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Progress towards LEP 

A t a specia l sess ion on 3 0 O c t o b e r , 
t he CERN Counci l v o t e d f o r t he c o n 
s t r uc t i on o f the large e l e c t r o n - p o s i 
t r o n s to rage r ing , LEP. Nine o f t he 
M e m b e r S ta tes (Aus t r i a , Be lg ium, 
D e n m a r k , Federal Republ ic o f Ger
m a n y , France, Greece, I ta ly, Sw i t ze r 
l and , UK) had been able t o v o t e in 
f a v o u r o f the p ro jec t at t he Counci l 
sess ion in June . T h e y have n o w 
been j o ined by the remain ing M e m 
ber S ta tes — the Ne the r lands , Nor
w a y and S w e d e n (subject t o cer ta in 
cond i t i ons ) . Th is v o t e o p e n s the w a y 
t o nego t i a t i ons w i t h t he Hos t S ta tes 
(France and Swi tzer land) w h i c h m u s t 
p recede the s tar t o f c o n s t r u c t i o n 
w o r k . 

Fo l l ow ing m a n y years o f d i scus 
s ion and s t u d y , t he p resen t ve rs i on 
o f t he LEP pro jec t has e m e r g e d as 
t he bes t fac i l i ty t o ensure c o n t i n u e d 
exce l lence in par t ic le phys i cs re
search in Europe. W i t h the p resen t 
s ta te o f expe r imen ta l k n o w l e d g e 
and theore t i ca l specu la t i on , t he c o n 
sensus is tha t the co l l i s ion o f e lec
t r o n s and p o s i t r o n s at h igh energ ies 
is t he bes t w a y t o f i nd the a n s w e r s t o 
m a n y of t he i m p o r t a n t ques t i ons 
a b o u t t he behav iour o f ma t t e r w h i c h 
can n o w be p o s e d . (For a r e v i e w of 
t he phys i cs in teres t in LEP and d e s 
c r ip t i on o f fea tu res o f t he mach ine 
see the M a r c h 1 9 8 0 issue, page 5.) 

T h e v o t e w h i c h has jus t been o b 
ta ined conce rns Phase 1 o f t he p r o 
j ec t as a c c e p t e d by Counci l in 1 9 8 0 . 
S o m e of t he main techn ica l fea tu res 
o f Phase 1 a re : 
— Ma in Ring c i r cumfe rence of t he 

o rder o f 3 0 k m , 
— init ial des ign energy o f 5 0 GeV per 

b e a m o f e lec t rons and p o s i t r o n s 
at a l um inos i t y suf f ic ient f o r t he in i 
t ia l research e x p e r i m e n t s , 

— equ ipp ing fou r o f t he e ight p o s s i 
ble exper imen ta l areas w i t h su f f i 
c ient techn ica l in f ras t ruc tu re t o 
enable the init ial e x p e r i m e n t s t o be 
insta l led and o p e r a t e d . 

- use o.f t he ex is t ing CERN Pro ton 
S y n c h r o t r o n (PS) and Super Pro
t o n S y n c h r o t r o n (SPS) as par t o f 
the in jec t ion c o m p l e x t o p rov i de 
LEP w i t h e lec t rons and p o s i 
t r o n s . 
( H o w e v e r the def in i t i ve pa rame t 

ers o f LEP and the exac t pos i t i on o f 
the r ing have ye t t o be f ixed.) 

In fu r the r Phases, the remain ing 
expe r imen ta l halls can be b rough t 
in to ac t i on and the energy o f the c o l 
l id ing b e a m s can be inc reased. T h e 
m o v e t o s ign i f icant ly higher energ ies 
is l ikely t o be d e p e n d e n t on the de 
v e l o p m e n t o f supe rconduc t i ng ra-
d i o f r equency acce lera t ing cav i t ies 
so as t o l imi t t he p o w e r c o n s u m p t i o n 
o f t he mach ine . A l s o in the long t e r m , 
the link w i t h the p r o t o n s y n c h r o t r o n s 
g ives the poss ib i l i t y o f e l ec t r on -p ro 
t o n co l l id ing b e a m s . 

Obv ious l y there is great sa t i s fac 
t i on in t he European high energy phy 
s ics c o m m u n i t y tha t the M e m b e r 

S ta tes have again d e m o n s t r a t e d 
the i r bel ief and con f i dence in the re
search at CERN. H o w e v e r it is a lso 
real ized tha t CERN has no t escaped 
the f inanc ia l p ressures w h i c h prevai l 
in t he M e m b e r S ta tes . A t the CERN 
b u d g e t levels an t i c ipa ted dur ing the 
m a n y years o f LEP c o n s t r u c t i o n , it 
w i l l be d i f f i c u l r t o bui ld the n e w m a 
chine wh i l e sus ta in ing a v i g o r o u s 
p r o g r a m m e o f research on the ex is t 
ing mach ines . 

The special session of CERN Council on 30 
October at which the remaining Member 
States voted in favour of the LEP project. 
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Balance of interregional collaborations 

T h e increas ing c o s t o f the acce lera
t o r s and s to rage r ings w h i c h are 
needed fo r f ron t - l ine h igh energy 
phys i cs is unders tandab ly reduc ing 
the number o f these fac i l i t ies avai la
ble fo r research . Di f ferent w o r l d re
g ions no longer have thei r o w n h igh 
energy mach ines w i t h m u c h dup l i ca
t i on o f exper imen ta l poss ib i l i t ies 
w i t h i n or b e t w e e n reg ions . I ns tead , 
w e are l ikely t o see each reg ion s p e 
cial izing in d i f fe rent t y p e s o f phys i cs . 
A l r e a d y the f r on t runners , in t e r m s o f 
a p p r o v e d or p r o p o s e d n e w p ro j ec t s , 
g ive a w o r l d w i d e sp read o f phys i cs 
oppo r tun i t i es w i t h less dup l i ca t ion 
than in the past . 

In the USSR the plan is t o c o n s t r u c t 
t he UNK f i xed ta rge t 3 T e V p r o t o n 
s y n c h r o t r o n (w i th the poss ib i l i t y o f 
co l l id ing b e a m s later). In Japan the 
emphas i s is on the T R I S T A N high 
energy e l e c t r o n - p r o t o n co l l id ing 
b e a m mach ine ( h o w e v e r beg inn ing 
w i t h a l o w e r energy e l ec t r on -pos i 
t r o n phase) . In Europe the ma in p r o 
jec t is the LEP high energy e l ec t r on -
p o s i t r o n mach ine at CERN, wh i l e the 
HERA e lec t r on -p ro ton p ro jec t is be 
ing pursued at DESY, and the 
2 7 0 GeV p r o t o n - a n t i p r o t o n s c h e m e 
is in ope ra t i on at the CERN SPS. In 
the U S A , Fermi lab is a im ing f o r 1 
T e V p r o t o n s f r o m the T e v a t r o n p lus 
p r o t o n - a n t i p r o t o n phys i cs at t ha t e n 
ergy . B r o o k h a v e n has the ISABELLE 
4 0 0 GeV p r o t o n - p r o t o n p ro jec t and 
b o t h S tan fo rd and Cornel l have 
s c h e m e s fo r h igh energy e l ec t r on -
p o s i t r o n co l l id ing b e a m s . 

In these c i r cums tances it w o u l d 
s e e m des i rab le t o have an even 
greater mob i l i t y o f phys i c i s t s be 
t w e e n the d i f fe rent reg ions , so tha t 
t hey can f i nd the m o s t app rop r i a te 
mach ine t o inves t iga te the phys i cs 
w h i c h in teres ts t h e m . Such inter
changes have been go ing o n m o d 
es t ly f o r m a n y years a n d , in o rde r t o 
p lan fo r thei r fu tu re d e v e l o p m e n t , a 
smal l g roup (John M u l v e y , J o h n Peo-

A mock-up of the LEP tunnel. It is not too 
early to look ahead at the implications of 
LEP for future international collaboration in 
physics experiments. 

(Photo CERN 426.5.81) 

p ies , Karl S t rauch and Gus W e b e r ) 
has t a k e n a look at the w a y in w h i c h 
in ter reg iona l co l l abora t ions have 
w o r k e d . 

T h e y c o n c e n t r a t e d on co l l abora 
t i ons b e t w e e n the m o s t ac t i ve re
g ions , t he U S A and W e s t e r n Europe , 
dur ing the per iod 1 9 7 4 t o 1 9 8 0 . It 
b e c a m e clear tha t the un iqueness o f 
a research fac i l i ty (wh ich is exac t l y 
the s i tua t ion tha t can be an t i c ipa ted 
in the fu ture) w a s the main spur in 
in i t ia t ing t he co l l abo ra t i ons . T h u s the 
ex is tence o f the In tersec t ing S to rage 
Rings at CERN d r e w m a n y sc ien t i s ts 
f r o m the U S A (as many as 2 5 per 
cen t o f t he users in 1978 ) a n d , in the 
o ther d i r ec t i on , the earlier s tar t up o f 
t he Fermi lab 4 0 0 GeV mach ine d r e w 
m a n y sc ien t i s t s f r o m Europe unt i l t he 
CERN SPS began ope ra t i on . 

The re is eve ry reason t o expec t 
th is pa t te rn t o con t inue w i t h , f o r ex
a m p l e , t he T e v a t r o n , LEP and ISA-
BELLE. A W o r k i n g Group of t he Eu

ropean C o m m i t t e e fo r Future A c c e l 
e ra to rs e s t i m a t e d tha t the number o f 
sc ien t i s t s f r o m the U S A us ing h igh 
energy phys i cs fac i l i t ies in Europe, 
and v ice ve rsa , m a y be doub le the 
1 9 7 8 f igure (about 90) by the late 
1 9 8 0 s . 

One o f t he surpr is ing f i nd ings w a s 
h o w ve ry even ly ba lanced , ove r a 
pe r iod o f yea rs , t he exchange of p e o 
ple and resou rces has been . 

T h e co l l abo ra t i ons w e r e c o n 
s ide red under t h e head ings o f 'ma jo r ' 
( invo lv ing the t rans fe r o f e q u i p m e n t 
w o r t h ove r 1 0 0 t h o u s a n d dol lars) 
and ' sma l le r ' ( less than 1 0 0 t h o u 
sand do l la rs bu t st i l l i nvo lv ing a v is i t 
ing t e a m o f severa l sc ient is ts ) . T h e 
ma jo r co l l abo ra t i ons w e r e exam ined 
in s o m e deta i l t o d i scover thei r o r i 
g ins and h o w t h e y o p e r a t e d , and 
h o w c o s t s fo r d e t e c t o r s and c o m 
pu t ing w e r e sha red . 

In the pe r iod c o v e r e d there w e r e 
six ma jo r US par t i c ipa t ions at CERN 
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and DESY and nine W e s t e r n Euro
pean i n v o l v e m e n t s at Fermi lab , 
S t a n f o r d , Cornel l and A r g o n n e . For 
t he smal ler co l l abo ra t i ons the cor 
r espond ing f igures w e r e s i x teen and 
t w e n t y - t h r e e . T h e smal ler n u m b e r o f 
US co l l abo ra t i ons re f lec ts the fac t 
t ha t US t e a m s w e r e p r e d o m i n a n t l y 
i nvo l ved in co l l id ing b e a m phys i cs 
w h e r e t e a m s are larger and c o s t s o f 
d e t e c t o r s and c o m p u t e r s are co r res 
pond ing l y h igher. 

In ter reg iona l co l l abo ra t i ons have 
a l w a y s i nvo l ved m a n y phys i c i s t s 
f r o m the hos t reg ion . A c c e p t a n c e o f 
p r o p o s a l s at the d i f fe ren t L a b o r a t o 
r ies has been main ly on phys i cs mer i t 
w i t h s o m e reg ional cons ide ra t i ons , 
par t icu lar ly at CERN, on the overa l l 
c o m p o s i t i o n o f the expe r imen ta l 
t e a m . A c c e l e r a t o r t i m e has a l w a y s 
been m a d e avai lable f ree and de tec 
t o r and c o m p u t i n g c o s t s have been 
shared af ter nego t i a t i on . No e x c e p 

t iona l d i f f i cu l t ies w e r e f o u n d in inter
reg iona l co l l abo ra t i ons . 

T h e i nves t i ga to rs ma in ta ined tha t 
t he co l l abo ra t i ons b e t w e e n h igh e n 
e rgy phys i c i s t s in the US and W e s t 
ern Europe have m a d e s ign i f i cant 
c o n t r i b u t i o n s t o the success o f t he 
research p r o g r a m m e s in each re
g i o n . The re has been a g o o d ba lance 
b e t w e e n the e f f o r t s m a d e in each 
d i rec t i on . For the con t i nued g o o d 
heal th o f t hese in ter reg iona l co l l abo 
ra t ions it is i m p o r t a n t tha t t hey c o n 
t inue t o be in the in terest o f t he 
reg ions c o n c e r n e d (wh ich the deve l 
o p m e n t o f un ique faci l i t ies gua ran 
tees) and tha t th is ba lance o f ex
change is ma in ta i ned . The re s e e m s 
no need t o change ex is t ing p r o c e 
dures in o rde r t o sus ta in th is g o o d 
hea l th . P rov ided tha t f lex ib i l i ty c o n 
t inues in the fu tu re and sc ient i f ic mer 
it rema ins the ma in c r i te r ion , in ter re
g iona l co l l abo ra t i ons shou ld c o n t i n 
ue t o be o f g rea t benef i t t o h igh ener
gy phys i cs research . 

Installation of superconducting magnets 
for the Fermi lab Saver/Doubler. The 
availability of 1000 GeVprotons could 
provide a major attraction for physicists all 
over the world. 

(Photo Fermi lab) 
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25 years of the Joint Institute for Nuclear 
Research 

Progress in sc ience dur ing the last 
th i r t y years has been m a r k e d by a 
great increase in in ternat iona l sc ien 
t i f ic co l l abo ra t i on . T h e c rea t ion o f 
t he Jo in t Ins t i tu te f o r Nuclear Re
search (JINR) at Dubna in the USSR is 
one v i v id examp le o f th is i m p o r t a n t 
t r e n d . Th is year Dubna ce lebra tes i ts 
2 5 t h ann iversary . 

In the early 1 9 5 0 s , p r o g r e s s in 
nuclear phys ics and t e c h n o l o g y d e 
m a n d e d n e w f o r m s o f sc ient i f ic c o l 
l abo ra t i on . T h e ins ta l la t ions t o car ry 
ou t expe r imen ts t o o k on indust r ia l 
d i m e n s i o n s and b e c a m e c o m p l e x 
and expens i ve . M a n y sc ient i f ic s ta f f 
w e r e needed t o d o the e x p e r i m e n t s 
and t o handle the e n o r m o u s a m o u n t s 
o f da ta . The re fo re the G o v e r n m e n t s 
o f t he soc ia l is t coun t r ies e m b a r k e d 
on a p ro jec t t o coo rd ina te the ac t i v i 
t ies o f sc ien t i s ts and t o poo l f inanc ia l 
and techn ica l resources f o r t he d e 
v e l o p m e n t o f f u n d a m e n t a l research 
in par t ic le and nuclear phys i cs . 

In 1 9 5 6 in M o s c o w , the de lega tes 
o f t he M e m b e r S ta tes s igned a C o n 
v e n t i o n es tab l i sh ing the Jo in t Ins t i 
t u t e fo r Nuclear Research. T h e C o n 
v e n t i o n de f ined the ma in p u r p o s e o f 
t he Organ iza t ion as a research c o l 
l abora t ion w h i c h w o u l d lead t o w i d e r 
poss ib i l i t ies in the peacefu l use o f 
a t o m i c energy . The pr inc ipa l t a s k s o f 
the Organ iza t ion are t o p r o m o t e t he 
d e v e l o p m e n t of sc ience in the M e m 
ber S ta tes , t o help in es tab l i sh ing 
nat iona l sc ient i f ic Labora to r ies and 
t o d e v e l o p in ternat iona l c o o p e r a t i o n 
w i t h research cen t res t h r o u g h o u t t he 
w o r l d . 

T o d a y Dubna is k n o w n as a lead
ing sc ient i f ic cen t re and is one of t he 
largest in the w o r l d . Sc ien t i s t s f r o m 
Bulgar ia, Cuba, Czechos lovak ia , t he 
German Democra t i c Republ ic , Hun
gary , M o n g o l i a , t he Korean Peop le ' s 
Democ ra t i c Republ ic , Po land , Rou-
man ia , the USSR and V i e t n a m w o r k 
at the Ins t i tu te . A l s o , in acco rdance 
w i t h i ts C o n v e n t i o n , JINR keeps in 

con tac t w i t h the research cen t res in 
M e m b e r S ta tes and w i t h co r re 
s p o n d i n g in ternat iona l o rgan iza t ions 
and research cen t res in o the r c o u n 
t r ies . 

The re are f ru i t fu l c o n t a c t s w i t h 
CERN, Fermi lab , the Ital ian ins t i tu tes 
of phys i cs in Tu r i n , Mi lan and Frasca-
t i , t he Niels Bohr Ins t i tu te in C o p e n 
hagen , t he In ternat ional Cent re f o r 
Theore t i ca l Phys ics in T r i es te , the 
French research cen t res at Orsay , 
Saclay and Grenob le , and research 
cen t res in Great Br i ta in , W e s t Ger
m a n y , Fin land and Yugos lav ia . JINR 
g ran ts f e l l o w s h i p s t o sc ien t i s ts f r o m 
n o n - m e m b e r coun t r i es , and p h y s i 
c is ts f r o m the I A E A , UNESCO and 
f r o m d i f fe ren t coun t r ies in Europe , 
As ia and A f r i ca have w o r k e d in Dub 
na as f e l l o w s . 

Sc ien t i s t s at Dubna have m a d e an 
i m p o r t a n t con t r i bu t i on t o the deve l 
o p m e n t o f m o d e r n phys i cs . T h e y 
have in i t ia ted n e w research t r e n d s 

Dubna's largest accelerator, the 
synchrophasotron, which when operated 
as a proton machine in 1957 was the 
highest energy machine in the world. Since 
1970 it has been used to accelerate heavy 

ions to relativistic energies for nuclear 
physics research. 

and have d i s c o v e r e d n e w p h e n o m 
ena. Resul ts in theore t i ca l phys i cs , 
par t ic le p h y s i c s , nuclear and neu t ron 
phys i cs and in t he d e v e l o p m e n t o f 
acce le ra to rs and d e t e c t o r s have 
b r o u g h t JINR in ternat iona l r ecogn i 
t i o n and e s t e e m . 

D e v e l o p m e n t o f acce lera tor t e c h 
n o l o g y has a l w a y s had a lot o f a t t e n 
t i o n . T h e s y n c h r o p h a s o t r o n w a s the 
f i rs t re la t iv is t ic acce le ra to r o f nuclei 
— it acce le ra tes d e u t e r o n s , a lpha 
par t ic les and c a r b o n , n i t rogen and 
o x y g e n nuc le i . Heavy ion acce lera
t i o n is a lso p r o v i d e d by a p o w e r f u l 
4 m i s o c h r o n o u s c y c l o t r o n and a f a 
c i l i ty based on t h e co l lec t i ve acceler
a t ion m e t h o d p r o p o s e d and deve l 
o p e d by JINR sc ien t i s t s . A n e w p o w 
erful pu lsed reac to r , IBR-2, has been 
c o n s t r u c t e d f o r neu t ron phys i cs . 
JINR sc ien t i s t s t a k e par t a lso in the 
p ro jec t f o r t he n e w UNK 3 T e V acce l 
e ra t ion and s t o r a g e c o m p l e x at Ser
p u k h o v . 
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The 680 MeV synchro-cyclotron which 
began operation at Dubna in 1949 before 
JINR formally came into existence. It is 
being reconstructed to provide more intense 
particle beams. 

(Photos JINR Dubna) 

T h e ac t iv i t ies o f t he J o i n t Ins t i tu te 
f o r Nuclear Research are based on 
in te rna t iona l c o o p e r a t i o n w h i c h 
m e e t s the d e m a n d s of m o d e r n 
sc ience . It t a kes a va r ie ty o f f o r m s , 
t he ma in one be ing expe r imen ta l re
search c o n d u c t e d by t e a m s of sc ien 
t i s t s f r o m d i f fe ren t M e m b e r S ta tes . 
The re is co l l abo ra t i on w i t h nat iona l 
research cen t res in the M e m b e r 
S ta tes in theore t i ca l and e x p e r i m e n 
ta l w o r k . Th is f o r m o f c o o p e r a t i o n 
c o v e r s m o r e than 9 0 per cen t o f the 
w h o l e sc ient i f ic p r o g r a m m e . 

Great i m p o r t a n c e is a t t ached t o 
the v is i t s o f JINR sc ien t i s t s t o o the r 
coun t r i es f o r c o m p l e t i n g j o in t p r o 
j e c t s , g iv ing lec tures , consu l t i ng and 

Scientists from the Member States play 
leading roles in the administration of the 
Joint Institute for Nuclear Research and the 
work of its consultative committees. JINR 
Director N. N. Bogolubov (centre) is seen 
here flanked by Deputy Directors M. 
Sowinski from Poland (left) and I. Zlatev 
from Bulgaria (right). 

f o r exchang ing exper ience . Annua l l y 
there are ove r 5 0 0 v is i ts o f JINR s p e 
c ia l is ts t o the M e m b e r S ta tes and 
ove r 2 0 0 0 v is i t s t o JINR f r o m the 
M e m b e r S ta tes . 

Dubna a lso p rov ides exce l len t 
c o n d i t i o n s f o r the t ra in ing o f sc ien 
t i s t s , g i v ing t h e m the o p p o r t u n i t y t o 
w o r k w i t h m o d e r n ins ta l la t ions . 
Hund reds o f sc ien t i s ts and eng ineers 
have been t ra ined and have left Dub 
na h ighly qual i f ied in m a n y f ie lds o f 

m o d e r n sc ience and eng ineer ing . 
JINR sc ien t i s t s par t i c ipa te in i m 

po r t an t in te rna t iona l and nat iona l 
sc ient i f ic m e e t i n g s . Reciprocal ly t he 
Ins t i tu te has s p o n s o r e d m a n y inter
nat iona l c o n f e r e n c e s and w o r k 
s h o p s . Every o the r year JINR and 
CERN organ ize j o i n t Schoo l s o f Phy
s ics fo r y o u n g sc ien t i s t s . 

T h e w o r k at Dubna ove r the pas t 
2 5 years has m o r e than fu l f i l led the 
e x p e c t a t i o n s o f t he sc ien t i s ts and 
g o v e r n m e n t s w h o dec ided t o c rea te 
the Ins t i tu te . 

The anniversary ceremony 

Sc ien t i s t s , eng ineers and w o r k e r s 
f r o m all t he M e m b e r S ta tes , t o g e t h e r 
w i t h t h o s e w h o he lped t o bui ld t he 
L a b o r a t o r y ' s e q u i p m e n t , ga the red at 
Dubna t o ce lebra te the 2 5 t h ann iver 
sary . T h e y w e r e j o i ned by m a n y w h o 
had pa r t i c i pa ted at d i f fe ren t t i m e s in 
the research and in deve lop ing inter
nat iona l c o o p e r a t i o n . T h e m e e t i n g 
a lso b r o u g h t t o g e t h e r Heads o f d i 
p l oma t i c m i s s i o n s , de lega tes o f t he 
M e m b e r S t a t e s , rep resen ta t i ves o f 
M in is t r ies o f A t o m i c Energy, lead ing 
sc ien t i s ts and the local publ ic . 

Leon id Brezhnev sent a Sa lu to ry 
A d d r e s s w h i c h w a s read ou t at t he 
gala m e e t i n g . He exp ressed his c o n 
f i dence in fu tu re a c h i e v e m e n t s by the 
in ternat iona l s ta f f o f the Ins t i tu te and 
gave h igh pra ise t o i ts c o n t r i b u t i o n s 
t o sc ience and t e c h n o l o g y , t o t he 
conso l i da t i on o f de ten te and t o 
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CERN SPS looks forward 

peace. A d d r e s s e s w e r e a lso sent by 
T o d o r Z h i v k o v , Pham V a n D o n g , Fi
del Cas t ro Rus, Jumjag i j n T s e d e n b a l , 
Gus tav Husak and o ther Heads of 
M e m b e r S ta tes . 

JINR Di rec tor Nikola i B o g o l u b o v 
s a i d : T o d a y , w h e n w e ce lebra te the 
2 5 t h ann iversary o f t he c rea t ion o f 
t he Ins t i tu te , w e r e m e m b e r the deep 
in tu i t ion and f i rm dec is ion o f the s o 
cial ist coun t r ies t ha t m a d e poss ib le 
research in nuclear phys i cs t o p r o 
m o t e the peacefu l use o f a t o m i c re
search fo r the benef i t o f all m a n k i n d . 
Our Ins t i tu te has m a d e m a n y grea t 
ach ievemen ts and has exce l lent t r a 
d i t i ons , w h i c h ensure a p r o m i s i n g 
fu tu re . There is no d o u b t tha t t he 
in ternat iona l s ta f f o f t he Ins t i tu te w i l l 
a c c o m p l i s h sti l l m o r e in the ques t t o 
uncove r the sec re ts o f Nature . 

There have been many collaborations 
between JINR and CERN. Recently, toroidal 
magnet cores for a muon experiment at 
the CERN 400 GeV Super Proton 
Synchrotron were constructed in Dubna's 
Experimental Physics Department. 

T h e e x p e r i m e n t s c o m m i t t e e o f 
C E R N ' s ' S P S 4 0 0 GeV p r o t o n s y n 
c h r o t r o n m e t recent ly at Cogne in the 
A o s t a va l ley , I taly, t o r ev i ew the ex
per imen ta l p r o g r a m m e and t o l ook 
ahead at fu tu re poss ib i l i t ies . 

For conven ience , the phys i cs d is 
cuss ions w e r e d i v ided in to f ou r ar
eas — ' s o f t ' phys ics (cover ing t o ta l 
c r o s s - s e c t i o n m e a s u r e m e n t s , sp in 
phys i cs , resonance p r o d u c t i o n , 
e tc . ) , n e w par t ic les (charm and beau 
ty ) , e x p e r i m e n t s w i t h neut r ino and 
m u o n b e a m s , and hard had ron phy 
s ics (cons t i tuen t quark in te rac t ions) . 
A usefu l c o m p a r i s o n w a s p r o v i d e d 
by Peter Koehler , w h o desc r i bed the 
Fermi lab exper imen ta l p r o g r a m m e . 

In the f ie ld o f ' s o f t ' phys i cs , h igh 
qual i ty m e a s u r e m e n t s had g o t under 
w a y r ight f r o m the s tar t o f SPS oper 
a t ions in 1 9 7 6 . Over the years an 
impress i ve array o f resul ts has been 
p r o v i d e d by a range of e x p e r i m e n t s 
cove r i ng d ive rse areas such as p h o -

t o p r o d u c t i o n , h y p e r o n s tud ies , smal l 
angle sca t t e r i ng , e lec t romagne t i c 
f o r m f a c t o r s , e tc . T o a large ex ten t , 
th is research at the SPS is seen as 
natura l ly near ing i ts e n d , at least f o r 
f i xed ta rge t e x p e r i m e n t s . H o w e v e r 
the European Hybr id S p e c t r o m e t e r 
n o w opera t iona l in the Nor th Exper i 
men ta l A r e a cou ld sti l l have i m p o r 
tan t con t r i bu t i ons t o m a k e . A t t he 
p r o t o n - a n t i p r o t o n col l ider , U A 4 ( to 
tal p r o t o n - a n t i p r o t o n c ross -sec 
t ions) and U A 6 (gas je t t a rge t in t he 
a n t i p r o t o n beam) w i l l p robe f resh e n 
ergy reg ions and p rov ide n e w re
su l ts . 

T h e conc lus ion reached at Cogne 
w a s tha t wh i l e so f t phys i cs is no t 
seen as a ma jo r par t o f the fu tu re SPS 
p r o g r a m m e , the intr ins ic f lex ib i l i ty o f 
the avai lable large d e t e c t o r s cou ld 
sti l l be used t o t e s t ou t any n e w ideas 
w h i c h m i g h t e m e r g e in th is f i e ld . 

In t he search f o r n e w par t i c les , 
c h a r m phys i cs cou ld benef i t c o n s i d -
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erab ly f r o m the n e w techn iques 
(smal l bubb le c h a m b e r s , ho l og raphy 
and nove l e lec t ron ic m e t h o d s ) deve l 
o p e d t o c o p e w i t h the ve ry sho r t l i fe
t i m e s w h i c h are i n v o l v e d . In the 
search fo r beau ty par t i c les , it w a s 
fe l t i m p o r t a n t t o es tab l i sh an o p t i m a l 
m ix o f searches w h i c h w o u l d avo id 
t he t w i n p i t fa l ls o f pu t t i ng t o o m u c h 
e m p h a s i s on a f e w e x p e r i m e n t s o n 
one hand and on the o the r hand 
sp read ing the e f fo r t t o o w i d e l y . It 
w a s t h o u g h t tha t n e w par t ic le 
searches w o u l d be p r o m i n e n t in the 
fu tu re SPS expe r imen ta l p r o 
g r a m m e . 

Phys ics w i t h neu t r ino and m u o n 
b e a m s is one of t he s t r o n g p o i n t s o f 
t he SPS p r o g r a m m e . T h e d e t e r m i n a 
t i o n s o f nuc leon s t ruc tu re f u n c t i o n s 
in d i f fe ren t e x p e r i m e n t s are genera l ly 
c o m p a t i b l e , but it w a s fe l t t ha t one 
m o r e round of h igh p rec is ion 
m e a s u r e m e n t s is requ i red t o c o n f i r m 
th i s . In f r a g m e n t a t i o n s tud ies w h i c h 

look a t t he had rons l iberated in quark 
i n te rac t i ons , the m u o n e x p e r i m e n t s 
are conso l i da t i ng w h a t has been 
learned p rev ious ly w i t h neu t r inos 
and w h a t is be ing learned f r o m ex
p e r i m e n t s at e l ec t ron -pos i t r on m a 
ch ines . A l s o c o v e r e d under th is 
head ing w a s ano ther SPS spec ia l i ty 
— neu t r ino b e a m - d u m p exper i 
m e n t s . W i t h the i m p r o v e d fac i l i t ies 
n o w be ing insta l led in the W e s t Ex
pe r imen ta l A r e a , t o g e t h e r w i t h i m 
p r o v e m e n t s t o ex is t ing e x p e r i m e n t s , 
neu t r ino b e a m - d u m p s cou ld m a k e 
fu r the r phys i cs d i scover ies . 

In the area o f hard had ron phys i cs , 
i m p o r t a n t con t r i bu t i ons have c o m e 
f r o m the SPS — fo r examp le in the 
s t u d y o f t he e lec t romagne t i c in terac
t i ons o f qua rks (Drel l -Yan m e c h a 
nism) and o f had ron p r o d u c t i o n at 
large m o m e n t u m t rans fer . H o w e v e r , 
there w a s a fee l ing tha t pe rhaps the 
f i xed t a rge t energ ies at the SPS are 
no t h igh e n o u g h t o p robe the areas 

w h e r e in te res t ing behav iour can be 
f o u n d . T h e h igher energ ies avai lable 
w i t h co l l id ing b e a m s , no tab l y the In
t e r sec t i ng S t o r a g e Rings and the SPS 
p r o t o n - a n t i p r o t o n col l ider are p r o b a 
bly be t te r su i ted fo r th is k ind o f 
w o r k . H o w e v e r the re cou ld st i l l be a 
d e m a n d fo r spec ia l e x p e r i m e n t s t o 
t e s t spec i f i c n e w ideas. 

A p r o p o s a l t o ex t rac t 2 7 0 GeV a n -
t i p r o t o n s f r o m the SPS fo r f i xed tar 
ge t e x p e r i m e n t s w a s no t r e c o m 
m e n d e d f o r a va r ie ty o f reasons . It 
w a s fe l t t ha t t he phys i cs po ten t ia l o f 
th is p ro jec t w a s c o v e r e d t o a cer ta in 
ex ten t by the U A 6 a n t i p r o t o n expe r i 
m e n t w i t h i ts gas je t t a rge t . Th is p r o 
j ec t w o u l d a lso imp ly increased oper 
a t iona l d i f f i cu l t ies fo r a mach ine a l 
ready hav ing t o c o p e w i t h a c r o w d e d 
f i xed ta rge t schedu le and o p e r a t i o n 
as a p r o t o n - a n t i p r o t o n s t o rage 
r ing . 

A n o p t i m i s t i c no te w a s p r o v i d e d 
by t he p r o s p e c t s f o r the SPS p r o t o n -
a n t i p r o t o n p ro jec t , w h e r e the i m 
p ress ive e x p e r i m e n t s are n o w we l l 
i n s t r u m e n t e d . Everyone j o i ned in 
w i s h i n g the e x p e r i m e n t s h igh l um i 
nos i t ies t o capi ta l ize on the un ique 
phys i cs o p p o r t u n i t i e s w h i c h the an t i -
p r o t o n p ro jec t o f fe rs . 

In the C o g n e d i scuss ions , one u n 
w e l c o m e but never the less i m p o r t a n t 
cons ide ra t i on w a s m o n e y . Financial 
res t r i c t i ons are n o w b e c o m i n g a fac t 
o f l i fe, and avai lab i l i ty o f fu tu re f u n d s 
cou ld d i c ta te t he evo l v i ng pa t te rn o f 
e x p e r i m e n t s at t he SPS. 

Assembly of the rapid cycling bubble 
chamber which forms the central detector 
of the European Hybrid Spectrometer. This 
could go on to make additional contributions 
to the 'soft' physics discoveries already 
amassed at the CERN SPS. 

(Photo CERN 131.8.80) 
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Around the Laboratories 

Two views of a 540 GeV total energy 
proton-antiproton collision, as recorded in 
one of the big streamer chambers of the 
UA5 experiment at the CERN SPS. 

CERN 
Antiprotons again 
A t the end of Oc tobe r , t he CERN 
mach ines once m o r e supp l ied an t i -
p r o t o n s , and expe r imen t s at b o t h the 
b ig SPS p r o t o n s y n c h r o t r o n and the 
In te rsec t ing S to rage Rings w e r e able 
t o reco rd da ta f r o m p r o t o n - a n t i p r o 
t o n co l l i s ions . Th is t i m e the b ig 
s t r eamer c h a m b e r s o f t he U A 5 ex
pe r imen t (Bonn / Brusse ls / C a m 
br idge / CERN / S t o c k h o l m co l l abo ra 
t ion) c a m e in to ac t ion at t he SPS (see 
June 1 9 8 0 issue, page 148) and re
c o r d e d s o m e 2 0 0 0 g o o d e x a m p l e s 
o f p r o t o n - a n t i p r o t o n co l l i s ions at 
5 4 0 GeV to ta l energy . A l s o in the 
SPS, the b ig U A 1 expe r imen t t o o k 
m o r e data t o s u p p l e m e n t t ha t g a t h 
e red in i ts f i rs t run in A u g u s t . H o w 
ever th is t i m e the U A 1 cent ra l de tec 
t o r c a m e in to ac t ion f o r the f i rs t t i m e , 
supp l y i ng de ta i led i n f o rma t i on on t he 
in te rac t ion ve r t i ces . Init ial phys i cs in 
f o r m a t i o n f r o m these e x p e r i m e n t s 
cou ld s o o n e m e r g e . 

In the SPS, a bunch o f s o m e 1 0 9 

2 7 0 GeV a n t i p r o t o n s c i rcu la ted 
aga ins t t w o p r o t o n b u n c h e s , each 
con ta in ing abou t 5 x 1 0 1 0 par t i c les . 
T h u s b o t h U A 1 and U A 5 , in d i f fe ren t 
reg ions o f t he r ing , w e r e able t o s t u 
d y co l l i s ions in paral le l . T h e SPS 
b e a m s w e r e t w i c e s t o r e d ove rn igh t . 
In t he near fu tu re it is h o p e d t o t e s t 
t he n e w SPS l o w beta m a g n e t s in 

read iness f o r increased a n t i p r o t o n 
luminos i t i es . 

A l s o dur ing th is run , the ' R o m a n 
p o t s ' — dr i f t c h a m b e r s m o u n t e d in 
m o v a b l e sec t i ons o f beam p ipe — o f 
the U A 4 expe r imen t t o o k thei r f i r s t 
samp les o f f o r w a r d p r o t o n - a n t i p r o 
t o n e last ic sca t te r ing at the SPS. Th is 
techn ique w a s f i rs t used in the ear ly 
days o f t he CERN ISR t o measu re 
to ta l reac t ion rates in the n e w l y -
avai lable energy range. T h e U A 4 

Below left, a representation of the UA 1 
apparatus used to study the energy flow 
in 540 GeV proton-antiproton collisions at 
the CERN SPS, showing the signals recorded 
in the calorimeters. The central 
electromagnetic calorimeters are enclosed 
by the large cubic instrumented return yoke 
of the magnet. The forward detectors 
extend on either side in the SPS tunnel. 

Below right, the signals picked up in the 
middle cell of the cylindrical central detector 
which surrounds the beam pipe. These are 
the first tracks seen in the detector, with 
a small fraction of readout installed for the 
October run. 
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Layout of the ARGUS detector scheduled 
for the revamped DORIS-II electron-positron 
ring at DESY. 

g r o u p ( A m s t e r d a m / CERN / Genoa / 
Naples / Pisa) s o o n h o p e s t o p rov i de 
a value f o r the t o ta l p r o t o n - a n t i p r o 
t o n reac t ion rate at 5 4 0 GeV. 

W h i l e all th is ac t i on w a s g o i n g on 
at the SPS, a t w o mi l l i amp a n t i p r o t o n 
b e a m w a s qu ie t ly c i rcu la t ing in the 
ISR. The highly success fu l run w a s 
t e r m i n a t e d on 2 N o v e m b e r af ter t he 
a n t i p r o t o n s had been kep t f o r m o r e 
than th i r teen d a y s ! W i t h a p r o t o n 
b e a m of 12 A , t he p r o t o n - a n t i p r o t o n 
luminos i t y a t ta ined 9 x 1 0 2 6 c m - 2 

s ~ 1 . A s a resul t o f t he run , a n e w 
l o w e r l imi t f o r t he a n t i p r o t o n l i fe t ime 
w a s es tab l i shed . 

Baryons from quarks 
A c c o r d i n g t o our p resen t p ic tu re o f 
t he deep inelast ic in te rac t ions o f h igh 
energy l ep tons , t he i n c o m i n g l ep ton 
pene t ra tes in to the in ter ior o f the 
s t ruck nuc leon and in te rac ts w i t h 
one or o ther o f i ts c o n s t i t u e n t 
qua rks . Bo th the s t ruck quark (cur
rent f r agmen ta t i on ) and the s p e c t a 
t o r quarks ( target f r agmen ta t i on ) 
t hen p roduce sp rays o f hadron ic 
ma t te r . In pr inc ip le , t he had rons f r o m 
the s t ruck and s p e c t a t o r qua rks 
shou ld be d is t ingu ishab le , a l t hough 
th is d i s t i nc t ion on ly b e c o m e s real ly 
clear at h igher energ ies . Because 
on ly one quark is a s s u m e d t o be 
s t ruck per i n te rac t i on , t he cur ren t 
f r a g m e n t a t i o n w o u l d be e x p e c t e d t o 
be d o m i n a t e d by m e s o n s (conta in ing 
a quark and an an t iquark ) , wh i l e ba 
r yons ( three quarks) w o u l d be p r o 
d u c e d in the ta rge t f r a g m e n t a t i o n . 

T h e European M u o n Co l labora t ion 
(EMC) expe r imen t in the No r th Exper
imenta l A r e a o f CERN's SPS 4 0 0 
GeV p r o t o n s y n c h r o t r o n has s tud ied 
the in te rac t ions o f 1 2 0 and 2 8 0 GeV 
m u o n s w i t h p r o t o n s and f i nds no t 
on ly m e s o n s , bu t a lso p r o t o n s and 
a n t i p r o t o n s in the hadron ic debr is o f 
cur rent f r a g m e n t a t i o n . Th is b a r y o n 
p r o d u c t i o n had no t been seen at 

l o w e r energ ies w i t h e lec t ron b e a m s , 
and cou ld tu rn ou t t o be re la ted t o t he 
unexpec ted l y h igh ba ryon y ie lds 
seen in h igh energy e l ec t r on -pos i 
t r o n annih i la t ions at D E S Y ' s PETRA 
r ing. 

A c c o r d i n g t o s imp le quark c o u n t 
ing ru les, equal n u m b e r s o f b a r y o n s 
and an t i ba ryons shou ld be s e e n , 
h o w e v e r the EMC data s h o w an ex
cess o f p r o t o n s over a n t i p r o t o n s . 
Th is is puzz l ing, but cou ld be due t o 
the d i f f i cu l ty o f separa t ing the p r o 
duc t s o f cur rent and ta rge t f r a g m e n 
t a t i o n , even at SPS energ ies . It cou ld 
a lso be due t o one of t he m e c h a n 
i sms o f cur ren t f r a g m e n t a t i o n . 

T h e EMC expe r imen t is n o w e m 
p loy ing a s t reamer chamber as ver 
tex d e t e c t o r t oge the r w i t h m o r e 
soph i s t i ca ted part ic le iden t i f i ca t ion 
immed ia te l y d o w n s t r e a m . T h e n e w 
appara tus w i l l be desc r i bed in deta i l 
in our Janua ry /Feb rua ry 1 9 8 2 is
sue. 

DESY 
New detector 
for DORIS-II 
A R G U S is one o f t he t w o b ig de tec 
t o r s w h i c h w i l l be insta l led nex t 
sp r ing at t he r e v a m p e d DORIS-II 
e l e c t r o n - p o s i t r o n s to rage r ing at 
DESY (see N o v e m b e r issue, p. 3 9 7 ) . 
T h e s e c o n d in te rac t ion reg ion w i l l 
house the Crys ta l Ball d e t e c t o r f r o m 
SPEAR. T h e i m p r o v e d runn ing c o n 
d i t i ons , in par t icu lar t he higher l um i 
nos i t y e x p e c t e d at t o ta l energ ies up 
t o 1 1 . 2 G e V , m a k e DORIS-II an ex
ce l lent t o o l f o r s t udy ing ups i lon par
t ic les and beau ty m e s o n s . H o w e v e r 
DORIS-II a lso c o v e r s the ent i re c h a r m 
p r o d u c t i o n reg ion , d o w n t o the J / p s i 
at 3 .1 GeV. 

A R G U S is a un iversa l d e t e c t o r w i t h 
magne t i c m o m e n t u m analys is o f 
cha rged par t i c les , s h o w e r coun te r s 
and m u o n iden t i f i ca t ion cove r i ng 
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Carefully does it. Threading the 30 000 
drift chamber wires for the new ARGUS 
detector. 

(Photo DESY) 

m o s t o f t he so l id angle a round the 
in te rac t ion po in t . 

T h e large A R G U S m a g n e t is o f t he 
so leno id t y p e and w e i g h s a b o u t 4 0 0 
t o n s . A f ie ld o f 0 . 8 T is p r o v i d e d by 
13 separa te coi ls abou t 3 m in d ia
mete r . Th is unusual des ign a l l o w s 
ins ta l la t ion o f a s y s t e m o f l e a d / s c i n -
t i l la tor s h o w e r coun te rs (a so-ca l led 
' samp l i ng ca lo r imeter ' ) ins ide the s o 
leno id . T h e c o r r e s p o n d i n g l ight-
gu ides pass b e t w e e n the co i ls t o 
reach the pho tomu l t i p l i e r s ou t s i de . 
The re is ve ry l i t t le mater ia l in f r o n t o f 
t he s h o w e r coun te rs and t he re fo re 
g o o d energy reso lu t ion is e x p e c t e d 
d o w n t o energ ies as smal l as 
5 0 M e V . T h e s h o w e r c o u n t e r s , bui l t 
at t he Phys ics Ins t i tu te o f t he Univer 
s i ty o f D o r t m u n d , are read ou t 
t h r o u g h wave leng th - sh i f t i ng l ight-
gu ides . T h e c o m p l e t e ca lo r ime te r 
c o v e r s abou t 9 5 per cen t o f t he so l id 
angle and cons i s t s o f 1 7 6 0 s h o w e r 
c o u n t e r s , p rov id ing ef f ic ient r e c o n 
s t ruc t i on o f par t ic les decay ing in to 
p h o t o n s . 

Further c o m p o n e n t s o f A R G U S 
d e t e c t cha rged par t ic les . A set o f 
1 6 0 t ime-o f - f l i gh t c o u n t e r s , bui l t at 
t he Ins t i tu te fo r High Energy Phys ics 
o f t he Un ivers i t y o f He ide lbe rg , he lps 
t o ident i fy t h e m . Reso lu t ion t i m e is 
2 7 0 p i c o s e c o n d s . T h e y su r round the 
ma in t rack measur ing dev i ce , a large 
cy l indr ica l dr i f t c h a m b e r des igned t o 
reach a m a x i m u m of p rec is ion f o r 
measur ing coo rd ina tes and f o r pa r t i 
cle iden t i f i ca t ion . A b o u t 3 0 0 0 0 
w i r e s are d i s t r i bu ted ove r a v o l u m e 
2 m long and 1.7 m in d iamete r . T h e y 
de f ine 5 9 4 0 dr i f t cel ls w i t h square 
c r o s s - s e c t i o n , a r ranged in 3 6 cy l in 
dr ica l layers . Half o f t h e m are s l ight ly 
inc l ined, so as t o p rov i de th ree 
s te reo v i e w s . S imu la t ions s h o w e d 
tha t a rel iable t rack r e c o n s t r u c t i o n 
can be p e r f o r m e d even f o r ve ry c o m 
plex e v e n t s . M o m e n t u m reso lu t ion is 
g o o d and ion izat ion loss is m e a s u r e d 
in each dr i f t cel l . Us ing th is i n f o r m a 

t i o n , k a o n s can be separa ted f r o m 
p ions up t o 9 0 0 M e V . T h e s e p roper 
t ies w i l l c o m e in usefu l fo r t he r e c o n 
s t ruc t i on o f m e s o n s car ry ing c h a r m 
and beau ty . 

T h e A R G U S magne t is su r rounded 
by a m u o n de tec t i on s y s t e m cons i s t 
ing o f 2 0 0 0 p ropo r t i ona l t u b e s and 
cove r i ng 8 0 per cen t o f t he so l id 
angle. T o reach these t u b e s , m u o n s 
m u s t pene t ra te 5 .1 a b s o r p t i o n 
lengths o f mater ia l in the lead o f t he 
s h o w e r c o u n t e r s , the c o p p e r co i ls 
and the i ron f lux re tu rn . 

T h e min i -be ta quadrupo les (see 
J u l y / A u g u s t issue, p. 2 3 7 ) requ i red 
t o ach ieve h igh DORIS-II l uminos i t ies 
had t o be in teg ra ted in to the de tec 
to r . T h e y are su r rounded by smal l 
c o m p e n s a t i o n co i ls w h i c h p r o t e c t 
t h e m f r o m the high f ie ld o f t he ma in 
A R G U S m a g n e t . T o c o m p e n s a t e the 
f ie ld a long the beaml ine , t w o long 
so leno ids are p laced a round the v a 
c u u m p ipe leav ing on ly i ts cent ra l 

reg ion f ree . Th is par t o f the p ipe is 
m a d e o f a th in ca rbon- f i b re t u b e 
w h i c h min im izes the a m o u n t o f m a t 
te r p laced in t he w a y o f par t ic les 
go ing in to the sens i t i ve par t o f t he 
de tec to r . Part ic les leav ing t he inter
ac t ion reg ion at m o r e than 13 .5 d e 
grees w i l l reach t he dr i f t c h a m b e r s 
t h r o u g h th is t u b e . 

T h e phys i cs p r o g r a m m e c o n c e n 
t ra tes on the s t u d y o f beau ty qua rks , 
cove r i ng b o t h s t r o n g and w e a k inter
ac t i ons . T h e beau ty quark -an t iquark 
g r o u n d s ta te , t he ups i l on , decays 
in to th ree g luons and p rov ides an 
exce l lent ' g luon f a c t o r y ' f o r i nves t i 
ga t ing q u a n t u m c h r o m o d y n a m i c s . 
T h e s p e c t r o s c o p y o f the exc i ted u p -
s i lons and thei r t rans i t i ons are a lso o f 
g rea t in te res t . T h e t heo ry o f w e a k 
in te rac t ions has t o be e x t e n d e d t o 
inc lude the f i f th quark , w h i c h re
qu i res the s t u d y o f beau ty m e s o n 
decays . T h e A R G U S d e t e c t o r is 
ideal ly su i ted f o r th is w o r k . 
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Practical work was an important part of 
the recent 'College on Microprocessors' 
held at the International Centre for 
Theoretical Physics, Trieste. 

TRIESTE 
College 
on Microprocessors 
T h e In ternat ional Cent re f o r T h e o r e 
t ica l Phys ics , set up at T r i es te in 
1 9 6 4 , has as i ts ma jo r t ask the p r o 
v i s ion o f a s t imu la t ing in te l lectual e n 
v i r o n m e n t f o r phys i c i s t s f r o m deve l 
o p i n g coun t r ies . Th is goa l is fur 
t he red by a var ied p r o g r a m m e o f 
cou rses f o r v is i t ing sc ien t i s t s . No t all 
t he cou rses remain in t he raref ied 
a t m o s p h e r e of t h e o r y and in Sep 
t e m b e r a ve ry success fu l 'Co l lege on 
M i c r o p r o c e s s o r s : T e c h n o l o g y and 
A p p l i c a t i o n s in Phys ics ' w a s he ld . It 
w a s a p r ime examp le o f t he e f f o r t s 
be ing m a d e t o sp read i m p o r t a n t 
m o d e r n t e c h n o l o g y in to the d e v e l o p 
ing coun t r ies . 

T h e Col lege a t t r ac ted s o m e 1 4 0 
phys i c i s t s , main ly f r o m the Far East , 
M idd le East , A f r i ca and S o u t h A m e r 

ica. Held at ICTP, it cons i s t ed o f f ou r 
w e e k s o f in tense lec tures and p rac t i 
cal sess ions on m i c r o p r o c e s s o r s 
and the i r app l i ca t ions . T h e Col lege 
w a s d i rec ted by A n d y V a n D a m f r o m 
B r o w n Un ivers i t y and Rinus V e r k e r k 
and Paolo Zanel la f r o m CERN. 

W h e n ICTP dec ided t o inc lude a 
cou rse on m i c r o p r o c e s s o r s , sc ien 
t i f ic p r o g r a m m e d i rec to r P ro fesso r 
Ber tocch i c o n t a c t e d CERN f o r help in 
d r a w i n g up a ser ies o f app rop r i a te 
lec tures . It w a s at CERN tha t t he 
ideas f o r t he pract ica l sess ions 
e m e r g e d and w h e r e m o s t o f t he ne
cessary h a r d w a r e and s o f t w a r e 
w e r e p repa red . In his open ing a d 
d ress , Ber tocch i pa id t r i bu te t o t hese 
c o n t r i b u t i o n s , referr ing t o ' the usual 
CERN s t y l e , w h i c h means per fec 
t i o n ' . 

Each m o r n i n g there w e r e lec tures 
on the bas ics o f m i c r o p r o c e s s o r s 
and the i r po ten t ia l uses , and cove r 
ing s o m e b roader t o p i c s in c o m p u t e r 

sc ience (such as p r o g r a m m i n g t o o l s 
and techn iques) . M i c r o p r o c e s s o r ap 
p l i ca t ions in m a n y areas o f phys i cs 
w e r e d e s c r i b e d . 

H o w e v e r it w a s the pract ica l ses 
s ions w h i c h real ly r ubbed h o m e the 
m e s s a g e s f r o m the lec tures . T h e s e 
w e r e held in t he a f t e rnoons in t h ree 
sh i f t s , each i nvo l v ing f o r t y s t u d e n t s 
f o r t w o hours at t w e n t y w o r k s ta 
t i o n s , w i t h a t e a m o f i ns t ruc to rs 
headed by W o l f g a n g v o n Rueden 
and Rober t M c L a r e n . T h e s ta t i ons 
had a te rm ina l and m o n i t o r , p repa red 
at CERN, and w e r e l inked by te le 
phone line t o t he CDC c o m p u t e r at 
the Un ive rs i t y o f T r ies te 9 k m 
a w a y . 

T h e phys i c i s t s par t i c ipa ted ve ry 
enthus ias t ica l ly in the long hard 
cou rse . Each o f t h e m left ca r ry ing a 
m o u n t a i n o f lec ture no tes and m i c r o 
p r o c e s s o r k i t t o help sp read the i r 
n e w l y - g a i n e d k n o w l e d g e in the i r 
h o m e un ivers i t ies . T h e Col lege w a s 
so success fu l t ha t the poss ib i l i t y o f 
m a k i n g it ' t r a n s p o r t a b l e ' t o o the r ap 
p ropr ia te in te rnat iona l aud iences is 
under d i s cuss i on . 

DARMSTADT 
5 years of UNILAC 
W i t h the UN ILAC heavy ion acceler 
a to r s w i t c h e d o f f f o r i ts energy u p 
g rade f r o m 10 M e V / u t o 2 0 M e V / u , 
a t w o - d a y m e e t i n g w a s held recent ly 
at GSI D a r m s t a d t t o summar i ze f i ve 
years o f research w i t h UNILAC and 
t o l ook t o the f u tu re . 

It w a s espec ia l ly in te res t ing t o 
c o m p a r e actua l resu l ts w i t h p rev ious 
p red i c t i ons , be l ie fs and p ro jec t i ons . 
In par t icu lar , t he boundar ies o f nu 
clear s tab i l i t y are no t as easi ly acces 
s ib le as w a s o n c e t h o u g h t . In t r y i ng 
t o reach these bounda r i es , m u c h has 
been learned a b o u t heavy nuclei and 
m o r e t han 7 0 n e w i s o t o p e s have 
been f o u n d . T h e s e inc lude t w o ve ry 
neu t ron -de f i c i en t n u c l e i — l u t e t i u m 
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The GSI Laboratory, Darmstadt, recently 
the scene of a meeting to review five years 
of operation of its UNILAC heavy ion 
accelerator. The large building on the 
extreme left is the main UNILAC 
experimental hall. 

(Photo Aero-Lux) 

1 5 1 and thu l ium 1 4 7 — w h o s e ra
d ioac t i ve decay g ives p r o t o n s (see 
O c t o b e r issue, page 3 5 7 . S o m e er
ro rs c rep t in to our c o v e r a g e of th is 
d i s c o v e r y , w h i c h w a s m a d e us ing a 
n icke l 5 8 b e a m on a ru then ium 9 6 
ta rge t ) . A n o t h e r nuclear ach ieve
m e n t is t he ident i f i ca t ion o f an i so 
t o p e o f the heav ies t k n o w n e lemen t 
w i t h m a s s number 2 6 2 (see M a y 
issue, page 164) . 

T h e s e ac t iv i t ies w i l l be con t i nued 
us ing m o r e soph i s t i ca ted i n s t r u m e n 
t a t i o n and an e x t e n d e d scale o f ava i l 
able energy t o learn m o r e abou t t he 
f o r c e s tha t d r ive uns tab le nuclei t o 
w a r d s the i r g r o u n d s ta te . Nuclear f i s 
s ion induced by C o u l o m b in te rac t ion 
cou ld be d e m o n s t r a t e d by f i r ing hea
v y pro jec t i les at u ran ium 2 3 8 and c u 
r ium 2 4 8 . 

Deep inelast ic sca t te r ing has been 
exp lo i t ed as a specia l k ind o f reac t ion 
m e c h a n i s m b e t w e e n heavy nucle i . 
A s we l l as nuc leon exchange , th is 
t y p e o f reac t ion a lso s h o w s the 
t rans fe r o f a cons iderab le f r ac t i on o f 
re lat ive k inet ic ene rgy and angular 
m o m e n t u m in to exc i ta t i on energy 
and sp in . T h e n e u t r o n - p r o t o n rat io in 
t he reac t ion s y s t e m c o m e s in to equ i 
l ib r ium in abou t 1 0 _ 2 2 s , a p r o c e s s 
w h i c h is no t ye t we l l u n d e r s t o o d . 
H o w e v e r a net m a s s t rans fe r t akes a 
hund red t i m e s longer t o c o m e abou t . 
It cou ld be s h o w n tha t nuclear s t ruc 
tu re in f luences the init ial phase of 
deep inelast ic reac t i ons , bu t m o r e 
s t u d y is requ i red be fo re the w h o l e 
p r o c e s s can be revea led . Th is k ind 
o f reac t ion has been used t o s y n t h e 
size an exc i ted c o m p o u n d nuc leus 
con ta in ing 1 1 4 p r o t o n s and w i t h a 
measu red l i fe t ime longer t han 10~~ 2 0 

s e c o n d s . 
Ana l ys i s o f deep inelast ic reac t ion 

da ta a l l o w e d the t imesca le 1 0 ~ 2 2 t o 
1 0 - 2 0 s , t yp ica l o f th is k ind o f p r o 
c e s s , t o be ca l ib ra ted . W i t h h igher 
energ ies , th is ' c l o c k ' can be re
f i n e d . 

U n e x p e c t e d and ex tens ive ac t i v i 
t ies have d e v e l o p e d in a tom ic phy 
s ics . W i t h energet ic heavy ions ava i l 
ab le , spec t ra o f h y d r o g e n - and he
l ium- l ike a t o m s w i t h nuclear charge 
up t o 4 0 can be s tud ied . In add i t i on it 
w a s f o u n d tha t heavy ions cou ld p r o 
duce unexpec ted l y high ta rge t ion i 
za t ion o f a t o m s in a gas , a l l ow ing the 
s t udy o f e lec t ron cap tu re t o be ex
t e n d e d . Energet ic co l l i s ions of ve ry 
heavy ions o p e n e d up the s p e c t r o s 
c o p y o f e lec t ron ic s ta tes in C o u l o m b 
f ie lds far s t r onge r than t h o s e o f t he 
heav ies t e l emen ts . If in these quas i -
a t o m i c t rans ien t s y s t e m s the c o m 
b ined charge exceeds 1 7 3 , the elec
t ron ic b ind ing energy in the l o w e s t 
a t o m i c level shou ld exceed t w i c e the 
e lec t ron rest m a s s . A vacancy in th is 
level cou ld be f i l led by s p o n t a n e o u s 
c rea t ion o f an e l ec t ron -pos i t r on pair 
w i t h e m i s s i o n o f the p o s i t r o n . 
W h e t h e r th is m e c h a n i s m can occu r 
or no t has ye t t o be d e t e r m i n e d . 

H o w e v e r ene rgy spec t ra o f p o s i 
t r o n s o f a t o m i c or ig in cou ld be m e a s 
ured in severa l heavy co l l is ion s y s 
t e m s and t h r o w l ight on the poss ib i l 
i ty o f s p o n t a n e o u s e l ec t ron -pos i t r on 
p r o d u c t i o n in ve ry s t r o n g a tom ic 
e l ec t r omagne t i c f ie lds . 

BROOKHAVEN 
Exotic nuclei 
at TRISTAN 
Th is year s a w the init ial ope ra t i on o f 
t he T R I S T A N on- l ine m a s s separa to r 
at t he B r o o k h a v e n Nat ional Labora 
t o r y High Flux Beam Reactor . Th is 
T R I S T A N , no t t o be c o n f u s e d w i t h 
the e l e c t r o n - p o s i t r o n p ro jec t under 
w a y at t he J a p a n e s e KEK Labora 
t o r y , is a coun te rpa r t t o CERN's 
ISOLDE and is d e v o t e d t o the p r o 
d u c t i o n o f exo t i c nuclei w h o s e rat io 
o f neu t rons t o p r o t o n s depa r t s f r o m 
w h a t is f o u n d f o r s tab le nucle i . 
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The TRISTAN on-line mass separator at 
Brookhaven. The ion source (behind the 
shielding blocks, top left) is in the neutron 
beam of the High Flux Beam Reactor. Fission 
fragments are extracted and the desired 
isotope is selected by the curved magnet 
(centre). The particles are directed to the 
appropriate detector by a switching magnet. 

(Photo Brookhaven) 

In the case of T R I S T A N , t hese 
exo t i c nuclei are t h o s e neu t ron- r i ch 
i s o t o p e s p r o d u c e d as a b y - p r o d u c t 
o f t he rma l neu t ron f i s s i on . Other 
dev i ces , such as ISOLDE, t ake a d 
van tage of h igh energy reac t ions t o 
p r o d u c e i s o t o p e s on the p r o t o n r ich-
s ide , as we l l as the neu t ron - r i ch s ide 
o f s tab i l i t y . 

T h e emphas i s at T R I S T A N is on 
the nuclear s p e c t r o s c o p y o f n e u t r o n -
r ich nuc le i , and the va r i ous rad ioac
t i ve emana t i ons are d e t e c t e d as the 
nuclei decay back t o s tab i l i t y . S y s t e 
mat i c checks o f va r ious nuclear 
m o d e l s are exp lo red a long the decay 
cha in . Such checks car r ied ou t o f f t he 
l ine of s tab i l i ty p r o v i d e s t r i ngen t 
t e s t s o f m o d e l s d e v e l o p e d largely on 
the basis o f s tab le or near -s tab le nu 
c le i . 

T R I S T A N uses an ex terna l b e a m o f 
2 x 1 0 1 0 nuclei per c m 2 per s on an 
i n -beam in tegra l - ta rget i on -source 
a s s e m b l y . These t a rge t s cons i s t o f 

uranyl n i t ra te e m b e d d e d in g raph i te 
c lo th and hea ted t o abou t 2 0 0 0 d e 
grees C. Va r i ous techn iques are used 
t o ionize the f i ss ion p r o d u c t a t o m s 
— the m o s t success fu l one e m 
p l o y e d in init ial T R I S T A N exper i 
m e n t s has been tha t o f sur face ion i 
za t i on . Th i s m e t h o d is success fu l in 
p r o d u c i n g in tense b e a m s of the alkal i 
me ta l s rub id ium and c a e s i u m , as we l l 
as in te res t ing a m o u n t s o f b a r i u m , 
s t r o n t i u m , and p r a s e o d y m i u m iso
t o p e s . A cu rved m a g n e t sub 
sequen t l y ana lyses the ion b e a m , 
w h i c h af ter pass ing t h r o u g h a de f i n 
ing sl i t fa l ls on a mylar t ape . Th is t ape 
t rave ls pas t var ious d e t e c t o r s in a 
ser ies o f m o t i o n s w h i c h can be se 
q u e n c e d in such a w a y as t o enhance 
the c o u n t i n g rate fo r a par t icu lar half-
life in the decay chain at the d e t e c t o r 
l oca t i ons . 

One o f t he m o r e no tab le ach ieve
m e n t s o f the early T R I S T A N ope ra 
t i on w a s the f i rs t d e t e c t i o n o f 

t w o - n e u t r o n em iss i on f r o m a f i ss ion 
f r a g m e n t r u b i d i u m - 9 8 . Th is phe 
n o m e n o n , w h i c h has a lso been s y s 
temat i ca l l y s tud ied at CERN, occu rs 
w h e n the avai lable beta decay ener
gy exceeds t ha t o f separa t ion energy 
fo r t w o neu t rons in the daugh te r nu 
c leus. Other ach ievemen ts inc lude 
the o b s e r v a t i o n o f the var ia t ion in 
energy o f t he f i rs t exc i ted sp in -ze ro , 
pos i t i ve par i ty levels in even m a s s 
n u m b e r ce r ium nucle i . 

A rather soph i s t i ca ted data reduc
t i on and analys is s y s t e m is used t o 
ana lyse the resu l ts . A unique fea tu re 
is a f o u r - d e t e c t o r analyser t o s imu l 
t aneous l y co l lec t co inc iden t g a m m a 
ray decay rad ia t ion in fou r h igh - reso 
lu t ion d e t e c t o r s pos i t i oned at var 
ious ang les in the reac t ion p lane. 

T h e f o u r - d e t e c t o r s y s t e m is be ing 
ex tens ive ly used in g a m m a ray a n g u 
lar co r re la t ion s tud ies , w h i c h are c ru 
cial in m a k i n g l eve l / sp in ass ign 
m e n t s . T h e c o m p u t e r - b a s e d da ta 
s y s t e m fea tu res d i s t r i bu ted da ta 
p rocess i ng and can mul t ip lex e igh t 
expe r imen ta l i npu ts at a t i m e . 

BERKELEY 
Electron microscopy 
A Nat iona l Center f o r E lec t ron M i 
c r o s c o p y w a s recent ly o p e n e d at 
Berke ley . It houses a 1.5 M e V High 
V o l t a g e E lec t ron M i c r o s c o p e 
(HVEM) , and a 1 M e V A t o m i c Reso
lu t ion M i c r o s c o p e (ARM) is s c h e d 
u led t o c o m e in to ope ra t i on in abou t 
t w o years . 

C o m m e r c i a l m i c r o s c o p e s typ ica l l y 
ope ra te at abou t 1 0 0 k e V but t hese 
n e w i n s t r u m e n t s w i l l m a k e it p o s s i 
ble t o i nves t iga te s p e c i m e n s under 
real ist ic c o n d i t i o n s and t o image 
t h e m w i t h the h ighes t ach ievab le res
o l u t i o n , s o tha t ind iv idual a t o m s can 
be seen . W h e n c o m p l e t e , the fac i l i t y 
is e x p e c t e d t o c o s t abou t $ 8 m i l 
l ion . 
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T h e cen t re is o p e n t o all sc ien t i s t s 
mee t i ng the DOE Mater ia ls Sc ience 
D iv i s ion ' s ' re levancy c r i te r ia ' . 
P roposa ls fo r e x p e r i m e n t s are 
sc reened by a s teer ing c o m m i t t e e o f 
researchers f r o m Berke ley and e lse
w h e r e . K.H. W e s t m a c o t t , H V E M Fa
ci l i ty Manager , r epo r t s t ha t ove r th i r 
t y p ro jec t s are a l ready a p p r o v e d . 

A d v a n c e d as it is , t he H V E M is no t 
a m a r k e d techno log ica l i m p r o v e 
m e n t . H o w e v e r the A R M , n o w under 
c o n s t r u c t i o n in J a p a n , w i l l b reak n e w 
g r o u n d . R. G r o n s k y , A R M Faci l i ty 
Manager , cal ls it ' the m o o n s h o t o f 
e lec t ron m i c r o s c o p y ' . T h e p r ime 
goa l w i l l be t o break the 2 a n g s t r o m 
barr ier (the p resen t l imi t o f t r a n s m i s 
s ion e lec t ron m i c r o s c o p e s ) . A n y 
th ing greater than 5 0 0 k e V is c o n 
s idered a h igh vo l t age e lec t ron m i 
c r o s c o p e and there are a dozen such 
i ns t r umen ts in the Un i ted S ta tes , bu t 
none has as high an energy as t he 
H V E M and none has a t o m i c reso lu 
t i o n . 

T h e cen t re w a s p ioneered by 
Gareth T h o m a s , n o w i ts Sc ient i f ic 
D i rec tor . He ar r ived at Berke ley in the 
ear ly 1 9 6 0 s w h e n a 2 0 0 k e V m i 
c r o s c o p e w a s the s ta te -o f - t he -a r t , 
bu t by the end of the d e c a d e , he had 
a 6 5 0 k e V mach ine . In the ear ly 
1 9 7 0 s , he t e a m e d w i t h b io log is t Ro
ber t Glaeser o f Berke ley and p h y s i 
c is t J o h n C o w l e y o f A r i zona S ta te 
Un ivers i t y t o p r o p o s e a nat iona l 
cen t re w i t h an a tom ic reso lu t ion in 
s t r u m e n t . 

One advan tage o f h igh acce lera
t i ng vo l t ages is tha t the e lec t ron 
b e a m can pene t ra te th i ck s a m p l e s . In 
mater ia ls sc ience , f o r e x a m p l e , 
s p e c i m e n s are t h i nned t o 1 m i c r o 
me te r or less so tha t e lec t rons can 
pass t h r o u g h and be f o c u s e d in to an 
image . H o w e v e r if t he mater ia l is t o o 
t h i n , m o s t o f i ts a t o m s are c lose 
e n o u g h t o a sur face t o have the i r p r o 
per t ies a l t e r e d ; there is a cr i t ical 
t h i c kness b e l o w w h i c h s u r f a c e - d o m 

inated rather t han bulk behav iour 
preva i ls . If t he e lec t rons can pene 
t ra te th i cke r sec t i ons , it is easier t o 
be sure one is obse rv i ng bulk s t ruc 
tu re . 

A l s o , w i t h the H V E M , b io log i s t s 
d o no t have t o resor t t o serial sec
t i on ing o f th i ck samp les , bu t can 
s t udy ent i re spec imens at once be 
cause of t he great pene t ra t i on . 

Mater ia l sc ien t i s t s and so l i d -s ta te 
c h e m i s t s are b e c o m i n g in te res ted in 
in-s i tu s tud ies . Rather than s t u d y i n g 
the o x i d a t i o n o f a meta l a l loy by heat 
ing it in a fu rnace and later th inn ing it 
and t rans fe r r i ng it t o the m i c r o s c o p e , 
the o x i d a t i o n can be d o n e d i rec t ly in 
t he m i c r o s c o p e ' s spec imen c h a m 
ber. High vo l t age i ns t rumen ts have 
qu i te large s p e c i m e n c h a m b e r s a l 
l o w i n g 'm in i - l abs ' t o be c o n s t r u c t e d 
w i t h i n t he c h a m b e r s f o r h igh t e m p e r 
a tu re , h igh p ressure , or o the r s t u 
d ies . A l s o , t he m o r e pene t ra t i ng e l 
e c t r o n s again a l l ow the use o f th ick 
s a m p l e s rather than a th in a l loy f o i l , 
w h i c h m a y ox id ize d i f fe rent ly t han a 
bulk s p e c i m e n . A l te rna t i ve l y , in s t u 
d ies o f gas -so l i d sur face in terac
t i o n s , t h e m o r e pene t ra t ing h igh e n 
e rgy e lec t rons a l l ow the use o f h igher 
gas p ressu res . 

Radia t ion d a m a g e is sti l l a p r o b l e m 
in the imag ing o f b io log ica l mater ia l . 
T h e energe t i c e lec t rons ionize a t o m s 
and break chemica l b o n d s and there 
is no guaran tee tha t the s t ruc tu re 
d o e s no t change as a resul t . The re is 
cons ide rab le ev idence tha t the d a m 
age f r o m ve ry h igh e lec t rons is less 
than tha t f r o m e lec t rons w i t h the 
t yp ica l 1 0 0 k e V energ ies . 

H o w e v e r in me ta ls and a l loys a 
s e c o n d t y p e o f rad ia t ion d a m a g e — 
d i s p l a c e m e n t o f a t o m s by co l l i s ions 
b e t w e e n e lec t rons and nuclei — is 
inc reased by high e lec t ron energ ies . 
The re is a t h resho ld e lec t ron energy 
b e l o w w h i c h no d i sp lacemen t occu rs 
and heavier e lemen ts have h igher 
t h r e s h o l d s . High vo l t age mach ines 

can t he re fo re be used t o s t udy th is 
k ind o f d a m a g e in meta ls as heavy as 
u ran ium. 

High v o l t a g e s have t w o e f fec ts o n 
reso lu t ion — o n e g o o d and one b a d . 
T h e g o o d e f fec t is tha t the reso lu t ion 
i m p r o v e s as the e lec t ron energy in 
c reases (a l though no t l inearly). T h e 
bad e f fec t is s l ight f l uc tua t ions g iv ing 
r ise t o the equ iva len t o f ch roma t i c 
aber ra t i ons in l ight op t i c s (because 
the e lec t ron w a v e l e n g t h d e p e n d s on 
i ts energy) due t o the inabi l i ty t o keep 
t he vo l t age abso lu te l y c o n s t a n t . In 
genera l , it is harder t o keep the v o l 
t age s tab le as the vo l t age in 
c reases . 

T h e cho ice o f 1 M e V fo r t he A R M 
w a s a c o m p r o m i s e b e t w e e n these 
t w o e f fec t s . By means o f ve ry p re 
c ise f e e d b a c k s y s t e m , i ts 1 mi l l ion 
v o l t s shou ld be k e p t s teady t o w i t h i n 
0 .1 vo l t . 

W i t h a t o m i c reso lu t i on , m a n y in 
ves t i ga t i ons in mater ia ls sc ience , 
c h e m i s t r y , g e o l o g y and b io logy w i l l 
b e c o m e feas ib le . One tha t is e s p e 
cial ly i n te res t ing is the s t udy o f t he 
a t o m i c s t ruc tu re o f the boundar ies 
b e t w e e n crys ta l l ine reg ions in m e t 
als. T h e s e gra in boundar ies can g o v 
ern mechan ica l p rope r t i es . F rom the 
b i o l o g i s t s ' po in t o f v i e w , s t u d y i n g 
cell m e m b r a n e s m igh t represen t a 
p r o b l e m o f c o m p a r a b l e in teres t . 
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Physics monitor 
Apparatus of the Athens/Brookhaven/ 
CERN/Syracuse group at the CERN 
Intersecting Storage Rings. Nearest the 
intersection region are lithium foil transition 
radiation detectors, while top and bottom 
are the liquid argon calorimeters. 

(Photo CERN 172.3.76) 

Exploiting liquid argon 
D e t e c t o r s us ing l iquid a rgon as an 
ion izat ion m e d i u m are n o w an in te
gral par t o f t he cur ren t phys i cs 
scene . 

In a recent d e v e l o p m e n t at Fe rmi -
lab, g o o d space and t i m e reso lu t ion 
has been ach ieved us ing a n e w l iquid 
a rgon p h o t o n de tec to r . W i t h p o s i 
t i o n m e a s u r e m e n t t o w i t h i n 7 0 0 m i 
c rons and t i m e reso lu t ion o f 6 ns , 
app l i ca t ions are env i saged in the 
h igh in te rac t ion ra tes e x p e c t e d in 
m a n y f o r t h c o m i n g e x p e r i m e n t s at 
h igh energy f i xed ta rge t p r o t o n m a 
ch ines . 

T h e l iquid a rgon ca lo r ime te r (LAC) 
techn ique w a s d e v e l o p e d in the ear ly 
1 9 7 0 s at CERN by W . Wi l l i s and c o l 
l abo ra to rs fo r measu r ing energ ies o f 
p h o t o n s and e lec t rons . T h e f i rs t L A C 
at Fermi lab w a s bui l t by a Fermi -
l a b / M i n n e s o t a t e a m and w a s used in 
an expe r imen t t o measu re rad ia t ive 
decays o f m e s o n s . Last w i n t e r , the 
g r o u p ( n o w a u g m e n t e d by phys i c i s t s 
f r o m Mich igan S ta te and No r theas t 
ern) c o m p l e t e d a s t u d y w h o s e ma in 
a im w a s t o assess the feas ib i l i t y o f a 
L A C fo r s t u d y i n g the p r o d u c t i o n o f 
d i rec t p h o t o n s in v io len t ( large t r ans 
ve rse m o m e n t u m ) hadron ic in terac
t i o n s . 

Q u a n t u m c h r o m o d y n a m i c s inter
p re ts t hese even t s as c o m i n g f r o m 
qua rk -g luon i n te rac t i ons , t hus p r o 
v id ing a p robe of g luon behav iour . 
Di rect p h o t o n p r o d u c t i o n has n o w 
been s tud ied in a n u m b e r o f expe r i 
m e n t s (see Ap r i l i ssue, page 116) . 

Because of t he l o w rate at w h i c h 
these large t r ansve rse m o m e n t u m 
even t s occur , t he e x p e r i m e n t s m u s t 
be carr ied ou t at least at m e g a c y c l e 
in te rac t ion ra tes . H o w e v e r because 
of the i r long charge co l lec t ion t i m e s , 
L A C s are inherent ly s l o w . T o c i r c u m 
v e n t th is p r o b l e m , the Fermi lab ex
pe r imen te rs pu t t ime - to -d ig i t a l c o n 
ve r te rs o n each o f t he L A C channe ls 

so tha t t he t i m e o f arr ival o f t he ener
gy pu lses cou ld be t i m e d prec ise ly . A 
3 m d iame te r ca lo r imete r us ing t hese 
t echn iques is be ing cons ide red f o r 
use at t he T e v a t r o n . 

A t CERN, a large l iquid a rgon d e 
t e c t o r c a m e in to ope ra t i on at t he In
t e r sec t i ng S to rage Rings in 1 9 7 5 f o r 
an e x p e r i m e n t by an A t h e n s / B r o o k 
haven / CERN / Syracuse co l l abo ra 
t i o n . Th is d e t e c t o r w a s pr imar i ly d e 
s igned t o look f o r e lec t ron pai rs and 

p r o v i d e d s o m e ear ly ev idence f o r the 
ups i lon par t ic le . H o w e v e r i ts ma in 
phys i cs ach ievemen t w a s p r o b a b l y 
i ts m e a s u r e m e n t s on the p r o d u c t i o n 
o f s ingle p h o t o n s (see June 1 9 7 9 
issue, page 153) . 

Its e lec t ron ics w a s carefu l ly d e 
s igned t o e l im ina te spur ious no ise 
and be able t o de tec t the smal l 
charge d e p o s i t e d by e l e c t r o m a g n e t 
ic par t i c les , w h i l e the d e t e c t o r i tsel f 
w a s bui l t w i t h an eye t o g o o d spat ia l 
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John Ellis— 'adventurous (or foolhardy) 
souls are riding off into the sunset, looking 
for deeper theory'. 

reso lu t ion and e l e c t r o n / h a d r o n d is 
c r im ina t i on . Sui tab le a r r a n g e m e n t s 
o f t he ion izat ion samp l i ng e lec t rodes 
p r o v i d e d the spat ia l reso lu t ion and 
enab led the shape o f the d e v e l o p i n g 
s h o w e r t o be m o n i t o r e d , so tha t 
s h o w e r s o f e l ec t romagne t i c and ha
d ron ic or ig in cou ld be c lear ly d i s t i n 
gu i shed . L i th ium fo i l t r ans i t i on rad i 
a t ion d e t e c t o r s p r o v i d e d add i t iona l 
e lec t ron ident i f i ca t ion p o w e r . 

In the s ingle p h o t o n e x p e r i m e n t 
w h i c h began in 1 9 7 8 , the l i th ium fo i l 
d e t e c t o r s w e r e r e m o v e d and the l i 
qu id a rgon ca lo r imete r w a s m o v e d 
fu r the r f r o m the in te rac t ion reg ion t o 
increase the p h o t o n separa t ion in 
c lose ly spaced pairs and fac i l i ta te 
the iso la t ion of a s ignal due t o ge 
nuine s ingle p h o t o n s . 

In 1 9 8 0 - 8 1 , th is d e t e c t o r oper 
a ted in t a n d e m w i t h the n e w Ax ia l 
Field S p e c t r o m e t e r o f a B r o o k h a v e n 
/ CERN / Copenhagen / Lund / 
Pennsy lvan ia / Ru ther fo rd / T e l - A v i v 
co l l abo ra t i on (see Ap r i l 1 9 7 9 issue, 
page 65 ) . Th is appara tus measu res 
the cha rged par t ic les p r o d u c e d w i t h 
the s ingle p h o t o n s and is used t o t e s t 
t he p red ic t i on tha t in p r o t o n - p r o t o n 
co l l i s ions , the je t reco i l ing aga ins t 
t he s ingle h igh t r ansve rse m o m e n 
t u m p h o t o n or ig ina tes p r e d o m i n a n t 
ly f r o m a quark . (In p r o t o n - a n t i p r o t o n 
co l l i s ions in the ISR, the reco i l ing par
t ic les shou ld c o m e f r o m g luon j e t s 
rather than quark jets. ) 

T o ex tend the s t u d y o f s ingle 
p h o t o n s , a n e w expe r imen t ( A t h e n s 
/ Bonn / B r o o k h a v e n / CERN / 
M o s c o w ) is be ing p repa red t o run 
a longs ide the Ax ia l Field S p e c t r o 
me te r , m a k i n g use o f the u ran ium 
ca lo r imete r . The n e w e x p e r i m e n t w i l l 
p ick up p h o t o n s us ing an array o f 
s o d i u m iod ide b l o c k s m o u n t e d in 
f r o n t o f t he u ran ium ca lo r ime te r , and 
us ing ex is t ing e lec t ron ics f r o m the 
o ld l iquid a rgon de tec to r . T h e 
CERN/Co lumb ia /Rocke fe l l e r expe r i 
m e n t at t he ISR has a lso been up 

g raded t o m a k e fu r ther s tud ies o f 
s ingle p h o t o n p r o d u c t i o n . 

A t t he SPS 4 0 0 GeV p r o t o n s y n 
c h r o t r o n , a l iquid a rgon d e t e c t o r is 
i n c o r p o r a t e d in the appara tus used 
by a B r i s t o l / G e n e v a / H e i d e l b e r g / 
L a u s a n n e / L o n d o n / R u t h e r f o r d co l la 
bo ra t i on s t u d y i n g the in te rac t ions o f 
cha rged h y p e r o n s . 

L iqu id a rgon d e t e c t o r s have a lso 
m a d e s ign i f i can t con t r i bu t i ons at 
e l ec t r on -pos i t r on mach ines , w i t h 
M a r k II at t he SPEAR and PEP r ings at 
S L A C and w i t h T A S S O and CELLO at 
the PETRA r ing at DESY. 

Technicolour; oasis 
or mirage? 
Th is is t he in t r igu ing t i t le o f t he ta lk 
g iven by CERN theore t i c ian J o h n Ellis 
at t he recent Top i ca l Con fe rence on 
Part ic le Phys ics at S L A C . 

Spur red by the p rom ise o f quan 
t u m c h r o m o d y n a m i c s in desc r ib ing 
quark in te rac t ions and the successes 
o f the un i f ied e l e c t r o w e a k t h e o r y , 
n e w ' g rand un i f ied ' theor ies have 
been p r o p o s e d w h i c h a t t e m p t t o 
br ing t o g e t h e r the s t r o n g and the 
e l e c t r o w e a k sec to r s . T h e s e 
s c h e m e s car ry imp l i ca t ions o f a phy 
s ics ' dese r t ' w i t h no radical ly n e w 
p h e n o m e n a w a i t i n g t o be d i s c o v e r e d 
at energ ies access ib le in t he labora
t o r y (see f o r examp le O c t o b e r issue, 
page 3 4 7 ) . M e a n w h i l e o t he r s , par
t icu lar ly at Harvard and S t a n f o r d , 
have been p r o p o s i n g d i f fe ren t m e 
c h a n i s m s , such as ' t echn i co lou r ' , 
w h i c h cou ld s o o n p rov ide a r ich pa t 
te rn o f n e w phys i cs . These a d v e n t u 
rous t heo r i s t s p r o p o s e tha t t he s o -
cal led H iggs par t ic les are no longer 
ind iv is ib le , bu t appear as c o m p o 
s i tes , in m u c h the same w a y tha t 
had rons are c o m p o s i t e s o f the m o r e 
e lemen ta ry qua rks . 

T h e s t a n d a r d t heo ry o f e lec t ro 
w e a k in te rac t ions res ts so l id ly on 
ideas o f s y m m e t r y b reak ing w h i c h 

d e m a n d the ex i s tence of the H iggs 
par t i c les , as ye t u n o b s e r v e d . Even if 
the w e a k b o s o n s p red i c ted by the 
s t anda rd t h e o r y are d i s c o v e r e d , all 
w i l l no t be f inal ly w r a p p e d up unt i l 
t he H iggs par t ic les t o o appear . 

H o w e v e r t hese ideas are a lso a 
pro l i f ic sou rce o f o the r poss ib i l i t i es , 
w h i c h as Ellis exp la ins cou ld m a k e 
the deser t o f o r t h o d o x t heo ry b l o o m 
w i t h m a n y k inds o f exo t i c n e w phe
n o m e n a . 

'By n o w the o r t h o d o x p ic tu re o f 
q u a n t u m c h r o m o d y n a m i c s (QCD) 
c o m b i n e d w i t h t he e l e c t r o w e a k in 
te rac t i on is t he genera l ly a c c e p t e d 
t h e o r y o f f u n d a m e n t a l phys i cs at 
energ ies up t o a b o u t 1 0 0 GeV. T h e 
m o d e l s e e m s t o p o s e f e w remain ing 
p r o b l e m s o f p r inc ip le , and m o s t 
w o r k on it n o w concen t ra tes on t i nk 
er ing w i t h techn ica l i t ies , such as 
con f in ing qua rks in QCD so tha t t hey 
d o no t appear as f ree par t i c les , and 
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t he ex is tence of i n te rmed ia te w e a k 
b o s o n s . 

It is no t surpr is ing tha t s o m e a d 
v e n t u r o u s (or foo lha rdy ) sou ls are 
a l ready r id ing o f f in to t he sunr ise , 
l ook ing f o r the deeper t h e o r y b e y o n d 
the s tanda rd m o d e l . The re is no c o n 
sensus abou t w h i c h d i rec t ion t o r ide 
in , or even h o w far one m u s t r ide unt i l 
t he nex t l andmark is reached . 

Perhaps there is indeed a great 
dese r t t o be c r o s s e d f i r s t , as a d v o 
ca ted by the ascet ic m in ima l i s t d e v o 
tees o f g rand uni f ied theo r ies o f 
s t r o n g and e l e c t r o w e a k in te rac t ions 
w h o sugges t tha t the re is no n e w 
in te rac t ion scale b e l o w 1 0 1 5 GeV. 
T h e y ex t rapo la te the behav iou r o f 
t he k n o w n coup l i ng c o n s t a n t s unt i l 
t hey c o n v e r g e in a g rand un i f ied t h e 
o ry at t he 'P lanck ' ene rgy o f 1 0 1 9 

GeV w h e r e q u a n t u m g rav i t y e f fec ts 
are p red i c ted t o appear . 

In m a k i n g th is e n o r m o u s e x t r a p o 
la t ion , t hey a s s u m e tha t the re are no 
in te rven ing oases ou t in the great 
deser t . In par t icu lar , t hey a s s u m e 
tha t t he e lemen ta ry quan t i t i es o f 
ex is t ing theor ies — in te rmed ia te 
b o s o n s , qua rks , l ep tons and Higgs 
par t ic les — remain s t ruc tu re less and 
po in t l i ke d o w n t o d i s tances o f 1 0 ~ 2 9 

c m or smal ler . 
H o w e v e r m a n y phys i c i s t s c o n 

s ider th is g rand scenar io e i ther a d a n 
ge rous man i f es ta t i on o f hubr is , t e c h 
nical ly u n s o u n d , or j us t b o r i n g . T h e y 
prefer t o rep lace it w i t h a p ic tu re in 
w h i c h t he great dese r t is r idd led w i t h 
oases caused by the o n s e t o f n e w 
t y p e s o f s t r o n g i n te rac t i ons , w h e t h 
er t hey be cal led t echn i - , e x t e n d e d 
t echn i - , me tahype r - , super - or heavy 
co lour . T h e s e theo r ies are cer ta in ly 
r icher at l o w energ ies t han the m in i 
ma l g rand uni f ied t heo r i es , and all 
share the genera l fea tu re tha t s o m e 
or all o f t he par t ic les n o w cons ide red 
e lemen ta ry t ake o n a s t ruc tu re on an 
energy scale o f 1 t o 1 0 0 T e V . Th is 
n e w c o m p o s i t e n e s s is a c c o m p a n i e d 

by an emba r rass i ng rash o f n e w b o s 
o n s , qua rks and l ep tons , and p o s s i 
b ly s o m e n e w f l avou r -chang ing neu
t ra l i n te rac t ions . 

H o w e v e r these var ious poss ib le 
oases m a y be j u d g e d on the g r o u n d s 
o f aes the t i cs or theore t i ca l p laus ib i l i 
t y , one th ing canno t be den ied . In 
c o n t r a s t t o p r o s p e c t s o f a g reat d e 
ser t , t h e y d o p rov ide p len ty o f exper 
imenta l t e s t s t o be p e r f o r m e d at p re 
sen t acce le ra to r energ ies . C o n t e m 
po ra ry e x p e r i m e n t s can p r o v e these 
ideas r ight or w r o n g . ' 

Before the first three 
minutes 
Steven W e i n b e r g ' s b o o k ' T h e First 
Th ree M i n u t e s ' has qu ick ly e s t a b 
l ished i tsel f as a c lassic o f m o d e r n 
phys ica l t heo ry . It uses 'B ig B a n g ' 
c o s m o l o g y and s tanda rd par t ic le 
phys i cs ideas t o char t the p robab le 
f o r m a t i o n o f the un iverse . H o w e v e r 
even these imag ina t ive ideas are in 
suf f ic ient t o ge t t o g r ips w i t h the c o n 
d i t i ons immed ia te l y (less than one 
hund red th o f a second) f o l l o w i n g the 
init ial c a t a c l y s m . 

Since the b o o k ' s pub l i ca t ion in 
1 9 7 7 , theore t i c ians e m b o l d e n e d by 
the c o n t i n u e d successes o f t he e lec
t r o w e a k t heo ry have e m b a r k e d o n 
amb i t i ous ' g rand un i f i ca t i on ' 
s c h e m e s e n c o m p a s s i n g e lec t ro -
m a g n e t i s m and b o t h the s t r o n g and 
the w e a k nuclear in te rac t ions . 

W h e n in jec ted in to c o s m o l o g y , 
t hese n e w ideas push back t he t i m e 
f ron t ie r w h i c h can be p r o b e d , and 
can p red ic t w h a t happened as c lose 
as 1 0 ~ 3 5 s e c o n d s af ter the Big Bang . 
Descr ib ing these specu la t ions in an 
inv i ted paper earl ier th is year at t he 
L i sbon par t ic le phys ics c o n f e r e n c e , 
Qais i r Shaf i ups taged W e i n b e r g , 
p r o p o s i n g the t i t le 'Be fo re T h e First 
Th ree M i n u t e s ' ! 

T h e t e m p e r a t u r e o f th is p r imaeva l 
f i rebal l exceeded 1 0 1 5 GeV and t he 

ful l g rand un i f ied s y m m e t r y w a s ex
a c t — no deg rees o f f r e e d o m had 
ye t had a chance t o ' f reeze ' ou t and 
p r o d u c e the phys i cs w e n o w k n o w . 
Even at t e m p e r a t u r e s a b o v e a f e w 
hund red GeV (verg ing on the W e i n 
berg era), qua rks w o u l d no t have 
been c o n f i n e d . T h e un iverse w a s 
t hen a q u a r l v g l u o n p lasma (a c o n d i 
t i on increas ing ly be ing s o u g h t in h igh 
energy expe r imen ts ) . 

T h e excess o f ma t te r ove r an t i 
m a t t e r in a un iverse w h o s e equa
t i ons o f m o t i o n are largely m a t 
t e r / a n t i m a t t e r s y m m e t r i c has long 
puzz led c o s m o l o g i s t s , ama teu r and 
p ro fess iona l a l ike. H o w e v e r g rand 
uni f ied t heo r i es , w i t h the i r c o n c o m i 
t an t p red i c t i on o f t he uns tab le p r o 
t o n (see M a y 1 9 7 9 issue, page 116 ) , 
t o g e t h e r w i t h the m o r e fami l iar m e 
c h a n i s m w h i c h v io la tes the c o m 
b ined c h a r g e / p a r i t y s y m m e t r y (in 
kaon decays f o r examp le ) , p rov i de 
the ing red ien ts f o r a poss ib le a n s w e r 
t o th is hoary q u e s t i o n . 

T h e idea is tha t the rap id e x p a n 
s ion o f t he ear ly exp lod ing un ive rse , 
w h i c h ini t ial ly con ta ined ma t t e r and 
an t ima t t e r in equal a m o u n t s , f o r c e d 
m e c h a n i s m s ou t o f t he rma l equi l i 
b r i u m , t hus upse t t i ng the pa r t i -
c le /an t i pa r t i c l e ba lance. N u m e r o u s 
de ta i led exp lana t ions have been p r o 
p o s e d . 

A n o t h e r r emnan t o f th is genes is 
cou ld be f ree magne t i c m o n o p o l e s . 
T h e s e e lec t romagne t i c odd i t i es 
w e r e f i rs t p r o p o s e d 5 0 years a g o by 
Dirac bu t have never been o b s e r v e d . 
In teres t has recen t l y rev i ved as m o d 
ern t heo r i es , inc lud ing g rand un i f ica
t i o n , p red ic t t he ex is tence o f m a s 
s ive (about 1 0 1 6 GeV) m o n o p o l e s . 
T h e s e w o u l d have been p lent i fu l in 
t he init ial ly s y m m e t r i c un iverse and 
cou ld st i l l be a r o u n d . H o w e v e r g e n 
eral a r g u m e n t s o f the m a s s dens i t y 
o f t he un iverse d e e m tha t such s u 
pe rheavy par t ic les shou ld m a k e up 
no m o r e t han 1 0 ~ 1 4 o f the w h o l e . 
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People and things 

CERN Director General Herwig Schopper 
(left) with Chang Wen-Yu, Director of the 
Chinese Institute of High Energy Physics 
(centre) and Xia Gia-Lin, leader of the design 
study for an electron-positron storage ring. 

Sir Geoffrey Allen (Photo O. Lock) 

Sir Geoffrey Allen has completed 
his term of office as Chairman of 
the UK Science and Engineering 
Research Council and has been 
appointed Research Director for 
Unilever. As a result, he will no 
longer attend CERN Council ses
sions as the principal UK delegate. 
Sir Geoffrey, a leading expert on 
polymers, was formerly Professor 
of Chemical Physics at Manchester 
and then Professor of Chemical 
Technology at Imperial College, 
London. Despite his recent heavy 
administrative duties, he has par
ticipated in experiments at the 
CERN synchro-cyclotron as a mem
ber of an Imperial College / Parma 
/ Rutherford collaboration using 
muon spin rotation to study poly
mer structure. He is a keen 
supporter of CERN and under his 
guidance the UK was the first 
Member State formally to approve 
the LEP project. 

CERN-China contacts 

At the end of September and dur
ing early October CERN Director 
General Herwig Schopper, together 
with Owen Lock and Ted Wilson, 
spent some time in China at the 
invitation of the Institute of High 
Energy Physics of the Academia 
Sinica. They gave a number of lec
tures and seminars at the Institute 
in Beijing and discussed ways and 
means of continuing the collabora
tion with CERN in the future, in 
view of the postponement of the 
50 GeV BPS (proton) project in 
China. They learnt that emphasis 
is at present placed on design 
studies of an electron-positron 
collider of 50 metres radius with 
an initial energy of 2.2 GeV per 
beam, which could be increased 
to 5.7 GeV per beam in a second 
stage by the addition of more r.f. 
power. The injector would be a 1 

GeV electron linac. Hence there is 
now a common interest not only 
in the construction of electron ac
celerators but also in the carrying 
out of experiments with electrons 
and positrons, and the possibility 
of Chinese participation in experi
ments at CERN, including LEP ex
periments, was raised during the 
discussions. 

During his visit the Director Gen
eral met Vice-Premier Fang Yi who 
is State Minister for Science and 
Technology and until recently also 
President of the Academia Sinica. 
Fang Yi expressed his support for 
the development of the collabora
tion between CERN and China in 
the coming years. The Director 
General and Professor Chang Wen-
Yu, Director of the Institute of High 
Energy Physics, signed a memo
randum outlining the specific forms 
the collaboration could take for 
the three-year period 1982-4, and 
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Some of the participants at the 'Physics in 
Collision' meeting held earlier this year in 
Blacksburg, Virginia. 

in particular providing for the ex
change of a number of scientists 
and engineers whose living ex
penses would be paid by the host 
Laboratory. Owen Lock will act as 
'link-man' for CERN for the detailed 
implementation of this agreement 
after its formal approval by the 
appropriate authorities, together 
with an opposite number to be 
nominated by the Chinese. 

Collision course 

A new appearance on the physics 
scene this year was an inter
national conference 'Physics in 
Collision' to look at electron-posi
tron (lepton-lepton), electron-pro
ton (lepton-quark) and proton-pro
ton (quark-quark) interactions. This 
year's meeting was held in the 
scenic Appalachian mountain town 
of Blacksburg, Virginia, and was 

organized by G. Bellini of Milan 
and W.P. Trower of Virginia, to
gether with an international com
mittee. 

The aim of the meeting was to 
examine the possible analogies 
among the different types of inter
actions, with particular emphasis 
on experimental data. It concluded 
with a comparison of proton-pro
ton and electron-positron pro
cesses, and with a talk by Malcolm 
Derrick entitled 'Physicists in Col
lision' which covered production 
mechanisms of particles carrying 
charm and beauty. 

The Organizing Committee res
ponded to requests that the Con
ference become an annual affair 
by accepting the offer of the Uni
versity of Stockholm to host the 
meeting from 2—4 June next year. 
Meanwhile the proceedings of the 
Blacksburg meeting will be availa
ble soon. 

History of particle physics 

An international colloquium on the 
history of particle physics will be 
held at the College de France, Pa
ris, from 21—23 July next year, 
just before the 21st International 
Conference on High Energy Phy
sics. It will qpver the period from 
the 1930s to the 1950s when 
particle physics emerged as a sep
arate subject to nuclear and cosmic 
ray studies. The programme is 
planned to include the main discov
eries, together with the origin and 
evolution of concepts, fields of 
study and new theories. Develop
ment of new techniques will also 
be covered. 

Participation is foreseen as being 
limited to about 150 persons ac
cepted by the Organizing Commit
tee. For further information, write 
to Marie-Simone Detoeuf, Secre
tariat, Colloque International sur 
I'Histoire de la Physique des Par-
ticules, 20, rue Berbier du Mets, 
75013 Paris, France. 
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I T A L Y A T C E R N 

27 ITALIAN COMPANIES: LATEST EQUIPMENTS 
AND KNOW-HOW 

1-4 DECEMBER 1981 

GILARDINI S.p.A. 
Corso Roman ia , 5 0 1 
10156 - TORINO 
T e l e f o n o 0 1 1 / 2 3 9 2 
Te lex 2 2 1 3 2 9 G I L A T O I 

Product line: 

- Expans ion j o in t s b e l l o w s t y p e 

- Me ta l b e l l o w s 

- Flexible meta l hoses 

- Pipe spr ing s u p p o r t s 

- Pipe r igid s u p p o r t s 

- Industr ia l f i l te rs 

- Shock abso rbe rs 

Divis ione Flexider 

Gilardini S.p.A. - Flexider Division - Expansion joints and metal 
bellows 

IND. POLITECNICA MERIDIONALE I.P.M. S.p.A. 
Componen ts Divis ion 

Via Rett i f i lo al B ravo , 9 0 / 9 2 
80022 - ARZAIM0 (NAP0LI) 
Te le fono 0 8 1 / 7 3 1 2 0 3 3 
Te lex 7 1 0 5 1 8 IPM I 

Product line: 
- T a n t a l u m and po lyes te r p ro fess iona l capac i t o r s 

- Pro fess iona l f i lm capac i t o r s such as S t y r o f l e x ; 
po l i ca rbona te , po l ip rop i lene 

- Hybr id th ick and th in f i lm Circuits and e lec t ron ic Partial view of the winding department for the production of 

m o d u l e s . capacitors 
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Ing. BRIZIO BASI & C. S.a.S. 
Viale M o n z a , 1 9 8 / 2 0 0 
20128 - MILANO 
T e l e f o n o 0 2 / 2 5 7 2 9 1 4 - 2 5 7 3 5 8 2 
Te lex 3 1 3 8 4 2 B A S I M I I 

Product line: 
- V a c u u m p u m p s , gauges , va l ves 

- Freeze d r y i n g , i m p r e g n a t i o n , insu la t ing oi ls t rea t 
m e n t p lan ts Double stage vacuum pump model BHD 14 

LA METALLI INDUSTRIAL! S.p.A. 
Borgo Pint i , 9 9 
50121 - FIRENZE 
Te le fono 0 5 5 / 4 9 7 4 1 
Te lex 5 7 1 5 9 8 SMIFI I 

Product line: 
C o m p l e t e range o f sem is in c o p p e r and c o p p e r a l loys , 
i .e.: 
- Minera l insu la ted heat ing cab les (cables and ele

ments) 
- Minera l insu la ted t h e r m o c o u p l e s (cables and ele

ments ) 
- Minera l insu la ted w i r i n g cab les 
- Heat exchangers c o p p e r t u b e s 
_ Pnnnor ctranHoH \A/iroc T n e cross-section of the hollow Niobio-Titanio superconducting 

c o p p e r bUdnueu wireb conductor of the SULTAN magnet a new test facility at the SIN 

- S u p e r c o n d u c t i n g w i r e s and cab les Centre near Zurich. 

LARES C0ZZI S.p.A. 
Via Roma , 8 8 / 9 2 
20037 - PADERIM0 DUGNANO (Ml) 
Te le fono 0 2 / 9 1 8 1 3 6 3 - 9 1 8 1 0 2 6 
Te lex 3 3 0 1 1 9 LARES I 

Product line: 

— Rig id c i r cu i t b o a r d s , o n e o r t w o s i d e d , w i t h a n d w i t h o u t p t h 

— F lex ib le c i r cu i t b o a r d s , o n e o r t w o s i d e d , w i t h a n d w i t h o u t p t h 

— Rig id m u l t i l a y e r b o a r d s 

— M i x e d r i g i d - f l e x i b l e b o a r d s 
S u r f a c e s : 
N i c k e l , - g o l d , t i n - l e a d , t i n - l e a d r e f l o w n , b r i g h t t i n , s o l d e r 
m a s k , c o m p o n e n t p r i n t i n g 

— P o w e r s u p p l i e s 

— T V t u n e r s 

— F M t u n e r s 

— S t o r a g e u n i t s 

— In f r a red r e m o t e c o n t r o l s Trimosfet tuner with Prescaler for frequency synthesis 

CERN Cou r i e r , D e c e m b e r 1 9 8 1 4 5 9 



LA ZINCOCELERE S.p.A. 
Via A b a t e Be r tone , 12 
13042 CAVAGLIA (Vercelli) 
T e l e f o n o 0 1 6 1 / 9 6 1 9 5 
Te lex 2 0 0 0 3 9 Z inco I 

Product line: 
Profess iona l p r in ted c i rcui t b o a r d s : 

- mul t i layers (more than 2 0 layers) 

- M a s s mou ld ing 

- Flexible 

- Flexo r igid 

H o m o l o g a t i o n s : UL (USA) , BPO (UK), CNET (F), IEC (I) 

Spec i f i ca t i ons : U L MIL , IPC, IEC (TC 5 2 ) , BS, DEF 

NORD ELETTRONICA S.p.A. 
Local i ta M o l i n o V e c c h i o 
17041 - ALTARE (Savona) 
T e l e f o n o 0 1 9 / 5 8 4 0 3 1 / 2 / 3 / 4 
Te lex 2 1 3 1 7 2 NO-EL I 

Product line: 
Profess iona l p r in ted c i rcu i t b o a r d s : 

- doub le s ided p la ted t h r o u g h ho les 

H o m o l o g a t i o n s : UL (USA) , BPO (UK), CNET (F), IEC (I) 

Spec i f i ca t i ons : UL, M IL , IPC, IEC (TC 52) Nc drilling machines 

MAGRINI GALILEO Via L. Mag r i n i , 7 
24100 - BERGAMO 
T e l e f o n o 0 3 5 / 2 3 5 4 4 4 
Te lex 3 0 1 5 3 5 M A G G A L I 

Product line: 

— L o w o i l c o n t e n t a n d m a g n e t i c a n d s u l p h u r - h e x a f l u o r i d e (SF6) 
b r e a k e r s f o r m e d i u m v o l t a g e 

— H.V. a n d E.H.V. s u l p h u r - h e x a f l u o r i d e (SF6) m e t a l - c l a d s w i t c h -
gea r 

— H.V. a n d E .H.V. s u l p h u r - h e x a f l u o r i d e (SF6) a n d l o w o i l c o n t e n t 
c i r cu i t b r e a k e r s 

— H.V. a n d E.H.V. r o t a t i n g a n d k n e e t y p e i s o l a t o r s 

— Oil i n s u l a t e d a n d e p o x y - r e s i n i n s u l a t e d i n s t r u m e n t t r a n s f o r m 
e rs f o r m e d i u m v o l t a g e 

— H.V. a n d E.H.V. i n s t r u m e n t t r a n s f o r m e r s 

— I n d o o r a n d o u t d o o r m e t a l - c l a d d r a w o u t s w i t c h b o a r d s f o r l o w 
a n d m e d i u m v o l t a g e s 

— L o w v o l t a g e m o u l d e d c a s e c i r cu i t b r e a k e r s 

— L o w v o l t a g e s w i t c h b o a r d s , p a n e l - b o a r d s a n d c a b i n e t s 

— P r o t e c t i o n re l ays a n d aux i l i a ry r e l a y s 
Pole of circuit breaker type MBM - 1050 KV - in test labo
ratory 
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Via Don E. Mazza , 12 
24020 - GORLE (Bergamo) 
T e l e f o n o 0 3 5 / 3 4 0 0 8 8 
Te lex 3 3 4 0 1 9 L O V A T O I 

Product line: 

Produc t ion o f c o n t a c t o r s , re lays , s w i t c h b o a r d s , s ta r t 
ers , e lec t ron ic dev ices and commerc ia l i za t i on on the 
w o r l d ma rke t o f p r o d u c t s inc lud ing measu r ing ins t ru 
m e n t s , con t ro l accesso r i es , capac i t o r s , m i c r o p r o c e s 
sors and speed con t r o l s o f va r ious Ital ian f i r m s . Control board of automated plant 

Product line: 
— High v a c u u m c o m p o n e n t s 

— Hardness t es te r s 
Compact diffusion pumping group, with 200 l/s 'Ecojet 63' 
pump 

0FFICINE MECCANICHE LATINE S.p.A. 
Via Ne t tunense , K m 7 , 2 0 0 
00040 ARICCIA (ROMA) 
T e l e f o n o 0 6 / 9 3 4 2 1 5 1 
Te lex 6 1 4 5 6 8 A V I O M L I 

Product line: 
— Equ ipment f o r ae ronau t i c , mi l i tary and nuclear 

indus t ry . Same example of OML metalworking 
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POLETTI & OSTA S.p.A. 
Strada Provinc ia le Casale — Valenza K m . 0 , 5 
15033 - CASALE MONFERRATO 
T e l e f o n o 0 1 4 2 / 7 4 8 5 1 
Te lex 2 1 0 5 4 0 POLOST I 

Product line: 
— A n in tegra ted line o f s p e e d con t r o l s f o r t he au to 

ma t i on of cope ra t i ng mach ines , mach ine t o o l and 
graph ic uni ts and A . C . / D . C . conve r t e r s f o r genera l 
pu rposes 

— I s o p o w e r DC m o t o r s c o n s t a n t p o w e r — iso f lux per
manen t m a g n e t DC s e r v o m o t o r s 

— A u t o m a t i o n , con t r o l and a d j u s t m e n t e lec t ron ic s y s 
t e m s fo r the a u t o m a t i o n o f ope ra t i ng un i ts 

M execution: Motovariator series 3. 
Alternate/Direct current thyristors convenor. 
M execution: particularly designed to control d.c. motors speed 
executed with hybrid blocks using thick film technology. 
A execution: specific use as power supply. 

POLIVAR S.p.A. 
Via Naro , 7 2 P.O. Box 1 1 1 
00040 - P0MEZIA (Roma) 
T e l e f o n o 0 6 / 9 1 2 1 0 6 1 
Te lex 6 1 1 2 2 7 PLV I 

Product line: 

— Cast acry l ic shee t s , ba rs , b l o c k s , sc in t i l l a to rs , l ight 
gu ides 
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RACK PERUZZI S.r.l. 
Viale A . V o l t a , 3 
10090 - BRUINO (Torino) 

T e l e f o n o 0 1 1 / 9 0 8 6 2 5 3 -
Te lex 2 1 1 6 7 9 RACKRP I 

9 0 8 6 2 6 1 

Product line: 
— 1 9 " Rack cubic le 
— Conso le 
— W o r k i n g tab le 
— Cabinet 
— Chassis 
— Bear ing s l ides 

— Several con ta ine rs and accessor ies Cubicle Mod. Euro 

SAES GETTERS S.p.A. 
Via Gal larate, 2 1 5 
20151 - MILAN0 
T e l e f o n o 0 2 / 3 0 6 5 4 1 / 2 / 3 
Te lex 3 3 1 108 S A E S G T I 

Product line: 
Get te rs - C o m p o n e n t s fo r the p r o d u c t i o n and ma in 
tenance of v a c u u m in p u m p e d sealed o f f mach ines or 
dev ices 

Getter coated strips and getter rings produced by SAES for 
vacuum systems and devices 

SICILIAN! EMILI0 S.p.A. 
Via V incenzo Bel l ini , 13 
20095 - CUSAN0 Ml LAN I NO (Ml) 
Te le fono 0 2 / 6 1 9 6 4 2 1 
Telex 3 3 1 0 2 9 ESTEL I 

Product line : 
- Electr ical j unc t i on and connec t i ng b o x e s 
- Junc t i on connec t i ng w a t e r p r o o f c o m p o s i t e b o x e s , 

c o m p l e t e w i t h s w i c h g e a r s , l i gh t ing , w a r n i n g , de 
v ices 

- Plugs and s o c k e t s , f la t and t o r p e d o t y p e 
- Coupl ing s o c k e t s under CEE 17 s tanda rds — s o c k 

ets w i t h lock ing sa fe ty dev ice and fuse -ho lde r 
- Te rmina l s t r ips 
- Fuse-ho lders 
- Panel connec t i ng ar t ic les 

Junction and connecting boxes for low tension plants, terminal 
strips, fuse-holder, panels connecting articles 
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V ia le S a r c a , 2 0 2 
20126 MILANO - ITALIA 
T e l . (02) 6 4 4 2 1 -
T e l e x 3 1 0 1 3 5 PIREMI I 

E x p o r t S a l e s O f f i c e : 

CABLEXPORT S.p.A. 
Via Vespucci 2 
20124 MILANO ITALIA 
T e l . (02 ) 6 4 4 2 1 
T e l e x 3 1 0 1 3 5 PIREMI I -
3 1 4 0 1 8 PIRECX I 
A r e a m a n a g e r f o r E u r o p e : 
M r . A . D e c o r a t o 
( p h o n e 0 2 6 4 4 2 2 9 3 2 ) 

L V , M V , H V p o w e r c a b l e s , t e l e c o m m u n i c a t i o n a n d s p e c i a l a p p l i c a 
t i o n s c a b l e s 

A barrier to fire 
Pirel l i t e c h n o l o g y f o r s a f e t y o f p e r s o n s a n d e q u i p m e n t w i t h a n e w 
l ine o f c a b l e s t h a t has w o n f i re 

— A F U M E X ® f i re r e t a r d a n t c a b l e s w i t h l o w e m i s s i o n o f s m o k e a n d 
t o x i c f u m e s 

— R E T O X ® f i re r e t a r d a n t c a b l e s w i t h l o w e m i s s i o n o f c o r r o s i v e 
f u m e s 

— FP 2 0 0 f i re r e s i s t e n t c a b l e s 

A. PASTA S.p.A. PIRELLI GROUP 
Via Giovanni XX I I I , 2 3 
20098 San Giuliano Milanese (Mifano) ITALIA 
Te l . (02) 9 8 4 8 6 7 1 - Te lex 3 2 1 3 0 4 P A S T A I 

Expor t Sales O f f i ce : 

CABLEXPORT S.p.A. 
- High t e m p e r a t u r e cab les (SUPERTHERM®) 
- Cables and w i r e s w i t h specia l behav iour w h e n ex

p o s e d t o f i re ( low t o x i c i t y , l o w f u m e s , l o w c o r r o 
s i on , f i re res is tan t , f i re re tardant) 

- Coaxial cab les fo r h igh f r equency , s t anda rd G and 
specia l t y p e s 

- Con t ro l and s ignal ing cab les 
- C o m p e n s a t i n g cab les fo r t h e r m o c o u p l e s 
- Flat r i bbon cab les fo r mul t ip le c o n n e c t i o n s 
- Radiat ion res is tan t cab les 

CEAT CAVI S.p.A. 
Largo Regio Parco 9 
10100 TORINO - ITALIA 
Te l . (011) 2 6 0 8 1 - T e l e x 2 2 1 6 0 3 C E A T I 

Expor t Sales O f f i ce : 

CABLEXPORT S.p.A. 

Power , t e l e c o m m u n i c a t i o n and con t ro l cab les , such 

a s : 

— LV — M V and HV p o w e r cab les 

— Radiat ion res is t ing cab les 

— Non f i re p ropaga t i ng cab les 

— Non tox i c and l o w s m o k e gas evo lu t i on cab les 

— Cables fo r specia l app l i ca t ions 
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SILENA S.p.A. 
SOC. IND. PER L 'ELETTRONICA A V A N Z A T A 
Via Negro l i , 1 0 / a 
20133 - MILAWO 
Te le fono 0 2 / 7 4 9 0 5 6 5 - 7 1 3 8 7 1 
Te lex 3 1 0 5 1 4 ENCOS I 

Product line: 
— S p e c t r o s c o p y a m p l i f i e r s 

— T i m i n g s i n g l e c h a n n e l a n a l y z e r s 

— A n a l o g - t o - d i g i t a l c o n v e r t e r s 

— C h a r g e , a m p l i t u d e a n d t i m e c o n v e r t e r s 

— H i g h - s p e e d a n a l o g - t o - d i g i t a l c o n v e r t e r s 

— S i n g l e i n p u t m u l t i c h a n n e l s c a l i n g u n i t s 

— D i s p l a y u n i t s 

— H i g h v o l t a g e p o w e r s u p p l y 

— B i n / p o w e r s u p p l y 

— S i l e n a s p e c t r u m s t a b i l i z e r s 

— 4 - I N P U T M I X E R r o u t i n g u n i t s 
Silena NIM Multichannel analyzer 

VARIAN S.p.A. 
Via F.lli Va r ian , 5 4 
10040 LEirdl (Torino) 
T e l . : 0 1 1 - 9 9 6 8 0 8 6 
T e l e x : 2 1 0 2 2 8 V A R S P A I 

Product line: 

High v a c u u m and u l t ra-h igh v a c u u m p u m p s , va l ves , 
f l anges , f i t t i ngs and a c c e s s o r y c o m p o n e n t s 

Pressure m e a s u r e m e n t i ns t r umen ta t i on 

Leak d e t e c t o r s 

Ul t ra-h igh v a c u u m p u m p i n g s y s t e m s 

V a c u u m coa te rs 

V a c u u m fu rnaces 

S e m i c o n d u c t o r p rocess ing e q u i p m e n t Assembly of UHV pumping systems in the Torino plant 

FULG0R CAVI S.p.A. 
V i a de l C r o c e f i s s o , 04100 - B0RG0PIAVE (Latina) 
T e l . 0 7 7 3 / 4 8 1 0 1 1 / T e l e x 6 8 0 0 1 2 FULGOR I 

Product line: 
Power cab les : for med ium and high vo l tage, paper insulated mass 
impregnated , plast ic, rubber or pipe insu la ted ; special purpose ship-
w i r ing cab le ; signal cables - arcs conduc to rs for high tens ions over
head l ines ; enamel led copper w ind ing w i r e s ; bare s t randed conduc
to rs ; te lephone cables for t runk connec t ion , coaxial pair and micro-
coaxial pair t y p e s ; copper rod by cont inuous cast ing and roll ing f r o m 
ca thodes , copper bare d rawn w i r e s ; PVC granulated c o m p o u n d s for 
insulating and cover ing cables rubber c o m p o u n d s for insulating and 
cover ing cables. 

LABEIM-DIVISIONE DELLA SI.EL. S.p.A. 

FILIPP0 F0CHI S.p.A. 
V i a P o r t a n o v a , 3 , 40123 - BOLOGNA 
T e l . 0 5 1 / 2 6 7 9 8 3 / 4 / 5 / T e l e x 5 1 1 0 2 0 FOCHI I 

Product line: 
Const ruct ion and erect ion of steel s t ructures, vessels , and piping sys tems for nuclear 
p o w e r plants. 

V ia E. B a s s i n i , 15-20133 - Ml LAN 0 
T e l . 0 2 / 2 3 6 5 5 5 1 / T e l e x 3 1 2 4 5 1 L A B E N 

Product line: 
Semiconductor de tec to rs for A lpha , X and Gamma part icularly devo ted to small d imen
sions gas coo led de tec to rs ; analogic e lectronics for nuclear spec t romet ry , in particular fo r 
high rate and high resolut ion measurements or mult ip le acquis i t ions w i t h thick f i lms 
technology ; high speed and high resolut ion analog- to-d ig i ta l conver ters for spec t romet ry 
and mul t iacqu is i t ions ; high and l ow vo l tage p o w e r supp l i es ; laboratory and portable 
mult ichannel analyzers w i t h 1 to 4 K m e m o r y ; m ic roprocessed sys tems for data pro
cess ing ; mul t iparameter and mul t iacquis i t ion sys tems w i t h camac in te r faces ; instal led 
and portable moni to r ing and analysis s y s t e m s ; peripherals w i t h relevant interfaces. 

PIANELLI E T R A V E R S A FIIMANZIARIA S.p.A. 
C o r s o IV N o v e m b r e , 55-10090 - CASCINE VICA - (To) 
T e l . 0 1 1 / 9 5 9 1 5 5 5 / T e l e x 2 1 0 1 7 1 PTR I 

Product line: 
Material handling and warehous ing equ ipment and relevant engineering ; special iron and 
light alloy cast ings, inves tment cast ings, d rop fo rged steel par ts . 

PR0.CU.RA I M P I A N T I S.r.l. 
Via de i G u a r n e r i , 14-20141 - MILAIM0 
T e l . 0 2 / 5 3 9 0 2 8 1 / T e l e g r a m m a P R O C U R A M A - M I L A N O 

Product line: 
Machines, gauges and equ ipments for vacuum freeze — dr ied products - m ic rowaves . 
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High Energy 
Experimental Physics 

A position is available in high energy experimental 
physics for physicists f rom outside Germany. 

The position offers the opportuni ty to participate 
in any of the experiments at e+ e- storage rings 
PETRA and DORIS. 

The appointment wi l l be for one year, renewable 
for a second year. Travel expenses (including the 
family) between the home country and DESY and 
back wi l l be recovered. Salary wi l l be according to 
experience and qualifications. 

Please apply to 

Professor Erich L o h r m a n n 
Deutsches Elektronen-Synchrotron DESY 
Notkestrafce 85 

2000 H a m b u r g 52 
G e r m a n y 

including a list of publications, curriculum vitae and 
names of two references unti l December 15, 1981 

TRIUMF 
(A research facility located on 

the University of British Columbia campus) 

CRYOGENIC TARGET PHYSICIST 

T h e T R I U M F C r y o g e n i c T a r g e t s G r o u p has an o p e n i n g f o r a 
p h y s i c i s t t o ass i s t in t h e d e v e l o p m e n t o f f r o z e n s p i n p o l a r i z e d 
p r o t o n t a r g e t s . In i t i a l l y t h i s a p p o i n t m e n t w i l l be f o r t w o y e a r s 
a n d o n d e m o n s t r a t i o n o f s a t i s f a c t o r y p e r f o r m a n c e w i l l l ead t o 
an a p p o i n t m e n t w i t h o u t d e f i n i t e t e r m . 
C a n d i d a t e s s h o u l d h a v e a r e c e n t P h . D . a n d p r e v i o u s e x p e r i e n c e 
in c r y o g e n i c s , N M R , PF, o r m i c r o w a v e w o u l d be a d e f i n i t e asse t . 
T h e s u c c e s s f u l c a n d i d a t e w i l l be e x p e c t e d t o s p e n d u p t o 3 0 
p e r c e n t o f h is t i m e d i r e c t l y i n v o l v e d in e x p e r i m e n t s i n v o l v i n g 
c r y o g e n i c t a r g e t s . 

A p p l i c a t i o n s w i l l be a c c e p t e d u n t i l D e c e m b e r 3 1 , 1 9 8 1 . 
P lease s e n d a c u r r i c u l u m v i t a e , n a m e s o f t h r e e re fe rees a n d a 
l is t o f p u b l i c a t i o n s t o : 

T R I U M F 
Personnel Office (competition No. 302) 
University of British Columbia 
4 0 0 4 Wesbrook Mall 
Vancouver B.C. V 6 T 2A3/Canada 

W e o f f e r e q u a l e m p l o y m e n t o p p o r t u n i t i e s t o q u a l i f i e d m a l e a n d 
f e m a l e a p p l i c a n t s . 
C a n a d i a n s or l a n d e d i m m i g r a n t s p r e f e r r e d . 

PHYSICS DEPARTMENT 
OF 

STANFORD UNIVERSITY 
announces an opening for the position of 

PROFESSORSHIP 
IN EXPERIMENTAL 

HIGH ENERGY PHYSICS 

T h e P h y s i c s D e p a r t m e n t o f S t a n f o r d U n i v e r s i t y h a s a n 
o p e n i n g f o r a t e n u r e d f a c u l t y p o s i t i o n i n e x p e r i m e n t a l 
h i g h - e n e r g y p h y s i c s . T h e a p p l i c a n t s m u s t h a v e d e m o n 
s t r a t e d a b i l i t y t o d o s i g n i f i c a n t i n d e p e n d e n t w o r k a n d 
m u s t s h o w p r o m i s e o f m a k i n g a m a j o r i m p a c t o n t h e 
f i e l d i n t h e y e a r s t o c o m e . E x c e l l e n c e i n t h e t e a c h i n g o f 
p h y s i c s a t b o t h t h e u n d e r g r a d u a t e a n d g r a d u a t e l e v e l s is 
a n i m p o r t a n t r e q u i r e m e n t f o r t h e p o s i t i o n . 

S t a n f o r d U n i v e r s i t y i s a n e q u a l o p p o r t u n i t y e m p l o y e r . 
W e a r e e s p e c i a l l y i n t e r e s t e d i n h a v i n g a p p l i c a t i o n s f r o m 
w o m e n a n d m i n o r i t y p h y s i c i s t s . 

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

Chairman, High-Energy Appointment Committee 
Physics Department 
Stanford University 

Stanford, California 9 4 3 0 5 

T h o s e w i s h i n g t o d r a w t h e C o m m i t t e e ' s a t t e n t i o n t o 
p o t e n t i a l c a n d i d a t e s a r e i n v i t e d t o w r i t e t o t h e s a m e 
a d d r e s s . 

The Nature 
of Matter 
Edited by J.H. Mulvey 
The nature of matter presents a fundamental 
challenge to man in his attemptto understand the 
world of which he is a part. What is matter made of 
and how do the parts hold together? 
The discoveries made in search of answers to these 
questions have transformed the material basis of 
society and its structure. They underliethe whole 
of modern science and allow the human mind to 
explore cosmic events almost infinitely remote 
in space and time. 

This book includesthe work of eight scientists 
involved in recent discoveries, and gives an over-all 
picture of the present state of this quest and the 
directions it might take in thefuture. 
Illustrated £ 8 . 9 5 

Oxford University Press 
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Introducing: 
Ohara 
Scintillation 
Glass 
Triples the light output over 
lead glass... economically 
Low energy gamma rays are now resolved more accurate
ly and economically. Our new SCG-1 scintillation glass has 
a per volume cost roughly 50% higher than SF5 lead glass, 
but less than 10% of the cost of sodium iodide (Nal). 

SCG-1 Characteristics: 
Radiation Length (cm) 4.35 
Refractive Index (nd) 1.603 
Density (g/cm 3 ) 3.36 
Linear Coefficient of 
Thermal Expansion (100-300°C) 

(10 - 7 / °C ) 108 
Exciting Wavelength (nm) 375 
Fluorescent Wavelength (nm) 429 
Fluorescent Life Time (n. sec) 80 
Light Output About 3.8 times as high Light Output 

as Cerenkov Light of SF5 

Requires no special handling. 
Finely polished pieces ready for use in counters are made 
to your size and shape specifications including square, 
rectangular, hexagon, and disc shape. 
Please contact us for further information and a proposal. 

<©> OHARA OPTICAL GLASS, INC. 
10 Shawnee Drive • Watchung, New Jersey 07060 • U.S.A. 
Telephone: (201) 753-0120 • Telex: 833348 
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PRECISION ENGINEERING FOR INDUSTRY 

Number of employees: 7 0 

Design Office and Inspection Dept. on site 

Mechan i ca l s u b - c o n t r a c t i n g 
W e l d i n g s u b - c o n t r a c t i n g 
C o n s t r u c t i o n of m a c h i n e s fo r t h e f o o d - p r o c e s s i n g indus t r ies 
Des ign ing and bu i l d ing of a u t o m a t i c s c r e w i n g un i t 
Bu i ld ing of spec ia l m a c h i n e s t o c u s t o m e r s ' spec i f i ca t ions 
M a n u f a c t u r e of spec ia l i t ems fo r t h e nuc lear i ndus t ry and 
research cen t res . 

Lucien Durand Ltd.F 

Tel. : (75) 61 2 4 22 ( s e v e r a l l i nes) 

-07210 BAIX Telex: 3 4 5 9 2 0 
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IS A DETECTOR 
WITH SUB NANOSECOND 

RISE-TIME 
OF VALUE TO YOU? 

IF YES 
Can you live wi th an S-1 , S-5, S-13, S-20, or S-25 cathode? 

IF YES 
Will you pay $225 for it? Or $625 in a housing? 

IF YES 
Write, or call and talk to us about our fast rise t ime 
phototubes and photomult ip l ier tubes. 

IF NO 
But you do need quality detectors such as Photomult ipl iers, 
Vidicons, Si l icon Detectors, InAs, InSb, and others ranging 
in price f rom $1 to $6,000 send for our ful l catalog. 

CALL OR WRITE FOR LITERATURE 

HAMAMATSU 
H A M A M A T S U C O R P O R A T I O N - 4 2 0 S O U T H A V E N U E - M I D D L E S E X , N E W J E R S E Y 0 8 8 4 6 • P H O N E : 2 0 1 / 4 6 9 - 6 6 4 0 

International Offices in Major Countries of Europe and Asia. 

• N A M E • Quick, send complete 
information on the super speed 
detector. 

T I T L E P H O N E 
Quick, send complete 
information on the super speed 
detector. C O M P A N Y • Not interested, but send the A D D R E S S 
catalog anyway. 

C I T Y S T A T E Z I P 

CERN C o u r i e r , D e c e m b e r 1 9 8 1 4 6 9 



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 i n te rna t iona l l y recogn i zed 
n e w s magaz ine of h igh energy phys ics . D i s t r i b u t e d 
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 h e 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 i c i s t s in 
Europe, t he U S A , t h e S o v i e t U n i o n , J a p a n — eve ry 
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 , D E S Y 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 h e 
U.K. , S IN in S w i t z e r l a n d , D u b n a and Novos ib i r sk 
in the U S S R , KEK in J a p a n , T R I U M F in Canada and 
Peking in China. 

The annua l expend i t u re on h igh energy phys ics 
in Europe is abou t 1 0 0 0 mi l l i on S w i s s f rancs . T h e 
expend i tu re in t he U S A is a b o u t $ 3 0 0 m i l l i on . 
The re is s imi la r expend i t u re in t he Sov ie t U n i o n . 

CERN COURIER is t h e w a y in to all h igh energy 
phys ics research Labora to r ies . If y o u have a 
m a r k e t in th is f ie ld , t he re is no surer w a y t o m a k e 
you r 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. 

A l l e n q u i r i e s t o : 
A d v e r t i s i n g M a n a g e r 
M i c h e l i n e F a l c i o l a 
C E R N C O U R I E R 
C E R N 
C H - 1 2 1 1 G E N E V A 2 3 
T e l . ( 0 2 2 ) 8 3 4 1 0 3 
T e l e x 2 3 6 9 8 

4 7 0 CERN C o u r i e r , D e c e m b e r 1 9 8 1 



Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 
Such parts can also be 
manufactured in combination 
wi th carbon fiber. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 0 3 . 0 0 1 

w i n k e l n k e m p e r 
E L E K T R O I U I K & I V I E S S T E C H N I K 

HYBRID INTEGRATED CIRCUITS 
for nuclear radiation spectrometry 

A c o m p l e t e l ine o f l o w p o w e r ( 1 0 t o 4 0 m W ) , m e d i u m - s p e e d 
( r i s e t i m e 1 0 t o 1 0 0 n s ) h y b r i d ICs is a v a i l a b l e : 

• c h a r g e - s e n s i t i v e a m p l i f i e r , 
• p u l s e a m p l i f i e r , 
• m u l t i p l e x e r , 
• p e a k d e t e c t o r . 

T h e g a i n - b a n d w i d t h p r o d u c t a n d p o w e r d i s s i p a t i o n c a n b e 
t a i l o r e d t o m e e t a v a r i e t y o f p a r t i c u l a r a p p l i c a t i o n s , w h e r e 
s m a l l s ize a n d l o w p o w e r c o n s u m p t i o n is a m u s t : i n s i d e 
v a c u u m c h a m b e r s , o n s c i e n t i f i c m i s s i l e s a n d s p a c e c r a f t s , 
in p o r t a b l e e q u i p m e n t . 
T h e c i r c u i t s a re p a c k e d in 2 0 - p i n , h e r m e t i c a l l y s e a l e d c e r a 
m i c o r m e t a l f l a t p a c k s o f 5 / 8 " x 5 / 8 " s ize , t h e t e m p e r a t u r e 
r a n g e i s - 5 5 ° C t o 1 2 5 ° C 
M I L - S T D 8 8 3 B p r o c e s s i n g is ava i l ab l e . 
P r i ces a re b e t w e e n 8 0 0 , — a n d 2 0 0 0 , — D M / p i e c e , d e p e n 
d i n g o n t y p e a n d q u a l i f i c a t i o n . 

WINKELNKEMPER, Elektronik & 
MeBtechnik 
Dahlhauser Str. 3 8 
D - 4 3 2 0 H a t t i n g e n 
Tel.: 0 2 3 2 4 8 3 0 1 0 

CERN C o u r i e r , D e c e m b e r 1 9 8 1 4 7 1 







C A M A C 

Jo in t h e S E N " A C C U S E R S C L U B 

OUR DYNAMIC SOFTWARE TEAM, 

WHICH IS ALWAYS READY FOR CHALLENGING JOBS IN THE FIELDS OF : 

- SYSTEM DESIGN 

- APPLICATION SOFTWARE (SCIENTIFIC, MICROPROGRAMMING, E T C . . ) 

announce the creation of a Users Club for the ACC family (2099, 2103, 2107 
and the new SFP Super Fast Processor). 

Among the Clubs many activities is a vast applications program library of 
all that has been written thus far in this field. The programs are all 
user-contributed programs and will be available to all ACC users for a 
very nominal charge. The forthcoming catalogs will be up-dated regularly. 

France : EG&G Ins t rumen ts ; Zone Silic 428; Tel. (1) 6872571 - Tlx 202553F, F-94583 RUNGIS CEDEX - Germany: SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Dig i ta l S y s t e m ; 
Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 - Switzerland : SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK A G ; Austrasse 4; Tel. (01) 94551 03; Tlx 58257ch -
CH-8604VOLKETSWIL-United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

Headquarters: 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 







NEW SOFTWARE-MINDED 
SYSTEM CONCEPT 
GENERAL J 

FEATURES J 

MEMORY MAPPED CAMAC ACCESS 
STRUCTURED FOR TRUE NESTED INERRUPT HANDLING 
RUNS ALL UNMODIFIED STANDARD DEC SOFTWARE 
CAMAC DIAGNOSTICS t FORTRAN? BASIC, ASSEMBLER-
SINGLE INSTRUCTION DATA TRANSFER (16 BITS) 
USES ORIGINAL DEC LSI-11/2 OR LSI-11/23 CPU BOARDS 
HAS FULL AUXILIARY CONTROLLER BUS (ACB) LOGIC 
HAS Q-BUS CONNECTOR-
INCORPORATED ASYNCHRONOUS SERIAL LINE INTERFACE 
COMPLETE SYSTEM A CPU 164KB 120MA C D IN A 3 WIDTH UNIT 
INDIVIDUAL VECTORS FOR ALL LAM'S, Q» X, ETC. 
CAN ALSO HANDLE 24 BITS OF DATA 
HAS F CODE STORAGE FOR REPETITIVE USE 
HAS AUTOMATIC CAMAC N AND A SCANNER 
HARDWARE G-SCAN AND Q--REPEAT MODES 
CAN CONTROL SEVERAL CRATES 
CAN WORK WITH CAMAC SHORT CYCLE <IN DMA) 
SPECIAL HARDWARE TO SIMPLIFY SOFTWARE 

PACKAGES? WITH EXTENSION MEMORIES* FLOPPY DISC SYSTEMS.. ETC• 

borer BORER ELECTRONICS AG 
CH-4501SOLOTHURN/SWITZERLAND 
Tel: 065-31 11 31 Telex: 34228 
Suisse Romande: Tel. 022-76 38 46 

RADIAMETRE PORTATIF 
PORTABLE RADIAMETER 
DEBITMETRE X ET GAMMA A SEUILS D'ALERTE 
DOSE RATE INDICATOR FOR X AND GAMMA 
RADIATIONS WITH ALARM THRESHOLDS. 

G 
A 

Geiger Muller counter, 
compensated type 
Geiger Muller compense 

Autonomy : 1200 hours 
Autonomie : (1200 heures 
en fonctionnement continu) 

I 
Manufactured by... 

Fabrique par... 

Measurement of dose rate for X 
and y radiations 
Mesure du debit de dose X et y 

Indicator with audible alarm 
Indicateur sonore d'alerte 

Nardeux 

Systeme CEA 
CEA System 

Alarm thresholds {0,5-2,5 - 10-20 m rad/h 
Seuils d'alerte 1 50 - 100 - 200 - 500 m rad/h 

0> nardeux Siege Social : BP 109-Z.I. La Valleedu Pare - 37600 LOCHES 
Head-Quarters : Tel. (47) 59.32.32 - Telex : 750 808 F 

Agence Commerciale ; Z.A. de Courtabceuf - Av. d'lslande EVOLIC 4 
Commercial Branch : Tel. (6) 928.59.46 - Telex : 691 259 F 

91940 LES ULIS 
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" N o w a v a i l a b l e ! " 

n e w D M A o p t i o n * 

_ t h e B Q 3 3 C O N C E P T . 

w i t h C A M A C c o n t r o l a n d LSI-11 p o w e r 

Now you can realize all the advantages of 
a cost-effective, compact LSI-11 micro
computer system within a standard 
CAMAC crate. Uti l izing the powerful 
LSI-11/23 processor as its central pro
cessing unit, the 8033 CONCEPT is 
composed of three major CAMAC 
modules - a crate controller for the LSI-
11, a processor adapter unit, and a 
peripheral adapter unit. This modular 
system is easily expandable and incorpo
rates standard off-the-shelf LSI-11 mod
ules for both stand-alone and distributed 
control. 

The 8033 offers you a unique l/O-ad-
dressable crate controller concept where 
four registers in the crate controller can 
be mapped anywhere in the LSI-11 ,s I/O 
page. This concept eliminates address 

restraints on the I/O page and permits 
your application software to take ful l 
advantage of the LSI-11/23 's speed. 

If transfer speed is important to your 
application, your 8033 system can also 
have all the power of DMA block 
transfers as an option. DMA operating 
modes include Q-Stop, Q-Repeat, and 
Address Scan. 

Other 8033 features include: full LSI-11 
bus compatibility • four strap-selectable 
LSI-11/23 interrupt levels • real-time 
clock • support for multiple crates on a 
single LSI-11 bus • field selection as 
either main or auxiliary crate controller 
• software drivers and FORTRAN-call-
able subroutines available and supported 
by Kinetic Systems. 

• • • 
C O M I N G S O O N 

Look for FASTBUS interface capa
bi l i ty f rom Kinetic Systems w i th these 
new FASTBUS products now under 
development: 

• Active Segment Extender 

• Segment Display Module 

• Register and Scaler Modules 

• Test and Data Storage Modules 

• Data Filter and Processing Modules 

Watch for more information. 

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

K i n e t i c S y s t e m s I n t e r n a t i o n a l S .A . 

Dept. CC121 * 3 C h e m i n d e T a v e r n a y * 1218 Geneva, S w i t z e r l a n d * T e l . (022) 984445 * Te lex 28 9622 
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 



further surface barrier detectors a new step : 
passivated ion implanted silicon junction detectors 

Reverse c u r r e n t 50 t o 100 t i m e s l o w e r 
t h a n fo r s u r f a c e ba r r i e r d e t e c t o r s 
t h e r e f o r e o p t i m a l r e s o l u t i o n s f o r 
c h a r g e d p a r t i c l e s . 

X rays spectroscopy at room 
temperature. 

D e s i g n a d a p t e d t o a n y n e e d s : f r o m 
m o s a i c a s s e m b l i e s w i t h a m i n i m u m 
d e a d r e g i o n d o w n t o s t r i p d e t e c t o r s . 
Pa r t i a l l y o r t o t a l l y d e p l e t e d d e t e c t o r s , 
heavy i o n s d e t e c t o r s , X rays d e t e c t o r s , 
p o s i t i o n s e n s i t i v e d e t e c t o r s , s t r i p 
d e t e c t o r s . 
A c o m p l e t e r a n g e a v a i l a b l e . 

ENERTEC 

Schlumberger 
ENERTEC 

N U C L E A R I N S T R U M E N T A T I O N B R A N C H 
1, Pare des Tanner ies 

67380 L I N G O L S H E I M (France) 
TEL : (88) 78.57.10. Te lex : 890177F 
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