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VBA — Very Big Accelerator 

A meet ing is tak ing place at Serpukhov 
to consider the possibi l i ty of bu i ld ing 
a very big accelerator as a 'wo r l d 
machine' . 

The idea of a machine w i t h w o r l d 
w i d e part ic ipat ion in its f inanc ing , 
const ruct ion and explo i ta t ion has been 
ta lked about at intervals for many 
years. W i th the present scale of par
t ic le physics research faci l i t ies, it 
seems inevitable that w ider co l labora
t ions between countr ies w i l l be neces
sary to f inance and use a fo r thcoming 
generat ion of machines. 

Whether the idea of a w o r l d 
machine is coloured more by ideal ism 
than by realism w i l l a lways be d i f f icu l t 
to judge unt i l it is f inal ly examined in 
detai l . It does, however , reflect the 
internat ional nature of part icle physics 
research, the close contacts between 
scientists of many nat ions and the 
overall sat isfact ion w i t h the w a y inter
nat ional col laborat ions have succeed
ed at h igh energy physics Laboratories. 

CERN is regarded as the wor ld ' s 
f inest example of internat ional c o l 
laborat ion in science, USA-Western 
Europe relations in h igh energy physics 
operate so smooth ly that w e take 
them complete ly for granted. CERN-
Dubna, CERN-Serpukhov and the 
more recent U S A - U S S R col labora
t ions have all gone we l l . A new phase 
of CERN-USSR relat ions opened last 
year (see Ju l y COURIER 1 9 7 5 ) . It is 
doub t fu l if any other f ie ld of act iv i ty 
can c la im such a f ine track record in 
internat ional cooperat ion. 

It was at the Topical Seminar on 
Perspectives in High Energy Physics 
held in N e w Orleans in March 1975 
(see Apr i l issue of last year) that the 
subject of a very big accelerator and 
the possibi l i ty of its being a w o r l d 
machine was raised again. Major p ro
tagonists were Leon Lederman (Co 
lumbia Univers i ty) , V ic tor Weisskopf 
( M I T ) and Bob Wi lson (Director of 
Fermi lab). The discussion involved 
representatives of the h igh energy 

physics communi t ies in Nor th Amer
ica, Western Europe, CERN, Soviet 
Un ion , Dubna and Japan. 

To carry the discussions further, a 
S tudy Meet ing , at tended by scientists 
f rom all the regions ment ioned above, 
is being held at the Inst i tute for H igh 
Energy Physics, Serpukhov near M o s 
c o w f rom 17-26 May. The Meet ing 
opens w i t h a survey of the presently 
operat ing machines, the machines 
under construct ion and the projects 
for future accelerators or storage rings 
w h i c h are already on the table. It w i l l 
then turn to a s tudy of the physics 
case and the technical aspects of the 
const ruct ion and ut i l isat ion of a very 
big accelerator. As usual, accelerator 
bui lders are unable to discuss 
a machine w i t hou t abbreviat ing it 
to some set of initials and the 
very big accelerator has become ' the 
VBA ' . 

Wha t the V B A might be is not 
def ined at this stage, except that the 
scale is set by g iv ing as examples a 
10 0 0 0 GeV (10 TeV) proton synchro
t ron or a 100 GeV elect ron-posi t ron 
storage r ing. Any th ing on th is scale 
w o u l d absorb a sizable piece of pure 
science budgets and of accelerator 
expertise, even th ink ing of some ten 
or more years ahead. This lines up 
natural ly w i t h the suggest ion that such 
a machine w o u l d be constructed and 
explo i ted by broader internat ional co l 
laborat ions than have been the case 
so far. Hence the second t i t le of Wor ld 
Mach ine. 

Whi le w e are st ruggl ing w i t h pre
sent economic di f f icul t ies, w e cannot 
ant ic ipate such a project go ing ahead 
for some years to come. W e have to 
recognize that it is n o w di f f icu l t to 
sustain exist ing research programmes 
let alone launch new ones. Neverthe
less, it is a lways important to lift our 
eyes, f rom t ime to t ime, f rom the 
immediate si tuat ion and to look to 
the future. In any case, it takes many 
years to develop f rom the ideas stage 

to a realistic project and to obta in the 
necessary f inancia l support . 

It is the responsibi l i ty of the h igh 
energy physics commun i t y to at tempt 
to predict the needs of their research 
for the future and it is the responsibi l i ty 
of the accelerator physics commun i t y 
to invest igate h o w far their techniques 
can be extended to meet these needs. 
A lso , it is the responsibi l i ty of every
one to cont inue to promote the h igh 
energy physics cont r ibut ion to inter
nat ional cooperat ion wherever it is 
reasonable to do so. A n d w h a t cou ld 
be more reasonable than a wo r l d c o l 
laborat ion on a very large enterprise 
devoted to the increase of human 
knowledge . 
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Future communications 

The method of t ransmit t ing news of 
the Athen ian v ic tory over the Persians 
at Marathon inst i tuted one of the most 
dramatic events in sport. What was 
r ight for 4 9 0 B.C., however, is not 
necessarily r ight for the end of the 
20 th Century. Developments in the 
techniques of communica t ion have 
been one of the key factors in the 
evolut ion of mank ind , part icularly in 
recent decades, and these deve lop
ments are certainly not at an end. 

The f ie ld of part icle physics de
mands very advanced communica t ion 
techniques and there are features of 
the present h igh energy physics scene 
w h i c h make it an ideal test ing g round 
for techniques w h i c h w i l l probably 
later come into general use. This article 
at tempts to indicate some of our needs, 
h o w they are being conf ronted at the 
moment and h o w they cou ld be 
tackled in the future. 

One approach to the needs is to 
consider the present env i ronment of 
particle physics research. It is be
coming more and more concentrated 
on a f e w wel l equ ipped centres — the 
Laboratories such as CERN, DESY, 
Fermilab, S t a n f o r d . . . housing the 
big accelerators and storage rings. 
These centres serve many experimental 
groups predominant ly based in Un i 
versities. The scale of the experiments 
is such that groups must col laborate 
and of ten half a dozen Universit ies, 
w ide ly scattered geographical ly , are 
l ikely to be involved in a part icular 
experiment. 

These scattered groups must c o m 
municate at all stages of the exper i 
ment — its design, const ruc t ion , 
operat ion (data co l lec t ion) , analysis 
and publ icat ion of results. The present 
techniques of commun ica t ion span 
f rom letters, te lephone calls, group 
meetings, conferences, experimental 
data carried on tapes, wr i t ten reports 
and, in a f ew cases, l inks between 
computers. Mos t of these techniques 
involve t ime delays of days, whereas 

delays of on ly minutes w o u l d be 
invo lved inside one Laboratory. 

Communica t ions are ripe for further 
deve lopment and the direct ion of the 
deve lopment obv ious ly has to take 
into account the nature of the c o m 
municat ions. A t the early and c los ing 
stages of an exper iment, they impose 
qui te modest demands on c o m m u n i 
cat ion techn iques in terms of vo lume 
of data whether in the fo rm of letters, 
d rawings , computer p r o g r a m s . . . . 
Ideally, however, they shou ld be rapid, 
interact ive and able to l ink f lex ib ly 
many centres to many sources (bo th 
people and machines) . A med ium 
speed data transmission ne twork (op 
erating at up to say 10 kb i t / s ) w i t h ver
satile i npu t /ou tpu t devices w o u l d be 
adequate. A t the data tak ing stage, and 
perhaps afterwards, there is the added 
requirement of being able to handle a 
large quant i ty of in format ion at higher 
speeds ( M b i t / s ) needing c o m m u n i 
cat ion l inks w i t h a w i d e bandw id th . 

There have been moves in the 
direct ion of prov id ing some of these 
faci l i t ies go ing on for several years. 
PTTs are beg inn ing to offer higher 
speed telex and facsimile services and 
are s tudy ing na t ionwide electronic 
mail systems. Several high energy 
physics Laboratories have 'star net
works ' — data l inks to some user sta
t ions w h i c h can serve for ' remote j ob 
entry ' to the Laboratory main c o m 
puters. Probably the most extensive 
of these star networks is at the Law
rence Berkeley Laboratory and there 
are several in Europe, for example at 
Bologna. They use post of f ice te le
phone lines both leased, so as to be 
permanent ly available, or sw i tched 
(avai lable on d ia l l ing) . The terminal 
devices range f rom teletypes to fair ly 
sophist icated w o r k stat ions w i t h cards 
or keyboards. Some of t hem, such as 
those l inked to Daresbury, a l low 
modest interactive compu t ing , infor
mat ion retrieval and even sample data 
acquis i t ion. 

Remote access f rom w o r k stat ions 
is n o w standard practice. In some net
works it is done in a un i form w a y 
(for example, w o r k stat ions into the 
Rutherford computer are bui l t around 
a GEC 2050 compute r ) . There is, 
however, great variety of ne tworks 
w h i c h makes inter l ink ing di f f icul t . A 
neat w a y around one of the problems 
is implemented at CERN where Dares-
bury and Rutherford have dif ferent 
w o r k stat ions to feed in format ion to 
their home computers. They share the 
same te lephone line back to the UK 
by using mul t ip lex ing Modems. This 
techn ique a l lows several sources and 
receivers of commun ica t ions w i t h o u t 
extra l ine cost but l imi ted by the f ixed 
total capaci ty of the l ine. 

The problem of a w o r k stat ion being 
able to have access to more than one 
host computer w i t h o u t physical ly 
chang ing connect ions is compl ica ted. 
This is because of the choice and 
def in i t ion of the commun ica t ion pro
toco ls and the avai labi l i ty and transfer 
of the relevant data bases. Inter
nat ional ly agreed speci f icat ions are 
on ly just beg inn ing to emerge. There is 
a Daresbury-Rutherford system w h i c h 
l inks the main computers in each 
centre via nodal sw i t ch ing systems so 
that w o r k stat ions can select between 
t w o host computers and send c o m 
municat ions to either of them. 

A f e w large shared networks are 
n o w in operat ion. The best k n o w n is 
A R P A (Advanced Research Projects 
Agency ) in the USA where a c o m 
mercial system, Telenet ( for 'Teletype 
ne twork ing ' ) has also started recently. 
They go a long w a y towards meet ing 
the requirements for a general med ium 
speed network , making many host 
computers accessible to many users. 
There is some use of A R P A by the 
h igh energy physics commun i t y but 
its fu l l abil i t ies are rarely exp lo i ted. 
It is sti l l used overwhe lming ly for 
commun ica t ion f rom a single source 
to a single host. 
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The aerial, on top of a building at the Daresbury 
Laboratory, which has been used in experiments 
on high speed data communication between 
Daresbury anct Manchester University. 

(Photo Daresbury) 

In Europe there is an exper imental 
system w i t h similar per formance cal led 
Cyclades and several PTT systems sti l l 
under deve lopment — for example, 
EPSS in the UK and Transpac in 
France — w h i c h offer some of the 
faci l i t ies f ound in A R P A t h o u g h w i t h 
ou t h igh speed. Rutherford and Dares
bury are being l inked to EPSS. 

A n experimental ne twork cal led EIN 
(European Informat ics Ne twork ) w i l l 
come into operat ion very soon and 
w i l l l ink centres in the UK, France, 
I taly and Swi tzer land. CERN hopes 
to hook on to this ne twork and it 
cou ld be useful as a test fac i l i ty t o 
the European h igh energy physics 
commun i t y t h o u g h it also is l imi ted 
in speed. A lso CEPT, the jo in t Euro
pean PTT Organizat ion, is to set up a 
similar ne twork cal led Euronet spe
ci f ical ly for connec t ing large data 
bases. These networks use 'packet 
s w i t c h i n g ' w h i c h offers a great cost 
sav ing for users w h o w o u l d pay on ly 
for the packets of in format ion t rans
mi t ted and not for the con t inuous 
rental of lines to all co l laborat ing 
Laboratories. 

Experiments on h igh speed c o m 
municat ions have already started be
cause this is the major bot t le neck in 
exp lo i t ing the fu l l potent ia l of l inks 
be tween remote w o r k stat ions and 
large central computers. M i c r o w a v e 
data l inks have been successful ly 
tested based on exist ing te lephone 
t runk systems. For example, the Bell 
Laboratories in the U S A are experts 
of some years s tand ing , the Royal 
Radar Establ ishment at Malvern in the 
UK has portable m ic rowave l inks 
operat ing at 100 M b i t / s over several 
k i lometers, Daresbury has a m ic ro 
wave l ink to Manchester Universi ty 
and Fermilab has a m ic rowave l ink 
to A rgonne . There is extensive use of 
m ic rowave systems in the mil i tary f ie ld . 

More recently h igh speed c o m 
municat ions via inf ra-red lasers have 
been developed for example at Belfast 

and Cambridge. Portable and inex
pensive mic rowave and opt ical l inks 
are n o w available and are l ikely to be 
used extensively in the future for po in t 
to po in t commun ica t ion w i t h i n large 
sites or over modest distances between 
centres. 

For h igh speed, long distance c o m 
municat ions the use of satell i tes is by 
far the most promis ing techn ique. It 
is also a mul t i -source and mu l t i -hos t 
method w h i c h is ideal for l ink ing many 
centres. There is already experience 
in the USA where a system has been 
runn ing prov id ing 1.3 M b i t / s between 
f ive Government centres via a satell i te. 
More recently Satell i te Business Sys
tems ( w h i c h involves part icular ly I B M 
and Comsat) has decided to invest 
$ 2 5 0 mi l l ion dur ing the next f ive years 
in the deve lopment of a general pur
pose ne twork in the USA for mixed 
vo ice , data and image commun i ca 
t ions via satell i te w i t h small antennae 
located on customer's premises to 
avo id expensive land l ines. W h e n 
business interests of the acumen of 
I B M propose to sink such a quant i ty 
of money into a project, they are l ikely 
to have made a very tho rough assess
ment of the future market and the 
commerc ia l benefi t . 

In Europe there are three exper i 
mental commun ica t ion satell i te p ro
jects — Symphon ie (France and Ger
m a n y ) , Sir io ( I ta ly) and OTS (Euro
pean Space Agency ) . OTS is a p ro to 
type for a fu ture European C o m m u n i 
cat ion Satell i te system (ECS) and w i l l 
be launched m i d - 1 9 7 7 . CERN, DESY 
and Rutherford have been col laborat
ing w i t h the European Space Agency 
and w i t h EIN to sound out the pos
s ib i l i ty of part ic ipat ing in the f irst 
exper iments w i t h the OTS satell i te 
and w i t h the EIN network . The h igh 
energy physics needs are typical of 
w h a t cou ld be c o m m o n practice in 
many other f ields in the future. 
Experimental use of the project c o m 
mun ica t ion systems w o u l d provide a 

t ho rough test ing g round for the pur
poses of the European Space Agency 
and EIN and a g o o d insight in to the 
problems and the potent ial for the 
h igh energy physics communi ty . Fund 
ing for these experiments in c o m 
munica t ions are under discussion at 
Government level. 

The ul t imate aim w o u l d be a c o m 
munica t ions system w h i c h w o u l d 
make life dur ing all stages of an 
exper iment as easy as if all part ic ipants 
and faci l i t ies were lodged in the same 
Laboratory. It looks as if the necessary 
techno logy is becoming available but 
needs test ing and opt imiz ing to arrive 
at the best system at a reasonable cost. 

The communications which 
resulted in this article were 
transmitted to the Editor by very 
conventional techniques of modest 
bandwidth particularly from Basil 
Zacharov at Daresbury and 
Mervyn Hine at CERN. 
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Neutron source at Rutherford 

Beams of neutrons are p lay ing an 
increasingly important role in the 
invest igat ion of the structure of matter 
but , in the constant search for new 
and better experimental faci l i t ies, the 
l imi tat ions of f ission reactors as neu
t ron sources are becoming more and 
more evident. Scientists are l ikely to 
turn to accelerator based systems for 
improved neutron sources and proton 
synchrotrons cou ld soon be in use as 
the 'next generat ion ' of neutron 
sources. 

L o w energy neutron beams are 
w ide l y used by physicists, chemists, 
materials scientists, b iologists, etc., to 
invest igate the structure and propert ies 
of a w i d e range of materials inc lud ing 
al loys, defect sol ids, l iquid crystals, 
ferroelectr ics, amorphous polymers, 
organic molecules and membranes 
and macromolecules such as proteins 
and viruses. As is the case w i t h h igh 
energy physics, f e w Universit ies have 
their o w n exper imental faci l i t ies for 
neutron beam research. 

In the UK, the Science Research 
Counci l (SRC) supports the w o r k of 
universi ty scientists by prov id ing 
access to the necessary neutron beams 
and by supp ly ing inst rumentat ion 
support for exper iments. A t present 
the beams are provided main ly by 
f ission reactors at a number of research 
centres — notably the UK A t o m i c 
Energy Research Establishment (AERE) 
at Harwel l and the Inst i tut Laue-
Langevin ( ILL) at Grenoble — and 
there is also modest but s igni f icant 
use of the AERE 3 0 MeV electron 
l inac as a pulsed neutron source. 

The impor tance of neutron beam 
exper iments lies in match ing the beam 
energies and other parameters to the 
b ind ing energies and d imensions char
acterist ic of the condensed matter 
being s tud ied. These b ind ing energies 
are typ ica l ly in the thermal (up to say 
100 mi l l ie lectronvolts — meV) or 
epithermal (hundreds of meV) regions 
and, as a result, the max imum neutron 

energy available is of no consequence 
— a marked contrast to the h igh 
energy physic ists ' obsession w i t h 
max imum energy. 

Of major impor tance, however , is 
the intensi ty of the neutron beam. 
Neutron scatter ing is a notor iously 
l o w intensi ty act iv i ty and beam cur
rents at the exper iment are usually 
w h o l e orders of magni tude d o w n on 
the max imum f lux close to the beam 
source. This decrease comes main ly 
f rom beam eol l imat ion and f rom the 
requirement to make the 'wh i t e ' beam 
f rom the source, w i t h its w ide spread 
of neutron wave lengths, into a mono 
chromat ic beam. To put th is inevitable 
beam at tenuat ion into perspective, a 
hypothet ical beam in w h i c h each neu
t ron carried uni t electric charge w o u l d , 
even at the highest f lux f ission reactors 
such as that at ILL, achieve a current 
at the exper iment of on ly about 10~ 4 

[xA. 

Recently the SRC, th rough its Neu 
t ron Beam Research Commit tee, has 
been consider ing new neutron sources 
to extend the appl icat ion of neutron 
scatter ing beyond w h a t is possible 
w i t h present faci l i t ies. It is already 
apparent that the further deve lopment 
of reactor systems w o u l d be p roh ib i 
t ively expensive wh i le the use of 
pulsed neutron sources based on par
t ic le accelerators looks a more econo
mic alternative. 

The Commit tee is n o w closely 
examin ing the scient i f ic potent ia l of 
a h igh intensi ty pulsed source of neu
trons obta ined by proton spal lat ion 
of heavy targets. A t the same t ime, 
the Rutherford Laboratory is s tudy ing 
the possibi l i ty of mod i fy ing the N imrod 
complex into a h igh repet i t ion rate, 
h igh intensity machine suitable for 
prov id ing intense bursts of neutrons. 

In the spal lat ion mechan ism, neu
trons are produced by bombard ing a 
target of a heavy element such as 
lead or uranium w i t h protons of about 
1 GeV energy. Spal lat ion is a prol i f ic 

neutron product ion mechanism and, 
more important , develops heat at the 
rate of about 50 MeV per neutron 
compared w i t h 200 M e V per neutron 
in f ission reactors. (Heat product ion 
is a l imi t ing factor in reactor based 
systems.) 

The advantages to be gained f rom 
accelerator based neutron sources are 
becoming w ide l y recognised. In the 
USA, Argonne has a detai led project, 
under Jack Carpenter, for an Intense 
Pulsed Neutron Source ( IPNS) u l t i 
mately using a dedicated 800 MeV 
proton machine (see COURIER, June 
1975) and there are also moves afoot 
to install a condensed-mat ter research 
faci l i ty on the 500 MeV Booster at KEK 
in Japan (COURIER, October 1975 ) . 
A t the Los A lamos 8 0 0 MeV proton 
linear accelerator, L A M P F , there is a 
proposal to use the Weapons Neutron 
Research Facil ity, w h i c h is n o w near-
ing comple t ion , also for general neu
t ron research. A t Oak Ridge they are 
th ink ing of convert ing their exist ing 
electron linear accelerator to produce 
neutron beams. 

The ideas for the Rutherford Labo
ratory machine indicate that the main 
accelerator modi f icat ion cou ld be 
made in three or four years for less 
than £7 mi l l ion. This estimate assumes 
that the n e w source w i l l be able to 
use much of the exist ing equipment 
at the 8 GeV Nimrod synchrotron t o 
gether w i t h the magnet power supply 
f rom N I N A (the Daresbury Laboratory 
electron synchrotron w h i c h is soon to 
close d o w n ) . W i thou t this exist ing 
equ ipment and surrounding resources, 
the cost of the new source w o u l d be 
about £30 mi l l ion. 

The machine w o u l d also use the 
new 70 MeV Nimrod injector w h i c h 
is being commiss ioned. A l l four accel 
erating tanks for this l inac have been 
instal led and protons have been 
accelerated to 10 MeV th rough the 
first tank w i t h currents of 75 mA. The 
second tank w i l l short ly come into 
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Parameters of the machine 

Proton energy 800 MeV 
Protons/pulse 2.5 x / 0 1 3 

Protons/s 1.3 x 7 0 1 5 

Injection energy 70 MeV 
Frequency 53 Hz 
Peak magnetic field 0.7 T 
Vertical emittance 500 mm mrad 
Horizontal emittance 950 mm mrad 
Bending radius 7 m 
Mean radius 26 m 

operat ion and progress on th is in jector 
w i l l be described in a fu ture art icle. 

The main parameters for the n e w 
synchrot ron are g iven in the table. 
The machine requires long straight 
sect ions for extract ion of the large 
emi t tance beam and th is leads to a 
relatively large mean machine radius, 
a l though one w h i c h f i ts conven ien t ly 
into the exist ing N imrod magnet hal l . 

The peak r.f. accelerat ing vo l tage is 
140 kV and there is a f requency s w i n g 
f rom 0.7 M H z to 1.6 M H z requir ing 
cavit ies tuned by biassed ferrite. A 
tota l of 12 m of r.f. cav i ty w o u l d be 
required, d ist r ibuted in t w o of the f ive 
straight sect ions of the machine, wh i l e 
one of the remaining straight sect ions 
w o u l d conta in the necessary equ ip 
ment to extract the protons and gu ide 
them into the exper imental area and 
the heavy metal target. 

The exist ing N imrod magnet hall 
also provides suf f ic ient sh ie ld ing for 
the n e w accelerator but care w o u l d 
have to be taken to cont ro l beam 
losses and minimise the level of 
induced radioact iv i ty. This w o u l d be 
reflected in the design of componen ts 
for the new system, but exist ing elec
tr ical , coo l ing and other mechanica l 
services cou ld be easily adapted for 
the n e w machine conf igura t ion . 

In addi t ion to the condensed matter 
research programme, other uses for 
the n e w source are possible. Cop ious 
p roduc t ion of 150 M e V / c p ions is 
feasible and , as we l l as being used in 

nuclear structure work , such beams 
w o u l d be of assistance in medical 
studies on the effect of p ions on 
tumours and in general p ion therapy. 
This w o u l d extend the radiobio logical 
w o r k current ly in progress at Ruther
fo rd . 

Other possible uses for the new 
machine, w h i c h w o u l d give it a mu l t i -
d isc ip l inary research role, inc lude iso
tope product ion (bo th for commercia l 
purposes and for ho t -a tom chemistry) 
and radiat ion damage studies ( for 
f ission and fus ion research). M u o n 
precession in sol ids is increasingly 
being used in other Laboratories to 
s tudy the internal f ields in ferro
magnet ics, type II superconductors 
and spin glasses where di lute random 
al loys have their spin or ientat ions 
frozen in the matrix. Other appl icat ions 
for muon precession are the s tudy of 
defects in sol ids, b io logical w o r k and 
cri t ical f luc tuat ions in ant i fer romagne-
t ics. The s tudy of X-rays f rom exot ic 

Possible layout of an 800 MeV proton accelerator 
and experimental facilities within the Nimrod 
complex at the Rutherford Laboratory. The 
machine would be used to produce pulsed 
high fluxes of neutrons. 

atoms w o u l d also be a s igni f icant f ie ld. 
The Rutherford Laboratory is no 

newcomer to neutron research. For 
several years a Neutron Beam Re
search Uni t , under Leo Hobbis, has 
been suppor t ing the research by U n i 
versi ty physicists using facil i t ies in the 
UK and at ILL. The unit is invo lved 
w i t h the deve lopment of n e w inst ru
ments and techniques, the s tudy of 
n e w neutron sources and in neutron 
exper iments. The proposal for a higher 
f lux neutron source w o u l d be a major 
extension of this w o r k and w o u l d 
provide the Rutherford Laboratory, as 
the nat ional h igh energy physics pro
gramme is cur ta i led, w i t h a s igni f icant 
central project. 
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Around the Laboratories 

DESY 
PETRA cavity prototype 
tested 
On 9 Apr i l , the first pro to type radio-
f requency cavi ty for the 19 GeV elec
t ron-pos i t ron storage r ing, PETRA, 
was successful ly tested w i t h r.f. power . 
The results exceeded the design 
requirements. 

A b o u t 100 M V is needed f rom the 
PETRA r.f. accelerat ing system w h e n 
it is operat ing at fu l l energy to c o m 
pensate for synchrot ron radiat ion 
losses and to ensure a useful beam 
l i fet ime. The r.f. system w i l l use four 
500 M H z transmitters w i t h 8 klystrons 
hav ing a nomina l power ou tpu t of 
600 k W each. The tota l ou tpu t power 
of 4.8 M W is d is t r ibuted to 64 acceler
at ing structures compr is ing f ive s lot -
coup led 7r -mode dri f t tube cavit ies. 

The requirement of c.w. operat ion 
at h igh energy ga in , together w i t h the 
need to minimize the higher order 
mode losses and the space occup ied 
by the r.f. system, demands a cavi ty 
structure w i t h h igh shun t - impedance 
per uni t length. There are, in add i t ion , 
design considerat ions such as the need 
for rapid cavi ty fabr icat ion at l o w cost 
and for a s imple t un ing system to 
compensate for reactive beam loading 
and thermal de tun ing effects. 

These requirements have led to a 
dri f t tube structure w i t h f ive slot 
coup led cavit ies w i t h s imple mechan
ical components . The geometry and 
d imensions have been determined on 
a lumin ium models, where the tun ing 
system was also opt imized. The cavi ty 
components are careful ly designed to 
achieve the required h igh coo l ing rate 
wh i l e avo id ing dangerous we lds be
tween water channels and vacuum. 

A n electron beam w e l d i n g t e c h 
n ique was successful ly used to jo in 
the cavi ty components . This techn ique 
was special ly deve loped in coopera
t ion w i t h the Lufthansa Aircraf t Repair 

Factory in Hamburg . The most obv ious 
advantages are min imal d is tor t ion, the 
e l iminat ion of ox idat ion effects, and 
the abi l i ty fu l l y to penetrate th ick 
plate sect ions w i t h o u t the use of a 
f i l ler rod. Disadvantages can inc lude 
w e l d defects such as co ld shuts, root 
porosi ty and sp ik ing. The first t w o , 
w h i c h lead to leaks or increased gas 
desorpt ion dur ing cavi ty operat ion, 
have been e l iminated by f i nd ing the 
opt imal beam w e l d i n g parameters. 
A lso the typ ica l spikes of electron 
beam we lds , w h i c h can be very d a n 
gerous because they can init iate mu l t i -
pactor ing in the cavit ies, have been 
e l iminated by careful design of the 
cavi ty componen t jo in ts . 

The first four cavi ty prototypes have 
been made out of A IMgS iO ,S a lum i 
n ium al loy, w h i c h has g o o d electrical 
and thermal conduc t i v i t y as we l l as 
h igh mechanical s t rength. It has, h o w 
ever, a tendency to crack at the w e l d 
and th is has been overcome by ad -

Prototype r.f. cavity for the 19 GeV electron-
positron storage ring, PETRA, being built 
at DESY. The cavity has been successfully 
tested at full power. It was thermally stable 
and no multipactoring was observed. 

(Photo DESY) 

di t ional electron beam osci l lat ions 
dur ing the w e l d i n g . 

Each cavi ty has 17 di f ferent s ta in
less steel f langes for r.f. feed- th roughs , 
for t un ing plungers, for p i ck -up and 
absorb ing antennaes, and for vacuum 
components . The transi t ions between 
a lumin ium and stainless steel were 
made using the DEPI -we ld ing pro
cedure (see Apr i l issue). To reduce 
thermal problems result ing f rom power 
losses, all the stainless steel inner 
surfaces are copper -p la ted ' in s i tu ' 
using d.c. sput ter ing. Due to the o p t i 
mal design and the appl icat ion of new 
fabr icat ion techniques, the cavi ty costs 
were drast ical ly reduced. 

The first of the four cavit ies has 
already been successful ly tested at 
the design power of 125 kW. No 
measurable changes of the resonance 
f requency were observed after the 
electron beam w e l d i n g of the cavi ty 
components . Dur ing operat ion at fu l l 
power the cavi ty pressure stayed in 
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I y l See DdOe 186 Huge magnet of the high resolution spectrometer 
~ " (HRS) is lifted into place in an experimental 

area at the LAMPF 800 MeV proton linear 
accelerator. The magnet weighs 135 tons and 
is designed to allow energy resolution of a few 
parts in 105. It is mounted vertically and can be 
moved horizontally about the incoming beam 
direction on an air cushion. 

(Photo LASL) 

the u l t rahigh vacuum range w i t h on ly 
one 4 0 0 l i t re/s spu t te r - ion p u m p in 
act ion. Mu l t i pac to r ing was not o b 
served, probably due to careful design 
of the coup l ing slots and to the clean 
cavi ty surfaces. The t u n i n g system 
w i t h on ly t w o plungers gave an equal 
power d is t r ibut ion in all f ive cells and 
it was thermal ly stable over the w h o l e 
power range. 

Af ter the r.f. tests, the inner surface 
of the a lumin ium cavit ies w i l l be c o p -
perplated by d.c. sput ter ing in order 
to increase the shun t - impedance to 
13 M Q / m . Finally they w i l l be instal led 
in the DORIS storage r ing to increase 
the max imum possible beam energy 
to about 5 GeV. 

The copperp la t ing of the a lum in ium 
cavit ies is a compl ica ted techn ique. 
It has been f ound that , us ing the same 
electron beam w e l d i n g techn ique, the 
cost of a copper structure w o u l d be 
almost the same as the cost of a 
copperp lated a lumin ium structure. 
Therefore it has been dec ided to make 
the PETRA cavit ies ou t of copper. The 
techno log ica l problems for the pro
duc t ion of copper cavit ies have a l 
ready been solved and the order for 
series product ion can be placed. 

FERMILAB* 
Experiments 
Some results, some exper iments under 
w a y and some future exper iments 
p lanned for the 4 0 0 GeV proton syn 
chrot ron at the Fermi Nat ional Acceler
ator Laboratory: 

First measurement of neutr ino ve loc i ty 

The first direct measurement of neu 
t r ino ve loc i ty has been made in an 
exper iment by a team f rom Brook-
haven / Cal.Tech / F e r m i l a b / Purdue / 
Rockefeller. The measurement was 
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Neutrino interactions in the Fermilab 15 foot 
bubble chamber with a neon-hydrogen liquid 
mixture (77 mole percent) photographed in April. 
An average of almost one neutrino interaction per 
picture is found with 10u protons at 400 GeV on 
the target. Frequently, the chamber is flooded 
with tracks from several neutrino interactions 
in the same exposure. In addition to increasing 
the interaction rate, the heavy liquid mixture 
allows many of the particles from neutrino 
interactions to be recognized by direct inspec
tion of the track appearance - protons, charged 

pions and kaons producing secondary inter
actions, neutral pions giving gamma rays 
converting to electron pairs, muons sailing 
through without interacting and direct electrons 
or positrons with successive kinks and 
associated gamma ray conversions along their 
tracks. A major interest in the present experi
ment by a Columbia/Brookhaven collaboration 
is the study of di-lepton events in which two 
muons or a muon and an electron are produced. 

made to a precision of about f ive parts 
in ten thousand w h i c h is possible 
g iven the large scale of the Fermilab 
neutr ino area, w i t h a neutr ino beam 
line a ki lometre long. 

W i th in the precision of th is first 
measurement, the neutr inos f ly th rough 
the 1800 feet of earth and steel at the 
same speed as l ight in free space. 
The fact that the neutr inos move w i t h 
the speed of l ight is not surpr is ing 
since it is considered to be a massless 
part icle like the part icle of l ight, the 
pho ton . Whenever it is possible, it is 
w ise to check beliefs l ike th is. The 
neutr ino is such a pecul iar object that 
precise measurements may we l l s h o w 
that its ve loc i ty differs s l ight ly f rom 
that of l ight. 

W h e n particles are produced w i t h 
moderate energy protons on the target, 
on ly neutr inos penetrate the 1800 foo t 
shield be tween the decay pipe and 
the 150 ton detector (f irst used for the 
Cal .Tech/Fermi lab neutr ino exper i 
men t ) . A t the highest avai lable proton 
energy (400 GeV) , muons also reach 
the detector and the measurement 
was made by compar ing the d is t r ibu
t ion of arrival t imes of the neutr inos 
and the muons at the same counter. 
This pattern reproduced the short 
bursts of the protons or ig inal ly str ik ing 
the target ind icat ing that all the par
t ic les travel led at the ve loc i ty of l ight. 

Another clue to something at 6 GeV 

W e reported in the March issue 
(page 83 ) the evidence f rom an 
exper iment of the Leon Lederman 
team at Fermilab for a particle of mass 
close to 6 GeV. It appeared in measure
ments on e lec t ron-pos i t ron pairs. Since 
then there has been a careful search 
at the SPEAR storage r ing at Stanford 
w h i c h f o u n d no th ing emerg ing f rom 
e lec t ron-pos i t ron col l is ions at that 
energy. 

There is another c lue f rom Fermilab 

in a s imple exper iment set up by 
D. Eartly (Fermi lab) , G. Giacomel l i 
(Bo logna) and K. Pretz ( M a x Planck 
Inst i tute M u n i c h ) . They had a coup le 
of range telescopes behind a beam 
d u m p and measured m u o n pairs, p ro
duced by proton col l is ions w i t h 
nucleons in the d u m p , whenever they 
penetrated the t w o arms of the detec
tor. The muon momen tum was meas
ured f rom its range a long an arm 
consist ing of interspersed steel b locks 
and sc int i l la t ion counters. 

Such a s imple system cou ld on ly 
hope to f i nd gross structure in the 
d i m u o n spectrum. Nevertheless the 
famous 3.1 GeV part icle appeared 
clearly as a knee in the d imuon mass 
d is t r ibut ion. There was no th ing not ice
able at 3.7 or 4.1 GeV but at 6 GeV 
a similar prominent knee occurred. 
Their paper to Phys. Rev. Letters 
( w h i c h appeared as a Fermilab report 
a year ago) ment ions that an exot ic 
state of charmed quarks (cccc, w h i c h 

is a sort of doub le J/<J> if the charmed 
quark interpretat ion of the 3.1 GeV 
particle is correct) was predicted at 
6.2 GeV by Y. Iwasaki . 

Hybrid/zed emulsion experiments 

The recent interest in the search for 
short l ived particles, inc lud ing charmed 
particles and heavy leptons, has 
st imulated a revival of research w i t h 
nuclear emuls ions at Fermilab and 
elsewhere. The reason is that nuclear 
emuls ions, a l though a c lumsy detector 
in other ways , are capable of extra
ordinar i ly h igh spatial resolut ion (a 
f e w microns) and might sort ou t w h a t 
happens at the vertex of interact ions 
w i t h such short l ived particles better 
than other detectors. In t w o exper i 
ments w h i c h are n o w under w a y at 
Fermilab, emuls ion stacks are used in 
hybr id systems w i t h electronic tagg ing 
to overcome the d i f f icu l ty of searching 
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for l o w cross sect ion processes w i t h 
emuls ions alone. 

One expe r imen t a search for short 
l ived particles produced in deep i n 
elastic muon interact ions, has used a 
hybr id system of nuclear emuls ions, 
dr i f t chambers and m u o n spectrometer 
moun ted in the muon laboratory by a 
team f rom Corne l l /Fe rm i l ab /K rakow/ 
M ich igan S ta te /Wash ing ton . Inelastic 
muon scatters at large Q 2 are tagged 
by the drif t chamber, m u o n spect ro
meter system and the locat ion of the 
muon interact ion vertex is p inpo in ted 
w i t h i n a vo lume of about 1/2 m m x 
112 m m x 10 m m in the nuclear e m u l 
s ion. The exper iment used the m u o n 
spectrometer employed earlier by a 
Cornel l / L B L / M ich igan State / U C S D 
col laborat ion w h i c h observed a small 
but s igni f icant v io la t ion of sca l ing in 
deep inelastic muon interact ions. 

The exper iment w a s set up in the 
summer of 1975 and had a short test 
run in September f o l l o w e d by a data 
run in December. A tota l of 24 e m u l 
s ion stacks, each of area 4 0 c m 2 and 
5 cm th ick , were exposed to a beam 
of 150 GeV posit ive muons . Typical ly , 
the tota l beam exposure for an e m u l 
s ion stack was 5 x 1 0 5 m u o n s / c m 2 . 
Several hundred h igh Q 2 events have 
been tagged. 

Analysis is n o w in progress. The 
data f rom proport ional and dri f t c h a m 
bers in the inc ident beam can be used 
to locate the x and y posi t ion of an 
interact ion vertex to w i t h i n ± 200 ptm. 
Sof tware to locate the pos i t ion of an 
interact ion vertex a long the beam is 
being developed. 

Using tagg ing data f rom the elec
t ronics detectors, the emuls ion groups 
at Seattle and Krakow have begun to 
search for muon scatter ing events. 
The first tagged event in the emuls ion 
was ident i f ied in February. The space 
angles of e ight downs t ream charged 
react ion products f r om the interact ion 
were measured bo th in the emuls ion 
and in proport ional chambers located 

Hydrogen jet intersected by the internal beam of 
about 10™ circulating protons or 5 x 70 1 7 

protons Is in the Fermilab accelerator. The 
accelerator beam traverses the jet about 45 mm 
from the nozzle exit and the whole jet becomes 
visible giving a good idea of the small jet 
divergence. 

about 1 m downst ream f rom the 
emuls ion stack. The agreement be
t w e e n the t w o sets of measurements 
was excel lent and one of the d o w n 
stream charged particle tracks was 
also seen in the muon spectrometer. 

To date, some 30 tagged events 
have been found . The experimenters 
are t ry ing to speed the rate of emuls ion 
scanning and to sort ou t the p ro 
cedures to be used in searching d o w n 
stream of the interact ion for kinks and 
vees — that is, to search for evidence 
of decays of short l ived particles. 

A second hybr id emuls ion exper i 
ment is searching for short l ived par
t ic les produced in the interact ions of 
h igh energy neutr inos. A team f rom 
Brussels / Dubl in / Fermilab / London / 
Mu lhouse /Rome/S t rasbou rg has as
sembled a detect ion system w h i c h 
inc ludes nuclear emuls ions, w i d e gap 
spark chambers, a shower detector 
and a sc int i l la t ion counter hodoscope 
m u o n identif ier. The exper iment is 
housed about 3 0 m downst ream of 
the 15 foo t bubb le chamber. 

Dur ing the fall of 1975, the exper i 
ment was instal led in the neutr ino 
beam and three test runs were carried 
ou t in December w i t h an emuls ion 
stack in place. A n exposure of six 
large emuls ion stacks w i t h a tota l 
mass of about one- ten th of a t on 
started in March . The experimenters 
ant ic ipate a total exposure of 2 x 1 0 1 8 

protons on the neutr ino target, w i t h 
the horn system usual ly tuned for 
neutr inos, somet imes for ant i neutr inos. 
By late Apr i l , 2 5 % of the exposure 
was complete. This shou ld give rise 
to 100 h igh energy neutr ino inter
act ions and scanning and measuring 
of the spark chamber f i lm is under way . 

Developments at the Internal Target 
Area 

The Internal Target Area has been in 
operat ion at Fermilab for four years 

and a series of experiments, inc lud ing 
p ro ton -nuc leon elastic and inelastic 
scat ter ing, searches for new part icles 
and studies of lepton product ion by 
protons, has been completed. These 
exper iments are characterized by var i 
able inc ident energies f rom 8 GeV to 
4 0 0 GeV or more, the use of very th in 
targets so that very l o w energy recoils 
can be s tud ied, and a point geometry. 

In the past year, a substantial add i 
t i on has been made w i t h the const ruc
t i on of an underground hall next to 
the main r ing. The hal l , comple ted in 
J u l y 1975 , is approximately 50 foo t 
by 50 foo t w i t h t w o penetrat ions into 
the main r ing tunne l . A supercon
duc t ing spectrometer was instal led 
dur ing the Fall of 1975 and apparatus 
for the con t inu ing U S / U S S R co l labo
rat ion is being instal led now. 

Several n e w gas jets have been 
developed and put into operat ion. 
The or ig inal experiments alternated 
be tween operat ion w i t h rotat ing sol id 
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First magnet for the 500 MeV Booster II 
to be used to increase the injection 
energy into the Argonne Zero Gradient Synchro
tron so as to achieve higher proton beam 
intensities. Just visible in the magnet gap is 
the 'electromagnetic shield liner' which 
surrounds the beam region to limit beam 
energy loss. 

targets and a co ld hydrogen j e t bui l t 
by a Dubna g roup , w h i c h operated 
very successful ly. Increasing demand 
for internal target exper iments of 
greater sophis t icat ion has led to the 
need for new targets. In a s igni f icant 
d e v e l o p m e n t w a r m jets have been 
bui l t by Paul Man tsch and Frank 
Turkot of Fermilab, Paolo Franzini and 
Ju l ie t te Lee Franzini f rom Columbia 
and S tony Brook and by Dan Gross 
at Rochester. Ernie Ma lamud reports 
that the Dubna Cryogenics Group led 
by Yuri Pi l ipenko has also const ruc t 
ed a w a r m jet. 

The use of t rue de Laval nozzles 
can produce very h igh densi ty (10~ 7 

g r a m s / c m 3 ) hydrogen jets w i t h open 
ing angles of on ly a f e w degrees. They 
typ ica l ly have a diameter of 1 to 2 m m , 
g iv ing a we l l def ined interact ion po in t 
w h i c h is impor tant for recoil exper i 
ments. Ano ther advantage of a small 
d ivergence supersonic jet is that it can 
be captured in a small hole and 
pumped away w i t h small mechanical 
pumps. 

Present operat ion employs an up 
stream w a r m jet for the Co lumb ia / 
S tony Brook co l laborat ion, a Dubna 
co ld jet (short ly to be instal led) a long 
w i t h a rotat ing target, f o l l owed d o w n 
stream by another w a r m jet and 
rotat ing target for the superconduc t ing 
spectrometer. 

Tom Nash, n e w head of the Internal 
Target Area, relates that f ive di f ferent 
exper iments are n o w us ing, or pre
par ing to use, the area. The Co lumb ia / 
S tony Brook exper iment is ex tend ing 
to elastic and di f f ract ive scatter ing on 
hydrogen and deuter ium. The U S / 
USSR exper iment is con t inu ing w o r k 
on proton scatter ing off var ious targets. 
For the fu ture, they are a iming for 
operat ion of a he l ium jet to measure 
the energy dependence of interference 
be tween single and doub le scatter ing 
in the hel ium nucleus. The new super
conduc t i ng spectrometer w i l l be used 
by a Rochester /Rutgers / Imper ia l Co l 

lege g roup to s tudy proton elastic 
scat ter ing, part icular ly in the region 
of the d ip observed at the CERN ISR 
and at Fermilab. The superconduc t ing 
spectrometer consists of an upstream 
quadrupo le pair coup led to a 4 T 
bend ing magnet bo r rowed f rom a 
beam line at the Bevatron. 

A g roup f rom Indiana has a proton 
polar imeter beh ind the spectrometer; 
a similar polar imeter was cal ibrated 
and used in an exper iment at A rgonne . 
This g roup w i l l check polar izat ion pre
d ic t ions of var ious models of p ro ton -
pro ton scatter ing. Measurements near 
the d ip in the elastic dif ferential cross 
sect ion w i l l provide a n e w too l for u n 
ravel ing w h a t is happening in that re
g ion . A Fermi lab/Purdue team w i l l use 
the same jet to do proton scatter ing 
on di f ferent gases. 

For the fu ture, all of the exper iments 
present ly operat ing can be converted 
in a s t ra ight forward w a y to the higher 
energies that w i l l be avai lable w i t h 

the Doubler /Saver and the n e w loca
t ion proposed for the Doubler (be low 
the Ma in Ring) w i l l make it convenient 
t o operate exper iments in the n e w 
target hal l . A lso some prel iminary 
w o r k has recently been done on the 
possibi l i ty of p roduc ing polarized jets 
suggest ing that jets may be feasible 
w i t h polar izat ions in the ne ighbour
hood of 7 0 to 95 %. If these ind ica
t ions are correct other polar izat ion 
exper iments could* be done at the 
Internal Target Area prov ided the jet 
densit ies can be made h igh enough . 

ARGONNE 
First magnet for Booster 
In early Apr i l , the first magnet for 
Booster II arrived at A rgonne and 
assembly of the r ing started. The 
machine is a smal l , rapid cyc l ing 
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The completed enclosure for Booster II at the 
position where it is opened for installation of the 
magnets. Construction of the magnet ring has 
started and it is hoped to have circulating beam 
in September of this year. 

(Photos Argonne) 

( 30 pulses per second ) , c o m b i n e d -
func t i on , al ternat ing gradient synchro
t ron , designed to accept 50 M e V 
negat ively charged hydrogen ions 
f rom the present ZGS l inac, str ip t hem 
at in ject ion to posi t ively charged pro
tons and accelerate them to 500 MeV 
for in ject ion into the ZGS. 

The use of Hh in jec t ion , a un ique 
feature of Booster II that a l lows much 
more intense c i rcu lat ing beams than 
convent iona l proton in jec t ion, has 
been successful ly tested w i t h the 
exper imental Booster I as we l l as by 
direct H~ in ject ion in to the ZGS. The 
increased in ject ion energy into the 
ZGS using Booster II instead of the 
5 0 MeV linac w i l l avo id l o w energy 
losses and shou ld enable the ZGS to 
attain c i rculat ing beam intensit ies we l l 
over 1 0 1 3 protons per pulse. 

In addi t ion to feed ing the ZGS, the 
5 0 0 MeV protons may be used direct ly 
for research. The use of Booster II as 
a prototype for an intense pulsed 

neutron source for condensed matter 
studies is under serious considerat ion. 
Ano the r possible appl icat ion is the 
p roduc t ion of intense l o w energy 
muon beams. Such uses of Booster II 
cou ld be s imul taneous w i t h its use 
as the ZGS injector, w h i c h requires 
relat ively l i tt le of the Booster II du ty 
cycle. 

The new ly del ivered magnet is c o n 
structed of 0.35 m m th ick iron lamina
t ions, each singlet magnet hav ing 
1700 of these laminat ions and each 
tr ip let magnet 8000 . Electromagnet ic 
shield liners are moun ted w i t h i n the 
magnets to prevent image currents 
deve lop ing w i t h i n the resistive wa l ls 
of the laminat ions. The liners w i l l 
reduce the beam energy loss to less 
than 1 keV/ tu rn . The remain ing losses 
w i l l be removed later by ut i l iz ing beta
t ron induc t ion magnets that apply an 
induc t ion f ie ld for the last mi l l isecond 
or so prior to extract ion. 

Booster II w i l l have six s inglet and 

six tr ip let magnets, arranged on a 
66.7 m circumference. The magnets 
w i l l be moun ted on support co lumns 
mechanica l ly decoupled f rom the 
bu i ld ing f loor w h i c h should great ly 
reduce the a l ignment problems e n 
countered w i t h Booster I caused by 
movements of the concrete slab f loor. 
The straight sect ion boxes to be p laced 
be tween the singlet and tr iplet m a g 
nets, con ta in ing the extract ion sep tum, 
in ject ion bumpers, the H - str ipper 
mechanism and beam diagnost ic 
equ ipment , have been fabr icated. 
Components of the 50 MeV line sup 
p ly ing the negative ions are almost all 
in pos i t ion. 

The booster tunne l has recent ly 
been comple ted and services instal led. 
The centre core of the tunnel conta ins 
large capaci tor banks to resonate the 
r ing magnets at their 30 Hz operat ing 
f requency. T w o r.f. stat ions operat ing 
in the 2 to 5 M H z band w i l l provide 
22 kV of accelerat ing vol tage to s ingle 
gap resonant cavit ies placed 180° 
apart. R.f. energy of 50 k W (25 k W 
per s tat ion) is required to produce the 
accelerat ing vo l tage, w i t h another 
25 k W suppl ied to the proton beam. 
To accompl ish th is and to provide 
some reserve power , t w o power amp l i 
f iers, capable of 100 k W each are 
moun ted be low the 1.32 m long 
accelerat ing cavit ies. 

Del ivery of all Booster II c o m p o 
nents is on schedule for p roduc ing 
the f irst c i rcu lat ing beam in September 
of th is year. 

Spin-spin forces 
increasing with energy 
A n exper iment using the polarized 
pro ton beam f rom the ZGS to probe 
the inner structure of the proton has 
demonstrated that the sp in-sp in force 
in h igh energy large angle p ro ton -
pro ton elastic scatter ing becomes 
larger w i t h increasing energy. This 
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effect was observed dur ing the Feb
ruary 1976 run of the polarized proton 
beam. The run was at 11.75 GeV/c 
and prov ided the f irst oppor tun i t y to 
s tudy sp in -sp in interact ions above 
6 GeV/c . A . D . Krisch (M i ch i gan /N ie l s 
Bohr Inst i tute) qual i f ies th is g r o w t h 
w i t h energy as 'a very surpr is ing 
result ' . It was general ly assumed that 
all s t rong interact ion spin effects 
w o u l d become less impor tant at 
h igher energy or at best be independ
ent of energy. 

In a tomic physics, where the typ ica l 
energy is a f e w eV, the effects due to 
the pro ton spin are very important . 
For example, the Pauli exclusion pr in 
c ip le makes it impossible for t w o 
electrons w i t h the same spin to occupy 
the same posi t ion in an a tom and 
thus the spin forces in atoms deter
mine many of the chemical propert ies 
of the elements. In h igh energy 
physics, where the typ ica l energy is a 
f e w GeV, many scientists bel ieved 
that spin cou ld not have a very 
impor tant effect on p ro ton -p ro ton 
scatter ing cross sect ions. However , 
the pro ton can easily have a rotat ional 
energy of 100 M e V caused by its spin. 

The exper iment was done by a 
g roup of physicists f rom M i c h i g a n / 
A rgonne /N ie l s Bohr I ns t i t u t e /CERN/ 
Max Planck Inst i tu te /St . Louis. They 
measured the di f ferent ial cross sect ion 
for p ro ton -p ro ton elastic scatter ing 
w h e n bo th the beam proton and the 
target pro ton are in pure spin states. 
The beam protons came f rom the ZGS 
polarized beam w h i c h had an intensi ty 
of a lmost 1 0 1 0 protons per pulse, and 
a polar izat ion of just above 5 0 %. The 
target protons were in the M i c h i g a n / 
A rgonne polarized proton target where 
the polar izat ion averaged about 65 %. 
The elastic cross sect ion in each spin 
state was measured using a s imple 
doub le arm spectrometer conta in ing 
three magnets and six sc int i l la t ion 
counters. 

The spin of bo th the target pro ton 

and the beam proton were or iented 
vert ical ly and thus perpendicular to 
the hor izontal scatter ing plane. The 
four measured cross sect ions cor
respond to the four possible spin 
comb ina t ion states f rom w h i c h the 
sp in-sp in part of the interact ion can 
be calculated. This was never s tudied 
before above 6 GeV/c because it 
requires both a polarized beam and a 
polar ized target. 

The g roup also measured the left-
r ight scatter ing asymmetry parameter, 
w h i c h had previously been measured 
at CERN and A rgonne using a polarized 
target and an unpolar ized beam. This 
measures the sp in -orb i t forces in 
p ro ton -p ro ton elastic scat ter ing. The 
n e w measurements conf i rm these 
earlier results w i t h h igh precis ion. This 
makes t w o effects very clear — the 
asymmetry parameter clearly decreases 
w i t h energy at small transverse m o 
men tum and is approx imate ly inde
pendent of energy at large transverse 
m o m e n t u m . 

The most surpr is ing result is that at 
large transverse m o m e n t u m the sp in -
spin part of the interact ion increases 
s t rongly w i t h energy. It is about three 
t imes larger at 11.75 GeV/c than at 
6 GeV/c . The results mean that the 
forces causing p ro ton -p ro ton scatter
ing are stronger w h e n the t w o sp in 
n ing protons rotate in the same di rec
t ion than w h e n they rotate in oppos i te 
d i rect ions and that th is di f ference is 
increasing w i t h energy. 

Thus the spin dependence of s t rong 
interact ions appears to be rather di f
ferent than was expected. In large 
transverse momen tum elastic scatter
ing , w h i c h probes the core of the 
p ro ton , the spin forces seem to remain 
impor tant . The sp in -orb i t force seems 
independent of energy, wh i l e the sp in -
spin force g rows w i t h energy. 

One s imple p icture of w h a t is 
happen ing uses the o ld 'on ion mode l ' 
of the p ro ton , w h i c h sees the proton 
as having several layers like an on ion . 

The outer layers are invo lved in the 
l o w transverse m o m e n t u m interact ions 
wh i l e the inner core is invo lved in the 
h igh transverse m o m e n t u m interac
t ions. The new results indicate that 
the proton may be a sp inn ing on ion 
w i t h the outer c loud sp inn ing s low ly 
and the inner core sp inn ing very 
rapidly. 

TRIUMF 
Pions stopped in 
hydrogen 
and deuterium 
Three secondary beams of pions and 
muons are current ly in use at T R I U M F . 
A l l are produced f rom target 12 w h i c h 
intercepts the more intense of the t w o 
pr imary proton beams extracted s imu l 
taneously f rom the 500 MeV negative 
hydrogen ion cyc lo t ron . The target 
ladder actual ly offers a cho ice of six 
targets of bery l l ium, water or copper 
of var ious lengths. The target, w h i c h 
was designed and bui l t at the U n i 
versity of Victor ia by T.A. Hodges, was 
moved into posi t ion in its 30 ton lead 
shielded vacuum vessel early in 1975 
and produced its first mesons in June . 
This year it has run steadi ly w i t h the 
1 [iA p ro ton beams to w h i c h T R I U M F 
is temporar i ly l imi ted by the amoun t 
of sh ie ld ing available. 

T w o of the three secondary beams 
are taken off in the fo rward di rect ion 
— the b iomedica l channel ( M 8 ) at 
30° upwards then bend ing to the r ight, 
and the s topped muon channel ( M 2 0 ) , 
w h i c h is dedicated to muon spin pre
cession studies, at 55° to the left. The 
th i rd channel ( M 9 ) , w i t h w h i c h the 
remainder of th is article is concerned, 
accepts pions and muons emit ted at 
135° to the left. It was or ig inal ly de
s igned as a s topped p i o n / m u o n chan 
nel , but in v i ew of the postponement 
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Bird's eye view of TRIUMF's three pion and 
muon beam lines emanating from the pion pro
duction target 12 — before being immured in 
concrete. Working counter-clockwise from the 
right are (i) the negative pion biomedical channel 
M8, (ii) the stopped muon channel M20, 
(Hi) the stopped pion I muon channel M9, 
(iv) the incoming proton beam line which is 
due to be extended beyond T2 to a 180 kW 
beam dump and thermal neutron source during 
the coming year. 

(Photo TRIUMF) 

of the h igh resolut ion p ion channel 
( M 1 1 ) for lack of f unds , it w i l l also 
be used temporar i ly as a source of 
l o w energy pions. (The extra capital 
f unds for T R I U M F , announced by the 
Canadian government in February, w i l l 
enable a start to be made on M 1 1 in 
add i t ion to a l l ow ing the pr imary beam 
intensi ty to be increased to 1 0 jxA th is 
year.) 

The analyzing sect ion of M 9 begins 
w i t h a rad ia t ion-hard 2 0 cm quadru 
p l e , f o l l owed by four 3 0 cm quad ru 
p l e s and t w o 4 5 ° bend ing magnets, 
g iv ing a dispersed focus for m o m e n 
t u m select ion near the m idpo in t and 
an achromat ic focus at the end. This 
is f o l l owed by a quadrupo le t r ip let 
w h i c h can be used either to col lect 
decay muons or to f o rm a th i rd p ion 
focus 4 m downs t ream. Al ternat ive ly 
the tr ip let can be removed on air pads 
to a l l ow s topped p ion exper iments at 
the second focus . The f inal e lement 
in the channel is a rehabi l i tated cyc lo 
t ron magnet (courtesy of Oregon 
State Universi ty) for m u o n m o m e n t u m 
analysis. 

In pract ice, the most promis ing 
feature of the channel appears to be 
its abi l i ty to provide very l o w energy 
p ion beams w i t h l o w background and 
small spot size ( 3 cm d iameter ) . Even 
1 5 MeV negative p ions can be clearly 
separated f rom electrons and muons 
by t ime -o f - f l i gh t analysis, ut i l iz ing the 
r.f. microstructure of the pr imary beam. 
The channel w i l l accept up to 6 5 M e V 
pions but is normal ly tuned at 3 0 MeV. 
For a 1 0 cm bery l l ium target the 
posit ive p ion f lux is then 1 . 5 x 1 0 6 / ^ A s 
w i t h 1 3 % each posi t ron and m u o n 
con tamina t ion ; the negat ive p ion f lux 
is 0 . 3 x 1 o 6 /{/A s w i t h 5 0 % electron 
and 1 3 % muon . The des ign, const ruc
t i on and commiss ion ing of M 9 are 
the responsibi l i ty of N. Al -Qazzaz, 
D. Bryman, R.M. Pearce and P.A. 
Reeve of Victor ia. 

Experiments have so far used 
s topped beams of \i~r n~ and TT+. They 

inc lude a search for enhanced polar iza
t i on of [i- captured in rare earth ele
ments at l o w temperature (Tokyo, 
Brit ish Columbia and Queens) , T T - X -
rays f rom 3 H e and other l ight nuclei 
(V ic tor ia) , measurement of the 7u+ - * 
e+v branching ratio (Victor ia) and 
emission of heavy f ragments in p ion 
absorpt ion (A lber ta /Br i t ish Co lumb ia / 
Saska tchewan/Oregon State) . 

A major i tem of equ ipment also 
being tested on M 9 is a neutral p ion 
spectrometer, developed by a group led 
by P. Depommier and J . - M . Poutissou 
(Mont rea l ) and M.D. Hasinoff, D.F. 
Measday and M. Sa lomon (Bri t ish 
Co lumb ia ) . It consists of t w o very 
large sod ium iodide crystals — M I N A 
(for Montrea l INa) measures 3 6 cm 
diameter by 3 6 cm and T I N A ( for 
T R I U M F INa) measures 4 6 cm d iam
eter by 51 cm. The use of large Nal 
crystals in an accelerator env i ronment 
is qu i te rare because they have a 
fair ly s l o w t ime response (about 

2 5 0 ns) and so cannot tolerate a h igh 
count - ra te . Because of their large 
act ive vo lume (and mass), they are 
very sensit ive to h igh energy neutrons, 
but w i t h a comb ina t ion of g o o d sh ie ld 
ing and the 1 0 0 % duty -cyc le of the 
T R I U M F cyc lo t ron , it has proved 
relatively s t ra ight forward to use these 
excel lent gamma ray spectrometers at 
a meson factory. The init ial tests were 
per formed by s topp ing a 50 M e V 
negat ive p ion beam in a 1 litre f lask 
of l iqu id hydrogen and observ ing the 
f o l l o w i n g react ions: 

T T - + p - * y + n 
(where Ey is 129 M e V ) 

7 T - + p - ^ 7 T ° + n - ^ y + Y + n 

(where E Y is be tween 55 and 8 3 M e V ) 
The ratio of the rate of neutral p ion 

p roduc t ion to that for the direct p ro
duc t i on of gamma rays is the famous 
Panofsky rat io (P) and prior to these 
T R I U M F measurements, the best data 
were obta ined on the CERN SC over 
15 years ago by a group w h i c h i n -
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Spectrum of gamma counts which measures the 
Panofsky ratio (the ratio of neutral pion 
production to direct gamma production in 
negative pion-proton interactions) from an 
experiment at the TRIUMF cyclotron. The geo
metry of the gamma detectors, sodium iodide 
crystals either side of the hydrogen target, 
restricts coincidence measurements to the 
highest and lowest energy gammas — hence the 
two peak structure of open circles on the left. 
The coincidence spectrum is arbitrarily nor
malized to the data on single gamma detection; 
the efficiency for detecting two gammas in 
coincidence is about 3 % of that for single 
gammas. 

eluded V.T. Cocconi , G. Fidecaro, 
N.H. Lipman and A.W. Merr ison. 

A spectrum of the observed gammas 
is i l lustrated w i t h the single gamma 
events on T INA plotted as ful l circles 
and the coinc idence events as open 
circles. The ratio of the pulse heights 
of the t w o peaks is a sensitive measure 
of the veloc i ty of the neutral p ion. 
The prel iminary value for the Panofsky 
ratio is P = 1 . 5 4 2 ± 0 . 0 0 8 in agree
ment w i t h the previous value 1 . 5 3 3 
± 0 . 0 2 1 . 

When a deuter ium target is used to 
stop the negative pion beam the 
fo l l ow ing reactions are possible: 

n~ + d ~> n + n 
7 u - + d - ^ n + n + y 
%~ + d -> n + n + -x° 

The 7T° product ion has never been 
observed (branching ratio less than 
1 0 - 3 ) and twen ty years ago this very 
l ow branching ratio proved that the 
negative and neutral pions were di f
ferent charge states of the same par

t ic le. The T R I U M F spectrometer is 
searching for th is reaction and there 
are indicat ions that it has been seen 
at the level of 1 0 ~ 4 or so, somewhat 
lower than was expected. 

CERN 
SPS — protons in 
and around 
On 3 May the second big stage in 
commiss ion ing of the CERN 4 0 0 GeV 
proton synchrotron (the SPS) was 
conf ronted. Last month w e reported 
the successful transfer of the 1 0 GeV 
beam f rom the PS to the SPS ring. 
A t the beginning of May it was t ime 
for the first at tempt at in ject ion and 
circulat ion of the protons. 

A f e w days earlier, on 2 9 Apr i l , the 
PS had prepared in style w i t h further 
tests on the cont inuous transfer system 

w h i c h peals the PS beam off dur ing 
ten turns to give the long r ibbon of 
protons to almost f i l l the circumference 
of the SPS r ing. W i th a stable beam 
f rom the 5 0 MeV Linac, 1 . 25 x 1 0 1 3 

protons per pulse were accelerated 
in the 8 0 0 MeV Booster and the PS 
took 1.1 x 1 0 1 3 to the SPS inject ion 
energy of 1 0 GeV. The cont inuous 
transfer eject ion operated w i t h an 
eff ic iency of 9 3 % so that 1 . 0 2 5 x 
1 0 1 3 protons were out of the PS and 
en route for the big machine. The 
design intensity of the SPS is 1 0 1 3 

protons per pulse. 
On 3 May, there were t w o f ine 

achievements in quick succession. 
First of al l , about mid-day, the bending 
and focus ing magnet f ields were set 
up to take the 1 0 GeV beam and the 
inject ion system was powered. The 
beam wen t in and around the ful l turn 
at the very first attempt. Even w i thou t 
the orbi t correct ion dipoles in circuit, 
the machine sett ings were so perfect 
that protons toured the 7 km c i rcum
ference to arrive at a beam stop, near 
where they were in jected, only mi l l i 
metres away f rom their scheduled 
posi t ion. 

This tells us that the inject ion 
system is work ing we l l , that the 
machine al ignment has been impec
cably done, that the magnet system 
(w i th some 7 4 4 bending magnets and 
2 1 6 quadrupoles) is near perfect, that 
the power supplies are t ick ing over 
exactly as required and that the 
vacuum system is provid ing the neces
sary hole all the w a y around the r ing. 

In the course of the afternoon re
f ined measurements and corrections 
were carried out and the excellent 
beam moni tor ing and control system 
came into its o w n . The beam in ten
sities were kept to around 2 x 1 0 1 2 

protons per pulse (in case high losses 
occurred and resulted in unnecessary 
irradiation of the accelerator) and 
there was hardly any noticeable loss 
around the single turn. 
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The intense throng in the SPS control room on 
3 May when injection and circulation of the 
10 GeV protons coming from the PS was 
achieved without difficulty. 

Oscilloscope trace from a pick up in the SPS ring 
indicates protons circulating almost without 
loss for some 300 ms, corresponding to about 
12 000 turns. 

In the evening the beam d u m p was 
brought into act ion so that the beam 
stop cou ld be l i f ted ou t and the pro
tons a l lowed to circulate for several 
turns. This brought the second suc
cess. The protons orb i ted for many 
turns immediately. Before the machine 
was sw i tched off at the end of the run 
the injected beam was c i rculat ing 
dur ing about 300 ms for some 12 000 
turns. This tells us that w e have a 
stable beam w h i c h w e can ho ld in 
the r ing. 

A t the t ime of w r i t i ng the th i rd stage 
is being conf ronted. This involves 
br ing ing on the radiof requency system 
to capture the c i rcu lat ing beam into 
bunches w h i c h can then be acceler
ated. This is one of the tr ickiest opera
t ions requir ing extremely precise t i m 
ing. It is necessary to tune the t ime 
taken for the beam orbi t and the r.f. 
t ravel l ing wave , w h i c h has a f requency 
of 2 0 0 M H z , so that the protons pass 
th rough the t w o r.f. cavit ies dur ing 
the r ight part of the r.f. cycle. 

There are several more runs p lanned 
before the end of M a y and w i t h luck 
w e cou ld carry the story of the SPS 
start up in our next issue. 

Data Base Management 
at the SPS 
The in t roduct ion of the CDC 7600 
computer at CERN in 1972 pretty we l l 
co inc ided w i t h the start of const ruc
t ion of the SPS and its ' f r on t -end ' 
6 0 0 0 computers have been used 
extensively in manag ing the assembly 
and instal lat ion of nearly all c o m p o 
nents of the machine. Data Base 
Management is a rapid ly evo lv ing 
branch of Computer Science but in 
1972 there was no commerc ia l ly 
available complete system w h i c h cou ld 
do the j o b on the CDC computers 
and one called T A B L O I D (because it 
was based on Tables) was developed 

at CERN on a f ron t -end computer 
wh i l e the 7600 was being tamed for 
the analysis of experiments. 

Today, there are about 4 0 mi l l ion 
characters of in format ion concern ing 
the SPS in about ten Data Bases (a 
character is a 6-b i t code representing 
a dig i t or letter or other standard 
symbol and all this data is conta ined 
in part of a disk pack) . These Data 
Bases have been bui l t up and modi f ied 
cont inuous ly to reflect the status of 

var ious types of equ ipment in the SPS 
tunne ls and bui ld ings. 

There are t w o very similar Data 
Bases con ta in ing detai led in format ion 
about some 25 0 0 0 cables in the c o n 
trol system and power supply system. 
The engineer can request up to f i f ty 
standard reports already programmed 
in the T A B L O I D language, based on 
these t w o Data Bases, or on other 
c losely associated Data Bases c o n 
cerned w i t h drawings, stocks, ac-

CERN 82.5.76 
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coun t ing , etc., for the cables. A report 
may, for example, list fu l l details about 
all cables be long ing to a part icular 
system or connected to a part icular 
piece of apparatus. A recent ref ine
ment is that , w h e n a n e w batch of 
cables is input to the Data Base, the 
computer can decide f rom w h i c h 
drums to cut t hem in order to min imize 
waste. 

The largest T A B L O I D Data Base is 
the one bui l t up by the Instal lat ion 
Sect ion, w h i c h conta ins descr ipt ions 
of approx imate ly 100 0 0 0 accelerator 
elements and subassemblies together 
w i t h all their connect ions to the var ious 
service uti l i t ies — hydraul ic, electr ic, 
etc. For systems ranging f rom d is t r ibu
t ion boxes to mechanical supports , 
T A B L O I D has been furn ish ing detai led 
reports s h o w i n g w h a t material is to 
be prepared f rom the stores, h o w it is 
to be t ranspor ted, and h o w the instal
lat ion is proceeding. For other systems, 
such as magnet and vacuum, reports 
give jus t the status of the instal lat ion 
and lists of the material invo lved. 

For the w h o l e SPS, various reports 
are produced about every three months 
g iv ing an inventory of all the material 
in the tunne l , and s h o w i n g the struc
ture of the machine. This Instal lat ion 
Data Base is supp lemented by three 
others descr ib ing materials as they are 
received and stored. In add i t ion , 
T A B L O I D is used to mainta in an 
inventory of all movable items such 
as osci l loscopes or the Director 's desk. 

T A B L O I D is a batch system, and 
jobs are normal ly submi t ted at a 
Remote I npu t /Ou tpu t Stat ion ( R I O S ) , 
the data being punched on cards and 
the reports received at the RIOS 
printer. A stack of be tween one and 
t w o metres of paper was be ing pro
duced each week in th is w a y for the 
SPS at the peak of the instal lat ion. 
To alleviate th is paper consumpt ion 
and to provide more immediate infor
mat ion, a separate program for inter
active inspect ion of data in a T A B L O I D 

Data Base has been prov ided for 
some appl icat ions and microf iche is 
being used for the complete inventory 
of the SPS tunne l . 

T A B L O I D , a l though designed for 
the SPS appl icat ions, is n o w being 
used for the produc t ion of the H igh 
Energy Reaction Analysis (HERA) 
reports, and several Div is ions have 
adopted it for keeping their inventor ies 
of equ ipment . 

Polarized deuterons 
A deuteron target w i t h a polar izat ion 
of 41 to 43 % (a new h igh for this type 
of target) has recently been deve loped 
by the CERN Polarized Target Group. 
Work has also started on an exper i 
ment to s tudy polarized neutrons in 
the K+n->K°p reaction at 6 GeV/c. The 
exper iment w i l l supp lement the infor
mat ion obta ined in 1971 f rom studies 
of the K-p->K°n react ion at 6 GeV/c , 
using polarized protons. 

The n e w deuteron target is much 
larger than the previous one. It is 
12 cm long w i t h a diameter of 16 m m . 
For chemical reasons, the substance 
used is a mixture of t w o propanedio ls , 
one part ly conta in ing deuterons and 
the other w i t h a tota l deuteron content . 

The h igh polar izat ion rate is due to 
the use of a H e 3 / H e 4 d i lu t ion cryostat, 
w h i c h is an improved version of that 
used for the frozen spin target, bu i l t 
by the same g roup (see September 
issue 1 9 7 4 ) . The temperature of the 
H e 3 / H e 4 l iqu id is 0.2 K, and that of the 
specimen is 0.35 to 0.4 K. 

The interest in experiments w i t h 
polarized deuteron targets goes back a 
number of years. In 1970 (see Ju l y 
issue 1970) an exper iment was carried 
ou t at CERN w i t h a butanol target 
conta in ing deuter ium in w h i c h a 
polarizat ion of 20 % was achieved. 
Some t ime later, a g roup f rom Bonn 
made tests w i t h a propanedio l c o n 
ta in ing deuter ium advanc ing the polar

ization to 25 to 3 0 %. A t p resen t the 
Rutherford Laboratory is bu i ld ing a 
target w h i c h w i l l be used for the same 
exper iment as at CERN but at a lower 
energy. 

Polarized deuteron targets w i l l be 
increasingly used in years to come. 
For example, a C E R N / A n n e c y / O x f o r d 
g roup is propos ing a measurement 
of the reactions pn->pn (elast ic) and 
pn->np (charge exchange) a t 2 4 G e V / c . 

New look for Omega 
In the West Hal l , the Omega spectro
meter is be ing made ready to receive 
the higher energy beams f rom the SPS. 

T w o dr i f t chambers of very large 
area (3.2 m x 1.7 m) w i l l be pos i 
t ioned beh ind the Omega magnet to 
improve the accuracy w h e n measuring 
the momenta of f o rwa rd -go ing par
t icles. A large gamma detector, 3 m in 
diameter, w i l l also be instal led. It is 
composed of a leadglass mosaic 
plane preceded by a pos i t ion detector 
consis t ing of leadglass converter and 
a scint i l la t ion hodoscope w i t h 8 0 0 ele
ments. This complex represents the 
cont r ibu t ion of a large European c o l 
laborat ion for pho ton physics. 

To ident i fy the h igh energy part icles 
emerging f rom the spectrometer, an 
8 m long atmospher ic pressure Che-
renkov counter w i l l be added and , t o 
improve the resolut ion of mul t i t rack 
events, three mul t iw i re propor t ional 
chambers w i t h a w i re spacing of 
0.5 m m w i l l be instal led downs t ream 
of the target. 

A l l of th is equ ipment is either under 
const ruc t ion or test ing and w i l l be 
ready to be used in exper iments by 
October. Omega w i l l then be fed by 
t w o beam lines. The first is an 8 0 GeV 
electron beam line where the electrons 
w i l l be conver ted into tagged pho tons 
( the t agg ing being done by measuring 
the energy of the electrons w h i c h have 
produced a pho ton in the conver ter ) . 
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The Omega spectrometer, sitting under its 
'igloo' top left of the picture, will be fed by two 
beam lines when the SPS is in action. One of 
these beam lines is seen being installed. It 
incorporates a photon tagging system which is 
to be used in a search for charmed particles with 
an incoming photon beam. 

It w i l l also be possible to use th is same 
beam line to convey non-separated 
hadrons in to the spectrometer. 

The second beam l ine w i l l convey 
separated hadrons w h i c h have an 
energy up to 4 0 GeV. Separat ion w i l l 
be done by t w o superconduc t ing r.f. 
cavit ies w h i c h are be ing bu i l t at 
Karlsruhe — the f irst of their k ind to 
be b rought into operat ion. They are 
due to be del ivered at CERN towards 
the end of the year and it is expected 
that the beam line w i l l be in act ion in 
m i d - 1 9 7 7 . Mos t of the insta l lat ion is 
comple te and the f irst tests on the 
coo l ing plant, w h i c h w i l l keep the 
separators at a temperature of 1.8 K, 
have started. 

Omega offers the possib i l i ty of a 
w i d e range of exper iments w h i c h can 
be carried ou t in succession w i t h on ly 
very s l ight modi f ica t ions . Because of 
the n e w part icle discover ies, the expe
r imental programme has been revised. 
W i t h Omega's versat i l i ty, there is no 
urgency to f ix the programme and it 
can be rapidly adjusted to deve lop
ments in the physics. If present ideas 
on charm are stil l va l i d w h e n the SPS 
provides part icles, experimental ists 
w i l l look for charmed particles p ro
duced in pairs us ing a t r igger ing 
system w h i c h w i l l g ive a very sub 
stantial increase in the ' l uminos i ty ' for 
th is type of event. 7 -p ronged events 
are of part icular interest. 

Pion beams w i l l be used to f ind 
events p roduc ing m u o n pairs by 
instal l ing a copper absorber t h rough 
w h i c h on ly muons can pass. Studies 
w i l l be made of J/ty p roduc t ion and it 
shou ld be possible to record several 
thousand a day. Special a t tent ion w i l l 
be paid to f i nd ing events in w h i c h 
three muons are p roduced ( t w o f rom 
the J / ^ decay and one f rom a charmed 
par t ic le) . 

For the r.f. beam, several exper i 
ments have been proposed, par t i cu 
larly in connec t ion w i t h the s tudy of 
strange particles and the s tudy of 

pp-^pp in the range 5 to 10 GeV 
(where the SPS w i l l prov ide a very 
intense beam of an t ip ro tons) . 

The exper iments w i l l be carried ou t 
by large col laborat ions in w h i c h many 
European laboratories are part ic ipat
ing. Experiments w i t h tagged photons 
and those w i t h hadrons can f o l l o w 
one another in qu ick succession (each 
last ing about three weeks ) . Data f rom 
one can be analysed wh i l s t the other 
is co l lec t ing more. 

There is a general hubbub elsewhere 
in the West Area as exci tement mounts 
w i t h the commiss ion ing of the 
4 0 0 GeV proton synchrot ron w h i c h is 
scheduled to g ive beams into the 
Area by February of next year. Experi
ments are, in fact, l ikely to start before 
the end of th is year. 

The West Hall w i l l receive beams 
generated by protons of energy up to 
2 0 0 GeV (the area of the Hall l imits 
the peak energy w h i c h can useful ly be 
used) . Nine experiments are in pre
parat ion and, regardless of the detec
t i on systems themselves, some idea of 
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the scale of the preparat ions can be 
obta ined f rom the fact that these 
exper iments need to be embedded in 
some 4 0 0 0 0 tons of concrete and up 
to 6 0 0 0 tons of iron shie ld ing. In add i 
t i on to Omega, there w i l l be other 
large spectrometer magnets (Orsay 
spectrometer magnet , AEG magnet 
and the impos ing ly named Gol iath 
spectrometer magnet ) . 

A t the end of the Hal l , the 3.7 m 
European bubb le chamber BEBC, a 
counter exper iment and the heavy 
l iqu id bubb le chamber Gargamelle are 
being made ready to receive neutr ino 
beams generated by 400 GeV protons. 
A track sensit ive target is instal led in 
BEBC ready for test ing towards the 
end of May. The iron cored magnet 
uni ts, scint i l lators, drift chambers and 
electronics of the counter exper iment 
are com ing together. The move of 
Gargamel le f rom the PS is we l l under 
way . 
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People and things 
The 184 inch synchro-cyclotron built by 
E.O. Lawrence at Berkeley, photographed shortly 
after completion in 1946. Originally designed 
for 100 MeV protons, it accelerated deuterons 
to 200 MeV and was able to produce the newly 
discovered mesons in the late 40's. It was a 
prolific source of particle and nuclear physics 
results but has now dropped its physics role 
to become a medical facility for therapy and 
biological studies. 

(Photo LBL) 

Records at the ZGS 

On 23 March the ZGS established 
a new record circulating intensity of 
5.4 x 10i2 protons per pulse passing 
the 4.1 x / 0 1 2 achieved in January 
1975. The dramatic improvement was 
the result of using lower rate of field 
rise at infection, with the debuncher 
used to control the injected beam 
energy spread. Corresponding to the 
new peak intensity record was a new 
record 24-hour average circulating 
intensity of 4.6 * 10™, compared to 
the previous 3.5 * 10i2. This increase 
in circulating intensity, combined 
with high extraction efficiencies 
using slow resonant extraction (see 
January 1976 COURIER) means that 
many more protons are now available 
to experimenters. 

Another record performer in March 
was the 12 foot bubble chamber, 
where 708 000 pictures of 6.5 GeV/c 
negative kaons in hydrogen were 
taken. The chamber was double 
pulsed with the two pulses separated 
by 300 ms. Combined with 
200 000 pictures of 12 GeV/c 
polarized protons in hydrogen taken 
at the end of February and 
200 000 pictures of low energy 
antiprotons in deuterium being taken 
during April, the chamber will have 
logged 1.1 million pictures in a little 
over two months. 

U R A Board of Trustees 

The Fermilab is operated by the 
Universit ies Research Assoc ia t ion, 
Inc. of Wash ing ton D.C. — a c o n 
sor t ium of 52 Universit ies invo lved 
in part icle physics research. The 
Board of Trustees for the coming 
year is: M.G. Wh i te — Chairman 
(Pr ince ton) , M . L Good — Vice-
Chairman (Stony B rook ) , R.R. Car l 

son ( I o w a ) , J . H . Colv in (Texas-
Aus t i n ) , LA. Get t ing (Aerospace 
Corporat ion) , G. Goldhaber (B rook-
haven) , L.P. Gregg Jr. (First Nat ional 
Bank of Ch icago) , R.M. Johnson 
(Flor ida Sta te) , H. Koffler ( M i n n e 
so ta ) , B.D. McDan ie l (Corne l l ) , 
N.U. Mayal l (Tucson) , L L Merr i t t Jr . 
( Ind iana) , D.H. Mi l ler (Nor thwes te rn ) , 
H.K. Nason (Monsan to Research 
Corpora t ion) , W.K .H . Panofsky 
( S L A C ) , H.D. Smyth (Pr ince ton) , 
G.A. S n o w ( M a r y l a n d ) , H.K. T icho 
( U C L A ) , A .B . Weaver (Ar izona) , 
G.A. W e b b (Carneg ie -Me l lon) and 
V.F. Weisskopf ( M I T ) . 

Some like it co ld 

The wor ld ' s largest hel ium l iquefier is 
to be bui l t by CTi -Cryogenics in c o l 
laborat ion w i t h Sulzer and to be 
instal led at Fermilab before the end 
of 1977. CTi have also recently de 

livered a new refr igeration system to 
Brookhaven to be used in their de 
ve lopment programme on supercon
duc t ing power transmission lines. 

Appointments at DESY Scientific 
Council 

At its April session, the Scientific 
Council of DESY elected Prof. V. Soer-
gel (Heidelberg) as Chairman in suc
cession to Prof. W. Paul (Bonn). The 
Council also decided to extend its 
representation by electing foreign 
members. A PETRA Machine Com
mittee is being nominated in addition 
to the PETRA Research Committee. 
Secretary of the Research Committee 
is Dr. W. Bartel of DESY who may be 
contacted on all questions in connec
tion with letters of intent or proposals 
for PETRA experiments. The first 
meeting of the PETRA Research Com
mittee is planned for 1 June. 
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Professor Weisskopf, who has received the 
Oersted Medal from the American Association 
of Physics Teachers, lectures to the vacation 
students at CERN during his regular summer 
visits. He is seen here in discussion after one of 
these lectures. 
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Conferences 

28 J u n e - 9 J u l y : A s tudy on the 
uses o f the Energy Doubler /Saver 
w i l l be held at Fermilab. The s tudy 
w i l l concentrate on the n e w physics 
that w i l l be opened up by t he 
Doubler , on the modi f ica t ions needed 
in the present exper imental areas 
and w h a t a n e w area, wh ims ica l l y 
chr istened the 'Quark Area ' , m ight 
look l ike. Further in format ion f rom 
J o e Lach at Fermilab, P.O. Box 5 0 0 , 
Batavia, I l l inois 60510 . 
1 2 - 1 6 J u l y : The Thi rd S tudy Group 
on H igh Energy Heavy Ion Physics 
w i l l be held at Berkeley. There w i l l 
be talks and discussion on the 
exper imental and theoret ical a c c o m 
pl ishments of the past year and on 
the perspectives for the fu ture in 
heavy ion physics cover ing the range 
2 0 M e V / n u c l e o n to 2 GeV/nuc leon . 
Further in format ion f rom N.K. G len-
denn ing or L Schroeder, Summer 

Study Group, Lawrence Berkeley 
Laboratory, Berkeley, Cali fornia 
94720 . 

New accelerator column at Fermilab 

During the March shutdown, a new 
accelerator column was installed in 
the Cockcroft-Walton pre-injector at 
the Fermilab. The new column has a 
larger aperture in the accelerating 
electrodes permitting more protons to 
be accelerated. First operation has 
boosted the current out of the linac 
from a previous high of 160 mA for 
normal operation to 215 mA. Aging 
of the ion source and column is 
expected to increase the current further 
with the goal of 240 mA for single 
turn (2.8 \LS) injection into the booster. 
This will enable over 5 x 1013 protons 
to be injected into the main ring with 
the 13 booster pulses needed to fill 
the main ring. The 8 GeV beam 

extracted from the booster so far has 
been increased to 2.54 x 7 0 1 3 protons. 

Physics awards 

Victor F. Weisskopf has been awarded 
the Oersted Medal •— the highest 
award of the American Association 
of Physics Teachers. The medal is 
given for outstanding contributions 
in the teaching of physics and can 
rarely have had a more deserving 
recipient than Vikki Weisskopf who 
continues to give a great deal of 
his time and energy to the com
munication of science. His general 
lectures on physics draw large 
audiences wherever he goes. For 
example, for his recent talks on 
'Modern Physics without Mathe
matics' at MIT, no lecture room 
large enough to hold all who wished 
to attend could be found. His written 
work on science is no less popular. 

Professor E.C.G. Stueckelberg has 
been awarded the Max Planck Medal 
for 1976 for his basic work on field 
theory. Ernest Stueckelberg is pre
sently Honorary Professor at the 
University of Geneva and also works 
in the Theory Division at CERN. 
He was born at Bale in Switzerland 
and this year has also been elected 
Honorary Member of the Swiss 
Physical Society. 

Superconducting quad for ISR 

A pro to type superconduct ing quad ru 
p l e for a possible h igh luminos i ty 
insert ion in the CERN Intersect ing 
Storage Rings was successful ly tested 
in a vert ical cryostat in the first w e e k 
of May. A l ready at its second quench 
the magnet produced a f ie ld gradient 
in excess of the design value (40 T / m 
in a 173 m m w a r m bore) and after a 
f e w further quenches reached the 
w i re l imit cond i t ions. The max imum 
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A point of view 

gradient was 47 T / m w i t h a max imum 
induct ion of 6 T in the w ind ings and 
a stored energy of 700 kJ . The magnet 
has to be f i t ted w i t h 6-po ie and 
12-poIe w ind ings , presently under 
fabr icat ion, and w i l l then be inserted 
into a horizontal cryostat for f inal 
test ing and magnet ic measurements. 

Soviet neutrino telescope 

A vast detector is being installed 
under a mountain in the Caucasians 
to detect solar neutrinos. The hunt 
for solar neutrinos has been led by 
R. Davis of Brookhaven and the low 
rate that has been observed, com
pared to that calculated from the 
assumed burning cycle of the sun, 
has been one of the physics 
mysteries of recent years. The Soviet 
neutrino telescope has a first module 
covering 2000 m2 composed of 
cubic tanks each ho/ding 150 litres 
of liquid scintillator (white spirit). 
Eight modules are planned (four 
vertical and four horizontal) for the 
complete detector. A huge cave has 
been cut out to hold the tanks and 
it has been lined with special rock, 
which has low radioactivity, and 
steel. The neutrino telescope is part 
of an astrophysics research station 
of the Soviet Academy of Sciences. 
The world's largest optical telescope 
with a 6 m mirror and a radio-
telescope are in the same region. 

500 GeV at Fermilab 

On 14 May protons were accelerated 
to 500 GeV in the Fermilab synchro
t ron for the first t ime. Beam was 
ejected to the neutr ino area and 
bubble chamber pictures were taken 
at the new high energy. More 
next month . 

From time to time we hope to carry 
individual comment on aspects of the 
high energy physics scene under the 
title of 'A Point of view'. This month 
we reprint (with kind permission) an 
editorial which appeared in the No
vember 1975issue of the fine American 
science journal 'Physics Today'. It is 
written by R.R. Wilson, Director of the 
Fermi National Accelerator Laboratory 
and relates to our opening article in 
this issue concerning a 'very big 
accelerator'. We could hardly choose 
anyone more appropriate to begin a 
series of 'individual comment' since 
we could hardly choose anyone more 
'individual'. Bob Wilson has repeatedly 
distinguished himself by feats of 
imagination which take his thoughts 
beyond what is preoccupying most of 
his colleagues. The Fermilab itself is a 
monument to this vision. It is a 
pleasure to open our pages to his 
comment. 

It has been a long- t ime ambi t ion 
of scientists to bu i ld an internat ional 
laboratory, one w i t h part ic ipat ion f rom 
every nat ion in the wo r l d . In CERN, 
Centre Europeen pour la Recherche 
Nucleaire ( h o w it rolls off the t ongue ) , 
w e already have the prototype, the 
paradigm, the Platonian ideal for such 
a laboratory. W h e n suggested some 
twen ty - f i ve years ago, CERN was 
regarded as the impossible dream of 
visionaries. H o w cou ld those divisive 
nat ions ever come together and agree 
upon anyth ing? But n o w it is taken 
for granted as the successful vehic le 
of European col laborat ion. France may 
pul l ou t of NATO, but is it th inkable 
that she pul l ou t of CERN? Nor can 
there be any quest ion of the scienti f ic 
value of CERN. Had Western Europe 
proceeded on narrow national ist ic 
lines, then each of the nat ions w o u l d 
have been swamped by the order-of -
magni tude larger effort of the USSR 
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or the US. Instead, th rough CERN 
they have managed to achieve a 
degree of scient i f ic excel lence that 
must be reflected by their pol i t ical 
leaders in a pride of cul ture, a sense 
of self that may be an impor tant back
g round for p lay ing a s igni f icant role 
in w o r l d affairs. 

CERN grew out of a long t rad i t ion 
of the universal i ty of scient i f ic k n o w l 
edge. Every count ry takes pride in its 
o w n cont r ibut ions, but , as every sc ien
t ist k n o w s , a separate and dist inct 
German electr ici ty d id not develop in 
isolat ion nor d id a Russian chemistry. 
This t radi t ion of internat ional ism has 
infused and in formed science, has 
cont r ibuted impor tant ly to its g r o w t h . 
In the very communa l i t y of this de
ve lopment a direct commun ica t i on 
has developed be tween scientists of 
di f ferent countr ies, and th is has led 
to personal f r iendships w h i c h in turn 
provide a mutual basis for under
s tanding important problems that t ran
scend those of science. 

Dur ing the 'co ld war ' the cul tural 
interchange between the USSR and 
US almost came to a halt. Immediate ly 
f o l l o w i n g the ' thaw ' , among the first 
to establish exchanges were physicists. 
Resumpt ion of physics ta lk — ah, that 
was easy. But very soon the conversa
t ions were caut ious ly extended to 
social and pol i t ical quest ions much 
more di f f icul t to discuss w i t h any 
understanding. However , here sc ien
tists have an advantage over states
men, because they can start f rom the 
f r iendly, neutral and we l l cal ibrated 
statements of science and then go on 
to the charged and tenuous terms of 
pol i t ics. 

Those tentat ive discussions led to 
the Pugwash Conferences, designed 
largely to discuss disarmament. The 
success of the Pugwash conversat ions 
led direct ly to the of f ic ia l d iscussions 
about the Nuclear Weapons Test Ban 
Agreement and, less direct ly, to the 
SALT talks. This is not to say that 

scientists can br ing about d isarma
ment or peace between nat ions — 
pol i t ical leaders do that. 

However , scientists can be among 
the first to sense areas of possible 
agreement — they may even be among 
the f irst to recognize the urgency for 
it, they may be useful in g iv ing t e c h 
nical advice — none of th is having 
much to do w i t h science itself — 
except that for science to survive, w e 
must all survive. 

Perhaps the internat ional experience 
of scientists in l iv ing in accord and 
cooperat ion is relevant in th is present 
crisis of survival and can be of some 
help. Maybe CERN wi l l stand as a 
hopefu l beacon, the impossible be
come real. A n d perhaps a w o r l d labo
ratory, aside f rom the obv ious sc ien
t i f ic benefi ts, cou ld carry this expe
rience an important step further. Jus t 
as CERN had to solve problems of 
currencies, of languages, of nat ional 
prerogatives, of industr ial cooperat ion 
between the European nat ions, the 
so lu t ion to all of w h i c h may have 
cont r ibuted seminal ly to the establ ish
ment of the Common Market , so might 
a w o r l d laboratory break similar g round 
on a t ru ly g lobal scale. 

Space physics, ast ronomy and h igh 
energy physics as we l l as other 
discipl ines, can offer projects appro
priate to th is scale. In particular, h igh 
energy physicists have met together, 
perhaps for about 15 years each year 
in a dif ferent country, to discuss c o l 
laborat ion in general, the w o r l d labo
ratory in particular. A l t hough a healthy 
col laborat ion n o w takes place between 
many of the countr ies, at tempts to 
fo rm a wo r l d laboratory have been 
con founded by nat ional plans for 
immediate projects. A n 80 GeV syn 
chrot ron at Serpukhov, intersect ing 
storage rings at CERN, a 400 GeV 
synchrot ron at Batavia, an even larger 
machine at CERN, all s tand in mute 
tes t imony of w h a t might have been 
done more economical ly , perhaps 

more intensely, at one wo r l d labo
ratory. However , it can be said of all 
those faci l i t ies that their explo i ta t ion 
has indeed been on a t ru ly internat ional 
basis — and to everyone's benefi t . 

But a n e w oppor tun i ty for a w o r l d 
laboratory is in the air. W e can n o w 
see that the mu l t i -hundred GeV level 
w i l l not be enough , that an accelerator 
ten miles in diameter rather than one 
mile w i l l be required to give a more 
comple te picture of elementary par
t ic les. Particle physicists need t e n -
thousand-b i l l i on electronvol ts — ten 
TeV — one bi l l ion dollars. If they and 
the statesmen of a / / the nat ions of the 
w o r l d can get together to bu i ld and 
operate such a laboratory — on a 
really w o r l d scale — then the ind iv idual 
nat ions w i l l get more know ledge , 
more t echno logy and more oppor 
tuni t ies in science for their money 
and effort. Even more impor tant to 
the nat ions, such an under tak ing 
migh t we l l provide some of the 
experience in internat ional l iv ing so 
necessary for human survival — a 
candle in the darkness. 

R.R. Wi lson 
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The switch that 
sets you free 

Three advanced pocket programmables from 
Hewlett-Packard. With the switch that sets you 
free on all three. 

Free from the keyboard. You are not limited 
to built-in functions: you can enter programs 
yourself. Free from the need to enter algorithms 
again and again in repetitive calculations. You key 
in constants and operations once: then solve 
swiftly for variables. 

Ifs all very simple; very logical; very practical. 
And Hewlett-Packard's years of experience in 
programmable calculators show up in a very 
special combination of hard- and soft- ware that 
effectively gives you extra programming power. 

The wide range of built-in 
functions on the keyboards 
make every step count Hewlett-
Packard's famous RPN logic 
system and 4-level operational 
stack can save and automatically 

re-introduce in correct sequence, up to three 
intermediate answers: so you don't waste steps 
storing and recalling them. There's more memory 
than you expect in a pocket calculator. And 
powerful software support 

Every Hewlett-Packard pocket programmable 
comes to you complete with comprehensive 
manual, packed with detailed programming 
instructions and examples. Soft carrying case, 
rechargeable batteries and re-charger/mains 
adaptor are also included. So is a full year's 
warranty honoured at any of 172 Hewlett-Packard 
offices in 65 countries. 

It all adds up to a mind-
expanding instrument with the 
Hewlett-Packard look and feel of 
_ quality. One you will use with 

growing pleasure as you continu
ally discover new and unsuspected 
capabilities in it and yourself 
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Advanced programmables from 
Hewlett-Packard-the first family 

F i n f T with engineering notation 
l l l v 3 I (scientific in multiples of 
lO^ 3 ) - H P - 2 5 . 4 9 program lines with up 
to 3 steps in each. 72 built-in functions 
covering science, engineering, maths 
and statistics. 

Comprehensive editing facilities. 
13 memory registers, eight separately 
addressable. 

A truly advanced programmable 
calculator from Hewlett-Packard. 

four dimension pocket 
r l l O I c a l cu la to r -HP-55. 
1.49 steps of practical programming 
power. 2. No less than 20 addressable 
memories! 3.86 built-in scientific and 
statistical functions. 4. Built-in timer 
with a resolution of 1/100 sec. 

Rugged, reliable, amazingly versatile 
- t h e sophisticated H P - 5 5 . 

C I I J C T fully-programmable pocket 
• I K 3 I calculator in the w o r l d - H P - 6 5 . 
100 steps of program memory. Built-in reader 
enables you to enter programs from pre
recorded magnetic cards about the size of a 
stick of chewing gum; or record for use over 
and over again, programs entered through 
the keyboard. Full range of built-in keyboard 
functions. Powerful memory. Specialised 
applications software in abundance. 

Fast-growing library of programs from 
users . Virtually a pocket computer. 

ForfuUdetaUscontactyournearestHewlett-Packardoffice: 
AUSTRIA Hewlett-Packard Ges.m.b.H., Handelskai 52/3, P.O. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S. A./N.V., Avenue du 
Col-Vert, l(Groenkraaglaan),B-1170 Brussels. DENMARK Hewlett-Packard A/S, Datavej 52, DK-3460 Birkerod. FINLAND Hewlett-Packard OY, 
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France, Quartier de Courtaboeuf,Boite postaleNo. 6,F-91401 Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt,Bernerstrasse 117,Postfach560140,D-6000Frankfurt56,ITALYHewlett-Packard 
Italiana S.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134Amstelveen. NORWAY Hewlett-Packard Norge A/S,Nesveienl3, Box 149, N-1344 Haslum. SPAIN Hewlett-Packard EspafiolaS.A., 
Jerez No. 3, E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB, Enighetsvagen 1-3, Fack, S-16120 Bromma 20. SWITZERLAND Hewlett-Packard 
(Schweiz) AG, Zurcherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Zurich. UNITED KINGDOM Hewlett-Packard Ltd., King StreetLane,Winnersh, 
Wokingham, Berkshire RG115AR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Geneve. 
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Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
width by height 

Space 
(page) 

Actual size (mm) 
width by height 1 6 11 

insertion insertions insertions 

7i 184 x 267 1300 1200 1100 

7* 184 x 130 
88 x 267 700 650 600 

7« 88 x 130 380 350 320 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
edit ions. Second language versions accepted w i thou t extra 
charge. 

Supplement for 
one colour 
four colours 
Covers : 
Cover 3 (one colour) 
Cover 4 » » 
Publication date 
Closing date for 
positive f i lms and copy 

950 SwF 
3800 SwF 

1450 SwF 
1780 SwF 
End of month of cover date 

' 1st of month of cover date 
The cost of making f i lms and of trans
lation for advertisements are charged 
in addit ion 

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

Advert ising space is l imited to 50% of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
Al l enquiries to : 
M i c h e l i n e F A L C I O L A / C E R N C O U R I E R - CERN 
1211 - G E N E V A 23 S w i t z e r l a n d 
T e l . (022) 41 9811 Ext . 4103 T e l e x 2 36 98 

World renowned source 
of special glass: 

• blocks for cerenkov counters 
• slabs for anti-radiation 
in addition to a full range of 
materials for optical systems. 
The above glasses are researched, 
developed and manufactured in 
France for the world's nuclear and 
applied physics industries. 

For information please call: 

SOVIREL 
Depar tement O p t i q u c 
90, rue Baudin - 9 2 3 9 0 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 

for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 
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When you have an inverse voltage 
problem then you have an interest 
in EEV's double-ended thyratron. 

Conventionally, the thyratron 
has been a triggered unidirectional 
switch. EEV has now designed, 
constructed and successfully run 
new triggered hydrogen thyratrons 
capable of conducting in both 

directions without affecting the 
hold off voltage. 

These new double-ended tubes 
are available in both 3 i n . and 41/ /2in. 
ceramic bodies - 2 ,3 or 4 gaps. 

Can we discuss our ideas and 
your problems with you? Please 
contact our hydrogen thyratron 
engineers at Chelmsford. 

EEVand M-OV know how 

L a ligne 
la plus 

complete: 
serie 31 
Valorisation par 
les boutons-poussoir 
lumineux EAO -
une formule connue aii 
monde entier pour des 
solutions fonction-
nelles et esthetiques 
de tous vos besoins 
de commande! 
Offrez-vous Tassu-
rance d'avoir choisi 
«ce qui se fait de 
mieux»... appareils de 
commande et de 
signaiisation EAO. 

Fonct ions maintenue ou momenta-
nee, elements a rupture brusque 
mecanique, low level ou electroniques 
pour toutes les exigences, versions a 
clef, voyants, egalement elignotants, dio
des de bloeage integrees, affichages digitaux 
(decodeurs, memoires, diviseurs 10:1)... 

Surface utile lumineuse et a graver accrue, pro-
fondeur plus reduite, pouvoir de coupure jusq i fa 
5 A/250 V, collerettes 18 x 24 ou 18 x 18 mm, percage 
16 mm, approbat ions internationales (ASE, CSA, UL, 
D E M K O , OVE, Lloyds International) . . . 

Nous attentions avec plaisir voire demande de documentation 

Tannwaldst rasse 88, CH-4600 Olten, te lephone 062 /211961 , telex 68402 
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For a reliable solution t o your problems involving con t ro l , 
count ing, programming and signalling operations. 

* The KS electronic system offers something more than 
the mere certainty of fulfilling its allocated functions; it also 
guarantees a standard of reliability which is proof against 
everything, thanks to high intrinsic immunity from electrical 
interference. 

* This feature, which is absolutely essential in a multi
purpose electronic system, is due to the special attention paid 
to the basic system design, the most important characteristics 
of which include: 

• Shielding of the case, the mains cable and the signal 
cables, 

• Separation, by a central shield inside the case, of the 

logic functions from the matching and power supply functions. 
• The inherent impedance of the lines and of-the mains 

power supply lead are matched to the impedances of their 
supply sources. 

• Problems of crosstalk are eliminated by the use of 
signal cables which carry either input or output signals only. 

• The system can be provided with a crystal time base 
for operation in the synchronous mode. 

• There is still a lot to say about the KS system's immu
nity to electrical interference. For further particulars, please 
write for our detailed technical leaflet. 

SODECO-SAIA Ltd. Grand Pre70CH-1211 Geneva 16 (Switzerland) Tel. 022-33 55 00 Telex 22 333 
Representatives throughout the whole wor ld by the sales ne twork of the Landis & Gyr Group 
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Capillary tubes, Pipes, Laboratory equipment 
made of DEGUSSfP, 

t h e heavy-duty material. 

Capil lary tubes, open and b l ind 

pipes, for protect ing and 

insulat ing thermocouples or 

other measuring probes, c ruc i 

bles, anneal ing boxes, boats 

and rods, for anneal ing and 

mel t ing metals and glass, for 

evaporat ing metals and salts, 

as crucibles for the product ion 

of monocrystals, etc. 

Please ask for our technical 

documents and experts' advice. 

Degussa (Schweiz) AG 
P o s t f a c h 2 0 5 0 • 8 0 4 0 Z u r i c h • T e l e f o n 0 1 - 5 4 3 9 0 0 • T e l e x 5 7 9 4 6 

Designed to 
wash away 
damag ing 
contaminants. 

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

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

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

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

Penmalt 
^ S T O K E S 
HIGH VACUUM e q u i p m e n t s a n d c o m p o n e n t s 

Mechanical single stage 

I mmediate delivery 

Compact and complete 

Reliable and economical 

Operation quiet and vibration free 

Vacuum blank-off: 10 micron or less 

Automatic lubrication 

Capacity: 7 models from 50 to 1250 m3/ri 

MICROVAC 
V a c u u m p u m p s 
Exclusive t w o year guarantee 

94, rue cTEstienne-cTOrves, 92502 R U E I L - M A L M A I S O N 
B.P.11. Tel . 977.34.09. Te lex: 692181 F Pennwlt 

Agent exclusif pour la Suisse: 
U. GRAEZER VAKUUM TECHNIK 
8001 ZURICH - Neumuhlequai 6 
Telephone 01 471588 Telex 58933 
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^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  SERVOGOR 
la g a m m e de qua l i t e 

aux m u l t i p l e s p o s s i b i l i t e s 

S E R V O G O R ® S 3 Sb enregistreur m o n o c a n a l 

S E R V O G O R p 2 S , 2Sb enregistreur b i c a n a l 

• e x e c u t i o n s a u n e o u p l u s i e u r s g a m m e s 
• 1 7 g a m m e s d e m e s u r e d e 2 0 0 ; t V . . . 2 5 0 V — 
• r e g l a g e a v o l o n t e d e g a m m e s i n t e r m e d i a t e s 
• r e g l a g e d e p o i n t z e r o c o n t i n u o u c a l i b r e 

j u s q u ' a — 4 0 0 % 
• t e m p s d e r e g l a g e 0 , 2 5 o u 0 . 5 s e c . 
• p r e c i s i o n 0 , 2 5 o u 0 . 5 % 
• i a r g e u r d ' e c r i t u r e 2 0 0 o u 2 5 0 m m 
• 8 v i t e s s e s d e p a p i e r 
• s y s t e m e s d ' e c r i t u r e d i s p o n i b l e s : 

e n c r e , s t y l o a b i l l e , f e u t r e , s a p h i r o u p l u m e 
R o t n n g 

• p r e v u p o u r d i s p o s i t l f s s u p p l e m e n t a i r e s : 
p l u m e s d e m a r q u a g e . p o t e n t i o m e t r e s 
s e q u e n t i e l s , e n r o u l e u r a u t o m a t i q u e d e 
p a p i e r e t c . 

• e n r e g i s t r e m e n t s u r r o u l e a u d e p a p i e r o u 
f e u i l i e s s e p a r e e s 

• e x t e n s i o n p r e v u e 

G O E R Z Demandez la liste B-8.13 

AG FUR MESSAPPARATE 
3013 Bern • Schlaflistrasse 17 • Tel. 031 - 4215 06 

Send for the 
Goodfellow Metals 
catalogue and 
price list. It contains 
details of the large 
range of metal foils, 
wires, powders and 
tubes available for 
the research 
scientist. It should 
be your first point 
of reference for 
research metals. 

Goodfellow Metals Ltd. 
Cambridge Science Park, Milton Road, Cambridge CB4 4DJ. England. 
Tel:Cambridge(0223) 69671. Telex:81683 
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Motoreducteurs 

Bien des fois imites, jamais egales, ni en 
qualite ni en precision... 

...parce que mis au point dans le cadre de 
plus de 60 annees de specialisation dans la 
construction de reducteurs a vis sans f in. 

Demandez la documentation ou la consul
tation d'un de nos techniciens. 

Tli. Ziirrer + C /e . 
Birmensdorferstrasse 470, CH-8055 Zurich 
Telefon 01 35 25 55, Telex 54506 
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Labor-
Schuttelmischer 

•freie Wahl der Mischbehalter 
von Fingerhutgrosse bis 2Litergefass 

•steriler, staubfreier, schonender 
Mischvorgang 

• Homogenitat in kurzer Zeit erreichbar 
• bevorzugt fur Feststoffgemische 

W i l l y A . B a c h o f e n 

M a s c h i n e n f a b r i k 

U t e n g a s s e 15/17, C H - 4 0 0 5 B a s e l / S c h w e i z 
Te le fon (061) 3 3 5 5 5 5 , Te lex 6 2 5 6 4 

Add to your nuclear instrumentation 
with the f 

provide im 
on the 

PEN DOSIMETERS 

ing which 
formation 

d dose 

Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm 2 , due to photons of 50 keV or above and electrons 
of any enegy. 
^% p g% Measures the absorbed dose in soft tissues 

n at a depth of 300 mg/cm 2 , due to photons of 

DASAL 
Personal detector with an adjustable alarm level. Audible 
warning wi th three levels. 

I BALISE 224 
10 keV or above and electrons of any energy. 

SEQ 7 7 mg/cm 2 (skin dose). 

A wall-mounted or portable instrument for monitoring 
the level of radioactivity. Visible or audible warning. 
Remote control for outdoor operation. 

Good internal insulation, daily leakage less than 0.5%. Manu
factured in accordance w i t h French standards — DIN or 
British standards on request. CEA-LCA system. 

LA PHYSIOTECHNIE 
34 ,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE T E L : 735.1610 + 
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ION BEAM 
TRANSFER MAGNETS 

Effective Pule Length 
Effective Separation 
Gradient (max) 
Power (max per singlet) 

DELIVERY 

M O D E L 3514 
2 " Q U A D R U P O L E 

D O U B L E T 
( shown w i th op t iona l 
v a c u u m chamber and c rad le ) 

8.03 inches 
7.97 inches 
4.4 kgauss/inch 
13.0 Volt, 46 Amp 

Normally Ex Stock 

Another high per formance magnet f rom ANAC's 
comprehensive range of standard beam line elements -

Q u a d r u p o l e s 
S w i t c h e r s 

A n a l y z e r s 
B e a m S t e e r e r s 

Call or write for complete technical specifications and prices: 

A U C K L A N D N U C L E A R A C C E S S O R Y C O M P A N Y L T D 

EEEB P.O. B o x 16066 , A u c k l a n d 3, N e w Z e a l a n d 
Te l 8 6 1 - 9 8 5 . C a b l e s : A D V A N C E D 

AD-10-CC 

Y o u t o o should make use of our 
K n o w - H o w in the field of 

Light Structures Technology! 
Our experience for decades: 

•structures made of fibre reinforced synthetic materials 
• fibre reinforced synthetic foams 

•bonding technique •sandwich plates "structures 

Contact: C o n t r a v e s A G , Schaffhauserstr. 580 , CH-8052 Zurich 
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Miniatures 
et universels: 

serie 11/21 
Valorisation par 
les boutons-poossoir 
lumineux EAO -
une formale eonnue au 
monde enticr pour des 
solutions fonetion-
nelles et estheriques 
de tous vos besoins 
de commande! 
Offrez-vous Passu-
rance d'avoir choisi 
«ce qui se fait de 
mieux»... appareils de 
commande et de 
serialisation EAO. 

Fonctions maintenue ou momenta-
nee, elements a rupture brusque 
mecanique, low level ou electron!-
ques pour toutes les exigences; 
voyants, boutons-poussoin.. 

Dimensions reduites, signalisation 
par LED ou lampe a incandescence 
Bi-Pin T1 longue duree, positionne-
ment optique en fonction enclenchee, 
pouvoir de coupure jusqu'a 5 A/250 V, 
montage par 1'arriere, pergages 12 resp. 
S mm, approbations Internationales (ASE, 
CSA, UL, DEMKO, OVE7 Lloyds International)... 

Nous at tendons avec plaisir voire demande de documentation. 

Electro-Appareils Olten SA 
appareils de commande et de signalisation transformateurs convertisseurs commandes 

Tannwaldstrasse 88, CH-4600 Olten, telephone 062/211961, telex 68402 

Produits pour la technique reacteurs 
Notre programme de vente comprend: 

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

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

• Semis en Platine, Palladium, Rhodium, 
Iridium, Tantale, Niobium, Tungstene, 
Molybdene 
en fil, baguette, anneau, feuillard 
thermocouples, thermocouples cryogeniques 
ainsi que thermocouples a gaine metallique 

• MALLORY 1000 
Materiel de haute densite pour la protection 
antirayons 

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

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

JOHNSON MATT HEY & 
BRANDENBERGER AG 
Rigistr. 55, 8033 Zurich 6, Telephone (01) 2697 60 

GENERATE 
CALIBRATED 
PARTICLES 
PRECISELY 

h - M 

TSI's Model 3050 "Berglund-Liu" Aerosol Generator produces 
aerosols with a high degree of mono-dispersity and an accu
rately known particle size. It features: 

• Size range — from 0.6 to 40 microns. 
• Concentration — from 1 million to 10 mil

lion particles/cu. ft. 
• Variety of materials — salts, DOP, oils, dyes. 
• For: calibration of aerosol sizing instruments, 

R & D in Aerosol Physics. 

Free bulletin describes TSI's instruments which generate, sample, 
weigh & size aerosols. 

Brindi AG 
Postfach 230 
4002 Basel 
Tel. 061 / 4 2 7 9 55 
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Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

type 1100 livrables ex stock Zurich 

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 4040 
8057 Zurich vorm. WISMER AG 

E. LOTTI S.A 
PLUS DE 
5000 PRODUITS 
EN STOCK 
Reactifs MERCK 
Scintillateurs CIBA-GEIGY 

Produits 
• de recherches VENTRON-ALFA 
• pour purification des eaux 

(NaBHO 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. 

LAKE SHORE CRVOTROniCS 
is 

-The 
Answer 

For all of your 
CRYOGENIC NEEDS! 

Full Range Cryogenic 
Thermometer/Controllers 

DRC-7C & DRC-70C 
• 1 to 400K Range • 1K Resolu t ion* 
• Recorder Output & Optional BCD 
Output • Interchangeable Sensors 

• Solid State Construction & Reliability 
• 0.5K or Better Contro labi 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, 
call, or telex 

0LRKE SHORE 
CRvoTRoniisjni. 

9631G Sandrock Rd., Eden, N.Y. 14057 
(716)992-3411 Telex 91-396CRYOTRON EDNE 

Contact us direct, 
or our representatives 

Overseas Representatives 
G e r m a n y , S w i t z e r l a n d , A u s t r i a 
G T W 
L indenst rasse 45 
8 M u n i c h 9 0 
West G e r m a n y 

0811 646784 Telex 524 564 C R Y O D 

Ho l land F ranca , Por tuga l , Spain 
Nen imi i b v M E R I C 
Laan Copes Van Ca t tenburch 76-78 22 Boulevard Jean Jaures 
P O Box 1702 91 Arpaion 
s-Gravenhage 2011 France 

The Ne ther lands 490 12-81 
070-469509 Telex 31706 

Un i ted K i n g d o m 

Cryogenic Ca l ibra t ions 
P i tchcot t , Nr Aylesbury 
B u c k i n g h a m s h i r e . Eng land 
029-664 259 (Whi tchurch 259) 

laraal 
John Hess 
13 Gi ladi Street 
J e r u s a l e m , Israel 

W I 5 A E 
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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 
tel. (91) 732850 
tel. (1) 20815 57 
tel. (022) 20 6848 
tel. (50) 51 4641 
tel. (50) 41 1207 

13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

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

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

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

PMI REF-01 
MONOLITHIC 
10 V PRECISION 
VOLTAGE REFERENCE 
References to the energy band-
gape of silicon, thus no warm-up 
or ageing is necessary. 
A stable reference voltage is 
achieved within microseconds. 
Adjustable within ± 3 % with ne
gligible effect on the temperature 
drift. 

B O U R N S (Schweiz) AG 
Telephon 0 4 2 2 3 2 2 4 2 

6 3 0 1 Z u g 
Telex 7 8 7 2 2 

L UZIESA 
Usinage a facon par ultra-sons 

Verre — Quartz — Ceramiques 
Usinage a facon par electro-erosion 

Aciers traites — Carbures — Tungstene 

— PETITE MECANIQUE DE PRECISION 

— PROTOTYPES 

— SPECIALITY MECANIQUE 

Creation de defauts artificiels pour I'etalonnage des 
appareils de controle non destructif (CEA - Belgo-
nucleaire - Fabricants de tubes...) 

REFERENCES: 

CERN: plaque Data Box de B.E.B.C. 
CEA: plaques desucc ion Mirabelle en service a Protvino 
en U.R.S.S. (marques Brenner et Bits) 

FABRICATIONS PROPRES: 

Generateurs d'Ultra-sons Mult i frequences 
Generateurs d'Aerosols par Ultra-sons 
Sirenes Electro-Acoustiques - Sondes... 
Cuves de Nettoyage 

C H A T R E S / C H E R 41320 M E N N E T O U Tel. (39) 98 01 02 

P A R I S Tel. (1) 357 48 22 
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Q What is 

. . . as powerful as a computer? 

. . . as cheap as an interface? 

. . . as self-reliant as a good manager? 

. . . a s dependable as time? 

. . .chi ld's play to operate? 

* The microprocessor in Camac that 
- plugs directly into any existing crate 
- has extensive software support 
- can be demonstrated in your laboratory. 

A M a c a m a c * by Borer, of course. 
T h e easiest way to upgrade your 
C a m a c whi le putting autonomy w h e r e 
it be longs at a pr ice that makes sense. 

L 
4 5 0 0 S O L O T H U R N 2 , S W I T Z E R L A N D 
tel: 0 6 5 / 4 8 8 2 1 t e l e x : 3 4 2 2 8 

HIGH VOLTAGE P O W E R SUPPLY N 1 1 3 0 

Consisting of 4 individually 
regulated outputs in one 
2/12 N I M module . 

• • I 
DANFYSIK 

• • I 
DANFYSIK 

n#i 
DANFYSIK 

DANFYSIK 

O u t p u t v o l t a g e 
p o s . o r n e g . : 0.1 6 k V 

O u t p u t c u r r e n t 3 m A a t 3 k V 
c a p a b i l i t y : 0 .5 m A a t 6 k V 

O u t p u t r i p p l e : l e s s t h a n 1 0 4 or 
1 0 0 m V w h i c h e v e r is 
g r e a t e r 

S t a b i l i t y : b e t t e r t h a n 5 x 10 -4 
f o r 2 4 h o u r s 

T e m p e r a t u r e 
c o e f f i c i e n t : 

I n p u t p o w e r c o m m o n 
f o r a l l 4 o u t p u t s 

b e t t e r t h a n 1 0 - 4 / ° C , 
o v e r 0 - 50°C 

• d Hd Hd dd Hd Dd dd dd dd dd dd dd dd dd dd dd dd 
nAIMFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK 

• • I 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

• • I 
DANFYSIK 

DANFYSIK 

DANFYSIK 

r> 
DANFYSIK 

r w 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

cw 
DANFYSIK 

nd 
DANFYSIK 

nd 

* • + *->^' 

each one 
of these4 
midgets 
is more 
capable 
than 
their 
husky 
grandpa 

nd 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

nd 
DANFYSIK 

2 DANFYSIK 
DANFYSIK 

nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK 

D K 4 0 0 0 J Y L L I N G E 
D E N M A R K 
P H O N E : 0 3 3 8 8 1 5 0 
C A B L E : D A N F Y S I K R O S K I L D E 
T E L E X : 4 3 1 3 6 

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

c u r r e n t l imi t c i r c u i t , a d j u s t a b l e 
0 .05 - 3 m A 

v o l t a g e l imi t c i rcu i t , a d j u s t a b l e 
0.1 - 6 k V 

Fu l ly s h o r t c i r c u i t p r o t e c t e d 
M o n i t o r o u t p u t 0.1 - 6 V ( 1 : 1 0 0 0 ) 
S t a t u s i n d i c a t i o n : o v e r l o a d / 

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

R a t e c o n t r o l o n o u t p u t v o l t a g e 
1 k V / s e c . 

M a x . o v e r s h o o t o n o u t p u t v o l t a 
g e 5 0 V o l t s 

C E R N o r d e r e d m o r e t h a n 
1 0 0 o f o u r h i g h l y r e g u l a t e d 
H V p o w e r s u p p l i e s . 

2 0 1 





to drive our new 
remote controlled delay 
with your camac system 

hard 
to believe how little 

it costs 
give us a call and find out more about 

the FE 292 and its CAMAC controller 

S E N E L E C T R D N I Q U E Case Postale 39 CH 1211 Geneve 13 tel (022) 44 29 40 tlx23359 ch 

Z U R I C H Im Zentrum 18 CH 8604 Votketswil tel (01) 86 51 03 tlx58257 ch 

H A M B U R G Postfach 223 D 2000 Wedel tel 04103 6282 tlx 2189 548d 

M U N I C H Radspielerstr. 8 D 8000 Miinchen 81 tel 089 916710 tlx529167d E L E C T R O N I Q U E 
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You can wrap our 
Nb3Sn superconducting wire 

this tight. 

That's why we were asked to supply the \ 
the first commercial pre-reacted multifilament 
NbaSn magnet built in the United States. For 
Wright-Paterson AFB. 

Our NbsSn and NbTi multifilamentary 
superconductors made a 9.5 Tesla mag
net. . .with a 35-mm bore and only a 100-
mm outside diameter. It operates on 113A 
at 4.2 K with 100% short sample current. 
And it replaces a 5 Tesla magnet without add 
ing one millimeter to the outside diameter. 

We have a lot of our flexible, multifila- ; 
mentary NbaSn superconductors in stock. | 

We can I 
provide copper-
stabilized wires, cables 
and braids, all with 
high-packing densities. 
From 300 to 500,000 
filaments per strand. We 
can supply the material 
unreacted, or pre-reacted, ready 

to wrap and use. In round, square, or rectangular cross-
sections to wind bores as small as 25 mm. 

We also stock NbTi copper-stabilized or mixed-matrix (Cu + 
CuNi) superconductors for pulsed or DC magnets. We also make 
custom-designed shapes, composites and low-AC-loss NbaSn tapes 

Call or write Dr. Erik Adam or Dr. Eric Gregory for help.. .or just for our flexible 
brochure. (201)464-2400. Airco, Inc., 100 Mountain Ave., Murray Hill, New Jersey 
07974, U.S.A. TWX 710-984-7985, 
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