




Paris Conference 
(Further report) 

From 26-31 July, the international 
particle physics community met for 
its traditional biennial 'Rochester' 
jamboree, held this time in Paris. 
While there were no major physics 
surprises, there was still plenty of 
interest for all and the ground that 
was covered amply demonstrated 
the progress which has been made 

ince the previous round of inter­
national meetings. 

The emphasis is very much on im­
proving the already considerable lev­
el of agreement between different 
experiments and between exper­
imental results and theoretical pre­
dictions. The conventional picture of 
the unified electroweak force is be­
ginning to look almost unassailable. 
The description of intra-hadron be­
haviour (strong interactions) in terms 
of the promising new theory of quan­
tum chromodynamics is gaining 
ground, despite some technical diffi­
culties. Attempts to unify electro-
weak and hadronic behaviour, and 
even gravity, seem irresistible to 
theorists, even if success is not rea­
dily apparent. 

Wi th a multitude of adjacent lec­
ture halls and auditoria, and wi th am­
ple space for 1200 people to circu­
late, talk or relax, the meeting man­
aged to avoid some of the logistics 
problems which have dogged earlier 
big meetings. Some people have 
voiced the opinion that these big in­
ternational meetings have become 
too cumbersome. While they are ne­
cessary, they have been criticized for 
not stimulating direct personal con­
tacts at a working level. But this did 
not seem to be the case at Paris, 
where in addition to the physics ses­
sions there were numerous side­
shows, including poster displays of 
big apparatus, a modest but well 
staged historical exhibition and a 
book fair, which helped to provide 
additional focii of interest. 

The social side was not forgotten 

either, and many people will remem­
ber their boat trip along the Seine, or 
their reception at the City Hall, or 
their buffet dinner at the Centre Pom­
pidou. Full marks here to the organ­
izers for their careful and imaginative 
planning. 

There is a lot going on in particle 
physics these days, and this was 
reflected in the number and scope of 
the parallel sessions, of which there 
were up to five at any one time. The 
lengths to which specialization can 
go appeared to be amply demon­
strated on the first afternoon, which 
featured parallel theoretical ses­
sions, one dealing with perturbative 
field theory techniques, the other 
non-perturbative. However this did 
not appear to worry the theorists 
unduly! 

Wi th so many parallel sessions, it 
would have been comforting to think 
that the major results and topics of 
interest could be carried through into 

A representation of a high energy 
proton-antiproton collision, presented to 
Pope John Paul II on his recent visit to 
CERN. Proton-antiproton collisions were 
also well to the fore at the Paris physics 
conference. 

(Photo CERN 284.6.82) 

the subequent plenary talks. A t Paris 
no such insurance was forthcoming, 
and anyone attending the plenary 
sessions alone would have missed a 
lot of ground which had been well 
covered in the parallel sessions. The 
plenary sessions were imaginatively 
planned, and contained a high pro­
portion of fashionable and specula­
tive topics. But a lot of interesting 
material and even controversy in the 
parallel sessions did not make it to 
the plenaries. 

The major innovation on the exper­
imental front this year was the im­
pressive set of results from the ex­
periments at the CERN SPS proton-
antiproton collider. A t last year's Eu­
ropean physics meeting at Lisbon, 
Carlo Rubbia had been able to an­
nounce that the first proton-antipro­
ton collisions had been observed at 
540 GeV. This year, four experi­
ments were able to report detailed 
findings. However by the standards 
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Two views of one of the new totally 
contained proton decay candidate events 
seen in the underground detector at the 
Kolar Gold Fields, India. The reported rate 
of observation of these candidate events 
agrees with theoretical predictions for the 
proton lifetime. However neutrino 
background may prove to have unpleasant 
effects in these experiments. 

of the envisaged rate of logging pro­
ton-antiproton collisions in the SPS 
ring, the volume of data available so 
far is meagre. By the time of next 
year's conference season, these ex­
periments will surely have a lot more 
to report. 

One thing that is clear f rom the 
data amassed in all kinds of experi­
ments is that the standard 
electroweak (Glashow / Salam / 
Weinberg) model is now almost 
home and dry. Almost all that re­
mains to be done is to find the inter­
mediate bosons of weak interactions 
at their predicted masses. Perhaps 
the experiments at the SPS collider 
will oblige. However lurking uncom­
fortably in the background are the 
Higgs mesons, also an essential part 
of the electroweak theory. No trace 
of Higgs particles has yet been seen, 
but the search continues. 

Another conference novelty due to 
the commissioning of the SPS collid­
er was the inclusion of a parallel ses­
sion on the comparison of laboratory 
and cosmic ray data in a new energy 
range. (However this is not the first 
t ime that accelerator laboratory phy­
sicists have been able to confirm 
behaviour first seen in cosmic rays. 
Some of the major particle discover­
ies in the 1930s and 1940s were 
made with cosmic rays.) 

Another newcomer parallel ses­
sion was that on proton decay, 
which provided a lot of physics inter­
est. M. Menon reported more candi­
date proton decays from the Kolar 
Gold Fields detector, installed 2400 
m below ground in Southern India. 
Wi th the tracks in these events fully 
confined in the observable detector 
volume, they are good candidates 
for the proton decays predicted by 
the new wave of grand unified theo­
ries. These events now supplement 
other Kolar Gold Field candidate pro­
ton decays reported previously. The 
proton lifetime calculated f rom the 

rate of observation of these decays 
is moreover in agreement wi th the 
theoretical prediction. 

In addition, another candidate pro­
ton decay was reported by E. Fiorini 
f rom the NUSEX (NUcleon Stability 
Experiment) experiment mounted in 
the Mont-Blanc road tunnel. In his 
subsequent survey talk in the parallel 
session, Don Perkins was in scepti­
cal mood, and chose to attribute the 
observed proton decay candidates 
to the more mundane mechanism of 
neutrino background, which mischie­
vously peaks near the proton 
mass. 

The impressive proton decay 
searches being mounted in the US, 
Europe, India and Japan are capable 
of seeing proton decay in and around 
the value predicted by the 'simplest' 
versions of grand unified theories. 
But theoretical complications could 
easily push the lifetime out of sight. 

However proton decay will contin­

ue to be a focus of attention at these 
conferences for some time to come. 
Only a few experiments have yet log 
ged any data, and a lot of careful pre 
paration has yet to reap its rewards. 
Meanwhile theoretical speculation 
on grand unification continues una­
bated. 

New particles 

Another experimental sector 
where some new ground has been 
covered since last year is in the area 
of B (beauty) meson decays. These 
results are dominated by the efforts 
of the CLEO and CUSB groups work­
ing at Cornell's CESR electron-posi­
tron collider, which home in on the 
products of the strongly decaying 4S 
upsilon. Other contributions have 
come in f rom experiments at the PE-
TRA ring at DESY and the PEP ring at 
SLAC. Many different B meson de­
cays have been investigated and the 
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Results from the big detectors at the CERN 
SPS proton-antiproton collider UA 1 (top) 
and UA2 (below) were given their first big 
international airing at Paris. 

(Photos CERN 308.4.81 and 330.7.82) 

evidence points to the validity of the 
conventional picture of six quark fla­
vours and three types of lepton. 

However rapporteur George Kal-
mus paused in his exhaustive cover­
age of the data to remind his au­
dience that explicit evidence for B 
mesons has yet to be seen. But this 
does not deterexperimentalists f rom 
making measurements. Even the life­
time of the B meson is now beginning 
to be probed, although the precision 
of the experiments has some way to 
go before the expected value is 
reached. 

Also covered by Kalmus was the 
tau lepton. After initial measure­
ments of the tau lifetime reported 
last year f rom the Mark II experiment 
at PEP, other detectors at PETRA as 
well as PEP give a value which agrees 
wi th the outcome of the assumption 
that all leptons behave in a similar 
way (lepton universality). 

In previous years there had been 
talk that different charmed particles 
could have quite different lifetimes. 
This now seems to have abated. The 
factor of ten difference between 
charged and neutral D meson life­
times has now shrunk to a mere fac­
tor of two . 

F. Halzen surveyed the production 
of heavy flavours, this time from a 
more theoretical viewpoint. In his 
v iew, considerable progress in un­
derstanding is being made. The infer­
red high charm production levels 
seen at higher collision energies no 
longer cause people to lose as much 
sleep as they once did. However 
Halzen pointed to t w o clouds on the 
horizon which could cause trouble 
for conventional theory. These are 
the continued observation in lepton 
beam experiments of two produced 
muons of the same sign, and the 
difference in the muonic and elec­
tronic signals recorded in neutrino 
beam dump experiments. 

In Halzen's v iew, the production of 
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Registration. 

(Photo J.-Y. Tourneliec) 

psion pairs in the NA3 experiment at 
the CERN SPS could be interpreted 
as being due to the production of 
beauty particles, a point of v iew not 
universally shared. 

The topic of new particles was 
also covered in a plenary session by 
Elliott Bloom, who devoted some 
time to the controversial subject of 
glueballs. Particles made up of 
gluons, rather than quarks, have long 
been expected on theoretical 
grounds, and a variety of states have 
been proposed. Candidates include 
various effects seen in electron-posi­
tron annihilations. A t Brookhaven, 
an enhancement in the spectrum of 
t w o phi mesons, seen in an earlier 
experiment, is now underlined by 
more data, and is also being put for­
ward for glueball election. However 
there is still nothing conclusive on the 
glueball front. 

An interesting concrete result 
mentioned by Bloom was an accu­
rate measurement of the upsilon 
mass at the Novosibirsk VEPP-4 
electron-positron storage ring (see 
page 325). While the details of upsi­
lon spectroscopy have been a spe­
ciality at the CESR ring, absolute 
mass levels have been elusive and 
only the spacings between levels 
have been accurately measured. 
Now the new Novosibirsk number 
helps to firm up the whole upsilon 
spectrum, recently enlarged by the 
sighting of the 'other' charge conju­
gation states by both the CESR de­
tectors (see September issue, page 
274). 

Another topic which was largely 
lost at the plenary level was magnet­
ic monopoles. These have been pre­
dicted as one of the outcomes of 
grand unified theories, and the sub­
ject was given a further boost earlier 
this year when a monopole-like sig­
nal was seen at Stanford (see 
July/August issue, page 220). Des­
pite more experimental effort, no 

more monopoles have been seen. 
However the very properties of 
these free magnetic charges could 
make their detection difficult. Fol­
lowing an earlier suggestion by Rus­
sian theorist Rudakov, there was 
much discussion of the possibility of 
magnetic monopoles catalysing pro­
ton decays. If this idea holds water, 
then proton decay searches could 
pay additional dividends. 

The observation of well defined 
clusters of secondary hadrons in 
electron-positron annihilation is now 
well established. However the situa­
tion in hadron-hadron scattering in­
vited further investigation. 

Production of high transverse 
momentum particles has long been 
seen at the CERN Intersecting Stor­
age Rings, and the behaviour of 
these particles gave preliminary evi­
dence for the production of jets. 
However there was a suspicion that 
these signals could have been wri t­
ten off as 'trigger bias', in that the 
triggering criteria were too selective. 
First results were eagerly awaited 
from calorimetry experiments to in­
tercept as many as possible of the 
produced hadrons. The results f rom 
the NA5 experiment at the CERN SPS 
reported in previous conferences 
found no evidence for jets and cast a 
deep shadow across the jet scene. 
Moreover these findings have been 
largely corroborated by experiments 
at Fermilab. 

However rapporteur Gunter Wol f 
chose to discount these fixed target 
results as in his view under the pre­
vailing conditions the products f rom 
the colliding quarks do not have a 
good chance to stand out from the 
products of their accompanying 
'spectator' quarks. To catch sight of 
the colliding quark ' fragments', high­
er energies and/or high transverse 
momentum triggers are called for. 

This appears to be underlined by a 
series of new results f rom hadron-
hadron collision experiments, both 
wi th protons on protons at the CERN 
ISR and wi th protons on antiprotons 
at the SPS collider (see page 327, 
A t the ISR, single high transverse 
momentum triggers in the Split Field 
Magnet have long given jet-like sig­
nals, and now there is additional evi­
dence f rom both R807 and R108 
experiments. 

R807 (see May issue, page 145) 
looks at the shape of high transverse 
energy particle production in one of 
its uranium/scintil lator walls and 
finds that the produced hadrons ap­
pear to start clustering together as 
the total transverse energy goes 
above about 10 GeV. R108 looks at 
high transverse momentum neutral 
pions coming off in opposite direc­
tions and finds that these pick up 
most of the produced hadronic ener­
gy. This means that to a first approx­
imation the produced pions can be 
looked at as quarks. The resultant 
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First day cover of the recent Paris 
Conference. 

angular distributions fol low closely 
those predicted by quantum chro-
modynamics. 

More jet evidence comes f rom the 
big experiments at the SPS collider. 
UA1 reports that high transverse 
momentum particles are produced 
about a thousand times more co­
piously than under ISR conditions. 
Triggering on high transverse mo­
mentum particles reveals indications 
of coplanar clusters of particles, both 
going in and recoiling away f rom the 
trigger direction. 

Impressive evidence comes f rom 
the UA2 experiment which collects 
<he total transverse energy de­
posited and sifts out the high trans­
verse energy component. Above to­
tal transverse energies of about 50 
GeV, this appears to contain a high 
proportion of jet-like behaviour, wi th 
some spectacular events at high 
transverse energies. 

Away from the hadron-hadron 
sector, the two and three-jet behav­
iour of produced hadrons in electron-
positron annihilation is now well 
established and gives a strong lever 
on the underlying theory. The JADE 
experiment at PETRA is reporting 
four jets, presumably due to the pro­
duction of two gluons besides the 
quark and antiquark pair. Jet behav­
iour is also under study in fixed target 
experiments wi th lepton beams. 

As well as the production of jets, 
rapporteur Wol f also touched on 

their composit ion. There appear to 
be suggestions of systematic differ­
ences in the make-up of jets due to 
quarks and jets due to gluons. These 
hints of higher baryon yields wi th 
gluons provide a challenge to theo­
rists, who are not slow in respond­
ing. 

SPS collider results 

While nothing dramatic has 
emerged, it was still interesting to 
survey the physics produced by the 
CERN SPS proton-antiproton collider 
during its first year of operation, 
even wi th the relatively low collision 
rates which have been clocked up so 
far. 

UA1 has looked at the distri­
butions of produced particle multipli­
cities and has compared the behav­
iour to what is seen at lower ener­
gies. There is evidence for high mul­
tiplicity. The rate of production of 
high transverse momentum particles 
is very much up from ISR energies, 
and the mean transverse momentum 
also appears to increase wi th the 
multiplicity of produced particles. 
Selecting higher transverse momen­
tum particles appears to increase the 
clustering of the produced particles, 
strongly suggestive of jet-like behav­
iour. Like the UA5 streamer cham­
ber, UA1 finds no candidates for the 
Centauro phenomenon — exception­
ally high charged multiplicity events 

seen previously in cosmic rays. But 
this does not mean that the events 
are ruled out under other conditions. 
Centauros apart, UA1 's initial results 
are in agreement wi th what is found 
in cosmic rays. UA1 also has for­
ward spectrometers close to the 
beam pipe and is able to produce a 
portion of the proton-antiproton 
elastic scattering spectrum. 

UA2 's impressive results on jet 
production were covered in several 
sessions, including the special ses­
sion on SPS collider physics. As well 
as the data on produced neutral 
pions (see June issue, page 176), 
this experiment now has results on 
the production of charged particles. 

UA5 reported that the production 
of photons is higher than that of 
charged particles. There appears to 
be an increase in the production of 
both the number of strange particles 
and of their transverse momentum. 
UA5 rules out Centauros under pre­
sent collider conditions, but is keen 
to continue the search at higher col­
lision energies, as the production 
threshold may not yet have been 
crossed. The UA4 experiment pre­
sented its elastic scattering data (see 
September issue, page 271). 

The subject of gauge theory on a 
lattice (see July/August issue, page 
220) has been mentioned before at 
major meetings. It attempts to es­
cape f rom the confines of perturba­
tion theory which hamper the appli­
cation of theories like quantum chro-
modynamics. However at Paris, the 
subject really broke loose from the 
specialized parallel sessions. As well 
as pointing to a way out of the per­
turbation theory restrictions, the 
techniques also provide a lever on 
the observed spectrum of hadron 
masses, now including fermions. 

The advertised schedule of plena­
ry sessions on the topic of non-per-
turbative field theory techniques in­
cluded talks by C. Rebbi and by A. 
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Fermilab moves on 
from 400 GeV 

Polyakov. However the coverage 
was curtailed by the inability of Poly­
akov to attend the conference. 

On the continuing confrontation 
between quantum chromodynamics 
and experiment, D. Politzer indicated 
many of the inherent weaknesses of 
QCD. These weaknesses lie in the 
techniques of handling the theory, 
rather than the underlying ideas. 
There have been many places where 
QCD could have failed, but it hasn't, 
and so it lives on. The mechanisms 
which cannot be constructed f rom 
perturbation techniques could be pa­
rametrized by studying special reac­
tions. In this way, the theory could be 
cleared of some of the mystique of 
the non-perturbative 'higher tw is t ' 
terms. Certainly these terms seem to 
be needed to explain the data, which 
do not comply wi th perturbative 
QCD alone. An exception is the pho­
ton structure function measured in 
photon-photon scattering. 

Structure function rapporteur F. Ei-
sele was able to report increasing 
agreement between results f rom dif­
ferent experiments, although studies 
using muon beams appear to pro­
duce some potentially interesting ef­
fects wi th heavy targets. 

Wi th the underlying theory looking 
in such good shape, then the inter­
mediate bosons of weak interactions 
could soon be found at the correct 
mass, the sixth quark uncovered, 
and the reluctant Higgs particles lo­
cated. Proton decays will continue to 
pile up around a lifetime of 1 0 3 1 

years, and theorists will master the 
techniques needed to made QCD 
work. If so, we shall be well and truly 
in the physics 'desert ' long heralded 
by the ascetic devotees of minimalist 
theoretical ideas. In the continuing 
absence of these key observations, 
there is no shortage of ideas to avoid 
such a desert. 

The proton synchrotron at Fermilab 
launched into a very long shutdown 
in June to convert the machine for 
higher energy operation and for pro­
ton-antiproton physics at colliding 
beam energies up to 1 TeV. Thus a 
distinguished era of operation at 4 0 0 
GeV is over; it came to an end wi th a 
flourish — a world record beam in­
tensity of 3.25 x 1 0 1 3 protons per 
pulse on 31 May. 

The first phase of this major im­
provement of the Laboratory's re­
search facilities is the installation of a 
ring of superconducting magnets 
threaded through the stands under­
neath the existing ring. This phase is 
known as the Energy Saver and is 
going rapidly ahead bolstered by the 
confidence which came from the 
tests of a complete superconducting 
sector (sector A) in the first half of 
this year (see April issue, page 112). 
The magnets in the sector were kept 
cold f rom January to June and they 

The superconducting magnets for Fermilab's 
new Energy Doubler/Saver thread their way 
through the stands of the conventional 
magnet ring. First injection of particles into 
the completed lower ring could be as early 
as next March. 

(Photo Fermilab) 

pulsed wi th monotonous reliability 
up to field levels equivalent to 900 
GeV (limited only by the use of a pro­
totype satellite refrigerator). Cryo­
genic systems all worked well and 
the most severe quench tests 
caused no problems. 

The quality of the dipoles emerg­
ing f rom the magnet factory is relia­
bly good. By now about half of the 
superconducting ring is installed and 
there is no worry about availability of 
the remaining components to com­
plete the ring to schedule. Further 
tests are planned when half the ring 
is in place and if all goes well in these 
tests, the boats will really be burned 
for the conventional ring wi th the 
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The Ring Imaging Cherenkov counter vessel 
for Fermilab experiment E605 is eased into 
the Meson Laboratory. This is the first 
experiment to use this technique on a large 
scale and should provide identification of 
hadrons at up to 200 GeV over a wide 
aperture. 

(Photo Fermilab) 

removal of the 400 GeV extraction 
system. 

It is hoped that the first injection of 
rotons into the Saver will be pos­

sible by March 1983. The key to 
meeting this date is likely to be the 
completion of the hall at the B-0 
position in the ring (where the large 
detector for colliding beam physics 
will be built) rather than completion 
of the superconducting ring itself. Ini­
tial operation in the spring of next 
year will probably be at energies 
around 500 GeV to nurse the ring to 
its peak energies and to give more 
t ime for preparation of the exper­
imental areas and detectors to re­
ceive 1000 GeV beams. 

The upgrade of beamlines and ex­
perimental areas is known as the 
Tevatron II project. Some of this 
work has already been done — ex­
tension of the steel shielding to filter 
muons f rom the higher energy neutri­
no beam and commissioning of the 

superconducting 'left bend' beam-
line to the Meson Area. Work is un­
der way on a wide band beam in the 
Proton Area (where this beam and a 
tagged photon beam will now be 
drawn from separate targets), a new 
muon beam, a new dichromatic neu­
trino beam and a new three-way split 
of the primary beams to the Meson 
Area. Next year additional halls will 
be built for prompt neutrino physics, 
wide band photon experiments, 
muon experiments, polarized proton 
experiments (to use a beam being 
built in collaboration with Argonne) 
and for an upgraded M6 beam in the 
Meson Area. 

These new halls are scheduled for 
completion late 1984 and the full 
Tevatron II project should be com­
plete in 1985. Fixed target physics at 
Fermilab will then use 1 TeV primary 
proton beams with slower pulse re­
petition rates (1 pulse per minute) but 
wi th higher secondary particle fluxes 

at energies of up to about 800 GeV 
and wi th a very long (20 s) f lat-top 
improving the duty cycle by a factor 
of four. 

The Tevatron I project aims to pro­
vide colliding proton and antiproton 
beams at a total centre of mass ener­
gy of 2 TeV wi th a luminosity of 1 0 3 0 

per c m 2 per s. The luminosity should 
in fact be exceeded when the full abil­
ities of the antiproton source are 
mastered. The latest design of the 
source involves t w o rings (a de-
buncher and an accumulator) and 
uses only stochastic cooling. Pro­
tons at 125 GeV from the Main Ring 
are directed onto a target every 2 s to 
yield a flux of 8 GeV antiprotons 
which are focused by a lithium lens 
(developed at Novosibirsk). These 
antiprotons are fed to the debuncher 
ring where the bunches are rotated 
and given a first cooling in transverse 
phase space. They then pass to the 
accumulator ring where stochastic 
cooling is applied to build up antipro­
tons at the rate of 1 0 1 1 particles an 
hour. Frequencies in the cooling sys­
tems are 2 to 4 GHz and there is 
thought of extending higher. Also the 
possibility of electron cooling is not 
totally abandoned. New electron 
sources developed for free electron 
laser research may improve their 
cooling efficiency. 

Beams corresponding to a lumi­
nosity of 1 0 3 0 should be accumu­
lated in an hour and a half. The dense 
antiproton beam can then be injected 
into the Main Ring and, sub­
sequently, the superconducting ring 
for acceleration to 1 TeV. Recent 
tests of some tricky r.f. gymnastics 
for these processes were carried out 
in the Main Ring wi th encouraging 
results. Detailed design of the anti­
proton source is scheduled to be 
complete by the end of the year so 
that construction can start early in 
1983. Physicists f rom Argonne, Ber­
keley, Novosibirsk and Wisconsin as 
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How goes ISABELLE? 
Recent aerial view of ISABELLE construction 
at Brookhaven. The ring tunnel and half the 
experimental halls are in place. The injection 
links with the existing Alternating Gradient 
Synchrotron are also ready to receive 
magnets. 

(Photo Brookhaven) 

well as Fermilab are involved in the 
work. The aim is to achieve colliding 
beams by 1986. 

Plans for the Collider Detector Fa­
cility, CDF, for proton-antiproton 
physics aim to have a usable detec­
tor ready to observe the first colli­
sions. Assembly should start in the 
B-0 hall next year. Design and use of 
the detector have been greatly sim­
plified by the decision to build an 
overpass for the Main Ring so that 
only the Energy Saver vacuum tube 
will pass through the CDF. The ex­
periment now involves some 
hundred physicists f rom about fif­
teen research centres including 
some in Japan and Italy who are con­
tributing greatly to detector compo­
nents. For example, the supercon­
ducting coil is being built in Japan; an 
excellent design has emerged pro­
viding a 1.5 T field wi th a thickness 
of less than one radiation length. 

Letters of intent for an experiment 
to use a second colliding beam area 
(in the D-0 position) have been called 
for by 1 November and proposals are 
required by 1 February next year. 
The possible hall volume is about 
750 m 3 and the detector it accom­
modates must be easily removable. 
T w o proposals to use the D-0 area 
are already under consideration. One 
involves a large lead glass array. The 
other involves the construction of an 
electron ring to observe electron-
proton collisions. 

After all the frustrations of recent 
years wi th the development of 
pulsed superconducting dipoles, it is 
very satisfying to see the wor ld 's 
first superconducting synchrotron 
coming together. Its operation within 
the next year will be another demon­
stration of Fermilab's innovative 
work in accelerator design and con­
struction. 

There cannot be many people in the 
high energy physics community un­
aware that the ISABELLE project to 
build 400 GeV proton storage rings 
at Brookhaven has been in trouble for 
several years. The design incorpo­
rates t w o rings of 5 T superconduct­
ing magnets and, until late last year, 
the fabrication of these dipoles to the 
required quality was proving an in­
tractable problem. 

This year a long range planning 
report on the high energy physics 
programme for the USA concluded 
that, unless there is additional fund­
ing for the programme, it is difficult 
to see how the ISABELLE project, as 
at present conceived, can continue. 
This has frustratingly come at a t ime 
when the magnet problems seem to 
be convincingly overcome and when 
new management is reinjecting en­
thusiasm and confidence. 

The dipole design consists of t w o 
layers of superconducting coil 

around a 'warm bore' vacuum cham­
ber and constructed inside a cold 
laminated iron. The yoke is im 
mersed in a cryostat and force-
cooled by supercritical helium at a 
maximum temperature of 3.8 K. The 
dipoles are 4.75 m long. A major 
contributor to the magnet problems 
was the initial choice to use braid for 
the superconducting coils. Since the 
change to cable in 1 9 8 1 , perfor­
mance has improved. The flat cable 
has 23 multifilamentary twisted su­
perconducting wires of the type de­
veloped at Rutherford and Fermilab. 
Another factor in the improved per­
formance seems to be the introduc­
tion of a layer of teflon in addition to 
the kapton insulation between the 
inner and outer coils providing a low 
friction slip plane. 

After the success of the first full 
size revamped magnet in November 
of last year, it was decided to com­
plete six by the end of March 1982. 
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Yoke of the first 5 foot 'two in one' magnet 
built to test the idea of incorporating the 
two ISABELLE rings in one magnet 
structure. The magnet operated as expected 
and a full length version is now being built. 
The aim is to trim back ISABELLE costs in 
case of funding shortfalls in funding the US 
high energy physics programme. 

(Photo Brookhaven) 

This was successfully done and in 
tests in a bath of liquid helium at 4.5 
'< they all surpassed 5 T before their 
iflrst quench, and exhibited very little 
subsequent training. The magnets 
were also tested at lower tempera­
tures under forced cooling con­
ditions and reached fields of 6 T 
which put them ahead of all other full 
size dipoles in terms of peak field 
performance. A first quadrupole has 
also been built and operated suc­
cessfully. 

Investigations of field quality were 
initially carried out on shorter 5 foot 
magnets. Progress is good and the 5 
foot series is being concluded while 
quality studies are moving to the full 
size magnets. Previous troublesome 
eddy current effects have also gone 
away. T w o features remain to be 
mastered — the trim coils to be in­
corporated into the dipole and an 
understanding of the mechanisms of 
quench propagation. The propaga­

tion is slower in supercritical helium; 
nevertheless, at the time of wr i t ing, 
all attempts to burn out a magnet 
because of inadequate propagation 
(so as to find where the limits are) 
have failed. 

The next major aim of the dipole 
programme is to install and operate a 
fully equipped cell of the magnet lat­
tice (six dipoles and t w o quadru­
p l e s ) in the ISABELLE tunnel by 
March of next year. Meanwhile the 
magnet assembly and testing facili­
ties are being extended so that they 
will be able to cope with the produc­
tion of a thousand magnets within 
five years. 

The civil engineering work for the 
project is not far f rom completion. 
The ring tunnel and the injection tun­
nels are ready, three of the six exper­
imental halls are built (inside angle 
hall, major facility hall and narrow 
angle hall). The cryogenic systems 
(including the building of the largest 

helium refrigerator) and r.f. accelera­
tion systems are well advanced. 
Only the controls system has not yet 
received much attention. 

Though the technical aspects of 
the project are now in very much bet­
ter shape, there is still concern for 
the future of ISABELLE. This is be­
cause of doubt about the funding lev­
el for high energy physics which is 
likely to be obtained from the US 
government during the remaining 
years foreseen for construction of 
the machine. An examination of this 
situation was a major task of the 
'Subpanel on long range planning' 
set up by HEPAP (High Energy Phy­
sics Advisory Panel) and chaired by 
George Trilling. Its report, presented 
earlier this year and usually referred 
to simply as the 'Trilling report ' , is 
now taken by the Department of En­
ergy as its bible in determining use of 
high energy physics money. 

The Trilling report recognized that 
the US programme needs a new fa­
cility, providing front-line physics 
and supporting a large number of 
users, to be in action by the end of 
this decade. A t present ISABELLE is 
that facility. It would be unique in 
allowing high energy hadron experi­
ments wi th high intensity (luminosi­
ties of some 1 0 3 3 per c m 2 per s). 
Nevertheless completion of ISA­
BELLE, as at present conceived, will 
require a further $500 million (in f is­
cal year 1982 dollars). The report 
maintains that to provide this mon­
ey, while also sustaining viable pro­
grammes at the other USA Labor­
atories, and allowing completion of 
Fermilab and SLAC projects, re­
quires an annual USA high energy 
physics budget rising to $440 million 
in 1984 or 1985. If the present level 
of $395 million cannot be increased, 
the report regretfully recommends 
termination of the ISABELLE pro­
ject. 

To complete a significant new fa-
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cility by the end of the decade would 
require construction beginning in 
1985. There is therefore not much 
time to review the various possibili­
ties. A t Brookhaven the aims are first 
to demonstrate the viability of the 
magnet system so as to confirm that 
ISABELLE can be built. A t the same 
t ime, ways of cutting magnet cost 
are being investigated. 

One of these is what is known as 
the ' two in one' magnet where t w o 
of the present coil configurations sit 
side by side in a single double aper­
ture iron yoke. The machine would 
then have a single ring of double 
magnets rather than t w o separate 
rings. This would cut the number of 
yokes to be built by t w o and also 
halve the number of cryostats. A 5 
foot model was rapidly put together 
and performed well in line wi th ex­
pectations. There are obvious con­
cerns about magnetic and mechani­
cal asymmetries, quench protection 

is more serious and the machine lat­
tice is more difficult. Nevertheless, 
the potential saving on the magnet 
system may be as high as 20 per 
cent and the idea is being pursued. 
Construction of a full length ' two in 
one' magnet was authorized in July. 
The decision as to whether to adopt 
the approach will be needed by 
March of next year. A second mag­
net cost saving idea is to build a qua-
drupole and dipole into the same 
cryostat, eliminating quadrupoles, as 
separate units. This could save over 
10 per cent of the magnet system 
costs. 

To be ready for alternatives to 
ISABELLE, two working groups 
have been set up to look at an elec­
tron-proton option (chaired by Kjell 
Johnsen) and a heavy ion collider 
option (chaired by Mark Barton). The 
e-p option is required to allow exten­
sion to p-p at a later stage. The heavy 
ion option is conceived as a missing 

magnet ISABELLE and would use 
beam from the very successful 
Brookhaven tandem Van de Graaff 
boosted in energy by an intermediate 
cyclotron. In any of these scenarios a 
ring of superconducting magnets 
would find its way into the ISABELLE 
tunnel. 

Despite these uncertainties there 
is no doubt that the Brookhaver 
team has found fresh enthusiasm 
since the success of the new magnet 
design. They have also been helped 
by the fresh stimulus of the appoint­
ment of Nick Samios as Laboratory 
Director. Samios has an ability to 
identify the silver linings in all situ­
ations and makes it difficult to re­
member the existence of the cloud. 
The whole world-wide high energy 
physics community is certainly be­
hind him in hoping that the full unique 
abilities of ISABELLE will be real­
ized. 

Cornell: CESR and beyond 
The electron-positron storage ring 
CESR, at Cornell is now operating 
regularly wi th a luminosity of over 
1 0 3 1 per c m 2 per s (400 inverse na-
nobarns) and, thanks to the money 
saved by operating the magnet of the 
CLEO detector wi th a superconduct­
ing coil, the number of hours avail­
able for physics is not restricted. The 
research remains concentrated 
around the upsilon resonances 
(operating the storage ring at just 
over 5 GeV per beam). After skim­
ming the cream in this energy region, 
where CESR had unique access wi th 
good luminosity, extracting further 
physics is more difficult but there 
remain several years of good work in 
front of CLEO and the CUSB detec­

tor doing gamma spectroscopy in 
the machine's North area. 

It is believed that the luminosity 
can be pushed higher by a factor of 
t w o or three. Machine physics exper­
iments have reduced the mini-beta 
f rom 3 cm to 2 cm with further 
increase in luminosity but the CLEO 
magnet was not in operation and the 
existing magnet compensation 
scheme cannot cope. There are 
schemes for going to micro-beta by 
installing new quadrupoles at the in­
teraction region, though these would 
probably limit peak energy to 6 GeV. 
A new injector for the Linac, using 
the triode gun developed at SLAC, 
will soon be in operation and should 
make it possible to put more parti­

cles in each bunch and possibly 
avoid the vernier filling scheme (see 
April 1976 issue, page 129) present­
ly necessary to build up positron 
bunch intensity. There are also ideas 
on having more than one bunch per 
beam using electrostatic separa­
tors. 

The CLEO detector will probably 
run in its present configuration for 
another year after which the inner 
detector is likely to be modified to 
give better particle identification, for 
example by installing a time projec­
tion chamber or some other energy 
loss measurement system. The 
CUSB detector may also replace its 
sodium iodide modules by the better 
BGO material to improve resolution. 
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The CLEO magnetic detector being installed 
at the CESR electron-positron ring at Cornell. 
The conventional aluminium solenoid has 
now been replaced by a superconducting 
coil. 

(Photo Cornell) 

Some hundred physicists, most of f rom the building of CESR. 
them from research centres other For the future the Cornell team has 
*han Cornell itself, are now involved been studying CESR II, a higher ener-
<n the high energy physics research gy electron-positron storage ring (50 
programme. GeV per beam) optimized for study-

A very successful spin-off f rom ing the Z° intermediate boson. The 
the building of CESR is the synchro- presen design aims for a luminosity 
tron radiation facility CHESS (Cornell of 6 x 1 0 3 1 per c m 2 per s in a ring of 
High Energy Synchrotron Source). It 5.5 km circumference with four inter-
has t w o special parameters — the section regions and four other 
beam energy is higher than in radi- straights for the r.f. acceleration cav-
ation laboratories on other machines ities. Injection would be from a 20 
(allowing research further in the X- GeV synchrotron. A site at Cornell 
ray region with photon energies f rom has been investigated. The capital 
6 to 35 keV though the advent of cost is estimated at $220 million and 
'wigglers' now makes this possible they believe that actual construction 
elsewhere) and the 10 ns burst of could be compressed into three 
radiation from the circulating bunch years. 
each 2.5 ns (allowing experiments Crucial to the design and to low 
which benefit f rom such a t ime struc- projected operating costs is the use 
ture). There are now 75 experiments of superconducting r.f. cavities giv-
on or planned for CHESS using three ing accelerating gradients of at least 
photon beamlines (with further split- 3 M V / m . Research and development 
ting). This has enabled several on such cavities has been under way 
hundred more scientists to benefit for many years culminating earlier 

this year in the successful operation 
of t w o 5-cell modules of their 'muffin 
t in ' structure (see June issue, page 
175). The Cornell superconducting 
cavities operate at the unusually high 
frequency of 1.5 GHz which keeps 
cavity sizes small and hence material 
costs low. No problem in operation 
at this frequency was experienced in 
the beam tests. Elliptical structures 
are now also under investigation to 
operate at the same frequency, and 
recent single-cell tests went up to 
13 M V / m . Further work will search 
for economy in the mass production 
of structures of one type or the 
other. 

Beam stability in such a machine 
has required thorough study. Com­
puter simulation techniques on single 
bunch longitudinal and transverse in­
stabilities has been in convincing 
agreement wi th experience on pre­
sently operating electron storage 
rings. It is also believed that potential 
beam-beam and non-linear lattice in­
stabilities are understood and would 
not be troublesome. 

There was support for the building 
of a high energy electron-positron 
storage ring as part of the USA na­
tional facilities expressed at the re­
cent Aspen meeting (see page 332). 
The excellent work done by the Cor­
nell team wi th CESR I, wi th financial 
and manpower resources well below 
those customary at other labor­
atories, gives confidence that the 
machine would be in competent 
hands. However it is also clear that 
the resources needed for the con­
struction and operation of a storage 
ring like CESR II would involve a 
change in the customary Cornell life 
style. Whether a significant expan­
sion as a national Laboratory is fea­
sible in the present financial climate 
will need a lot of discussion. 
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Around the Laboratories 
Aerial view of the terrain around CERN, 
showing the proposed site of the 27 kilo­
metre circumference LEP electron-positron 
ring in relation to the existing machines. The 
irregular dashed line indicates the inter­
national frontier between France and 
Switzerland. In the immediate foreground is 
Geneva airport, while the Jura mountains 
provide the backdrop. 

(Photo Swissair) 

CERN 
LEP experiments 
Earlier this year, a number of propos­
als were put forward for considera­
tion as possible experiments for the 
first phase of exploitation of the LEP 
electron-positron collider, seen as 
coming into operation in about five 
years. 

The immediate problem for both 
CERN and the physics community is 
to choose an optimal mix of experi­
ments which would cover as wide a 
range of physics as possible, while at 
the same time catering for a maxi­
mum number of users. Budgetary re­
alities are also a prime consideration. 
In addition, the experiments would 
have to be approved quickly. Con­
struction work for these necessarily 
big detectors would have to begin 
early to ensure that the experiment­
ers would be ready to exploit the ini­
tial beams from LEP. 

Wi th such a limited number of ex­
perimental sites and a large number 
of potential users, the business of 
selection is somewhat more tricky 
than usual. Wi th the objective of ar­
riving at a well balanced programme, 
the selection process involves more 
than judging individual experiments. 
Changes to many of the original pro­
posals are being suggested to opt i ­
mize the physics coverage of the 
whole LEP programme. In this way 
the first phase of LEP experiments 
should cater for a wide range of 
physics, while the detectors should 
achieve their stated aims and meet 
the proposed timescale. A t the latest 
stage in the decision making pro­
cess, few of the original proposals 
survive intact. 

Six proposals are currently under 
consideration, although some initial 
indications of a possible selection 
have already been given (see Sep­
tember issue, page 285). However 

the final selection has yet to be de­
cided. 

The ALEPH proposal (Apparatus 
for LEP pHysics) is for a general-pur­
pose detector and comes f rom a 
consortium of eighteen European re­
search centres plus Wisconsin f rom 
the US. It consists of a large central 
detector and an electromagnetic 
calorimeter inside a superconducting 
magnet, the outer iron yoke of which 
would serve as hadronic calorimeter 
and muon filter. The basic design of 
the (cold) magnet coil fol lows that of 
the CELLO detector at PETRA. The 
central detector would use the Time 
Projection Chamber technique pio­
neered at Berkeley for use in the PEP 
ring. However the chamber pro­
posed for LEP would be about twice 
the length. 

The preferred design for the 
ALEPH electromagnetic calorimeter 
envisages alternate layers of lead 
and wire tubes operating in streamer 

or limited Geiger mode. An alterna­
tive design using lead and liquid ar­
gon is also proposed. Putting th< 
electromagnetic calorimeter inside 
the magnet coil is expected to pay 
dividends. The outer hadron calori­
meter would be cylindrical, com­
posed of iron/streamer tube sandwi­
ches. There would be a final outer 
shell of drift tube muon counters. 

Another general-purpose detector 
is the OPAL (Omni Purpose Appar­
atus for LEP) scheme, a Europe/Ca­
nada/US/Japan project. This is 
based on a central wire chamber of 
the JADE type, surrounded by a su­
perconducting solenoid. Then would 
come a lead glass electromagnetic 
calorimeter, an iron/scintillator ha­
dron calorimeter and an outer drift 
chamber muon detector. OPAL uses 
conventional detector techniques, 
but on a large scale. 

The DELPHI European project is 
based on a central Time Projection 
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Chamber only slightly larger than the 
Berkeley one already operational at 
PEP. 

Hadron identification is achieved 
wi th DELPHI with the help of the nov­
el Ring Imaging Cherenkov tech­
nique, yet to be used extensively in a 
major experiment (see March issue, 
page 49). 

Another proposal has as yet no 
name. It is a Europe/US/China effort. 
As proposed, it consists of a magnet 
enclosing a high resolution vertex 
detector (time expansion chamber or 
microstrips) and a high performance 
photon detector based on bismuth 
germanate crystals (BGO). This 
would require an extensive supply of 
this new material. The electromag­
netic calorimeter is surrounded by a 
considerable thickness of conven­
tional hadron calorimetry, also acting 
as a muon filter. The muons would be 
tracked in layers of outer chambers 
inside a large magnetic volume. 

The ELECTRA proposal comes 
f rom an essentially European team. It 
foresees very good electron identifi­
cation, wi th high precision tracking 
immediately around a thin beryllium 
beam pipe. Also inside the warm coil 
solenoid would be a central tracking 
chamber, endcaps, transition radi­
ation detector and scintillation 
counters, together wi th the electro­
magnetic shower calorimeters. The 
magnet return yoke would also act 
as tracking calorimeter and provide a 
first stage of muon identification. 
Emerging muons would be picked up 
in streamer tubes. 

The LOGIC (LEP Open Geometry 
Imaging Cherenkov) proposal is a US 
contribution. It uses an open field 
magnet enclosing central tracking 
chambers. Outside the magnet 
would be Ring Imaging Cherenkovs 
for hadron identification. The detec­
tor would be completed by lead-
glass electromagnetic calorimetry 

and additional counters for triggering 
and vetos. 

It is hoped that the final versions of 
the LEP detector designs will soon 
emerge so that construction work 
can begin in earnest as soon as pos­
sible. 

Making gravitational 
antennas 
Einstein's general theory of relativity, 
as well as explaining the phenome­
non of gravity, is also a monument to 
man's intellect. After its formulation 
earlier this century it won almost im­
mediate acclaim through measure­
ments on the advance of the perihe­
lion of Mercury and on the effects of 
gravitational fields on light. 

Einstein's picture of gravity is a 
field theory which strongly suggests 
that gravity is accompanied by its 
own radiation, in much the same way 
that Maxwell 's theory of electromag-
netism paved the way for the discov­
ery of electromagnetic waves. 

While Hertz' discovery of electro­
magnetic radiation fol lowed relative­
ly soon after Maxwell 's theory was 
developed, it is now well over f ifty 
years since Einstein's theory was 
formulated, and gravitational waves 
have yet to become a universally ob­
served phenomenon. 

If they exist, gravitational waves 
are ripples of geometry which shake 
any object in their path. However 
because of the extreme feebleness 
of gravity compared to the other 
forces at work in Nature, a search for 
these effects has to confront seem­
ingly insurmountable problems. A 

Cryostat for tests of a gravity wave detector 
at CERN. By going to extremely low 
temperatures, it is hoped to avoid problems 
due to thermal noise, which would mask 
the tiny oscillations due to gravity waves. 

(Photo CERN 7.5.82) 
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Ground breaking at the end of May for the 
proton storage ring which is being added 
to the LAMPF 800 MeV proton linear 
accelerator at Los Alamos. Wielding the 
shovel are (left to right) Ed Knapp, then 
head of the Accelerator Technology Division 
who has now moved to the National Science 
Foundation, Louis Rosen, Director of LAMPF 
and John Browne of Physics Division. 

(Photo Los Alamos) 

metre cube of aluminium exposed to 
a significant level of gravitational 
radiation would oscillate to and fro 
wi th an amplitude much smaller even 
than an atomic nucleus! Detecting 
and measuring such tiny resonances 
calls for all the ingenuity of the exper­
imenter and all the latest technologi­
cal aids. 

Such minute signals would be 
masked by noise within the detector 
due to the thermal motion of its mo­
lecules, and the latest searches are 
planning to use cryogenics to cool 
the antennas near to absolute zero 
and minimize this internal noise. 

Signals suggestive of gravitational 
effects have been seen by some ex­
periments, notably that of Joseph 
Weber of Maryland, who carried out 
a historic experiment wi th antennas 
being simultaneously monitored at 
Maryland and Argonne. Because 
gravitational effects would come 
from massive concentrations of mat­
ter in outer space, they should be 
observable by detectors mounted at 
several widely separated sites. 

A programme for the development 
of highly sensitive gravitational wave 
detectors has been drawn up by a 
Rome / Louisiana State / Stanford 
collaboration. The Rome group has 
already built and successfully oper­
ated a 4 0 0 kg cryogenic detector at 
Frascati, and is now exploiting the 
facilities and technical know-how av­
ailable at CERN. The ultimate objec­
tive is to construct a large detector 
containing several tons of alumin­
ium, to be operated first at liquid 
helium temperatures and later below 
0.1 K. 

While the final cryogenic antenna 
is being constructed, tests are being 
carried out on a 2300 kg aluminium 
detector (3 m long and 60 cm dia­
meter) wi th a view to perfecting the 
detection and data acquisition tech­
niques and investigating the effects 
of spurious seismic and acoustic 

noise (particularly that produced by 
boiling liquids). 

For these tests, mechanical vibra-" 
tions are picked up by piezoelectric 
ceramics coupled to a solid state 
amplifier. Spurious vibrations are f i l­
tered out by suspending the antenna 
bar by a titanium alloy cable inside an 
iron ring, itself supported on alumin­
ium alloy beams. The whole appa­
ratus is contained inside a vacuum 
chamber, and data is wri t ten onto 
magnetic tapes. The apparatus is 
providing valuable information to op­
timize the construction and opera­
tion of the final cryogenic antenna. 

For the cryogenic detector, the 
signals will be picked up by a super­
conducting magnetometer (SQUID 
device), exploiting the Josephson ef­
fect. 

LOS ALAMOS 
Future research 
facilities at LAMPF 
The programme at the 800 MeV pro­
ton linac, LAMPF, at the Los Alamos 
National Laboratory has fully risen to 
the scenario laid down when prepar­
ing the accelerator in the 1960s. It is 
the largest nuclear science research 
centre in the world wi th LAMPF sup­
porting some 400 users and usually 
feeding some ten experiments at a 
t ime on as many beamlines. Beam 
currents f rom the linac are now re­

gularly at 600 to 700 j iA and the 
emphasis is on reliable performance 
rather than on taking the intensity 
higher. 

The programme is predominantly 
nuclear physics wi th , for example, 
thorough studies of the nucleon-nu-
cleon interaction now aided by polar­
ized beams and polarized targets and 
by use of the superbly engineered 
HRS (High Resolution Spectrometer) 
for proton-nucleus scattering experi­
ments. Pion interactions benefit f rom 
intense pion beams and from the 
major detector facilities such as the 
EPICS spectrometer and the neutrr 
pion spectrometer. 

Experiments wi th muon beams 
use a stopped muon channel. Neu­
trons are available from the copper 
beam stop and from a pulsed proton 
beam to the weapons neutron re­
search area. The use of pions for 
cancer therapy in a biochemical facil­
ity has now been stopped for lack of 
continuing support. 

Particle physics has a significant 
part of the programme. Refined tests 
of charge symmetry are under way. 
Rare decays of pions (such as the 
neutral pion decay into three gam­
mas — forbidden by C invariance — 
which was not found) and of muons 
(such as the positive muon decay 
into a positron and t w o gammas) 
have been or will be looked for. A 
new detector, known as the Crystal 
Box, will push the muon measure-
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ment further. A particularly fruitful 
series of neutrino experiments has 
given results on lepton number con­
servation, on one of the solar neutri­
no interaction cross-sections and on 
the upper limit for neutrino oscilla­
tions between the muon and electron 
neutrinos. These experiments have 
benefitted from particularly well 
understood neutrino beams emerg­
ing from the beam s top ; negative 
pion absorption before they decay 
into muons cuts out the antielectron 
neutrinos and muon neutrinos. 

The neutrino programme is being 
extended by a Los Alamos/UC Irvine 
group using a new fine-grained wel l-
instrumented detector consisting of 
Nash tubes and scintillators. They 
are intending particularly to study el­
ectron-neutrino scattering (observ­
ing some t w o events per day) which 
is sensitive to interference between 
neutral and charged currents for 
which the Weinberg-Salam model 
makes specific predictions. The re­
sults could say whether additional 
types of Z bosons exist. They also 
hope to measure the cross-sections 
dnd hence the electroweak mixing 
parameter wi th high precision, to 
look wi th more sensitivity for neu­
trino oscillations, to look again for 
axions and to study neutrino-nucleus 
interactions via the interaction con­
verting carbon-12 to nitrogen-12. 
There are also discussions about 
much improved neutrino experi­
ments at the Proton Storage Ring 
(now being built) and at LAMPF II (a 
major development of the Los Ala­
mos research facilities for the fu­
ture). 

Ground was broken for the Proton 
Storage Ring (PSR) in May. It is 90 m 
in circumference, situated in an un­
derground tunnel to one side of the 
primary proton beamline f rom 
LAMPF. It will take intense negative 
hydrogen ion beams (100 j iA or 
more — requiring major modification 

to the present LAMPF negative ion 
injector which provides only a few 
microamps), strip them in a magnet 
to neutral hydrogen for injection 
through the ring's magnetic field 
onto the desired orbit where they will 
be further stripped to protons by a 
foi l . 

Many turns can be stored and the 
ring will operate in t w o modes — 
either six short (1 ns) bunches, which 
can be ejected to yield fast neutrons 
from a target for nuclear physics 
experiments, or one long bunch 
(270 ns) which can be ejected to pro­
vide slow neutrons from a target for 
materials research in the weapons 
neutron research facility. Responsi­
bility for construction of the ring is in 
the hands of the Accelerator Tech­
nology Division. It is intended to 
complete the tunnel by August 1983 
and to have the storage ring ready to 
receive a beam in March 1985. 

For the much longer term future, 
work has begun, particularly since 
the encouraging reaction at the 
LAMPF Users meeting at the end of 
last year, to develop the physics 
case for further facilities and to con­
sider the features of the most appro­
priate machine to meet the physics 
need. A t present the machine is en­
visaged as a fast cycling (60 Hz) pro­
ton synchrotron of energy 16 to 32 
GeV. A ring about 150 m radius 
could be accommodated on the 
LAMPF mesa, could be fed by the 
existing 800 MeV supply and use the 
existing LAMPF experimental areas. 

Accelerating 1 0 1 3 particles per 
pulse would be equivalent to an aver­
age current of 100 j iA and would 
yield secondary particle beams in 
general a hundred times more in­
tense then those available in this en­
ergy range, for example, at the CERN 
PS or Brookhaven AGS. The present 
pion and muon programmes would 
be significantly extended. A kaon 
programme could be established 

and, as mentioned above, the neu­
trino programme would also gain 
greatly. The possibilities for po­
larized protons and for antiprotons 
would be left open as options for 
exploitation at a later t ime. 

The project is now known as 
LAMPF II. It received further impetus 
at a Workshop at Los Alamos in July 
and the present aim is to prepare the 
formal proposal by 1983. It is hoped 
that a new era of physics using 
LAMPF II at Los Alamos could begin 
by 1990. 

NOVOSIBIRSK 
Upsilon 
measurements 
A systematic study has been started 
at the VEPP-4 electron-positron 
storage ring (see October 1980 is­
sue, page 297) within the energy 
range of the upsilon resonances, us­
ing the MD-1 detector wi th a mag­
netic field perpendicular to the orbit 
plane. The precise measurement of 
particle masses was the first in this 
new range of energies. Just as in the 
previous measurements of the 
masses of the phi, psi and psi prime 
mesons, the absolute calibration of 
the energy of the storage ring was 
carried out by the method of reson­
ance beam depolarization. 

The polarization level was mea­
sured wi th a laser polarimeter and by 
the new method which uses, instead 
of laser photons, more energetic 
photons of synchrotron radiation 
f rom the opposite beam. During the 
initial studies, the level of equilibrium 
polarization of particles in the stor­
age ring was no more than 30 per 
cent. After the compensation of the 
weak skew-quadrupole field in the 
storage ring cell, it was increased to 
80 per cent. This enabled the beam 
depolarization to be observed reli-

CERN Courier, October 1982 325 



ably and the absolute energy of the 
beam to be measured wi th an accu­
racy of 0.1 MeV. 

After scanning the upsilon region 
wi th accurate measurement of the 
energy of the beams at every point, 
the meson mass was obtained as 
9459.7 ± 0 . 6 MeV, and the preci­
sion of this mass measurement was 
thus improved by one order of mag­
nitude. 

The studies were performed wi th 

the optical scheme of the exper­
imental straight section wi th a verti­
cal beta-function of 45 cm at the col­
lision point. In this case, the peak 
luminosity was 0 . 8 x 1 0 3 0 c m - 2 s _ 1 

with 6 mA currents in each beam. 
Upon completion of the experi­

ment, the smooth variation of the 
experimental straight section optics 
wi th the coasting beams in the stor­
age ring enabled the beta-function at 
the collision point to be decreased 

The scan of the upsilon energy region with 
the VEPP-4 electron-positron ring at 
Novosibirsk, using the resonance beam 
depolarization method. This gives a firm 
value for the ground state upsilon mass 
and makes the whole of upsilon 
spectroscopy more explicit. 

down to 20 cm. Wi th the same beam 
currents, this made it possible to in­
crease the peak luminosity to 
1.5 x 1 0 3 0 c m " 2 s ~ 1 . A further in­
crease of luminosity awaits higher 
beam currents. A similar method 
for accurate determination of ener­
gies has been developed at PETRA, 
and will be described in a for thcom­
ing article. 

DARMSTADT / 
WUPPERTAL 
Superconducting r.f. 
electron accelerator 
Following the reports on progress in 
research and development of super­
conducting cavities for use in r.f. ac­
celerating systems at CERN (see May 
issue, page 137) and on the success­
ful tests made wi th prototype cavi­
ties at both the CESR electron-posi­
tron ring at Cornell and the PETRA 
ring at DESY (see June issue, page 
175) successful tests have been 
made wi th a 5 cell prototype cavity in 
the Darmstadt/Wuppertal electro 
linear accelerator. 

On 6 July an electron beam of 
200 keV was injected into a cryostat 
which houses a 5 cell prototype su­
perconducting r.f. cavity. Operating 
at an accelerating field of 4 .4 MV per 
metre an effective energy gain of 
620 keV has been reached. This en­
ergy gain has been measured by per­
forming Mot t scattering of the elec­
tron beam on a thin carbon target in a 
scattering chamber behind the linear 
accelerator. A c.w. beam of close to 

The superconducting electron linear 
accelerator at Darmstadt (built in 
collaboration with Wuppertal). The liquid 
helium cryostat houses a 5 cell spherically 
shaped 3 GHz niobium cavity developed 
at Wuppertal. The first accelerated beam 
at an effective field gradient of 4.4 MV per 
metre was obtained in early July. 

(Photo Darmstadt) 
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Physics monitor 
Configuration of a spectacular event seen 
by the UA2 experiment at the SPS 
proton-antiproton collider, where 127 GeV 
of transverse energy is released. The 
lengths of the lines are proportional to the 
particle energies. In these initial studies, a 
wedge has been removed from the UA2 
central detector for installation of a single 
arm spectrometer (see June issue, page 
177). 

1 j iA has been accelerated. The ac­
celerating field is so far the highest 
ever achieved in a multicell structure 
in a superconducting electron accel­
erator. 

The 5 cell 25 cm long 3 GHz test 
cavity has been developed at Wup­
pertal and manufactured at Inter-
atom, Bensberg, W . Germany. The 
cavity is of the spherical design, 
which is free of multipacting. Ten 
spherical half cells made f rom deep 
drawn niobium were electron beam 
welded. After appropriate surface 
treatment the 5 cell cavity was 
tested at Wuppertal and yielded at a 
temperature of 1.8 K an accelerating 
field of 5.8 MV per metre wi th a Q 
factor of 5 x 10 9 . The cavity was 
then transported to Darmstadt and 
mounted into a 5 m long cryostat. 
After cooling wi th liquid helium the 
cavity had exactly the same proper­
ties as during the test in Wup­
pertal. 

After the successful first accelera­
tion tests more tests are scheduled 
in which the beam optics of the linear 
accelerator will be improved, exper-
fence in cryogenics will be gained 
and various adjustments of r.f. para­
meters carried out. This will probably 
result in a higher energy gain. The 
accelerator eventually will be opt im­
ized for continuous operation for 
atomic physics experiments. In 
Wuppertal a 20 cell 1 m long struc­
ture is presently being assembled 
and tested. This will also be trans­
ported to Darmstadt and operated in 
conjunction with the present 5 cell 
structure in the linear accelerator. 

The present prototype accelerator 
is an experimental stage for the plan­
ned 130 MeV superconducting elec­
tron accelerator for nuclear physics 
research. This accelerator has alrea­
dy been funded and its construction 
is under preparation. 

CERN 
Jets set 
One of the interesting features of this 
year's physics conference in Paris 
(see page 311) was the resurgence 
of confidence in the evidence for the 
production of ' jets' — well defined 
clusters of hadrons — in the debris 
emerging from high energy hadron-
hadron collisions. 

In the rare but violent interactions 
when the small constituents (quarks 
and gluons) buried deep inside the 
hadrons collide with each other, they 
are wrenched from their hadronic 
bonding. Under normal conditions, 
these do not exist as free particles, 
and the liberated hadron consti­
tuents are understood to ' fragment' 
into sprays of hadronic matter more 
or less along the direction of motion 
of the ' l iberated' constituents. Other 
secondary particles are created by 
the 'spectator' constituents which 
are left behind. 

Much evidence has been accumu­
lated for the production of hadron 
jets in electron-positron annihila­
t ions, and more recently in lepton-
hadron scattering. However hadron-
hadron scattering is much more 
complicated to study because of the 
relatively high level of accompanying 
'soft ' hadronic debris which could 
hide the quark or gluon jets. 

Earlier experiments at the Inter­
secting Storage Rings (ISR) looked 
for those interactions in which the 
large transverse energy produced in 
the violent interactions between 
constituents is funnelled into a single 
particle. When triggering on these 
single particles, the experiments pick 
up an accompanying spray of ha­
drons wi th jet-like properties (see 
May issue, page 147). 

However triggering on a single 
particle does not necessarily give a 
representative sample of the total 
behaviour, and could introduce un­

wanted biasses of the event sample. 
These questions could be sidestep­
ped if large calorimeters could be 
used to collect as much as possible 
of the produced hadron energy. 

Initial such studies at the CERN 
SPS proton synchrotron found no 
evidence for jets (see May 1981 
issue, page 155), and this has been 
underlined by subsequent studies at 
Fermilab. However these fixed target 
calorimeter experiments might not 
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Distributions of Thrust' ('jettiness') into 
one quadrant of the Axial Field Spectro­
meter at the CERN Intersecting Storage 
Rings. The shaded area shows the expected 
distribution for single jets of produced parti­
cles. This behaviour appears to separate out 
clearly as the transverse energy is in­
creased. 

have been able to see the wood for 
the trees. Under the prevailing con­
ditions, the softer global behaviour 
of the big 'f luffy' hadrons still domi­
nated the hard constituent interac­
tions. To observe the violent inner 
collisions, different conditions are 
required. 

One key quantity is transverse 
energy/momentum. If the collision 
energies are high enough, the trans­
verse energy produced in the head-
on constituent collisions can be large 
enough for the produced particles to 
be easily distinguishable f rom those 
originating from softer collisions be­
tween complete hadrons. From the 
appearance of initial results f rom 
the UA l a n d UA2 experiments at 
the SPS proton-antiproton collider at 
CERN, these conditions could alrea­
dy have been attained. 

A t lower collision energies, such 
as those of the ISR, higher overall 
transverse energies were initially dif­
ficult to measure. Other criteria 
had to be sought to filter out those 
events produced by hard scattering, 
such as the single transverse mo­
mentum triggers collected at the 
Split Field Magnet. 

However new detectors and tr ig­
gering methods at the ISR have ena­
bled experimenters to look beyond 
the soft hadron behaviour to see the 
effects of the inner collisions. 

The Axial Field Spectrometer at 
the ISR (Brookhaven / CERN / Co­
penhagen / Lund / Pennsylvania / 
Rutherford / Tel Aviv) now has evi­
dence for the onset of jet production 
in 63 GeV proton-proton collisions. 
Th is ev idence c o m e s f r o m even ts 
triggered by large deposition of ener­
gy in a wall of uranium/scintil lator 
hadron calorimeter, wi th no require­
ment on the spatial distribution of 
particles within this wall . An oppo­
sitely mounted wall (see May issue, 
page 145) was used to record the 
recoiling particles. The amount of 

clustering in tl̂ ie hadronic showers 
was quantified by calculating the so-
called ' thrust ' of the events. 

The observed thrust distributions 
show a uniform spread of energy 
f low for lower values of the trans­
verse energy trigger, but as this tr ig­
ger energy is increased, the shape of 
the energy f low starts to change. A t 
about 10 GeV transverse energy in 
the trigger wal l , the observed thrust 
distribution starts to show clear 

signs of well-collimated hadron clus­
ters. This collimation improves as 
the trigger transverse energy is in­
creased up to about 14 GeV, when 
most of the energy deposited in the 
wall is found to be contained in a 
relatively small solid angle. The same 
behaviour is seen in the signals in the 
floor calorimeter, which picks up the 
recoiling hadrons, and is similar to 
that seen in the particles recoiling 
f rom single high transverse momen-
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Evidence for the clustering of high 
transverse momentum secondary particles 
as measured by the UA 1 experiment at the 
SPS proton-antiproton collider. Left the 
distribution of all secondaries accompanying 
a 4 GeV/c trigger particle. Centre, 
distribution of those secondaries above 1 
GeV/c and right, above 2 GeV/c, for the 
same trigger. 

turn particle triggers. 
The same onset of jet behaviour is 

<een by measuring the distribution of 
produced charged particles in the ex­
periment's central cylindrical drift 
chamber. As transverse energy is 
increased, the energy f low on the 
trigger side and the opposite side is 
seen to become narrower. 

The calorimeter is being enlarged. 
Further studies should enable wel l-
defined jet cross-section measure­
ments and more detailed compari­
sons of these jets wi th those seen in 
electron-positron annihilation. 

Elsewhere at the ISR, the CERN / 
Columbia / Oxford / Rockefeller 
group has adopted a different ap­
proach. High transverse momentum 
neutral pions are frequently found as 
part of a spray of accompanying par­
ticles. While this itself is an initial 
jet-like signature, the analysis goes 
further. It is found that these neutral 
pions carry 70 per cent or more of 

the total jet momentum, and are 
closely aligned wi th the jet axis. The 
analysis then concentrated on 
roughly back-to-back pairs of neutral 
pions, detected in oppositely 
mounted arrays of lead-glass Che­
renkov counters. 

The behaviour of these oppositely 
produced neutral pions can be used, 
to a good approximation, as a mirror 
of the behaviour of the inner colliding 
quarks. The observed behaviour of 
the pions, for instance their produc­
tion rates and angular distributions, 
can be compared with the predic­
tions of the theory (quantum chro-
modynamics) of quark and gluon in­
teractions. The results are encourag­
ing and hint that this type of ap­
proach could be usefully extended. 

Although the initial collision rates 
are low, it is at the SPS proton-anti­
proton collider where the collision 
energies attain the levels where the 
produce of hard constituent scatter­

ing could be seen. 
The highly segmented calorime­

ters of the UA2 experiment cover a 
large solid angle and are able to inter­
cept a large proportion of all the par­
ticles produced in these 540 GeV 
energy collisions. Events were se­
lected according to the total amount 
of transverse energy deposited in 
the calorimeter. For low total trans­
verse energies, the event rate falls 
off wi th increasing transverse ener­
gy, as seen in lower energy experi­
ments wi th fixed targets. However at 
the high total transverse energies 
captured by UA2 , the event rate no 
longer falls off so rapidly. This is the 
first clue that some new behaviour is 
being seen. 

Analysis of the clustering of this 
total transverse energy in the sepa­
rate calorimeter compartments 
shows that as the total transverse 
energy increases, the events contain 
fewer clusters of particles, but each 
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cluster contains higher transverse 
energies — the spread of the parti­
cles becomes less homogeneous 
and more jet-like. In particular, all 
events with total transverse energy 
greater than 60 GeV have two-thirds 
of their transverse energy contained 
in just two clusters of produced par­
ticles. 59 events are found contain­
ing at least one cluster carrying more 
than 20 GeV transverse energy. 

For events containing two high 
transverse energy clusters, these 
clusters like to be back-to-back 
when viewed along the beam axis. 
However these events are only a 
small fraction of the total high trans­
verse momentum sample. 

The calculated rate of production 
of jets is in broad agreement wi th 
theoretical expectations. In the kine-
matical region covered by this ex­
periment, most of the jets in fact 
result from the scattering of the 
gluons accompanying the quarks. 

The UA1 detector had an initial 
sample of 48 000 events wi th a 
magnetic field of 0.56 T in the central 
detector, and another 39 0 0 0 events 
at 0.28 T. In this way the validity of 
the procedures used in data analysis 
could be checked. An initial clue that 
something special is being seen 
comes from the original observation 
that already at transverse momenta 
of 10 GeV, the secondary particle 
yield is a thousand times up on what 
is seen at the ISR. As well as the 
hadrons produced by 'fragmenta­
t ion' of the colliding constituents, 
there appear to be indications that 
gluon radiation too plays a role in the 
particle production process. 

In the angular distributions of par­
ticles produced relative to a single 
high transverse momentum trigger, a 
clear signal is seen as the particles 
cluster around the trigger. The effect 
becomes more marked if lower 
momenta particles are excluded. A 
similar phenomenon is also seen in 

the recoil direction. This provides ini­
tial qualitative evidence for consti­
tuent scattering. Further investiga­
tions will be possible when larger 
data samples are available. 

Taken together, this provides im­
pressive evidence that experiments 
are now able to isolate and study the 
interactions of the tiny constituents 
hidden deep in the interior of pro­
tons. 

ARGONNE 
Future proton decay 
experiments 
Earlier this year over 70 physicists, 
wi th a common interest in searching 
for new phenomena in low back­
ground, deep underground experi­
ments, gathered at Argonhe for the 
1982 Summer Workshop on Proton 
Decay Experiments. The Workshop 
focussed on plans for the next gen­
eration of proton decay experiments 
in the United States, and the US ex­
periments, proposals, and detector 
development programs were, of 
course, well represented. In addi­
t ion, active participation by proton 
decay experimenters from Europe, 
by physicists doing other types of 
underground experiments, and by 
the theoretical physics community, 
provided breadth and perspective to 
the discussions. 

The Workshop was organized at 
the suggestion of the US Department 
of Energy Technical Assessment Pa­
nel (TAP) on Proton Decay, which 
met early this year to review recent 
developments and to consider pro­
posals for three new US experi­
ments. The TAP's main recommen­
dation was that new experiments be 
delayed pending initial results from 
the large water Cherenkov detec­
tors, which were in the final stages of 
construction. The TAP also felt that 
future planning of the US program 

would be helped considerably by 
further in-depth discussions, in the 
open format of a Workshop, of the 
optimum design, deployment, and 
timing of the next generation of pro­
ton decay experiments. 

The week-long Workshop agenda 
was divided about equally between 
talks by the participants and the ac­
tivities of five Working Groups 
which were charged with addressing 
specific questions raised by the TAP. 
These included defining a set of 
goals for the next generation of ex­
periments, taking into consideration 
the expected performance of experi­
ments already in operation or con­
struction, and recommending a t i ­
metable for the start of the next 
round of experiments. A closely-re­
lated question dealt with the detec­
tion techniques to be used in new 
experiments and involved a critical 
comparison of the different types of 
detectors which have been pro­
posed: the water Cherenkovs, the 
fine-grained iron-plate calorimeters, 
and the totally-active liquid-scintilla-
tor calorimeters. Here, the main con-
elusion reached was that the nei, 
generation should emphasize the de­
tection of decay modes to which the 
present experiments will be relative­
ly insensitive. Decays involving a 
single neutrino, and particularly the 
neutrino plus kaon mode recently 
predicted by supersymmetric mod­
els, will be difficult for any presently 
approved detector to distinguish 
from background. 

In order to accomplish this, any 
new experiment should have fine­
grained tracking and be able to tell 
the direction of motion of a particle 
along its trajectory (by timing and/or 
ionization measurements); also, 
good energy resolution and charge 
determination for muons and ha­
drons are required. Since the sensi­
tivity of present experiments to 
some decay modes will be limited by 
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background rejection rather than 
mass, the new generation will not 
necessarily need a big increase in 
detector mass: initial fiducial masses 
in the range of 1 to 3 kilotons will be 
adequate, with provision for later ex­
pansion to perhaps 10 kilotons. 
This, however, would still represent 
a substantial investment: the Work­
ing Group on detectors concluded 
that the sophisticated fine-grained 
experiments required will cost be­
tween $ 5 M and $ 1 0 M per kiloton of 
fiducial mass, depending on the level 
of flexibility and redundancy pro­
vided to insure adequate back­
ground rejection. 

Perhaps the most significant con­
clusion reached at the Workshop 
was that the detector techniques 
needed for the next generation of 
experiments are already in hand, and 
several of the proposed new detec­
tors meet all the requirements. Since 
the new experiments would be com­
plementary to those now under way, 
a good case can be made for starting 
the next generation immediately, in­
dependent of results in the next few 
|ears. Even if present experiments 
do not find evidence for proton de­
cay in the modes to which they are 
sensitive, decay mode predictions 
are quite uncertain and it wil l be es­
sential to set good lifetime limits for 
all modes. On the other hand, if de­
cays are seen, the measurement of 
branching ratios into all modes will 
play a crucial part in distinguishing 
among the different grand unified 
models. In this case even more so­
phisticated and expensive detectors 
would be justif ied, and continued 
work on the development of ad­
vanced techniques, such as dense 
time projection chambers using li­
quid or high pressure argon, was 
strongly encouraged. 

One Working Group considered 
the question of depth of deployment, 
which is important for reducing the 

cosmig ray muon-induced back­
grounds. While Europe is blessed 
wi th Alpine road tunnels which have 
provided several very deep sites for 
proton decay experiments, such ex­
isting deep laboratories are rare in 
the United States. New excavations 
are expensive, and the group con­
cluded that funds would be more ef­
fectively spent on providing a veto 
shield of counters around a detector, 
which could be deployed at the mod­
est depths which are readily accessi­
ble at several US sites. The criterion 
should be that residual background 
from muons must be much less than 
that f rom neutrinos; the latter is inde­
pendent of depth. 

The mysteries of nuclear effects — 
the absorption and scattering of pro­
ton decay products on their way out 
of the parent nucleus - were tackled 
by another Working Group. A l ­
though high energy physicists have 
already dealt wi th similar problems in 
the interpretation of neutrino data 
f rom heavy liquid bubble chambers, 
some uncertainties still remain in the 
calculations relevant to proton decay 
experiments. In particular, the ad­
vantages of detector size and event 
containment, achieved by building 
detectors of iron instead of lighter 
materials like water or scintillator, 
would be reduced if nuclear absorp­
tion effects were worse than antici­
pated. 

The scale and technical sophistica­
tion of underground detectors are 
now approaching those of accelera­
tor-based experiments, and initial 
discussions of the possible institu­
tionalization of underground labora­
tory support facilities in the US has 
begun. This fol lows the example 
f rom Italy where the Gran Sasso La­
boratory was recently approved. 
There was considerable debate 
among the Workshop participants 
about the advantages and disadvan­
tages of providing a multipurpose 

laboratory to accommodate a wide 
range of underground experimenta­
t ion. On the one hand, it is clear that a 
very large next-generation proton 
decay experiment will need technical 
support at the level normally found at 
accelerator laboratories; other, 
smaller experiments at the same site 
might benefit f rom having access to 
these facilities. On the other side, 
experiments differ considerably in 
their site requirements, and there are 
many good reasons for preserving 
the traditional free-wheeling inde­
pendence which has always charac­
terized underground experimenta­
t ion. 

One of the Working Groups dis­
cussed other physics which could be 
performed wi th proton decay detec­
tors themselves. The multiki loton, 
fine grained proton decay detectors 
now being considered, as well as 
those experiments already under 
way, will be able to study a number 
of very interesting topics which 
would otherwise involve difficult and 
expensive dedicated experiments. 
These include the use of cosmic ray 
muons to determine the primary 
cosmic ray composit ion, searches 
for neutron-antineutron oscillations, 
astrophysical neutrino sources, and 
magnetic monopoles. While dedi­
cated detectors would be optimized 
differently in most cases, proton de­
cay experiments will often be able to 
make significant contributions, wi th 
little additional investment of re­
sources. 

The uninhibited discussion of the 
full range of technical and political 
questions among the Workshop par­
ticipants proved to be extremely 
valuable. There was a remarkable 
degree of consensus on many tech­
nical issues, despite the differing ap­
proaches of the proponents of var­
ious detector techniques. The ques­
tion of how to build the next-genera­
tion detectors was substantially clar-
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ified at the Workshop and there was 
general agreement that the time has 
come to begin this undertaking. 

Aspen meeting looks 
at US programme 
The Division of Particles and Fields 
(DPF) of the American Physical So­
ciety has for some time been dis­
cussing how it could best contribute 
to long-range planning of the high 
energy physics programme in the 
USA. In recent years such issues 
have mainly been addressed via ad 
hoc committees set up as sub-panels 
of the High Energy Physics Advisory 
Panel (HEPAP), the most recent be­
ing the sub-panel chaired by George 
Trilling which reported to the Depart­
ment of Energy (DOE) earlier this 
year. 

The sub-panels have usually had to 
confront rather immediate problems 
and really long-range planning has 
not been their major concern. Also 
the sub-panels have understandably 
drawn most of their input from the 
national Laboratories and all com­
ponents of the high energy physics 
community in the country have not 
directly participated in the discus­
sions. These weaknesses were re­
cognized in the Trilling report which 
recommended greater DPF involve­
ment. 

The DPF, presently chaired by 
Charles Baltay, had already dis­
cussed the issues and had decided to 
have sessions on long-range plan­
ning but not to establish an 
independent planning committee in 
addition to those of DOE and the 
National Science Foundation. They 
have not yet decided whether to co-
sponsor a standing committee with 
DOE as opposed to the present ad 
hoc sub-panels. They did, however, 
decide to hold a summer study at 
Aspen in July. It was an open meet­

ing which attracted some 150 peo­
ple, about two-thirds of them being 
from the universities. 

The programme had two physics 
topics ('testing the standard model' 
and 'beyond the standard model') 
and two technology topics ('limits of 
accelerator technology' and 'novel 
detection techniques'). Under each 
heading, comparisons between dif­
ferent facilities were explored - lep-
ton-lepton colliders, lepton-hadron 
colliders, hadron-hadron colliders, 
fixed target machines, non-accelera­
tor facilities. There was no attempt 
to pull out decisions or make recom­
mendations but simply to provide a 
forum where people express their 
views on the various possibilities in 
high energy physics for the future. 
The following are some of the topics 
which stirred up particular interest. 

There could be a lot of interesting 
physics 'beyond the standard mod­
el' when moving to the 1 TeV energy 
range. For example Goldstone bo­
sons could start spilling out with 
masses of a few hundred GeV. High 
luminosity hadron colliders could 
then be important. The issue of 
whether detection systems could re­
ally cope efficiently with luminosities 
in the 1 0 3 3 per c m 2 per s region (so 
that low cross-section events could 
be sifted from many high multiplicity 
interactions) is not clear, however. 
There is optimism that better detec­
tors can be developed so that events 
happening in 10 ns time intervals can 
be separated, rather than the pre­
sently typical 200 ns intervals which 
would group some twenty events. 

Vertex detectors had a lot of advo­
cates as being important in many 
experiments. Such detectors getting 
as close as 1 cm to the interaction 
region with a spatial resolution of 10 
to 20 j im could be used to trigger on 
quark jets making jet mass spectro­
scopy possible. The vertex detec­
tors could help beat down the back­

ground of light quark jets. 
There was a lively discussion on 

non-accelerator experiments (such 
as the underground laboratory pro­
ton-decay searches) as a high preci­
sion, low energy test-bed for very 
high energy phenomena. It was sug­
gested that DOE might set up a com­
mittee to exafnine proposals for non-
accelerator experiments to help en­
sure a balanced allocation of re­
sources for experiments of this type 
(see previous story). 

A facility to allow high energy elec­
tron-positron physics received a lot 
of support. There was also a first 
serious discussion of about a very 
large machine, in the 20 TeV energy 
region. This has already been called 
'the Arizona machine' because it 
would need to be of very large dia­
meter and Arizona is a state with 
large tracts of Federally-owned land. 
One trigger for this discussion was a 
recent test at Fermilab of a 'super-
ferric' magnet, based on a concept of 
Bob Wilson and Leon Lederman. 

It was a cold-iron, superconduct­
ing magnet to provide a low field (for 
a superconducting magnet) of 2 T 
Construction and testing was done 
within a week with good results. The 
aim, in the context of a very large 
machine, is extreme simplicity to al­
low cheap mass production. 

The summer study was regarded 
as a success. It allowed wide partici­
pation in the discussions and it al­
lowed the people based in the Labor­
atories to talk about the broad pic­
ture of the future of high energy phy­
sics in the USA without being ob­
sessed by their own immediate pro­
grammes. It is probable that the ex­
ercise will be repeated in two years 
time. 
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People and things Watched by SLAC directors and group 
leaders, Dick Neal casts the first shovelful 
of earth to plant a tree on the occasion of 
his retirement as Director of SLAC's 
Technical Division. As well as being one 
of the originators of SLAC, Dick Neal has 
played a major role in the evolution of 
electron accelerator technology. The 
resultant reorganization at SLAC has already 
been announced (see September issue, 
page 285). 

(Photo Walter Zawojski) 

On people 

President Reagan has nominated 
Edward A. Knapp, head of Accel­
erator Technology Division at Los 
Alamos National Laboratory, to 
be an assistant director of the US 
National Science Foundation, with 
responsibility for the mathematical 
and physical sciences. He will take 
leave from Los Alamos to fulfill 
these new duties. 

Paris history colloquium 

Some two hundred delegates from 
several different countries met for 
the History of Particle Physics Col­
loquium held in Paris in the old 
Ecole Polytechnique building from 
21-23 July 1982 (see June issue, 
page 182). 

The Colloquium was devoted to 
a survey of the research and re­
sults achieved in the field between 

1930 and 1960. The organizers 
took the opportunity to invite 
speakers who were actually work­
ing at the time: E. Amaldi (weak 
interactions), M. Gell-Mann 
(strangeness), N. Kemmer (isospin), 
F. Reines (neutrinos up to 1960) 
and J. Schwinger (quantum elec­
trodynamics). 

Besides history, concepts and 
experimental discoveries, the Col­
loquium also highlighted the impor­
tance of instrumentation and scien­
tific institutions — two factors in 
scientific endeavour that often do 
not receive the recognition they 
deserve. 

Advances in science are of 
course closely connected with 
instrumentation development. The 
Wilson chamber, proportional 
chambers, Geiger-Muller counters, 
coincidence circuits and increas­
ingly sensitive emulsions were 
used in cosmic ray experiments. 

In turn, the use of particle acceler­
ators from 1950 onwards led to 
the development of new instrumen­
tation starting with the bubble 
chamber. 

The influence of institutions on 
scientific progress is often not fully 
appreciated. In the case of particle 
physics, however, it can be clearly 
observed. Particle physics started 
as a lightweight science — E. Gold-
wasser recalled how Lawrence 
built his second cyclotron for 800 
dollars. But necessity together with 
the example of the Manhattan pro­
ject (mentioned by S. Weart 
among others), caused it to be­
come a heavyweight. Accordingly, 
new institutions came into being. 

All these activities and their his­
tory were discussed at a round 
table with E. Amadi, E. Gold-
wasser, A. Messiah, V. Weisskopf 
and Y. Yamaguchi. In this context 
Pierre Auger described the pre-
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British Prime Minister Margaret Thatcher 
visited CERN on 12 August. She saw 
developments for LEP and visited the UA 1 
proton-antiproton experiment in the SPS 
ring. She is seen below accompanied by 
Director General Herwig Schopper (right), 
and UA 1 experiment co-spokesman Alan 
Astbury. However this was not the first 
time Mrs. Thatcher has visited CERN. As 
Minister for Education and Science, she 
came in 1970, when she was given 
explanations by Peter Standley (photo right). 

(Photos CERN 116.8.82 and 399.9.70) 

history of CERN (to which he made 
an important contribution) and 
gave some humorous advice to 
anyone thinking like him of setting 
up an international laboratory, in 
case history could repeat itself. 

Physicists, including the younger 
generation, manifested a keen in­
terest in the Colloquium. The talks 
and debates were well attended 
and there was a lot of discussion 
between sessions. A summary of 
the proceedings will be published 
soon. 

USA/Japan Committee 

The fourth meeting of the USA/ 
Japan Committee on High Energy 
Physics was held on 24-25 May 
in the Fuji Institute of Education 
and Training in the foothills of Mt. 
Fuji. 

J. Leiss, Director of the Office 
of High Energy and Nuclear Physics 

of the US Department of Energy 
(DOE), and T. Nishikawa, Director 
of the Japanese KEK Laboratory, 
were co-chairmen, as they have 
been since the first meeting follow­
ing the signing of the original ar­
rangement between DOE and the 
Japanese Ministry of Education, 
Science and Culture. The Arrange­
ment falls under the general Agree­
ment of Cooperation in Research 
and Development in Energy and 
Related Fields, drawn up by the 
two nations in May 1979. 

Other members of the committee 
who attended the fourth meeting 
were D. Jackson, L. Lederman, 
W. Panofsky, N. Samios, G. Shige-
to, T. Fuji, T. Kitagaki, G. Takeda 
and K. Kikuchi. In addition B. Hilde-
brand, R. Schwitters and S. Ozaki 
participated. 

T. Nishikawa remarked on four 
years of excellent cooperation 
which have led to many fruitful 

results. He commented that, at the 
time when the programme for the 
first five years was discussed, it 
was agreed that plans for the se­
cond five years would be drawn 
up on the basis of experience, re­
sults and prospects. He noted that 
the time has come to assess the 
scope for further effective collabo­
ration with funding which cannot 
be overly optimistic because of 
the worldwide economic situation. 

J. Leiss quoted from the philo­
sophy of the founder of the Fuji 
Institute — 'to train a man to think 
big, he must be trained in an open 
and free environment in the bosom 
of Mother Nature. From this view­
point the foot of Mt. Fuji is an ideal 
environment'. Leiss said that major 
experimental research and devel­
opment progress in Japan is play­
ing an important role in advancing 
high energy physics. He suggested 
that it was an appropriate time to 
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Signing the record of the fourth meeting 
of the US/Japan Committee on High Energy 
Physics. Left to right, S. Ozaki, 
T. Nishikawa, J. Leiss and B. Hildebrand. 
Mount Fuji is visible in the background. For 
how the crossed Japanese and US flags 
made it to the top of Mount Fuji see 
page 310. 

consider broadening the scope of 
collaboration to include joint con­
struction and exploitation of unique 
facilities and added that the time 
was ripe to initiate a joint study. 

Reports on thirteen cooperative 
experiments at Brookhaven, Fer­
milab, KEK and Stanford were 
made by Japanese spokesmen. 

US members commented on the 
reports and appreciated the import­
ant role of the US/Japan pro­
gramme. D. Jackson described the 
progress of the Time Projection 
Chamber project and plans for a 
possible Berkeley participation in 
the TOPAZ collaboration at KEK's 
TRISTAN collider. 

After these presentations the 
committee agreed on the 1982 
programme, for which about 150 
million yen was allocated, and on 
the budget request for financial 
year 1983. 

The following sessions covered 

cooperation during the second five-
year period. The Committee agreed 
upon the importance of continuing 
the agreement and recognized that 
the research is in a particularly 
exciting period. The Japanese 
mentioned that a considerable in­
crease of the funding for the se­
cond five years might be difficult 
to achieve and, since TRISTAN 
construction is under way, the lim­
ited Japanese manpower would 
also make it difficult to initiate a 
new large scale project. The Amer­
icans expressed a strong view that 
the second five years should be 
approached with optimism. They 
agreed that the arrival of TRISTAN 
changed the traditional pattern but 
that the option of substantial joint 
undertakings should not be over­
looked. Both sides agreed to ap­
point a sub-committee with three 
members from each country to 
make recommendations in January 

1983 on cooperation for the period 
1984-1988. 

The next meeting will be held at 
Brookhaven around May 1983. 

Meetings 

Earlier this year, a seminar entitled 
Trends in Particle Acceleration 
Techniques' was held in Capri, Ita­
ly. As well as examining the va­
rious possibilities for reaching high­
er energies, the meeting also dis­
cussed the specific requirements 
of the Italian education system to 
ensure the future health of accel­
erator physics. The proceedings 
of the seminar are to be published 
and will be available from V.G. 
Vaccaro, Istituto Elettrotecnico, 
Via Claudio 21, 80125 Naples, 
Italy. 

The 1983 Particle Accelerator Con­
ference on Accelerator Engineering 
and Technology will be held from 
21-23 March at Santa Fe, New 
Mexico, organized by Los Alamos 
National Laboratory. Further infor­
mation from the arrangements 
chairman, G.A. Sawyer, Los Ala­
mos National Laboratory, A T-DO, 
MS-H811, Los Alamos, New Mex­
ico 87545, USA. 

SPS Fixed Target Physics 
Workshop 

A Workshop on SPS Fixed Target 
Physics for the years 1984-89 will 
be held at CERN from 6-10 Decem­
ber. 

The CERN Management and the 
SPS Experiments Committee felt 
that it would be useful now, when 
the first generation of SPS experi­
ments has just been completed, 
the SPS has started operation as 
proton-antiproton collider, LEP 
construction is going ahead, and 
the closure of the ISR planned, to 
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TOPIC CONVENER 
Neutrino Physics D. Haidt DESY-Hamburg 
Muon Physics J.J. Aubert CPPM-Marseille 
New Particles and Decays L. Foa Pisa 
Hadron Physics D. Treille CERN 
Nuclear Beams and Targets W. Willis CERN 

1. Mannelli (CERN) will co-ordinate the organization of the workshop. 

review the SPS fixed target pro­
gramme. Thus a workshop is being 
organized to give people an oppor­
tunity to bring forward proposals, 
ideas and opinions for the SPS 
fixed target programme in the 
years 1984-89. The results of the 
workshop will provide some guid­
ance for the most effective alloca­
tion of resources to the various 
activities at CERN, by showing the 
way the SPS fixed target pro­
gramme can lead to new physics, 
and by demonstrating how it can 
face the challenge of the Fermilab 
Tevatron and competition with the 
proton-antiproton colliders. 

For convenience, there will be 
a subdivision into five main topics, 
and one convener has been ap­
pointed for each. He will take care 
of the organization of the respec­
tive sessions and will report the 
pertinent results in a summary talk 
during the concluding session on 
10 December. 

For those topics which would 
imply changes to the machine or 
new modes of operation, working 
groups will be set up to stimulate 
the necessary contacts and pro­
mote feedback. 

All interested physicists — the­
orists as well as experimentalists 
— are invited to get in touch with 
one (or several) of the conveners, 
or with I. Mannelli, so that the 
workshop can be organized keep­
ing in mind their suggestions and 
expressions of interest. The pro­

gramme is expected to be subdiv­
ided into plenary sessions (gener­
ally in the morning), during which 
the main lines of possible research, 
including theoretical reviews, will 
be presented, and into parallel ses­
sions for more detailed discus­
sions, shaping up of proposals, 
etc. Due to the limited duration of 
the workshop Jt is clear that much 
work will have to be done ahead 
of time within specialized working 
groups. It is also planned to organ­
ize some special topical theory 
seminars. This preparatory work 
will of course represent a basic 
input to the plenary sessions. 

Participation is open to all inter­
ested physicists; however, in order 
to help with the practical aspects 
of the workshop's organization, 
interested participants are re­
quested to register as early as 
possible with Mrs. A.M. Bugge, 
DG Division, CERN, stating the 
period of attendance and their main 
field of interest. There will be no 
registration fee. 

Neutral currents and neutrons 

Data from recent deuterium fills of 
the BEBC bubble chamber at CERN 
and the Fermilab 15 foot chamber, 
exposed to wideband neutrino 
beams, has provided information 
on the coupling of the weak neutral 
current to neutrons. The results 
are in tune with electroweak pre­
dictions. 

The standard electroweak theo­
ry, combined with knowledge of 
quark density distributions from 
earlier experiments, predicts the 
relative levels of neutrino-proton 
and neutrino-neutron neutral cur­
rent events. 

The Fermilab sample (Illinois 
Tech / Maryland / Stony Brook / 
Tohuko / Tufts) contained 264 
neutrino-neutron and 260 neutrino-
proton neutral current events. In 
the same film, 1188 charged cur­
rent interactions on neutrons and 
536 on protons were obtained. 
The CERN sample (Amsterdam / 
Bergen / Bologna / Padua / Pisa / 
Saclay / Turin) gave 3455, 2554, 
3421 and 1899 events respective­
ly for the same classes of interac­
tion. 

At SLAC, the annual theorists ver­
sus experimentalists softball game 
resulted for only the second time 
in history in a win for the theorists, 
so confirming that the previous 
theory victory in 1974 was no 
flash in the pan. 

Gas sampling 

A workshop on gas sampling calo-
rimetry will be held at Fermilab on 
28-29 October. More information 
from M. Atac at Fermilab. 
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SI VOUS PENSEZ A L fACHAT D'UN NOU-
VEAU CONTROLEUR UNIVERSEL, IL S'AGIT 

DE FAIRE LE BON CHOIX. APRES TOUT, VOTRE 
DECISION VOUS FIXERA PENDANT QUELQUES AN-

NEES. VOS CRITERES DE SELECTION PORTERONT 
SUR LA QUALITE, LA CLAS-
SE DE PRECISION.... 
. . . .ET LE MANIEMENT 
DE L fINSTRUMENT. 
LE TYPE D ! AFFICHA­
GE, LA SECURITE, 
LES CALIBRES ET -
BIEN ENTENDU - LE 
RAPPORT PRIX/PER­
FORMANCE. 
UNE FOIS ARRIVE A 
CE POINT, LE MO­
MENT EST VENU: DE-
MANDEZ LA DOCU­
MENTATION CHAUVIN 
ARNOUX. LA GAMME EST 

IMPORTANTE. POUR QUE 
VOUS PUISSIEZ FAIRE 

LE BON CHOIX. 

MULTIMETRES 

Societe anonyme 

Rue de I'Hopital 12 - 2501 Bienne 
Tel. 032 223 223 Telex 34 222 preci ch 

Exemples du programme: 
CONPA (haut, a gauche): multimetre de precision, 
affichage LCD (-1999) hauteur des signes 17 mm; 
24 calibres; un seul commutateur; adaptateurs tem­
perature, lux, frequence; protection par fusibles 
HPC; grande autonomic sur pile. 
DIGICONTROLE (haut, a droite): multimetre de 
precision, affichage LED (±19999), hauteur des 
signes 11mm; 24 calibres, un seul commutateur; 
fonctionnement sur accus ou reseau. 
MONOC (bas, a gauche): multimetre classique pour 
le praticien; 19 calibres; fiabilite et robustesse 
exceptionnelles; maniement avec une seule main. 
Type 771: multimetre classique avec 35 calibres; 
applications nombreuses; prix economique. 

Advertisements in CERN COURIER 
Format A4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

7i 
1 / 2 

7 4 

Actual size (mm) 
w id th by height 

185x265 
185x130 

90x265 
90x130 

Cost per insert ion (Swiss Francs) 

insert ion 

1550 
850 
480 

3 
insert ions 

1500 
820 
450 

1450 
800 
430 

10 
insert ions 

1350 
750 
410 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive-films and copy 

1450 SwF 

1750SwF 
2250 SwF 
1 st of month of cover date: 

1 st of month preceding cover date 
The cost of making films and of 
translation for advertisements are 
charged in Addition. 

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advertisements cancelled after 1 st 
of month preceding cover date will 
be invoiced. 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1 982. 

All enquiries to: 
Micheline FALCIOLA/CERN COURIER-CERN 
CH-1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 

Louis Schleif fer SA 
SCHWIZERSTR. 24 CH-8610 USTER 

'scWeifferW TELEPHONE O 1 / 9 4 0 21 51 TELEX 52815 

I I a ete admis que... 
... exterieurement, les sondes de temperature se ressemblent comme 
les oeufs. 
II y a par contre des differences frappantes dans leur construction et 
leur comportement. 

Les sondes de temperature de notre production captent des tempera­
tures de - 2 0 0 jusqu'a + 2 2 0 0 ° C en toute finesse. 
Elles sont indispensables en fabrication, pour le developpement et le 
laboratoire, dans les conduites de processus, etc., dans tous les 
domaines industriels. Le savoir-faire de notre appareil de production — 
grace au choix judicieux des materiaux et a une fabrication soignee — 
est determinant pour la precision de la mesure et pour la duree de vie 
des sondes de temperature. 
Nous fabriquons et fournissons des thermometres a resistance, des 
thermocouples, des resistances de mesure, des thermo-elements, des 
tetes de raccordement, des lignes de compensation, des ceramiques 
d'oxydes et des ceramiques metallisees. 

S O N D E S DE T E M P E R A T U R E S DE T O U S T Y P E S , 
APPAREILS DE MESURE ET A C C E S S O I R E S 

2 separateurs electrostatiques 
de 9 m d'electrodes 

et 1 de 3 m 
s o n t d i s p o n i b l e s . 

2 electrostatic separators 
of 9 m length electrodes 

and one of 3 m length electrodes 
a r e a v a i l a b l e . 

CERN - Division PS 
C H - 1 2 1 1 Geneve 2 3 

L Danloy - Tel . 0 2 2 8 3 2 6 2 5 
Telex 2 3 6 9 8 CH 
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NKT-a qualified 
supplier of cables 
and equipment for 
telecommunication 

Telephone Cables and Wires 
Optical Fibre Cables • Optical Communication Systems 
Flexible Multicore Cables 
Video Transmission Cables 
CATV Cables 

NKT is a Danish group of companies experienced in high 
quality manufacture of an extensive range of products 
serving utility corporations, electronic and electrotechnical 
industries, as well as building and construction industry. 
An important sector of the group are the cable divisions, 
offering products from the finest wires to the heaviest 
telecommunication cables and high tension XLPE cables. 
A completely integrated production of optical fibre cables 
combined with electronic equipment for optical systems 
underline our strive to keep up with technology's latest 
landmarks. 

Telecommunication Cables 
7, La Cours Vej • DK 2000 Copenhagen F 

Telephone +45 1 87 12 34 • Telex 27121 nkt dk 

€l€CTROMRGN€TISM 
Paths to Research 

edited by Doris Teplltz 
Introduces the graduate-level student to important specialties in research 
physics, presenting applications to astrophysics, biophysics, low-
temperature physics, plasma physics, and other areas, and treating such 
problems in the foundations of electromagnetic theory as classical electron 
theory and magnetic monopoles. Annotated bibliographies, problems, 
glossaries, and an appendix are included, making this book an ideal 
text 
approx. 375 pp., illus., 1982 $55.00 ($66.00 outside US & Canada) 
text adoption price on orders of six or more copies: $32.50 

INTRODUCTION TO TH€ THCORV OF 
lflS€R-ATOM INTCRflCTIONS 

by Marvin H. Mittleman 
The City College oP the City University of Neuu York 

Written to be accessible to students with a knowledge of elementary 
quantum mechanics, this volume covers the'background material neces­
sary for understanding the theory of laser-atom interactions. A wide range 
of topics in atomic physics as modified by lasers, with particular emphasis 
upon scattering and reactions, is included, fin ideal textbook for the gradu­
ate student as well as a good reference for the professional. A volume in 
Physics of Atoms and Molecules. 
approx. 205 pp., illus., 1982 $35.00 ($42.00 outside US & Canada) 

MINIATURIZATION OF HIGH-CNCRGV 
PHYSICS D€T€CTORS 

edited by fl. Stefanini 
INFN Sezioni di Pisa, Italy 

Provides a panoramic view of the new technology that is reducing the size 
of some of the gigantic equipment used in detecting elementary particles. 
Assesses recent developments and trends that promise to reduce costs 
and thereby increase opportunities for more fundamental research in high-
energy physics. Volume 14 in the €ttore Majorana International Science 
Series—Physical Sciences. 
256 pp. + index, illus., 1982 $39.50 ($47.40 outside US & Canada) 

MRNV-PRRTICLC PHYSICS 
by Gerald D. Mohan 

Indiana University, Bloomington 
" . . . should serve as a valuable contribution to the library of students and 
researchers in solid state and theoretical physics." 

—Philosophical Magazines 
Offers a systematic appraisal of theoretical descriptions in the field, em­
ploying Green's functions and the equations derived to solve real physical 
problems. A volume in Physics of Solids and Uquids. 
1,018 pp., illus., 1981 $85.00 ($102.00 outside US & Canada) 
text adoption price on orders of six or more copies: $50.00 

• THE LANGUAGE OF SCIENCE Plenum 
PUBLISHING CORPORATION 

233 Spring Street Neuu Vork N.V. 10013 
In United Kingdom: 88/90 Middlesex Street 

London €1 7€Z, €ngland 
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IL MURO DEL 
FUOCO 

II fuoco e sempre d'attualita. 
Pud provocare grossi problem! a cavi di vitale importanza 

in gallerie ferroviarie, metropolitane, autostradali, 
cinema, teatri, musei, alberghi, ospedali, scuole, 

per attrezzature, impianti e macchinari delicati e costosi. 
Pensiamo alia sicurezza di persone e cose. 

Abbiamo vinto il fuoco con una nuova linea di cavi: 
FP 200, Afumex® Retox® 

FP 200 continua a funzionare anche nel fuoco, consentendo 
I'alimentazione di luci di sicurezza, allarmi, apparecchiature antincendio. 

Afumex® non propaga I'incendio, 
non emette fumo e gas tossici e quindi non causa 

panico e danni alle persone. 
Retox® non propaga I'incendio e anche se emette fumo 

riduce notevolmente I'emissione di sostanze corrosive, evitando 
gravi danni alle attrezzature e agli impianti. 

Societa Cavi Pirelli spa 



NEW 
precision photomultiplier tubes 

for high energy physics 

mmm 

HEMISPHERICAL P M T ' s -
1/2 " t o 2 0 " DIAMETER. 
These PMT's provide good 
quantum efficiency, cathode 
uniformity t iming character­
istics and light acceptance 
significantly greater than 
2 n solid angle. The cost 
per unit of cathode area is 
very economical, approxi­
mately $0.50 per c m 2 on 
large tubes. 

ANGLE (Degrees) 

R1246X-Fast Response 1.6ns Rise Time PMT. 
Bialkali 2 " , 14 stages Sb-Cs head-on photo-
multiplier tube for high energy physics. 
Spectral response 300-700nm. 

Typical Spectral Response 
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OFR1391X 
calculated 

R 1 2 6 2 - A GaAsP high gain first dinode PMT 
capable of excellent single and multi-photon 
discrimination. 

Single Photon PHD 

+ 3 

Photo Counts: 2700cps 
Dark Counts: 50cps 
Supply Voltage: 1850V 
Light Source: 400nm 

4 6 10 20 40 100 200 
Anode Peak Current (mA) 

Photo Counts: 9000cps 
- Dark Cou nts: SOOcps 
Supply Voltage: 1850V 

"Light Source: Green LED 

R1635 —Compact 
10mm PMT. 
Uses 35% of the cubic 
space required by a 1 / 2 " 
tube. Fast response, 
good coincident t iming, 
excellent for low light 
level detection where 
space is l imited. 

R1564X— Proximity MicroChannel Plate PMT. 
For use in high magnetic field environments requiring 
magnetic field immunity and high speed response 
such as in hodoscopes and for decay t ime fluores­
cence measurement. The R1564 provides 200 pico­
second rise t ime plus excel lent gain stability to 10- 1 

coulomb accumulated 
charge and beyond. 

200 400 600 800 
Pulse Height (Channel Number) 

SER1PL NO. 5 
SUPPLf V0L70GE -3€00 
FUHH 
FUTn 

Take advantage of Hamamatsu's state-of-the-art hemispherical photomult ipl ier tubes for 
precise detect ion of Cerenkov light in proton decay or neutrino-type experiments. Use 
our more traditional end-on PMT's in calorimeter, hodoscope and plasma applications. 

CALL OR WRITE FOR LITERATURE 

H A M A M A T S U 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 
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RACK COOLER 19" - COLDRAK ® 

X 

Specially built for cooling of racks for telecommunica­
tion and electronic equipment. 
For cooling wi th water, brine or direct expansion. 
High cooling performance up to 10 kW, according to 
operating conditions. 
High efficiency as no losses through condensation. 
Simple setting-up wi th standardized dimensions of 
cooler and rack. 
High air f low and external static pressure, assuring an 
equal distribution over the whole rack. 
Safe operation condit ions wi th use of best quality 
components and electronic controls. 
Swiss made. 

APPELSA APPLICATIONS ELECTRIQUES S.A. 
Rue du Stand 20, 1211 Geneva, 0 (022) 29 46 22 

Telex Nr. 422 472 
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LetHarshaw 
throw you a new curve. 

0 4 O S 0 8 I Z 
P h o t o n E n e r g y {MeVl 

The Bismuth Germanate Scintillator. 
This special high-Z crystal has the highest 

stopping power and lowest afterglow of any 
commercially produced scintillator. 

Non-hygroscopic Harshaw BGO simplifies 
handling and equipment. It eliminates the complexities 
and size increases of hermetically sealed housing 
required in Nal (Tl) scintillators. 

Low afterglow performance, high-Z, and ease 
of handling make BGO ideal for industrial density 
gauging applications. The afterglow of a BGO 
scintillator is typically +.005% within 3 ms. 

BGO is suitable for pulse counting applications 
because of its high photopeak efficiency excellent 

Photopeak Efficiency p e ak - to -Compton ratio and 
acceptable pulse-height 
resolution. For instance, it takes 
8.5 cm. of BGO compared to 
13.4 cm. Nal (Tl) to attenuate 
99% of incident 511 KeV 
gamma ray 

For performance specifications on 
efficient, rugged Harshaw BGO, call or write us. 
We re The Harshaw Chemical Company, Crystal & 
Electronic Products, International Operations, 
1945 East 97th Street, Cleveland, Ohio 44106 U.S.A. 
(216) 721-8300. Telex: 98-5457. Cable: 
Harshaw — Cleveland. 

CHANNEL NUMBER 

Photon energy curve reprinted from "Gamma-Ray Response of a 38-mm Bis­
muth Germanate Scintillator", paper No. 2C-2, 1979 IEEE Nuclear Science 
Symposium, by Albert E. Evans, Jr. 
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W.W. PISCHER i 
CH -1143 Apples 

Telephone 021/77 3711 
Telex 24 259 fisch - ch 
Switzerland 

FISCHER electric connectors with 
self-locking satisfy the most exacting 
requirements of modern technolo­
gies, such as nuclear research, 
atomic energy, space research, etc. 
Their main characteristics are: 
- robust construction and 

high precision 
- dependable operation, self-locking 
- simple keying 
- simple and trouble-free mounting 
- reliable positioning on different 

elements guaranteed by two 
half-shell shaped metallic guides 

- high quality insulation, 
normally of P.T.F.E. 

- pressure tight and high vacuum 
sealed designs 

- sealed models resistant to 
radiation up to 1 0 8 Rad. and 
temperatures from 
- 60 to + 1 50 °C 

- construction with ceramic 
insulating material resistant to 
radiation and to high temperatures 

- special connectors for 
thermocouples 

FISCHER connectors with self-
locking can now be supplied in 8 
different sizes and come in a very 
wide range: 
- coaxial connectors for 

high frequencies 
- coaxial connectors for 

high voltages 
- multiple connectors 
- multiple connectors for 

high voltages 
- compound connectors: 

high frequency and low voltage 
- connectors for thermocouples 
- connectors for Camac-Modules 

Certain connectors for thermo­
couples can be supplied with con­
tacts of special materials, e.g. 
chromel, alumel, iron, constantan, 
copper, etc. 

Rapid and reliable construction of 
special connectors. 

50 OHM MULTICOAXIAL CONNECTOR 

Residual leakage: Connectors with CERAMIC insulating 
< 10-9 m bar. I. sec.-1 material resistant to radiation and to 

high temperatures 



XP2008 
and XP 2012 
contribute in UA1 and UA2 
pp CERN experiments with 

Stability 
Linearity 
BBQity 
Consistency 
Resolution 
Economy 

A complete range of modern PMTsfor industry and physics 

PMT 
cathode number 

of 
stages 

stability pulse 
linearity 

(mA) 

resolution 
1 3 7 Cs 

(%) 

PMT 
0 

(mm) 
type 

number 
of 

stages 16h/0,3uA 
(%) 

1-0,1uA 
(%) 

pulse 
linearity 

(mA) 

resolution 
1 3 7 Cs 

(%) 

XP2008 32 superA 10 1 1 200 8 
XP2012 32 bialkali 10 1 1 200 7,2 
XP2202 44 bialkali 10 1 1 200 7,4 
XP2212 44 bialkali 12 1 1 250 7,5 
XP2030 70 bialkali 10VB 0,5 0,8 40*) 7,2 
XP2050 110 bialkali 10VB 1 1 40*) 7,5 

*) with a specially tailored bleeder 

Matching the BBQ emission 
spectrum (BBQity), these PMTs 

meet the most critical parameter 
for system resolution: GAIN STABILITY. 

Philips Industries, 
Electronic Components 

mM« - _ - - _ m m m and Materials Division, 

We've set the standard for over 20 years Eindhoven, The Netherlands 

PHILIPS Electronic 
Components 
and Materials 

CERN Courier, October 1982 
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C O M I N G S O O N 
Look for FASTBUS interface capa­
bility from Kinetic Systems with these 
new FASTBUS products now under 
development: 

• Active Segment Extender 

• Segment Display Module 

• Register and Scaler Modules 

• Test and Data Storage Modules 

• Data Filter and Processing Modules 

Watch for more information. 

our powerful 
CAMAC highway drivers 

This series of CAMAC highway drivers provides an efficient interface between a 
CAMAC highway and your host computer. Offering you the option of both serial 
or parallel highway interfaces, these drivers can be used in a variety of applications 
requiring distributed control, high-speed communication, or data acquisition. Com­
patible software includes device drivers and FORTRAN-callable subroutines to 
support transparent communication between your computer and the remote crates. 

HIGHWAY OPTIONS 

Serial highway driver 

Parallel highway driver 
Combined serial/parallel highway 

drivers 
COMPUTER INTERFACES 

Digital PDP-11, LSI-11, and VAX 
Systems 32 
Modcomp II , I I I , IV, and Classic 
Hewlett-Packard 1000 and 2100 

FEATURES 

Offers D-port and U-port options 
for serial highway conditioning 

Supports single command, Q-Scan, 
Q-Stop, Burst, and Execute List 
modes with full DMA 

Controls up to 7 parallel and/or 62 
serial highway crates 

Includes automatic error recovery 

Provides FIFO storage for up to 64 
serial Demand messages 

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

c 3 ^ e Kinetic Systems International S.A. 
Dept. 102 * 3 ChemindeTavernay * 1218Geneva,Switzerland * Tel . ( 0 2 2 ) 9 8 4 4 4 5 * Te lex289622 
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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