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Gluons 

With PETRA running at total ener­
gies around 30 GeV, latest results 
on the jet analysis of hadron produc­
tion in high energy electron-positron 
annihilations were eagerly awaited 
at the Fermilab Lepton/Photon 
Symposium (see page 308). 

The big question was the exis­
tence of the sixth quark, but none of 
|the four groups taking data at 
PETRA produced any evidence for a 
new quark production threshold, 
either f rom the hadronic production 
rate or f rom the topology of the 
observed events. 

However jet analysis by the JADE, 
Mark-J, TASSO and PLUTO teams 
now confirms preliminary evidence 
first presented at the Geneva con­
ference in June (see September 
issue, page 246). 

At 1 3 and 17 GeV collision ener­
gies, the two-jet structure seen at 
lower energies is reproduced, indi­
cating a quark and an antiquark 
emitted in opposite directions, pro­
ducing back-to-back hadron frag­
ments. At 30 GêV, another process 

^becomes visible as one or other of 
nhe emitted quarks probably radiates 
a gluon (bremsstrahlung) which also 
fragments into hadrons. 

Since jets are not labelled to indi­
cate their origin, some sort of 
phenomenological analysis is re­
quired to see what is going on. Away 
f rom resonances, the bulk of hadron 
production in electron-positron colli-

Three-jet event energy distribution from the 
Mark J detector at PETRA looking at high 
energy electron-positron annihilations. It 
suggests two large jet streams of energy due 
to fragmentation of quark-antiquark pairs, 
and a smaller flow of energy from gluon 
fragmentation. The radial distance is a 
measure of particle energy. The plot comes 
from 40 events in the kinematical region 
where hard gluon effects dominate and 
displays the consequences of gluon emission. 
According to Sam Ting, at this high energy 
a phase space distribution is inconsistent 
with this shape and with the results from 
jet analysis. 

Gunter Wolf of the TASSO collaboration at 
DESY presents his evidence at the Fermilab 
Lepton/Photon Symposium on gluon 
emission in high energy electron-positron 
annihilations. 

(Photo Fermilab) 
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sions produces two mutually oppo­
site jets, giving typical cigar-shaped 
events. 

As the energy is increased, one of 
these jets is seen to grow wider, but 
in a very special way. Rather than 
simply getting fatter wi th a cylindri­
cal profile, it becomes planar, and at 
higher energies the jet clearly splits 
into two, giving an overall event wi th 
three coplanar jet components. 

The observed frequency of these 
events agrees wi th quantum chro-
modynamics (QCD) calculations on 
the emission of hard gluons. The 
events are incompatible wi th pure 
quark-antiquark formation and can­

not be reconciled by a simple 'phase 
space' model which assumes a 
purely statistical decay pattern. 

Both theoreticians and experi­
mentalists have shown vivid imagi­
nation in inventing procedures and 
names to describe this jet analysis, 
but the underlying structure is clear 
by simple visual inspection. Quanti­
tative analysis is less clear-cut, but 
the results of all the PETRA groups 
are in line wi th QCD. 

Another scene of QCD predictions 
is still the decay of the upsilon into 
hadrons, as measured by PLUTO at 
DORIS before its move to PETRA. 
Whi le the neighbouring off-reson­

ance behaviour is in good agreement 
w i th a simple quark-antiquark mod­
el, the resonance decays show a 
totally different behaviour. 

Collinear back-to-back jets are 
ruled out as the dominant effect, but 
the data is in good agreement wi th a 
three-gluon decay model in which 
the gluon fragmentation is assumed 
to be similar to that of a quark. T h i ^ 
three-gluon process is the lowest 
order QCD contribution to the decay 
of upsilons into hadrons, and is now 
clearly distinguishable from a simple 
statistical phase space description. 

Lepton/Photon highlights 
The Lepton/Photon Symposium 
held at Fermilab at the end of August 
was dominated by the results of jet 
analysis in PETRA electron-positron 
annihilations (see above). However 
many other important results 
emerged which were highlighted 
by Leon Lederman in his summary 
talk. 

PETRA, as well as giving the new 
evidence for gluon production, has 
also shown that quantum electro­
dynamics is as good as ever, even at 
high energies. 

The continued non-appearance of 
the sixth quark flavour at PETRA is 
not yet a problem, but it is unfor­
tunate that no firm indications of this 
quark mass are available from theo­
ry, unlike the intermediate bosons of 
weak interactions where confident 
predictions can be made. Other new 
data from PETRA comes from two 
photon exchange mechanisms, 
while at SPEAR, the two photon 
process has been used to measure 
the eta prime lifetime. 

The candidate beauty signal seen 

at CERN (see September issue, 
page 249) qualified for inclusion in 
the Symposium because the experi­
ment triggers on lepton pairs, and 
although no new information was 
available, it was still a feature. 

New results on neutrino-electron 
scattering came from the fine­
grained calorimeter of a Virginia / 
Maryland / Oxford / Pekin collabo­
ration. This is the first t ime that data 
on this reaction has been available 
from a large counter experiment, and 
the results underline yet again the 
success of the Weinberg-Salam 
model. Preliminary results on anti-
neutrino-electron scattering were 
also presented from the fine­
grained calorimeter of the CERN / 
Hamburg / Amsterdam / Rome / 
Moscow ('CHARM') collaboration. 

Charmed baryons have been re­
ported before, but now they have 
been pinpointed in electron-positron 
collisions at SPEAR. These precision 
measurements could open up the 
field of charmed baryon spectro­
scopy, where information so far has 

been scanty. Also from SPEAR 
came news of a candidate pseudo-
scalar (spin zero, negative parity) 
charmonium state at 2 9 8 0 MeV. A 
previous pseudoscalar charmonium 
candidate at 2 8 2 0 MeV from DES\ 
had not been confirmed at SPEAR 
and a new level is therefore welcome 
(see September issue, page 246) . 

An unexpected contribution was 
the new signal seen by the CHARM 
detector in a neutrino beam dump 
experiment at CERN (see page 31 3). 
Whi le others preferred to adopt a 
cautious wai t and see attitude, 
Lederman was in more optimistic 
mood, pointing out that here might 
be the first signs of the tau 
neutrino. 

These Lepton/Photon Symposia 
started in a modest way at MIT in 
1 963 to cover a specialized area of 
particle physics research, but have 
now grown to cover the most excit­
ing developments, as was demon­
strated by the Fermilab meeting. 
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Electron cooling in ICE 

General view of the ICE (Initial Cooling 
Experiment) ring at CERN — now scene of 
successful tests of both stochastic and 
electron beam cooling techniques. 

(Photo CERN80.9.78) 

Electron cooling.tests started in the 
ICE (Initial Cooling Experiment) sto­

oge ring at CERN in May and the 
results obtained so far are very 
encouraging. Beam quality can be 
greatly improved (for example the 
six-dimensional phase space density 
can be improved by a factor of 10 7 ) , 
cooling times are short (0.3 s and 
1.2 s in momentum spread and 
betatron amplitude respectively) 
and beam losses are down to the 
level corresponding to scattering on 
residual gas. 

The technique of electron cooling 
was first promoted by Gersh Budker 
at Novosibirsk where successful 
tests were carried out in the NAP-M 
ring in 1974-76. CERN and Fermilab 
decided to fol low up the Novosibirsk 
work in connection wi th their pro­
jects to collide high energy proton 
and antiproton beams. Beam cooling 
is needed to achieve high intensity 
antiproton beams and give luminosi­

ties high enough for colliding beam 
experiments. 

At CERN the storage ring pre­
viously used for the g-2 experiment 
(giving a very precise measurement 
of the muon magnetic moment) was 
converted for cooling tests by a team 
led by Guido Petrucci and became 
known as ICE. Emphasis swung to 
stochastic cooling, the alternative 
technique invented by Simon Van 
der Meer at CERN which had given 
encouraging results in the Intersect­
ing Storage Rings. The excellent 
performance of stochastic cooling in 
ICE was reported for example in the 
April 1978 issue, page 112. Nev­
ertheless, the effort to test electron 
cooling was continued in the group 
led by Frank Krienen and has now 
also emerged wi th excellent re­
sults. 

Electron cooling is based on 
repeated interactions of the particles 
to be cooled (protons, antiprotons or. 

in general, heavy ions) wi th a dense 
and cold electron beam. 'Cold' in this 
context means that the energy 
spread around the required energy in 
the electron beam is very small. In 
practice this is done by introducing 
the electron beam in a straight 
section of a storage ring where the 
heavy ions are circulating. The elec­
tron velocity matches that of the 
ions. 

The generation of a cold mono-
energetic and parallel electron beam 
in the energy range around 100 keV 
is best achieved by an electron gun 
(using thermal emission and elec­
trostatic acceleration). Parallelism is 
obtained by guiding it in a solenoidal 
magnetic field. 

In the rest frame of the electron 
beam, the electron temperature is 
anisotropic, the transverse tempera­
ture (normally a few electronvolts) 
being several orders of magnitude 
largerthan the longitudinal tempera­
ture. In this frame the velocities of 
the circulating ions can initially be 
quite high, and their temperature 
may amount to hundreds of electron-
volts. Due to Coulomb interactions, 
ions transfer energy to the electrons 
without observably heating the elec­
trons because the electron beam is 
continuously renewed. Cooling times 
are determined by the highest ion 
velocity, whereas the ultimate phase 
space reduction is determined by the 
energy spread in the electron beam 
and by multiple scattering on resi­
dual gas. 

The experiments at Novosibirsk 
were made wi th beams of small 
emittance and small momentum 
spread. The objective at CERN was 
to cool a beam of larger phase space, 
such as an antiproton beam emerg­
ing from a target, in order to test the 
feasibility of high luminosity wi th 
proton-antiproton colliding beams. 

The tests performed in ICE used a 
proton beam which had effective 
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initial properties as fol lows: a mom­
entum spread of ± 0.25 per cent, a 
horizontal emittance of 60 Ï Ï mrad 
mm and a vertical emittance of 3 0 K 
mrad mm. The main parameters at 
which the experiments were per­
formed were: electron energy 26 kV 
matching 46 MeV protons, electron 
current 1.3 A, electron beam dia­
meter 5 cm, cooling length 3 m and 
magnetic field 5 0 0 gauss. 

The conditions in the ICE ring are 
such that, due to the space charge 
potential of the electron beam, the 
electron energy (and hence the elec­
tron velocity) varies wi th the radius 
giving a parabolic potential well 
across the beam. There is also a 
velocity variation (approximately 
linear) of the protons in the median 
plane of the storage ring as a func­
tion of the radial position of their 
equilibrium orbits. The essential 
requirement for cooling to occur in 
ICE is that the two velocity profiles 
intersect. This is shown graphically 
in Figure 1. 

The tests in ICE 

Figure 1 : The velocity variations with radius 
of the electron and proton beams in the ICE 
storage ring. For cooling to take place, the 
velocity profiles must intersect. Cooling 
tends to accumulate the protons around the 
radius and velocity corresponding to 
intersect A. Protons to the left of intersect 
B are accelerated by the electrons and 
pushed outside the cooling region. 
Figure 2 : Longitudinal cooling of the proton 
beam demonstrated by the Schottky noise 
technique. 

Figure 3: Transverse cooling of the proton 
beam demonstrated by recording beam 
profiles at 0.4 s intervals. 

2. 

beams were aligned and their veloci­
ties matched. 

Further optimization was obtained 
by adjusting the gun parameters to 
minimize the microwave radiation 
produced by the electrons. Cooling 
was then strong enough to produce 
longitudinal bunching of the proton 
beam. Finally the betatron frequen­
cies of the ICE ring were modified to 
move the transition energy above 
the operating energy. The bunching 
effect then disappeared and the best 
cooling conditions were obtained. 
The proton beam size could be 
reduced from 2 cm to less the 
1 mm and the momentum spreac 
from 2 x 1 0 " 3 to 4 x 10~ 5. 

Longitudinal cooling is demon­
strated in the second figure by 
means of frequency analysis of the 
Schottky noise spectrum of the 
proton beam. The frequencies are 
displayed around a harmonic of the 
revolution frequency and are propor­
tional to the particle momentum; the 
vertical signal is proportional to the 
square root of the particle density. 

The broad spectrum is obtained in 
the first second after injection and 
already shows proton accumulation 
at the low energy (high frequency) 
side, whereas the narrow peak 
corresponds to the equilibrium spec­
trum after cooling and was taken 
about a minute after injection. The 
accumulation at the lower end of the 
momentum scale corresponds to the 
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Construction of the electron gun 
started at CERN in the summer of 
1977. It was installed in the ring in 
April 1 979 and the first test started 
in May. Cooling effects, both in longi­
tudinal and transverse dimensions, 
were observed on the first day as 
soon as the electron and proton 



position of the intersection point A 
of Figure 1. The narrow peak shows 
a reduction of momentum spread 
from 2 x 1 0 " 3 down to 3 x 10~ 4 and a 
density increase of about a factor of 
three. 

The change in the transverse 
dimensions of the proton beam is 
slower and the beam profile can be 

^depicted in successive stages. This is 
shown in Figure 3. In this case a 
horizontal kick of 2 mrad is given to a 
previously cooled proton beam. The 
t ime interval between recording the 
horizontal beam profiles is 0.4 s. 

A way of monitoring the electron 
beam is by detecting hydrogen. 
Protons and electrons can combine 
to form neutral hydrogen atoms. The 
effect is strongest when the relative 
velocities between the two species 
is smallest and the temperature of 
the electron beam can be estimated 
by counting the hydrogen produc­
tion rate. The highest rate observed 

up to now was 650 atoms per 
second and per 1 0 8 circulating 
protons. This is in excellent agree­
ment wi th the computations on the 
electron beam. 

The electron gun may be consi­
dered as consisting of five parts: the 
gun proper where the electrons are 
produced and accelerated, the 
straight drift sections where the 
cooling takes place, the two bends 
and, finally, the collector where the 
electrons are decelerated and ab­
sorbed. The electron beam is im­
mersed in a magnetic field, which 
extends from the gun to the collec­
tor, fully confining the f low of the 
electrons. The field in the bends is 
toroidal and matched to the adjacent 
solenoidal fields. 

In the collector the electrons are 
decelerated down to a potential only 
about 3 kV above the cathode 
potential and are absorbed on a large 
water-cooled surface. About 98 per 

Figure 4: The layout of the electron cooling 
system of the ICE storage ring: 1 - the 
straight section with a solenoidal field; 2 -
a 36° toroid; 3 - the solenoid of the electron 
gun; 4 - ion pump; 5 - sector valve; 6 -
the collector where the electrons are 
decelerated and absorbed; 7 - the line of 
the circulating proton beam; 8 - high voltage 
Faraday cage. 

cent of the current lands on the 
collector and the overall power effi­
ciency is about 92 per cent. 

In the near future, further cooling 
tests will be performed, aiming to 
increase the precision of the meas­
urements and to extend them to 
higher intensities. The present re­
sults, however'already open the way 
to applications of this technique. For 
example, the cooling of low energy 
antiproton beams in the LEAR 
project (see September issue, 
page 260) would add to its physics 
potential and the relativistic cooling 
of antiprotons in the high energy 
proton-antiproton collider could 
help to improve the quality of the 
beams. 
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Looking for 
antiproton decay 
According to our present un­
derstanding of particle phy­
sics, the proton and its anti-
particle should be equally 
stable. If it turned out that the 
antiproton were nowhere near 
as stable as the proton, then 
theorists would have to have 
a major rethink. 

In a physics experiment 
with the ICE ring last summer, 
240 antiprotons were stored 
to see what happened as time 
passed (see September 1978 
issue, page 294). Although 
the antiproton level did fall 
over several days, the loss 
was consistent with scattering 
on residual gas molecules in 
the ring. 

Such antiproton lifetime 
measurements are limited by 
this beam-gas interaction and 
so give only lower limits. How­
ever this first experiment de­
monstrated clearly that anti-
protons do indeed live long 
enough to make the CERN 
antiproton project possible. 

Another way of getting in­
formation on the antiproton 
lifetime is to look for antipro­
ton decay products. This is 
not limited by beam-gas inter­

action problems as the ring 
can be refilled to compensate 
for losses. However it does 
depend on the decay products 
being looked for. As antipro­
ton decay has never been 
seen, decay products can only 
be conjectured. 

One surmised decay me­
chanism is quark fusion, 
where two antiquarks produce 
a quark and a negative lepton. 
This quark would then com­
bine with the surviving anti-
quark in the antiproton to give 
a neutral pion. There could 
be other decay channels too, 
so that the pion plus lepton 
mode should be given a 
branching ratio corresponding 
to the relative probability of 
this decay channel. 

A high number of antipro­
tons was vital for this experi­
ment so that many bunches 
had to be stacked. It was the 
first time that particles were 
accumulated in a storage ring 
using stochastic cooling. 

Antiprotons were produced 
by 18 GeV protons from the 
CERN Proton Synchrotron 
(PS). For each PS pulse, about 
a hundred 2.1 GeV antiprotons 
were injected into the ICE 
ring, where they were stochas­
tically cooled down to a mom­

entum spread of±3x 10-5, 
and bunched into a third of 
the ring by an r.f. system 
working at the revolution fre­
quency of the particles. 

Subsequent antiproton 
pulses could then be injected 
into the empty space around 
the bunch and progressively 
transferred to the r.f bucket 
using the stochastic cooling 
process. The injection and 
storage procedure were re­
peated at five minute intervals 
until 1.5x10* antiprotons 
had been accumulated. The 
average number of antiprotons 
stored at any time over the 
ten days of the experiment 
was 7.2 xW3. 

The event rate detected by 
scintillation and Cherenkov 
counters was comparable to 
the expected cosmic ray back­
ground, so that no evidence 
for antiproton decay was seen. 
This establishes a new lower 
limit for the antiproton lifetime 
of 1700 hours times the 
branching ratio for the sur­
mised decay. 

In the near future, beams 
containing more than 1011 anti-
protons will be available, so that 
the antiproton lifetime limit 
should be pushed far beyond 
its present limit. 

Around the Laboratories 
LOS ALAMOS 
Crystal box 
for rare decays 

A n e w expe r imen ta l fac i l i t y is be ing 
p repa red at t he 8 0 0 M e V p r o t o n 
l inear acce le ra to r L A M P F at Los 
A l a m o s t o s tudy ex t r eme l y rare 
p rocesses . The appara tus , re fe r red 
t o as t he Crysta l Box, cons i s t s of a 
large so l id ang le m o d u l a r s o d i u m 
iod ide de tec tor , s u r r o u n d i n g a w i r e 
c h a m b e r and t r igger h o d o s c o p e . A 
co l l abo ra t i on of phys ic i s ts f r o m Los 
A l a m o s , S t a n f o r d Un ive rs i t y and t h e 

Un ive rs i t y of Ch icago w i l l search fo r 
t h e l ep ton f l avour chang ing decays 
of t h e pos i t i ve m u o n t o e + y , e + y y and 
e + e + e ~ w i t h a sens i t i v i t y t o b ranch ing 
ra t ios as l o w as 1 0 - 1 1 t o 1 0 ~ 1 2 . 

A s the c lass i f i ca t ion of t he basic 
c o n s t i t u e n t s of m a t t e r has e m e r g e d 
in recent years , in teres t has d e v e l ­
oped in l ep ton f l avour chang ing 
processes. It is k n o w n tha t t he f a m i l ­
ies e, u e , u, d and \i, i^, c, s (and t he 
t h i r d f am i l y x, u T, t, b) are c o n n e c t e d 
by quark f l avou r chang ing in te rac ­
t i ons bu t no lep ton f lavour t r a n s i ­
t i ons have been observed t o date . In 
th is s c h e m e m u o n t o e lec t ron 
f l avou r changes are t h e ana logue of 
c h a r m and s t rangeness non -conse r ­
va t i on . Pred ic t ions fo r t hese t r a n s i ­

t i ons are m a d e in m o s t of t he un i f ied 
gauge theor ies n o w in vogue . In 
par t icu lar , sea rches fo r t he decays of 
t h e m u o n in to ey, eyy and th ree 
e lec t rons are of p a r a m o u n t i m p o r ­
t a n c e t o tes t t hese mode ls . 

Prev ious expe r imen ta l upper l i m ­
i ts fa l l at least an order of m a g n i t u d e 
sho r t o f t he levels p red ic ted by t h e 
theor ies , t he m o s t s t r i ngen t l im i t of 
1.9 x 1 0 " 1 0 on t he decay of t he 
pos i t i ve m u o n t o ey be ing set by a 
p rev ious Los A l a m o s / S t a n f o r d / 
Ch i cago exper imen t . A c o m p l e m e n ­
ta ry e f fo r t is e m e r g i n g in r e n e w e d 
searches fo r p r o t o n decays (see M a y 
issue, page 1 1 6 ) w h e r e the obse rva ­
t i o n o f q u a r k / l e p t o n m ix ing is t h e 
expe r imen ta l goa l . 
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Conceptual drawing of the Crystal Box 
detector which will search for rare decays 
at LAMPF. The modular array of sodium 
iodide crystals surrounds the experimental 
target a cylindrical drift chamber and trigger 
counters. Its first application will be a search 
for lepton flavour changing muon decays. 

The Crystal* Box covers a solid 
angle of more than 2n steradians, 
which is essential to ensure high 
acceptance for the three body 
decays, and will be exposed to stop­
ping muon fluxes of 10 6 per second 
with a 7.5 per cent duty factor in the 
LAMPF Stopped Muon Channel. It 
consists of 352 sodium iodide 
modules, 6.35 cm x 6.35 cm cross-
section and 30.5 cm (12 radiation 
lengths) long, plus 36 corner crystals 
6.35 cm x 6.35 cm and 70 cm long 
giving a total mass of approximately 
2000 kg. The design energy resolu­
tion of 4 per cent at 52.8 MeV 
provides strong rejection of un­
wanted backgrounds. 

The crystals are packaged in a 
single housing arranged around a 
central rectangular volume 50 cm x 
50 cm and 70 cm long. The central 
region contains the muon stopping 
target, a cylindrical drift chamber 
and trigger hodoscopes. The drift 

chamber will have narrow angle 
stereo and is designed to present as 
little material as possible to the elec­
trons and photons traversing it. The 
hodoscope, directly in front of the 
crystals, will provide an electron trig­
ger when taken in coincidence with 
signals from the crystals. Photons 
will be identified by detecting energy 
deposited in the sodium iodide when 
there is no response from the scintil­
lators. 

The three reactions will be studied 
simultaneously. They will be sel­
ected by a hardwired processor 
designed to use both the analog and 
digital information from the detector 
to trigger on allowed geometries and 
kinematics, within 250 ns. This 
speed will enable the apparatus to 
operate at the high instantaneous 
fluxes mentioned above and provide 
immediate suppression of acciden­
tal coincidences from the ordinary 
decays of several muons. 

The apparatus appears to be well 
suited to the study of a number of 
rare pion decays as well. Final instal­
lation is expected by mid-1980 and 
a long career in pursuit of some of 
nature's most elusive interactions is 
anticipated. 

CERN 
Something new in 
neutrinos? 
An unexplained effect has been seen 
in neutrino interactions by the detec­
tor of the 'CHARM' — CERN / 
Hamburg / Amsterdam / Rome / 
Moscow — collaboration in a beam 
dump experiment and was reported 
at the recent Lepton/Photon Sym­
posium at Fermilab (see page 308). 

In the well-known beam dump 
technique, a large metal block is 
used instead of the usual primary 
SPS target. In this block the second­
ary kaons and pions are quickly 
absorbed before they have a chance 
to decay weakly to produce neutri­
nos. 

In this way the usual neutrino flux 
is reduced by a factor of about a 
thousand, but any additional pene­
trating particles, such as neutrinos 
coming from the decay of short-lived 
parents, are relatively unaffected. 
While normally these additional par­
ticles would be swamped by neutri­
nos from kaon and pion decay, under 
beam dump conditions they might 
show up. 

This was the motivation behind 
the first neutrino beam dump study 
at the SPS (see January/February 
1 978 issue, page 16). This saw the 
first indication of prompt neutrino 
production, however there was 
some disagreement between the 
results from the BEBC and Garga-
melle bubble chambers and the 
CERN / Dortmund / Heidelberg / 
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Saclay (CDHS) counter experiment. 
Thus it was decided to rerun the 
experiment to obtain better statis­
tics. 

In the meantime, the fine-grained 
calorimeter of the CHARM collabo­
ration had been installed in the 
neutrino beam (see Ju ly /Augus t 
issue, page 193) and was able to 
supplement the data collected by 
BEBC and the CDHS counter. 

In the beam dump experiment, the 
detectors basically look for hadron 
showers associated wi th no muons, 
and for showers associated w i th a 
single muon. The zero muon show­
ers include those due to neutral 
current interactions, while those 
w i th an accompanying muon enable 
the charged current rate to be 
gauged. 

The observed numbers of zero 
muon showers are in excess of what 
would be expected f rom neutral 
current interactions, even after allo­

wance has been made for interac­
tions due to electron neutrinos f rom 
conventional sources, which natu­
rally produce no muons. The excess 
zero muon shower signal is attr i ­
buted to electron neutrinos coming 
f rom highly unstable particles which 
can decay before they are absorbed 
by the beam dump. 

These highly unstable particles 
probably carry charm, as these are 
known to decay sufficiently rapidly. 
This 'prompt ' electron neutrino sig­
nal had already been established in 
the first CERN neutrino beam dump 
at the SPS. 

A first analysis of the data f rom the 
new beam dump experiment re­
vealed that the previous discrepan­
cies between the results f rom differ­
ent detectors had been ironed out, 
and all three experiments were in 
broad agreement on the electron 
neutrino spectrum attributed to the 
decay of charmed particles. 

In previous work, analysis of the 
produced hadron showers had been 
subject to a low energy cut-off, 
however the CHARM detector wi th 
its fine-grain calorimeter and closely 
packed components enables much 
less energetic hadron showers to be 
detected and analysed. 

In a subsequent analysis, the 
conventional 1 0 - 2 0 G e V cut-off 
was removed from the CHARM 
data, and a surprisingly large number 
of hadron showers were found wi th 
energies between 2 and 2 0 G e V 
(282 w i th no muon, 4 6 3 wi th a 
single accompanying muon). These 
were carefully analysed to avoid 

Top left, the fine-grained calorimeter of 
CERN / Hamburg / Amsterdam / Rome / 
Moscow ('CHARM') collaboration in the 
CERN neutrino beam, which has seen 
unexplained effects in low energy hadron 
showers in a neutrino beam bump 
experiment. Upstream (bottom right) is the 
detector of the CERN / Dortmund / 
Heidelberg / Saclay team. 

(Photo CERN 16.12.78) 

possible confusion between neutral 
current and charged current behav­
iour, and contamination from cosmic 
ray events. 

Even so, a large number of zero 
muon showers remained. This could 
have been due to an unexpectedly 
high ratio of neutral to charged 
current events fn this energy region 
but a separate analysis of low energy 
hadron showers in a subsequent run 
using the normal wide band neutrino 
beam showed no evidence for this. 

Because of the ability of the 
CHARM detector to distinguish be­
tween the development of electro­
magnetic showers (produced by 
electrons) and hadron showers, the 
level of zero muon shower events 
containing an electron, and therefore 
due to electron neutrinos, could be 
accurately estimated. 

After all corrections, the remaining 
zero muon showers could be attr i ­
buted to neither muon nor electron 
neutrinos, and looked to be some­
thing different. 

One possibility is that the effect is 
due to tau neutrinos. F mesons, 
(carrying charm and strangeness) 
decay to produce tau leptons and tau 
neutrinos. The tau leptons subse­
quently decay into a muon plus a tau 
neutrino and a muon (anti)neutrino, 
giving in all a double tau neutrino 
production spectrum which could be 
responsible for the newly-discov­
ered signal. 

In the decay of the tau lepton, the 
existence of t w o neutrinos in the 
final state could make for a detecta­
ble momentum imbalance between 
the observable particles. Several 
events have been found which show 
this imbalance, and provide an addi­
tional clue. 

Whi le the existing data could still 
reveal more information, more de­
tailed studies wil l be required before 
a definite result emerges. 
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One of the first examples of a high energy 
antineutrino interaction in deuterium, seen 
in the 3.7 m BEBC bubble chamber. The 
invisible incident antineutrino strikes a 
neutron in a deuterium nucleus, producing 
eight charged particles — four positives 
bending away to the left, and four negatives 
to the right. In addition, at least one neutral 
particle is produced, as shown by the 
electron-positron pair seen a few centimetres 
from the primary vertex. The proton from 
the struck deuteron remains as a spectator, 
and is seen as the short stub track at the 
right of the primary vertex. 

Bubble chamber 
spectators 
This summer the 3.7 metre BEBC 
bubble chamber finished its first run 
filled with deuterium, providing 
126 000 excellent quality photo­
graphs with neutrinos and 60 000 
with antineutrinos during a 30 day 
period. This was the first time that a 
deuterium-filled bubble chamber 
had been exposed to high energy 
antineutrinos. 

Just before the start of the run, 
work had been completed to up­
grade the neutrino shielding in the 
West Area at CERN, allowing the 
use of primary proton beams at 
maximum SPS energies. 

Part of the old earth shielding had 
been replaced by a 4 x 4.6 x 36 m 
cast-iron plug, and a toroidal mag­
net, 6 m in diameter and about 10 m 
long, inserted in the existing iron 
shield to focus muons onto the new 

plug. Previously, the primary proton 
energy had been limited by problems 
of muon background. 

Tiny bubbles are seen in the 
pictures due to electrons from the 
beta-decay of the tritium contamina­
tion in the deuterium sample. How­
ever the heavy water used at CERN 
to provide the deuterium for BEBC is 
extremely pure, with a tritium level 
less than 3x 10~15. 

The deuterium nucleus consists of 
a loosely-bound proton and neutron. 
This allows reactions on both types 
of nucléons to be studied in the 
bubble chamber without the second­
ary effects that often obscure what 
happens with heavy liquid targets. 

This is particularly useful when the 
neutrinos interact with the neutrons 
from deuterons. In these reactions, 
the companion protons simply spec-
tate, seeing what happens in the 
interactions, but without being af­
fected themselves. 

The short stub tracks caused by 
the recoil of these spectator protons 
enable the direction and momentum 
of the neutrons at the time of colli­
sion to be determined, making 
detailed kinematical analysis possi­
ble. 

SAC LAY 
Scintillating 
developments 
Physicists are using increasing num­
bers of scintillators in particle phy­
sics experiments. For instance, they 
are used in calorimeters for measur­
ing the total energy of a particle by 
means of the light produced by 
secondary bursts passing through 
layers of scintillators. 

Until 1975 most scintillators con­
sisted of a substrate of polyvinyl 
toluene (PVT), an aromatic sub­
stance which emits a great quantity 
of ultra-violet radiation when trav­
ersed by a particle. Fluorescent 
products thinly spread throughout 
the substrate convert the radiation 
into blue light. The substance is 
sandwiched between two glass 
plates having the high grade surface 
finish needed to collect the light 
through total reflection on the 
surfaces. 

It is, however, too expensive to 
manufacture PVT-based scintilla­
tors for extensive use in calorimetry. 
A new type of scintillator was devel­
oped at CERN with the help of indus­
try in 1 975. This type (called 'Plexi-
pop', see November 1975 issue, 
page 346) consists of non-scintillat­
ing plastic (polymethyl methacrylate 
or PMMA) containing naphthalene, 
an aromatic substance which pro­
duces the primary ultra-violet and 
fluorescent substances which trans­
form the radiation into blue light. 
This scintillator, which is also sand­
wiched between glass plates, is 
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much cheaper than the PVT-based 
types, but it gives out only a quarter 
of the quantity of light. It was devel­
oped for experiment NA3 at the 
CERN SPS (see September issue, 
page 257), but is now being used in 
calorimeters for a large number of 
other experiments. 

Together wi th industry, the Ele­
mentary Particle Physics Depart­
ment at Saclay has developed two 
alternatives for use in the proton-
antiproton colliding beam experi­
ments UA1 and UA2 at the SPS. 

Using PMMA as the substrate, the 
first has provided a scintillator w i th a 
light output some three times higher 
than Plexipop at the same price. The 
main feature of this new scintillator, 
dubbed 'Altustipe', is the incorpora­
tion of a large quantity of naphthal­
ene (up to 15%). Its mechanical 
properties are similar to those of 
Plexipop. 

Although initially intended for ca-
lorimetry, the development has re­
sulted in four industrial products, all 
of them cheap and suitable for a 
specific purpose — Altustipe UV for 
coupling to a wavelength converter 
(BBQ); Altustipe bluefordirect read­
out via a photomultiplier; A l tu ­
stipe yellow giving high transparen­
cy; Altustipe fast emitt ing less light 
but wi th a fast response. 

Altustipe UV wil l be used in two 
important experiments. CERN has 
ordered thirteen tons for the axial 
field spectrometer (AFS) calorimeter 
at the ISR, while sixtons will be used 
in some of the calorimeters for 
experiment UA2. Further informa­
tion may be obtained from Mr. 
Bourdinaud at Saclay. 

The other development has led to 
the perfection of a new type of 
scintillator and a new manufacturing 
process. The scintillator consists of 
polystyrene, an aromatic product 
providing the primary ultra-violet, 
and fluorescent products changing 

this radiation into light of 'any 
desired colour'. The light output of 
polystyrene is very close to that of 
polyvinyl toluene and these scintilla­
tors are therefore highly luminous — 
about five t imes more so than Plexi­
pop. 

Unlike PVT, polystyrene is a highly 
diffusing plastic material. Industry 
supplies it in granular form, which is 
injected into moulds or extruded at 
temperatures close to 200°C. 
Saclay has opted for the extrusion 
method of manufacture. In an initial 
operation, the scintillating product is 
incorporated into the granulate, 
which is then extruded into plates 
and passed between polished steel 
rollers. Plates wi th highly uniform 
characteristics (luminosity, trans­
parency, surface finish and thick­
ness) are produced at the rate of 
about 2 5 0 kg per hour. 

The scintillator is much cheaper 
than the Plexipop type, while the 
light output and transparency are 
similar to those of the best PVT 
scintillators coupled with a wave­
length converter and wi th the same 
emission spectrum. The lengths of 
the scintillator plates are not limited, 
and remarkable precision can be 
obtained on the thickness. 

Fifteen tons of this ultra-violet 
radiation emitt ing substance have 
been ordered for experiment U A 1 . 
5 0 0 kg of the blue-light emitt ing 
type will also be produced for direct 
coupling to a photomultiplier. A 
document on the characteristics of 
this scintillator is being prepared and 
further information may be obtained 
from J.C. Thévenin at Saclay. 

These two types of product are 
complementary. Altustipe may be 
made in large thicknesses, but to a 
standard tolerance, while in the 
polystyrene extrusion process, al­
though narrower tolerances are pos­
sible, there is a practical limit to the 
thickness. 

FERMILAB 
New computer 
system 

Late in July, the Fermilab Computing 
Center completed its transition tc 
a new system. Three Cyber 175 
central processors delivered over the 
previous eight months were linked 
together in a loosely coupled fashion 
using a modified operating system. 
The system has access to 6 billion 
bytes of disk memory, 2 4 tape 
drives, communications processors 
and the usual complement of input / 
output equipment. The three central 
processors function symmetrically, 
and there is enough capacity to 
ensure that failure of any unit wil l not 
interfere w i th the rest of the system, 
although performance might be 
reduced. 

In the early days, the relatively 
small amount of computing that 
Fermilab required was satisfied by 
the nearby Argonne National Labo­
ratory. For a while this was an 
acceptable solution, and remote job 
entry terminals plus a daily courier 
service were sufficient for the accel­
erator design work, for the small 
amount of particle physics then in 
progress and for administrative 
computing. 

As the accelerator came into oper­
ation and the first physics experi­
ments began, it was clear that this 
initial arrangement would be inade­
quate. Wi th the t ight funding of the 
early 70s, it was decided to intro­
duce older equipment, available as a 
result of modern machines being 
delivered to other Laboratories. 
Thus, the PDP-10 from the old Prin­
ceton/Pennsylvania Accelerator 
and a CDC 6 6 0 0 from Berkeley 
were delivered in 1971 and 1973 
respectively. Wi th this equipment 
and the continued use of Argonne, 
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Central console of the new Fermilab 
Computing System, incorporating three 
Control Data Corp. Cyber 175 processors. 

(Photo Fermilab) 

the Laboratory w a s able to sat is fy its 
needs. 

p M o s t of the scient i f ic act iv i ty 
grav i ta ted to the more power fu l 
6 6 0 0 , w h i c h w a s upgraded over the 
years by the addi t ion of disk and tape 
uni ts. Eventual ly a second CDC 
6 6 0 0 and CDC 6 4 0 0 w e r e added. 
These acquis i t ions plus assoc ia ted 
per ipherals enabled capabi l i ty t o 
keep pace w i t h the g r o w i n g de ­
mand . 

A t the same t ime, an ef for t w a s 
made to obta in suppor t for a major 
n e w Fermi lab compu t i ng faci l i ty . In 
1 9 7 8 $ 1 2 mi l l ion w a s a l located for 
a modern faci l i ty adequate fo r fu tu re 
needs. 

Since exist ing equ ipmen t w a s o ld 
and had already given good va lue for 
money, it w a s relat ively easy t o 
speci fy a n e w compute r con f igura­
t ion w h i c h did not necessari ly rely on 
any of the equ ipment already 
instal led. The only (nontr iv ial) p ro­

b lem w a s tha t of p rogram conver­
s ion. The pr imary a im w a s to acquire 
a sys tem at least three or four t imes 
larger t han its predecessor. There 
we re relat ively f e w other const ra in ts 
apart f r o m the need for the manu fac ­
turer t o aid in the so f tware conver­
sion process. 

A l l major US compute r manu fac ­
turers we re inv i ted to bid and the 
chosen conf igura t ion w a s based 
upon three Cyber 1 7 5 s f r o m CDC. 
By agreement , the equ ipment w a s 
del ivered in stages, beginning in 
October of last year w i t h t w o of the 
centra l processors and a good f rac­
t ion of per ipheral equ ipment . No 
addi t ional space w a s available, so 
the older equ ipment had to be 
replaced gradual ly, at the same t ime 
ensur ing tha t service w a s m a i n ­
ta ined. In Apr i l of th is year, the th i rd 
centra l processor w a s del ivered 
a long w i t h mos t of the addi t ional 
per ipheral equ ipment . Its accep­

tance in Ju ly mean t tha t the t rans i ­
t ion phase w a s over. 

Dur ing th is t rans i t ion per iod the 
sys tem w a s opera ted in bo th the o ld 
and the n e w mode. Previously 
Fermi lab had been c o m m i t t e d to the 
matu re CDC SCOPE operat ing sys­
t e m , c u r r e n t l y x a l l e d N O S / B E . W i t h 
the new equ ipment , it w a s decided 
to make the t rans i t ion to the more 
modern , bet ter suppor ted NOS oper­
at ing sys tem f r o m CDC. This has 
many advantages over the older 
sys tem, bu t inevi tably there we re 
some nice features in the older 
sys tem tha t we re not exact ly repro­
duced by its successor. Thus it w a s 
necessary to run bo th sys tems t o 
help conver t programs. The conver­
sion burdened many users and w a s 
less t ransparent t han had been 
hoped, but the to ta l inconvenience 
w a s not t o o bad. 

The l im i ted capaci ty of the older 
sys tem exc luded interact ive use and 
only a l imi ted remote job entry batch 
capabi l i ty w a s suppor ted. T w o of t he 
major improvemen ts are a relat ively 
large in teract ive faci l i ty and a s t rong 
remote job entry sys tem. Ano the r 
major enhancemen t is a high densi ty 
( 6 2 5 0 bi ts per inch) tape sys tem. 
The number of tape drives and the 
a m o u n t of disk space have been 
increased substant ia l ly over w h a t 
w a s previously available. 

A Ca lcomp A u t o m a t i c Tape Lib­
rary (ATL) w i l l also be in tegrated in to 
the n e w sys tem. Current ly avai lable 
mass store devices manufac tu red by 
I B M , CDC and A m p e x are expensive 
and not easi ly in tegrated. On the 
other hand, the A T L , an older device 
marke ted by Ca lcomp, is relat ively 
inexpensive w h e n used w i t h h igh 
densi ty tape uni ts and is much more 
easily in tegrated in to a CDC Cyber 
sys tem. It is capable of s tor ing up t o 
about 1 0 1 2 bytes of in fo rmat ion and 
w i l l come in to use some t ime next 
year. 
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The Cray 1 computer installed at Daresbury, 
showing in the centre the processor and 
memory, and at the base the comfortably 
upholstered power supplies. 

(Photo Daresbury) 

Other new facilities include a 3 M 
microfiche system which has both 
an alphanumeric and graphical ca­
pability w i th 4 0 9 6 by 4 0 9 6 resolu­
t ion. The microfiche system wil l 
operate off-line w i th its own tape 
drive. Two new fanfold Calcomp 
plotters wil l be connected directly. 

The three processors share half a 
mill ion words of extended core 
storage for communicat ing between 
the three machines and for system 
residency. Common inpu t /ou tpu t 
queues are maintained, and all file 
storage is available to any of the 
three Cybers. At any given moment, 
one acts as the front end, although 
any of the three can do the job. 

The three machines are not quite 
identical. Two are Cyber 1 75 -200s , 
each wi th 192K 60-bi t words of 
memory. The third is a Cyber 175 -
3 0 0 wi th 2 5 6 K words of memory. 
The 1 7 5 - 3 0 0 wi th its higher perfor­
mance memory has a benchmarked 
throughput about 1 5 per cent higher 
than the 1 75 -200 . Total capability is 
very close to that of t w o CDC 7 6 0 0 
computers, and it is expected that 
the new system wil l meet Fermilab's 
computing demand into the early 
1 980s. Wi th enhancements of peri­
pheral equipment and wi th addi­
tional central processors, the system 
should be able to satisfy needs 
beyond the mid-1980s. 

DARESBURY 
Exceptional 
computing power 

The UK Science Research Council is 
buying t ime on a Cray 1 computer, 
recently installed at the Daresbury 
Laboratory. For some types of calcu­
lation it is substantially more power­
ful than the computers hitherto 
available in the U K and it wi l l be used 
by selected groups of scientists 

whose work can justify the use of 
exceptional computing power. 

The Cray 1 was switched on at 
Daresbury in June and several 
groups are already using it. It wil l 
soon be linked to the Laboratory's 
IBM 3 7 0 / 1 6 5 and wil l then be 
accessible f rom workstations on the 
SRC's computer network. 

The Cray 1 is a very fast computer 
designed to handle vector quantities 
as well as scalars. It achieves high 
performance by being physically 
compact (thereby reducing the t ime 
electrical signals take to move 
across the machine), it uses fast 
memory and logic components and 
it can support a considerable degree 
of parallel operation. It can execute 
instructions at the rate of several 
tens of millions per second, depend­
ing on the vector content of the 
programs. It accepts programs wr i t ­
ten in standard Fortran and the 
Fortran compiler tries to optimize 

the code so as to use the vector 
hardware as far as possible. 

Progress in many scientific field^t 
has been closely allied wi th progress 
in computing. This is particularly true 
in the exploration of scientific mod­
els where the extent to which a 
model can be explored by computer 
depends, among other things, on the 
number of calculations which can be 
performed in a reasonable length of 
t ime. Over the years, scientists have 
exploited the increasing power of 
computers to study more complex 
phenomena or to add detail to 
approximate calculations. At any 
stage the available computing 
power imposes some limit on the 
scale of calculation which it is prac­
tical to undertake and, inevitably, 
interesting and important phenom­
ena are always thought to be frus-
tratingly just out of computational 
reach. 

Towards the end of last year an 
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Making particle scattering data available 
through computer terminals is the job of 
the Particle Data Group at the University of 
Durham, UK. Seen here, left to right, project 
director Fred Gault, coding assistant Liz 
King, applications programmer A/an Lotts 
and data base manager Brian Read. 

(Photo Durham) 

SRC working party concluded that 
the provision of a very powerful 

^computing facility would open up 
new and worthwhi le important re­
search problems for which computa­
tional techniques have been devel­
oped but which could not be tackled 
on existing computers. The prob­
lems are in fields as diverse as 
protein crystallography, astrophy­
sics and engineering. 

Examples of advances which 
might be made are increasing the 
dimensionality of models (for exam­
ple, in plasma physics where the 
present one-dimensional codes are 
inadequate to model laser-plasma 
interactions, or in engineering where 
it is not yet possible to analyse the 
behaviour of some complex struc­
tures in three dimensions), extend­
ing present techniques into more 
complex areas (for example, refining 
the structure of larger protein mole­
cules, or studying the collision 

processes of heavy ions), reducing 
mesh sizes in fluid or particle dynam­
ics problems and introducing dy­
namics into problems which have 
hitherto been studied only static­
ally. 

DURHAM 
Data from your 
terminal ? 
Elementary particle scattering data 
could be as close as your nearest 
computer terminal as a result of a 
project to make all scattering data 
available through computer-search­
able data bases. The data and docu­
mentation reside on the Rutherford 
Laboratory computers and the sys­
tem is designed to display data in 
tabular or graphical form, or to trans­
fer it to the user's files. A simple 
enquiry language helps to retrieve 
the data required f rom the data files, 

or to scan the associated bibliogra­
phic data base. 

The work of compiling the data 
and making it easily available is coor­
dinated f rom the University of Dur­
ham (UK) where Brian Read man­
ages the various data bases, Alan 
Lotts writes graphics software, and 
Liz King codes data and looks after 
the bibliography and correspon­
dence. The actual compilation work 
is done by people working wi th the 
data and the group is always looking 
for new participants. 

A t Rutherford, Dick Roberts com­
piles hadron inclusive and lepton 
production scattering data and 
structure functions, both weak and 
electromagnetic, and helps wi th 
documentat ion and publicity. At 
Glasgow, Ron Crawford is the 
group's two-body photoproduction 
expert, and the rest of two-body 
scattering and electron-positron in­
clusive data are handled by Brian 
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R e a d . G e o f f r e y Fox a t C a l t e c h c o n ­

t r i b u t e s a r a n g e o f d a t a a n d c o o r d i ­

n a t e s t h e p l a n s o f t h e P a r t i c l e D a t a 

G r o u p a t B e r k e l e y t o p u b l i s h t h e U K 

d a t a a l o n g w i t h v a r i o u s o t h e r c o m p i ­

l a t i o n s o n m i c r o f i c h e w i t h a n i n t r o ­

d u c t i o n a n d i n d e x e s . T h i s d o c u m e n t 

( L B L - 9 2 ) is i n t e n d e d as a o n c e - o n l y 

a r c h i v e f o r l i b ra r i es r a t h e r t h a n a s a 

w o r k i n g t o o l f o r p h y s i c i s t s . 

S i n c e t h e p r o j e c t r e c e i v e d t h e 

s u p p o r t o f t h e U K S c i e n c e R e s e a r c h 

C o u n c i l in 1 9 7 5 , m o s t e l e m e n t a r y 

p a r t i c l e s c a t t e r i n g d a t a w i t h a b e a m 

m o m e n t u m g r e a t e r t h a n 2 G e V h a s 

b e e n f e d i n t o t h e d a t a b a s e s . A n y 

r e m a i n i n g g a p s , m a i n l y in o l d e r 

e x p e r i m e n t s , a re g r a d u a l l y b e i n g 

d e a l t w i t h a n d a re f i l l e d i m m e d i a t e l y 

if t h e r e is a d e m a n d . O n c e t h e d a t a is 

c o d e d a n d s t o r e d in t h e d a t a b a s e s i t 

is a v a i l a b l e o n t h e R u t h e r f o r d n e t ­

w o r k t h r o u g h o u t t h e U K a n d a t 

C E R N a n d D E S Y . O t h e r n e t w o r k s 

e x t e n d t h e a v a i l a b i l i t y in E u r o p e a n d 

t h e U S A . 

T h e p r o j e c t g r e w o u t o f s e p a r a t e 

c o m p i l a t i o n e f f o r t s o f C a l t e c h , D u r ­

h a m a n d t h e Pa r t i c l e D a t a G r o u p 

( P D G ) a t B e r k e l e y a n d a r e c o g n i z e d 

n e e d t o a r c h i v e d a t a b e f o r e t h e 

e x p e r i m e n t a l g r o u p w h i c h p r o d u c e d 

it d i s s o l v e d . T h e P D G w a s c o m m i t ­

t e d t o t h e R e v i e w o f P a r t i c l e P r o p e r ­

t i e s ( L B L - 1 0 0 ) a n d t o i t s C o m p i l a ­

t i o n o f H i g h E n e r g y P h y s i c s L i t e r a ­

t u r e ( L B L - 9 0 ) a n d w o u l d h a v e 

n e e d e d e x t r a e f f o r t if s c a t t e r i n g d a t a 

w a s a l s o t o be c o m p i l e d , s o t h e 

p r o j e c t w a s b a s e d a t D u r h a m w h e r e 

a c o m p i l a t i o n g r o u p a l r e a d y e x ­

i s t e d . 

A c c e s s t o A R P A N E T f o r t h e 

e x c h a n g e o f s o f t w a r e a n d d a t a 

r e m o v e d t h e p r o b l e m s o f g e o g r a p h i ­

ca l s e p a r a t i o n , a n d t h e i n s t a l l a t i o n o f 

t h e B e r k e l e y D a t a b a s e M a n a g e ­

m e n t S y s t e m ( B D M S ) a t R u t h e r f o r d 

m a d e it p o s s i b l e t o m a n a g e a n d 

r e t r i e v e c o m p i l e d i n f o r m a t i o n . A 

u n i f o r m c o d i n g s t a n d a r d w a s m a i n ­

t a i n e d b y u s i n g t h e Pa r t i c l e P h y s i c s 

D a t a L a n g u a g e ( P P D L ) . 

T h e t o p p r i o r i t y o f t h e p r o j e c t , a n d 

o f p r o j e c t d i r e c t o r F red G a u l t , h a s 

b e e n n o t j u s t t o s t o r e i n f o r m a t i o n 

b u t t o g e t i t t o p e o p l e w h o w a n t t o 

u s e i t . I t is a l s o a p o l i c y t o s t o r e a l l t h e 

s c a t t e r i n g i n f o r m a t i o n f r o m a s i n g l e 

p u b l i s h e d p a p e r , o r p r e p r i n t , in o n e 

r e c o r d . T h i s e n s u r e s t h a t i t a p p e a r s 

as t h e e x p e r i m e n t a l i s t s p r e s e n t e d i t 

a n d , in e f f e c t , p r o v i d e s a ' m a r k e t i n g 

o r g a n i z a t i o n ' f o r e x p e r i m e n t a l d a t a . 

T h i s a v o i d s t h e p r o b l e m o f u s e r s 

c i t i n g t h e c o m p i l a t i o n r a t h e r t h a n 

t h e o r i g i n a l p a p e r a n d e n c o u r a g e s 

t h e m t o r e a d t h e p a p e r if t h e y n e e d 

m o r e i n f o r m a t i o n . 

R e g u l a r l y u p d a t e d c o m p u t e r -

s e a r c h a b l e d a t a b a s e s s u p p o r t e d b y 

i n f o r m e d c o m m e n t a r y a r e , t a k i n g 

t h e i r p l a c e as a r e s e a r c h t o o l f o r 

e l e m e n t a r y p a r t i c l e p h y s i c i s t s . T h i s 

t o o l c o u l d b e c o m e p r o g r e s s i v e l y 

m o r e i m p o r t a n t as p r i n t i n g c o s t s r i se 

a n d h i n d e r t h e p u b l i c a t i o n o f l a r g e 

t a b l e s o f d a t a . 

DESY 
PETRA performance 
at 30 GeV 

U p t o 2 0 A u g u s t , w h e n a r o u t i n e 

m a i n t e n a n c e s h u t - d o w n b e g a n , o v e r 

1 5 0 0 e l e c t r o n - p o s i t r o n a n n i h i l a t i o n 

e v e n t s w e r e c o l l e c t e d a t P E T R A 

b e t w e e n 2 7 . 4 a n d 3 1 . 6 G e V t o t a l 

e n e r g y . T h e f o u r e x p e r i m e n t a l 

g r o u p s — J A D E , M a r k - J , P L U T O a n d 

T A S S O — w e r e ab le t o a n a l y s e t h i s 

d a t a in t i m e f o r t h e F e r m i l a b 

L e p t o n / P h o t o n S y m p o s i u m (see 

p a g e 3 0 7 ) . 

P E T R A p e r f o r m a n c e has n o w s u r ­

p a s s e d t h a t o f D O R I S . T w i c e it has 

b e e n a b l e t o a t t a i n ( for e a c h o f t h e 

f o u r i n t e r a c t i o n r eg ions ) an i n t e g r a ­

t e d l u m i n o s i t y o f m o r e t h a n 

1 0 0 n b _ 1 in 2 4 h o u r s , a n d o n c e 

4 4 n b _ 1 w e r e c o l l e c t e d in o n l y f i v e 

h o u r s . 

T h e s e l u m i n o s i t i e s w e r e r e a c h e d 

w i t h o n l y t w o b u n c h e s p e r b e a m . 

T h e p e a k c u r r e n t a f t e r i n j e c t i o n is 

n o w a b o u t 1 0 m A pe r b e a m (5 m A 

pe r b u n c h ) . W i t h t h e s e in i t i a l c u r ­

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

1 5 G e V , t h e l u m i n o s i t y is o v e r ^ 

3 x 1 0 3 0 c m " 2 s~\ E a c h f i l l i ng l as t s 

f o r m a n y h o u r s , a n d re f i l l i ng is 

q u i c k e r t h a n k s t o t h e n e w l y - a v a i l a ­

b l e P I A r i n g (see S e p t e m b e r i s sue , 

p a g e 2 5 2 ) . 

A r u n w a s c a r r i e d o u t w h i l e o n e o f 

t h e p o w e r f u l 5 5 0 k W ( c w ) k l y s t r o n s 

o f t h e P E T R A r.f. w a s r e p l a c e d . In 

a d d i t i o n t o n o r m a l d a t a - t a k i n g , 

m e a s u r e m e n t s o f t h e b e a m p o l a r i z a ­

t i o n w e r e m a d e u s i n g b a c k - s c a t ­

t e r e d laser p h o t o n s . T h i s e l e c t r o n 

p o l a r i z a t i o n is t r a n s v e r s e t o t h e o r b i t 

a n d is d u e t o t h e e m i s s i o n o f s y n c h ­

r o t r o n r a d i a t i o n . S t u d i e s o f t h i s 

p o l a r i z a t i o n , u s i n g b o t h t h e laser 

m e t h o d a n d t h e a n a l y s i s o f e l e c t r o n -

p o s i t r o n c o l l i s i o n s , a re s t i l l u n d e r 

w a y . w.J 
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Physics monitor 

Who will succeed in rescuing the quark 
damsel confined in her tower ? A/varo De 
Rûjula's view of the current scene in particle 
theory. 

QCD roadshow 
rolls on 
Is quantum chromodynamics (QCD) 
the ultimate theory of hadronic 
phenomena ? Or, put more sceptic­
ally, can one tell QCD from a hole in 
the ground ? This is the title of a new 
theory roadshow, which after a 
successful premiere at CERN went 
on to attract a large audience at 
Erice, Sicily, during the recent inter­
national school of subnuclear phy­
sics. 

Conceived, writ ten and directed 
by Alvaro De Rûjula, John Ellis, 
Roberto Petronzio, Giuliano Prepa-
rata and Bill Scott and presented by 
Mary K. Gaillard, the spectacular—a 
drama in five acts — covers the 
development and present status of 
our understanding (if at all) of deep 
hadronic structure. 

The plot involves a new religion 
(Quod Cern Demonstraturum) at­
tempting to impose itself upon an 
imaginary world. Its proponents and 
defenders struggle to decide 
whether QCD describes reality, 
whether it can be proved that it does 
so, and whether its much-publicized 
'miracles' are fake. 

The characters are: The Ayatellis 
(played by himself) — a prophet of 
QCD who, as if by divine inspiration, 
knows the ultimate truth all the t ime; 
Biscotte (alias experimentalist Bill 
Scott) — a sorcerer's apprentice in 
the form of a Deus ex (400 GeV) 
machina who performs the prodi­
gious feats which prove the pro­
phet's most recent t ruth; De Oracle 
(played by himself) — interpreter of 
the dogma and arbiter of the tourna­
ments, who preaches to the masses 
and predicts the past; Giuliano 
Bruno (played by himself) — a 
heretic who castigates QCD and 
harasses its blind fol lowers; Pesti-
lonzio (also played by himself) — an 
infidel and devil's advocate who 

attempts to undermine QCD from 
within. 

The Ayatellis wears a coat of many 
colours and a peculiar hat. He carries 
wi th him a small bell, which he rings 
to herald his many important pro­
nouncements. Biscotte is armed 
wi th a large briefcase containing 
much computer output together 
wi th transparencies and a hand 
calculator. During the play, he is kept 
busy displaying experimental evi­

dence. De Oracle wears what 
appears to be a torn sheet and seats 
himself behind a large sign 'Theatri­
cal Division'. 

Giuliano Bruno wears a conical 
hat labelled ' l ight cone' which has 
'future' inscribed on the front and 
'past' on the back. Pestilonzio has 
horns on his head and wears a black 
cape from which emerges a long 
black tail. He carries a multicoloured 
pitchfork. 
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The quantum chromodynamics prophet 
A yatellis (alias John Ellis) preaches to the 
masses. The other characters in the 
divertissement are (left to right), the 
experimentalist (played by Bill Scott), the 
heretic (Giuliano Preparata), the infidel 
(Roberto Petronzio) and the oracle (Alvaro 
De Rûjula). 

(Photo CERN296.6.79) 

The action begins at the 'dawn of 
prehistory', way back in 1 967 when 
a great prophet in the West, after 
meditating for many days in the 
wilderness of Palo Alto, revealed the 
deep inelastic truth. 

It is prophesied that hadrons 
undergoing deep inelastic scattering 
appear to behave like bundles of free 
particles, called partons. Thus under 
these conditions, strong interactions 
are solved — they simply do not 
exist! How can this paradoxical 
result be reconciled wi th a field 
theory of hadron constituents? 

Scene Two marks the Coming of 
Gauge, when new prophets arise 
who show how field theory can be 
reincarnated, the trick being to disre­
gard conventional Abelian principles 
and go non-Abelian instead. This is 
hardly surprising as apparently the 
original Abelians were an ascetic 
sect who practised chastity after 
marriage and therefore died out. 

In response to objections from the 
heretic, the prophet then embarks on 
a quest for the 'Wholly Scaling Vari­
able' which takes account of the 
finiteness of the nucléon mass and 
other complications. This enables 
dramatic new tests to be made 
which purport to demonstrate the 
power of QCD, but there is heated 
debate as to whether the experimen­
tal data is evidence for or against 
QCD. 

'Are moments magic?' is the tit le 
of the fourth act where the latest 
experimental data comes under 
further scrutiny. Telegrams arrive 
from far and wide pointing out that 
QCD predictions can be reproduced 
by more general arguments or that 
the experiments have the wrong 
kinematics. 

No matter what evidence or argu­
ment is put forward, the Ayatellis 
skilfully manages to manipulate it to 
work in his favour. On the other hand, 

the long-suffering heretic claims to 
have been vindicated, but gloomily 
assumes the QCD proponents wil l 
continue to deny the facts and ' twist ' 
their theory to fake the right answer. 
If only they would stop burning their 
opponents at the stake! 

The play comes to an end wi th the 
question still in'doubt, but neverthe­
less there is a happy ending because 
all the characters are happy. The 
Ayatellis, convinced that QCD can­
not be questioned, goes on to more 
exotic pastures. Pestilonzio says that 
the QCD proponents are fol lowing 
the correct path, despite having 
jumped to too many conclusions in 
the past. De Oracle holds that quan­
titative QCD is in its infancy and 
there is lots of work to keep 
everyone busy. The heretic, having 
dissociated himself from the QCD 
throng, is happily gathering experi­
mental evidence to support his 
ideas, and the experimentalist is 
already working on his next pro­
ject. 

Mathematics and 
Physics in Lausanne 

Physics has always needed mathe­
matics to find solutions to its prob­
lems, and conversely, the most 
fruitful stimulus for mathematics 
has been the need for new tools to 
handle physical problems. A good 
example was the birth of quantum 
mechanics, when the theory of par­
tial differential equations and of 
Hilbert spaces provided essential 
tools for physicists, and where 
mathematicians were led by the 
needs of physics to develop certain 
noncommuting algebras (Von 
Neumann algebras). 
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Res Jost (left) of ETH Zurich, converses with 
ST. Kuroda of Tokyo during the recent 
Lausanne International Conference on 
Mathematical Physics, 

(Photo E. Baumgartner) 

T h e s a m e p a t t e r n is s e e n in t o ­

d a y ' s p a r t i c l e t h e o r y . T h e h o p e s 

f o r u n d e r s t a n d i n g t h e ' c o n f i n e m e n t ' 

o f q u a r k s a n d g l u o n s a r e b a s e d o n 

r e c e n t d e v e l o p m e n t s in n o n - A b e -

l ian g a u g e t h e o r i e s . A t t e m p t s t o 

u n i f y d e s c r i p t i o n s o f b o s o n s a n d 

f e r m i o n s h a v e l e d t o t h e s t u d y o f 

v s u p e r s y m m e t r y , o r as t h e m a t h e ­

m a t i c i a n s ca l l t h e m , g r a d e d Lie 

a l g e b r a s . In a d d i t i o n , r e c e n t p r o ­

g r e s s in t h e t h e o r y o f d y n a m i c a l s y s ­

t e m s m a y l e a d o n t o d e v e l o p m e n t s 

in a c c e l e r a t o r t h e o r y . 

W i t h t h i s in m i n d , W a l t e r 

T h i r r i n g , t h e o u t g o i n g p r e s i d e n t o f t h e 

I n t e r n a t i o n a l A s s o c i a t i o n o f M a t h ­

e m a t i c a l P h y s i c s ( I A M P ) a s k e d 

P h i l i p p e C h o q u a r d , f r o m t h e E c o l e 

P o l y t e c h n i q u e F é d é r a l e in L a u ­

s a n n e , t o o r g a n i z e an I n t e r n a t i o n a l 

C o n f e r e n c e o n M a t h e m a t i c a l P h y s ­

i cs f r o m 2 0 - 2 5 A u g u s t . 

T h e o r g a n i z e r s t r i e d t o p r e s e n t a 

p r o g r a m m e w h i c h a t t r a c t e d as 

w i d e an a u d i e n c e as p o s s i b l e in t h e 

t i m e a v a i l a b l e ; s o as t o s t i m u l a t e 

i n t e r a c t i o n b e t w e e n d i f f e r e n t f i e l d s . 

| W h i l e t h i s i n e v i t a b l y p o s e d r e s t r i c ­

t i o n s , p o s t e r s e s s i o n s p r o v i d e d a 

v a l u a b l e o u t l e t f o r t h o s e w h o w e r e 

n o t a l l o c a t e d s p e a k i n g t i m e . 

T h e t o p i c s s e l e c t e d w e r e S c h r ô -

d i n g e r o p e r a t o r s ( w h e r e a lo t o f p r o ­

g r e s s h a s b e e n m a d e in t h e l as t f e w 

y e a r s in t h e s t u d y o f t h e g o o d o l d 

S c h r ô d i n g e r e q u a t i o n ) , s t a t i s t i c a l 

m e c h a n i c s , w h e r e p a r t i c u l a r e m ­

p h a s i s w a s p l a c e d o n t h e q u a n t u m 

a n d c l a s s i c a l t h e o r y o f C o u l o m b s y s ­

t e m s a n d o n t o p o l o g i c a l m e t h o d s in 

t h e s t u d y o f d e f e c t s in c r y s t a l s a n d 

l i q u i d c r y s t a l s , q u a n t u m f i e l d t h e o r y 

in a l l i t s v a r i o u s a p p r o a c h e s , d y n a m ­

ica l s y s t e m s , g a u g e t h e o r i e s a n d 

s u p e r s y m m e t r i e s , a n d C * a l g e b r a s 

— a n e w m a t h e m a t i c a l t o o l f o r 

s t u d y i n g s y s t e m s w i t h a n i n f i n i t e 

n u m b e r o f d e g r e e s o f f r e e d o m . 

T h e s e s s i o n o r g a n i z e r s — B. 

S i m o n , E. B r é z i n , J . F r ô h l i c h , A . 

T r a u t m a n , J . S c h e r k , D. R u e l l e 

a n d H. A r a k i ( n o w p r e s i d e n t o f 

I A M P ) d i d a v e r y g o o d j o b in s e l e c t ­

i n g s h o r t c o m m u n i c a t i o n s . A l l t h e 

m a i n t a l k s w e r e o f h i g h q u a l i t y a n d 

t h e s p e a k e r s w e r e e v i d e n t l y w e l l 

p r e p a r e d . 

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

o f W . H u n z i k e r ' s p r e s e n t a t i o n o n 

q u a n t u m p a r t i c l e s in e l e c t r i c a n d 

m a g n e t i c f i e l d s , E. L i e b ' s t a l k o n 

C o u l o m b s y s t e m s , 0 . L a n d f o r d o n 

t i m e - d e p e n d e n t e f f e c t s in s t a t i s t i ­

ca l m e c h a n i c s , A . J a f f é o n c o n ­

s t r u c t i v e f i e l d t h e o r y , J . P. E c k m a n n 

o n t h e m a p p i n g s o f t h e u n i t i n t e r v a l 

o n t o i t se l f , D. O l i v e o n n o n - A b e l i a n 

m a g n e t i c m o n o p o l e s , G. T o u l o u s e 

o n t o p o l o g y a n d d e f e c t s , I . M . 

S i n g e r o n g a u g e t h e o r i e s , P. V a n 

N i e w e n h u i s e n o n s u p e r g r a v i t y , 

a n d f i n a l l y t h e v e r y e n t e r t a i n i n g 

t a l k o f J . S c h e r k , t h e ' S u p e r m a n 

o f S u p e r s y m m e t r i e s ' . 

T h e L a u s a n n e c o n f e r e n c e w a s 

t h e f o u r t h o f a s e r i e s ( M o s c o w 

1 9 7 2 , K y o t o 1 9 7 4 , a n d R o m e 

1 9 7 7 ) , a n d t h e n e w n e x t m e e t i n g 

w i l l b e h e l d in B e r l i n in 1 9 8 1 , 

w h e n m a y b e t h e p r o b l e m o f q u a r k 

c o n f i n e m e n t w i l l h a v e b e e n s o l v e d ! 

(We are grateful to André Martin 

for this report.) 
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People and things 

Pief Panofsky 

Fermi A ward to Pief Panofsky 

It was announced in mid-August 
that Pief Panofsky, Director of the 
Stanford Linear Accelerator Labo­
ratory, has received the Enrico 
Fermi Award. This award is given 
by the Department of Energy with 
the approval of the President and 
is the highest award in the USA 
for achievements in nuclear science. 
The award was also given to Harold 
Agnewr the former Director of Los 
Alamos. 

Pief, who celebrated his 60th 
birthday amid much rejoicing in 
May, is held in much admiration 
and affection throughout the world 
of high energy physics. The citation 
on the Fermi A ward is a good sum­
mary of why this should be so — 
For his many important contribu­
tions to elementary particle physics; 
for his leading role in advancing 
accelerator technology evidenced 
in the success of the SLAC 20 BeV, 
SPEAR and PEP machines; for his 
positive influence on and inspiration 
of younger scientists; and for the 
depth and thoughtfulness of advice 
he has so generously given the 
United States government... ' 

The fund which was set up in 
memory of John Rutherglen is used 
to finance an annual award to a 
postgraduate student in experimen­
tal particle physics from one of the 
universities associated with the old 
electron synchrotron NINA at 
Daresbury. The award for 1979 
will be divided between S.H.P. Geer 
of Liverpool and WJ. Haynes of 
Sheffield. 

Cartoon drawn by Bob Gould on the occasion 
of Pief Panofsky's 60th birthday, showing 
Pief hauling the SLAC Wizard' up the 
mountain. 

KjellJohnsen has left his position 
as Director of I RAM (Institute for 
Radio Astronomy in the Millimetre 
Range) and in August moved to 
Brookhaven to spend some time 
on the ISABELLE 400 GeV proton-
proton colliding beam project as 
deputy to the project leader Jim 
Sanford. 

Talking to Science Writers 

Giving the principal address at the 
recent meeting at Fermilab of the 
Chicago chapter of the US National 
Association of Science Writers, 
Fermilab Director Leon Lederman 
said some of the most important 
tools society uses today have come 
from basic research, from the work 
of gifted scientists who were not 
looking for useful end products, but 
who were rather attempting to ex­
tend the frontiers of knowledge. 

One such example is the develop­
ment of high vacuum. Without this 
technique there would be no televi­
sion tubes, no X-rays, transistors, 
integrated circuits, microprocessor 
or computers. 

The roots of our technology are 
based on the past doing of things 
we are doing at Fermilab', said 
Lederman. But the knowledge 
gained by this basic research may 
not be needed by society until well 
into the following century. 

Lederman cited superconductivity, 
where much pioneer work has been 
done at high energy physics Labo­
ratories, as a development whose 
application might become wide­
spread in the years to come. 

Chris Quigg, Fer mi lab's theory 
head, reviewing the history of parti­
cle physics, had high praise for 
some of the thinkers who centuries 
ago had made observations about 
the make-up of matter with startling 
accuracy. For example Democritus 
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Resplendent in CERN 25th anniversary 
T-shirts — your CERN COURIER team. Left to 
right Henri-Luc Felder, editor who takes 
care of the French edition, Monika Wilson 
who looks after journal distribution and other 
administrative matters, Brian Southworth 
Editor, Micheline Falciola, responsible for the 
advertisement pages and liaison with the 
printers, and Gordon Fraser, editor who takes 
care of production of the English edition and 
who writes most of the high energy physics 
articles. 

(Photo CERN 213.8.79) 

apparently said around 450 BC, 'the 
only existing things are atoms and 
empty space — all else is mere 
opinion'. 

SRS booster in action 

The booster of the Synchrotron 
') Radiation Source under construction 
at Daresbury Laboratory is in oper­
ation and already providing electron 
beams that would be adequate to 
fill the storage ring in a few min­
utes. The Booster synchrotron has 
achieved over 600 MeV peak energy 
and is regularly accelerating beams 
of 25 to 30 mA. The extraction sys­
tem has been used and is giving 
efficiencies close to those antici­
pated. Components of the storage 
ring itself are being installed and 
everything is on schedule to start 
SRS commissioning in April of next 
year. 

Another possible radiation source 
is being tentatively investigated at 
Daresbury. The linac once used on 
)the NINA electron synchrotron 
might be operated to put 40 MeV, 
20 A pulsed electron beams through 
a 5 m periodic transverse magnet 
structure to provide radiation tuna­
ble over some range in the 70-
150 \im region. The proposal is 
known as FELIX (Free Electron 
Laser Interesting experiment) and 
interest in design, construction or 
use of such an infra-red radiation 
device should be made known to 
Jerry Thompson at Daresbury. 

°hoto scrapbook from the recent 
.epton/Photon Symposium at Fermilab (see 
lage 308): 1. - Conference Organizer John 
°eop/es summons delegates with the aid 
if a cowbell, 2. - coffee time, 3. - delegates 
applaud Leon Lederman's concluding talk. 
\s well as hearing all the latest developments 
i this fast-moving field, delegates were also 
ble to enjoy a packed programme of social 
vents. 
°hotos Fermilab) 
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Experimental apparatus is moving into the 
PEP electron-positron storage ring under 
construction at Stanford. Seen here are the 
two end sections of MAC, a large magnetic 
calorimeter, being moved into interaction 
region 1-4 (the large concrete building to 
the right). The smaller metal-clad building will 
house the experiment electronics. MA C will 
be used as a lepton detector and hadron 
total energy detector by a Colorado/ 
Northwestern/SLAC/Wisconsin/Utah 
collaboration. 

(Photo Joe Faust) 

Thanks to a further modification of 
its radiofrequency system and to a 
redesigned ion source, the CERN 
synchro-cyclotron has produced an 
extracted beam of carbon-12 ions 
carrying 85 MeV of energy per 
nucléon. Several experiments are in 
active preparation to exploit this 
potentially interesting energy, and 
in a future edition of the CERN 
COURIER we plan to report in detail 
on these latest developments at 
CERN's oldest accelerator. 

A letter recently arrived at the 
CERN COURIER office asking for 
more information on a high intensity 
'moon beam' at a well-known 
national Laboratory. We guess they 
really meant muon beam, unless 
somebody is looking to start an 
experiment to measure moon pair 
production, or to measure parity 
violation in moon decay, or to check 
moon number conservation. 

The target which will yield the antiprotons 
for the antiproton accumulator ring in the 
CERN collider project has to take the 26 GeV 
proton beam from the PS at full intensity 
over extended periods of time. A model 
target of eleven tungsten rods, each 10 mm long, 
3 mm diameter, designed to dissipate 1 kW 
and withstand temperatures of 3000° C, 
was tested for ten hours at the PS. An 
immediate X-ray examination (photo 1 which 
also shows the structure of the target with 
its graphite sleeve and aluminium cooling 
fins) revealed no structural damage. Opening 
the target two months later when 
radioactivity had died down revealed cracking 
and pitting of the tungsten (photos 2 and 3) 
but the rods had been held by the graphite 
sleeve and target efficiency did not decrease. 
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DEUTSCHES 
ELEKTRONEN-

SYNCHROTRON DESY 

Hamburg 
has a posi t ion ava i lab le 

for a Senior Experimental Physicist 
(H igh Energy Physics) 

A Sc ient is t in this posi t ion is e x p e c t e d t o m a k e m a j o r con t r i ­
but ions t o the e x p e r i m e n t a l p r o g r a m a t D E S Y . 
Qual i f ica t ions should cor respond t o t h o s e of a Full Professor 
a t a Universi ty . 

App l i ca t ions a n d Proposals for C a n d i d a t e s shou ld b e sent , 
b e f o r e O c t o b e r 1 5 , 1 9 7 9 , t o t h e : 

C h a i r m a n of t h e D E S Y D i rec tora te , 
Prof. Dr. H e r w i g S c h o p p e r , 
Deutsches Elektronen-
Synchrotron DESY, 
N o t k e s t r a s s e 8 5 , D 2000 Hamburg 52, 
W e s t e r n G e r m a n y . 

ENGINEERS, PHYSICISTS, 
SYSTEMS PROGRAMMERS 

Technical positions are available at the Cyclotron 
Project of Michigan State University. Facilities 
are undergoing a major expansion into heavy-ion 
research wi th superconducting cyclotrons, w i th 
need for: postdoctoral research associates, 
instrumentation R and D physicists, rf engineers, 
mechanical engineers, accelerator physicists, 
electronics design and development engineers, 
systems programmers. 

Applicants should send their resume to : 

B. Waldman, 
C Y C L O T R O N L A B O R A T O R Y , 
M I C H I G A N S T A T E U N I V E R S I T Y , 
East Lansing, Ml 4 8 8 2 4 . 

Michigan State University is an Equal Oppor tun i ty / 
Aff irmative Act ion Employer. 

- a high technology international electronics 
enterprise 

- serves with superior products the broad 
markets of communications, scientific 
research and medicine, industrial equip­
ment and defense. 

Our European Headquarters located in Zug 
has a challenging opportunity for an 

APPLICATIONS ENGINEER 

The position calls for an independent and 
dynamic individual having practical experience 
in the design and implementation of high 
frequency power tube equipment for radio 
transmitting, industrial heating, or related 
applications. 
Duties will include providing applications and 
sales support for our International Sales Team 
as a specialist in the above field. 
The successful applicant should have an HTL 
or equivalent education in electrical engi­
neering, must be willing to travel extensively 
within Europe and be capable of working on 
his own initiative with our customers. He 
should be fluent in English and German. We 
can only consider Swiss nationals or holders 
of a valid work permit. 
We offer excellent employment conditions 
and an attractive compensation program. 
Product training will be provided in the U.S. 
Please send us a brief resume or call Mr. 
T . L u c h i n g e r . 

Varian AG, Steinhauserstrasse 
CH-6300 Zug, tel. (042) 23 25 75 
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University of Dortmund 

Theoretical 
High Energy Physics 

There will be one or two postdoctoral positions 
available in theoretical particle physics at the 
University of Dortmund. Preference will be given 
to young postdocs with some research experience 
in gauge theories and/or in (perturbative) QCD. 

Applications should be sent to: 

E. A. Paschos or E. Reya, 
Institut fur Physik, 
Universitât Dortmund 
Postfach 500500, 4 6 0 0 Dortmund 50, 
West Germany 

University of Illinois 
at Chicago Circle 

Department of Information 
Engineering 

Assistant/Associate Professor 
Position 

is available for September 1980. Duties include 
undergraduate/graduate teaching and research. 
An earned Ph. D. in electrical engineering or 
physics is required. Prefered area of specializa­
tion is as follows: 
1 ) Charged particle beam transport. 
Commitment to engineering must be evident for 
previous employment history. 

Send resume, selected publications and three 
references by March 1, 1980 to: 

Professor Bruce H. McCORMICK 
Head Dept. of Information Engineering 
U N I V E R S I T Y OF ILLINOIS 
CHICAGO CIRCLE 
Box 4348 
C H I C A G O / I I I . 60 680 

The University of Illinois is an affirmative action/ 
equal opportunity employer. 

If you need professional tantalum 
or plastic film capacitors ^r£&\ 
UIP will he ln vnn 

CELM Componehti Elettronici Méridionale S.p.a. 
Via Nazionale delle Puglie n° 177* 80026 CASORIA (Napoli)'Tel. 081/75.99.033 PBX - Telex 710518-ITALY 
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PHYSICISTS 
F e r m i l a b , a m a j o r a c c e l e r a t o r f a c i l i t y f o r r e s e a r c h in p a r t i c l e 
p h y s i c s , h a s a n u m b e r of s t a f f p o s i t i o n s a v a i l a b l e f o r e x p e ­
r i e n c e d P h y s i c i s t s . 

S t a f f m e m b e r s c o n t r i b u t e t o t h e l a b o r a t o r y p r o g r a m in t h e 
f o l l o w i n g a r e a s : 

O p e r a t i o n a n d a d v a n c e d d e v e l o p m e n t s o f o u r e x i s t i n g 
a c c e l e r a t o r s , e x p e r i m e n t a l a r e a s a n d f a c i l i t i e s . 
W o r k o n n e w p r o j e c t s , i n c l u d i n g t h e 1 0 0 0 G e V 
s u p e r c o n d u c t i n g T e v a t r o n a n d t h e p p c o l l i d i n g b e a m s 
fac i l i t y . 

W e w e l c o m e i n q u i r i e s f r o m P h y s i c i s t s w h o s e e x p e r i e n c e is 
n o t s p e c i f i c a l l y in t h e a b o v e a r e a s , t o w o r k in t h e a d v a n c e d 
t e c h n o l o g y e n v i r o n m e n t c h a r a c t e r i s t i c o f p a r t i c l e p h y s i c s 
r e s e a r c h . 

S t a f f m e m b e r s h a v e t h e o p p o r t u n i t y t o d e v o t e s o m e o f t h e i r 
t i m e t o i n d i v i d u a l h i g h e n e r g y p h y s i c s r e s e a r c h . S a l a r y a n d 
t e r m o f a p p o i n t m e n t w i l l d e p e n d o n q u a l i f i c a t i o n s , a b i l i t y 
a n d e x p e r i e n c e . 

R e s e a r c h a s s o c i a t e p o s i t i o n s in h i g h e n e r g y a n d a c c e l e r a t o r 
p h y s i c s a re a l so a v a i l a b l e . 

A p p l i c a n t s s h o u l d s u b m i t a r e s u m e , l i s t o f p u b l i c a t i o n s a n d 
t h e n a m e s o f t h r e e r e f e r e e s w h o m y o u h a v e a s k e d t o s e n d 
l e t t e r s o f r e c o m m e n d a t i o n t o : 

Dr. R o y R u b i n s t e i n , S e c r e t a r y 
F e r m i l a b C o m m i t t e e o n S c i e n t i f i c A p p o i n t m e n t s 
F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y 
P. O . B o x 5 0 0 
B a t a v i a , I l l ino is 6 0 5 1 0 

F e r m i l a b has an A f f i r m a t i v e A c t i o n P r o g r a m a n d is a n Equa l 
O p p o r t u n y E m p l o y e r . 

Assistant Professor 

Department of Physics 
University of British Columbia 

T h e Universi ty of Brit ish C o l u m b i a in V a n c o u v e r expects , 
subject to the usual b u d g e t a r y conf i rmat ion , t o m a k e a t e n u r e -
t rack a p p o i n t m e n t a t th e A s s i s t a n t Professor level in t h e 
Physics D e p a r t m e n t c o m m e n c i n g J u l y 1 , 1 9 8 0 . Pr imary 
considerat ion wil l be g iven t o app l icants w i t h research interests 
in I n t e r m e d i a t e Energy Physics c e n t r e d a round t h e T R I U M F 
m e s o n facil i ty s i tua ted o n t h e U . B . C . c a m p u s . O u t s t a n d i n g 
cand ida tes in o ther f ie lds are a lso invi ted t o apply. 

T h e successful cand ida te wi l l be e x p e c t e d to t e a c h ef fect ive ly 
a t bo th t h e u n d e r g r a d u a t e a n d g r a d u a t e levels. 

T h e closing d a t e for appl icat ions is N o v e m b e r 3 0 , 1 9 7 9 . 

S e n d r e s u m e , b ib l iography a n d t h e n a m e s of th ree professional 
re fe rences t o : 

Professor G a r t h J o n e s 
C h a i r m a n 
C o m m i t t e e o n Initial A p p o i n t m e n t s 
D e p a r t m e n t of Physics 
T h e U n i v e r s i t y o f B r i t i s h C o l u m b i a 
2 0 7 5 W e s b r o o k P l a c e 
V a n c o u v e r , B . C . , V 6 T 1 W 5 
C a n a d a 

Check Electronic 
Design's Gold Book 
for location of the 
BNC representative 
nearest you, or 
contact Berkeley 

Nucleonics 
Corporation. 

B N C 

Berkeley Nucleonics Corp. 

1 1 9 8 C Tenth St . • B e r k e l e y , C A , U .S .A . 9 4 7 1 0 • (415) 527-1121 
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PULSER FAMILY • 
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NORD-100 bénéficie du logiciel 
complet éprouvé depuis des 
années sur le matériel Norsk Data 
dans des domaines aussi variés 
que la gestion, la recherche et 
l'éducation, les réseaux d'ordina­
teurs, la communication, le 
contrôle de processus, le traite­
ment de texte et beaucoup 
d'autres. La gamme des NORD-
100 offre des modèles de 90 000 
francs à 1400 000 francs 
totalement compatibles avec des 
possibilities d'extension du plus 
petit au plus performant. De plus, 
une grande variété de systèmes 
multiprocesseurs est disponible. 
La gamme NORD-100 est entière­
ment compatible, tant au niveau 
logiciel qu'au niveau matériel, 
avec le NORD-10, mais elle est 
conçue à partir de la technologie 
la plus récente. La performance 
du processeur est considérable­
ment améliorée, la mémoire 
centrale peut être augmentée 
jusqu'à 32 moctets et la capacité 
des disques jusqu'à 2300 moctets. 

La gamme NORD-100 supporte 
le logiciel de Norsk Data: 
• le système d'exploitation 

SINTRAN lll/VS créé en 1973 
permettant les traitements 
temps réel, temps partagé, par 
lot en local ou à distance 
simultanément. 

• COBOL, FORTRAN, BASIC, 
RPG II, PASCAL et SIMULA. 

• le système de gestion de base 
de données: SIBAS, le premier 
SGBD aux normes CODASYL 
sur un mini-ordinateur en 1973. 

• le système de gestion de 
transactions TPS sur un ou 
plusieurs ordinateurs. 

• NSHS gestionnaire d'écrans, 
DATA ENTRY, système d'acqui­
sition de données. 

• NORDNET, logiciel de com­
munication pour ordinateur 
NORD, compatibilité x 25, 
émulateur de communication 
vers des centres IBM, HB, 
Cil, CDC, Univac. 

Norsk Data 
Ferney-Voltaîre: 
Norsk Data France 
"Le Brevent" 
Avenue du Jura 
01210 Ferney-Voltaire 
Tel.: (050) 40 85 76 
Tlx.: 385653 nordata fernv 
Paris: 
120 Bureaux de la Colline 
92213 Saint Cloud Cedex 
Tel.: (01) 60 23 366 
Tlx.: 201108 nd paris 
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A c c e s s o i r e s d e c â b l a g e 
A c c e s s o i r e s d e m o n t a g e 
C o m p o s a n t s é l e c t r o n i q u e s 
A c c o u p l e m e n t s u n i v e r s e l s 
A c c o u p l e m e n t s d e p r é c i s i o n 

« S O U F F L E X » 
C a r d a n s 
J o i n t s O l d h a m 
L i m i t e u r s d e c o u p l e 
T r a v a u x s u r p l a n s 

V e r k a b e l u n g e - Z u b e h ô r 
M o n t a g e - Z u b e h ô r 
E l e k t r o n i s c h e r B a u t e i l 
G e l e n k k u p p l u n g e n 
F a l l e n b a l g - K u p p l u n g e n 

« S O U F F L E X » 

A 

W i r i n g a c c e s s o r i e s 
M o u n t i n g a c c e s s o r i e s 
E l e c t r o n i c c o m p o n e n t s 
U n i v e r s a l j o i n t s 
« S O U F F L E X » b e l l o w s 

c o u p l i n g s 
C a r d a n c o u p l i n g s 
O l d h a m j o i n t s 
T o r q u e l i m i t e r s 
Q u o t a t i o n s t o c u s t o m e r s ' 

d r a w i n g s 

K a r d a n - K u p p l u n g e n 
O l d h a m K u p p l u n g e n 
E i n s t e l l b a r e R u t s c h k u p p -

l u n g e n 
S o n d e r - A u s f i i h r u n g e n n a c h 

K u n d e n w u n s c h 

CCEL 
3 5 - 3 7 , rue de la M a r e , 7 5 0 2 0 P A R I S F R A N C E 

T é l . 3 6 6 4 7 2 6 + T é l e x 2 2 0 2 2 1 

La nouvelle génération 
des mandrins à crémaillère 

R H U 

CAMLOCK D I N 55022 

une conception REISHAUER bien étudiée pour les 
hautes exigences dans la fabrication moderne. 

haute concentricité, sans balourds, montage direct 
pour broches à cône court ou W. 

REISHAUER 
REISHAUER SPANNMITTEL AG 

C H - 3 3 6 0 H E R Z O G E N B U C H S E E 

T É L . 0 6 3 / 6 1 3 2 2 2 

T É L E X : R E S P A 6 8 5 0 0 

• N E T 

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

Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiène, désinfection, désinsectisation, dératisation 

Manutentions 

Office nouveau du nettoyags ON ET 
13008-MARSEILLE 
75-PARIS 
GENÈVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pèbre 
4 et 6, rue du Buisson - Saint-Louis 
55/57, rue Prévost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tél. (91) 7 6 2 8 5 0 
X e tél. (1) 607 9 4 8 4 

tél. (022) 2 0 6 8 4 8 
tél. (50) 5 1 4 6 4 1 
tél. (50) 41 91 33 

Fournisseur du CERN à Genève, du CEA à Marcoule, Pierrelatte, Cadarache, 
La Hague, de l'ONU et de l'UlT à Genève. 
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CAMAC 
The most powerful intelligent 
CAMAC controller system. 

- f rom SEN ELECTRONIQUE 

> — description v 

During the past few months we have introduced the various elements of the new SEN 
Controller system : in this issue we wish to describe the software and typical applications. 

The heart of the system is a powerful 16-bit microprocessor (TMS 9900) associated with 
16K-RAM, 2K-EPROM and TTY interface, located on a single CAMAC PC-board which is 
found in each of the intelligent units of the system (ACC 2099, ACC 2103 and STACC 2107). 

Front-end processing in a typical problem of large CAMAC process - control and data 
collection systems. The ACC provides the best solution to this problem due to its 
processing power and easy implementation in the system - both hardware andsoftware. 

On the hardware level, the ACC 2099 or ACC 2103 is compatible with all commonly used 
contro l lers- the A2 parallel controller, the L2 serial controller and the NORD 10 dedicated 
controller. Due to its very high density, a minimum of CAMAC space is lost to achieve 
front-end processing as fast as the main computer. 

Software implementation is achieved by simply adding-on the front-end programs to your 
existing software. The front-end programs can be eith,er assembly programs or high level 
programs loaded down-line through the crate controller into the ACC RAM memory, or 
resident in the ACC EPROM memory. Assembly programs are normally written on the 
host computer using cross assemblers: high-level programs in NODAL - a BASIC with 
floating point arithmetics - are wri t ten, either on the NORD 10 main computer using a 
cross-compiler, or locally at the ACC level using an EPROM resident NODAL interpreter. 
Debugging facilities are available at the ACC level. 

j Test and stand-alone systems have the common problem of simulating the exact environ­
ment of the under-test device. Our new CAMAC controller system is able to test the device 
through the same controller used in the experiment and under the same software. The 
front-end system can be converted into a stand alone system simply by placing the 
CAMAC branch off-line. Test programs are loaded from a floppy disc connected directly 
to the ACC (ACC 2103 only). For permanent stand-alone systems, the STACC 2107 (Stand-
Alone CAMAC Computer) combines the functions of a microprocessor and a controller. A 
floppy disc resident software is also available. 

for more details, please contact SEN ELECTRONIQUE 

France: O R T E C S a r l ; 7 , r u e d e s S o l e t s ; Tel. (1) 6 8 7 2 5 7 1 - Tlx 202553F, F-94 RUNGIS - Germany : SEN ELEKTRONIK 

G m b H ; Brandstucken 1 1 ; Tel. 041 8 0 2 0 4 6 - Tlx 2163705d , D-2000 H A M B U R G 53 - D IDAS Digital S y s t e m ; Radspielstrasse 8; 

Tel. 089 9 1 6 7 1 0 - Tlx 529167d - D-8000 M Ù N C H E N 81 - Switzerland: SEN ELECTRONIQUE SA; CP 3 9 ; 

Tel. (022) 4 4 2 9 4 0 - Tlx 23359ch - CH-1211 GENÈVE 13 - SEN ELEKTRONIK A G ; Austrasse 4 ; Tel. (01) 9 4 5 5 1 0 3 ; 

Tlx 58257ch - CH-8604 VOLKETSWIL - United Kingdom: S E N ELECTRONICS LTD; London Street ; Chertsey; Tel. 

9328.66744 - GB - KT168AP SURREY - OFFICES T H R O U G H O U T THE WORLD. 

Headquarters: 

SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 3 1 ; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13. E L E C T R O N I Q U E 
C E R N C o u r i e r , O c t o b e r 1 9 7 9 333 



Part of an 8.4 MW HV DC Power Supply which 
HIPOTRONICS recently delivered to Oak Ridge National 
Laboratories for continued research in Nuclear Fusion! 
When the requirements got tough 
Hipotronics got the call. Oak Ridge 

• needed 168 kilovolts at 50 Amps for 
the next phase of development of 
their Fusion Reactor. So they turned 
to Hipotronics, the leader in high volt­
age technology. They got exactly 
what they wanted, a well regulated 
high power supply that is rugged 
enough to withstand repeated crow­
bar shorts with no damage to the 
power supply. 

Innovative design approaches are 
everyday occurrences at Hipotronics 
We design, manufacture and fabri­
cate every important component 
and our facilities are the largest and 
finest in the industry. That allows us 
the flexibility to meet the most de­
manding specif ications and condi­
tions of high technology programs 
such as Neutral Beam Injectors and 
High Power Lasers. 

Hipotronics has also manufactured a 
wide range of high voltage power 
supplies for other applications: 
• Capacitor Bank Charging 
• Klystron Tubes 
• Travelling Wave Tubes 
• High Powered Lasers 
• Accelerators 

Whatever your requirements, pulsed 
or continuous duty, brute force or 
finely regulated, call us. 

Remember — 
HIPOTRONICS DELIVERS! 

mKÊËËmi 1 1 1 
HIPOTRONICS, INC. 
P.O. Drawer A, Brewster, NY 10509 
(914) 279-8031 Twx 710-574-2420 
Amex Symbol: HIP 

3 3 4 C E R N C o u r i e r , O c t o b e r 1 9 7 9 
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SCINTILLATION DETECTORS 
Head-on 

Photomultiplier tubes 

MICROCHANNEL PLATES 
Single anode-high speed 
Multi anode-high speed 

high resolution 

For MEDICAL 
INSTRUMENTATION 
• Gamma Cameras 
• Emission Tomography 
• CT Scanning 

For HIGH ENERGY 
PHYSICS 
• Calorimeter Detectors 
• Hotoscope Detectors 
• Cerenkov Counters 

Photomultiplier tubes with less than 
300 picosecond rise time are now available. 

Write for Data sheets 

Demander nos Fiches Techniques Escribanos por las Especificaciones 
Datenblàtter sind auf Anfrage erhàltlich t - 9 ^-V £ £ - j I < ^ t ? ^ . 

Richiedeteci i Dati Tecnici & % £p-$-

H A M A M A T S U 
H A M A M A T S U C O R P O R A T I O N 4 2 0 S O U T H A V E N U E • M I D D L E S E X , N E W J E R S E Y 0 8 8 4 6 

International Offices in Major Countries of Europe and Asia. 

P H O N E : (201) 4 6 9 - 6 6 4 0 

C E R N C o u r i e r , O c t o b e r 1 9 7 9 335 



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

AVI [ A 
GROUP OF COMPANIES 

Avica Equ ipment Ltd. . 
Mark Road, Hemel Hemps tead , 
Her t fordsh i re . HP2 7 D Q 
Te lephone : Hemel Hempstead 64711 
Te lex : 8 2 2 5 6 

Av ica In ternat iona l 
BP147 Pr inc ipauté de M o n a c o 
T e l e p h o n e : (93) 3 0 - 0 9 - 3 9 
Te lex : 4 6 9 771 M C 

3 3 6 CERN Cour ier , Oc tobe r 1 9 7 9 

VACUUMSCHMELZE GMBH * 
Griiner Weg 37, D-6450 Hanau, Tel.: (06181 ) ; 

msmmam 
mwmmmawammm 



Kinetic Systems Adds 
EVENT 

COUNTER 

Counter 

CAMAC 
Line 

€1 s a m 

ITH THE ADVENT of the new 
3620 Multichannel Counter, our line of 
CAMAC timing and counting modules 
beomes even more flexible. Comple­
menting existing KineticSystems high­
speed counters, this module is designed 
specifically to handle your low-speed 
applications (up to 200 hertz) where 
the counting source is a relay contact 
or has a slow rise time. 

FEATURES OF THE 3620 

• 24 independent counters 
• maximum count, each counter, 

24 bits 
• on-board microprocessor 
• contact bounce filter on each input 
• count rate, DC to 200 hertz 
• LAM on overflow 
• many input options 

The 3620 contains twenty-four inde­
pendent 24-bit counters and associated 
input circuits. The 24-bit word of data 
stored for each input channel provides 
for an accumulated count from 0 to 
16,777,215. An on-board micropro­
cessor scans the input channels and in­
crements the count in RAM memory 
when an input has changed from its 
Zero to One state. The LAM is set 
when an overflow is detected in any 
counter. All I/O connections are made 
via the 50-contact ribbon connector 
on the front panel. 3 6 2 0 

A V A R I E T Y OF INPUT OPTIONS 

The 3620 is available with numerous 
input options, both isolated and non­
isolated. 

Isolated. Each circuit is a floating pair 
that is isolated from ground with volt­
age breakdown of greater than 500 
volts. LED/phototransistor optical is­
olators are used. Users can choose from 
three different voltage options: 12, 24, 
and 48 volts DC. The switching thresh­
old is approximately one half of the 
nominal voltage. 

Nonisolated. Each circuit is single-
ended with a ground return. The signal 
level option operates at TTL level. 

READING DATA COUNT 

The count for any channel is read by 
setting the channel address to that in­
put channel and then reading the reg­
ister. Data is available several micro­
seconds after the address is changed. A 
Q=0 response will be given if data is 
not yet fetched. For most program 
transfer sequences, the data will be 
available before the read command is 
executed. To read a block of channels, 
the address of the first channel is 
written, followed by read commands. 
The address increments after each valid 
command. 

CONTACT BOUNCE FILTERING 

Each input incorporates a CMOS 
Contact Bounce Eliminator which is 
basically a digital integrator. This 
bounce eliminator is composed of a 
4 1/2-bit register (the integrator) and 
logic to compare the input with the 
output of the shift register. Internal 
clock frequency controls the filter 
time constant. This filtering is neces­
sary to prevent multiple counts due to 
contact bounce. The 24 counter in­
puts are divided into four groups of six 
with each group under the control of 
one Hex Bounce Eliminator IC. Each 
IC has an internal clock source. Strap 
options have been provided to allow a 
single clock to drive any or all of the 
other groups. 

Please c o n t a c t us for additional information 

Kinetic Systems International S.A. 
Dept. CC109 * 6ChemindeTavernay * 1218 Geneva, Switzerland * Tel. (022) 98 4 4 4 5 * T e l e x 2 8 9 6 2 2 
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 

C E R N C o u r i e r , O c t o b e r 1 9 7 9 337 
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RF AMPLIFIERS for high energy physics ...by ENI 

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

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

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

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

ENI 
3 0 0 0 W I N T O N R O A D S O U T H 

R O C H E S T E R , N E W Y O R K 1 4 6 2 3 

T e l . : 7 1 6 - 4 7 3 - 7 3 3 0 ; T e l e x 9 7 - 8 2 8 3 E N I R O C 

2 3 O L D P A R K R O A D , H I T C H I N , H E R T F O R D S H I R E 

S G 5 2 J S E N G L A N D 

T e l . : ( 0 4 6 2 ) 5 1 7 1 1 ; T e l e x : 8 2 5 1 5 3 E N I U K G 

m m K INSTRUMENTE 
DAS PI SYSTEM 

. . . . new dimensions 
• o p t i c a l b e n c h e s 

f o r 3 - d i m e n s i o n a I a r r a n g e m e n t s 

O v i b r a t i o n - i s o l a t e d 
t a b l e a n d f r a m e s y s t e m s 

• t a b l e t o p s 
in d i f f e r e n t c o m p l e t i o n s 

• p rec is ion pos i t ion ing c o m p o n e n t s 

• r e m o t e c o n t r o l 
m a n u a l p o w e r g e n e r a t o r w i t h D C - m o t o r 
u p t o s t e p p i n g m o t o r c o n t r o l u n i t 

• p i e z o - e l e c t r i c t r a n s l a t o r s 
f o r h i g h s p e e d m o v e m e n t s 
a n d e x a c t p o s i t i o n i n g 

• H e l M e - l a s e r a n d a c c e s s o r i e s 

• N E W : m i c r o p r o c e s s o r - c o n t r o l u n i t 

The system for best 
possible working 
Please ask for more information 

PHYSIK I N S T R U M E N T E (PI) G M B H & CO 
D-7517 Waldbronn-W-Germany o 
Te l . ( 0 7 2 4 3 ) 6 2 0 8 + 6 2 0 9 • Tx. 0 7 - 8 2 8 5 9 poly d 

CAMAC 50 OHM 

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

W„W„ PBSCHEIR 
I N G É N I E U R - M O R G E S 

P a t . p e n d . 

T é l é p h o n e (021) 77 37 11 

T é l e x : 24 259 f i s c h - c h C H - 1143 Apples 

338 C E R N Cour i e r , O c t o b e r 1 9 7 9 
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JANNEY MEETS THE DEMANDS OF THE 
HIGH-ENERGY PHYSICS COMMUNITY 

with Ultrahigh Purity, Ultrahigh Conductivity 
Wrought Copper Components 

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

• Ultrahigh Conductivity (98-102% IACS) 

• Excellent Brazing Characteristics 

• Vacuum Integrity 

• Shaped Wrought Geometries 

• Experienced Metallurgical Control 

• Special Alloys 

JANNEY CYLINDER COMPANY 
Subsidiary; of Pittsburgh Forgings Co. 

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

Spécialiste des composants 
pour le VIDE et l'ULTRAVIDE 
basés sur les soudures verre-métal 

IJvérélec 

S—"N 

f w ^ * 1 \ 

I notve 1 

V r a t a g e ' PASSAGES BASSE TENSION 
connecteurs JAEGER 1,5 KV/5A 
hublots 
d'observation 
passages de 
thermocouples 

raccords 
tubulaires 

N I V E A U Z E R O 

S T A N D A R D 

A M A G N É T I Q U E S 

passages de 
courant 

R I G I D E S 

S O U P L E S 

En outre, notre activité ne se limite pas au 
matériel présenté ici,une équipede techni­
ciens se tient à votre entière disposition 
pour étudier toute réalisation sur plan ou 
toute modification du matériel standard. 

The latest techniches are used. 
Also we guarantee a perfect nightness. 
All our production is tested with helium. 
In addition our activity is not limited to the 
material presented here, a team of techni­
cians is at your entire disposal for studying 
any work from drawing or any modification 
of standard equipment. 

vérélec 
e-Saint -Georges - 9 4 6 0 0 Choisy-le-Roi (France) 

F l o w m e t e r s 

Calibrated and 
non-calibrated instruments 
for liquids and gas 

Available from our stock 
in Zurich 

Heraeus 
WITTMANN 

Heating bands 

Heating cables 

Heating tubes 

Power and tension 
regulators 

Ask for further information 

t y p e 1 1 0 0 

form. Wismer AG 

Oerlikonerstrasse 88 
Tel. ( 0 1 ) 4 6 40 4 0 
8057 Zurich 

C E R N C o u r i e r , O c t o b e r 1 9 7 9 339 
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You are exacting in your profession and so are we... 
The Electron Tube Division of THOMSON-CSF designs and makes a complete range of professional electron tubes 

and devices: 
• power-grid and switching tubes 
• microwave tubes and devices 

• image tubes and devices. 

Many of them are used in such scientific applications as nuclear physics, particle and plasma physics, 
spectroscopy and metrology, and have given full satisfaction to the most demanding users. 

So whatever your needs, contact the Electron Tube Division 
for a response that will meet your high expectations. 

THOMSON-CSF 
DIVISION TUBES ELECTRONIQUES 

38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TÉL. : (33.1) 604 81 75 

B R A Z I L - T H O M S O N - C S F C O M P O N E N T Ë S D O B R A S I L L T D A . S P A I N - T H O M S O N - C S F T U B O S E L E C T R O N I C O S S.A. 
C P . : 4 8 5 4 / B R O O K L I N / S A O - P A U L O / T É L . : (55.11) 61 6 4 8 3 C A L L E A L M A G R O 3 / M A D R I D 4 / T E L . : (34.1) 419 8 8 4 2 
G E R M A N Y - T H O M S O N - C S F E L E K T R O N E N R Ô H R E N S W E D E N - T H O M S O N - C S F K O M P O N E N T E R & E L E K T R O N R Ô R A B 
L E E R B A C H S T R . 5 8 / 6 0 0 0 F R A N K F U R T A M M A I N . 1 B O X 2 7 0 8 0 / S 10251 S T O C K H O L M 2 7 / T E L . : (41.8) 2 2 5 8 1 5 
TEL . : (49.611) 71 7 2 81 U N I T E D K I N G D O M - T H O M S O N - C S F C O M P O N E N T S 
ITALY - T H O M S O N - C S F T U B I E L E T T R O N I C I S R L A N D M A T E R I A L S L T D 
V I A L E D E G L I A M M I R A G L I 71 / I - 0 0 1 3 6 R O M A R I N G W A Y H O U S E / B E L L R O A D / B A S I N G S T O K E R G 2 4 O Q G 
TEL . : (39 .6 ) 6 3 8 14 5 8 TEL. : ( 4 4 . 2 5 6 ) 2 9 1 5 5 0 

J A P A N - T H O M S O N - C S F J A P A N K.K. / TBR B U I L D I N G USA - T H O M S O N - C S F E L E C T R O N T U B E S / 7 5 0 B L O O M F I E L D A V E N U E £ 
K O J I M A C H I 5 - 7 / C H I Y O D A - K U / T O K Y O / f 1 0 2 / T E L . : (81.3) 2 6 4 6 3 4 1 C L I F T O N NJ 0 7 0 1 5 i / ' T E L : (1.201) 7 7 9 1 0 0 4 co 

3 4 0 C E R N C o u r i e r , O c t o b e r 1 9 7 9 

38, RUE VAUTHIER / 92100 B 

B R A Z I L - T H O M S O N - C S F C O M P O N E N T Ë S D O B R A Ï 
C P . : 4 8 5 4 / B R O O K L I N / S A O - P A U L O / T É L . : (55.11) 
G E R M A N Y - T H O M S O N - C S F E L E K T R O N E N R Ô H R E Î s 
L E E R B A C H S T R . 5 8 / 6 0 0 0 F R A N K F U R T A M M A I N . 1 



i 
Chantiers modernes 

S.A. au capital de Fr. 3 0 0 0 0 000 f 

8 8 , rue de Villiers 
9 2 5 3 2 LEVALLOIS-PERRET - CÉDEX 

Téléphone: 7 5 7 - 3 1 - 4 0 
Télex: 6 1 0 2 0 2 

Paris - Bordeaux - Vitrol les - Nantes - Le Havre 
La Réunion - Libreville - Pointe-à-Pitre 

Abidjan 

D i a m o n d Tools f o r al l p u r p o s e s 
O u r s p e c i a l i t y 
D i a m o n d t u r n i n g a n d m i l l i n g t o o l s f o r n o n - f e r r o u s m e t a l s 
a n d p l a s t i c s 

O t h e r p r o d u c t s 

S p e c i a l d i a m o n d t o o l s f o r t h e w a t c h a n d j e w e l r y i n d u s t r i e s 
D i a m o n d - t i p p e d d r e s s i n g t o o l s 
H a r d n e s s t e s t e r s 
G l a s s c u t t e r s a n d d i a m o n d s c r i b e r s 
C u s t o m - d e s i g n e d t o o l s 
T o o l - b i t r e p o l i s h i n g w o r k 
P r e c i s e , t o p - q u a l i t y w o r k . F i r s t - c l a s s r e f e r e n c e s 

V O E G E L I & W I R Z LTD C H - 2 5 0 2 B i e n n e / B i e l 
D i a m o n d c u t t i n g a n d l a p p i n g w o r k s G u r z e l e n s t r . 1 6 
P h o n e : 0 3 2 / 4 1 21 81 

Mass-Floh-Mieter 
spricht man sie, 

Mass Flow Meter 
schreibt man sie, 

Gas - Durchsatz - Messgerate 
nennt man sie, 

Gasmischsystem mit 2 Mass Flowmetern 
und Regeleinheit 

die weltbekannten linear anzeigenden 

Hastings Mass Flowmeter 
weitgehend temperatur- und druckunabhàngig 
(0 bis 40°C und 5 mbar bis 18 bar) 
Ausgangssignal: 0-5 VDC (Computerfreundlich). 
Alarmkontakte, Summierer 
Messungen von 0,01 cm 3 /min bis 360 m 3/h 
korrosionsbestândig auch fur UF 6 

Verlangen Sie 
Prospekt 1.50 

KLAUS SCHAEFER & CO. 
8 0 5 0 Zurich-Oerlikon - Gubelstrasse 28 

Telefon ( 0 1 ) 4 6 28 67 

C E R N Courier , O c t o b e r 1 9 7 9 341 



MICROPIERRE s.a. 
R. de Trépillot, 25000 Besançon - Tél. (81 ) 8030 69 

U s i n e à f a ç o n a v e c m e u l e s d i a m a n t o u b o r a z o n : 

- A l u m i n e f r i t t é e - T o u t e s c é r a m i q u e s - C o r i n d o n s - Q u a r t z - S i l i c e 

- C a r b u r e s d e : T u n g s t è n e - S i l i c i u m - B o r e e t c . 

- M a t é r i a u x à a i m a n t s : F e r r i t e - T i c o n a l - S a m m a r i u m - C o b a l t 

Rectification 
Plane 
Centerless 
Cylindrique 
inter, et exter. 
Perçage 
Filetage 
Rodage 
Polissage 
QUALITÉ 

PRÉCISION • 

Depuis plusieurs 

dizaines d'années, 

la société 

MICROPIERRE 

est spécialisée 

dans l'usinage 

au diamant 

de matériaux 

très durs: 

saphir - rubis, 

destinés à 

la bijouterie 

et à l'horlogerie. 

L'apparition de 

nouveaux matériaux 

à usage industriel 

justiciables des 

mêmes techniques 

d'usinage 

a conduit 

naturellement 

MICROPIERRE 

à étendre 

ses activités 

dans ce domaine. 

Éfc>| 
a si 

LASER ANALYTICS 
subsidiary of ©Spectra Physics 

LS-3 Laser Source Spectrometer 

T u n a b l e d i o d e l a s e r s 

a r e n o w b e i n g u s e d r o u t i n e l y 

in m a n y l a b o r a t o r i e s t h r o u g h o u t t h e 

w o r l d f o r r e s e a r c h s t u d i e s i n v o l v i n g i n f r a r e d 

s p e c t r o s c o p y w i t h v e r y h i g h r e s o l u t i o n . T h e s e l a s e r s 

a l l o w t h e r e s e a r c h e r t o p e r f o r m s p e c t r a l m e a s u r e m e n t s 

w i t h a r e s o l u t i o n in t h e 1 0 - 4 c m - 1 r a n g e a s e a s i l y a s 

m a k i n g m e a s u r e m e n t s a t 1 0 ~ 1 c m - 1 r e s o l u t i o n u s i n g , 

s a y a g r a t i n g i n s t r u m e n t . 1 T h i s n e w r e s o l u t i o n a l l o w s 

o n e , f o r e x a m p l e , t o m e a s u r e s p e c t r a o f c o o l e d 

g a s - p h a s e s a m p l e s in t h e D o p p l e r a n d s u b - D o p p l e r 

r e g i m e s in t i m e s o f a m i l l i s e c o n d o r l e s s . 

F o r f u r t h e r i n f o r m a t i o n s p l e a s e c o n t a c t 

Bellikonerstrasse 218 
C H - 8 9 6 8 Mutschellen 
T e l . 0 5 7 5 4 6 5 5 . Tx. 5 4 0 7 0 

Av. Louis Casai 81 
C H - 1 2 1 6 Genève 
Té l . 0 2 2 9 8 7 8 7 7 

For example: 
Primary switched 
power supplies 

30 watt 

O t h e r o u t p u t v o l t a g e s 
o n r e q u e s t . 

INELTEC 
Halle 3 

Stand 221 - h i g h e f f i c i e n c y 

- p r o v e d M E L C H E R s p e c i f i c a t i o n s 

- i n p u t v o l t a g e 1 1 0 / 2 2 0 V ± 2 0 % 

- s h o r t - c i r c u i t - p r o o f w i t h o v e r v o l t a g e p r o t e c t i o n 

- f i t s i n t o 1 9 i n c h e s c a r r i e r s D I N / I E C 

- c o n n e c t o r D I N 4 1 6 1 2 / H 1 1 

- a c c o r d i n g t o V D E 0 7 3 0 / I E C 3 8 0 / S E V 

D e l i v e r y f r o m s t o c k . 

A s k f o r f u r t h e r d e t a i l s . 

M E L C H E R ( f n ] 
electronic equipments Inc. 
Seest rasse 8, C H - 8 6 1 0 Uster, Tel. 01 / 9 4 0 9 8 5 8 / 59 , Tx. 57 154 meus ch 

tt§> 
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Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 
Such parts can also^be 
manufactured in combination 
with carbon fiber. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.001 

e u r o n o r m E U R O P A C A R D s y s t e m D IN41494 

CHASSIS 2 to 6 u ACCESSORIES : 
modules, cassettes, 
single and double 
card holder, 
connectors, 
bus-bars etc... 

Z.I. Lot R - 06510 CARROS-INDUSTRIES (France) 
télép. : (93) 81.43.82 - télex 470 284 F 
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XP 2013B M 
(•plications industriel» 

I EST LIVRÉMEC U FICHEQ^ALITÉ 
Dans f usine de Srive, chaque tube est testé à Par ailleurs toutes les informations sont enregistrées 
toutes !e$ étapes de sa fabrication, en particulier fa et disponibles immédiatement sur une console refiée 
formation des photocathodes est contrôlée en temps â un ordinateur, ^̂ ^̂ H 
réel par ordinateur. ^̂ ^̂ H 



New high-level modular real-time system 
The Macamac microcomputer design features 

New concept: 
HARDWARE CONFIGURATION 

self contained system 
resident deve lopment aids 
High level interpreter l inks Assembler modules 
Hardware Ar i thmet ics , D M A + Communicat ion 
Resident f i le handler l inks standard mass storage 

H i g h l e v e l s o f t w a r e : - A lgor i thmic 
- Interfacial 

Application 

M o d u l a r : 

I n t e r a c t i v e : 

S t a n d a r d : 

O n l i n e : 

R e a l t i m e : 

F a s t o p e r a t i o n : 

R e s i d e n t : 

F i e l d p r o v e n 

- Interrupt and f i le handler 

- Extensive user's l ibrary 

- Sof tware 

- Hardware 

• Fast deve lopment cycle 
- user-oriented dia logue 
- handy service routines 

• International standard bus (CAMAC/IEEE 583) 
- normal ized mechanics 
- language compat ib le w i th BASIC 

- program development 
- test ing 
- debugg ing 
- operat ion 

- p romp t interrupt handl ing 
- bui l t - in c lock and t ime reference 
• automat ic powerfai l restart 

- hardware opt ions e.g. D M A 

- assembler modules 

- deve lopment and l ibrary 

[ 1 t 

X X T 

Readily 
available 
standard 
modules 
(Camac) 

STANDARD CAMAC BUS 

Bus Controller 

Microprocessor 

MACAMAC 
CONCEPT 

SOFTWARE STRUCTURE 

BORER ELECTRONICS AG, 4501 Solothurn, Swi tzer land. Tel.: 0 6 5 / 3 1 1 1 3 1 
BORER ELECTRONICS G m b H , Rellinghauserstr. 3 0 4 , 4 3 0 0 Essen 1, W. Germany. Tel.: 0 2 0 1 / 2 5 9 2 8 
BORER ELECTRONICS, Box 17 -126 , W e s t Hartford, CT 06117, USA. Tel.: 2 0 3 6 7 7 8 0 2 2 

System Performance 

b o r e r 

_DMA Contrail* 

HW Arithmeti 
Communicatio 

Mass 
Storage 



Introducing Helifier, the affordable 
He liquéfier that doesn't need a sitter. 

The H E L I F I E R ™ helium 
liquéfier will produce 3 to 20 liters 
of liquid helium per hour. Installa­
tion is simple and the unit operates 
virtually unattended. 

Adaptable to a variety of labora­
tory and operational uses , this 
system can be used in the liquéfier 
or refrigerator mode, and it will 
cost you less than comparable 
systems. 

Our H E L I F I E R helium 
liquéfier is designed for operation 
of at least 6,000 hours before 
service, and for variable speeds 
for fast cool down. 

The H E L I F I E R helium 
liquéfier gives you efficiency, relia­
bility and built-in safety features at 
low life-cycle costs . 

We also make HELI-TRAN® 
helium refrigeration systems for 
cooling research samples to 2 ° K . 

These accurate, versatile systems 
are available with accessories for 
multiple applications. 

For more information, just call 
or write Advanced Products 
Department, Air Products and 
Chemicals, Inc., Box 538, 
Allentown, PA 18105 U . S . A . 
(215)398-8355. 
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T h e v e r s a t i l i t y o f t h e N E 4 6 9 4 N I M 1 0 2 4 - c h a n n e l A n a l y s e r 

c a n n o w b e g r e a t l y e n h a n c e d b y t h e N E 4 6 9 8 I n t e g r a t o r a n d 

N E 4 6 2 5 C l o c k . A n d , f o r f u l l s p e c t r o m e t e r f a c i l i t i e s , j u s t a d d t h e 

N E 4 6 5 8 A m p l i f i e r a n d N E 4 6 6 0 H i g h V o l t a g e . 

(left to r ight) 

4625 — c l o c k g i v i n g p r e s e t t i m e a n d m u l t i s c a l e r 

o p e r a t i o n 

4658 — s p e c t r o s c o p y a m p l i f i e r 

4699 — d i s p l a y f a c i l i t i e s i n N I M m o d u l e 

4698 — i n t e g r a t i o n o f s e l e c t e d r e g i o n a n d p a r t i a l 

d a t a o u t p u t 

4694 - 1 0 2 4 - c h a n n e l s , 1 0 5 - 1 c o u n t s p e r 
c h a n n e l 

4660 — h i g h v o l t a g e s u p p l y 

uni 
N U C L E A R 

A division of EMI Technology S.A. 

2 5 , C h e m i n F r a n ç o i s - L e h m a n n , 1 2 1 8 G r a n d S a c o n n e x , 
G e n è v e . T e l . ( 0 2 2 ) 9 8 - 1 6 - 6 1 / 6 2 . T e l e x 2 8 9 0 6 6 . 

N u c l e a r En te rp r i ses L t d . 
S igh th i l l , E d i n b u r g h E H 11 4 Y E , S c o t l a n d . Tel. 0 3 1 - 4 4 3 4 0 6 0 . 
Telex 7 2 3 3 3 . Cab les : Nuc lea r , E d i n b u r g h . 
N u c l e a r En te rp r i ses G m b H , S c h w a n t h a l e r s t r a s s e 7 4 , 
8 M u n c h e n 2 , G e r m a n y . Te l . 5 3 - 6 2 - 2 3 . Te lex 5 2 9 9 3 8 . 
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Control tomorrow's 
neutral beam guns with 
today's EIMAC X-2062K. 

Power 
Supply 

Neutral 
Beam 

Injector 
with 

EIMAC X-2062K 

Excels in 
long pulse 
operation. 

EIMAC's new 
tetrode for accelerator switch­
ing and regulator service provides 
anode dissipation for 140 kV hold-
off at 50A for up to 30 seconds. Or up 
to 90A at 140 kV holdoff for short pulse 
service. Less than 3 kV forward drop of 
the X-2062K allows improved opera 
tion as a closed-loop voltage regula­
tor at terminal voltages up to 30 kV. 

Designed into Doublet III. 
In Doublet III, as well as in the 

Oak Ridge System, the X-2062K has 
been chosen to provide reliable fault 
protection of the neutral beam gun at 
very high current, with adjustable rise/ 
fall time and very rapid turn-off con­
trol. The X-2062K is also designed to 
allow flexible aging and conditioning 
of the neutral beam gun. Because it's 
programmable you have great flexibil­
ity in master control and protection 
circuits in your equipment. vanan 

Tomorrow's switch tube 
from EIMAC today. 

Get full details on the X-2062K 
from Varian, EIMAC division, 301 
Industrial Way, San Carlos, CA 94070. 
Telephone (415) 592-1221. Or contact 
any of the more than 30 Varian Elec­
tron Device Group Offices worldwide. 


