


CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for col laboration 
among European States in nuclear re­
search of a pure scientific and funda­
mental character, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned w i th 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyrin 
near Geneva in Switzerland. There are 
t w o adjoining Laboratories known as 
CERN Laboratory I and CERN Labo­
ratory I I . 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of t w o proton ac­
celerators — a 600 MeV synchro-cyc lo­
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
( ISR) , are fed w i th protons f rom the PS 
for experiments w i th col l id ing beams. 
Scientists f rom many European Un i ­
versities as wel l as f rom CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material f rom CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontier 
between France and Switzerland. The 
staff totals about 3100 people and, in 
addi t ion, there are about 1000 Fellows 
and Scientif ic Associates. Twelve Euro­
pean countries contr ibute, in proport ion 
to their net national income, to the 
CERN Laboratory I budget, wh ich totals 
391.1 mil l ion Swiss francs in 1974. 

CERN Laboratory II came into being 
in 1 9 7 1 . It is supported by eleven 
countries. A 'super proton synchrotron' 
(SPS), capable of a peak energy of 
400 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i th 412 hectares in France 
and 68 hectares in Switzerland. Its bud ­
get for 1974 is 227.1 mil l ion Swiss francs 
and the staff totals about 350 plus 10 
Scientific Associates. 

CERN COURIER is published monthly 
in English and French editions. It is 
distributed free to CERN employees 
and others interested in sub-nuclear 
physics. 
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Cover photograph: Mountain ranges from experiments with the Intersecting 
Storage Rings. They are a three dimensional representation of the source 
of particles emerging from a high energy collision between two protons. 
When only five particles emerge (top left) it is usually the result of 'fragmen­
tation' — two distinct peaks are seen, corresponding to fragmentation of one 
or other proton. As the number of particles emerging increases, fragmentation 
becomes less dominant and it is production of particles from the 'central 
region' which grows in importance. This can be seen in going through the 
sequence of peaks corresponding to 6, 7,8, 10 particles emerging. When as 
many as 13 particles emerge they are almost always due to collisions 
involving emission from the central region. 



51st Session of CERN Council 
The Council met on 19, 20 December under 
the Presidency of Professor W. Gentner 

The Counc i l Session opened , as usua l , 
w i t h progress reports f r om the Di rec­
to r Generals of Laboratory I and Labo ­
ratory I I . S ince w e covered w o r k on 
cons t ruc t i on of the 4 0 0 GeV s y n c h r o ­
t r o n , the SPS, at Laboratory II in the 
November and December issues, w e 
w i l l g ive here the report o f Professor 
W . Jen tschke conce rn ing the phys ics 
w h i c h has come f r o m the exper i ­
menta l p rogrammes at the 28 GeV 
Pro ton Synch ro t ron and t he Inter­
sec t ing Storage Rings. 

Progress in part ic le and nuclear 
phys ics is t ak ing place on m a n y 
d i f ferent f ront iers and most of t h e m 
are represented w i t h i n the broad 
range o f the research p rog ramme at 
C E R N . In 1 9 7 3 CERN lead major 
advances in the k n o w l e d g e of the 
behav iour of matter o p e n i n g up n e w 
perspect ives in our v i e w of Nature. 

The strong interact/on and the 
nuc/eons 

The nuc leus of the a tom con ta ins 
p ro tons and neut rons b o u n d toge the r 
by a fo rce w e call the s t rong inter­
ac t ion . A l t h o u g h an e n o r m o u s a m o u n t 
o f data exists, a real unders tand ing o f 
th is fo rce sti l l e ludes our grasp. In th is 
f ie ld the ISR ho lds a un ique and 
d o m i n a n t pos i t ion and recent expe ­
r iments have g iven fresh ins ights in to 
the character of the s t rong in terac t ion 
at very h igh energies. 

In the ISR range of energies t he 
to ta l p r o t o n - p r o t o n c ross -sec t ion , 
w h i c h measures the p robab i l i t y tha t 
t w o p ro tons w i l l interact , increases 
w i t h energy instead of rema in ing 
cons tan t at the plateau va lue observed 
in exper iments at the prev ious h ighest 
energies — up to 7 0 GeV at Se rpukhov . 

The ISR exper iments carry the 
energy up to tha t equ iva len t t o 
2 0 0 0 GeV for a p ro ton inc iden t o n a 
s ta t ionary p ro ton target . A l t h o u g h at 
these h igh energies the to ta l number 

of possib le absorpt ive react ions fo r 
t w o co l l i d ing pro tons is very large, it 
appears tha t the t w o pro tons are sti l l 
part ia l ly ' t ransparent ' to each other — 
they do not behave l ike to ta l ly absorb ­
ing 'b lack discs ' . The increase in cross-
sect ion occurs w i t h o u t m u c h change 
in the average opac i t y and is ma in ly 
ach ieved by a smal l increase in the 
radius — the p ro ton gets s l igh t ly 
fatter. 

It is impor tan t t o see h o w the cross-
sect ions for other part ic les (p ions , 
kaons and an t ip ro tons) behave, in 
co l l is ions w i t h the p ro ton . One of the 
f i rst exper iments carr ied ou t at Ser­
p u k h o v by a jo in t C E R N - S e r p u k h o v 
team d iscovered a s l o w rise in the 
posi t ive k a o n - p r o t o n cross-sect ion up 
to 7 0 GeV. Prel iminary results f r o m 
N A L also ind icate tha t a rise has 
star ted fo r t he posi t ive p io r i - p ro ton 
c ross-sec t ion . N A L w i l l al$o be able 
to s tudy the a n t i p r o t o n - p r o t o n cross-
sect ion w h i c h is sti l l fa l l ing at the 
h ighest energies invest igated so far. 
The ISR w o u l d be able t o add very 
h igh energy data on th is c ross-sec t ion 
if it p roved feasible to store an t i -
p ro tons in t he mach ine . Further exper i ­
ments at N A L and at the CERN SPS 
are needed to see h o w the p ic ture 
deve lops, bu t the unexpec ted result 
is n o w establ ished — very large steps 
in energy are required in o r d e r t o meas­
ure change in the behav iour o f the 
s t rong in te rac t ion ; asymptop ia lies 
even fu r ther a w a y than the energy 
reg ion — s ix ty t imes the nuc leon mass 
— reached by the ISR. 

It is a f undamen ta l l aw of phys ics 
tha t t o p robe smal ler d is tances w e 
mus t g o to h igher energies. Here also 
the ISR has y ie lded results of great 
s ign i f i cance — the d iscovery of a 
process w h i c h must be related to very 
smal l scale s t ructure of some k ind . 
Co l l i s ions are observed in w h i c h 
part ic les car ry ing h igh m o m e n t u m 
are emi t ted at large angles to the 

d i rec t ion o f the i n c o m i n g p ro tons ; 
a l t hough these ' h igh transverse m o ­
m e n t u m ' events are very rare (less 
than 1 in 1 0 0 mi l l ion co l l is ions) t hey 
occu r abou t ten t housand t imes more 
o f ten than expec ted f r om a s imple 
ex t rapo la t ion of the l o w transverse 
m o m e n t u m behaviour . It has also 
been s h o w n thai: t he h igher the energy, 
the h igher the probab i l i t y tha t these 
events w i l l occur . 

H igh transverse m o m e n t u m (over 
4 GeV/c) impl ies a sensi t iv i ty t o 
s t ruc ture in t he reg ion of 5 .10~ 1 5 c m 
and observa t ion of th is n e w p h e ­
n o m e n o n is remin iscent of the large 
ang le scat ter ing of a lpha part ic les 
w h i c h led Ruther fo rd t o the d iscovery 
of t he nuc leus. W e may be seeing fo r 
the f i rst t ime , t h r o u g h the s t rong 
in te rac t ion , an ind ica t ion of granu lar ­
i ty o f the nuc leon — perhaps a s t ruc­
ture of po in t - l i ke cons t i tuen ts w h i c h 
are also con jec tu red to accoun t fo r 
s imi lar behav iour in exper iments in 
w h i c h nuc leons are bombarded w i t h 
h igh energy e lect rons (at the S tan fo rd 
accelerator) or neut r inos (at C E R N ) . 

In terms of the s implest par ton 
mode l the emiss ion of part ic les w i t h 
h igh t ransverse m o m e n t u m can be 
imag ined as the result o f a rare co l l i ­
s ion be tween t w o par tons, one f r o m 
each p ro ton . The p ic ture predicts tha t , 
if a h igh transverse m o m e n t u m par­
t ic le is emi t ted , the number of part ic les 
created at the same t ime w i l l be larger 
t han usual . Th is is indeed f o u n d — the 
number of charged part ic les emerg ing 
in the same general d i rec t ion as a p i on 
of large t ransverse m o m e n t u m is 
near ly t w i c e the average number 
observed in t he m u c h more c o m m o n 
events w i t h smal l t ransverse m o m e n ­
t u m ; in the oppos i te d i rec t ion the 
number of part ic les ( the mu l t ip l i c i t y ) 
rises to abou t f ou r t imes the average 
value. 

Howeve r , m a n y puzzles sti l l c o n ­
f ron t advocates of the par ton p ic ture. 
The most naive vers ion is no t correct 
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A 'scatter diagram' where points represent the 
measured momenta of particles emerging from 
proton-proton collisions in the ISR. 'Elastic' 
events where the protons brush against one 
another and emerge retaining their incoming 
momenta appear as the black blob in the top 
right-hand corner. The two well populated 
horizontal and vertical bands correspond to 
the situation where one proton or the other 
was not significantly disturbed. 

and it is not yet clear whe the r it is 
useful to proceed on the basis of th is 
attract ively simple model or to f o l l o w 
other explanat ions der ived f rom the 
famil iar strong interact ion mechanisms 
extended to an extreme short range 
fo rm. 

A t the ISR, matter can be s tudied 
under cond i t ions so extraordinary as 
to be met elsewhere on ly in the 
extreme astrophysical doma in . One 
w a y of representing the s i tuat ion is to 
use energy density, rather than energy, 
as a characterist ic parameter. The 
interact ion between t w o protons is 
con f ined to a region whose d i m e n ­
sions are of the order 1CH 3 cm ( the 
range of the st rong in te rac t ion) ; the 
total energy in a col l is ion can be 
60 GeV and so the energy densi ty 
reached dur ing the col l is ion ( for the 
brief interval of less than 10~ 2 3 sec­
onds) is about 1 0 4 0 G e V / c m 3 , or 
about 1 0 1 7 g m / c m 3 . This is about a 
hundred t imes the densi ty inside an 
atomic nucleus and is on ly o therwise 
at tained w i t h i n objects like neutron 
stars or 'b lack holes'. It is remarkable 
to contemplate that such s i tuat ions 
can be created, if on ly very briefly, in 
the laboratory. 

The most obv ious result of th is 
v io lent encounter be tween t w o ener­
get ic concentrat ions of matter is we l l 
k n o w n . Numerous particles (on aver­
age about e ighteen) are created by 
the t ransformat ion of energy into mass 
dur ing the col l is ion. 

Recent exper iments at the ISR and 
at N A L suggest that the creat ion of 
n e w matter in high energy col l is ions 
is a two -s tage process. In the first 
stage, matter appears to be produced 
in the fo rm of heavy but very shor t ­
l ived objects (of ten cal led f ireballs or 
c lusters) . In the second stage, each of 
these splits up into several 'ord inary ' 
particles. Only the latter part icles are 
detected by the experimental equ ip ­
ment but, by the presence of certain 

correlat ions between them, w e may 
infer the existence of the heavier c lus­
ters f rom w h i c h they emerged. 

The ISR observat ions also suggest 
t w o dominan t mechanisms of cluster 
fo rmat ion . One is called f ragmenta­
t ion in w h i c h the particles emi t ted 
retain a s t rong memory of the parent 
nuc leon m o t i o n ; the other is cal led 
product ion f rom the central region in 
w h i c h , particles (main ly mesons) are 
emit ted more or less equal ly in all 
d irect ions. The relative importance of 
the f ragmentat ion and central regions 
as sources of particles has been 
studied at the ISR in a variety of 
ways . 

First, there is an important class 
of events, about 2 0 % of the to ta l , in 
w h i c h on ly one proton is s igni f icant ly 
d isturbed by the col l is ion and the 
other cont inues w i t h just a sl ight 
change in energy and di rect ion. There 
is no cont r ibu t ion of particles emi t ted 
at large angles, f rom the central 

region, and the on ly particles created 
appear as a l o w mul t ip l ic i ty narrow 
cone, or jet, of particles ly ing close to 
the trajectory of one of the protons. 
This is a special case of f ragmentat ion 
of one pro ton. Similar processes (ca l l ­
ed proton di f f ract ion dissociat ion) 
have been observed in exper iments at 
the PS but the str ik ing result seen at 
the ISR is that th is mechanism can 
result in exci tat ion of a proton to 
cond i t ions of much higher mass than 
was expected. The product ion of 
states of up to ten t imes the nuc leon 
mass has been demonstrated and the 
fur ther invest igat ion of these states is 
of great interest in our quest to under­
stand nuc leon structure. 

The most c o m m o n interact ions are 
those in w h i c h both protons are 
exci ted and the central region also 
plays a role. A suitable choice of para­
meters a l lows a very clear d e m o n ­
strat ion of the cont r ibut ions arising 
f rom these dif ferent sources of par-
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A photograph taken in the streamer chamber 
surrounding intersection 1-7 in the I SR. It records 
a proton-proton collision in which many 
particles are detected emerging from the inter­
action. A story on the streamer chamber will 
appear in the next issue. 

t i d e s . The st r ik ing feature as w e 
move to the class of events w i t h h igh 
mu l t ip l i c i t y is the g r o w t h of part ic le 
emiss ion f rom the central reg ion. 
Events of small to ta l mu l t ip l i c i t y are 
dom inan t l y due to f ragmenta t ion w h i l e 
col l is ions in w h i c h the central reg ion 
is dom inan t lead to h igher m u l t i ­
pl ic i t ies. 

Some exper iments have looked in 
more detai l at p roduc t ion f r om the 
central region and have f o u n d ev i ­
dence that events of h igh mu l t ip l i c i t y 
cor respond to the fo rmat ion o f several 
c lusters w h i c h later break up. 

This concep t of a t w o step process 
— fo rmat ion of a cluster and t hen , 
after a t ime of about 10~ 2 3 seconds, 
b reak -up in to three or fou r part ic les 
observed in the de tec t ing apparatus 
— may be g iven addi t iona l suppor t by 
a very d i f ferent sort o f exper iment . 
The p roduc t ion of three p ions by a 
co l l is ion of an inc ident p ion w i t h a 
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large nuc leus has been s tud ied at the 
PS, and e lsewhere, in bo th bubb le 
chamber and electronic exper iments. 
The results s h o w the surpr is ing result 
that , under certain cond i t ions , the 
three p ion system seems to p ropa ­
gate t h r o u g h the nucleus w i t h less 
a t tenuat ion than w o u l d be expected 
for three separate pions. W i t h t he 
three p ion system, the probabi l i ty fo r 
in teract ion in the nucleus is no b igger 
than for a s ingle p ion . The at t ract ively 
s imple exp lanat ion w h i c h n o w seems 
possible is tha t the f irst step is the 
fo rmat ion o f a c luster; the cluster 
w o u l d be mov ing w i t h a lmost the 
ve loc i ty of l ight and its apparent l i fe­
t ime w o u l d thus be extended by a 
fac tor of abou t ten — w h i c h gives it a 
chance t o escape f rom the nuc leus 
before break ing up into the three 
p ions eventua l ly observed. 

A l t h o u g h the detai led in terpreta­
t i on is p robab ly not as s imple as th is , 
there seems no d o u b t tha t such 

exper iments in nucle i offer a poss ib i l ­
i ty of s tudy ing the behaviour of very 
h igh ly exc i ted states of matter w h i c h 
exist for on ly very shor t t imes. 

The weak interaction 

It is rather easy to relate the s t rong 
and e lec t romagnet ic interact ions to 
the appearance of the every-day w o r l d 
— the s t rong force keeps nuc leons 
together in nuc le i , the e lec t romag­
net ic force keeps electrons a round 
nucle i t o f o rm a toms and keeps a toms 
together to f o rm molecules, and is 
thus responsible for the pyhsical p ro ­
perties and appearance of matter in 
the large. The w e a k in teract ion plays 
a less obv ious bu t equal ly fundamenta l 
role in de te rmin ing the character of 
our w o r l d . It is one of the de termin ing 
factors in the chemis t ry of nuclear 
react ions. For example, the sun re­
leases its eno rmous store of nuclear 
energy s low ly , w i t h a l i fet ime of abou t 
ten t housand mi l l ion years but if the 
w e a k in teract ion were no t so weak , 
the sun cou ld have burnt ou t long be­
fore life deve loped on the earth. The 
w e a k in teract ion is not w i t h o u t 
interest. 

CERN has made many impor tan t 
con t r ibu t ions t o the s tudy of w e a k 
interact ions and the results o f an ex­
per iment in 1 9 7 3 have captured the 
interest of the w h o l e phys ics c o m m u ­
nity. The exper iment studies the w e a k 
interact ion due to a beam of neutr inos 
passing t h r o u g h the large heavy l iqu id 
bubb le chamber , Gargamel le, at the 
PS. The neut r ino can on ly interact w i t h 
matter t h r o u g h the w e a k in teract ion 
and , as an i l lustrat ion of the mean ing 
of weak , most o f the pictures taken 
in the bubb le chamber are b lank even 
t h o u g h a t housand mi l l ion neutr inos 
are passing t h r o u g h ten tons of l iqu id 
f reon each t ime a pho tog raph is taken. 

A n event has been seen in Garga­
mel le w h i c h cou ld be an example of 
elastic scat ter ing o f an ant ineut r ino 
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One of the elements of the CERN improvement 
programme which came into action during 1973 
— the 3.7 m European bubble chamber. The 
chamber is surrounded by a large cylindrical 
iron shield which retains the stray field of the 
superconducting magnet. The camera system 
looks in from the top. 

by an electron. This process is 
qui te unl ike the famil iar fo rm of the 
weak interact ion, called a charged-
current interact ion, in w h i c h the neu ­
t r ino w o u l d have changed into a 
muon ( invo lv ing a change of electric 
charge between the neutr ino w h i c h 
is a lways neutral and the muon w h i c h 
is a lways charged) . This sort of inter­
act ion clearly forb ids the elastic scat­
ter ing process w h i c h can on ly take 
place if the so-cal led neutra l -current 
interact ion also exists. The event 
observed in Gargamelle was the first 
ind icat ion that this fo rm of weak 
interact ion might be present in Nature. 

The quest ion of the existence of 
neutral currents has assumed great 
importance because it is required by 
certain theoret ical at tempts to f ind a 
uni f ied theory of the weak and electro­
magnet ic interact ions. The search for 
fur ther examples of neut r ino-e lect ron 
scatter ing has very high pr ior i ty and 
Gargamelle has embarked on another 
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1 mi l l ion picture experiment, in w h i c h 
the PS Booster is being used for the 
first t ime to increase the neutr ino 
y ie ld. 

Ano ther type of event was observed 
in the Gargamelle neutr ino exper iment 
w h i c h is also evidence for the neutral 
current interact ion. The normal charg­
ed current interact ion between a 
muon-neu t r i no and a nucleon leads 
to the emission of a muon . The Gar­
gamel le exper iment has observed 165 
events in w h i c h the muon is absent. 
A background of energetic neutrons 
cou ld cause such events and neu ­
t r ino interact ions occurr ing in the 
magnet and other material sur rounding 
the visible region of the bubble c h a m ­
ber provide a source for such neutrons 
but the number of muon- less events 
observed is about six t imes greater 
than the est imated neutron back­
g round . The muon- less events cou ld 
be produced by neutr inos — a process 
w h i c h again requires a neutral current. 

For many years the s tudy of the 
nucleus has been concentrated at the 
600 MeV synchro-cyc lo t ron but in the 
last three years w e have seen a rapid 
increase in the use of the PS for such 
exper iments — out of the thir teen 
beam-l ines at the PS, t w o are perma­
nent ly in use for nuclear structure ex­
periments. 

In one exper iment the PS is used 
as a source of h igh energy protons to 
bombard a uran ium target and a most 
ingenious techn ique has a l lowed rare 
isotopes to be ident i f ied among the 
f ragments even t h o u g h their l i fetimes 
are as short as about 1 ms. This exper­
iment has observed and measured 
the masses of such extraordinari ly 
neut ron- r ich nuclei as 1 1 L i (w i t h four 
excess neut rons) , 2 7 N a to 3 2 N a (w i t h 
up to nine excess neutrons) and 4 8 K to 
5 0 K (w i t h up to eleven excess neu­
t rons) . The s tudy of nucle i , w i t h such 
extreme compos i t ion imposes severe 
tests on models of the nucleus. 

The absorpt ion of negative kaons 
by nuclei can also lead to the fo rma­
t ion of an extraordinary sort of nucleus, 
called a hypernucleus in w h i c h , for a 
brief period of about 1 0 - 1 0 s, a lambda 
particle jo ins the protons and neutrons 
as a nuclear const i tuent . Experiments 
at CERN were the first to detect exci ted 
states of such nuclei by direct obser­
vat ion of the radiat ion emit ted f rom 
them. There is n o w an active pro­
gramme of such exper iments w h i c h 
w i l l be a f ru i t fu l source of in format ion 
on the interact ion between lambda 
particles and nucleons at l o w energy. 

Professor Jentschke conc luded by 
paying t r ibute to the qual i ty of the 
accelerators and detect ion systems 
w h i c h have been bui l t up at CERN. 
The strength of the experimental p ro­
gramme depends upon this qual i ty. 

Dur ing 1973 , the 800 MeV Booster 
came into act ion at the proton syn­
chrot ron and high energy beam in ten­
sities of over 5 x 1 0 1 2 can be achieved. 
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CERN News 

The ISR exceeded its des ign l u m i n o ­
si ty o f 4><10 3 0 c m - 2 s~ 1 reach ing 
5 . 5 x 1 0 3 0 in a phys ics run w i t h g o o d 
b a c k g r o u n d cond i t i ons . The Spl i t Field 
M a g n e t and its de tec t i on sys tem is 
insta l led and opera t ing at t he ISR. The 
3.7 m European b u b b l e chambe r 
began its exper imenta l p rog ramme. 
The O m e g a spec t rometer is p e r f o r m ­
ing w e l l . 

Agreement on budgets for coming 
years 

There have been l ong d iscuss ions 
c o n c e r n i n g the CERN budge ts fo r 
c o m i n g years. They have cons ide red 
t he evo lu t i on o f CERN's overal l p r o ­
g r a m m e as preparat ions fo r use o f t he 
4 0 0 GeV SPS beg in t o take an i m p o r ­
tan t part o f t he resources and have 
also been in f l uenced by t h e in ternal 
d i f f i cu l t ies o f sc ience f u n d i n g in t he 
M e m b e r States. (For a fu l l e x p l a n a ­
t i o n o f t he p rob lems see v o l . 13 , 
page 2 1 2 ) . It w a s there fore very 
g ra t i f y ing tha t , at the December 
Counc i l mee t i ng , the d iscuss ion c u l ­
m ina ted in agreement o n t he C E R N 
budge t s fo r the next f ou r years. 

F o l l o w i n g the 'Bann ie r p rocedure ' 
t he b u d g e t fo r 1 9 7 4 , a f i rm est imate 
fo r 1 9 7 5 and prov is iona l d e t e r m i n a ­
t i ons fo r 1 9 7 6 and 1 9 7 7 w e r e v o t e d . 
For CERN Labora tory I, a p la teau 
f igu re o f 367 .6 mi l l i on Sw iss f rancs 
w a s agreed fo r all f ou r years ; f o r 
CERN Labora tory II t he f igures w e r e 
2 1 2 . 8 M S F ( 1 9 7 4 ) , 206 .9 M S F 
( 1 9 7 5 ) , 195.1 M S F ( 1 9 7 6 ) , 195.1 
M S F ( 1 9 7 7 ) . A l l these budge ts are 
g i ven at 1 9 7 3 pr ices to w h i c h a cos t 
var ia t ion index is app l ied each year. 
The index fo r 1 9 7 4 w a s set at 6.4 %, 
c o m p a r e d w i t h t he 7 . 1 9 % g iven by 
t he usual f o r m u l a , t he reduc t i on be ing 
ach ieved by a w a r d i n g a l o w e r salary 
increase t o CERN staff t h a n tha t g i ven 
by t he salary index. The result o f these 
dec is ions is tha t t he actua l b u d g e t s 
fo r 1 9 7 4 are — 391.1 M S F fo r CERN 

Labora to ry I and 227.1 M S F fo r 
CERN Labora tory I I . 

Elections and Appointments 

The Counc i l re-e lec ted Professor 
W . Gentner (Federal Repub l ic o f Ger­
m a n y ) as its President fo r 1 9 7 4 and 
also re -e lec ted the t w o V i ce -P res i ­
den ts — Professor Th . Kouyoumze l i s 
(Greece) and Dr. G.H. Sta f fo rd ( U K ) . 
Three n e w delegates we re w e l c o m e d 
— Professor M . Pih l , Ambassado r 
A . Farace d i Vi l la foresta and A m b a s ­
sador E. H a m b r o represent ing D e n ­
mark, I ta ly and N o r w a y respect ive ly . 

M . Lemne succeeds P. Levaux 
w h o , as Cha i rman , has g u i d e d t he 
w o r k o f t he F inance Commi t t ee exce l ­
len t ly d u r i n g the very d i f f i cu l t d i scus ­
s ions o f the past three years. Professor 
A . G . Ekspong remains Cha i rman of 
t he Sc ien t i f i c Po l icy Commi t tee . The 
Cha i rmen of the Exper iments C o m ­
mi t tees also remain the same (E lec­
t ron ics Exper iments Commi t t ee — 
I. M a n n e l l i , Physics III C o m m i t t e e — 
D.H. W i l k i n s o n , In tersect ing Storage 
Rings C o m m i t t e e — H. Schoppe r , 
SPS Exper iments Commi t t ee — 
P. L e h m a n n ) w i t h the excep t i on o f 
t he Track Chamber Exper iments C o m ­
mi t tee w h e r e D.C. Col ley succeeds 
M . Crest i . 

W i t h i n CERN itself the a p p o i n t m e n t 
o f Professor W.K. Jen t schke as D i rec­
to r General o f CERN Labora tory I w a s 
ex tended fo r a year unt i l December 
1 9 7 5 . S. Fub in i w i l l succeed L. Van 
H o v e as Di rec tor o f the Theore t ica l 
Physics Depar tmen t as f r o m 1 J u l y 
1 9 7 4 . E. M ichae l i s con t inues as Leader 
o f t he S y n c h r o - c y c l o t r o n D iv is ion fo r 
a fu r ther t w o years, also f r o m 1 J u l y 
1 9 7 4 . W . Schne l l w a s appo in ted 
Leader o f t he ISR Div is ion fo r o n e 
year as f r o m 1 J a n u a r y 1 9 7 4 . 

Kicker success 
A n o t h e r sa t is fy ing o u t c o m e of the 
p r e - s h u t d o w n run at the p ro ton s y n ­
ch ro t ron w a s t he per fo rmance o f a 
n e w fu l l aper ture k icker magne t , 
pressed in to service before its s c h e d ­
u led t ime in o jde r t o cope w i t h t he 
h igh beam intensi t ies. W i t h t he 
8 0 0 M e V Booster g i v i ng beams of 
5 X 1 0 1 2 p ro tons o rb i t i ng the PS r ing , 
the usual smal l aper ture k icker in 
s t ra ight sec t ion 97 w a s rece iv ing an 
overdose o f rad ia t ion . The fu l l aper ture 
k icker ( F A K ) , insta l led in s t ra ight sec­
t i o n 7 1 , w a s there fore b r o u g h t in to 
ac t ion and d id all t ha t w a s asked o f it. 

Kicker magne ts are p o w e r e d by 
shor t h igh vo l t age pulses t o i nduce 
osc i l la t ions in t he orb i ts o f h i gh 
energy part ic les c i rcu la t ing in bunches 
in accelerator r ings. Ideal ly t h e y 
s h o u l d be able t o k ick chosen bunches 
w i t h fu l l p o w e r w i t h o u t i n f l uenc ing 
any o ther bunches . Th is means tha t 
t h e y mus t c o m e o n in t he brief t i m e 
b e t w e e n t he passage o f one b u n c h o f 
part ic les and t he arrival o f t he next 
b u n c h . T h e y can then k ick th is b u n c h 
and subsequen t bunches before be ing 
s w i t c h e d off . The s w i t c h i n g of f may 
again need t o be d o n e in the in ter-
b u n c h interval so as to leave o ther 
b u n c h e s sti l l o rb i t i ng the r ing . 

A t t he PS, smal l aper ture k icker 
magne ts , p l u n g e d in to pos i t ion as t he 
accelerated beam shr inks in c ross-
sec t i on , have been used up t o n o w . 
These smal le r -sca le magne ts are less 
c o m p l e x t han t he FAK var ie ty bu t , 
w i t h t he c o m i n g o f h igh in tens i ty 
beams, t he danger o f rad ia t ion damage 
became ser ious. The cons t ruc t i on o f 
a k icker magne t t o sit in a f i xed p o s i ­
t i o n w i t h an aper ture large e n o u g h t o 
a c c o m m o d a t e t he in jec ted beam has 
there fore been one o f the necessary 
subs id iary e lements of t he PS i m p r o v ­
emen t p rog ramme. 

There w a s an abor t ive a t tempt at a 
fu l l aper ture k icker magne t in 1 9 6 8 
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Part of the pulse generator system which powers 
the FAK. Six of the generators (each feeding a 
different module) can be seen. They are 
located in a building at the centre of the PS 
ring and are connected to the FAK via high 
quality cable. Each generator is capable of 
supplying a 100 MW pulse for up to 2.2 [is. 

(see vo l . 8, page 26) but it was not 
successful mainly because of a t tempt ­
ing to use araldite impregnated ferrite 
to serve as the vacuum chamber and 
h igh vol tage dielectr ic as we l l as the 
magnet ic circuit . The new kicker has 
a separate vacuum chamber sur­
round ing the ferrite. It is bui l t in nine 
modules each fed by its o w n pulse 
generator. The aperture available to 
the beam is 1 4 7 x 5 3 . 5 mm and the 
total length is about 2.4 m. Each 
modu le has a characterist ic impedance 
of .15 ohms. 

The reason for the d iv is ion into 
many modules is the need to f i l l the 
FAK w i t h f ield (and empty it) in the 
0.1 fxs interval between the passage 
of successive bunches at fu l l energy 
in the PS. The pulse is derived f rom a 
cable pulse fo rming ne twork charged 
to 8 0 kV. Thyratrons are used at each 
end of the ne twork — one to sw i t ch 
power to the kicker, br ing ing on the 
required f ie ld in about 75 ns, and the 
other to sw i t ch the power to a d u m p 
to br ing the f ield off in the same t ime 
interval. By adjust ing the f i r ing t imes 
of the thyratrons the pulse length at 
the FAK can be varied to eject f rom 
one to t w e n t y (i.e. all) bunches in 
the PS. The pulse fo rming ne twork 
can be recharged in 4 ms and the 
kicker can be powered to perform up 
to four eject ions per machine cycle. 

The most d i f f icul t aspects of the 
FAK design and const ruct ion have 
been connected w i t h the ferrite. The 

One of the nine modules of the Full Aperture 
Kicker. The capacitor plates, which determine the 
characteristic impedance of the module, are 
polished to a mirror finish. They hide the ferrite 
around the magnet aperture. 

magnet has about 500 kg of ferrite 
inside the vacuum vessel. To lessen 
the outgassing problem the ferrite was 
immersed for t w o months in bo i l ing 
demineral ized water to remove hygro­
scopic salts and then vacuum baked. 
W i t h nine ion pumps on the vessel, a 
pressure of better than 10~7. torr is 
achieved. The remanent f ield of the 
ferrite was measured using an electron 
beam and some of the material proved 
to be a l itt le outside the specif ied 
l imit. This caused no not iceable d is­
turbance to the beam in the proton 
synchrot ron. 

Ano ther lengthy pre-operat ion pro­
cedure concerned the thyratrons. High 
rel iabil i ty is needed and has been we l l 
achieved — six tubes w i ths tood a l i fe-
test of a hundred mi l l ion pulses. 

The FAK is intended to take over 
all the fast eject ion system operat ions 
f rom the present small aperture kickers. 
Dur ing the PS run, the FAK was used 
for eject ion f rom straight sect ion 74 
towards the heavy l iquid bubble 
chamber Gargamelle and for h igh 
intensi ty f i l l ing of the ISR. This 
involved manual ly chang ing the m a g ­
net polar i ty in the accelerator r ing. 

The kicker operated rel iably 
t h roughou t the run and achieved 
eject ion w i t h no discernible beam 
loss. Its abil i t ies were part icular ly 
not iceable w h e n it was required to 
eject nineteen bunches; it was able to 
leave a single clean bunch orb i t ing 
quiet ly in the proton synchrotron r ing. 

CERN 94.2.73 

Annual shutdown 

As usual at th is t ime of the year, the 
PS and ISR are shut d o w n for ma in ­
tenance and modi f icat ions. This means 
the interrupt ion of all experiments 
wh i le the equ ipment of the PS, ISR 
and experimental halls is inspected 
and overhauled methodical ly . 

There are more than 500 jobs to be 
carried out at the PS and w e pick out 
on ly the major tasks: A t the l inac, in 
addi t ion to the maintenance work , 
the f lexible power supply cables for 
the r.f. cavit ies have been replaced by 
r igid one. This w i l l improve the rel ia­
bi l i ty w h i c h is crucial to the w h o l e 
CERN accelerator complex. 

A t the Booster the tasks inc lude: 
- replacing a defect ive vacuum c h a m ­
ber in a bend ing magnet unit 
- replacing a vacuum vessel and its 
four septum magnets for in ject ion by 
septum magnets of an improved type 
- instal l ing four w i d e - b a n d radial 
p i ck -up stat ions 
- re-a l ign ing the in ject ion system 
- surveying magnet posit ions and 
a l ignment of the quadrupoles. 

A t the PS r ing, as is the case every 
year, the w o r k to be carried out on the 
magnets is considerable because of 
radiat ion damage. Of the 100 magnets 
in the r ing, t w o w i l l be replaced by 
recondi t ioned units and eight others 
w i l l be repaired by strapping the end 
blocks on w h i c h the adhesive has 

CERN 82.9.73 
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The vacuum tank of the FAK being tested prior to 
installation in the PS ring. Nine ion pumps are 
distributed either side of the tank. 

suf fered damage. A n o t h e r s tage o f t he 
ins ta l la t ion o f the auxi l iary cor rec t ion 
magnets has n o w been c o m p l e t e d 
and th is w o r k w i l l be repor ted in 
next mon th ' s issue. 

A n e w large-aper ture s e p t u m m a g ­
net (vert ical aperture measur ing 
3 0 m m instead of 2 0 m m ) for t he 
e jec t ion o f a h igh in tens i ty beam has 
been insta l led for t he neu t r ino area, 
necess i ta t ing mod i f i ca t i ons t o t he 
v a c u u m chambers in the ups t ream and 
d o w n s t r e a m magnets . N e w p o w e r 
l ines have been insta l led fo r th is 
magnet . 

Specia l a t ten t ion is be ing paid t o t he 
v a c u u m systems s ince 7 5 o u t of t he 
1 0 0 st ra ight sect ions mus t be opened 
up. Fi f teen of these s t ra ight sec t ions 
are be ing mod i f i ed . Specia l a t ten t ion 
is also devo ted t o the con t ro l r o o m 
w h e r e 25 racks w i l l be conve r ted in 
order t o change f r o m manua l t o 
au tomat i c con t ro l . N e w conso les are 
be ing insta l led for th is purpose and 
the e q u i p m e n t is be ing modern i zed . 

For the main, magne t p o w e r s u p p l y 
a sys tem has been insta l led enab l i ng 
one o f t he t w o rect i f ier un i ts t o be b y ­
passed. D u r i n g the f lat t o p o f t he ac ­
ce lerat ion cyc le , t he second un i t w i l l 
opera te at doub le vo l tage , t he reby 
reduc ing b l o w - u p of the beam. Th is 
w i l l improve the p o w e r fac to r a n d 
the increase in react ive p o w e r w i l l 
result in f la t t ops b e t w e e n 2 0 and 
3 0 % longer , d e p e n d i n g on the cyc le 
used. Th is system s h o u l d be ope ra ­
t i ona l fo r Easter. 

A t the exper imenta l hal ls : In t he 
Wes t Hal l , t he o n l y mod i f i ca t i on is t he 
ins ta l la t ion o f a d.c. s u p e r c o n d u c t i n g 
lens in the u7 beam for tests. In t h e 
No r t h Hal l , t he main j o b is t o d i sman t le 
t he k 1 6 beam t o t he H y b u c b u b b l e 
chamber w h i c h has f in i shed its expe r i ­
men t on the magne t i c m o m e n t o f 
t he s igma hype ron . In t he S o u t h Hal l , 
t o a l l o w access t o t he PS r ing , near­
by beam- l i ne c o m p o n e n t s mus t be 
m o v e d and some separators, w h i c h 

have no t been opera t ing w e l l , are 
be ing taken ou t and recond i t i oned . 
In the East Hal l , certain beam- l i ne 
magne ts w h i c h have been exposed to 
rad ia t ion are be ing removed fo r over ­
haul and replaced by recond i t i oned 
c o m p o n e n t s . 

In add i t i on , some reorganizat ion o f 
the East Hal l beam- l ines is under w a y . 
The m e d i u m energy p8 p ion beam is 
be ing replaced by a b 2 0 neutra l par­
t ic le beam fo r an exper iment t o s t udy 
neutra l k a o n - p r o t o n in teract ions. The 
p13 beam is be ing mod i f i ed and 
w i l l be k n o w n as p14 . Its par t ic le 
p r o d u c t i o n angle w i l l be smal ler t h u s 
increas ing the beam intens i ty . A t 
the end o f the u5 beam- l i ne , b e n d i n g 
magne ts are be ing replaced by more 
p o w e r f u l vers ions in order t o separate 
neutra l part ic les w h i c h w i l l f eed 
the 2 m bubb le chamber . It is es t imated 
tha t t he opera t ions in t he East Hal l 
w i l l i nvo lve m o v i n g and re -pos i t i on ing 
more t h a n 3 0 0 0 tons o f e q u i p m e n t 

( i ron , concre te sh ie ld ing and beam 
t ranspor t c o m p o n e n t s ) . 

A t the ISR, the s h u t d o w n began on 
a no te of sa t is fac t ion because the h igh 
in tens i ty run us ing the Booster resul ted 
in a bet ter feed t o the ISR than had 
been an t i c ipa ted . On 7 December , 20.6 
A w e r e s tored in R ing 2 and 22.1 A in 
R ing I w i t h h igh luminos i t ies also 
be ing ach ieved . The average pressure 
over t he t w o k i lometers o f v a c u u m 
chamber is less t han 2 x 1 0 n torr , 
w i t h even l o w e r va lues o f 1 0 - 1 2 tor r in 
cer ta in reg ions . Th is f o l l o w e d the 
ins ta l la t ion o f 500 t i t an i um s u b l i m a ­
t i on p u m p s and 47 b a k e - o u t ope ra ­
t i ons in 31 d i f fe rent sectors. 

In order t o con f i rm th is per fo rmance 
and c o n t i n u e improvemen ts d u r i n g 
1974, a p r o g r a m m e has been carefu l ly 
w o r k e d o u t t o take fu l l advan tage o f 
th is th i rd ma jor s h u t d o w n of t he ISR. 
In v i e w o f t he w i d e range o f poss ib i l i ­
t ies, a list o f pr ior i t ies w a s d r a w n up 
as a c o m p r o m i s e b e t w e e n w o r k 
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devoted to development , instal lat ion, 
exper iments and maintenance. 

N e w apparatus is being instal led to 
make possible better studies of the 
beam behaviour. A number of lenses 
(sextupoles and octupoles) are being 
in t roduced around the t w o rings to 
compensate non- l inear beam reso­
nances. A special observat ion stat ion 
w i l l be used for moni to r ing the hor i ­
zontal beam profi le. A damping m a g ­
net w i l l correct vertical errors in the 
in ject ion system. T i tan ium jackets are 
being installed in the vacuum chamber 
to prevent pressure bumps and it is 
p lanned to use several gas discharges 
in an argon atmosphere to clean out 
certain chambers in twe lve sectors, 
w h i c h w i l l be baked out dur ing the 
machine s h u t d o w n . 

Mos t act iv i ty w i l l , however , centre 
around the intersection regions where 
certain experiments are being replaced 
by n e w ones. 

In intersection 2, the programme of 
exper iment R203 using a w ide -ang le 
spectrometer has.been comple ted and 
it w i l l be converted to exper iment 
R205 by the addi t ion of a central 
hodoscope composed of 120 sc in t i l ­
lators around the intersect ion. 

In intersect ion 4 , the detectors used 
for f ive experiments have been d is­
mant led for inspect ion of the Spl i t 
Field Magne t and baked out of th is 
intersect ion region. It is hoped that all 
the detectors can be re- instal led before 
the end of the shu tdown per iod. 

In intersection 5, chamber m o d i ­
f icat ions are being carried out w h i c h 
shou ld help to improve performance 
and be particularly useful for the 
measurement of beam luminosi ty . 

In intersect ion 6, exper iment R603 
has been dismant led and a new 
vacuum chamber is being instal led to 
cont inue studies on smal l -angle elastic 
d i f f ract ion scatter ing w i t h exper iment 
R602. N e w detectors are also being 
instal led by this group. 

In intersect ion 8, the vacuum c h a m ­

ber is being modi f ied for exper iment 
R801 in order to be able to check the 
total cross-sect ion by s imul taneous 
measurement of the overall number of 
interact ions and the smal l -angle elas­
t ic d i f f ract ion scattering rate. The 
vacuum chamber for experiment R802 
is being completed by the instal lat ion 
of a special chamber k n o w n as the 
' f ly ing bedstead' . Finally instal lat ion of 
a n e w exper iment, R803, shou ld 
also begin. 

Gamma-transition 
jump 
The 'gamma-t rans i t ion j u m p ' system 
used in the 28 GeV proton synchro­
t ron proved to be part icularly effect ive 
in cop ing w i t h the increase in in ten­
sity recorded before the machine shut ­
d o w n . 

In a synchro t ron, the pr inciple of 
phase stabi l i ty, discovered by V. Veks-
ler and E. M c M i l l a n , makes it possible 
to achieve stable acceleration of many 
particles because of synchrotron osc i l ­
lat ions. A synchronous particle orbits 
the r ing exact ly in rhy thm w i t h the 
accelerat ing f ields wh i le a bunch of 
other part icles oscil late around it 
somet imes arriving at the r.f. acceler­
at ing stat ion sooner, sometimes later. 

A particle w h i c h has a higher energy 
than the synchronous particle acquires 
a higher tangent ia l veloci ty result ing 
in t w o conf l i c t ing effects — an increase 
in its angular veloc i ty around the ring 
and an increase in its orbit radius. In 
a s t rong- focus ing synchrot ron, the 
former effect is the more important at 
l ow energies. It cuts d o w n the t ime 
taken to travel around the r ing and the 
particle arrives ahead of the synchro­
nous particle at the r.f. accelerat ing 
f ield and must therefore receive less 
energy f rom that f ield than the syn ­
chronous particle in order to keep it 
in the bunch . 

A t h igh energies, on the other hand, 
the latter effect is predominant — the 
proton has fur ther to travel in go ing 
around the r ing and this increases the 
revolut ion t ime. A particle arr iving 
later than the synchronous particle has 
then to receive less energy f rom the 
r.f. f ie ld in order to remain in the 
bunch . 

Between th is l o w energy and high 
energy behaviour, there is an energy 
at w h i c h the increase in angular 
ve loc i ty exact ly counters the e longa­
t ion of the orbi t . The t ime taken to 
orbi t the r ing is independent of the 
momen tum of the particle and the cor­
responding energy is k n o w n as the 
transi t ion energy. The r.f. accelerat ing 
vol tage has to change phase w h e n the 
transi t ion energy is reached to adapt 
to the chang ing particle behaviour. 

Space charge phenomena also u n ­
dergo radical changes w h e n the t ran­
si t ion energy is crossed since the 
behaviour of the particle bunch is 
complete ly di f ferent be low and above 
this energy. Be low transi t ion energy, 
the forces of repulsion between par­
t icles cause the bunches to lengthen. 
Above it, these forces cause the 
bunches to shorten. This results in 
osci l lat ions in the shape of the 
bunches and can lead to d i lu t ion or 
even considerable losses. Moreover, 
just after t ransi t ion, the sl ight stat ist i ­
cal f luc tuat ions in the bunches i n ­
crease and cause them to expand 
laterally (negat ive mass ef fect ) . 

Thet rans i t ion region must becrossed 
fair ly rapidly in order to avoid d a m ­
aging effects f rom these t w o pheno­
mena. The so lut ion consists in abrupt ly 
chang ing the t ransi t ion energy just 
before crossing the transi t ion region, 
by act ing direct ly on the focus ing 
forces w h i c h dictate the transi t ion 
energy. 

Since 1969 , the transi t ion region 
has been crossed by provok ing a 
' j ump ' in the number of horizontal 
betatron osci l lat ions per tu rn , Q H , 
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1. The upper trace shows the current rise in 
the triplets (about 500 A), while the lower one 
shows the current in the doublets (about 700 A 
peak-to-peak). The sweep rate is 5 ms per 
division. 

2. The signal from the wide-band pick-up 
station which is inversely proportional to the 
length of the bunches. The first peak corresponds 
to the beginning of the current rise in the 
doublets, and the second to the passage 
through transition. A few rapidly damped 
oscillations can be seen. The beam intensity is 
5.5 x 1012 protons and the sweep rate is 10 ms 
per division. 

3. The instantaneous particle density in a 
bunch before transition at 3.4 GeV. The sweep 
rate is 5 ns per division. 

4. The instantaneous particle density in the 
bunch after transition at 9 GeV. The transition 
energy has dropped to 5.2 GeV using the 
gamma-transition jump device. The photograph 
shows that the bunch has successfully passed 
transition since there are no 'tails' to the trace. 

(contro l led by the focus ing forces) . 
Using the correct ion quadrupoles 
instal led in the machine, a pulse was 
t ransmit ted w h i c h adjusted the focus ­
ing f ields so that the value of Q H rose 
s low ly at first and then dropped sharp­
ly, subsequent ly returning to its nor­
mal value. The rate at w h i c h the 
t ransi t ion region was crossed was 
l imited because Q H cou ld be varied 
on ly w i t h i n a restricted range to avoid 
runn ing into resonant phenomena 
(stop bands) . 

The method used since Augus t of 
last year consists in vary ing the t ran ­
si t ion energy, again using quadrupoles 
to adjust focus ing f ields but th is t ime 
w i t h o u t chang ing the value of Q H . 
This is called the gamma- t rans i t ion 
j ump . 

T w o quadrupoles w i t h oppos i te 
polarit ies are placed half a betatron 
wave leng th apart; such a doub le t does 
not affect the value of Q H . This arran­
gement is possible in the PS r ing be­
cause of a special feature of the 
CERN accelerates: the r ing has f i f ty 
periods and, since the normal value of 
Q H is 6.25, the t w o quadrupoles of a 
doub le t can be posi t ioned in straight 
sect ions four periods apart. The r ing 
layout n o w includes four double ts of 
th is k ind together w i t h t w o tr iplets, 
w h i c h can be regarded as consis t ing 
of t w o adjacent doublets. 

The impor tant parameters of the 
gamma-t rans i t ion j u m p are its speed, 
its magni tude, and its shape, and they 
have all been closely s tud ied at 
the PS. W i th the o ld Q H j u m p 
system the transi t ion region was 
crossed about f ive t imes faster than 
w i t h o u t a Q H j ump . W i t h the g a m m a -
transi t ion j u m p system the t ransi t ion 
region is crossed f i f ty t imes faster than 
w i t h o u t it. A new power supply is n o w 
being bui l t for the quadrupoles and 
w i l l make it possible to doub le this 
speed dur ing 1974. 

W i t h the intensity of 5 x 1 0 1 2 protons 
per pulse obta ined in November, the 

gamma- t rans i t ion j u m p system made 
it possible to maintain the beam 
emit tance (1 Omrad) th roughou t acce l ­
erat ion. W i t h an intensity of 1 0 1 3 ppp 
w h i c h is expected to be reached 
dur ing the next f e w years, the space 
charge phenomena wi l l be even more 
impor tant at transit ion and it is 
intended to enlarge the bunches 
art i f ic ial ly before transit ion in order to 
el iminate transverse expansion. The 
longi tud ina l emit tance of the beam is 
then not expected to exceed 14 mrad. 

Steering the mole 
On 12 December, the Robbins bor ing 
machine reached shaft PP4 ha l f -way 
around the 6900 m circumference of 
the SPS tunne l . Add ing the 200 m 
length of the access tunnel between 
the Civil Engineering Shaft (PGC) 
and P P 1 , the total distance covered in 
the ten months since the machine 
descended into the depths is 3650 m. 

In accordance w i t h the programme 
(see vo l . 13, p. 7 0 ) , PP4 is n o w being 
used as the servicing shaft instead of 
PGC — it is f rom here that the spoi l is 
being removed to the surface and 
tunnel l in ing components taken d o w n . 

H o w does the 'mo le ' k n o w where 
to go wh i l e wo rk i ng several tens of 
metres underground? First of al l , the 
co-ord inates of the axes of the var ious 
shafts had to be determined on the 
surface, using the CERN survey gr id . 
This was the prime purpose of a sur­
face geodet ic ne twork d rawn up to an 
accuracy of 2 mm by t r iangu la t ion-
tr i laterat ion. The next step was to 
mark ou t the centre of each of the 
first three shafts (PGC, PP1 and PA2) 
on the g round . After these shafts had 
been sunk, the surface co-ord inates 
were transferred to tunnel level. In 
th is w a y it was possible to set up 
'monuments ' , accurately sited at the 
bo t tom of each of these first three 
shafts. 
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In go ing f rom the monumen t at the 
bo t tom of the first shaft to that at the 
bo t tom of the second, on the curve laid 
d o w n in the plans, the f o l l ow ing t e c h ­
n ique was f o l l o w e d : A n inst rument 
had to be used w h i c h w o u l d give a 
d i rect ion in relat ion to a physical 
constant and the method employed 
had to make it possible to posi t ion the 
tunne l in accordance w i t h the require­
ments of the civi l engineer ing spec i ­
f icat ions as regards accuracy. 

A compass is far f rom being precise 
enough . The on ly possible inst rument 
is a gyro- theodo l i te , w h i c h gives the 
geographical north to an accuracy of 
3 0 cent isimal seconds, obta ined at the 
surface f rom the da tum points of the 
network . The desired d i rect ion, w i t h 
reference to the geographical nor th , is 
measured by the gyro- theodo l i te on 
the monumen t at the bo t tom of the 
f irst shaft. The p lo t t ing method c o n ­
sists in set t ing up a monumen t every 
32 m in the tunne l , gyroscopic measu­
rements being taken at each one. 

A straight tunnel some 200 m long 
was needed for the assembly of the 
'mole ' . For th is reason, the first shaft 
(PGC) was sunk outs ide the r ing on 
the axis of the future in ject ion tunne l . 
A n A lp ine bor ing machine began w o r k 
f rom there towards PP1 a long the l ine 
d ic tated by the gyroscope. W h e n the 
machine arrived at P P 1 , it was f o u n d 
that the displacement in relat ion to 
the co-ord inates p lot ted at the surface 
was 2.3 mm. The 'mole ' , also gu ided 

by the gyroscope, was started off f rom 
the co-ord inates of monument PP1 . 

The Robbins machine is f i t ted w i t h 
t w o gr id targets in k n o w n posi t ions 
w i t h reference to the axis of the 
machine. The guide da tum is a laser 
beam coming f rom the monumen t 
w h i c h gives, in visible fo rm, the direc­
t ion obta ined by gyroscopic measure­
ments. The operator has a gu ide chart 
prepared by the CERN Survey Group 
w h i c h has t w o diagrams relat ing to a 
4 4 m stretch for excavat ion. The 
horizontal plane diagram consists of 
the track of the laser beam and the 
theoret ical bor ing curve. The vert ical 
plane d iagram is s imply a straight l ine 
g iv ing bo th the track of the laser beam 
and the theoret ical excavat ion curve. 

Af ter the first stroke of 1.2 m, the 
operator checks the posi t ion of the 
head of the Robbins machine. He 
notes the di rect ion and level d isplace­
ments of the axes of each target in 
relat ion to the point i l luminated by the 
laser beam, transfers them to the t w o 
diagrams on the guide chart and 
deduces the posi t ion of the head of 
the machine. If the locat ion of the 
head on the diagram lies outs ide the 
theoret ical curve, the bor ing axis is 
corrected. 

Af ter it has advanced 4 4 m, the next 
survey monumen t is set up and the 
'mo le ' is g iven a new d i rect ion, d ic ­
tated by the gyro- theodo l i te and ren­
dered visible by the laser f i t ted on th is 
monument . On its arrival at PA2, the 

Example of a guide chart for the Robbins boring 
machine. Top: the Direction diagram (horizontal 
plane). The X axis, representing the laser beam, 
carries the longitudinal scale from 28 to 72 m of 
the monument on which the laser is fitted. On 
the Y axis are the displacements corresponding 
to the tunnel curvature. Long and short 
dashes: theoretical excavation curve; chain 
dotted line: segments fixing the position of the 
head in relation to the recorded displacements; 
unbroken line: real excavation curve in the 
horizontal plane. 
Below: the Level diagram (vertical plane). The 
X axis is both the theoretical excavation curve 
and the representation of the laser beam. The 
broken line: segments fixing the position of the 
head in relation to the recorded displacements; 
unbroken line: real excavation curve in the 
vertical plane. 

machine entered an enlarged sect ion 
previously excavated f rom the shaft. 
The po lygonal t rack fo rmed by the 36 
monuments set up between PP1 and 
PA2 had then to be 'c losed' . This 
merely invo lved relat ing the PA2 
monument , w h o s e exact co-ord inates 
have been determined f rom the sur­
face, to all the preceding ones. 

The transverse displacement thus 
f o u n d was on ly 25 m m at PA2, w i t h i n 
the l imit o f 3 0 m m required in the 
speci f icat ion, after a tota l d istance 
covered of the order of 1150 m. A t the 
next shaft ( P A 3 ) , the displacement 
was as l itt le as 20 mm. This accuracy 
relates on ly t o the direct ion as g iven 
by the surveyor; obv ious ly , the actual 
tolerances on excavat ion are less str ict 
but even they do not exceed 7 cm. 
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Around the Laboratories 

DESY 
Particles stored 
in DORIS 
On 21 December , fo r the f i rst t ime , an 
e lec t ron beam of t he order of one 
mi l l iampere w a s accumu la ted and 
s tored in D O R I S and surv ived w i t h a 
l i fe t ime o f a coup le o f hours . S ta r t ing 
o n 17 December the f i rst a t tempts 
w e r e made t o in ject e lec t rons f r o m the 
DESY synch ro t ron in to D O R I S . It t o o k 
a b o u t a day to ach ieve a beam c i r c u ­
la t ing for m a n y t housands o f tu rns . 
The l i fe t ime h o w e v e r w a s o n l y some 
ten mi l l i seconds and it w a s o b v i o u s 
tha t the beam w a s be ing scraped of f 
because o f large orb i t d is to r t ions . The 
f o l l o w i n g days we re devo ted to 
i m p r o v i n g the orb i t and t he op t i cs of 
t he s torage r ing and th is resul ted f ina l l y 
in t he a c c u m u l a t i o n of an e lec t ron 
beam w i t h a g o o d l i fe t ime. 

The f irst f e w m o n t h s o f th is year 
w i l l be devo ted to i m p r o v i n g the in jec­
t i o n c o n d i t i o n s , t h e be ta t ron f u n c t i o n s 
in t he s torage r ing and the mach ine 
tunes . Sex tupo les w i l l be b r o u g h t in to 
ac t ion t o correct fo r ch roma t i c i t y in 
order t o be able t o store h igher beam 
currents . To f ina l ly ach ieve co l l i d i ng 
beams, t he same w o r k has t o be carr ied 
o u t w i t h pos i t rons in the second r ing . 
(Latest n e w s f r o m DESY, 18 January , 
is tha t 1 3 0 m A o f e lect rons and a 
pos i t ron beam have been stored.) 

D O R I S is a doub le s torage r ing to 
s tore e lect rons and pos i t rons in d i f ­
fe rent r ings so as t o ach ieve bet ter 
con t ro l o f the beams. The r ings are 
bu i l t one o n t o p of the o ther and ver ­
t ica l bend ing magne ts are used to 
b r ing the t w o beams toge the r at t w o 
in terac t ion reg ions w i t h a c ross ing 
ang le o f 2 4 mrad. The c i r cumfe rence 
o f t he s torage r ings is 2 8 8 m w i t h a 
12 .4 m bend ing radius. The magne ts 
are des igned fo r a m a x i m u m energy of 
5 GeV, bu t the magne t p o w e r supp l ies 
present ly insta l led w i l l no t a l l o w h igher 

energies t han 3.5 GeV. A p rog ramme 
to raise the energy to the peak poss ib le 
va lue has al ready star ted. The r.f. sys­
t e m compr ises six modu la to rs g i v i ng 
1.5 M W of d.c. p o w e r for bo th r ings 
in to t w e l v e cavi t ies per r ing w i t h an 
r.f. f r equency of 5 0 0 M H z . The r.f. 
sys tem is capable of hand l ing beam 
currents o f the order of a f e w amperes 
at energies b e l o w 2.5 GeV if no o ther 
l imi ts c o m e in to play. The des ign 
m a x i m u m luminos i t y is c o m p u t e d t o 

In the control room on 21 December when the 
storage rings, DORIS, stored an electron beam 
with a healthy lifetime for the first time. At the 
top of the control panels can be seen a 
television screen recording the synchrotron light 
emerging from the orbiting electrons. 

(Photo Desy) 

be 3 x 1 0 3 2 c m - ' s - 1 at 1.6 GeV d r o p p i n g 
of f t o 2 x 1 0 3 0 c m - 2 sec - 1 at 3 GeV. 

Hav ing t w o separate r ings g ives 
un ique possib i l i t ies no t on l y fo r the 
ind iv idua l con t ro l o f the e lec t ron and 
pos i t ron beams but also because it 
makes it poss ib le t o store t w o e lec t ron 
beams and b r ing t h e m in to co l l i s ion . 
Exper iments ar& env isaged w i t h c o l l i d ­
ing e lec t ron -e lec t ron beams as we l l 
as e lec t ron -pos i t r on beams. Sti l l a n o t h ­
er poss ib i l i t y is t o store p ro tons and 
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col l ide them w i t h an electron beam. 
It has been s h o w n that very interest ing 
e lec t ron-pro ton scatter ing and p h o t o -
product ion experiments can be done 
even at the comparat ively l o w energies 
of 3.5 GeV or, later, 5 GeV. A pro­
gramme to accelerate protons at 
DESY is under w a y and is expected to 
result in a proton beam ready to be 
in jected into DORIS by the end of 
1974 . In addi t ion to h igh energy 
physics experiments, it is in tended to 
do a series of machine physics exper i ­
ments to understand more about the 
behaviour of a proton beam co l l id ing 
w i t h an intense electron beam. Those 
studies are essential for the design of 
large e lec t ron-pro ton storage r ings 
w h i c h are n o w being studied on both 
sides of the At lant ic . 

CAMAC Symposium 
From 4 - 6 December 1973, an Inter­
nat ional Sympos ium on 'Camac in 
real- t ime computer appl icat ions ' was 
held at Luxembourg . It was organized 
by the Commission of the European 
Communi t ies in col laborat ion w i t h 
the ESONE (European Standard for 
Nuclear Electronics) Commit tee on 
w h i c h CERN is represented. 

C A M A C is the set of rules for the 
design and use of modular electronic 
da ta-hand l ing equ ipment w h i c h w a s 
evolved some f ive years ago by 

ESONE (see vo l . 8, page 3 1 4 ) . It has 
brought standardizat ion into the elec­
t ronics of data-hand l ing in nuclear 
and high energy physics Laboratories 
in a w a y w h i c h has proved very bene­
ficial both to users of electronic equ ip ­
ment and to manufacturers. 

The CEC are seriously consider ing 
extending use of the system into other 
f ields and a major aim of the S y m p o ­
s ium was to spread know ledge of 
C A M A C to other discipl ines. The 
open ing lectures were therefore an 
in t roduct ion to C A M A C fo l l owed by 
papers on its use in a variety of s i tua­
t ions. 

App l ica t ions have already been 
f ound in medical and health services 
and in industry (for measurement and 
con t ro l ) . There were papers g iven on 
these subjects. M a n y other areas of 
appl icat ion can be envisaged — te le­
communica t ions , traff ic cont ro l , env i ­
ronmental mon i to r ing , ast ronomy, 
chemical industry, etc. — and it is 
hoped that, via some of the 500 par t i ­
c ipants at the Sympos ium, know ledge 
of the C A M A C system wi l l reach such 
f ields w h i c h have not yet standardised 
their electronic equipment . 

A General Assembly of the ESONE 
Commit tee was held f o l l ow ing the 
Sympos ium and took further decisions 
on the extension of C A M A C . A 
descr ipt ion of a serial C A M A C system 
(result ing f rom a N I M / E S O N E study) 
was accepted and the detai led spec i ­
f icat ion w i l l n o w be worked out . A 

Recent aerial view of the DESY Laboratory. 
Top centre is the large experimental hall which 
spans over both interaction regions in the 
straight sections of the oval shaped storage rings. 
The long low building of the injector is to its 
right and a little below to the right it is possible 
to distinguish the circular shape of the electron 
synchrotron. 

(Photo DESY) 

fur ther report on analog signals was 
also accepted and a related s tudy on 
signals for industr ial and contro l use 
w i l l be implemented. The use of 
C A M A C in industry is a top ic of 
g r o w i n g impor tance and raises some 
practical l iaison problems and the 
quest ion of ESON E's range of activit ies 
in the future. * 

Dr. H. Meyer of Euratom was elec­
ted Chairman of the ESONE Commi t ­
tee for 1 9 7 3 - 7 4 and wi l l preside over 
the next General Assembly in War ­
saw in September. A n y repeat of the 
Sympos ium awai ts the results of a 
survey carried ou t dur ing the Luxem­
bourg meet ing. 

CORNELL 
Superconducting r. f. 
cavity development 
In raising the energy of an electron 
synchro t ron, account has to be taken 
of the severe radiat ion loss w h i c h 
increases w i t h the four th power of the 
beam energy. Mak ing up this loss by 
r.f. cavit ies can be a very expensive 
business. This is w h y the staff of the 
Cornell 12 GeV synchrot ron are at­
tempt ing to develop superconduct ing 
accelerat ing cavit ies that w i l l be 
suitable for use in an electron syn ­
chrot ron env i ronment . 

The cavit ies cou ld make it possible 
to operate the accelerator at higher 
energies w i t h the same input power , 
or to operate at present energies w i t h 
considerable savings in electric power 
costs. For example, the r.f. power into 
a 1 m A electron beam at 12 GeV in the 
Cornell synchrot ron is about 20 kW, 
wh i l e the r.f. power del ivered to the 
present cavit ies is about 220 kW. 
W i th superconduc t ing cavit ies, 220 kW 
w o u l d permit accelerat ion of a 1 m A 
beam to 17 GeV. Al ternat ively, one 
cou ld still operate at 12 GeV but 
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/. Schematic drawing of the 'muffin-tin' design. 
of the superconducting r.f. cavity under develop­
ment, at Cornell. The open slot between the 
top and bottom sections acts as a waveguide 
beyond cut-off and allows the synchrotron 
radiation to escape without damaging the super­
conducting surfaces. 

2. Sketch of the accelerating cavity and its 
cryostat. As indicated, the synchrotron radiation 
can emerge from the dewar through a thin stain­
less steel window. 

w i t h an r.f. power on ly s l ight ly in 
excess of 20 kW. 

The technical di f f icul t ies in using 
superconduct ing cavit ies in a synchro ­
t ron are somewhat di f ferent f rom 
those encountered in a l inac app l ica­
t ion because of the synchrot ron radia­
t ion w h i c h emerges f rom the electron 
beam. In order to avoid expos ing the 
superconduc t ing surfaces to the i n ­
tense sheet of ul traviolet radiat ion, an 
open type of accelerat ing wavegu ide 
is being developed. The structure, a 
short length of w h i c h w i l l soon be 
instal led in the synchro t ron, operates 
at about 3 GHz. A n artist 's concep t ion 
of the cavi ty w i t h its cryostat is s h o w n 
in the Figure. Single cavi ty tests in the 
laboratory have already s h o w n Q's 
over 1 0 9 and f ields greater than 
3 M e V / m . 

DARESBURY 
Polarised photons 
A polarised pho ton beam has recently 
become available to experimental ists 
at Daresbury. The first exper iment 
(neutral p ion pho toproduc t ion ) has 
already been completed and the 
second (eta pho toproduc t ion ) is near-
ing comple t ion . Future studies w i l l 
involve the s imul taneous use of a 
polarised proton target open ing up a 
complete ly n e w range of exper iments. 

The first polarised pho ton exper i ­
ment was performed by a team f rom 
the Universit ies of L iverpool , G lasgow 
and Sheff ie ld. They measured the 
asymmetry parameter in the react ion: 

Y + P-*TC° + P 

using a l iquid hydrogen target. Data 
was taken in the range f rom - 0 . 2 to 
- 1 . 4 ( G e V / c 2 ) for pho ton energies of 
1.5, 2.0 and 2.5 GeV. A p ro ton -gamma 
co inc idence was the tr igger, the p h o ­
tons f rom the neutral p ion decay 
being detected in a lead-glass h o d o -
scope that was suff ic ient ly close to 

the target to catch both decay p h o ­
tons in a large number of cases. Only 
these ' t w o decay pho ton ' events were 
selected for the data analysis. The 
direct ion of a pho ton was determined 
by f ind ing the centre of the electron 
shower it ini t iated by observing the 
d is t r ibut ion of pulse heights f rom the 
hodoscope. Analysis of the results 
w i l l be completed soon. 

The pho ton beam is l inearly polar­
ised w i t h a typical polarisation of 

70 %. It is produced by coherent 
bremsstrahlung f rom an or iented d ia ­
mond target s i tuated w i t h i n the v a ­
cuum vessel of the 5 GeV electron 
synchrot ron. Details of exist ing beam-
lines and the lay-out w i t h i n the 
experimental hall d ictated that the 
d iamond target be posi t ioned w i t h i n 
a magnet sectof of the synchrot ron, 
w h i c h meant that some di f f icul t e n ­
gineer ing problems had to be solved. 
The main prob lem was or ient ing the 
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Intensity of the photon beam emerging from the 
Daresbury electron synchrotron plotted against 
the photon energy in GeV. Unpolarised photons 
give rise to a background upon which can be 
clearly seen the peak due to the polarised 
photons. Polarisations of, typically, 70% have 
been used in experiments with photon fluxes 
of several 109 equivalent quanta per second. 
The cut off at about 4 GeV is the normal end 
of the bremsstrahlung spectrum. 

d iamond w i t h respect to the electron 
beam. The crystal axes of the d iamond 
can be set to a precision of +0.1 mr 
and maintained in the correct d i rec­
t ion by cont inuous ly mon i to r ing the 
spectrum w i t h a pair spectrometer 
on- l ine to a PDP 8 computer . 

In sett ing up the polarised beam, 
col l imators are used to sift ou t cohe­
rent bremsstrahlung in the fo rward 
di rect ion f rom the background of 
incoherent radiat ion w h i c h has a 
broader angular d is t r ibut ion. As a 
typical example, w h e n the synchro­
t ron is operat ing at 4.5 GeV and the 
beam is col l imated to 10~4 radians, a 
spike is produced in the energy d is t r i ­
bu t ion at 1.5 GeV w h e n the (022) 
d iamond latt ice plane lies closely 
a long the electron beam di rect ion. 
The linear polarisation of the beam in 
the energy peak is then about 70%. 
The amount of internal electron beam 
that can be used is l imited by the pair 
spectrometer to about 0.3 jxA and th is 

corresponds to about 4 x 1 0 9 equ i ­
valent quanta per second. 

The pair spectrometer has an energy 
resolut ion of 1 %. The e lec t ron-pos i ­
t ron pairs produced in a th in radiator 
(about 10~4 radiation lengths) are 
detected in co inc idence by an array of 
scint i l lat ion counters. A t any energy, 
a rough f igure for the polarisation is 
g iven by the ratio of the height of the 
peak above the background c o m ­
pared to the total height. The system 
has been successful ly used w i t h a 
polarised beam of up to 3 GeV. 

MANCHESTER 
Ten years of heavy ions 
The Universi ty of Manchester heavy 
ion linear accelerator has reached ten 
years of operat ion and its research 
programme is n o w more l ively than 
ever due to the new heavy ion 

interests of the cosmic ray c o m ­
muni ty . 

The machine began life very m o ­
dest ly in 1960 accelerat ing ions to 
energies of 1 MeV per nuc leon. This 
was using a tank of the S loan-
Lawrence type 9 m long w i t h 40 dri f t 
tubes fed w i t h 600 kW of power at 
25 MHz . Very* soon afterwards, t w o 
other tanks of the Alvarez type were 
added tak ing the ou tpu t energy to 
near 10 MeV per nucleon in 1963. 
Tank 1 is about 14 m long w i t h 48 drif t 
tubes fed w i t h 1.3 M W of power at 
75 M H z ; Tank 2 is about 13 m long 
w i t h 27 dri f t tubes fed w i t h 1.8 M W of 
power at 75 M H z . The linac is pre­
sently undergo ing further improve­
ment to increase its repet i t ion rate 
f rom 16.6 to 25 pulses per second and 
to increase the pulse length to over 
3 ms. There are also some ion source 
modi f icat ions being carried out f o l ­
l ow ing techniques developed at Orsay. 

Col laborat ion w i t h other European 
Laboratories has been under w a y for 
many years — part icularly w i t h nuclear 
physics research centres in France and 
the Federal Republ ic of Germany. The 
Manchester Laboratory is of a scale 
w h i c h makes such contacts very easy 
and f lexible — the high energy physics 
commun i t y has almost forgot ten the 
days w h e n an exper iment cou ld be 
arranged by the simple exchange of 
letters. 

Four beam-l ines are available in an 
experimental area of about 40 m 2 . They 
can provide ions f rom hel ium 3 t o 
krypton w i t h energies usually set at 
either 1.04, 4.14 or 9.6 MeV per 
nuc leon. Typical intensit ies are 4 x 1 0 1 2 

particles per second of oxygen 16, 
2 X 1 0 1 1 of magnesium 24, 3 x 1 0 1 0 of 
argon 40, 10 9 of iron 56, 10 8 of 
krypton 84. 

The accelerator has suppor ted a 
large number of experiments in nuclear 
physics over the years. Dur ing the last 
t w o years, the abi l i ty to provide beams 
of elements such as i ron, copper and 
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On top of the Alvarez tanks of the Manchester 
heavy ion linac looking towards the high energy 
end. The drift tube stems can be seen 
emerging from the tanks and the array of 
pipework is for machine cooling. 

(Photo Callaghan-HILAC) 

Scanning electron micrographs of feldspar 
grains from the surface of the moon which have 
been irradiated by iron ions at 540 MeV. 
Micrograph (1) is of an unannealed sample; 
micrograph (2) is of a sample annealed for three 
days in vacuum at 150°C. They were produced 
at the Manchester linac in an experiment by a 
team from Or say. 

k ryp ton has at t racted the cosmic ray 
physic is ts part icular ly because of the i r 
interest in s tudy ing the behav iour of 
heavy ions. For example, rocks f r o m 
the surface of the m o o n have been 
compared w i t h samples bomba rded 
w i t h i ron ions. This sort o f s tudy can 
c o n v e y a lot of in fo rmat ion abou t the 
compos i t i on and energies of cosmic 
rays. 

A t present a major search for super­
heavy e lements is be ing prepared at 
the accelerator. It w i l l invo lve b o m ­
bard ing u ran ium w i t h copper ions 
f o l l o w e d by observat ion of emerg ing 
heavy ions w i t h mica detectors . The 
to ta l number of part ic les t o be used 
( 1 0 1 6 t o 1 0 1 7 copper ions) w i l l make 
th is one of the most t h o r o u g h searches 
yet per fo rmed. 

The large number of submi t t ed 
papers demonst ra ted the g r o w i n g 
interest in th is conference series. As 
far as possib le, the papers were pre­
sented by thei r authors in d iscuss ion 
sessions chai red by M . Block, L. Foa' , 
S. Fub in i , W . Kit tel , I. Pless, G. Ranft , 
P. T rowe r and A. Za lewsk i . 

Bo th sc ient i f ica l ly and socia l ly , th is 
meet ing p roved a great success. The 
on l y d r a w b a c k w a s that many phy ­
sicists c o u l d not a t tend due to the 

l imi ted number of par t ic ipants for th is 
con ference series. Proceedings are 
n o w avai lable f r om La Gol iard ica 
Pavese, V. le Taramel l i 16 , 1-27100 
P A V I A ( I ta l y ) . 

Pavia Conference 
The proceed ings of the IVth Inter­
nat ional S y m p o s i u m of Mu l t i pa r t i c le 
Hadrodynamics are n o w avai lable. The 
S y m p o s i u m w a s held at Pavia in I taly. 
It w a s organized by F. Du im io , S. 
Ratt i and A. G iovann in i and held f r o m 
31 A u g u s t t o 4 September 1 9 7 3 . It 
w a s the f ou r th in an excel lent series o f 
top ica l conferences on mul t ipar t ic le 
p r o d u c t i o n , be ing preceded by Paris 
( 1 9 7 0 ) , Hels inki ( 1 9 7 1 ) and Z a k o ­
pane ( 1 9 7 2 ) . 

The aim w a s to d iscuss the mos t 
v i ta l quest ions on th is rapid ly g r o w i n g 
t op i c in more detai l t han w a s possib le 
at the general e lementary part ic le c o n ­
ference in A i x (6 t o 12 Sep tember ) . 
Th is a im w a s we l l realized to t he 
sat is fact ion of abou t a hund red par t i ­
c ipants . Rev iews and inv i ted ta lks 
we re g iven by J . Ba l lam, G. Bel le t in i , 
A . Bialas, H. Cheng , C. de Tar, 
J . G u n i o n , A . D . Kr isch, J . Lach , 
A . Levesque, F. L o w , A . D . M a r t i n , 
P. Schube l i n , J .C. Sens, L. Van Hove , 
G. Venez iano, A . W r o b l e w s k i , J . 
Y o u n g , and A. Z ich ich i . 
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E U R O M A R K E T ASSOCIATES D r . R . J a n k o w & cie 
Case postale 14 

REPRESENTATIVES OF 

C H - 1 2 4 6 Corsier Geneva-Switzerland 

ORTEC/EG & G NIM, CAMAC, Detectors 
BIOMATION : transient & waveform recorders 

Tel. (022) 51 23 52 

Bicron : Nal (T1) detectors 
General lonex : ion sources 

Telex 28 667 FLUJA CH 

Cahn : balances and microbalances 
General Photonics: YAG lasers 

biomotion 
ANNOUNCES 

MODEL 810-D 
DIGITAL LOGIC RECORDER 

STORES 256 LOGIC STATES ON EACH OF 8 SIGNALS AT 10 MHz. 

FEATURES: 
• E I G H T LOGIC S I G N A L C H A N N E L S W I T H 1 INPUTS 
• PRESENTS 8 x 250 BITS OF R E C O R D E D D A T A ON 

SCOPE IN E A S I L Y - I N T E R P R E T E D T I M I N G - D I A G R A M 
FORM 

• INPUT L A T C H MODE S E L E C T I O N P R O V I D E S DETEC­
T I O N OF R A N D O M PULSES—AS N A R R O W AS 30 NS 

• S E L E C T A B L E LOGIC T H R E S H O L D S I N C L U D E T T L & 
E I A L E V E L S 

• S Y N C H R O N O U S C L O C K INPUT T O 10 MHz 
• OR I N T E R N A L C L O C K S E L E C T I O N - 2 0 Hz T O 10 MHz 
• SAVES S E L E C T A B L E A M O U N T OF P R I O R - T R I G G E R 

D A T A 
• D I S P L A Y E X P A N S I O N G IVES PRECISE T I M E A N A L Y S I S 

OF D A T A 
• D I G I T A L O U T P U T A L L O W S C O M P U T E R A N A L Y S I S OR 

MASS S T O R A G E 

Waveform 

doesn't have to be 
all that 
complicated. 
Tape deck, strip c h a r t convent iona l scope and camera 
—the o ld ways die hard. 

But w h y make transient wave fo rm recording all 
that compl icated? N o w you can easily s top, record, 
observe, and process fast, s ing le-shot (or repeti t ive) 
signals or pulses, w i t h o u t all the o ld - fash ioned, 
t ime-consuming apparatus. 

For example, you can s top any non-recur r ing s igna l— 
like a nuclear pulse, sonic b o o m , or power l ine transient 
—and store it d ig i ta l ly at ana log- to -d ig i ta l convers ion 
rates up to 100 M H z per sample w i t h 8 bi t resolut ion. 

You can even record the data preceding your tr igger 
signal so that you can s tudy cond i t ions leading up to 
the tr igger point . 

Then you can transfer recorded data d ig i ta l ly to a 
computer or to other digi ta l processors or peripherals; 
whatever is most convenient for you . Or, you can present 
the analog equivalent on a CRT display. Or make a 
permanent record on a str ip chart or Y -T recorder. 

M O D E L 8100 
8 BIT 100 M H z 2000 W O R D 

M O D E L 1015 
10 BIT 100 k H z 4000 W O R D 

4 CHANNELS ! 
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A new surface analysis method 
for the uppermost 
monolayer region... 

...is the static secondary ion mass spectrometry 
(SIMS), used in an ion macroprobe under UHV 
condition.The ultra high vacuum system UTS202 
designed for this method is pumped down by a 
turbo-molecular pump and is bakeable at temper­
atures up to 400°C.The vacuum 
chamber is specially designed to 
facilitate the simple combination 
of SIMS with AES (Auger-Electron 
Spectrometry). 
Other features: 
• high surface sensitivity 
• direct detection of chemical 

compounds 
• detection ofall elements, includ­

ing hydrogen 
• separation of isotopes 
• only negligible surface 

L B K 8 0 0 0 0 3 PE D N 1 6 2 8 

changes result from the analysis process 
• limits of resolution: < 10" 6 of a monolayer 

or<c10~ 1 4g for many elements and compounds. 
Basic possibilities: 
• surface analysis in the monolayer region 

• observation of surface reactions 
• analysis of inner boundary films 

and plotting concentration pro­
files of thin films 

• bulk analysis. 

Fields of application: 
Research, development and pro­
duction control in: 
Chemistry, Metallurgy, Semi-con­
ductor and thin film technology, 
Vacuum technology, Surface tech­
nology. 

BALZERS-owned Sales Companies i n : 

Zu r i ch (CH) ,F rank fu r t /M (D ) , W i e n (A ) , 

Kungsbacka (S), Berkhamsted (GB), 

LSanta Ana (USA), Meudon (F), Mi lano (I) 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechn ik und Dunne Schichten 
FL 9496 Balzers 
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SECURITY DEPENDS ON CCTV-

NEED AMPLIFIERS ? 
We have everything 

from High Power Broadband 
65 dB gain. Fully protected. No tuning. No bandswitching. 

Let INSTRUMENTS FOR INDUSTRY comvert your signal generator, sweeper or syn thesizer 
to a powerful kilowatt source for * RFI /EMI Susceptibil ity Testing * Biological Research 

* Driving Ultrasonic Transducers 
* EMP Simulation 
* High Energy Particle Deflection 
| * General Lab High-Level Power Source 
I* Test Equipment Calibration 

- Other models, f rom 5 watts to 5 kilowatts. -

* NMR, ENDOR Spectroscopy 
* Driving Higher Power Amplifiers 
* Broadband Communications 
* Component and Material Testing 
* Driving Electro-Optical Modulators 

...to Low Power High Frequency 
MICROWAVE POWER DEVICES, INC. now offers 54 models of SOLID STATE lab amplifiers! 

High standards of reliability and performance, spanning 
the f requency spectrum from 10MHz to 4.2 GHz, with 
power outputs up to 10 watts. All have built-in power sup-1 
ply, higher eff iciency, improved harmonic suppression, | 
10 t imes more reliability, better performance at low vol­
tages, lower noise f igure vs. power output, full power 
output even when over-driven, and complete protection 
against-open or short circuits. 

Class A Linear Write to us for details on these and any other electronic equipment you need Wide Band 
International Sales 

P.O.Box 1285 Hallendale, Florida 33009 
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ANDONEEVVHXCONS 
Reliable operation - hour after hour, 

year after year - is essential for closed 
circuit cameras. You're more likely to 
get this kind of consistent reliability 
with tubes from the vidicon 
experts :EEV. 

EEV vidicons cover all T V 
pick-up applications, in mono or 
colour, for most cameras - in 
electrostatically focused and 
magnetically focused types 
(separate or integral mesh) 

with a range of photo-
surfaces. Special rugged 

types are available to with­
stand shock or vibration. 

The EEV vidicon range is wide. 
And it grows. And every tube 

offers you the benefits of EEV ex­
perience : good picture geometry and 

resolution and a long life expectation. 
Write for type lists: or if you have a 

problem, call our camera tube engineers 
at Chelmsford. 

EEV AND M-OV KNOW HOW. 
ENGLISH ELECTRIC VALVE CO LTD,Chelmsford, Essex,England CM1 2QU.Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. I 

robinets a souf I let metallique 
• Corps matrice en 

laiton ou inox 
• etancheitevis-a-vis 

de I'exterieur me­
tallique. 

Etudes 
de t ous p r o b l e m e s 
spec iaux et de ser ie . 

n . 
E 

SELFA 
62, rue de la V i l le t te 
75019 PARIS F R A N C E 
Tel . 607.35.29 - 205.38.26 
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• 0 5 a 200 mm 
• Corps droit ou equerre 
• Temperature : 270°C a 

+ 650°C 
• Pression : ultra-vide a 500 

bars 
• Reglage d'ouverture a le-

veetotale,a passagedirect 
• Signalisation electrique 
• Commande pneumatique 

et a distance 
• Indicateur de position. 



FAST, FASTER, FASTEST 
0,3 ns transit time fluctuation is the new 
standard in photomultipliers. 

T h e n e w XP 2020 se ts t he s ta te -o f - t he -a r t f o r 
h igh s p e e d p h o t o m u l t i p l i e r s . A t r ans i t t i m e 
f l u c t u a t i o n of o n l y 0,3 ns a n d a 1.5 ns r ise t i m e 
m a k e s it i dea l f o r fas t c o i n c i d e n c e t e c h n i q u e s 
or C e r e n k o v d e t e c t i o n s . M o r e o v e r it is 
c o m p e t i t i v e o n p r i c e w i t h s l o w e r e q u i v a l e n t s . 

A l m o s t as fas t is t he n e w P M 2203, a 12-s tage 
l i n e a r - f o c u s e d t u b e w i t h a b i -a l ka l i 
p h o t o c a t h o d e . It is idea l f o r a p p l i c a t i o n s hav ing 
low l u m i n o u s f l uxes , s u c h as s i n g l e p h o t o n 
c o u n t i n g , as w e l l as f o r t i m e m e a s u r e m e n t s . 

T h e t ab l e b e l o w g i ves t h e m a i n s p e c s . 
Da ta s h e e t s a n d s a m p l e s f o r eva l ua t i on are 
ava i l ab le o n reques t . 

XP 2020 RM2203 
Spectral response type D type D 
Useful cathode diameter 42 mm 45 mm 

Quantum eff ic iency at 400 \im 2 5 % 3 0 % 
Cathode sensit ivity at 400 j im 85 mA/W 100 mA/W 
Rise t ime 1,5 (is 1,6 ns 
Transit t ime f luctuat ion 0,3 ns 0,35 ns 

Gain at 2,6 KV 10 8 10 3 

Type PM 2203 is a direct replacement for type 8575 and 
a near equal to the 9814B. 

For m o r e i n f o r m a t i o n on t h e s e n e w t u b e s p lus an 
u p d a t e d p r o d u c t s u r v e y of t h e ex tens i ve 
Ph i l i ps r a n g e w r i t e t o : 

Phil ips Industries, Electronic Components and 
Materials Division, Eindhoven - The Netherlands 

Distr ibuted and sold in the U.S.A. by : Amperex Electronic Corporat ion 
230 Duffy Avenue, Hicksvi l le N.Y. 11802 

In Canada : Phi l ips Electron Devices 
116 Vanderhoof Avenue Toronto 17 - Ontario 

^ i p s l Electronic f > l _ J I I I 
Components rWW I LI r & 
and Materials 
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NEW 

SEN 
6000 SERIES 

SPECTRUM 
ANALYZERS 

THE REAL TIME 
OPERATORS 

SEN 

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

1211 GENEVE 13 - SUISSE Case postale 39 - 31 , av. Ernest-Pictet - Tel. (022) 44 29 40 - Telex 23359 - Cables SENELECTRON 

Z U R I C H H A M B U R G 

SEN ELEKTRONIK AG SEN E L E K T R O N I K G m b H 

Te l . 0 1 . 8 6 51 0 3 / 0 4 . T e l e x . 5 8 2 5 7 C H . Te l . 0 4 1 0 3 / 6 2 8 2 . T e l e x . 2 1 8 9 5 4 8 D . 



Ultra 123 
le taraud 

robuste 
pour matieres 

difficiles 
a travailler 

Ultra GG 
le taraud 
special 
pour fonte, 
a rendement 
superieur 

105 Ultra 
le taraud 
universel 

131 Ultra 
le taraud 

special 
pour trous 
borgnes 
a rendement 
superieur 

Notre programme Ultra 
est une speciality 

de toute premiere classe 
et signifie pour vous: 
meilleur rendement! 

Avec ces quatre types Ultra 
vous resoudrez 

tous vos problemes 
de taraudage. 

C h a r l e s ITIanigley+Cie 
2572 Sutz - Suisse Tel. 032 - 711 51 Telex 34 451 "J 

i l l iS l i 

Circuits imprimes 

Ch. de Rionza 5 — 1020 Renens/Suisse 
Tel . (021) 2 5 6 6 6 6 - 65 Te lex 2 5 6 4 0 

Hochleistungsblitzsysteme fur 10 kWs Blitz fur Blasenkammern, 
Photolyse, Fluoreszenzanregung, Photo-Stimulation und optische 
Pumpsysteme. 
txs-Kinematographie bis 10 6 B/s zur High-Speed-Analyse von 
Windkanalen, Schlierensystemen, sowie fur Mikrokinematographie 
und Ballistik, Synchronisation mit High-Speed-Kameras. Adapter 
fur Turbulenz- und Stromungsforschung mit tragheitsfreien 
Wanderfunken fur Grenzschichten, 3-dimensionale Stromung und 
instationare Vorgange. 

Schnelle Stromung sichtbar gemacht mit 30 kHz 
150 kV Funkengardine. 
Trommelkamera STROBODRUM fur Streak- und Smear-Aufnahmen 
von Spektren und Entladungen. 

I M P U L S P H Y S I K G m b H 
2 H a m b u r g 56 (R issen) S u l l d o r f e r L a n d s t r . 400 
Te l . (040) 81 21 51 / FS 02189 514 f f i d 
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The 
Ri i r lnot 

Crate 

Interface 

Camac, t h e m o s t f l e x i b l e i n t e r f a c e a 
c o m p u t e r can have, can be very e c o n o m i c 

Look at the Borer approach. 
Borer designs every Camac product for the 
best system performance/cost ratio that 
technology can buy. 

Here, for example, wi th a POP 1 1 : 
Crate I n t e r f a c e , Type 1533 A 
- Transparent cycle-saving operation in read 

and write modes 4 

- Buil t- in vector generator for speediest 
interrupt handling 

«* Full use of individual priority selection even 
wi th up to 10 crates 

- Diagnostic and driver software available 

NPR C o n t r o l l e r , Type 1542 
- Effectively provides DMA operation 
-~ Operates in address scanning, block transfer 

or increment mode 

U n i b u s Extenders , Types 1594,1595 
~ Permit Camac systems to be distributed 

over distances of up to 200 m 

Borer also p r o d u c e s a w i d e s p e c t r u m o f 
i n p u t / o u t p u t m o d u l e s .as-well as t 
m o s t - p r o v e n c r a t e - b q t t h e n t » « i * « . » . . 

o f t h e Camac business f o r so man 

4 Th. Ziirrer+Cie. 
Birmensdorferstrasse 4 7 0 , 8 0 5 5 Zurich (Suisse) 

Telephone (01) 35 25 55 , Telex 5 4 5 0 6 



P R O B L E M : Y O U S I M P L Y W A N T TO K N O W M O R E A B O U T Y O U R 
V A C U U M T H A N J U S T THE T O T A L PRESSURE 

Replace y o u r ex is t ing ionisat ion 
gauge w i t h t h e CENTRONIC A1G 50 
Measure t o t a l and part ial pressures 
w i t h one l o w cost i n s t r u m e n t 

N o w f o r t h e f i r s t t i m e a t l i t t l e m o r e t h a n t h e p r i ce o f a c o n v e n ­
t i o n a l i o n gauge, b o t h t o t a l and pa r t i a l pressure m e a s u r e m e n t 
can be made w i t h t h e same i n s t r u m e n t ! T h e A I G 5 0 opera tes 
in t h e pressure range 1 0 ~ 3 t o 1 0 ~ l 0 t o r r and in t he mass range 
2 t o 5 0 a . m . u . a n d is as s i m p l e t o use as a n o r m a l i o n i s a t i o n 
gauge. T h e A I G 5 0 h o w e v e r d i sp lays i m m e d i a t e l y pa r t i a l press­
ures u p t o 5 0 a . m . u . b y m a n u a l t u n i n g t o each mass n u m b e r , 
a n d at t h e f l i c k o f a s w i t c h gives i n s t a n t t o t a l pressure readings. 
I t can also accep t an e x t e r n a l mass scan sweep s ignal . 

The sensing head is disposable 
and supplied wi th a glass or flange 
mounting and requires no magnet. 

Please write for technical literature, to: 

T W E N T I E T H C E N T U R Y E L E C T R O N I C S L I M I T E D 
K i n g H e n r y ' s Dr ive , N e w A d d i n g t o n , C r o y d o n C R 9 0 B G , E n g l a n d 
Telephone Lodge Hill 2121 Telex 896474 

Manufacturers of Quadrupole Mass Spectrometers, Leak Detectors and associated analytical equipment 

Special Wires and Cables for Electronic Use from our 
Standard Range or Tailored to your Requirements 

Contro l and Signal Cables 
Min ia ture Contro l Cables 
Branch H i g h w a y Cables ( C A M A C listed) 
Coaxial and H igh Frequency Cables 
In terconnect ing Cables for Data Transmission 
Equ ipment Wires 
Flat Cables, bonded or w o v e n 

W e are ready to help you solve your w i re and cable problems 

Leonische Drahtwerke AG 
Marienstrasse 7 

D 85 NURNBERG (Federal Republ ic o f Germany) 

Te lephone : ( 0 9 1 1 ) 204881 Telex : 0 6 / 2 2 1 1 1 



How EG&G/Ortec can help you 
spend less on NIM systems. 

Our new generat ion of 6V NIMs lets you 
des ign your exper iment wi th less regard 
for budgetary constraints. 

The reason is pack ing density. We 've 
packed more capabil i ty per NIM wid th 
into our new M300 Series modu les than 
you ' re accus tomed to seeing. So you 
w o n ' t have to purchase as many m o d ­
ules. Bin space will go farther, too. 

Deve lopments of this magn i tude sel­
d o m c o m e about casually. This one 
s tems f rom a substant ial NIM develop­
ment effort in wh ich w e improved pack­
ing sensity by adopt ing low-heat-d iss ipa­
t ion 6V circui ts and using space-sav ing 
IC's and L E M O connec to rs wherever 
possible. Per formance, flexibility, and 
stability were enhanced . 

For comple te technica l data, con tac t 
your nearby Ortec representat ive or 
E G & G / O r t e c High Energy Physics P rod ­
ucts, 110 Mid land Road , Oak Ridge, 
Tenn . 37830. Phone (615) 482-4411. In 
Europe: Ortec Ltd., Dal low Road , Lu ton , 
Bedfordshi re. Phone 0582 27557. Ortec 
G m b H , 8 M i i nchen 13, Frankfur ter Ring 
8 1 , W. Germany. Phone (0811) 359-1001 . 

n 
H I G H E N E R G Y P H Y S I C S 

M300 Series modules in photo, left to right: 

AN302 /NL DC AMPLIFIER. Four independent, direct-coupled bipolar amps in a 
single-width NIM. Nominal gain of 4 per section, cascadable for gain of 256. Low noise 
and high bandwith (1.5nsec rise and fall times) for use with fast PMTs. 

AN308 /NL DUAL 8-INPUT MIXER. Fast response and bipolar input capabilit ies for 
current summing of either anode or dynode signals from fast PMTs. Simple 
interconnection of dual current outputs permits additional mixers to be used in 
parallel. 

F304/NL QUAD FANOUT. Four independent, direct-coupled sections with total fanout 
capability of 16 NIM fast signals (4 quad, 8 dual, 16 single). Unique time-over-threshold 
input discriminator permits reshaping of logic signals attenuated by long cable runs. 

C314 /NL DUAL MAJORITY COINCIDENCE. Two dual, 4-fold selectable majority logic 
circuits with direct-coupled veto. Operating speed 200MHz with better than 5nsec 
pulse pair resolution and 1.5nsec overlap at full NIM output. 

C315 /NL MAJORITY REGENERATIVE COINCIDENCE. Like C314, but with internal 
updating discriminator for each of the two coincidence sections. Output width 
adjustable from approximately 4 to 400nsec. 

GD300 /NL DELAYED GATE GENERATOR. Two identical t imers (GATE and DELAY), 
independently adjustable from 25nsec to 10msec. Timing cycle may be initiated with 
negative or positive pulses, or manually. GATE timer is automatically tr iggered at end 
of DELAY period. Dual ramp technique eliminates deadtime effects inherent in other 
designs. 

T304 /NL QUAD UPDATING DISCRIMINATOR. Two dual normal and one dual 
complement NIM fast outputs per section. Threshold adjustable from —25 to —500 mV; 
pulse width from 3 to 400nsec. CW rate 125MHz. 

T308 /NL OCTAL DISCRIMINATOR. Only one output pulse per threshold crossing 
(non-mult ipulsing). Two dual NIM fast outputs from each sect ion. Threshold adjustable 
from —25 to - 5 0 0 mV; pulse width from 7 to 500nsec. CW rate 100MHz. 
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ONE OF THE 2500 A V A I L A B L E 

HOKE VALVES 

316 SS 

OR BRASS 

- 4 0 ° C TO 600° F 

HIGH 

V A C U U M 

TO 1000 PSIG 

HOKE BELLOWS SEALE5 VALVES 
(4100 SERIES) 

DISTRIBUTOR FOR SWITZERLAND 

M A T K E M I AG 
4106 Therwi l 
Erlenstrasse 27 
Telefon 061 / 73 48 22 
Telex 62 440 

W e n n Sie For tschr i t t p lanen 

MESS- UND ® 
REGELTECHNIK 

Elektronische JUMO-TROWI- und TROFE-
PRINT-Temperaturregler fur Thermo-
elemente oder Widerstandsfuhler in Pla-
tinenhalterung oder 19"-Einschubkasten 
. . . die idealen platzsparenden Regler auf 
steckbarer Europaplatine 
U n i v e r s e l l e M o n t a g e d u r c h T r e n n u n g v o n 
S o l l w e r t e i n s t e l l e r u n d R e g l e r p l a t i n e . 

M. K. JUCHHEIM GMBH & CO • D-64 FULDA I 
Telefon 0661/831 Telex 04-9701 < 
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AKTIENGESELLSCHAFT 
D-731 Plochingen (Germany) 
Telefon 07153-611 
Telex 07266825 

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

POLYRADIAMETRE PORTATIF 

I P A B 7 1 Ref. 500 

Autonome, etanche, alarme 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- H a u t e t e n s i o n : v a r i a b l e d e + 2 0 0 a + 2 2 0 0 v o l t s 
s u r s o n d e 1 e t s o n d e 2 

- E c h e l l e d e m e s u r e : 1 0 - 1 0 0 - 1 0 0 0 - 1 0 0 0 0 c / s 
- P r e c i s i o n : r n e i l l e u r e q u e 5 % 
- L i m i t e s d e t e m p e r a t u r e : - 1 0 ° C + 5 0 ° C 
- S e u i l d u d i s c r i m i n a t e u r : 1 v o l t 

- C a p a c i t e s e q u i v a l e n t e s : G M - P M : 0 , 6 p F 

C P A - B F 3 - d i o d e s 0 , 0 4 p F 

C 0 M P T A G E 

ECHELLE DE C0MPTAGE SIMPLIFIEE 

E. C . S. 1 Ref. E. 521 

Portative, autonome, 6 decades 

C e r a m i c / M e t a l 
Combina t ions 
par t icu lar ly 
V a c u u m - Chambers 
U H V - F e e d t h r o u g h s 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- P r e t e m p s : 1 - 1 0 - 1 0 0 - 1 0 0 0 s ( p r e c i s i o n 1 0 ~ 3 ) 

- T e m p s d e r e s o l u t i o n : < 5 y s { f r e q u e n c e 2 0 0 K H z ) 

- I m p u l s i o n s a I ' e n t r e e : p o l a r i t e p o s i t i v e o u n e g a ­
t i v e d u r e e ^ > 1 0 0 n s 

- R e g l a g e d u s e u i l : 0 , 1 a 1 0 V 
- I m p e d a n c e d ' e n t r e e : 1 0 0 0 i \ 
- T e m p e r a t u r e d e f o n c t i o n n e m e n t : - 1 0 ° C + 5 0 ° C 

O I M a r d e u x 
85 Bd Gabriel Peri 92240 MALAKOFF - 656-65-35 + 

Us ine : 37600 Loches - FRANCE 

InTraFDP 
P a t . p e n d . 

T H E R M I C L A N C E 

Concrete Burning Drills, Cuts, Melts 
C o n c r e t e ( a l s o r e i n f o r c e d ) — S t e e l — 

C a s t - i r o n — G r a n i t e , e t c . 

simple — silent — quick — tidy — dust-
less — vibrationless — dangerless — 
economical — over and underwater 
Ask ' for nearest Agent through patent-
owner 

InTraVend A G Switzerland 
P.O.Box 8048 Zurich Tel.: 01 628822 
Telex 54 289 
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camac 
Analogue 

To Digital Converter 
JCAN 21 C/H 

16 000 CHANNELS 
200 Mhz 
Non integral linearity < 3.10"4 for 
98 % full scale 

For 16 384 channels. 
Non differential linearity < 3.10"3 

for 98 % full scale 
For 16 384 channels 

Built in two CAMAC modules 

JCAN 21 C : analogue funct ion : 
Ampl i tude to t ime conversion. 

JCAN 21 H : digital funct ion : 
t ime to digit conversion. 

The 14 bi t T T L result can be 
used w i th : 

• either a computer through 
CAMAC system 
A buffer memory type JMT 20 
is available, which can trans­
fer at once 256 x 16 bi t 
words w i th a unique transfer 
cycle. 

• or a memory block (type BM 
96 or BA 163) through the 
complementary module JCAN 
20 I. 

0 tHAhUl 1 ADC 

JCAN ~ 21C 
DUO liME 

2m mui aoc 
,: SCALER 

J C A » 2 1 H 

TO 
inkmnn 

~24V#200mA 

SAIP 

Schlumberger 

FOR MORE INFORMATION PLEASE CONTACT : 
SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France) 
Tel. : (1) 655.22.11 Telex : SAIPEX 25 075 F 



RICO-Kabelpritschen 
IKabelrinnen 

SerienmaBig vorgefertigte Standard-
Bauteile, aus Lagervorrat lieferbar, 
nach dem Baukastenprinzip 
zusammenzusetzen, ersparen viel Arbeitszeit 
bei der Planung, im Konstruktionsburo, 
in der Werkstatt und auf der Baustelle. 

RIETH & Co. 
Fabrik f i ir Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Tel. (07021) 45051 
Telex 07267881 

Max Banninger AG 
8050 Zurich 
Nansenstr. 1 
Tel. 1/46 36 42 

Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz type 1100 

livrables ex stock Zurich 

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

Armatures Phonix 
vannes d'arret et de reglage 

Demandez la documentation aupres de 
i i t y t p i Oerlikonerstrasse 88 
V V i n n n tel. 0 1 / 4 6 4 0 4 0 
vorm. WISMER AG 8057 Zurich 

La mesure numerique, 
ses pieges, 

ses criteres de choix. 

Avant de parler d'un appareil de mesure plutot 
que d'un autre, il vaut peut-etre mieux parler de la 
mesure numerique. 

Chaque constructeur peut choisir ses criteres 
de maniere a presenter son appareil sous le 

jour le plus favorable. 
Chaque notice vous parlera done le langage 

qui lui convient. Celui qui dissimule au mieux ce 
dont on n'est pas tres fier. 

Parce qu'il n'existe pas de regies strictes 
pour l'enonce des caracteristiques d'un appareil 
de mesure numerique. 

Alors, avant de parler d'un appareil de 
mesure plutot que d'un autre, il vaut peut-etre 
mieux parler de la mesure numerique. 

C'est ce que vous propose Chauvin Arnoux 
avec son Guide pratique de selection: "La mesure 
numerique, ses pieges, ses criteres de choix". 

: Cette brochure est jjjjf destinee a faciliter votre choix 
car elle traduit en termes clairs 

F les caracteristiques de chaque 
type d'appareil et vous propose 

des comparaisons etablies sur des 
bases homogenes. 

Elle vous permettra de lire entre les lignes 
les documentations que vous aurez a consulter. 

Enfin, elle vous apportera une assistance 
non negligeable dans l'etablissement des calculs 
parfois compliques auxquels vous devrez obli-
gatoirement faire face avant de fixer votre choix. 

Chauvin Arnoux. 

Si vous desirez eviter quelques pieges, 
retournez-nous le bon ci-joint. 

I 1 
Bon a retourner complete pour recevoir la 

brochure "La mesure numerique; ses pieges, ses 
criteres de choix". 

Nom  

Societe  

Adresse  

Chauvin Arnoux-D6par tement Electronique 
190, rue Championnet 75890 Paris Cedex 18 
Telephone: 627.73.89 

. J 
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TRY 
S E M R A B E N I M E Y 

FOR 
NIM INSTRUMENTATION 
NIM HARDWARE 
CAMAC HARDWARE 
CAMAC CABLES 

(CERN RANGE) 
(FULL RANGE) 
(MODULES) 
(88 & 132 WAY) 

MODULAR POWER SUPPLIES (STABILISED) 
CUSTOM-DESIGNED EQUIPMENT 
COMPLETE SUB-CONTRACT FACILITIES 

S E M R A BENNEY (ELECTRONICS) LTD., 
BRICKFIELD LANE, CHANDLER'S FORD 
EASTLEIGH, H A M P S H I R E , UK, S 0 5 3 DP. TEL. (04215) 61147 & 5477 

0 LEVEL SHAPO* COWC.PRQCi SHAPES iif- mn TREE , _ lM<F Tm 

# § 

# § « 
§ 0 $ 
>4| i m out 

# 

« 
I i a t * 

3"* rf 2 'Si 4 
# • # I _ 

• • ; • *##3 
# 0 

• N E T 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'ceuvre 
Manutentions 

Office nouveau du nettoyage ONET 
tel. (91) 73 28 50 
tel. (1) 20815 57 
tel. 25 78 88 
tel. (50) 454641 
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 Geneve 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS, de I'ONU et de I'UIT a Geneve. 
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Entreprise de peinture 
Suisse 
Moyen-Orient 
Espagne- Italie 
Afrique du Nord 
Me de la Reunion 
Belgique 

C.E.R.N. - GENEVE 

Prezloso International S. A. 
Siege social : 

15, avenue Victor Hugo 
7 5 - P A R I S 16 e 

Direction administrative : 

B.P. N° 2 

SAINT-CLAIR DU RHONE 
38 370 
LES ROCHES DE CONDRIEU 

Tel. (74) 85 53 07 
85 52 28 

Te lex : 9 0 4 0 4 F 

The tapered slabbing and reaming drill is 
economical and very useful 

DRILLFILE 
s p e c i a l dr i l l 

for the economica l moun t i ng of car aerials and car 
radios, car cal l ing units as we l l as te lecommunica t ion 
devices DRILLFILE is recommended by leading f i rms 
all over the w o r l d . In its measurements DRILLFILE 
accommodates all requirements. 

T I P S W I T O O L 
1564 D O M D I D I E R / S w i t z e r l a n d 

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

PORTABLE PO LYRA DIAMETER 

I P A B 7 1 Ref. 500 
Self-powered, waterproof, warning 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- H igh v o l t a g e : can be regula ted f rom + 200 to 
2200 V o l t s 

- Ranges: 10 - 100 - 1000 - 10000 cps 
- A c c u r a c y : bet ter than 5 % 
- L i m i t o p e r a t i n g t e m p e r a t u r e : - 10° C + 50° C 
- D i s c r i m i n a t o r t h r e s h o l d : 1 v o l t 
- Equ iva len t c a p a c i t i e s : GM - PM - 0 . 6 p F 

CPA - BF3 - semi conductor 
d e t e c t o r s 0.04 pF 

C O U N T I N G 

ELECTRONIC COUNTING SCALE 

E. C. S. 1 Ref. E.521 
Portable, self-powered, six decades 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- P r e t i m e : 1 - 10 - 100 - 1 0 0 0 s (accuracy 10"3) 
- Reso lu t ion t ime : < 5 us f requency > 200 KHz) 
- Input p u l s e s : p o s i t i v e or negat ive ,durat ion^»100ns 
- Thresho ld a d j u s t e m e n t : 0.1 a 10 V 
- Input i m p e d a n c e : 100011 
- Work ing temperature range : - 1 0° C to + 50° C 

O IMardeux 
85 Bd Gabriel Peri 92240 MALAKOFF - 656-65-35 + 

Usine: 37600 Loches - FRANCE 
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Where all your attention has to be given to the process 
itself-there you will find the 

PFEIFFERTURBO 

As, for instance, in combination wi th this high 
vacuum coating plant BA 511 and many other 
units for which easy handling and simple opera­
t ion are absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high reliabi­
lity, wide working range at cons­
tant pumping speed,.. . there is 
still much more in it that is deci­
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of turbo-
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? W e 
shall be pleased to provide you 
wi th technically important infor­
mation on these pumps.Your post 
card wi th the catch word ..PFEIF­
FER TURBO" wil l do. By return 
mail you wil l receive detailed 
iterature. 

PM 800 005 PE 7308 

BALZERS-owned Sales Companies i n : 
Zu r i ch (CH) , Frankfur t /M (D ) , W i e n (A ) , 
Kungsbacka (S), Berkhamsted (GB), 
Santa Ana (USA) , Meudon (F), Mi lano (I) 

BALZERS 
ARTHUR PFEIFFER V A K U U M T E C H N I K GMBH 
Postfach 
D-6330 Wetz lar 
A company of the BALZERS-Group 



CTi's new Model 1204 Helium Liquefier/ 
Refrigerator was designed especial ly 
for the laboratory with a growing re­
quirement for l iquid helium or continu­
ous cooling of superconduct ing mag­
nets. It answers the need of research 
centers that have always wanted a 
reliable in-house supply of l iquid he­
lium, but felt that helium liquefiers were 
too expensive. 

The Model 1204 is a "compact" ver­
sion of the CTi Model 1400 Helium 
Liquefier/Refrigerator, widely used 
throughout the world in university, in­
dustrial and government laboratories. It 
is a reliable and inexpensive system 
that can provide up to 5 liters per hour 
of l iquid helium or 15 watts of refrigera­
tion at 4.5°K without liquid nitrogen pre-
cooling. Its optional, integral purifier 
and gas collection system allows reuse 
of helium gas recovered from experi­

ments. The Model 1204 is capable of 
both intermittent service and continu­
ous, around-the-clock duty without 
operator attendance. 

And . . . its cost is low (less than many 
scientific instruments commonly found 
in the laboratory). 

FEATURES 
• Hands-off, semiautomatic operation 
• No foundation required (The Model 
1204 can be moved easily) • Simple to 
install and operate • Proven design, 
standard components • Quiet, vibra­
tion-free • Liquefies directly into any 
storage or experimental dewar • 
Simple, preventive maintenance twice 
a year (The user can do it) • Parts and 
service available worldwide • Built and 
guaranteed by the world's leading man­
ufacturer of helium liquefiers 

A companion system, the new Model 
1220 Helium Refrigerator, is available 
to provide 75 watts of continuous-duty, 
closed-cycle cool ing at 20°K for hydro­
gen recondensing, target cool ing, and 
cryopumping appl icat ion. 

Write or call CTi today for complete 
technical and price data on the new 
economical helium liquefier/refrigerator 
that any laboratory can afford. And ask 
about CTi's complete line of c losed-
cycle refrigerators, l iquid nitrogen gen­
erators, dewars, and other cryogenic 
accessories. 

BIS CRYOGENICS AG 
CH-8052 Zurich • Glattalstra/3e 18 
Telefon 48 4680 • Telex 53899 
Subsidiary of CRYOGENIC TECHNOLOGY inc. 
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