : 4 1 5 / 5 4 8 - 1 9 6 6 
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UN CHOIX JUDICIEUX D'ENREGISTREURS X-l 

En fonction de I'utilisation, en 
fonction de votre budget, choisissez 
parmi les quatre enregistreurs X-Y 
Philips, qui possedent tous des 
caracteristiques telles que: 

I • Haute precision, bonne repro
ducibility, faible derive et 
excellente rejection des tensions 
parasites. 

• Grande vitesse d'ecriture, 
acceleration importante de la 
plume et protection contre les 
surcharges. 

• Fixation electrostatique du papier 
et aligement rapide par reperes 
lumineux. 

• Fiabilitedu systeme d'ecriture 
qui produit une trace claire, 
nette et sans bavure meme aux 
fortes accelerations. 

Un choix de sensibilites d'entrees 
et de decalage de zero. 

La possibilited'utiliser un systeme 
de defilement du papier sur les 
modeles A4. 

Au choix ou en option des bases 
de temps incorporees ou 
enfichables commandees ou 
non a distance. 

Consultez les caracteristiques 
principales de ces quatre 
enregistreurs X-Y ci-contre et pour 
en savoir plus ecrivez ou 
telephoneza: 

Philips SA 
Dpt. Science et Industrie 
1196 Gland 
Tel. 022-64 21 21 

Enregistreur standard, 
format A4, type PM 8041 
9gammesde2mVa 7 V/cm. 
Possibilite d'utiliser un dispositif de defi
lement de papier pour des mesures en X/t. 
Base de temps en option. 

Enregistreur universel, 
format A4, type PM 8141 
H gammes de 50 [iVa 1 V/cm decalage 
de zero jusqu'a - 400 %. 
Base de temps en option. 

Enregistreur mono trace, 
format A3, type PM 8131 
14gammes de 50 ^Va 1/cm. 
Vitesse d'ecriture 75 cm/sec. 
Dec. zero + 105 M... - 405 %. 
Base de temps en option. 

Enregistreur double trace, 
X/t Y1 - Y 2, format A3, type PM 8132 
15gammes de 200 JUVa 10 V/cm 
base de temps incorporee. 

PHILIPS 
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Le programme de comp-
teurs pour tout usage 

Compteur d'eau Woltman WS 
avec turbine verticale 
recommande pour la mesure de debits 
variables. Montage horizontal, raccorde-
ment a brides 0 nom. 50-150 mm. 

azsr.~6.ilo 
Compteur d'eau 
Woltman WP 
Turbine horizontale 
(ogee dans I'axe du 
tuyau, perte de pression 
minime, recommande pour le 
montage derriere les pompes, 

pour consommation d'eau 
reguliere. Montage hori
zontal, vertical ou en biais, 

raccordement a brides 
:\ 0 nom. 50-300mm. 

Fabrique de c c f f p e u r s a gaz et a eau SA 
6002 Lucerne tel.041 41 24 24 
Atelier de Lausanne, 4, Rue Anc.-Douane, 
1000 Lausanne, Tel.-No. 021/23 9070 

CYROLOK 
Flareless 

Tube Fittings 
AVAILABLE . 

• in brass, 31 6 SS, 
steel, monel and 
a lumin ium 

• ' in sizes f rom 
1 / 1 6 " t o 1 " O D / 
3 m m to 1 6 m m 

• for high vacuum 
pressure — t e m p e r a t u r e 
cryogenics 

Also available in CERN 
central store 

mab 
Kemi 

HOKE 

MATKEMI AG 
4106Therwil 
Erlenstrasse 27 
Tel.061/7348 22 
Telex 62 440 

Exclusive distributor for Switzerland 

Plieuse a t o l e d e precision ffli M 

EM L pour I Industrie de I elec-
tronique, les laboratoires, les fl®^3§ O ^ n a r d 
mstituts, etc 

Prazisions-Blechbiege-
Maschine EM L fur die 

Capacite: 
tole d'acier 
acier inox. 
aluminium 

1,25 mm 
1,0 mm 
2,0 mm 

Kapazitat: 
Stahlblech 
rostfr. Stahl 
Aluminium 

Ch. de Montelly 46 
D U T I L L R E E 
W E R K Z E U G E 

1000 Lausanne 20 i nard 
£5 (021) 257121 

LHU5RNNE 
Telex: 25926 

3 6 4 

http://azsr.~6.ilo


The 2-Jn-1 Camac Crate 
The new Type 1904 Crate, based on the experience gained in producing almost 1000 Camac 
crates so far, is compatible with CERN specs 087/099 for 300 W/500W crates. 

* Borer finesse + CERN specification compatibility 
and experience at a reasonable price 

££ii. 

0 Full 25 station capacity 

@ Exchangeable 300W/500W Power Packs 

© Cooling Unit with comprehensive 
monitoring facilities including 
actual air-flow supervision 

0 Digital display of voltage and 
current for all low-voltage lines 

0 Well-proven Dataway 

0 A very competitive Price Tag. Ask us. 

4500 SOLOTHURN 2 SWITZERLAND 
tel: 065/3111 31 telex: 34228 

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 
Diamondcutt ingand lapping works 
Phone: 032/41 21 81 

CH-2502 Bienne/Biel 
Gurzelenstr. 16 

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 1 Hz. 
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 V2" to 10%" ID) will do the job. 
Contact us and we will send you engineering data. 

P E A R S O N E L E C T R O N I C S , I N C . 
4007 Transport St., Palo Alto, California 94303, U. S. A. 

Telephone (415) 494-6444 
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TOUTE INTERVENTION, CHAQUE TRA
VAIL EN HAUTEUR PEUT ETRE EXE
CUTE AUJOURD'HUI DE FACON 

• PLUS SURE 
• PLUS PRECISE 
• PLUSRATIONNELLE 

EN INTERVENANT SUR UN VRAI 

TAPISVOLANT 

INSTANT 

LES NOUVELLES PLATEFORMES 
DE TRAVAIL A ELEVATION AUTO
M A T I O N ET A DEPLACEMENT AU
TOMOBILE, COMMANDEES DANS 
TOUS LES SENS DEPUIS LA PLA-
TEFORME A TOUTE HAUTEUR. 
UN PRODUIT INSTAIMT-VECTUR 
MILLE FOIS EPROUVE, COMME 
TOUTE NOTRE GAMME DE 
PONTS ROULArNlTS, ECHAFAUDA-
GES, ECHELLES, AIR-LIFTS, AIR-
DECKS, MATERIEL-LIFTS, D'UNE 
TECHNICITE D'AVANT-GARDE, EN 
ALU. 

Demandez not re documentation 
ou/et un essai pratique, chez vous, 
aupres de: 

VECTUR SA rue Caroline 2 
0 2 1 / 2 3 7 8 6 2 1003 Lausanne 

And has been 
since the very 
beginnings of 
the radiation 
protection 
industry. 

Today, with a growing 
need for radiation protection 
within rigorous industrial 
safety standards, James Girdler is one of the few 
manufacturers in the world with the skills to meet 
the exact specifications of individual clients, including 
the UKAEA. 

JAMES GIRDLER&COLTD. 
SPECIALISTS IN SOLVING RADIATION PROBLEMS 

Member of the Billiton Group 
Upper Ordnance Wharf, 458 Rotherhithe Street, 
London SE16 1EG, United Kingdom. 
Telephone 01-237 0048 ^ 472 P078 

fi^ Metareg 

MONTAGE INDUSTRIE!. 

INSTALLATION 

TRANSFERT 

ENTRETIEN 

LEVAGE 

AGENCE : 
13, chemin du Levant 

01210 FERNEY-VOLTAIRE 

Tel. (50) 40 55 31 

Siege soc ia l : 

1 5, avenue Descartes 

9 2 3 5 0 LE PLESSIS-ROBINSON 

Tel. 6 3 0 2 2 3 8 - Telex 2 5 0 9 4 9 plrob 
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Producing kilogram 
samples is not the same as 
delivering commercial 
quantities. That's why our 
new Airco Superconductor 
Manufacturing Group is 
doing what our Central 
Research Labs used to do. 

% Making more advanced 
superconductors than any 
other supplier. For Brook-
haven, Cern, Fermilab, 
Livermore, Los Alamos, 
M.I.T., Oak Ridge, Saclay 
and the U.S. Navy. 

We supply NbTi, Nb3Sn 
5nd VaGa superconductors. 
In monofilament or multi
filament wires, mixed-
matrix conductors or tapes. 
Conductors with any 
reasonable cross section 
oraspect ratio. In braids, 
cables, sheathed and 
reinforced systems. In 
multitonne orders. 

. And we develop new 
superconductor systems. 
Like forced-flow cooled 
sheathed cable for toroidal 
magnetic confinement sys
tems. Or extended-surface 
cooled supercondutors for 
large mirror machines. Or 
high-purity aluminum-matrix 
superconductors used in 
light-weight and radiation-
transparent magnets. Now 
we're winding the magnets. 

We've written a new 
brochure to show you our 
manufacturing capablity and 
prior experience. Call or 
write for a copy. 

Ask for Dr. Erik Adam. 
If he's not in, ask for Dr. Eric 
Gregory. Telephone (201) 
464-2400. Cable CRYO-
PLANTSMH.OrTWXusat 
710-984-7985. Airco Super
conductor Manufacturing 
Group, 100 Mountain 
Avenue, Murray Hill, New 
Jersey 07974. U.S.A. 

Superconductor 
Manufacturing 
Group 



Advertisements in CERI\I COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted w i thou t extra 
charge. 

Space 
(page) 

7« 

Actual size (mm) 
width by height 

184 x 267 

184 x 130 
88 x 267 

8 8 x 1 3 0 

Cost per insertion (Swiss Francs) 

1 
insertion 

1300 

700 

380 

5 
insertions 

1200 

650 

350 

10 
insertions 

1100 

600 

320 

Supplement for 
one colour 950 SwF 
four colours 3800 SwF 
Covers : 
Cover 3 (one colour) 1450 SwF 
Cover 4 » » 1780 SwF 
Publication date End of month of cover date 
Closing date for 
positive f i lms and copy 1st of month of cover date 

The cost of making fi lms and of trans
lation for advertisements are charged 
in addit ion 

Screen (offset) 60 or 54 Swiss (150 English) 
Advertisements cancelled after 1st 
of month of cover date wi l l be invoiced 

Advert ising space is l imited to 50% of contents and insertions 
are selected on a strict f i rst-come first-served basis. 

Al l enquiries to : 

Miche l ine FALCIOLA / CERN COURIER - CERN 
1 2 1 1 Geneva 2 3 Swi t ze r land 
T e l . ( 0 2 2 ) 8 3 4 1 0 3 Te lex 2 3 6 9 8 

Drills: 

# sheet metal up to 1.5 mm 41 

# 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 

FOR PARTICLES PHYSICS 
AN IMPROVED RESOLUTION 
OF LEAD GLASS CERENKOV 

GAMMA DETECTORS WITH THE 
NEW SOVIREL "CEREN" GLASSES 

•from 17 to 43 mm radiation length • high performance / cost ratio 
• transmission optimized • reliable service worldwide 

For Information please call: 

SOVIREL 
CORNING group 

For Europe: Sovirel Departement Optique For the U.S A.: Corning Glass Works 
90, rue Baudin - 92306 Levallois-Perret - France Optical Materials - P.OJB. 2000 
Tel.: 739.96.40 - Telex: 620014 SOVIVER LVALL CORNING N.Y. 14830/Phone: (607) 974.7611 
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Time goes o n . . . 

. . . Our latest pump has in the 
meantime turned out to be our 
most successful product. 

PFEIFFER TURBO 100. 
The smallest turbo molecular 
pump in terms of price and size. 

More than 2,000 pumps are 
operating in institutes, labo
ratories, schools and produc
tion plants of all kinds. This is 
quite a respectable number 
for a pump designed to ge
nerate high and ultrahigh 
vacuum. And for a new pump 
this is a smash hit which was 
scored in less than two years. 

PFEIFFER have the greatest 
experience in manufacturing 

and applying turbo molecular 
pumps. The findings of more 
than 20 years have been 
realized in the PFEIFFER 
TURBO 100: 

• The smallest lightweight 
turbo molecular pump 

• Low vibration and noise 
level 

• Easy to operate 
• Insensitive against air 

inrushes 
• Low-priced 
• Low operating costs 
• Dependable and 

unproblematic 
• Requiring little maintenance 
• Oil change possible 

without disassembly of the 
pump 

Volume flow rate for 
N2 110 l/sec 
He 120 l/sec 
H2 110 l/sec 
Ultimate pressure 10 11 m bar 

Connection flanges 
N.D.lOOmm 
(Optionally available as ISO 
clamping flanges, or CF 
flanges for metal gaskets) 

Speed 43,000 rpm 

Speeding time 
Weight 

2 min 
6 kg 

The PFEIFFER TURBO line 
offers pumps having a 
volume flow rate from 110 to 
6,500 l/sec. 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers, Furstentum Liechtenstein 

ARTHUR PFEIFFER VAKUUMTECHNIK WETZLAR GMBH 
Postfachl280 
D-6334 Asslar, BR-Deutschland 

Sales companies in: Great Britain, U.S.A. 
and other 24 countries. 

PM 800 030 PEDN 7175 

Please send us detailed information on the 
D PFEIFFER TURBO 100, and the 
D PFEIFFER TURBO line 

Name, First Name 

Company/Institution 

Street 

Postal number/Place 
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WVl 
WES CAMAC TEAM 
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043 w 

CAMAC-CRATES 200-500 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

• DISPLAYSHOWS: STATUS, FAN 
FAILURE, OVERLOAD, OVERHEAT 

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUIT PROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

• NOW WITH CERN APPROVAL 

For detailed technical and price information please contact WES: 

WES-CAMAC-TEAM 
represented in Switzerland by 

CANBERRA-STOLZ AG Bellikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070 

DNET 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 

Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiene, disinfection, desinsectisation, deratisation 

Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis - Xe 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (91) 762850 
tel. (1) 607 9484 
tel. (022) 206848 
tel. (50) 514641 
tel. (50) 419133 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 
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Computer busy? 

Use 16K CAM AC buffer memories 
Data acquisition is digital nowadays. Let's face it. And pulsed 
data acquisition can overburden almost any computer. LeCroy's 
Model 8801 Dual Port Memory eases the computer's job by 
accepting up to 16K words of data at a rate which can follow 
almost any digitizer. If 16K is not enough memory, expand it to 2, 
3, or 4 modules, or more. It's easy. 

The 8801 offers a rear-panel external port which accepts 
sequential 16-bit data at a 1 MHz rate. It can also be used 
as a general-purpose random access storage unit via 
the CAMAC Dataway. Both ports permit high-speed 
direct memory access (DMA) transfers. 

The memory is read/write random accessible from the 
computer and can serve as a display buffer, too. 

For complete information contact LeCroy/California or 
your nearest LeCroy sales office. 

LeCroy 
C A L I F O R N I A ^ 

LeCroy Research Systems of California, Inc. 
1806 Embarcadero Road; Palo Alto, CA. 94303 
Phone: (415) 328-3750 TWX: 910-373-1791 

Offices in: Spring Valley, New York; Geneva, Switzerland; Heidelberg, W. Germany; Paris, 
France; Wheatley, Oxford, England. 

J A N N E Y MEETS THE DEMANDS OF THE 
HIGH-ENERGY PHYSICS COMMUNITY 

with Ultrahigh Purity, Ultrahigh Conductivity 
Wrought Copper Components 

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

• Shaped Wrought 
Geometries 

• Experienced 
Metallurgical 
Control 

• Ultrahigh Conductivity 
(98-102% IACS) 

• Excellent Brazing 
Characteristics 

• Vacuum Integrity 

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 
your particular requirements, write or phone: 

MY JANNEY CYLINDER COMPANY 

*-': 

Subsidiary of Pittsburgh Forgings Company 
7401 State Road, Philadelphia, Pa. 19136 U.S.A. 
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA. 
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from Laben: 
multiparametric system 
mod. 9818 
The same advanced technology which 
provided the worldwide 
known 8215 ADC provides 
now the easy way to handle 
all data from 
your experimental set-up. 
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• Data output in LIST or INCREMENT mode 
• Connection to computer: direct or through our 5910 CAMAC Interface 
• Front Panel BNC connectors for operations check 
• Service controls to allow the correct setting of each function 
• LED display for the final check of all settings 

Official Sole Representatives for Europe: 
• Nuclear Enterprises Ltd. - Edinburgh • Regulation Mesure S.P.R.L - Bruxelles 
• Atomika Technische Physik GmbH - Munchen • Intechmji N.V. - The Hague 
• J.&M. Iversen & Martens A/S - Copenhagen 

MONTEDISON GROUP 

monTEOison 
SISTEmi 

monTEDEL 
LABEN DIVISION 
ViaBassini,15/20133MILANO,ITALY 
Telephone: 23.65.551 / Telex: 33451 



CAM AC NEWS 
New Mini Crate Enhances 

801Q Microcomputer System 
\ / \ / l T H THE ADVENT of Kinetic-

Systems new mini crate, you can now 

realize all the advantages of the CAM AC 

computer interface standard within a 

small stand-alone microcomputer 

system. 

This mini crate version of our 8010 

Microcomputer System offers you 

both an economical way to automate 

your laboratory process and limitless 

Capabilities for expansion. It is spec

ifically designed for your small system 

requirements and for applications need

ing distributed processing. 

Twelve stations within the crate pro

vide for: 

• crate controller 

• microcomputer 

• memory 

• I/O modules 

The right-hand enclosed portion of the 

crate contains two Min i f loppy™ disk 

drives, a disk controller, and power 

supplies. An optional CRT terminal is 

also available. 

As with our standard crate version of 

the 8010, the mini 8010 can: 

• provide fast access of remote points 

• be configured for distributed 

"' processing 

• be programmed in either BASIC or 

8080 assembly language 

Since BASIC is quickly learned and 

easily used, you can begin almost 

immediately to program your system; 

and because BASIC is an interpretive 

language, you can implement changes 

to your program in seconds. 

Due to the modularity of CAMAC, 

either 8010 System is inherently flex

ible and can be easily expanded into a 

number of different configurations. 

As many as six additional crates can 

be accommodated on the micro

computer's peripheral bus. Each 

crate uses a 3908 Microcomputer 

Crate Controller to communicate 

wi th the microcomputer. 

The 8010 System can drive a 

CAMAC serial or branch highway 

wi th up to seven remote crates on 

the branch highway and up to 62 

remote crates on the serial highway. 

Remote intelligence is easily accom

plished by placing an 8010 System 

on a CAMAC serial highway. In this 

configuration, the 3908 Crate 

Controller is replaced by a 3909 

Auxi l iary Crate Controller along 

with a 3952 type L-2 Serial Crate 

Controller. It is thus possible to 

have up to 62 crates, microcom

puter-controlled, at any point along 

the highway wi th these remote, 

systems being monitored by a main 

computer or another 8010 System. 

TM Minif loppy is a registered trademark 
of Shugart Associates. 

An 8010 System Includes: 

a 1500 standard CAMAC crate or 

a 1510 mini crate 

a 3880 microcomputer module 

a controller for the mini f loppy 

disk drives 

a 3816 memory module w i th 16 

kilobytes of RAM and 5 kilobytes 

of PROM {and expansion for 11 

kilobytes more) 

a 3908 crate controller (or, option

ally, a 3909 auxiliary crate con

troller and a 3952 type L-2 serial 

crate controller) 

two 5400 mini f loppy disk drives 

an optional CRT terminal 

the fol lowing software on diskette 

or PROM (including one blank 

diskette): DOS, BASIC {with 

CAMAC extensions), 6001 mon

itor program and test CAMAC, 

6009 CAMAC list program, 6013, 

editor, and 6010 macro assembler 

all interconnecting cables 

P l e a s e c o n t a c t u s f o r a d d i t i o n a l i n f o r m a t i o n 

Kinetic Systems International S.A, 
the 

[CAMAC] 
people 

Dept. CC108 * 6 Chemin de Tavernay * 1218 Geneva, Switzerland * Tel. (022) 98 44 45 * Telex 28 9622 
K i n e t i c S y s t e m s C o r p o r a t i o n * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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• NIM signal 
• 10 inputs 
• 6 outputs 
• CAMAC 

programming 

• Differential 
ECL signal 

• 10 inputs 
• 6 outputs 
• CAMAC 

programming 

• Two independent 
logic units 

• NIM signal 
• 4 inputs 
• 4 outputs 
• Manually 

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

overlap, strobed, strobed+shaped, 
I Propagation time independent from 

the chosen logical combinations. 
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Industriel Zodiac 
ZODIAC, un engineering dynamique et audacieux. La technique du 
souple et du gonflable progresse tous les jours. En voici quelques 
exemples: 
Les gazomet res : Anti-pollution. A recuperation d'energie. A 
accumulation. 
Les abris souples (tentes): De 20 , 40 ou 60 m2, ils sont reelle-
ment polyvalents: ateliers, infirmeries de campagne, unites de 
stockage ou de decontamination... Partout ou il y a mobilite ou 
urgence, leur rapidite de montage, de demontage et leur effi-
cacite facilitent les operations. 

Les membranes souples : Membranes d'expansion ou de dila
tation, utilisees dans les domaines chimique, medical, agro-
alimentaire, etc. 
Quelles que soient sa nature et sa destination, une realisation 
industrielle ZODIAC est, de par sa signature meme, une garantie 
de fiabilite, de serieux, d'endurance. N'est pas ZODIAC qui veut. 

Pour documentation 
et renseignements: 

Decouper et renvoyer a : 
Messieurs Alain Letessier 

et Thierry de Garilhe M 
ZODIAC Departement des marches speciaux. 
6 1 , quai Carnot 9 2 2 1 0 Saint-Cloud France. 

Telex: 270569F . Tel.: 602.00.20. 

Norn: Societe: 

Fonction: 

Adresse:. 

Precision 
Power Supplies 
Stability up to 10"6 ; up to 300 kW ; up to 300 kV 

for all applications 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

Une 
Control and Measuring Techniques 
Happinger Strasse 71 
8 2 0 0 Rosenheim 
Tel. 0 8 0 3 1 - 66397 /66116 
Telex 0 5 2 5 7 7 7 hemes d 



WHAT'S NEW IN CAMAC 300 WATT POWERED CRATES? 

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

less power dissipation through mains pre-regulation 
larger output ballasts for better MTBF. 
increased protection from mains fluctuations, 
output cards interchangeable with SEN CPC 2057. 

¥ne new crates are available in the following versions: 
SEN 2094: 300W, 6 voltages: ± 6V, ± 12V, ± 24V. 
SEN 2093: 300W, 4 voltages: ± 6V, ± 24V. 

PLUS 
* SEN 470: 300W NIM crate, 6 voltages, especially 

designed for the new high-density ECL-based NIM electronics. 

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

F r a n c e : ORTECSarl;7,ruedesSolets; Tel.(1)687 2571-Tlx202553F,F-94RUNGIS-Germany I SEN ELEKTRONIK 
GmbH; Brandstucken 11; Tel. 041 80 20 46 - Tlx 216 3705d, D-2000 HAMBURG 53-DIDAS Digital System; Radspielstrasse 8, 
Tel. 089 91 67 10 - Tlx 529 167d - D-8000 MUENCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA,; CP 39, 
Tel. (022) 44 29 40 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 5103, 
Tlx 58257ch - CH-8604 VOLKETSWIL - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel 
9328.66744 - GB - KT168AP SURREY. - OFFICES THROUGHOUT THE WORLD. 
Headquarters : 
SEN ELECTRONICS S.A.; Avenue Ernest Pictet 31; Tel. (022) 44 29 40 - Tlx 23359ch - CH-1211 GENEVE 13 
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LAIR LIQUIDE 
the leading 
europe 
manufacturer 
of cryogenic 
equipment. 

divi/ion materiel \ryogenique 
5"7, av Ca rno t . 9 4 5 0 0 Champigny/M . France 
Tel: BBO.II.II _ Telex:AL C H 2 3 0 B S 4 F 
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Multicti3nnelHighVolt3geSystem 
NE 4800 SERIES 

Ufa For use with large photo-multiplier 
detector arrays and wire chambers. 

Hlfc Economical 

jfc Easily serviced 

$ffc Manual control of each channel or external 
control by Teletype or computer control via CAM AC 

*fP| 

NE 4803 PHOTOMULTIPLIER HV 

Outputs Up to 32 per crate 
Voltage 300V to 3kV negative (positive 
optional) 
Current 0 to 2mA average per channel, 3mA max 
Stability 0.1 % for line and temperature, range 
0°Cto+50°C 
Ripple <0.5V peak to peak at 2mA 
Protection Protected against short circuits on 
output 
Overload Common overload line activated when 
any channel is overloaded 
HV Monitoring From rear panel connector on 
common analogue line. Ratio 1 V/1kV 
Packaging 3'u' high rack containing 16 cards 
each with 2 individual outputs 

NE 4802 HV CONTROL MODULE 
Common to PM and wire chamber systems. 
Allows local control of any of the HV channels in 
the associated crate. 
Control Range 0 to 6999V 

I Resolution ±0.5V 
' Up/ Down 3 toggle controls provide voltage 

increment/decrement from single step to 200V/s. 
Monitor 1V/ kV trimmable to 0.05% at a specific 
volta.ge 
Take Down Range 0 to 2500V set by front panel 
control (common to all channels) 
Maximum Voltage Range 1 kV to 7kV set by 
front panel control (common to all channels) 
Data Bus Serial duplex, 20mA current loops. 
The control signals are based on the ASC11 code 
allowing remote control of any channel (256 per 
remote controller output) using either a remote 
Camac controller or a Teletypewriter (or similar) 
terminal. 
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NE 4804 WIRE CHAMBER HV 
Outputs 16 per crate 
Voltage 2.5kV to 7kV negative (positive optional) 
Current 0 to 0.7mA 
Stability 0 .1% for line and temperature, range 
0°Cto+50°C 
Ripple <1V peak to peak at 0.5mA 
Overshoot <50V 
Protection Protected against short circuit on 
output 
Current limit Presettable for each channel 10/uA 
to 700MA 
Overload alarm Common overload line activated 
when any one channel goes into current limit 
HV Current Monitoring From rear panel 
connector on common analogue line. Ratio 
1V/1kVor1V/100MA 
Meter Indication Meter indicates voltage or 
current for each channel 

Typical system: NE 4801 Crate and Low 
Voltage, NE 4 8 0 2 Control, NE 4 8 0 3 
PM cards X16 = 32 channels, or 
NE 4 8 0 4 wire chamber cards X16 = 16 
channels 

Request full details and new NIM Catalogue from: 

IM.E. NUCLEAR ENTERPRISES S.A. 
25 Chemin Francois-Lehmann, 1218 Grand Saconnex, Geneve Tel. (022) 98 16 61/62. Telex 289066. 

Nuclear Enterprises Ltd. 
Sighthill, Edinburgh Eh11 4EY, 
Scotland. Tel. 031-443 4060 Telex 72333 
Cables Nuclear, Edinburgh. 

Nuclear Enterprises GmbH 
Schwanthlerstrasse 74, 8 Munchen 2 
Germany Telephone 53-62-23 
Telex 529938. 

Nuclear Enterprises Inc. 
931 Terminal Way, San Carlos, 
California 94070, USA 
Tel: 415 592 8663 Telex 348371 
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MICROPIERRE s.a. 
R. de Trepillot 2 5 0 0 0 Besancon -Te l . (81) 8 0 3 0 6 9 

Usinage a facon avec meule diamant: 
Alumine frittee - Toutes ceramiques 

Corindon - Quartz - Silice - Ferrite - Zircone 
Carbure de tungstene - de silicium - de bore 

Rectification 

Plane 

Centerless 

Cylindrique 

inter, et exter. 

Percage 

Filetage 

Rodage 

Polissage 

QUALITE 

PRECISION 

Depuis plusieurs 
dizaines d'annees, 
la societe 
MICROPIERRE 

est specialised 

dans I'usinage 
au diamant 

de materiaux 

tres durs: 
saphir - rubis, 
destines a 

la bijouterie 
et a I'horlogerie. 

L'apparition de 

nouveaux materiaux 
a usage industriel 
justiciables des 
memes techniques 
d'usinage 
a conduit 
naturellement 
MICROPIERRE 

a etendre 

ses activites 
dans ce domaine. 

connectors and adaptators 

attenuators and dummy loads 

coaxial-and matrix switches 

directional couplers 

HF-fi Iters 

dry air units 

waveguide components 

Representation 
et service 
pour la Suisse 

ROSCHI 300° Berne 31' P - ° ' B ' 63 

Telecommunication SA S ^ , -,r. 
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WITH THE 

SILENA 
BS 27/N MCA 

YOUR EXPERIMENTS TRAVEL WITH YOU EVERYWHERE 

Though small in size, the SYSTEM BS 27/N is a 
complete analyzer system including the 
amplifier, high voltage power supply and the 
magnetic cassette. 
All entirely contained in one compact, 
easy-to-carry package. 
- 50 MHz Wilkinson type ADC with 2048 

channels 

1024 channels memory x 1 0 - 1 counts per 
channel 
Powerful data handling capabilities: 
* Spectra Normalization 
* Spectra Subtraction 
* Data Transfer 
* Background Subtraction 
* Integration of any number of ROIs 

Comprehensive range of I/O interfaces for: 
* TTY 
* Parallel Printer 
* Minicomputers 
* Desk Calculators 
* Paper Tape Punches 
* Magnetic Tape Recorders 

&7^*% ' 

«% f% *v 

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 

90565-713871 

GERN enquiries should be directed to 
SILENA, Milano, Italy 

NETHERLANDS 
BERTHOLD 

Tel. 076-142441 

SWITZERLAND 
MASSINI AG 
Honggerstrasse 122 
8105 REGENSDORF/ZLirich (Switzerland) 
Tel. 01/840 45 73 -Telex: 56832 

UNITED KINGDOM 
ALRAD INSTRUMENTS LTD. 
19a The Precinct, 
EGHAM, Surrey, TW20 9HN (England) 
Tel. EGHAM (078 43) 4887 - Telex: 934037 

CANADA 
CONSOLIDATED CYBERNETICS CONTROLS LIMITED 
Suite 2-A 
1509 Sherbrooke Street West 
MONTREAL 109, Quebec, Canada 
Tel. (514) 934-0000 - Telex: 05-24452 
Toronto office: 
CONSOLIDATED CYBERNETICS CONTROLS LIMITED 

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 

Vaartdijk 22 
1800 VILVOORDE (Belgium) 
Telex: 61447 

FRANCE 
CRYOPHYSICS S.A. 
3, Rue Antoine-Coypel 
78000 VERSAILLES, (France) 
Tel. (1)9510371 -Telex 691096 



LEDANEMARK 
AUCERN 

DE MARK 
ATCERN 

Une delegation 
d'industriels danois vous presenters 

de I'equipement electronique 
et mecanique. 

Delegation 
of Danish Industrialists presents 

Electronic and Mechanical Equipment. 

Geneve, du 7 au 9 novembre 1978 

JMEI 

Produits pour la technique reacteurs 

Notre programme de vente 
comprend: | 

• Appareils de laboratoire I 
Creusets, capsules et electrodes eci 
platine, rhodium, iridium, or et argent 
Fours de laboratoire jusqu'a 1775°C 
Appareils de diffusion pour la I 
fabrication d'hydrogene ultrapur 

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

• Semis en platine, palladium, 
rhodium, iridium, tantale, niobium, 
tungstene, molybdene 
en fil, baguette, anneau, feuillard 
thermocouples, thermocouples j 
cryogeniques ainsi que | 
thermocouples a gaine metallique 

• M 1000 
Materiel de haute densite pour la 
protection antirayons 

• Produits pour usines chimiques 
Catalyseurs sur base de platine, 
palladium et argent | 
Disques de rupture, supports et « 
supports a vide I 

• Produits chimiques 
Produits SPECPURE® et ! 
PURATRONIC® de tres haute purete I 
pour le laboratoire et I'analyse 

• Brasures a I'argent et soudures 
speciales palladium, or, decapants, 
«Brazepaste» I 

JOHNSON MA TTHEY & 
BRANDENBERGER AG 
Glattalstrasse 18 
8052 Zurich | 
Telephone 01/51 4488 | 


