
CERn COURIER 
International Journal of High Energy Physics 



L a b o r a t o r y c o r r e s p o n d e n t s : 

A r g o n n e N a t i o n a l L a b o r a t o r y , U S A 
W . R. D i t z le r 

B r o o k h a v e n N a t i o n a l L a b o r a t o r y , U S A 
N. V. B a g g e t t 

C o r n e l l U n i v e r s i t y , U S A 
D. G. Casse l 

D a r e s b u r y L a b o r a t o r y , U K 
V. Su t le r 

D E S Y L a b o r a t o r y , Fed. Rep. o f G e r m a n y 
P. W a l o s c h e k 

F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y , U S A 
R. A . C a r r i g a n 

K f K K a r l s r u h e , Fed. Rep. o f G e r m a n y 
M . K u n t z e 

GS I D a r m s t a d t , Fed . Rep. o f G e r m a n y 
H. P r a n g e 

I N F N , I ta ly 
M . G ig l i a re l l i F i u m i 

Ins t i tu te o f H igh Energy Phys ics , 
Pek ing , Ch ina 

T u T u n g - s h e n g 
J INR Dubna , USSR 

V. S a n d u k o v s k y 
KEK Nat iona l Labora to ry , J a p a n 

K. K ikuch i 
L a w r e n c e Berkeley Labora to ry , U S A 

W . Car i thers 
Los A l a m o s Nat iona l Labora to ry , U S A 

0 . B. van D y c k 
Novos ib i r sk Ins t i tu te , USSR 

V. Balakin 
Orsay Labora to ry , France 

A n n e - M a r i e Lutz 
Ru the r fo rd A p p l e t o n Labora to ry , U K 

D. C ragg 
Sac lay Labora to ry , France 

A . Zy lbe rs te jn 
S IN V i l l i gen , Sw i t ze r l and 

J . F. C r a w f o r d 
S t a n f o r d L inear Acce le ra to r Center , U S A 

L Kel ler 
T R I U M F Labora to ry , Canada 

M . K. C r a d d o c k 

Cop ies are avai lable o n reques t f r o m : 
Federal Republ ic o f G e r m a n y — 

Gerda v. Sch len the r 
DESY, No tkes t r . 8 5 , 2 0 0 0 H a m b u r g 5 2 

I taly — 
INFN, Casel la Posta le 5 6 
0 0 0 4 4 Frascat i 
R o m a 

U n i t e d K i n g d o m — 
El izabeth M a r s h 
Ru the r fo rd A p p l e t o n Labora to ry , Ch i l t on , 
D i d c o t 
Ox fo rdsh i re 0X11 OQX 

U S A / C a n a d a — 
M a r g a r e t Pearson 
Fermi lab, P. 0 . Box 5 0 0 , Batav ia 
I l l inois 6 0 5 1 0 

Genera l d i s t r i bu t i on — 
M o n i k a W i l s o n 
CERN, 1211 Geneva 2 3 , S w i t z e r l a n d 

CERN COURIER is pub l i shed t e n t i m e s year ly 
in Engl ish a n d French ed i t ions . T h e v i e w s 
exp ressed in t h e Jou rna l are n o t necessar i ly 
t h o s e o f t h e CERN m a n a g e m e n t . 

Pr in ted b y : Presses Cent ra les S.A. 
1 0 0 2 Lausanne, S w i t z e r l a n d 

Pub l i shed b y : 

European Labora to ry f o r Part ic le Phys ics 
CERN, 1211 Geneva 2 3 , S w i t z e r l a n d 
Te l . ( 0 2 2 ) 8 3 6111 , Telex 2 3 6 9 8 
(CERN COURIER on l y Tel . ( 0 2 2 ) 8 3 41 0 3 ) 
U S A : Con t ro l l ed C i rcu la t ion 
Pos tage pa id at Batavia, I l l inois 

CERn COURIER 
In ternat iona l Journa l of t h e H i g h Energy Physics C o m m u n i t y 

Editors: Brian Southworth, Gordon Fraser, Henri-Luc Felder (French edition) / 
Advertisements: Micheline Falciola / Advisory Panel: J. Prentki (Chairman), 
J. Allaby, J. Cronin, K. Hiibner, E. L i l lest0l 

VOLUME 23 N° 10 DECEMBER 1983 

Innovative instrumentation 415 
A survey of detector research and development 

Around the Laboratories 

CERN: First results from LEAR/Charmonium from antiprotons/Well 
behaved hyperons/Accelerator School successfully launched . . . . 416 

Initial low energy antiproton data/Gas jet target at ISR/Weak 
decays accord with theory/Machine specialists in the class
room 

CERN/FRASCATI: Searching for gravity waves 420 
Unexplained signals 

CERN/USSR: Heavy neutrals 421 
New results from European/Soviet collaboration 

DESY: ARGUS drifts in 422 
Upsilon spectroscopy and F mesons 

STANFORD: Nuclear physics at SLAC 424 
New injector for big linac 

RUTHERFORD: Project UNIVERSE 425 
Imaginative data communications experiment 

MICHIGAN: Superconducting cyclotron completes first running 
period 425 

World's first cryogenic cyclotron performing well 

Physics monitor 

Quark matter 428 
Brookhaven meeting on high energy nuclear collisions 

TPC Workshop 430 
Meeting on time projection chambers 

Nobel Prizes 431 
Stellar evolution the theme of 1983 awards 

People and things . \ 432 

Cover photograph: DELPHI at Delphi. Tom Ypsilantis addresses some 
members of the 300-strong DELPHI (DEtector with Lepton, Photon and 
Hadron Identification) collaboration for an experiment at CERN's new LEP 
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Innovative instrumentation 

At this year's particle physics con
ference at Brighton (see October is
sue, pages 303-11), a parallel ses
sion was given over to instrumenta
tion and detector development. 
While this work is vital to the health 
of research and its continued pro
gress, its share of prime international 
conference time is limited. 

At Brighton, Bernard Hyams of 
CERN was given the task of picking 
out themes and highlights from the 
mass of contributed material. In his 
one-hour talk, he addressed himself 
to theoreticians and phenomenolog-
ists, assuming that instrumentation 
specialists would already be aware 
of most of what he had to say. 

Instrumentation can be innovative 
three times — first when a new idea 
is outlined, secondly when it is 
shown to be feasible, and finally 
when it becomes productive in a real 
experiment, amassing useful data 
rather than operational experience. 
Hyams'examples showed that it can 
take a long time for a new idea to 
filter through these successive 
stages, if it ever makes it at all! 

Track measurement 

For measuring the tracks of 
charged particles, the main activity 
on the floor these days is with drift 
chambers. These are now well 
understood, but new developments, 
such as the vertex detectors for the 
Mark II experiment at SLAC's PEP 
ring and the TASSO experiment at 
DESY's PETRA ring, concentrate on 
improving the track resolution in the 
continuing hunt for short-lived parti
cles. 

The particles (tau meson, heavy 
flavours) now being sought have 
short lifetimes which test experi
menters' ingenuity to the full. Using 
drift chambers, the precision is at 
best 100 microns and close tracks 
can be clearly distinguished only if 

Model of part of an underground area for 
an experiment at CERN's new LEP machine. 
With LEP now under construction, the 
requirements for new detection techniques 
are as intense as ever. 

(Photo CERN 174.10.83) 

their separation exceeds a few milli
metres. This is barely sufficient for 
rare particle hunting. 

Once the workhorse of particle de
tection, bubble chambers have been 
declared dead repeatedly. 'However 
they continue to expand,' declared 
Hyams. The tiny track lengths being 
sought in experiments (such as 
measurements of the charm lifetime) 
test conventional technology, and 
holography is now an attractive pro
position. Small holographic bubble 
chambers are working, and large-
scale applications for neutrino phy
sics look possible (see October is
sue, page 317). Both BEBC at CERN 
and a 1 m chamber at Fermilab have 
achieved 50 micron bubble images. 

Another holographic possibility 
has been pointed out by a Munich / 
CERN group, which has probed 60 
micron distances using holograms in 
a tiny streamer chamber. This may 
have a future since streamer cham

bers, unlike bubble chambers, have 
already been used in colliding beam 
experiments. 

Silicon strips were first used twen
ty years ago, but only recently has a 
particle physics experiment used the 
method in practice (see March 1982 
issue, page 47). Charm lifetime 
measurements are now benefitting 
from this technique. With a spatial 
precision of some 5 microns and a 
track resolution of 100 microns, they 
offer a tenfold improvement over 
drift chambers, and work at higher 
rates. 

Charged coupled devices have 
been developed for television camer
as and other optical imaging applica
tions. Applications for particle phy
sics are being actively investigated 
(see June 1982 issue, page 179). 
Beam tests have shown a spatial 
accuracy of 5 microns and a resolu
tion of 40 microns. 

Other innovative tracking tech-
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Around 

niques being currently investigated 
(though not yet in production sys
tems) include silicon drift chambers, 
and scintillating optical fibres. 

Velocity measurement 

Velocity measurements are im
portant for particle identification. 
While conventional ionization instru
ments seem to be reaching their opti
mal performance. Ring Imaging Cher-
enkov counters (RICH), first pro
posed 25 years ago, are now emerg
ing as a serious alternative. Several 
such counters have been built (Ex
periment 603 at Fermilab and a Ser
pukhov instrument described in the 
November issue, page 384). Their 
ability to distinguish between high 
energy pions and kaons is impres
sive. 

Various methods are used to 
image the detecting rings, including 
wire chambers and Time Projection 
Chambers. One interesting develop
ment in the Cherenkov area is the 
approach taken by the mammoth un
derground Irvine / Michigan / Brook-
haven experiment searching for pro
ton decay and other rare events. This 
detector picks up its Cherenkov rings 
from a few thousand photomulti-
pliers dangling in some 7000 tons of 
water, thus also providing tracking 
information. 

Calorimetry 

With the increasing complexity of 
the events being studied at high en
ergy, particularly in colliding beam 
machines, better resolution of ener
gy deposition (calorimetry) is re
quired to pick up the large numbers 
of photons released in the decay of 
neutral pions, themselves copiously 
produced. 

With this in mind, a high density 
projection chamber is being studied 
for the DELPHI experiment at CERN's 

new LEP machine. It is essentially a 
large Time Projection Chamber con
taining many concentric lead cylin
ders with narrow intervening gas 
volumes. Recent tests of the model 
have been encouraging, giving good 
energy resolution while pinpointing 
shower impact points to a few milli
metres and separating showers as 
close together as 10 mm. 

Other teams are looking at the rela
tive merits of barium fluoride and bis
muth germanate (BGO) for electro
magnetic calorimetry. Barium fluo
ride is comparatively cheap but has 
longer radiation length. It scintillates 
in the ultra violet and this can be 
measured with a simple proportional 
chamber. BGO is expensive, but has 
shorter radiation length and holds 
the promise of a total absorption ca
lorimeter with wire chamber readout 
giving high spatial resolution. 

Computation 

The last topic described by Hyams 
was computation. While interaction 
rates in electron-positron colliders 
pose no particular problems, the high 
luminosities in hadron machines 
(both fixed target and colliders) mean 
that some kind of pre-selection has 
to be made. Existing techniques can 
only record a few events per second. 
Even then each event can produce a 
prodigious amount of information, 
requiring some ten seconds of pro
cessing time on a modern mainframe 
machine. Data processing thus 
quickly becomes a bottleneck. 

One solution being increasingly ad
vocated in sectors with limited com
puter resources is the development 
of special processors tailor-made for 
the particular application. One such 
project by a collaboration at Fermilab 
aims to handle some 10 5 events per 
second, each event having about 
twenty tracks. 

CERN 
First results from 
LEAR 
When new physics conditions are 
opened up, new results are not far 
behind. Earlier this year the physics 
experiments at the LEAR Low Energy 
Antiproton Ring had their first taste 
of antimatter (see October issue, 
page 314). LEAR enables physicists 
to explore in depth the interactions of 
antiprotons under conditions which 
could only be briefly glimpsed be
fore. 

Using data from ten fifteen-minute 
spills of low energy antiprotons, giv
ing a total of 3.5 x 10 8 antiprotons 
on target, a Saclay / Grenoble / 
Strasbourg / Tel Aviv collaboration 
has measured the scattering of 
309.4 MeV/c momentum antipro
tons off carbon nuclei. 

This is the first step of a planned 
systematic study of antiproton-
nucleus scattering, using a range 
of energies and target nuclei. 

After scattering from the carbon 
target, the antiprotons were magne
tically analysed by the SPES II spec
trometer, allowing absolute elastic 
and inelastic reaction rates (cross-
sections) to be determined. Data 
were taken at scattering angles from 
10 to 55° in overlapping steps, and 
the apparatus was calibrated in initial 
runs with protons. 

The elastic scattering angular dis
tribution (where the antiproton ap
pears to 'bounce' off the target nu
cleus) shows a diffraction-like pat
tern, in marked contrast to the elastic 
scattering of protons off carbon. Ex
citation spectra show the production 
rate of excited nuclear states, which 
also is different to that seen with pro
tons. 

These initial measurements put 
powerful constraints on the nature of 
the antiproton-nucleus interaction. 
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the Laboratories 

previously almost unknown. Already 
these eliminate some of the theoreti
cal pictures which have been pro
posed. Compared to similar proton 
experiments, the continuum part of 
the scattered spectrum is strongly 
suppressed, tending to support ear
lier speculation that multiple scatter
ing of antiprotons is relatively im
probable. 

These are the first tentative steps 
in an interesting programme which 

First physics results from the LEAR Low 
Energy Antiproton Ring at CERN. The elastic 
scattering of antiprotons from carbon nuclei 
(black data points) shows a pronounced 
diffraction-like pattern. 

should provide useful information on 
both nuclear properties and nucleon-
antinucleon interactions. In addition, 
other LEAR experiments should 
soon yield results which should help 
provide additional new insights into 
both hadronic and nuclear force me
chanisms. 

Charmonium from 
antiprotons 
Some of the final contributions to 
physics from the Intersecting Stor
age Rings (ISR) will come from an 
Annecy / CERN / Genoa / Lyon / 
Oslo / Rome / Turin team studying 
the charmonium states created 
when a circulating antiproton beam 
hits protons in a hydrogen gas tar
get. 

Charmonium, the bound states of 
charmed quarks and their anti-
quarks, has largely been the province 
of experiments at electron-positron 
rings. However the creation of char
monium under these conditions is 
restrictive, as only certain states can 
be formed directly. Others have to be 
searched for in subsequent decay 
modes, and data is difficult to come 
by. 

The creation of charmonium in 
proton-antiproton annihilation is 
much less restrictive, and all states 
can be formed directly. In this way 
the ISR experiment hopes to extend 
our knowledge of charmed quark 
spectroscopy, and hence our under
standing of quark behaviour. 

For this experiment, the ISR is 
operated in a novel mode, with anti
protons circulating in one ring, but 
with no particles in the other. The 
antiprotons from the Antiproton Ac
cumulator are ejected towards the 
PS in the standard way, and sent on 
to the ISR after less than a turn in the 
PS. 

Once the low energy antiprotons 
are in the ISR, the first step is to cool 
them and accelerate them to the 
beam momentum of 4.066 GeV — 
the value needed to hit the famous 
J/psi resonance. This is recognized 
by its decay into electron-positron 
pairs. Four short runs gave about 70 
J/psis, showing that the technique 
worked, and enabling the detectors 
to be checked out. 
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To hit a resonance spot-on, the 
antiproton beam can either be accel
erated using the r.f. phase displace
ment method, or can be adjusted 
smoothly (but more slowly) using the 
momentum cooling system. With 
3 m A of circulating antiprotons and a 
design figure target density of 
6 x 1 0 1 3 atoms/cm 2, proton-anti-
proton collision luminosity was 
1.5 x 1 0 3 0 cm" 2 s"1. 

After initial success with the J/psi, 
attention turned to other particles. 
The J/psi and heavier counterparts 
consist of a charmed quark and anti-
quark bound together with their 
spins parallel, but carrying no relative 
angular momentum. Other particles 
(chis) have a similar quark spin confi
guration, but carry one unit of orbital 
angular momentum. They are recog
nized by their decays into electron-
positron pairs (from J/psis) plus a 
gamma ray. Also possible are the 
'singlet' charmonium states with op-

Detection of a J/psi (decaying into an 
electron-positron pair) in the experiment at 
the CERN Intersecting Storage Rings (ISR) 
using a stored antiproton beam incident on 
a hydrogen gas jet target. For this 
experiment only one of the ISR rings is used. 

posed quark spins (like the eta-c) 
which can decay into pairs of gamma 
rays. 

In the initial data samples, the pro
duction of chis appears to be a bit 
lower than expected, but it is too ear
ly to draw firm conclusions. Addi
tional data from runs next year will 
shed further light on these states. 
The high 'tunability' of the machine 
might enable other narrow states to 
be encountered. There has been talk 
recently of candidate Higgs particles 
lying in the region. The systematic 
energy sweeps available from the 
ISR should enable a thorough search 
to be made, providing a fitting con
clusion to the physics career of this 
wonderful machine. 

Well behaved 
hyperons 
In her review talk on weak decays at 
the Brighton Conference, Cecilia 
Jarlskog paid tribute to the excellent 
work of the Bristol/Geneva/Heidel
berg / Orsay / Rutherford / Stras
bourg collaboration's experiment at 
CERN (WA2). This thorough high 
statistics study of the weak semi-
leptonic decays of heavy baryons 
(hyperons) has produced decisive re
sults. 

Each hyperon type corresponds to 
a different mixture of quarks and 
within the accepted SU3 classifica
tion of particles, their semi-leptonic 
decays can be described according 
to an elegant model proposed by 
Nicola Cabibbo in 1963 with only 
three parameters: the Cabibbo angle 
0 C and two 'transition elements' F 
and D. At the time only three quark 
flavours were known, but the ideas 
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Hyperon semi-leptonic decays in good 
shape. Apart from the case of free neutron 
decay (n p) all the data come from the WA2 
experiment at CERN. According to the 
Cabibbo theory, the lines should intersect 
at one point. The centre of the small black 
ellipse is the best estimate of the common 
point of intersection of the lines, and the 
size of the ellipse indicates the experimental 
uncertainties. This is the best evidence so 
far for the correctness of the Cabibbo 
model, applied to so many different particle 
systems. The shaded bands represent 
experimental errors. 

have been extended to cover the 
conventional six-quark picture of to
day. 

A major problem in previous tests 
of the Cabibbo model had been the 
necessity to combine data from 
many different experiments ana
lysed under a variety of assumptions 
which were liable to produce incon
sistent results. The objective of the 
WA2 experiment was to make a co
herent, comprehensive and precise 
Study of the various hyperon semi-
leptonic decays measured in a single 
apparatus, and to see how the re
sults compared with the Cabibbo 
model. 

One of the unique features of the 
initial experimental programme at 
the CERN SPS super proton synchro
tron when it began operations in 
1976 was its high energy charged 
hyperon beam. A magnetic channel, 
short so as to minimize the hyperon 
decay losses, selected 100 GeV 

charged particles produced in the 
forward direction by the interaction 
of the 210 GeV SPS proton beam on 
a target. A 'DISC Cherenkov counter 
identified different kinds of hyperons 
(sigmas and ksis), about four per 
thousand charged beam particles. 
Wire chambers on either side of the 
DISC particle identifier accurately 
measured the directions of the parti
cles enabling their momenta to be 
measured to within one per cent. 

Downstream of the DISC was a 
10-metre long helium-filled decay re
gion, followed by a magnetic spec
trometer which measured the 
charged particles emitted in the hy
peron decays. An impressive arsenal 
of detectors, including a lead-glass 
array, a gas Cherenkov counter, 
transition radiation detectors and a 
lead scintillator shower counter iden
tified electrons. Together these de
tectors provided excellent discrimi
nation against the much more co

pious non-leptonic hyperon decays. 
The WA2 experiment has looked 

at an extensive list of semi-leptonic 
decays of ksi, sigma and lambda hy
perons. For several of the decays 
considered, precision reached the 
level at which radiative effects due to 
emission and absorption of photons 
had to be taken into account. 

For each semi-leptonic decay the 
rate and the decay distributions give 
independent relations between the 
three parameters F, D and sin 6C. 
Powerful additional constraints on 
the parameters of the model come 
from experiments on free neutron 
decay. The results from the WA2 
experiment, whether considered 
alone or with the addition of the 
neutron decay constraints, are in 
complete accord with the Cabibbo 
model. 

Accelerator School 
successfully launched 
The first course of the newly created 
CERN Accelerator School under the 
leadership of Kjell Johnsen was held 
at CERN from 11-21 October. Its 
subject, 'Antiprotons for Colliding 
Beam Facilities', was selected ob
viously in the light of the recent spec
tacular achievements in this field. 
The School will be back-tracking in 
its next planned course in September 
1984 with a basic course on acceler
ator physics accessible to post-uni
versity science and engineering stu
dents. 

The School has several aims in the 
general context of broadening the 
base of accelerator physics knowl
edge in Europe. There is need to 
attract young people into this field, 
particularly with the tremendous 
challenge of mastering new acceler
ation techniques so as to be able to 
continue the advance of high energy 
physics into the next century. In addi
tion, accelerator physics has increas-
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Kjell Johnsen, leader of the newly created 
CERN Accelerator School, introduces one 
of the sessions in the recent course on 
'Antiprotons for Colliding Beam Facilities', 
held at CERN. 

(Photo CERN 400.10.1983) 

ing application in other fields (for ex
ample the uses of synchrotron radi
ation sources and spallation neutron 
sources in a wide variety of research, 
plus all the potential applications in 
medicine, inertial fusion, radio-iso
tope dating etc.). It is one of the res
ponsibilities of the established accel
erator centres to ensure a thriving 
community of accelerator experts to 
respond to all these needs in the 
future. 

The first schools of this type took 
place in 1976 at Erice, led by Kjell 
Johnsen and later in the USA at Fer
milab, Stanford and Brookhaven led 
by Mel Month. The CERN Accelera
tor School series got off to a flying 
start with the antiproton course 
which was excellently organized, 
particularly by Phil Bryant. There 
were over a hundred participants, 
including some from the USA. All the 
lectures were exceptionally well pre
pared and covered their topics from 

the basic ideas to the present frontier 
of our understanding. 

Simon van der Meer who con
ceived the stochastic cooling tech
nique even pushed that frontier furth
er out when he presented some new 
approaches during the discussion 
session on stochastic cooling which 
he chaired. There were also new 
ideas presented about the possibili
ties of cooling very high energy 
beams (such as the stored beams of 
around 300 GeV in the SPS) which 
was considered as an intractable 
problem until recently. There was 
also the first presentation by Bruno 
Autin of the complete antiproton col
lector, ACOL, proposal which has 
just been published. This is designed 
to step up the CERN proton-antipro-
ton collider luminosity significantly. 

Many other topics deserve men
tion, such as the report by John Peo
ples, an invited speaker, on the Fer
milab Tevatron project which will ev

entually overtake the abilities of the 
CERN collider, the resurgence of phy
sics with gas jet targets, other poten
tial applications of cooling tech
niques in heavy ion machines, free 
electron laser systems etc. ...but 
with this issue following close on the 
heels of our special issue on the W, Z 
discoveries last month we are wary 
of irradiating readers with too high a 
flux of antiprotons. The significant 
news is that the CERN Accelerator 
School is off to a very healthy start 
which bodes well for the realization 
of its aims over the years to come. 

CERN/FRASCATI 
Searching for gravity 
waves 
With the discovery at CERN earlier 
this year of the W and Z bosons 
which carry the weak nuclear force, 
the list of the different types of 'radi
ation' which transmit the forces of 
Nature is almost complete. Only the 
carrier of the gravitational force now 
needs to be found. 

Gravitational radiation, predicted 
by Einstein's general theory of rela
tivity, should consist of ripples of 
geometry which shake objects in 
their path. Due to the extreme feeble
ness of this force on an everyday 
scale, these effects would be tiny. 
The oscillation of even a quite sub
stantial detector exposed to gravita
tional radiation would be smaller 
than an atomic nucleus! 

A few years ago, a 400 kg gravita
tional antenna came into action at 
Frascati. To minimize thermal noise, 
the detector is cryogenic. Oscilla
tions of the bar were monitored and 
an 'event' was deemed to occur 
when the signal exceeded a thresh
old value. 

These discontinuous readings 
were converted into a spectrum by 
Fourier analysis, and the results from 
measurements carried out in 1978 
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The new 2.3 ton cryogenic gravitational 
wave antenna of the Rome group at CERN, 
now being tested. 

(Photo CERN 25.10.1983) 

and 1980 showed that these events, 
corresponding to sub-microscopic 
mechanical vibrations in the antenna 
of the order of 2 x 10~ 1 5 m, tend to 
occur with a regular period of one 
half of the sidereal (astronomical) 
day - 718 minutes. 

It is exceedingly improbable that 
this result is due to a statistical quirk. 
With gravitational waves ruled out, 
explanations favour earth move
ments which excite the antenna. But 

there is no explanation for the regu
larity of the signal. 

To check this initial result, a big 
(2300 kg) detector at CERN (see 
October 1982 issue, page 323) 
came into action. Unlike the Frascati 
antenna, this detector operates at 
room temperature. The results from 
2500 hours of measurement confirm 
the earlier findings. 

The characteristics of the two de
tectors are very different, and in ad

dition the CERN results are not 
changed if the orientation of the de
tector is turned through a right angle. 
Because of this intriguing result, new 
measurements are necessary. These 
are scheduled for the coming 
months. In addition, a new 2.3 ton 
cryogenic antenna is being tested at 
CERN. 

Whatever the explanation for this 
new effect, the search for gravita
tional waves continues undeterred. 

CERN/USSR 
Heavy neutrals 
Under the CERN/USSR agreement 
on collaboration in particle physics, 
an experiment at CERN and another 
at Serpukhov are looking for heavy 
neutral particles which decay into 
gamma rays. 

These studies complement the re
sults coming from experiments at 
electron-positron storage rings and 
provide new spectroscopy informa
tion in an area of great potential inter
est for particle physics. 

The experiment involves parallel 
studies at the 70 GeV Serpukhov 
proton synchrotron (sixth joint Ser
pukhov Institute for High Energy 
Physics/CERN experiment) and at 
the 450 GeV CERN SPS Super Pro
ton Synchrotron (NA12 experiment). 
The physicists come from Serpuk
hov, Brussels and Annecy. The cen
tral feature of each set-up is a large 
Cherenkov lead-glass hodoscope 
spectrometer which measures the 
momentum and direction of emerg
ing gamma rays. These instruments 
have earned the Russian acronym 
GAMS. 

One of the recent results from the 
sixth joint experiment at Serpukhov 
comes from the detailed analysis of 
38 GeV negative pion-proton colli
sions producing two neutral pions, 
decaying in turn into four gamma 
rays. 
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Top left, the GAMS detector of the 
CERN/USSR experiment (NA 12) at the CERN 
SPS 450 GeV Super Proton Synchrotron. 
Its 4096 precision-built lead-glass cells 
pick up photons from the decay of heavy 
neutral particles produced in the target 
(bottom right). 

(Photo CERN 71.4.82) 

This has revealed a neutral meson 
carrying spin (intrinsic angular mom
entum) of six units, the highest inte
ger spin particle ever found, at a 
mass of 2510 MeV. It looks to be a 
higher angular momentum partner 
(Regge recurrence) of the spin 4 h-
meson and the spin 2 f-meson. 

Initial evidence for the spin six 
state came in the mass spectrum of 
the two neutral pions, and further 
angular momentum analysis showed 

that a spin six particle is required to 
produce the observed effects. 

Another analysis of the data from 
the same experiment concentrates 
on events producing pairs of eta 
mesons. This is of special interest in 
the search for exotic new states, 
such as 'gluonium' ('glueballs') — 
particles containing only gluons and 
no quarks. 

Preliminary analysis of the mass 
distribution of the decay products 

coming from two etas showed 
something happening at around 
1350 MeV. Detailed analysis of the 
observed angular distributions 
showed that this was the f meson 
(spin 2) previously seen in a variety 
of interactions, however data on its 
decay into two etas had been scan
ty. 

Subsequent analysis also uncov
ered a signal at 1590 GeV, identified 
as a scalar (spin zero, positive parity) 
meson. This is not seen in the analy
sis of two neutral pions, and is also 
apparently reluctant to decay into 
two kaons. This quark-shy state 
joins a list of glueball candidates 
seen in other reactions. 

Further information on particle 
spectroscopy from the analysis of 
eta pairs will also come from the sis
ter NA12 experiment still taking data 
at the CERN SPS. 

DESY 
ARGUS drifts in 
The ARGUS detector at DESY's DO-
RIS-II electron-positron ring contin
ues to provide some good results on 
particle spectroscopy. The June is
sue (page 185) reported an example 
of the decay of an upsilon prime par
ticle through an intermediate b 
quark-antiquark bound state carry
ing one unit of angular momentum 
(P-state). In this event, one of the 
emitted photons was converted in 
the beam-pipe into an electron-posi
tron pair, and could thus be meas
ured very accurately. 

Since then, the ARGUS group has 
collected more than 70 such events, 
and a preliminary photon energy dis
tribution confirms the findings of the 
CUSB group at Cornell's CESR ring 
looking at P-state upsilons. As well 
as carrying one unit of angular mo
mentum, these states also have pa
rallel quark spins (triplet states). 
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ARGUS CUSB 
Photon energies 

111.4 ± 2.0 MeV 
129.5 ± 0.6 MeV 
148.5 ± 2.1 MeV 

108.2 ± 0.3 MeV 
128.1 ± 0.4 MeV 
149.4 ± 0.7 MeV 

Energy spectrum of photons coming from 
the decays of upsilon prime resonances. 
The energy measurement was made for 
photons converted into electron-positron 
pairs in the beam pipe or inner wall of the 
ARGUS detector at DESY. 

Triplet 
P-state 

3P2 

3Po 

Data on this upsilon family decay 
chain is now quite precise. In addi
tion, there has been an absolute 
measurement of the upsilon prime 
mass by the DORIS-II Accelerator 
Group in collaboration with both the 
ARGUS and Crystal Ball experimental 
groups working at the ring. This re
sult was presented at the Cornell 
Lepton/Photon Symposium in Au
gust. It used the depolarization meth
od (see July/August issue, page 
224). At the upsilon prime energy, 
the DORIS-II beams are about 80 per 
cent polarized. The upsilon prime 
mass obtained is 10023.1 ± 0.4 ± 
0.5 MeV. 

An earlier measurement using a 
similar technique at Novosibirsk 
gave the mass of the ground state (S, 
triplet) upsilon as 9459.7 ± 0.7 MeV 
(see October 1982 issue, page 325). 
Thus the mass difference between 
the ground state upsilon and its first 
excited state (upsilon prime) is thus 
563.4 ± 0.9 MeV. Using the ARGUS 
and CUSB measurements of photon 
energies resulting from upsilon de
cay, preliminary values for the P-
upsilon masses can now be ob
tained. 

The ARGUS team is also investi
gating other events, making use of 
their exceptionally accurate drift 

chamber. Energy loss of charged 
particles is measured with a preci
sion of 4.1 per cent and transverse 
momenta with 1.2 per cent accuracy 
at 1 GeV. This enables protons, 
kaons, pions and electrons to be 
distinguished over wide ranges of 
momentum. 

This yielded a signal for the elusive 
F meson, carrying charm and 
strangeness. The F mesons were 
identified through their decay into a 
phi meson and one or three charged 
pions. A remarkably clear phi signal 
was obtained by picking up (through 
energy loss measurements) the 
charged kaon pair into which the phi 
decays. The preliminary value for the 
F mass is 1970 ± 10 MeV, in good 
agreement with the result an
nounced earlier this year by the CLEO 
team working at Cornell, and lower 
than earlier measurements of the F 
mass which are now in the scientific 
literature. These results were ob-
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Evidence for the F meson (carrying charm 
and strangeness) decaying into a phi mes 
plus one or three pions, as seen in the 
ARGUS detector at DESY's DORIS-II ring. 
The mass agrees with a measurement 
earlier this year by the CLEO group at the 
Cornell CESR ring. Both are lower than 
earlier measurements. 

tained from 25 inverse picobarns of 
total luminosity collected at DORIS-
II, with energies in the upsilon and 
upsilon prime regions and the neigh
bouring continuum. 

These results, and others ex
pected soon, are in a large part due 
to the ARGUS drift chamber. This 
uses 172 cm diameter cylinder with 
15 cm radius left free around the axis 
for the beam-pipe and for a vertex 
chamber which is being brought into 

operation. The length of the drift 
chamber wires is 200 cm. All the 
volume is filled uniformly with 5940 
drift cells of 18 x 18.8 mm, giving 36 
layers, 18 of which are slighlty tilted 
to obtain stereo views. 

The chamber is filled with propane 
with 3 per cent of methylal to avoid 
aging, at a pressure of one atmo
sphere. Multiple scattering is there
fore kept very low. Combined with 
thin wires (only 76 microns for the 

high voltage, wires and 30 microns 
for the sense wires) the material in
side the chamber amounts to an 
equivalent of only .0055 of a radi
ation length. 

In addition, propane has also a 
very narrow Landau distribution and 
therefore, with 36 samples, the ener
gy loss is obtained with a better ac
curacy than with the usual argon gas 
filling. The gas amplification is kept 
low to allow for good proportional 
properties. The system seems very 
near to a textbook example of a drift 
chamber working in the classical pro
portional region. Rutherford and 
Geiger would have approved. 

STANFORD 
Nuclear physics at 
SLAC 
Now approved is a proposal by 
American University to build a new 
injector at SLAC for nuclear structure 
physics. The new 1.65 million dollar 
injector will feed electrons into the 
last 20% of the linear accelerator, 
providing beams of 0.5 to 6 GeV. 
The beam intensity will be a factor of 
ten higher than presently available 
from the full linac due to the reduced 
effects of beam breakup in the short
er length. 

This high intensity and low duty 
cycle region is not covered by the 
medium energy electron facilities 
around the world or by the high ener
gy beams at SLAC. This facility will 
be ideal for experiments in electron 
scattering from nuclear targets in the 
transition region between traditional 
low energy nuclear structure and the 
high energy region dominated by 
quark effects. The programme will 
use existing spectrometers and facil
ities at SLAC, concentrating on elas
tic and inelastic scattering from light 
nuclei. A polarized electron source 
can be added in the future to include 
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Project UNIVERSE, a UK study 
of the use of high bandwidth digital 
telecommunications. 

spin transfer and parity violating 
measurements. 

Construction began in October, 
and beam is expected by January 
1985. There will also be funds for a 
programme of nuclear structure ex
periments to be called NPAS (Nu
clear Physics at SLAC). A new Nu
clear Program Advisory Committee 
is being formed and a call for propo
sals will be issued soon. 

RUTHERFORD 
Project UNIVERSE 
The Rutherford Appleton Laboratory 
(RAL) is participating in Project UNI
VERSE, an imaginative research ex
periment in high bandwidth digital 
telecommunications. It spans a num
ber of local area communications 
networks, making a single wide area 
network, serviced by high capacity 
satellite links. 

UNIVERSE, short for UNIVersities 
Expanded Ring and Satellite Experi
ment, was originally proposed as an 
academic research project, but now 
involves also industrial and govern
mental installations. 

The telecommunications links at 
six of the participating sites involve 
earth stations equipped with dish 
aerials and transmitting and receiv
ing equipment communicating with 
the Orbital Test Satellite (OTS), orbit
ing 36 000 km above the equator 
and operated by the European Space 
Agency (ESA). The seventh site uses 
a land link. Transmission rates of 
1 million digital bits (1 Megabit) per 
second are possible. 

The project grew out of an earlier 
experiment at Cambridge (the so-
called 'Cambridge Ring') and the 
STELLA project to investigate high 
bandwidth digital data transmissions 
between European physics research 
centres using the OTS satellite. 

With RAL in the project are Lough
borough and Cambridge Universities 
and University College, London, 
GEC-Marconi, Logica, British Tele
com and the UK Department of In
dustry. RAL provides project man
agement. 

The experiment will enable valua
ble experience to be gained in the use 
of high bandwidth space communi
cations to exchange the sort of infor
mation which is now the lifeblood of 
modern industry and commerce. 

MICHIGAN 
Superconducting 
cyclotron completes 
first running period 
On 1 July a celebration marked 
another milestone for the US Nation
al Superconducting Cyclotron Labo
ratory (NSCL) at Michigan State Uni
versity - the completion of a first 
nine month experimental running pe
riod of the world's first supercon
ducting cyclotron (K 500), estab
lishing this new kind of accelerator as 
an effective tool for nuclear physics, 
a goal towards which the Laboratory 
had been working for some ten 
years. 

The beginning of the running pe
riod had been somewhat painful, re
quiring much debugging of the cyclo
tron, the beam transport and the ex
periments. Intensive effort by the 
operating group quickly led to im
provements in reliability and in the 
later part of the period, successful 
stable running was regularly 
achieved. The celebrations marked 
the end of an experiment of a group 
from Stony Brook taking data on 
subthreshold pion production in col
lisions of nitrogen on silver. 

The cyclotron is named for its en
ergy parameter K which is 500 MeV 
(the quantity which when multiplied 
by the square of the charge number 
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of the accelerated ion and divided by 
the mass number gives the ion ener
gy). The K500 is the first of a pair of 
superconducting cyclotrons being 
constructed at NSCL, the ultimate 
objective being operation as a cou
pled system so that projectiles from 
helium to uranium can be accelerated 
to energies up to 200 MeV/nucleon 
for the lighter ions and up to 
25 MeV/nucleon for the heaviest. 

The first running period began just 
two weeks before the First Inter
national Conference on Nucleus-Nu
cleus Collisions in East Lansing, at 
which the NSCL Laboratory was 
inaugurated. The conference gave a 
splendid launch to the experimental 
programme by presenting an over
view of recent advances in an under
standing of nucleus-nucleus colli
sions. 

Beams accelerated by the K500 
Cyclotron so far include deuterons, 
alphas, helium, lithium, carbon, nitro
gen, oxygen, neon and argon ions. 
Some 800 hours of beam were deliv
ered to fourteen experiments, about 
equally divided between experiment
ers from Michigan and outside user 
groups. 

Beamlines feed two experimental 
rooms. In the south hall a 34° beam-
line feeds a 60 inch scattering cham
ber which provides versatile arrange
ments of large detectors both in and 
out of reaction plane. On an adjoining 
beamline the Reaction Product Mass 
Separator (RPMS) was used in test 
runs which confirmed its design 
mass resolution; a study of nuclei far 
from stability will begin in the second 
period using the RPMS. A third 
beamline feeds a small chamber for 
particle-gamma correlation studies 
and there is space for a fourth beam-
line for a cryogenic helium jet appar
atus to give rapid transport of ra
dioactive nuclides to remote detec
tors. 

The north hall houses two magnet-

Staff and students of the US National 
Superconducting Cyclotron Laboratory at 
Michigan, assembled around the K500 
cyclotron and its r.f. superstructure. 

ic spectrometers and a neutron facil
ity. The first of these, the S320 spec
trograph, is matched to the maxi
mum after-target rigidity of beams 
from the cyclotron and is expected to 
be in high demand for studies of giant 
resonances and small angle frag
mentation. It is also part of the beam 
transport system to the other spec
trograph, an Enge splitpole, and to a 
neutron chamber. With the comple
tion of the S320, the Enge spectrom
eter is then also operational; its short 
flight path is well suited to the detec
tion of charged pions, and for studies 
of nuclei far from stability. Finally, the 
thin-walled neutron chamber with a 
well shielded beam dump provides a 
facility for experiments involving 
neutron detection. 

A large proportion of the early ex
periments studied the evolution of 
reaction mechanisms from the char
acteristic low energy processes of 
fusion, fission, and deep inelastic 

scattering to processes of non-equil
ibrium emission, fragmentation, and 
other phenomena more characteris
tic of high energy collisions. In addi
tion, several experiments started to 
explore the application of heavy ions 
in biology and medicine. 

In one experiment, heavy frag
ments up to approximately mass 50 
were produced in collisions of car
bon ions at 30 MeV/nucleon with a 
silver target. The observed behav
iour of the cross-section is reminis
cent of critical phenomena in nuclear 
matter, analogous to the distribution 
of droplet sizes at the point of the 
phase transition between water and-
steam. This type of interpretation 
has been invoked to explain a similar 
production of fragments in reactions 
induced by 50 to 400 GeV protons 
at Fermilab. The results are also well 
described by a statistical evapora
tion model and more detailed studies 
will be required to make a distinction 

426 CERN Courier, December 1983 



Layout of the beamlines and experimental 
areas at the Michigan K500 cyclotron. 

between the two interpretations. 
Beams of 35 MeV/nucleon have 

hardly been available in the past and 
consequently considerable empha
sis was placed on systematic studies 
of light particle production connect
ing previous investigations at both 
higher and lower energies. These 
light particles are believed to 
originate from localized zones of ex
citation, such as the nuclear fireball 
at high incident energies or localized 
hot-spots at lower energy. The initial 
experiments show that very detailed 
experiments with impact parameter 
selection will be necessary to deter
mine whether hydrodynamic effects, 
unusual entropy production and oth
er exotic phenomena are present at 
the intermediate energies of the 
K500 Cyclotron. Future experiments 
will require large arrays of detectors 
with sophisticated triggers to select 
impact parameters. 

Several experiments focused on 

the question of momentum transfer 
from projectile to target nucleus, us
ing radiochemical and electronic 
techniques. At low energies (below 
10 MeV/nucleon) this transfer is 
known to be almost complete and 
the two nuclei fuse. At higher ener
gies new reaction mechanisms of in
complete fusion, preequilibrium em
ission and few nucleon transfer be
come important. 

Another experiment addressed a 
quite different topic, that of neutral 
pion production at an incident energy 
of 35 MeV/nucleon far below the 
required threshold energy in a nu-
cleon-nucleon collision; the decay 
gamma rays from the neutral pion 
were detected in an array of lead-
glass scintillators. Surprisingly large 
production cross-sections were 
found. The neutral pions appear to 
originate from a slowly moving 
source implying the cooperative ac
tion of many nucleons. Various in

triguing models exist to account for 
the observation, such as a produc
tion mechanism akin to bremsstrah-
lung, a pionic instability of com
pressed nuclear matter, and a pro
cess where the nuclei fuse before 
creating the pions. In the next run
ning period the availability of the 
Enge Spectrograph will allow an ex
tension of these experiments to in
clude charged pions. 

Programmes have also been in
itiated on the application of heavy 
ions to problems in medicine, biolo
gy and agriculture. The beams can be 
used to deposit energy in individual 
cells for the study of the mechanisms 
involved in lethal and sub-lethal da
mage to mammalian cells. In the long 
term this line of research might ad
dress the important problem of re
pair of damage to DNA. The frag
mentation of nitrogen has also been 
used in the production of radioactive 
nitrogen, which plays an important 
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Physics monitor 

role in studies of denitrification and 
nitrogen fixation. 

The K500 is now being upgraded 
with the aims of increasing the vol
tage-holding capabilities of the r. f. 
system and electrostatic deflectors 
for higher energies, increasing the 
reliability of the cryogenics, and re
ducing a first harmonic component in 
the magnetic field. The second pe
riod will also use lithium beams with 
energies of 20-35 MeV/nucleon. 
Work on Phase II, the K800 super
conducting cyclotron and new ex
periments, is continuing. Construc
tion of the magnet and r. f. system is 
well advanced. 

Quark matter 
For the third time in the past five 
years an international community of 
nuclear and particle physicists met to 
discuss the possibilities of colliding 
heavy nuclei at extremely high ener
gies. The latest Conference, held 
from 26-30 September at Brookhav-
en, was the first to be held in the 
United States. During the past few 
years, these meetings have chroni
cled the rapid development of a new 
field of physics in which the funda
mental properties of the strong inter
action and the structure of the 
quark/gluon 'vacuum' can be stu
died through the macroscopic be
haviour of nuclear matter under ex
treme conditions — conditions 
which probably do not exist in the 
present universe. 

The possibility of creating such 
conditions in laboratory experiments 
through ultrarelativistic heavy ion 

collisions is attracting increasing 
numbers of physicists from both the 
nuclear and the particle communi
ties. On the nuclear physics side in 
the US, a Department of Energy advi
sory panel has recently drafted a 
long-range planning study in which 
an ultra-relativistic heavy ion collider 
would be the highest priority new 
facility. In this respect the Brookhav-
en meeting came at a very critical 
moment: just weeks after the re
commendations of the long-range 
planning study, and in the wake of 
the US High Energy Physics Advisory 
Panel's recommendation for a major 
change in US high energy physics 
planning. 

At the earlier Quark Matter confer
ences, held at Bielefeld and Darm
stadt, West Germany, discussions 
centred on the possibilities for graft
ing a heavy ion capability onto exist
ing proton accelerators — specifical
ly the ISR and SPS machines at 

Brookhaven Director Nick Samios (left) and 
Maurice Jacob of CERN at the opening 
session of the recent International 
Conference on Ultra-Relativistic 
Nucleus-Nucleus collisions, held at 
Brookhaven. 
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At the Brook haven Conference, there was 
a round table discussion on prospects for 
future experiments with ultra-relativistic 
nuclear beams. Left to right, J. D. Bjorken 
(Fermilab), D. A. Bromley (Yale), K. Nakai 
(Tokyo, back to camera) and 
A. Schwarzschild (Brookhaven). Partially 
obscured are M. Gyulassy (Brookhaven, 
behind Bromley) and R. Stock (GSI 
Darmstadt, behind Nakai). 

(Photos Brookhaven) 

CERN. At the Brookhaven meeting, 
for the first time the way seemed 
clear for realistic discussion of a de
dicated machine optimized for the 
physics of nuclear beams. 

Originally scheduled as a four-day 
meeting, the Conference was ex
tended to allow a thorough examina
tion of the issues raised by the plan
ning study recommendation and the 
expected termination of the two col
liding beam facilities which had 
seemed most promising for storing 
nuclear beams: ISR at CERN and CBA 
at Brookhaven. 

The anticipated audience of about 
100 participants swelled to nearly 
300 by conference time. Represen
tatives from four Laboratories — 
Brookhaven, CERN, Berkeley and 
Oak Ridge — described plans for 
major new experimental pro
grammes with high energy nuclear 
beams, with each of the US Labo
ratories unveiling designs for dedi

cated heavy ion colliding beam facil
ities. 

Following a day of reviews of the 
present status of theory and experi
ment, the Conference moved quickly 
to presentations of new results. Data 
just becoming available from cosmic 
ray balloon flights and measure
ments barely a month old from col
liding alpha beams at the CERN ISR 
gave reinforcement to expectations 
that extremely high energy densities 
can be achieved in terrestrial experi
ments, and newly analysed data 
from Fermilab on the crucial question 
of nuclear stopping power provided 
the basis for improved estimates of 
the required collision energies. Cal
culations in lattice gauge theory are 
now at the point where fermions can 
be included, considerably improving 
the quantitative understanding of 
quark/gluon thermodynamics, and 
possible phase transitions from ha-
drons to a quark-gluon plasma. 

Experimental techniques and 
measurement strategies were hotly 
debated in a remarkable session in 
which more than 100 experimental
ists, roughly equally divided between 
nuclear and particle physicists, criti
cally discussed the existing plans for 
experiments and the needs for de
veloping new detector techniques. 
These working sessions culminated 
in a round-table discussion in which a 
distinguished panel of physicists re
presenting Laboratories from the 
US, Japan and Europe stressed the 
diversity of approaches to this new 
physics, while emphasizing a strong 
consensus in the community regard
ing the need for heavy ion beams 
with collision energies on the order 
of 100GeV/nucleon. 

In closing remarks, both Gordon 
Baym and T.D. Lee emphasized the 
broad range of possibilities for new 
phenomena which could be revealed 
if the contemplated ultra-high energy 
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Isometric view of the TPC at TRIUMF 
currently collecting data in a search for 
(lepton-number violating) muon-electron 
conversion. 

densities are achieved in accelerator 
beams of heavy nuclei. T. D. Lee li
kened the spirit of the meeting to that 
of the 1 st Rochester Physics Confer
ence, a watershed of new ideas and 
challenging problems forming a com
mon ground for previously divergent 
disciplines of science. 

Proceedings of the meeting, which 
will be published by North Holland as 
a special volume of the journal 'Nu
clear Physics', are expected to be 
available by March 1984. 

(Report by T. Ludlam) 

TPC Workshop 
The first workshop to focus on time 
projection chambers was held at 
TRIUMF (Canada) this summer. 
Some 75 participants came from 
groups in Europe and North America 
using TPCs in a variety of applica
tions in experimental physics. Re
ports included several general des
criptions of existing detectors as 
well as some proposals for new in
struments. 

A time projection chamber (TPC) is 
the name given to a class of large 
volume drift chambers which oper
ate generally with parallel electric 
and magnetic fields. Applications 
span energies from a few MeV in 
double beta decay searches, through 
intermediate energies in muon decay 
studies to large high energy arrays 
planned for LEP at CERN. 

The TRIUMF TPC, described by D. 
Bryman, is being used to search for 
the lepton-number violating decay of 
a muon to an electron on a titanium 
target. It was perhaps the first to pro
duce a physics result, having ac
quired data on about 2 x 10 1 2 stop
ped muons, permitting a new limit on 
muon-electron conversion. The ex
tensive measurements to under
stand the chamber and develop
ments to improve its acceptance, re

solution and rate capability were 
described. One highlight was a re
port on the status of the original TPC 
operating on PEP at SLAC. A. Barnes 
of Berkeley described experience 
with the chamber and emphasized 
efforts to understand and control 
factors affecting the resolution, es
pecially gain stability required for the 
impressive energy loss resolution 
achieved. Meanwhile the supercon
ducting coil of the PEP TPC has suf

fered some damage during tests, re
quiring repairs at Berkeley. 

The ALEPH and DELPHI detectors, 
planned to operate in LEP experi
ments at CERN in the late eighties, 
will both incorporate TPCs as central 
detectors, and were described by 
L. Rolandi of Trieste and H. J. Hilke 
of CERN. Reduced-scale prototypes 
have been constructed to evaluate 
various new design concepts in end-
cap configuration, calibration and 
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readout techniques. Both projects 
are major steps in the evolution of 
TPCs. 

The Los Alamos TPC was des
cribed by W. Kinnison who showed 
how it will be used to obtain high 
precision measurements of muon 
decay parameters to test the stand
ard electroweak theory. Develop
ment is continuing to improve the 
acceptance and resolution. Some in
novative analytical techniques are 
used to obtain track reconstruc
tion. 

Two exotic variants were re
ported. A liquid argon TPC, con
sidered to be a powerful tool with 
potential application to neutrino phy
sics and proton decay, for example, 
was described by P. Doe of Irvine. A 
high pressure hydrogen gas TPC 
TREAD' (The Recoil Energy and An
gle Detector) has been used in the 
tagged photon beam at Fermilab and 
was described by K. Goulianos of 
Rockefeller. 

A combination of a TPC with an 
emulsion to obtain improved accura
cy on wide angle tracks in a measure
ment of beauty lifetime was des
cribed byL. Rossi of CERN. There are 
tests on a low energy pion beam to 
study the problems of correlating 
tracks. Two proposals to use ga
seous xenon TPCs to search for dou
ble beta decay in xenon were des
cribed by Rossi and A. Forsterof Cal-
tech. Encouraging Monte Carlo simu
lations and some preliminary studies 
of prototype chambers were out
lined. A helium-filled TPC con
structed at the University of Califor
nia at Irvine, described by M. Moe, 
will shortly be used to look at double 
beta decay in selenium. 

There were several discussions on 
detailed aspects of design and per
formance. F. Sauli of CERN des
cribed some of the basic processes 
in TPC-like gas detectors and how, 
for example, an optimization of suit

able gas mixtures may be achieved. 
Some of the other topics raised were 
new geometries and techniques for 
endcap detectors, mechanical toler
ance limitations on resolution and 
stability, calibration schemes with 
sources and lasers, problems with 
electrostatic uniformity in the drift 
region, and the incorporation of new 
developments in electronics into 
the next generation of readout 
schemes. 

To give some perspective there 
were three reports on alternative 
techniques — the JADE jet chamber 
at DESY (R. D. Heuer), including an 
adaptation for relativistic heavy ions, 
DIOGENE at Saclay (J. Gosset) and 
SINDRUM at SIN (A. van der 
Schaaf). 

The workshop was summarized 
by the father of TPCs — Dave Nygren 
of Berkeley — who must have felt 
some satisfaction at the widespread 
and varied applications of this tech
nique which he and his group pion
eered with the PEP proposal in the 
mid-seventies. 

The occasion of the workshop 
was saddened by the sudden pass
ing two days before of E.P. (Ted) 
Hincks of Carleton University who 
was one of the prime organizers and 
co-chairmen of the workshop com
mittee. The success and usefulness 
of the workshop served as part of a 
fitting tribute to him. 

Nobel Prizes 
The common theme in this year's 
Nobel Prize for Physics, shared by 
Subrahmanyan Chandrasekhar of 
the University of Chicago and Wil
liam A. Fowler of Caltech, is stellar 
evolution. 

A star is formed from the gas and 
dust clouds which exist in the galax
ies. Under the influence of gravity, a 
condensation slowly contracts to 

form a star. In this process, energy is 
released which leads to heating. Fi
nally the temperature is high enough 
to set off nuclear reactions in the 
interior of the star. As a result, the 
hydrogen, forming the major part, is 
burnt to helium. This creates a pres
sure which stops the contraction and 
stabilizes the star so that it can exist 
for millions of years. 

When the hydrogen has been con
sumed, other nuclear reactions take 
over, particularly in the more mas
sive stars, and increasingly heavy el
ements, up to iron, are formed. 
When the evolution has reached this 
stage, the star can no longer resist 
gravity, and it undergoes some form 
of collapse, the exact nature of which 
depends on its mass. In some in
stances the collapse takes the form 
of an explosion whose visible result 
is the creation of a supernova. This 
brings about a brief but extremely 
intense flow of neutrons, which 
leads to the formation of the very 
heaviest elements. 

For less heavy stars having a mass 
of the order of our Sun, the collapse 
gives rise to a so-called 'white 
dwarf. The matter has here been 
compressed so that one cubic centi
metre weighs around a kilogram. 
The electron shells of the atoms have 
been crushed and the star consists 
of atomic nuclei and electron gas. 

For slightly heavier stars, the final 
stage is an even more compressed 
state in which electrons and nuclei 
unite to form neutrons. For the heav
iest stars having a mass in excess of 
a few Solar masses, the force of 
gravity becomes so strong that the 
matter simply disappears in the form 
of a so-called 'black hole'. 

Stellar evolution provides exam
ples of physical processes which 
cannot be observed under laboratory 
conditions. Many scientists have 
studied these fundamental ques
tions, but Chandrasekhar and Fowler 
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People and things 

are the most prominent, according to 
the Royal Swedish Academy of 
Sciences, which awards the Nobel 
prizes. 

Chandrasekhar's work deals with 
a large number of features in stellar 
evolution. A major contribution is the 
study of the stability problem in di
fferent phases of the evolution. In 
recent years he has studied relativis
t s effects, which become of impor
tance because of the extreme con
ditions arising during the later stages 
of stellar evolution. Chandrasekhar's 
possibly best-known achievement, 
accomplished when he was in his 
20s, is the study of the structure of 
white dwarfs. These earlier investi
gations have gained renewed inter
est in recent years with the advent of 
space research and modern astro
nomical techniques. 

Fowler's work deals with the nu
clear reactions which take place in 
the stars during their evolution. In 
addition to generating the energy 
which is radiated, they are of impor
tance because they lead to the for
mation of the chemical elements 
from the original matter, which chief
ly consists of the lightest element, 
hydrogen. Fowler has done exten
sive work on the experimental study 
of nuclear reactions of astrophysical 
interest, as well as carrying out the
oretical calculations. Together with a 
number of co-workers, he de
veloped, during the 1950s, a theory 
of the formation of the chemical ele
ments in the universe. 

On 23 October, Viktor Weisskopf 
celebrated his 75th birthday at a small 
gathering in the CERN Theory Division, 
where he has been spending some time 
this year. Many friends were there to 
express their heartfelt wishes for many 
more happy returns. 

On people 

Among the physicists receiving 
the prestigious US National Medals 
of Science from President Reagan 
this year were Yoichiro Nambu of 
the Enrico Fermi Institute, Chicago, 
and Edward Teller. 

Theorist Abraham Pais of Rocke
feller won the 1983 American 
Institute of Physics — US Steel 

Foundation Science Writing Award 
for his book 'Subtle is the Lord: 
The Science and Life of Albert 
Einstein'. 

First recipients of the new Tomalla 
Prize for work in Gravitation and 
Cosmology are Subrahmanyan 
Chandrasekhar of Chicago, and 
Soviet theorist Andrei Sakharov. 
The prize, established by a German 
industrialist, will henceforth be 
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Accelerator physicist Godfrey Saxon retired 
from Daresbury Laboratory earlier this year. 

awarded every two or three years. 
The first awards will be made in 
Zurich in January. Professor Chan
drasekhar also shares the 1983 
Nobel Physics Prize (see page 
431). 

Godfrey Saxon retires 

Accelerator physicist Godfrey 
Saxon has retired from the Dares-
bury Laboratory. He began his car
eer with Metropolitan-Vickers 
where he worked on radio and 
radar techniques. In the late 40s 
these techniques were applied to 
pioneering work on small linear 
accelerators used for cancer treat
ment. This resulted in the installa
tion of many such linacs around 
the world and led to larger ma
chines for scientific use, culminat
ing in the first DESY injector in the 
early 60s. He also worked on Al
varez proton linacs for the first 

CERN injector and for the PLA at 
the Rutherford Laboratory. 

He joined Daresbury in 1964 
and expanded his interests to in
clude electron synchrotrons and 
storage rings, making major con
tributions to the 5 GeV NINA 
synchrotron and the 2 GeV SRS 
storage ring. He will not be inactive 
in retirement becoming a consul
tant for LEP, for the European Syn
chrotron Radiation Project, Rolls 
Royce Ltd., the Daresbury SRS 
and the SOR-Ring facility at 
Okazaki in Japan. 

Kurt Symanzik 

Kurt Symanzik of the University of 
Hamburg and DESY died on 
25 October at the age of 59. 
During his life, this eminent theorist 
made many important contributions 
to quantum field theories. A tribute 
will appear in our next edition. 

Pocket accelerator 

A portable 8 MeV electron linac 
has been developed at Los Alamos 
National Laboratory with a view 
to applications in radiography, par
ticularly in the area of non-destruc
tive examinations in the construc
tion industry. The electron beam 
produces X-rays from a metal tar
get and can also provide a beam 
of neutrons. The X-rays or neu
trons are used for radiography. 
The accelerator can be dismantled 
and transported in sections by two 
men. It will run off normal mains 
supply and is robust enough to 
operate under extreme climatic 
conditions. 

At Stanford, two new beamlines 
are to be added to the SPEAR ring 
to provide additional facilities for 
basic research using synchrotron 

radiation. As well as electron-posi
tron collisions for particle physics, 
the SPEAR ring is also operated 
with electron beams, providing 
synchrotron radiation. This 
research is co-ordinated by the 
Stanford Synchrotron Radiation 
Laboratory. 

1984 CERN School of Physics 

Organized in collaboration with the 
University of Bergen, the 1984 
CERN School of Physics will be 
held from 11-24 June at Loftus/ 
Hardanger, Norway. The School 
is intended for young experimental 
physicists with at least one year 
of research experience, and aims 
to teach various aspects of high 
energy physics, especially theory. 
Completed application forms, ac
companied by a letter of support 
from the applicant's supervisor 
and a summary of present work 
(about 100 words, in English) 
should reach the CERN Scientific 
Conference Secretariat before 
23 March 1984. Further informa
tion and application forms available 
from: D.A. Caton, Scientific 
Conference Secretariat, CERN, 
1211 Geneva 23, Switzerland. 
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University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competition # 4 1 6 - 1 0 3 
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a p p l i c a n t w i l l b e i n v o l v e d in d e v e l o p m e n t a l e f f o r t t o w a r d n e w 
b e a m c a p a b i l i t i e s a n d h i g h e r b e a m i n t e n s i t i e s a n d w i l l c o n t r i b u t e 
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We offer equal employment opportunities 
to qualified male and female applicants 

University of California, Santa Barbara 

EXPERIMENTAL 
PARTICLE PHYSICS 

The High Energy Group at the University of California, 
Santa Barbara is seeking candidates for t w o postdoctoral 
research posit ions, wi th some flexibility in level, depend
ing upon the qualifications of the individual. Capable, 
talented physicists are sought for participation in a very 
active program which provides a variety of opportunit ies 
for someone wi th ideas and initiative. Of the four main 
areas in the current program, one involves the tagged 
photon spectrometer at Fermilab. For a Tevatron run in 
Fall 1984, a silicon microstrip detector system is being 
added. The second experiment is PEP-9, which is starting 
to produce results on two-photon annihilation, but which 
will continue running for some t ime at SLAC. The third 
experiment, double beta decay, involves apparatus, pres
ently being assembled, which is an order of magnitude 
larger than previously used in this f ield. The fourth area 
concerns planning and work ing on the future experimen
tal program. 

Interested candidates should wr i te to the 
Physics Department, University of 
California, Santa Barbara, CA 9 3 1 0 6 , 

an equal opportunity/aff i rmative action employer, 
or contact 

M . S. Witherell ( 8 0 5 - 9 6 1 - 3 9 6 2 ) , 
R . J . Morrison ( 8 0 5 - 9 6 1 - 2 6 6 6 ) , or 
D. O. Caldwell ( 8 0 5 - 9 6 1 - 2 5 4 7 ) . 

LARSEN AND TOUBRO ENDOWMENT CHAIR 
IN NUCLEAR ENGINEERING/SCIENCE 

A T 
INDIAN INSTITUTE OF TECHNOLOGY, BOMBAY 

POWAY, BOM BAY-400 076, INDIA 

This Chair has been created to attract an eminent Nuclear Engineer/Scientist. The appoint
ment is highly prestigious with salary/benefits even better than those of a full Professor of 
the Institute. Other benefits include subsidised housing on the campus, travel grants in 
India and consultative practice. Initially the appointment will be for a 3 year period; exten
sion or reduction of the period of appointment is negotiable. 

The Institute is looking for a person with established reputation in the field of Nuclear 
Engineering/Science with some experience in a University/R and D Institute/National 
Laboratory. The incumbent will be expected to provide leadership in research and devel
opment in the nuclear energy field and to interact strongly with the nuclear industries and 
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How to visit CERN 
Comment visiter le CERN 
Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum age limit is 16 years. 

Les visites commences ont lieu seulement le samedi, a 9 h. 30 
et/ou a 14 h. 30. Elles durent environ trois heures et sont 
gratuites. La limite d'age minimum imposee est de seize ans. 

Please write or call: CERN 
Ecrire ou t6l6phoner: Visits Organization / Organisation des Visites 

1211 GENEVA 23 Switzerland 
Tel. 022/83 40 52 or/ou 83 41 02 
Telex 2 36 98 

436 CERN C o u r i e r , D e c e m b e r 1 9 8 3 



M e e t i n g y o u r 
C A M A C n e e d s 

3 N e w C r a t e 
C o n t r o l l 

3921 
LSI-11 CRATE CONTROLLER 

H o u s e s a n L S I - 1 1 / 2 , L S I - 1 1 / 2 3 , o r S B C - 1 1 / 2 1 D E C 

p r o c e s s o r f o r . s t a n d - a l o n e o r a u x i l i a r y c o n t r o l l e r 

a p p l i c a t i o n s 

- F e a t u r e s -

C o m b i n e d c r a t e c o n t r o l l e r a n d p r o c e s s o r 

F u l l L S I - 1 1 b u s c o m p a t i b i l i t y 

2 2 - b i t a d d r e s s i n g c a p a b i l i t y 

F u l l s o f t w a r e s u p p o r t 

F o u r l / O - m a p p e d r e g i s t e r s f o r a l l C A M A C o p e r a t i o n s 

E x p a n d a b l e v i a f r o n t p a n e l L S I - 1 1 b u s 

S t a n d - a l o n e o r a u x i l i a r y c o n t r o l l e r 

R e a l - t i m e c l o c k 

Contact us i 
for more information 

K i n e t i c S y s t e m s 
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GPIB CRATE CONTROLLER 

P r o v i d e s f o r C A M A C I / O i n a G P I B - c o n t r o l l e d s y s t e m 

- F e a t u r e s -
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G P I B s e r v i c e r e q u e s t c a p a b i l i t y 
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c o m p a t i b l e d e v i c e 
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U . S . A . 

11 Maryknoll Drive 
Lockport, IL 60441 
Phone: (815) 838 0005 
TWX: 910 638 2831 

PACIFIC NORTHWEST OFFICE 

P.O. Box 4221 
Fremont, CA 94539 
Phone: (415) 490 8544 

WESTERN REGION OFFICE 

4234 Fairlands Drive 
Pleasanton, CA 94566 
Phone: (415) 829 9020 
TWX: 910 389 6898 

EUROPE (Service) 

3 Chemin de Tavernay 
1218 Geneva, Switzerland 
Phone: (022) 98 44 45 
Telex: 28 96 22 

EUROPE (Marketing) 

Gewerbestrasse 13 
CH-4528 Zuchwil , Switzerland 
Phone: (065) 25 29 25 
Telex: 34 94 95 
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V a c u u m S y s t e m s 
a n d C o m p o n e n t s 

V a c u u m 
P r o c e s s E n g i n e e r i n g 

E q u i p m e n t f o r 
S c i e n t i f i c a n d 

T e c h n i c a l E d u c a t i o n LEYBOLD-HERAEUS GMBH 

Refrigerator-cooled 
cryopumps and cryostats 

using a closed 
helium-gas cycle 

L E Y B O L D - H E R A E U S a r e s p e c i a l i s t s in 
v a c u u m t e c h n o l o g y f o r m o r e t h a n a c e n t u r y 
a n d , f o r 2 5 y e a r s , d e s i g n a n d m a n u f a c t u r e 

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

c l o s e d h e l i u m c y c l e a n d r e f r i g e r a t o r - c o o l e d 
c r y o p u m p s a n d c r y o s t a t s . T h e s e s y s t e m s 

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

w i t h o u t a n y p r o b l e m , a s w e l l a s in l a b o r a 
t o r i e s w h e r e l i q u i d r e f r i g e r a n t s a r e n o t 

a v a i l a b l e . 

Our range includes: 
Cryogenerators 
s i n g l e , t w o a n d t h r e e - s t a g e 

Refrigerator-cooled cryopumps 
S t a n d a r d m o d e l s f o r p u m p i n g s p e e d s f r o m 
4 0 0 t o 5 5 0 0 0 I t r / s e c . 

Refrigerator-cooled cryostats 
S t a n d a r d m o d e l s f o r o p t i c a l , m a g n e t i c a l , 
e l e c t r i c a l , h e a t c o n d u c t i v i t y a n d m a n y o t h e r 
m e a s u r e m e n t s . C o m p r e h e n s i v e r a n g e 
o f c r y o g e n i c s a c c e s s o r i e s m e e t i n g v i r t u a l l y 
al l r e q u i r e m e n t s . 

W e s h a l l b e p l e a s e d t o f o r w a r d d e t a i l e d 
i n f o r m a t i o n . 

L E Y B O L D - H E R A E U S G M B H 
P o s t f a c h 5 1 0 7 6 0 • D - 5 0 0 0 K o l n 51 

Vacuum by 
Cryogenics -

Cryogenic 
Temperatures 

in Vacuo 
U V 1 9 1 4 . 0 6 . 8 2 GK E 
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Contact Dielectric for all your 
RF needs from mW to MW. 

DIELECTRIC COMMUNICATIONS 
A UNIT OF GENERAL SIGNAL 

Tower Hill Road • Raymond, Maine 04071 
T e l . : (207) 6 5 5 - 4 5 5 5 • 8 0 0 - 3 4 1 - 9 6 7 8 

T W X : 7 1 0 - 2 2 9 - 6 8 9 0 

VIMMA 
REALIZES 

HIGH-PRECISION 
MECHANICAL 

ON COMMISSION 
FOR ALL 

THOSE COMPANIES 
WHICH OPERATE 

IN THE 
FOLLOWING AREAS 

HIGH-PRECISION EQUIPMENTS 
AIR AND HELICOPTER SECTOR 

ROCKETRY SECTOR 
RADAR EQUIPMENT 

TELECOMUNICATION SYSTEM 
INFORMATICS 

CAR INDUSTRY 
FOOD INDUSTRY MACHINERY 

TEXTILE INDUSTRY 

Vimma offers a long tradition in the high-precision 
mechanical, wide productive means wi th advanced 
technology, continual researches on materials and, 
above all, professionally prepared men for solving 
every problem. 
Vimma Company is supplier of INFN (National Insti
tute of Nuclear Physics). 
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RESOLVEZ VPS PROBLEMES DE NEUTRONS 
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH 

c o u n t e r H e 

c o m p t e u r a 3 H e 

r e l i a b l e 
r o b u s t e 

a u t o n o m y : 3 0 h o u r s w i t h 1 2 V N i - C d a c c u m u l a t o r 

a u t o n o m i e : 3 0 h e u r e s s u r a c c u m u l a t e u r C d - N i 1 2 V 

m i c r o p r o c e s s o r 
m i c r o p r o c e s s e u r 

a u t o m a t i c r e a d i n g 
a u t o m a t i q u e 

^ 1 J ( 6 . 5 k g ) 

SystdmeCEA D e b i t d ' e q u i v a l e n t d e d o s e 
CEA System E q u i v a l e n t d o s e r a t e 

1 0 " 1 1 0 5 m - r e m / h 

E q u i v a l e n t d e d o s e 
E q u i v a l e n t d o s e 

0 - 1 0 D m - r e m 

l e g e r f 

T e m p s d e c u m u l 
T i m i n g 

0 - 1 0 h 

n a p p J n i | W - A g e n c e C o m m e r c i a l e : Z . A . d e C o u r t a b c e u f - A v . d ' l s l a n d e E V O L I C 4 - 9 1 9 4 0 L E S U L I S 
M B r U B l J A C o m m e r c i a l B r a n c h : T e l . (6 ) 9 2 8 . 5 9 . 4 6 - T e l e x : 6 9 1 2 5 9 F 

SINGLE 
PHOTON 

COUNTING 

W I T H T H E 
I . T . L . 

C H A N N E L P L A T E 
P H O T O M U L T I P L I E R 

GAIN (2 channel plates) 
GAIN (3 channel plates) 
RISETIME 
PHOTOCATHODE 
U.V. RESPONSE 
USEFUL DIAMETER 

IX 105 

5x 10 6 

less than 400 psec. 
S20, Bialkali, CsTe, (SI) 
To 110 nm 
18 mm 

Unscreened operation in axial magnetic fields up to 1 T. 

U.S.A.: 617 443 9198 
FRANCE: 01 782 5671 
SWITZERLAND: 021 87 9509 

GERMANY: 06151 82076 
ITALY: 02 53 92 188 
INDIA: 011 521379 

I N S T R U M E N T T E C H N O L O G Y L T D . 

29 CASTLEHAM ROAD 
ST. LEONARDS-ON-SEA 
EAST SUSSEX U.K. TN38 9NS. 
Tel. 0424 52511 Telex 957-489 
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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides PMT's. Thus, the S1723 occupies a small 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec
tion in the fields of high energy physics, 
medical diagnostics and industrial instru
mentation. Hamamatsu engineers will 
modify the S1723 or other detectors to 

.meet your needs. 

© 1983 Hamamatsu 

Call or write for product bulletin and prices. 

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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Space 
(page) 

Actual size (mm) 
width by height 

Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
width by height 1 

insertion 
3 

insertions 
5 

insertions 
10 

insertions 

7 i 
1 / 2 

1 / 4 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
9 0 x 1 3 0 

1 6 3 0 

9 0 0 

5 1 0 

1 5 8 0 

8 7 0 

4 8 0 

1 5 3 0 

8 5 0 

4 6 0 

1 4 3 0 

8 0 0 

4 4 0 

Advertisements in CERN COURIER 
F o r m a t A 4 M o n t h l y p u b l i c a t i o n 
A l l a d v e r t i s e m e n t s a re p u b l i s h e d in b o t h E n g l i s h a n d F r e n c h 
e d i t i o n s . S e c o n d l a n g u a g e v e r s i o n s a c c e p t e d w i t h o u t e x t r a 
c h a r g e . 

S u p p l e m e n t f o r : 
— e a c h a d d i t i o n a l c o l o u r 
— C o v e r s : 
C o v e r 3 (one c o l o u r ) 
C o v e r 4 (one c o l o u r ) 
P u b l i c a t i o n d a t e 
C l o s i n g d a t e f o r 
p o s i t i v e f i l m s a n d c o p y 

1 5 0 0 S w F 

1 9 3 0 S w F 
2 5 7 0 S w F 
1 s t o f m o n t h o f c o v e r d a t e : 

1 s t o f m o n t h p r e c e d i n g c o v e r d a t e 
T h e c o s t o f m a k i n g f i l m s a n d o f 
t r a n s l a t i o n f o r a d v e r t i s e m e n t s are 
c h a r g e d in a d d i t i o n . 

S c r e e n (o f f se t ) 6 0 o r 5 4 S w i s s ( 1 5 0 Eng l i sh ) 
A d v e r t i s e m e n t s c a n c e l l e d a f t e r 1 s t 
o f m o n t h p r e c e d i n g c o v e r d a t e w i l l 
b e i n v o i c e d . 

A d v e r t i s i n g s p a c e is l i m i t e d t o 5 0 % o f c o n t e n t s a n d i n s e r t i o n s 
are s e l e c t e d o n a s t r i c t f i r s t - c o m e f i r s t - s e r v e d bas i s . 
T h e s e ra tes a re e f f e c t i v e f o r t h e y e a r 1 9 8 4 . 

A l l e n q u i r i e s t o : 
M i c h e l i n e F A L C I O L A / C E R N C O U R I E R - C E R N 
C H - 1 2 1 1 G e n e v a 2 3 S w i t z e r l a n d 
T e l . ( 0 2 2 ) 8 3 4 1 0 3 T e l e x 2 3 6 9 8 

D i a l , t a l k , l i s t e n 

v i a t h e t e s t c h a n n e l , 

i t s e a s y w i t h t h e S Z U - 9 6 9 
End-to-end measurements dur
ing commissioning or servicing 
of communications circuits re
quire telephonic intercommuni
cations between the measuring 
technicians. The SZU-969 im
plements this on telephone 
circuits and also on data cir
cuits or repeaters along the 
path. A simple addition when 
combined with the level meas
uring system, level tracer, or 
data circuit measuring set al
ready being used. 
This compact, battery operated 
Speech Attachment contains a 
microphone, loudspeaker, d.c. 
loop-holding circuit and keypad 
for dialing-up. The incorpo
rated 2-wire selector facilitates 
the 2-wire line changeover to 
the send or the receive section; 
no plugging-in and unplugging 
is needed. 
In short: The SZU-969 adds an 
economic advantage by easing 
end-to-end measurements. 

* Intercomm. between sites; 
* Listen to incoming test and 
voice signals, also with sup
pressed test signal; 
* Operates as telephone or 
handset 
* 2-wire-transmission,-recep
tion 

I > ^ 
Information Coupon 
P l e a s e s e n d de ta i l ed i n fo rma t i on 
a b o u t t h e S Z U - 9 6 9 for e a s y in ter 
c o m m u n i c a t i o n s 

N a m e 

Of f i ce L o c a t o r 

A d d r e s s 

C o u n t r y 8 

Te l . N o w 

Wandel & Goltermann 
( S c h w e i z ) A G 
P o s t f a c h 2 5 4 
C H - 3 0 0 0 B e r n 2 5 
Te l . ( 0 3 1 ) 4 2 . 6 6 . 4 4 
Te lex 3 2 1 1 2 w a g o c h 
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A+D PRODUCTS SA 
2 5 0 1 Bienne r. Albert Anker 23 

T e l . 0 3 2 2 3 6 3 1 2 / 2 3 5 5 8 2 T e l e x 3 4 8 3 4 a d p r o 

A L I M E N T A T I O N 
600 Watts de DELTA Elektronika 

SWITCHING 40 kHz: reunit les avantages des ali
mentations a decoupage et a regulateurs lineaires: 

• Sortie 0-30V DC 0-20A commutable a 0-60V DC 
0-1 OA 

• Haute precision, stabil i te 5mV, ondulations 
residuelles 10mV P P a pleine charge 

• Rendement eleve: 87% a 600 Watts 
• Compression RFI entree, sortie, conforme a 

c o u r b e K V D E 0865 
• Softstart, choke input 
• Tension secteur 95 a 132 ou 185 a 265 V 

50-60 Hz ou 220 a 350 V DC 
• Telecommandable 
• Construction compacte, poids seulement 9 kg 

r\ 
livrablede stock 

118 b f 

P E T R O L E U M T E C H N I C A L 
C O M P A N Y S.A. 

PTEE TEFLON 

Pumps and accessories for handling corrosive 
alimentary, sterile fluids. 

Pneumatic operated self priming 
gases and liquids. 10 to 4000 l/h. 

pumps for 

We can offer for use with our circulating and dis
pensing pumps a wide range of tubing, connector 
pieces and valves constructed in P.T.F.E which 
enable them to be mounted to suit most applica
tions for both corrosive liquids and gases. 

PETROLEUM TECHNICAL COMPANY S.A. 
47, chemin des Mesanges 
CH 1225 Chene-Bourg (Geneva) Switzerland 

Phone (022) 48 67 49 Telex 23897 PTC CH 

LINEAR ICS - WHAT NEXT? PMI HAS IT: 
MULTIFUNCTION CHIP - PEAK DETECTOR 

From Precision Monolithics, of course, the company who keeps pushing Linears ahead, 
ever since 1969! 
GAP-01 is a multifunction building block with two switchable op-amps, voltage follower, 
and comparator on a chip. Monolithic compactness, thermal tracking and reliability are 
now available to the design engineer for a multitude of applications formerly solved with 
discrete components. Typical circuits are synchronous demodulators, precision absolute 
value rectifiers, sample+hold amplifiers; but customers have already found far over 
100 applications of their own! 
PKD-01 is a complete circuit that stores positive or negative peak values and resets to 
predetermined voltage levels under logic control. Simplify your system and design with 
PMI's clever circuits! 

Bourns (Schweiz) AG, 6340 Baar 
Tel. 0 4 2 / 3 3 33 33 Telex 868 722 

PRECISION 
MONOLITHICS 
I N C O R P O R A T E D 

SANTA CLARA CALIF. A SUBSIDIARY OF BOURNS INC. 
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NORTH AMERICA REST OF WORLD 

THORN EMI 
Gencom Inc. 
80 Express Street, Plainview, New York 11803 
(516) 433-5900 Telex: 22-1236 TEG IUR 

THORN EMI 
Electron Tubes Limited 
Bury Street, Ruislip, Middlesex HA4 7TA, England. 
Telephone: Ruislip (08956) 30771. Telex: 935261 

444 C E R N C o u r i e r , D e c e m b e r 1 9 8 3 



ORGANISATION EUR0PEENNE 
POUR LA RECHERCHE NUCLEAIRE 
EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed t o : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 
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IE TECHNOLOGIE 
1A HAUTEUR 

IS EXIGEANTS 

D E M E S U R E S 
R A C A L - D A N A 

RACAL-DANA dispose d'une large 
gamme d'appareiis de mesure, p re
serve dans tous les domaines de Pin-
dustrie. 

Son commutateur de voles p ro 
grammable permet de realiser des 
systemes evolutifs de mesure en BUS-
IEEE, pour ['acquisition et le traitement 
de signaux allant du continu aux hyper-
frequences. 

Les chatnes de mesure ainsi rea-
lisees, faisant appel aux technologies 
les plus avancees en instrumentation, 
peuvent assister dans les meilleures 
conditions les realisations technologi -
ques les plus ambitieuses. 

R A C A L - D A N A 
la m a i t r i s e d u s i g n a l 

18, avenue Dutartre - Parly II 
78150 LE CHESNAY 

(3) 955.88.88 - Telex : 697215 F 

AGENCE RACAL D A N A 
RHONE-ALPES/CENTRE 

35, rue du Tonkin 69100 VILLEURBANNE 
Tel. : (7) 889.77.77 

M. BIJONNEAU Representor exclusif pour le CERN 

Nos fiitres sont des pro-
duits de qualite. Les tests 
de fuite au brouillard de 
paraffine sont les garants 
pour une utilisation avec 
de hautes exigences. 

Succursales, licencies et representations dans plus de 60 pays. 

Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Telephone 01/8101010 

En impression quadrichromie 
nous vous garantissons 

un resultat optimal 
si vous nous 

laissez engager totalement 
notre responsabilite 

a votre egard 

Presses Centrales Lausanne S.A. 
1, rue de Geneve 

Te l . ( 0 2 1 ) 2 0 5 9 0 1 
1 0 0 2 Lausanne 
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A Leading Manufacturer of Advanced Data Acquisition Systems 

^RANSIAC, a major supplier of high-energy and fusion physics research equip-
aent is now represented in Switzerland by SEN Electronique, which is proud to 
>resent: 

The TRAQ I Data Acquisition System 
TRANSIAC's TRAQ I System is a new 
modularized concept to integrate 
the data acquisition function for a 
wide range of recording speeds. 
Transient recording, energy or time 
spectral analysis, multichannel 
scaling and signal averaging are 
only a few of the various applica
tions for this system, which is 
especially cost effective where 
multiple channels are required. 

The TRAQ I is a complete 12-bit sys
tem featuring: 

* Up to 256 Input Channels per System 

* Up to 2Mwords of Data Storage 

* Optimal Coverage of Sampling Rates 
from lKHz to 1MHz 

* TRAQBUS Architecture Allowing Sys
tem Up-grading with I/O and Most 
Pre/Post Processing Modules 

* Programmable Signal Conditioning 

* High Density Rugged Standard Pack
aging 

SEN ELECTRONICS S.A. 
Avenue Ernest-Pictet 3 1 ; Tel. (022) 44 29 40 - Tlx 23 359ch - CH-1211 GENEVE 13 

E L E C T F O N I Q U E 



MICRO CONSULTANTS 

:::i;v:^ i i l l ! \ F l i f e . ' . I . : 

Crystal Clear 
Image Enhancement 

.-:w--.v.'.irfi 

F r o m M I C R O C O N S U L T A N T S . . . C R Y S T A L — a n e w 
g e n e r a t i o n of d ig i ta l i m a g e p r o c e s s i n g t e c h n o l o g y . 
C R Y S T A L g ives y o u rea l - t ime i m a g e e n h a n c e m e n t in 
a w a y never prev ious ly be l i eved poss ib le . 

F r o m a s l o w s c a n or T V input it p r o d u c e s a 
c o m p l e t e l y c rys ta l c l e a r i m a g e a n d d i s p l a y s it o n a 
T V s c r e e n — h e n c e i ts n a m e , C R Y S T A L . 

U s i n g t h e n o r m a l o u t p u t s i g n a l s f r o m s l o w s c a n 
dev ices , s u c h as S c a n n i n g E l e c t r o n M i c r o s c o p e s , 
C R Y S T A L a d a p t s to t h e s l o w s c a n a n d c r e a t e s a 
br ight n o r m a l T V p ic ture of o u t s t a n d i n g c r i s p n e s s . It 
is c o n t r o l l e d by a s m a l l d e s k - t o p k e y p a d w h i c h wi l l 
fit c o n v e n i e n t l y o n t h e S E M c o n s o l e . 

D e s i g n e d for u s e by p r o d u c t i o n e n g i n e e r s , q u a l i t y 
m o n i t o r i n g staf f , a n d R & D sta f f in p r o d u c t i o n 
i n s p e c t i o n a s we l l a s r e s e a r c h — C R Y S T A L c a n a l s o 
be u s e d in other" a r e a s s u c h as X-ray i n s p e c t i o n , 
t h e r m o g r a p h y , u l t rason ic s c a n n i n g a n d laser 
s c a n n i n g . 

C R Y S T A L g ives you b a c k your i m a g e . 
In t h e f irst i n s t a n c e t e l e p h o n e , t e l ex or w r i t e to u s 

at t h e a d d r e s s b e l o w . W e h a v e s u b s i d i a r y 
c o m p a n i e s in t h e U S A , F r a n c e , I ta ly a n d J a p a n , a n d 
a g e n t s t h r o u g h o u t Europe . 
M I C R O C O N S U L T A N T S LTD. , K e n l e y H o u s e , K e n l e y 
L a n e , Ken ley , Surrey C R 2 5 Y R , E n g l a n d . 
T e l : 01 -668 4151 Te lex : 9 4 6 6 4 3 M I C R O G. 
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Triple Port 
Fast Memory 

3 , 5 " WINCHESTER DISK 
DRIVES 

RpDIME 

• formatted capacity: 5 or 10 MBytes 
• Interface ST 506 
• power dissipation: 13 Watts 
• dimensions: 5,75" x 4 ,0" x 1,625" 
• also 5,25" Winchester Disk Drives available up 

to 42 MBytes 
• made in Scotland 

AUZP M U L T I C A P SA 
Av. General Guisan 58 
1800 VEVEY 
Tel. 021 / 52 80 40 

Memory for 
CAMAC ECLine CAB FERA 

...and Your System 

CAMAC ECLine Model 4302 
Triple Port Fast Memory Unit 
• F a s t 1 0 0 n s e c a c c e s s t i m e 

• E x p a n d s C A M A C P r o c e s s o r 
M e m o r y ( C A B ) 

• C o m p a t i b l e w i t h F a s t E n c o d i n g 
R e a d o u t A D C S y s t e m ( F E R A ) 

• C A B R e a d / W r i t e P o r t 

• C A M A C D a t a w a y R e a d / W r i t e P o r t 

• F r o n t p a n e l E C L p o r t 

• L a r g e s i z e , 1 6 K x 1 6 - b i t 
c a s c a d a b l e 

Designed for a variety of applications requiring 
large high speed buffer memories, the Triple Port 
Fast Memory unit has fast 100 nsec access time 
memory to liberate front end electronics in high 
data rate applications. Its access time and 
16 K x 16-bit memory, makes it fast enough to 
complement ECLine, the fast pulse CAMAC pro
grammable logic system from LeCroy. Up to four 
Model 4302s can be directly connected to CAB, 
our fast intelligent CAMAC processors. FERA 
(Fast Encoding Readout ADC's) accesses the 
Model 4302 Memory unit via front panel ECL 
ports. 

CAMAC memory is accessed via one of three 
ports: a front panel ECL port for rapid data 
loading, a read/write port to CAMAC, or a 
read/write port to CAB. Port selection is under 
CAMAC or CAB control. Events may be accu
mulated in the buffer for later readout and pro
cessing. Multiple Model 4302 modules may 
have their ECL ports cascaded without exter
nal logic to form unlimited list mode memories. 

For a faster memory for your CAMAC, ECLine, 
CAB, or FERA system, please contact your 
nearest LeCroy Sales Office. 

L e C r o y 
Rue Cardinal-Journet 27, 1217 Meyrin 1-Geneva, Switzerland, 
82 33 55. Offices: USA, (914) 425-2000; Heidelberg, W. Germany, 
(06221) 28192; Les Ulis, France, (6) 907.38.97; Botley, Oxford, 
England, (0865) 72 72 75. Representatives throughout the world. 
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With us, 10 mg make all the difference 
Bei uns geben 10 mg 
schon den Ausschlag 

551.300 ver-
schiedene Gas-
gemische mit Zertifikat fur 
Reinheit, Genauigkeit, Stabilitat 

551.300 Gasgemische mit 
beliebig vielen Komponenten, 
in beliebiger Konzentration bis 
in den vpm-Bereich. 

551,300 differ
ent gas mixtures 

with certificate for purity, 
accuracy, stability. 

551,300 gas mixtures with 
any desired number of com
ponents and in any concen
tration down to the vpm range. 

M E S S E R G R I E S H E I M 
2.8033 d/e 
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Photon Detection and Discrimination At Its Best. 
Our new PMT series give you fast and precise time 
characteristics with good single electron resolution 
to facilitate multiplier noise discrimination. 
When your high energy physics project involves fast scin
tillation or Cherenkov radiation detection and time-of-
flight or coincidence timing techniques — reliability of 

your components is 
v i t a l . O u r m u l t i 
p u r p o s e 12 -s tage 
photomultiplier tube 
XP2262 gives you 
exceptionally fast rise 
time (2.0 nsec), 70% 
single electron resolu
tion, very good linear
ity and best of all, 
reliable performance 

Single electron spectrum obtained w i th an XP2262 tube. frOm each tube. Our 

XP2252 2-inch head-on type PMT is the newest member 
of our ever expanding family, and is recommended for 
new designs as well as for detector upgrades. 

Our wor ldwide experience in high energy physics 
includes contributionstoprojectssuch as The Plastic Ball, 
The Mark II and III Detectors, BNL Neutrino Detector, 
Crystal Box, and in Europe, in the CERN Intermediate 
Vector Bosons Search. COME, SEE THE LIGHT! Contact 
us today, write for complete information to AMPEREX. 

A m p e r e x 
• A N O R T H AMERICAN PHILIPS C O M P A N Y 

230 Duffy Avenue, Hicksville, NY 11802, telephone 516/ 
931-6200. Outside USA: contact Philips, EL COMA, 5600 
MD, Eindhoven, The Netherlands. 


