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Inauguration of the SPS 

On 7 May about 2 0 0 0 people gathered 
at CERN for the fo rmal inaugurat ion of 
the 4 0 0 GeV proton synchrot ron, the 
SPS. They included high ranking o f f i ­
cials of the twe lve CERN Member S ta ­
tes, the CERN Counci l , local govern­
ment off ic ials, representat ives of Labo­
ratories and Universit ies closely 
connected w i t h CERN, representat ives 
of European industr ies wh ich par t ic i ­
pated in the machine const ruct ion, the 
press, and CERN staff. 

A f te r a morn ing wh ich included a 
Press Conference and tours of the ac­
celerator fo l l owed by a dinner of fered 
by the Swiss and French author i t ies, 
the ceremony of inaugurat ion w a s held 
under the Presidency of M. Paul 
Levaux (President of the CERN Coun­
cil) in the huge exper imental hall of the 
SPS Nor th Area, EHN1. 

The open ing talk was by Professor 
Edoardo Ama ld i f rom the University of 
Rome — one of CERN's founder 
members , a leading proponent of the 
bui ld ing of the SPS during the 1 9 6 0 s , 
President of Counci l w h e n the project 
w a s author ized in 1 9 7 1 . He spoke 
about the years leading up to the dec i ­
sion to bui ld the machine. 

He w a s fo l lowed by Professor 
W o l f g a n g Paul f r om the University of 
Bonn — President of the CERN Sc ien­
t i f ic Policy Commi t tee . Professor Paul 
spoke about the years of const ruct ion 
of the accelerator and of its exper imen­
tal faci l i t ies. 

The f inal speaker w a s Professor 
Chr is topher Llewel lyn Smi th f rom the 
Universi ty of Oxford w h o spoke as a 
representat ive of the younger genera­
t ion of physic ists w h o wi l l exploit the 
new accelerator. He spoke about the 
physics w h i c h can be confronted w i t h 
the SPS and (since the topics of the 
previous speakers have already been 
covered in detail in the COURIER) w e 
wi l l concent ra te on an abridged ver­
sion of his talk. 

'The a im of part icle physics is to i n ­
vest igate the const i tuents of mat ter 

and the forces wh ich control their 
behaviour at the most fundamenta l 
level. The subject is a very old one 
w h i c h can be traced back to 
Democr i tus whose idea that mat ter is 
composed of t iny indivisible a toms is 
near 2 5 0 0 years o ld. However, the 
a tomic theory was not generally ac­
cepted unt i l the late nineteenth cen­
tury. 

Soon after, in 1 9 1 1 , the exper i ­
men ts of Rutherford showed that 
a toms are not indivisible but consist of 
e lectrons orb i t ing a very small nucleus. 
During the 1 9 3 0 s it was found that the 
nuclei of a toms are themselves c o m ­
posed of even smaller particles called 
pro tons and neutrons, wh ich are about 
one ten th of a mi l l ionth of a mi l l ionth of 
a cent imet re in size. 

A t ten t i on then swi tched to the 
s t ructure of the neutrons and protons 
about w h i c h w e now know a great 
deal . Exper iments at the old CERN ac­
celerator have made major con t r ibu­
t ions to th is knowledge and, because it 
accelerates part icles to much higher 
energy, the SPS wi l l a l low us to study 
the const i tuents of matter at an even 
deeper level. 

One of the most surprising d is­
coveries is tha t not only are many par­
t ic les produced in high energy co l l i ­
s ions but the variety of particles w h i c h 
can be created in this w a y is enormous. 
More than a hundred dif ferent part icles 
are k n o w n today and more wi l l u n ­
doubted ly be discovered at the SPS. 

A t f i rst th is prol i ferat ion of part icles 
w a s very bewi lder ing but some 
s impl ic i ty w a s restored by the realiza­
t ion tha t they can be grouped into 
fami l ies w h o s e members have proper­
t ies in c o m m o n . Knowing the 
behaviour of one particle, w e can 
predict the behaviour of its relatives. 
This classif icat ion into di f ferent 
species brought order into the sub-
n u c l e a r w o r l d and is similar to the clas­
si f icat ion of the chemical e lements 
into the f e w famil ies of the periodic 
table w h i c h brought order into 



chemis t ry dur ing the n ineteenth cen­
tury. 

The fami ly structure strongly sug­
gests the existence of a small number 
of more fundamenta l const i tuents 
w h i c h can be grouped together in 
many di f ferent ways to make the 
k n o w n nuclear part icles. These more 
basic const i tuents are k n o w n as 
quarks — a meaningless w o r d made 
up by the Irish wr i ter , James Joyce. 
The hundreds of di f ferent nuclear par t i ­
cles w h i c h are k n o w n today can all be 
interpreted as dif ferent compos i te 
st ructures of just four di f ferent sorts of 
quarks. Nowadays w e are concerned 
w i t h the quark structure of the pro ton 
and neutron and their relatives and the 
propert ies of the quarks themselves. 

One of the most interest ing exper i ­
ments at the SPS, wh ich wi l l tell us 
about the propert ies of quarks, is 
s imi lar to the exper iments of Ruther­
ford w h i c h led to the discovery of the 
a tomic nucleus. He bombarded a th in 
metal foi l w i t h alpha part icles; general ­
ly, they passed straight through the foi l 
or were def lected by small amounts 
but very occasional ly they bounced 
backwards. Rutherford realized that 
th is occurred because they had en­
countered a very small nucleus in the 
a tom. 

Ten years ago the surprising d is­
covery w a s made that w h e n a beam of 
very high energy electrons is d i rected 
at a pro ton or neutron, some of t h e m 
also bounce backwards as if they had 
struck some smal l , hard, indivisible o b ­
ject — presumably a quark. This was 
conf i rmed by exper iments at the CERN 
PS using part icles called neutr inos and 
the new SPS wi l l make it possible to 
carry out s imi lar exper iments at very 
much higher energies using neutr inos 
and also 'heavy electrons' called 
muons. 

Large detectors are under construc­
t ion w h i c h wi l l tell us h o w the muons 
are scat tered w h e n they strike a target. 
Wi l l they somet imes bounce 
backwards w h e n they encounter 

quarks as the electrons of lower energy 
did or w i l l they behave di f ferent ly, 
reveal ing structure inside the quarks? 
Perhaps their behaviour w i l l not 
change and the quarks wi l l tu rn out to 
be e lementary objects w i thou t deeper 
s t ructure. 

If quarks are structureless, they 
m igh t even turn out to be related to 
non-nuclear part icles such as 
e lectrons, muons and neutr inos, w h i c h 
seem to be structureless, a l though 
they di f fer f r o m quarks in a lmost every 
other respect. The propert ies of quarks 
are myster ious and are not ful ly under­
s tood. M a n y exper imental a t tempts to 
isolate an individual quark have fai led 
and some people believe that it may be 
comple te ly impossible to free quarks 
f r o m thei r nuclear prison. It w o u l d be 
exci t ing if th is conjecture were proved 
because it m igh t then make sense to 
th ink tha t w e had at last reached the 
end of the road in the search for s m a l ­
ler and smal ler const i tuents and tha t 
quarks are the u l t imate layer of nuclear 
mat ter . 

I have said someth ing about our 
knowledge of the const i tuents of mat ­
ter bu t w h a t do w e know about the 
forces w h i c h control their behav iour? 
Four forces are k n o w n today. Gravity is 
the mos t fami l iar but it is negl igible on 
the scale of part icle physics. It is 
e lec t romagnet ism w h i c h holds 
e lectrons in their a tomic orbi ts and is 
therefore responsible for all of 
chemis t ry and much of physics. 

In add i t ion , there is a st rong force 
w h i c h acts very powerfu l ly , but only 
over short distances, and holds 
toge ther the a tomic nucleus and the 
quarks in protons and neutrons. Final­
ly, there is the so-cal led weak force. It 
does not seem to be power fu l enough 
to b ind part icles together , but is 
responsible for the break-up of some 
part ic les w h i c h w o u l d o therwise be 
stable. The w e a k force is also responsi­
ble for other fo rms of t ransmuta t ion 
w h i c h , a l though relatively rare, are 
vi tal for our very existence since they 

cont ro l part of the cycle by wh ich the 
sun produces energy. 

Perhaps the greatest t r iumph in par­
t ic le physics dur ing the past decade 
has been the discovery that , ou t of 
these four forces, t w o — the 
e lec t romagnet ic and the weak force 
— are a lmost certainly di f ferent 
mani fes ta t ions of a single underly ing 
in teract ion. W h a t this means is that 
k n o w i n g electromagnet ic phenomena 
w e can , in principle, predict s o m e ^ 
w e a k phenomena and vice versa. It is 
s imi lar to the nineteenth century d is­
covery tha t electric and magnet ic 
forces are dif ferent aspects of a single 
force. That discovery w a s part icularly 
pleasing because electric and 
magnet ic phenomena don ' t seem very 
similar. 

The discovery that the w e a k force is 
another aspect of e lect romagnet ism is 
perhaps even more surprising and 
grat i fy ing since the phenomena it 
p roduces are total ly di f ferent. For ex­
ample , as anyone w h o has used a c o m ­
pass is aware, e lect romagnet ism can 
act over large distances. The w e a k 
force, on the other hand, is negligible 
beyond nuclear distances. The 
theoret ica l discovery that a s i n g l & i 
force can give rise to phenomena 
w h i c h dif fer so radically is extremely 
impor tan t . It raises the hope that there 
may be just one fundamenta l force 
w h i c h is responsible for gravi ty, as we l l 
as fo r the s t rong, weak and electro­
magnet ic interact ions. 

The f i rst experimental evidence tha t 
the w e a k and electromagnet ic forces 
may be connected w a s the observat ion 
at CERN in 1 9 7 3 of so-called 'neutral 
current ' interact ions, wh ich f i t easily 
into the f ramework of models w h i c h 
uni fy these forces. Further and much 
s t ronger evidence for uni f icat ion w a s 
prov ided by the discovery of part icles 
w i t h an at t r ibute called ' charm' last 
year, since unif ied models require and 
had unambiguously predicted their ex­
istence. The discovery that weak and 
e lec t romagnet ic forces are probably 



1. 

the same is a fundamenta l advance. 
Experiments at the SPS wi l l provide 

(ssts of the ideas about the con­
t i n e n t s of mat ter and the forces of 

nature w h i c h I have descr ibed. 
However , as in the past, n e w exper i ­
ments wi l l not only a l low us to test and 
consol idate our present theories but 
they are also likely to produce qui te 
new and unexpected phenomena. In 
fact , given the var iety and qual i ty of the 
beams of part icles wh ich the SPS 
produces, th is seems almost in ­
evitable. 

For example, more high energy 
neutr inos are available for exper iments 
at the SPS than everywhere else in the 
w o r l d . They wi l l help us to study the 
connect ion be tween the weak and 
e lec t romagnet ic forces in detai l . 
Fur thermore, since neutr inos can 
penetrate r ight to the heart of neutrons 
and protons, their interact ions are sen­
sit ive to w h e t h e r quarks have structure 
and to the nature of the forces w h i c h 

2. 

hold quarks together . 
In add i t ion , neutr ino exper iments 

seem the most likely to produce sur­
prises. If there are more than four 
quarks, and hence nuclear part icles 
w i t h n e w at t r ibutes beyond charm, 
neutr inos are likely to produce t h e m . In 
fact , there are already hints of a f i f th 
quark. W h a t is its role ? Could there be 
yet more ? There is also some evidence 
for fu r ther non-nuclear part icles, like 
e lectrons, w h i c h can be created in 
neutr ino col l is ions. Again their proper­
t ies and the i r role are not k n o w n . These 
are th ings w e hope to learn f rom 
neutr ino exper iments. 

The many spectacular discoveries 
w h i c h have been made can n o w be 
seen to f i t into a s imple f r a m e w o r k in 
w h i c h nuclear part icles are made of 
quarks w h i c h are governed by gravi ty, 
the s t rong force and a single w e a k -
e lec t romagnet ic force. However , re­
cent exper iments have reminded us 
tha t there are many outs tand ing 

The three speakers at the Inauguration 
ceremony: 
1. Ed oar do Amaldi who spoke of the years 

prior to the authorization of the project. (Photo 
CERN 226.5.77) 
2. Wolfgang Paul who spoke of the years of 
construction of the machine and its 
experimental equipment. (Photo CERN) 
225.5.77) 
3. Chris Llewellyn-Smith who spoke of the 
contributions that the SPS can make to particle 
physics. (Photo CERN 222.5.77) 

3. 

p r o b l e m s : How many quarks are 
the re? W h a t determines their 
n u m b e r ? H o w many non-nuclear par­
t ic les, like the electron, are there? 
W h a t determines their number? 

The fundamenta l discovery that the 
w e a k and e lectromagnet ic forces may 
be the same encourages even bolder 
q u e s t i o n s : Can w e comprehend all the 
forces of nature s imul taneously? 
Could quarks, electrons, neutr inos and 
all the o ther particles be relatives 
be long ing to a single fami ly , subject to 
a single fundamenta l force ? W e are far 
f r o m k n o w i n g the answers to such 
quest ions but the fact that they can 
n o w seriously be posed is extremely 
exc i t ing. 

The s tudy of the const i tuents of 
ma t te r and the forces wh ich shape the 
Universe in w h i c h w e live is an intel lec­
tual act iv i ty of the first rank to w h i c h 
the SPS wi l l make major contr ibut ions. 
Exper iments at the SPS wi l l enable us 
to consol idate w h a t w e have learned 



One memento of Inauguration Days is the 
accumulation, in the 'Golden Book', of the 
signatures of many of the personalities who 
attended the ceremony. Here John Adams who 
led the SPS construction team, adds his 
signature. 

(Photo CERN 107.5.77) 

Michael Crowley-Milling, Head of the SPS 
Division, watches Jaap den Herder, President of 
the CERN Amateur Radio Club working the ~ 
special radio call signal HW6SPS on 
Inauguration Day. The Radio Club contacts 
were one of many activities on the fringes of the 
formal ceremony. 

(Photo B. Sagnell) 

and test some of our new and more 
ambi t ious theor ies. However, as in the 
past, new exper iments wi l l undoub ted­
ly reveal a richer and more elegant 
reality than is dreamt of in our present 
phi losophy. ' 

Dr. John Adams concluded the 
ceremony w i t h a brief in t roduct ion to a 
f i lm , d i rected by Georges Pessis, about 
the SPS and its builders. He expressed 
his admi ra t ion for the team w h i c h buil t 
the SPS and congratu lated t h e m on 
their achievement . 

Dr. A d a m s also thanked the Member 
States for sustaining their f inancial 
suppor t and for their conf idence dur ing 
the project saying, ' W e at CERN are 
fo r tunate t o have been given the 
chance to achieve great technological 
projects, not once, but several t imes 
dur ing the past 2 0 years or more. The 
qual i ty of the massive equ ipment 
at CERN, of wh ich the SPS is the 
latest and largest example, clearly 

demonst ra tes that European scient ists 
and technic ians can design and bui ld 
the mos t advanced and sophist icated 
technica l equ ipment in the wor ld . It 
also s h o w s tha t European industry can 
manufacture this equ ipment and 
del iver it on t ime. 

But it takes more than technical 
competence and industrial eff ic iency 
to produce a machine like the SPS. It 
needs also an Organizat ion whose 
M e m b e r States have a c o m m o n pur­
pose and the conf idence to t rust the 
M a n a g e m e n t to carry it out successful ­
ly. This c o m m o n purpose and con­
f idence w e enjoy at CERN and the 
result is the machine w e are in ­
augurat ing today. ' 

There w a s much act ivi ty on the s ide­
lines in connect ion w i th the Inaugura­
t ion . Good coverage w a s obta ined on 
te levis ion and in the Press. A historical 
exhib i t ion of photographs was set up. 
The CERN exhibi t ion returned f rom 

Hanover was reassembled. Special 
documenta t ion — a technical note­
book and an inaugurat ion bro­
chure — was prepared. 

A part icular act ivi ty wh ich may in ­
terest COURIER readers involved the 
CERN Amateu r Radio Club. For t w o 
days, 7 /8 May, they were accorded a 
'special event ' call sign by the French 
author i t ies, HW6SPS (a call sign 
w h i c h wi l l n o w never be heard aga ihO 
and about ten of the Club's l icensed 
operators worked t w o shor twave a 
VHF and a UHF stat ion in six langua­
ges w i t h news of the Inaugurat ion. 

They had contacts w i t h the local 
ne tworks in Geneva and the Departe-
men t de I'Ain and, via the OSCAR 7 
satel l i te, w i t h operators in many 
W e s t e r n European Countr ies, the 
Soviet Union and the Middle East. 

A l toge ther an impressive day, mark­
ing, w i t h digni ty, a f ine European 
ach ievement and another impor tant 
step in Europe's scienti f ic potent ia l . 



Around the Laboratories 

STANFORD 
First experiments for 
PEP 

Four proposals have been accepted by 
the Directors of Berkeley and Stanford 
for the init ial exper imental p rog ramme 
at the e lect ron-posi t ron storage r ing, 

^ p E P , n o w under construct ion at SLAC. 
The exper iments involve some 1 0 0 

physicists f r o m thir teen research 
centres and have been selected to 
achieve a balanced programme both in 
relat ion to one another and in relat ion 
to the p rog ramme selected for the 
PETRA storage ring at DESY (see 
November issue 1976) . They w i l l 
occupy three of the PEP interact ion 
regions leaving t w o free for later 
decis ions (possibly early in 1 9 7 8 ) in 
the l ight of the deve lopment of physics 
dur ing the next year. The detect ion 
systems for the approved exper iments 
are as f o l l o w s : 

A SLAC / LBL col laborat ion wi l l 
move the i r Mark II detector f r o m 
SPEAR where it is to be instal led th is 

^ / e a r . It is the son of Mark I, the famous 
^ R l e t e c t o r w h i c h found the psis, e t c . , 

incorporat ing new detect ion t e c h ­
niques. For the move to the higher 
energies of PEP, more iron and m u o n 
detectors w i l l be added and the 
detector w i l l have a f ly ing start as a 
proved, tested system wh ich wi l l carry 
out a general survey of e lec t ron-
posi t ron interact ions. 

Mark II has a 0.5 T solenoid magnet , 
4 m long and 3 m in d iameter , 
enclosing a cyl indrical system of dr i f t 
chambers. Lead-l iquid argon calor i ­
meters surround the magnet coil to 
provide electron and g a m m a 
ident i f icat ion. The t w o ends o f the 
solenoid are capped w i t h chambers 
and ca lor imeters so that there is nearly 
4 T T sol id angle coverage of the 
interact ion region. 

A John Hopkins / LBL / UCLA / UCR / 
Yale col laborat ion wi l l use a ' t ime 

Diagram of the Mark II detector of the SLA CI 
LBL collaboration, which is to be installed for 
one of the first round of experiments at the PEP 
electron-positron storage ring at Stanford. This 
year, this detector will operate on SPEAR, 
replacing the Mark I version, which has been 
arguably the most fruitful piece of experimental 
apparatus in the history of physics. Mark II will 
thus be broken in well before PEP experiments 
start. 

project ion chamber (TPC)' for another 
general survey of e lect ron-posi t ron 
interact ions. If the potent ial of th is n e w 
detec t ion technique, wh ich promises 
to t rack and to identi fy part icles in the 
same vo lume, can be ful ly realised, the 
TPC wi l l be the most versati le detector 
on PEP. It is receiving heavy invest­
ment of resources for its deve lopment 
w h i c h w i l l not be an easy task. 

The TPC involves an inner cyl indrical 
tank conta in ing an argon-methane 
mixture at ten a tmospheres pressure. 
Ionized part ic les left in the wake of a 
high energy charged part icle passing 
th rough the gas mixture are col lected 
after dr i f t ing to detectors in the end 
caps. A th in superconduct ing coil 
provides a f ield in the dri f t d i rec t ion, 
l imi t ing d i f fus ion, and the t ime taken to 
reach the end cap could posi t ion the 
or iginal t rack w i t h an accuracy of 
about 1 5 0 urn. Measur ing the 
ionizat ion f r o m almost 2 0 0 segments 
of the t rack should make it possible to 

ident i fy part ic les of a very w ide range 
of m o m e n t u m . A calor imeter, 
iron f i l ter and muon detector surround 
the magne t coi l . 

A Colorado / Nor thwestern / SLAC / 
S tanford / Utah / Wisconsin co l labo­
rat ion w i l l use a magnet ic calor imeter 
(MAC) w h i c h is the only hadronic 
ca lor imeter in the PEP (or PETRA) 
p r o g r a m m e and could therefore have 
access to dif ferent in format ion 
on the interact ions. Excellent m u o n 
ident i f icat ion and homogeneous 
de tec t ion at a lmost all angles should 
give very accurate total cross-sect ion 
measurements . 

M A C wi l l a l low the measurement 
of to ta l energies in an i ron-gas 
calor imeter . Mul t iw i re proport ional 
chambers w i t h a total of 1 0 0 0 0 0 
w i res (read into 6 4 0 0 channels) wi l l 
sample the energy. The core of the 
de tec tor is a small solenoid, 0.5 m 
radius, conta in ing dri f t chambers. This 
is sur rounded by a f inely segmented 



Neutral beam injection system developed at 
Lawrence Berkeley Laboratory for the TFTR 
(Tokamak Fusion Test Reactor) at Princeton. It 
is designed to add fuel and energy to the 
Tokamak plasma by feeding in pulses of 
deuterium 0.5s long and with an intensity 
equivalent to 65A at 120kV. 

(Photo LBL) 

lead calor imeter for electron and 
pho ton detect ion fo l lowed in turn by 
the hadron calor imeter. 

The four th experiment w i l l be 
carried ou t by a UCD / UCSB / UCSD 
col laborat ion and wi l l be located at the 
same interact ion region as the T ime 
Project ion Chamber. They w i l l look at 
the t w o photon process w h i c h is 
expected to be the most copious 
source of events f rom the e lect ron-
posi t ron interact ions and needs to be 
studied also to define the background 
to the less f requent one-pho ton 
annih i la t ion. This area of physics has 
received comparat ive ly l itt le a t tent ion 
up to now. 

The detector consists of a sep tum 
magnet on each side of the TPC 
fo l lowed by an array of sodium- iod ide 
crystals to identi fy electrons and to 
measure energies. It adds t o the 
abil i t ies of the TPC by being able to 
look at very smal l angles relative to the 
beam direct ions where it can per form 
electron tagg ing and hadron and muon 
ident i f icat ion. 

Wiggler Workshop 
A W o r k s h o p on wigg ler magnets w a s 
held at SLAC on March 2 1 - 2 3 at­
t rac t ing about sixty scientists f rom 
seventeen Laboratories th roughout 
the w o r l d . The aim w a s to discuss w i g ­
glers and their use for synchrotron 
radiat ion research and other appl ica­
t ions. Herman Win ick of the Stanford 
Synchrot ron Radiation Project (SSRP) 
w a s Chai rman of an organizing c o m ­
mi t tee, inc luding John Blewet t , A lber t 
Ho fmann , Phil Mor ton , Claudio Pel-
l igr ini , Ed Rowe and Andy Sessler. 

Wigg le rs are devices w h i c h produce 
part icular ly intense synchrotron radia­
t ion f r o m high energy electrons. They 
are p lanned for exist ing storage rings 
and for the new machines n o w being 
const ructed or designed. Also the 
designers of high energy col l id ing 
beam storage rings for electrons and 
posi t rons plan to use the effects of the 

extra synchrot ron radiat ion produced 
by w igg le rs to control the damping 
rates and cross sect ion of stored 
beams so as to achieve higher 
luminos i ty . 

S imple w igg lers consist of a f e w 
sect ions (three or more) of a l ternat ing 
polar i ty magnets w i t h relatively high 
t ransverse f ield (1.6 to 5T) instal led in 
a s torage ring straight sect ion t o 
produce no net def lect ion or d isplace­
men t of the orbi t ing beam. Because 
their f ie ld is considerably higher than 
tha t in the normal r ing magnets , they 
cause the electron trajector ies to bend 
more abrupt ly thus producing intense 
synchro t ron radiat ion extending to 
higher pho ton energies. Wigg lers w i t h 
a large number of poles of a l ternat ing 
polar i ty t ransverse f ields or of rotat ing 
helical f ie lds are also being considered 
to produce interference effects result­
ing in very high intensity radiat ion at 
cer ta in part icular wavelengths. 

A n d y Sessler, Director of the 

Lawrence Berkeley Laboratory, open­
ed the Workshop w i t h an in t roductory 
survey on wigglers and their appl ica-, 
t ions, set t ing the stage for the morel 
deta i led talks that fo l lowed. Part of the 
W o r k s h o p w a s devoted to a presenta­
t ion of magnet designs and analyses of 
the i r ef fects on the behaviour of s tored 
beams. 

Wigg le rs for SPEAR were discussed 
by Bill Brunk, Dick Helm, and Klaus 
Halbach and for PEP by He lmut 
W i e d e m a n n . John Blewet t and Bill 
Sampson described superconduct ing 
w igg le rs that are being considered for 
the synchrot ron radiat ion rings pro­
posed for Brookhaven. Sergio Tazzari 
presented the plans for ADONE and Vic 
Sul ler and Elwyn Baynham descr ibed 
the w igg le r planned for the Daresbury 
2 GeV synchrotron radiat ion source 
n o w under construct ion. J im Spencer 
of Los A lamos discussed alternat ive 
designs w h i c h also produce some 
f o c u s i n g ; Terry Mart in of SLAC and 



Sam Krinsky of Brookhaven out l ined 
the severe prob lems of handl ing the 
high power densit ies tha t can be 
produced by wigglers . 

Ano ther part of the Workshop w a s 
devoted to the excit ing possibi l i t ies of 
interference and coherence effects. 
A lber t Ho fmann of CERN discussed the 
intense peaks that are expected at cer­
ta in wave leng ths f rom structures w i t h 

^ P m a n y periods. Coherent radiat ion by 
very short electron bunches and the 
product ion of coherent X-rays were 
discussed by Hans Motz of Oxford and 
Paul Csonka of Oregon. Motz w a s the 
f irst to produce radiat ion w i t h wigg lers 
observing interference peaks in the 
mi l l imeter wave length range, in 
the early 1 9 5 0 ' s at Stanford, f r om a 
1 0 0 M e V electron beam and an array 
of a l ternat ing polari ty permanent 
magnets . 

In related talks, the Free Electron 
Laser w a s descr ibed by John Madey, 
Dave Deacon and Bill Colson. Lasing 
act ion w a s recent ly demonst ra ted us­
ing a 4 3 M e V beam f rom the supercon­
duct ing linac at HEPL. The device could 
possibly be included in a small ( 1 0 0 to 

•
2 0 0 MeV) high current storage ring to 
produce a very power fu l tunable laser 
extending into the ultra-violet. 

The W o r k s h o p closed w i t h c o n ­
siderable op t im ism that wigglers could 
be made to w o r k in storage rings w i t h 
l i t t le or no adverse effect on the ring 
per formance. Part of th is op t im ism is 
based on the successful use of a pair of 
damp ing wigg lers at the late 
Cambr idge Electron Accelerator to 
achieve storage in the al ternat ing 
gradient s t ructure of the r ing. 

However , some problems remain to 
be solved (part icularly handl ing the 
high power densit ies) and detai led 
analysis is needed to opt imize the 
design in part icular machines. M u c h 
excit ing research, using the ext ra­
ordinary propert ies of radiat ion 
produced by high energy electrons in 
storage r ings equipped w i t h w igg le r 
s t ructures, w i l l then become possible. 

FERMILAB 
Investigating 
the neutral kaon 

A Chicago/Wiscons in col laborat ion 
w i t h par t ic ipants f rom ETH Zurich has 
just comp le ted a series of exper iments 
in the Meson Area at Fermilab s tudy ing 
the in teract ions and propert ies of 
neutral kaons. A m o n g other th ings, 
their resul ts provide more evidence 
that e lementary part icles are able to 
pass t h r o u g h nuclear mat ter more 
easily than w e f irst thought . 

They used the M 4 neutral beam line 
w h i c h carries a large f ract ion of long-
lived neutral kaons, K L. The K L is 
pecul iar in that it has a lmost equal con ­
tent of mat te r and ant i -mat ter at the 
same t ime . The exper imenters have 
exploi ted th is natural bounty to study, 
a m o n g o ther th ings, the very smal l dif­
ferences in the w a y that mat ter and 

On the right is the concrete pad for the electron 
cooling ring which is being constructed during 
the April-May shutdown at Fermilab. The oval 
shaped ring is located to the right of the booster 
galleries. The widened portion is the location of 
the electron cooling region. Also visible beyond 
the booster pond is the installation of a 
penetration into the booster tunnel. This will 
allow the 8GeVprotons to enter the main ring 
in the reverse direction. Also, 80GeV protons 
can be extracted from the main ring and 
targeted to provide 5GeV antiprotons to the 
booster for deceleration to 200MeV. 

(Photo Fermilab) 

ant i -mat te r interact. 
The s ignature of any dif ference in in ­

terac t ion is called ' regenerat ion' . That 
is, w h e n a beam of K L mesons passes 
th rough mat ter , short- l ived kaons, K g , 
are observed to exist just behind the 
target . This phenomena can be 
t h o u g h t of as f o l l o w s : the K L is a 
del icate mixture of particle and an t i -
part ic le. If in the passage th rough ma t ­
ter, the part icles interact in any w a y 
d i f ferent ly f rom the ant ipart ic les, then 
tha t mix ture wi l l be sl ight ly a l tered. 
The al tered mixture makes itself 
k n o w n by the presence of K g mesons 
w h i c h are easily observed by their 
decay in to t w o pions (typically a f e w 
met res after their creation). 

One of the Chicago/Wisconsin/ETH 
exper iments has been a systemat ic 
s tudy of the energy dependence of the 
in teract ion of K L w i t h di f ferent nuclei . 
T w o part icular results are already 
avai lable. First, the total probabi l i ty of 
in teract ion of a K L w i t h a heavy nucleus 



was expected to increase as the energy 
increased, parallel ing the other rising 
cross-sections at high energy. Here it 
was actually found to decrease ! 
Secondly, the exper imenters have 
found that the ' regenerat ion ' power of 
heavy nuclei is s igni f icant ly larger than 
expected. These results, taken 
together, lend st rong support to the 
idea that e lementary part icles travel 
much more freely in the inter ior of 
nuclei than previously expected. 

A second chal lenge taken up by this 
col laborat ion has been an exper iment 
to observe the internal charge st ruc­
ture of the neutral kaon. In th is exper i ­
ment, a K L is scattered off an electron 
to get regenerat ion in the a tomic c loud 
around a lead nucleus. The scatter ing 
is very small indeed as the net charge 
of the kaon is zero. As a result, a very 
large sample of data (50 mi l l ion 
events) w a s required. The ex­
per imenters are n o w reducing th is 
data to isolate the part that comes 

f rom the electrons. 
This exper iment, especially w h e n 

coupled w i t h the Meson Laboratory 
exper iment by a Dubna/Fermi lab/Notre 
Dame/Pi t tsburgh/UCLA col laborat ion 
s tudy ing the scatter ing of charged 
kaons on electrons, wi l l provide unique 
in format ion on the substructure of the 
kaon. The latter col laborat ion has 
already measured the size and shape 
or, more precisely, the fo rm factor of 
the pion at 1 0 0 GeV/c. They f ind a pion 
radius of 0 . 5 6 ± 0 . 0 4 fermi or roughly 
two- th i rds the size of the proton. They 
have just comple ted a run at 2 5 0 GeV 
obta in ing four thousand kaon-electron 
scat ter ing events to provide a similar 
accurate picture of the charged kaon. 

It is interest ing to note that the 
neutral kaon fo rm factor exper iment 
actual ly makes use of four of the f u n ­
damenta l forces in na tu re : the strong 
force, w h i c h is w h a t holds the a tomic 
nucleus together , causes regenerat ion 
w h e n the K L passes near the lead 

The event seen in the SKAT heavy liquid bubble 
chamber exposed to a neutrino beam at 
Serpukhov. A muon-positron pair is seen and 
the favoured explanation is the production of a 
heavy neutral lepton. 

nuc leus ; the e lect romagnet ic force, 
the one that holds a toms and 
molecules together , regenerates w h e n 
the K L is in contact w i t h an a tomic 
e lec t ron ; the weak force is the cause of 
the K g decay and of the fo rmat ion of 
the K L mesons in the b e a m ; and, 
f inal ly, the super-weak or CP-violat ion 
force, w h i c h has so far only shown 
itself in the decay of the K L meson, has 
also to be taken into account. M 

SERPUKHOV 
Possible observation of 
heavy lepton 
The SKAT heavy l iquid bubble 
chamber, w i t h a f i l l ing of CF 3 Br, has 
been operated in the neutr ino beam of 
the IHEP accelerator at Serpukhov. 
During the first runs about 2 5 0 0 0 pic­
tures were taken w i t h a total pro ton 
f lux on the target of 4 x 1 0 1 6 and scan­
ning half of this data has revealed 5 0 0 
neutr ino interact ions. 

A m o n g them w a s an event wh ich 
has the fo l lowing pecul iar i t ies: 
a) A pair of charged part icles i s * 
observed w h i c h can be interpreted as 
a muon and a pos i t ron ; both have 
a c o m m o n vertex at a distance of 
4 .8 m m f rom the neutr ino interact ion. 
b) The pair produces a 'vee' w i t h an 
opening angle of 11°. 
c) The direct ion of the total m o m e n ­
t u m of the pair does not coincide w i t h 
the one that connects the pair vertex 
and neutr ino interact ion vertex. 

The observed event may be in ­
terpreted, for example, as an interac­
t ion of the type v + N-HVI 0 + p + 2n° 
fo l l owed by the decay of the M ° (a 
heavy neutral lepton) M° + 

+ v . Theoret ical possibi l i t ies for the 
existence of such a heavy lepton w i th 
muonic quan tum number have already 
been discussed. 

In analysing the event seen in SKAT 
it w a s assumed that all the products of 



A view inside the tunnel of the Cornell 12GeV The 14-cell, 500MHz r.f. accelerating cavity 
electron synchrotron (the magnet ring on the structure for CESR. At the top is the lune-
left) with prototype dipole magnets for the shaped coaxial transmission line which feeds 
CESR storage ring project in place on the right. ~ power into all the cells in parallel. The cells are 
An extruded aluminium vacuum chamber 8 m made of deep dra wn copper cups. The wart-like 
long is shown insered in the dipoles. protrusions on the outside of the cavities are to 

ensure symmetrical fields in the fundamental 
mode and to fix the polarization for other 
modes. The entire structure will be immersed in 
a water-jacket which is not shown. 

(Photos Cornell) 

the interact ions are observed in the 
chamber. This assumpt ion is based on 
the fac t tha t the measured tota l 
t ransverse m o m e n t u m of the react ion 
is only 1 0 0 ± 5 0 MeV whi le the 
potent ia l length for the detect ion of 
neutral part ic les is 2 6 0 c m . 

On the basis of f o u r - m o m e n t u m 
conservat ion and taking account of the 
Fermi mot ion of the nucleons in the l i ­

q u i d the ef fect ive mass of the heavy 
neutral part ic le is calculated as 
be tween 1.4 and 2.1 GeV/c 2 . The life 
t ime is about 6 x 1 0 " 1 2 s. The mass of 
the neutral system w i t h g a m m a s is 
be tween 1.6 and 2.5 GeV/c 2 . It is also 
possible to interpret the event as the 
product ion , via a neutral current, of the 
charmed meson D° w i th in the same 
mass l imi ts (1.4 to 2.5 GeV/c 2 ) . The 
probabi l i ty of any other explanat ion is 
considered very low. 

CORNELL 
CESR progress report 
The general design of the Cornell 

^Electron Storage Ring, CESR, w a s 
"descr ibed in the Apri l 1 9 7 6 issue. 

W i t h i n the past year, prototypes have 
been developed for most major 
systems and intense effort is going into 
the comple t ion of a 'protosector ' , con ­
sist ing of six latt ice cells of the storage 
r ing, to be instal led in the exist ing t u n ­
nel and tested by October. The sector 
includes the posi t ron inject ion line 
w h i c h wi l l be used for inject ion studies 
before the ' long ' s h u t - d o w n of the syn­
chrot ron in October. 

This date br ings t o an end the 
scheduled round of f ixed target experi­
ments at the 12 GeV electron syn­
chrot ron since modi f icat ions must be 
made near the main (South) ex­
per imenta l hal l , requir ing the removal 
of several synchrot ron magnets and 
general ly d isrupt ing operat ions. W h e n 
the storage ring is instal led, there are 
no explicit plans for cont inuing f ixed 



target exper iments in the near fu ture. 
However, a high energy photon line 
wi l l be mainta ined for test ing ap­
paratus for col l id ing beam exper i ­
ments. 

Prototype dipole magnets have 
been bui l t and are instal led in the syn­
chrot ron tunnel . Each half-cel l w i l l 
have t w o 3.3 m dipole cores at an 
angle of 2 . 1 ° , energized by chevron-
shaped coils l inking bo th the cores. 
The dipole pair wi l l have four pancake 
coils, about 7 m long, and laminated 
cores assembled at Cornel l . Produc­
t ion of magnet coils for the protosector 
is wel l under w a y in the exper imental 
hall of the old 2.2 GeV synchrot ron. Al l 
day long, a warn ing trol ley car bell 
rings out as a co i l -w ind ing j ig pulls 
a lumin ium conductor f rom big reels 
and, at night, t w o vacuum-po t t i ng 
molds produce the coil pancakes. A 
pair is comple ted every t w o days. 

A prototype quadrupole is under­
going f ield measurements. It has four 
separate quadrants but most of the 
normal latt ice quads wi l l be made f rom 
two-p iece laminat ions w h i c h can be 
separated horizontal ly. A circuit (duty-
cycle modula ted t rans is tor -swi tch 
series regulating) has been developed 
so that each of the hundred 
quadrupoles can be independent ly 
powered, a l lowing great f lexibi l i ty in 
adjust ing the tune of the r ing. 

The 5 0 0 MHz r.f. cavity consists of 
four teen copper cavit ies coupled in 
parallel th rough a resonant coaxial l ine. 
The cells are made f rom deep-drawn 
copper cups, w i t h a variety of we ld ing 
and brazing techniques used for the 
various jo ints, and the entire assembly 
wi l l be immersed in a wa te r tank. The 
first cavi ty is n o w undergoing low 
power tests after being successful ly 
tuned to w i th in 10 kHz of the design 
frequency. High power tests are 
scheduled for May and June, using a 
5 0 0 MHz, 2 5 0 k W klystron provided 
by DESY. 

A l u m i n i u m extrusions, 11 m long, 
for the vacuum chamber of the 

protosector , have been received and 
pump ing slots are being punched in 
the wal l separat ing the beam and 
p u m p chambers, using an ingenious 
punching machine developed by a 
local f i rm. The next step is to bend the 
chambers to the correct radius. A n 8 m 
chamber is instal led in the prototype 
dipole. It has been s lot ted and bent but 
is not yet f i t ted w i t h its ion pumps, 
end- f langes, etc. A gate valve has been 
developed to provide a smooth b e a m -
chamber profi le w h e n it is in the open 
posi t ion. This wi l l avoid large beam in ­
duced r.f. f ields wh ich can be produced 
w i t h even sl ight changes in profi le. 

A fast kicker magnet has been 
developed for the extract ion of single 
posi t ron bunches f rom the storage 
r ing. This is used dur ing 'vernier c o m ­
pression' of the sixty circulat ing 
bunches into one f inal bunch (April is­
sue 1 9 7 6 , page 131) . The kicker is a 
C-shaped, ferr i te loaded t ransmission 
line, placed around a ceramic vacuum 
chamber. A th in metal l ic coat ing on 
the inside of the ceramic chamber 
reduces the leakage of beam- induced 
r.f. f ields but does not degrade the rise 
t ime of the kicker pulse. The kicker 
operates successful ly produc ing the 
required f ield of 3 0 0 G w i t h a rise t ime 
of 3 0 ns. 

From 2 9 November last year syn­
chrot ron operat ions were interrupted 
f o r t h r e e months , wh i le the entire Linac 
and its power system were torn out 
and a new improved 2 5 0 MeV Linac 
instal led, including several sect ions of 
the late Cambridge Electron Ac ­
celerator Linac and posi t ron converter. 
It is ent irely computer control led as a 
pro to type for the computer control 
system of the storage r ing. Synchro­
t ron operat ion for high energy physics 
w a s resumed on schedule on 1 March . 
High intensi ty operat ion, 6 0 bunch 
modu la t ion , posi t ron product ion, and 
inject ion studies are scheduled 
together w i t h regular operat ion for 
high energy physics in the coming 
months . 

Detai led design of the one large 
magnet ic detector for the main South 
interact ion region is proceeding. Pro­
to type dri f t chambers, argon shower 
counters, proport ional chamber 
shower counters, etc., have been made 
and are being tested. Design studies 
are wel l advanced on a supercon­
duct ing coil 1 m radius, 3 m long. 

Mechanical design of the magnet 
iron and var ious assembly schemes are 
under discussion and superconduct ing 
compensat ing solenoids are being 
designed. 

The list of part ic ipants in T h e Ex­
per iment ' shows a col laborat ion of 
for ty physicists f rom Cornell , Harvard, 
Rochester, Rutgers, Syracuse, and 
Vanderbi l t Universit ies w h o meet 
every three weeks. Their detector wi l l 
be described in a later issue. 

The Nor th interact ion region is u n ­
derground in a room of d imensions 
12 m x 9 m. This area has l imi tat ions of 
power , cool ing, space, crane capaci ty 
and access. It may, however, be possi ­
ble to use it for compact , s imple (and, 
hopeful ly, elegant) experiments. No 
assignment of th is region has been 
made yet and any interested groups 
should submi t a detai led proposal by 1 
October. Professor B.D. McDanie l , 
Laboratory of Nuclear Studies, Cornell 
Universi ty, I thaca, N.Y. 1 4 8 5 3 , can 
provide fur ther detai ls. 

CERN 
The well behaved muon 
Results f rom the latest g-2 exper iment 
at CERN, to measure the anomalous 
magnet ic m o m e n t of the muon w i t h 
very great accuracy, are once again in 
total agreement w i t h the calculated 
value. W i t h a factor of 3 8 improve­
ment in precision over earlier exper i ­
ments , results have now reached a 
level of accuracy where effects due to 
the strong interact ion must be taken 
into account. 



The muon storage ring used for the third 
generation g-2 experiment. This series of 
increasingly accurate measurements is among 
the most important physics to emerge from 
CERN. They are a sensitive touchstone against 
which theoretical calculations can be tested. 

(Photo CERN 55.9.74) 

This latest exper iment , carried out in 
the special ly bui l t muon storage ring at 
he 2 8 G e V pro ton synchrotron gives a 
alue for the anomalous g-factor a = 

(g-2) /2 of 1 1 6 5 9 2 2 ± 9 x 1 0 " 9 , wh ich 
could hardly be closer to the predicted 
value of 1 1 6 5 9 2 1 ± 10 x 1 0 " 9 . C o m ­
parisons of the magnet ic m o m e n t s of 
posit ive and negat ive muons in the 
same exper iment show that their 
g- factors are equal to w i t h in 
0 . 0 2 6 ± 0 . 0 1 7 parts per mi l l ion, 
show ing that the CPT theorem also 
looks good. 

The th i rd in a series of exper iments 
of increasing accuracy at CERN, this 
measurement improves earlier results 
obta ined f irst at the 6 0 0 MeV syn­
chro-cyc lo t ron in 1 9 6 0 and then at the 
PS in 1 9 6 6 - 6 7 . It represents the 
cu lminat ion of t w o years of data tak ing 
and the col laborat ive efforts of 
physicists f rom CERN, Daresbury and 
Mainz. 

Ow ing mainly to the effect of 

e lec t romagnet ic radiative correct ions, 
the gy romagnet i c ratio of any charged 
lepton is s l ight ly larger than the value 2 
predic ted by Dirac theory. These 
radiat ive correct ions can be calculated 
using q u a n t u m electrodynamics, and 
the compar ison of calculated and 
observed values for charged lepton 
magnet ic m o m e n t s provides an acid 
test for the accuracy of modern q u a n ­
t u m physics calculat ions. 

The CERN g-2 exper iments are 
a m o n g the most accurate measure­
ments ever made, and as wel l as 
demons t ra t ing physicists ' abil i t ies to 
devise more and more sophist icated 
exper imenta l techniques, also show 
that the calculat ional techniques n o w 
available can be assumed a lmost 
perfect ly rel iable. 

Mos t of the anomalous por t ion of 
the magnet ic m o m e n t ( a = 1 1 6 5 8 5 1 . 8 
x 10~ 9) is due to e lect romagnet ic 
radiat ive ef fects, but at th is level of ac­
curacy, a l lowance also has to be made 

for the ef fect on the vacuum due to the 
existence of vir tual hadron states. 

This lat ter effect can be calculated 
using data f rom the annihi lat ion of 
e lectrons and positrons into hadrons, 
and gives an addit ional cont r ibut ion to 
a of 66 .7 x 10~ 9 . A th i rd contr ibut ion 
to the anomalous magnet ic m o m e n t 
comes f r o m weak interact ions and 
n o w tha t the necessary calculat ional 
rules have been developed to handle 
these cases, this effect can be quan­
t i f ied. Th is contr ibut ion is however 
only of the order of 2 x 10~ 9 . 

In the latest CERN experiment, pions 
were in jected into a storage ring 14 
metres in diameter. The muons, 
p roduced by decay of the pions, were 
then constra ined in a 1.47T magnet ic 
f ie ld produced in a ring of for ty bending 
magnets . The vert ical mot ion of the 
muons w a s control led by an electr ic 
quadrupo le f ie ld. 

The m u o n s subsequent ly decay into 
e lectrons and neutr inos, and var iat ions 



The first magnet units have arrived for the large 
spectrometer which will be used in the general 
study of electromagnetic interactions of muons 
by a CERN I Daresbury / Freiburg / Kiel I 
Lancaster (Liverpool I Orsay / Oxford / 
Rutherford /Sheffield / Turin / Wuppertal 
collaboration. A wide programme of physics 
will be carried out with this detector in the 
muon beam of the North Area of the SPS. 

(Photo CERN 224.4.77) 

The first sections of toroidal magnet, made in 
the USSR and assembled at the Joint Institute 
for Nuclear Research (Dubna), have arrived at 
CERN for a muon scattering experiment to be 
carried out by a CERN / Dubna / Munich / Rome 
/Sac/ay collaboration in the North Area at the 
SPS. 1640 tons of steel is to take the route 
from Dubna to CERN (changing trains at the 
Russia-Hungary frontier because of different 
rail gauges) for this experiment. 

(Photo CERN 340.3.77) 

in the electron count rate were 
observed w i t h the help of t w en ty lead-
glass scint i l la t ion counters. It is these 
var iat ions w h i c h indicate how the spin 
axis of the muon is precessing in the 
magnet ic f ield f rom wh ich the 
anomalous magnet ic momen t can be 
deduced. 

M e a n w h i l e at the University of 
W a s h i n g t o n , a new set of measure­
ments on the anomalous magnet ic , 
m o m e n t of the electron have come up 
w i t h results accurate to t w o parts in 
1 0 7 , wh i le calculat ions are accurate to 
three parts in 1 0 7 . However, the quan­
t u m e lect rodynamics predict ions could 
improve by a factor of 10 w h e n more 
of the s ix th-order Feynman d iagrams 
are w o r k e d out . 

First results from 
the SPS 
Just three mon ths after the formal 
start of the SPS experimental 
p r o g r a m m e , the f irst results are 
available and already show some new 
physics. This init ial exper iment, using 
the Omega spectrometer, measures 
the product ion of J/psi particles by* 
p ions, kaons, protons and ant iprotons, 
and extends the data already col lected 
at Fermi lab and Serpukhov wh ich w a s 
restr icted to just pions and protons. 

The SPS results show that , wh i le 
the cross-sect ions for J/psi product ion 
by p ions, kaons and ant iprotons on a 
th ick copper target at 3 9 . 5 G e V / c 
beam m o m e n t u m are roughly equal, 
the pro ton cross-sect ion is about six 
t imes smal ler. 

The th ick copper target also acted as 
an absorber, making sure that only 
m u o n s passed through to the de­
tec t ing apparatus. About a thousand 
examples of 'h idden charm' were seen 
in the de tec ted m u o n pairs, w i t h all six 
types of inc ident particle showing ex­
amples of J/psi product ion.The ratio of 
p roduc t ion cross-sect ions by posit ive 
and negat ive pions (0.87 ± 0 . 1 4 ) and 



These photographs are probably a unique 
demonstration of the diamagnetic property of 
hydrogen. They were taken in the HYBUC 
bubble chamber at CERN. The top one shows 
the chamber about half full with hydrogen and 
the surface of the liquid appears as a fairly 
tranquil plane. The bottom one shows the effect 
when the very high field(11.5 T) of the chamber 
magnet is switched on. The very small induced 
magnetic moment in the hydrogen atoms in the 
opposite direction to the applied field 
(diamagnetism) causes the hydrogen to rear 
away from the field and climb up the HYBUC 
window. When time permits, a simple atomic 

physics measurement of the diamagnetic 
property of hydrogen can be carried out with 
HYBUC. 

posi t ive and negative kaons (0 .85 ± 
0 .50) is about the same, whi le produc­
t ion by protons at th is energy is found 
to be only 0 .15 ± 0 .08 that by an t i ­
protons. 

For the theoret ic ians, this number 
seems to be very model -dependent , 
and these f irst results f rom the SPS 
should provide a useful foundat ion for 
fur ther model bui ld ing. 

^ Data- tak ing for this exper iment 
s topped earlier th is year, and the Bir­
m i n g h a m / CERN / Ecole Poly techni -
que / Mun ich / Neuchatel col laborat ion 
is n o w tu rn ing its a t tent ion to the main 
part of the exper iment — a charm 
search using emuls ion techniques. 

News is also coming f rom the W A 3 
exper iment in the Wes t Hall. It ex­
pected to be one of the f irst SPS ex­
per iments to take data but these 
hopes were dashed w h e n a f ire earlier 
th is year dest royed part of the equip­
ment already instal led, including a big 
1 2 0 ton spect rometer magnet . 

A f ter a t remendous team effort , 
the A m s t e r d a m / CERN / Cracow / 
Mun ich / Oxford / Rutherford c o l ­
laborat ion, is very much back in 

^business. First runs have concentrated 
Pon hadron interact ions using pion 

beams of up to 9 2 GeV, and analysis of 
the in teract ion n"p n+rTn gives a 
foretaste of th ings to come. Above the 
resonance region, where S, f, g, and h 
mesons are all observable, the TT + TT~ 
spec t rum shows a signif icant number 
of events w i t h effect ive masses greater 
than 3 GeV. This should a l low a 
detai led analysis of the high mass t w o -
pion region for the f irst t ime. 

Ano ther interest ing prel iminary re­
sult comes f r o m the study of the 
angular d is t r ibut ion of the negative 
pion for d i f ferent TTTT effective masses. 
This shows a def ini te asymmetry , the 
negat ive pion coming off exclusively in 
the fo rward direct ion for TTTT masses 
greater than 2.5 GeV. 

Many o ther exper iments are also in 
ful l f lood at the SPS, both in the W e s t 
Hall and on the neutr ino beams. 



PETRA tunnel builders celebrate completion of 
the last stretch of the ring. Beam is scheduled to 
be injected into the first completed octant of the 
machine mid-May. 

(Photo DESY) 

Companion for 
the deuteron 
Despite new meson and baryon 
resonances being discovered all the 
t ime , there has been up to n o w only 
one stable t w o - b a r y o n bound state — 
the deuteron — k n o w n to man. Oc­
casional evidence for two-baryon 
bound states has been seen, of ten to 
be subsequent ly d iscounted, but there 
has been l i t t le reliable data to point 
f i rmly to the existence of a companion 
for the deuteron. 

N o w stat ist ics on low energy in ­
teract ions of negative kaons and 
deuterons f rom the CERN/Heidelberg/ 
Mun ich (CHM) col laborat ion give 
reliable evidence for the existence of a 
nar row s-wave enhancement in the 
per ipheral ly-produced lambda-proton 
d ibaryon sys tem, very close to the 
threshold for s igma-nuc leon scat ter­
ing. 

Analysis of 1 0 0 0 0 ^ V p n " f inal 
states by the C H M col laborat ion shows 
a pronounced peak in t h e A . p effective 
mass at 2 1 2 9 M e V , w i t h a w i d t h of 
about 6 M e V and a cross-sect ion of 
about 2 5 microbarns. The signal is not 
af fected by the removal of 'spectator ' 
events, where one or other of the 
target nucleons is essential ly free, and 
underl ines prel iminary evidence for 
such a d ibaryon state f rom previous 
exper iments. 

In a model ca lculat ion, H.-G. Dosch 
and V. Hepp have disentangled the 
kaon-nucleon and deuteron dynamics 
f r o m the part of the t ransi t ion 
ampl i tude responsible for the hyperon-
nucleon scat ter ing. These calculat ions 
s h o w clearly tha t the observed _A^p 
enhancement cannot be explained 
f r o m deuteron dynamics alone. 

The n e w d ibaryon, codenamed 'H ' , 
could be the f i rst companion for the 
deuteron in a decuplet S U 3 re­
presentat ion in w h i c h the deuteron 
fo rms the ispin singlet and H is one half 
of an ispin doublet . A n exper iment 

recently proposed by Princeton t o 
study the react ion pp goes to K+K" plus 
anyth ing m igh t come up w i t h some in ­
dicat ions of o ther d ibaryon states. 

A t CERN itself, a CERN / Heidelberg / 
Mun ich / Madr id / Saclay / Vanderbi l t 
co l laborat ion have proposed a fur ther 
exper iment to extend stat ist ics by an 
order of magn i tude . The proposal may 
involve the use of the small HYBUC 
chamber in a hybr id system. HYBUC, 
w h i c h operated in the early 1970s for 
a s igma rViagnetic m o m e n t measure­
ment , has an appropr iate geometry for 
spot t ing f o r w a r d part icles. 

The chamber w o r k e d very wel l for 
the s igma exper iment and clocked up 
several technolog ica l f irsts. It w a s 
descr ibed in the November issue 
1 9 7 0 . The magnet is a supercon­
duct ing three coil system giving 1 1 . 5 T 
in the chamber vo lume — the largest 
high f ield (over 10T) superconduct ing 
magnet in the w o r l d . It has sustained 
this f ield level for over 5 0 0 0 hours in -

spite of magnet ic forces in excess of 
1 0 6 N . The expansion system can 
operate at 5 0 Hz. 

Because o f its potent ial new ap­
pl icat ion, HYBUC has been taken out 
of mothba l ls and, on 6 Apr i l , peak 
f ie ld w a s reached again after charg­
ing at the m a x i m u m design rate of 
2 .5T/hour . This brought some relief 
because it w a s feared that ' t in pest ' (a 
long- te rm t rans i t ion f rom metal l ic 
wh i t e t in to semiconduct ing grey t in 
powder) m igh t have damaged the soft 
solder used for superconduct ing jo ints. 

The v a c u u m systems and as­
sociated electronics have also been 
react ivated. The hydraulic pumps were 
already tested since they have been 
used in rapid cycl ing tests w h i c h are 
part of the European Hybrid 
Spec t romete r p rogramme. 

(Late n e w s : The exper iment w i l l 
probably begin as a purely counter ex­
per iment f o l l o w i n g discussions in the 
PS Commi t tee . ) 



The intricate linking of the DESY synchrotron 
and the DORIS storage rings in the positron 
injection system for the 19GeV electron-
positron storage ring, PETRA. The system 
worked very well during tests in April. 

DESY 
Positrons for PETRA 
A t the t ime of wr i t i ng , preparat ions are 
wel l advanced for the f irst inject ion of 
a posi t ron beam into an octant of the 
19 GeV elect ron-posi t ron storage r ing, 
PETRA. A n impor tan t step has already 
been taken — the complex interplay 

( b e t w e e n Linac II, the synchrot ron and 
the storage rings DORIS, worked very 
successful ly in the accelerat ion, stor­
age, accumula t ion and fur ther ac­
celerat ion of posi t ron bunches as is 
required for PETRA inject ion. 

This w a s the f irst t ime that th is 
method of posi t ron accelerat ion w i t h 
in termediate storage had been t r ied. 
The tests were awai ted w i t h some ap­
prehension since DORIS had not been 
bui l t w i t h th is purpose in m ind and a 
number of changes were also needed 
in the synchrot ron. In DORIS a fast 
kicker and t w o beam bump magnets 

were instal led for eject ion but the 
drast ic change w a s the conversion of 
the doub le storage ring into single ring 
operat ion to give the most economica l 
w a y to accumulate and eject the 
posi t ron bunches. The t w o upper half 
r ings w e r e l inked to each o ther by 
some changes in vert ical bending. The 
tests s h o w e d that neither the single 
ring operat ion nor the eject ion of ac­
cumu la ted posi t ron bunches cause 
basic di f f icul t ies. 

The pulse ejected f rom DORIS w a s 
reinjected into the synchrotron and 
fur ther accelerated to 7 GeV, the 
PETRA in ject ion energy. Fol lowing the 
in termedia te storage, the intensi ty 
(number of part icles per bunch) in ­
creased by a factor of hundred giv ing a 
higher posi t ron density than is 
avai lable f r o m any other injector at 
present. A t 7 GeV, the posi t rons were 
extracted into the PETRA inject ion 
channel , where they traversed a 1 0 0 m 
dri f t d is tance w i t h o u t loss. 

DESY is now looking fo rward to the 
in ject ion tests that are scheduled for 
m id -May . The pre-accelerated pos i ­
t ron bunches wi l l then be fed into the 
arc of the inject ion channel and in ­
jec ted into the f irst PETRA octant tha t 
w i l l be assembled at that t ime. 



Physics monitor 

Quark sighting ? 

In a paper submi t ted at the last minute 
to the Spr ing Meet ing of the Amer ican 
Physical Society in Wash ing ton DC, 
George LaRue, Wi l l i am Fairbank and 
Ar thur Hebard of Stanford University 
presented (on 2 6 Apri l ) their 'Evidence 
for the existence of f ract ional charge 
on mat ter ' . They have evidence for 
electr ic charges of about a th i rd that of 
the electron — the charge w h i c h 
graces the elusive quark. 

Their exper iment , w h i c h in one fo rm 
or another has been in progress 
for about seven years, magnet ical ly 
records the vert ical osci l lat ions of 
superconduct ing spheres driven at 
resonance by an a l ternat ing electr ic 
f ie ld. Fractional charges have been 
detected on t iny n iob ium spheres 
t reated w i t h tungs ten , wh i le no f rac­
t ional charges are apparent w i t h pure 
n iob ium spheres. More data is being 
taken, and even if the fract ional 
charges cont inue to show up, they 
w o u l d sti l l have to be explained as 
quarks. 

In the Stanford exper iment, the 
osci l lat ion of the spheres be tween 
capaci tor plates depends on the 
charge of the spheres, wh ich can be 
changed w i t h the help of a radioactive 
source. This charge is some mult ip le of 
the electronic charge, together w i t h a 
residual effect, w h i c h could be due to 
electr ic and magnet ic dipole forces 
together w i t h any non- integer residual 
charge. 

App ly ing a smal l f ixed f ield along 
w i t h the a l ternat ing f ield enables the 
exper imenters to rule out residual 
measured charges due to permanent 
electr ic dipole effects, wh i le extensive 
calculat ions s h o w tha t higher order 
electr ic m o m e n t s cannot produce such 
appreciable effects. 

However , in the n iob ium spheres 
t reated w i t h tungs ten , an electr ic 
dipole could be set up because of a 
contac t potent ia l di f ference be tween 

the inner layer of pure n iob ium and the 
outer region conta in ing the di f fused 
tungs ten . W h e n put in an al ternat ing 
electric f ie ld , such a dipole w o u l d 
create a magnet ic m o m e n t and 
produce observable effects. The ex­
per imenters say tha t the very largest 
residual charge effect wh ich could be 
produced in th is w a y is about 0 .17e 
and even th is looks unlikely. 

Despite its sophis t icat ion, the S tan ­
ford exper iment has a strong re­
semblance to the technique original ly 
used by R.A. Mi l l ikan in 1 9 1 1 to 
measure the charge on the electron. 
Both exper iments observe the 
behaviour of electr ical ly charged 
spheres b e t w e e n capaci tor plates. 
Whi le Mi l l ikan used d.c. f ields and oil 
droplets f r o m an atomiser, the S tan ­
ford group use a.c. f ields and super­
conduct ing spheres. 

Residual non- in teger charges have 
s h o w n up in many exper iments t o 
measure the charge on the electron. It 
is sober ing to remember that in his 
very f i rst publ ished measurement of 
the electron charge Mil l ikan remarked 
'I have d iscovered one uncertain and 
undupl icated observat ion, apparent ly 
upon a single charged drop wh ich gave 
a value of the charge on the drop some 
3 0 % lower than the final value of 
e'. Obviously the u 2 / 3 quark. Also, 
Ehrenhaft in 1 9 1 0 reported the obser­
vat ion of 'subelect rons ' w i t h f ract ional 
charges but these results were 
ascribed to exper imental errors in the 
exper iments. 

These early exper iments a imed at 
measur ing the charge dif ference 
be tween numbers of oil drops rather 
than the residual charges on any one 
drop. In 1 9 6 8 , mot iva ted by the quark 
proposal , D. Rank at Mich igan did a 
series of oil d rop exper iments t o 
measure such residual charges. Af ter 
the oil samples had been subjected to 
s t rong electr ic f ie lds to try to separate 
out any net charges, in a number of 
cases the exper iments did show 
residual f ract ional charges. However 

This is a new pocket for the presentation of 
information in CERN COURIER. It will be used 
for particle physics news which does not come 
naturally under one of the Laboratory headings 
in our 'Around the Laboratories' section. It will 
not replace the review articles which appear 
from time to time, giving rather thorough 
coverage of a particular topic, but over some 
months we hope it will reflect a fairly balanced 
picture of activity in particle physics. 

these results were not enhanced by 
fur ther ef for ts at concentrat ion and it 
w a s conc luded that none of those frac­
t ional charge results could be substan­
t ia ted. 

A lso, G iacomo Morpurgo w i t h G. 
Gal l inaro and M. Marinel l i in Genova 
have been carry ing out exper iments to 
t ry to detect residual charges in mat ter 
since 1 9 6 5 . His latest improvements 
increase the sensit iv i ty of his techn i ­
que by 1 0 3 so that the overall sen­
si t iv i ty is some 1 0 7 t imes that of the 
or iginal Mi l l ikan experiment. He has no 
sign of f ract ional charges and sets the 
free quark /nuc leon ratio in iron be low 
3 x 1 0 " 2 1 . 

World's biggest 
neutrino detector 

Plans are being put together to build 
the wor ld ' s largest particle detector — 
not in a laboratory but in the ocean ! 
The idea being put fo rward by the DU-
M A N D — Deep Underwater M u o n 
A n d Neutr ino Detector — group is to 
use the ocean itself as the detect ion 
m e d i u m for cosmic ray neutr inos and 
muons. Only by using a detector of this 
size, says J o h n Learned of the Univer­
sity of Cal i fornia Irvine campus, w i l l it 
be possible to make a detector big 
enough to give results w i t h high 
energy but low- f lux cosmic rays. 

As wel l as extending the available 
data on neutr ino interact ions by cover­
ing energies up to 10 TeV, the project 
could we l l uncover sharply def ined ex­
traterrestr ia l neutr ino sources. This 
could give b i r th to a who le new science 
of neutr ino as t ronomy and w o u l d c o m ­
p lement the w o r k being done by 
as t ronomers w i t h X-ray and radio 
te lescopes. 

The loose knit but enthusiast ic DU-
M A N D organisat ion involves a diverse 
group of scientists including 
oceanographers and geophysicists as 



wel l as ast ronomers and part icle 
physicists. The idea is to t ry to detect 
neut r ino-produced cascades, for in ­
stance by acoust ic means using 
hydrophones, and a proposal has been 
submi t ted for exper imental w o r k at 
Fermilab in w h i c h hydrophones wi l l 
mon i to r a tank placed in f ront of the big 
Fermilab neutr ino counter. As wel l as 
enabl ing exper imenters to bet ter u n ­
derstand acoust ic detect ion techn i ­
ques, the tank could itself be used as a 
possible neutr ino detector in its o w n 
right. 

A t the same t ime, a group mainly 
made up of University of Hawai i 
oceanographers has been busy do ing 
underwater tests using hydrophones 
at a Pacif ic test site. A l though 
prel iminary w o r k revealed noise pick­
up prob lems, the group insists tha t 
these di f f icul t ies are 'surmountable ' . In 
site studies for th is work , a cable 
parted in an underwater camera run, 
leaving $ 2 0 0 0 0 w o r t h of camera 
equ ipment somewhere on the ocean 
bed, g iv ing perhaps some indicat ion of 
the sort of prob lems wh ich wi l l have to 
be overcome w i t h this kind of work . 

It looks as if detect ion of high energy 
cascades is feasible w i t h hydrophones 
f r o m distances of about 1 0 0 m, wh i le 
enough photons w o u l d be emi t ted to 
make the cone of Cherenkov radiat ion 
detectable at similar distances. This 
means tha t one opt ical or acoust ic 
detect ion unit could moni tor an effec­
t ive detec tor vo lume of about a mi l l ion 
tons o f w a t e r ! 

One plan for a detector array in ­
volves s inking several hundred 1 km 
long str ings of detector modules in 
3 0 0 0 f a t h o m s of wa te r in a deep basin 
not far f r o m the island of Mau i , Hawai i . 
Each detec tor module w o u l d have its 
o w n signal processing electronics 
package, and the who le detector con ­
f igurat ion w o u l d be connected to 
shore by a cable to feed power and 
signal c o m m a n d s in and to send data 
and responses out . Data analysis could 
in pr inciple be carried out anywhere. 

Bi l l ions of tons of water w o u l d be re­
quired for an effect ive oceanographic 
neutr ino detector , but a 'smal l ' detec­
tor of jus t a mi l l ion tons migh t be suf­
f ic ient fo r m u o n studies, wh i le g iv ing a 
taste of the sort of problems w h i c h 
could arise in th is kind of wo rk . For a 
detec tor just an order of magn i tude 
larger, n e w possibi l i t ies open up. 
Searches for intermediate vector 
bosons, Higgs bosons, gravi tat ional ly-
col lapsing stars and new f lavours 
could proceed at the same t ime as new 
measurements on the d is t r ibut ion and 
homogene i t y of cosmic rays. In add i ­
t i on , the parallel discipl ines of h igh 
energy physics and ast ronomy w o u l d 
be b rought a l i t t le closer together . 

M e a n w h i l e , back in the Soviet 
Union, a large neutr ino detector is to 
be bui l t using the gal l ium to ger­
m a n i u m t ransformat ion caused by low 
energy neutr inos. The ideas is s imi lar 
to the chlor ine to argon detect ion 
techn ique used by R. Davies and his 
col leagues f r o m Brookhaven in a 
Sou th Dakota mine (see March issue 
1 9 6 8 , page 54) . They spot ted no solar 
neut r inos and caused theoret ical 
headaches to reexplain the burn ing cy­
cle of the sun. 

V. Ginzburg, M. Markov and I. 
Zatsepin are leading the Soviet team 
bui ld ing a solar neutr ino telescope in 
the Nor th Caucasus. The technical 
p rob lems are being tackled by the 
Laboratory of Neutr ino Astrophysics 
and o ther centres. They call for about 
f ive tons of gal l ium a year for the next 
f e w years and they wi l l also have a 
smal ler chlor ine to argon sys tem. 

The gal l ium system is preferred 
because it should have a reasonable 
cross sect ion for the interact ion of the 
low energy neutr inos (below half an 
MeV) w h i c h emerge f rom the pr imary 
in teract ion in the burning of the sun — 
fus ion of t w o protons to give 
deu te r ium. A nucleus of the isotope 
ga l l i um-71 can interact w i t h such a 
neut r ino to produce a nucleus of 
g e r m a n i u m - 7 1 . Filtering out the 

number of german ium atoms f rom the 
bulk of the gal l ium wi l l give a measure 
of the l o w energy neutr ino flux. 

In search 
of violation 
W h e n t h e weak force is in ac t ion. 
Nature is concerned about the di rec­
t ion in w h i c h th ings happen. This 
'par i ty v io la t ion ' has been known for 
t w e n t y years since the invest igat ion in 
1 9 5 6 of the beta decay of nuclei 
revealed that the electrons emerge 
preferent ia l ly in the direct ion of the 
axis of the nuclear spin. 

Since the discovery at CERN in 
1 9 7 3 of the neutral current f o rm of the 
w e a k in teract ion, other mani festat ions 
of par i ty v io lat ion can be expected. It 
should be possible, at least in pr inciple, 
to see the effects of weak interact ions 
in stable nuclei and, if neutral currents 
behave like charged ones, to detect 
some sort of pari ty v iolat ion apart f r o m 
tha t seen in beta-decay. 

Neutral current interact ions in 
a toms must be very smal l , and an order 
of magn i tude calculat ion shows t h e m 
to be d o w n by a factor of 1 0 ~ 1 4 on 
e lec t romagnet ic ones, so it w o u l d be 
no use looking for them direct ly. One 
hope w o u l d be to pick up the effects 
th rough pari ty violat ions, wh ich w o u l d 
not be masked by e lectromagnet ic ef­
fects. This is the mot ivat ion behind a 
number of 'bench- top ' exper iments at 
the Universit ies of Oxford UK, 
W a s h i n g t o n (Seattle) USA and 
e lsewhere, but prel iminary results 
s h o w tha t the parity v io lat ing effect is 
nowhere near as big as that expected 
f r o m the 'naive' Sa lam-Weinberg 
theory. 

However compar isons o f neutr ino 
and ant ineut r ino scatter ing at CERN, 
Fermi lab and Brookhaven all show tha t 
the s t ructure of the weak neutral cur­
rent is a lmost certainly of a fo rm w h i c h 
does produce parity v io lat ion. The c o n ­
c lusion is that either the bench- top ex-



per iments are w r o n g , w h i c h n o w looks 
unl ikely, or some other explanation is 
required. 

The idea behind the bench- top ex­
per iments is that in a heavy a tom 
(b ismuth is being used at both Oxford 
and Wash ing ton) , the atomic electrons 
spend enough of their t ime in or near 
the nucleus to be affected by the w e a k 
neutral force. Any par i ty-v iolat ing 
componen t in the interact ion could 
rotate polarised l ight w h e n passed 
th rough the a tomic vapour, and 
sophis t icated laser-based systems 
have been developed to detect any 
result ing rotat ion. 

Calculat ions on the b ismuth a tomic 
st ructure based on the Sa lam-
Weinberg theory suggest a rotat ion 
of the plane of polar isat ion by about 
1.5 x 1 0 " 7 r a d i a n s — a n angle roughly 
equivalent to the w i d t h of a needle 
seen f r o m f ive m i l e s ! Nevertheless 
w i t h the help of laser equ ipment the 
Oxford group has establ ished a sen­
sit iv i ty of 5 x 1 0 " 8 radians and the 
Wash ing ton group has reached 2 x 
1 0 " 8 . No opt ical rotat ion by the 
b ismuth a toms has yet been seen. 

The apparatus is indeed so sensit ive 
that even f ingerpr in ts , w h i c h contain 
large numbers of opt ical ly-act ive 
molecules, have a greater effect on the 
results of the exper iment than any ef­
fect at t r ibutable to neutral current 
w e a k in te rac t ions ! 

One immed ia te object ion to this 
negat ive result is that it hinges on a 
compl ica ted a tomic physics calcula­
t ion to est imate the effect on a tomic 
electrons due to nuclear interact ions. 
Patr ick Sandars of the Oxford group 
says tha t s t renuous efforts are being 
made to improve the reliabil i ty of th is 
ca lcu lat ion, but any larger discrepancy 
in the f inal result n o w seems 'unl ikely' . 
Groups at both Oxford and Mich igan 
are n o w proposing similar exper iments 
using hydrogen where the a tomic 
impl icat ions are much simpler. 

Meanwh i le high energy exper iments 
at CERN, Fermilab and Brookhaven 

have come up w i t h some guidel ine 
stat ist ics on neutr ino and ant ineutr ino 
scat ter ing, and a l though the events are 
still pret ty th in on the ground, it looks 
as though the cross-sect ions fo r 
neutral cur rent interact ions by 
neutr inos and ant ineutr inos are very 
di f ferent. 

A l t hough the isotopic spin structure 
of the neutral currents is still far f rom 
clear, th is s imple inequal i ty shows that 
the neutral current cannot be of a s i m ­
ple vector or axial-vector fo rm and, like 
its charged counterpar t , must be a mix­
ture of vec tor and axial-vector cur­
rents. The required vector and axial-
vector mixture is as w o u l d be expected 
in a Sa lam-Weinberg picture. Mixtures 
of vector and axial-vector currents nor­
mal ly lead to non-conservat ion of 
par i ty, so w h y don ' t the atomic physics 
exper iments see any v io lat ion ? 

One answer put fo rward by theore­
t ic ians is tha t the Sa lam-Weinberg 
model cou ld be an overs impl i f icat ion 
of w h a t is go ing on. For instance the 
vector and axial-vector parts of the 
neutral cur rent could couple to dif­
ferent bosons. This w o u l d preserve the 
vector and axial-vector structure of the 
current and the neutr ino/ant ineutr ino 
cross-sect ion inequal i t ies but could 
make the observat ion of any pari ty 
v io lat ion more dif f icul t . 

So far, neutra l current interact ions 
have only been seen in neutr ino i n ­
teract ions and the negat ive result ob ­
ta ined by the Oxford and Wash ing ton 
groups under l ines this. Any posit ive 
result by a bench- top exper iment 
w o u l d not on ly measure the extent of 
pari ty v io la t ion at t r ibutable to the 
w e a k neutra l current , but w o u l d also 
be the f i rst s ign of neutral current 
phenomena outs ide the neutr ino 
arena. 

Come Together 
Whenever an exper iment comes out 
w i t h an unexpected result, the fert i le 

minds of theoret ic ians are fur ther 
s t imu la ted to revamp their existing 
ideas or c o m e ou t w i t h completely 
new ones. For example, w h e n a f e w 
t r imuon events were reported f rom 
Fermilab and CERN (April issue, page 
9 5 ) , it w a s n ' t long before new 
mechan isms w e r e put fo rward to ex­
plain the new phenomenon. 

But n o w someth ing else seems to be 
happening as we l l . Instead of picking 
on just one new observat ion, some of 
the b iggest guns in theoret ical physics 
are concent ra t ing on producing a un i ­
f ied p icture w h i c h accounts for a 
number of, at f i rst sight, seemingly un ­
related observat ions. 

It has long been thought that the 
or iginal We inberg -Sa lam model of 
w e a k and e lect romagnet ic interact ions 
is an overs impl i f icat ion of w h a t is real­
ly go ing o n , but opinions differ as to 
just where it is deficient. Each new 
embe l l i shment w o u l d bring its o w n 
consequences — some w a n t e d , some 
u n w a n t e d . 

Rather than t r ickl ing in one by one, 
there n o w seems to be a bot t leneck of 
new results in lepton physics. As wel l 
as the new, but still sparse, t r imuon 
da ta , there are the detai ls of d imuon 
events sti l l t o be explained. There is the 
evidence for new heavy leptons at 
SLAC and DESY. New exper imental 
techn iques stil l fail to detect any level 
of par i ty v io la t ion in atomic physics ex­
per iments . Detai ls of neutr ino scatter­
ing defy explanat ion by a simple quark 
mode l . 

As a result , some authors are saying 
tha t the theory of weak and elec­
t romagne t i c interact ions needs a 
radical reth ink to explain all these new 
observat ions in one go. A l though the 
approaches taken dif fer w ide ly , there 
seem to be t w o underlying c o m m o n 
denomina to rs — a prol i ferat ion of the 
number of quarks and leptons tak ing 
part in the interact ions, and the i n ­
t roduc t ion of ' r ight -handed' part icles. 

The prol i ferat ion of quarks and 
leptons is not necessarily a bad th ing . 



Besides the new leptons reported at 
SLAC and DESY wh ich have to be in ­
t roduced into the theory anyway, some 
of the anomalous new results can be 
at t r ibuted more or less direct ly to the 
existence of stil l more as yet u n ­
observed part icles. 

T r imuon product ion, for example, is 
a t t r ibuted by some people to a cascade 
decay process involving t w o new 
leptons w h i c h are incorporated into 
the fo rma l i sm of the theory. However, 
others take a more conservat ive ap­
proach to t r imuon product ion, saying 
that it is a hadronic phenomenon , 
result ing f rom the product ion and 
decay of a pair of charmed hadrons. 

In the f irst fo rmula t ions of the gauge 
theory model of weak and elec­
t romagnet ic interact ions, the sets of 
quarks and leptons were assumed to 
be only ' le f t -handed' . This assumpt ion 
w a s a natural extension f rom the s tand­
ard theory of beta decay, in w h i c h 
neutr inos a lways rotate ant i -c lockwise 
(i.e. le f t -handedly) , w h e n v iewed f rom 
behind. 

The non-observat ion of pari ty in 
a tomic physics exper iments in par­
t icular is mak ing people th ink that ad ­

d i t i o n a l ' r igh t -handed ' currents may be 
at work . Their extended theor ies of 
weak and e lect romagnet ic interact ions 
then include left- and r ight-handed 
part icles on a more or less equal 
foo t ing . Once these r ight-handed par t i ­
cles are brought in, cunning 
mechan isms have to be invented to 
make sure tha t the new phenomena 
are adequately explained w i t h o u t 
spoi l ing old-establ ished not ions of 
beta and m u o n decay. 

Meanwh i le the claims and 
counterc la ims of the di f ferent new for­
mula t ions go on , and the s i tuat ion is 
not made any clearer by the scarcity of 
'anomalous ' data w h i c h is the mo t i va ­
t ion for many of the new models. But 
w i t h all the interest w h i c h has been 
st irred up in these new phenomena, 
the scarci ty of data may not last long. 

People 
and 
things 

On People 

Gerson Goldhaber, Physics Group 
Leader at the Lawrence Berkeley 
Laboratory, received two honours in 
quick succession at the end of April. He 
was elected to the National Academy 
of Sciences and named Californian 
Scientist of the Year by the California 
Museum Foundation. Gerson 
Goldhaber has many fine 
achievements in experimental physics 
behind him and is a leading member of 
the LBL I SLAC team which has 
charmed high energy physics during 
the past few years. 

Bob Diebold has been appointed 
Associate Director of the High Energy 
Physics Division at Argonne. Also at 
Argonne, Ed. Berger of the theory 
group has been promoted to Senior 
Physicist in recognition of 'outstanding 
professional achievement'. 

John White from the University of 
Oxford, UK, has been appointed to 
succeed R.L. Mossbauer as Director of 
the Institut Laue Langevin at Grenoble. 
The Institut is supported by the Federal 
Republic of Germany, France and UK 
for neutron research using a high flux 
reactor. 

Robert Walgate, Science News Editor 
of 'New Scientist', had personal 
experience of three quark flavours 
following a talk on particle physics to a 
branch of the UK Institute of Physics. 
He was presented with varieties of 
German mild cream cheese — quark 
strawberry dessert, quark peach 
dessert and pure quark. After 
consuming them he was up and down, 
feeling strange but rather charmed by 
it all. 

Doubter string operated 

In April, a string of four 22 foot 
superconducting magnets was oper-

Gerson Goldhaber 

ated at Fermilab. They are prototypes 
for the 1000GeV Energy Doubler. 
Currents of 4.3kA were achieved, 
equivalent to 4.5 T magnetic fields, 
and no problems were encountered 
with quench protection or with the 
cryogenic system. The next step is to 
test these magnets in continuous 
operation for a month and then to 
extend the string, first to eight and then 
to sixteen magnets. At the end of April, 
the superconducting magnet assembly 
line achieved, for the first time, its goal 
of building one magnet per day. 

Events 

On 17 June, Shirley Williams, UK 
Secretary of State for Education and 
Science, will inaugurate the Central 
Laser Facility at the Rutherford 
Laboratory where research is carried 
out using a high power neodymium 
glass laser. At the Facility on 29 April, 
laser compression of a target (85 urn 
diameter glass balloon) was achieved 
for the first time in Western Europe. 

From 26-30 September a Workshop 
on the 'Role of CERN Accelerators 
in European Intermediate Energy 
Physics' will be held at CERN under the 
Chairmanship of R. Klapisch. The sub­
jects covered will be — Far-unstable 



Fifth anniversary photograph of the USA-USSR 
collaboration involved in the gas jet experiment 
in the internal target area at Fermilab. Top left 
to right — Dan Gross (Rochester), Peter 
Nomokonov (Dubna), Yuri Pilipenko (Dubna), 
Ernest Malamud (Fermilab), Anatole Kuznetsov 
(Dubna), Vitpjy Smirnov (Dubna). Below — 
Vladimir Nikitin (Dubna), Ryuji Yamada 
(Fermilab) and Boris Morozov (Dubna). 

On 4 April, the Italian Ambassador to the Office 
of the United Nations and other Organizations 
in Geneva, His Excellency Rinaldo Petrignani, 
visited CERN. He is photographed here (third 
from the right) with senior CERN staff from Italy 
at the I SR. (Photo CERN 370.3.77) 

nuclei and radioactive beams (con­
vener P.G. Hansen), Atomic physics (G. 
Backenstoss), Nuclear physics (J.P. 
Deutsch I C. Wilkin), Solid state 
physics and chemistry (E. Kar/sson/to 
be confirmed), Particle physics (J. 
Duc/os) and Unconventional ideas (B. 
Povh). Suggestions on any of these 
subjects should be addressed to the 
appropriate convener. The Workshop 
will have about 40 invited participants 
with an Open Session on the last day. 

SNS past another approval stage 

At its meeting on 20 April, the UK 
Science Research Council formally 
approved the construction of the 
Spallation Neutron Source (SNS) at 
the Rutherford Laboratory. It was also 
agreed that authorization of the project 
should be immediately requested from 
the Department of Education and 
Science. Construction of the SNS, 
based on a high intensity 800MeV 
proton synchrotron, would follow 
closedown of the 7 GeV Nimrod proton 
accelerator and would use facilities 
from both Nimrod and the 5GeV 
electron accelerator, Nina (which was 
closed down in April). 

Inertia/ fusion in Europe 

The Euratom Liaison Group has set up 
a study group on 'Inertia/ Confinement 
Techniques' which attempt to use 
lasers, electron beams or heavy ion 
beams to achieve thermonuclear fu­
sion. The study group is under the 
Chairmanship of R. Ba/escu from the 
University of Brusse/s. The group will 
review present activities in Europe, 
study and possibly initiate further 
developments (with awareness of the 
programmes in the USA and USSR), 
promote coordination and collabora­
tion in Europe and propose a program­
me to the European governments. The 
aim is to emerge with some recom­
mendations in 1978. The Group had its 

first meeting on 1 April in Brussels; 
Kjell Johnsen and Kees Zilverschoon 
from CERN were among the partici­
pants. Anyone interested in these 
problems is invited to contact R. 
Ba/escu, Faculty des Sciences, CP 
231, Campus Plaine, University Libre 
de Bruxelles. 

Things historical 

Maurice Goldsmith and Edwin Shaw 
have written a book on the building of 
the CERN 400 GeV proton 
synchrotron, the SPS. The book, 
entitled 'Europe's Giant Accelerator' is 
published by Taylor and Francis Ltd., 
10-14 Mack/in Street, London WC2B 
5NF, at a price of £ 13. It covers the 
physics background, the difficulties 
experienced in getting the project off 
the ground, the design and 
construction of the major systems and 
the start of the experimental 
programme. There are many shrewd 
observations on the course of events 
during the pre-project and 
construction years and on the 
personalities involved. It is rare to have 
such a comprehensive story of a 
project written so soon after its 
completion and anyone in the high 
energy physics field (and hopefully 
many outside it as well) will find the 
book a fascinating read. Maurice 
Goldsmith initiated the book and 
benefited greatly from the help of Ted 
Shaw who was Head of Public 

Information at CERN during most of 
the period covered by the book. 

A Fermilab History Committee has 
been set up as the Laboratory 
approaches the tenth anniversary of its 
foundation. Under the Chairmanship of 
Lab. Director, Bob Wilson, members 
are Drasco Jovanovic, Frank Cole, Dick 
Carrigan, Lee Teng and Roger 
Thompson. They are collecting 
material on the life of the Laboratory 
from its early days — papers, tapes, 
books, photos — and will house the 
collection in the Library. 

The Office for History of Science and 
Technology (470 Stephens Hall, 
University of California, Berkeley 
94720) is issuing a series of 
bibliographies of non-technical 
writings of modern physicists. The first 
to appear is that of Max Planck which 
picks out six hundred items in six 
languages. These bibliographies are 
unique and are intended to aid 
students of the relations of physics 
with other sciences, arts and politics 
and anyone who needs to know the 
history of particular speeches or 
essays. The Planck bibliography is 
available from the Office at a price of 
$ 2. Cheques should be made payable 
to the 'Regents of the University of 
California'. 



A line of television cameras for use in 
radioactive environments and especially adapted for: 
Control • Surveillance • Intervention 

Television equipment to 
investigate at the 
core of nuclear reactors. 
Environment: 
• Temperature: 225 °C (437 °F) 
• Pressure: 45 bars 
• Radiation: (Combined dosages) 
Gamma Rays: 5.108 R 
Thermal Neutrons: 3.1014 

Fast Neutrons: 3.1015 

0 
THOMSON-CSF 
DEPARTEMENT AUDIOVISUEL 
55, RUE EDGAR QUINET/ 92240 MALAKOFF/ FRANCE 
T E L : (1) 65711.10 



The Lawrence Berkeley Laboratory of the Univers i ty o f 
Cal i forn ia and the S tan fo rd Linear Acce le ra to r Center , 
sponsors o f 

PEP 

t he Pos i t ron-E lec t ron Co l l id ing-Beam Sto rage Ring Pro jec t 
at S t a n f o r d , Cal i fo rn ia , invi te app l i ca t ions fo r the f o l l o w i n g 
eng ineer ing pos i t ions in the des ign and cons t ruc t i on o f a p ­
para tus t o s u p p o r t the p lanned exper imen ta l phys ics 
p r o g r a m : 

— Mechan ica l Engineers exper ienced in the des ign o f 
m a g n e t s , m a g n e t i c de tec tors , c ryogen ic or s u p e r c o n ­
d u c t i n g sys tems , part ic le de tec to rs , h igh v a c u u m 
e q u i p m e n t and sys tems. 

— Electronic Engineers exper ienced in t h e des ign of 
e lec t ron ics c i rcu i ts and data acqu is i t ion s y s t e m s fo r 
de tec to rs such as sc in t i l la t ion hodoscopes , m u l t i w i r e 
p ropor t iona l and dr i f t c h a m b e r s , and s h o w e r c o u n t e r 
and ca lo r ime te r arrays. 

These are career pos i t ions, but requests for t e r m a p p o i n t ­
m e n t s w i l l be cons idered . S tar t ing salar ies w i l l be c o m m e n ­
sura te w i t h qua l i f i ca t ions and exper ience. Ass is tance in 
re loca t ing can be prov ided. 

For e m p l o y m e n t app l ica t ion f o r m s or fo r fu r the r i n f o r m a ­
t i o n , c o n t a c t : 

Herber t Renner 
S L A C E m p l o y m e n t Off ice 
P.O. Box 4 3 4 9 
S t a n f o r d , Cal i forn ia 9 4 3 0 5 
U.S.A. 

This w o r k is s u p p o r t e d by the U.S. Energy Research and 
D e v e l o p m e n t Agency . 

DIGITAL DEVELOPMENT 
has b e e n p r o d u c i n g re l iab le r u g g e d h e a d per 

t r a c k , f a s t a c c e s s d i sc m e m o r y s y s t e m s s ince 

1 9 6 4 . W e h a v e p i n t o p i n c o m p a t i b l e p r o d u c t s 

t h a t are r e p l a c e m e n t s f o r : 

DEC - R F 1 1 / R C 1 1 d i sc a n d c o n t r o l l e r 

DEC - R J S O 3 / 4 d i sc a n d c o n t r o l l e r 

Da ta G e n e r a l - N o v a 8 0 0 ] 

N o v a 1 2 0 0 | d i sc a n d c o n t r o l l e r 

N o v a 4 0 1 9 J 

W e have a lso i n t e r f a c e d o u r m e m o r y s y s t e m s t o 

H P , T l , I B M a n d m a n y o t h e r s . 

C o m e a n d see us o n s t a n d 4 1 4 at t h e I M M M at 

G e n e v a M a y 2 4 - 2 6 , or f o r f u r t h e r i n f o r m a t i o n 

w r i t e t o : 

DDC 9 2 T h e C e n t r e 

Feltham / Middlesex / England 

T e l e p h o n e N o : 0 1 - 8 9 0 - 2 6 7 8 / 2 6 7 9 
T e l e x N o : 9 3 5 1 8 7 

LITTON - your partner in electronic technology 

Litton pulse generators 
for 
any degree < 
of precision 
O p t i c a l - e l e c t r o n i c r o t a r y s h a f t p o s i t i o n e n c o d e r s a n d 

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

d i o d e s . 

R e s o l u t i o n f r o m 2 5 t o 1 3 1 0 7 2 p u l s e s per c o m p l e t e 

r e v o l u t i o n . 

G u a r a n t e e : 5 y e a r s o n t h e G a A s d i o d e s . 

Use fu l l i f e : 1 0 0 0 0 0 h o u r s o p e r a t i o n . 

C o n t a c t us f o r i n f o r m a t i o n . 

LITTON PRECISION PRODUCTS INTERNATIONAL INC. 
Gubelstrasse 28 , 8 0 5 0 Zurich,Tel. 01 4 8 35 44,Telex 5 4 9 0 5 



LAKE SHORE CRVOTROdlCS 
is 

The 
Answer 

For all of your 
CRYOGENIC NEEDS! 

DISPLEX® cryogenic vacuum pumps offer 
the ultimate in clean vacuum because their 
cycles are completely closed, consuming 
nothing but electricity. DISPLEX pumps easily 
mate to existing chambers and pump all gases, 
with air pumping speeds from 1 5100 to 18,000 L/s. 
And once-yearly maintenance is all that5 s 
recommended. 

For more information concerning laboratory 
cryogenic systems, write Air Products and 
Chemicals, Inc., Advanced Products Depart­
ment, Box 538, Allentown, PA 18105. Or call 
(215)398-8355. 

I0" 1 0 torr, clean and fast 
DISPLEX closed-cycle 

cryogenic vacuum pumps. 

Full Range Cryogenic 
Thermometer/Controllers 

DRC-7C & DRC-70C 
D R C - 7 C 

• 1 to 400K Range • 1K Resolut ion* 
• Recorder Output & Optional BCD 
Output • Interchangeable Sensors 

• Solid State Construction & Reliability 
• 0.5K or Better Controlabi l i ty* 

• 0 to 50 Watt Heater Output 

DRC-70C 
* • 0.1 Resolution 

* • 0.3K or Better Controlability 

Models DRC-7C & DRC-70C offer the 
convenience of Direct temperature read­
out and set point selection in Kelvin 
units with a choice of readout resolution 
and controlabil ity. 

The unique design and the use of com­
pletely interchangeable sensors allevi­
ates the necessity of instrument recali-
bration when sensors are changed, thus 
allowing one to dedicate a sensor, but 
not the instrument to a specific system. 

The full range capability of these instru­
ments, coupled with 0 to 50 watts of 
heater power make the DRC-7C and 
DRC-70C the ideal solution to a multitude 
of temperature control problems. 

For details and literature write, 
cally or telex 

SHORE 
W C R V O T R o n i c s j n c . 
9631 Sandrock Rd., Eden, N.Y. 14057 

(716)992-3411 Telex 91-396CRYOTRON EDNE 
Contact us direct, 

or our representatives 

Overseas Representat ives 
France, Belgium, 
& Scandinavia 
CRYOPHYSICS SA 
3, rue Antoine Coypel 
78 Versailles, France 
(1)950,65, 78 or 951, 03, 71 
Telex: 691096 

West Germany 
East Germany, & Austria 
CRYOPHYSICS GMBH 
Butzbacher Str. 6 
61 Darmstadt, W.Germany 
(6151) 76051 Telex: 419594 

United Kingdom 
Ireland & Holland 
CRYOPHYSICS LTD. 
Thor Works Henley Road 
Berinsfield, Oxon. England 
(865) 340, 257 Telex: 83474 

Switzerland, Italy, 
Eastern Europe other than 
E.Germany, Israel and 
the Middle East, N.Africa, 
Spain, Portugal, 
Greece and Turkey 
CRYOPHYSICS SA 
39 rue Rothschild 
1202 Geneva, Switzerland 
(22) 32, 95, 20 Telex: 23484 



THE FIRST TV CAMERA DESIGNED FOR 
COMPUTER INTERFACE 

SUPERB R E S O L U T I O N — APPLICATIONS: 
Observe minute detail with resolution over 
1000 TV lines. 

VIRTUALLY DISTORTION-FREE— 
Image is accurate, l inear f rom center of screen to outer 
edge with less than 0.2% distort ion. 

S T A B L E — 
Less than 0.05% drif t per 24 hours, less than 0.2% f rom 
10° C to 40° C. 

PLUS ALL LINES NEEDED FOR 
DIGITAL AND ANALOG 
COMPUTER INTERFACE 

THIS UNIT IS "INSTRUMENT QUALITY" 
—NOT A VIDEO SYSTEM FOR 
ENTERTAINMENT VIEWING 

MEDICAL 
Tissue analysis 
Blood analysis 
Neuro log ica l—X-Y movement analysis 
Optical Instrument data analysis 
Other analysis of visual data 
INDUSTRIAL 
Aerial photography a n a l y s i s — c r o p areas, 

insect infestation 
IR Ana lys i s—de tec t forest f i res, direct robot 

f i re f igh ters 
Bott le i nspec t i on— us ing polar ized light 
Dimension analysis and cont ro l , area 

measurement, d isplacement measurement 
Printed pattern analysis and contro l 
Missile t racking 
UNIVERSITY 
Analysis of any visual information that can be 

measured through variat ion in l ight intensity 
Medical research 
Physics research 
Laser technology 

HAMAMATSU CORP. • 120 WOOD AVENUE • MIDDLESEX, NEW JERSEY 08846 • ( 2 0 1 ) 469-6640 





WES CAMAC TEAM 
KARL WEHRMANN SPALDINGSTR. 74 2 0 0 0 HAMBURG 1 TEL. 0 4 0 / 2 4 1 5 11 TLX 2 1 6 3 0 4 3 

CAMAC-CRATES 200-500 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

• DISPLAY S H O W S : S T A T U S , FAN 
FAILURE, OVERLOAD, OVERHEAT 

• C U R R E N T / V O L T A G E DISPLAY 

• SHORT CIRCUIT PROTECTION 

• COMPUTER M O N I T O R I N G PLUG 

• THREE 5 0 0 W - V E R S I O N S 

For de ta i led techn ica l and pr ice i n fo rma t ion please c o n t a c t W E S and ask for ca ta log 9 / 7 6 

WES-CAMAC-TEAM 
represented in Sw i t ze r land by 

C A N B E R R A - S T O L Z A G Bel ikoner Str. 2 1 8 C H - 8 9 6 7 W i d e n - M u t s c h e l l e n Te le fon 0 5 7 / 5 4 0 7 8 Telex 5 4 0 7 0 

PCP, i nc . 

ION MOBILITY 
SPECTROMETER 
• All-electronic trace chemical analysis using ion-molecule reactions. 

• Threshold sensitivity in low parts per trillion range. 

• Atmospheric pressure operation 

• Operation with air or other choice of gases. 

• Rapid response—fractional seconds. 

• Positive or negative ion response. 

• Responds to most materials, even those with very little volatility in the 
ordinary sense. 

• Molecular weight response to over 5000 amu. 

• Couples readily to many inlet and front end separation devices at 
atmospheric pressure. 

• Threshold response down to low picograms. 

• Dynamic range to 10 3 and more. 

Instrumentat ion is available for direct purchase, or Ion Mobil i ty 
Spectrometer analysis of your materials can be per formed in our 
laboratories. For further informat ion and descr ipt ive l i terature 
please contact : 

DENIMEX DEVELOPMENT CORPORATION 
CH-1605, CHEXBRES, Switzerland 
Phone: 021-56-14-24 Telex: C845) 24642 CDNIMXCH) 



New! ion-implanted HpGe 
detectors for high-energy 

charged particles. 

Hyperpure germanium 
10 mm deep 

Ion-implanted front contact 

Lithium-diffused rear contact 

Made of hyperpure 
germanium with 
standard sensitive 
depths of up to 
10 mm (even greater 
depths available on 
request), Ortec's 
new G Series de­
tectors combine 
superb resolution 
with unprece­
dented stopping 
power: up to 220 
MeV for alphas, 60 MeV for protons, 
or 10 MeV for electrons in a single de­
tector, These revolutionary detectors can 
be stored at room temperature and 
temperature-cycled indefinitely without 
degradation. And their ion-
implanted entrance window is 
cleanable in the event of 
accidental fingerprinting or 
pump-oil contamination. 

A special new preamplifier, 
the 142AG, has been developed 
as a companion to our G Series 

BNC connector 

Back cover 

detectors. It is a fast 
(<20 ns risetime) 

preamp essentially 
similar to the 142A, 
with noise charac­
teristics optimized 

for germanium rather 
than silicon charged-

particle detectors. 
For those of you 

who do not require 
the tremendous 

stopping power of 
the G Series, we offer the 142AH preamp 

and C53/54/55 cable feedthrough sys­
tem, which permits low-noise operation 

of silicon surface barriers at up to 5000 V 
with complete freedom from corona 

effects. 
For complete technical infor­

mation on these and other Ortec 
products, contact your nearby 
Ortec representative or Ortec 

Incorporated, 110 Midland Road, 
Oak Ridge, TN 37830. (615) 

482-4411. 

76 OFFICES IN 49 COUNTRIES 

Discover what you've been missing. 
c Ortec 6 8 5 3 
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• - a universal Camac diagnostic instrument 
J with a design based on many years of experience 

• Displays latest dataway signal pattern 

J a g and stores it in the instrument's memories for subsequent read-back 

II 
• • • In the Monitor Mode 

data are strobed in without the module being specifically addressed 

11 • Comparative display of Read and Write Data 
i. e. when data are written to another module in the crate and then 
read back again, both bit patterns can be seen side-by-side simultaneously 

| a on the 1802 « 

In * Provides sync outputs for oscilloscopes 

IUI The strobes S1 and S2 as well as the Busy signal are displayed briefly 

Wfj* while the true signals are brought out to front-panel pins for use as triggers , 

*0 • In the On-line Mode 
B0 the module only responds when specifically addressed 

mm 
• NAF Patterns can be simulated 

ii as each bit in the status register can be set from the write lines 

mm • LAM can be produced 
manually or electrically or by software command 

E. LOTTI S.A. 
PLUS DE 
5000 PRODUITS 
EN STOCK 

Reactifs MERCK 
Scintillateurs CIBA-GEIGY 

Produits 
de recherches VENTRON-ALFA 
pour purification des eaux 
(NaBH4) VENTRON 
pour recherche electronique 
et nucleaire ESPI 
biologiques GIBCO 
chimiques purs 

Responsable: M. F. RIONDEL, ingenieur chimiste 

8, RUE BAYLON, 1227 CAROUGE 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. CH. 

PR-140G RF 

When We Say P H O T O N - B Y - P H O T O N , We Mean It! These 
RF Shielded housings provide mul t ip le features for one 
low price. Model PR-1400 RF accepts 2 " & 1 1 / 2 " d ia. PMTs; 
PR-1401 RF houses 1 Ve" d ia. & smaller tubes. Both models 
are tested wi th broadband high-gain Photon Count ing 
systems and provide: Electrostatic Shielding at cathode 
potent ial ; Magnet ic Shielding (0.040" th ick h igh perme­
abil i ty material) extending M> cathode dia. in f ront of pho-
tocathode; Photocathode concentr ic i ty maintained wi th 
opaque insulat ing r ing; Removable Universal Front 
Mount ing Flange ( interchangeable wi th most SSR, PPI 
AND G E N C O M housings) . Also — Model PR-1402 RF for 
Side-Window tubes. For Performance and Prices Call 
(617) 776-3250 or Write: 

Products for Research, Inc. 
78 Holten Street • Danvers, Mass. 01923 
CABLE: PHOTOCOOL TELEX: 94-0287 



' reduction Suisse de pieces en ceramique AI2 
Satisfaisant aux applications microtechniques en electronique et en mecanique 

• Usinage optimal assure par des moyens de haute precision, selon necessite 
• Metallisation par serigraphie, vernissage, au trempe 
• Joints metal-ceramique 
• Prototypes, petites series, realisables par decoupe au laser 

Pour adresse: Les Paquerettes SA 
LES FABRIQUES D'ASSORTIMENTS REUNIES SA CH-2416 Les Brenets Telephone 039 32 13 15 

• N E T 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 12 bis, boulevard Pebre tel. (91) 732850 
75-PARIS 4 et 6, rue du Buisson-Saint-Louis-Xe tel. (1) 2081557 
GENEVE 55/57, rue Prevost-Martin tel. (022) 20 6848 
74-ANNECY 6, avenue de Mandallaz tel. (50) 514641 
01 -SAINT-GENIS Route de Gex - zi BP 25 tel. (50) 411207 

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



Your European Source 

M A T E R I A L S 
For Research & Development 

M R C is the wor ld 's largest single source of h igh 
puri ty materials for research and deve lopmen t 
inc luding metals, alloys, ceramics and cermets. 

W e have the experience to control purity, 
composi t ion and structure. Facilities available 
include zone ref ining, arc, induct ion and electron 
beam mel t ing, cold fabr icat ion, hot pressing and 
c o m p o u n d synthesis. 

N o w these specialised materials are produced in a 
new European M RC factory in Toulouse. This new 
capacity for ref ining, fabricat ion and packaging of 
high purity metals and alloys is already meet ing 
the major part of European demands for M R C 
materials. 

i MATERIALS RESEARCH 

ULTRA-HIGH PURITY METALS & ALLOYS - fabricated into rod, 
wire, foi l , slug and powder forms. 

SINGLE C R Y S T A L S - o f metals, alloys and compounds, random 
or specified orientation, spark cut. 

PURE CERAMIC POWDERS - extensive range of compounds 
supplied in small quantities for research purposes. 

VAPOUR DEPOSITION SOURCES - for fi lament or electron beam 
evaporation, sputtering or ion plating. 

QUICK DELIVERY - ask for our SPD Catalogue, listing pure 
materials packaged in research quantit ies, for immediate delivery. 

0ROPE 

Ihre M R C v e r t r e t u n g i n : 
D e u t s c h l a n d , O s t e r r e i c h , 

S c h w e i z . 
En France, 

vous addresser a 

In Great B r i t a in c o n t a c t 

In Benelux c o n t a c t 

Materials Research GmbH. 
8000 Miinchen 70, Pollinger Str. 5, West Germany. 
Te l : 714 1068 
Materials Research S.A. 
23 Rue de Fontenay, 92340 Bourg-La-Reine, France. 
Tel : 660 2344 
Materials Research Co. Ltd. 
St. John's Estate, Tylers Green, Penn, Bucks, 
England. HP10 8HR. Tel : Penn 5154 
Materials Research Corporation, 
48B Livingstonelaan, Utrecht, P.O. Box 3028 
The Netherlands. Te l : 030 886190 



Meet Our Serial CAMAC Family. . . 

KEY TO PRODUCTS (left to r ight): 

1. Model 3924 L A M Encoder 
Provides many features in LAM-d riven systems. 

2. Model 3952 Type L-2 Serial Crate Controller (SCO 
Used in each remote crate. 

3. Model SHR-100 Serial Highway Cable wi th Return Path 
One of our many types of serial highway cables. 

4 . Model 958 Byte-serial U-Port Adapter 
Provides bypass and isolation for byte-serial use. 

5. Model 3930 Bit-serial U-Port Adapter 
Used wi th a serial driver in dual-loop systems. 

6. Model 3931 Bit-serial U-Port Adapter 
Used wi th a serial crate controller in dual-loop systems. 

7. Model 3932 Bit-serial U-Port Adapter 
Provides isolation, bypass and loop collapse (SD & SCO. 

8. Model 3934 Modem Adapter 
Allows SCO's to be many kilometers apart via modems. 

9. Model 3841 FIFO 
Provides 256-word command and data buffer for the 3992. 

10. Model 3993 Block Transfer 
Provides block transfer control for the 3992. 

11 . Model 3992 Serial Highway Driver 
Can be used alone or w i th the 3841 and 3993. 

The use of Type L-2 serial crate controllers with an associated serial driver allows up to 62 remote CAMAC crates to be separated 
by great distances with a simple data path between them. This data path can be adapted to a wide variety of transmission media. 
Whether your need is relatively simple (a single serial driver and crate controller) or more complex (a multi-crate system requiring 
U-port adapters for transformer isolation, bypass and loop collapse), our engineers can provide you with application assistance. 

KineticSystems is the leading manufacturer of serial CAMAC equipment. Our Model 3952 L-2 SCC has been approved by CERN 
and is in general use there. Our serial components are being used by laboratories throughout the world. We have helped 
customers solve high-noise transmission problems, establish laser and fiber optic serial highway links, and operate serial crates 
inside pressurized high-voltage chambers. Our serial equipment is being used in industry to control N/C drills in an airplane 
factory, operate furnaces in an aluminum rolling mill, monitor temperatures in a steel plant, test railroad locomotives, as well as 
many other industrial applications. 

We manufacture a broad line of CAMAC modules and accessories including serial components, digital and analog interfaces, 
CRT display drivers, counters, scalers, crate controllers, and microcomputers. We can fill your needs for single modules, groups 
of modules or complete systems. Please contact us for additional information. 

KineticSystems International S.A. 
2 Chemin de Tavernay * 1218 GENEVE, SUISSE * Tel. (022) 98 25 82/3 * Telex 23 429 

KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 



Touch and Trigger 
25 MHz displays, single and double timebases 

PM 3214: 25 MHz/2 mV. Fully calibrated 
delay and full sweep facilities, including 
independent main and delayed timebases 
and separate source triggering. 

PM 3212: 25 MHz/2 mV. 
Single timebase, comprehensive 

triggering facilities including "auto" 
mode, level control, DC coupled triggering, 

separate source triggering and composite mode. 

PM 3212/14-
they make more of your budget 

Budget beaters PM 3212 and 3214 
set new pr ice/ per formance 
standards. Everything you 'd expect 
and more in l ight-weight, low-cost 
instruments. 

Both have a 25 MHz vert ical 
bandwid th , but tr igger typical ly to 
40 MHz or more in the quick, con­
venient "auto" mode. Both also 
incorporate a tr igger level contro l 
plus cont inously variable t ime-
base control(s) , DC coupled 
tr iggering, separate source t r ig­
gering and compos i te tr iggering. 

Both have high light output dis­
plays, small spot size and cont inu­
ously variable grat icule i l lumination. 

In addi t ion the PM 3212 offers 
automat ic TV tr igger ing: the 
PM 3214 a ful ly cal ibrated delay and 

New price/performance standards are 
set by the PM 3214, as demonstrated by 
the alternate timebase mode.This allows 
both the main and delayed timebase 
signals to be displayed at the same time, 
for both channels. 

full sweep faci l i t ies. And by full 
we mean: independent main and 
delayed t imebase tr iggering, sepa­
rate source tr iggering for both 
channels and both t imebases, 
including DC, plus the al ternate 
t imebase mode. 

For an encore, both instruments 
of fer a bat tery opt ion, versati le 
X-Y display facil i t ies and a double-
insulated power supply, which 
el iminates the need for an earth 
connec t ion and with it the associ­
a ted prob lems of earth loops and 
hum. 
M o r e d e t a i l s f r o m : 
Ph i l ips S A 
D e p t . Sc ience et Indus t r ie 
Case p o s t a l e 
1 1 9 6 G l a n d 

PHILIPS Test & Measuring 
Instruments PHILIPS 



Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appafieils calibres et 
non calibres 
pour liquides et gaz 

livrables ex stock Zurich type 1100 

Vannes 
a pointeau 
en acier inox 
au chrome 4421 
et chrome-nickel-molybdene 4436 

Armatures Phonix 
vannes d'arret et de reglage 

Hofer 
technique a haute pression 

Demandez la documentation aupres de 
Oerlikonerstrasse 88 
tel. 01/46 40 40 
8057 Zurich vorm. WISMER AG 

Specia l ized fo r 3 5 years in the f ie ld o f e lec t romagne t i c coi ls 
and cas t ings , t he f i r m of S.E.G.C.E.M. has carr ied ou t a great 
deal o f w o r k charac te r i zed ch ie f ly by the or ig inal i ty of the 
m e t h o d s app l ied and the e lect r ica l and magne t i c per for ­
m a n c e levels w h i c h resu l ted . 

In areas w h e r e such p a r a m e t e r s as v o l u m e , p o w e r , or 
t e m p e r a t u r e m u s t be at a m i n i m u m , S.E.G.C.E.M. is in a 
pos i t ion to r e c o m m e n d ef fec t ive and rel iable approaches t o 
app l i ca t ions o f very h igh cu r ren t dens i ty , sui table f o r m s of 
coi l w i n d i n g s , and coo l i ng s y s t e m s emp loy ing w a t e r or 
natura l or f o r c e d ven t i l a t i on . 

By con t ras t , s o m e coi l w i n d i n g s have been des igned fo r 
opera t ion at h igh t e m p e r a t u r e s rang ing up to 4 5 0 ° C . 

A suppl ie r t o t he nuc lear energy indust ry , S.E.G.C.E.M. has 
des igned a n d bu i l t e q u i p m e n t c o m p o n e n t s resistant t o 
rad ia t ion e n v i r o n m e n t s . The l ine of p roduc ts w h i c h can be 
o f fe red ranges f r o m smal l w i n d i n g s w e i g h i n g but a f e w 
g r a m s up t o mass ive i t e m s of e q u i p m e n t w e i g h i n g several 
tons . 

P R O C E D E S L . P O U L A I N 

Societe Anonyme 
au Capital de 300.000 Francs 

1, rue d'Anjou 
Z.I. DES BETHUNES 
TELEPHONE 037 39-80 + 
ST-OUEN L A U M O N E 
(Val d'Oise) 
Adresse postale: 
B P . 402 95005 CERGY 

MOOM VESSELS EOR WORLD NUCLEAR RESEARCH 

WHETHER COMPLETE 
VACUUM VESSELS FOR 
TOKAMAKS OR FOR 
RESEARCH FACILITIES, 
AVICA HAS THE CAPABILITY 
AND EXPERTISE 

AVICA 
GROUP OF COMPANIES 

Av ica Equ ipment Ltd., 
Mark Road, Hemel Hempstead, 
Hert fordshi re, HP2 7DQ. 
T e l e p h o n e : Hemel Hempstead 64711 
Te lex :82256 

Av ica In ternat ional 
BP147 Pr inc ipaute de Monaco 
T e l e p h o n e : (93) 30-09-39 
Te lex : 469 771 MC 



DRIFT 
CHAMBERS 

SEN digital systems provide one-pass data collection 
and do not require a zero-time offset adjustment. 

RECORDER UNITS 16 T D 2 0 8 6 

( D T R ) 
8 T D 1 2 0 - 1 1 1 

( N e v i s L a b ) 
4 T D 2 0 8 2 

( T C S ) 

Max . dp i f t t ime (ns) 2048 1440 960 

T i m e - s p a n a d j . (ns s t e p ) 32 24 -
R e s o l u t i o n (ns) 4 1.5 2 

M u l t i p l i c i t y 16 14 7 

Inputs 16 8 4 

T w o pu l se r e s o l u t i o n (ns) 4, 5 6 < 48 < 44 

Input leve l NIM NIM M E C L 

C l o c k input (MHz) 125 88. 33 125 

P a c k a g i n g 2 U C A M A C 1U n o n - C A M A C 2 U C A M A C 

P o w e r r e q u i r e d (W) 44 32 26 

Un i t s p e r c r a t e 1 1 22 1 1 

T y p e of c r a t e CAM A C - C A M A C 

Un i t s b u i l t and 
in s e r v i c e 

10 109 128 

These recorders , on a m i n i m u m basis of 1 0 0 0 c h a n n e l s , 
o f f e r a p r ice per channe l o f b e t w e e n 1 0 0 and 6 0 0 S.Frs.. 
W e del iver comp le te sys tems w i t h c ra tes , C A M A C i n t e r ­
face , recorders and p reampl i f i e rs as requ i red . A l s o , i t is 
poss ib le t o c o m b i n e t h e t h r e e sys tems w h e r e d i f f e r e n t 
areas of t h e e x p e r i m e n t have va r ied pe r fo rmance levels. 

S E N E L E C T R O INI I Q l U E Case Postale 39 

Z U R I C H Austrasre 4 

H A M B U R G Postfach 223 

M U N I C H Radspielerstr. 8 

CH 1211 Geneve 13 

CH 8604 Uolketswil 

D 2000 Wedel 

D 8000 Miinchen 81 

tel (022) 44 29 40 tlx23359 ch 

tel (01) 945 5103 tlx 58257ch 

tel 04103 6282 tlx2189 548d 

tel 089 916710 tlx 5291 67d E L E C T R D N I Q U E 



NEW 
i n 

CAMAC 

12-channel 
current-
integrating 

ADC 
Optimized for 
wide, low-level pulses 
LeCroy's new Mode l 2249W 
contains 12 comple te 11-bit 
integrat ing ADC's in a single-
wid th C A M A C module . It is 
designed to provide excel lent 
l ineari ty in the digi t izat ion of 
pulses f rom detectors del iv­
er ing low instantaneous cur­
rents over long periods of t ime 
(50 nsec-10 /usee) such as Nal , 
Csl, or l iquid scint i l lator. In 
addition, the 2249W is equally 
linear for shorter pulses f rom 
standard lead glass or plastic 
scint i l lat ion counters . 

Send for detai ls. 

a . LeCroy 
" RESEARCH SYSTEMS e*7 

LeCROY RESEARCH SYSTEMS CORP.; 700 S. 
Main; Spring Valley, N.Y. 10977, U.S.A.; (914) 425-
2000; TWX: 710-577-2832 • LeCROY RESEARCH 
SYSTEMS/FAR WEST; 1 First St.; Los Altos, Cal. 
94022 • LeCROY RESEARCH SYSTEMS SA; 81 
Avenue Louis-Casai; 1216 Cointrin-Geneva, Swit­
zerland • LeCROY RESEARCH SYSTEMS LTD.; 
74 High Street; Wheatley, Oxfordshire 0X9 1XP, 
U.K. * LeCROY RESEARCH SYSTEMS G.m.b.H,; 
Treitschkestrasse 3; 6900 Heidelberg; W. Germany. 

TECHNIQUE DE MESURE 
ET DE CONTROLE 

0,4 U 
0,2 x i , ,i , , 0.C 

0. > 

in A 

Instrument de mesure a encastrer 
pour appareils et tableaux de distribution 

1 1 1 % I I ' 

HHHH I I 1 ' i ^ i i i i 

Instruments a contacts 
Appareils de mesure comprenant 
jusqu'a 8 reperes de contact ajustables 

# # s

: » © o 

* 
H - _ :v. 

# ~ * > 
£ | , % 0 

0* > • ' • 
_ • 

# # s

: » © o 

* 
H - _ :v. 

Appareils d 'a l imentat ion 
Sources de tension continue stabilisees 
pour laboratoires, salles de controle, 
service et fabrication 

Notre p r o g r a m m e d e ven te c o m p r e n d en ou t re : 

Regulateurs d e t e m p e r a t u r e 

Luxmet res 

Ins t ruments universels 

Cont ro leurs d ' i so lement MEGGER 

Convertisseurs de mesure 

ULRICH MATTER S. A., 5 6 1 0 WOHLEN 

Instruments e lec t r iques de mesure 
Te lephone (057) 614 5 4 / 6 2 8 3 4 



for the liquid hel ium you use... 

These are the 
L H e M a x i m i z e r s 

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

m e a s u r e m e n t is d i r e c t a n d s i m p l e . First, check t h e 

b o i l - o f f rate. S e c o n d , c h e c k t h e d u r a b i l i t y o f shel l 

c o n s t r u c t i o n . T h i r d , check t h e u n i t p r i ce per l i ter 

of capac i ty . Lastly, c h e c k t h e b o i l - o f f rate aga in . 

I f s just tha t i m p o r t a n t . 

C r y e n c o LHe vessels have n o e q u a l in m a x i m u m 
p e r f o r m a n c e c r i te r ia . T h e m a x i m u m losses w e q u o t e 
are g e n u i n e — n o f u d g e fac to r . Im i ta to rs have m a n ­
aged to c o p y a p p e a r a n c e , b u t C r y e n c o remains t h e 
leader fo r t h e essent ia l p r o d u c t o f r u g g e d re l iab i l i t y , 
p e r f o r m a n c e and overa l l e c o n o m y . 

As o n e of t h e f i rs t supp l ie rs o f LHe storage vessels, 
C r y e n c o learned t o des ign f o r t h e service tha t users 
l ike y o u r e q u i r e : r u g g e d c o n s t r u c t i o n f o r o v e r - t h e -
road t ranspor t a n d l a b o r a t o r y serv ice, co ld -gas 
sh ie ld ing w i t h m u l t i l a y e r i nsu la t i on f o r b o i l - o f f rates 
as l o w as 0 . 5 % per day m a x i m u m * , and p r o p e r size 

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

by l a n d , sea o r air. 

A l l o w us t o send y o u c o m p l e t e techn ica l da ta o n 

any o r al l o f these C r y e n c o LHe con ta ine rs . The 

m a x i m i z e r s . 

* M o d e l LHe 50, 1 .5%/day max imum boi lo f f , 50 liters l iqu id 
capacity • Mode l LHe 100, 1 .5%/day max imum boi lo f f , 100 
liters l iqu id capacity • Mode l LHe 250, 1 .0%/day max imum 
boi lo f f , 250 liters l iqu id capacity • Mode l LHe 500, 0 .75%/day 
m a x i m u m boi lof f , 500 liters l iqu id capacity • Mode l LHe 1000, 
0 . 5 % / d a y max imum boi lof f , 1000 liters l iqu id capacity • 
M o d e l LHe 1000-G, 1 .2%/day max imum boi lof f , 4164 liters 
l iqu id capacity. 

C r y e n c o 
11057 Leroy Drive 
Denver, Colorado 80233 
(303) 451-1031 — Telex 45-4382 



Degussa <#• 
Sleeved-resistor thermocouples 

and thermometers 
We can supply any model or finish you may require in the shortest 

possible time and at attractive prices. 

v v v v x v v v v y 

v v w w v w y y y y y 

• Stainless steel, refractory steel or 
p la t inum-rhodium protective sleeve. 

• Models w i t h or w i thout connecting head, 
w i th female connector or w i th integral 
compensat ion cable. 

• Fitt ing by sl iding, threated or welded-type 
connect ions. 

• W i t h one or t w o thermocouples to DIN 
4 3 7 1 0 : Fe-Co (700°C), NiCr-Ni 
(1000°C) , PtRh-Pt (1500°C). Measuring 
point we lded to or insulated f rom base. 

• W i t h 100 -ohm Pt thermometr ic resistor to 
DIN 4 3 7 6 0 for temperatures f rom — 2 5 0 
to + 8 5 0 ° C . 

Degussa (Schweiz) AG 
P.O. Box 2050 • 8040Zurich • Tel. 01 -543900 • Telex 57 946 

Angst+Pfister 
VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE 

MATIERES PLASTIQUES 
Lubri f lon-PTFE, Ertalon, Ertacetal, Eltf lon pour appl icat ions Slectroniques 

POLYPLATE PROCESSING 
Condensateurs,c6nes d 'antennes, substrates 

TUYAUX FLEXIBLES 
pour basse, moyenne et haute pression, types spSciaux avec capacite 
de resistance aux radiat ions — f luide eau d6minera l is6e 

ELEMENTS DE TRANSMISSION 
Accoup lements eiast iques, variateurs de vi tesse, 
t ransmiss ion par courroies trap6zoTdales et dentees, etc. 

JOINTS D'ETANCHEITE 
standard ou sur plans en tous mater iaux 

1219 GENEVE-LE LIGNON 
ROUTE DU BOIS-DES-FRERES 5 2 - 5 4 

T E L : 0 2 2 / 9 6 4 2 1 1 
TELEX: 2 2 6 7 5 A P G 



Twenty years of accelerator-klystron 
progress at THOMSON-CSF 

Nearly twenty years ago, back in 1959, 
THOMSON-CSPs TH 2010 was the first 
high-power accelerator klystron 
delivering over 20 MW peak output 
power and 20 kW average. At that time, 
four RF outputs were necessary, due to 
output-window limitations. 
A few years later, we obtained 20-MVW 
20-kW performance with only two 
output windows, as in the TV 2011, due 
to advances made in RF-window 
technology. 

Then, in 1968, thanks to an ongoing 
klystron R&D effort, we were able to 
introduce 20-MW/20-kW klystrons 
in L and S band, each having just a 
single RF-output window: the TV 2001 
and TV 2002. 
Today, sophisticated computer-aided 
design techniques, our wealth of 
experience and our mastery of 
high-power klystron technology make it 
possible for the THOMSON-CSF line of 
accelerator klystrons to offer the right 

tube for practically any application. 
Just two of the latest THOMSON-CSF 
accelerator klystrons are the TH 2075 
(50 kW CW at 2450 MHz) and the 
TV 2022A (a 20-MW/50-kW L-band 
model). More than 100 service 
positions, all around the world, 
clearly mark THOMSON-CSF as a 
world leader in this field. Contact us 
for full details on our remarkable 
accelerator-klystron line, or for a tube 
tailored to your exact application. 
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THOMSON-CSF 

DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL : (1) 604 81.75 
Germany - THOMSON-CSF Elektronenrohren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN. 1 / Tel. : (0611) 71.72.81 

Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 /1 - 00136 ROMA / Tel. : (6) 638.14.58 
Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / f 102 / Tel. : (03) 264.63.41 

Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226.76.09 
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225.815 

United Kingdom - THOMSON-CSF U.K. LTD. / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel. : (0256) 29.155 / Telex : 858865 
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. : (201) 779.10.04 



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

w e c a n h e l p y o u . 

Depleted uranium metal is being widely accepted 
as a shielding material in radioactive environments. 
Depleted uranium metal shields are used, for exam­
ple, in medical cobalt radiation sy­
stems, in fixed and portable isotope 
units. 
Because of its high density (18,7 
g/cm3) and thus resulting minimum 
volume, it is used not only in the 
nuclearfield, but also in aircraft manu-

Shield for a miniature radiation system. It weighs over 
half a ton for a height of 0.52 m and a diameter of 0.35 

facture and shipbuilding, as a trimming ballast and 
counterweight. Other applications are in contents 
gauges, inertia masses and eccentric weights. 

NUKEM has many years of experi­
ence in working depleted uranium 
metal. This material can be fused, 
cast, extruded, rolled, forged and 
machined in our own workshops. 

NUKEM GmbH • P.O.Box 110080 • D-6450 Hanau 11 • Telephone (06181) 500-1 • Telex4184113nukm d 



P o w e r e d C A M A C C r a t e s 
* 25-station with cast aluminium guide 

rails 
* Low insertion force 

* Over current protection—all lines 

* Over voltage protection—6V line 

* Thermally protected 

* Built-in power indicator, monitor and 
ON /OFF switch 

* Triple fan blower unit 

9071/1 Medium Power—200 Watt 
±6V25A, ±24V5A 
200V 50mA, 117V 0.5A ac [Illustrated above] 
9071/1—HP High Power—300 Watt 
±6V32A, ±24V6A 
200V 100mA, 117V 0.5A ac 
Also available: 
9070/1 Basic Unpowered Crate 
9001 Separate 19 inch rack Power Unit 
Providing: 
+ 6V 20A ,— 6V 5A, ± 24V 5A 

NUCLEAR 
ENTERPRISES 
S.A. 

25 Chemin Francois Lehmann, 1218 Grand Saconnex, Geneve Tel. [022] 9816 61 /62 Telex 289066. 
N U C L E A R ENTERPRISES L T D . , Bath Road, Beenham, Reading, RG7 5PR. E n g l a n d Te l . 
073-521 2121 Telex 848 475 Cab les—Dev iso tope W o o l h a m p t o n . 

N U C L E A R ENTERPRISES G m b H Schwanthalerstrasse 74, 8 M i inchen 2, Germany Telephone 53-62-23 
Telex 529938 
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