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Fermilab Accelerator Conference 

Roy Billinge of CERN giving the opening 

talk at the Conference to celebrate the 

remarkable achievements in accelerator 

physics at CERN which have made colliding 

high energy proton-antiproton beams 

possible. 

T h e 12 th In ternat ional Con fe rence 

o n High Energy A c c e l e r a t o r s w a s 

held at Fermi lab f r o m 1 1 - 1 6 A u g u s t . 

There w a s ce lebra t ion o f t he great 

recent ach ievemen ts in acce lera tor 

phys i cs (the br ing ing in to o p e r a t i o n 

o f t he s u p e r c o n d u c t i n g r ing at Fermi ­

lab and the spec tacu la r p e r f o r m a n c e 

o f the a n t i p r o t o n p ro jec t at CERN), 

the re w a s del ight and relief t h a t , at 

last , the t e c h n o l o g y o f s u p e r c o n d u c ­

t i v i t y in b o t h m a g n e t s and r.f. s y s ­

t e m s is m a s t e r e d , and there w a s ex­

c i t e m e n t at the b i r th o f a g rea t n e w 

p ro jec t f o r a 2 0 T e V mach ine in the 

U S A . 

The achievements 

W i t h a f ine sense o f t i m i n g , o n 15 

A u g u s t dur ing the C o n f e r e n c e , w o r k 

o n the T e v a t r o n t o o k t h e peak ener­

gy o f the mach ine t o 7 0 0 GeV. It w a s 

a cou rageous dec is ion at Fermi lab a 

year ago t o ho ld an 'end o f 4 0 0 GeV 

e ra ' pa r ty and t o put all thei r mach ine 

e g g s in to the s u p e r c o n d u c t i n g b a s ­

ket . T h a t courage has paid o f f and 

Helen E d w a r d s w a s able t o repor t 

t ha t , a f ter ten years o f d e v e l o p m e n t , 

s u p e r c o n d u c t i n g acce lera tors are 

m a s t e r e d . It is an impress ive fea t t o 

have a l m o s t a t h o u s a n d s u p e r c o n ­

duc t ing m a g n e t s in ope ra t i on t o g e t h ­

er w i t h thei r ex tens ive ' p l u m b e r ' s 

n i g h t m a r e ' o f a c ryogen ic s y s t e m . 

Crucial s t e p s a long the w a y have 

been the d e v e l o p m e n t o f a p p r o ­

pr iate cable (usually re ferred t o as 

Ru the r fo rd /Fe rm i lab cab le ) ; analys is 

and i m p l e m e n t a t i o n o f the quench 

p r o t e c t i o n and recovery s y s t e m ; t h e 

m a s t e r y o f the huge c ryogen ics s y s ­

t e m ; the in t roduc t ion o f ' s m a r t b o l t s ' 

t o so lve the p r o b l e m o f f ie ld t i l t ing 

due t o coi l m o v e m e n t ; and the ins ta l ­

lat ion o f a c o m p r e h e n s i v e b e a m 

m o n i t o r i n g s y s t e m and f ie ld co r rec ­

t i on s y s t e m a l low ing ref ined m a ­

chine c o n t r o l at all energ ies. In a d d i ­

t i o n , as is c o m m o n w i t h all b ig p r o ­

j e c t s , there has been the t a s k o f 

organiz ing m a g n e t p r o d u c t i o n , t e s t ­

ing and insta l la t ion on a large 

scale. 

The w o r k o f the c o m i n g m o n t h s 

wi l l be c o n c e r n e d w i t h i m p r o v i n g re­

l iabil i ty o f all the s y s t e m s (about 

5 0 % overa l l opera t iona l avai labi l i ty 

w a s ach ieved in Ju ly ) , push ing t o 

h igher peak energy a n d , par t icu lar ly , 

i m p r o v i n g b e a m in tens i ty . Paradox i ­

cal ly the in tens i ty l imi ta t ion w h e n 

7 0 0 GeV w a s ach ieved c a m e f r o m 

the c o n v e n t i o n a l r ing w h i c h has n o t 

had m u c h nurs ing wh i le a t ten t i on has 

been f o c u s e d on the s u p e r c o n d u c t ­

ing r ing . M o r e wi l l need t o be d o n e o n 

the re f r igera t ion s y s t e m — the heat 

load is h igher than an t ic ipa ted and 

the cent ra l he l ium l iquefier has t o be 

k e p t in ac t ion as we l l as the 2 4 sa te l ­

lite re f r igera tors w h e n the acce lera­

t o r is o p e r a t e d . 

Resonant ex t rac t ion w a s ach ieved 

f o r the f i rs t t i m e o n 7 A u g u s t . A n 

e n o r m o u s a m o u n t o f w o r k is under 

w a y t o p repare the exper imen ta l 

areas f o r h igher energy b e a m s (as 

w a s r e p o r t e d in our S e p t e m b e r is­

sue) and e x p e r i m e n t s are schedu led 

t o res tar t in t h e M e s o n A r e a in O c t o ­

ber . C o m p o n e n t s o f the Col l ider 

D e t e c t o r Faci l i ty are a lso c o m i n g t o ­

ge ther and co l l id ing p r o t o n - a n t i p r o ­

t o n b e a m s at 1 0 0 0 GeV no longer 

s e e m a d r e a m . 

Roy Bil l inge gave the ta lk o n the 

a n t i p r o t o n successes at CERN w h i c h 

w e have r e p o r t e d regular ly in our 

pages . T h e except iona l l y rel iable 

o p e r a t i o n o f all e lemen ts o f t he c o m ­

plex s y s t e m p a v e d the w a y t o t h e W 

and Z d i scove r ies . The A n t i p r o t o n 

A c c u m u l a t o r ( A A ) has been in ac t ion 

f o r o v e r 5 0 0 0 hours in a year and has 

p r o v i d e d par t ic les in runs as long as 

3 3 d a y s w i t h o u t los ing a s ingle 

s t a c k . A n t i p r o t o n accumu la t ion 

ra tes have reached 8 x 1 0 9 per hour 

and up t o 1.2 x 1 0 1 1 are co l lec ted o n 

a g o o d day . A b o u t a th i rd o f t hese 

m a k e it t o the SPS f o r col l ider p h y ­

s ics at 2 7 0 GeV g iv ing luminos i t ies 

up t o 1.6 x 1 0 2 9 , a b o u t a s ix th o f t h e 

des ign a i m . 

T o y ie ld m o r e phys ics there is a 

p r o p o s a l t o increase the col l ider e n ­

e rgy t o 3 1 0 G e V , w h i c h wi l l increase 

t h e W and Z p r o d u c t i o n c r o s s - s e c ­

t i o n s , and m a y b e t o instal l s o m e s t o ­

chas t ic coo l i ng in the SPS. It is h o p e d 

t o i m p r o v e t h e a n t i p r o t o n co l lec t ion 

rate at t he A A and t e s t s w i t h pu lsed 

t a r g e t s and a l i th ium lens (on loan 

f r o m Fermi lab) shou ld s ta r t s o o n . 

T h e e f f i c iency o f a n t i p r o t o n t rans fe r 

b e t w e e n t h e mach ines wi l l a lso have 

a t t e n t i o n , f o r e x a m p l e by a t t e m p t i n g 

t o k n o w and c o n t r o l be t te r t h e m a g ­

net ic f ie lds in the ex t rac t ion reg ion o f 

t h e PS. M o r e amb i t i ous l y , an a d d i ­

t iona l r ing (the A n t i p r o t o n Co l lec tor , 

AC) is be ing d e s i g n e d t o achieve p re -

coo l i ng b e f o r e in ject ion in to the A A 

(as in t h e Fermi lab col l ider scheme) . 
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On 13 September, 
President Mitterrand of 
France and President 
Aubert of Switzerland 
came to CERN for the 
official LEP groundbreaking 
ceremony. A full report will 
feature in our next issue. 

CERN clear ly has a head s ta r t t o 

c r e a m o f f g o o d p h y s i c s in th i s n e w 

ene rgy reg ion . 

Projects under way or planned 

H e r w i g S c h o p p e r r e p o r t e d the 

s ta r t o f civi l eng ineer ing w o r k f o r the 

LEP p ro jec t at CERN and t h e p h y s i c s 

in teres t is o b v i o u s f r o m the f a c t t h a t , 

even in Phase I o f o p e r a t i o n w i t h 

e lec t rons and p o s i t r o n s co l l id ing at 

up t o 6 0 GeV per b e a m , t h e expe r i ­

m e n t s cou ld see 10 0 0 0 Z b o s o n s 

per day . T h e higher ene rgy d e v e l o p ­

m e n t s (LEP is o p t i m i z e d f o r 

1 0 0 GeV) d e p e n d up o n m a s t e r y o f 

s u p e r c o n d u c t i n g r.f. cav i t ies and it 

w a s v e r y encourag ing t o hear H. Piel 

and H. Lengeler r e p o r t i n g p r o g r e s s . 

The i r essent ia l n e w m e s s a g e is t h a t 

t h o u g h there are sti l l s o m e p r o b l e m s 

the i r sou rces are all u n d e r s t o o d . 

Cav i ty behav iour no longer de f ies in ­

t e r p r e t a t i o n and it has been d e m o n ­

s t r a t e d tha t s u p e r c o n d u c t i n g c a v i ­

t ies can be o p e r a t e d in s t o r a g e r ing 

c o n d i t i o n s caus ing no m o r e head ­

aches than s t a n d a r d c o p p e r c a v i ­

t ies . 

S o m e ma jo r c o n t r i b u t i o n s t o th is 

a c h i e v e m e n t have been — t h e se lec­

t i o n o f spher ica l o r el l ipt ical cav i t y 

shapes t o rel ieve the m u l t i p a c t o r i n g 

p r o b l e m ; p o w e r f u l p r o g r a m s t o 

c o m p u t e higher o rde r m o d e s ; and 

t e m p e r a t u r e m a p p i n g o f cav i t ies t o 

reveal t roub le s p o t s w h i c h can t h e n 

be fa i r ly easi ly t r e a t e d . The re are 

n o w conv inc ing s u p e r c o n d u c t i n g 

cav i t y resul ts f r o m A r g o n n e , CERN, 

Corne l l , DESY, KEK and W u p p e r t a l . 

H e r w i g S c h o p p e r c o n c l u d e d his 

LEP ta lk w i t h s o m e ind ica t ions o f lat­

er poss ib i l i t ies us ing t h e LEP tunne l 

f o r p r o t o n s , re fer r ing t o a CERN re­

p o r t by S teve M y e r s a n d W o l f g a n g 

Schnel l . T h e s imp les t and f a s t e s t 

s c h e m e cou ld use n i o b i u m - t i t a n i u m 

s u p e r c o n d u c t i n g m a g n e t s t o g ive 

5 T e V p r o t o n - a n t i p r o t o n co l l i s ions 

(the in jec tors are , o f c o u r s e , a l ready 

in ac t ion) . T h e m o s t amb i t i ous (and 

lengthier) var ian t cou ld have n io­

b ium- t in m a g n e t s and t w o p r o t o n 

r ings g iv ing h igh luminos i ty at ener­

g ies a p p r o a c h i n g l O T e V . E lec t ron-

p r o t o n co l l i s ions o f 1 0 0 GeV on 5 t o 

10 T e V are an o b v i o u s add i t iona l a t ­

t r ac t i on g i ven the ex is tence o f LEP. 

Pro ject a p p r o v a l has n o w been 

g iven f o r the S t a n f o r d Linear Col l ider 

w i t h $ 3 2 mi l l ion a l located f o r t h e 

f i rs t y e a r ; t o ta l c o s t is e s t i m a t e d at 

$ 1 1 2 mi l l ion . C o n s t r u c t i o n t i m e 

cou ld be as l o w as th ree years g i ven 

an app rop r ia te rate o f f u n d i n g s o 

t h a t , as Burt Richter sa id , the SLC 

cou ld s ta r t f l o o d i n g the w o r l d w i t h W 

and Z phys i cs b y the end o f 1 9 8 6 . 

T w o e x p e r i m e n t s have been ap ­

p r o v e d — a ma jo r ref i t o f t he M a r k II 

and a n e w d e t e c t o r . It is a lso r e c o g ­

nized tha t the p ro jec t is an adven tu re 

in acce le ra to r phys ics w h i c h cou ld 

have d i f f icu l t ies mas te r ing t e c h n o ­

logical p r o b l e m s but m a y pave t h e 

w a y t o the on ly ' f iscal ly feas ib le ' 

m e t h o d o f co l l id ing e l e c t r o n - p o s i ­

t r o n b e a m s at energ ies b e y o n d 

LEP. 

T h e SLC is 'a pair o f b e a m t rans fe r 

s y s t e m s ' f o l l o w i n g the ter ra in in t w o 

large arcs at t h e end o f the l inear 

acce le ra tor . T h e y wi l l receive e lec­

t r o n s and p o s i t r o n s at 5 0 GeV per 

b e a m specia l ly f o r m e d in to in tense 

s h o r t b u n c h e s . T h e linac is p resen t l y 

capab le o f 3 4 GeV and t h e upg rade 

is con t i nu ing in con juc t i on w i t h k l y s ­

t r o n d e v e l o p m e n t t o ach ieve 5 0 M W 

t u b e s o f h igh e f f ic iency. T w o d a m p ­

ing r ings , t o reduce bunch e m i t t a n c e 

pr ior t o acce le ra t ion in the l inac, are 

bui l t and under t es t . By the end o f 

th is year it is h o p e d t o have in tense 

e lec t ron b u n c h e s one th i rd o f t h e 

w a y d o w n t h e l inac f o r p o s i t r o n p r o ­

d u c t i o n . 

T h e HERA p ro jec t at DESY f o r c o l ­

l id ing 8 2 0 GeV p r o t o n s w i t h 3 0 G e V 

Helen Edwards reporting on the success 
of the Energy Doubler project at Fermilab 
where a superconducting magnet ring was 
brought into operation for the first time. 

e lec t rons w a s r e p o r t e d by Gus V o s s . 

It is h o p e d t o have author iza t ion f o r 

c o n s t r u c t i o n b y t h e end o f th is year 

and t o s ta r t w o r k o n the tunne l at t h e 

beg inn ing o f 1 9 8 4 . T h e HERA t e a m 

are a m o n g s t t h e m o s t re l ieved at t h e 

s u c c e s s at Fermi lab s ince t h e y w i l l 

use s u p e r c o n d u c t i n g m a g n e t s in 

the i r p r o t o n r ing . T w o t y p e s are u n ­

der s t u d y , o n e s imi lar t o Fermi lab 

(1 m p r o t o t y p e s have all p e r f o r m e d 

w e l l w i t h f ie lds o v e r 5 T) and o n e 

s imi lar t o B r o o k h a v e n (a f i rs t m a g n e t 

has been o r d e r e d f r o m indus t ry t o be 

ready in N o v e m b e r ) . It is i n tended t o 

bui ld and t e s t a d o z e n o f each t y p e s o 

as t o c h o o s e at the end o f 1 9 8 4 . 

O ther p r e p a r a t i o n s , such as t h e 

bu i ld ing o f a n e w 9 GeV e lec t ron 

s y n c h r o t r o n (cal led DESY II), are 

p lanned . 

K.P. M y z n i k o v c o v e r e d c o n s t r u c ­

t i o n o f t h e 3 T e V UNK pro jec t at Ser­

p u k h o v . T h e p resen t 7 0 GeV p r o t o n 

r ing is be ing u p g r a d e d t o take the 
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Scope trace from the Fermilab control room 
on 15 August when protons were taken 
to a new world record energy of 700 GeV 
in the Energy Doubler superconducting ring. 

4 . 2 G e V (2 .1 GeV reci rculated) e lec­

t r o n l inac w i t h a pulse s t re tcher r i ng , 

e s t i m a t e d t o c o s t $ 115 mi l l ion o v e r 

f i ve yea rs . T h e nex t pr io r i ty is f o r a 

heavy ion mach ine and M a r k Bar ton 

c o v e r e d pre l iminary ideas t o use t h e 

C B A tunne l at B r o o k h a v e n w i t h a 

m i s s i n g m a g n e t lat t ice us ing C B A 

s u p e r c o n d u c t i n g m a g n e t s t o y ie ld 

re la t iv is t ic heavy ions t o s t u d y 

q u a r k - g l u o n p l a s m a s . There are the 

a d v a n t a g e s at B r o o k h a v e n o f a g o o d 

t a n d e m in jec tor (wh ich w o u l d need 

t o be f o l l o w e d b y a b o o s t e r c y c l o ­

t ron) and o f t h e c o m p l e t e d C B A t u n ­

nel . Even w i t h o u t the b o o s t e r , acce l ­

e ra t ion o f ions up t o su lphur shou ld 

be poss ib le . T h e s e t w o pr ior i t ies 

s o m e w h a t t a k e the e m p h a s i s o f f t he 

L A M P F II p ro jec t (see O c t o b e r 1 9 8 2 

issue, page 3 2 4 ) , desc r i bed by 

H. T h i e s s e n . ' K a o n f a c t o r y ' ideas 

m a y n o w c o n c e n t r a t e at t he T R I U M F 

L a b o r a t o r y . 

i n tens i t y t o 5 x 1 0 1 3 . S u p e r c o n d u c t ­

ing m a g n e t s are be ing d e v e l o p e d in 

co l l abo ra t i on w i t h Sac lay and 5 T 

p r o t o t y p e s have p e r f o r m e d w e l l . A 

m a g n e t f a c t o r y has been se t up . Civil 

eng ineer ing has s t a r t e d w i t h the 

s ink ing o f t w o 2 5 m a c c e s s s h a f t s 

and tunnel l ing o f t he r ing w i l l beg in 

s o o n . It is h o p e d t o have t h e c o n v e n ­

t iona l 4 0 0 GeV r ing in ac t i on by 

1 9 8 8 and t h e 3 T e V s u p e r c o n d u c t ­

ing r ing t w o years later. 

Phase I o f the T R I S T A N p r o j e c t f o r 

3 0 G e V e l e c t r o n - p o s i t r o n co l l id ing 

b e a m s w a s a p p r o v e d in 1 9 8 1 and 

T . N i s h i k a w a r e p o r t e d t h a t c o n s t r u c ­

t i o n is o n schedu le f o r c o m p l e t i o n 

ear ly in 1 9 8 6 . T h e 6 GeV a c c u m u l a ­

t i o n r ing is c o m p l e t e a n d t h e ma in 

e m p h a s i s is n o w o n ma in r ing (3 k m 

c i rcumference) m a g n e t p r o d u c t i o n . 

S u p e r c o n d u c t i n g r.f. c a v i t y p r o t o ­

t y p e s are be ing t e s t e d t o enab le 

peak energy t o be m o v e d b e y o n d 

3 0 G e V . T w o e x p e r i m e n t s (VENUS 

and T O P A Z ) have been a p p r o v e d 

and t w o o t h e r s are under d is ­

c u s s i o n . 

Our co l leagues in China have had 

t o s t e p b a c k , f o r f iscal r e a s o n s , f r o m 

thei r init ial a m b i t i o u s 5 0 GeV p r o t o n 

s y n c h r o t r o n p ro jec t and are n o w 

c o n c e n t r a t i n g on a 3 GeV e l e c t r o n -

p o s i t r o n r ing (BEPC - Beij ing E lec t ron 

Pos i t ron Coll ider) o p t i m i z e d f o r J / p s i 

p h y s i c s . It is be ing buil t at t h e Ins t i ­

t u te o f High Energy Physics and is 

schedu led f o r c o m p l e t i o n in 1 9 8 7 . 

Since w e have m o v e d t o l o w e r 

energy ranges it is w o r t h add ing a 

f e w w o r d s o n U S A p lans f o r nuclear 

phys i cs fac i l i t ies . The Nuclear Phy­

s ics A d v i s o r y C o m m i t t e e has g i ven 

f i rs t p r io r i t y t o an e lec t ron mach ine . 

T h e f r o n t runner f o r such a mach ine 

is n o w N E A L — Nat ional E lec t ron 

A c c e l e r a t o r L a b o r a t o r y — p r o p o s e d 

f o r a s i te in V i rg in ia by t h e S o u t h e r n 

Un ivers i t ies Research A s s o c i a t i o n 

and d e s c r i b e d by B. N o r u m . It is a 

The Future 

T h o u g h t s o n the acce le ra to rs o f 

t h e nex t c e n t u r y c a m e f r o m Bur t 

Richter , B o b J a m e s o n , A . S k r i n s k y 

( for l inear mach ines ) , A n d y Sessler 

( n e w acce le ra t ion c o n c e p t s ) and B o b 

W i l s o n (hadron col l iders) . W e w i l l 

c o n c e n t r a t e o n the last t w o . 

N e w acce le ra t ion c o n c e p t s w e r e 

c o v e r e d in s o m e detai l in our repor t 

o f t h e O x f o r d Con fe rence (see De­

c e m b e r issue, 1 9 8 2 ) but it w a s g o o d 

t o learn t h a t m a n y o f the ideas w h i c h 

w e r e l i t t le m o r e than ideas a year a g o 

are n o w beg inn ing t o ge t m o d e s t 

theore t i ca l and exper imen ta l a t t e n ­

t i o n . A n e x p e r i m e n t on the w a k e -

f ie ld c o n c e p t (Gus V o s s / T o m 

W e i l a n d ) is be ing p repared at DESY. 

T h e t w o b e a m ideas o f A n d y S e s s -

l e r / D o n Prosn i tz are be ing pu rsued at 

B e r k e l e y ; e x p e r i m e n t s o n a f ree e lec­

t r o n laser are be ing p repa red . T h e 

inverse f ree e lec t ron laser is under 

CERN C o u r i e r , O c t o b e r 1 9 8 3 3 0 1 



One of the many visions of the SCC 
(Superconducting Super Collider, or 
'Desertron'). In the one-metre-diameter 
tunnel, the two magnet rings are 
symmetrically placed below, and above 
(with the smiling face) is a robot able to 
tour the ring for remote manipulations. 

theore t i ca l i nves t iga t ion at B r o o k -

haven (Claudio Pellegrini). T h e p las­

m a b e a t - w a v e c o n c e p t ( m o s t f a s c i ­

na t ing o f all because o f i ts d r a m a t i ­

cal ly h igh acce lera t ing f ie ld g r a ­

d ients) is rece iv ing a t t e n t i o n , f o r ex­

a m p l e , at U C L A , Los A l a m o s , NRC 

O t t a w a and the Ruther fo rd L a b o r a t o ­

ry. P roposa ls fo r m o d e s t s ign i f icant 

e x p e r i m e n t s are beg inn ing t o 

e m e r g e (for examp le f r o m R. Ruth at 

CERN). 

It w a s ent i re ly a p p r o p r i a t e t h a t 

B o b W i l s o n s p o k e o n v e r y large ha -

d r o n co l l iders f o r it w a s his in i t ia t ive 

t ha t s t i r red the f e r m e n t w h i c h has led 

t o t h e 2 0 T e V mach ine ideas in t h e 

U S A ( n o w usual ly re fer red t o as t h e 

SSC — S u p e r c o n d u c t i n g Super 

Col l ider — or D e s e r t r o n , in r e c o g n i ­

t i o n o f t he v a s t area w h i c h wi l l be 

necessary f o r i ts c o n s t r u c t i o n ) . Fo l ­

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

W o o d s Hole subpane l o f t h e High 

Energy Phys ics A d v i s o r y Panel , 

HEPAP, the SSC b e c o m e s n u m b e r 

o n e pr io r i t y in the U S A p r o g r a m m e . 

Bill W a l l e n m a y e r a n n o u n c e d t h a t t h e 

D e p a r t m e n t o f Energy has a s k e d 

HEPAP t o f o r m a subpane l t o adv ise 

o n the c o n t e n t o f t h e research and 

d e v e l o p m e n t p r o g r a m m e f o r the 

n e w p ro jec t . Th is subpane l has been 

se t up under the Cha i rmansh ip o f Pief 

P a n o f s k y and held i ts f i rs t m e e t i n g 

7 -9 S e p t e m b e r . 

T h e Fermi lab a u d i t o r i u m w a s 

p a c k e d f o r the techn ica l d i s c u s s i o n s 

o n t h e SSC dur ing t h e C o n f e r e n c e , 

cha i red by Boyce McDan ie l w i t h in -

Our report would not be com­

plete without mention of the 

excellent organization, under 

Russ Huson, of the Confer­

ence and of the social pro­

gramme, where events were 

selected with very good taste 

and superbly arranged. 

t r o d u c t o r y r e m a r k s by M a u r y T igne r , 

w h o b o t h had leading ro les in the 

2 0 T e V H a d r o n Col l ider W o r k s h o p 

held in Cornel l 2 8 M a r c h - 2 A p r i l . T h e 

base c o n s i d e r a t i o n s are t ha t b o t h 

col l ider t e c h n o l o g y and s u p e r c o n ­

duc t ing t e c h n o l o g y are n o w ma tu re 

e n o u g h t o launch a 2 0 T e V p r o p o s a l . 

The research and d e v e l o p m e n t 

phase has t o e m e r g e w i t h a p ro jec t 

w h i c h is n o t on ly technica l ly feas ib le 

(a t a s k w h i c h cou ld be c o n f r o n t e d 

immed ia te ly ) bu t w h i c h o p t i m i z e s 

mach ine des ign t o g ive the c h e a p e s t 

ve rs ion capab le o f p r o d u c i n g the re­

qu i red p h y s i c s . 

T h e cho ice o f m a g n e t w i l l b e , 

p e r h a p s , t h e ma jo r des ign dec i s ion . 

Prel iminary ideas w e r e p r e s e n t e d b y 

G o r d o n D a n b y , Russ H u s o n , Dick 

Lundy , B o b Palmer and G i v e Tay lo r . 

The re w a s a lso a sess ion o n m a g ­

nets at A r g o n n e f o l l o w i n g the C o n ­

fe rence . T h e balance s e e m s t o lie 

b e t w e e n h igh f ie ld (for examp le w i t h 

an 8 T n iob ium- t in magnet ) and 

' s m a l l ' rad ius (say 12 km) c o m p a r e d 

t o l o w f ie ld (2 .5 T super fer r ic m a g ­

net) and large radius (say 3 7 k m ) , 

w i t h m a n y in te rmed ia te o p t i o n s . 

M a g n e t d e v e l o p m e n t t i m e , o p e r a t ­

ing c o s t s and civi l eng ineer ing c o s t s 

shou ld all en te r in to the e q u a t i o n . 

D e v e l o p m e n t t i m e cou ld be i m ­

p o r t a n t because there is s o m e u n ­

ease a b o u t the heal th o f t he U S A 

high energy phys i cs c o m m u n i t y a f ter 

a long pe r iod w i t h o u t n e w mach ines 

t o o p e n n e w areas o f p h y s i c s ; t he 

SSC is l ike ly , e v e n op t im is t i ca l l y , t o 

be t e n years a w a y . Opera t ing c o s t 

o b v i o u s l y d i c ta tes the b u d g e t o f t h e 

L a b o r a t o r y o v e r the ful l w o r k i n g life 

o f t he m a c h i n e . Civil eng ineer ing 

c o s t s g o up w i t h l o w f ie ld and d o w n 

w i t h h igh f ie ld a n d it w a s s u g g e s t e d 

tha t m a g n e t p lus civi l eng ineer ing 

c o s t s are a c o n s t a n t . If t ha t w e r e t rue 

the re w o u l d be a t e n d e n c y t o w a r d s 

the la rgest poss ib le r ing w h i c h w o u l d 

a l l o w easy upg rade in s u b s e q u e n t 

d e c a d e s . H o w e v e r the s u g g e s t i o n o f 

c o n s t a n t c o s t has n o t been clear ly 

d e m o n s t r a t e d a n d , a lso , t r ip l ing t h e 

res t o f t h e mach ine c o m p o n e n t s 

such as c r y o g e n i c p l u m b i n g , v a c u u m 

s y s t e m , q u e n c h p r o t e c t i o n s y s t e m s , 

cab l ing e tc . in se lec t ing the largest 

r ing is n o t negl ig ib le. A f asc ina t i ng , 

h igh s p e e d s t u d y is in f r o n t o f our 

A m e r i c a n co l leagues . 

B o b W i l s o n ' s ta lk w a s m o r e ph i ­

losoph ica l t han techn ica l and he 

d r e w o n exper ience in the bui ld ing o f 

t he Fermi lab mach ine t o g ive s o m e 

po in te rs f o r p r o c e e d i n g on the SSC. 

He ma in ta ined tha t the ex is tence o f 

the Berke ley des ign f o r a 2 0 0 GeV 

mach ine great ly s p e e d e d the Fermi ­

lab p ro jec t s ince it w a s a c o n s t a n t 

re ference sou rce . The m e s s a g e is t o 

e v o l v e an SSC des ign rapid ly and 

po l ish it later. T h e s i te se lec t ion , 

w h i c h f inal ly se t t l ed on Batav ia , w a s 

a t o u g h p r o c e s s , and the SSC si te 

se lec t ion shou ld be c o n f r o n t e d early 
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Brighton Conference 

(Further report) 

— it a lso o b v i o u s l y in f luences the 

f inal d e s i g n . (Every S ta te w i t h a 

handy deser t is o b v i o u s l y in t h e run­

n ing a n d , f o r e x a m p l e , T e x a s — 

based o n A and M Un ive rs i t y — are 

a l ready oi l ing the se lec t ion m e c h a n ­

i s m . A l te rna t i ve l y the re are o b v i o u s 

a d v a n t a g e s in e x p a n d i n g an ex is t ing 

L a b o r a t o r y , such as Fermi lab w h e r e 

genera l in f ras t ruc tu re and a 1 T e V 

in jec tor a l ready exis t . ) T h e c o s t re­

d u c t i o n s in the Fermi lab des ign w e r e 

a pos i t i ve inf luence o n W a s h i n g t o n 

and B o b W i l s o n cal led f o r an ear ly 

ind ica t ion f r o m C o n g r e s s as t o w h a t 

w o u l d be an accep tab le 'ba l l -pa rk ' 

f o r t he mach ine c o s t . Th i s a lso 

w o u l d have a d o m i n a n t in f luence o n 

mach ine des ign c h o i c e s . 

So w o r k t o launch the D e s e r t r o n is 

under w a y . It is d e s i g n e d t o pene ­

t ra te the phys ics dese r t t h a t s o m e 

theore t i c ians p red ic t bu t no exper ­

imenta l is t be l ieves. A co l l i s ion ener­

g y o f 4 0 T e V wi l l sure ly f i n d s o m e 

o a s e s and m a y b e even en te r H iggs -

vi l le. T h e Con fe rence had th is an t ic i ­

pa t ion in the air and f o r acce le ra to r 

p h y s i c s , as we l l as f o r h igh ene rgy 

p h y s i c s , 1 9 8 3 m u s t rank a m o n g s t 

t h e g rea tes t . 

(Report by Brian Southworth.) 

Delegates at the Brighton Conference 

cooperatively posed outside for the camera. 

(Photo Rutherford Appleton Laboratory) 

CERN C o u r i e r , O c t o b e r 1 9 8 3 

T w o years a g o , at the 1 9 8 1 Inter­

nat ional Con fe rence on High Energy 

Phys ics in L i s b o n , Carlo Rubbia had 

ar r ived w i t h s tar t l ing n e w s — t h e 

f i rs t h igh energy p r o t o n - a n t i p r o t o n 

co l l i s ions had been o b s e r v e d in t h e 

CERN SPS col l ider. Th is year , at t h e 

In ternat ional Europhys ics Confe r ­

ence in B r igh ton (UK), he w a s able t o 

recoun t h o w e x p e r i m e n t s at t h e 

CERN col l ider had d i s c o v e r e d t h e W 

and Z ° b o s o n s w h i c h med ia te t h e 

w e a k f o r c e . 

T h e spec tacu la r p r o g r e s s m a d e 

dur ing th i s re lat ive ly s h o r t t i m e u n ­

der l ines t h e imag ina t ion and f o r e ­

s ight o f t h o s e w h o p r o p o s e d the p r o ­

jec t and pushed it t h r o u g h , and p a y s 

t r i bu te t o t h e ski l l and ingenui ty o f t he 

mach ine spec ia l is ts and phys ic i s t s 

w h o i m p l e m e n t e d it and b r o u g h t it t o 

f ru i t i on . 

A l t h o u g h the W and Z n e w s w a s 

n o t ent i re ly f r e s h , Br igh ton w a s t h e 

f i rs t m a j o r in ternat ional par t ic le 

phys i cs c o n f e r e n c e t o hear a ful l re­

p o r t f r o m the U A 1 and U A 2 exper i ­

m e n t s (see pages 3 0 6 - 7 ) . H idden in 

a f e w hours o f conven t iona l l y d r y 

sc ient i f ic p resen ta t i ons w a s the cu l ­

m ina t i on o f s o m e t w e n t y - f i v e years 

o f pa ins tak ing theore t i ca l and exper ­

imenta l phys i cs w h i c h changes our 

p ic tu re o f t he w o r l d a round us. T h e 

e l e c t r o w e a k un i f ica t ion wi l l g o d o w n 

as one o f t h e ma jo r sc ient i f ic ach iev­

e m e n t s o f t he cen tu ry . (The N o v e m ­

ber issue o f the CERN Cour ier w i l l 

r e v i e w the d e v e l o p m e n t o f t he e lec­

t r o w e a k t h e o r y and the h is to ry o f t h e 

CERN a n t i p r o t o n pro ject . ) 

W i t h o u t be l i t t l ing the m a n y o t h e r 

i m p o r t a n t phys i cs resul ts a n ­

n o u n c e d , B r igh ton w a s v e r y m u c h a 

s h o w c a s e f o r the CERN col l ider , and 

the a r r a n g e m e n t o f t he sess ions had 

been carefu l ly s t a g e - m a n a g e d . T h e 

p lenary ta l ks w e r e p re faced by re­

p o r t s f r o m the b ig U A 1 and U A 2 

e x p e r i m e n t s o n h o w t h e y t r a c k e d 



As well as the discoveries of the W and Z 

particles, the jet results from the UA 1 and 

UA2 experiments at the CERN SPS collider 

provided another Brighton highlight. This 

'lego plot' shows two high transverse 

energy jets as recorded in the UA2 detector, 

together taking 250 GeV of transverse 

energy from a 540 GeVproton-antiproton 

collision. 

d o w n thei r W and Z e v e n t s , and t h e 

c o n c l u d i n g exper imen ta l s p e a k e r 

w a s Car lo Rubb ia , w h o s u m m a r i z e d 

t h e phys i cs f i nd ings s o fa r at t h e 

co l l ider . 

M a j o r phys i cs m e e t i n g s t h e s e 

d a y s have a lot o f g r o u n d t o c o v e r , 

and t h e Br igh ton p lenary t a l k s f o l ­

l o w e d th ree d a y s o f b u s y paral lel 

s e s s i o n s , w h e r e con f l i c t s o f in te res t 

w e r e inev i tab le . S p e a k e r s , as w e l l as 

pa r t i c i pan ts , had t o t h r e a d the i r w a y 

b e t w e e n hal ls. V e r y helpfu l w e r e the 

t e l e t e x t sc reens w h i c h d i sp layed u p -

t o - t h e - m i n u t e s ta tus o f t he va r ious 

paral lel s e s s i o n s . 

Jet physics 

L o o k i n g back jus t o n e year , ' j e t ' 

p h y s i c s had b e c o m e respec tab le at 

t h e 1 9 8 2 Paris m e e t i n g w i t h t h e f i r s t 

resu l ts f r o m the CERN col l ider o n t h e 

p r o d u c t i o n o f c lus te rs o f h a d r o n s at 

w i d e ang les t o t h e d i rec t i on o f t h e 

i n c o m i n g b e a m s . N e w da ta f r o m 

w i d e angle ca lo r ime te rs at t h e CERN 

In te rsec t ing S to rage Rings had a lso 

p layed a va luable ro le in th is resur­

g e n c e o f c o n f i d e n c e . 

J e t s have n o w f i r m e d up e v e n 

m o r e , r e p o r t e d P. S o d i n g in his 

B r i gh ton s u m m a r y ta lk o n quark and 

g luon f r a g m e n t a t i o n . R. S o s n o w s k i 

in his s u m m a r y o f ' h a r d ' h a d r o n c o l ­

l is ions e m p h a s i z e d t h a t the o b ­

s e r v e d je t s c o m e f r o m the s c a t t e r i n g 

o f c o m p o n e n t s h idden d e e p ins ide 

t h e co l l id ing par t ic les . 

T h e r e w a s a lot o f j e t mater ia l p re ­

s e n t e d at B r i g h t o n . In t o t a l , near ly a 

d a y o f paral lel s e s s i o n s w e r e n e e d e d 

t o c o v e r resu l ts f r o m t h e ISR ( M . A l -

b r o w ) , t h e CERN col l ider (K. S u m o -

r o k f r o m U A 1 and J . Schacher f r o m 

U A 2 ) , t he PETRA e l e c t r o n - p o s i t r o n 

r ing at DESY (var ious s p e a k e r s ) , t h e 

PEP e l e c t r o n - p o s i t r o n r ing at S L A C 

(G. Hanson ) , and f r o m l e p t o n - h a d r o n 

in te rac t ions (G. J a n c s o ) . 

T h e r e is n o w m o r e ev idence f o r 

b a r y o n p r o d u c t i o n in j e t s . D. Pan-

dou las ind ica ted tha t p r o t o n s and 

a n t i p r o t o n s pre fer t o e m e r g e t o g e t h ­

er in t h e s a m e j e t , and there are s igns 

t o o o f h y p e r o n p r o d u c t i o n . 

C o m p a r i s o n o f je t behav iou r in 

e l e c t r o n - p o s i t r o n and p r o t o n - a n t i ­

p r o t o n co l l i s ions s u g g e s t s s o m e 

k ind o f un iversa l behav iour . T h e r e 

are s t r i k ing s imi la r i t ies , ' dec la red 

H. K o w a l s k i in his m in i - rappor teu r 

ta lk . H o w e v e r c loser i nspec t ion h in ts 

at s y s t e m a t i c d i f fe rences b e t w e e n 

j e t s c o m i n g f r o m g luons and t h o s e 

c o m i n g f r o m q u a r k s , r e m a r k e d S o d ­

ing . G luon j e t s cou ld be fa t t e r and 

c o n t a i n d i f fe ren t par t i c les , par t icu lar ­

ly b a r y o n s . 

T h e i m p o r t a n t role p layed b y 

g luons in t h e col l ider j e t s g ives a han ­

dle o n t h e g luon s t ruc tu re f u n c t i o n 

(g luon c o n t e n t o f nuc leons) , and t h e 

resu l ts t ie in w i t h the m e a s u r e m e n t s 

o f t he W A 1 neu t r ino e x p e r i m e n t at 

CERN, su i tab ly sca led t o t a k e ac­

c o u n t o f t h e d i f fe rence in k i n e m a ­

t i c s . 

W h i l e t h e CERN col l ider je t b e h a v ­

iour is d o m i n a t e d by e v e n t s w i t h t w o 

m o r e - o r - l e s s b a c k - t o - b a c k c lus te rs 

o f h a d r o n s , t he re are s igns o f a d d i ­

t iona l j e t s . T h e analys is is n o t y e t 

c o m p l e t e . 

W h e n t h e y c rash t o g e t h e r , t h e 

q u a r k s and g luons h idden d e e p in ­

s ide nuc leons c a n n o t e m e r g e as f ree 

par t i c les . I n s t e a d , t h e y ' f r a g m e n t ' 

in to c lus te rs o f h a d r o n s . J e t ana lys is 

is c lose ly b o u n d up w i t h q u e s t i o n s 

o f q u a r k / g l u o n f r a g m e n t a t i o n in to 

h a d r o n s . 

E x p e r i m e n t s at PETRA (and PEP) 

s t u d y je t p r o d u c t i o n ra tes t o ob ta in a 

va lue f o r t h e under ly ing q u a r k / g l u o n 

coup l i ng c o n s t a n t . T h e resu l ts are 

v e r y d e p e n d e n t o n the w a y the f r a g ­

m e n t a t i o n o f t h e qua rks and g luons 

is hand l ed . T h e r e is s o m e ev idence 

tha t the ' s t r i n g ' m o d e l o f f r a g m e n t a -
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More jets from the CERN collider. Top, 

particle tracks as reconstructed in the 

central detector of the UA 1 experiment. 

Bottom, adding hits in the outer calorimeters 

and leaving out the lower energy tracks 

leaves three clear sprays of particles 

emerging from the proton-antiproton 

collision. 

t i o n m i g h t be g o o d under cer ta in 

c o n d i t i o n s , bu t t h e r e is cer ta in ly 

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

f r a g m e n t a t i o n p r o c e s s . 

Severa l d e t e c t o r s at PETRA a n d at 

PEP have m a n a g e d t o infer w h a t hap ­

p e n s w h e n d i f fe ren t h e a v y q u a r k s 

are f o r m e d , g iv ing h e a v y , h igh ly u n ­

s tab le par t i c les . T h e r e a p p e a r s t o be 

a s y s t e m a t i c d i f f e rence b e t w e e n the 

w a y c h a r m and b e a u t y q u a r k s f r a g ­

m e n t . Th i s cou ld be due t o t h e d i f fe r ­

ence in t h e m a s s e s , the b e a u t y qua rk 

be ing m u c h heavier . 

Grand unification and proton decay 

A b o u t t e n years a g o , Pati a n d 

Sa lam and Georg i and G l a s h o w 

m a d e t h e f i rs t t e n t a t i v e s t e p s t o ­

w a r d s ' g r a n d un i f i ca t ion ' — t h e o r i e s 

w h i c h t r y t o m e r g e the q u a r k / g l u o n 

f o r c e w i t h t h e n o w v e r y s u c c e s s f u l 

e l e c t r o w e a k un i f i ca t ion . S ince t h e n , 

t h e s e t h e o r i e s have been re f ined a n d 

e x t e n d e d . A t B r i g h t o n , S. Ferrara 

d e s c r i b e d t h e g r a n d un i f i ca t ion w o r k 

cu r ren t l y under w a y . 

A genera l p red i c t i on o f t h e s e 

g r a n d un i f ied theo r ies is a s l igh t ly 

uns tab le p r o t o n . T h e s i m p l e s t p o s ­

s ib le g r a n d un i f ied t h e o r y p r e d i c t s a 

p r o t o n l i fe t ime o f a b o u t 1 0 2 9 ± 2 

y e a r s , w i t h p ion p lus e lec t ron as t h e 

p r e f e r r e d d e c a y m o d e . A l t h o u g h ex­

p e r i m e n t s have been search ing f o r 

s o m e t i m e , t h e ma in e f f o r t , us ing 

s o p h i s t i c a t e d large d e t e c t o r s , is n o w 

g e t t i n g under w a y . T h e e x p e r i m e n t a l 

s i t ua t ion w a s s u m m a r i z e d at B r igh ­

t o n b y E. Fior in i . 

P r o t o n d e c a y had been s p o t l i g h t e d 

in p r e v i o u s m e e t i n g s by th ree e v e n t s 

r e c o r d e d in t h e u n d e r g r o u n d d e t e c ­

t o r in t h e Ko lar Go ld Fie lds, Ind ia. F io­

rini r e p o r t e d t h a t th is t e a m has seen 

no m o r e c a n d i d a t e d e c a y s in f u r t h e r 

e x p o s u r e s o f i ts 1 4 0 t o n d e t e c t o r . 

T h e 1 5 0 t o n t r a c k i n g ca lo r ime te r 

under M o n t Blanc has o n e c a n d i d a t e 

e v e n t w h i c h c o u l d be due t o a p r o t o n 

p r o d u c i n g a m u o n and a k a o n . T h i s 

c o r r e s p o n d s t o a p r o t o n l i fe t ime 

m o r e t h a n 1 0 3 1 yea rs . T h e a b s e n c e 

o f o t h e r d e c a y s g ives l imi ts o n t h e 

r e s p e c t i v e ' pa r t i a l ' l i fe t imes. 

T h e o t h e r b ig p r o t o n d e c a y sea rch 

t o p r e s e n t resu l ts w a s t h e g igan t i c 

I rv ine / M i c h i g a n / B r o o k h a v e n (1MB) 

d e t e c t o r , t h e f i r s t t o use t h e C h e r e n -

k o v t e c h n i q u e in a t r a c k i n g ca lo r i ­

m e t e r . Con ta in ing 7 0 0 0 t o n s o f 

w a t e r , th i s is w e l l su i ted t o c a t c h rare 

d e c a y s . 

L. Sulak p r e s e n t e d t h e 1MB d a t a 

a n a l y s e d s o fa r , p re fe r r ing t o t a k e a 

p e s s i m i s t i c v i e w o f neu t r ino b a c k ­

g r o u n d , w h i c h c o u l d a c c o u n t f o r t h e 

r e c o r d e d s igna ls . Cer ta in ly t h e e lec­

t r o n p lus p ion d e c a y p r e d i c t e d b y t h e 

' m i n i m a l ' t h e o r y is n o t s e e n . Fiorini 

g a v e l imi ts o n part ia l l i fe t imes f o r 

d e c a y s p r o d u c i n g k a o n s . 

(Turn to page 308) > 
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'Heavy light' 

Chairing the concluding sessions at the 

Brighton Conference, Abdus Salam, one 

of the authors of the electroweak theory, 

paid tribute to the CERN antiproton project 

which has now confirmed this imaginative 

unification of the weak and electromagnetic 

forces. 

The UK daily press proclaimed that 

the Brighton Conference was an­

nouncing the discovery of 'heavy 

light'. The discovery in fact had 

been announced before, but it was 

still a good way to describe the 

elegant picture which now unifies 

the weak and electromagnetic 

forces. Just as the photon, the 

ultimate quantum of light, is the 

carrier of electromagnetism, so 

the newly discovered W and Z 

particles carry the weak force. But 

while the photon is massless, the 

W and Z particles are very heavy. 

At about 80 and 90 times the 

mass of the proton respectively, 

they are the heaviest particles dis­

covered so far. 

But for the specialists attending 

the Conference, the momentous 

discoveries of the big UA 1 and 

UA2 experiments studying 

540 GeVproton-antiproton colli­

sions in the CERN SPS ring were 

already common knowledge. The 

finding of the charged W, respon­

sible for the 'charged current' of 

the weak interaction seen in nu­

clear beta decay, had been an­

nounced back in January, using 

data from the 1982 CERN collider 

run. 

The detection of the Z°, the car­

rier of the electrically neutral com­

ponent — the 'neutral current' — 

of the weak force, had been for­

mally announced at CERN on 

1 June, ten years after the phe­

nomenon of the neutral current 

had been discovered in photo­

graphs taken in the Gargamelle 

bubble chamber at CERN. 

But the 1983 SPS proton-anti­

proton collider run did not termi­

nate at CERN until 3 July (see Sep­

tember issue, page 247), and phy­

sicists were eager to hear the la­

test results. 

At Brighton, Karsten Eggert took 

the plenary session platform first 

to describe how UA 1 tracked 

down its Z particles. Of 153 in­

verse nanobarns of accumulated 

proton-antiproton collisions sup­

plied by the SPS machine in the 

latest three-month run, UA 1 had 

intercepted 80 per cent, itself a 

remarkable achievement in view 

of the complexity of the detector. 

To speed the hunt for the Zs, 

four 168E microprocessors scan­

ned the on-line data and selected 

a special sample kept on a dedi­

cated magnetic tape. 

The Z is detected at UA 1 by its 

decay into lepton (electron or 

muon) pairs. Applying successive 

selection criteria to the electron 

pair sample, 225 events boil down 

to four Z candidates. These events 

cluster around 95 GeV, with noth­

ing else in sight over an extremely 

wide effective mass range. The 

outer muon detector had two initial 

examples of muon pairs corre­

sponding to Z production. The 

momentum resolution for muons 

is not as good as that of electrons, 

so the Z mass is less reliable. 

With four electron events being 

seen compared with two muon 

events, some Brighton delegates 

brought up the question of elec-

tron-muon universality, but were 

reassured because of the relative 

inefficiency of the UA 1 detector 

in snaring naturally elusive muons. 

Jacques Colas then took over 

to cover the UA1 W search. The 

statistics now available represent 

an eightfold improvement over the 

evidence from the 1982 run, when 

the first Ws were found. The W 

signature is a high transverse ener­

gy lone electron produced back to 

back with missing energy indicative 

of a neutrino. 52 well-defined such 

events have been seen in UA 1, 

The CERN collider has apparently fulfilled 

its potential for "planned" discoveries', said 

Carlo Rubbia at the Brighton Conference. 
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The decay of a Z° particle into an 
electron-positron pair (e 1, e2), plus a photon 
taking some 20 GeV of transverse energy, 
as seen in the UA2 detector. The rate at 
which Z°s are expected to produce lepton 
pairs accompanied by such an energetic 
photon is very small. However both UA 1 
and UA2 see signs of energetic photons 
in the small samples of Z° decays collected 
so far. 

and a slightly reduced sample for 

rapid analysis gives a W mass of 

80.9 GeV. UA 1 also sees W ev­

ents producing single muons plus 

missing energy. 

In those cases where the 'elec­

tron' has been identified as an 

electron or a positron, the ob­

served behaviour is still the maxi­

mal left-right asymmetry seen in 

low energy beta decay. 

Gilles Sauvage was the UA2 

spokesman. Like UA 1, this detec­

tor has also achieved commend­

able 80 per cent data-taking effi­

ciencies under difficult conditions. 

Using the lone lepton plus missing 

energy signature, 35 W events 

have been accumulated, giving a 

W mass of 81 GeV and good evi­

dence for complete left-right asym­

metry. 

In the hunt for the Z, fate had 

been unkind to UA2. What now 

looks to be a Z candidate event 

was picked up back in the 1982 

run, before the W particle had been 

spotted! This event was in fact 

reported at the Rome workshop 

earlier this year, but at that time 

the Z was still about 100 inverse 

nanobarns away, and people were 

reluctant to contemplate it. Z par­

ticles seemed to elude the UA2 

detector almost until the end of 

the 1983 run, when several came 

with a rush, one coming in the last 

hours I Applying all the desired 

selection criteria, UA2 has four Z 

events, three decaying into elec­

tron-positron pairs and one which 

produces a pair and a photon. 

Loosening the selection criteria 

slightly, four more Z candidates 

turn up, including the one dating 

back to November 1982. Although 

they failed the initial selection, 

these additional candidates are 

believed to be Zs. For the four 

preferred events, the Z mass is 

now 91.9 GeV. 

In his concluding talk, Carlo Rub-

bia brought together the UA 1 and 

UA2 findings and displayed the 

impressive agreement with the 

electroweak theory. The CERN 

SPS collider has made all its 'plan­

ned' discoveries, he declared. 

For photons, read 
bosons 
The other major particle phy­

sics meeting this summer 

was the International Sympo­

sium on Lepton and Photon 

Interactions, held at Cornell 

University, Ithaca, New York, 

from 4-9 August. The physics 

content of the Brighton and 

Cornell meetings were very 

similar, the main difference 

being that Brighton included 

parallel sessions. Summing 

up the Cornell symposium, 

Chris Llewellyn-Smith warned 

that although the W and Z 

bosons had been discovered 

and had their expected pro­

perties, particle physics was 

far from being a closed book. 

He warned people not to take 

Lord Kelvin's famous 'advice' 

— 'there is nothing new to 

be discovered in physics 

now: all that remains is more 

and more precise measure­

ment!' The standard elec­

troweak theory still does not 

explain enough, declared 

Llewellyn-Smith. There are 

too many parameters for 

comfort. However with the 

discovery of the W and Z 

bosons of the electroweak 

theory, he advised updating 

the name of the meeting to 

the 'International Symposium 

on Lepton and Boson Inter­

actions. ' 
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^ (From page 305) 

Other p r o t o n decay searches us ing 

t h e Cherenkov techn ique are under 

w a y in the US (Harvard / Purdue / 

W i s c o n s i n co l labora t ion in t h e Si lver 

K ing M i n e , Utah) and in J a p a n 

(Kamioka mine) . Data cou ld s o o n be 

c o n t r i b u t e d b y the 1 0 0 0 t o n d e t e c ­

t o r in the Frejus tunne l . 

W h i l e there is n o t m u c h n e w t o 

r e p o r t ye t o n the p r o t o n d e c a y f r o n t , 

Fiorini c o n c e d e d tha t at least the re is 

reasonab le a g r e e m e n t a m o n g t h e 

e x p e r i m e n t s o n the o b s e r v e d level o f 

neu t r ino b a c k g r o u n d . 

T o pin d o w n the p r o t o n l i fe t ime, 

m o r e da ta f r o m ex is t ing and n e w 

d e t e c t o r s is eager ly a w a i t e d . But it 

appears t ha t the min ima l g rand un i ­

f ied t h e o r y a l ready can be ruled ou t . 

W h i l e th is m a y be a super f ic ia l d i s ­

a p p o i n t m e n t , the f inal f o r m o f the 

t h e o r y cou ld tu rn ou t t o be m u c h r ich­

er. Obse rva t i on o f d e c a y s w i t h 

k a o n s m a k e s s o m e peop le w h i s p e r 

a b o u t s u p e r s y m m e t r y . 

A n o t h e r p red ic t ion o f g rand un i ­

f i ed theor ies is the p h e n o m e n o n o f 

neu t ron -an t ineu t ron osc i l la t ions . No 

ev idence has been s e e n , a l t hough 

t h e requi red degree o f sens i t i v i t y 

m i g h t n o t y e t have been reached . 

Grand uni f ied theor ies a lso imp ly 

t h e ex is tence o f m a g n e t i c m o n o -

po les — f ree magne t i c charges . 

P. M u s s e t desc r ibed t h e p r o g r e s s t o 

d a t e , but there is an e m b a r r a s s i n g 

g a p b e t w e e n theore t i ca l p red ic t i on 

and e x p e r i m e n t . A t last y e a r ' s Paris 

m e e t i n g , an idea o f p r o t o n decay 

ca ta lysed b y magne t i c m o n o p o l e s 

had been enthus iast ica l ly rece ived , 

bu t j us t as f o r the m o n o p o l e s t h e m ­

se lves , no ev idence has ye t been 

seen . 

Neutrino physics 

M a n y e x p e r i m e n t s are also look ing 

f o r subt le e f fec ts in the neut r ino sec­

to r . A t B r i g h t o n , I. L u b i m o v r e p o r t e d 

o n a re f inement o f the ITEP ( M o s ­

c o w ) s t u d y o f t he beta decay o f t r i ­

t i u m . Severa l years a g o , th is gave an 

ind icat ion tha t the m a s s o f the elec­

t r o n neut r ino w a s no t zero. T h e ex­

pe r imen t has been i m p r o v e d , us ing a 

po in t l i ke s o u r c e , magne t i c spec ­

t r o m e t e r and e lec t ros ta t ic scann ing . 

B a c k g r o u n d has been reduced by a 

f a c t o r o f t w e n t y , and the e lec t ron 

neut r ino is ass igned a m a s s o f at 

least 2 0 e V . C o s m o l o g i s t s p lease 

t a k e n o t e . 

In the pas t f e w years there has 

been a f lu r ry o f in terest in the p o s s i ­

bi l i ty o f neut r ino osc i l la t ions — t r a n ­

s i t ions b e t w e e n convent iona l l y d is ­

t i nc t neut r ino s ta tes . Th is has led t o a 

ser ies o f e x p e r i m e n t s at CERN and 

Fermi lab in w h i c h s ignals f r o m m u ­

tual ly d isp laced neut r ino d e t e c t o r s 

are c o m p a r e d . Summar iz ing the 

m e a s u r e m e n t s , V . K h o v a n s k y re­

p o r t e d tha t no f i rm ev idence f o r neu-

Experimental physicists have to turn their 
hands to many skills. Here, divers check the 
installation of the underwater detectors in 
the Irvine/Michigan/Brookhaven search for 
proton decay. Further results from this 
experiment are eagerly awaited. 

t r i no osc i l la t ions has been seen , a l ­

t h o u g h the l imi ts have been pushed 

back t o a l l o w less r o o m t o m a ­

noeuv re . M o r e negat ive resul ts c a m e 

f r o m the con t inu ing searches f o r 

heavy neu t r inos and f o r doub le be ta 

decay — w e a k nuclear t rans fo r ­

m a t i o n s w h i c h emi t no neu t r inos . 

Structure functions, weak decays 

A t last y e a r ' s con fe rence in Paris, 

s t ruc tu re f u n c t i o n rappor teur F. Ei-

sele had been able t o repor t increas­

ing a g r e e m e n t b e t w e e n resul ts f r o m 

d i f fe ren t e x p e r i m e n t s . But the Euro­

pean M u o n Co l labora t ion expe r imen t 

us ing the CERN high energy m u o n 

b e a m had d i s c o v e r e d tha t the n u -

c leon s t ruc tu res measured in heavy 

and l ight t a r g e t s l o o k e d d i f fe rent . 

M o r e ev idence w a s s o o n f o u n d in 

s o m e anc ient da ta unear thed at 

S L A C (see S e p t e m b e r issue, page 

2 6 1 ) . In the Br igh ton parallel ses ­

s i o n s , there w a s a queue o f exper i ­

m e n t s desc r ib ing their o w n hunt f o r 

the 'EMC e f f e c t ' , largely w i t h o u t suc­

cess . M in i - rappor teu r K. Rith p o i n t e d 

ou t the range o f d i f fe rent m e c h a n ­

i sms w h i c h cou ld con t r i bu te under 

va r ious c o n d i t i o n s , and w a r n e d 

against t r y ing t o c o m b i n e da ta f r o m 

d i f fe ren t t a r g e t s and b e a m s . W h a t ­

ever the exp lana t ion o f the EMC ef­

f e c t , it cer ta in ly has impl ica t ions f o r 

nuclear phys ics and f o r e x p e r i m e n t s 

us ing heavy nuclear t a r g e t s . 

A p a r t f r o m the EMC e f fec t , t he 

s t u d y o f s t ruc tu re f u n c t i o n s is be ­

c o m i n g an increasingly accura te 

b ranch o f sc ience. Di f ferent 

m e a s u r e m e n t s o f quark and g luon 

d is t r i bu t ions appear t o c o n v e r g e , 

and d e t e r m i n a t i o n s o f t h e o r y para ­

m e t e r s look c o m f o r t a b l e . 

One o f the b ig n e w resul ts a n ­

n o u n c e d at B r igh ton w a s the m e a ­

s u r e m e n t o f t he l i fe t ime o f the B 

(beauty) m e s o n by t w o expe r imen ts 
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at t h e PEP r ing at S L A C - M A C (re­

p o r t e d b y G. C h a d w i c k ) , and M a r k II 

( r epo r ted b y G. Hanson ) . T h e n u m ­

ber is a r r i ved at b y l o o k i n g at t h e t i ny 

o f f s e t b e t w e e n t h e e l e c t r o n - p o s i t r o n 

co l l i s ion po in t a n d t h e d i rec t i on o f 

e m e r g i n g lone e l e c t r o n s o r m u o n s 

(see page 3 1 2 ) . 

T h e resu l t , st i l l w i t h large e r r o r s , 

c o m e s o u t at s o m e w h e r e b e t w e e n 

10 a n d 2 0 x 1 0 " 1 3 s e c o n d s . Th i s 

c o n t r a s t s w i t h c h a r m par t ic le l i fe­

t i m e s — b e t w e e n 2 a n d 8 x 1 0 ~ 1 3 

s e c o n d s , d e p e n d i n g o n par t ic le 

t y p e . 

In a m o d e l o f t h ree q u a r k - l e p t o n 

' f am i l i es ' (a t o t a l o f s ix q u a r k s and 

th ree t y p e s o f l e p t o n ) , t h i s s u g g e s t s 

t h a t b e a u t y par t ic le d e c a y s are 

s o m e h o w s u p p r e s s e d . Pu t t ing in the 

o b s e r v e d B l i fe t ime g i v e s an ind ica­

t i o n o f t h e m a s s o f t h e s o fa r unseen 

' t o p ' qua rk . 

In her en te r ta in ing ta lk o n w e a k 

d e c a y s , C. J a r l s k o g i n t i m a t e d tha t 

t o p m e s o n s m i g h t lurk a r o u n d 

4 0 G e V , bu t t h e e r ro rs are la rge, and 

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

less if t he re are st i l l heav ier q u a r k s 

a n d m o r e l e p t o n s a r o u n d . 

M a n y B r igh ton d e l e g a t e s w e r e 

c o n v i n c e d t h a t t h e CERN co l l ider ex­

p e r i m e n t s had i n f o r m a t i o n up the i r 

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

f l avour . Desp i te m u c h s p e c u l a t i o n , 

U A 1 a n d U A 2 s p o k e s m e n re fused t o 

be d r a w n . T h e c o d e - w o r d w a s ' t o p 

s e c r e t ' . 

E l sewhere in t h e w e a k d e c a y sec ­

t o r , C. J a r l s k o g p o i n t e d t o n e w re­

su l ts w h i c h l imi t* the p o s s i b l e c o n t r i ­

b u t i o n o f r i g h t - h a n d e d c h a r g e d w e a k 

c u r r e n t s (see S e p t e m b e r i ssue , page 

2 6 0 ) . She pa id t r i b u t e t o t h e CERN 

h y p e r o n b e a m e x p e r i m e n t s w h i c h 

have t i d ied up a lo t o f s e m i - l e p t o n i c 

John Charap, chairman of the (highly 

efficient) Brighton Conference Organizing 

Committee. 

(Photo Rutherford Appleton Laboratory) 

d e c a y s . M e a s u r e m e n t s o f t h e t a u 

m e s o n l i fe t ime under l ine t h e idea o f 

l e p t o n un iversa l i t y (all l e p t o n s b e ­

have s imi lar ly ) . H o w e v e r a n e w p r o b ­

lem is a s igh t ing o f t h e F m e s o n 

(car ry ing c h a r m and s t rangeness ) b y 

t h e CLEO g r o u p at Corne l l ' s CESR 

r ing . T h e m a s s is a b o u t 5 0 M e V 

b e l o w w h e r e t h e F c o n v e n t i o n a l l y 

s i t s . 

W i t h s o m u c h e f fo r t g o i n g in to t h e 

m e a s u r e m e n t o f t he p r o t o n l i fe t ime 

(more t h a n 1 0 3 1 yea rs ) , C. J a r l s k o g 

t h o u g h t it a ' p i t y ' , t ha t t h e f ree n e u ­

t r o n , w h i c h l ives on ly f o r a b o u t f i f ­

t e e n m i n u t e s , has y e t t o have i ts l i fe­

t i m e accura te ly m e a s u r e d . 

New particles 

T h e hunt f o r 'g lueba l ls ' — par t i c les 

c o n t a i n i n g on ly g luons and no q u a r k s 

— is a t t r a c t i n g a lot o f in te res t . T h e 

B r o o k h a v e n e x p e r i m e n t w h i c h ear­

lier s a w a c a n d i d a t e g luebal l s igna l 

n o w has m o r e ev idence f r o m a c o m ­

b ina t ion o f f inal s ta te par t ic les w h i c h 

is ' f o r b i d d e n ' b y c o n v e n t i o n a l se lec­

t i o n ru les. 

O the r c a n d i d a t e g luebal l s t a t e s are 

n o w seen in a va r ie t y o f e x p e r i m e n t s . 

In an en te r ta in ing ta lk , F. C lose d e ­

s c r i b e d t h e r ich s p e c t r o s c o p y ex ­

p e c t e d f r o m exc i t ed s t a t e s o f b o u n d 

q u a r k s , f r o m g lueba l ls , and f r o m ' h y ­

b r i d ' s t a t e s con ta in ing b o t h q u a r k s 

and g l u o n s . (Edi tors o f learned j ou r ­

nals had f o r c e d Close t o a b a n d o n 

m o r e lur id labels f o r t h e s e h e t e r o ­

g e n e o u s s ta tes . ) S o m e t h i n g is rad i ­

cal ly w r o n g , c o m m e n t e d C lose , 

w h e n e x p e r i m e n t s see l i t t le s ign o f all 

t h e s e theore t i ca l l y poss ib le leve ls . 

He a d v o c a t e d c o n t i n u e d e x p l o r a t i o n 

o f t h e J / p s i r e g i o n , d e s p i t e t h e a t ­

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

ics . 

Under l in ing th is r e c o m m e n d a t i o n 

w a s t h e r e p o r t by K. E inswei ler o f a 
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A Brighton plenary session 

(Photo Rutherford Appleton Laboratory) 

n e w s ta te seen in rad ia t ive d e c a y s o f 

J / p s i s b y the M a r k III d e t e c t o r at t h e 

SPEAR r ing. A n e n h a n c e m e n t is seen 

at 2 . 2 G e V in a t w o k a o n s p e c t r u m . It 

is n o t seen in t w o p ion s t a t e s . 

Higher up the energy ladder , ups i -

lon s p e c t r o s c o p y l o o k s v e r y b u s y , 

w i t h c o n t r i b u t i o n s f r o m CUSB and 

CLEO at Cornel l and f r o m A r g u s and 

t h e Crys ta l Ball at D E S Y ' s DORIS II 

r ing . In his r e v i e w o f h a d r o n s p e c ­

t r o s c o p y , K. Go t t f r i ed under l ined t h e 

in te res t o f t he ups i lon s p e c t r u m f o r 

t h e o r i s t s t r y i ng t o u n d e r s t a n d inter-

quark f o r c e s . 

M o r e po ten t ia l g luebal l mater ia l is 

a n e w resul t f r o m t h e Ax ia l Field 

S p e c t r o m e t e r w o r k i n g at t h e 

d o o m e d CERN In te rsec t ing S t o r a g e 

Rings. T h e s p e c t r u m o f cent ra l l y p r o ­

d u c e d p ion pairs s h o w s an in te res t ­

ing s t ruc tu re w h i c h d o e s n o t appear 

t o change w i t h co l l is ion ene rgy . 

A l s o sti l l o n t h e l ist o f unexp la ined 

e f f e c t s is t ha t seen b y t h e A a c h e n 

g r o u p in a b e a m d u m p e x p e r i m e n t at 

t h e S w i s s SIN mach ine . Th is c o u l d be 

due t o l ight , pene t ra t i ng par t i c les . 

G. Ma t th iae c o v e r e d ' s o f t ' ha -

d ron ic in te rac t ions . N o w t h a t t h e 

b o u n d a r y b e t w e e n w h a t is hard a n d 

w h a t is s o f t is b e c o m i n g less d i s ­

t i n c t , th is area is o f g r o w i n g in te res t . 

P r o t o n - a n t i p r o t o n e last ic s c a t t e r i n g 

has n o w been s tud ied o v e r a w i d e 

range o f energ ies and t h e m o ­

m e n t u m t rans fe r d i s t r i bu t i on s h o w s 

an in t r igu ing behav iou r , w i t h s e c o n d ­

ary m a x i m a w h i c h change in shape 

and p o s i t i o n as the co l l is ion e n e r g y is 

i nc reased . A l r e a d y s o m e o f t h e m o d ­

els o n the m a r k e t can be e l im ina ted . 

It w a s t o o ear ly f o r M a t t h i a e t o a n ­

n o u n c e n e w resul ts f r o m t h e U A 4 

s t u d y o f e last ic and t o t a l c r o s s - s e c ­

t i o n s at t he SPS col l ider b a s e d o n 

d a t a co l lec ted th is year . 

T h e increase in t r a n s v e r s e ene rgy 

w i t h the n u m b e r o f s e c o n d a r y pa r t i ­

c les p r o d u c e d in t h e co l l ider is in ter­

e s t i n g , and a smal l e f fec t has been 

seen at t h e ISR w h i c h cou ld be the 

o n s e t o f th is behav iour at l o w e r ener­

g ies . Th is c o u l d be due t o hadron ic 

phase t rans i t i ons p r o d u c i n g qua rk -

g luon p l a s m a ( ' quagma ' ) . 

T h e s t u d y o f p h o t o n - p h o t o n co l l i ­

s ions ( t w o - p h o t o n phys ics) is n o w 

we l l es tab l i shed and mer i ted half a 

day o f paral lel sess ions . In his s u m ­

m a r y , J . Da in ton had a w e a l t h o f re­

su l ts t o p r e s e n t , cove r ing m a n y di f ­

fe ren t f inal s t a t e s . T h e 2 .1 GeV e n ­

h a n c e m e n t in t h e f o u r - p i o n s p e c t r u m 

r e p o r t e d earl ier f r o m the T A S S O ex­

pe r imen t at PETRA is no t seen in 

M a r k II at PEP. T h e p h o t o n s t ruc tu re 

f u n c t i o n has n o w been m e a s u r e d 

o v e r a v e r y w i d e k inemat ic range. 

Theory 

T h e r e w a s p len ty o f in teres t f o r 

t h e o r i s t s in t h e Br igh ton paral lel s e s ­

s i o n s , bu t less t h e o r y w a s car r ied 

t h r o u g h in to t h e p lenary s e s s i o n s 

t h a n at t h e Paris m e e t i n g last year . 

T h e increas ing e f f o r t s t o app ly pa r t i ­

cle p h y s i c s ideas t o c o s m o l o g y w e r e 

c o n f i n e d t o t h e paral lels and d id n o t 

g e t a genera l a i r ing at B r igh ton . In t h e 

p lenar ies , A . J a f f e d e s c r i b e d t h e 

la tes t a t t e m p t s t o b reak o u t o f t h e 

s t ra i t j acke t o f pe r tu rba t i on t h e o r y 

w i t h o u t us ing a c o m p u t e r , and 

T . W a l s h dea l t w i t h s o m e o f t h e 

techn ica l i t ies o f quark and g luon 

ca lcu la t ions . 

B o t h i l luminat ing and en te r ta in ing 

w a s I. Ha l l iday 's c o v e r a g e o f gauge 

t h e o r y o n a la t t ice . Th is ' a d m i s s i o n 

o f d e f e a t ' b y t h e o r i s t s ba t t l ing w i t h 

n o n - c o n v e r g e n t ser ies e x p a n s i o n s 

g i ves s o m e in te res t ing resu l ts bu t 

qu i ck l y runs o u t o f c o m p u t e r p o w e r . 

T h e p r o b l e m is t o recover t h e real 

w o r l d f r o m ca lcu la t ions o n an ar t i f i ­

cial la t t i ce , b y le t t ing the lat t ice s p a c ­

ing a p p r o a c h ze ro . F r o m t h e resu l ts 

a c h i e v e d s o fa r , Hal l iday be l ieved 
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Topless at PETRA. Results of the scan for 

the top quark at the new high energies 

available from the PETRA electron-positron 

ring at DESY. The R value gives the rate 

of hadron production relative to muon pairs 

at collision energies up to 43.19 GeV. After 

the summer shutdown, the scan continued 

up to 45 GeV. 

t h a t t h e o p t i m a l la t t ice c o n d i t i o n s t o 

a l l o w g o o d ca lcu la t ions are n o t fa r 

a w a y , p r o v i d e d t h e r ight c o m p u t e r 

p o w e r can be f o u n d I 

A n o t h e r half d a y paral lel sess ion 

w a s d e v o t e d t o i n n o v a t i v e i ns t ru ­

m e n t a t i o n , later s u m m a r i z e d b y 

B. H y a m s . Speak ing d i rec t l y a f te r t h e 

U A 1 and U A 2 p r e s e n t a t i o n s o f t he 

W and Z d i s c o v e r i e s , H y a m s o b ­

s e r v e d t h a t the i m p r e s s i v e ach ieve­

m e n t s o f t he b ig co l l ider e x p e r i m e n t s 

d e m o n s t r a t e w h a t can be d o n e w h e n 

s t a t e - o f - t h e - a r t i n s t r u m e n t a t i o n is 

bui l t i n to an e x p e r i m e n t f r o m the 

s ta r t . 

Phys ics da ta hand l ing is a g r o w i n g 

c o n c e r n , bu t H y a m s w a s able t o 

po in t t o a p ipe l ined p r o c e s s o r be ing 

d e v e l o p e d b y a M a s s a c h u s e t t s / 

Co lumb ia / Fermi lab g r o u p w h i c h 

p r o m i s e s s o m e v e r y h igh d a t a t a k i n g 

ra tes . W i t h t h e o r i s t s n o w a lso l o o k ­

ing at c o m p u t e r d e s i g n s f o r the i r lat­

t i ce gauge t h e o r y ca lcu la t ions , m o r e 

d e v e l o p m e n t s c o u l d y e t o c c u r o n the 

da ta handl ing f r o n t ! 

T h e r e w a s no s u m m a r y ta lk o f t h e 

C o n f e r e n c e as a w h o l e — t h a n k s t o 

t h e a c c o m p l i s h m e n t s o f t h e CERN 

SPS col l ider , t he re w a s no n e e d . 

Car lo Rubbia under l ined these 

a c h i e v e m e n t s — je t p h y s i c s as w e l l 

as t h e W and Z d i s c o v e r i e s , and 

M . V e l t m a n r o u n d e d o f f t h e m e e t i n g 

w i t h an en te r ta in ing ta lk o n v e c t o r 

(photon- l i ke) b o s o n s , p a s t p resen t 

a n d f u t u r e . 

T h e Br igh ton In ternat iona l Euro-

p h y s i c s Con fe rence w a s s p o n s o r e d 

b y t h e European Physica l S o c i e t y 

a n d t h e UK Sc ience a n d Engineer ing 

Research Counc i l . 

(Report by Gordon Fraser.) 

DESY 
Topless at 43 GeV 

A t the end o f Ju ly the PETRA s t o r a g e 

r ing reached the h ighest ene rgy ever 

ach ieved in e l e c t r o n - p o s i t r o n co l l i ­

s ions — 4 3 . 1 9 GeV. T h e la test run ­

n ing pe r iod w a s d e v o t e d t o a scan 

f o r t h e t o p quark in smal l s t e p s o f 

3 0 M e V , reques ted by t h e f o u r co l l a ­

b o r a t i o n s n o w w o r k i n g at P E T R A : 

CELLO, J A D E , M A R K - J and T A S S O . 

In A u g u s t the re w a s a s h u t d o w n 

f o r the insta l la t ion o f 2 0 add i t iona l 

r.f. cav i t i es , t he f inal s t e p in t h e ener ­

gy upg rad ing p r o g r a m m e o f PETRA. 

T h e m a x i m u m energy w h i c h can be 

reached w i t h the 1 1 2 insta l led c a v i ­

t ies is a b o u t 4 5 G e V , and t h e scan 

f o r t h e t o p quark con t i nues . 

Near ly 1 0 per cen t o f t h e c i r c u m ­

fe rence o f the PETRA r ing — a b o u t all 

t he s p a c e avai lable — is o c c u p i e d b y 

cav i t i es . Th i s ser ious ly l imi ts t h e 

b e a m cur ren t o f t h e mach ine . In t h e 

o p i n i o n o f DESY spec ia l i s ts , f u r the r 

increase o f the energy cou ld on l y be 

ach ieved b y instal l ing s u p e r c o n d u c t ­

ing cav i t i es . Such cav i t ies p r o v i d e at 

p resen t a b o u t th ree t i m e s higher ac­

ce le ra t ing f ie ld than c o n v e n t i o n a l 

o n e s . T h e s tab i l i t y l imit f o r b e a m cur­

rent w o u l d t h e n be increased due t o 

t h e r e d u c e d leng th c o v e r e d w i t h c a v ­

i t ies o r , a l te rna t ive ly , a h igher e n e r g y 

c o u l d be reached . A ma jo r s t e p in 

th is d i rec t ion wi l l be the t e s t o f a 

s u p e r c o n d u c t i n g 18-cel l cav i t y d e ­

s igned f o r PETRA w h i c h w i l l be in ­

s ta l led th is w i n t e r . 

No s igns o f t h e t o p quark w e r e 

f o u n d up t o 4 3 . 1 9 GeV at PETRA. 

H o w e v e r it is sti l l in te res t ing t o p re ­

sen t the da ta f r o m w h i c h th is c o n c l u ­

s ion w a s d r a w n . T h e m o s t i m p r e s ­

s ive p lo t is t h e R-value — the level o f 

h a d r o n p r o d u c t i o n relat ive t o m u o n 

pa i rs . (It is p resen ted in a c o m b i n e d 
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p lo t f o r all PETRA exper imen ts . ) T h e 

peak e x p e c t e d f o r a g r o u n d - s t a t e t o -

p o n i u m o f smal l w i d t h and f o r quark 

charge 2 / 3 w o u l d reach a m a x i m u m 

R-value near t o 1 3 , w i t h a w i d t h o f 

a b o u t 7 0 M e V due t o mach ine ener­

g y reso lu t ion . Such a peak s e e m s t o 

be exc luded by the p resen t d a t a . 

T h e scan up t o 3 8 GeV w a s c o m ­

p le ted at t h e end o f last y e a r ' s run 

and the p o r t i o n o f h igher ene rgy (just 

under 4 0 t o 4 3 . 1 9 GeV) w a s car r ied 

ou t in the 1 9 8 3 run w h i c h f in i shed 

o n 3 1 Ju ly . A s is w e l l k n o w n , the 

m e a n level o f R shou ld increase f r o m 

1 1 / 3 t o a b o u t 1 5 / 3 if a t o p o n i u m 

resonance (for quark charge 2 / 3 ) 

w a s m i s s e d at l o w e r energ ies . The re 

is no s ign f o r such a s t e p . 

There are o the r c h e c k s f o r the a b ­

sence o f the p r o d u c t i o n o f a v e c t o r 

m e s o n in the da ta co l l ec ted at PE­

T R A . T h e je t - l ike d i s t r i bu t ion o f t h e 

t r a c k s o f t he o b s e r v e d mu l t i hadron ic 

e v e n t s shou ld change drast ica l ly at 

s u c h a r e s o n a n c e : par t o f t h e e v e n t s 

s h o u l d tu rn f la t or even th ree- je t - l i ke , 

due t o the th ree -g luon d e c a y o f t he 

p r o d u c e d m e s o n . No such e f fec t 

w a s seen . Even if t he resonance is 

b r o a d and the re fo re n o t seen in t h e 

R-plot , there are e n o u g h a r g u m e n t s 

t o s h o w tha t there is no t o p r e s o ­

nance up t o 4 3 GeV. 

A l s o o the r searches f o r n e w par t i ­

c les at PETRA had negat i ve resu l t s , 

as w a s recent ly r e p o r t e d b y Sakue 

Y a m a d a at the Cornel l L e p t o n / P h o -

t o n S y m p o s i u m . The re w e r e inves t i ­

g a t i o n s w i t h d i f fe ren t t e c h n i q u e s d e ­

m o n s t r a t i n g an a b s e n c e o f ' t e c h n i -

p i o n s ' o r cha rged Higgs c a n d i d a t e s 

at least up t o 16 G e V . A search f o r 

sequent ia l heavy l e p t o n s a lso had a 

nega t i ve resul t . S o far no s u p e r s y m -

met r i c par t ic les have been seen and 

the re are n o s igns f o r an e x c i t e d lep­

t o n . 

The re w a s a lso a nega t i ve resul t in 

a search f o r D i rac - type m a g n e t i c 

m o n o p o l e s , w h i c h i n v o l v e d l o o k i n g 

f o r ho les in p last ic shee ts p laced in ­

s ide the PETRA v a c u u m p ipe. 

T h e s e negat i ve resul ts have i m ­

p o r t a n t imp l i ca t ions f o r severa l t h e o ­

ries and m o d e l s . It is the h ighes t 

energy reg ion ever c o v e r e d in th is 

k ind o f s y s t e m a t i c search f o r n e w 

par t ic les . T h e in tegra ted lum inos i t y 

a m o u n t s t o a b o u t 3 0 0 inverse p i c o -

barns f o r t h e f o u r PETRA g r o u p s . 

STANFORD 
B meson lifetime 

A s a n n o u n c e d at the Br igh ton C o n ­

fe rence (see S e p t e m b e r issue, 

page 2 4 9 , and th is issue, page 3 0 9 ) , 

the M A C and M a r k II d e t e c t o r s at t h e 

S L A C ' s PEP e lec t ron -pos i t ron s t o r ­

age r ing have m a d e the f i rs t 

m e a s u r e m e n t s o f t he l i fe t ime o f par­

t ic les con ta in ing the heavy b-quark . 

The MAC detector, seen here being installed 

at the PEP electron-positron collider at 

SLAC. At this stage, the central section and 

endcaps were still separated, and the huge 

rafts of surrounding muon detectors had 

yet to be added. Measurements on 

electron-positron annihilation into jets 

accompanied by electrons or muons have 

given a first measurement of the B-meson 

lifetime. 

T h e resu l ts s h o w tha t th is quark , 

usual ly label led ' b e a u t y ' , appears t o 

decay in to a l ighter quark in a b o u t a 

mi l l ion th o f a mi l l ion th o f a s e c o n d . 

Us ing the s t a n d a r d m o d e l o f six 

quarks g r o u p e d in to th ree fami l ies , 

th is l i fe t ime g ives a handle on h o w 

t h e th ree quark fami l ies mix . The re­

sul t g i ves a l o w e r l imit f o r the m a s s 

o f t he s i x th ( ' top ' ) quark , s o far u n ­

seen . 

T h e t w o resu l ts use da ta f r o m ev­

en ts in w h i c h an e lec t ron -pos i t ron 

annih i la t ion p r o d u c e s t w o s t r e a m s 

o f par t i c les , o r j e t s , w h i c h leave the 

co l l is ion po in t in o p p o s i t e d i rec t ions . 

The par t ic les in these je t s are m a d e 

o f va r ious c o m b i n a t i o n s o f the f i ve 

k n o w n q u a r k s , inc luding the heavy 

b-quark . 

In t h e m e a s u r e d e v e n t s , the b-

quark inside o n e o f the par t ic les d e ­

cays in to a l ighter quark t o g e t h e r 

w i t h a l e p t o n ( m u o n or e lect ron) and 

an u n o b s e r v e d neut r ino . The part ic le 

3 1 2 CERN Cour ie r , O c t o b e r 1 9 8 3 



The 70 cm-diameter secondary vertex 

chamber of the Mark II detector surrounds 

the vacuum pipe of the PEP ring at SLAC, 

inside the concentric layers of the detector's 

conventional drift chamber. The inner high 

resolution drift chamber gives a resolution 

of 100 microns, which pays dividends in 

the measurement of the B-meson lifetime. 

con ta in ing the n e w quark c o n t i n u e s 

o n wh i l e the l e p t o n is t h r o w n o u t o f 

t h e m a i n s t r e a m o f t h e je t . 

Fo l l ow ing back t h e p a t h o f t h e lep­

t o n s h o w s tha t it w a s p r o d u c e d a 

smal l f r a c t i o n o f a mi l l imet re a w a y 

f r o m the co l l is ion p o i n t . Th i s o f f s e t 

d e p e n d s o n the d i s tance t rave l led by 

t h e heavy par t ic le b e f o r e it d e c a y e d , 

and hence o n t h e l i fe t ime o f t h e 

or ig inal par t ic le . T h e par t ic le is m o s t 

l ikely a B - m e s o n , con ta in ing a fa-

quark and one o f t h e l ighter q u a r k s . 

S t r i c t l y s p e a k i n g , it is t h e l i fe t ime o f 

t hese c o m p o s i t e s , ra ther t h a n o f t he 

b-quark , w h i c h is m e a s u r e d . 

T h e e x p e r i m e n t s m u s t f i r s t s e p a ­

ra te t h e d e c a y s o f b -quark par t ic les 

f r o m o t h e r d e c a y s a n d t h e n measu re 

t h e v e r y smal l d e c a y d i s t a n c e . Since 

t h e b-quark is re la t ive ly h e a v y , i ts 

d e c a y l ep ton is t h r o w n o u t at a larger 

angle t h a n tha t c o m i n g f r o m a l ighter 

qua rk . A s a resu l t , e v e n t s in w h i c h 

t h e l e p t o n has large t r a n s v e r s e and 

t o t a l m o m e n t u m p r o v i d e a c lean 

s a m p l e o f B -meson d e c a y s . 

T h e t r a c k s o f t h e cha rged par t ic les 

in t h e e v e n t are m e a s u r e d at severa l 

p laces a long the i r leng th in a d r i f t 

c h a m b e r . T h e lep ton t r a c k can t h e n 

be f o l l o w e d back t o w a r d t h e in terac­

t i o n p o i n t t o l ook f o r the smal l o f f ­

s e t s . T h e m e a s u r e m e n t e r ro rs p r o ­

d u c e o f f s e t s w h i c h are genera l ly 

larger t h a n the f l ight p a t h pr io r t o t h e 

d e c a y . T h u s there is usual ly no s a ­

t i s f y i ng separa t ion o f t h e r e c o n ­

s t r u c t e d t r a c k f r o m t h e co l l i s ion 

po in t f o r an indiv idual even t . A p lo t 

o f h u n d r e d s o f such e v e n t s , h o w ­

ever , g i ves a s ta t is t ica l ly c lear re­

su l t . 

T h e r e are s o m e d i f fe rences be ­

t w e e n t h e t w o e x p e r i m e n t s . T h e 

M A C d e t e c t o r , f o r e x a m p l e , is d e ­

s igned f o r l e p t o n d e t e c t i o n o v e r a 

v e r y large so l id angle. Th i s p r o d u c e d 

a large da ta samp le o f near ly t h r e e 

h u n d r e d e v e n t s . M a r k I I , o n t h e o t h e r 

h a n d , has t h e benef i t o f a n e w s e c o n ­

d a r y v e r t e x c h a m b e r f o r t r a c k r e c o n ­

s t r u c t i o n , g iv ing g o o d spat ia l reso lu ­

t i o n c lose t o t h e co l l is ion po in t . 

T h e t w o e x p e r i m e n t s e x t r a c t e d 

the i r d e c a y e v e n t s f r o m a w e a l t h o f 

da ta (about 1 0 0 inverse p icobarns ) 

co l l ec ted du r ing th is y e a r ' s h igh l um i ­

n o s i t y runn ing at PEP. Inc lud ing s t a ­

t is t ica l and s y s t e m a t i c e r r o r s , t h e 

l i f e t imesa re 1.8 ± 0 . 6 ± 0 . 4 x 1 0 _ 1 2 s 

f r o m M A C , and 1.20 + 0 . 4 5 

( -0 .36) ± 0 . 3 0 x 1 0 " 1 2 s f r o m 

M a r k II. 

T h e w e a k in te rac t ion sees m i x ­

t u r e s o f q u a r k s . Th i s is d e s c r i b e d b y 

t h e K o b a y a s h i - M a s k a w a m a t r i x , 

w h o s e e l e m e n t s measure the m ix ing 

a m o n g t h e th ree quark g e n e r a t i o n s . 

On ly f o u r o f t he nine e l e m e n t s o f 

th is ma t r i x are i n d e p e n d e n t n u m ­

b e r s . A l t h o u g h these are unde te r ­

m i n e d b y t h e t h e o r y , t h e y m a y be 

u s e d w i t h a s s u m e d quark m a s s e s t o 

p red ic t a va r ie ty o f expe r imen ta l 

n u m b e r s . Us ing k n o w n p a r a m e t e r s , 

t h e m a s s o f t h e t -quark can be ca lcu ­

la ted in t e r m s o f the B - m e s o n l i fe­

t i m e . If t h e t -qua rk is f o u n d and i ts 

m a s s d e t e r m i n e d , t h e n all t h e s e 

ideas can be t e s t e d . A d i s c r e p a n c y 

m i g h t be t h e f i r s t ev idence f o r n e w 

p h y s i c s . 

SLAC Linear 
Collider approved 
The SLAC Linear Collider, 

SLC, was included in an ap­

probation bill recently signed 

by US President Reagan. The 

new machine is scheduled 

for completion at the end of 

1986. Electron and positron 

beams, accelerated in the 

Stanford linac, will be taken 

in two opposite arcs towards 

the collision area. This will 

provide a ready supply of TP 

particles (see page 300). 
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CERN 
LEAR arrives 

T h e CERN a n t i p r o t o n p r o j e c t , a l rea­

d y w i t h a f ine l ist o f a c h i e v e m e n t s t o 

i ts c red i t , n o w has n e w m u s c l e s t o 

f lex . T h e LEAR L o w Energy A n t i p r o ­

t o n Ring in the S o u t h Hall o f t he PS is 

n o w ca te r ing f o r a large ar ray o f 

e x p e r i m e n t s , p r o v i d i n g a n t i p r o t o n 

b e a m s o f an in tens i ty and qua l i ty 

never be fo re ach ieved . T h e s e s t u ­

d ies cou ld tu rn ou t t o be no less f ru i t ­

fu l t h a n the i r h igh ene rgy c o u n t e r ­

pa r t s at t he SPS. 

LEAR is the last m a j o r phase o f 

CERN's a n t i p r o t o n p ro jec t as init ial ly 

p lanned . W h e r e a s e x p e r i m e n t s at 

t h e SPS and the ISR invo lve acce ler ­

a t ing the a n t i p r o t o n s supp l i ed by t h e 

A n t i p r o t o n A c c u m u l a t o r , a n t i p r o ­

t o n s f o r l o w energy e x p e r i m e n t s are 

ins tead d e c e l e r a t e d , f i r s t in t h e PS 

p r o t o n s y n c h r o t r o n and s u b s e ­

quen t l y in LEAR, d o w n t o v e r y l o w 

m o m e n t a . 

Dur ing t h e e x c i t e m e n t o f t h e la tes t 

h igh ene rgy p r o t o n - a n t i p r o t o n r u n , 

LEAR quie t ly supp l ied l o w ene rgy 

p r o t o n t e s t b e a m s t o the expe r i ­

m e n t s be ing p repa red d o w n s t r e a m . 

T o w a r d s the end o f J u l y , LEAR re­

ce i ved i ts f i rs t schedu led s u p p l y o f 

l o w energy a n t i p r o t o n s . Initial per ­

f o r m a n c e w a s e n c o u r a g i n g , and in a 

f e w hect ic d a y s , t h e e x p e r t s read ied 

t h e mach ine f o r a c t i o n . 

T h e LEAR ' r i n g ' l o o k s in f a c t m o r e 

l ike a square , w i t h f o u r long s t ra igh t 

sec t i ons and m a g n e t s at each co r ­

ner. Its 7 8 m pe r ime te r is o n e - e i g h t h 

t ha t o f t he ne ighbour ing PS r ing . It 

exp lo i t s ul t ra s l o w (s tochas t ic ) ex­

t r a c t i o n , a n e w techn ique d e v e l o p e d 

at CERN, in w h i c h carefu l ly c o n t r o l l e d 

r.f. no ise is used t o d r i ve par t ic les 

s m o o t h l y t o w a r d s the e x t r a c t i o n re­

s o n a n c e in o rder t o a v o i d spi l l i r reg­

ular i t ies due t o r ipp le . Pre l iminary 

t e s t s at t h e PS severa l years a g o 

p r o m i s e d w e l l , bu t in init ial LEAR 

o p e r a t i o n 3 0 8 M e V / c a n t i p r o t o n s 

w e r e n u d g e d o u t o f the r ing at t he 

rate o f 3 0 0 0 0 0 per s e c o n d f o r f i f ­

t e e n m i n u t e s — jus t one a n t i p r o t o n 

in the s t o r e d b e a m left t he r ing in 

eve ry th ree r e v o l u t i o n s ! 

J u d g e d b y the n u m b e r o f exper i ­

m e n t s l ined up in i ts exper imen ta l 

hal l , LEAR is a l ready a great s u c c e s s . 

It has a t t r a c t e d m o r e than 2 5 0 p h y ­

s ic is ts , f r o m s o m e 5 0 ins t i tu tes in 

CERN M e m b e r S ta tes and t h e U S A , 

Canada , Israel , Poland and the 

USSR. 

In sharp c o n t r a s t t o t h e nuc leon -

nuc leon c a s e , w h e r e the l o w energy 

in te rac t ion has been char ted in d e ­

ta i l , nuc leon-an t inuc leon da ta is re la­

t i ve ly th in o n the g r o u n d . C o m p a r i ­

s o n o f nuc leon-nuc leon and n u c l e o n -

an t inuc leon (and nuc leus-nuc leon 

and nuc leus-ant inuc leon) da ta w i l l 

p r o v i d e f m p o r t a n t n e w ins igh ts in to 

hadron ic (and nuclear) f o r c e s , w h i l e 

i nves t i ga t i on o f t h e annih i la t ion m e ­

c h a n i s m c o u l d cons ide rab l y e x t e n d 

our k n o w l e d g e o f quark behav iour . 

Cer ta in ly LEAR s h o u l d help clear up 

t h e s p e c t r o s c o p y o f l o w energy n u ­

c leon -an t inuc leon resonances o r 

b o u n d s t a t e s , w h e r e c o n t r o v e r s y 

has raged f o r yea rs . 

Each o f the init ial 4 9 pu lses g i ven 

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

a l m o s t as m a n y l o w energy a n t i p r o ­

t o n s as t h e t o t a l n u m b e r g iven t o l o w 

energy a n t i p r o t o n phys ics exper i ­

m e n t s in the 2 8 yea rs s ince the par­

t ic le w a s d i s c o v e r e d . A t th is ra te , t h e 

eager ly a w a i t e d phys ics resu l ts 

shou ld n o t be far a w a y . 

The crowded experimental hall at CERN's 
LEAR Low Energy Antiproton Ring. Judging 
by the number of physicists it has attracted 
— over 250 from 50 institutes — LEAR is 
a major success. First physics results are 
eagerly awaited. 

(Photo CERN 1.5.83) 
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7A 

Fixed objectives 

A f t e r the e x c i t e m e n t o f t h e p r o t o n -

a n t i p r o t o n col l ider run (see S e p t e m ­

ber issue, page 2 4 7 ) , t he SPS Super 

P ro ton S y n c h r o t r o n re tu rned on 

14 Ju ly t o the j o b it had been bui l t f o r 

— de l iver ing h igh energy b e a m s o f 

p r o t o n s t o f i xed t a r g e t s . 

H o w e v e r th is t i m e it w a s d o i n g it 

w i t h a d i f fe rence. T h e par t ic les f r o m 

the SPS serve t w o d is t inc t exper ­

imenta l a reas, one t o t h e w e s t o f the 

s i te , and the o the r t o the n o r t h . For 

f i ve years a f ter it c a m e in to o p e r a ­

t i o n in 1 9 7 6 , the ma in hall in the 

W e s t Exper imenta l A r e a used 4 0 -

2 0 0 GeV s e c o n d a r y b e a m s der i ved 

f r o m p r o t o n s e x t r a c t e d f r o m an in­

t e r m e d i a t e SPS f la t t o p at 2 5 0 GeV. 

M a x i m u m mach ine energy (usually 

4 0 0 GeV) w a s l im i ted t o the be t te r 

sh ie lded N o r t h Exper imenta l A r e a 

and t h e W e s t A r e a neut r ino b e a m . 

W h i l e the SPS w a s opera t i ng as a 

col l ider , t he p r imary W e s t A r e a ta r ­

ge t w a s p laced u n d e r g r o u n d , t h u s 

enabl ing the main W e s t A r e a t o p r o ­

f i t f r o m the ful l energy o f t h e m a ­

ch ine. Old beaml ines , c lad in 5 0 0 0 0 

t o n s o f c o n c r e t e and 5 0 0 0 t o n s o f 

i ron sh ie ld ing , w e r e d i s m a n t l e d , and 

o v e r 2 k m o f n e w beaml ines in ­

s ta l led , con ta in ing over 2 8 0 m a g ­

ne ts and quadrupo les . 

W h i l e th is w a s go ing o n , add i t iona l 

r.f. e q u i p m e n t w a s insta l led in t h e 

SPS i tsel f t o b o o s t i ts no rma l peak 

ope ra t i ng energy f r o m 4 0 0 t o 

4 5 0 GeV. H o w e v e r initial 1 9 8 3 f i xed 

ta rge t ope ra t i ons c o n c e n t r a t e d a 

f i r m conso l i da t i on o f 4 0 0 GeV run­

n ing be fo re s t e p p i n g up t o 

4 5 0 GeV. 

One ma jo r ob jec t i ve f o r the re­

v a m p e d W e s t A r e a is t o p r o v i d e ex­

tens i ve t e s t faci l i t ies f o r the exper i ­

m e n t s t o be buil t f o r CERN's b ig n e w 

LEP e l e c t r o n - p o s i t r o n r ing . In th is 

w a y , the c o m p o n e n t s o f t h e c o m ­

plex d e t e c t o r s can be a s s e m b l e d and 

t a k e n t h r o u g h their paces wh i l e the 

mach ine i tsel f is sti l l under c o n s t r u c ­

t i o n . 

T h u s the W e s t A r e a n o w p r o v i d e s 

s imu l taneous b e a m s f o r phys i cs and 

f o r t e s t i n g appara tus . T h e i n c o m i n g 

p r o t o n b e a m hi ts a p r imary t a r g e t , 

and is spl i t in to t w o main c o m p o ­

n e n t s , one o f w h i c h del ivers h igh 

energy p ions and e lec t rons t o the 

large O m e g a d e t e c t o r , n o w res i ted . 

T h e o the r s e c o n d a r y b e a m is 

fu r ther d i v ided in to th ree by s e p t u m 

m a g n e t s . T w o of these b ranch 

b e a m s hit s e c o n d a r y ta rge ts t o p r o ­

v ide t w o te r t ia ry e l e c t r o n / h a d r o n 

t e s t b e a m s . T h e th i rd s e c o n d a r y 

b ranch b e a m can ei ther be used f o r 

phys ics (H3 beam) , or t o p r o v i d e a 

th i rd te r t ia ry t es t b e a m . 

T h e f i rs t rec ip ient o f t he H3 b e a m 

is the b ig W A 7 5 exper imen t (Bari / 

Brussels / CERN / Dubl in / J a p a n / 

L o n d o n / R o m e / Tur in) l ook ing f o r 

s igns o f beau ty par t ic les. T h e inter­

ac t ions in a th i ck emu ls ion ta rge t are 

p i n p o i n t e d w i t h the help o f s i l icon 

m i c r os t r i p d e t e c t o r s s a n d w i c h i n g 

the emu ls ion ta rge t , p lus d o w n ­

s t r e a m w i r e c h a m b e r s . T h e exper i ­

m e n t is in te res ted in d e c a y s p r o d u c ­

ing m u o n s . Other par t ic les are re­

m o v e d b y a th ick metal l ic a b s o r b e r , 

and t h e m u o n s are m e a s u r e d in a 

large s u p e r c o n d u c t i n g m a g n e t 

m o v e d in f r o m the Nor th A r e a . T h e 

e m u l s o n w i l l be scanned us ing the 

n e w l y d e v e l o p e d au tomat i c t e c h ­

nique (see June issue, page 184 ) . 

A n o t h e r beau ty search us ing s o ­

ph is t i ca ted emu ls ion t e c h n i q u e s , 

th is t i m e concen t ra t i ng o n the c h a r m 

s igna tu re , is be ing carr ied ou t b y a 

CERN / Genoa / Mi lan / M o s c o w / 

Paris / R o m e / Santander / Va lenc ia 

t e a m us ing the O m e g a d e t e c t o r . 

Other e x p e r i m e n t s l ined up f o r the 

b ig O m e g a d e t e c t o r cove r p h o t o p r o -

d u c t i o n ( long a specia l i ty at O m e g a ) , 
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Physics 
monitor 

t he s t u d y o f d i rec t p h o t o n s and a 

search f o r exo t i c p h e n o m e n a ( 'glue-

bal ls ' ) . 

ARGONNE 
IPNS reaches 
500 million pulses 

A s br ief ly r e p o r t e d last m o n t h 

(page 2 6 8 ) , the Rapid Cyc l ing S y n ­

c h r o t r o n (RCS) o f A r g o n n e ' s In tense 

Pulsed Neu t ron Source (IPNS) 

reached 5 0 0 mi l l ion pu lses in M a y , 

de l iver ing a to ta l o f 1 0 2 1 p r o t o n s in 

on ly 4 3 w e e k s o f o p e r a t i o n . T h e 

RCS a c c e p t s 5 0 M e V negat ive hy­

d r o g e n ions f r o m the o ld ZGS l inac, 

s t r i ps and acce lera tes t h e m t o 4 5 0 -

5 0 0 M e V , and d i rec ts the e x t r a c t e d 

b e p m t o a uran ium ta rge t p r o d u c i n g 

spa l la t ion neu t rons . 

T h e mach ine s t a r t e d o p e r a t i o n in 

1 9 7 7 as the p r o t o n sou rce f o r the 

p r o t o t y p e pu lsed neu t ron sou rce 

Z ING-P ' , t h e n o p e r a t e d f r o m 1 9 8 1 

unt i l t he p resen t f o r the IPNS. It is 

n o w de l iver ing up t o 2 . 5 x 1 0 1 2 p r o ­

t o n s per pulse (12 m i c r o a m p aver­

age) at 4 5 0 M e V in 1 0 0 n s - w i d e 

pu lses at 3 0 Hz. A c c e l e r a t i o n losses 

are l o w ( 1 2 - 1 7 % d i f fe rence b e t w e e n 

b e a m in jec ted and o n ta rge t ) and 

avai labi l i ty e x c e e d s 9 0 % . T h e pre­

sen t h igh cur rent resu l ts f r o m c o n t i n ­

uous i m p r o v e m e n t s in h a r d w a r e , 

b e a m c o n t r o l , and m o s t s ign i f i can t ly , 

ins ta l la t ion o f a n e w , high cur ren t 

nega t i ve h y d r o g e n ion s o u r c e . 

T h e IPNS is the w o r l d ' s m o s t in ­

t e n s e pu lsed spa l la t ion neu t ron 

s o u r c e and is used in c o n d e n s e d 

m a t t e r research . 2 5 % o f the acceler­

a t o r t i m e is d e v o t e d t o f a s t - n e u t r o n 

(about 1 M e V ) rad ia t ion d a m a g e s t u ­

d ies at t he Ef fec ts Faci l i ty and 7 5 % 

t o t h e s l o w neu t ron (less t h a n 1 eV) 

N e u t r o n Sca t te r ing Faci l i ty. High e n ­

e rgy and med ica l t e s t b e a m s run p a -

rasi t ical ly . 

IPNS has o p e r a t e d as a nat ional 

user fac i l i ty s ince N o v e m b e r 1 9 8 1 , 

w i t h e x p e r i m e n t t i m e a l located by a 

Scient i f ic P r o g r a m C o m m i t t e e . A s 

the cur rent leader in th is n e w gener­

a t ion o f neu t ron sources f o r l o w e n ­

e rgy neu t ron research , it has a t ­

t r a c t e d w o r l d w i d e a t t e n t i o n . T o 

d a t e , 3 0 7 p r o p o s a l s have been p r o ­

c e s s e d , bu t on ly half cou ld be ac­

c e p t e d due t o b u d g e t - i m p o s e d l imi ­

t a t i o n s o n opera t i on (about 

2 6 w e e k s per year) . 

I n s t r u m e n t a t i o n at the th i r teen 

s l o w neu t ron b e a m s and f ive i r radia­

t i o n fac i l i t ies p rov ides capabi l i t ies 

tha t s ign i f i cant ly e x t e n d the range o f 

l o w energy neu t ron s tud ies b e y o n d 

tha t p r o v i d e d by research reac to rs 

(until n o w the ma ins tay o f th is re­

search) . Each capi ta l izes o n e i ther 

the pu lsed fea tu re o f source o p e r a ­

t i o n or the fac t tha t the m o d e r a t e d 

neu t ron s p e c t r u m is especia l ly r ich in 

' e p i t h e r m a l ' (less than 0 . 1 eV) neu­

t r o n s . Future p r o s p e c t s are espec ia l ­

ly exc i t ing s ince there is s c o p e w i t h i n 

acce le ra to r and neu t ron sou rce t e c h ­

n o l o g y f o r at least t w o o r d e r s o f 

m a g n i t u d e i m p r o v e m e n t in in tens i ty . 

Pro jec ts t o p rov ide higher in tens i ty 

are we l l under w a y e l s e w h e r e ; at 

the Ruther fo rd L a b o r a t o r y , f o r e x a m ­

ple, the SNS is e x p e c t e d t o c o m e on 

line next year , u l t imate ly de l iver ing 

a b o u t th i r t y t i m e s the p resen t IPNS 

in tens i ty . 

The two techniques for producing 
holograms in big bubble chambers. Above, 
in the 'two-beam' method, the laser beam 
is split into a low power reference beam 
which passes directly to the photographic 
emulsion, and a higher intensity component 
which goes into the bubble chamber and 
is reflected back. Below, in the 'in-line' 
method, the laser beam diverges through 
a specially designed lens. A small fraction 
of the light goes directly to the chamber's 
fisheye window to form the reference beam. 

3 1 6 



In-line holography tests in BEBC used 
100-micron glass beads glued to 20-micron 
wires to simulate particle tracks. Top, the 
original target bottom, the hologram. 

Big holograms 

Shor t - l i ved c h a r m e d par t ic les and 

the tau lep ton l ive s o br ief ly t ha t even 

at ve ry high energ ies t h e y t rave l on ly 

a f e w mi l l imet res be fo re d e c a y i n g . 

T o ident i fy such t rans ien t par t ic les 

and measure the i r l i fe t imes requi res 

t rack d e t e c t o r s w i t h h igh e n o u g h re­

so lu t ion t o ident i fy c lear ly the decay 

po in t . 

A n u m b e r o f g r o u p s have deve l ­

o p e d smal l h igh- reso lu t ion bubb le 

c h a m b e r s f o r use as v e r t e x de tec ­

t o r s in assoc ia t ion w i t h larger elec­

t ron ic d e t e c t o r s . T h e s e g r o u p s have 

f o u n d tha t h o l o g r a p h y is qu i te useful 

in help ing t o i m p r o v e reso lu t ion . 

T h e s e smal l c h a m b e r s have been 

success fu l l y used in h a d r o n exper i ­

m e n t s (see N o v e m b e r 1 9 8 2 issue, 

page 3 6 2 ) , bu t are t o o smal l t o ca tch 

neu t r inos . 

Recent ly s o m e g r o u p s have been 

t r y ing t o d e v e l o p high reso lu t ion 

techn iques f o r the large bubb le 

c h a m b e r s , BEBC at CERN and the 

15 f o o t c h a m b e r at Fermi lab. A t p re­

sent the reso lu t ion o f t h e s e c h a m ­

bers is l imi ted t o a b o u t 5 0 0 m i c r o n s 

by the conven t i ona l o p t i c s used t o 

p h o t o g r a p h the bubb le t r a c k s . H igh­

er reso lu t ion w i t h c o n v e n t i o n a l o p ­

t i cs m e a n s g iv ing up d e p t h o f f i e ld , 

t h e r e b y reduc ing t h e usable v o l u m e 

o f the chamber . One poss ib le so lu ­

t i on is t o use h o l o g r a p h y in con junc ­

t i o n w i t h c o n v e n t i o n a l o p t i c s . Ho lo ­

g raphy ho lds the p r o m i s e o f a c o n ­

s iderable i m p r o v e m e n t in reso lu t ion 

t h r o u g h o u t a large d e p t h o f f ie ld . 

Th is is on ly ach ieved at t h e expense 

o f m o r e c o m p l i c a t e d reco rd ing and 

m e a s u r i n g , w h e r e t h e p layback 

s c h e m e has an add i t iona l th i rd d i ­

m e n s i o n . 

The conven t i ona l p ic tu res w o u l d 

be scanned and m e a s u r e d in the 

usual w a y and se lec ted in te res t ing 

e v e n t s e x a m i n e d w i t h the high reso-
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Bias Cabrera — in the continuing hunt for 

magnetic monopoles. 

lu t ion p r o v i d e d by the ho lograph ic 

p ic tu res . W i t h th is in m i n d t w o 

g r o u p s have been deve lop ing t w o 

d i f fe rent techn iques f o r reco rd ing 

t r a c k s in large c h a m b e r s ho log raph i -

cal ly. 

A h o l o g r a m is p r o d u c e d by the 

in ter ference o f coheren t l ight f r o m a 

' re ference b e a m ' w i t h coheren t l ight 

sca t te red by an ob jec t . T h e t w o 

s c h e m e s f o r using ho log raphy in t h e 

large bubb le chambers d i f fer e s s e n ­

t ial ly in the m e t h o d used t o ge t the 

re ference b e a m t o the f i l m . 

The f i rs t m e t h o d uses a m o d e s t 

in tens i ty laser b e a m w h i c h is spl i t 

in to a l o w p o w e r re ference b e a m , 

pass ing d i rect ly t o the p h o t o g r a p h i c 

e m u l s i o n , and a higher in tens i ty par t , 

w h i c h t raverses the f i sheye w i n d o w , 

g o e s t h r o u g h the l iqu id, is re f lec ted 

f r o m the 'Sco tch l i t e ' sur face back t o 

the same op t i c po r t . The re turn ing 

l ight w a v e is d is tu rbed by t h e b u b ­

b les and f o r m s an in ter ference pa t ­

te rn w i t h the reference b e a m . A p p l y ­

ing th is techn ique , c o s m i c ray t r a c k s 

w e r e p h o t o g r a p h e d last s u m m e r in 

BEBC by a CERN / Inst i tut Sa in t -Lou is 

g r o u p . M o r e recent ly , a CERN / Ru­

t h e r f o r d co l labora t ion has d e m o n ­

s t r a t e d tha t 4 0 m ic ron w i r e s can be 

r e c o n s t r u c t e d f r o m h o l o g r a m s in a 

real ist ic m o d e l o f BEBC. Th is p r o m ­

ises we l l f o r high reso lu t ion h o l o g r a ­

phy . 

T h e o ther m e t h o d needs a m o r e 

p o w e r f u l laser b e a m , w h i c h en ters 

BEBC t h r o u g h a smal l w i n d o w o n the 

b o t t o m o f the chamber . Th is b e a m 

d ive rges t h r o u g h a specia l ly de ­

s igned lens. A smal l f rac t ion o f the 

l ight g o e s d i rect ly t o a f i sheye w i n ­

d o w t o f o r m the re ference b e a m , 

wh i le the rest i l luminates the bubb le 

c h a m b e r t racks . The in tens i ty at 

larger angles increases t o c o m p e n ­

sate f o r the decrease o f the l ight 

sca t te red by the bubb les under these 

c o n d i t i o n s . The sca t te red l ight inter­

fe res w i t h the reference b e a m t o 

f o r m a h o l o g r a m . Th is idea w a s d e ­

v e l o p e d at Co lumbia Univers i ty and 

pe r fec ted w i t h help f r o m Hawa i i , 

Ru tgers -S tevens and CERN. 

A 10 Jou le Ruby laser w i t h a pulse 

dura t ion o f s o m e 2 0 ns w a s instal led 

undernea th BEBC in order t o t e s t th is 

s e c o n d s c h e m e . W i t h the c h a m b e r 

sti l l e m p t y , 1 0 0 - m i c r o n g lass beads 

g lued o n t o 2 0 - m i c r o n w i r e s , t o s i m u ­

late part ic le t r a c k s , w e r e p h o t o ­

g raphed w i t h excel lent con t ras t . 

Th is s c h e m e w a s then t r ied in a 

co ld - tes t , parasi t ical ly w i t h a phys ics 

run , th is sp r ing . High con t ras t ho lo ­

g r a m s w e r e ob ta ined o f bubb le 

c h a m b e r t r a c k s p r o d u c e d by c o s m i c 

rays t ravers ing the n e o n / h y d r o g e n 

f i l led chamber . Due t o the r a n d o m 

t im ing o f c o s m i c rays , t r acks o f v a ­

r ious d iamete rs w e r e p h o t o g r a p h e d . 

Smal l t r a c k s w e r e seen w i t h bubb le 

d iamete rs o f s o m e 1 2 0 m i c r o n s . Po­

tent ia l v is ib i l i ty p r o b l e m s due t o local 

heat ing or l iquid tu rbu lence , or m a g ­

net ic f ie ld w e r e no t o b s e r v e d . H o w ­

ever at t he present laser p o w e r level , 

there w a s s o m e laser- induced para­

si t ic boi l ing w h i c h o b s c u r e d the v i e w 

o f the conven t iona l p h o t o g r a p h s t a ­

ken severa l mi l l i seconds af ter the la­

ser f i red . Th is boi l ing can be s u p ­

p ressed by a reduc t ion in laser p o w ­

er by lengthening its pulse dura t ion 

and using a higher sens i t iv i ty ho lo ­

graphic f i l m . It is in tended t o instal l 

such a s y s t e m in the 15 f o o t c h a m ­

ber at Fermi lab f o r T e v a t r o n neut r ino 

e x p o s u r e s . 

Magnetic monopole 
meeting 

The a t tendance o f mor e than a 

hundred phys ic is ts at an ' In terd isc i ­

pl inary Mee t ing on Magnet i c M o n o -

po les ' d e m o n s t r a t e d the in terest o f 

European phys ic is ts in th is b ranch o f 

research. The m e e t i n g , held in 

(Photo Stanford) 

Orsay , f o l l o w e d the W i n g s p r e a d 

Co l loqu ium (see January issue, page 

11). 

F. R. K l i nkhammer o f the Leiden 

O b s e r v a t o r y fe l t tha t the main ques ­

t i on fac ing theore t ic ians w a s no t so 

m u c h the ex is tence o f m o n o p o l e s , 

but rather h o w m a n y w e r e lef t . C o n ­

t ra ry t o l imi ts f r o m as t rophys ics (the 

m a s s o f t he un iverse , the ex is tence 

o f galact ic magne t i c f ie lds) , c o n v e n ­

t ional Big Bang c o s m o l o g y p red ic ts a 

m o n o p o l e abundance . Theore t ic ians 

are at p resen t do ing a great deal o f 

w o r k on the ' in f la t ionary m o d e l ' : at 

the phase t rans i t ion w h e n g rand uni ­

f i ca t ion s y m m e t r y b reaks d o w n , the 

magne t i c m o n o p o l e s are t h r o w n far 

a w a y f r o m our universe dur ing i ts 

f o r m a t i o n . If th is is co r rec t , it w o u l d 

be imposs ib le t o de tec t a single m o n ­

opo le . (See the art icle by J o h n Ellis 

and Dimi t r i Nanopou los on Particle 

Physics and C o s m o l o g y , J u l y / A u ­

gus t issue, page 2 1 7 ) . 

3 1 8 CERN Cour ie r , O c t o b e r 1 9 8 3 



Dalai Lama 
at CERN 

T h e cata lys is o f p r o t o n d e c a y is 

sti l l n o t clear. M . V i r a s s o r o o f R o m e 

c o n c l u d e d tha t it is hard t o imag ine a 

m e c h a n i s m t o e l iminate th is Ruba-

kof -Cal lan e f fec t . J . S t o n e , M ich i ­

g a n , p resen ted the f i rs t m e a s u r e ­

m e n t s f r o m the 1MB e x p e r i m e n t o n 

the l i fe t ime o f the p r o t o n (see a lso 

page 3 0 5 ) . T h e p r o d u c t o f t h e m a g ­

net ic m o n o p o l e f lux and t h e m a g n e t ­

ic m o n o p o l e / p r o t o n in te rac t ion 

c r o s s - s e c t i o n is l o w e r t h a n 7 x 1 0 ~ 4 0 

per s e c o n d per s te rad ian (there is a 

l o w e r l imit o b t a i n e d ind i rec t ly in 

a s t r o p h y s i c s by the o b s e r v a t i o n o f 

neu t ron s tars o f 5 x 1 0 " 4 9 per s e c o n d 

and per s terad ian) . The re w o u l d t h e n 

be the cho ice b e t w e e n a v e r y l o w 

f lux or the n o n - d e c a y o f t h e p r o t o n ! 

H o w e v e r all t hese resu l ts m u s t be 

t rea ted w i t h cau t ion f o r t h e y invo lve 

theore t ica l and exper imen ta l w o r k 

w h i c h is sti l l be ing d e v e l o p e d . 

It n o w s e e m s increas ing ly d i f f icu l t 

t o bel ieve in B. Cabre ra ' s s ingle 

e v e n t but the exper imen ta l p h y s i ­

c is ts are no t los ing hear t . T h e y are 

p repar ing n e w d e t e c t o r s sens i t i ve t o 

s l o w m o n o p o l e s ( b e t w e e n 10~ 5 and 

10~ 3 o f the s p e e d o f l ight ) , and c o v ­

er ing ever larger areas. T h e nex t 

s tage t o be reached is 'Pa rke r ' s l imi t ' 

( the galact ic magne t i c f ie ld m u s t n o t 

be d e s t r o y e d b y excess i ve m o n o -

po le dens i ty ) . The size and c o s t o f 

such e x p e r i m e n t s wi l l be c o m p a r a b l e 

t o t h o s e on the l i fe t ime o f the p r o ­

t o n . 

Large s u p e r c o n d u c t i n g p ro jec ts 

are a l ready p lanned in t h e U S : 1 m 2 

f o r B. Cabrera 's sc reen t a r g e t , 

3 5 0 0 c m 2 f o r t he 1MB p ro jec t and 

2 8 0 0 c m 2 f o r t he Ch icago-M ich igan 

p ro jec t . Others are be ing c o m p l e t e d 

in Bri tain ( Imperial Col lege) and 

France (CEA). T h e idea o f a 1 0 0 m 2 

s u p e r c o n d u c t i n g d e t e c t o r is no l on ­

ger a p i p e - d r e a m , bu t w i l l t he nec­

essary f inance be f o r t h c o m i n g ? 

Great p r o g r e s s has been m a d e in 

ca lcu lat ing the in te rac t ion b e t w e e n 

m o n o p o l e s and mat te r . P. M u s s e t o f 

CERN is c o n v i n c e d tha t it is n o w t i m e 

t o se t up a ma jo r European p ro jec t 

f o r a sc int i l la t ion d e t e c t o r c o v e r i n g 

severa l t h o u s a n d square m e t r e s . It 

cou ld be instal led at t he Gran S a s s o 

l abo ra to ry in I taly. 

S. Drell and c o - w o r k e r s recent ly 

ca lcu la ted the Z e e m a n energy o f t h e 

exc i ta t i on o f a t o m s by t h e m a g n e t i c 

f ie ld o f a m o n o p o l e . T h e level sh i f t is 

g rea t e n o u g h t o p r o d u c e a s ignal in a 

gas d e t e c t o r : the exc i ta t ion ene rgy 

o f rare gases can easi ly be t rans fe r ­

red t o l ow- ion iza t ion -po ten t ia l m o l e ­

cu les . Loh and R i tson , U t a h , are 

bu i ld ing a 8 0 0 m 2 gas d e t e c t o r , in 

w h i c h t h e gas is a he l i um-methane 

m ix tu re . G. Charpak , CERN, d e s ­

c r ibed a p ro jec t f o r a dr i f t c h a m b e r 

con ta in ing hel ium w i t h 2 % T E A (a 

l ow- ion iza t ion -po ten t ia l mo lecu le ) . 

T o s o m e ex ten t it is t he d e t e c t o r par t 

o f a large Cherenkov image c o u n t ­

er. 

A . de Rujula, CERN, p r e s e n t e d p re ­

l iminary ca lcu la t ions o n t h e m a g n e ­

t o - a c o u s t i c and t h e r m o - a c o u s t i c ef­

f e c t s p r o d u c e d by m o n o p o l e s p a s s ­

ing t h r o u g h mat te r . These e f fec t s are 

v e r y w e a k , and it is s o far hard t o 

imag ine a d e t e c t o r w h i c h is sens i t i ve 

e n o u g h . It m igh t be necessary t o 

seek insp i ra t ion f r o m s u p e r c o n d u c t ­

ing grav i ta t iona l w a v e d e t e c t o r s . 

Under the cha i rmansh ip o f J . Perez 

y J o r b a , the mee t i ng d e m o n s t r a t e d 

the cur ren t in terest in m a g n e t i c m o n ­

o p o l e research and cou ld help launch 

a m a j o r European p ro jec t . 

(We thank Pierre Petroff for sup­

plying us with this information.) 

On 30 August CERN turned aside 

from its usual day-to-day preoccu­

pations when Director-General 

Herwig Schopper played host to 

the Dalai Lama of Tibet and his 

entourage during the holy man's 

1983 visit to Europe. 

In welcoming his visitor, Profes­

sor Schopper stressed the role of 

particle physics in helping to under­

stand man's place in the cosmos, 

and how the Dalai Lama's interest 

would further the interrelation of 

science, philosophy and religion. 

The Dalai Lama visited the UA 1 

experiment (rolled back into its 

'garage' during the present fixed 

target operations at CERN) and the 

large installations for the neutrino 

experiments in the West Area of 

the SPS machine. 

After lunch, there was an intrigu­

ing exchange of views with CERN 

theorists, who described how 

science has continually modified 

our view of the world around us. 

The Dalai Lama said that in the 

quest for true reasoning, philoso­

phers were obliged to take account 

of the latest scientific findings. He 

was particularly interested in the 

current status of belief in the indiv­

isibility of particles. He was as­

sured that while current theories 

are based on a series of 'indivisi­

ble' quarks and leptons, this has 

been tested down to about a thou­

sandth of the dimensions of the 

clearly composite proton. More 

structure could yet appear when 

smaller dimensions can be probed. 

Theorists also described the 

modern view of the (non-invariant) 

vacuum as something necessarily 

lacking symmetry and which itself 

mirrors all the laws of physics. In 

reply, the Dalai Lama stressed the 

difference between a 'vacuum', 

such as had been described by the 

particle theorists, and a more fun­

damental 'void', which might have 
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On 30 August, Director-General Herwig 

Schopper welcomed to CERN His Holiness 

the 14th Dalai Lama of Tibet 

(Photo CERN 203.8.83) 

to be viewed differently. 

The exiled Tibetan leader dis­

played impressive intellect and 

insight, and was able to provide 

a serene counterpoint to the con­

ventional scientific dogma with 

which he was presented. His gen­

eral comment was 7 am happy 

and impressed by this amazing 

work of scientific research by a 

common effort of people across 

national boundaries'. 

Under the guidance of Carlo Rubbia, the 

Dalai Lama explored the computer graphics 

capabilities of the UA 1 experiment. 

(Photo CERN 264.8.83) 
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People and things 

Bruno Pontecorvo 

On people 

Viktor Weisskopf, emeritus pro­

fessor at Massachusetts Institute 

of Technology, has been awarded 

the J. Robert Oppenheimer Prize 

from the Center for Theoretical 

Studies at the University of Miami. 

The award was presented by Paul 

Dirac. 

Bruno Pontecorvo celebrated his 

70th birthday on 22 August. He 

started his research career on the 

properties of neutrons in Enrico 

Fermi's famous Rome group. In 

the Joliot-Curie Laboratory in Paris 

he investigated nuclear isomerism, 

the most interesting result being 

the production of beta-stable iso­

mers by X-ray irradiation. Later 

came the idea of electron-muon 

universality and he carried out ex-

Felix Bloch, the first Direc­
tor-General of CERN 
(1954-55), died on 10 Sep­
tember. A tribute will ap­
pear in our next issue. 

periments to measure the muon's 

properties. He then turned his at­

tention to neutrinos, and made 

major contributions to the devel­

opment of techniques for detecting 

these elusive particles. Especially 

relevant to today's physics are his 

ideas on neutrino oscillations. 

He is presently Academician of 

the USSR Academy of Sciences, 

Foreign Member of Academia del 

Lincei, Head of Department at Dub-

na and Professor of Elementary 

Particle Physics at Moscow. 

Theoretician Jon Magne Leinaas 

from the University of Oslo has 

been awarded the particle physics 

prize of computer manufacturer 

Norsk Data. He has made contri­

butions to the understanding of 

geometrical and topological as­

pects of gauge theories. In colla­

boration with John Bell at CERN 

he has shown that the acceleration 

of electrons affects the electrons 

in a similar way to a strong gravi­

tational field, and leads to a heating 

of the particles. 

At the KEK Laboratory in Japan, 

work for the new TRISTAN collider 

has been brought together under 

the project leader, S. Ozaki. Former 

TRISTAN coordinator K. Kikuchi 

has become general research coor­

dinator at KEK. 

Philip I. Dee 

Earlier this year, Philip I. Dee died 

at the age of 79, removing another 

of the links with the great days of 

nuclear physics at the Cavendish 

Laboratory, Cambridge, under 

Rutherford. After experiments 

with cloud chambers, Dee turned 

his attention in 1936 to the busi­

ness of particle acceleration. From 

Valerian Shevchenko, Vice-Director for 
Research of the Institute of Theoretical and 
Experimental Physics in Moscow, celebrated 
his sixtieth birthday on 27 June. 

1945 to his retirement in 1972 he 

held the Chair of Natural Philosophy 

at Glasgow, where he played a 

major role in reshaping the Depart­

ment of Physics. 

Asian physics 

The First Asia Pacific Physics Con­

ference, held at the National Uni­

versity of Singapore in June, 

brought together about 300 spe­

cialists from many branches of 

physics, including the high energy 

and nuclear sectors, it has been 

decided to hold the second such 

meeting in Bangalore, India, in 

1986. It is hoped that these con­

ferences will become a permanent 

feature of the physics calendar. 

The co-chairmen of the second 

conference are A. Arima of Tokyo 

and K.K. Phua and P.P. Ong of the 

National University of Singapore. 
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In June, another milestone in the 
construction of the Spallation Neutron 
Source (SNS) at the Rutherford Appleton 
Laboratory was passed when 70 Me V 
negative hydrogen ions from the injector 
linac were taken through the beamline from 
the linac to the ring. Next year should see 
the start of the SNS experimental 
programme. 

(Photo Rutherford) 

First beam for FMIT 

The preliminary work at Los Ala­

mos for a Fusion Materials Irradia­

tion Test (FMIT) facility passed an 

important milestone at the end of 

May. A beam of deuterons was 

successfully accelerated through 

a radiofrequency quadrupole (FtFQ) 

section to reach an energy of 

2MeV. 

Work will now concentrate on 

achieving 100 mA current and a 

drift tube linac section will be ad­

ded to push the energy to 5 MeV. 

The facility is scheduled to be built 

at Hanford Laboratory using 

35 MeV deuterons to produce neu­

trons of the right energy to study 

materials for use in fusion reactors. 

It is hoped that this work will 

become an international collabora­

tion. Also in readiness for FMIT, 

Los Alamos has developed power 

amplifiers to operate in the 80 MHz 

range. Successful tests in May 

reached 600 k W per amplifier. 

Keeping track of experiments 

The latest edition of 'Current Ex­

periments in Particle Physics' by 

the Particle Data Group at Berkeley 

includes the now conventional 

microfiche, which now contains 

summaries of 479 approved parti­

cle physics experiments. These 

consist of studies at Brookhaven, 

CERN, Cornell, DESY, Fermilab, 

Institute for Nuclear Studies at 

Tokyo, KEK, LAMPF, Serpukhov, 

SIN, SLAC and TRIUMF, together 

with proton decay searches at 

passive sites. Cornell, LAMPF, SIN, 

TRIUMF and proton decay experi­

ments appear in the listings for 

the first time. 

Another innovation is the first 

edition of a supplement, entitled 

'Major Detectors in Elementary 

Particle Physics'. This loose-leaf 

(one experiment per sheet) compi­

lation covers 40 current experi­

ments or detectors in use at Brook­

haven, CERN, Cornell, DESY, Fer­

milab, Novosibirsk (VEPP) and 

SLAC, together with the passive 

proton decay searches. The list is 

not exhaustive, but provides never­

theless a quick and handy refer­

ence for the detectors which pro­

vide the bulk of the world's particle 

physics data. 

While stocks last, copies of both 

the 'Current Experiments' listing 

and the 'Major Detectors' supple­

ment can be obtained from the 

Particle Data Group, Lawrence Ber­

keley Laboratory, Berkeley, Califor­

nia 94720, USA (for requests from 

America, Australia and the Far 

East) or CERN Scientific Information 

Service, 1211 Geneva 23, 

Switzerland (all other areas). 

UA 1 pays the price 

After being first across the finish 

line for several years, the UA 1 

team only managed second place 

in this year's traditional relay race 

around the CERN site. But no won­

der. The race was run while the 

SPS collider was operating. Some 

people were on shift, others were 

scanning the data for more Ws 

and Zs, still more had to attend a 

major committee meeting. Due to 

the demands of physics, training 

had been sadly neglected. To cap 

it all, the same day saw a CERN 

press conference to announce the 

discovery of the Z°. The 3.9 km 

race was won this year instead by 

the 'Polar Stars' team led by polar­

ized target specialist Tapio Niini-

koski, slicing twenty seconds off 

their 1982 time. 
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Postdoctoral Positions in 

EXPERIMENTAL 
HIGH ENERGY PHYSICS 

T h e E n r i c o F e r m i I n s t i t u t e a t t h e U n i v e r s i t y o f C h i c a g o 

h a s i m m e d i a t e o p e n i n g s f o r R e s e a r c h A s s o c i a t e s in 

s e v e r a l o f i t s h i g h e n e r g y p h y s i c s e x p e r i m e n t s . T h e s e 

i n c l u d e a p p r o v e d e x p e r i m e n t s a t t h e F e r m i l a b T e v a t r o n 

o n | x -pa i r p r o d u c t i o n , C P v i o l a t i o n , a n d n e u t r i n o i n t e r ­

a c t i o n s a s w e l l a s w i t h t h e F e r m i l a b p p c o l l i d e r ( C D F ) 

a n d a t L E P w i t h t h e O P A L e x p e r i m e n t . In a d d i t i o n t h e r e 

is a c a m p u s b a s e d e x p e r i m e n t o n m a g n e t i c m o n o -

p o l e s . In s o m e c a s e s t h e r e is o p p o r t u n i t y f o r i n v o l v e ­

m e n t in b o t h a r u n n i n g e x p e r i m e n t a n d a l o n g e r t e r m 

p r o j e c t . 

W e a r e s i t u a t e d a n h o u r f r o m F e r m i l a b a n d h a v e e x ­

c e l l e n t t e c h n i c a l r e s o u r c e s . 

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

P h . D . o r i t s e q u i v a l e n t . A p p o i n t m e n t s a r e n o r m a l l y f o r 

2 y e a r s b u t e x t e n s i o n s a r e p o s s i b l e . T h e U n i v e r s i t y o f 

C h i c a g o is a n e q u a l o p p o r t u n i t y / a f f i r m a t i v e a c t i o n e m ­

p l o y e r . 

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

r e f e r e e s s h o u l d b e s e n t t o : P r o f e s s o r J . E. P i l c h e r , E n ­

r i c o F e r m i I n s t i t u t e , 5 6 4 0 S o u t h E l l i s A v e n u e , C h i c a g o , 

IL 6 0 6 3 7 . 

National Research 
Council Canada 

Conseil national 
de recherches Canada 

1984 RESEARCH ASSOCIATESHIPS 
for research in science and engineering in the laboratories of the 

NATIONAL RESEARCH COUNCIL OF CANADA. 

The National Research Council is Canada's leading federal research 
organization. NCR's laboratory projects cover most areas of the 
physical sciences, life sciences and engineering. 

Appl icants for Research Associateships should have recently 
acquired a Ph.D. in the natural sciences or a Masters degree in an 
engineering field or expect to obtain the degree before taking up 
the Associateship. 

Associateships are open to nationals off all countries although 
preference wi l l be given to Canadians. 

Research Associates wi l l be offered appointments to the staff of 
the National Research Council on a term basis and wi l l be offered 
salaries and benefits currently available to members of the 
cont inuing staff. As a guide, the current Ph.D. recruit ing rate is 
$ 28 ,914 per annum. 

The initial appointment wi l l normally be for a two-year term and 
may be renewed, subject to the Associate's performance and 
subject to the requirements of the Division. 

Appl icat ions may be obtained f rom the Research Associates 
Office, National Research Council of Canada, Ot tawa, 
Canada, K1A OR6. 
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Physics Research 
Instrumentation 

R + D/Eiectronics nesign 

Applications Engineering 

L e C r o y R e s e a r c h S y s t e m s C o r p o r a t i o n h a s k e y p o s i t i o n s 
a v a i l a b l e fo r p h y s i c i s t s a n d e n g i n e e r s e x p e r i e n c e d e i t h e r in 
t h e d e s i g n o f c h a l l e n g i n g e l e c t r o n i c c i r c u i t s o r in t h e u s e a n d 
a p p l i c a t i o n s o f r e s e a r c h i n s t r u m e n t a t i o n . 
A s a c o m p a n y heav i l y p o p u l a t e d b y p h y s i c i s t s a n d e n g i n e e r s 
f r o m p h y s i c s r e s e a r c h e n v i r o n m e n t s , L e C r o y o f fe rs a s m o o t h 
t rans i t ion b e t w e e n t h e a c a d e m i c c o m m u n i t y a n d indust ry . O u r 
c o m p a n y a t m o s p h e r e is i n f o r m a l , c r e a t i v e , a n d c h a l l e n g i n g , 
w h i l e s a l a r i e s c l e a r l y e x c e e d t h o s e o f f e r e d b y i n s t i t u t i o n a l 
r e s e a r c h . 

L e C r o y is a c t i v e l y i n v o l v e d in p r o d u c i n g i n s t r u m e n t s fo r h i g h 
e n e r g y p h y s i c s , n u c l e a r s p e c t r o s c o p y , f a s t t r a n s i e n t 
p h e n o m e n a s t u d i e s , x - ray m a t e r i a l s a n a l y s i s , a n d f i b e r o p t i c 
c o m m u n i c a t i o n s . M o b i l i t y w i t h i n t h e o r g a n i z a t i o n is 
e n c o u r a g e d , t o w i d e n y o u r r e a l m of e x p e r i e n c e . 
S e n d i n t r o d u c t o r y le t te r a n d r e s u m e in c o n f i d e n c e t o : 

A l a n M i c h a l o w s k i , C o r p o r a t e V i c e P r e s i d e n t 
L e C r o y R e s e a r c h S y s t e m s C o r p o r a t i o n 
7 0 0 S o u t h M a i n S t r e e t 
S p r i n g V a l l e y , N e w Y o r k 1 0 9 7 7 U S A 

A n E q u a l O p p o r t u n i t y E m p l o y e r M /F /H 

LeCroy 

Canada 

T h e Exper imenta l Nuc lea r Chemis t ry G r o u p at L A M P F is 
accept ing appl ica t ions from 

post-doctoral candidates 
T h e a p p o i n t m e n t is for one year, renewable for a second and 
pays a s t ipend a m o u n t of U S $ 26 .220 to 27.600 per a n n u m 
(depending u p o n research experience). Employee benefits 
include paid incoming travel , moving expenses, and 24 days 
annua l vacat ion. Candida tes n o m o r e than three years past the 
P h . D . in nuc lear chemis t ry or nuclear physics are invited to 
apply. T h e appo in tee will jo in our research program in p ion-
induced react ions in complex nuclei . Th is p rogram includes, 
bu t is no t l imited to , studies of p ion single and double charge 
exchange, single and mul t ip le nuc leon removal , p ion absorp­
t ion and p ion produc t ion . Candida tes experienced in on-l ine 
counte r techniques and compute r -based data acquisi t ion 
systems are par t icular ly being sought. 

For informat ion, call Bruce Dropesky at 505 667-4372. 

T o apply, please send resume in confidence, by N o v e m b e r 1, 
1983, t o : 

Made l ine L U C A S - DIV-83-AW 
Personnel Divis ion 
L O S A L A M O S N A T I O N A L L A B O R A T O R Y 
LOS A L A M O S / N e w Mexico 
U S A 87 545 

T h e Labora tory is opera ted by the Univers i ty of California for 
the D e p a r t m e n t of Energy. O u r beautiful h igh-country 
m o u n t a i n locat ion provides a relaxed, casual lifestyle, a pol lu­
tion-free env i ronment , and a m p l e recreat ional activities. 

University of California 

A n affirmative ac t ion /Equa l Oppor tun i t y E m p l o y e r : women , 
minori t ies , veterans, and hand icapped are urged to apply. U .S . 
ci t izenship or p e r m a n e n t resident visa required. 
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FRANCE AT CERN 
11-14 OCTOBER 1983 

The exhibition is organized under the auspices of the Scientific and Technical Mission of the 
MINISTERE DE L'INDUSTRIE ET DE LA RECHERCHE 
1 0 1 , rue de Grenelle, 7 5 7 0 0 PARIS 
in cooperation wi th the 

COMITE FRANCAIS DES MANIFESTATIONS ECONOMIQUES A L'ETRANGER 
10, avenue d' lena, 75783 PARIS CEDEX 16, Tel . : 505 30 0 0 , Telex: 611 9 3 4 F 
the 

CENTRE FRANCAIS DU COMMERCE EXTERIEUR 
10, avenue d'leYia, 75783 PARIS CEDEX 16, Tel . : 505 30 0 0 , Telex: 611 9 3 4 F 

and the 
POSTE D'EXPANSION ECONOMIQUE PRES L'AMBASSADE DE FRANCE A BERNE 
Sulgeneckstrasse 3 7 , 3007 BERNE, Te l . : 25 33 64 , Telex: 32707 COMAT CH 

ADRET-ELECTRONIQUE V H F a n d UHF synthesizers generators; LF and VLF 
B P N° 33 synthesizers generators; frequency standard; voltage 
7 8 1 9 2 TRAPPES anc* direct-current standards. 
Tel. 051 .29 .72 /Tx . 697 .821 

ALSTHOM-ATLAIMTIQUE 
38 , avenue Kleber 
7 5 7 9 5 PARIS Cedex 16 
T6I. 505 .20 .00 /Tx . 611 .938 

Superconductors, magnets, vacuum chambers, 
vacuum chambers and vessels, titanium equipment. 

NEYRTEC Crushing. 
4 , avenue du General de Gaulle 
3 8 8 0 0 PONT-DE-CLAIX 
Tel. (76) 98 .81 .98 /Tx . 320 .547 

ATELIERS DE LA CHAINETTE Overhead travelling cranes, jib cranes, heavy lifting 
11, avenue Aristide Briand equipment 
7 9 2 0 0 PARTHENAY 
Tel. (49) 64 .48 .22 /Tx . 790 .322 

BERTIN-SESO High-precision UV optical components; laser optics; 
g p 3 positioning assembly for optical fibres. 

7 8 3 7 3 PLAISIR Cedex 
Tel. 056 .25 .00 /Tx . 696 .231 

CALORSTAT INDUSTRIES Hydroformed metal bellows with welded and elec-
g p 41 trodeposited diaphragms; assemblies comprising 
Zone indust r ies de la Gaudree m e t a l bellows; vacuum chamber assemblies. 
9 1 4 1 0 DOURDAN 
Tel. (6) 459 .67 .67 /Tx . 690 .159 
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CHAMBRE DE COMMERCE 
ET D'INDUSTRIE DE LAIN 
Centre d 'Aumard 
0 1 2 1 0 FERNEY-VOLTAIRE 
Tel. (50) 40 .66 .97 

Comprising the following local firms: 

BROCHIER ESPACE 
0 1 1 2 0 MONTLUEL 
Tel. (7) 8 0 6 . 2 3 . 7 7 / T x . 310 .741 

Samples of ultra-light, reflective laminated materials 
for scientific uses (displayed on panels). 

CERMIP 
13, rue de I'lndustrie 
0 1 1 5 0 LAGNIEU 
Tel. (74) 35 .79 .00 /Tx . 340 .846 

Laser boring and ultrasonic grinding units for machin­
ing micro-holes (minimum dia. 5fi). 

CIAT 
30, rue du Rhone 
0 1 3 5 0 CULOZ 
Tel. (79) 8 1 . 1 1 . 1 1 , (50) 23 .58 .19 /Tx . 980 .437 

Air-conditioning plants and heat pumps, (displayed 
panels). 

CONTROL DATA 
Chemin de la Planche Brulee 
0 1 2 1 0 FERNEY-VOLTAIRE 
Tel. (50) 4 0 . 8 5 . 3 4 / T x . 385 .020 

Electronic sub-assemblies, computer assisted design 
(photographs). 

MATRAIR 
0 1 5 6 0 SAINT-TRIVIER-DE-COURTES 
Tel. (74) 30 .79 .14 

System for handling welding flux without cracking 
(displayed on panels). 

NOVOPLASTIC 
23, rue de I'lndustrie 
ARLOD 
0 1 2 0 5 BELLEGARDE 
T e l (50) 4 8 . 2 4 . 1 5 / T x . 385 .036 

Rigid extruded PVC pipes, medium-voltage cables. 

CHAMBRE DE COMMERCE ET 
D'INDUSTRIE DE SAINT-ETIENNE 
MONTBRISSON 
36 , rue de la Resistance 
4 2 0 2 1 SAINT-ETIENNE Cedex 
Tel. (77) 32 .74 .41 /Tx . 330 .683 

Comprising the following local firms: 

CELDUC 
Rue Ampere 
4 2 2 9 0 SORBIERS 
Tel. (77) 53 39 5 5 / T x . 330 .872 

Reed switches and static relays; power transformers. 
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COMEFOR 
Boulevard Sagnat 
4 2 2 3 0 ROCHE-LA-MOLIERE 
Tel. (77) 90 .05 .55 /Tx . 330 .828 

Design and manufacture of tools, manufacture of high-
pressure jacks; one-off or mass-produced mechanical 
components. 

ETS MAGAND 
La Tour-en-Jarez 
4 2 5 8 0 L 'ETRAT 
Tel. (77) 74 .00 .95 /Tx . 300 .006 

Precision machinery. 
Machining and inspection assemblies; manufacture 
and development of special machines and prototypes; 
press tools. 

MARTIN BRUNEL 
130, rue des Allies 
4 2 1 0 0 SAINT-ETIENNE 
Tel. (77).32.31.08 

Very high-pressure valves and fittings from 1000 to 
10 000 bars. 

MICRO-P. INDUSTRIE 
32, rue d'Arcole 
4 2 0 0 0 SAINT-ETIENNE 
T6I. (77) 33.06.01 

Microcomputer development systems. 
EUROPE format printed-circuit boards, terminals, print­
ers, industrial applications. 

SOCOMEL 
RN 82 - RATARIEUX 
4 2 4 8 0 LA FOUILLOUSE 
Tel. (77) 74.08.64 

Electrical equipment (displayed on panels). 
Chargers and dischargers for the French Air Force and 
Army; special machines for heating strip steel. 

TARDY 
«Le Canal» B.P. 9 
4 2 3 2 0 GRAND-CROIX 
Tel. (77) 73 .24 .03 /Tx . 330 .269 

Mechanical construction (displayed on panels). 
Presses for injecting plastic material; hydraulic cutting 
machines. 

TECHNIQUES SURFACES 
Zone industrielle SUD 
4 2 1 6 6 ANDREZIEUX-BOUTHEON 
Tel. (77) 36 .56 .27 /Tx . 900 .762 

Mechanical components (photographs). 
Sight glasses for hydraulic pumps; milling cutters, 
drills and punching machines; dies for electronics and 
metallurgy; a few electrical components (electrodes). 

TECHMACHINE 
Zone industrielle Sud 
4 2 1 6 6 ANDREZIEUX-BOUTHON Cedex 
Tel. (77) 36 .56 .27 /Tx . 900 .762 
(filiale d'HYDROMECANIQUE ET FROTTEMENT) 

Design and manufacture of test benches, simula­
tors and special machines; industrial application of 
equipment developed by the HEF Centre. 

JAC 
Avenue du Pilat 
4 2 1 0 0 SAINT-ETIENNE/TERRENOIRE 
Tel. (77) 25 .68 .44 /Tx . 300.043 

Trailers of all types handling loads of up to 80 tonnes; 
trolleys. 

CABLERIE DE SAINT-ETIENNE 
ET PHOCEENNE 
B.P. 38 
Rue des Janetieres 
4 2 1 6 1 ANDREZIEUX-BOUTHON 
Tel. (77) 55 .10 .40 /Tx . 900 .709 

Electric cables. 

CEFILAC JOINTS FARGERE 
90 , rue de la Roche du Geai 
4 2 0 2 9 SAINT-ETIENNE Cedex 
Tel. (77) 25 .22 .77 /Tx . 330 .697 

Seals, collars, flanges (displayed on panels). 
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CGEE ALSTHOM 
13, rue Antonin Raynaud 
9 2 3 0 9 LEVALLOIS-PERRET Cedex 
Tel. 758 .13 .13 /Tx . 620 .454 

Electrical and electronic equipment instrumentation, 
control and data-processing equipment; radiation-
protection equipment. 

COTRAITANCE AQUITAINE 
74, avenue Gambetta 
3 3 7 0 0 MERIGNAC 
Tel. (56) 45.07.76 

Precision engineering: mechanical welding; sheet-
metal work, metal work; boiler making; aluminium and 
cast-iron smelting. 

CRISMATEC 
18, boucle d'Alsace 
La Defense 3-Cedex N° 29 
9 2 0 9 7 PARIS LA DEFENSE 
Tel. 768 .28 .66 /Tx . 610 .500 

Monocrystals (bars, polished sections, plates, epi­
taxial films). 
Materials for scintillation detectors; magnetic bubble 
memories. 

CRISTEC INDUSTRIES 
27, avenue des Barattes 
7 4 0 0 0 ANNECY 
Tel. (50) 66 .04 .18 /Tx . 385.201 

Electronic battery testers, automatic battery charg­
ers, computerized control and drive via external volt­
ages calibrated for computer control of the chargers. 

DATA SUD-SYSTEMES 
22 , rue de Claret 
B.P. 1067 
3 4 0 0 7 MONTPELLIER Cedex 
Tel. (67) 27 .32 .55 /Tx . 490 .425 

Range of printed-circuit boards to the VME BUS 
standard; image processing and acquisition systems; 
local industrial transmission systems using optical 
fibres. 

ENERTEC-SCHLUMBERGER 
12, place des Etats-Unis 
9 2 5 4 2 MONTROUGE Cedex 
Tel. 657.11.23/Tx . 201 .248 

Potientiometric recorders, measuring transductors, 
digital indicators, thermal printers, static protection 
relays. 

ERT (Etudes et realisations techniques) 
Le Plan du Bois 
0 6 1 2 0 LA GAUDE 
Tel. (93) 24 .81 .24 /Tx . 4 6 0 0 0 0 public 
(N° 04200121) 

Electronics, electromechanical equipment 

GBG (Gauban-Boissonnet-Gourhant) 
30, rue Eugene Caron 
9 2 4 0 0 C0URBEV01E 
Tel. 334 .30 .80 /Tx . 610 .952 

Photographes of various items of equipment designed 
for the nuclear industry. 
Precision mechanics; Machining assemblies. 

GOULD INSTRUMENTS 
57, rue Saint-Sauveur 
9 1 1 6 0 BALLAINVILLIERS 
Tel. 934 .10 .67 /Tx . 6 0 0 . 8 2 4 

Electrostatic recorders of the ES 1000 type; various 
digital and analog input modules; monitors with V. 
1000 screens. 
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MICRO-CONTROLE 
Zl de Saint-Guenault 
B.P. 144 
9 1 0 0 5 EVRY Cedex 
Tel. (6) 077 .82 .83 /Tx . 691 .105 

Motorized micro-translation systems in vacuum 
(traversing, rotation, mirror supports, etc.); tables and 
optical benches, components. 

MICRO SYSTEMES ET 
PROCESSUS INDUSTRIELS 
5, rue Audiffred 
2 1 3 5 0 V ITTEAUX 
Tel. (80) 49 .63 .30 

8 and 16 bit mini-computers specially designed for 
industrial applications: automation, control, data trans­
mission, optimization of manufacturing process. 

Ets NEU 
2 5 8 , avenue Napoleon Bonaparte 
9 2 5 0 6 R U E I L - M A L M A I S O N 
Tel. 732 .92 .70 /Tx . 203 .158 

Aerodynamics, energy management; thermo­
dynamics. 

OSL 
Zone industrielle 
0 6 5 1 0 CARROS 
T6I. (93) 29 .11 .09 /Tx . 4 7 0 . 2 8 4 

Crates and modules, CUBIC, CAM AC, NIM, CIM. 

PONT-A-MOUSSON 
9 1 , avenue de la Liberation 
5 4 0 0 0 N A N C Y 
Tel. (8) 396 .81 .21 /Tx . 850 .003 

Cast-iron tunnel lining segments for underground 
works; ductile cast-iron piping for fire-fighting water, 
sewage systems and hot-water distribution systems. 

QUARTZ ET SILICE 
18, avenue d'Alsace 
Cedex 2 7 - 9 2 0 9 6 PARIS-LA-DEFENSE 
Tel. 762 .46 .00 /Tx . 6 1 1 . 5 7 0 

Silica glass radiation detectors, silica glass products; 
optical silica glass. 

RACAL-DANA INSTRUMENTS 
18, avenue Dutartre 
7 8 1 5 0 LE CHESNAY 
Tel. (3) 955 .88 .88 /Tx . 697 .215 

GIGA microwave generators. 
Supply modules and CEIS DC/DC converters; CEIS 
analog data-acquisition systems. 

RADIALL 
1 0 1 , rue Philibert Hoffmann 
9 3 1 1 6 ROSNY-SOUS-BOIS 
Tel. 854 .80 .40 /Tx . 220 .673 

Coaxial connectors; Industrial banana plugs and sock­
ets; very-high-frequency components; optical-fibre 
connectors; passive electronic components. 

3 2 8 CERN C o u r i e r , O c t o b e r 1 9 8 3 



RADIO TECHNIQUE COMPELEC 
130, avenue Ledru Rollin 
7 5 5 4 0 PARIS Cedex 11 
Tel. 355 .44 .99 /Tx . 680 .495 

Slit cameras; photomultipliers; cavities; image-inten­
sifying tubes; hybrid circuits; keyboards; ACE-ECL 
microelectronics. 

SAUNIER DUVAL 
2 5 0 , route de I'Empereur 
9 2 5 0 8 RUEIL -MALMAISON Cedex 
Tel. 732 .92 .55 /Tx . 203 .274 

Electrification, automation, instrumentation. 
Control and electrical switchboards, technical assist­
ance. 

SEFELEC 
2 ter, rue Gaston Soufflay 
9 4 5 0 7 C H A M P I G N Y - S / M A R N E Cedex 
Tel. 706 .14 .80 /Tx . 220 .429 

Programmable instrumentation systems; automatic 
cable testers, capacitance meters, inductance meters. 

SEMI-CAN 
La Garetiere 
CIDEX 323 B 
3 8 6 4 0 CLAIX 
Tel. (75) 98 .65 .81 /Tx . 320 .245 

Aluminium and stainless steel components and ac­
cessories; standard and special components for va­
cuum and ultra-high vacuum systems. 

SERAPID FRANCE 
Zl, route de Dieppe 
7 6 6 6 0 LONDINIERES 
Tel. (35) 93 .82 .82 /Tx . 770 .672 

Horizontal traversing devices; samples of chains and 
casings. 

SOCEA-BALENCY (SOBEA) 
280 , avenue Napoleon Bonaparte 
B.P. 320 
9 2 5 0 6 RUEIL -MALMAISON Cedex 
Tel. 749 .03 .30 /Tx . 203 .978 

Public and private building construction; piping, civil-
engineering works, environmental protection, general 
contracting. 

TELEMECANIQUE 
33, avenue de Chatou 
9 2 5 0 0 RUEIL -MALMAISON 
Tel. 732 .92 .30 /Tx . 203 .312 

Heavy lifting equipment lifting equipment; bar code 
readers; programmed logic (robots). 

THOMSON-CSF 
23, rue de Courcelles 
B.P. 96.08 
7 5 3 6 2 PARIS 
Tel. 563.12.12/Tx . 203 .780 

Microelectronics and particle accelerators. 
Klystrons for particle accelerators (continuous-wave 
or long-pulse operation). 

VERELEC 
9 1 , avenue de Villeneuve-St-Georges 
9 4 6 0 0 CHOISY-LE-ROI 
Tel. 890,92.17 

Components for vacuum and very high vacuum 
systems, alumina machining, glass to metal welding 
for very high-vacuum systems. 

CERN Cour ie r , O c t o b e r 1 9 8 3 3 2 9 





Synchrotron Light Source 
Brookhaven National Laboratory 

We seek candidates for the following openings: 

ACCELERATOR SCIENTIST, w i t h a b r o a d b a c k ­
g r o u n d in e x p e r i m e n t a l p a r t i c l e a c c e l e r a t o r p h y s i c s , a n d 
t h e d e v e J o p m e n t o f r e l a t e d h a r d w a r e a n d d i a g n o s t i c i n ­
s t r u m e n t a t i o n . R e s p o n s i b i l i t i e s w i l l b e d i r e c t e d t o t h e 
f u r t h e r d e v e l o p m e n t o f t h e h i g h i n t e n s i t y e l e c t r o n s t o r a g e 
r i n g s ( 7 0 0 M e V , 2.5 G e V ) f o r t h e g e n e r a t i o n o f s y n c h r o t r o n 
r a d i a t i o n . S p e c i f i c a l l y , t h e o b j e c t i v e w i l l b e t o s t u d y b e a m 
i n t e n s i t y a n d s o u r c e b r i g h t n e s s l i m i t i n g e f f e c t s a n d t h e i r 
c u r e s . T h e leve l o f t h e a p p o i n t m e n t w i l l b e d e t e r m i n e d b y 
t h e q u a l i f i c a t i o n s a n d e x p e r i e n c e o f t h e s u c c e s s f u l c a n d i ­
d a t e . C a n d i d a t e s w i t h a s t r o n g r e c o r d o f a c c o m p l i s h m e n t s 
in t h e f i e l d o f a c c e l e r a t o r s c i e n c e a r e i n v i t e d t o a p p l y t o : 
Dr. A . v a n S t e e n b e r g e n , N a t i o n a l S y n c h r o t r o n L i g h t S o u r c e 
D e p a r t m e n t , B u i l d i n g 7 2 5 B . 

POSTDOCTORAL RESEARCH ASSOCIATE, 
t o p a r t i c i p a t e in e x p e r i m e n t a l a n d t h e o r e t i c a l w o r k o n t h e 
g e n e r a t i o n o f X U V c o h e r e n t r a d i a t i o n by r e l a t i v i s t i c e l e c ­
t r o n b e a m s , a n d o n t h e d e v e l o p m e n t o f F r e e E l e c t r o n 
L a s e r s . C a n d i d a t e s s h o u l d s u b m i t c u r r i c u l u m v i t a e a n d 
p u b l i c a t i o n s l ist t o g e t h e r w i t h t h e n a m e s o f t h r e e r e f e r ­
e n c e s t o : Dr . C l a u d i o P e l l e g r i n i , N a t i o n a l S y n c h r o t r o n 
L i g h t S o u r c e D e p a r t m e n t , B u i l d i n g 7 2 5 B . 

11I I I 
an an 

Brookhaven National Laboratory 
Associated Universities Inc. 

ELECTRICAL ENGINEER, p r e f e r a b l y w i t h M S E E o r 
e q u i v a l e n t d e g r e e , w i t h a b r o a d b a c k g r o u n d \nfanalog 
c i r c u i t e n g i n e e r i n g , f e e d b a c k s y s t e m s a n d c o n t r o l s , h i g h 
f r e q u e n c y l o w - l e v e l rf c i r c u i t r y a n d B V p u l s e d s y s t e m s . 
R e s p o n s i b i l i t i e s w i l l b e d i r e c t e d t o f u r t h e r d e v e l o p m e n t o f 
t h e h i g h i n t e n s i t y e l e c t r o n s t o r a g e r i n g s ( 7 0 0 M e V , 2.5 G e V ) 
f o r t h e g e n e r a t i o n o f s y n c h r o t r o n r a d i a t i o n , a n d s p e c i f i ­
ca l l y , i n v o l v e n a r r o w a n d b r o a d b a n d e l e c t r o n b e a m 
c o u p l e d f e e d b a c k s y s t e m s f o r t h e s u p p r e s s i o n o f b e a m 
l o n g i t u d i n a l a n d t r a n s v e r s e i n s t a b i l i t i e s . T h e level o f t h e 
a p p o i n t m e n t w i l l b e d e t e r m i n e d b y t h e q u a l i f i c a t i o n s a n d 
e x p e r i e n c e o f t h e s u c c e s s f u l c a n d i d a t e . C a n d i d a t e s w i t h a 
s o l i d r e c o r d o f a c c o m p l i s h m e n t s in n e t w o r k a n a l y s i s , f e e d ­
b a c k t h e o r y a n d s i g n a l t r e a t m e n t a r e i n v i t e d t o a p p l y t o : 
M s . S u s a n Fos te r , P e r s o n n e l , B u i l d i n g 185. 

B r o o k h a v e n N a t i o n a l L a b o r a t o r y is a m u l t i p r o g r a m L a b o r ­
a t o r y m a n a g e d b y A s s o c i a t e d U n i v e r s i t i e s , I nc . u n d e r 
c o n t r a c t w i t h t h e U.S. D e p a r t m e n t o f E n e r g y . W e a r e 
l o c a t e d o n a 5 ,000 a c r e s i t e o n e a s t e r n L o n g I s l a n d , 
a p p r o x i m a t e l y 6 0 m i l e s f r o m N e w Y o r k C i t y , i n a r e g i o n 
k n o w n f o r i ts e x c e l l e n t r e c r e a t i o n a l o p p o r t u n i t i e s . 

A p p l y t o t h e a b o v e n a m e d i n d i v i d u a l s at: 

B r o o k h a v e n N a t i o n a l L a b o r a t o r y 

A s s o c i a t e d U n i v e r s i t i e s , I n c . 

U p t o n , N e w Y o r k 1 1 9 7 3 

An Equal Oppor tun i ty Employer m/f 

Corps de chauffe au silicone 
Nous utitisons ie silicone pour fabriquer des rubans 
chauffants soupies, des t issus chauffants et des 
corps de chauffe profi les. Physiquement stables, its resistent a 
presque toutes les influences chimiques. lis sont trds soupies, 
etanches a I'eau et 6lectriquement sOrs. lis conviennent egalement 
pour tous usages jusqu'a 2 0 0 X . 

Tous les Elements chauffants: rubans, cables, tis­
sus, plaques et tuyaux soupies. Chauffage de 
fflts, chauffe-bailons. Dispositifs de reglage, 
accessoires de montage. 

Oerlikonerstr. 88, CH-8057 Zurich 
Tel. 01/311 40 40 

PEARSON 
Very High Voltage & 
Very High Current 

Pulse 
Transformers 
P e a r s o n E lec t ron i cs spec ia l i zes in 

t h e d e s i g n o f v e r y h igh vo l t age (to 

1 ,000,000 vo l ts ) a n d v e r y h igh cur­

rent (to 1 ,000,000 a m p e r e s ) pu lse 

t r a n s f o r m e r s . Typica l app l i ca t ions a re 

fo r uni ts s u p p l y i n g p o w e r to h igh 

p o w e r m i c r o w a v e t u b e s , par t ic le ac ­

ce le ra to r in jec t ion s y s t e m s , pu lsed 

x - ray t u b e s , h igh p o w e r lasers a n d 

p l a s m a phys i cs . 

O t h e r P e a r s o n p u l s e - m o d u l a t o r c o m p o n e n t s inc lude prec i ­

s ion cu r ren t t r a n s f o r m e r s a n d c o a x i a l capac i t i ve vo l t age d i ­

v iders . T h e c u r r e n t t r a n s f o r m e r s fo r h igh v o l t a g e use fea tu re 

d o u b l e sh ie ld ing a n d h igh v o l t a g e s tand -o f f capabi l i t ies . 

Uni ts fo r use w i th h igh c u r r e n t s a re ra ted up to 1,000,000 

a m p e r e s or m o r e . T h e vo l t age d i v i de rs a re ra ted up to 

5 0 0 kV. 

Inqui r ies r e g a r d i n g spec i f i c r e q u i r e m e n t s for t h e s e 

c o m p o n e n t s a re w e l c o m e d . 

PEARSON ELECTRONICS,INC. 
1860 E m b a r c a d e r o R o a d , Pa lo A l to , Cal i f . 9 4 3 0 3 , U.S.A. 

T e l e p h o n e (415) 4 9 4 - 6 4 4 4 Telex 171 -412 

CERN Cour ie r , O c t o b e r 1 9 8 3 3 3 1 



KLUGECARD 
(CERN DD5196) 

KLUGECARD 
(CERN DD5262) 

FASTBUS-MONITOR 
(CERN F6801) 

FASTBUS-DISPLAY FDM 
(CERN DD5212) 

For additional information 
please contact: 

Suisse * 
ANTARES AG; Postfach; 
CH 5415 Nussbaumen; 

056-82 37 83; Telex 58 703 

FIORI 
(CERN F6801) 

ECL-IN/TTL-OUT MODULE 
(TPS-l-300) 

ECL-INPUT-MODULE 
(CPS-l-300) 

ECL-RAM-MODULE 
(CPS-R-300) 

TTL-RAM-MODULE 
(TPS-R-300) 

£ £ £ £ < ^ <2 I 
L U I > Q Q O ^ Q < 

L L y n y j J 
DR. B. STRUCK 
2 TANGSTEDT / HAMBURG GERMANY 
DORFSTR.163 -TEL0 41 09/62 52/62 00 

TELEX 2180 715 

FASTBUS CRATE 

FOR LAB.-APPUCATION 
+ 5 V / 6 0 A ; - 5 . 2 V / 6 0 A ; 
- 2 V / 3 0 A ; + / - 1 5 V / 4 A 









T H E S E C R E T ' S IN T H E D E T A I L S 

S t a b l e i n s t r u m e n t a n d l a b o r a t o r y t r o l l e y s 

• 2 d i f f e r e n t m o d e l s : S e n i o r a n d J u n i o r 

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

• H o l d e r f o r d r a w i n g s u p t o A 2 s ize 

• P u l l - o u t w r i t i n g a n d s u p p o r t i n g s u r f a c e 

• D r a w e r s f o r s m a l l i t e m s 

• La rge l o c k a b l e r u b b e r : t y r e d c a s t o r s 

P R I C E S : 

S e n i o r Fr. 5 9 5 . - ( w i t h o u t I C H A ) J u n i o r Fr. 4 5 0 . - ( w i t h o u t ICHA) 

M a d e i n S w e d e n 

Surface Width Length Remarks Features 

No. 1 500 250 Adjustable for height 

from 150 to 250 mm 

Max. load 150 kg 

No. 2 500 600 Angle adjustable 

between - 5 and +45° 

Total supporting 

surface 1 m 2 

Net weight 25 kg 

No. 3 500 320 

No. 4 500 560 For heavy equipment All supporting surfaces 

Writing and 

supporting surface 400 300 Angle adjustable 

up to 45° 

suitable for 19" units 

Drawers 400 300 60 mm deep Holder for drawings 

up to A2 size 

0LXRONIX 
O l t r o n i x L a b o r A G 

G r i l l e n w e g 4 , C H - 2 5 0 4 B i e l 

T e l . ( 0 3 2 ) 4 2 4 4 4 5 

T e l e x 3 4 9 4 1 7 





Bern i i A T c n 

D A U / C D C I I D D I V 

Media filtrant du fiitre 
Luwa pour poussiere fine 
type FP: papier fibre de 
verre. 

Following a Europe-wide limited tender action 
the Electron Tube Division 

of Thomson-CSF 
has been selected by the European Atomic Energy Community 

EURATOM 
to carry out the development of 

a gy ro t ron osci l lator 
for use in controlled thermonuclear fusion installations. 

The main performance goals of this development are : 
Frequency: 100 GHz 

Peak output power: 200 kW 
Pulse duration : 100 ms 

T H O M S O N - C S F D i v i s i o n T u b e s E l e c t r o n i q u e s / 38 rue Vauthier / BP 305 / 92102 Boulogne-Billancourt cedex / France / 
Tel.: (33.1) 604.81.75 

3 3 8 C E R N C o u r i e r , O c t o b e r 1 9 8 3 



UP TO 5 x 104 

GAIN IN VERY HIGH 
MAGNETIC FIELDS 
NEW FINE MESH TYPE 
10 STAGE PMT 
The new R2063 f ine 
mesh tube performs very 
well in high magnet ic 
f ields to about 10K gauss. 
This unique tube is the 
first high quality detector 
for High Energy Physics 
to overcome the gain 
ki l l ing effect of magnet ic 
environments. 

UP TO 75 GAIN 
IN HIGH 
MAGNETIC FIELDS 
NEW MESH TYPE, 
FLAT 2 STAGE PMT 
The R2061 mesh type 
tube provides enough 
gain (about 75) to pre­
serve your signal whi le 
operat ing in magnet ic 
f ields of up to 10K gauss. 
The compact flat geom­
etry wi th 3 " d iameter 
permits stacking large 
numbers of detectors 
wi th good volumetr ic 
efficiency. 

HIGH COUNT RATES 
IN MAGNETIC 
ENVIRONMENTS 
MESH DYNODE PMT 
The R1652 combines 
superior performance in 
magnetic f ields, good 
gain and high count rate 
linearity. This 3 inch 
diameter, head on tube 
with 9-stage mesh-
dynodes uses a new 
proximity focus design 
for operat ion in magnet ic 
f ields up to a few 
hundred gauss. 

SUPERIOR PULSE 
LINEARITY 
HYBRID MESH/BOX 
AND GRID PMT 
The R1911-01 uses box 
and gr id dynodes at the 
f ront end for high energy 
resolut ion and new mesh 
type dynodes in the final 
stages for excel lent pulse 
linearity. Pulse l inearity 
of less than 2% deviat ion 
at 50 mA 1500 V i s 
signi f icant ly better than 
PMT's wi th standard 
dynodes. This 3 " tube 
is ideal for physics and 
medical d iagnost ic 
appl icat ions because of 
its reduced length. 

CALL OR WRITE FOR DATA SHEETS 

H A M A M A T S U 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 

Hamamatsu Photonics K.K., 1126 I ch ino -cho , Hamamatsu , Japan , 0 5 3 4 / 3 4 - 3 3 1 1 • Hamamatsu TV Europa G m b H , Postfach 1140, D-8031 See fe ld 1, W. Germany, 0 8 1 5 2 / 7 7 0 5 

CERN C o u r i e r , O c t o b e r 1 9 8 3 3 3 9 



Partout ou I'oeil A. 
ne peut acceder... \ | 

Endoscopes 
flexibles 
a fibres de verre 
pour I'inspection directe de corps creux 

non accessibles aux yeux. 0 3-14 m, 

longueurs utiles 0,5-12 m. Eclairage 

de I'objet par lumiere halogene integree. 

Alimentation par pile et secteur. 

For optical 
interior inspections... 

horoscopes, 
fiberscopes. 

1^3 TECHNOKONTROLLAG 
I 8 0 4 9 Z u r i c h , l m b i s b u h l s t r . 1 4 4 T e l e f o n 01 5 6 5 6 3 3 

The DV-24 grabs onto 
an interface direct 

The most important task for any 
data service technician trouble­
shooting and analyzing faults is 
checking functions at the 
V.24/V.28 Interface. 
Now the economical, battery 
operated DV-24 Interface 
Tester is available. Even semi­
skilled technicians can easily 
perform error diagnoses. 
A DV-24 permits you to: 
* monitor the interface circuits 
while actually carrying traffic; 
* watch LED's showing the 
signals on the 14 most impor­
tant control, indication, and tim-
ing^circuits; 
* manually simulate interface 
signals; 
* monitor individual circuits by 
pulse memory having pos. and 
neg. trigger facilities; 
* set-up and disconnect data 
circuits manually; 
* separate each of the 25 inter­
face circuits (except for ground 
conductors) by a switch; 

* connect additional data test 
sets without problems. 
Your universal tool for working 
on teleprocessing equipment. 
The DV-24 is small, light in 
weight and handy to use. 

I 
I n format ion C o u p o n 
P l e a s e s e n d de ta i led i n fo rmat ion 
a b o u t h a n d y t e s t e r s : 
• for V.24/V.28 In ter faces 

• for X.20/21, X.26/27 In te r faces 

N a m e 

F i rm 

A d d r e s s 

C i ty I 

Tel . N o w 

Wandel & Goltermann 
( S c h w e i z ) A G 
P o s t f a c h 2 5 4 
C H - 3 0 0 0 B e r n 2 5 
Tel . ( 0 3 1 ) 4 2 . 6 6 . 4 4 
T e l e x 3 2 1 1 2 w a g o ch 

340 CERN C o u r i e r , O c t o b e r 1 9 8 3 



Te lemecan ique 

At CERN, Telemecanique, the internatio­
nal specialist in automation components 
and systems will be showing: 

• Control units for 
H O I S T I N G , 
M E C H A N I C A L H A N D L I N G 
and V E N T I L A T I O N , 

• Homogeneous ranges of electronic 
variable speed drives for a.c. and d.c. 
motors designed for specific and high 
performance applications. 

T e l e m e c a n i q u e 

4 3 - 4 5 , a v e n u e F r a n k l i n - R o o s e v e l t 

9 2 5 0 0 R U E I L - M A L M A I S O N - F R A N C E 

Contact Dielectric for all your 

RF needs from mW to MW. 

D I E L E C T R I C C O M M U N I C A T I O N S 
A U N I T O F G E N E R A L S I G N A L 

T o w e r Hi l l Road • R a y m o n d , M a i n e 04071 

T e l . : (207) 6 5 5 - 4 5 5 5 • 8 0 0 - 3 4 1 - 9 6 7 8 

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



composants pour le nudeaire 
des tubes 
photomultiplicateurs 
du photon unique jusqu'a 
plusieurs amperes pour: 

auxtubes 
de puissance 
jusqu'a 600 kW (CW) pour 

£lectronique industr iel le 
XP 2013 B - PM 2963. 
Medeeine nudea i re 
PM 2102 - PM 2412 
PM 2422 hexagonal. 

Physique des hautes energies 
XP 2008 - XP 2012 
PM 2982 - XP 2232. 

Accelerateurs de part icules 
YL 1530 tetrode 40 kW (CW) 
YK 1300 klystron 500 MHz/600 kW (CW). 

Fusion thermo-nucleaire contrdfee 
oz 220 tetrode 1,5 MW (pulse) 
V 108 SK klystron 
1300 MHz/325 kW (1,5 s.) 

CONSULTEZ-NOUS AUSSI 
pour: 

Tubes a rayons cathodiques. 
Compteurs Geiger-Muller. 
Intensif icateurs d l m a g e s . 
Chambres a f ission. 

Je desire recevoir 
• la visite d'un ingenieur conseif 
O votre catalogue 
M . _ , , 

Fonction_ 

Soci6t6___ 

Adresse^ 

u u u u u Ville_ 

T6I. : 

Aftn que vous puissiez innover 

130, AVENUE LEPRU-ROLLIN - 75540 PARIS CEDEX 11 - TEL (1) 355.44.99 - TELEX : 680.495 F 

3 4 2 CERN C o u r i e r , O c t o b e r 1 9 8 3 



C A M A C 7 5 0 - 1 0 0 0 W 
S W I T C H I N G P O W E R S U P P L Y 

Now you can remove your 

And plug in 750 - 1000W of switching regulated power 
with reduced heat dissipation 

SPECIFICATIONS: 

DC Outputs 

+6V (+5.2V) 65A 
-6V (-5.2V) 65A 
+24V 10A 
-24V 10A 

Power Requirements 

220 VAC +10% 
at 50Hz 

* Adjustable 6V and 24V Outputs 
* Stabilized and Meter Monitored 
* PARD 50 mVpp 
* Hold Time: 10 ms with Power 

Failure Signal 
* All Outputs Protected Against 

Short-circuit by Means of 
Trip-off Circuit 

* Thermal Switch for Overheating 
Protection 

* Now in Final Stage of 
CERN Compliance Tests 

S E N E L E C T R O N I C S S . A . 

Avenue Ernest-Pictet 3 1 ; Tel. (022) 44 29 4 0 - T l x 23 359ch-CH-1211 GENEVE 13 E L E C T R O N I Q U E 

C E R N C o u r i e r , O c t o b e r 1 9 8 3 3 4 3 



BOURNS DIGITAL PUSHBUTTON POTENTIOMETER 
A SIMPLE, FAST AND ACCURATE DESIGN 

Just push the PLUS or MINUS but tons for the precise sett ing you want. It's that 
simple. The Model 3680 Series let you set and reset with absolute accuracy. 
Immediate data entry and informat ion readout on large easy-to-read digital d isplays. 
Available with t ransparent panel seal assembly H-385. 
The Model 3680 Series cons is ts of f rom one to five decades. Bourns (Schweiz) AG, 6340 Baar 
Laser tai lored, bui l t - in cermet e lements provide a wide cho ice of s tandard resis- T e | 0 4 2 / 3 3 33 33 Telex 868 722 
tance values from 10 o h m s to 1 Megohm (±3%) . Power rating 2 W a t 25°C. 
Convenient snap- in mount ing reduces installation t ime and el iminates the need for 
mount ing hardware. Accuracy : 0,5%; Repeatabi l i ty: 0,1%. 

P0LIVAR S.p.A. 
Via Naro , 7 2 P.O. Box 1 1 1 
00040-POMEZIA (Roma) 

T e l e f o n o 0 6 / 9 1 2 1 0 6 1 Te lex 6 1 1 2 2 7 PLV I 

Product line 

Cast acry l ic s h e e t s , b a r s , b l o c k s , sc in t i l l a to rs , 
l ight gu ides 

3 4 4 

Measurement display, storage - simultaneous 

Digital Scope Multimeter M 2050 

T e l . ( 0 3 7 ) 2 4 7 7 5 7 

F u n c t i o n s 

1. M u l t i m e t e r : D ig i ta l r e a d o u t a n d w a v e f o r m d isp lay . 

2 . O s c i l l o s c o p e : D ig i ta l s t o r a g e o s c i l l o s c o p e . 

3. T r a n s i e n t r e c o r d e r : R e c o r d i n g a n d s t o r a g e o f t r a n s i e n t i n p u t s . 

4 . Overa l l c o n c e p t : A l l f u n c t i o n s in a s ing le i n s t r u m e n t ; 

c o m p a c t h a n d y , b a t t e r y o p e r a t i o n . 

METRAWATT 
Felsenrainstrasse I • CH-8052 Zurich • Tel. 01-302 35 35 

1700 Fribourg • Tel. 037-247757 

CERN C o u r i e r , O c t o b e r 1 9 8 3 
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M e e t i n g your 
C A M A C needs 

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

3921 

LSI-11 CRATE CONTROLLER 

Houses an LSI-11/2, LSf-11/23, or SBC-11/21 DEC 
processor for stand-alone or auxiliary controller 
applications 

- Features -

• Combined crate controller and processor 
• Full LSI-11 bus compatibi l i ty 
• 22-bit addressing capability 
• Full software support 
• Four l/O-mapped registers for all CAMAC operations 
• Expandable via f ront panel LS1-11 bus 
• Stand-alone or auxiliary controller 
• Real-time clock 

3988 

GPIB CRATE CONTROLLER 

Provides for CAMAC I/O in a GPIB-controlled system 

- Features -

• Complete CAMAC/GPIB interface 

• Full GPIB (IEEE-488) capability 
• Single data transfers 
• Q-scan and Q-stop block data transfers 
• GPIB service request capability 
• Switch-selectable talk/listen address 
• Main or auxiliary crate controller 
• Auxil iary controller support 

3989 

RS-232 CRATE CONTROLLER 

Allows a CAMAC crate to be driven from a computer 
serial port, modem, CRT terminal, or other RS-232-
compatible device 

- Features -

• Computer independent 
• Strap-selectable for RS-422 
• User-selectable Baud rate and data format 
• Main or auxiliary crate controller 
• Auxil iary controller support 
• Data link control signals 
• Mult idrop signalling compatibi l i ty 
• Q-scan and Q-stop block data transfers 
• PROM-based software 
• Manual crate controller capability 

K i n e t i c S y s t e m s 
U.S.A. 
11 M a r y k n o l l Dr ive 
L o c k p o r t , I L 6 0 4 4 1 
Phone: ( 815 ) 8 3 8 0 0 0 5 
7 W X . - 9 1 0 6 3 8 2 8 3 1 

Paci f ic N o r t h w e s t O f f i c e 

P.O. B o x 4 2 2 1 
F r e m o n t , C A 9 4 5 3 9 
Phone: ( 415 ) 4 9 0 8 5 4 4 

Western Reg ion O f f i c e 

4 2 3 4 Fa i r lands Dr ive 
P leasanton, C A 9 4 5 6 6 
Phone: ( 415 ) 8 2 9 9 0 2 0 
TWX: 9 1 0 3 8 9 6 8 9 8 

E u r o p e (Service) 

3 C h e m i n de Tave rnay 
1 2 1 8 Geneva , Sw i t ze r l and 
Phone: ( 022 ) 9 8 4 4 4 5 
Telex: 2 8 9 6 2 2 

E u r o p e (Marketing) 

Gewerbestrasse 13 
C H - 4 5 2 8 Z u c h w i l , Sw i t ze r land 
Phone: ( 065 ) 2 5 2 9 2 5 
Telex: 3 4 9 4 9 5 
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New and noteworthy from Plenum 

ELECTRON-ATOM AND 

ELECTRON-MOLECULE 

COLLISIONS 
edited by Juergen Hinze, University of Bielefeld, FRG 

Focuses on the theory and computational techniques for the quantitative 

description of electron scattering phenomena. The procedures described 

are, in general, variational and include the full correlated many-electron 

descriptions of the targets. A comprehensive overview of the state of the 

art in the development of this theory, this volume demonstrates that this 

theory has advanced far enough to permit quantitative predictions. A 

volume in Physics of Atoms and Molecules. 

362 pp. , i l lus., 1983 $49.50 ( $ 5 9 . 4 0 / £ 31.19 outside US & Canada) 

ADVANCES IN NUCLEAR PHYSICS 
Volume 13 

edited by J. W. Negele, Massachusetts Institute of 

Technology, and Erich Vogt, University of British Columbia 

Three of the most recent advances in nuclear physics are presented here 

in a pedagogical format that is accessible to the nonspecialist. The first 

chapter discusses quark bags and is intended to provide the nuclear 

physics community with important new ideas from particle physics. A 

discussion on interacting boson models follows, which reviews an in­

teresting and controversial new approach to some of the central problems 

of nuclear spectroscopy. A guide to the extensive literature on a new sub­

ject, the third and final chapter explores the expectations, puzzling data, 

and speculative ideas on relativistic heavy ion physics. 

313 pp. + index, i l lus., 1983 

$49.50 ($59 .40 / £ 3 1 . 1 9 outside US & Canada) 

OLD AND NEW QUESTIONS 
IN PHYSICS, COSMOLOGY, 

PHILOSOPHY, AND 
THEORETICAL BIOLOGY 

Essays in Honor of Wolfgang Yourgrau 

edited by Alwyn van der Merwe, University of Denver 

A monumental collection of essays contributed by an international panel 

of eminent scientists and philosophers, this volume surveys an excep­

tionally wide spectrum of topics spanning elementary particles, quantum 

theory, general relativity, and cosmology to less arcane intellectual mat­

ters. Each essay is presented from a fresh and thoroughly modern 

perspective. Chapters address current problems in physics and 

cosmology and issues in biology, philosophy, and the history of science. 

936 pp. , i l lus., 1983 $95.00 ($114 .00 / £ 59.85 outside US & Canada) 

AN INTRODUCTION TO THE 
PHYSICS OF INTENSE 

CHARGED PARTICLE BEAMS 
by R. B. Miller, Sandia Laboratories 

This volume responds to the long-standing need for an introductory text 

on this vital area of contemporary physics. It offers a consistent and 

logical development of fundamental material pertaining to the generation 

and transport of intense beams. Dr. Miller strives throughout to maintain 

the crucial intellectual balance between physical clarity and mathematical 

development. He describes the basic physics of each important situation 

in lucid detail before he proceeds to the complexities of the analysis. 

362 pp. , i l lus., 1982 $45.00 ($54 .00 / £ 28.35 outside US & Canada) 

text adoption price on orders of six or more copies: $29.50 

PLENUM PUBLISHING CORPORATION 
233 Spring Street 

New York, N.Y. 10013 

In United Kingdom: 88/90 Middlesex Street 
London, E1 7EZ, England 

Pikosekunden-
Vakuum-Photodioden 
Die Photodioden sind koaxial mit biplanarer Geometr ie 
aufgebaut und sind zur Vermeidung von Reflexionsverlu-
sten an 50 Ohm bzw. 125 O h m (Modell FD 125) angepaBt. 
Die Diode ist je nach Wahl des Kathodenmaterials 
zwischen 200 und 1100 nm empfindl ich. Als Option wer-
den UV-Fenster (Saphir) angeboten. 

Spezi f ikat ion 
Anstiegszeit 
Abfallzeit 
max. Impulsstrom 
max. D.C. Ausgangsstrom: 
Kathodenmaterial : 
Eff. Kathodendurchmesser: 
Empfindlichkeit fur 
weiBes Licht (typisch) 

S 1 
S 4 
S 2 0 

Empfindlichkeit (typisch) 
bei 1,06 pm S 1 
bei 600 nm S 20 
Dunkelstrom bei 1,5 kV: 
bei 150 V: S 1 

S 2 0 
Max. Arbeitsspannung 
Typ. Arbeitsspannung 
Impedanz 

Model l TF1850 
100 psec. 
100 psec. 
3 A 
300 pA 

S 1 . S 4 . S 2 0 
18 m m 

20 pA/L 
20 |jA/L 
100 pA/L 

0,3 m A / W 
40 m A / W 
10 -7 A 
5,0 x 10-9 A 

0 , 5 x 1 0 - 9 A 

4 k V 
3 k V 
50 Ohm 

, 300 dOO 500 600 

Kathodenempfindlichkeit 

l m T ie fen See 58 
D-6100 DARMSTADT 
T e l e f o n ( 0 6 1 5 1 ) 8 2 0 7 6 

J Telex 0 4 1 9 6 0 2 
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C r e a t ± 

D o y o u n e e d t h e s m a r t e s t A C C p r o c e s s o r ? 

f a s t e r t h a n a b i t - s l i c e p r o c e s s o r ? 

r u n n i n g a n y P D P - 1 1 s t a n d a r d s o f t w a r e ? 

. . t h e n c o n s i d e r t h e n e w f r o n t — e n d p r o c e s s o r f r o m C E S . 

S u p e r A C C 2 1 8 0 F a m i l y 

t CPU card providing; 
- 16/32-bit, 200ns-cycle DEC J- l l 
- 64k 16-bit dual-port memory 
- RS 232C interface 

- Auxiliary Crate Controller logic 
- iiKed EPROM/static RAH configuration 
- interval timer 

t front- panel Q bus provides for extension cards eg. 
- coprocessors - memory extensions 
- crate controllers 

$ extensive use of CMOS technology for low-power requirements 

The ACC 2180 is a single board CAHAC iodule built around Mqital Equipment's latest 16/32-bit microprocessor, 
the J - l l . This microprocessor is the iost advanced in the PDF range; i t ' s principal features are : 

- PDP 11/70 performance 
- (lultiplexed data and address buses with a 32-bit internal data path 
- on-chip leior-y tanagment to address up to 4 Mbytes memory 
- fu l l PDP-11 instruction set 
- 46 floating-point instructions,standard feature 
- extended instruction set,standard feature 

The memory bank is a fu l l dual-port memory, i.e. i t can be accessed independantly fro§ CAMAC or fro* the 
CPU.The structure is such that the 64 K-16Bit memory can be tailored to user's requirement by i ixing EPRQMS 
and RAMs. The CAMAC addresses are ietory tapped to ensure software compatibility with existing systems and 
for maximum throughput. The ietory, CAMAC, peripherals and other resources are controlled by a PAL-based 
logic to ensure the fastest response time. This solution also renders the system extremely easy to "tune*. 

This processor is particularly suited to applications where formerly a host processor was required,such 
as floating-point data manipulation, or where previously only bit-slice processors have been fast 
enough. 

The microprocessor bus is accessible on the unit's front-panel in 022-bus fort, providing easy connection of 
additional cards, such as peripheral controllers, memory extension cards, attached processors, etc. 

The most important feature is that any PDP software can be executed in the ACC 2180 so long as i t can be 
loaded into the ACC 2180's memory. The memory size and i ts f lex ib i l i ty in EPROM/RAM partitions renders 
the system extremely versatile. The unit can be used either as a runtime system without needing any 
additional system device, such as under MRRT-11 or RSX-11S, or as a development system with system 
devices attached to the Q-bus output, under RT-11, RSX-11M, R3X-11M+, etc. Application programs may be 
written in any DEC-supported language including the latest real-time concurrent micro-power PASCAL. 

A t C E S ? t o m o r r o w ' s s y s t e m s a r e a v a i l a b l e NOW 

For more information contact us, or your local CES representative; 

1213 Petit-Lancy 1 Switzerland B h H H H H B H H H H H B H I 

CIM1NE [IKimilC SYSTEMS 
70,route du Pont-Butin Case Postale 122 
Tel:(022) 92 57 45 Telex: 421320 CES-CH 

Belgium: Canberra Positronika Tel:(54)321611 
North America: Klotz Eng. Vancouver Tel:(604)4647401 
France: AB+B Tel:(76)905540 
South Bermany: Silena Tel:(060)554021 

Netherlands: Canberra Positronika Tel:(040)416355 
Japan: Toyo Corp. Tel:(03)2790771 
North Germany: PCP Tel:(040)802046 
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•MAC'S 4CW3OO0OOG Power Tetrode. 
A new generation of high-performance 
power tubes. 

ElMAC's 4CW300,000G com­
bines all the desired features 
transmitter designers look for: 
high peak plate current, low grid 
emission, low internal capaci­
tances and low internal induc­
tance. This is the first of a new 
generation of high performance 
power tubes for LF, HF, VHF and 
pulse service. 

Laser fab pyro ly t ic 
g raph i te g r ids 

The control grid and screen 
structures of the 4CW300,000G 
are precision-cut by a laser 
beam. Each element is mono­
lithic and combines extremely 
low coefficient of expansion 
with low structural inductance. 
These features permit the 
4CW300,000G to have a very 
high transconductance—10 6 

micromhos — a n d allow effi­
cient, high-frequency operation. 

Rugged m e s h f i l ament 
The EIMAC mesh filament pro­
vides exceptionally high peak 
plate current and permits low 
plate voltage operation. This 
leads to power supply economy, 
making the 4CW300,000G the 
economic choice for 300 KWAM 
broadcast service or long-pulse 
switch service, each of which 
demands a reserve of peak 
emission. 
Improved anode s t ruc tu re 
ElMAC's multi-phase cooling 
technique provides high plate 
dissipation to .extract heat 
evenly and quickly from the an­
ode, contributing to long tube 
life and operating economy. 
E I M A C exper t i se 
ElMAC's expertise in electron 
ballistics pyrolytic grid produc­
tion, thermodynamics and cir­
cuit techniques combine to 
bring tomorrow's tubes for to­

day's transmitter designs. More 
information is available from 
Varian EIMAC. Or the nearest 
Varian Electron Device Group 
sales office. 

Electron Device Group 
Varian EIMAC 
Application Engineering 

Department 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: 415-592-1221, ext. 218 

Varian AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Telephone: (042) 23 25 75 
Telex: 78 841 

varian 


