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Nobel Prize 1982 

Cornell's physics faculty toast the 
announcement of the award of the 1982 
Nobel Physics Prize to Kenneth Wilson. 

(Photo Cornell) 

T h e m o s t p res t ig ious a w a r d in p h y s ­
ics g o e s th is year t o Kenne th G. W i l ­
s o n , the J a m e s A . W e e k s P ro fesso r 
o f Physical Sc ience at Cornel l Un iver ­
s i t y , I thaca, N e w Y o r k . T h e prize is 
m a d e nomina l ly in recogn i t i on o f his 
w o r k in the s tudy o f cr i t ical p h e n o m ­
ena and phase t rans i t i ons , bu t the 
techn iques used in th is w o r k have 
s h o w n thei r w o r t h in m a n y o the r 
f i e lds , inc luding e lemen ta ry par t i ­
c les . 

In add i t ion t o th is w o r k , W i l s o n 
has m a d e numerous o the r c o n t r i b u ­
t i ons t o part ic le phys i cs . T h e s e in­
c lude the d e v e l o p m e n t o f t echn iques 
f o r ana lys ing the behav iour o f nu -
c leons w h e n p r o b e d deep ly in v io len t 
co l l i s ions , and in p repar ing the w a y 
f o r the f o rmu la t i on o f gauge t h e o r y 
on a la t t ice, an a t t e m p t t o f o r m u l a t e a 
t h e o r y o f in ter -quark f o r c e s w h i c h 
b reaks loose f r o m the t rad i t iona l 
s t ra i t jacke t o f pe r tu rba t i on t h e o r y . 

The Nobel a w a r d recogn izes W i l ­

s o n ' s ma jo r con t r i bu t i ons in the ex­
p lo i ta t ion o f the so-ca l led ' r eno rma l -
iza t ion ' g r o u p app roach . 

Phys ics f requen t l y uses d i f fe rent 
p ic tures t o expla in p h e n o m e n a tak ­
ing place on vas t l y d i f fe rent sca les . 
In seek ing t o unders tand ocean cur­
rents or m e t e o r o l o g y there is l i t t le 
po in t in s ta r t ing f r o m the basic inter­
ac t ion b e t w e e n ne ighbour ing mo le ­
cules in a f lu id . On the o ther hand the 
s t u d y o f molecu lar d y n a m i c s t a k e s 
l i t t le accoun t o f w h e t h e r the mo le ­
cules are con f i ned in a t e s t - t u b e or 
the Pacif ic Ocean . 

H o w e v e r there are s o m e p h e n o m ­
ena w h i c h are by nature no t local . For 
examp le w h e n a f lu id bo i ls , it s u d ­
den ly d e v e l o p s dens i t y f l uc tua t ions 
ove r i ts w h o l e v o l u m e , no t jus t in one 
iso la ted s p o t . Th is is character is t ic 
o f all cr i t ical p h e n o m e n a (changes o f 
s ta te ) , and any t h e o r y m u s t handle 
the requ i red scal ing in a natura l 
w a y . 

Renormal iza t ion w a s i n t roduced 
in to phys i cs w i t h the m o d e r n f o r m u ­
lat ion o f q u a n t u m e l ec t r odynam ics , 
w h e r e t r o u b l e s o m e inf ini t ies kep t 
c r o p p i n g up in the ca lcu la t ions. In 
reno rma l i za t i on , t hese inf in i t ies are 
r e m o v e d acco rd ing t o a we l l -de f ined 
p resc r i p t i on . 

Such p resc r i p t i ons are no t un ique. 
W h i l e q u a n t u m e lec t rodynamics has 
i ts conven t i ona l renorma l i za t ion , in 
pr inc ip le the re is an inf in i ty o f p o s s i ­
b i l i t ies, each w i t h i ts o w n set o f para ­
m e t e r s . Each poss ib i l i t y is equal ly 
va l i d , and p r o d u c e s the same f inal 
p red i c t i ons — the t h e o r y is reno rma l ­
izat ion invar iant . 

L ike the ope ra t i ons beh ind m a n y 
o the r invar iances in phys ics ( t ransla­
t i o n , ro ta t i on ) , t hese renormal iza-
t i ons can be exp ressed in t e r m s o f 
repea ted o p e r a t i o n s , desc r ibed by 
the ma thema t i ca l appara tus o f g r o u p 
t h e o r y . 

The g r o u n d w o r k f o r the reno rma l -
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The search 

Behind the prize 
Kenneth Wilson was born in 
1936 in Walt ham Massachu­
setts, was educated at 
Harvard, and obtained his 
doctorate at the California 
Institute of Technology, 
where he was a student of 
Murray Gell-Mann. He came 
to Cornell in 1963, became 
professor in 1970, and suc­
ceeded to the James A. 
Weeks Chair in 1974. Among 
his other awards are the Hei-
nemann Prize, the Boltzmann 
Medal and the Wolf Prize. 
He has to his credit a mile 
run in 4 minutes 17 seconds. 

He is the third Cornell high 
energy theorist to win the 
coveted Nobel award. Hans 
Bet he won it in 1967 for 
work on energy production 
in stars, and Richard Feyn-
man, now at Caltech, re­
ceived the accolade in 1965 
for his contributions to quan­
tum electrodynamics. 

izat ion g roup w a s laid in 1 9 5 3 by 
S tuecke lbe rg and Pe te rman and i ts 
re levance f o r c o n d e n s e d m a t t e r 
phys i cs w a s s u g g e s t e d by Leo 
Kadanof f . 

T h e g roup p rov ides a natura l 
f r a m e w o r k f o r handl ing a w i d e va r i ­
e t y o f phys ica l p r o b l e m s invo lv ing a 
change o f s ta te , but in i tsel f it is no t a 
t h e o r y . It is rare f o r the Nobe l phys i cs 
prize t o be so in t imate ly l inked w i t h a 
ma themat i ca l t echn ique , and the at ­
t r i bu t i on o f the prize is a lso s o m e ­
th ing o f an acco lade f o r the 
renormal iza t ion g r o u p . 

W i l s o n c o m m i t t e d h imse l f t o the 
m e t h o d and exp lo i ted it w i t h g reat 
success . One no tab le sp ino f f 
( among m a n y o thers) w a s the exp la ­

nat ion fo r the ' K o n d o Ef fec t ' , w h i c h 
had rema ined one o f phys i cs ' m y s ­
ter ies fo r s o m e 4 0 years . 

If a nonmagne t i c meta l is c o n t a m i ­
na ted by a smal l pe rcen tage o f m a g ­
net ic mate r ia l , s imp le theor ies pre­
d ic t h o w the magne t i c suscept ib i l i t y 
cou ld decrease w i t h t empe ra tu re . 
H o w e v e r in prac t ice it is f o u n d tha t 
the suscept ib i l i t y behaves in ano the r 
w a y , w h i c h n o w can be under ­
s t o o d . 

M o s t o f th is s ide o f W i l s o n ' s w o r k 
has f o u n d app l i ca t ions in the f ie lds o f 
so l id s ta te and c o n d e n s e d m a t t e r 
phys i cs . But it is a s t r ik ing i l lust rat ion 
o f the b read th o f the m a n ' s inte l lect 
t ha t he is never the less on the payro l l 
o f Corne l l ' s Labo ra to ry o f Nuclear 
S tud ies . He is one o f the rare e x a m ­
ples o f a m o d e r n theore t i c ian w h o 
has no t been con ten t w i t h "narrow 
spec ia l izat ion and has mas te red vas t 
areas o f phys i cs . 

T h e European C o m m i t t e e f o r Future 
A c c e l e r a t o r s , ECFA, organ ized a 
Con fe rence f r o m 2 7 - 3 0 S e p t e m b e r 
under the t i t le T h e Chal lenge o f 
U l t ra-h igh Energ ies ' . The a ims w e r e 
t o d i scuss poss ib le n e w acce lera t ion 
t echn iques a n d , if poss ib le , t o help 
ident i fy t he m o s t p rom is ing and e n ­
cou rage f u r t h e r research on t h e m . 
A p p r o p r i a t e l y e n o u g h th is search f o r 
the n e w t o o k place in the d ign i f ied 
se t t i ng o f N e w Col lege O x f o r d . The 
fac t t ha t N e w Col lege is m a n y ce n ­
tur ies o ld shou ld have he lped put 
t h i ngs in pe rspec t i ve . 

A b d u s Sa lam set the scale in his 
open ing ta lk w h e n he cal led f o r 
c e n t r e - o f - m a s s energ ies o f 1 0 0 
T e V . Far f r o m accep t i ng the pred ic ­
t i ons tha t b e y o n d the nex t range o f 
energ ies w h i c h wi l l b e c o m e avai lable 
t o par t ic le phys i c i s t s , w e are head ing 
in to a phys i cs deser t at sti l l h igher 
energ ies , he ma in ta ined tha t w e 
cou ld f i nd a phys i cs jung le . The p r o b ­
lem is t he re fo re t o f i nd the bes t t o o l s 
t o hack t h r o u g h such a jung le . 

The p resen t t echn iques used in ac­
ce le ra to rs and s to rage r ings have 
s e r v e d magn i f i cen t l y and w i t h in­
c reas ing e f f i c iency ove r the pas t f i f t y 
yea rs . Gus V o s s po in ted ou t , in re­
v i e w i n g the i r l im i ta t ions , tha t f r o m 
the techn ica l po in t o f v i e w they cou ld 
con t i nue t o be bui l t t o the ex ten t o f a 
s t o rage r ing c i rc l ing the Earth. T h e 
p r o b l e m is f isca l no t t echn i ca l ; w e 
m u s t f i nd n e w acce lera t ion t e c h ­
n iques w h i c h w i l l m a k e it poss ib le t o 
reduce c o s t s . 

Severa l t h i ngs are clear — w e m u s t 
have co l l id ing b e a m s fo r these high 
e n e r g i e s ; s u p e r c o n d u c t i n g m a g n e t s 
are unl ike ly t o be the e c o n o m i c 
r o u t e ; at 1 0 0 T e V , w e m u s t have 
l inear co l l id ing b e a m s fo r e lec t ron -
p o s i t r o n co l l i s ions (the c ross -ove r 
po in t f o r e c o n o m i c advan tage ove r a 
r ing is n o w p i t ched a round 1 6 0 GeV 
per b e a m ) ; and linac c o s t s and size 
m u s t be pushed d o w n , part icular ly 
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for new accelerator techniques 

New College, Oxford, established in the 
fourteenth century. A dignified and not 
entirely inappropriate setting for the recent 
conference on achieving ultra-high energies. 

by ach iev ing higher acce le ra t ion g ra ­
d ien ts . Mau ry T igner p r o p o s e d tha t 
ano the r coup le o f res t ra in ts shou ld 
be f e d in to the equa t i ons — w e 
shou ld a im t o ach ieve 1 0 3 t o 1 0 4 e V 
per dol lar , w e shou ld have an e f f i ­
c iency o f 10 per cen t in c o n v e r t i n g 
p o w e r ' f r o m the wa l l p l u g ' in to p o w ­
er in the b e a m since it w o u l d be d i f f i ­
cul t t o have access t o m u c h a b o v e 
1 0 0 M W f r o m the g r id . T o d o all 
t hese t h i ngs , the c o n s t a n t t h e m e 
t h r o u g h o u t the Con fe rence w a s the 
ach ievemen t o f h igh acce le ra t ing 
g rad ien ts . 

Co l lec t ive acce le ra to rs , i n t ro ­
d u c e d by A n d y Sess ler , w e r e the 
f i rs t t o be cons ide red . T h e y m a k e 

use o f the electr ic and magne t i c 
f ie lds assoc ia ted w i t h one set o f 
charged par t ic les t o ach ieve the ac­
ce lera t ion and f ocuss ing o f the de ­
s i red par t ic les . Probab ly the m o s t 
f a m o u s var ian t is the e lec t ron r ing 
acce le ra to r , d i scussed by U. S c h u ­
macher , w h e r e pos i t i ve par t ic les are 
held in r ings o f e lec t rons . The r ings 
are acce le ra ted at f ie ld g rad ien ts 
m o r e gent le than t hose needed t o 
shake the pos i t i ve par t ic les loose 
and the e f fec t i ve acce lera t ing g ra ­
d ien t f o r t he pos i t i ve par t ic les is p r o ­
por t iona l t o the rat io o f the par t ic le 
m a s s e s . A f t e r f i f teen years o f deve l ­
o p m e n t , th is c o n c e p t has been 
s h o w n t o w o r k , bu t it is expens i ve 

and inappropr ia te f o r high energ ies . 
It m a y f i nd use on ly f o r l o w energy 
heavy ions . 

O ther ' co l l ec t i ve ' c o n c e p t s w e r e 
d i s c u s s e d , inc lud ing a p roposa l f r o m 
F. W i n t e r b e r g e r cal led the ' superac -
ce le ra to r ' , w h i c h uses an acce lera t ­
ing pr inc ip le rather like the e f fec t 
w h i c h resu l ts in t o o t h p a s t e f in ish ing 
up on the o the r s ide o f the b a t h r o o m 
w h e n the t u b e is squeezed hard . But 
t he ta l ks w h i c h really b rough t par t i c i ­
pan t s t o t he edge o f the i r sea ts w e r e 
t h o s e on p l asma b e a t - w a v e acceler­
a t ion by T . T a j i m a , C. Josh i and D. 
Sul l ivan. 

T h e essent ia l idea is t o use the 
in te r fe rence b e t w e e n t w o laser 
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John Lawson, one of the father-figures of 
accelerator technology, gave a talk entitled 
The physics of particle accelerators' at the 
recent conference on 'The Challenge of 
Ultra-High Energies', organized at Oxford. 

b e a m s o f d i f fe rent f requenc ies f i red 
in to a p lasma t o ' o rgan ize ' t he p las­
m a in such a w a y tha t it w o u l d c o n ­
f r o n t an i ncoming par t ic le w i t h ex­
t r eme l y high acce lera t ing f ie lds . T h e 
t w o b e a m requ i rement is necessa ry 
t o genera te beat w a v e s t rave l l ing 
t h r o u g h the p lasma at par t ic le ve l oc i ­
t ies rather than the s p e e d o f l ight. 
T h e t w o b e a m s bunch the p l asma so 
tha t there are success i ve zones o f 
h igh pos i t i ve charge and h igh nega ­
t i ve charge. The theore t i ca l s u m s in­
d ica te acce lera t ing f ie lds o f severa l 
GeV per m. 

The ta lks c o m m u n i c a t e d the f i rs t 
exper imen ta l ev idence f r o m w o r k at 
the Un ivers i t y o f Cal i forn ia , Los A n ­
ge les , tha t p lasmas w e r e in f ac t l ock ­
ing beat w a v e s in to p lace and c rea t ­
ing the d i f fe rent cha rged par t ic le 
dens i t y zones . A mul t i l ine c a r b o n d i ­
ox ide laser o f on ly abou t 1 0 1 1 W per 
c m 2 exc i ted e lec t ron dens i t y f l uc tua ­
t i ons resonant l y ove r a 2 c m length 

f o r 2 5 ns. Raman sca t te r ing w a s a lso 
d e m o n s t r a t e d , p roduc ing re lat iv is t ic 
e lec t rons in the d i rec t ion o f the laser 
b e a m . These are absurd ly ear ly days 
t o ge t exc i ted abou t these poss ib i l i ­
t i es , bu t , pe rhaps m o r e than any 
o the r t op i c at the Con fe rence , th is 
s c h e m e s e e m s t o be one w h i c h mer ­
its i n v e s t m e n t in research because it 
has the acce lera t ing g rad ien ts w e 
d r e a m abou t . 

The ve ry h igh electr ic f ie lds in laser 
b e a m s t h e m s e l v e s are a lure t o n e w 
acce lera t ion techn iques . U n f o r t u ­
nate ly it is no t easy t o ensure tha t a 
charged par t ic le beam is able t o use 
these f ie lds . Routes c o v e r e d by Clau-
d io Pellegrini w e r e the inverse f ree 
e lec t ron laser and Cherenkov acce l ­
e ra t ion . Fir ing a laser a long the d i rec­
t i on o f c h a r g e d part ic le acce lera t ion 
d o e s n ' t help because des i red e lectr ic 
f ie ld is perpend icu lar t o the d i rec t ion 
o f m o t i o n . H o w e v e r if w e bend the 
part ic le t ra jec to r ies in an undu la to r , 
t hey see a c o m p o n e n t o f the electr ic 
f ie ld o f the laser b e a m and acce lera t ­
ing g rad ien ts o f s o m e 5 0 0 M e V per 
m can be imag ined . Un fo r tuna te l y at 
the higher energ ies , the need t o bend 
the par t ic le t ra jec tor ies reduces the 
acce lera t ion rate because o f s y n ­
ch ro t r on rad ia t ion losses . C o n c e p ­
tual des igns up t o 3 0 0 GeV have 
been done us ing a f ree e lec t ron laser 
as the source o f laser l ight , but it is 
d i f f icu l t at the m o m e n t t o see a use 
fo r the techn ique at h igher energ ies . 
H o w e v e r expe r imen ts in severa l 
cen t res have s h o w n tha t the pr inc i ­
ple w o r k s , w h i c h is m o r e than can be 
said f o r m a n y o f the o ther c o n c e p t s 
p resen ted at the Con fe rence . 

Inverse Cherenkov acce lera t ion 
m igh t p rov ide simi lar g rad ien ts , by 
ensur ing tha t the laser b e a m inter­
sec ts the cha rged part ic le b e a m in a 
gas at t he Cherenkov angle and 
t rans fe r energy . For examp le in hy­
d r o g e n at 1 a t m o s p h e r e p ressure , 
the Che renkov angle is 17 m r a d and 

the ca lcu la ted acce lera t ing grad ien t 
is a round 5 0 0 M e V / m . A n exper i ­
m e n t at S t a n f o r d acce lera ted elec­
t r o n s o f 5 0 M e V over 7 c m g iv ing an 
ene rgy increase o f 2 0 0 keV . 

Bob Palmer d i scussed h o w t o 
shape the laser b e a m appropr ia te l y 
us ing g ra t ing s t ruc tu res . In pr inc ip le , 
acce le ra t ing w a v e s can be set up by 
i l luminat ing the g ra t ing at an angle by 
t w o laser b e a m s . Theore t i ca l l y , a 
ve ry h igh acce lera t ing grad ien t can 
be ach ieved (10 G e V / m ) . Exot ic 
ideas on h o w t o ex tend gra t ing l i fe­
t i m e s inc lude coa t i ng t h e m w i t h ice 
and shun t ing t h e m p rogress ive ly 
t h r o u g h the b e a m reg ion . The laser 
spec ia l i s ts , h o w e v e r , d o u b t w h e t h e r 
any t r e a t m e n t wi l l be e f fec t i ve . The 
requ i red laser p o w e r is b e y o n d w h a t 
is p resen t l y avai lable and exper ­
imenta l s u p p o r t is as ye t lack ing . 

M o v i n g a w a y f r o m lasers, ano the r 
c o n c e p t , w h i c h appeared in severa l 
va r i an ts , w a s w h a t m igh t be t e r m e d 
the ' t w o b e a m t r a n s f o r m e r ' . T a k e a 
h igh cu r ren t , l o w energy b e a m and 
s o m e h o w t r a n s f o r m the p o w e r 
w h i c h is s t o r e d in th is b e a m t o g ive 
h igh ene rgy t o a l o w (but sti l l imp ly ­
ing adequa te luminos i ty ) cur ren t 
b e a m . Prev ious ly , A n d y Sessler had 
desc r i bed such a s c h e m e (at the Los 
A l a m o s W o r k s h o p earl ier th is year , 
see M a y issue, page 142) w i t h an 
undu la to r dr iver coup led t o the acce l ­
e ra t ing s t ruc tu re , w h i c h he fee ls is 
no t t o o great a leap f r o m ex is t ing 
t e c h n o l o g y . 

A . N . Sk r i nsky ta l ked abou t a ' p r o ­
t o n k l y s t r o n ' in w h i c h the e n o r m o u s 
s t o r e d ene rgy o f t o d a y ' s h ighest e n ­
e rgy p r o t o n b e a m s w o u l d be passed 
t h r o u g h a s t ruc tu re t o exc i te it f o r the 
s u b s e q u e n t acce lera t ion o f o the r 
par t ic les . Grad ien ts o f ove r 1 0 0 
M e V / m cou ld be feas ib le and m a n y 
t y p e s o f par t ic les cou ld be acceler­
a t e d . The re are no t h o w e v e r t o o 
m a n y 4 0 0 GeV p r o t o n s y n c h r o t r o n s 
ly ing a round w i t h no th ing t o d o . 
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w a i t i n g t o be used as a k l y s t r o n . 
One o f the m o s t in te res t ing ta l ks 

w a s f r o m T o m W e i l a n d on a t w o -
b e a m s c h e m e d e v e l o p e d t o g e t h e r 
w i t h Gus V o s s and cal led a w a k e 
f ie ld acce lera tor . It i nvo lves an in­
t ense r ing o f e lec t rons acce le ra ted in 
an ou te r aper ture su r round ing a c e n ­
t ra l t ube w h e r e the des i red b e a m is 
t o pass . Fields gene ra ted by the pas ­
sage o f the r ing perco la te t h r o u g h 
s lo ts and create h igh acce le ra t ing 
g rad ien ts at the cent ra l t u b e (wh ich 
can be env isaged t o go as h igh as 
6 0 0 M e V / m ) . A l s o the re f lec ted 
w a v e cou ld be used t o acce lera te 
par t ic les o f the o p p o s i t e charge . 

The Confe rence b r o u g h t t o g e t h e r 
phys ic i s t s f r o m the f ie lds o f lasers 
and p lasmas as we l l as the large c o n ­
t i ngen t o f acce le ra tor spec ia l i s ts . It 
s e e m s l ikely tha t a m u c h c loser inter­
ming l ing o f these d i f fe ren t d isc i ­

p l ines wi l l be needed en route t o n e w 
acce lera t ion techn iques . 

H o w t o m o v e ahead w a s the sub ­
jec t o f an even ing d i scuss ion . W i t h 
the big h igh energy phys ics Labo ­
ra tor ies fee l ing f inancial p ressures 
and o b s e s s e d w i t h the requ i remen ts 
o f the i r immed ia te p ro jec t s , it is no t 
easy t o env isage the l iberat ion o f 
m o n e y and m a n p o w e r t o pursue 
' w a y - o u t ' ideas f o r the d is tan t f u ­
tu re . But s o m e i nves tmen t wi l l be 
necessary in the big Labora to r ies t o 
t ake advan tage o f thei r b road t e c h ­
no log ica l s u p p o r t . Th is so r t o f sup ­
po r t is no t avai lable at m o s t un ivers i ­
t ies . 

W h e n cons ide r ing the length o f 
t i m e w h i c h w o u l d be needed t o s i f t 
t h r o u g h the d i f ferent poss ib i l i t ies 
a n d , hopefu l l y , t o push one or t w o o f 
t h e m t o the po in t o f pract ica l use , the 
d is tan t fu tu re m a y no t be all t ha t 
d is tan t . Dennis Keefe po in ted ou t 

t ha t it has t aken s o m e f i f teen years 
t o d e m o n s t r a t e the abi l i t ies and l imi ­
t a t i ons o f the e lec t ron r ing acce lera­
t o r c o n c e p t . S o m e of the exo t i c 
ideas p resen ted at the Con fe rence 
cou ld require m u c h longer i nves t iga ­
t i o n . 

A b o v e all it is necessary t o e n c o u ­
rage y o u n g phys ic i s t s t o w o r k on 
t hese cha l leng ing p r o b l e m s . It w a s 
rather s t range tha t n e w acce lera t ion 
t echn iques w e r e be ing d i scussed by 
an aud ience o f expe r t s w h o s e aver­
age age w a s p robab l y ove r f i f t y , and 
it w a s p robab l y no co inc idence tha t 
the l ivel iest papers w e r e g iven by the 
y o u n g e s t pa r t i c ipan ts . There is m u c h 
t o be d o n e , there is p robab l y s o m e 
beaut i fu l phys i cs and engineer ing t o 
be e n c o u n t e r e d and there is the goa l 
o f m a k i n g it poss ib le in the next cen ­
tu r y t o con t i nue the adven tu re o f un ­
de rs tand ing the nature o f ma t te r . 

25 years of Nordita 

Nordita — the Nordic Institute for 
Theoretical Atomic Physics — this year 
celebrates its twenty-fifth anniversary. Its 
Copenhagen premises (left) are adjacent 
to the Niels Bohr Institute. 

(Photo C. Hansen) 

T h i s y e a r t h e Nord ic Ins t i tu te f o r T h e ­
oret ica l A t o m i c Phys ics — Nord i ta — 
in Copenhagen ce leb ra ted the t w e n ­
t y - f i f t h ann iversary o f i ts f o u n d i n g . 
T h e ins t i tu te re f lec ts a g rea t sc ien ­
t i f ic t r ad i t i on , and con t i nues t o p r o ­
v ide an i m p o r t a n t f o c u s o f research 
f o r phys ic i s ts f r o m the Nord ic 
coun t r i es . 

Nord i ta o w e s its ex i s tence t o a h is­
t o r y o f c lose co l l abo ra t i on a m o n g 
Nord ic phys ic i s ts . A s a resul t o f the 

CERN Courier, December 1982 4 0 7 



One of Nordita's earliest Directorate 
meetings: seated from left to right, 
J. Holtsmark, I. Waller, G. Funke, 
S. Rosseland, H. Wergeland and N. Bohr: 
standing, O. Klein, A. Bohr, J. Lindhard, 
E. Hylleraas, J. B0ggild, L. Nielsen, C. M0ller, 
S. Rozental and P. Jauho. 

in f luence o f Niels Bohr in his e p o c h -
m a k i n g s tud ies on a t o m i c phys i cs in 
the 1 9 2 0 s and 1 9 3 0 s , the Ins t i tu te 
f o r Theore t i ca l Phys ics o f C o p e n h a ­
gen Un ivers i t y (later t o b e c o m e the 
Niels Bohr Inst i tute) had a s t r o n g 
Nord ic f l avour f r o m its i ncep t ion in 
1 9 2 1 . 

A f t e r the upheava ls o f the S e c o n d 
W o r l d W a r , a high pr io r i t y w a s g i ven 
t o i n v e s t m e n t in the natura l sc iences . 
A m o n g the Nord ic coun t r i es , t he re 
w a s a s t r o n g desi re t o d e v e l o p the 
t rad i t i on o f c o o p e r a t i o n in a t o m i c 
phys i cs and the peacefu l uses o f 
a t o m i c energy . In 1 9 4 5 , S w e d e n o f ­
f e red t o subs id ize the es tab l i shmen t 
o f an in ternat ional ins t i tu te f o r t h e o ­
ret ical and app l ied nuclear p h y s i c s , 
w h i c h it w i s h e d Niels Bohr t o lead. 
Desp i te i ts appea l , th is p ro jec t cou ld 
no t be real ized due t o s t r i c t sec recy 
su r round ing i n fo rma t i on on a t o m i c 
ene rgy . 

Dur ing the immed ia te p o s t w a r 

yea rs , the idea o f a Nord ic ins t i tu te 
f o r theore t i ca l phys ics w a s m u c h 
d i scussed . The d e v e l o p m e n t o f 
t hese ideas w e n t hand in hand w i t h 
the es tab l i shmen t o f CERN. A n ear ly 
p roposa l by H.A. K ramers in the Ne­
ther lands tha t CERN be loca ted at 
C o p e n h a g e n , and the o f fe r o f a s i te 
by the Danish au thor i t ies , rece ived 
s t r o n g s u p p o r t f r o m N o r w a y and 
S w e d e n . W h e n the f inal cho ice o f 
Geneva w a s m a d e , the Nord ic repre­
sen ta t i ves at CERN — T o r s t e n Gus-
t a f s o n and Egil Hyl leraas — ap ­
p roached Bohr w i t h a p roposa l t o g o 
ahead w i t h the p lans f o r a Nord ic t he ­
oret ica l ins t i tu te . 

The nego t ia t i ons w h i c h w e r e t o 
lead t o the es tab l i shmen t o f Nord i ta 
began at a mee t i ng early in 1 9 5 3 at 
G o t e b o r g in S w e d e n , at w h i c h a 
c o m m i t t e e w a s set up c o m p r i s i n g 
Bohr , G u s t a f s o n , Hyl leraas and S. 
Rozenta l . S o o n th is c o m m i t t e e w a s 
able t o p resen t a p roposa l con ta in ing 

the gu ide l ines f o r the fu tu re es tab ­
l i shment o f No rd i t a . A l t h o u g h init ial ly 
on ly D e n m a r k , N o r w a y and S w e d e n 
t o o k par t in the nego t i a t i ons , there 
w e r e h igh h o p e s tha t Finland and Ice­
land w o u l d co l l abora te . 

T h e p r o p o s a l w a s we l l rece ived in 
Denmark and S w e d e n , but desp i te 
s t r o n g s u p p o r t f r o m N o r w e g i a n t he ­
o re t i c ians , t he s i tua t ion in N o r w a y 
w a s c o m p l i c a t e d because o f the in­
t e res t s o f a t o m i c energy . 

Dur ing the es tab l i shmen t o f CERN, 
it w a s dec ided prov is iona l l y t o set up 
the CERN t h e o r y g r o u p in C o p e n ­
hagen f o r f i ve years ( 1 9 5 2 - 5 7 ) . 
Fur ther dec i s ions on the Nord ic Ins t i ­
t u te w e r e p o s t p o n e d unt i l p lans w e r e 
c learer on the CERN t h e o r y f r on t . 

Each year the CERN M e m b e r 
S ta tes se lec ted a y o u n g theore t i c ian 
t o par t i c ipa te in the g r o u p under Niels 
Bohr and w h i c h inc luded Chr is t ian 
M0 l le r , A a g e Bohr , Gunnar Kal len, 
Ben M o t t e l s o n and Ste fan Rozenta l . 
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Around the 
Laboratories 

Dur ing th is t i m e , the C o p e n h a g e n in ­
s t i t u te , t o g e t h e r w i t h the n e w t h e o r y 
g r o u p , f unc t i oned as an in ternat iona l 
cen t re , a t t rac t ing em inen t sc ien t i s t s 
f r o m all ove r the w o r l d . 

The t rans fe r o f the CERN t h e o r y 
g r o u p t o Geneva in 1 9 5 5 co inc ided 
w i t h a s ign i f icant e f fo r t by Nord ic 
s t a t e s m e n . It w a s clear t ha t there 
w a s b road ag reemen t f o r the idea o f 
a Nord ic Inst i tu te f o r Theore t i ca l 
A t o m i c Phys ics . In N o v e m b e r a 
mee t i ng in S t o c k h o l m gave a d d i t i o n ­
al s t r o n g s u p p o r t t o t he p r o p o s a l f o r 
a Copenhagen cen t re , and Finland 
a lso added its s u p p o r t . Early the f o l ­
l o w i n g year , it w a s agreed tha t the 
es tab l i shmen t o f Nord i ta be r e c o m ­
m e n d e d t o the research counc i l s o f 
the Nord ic coun t r ies . In the m e e t i n g s 
o f the Nord ic Counc i l ' s e c o n o m i c 
c o m m i t t e e , the p r o p o s a l rece ived 
s t r o n g back ing , a l t hough N o r w a y at 
f i rs t appeared t o be hes i tan t . H o w ­
ever af ter fu r ther d i s c u s s i o n s , and 
af ter the valuable i n te rven t i on o f 
S w e d i s h Pr ime Min is te r T a g e Erlan-
der , the N o r w e g i a n G o v e r n m e n t lent 
i ts s u p p o r t . A t a mee t i ng o f t he Nor­
dic Counci l in Hels inki in February 
1 9 5 7 , the Nord ic Counci l ag reed t o 
the es tab l i shmen t o f No rd i t a , t o g e t h ­
er w i t h a l iaison b o d y f o r a t o m i c en ­
e rgy af fa i rs . 

A t i ts f i rs t mee t i ng on 2 5 June 
1 9 5 7 , the Nord i ta d i rec to ra te e l ­
ec ted Niels Bohr as Cha i rman and 
T o r s t e n Gus ta f son as d e p u t y . Dec i ­

s ions on s ta f f ing w e r e t a k e n , and the 
Inst i tu te began its w o r k on 1 O c t o b e r 
1 9 5 7 . 

Init ial ly, No rd i t a ' s in teres ts c o v ­
ered a b r o a d f ie ld o f m o d e r n phys i cs , 
w i t h specia l emphas i s on nuclear and 
par t ic le phys ics and the t h e o r y o f 
re la t iv i ty . In 1 9 6 6 , a Finnish p roposa l 
t o ex tend Nord i t a ' s research in to so l ­
id s ta te phys ics f o u n d s t r o n g sup ­
po r t . Th is has n o w b e c o m e one o f 
the main research areas. In m o r e re­
cen t years there has been a p r o m i s ­
ing bu i ld-up o f ac t i v i t y in a s t r o p h y ­
s ics . 

Nord i ta f unc t i ons as a research 
cen t re , a mee t i ng place and s t imu lus 
f o r Nord ic coope ra t i on in theore t i ca l 
phys i cs , and as an educat iona l ins t i ­
t u t i on p rov id ing f e l l owsh ip o p p o r t u ­
ni t ies f o r y o u n g e r theore t ica l phys i ­
c is ts f r o m the Nord ic area. T h r o u g h 
i ts s ta f f and v is i to r p r o g r a m m e , 
w h i c h is carr ied ou t in c o o p e r a t i o n 
w i t h the Niels Bohr Ins t i tu te , Nord i ta 
p lays a par t in main ta in ing c o n t a c t 
b e t w e e n phys ic i s ts in the Nord ic 
areas and the b roader in ternat iona l 
c o m m u n i t y . 

Before Nordita. This 1931 photograph, 
taken in the auditorium of the Copenhagen 
Institute for Theoretical Physics at one of 
its annual congresses, shows in the front 
row from the left: O. Klein, N. Bohr, 
W. Heisenberg, W. Pauli, G. Gamow, 
L. Landau and H. A. Kramers. 

DESY 
Status report 
Dur ing 1 9 8 2 severa l ma jo r changes 
and i m p r o v e m e n t s w e r e m a d e in 
b o t h the acce le ra to rs and the exper ­
imenta l ins ta l la t ions at DESY. The 
rebui l t DORIS-II e l ec t ron -pos i t r on 
s t o rage r ing c a m e in to ac t ion (see 
S e p t e m b e r issue, page 2 7 5 ) and the 
Crys ta l Ball d e t e c t o r ar r ived f r o m the 
US (see June issue, page 191 ) . Th is 
d e t e c t o r is n o w instal led in one o f 
the t w o exper imen ta l reg ions o f the 
DORIS-II r ing . 

In the m e a n t i m e the s e c o n d inter­
ac t ion reg ion o f DORIS-II has been 
o c c u p i e d by the n e w A R G U S dev ice 
(see D e c e m b e r 1 9 8 1 issue, page 
4 4 7 ) . Th i s w a s m o v e d in to the b e a m 
on 6 S e p t e m b e r and w a s able t o 
reco rd e v e n t s jus t a f e w w e e k s 
later. 

The Crys ta l Ball de tec to r has a l ­
ready been t ak ing da ta f o r s o m e 
t i m e . A s a f i rs t t ask the ups i lon re­
sonance w a s remeasu red . In one run 
o f nine days in A u g u s t , a f e w t h o u ­
sand hadron ic even ts w e r e reco rded 1 

in the ups i lon reg ion . The in teg ra ted 
l um inos i t y w a s abou t 6 0 0 inverse 
nanoba rns . Us ing th is da ta , the m a s s 
o f the ups i lon w a s f o u n d ve ry near 
the value d e t e r m i n e d by the N o v o s i ­
b i rsk g r o u p in an abso lu te prec is ion 
m e a s u r e m e n t (see Oc tobe r issue, 
page 3 2 5 ) . T h e Crysta l Ball va lue is 
based on b e a m energy da ta f r o m the 
mach ine g r o u p (no depo lar iza t ion 
m e a s u r e m e n t s f o r an abso lu te cal i ­
b ra t ion are ye t avai lable). 

A t p resen t A R G U S and Crysta l Ball 
are runn ing at DORIS-II energ ies 
a round the ups i lon ( 9 .45 GeV) , be­
fo re s ta r t i ng w o r k at the s o m e w h a t 
h igher energ ies n o w avai lable. The 
peak ene rgy is n o w 5 .6 GeV per 
b e a m . T h e mean luminos i t y ove r l on ­
ger pe r i ods o f t i m e is con t i nuous l y 
i m p r o v i n g . The re w e r e init ial ly s o m e 
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p r o b l e m s due t o the v a c u u m s y s t e m , 
and the mean luminos i t y w a s no t 
reach ing the e x p e c t e d va lues . Four 
acce le ra t ion cav i t ies had t o be ex­
changed due t o chemica l e f f ec t s on 
the i r wa l l s . H o w e v e r the o the r exce l ­
lent p roper t i es o f the mach ine w e r e 
no t a f f ec ted . A par t icu lar a d v a n t a g e 
o f DORIS-II is the sho r t t i m e requ i red 
n o w fo r the in ject ion o f b o t h elec­
t r o n s and pos i t r ons . 

The DORIS-II r ing is a lso be ing 
used fo r expe r imen ts w i t h s y n c h r o ­
t r o n rad ia t ion . A b o u t one th i rd o f the 
runn ing t ime is d e v o t e d t o th is t a s k . 
T h e specia l ized H A S Y L A B l abo ra to ­
ry n o w has 2 2 fu l ly insta l led i r rad ia­
t i on faci l i t ies in i ts b ig hall . In add i ­
t i o n , f ive insta l la t ions o f the Euro­
pean Molecu la r B io logy L a b o r a t o r y 
and one beaml ine p rov id ing rad ia t ion 
t o the bunker o f the Frauenhofer Ge-
se l lschaf t con t inue t o be avai lab le. 
T h e lat ter is main ly used f o r t he in­
ves t i ga t i on o f X - ray l i t hography . 

A t the PETRA s to rage r ing severa l 
i m p o r t a n t mod i f i ca t i ons w e r e car­
r ied ou t th is s u m m e r . T h e ma jo r i m ­
p r o v e m e n t t o the mach ine c o n s i s t e d 
o f doub l ing the p o w e r supp l ied t o the 
acce lera t ing cav i t ies . T h e 6 0 PETRA 
cav i t ies are n o w s y m m e t r i c a l l y d i ­
s t r i b u t e d , and are p o w e r e d by 
8 t r a n s m i t t e r s , each o f t h e m p r o v i d ­
ing 1 M e g a w a t t , p r o d u c e d in t w o 
k l y s t r o n s . Th is n o w p r o v i d e s 1.4 
t i m e s the vo l tage p rev ious ly ava i la­
ble t o accelerate par t ic les . T h e f inal 
e f fec t shou ld be an increase o f the 
peak energy o f the b e a m o f a b o u t t en 
per cen t . PETRA wi l l t hen su rpass 2 0 
GeV per b e a m . H o w e v e r t e s t s have 
been de layed due t o a fai lure in the 
ex terna l p o w e r supp l y n e t w o r k . 
T e s t s at l o w e r energ ies have s h o w n 

The ARGUS group on the roof of their 
control room, after celebrating the 
positioning of their detector in the DORIS-II 
ring, seen in the background. 

(Photo DESY) 

Current line-up of detectors in the machines 
at DESY. The 60 r.f. accelerating cavities 
are now distributed symetrically in the 
PETRA ring, and the power supply has 
been boosted. 
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A hadronic event as seen by the Crystal 
Ball detector, newly installed in the DORIS-II 
ring at DESY. Each triangle represents one 
of the sodium iodide counters in the 
spherical detector. 

t ha t there are no intr ins ic p r o b l e m s . It 
w a s also poss ib le t o t r y ou t f o u r o f 
the n e w seven-ce l l cav i t ies w h i c h 
p rov ide i m p r o v e d acce le ra t ion c a p a ­
bi l i t ies c o m p a r e d w i t h the f ive-ce l l 
ones used at p resen t . The f o u r sev ­
en-cel l un i ts w e r e left in p lace and 
f o r m par t o f the to ta l c o m p l e m e n t o f 
6 0 cav i t ies . 

The s u p e r c o n d u c t i n g cav i t y bui l t 
at the K e r n f o r s c h u n g s z e n t r u m Kar ls ­
ruhe (Kf K) w a s t e s t e d earl ier th is year 
in Hall W at PETRA (see June issue, 
page 176) . These t e s t s w e r e ve r y 
success fu l and have been c o m ­
p le ted (see page 4 1 5 ) . T h e cav i t y is 
back in Kar lsruhe. In P E T R A ' s Hall E, 
n e w t e s t s o f s u p e r c o n d u c t i n g cav i ­
t ies in co l labora t ion w i t h CERN are 
n o w be ing p repa red . A f ive-ce l l cav ­
i ty f r o m CERN, o p e r a t e d at 5 0 0 M H z , 
shou ld be insta l led in Janua ry . 

The abso lu te energy o f the PETRA 
b e a m and o ther i m p o r t a n t p a r a m e ­
te rs can n o w be measu red us ing the 

b e a m depo la r iza t ion m e t h o d . T h e 
degree o f po lar izat ion (in genera l 6 0 
t o 7 0 per cent) is measu red us ing 
recoi l p h o t o n s f r o m laser l ight. T h e 
depo lar iz ing resonance is f o u n d w i t h 
the help o f smal l radial magne t i c f ie ld 
osc i l la t ions p r o d u c e d w i t h the m a g ­
ne ts o f the PETRA feedback s y s ­
t e m . 

Dur ing PETRA 's s u m m e r shu t ­
d o w n , the PLUTO de tec to r w a s re­
m o v e d f r o m the NE in terac t ion re­
g ion and the big CELLO d e t e c t o r w a s 
m o v e d in aga in . Dur ing the PLUTO 
run (wh ich began in S e p t e m b e r 
1 9 8 1 ) the CELLO de tec to r w a s i m ­
p r o v e d in severa l w a y s . The g ranu ­
lar i ty o f i ts big lead l iquid a rgon 
s h o w e r coun te r (e lec t romagnet i c c a ­
lor imeter) w a s increased by 5 0 per 
cen t by conven ien t l y rear rang ing its 
cel ls. A b e a m pipe coun te r w a s a d ­
d e d . It cons i s t s o f t w o layers o f dr i f t 
t u b e s and p rov ides prec ise ve r tex 
recons t ruc t i on and be t te r m o m e n ­

t u m reso lu t i on . In add i t i on , the fo r ­
w a r d and b a c k w a r d s p e c t r o m e t e r s 
w e r e ad jus ted t o the requ i remen ts o f 
P E T R A ' s m in ibe ta quadrupo les and 
t o the absence o f so leno id c o m p e n ­
sa t ion co i ls . 

A s a p p r o v e d by the DESY Phys ics 
Research C o m m i t t e e in i ts S e p t e m ­
ber s e s s i o n , CELLO wi l l n o w remain 
in p lace at least up t o the end o f 
1 9 8 4 . P L U T O , w h i c h has been ac t ive 
at the DORIS and PETRA mach ines 
s ince 1 9 7 4 , w i l l be used t o t es t (w i th 
c o s m i c rays) a n e w l y deve loped dr i f t 
c h a m b e r s y s t e m . The last runs at 
PETRA w e r e ve ry success fu l and the 
PLUTO g r o u p is n o w busy ana lys ing 
the co l l ec ted d a t a , in part icular the 
reac t ions p r o d u c e d in p h o t o n - p h o ­
t o n co l l i s ions . PLUTO had been p re ­
pared f o r t hese inves t iga t ions w i t h 
the add i t i on o f t w o magne t i c spec ­
t r o m e t e r s in the f o r w a r d and back ­
w a r d reg ions . 

B e t w e e n January and A u g u s t 
1 9 8 2 , each o f the fou r PETRA inter­
ac t ion reg ions rece ived a to ta l in te­
g ra ted lum inos i t y o f 5 1 inverse p i co -
ba rns . A b o u t 7 5 t o 8 0 per cen t o f 
th is w a s f ina l ly used by the J A D E , 
M A R K - J , P L U T O and T A S S O expe r ­
i m e n t s . 

The T A S S O appara tus (Hall SE) 
w a s i m p r o v e d th is year. F o r w a r d 
and b a c k w a r d s p e c t r o m e t e r s and a 
ve r tex d e t e c t o r w e r e a d d e d . The 
ve r tex d e t e c t o r inc ludes e ight layers 
o f dr i f t c h a m b e r s and is in tegra ted 
w i t h a n e w bery l l ium v a c u u m p ipe. 

No ma jo r h a r d w a r e changes w e r e 
m a d e at the t w o remain ing d e t e c t o r s 
J A D E and M A R K - J . A l r eady at be ­
g inn ing o f th is year , M A R K - J had its 
dr i f t c h a m b e r t u b e s e x t e n d e d d o w n 
t o abou t 10 degrees t o the b e a m , 
t he re fo re i m p r o v i n g the cove rage o f 
so l id angle. 

T h e f ou r PETRA in terac t ion re­
g ions are equ ipped w i t h m in ibe ta 
quad rupo les . Space f o r t hese qua ­
d rupo les w a s m a d e avai lable by 
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el iminat ing the so leno id c o m p e n s a ­
t i on co i ls . The requ i red c o m p e n s a ­
t i on o f the so leno id f ie lds o f t he de ­
t e c t o r s is done b e t w e e n CELLO, 
J A D E and T A S S O by an app rop r i a te 
o r ien ta t i on and a d j u s t m e n t o f the 
f ie lds (see J u l y / A u g u s t 1 9 8 1 issue, 
page 2 3 7 ) . In fac t CELLO has a f ie ld 
t w i c e tha t o f J A D E and T A S S O . A l l 
t h ree f ie lds are o r i en ted in the s a m e 
sense , as seen by a b e a m par t ic le 
o rb i t i ng a round the r ing. A t DORIS-I I , 
t he f ie ld o f the A R G U S so leno id had 
t o be c o m p e n s a t e d local ly , s ince 
there is no f ie ld on the o p p o s i t e s ide 
at the Crysta l Ball. 

A t p resen t , in add i t i on t o the d a t a -
t ak i ng by the six b ig h igh ene rgy 
g r o u p s (ARGUS, CELLO, Crys ta l Bal l , 
J A D E , M A R K - J and T A S S O ) and t o 
the H A S Y L A B inves t i ga t i ons w i t h 
s y n c h r o t r o n rad ia t ion , there is in­
c reas ing ac t i v i t y at DESY t o p repare 
h a r d w a r e f o r the p r o p o s e d HERA 
mach ine . Supe rconduc t i ng p r o t o ­
t y p e m a g n e t s are be ing t e s t e d , a 
4 0 0 W a t t l iquid he l ium c r y o s y s t e m 
insta l led and severa l s t u d y g r o u p s 
are l ook ing at deta i ls o f the p ro jec t . 

CERN 
Twilight of the ISR 
T h e l i fe t ime of the In te rsec t ing S to r ­
age Rings at CERN is be ing cur ta i led 
in o rder t o l iberate m o n e y , m a n p o w ­
er and space fo r the c o n s t r u c t i o n o f 
the LEP e lec t ron -pos i t r on r ing. H o w ­
ever the ISR is in the m i d s t o f an 
ac t i ve exper imen ta l p r o g r a m m e and 
in a specia l mee t i ng on 2 0 S e p t e m ­
ber , phys ic i s ts me t t o d i scuss h o w 
t o m a k e bes t use o f the rema in ing 
t i m e avai lable on th is un ique m a ­
ch ine. 

It t o o k a decade o f d e t e c t o r i m ­
p r o v e m e n t s at the ISR t o g o f r o m the 
f i rs t ev idence fo r a n o m a l o u s l y h igh 
y ie lds o f seconda ry par t ic les f r o m 

v io len t (high t ransve rse m o m e n t u m ) 
co l l is ions t o the clear c lus ter ing o f 
had rons seen th is year in ca lo r imete r 
e x p e r i m e n t s (see Oc tobe r issue, 
page 3 2 7 ) . These c lus ters ( ' jets ' ) 
have also been seen at the SPS p ro -
t o n - a n t i p r o t o n col l ider. 

The SPS col l ider p robes a m u c h 
higher ene rgy , but the ISR has o the r 
a t t rac t i ons . Its luminos i ty (col l is ion 
rate) is m u c h higher. It can cove r a 
range of co l l is ion energ ies . A n d the 
measurab le m o m e n t u m f rac t i on car­
r ied by the p r o d u c e d hadrons is h igh­
er than tha t at the SPS col l ider. The 
ISR and the SPS col l ider t he re fo re 
cove r d i f fe ren t , and very m u c h c o m ­
p lemen ta ry , k inemat ica l reg ions . 

A c c o r d i n g t o our p resen t k n o w l ­
edge o f quark and g luon d is t r i bu t ions 
inside nuc leons , g luons d o m i n a t e at 
l o w e r m o m e n t u m f rac t i ons . Th is 
means tha t the SPS is p redom inan t l y 
a g luon -g luon col l ider , wh i le the ISR 
can p robe quark -quark sca t te r i ng . 

The detection system at Intersection 8 of 
the CERN Intersecting Storage Rings, with 
its walls of uranium/scintillator hadron 
calorimeter, a good example of the 
sophisticated instrumentation now available 
at the ISR. 

(Photo CERN 221.7.82) 

T h e ISR also enables ident ical de ­
t e c t o r s t o m a k e a d i rec t c o m p a r i s o n 
o f p r o t o n - p r o t o n and p r o t o n - a n t i -
p r o t o n in te rac t ions . Th is is an acid 
t es t o f quark behav iour and cou ld 
t h r o w cons ide rab le l ight on the 
nature o f the f undamen ta l in terac­
t i ons . The a n t i p r o t o n runs w i t h the 
ISR so far have really on ly sc raped 
the sur face o f s o m e rich phys i cs . 

N o w tha t clear je ts have been 
seen , the ex is t ing d e t e c t o r s at the 
ISR can env isage a ful l p r o g r a m m e o f 
je t i nves t i ga t i ons . Sys tema t i c s t u d y 
o f t hese j e t s p rov ides a g o o d tes t i ng 
g r o u n d f o r q u a r k / g l u o n (s t rong inter­
act ion) t h e o r y , and the ISR wi l l c o n ­
t inue t o p rov ide useful i n fo rma t i on 
r ight up t o the m inu te it is s w i t c h e d 
of f . 

T h e ISR has had a m o n o p o l y o f 
d i rec t p h o t o n phys i cs , w h i c h inves t i ­
ga tes the e lec t romagne t i c rad ia t ion 
(pho tons ) c o m i n g f r o m exc i ta t ion o f 
the (electr ical ly charged) qua rks . T h e 
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Two views of the charged particle momenta 
produced in an event at the Axial Field 
Spectrometer at the CERN Intersecting 
Storage Rings carrying large transverse 
energy. Such clean jet-like events dominate 
the sample with more than 12 GeV of 
transverse energy deposited in one quadrant 
of the calorimeter. 

s t u d y o f the a c c o m p a n y i n g had rons 
p rov ides impo r t an t i n f o r m a t i o n . 
C o m p a r i s o n o f p h o t o n p r o d u c t i o n in 
p r o t o n - p r o t o n and p r o t o n - a n t i p r o -
t o n co l l is ions is espec ia l ly in te res t ­
ing . 

The ISR d e m o n s t r a t e d the appar ­
ent rapid increase in the p r o d u c t i o n 
o f heavy f l avours at h igher energ ies , 
and the n e w de tec to r con f i gu ra t i ons 
n o w avai lable wi l l be able t o e x t e n d 
th is s tudy . The b ig r ise in c h a r m p r o ­
duc t i on f r o m f i xed ta rge t t o ISR ener­
g ies w a s at f i rs t a m y s t e r y , bu t sa t i s ­
f a c t o r y exp lana t ions can n o w be 
p r o p o s e d as the under ly ing m e c h a n ­
i sms are fu r ther s t ud ied . H o w e v e r a 
lot o f w o r k remains t o be d o n e and a 
search f o r beau ty cou ld sti l l pay d i v i ­
d e n d s . 

A s we l l as handl ing p r o t o n s and 
a n t i p r o t o n s , the ISR can a lso handle 
heavier par t ic les , and in 1 9 8 0 a sho r t 
run w a s m a d e w i t h co l l id ing b e a m s 
o f a lpha par t ic les . Th i s gave s o m e 

in te res t ing resul ts (see M a y 1 9 8 1 
issue, page 163) and fu r ther s tud ies 
cou ld f o l l o w up th is p ioneer w o r k . 
These ion co l l is ions cou ld g ive c lues 
t o the m u c h sough t -a f te r q u a r k / 
g luon p l asma . 

In add i t i on t o the p r o g r a m m e w i t h 
co l l id ing b e a m s , a gas je t t a rge t is 
be ing p repared at In te rsec t ion 7 f o r 
use w i t h a coas t i ng an t i p ro ton b e a m 
in one r ing . Th is w o u l d a l l ow a s y s ­
t ema t i c s t u d y o f c h a r m o n i u m s ta tes 
and is schedu led as the f inal cur ta in 
t o ISR phys i cs . 

A t the mee t i ng on 2 0 S e p t e m b e r , 
Harald Fr i tzsch d r e w an ana logy . He 
rem inded the audience o f the r ich­
ness o f the T e s t a m e n t M a t h e m a t i -
que o f Evar is te Galo is , f rant ica l ly 
w r i t t e n dur ing the n ight w h i c h pre­
ceded his un t ime ly dea th in a due l . 
H o w m u c h m o r e w o u l d w e have 
learnt f r o m Galo is ' fer t i le m ind if he 
had been g iven another n igh t? 

Looking for neutrino 
oscillations 
Three e x p e r i m e n t s are be ing pre­
pared f o r da ta - tak ing nex t year 
w h i c h wi l l use a n e w l o w energy neu­
t r i no b e a m f r o m the 2 8 GeV Pro ton 
S y n c h r o t r o n # ( P S ) . The r ich p r o ­
g r a m m e o f neut r ino phys ics us ing 
the in tense b e a m s f r o m the 4 0 0 GeV 
SPS p r o t o n s y n c h r o t r o n has been 
under w a y s ince the c o m m i s s i o n i n g 
o f the SPS in 1 9 7 6 and has n o w 
a m a s s e d a w e a l t h o f i n f o rma t i on . 

But in the bizarre w o r l d o f the neu­
t r i n o , h igh ene rgy is no t the on ly w a y 
t o d i scove r n e w behav iour . Recent ly 
there has been r e n e w e d specu la t ion 
on w h e t h e r the neu t r ino , long 
t h o u g h t t o be a mass less par t ic le , in 
f ac t has a smal l residual m a s s . In 
a d d i t i o n , the d i f fe rent t y p e s o f neu­
t r i no e n c o u n t e r e d in nature (e lect ron 
and m u o n t y p e s are c o m m o n and a 
th i rd tau t y p e is a lso e x p e c t e d t o 
exist ) m igh t n o t in fac t be immu tab le . 
Osc i l la t ions b e t w e e n d i f fe rent neu­
t r i no s ta tes cou ld be poss ib le , ana lo­
g o u s in cer ta in respec ts t o w h a t hap­
pens w i t h the neutra l kaons . 

T o exp lo re these poss ib i l i t ies 
fu r the r , a n e w l o w energy neut r ino 
b e a m is t o be p r o v i d e d by the 
PS. M o d u l e s f r o m the CERN/Dor t -
m u n d / H e i d e l b e r g / S a c l a y ( W A 1 ) and 
CERN / H a m b u r g / A m s t e r d a m / 
R o m e / M o s c o w (CHARM) neu t r ino 
coun te r e x p e r i m e n t s in the W e s t Ex­
per imen ta l A r e a o f the SPS are be ing 
se t up immed ia te l y af ter the decay 
tunne l o f t he neut r ino b e a m , a b o u t 
1 5 0 m f r o m the ta rge t . Data re­
c o r d e d in t hese u p s t r e a m d e t e c t o r s 
wi l l be c o m p a r e d w i t h tha t f r o m the 
larger d e t e c t o r s d o w n s t r e a m . T h e 
PS neu t r ino b e a m wi l l a lso pass 
t h r o u g h the BEBC bubb le c h a m b e r , 
w h e r e an A t h e n s / Padua / Pisa / 
W i s c o n s i n g r o u p wi l l car ry ou t an 
add i t iona l sea rch . 

T h e W A 1 - t ype u p s t r e a m d e t e c t o r 
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cons i s t s o f six m o d u l e s o f t he i m ­
p r o v e d i ron-sc in t i l la tor ca lo r ime te r , 
w e i g h i n g 2 8 0 t o n s . T h e d o w n ­
s t r e a m de tec to r con ta ins 2 1 m o ­
du les and w e i g h s 1 1 4 0 t o n s . Th ree 
m o d u l e s o f the C H A R M ca lo r ime te r 
are insta l led u p s t r e a m , t o g e t h e r w i t h 
an i ron m u o n f i l ter , p r o v i d e d b y the 
Ins t i tu te o f Theore t i ca l and Exper­
imenta l Phys ics , M o s c o w . Each m o ­
dule con ta ins six marb le t a rge t s labs 
8 c m th ick in te rspersed w i t h a f ine ­

gra ined array o f sc int i l la tor c o u n t e r s , 
p ropo r t i ona l coun te rs and s t reamer 
t u b e s . The d o w n s t r e a m d e t e c t o r 
has ten m o d u l e s . 

A module of the CERN'/Hamburg/ 
Amsterdam/Rome/Moscow ('CHARM') 
neutrino experiment is eased into the 
upstream experimental area for the new 
CERN low energy neutrino beam. Data from 
this upstream detector (and others) will be 
compared with what is seen in the main 
detectors some 600 m downstream. 

(Photo CERN 212.9.82) 

In the right channel 
Stud ies o f ' channe l l i ng ' have d i scov ­
ered a po ten t ia l l y p o w e r f u l n e w m e ­
t h o d o f p roduc i ng polar ized p h o t o n s 
w h i c h cou ld be exp lo i ted in a w i d e 
range o f e x p e r i m e n t s . 

Late ly , a lot o f a t ten t i on has been 
g iven t o the p rov i s i on o f s t r o n g m o -
noenerge t i c sou rces o f p h o t o n s f o r 
use in a w i d e var ie ty o f s t ruc tu re s t u ­
d ies . S y n c h r o t r o n rad ia t ion , b r e m s -
s t rah lung and pos i t r on annih i la t ion 
are cur ren t l y cons ide red as the main 
sou rces o f t hese p h o t o n s . 

For s y n c h r o t r o n rad ia t ion , ' w i g -
g ler ' m a g n e t s are be ing insta l led in 
e l e c t r o n - p o s i t r o n s to rage r ings t o 
b o o s t the e m i t t e d rad ia t ion . These 
w i g g l e r s f o r c e the par t ic les t o osc i l ­
la te, and t h e r e b y radiate. The energy ' 
o f th is rad ia t ion is usual ly b e l o w 
1 M e V , so tha t it is no t sui table f o r 
a w i d e range o f expe r imen ts . 

H o w e v e r a f e w years ago a n e w 
sou rce o f rad ia t ion — channel l ing 
rad ia t ion — w a s f o u n d in w h i c h the 
e x t r e m e l y s t r o n g s teer ing e f fec t 
f r o m channel l ing f o r ces e lec t rons or 
p o s i t r o n s t o osc i l la te up and d o w n 
b e t w e e n ad jacen c rys ta l p lanes. 
J u s t l ike a w igg ie r m a g n e t , th is osc i l ­
la t ion ma. ;as the charged par t ic les 
em i t po lar ized a >iat on o f a spec i f ic 
ene rgy in a n a r r o w angle in the fo r ­
w a r d d i rec t ion . 

Expe r imen ts p e r f o r m e d prev ious ly 
at energ ies c~ a f e w GeV f o u n d a 
peak f o r p o s . : o ,s (a Sov ie t -US 
team) wh i l e s tud ies w i t h e lec t rons in 
the USSR revea led a b road p h o t o n 
s p e c t r u m . 

Last s u m m e r the A a r h u s / CERN / 
S t r a s o o u r g channel l ing g r o u p , co l la ­
bo ra t i ng w i t h the UK p h o t o n g r o u p , 
u n d e r t o o k an inves t iga t ion o f chan ­
nel l ing rad ia t ion f r o m 5 - 5 0 GeV elec­
t r o n s and p o s i t r o n s us ing a s e c o n d a ­
ry b e a m r>om the CERN SPS 4 0 0 GeV 
p r o t o n s y n c h r o t r o n , r'or pos i t r ons at 
m o d e r a t e GeV energ ies th is exper i -
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The principle of a channelling radiation 
experiment. When a beam of positrons is 
channelled between crystal planes, the 
particles oscillate and emit radiation. Usually 
the energy of this radiation depends on the 
size of the oscillations — the inset 

('Microscopic View') shows how two 
incident beam positrons radiate different 
energies. However under certain conditions 
the positrons produce highly monoenergetic 
photons. The energy is even better defined 
by collimating the resultant photon beam. 

Photon spectrum obtained from 5 GeV/c 
positrons channelled between the planes 
of a 100-micron thick silicon crystal. The 
peak can be even better defined by 
collimating the photon beam. At 20 GeV/c, 
there is no energy peak. 

m e n t a lso f o u n d a peak . A t h igher 
energ ies , on ly a b road e n h a n c e m e n t 
w a s o b s e r v e d , as w a s a lso the case 
f o r e lec t rons ac ross the w h o l e ener­
gy range. Th is is because the e m i t t e d 
p h o t o n energ ies are d e p e n d e n t on 
the osc i l la t ions b e t w e e n the p lanes. 
H o w e v e r there ex is ts a ' m a g i c ' p o s i ­
t r o n energy — f o r m o s t c rys ta l 
p lanes in the 1-10 GeV range — at 
w h i c h the e m i t t e d p h o t o n ene rgy is 
i ndependen t o f the size o f t he osc i l ­
la t ions . T h e S o v i e t - A m e r i c a n p o s i ­
t r o n expe r imen t w a s p e r f o r m e d near 
such an energy . 

Th is year , fu r ther i nves t i ga t i ons by 
the channel l ing g r o u p , n o w at t he 2 8 
GeV PS p r o t o n s y n c h r o t r o n , have 
scanned the 1-10 GeV ene rgy range 
and c o n f i r m e d the ex i s tence o f a 
' m a g i c ' pos i t r on ene rgy f o r each 
c rys ta l p lane, p roduc ing a sharp p h o ­
t o n peak. The rad ia t ion is so s t r o n g 
tha t a c rys ta l abou t 1 m m th i ck can 
y ie ld near ly one p h o t o n per p o s i t r o n 

in the n a r r o w peak. 
If the emerg ing p h o t o n b e a m is 

co l l ima ted , a highly m o n o e n e r g e t i c 
supp ly o f p h o t o n s b e c o m e s avai la­
ble. H o w e v e r th is requi res a h ighly 
paral lel inc ident b e a m , such as is av­
ai lable f r o m a l inac, supp ly ing m o r e 
than 1 0 9 par t ic les per s. Hence a 
c o m p a r a b l e y ie ld o f m o n o e n e r g e t i c 
p h o t o n s b e c o m e s avai lable in the 
M e V reg ion , eminen t l y su i tab le f o r 
nuclear phys i cs . The energy can be 
var ied con t i nuous l y . For 1-10 G e V / c 
p o s i t r o n s , the p h o t o n energy is in the 
1 -100 M e V reg ion . Like s y n c h r o t r o n 
rad ia t ion , the p h o t o n s are p lane p o ­
lar ized. 

If a ben t c rys ta l is used t o channe l 
the b e a m (see M a y 1 9 8 0 issue, page 
1 1 1 ) , the resu l tant radius o f cu r va ­
tu re is m u c h smal ler than tha t o f c o n ­
ven t iona l s y n c h r o t r o n s , so tha t in ­
t ense s y n c h r o t r o n rad ia t ion is em i t ­
t e d . T h e in terac t ion b e t w e e n the 
e m i t t e d rad ia t ion and the b e a m par t i ­

c les wi l l g ive a h ighly polar ized p o s i ­
t r o n b e a m , open ing up fu r ther p o s s i ­
b i l i t ies. 

KARLSRUHE/DESY 
Experiment on 
superconducting 
cavity completed 
Earlier th is year (June issue, page 
1 7 5 ) , w e r epo r t ed the s ta r t o f an 
e x p e r i m e n t w i t h a supe rconduc t i ng 
rad io - f requency acce lera t ing cav i t y 
insta l led in the PETRA s to rage r ing at 
DESY. Th is expe r imen t , by a g r o u p 
f r o m the K e r n f o r s c h u n g s z e n t r u m 
Kar ls ruhe, has n o w been c o m p l e t e d 
w i t h ve r y encourag ing resu l ts . 

T h e p e r f o r m a n c e o f the cav i t y (ac­
ce lera t ing f ie ld g rad ien ts o f 2 . 3 
M V / m and a Q-value o f 1 0 9 ) w e r e 
no t a f f ec ted by de l iberate exposu re 
o f the h igh f ie ld reg ion t o 1.5 W o f 
s y n c h r o t r o n rad ia t ion . It w a s a lso 
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The upgraded MPS spectrometer at the 
Brookhaven AGS where candidate signals 
have been seen for 'glueballs' — particles 
made up of gluons, but no quarks. 

(Photo Brookhaven) 

no t a f fec ted by six w e e k s o f no rma l 
PETRA opera t i on w i t h the cav i t y at 
he l ium tempe ra tu re and d e t u n e d 
a w a y f r o m the f u n d a m e n t a l m o d e . 

A f t e r an add i t iona l t w o m o n t h s o f 
no rma l PETRA ope ra t i on w i t h the 
cav i t y kep t at 8 0 K, an acc iden ta l 
exposu re t o c lean, d ry n i t rogen oc ­
cu r red . Init ial ly, th is a f f ec ted pe r fo r ­
m a n c e ve ry bad ly , bu t a f ter p u m p i n g 
at a t empe ra tu re o f 5 0 C f o r a day 
and subsequen t recoo l i ng , the o r ig i ­
nal pe r f o rmance level w a s r e s t o r e d . 
T h e f ie ld cou ld even be ra ised t o 
3 . 1 4 M V / m since a de fec t in the 
r o o m tempe ra tu re par t o f the input 
coup l ing had been repa i red . 

The higher o rder m o d e s p e c t r u m 
exc i t ed by the b e a m w a s m e a s u r e d 
in g reat de ta i l , and all m o d e s w h i c h 
p rev ious ly had been ident i f ied in la­
b o r a t o r y m e a s u r e m e n t s w e r e f o u n d . 
Surpr is ing ly a lot o f m o d e s are ex­
c i ted a b o v e the b e a m cu to f f ene rgy . 
In t h o s e m o d e s f o r w h i c h c o m p u t e d 
va lues ex is t , there w a s a g r e e m e n t 
b e t w e e n t h e o r y and e x p e r i m e n t t o 
w i t h i n 10 per cent . The higher o rde r 
m o d e o u t p u t coup l ing s y s t e m 
w o r k e d so we l l tha t even at the h igh­
es t ob ta inab le PETRA b e a m cur­
ren t s , less than 1 W higher o rde r 
m o d e p o w e r w a s d i ss ipa ted in to the 
he l ium wh i le severa l hund red W 
w e r e coup led ou t . 

T h e expe r imen t ind ica tes t ha t a 
supe rconduc t i ng r.f. cav i t y can be 
o p e r a t e d rel iably in the tax ing env i ­
r o n m e n t o f a s to rage r ing . 

BROOKHAVEN 
Glueballs? 
Since 1 9 7 8 , a B r o o k h a v e n / C i t y Co l ­
lege o f N e w Y o r k co l l abo ra t i on has 
had ind i rect ev idence f o r g luebal ls — 
par t ic les made up o f g luons bu t no 
qua rks . Th is ev idence c a m e f r o m ne­
ga t i ve p i o n - p r o t o n co l l i s ions p r o d u c ­
ing t w o phi m e s o n s and a neu t ron — 
a reac t ion f o r b i d d e n by conven t i ona l 

se lec t ion ru les. Based init ial ly on 1 0 0 
and later on 1 7 0 even t s , the ' f o r b i d ­
d e n ' s ignal w a s seen in the s p e c t r u m 
o f the t w o phis b e l o w 2 .5 GeV , us ing 
the MPS I s p e c t r o m e t e r . 

The spark c h a m b e r s o f MPS I w e r e 
rep laced by a n e w s y s t e m o f n a r r o w 
dr i f t space dr i f t chambe rs w i t h d ig i ­
t ized readou t w h i c h a l l owed an o rde r 
o f magn i t ude increase in da ta ga ther ­
ing p o w e r . In a shor t run w i t h the 
i m p r o v e d d e t e c t o r th is sp r i ng , 1 2 0 0 

c lean t w o - p h i even t s w e r e o b t a i n e d . 
A part ia l w a v e analys is f o u n d t w o 
r e s o n a n c e s , w i t h i sosp in zero , sp in 
t w o and pos i t i ve par i ty . 

T h e f i rs t resonance is at 2 1 6 0 
M e V and a w i d t h o f 3 0 0 M e V , and 
the s e c o n d at 2 3 2 0 M e V and w i d t h 
2 2 0 M e V . A s t hey are to ta l l y f o r b i d ­
den by conven t i ona l se lec t ion ru les, 
t hey are cons ide red s t r o n g cand i ­
da tes f o r g luebal ls . The resul ts w e r e 
p resen ted by S a m L indenbaum at the 
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On the left is the 16 MeV electron linac 
test structure, 30 cm long, which has been 
operated at Novosibirsk reaching 55 MeV 
per m accelerating gradients. Also shown 
are a cut-out view of the accelerating 
structure and a single cell. 

recent Paris Con fe rence . 
In pr inc ip le , the se lec t ion rules can 

be b roken by mu l t i - s tep p r o c e s s e s , 
bu t e l sewhere there is l i t t le ev idence 
f o r th i s , sugges t i ng tha t s ingle s tep 
p rocesses d o m i n a t e . T h e f ac t t ha t 
the ' f o r b i d d e n ' s ignal is so s t r o n g 
ind icates tha t the o b s e r v e d s ta tes 
are p r imary gluebal ls and no t s o m e 
mul t ip le e f fec t w h i c h m i m i c s g luebal l 
behav iour . Th is cou ld o p e n a n e w 
chap te r in part ic le s p e c t r o s c o p y . 

NOVOSIBIRSK 
Preparing for VLEPP 
A s w e repo r ted in the D e c e m b e r 
1 9 7 9 issue, page 4 0 3 , the Inst i tu te 
f o r Nuclear Physics at Novos ib i r sk 
has p lans t o bui ld a col l id ing l inac 
b e a m s y s t e m k n o w n as VLEPP. The 
u l t imate a im is t o col l ide e lec t rons 
and pos i t r ons at an energy o f 5 0 0 
GeV per b e a m af ter a f i rs t phase w i t h 

1 5 0 GeV b e a m s w h i c h wi l l enable 
phys i cs t o be done at energ ies 
b e y o n d LEP. The to ta l length o f the 
f i rs t phase s y s t e m is es t ima ted at 
abou t 3 k m g r o w i n g t o 10 k m fo r the 
ful l 5 0 0 GeV b e a m s . 

The s c h e m e has the t w o l inacs f i r­
ing at each o the r in a s t ra igh t l ine. 
Bunches o f 1 0 1 2 po lar ized par t ic les 
w o u l d col l ide at a repet i t ion rate o f 
10 Hz. If the b e a m c ross - sec t i ons at 
the co l l is ion po in t s (f ive wi l l be in­
s ta l led in ser ies and cou ld be oper ­
a ted separate ly ) can be kep t t o a f e w 
square m i c r o n s , a luminos i t y o f 1 0 3 2 

per c m 2 per s w o u l d be ach ieved . 
A f t e r pass ing t h r o u g h the co l l is ion 
po in t s the bunches are de f l ec ted , by 
a pu lsed m a g n e t , t h r o u g h a spec ­
t r o m e t e r t o measure the co l l is ion e n ­
e rgy . T h e y then enter a long helical 
undu la to r w h e r e t hey radiate abou t 1 
per cen t o f the i r energy as c i rcular ly 
po lar ized p h o t o n s . The emerg ing p o ­
larized par t ic le b e a m can be used f o r 
f i xed ta rge t expe r imen ts wh i le the 
p h o t o n s reach a c o n v e r t o r f r o m 
w h i c h e lec t rons (or pos i t rons ) are 
gene ra ted . A f t e r m o d e s t acce le ra - 1 

t i o n , s t o rage and coo l ing r ings p re ­
pare the par t ic les fo r in ject ion in to 
the b ig l inac. 

T o m a k e the scheme real izable, 
severa l aspec t s o f acce lera tor t e c h ­
no logy wi l l have t o be pushed fur ­
ther . P rogress at the S tan fo rd Linear 
Col l ider (see June 1 9 8 1 issue, page 
199) is be ing w a t c h e d c lose ly and 
there is a p r o g r a m m e of research and 
d e v e l o p m e n t at Novos ib i r sk i tself . 
A n i m p o r t a n t fea tu re o f the des ign is 
a ve ry h igh acce lerat ing grad ien t 
a long the l inacs ( 1 0 0 M e V per m) so 
as t o keep the overa l l size o f the c o l ­
l ider reasonab le . The hope tha t such 
a g rad ien t can be ach ieved is based 
on s ingle cell cav i t y m e a s u r e m e n t s , 
carr ied ou t in 1 9 7 8 , w h e n g rad ien ts 
o f 1 5 0 M e V per m w e r e ach ieved in 
specia l ly des igned s t ruc tu res . 

In M a y o f th is year an acce lera t ing 
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The VLEPP scheme to achieve very high 
energy electron-positron colliding linac 
beams. The numbers indicate — (1) The 
electron injector, (2) Preaccelerator for 1 
GeV, (3) Debuncher, (4) Storage ring, (5) 
Cooling ring prior to injection, (6) Buncher, 
(7) Linac accelerator, (8) R.f. power sources, 
(9) Pulsed deflecting magnet, (10) Focusing 

lenses, (11) Collision points, (12) Helical 
undulator, (13) Emerging beam of circularly 
polarized photons, (14) Converter to give 
new particles, (15) Residual electron beam, 
(16) Fixed target electron or positron 
experiments, (17) The extension for higher 
energies after the first phase, (18) Energy 
measuring spectrometer. 

loo GeV 
1km 

s t ruc tu re 3 0 c m long w a s t e s t e d and 
a grad ien t o f 5 5 M e V per m w a s 
reached . Special k l y s t r ons w e r e de ­
s igned and c o n s t r u c t e d t o f eed p o w ­
er t o the s t ruc tu re at levels up t o 
2 0 M W w i t h 5 c m w a v e l e n g t h . T h e 
k l ys t ron p o w e r n o w s e e m s t o be the 
l imi t ing f ac to r in ach iev ing h igher ac­
ce lerat ing g rad ien ts . The VLEPP p r o ­
jec t needs 1 G W pu lsed r.f. gene ra ­
t o r s spaced 5 t o 10 m a long the 
l inacs t o p rov ide s o m e 1 0 0 0 G W in 
the f i rs t phase and s o m e 4 0 0 0 G W 
at ful l energy . The p o w e r c o n s u m p ­
t i on f r o m the ma ins are 15 and 4 0 
M W respect ive ly . A p r o t o t y p e g e n ­
era to r has been o p e r a t e d . A n elec­
t r o n b e a m o f the des i red qua l i ty w a s 
ach ieved and the p o w e r w a s p u s h e d 
t o 0 .5 G W . 

CORNELL 
CLEO's counters 
Ident i f i ca t ion o f cha rged par t ic les by 
measur ing thei r ion izat ion in m a t t e r is 
one o f the o ldes t t echn iques in nu ­
clear phys i cs . In e lemen ta ry par t ic le 
phys ics th is techn ique has a lso been 
used in bubb le c h a m b e r and coun te r 
e x p e r i m e n t s , but it has on ly recent ly 
been poss ib le t o d e v e l o p the f a s t , 
large so l id angle dev ices tha t 
can c o m p l e m e n t the m o m e n t u m 

Diagram of one of the octants of energy 
loss counters in the CLEO detector at 
Cornell's CESR electron-positron storage 
ring. 

m e a s u r e m e n t s made in large dr i f t 
c h a m b e r s p e c t r o m e t e r s . 

Part icle ident i f i ca t ion by measur ­
ing ion izat ion is comp l i ca ted by the 
fac t tha t the energy lost t o ion izat ion 
in pass ing t h r o u g h ma t te r has large 
f l uc tua t i ons , f i rs t ca lcu la ted by Land ­
au. These large f l uc tua t ions imp ly 
tha t many m e a s u r e m e n t s m u s t be 
m a d e in o rde r t o de te rm ine the m o s t 
p robab le ion izat ion value tha t is char­
acter is t ic o f the part ic le t y p e . 

The J A D E c h a m b e r at PETRA and 
the TPC c h a m b e r at PEP measure 
b o t h the ion izat ion and the m o m e n t a 
o f t r a c k s in the same dev ice . In the 
CLEO (Cornel l / Harvard / I thaca Co l ­
lege / M I T / Ohio S ta te / Rochester / 
Rutgers / Sy racuse / Vanderb i l t ) ex­
pe r imen t at Corne l l ' s CESR r ing , i on ­
izat ion is measu red in ded ica ted en ­
e rgy loss coun te r s con ta ined in each 
o f the e ight o c t a n t s su r round ing the 
dr i f t c h a m b e r and supe rconduc t i ng 

INTERACTION 
POINT 

DE/DX OCTANT 
(NOT TO SCALE) 
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Gary Feldman (with microphone) and David 
Leith consider a point at this year's SLAC 
physics institute. 

(Photos Joe Faust) 

co i l . The last o f t hese w e r e insta l led 
in the s u m m e r o f 1 9 8 1 , rep lac ing 
Che renkov coun te rs tha t w e r e used 
wh i l e the energy loss c o u n t e r s w e r e 
be ing deve loped and bui l t . 

Each coun te r c o n s i s t s o f 1 2 4 m o ­
du les , each of w h i c h has 1 1 7 w i r e s 
f o r samp l ing the ion iza t ion . B e l o w 1 
G e V / c m o m e n t u m , bands co r res ­
pond ing t o the ion izat ion p r o d u c e d 
by p ions , kaons and p r o t o n s are v i s ­
ible. A t h igher m o m e n t u m , it is no t 
poss ib le t o ident i fy ind iv idual par t i ­
c les w i t h the p resen t l y ach ieved 6 
per cent r e s o l u t i o n ; it is on ly poss ib le 
t o separa te par t ic les s ta t is t ica l ly . 

The energy loss c o u n t e r s , w o r k i n g 
t o g e t h e r w i t h t ime-o f - f l i gh t c o u n t ­
e rs , can ident i fy cha rged k a o n s ove r 
the m o m e n t u m range 0 . 4 5 t o 1.0 
G e V / c . Th is is a ve ry in te res t ing 
m o m e n t u m interval because it in ­
c ludes a large f rac t i on o f the k a o n s 
resul t ing f r o m decays o f heav ier par­
t ic les . These have been d e t e c t e d by 
the CLEO g roup by r econs t r uc t i ng 
t h e m f r o m their decay p r o d u c t s , us ­
ing ident i f ied kaons . 

The substant ia l D° ( cha rmed 
meson) p roduc t i on f r o m the f o u r t h 
ups i lon resonance is espec ia l ly 
s ign i f icant as a poss ib le s t e p p i n g 
s tone t o recons t ruc t i ng B (beauty) 
m e s o n s , the par t ic les resu l t ing f r o m 
a beau ty quark c o m b i n i n g w i t h 
l ighter qua rks . M e a s u r e m e n t s o f the 
m o m e n t u m d is t r i bu t ions o f e lec­
t r o n s and m u o n s f r o m the f o u r t h up ­
s i lon repo r ted by the CLEO and the 
CUSB (Columbia / S t o n y B rook / 
Louis iana Sta te / MPI -Mun ich ) 
g r o u p s at CESR es tab l i sh a l o w e r l im­
it o f 9 0 per cent f o r the b ranch ing 
rat io o f the decay o f a beau ty quark 
in to a c h a r m e d quark (see N o v e m b e r 
issue, page 3 6 7 ) . T h e s e c qua rks 
shou ld appear in cha rged or neutra l D 
m e s o n s , poss ib l y f r o m the decay o f 
D* m e s o n s . Hence it m a y be poss ib le 
t o recons t ruc t B m e s o n s by w o r k i n g 
b a c k w a r d f r o m D m e s o n s . 

STANFORD 
Particle physics 
institute 
S L A C h o s t e d 3 7 6 phys ic i s ts dur ing 
th is yea r ' s annual Inst i tu te on Part ic le 
Phys ics . Th is year m a r k e d the t e n t h 
ann iversary o f the Ins t i tu te , w h i c h 
a t t r ac ted par t i c ipan ts f r o m f o u r t e e n 
coun t r ies in Europe, As i a and Lat in 
A m e r i c a as we l l as the US. Faithful t o 
i ts sucess fu l t r ad i t i on , the Ins t i tu te 
cons i s t ed o f a seven-day schoo l f o l ­
l o w e d by a th ree -day top ica l con fe r ­
ence. The cou rses , add ressed ma in ­
ly t o p o s t d o c t o r a l exper imen ta l i s t s 
(but a t t e n d e d as we l l by s e a s o n e d 
t h e o r i s t s ! ) , had the t h e m e o f Phys ics 
at Ve ry High Energ ies, wh i le the t o p i ­
cal con fe rence b rough t resu l ts f r o m 
cur rent expe r imen t s . 

Bo th t heo r i s t s and expe r imen ta l ­
is ts f o c u s e d on w h a t shou ld be 
learned f r o m the fu tu re mach ines . R. 

Cahn (Berkeley) p resen ted a bri l l iant 
s u m m a r y o f o ld and n e w phys ics at 
had ron co l l iders , and J . Dor fan 
(SLAC) exp lo red the exper imen ta l 
c o n s e q u e n c e s o f the s tanda rd m o d e l 
and o f t he s u p e r s y m m e t r i c theor ies 
p resen ted in the lectures by L. Suss -
k ind (S tan fo rd) . D raw ing f r o m b o t h 
t h e o r y and acce lera tor sc ience , B. 
W i i k (DESY) cap t i va ted the au­
d ience ' s a t t en t i on w i t h a p resen ta ­
t i on o f the phys ica l m o t i v a t i o n and 
techno log i ca l cha l lenges o f e lec t ron -
p r o t o n co l l iders . In the same ve in , R. 
S t ien ing (SLAC) ta l ked abou t e lec­
t r o n - p o s i t r o n l inear co l l iders and R. 
D iebo ld (A rgonne) p resen ted the 
p lans f o r a 2 0 T e V x 2 0 T e V hadron 
col l ider . T h e semi logar i t hm ic L iv ing­
s t o n char t , s h o w i n g the evo lu t i on o f 
acce le ra to r energ ies w i t h t i m e , w a s 
o f t en p resen ted but w i t h a n e w 
t w i s t : s o m e speake rs also ind ica ted 
thei r re t i r emen t year on the p lo t , re­
f lec t ing the des i re f o r a speedy pace 
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After-dinner entertainment at this year's 
traditional SLAC physics institute. 

o f n e w c o n s t r u c t i o n . S tand ing p r o b ­
lems in w e a k in te rac t ions , such as 
lep ton sca t te r i ng , p r o t o n decay and 
neut r ino osc i l la t ions w e r e r e v i e w e d 
in the courses by M . S t r ov i nk (Ber­
keley) and H.H. W i l l i a m s (Pennsy l ­
vania) . 

The a f t e rnoon d i scuss ion ses ­
s i ons , f o l l o w e d by socia l hours and 
d inners on the S L A C l a w n s , c o n t r i ­
b u t e d t o the p roduc t i ve and c o n g e ­
nial a t m o s p h e r e o f th is S c h o o l . 

T h e e ighteen lec turers con t r i bu t ­
ing t o the Top ica l Con fe rence p re ­
sen ted exper imen ta l resu l ts f r o m ex­
pe r imen ts at all acce le ra to r cen t res . 
Resul ts f r o m the CERN p r o t o n - a n t i -
p r o t o n col l ider a t t r ac ted in tense at ­
t e n t i o n , b o t h f o r the i r phys i cs c o n ­
t en t and as examp les o f n e w large 
s p e c t r o m e t e r s y s t e m s . T h e m o d e r n 
accen t on lep ton p r o d u c t i o n and lep­
t o n b e a m s w a s re f lec ted in t he re­
su l ts f r o m neut r ino e x p e r i m e n t s and 
the big e l ec t ron -pos i t r on co l l iders . 

The f inal sess i on , s t imu la ted by 
the recent poss ib le o b s e r v a t i o n o f a 
magne t i c m o n o p o l e by B. Cabrera 
(S tan fo rd ) , d ig ressed f r o m the cen ­
t ra l t op i c o f the m e e t i n g , w i t h lec­
tu res by F. W i l c zek (Santa Barbara) 
on p rope r t i es o f m o n o p o l e s and by 
Cabrera on exper imen ta l aspec t s o f 
his search . The top ica l con fe rence 
c losed w i t h a fasc ina t ing e x p o s e 
l ink ing par t ic le phys ics and c o s m o ­
logy g iven by G. S te igman (Bartol 
Research Inst i tu te) . 

T h e t e n t h S L A C Inst i tu te on Part i ­
cle Phys ics l ived up t o the e x p e c t a ­
t i ons o f all t h o s e tha t have c o m e t o 
apprec ia te th is unique educat iona l 
and p ro fess iona l ga ther ing as a year ­
ly o p p o r t u n i t y f o r re f resh ing thei r 
k n o w l e d g e and renew ing thei r en ­
t hus iasm f o r phys i cs . 

(We thank Giora Tarnopolsky for 
this report.) 

ARGONNE 
Pulsed neutron source 
in demand 
The In tense Pulsed Neut ron Source 
(IPNS-I) is in heavy d e m a n d fo r ex­
pe r imen ts . Th is source is a 5 0 0 M e V 
p r o t o n s y n c h r o t r o n p roduc ing neu­
t r o n s by spa l la t ion in a heavy meta l 
t a rge t . The research p r o g r a m m e 
s ta r ted last year and the mach ine is 
p rov id i ng f luxes o f 7 .5 x 1 0 1 4 neu­
t r o n s per c m 2 per s ove r the energy 
range 0 . 0 0 1 t o 10 eV w i t h a pulse 
repe t i t i on rate o f 3 0 Hz. 

Ma jo r i ns t r umen ts fo r use by ex­
per imen ta l t e a m s n o w include t w o 
p o w d e r d i f f r a c t o m e t e r s , a s ingle 
c rys ta l d i f f r ac tome te r , t w o c h o p p e r 
s p e c t r o m e t e r s , a smal l angfe sca t ­
te r ing d i f f r ac tome te r and a c rys ta l 
ana lyser s p e c t r o m e t e r . 

Over 1 0 0 sc ien t i s ts are invo lved in 
the p r o g r a m m e , a t t rac ted by the 
high neu t ron b e a m in tens i t ies , 
m a t c h e d on ly by the Japanese neu­
t r o n sou rce at the KEK Labo ra to ry . 
T h e s tud ies cove r an impress ive ly 
w i d e f i e ld , inc luding inves t iga t ions • 
on the e f fec t o f rad ia t ion on insula­
t o r s , on the s t ruc tu re o f chemica ls 
used as ca ta l ys ts in the p e t r o c h e m i ­
cal i ndus t r y , on the s t ruc tu re o f t o o t h 
ename l , and t o search fo r an electr ic 
d ipo le m o m e n t of the neu t ron . 

Supersymmetry 
confronts experiment 
A t a we l l a t t e n d e d w o r k s h o p earl ier 
th is year at CERN, exper imen ta l i s t s 
and t heo r i s t s d i scussed the p r o s ­
p e c t s o f de tec t i ng n e w par t ic les or 
o the r p h e n o m e n a resul t ing f r o m ' s u ­
p e r s y m m e t r y ' . 

S u p e r s y m m e t r y , or f e r m i o n - b o s -
on s y m m e t r y , is re lat ively n e w , hav­
ing been s tud ied on ly in the last t en 
years or so . By ex tend ing the space -
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People 
and things 

t i m e s y m m e t r y o f s t anda rd re la t iv i ty , 
it pu ts t o one s ide the t i m e - h o n o u r e d 
p resc r ip t i ons o f the Pauli Exc lus ion 
Pr inciple. 

In the o r t h o d o x p ic ture o f par t ic le 
phys i cs , the basic par t ic les (quarks 
and leptons) are f e r m i o n s , ca r ry ing 
half un i ts o f intr insic angular m o m e n ­
t u m (spin) and o b e y i n g the Pauli Ex­
c lus ion Pr inciple, w h i c h l imi ts the 
w a y the avai lable ene rgy levels can 
be o c c u p i e d . The f o r c e carr iers (pho­
t o n s and o ther f ie ld quanta) are b o s ­
o n s , car ry ing in teger sp in . 

S u p e r s y m m e t r y requi res coun te r ­
pa r ts t o the fami l iar par t i c les . T h e s e 
add i t iona l par t ic les have s imi lar 
p r o p e r t i e s , e x c e p t t h a t t h e y ca r ry d i f ­
f e ren t sp in . Th is m e a n s t h a t t he s u -
p e r s y m m e t r i c ' t w i n s ' o f c o n v e n t i o n ­
al par t ic les have d i f fe ren t s ta t i s t i cs 
— f e r m i o n s b e c o m e b o s o n s and v ice 
ve rsa . Hence s l ep tons and s q u a r k s 
f r o m lep tons and q u a r k s , wh i l e p h o ­
t o n s and g luons g ive p h o t i n o s and 
g lu inos . 

A s ye t s u p e r s y m m e t r y has no ex­
per imenta l ev idence t o back it , bu t 
t heo r i s t s con t inue the i r s tud ies un ­
d a u n t e d , c la iming tha t the idea is so 
e legant and appeal ing tha t it ' jus t has 
t o be t r ue ' . It cou ld a lso help exp la in 
p r o b l e m s in o ther areas. 

One o f the main goa ls o f p resen t -
day t h e o r y is the p r o s p e c t o f ' g rand 
un i f i ca t i on ' , w h i c h e x t e n d s the s y m ­
m e t r y o f the success fu l ' e l ec t ro -
w e a k ' syn thes is o f the e l e c t r o m a g ­
net ic and w e a k f o r c e s t o b r ing in 
the s t r o n g in te rac t ions as w e l l . 

A t t r a c t i v e as th is idea m i g h t be , it 
su f fe rs f r o m the n o t o r i o u s ' gauge 
h ierarchy p r o b l e m ' . The e l e c t r o m a g ­
net ic and w e a k in te rac t ions are p re ­
d i c ted t o b lend at an ene rgy o f a b o u t 
1 0 0 GeV. Be low th is ene rgy , the 
s y m m e t r y o f the uni f ied e l e c t r o w e a k 
p ic ture is b r o k e n in to conven t i ona l 
w e a k in te rac t ions and e l e c t r o m a g -
n e t i s m . Th is un i f ica t ion ene rgy has 
t o be increased by a p rod ig i ous 

a m o u n t , abou t a dozen o rde rs o f 
m a g n i t u d e , be fo re all the in terac­
t i ons are e x p e c t e d t o b e c o m e o f 
c o m p a r a b l e s t r eng th in the ful l s y m ­
m e t r y o f g rand un i f i ca t ion . 

One poss ib i l i t y is tha t s u p e r s y m ­
m e t r y b e c o m e s val id in par t o f th is 
y a w n i n g energy gap , t hus so lv ing 
the gauge h ierarchy p r o b l e m in a nat ­
ural w a y . But s u p e r s y m m e t r y be ­
c o m e s b r o k e n at l o w e r energ ies , g iv ­
ing the conven t i ona l p ic ture . 

Th is o f fe rs the exc i t ing poss ib i l i t y 
tha t a w h o l e n e w w o r l d o f par t ic les 
cou ld be awa i t i ng d i s cove ry , and 
tha t the phys i cs ' dese r t ' p red i c ted 
by s o m e theo r i s t s cou ld tu rn ou t t o 
be a mi rage . 

The CERN w o r k s h o p w a s o r g a n ­
ized by Deme t r i os N a n o p o u l o s , A u -
rore Savoy -Nava r ro and Char l ing 
T a o , and the p roceed ings are avai l ­
able as a CERN prepr in t , ref. 
T H . 3 3 1 1 / E P . 8 2 / 6 3 . 

Successful proton-antiproton 
run at CERN 

October and November saw a very 
successful run for proton-antipro­
ton collisions (270 GeV per beam) 
in the CERN SPS machine. Physics 
experiments were able to accumu­
late substantially more data than 
they logged in the initial runs with 
the collider last year. Thanks to 
the operations team being able to 
provide up to three circulating 
bunches of protons and of antipro-
tons, to the commissioning of the 
low beta systems around the two 
experimental areas, and to the 
sterling work of the Antiproton 
Accumulator and the faithful PS 
providing the precious antiprotons, 
peak luminosity was pushed above 
1028 cm~2 s~1, with low back­

grounds. This was good news for 
the intermediate boson hunters. 

A special seminar at the Institute of 
Theoretical and Experimental Physics, 
Moscow, recently marked the sixtieth 
birthday of the eminent Soviet theoretician 
Karen Ter-Martirosyan. 

CERN Courier, December 1982 4 2 1 



Members of the 'CHARM' 
(CERN/Hambourg/A msterdam/Rome 
Moscow) neutrino experiment at the CERN 
SPS proton synchrotron photographed at 
a recent collaboration meeting held at ITER, 
Moscow. The impressive results from this 
experiment and its future plans were 
presented at a special symposium, attended 
by many notable Soviet theoreticians, 
including Bruno Pontecorvo. 

Paul Dirac 80 

The resurgence of interest in mag­
netic monopoles this year is espe­
cially well timed, as it coincides 
with the 80th birthday of Paul Di­
rac, one of the chief creators of 
modern quantum mechanics. He 
also predicted the existence of the 
positron, the antiparticle counter­
part of the electron. But in a paper 
published in 1931 (even before 
the existence of the positron had 
been confirmed by Anderson), 
Dirac went further and showed 
that basic arguments could also 
support the existence of free mag­
netic charges. The magnitude of 
these charges would be simply 
related to other physical constants. 
Earlier this year, Bias Cabrera at 
Stanford reported evidence for just 
such a Dirac monopole passing 
through his apparatus (see 
July/August issue, page 220). 

Although this observation has yet 
to be confirmed, it is worth noting 
Dime's own words in his 1931 
paper. After having recognized the 
possibility that magnetic mono-
poles could exist within the formal­
ism of quantum mechanics, he said 
'under these circumstances one 
would be surprised if Nature had 
not made use of it'. 

Oppenheimer Prize 

For their contributions to elemen­
tary particle physics, Maurice 
Goldhaber of Brookhaven National 
Laboratory and Robert E. Marshak 
of the Virginia Polytechnic Institute 
and State University are the joint 
recipients of the J. Robert Oppen­
heimer Memorial Prize, awarded 
annually by the Center for Theo­
retical Studies at the University of 
Miami since 1969. 

Letters of Intent for 
Stanford Collider 

Nine letters of intent to propose 
detectors for the SLAC Linear Col­
lider were received for considera­
tion by the Laboratory's Experimen­
tal Program Advisory Committee, 
who will advise SLAC's Director on 
possible 'marriage, murder and 
merger' moves to arrive at more 
complete proposals. 

Three letters considered new 
detectors, five letters offered mod­
ifications to existing installations 
(Crystal Ball, MAC, TPC, Mark II 
and HRS), and the ninth could 
coexist with most larger detectors. 

SLAC Summer Institute 

The traditional SLAC Summer Insti­
tute on Particle Physics will be held 
next year from 18—29 July. 

4 2 2 CERN Courier, December 1982 



Further information from Anne 
Mosher, Bin 62, SLAC, PO Box 
4349, Stanford, California 94305, 
USA. 

Running at CERN 

The annual CERN 'Cross' — a 
5.6 km run over a hilly circuit in 
the West Experimental Area — 
was won overall this year by polar­
ized target specialist Tapio Niini-
koski in a record time of 18 min 
30 sec. Second was Dave Da 11 man 
of the UA 1 experiment in 18 min 
38 sec, with EP Division Personnel 
Officer Werner Zapf six seconds 
further away in third place. By to­
day's standards, this is no 'fun 
run', and does not attract the 
hundreds of weekend joggers seen 
at other outings. Also contrary to 
what usually happens elsewhere, 
the older men outperform the 
youngsters — the winner of the 

Men's (no age limit) category 
turned in a time of 19 min 15 sec, 
equivalent to sixth place in the 
'Veterans' (over 37 years) class, 
won by Niinikoski. 

Lightening the fare on the same 
bill were also races for women 
and juniors, with the Houlmann 
family earning the collective trophy 
(fifth place in the Veterans, another 
fifth in the Ladies' 1.8 km race, 
and a first in the Boys under 14). 

The big annual running event at 
CERN, attracting hundreds of par­
ticipants, is the traditional relay 
race round the Meyrin site — a 
3.9 km circuit covered by teams 
of six runners. The teams have to 
belong to some kind of identifiable 
unit (experiment, group, service, 
etc.) to avoid elite combinations. 
Most teams can find one good 
runner, but making up the six is 
not always easy! For the past two 
years, this race has been won by 

a team from the UA 1 experiment. 
This year UA 1 managed to field 
five teams, so that a good propor­
tion of the experiment's 140-odd 
physicists were active that day. 

The CERN Courier would like to 
hear from race organizers at other 
Laboratories with a view to estab­
lishing some Worldwide compari­
son of performances. 

On behalf of the UA 1 'Strollers', Dave 
Dallman accepts from LEP Project Director 
Emilio Picasso the team trophy for this 
year's traditional relay race round the CERN 
site. 
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Staff and Postdoctoral Positions for 
Accelerator Physicists and Engineers 
Argonne National Laboratory has several openings for 
qualified scientists and engineers interested in developing 
advanced concepts for accelerator facilities to be used in 
nuclear and particle physics. Previous experience wi th 
accelerators is advantageous but junior candidates wi th 
good academic records and a strong interest in accelera­
tor physics are encouraged to apply. Salary and position 
wil l depend upon qualif ications and experience. 

Principal current activities in the Physics Division include 
the GeV Electron Microtron (GEM) project which is devel­
oping designs for a national C.W. 4 GeV electron accel­
erator facility, and the ATLAS project, the world 's first 

superconducting accelerator for heavy ions. Related 
activities in other areas of the laboratory include design 
of advanced proton accelerators for spallation neutron 
sources, accelerator development using a rapid cycling 
synchrotron (proton source for the Intense Pulsed Neu­
tron Source, IPNS), research on stochastic cooling in 
collaboration w i th Fermilab, and accelerator research 
wi th a high intensity picopulse electron linear accelerator. 
We offer superior benefits, as well as excellent potential 
for professional recognit ion. Interested persons should 
wr i te : 

D i r e c t o r o f t h e P h y s i c s D i v i s i o n 
B u i l d i n g 2 0 3 
A r g o n n e N a t i o n a l L a b o r a t o r y 
B o x D - P H Y - 8 8 
A r g o n n e , IL 6 0 4 3 9 
Or t e l e p h o n e : Dr. H a r o l d E. J a c k s o n 

( 3 1 2 ) 9 7 2 - 4 0 1 3 

An Equal Opportunity/ 
Affirmative Action Employer 

DESY in H a m b u r g is seek ing an expe r imen ta l 
phys i c i s t f o r pa r t i c i pa t i on in t he s to rage r ing 
d e v e l o p m e n t p r o g r a m o f t h e labora to ry , in pa r t i ­
cular t he app l i ca t i on o f s u p e r c o n d u c t i v e t e c h n i ­
ques. 

A p p l i c a n t s shou ld have a degree in phys ics . 

Exper ience in c r y o g e n i c s w o u l d be usefu l . 

A p p o i n t m e n t s are in i t ia l ly f o r t h ree years , w i t h 

t he poss ib i l i t y o f b e c o m i n g indef in i te . 

P l e a s e w r i t e t o P r o f e s s o r P. S o d i n g 
D e u t s c h e s 
E l e k t r o n e n - S y n c h r o t r o n D E S Y 
N o t k e s t r a s s e 8 5 
D - 2 0 0 0 H a m b u r g 5 2 
( W e s t G e r m a n y ) 

T R I U M F 
M e s o n Research Faci l i ty 

Univers i ty of A l b e r t a 
S i m o n Fraser Univers i ty 
Univers i ty of V ic tor ia 
Univers i ty of Br i t ish Co lumbia 

C o m p e t i t i o n No. 3 7 5 - 1 0 2 

ION SOURCE A N D ACCELERATOR PHYSICISTS 
The Cyclotron Division at TRIUMF has t w o openings for exper­
ienced accelerator physicists. 
1.) An experienced physicist is required to assist the Division 
Head at a senior level. The duties wi l l be primarily experimental 
and wil l require knowledge of RF cavities, electrostatic and 
magnetic fields, ion optics, beam diagnostics, ion sources, 
vacuum systems, and the techniques to achieve precise align­
ment of mechanical structures. The successful candidate 
should have a demonstrated ability to supervise the required 
support groups for new developments f rom the proposal 
through to the commissioning stage. 
2.) An ion source physicist is required to work on the develop­
ment of intense polarized H~ ion sources. Previous experience 
w i th polarized ion sources or an equivalent experimental exper­
tise either in Atomic or Plasma Physics is required. 
Candidates should have a degree at a Ph.D. level or equivalent 
in Physics or Engineering Physics. Candidates w i th little pre­
vious expertise but excellent academic records and a strong 
interest in the above subjects are encouraged to apply. Salary 
wil l depend upon qualif ications and experience. 
Please reply in wr i t ing, outl ining qualifications and experience 
to : 

T R I U M F Personnel (Compet i t ion No. 375 -102) 
4 0 0 4 W e s b r o o k M a l l , 
Univers i ty of Br i t ish Co lumbia 
Vancouver , B.C. V 6 T 2 A 3 
Canada 

Applicants should reply as soon as possible but not later than 
January 15, 1983. W e offer equal employment opportunit ies 
to qualified male and female applicants. 
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Experimental 
Physicists 

CERN of fers a p p o i n t m e n t s t o expe r imen ta l phys i ­
c is ts f o r one or t w o years under t he Fe l lows and 
Assoc ia tes P r o g r a m m e . F e l l o w s h i p a p p o i n t ­
m e n t s are t w o year p o s t d o c t o r a l a p p o i n t m e n t s 
fo r CERN M e m b e r S ta te na t iona ls aged 2 5 - 3 3 . 
S c i e n t i f i c A s s o c i a t e a p p o i n t m e n t s are f o r a f e w 
m o n t h s t o a year. Sc ien t i f i c A s s o c i a t e s are 
genera l ly on leave o f absence f r o m a p e r m a n e n t 
pos i t i on in the i r h o m e c o u n t r y ( M e m b e r or N o n -
M e m b e r Sta te) a l t h o u g h app l i ca t i ons are also 
inv i ted f r o m y o u n g e r N o n - M e m b e r S ta te cand i ­
da tes w h o are n o t ye t in p e r m a n e n t e m p l o y m e n t . 
Th is p r o g r a m m e is a lso o p e n t o theo re t i ca l 
phys ic i s t s and t o app l ied sc ien t i s t s and eng ineers . 

For f u r the r i n f o r m a t i o n and deta i ls o f t he app l i ­
ca t i on p rocedure p lease w r i t e t o : 

F e l l o w s a n d A s s o c i a t e s S e r v i c e 
C E R N 
C H - 1 2 1 1 G e n e v a 2 3 

High Energy Physics 
Postdoctoral Research 

Associates 
The Physics Department at Brookhaven 
National Laboratory has openings for new or 
recent PhD's working in experimental high 
energy physics. The experimental groups 
carry out research primarily at the BNL 
Alternating Gradient Synchrotron, and at 
CERN's Intersecting Storage Rings. Current 
experiments include studies of rare K decays, 
new particle: searches, neutrino physics, and 
studies of high transverse momentum par­
ticles and jets. 
All appointments are for two years with a 
possible third-year extension. 
Physicists interested in working any of these 
areas should apply to: • 
T. L. Trueman, Deputy Chairman, Physics 
Department Brookhaven National Labora­
tory, Associated Universities, Inc., Upton, 
L I., N.Y. 11973. 

An Equal Opportunity Employer m/f 

b i l l Brookhaven National Laboratory 

0 CLD D *ssoc'atei'̂ n'vers't'es'nc-

An informal 
introduction to Gauge 
Field Theories 
IAN J . R. AITCHISON 
Dr Aitchison has written a coherent, self-contained introduction at 
graduate level to the theoretical principles and physical ideas behind 
gauge field theories. He has adopted an informal field-theoretical 
approach in which the discussion centres on simple and illustrative 
special cases. The unifying theme throughout is symmetry: hidden 
and manifest, global and local, especially the relation between local 
symmetry and dynamics. £12.50 net/$22.50 

An introduction to 
Gauge Theories and the 
'New Physics' 
ELLIOTT LEADER and ENRICO PREDAZZI 
The beginning graduate student in high energy or elementary 
particle physics has until now been faced with an absolute morass of 
data on the 'New Physics'. This book fills a gap in providing an 
intelligible introduction to the whole field of elementary particle 
physics in which the emphasis is on the physical ideas. The 
treatment of gauge theories stresses the physical content without 
becoming bogged down in mathematical technicalities. 

Hard covers £35.00 net/$65.00 
Paperback £15.00 net/$27.50 

CAMBRIDGE 
UNIVERSITY PRESS 

Scientific 
Instrumentation 

Brookhaven National Laboratory 
A position exists within the Instrumentation 
Division of Brookhaven National Laboratory for 
an electronics engineer or physicist trained to 
the Master's or Ph.D. level to work on signal 
processing and electronic circuits for nuclear 
particle and photon detectors. The efforts are to 
be applied to scientific experiments in high ener­
gy physics, materials science, and biology at 
Laboratory facilities, namely the Alternating 
Gradient Synchrotron, the High Flux Beam Re­
actor, and the National Synchrotron Light 
Source. 

Candidates should provide resume and three 
reference letters to: 
V. Radeka, Head, Instrumentation Division, 
Brookhaven National Laboratory, Asso­
ciated Universities, Inc., Upton, L.I., NY 
11973. 

An equal opportunity employer, m/f 

Brookhaven National Laboratory 

(10 ID D ^ s s o c ' a t e i ' Universities Inc. 
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C A M A C / N I M 
SEN PRESENTS THE NEW MODULAR 

MOTOR DRIVER SYSTEM 
• AUTOMATIC P O S I T I O N I N G O F 4 STEPPER M O T O R S 

( 3 or 4 p h a s e ) OR 4 DC MOTORS. 

„ ; • P R E C I S I O N : U P T O 2 4 - B I T R E S O L U T I O N 

FOR T H E MOTOR P O S I T I O N I N G . 

• C O M P A T I B L E W I T H 3 T Y P E S O F P O S I T I O N 

E N C O D E R S . 

• B U I L T I N JJ PROCESSOR. 

• S T A N D A R D S O F T W A R E P A K . 

• M A N U A L C O N T R O L T H R O U G H T E R M I N A L OR 

M I C R O T E R M I N A L . 

• REMOTE C O N T R O L O F MOTORS W I T H 

O P T I O N A L H A N D S E T M O D U L E 

( H S 2 8 7 or H S 2 8 3 ) 

T H E S Y S T E M C O N S I S T S O F : 

• 4 - C H A N N E L MOTOR DRIVER ( C A M AC C O M M A N D M O D U L E ) : 4 M D - 2 0 9 8 / A 

• P O S I T I O N E N C O D E R - D E C O D E R ( N I M ) : E N 2 8 4 / A 

• D C or STEPPER M O T O R D R I V E R S ( N I M ) : M D 2 8 3 A or S M D 2 8 7 / A 

• H A N D S E T FOR M A N U A L P O S I T I O N I N G : H S 2 8 3 o r H S 2 8 7 ( O P T I O N A L ) 

B L O C K D I A G R A M O F T H E S Y S T E M 

EXTERNAL -
INTERRUPTS 

HANDSET 
H S 2 8 7 

A DC MOTORS 
or 
A STEPPER MOTORS 

Headquarters: 

SEN ELECTRONICS S.A. 
A v e n u e E r n e s t - P i c t e t 3 1 ; T e l . ( 0 2 2 ) 4 4 2 9 4 0 - T l x 2 3 3 5 9 c h - C H - 1 2 1 1 G E N E V E 1 3 

OFFICES THROUGHOUT THE W O R L D E L E C T R O N I Q U E 
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coin courier 

A unique advert is ing medium for 
scientif ic and technical equipment 

CERN C O U R I E R is t h e in te rna t iona l l y recogn ized 
n e w s magaz ine of h igh ene rgy phys ics . D i s t r i bu ted 
to 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 o f 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 f o r sc ien t i s ts , eng ineers , a d ­
min is t ra tors , i n fo rmat ion med ia and buyers. W r i t t e n 
in s imp le l anguage and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e t he natura l 
c o m m u n i c a t i o n m e d i u m f o r par t i c le phys ic i s ts 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 — every ­
w h e r e w h e r e t he f u n d a m e n t a l na tu re of m a t t e r is 
s tud ied . 

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

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

CERN C O U R I E R is t he 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 adver t i s ing in CERN 
C O U R I E R . 

All enquiries to : 
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 Fa lc io la 
C E R N C O U R I E R 
C E R N 
CH - 1211 G E N E V A 23 
T e l . (022) 8 3 4 1 0 3 
T e l e x 2 3 6 9 8 
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Turbomo lecu la r p u m p s used to g e n ­
erate h igh and u l t ra-h igh v a c u u m 
w i t h o u t any h y d r o c a r b o n s have 
p roven their usefu lness bo th fo r 
scient i f ic and industr ia l app l i ca t ion . 
The PFEIFFER TURBO has been the 
p ioneer for this t ype of p u m p . 
Research and d e v e l o p m e n t over 
near ly 2 5 years have over and over 
again led to n e w and bet ter so lu ­
t ions. 

A s a result of the op t im iza t ion of the 
ro tor and stator des ign , a cons ide r ­

able increase in v o l u m e f l o w rate 
has been at ta ined for the tu rbo 
p u m p m o d e l s 170 and 3 3 0 . 

Both p u m p s are dr iven by the n e w l y 
deve loped e lec t ron ic dr ive unit t ype 
TCP 3 0 0 . The TCP 3 0 0 has been 
equ ipped fo r connec t i on to the in­
ter face uni t TCI 001 w h i c h is also 
a n e w d e v e l o p m e n t and w h i c h per­
mi ts the m o s t impor tan t opera t ing 
da ta of the p u m p and the e lec t ron ic 
dr ive unit to be p rocessed by a 
compu te r . 

Deta i led in fo rmat ion on p u m p s and 
p u m p i n g units can be supp l ied to 
y o u on request . 

ARTHUR PFEIFFER 
VAKUUMTECHNIK WETZLAR GMBH 
Postfach 1280, D -6334 Asslar, 
BR-Deutschland 
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Presses Centrales 
Lausanne SA 

Commer^ants - Industriels 
Conseils en publicite 

Communes 
a caracteristiques touristiques 

ou agricoles 
consultez-nous sans engagement. 

Le dynamisme, 
la competence de nos specialistes, 

notre equipement de photocomposition 
et nos machines offset a feuilles 

4, 2 et 1 couleurs 
sont a votre service. 

Nous nous sommes equipes d'un TELEFAX pour mieux vous servir 

PRESSES CENTRALES LAUSANNE SA 
7, rue de Geneve 

Telephone (021)20 59 01 
Telex 25 404 

Telefax (021)20 59 01 

CERN Courier, Decembe 
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Advertisements in CERN COURIER 
Format A 4 M o n t h l y publ ica t ion 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

S p a c e 
( p a g e ) 

Vi 
1 / 2 

1 / 4 

A c t u a l s i z e ( m m ) 
w i d t h b y h e i g h t 

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

9 0 x 2 6 5 
9 0 x 1 3 0 

C o s t p e r i n s e r t i o n ( S w i s s F r a n c s ) 

i n s e r t i o n 

1550 

8 5 0 

4 8 0 

1500 

8 2 0 

4 5 0 

1450 

8 0 0 

4 3 0 

1 0 
i n s e r t i o n s 

1350 

7 5 0 

4 1 0 

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

1 5 0 0 SwF 

1 8 5 0 S w F 
2 4 5 0 SwF 
1 st of month of cover date: 

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

Screen (offset) 60 or 5 4 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
These rates are effective for the year 1982 . 

All enquiries to : 
Miche l ine FALCIOLA / CERN COURIER - CERN 
CH-1211 Geneva 23 S w i t z e r l a n d 
Tel. (022) 83 41 0 3 Telex 2 3 6 9 8 

O R G A N I S A T I O N E U R O P E E N N E 
POUR LA RECHERCHE NUCLEAIRE 

E U R O P E A N O R G A N I Z A T I O N 
FOR NUCLEAR RESEARCH 

M O V I N G ? 

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

Any enquir ies regarding subscr ipt ions 
should be addressed to : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 

How to visit CERN 
Comment visiter le CERN 
Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum age limit is 16 years. 

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

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

1 2 1 1 G E N E V A 2 3 
T e l . 0 2 2 / 8 3 4 0 5 2 o r / o u 8 3 4 1 0 2 
T e l e x 2 3 6 9 8 
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The first FASTBUS Active Extender and Kluge Modules 
are now available for your high-speed data systems 

Y o u ' v e been hear ing a b o u t i t . . . F A S T B U S . . . t h e 
new high-speed data acqu i s i t i on sys tem designed t o 
handle large quant i t i es o f da ta at h igh t rans fer rates. A 
c o m p a n i o n t o the present C A M A C s tanda rd , F A S T B U S 
best suits those areas requ i r i ng a mu l t i p rocesso r arch i ­
t ec tu re o r a high b a n d w i d t h . Use i t f o r image processing 
o r t o m o g r a p h i c recons t ruc t i ons , f l i g h t o r o t h e r s imu­
l a t i o n , adapt ive c o n t r o l and a r t i f i c ia l in te l l igence 
requ i r i ng mu l t i p rocess ing . 

N o w , F A S T B U S is c o m m e r c i a l l y avai lable. Sc ien t i f i c 
Systems I n te rna t i ona l , ou r Los A l a m o s engineer ing 
design and deve lopmen t d i v i s i on , is ac t ive ly deve lop ing 
these p roduc ts . O u r 2- layer K luge M o d u l e and A c t i v e 
Ex tende r are o n l y t he f i r s t in a c o m p l e t e F A S T B U S 
p r o d u c t l ine. The 2- layer K luge is a s tandard F A S T B U S 
m o d u l e used f o r d e v e l o p m e n t and p r o t o t y p e o f o t h e r 
F A S T B U S modu les . T h e A c t i v e Ex tende r prov ides 
s ing le- load, act ive b u f f e r i n g and iso la t ion o f each 
de f i ned Segment l ine. 

Fo r more i n f o r m a t i o n on K ine t i cSys tems F A S T B U S , 
call us t o d a y ! 

— C O M I N G S O O N — — 
* 4 - layer Kluge M o d u l e * * Segment T e r m i n a t i o n 
* A n c i l l a r y Logic * * Manua l Segment C o n t r o l l e r 
* T R I A C O u t p u t M o d u l e * * Segment D isp lay 

M o d e l F 0 1 1 K L U G E M o d u l e Accep ts over th ree h u n d r e d 14 
and 16 p in ICs. Provides p o w e r and g r o u n d planes and uses 
w i r e w r a p - t y p e sockets . 

Mode l F 2 1 0 A c t i v e E x t e n d e r Inc ludes ac t i ve-bu f fe red Segment 
l ines and d i rec t - connec ted A u x i l i a r y l ines. 

K i n e t i c S y s t e m s 
U.S.A. 
11 Maryknoll Drive 
Lockport, Illinois 60441 
Phone: (815) 838 0005 
TWX: 910 638 2831 

West Coast Office 

7950 Dublin Boulevard, Suite 102 
Dublin, California 94568 
Phone: (415) 829 9020 
TWX: 910 389 6898 

Europe (Service) 

3 Chemin de Tavernay 
1218 Geneva, Switzerland 
Phone: (022) 98 44 45 
Telex: 28 96 22 

Europe (Marketing) 

Gewerbestrasse 13 
CH-4528 Zuchwi l , Switzerland 
Phone: (065) 25 29 25 
Telex: 34 94 95 
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ULTRA-SENSITIVE 
CAMERA TUBES 
FOR SURVEILLANCE, INDUSTRIAL 
A N D SCIENTIFIC APPLICATIONS. 

THOMSON-CSF offers, ex-stock, standard 
size Nocticon® camera tubes (SIT generic type) 

with input photocathode diameter of either 
16 or 25 mm. These tubes permit conventional 

low-light-television techniques to be used at 
scene illuminations as far down as 10 3 lux, thereby 

extending video techniques to many new fields: 
• low-light-level TV for surveillance and new coverage 

• process control sensors 
• ultra-fast exposure video recording for stroboscopic 
applications and oscilloscopy 
• microscope-coupled video cameras 
• radiographic baggage inspection • spectroscopy 
• streak cameras • laser tomography. 
Our team of camera-tube specialists is at your disposal to 
discuss these or any other applications that may interest you. 

THOMSON'CSF D IV IS ION t u b e s e l e c t r o n i q u e s 
38 RUE VAUTHIER / BP 3 0 5 / 92102 B O U L O G N E - B I L L A N C O U R T CEDEX / FRANCE / TEL.: (33.1) 6 0 4 81 75 

USA 
THOMSON-CSF 
COMPONENTS CORPORATION 
RUTHERFORD NJ (201) 438-2300 

BRAZIL 
THOMSON-CSF 
COMPONENTES DO 
BRASIL Ltda 
SAO-PAULO (11) 542.47.22 

GERMANY 
THOMSON-CSF 
BAUELEMENTE GmbH 
MUNCHEN (89) 75.10.84 

UNITED K I N G D O M 
THOMSON-CSF 
COMPONENTS AND 
MATERIALS Ltd 
BASINGSTOKE (256) 29.155 

ITALY 
THOMSON-CSF 
COMPONENTI 
ROMA (6) 638.14.58 

SPAIN 
THOMSON-CSF 
COMPONENTES 
Y TUBOS S.A. 
MADRID (1)419.88.42 

SWEDEN 
THOMSON-CSF 
KOMPONENTER 
& ELEKTRONROR AB 
STOCKHOLM (8) 22.58.15 

JAPAN co 
THOMSON-CSF co 
JAPAN K.K. ^ 
TOKYO (3) 264.63.46 g 
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t ^ i — - e - Y O U f 3 1 a n n I R-i G a r t E X e i — ± M E N - f c - s t - f c C E E F S I n J 

T h e n y o u w i l l n e e d : 

1 ) s t a n d - a l o n e t e s t s y s t e m s 

2 ) - f a s t f r o n t - e n d p r o c e s s o r s 

3 ) a n e f f i c i e n t a c c e s s t o t h e C E R N c o m p u t e r c e n t r e r e s o u r c e s . 

T h e C E S r a n g e o f u l t r a — f a s t p r o c e s s o r s o f f e r s y o u t h e o p t i m u m s o l u t i o n . 

The range is based around the TRS 99000/9900 fANILY of microprocessors , which i s the most popular family of processors at CERN 
with over 200 units in operation a l l over the s i te and which has been selected also by IBM.A large amount of software covering 
l o s t applications is therefore available and coies f r e e o f c h a r g e . The key features of the CES systeis are : 

— p o w e r f u l 

— p o r t a b l e 

The TMS99105 based ACC 2160/105 features a 167ns cycle time with f u l l DMA operation.Benchmarks have deaon-
strated the processing power to be far in excess of the 68000 and to be of the level of the N0RD 100. The 
more powerful ACC 2160/110 includes a f loat ing point package already in the chip without any coprocessor 
required.Multiprocessor support i s standard; any coibination of CES processors can be nixed within a crate, 
in complete software transparency and with any processor having access to the complete memory bank. 

The basic system (front-end processor) requires only one slot in any CAMAC crate; the largest system (mul t i ­
user remote work station) requires only twelve slots and can be delivered in a special mini-crate.The Crate 
control lers can be either A2?L25N0RD control lers or stand-alone computers l i k e the STACC 2147 or STflCC 2167. 

- e a s y t o u s e The processors can be used without any specialised knowledge.The test systems include EPR0M resident NODAL, 
edi tors , graphic applications?the software for the front-end processors can be developed on and loaded from 
any host computerjthe CERNET connection of the remote work station includes the WYLBUR bridge for job subm­
ission and the INDEX processor. 

— f a i l — s a f e At any time you can switch between local resources and computer centre resources.Locally, up to 128KByte 
are available for program development with floppy disc and Winchester disc connection.Program and/or data 
back-up can be executed local ly on the Winchester disk or remotely on the host.A high speed (70ns) dual port 
memory structure enables transfers of data/programs to the host computers through the portable CERNET con­
nection at the maximum network speed. These two modes of operation-local developement and local execution of 
programs compiled on the hosts-render the system extremely versat i le . 

C o n f i g u r a t i o n s 

Stand-Alone test systems: 
STACC 2147 TMS9900 based CAMAC computer 
STACC 2167/105 TMS99105 based CAMAC computer 
STACC 2167/110 TMS99110 based CAMAC computer 
WIN 2130 5 Mbyte f ixed Winchester disk-
WCTR 2131 Winchester control ler 
WIN 2132 5 Mbyte removable Winch, disk 
CPC 4110 12-slot minicrate 
D-450- graphic console 

Front-end processors: 
ACC 2160/105 TMS99105 based aux. crate c t r . 
ACC 2160/110 TMS99110 based aux. crate c t r . 

Portable CERNET interface: 
Sender/Receiver network driver 
ACC 2160/105 single-user interface 
STACC 2167/105 multi-user interface 

A t C E S , t o m o r r o w ' s s y s t e m s a r e a v a i l a b l e N O W 

For more information contact us, or your local CES representative: 

70,route du Pont-Butin Case Postale 122 1213 Petit-Lancy 1 Switzerland 
Tel.:(022)92 57 45 Telex:421320 CES-CH CREATIVE EUCIIOMC SYSTEMS 
Belgium: Canberra Positronika Tel:(54)321611 England: 
France: AB+B Tel:(76)905540 Germany: 
Netherlands: Canberra Positronika Tel:(040)416355 Japan: 

Sabre computers I n t . 
Computer Peripherie 
Toyo Corp. 

Tel:(0883)40242 
Tel:(040)802046 
Tel:03 2790771 



The Streamer Tube 
Operating System 

1024 Channels per Databus 
Model 4200 32-Channel 

Cards for Chamber Mounting 

LeCroy Research Systems has designed and built the 
complete readout electronics for the Mont Blanc Proton 
Decay Experiment consisting of more than 100,000 chan­
nels of streamer tube electronics. 

LeCroy's Streamer Tube Operating System (STOS) consists of amplifiers, discriminators, and tem­
porary data storage in a chamber-mounting package, plus a CAMAC readout controller. The system 
achieves low cost per channel plus high reliability through the use of custom-built monolithic circuits. It 
offers diode-protected inputs and prompt OR's compatible with trigger logic requirements. 
The Mont Blanc experiment demonstrates that STOS is a viable solution to the demanding price and re­
liability requirements of large scale Streamer Tube Readout. More than 150,000 channels of STOS have 
been supplied to the proton decay experiment, CERN, DESY, and others at unprecedented low prices. 
The next generation of gas tube detector electronics, permitting more advanced performance at even 
lower cost, is presently in design. For more information on these systems, call or contact your nearest 
LeCroy Sales Office. 

Botley, Oxford, England (0865)72 72 75 ' J ' 6 3 U ' ' S ' F r a n c e ' <6> 907.38.97; 
, \ o ; ^ ^ / t > . Representatives throughout the world. leCroy 
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More Big Klystrons 
for Big Science 

Valvo herewith present the smallest 
big klystrons to reach ambitious aims 
in big science. Small in size but large in 
RF-power the klystrons YK1240 and 
YK1250 cover the higher frequency 
range. 

CD 
O 
CD 

YK1240 operating at 1300 MHz 
delivers 325 kW RF-power with 1 second 
pulse every 5 minutes. The RF-power 
heats the plasma in theTokamak ASDEX 
at lower, hybrid frequencies in order to 
study the fusion conditions. 

YK1250 operates at 1000 MHz being 
a harmonic to the existing 500 MHz 
acceleration frequency of PETRA.The out­
put power is more than 350 kW cw 
This second RF-frequency system turned 
out to be the most powerful measure 
inorderto decrease turbulences induced 
by the cavities in the bunch. 

Valvo is a member of the worldwide 
Philips organization. Please contact your 
nearest Philips representative. 

\A l vo 

file:///Alvo
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