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Fermilab opens new horizons 

T h e o b s e r v a t i o n o f 1600 GeV (1.6 
TeV) p r o t o n - a n t i p r o t o r i c o l l i s i o n s 
o n S u n d a y 13 O c t o b e r c a p p e d a 
spec tacu la r w e e k o f c o m m i s s i o n 
ing f o r t h e n e w U S F e r m i l a b Co l l i 
der . By fa r t h e h i g h e s t e n e r g y 
par t i c le c o l l i s i o n s eve r i n d u c e d , 
t h e y w e r e o b s e r v e d in t h e la rge 
a n d s o p h i s t i c a t e d Co l l i de r De tec to r 
it F e r m i l a b (CDF). 

I n jec t i on o f a n t i p r o t o n s i n to t h e 
M a i n R ing ( e q u i p p e d w i t h c o n v e n 
t i o n a l m a g n e t s ) w a s f i r s t at
t e m p t e d o n 5 Oc tobe r . T h e 
a n t i p r o t o n s o u r c e had a l r e a d y suc
c e e d e d in a c c u m u l a t i n g a n d s to r 
i ng 0.4 x 1 0 1 0 a n t i p r o t o n s w i t h a 
l i f e t ime g rea te r t h a n 200 h o u r s . 
T h a t e v e n i n g t h r e e s h o t s o f b e a m 
w e r e i n jec ted i n to t h e M a i n R i n g , 
a n d o n t h e t h i r d s h o t o v e r 100 
t u r n s w e r e o b s e r v e d . By 8 O c t o b e r 
up t o 0.9 x 1 0 1 0 a n t i p r o t o n s had 
been s t o r e d in t h e A c c u m u l a t o r . 
A n e l a b o r a t e n i n e t e e n - p o i n t p r o 
g r a m m e o f b e a m c h o r e o g r a p h y 
s ta r ted as t h e a n t i p r o t o n b e a m 
was eased f r o m t h e A c c u m u l a t o r 
o t h e M a i n R ing a n d t h e n up i n t o 

the w a i t i n g T e v a t r o n ( s u p e r c o n 
d u c t i n g m a g n e t s ) . A f t e r ca re fu l 
check ing by t r a n s f e r r i n g p r o t o n s in 
t h e reve rse d i r e c t i o n , t h r e e s h o t s 
o f a n t i p r o t o n b e a m w e r e a g a i n at
t e m p t e d . O n t h e s e c o n d s h o t , b e a m 
w a s acce le ra ted in t h e M a i n R ing 
a n d on t h e t h i r d s h o t s o m e 6 x 1 0 8 

a n t i p r o t o n s w e r e acce le ra ted . 
O n 10 O c t o b e r , a n t i p r o t o n b e a m 

w a s o b s e r v e d in t h e T e v a t r o n f o r 
t h e f i rs t t i m e d u r i n g a ser ies o f 
seven s h o t s , a n d t w o d a y s later 
m o r e t h a n 1 0 1 0 a n t i p r o t o n s w e r e 
s t o r e d in t h e A c c u m u l a t o r . A n t i 
p r o t o n s a n d p r o t o n s w e r e success 
f u l l y s y n c h r o n i z e d a n d s q u e e z e d 
t o g e t h e r in a T e v a t r o n i n t e r a c t i o n 
r e g i o n a b o u t o n e m e t r e l o n g . T h a t 
e v e n i n g a v e r y s t r o n g a n t i p r o t o n 
s i gna l w a s o b s e r v e d at 800 GeV 

a n d f i rs t co l l i s i ons w e r e seen . 
T h e acce le ra ted a n t i p r o t o n s a n d 

t h e p r o t o n - a n t i p r o t o n co l l i s i ons 
w e r e o b s e r v e d at t h ree d i f f e ren t 
p laces a r o u n d t he r i ng . T h e p r i nc i 
pal f o c u s w a s CDF, r ep resen t i ng 
t h e c o m b i n e d e f fo r ts o f t h r e e US 
na t i ona l Labo ra to r i es ( A r g o n n e , 
F e r m i l a b a n d Berke ley) , t e n US 
un i ve rs i t i es (B rande is , C h i c a g o , 
H a r v a r d , I l l i no is , P e n n s y l v a n i a , 
P u r d u e , Rockefe l le r , Ru tge rs , 

Texas A & M , W i s c o n s i n ) , a n d m a 
j o r g r o u p s f r o m I ta ly (Pisa a n d 
Frascat i ) , a n d J a p a n (Tsukuba , 
KEK, a n d o t h e r i n s t i t u t i ons ) . A b o u t 
30 e v e n t s w e r e o b s e r v e d in CDF 
w i t h a t r i g g e r w h i c h r e q u i r e d 2 
GeV in e i t he r a h a d r o n or e lec t ro 
m a g n e t i c t r i g g e r t o w e r in c o i n c i 
d e n c e w i t h t h e c o u n t e r s 
s u r r o u n d i n g t h e b e a m p ipe in t h e 
f o r w a r d - b a c k w a r d d i r e c t i o n . 

T h e E710 e x p e r i m e n t , a c o l l a b o -
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Plot of stored ant/protons in the Fermilab 
Accumulator during the key period from 
16.00 hrs on 11 October to 08.00 hrs on 13 
October. The maximum on the vertical 
scale corresponds to 1.2 x 10w antiprotons. 
As each shot of antimatter was injected 
into the Main Ring, the level of stored 
beam fell. From the Main Ring, antiprotons 
passed to the superconducting Tevatron, 
where they collided with waiting protons. 

ra t i on o f B o l o g n a , C o r n e l l , F e r m i 
lab , G e o r g e M a s o n , M a r y l a n d , a n d 
N o r t h w e s t e r n , w a s in o p e r a t i o n at 
EO, h a l f w a y a r o u n d t h e r i n g f r o m 
BO. T h e y h a d i ns ta l l ed a s m a l l 
f r a c t i o n o f t h e c o u n t e r s t h e y w i l l 
use t o m e a s u r e t o t a l r eac t i on ra tes 
a n d e las t ic s c a t t e r i n g . T h e r e is no 
l o w beta i n s e r t i o n t o squeeze t h e 
b e a m s at EO so t h e c o l l i s i o n rate 
s h o u l d be d o w n b y a f a c t o r o f sev 
e n t y - f i v e re la t i ve t o BO. T h e e x p e r i 
m e n t e r s w e r e ab le t o see b o t h 
p r o t o n a n d a n t i p r o t o n b e a m - g a s 
co l l i s i ons . 

A t CO, a n o t h e r g r o u p f r o m Duke , 
F e r m i l a b , I o w a S ta te , N o t r e D a m e , 
P u r d u e , a n d W i s c o n s i n w a s s t a n d 
i ng b y w i t h 15 per cen t o f t h e i r 
c o u n t e r s in p lace f o r b a c k g r o u n d 
m e a s u r e m e n t s . T h e y w e r e a lso 
ab le t o see a n t i p r o t o n - g a s t r i g g e r s 
a n d s t u d y t h e i n t e r a c t i o n p o i n t lo 
c a t i o n . T h i s e x p e r i m e n t w i l l l ook 
f o r n e w p h e n o m e n a ( q u a r k - g l u o n 
p l a s m a o r q u a r k d e c o n f i n e m e n t ) at 
h i g h e n e r g y dens i t i es . 

T h e en t i r e c o m m i s s i o n i n g p roc 
ess l i nk ing severa l r i ngs a n d t w o 
k inds o f pa r t i c les t o o k t h e acce ler 
a to r t e a m a b o u t 25 s h o t s , t o t a l l i n g 
3 x 1 0 1 0 a n t i p r o t o n s . Because o f 
t h i s rap id pace it w a s necessa ry t o 
c o n s e r v e p r e c i o u s a n t i p r o t o n s . 
Th i s m e a n t t h a t t h e a n t i p r o t o n s i g 
na ls in t h e b e a m m o n i t o r s w e r e 
w e a k a n d a n u m b e r o f spec ia l 
m e a s u r e s h a d t o be e m p l o y e d t o 
fac i l i t a te t u n i n g . O n e o f t h e m o s t 
e x c i t i n g w a s t h e i n t r o d u c t i o n a n d 
acce le ra t i on o f ' g u i d e - d o g ' p r o t o n s 
in t h e M a i n R ing t o t rack t h e a n t i 
p r o t o n s . T h i s r e q u i r e d t h e M a i n 
R ing r a d i o f r e q u e n c y t o o p e r a t e in 
a n e w a n d u n u s u a l w a y w i t h s ix 
t een cav i t i es sp l i t i n t o t w o pa i rs o f 
e igh t . 

A c c u m u l a t i o n ra tes as g r e a t as 
0.9 x 1 0 9 a n t i p r o t o n s / h o u r w e r e 
a c h i e v e d d u r i n g t h e c o m m i s s i o n 

ing f r o m a b o u t 0.8 x 1 0 1 5 120 GeV 
p r o t o n s per h o u r o n ta rge t . A n t i 
p r o t o n in tens i t i es acce le ra ted in 
t h e M a i n R ing and in jec ted i n to 
t h e T e v a t r o n w e r e a b o u t 2 x 10 8 . 
S i ng l e b u n c h in tens i t i es d u r i n g 
co l l i s i ons w e r e e s t i m a t e d t o be ap 
p r o x i m a t e l y 1 0 1 0 p r o t o n s a n d 10 6 

a n t i p r o t o n s t o g i ve a lumino 's i t y in 
t h e 1 0 2 4 c m - 2 s _ 1 r ange . 

T h o u g h t h i s is a f ac to r o f a m i l 
l i on b e l o w t h e T e v a t r o n d e s i g n f i g 
u re , t h e fac t t ha t co l l i s i ons w e r e 
o b s e r v e d at al l w a s a m a j o r 
a c h i e v e m e n t f o r such a c o m m i s 
s i o n i n g run as it s h o w e d t h a t al l 
s y s t e m s w o r k , a n d t h a t t h e c o m 
p lex log ic a n d e q u i p m e n t o f t h e 
a n t i p r o t o n s o u r c e . M a i n R ing , Tev 
a t r o n a n d Co l l i de r De tec to r f i t t o 
ge the r . 

A c c e l e r a t i o n of t h e a n t i p r o t o n s 
f r o m t h e s o u r c e t o p r o d u c e co l l i 
s i ons w a s a t e a m e f fo r t i n v o l v i n g 
t h r e e m a j o r g r o u p s - t h e Acce le ra 
t o r D i v i s i o n , t h e A n t i p r o t o n S o u r c e 
G r o u p , a n d t h e Detec to r c o l l a b o r a 
t i o n . In a d d i t i o n a g rea t dea l o f 
use fu l adv i ce a n d e x p e r i e n c e has 
c o m e f r o m CERN. 

History 

C o n s t r u c t i o n o f t h e a n t i p r o t o n 
s o u r c e a n d t h e co l l i de r fac i l i t i es 
b e g a n in 1981 w i t h f u n d s f r o m t h e 
US D e p a r t m e n t o f Energy . T h e 

p ro jec t p r o c e e d e d v e r y q u i c k l y , 
t h a n k s t o m a s s i v e e f fo r t s . B r ie f l y , 
t h e m i l e s t o n e s - t h e g i a n t excava 
t i o n f o r t h e CDF c o m p l e x s ta r ted 
in t h e s u m m e r o f 1982. T h e last 
s u p e r c o n d u c t i n g m a g n e t in t h e 
T e v a t r o n w a s i ns ta l l ed o n 18 
M a r c h 1983. C o n s t r u c t i o n c o m 
m e n c e d o n t h e A n t i p r o t o n S o u r c e 
T u n n e l in A u g u s t 1983 a n d w a s 
c o m p l e t e d in D e c e m b e r 1984. Dur
ing t h e fa l l o f 1983 t h e T e v a t r o n 
w e n t i n to f u l l o p e r a t i o n f o r expe r 
i m e n t s . In a v e r y e n c o u r a g i n g tes t , 
b e a m w a s s t o r e d f o r t h i r t y h o u r s , 
a n d in F e b r u a r y 1984 b e a m w a s 
acce le ra ted t o 800 GeV. S h o r t l y a 
t e r w a r d s t h e h i g h l u m i n o s i t y sys 
t e m w a s p u t i n t o o p e r a t i o n at B0. 
T h e T e v a t r o n w a s t i e d u p in a 
package w i t h r i b b o n s a n d d e d i 
ca ted o n 28 A p r i l 1984. 

By t h e n m a g n e t p r o d u c t i o n f o r 
t h e t w o r i ngs ( D e b u n c h e r a n d Ac 
c u m u l a t o r ) in t h e A n t i p r o t o n 
S o u r c e w a s w e l l u n d e r w a y . Large 
CDF e l e m e n t s w e r e b e i n g f a b r i 
ca ted at t h e s a m e t i m e . M e a n w h i l e 
t h e M a i n R i n g , t h e p r o t o n ex t rac 
t i o n l i ne , a n d t h e a n t i p r o t o n p r o 
d u c t i o n s t a t i o n w e r e c o m p l e t e d 
a n d i m p o r t a n t r a d i o f r e q u e n c y 
m o d i f i c a t i o n s w e r e m a d e o n t h e 
M a i n R ing a n d T e v a t r o n . D e v e l o p 
m e n t o f t h e s tochas t i c c o o l i n g sys 
t e m w a s b o o s t e d by i m p o r t a n t 
c o n t r i b u t i o n s f r o m A r g o n n e a n d 
Berke ley . A n e x t r e m e l y s i gn i f i can t 
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d e v e l o p m e n t w a s t h e c o n s t r u c t i o n 
o f t h r e e n e w c lock s y s t e m s f o r 
l i nk ing t h e v a r i o u s r.f. a n d ex t rac 
t i o n ac t i v i t i es . By J a n u a r y o f t h i s 
yea r M a i n R ing p r o t o n s h a d been 
ex t r ac ted t o t h e a n t i p r o t o n t a r g e t 
s t a t i o n . P r o t o n s c i r c u l a t e d in t h e 
D e b u n c h e r r i ng o n 22 A p r i l . T h e 
last m a g n e t in t h e A c c u m u l a t o r 
w a s ins ta l l ed ear l y in M a y a n d t h e 
v a c u u m w a s b u t t o n e d u p in J u n e . 
B e a m c i r cu l a ted in t h e A c c u m u l a 
t o r r ing o n 21 A u g u s t a n d o n 7 
S e p t e m b e r a n t i p r o t o n s w e r e b e i n g 
success fu l l y s tacked in t h e A c c u 
m u l a t o r . 

T h e rap id p r o g r e s s o n t h e Fer
m i l a b Co l l i de r w a s m a d e p o s s i b l e 
by i m p o r t a n t ear l ie r w o r k e lse
w h e r e . T h e co l l i de r t r ia l h a d been 
b lazed by e l e c t r o n - p o s i t r o n m a 
ch ines , b u t phys i c i s t s rea l i zed t h a t 
t h e use o f p r o t o n s a n d a n t i p r o t o n s 
w o u l d v a s t l y i nc rease t h e e n e r g y 
o f t h e co l l i s i ons . T h e b r e a k t h r o u g h 

c a m e at CERN w h e r e S i m o n v a n 
der M e e r ' s i n v e n t i o n o f s tochas t i c 
c o o l i n g m a d e it poss ib le t o c o m 
press la rge n u m b e r s o f a n t i p r o 
t o n s in to a sma l l v o l u m e in a 
m a g n e t i c s t o rage dev ice . W h i l e 
CERN w e n t ahead w i t h its a m b i 
t i o u s a n t i p r o t o n p ro jec t , t h e F e r m i 
lab e f fo r t w a s c o n c e n t r a t e d o n 
b u i l d i n g t h e s u p e r c o n d u c t i n g Tev 
a t r o n , d e s i g n e d t o p r o v i d e a b e a m 
at 1000 GeV. T h u s c o n t r a r o t a t i n g 
p r o t o n a n d a n t i p r o t o n b e a m s in a 
T e v a t r o n co l l i de r w o u l d a t ta in 
2000 GeV, severa l t i m e s t h e e n 
e r g y ava i l ab le f r o m t h e CERN Co l l i 
der (up t o 450 GeV per b e a m ) . 

In 1983, CERN's e f fo r t w a s re
w a r d e d w i t h t he h is to r i c d i s c o v e r y 
o f t h e W a n d Z par t i c les w h i c h 
ca r ry t h e w e a k nuc lear f o r ce . 

Schematic of the Fermilab Antiproton 
Source. 

How it works 

O p e r a t i o n o f t h e T e v a t r o n as a 
co l l i de r r e q u i r e s t h e c o m p l e x or
c h e s t r a t i o n o f m a n y r i ngs . P ro tons 
are acce le ra ted in t h e M a i n Ring t o 
120 GeV. By s t ra teg i c m a n i p u l a 
t i o n o f r a d i o f r e q u e n c y f i e l d s , t h e 
p r o t o n s are g r o u p e d f o r o p t i m u m 
p r o d u c t i o n o f a n t i p r o t o n s . T h e 
p r o t o n s are e x t r a c t e d a n d h i t a 
spec ia l l y c o n s t r u c t e d t a r g e t , p ro 
d u c i n g all k i nds o f nuc lea r pa r t i 
c les , i n c l u d i n g a n t i p r o t o n s (one 
per 30 000 i n c i d e n t p r o t o n s ) . A 
f r a c t i o n o f t h e a n t i p r o t o n s , t h o s e 
near 8 GeV, are f o c u s e d by an 
e l e c t r o m a g n e t i c lens m a d e of a 
c y l i n d e r o f l i t h i u m c a p a b l e o f car
r y i ng a m i g h t y c u r r e n t pu l se o f 
600 000 a m p s w h i c h c o n c e n t r a t e s 
t h e v a l u a b l e a n t i p r o t o n s . T h e Fer
m i l a b l i t h i u m lens f o l l o w s a d e s i g n 
f i rs t d e v e l o p e d at N o v o s i b i r s k in 
t he USSR. 

S tochas t i c c o o l i n g c o m p r e s s e s a 
la rge n u m b e r o f a n t i p r o t o n s in to a 
s m a l l v o l u m e a n d reduces t he i r 
r a n d o m m o t i o n s , m a k i n g it poss i 
b le t o s t o re a n d a c c u m u l a t e la rge 
n u m b e r s o f a n t i p r o t o n s w i t h o u t 
h a v i n g t h e m o v e r f l o w t h e i r s tor 
age dev i ce . A t F e r m i l a b t h i s p roc 
ess s ta r ts in t h e 1700- foo t 
c i r c u m f e r e n c e D e b u n c h e r s t o r a g e 
r ing o f 345 m a g n e t s . Here , a c o m 
b i n a t i o n o f m a g n e t i c f i e l ds a n d 
r a d i o f r e q u e n c y i m p u l s e s succes
s i ve l y c o o l s a n d c o m p r e s s e s t h e 
a n t i p r o t o n s i n to a s a u s a g e -
s h a p e d v o l u m e as t h e y c i r cu la te at 
8 GeV. 

W h e n t h e s a u s a g e is p r o p e r l y 
c o m p r e s s e d ( a b o u t 2 seconds ) it is 
passed o n t o t h e A c c u m u l a t o r r i ng 
of 176 m a g n e t s i ns ide t h e De
b u n c h e r . T h i s f u r t h e r c o m p r e s s e s 
t he a n t i p r o t o n s a u s a g e a n d g r a d u 
a l ly a c c u m u l a t e s a co re stack. A s 
each pu l se o f a n t i p r o t o n s en te rs 
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t h e A c c u m u l a t o r it is m a s s a g e d 
w i t h h i g h f r e q u e n c y e l e c t r o m a g 
net ic f o r ces a n d r e p o s i t i o n e d 
w i t h i n t h e m a g n e t a p e r t u r e t o a d d 
t o t h e co re . A n a c c u m u l a t i o n t i m e 
of severa l h o u r s y i e l d s e n o u g h 
a n t i p r o t o n s t o p r o c e e d t o t h e nex t 
s tep . 

A c c e l e r a t i o n s ta r ts w h e n a b o u t 
ha l f t h e a n t i p r o t o n co re is ex
t r ac ted i n to a b e a m l i n e t o w a r d s 
t h e M a i n R i n g , c i r c u l a t i n g in t h e 
o p p o s i t e d i r e c t i o n t o t h e p r o t o n s . 
A f t e r acce le ra t i on t o 150 GeV, t h e 
a n t i p r o t o n s are t r a n s f e r r e d t o t h e 
T e v a t r o n r i ng w h e r e w a i t i n g p r o 
t o n s are a l r e a d y s t o r e d in c i r cu la t 
ing b u n c h e s . Bo th g r o u p s o f 
par t i c les are acce le ra ted t o t h e 
m a x i m u m e n e r g y , p a s s i n g each 
o t h e r in b u n c h e s t h a t are s t i l l n o t 
dense e n o u g h f o r s i g n i f i c a n t n u m 
bers o f c o l l i s i o n s t o take p lace . A t 
fu l l e n e r g y , t h e y are s t o r e d f o r 
m a n y h o u r s a n d p o w e r f u l f o c u s i n g 

q u a d r u p o l e m a g n e t s squeeze t h e 
b e a m s at t w o p laces a r o u n d t h e 
T e v a t r o n r i n g . A t each c r o s s i n g 
t h e r e is a 50-50 chance tha t o n e 
a n t i p r o t o n w i l l co l l i de w i t h o n e 
p r o t o n , so at t he d e s i g n l u m i n o s i t y 
o f a b o u t 1 0 3 0 c m - 2 s~ 1 , s o m e 
50 000 co l l i s i ons w i l l take p lace at 
each i n te rac t i on po in t per s e c o n d . 

T h e Co l l i de r Detec tor at F e r m i 
lab , o r CDF, is used to reco rd t h e 
co l l i s i ons . Its scale and c o m p l e x i t y 
m a k e it a m a j o r a c h i e v e m e n t : 25 
fee t w i d e , 31 feet h i g h , 75 fee t 
l o n g a n d w e i g h i n g 4500 t o n s , CDF 
ro l ls s o m e 100 feet o n a t rack f r o m 
t h e A s s e m b l y Hal l t o t h e Co l l i s i on 
Hal l w h e r e it s u r r o u n d s t h e b e a m 
p ipe o f t h e acce lera tor . C a r r y i n g 
h u n d r e d s o f cab les c o n n e c t e d to 
t w o banks o f c o m p u t e r s , it is 
e q u i p p e d t o be sens i t i ve t o eve ry 
de ta i l o f t h e co l l i s i ons . 

T h e CDF d e s i g n w a s d e s c r i b e d 
in o u r J a n u a r y / F e b r u a r y 1984 is-w 

sue , pages 11-15. T h e a i m o f t h e 
O c t o b e r c o m m i s s i o n i n g exerc i se 
f o r CDF w a s p r i m a r i l y t o d e b u g 
t h e da ta a c q u i s i t i o n s y s t e m a n d t o 
l ook f o r a n y u n e x p e c t e d m a c h i n e -
assoc ia ted b a c k g r o u n d s . In fac t 
t h e r u n n i n g c o n d i t i o n s t u r n e d o u t 
t o be v e r y qu ie t . 

CDF e l e m e n t s in p lace d u r i n g 
c o m m i s s i o n i n g w e r e t h e cen t ra l 
e l e c t r o m a g n e t i c a n d h a d r o n ca lo r i -
m e t r y o u t s i d e t h e m a g n e t c o i l , 
s o m e c h a n n e l s o f t h e o u t e r cen t ra l 
m u o n s y s t e m , a n d t h e V e r t e x 
T i m e Pos i t i on C h a m b e r (VTPC), t o 
g e t h e r w i t h t h e i r da ta a c q u i s i t i o n 
s y s t e m s . T h e VTPC p r o v i d e s t rack
ing i n f o r m a t i o n a n d w i l l e v e n t u a l l y 
be c o m p l e m e n t e d by t h e Cent ra l 
T r a c k i n g S y s t e m (a la JADE) . 

A l t h o u g h t h e c o l l i s i o n rate p r o -
t o n - a n t i p r o t o n c o l l i s i o n rate w a s 
w a y d o w n o n i ts d e s i g n f i g u r e , t h e 
tes ts w e r e i n v a l u a b l e in b u i l d i n g 
c o n f i d e n c e , r e a d y f o r t h e f i r s t p r o 
d u c t i o n r u n la ter nex t y e a r t o ex
p l o re t h e s e e x c i t i n g n e w p h y s i c s 
ho r i zons . 

Collider dedication 

Two propitious days before 
the first proton-antiproton 
collisions were seen, the new 
Fermilab Tevatron Collider 
was officially dedicated. Ex
tracts from the fine speeches 
made at the ceremony will 
appear in our next issue. 

The CDF detector during its epic 100-foot 
journey from its 'garage'position into the 
Tevatron tunnel. 
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The quark structure 
of matter 

Quark's the 
matter? 

This month, several articles 
highlight the growing interest 
in the implications of the 
quark picture for the 'bulk' 
properties of matter. Once 
quarks were considered 
solely as nucleon constitu
ents, largely irrelevant for 
structures bigger than a nu
cleon. Now that has changed. 
Recently discoveries show 
that the quark structure of nu
cleon s depends on the sur
rounding nucleus, and 
speculation is growing that 
under the right conditions 
quarks and gluons could form 
new types of matter, very dif
ferent to conventional nuclei. 
The article 'Nuclear truth' by 
CERN's Torleif Ericson (page 
425) points out the increasing 
role quarks are playing in nu
clear physics. 'The quark 
structure of matter' by Maur
ice Jacob (this page) is a re
port of a recent topical 
conference. The editorial fea
ture 'Pumping ion' (see page 
427) describes the ambitious 
plans at CERN to carry out 
experiments using ion beams 
to search for new phenom
ena. 

Together at the recent Topical Conference 
on the Quark Structure of Matter held at 
Strasbourg and Karlsruhe, left to right A. 
Gallmann from Strasbourg, local member 
of the Organizing Committee, Maurice Ja
cob of CERN, this year's President of the 
French Physical Society, and H. Meyer, 
President of the Particle Physics Division of 
the German Physical Society. 

T h e qua rk s t r uc tu re of m a t t e r is a 
t h e m e w h i c h is rece iv ing inc reas
ing a t t e n t i o n in b o t h par t i c le a n d 
nuc lear phys i cs . M o r e and m o r e 
nuc lear phys i c i s t s are b e c o m i n g 
users of h i g h e n e r g y research fa 
c i l i t ies , a n d in f i ve yea rs , t h e q u a r k 
s t r uc tu re o f nuc le i is l ike ly t o be
c o m e a p r o m i n e n t c o m p o n e n t o f 
CERN's f i x e d ta rge t phys i cs re
search p r o g r a m m e . 

The re are t w o m a i n reasons be
h i n d th i s t r e n d . The f i rs t f i n d s its 
o r i g i n in t h e ' E M C Effect ' , d i scov 
e red at CERN, w h e r e p r o b i n g tar
ge ts w i t h h i g h e n e r g y l ep ton 
b e a m s s h o w e d tha t t he qua rk 
s t r uc tu re o f n u c l e o n s in nuc le i w a s 
v e r y d i f f e ren t to tha t of i so la ted 
p r o t o n s . T h e s e c o n d reason s t e m s 
f r o m the p resen t theoret ica l* unde r 
s t a n d i n g o f t h e c o n f i n e m e n t o f t h e 
c o l o u r f o r ce b i n d i n g qua rks t o 
ge ther . It s e e m s l ike ly t ha t at h i g h 
e n o u g h q u a r k dens i t y and /o r e n -

\ 1 

e r g y d e n s i t y , t h e c o l o u r f o r c e is no 
l o n g e r c o n f i n e d t o n u c l e o n i c d i 
m e n s i o n s . A n e w s ta te o f m a t t e r -
t he q u a r k - g l u o n p l a s m a - c o u l d 
appear . 

I m p o r t a n t in t h e ea r l y e v o l u t i o n 
of t h e U n i v e r s e , t h i s q u a r k - g l u o n 
p l a s m a c o u l d -be r e p r o d u c e d t r a n 
s i en t l y in h i g h e n e r g y co l l i s i ons 
u s i n g ion b e a m s . T h e CERN heavy 
ion p r o g r a m m e (see page 427) , 
s c h e d u l e d t o s tar t nex t year , w i l l 
e x p l o r e t h e c o n d i t i o n s w h e r e 
q u a r k - g l u o n p l a s m a c o u l d s h o w 
up . 

W h i l e t h e q u a r k s t r u c t u r e o f 
m a t t e r is m o s t c lea r l y d i s p l a y e d in 
v e r y h i g h e n e r g y s t u d i e s a n d in 
t h e e x p e r i m e n t s at t h e CERN p ro -
t o n - a n t i p r o t o n Co l l i de r , it has a lso 
b e c o m e t h e b a c k b o n e o f t h e ana l 
ys is o f m a n y l o w e n e r g y p roc 
esses, in pa r t i cu la r t h o s e s t u d i e d 
at t h e LEAR L o w E n e r g y A n t i p r o 
t o n R ing at CERN. For t h e f u t u r e , 
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t h e HERA e l e c t r o n - p r o t o n Co l l i de r 
n o w u n d e r c o n s t r u c t i o n at t h e 
G e r m a n DESY L a b o r a t o r y in H a m 
b u r g w i l l a t ta in e n e r g i e s fa r be
y o n d t h o s e c u r r e n t l y used t o 
p r o b e nuc le i w i t h l e p t o n b e a m s . 

T h u s t h e T o p i c a l C o n f e r e n c e o n 
t h e Q u a r k S t r u c t u r e o f M a t t e r he l d 
in S t r a s b o u r g a n d K a r l s r u h e f r o m 
26 S e p t e m b e r t o 1 O c t o b e r w a s 
espec ia l l y i n t e r e s t i n g . T h e f i r s t 
m e e t i n g t o be j o i n t l y o r g a n i z e d by 
t h e Soc ie te Frangaise de P h y s i q u e 

(SFP) a n d t h e Deu tsche Phys ika -
l ische Gese l l scha f t (DPG) a n d 
b r i n g i n g t o g e t h e r 160 pa r t i c i pan t s , 
it e m p h a s i z e d t he in te r faces be
t w e e n par t i c le phys i cs , m e d i u m 
e n e r g y phys i cs a n d nuc lear p h y s 
ics. These are be ing s t r e n g t h e n e d 
because of t h e g r o w i n g in te res t in 
t h e q u a r k s t r uc tu re o f m a t t e r , a n d 
it w a s i n te res t i ng t o see t ha t t h e 
researchers f r o m d i f f e ren t f i e l ds 
w e r e no t in any w a y i so la ted . 

Hos t i n s t i t u t i o n s w e r e t h e Par l ia

m e n t a r y A s s e m b l y o f t h e C o u n c i l 
o f E u r o p e a n d t h e loca l Cen t re de 
Recherches Nuc lea i r es in S t ras 
b o u r g a n d t h e U n i v e r s i t y in Kar ls 
ruhe . C o - c h a i r m e n o f t h e 
O r g a n i z i n g C o m m i t t e e w e r e H. 
M e y e r f r o m W u p p e r t a l , p r e s i d e n t 
o f t h e pa r t i c le p h y s i c s d i v i s i o n o f 
t h e DPG, a n d M a u r i c e J a c o b f r o m 
CERN, c u r r e n t l y p r e s i d e n t o f t h e 
SFP. 

By Maurice Jacob 

Nuclear truth 

There is no single 'true'pic
ture of the nucleus. Instead, 
there are many alternative 
pictures, all equally 'true' 
within their own regions of 
validity. A relative newcomer 
on the scene, but no less 
'true' than the others, is the 
description in terms of the 
quarks and g/uons which are 
the constituents of the nu-
cleons and other particles in
side nuclei. Summing up at 
the Conference on Nuclear 
Physics with Electromagnetic 
Probes, held in Paris earlier 
this year, Tor/eif Ericson of 
CERN showed just how many 
facets there are to the nuclear 
'truth'. 

Torleif Ericson - the many truths of nuclear 
physics 

W h a t is t h e ' c o r r e c t ' w a y t o v i e w 
t h e nuc leus? S h o u l d w e v i e w it as 
a s y s t e m o f i n t e r a c t i n g n u c l e o n s 
or as a s y s t e m o f i n t e r a c t i n g q u a s i -
par t ic les? Is it m o r e v a l i d t o d is 
cuss it in t e r m s o f pa r t i c le degree? 
of f r e e d o m ? Is it n o t m o r e ' f u n d a 
m e n t a l ' t o a s s u m e t h a t t h e n u 
c leus is a s y s t e m o f qua rks? W h a t 
is r i gh t? W h a t is t h e ' t r u t h ' ? 

In m a n y a reas o f p h y s i c s , t h e r e 
are a l t e r n a t i v e p i c t u r e s , co r res 
p o n d i n g t o a w h o l e s p e c t r u m of 
v i e w p o i n t s w h i c h d e p e n d o n t h e 
f r a m e w o r k a n d t h e sca le . It al l de 
p e n d s o n h o w o n e looks at t h e 
p r o b l e m s a n d o n w h a t is e m p h a 
s ized . N u c l e a r p h y s i c s is espec ia l l y 
w e l l - e n d o w e d w i t h a l t e rna t i ve de 
s c r i p t i o n s . 

N e a r l y c lass ica l m o d e s o f co l lec
t i ve nuc l ea r e x c i t a t i o n s have been 
i n v e s t i g a t e d f o r a l o n g t i m e , bu t 
e v e n in t h i s w e l l e x p l o r e d f i e l d 
t h e r e are s t i l l n e w f ea tu res . A p re 
d i c t i o n m a d e a f e w y e a r s a g o t h a t 
in a d e f o r m e d n u c l e u s p r o t o n s 
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Electron scattering experiments give this 
striking distribution for a single nucleon in 
a high density nuclear region. 

a n d n e u t r o n s c o u l d bea t a g a i n s t 
each o t h e r in a sc isso r - l i ke m o d e 
c o r r e s p o n d i n g t o a m a g n e t i c d i -

o l e e x c i t a t i o n has n o w b e e n 
seen . A t t h i s l eve l , nuc le i a p p e a r 
l ike c h u n k s o f p r o t o n - n e u t r o n m a t 
ter . 

H o w e v e r e l e c t r o n s c a t t e r i n g ex
p e r i m e n t s have in recen t y e a r s 
c lea r l y d e m o n s t r a t e d h o w i n d i v i d 
ua l n u c l e o n s c o n t r i b u t e t o nuc l ea r 
s t r u c t u r e (see M a r c h 1984 i ssue , 
p a g e 64). T h u s it is a lso t r u e t h a t 
nuc le i cons i s t o f n u c l e o n s e v e n in 
t h e i r denses t r e g i o n s , e n a b l i n g 
m a n y f e a t u r e s t o be e x p l a i n e d in 
t e r m s o f t w o - n u c l e o n i n t e r a c t i o n s 
caused by t h e e x c h a n g e o f s i n g l e 
b o s o n s . 

M o r e t h a n e i g h t y y e a r s a f te r i ts 
d i s c o v e r y by R u t h e r f o r d , t h e h u m 
b le a l pha pa r t i c le is s t i l l an i n v a l u 
ab le s o u r c e o f nuc lea r i n f o r m a t i o n . 
C o n v e n t i o n a l l y t h o u g h t o f as t h e 
m o s t sphe r i ca l a n d s y m m e t r i c a l o f 

al l nuc le i , t h e a lpha has n o w been 
f o u n d i ns tead t o be a d e f o r m e d 
n u c l e u s ! 

O the r d i scove r i es s h o w t h e l i m i 
t a t i o n s o f e x p l a n a t i o n s in t e r m s o f 
t w o n u c l e o n i n t e r a c t i o n , d e m a n d 
ing t h r e e - b o d y f o r ces , w h i l e fu r 
t h e r c lues s h o w c lear l y t h a t a 
p i c tu re o f nuc le i as iner t n u c l e o n s 
has de f i n i t e l i m i t a t i o n s . 

For a l o n g t i m e it w a s tac i t l y as
s u m e d t h a t t h e nuc leus is a sys 
t e m o f non - re la t i v i s t i c n u c l e o n s . 
H o w e v e r in t h e past f e w yea rs 
t h e r e has been inc reas ing specu la 
t i o n t h a t t h e c o m p o n e n t n u c l e o n s 
are i ns tead re la t iv is t i c (see J u n e 
i ssue , p a g e 183), a n d n o w o n e 
c lear case o f re la t i v i t y has been 
seen in l o w e n e r g y nuc lea r p h y s 
ics ( p h o t o d i s i n t e g r a t i o n o f t h e 
d e u t e r o n ) . 

A n o t h e r w e l l es tab l i shed nuc lea r 
phys i cs p i c t u re i n v o l v e s e x p l a i n i n g 
e v e r y t h i n g in t e r m s o f t h e phys i cs 

o f p i o n s , n u c l e o n s a n d n u c l e o n 
i soba r (de l ta) r e s o n a n c e s . A c c u 
m u l a t e d e v i d e n c e s h o w s t h a t t h e 
n u c l e o n r e s o n a n c e is a ' t r u e ' n u 
c lear c o m p o n e n t . T h e r e is in a d d i 
t i o n c lea r -cu t e v i d e n c e f o r m e s o n 
e x c h a n g e c u r r e n t s . 

T h e s e var ic fus w a y s o f l o o k i n g at 
nuc lea r p h y s i c s in t e r m s o f n u 
c l e o n s a n d r e s o n a n c e s i n t e rac t i ng 
v ia m e s o n s are q u i t e success fu l 
a n d are u n d e r l i n e d b y m a n y ex
p e r i m e n t s w i t h o u t a n y recou rse t o 
t h e q u a r k s a n d g l u o n s w h i c h are 
t h e c o n s t i t u e n t s o f n u c l e o n s , 
p i o n s , etc. Par t ic le p h y s i c s s h o w s 
t ha t f i e l d t h e o r y w i t h q u a r k s a n d 
g l u o n s w o r k s v e r y w e l l : f o r n u 
c l e o n s it has e v e n been p o s s i b l e 
t o m a p t h e d i s t r i b u t i o n o f t h e di f 
f e r e n t q u a r k s . T h e cen t ra l q u e s t i o n 
is : h o w d o q u a r k s a n d g l u o n s 
m a n i f e s t t h e m s e l v e s a n d w h a t c r i 
te r ia f o r a c c e p t a b l e e v i d e n c e 
s h o u l d w e use? W h a t are t h e 
' s m o k i n g g u n ' e x p e r i m e n t s f o r n u 
c lear qua rks? 

W e m u s t o b v i o u s l y a i m f o r 
' c l e a n ' s i t u a t i o n s w h e r e a l t e rna t i ve 
e x p l a n a t i o n s are u n l i k e l y o r , be t 
te r , s u p p r e s s e d . U n l e s s o t h e r ex
p l a n a t i o n s can be r u l e d o u t , w e d o 
no t w a n t t o h a v e 10 per cen t ef
fec ts as e v i d e n c e . S i r D e n y s W i l k 
i n s o n has d e f i n e d t h e p r o b l e m in 
t h e f o l l o w i n g t e r m s : ' W e m u s t n o t 
be t e m p t e d i n t o m i s t a k i n g a d e m 
o n s t r a t i o n o f c o n s i s t e n c y b e t w e e n 
nuc lea r b e h a v i o u r a n d e x p e c t a t i o n 
based o n an exp l i c i t i n v o l v e m e n t 
o f q u a r k s f o r a p r o o f o f t h a t i n 
v o l v e m e n t . W e g a i n n o t h i n g u n 
less t h o s e d e s c r i p t i o n s b r i n g us an 
e n h a n c e d u n d e r s t a n d i n g o f n u 
c lear s t r u c t u r e a n d t r a n s i t i o n s . ' 

T h e n o w - f a m o u s E M C Ef fect 
( va r i a t i on o f n u c l e o n q u a r k s t ruc 
t u r e w i t h t h e s u r r o u n d i n g nuc lea r 
e n v i r o n m e n t ) p r o v i d e s t h e m o s t 
spec i f i c e x a m p l e o f a q u a r k e f fec t 
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in nuc le i . In a q u a r k d e s c r i p t i o n o f 
d e e p ine las t ic m u o n s c a t t e r i n g , t h e 
q u a r k d i s t r i b u t i o n f o r a n u c l e o n i n 
s ide a nuc leus d i f f e rs f r o m tha t f o r 
a f ree n u c l e o n . Is t h i s c h a n g e d d i s 
t r i b u t i o n p r o d u c e d by q u a r k - a n t i -
q u a r k pa i rs s h o w i n g up as p i o n s , 
o r by t h e n u c l e o n b i n d i n g , o r is it 
a g e n u i n e n e w ef fec t o n t h e q u a r k 
level l i nked to i nc i p i en t q u a r k de -
c o n f i n e m e n t f r o m t h e n u c l e o n s as 
t h e q u a r k ' b a g ' ge ts b i gge r? 

It is i m p o r t a n t t o res t r ic t s u c h 
poss ib i l i t i es by e x p l o i t i n g al l t h e 
n e w i n f o r m a t i o n w e can f i n d . T w o 
nove l p o i n t s c a m e up d u r i n g t h i s 
c o n f e r e n c e : f i r s t A . W . T h o m a s o f 
A d e l a i d e d r e w a t t e n t i o n t o t h e i m 
p o r t a n c e o f n u c l e o n b i n d i n g in t h e 
E M C Effect a n d a d v o c a t e d t ha t t h i s 
be f u r t h e r e x p l o r e d . S e c o n d , t h e r e 
w a s a c o n s i d e r a b l e d i s c u s s i o n o n 
t h e e x p e r i m e n t a l r es t r i c t i ons o n 
n u c l e o n s w e l l i n g i ns ide nuc le i . 

N e w data f r o m w i d e a n g l e e lec
t r o n sca t t e r i ng o n a l u m i n i u m 27 
s u g g e s t s t h a t t h e n u c l e o n s w e l l s 
by less t h a n a b o u t f i ve per cen t , 
s ince t h e a s s u m p t i o n o f a n o r m a l 
n u c l e o n size w o r k s v e r y w e l l . 
H o w e v e r t h e de ta i l ed ana l ys i s w a s 
q u e s t i o n e d so a n y f i r m c o n c l u s i o n 
is p r e m a t u r e ; w e e a g e r l y a w a i t t h e 
f i na l ana lys i s . E lec t ron sca t t e r i ng 
spec ia l i s ts c o n s i d e r f i ve per cen t 
s w e l l i n g a g e n e r o u s u p p e r l i m i t , 
bu t t h i s s t r o n g res t r i c t i on c o m e s 
f r o m l i gh t e l e m e n t s . 

F ina l ly , m a g n e t i c m o m e n t s in 
nuc le i sca le w i t h t h e q u a r k bag ra
d i us a n d are t h e r e f o r e sens i t i ve t o 
n u c l e o n s w e l l i n g in nuc le i . W h i l e 
t h e de ta i l ed re la t i on is less t r a n s 
pa ren t , spec ia l i s ts ins is t t h a t m o d i 
f i ca t i ons o f m a g n e t i c m o m e n t s o n 
t he 5-10 per cen t leve l w i l l cause 
havoc . A l l o f t hese p o i n t t o a s m a l l 
n u c l e o n s w e l l i n g , w h i l e t h e E M C 
Effect e x p l a n a t i o n needs a b o u t 15 
per cen t o r even m o r e . T h e s i t ua 

t i o n is f u r t h e r c o n f u s e d by t h e 
ana lys i s o f quas ie las t i c e l ec t ron 
sca t te r i ng o n c a r b o n 12. A t l o w 
e n e r g y re lease t he re s e e m s to be 
e v i d e n c e f o r an inc reased n u c l e o n 
size. 

A l t h o u g h t he re is no a n s w e r t o 
t h e q u e s t i o n o f n u c l e o n s w e l l i n g 
at p resen t , t h e issue is n o w ap
p r o a c h e d in a va r i e t y o f w a y s , i n 
d e p e n d e n t o f t he EMC Effect. In 
t he f u t u r e w e expec t t h e r e f o r e re l i 
ab le l im i t s f r o m d i f f e ren t ap
p roaches res t r i c t ing t he t heo re t i ca l 
e x p l a n a t i o n s o f t h e EMC Effect. 

T h e issue of h o w to f i n d ev i 
dence f o r qua rks in nuc le i w a s ex
a m i n e d by an expe r t p a n e l , bu t 
w i t h i n c o n c l u s i v e resu l ts . T h e b ig 
S t a n f o r d l inac n o w p r o b e s t h e 
d e u t e r o n d o w n to d i s t a n c e s ' o f 
a b o u t 0.2 f m , a fac to r t w o be t te r 
t h a n be fo re . A t t h i s leve l , t h e ex
p e r i m e n t c lear l y is sens i t i ve t o de 
ta i l ed f ea tu res w e l l o n t h e level o f 
t he s t r u c t u r e in any qua rk desc r i p 
t i o n . M o s t l ike ly , t he d e u t e r o n 
e l e c t r o d i s i n t e g r a t i o n and t h e 
t h r e e - n u c l e o n f o r m fac to r at t h i s 
level are e v e n bet ter s y s t e m s t o 
s t u d y such e f fec ts , and w e can 
n o w expec t t h e m . 

S e c o n d , t h e s y s t e m of hype r -
nuc le i a n d nuc lear phys ics w i t h 
s t r a n g e par t i c les s h o u l d p r o v i d e a 
h a p p y h u n t i n g g r o u n d . S ince 
l a m b d a a n d s i g m a h y p e r n u c l e i can 
be r e g a r d e d as nuc lear s y s t e m s 
w i t h c o n t r o l l e d a n d t a g g e d i m p u r i 
t i es , t h e y are a r ich sou rce of 
phys i cs . In par t i cu la r , t h e s t r a n g e 
q u a r k can be d i rec t l y ' o b s e r v e d ' . 

A t h i r d a p p r o a c h to q u a r k p h y s 
ics uses re la t iv is t i c heavy ions . 
T h e idea is t o squeeze so m u c h 
e n e r g y d e n s i t y in to an i n te rac t i on 
v o l u m e tha t a phase t r a n s i t i o n t o a 
q u a r k - g l u o n p l a s m a d e v e l o p s . 
T h e r e are g o o d theo re t i ca l reasons 
t o be l i eve t ha t such an ef fect 

s h o u l d occu r , a l t h o u g h t h e a c c o m 
p a n y i n g b a c k g r o u n d m i g h t o b 
scu re t h e o t h e r w i s e spec tacu la r 
s i gna l . Th i s m e a n s t h a t l o w e n e r g y 
e x p l o r a t i o n o f q u a r k phys i cs w i l l 
be a v e r y i m p o r t a n t c o m p l e m e n t 
to t h e h i g h e n e r g y re la t i v i s t i c ap
p r o a c h . 

T h e cha rac te r i s t i c f e a t u r e o f 
e l ec t r on m a c h i n e s is t h e i r ab i l i t y 
t o i so la te exac t f ea tu res . For t h i s 
reason t h e h e a v y i on a p p r o a c h 
a n d t h e e l e c t r o n a p p r o a c h are n o t 
r iva l o n e s b u t c o m p l e m e n t a r y . It is 
by a c o m m o n a t tack by t h e s e 
m e a n s t h a t w e h o p e t o es tab l i sh 
q u a r k f i e l d t h e o r y as a nuc lea r 
' t r u t h ' as w e l l . 

In c o n c l u s i o n , as w e e x a m i n e 
t he p h y s i c s o f nuc le i o n v a r i o u s 
leve ls w e f i n d m a n y ' t r u t h f u l ' de 
s c r i p t i o n s . T h e s e are no t c o n t r a 
d i c t o r y t o each o t h e r ; each o f 
t h e m is i n v a l u a b l e f o r o u r unde r 
s t a n d i n g o f nuc le i i ns ide i ts o w n 
r e g i o n o f v a l i d i t y . It is cha rac te r i s 
t ic t h a t each o f t h e a p p r o a c h e s 
uses a w e a l t h o f d e t a i l e d k n o w l 
e d g e , f o r i n s tance f r o m par t i c le in
t e r a c t i o n s , w h i c h is q u a n t i t a t i v e l y 
i n c o r p o r a t e d in t h e a p p r o p r i a t e 
' t r u t h ' . T h e m a n y n e w d e v e l o p 
m e n t s p r e s e n t e d at t h i s con fe r 
ence bear a m p l e w i t n e s s t o t h e 
m a n y ' t r u t h s ' in nuc lea r phys i cs . 
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Pumping ion 

Earlier this year, Linac 1 at CERN's Proton 
Synchrotron was moved back 12 metres to 
allow improved shielding. This way instal
lation work for the new heavy ion injection 
system could proceed in parallel with nor
mal PS working. 

(Photo CERN 370.1.85) 

In 1982 a D a r m s t a d t (GSI ) /Berke-
l e y / H e i d e l b e r g / W a r s a w t e a m p r o 
p o s e d t h a t o x y g e n i ons be 
acce le ra ted in t h e CERN ' P r o t o n ' 
S y n c h r o t r o n in o r d e r t o be ab le t o 
s t u d y c o l l i s i o n s b e t w e e n nuc le i at 
ene rg i es h i g h e r t h a n w e r e ava i l 
ab le at t h e h e a v y i on m a c h i n e s at 
D a r m s t a d t ( the U N I L A C l inear ac-
fcelerator) o r Berke ley ( the Beva lac 
s y n c h r o t r o n ) . S ince t h e p r o p o s i n g 
L a b o r a t o r i e s w e r e ab le t o d o m u c h 
o f t h e w o r k a n d p r o v i d e m u c h o f 
t h e f i n a n c i n g f o r t h e i n j ec t i on sys 
t e m fo r o x y g e n i on a c c e l e r a t i o n , 
t h e p r o p o s a l w a s a c c e p t e d d e s p i t e 

* the c r o w d e d CERN p r o g r a m m e 
a n d t he necessa ry d e v e l o p m e n t 
w o r k b e g a n in a Be rke ley /CERN/ 
D a r m s t a d t c o l l a b o r a t i o n . 

In teres t in u s i n g t h e i o n s , b o t h 
f r o m t h e PS a n d f r o m t h e SPS, 
has esca la ted t o g i v e an a m b i t i o u s 
e x p e r i m e n t a l p r o g r a m m e (de
sc r i bed b e l o w ) . M a j o r i t e m s of 
e q u i p m e n t a r e . c o m i n g t o g e t h e r at 
CERN, a n d f i rs t t es ts w i t h t h e i on 
b e a m s are s c h e d u l e d w h e n t h e 
^ERN m a c h i n e s c o m e back o n t h e 

air at t h e b e g i n n i n g o f 1986. 
A n i m p o r t a n t e l e m e n t in t h e de 

c i s i on t o p u r s u e ion b e a m s w a s 
t h e ex i s tence o f L inac 1 ( the ' o l d ' 
l inac) st i l l l i nked t o t h e PS Boos te r . 
Th i s l inac had a l r eady b e e n used 
in t h e acce le ra t i on o f d e u t e r o n s 
a n d a lpha par t i c les a n d t h e r e w a s 
t h u s a l r eady e x p e r i e n c e o f c o p i n g 
w i t h par t i c les o t h e r t h a n p r o t o n s . 
T h e t r i ck f o r t h e i ons is t o i nc rease 
t h e acce le ra t i ng (and f o c u s i n g ) 
f i e l ds so t h a t t h e i ons t r ave l d o w n 
t h e l inac at exac t l y ha l f t h e ve l oc 
i ty o f t h e usua l p r o t o n s . T h a t w a y 
t h e ions s tay in s tep w i t h t h e ac
ce le ra t i ng f i e l ds in t h e d r i f t t u b e 
gaps . 

K n o w l e d g e of t h e s p a r k i n g l i m i t s 
in t h e f i r s t t ank o f t h e l inac d ic 
ta tes t h e p e r m i s s i b l e f i e l d leve ls 

w h i c h in t u r n i m p l y a c h a r g e to 
m a s s ra t io f o r t he ion spec ies o f at 
least 0.38. A f u r t h e r l i m i t a t i o n is 
t ha t t h e b e a m d iagnos t i c s 
t h r o u g h o u t t he PS c o m p l e x need a 
m i n i m u m b e a m cu r ren t of a b o u t 
10 m i c r o a m p s f r o m the l inac in or 
der t o p ick up a d e q u a t e s igna ls . 

These t w o cons t ra i n t s led n a t u 
ra l ly t o t h e se lec t ion o f o x y g e n 6 + 
ions ( o x y g e n a t o m s s t r i p p e d of s ix 
e lec t rons ) . T h e y have a c h a r g e t o 
m a s s ra t io at t he l im i t of w h a t is 
accep tab le a n d a d e q u a t e ion cur
ren t can be d r a w n f r o m an ECR 
(E lec t ron C y c l o t r o n Resonance) 
sou rce . A n a d d i t i o n a l r e q u i r e m e n t 
is t ha t t h e ions be in jec ted in to t h e 
f i r s t t ank at a b o u t 140 keV per n u 
c l e o n ; t h i s can be p r o v i d e d by a 
r a d i o f r e q u e n c y q u a d r u p o l e . These 
c o n d i t i o n s d e f i n e d t he m a j o r fea 
t u res of t h e in jec t i on s y s t e m to ac
ce le ra te o x y g e n 6 + ions t o an 
e n e r g y o f 12.5 M e V per n u c l e o n . 

T h e ECR s o u r c e has been d e v e l 
o p e d at CEN G r e n o b l e a n d o v e r a 
yea r a g o a c h i e v e d an o v e r 80 m i -
c r o a m p ion b e a m o f t h e r e q u i r e d 
q u a l i t y . It w a s t aken t o GSI in M a y 
of t h i s yea r w h e r e it w a s j o i n e d by 
a r a d i o f r e q u e n c y q u a d r u p o l e 
(RFQ) f r o m Berke ley . T h e RFQ, 
w h i c h is d e s i g n e d t o take t h e o x y 
g e n 6 + i ons f r o m 5.6 keV t o 140 
keV per n u c l e o n , f o l l o w s t h e de 
s i gn o f t h e h e a v y i on RFQ ins ta l l ed 
and success fu l l y o p e r a t i n g o n t h e 
Beva lac . P reced ing t h e dec i s i on t o 
use t h i s w a s t h e success fu l e x p e r i 
ence w i t h t h e RFQ bu i l t at CERN 
w h i c h d e m o n s t r a t e d t ha t t h e nec
essary m a t c h i n g o f t h e par t i c le 
b e a m b u n c h e s t o t h e acce le ra t i ng 
f i e l d ' b u c k e t s ' in t h e f i r s t t ank of 
t h e l inac c o u l d be success fu l l y ac
c o m p l i s h e d . 

T h e ECR s o u r c e , a l o w e n e r g y 
b e a m t r a n s p o r t s y s t e m a n d t h e 
Berke ley RFQ a c h i e v e d 140 keV 

CERN Courier, December 1985 427 



Transverse energy distribution observed in 
200 GeV proton collisions in a lead target 
at CERN, extending far beyond the proton-
nucleon kinematical limit near 20 GeV. This 
intriguing result for wide angle scattering 
promises well for studies with heavy ion 
beams. 

per n u c l e o n i ons w i t h a c u r r e n t o f 
u p t o 80 m i c r o a m p s in recen t tes ts 
at D a r m s t a d t . A l l t h e s e u n i t s are 
n o w b e i n g t r a n s f e r r e d t o CERN f o r 
i ns ta l l a t i on at L inac 1. T h i s m a 
c h i n e w i l l t h e n have t w o p re - in jec -
t o r s , each w i t h an RFQ. T h e l inac 
has a l r eady b e e n m o v e d back 
f r o m its in i t ia l p o s i t i o n f o r i m 
p r o v e d s h i e l d i n g . W i t h o u t t h i s t h e 
necessary w o r k o n t h e i on sys 

t e m s c o u l d no t g o o n w h i l e t h e PS 
w a s b e i n g r u n f o r p r o t o n s a n d a n 
t i p r o t o n s . 

A l t h o u g h t h e losses o f i ons , d u e 
t o c h a r g e s t r i p p i n g in e n c o u n t e r s 
w i t h m o l e c u l e s o f res idua l gas , are 
t o l e r a b l e in t h e s ing le passage o f 
t h e b e a m d o w n t h e l inac, it is nec
essary t o c o n v e r t t o f u l l y s t r i p p e d 
o x y g e n 16 be fo re i n jec t i on i n to t h e 
PS Boos te r w h e r e t h e ions n e e d t o 

l ive f o r m a n y t u r n s . A l s o t h e 
Boos te r r.f. s y s t e m needs t o per
f o r m s o m e g y m n a s t i c s t o c o p e 
w i t h i ons h a v i n g o n l y ha l f t h e v e 
loc i t y o f t h e usua l p r o t o n s . A 'har 
m o n i c j u m p ' , w h e r e t h e b e a m is 
d e b u n c h e d a n d t h e n r e f o r m e d at 
ha l f t h e in i t ia l r.f. f r e q u e n c y , is ap 
p l i e d . (Th is is d o n e in t h e B o o s t e r 
so as n o t t o a d d ye t a n o t h e r m a n 
o e u v r e t o t h e a l r e a d y c o m p l e x 
p r o g r a m m e o f t h e r.f. s y s t e m in 
t h e PS r ing. ) 

T h e L inac , B o o s t e r a n d PS bear r 
d i a g n o s t i c s h a v e b e e n u p g r a d e d 
t o c o p e w i t h t h e l o w b e a m in tens i 
t ies a n d so has t h e SPS. A v a r i e t y 
o f c o n s i d e r a t i o n s ( a v o i d i n g t r a n s i 
t i o n e n e r g y , i n t e n s i t y p r o b l e m s , 
b e a m l i n e p a r a m e t e r s ) m e a n t h a t 
t h e l o w e s t b e a m e n e r g y f r o m t h e 
SPS w i l l be 40 GeV per n u c l e o n 
bu t r i s i ng f r o m t h e r e t o an e n e r g y 
o f 225 GeV per n u c l e o n , so t h a t 
t h e e m e r g i n g i o n s can h a v e ener 
g ies u p t o 3600 GeV (3.6 TeV) ! 

Experiments 

E x p e r i m e n t s w i t h i on b e a m s a n d 
w i t h pa r t i c le b e a m s h i t t i n g nuc lea r 
t a r g e t s are a l r e a d y h i n t i n g 
s t r o n g l y at n e w phys i cs . A s w e l l 
as t h e rea l i za t ion t h a t u n d e r cer
t a i n c o n d i t i o n s nuc le i can be 
v i e w e d as a s s e m b l i e s o f q u a r k s 
a n d g l u o n s (see p a g e 423) , h e a v y 
i on e x p e r i m e n t s h a v e a lso re
v e a l e d o t h e r n e w aspec ts o f t h e 
b e h a v i o u r o f nuc lea r m a t t e r , p r o 
v i d i n g n e w ideas f o r a s t r o p h y s i c s 
(see J u l y / A u g u s t 1984 i ssue , page 
243). 

T h e r e is a lso a s t r o n g c o n v i c t i o n 
t h a t o n c e i on b e a m s exceed s o m e 
t h r e s h o l d e n e r g y , c r a s h i n g t h e m 
in to l a b o r a t o r y t a r g e t s c o u l d f i 
na l l y p r o d u c e t h e l o n g - a w a i t e d 
q u a r k - g l u o n p l a s m a - a n e w t y p e 
o f m a t t e r w i t h p r o p e r t i e s v e r y di f -
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f e ren t t o o r d i n a r y nuc lea r m a t e r i a l . 
W h e n t h e f i r s t p l ans t o use 

heavy ion b e a m s in t h e CERN h i g h 
e n e r g y m a c h i n e s w e r e p u t f o r w a r d 
(see J u l y / A u g u s t 1983 i ssue , p a g e 
223) , t h e idea w a s t h a t t h e co l l i 
s i ons w o u l d be m o n i t o r e d in t h e 
W e s t E x p e r i m e n t a l A r e a o f t h e 
SPS us i ng a s t r e a m e r c h a m b e r 
gnd t he 'P last ic Bal l /P last ic W a l l ' 
de tec to r used in l o w e r e n e r g y 
heavy ion b e a m s at t h e Berke ley 
Beva lac. 

S ince t h e n in te res t has g r o w n 
c o n s i d e r a b l y . Even w i t h t h e b ig 
N o r t h E x p e r i m e n t a l A r e a o f t h e 
SPS h o u s i n g m o s t o f t h e e x p e r i 
m e n t s , t h e r e w e r e m o r e p o t e n t i a l 
c u s t o m e r s t h a n CERN's res t r i c ted 
fac i l i t i es c o u l d h a n d l e . 

T h e Plast ic Bal l s t u d y , s t i l l f o r 
t he W e s t A r e a , n o w i n v o l v e s a 
B e r k e l e y / D a r m s t a d t (GS I ) / Lund / 
M a r b u r g / M u n s t e r / Oak R idge /War 
s a w g r o u p . T h e 8 2 0 - m o d u l e Plast ic 
Bal l sc in t i l l a to r , i den t i f i es r eac t i on 
p r o d u c t s by e n e r g y loss . D o w n 
s t r e a m c a l o r i m e t r y a n d a m u l t i p l i c 
i t y de tec to r c o m p l e t e t h e 
a p p a r a t u s . 

T h e s t r e a m e r c h a m b e r e x p e r i 
m e n t p r o p o s e d w i t h t h e Plast ic 
Bal l has m i g r a t e d t o t h e N o r t h 
A rea and i n v o l v e s a c o l l a b o r a t i o n 
o f A t h e n s / B a r i / C E R N / C r a c o w / 
D a r m s t a d t / F r a n k f u r t / F r e i b u r g / H e i 
d e l b e r g / B e r k e l e y / M a r b u r g / T e x a s A 
a n d M/ W a r s a w / Z a g r e b . T h e 
e q u i p m e n t , i n c l u d i n g t h e s t r e a m e r 
c h a m b e r , c o m e s f r o m a p r e v i o u s 
N o r t h A r e a e x p e r i m e n t w h i c h f i n 
i shed t ak i ng data in 1980. 

F ind ing e v i d e n c e f o r qua rk -
g l u o n p l a s m a is t h e g o a l o f A t h 
e n s / B e r g e n / B e r k e l e y / B i r m i n g h a m / 
B r o o k h a v e n / C a r n e g i e M e l l o n / 
CERN/Chand iga rh /C i t y C o l l e g e , 
N e w Y o r k / C r a c o w / M a d r i d / S a n 
t i a g o / S t r a s b o u r g / V i e n n a g r o u p 
w h i c h w i l l l ook exp l i c i t l y f o r t h e 

p r o d u c t i o n o f ( an t i ) ba ryons car ry 
ing t he s t r a n g e n e s s q u a n t u m 
n u m b e r . F o r m a t i o n of q u a r k - g l u o n 
p l a s m a is e x p e c t e d to resu l t in an 
inc rease o f s e c o n d a r y s t r ange par
t i c les . A p o w e r f u l s u p e r c o n d u c t i n g 
m a g n e t w i l l d i spe rse t h e i n tense 
sp rays o f seconda r i es , w h i l e a 
T i m e Pro jec t ion C h a m b e r w i l l l ook 
f o r heavy par t i c le decays . T h e ca l 
o r i m e t e r f r o m the o ld E u r o p e a n 
H y b r i d S p e c t r o m e t e r c o m p l e t e s 
t h e se tup . 

T h e o t h e r N o r t h A rea heavy ion 
s tud ies are o f f s h o o t s f r o m la rge 
e x p e r i m e n t s o r i g i n a l l y bu i l t f o r use 
w i t h par t i c le b e a m s . A B r o o k h a -
ven /CERN/He ide lbe rg /Los A l a m o s / 
L u n d / M c G i l l / M o n t r e a l / M o s c o w / N o -
vos ib i r sk /P i t t sbu rgh /Sac lay /S tock -
h o l m / T e l A v i v g r o u p has m o d i f i e d 
a b ig e x p e r i m e n t o r i g i n a l l y p ro 
p o s e d to s t u d y l ep ton p r o d u c t i o n 
by par t i c le b e a m s (see S e p t e m b e r 
1984 issue , page 281). 

For ion b e a m s , t h e a p p a r a t u s 
w i l l i n c l ude add i t i ona l la rge ang le 
s p e c t r o m e t r y and sof t p h o t o n de
t e c t i o n . M u l t i p l e t a rge t a r rays w i t h 
su i t ab le s p a c i n g w i l l be used t o 
m i n i m i z e s e c o n d a r y i n te rac t i ons 
a n d o p t i m i z e t r i g g e r i n g rates. A l 
ready in i t ia l tes ts w i t h p r o t o n 
b e a m s have s h o w n i n t r i g u i n g ef
fec ts p r o d u c i n g v e r y h i gh (50 GeV) 
t r ansve rse ene rg ies far b e y o n d t h e 
a l l o w e d k i nema t i c s of p r o t o n - p r o 
t o n i n te rac t i ons . Th is p r o m i s e s 
w e l l f o r t h e heavy ion b e a m s . 

A n o t h e r m o d i f i c a t i o n of an ex is t 
ing e x p e r i m e n t is by a B e r g e n / 
C E R N / C l e r m o n t Fe r rand /L i sbon / 
Lyon /Neucha te l /O rsay /Pa la i seau / 
S t r a s b o u r g / V a l e n c i a c o l l a b o r a t i o n 
u s i n g a p p a r a t u s bu i l t t o i nves t i 
ga te t he p r o d u c t i o n of m u o n pa i rs 
by par t i c le b e a m s (see A p r i l i ssue, 
page 104). For heavy ion w o r k , t h e 
a p p a r a t u s w i l l be s u p p l e m e n t e d 
by b e a m c o u n t e r s , c a l o r i m e t r y , 

a n d spec ia l t a rge t s . 
In a d d i t i o n t o t h e la rge elec

t r o n i c d e t e c t o r s , severa l s t ud i es 
u s i n g e m u l s i o n s are p l a n n e d , w i t h 
p a r t i c i p a t i n g i n s t i t u t i o n s f r o m Eu
r o p e , N o r t h A m e r i c a , Ind ia a n d 
Egyp t . 

First h e a v y * i o n b e a m s are 
s c h e d u l e d f o r nex t S e p t e m b e r , 
w i t h a s izeab le r u n j us t b e f o r e t h e 
1986 e n d - o f - y e a r s h u t d o w n . These 
e x p e r i m e n t s p r o m i s e re la t i ve l y 
rap id resu l t s , a n d a l r eady s o m e 
t w o h u n d r e d phys i c i s t s are i n 
v o l v e d . 

I nev i t ab l y t h e phys i c i s t s are a l 
r eady t h i n k i n g o f i ons b e y o n d o x y 
g e n s ince heav ie r nuc lea r masses 
c o u l d g i v e a d d i t i o n a l i n f o r m a t i o n . 
A b e a m o f s u l p h u r i ons o f m u c h 
l o w e r i n t e n s i t y is p o s s i b l e f r o m 
t h e s o u r c e a n d c o u l d be squeezed 
t h r o u g h t h e l inac a n d Boos te r t o 
g e t h e r w i t h t h e o x y g e n b e a m 
w i t h o u t t o o m u c h d i f f i cu l t y , a l 
t h o u g h p a s s i n g t h r o u g h t h e t r a n s i 
t i o n e n e r g y w i l l be p r o b l e m a t i c in 
b o t h t h e PS a n d SPS. Exo t i c ideas 
are t h e r e f o r e b e i n g g e n e r a t e d 
a b o u t acce le ra t i ng o x y g e n a n d s u l 
p h u r , t u n i n g t h e m a c h i n e s o n t h e 
o x y g e n , a n d c a l c u l a t i n g f r o m tha t 
t o t h e a p p r o p r i a t e se t t i ngs f o r t h e 
s u l p h u r . Bu t al l t h a t is s o m e w a y 
i n to t h e f u t u r e , t h e r e is a l r eady 
p l e n t y t o keep t h e ion e n t h u s i a s t s 
busy . 
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Niels Bohr centenary 

Th is yea r m a r k e d t h e h u n d r e d t h 
a n n i v e r s a r y o f t h e b i r t h o f N ie ls 
Boh r , o n e o f t h e g i a n t f i g u r e s o f 
m o d e r n phys i cs . In a d d i t i o n t o h is 
g rea t sc ien t i f i c a c h i e v e m e n t s , B o h r 
w a s a m a j o r i n f l u e n c e o n t h e d i s 
c o v e r y a n d e x p l o i t a t i o n o f nuc lea r 
f i s s i o n . A f t e r t h e S e c o n d W o r l d 
W a r , he p l a y e d a key ro le in s h a p 
ing E u r o p e a n sc ien t i f i c c o l l a b o r a 
t i o n a n d in t h e e s t a b l i s h m e n t o f 
CERN as E u r o p e ' s pa r t i c le phys i cs 
L a b o r a t o r y . 

W h e n B o h r t r a i n e d as a p h y s i 
c ist at t h e t u r n o f t h e c e n t u r y , t h e 
o r y and e x p e r i m e n t w e r e fa r f r o m 
b e i n g sepa ra te c o m p a r t m e n t s o f 
phys i cs . O n e of h is ea r l y ach i eve 
m e n t s w a s a Dan i sh A c a d e m y o f 
Sc iences a n d Let ters g o l d m e d a l 
a w a r d f o r h is i n g e n i o u s e x p e r i 
m e n t a l t e c h n i q u e f o r m a k i n g sur 
face t e n s i o n m e a s u r e m e n t s . In 
C o p e n h a g e n he w e n t o n t o spe 
c ia l ise in e l e c t r o n s , at f i r s t in t h e 
t h e o r y o f me ta l s . 

In 1 9 1 1 , t h e y o u n g B o h r ' s p reoc 
c u p a t i o n w i t h e l ec t r ons t o o k h i m 
t o t h e C a v e n d i s h L a b o r a t o r y in 
C a m b r i d g e , w h e r e J . J . T h o m s o n 
had d i s c o v e r e d t h e e l e c t r o n in 
1897. H o w e v e r b i g g e r t h i n g s w e r e 
h a p p e n i n g in R u t h e r f o r d ' s l abo ra 
t o r y in M a n c h e s t e r , w h e r e t h e n u 
c lear p i c tu re o f t h e a t o m had j us t 
been d i s c o v e r e d , a n d w h e r e M o s e -
ley w a s m a p p i n g o u t t h e X - r a y 
spec t ra o f t h e e l e m e n t s . 

Desp i te R u t h e r f o r d c l a i m i n g 
'I k n o w w h a t t h e a t o m looks l i ke ' , 
a t o m i c m e c h a n i c s w e r e a m y s t e r y . 
A c c o r d i n g t o c lass ica l i deas , a t o m s 
w o u l d co l l apse . B o h r w a s t o f o r g e 
t h e v i ta l l ink b e t w e e n t h e e x p e r i 
m e n t a l b r e a k t h r o u g h s o f Ru ther 
f o r d a n d t h e t h e n n e w ideas o f 
q u a n t u m t h e o r y as p r o p o s e d by 
Planck a n d E ins te in a f e w y e a r s 
p r e v i o u s l y . 

In t he i r in i t ia l m e e t i n g , Ru the r 

f o r d t o l d B o h r he w a s in te res ted in 
' p r o m i s i n g s i m p l i c i t y ' , bu t c a u 
t i o n e d t h e y o u n g researcher f r o m 
b u i l d i n g t o o m u c h t h e o r y f r o m 
m e a g r e e x p e r i m e n t a l e v i d e n c e -
adv i ce a l w a y s w o r t h h e e d i n g . 

B o h r w a s set t o w o r k o n an ex
p e r i m e n t a l p r o b l e m , bu t desp i t e 
his d e m o n s t r a t e d p r o w e s s in l abo 
ra to r y c ra f t , it s o o n b e c a m e c lear 
t ha t he w a s m o r e a t t rac ted t o ana 
ly t ica l t h o u g h t and d i s c u s s i o n . 
Later he w r o t e : ' in t he s p r i n g of 
1912 I b e c a m e c o n v i n c e d t ha t t h e 
e lec t r i c c o n s t i t u t i o n o f t h e Ruther 

f o r d a t o m w a s g o v e r n e d by t h e 
q u a n t u m o f ac t i on ' . R u t h e r f o r d l is
t e n e d to t h e ideas and s u g g e s t e d 
to Boh r t o w r i t e t h e m u p , s a y i n g 
later ' th i s y o u n g Dane is t he m o s t 
i n te l l i gen t c h a p I've ever m e t ' . 

Ins tead o f w r i t i n g up i m m e d i 
a te ly , Boh r w e n t h o m e a n d g o t 
m a r r i e d , r e t u r n i n g t o E n g l a n d af ter 
h is h o n e y m o o n to g i ve h is m a n u 
sc r ip t t o R u t h e r f o r d , w h o s u g 
ges ted t h a t it s h o u l d be 
s u b s t a n t i a l l y s h o r t e n e d if p e o p l e 

w e r e t o read it. 
In C o p e n h a g e n , a n d af ter f re 

q u e n t c o r r e s p o n d e n c e w i t h Ru th 
e r f o r d , B o h r p e r f e c t e d h is ideas o n 
t h e e l e c t r o n s t r u c t u r e o f a t o m s 
a n d e s t a b l i s h e d t h e v i ta l l inks w i t h 
b o t h op t i ca l s p e c t r o s c o p y a n d w i t h 
t h e n e w X - r a y m e a s u r e m e n t s . 
T h e s e ideas w e r e o f c o u r s e v e r y 
r e v o l u t i o n a r y a n d n a t u r a l l y 
a r o u s e d a lo t o f o p p o s i t i o n . H o w 
ever t h e w e i g h t o f e x p e r i m e n t a l 
e v i d e n c e s o o n bu i l t u p , l ead ing t o 
E ins te in ' s o f t e n q u o t e d r e m a r k -
' T h e n it is o n e o f t h e b ig d i scove r 
ies ' . 

In t h e 1920s, C o p e n h a g e n ' s Ins
t i t u t e of T h e o r e t i c a l Phys ics be
c a m e o n e of t h e w o r l d cen t res o f 
q u a n t u m t h e o r y . A s w e l l as Bohr , 
t h e r e w e r e H e i s e n b e r g , Pau l i , Kra
m e r s , Eh ren fes t , G a m o w , B l o c h , 
L a n d a u , Cas imi r , . . . 

Later , B o h r ' s i n te res t t u r n e d t o 
w a r d s t h e n u c l e u s , a n d t h e m i d d l e 
1930s s a w t h e e m e r g e n c e o f h is 
' l i q u i d d r o p ' m o d e l o f t h e n u c l e u s 
( r e m e m b e r h is ea r l y w o r k o n sur
face t e n s i o n ) . W i t h t h e d e a t h o f 
R u t h e r f o r d in 1937, B o h r i n h e r i t e d 
t h e m a n t l e o f E u r o p e ' s p r e m i e r 
nuc lea r phys i c i s t . E q u i p p e d w i t h 
E u r o p e ' s f i r s t o p e r a t i o n a l cyc l o 
t r o n , C o p e n h a g e n t o o k o v e r f r o m 
the C a v e n d i s h L a b o r a t o r y as t h e 
w o r l d f o c u s o f nuc lea r phys i cs . 
Th i s p e r i o d a lso s a w t h e d i s c o v e r y 
of nuc lea r f i s s i o n . 

S h o r t l y b e f o r e t h e o u t b r e a k o f 
t h e S e c o n d W o r l d W a r he v i s i t ed 
t h e U n i t e d S ta tes a n d w i t n e s s e d 
t h e d e v e l o p m e n t s b e i n g m a d e 
t h e r e in u n d e r s t a n d i n g nuc lea r f i s 
s i o n . A f t e r t h e o c c u p a t i o n o f D e n 
m a r k , he s to i ca l l y c o n t i n u e d w i t h 
his w o r k , o n e o f t h e v i s i t o r s t o his 
l a b o r a t o r y d u r i n g t h i s t i m e b e i n g 
H e i s e n b e r g . 

T h e n b e g i n s t h e p e r i o d in B o h r ' s 
l i fe w h i c h reads l ike s o m e t h i n g 
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f r o m a s p y n o v e l . In 1943 c a m e 
C h a d w i c k ' s secre t m e s s a g e , h i d 
d e n in a key, s u m m o n i n g B o h r t o 
t h e UK. A f t e r t h e r i g o u r s o f h is 
f l i g h t f r o m neu t ra l S w e d e n t o Br i t 
a in in t h e b o m b bay of an u n 
m a r k e d M o s q u i t o a i rc ra f t , he 
qu i ck l y b e c a m e i n t e g r a t e d i n to t h e 
A l l i es ' w a r t i m e nuc lea r p h y s i c s 
)eam, a n d w e n t t o t h e US w h e r e 
w o r k w a s in p r o g r e s s . 

W i t h cha rac te r i s t i c f o r e s i g h t , he 
t r i ed to i m p r e s s o n t h e A l l i e d w a r 
t i m e leaders t h e i m p l i c a t i o n s o f 
nuc lea r e n e r g y a n d t h e p o s s i b i l i 
t ies f o r i n t e r n a t i o n a l c o l l a b o r a t i o n , 
a l t h o u g h h is m e e t i n g w i t h C h u r c h 
ill w a s d i s t i n c t l y u n s u c c e s s f u l . 

Bohr and CERN 

Af te r t h e t r a u m a of t h e w a r , it 
w a s no t l o n g b e f o r e t h e idea of a 
E u r o p e a n ' nuc l ea r p h y s i c s ' L a b o r a 
t o r y w a s m o o t e d t o he lp b o o s t Eu

r o p e a n sc ience a n d to repa i r t h e 
cu l t u ra l ravages o f t h e con f l i c t . 
W h i l e t h e idea g a i n e d a p p r o v a l 
re la t i ve ly qu i ck l y , t he w a y of g o i n g 
a b o u t it w a s less c lear. 

One v i e w p o i n t a d v o c a t e d b u i l d 
ing a b ig E u r o p e a n acce le ra to r as 
s o o n as poss ib le . A n o t h e r , o f 
w h i c h B o h r w a s in i t ia l l y a p r o t a g o 
n is t , m a i n t a i n e d tha t t h e b ig m a 
c h i n e c o u l d c o m e later, in i t ia l 
c o l l a b o r a t i o n cap i ta l i z ing o n ex is t 
i ng m a c h i n e s such as t h o s e at 
L i v e r p o o l in t he UK and Uppsa la 
in S w e d e n . H o w e v e r a c o m m o n 
acco rd w a s h a m m e r e d o u t at a 
ser ies of U N E S C O con fe rences . 

D u r i n g t h e ear ly f i f t i es , it w a s 
na tu ra l t ha t E u r o p e a n t h e o r e t i 
c ians s h o u l d c o n t i n u e to c o m e t o 
C o p e n h a g e n , and even af ter t h e 
dec i s i on w a s taken to b u i l d 
CERN's f i r s t b ig m a c h i n e at M e y -
r i n , G e n e v a , CERN's T h e o r y G r o u p 
c o n t i n u e d t o be based in C o p e n 

h a g e n . B o h r w a s i ts f i r s t h e a d , b u t 
Ch r i s t i an M 0 l l e r t o o k o v e r in 1954. 

T h e CERN T h e o r y G r o u p o f f i 
c ia l l y t r a n s f e r r e d t o M e y r i n in 
1957, bu t C o p e n h a g e n w a s st i l l as
s u r e d o f a p lace o n t h e i n t e rna 
t i o n a l m a p t h a n k s t o t h e 
e s t a b l i s h m e n t in 1957 of t h e 
N o r d i c Ins t i t u te f o r Theo re t i ca l 
A t o m i c Phys ics - N o r d i t a - w h i c h 
has g o n e o n t o b e c o m e a l ead ing 
cen t re in nuc lea r s t r u c t u r e re
sea rch . 

B o h r w a s a f o u n d i n g m e m b e r o f 
CERN's Sc ien t i f i c Po l i cy C o m m i t 
tee , at a t i m e w h e n t h e C h a i r m a n 
w a s H e i s e n b e r g , V ice C h a i r m a n 
L e p r i n c e - R i n g u e t , a n d o t h e r m e m 
bers w e r e A l f v e n , B e r n a r d i n i , 
B lacket t , Cockc ro f t a n d Scher re r . 

O n e of B o h r ' s f i na l v i s i t s t o 
CERN w a s in F e b r u a r y 1960, w h e n 
he f o r m a l l y s w i t c h e d o n t h e n e w 
P r o t o n S y n c h r o t r o n , g i v i n g Eu
r o p e , f o r a s h o r t t i m e , t h e h i g h e s t 
e n e r g y pa r t i c le acce le ra to r in t h e 
w o r l d . He d i e d in 1962. 

V i k t o r W e i s s k o p f w a s t o w r i t e : 
'It w a s N ie ls B o h r ' s p e r s o n a l i t y , 
w e i g h t a n d w o r k t h a t m a d e CERN 
poss ib le . T h e r e w e r e o t h e r p e r s o n 
a l i t ies w h o s ta r t ed a n d c o n c e i v e d 
t he idea . T h e e n t h u s i a s m a n d 
ideas o f t h e s e o t h e r p e o p l e w o u l d 
no t have b e e n e n o u g h , h o w e v e r , if 
a m a n of h is s t a tu re had n o t s u p 
p o r t e d it , if he had n o t p a r t i c i p a t e d 
in e v e r y i m p o r t a n t act , if he had 
no t sat w i t h t h e o t h e r s a n d w o r 
r ied a b o u t e v e r y de ta i l . ' 

Viktor Weisskopf, Director Genera/ at the 
time, unveils a bust of Niels Bohr at CERN. 

(Photo CERN 178.6.63) 
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Around the Laboratories 

CERN 
Collider 90 
T h e p r o t o n - a n t i p r o t o n Co l l i de r at 
t h e CERN SPS has been a u n i q u e 
phys i cs t o o l s ince t h e f i r s t co l l i 
s i ons w e r e r e c o r d e d in 1 9 8 1 . H o w 
ever w i t h h i g h e r e n e r g i e s at t h e 
F e r m i l a b T e v a t r o n , t h e CERN ex
p e r i m e n t s w i l l no l o n g e r h a v e t h e 
f i e l d t o t h e m s e l v e s . In a d d i t i o n , 
n e w e l e c t r o n - p o s i t r o n co l l i de r s 
n o w b e i n g bu i l t at S t a n f o r d (SLC) 
a n d at CERN (LEP) w i l l s o o n p r o 
v i d e a d d i t i o n a l a n d m o r e p rec ise 
m e a n s o f e x p l o r i n g a r e g i o n o f 
phys i cs w h i c h w a s o p e n e d u p at 
t h e CERN p r o t o n - a n t i p r o t o n 
Co l l ider . 

T o b o o s t t h e Co l l i de r ' s p e r f o r m 
ance , t h e d e c i s i o n w a s t a k e n at 
CERN in 1983 t o b u i l d t h e A C O L 
A n t i p r o t o n Co l lec to r . T h i s is 
s c h e d u l e d t o s ta r t o p e r a t i o n in 
1987, i nc reas ing t h e n u m b e r o f 
an t i pa r t i c l es ava i l ab le f o r t h e Co l l i 
der . W i t h A C O L , t h e Co l l i de r w i l l 
r e m a i n h i g h l y c o m p e t i t i v e f o r sev
era l m o r e yea rs . But w h a t o f t h e 
l o n g e r t e r m f u t u re? 

T o look at poss ib l e f u t u r e scena 
r ios f o r t h e CERN Co l l i de r , a w o r k 
s h o p w a s o r g a n i z e d at Z i n a l , 
S w i t z e r l a n d , in J u n e . It b r o u g h t t o 
g e t h e r a b o u t 80 p h y s i c i s t s , m a n y 
of w h o m had p a r t i c i p a t e d p r e v i 
o u s l y in phys i cs a n d in d e t e c t o r 
w o r k i n g g r o u p s . T h e Z ina l p r o 
g r a m m e c o v e r e d p lans f o r t h e cur 
ren t m a j o r e x p e r i m e n t s at t h e 
Co l l i de r (UA1 a n d U A 2 ) , t h e n e w 
F e r m i l a b Co l l i de r a n d i ts d e t e c t o r s , 
phys i cs p e r s p e c t i v e s , n e w d e t e c t o r 
t e c h n o l o g i e s , a n d p o s s i b l e f u t u r e 
de tec to r c o n f i g u r a t i o n s . 

T h e m e e t i n g i d e n t i f i e d a c lear 
phys i cs ' w i n d o w ' c o v e r i n g t h e f e w 
yea rs i m m e d i a t e l y a f ter t h e s t a r t u p 
o f A C O L . D u r i n g t h i s t i m e t h e Fer

m i l a b Co l l i de r and the n e w elec
t r o n - p o s i t r o n m a c h i n e s w o u l d st i l l 
be r u n n i n g up to the i r o p t i m u m 
p e r f o r m a n c e , and t he CERN Co l l i 
der c o u l d c o n t i n u e to m a k e v a l u a 
b le c o n t r i b u t i o n s , such as t r ack i ng 
d o w n s u p e r s y m m e t r y or any heav
ier qua rks . 

H o w e v e r t h e h i ghe r co l l i s i on 
ene rg i es o f t he T e v a t r o n (up t o 
1000 GeV per b e a m c o m p a r e d to 
450 GeV at CERN) w i l l p r o b e re
g i o n s inaccess ib le e l s e w h e r e . In 
a d d i t i o n t h e n e w e l e c t r o n - p o s i t r o n 
m a c h i n e s w i l l p r o v i d e a h i g h e r 
level of p rec i s i on . 

W h i l e t h e p lans t o u p g r a d e t h e 
U A 2 de tec to r w e r e fa i r l y c lear , 
U A 1 ' s d i r e c t i o n (see N o v e m b e r is
sue , page 384) w a s no t ye t c o n 
cre te at t h e Z ina l w o r k s h o p . Th i s 
m a d e it d i f f i cu l t t o p r o p o s e spe 
c i f ic s o l u t i o n s f o r f u t u r e de tec to r s . 
H o w e v e r t h e d a n g e r o f p r e m a -

Assembly at CERN of the r.f. kicker for the 
new Antiproton Accumulator stochastic 
cooling system. When CERN's revamped 
antiproton facilities get underway again in 
1987, proton-antiproton collision rates 
should be substantially improved, provid
ing added impetus to the experimental pro
gramme. 

(Photo CERN 557.2.85) 

t u r e l y d i s c o u n t i n g a p o w e r f u l 
phys i cs t o o l w a s rea l i zed , a n d f u 
t u re e x p e r i m e n t s s h o u l d no t be 
v e t o e d s i m p l y because t h e y run 
c o u n t e r t o c u r r e n t d o g m a . 

Seve ra l l o n g e r - t e r m p h y s i c s o b 
j ec t i ves w e r e i d e n t i f i e d at Z i na l . A 
p rec ise c o m p a r i s o n of t h e m a s s e s 
o f t h e W a n d Z par t i c les ( the car
r iers o f t h e w e a k nuc lea r fo rce ) 
w o u l d p r o v i d e v a l u a b l e i n s i g h t s 
i n to t h e i n n e r w o r k i n g s o f t h e cur
ren t l y a c c e p t e d ' S t a n d a r d M o d e l ' . 
O the r sub jec t s f o r f u r t h e r s t u d y 
are t h e p r o d u c t i o n o f ' j e t s ' o f h a d -
rons c o n t a i n i n g h e a v y q u a r k s , o r 
a r i s i ng f r o m g l u o n s , a n d t h e p r o 
d u c t i o n o f h e a v y h a d r o n s , e i the r 
s i n g l y o r in pa i rs c a r r y i n g o p p o s i t e 
q u a n t u m n u m b e r s . 

In a d d i t i o n , t h e h i g h da ta - tak ing 
ra tes at h a d r o n co l l i de r s p r o v i d e 
fe r t i l e g r o u n d f o r d e v e l o p i n g n e w 
i n s t r u m e n t a t i o n t e c h n i q u e s f o r 
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Growing particles 

Earlier this year, the UA4 ex
periment (AmsterdamlCERNI 
Genoa/Nap/es/Pisa) studying 
proton-antiproton elastic scat
tering (when the colliding 
particles 'bounce' off each 
other) took its final data at 
the CERN Collider. 

Comparisons of proton-pro
ton and proton-antiproton 
elastic scattering at lower 
energies (Intersecting Storage 
Rings, ISR, open data points) 
showed that the famous dif-
fractive 'dip' in proton-proton 
scattering was less marked in 
the proton-antiproton case, 
becoming more a 'shoulder'. 
At the Collider (solid data 
points) the proton-antiproton 
'shoulder' is shifted. An alter
native way of looking at the 
data (below) uses the impact 
parameter (b, distance of ap
proach) analysis, and shows 
that the absorbency or 'black
ness' (vertical axis) of the col
liding particles increases with 
energy. These results pro
vided plenty of discussion at 
an elastic scattering work
shop held at Blois, France, 
during the summer. 

poss ib l e f u t u r e m a c h i n e s . Para l le l 
o p e r a t i o n o f l e p t o n a n d h a d r o n 
co l l i de rs w o u l d p r o v i d e a ' b a l 
a n c e d ' research p r o g r a m m e . 

T h e Z ina l o r g a n i z e r s c o n c l u d e d 
' i n o r d e r t o m a i n t a i n a v i g o r o u s 
h i g h e n e r g y p r o g r a m m e t h r o u g h 
t h e ea r l y 90s it is d e s i r a b l e t h a t a 
c o o r d i n a t e d s t r a t e g y be d e v e l o p e d 
i n v o l v i n g t h e c u r r e n t U A e x p e r i 
m e n t u p g r a d e s a n d a n y p o s s i b l e 
n e w de tec to r . ' 
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Spreading 
the message 
T h e o f f i c ia l o p e n i n g o f t h e I t a l y at 
C E R N ' e x h i b i t i o n o n 9 O c t o b e r 
g a v e I ta l ian M i n i s t e r f o r Research 
a n d T e c h n o l o g y Lu ig i G rane l l i t h e 
o p p o r t u n i t y t o u n d e r l i n e h is c o u n 
t r y ' s c o n c e r n f o r t h e f u t u r e w e l f a r e 
o f CERN at a t i m e w h e n f a c t i o n s in 

o t h e r M e m b e r Sta tes are l o o k i n g 
to reduce t h e i r s u p p o r t (see N o 
v e m b e r i ssue , page 375). 

In I ta ly, t h e f u n d i n g f o r basic sc i 
ences has inc reased c o n s i d e r a b l y 
in t h e past f e w years . (The s a m e 
appea rs t o be t r ue in t he U S , 
w h e r e t he Pres iden t ia l A d v i s o r f o r 
Sc ience , t e s t i f y i n g be fo re a House 
C o m m i t t e e , sa id 'bas ic research is 
a v i ta l u n d e r p i n n i n g f o r o u r na
t i o n a l we l l - be i ng ' . ) 

S p e a k i n g at CERN, M i n i s t e r Gra
nel l i p o i n t e d o u t CERN's spec ia l 
p o s i t i o n . ' In m a n y f i e l ds , E u r o p e ' s 
lack o f i n t e r n a t i o n a l s ta tus d o e s n ' t 
fa l l o u t o f t h e b l ue . It s t e m s f r o m 
E u r o p e a n i n c a p a c i t y t o a c h i e v e t h e 
necessary " c r i t i c a l m a s s " t o as
su re c o m p e t i t i v i t y . H o w e v e r , in 
h i g h e n e r g y p h y s i c s , t h i s has been 
a c h i e v e d . ' 

A f t e r e x t o l l i n g t h e goa l o f Eu ro 
pean sc ien t i f i c u n i t y a n d p o i n t i n g 
o u t s o m e o f t h e i m p l i c a t i o n s f o r 
i n d u s t r y , G rane l l i d e c l a r e d ' E u r o 
pean g o v e r n m e n t s s h o u l d neve r 
f o r g e t t h a t it is i m p o s s i b l e t o 
i m a g i n e a sa t i s f ac to r y rate o f t e c h 
n o l o g i c a l a p p l i e d research w h i c h 
is no t p r e c e d e d by a d e q u a t e i n 
v e s t m e n t in f u n d a m e n t a l research . 
T o o m a n y c o n s i d e r f u n d a m e n t a l 
research as a l u x u r y . ' 

' I t is e n t i r e l y a n a c h r o n i s t i c t ha t 
at a t i m e w h e n CERN is b e i n g u p 
he ld as a m o d e l w h i c h c o u l d be 
e m u l a t e d , a n d w h e n w e s ta te t h a t 
t h i s is o n e o f t h e f e w f i e l ds w h e r e 
E u r o p e fee ls t o be in t h e f o r e f r o n t , 
t ha t w e lack t h e po l i t i ca l , f i nanc ia l 
a n d e c o n o m i c c o n v i c t i o n t o back 
CERN, no t o n l y f o r t h e p resen t , 
bu t f o r t h e f u t u r e , ' he m a i n t a i n e d . 

T h e ' I ta ly at C E R N ' e x h i b i t i o n 
w a s o r g a n i z e d by t h e I ta l ian Ins t i 
t u t e f o r Fo re i gn T r a d e (ICE), and 
r e p r e s e n t a t i v e s f r o m s o m e 60 
f i r m s v i s i t e d t h e L a b o r a t o r y d u r i n g 
t he w e e k . 

For the official opening of the 'Italy at 
CERN' exhibition on 9 October, Italian Min
ister for Research and Technology Luigi 
Granelli mounts the steps of the Adminis
tration Building as CERN Director General 
Herwig Schopper (left) turns to greet Remo 
Paolini, Italy's Ambassador to the Interna
tional Organizations in Geneva. In his 
opening ceremony speech, Minister Gra
nelli left his audience in no doubt about Ita
ly's concern for the future welfare of CERN. 

(Photo CERN 133.10.85) 
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On 1 October, UK Prime Minister Margaret 
Thatcher inaugurated the new spallation 
neutron source, now named ISIS, at the 
Rutherford Appleton Laboratory. 

Brookhaven to 
participate in 
HERA 

A Memorandum of Under
standing between the Ger
man DESY Laboratory and 
the US Brookhaven Labora
tory which foresees Brookha
ven participation in the 
construction of the new HERA 
electron-proton collider at 
DESY was signed in Ham
burg on 14 October. DESY 
was represented by Director
ate Chairman Volker Soergel 
and by Bjorn Wiik, one of the 
HERA project leaders. Direc
tor Nick Samios and Associ
ate Director Paul Reardon 
signed for Brookhaven. 

Under the agreement \ 
Brookhaven will contribute 
expertise and specialized 
equipment for the quality 
control of superconducting 
magnets and for the HERA 
cryogenic system, and will be 
able to use all the tooling de
veloped at DES Y for the 
HERA magnets. Other fields 
of cooperation could follow. 
This significant new inter-
Laboratory collaboration will 
help to have the new ma
chine ready for physics in 
1990. 

After the signing of the new agreement be
tween DESY in Germany and Brookhaven 
in the US on collaboration for the HERA 
electron-proton collider at DESY. Left to 
right Bjorn Wiik, Nick Samios, Volker Soer
gel, Paul Reardon. 

(Photo DESY) 

RUTHERFORD 
APPLETON 
ISIS inauguration 

The spa l l a t i on n e u t r o n sou rce 
w h i c h p r o d u c e d its f i rs t b e a m s last 
yea r a n d w h i c h began its e x p e r i 
m e n t a l p r o g r a m m e in J u n e w a s 
o f f i c ia l l y i n a u g u r a t e d on 1 O c t o b e r 
by UK P r i m e M i n i s t e r M a r g a r e t 

T h a t c h e r , w h o b e s t o w e d o n t h e 
m a c h i n e t h e n a m e I S I S ' . 

Th i s w a s an espec ia l l y p r o u d 
m o m e n t f o r t h e L a b o r a t o r y t e a m 
w h o o v e r s e v e n y e a r s o v e r s a w t h e 
c o n s t r u c t i o n o f t h e n e w m a c h i n e 
f r o m t h e ashes o f t h e o l d N i m r o d 
p r o t o n s y n c h r o t r o n , c l osed in 
1978. A p r o u d m o m e n t t o o f o r 
n e w UK Sc ience a n d E n g i n e e r i n g 
Research C o u n c i l C h a i r m a n Bil l 
M i t c h e l l o f O x f o r d , w h o o n t h e 
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f i r s t d a y in h is n e w o f f i ce c o u l d 
see t h e i n a u g u r a t i o n o f t h e la rges t 
p ro jec t t h a t t h e SERC has u n d e r 
t a k e n . 

In i t ia l l y r e fe r r i ng t o t h e m a c h i n e 
by its o l d n a m e o f S p a l l a t i o n N e u 
t r o n S o u r c e (SNS) , P r i m e M i n i s t e r 
T h a t c h e r sa id t ha t t h e 60 m i l l i o n 
p o u n d cap i ta l cos t w a s w o r t h 
' e v e r y p e n n y ' . 'Bas ic research can 
be a s p r i n g b o a r d t o t h e c r e a t i o n o f 
w e a l t h , as w e l l as t o o t h e r less 
t a n g i b l e b u t e q u a l l y s i g n i f i c a n t 
o u t c o m e s . I a n d m y m i n i s t e r i a l 
c o l l e a g u e s u n d e r s t a n d t h e i m p o r 
t ance of bas ic s c i e n c e / she de 
c la red . 

A f t e r t h a n k i n g t h e P r i m e M i n i s 
ter , f o r m e r SERC C h a i r m a n Si r 
J o h n K i n g m a n p o i n t e d o u t t h e 
s t r o n g i n t e r n a t i o n a l i n te res t in t h e 
m a c h i n e a n d l o o k e d f o r w a r d t o i n 
c reased p a r t i c i p a t i o n f r o m E u r o p e 
a n d f u r t h e r a f i e ld . 

' I t is cha rac te r i s t i c o f " b i g sc i 

e n c e " t ha t it pushes e n g i n e e r i n g 
t o i ts v e r y l im i t s a n d b e y o n d a n d 
o f t en leads t o advances in e n g i 
nee r i ng p rac t i ce , n e w t e c h n i q u e s , 
n e w m a t e r i a l s , n e w m e t h o d s o f 
c o n t r o l , w h i c h m a y w e l l f i n d a p p l i 
ca t i ons in d i f f e ren t areas, s o m e o f 
t h e m c loser t o e v e r y d a y l i fe t h a n 
t h e a p p a r e n t l y a rcane areas o f sc i 
ence w h i c h w i l l be p u r s u e d , ' c o n 
t i n u e d Si r J o h n . 'If sc ience is t o 
a d v a n c e , o u r sc ien t is ts m u s t have 
t h e necessary t o o l s a n d , t o d a y , 
t h e s e i n c l u d e la rge fac i l i t ies . 
N e v e r t h e l e s s , in t h e e n d , n e w 
ideas a n d a n e w u n d e r s t a n d i n g o f 
N a t u r e c o m e no t f r o m m a c h i n e s 
bu t f r o m sc ien t i s ts and I c a n n o t 
o v e r e m p h a s i s e t h e i m p o r t a n c e of 
m a i n t a i n i n g a f l o w of s o m e o f o u r 
best y o u n g ta len t i n to basic re
sea rch . T h i s is in no w a y i ncons i s t 
en t w i t h o u r c o n c e r n f o r t h e 
a p p l i c a t i o n a n d e x p l o i t a t i o n o f sc i 
ence in s u p p o r t of t h e e c o n o m y ; 

i n d e e d , in t h e l o n g r u n , a h e a l t h y 
sc ience base is an essen t ia l p re 
c o n d i t i o n f o r t e c h n o l o g i c a l i n n o v a 
t i o n in I n d u s t r y . 

W e , as sc ien t i s t s , can h a r d l y ex
pect G o v e r n m e n t t o a c c o r d t h e i m 
p o r t a n c e a n d p r i o r i t y t o bas ic 
sc ience w h i c h j t needs if w e d o 
no t p u t o u r o w n case c lea r l y a n d 
c o n v i n c i n g l y t o t h e n a t i o n as a 
w h o l e . W e n e e d t o c o n v e y b o t h 
t h e i n te l l ec tua l e x c i t e m e n t o f t h e 
sc ien t i f i c chase a n d t h e e x t e n t t o 
w h i c h t h e l i fe o f an a d v a n c e d soc i 
e ty re l ies o n t h e resu l t s , o f t e n t h e 
u n f o r e s e e n resu l t s , o f past sc i en 
t i f i c a c h i e v e m e n t s . ' 

Rutherford Appleton Laboratory Director 
Geoff Manning (left) explains the ISIS ce
ramic vacuum vessel to the UK Prime Min
ister and to Italian Minister for Research 
and Technology Luigi Granelli. ISIS is gen
erating international interest with West 
Germany and India already involved. Italian 
participation in a new spectrometer is 
being discussed. In October Minister Gra
nelli also visited CERN for the 'Italy at 
CERN' exhibition (see page 434). 

(Photos RAL) 
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People and things 

Klaus Bockmann 

Klaus Bockmann 1929-1985 

Klaus Bockmann of Bonn died on 
17 October. For more than twenty 
years he was actively involved in 
experiments at CERN, first in had-
ron experiments with the 2 m hy
drogen bubble chamber, then with 
BEBC and neutrino beams. In 
more recent years he made signifi
cant contributions to the UA5 
streamer chamber experiment at 
the CERN proton-antiproton Colli
der. He built up fruitful connec
tions with many physicists from 
Eastern Europe, and played an im
portant role in the affairs of CERN 
users. To his colleagues he ap
peared as an inspiring scientist 
with a remarkable feeling for phys
ics. 

Yog Prakash 

On 2 September Yog Prakash of 
Jammu University, India, died. An 
experimentalist whose talents 
would have qualified him to work 
at a major Laboratory, he chose 
instead a base in one of the more 
remote corners of his home coun
try, bringing the excitement of re
search to the very able but 
otherwise isolated students in 
Kashmir and the upper Punjab. At 
his death he was part of a bubble 
chamber study for the Fermilab 
Tevatron neutrino beam, and a 
planned exposure of emulsions in 
the Berkeley heavy ion work. 

On people 

The Executive Committee of the 
American Physical Society's Divi
sion of Particles and Fields for 
1986 is as follows: Chairman Ste

phen Adler (IAS Princeton), Vice-
Chairman Lee Pondrom (Wiscon
sin), Divisional Councillor Gerson 
Goldhaber (Berkeley), Past Chair
man James Cronin (Chicago), Sec
retary-Treasurer Bernard Pope 
(Michigan State), and Members 
Maris Abolins (Michigan State), 
Michael Creutz (Brookhaven), Gor
don Kane (Michigan), Jonathan 
Rosner (Chicago), Stewart Smith 
(Princeton) and Lawrence Su/ak 
(Michigan). 

Meetings 

The CERN Accelerator School is 
organizing a course 'Applied Geo
desy for Particle Accelerators' 
from 14-18 April, at CERN. Partici
pants should have a basic knowl
edge of geodesy. Further 

information from Mrs. S. von 
Wartburg, LEP Division, CERN, 
1211 Geneva 23, Switzerland. 

An international workshop on the 
quark-gluon plasma and re/ativistic 
nuclear collisipns will be held in 
Kiev (USSR) from 19-24 May, or
ganized by the Ukrainian Academy 
of Science. Those interested in 
participating should contact G. M. 
Zinovjev, Institute for Theoretical 
Physics, Academy of Science of 
the Ukrainian SSR, 252130 Kiev 
130, USSR. 

Neutrino 86, the 12th International 
Conference on Neutrino Physics 
and Astrophysics, will be held in 
Sen dai, Japan, from 3-8 June. Fur
ther information from Neutrino 86 
Secretariat, Bubble Chamber Phys
ics Lab, Tohoku University, Sen-
dai, Japan 980. Participation is by 
invitation only. 
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A C C E L E R A T O R P H Y S I C S 

T H E U N I V E R S I T Y O F H O U S T O N 
I N V I T E S A P P L I C A T I O N S FOR 

Senior Faculty Position 
The Universi ty of Houston seeks candidates for a tenure slot facul ty 
posi t ion at the level of Full Professor or Associate Professor. The 
posi t ion involves teaching and research. Appl icants shou ld have 
records of outs tand ing research accompl i shments in the f ield of 
Accelerator Physics. A concent ra t ion t o w a r d the theoret ical side of 
the discipl ine is preferred. Salary w i l l depend upon qual i f icat ions and 
experience. 
Presently a g roup of four to six researchers and several graduate 
students are invo lved in projects such as design work on the SSC; 
analyt ical and computa t iona l accelerator theory of more general 
appl icabi l i ty ; ion source physics and des ign ; superferr ic magnet 
des ign ; and linac and RFQ deve lopment . Signi f icant Computer power 
and laboratory faci l i t ies are avai lable. Work is done at the Univers i ty , 
and at the Texas Accelerator Center, where researchers f r o m The 
Universi ty of Houston, Texas A & M , and Rice Univers i ty col laborate 
on Accelerator Physics and Design. 

Post Doctoral Research Associate 
Candidates are sought for a pos i t ion as Post Research Associate, to 
work w i th members of the present U.H. Accelerator Physics Research 
Group. A PhD. in Physics or an al l ied Engineer ing Field is required. 
Resumes w i t h the names of at least three persons w h o can prov ide 
professional evaluat ions shou ld be sent t o : 

Professor James Benbrook 
Dept. of Physics 
University of Houston 
Houston, Texas 77004 
USA 

(713) 749-2351 

Graduate Research Assistants 
Research Assistantships are avai lable for students w i th a bachelors or 
masters degree, w h o meet entrance requ i rements for graduate s tudy 
in the Physics Dept., leading to the Ph.D. Requests for appl icat ions 
should be sent to the above address. 

The University of Houston is an Equal Opportunity/Affirmative 
Action Employer. 

HIGH ENERGY PHYSICS 
UNIVERSITY OF ARIZONA 

T h e D e p a r t m e n t o f Phys ics i n t e n d s t o e x p a n d its 
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 p r o g r a m s in h i g h 
e n e r g y phys i cs by a d d i n g b o t h sen io r a n d j u n i o r 
level t e n u r e - e l i g i b l e f acu l t y . H ighes t p r i o r i t y is 
be ing g i v e n to f i l l i ng s e n i o r p o s i t i o n s t h i s year . 

Cand ida tes f o r t hese p o s i t i o n s s h o u l d have a 
s i gn i f i can t r eco rd o f s c h o l a r l y a c h i e v e m e n t s a n d 
a d e m o n s t r a t e d ab i l i t y t o a t t rac t ex te rna l s u p 
po r t f o r t he i r research . T h e success fu l app l i can t s 
w i l l be e x p e c t e d t o c o n d u c t i n d e p e n d e n t re
sea rch , s u p e r v i s e g r a d u a t e s t u d e n t s , a n d par t i c i 
pa te in d e p a r t m e n t a l t e a c h i n g ac t i v i t i es . 

S e n d let ter of a p p l i c a t i o n w i t h s t a t e m e n t o f 
p r o f e s s i o n a l g o a l s , r e s u m e , a n d if d e s i r e d , 
n a m e s o f re fe rences t o : Professor D. J . Dona
hue, Head , D e p a r t m e n t of Physics, Universi ty of 
Ar izona, Tucson, A Z 8 5 7 2 1 . F o r m a l c o n s i d e r a 
t i o n s o f a p p l i c a t i o n s w i l l c o m m e n c e J a n u a r y 3 1 , 
1986. T h e U n i v e r s i t y o f A r i z o n a is an a f f i r m a t i v e 
a c t i o n , equa l o p p o r t u n i t y e m p l o y e r . 

University College London 
Department of Physics and 

Astronomy 
Appl icat ions are invited for the post of physic is t /programmer 
in the UCL Experimental High Energy Physics Group. The 
work wou ld init ial ly be div ided approx imate ly equally be-
tween: -
i) preparat ion for the OPAL exper iment at the LEP coll ider 

(hardware and Monte Carlo work , in particular), and 
ii) p rogramming work for the group as a who le , as a 

member of the software team. 

The software team has t w o other experienced physicist/ 
p rogrammers, a graduate p rogrammer and a junior pro
grammer. They provide support for all of the group's 
activities including proton decay (1MB), f ixed target (WA75, 
WA78, NA34), neutr ino bubble chamber (NA31), OPAL at LEP 
and ZEUS at HERA (if approved). Equipment includes a VAX 
11/750, a GEC 4085 wh ich acts as a workstat ion for the RAL 
mainframes, a Megatek graphics engine, PDP11s and various 
microprocessors. 

The candidate should have a Ph.D. in elementary particle 
physics. Some postdoctoral experience of work w i th detec
tors wou ld be an advantage, as wel l as a good knowledge of 
physics and a professional att i tude to p rog ramming . The job 
wou ld be based in London, but the candidate must be 
prepared to spend long periods work ing in Geneva or 
Hamburg. This is a new post, funded by the SERC as part of 
the rol l ing grant to the group. After an initial probat ionary 
period there is a possibi l i ty of indef ini te cont inuat ion of the 
appointment so long as grant-support for the post continues. 

Salary in scale IA £7,820 - £12,635 + £1,297 London 
Al lowance (under revision). 

Applications to Dr D. J. Miller, Department of Physics and 
Astronomy, University College London, Gower Street, Lon
don WC1E 6BT, from whom further particulars may be 
obtained. 
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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides PMT's. Thus, the S1723 occupies a small 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec
tion in the fields of high energy physics, 
medical diagnostics and industrial instru
mentation. Hamamatsu engineers will ; 

modify the S1723 or other detectors to 
meet your needs. 

D 1983 Hamamatsu 

Call or write for product bulletin and prices. 

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. 
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Creative El ectroni c: Oys-tierns SA O E I O 

The first VME family especially designed for high energy physics; 

C A H A C i n t e r f a c e s s 

This pair of sodules allow control of CAHAC based acquisition iodides 
by VHE based processors, 

CBD 8210 * dr ives a l u l l CAHAC branch f ro t a single slot VHE board 
* iu l t i c ra te addressing f ac i l i t y 
* front-panel interrupts with feedback indication 

DHC 8211 * DMA coprocessor for the CBD 8210 
* supports a l l coison CAHAC DHA transfer sodes 

H a i t i c r a t e interconnection system : 

This pair of sodules feature a ver t ica l bus design »hich provides transpa
rent and high-speed access for any CPU to any board within the systea.Hult i 
crate CPU clusters with Mtri% structure may be realised with coipletely 
transparent VHE software, 

VBE 8213 # controls up to 15 VHE crates 
I * > 5 Hbytes transfer rates on 15 aeters 

VBR 8212 # tu l t isaster operation 
* tu l t ic ra te addressing f ac i l i t y 
* coipletely transparent teiory-iapped transfers 

Display, H a n i t o r , a nd Diag n o s t i c t o o l s : 

These units provide on-l ine display and diagnostic f ac i l i t i es altogether 
with coiputer control led ioni tor operation ( as a CAHAC dataway display ). 

VHDI8 8002 * complete VHE display and ioni tor functions 
* three dif ferent display iodes 

VHDIS 8003 * same as VHDIS 8002 but with select ive tr igger f ac i l i t i es 

Single B o a r d C o m p u t e r s s 

CES offers two fami l ies, one based on HC 48000 CPUs* one on DEC Jit CPUs, 

SBC 8220 * HC 68000 CPUf64 Kb dual-port RAH 
* 2 RS232C por ts ,pr ivate RAH/EPR0H banks ( LEP HAHAC2) 

SBC 8221 * DEC 111 CPUfup to 512 Kb dual-port RAH 
* up to 128 KB EPRQHS, 2 RS232C portSjLTC (pre l i i inary) 

At C E S , t o m o r r o w ' s s y s t e m s a r e availabl e NOW 

For sore information contact us, or your local CES representatives 

Creative Electronic Systems SA 
70,route du Pont-Butin Case Postale 122 
Teh(022) 92 57 45 Telex? 421320 CES-CH 

1213 Petit-Lancy 1 Switzerland 

Belgiua; Canberra Positronika 
North Aier ica: Bytech Eng. Vancouver 
France: INEL 
South Serfany: Silena 
I ta ly : Silena 

Tel:(54)321611 
Tell(604)9804131 
Tel:(3)9563190 
Tel:(060)554021 
Tel:(02)7490565 

Netherlands: Canberra Positronika 
Japan: Toyo Corp. 
North Berffiany: PCP 
England: Nuclear Enterprises 

Tel:(0405416355 
Tel:(0312790771 
Tel:(040)802046 
Tel:(07355212121 
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CRYSTAL BALLS? XP3462! 
The unique answer to crystal ball 
requirements. Developed for KfK's 
neutrino experiment, 
the XP3462 offers a combination of rise 
t ime and energy resolution unequalled 
by other 3" PMTs. 

t r = 3 ns, anode pulse rise time for delta-function light pulse 
R E = 1 o % for 5 7 C o and 3" x 3" Nal (Tl) scintillator 
G = 1 0 6 a t 1 5 0 0 V 
Pulse linearity within 2 % up to 100 mA. 

Plastic ball photo courtesy of LBL/GSI 

We've set the standard for over 20 years 
Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands. Telex 35000 phtc nl 
n the U.S.A.: Amperex Electronics Corporation, Hicksville NY 11802, (516) 931 -6200 

PHILIPS Electronic 
components 
and materials 



The new specialist 
in fast N IM Instnjmentation 
CF 4000, CF Discriminator 
• 4 channels 
• <1C0 ps walk 
• DC coupling 
• LED monitor 
• 3 output? 
• low cost 

CF 8000, CF Discriminator 
• 8 channels 
• auto walk adj 
• internal delay 
• inhibit input 
• OR output 
• analog SUM out 
• multiplicity out 

DL 8000, Logic Delay 
• 8 channels 
• more stable than cable 

(<6 ps/°C) 
• adjustable in 50 ns steps up to 

380 ns/channel 
• FAST NIM signals 

GG 8000, Gate Generator 
• 8 channels 
• continuously adj delay 65 ns - 12 ps 
• continuously adj width 40 ns - 12 us 
• FAST NIM signals 

For more information: 

&EGrG ESN 
Hohenlindener StraBe 12 • D-8000 Munchen 80 
Telefon 089/9 26 92-0 • Telex 528 257 
(Distributed by EG + G Ortec representatives worldwide) 

Partout ou tail 
ne peut acceder.. 

Endoscopes 
flexibles 
a fibres de verre 
pour I'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm, 
longueurs utiles 0,5-12 m. Eclairage 
de I'objet par lumiere halogene integree. 
Alimentation par pile et secteur. 

Fo r o p t i c a l 

i n t e r i o r i n s p e c t i o n s . . . 

horoscopes, 
fiberscopes. 

Ask for detai ls 

gj TECHIMOKONTROLL AG 
8049 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 

COLD COMFORT 

Combining low temperatures with high magnetic fields can lead to 
prize winning breakthroughs. Now Cryogenic Consultants, leaders in 
applied superconductivity, offer a 0.3K helium 3 system to 
complement their powerful Nb 3 Sn cryomagnets. 
The new helium 3 system is a high performance top loading insert 
cryostat providing up to 36 hours hold time at 0.3K. With CCL's 
reputation for world beating performance and reliability it is cold 
comfort indeed. 

MEILI-Kryotech 
Webermuhle 17 
CH-5432 Neuenhof 
Switzerland 
Telephone 056/86 48 06 

CRYOGENIC CONSULTANTS 
LIMITED 

Metrostore Building, 231 The Vale, 
London W3 7QS Tel: 01 743 6049 
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SCINTILLATORS 

|nd j£fB know-how for high-quality ptaslf e «ave the 
:iriBlators. 
\qipight outplcfSaDellent transmission and fast speed are the 

eatures of our plastic scintillators, we manufacture all sizes 
|mers specifications. Rods, sheets, blocks and tight guides 
ished or coated surfaces will be manufactured within close 

mail 
to CO 
with pi 
tolerarl 
Uthtuif-glass-scintillators are available in special shapes and sizes 
from powders for hplc and flow cells, discs for neutron measure
ments etc. various types from low background to very high effic
iency are available. 

Z I N S S E R 
AHAl U.YT IC (uk) Ltd. 
unit D9, Depot Road, Maidenhead, Berks, SL6 1BG, 
United Kingdom, Telephone 0628 24570 

V I T R O C E R A M I Q U E U S I N A B L E 

MACHINABLE GLASS-CERAMIC 

M I N N E S O T A R U B B E R - F R A N C E 
5, rue Laure Fiot - 92602 ASNIERES Cedex 
Tel. (1) 47.33.1 7.20 - Boite Postale n° 205 
Telex 620 731 F 
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A d v e r t i s e m e n t s i n C E R N C O U R I E R 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

7 i 

7 4 

Actual size (mm) 
w id th by height 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
90 x 130 

Cost per insert ion (Swiss Francs) 

insert ion 

1800 

1000 

580 

1750 

970 

550 

1700 

940 

530 

10 
insert ions 

1600 

8 9 0 

510 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1500 SwF 

2 0 0 0 SwF 
2900 SwF 
1 st of month of cover date: 

1 st of month preceding cover date 
The cost of making f i lms and of 
translation for advertisements are 
charged in addit ion. 

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wi l l 
be invoiced. 

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
These rates are effective for the year 1986 . 

All enquiries t o : 
Micheline FALCIOLA / CERN COURIER -
CH-1211 Geneva 2 3 Switzerland 
Tel. (022) 83 41 0 3 Telex 2 3 6 9 8 

CERN 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us know 
in good t ime. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquiries regarding subscriptions 
should be addressed to: 

M o n i k a W I L S O N 
CERN C O U R I E R / C E R N 
1211 Geneva 2 3 Swi tzer land 

CERn COURIER 

A u n i q u e a d v e r t i s i n g m e d i u m f o r 

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

CERN COURIER is t h e in te rna t iona l l y recogn ized 
n e w s magaz ine of h igh energy phys ics . D i s t r i bu ted 
t o all t he ma jo r Labora to r ies of t he w o r l d ac t i ve 
in th is d y n a m i c f ie ld of f u n d a m e n t a l research , it is 
c o m p u l s i v e read ing fo r sc ien t i s ts , eng ineers , a d 
min is t ra tors , i n fo rmat ion media and buyers. W r i t t e n 
in s imp le l anguage and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e t he na tu ra l 
c o m m u n i c a t i o n m e d i u m fo r par t i c le phys ic i s t s in 
Europe, t he U S A , t he Sov ie t U n i o n , J a p a n — every 
w h e r e w h e r e t he f u n d a m e n t a l na tu re of m a t t e r is 
s tud ied . 

Pub l ished f r o m C E R N , S w i t z e r l a n d , it a lso has 
c o r r e s p o n d e n t s in t he Labora to r ies of A r g o n n e , 
Berke ley, B r o o k h a v e n , Corne l l , Fermi , Los A l a m o s 
and S t a n f o r d in t h e U S A , D a r m s t a d t , DESY and 
Kar ls ruhe in G e r m a n y , Orsay and Sac lay in France, 
Frascat i in I taly, Da resbu ry and Ru the r f o rd in t he 
U.K. , S I N in S w i t z e r l a n d , D u b n a and Novos ib i r sk 
in t he U S S R , KEK in J a p a n , T R I U M F in Canada and 
Peking in China. 

T h e annual expend i tu re on high energy phys ics 
in Europe is abou t 1 0 0 0 mi l l ion S w i s s f rancs . 
The expend i tu re in the U S A is abou t $ 4 0 0 mi l l ion. 
The re is s imi lar expend i tu re in t he Sov ie t Un ion . 

CERN COURIER is t he w a y in to all h igh energy 
phys ics research Labora to r ies . If you have a 
m a r k e t in th i s f ie ld , t he re is no surer w a y t o m a k e 
your p r o d u c t s k n o w n t h a n by adve r t i s i ng in CERN 
COURIER. 

All enquiries to : 
Advert is ing Manager 
Miche l ine Falciola 
C E R N C O U R I E R 
C E R N 
C H - 1211 G E N E V A 2 3 
T e l . (022) 8 3 4 1 0 3 
Telex 2 3 6 9 8 
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SEASON'S GREETINGS 
FROM THE STAFF OF THE 

CERN COURIER 
WITH GOOD WISHES FOR A 

HAPPY AND PROSPEROUS NEW YEAR 
TO ALL OUR 

READERS AND ADVERTISERS 

Your reliable partner for 
electrotechnical insulation problems 

• Glass Fabric Epoxy Laminates 
G-10, G-11, FR-4 

• Glass Mat Epoxy Laminates 

• Glass Mat Polyester Laminates 

• Cotton Fabric Phenolic 
Laminates 

• Hard Paper Phenolic Laminates 

• Moulded Parts of Epoxy Casting 
Resin 

and machined parts made 
of abovementioned 
materials. 

ISOLA The Swiss Insulating Works Ltd. 
CH -4226 Breitenbach / Switzerland 
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F A S T B U S General P u r p o s e M a s t e r / S l a v e 
G P M 9220 

(CERN F6808) 
Features? 

* Simple, low-cost General-Purpose Master/Slave 
* Base-line version with 68000 CPU, 0.5 MByte 0-wait state 10 Mhz 

RAM,256 KbgikpROM f 32 Kbvte dual-oort 
* MC 68020/f f f% l , f f l l i f f i i l i i i f l f t i t i tm 
* Up to 20 Mfey. 
* Coffiprehend 

- On 

Typical application 

On-line proc 
Event f i l t e r 
Supervisory 
Stand-alone 

S y s t e m C r a t e Inter-face -for liicroVAX 
SCI 2280 I 

At CES, t o m o r r o w ' s s y s t e m s are ava i l a b l e NOW 

For sore information contact us, or your local CES feoresentative; 

Creative Electronic Systems SA 
70.route du Pont-Butin Case Postale 107 
Teh (022) 92 57 45 Telex; 421320 m~PM 

1213 Petit-Lancy i Switzerland 
C I M I I l l l E1ECTIQHIC STSHMS 

Geraany: Si 1ena/CES Tel;(060)554021 
Japan; Toyo Corp. Teh(03)2790771 
I t a l y ; Silena Teh (02)7490565 

USA/Canada; Bvtech/CES Teh(604)9804131 
France; INEL Teh(13)9563190 



TREFICABLE PIRELLI 
C ' e s t u n e g a m m e 

c o m p l e t e d ' a p p a r e i l l a g e s 

B T • M T • H T 

• Jonctions 
• Extremites 
• Materiel embrochable 

pour transformateurs 
et cellules 

groupe appareillage 

The VBF/22, VBF/23 and VBF/24 are a series of 8 pole Ell iptic (Cauer) 
Filters (0.001 Hz-100kHz), the t ransfer func t ion of wh ich is synthesised 
using state var iable techniques. This des ign procedure ensures a l ow 
sensi t iv i ty to long te rm c o m p o n e n t dr i f t and f lex ib i l i ty in change of 
the f i l ter response to specif ic cus tomer requ i rements . The ext remely 
h igh at tenuat ion rates that can be obta ined by the use of a Cauer Filter 
make it ideal ly sui ted for appl icat ions requi r ing a h igh degree of 
isolat ion between closely spaced f requencies and thus enabl ing 
greater signal bandwid ths to be used pr ior to the onset of al iasing 
errors. 
The f i l ters are const ructed us ing the mos t advanced integrated 
circuits, close to lerance f i lm resistors and careful ly matched f i lm 
capacitors. This enables close phase and amp l i tude match ing be
tween channels wh ich is an ever increasing requ i rement . The sect ion 
gains are op t im ised to obta in a w i d e l ow harmon ic content dynamic 
range and very low noise f loor . (Made in England.) 

G P Electronic AG 
Gesellschaft fur Prozess-Automation 
Bandlistrasse 29, CH-8064 Zurich 
Telefon (01) 6 4 4 5 5 5 / 5 6 Telex 8 2 2 3 8 2 gpel 

agence de grenoble 
15, Boulevard des Alpes 

") Z.A.C. Buclos Grand-Pre 
n n [~l 38240 Meylan-FRANCE 
LIz3LL.U Tel . : (76) 90-72-54 

Telex 980195 F 

Did you know that we're the foremost producer of superconducting wire in the 
world? That our quality standards are every bit as tough as yours? And, that we've 
pioneered a number of significant breakthroughs? We have. And, that's why we think; 
The more you know, the more likely you'll go to Oxford. 

O X P O R D 
O x f o r d S u p e r c o n d u c t i n g T e c h n o l o g y 

600 Milik Street, Carteret, New Jersey 07008, Telephone (201) 541-1300 
Twx (710) 998-0492, Telex 844 142, Fax (201) 541-7769 
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You need hands-on experience 
for programming... 
. . . t h e s a m e g o e s f o r p o w e r s u p p l i e s 

Modular power supply 

Intelligent interface 

13* a l l 
44 

Electronic load 

System power supply 

f bu want your system de
sign to be in good hands, put it 
in ours. 

High-voltage power supply 

High-performance power supply 

"I 
We can supply customer 
adaptet systems for you, 

r / t own to the last detail. We 
L.fguarantee that our designed 

to-day systems will still be up-
to-date tomorrow. 

Dr. K. W i tmer E lekt ron ik AG 
Seestrasse 141 Sales office for french part of Switzerland: 
CH-8703 Erlenbach/ZH 3 rue Marterey, 1005 Lausanne 
Tel. 01/9153561 T e l : 0 2 1 / 2 2 8 5 37 11 

Ulrich matter AG 
Technique electrique de mesure et de regulation 
5610Wohlen Telefon 0 5 7 / 2 2 72 55 Telex 5 9 4 6 3 

Programmation d'alimentations 
stabilisees et de charges de 

^ courant par le IEC - bus 

Grace aux alimentations GOSSEN pour 
des systemes, le GOSSEN IEC-
PROGRAMMER et les charges de courant 
LIEDLER — un jeu d'ensemble bien 
adapte de I'ordinateur jusqu'a I'objet a 
I'essai. 

D e m a n d e z n o t r e d o c u m e n t a t i o n . 

MACVEE 
The D i r e c t L ink 

f r o m t h e M a c i n t o s h ' " 
t o VMEbus c r a t e s 

A v a i l a b l e f r o m : 

| BERGOZ| 
C r o z e t 

0 1 1 7 0 Gex, France 
( 5 0 ) 4 1 . 0 0 . 8 9 

The system was developed by C E R N , Geneva, Switzerland. 
CERN accepts no responsibility for the quality, design or 
performance of these equipment. 
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How to visit CERN 
Comment visiter le CERN 
Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum age limit is 16 years. 

Les visites commentees ont lieu seulement le samedi, a 9 h. 30 
et /ou a 14 h. 30. Elles durent environ trois heures et sont 
gratuites. La limite d'age minimum imposee est de seize ans. 

Please w r i t e or ca l l : C E R N 
Ecrire ou t 6 l e p h o n e r : V i s i t s O r g a n i z a t i o n / O r g a n i s a t i o n d e s V i s i t e s 

1211 G E N E V A 2 3 S w i t z e r l a n d 
T e l . 0 2 2 / 8 3 4 0 5 2 or /ou 8 3 4 1 0 2 
T e l e x 2 3 6 9 8 
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Speed, Versatility, Sophistication 
through FASTBUS 
Bui ld a data acquis i t ion sys tem that meets the large-scale 
requ i rements of mode rn exper imenta l physics. T h e 
exci t ing new FASTBUS s tandard prov ides fast t ransfer a n d 
man ipu la t ion of data w i th a protocol for large comp lex 
systems. Highl ights inc lude: 

• High S p e e d Data Transfer—100 nsec/32-bi t wo rd or 
faster. 

• Use of Mult iple Masters—a l lows data scann ing 
processors and host(s) to operate together. 

• Sparse Data Scan —sophis t ica ted protocol a l lows 
serv ice requests f rom anywhere in the crate. 

Economy and High Density through LeCroy 
LeCroy's FASTBUS l ine prov ides unsu rpassed 
features, h igh pack ing dens i t ies , and low per -channel 
costs th rough the extensive use of cus tom monol i th ic 
techno logy and sof tware-selectable contro l and 
features. Our list inc ludes: 

• A D C ' s - 9 6 channels /#1 FASTBUS. Wi th 12 or 
15-bit dynamic range. 

• T D C ' s - 9 6 channels /#1 FASTBUS. Digital mul t ih i t 
encod ing wi th least count to 2 nsec and o to 
< 6 0 0 psec, both t ime of arr ival and pu lse w id th . 

• Memor ies—Mul t i p l e Record Event Buffers store 
data as event b locks w i th au tomat ic accoun t ing 
for se lected readout . Dual por ted wi th 20 Mbyte/sec 
fast fill rate and up to 4 Mbyte capaci ty. 

• Control —Prog rammab le S e g m e n t Manager/ Inter
face prov ides full arb i t rat ion w h e n used w i th 
mul t ip le Masters at m a x i m u m FASTBUS s p e e d . 
P rog rammab le f rom h igher level l anguages by on 
board macro- rout ines. 

• Interfaces—Direct connec t ions to CAMAC, V M E , 
DEC™, UNIBUS™ and QBUS™, ECLine, GPIB, and 
FASTBUS memor ies . 

DEC, UNIBUS and QBUS are registered trademarks of 
Digital Equipment Corporation 

For detai ls contact your local LeCroy representat ive. 

700 S. Main St., Spring Valley, NY. 10977, (914) 578-6013; Geneva, Switzerland, (022) 
82 33 55; Heidelberg, West Germany, (06221) 49162; Les Ulis, France, 69.07.38.97; 
Rome, Italy, (06) 32.00.646; Botley, Oxford, England, (0865) 72 72 75. 
Representatives throughout the world. 

LeCroy 



PHILIPS PNA7507 
The most cost-effective 
A to D converter 

7-bit flash ADC 15 MHz sample rate In quantity In DIL or SO 

Philips PNA7507 gives you all this... plus: 

For further information contact: Philips Electronic Components 
and Materials Division, 
5600 MD Eindhoven, The Netherlands, 

PHILIPS Electronic 
components 
and materials 

PHILIPS 


