


C E R N , t h e E u r o p e a n O r g a n i z a t i o n f o r 

N u c l e a r R e s e a r c h , w a s e s t a b l i s h e d i n 

1 9 5 4 t o p r o v i d e f o r c o l l a b o r a t i o n 

a m o n g E u r o p e a n S t a t e s in n u c l e a r r e ­

s e a r c h o f a p u r e s c i e n t i f i c a n d f u n d a ­

m e n t a l c h a r a c t e r , a n d in r e s e a r c h 

e s s e n t i a l l y r e l a t e d t h e r e t o ' . It a c t s as a 

E u r o p e a n c e n t r e a n d c o - o r d i n a t o r o f 

r e s e a r c h , t h e o r e t i c a l a n d e x p e r i m e n t a l , 

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

b r a n c h o f s c i e n c e is c o n c e r n e d w i t h 

t h e f u n d a m e n t a l q u e s t i o n s o f t h e b a s i c 

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

T h e O r g a n i z a t i o n h a s i ts s e a t a t M e y r i n 

n e a r G e n e v a i n S w i t z e r l a n d . T h e r e are 

t w o a d j o i n i n g L a b o r a t o r i e s k n o w n as 

C E R N L a b o r a t o r y I a n d C E R N L a b o ­

r a t o r y I I . 

C E R N L a b o r a t o r y I h a s e x i s t e d s i n c e 

1 9 5 4 . I ts e x p e r i m e n t a l p r o g r a m m e is 

b a s e d o n t h e u s e o f t w o p r o t o n a c ­

c e l e r a t o r s — a 6 0 0 M e V s y n c h r o - c y c l o ­

t r o n ( S C ) a n d a 2 8 G e V s y n c h r o t r o n 

( P S ) . L a r g e i n t e r s e c t i n g s t o r a g e r i n g s 

( I S R ) , a re f e d w i t h p r o t o n s f r o m t h e PS 

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

S c i e n t i s t s f r o m m a n y E u r o p e a n U n i ­

v e r s i t i e s as w e l l as f r o m C E R N i t se l f 

t a k e p a r t in t h e e x p e r i m e n t s a n d it is 

e s t i m a t e d t h a t s o m e 1 5 0 0 p h y s i c i s t s 

d r a w r e s e a r c h m a t e r i a l f r o m C E R N . 

T h e C E R N L a b o r a t o r y I s i t e c o v e r s 

a b o u t 8 0 h e c t a r e s a l m o s t e q u a l l y 

d i v i d e d o n e i t h e r s i d e o f t h e f r o n t i e r 

b e t w e e n F r a n c e a n d S w i t z e r l a n d . T h e 

s t a f f t o t a l s a b o u t 3 2 0 0 p e o p l e a n d , in 

a d d i t i o n , t h e r e a re a b o u t 1 0 0 0 F e l l o w s 

a n d S c i e n t i f i c A s s o c i a t e s . T w e l v e E u r o ­

p e a n c o u n t r i e s c o n t r i b u t e , i n p r o p o r t i o n 

t o t h e i r n e t n a t i o n a l i n c o m e , t o t h e 

C E R N L a b o r a t o r y I b u d g e t , w h i c h t o t a l s 

4 1 0 m i l l i o n S w i s s f r a n c s i n 1 9 7 5 . 

C E R N L a b o r a t o r y II c a m e i n t o b e i n g 

in 1 9 7 1 . I t is s u p p o r t e d b y e l e v e n 

c o u n t r i e s . A ' s u p e r p r o t o n s y n c h r o t r o n ' 

( S P S ) , c a p a b l e o f a p e a k e n e r g y o f 

4 0 0 G e V , is b e i n g c o n s t r u c t e d . C E R N 

L a b o r a t o r y I I a l s o s p a n s t h e F r a n c o -

S w i s s f r o n t i e r w i t h 4 1 2 h e c t a r e s i n F r a n c e 

a n d 6 8 h e c t a r e s in S w i t z e r l a n d . I ts b u d ­

g e t f o r 1 9 7 5 is 2 3 7 . 9 m i l l i o n S w i s s f r a n c s 

a n d t h e s t a f f t o t a l s a b o u t 4 5 0 . 

C E R N C O U R I E R is p u b l i s h e d m o n t h l y 

in E n g l i s h a n d F r e n c h e d i t i o n s . I t is 

d i s t r i b u t e d f r e e t o C E R N e m p l o y e e s 

a n d o t h e r s i n t e r e s t e d i n s u b - n u c l e a r 

p h y s i c s . 

T h e t e x t o f a n y a r t i c l e m a y b e r e ­

p r i n t e d if c r e d i t is g i v e n t o C E R N 

C O U R I E R . C o p i e s o f m o s t i l l u s t r a t i o n s 

are a v a i l a b l e t o e d i t o r s w i t h o u t c h a r g e . 

A d v e r t i s e m e n t s are p u b l i s h e d o n t h e 

s o l e r e s p o n s i b i l i t y o f t h e a d v e r t i s e r s . 

E d i t o r : B r i a n S o u t h w o r t h 

A s s i s t a n t E d i t o r s : H e n r i - L . F e l d e r 

M i c h e l D a r b i n 

A d v e r t i s e m e n t s : M i c h e l i n e F a l c i o l a 

P h o t o g r a p h s : P I O p h o t o g r a p h i c s e c t i o n 

P u b l i c I n f o r m a t i o n O f f i c e 

C E R N , 1 2 1 1 G e n e v a 2 3 , S w i t z e r l a n d 

T e l . ( 0 2 2 ) 4 1 9 8 11 T e l e x 2 3 6 9 8 

P r i n t e d b y : P resses C e n t r a l e s L a u s a n n e 

S.A. , 1 0 0 2 L a u s a n n e 

Contents 

Quarks in the bag and other ideas 3 8 3 

Some of the theories which attempt to explain why we do not see 

quarks in isolation inspite of the strong evidence that they exist inside 

all the hadrons 

The SPS is nearly there 3 8 6 

Progress in the construction of the CERN 400 GeV proton synchro­

tron which is nearing completion with the hope of starting the 

experimental programme next year 

A r o u n d the Laborator ies 

Mesons in the Soviet Un ion 39^6 

Construction of a 'meson factory' near Moscow; performance and 

plansatthe Dubna 680 MeV and Gatchina 1 GeV synchro-cyclotrons 

Meet ings 3 9 0 

Two Conferences scheduled for 1976 

T R I U M F : Experiment number 1 391 
First results from the Canadian cyclotron give pion cross-sections 

up to 500 MeV checking anomalous results on the way 

DESY: A t DORIS 391 
Electron-positron storage rings performing well after rebuild of 

injection system and studies on the new particles continue 

C O R N E L L : Honour ing Hans Bethe 392 

Nobel Prize winner, Professor Bethe, retires from Cornell 

C E A / I N 2 P 3 : Nuclear physics w i t h G A N I L 392 
Areas of research which will be accessible by the two-cyclotron 

system to accelerate heavy ions which is now being built in France 

F E R M I L A B : Us ing lots of protons 394 
Performance of the 400 GeV proton synchrotron and major features 

of the experimental programme which it supports 

INFN Conference 397 
Interdisciplinary Conference on informatics 

The COURIER f rom 1976 3 9 7 
New methods of production and distribution of the journal are to be 

implemented from the beginning of next year 

Cover photograph: This futuristic Christmas tree is a plastic scintillator cone 

which will be used by a CERN/Daresbury/Mainz/TRIUMF team in an 

experiment at the CERN 28 GeV proton synchrotron. Two groups of light guides 

convey any light signals, produced by particles passing through the plastic, 

to photomultipliers. The cone will slide close to a gaseous hydrogen 

target which will receive a beam of antiprotons. It allows through its 4 cm 

aperture (at the top in the picture) those particles which are aligned along the 

axis of the target where they may form protonium — a temporary union of 

a proton and an antiproton. The experiment will study this temporary union 

by observing the X-rays emitted as protonium 'de-exiles' through its possible 

energy states. (CERN 414.10.75) 

3 8 2 



Quarks in the bag 
and other ideas 

A mounta in of in format ion f rom 

experiments is te l l ing us that the 

hadrons, the particles that feel the 

s t rong force, are bui l t up of quarks. 

B u t if that is so, w h y have w e fai led 

to break open a hadron and get at an 

indiv idual quark? 

Some twe lve years ago, enough 

relat ionships had been f o u n d a m o n g 

the properties of the hadrons to po in t 

l p some under ly ing reasons for the 

lat ionships. Jus t as the propert ies of 

the electron c louds in the atoms 

explain the similarit ies a m o n g the 

chemical elements, so the propert ies of 

three more basic objects, g iven the 

name quarks, seemed to explain the 

similarit ies among all the then k n o w n 

hadrons. (We need to t h r o w in 

another quark to extend th is exp lana­

t i on to cover the more recent d iscov­

eries — see the Apr i l issue.) 

Hadrons come in t w o classes — 

baryons ( l ike the pro ton and neut ron) 

and mesons (l ike the p ion and kaon) . 

From combinat ions of three quarks w e 

can bui ld all the baryons; f r om c o m ­

binat ions of t w o quarks (a quark 

and an ant iquark to be more precise) 

" ^e can bui ld all the mesons. 

In addi t ion to this sat is fy ing fact 

that w e can bui ld all our part icles 

g iven a c lu tch of quarks, w e can also 

'see' quarks indirect ly w h e n w e look 

at the structure of hadrons in part icle 

scatter ing exper iments. No matter 

w h a t w e fire at the p ro ton , for 

example, the bombard ing part icle 

bounces of f as if three grains exist 

inside the pro ton. Whether w e shoot 

other protons, so that w e are seeing 

where the st rong force acts, or 

electrons, so that w e are seeing where 

the e lectromagnet ic force acts, or 

neutr inos, so that w e are seeing where 

the w e a k force acts, they all scatter 

f rom the proton as if three quarks were 

s i t t ing inside. 

Nevertheless, w e have never seen a 

quark direct ly. They shou ld be very 

easy to spot because w e believe that 

they carry a f ract ion ( 1 / 3 or 2 / 3 ) of 

the usual uni t electric charge. Because 

of th is , if one of them gets loose, it 

shou ld wr i te its name very large in 

many types of detector since the 

ionizat ion it causes w o u l d be much 

smaller than that produced by a 

normal charged particle ( ionizat ion 

being proport ional to the square of the 

charge) . Using this fact, quarks have 

been hunted at accelerators and 

storage rings up to the highest 

available energies and among cosmic 

rays but it has so far proved impossible 

to create or to liberate a single quark. 

Dur ing the past f e w years, theore­

t ic ians, frustrated by the fai lure of 

exper iments to come up w i t h a 

quark, have been busy th ink ing of 

reasons w h y it is impossible to come 

up w i t h a quark. This might be 

cal led the inverse of the T e y n m a n 

law ' w h i c h states that if a th ing can 

happen it does. The inverse is that if 

a t h i n g does not happen then it 

cannot . Our theoret ic ians have a 

var iety of ideas as to w h y w e cannot 

have an isolated quark. 

The most popular is the concept 

of a hadron as a ' bag ' w i t h such 

propert ies that the quarks that it 

conta ins cannot escape. The bag 

emerged part icularly f rom w o r k at M I T 

and S L A C and is in many ways an 

extension to three d imensions of 

some earlier w o r k on 'str ings' . The 

str ing model was first treated in 1968 

and o w e s much to the simple bar 

magnet . 

If w e take a bar magnet and snap 

it in half w e are left ho ld ing not a 

separated Nor th pole and South pole 

bu t t w o bar magnets each w i t h 

their Nor th and South pole. W e have 

never succeeded in isolat ing a single 

pole, or monopo le . There is no obv ious 

physics reason w h y this shou ld be so 

(on the contrary, their non-ex is tence 

in isolat ion introduces an u n c o m ­

for table lack of symmetry be tween 

electrical and magnet ic phenomena) . 

The parallel w i t h quarks is rather 

obv ious. 

Let's suppose that the quarks are 

'monopo les ' l inked by magnet ic l ines 

of force. From f ield theory (i.e. go ing 

back to the basic ideas w h i c h have 

proved so successful in expla in ing 

e lect romagnet ism) w e can see s i tua­

t ions where the magnet ic lines of 

force are compressed a long the l ine 

be tween the quarks becoming like an 

elastic str ing w h i c h jo ins them. ( C o m ­

pression of lines into bundles a long 

a part icular d i rect ion in this w a y is 

no th ing n e w — it is famil iar, for 

example, in superconduct iv i ty . ) W h a t 

happens w h e n w e then try to snap 

of f a quark? We extend the str ing and , 

w h e n the energy involved is enough 

to create a quark and ant iquark, the 

str ing breaks and w e are left ho ld ing 

not a separated quark but a quark-

ant iquark pair (a meson) . The d ia ­

gram overleaf might make this clearer. 

This model sees the meson as 

quark and ant iquark s i t t ing like m o n o -

poles on the end of an elastic str ing 

of magnet ic f lux lines and the hadron 

as three quarks similarly l inked by 

str ings. If w e in t roduce the idea that 

the str ing cou ld be sp inn ing about its 

axis balanced by centr i fugal force, w e 

can come out w i t h a series of particles 

or 'exci ted states' having regularly 

vary ing propert ies ( ly ing on Regge 

trajector ies) and so on . In other 

wo rds , f r om the str ing model many 

of the features of particle behaviour 

that w e can see in the 'real ' w o r l d can 

be deduced . As far as quarks are 

concerned the model explains, be­

g inn ing f rom some basic ideas, w h y 

quarks are ' con f ined ' and do not 

appear in isolat ion. 

The bag model carries over some of 

the ideas but begins at the other end — 

quark con f inement is fed into it f rom 

the start rather than emerging f rom it. 

W i t h i n the three-d imensional bag, 

the quarks bounce around like ' free' 
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Why we don't see an isolated quark... One 

idea takes its philosophy from the familiar 

magnet and our inability to isolate a single 

pole. The meson is a quark-antiquark system 

and the baryon a three-quark system the 

quarks being linked in each case by some 

magnetic-type 'string'. If we pull hard, supplying 

enough energy supposedly to liberate a quark, 

all we do is to create a quark and antiquark 

where we 'snap' the string. This is analogous to 

snapping a bar magnet giving us an extra 

North and South pole. 

particles ( w h i c h is in agreement w i t h 

exper imental observat ions) . But they 

do not leave the conf ines of the bag. 

W i th in the bag w e say that the 

quarks are exchang ing particles 

amongst themselves. This is a famil iar 

concept in part icle physics (see Apr i l 

1974 issue for a more extended 

d iscuss ion) . Br ief ly: The e lec t romag­

netic force acts by the exchange of 

particles cal led photons. A n electron 

k n o w s that another electron is there 

because a pho ton passes be tween 

them. The s t rong force acts by the 

exchange of particles cal led p ions. 

The a tomic nucleus holds together 

because protons and neutrons are 

s w a p p i n g pions. Associated w i t h each 

part icle there is a ' f ie ld ' of such 

exchange particles w h i c h causes its 

interact ions w i t h other part icles. In 

the e lect romagnet ic case the f ie ld 

stretches out to in f in i ty ; in the s t rong 

case the f ie ld is o f the d imensions of 

a nucleus. 

Coming back to the bag — each 

quark is aware of the existence of 

other quarks via some exchange 

particles. They are g lued together 

because of th is w h i c h led to the 

quark exchange particle being cal led 

the 'g luon ' . The extent of the bag in 

space is the l imit of the g luon f ie ld — 

the d imensions of a hadron. W e have 

to feed into our mathemat ical des­

cr ip t ion of th is the restr ict ion that 

the g luon f ie ld does not go beyond the 

boundary of the bag. 

We ascribe a novel property to the 

g luons. It has been g iven the name 

'co lour ' and comes in blue, red and 

ye l l ow varieties. (Be careful to take 

these as arbitrary w o r d s to n ickname 

a property. No one is actual ly assign­

ing paint brushes to the gods.) We 

say that a g luon conveys co lour f rom 

one quark to another but that the 

total co lour of a hadron is zero. This 

can come about in a baryon by hav ing 

a b lue quark, a red quark and a 

y e l l o w quark and in a meson by 

The meson 

ontiquarK 

having quark-ant iquark mixtures can­

cel l ing the co lour out . 

This picture of quarks and g luons 

is manageable by f ield theory, at least 

w i t h i n the bag ( leaving aside the 

conf inement business) since it is not 

all that far f rom our standard ideas on 

particle interact ions. Such calculat ions 

can g ive hadron propert ies like m a g ­

netic moments etc. . . w h i c h are in 

agreement w i t h exper iment. So the 

bag model remains popular. 

There is another approach w h i c h 

brings w i t h it the name 'so l i ton ' . It is 

based on concepts that have been 

k n o w n for over a Century appear ing 

first in hydrodynamics f o l l o w i n g a 

shrewd observat ion by Scot t -Russe l l . 

He descr ibed this so elegant ly that it 

bears repeat ing — 1 was observ ing 

the mot ion of a boat w h i c h was 

rapidly d rawn a long a nar row channel 

by a pair of horses, w h e n the boat 

sudden ly s topped — not so the mass 

of wa te r in the channel w h i c h it had 

put in m o t i o n ; it accumulated round 

the p r o w of the vessel in a state of 

v io len t agi ta t ion, then suddenly leav­

ing it beh ind , rol led fo rward w i t h 

great ve loc i ty , assuming the fo rm of 

large sol i tary e levat ion, a roundedT 

smoo th and w e l l - d e f i n e d heap of 

water , w h i c h con t inued its course 

a long the channel apparent ly w i t h o u t 

change of fo rm or d im inu t ion of speed. 

I f o l l o w e d it on horseback, and over­

took it sti l l rol l ing on at a rate of some 

eight or nine miles an hour, preserving 

its or ig inal f igure some th i r ty feet 

long and a foo t to a foo t and a half in 

height. Its height gradual ly d im in ished , 

and after a chase of one or t w o miles I 

lost it in the w i n d i n g s of the channel . 

Such , in the mon th of Augus t 1834 , 

was my first chance in terv iew w i t h 

that s ingular and beaut i fu l pheno­

menon. ' People don ' t wr i te about 

physics that w a y any more. 

The singular and beaut i fu l pheno­

menon comes mathemat ical ly as a 
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The bag theory has quarks confined within 

the particle. The forces between them are 

activated by the exchange of 'gluons' (just as 

charged particles exchange photons or 

nucleons exchange pions) but the gluon field 

does not extend beyond the boundary of the 

bag. 

classical so lut ion of a non- l inear 

equat ion descr ib ing waves in a c o n ­

f ined space. The cond i t ions of c o n ­

f inement were just r ight in Sco t t -

"^ussell 's channel for the w a v e to go 

on for ever w i t h o u t dy ing away. Such 

a localized region of h igher energy 

densi ty (be it a w a v e or a part ic le) 

w h i c h can travel in a part icular 

d i rect ion w i t h o u t chang ing w i t h t ime 

is called a so l i ton. This persistence 

- w i t h - t i m e property can be expressed 

mathemat ical ly in terms of a t o p o l o ­

gical quan tum number. 

Classical sol i tons concern on ly 

one space d imension and t ime. The 

connect ion be tween sol i tons and 

quarks is not very obv ious except that 

the sol i ton concept carries th is p rop ­

erty of someth ing exis t ing forever. 

W h e n theoret ic ians t o o k a look at the 

sol i ton and tr ied to generalize so that 

it appl ied in three space d imensions, an 

in t r igu ing fact emerged. 

Using the a l l -pervading f ie ld theory, 

they f o u n d it necessary to use the sort 

of mathemat ical t reatment (gauge 

theories) that has proved so successful 

in un i fy ing the e lectromagnet ic and 

weak forces. Also the forces invo lved 

need not be 's t rong ' even for the 

p roduc t ion of someth ing like a quark. 

Sol i tons can result f rom the act ion 

of weak forces in special c i r cum­

stances. They have monopo le type 

propert ies and can be l inked by 

compressed magnet ic f ields like the 

str ing model described above. Maybe 

sol i tons cou ld pul l the s t rong force 

under the same umbrel la as the 

w e a k and the electromagnet ic — a 

qui te remarkable possibi l i ty consider­

ing the t remendous dif ferences in 

their respective strengths. 

Finally, there is another co lour 

approach w h i c h is independent of the 

co lour in bags idea w e discussed 

above. It tr ies to s h o w w h y quark and 

ant iquark hang together, g iv ing us our 

mesons, or three quarks hang t o g e ­

ther, g iv ing us our baryons, but t w o 

quarks, four quarks, t w o quarks and an 

ant iquark etc, do not hang together . 

The name colour is g iven here to 

the property w h i c h causes at t ract ion 

or repuls ion be tween t w o quarks. 

Rather as in e lect romagnet ism, where 

the w o r d s 'negat ive charge' on the 

electron and 'posi t ive charge ' on its 

ant ipart ic le, the posi t ron, are used in 

descr ib ing the st rong attract ive force 

be tween t h e m , so co lour and ' an t i -

co lour ' describes the hold that the 

quark and its ant iquark have on one 

another. 

The hang ing together is permi t ted 

under ' in f ra-red slavery'. This is the 

opposi te of 'asympto t ic , f reedom' 

w h i c h says that at very short distances, 

or very h igh energies, particles behave 

as indiv iduals — w h a t is observed 

is then the ou tcome of the total be­

haviour of several free particles. Inf ra­

red slavery says that at large distances 

or l o w energies several particles can 

act together as one. Perhaps our 

quarks act together as hadrons and 

not as indiv iduals because our energy 

region is sti l l t oo l o w for them to 

escape f rom infra-red slavery. 

These models are di f ferent one 

f rom another and no w a y can they 

all be r ight. They all have some 

happy and some unhappy features. 

On ly more experimental evidence or 

more deve lopment of the models is 

go ing to tell us w h i c h is nearest the 

t ru th . Al ternat ively, of course, one of 

these days w e cou ld knock a quark 

free s o m e w h e r e . . . then w e w o u l d 

not need any of them. 
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The SPS is nearly there 
The work on the main magnets of the SPS 

will probably be complete by the time this 

article is in print. A thousand of them are 

sitting in the tunnel waiting for protons. Some 

of the correction magnets used for refined control 

of the behaviour of the particles in the machine 

remain to be installed and the photograph 

shows one of the sextupole type being 

measured. 

It has become t rad i t ion in the past 

f e w years to report progress on the 

const ruc t ion of the 4 0 0 GeV proton 

synchro t ron , the SPS, in our December 

issue. This is the last t ime w e w i l l 

be g iv ing this part icular seasonal g i f t 

t o our readers because the accelerator 

is on the br ink of comple t ion . Dur ing 

1975 the const ruc t ion of the machine 

has been successful ly steered th rough 

a shoal of problems. The year opened 

w i t h the myster ious b reakdown of the 

insulat ion on the main r ing magnets 

and con t inued w i t h a var iety of 

d i f f icul t ies o f ten or ig inat ing in the 

general economic recession in Eu­

rope. Despite th is , the project remains 

on schedule a n d , w i t h luck, physics 

shou ld be under w a y before the end 

of next year. 

Let 's begin at the beg inn ing w h i c h 

for the SPS is the PS. We reported 

last mon th (page 3 4 9 ) that the 

smaller synchro t ron is a lmost ready to 

fu l f i l l its role as injector. It is required 

to send 1 0 1 3 protons per pulse at 

10 GeV shaved off dur ing ten turns 

so as to f i l l 1 0 / 1 1 of the SPS r ing 

(7 km in c i rcumference) . The remain­

ing uni ts to complete this ' con t inuous 

transfer ' system w i l l be instal led in 

the PS dur ing the end-o f -year shut ­

d o w n . The sect ion of beam- l ine 

towards the SPS w h i c h is shared w i t h 

protons heading for the Intersect ing 

Storage Rings has been modi f ied and 

successful ly tested so that it can 

handle beam for the t w o dest inat ions 

on alternate pulses. In the next sec­

t ion of beam- l ine, w h i c h t i l ts d o w n ­

hill t owards the underground s y n ­

chro t ron , all the magnets are instal led 

and are being tested. 

Needless to say, the tunne l d o w n 

to the machine and the tunne l for the 

machine itself is complete. In fact 

v i r tual ly all the underground civi l 

engineer ing w a s f in ished dur ing the 

year. This includes also the tunnels 

to let the accelerated protons back 

to g round level for use in the 

exper imental areas. Electrical and 

coo l ing water instal lat ions have been 

keeping pace. 

A n impor tant contract for the sup­

ply of electr ic i ty was conc luded w i t h 

Electricite de France in September. 

The SPS w i l l take its pulses of power 

via a 3 8 0 kV l ine coming into the site 

f rom a st rong point on the European 

electr ic i ty gr id (at Genissiat) . The line 

has been in service for just over a year 

w h i c h has helped to ident i fy one or 
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t w o problems comfor tab ly in advance. 

Brief interrupt ions in the supply occur ­

red dur ing Summer storms and, to cope 

w i t h th is , s tand-by power suppl ies 

have been ordered. They w i l l be able 

to step in to make sure that the c o n ­

trol computers stay in contro l in the 

event of such a mains power inter­

rup t ion . 

The contract for the coo l ing water 

was also s igned dur ing the year w i t h 

the Swiss authori t ies. Water is n o w 
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Inside the machine tunnel itself which is now 

looking highly equipped. This particular view is 

of the straight section holding units for ejection 

of the accelerated protons. The cylinders which 

are in line along the centre of the photograph 

house the ejection septum magnets. All the 

'services' — air, cabling etc. — run along the 

wall on the right. 

pumped f rom Lac Leman to t w o 

reservoirs ( 5 0 0 0 m 3 each) on the SPS 

site. It has been passed t h r o u g h 

a system s imulat ing the operat ing 

machine, invo lv ing the p u m p i n g s ta­

t ion and coo l ing towers at CERN, 

before d ischarging in to the Nant 

d 'Avr i l stream. W i t h some mod i f i ca ­

t ions, prompted by these tests, th is 

vast coo l ing circui t is ready for ac t ion. 

On 18 December the last main 

lagnet, comple t ing the r ing of nearly 

1000 bend ing and focus ing magnets 

w h i c h w i l l hold the protons w h i l e they 

are accelerated, w i l l be taken to its 

posi t ion in the tunne l . This c o m ­

paratively simple statement hides a 

year of heroic w o r k by the Magne t 

Group. We reported in Apr i l (page 110) 

the un-nerv ing d iscovery that a f lu id 

used to clean up the copper at brazed 

jo in ts on one type of magnet was lead­

ing to b reakdown. The f lu id c o n ­

ta ined phosphor ic acid w h i c h was 

eat ing its w a y th rough the insulat ion 

causing short c i rcui ts some weeks 

after the magnets had been g iven a 

clean bil l of health in a series of tests. 

By the t ime the prob lem was d is ­

covered, 3 0 magnets had had their 
x i s u l a t i o n destroyed and another 2 5 0 

were suspect. A l l these magnets have 

been taken apart, re- insulated and 

re-assembled. Despite all th is extra 

w o r k , the magnet instal lat ion schedule 

has been met. Power tests have been 

under w a y on sextants ( the machine 

is d iv ided into six arcs of magnet 

separated by long straight sect ions) as 

they were comple ted. The tests have 

gone we l l and it appears that the 

design requirements on the magnet 

system have been exceeded in all 

respects. A l ready the design of the 

magnets has a l lowed a 4 0 0 GeV r ing 

to be bui l t w i t h the or ig inal cost 

estimate for a 3 0 0 GeV r ing. It is go ing 

to be interest ing to see h o w high the 

peak f ie ld (and hence the peak 

energy) cou ld be pushed w h i l e sti l l 

retaining adequate f ie ld qual i ty to 

hold a beam of acceptable intensity. 

To accelerate the protons in the 

r ing, t w o large r.f. cavit ies are installed 

in one of the long straight sect ions. 

In December, the second of these 

cavit ies was completed. H igh power 

tests have been under w a y since Apr i l 

as more and more cavi ty sect ions 

came together. The three power 

ampli f iers and their feeder lines, etc. 

have been satisfactori ly commiss ioned. 

Playing w i t h r.f. a lways has a touch of 

w i tchcra f t about it and it has not been 

w i t h o u t headaches that power tubes 

have been l icked into shape and all 

parasit ic modes of r.f. osci l lat ion have 

been suppressed. Tests on the chains 

to bo th cavit ies, supp ly ing power at a 

f requency of 2 0 0 M H z , have begun. 

Get t ing the accelerated protons ou t 

of the machine is one of the most 

technica l ly d i f f icu l t tasks; a 4 0 0 GeV 

proton beam is very ' s t i f f — it takes 

a lot to bend it f rom its orbit . The 

intr icate sequence of many electro­

stat ic septa and septum magnets has 

been descr ibed several t imes (see, for 

example, September issue page 2 6 7 ) . 

The ext ract ion system to send pro­

tons to the Nor th Area has been 

instal led and tested. The tr ickiest 

componen ts are the four w i re septa 

each 3 m long made of tungsten wi res 

0.12 m m th ick al igned to w i t h i n 

0.05 m m . They have to provide a f ie ld 

gradient of 100 k V / c m and dur ing the 

tests 2 0 0 kV was sustained across a 

17.5 m m gap (in other w o r d s , 

115 k V / c m ) w i t h a b reakdown rate 

of t w o sparks per hour. Components 

of the other extract ion system, w h i c h 

w i l l send protons to the West Area, 

are being assembled. A l t h o u g h the 

West Area w i l l be the first to receive 

beam, the sequence in w h i c h the 

tunne l has been completed makes it 

the second extract ion system to be 

instal led. 

Some of the magnets for the beam-

lines to the experimental areas have 
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The control room is now frequently populated 
with people developing the computer programs 
which will keep the machine components in 
order. They can work on their units independently 
since the consoles are able to bring it part or 
all of the machine at will. 

Things are beginning to come together for 
experiments at the 400 GeV proton synchrotron. 
This is a CERN/Dortmund/Heidelberg/Saclay 
neutrino catcher which will sit pointing at the 
ground behind the 3.7 m bubble chamber to 
receive neutrinos produced by the underground 
machine. The spectrometer consists of a 
toroidal magnet 20 m long weighing 1400 t 
divided in 19 sections. The magnet is built up 
of iron discs 3.75 m diameter which are 
interleaved with scintillator plates looked at by 
2500 photomultipliers. This system will measure 
particle energies and drift chambers between 
the sections will measure particle directions. 

arrived at CERN but there is a remain­
ing worry concerning the focusing 
quadrupoles for these beam-lines. The 
rate at which they will be delivered is 
likely to dictate the date at which 
experiments can start. 

The control system of the machine 
is the most advanced in the world of 
accelerators. Its abilities and its ease 
of operation should aid the com­
missioning, the regular running and the 
development of the SPS enormously^ 

During 1975, control computers 
have been installed in the Main Con­
trol Room and in the Auxiliary Build­
ings, which sit at the six access shafts 
above the long straight sections, and 
they are being worked up to the 
desired reliability. The computers are 
linked to the Message Transfer System 
for which all equipment is delivered 
and successfully tested. It has proved 
capable of transmitting strings of 
messages between ten computers at 
the maximum rate. 

The vast quantities of associated 
electronics are coming together and 
those responsible for the different 
machine components have been able 
to steep themselves in the develop­
ment of their own control programr 
A 'tree' structure for linking and call-^ 
ing these programs has been estab­
lished — it makes it possible, for 
example, to call in a system, then 
select a component, then select a 
particular part, then select particular 
parameters for monitoring and adjust­
ment. 

The control system is very refined 
but it has behind it a large volume of 
equipment. In addition to all the 
electronics units there are some ten 
thousand different cables totalling 
over ten thousand kilometers in length. 
Most of this cabling is now in place 
linked by several thousand junction 
and distribution boxes. 

While the machine is coming to­
gether, the experimenters have been 
far from idle. The West Area is being 
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prepared for ten exper iments and 

many are l ikely to be ready to receive 

particles at the end of next year. W e 

w i l l be c o m i n g back to the p ro ­

gramme in detail nearer the star t ing 

t ime so w e just ment ion here that it 

inc ludes such top ics as studies of 

hyperons using a hyperon beam of 

energy over 100 GeV, tagged pho ton 

exper iments w i t h the Omega spect ro­

m e t e r , polarized target exper iments, 

eutr ino counter exper iments, e tc . . . . 

The bubble chamber p rogramme 

w i t h the 3.7 m European chamber, 

BEBC, and the heavy l iqu id chamber, 

Gargamelle (whose move f rom the PS 

to the West Area is i m m i n e n t ) , is not 

f ixed in detail but it w i l l be heavi ly 

neutr ino biased. The use of a Track 

Sensit ive Target (a hydrogen target 

w i t h i n a hyd rogen-neon mixture) is 

being pushed for BEBC and BEBC 

w i l l also benefi t f rom a separated 

hadron beam such as is not avai lable 

at the Fermilab 4 0 0 GeV machine. 

In general, the select ion of exper­

iments for the SPS has tr ied to ex tend 

or compl iment the research that has 

already been done or is be ing done at 

the Fermilab. For example, some areas 

f neutr ino physics and , part icular ly, 

m u o n physics, where the SPS has 

a considerable advantage, have re­

ceived priori ty. 

For the North Area, the t imescale is a 

l itt le longer since beams are scheduled 

to head North over a year later. 

Nevertheless, the bu i ld ing of the t w o 

large experimental halls w i t h all the 

associated services is u n d e r w a y . Five 

exper iments, inc lud ing t w o m u o n 

exper iments, are being prepared. One 

w i l l probably involve a rapid cyc l ing 

bubb le chamber in a hybr id se t -up . 

It w i l l probably not be long before 

w e are hearing of the 4 0 0 GeV 

synchrot ron again. If all goes w e l l , the 

r ing w i l l be 'c losed ' before the S u m ­

mer of 1976 and the SPS team can 

start accelerat ing protons. 

On 13 November diplomats from the Chinese 

Mission in Geneva and Embassy in Berne 

(including the Ambassador to the United Nations 

in Geneva and the Charge d'Affaires at Berne) 

were invited to visit CERN as a gesture of 

appreciation for their considerable help in 

organizing the visit of the CERN delegation to 

China in September. While their husbands busied 

themselves with things scientific and technical, 

the wives of the diplomats relaxed for a while 

visiting the CERN Nursery School where young 

children are prepared for integration into the 

local French-speaking education systems. 

H. Martinsen (on the left) of the Federation of 

Danish Industries together with staff from the 

CERN Purchasing Office at one of the stands 

during an exhibition of Danish equipment at 

CERN from 25 to 28 November. The 

exhibition was organized by the Association 

of Electronic Manufacturers in Denmark and the 

Federation of Danish Industries in collaboration 

with the Royal Danish Consulate General. 

CERN 38.1.11.75 



Around the Laboratories 

Mesons 
in the Soviet Union 

Research in the intermediate energy 

range, usually coun ted up to the 1 GeV 

level, w i l l receive a boost in the Soviet 

Un ion w i t h the const ruc t ion of a 

8 0 0 M e V meson factory at Krasnya 

Pachra near M o s c o w . Bu i ld ing has 

started. The design is v i r tual ly c o m ­

plete; ion sources and a sect ion of the 

w a v e - g u i d e structure have been made. 

The design concepts are close to 

those of the 8 0 0 MeV proton linear 

accelerator, L A M P F , at Los A lamos. 

There are f ive cavit ies of the Alvarez 

type f o l l o w e d by a w a v e - g u i d e st ruc­

ture ( t h o u g h not of the s ide-coup led 

type used in L A M P F ) . T w o exper i ­

mental areas, fed by a series of targets 

bombarded in sequence by the proton 

beam, are foreseen and it is in tended 

to add a storage r ing as a 'beam 

stretcher ' ex tend ing the du ty cycle of 

available beams (g iv ing long pulses 

of part icles) since short du ty cycles 

are of ten the major l imi tat ion in exper i ­

ments at l inear accelerators. 

T w o other part icle sources are 

p lanned. Intense neutron beams cou ld 

be produced by p lough ing the 8 0 0 

M e V proton beam into a beam stop 

rather as envisaged in the ING pro­

posal at Chalk River (see M a y 1966 , 

page 1 1 4 ) . Neutr ino beams cou ld be 

produced by f i r ing the proton beam 

on to a target conta ined in a 'magnet ic 

bot t le ' . M a n y of the l o w energy pions 

w h i c h are produced w i l l not escape 

f rom the region of the magnet ic f ields 

and as they decay the bott le w i l l be­

come a neutr ino source. 

Whi le w a i t i n g for these exc i t ing 

research faci l i t ies of the future, inter­

mediate energy physics cont inues on 

the synchro-cyc lo t rons of Dubna and 

Gatchina. A t Dubna the energy of the 

machine is 6 8 0 MeV. The internal 

beam intensi ty has been increased 

f rom 2 to 3 ptA by shaping the blades 

in the rotary condenser. The machine 

operates at a repet i t ion rate of 160 Hz. 

The exper imental faci l i t ies inc lude a 

system to give long bursts of part icles, 

a beam for medical research, a special 

streamer chamber ( long sensit ive t ime, 

comparat ive ly l o w vol tage, no need 

for image in tens i f i es ) where p ion 

interact ions in hel ium have been 

tho rough ly s tud ied, and an isotope 

separator to w h i c h irradiated targets 

are rapidly conveyed. 

There is an improvement programme 

for the machine a iming to take the 

energy to 7 0 0 MeV, the internal current 

to 50 piA and the repet i t ion rate to 

2 5 0 to 3 0 0 Hz. It w i l l be converted 

to a sector focused machine w i t h the 

same arrangement of extracted beams 

as at present but w i t h enlarged exper i ­

mental halls. 

The design is comple te and m a n u ­

facture of componen ts has b e g u n ; 

bu i ld ing of the exper imental hall 

extensions is under w a y . The n e w 

rotary condenser is scheduled for 

del ivery in 1976 and the n e w vacuum 

chamber in 1977. It is in 1977 that 

the synchro -cy lco t ron w i l l be shut ­

d o w n for rebui ld ing. 

More exot ic th ink ing has been go ing 

into the design of a Super Cyc lo t ron. 

The a im is for a 8 0 0 M e V machine 

w i t h a beam intensi ty of 100 mA. It 

involves a rapid accelerat ion rate 

(2 M e V / t u r n ) and the f r igh ten ing 

prob lem of ext ract ing such an intense 

beam is being studied in the context 

of a novel idea invo lv ing chang ing the 

f ie ld structure abrupt ly (p lay ing w i t h 

the 8 th harmonic) so that the beam 

jumps a f e w cent imetres in radius 

w i t h o u t destroy ing its qual i ty. Having 

per formed this j u m p the beam can be 

def lected out of the machine. The idea 

w o r k s on paper and has been success­

fu l ly tested on an electron model . 

The l ively team of physicists at 

Gatchina cont inue to operate their 

1 GeV synchro -cyc lo t ron w h i c h nor­

mal ly has a beam intensi ty around 

0.5 iiA. They use external targets 

exclusively w i t h the except ion of one 

internal lead target w h i c h is used to 

generate a neutron beam. 

The t reatment of the first pat ient in 

a medical beam has taken place 

recently. Since the comparat ive ly l o w 

intensi ty of the proton beam w o u l d 

put the medical faci l i ty at a d isad­

vantage if a s topped beam were used 

for t u m o u r t reatment, the Gatchina 

techn ique is to use h igh energy pro 

tons in a f inely co l l imated beam and 

to rotate the pat ient in t w o planes so 

that the t u m o u r vo lume is irradiated 

f rom many direct ions. In this w a y the 

t u m o u r can be at tacked w i t h o u t u n ­

du ly damag ing the sur round ing tissue. 

Meetings 
1 1 - 1 4 M a y : The Sixth Internat ional 

Cryogenic Engineering Conference 

w i l l be held in Grenoble, France. It 

aims for the exchange of in format ion 

on problems of cryogenic engineer ing 

and its scient i f ic aspects. Refr igeration 

techno logy , superconduct iv i ty and its 

appl icat ions, insulat ion, propert ies of 

materials, inst rumentat ion and cryo 

b io logy w i l l be covered. Further in-"" 

fo rmat ion f rom ICEC 6 Secretary, 

Centre de Recherches sur les Basses 

Temperatures, B.P. 166 Centre de Tr i , 

F 3 8 0 4 2 Grenoble. 

1 4 - 1 7 September: The 1976 Proton 

Linear Accelerator Conference w i l l be 

held at Chalk River, Ontar io in Canada. 

It w i l l cover such top ics as app l ica­

t ions of l inacs, col lect ive accelerat ion, 

h igh mean current structures, super­

conduc t ing s low wave structures, elec­

t ron l inacs ( inc lud ing superconduc t ing 

l inacs) , ion source deve lopment and 

status reports on operat ing l inacs. 

Further in format ion can be obta ined 

f rom B.G. Chidley, Conference Secre­

tary, Physics Div is ion, Stat ion 68, 

Chalk River Nuclear Laboratories, 

Chalk River, Ontar io, Canada K O J 1 J O . 
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First results from the TRIUMF cyclotron — the 

cross-section for the production of 32 MeV 

positive pions at 100° from a carbon target 

bombarded by protons. The proton energy is 

plotted along the x-axis. The results show no 

sharp rise of cross-section at 450 MeV as 

had previously been reported and thus 

undermine the possibility of pouring out a 

larger flux of low energy pions by choosing 

this particular proton energy. 

TRIUMF 
Experiment number 1 

T R I U M F has recent ly celebrated its 

f irst comple ted exper iment — an 

invest igat ion of l o w energy p ion p ro­

duc t ion by protons inc ident on carbon 

and copper. The exper iment invo lved 

a g roup f rom the Universi t ies of V ic ­

t o r i a and Brit ish Co lumbia led by 

- . P . Robertson. It w a s per formed in 

one of the t w o s imul taneous ly ex­

tracted proton beams f rom the 

5 0 0 MeV cyc lo t ron. 

The reactions that were s tud ied , 

besides their pract ical impor tance as 

sources of h igh intensi ty posi t ive p ion 

beams, are of part icular interest be­

cause, compared to those observed at 

ne ighbour ing energies, h igh cross-

sect ions had been reported at 

4 5 0 MeV. 

A counter range te lescope was used 

sensit ive to pions of be tween 2 0 and 

100 MeV and cover ing the angular 

range 60° to 150°. The ef f ic iency of 

the detector at var ious p ion energies 

was deduced by observ ing pions 

coming f rom the react ion in w h i c h a 

V o t o n interacts w i t h a pro ton to give 

a p ion and a deuteron for w h i c h the 

cross-sect ion is we l l k n o w n . The 

inc ident proton intensi ty was meas­

ured by carbon 12 act ivat ion. The 

results s h o w a smoo th var iat ion w i t h 

bo th energy and angle, in general 

agreement w i t h theoret ical predic­

t ions w h i c h are based on averaging 

the p ion produc t ion rate on free 

nucleons over target nuc leon mot ion 

and inc lud ing the effects of pro ton 

and pion absorpt ion. 

The hopes that there is some st ruc­

ture in the cross-sect ion var iat ion 

w i t h energy ( w h i c h cou ld be carry ing 

a message w i t h it) were f ina l ly dashed 

dur ing the last seven hour run of the 

exper iment w h e n the variable energy 

capabi l i ty of the cyc lo t ron was used 

to extract pro ton beams at seven 

di f ferent energies between 4 0 0 and 

5 0 0 MeV. Using the carbon target and 

look ing at 100°, there were no signs of 

bumps in the cross-sect ion w h i c h 

rose smooth ly w i t h energy, ext ra­

po la t ing nicely to previous measure­

ments carried out by the same group 

at 5 9 0 M e V at SREL and by a L A M P F 

group at 740 MeV at Berkeley. A t 

4 5 0 M e V the cross-sect ions were 

f o u n d to be a factor three or more 

smaller than those reported by earlier 

workers . Thus there appears to be no 

magic energy at w h i c h pro ton beams 

w i l l g ive larger f luxes of l o w energy 

posit ive pions. 

DESY 
At DORIS 
Unti l the end of the year, the e lec t ron-

posi t ron storage rings, DORIS, w i l l 

con t inue to run at energies w h i c h are 

required to produce the n e w particles. 

Af ter long discussions about the 

var ious possibi l i t ies opened up by all 

the discoveries of the past year, the 

Research Commi t tee has dec ided to 

g ive t o p pr ior i ty to detai led measure­

ments of the P c and X particles, w h i c h 

were d iscovered at DESY some months 

ago (see October issue, page 3 1 7 ) . 

Dur ing December, the col laborat ions 

w o r k i n g at the double arm spect ro­

meter, DASP, and the He ide lberg / 

DESY exper iment are bu i ld ing up their 

k n o w l e d g e about the new particles. 

Operat ion of the storage rings is 

g o i n g we l l after the rebui ld of the 

in ject ion system f rom the synchro­

t ron . This rebui ld , comb ined w i t h a 

n e w variant of the storage r ing opt ics, 

meant that it w a s almost like br ing ing 

a n e w machine into operat ion in 

October. A n average luminos i ty of 

5 x 1 0 2 9 per c m 2 per s was reached 

w i t h lower currents of electrons and 

posi t rons after a short t ime and c o n -
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f i rmed that the reconstruct ion had 

gone w e l l . 

The main aim of the reconstruct ion 

was to be able to f i l l DORIS w i t h 

part icles at energies up to 4.3 GeV so 

that it w o u l d not be necessary to 

accelerate in the storage rings t h e m ­

selves. This goal has been reached 

and as f rom January bo th detect ion 

systems, DASP and the other detector, 

PLUTO, w i l l be look ing for new 

phenomena in the energy range up to 

2 x 4.3 GeV. 

M e a n w h i l e the first orders have 

been placed for the 19 GeV e lec t ron-

posi t ron storage r ing, PETRA. The 

const ruc t ion gangs are c o m i n g t o ­

gether, and g round breaking is 

expected before the end of the year. 

CORNELL 
Honouring Hans Bethe 
Physicists and f r iends f rom all over the 

USA assembled at Cornell Universi ty 

on 24 October to honour Hans Bethe 

on his ret irement. Since 1 Ju ly , Bethe 

has been J o h n Wendel l Anderson 

Professor of Physics Emeritus after 

4 0 years of teach ing at Cornel l . 

Featured speaker at the event was 

R.C. Seamans, administ rator of the 

Energy Research and Deve lopment 

Admin is t ra t ion ( E R D A ) . Other lec­

tures were given by G. B r o w n f rom 

S tony Brook and M. Schwarzsch i ld 

f rom Pr inceton. R. Marshak, President 

of the Col lege of the Ci ty of N e w 

York, w h o w o r k e d w i t h Bethe as a 

postdoctora l fe l low, del ivered the 

address at an evening banquet and 

Cornel l President, D.R. Carson, a n ­

nounced the naming of the 'Bethe 

A u d i t o r i u m ' and the 'Bethe Seminar 

R o o m ' on the t o p f loor of the Clark 

Hal l of Physics. 

Bethe has made impor tant c o n ­

t r ibut ions to the f ields of a tomic, sol id 

state and nuclear physics, and to the 

deve lopment of the theory of radia­

t i on . The Nobel Prize in 1967 was 

awarded to him for calculat ions, p u b ­

l ished in 1938, exp la in ing h o w a star 

uses nuclear fuel as its power source. 

It is n o w k n o w n that most of the 

star l ight visible in the n ight sky is 

p roduced by the 'Bethe cycle' . 

His research in the past 20 years has 

been devoted largely to expla in ing the 

structure of nuclei in terms of the 

forces w h i c h act among their cons t i ­

tuents. He has also been interested in 

neutron stars, w h i c h are t h o u g h t to be 

made up of matter closely packed at 

nuclear densit ies. He is n o w w o r k i n g 

on problems of nuclear physics as the 

Karl Compton Professor of Physics at 

the Massachusetts Inst i tute of Tech­

nology. 

CEA/IN2P3 
Nuclear physics with 
GANIL 
In the November issue w e described 

the heavy ion accelerator G A N I L 

w h i c h is n o w being bui l t at Caen in 

France. It w i l l ex tend the s tudy of 

nuclear reactions by accelerat ing all 

nuclei of suf f ic ient stabi l i ty, f rom the 

l ightest to those of u ran ium, to 

energies above the C o u l o m b barrier 

and w i t h beam qual i t ies w h i c h have 

not yet been achieved by other 

accelerators. M o s t of our know ledge 

in nuclear physics has so far been 

obta ined by s tudy ing reactions result­

ing f rom bombardment by l ight par­

t ic les (neutrons, protons, he l ium ions) . 

More recently, the react ions induced 

by heavy ion beams have po in ted the 

w a y to or ig inal methods of p rob ing 

the nucleus. 

The concepts of nuclear physics 

have emerged f rom the s tudy of a 

number of stable nucle i , 5 0 0 at most, 

w h i c h are either those f o u n d in 

Nature or their close neighbours w h i c h 

it has proved possible to synthesize. 

This number migh t seem an accept­

able sample of the 7 0 0 0 or so w h i c h 

are theoret ical ly predicted as 'energy-

bound ' . However , all these nucl ides 

be long to the range w h i c h s h o w the 

best equ i l ib r ium between the force 

of nuclear at tract ion and Cou lomb 

repulsion and where the neutrons 

and protons are comparat ive ly closely 

bound . It is impor tant also to s tudy 

nuclei outs ide these cond i t ions of 

stabi l i ty (exot ic nuclei) where the 

measurement of parameters such as 

the mass and hal f - l i fe is a good test 

of models of the nucleus. This is 

already under w a y , for example, w i t h 

ISOLDE at CERN, and G A N I L is 

we l l adapted to extend such research. 

Ano ther fasc inat ing f ie ld is that 

of the hunt for 'super-heavy ' nucle i . 

In react ions be tween a stable 'p ro ­

ject i le ' and a stable target nucleus, the 

heavier the project i le the smaller the 

probabi l i ty of complete break-up of 

the c o m p o u n d nucleus w h i c h is 

fo rmed for an instant. This pheno­

menon cou ld perhaps be expla ined by 

react ion mechanisms invo lv ing the 

transfer of very large clusters of 

nuc leons f rom one nucleus to the 

other. These exper iments require high 

intensit ies and a very w i d e select ion 

of project i le ions and target nucle i . 

G A N I L can provide these cond i t ions . 

For the s tudy of the interact ion 

potent ia l be tween heavy ions, elastic 

scatter ing is no longer enough to 

determine the opt ical potent ia l , due 

to the h igh absorpt ion. A t l o w 

energies, it is necessary to analyse 

bo th the inelastic scatter ing and the 

reactions invo lv ing the transfer of one 

of t w o nucleons. The nature of the 

opt ical potent ia l at several MeV above 

the Cou lomb barrier is, as yet, l itt le 

k n o w n , and th is is a f ie ld w h i c h 

G A N I L w i l l be able to open up. 

The value of us ing heavy ion beams 

for nuclear spect roscopy was de­

monstrated some years ago by exper­

iments w i t h tandem Van de Graaffs 
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Hans Bethe, who now ret/res from Cornell 

University, is photographed (on the left) 

taking a bike ride around the 12 GeV 

electron synchrotron at Cornell together with the 

Director of the Wilson Synchrotron Laboratory, 

Boyce McDaniel. This tour of the ring took 

place at the Dedication of the Laboratory in 

1968. 

(Wide World Photo) 

and cyc lot rons. However , these m a ­

chines can accelerate on ly l ight ions, 

such as carbon or oxygen to adequate 

energies and intensit ies. The possib i l ­

i ty of accelerat ing all nucle i above 

the Cou lomb barrier w i l l great ly e n ­

large the f ie ld of spect roscopy studies. 

The fo rmat ion of a c o m p o u n d 

nucleus by a react ion be tween heavy 

ions is characterized by a great 

increase in angular m o m e n t u m (creat­

ing h igh spin states) . This has been 

explo i ted for somet ime n o w by b o m ­

barding a target w i t h heavy ions and 

observ ing the gamma cascade of the 

residual nuclei fo rmed after neutrons 

have been emi t ted. The l ight ion 

beams available so far have made it 

possible to ident i fy spins up to 22 h. 

Angu la r m o m e n t u m of th is order is 

enough to mod i fy the structure of the 

nucleus, and indeed a sudden i n ­

crease of its moment of inert ia may 

be observed up to angular momenta 

of the order of 13 to 18 h, accord ing 

to the nucleus involved. This pheno­

menon is due to the effect of the 

Coriol is force, w h i c h for lower angular 

momenta breaks up some loosely-

b o u n d neutron pairs and at the 

highest angular momenta causes a 

t ransi t ion in the nucleus be tween a 

superconduc t ing and a normal state. 

For angular momenta above 6 0 h 

( just before a med ium mass nucleus 

reaches the point of f ission under the 

effect of centr i fugal forces) the n u ­

cleus is bel ieved to take on an 

oblate shape as an increasing number 

of nuc leons al ign their angular m o ­

menta. These studies need to be 

f o l l o w e d up w i t h heavy ion beams. 

For some years n o w , the accelera­

t ion of ions to energies of several 

M e V per nuc leon has indicated n e w 

aspects of nuclear interact ions. It 

appears that nuclei are not s imply 

groups of nuc leons w h o s e structure 

can be d iscovered by delicate probes 

l ike electrons and protons. They also 

act l ike non- r ig id condensed matter 

w h i c h has col lect ive propert ies, such 

as v iscos i ty and compressibi l i ty. 

Th rough effects w h i c h have been 

neglected hi therto, energy can be 

dissipated by f r ic t ion or by col lect ive 

de format ion . A f ie ld of ' m a c r o - n u ­

clear physics ' is open ing up, w h i c h 

can be deve loped on ly by using a 

greater var iety of too ls — a w i d e range 

of beams w i t h energies f rom the 

10 M e V per nuc leon, w h i c h is n o w 

avai lable, up to a hundred or so 

M e V per nuc leon. 

It is d i f f icu l t to fo rm c o m p o u n d 

nuclei f rom those of med ium, and 

especial ly heavy, mass w i t h ions of 

mass greater than that of argon. 

This recent observat ion is of great 

interest, since it reveals unsuspected 

col lect ive behaviour of nuclear matter. 

It is as t h o u g h head-on col l is ions 

do not lead to complete fus ion — 

contrary to w h a t happens w i t h l ighter 

project i les. This may be the effect of a 
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This diagram indicates some of the phenomena 

which may be studied using accelerated 

heavy ion beams. The beam energy (in MeV 

per nucleon) is plotted against the ion atomic 

number Z. The central dashed line is the limit 

of the Coulomb barrier for the ion on a uranium 

nucleus. The upper line demonstrates the 

capabilities of the GANIL heavy ion accelerator, 

which is now being built. The energy/ion 

regions which make various fields of research 

(described in the text) accessible are indicated. 

non-compress ib i l i t y of nuclear matter 

and thus of a repulsive core w h i c h 

appears on ly w h e n the f ragments of 

nuclear matter are over a certain 

magni tude. Col l is ion speeds are stil l 

l o w at the beam energies presently 

avai lable, increases f rom 20 to 100 

M e V per nuc leon shou ld open up 

a major f ie ld of s tudy in this di rec­

t ion . 

Complete fus ion of t w o nuclei 

seems to take place whenever they 

can interpenetrate up to a certain 

cri t ical distance. If th is distance is not 

reached, because of insuf f ic ient m o ­

men tum for example, comple te fus ion 

is not achieved and other processes 

ensue w h i c h demonstrate the v iscosi ty 

of the nucle i . It has been f o u n d that 

the project i le, not on ly loses a major 

part of its k inet ic energy but also c h a n ­

ges its mass and charge. There seems 

to be a braking act ion by the nuclear 

matter encountered as if the target 

nucleus were a v iscous drop of l iqu id. 

S tudy of these phenomena in depth 

shou ld make it possible to def ine the 

terms of the m o m e n t u m d a m p i n g , i.e. 

the coeff ic ients of radial and tangent ia l 

f r ic t ion be tween the t w o nuc leonic 

f lu ids. A t present, any theoret ical 

explanat ion of th is nuclear v iscosi ty is 

on ly in the embryon ic stage and 

requires analogies f rom the f ie ld of 

sol id state physics, on the one hand, 

and exper imental data of a more 

quant i ta t ive character on the other. 

This can be obta ined on ly by the use 

of a var iety of probes. A w i d e selec­

t ion of 'project i les ' is required, acce l ­

erated to energies ranging f rom the 

average b o n d i n g energy of the 

nucleons to several t imes their k inet ic 

energy in the nucleus. 

G A N I L has a lot t o do w h e n it 

comes into act ion at the beg inn ing 

of the 1980s. Beams are expected 

f rom the first cyc lo t ron in 1980 and 

f rom the t w o cyc lo t rons in tandem a 

year later. 

FERMILAB 
Using lots of protons 

Since its summer s h u t d o w n ended on 

1 Augus t , the synchrot ron at the 

Fermi Nat ional Accelerator Laboratory 

has been operat ing mainly at an 

energy of 4 0 0 GeV. Previously it 

w a s best descr ibed as a 3 0 0 GeV 

machine mak ing occasional excur­

sions to 4 0 0 GeV. It is n o w running 

just as ef f ic ient ly at the h igher energy 

averaging some 100 hours of physics 

ou t of the 125 hours schedu led each 

week. 

There has been a shot at higher 

energies and 4 5 0 GeV w a s reached in 

a machine deve lopment run on 7 

Augus t . M i d - D e c e m b e r , there w i l l 

be an at tempt at 5 0 0 GeV w h e n a 

capaci tor bank has come back into 

service. The intensi ty at 4 0 0 GeV has 

reached 1.72 x 1 0 1 3 protons per 

pulse (compared w i t h 1.75 x 1 0 1 3 at 

3 0 0 GeV) . The power levels have gone 

up w i t h the higher energy operat ion 

and the repet i t ion rate is held d o w n 

(one pulse per 8 or 9 s) so as not to 

exceed the peak power . Even so, the 

cables l ink ing the sub-s ta t ion to th 

magnet r ing ( w h i c h were init ial ly 

designed to be comfor tab le at 2 0 0 

GeV) are surv iv ing the higher currents 

on ly w i t h the help of addi t ional c o o l ­

ing and by tapp ing on h igh vol tages at 

the transformer. The w o r k on the 

superconduc t ing energy transfer sys­

tem to take over f rom these cables 

(see September 1974) has s lowed 

d o w n . 

Mos t effort is n o w go ing towards 

ach iev ing higher beam intensit ies. 

A second preinjector is to be bui l t to 

feed negat ive hydrogen ions into the 

l inac. By s t r ipp ing these ions into 

protons as they are in jected into the 

booster, it w i l l be possible to pack 

more protons into the same 'phase 

space' . This techn ique, proposed by 

G.I. Budker at Novosib i rsk in 1959 , is 
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The Fermilab Hi-rise building at night — a 

striking sight rising from the plains of Illinois. 

Inside the Hi-rise, flora and fauna 

create a refreshing atmosphere. The Laboratory 

restaurant is on the ground floor to the rear 

in this picture and the coffee lounge is on the 

1st floor cross-over. The Director of the 

Fermilab, R.R. Wilson, drew much of his 

inspiration in selecting this layout from the 

restaurant-coffee lounge area in the CERN 

Main Building. 

a special i ty of the nearby A rgonne 

Laboratory (see A u g u s t issue 1969) 

and the n e w in ject ion scheme is 

being developed w i t h the co -opera t ion 

of A rgonne . 

This shou ld get more protons into 

the booster where already 2.5 x 1 0 1 3 

protons per machine cycle have been 

accelerated. 'Super -dampers ' are 

being instal led in the booster to 

l imit transverse instabi l i t ies. Trans-

nission eff ic iencies, w h i c h at present 

s tand about 65 % be tween the l inac 

and the booster and 8 5 % between 

booster and main r ing, are also 

receiving at tent ion. 

The high energies and h igh in ten­

sit ies br ing addi t ional problems in 

their wake but they are all under 

reasonable cont ro l . The magnet fai lure 

rate causes l i t t le d isrupt ion to the 

machine schedule — about one m a g ­

net a mon th is exchanged. The 

electrostat ic septa are more t roub le ­

some. Spl i t t ing over 1 0 1 3 protons per 

pulse between all three exper imental 

areas w h e n they all w a n t a s l o w 

spi l l , steps up the probabi l i ty of b u r n ­

ing out the wi res in the septa. The 

a l ignment of the w i res has been 

"mproved to 0.025 m m in 3 m, 

w h i c h has cut pro ton losses by 

3 0 %, and the wi res can be fur ther 

protected by a s h a d o w i n g w i re d o w n ­

stream. But they are sti l l easily d a m ­

aged. Changes of the septa can be 

done in a single shi f t but a fur ther 

t w o shif ts are needed to p u m p to 

h igh enough vacuum for h igh intensi ty 

operat ion. You cannot get g o o d th ings 

w i t h o u t a hard life. 

W i t h these quant i t ies of protons 

pour ing out of the machine, exper i ­

menters can be kept happy in all three 

experimental areas ( M e s o n , Neut r ino 

and Proton — see d iagram) at once. 

It w o u l d not make interest ing reading 

to list all the exper iments so w e w i l l 

concentrate on t w o top ics w h i c h are 

part icularly l ively at the present t ime. 

In so do ing w e leave aside some other 



Experimental Areas, targets and beam-lines at the 400 GeV proton synchro­

tron of the Fermilab. In the Meson Area Ml is a general purpose charged 

particle beam, M2 a diffracted proton beam (also used for pions), M3 a 

neutron beam, M4 a neutral beam (kaons and neutrons) and M6 a high 

quality charged particle beam. In the neutrino Area NO is the neutrino beam, 

N1 the parasitic muon beam (also used for hadrons),N3 and N5 charged 

particle beams to the 30 inch and 15 foot chambers respectively. In the Pro­

ton Area P1 is a neutral beam (photons and neutrons), P2 a tagged photon 

beam (also used for electrons) and P3 a charged particle beam which was 

the last of the beams to come into action in June of this year. 

Booster 

— Pr imary Beam 
— Secondary Beam 
• Primary Target Locat ion 

S ing le -Arm 
Spectrometer 

Main 
Accelerator 

Internal 
Area 

I5 
Bubble 
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f ine work . One example is the exper i ­

ment of the M i c h i g a n / R u t g e r s / W i s ­

consin team in the Meson Area w h i c h 

has a beam rich in neutral hyperons — 

a thousand lambdas a pulse — do ing 

total cross-sect ion measurements up 

to 3 5 0 GeV; they have seen hyperon 

polar izat ion that can n o w be used for 

better magnet ic moment determina­

t ions. Ano ther example is the p h o t o -

produc t ion exper iment of the C o l u m ­

bia / Fermilab / Hawai i / I l l inois team 

w h o d id the cross-sect ion measure­

ment on the new ly discovered psi 

particles and fed the key in format ion 

into the argument that these particles 

are hadrons. A n d so o n . . . 

T w o subjects of major interest are 

the d i m u o n produc t ion and the cha rm­

ed part icle searches. The d i m u o n 

phenomenon w a s discovered at the 

Fermilab by the Harvard / Pennsylva­

nia / Wiscons in / Fermilab team w i t h 

a large calor imeter look ing at neutr ino 

interact ions in the Neutr ino Area. Their 

results were conf i rmed in the same 

Area by a Cal. Tech. /Fermi lab team. 

Both teams are to come back at this 

prob lem soon w i t h improved detec­

t ion systems. 

They have seen a total of around 

8 0 events where the neutr ino inter­

act ion seems to have produced t w o 

'p rompt ' muons ( in other wo rds , one 

of the muons d id not come f rom the 

subsequent decay of a p ion or a kaon, 

t h o u g h some events of th is type cou ld 

have been recorded as d i m u o n events) . 

The existence of one m u o n is easy to 

explain — the incoming m u o n - t y p e 

neutr ino converts to a muon in the 

interact ion w i t h a nuc leon. The source 

of the other m u o n is a mystery. 

The d i m u o n produc t ion rate is about 

a hundredth of that of a single m u o n . 

A f e w events w i t h both muons of the 

same charge sign have been seen. 

Their mass d is t r ibut ion is not c o n ­

sistent w i t h their or ig inat ing in the 

decay of a part icular heavy lepton. 

M o m e n t u m calculat ions indicate that 

events are associated w i t h neutr inos 

of energy above 150 GeV w h i c h ties 

in w i t h a lower energy search at 

Serpukhov w h i c h saw no d imuons. 

The other possibi l i ty is that the pro­

duc t ion of a charmed particle is at 

the root of the observat ion of the 

second m u o n . Some equat ions to 

explain h o w this can come about can 

be wr i t ten d o w n but the d i m u o n pro­

duc t ion rate looks uncomfor tab ly h igh 

for such an explanat ion. This leads us 

in to the other charmed particle sear­

ches. Obviously , every team w i t h par­

t icles and a detect ion system has both 

eyes open for charm these days; w e 

ment ion on ly those where tantal is ing 

indicat ions (but not yet any th ing re­

ally conv inc ing) have been seen. 

A Carleton / M ich igan / Chicago 

State team have a peak in the negative 

kaon, posi t ive p ion spect rum at about 

2.3 GeV that they col lected in the 

course of a heavy meson s tudy in the 

Meson Area. The peak was spot ted 

after comple t ion of the exper imental 

run and the exper iment has n o w to 

be reassembled to take another more 

t h o r o u g h look. ( In the meant ime a 

Fe rm i lab /M ich igan /Purdue team can 

scour the same region w i t h a doub le 

arm spectrometer also in the Meson 

Area.) The main prob lem is the pos­

sibi l i ty that particles were mis iden-

t i f i ed ; the detect ion system had g o o d 

resolut ion and a peak can go away 

fast w i t h di f ferent ident i f icat ion. In 

ident i fy ing the negative kaon a Che-

renkov rejected negative pions but 

ant ipro tons might have crept in. 

Ano ther c l i f f -hanger is the neutr ino 

exper iment in the 15 foo t bubble 

chamber by the Fermi lab /Mich igan 

team. They have events w h i c h l o o k v 

l ike neutr ino plus nuc leon go ing to 

lambda, m u o n and t w o charged par­

t icles w h i c h are probably posi t ive 

pions. The ent ic ing feature is that 

a f e w events ca lcu lat ing the lambda 

— t w o p ion mass land exact ly on the 

mass (2.4 GeV) calculated for the 

charmed part icle candidate f rom the 

Brookhaven 7 foo t bubble chamber 

(see Apr i l issue page 1 0 8 ) . A run is 

n o w under w a y w h i c h w i l l amass ten 

t imes as many pictures and shou ld 

answer this quest ion def in i t ive ly . 

There is a keen feel ing of an t ic ipa­

t ion a m o n g the experimental teams. 

The results like the d i m u o n discovery 

g ive the sensat ion that there is some­

t h i n g go ing on r ight under their noses 

w h i c h they on ly need one more clue 
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The 15 foot bubble chamber at the Fermilab 

is now double-pulsing, taking pictures for two 

different experiments during one machine pulse. 

One set of three cameras is taking pictures of 

interactions caused by a hadron beam into the 

chamber; another set of three cameras is taking 

pictures of interactions caused by a neutrino 

beam into the chamber. 

The COURIER 
from 1976 

to uncover. Perhaps next year that 

c lue w i l l be f o u n d . 

^NFN Conference 
On 13, 14 November the Ist i tuto 

Nazionale di Fisica Nucleare ( I N F N ) 

held a second interdiscip l inary C o n ­

ference in Bari on the cont r ibu t ions 

of nuclear physics research to the 

deve lopment of advanced methods in 

informat ics. Four general top ics were 

discussed for the p romot ion of t e c h ­

no logy in th is f ie ld — the hand l ing of 

huge quant i t ies of data, the t e c h n o ­

logy of graphic displays, real t ime 

systems and the automat ic measure­

ment of photograph ic images. 

Some 25 papers were presented, 

s h o w i n g part icular results ob ta ined as 

fa l l -ou t f rom high energy and nuclear 

research on the one hand and s h o w i n g 

h o w sophist icated methods of in for­

mat ion handl ing help the progress in 

the nuclear physics on the other. 

Dur ing the Conference, a round- tab le 

meet ing was devoted to the problems 

of technolog ica l research and industry 

in the f ie ld of informatics. 

In the presence of the Italian 

Minister for Scient i f ic Research and 

other personalit ies, Professor C. Vil l i 

(President of INFN) in his conc lud ing 

remarks stressed the st rong connec­

t ions w h i c h exist be tween f u n d a ­

mental research and the improvement 

of techniques in many advanced f ields 

of social and economic interest. He 

analysed the role played by INFN and 

the Universit ies in the deve lopment of 

the techno logy and k n o w - h o w in the 

informat ics f ie ld in Italy. He also gave 

the Ital ian commun i t y some hints for 

better explo i ta t ion of the interdisc i ­

pl inary capabi l i t ies of fundamenta l 

research. 

N e w methods of product ion and 

d is t r ibut ion of the COURIER w i l l 

be operated as f rom the beg inn ing of 

1976. They result f rom discussions 

dur ing the past year to see h o w the 

journal can better serve the h igh 

energy physics commun i t y . The g u i d ­

ing idea has been that the usefulness 

of the COURIER w i l l be increased if it 

becomes more fu l ly representative of 

the c o m m u n i t y at a t ime w h e n the 

social and pol i t ical c l imate makes 

integrat ion of the w h o l e f ie ld of 

research even more desirable. 

The proposed developments were 

w e l c o m e d at the N e w Orleans meet ing 

in March where many Laboratory 

Directors were present (see Apr i l 

issue page 1 2 3 ) . Since then the 

edi tor ial staff have received e n t h u ­

siastic help w i t h i n CERN and at other 

Laborator ies in set t ing up mechanisms 

for b r ing ing the ideas into effect. 

There are t w o areas of change — 

one concerns in format ion input and 

the other the d ist r ibut ion systems. 

To cover act ivi t ies th roughou t the 

w o r l d more eff ic ient ly, all major re­

search centres in our f ie ld were 

asked if they were w i l l i ng to assign 

a correspondent w h o w i l l play a more 

act ive role in generat ing and t rans­

mi t t ing in format ion that has been 

cal led for in the past. In response to 

this request the f o l l o w i n g ne twork of 

correspondents w i l l be involved in 

p roduc ing the COURIER as f rom 

January. 

Canada: 

T R I U M F M. Craddock 

Europe: 

D A R E S B U R Y H. Sherman 

D A R M S T A D T H. Prange 

DESY I. Dammann 

FRASCATI M. Ghigo 

INFN ( I ta ly) A. Pascolini 

K A R L S R U H E F. Arendt 

ORSAY J.E. Augus t in 

R U T H E R F O R D G. Stapleton 

SAC LAY A. Zylberstejn 

V ILL IGEN G.H. Eaton 
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Bignitron, 
BK496 
25 kV 
100 k A 
400 A/s 

Japan: 
KEK K. Kikuchi 
USA: 
ARGONNE Ch. E.W. Ward 
BERKELEY W. Carithers 
BROOKHAVEN J . Spiro 
CORNELL N. Mistry 
FERMILAB R.A. Carrigan 
LOS ALAMOS L. Agnew 
STANFORD LP. Keller 
USSR: 
DUBNA V.A. Biryukov 

In welcoming many new colla­
borators we should also like to thank 
several who have very willingly par­
ticipated in providing information in 
the past — W.W. Chupp (Berkeley), 
R.M. Littauer (Cornell), W.M. Regan 
(Los Alamos), P. Lehmann (Orsay), 
H. Norn's (Rutherford), G. Neyret 
(Saclay), A. Strathdee (TRIUMF). 

The new distribution systems have 
been set up in the belief that national 
centres are better able to judge where 
and how the journal will be useful than 
is possible from one centre such as 
CERN. 

As from January, the Fermilab will 
take over the printing and distribution 
of the copies for the USA and Canada. 
Printing will run simultaneously to 
that in Europe using film flown out 
from CERN. 

In Europe, the distribution within 
the Federal Republic of Germany will 
be handled at DESY, within France at 
IN2P3 (Paris), within Italy at INFN 
(Padua) and within the UK at Ru­
therford. Rather than the individual 
mailing from CERN, which has been 
the practice up to now, all the large 
research centres will receive the 
journal by bulk delivery for their 
internal distribution. 'Other language' 
copies (for example French edition 
copies for England or English edition 
copies for France. . . ) will continue 
to be sent direct from CERN. 

All those at present on the distribu­
tion list wil l continue to receive a copy 
of the jourrial without further request, 
though it may arrive by another 
distribution chain. The new systems 
should introduce little delay in delivery. 

We have tried to ensure that the 

changes will not perturb the service 
to our readers — on the contrary, the 
aim of the exercise is to improve it 
considerably. If problems that have 
not already been covered do arise, we 
hope that, from CERN or from the 
national distribution centres (whose 
addresses will appear in the January 
issue), we shall be able to solve therrr 
smoothly. 

Likewise on the information input 
side, we hope that after a few months 
of 'running in', we shall establish a 
better f low of news so that we can 
convey stories of what is happening in 
and around the field of high energy 
physics no matter where these stories 
emerge. 
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EEVs BK496. 
EEVs steel-jacketed, water-cooled BK 

496 is one of the world's largest ignitrons, 
capable of handling large pulses up to 
400As. 

Made to the highest standards, BK 496 
incorporates a unique feature which ensures 
long-life operation in peak condition. 

The tube contains a getter which can be 
activated by the user in order to re-condition 
the ignitron should it become gassy due to 
misuse. The getter can be reactivated several 
times if necessary. 

A copper water pipe coil gives improved 
graded cooling with most cooling at the 
cathode end Coil cooling also ensures 
freedom from sludge, water blockage or 
corrosion. 

EEVs BK 496 is designed for plasma 
containment systems, high duty crowbars 
and any applications outside the capabilities 
of smaller ignitrons and other tubes. 

For trouble-free long-term operation, 
specify EEVs big E-the BK 496. Write or call 
Chelmsford for data 

EEVand M-OV know how 
E N G L I S H ELECTRIC VALVE CO LTD, Che lmsford , Essex, England CM1 2QU.Tel : 0245 61777.Telex: 99103 . Grams: Ene lec t ico Che lms fo rd . &&C I 
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camac 

power 
supply 

crate 
C JAL 42 

• Power supply block fitable to our NIM and CAMAC 
crates, easily removable from the bin . 

• Maximum power : 300 W 

• + 6 V/24 A 
• - 6V /16A 
• ± 24 V/ 6 A 

• Wire wraped dataway 

• Twisted pairs for Land N Lines 

COMPTEURS 

Schlumberger 

COMPTEURS SCHLUMBERGER - NUCLEAR DEPARTMENT 
BP 47 - 92222 Bagneux (France) 
Tel. (1) 655.22.11 - Telex : SAIPEX 25 075 F 



uclear transmutation 

We are there, wherever there is research 
into the peaceful uses of nuclear energy 

KRUPP steel in the service of man. KRUPP steel 
in the service of research. KRUPP steel in physics, 
chemistry, meqlicine and biology. We do a lot in these 
fields. 

We supply magnets for accelerators, spectro­
meters and beam transport, with forged or laminated 
poles and yokes, rough or finished, as individual com­
ponents or fully assembled. The material used is our 

"Minimum RA" special low-carbon mild steel, resistant 
to ageing and free from impurities. With a minimum 
spread of induction, "Minimum R A " combines high 
permeability and low coercive force. Any questions? 
Our specialists are ready and willing to answer them. 

FRIED. KRUPP HOTTENWERKE AG, D-463 BOCHUM 
WEST GERMANY 
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flfyou need precise image 
analyses quickly and ready 
for instantly processing... 

. . . then take Scandig 2, the high speed 
microdensitometer from Joyce-Loebl. 
• 20 kHz data rate 
• 0 to 3 D density range 
• Binary output of 256 density levels (8 bit) 
• Synchronous analog readout of density values 
• Measuring apertures 25, 50,100, 200 micron dia. 

pre-set selectable 
• Specimen size up to 235 (X) x 250 (Y) mm 
• Automatic zero after each specimen drum 

revolution 
• Silicon solid state photo detector 
• Computer interface for scanner control 

and/or data processing 
Typical Applications (extract) 
• Industrial and medical radiography 
• Aerial survey 
• X-ray crystallography 
• Elektron microscopy 
• Photographic photometry 
• Radiation physics 
• Forestry 
TECHNICAL OPERATIONS LTD 

West Germany and Switzerland 
D-7417 Pfullingen, Romerstr. 90 
Phone (07121)73021 
Telex 0729651 
France 
83-85, av. Georges-Clemenceau 
F-92000 Nanterre 
Phone 2041457, Telex 91 241 

JOYCE 
LOEBL 

unkermotoren 
Les plus petits moteurs a reducteur de vitesse 

Moteurs monophases, moteurs a courant triphase 
et moteurs a courant continu avec reducteurs de 
vitesse pour les applications industrielles. 
Moteurs de grande puissance, alimentes par 
batterie, pour les appareils et instruments. 
Reducteurs de vitesse a engrenages 
droits et a vis sans fin; couples de 15 cmp 
jusqu'a 100 cmkp. 

Demandez notre documentation detaillee 
sur I'ensemble de notre programme de 
fabrication. 

Representation generate: 

Th. Zurrer+Cie. 
Birmensdorferstrasse 470, 8055 Zurich (Suisse) 

Telephone (01) 35 25 55, Telex 54 506 
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NEW PRODUCTS FROM BOURNS 
YOUR PARTNER 

FOR ELECTRONIC COMPONENTS 

CERMET RESISTOR NETWORKS 
Bourns proven thick-film technology 
now available in a line of 
DIP and SIP resistor networks. 
For TTL, ECL, MOS 
and CMOS-IC's. 

PANEL-CONTROLS 
Popular'SPACE SAVER' cermet-and conductive plastic 
potentiometers for commercial and industrial applica­
tions available with linear-or nonlinear tapers. 

New Model 80 Series 
Design combines the versatility of advanced 5 / 8 " 
modular construction wi th factory assembled 
reliability and quality. 

BOURNS (Schweiz) AG Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex 78 722 
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Comae dual preset counter 
( C D P C M P S 2 0 0 2 ) 

D E S C R I P T I O N : 

A s i n g l e w i d t h C A M A C m o d u l e c o n t a i n i n g t w o 1 6 b i t b i n a r y 

d o w n c o u n t e r s s u i t a b l e f o r use as a d i g i t a l d e l a y a n d u s i n g 

T T L S c h o t t k y i n t e g r a t e d c i r c u i t s . A l m o s t 2 0 0 o f t h e s e i n s t r u ­

m e n t s are a l r e a d y i n use a t C E R N in t h e M P S , I S R a n d T C 

D i v i s i o n s . 

S P E C I F I C A T I O N : 

R A N G E 

C L O C K I N P U T 

P u l s e R e p e t i t i o n 

P u l s e W i d t h 

L e v e l 

C o n n e c t o r 

S T A R T I N P U T 

T r i g g e r 

M i n . W i d t h 

L e v e l 

C o n n e c t o r 

O U T P U T 

W i d t h 

D r i v e C a p a b i l i t y 

C o n n e c t o r 

O U T P U T V E T O 

L e v e l 

C o n n e c t i o n 

I N D I C A T O R 

L E D 

S E R I A L O U T 

P u l s e T r a i n 

L e v e l 

C o n n e c t o r 

2 x 1 6 b i t 

2 5 M H z 

2 0 ns m i n . 

C A M A C t e r m i n a t e d ( N I M ) 

o r : C A M A C u n t e r m i n a t e d 

( T T L n e g a t i v e l o g i c ) 

2 x s t r a p p e d L E M O c o a x i a l 

s i ze 0 0 . 

n e g a t i v e e d g e 

2 0 ns 

N I M 

o r T T L n e g a t i v e l o g i c 

2 x s t r a p p e d L E M O c o a x i a l 

s i ze 0 0 . 

P u l s e - 1 0 0 ns 

L e v e l — H i g h w h i l e b u s y 

f o r T T L p o s i t i v e l o g i c 

— L o w w h i l e b u s y f o r T T L 

n e g a t i v e l o g i c . 

N I M 

o r T T L p o s i t i v e l o g i c 

o r T T L n e g a t i v e l o g i c 

( m a x . + 2 7 V . s i n k 1 0 0 m A 

a t 0 , 4 V . ) 

1 x L E M O c o a x i a l s i ze 0 0 . 

T T L O p e n = U n g a t e d ; 

G r o u n d = G a t e d . 

1 x L E M O c o a x i a l s i ze 0 0 . 

O n o u t p u t p u l s e o r b u s y 

l e v e l . 

C o p y o f t h e c l o c k i n p u t f o r 

r e p e t i t i o n a n d w i d t h 

N u m b e r o f p u l s e s e q u a l t o 

t h e p r e s e t v a l u e . 

N I M 

1 x L E M O c o a x i a l s i ze 0 0 . 

M A N U A L C O N T R O L 

L e v e l 

C o n n e c t o r 

T T L o p e n = D a t a w a y N 

c o n t r o l l e d . 

G r o u n d = T a k e s N 

c o n t r o l . 

1 x L E M O c o a x i a l s i ze 0 0 . 

H I G H E N E R G Y 

& N U C L E A R E Q U I P M E N T S . A . 

2 , c h e m i n d e T a v e r n a y 

1 2 1 8 G r a n d - S a c o n n e x / G e n e v e 

T e l . : 9 8 2 5 8 2 / 3 T e l e x : 2 3 4 2 9 

Etablissements 

B O U R G E O I S 

S.A. capital 1 200 000 F. 

34, rue de Liege 

75008 P A R I S 

Telex 28 363 Cetaver Paris 

R u b a n s , t r e s s e s , c o r d o n n e t s , t u b e s , a r t i c l e s i n d u s ­

t r i e s s p e c i a u x p o u r : 

- emplois dielectriques 

- frettages, enrubannages, etc... 

S p e c i a l i s e s e n m a t i e r e s s y n t h e t i q u e s : 

- f i l de verre (silionne et verranne) 

- f i l polyamide 

- f i l polyester retractable ou non 

- si I ice 

- Kevlar 

- fils thermostables (Nomex, Kermel) 

etc... 

QUESTIONNEZ-NOUS 

F I S C H E R e l e c t r i c C O N N E C T O R S , 

5 0 O h m , f o r C A M A C S E R I E 1 0 1 A 0 0 4 

( c o m p a t i b l e w i t h L E M O 0 0 2 5 0 

h o m o l o g a t e d b y C E R N - G E N E V A ) 

T h e s e C o n n e c t o r s s h o w t h e s a m e 

c h a r a c t e r i s t i c s t h a n al l t h e w e l l k n o w n 

F I S C H E R - C O N N E C T O R S 

w i t h s e l f - l o c k i n g . 

P l u g f o r c a b l e : t o b e s o l d e r e d 

t y p e S 1 0 1 A 0 0 4 

P l u g f o r c a b l e : t o b e c r i m p e d 

t y p e S 1 0 1 A 0 0 4 - 1 

S o c k e t t y p e D 1 0 1 A 0 0 4 

C a p f o r D 1 0 1 A 0 0 4 t y p e 1 0 1 . 0 0 . 3 1 5 

S o c k e t w i t h c a b l e - c l a m p 
t y p e D K 1 0 1 A 0 0 4 

T h i s n e w t y p e sa t i s f i es t h e m o s t e x a c t i n g 

c u s t o m e r s . 

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

c o n c e r n i n g t h e s e n e w c o n n e c t o r s a n d f o r 

o u r g e n e r a l c a t a l o g u e c o n c e r n i n g o u r 

r a n g e o f c o a x i a l , m u l t i p l e a n d m i x e d 

C o n n e c t o r s . 

W. W. FISCHER 
C H - 1 1 4 3 A P P L E S 

<P ( 0 2 1 ) 7 7 37 11 

Telex 2 4 2 5 9 f i sch c h 
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interchange! 
you can fit any of these 

compatible supply units 
into our NIM and CAMAC crates. 

E ~ 4 
^~^m*«iiiV.\ 

N 



NIM high voltage units 
For: Multi-wire Proportional Chambers, 
Semiconductor Detectors,Scintillation Detectors 

NE 4519 HIGH VOLTAGE 
Is specially designed for use with 
multiwire proportional chambers. It 
has an output range up to 6 kV 
positive or negative, with a load 
current of 250 mA. The ripple 
content is 0.01% or 100mV peak to 
peak, and regulation is 0.01%. 
Facilities include over current 
limiting, remote programming and 
Overload logic output. This double 
width NIM module is powered from 
a standard NIM low voltage supply. 

NE 4660 HIGH VOLTAGE 
Operates with both semiconductor 
and scintillation detectors and 
may also be used to operate 
electron multipliers, proportional 
counters and ionisation gas 
counters. Two outputs are 
available: scintillation detector 
output: — 5 kV positive or 
negative with load current of 
1 mA (at 3 kV the load current is 
2 mA) ; and semiconductor 
output: 5kV positive or negative 
current limited by 10 Megohm 
resistor. This single width NIM 
module is powered from a 
standard NIM low voltage supply. 

Full details on request. 

N U C L E A R 
E N T E R P R I S E S 
L I M I T E D 

S I G H T H I L L , E D I N B U R G H E H 1 1 4 E Y . S C O T L A N D 
T e l e p h o n e : 0 3 1 - 4 4 3 4 0 6 0 
C a b l e s : N u c l e a r , E d i n b u r g h T e l e x : 7 2 3 3 3 

A s s o c i a t e C o m p a n i e s 

N u c l e a r Enterpr ises G m b H , S c h w a n t h a l e r s t r a s s e 7 4 , 

8 M u n e h e n 2, G e r m a n y . T e l : 5 3 - 6 2 - 2 3 . Te lex ; 5 2 9 9 3 8 . 

N u c l e a r En terpr ises Inc . , 9 3 5 T e r m i n a l W a y , S a n Car los , 

C a l i f o r n i a 9 4 0 7 0 . T e l : 4 1 5 5 9 3 1 4 5 5 . Te lex : 3 4 8 3 7 1 . 
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LAIR LIQUIDE / 
the leaclt europe manufacturer 
of cryogenic equipment. 

d i v i / i o n m a t e r i e l \ : r y o g e n i q u e 

57 av cannot 94500 ohcropigny/nnarne 
cel. 880.80.80. telex 23884 cr%impai onamp 
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Schlumberger 
Cherchez-vous 

une «bonne» pour 
fa ire vos mesures? 

temperatures, allongements, 
forces, voltages, etc. 

GYROLOK 
Flareless 

Tube Fittings 
AVAILABLE 

• in brass, 316 SS, 
steel, monel and 
aluminium 

• in sizes from 
1/16" to 1 " OD / 
3 mm to 12 mm 

• for high vacuum 
pressure — temperature — 
cryogenics 

Kemi 

HOKE 

MATKEMIAG 
4106 Therwil 
Erlenstrasse 27 
Tel.061/734822 
Telex 62440 

Distributor for Switzerland 

Ayez recours a Schlumberger -
premier en Europe dans la produc­
tion de «Data Logger». 

Profitez de notre longue experience. Nous vous 
aiderons a choisir le systeme qui convient a vos 
besoins. Notre programme est maintenant complet. 
Parmi nos cinq families de systemes, nous trouverons 
facilement celui correspondant a vos desirs. En meme 
temps, nous repondrons aux questions concernant 
ce qui ne figure pas dans les notices techniques. 
Nos systemes travaillent durant toute I'annee dans 
I'industrie, I'enseignement et dans les laboratoires. 
Nous sommes convaincus: la production particuliere 
ne se justifie plus aujourd'hui - laissez-nous vous 
le prouver! 

Schlumberger -
les professionals! 

Nous avons 
un faible pour la 

robinetterie industrielle. 
C'est pour cela 

qu'elle fait notre force. 

Nous livrons des robinets a bois-
seau, des clapets de retenue, des 
robinets a boule, des entrainements 
pneumatiques ainsi que de la robi­
netterie speciale pour I'industrie 
chimique. Pour applications multi­
ples avec les materiaux appropries. 

Soumettez-nous votre probleme. 
Nous vous conseil lons volontiers. 

Robinetterie industrielle ALFA... 
.resoud vos problemes sans probleme 

ALFA 
ROBINETTERIE INDUSTRIELLE 

ALFA 
Ingenieurbureau AG 
4310 Rheinfelden 
Telefon 061 - 87 65 25 

8040 Zurich 1207 Geneve 
Tel. 01 528880 Tel. 022 35 99 50 
Miinchen - Wien - Paris - Mailand - Stockholm 
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W e p r e s e n t o u r n e w p r o d u c t 

CAHAC/AEC-
Modular chassis System 
- a c c o r d i n g t o C E R N - s p e c i f i c a t i o n s 

- a v a i l a b l e w i t h a l l a c c e s s o r i e s as c a s s e t t e s 

( C I M , e t c ) , d a t a w a y , b l o w e r s , p l u g s , b o a r d s 

e t c . 

- v e r y s t a b l e a n d s o l i d c o n s t r u c t i o n 

O u r p r o d u c t - l i n e c o n s i s t s o f : 

1 9 " - R a c k s a n d s y s t e m s 

1 9 " - C a s e s 

l ^ ' - P I u g - I n s 

1 9 7 / - C a r d h o l d e r s 

^ " - C a s s e t t e c o m p a r t m e n t s 

I S T - B l o w e r u n i t s 

1 ^ ' - O p e r a t o r c o n s o l e s a n d d e s k s 

N o n - s t a n d a r d i z e d c a s e s 

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

T e l e s c o p i c r u n n e r s 

L a b o r a t o r y t r o l l e y s 

M e c h a n i c a l a c c e s s o r i e s . 

Mechanics 
for 
Electronics 

I n d u s t r i e s t r a s s e 4 7 

8 1 5 2 G l a t t b r u g g 

T e l . ( 0 1 ) 8 1 0 1 4 4 4 

G e r m a n y : 
Hans Knurr KG 
8 Miinchen 80 
Phone: 089-4154-1 

B e l g i u m : N e t h e r l a n d : 
L de Greef SPRL Vitronic B. V. 
1180 Bruxelles Voorburg 

Phone 070-99 41 44 

A u s t r i a : 
Grothusen GmbH 
1130 Wien 
Phone 0222-82 41 99 

S w e d e n : 
AB Kuno Kallman 
41102 Gothenburg 
Phone 031-80 30 20 

N o r w a y : 
Jana Tekniske 
Oslo 5 
Phone: 35 20 78 

U n i t e d K i n g d o m : 
Daturr Limited 
Richmond Surrey 
Phone : 00441-876 

05 89 

F r a n c e : 
CEREL S.A. 
75019 Paris 
Phone : 202 67 20 

p 
g r o u p e F o r g e s d e S t r a s b o u r g 

equipement de bureaux 
M E U B L E S 

E T R A Y O N N A G E S 

S t r a f o r S A 

3 0 0 0 B e r n e 1 5 , W e l t p o s t s t r a s s e 1 7 

T e l e p h o n e 0 3 1 4 4 7 3 0 1 

• 

P o i n t s d e v e n t e : 

B a l e , B e r n e , G e n e v e , N e u c h a t e l , Z u r i c h 

Ce qui est bon pour rhomme 
est excellent pour I'entreprise. 
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New 9815-So much power: so much flexibility: 
so much value for money: 

The big news on the elegant and 
compact 9815 programmable desk-top 

calculator begins with a miniaturised 
nigh-speed, high capacity data cartridge. 
A n d continues with a 472 step memory, 
a wealth of pre-programmed math 
and stat functions, easy programming, 
comprehensive editing facilities, large, 
clear display, alphanumeric printer 
and much more. 

Options increase memory to 
over 2,000 steps and add I /O capability. 
And all this is compatible within the 
existing large family of 9800 series 
peripherals. 

Although the new data cartridge 
is physically smaller than standard 
cassettes, its twin tracks store more 
data-96,000 8-bit bytes. It searches in 
either direction at 152 cm/sec. and 
always knows automatically which 
direction to search-with a resultant 
big saving in time. 

Programming is another area in 
which the 9815 will save you time and 
trouble. Well-proven RPN (Reverse 
Polish Notation) logic, 4-level 
operational stack and simple machine 
language are enhanced in power and 
sophistication by many features you 

wouldn't expect to find in a calculator 
in this price range. Apart from 
comprehensive editing facilities, these 
include 'For Next ' statements, 
computed and automatic branching 
and programmable flags. 

There's a lot more to interest 
you in the remarkable 9815. For a full 
Facts File, contact your nearest 
H.P. office. 

HEWLETT ^ PACKARD 

Sales and service from 172 offices in 65 countries. 

For full details contact your nearest Hewlett-Packard office: 
AUSTRIA Hewlett-Packard Ges.m.b.H., Handelskai 52/3, P.O. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S.A./N.V., Avenue du 
Col-Vert, 1 (Groenkraaglaan), B-1170 Brussels. DENMARK Hewlett-Packard A/S, Datavej 52, DK-3460 Birkerod. FINLAND Hewlett-Packard OY, 
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France, Quartier de Courtaboeuf,Boite postale No. 6,F-91401 Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140, D-6000 Frankfurt 56. ITAIY Hewlett- Packard 
ItalianaS.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134 Amstelveen. NORWAY Hewlett-Packard Norge A/S,Nesveien 13, Box 149, N-1344 Haslum. SPAIN Hewlett-Packard Espanola S.A., 
Jerez No. 3, E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB, Enighetsvagen 1-3, Fack, S-16120 Bromma 20. SWITZERLAND Hewlett-Packard 
(Schweiz) AG, Zurcherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Ziirich. UNITED KINGDOM Hewlett-Packard Ltd.,King Street Lane,Winnersh, 
Wokingham, Berkshire RG115AR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Geneve. 
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UN PHOTOTUBER.T.C. 
POUR TOUSLES CASDE 
DETECTION LASER. 
De I'ultraviolet lointain au proche infrarouge et du continu 
aux impulsions subnanosecondes, les phototubes R.T.C., 
cellules et photomultiplicateurs, offrent un choix complet 
de recepteurs adaptes a chaque application, dans un domaine 
de puissances recues allant du photon unique a plusieurs 4§£ 
centaines de Watts crete. 

\ 
CJ Ipngueur 

le(nm) 

Les photomultiplicateurs R J.C. 
p e r m e t t e n t u n e a m p l i f i c a t i o n d u s igna l l u m i n e u x i n c i ­

d e n t s u p e r i e u r e a 10 6 a v e c un b r u i t n e g l i g e a b l e e t u n e 

b a n d e p a s s a n t e d e p a s s a n t 1 0 8 Hz. Ms s o n t u t i l i ses 

d a n s t o u t e s les a p p l i c a t i o n s o u la p u i s s a n c e l u m i n e u -

se r e c u e par le d e t e c t e u r e s t t r e s f a i b l e e t d o i t e t r e 

a m p l i f i e e s a n s b r u i t d a n s un la rge d o m a i n e d e f r e -

q u e n c e s , t e l l e s q u e les s y s t e m e s d e t e l e m e t r i e , v e l o -

c i m e t r i e , e c a r t o m e t r i e , g r a n u l o m e r e , l e c t u r e o p t i -

que . . . 

Photomultiplicateurs pour applications lasers 

type photocathode 
temps de 

montee (ns) 
sensibilite de 

photocathode (mA/W) 

XP 1116 S 1 3,5 1,6 (a 903 nm) 

XP 1117 S 20 3,5 13 (a698nm) 
150 CVP S 1 3,5 1,4 (a 903 nm) 
XP1016 S 20 3,5 13 (a698nm) 
XP1017 S 20R 3,5 6,5 (a 858 nm) 
56 CVP S 1 2 1,4 (a 903 nm) 

56 DUVP DU 2 80 (a 401 nm) 
56TVP S 20 2 15 (a698nm) 

56SBUVP SB 2 15 (a250nm) 
XP 1002 S 20 4 13 (a698nm) 
XP1005 S 1 4 1,4 (a 903 nm) 

Les cellules R J.C. 
q u i u t i l i sen t u n e p h o t o c a t h o d e o p a q u e , p l a n e e t 
pa ra l l e le a u n e a n o d e gr i l le p o s s e d e n t un t e m p s 
de m o n t e e i n f e r i e u r a la n a n o s e c o n d e e t u n e l i near i te 
de p l u s i e u r s a m p e r e s . El les s e r o n t e m p l o y e e s d a n s 
t o u s les cas o u I 'u t i l isateur d i s p o s e d 'une f o r t e p u i s ­
s a n c e l u m i n e u s e e t r e c h e r c h e un t e m p s d e m o n t e e 
t res fa ib le a s s o c i e a u n e g r a n d e d y n a m i q u e . P?" 
e x e m p l e m e s u r e s d e n i v e a u e t d e t e m p s e n p h y s i q u e 
d e s p l a s m a s . 

Cellules pour applications lasers 

type photocathode 
temps de montee 

(ns) 
linearite (A) 

UVL 20 
UVHC 20 
XA1002 
XA1003 
TVHC 40 

C s l 
S 5 
S 4 
S 1 

S 20 

0,2 
0,2 
0,2 
0,2 
0,4 

8 
5 
5 
1 
6 

C e s p h o t o t u b e s n e c o n s t i t u e n t q u ' u n e c h a n t i l l o n -

n a g e d e n o s f a b r i c a t i o n s , p o u r p l u s d e d e t a i l s 

c o n s u l t e r le g u i d e d e I ' i n g e n i e u r " T u b e s e l e c t r o -

o p t i q u e s e t p h o t o d e t e c t e u r s " . 
E 

J 

R.T.C. L A R A D I O T E C H N I Q U E - C O M P E L E C 1 3 0 , av. L e d r u - R o l l i n , 7 5 5 4 0 P A R I S C E D E X 11, t e l . 3 5 5 . 4 4 . 9 9 
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