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A decade of 
colliding proton beams fSR Control Room, 27 January 1971, 

13.40 hrs. Kje/IJohnsen, leader of the /SR 
construct/on team, announces that 
experimental teams watching two of the 
intersection regions had for the first time 
observed proton-proton interactions in 
colliding beams. 

(Photo CERN 248.1.71) 

T e n years ago at t he In te rsec t i ng 
S to rage Rings at CERN, t w o p ro ton 
b e a m s co l l ided fo r t h e f i rs t t i m e . O n 
2 7 J a n u a r y 1 9 7 1 phys ic is ts w i t h 
de tec to r s ins ta l led at i n te rsec t ion 
reg ions 14 and 15 s a w s igna ls c o m ­
ing f r o m co l l id ing p ro tons — the ISR 
w a s g iv ing access, in con t ro l l ed 
expe r imen ta l cond i t i ons , t o par t i c le 

rteractions at energ ies p rev ious ly 
obse rved on ly in cosm ic rays. 

In a f ie ld l iberal ly sp r ink led w i t h 
o u t s t a n d i n g ach ievemen ts , t he ISR 
is w i d e l y regarded as t h e f i nes t 
examp le of t h e acce le ra to r bu i lders ' 
art . Th is ar t ic le ce lebra tes t h e t e n 
year h is tory of t h e m a c h i n e and 
rev i ews t h e phys ics p r o g r a m m e 
w h i c h it has m a d e poss ib le . 

Commissioning days 

N o w t h a t p r o t o n - p r o t o n s to rage 
r ings have the i r regu lar p lace in t h e 
ca ta logue of acce le ra to rs , it is easy 
t o f o rge t tha t , in t h e early 1 9 6 0 s 
w h e n the ISR pro jec t w a s f i rs t 
m o o t e d , t he re w e r e m a n y w h o 
d o u b t e d t h e feas ib i l i ty of h igh l u m i ­
nosity p e r f o r m a n c e and t he poss ib i l ­

i ty o f ex t rac t i ng g o o d phys ics . D e s ­
p i te t h e pos i t i ve resu l ts f r o m t h e 
p reced ing w o r k in CESAR (CERN 
Elec t ron S to rage and A c c u m u l a t i o n 
Ring), t h e bu i ld ing o f t h e ISR w a s 
s o m e t h i n g of an act of f a i t h . 

Th is degree of risk, c o u p l e d w i t h 
t h e CERN t rad i t i on of t h o r o u g h n e s s 
in i ts mach ine c o n s t r u c t i o n , led t o 
g rea t care be ing t a k e n in t h e p r e p a ­
ra t ion of all t he ISR c o m p o n e n t s . In 
th is w a y t h e an t i c i pa ted ba t t le w i t h 
t h e phys ics of s to red p r o t o n b e a m s 
w o u l d no t be ,made m o r e d i f f i cu l t by 
p r o b l e m s re la ted t o unre l iab le c o m ­
ponen ts . Th is me t i cu l ousness in the^ 
bu i ld ing of t h e m a c h i n e led t o d r a ­
mat i ca l l y impress ive c o m m i s s i o n i n g 
days. 

O n 3 S e p t e m b e r 1 9 7 0 , t h e f i rs t 
a t t e m p t t o t rans fe r a pu lse f r o m t h e 

p ro ton s y n c h r o t r o n t o the ISR s a w 
p ro tons h i t t i ng t h e b e a m s t o p at t h e 
ISR, over 5 0 0 m a w a y , w i t h i n a f e w 
m i l l ime t res of t h e des i red loca t ion . 
On 2 9 O c t o b e r the f i rs t pu lse f e d in to 
one of t h e r ings w e n t a round and 
a round . Ins tead of t he usual coax ing 
process t o ach ieve c i r cu la t ing 
beams , t h e ' t heo re t i ca l ' m a c h i n e 
se t t i ngs (and t he c o m p o n e n t s ' res­
p o n s e t o t hose set t ings) w e r e so 
g o o d t ha t s to red b e a m w a s ach ieved 
immed ia te l y . On 2 5 Janua ry 1 9 7 1 
t h e s a m e s to ry w a s repea ted in t h e 
s e c o n d r ing. 

O n 2 7 J a n u a r y b o t h r ings w e r e f e d 
w i t h p ro tons fo r t he f i rs t t i m e and it 
w a s early in the a f te rnoon t ha t t h e 
mach ine phys ic is ts k n e w they had 
w o n . The presence of fa i r ly in tense 
b e a m in one r ing d id no t ser ious ly 
pe r tu rb a m o r e m o d e s t b e a m in t h e 
o the r r ing. ' B e a m - b e a m e f fec ts ' 
w e r e no t as t r o u b l e s o m e as peop le 
had an t i c ipa ted . The cons t r uc t i on 

Ten years of 
improving performance 

In t e r m s of i ts usefu lness fo r p h y ­
s ics t h e i m p o r t a n t pa rame te r of t h e 
ISR is its l um inos i t y . Th is f igu re is 
d i rec t ly p ropo r t i ona l t o t he n u m b e r 
of p r o t o n - p r o t o n co l l is ions occu r r i ng 
in a g i ven t i m e and t hus t o t h e 
n u m b e r of i n te rac t ions w h i c h t h e 
phys ic is ts can observe in the i r de tec ­
t i on sys tems . 

T h e des ign va lue fo r t he ISR l u m i ­
nos i ty w a s 4 x 1 0 3 0 per c m 2 per s. 
Th is va lue w a s reached fo r t h e f i rs t 
t i m e on 2 0 D e c e m b e r 1 9 7 2 ( w i t h 
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t e a m t h e n k n e w tha t t hey cou ld 
de l iver a m a c h i n e in w h i c h usefu l 
phys ics cou ld be done . A f e w m i n ­
u tes later t h e phys ic is ts in t he c o u n t ­
ing r o o m s rang t h r o u g h w i t h t h e 
n e w s of obse rva t i on of t he f i r s t -ever 
co l l is ions. T h e ISR w a s on its w a y . 



Werner Heisenberg speaks at the official 
inauguration of the ISR on 16 October 1971. 
With him on the platform are (left to right) 
Ed oar do A maidi, Viki Weisskopf, Marcel 
Antonioz and Willi Jentschke. 

(Photo CERN348.10.71) 

cu r ren ts of 12 .2 A and 11 .3 A at 
2 2 G e V in t h e r ings). It has s ince 
been s ign i f i can t ly su rpassed r e a c h ­
ing a peak of 3 . 5 x 1 0 3 1 even in 
phys ics runs at 3 1 . 4 G e V and w i t h ­
o u t t h e l o w beta inser t ions . T h e 
evo lu t i on of t h e l um inos i t y over t h e 
years of m a c h i n e ope ra t i on is s h o w n 
in t he a c c o m p a n y i n g g raph and is a 
g o o d ind ica t ion of h o w far ISR per­
f o r m a n c e has exceeded e x p e c t a ­
t ions . 

A n o t h e r s ign i f i can t p a r a m e t e r 
f r o m the m a c h i n e phys i cs po in t o f 
v i e w is t he peak cu r ren t s t o red in t h e 
r ings. In J u n e 1 9 7 4 , t he des ign va lue 

Luminosities achieved during ten years of 
ISR operation with beams accelerated to 
31.4 GeV in the storage rings. The lower 
curve is from a standard intersection, the 
upper one from an intersection fitted with 
a 'low beta insertion' using conventional 
steel focusing magnets. In both cases, even 
with the current losses involved in 
accelerating beams in the ISR, the design 
luminosity of 4 x 70 3 0 per cm2 per s has 
been comfortably surpassed. 
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Peak stored currents in the ISR over the 
past ten years. The top curve shows the 
values achieved with 26 GeV beams injected 
from the proton synchrotron, while the 
bottom one indicates performance with 
beams accelerated to 31 GeV in the ISR 
itself In both cases the design value of 20 A 
has been greatly exceeded. 

of 2 0 A per r ing w a s reached fo r t h e 
f i rs t t i m e , b r ing ing w i t h it ano the r 

n p in l um inos i t y t o over 1 0 3 1 . T h e 
evo lu t i on of s t o red peak cu r ren t s up 
t o remarkab le va lue of 5 7 A is a lso 
s h o w n in t h e g raph . Th is d e m o n s t r a ­
t i o n of t he abi l i ty t o ho ld such in tense 
b e a m s in s to rage r ings has had grea t 
in f luence on t he t h i n k i n g on s u b s e ­
q u e n t co l l id ing b e a m pro jec ts in h igh 
energy phys ics and on t h e ideas of 
us ing in tense heavy ion b e a m s in 
iner t ia l f us ion dev ices (see, fo r 
examp le , S e p t e m b e r issue 1 9 7 6 , 
page 2 9 1 ) . 

W e n o w pick out , in no par t i cu la r 
o rder of pr ior i ty , severa l o t he r ma jo r 
p e r f o r m a n c e a c h i e v e m e n t s of t h e 
ISR. In 1 9 7 2 t h e rad io - f r equency 
s y s t e m s in t h e r ings w e r e used fo r 
t h e f i rs t t i m e t o acce le ra te t h e 
in jec ted b e a m s (us ing t h e phase d i s ­
p l a c e m e n t techn ique) t o h igher e n ­
ergies. (Up t o th i s po in t , t h e ISR had 
s t o red its p r o t o n b e a m s at t h e 

energy supp l i ed by t he PS.) B e a m s 
in jec ted at 2 6 G e V w e r e t a k e n t o 
3 1 . 4 G e V w i t h s o m e loss in i n tens i ­
ty. A t t hese b e a m energ ies t h e 
' c e n t r e - o f - m a s s ' co l l is ion energy is 
equ iva len t t o t ha t w h i c h w o u l d be 
ach ieved us ing a 2 0 0 0 G e V acce ler ­
a tor t o f i re p ro tons o n t o a s ta t i onary 
ta rge t . By n o w it has p roved poss ib le 
t o acce le ra te cu r ren ts as h igh as 
3 8 A t o 3 1 . 4 GeV. 

One of t h e v i ta l aspec ts of t he ISR 
in re la t ion t o t h e phys ics p r o g r a m m e 
w h i c h it has s u p p o r t e d is t he re l iab i l ­
i ty of t h e mach ine . Th is is all t h e 
m o r e n o t e w o r t h y because t he s to r ­
age r ings w e r e , at t he t i m e of the i r 
c o n s t r u c t i o n , t he m o s t c o m p l e x ac­
ce le ra tor s y s t e m s ever bui l t . T o p ick 
ou t j us t one m o m e n t w h e n re l iab i l i ty 
m a d e n e w s — du r i ng t h e In ter ­
na t iona l Con fe rence on H igh Energy 
A c c e l e r a t o r s at S t a n f o r d in M a y 
1 9 7 4 , t h e CERN par t i c ipan ts w e r e 
able t o a n n o u n c e t ha t du r i ng t h e 

Con fe rence t h e ISR had had a c o n ­
t i n u o u s run o f 3 4 hours fo r phys ics . 
It began w i t h a l um inos i t y of 6.6 x 
1 0 3 0 and t h e r ings w e r e c losed d o w n 
w i t h t h e l u m i n o s i t y at 5 x 1 0 3 0 . Th is 
co r responds t o p r o t o n s be ing lost at 
t he ra te of one per mi l l i on per m i n ­
ute. If t he 'o f f ' b u t t o n had no t been 
p ressed s o m e of t he s a m e p ro tons 
cou ld have been st i l l o rb i t i ng t h e 
r ings t w o years later. 

One of t h e ma jo r t echno log i ca l 
a c h i e v e m e n t s b e h i n d t h e success of 
t he ISR as a m a c h i n e has been t h e 
mas te ry of t h e v a c u u m s y s t e m . Th is 
p roved necessary t o an ex ten t w h i c h 
had no t been an t i c i pa ted in t he c o n ­
s t r uc t i on . It had of course been rea l ­
ized t h a t u l t r ah igh v a c u u m w o u l d be 
necessary in t h e b e a m tubes t o avo id 
s ign i f i can t loss of p ro tons due t o 
co l l i s ions w i t h mo lecu les of res idual 
gas du r i ng the i r mi l l ions of o rb i t s 
a r o u n d t h e r ings. The r equ i r emen t 
w a s st i l l m o r e s t r i ngen t in t he b e a m 
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co l l i s ion reg ions t o reduce ' b a c k ­
g r o u n d ' due t o p r o t o n - g a s co l l i s ions 
w h e n t he expe r imen te r s w e r e look ­
ing fo r t r ue p r o t o n - p r o t o n co l l is ions. 
T h u s the des ign p a r a m e t e r s w e r e 
in i t ia l ly set at an average pressure of 
1 0 ~ 9 t o r r a round t h e r ings and 
1 0 ~ 1 1 t o r r in t h e i n te rsec t i on re­
g ions. 

Even these t o u g h r e q u i r e m e n t s , a 
t h o u s a n d t i m e s m o r e s t r i ngen t t h a n 
w a s t h e n c o m m o n in acce le ra to rs , 
p roved insuf f ic ient . T h e f i rs t ser ious 
l im i ta t i ons in m a c h i n e p e r f o r m a n c e 
w e r e t r aced t o p h e n o m e n a w h i c h 
b e c a m e k n o w n as 'p ressure b u m p s ' . 
A s t he b e a m reached a par t i cu la r 
in tens i ty it caused a co r respond ing l y 
inc reased degree of i on iza t ion of t h e 
res idual gas. T h e l i be ra ted ions b o m ­
ba rded t h e c h a m b e r w a l l s l i bera t ing 
gas mo lecu les w h i c h b e c a m e t h e 
sou rce of f u r t he r ions. A n ava lanche 
e f fec t deve loped , k i l l ing any a t t e m p t 
t o take t h e b e a m in tens i t y higher. 

Th is d i scovery led t o a m e t h o d i c a l 
a t t ack on i m p r o v i n g v a c u u m c o n ­
d i t i ons — an add i t i on of p u m p i n g 
capac i t y and t h e d e v e l o p m e n t of 
n e w t e c h n i q u e s in v a c u u m vesse l 
su r face t r e a t m e n t . (Fur ther i n f o r m a ­
t i o n on th i s w o r k can be f o u n d , fo r 
examp le , in t h e Ap r i l 1 9 7 4 issue, 
page 124. ) N o w the ave rage v a ­
c u u m a round t h e r ing is a b o u t 1 0 _ 1 1 

to r r and in t he i n te rsec t i on reg ions as 
l o w as 1 0 ~ 1 3 t o r r . T h e ISR has t h e 
largest u l t rah igh v a c u u m s y s t e m in 
t h e w o r l d and these n e w t e c h n i q u e s 
have m a d e it u l t rah igher t h a n ever. 

In 1 9 7 5 , t he ISR w a s t he scene of 
t h e f i rs t t es t s of t h e idea o f ' s t o c h a ­
st ic coo l i ng ' w h i c h a i m s t o c o n c e n ­
t ra te a s to red b e a m a r o u n d des i red 
pa ramete rs . It w a s p u r s u e d in an 
a t t e m p t t o push t h e l um inos i t y 
higher. The idea is t o obse rve t he 
sp read of t he b e a m s and t h e n act on 
t h e b e a m w i t h app rop r i a te f ie lds so 
as t o nudge t h e ma jo r i t y of t h e 
o rb i t i ng par t ic les t o w a r d s t h e d e -

Intersection region 18 at the ISR, where the 
superconducting quadrupoles have recently 
come into operation to increase the 
luminosity for the experiments. At the centre 
of the photograph it is just possible to see 
the cylindrical cryostats containing the 
magnets. These are the first superconducting 
magnets to be brought into operation actually 
in an accelerator. 

(Photo CERN 242.11.80) 

s i red va lues. Repea t ing th is p rocess 
very m a n y t i m e s ach ieves b e a m 
c o n c e n t r a t i o n . S ince t he f i rs t tes ts , 
t h e t e c h n i q u e has been re f ined c o n ­
s iderab ly b o t h in t he ISR and in t h e 
spec ia l l y -bu i l t ICE s to rage r ing (see, 
fo r examp le , t he O c t o b e r 1 9 7 9 
issue, page 3 0 9 ) . 

S o m e peop le regard b e a m coo l i ng 
as t h e g rea tes t d e v e l o p m e n t in 
acce le ra to r t e c h n o l o g y s ince t h e 
i nven t i on of a l t e rna t i ng g rad ien t 
f ocus i ng . It is n o w a key e l e m e n t in 
t h e p r o d u c t i o n of in tense a n t i p r o t o n 
b e a m s , v ia t h e A n t i p r o t o n A c c u m u ­
lator r ing, w h i c h w i l l be used in ma jo r 
CERN phys ics e x p e r i m e n t s in t h e 
near f u tu re , and t he re are p robab ly 
m a n y o the r app l i ca t ions of b e a m 
coo l i ng ye t t o be t h o u g h t of. 

T h e prec is ion of t h e ISR has a lso 
been d e m o n s t r a t e d by its use in t h e 
acce le ra t i on of par t ic les o t h e r t h a n 
p ro tons . A t t h e reques t of t h e p h y s i ­
c is ts , t he m a c h i n e w a s t u n e d in 

1 9 7 5 t o rece ive deu te rons f r o m t h e 
PS. T h e par t i c les w e r e s tacked at t h e 
f i rs t a t t e m p t , in a c c o r d a n c e wi , 
t r ad i t i on , and very h igh energy deu 
t e r o n - d e u t e r o n and p r o t o n - d e u t e r o n 
co l l i s ions cou ld be s tud ied . In 1 9 8 0 
t h e exerc ise w a s repea ted w i t h 
a lpha par t i c les f r o m t h e fa i t h fu l PS. 
A g a i n t h e runs w e n t w e l l and t hey 
had t h e a d d e d d i s t i nc t i on o f e s t a b ­
l ish ing a n e w w o r l d record fo r 
c e n t r e - o f - m a s s energ ies ( w i t h t w o 
co l l i d ing b e a m s of a lpha par t i c les 
each at 6 2 GeV) . In t h e n e a r f u t u r e , it 
is h o p e d t h a t an t i p ro tons w i l l be t h e 
f o u r t h t y p e o f par t ic le t o be rece ived 
in to t h e ISR. The range of phys ics 
w h i c h t h e s to rage r ings have m a d e 
poss ib le is st i l l g r o w i n g even af ter 
t e n years of ope ra t i on . 

Physics at the ISR 

T h e co l l i d ing p r o t o n b e a m s in t h e 
I n te r sec t i ng S t o r a g e Rings p rov ide 
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an as ye t unr iva l led co l l i s ion energy , 
equ iva len t t o a f i xed t a r g e t p r o t o n 
acce le ra to r p r o d u c i n g b e a m s of 
s o m e 2 0 0 0 GeV. W i t h t h e ava i l ab i l ­
i ty of such h igh co l l i s ion energ ies , 
s o m e peop le had da red t o hope t h a t 
t h e m a c h i n e w o u l d e i ther reveal t h e 
' a s y m p t o p i a ' of hadron ic phys ics , a 
d r e a m l a n d w h e r e all i n te rac t i on d e -

i i l s w o u l d be s m o o t h e d o u t and t h e 
obse rved behav iou r w o u l d a p p r o a c h 
a l im i t i ng va lue, or e lse p r o d u c e f ree 
q u a r k s ! 

W h i l e th is w a s no t t o be, t h e ISR 
o p e n e d up a w i d e energy range fo r 
had ron ic phys ics , w h e r e p rev ious ly 
on ly f r a g m e n t a r y i n f o r m a t i o n w a s 
ava i lab le f r o m c o s m i c ray s tud ies . 

In t h e t e n years of w o r k at t h e ISR, 
m a n y p h e n o m e n a have been d i s c o v ­
ered and ex tens ive ly s t ud ied . L a n d ­
m a r k s are t h e energy d e p e n d e n c e of 
t h e t o ta l reac t ion rate in p r o t o n -
p r o t o n co l l i s ions, t h e behav iou r of 
p r o t o n - p r o t o n e last ic sca t t e r i ng , t h e 
f ea tu res of par t i c le p r o d u c t i o n , v i o ­
lent co l l i s ions invo lv ing large t r a n s ­
ve rse m o m e n t a w h e r e t h e co l l i d ing 

ro tons in te rac t v io len t l y , and 
p r o m p t ' l ep ton p r o d u c t i o n . 

B road ly speak ing , t he resu l ts o b ­
t a i ned at t h e ISR fa l l in to t w o c a t e ­
gor ies . First ly, t he re are t he p r o ­
cesses w h i c h occu r re la t ive ly f r e ­
quen t l y and w h o s e behav iou r a p ­
pears t o be d e p e n d e n t on t h e l o g a ­
r i t h m of t h e energy , ra ther t h a n t h e 
energy itself. Th is behav iou r appears 
t o be t h e resu l ts of i n te rac t i ons 
b e t w e e n ent i re p ro tons , a n d is char ­
ac ter is t i ca l l y ' so f t ' , w i t h l i t t le debr is 
e m e r g i n g at large ang les t o t h e c o l ­
l is ion axis. Th is phys ics cove rs t h e 
i nves t i ga t i on of t h e p r o t o n - p r o t o n 
t o ta l reac t ion ra te , p r o t o n - p r o t o n 
e last ic sca t te r i ng , and t h e d o m i n a n t 
f ea tu res of par t i c le p r o d u c t i o n . 

Second ly , t he re are t h e i n te rac ­
t i ons w h i c h occu r m u c h m o r e rarely, 
bu t w h o s e e f fec ts can c h a n g e by an 
o rder of m a g n i t u d e over t h e ISR 

Superconducting success 

The latest machine achieve­
ment at the ISR occurred at 
the end of November 1980. 

One way of improving lumi­
nosity at the ISR is squeeze 
together the beams at their 
intersection regions. The lumi­
nosity is inversely proportional 
to the vertical height of the 
beams where they cross and 
the technique, known to the 
specialists as 'introducing a 
low beta insertion' involves 
using quadrupole magnets 
around the intersection to 
reduce the height of the beam. 

This was tried first with 
conventional magnets in inter­
section 17 in 1974 (later 
moved for experiments to 11). 
The quadrupoles squeezed 
the beams by a factor of 2.3 
and the observed luminosity 
was boosted by this amount 
to a new record. It was ob­
vious that if the beams could 
be squeezed still harder by 
applying the higher fields av­
ailable from superconducting 
magnets, then more gains 
could be achieved. However 
high intensity storage rings 
are 'hostile' environments for 
sensitive superconducting 
magnets and it needed careful 
work to ensure that their intro­
duction would not disrupt the 
reliable ISR operation. 

After successful operation 
of a prototype magnet in 
1979 the decision was taken 
to build eight quadrupoles for 
installation in intersection 18 
with the aim of a sixfold boost 
in luminosity. 

The major parameters of 
the magnets are: gradient of 
43 T per m over a diameter 
of 173 mm, current of 1680 A 
and maximum field of 5.8 T 
four magnets of length 1.15 m 
and four of 0.65 m, conductor 
of rectangular solid composite 
wire 1.8 x 3.6 mm2 containing 
about 1250 twisted niobium-
titanium filaments, each 50 
microns in diameter, in a cop­
per matrix. The magnets were 
built by industrial firms and 
installed in 18 during Autumn 
1980. 

Their first tests on 24 Nov­
ember went well. Beams were 
stored without problem (al­
though initially at low intensi­
ty) and the measurements of 
beam height showed that the 
anticipated increase in lumi­
nosity was being achieved. 
Since then the usual high cur­
rents have been stored, the 
magnets are working up to 
their design performance and 
are an integrated part of the 
ISR magnet system. 

This is the first time super­
conducting magnets have been 
used as part of a routinely 
operating accelerator/storage 
ring (although of course there 
have been notable achieve­
ments in the use of supercon­
ducting magnets in beam-
lines). It is also the first time 
that industry, rather than the 
operating Laboratory, has pro­
vided the magnets. A fine 
achievement to round off ten 
highly successful years of ISR 
operation. 
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energy range. These ' h a r d ' p r o ­
cesses inc lude large t r ansve rse 
m o m e n t u m co l l i s ions and t h e p r o ­
d u c t i o n of p r o m p t lep tons . These 
e f fec ts s e e m t o der ive f r o m in ter ­
ac t i ons b e t w e e n t h e inner c o n s t i ­
t u e n t s of p ro tons . Th is area of 
research has rece ived m u c h a t t e n ­
t i o n in recent years and has p rov ided 
va luab le i n f o r m a t i o n on w h a t goes 
on ins ide t he p r o t o n . 

In i t ia l e x p e r i m e n t s used re la t ive ly 
s imp le de tec to r s a n d gave rap id 
resul ts . A s t i m e w e n t on , larger and 
m o r e soph i s t i ca ted d e t e c t o r s w e r e 
bu i l t t o s tudy rare even ts , or t o s tudy 
t h e co r re la t ions b e t w e e n severa l 
par t ic les p r o d u c e d in t h e s a m e reac­
t i on . In par t icu lar , a lot o f w o r k w e n t 
in to the c o n s t r u c t i o n o f d e t e c t o r s t o 
look fo r l ep tons p r o d u c e d in t h e 
p r o t o n - p r o t o n co l l i s ions. A l t h o u g h 
th is e f fo r t began be fo re t h e d i s c o v ­
ery of t h e J / p s i , it on ly bore f ru it a f ter 
t h e d iscovery of t h e ups i lon . T h e 
ISR 's la t te r -day p r e o c c u p a t i o n w i t h 
rare even ts has been grea t ly ass is ted 
by t h e s teady increase over t h e years 
in t h e m a c h i n e ' s l um inos i t y . 

S o m e of t h e ear l ies t e x p e r i m e n t s 
at t h e ISR c o n c e n t r a t e d on m e a s u r ­
ing t h e t o ta l c ross -sec t i on (yield) of 
p r o t o n - p r o t o n co l l i s ions in t he ISR 
energy range. Earl ier e x p e r i m e n t s at 
o the r acce le ra to rs , such as t h e 
CERN 2 8 G e V p r o t o n s y n c h r o t r o n , 
s h o w e d t h a t t he p robab i l i t y of a 
p r o t o n u n d e r g o i n g any i n te rac t i on at 
all dec reased as t he energy of t h e 
p ro ton increased. A t t h e end of t h e 
1 9 6 0 s , resu l ts f r o m an e x p e r i m e n t 
at t h e S e r p u k h o v 7 6 G e V s y n c h r o ­
t r o n , at t h e t i m e t h e h ighes t energy 
acce le ra to r in t h e w o r l d , s h o w e d 
t h a t th is p robab i l i t y dec reased m o r e 
s l o w l y at t hese h igher energ ies . T h e 
p ro ton ' s t o t a l reac t i on p robab i l i t y 
s e e m e d t o be a p p r o a c h i n g an 
a s y m p t o t i c va lue , so t h a t l i t t le 
f u r t he r change in t h e behav iou r o f 
t h e p ro ton , and t he re fo re in phys ics 

a s , a w h o l e , cou ld be e x p e c t e d at 
h igher energ ies. Th is had t o be 
c h e c k e d out , and t h e ISR appea red 
on t h e scene at an o p p o r t u n e t i m e t o 
p rov ide the a n s w e r ! 

Expe r imen ts by CERN / R o m e and 
Pisa / S t o n y B rook co l l abo ra t i ons 
soon s h o w e d t ha t t h e p robab i l i t y of 
p ro tons in te rac t ing increases at ISR 
energ ies , so t h a t t he p r o t o n st i l l had 
m u c h m o r e t o te l l us. W h i l e t he 
Pisa / S t o n y B rook e x p e r i m e n t 
d e t e r m i n e d t he reac t ion rate d i r ec t ­
ly, t h e CERN / R o m e g roup m e a s ­
ured p r o t o n - p r o t o n e last ic sca t te r ­
ing at very sma l l ang les and o b t a i n e d 
t he t o ta l reac t ion rate us ing t h e O p t i ­
cal T h e o r e m , w h i c h re lates t h e t o ta l 
c ross -sec t i on w i t h t h e ( imag inary 
par t of the) f o r w a r d e last ic sca t t e r ­
ing amp l i t ude . Later e x p e r i m e n t s 
m a d e more prec ise m e a s u r e m e n t s . 

A s w e l l as the t o ta l c ross -sec t i on 
w h i c h measu res t h e p robab i l i t y of 
a n y t h i n g at all happen ing in p r o t o n -
p r o t o n in te rac t ions , ano the r i m p o r t ­
ant p a r a m e t e r is t h e c ross -sec t i on 
fo r e last ic sca t te r i ng , w h i c h m e a s ­
ures t h e w a y p ro tons s imp l y b o u n c e 
of f each o the r w i t h o u t any o the r 
par t i c les be ing f o r m e d . T h e p r o t o n 
can be cons ide red as a s e m i - o p a q u e 
d i sc - shaped obs tac le . Because of 
t h e w a v e na tu re o f t he p r o t o n , one 
expec ts t h a t w h e n t hese d iscs 
e n c o u n t e r each other , t hey w i l l p r o ­
duce d i f f rac t i on pa t te rns w i t h m a x ­
ima and m i n i m a , s im i la r t o t h o s e 
seen in the d i f f rac t ion of l ight . 

Be fo re t he ISR c a m e in to o p e r a ­
t i on , such behav iou r had never been 
seen in p r o t o n - p r o t o n sca t t e r i ng , bu t 
ear ly expe r imen ts by an A a c h e n / 
CERN / Genoa / Ha rva rd / Tu r in 
g r o u p s a w a d i f f r ac t i on - t ype 'd ip ' in 
t h e e last ic sca t t e r i ng s p e c t r u m . S u b ­
sequen t expe r imen ts c o n f i r m e d th i s 
e f fec t and s tud ied h o w t h e d ip 
m o v e d w i t h energy. Th is p rov ides 
very accu ra te i n f o r m a t i o n on t h e 
i n te rac t i on m e c h a n i s m of t h e p r o t o n . 

Top, early days when the two ISR beam 
pipes could be clearly seen in intersection 14. 
Below, six years later, and the intersection 
had become totally submerged by the big 
detection systems of the Split Field Magnet. 

(Photos CERN 37.2.71 and325.11.77) 
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Apparatus used by a CERN / Columbia / 
Rockefeller team which in 1972 saw 
particles emerging at wide angles to the 
proton-proton collision axis. This was one 
of the first experiments which saw evidence 
in proton-proton interactions for the existence 
of hard scattering centres deep inside the 
proton. 

(Photo CERN 123.11.72) 

The mechanism which produces 
elastic scattering also produces 'dif-
fractive dissociation' where one (or 

ven both) of the initial protons is 
converted into an excited state with 
the same quantum numbers and 
then quickly decays. This had been 
seen at lower energies, but its impor­
tance has been underlined by exper­
iments at the ISR, which cover pro­
ton excitation energies up to ten 
times its rest mass. 

While the elastic scattering of pro­
tons is interesting, the bulk of the 
interactions in the ISR are inelastic, 
producing additional particles. The 
dominant features of these particle 
production processes and the corre­
lations between the different pro­
duced particles have been exten­
sively studied at the ISR by many 
different experiments, and have pro­
vided a wealth of data on the proper­
ties of the proton as a whole. Of 
particular importance was the dis­

covery of a 'rapidity plateau' where 
many particles are produced with 
relatively small energies in the 
centre-of-mass system, but which 
can show significant correlations. 
This demonstrated the existence of 
'short range order' effects where 
particles appear to originate from 
independent clusters. 

Looking inside the proton 

In the late 1960s, high energy 
scattering experiments with elec­
tron beams at SLAC had shown that 
the proton does not invariably 
behave as a single particle. Just as 
Rutherford's epic experiments ear­
lier in the century revealed the 
nuclear atom, these studies showed 
that deep inside the proton there are 
small, hard grains, now identified as 
quarks. When the incident particles 
penetrate the outer layers of the 
proton and hit these grains, violent 

collisions occur, producing frag­
ments at wide angles to the collision 
axis. 

For hadron-hadron collisions, this 
behaviour was first seen at the ISR 
as an anomalously large yield of 
particles with large transverse mom­
entum. It was seen by Saclay / 
Strasbourg / 9 CERN / Columbia / 
Rockefeller and British / Scandinav­
ian collaborations in 1972. Its con­
tinuing study has led to the develop­
ment of large detectors to try and 
catch as many of these rare wide-
angle events as possible. 

One aspect of these proton consti­
tuent interactions is the emergence 
of hadron 'jets', where fairly well-
defined sprays of particles are pro­
duced. These jets, which were first 
seen at the ISR in 1975, appear to 
be the products of proton consti­
tuents (quarks and gluons) torn from 
their parent particles. The behaviour 
and configuration of these jets pro­
vides important clues to the proper­
ties of hadron constituents. 

The production of 'prompt' lep-
tons which emanate from or very 
close to the proton-proton collision 
has been a highly profitable field of 
study world-wide, which among 
other things has led to the discovery 
of the J/psi and the upsilon particles. 
At the ISR, background and luminos­
ity limitations could only slowly be 
overcome using the newer large and 
highly instrumented detectors. Al­
though too late for the J/psi and the 
upsilon, these detectors have still 
made valuable contributions to the 
study of lepton pair production. 
Away from resonances, the ob­
served spectrum of lepton pairs pro­
vides a deep insight into the interac­
tions of quarks, and here the ISR has 
provided valuable data at the highest 
collision energies available. 

Recent ISR experiments (see Sep­
tember 1 979 issue, page 247) have 
given evidence for the production of 
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Around the Laboratories 
Roger Dixon, leader of the beam switchyard 
Group of Fermi lab's Accelerator Division, 
inspects the newly-operating superconducting 
'left bend' which now supplies beam to the 
Meson Laboratory. As a precaution against 
helium leaks, he carries an oxygen monitor 
and emergency 'airpac'. 

(Photo Fermi lab) 

c h a r m e d par t ic les , in par t i cu la r 
c h a r m e d baryons . A n o t h e r i m p o r t ­
an t l a t te r -day a c c o m p l i s h m e n t is t h e 
o b s e r v a t i o n and s tudy of s ing le p h o ­
t ons . These w e r e long e x p e c t e d as a 
resu l t o f q u a r k - g l u o n co l l i s ions 
w i t h i n p ro tons . These p h o t o n s 
p r o v e d d i f f i cu l t t o iso la te, bu t have 
n o w been seen by A t h e n s / B r o o k -
haven / CERN / Sy racuse (also in 
co l l abo ra t i on w i t h B r o o k h a v e n / 
CERN / C o p e n h a g e n / Lund / 
Ru the r f o rd / Tel Av iv ) and by CERN 
/ C o l u m b i a / Ox fo rd / Rockefe l le r 
co l l abo ra t ions . 

T h e ISR has also p rov i ded c o n s i d ­
erab le da ta on d e u t e r o n co l l i s ions. In 
add i t i on , t h e m a c h i n e w a s a lso used 
last year t o s tudy t he co l l i s ions of 
a lpha par t ic les , w h i c h because of 
the i r doub le e lec t r ic cha rge enab led 
t h e co l l i s ion energy t o be e f fec t i ve ly 
d o u b l e d fo r a m i n i m u m of e f for t . For 
t h e fu tu re , runs are s c h e d u l e d w i t h 
co l l i d ing b e a m s of p r o t o n s and a n t i -
p ro tons . Th is w i l l rev is i t m a n y of t h e 
ma jo r p r o t o n - p r o t o n l a n d m a r k s and 
p rov ide va luab le c o m p a r i s o n s (or 
con t ras ts ) of t h e behav iou r of p a r t i ­
c les and an t ipar t i c les , and of qua rks 
and an t iquarks . 

( In a br ief r ev i ew such as th is , it is 
imposs ib le t o cover in any deta i l t h e 
vas t a m o u n t of i n f o r m a t i o n w h i c h 
has e m e r g e d f r o m t h e ISR, scene of 
over 5 0 expe r imen ts . For a de ta i l ed 
accoun t , t h e i n te res ted reader is 
re fe r red t o t he r e v i e w paper by 
G . G i a c o m e l l i and M . J a c o b , p u b ­
l ished in Phys ics Repor ts , V o l u m e 
5 5 , N o 1 , in S e p t e m b e r 1 9 7 9 . ) 

FERMILAB 
' Left bend' goes 
superconducting 
The world's largest energy-saving 
superconducting system — the 'left 
bend' beamline at Fermilab — has 
begun successful operations. A 
string of 21 superconducting mag­
nets, occupying a length of 450 feet 

takes beam from the main ring to 
the Meson Laboratory. The magnets 
are also Tevatron-compatible and 
their successful operation means 
that a significant landmark has been 
passed in the development and con­
struction work for the Energy Sav­
er/Doubter: As a portent of things 
to come, the new beamline uses 
only one-fifth of the electrical power 
of its predecessor, which was based 
on 56 conventional magnets. 

/ L E F T BEND ^ — M E S O N 

~ NEUTRINO 

I FERMILAB 
\ SWITCHYARD ^ 1 • PROTON 

I FERMILAB 
PROTON 

f MAIN 
I RING 
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A London plane tree was planted during the 
ground-breaking ceremony for the new 
National Superconducting Cyclotron 
Laboratory. Participating (left to right) 
are Cornelius Browne of the National Science 
Foundation, Enloe Ritter of the Department 
of Energy, Chairman of the MSU Board of 
Trustees John Bruff, Laboratory Director 
Henry Blosser, Robert Bauer of the 
Department of Energy and University 
President Cecil Mackey. 

(Photo Michigan) 

MICHIGAN 
Cyclotron progress 
A g r o u n d - b r e a k i n g c e r e m o n y w a s 
he ld at t h e Na t iona l S u p e r c o n d u c t ­
ing Cyc lo t r on Labora to ry on 5 D e ­
c e m b e r 1 9 8 0 t o m a r k t h e b e g i n n i n g 
o f c o n s t r u c t i o n of a bu i l d ing t o house 
an 8 0 0 M e V s u p e r c o n d u c t i n g c y ­
c l o t r on w i t h i ts assoc ia ted e x p e r i ­
m e n t a l areas and t o p rov ide a d d i ­
t i ona l o f f i ce space fo r Un ive rs i t y 
f acu l t y and researchers . T h e n e w 
bu i l d ing on t h e M i c h i g a n S t a t e U n i ­
ve rs i t y c a m p u s w i l l doub le t h e ex is t ­
ing h igh bay area of 1 4 0 0 0 squa re 
f e e t ; o f f i ce space w i l l be inc reased 
by a p p r o x i m a t e l y f i f t y per cen t f r o m 
t h e ex is t ing 3 0 0 0 0 squa re fee t . 
C o n s t r u c t i o n is s c h e d u l e d fo r c o m ­
p le t i on in M a y 1 9 8 2 . 

T h e $ 3 0 mi l l i on p r o j e c t f u n d e d by 
t h e U.S. D e p a r t m e n t o f Energy, is t h e 
s e c o n d phase of t h e Labo ra to ry ' s 

heavy ion p r o g r a m m e . Phase I, 
f u n d e d by t he Na t iona l Sc ience 
Founda t i on , inc ludes t he c o n s t r u c ­
t i o n of a 5 0 0 M e V s u p e r c o n d u c t i n g 
c y c l o t r o n , in t h e ex is t ing bu i ld ing . 
Th is acce lera tor , s chedu led fo r f i rs t 
o p e r a t i o n l a t e r t h i s y e a r , rep laces t h e 
5 0 M e V r o o m t e m p e r a t u r e m a ­
ch ine , w h i c h w a s c losed d o w n in t h e 
s u m m e r o f 1 9 7 9 af ter f i f t een years 
of p roduc t i ve ope ra t i on fo r very p re ­
c ise, l ight ion phys ics . W h e n t h e 
8 0 0 M e V cyc l o t r on is c o m p l e t e d , it 
w i l l be ab le t o ope ra te e i ther c o u p l e d 
t o t h e 5 0 0 M e V m a c h i n e or 
i ndependen t l y . 

Phase II (and t he des igna t i on o f 
t h e Labora to ry as the Na t iona l 
S u p e r c o n d u c t i n g Cyc lo t r on Labo ra ­
tory ) o f f ic ia l ly s t a r t ed in late 1 9 7 9 . 
M a n y i t e m s fo r t h e 8 0 0 M e V c y c l o ­
t r o n are n o w on order i nc lud ing t h e 
s u p e r c o n d u c t o r fo r t he m a i n co i l , t h e 
b o b b i n assemb ly , t he m a g n e t core , 
t h e he l i um l iquef ier, and t h e a n o d e 

p o w e r supp ly . First b e a m tes ts are 
s c h e d u l e d fo r la te 1 9 8 3 . 

In t he pas t year , cons ide rab le p r o ­
gress has been m a d e in p repar ing 
t h e 5 0 0 M e V m a c h i n e fo r ope ra t i on . 
T h e s u p e r c o n d u c t i n g magne t , w h i c h 
o p e r a t e d success fu l l y as a p r o t o t y p e 
fo r m o r e t h a n t w o years , w a s m o d i ­
f i ed and reas§emb led . The g e o m e t r y 
of t h e po le t i ps w a s f ina l i zed w i t h t h e 
add i t i on of a n u m b e r of deta i ls s u c h 
as ho les fo r t r i m coi l leads, phase 
se lec t i on s l i ts , ex t rac t i on s y s t e m 
a c t u a t i n g a rms , etc. The m a g n e t is 
n o w coo led d o w n aga in and f ina l 
f ie ld m a p s are be ing t aken . 

T h e des ign o f t h e ex t rac t i on s y s ­
t e m has a lso been f ina l ized, based o n 
a pair of e lec t ros ta t i c de f l ec to rs w i t h 
f u r t he r f o c u s i n g p rov ided by a ser ies 
o f iner t i ron bars. The m a g n e t i c e le ­
m e n t s of t h i s s y s t e m have been 
ins ta l led so t h a t the i r e f fec t is 
i nc luded in t h e f ie ld maps . T h e r o o m 
t e m p e r a t u r e co i ls ( t r im coi ls) , w h i c h 
shape t h e f ie ld t o m a t c h t h e i so ­
c h r o n o u s r e q u i r e m e n t s of t h e va r ­
ious par t i c les t o be acce le ra ted , are 
a lso ope ra t i ona l . T h e e f fec t of each 
of t hese co i ls w i l l be m e a s u r e d i nd i ­
v idua l l y in t h e m a p p i n g . 

For t he r.f. s y s t e m , ma jo r i m p r o v e ­
m e n t s in t h e re l iabi l i ty of the fu l l 
p o w e r p r o t o t y p e resona to r have 
been m a d e and c o n s t r u c t i o n of t h e 
r e m a i n i n g t w o amp l i f i e rs and r e s o n ­
a to rs is p roceed ing . A c ryopane l s y s ­
t e m fo r v a c u u m p u m p i n g has been 
c o n s t r u c t e d and success fu l l y ope r ­
a ted in a t es t s tand . In te rna l ion 
sou rces have been t e s t e d in the h igh 
f ie ld m a g n e t us ing a spec ia l e lec ­
t r o d e s y s t e m t o ident i fy cha rge 
s ta tes . E lec t ros ta t i c de f l ec to rs have 
been t e s t e d in t h e 5 0 M e V c y c l o t r o n 
m a g n e t t o c o n f i r m the i r v o l t a g e 
ho ld ing capab i l i t y . Ins ta l la t ion of all 
o f t hese e l e m e n t s in t he cyc l o t r on is 
t h e ma jo r t ask fo r t h e c o m i n g 
m o n t h s . 

T h e 8 0 0 M e V c y c l o t r o n w i l l be 
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The main elements of the vertex detector 
(a rapid cycling bubble chamber) of the 
European Hybrid Spectrometer. 

used t o p rov ide a s e c o n d s tage of 
acce le ra t i on fo r b e a m s e m e r g i n g 
f r o m t h e 5 0 0 M e V s u p e r c o n d u c t i n g 
cyc lo t r on . A s t r i pp ing fo i l at t h e 
in jec t ion po in t of t h e s e c o n d c y c l o ­
t r o n w i l l increase t h e ion cha rge by a 
f a c t o r of t w o t o f ou r ( depend ing on 
t h e ion) and th is , in c o m b i n a t i o n w i t h 
t h e larger energy c o n s t a n t of t h e 
s e c o n d c y c l o t r o n , w i l l g ive a t o t a l 
energy increase by a f a c t o r of up t o 
t w e n t y (see D e c e m b e r 1 9 7 6 issue 
page 4 3 1 ) . The c o u p l e d c y c l o t r o n 
s y s t e m w i l l t h e n p r o d u c e energ ies o f 
2 0 0 M e V per nuc leon fo r ions l igh ter 
t h a n c a l c i u m and a dec reas ing 
energy per nuc leon fo r heav ier ions, 
d o w n t o a va lue of abou t 2 0 M e V per 
nuc leon fo r u r a n i u m . 

A n e w s p e c t r o g r a p h is be ing c o n ­
s t r u c t e d f r o m ex is t ing m a g n e t s and 
is ta i l o red t o p rov ide ana lys is up t o 
t h e fu l l m a g n e t i c r ig id i ty of t h e 
5 0 0 M e V cyc lo t r on . Th is ' l o w b u d ­
g e t ' s p e c t r o g r a p h w i l l have re la t ive ly 
poo r reso lu t ion (one par t in a t h o u ­
sand) bu t w i l l be ideal fo r a n u m b e r 
of i m p o r t a n t p r o g r a m m e s s u c h as 
e last ic sca t t e r i ng and g ian t r e s o n ­
ance inves t iga t ions . Des ign s tud ies 
are a lso in p rogress on a large n e w 
s p e c t r o g r a p h fo r Phase I I , w i t h a 
m a x i m u m bend ing l im i t t he s a m e as 
t h e 8 0 0 M e V c y c l o t r o n and ma jo r 
des ign fea tu res r e s e m b l i n g t h e H igh 
Reso lu t i on S p e c t r o m e t e r (HRS) at 
Los A l a m o s . 

Recent ly , a ma i l i ng l ist w a s set up 
t o p rov ide i n f o r m a t i o n fo r p r o s p e c ­
t i ve users of t h e 5 0 0 M e V c y c l o t r o n 
and is be ing used as an i n f o r m a t i o n 
channe l t o so l ic i t c o m m e n t s and 
adv ice on t h e des ign of e x p e r i m e n t a l 
fac i l i t ies fo r t he c o u p l e d 5 0 0 + 8 0 0 
M e V c y c l o t r o n s y s t e m . On a n u m b e r 
of occas ions f u t u r e users have 
v i s i t ed t he Labora to ry t o w o r k on 
dev ices of in te res t t o t h e m or t o 
w o r k i ndependen t l y on e x p e r i m e n t a l 
dev ices in w h i c h t hey are par t i cu la r l y 
i n te res ted . 

A Users Execut ive C o m m i t t e e 
w a s also recent ly e lec ted cons i s t i ng 
of J.X. Sa lad in (P i t tsburgh) — Chai r ­
m a n , A. Ga lonsky ( M i c h i g a n S ta te ) , 
J .R. Hu izenga (Rochester ) and 
S.G. S t e a d m a n (MIT) . G .M. C raw ley 
of M i c h i g a n S ta te l iaises b e t w e e n 
users and t h e Labora tory . 

CERN 
European Hybrid 
Spectrometer 
shapes up 
Fin ish ing t o u c h e s are n o w be ing pu t 
t o t h e n e w European Hyb r i d S p e c ­
t r o m e t e r (EHS) in the N o r t h Exper i ­
men ta l A r e a of t h e SPS. The f i rs t 
phys ics e x p e r i m e n t s have been 
app roved , and are schedu led t o s ta r t 
t a k i n g da ta later th i s year w h e n t h e 
SPS r e s u m e s ope ra t i on a f ter i ts p re ­
sen t long s h u t d o w n . 

Bu i l t by a large co l l abo ra t i on of 
European Labora to r ies inc lud ing a 
s t r o n g CERN c o n t r i b u t i o n , EHS is a 
ve rsa t i l e d e t e c t o r w h i c h comb ine 
t h e use of bubb le c h a m b e r and e lec­
t r on i c t e c h n i q u e s fo r par t i c le d e t e c ­
t i o n , m e a s u r e m e n t and i den t i f i ­
ca t i on . A t t he hear t of t he de tec to r is 
a 2 5 0 I rap id cyc l i ng l iqu id h y d r o g e n 
bubb le c h a m b e r , des igned and bu i l t 
by t he R u t h e r f o r d Labora to ry fo r 
e x p a n d i n g at ra tes of up t o 3 0 Hz. It 
uses a 3 T m a g n e t bu i l t by Sac lay. 

Th is m a g n e t ( M 1 , see f igure) c o n ­
s is ts of t w o sepa ra te c i rcu lar coi ls 
a s s e m b l e d w i t h the i r axes hor izon ta l 
in a mass i ve i ron s t ruc tu re . It p r o ­
v ides a cen t ra l f ie ld of up t o 3 T in a 
usefu l v o l u m e of 1.4 m d i ame te r and 
0 . 8 2 m gap . It uses the c lass ica l 
pancake s t r u c t u r e and ba th coo l i ng 
f r o m a 1 0 0 1/h h e l i u m l i q u e t i e r / 
re f r igerator . N o m i n a l cu r ren t is 
4 0 0 0 A , resu l t i ng in a s t o red energy 
of 5 5 M J . Spec ia l f ea tu res inc lude a 

6 4 CERN Courier, March 1981 



The array of detectors for the European 
Hybrid Spectrometer. The distances indicated 
are in metres. For an explanation of this 
complex detection system, see text. 

re la t ive ly h igh average cu r ren t d e n ­
s i ty ( 2 5 0 0 A / c m 2 ) and an e labo ra te 
s u p p o r t s t r uc tu re , w h i c h is needed 
because of t h e par t i cu la r f o r c e c o n f i ­
gu ra t i on w i t h i n t h e i ron f r a m e . A f t e r 
assemb l y at CERN early in 1 9 8 0 , t h e 
m a g n e t w a s coo led a n d o p e r a t e d 
t h r e e t i m e s fo r t es t pu rposes and 
f ie ld m a p p i n g . 

T h e rap id cyc l i ng bubb le c h a m b e r 
(RCBC) is in a cy l indr ica l s ta in less 
s tee l assemb ly d e s i g n e d fo r easy 
ins ta l la t ion in to t h e i ron f r a m e a long 
t h e hor izonta l m a g n e t axis. T h e 
ac t i ve v o l u m e is a cy l inder , 8 0 c m in 

i ame te r and 4 0 c m deep , b e t w e e n 
che op t i ca l w i n d o w and t h e s c o t c h -
l i t e - cove red p i s t o n - b e l l o w s a s s e m ­
bly m a d e of f i b reg lass - re in fo rced 
p last ic . A l l v a c u u m , coo l i ng , f i l l i ng 
and expans ion s y s t e m s are c o n c e n ­
t r a t e d on t h e left end of t h e cy l inder , 
leav ing t h e r ight end fo r op t i ca l c o m ­
ponen ts , in par t i cu la r t h e t h r e e fas t 
(up t o 2 5 Hz) C E R N - b u i l t c a m e r a s 
w i t h b r igh t f ie ld i l l um ina t i on . T h e 
RCBC is coo led f r o m a 1 7 K / 1 k W 
h e l i u m re f r igera tor and f i l l ed by gas 
c o n d e n s a t i o n in to t h e cen t ra l 
v o l u m e . A s l iqu id h y d r o g e n is on ly 
used ins ide its v a c u u m tank , t h e 
h y d r o g e n sa fe ty r e q u i r e m e n t s cou ld 
be m e t by hav ing a v e n t i l a t e d e n c l o ­
sure on ly a r o u n d t h e expans ion end 
of t h e i ron f r a m e , t h u s g i v i ng f ree 
access t o t he b e a m w i n d o w s fo r 
t r i gge r e q u i p m e n t and w i r e c h a m ­
bers. The CERN-bu i l t expans ion m o -

t o r is a hydrau l i c s e r v o - s y s t e m p r o ­
v id ing t h e f lex ib i l i ty requ i red fo r 
rep roduc ib le t r ack f o r m a t i o n in 
burs ts o f up t o 6 0 expans ions every 
SPS cyc le . 

T h e RCBC m a i n c o m p o n e n t s 
a r r i ved at CERN last Ju ly , and , w i t h a 
c o n c e r t e d e f fo r t by Ru the r f o rd and 
CERN staf f , w e r e f i n i shed , t e s t e d 
and ins ta l led w i t h i n th ree m o n t h s . 
A l t h o u g h st i l l un f in i shed by t h e m a n ­
u fac turer , t h e in f la tab le gaske t fo r 
t h e ma in w i n d o w w a s m o u n t e d fo r a 
f i rs t t r ia l coo l i ng and f i l l ing in N o v ­
ember . In t h e absence of an SPS 
b e a m , g o o d qua l i t y c o s m i c ray 
t racks w e r e p h o t o g r a p h e d at 1 0 Hz, 

desp i t e s t r o n g bo i l ing a r o u n d t h e 
gaske t . A be t t e r s i t ua t i on is expec ted 
in t h e nex t RCBC run w i t h a hea l thy 
gaske t . 

T h e bubb le c h a m b e r is c o m p l e ­
m e n t e d by a 4 0 m long, t w o lever 
a r m s p e c t r o m e t e r . The f i rs t a r m uses 
t h e f r i nge f i e ld o f t h e bubb le c h a m ­
ber m a g n e t and cons is ts of a p ropo r ­
t i ona l c h a m b e r ( W 2 ) , a si l ica aeroge l 
C h e r e n k o v ( S A D ) and a ser ies of dr i f t 
c h a m b e r s fo r m o m e n t u m m e a s u r e ­
m e n t at 1 per cen t p rec is ion level 
and par t i c le i den t i f i ca t ion in t h e 
2 - 5 0 G e V range. IS IS is a spec ia l 
large dr i f t c h a m b e r ach iev ing p a r t i ­
c le i den t i f i ca t i on by ion iza t ion s a m -
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p l ing (see M a y 1 9 7 8 issue, 
page 1 6 0 ) and w h i c h is n o w be ing 
f ina l ly a s s e m b l e d at C E R N . T h e 
s e c o n d lever a r m , w h i c h accep t s 
m o s t of t h e seconda ry par t i c les 
a b o v e 5 0 GeV, cons i s t s o f a s p e c ­
t r o m e t e r m a g n e t ( M 2 ) , t h r e e dr i f t 
c h a m b e r s , a var iab le t e m p e r a t u r e / 
dens i t y gas Che renkov (FC) a n d a 
t r ans i t i on rad ia t ion d e t e c t o r (TRD) . 

D o w n s t r e a m of t h e par t i c le i d e n t i ­
f i ca t i on s y s t e m are t he p h o t o n 
d e t e c t o r s t o p ick up t h e decay p r o ­
d u c t s of t h e large n u m b e r s o f neu t ra l 
par t ic les , ma in l y p ions , w h i c h are 
p r o d u c e d at SPS energ ies . The s o -
ca l led i n t e rmed ia te g a m m a d e t e c t o r 
( IGD) is ins ta l led j us t d o w n s t r e a m of 
IS IS , w h i l e ano the r g a m m a d e t e c t o r 
(FGD) , t o p ick up t he p h o t o n s p r o ­
d u c e d in t h e n a r r o w f o r w a r d cone , is 
s o m e 2 5 m e t r e s f u r t he r a w a y . N o w 
a lso a p p r o v e d fo r c o n s t r u c t i o n are 
t w o ca lo r ime te rs ( INC a n d FNC) 
w h i c h w i l l be m o u n t e d in t h e 
s h a d o w of t he p h o t o n d e t e c t o r s t o 
m e a s u r e t h e energy and pos i t i on o f 
neu t ra l hadrons . 

A l r eady m a n y research cen t res in 
t h e CERN M e m b e r S t a t e s are 
invo lved w i t h EHS, and it has 
a t t r a c t e d co l l abo ra to rs f r o m o the r 
coun t r i es , no tab ly Spa in , Ind ia , J a ­
pan , t h e U S A and t h e U S S R . I ts f i rs t 
t h r e e e x p e r i m e n t s cover c o m p l e ­
m e n t a r y f ie lds of phys ics and exp lo i t 
t h e d i f fe ren t SPS b e a m s ava i lab le . A 
B o m b a y / C a m b r i d g e / Co l lege de 
France / L iverpoo l / M o n s / Paris / 
S e r p u k h o v / S t r a s b o u r g / V i e n n a 
t e a m w i l l carry o u t a h igh s ta t i s t i cs 
s t u d y of p r o t o n - a n t i p r o t o n ann ih i l a ­
t i o n . A n A a c h e n / B r o w n / Brusse ls 
/ M o n s / C r a c o w / He ls ink i / M I T / 
N i j m e g e n / S e r p u k h o v / Hai fa / 
W a r s a w co l l abo ra t i on w i l l look at 
t h e in f luence of pa r t on s t r u c t u r e in 
hadron ic co l l i s ions us ing b e a m s of 
p r o t o n s and pos i t i ve kaons and 
p ions. The s tudy of d i f f rac t i ve d i sso ­
c ia t i on , especia l ly in to s t r ange and 

c h a r m e d par t ic les , w i l l be t h e s u b ­
jec t of a s t udy by a B o m b a y / CERN 
/ Frascat i / Genova / M a d r i d / 
Pavia / S e r p u k h o v / T o k y o / V i e n n a 
g roup . 

W h i l e t h e w h o l e of EHS has ye t t o 
be used fo r phys ics , last s u m m e r t h e 
e l e m e n t s o f t he e lec t ron ic d e t e c t i o n 
s y s t e m a l ready in p lace w e r e used in 
an e x p e r i m e n t on hadron ic c h a r m 
p r o d u c t i o n , us ing the LEBC min i 
bubb le c h a m b e r as ver tex de tec to r 
(see J u n e 1 9 8 0 issue, page 1 5 9 ) . 
M a n y g r o u p s are in te res ted in 
c o n t i n u i n g th is phys ics w i t h EHS. 
T h e RCBC w o u l d aga in be rep laced 
by a min i bubb le chamber , us ing n e w 
ho log raph ic t echn iques fo r ach iev ­
ing a reso lu t i on of less t h a n 1 0 
m i c r o n s w i t h o u t d e p t h of f ie ld i l l u m i ­
na t ion . T w o such p r o t o t y p e expe r i ­
m e n t s have recent ly been a p ­
p roved . 

EHS w i l l be a p o w e r f u l n e w a d d i ­
t i o n t o t he a r m o u r y of de tec to r s 
exp lo i t i ng t h e SPS. It is a lso a f i ne 
examp le of i n te rna t iona l sc ien t i f i c 
co l l abo ra t i on . 

Strange dibaryon 
T h e b e s t - k n o w n d iba ryon , t h e d e u -
t e r o n , is t he on ly k n o w n b o u n d s ta te 
of t w o nuc leons . H o w e v e r recen t 
da ta , fo r e x a m p l e f r o m A r g o n n e (see 
S e p t e m b e r 1 9 8 0 issue, page 2 5 2 ) 
and f r o m S I N (see D e c e m b e r 1 9 8 0 
issue, page 3 9 9 ) , have revea led 
s igns of t r ans ien t t w o - n u c l e o n re ­
sonances . In add i t i on , e x p e r i m e n t s 
us ing nega t i ve kaon b e a m s in t h e 
energy range up t o 1.6 G e V have 
seen s igns of a s t range d i ba r yon 
(s t rangeness - 1 , mass 2 1 3 0 M e V , 
w i d t h 1 0 M e V ) . Th is is p r o d u c e d , 
t o g e t h e r w i t h a nega t i ve p ion , in t h e 
i n te rac t i on of t he kaon w i t h a d e u t e -
ron and subsequen t l y decays in to a 
l a m b d a and a p r o t o n (see M a y 1 9 7 7 
issue, page 1 52 ) . 

A Rome / Sac/ay / Vanderbilt collaboration 
working at the CERN PS and using a missing-
mass spectrometer has seen a strangeness-
carrying dibaryon of mass 2130 MeV and 
width 10 MeV in experiments using beams 
of negative kaons and positive pions. 

K— , D > PI-- , MISSING MASS AT 1.4 GEV/C 

I A 
2 ' 3 MISSING MASS 2(0EV/O*-) 
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The Berkeley Bevatron, built to accelerate 
protons, but which now accelerates heavier 
ions as part of the Bevalac system. With 
these heavy ion beams, signs of unexplained 
new nuclear behaviour have been seen. 

(Photo Berkeley) 

N o w a coun te r e x p e r i m e n t ca r r ied 
o u t by a R o m e / Sac lay / V a n d e r b i l t 

o l l abo ra t i on at t h e CERN PS us ing a 
m i ss i ng m a s s s p e c t r o m e t e r has 
seen th is d i ba ryon b o t h in t he p r o ­
d u c t i o n p rocess w i t h nega t i ve kaons 
and , fo r t h e f i rs t t i m e , in t h e i n te rac ­
t i o n of pos i t i ve p ions w i t h d e u t e r o n s . 
T h e s p e c t r o m e t e r had exce l len t 
m a s s reso lu t ion ( t w o par ts in a t h o u ­
sand) and bene f i t t ed f r o m a very 
in tense kaon b e a m at t h e PS, p r o v i d ­
ing t w e n t y t h o u s a n d nega t i ve kaons 
per pu lse at 1.4 GeV. 

T h e e x p e r i m e n t began w i t h a 
sea rch fo r d i ba ryons in t h e m a s s 
range 2 - 2 . 5 G e V ca r ry ing t w o un i t s 
o f s t rangeness . N o such s ta te w a s 
o b s e r v e d d o w n t o a p r o d u c t i o n 
c ross -sec t i on of 5 0 nb per s te rad ian . 
T h e d e t e c t i o n s y s t e m , us ing aeroge l 
Che renkov c o u n t e r s and re f ined 
t i m e - o f - f l i g h t m e a s u r e m e n t , t h e n 
t u r n e d its a t t e n t i o n t o a sea rch fo r 
d i ba ryons w i t h s t r angeness - 1 , and 

c lear ly revea led t he 2 1 3 0 M e V s ta te 
in t h e t w o p r o d u c t i o n p rocesses s t u ­
d ied . T h e f o r w a r d p r o d u c t i o n ra tes 
w e r e very d i f fe ren t in the t w o cases 
— 2 0 0 | i b per s te rad ian w i t h i nc i ­
den t kaons and 5 j i b per s te rad ian 
w i t h p ions. 

T h e s igna l cou ld be due t o a l a m b ­
d a - p r o t o n resonance , a s i g m a -
nuc leon b o u n d s ta te , or s o m e n e w 
c o n f i g u r a t i o n of six quarks . T h e 
e x p e r i m e n t hopes t o c lar i fy th i s by 
s t u d y i n g t he va r ia t i on of t h e d iba r ­
y o n p r o d u c t i o n ra te w i t h t h e inc iden t 
kaon and p ion energ ies. 

BERKELEY 
New nuclear 
behaviour 
Resul ts f r o m s tud ies at t h e Berke ley 
Beva lac us ing b e a m s of i ron and 
o x y g e n ions at energ ies of up t o 
2 G e V per nuc leon have revea led 

n e w nuc lear behav iour , as ye t unex ­
p la ined . In cen t ra l co l l i s ions b e ­
t w e e n nuc le i , ev idence is f o u n d f o r 
sho r t - l i ved s ta tes of h igh par t i c le 
and energy dens i ty . A s im i la r p h e ­
n o m e n o n w a s f i rs t seen s o m e th i r t y 
years ago in c o s m i c ray expe r imen ts , 
bu t t h e s l im ev idence w a s d i s m i s s e d 
as a chance occu r rence . 

In t he ana lys is of s o m e 1 5 0 0 
heavy ion co l l i s ions in nuc lear e m u l ­
s ion at t he Beva lac , t h e B e r k e l e y / 
O t t a w a co l l abo ra t i on f i nds s e c o n d ­
ary f r a g m e n t s c lose t o t h e in i t ia l 
co l l i s ion po in t w h i c h apparen t l y 
i n te rac t m u c h m o r e readi ly w i t h t a r ­
ge t nuc le i t h a n d o t h e p r imary heavy 
ion b e a m s . Th is behav iou r is no t 
seen f u r t h e r a w a y f r o m t h e in i t ia l 
co l l i s ion . 

W h i l e m a n y d i f fe ren t nuc le i are 
k n o w n , t h e bu lk p roper t ies of all 
t h e s e are m u c h t h e s a m e , so t h a t t h e 
range of nuc lear m a t t e r ava i lab le fo r 
s t udy is l im i t ed . Recent ly , s p e c u l a -
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The SPEAR electron-positron storage ring 
at SLAC, After first generation detectors 
discovered charmonium, new experiments 
are now uncovering the details of the rich 
charmonium spectroscopy. 

(Photo SLAC) 

t i o n has been m o u n t i n g t h a t under 
d i f fe ren t cond i t i ons , n e w f o r m s of 
nuc lear m a t t e r are poss ib le (see 
D e c e m b e r 1 9 8 0 issue, page 4 0 4 ) . 

T h e behav iou r seen in t h e heavy 
ion e x p e r i m e n t s at Berke ley c a n n o t 
be exp la ined if t he seconda ry f r a g ­
m e n t s are o rd inary par t i c les , and one 
s u g g e s t i o n is t h a t ev idence is be ing 
seen fo r a n e w t y p e of nuc lear 
ma t te r . W h i l e st i l l m a d e up o f 
qua rks , th is n e w m e t a s t a b l e nuc lear 
ma te r ia l has i ts c o m p o n e n t qua rks in 
con f i gu ra t i ons very d i f f e ren t t o 
t h o s e of n o r m a l par t i c les . Exper i ­
m e n t s are c o n t i n u i n g t o s tudy t h e 
behav iou r of t hese sho r t - l i ved co l l i ­
s ion f r a g m e n t s . 

STANFORD 
Tidying up 
charmonium 
C h a r m o n i u m is t h e f a m i l y n a m e 
g iven t o m e s o n s c o m p o s e d of a 
c h a r m e d qua rk b o u n d t o a c h a r m e d 
an t iquark . T h e d i scovery in 1 9 7 4 o f 
t h e f i rs t c h a r m o n i u m s ta te , t h e J / 
ps i , at B r o o k h a v e n and at S L A C 
hera lded t h e arr ival of a n e w era in 
t h e s tudy o f e l e m e n t a r y par t i c les , 
t h e so -ca l led ' N e w Phys ics ' . T h e 
ex is tence of th is n e w q u a n t u m n u m ­
ber w a s one v i ta l c lue w h i c h rad ica l ly 
c h a n g e d ou r u n d e r s t a n d i n g o f t h e 
bas ic f o rces in Na tu re . S ince t h e n 
t h e care fu l s t udy of c h a r m o n i u m 
s p e c t r o s c o p y has gone on t o p rov ide 
m u c h va luab le i n f o r m a t i o n o n qua rk 
d y n a m i c s . 

C h a r m e d quarks and the i r an t i pa r -
t i c les each carry in t r ins ic angu la r 
m o m e n t u m (spin) of half a uni t , and 
a c c o r d i n g t o t h e ru les can c o m b i n e 
t o g e t h e r e i ther w i t h the i r sp ins 
para l le l (a t r ip le t s ta te) , g i v i ng a 
m e s o n of sp in one, or w i t h the i r sp ins 
an t ipara l le l (a s ing le t s ta te ) , f o r m i n g 
a sp in zero par t ic le . The J / p s i has 
sp in one, and s ince 1 9 7 4 , a r ich 

s p e c t r o s c o p y of t r ip le t c h a r m o n i u m 
s ta tes has been uncove red . 

H o w e v e r the i r s ing le t c o u n t e r ­
par ts have p roved t o be m u c h harder 
t o f i nd , and fo r g o o d reasons. Char ­
m o n i u m no rma l l y c o m e s f r o m ener ­
ge t i c p h o t o n s , p r o d u c e d fo r e x a m p l e 
f r o m t h e ann ih i l a t i on of co l l i d ing 
e lec t rons and pos i t rons . Because 
t h e p h o t o n i tsel f carr ies sp in one , t h e 
se lec t ion ru les fo r t hese reac t ions 
say t ha t on ly sp in one c h a r m o n i u m 
s ta tes can be f o r m e d d i rec t ly . In 
e x p e r i m e n t s w i t h co l l id ing e l e c t r o n -
pos i t ron b e a m s , s ing le t c h a r m o n i u m 
s h o w s up on ly in t he s u b s e q u e n t 
decays o f t h e t r ip le t var ie ty , and is 
co r respond ing l y m o r e e lus ive. 

Pre l im inary repor ts of t he g r o u n d 
s ta te sp in zero c h a r m o n i u m , n o w 
ca l led t h e e ta-c , c a m e f r o m expe r i ­
m e n t s at t h e D O R I S e l e c t r o n - p o s i ­
t r o n r ing a t DESY. Theore t i c i ans had 
a l ready d e d u c e d m u c h f r o m t h e 
un fo ld i ng s p e c t r u m of t r i p le t cha r ­

m o n i u m . They had de f in i te ideas fo r 
t h e m a s s o f t h e e ta-c , w h i c h d id no t 
agree w i t h t h e p re l im ina ry i n fo rma 
t i o n f r o m D O R I S . 

T h e n n e w da ta began t o c o m e 
t h r o u g h f r o m n e w de tec to r s at t h e 
S P E A R e lec t r on -pos i t r on r ing at 
S L A C (see S e p t e m b e r 1 9 7 9 issue, 
page 2 4 6 ) . P lay ing a p r o m i n e n t ro le 
in th i s sea rch w a s t he Crys ta l Bal l 
d e t e c t o r (a Ca l tech / Harva rd / 
P r ince ton / S L A C / S t a n f o r d co l l a ­
bora t ion ) . Th is spher ica l array of 6 7 2 
s o d i u m iod ide c rys ta ls , each v i e w e d 
by a pho tomu l t i p l i e r , g ives g o o d 
angu la r c o v e r a g e of t h e e l e c t r o n -
pos i t r on co l l i s ion reg ion , and g o o d 
m e a s u r e m e n t o f l o w energy p h o t o n s 
p r o d u c e d in t h e decay o f t r ip le t char ­
m o n i u m . 

These ' rad ia t i ve ' decays can p r o ­
d u c e a va r ie t y of secondary char ­
m o n i u m s ta tes , and t he p h o t o n 
s p e c t r u m f r o m t h e Crysta l Bal l 
s h o w e d sha rp peaks co r respond ing 
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t o t rans i t ions b e t w e e n d i f ferent t r i ­
plet c h a r m o n i u m levels, in m u c h the 
same w a y tha t sharp spect ra l l ines 
s h o w up w h e n ord inary a t o m s are 
exc i ted. In add i t ion , a smal l but s ta ­
t is t ical ly s ign i f icant peak w a s seen in 
the spec t rum cor respond ing t o a 
n e w c h a r m o n i u m s ta te of mass 
2 9 8 3 MeV. S o m e mon ths later, the 
Mark II g roup (Berkeley / SLAC), 
announced the f i rs t ev idence for a 
speci f ic eta-c decay mode , wh i l e 
another decay mode w a s f o u n d by 
the Crystal Ball shor t ly a f te rwards . 
This w a s already suf f ic ient t o make 
theore t ic ians feel bet ter , but t o pin 
d o w n th is n e w cand idate c h a r m o n ­
ium state, its q u a n t u m numbers f i rst 
had to be f ixed. 

The Crystal Ball is we l l su i ted t o 
measure e lec t romagnet ica l l y s h o w ­
er ing part ic les like e lec t rons and 
photons . To handle charged hadrons 
requi red more wo rk , and fu r ther ev i ­
dence in favour of an eta-c ass ign­
men t for the n e w sta te came f r o m 
analysis of channels con ta in ing ap ­
propr ia te comb ina t i ons of hadrons. 

A t present, the character is t ics of t he 
s ta te are highly suggest ive of the 
eta-c, but fu r ther w o r k is needed. 

E lsewhere in the pho ton spec t rum 
f r o m radiat ive c h a r m o n i u m decays, 
the Crystal Ball s h o w s ev idence for 
decays p roduc ing a meson of mass 
1 4 2 0 MeV. A smal l sample of spe ­
cif ic decay modes for a meson of th is 
mass w a s also reconst ruc ted by 
bo th Mark II and the Crystal Ball . A 
spin one meson of th is mass, t he E, 
has been k n o w n for s o m e t i m e 
th rough the analysis of bubble 
chamber exposures t o hadron 
beams. 

In the Crystal Ball , the radiat ive 
t rans i t ions produc ing E-mesons ap ­
peared to be qu i te copious, and th is 
led s o m e people to specula te tha t 
t he E, ra the / t han being a c o n v e n ­
t ional meson bui l t up of a quark and 
an ant iquark, cou ld be an example of 
a 'g luebal l ' — a n e w t ype of ma t te r 
m u c h ta lked about but never before 
seen. 

Current th ink ing says tha t quarks 
in teract t h rough the 'co lour ' fo rce 

med ia ted by the exchange of so -
cal led g luons, s imi lar in some res­
pects t o the pho ton exchange res­
ponsib le for t he fami l iar e l e c t r o m a g ­
net ic force. A s we l l as t rans ient ly 
f l i t t ing b e t w e e n quarks, these g luons 
shou ld also be able t o s t ick toge ther 
t o f o r m ' g l uon ium ' or 'g luebal ls ' . 
W h e t h e r the E-meson signal seen in 
radiat ive c h a r m o n i u m decays is a 
g luebal l or no t remains t o be se t t ­
led. 

W i t h M a r k II hav ing already 
m o v e d to the b igger PEP r ing, the 
Crystal Ball is present ly the only 
de tec to r opera t ing at SPEAR. Even 
t h o u g h its m o v e to PEP has been 
approved, th is w i l l not take place for 
at least a year. A n impor tan t task 
remain ing at SPEAR is t o con t inue t o 
search for the F-meson, carry ing 
bo th c h a r m and st rangeness. F c a n ­
d idates have n o w been repor ted 
f r o m exper iments at several Labora­
tor ies, but as ye t none f r o m SPEAR. 
Other ob jec t ives include more eta-c 
data and a scan of the SPEAR energy 
regions so far largely neglected. 

Physics monitor 
Ultrahigh energy 
cosmic rays 
Cosmic ray exper iments have t r ad i ­
t ional ly prov ided phys ic is ts w i t h 
g l impses of behav iour beyond the 
energy range at ta inable w i t h ar t i f i ­
cial part ic le beams. H o w e v e r w i t h 
the CERN an t ip ro ton pro ject p rom is ­
ing t o prov ide col l is ion energies 
equiva lent t o those of 1 5 5 0 0 0 GeV 
beams, and w i t h the prospec t of 
ISABELLE at B rookhaven go ing 
even higher, phys ic is ts hope tha t 
s o m e of the exot ic behav iour 
repor ted f r o m cosmic ray s tud ies w i l l 

soon c o m e w i t h i n the reach of labo­
ratory exper iments . 

M e a n w h i l e the cosmic ray spe ­
cial ists cont inue thei r s tudies, and 
f r o m 2 0 - 2 9 October, the ci ty of 
Nakhodka in the Soviet Far East w a s 
host t o a Sov ie t -Japanese s y m p o ­
s ium on processes at u l t rah igh ener­
gies in cosmic rays, invest iga ted 
us ing emu ls ion chambers exposed 
at a l t i tude. There w e r e par t ic ipants 
f r o m the Japanese /B raz i l i an co l la­
bora t ion at M o u n t Chacal taya in the 
Andes , f r o m the group carry ing ou t 
exper iments on M o u n t Fuji, Japan , 
and f r o m the 'Pami r ' Sov ie t -Po l ish 
co l laborat ion. 

Var ious character is t ics of t he 
f r a g m e n t a t i o n region of inelast ic 
hadron-nuc leus in teract ions w e r e 
covered, and deta i led compar i son of 
t he comparab le data ob ta ined by all 
th ree g roups s h o w s qu i te reasona­
ble ag reemen t in a number of res­
pects. 
1 . The cross-sec t ion of t he hadron 
inelast ic in terac t ion w i t h an air 
nuc leus st i l l increases at least up t o 
energies of 1 0 1 5 e V at nearly t he 
same rate as at accelerator ener­
gies. 
2 . A t u l t rah igh energies there is c o n ­
s iderable dev ia t ion of scal ing not 
only in p ion izat ion but also in the 
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A 'binocular' event seen by the 'Pamir' 
collaboration looking at the effects of 
ultrahigh energy cosmic rays passing through 
a 5 cm lead plate. The spot on the left 
contains more than sixty quanta while that 
on the right is due to a single quantum with 
an estimated energy of over 500 TeV. 

f r a g m e n t a t i o n reg ion . Here it is 
a s s u m e d t h a t t h e c o m p o s i t i o n o f t h e 
p r ima ry c o s m i c rad ia t i on does no t 
c h a n g e at u l t rah igh energ ies . 
3 . T h e energy d i ss ipa t ion o f t h e i nc i ­
d e n t had ron in t h e s t r o n g i n te rac t i on 
co l l i s ion increases cons ide rab ly . 
A p p a r e n t l y t h e n u m b e r o f s e c o n d a r y 
par t i c les in t he f r a g m e n t a t i o n reg ion 
at u l t rah igh energ ies is g r o w i n g w i t h 
t h e energy o f t h e p r ima ry c o s m i c ray, 
E, as fas t as E 1 / 4 , and m a y b e even 
fas te r at energ ies above 1 0 1 6 e V . 
T h e ine las t ic i ty increases co r res ­
pond ing l y and t he ro le o f lead ing 
par t i c les in t h e d e v e l o p m e n t o f 
nuc lear cascades is cons ide rab l y 
d i m i n i s h e d . T h e energy s p e c t r u m of 
seconda ry par t ic les b e c o m e s 
sof ter . 
4 . A m o n g the d i f fe ren t so -ca l l ed 
' f am i l i es ' o f u l t rah igh energy even ts , 
t h e r e is a s ign i f i can t n u m b e r o f 
seconda ry par t i c les w i t h large (over 
5 GeV) t ransve rse m o m e n t a . S o m e ­
t i m e s t hese even ts are a lso a n i s o ­
t rop i c in t h e p lane pe rpend icu la r t o 
t h e p r imary d i rec t i on . The re are 
even ts of a p r o n o u n c e d je t s t r u c t u r e 
w i t h a c o m p a r a t i v e l y large n u m b e r 
( m o r e t h a n f ive) of j e t par t i c les and 
c o m p a r a b l e energ ies o f t h e sepa ra te 
j e t s ( for t w o - , t h r e e - a n d m a n y - j e t 
events ) . T h e p e r c e n t a g e of unusua l 
even t s g r o w s w i t h inc reas ing energy 
of t h e p r ima ry par t ic le . T h e s t u d y o f 
t h i s t y p e o f even t m a k e s fo r use fu l 
c o m p a r i s o n s w i t h t he p red i c t i ons of 

q u a n t u m c h r o m o d y n a m i c s . 
5. A t u l t rah igh energ ies , s o m e p e c u ­
liar p rocesses exist w h i c h p r o d u c e 
exo t ic even ts , par t icu lar ly of t h e s o -
ca l led ' C e n t a u r o ' t ype , w h e r e m o s t , 
if no t al l , o f t h e energy goes in to 
p r o d u c i n g long- l i ved secondary h a -
d rons w i t h f e w neut ra l p ions. T h e 
Japanese -B raz i l i an co l l abo ra t i on 
has f o u n d abou t half a dozen re l iab le 
examp les of Cen tauros , w h i l e t h e 
Pami r g r o u p has a lso seen a f e w 
even ts of t h i s t ype , bu t less c lean. 
S i m u l a t i o n s based on s tanda rd p h y ­
s ics m o d e l s ind ica te t h a t t hese 
even ts c a n n o t be due t o f l u c t u a t i o n s . 
A f e w e x a m p l e s of o the r exot ic 
even ts have a lso been seen w h i c h 
l i kew ise a w a i t an exp lana t ion . T h e 
s t udy of t h e s e p h e n o m e n a is of g rea t 
in te res t a n d cou ld lead t o the need 
fo r n e w t y p e s of qua rk or n e w ba ryon 
s ta tes . 

Resu l ts us ing p resen t c o s m i c ray 
t e c h n i q u e s s h o w t h a t t h e behav iou r 
seen at u l t r ah igh energ ies is no t a 
s i m p l e ex t rapo la t i on of t he de ta i l ed 
and re l iable resu l ts o b t a i n e d at 
acce le ra to rs . Th is p rov ides c lear 
m o t i v a t i o n fo r h igher energy p r o ­
j ec t s and sugges ts poss ib le d i rec ­
t i ons fo r f u t u r e s tud ies . 

A t t h e s a m e t i m e , c o s m i c ray s p e ­
c ia l is ts are anx ious t o ex tend the i r 
p resen t e x p e r i m e n t s w i t h e m u l s i o n 
c h a m b e r s and a c c u m u l a t e m o r e 
da ta in t h e in te res t ing u l t rah igh 
energy reg ion . Fo r th i s , g o o d co l l abo ­
ra t ion b e t w e e n d i f fe ren t e x p e r i m e n ­
ta l g roups w i l l be i m p o r t a n t , and t h e 
S y m p o s i u m w a s a m o v e in th i s 
d i rec t ion . 

Dark spots recorded in X-ray film from the 
'Centauro-l' cosmic ray event seen by a 
Japanese-Brazilian collaboration. The top 
picture is taken in the upper chamber, under 
7.8 cm of lead. The lower picture is from 
the lower chamber, under 3 cm of lead and 
a carbon hadron converter. (The unit on the 
attached scale is 1 mm.) The big surprise 
is the asymmetry between the patterns 
recorded in the top and bottom chambers 
— hence the name Centauro. This is 
interpreted as an absence of neutral particles 
(producing electromagnetic showers) in the 
initial interaction. 

(We are grateful to S.A. Slava-
tinsky of the P.N. Lebedev Institute, 
Moscow, for transmitting news of this 
Symposium.) 
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The goal of theoretical physics - 2 

Werner Heisenberg, discoverer of the famous 
Uncertainty Principle. Physics becomes even 
more uncertain when black holes are 
involved. 

(Photo Pfeiffer) 

Last month we published the first part 
of Stephen Hawking's inaugural lec­
ture * as Lucasian Professor of Mathe­
matics in the University of Cambridge. 
In the second part of the lecture, 
which follows here. Hawking turned 
to the subject of gravity. After Ein­
stein's monumental work on gravita­
tion earlier this century, efforts to 
mite this force with the other 

mechanisms found in Nature have 
been consistently unfruitful. But there 
are indications that this is beginning to 
change. 

' S o far m o s t of t h e e f fo r t has been 
d e v o t e d t o un i f y ing t he f i rs t t h ree 
ca tegor ies of phys ica l i n te rac t i ons , 
t h e s t r o n g and w e a k nuc lear f o r ces 
and e l e c t r o m a g n e t i s m . T h e f o u r t h 
and last, grav i ty , has been neg lec ted . 
One jus t i f i ca t i on fo r t h i s is t h a t g rav ­
i ty is so w e a k t h a t q u a n t u m g rav i t a ­
t i ona l e f fec ts w o u l d be large on ly at 
par t ic le energ ies w a y b e y o n d t h o s e 
in any par t i c le acce lera tor . A n o t h e r 
is t h a t g rav i ty does no t s e e m t o be 
eno rma l i zab le : in o rder t o ob ta in 

Jn i te a n s w e r s it s e e m s t h a t one m a y 
have t o m a k e an in f in i te n u m b e r of 
in f in i te sub t rac t i ons w i t h a co r res ­
pond ing l y in f in i te n u m b e r of u n d e ­
t e r m i n e d f in i te rema inders . 

Y e t one m u s t inc lude g rav i t y if one 
is t o ob ta in a fu l ly un i f i ed theo ry . 
Fu r t he rmore the Class ica l Theo ry of 
Genera l Re la t iv i ty p red i c t s t h a t 
t he re shou ld be s p a c e - t i m e s ingu la r ­
i t ies at w h i c h t h e g rav i ta t i ona l f ie ld 
w o u l d b e c o m e in f in i te ly s t r o n g . 
These s ingu lar i t ies w o u l d occu r in 
t h e past at t he beg inn ing o f t h e 
p resen t expans ion of t h e Un ive rse 
( the B ig Bang) and in t h e f u t u r e i n t h e 
g rav i ta t i ona l co l lapse of s ta rs a n d , 
poss ib ly , of t h e Un ive rse i tself. T h e 

* ' Is the end in sight for theoretical physics ?' 
by Stephen Hawking, published by Cam­
bridge University Press. 

p red ic t i on of s ingu lar i t ies p r e s u m a ­
bly ind ica tes t h a t t he Classical T h e ­
ory w i l l b reak d o w n . H o w e v e r , t he re 
s e e m s t o be no reason w h y it shou ld 
break d o w n unt i l t h e g rav i ta t i ona l 
f ie ld b e c o m e s s t rong e n o u g h so t h a t 
q u a n t u m grav i ta t iona l e f fec ts are 
impo r tan t . Thus a q u a n t u m theo ry of 
g rav i ty is essent ia l if w e are t o d e s ­
cr ibe t h e early Un iverse and to g ive 
s o m e exp lana t ion fo r t h e ini t ia l c o n ­
d i t i ons b e y o n d mere ly appea l i ng t o 
t h e A n t h r o p i c Pr incip le, w h i c h can 
be pa raphrased as ' t h i ngs are as 
t hey are because w e are ' . 

S u c h a theory is a lso requ i red if w e 
are t o a n s w e r t he ques t i on ' D o e s 
t i m e real ly have a beg inn ing and , 
poss ib ly , an end as is p red i c ted by 
Classical Genera l Rela t iv i ty or are 
t h e s ingu lar i t ies in t he B ig B a n g and 
t h e B ig C runch s m e a r e d ou t in s o m e 
w a y by q u a n t u m e f f e c t s ? ' 

Th is is a d i f f icu l t ques t i on t o g ive a 
w e l l - d e f i n e d m e a n i n g t o w h e n t h e 
very s t r uc tu re of space and t i m e 
t h e m s e l v e s are sub jec t t o t h e Unce r ­
ta in t y Pr incip le. M y persona l fee l ing 
is t ha t s ingu lar i t ies are p robab ly st i l l 
p resen t t h o u g h one can c o n t i n u e 
t i m e pas t t h e m in a cer ta in m a t h e ­
ma t i ca l sense. H o w e v e r any sub jec ­
t i ve c o n c e p t of t i m e t ha t w a s re la ted 
t o consc iousness or t h e abi l i ty t o 
p e r f o r m m e a s u r e m e n t s w o u l d c o m e 
t o an end . 

W h a t are the p rospec ts of o b t a i n ­
ing a q u a n t u m theo ry of g rav i ty and 
of un i f y ing it w i t h t he o the r t h ree 
ca tegor ies of i n te rac t i ons? The bes t 
hope s e e m s t o lie in an ex tens ion of 
genera l re la t iv i ty ca l led superg rav i t y . 
In th is t h e g rav i ton , t he s p i n - 2 par­
t ic le t h a t carr ies t h e g rav i ta t i ona l 
i n te rac t i on , is re la ted t o a n u m b e r of 
o the r f ie lds of l o w e r sp in by so -ca l l ­
ed s u p e r s y m m e t r y t r a n s f o r m a t i o n s . 
S u c h a t heo ry has t h e g rea te r mer i t 
t h a t it does a w a y w i t h t h e o ld d i c h o ­
t o m y b e t w e e n ' m a t t e r ' r ep resen ted 
by par t ic les of ha l f - in teger sp in and 

I n t e r a c t i o n s ' rep resen ted by i n te ­
ge r -sp in par t ic les . It a lso has t h e 
g rea t a d v a n t a g e t h a t m a n y of t he 
in f in i t ies w h i c h ar ise in q u a n t u m t h e ­
ory cance l each o the r ou t . W h e t h e r 
or no t t hey all cance l ou t t o g ive a 
t heo ry w h i c h is f in i te w i t h o u t any 
in f in i te s u b t r a c t i o n s is no t ye t 
k n o w n . It is h o p e d t h a t t hey do 
because it can be s h o w n t h a t t h e o ­
r ies w h i c h inc lude grav i ty are e i ther 
f i n i te or non - reno rma l i zab le , t h a t is, 
if one has t o m a k e any in f in i te s u b ­
t rac t i ons , t h e n one w i l l have t o m a k e 
an in f in i te n u m b e r of t h e m w i t h a 
c o r r e s p o n d i n g in f in i te n u m b e r of 
u n d e t e r m i n e d rema inders . T h u s if all 
t h e in f in i t ies in superg rav i t y cance l 
each o the r ou t , w e cou ld have a 
t heo ry w h i c h no t on ly fu l ly un i f i ed all 
t h e m a t t e r par t i c les and in te rac t ions , 
b u t w h i c h w a s a lso c o m p l e t e in t h e 
sense t h a t it d i d no t have any u n d e ­
t e r m i n e d reno rma l i za t i on pa ra ­
me te rs . 
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A l t h o u g h w e do no t ye t have a 
p roper q u a n t u m theo ry of g rav i ty , let 
a lone one w h i c h un i f ies it w i t h t h e 
o t h e r phys ica l i n te rac t ions , w e have 
an idea of s o m e of t h e f ea tu res it 
s h o u l d have. One of t h e s e is c o n ­
n e c t e d w i t h t h e f ac t t h a t g rav i t y 
a f fec ts t h e causa l s t r u c t u r e o f 
s p a c e - t i m e , t h a t is, g rav i t y de te r ­
m ines w h i c h even ts can be causa l ly 
re la ted t o each o ther . A n e x a m p l e of 
t h i s in t h e c lass ica l t h e o r y o f Genera l 
Re la t iv i ty is p rov ided by a b lack ho le , 
w h i c h is a reg ion of s p a c e - t i m e in 
w h i c h t he g rav i ta t i ona l f i e ld is so 
s t r o n g t h a t any l ight or o the r s igna l is 
d r a g g e d back in to t h e reg ion and 
c a n n o t escape t o t h e ou t s i de w o r l d . 
T h e in tense g rav i ta t i ona l f i e ld near 
t h e b lack hole causes t h e c rea t i on o f 
pa i rs of par t i c les and an t ipa r t i c les , 
one of w h i c h fa l ls in to t h e b lack ho le 
and t h e o the r of w h i c h escapes t o 
in f in i ty . T h e par t i c le t h a t escapes 
appears t o have been e m i t t e d by t h e 
b lack hole. 

A n observer at a d i s tance f r o m t h e 
b lack hole can m e a s u r e on ly t h e 
o u t g o i n g par t i c les and he c a n n o t 
co r re la te t h e m w i t h t h o s e t h a t fe l l 
i n to t h e hole because he c a n n o t 
obse rve t h e m . Th is m e a n s t h a t t h e 
o u t g o i n g par t ic les have an ext ra 
deg ree of r a n d o m n e s s or u n p r e d i c ­
tab i l i t y over and above t h a t usual ly 
assoc ia ted w i t h t h e U n c e r t a i n t y 
Pr inc ip le. In n o r m a l s i t ua t i ons t h e 
Unce r t a i n t y Pr inc ip le imp l ies t h a t 
one can def in i te ly p red ic t either t h e 
pos i t i on or t h e ve loc i t y of a par t i c le 
or one c o m b i n a t i o n of pos i t i on and 
ve loc i t y . Thus , rough ly speak ing , 
one ' s abi l i ty t o m a k e de f in i t e p red i c ­
t i o n s is ha lved . H o w e v e r , in t h e case 
of par t i c les e m i t t e d f r o m a b lack 
hole, t he fac t t h a t one c a n n o t 
obse rve w h a t is g o i n g on ins ide t h e 
b lack hole m e a n s t h a t one can d e f i n ­
i te ly p red ic t neither t h e pos i t i on nor 
t h e ve loc i t i es of t h e e m i t t e d p a r t i ­
c les. A l l one can g ive are p robab i l i ­

t ies t h a t par t ic les w i l l be e m i t t e d in 
ce r ta in modes . 

It s e e m s the re fo re tha t , even if w e 
f i n d a un i f ied theory , w e m a y be ab le 
t o m a k e on ly s ta t i s t i ca l p red ic t i ons . 
W e w o u l d a lso have t o a b a n d o n t h e 
v i e w t h a t t he re is a un ique un iverse 
t h a t w e observe . Ins tead w e w o u l d 
have t o a d o p t a p ic tu re in w h i c h 
t he re w a s an e n s e m b l e of all poss i ­
ble un iverses w i t h s o m e probab i l i t y 

The Lucasian 
Chair 
at Cambridge 
Gravity specialist Stephen 
Hawking is the present Luca­
sian Professor of Mathematics 
at the University of Cam­
bridge. His immediate prede­
cessor was Sir James Light-
hill and before that Paul Di-
rac One of the earlier holders 
of this prestigious Chair was 
Isaac Newtonf the founder of 
the theory of gravitation, 
which makes Hawking's ap­
pointment especially apt. Back 
in the 1660s, Newton fs pred­
ecessor as Lucasian Professor 
was Isaac Barrow, a remark­
able character who was also 
Regius Professor of Greek 
and Gresham Professor of 
Geometry. While Newton was 
withdrawn and introvert Bar­
row was a swashbuckler who 
among other things was a 
fighter of some repute. Again 
in contrast to Newton who 
seldom ventured far, Barrow 
was a seasoned traveller who 
once successfully defended 
his ship against attack by pi­
rates. In these days of tight 
budgets, this particular attri­
bute remains valuable in any 
senior position in science. 

The main computer centre at CERN. 
According to Stephen Hawking, the recent 
rapid rate of development of computers 
could mean that machines will take over 
theoretical physics! 

(Photo CERN 186.12.80) 

d is t r i bu t i on . Th is m i g h t exp la in w h y 
t h e Un ive rse s t a r t e d of f in t he B ig 
B a n g in a l m o s t per fec t t h e r m a l 
equ i l i b r i um because t h e r m a l equ i l i ­
b r i u m w o u l d c o r r e s p o n d t o the lar­
ges t n u m b e r o f m i c roscop i c c o n f i g u ­
ra t ions and hence the g rea tes t p r o ­
babi l i ty . T o e c h o Vo l ta i re ' s ph i l oso ­
pher P a n g l o s s f ' w e l ive in t he m o s t 
p robab le o f all poss ib le wo r l ds . ' 

W h a t are t h e p rospec ts t ha t w e 
w i l l f i nd a c o m p l e t e un i f ied t heo ry in 
t h e no t t o o d i s t an t f u t u r e ? Each t i m e 
w e have e x t e n d e d our obse rva t i ons 
t o sma l l e r l eng th sca les and h igher 
energ ies , w e have d i scove red n e w 
layers of s t r uc tu re . A t t h e beg inn ing 
of t h e c e n t u r y t h e d iscovery of B r o w -
nian M o t i o n w i t h a t yp ica l energy 
par t i c le of 3 x 1 0 2 eV s h o w e d t h a t 
m a t t e r w a s no t c o n t i n u o u s bu t w a s 
m a d e up of a t o m s . Shor t l y t he rea f te r 
it w a s d i scove red t h a t t hese s u p ­
posed ly ind iv is ib le a t o m s w e r e 
m a d e up o f e lec t rons w i t h energ ies 
of t h e o rder o f a f e w e lec t ronvo l t s 
revo lv ing a b o u t a nuc leus . T h e 
nuc leus in t u r n w a s f o u n d t o be 
c o m p o s e d of so -ca l l ed e lemen ta ry 
par t ic les , p r o t o n s and neu t rons , he ld 
t o g e t h e r by nuc lea r bonds of t h e 
o rder o f 1 0 6 eV. T h e la test ep isode 
in th is s to ry is t h a t w e have f o u n d 
t h a t t h e p r o t o n and t he neu t ron are 
m a d e up of qua rks he ld t o g e t h e r by 
bonds of o rde r 1 0 9 eV. It is a t r i bu te 
t o h o w far w e have c o m e a l ready in 
t heo re t i ca l phys i cs t h a t it n o w takes 
e n o r m o u s m a c h i n e s and a g rea t deal 
of m o n e y t o p e r f o r m an e x p e r i m e n t 
w h o s e resu l ts w e canno t pred ic t . 

Our past exper ience m i g h t s u g ­
ges t t h a t t h e r e is an in f in i te 
sequence of layers of s t r uc tu re at 
h igher and h igher energ ies. I ndeed , 
such a v i e w of an in f in i te regress of 
boxes w i t h i n boxes w a s of f ic ia l 
d o g m a in Ch ina under t h e G a n g of 
Four. H o w e v e r it s e e m s t h a t g rav i ty 
s h o u l d p rov ide a l im i t bu t on ly at t h e 
very sho r t l eng th sca le of 1 0 ~ 3 3 c m 
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or t he very h igh energy o f 1 0 2 8 eV. 
O n l eng th sca les sho r te r t h a n th is , 
one w o u l d expec t t h a t s p a c e - t i m e 
w o u l d cease t o behave l ike a s m o o t h 
c o n t i n u u m and t h a t it w o u l d acqu i re 
a f o a m - l i k e s t r uc tu re because of 
q u a n t u m f l u c t u a t i o n s of t h e g r a v i t a ­
t i ona l f ie ld . 

The re is a very large unexp lo red 
reg ion b e t w e e n our p resen t expe r i ­
m e n t a l l im i t of abou t 1 0 1 0 eV and 
t h e g rav i ta t i ona l cu t - o f f at 1 0 2 8 eV. 
It m i g h t s e e m naive t o a s s u m e , as 
G r a n d Un i f i ed Theor ies do , t h a t 
t he re are only one or t w o layers of 
s t ruc ture in th is e n o r m o u s in terva l . 
H o w e v e r , t he re are g r o u n d s fo r 
o p t i m i s m : at t h e m o m e n t at least it 
s e e m s t h a t g rav i t y can be un i f i ed 
w i t h the o the r phys ica l i n te rac t i ons 
on ly in s o m e supe rg rav i t y t heo ry . 
The re appear t o be on ly a f i n i te 
n u m b e r of such theor ies . In p a r t i c u ­
lar, t he re is a large such theo ry , t h e 
so -ca l l ed N= 8 e x t e n d e d s u p e r g r a v ­
ity. Th is con ta ins one g rav i t on , e igh t 
s p i n - 3 / 2 par t i c les ca l led g rav i t i nos , 
t w e n t y - e i g h t sp in -1 par t i c les , f i f t y -
six sp in - 1 / 2 par t ic les and seven t y par­
t i c les of sp in 0 . Large as t hese n u m ­
bers are t hey are no t large e n o u g h t o 
a c c o u n t fo r all t h e par t i c les t h a t w e 
s e e m t o obse rve in s t r o n g and w e a k 
in te rac t ions . For i ns tance t h e t w e n ­
t y -e i gh t sp in -1 par t i c les in t he N = 8 
t heo ry are su f f i c ien t t o a c c o u n t fo r 
t h e g luons t h a t carry t h e s t r o n g 
in te rac t ions and t w o of t h e f ou r 

par t i c les t h a t carry the w e a k in te rac ­
t ions , bu t no t t h e o the r t w o . One 
w o u l d t he re fo re have t o be l ieve t h a t 
m a n y or m o s t of t h e obse rved p a r t i ­
c les such as g luons or qua rks are no t 
real ly e l e m e n t a r y as t hey s e e m at 
t h e m o m e n t bu t t h a t t hey are b o u n d 
s ta tes of t he f u n d a m e n t a l N = 8 
par t ic les . It is no t l ikely t h a t w e shal l 
have acce le ra to rs p o w e r f u l e n o u g h 
t o p robe these c o m p o s i t e s t r uc tu res 
w i t h i n t h e fo reseeab le f u tu re , or 
i ndeed ever, especia l ly if one m a k e s 
a p ro jec t i on based on t h e cu r ren t 
e c o n o m i c t rends . Never the less t h e 
f ac t t h a t t hese b o u n d s ta tes arose 
f r o m t h e w e l l - d e f i n e d N = 8 t heo ry 
shou ld enab le us t o m a k e a n u m b e r 
o f p red ic t i ons t h a t cou ld be t e s t e d at 
energ ies t h a t are access ib le n o w or 
w i l l be in t h e near fu tu re . T h e s i t u a ­
t i o n m i g h t t hus be s imi la r t o t h a t fo r 
t h e S a l a m - W e i n b e r g Theo ry un i f y ­
ing e l e c t r o m a g n e t i s m and w e a k 
in te rac t ions . The l o w energy p red ic ­
t i ons of th is t heo ry are in such g o o d 
a g r e e m e n t w i t h obse rva t i on t h a t t h e 
t heo ry is n o w genera l ly a c c e p t e d 
even t h o u g h w e have no t ye t 
reached t h e energy at w h i c h t h e 
un i f i ca t i on shou ld take p lace. 

The re o u g h t t o be s o m e t h i n g very 
d i s t i nc t i ve abou t t he t heo ry t h a t d e s ­
cr ibes t h e Universe. W h y does th i s 
t heo ry c o m e to l i fe w h i l e o the r t h e o ­
r ies exist on ly in t h e m i n d s of the i r 
i n v e n t o r s ? The N = 8 supe rg rav i t y 
t heo ry does have s o m e c la ims t o be 

spec ia l . It s e e m s t h a t it m a y be t h e 
on ly t h e o r y : 
1 . w h i c h is in f o u r d imens ions , 
2 . i nco rpo ra tes grav i ty , 
3. w h i c h is f i n i t e w i t h o u t any in f in i te 

sub t rac t i ons . 
I have a l ready po in ted o u t t h a t t h e 
t h i r d p rope r t y is necessary if w e are 
t o have a c o m p l e t e t heo ry w i t h o u t 
pa rame te r s . B u t it is d i f f i cu l t t o 
a c c o u n t f o r p roper t i es 1 and 2 w i t h ­
o u t appea l i ng t o t he ' A n t h r o p i c Pr in ­
c ip le ' . T h e r e s e e m s t o be a cons i s t ­
en t t h e o r y w h i c h sat is f ies p roper ­
t ies 1 and 3 bu t w h i c h does no t 
i nc lude grav i ty . H o w e v e r , in such a 
un iverse t h e r e w o u l d p robab ly no t 
be su f f i c ien t in t he w a y of a t t r ac t i ve 
f o r ces t o ga the r t o g e t h e r m a t t e r in to 
t h e large a g g r e g a t e s w h i c h are p r o b ­
ably necessary fo r t he d e v e l o p m e n t 
of c o m p l i c a t e d s t ruc tu res . W h y 
s p a c e - t i m e s h o u l d be f o u r - d i m e n ­
s iona l is a q u e s t i o n t h a t is no rma l l y 
cons ide red t o be ou ts ide t he rea lm of 
phys ics . H o w e v e r t he re is a g o o d 
A n t h r o p i c Pr inc ip le a r g u m e n t fo r 
t h a t too . Th ree s p a c e - t i m e d i m e n ­
s ions , t h a t is, t w o space and one 
t i m e , are c lear ly insu f f i c ien t fo r any 
c o m p l i c a t e d o r g a n i s m . On the o the r 
hand , if t he re w e r e mo re t h a n t h r e e 
spat ia l d i m e n s i o n s , t h e o rb i t s of p la ­
ne ts r o u n d t h e S u n or e lec t rons 
r o u n d a nuc leus w o u l d be uns tab le 
and they w o u l d t e n d to sp i ra l 
i nwa rds . The re rema ins t he poss ib i l ­
i ty o f m o r e t h a n one t i m e d i m e n s i o n 
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bu t I, fo r one, f i nd such a un iverse 
very hard t o imag ine . 

S o far I have imp l i c i t l y a s s u m e d 
t h a t the re is an u l t i m a t e theory . Bu t 
is t h e r e ? There are at least t h ree 
poss ib i l i t i es : 
1 . The re is a c o m p l e t e un i f i ed t h e ­

ory. 
2 . The re is no u l t i m a t e theory , bu t 

t he re is an in f in i te s e q u e n c e of 
theor ies w h i c h are s u c h t h a t any 
par t i cu la r c lass of obse rva t i ons 
can be p red i c ted by t ak i ng a 
t heo ry su f f i c ien t ly fa r d o w n t h e 
cha in . 

3 . The re is no theory . Obse rva t i ons 
canno t be desc r i bed or p red i c ted 
b e y o n d a cer ta in po in t b u t are jus t 
arb i t rary . 

T h e th i rd v i e w w a s a d v a n c e d as an 
a r g u m e n t aga ins t t h e sc ien t i s t s o f 
t h e s e v e n t e e n t h and e i g h t e e n t h c e n ­
tu r ies . ' H o w cou ld they f o r m u l a t e 

l a w s w h i c h w o u l d cur ta i l t h e f r e e ­
d o m of G o d t o change his m i n d ? ' 
Never the less they d id , and go t a w a y 
w i t h it. In m o d e r n t i m e s w e have 
e f fec t ive ly e l im ina ted poss ib i l i ty 3 
by i nco rpo ra t i ng it w i t h i n our 
s c h e m e : q u a n t u m mechan i cs is 
essent ia l ly a theory of w h a t w e d o 
no t k n o w and canno t pred ic t . 

Possib i l i ty 2 w o u l d a m o u n t t o t h e 
p ic tu re of an in f in i te sequence of 
s t r uc tu res a t h igher and h igher ener ­
gies. A s I sa id be fore , th is s e e m s 
unl ike ly because one w o u l d expec t 
t h a t t he re w o u l d be a cu t -o f f at t h e 
Planck energy of 1 0 2 8 eV. Th is 
leaves us w i t h poss ib i l i ty 1 . 

A t t h e m o m e n t t he N = 8 super -
grav i ty t heo ry is t he on ly cand ida te 
in s ight . There are l ikely t o be a 
n u m b e r of c ruc ia l ca lcu la t ions w i t h i n 
t h e next f e w years w h i c h h a v e t h e 
poss ib i l i t y of s h o w i n g t h a t t h e t heo ry 

is no g o o d . If t h e theory surv ives 
t hese tes ts , it w i l l p robab ly be s o m e 
years m o r e be fo re w e deve lop c o m ­
pu ta t i ona l m e t h o d s t ha t w i l l enab le 
us t o m a k e p red ic t i ons and be fo re 
w e can a c c o u n t fo r t he in i t ia l c o n ­
d i t i ons of t he Un ive rse as w e l l as t h e 
local phys ica l l aws . These w i l l be t he 
o u t s t a n d i n g p r o b l e m s for theore t i ca l 
phys ic is ts in t h e next t w e n t y years c 
so. 

But , t o end o n a s l ight ly a la rmis t 
no te , t hey m a y no t have m u c h m o r e 
t i m e t h a n tha t . A t p resen t c o m p u t e r s 
are a usefu l a id in research bu t t hey 
have t o be d i rec ted by h u m a n m inds . 
H o w e v e r , if one ex t rapo la tes the i r 
recen t rap id ra te of d e v e l o p m e n t , it 
w o u l d s e e m qu i t e poss ib le t ha t t hey 
w i l l t ake over a l t oge the r in t h e o r e t i ­
cal phys ics . S o m a y b e t h e end is in 
s igh t fo r t heo re t i ca l phys ic is ts if no t 
fo r t heo re t i ca l phys ics . ' 

People and things 

On people 

At the Annual Meeting of the Amer­
ican Physical Society and the Amer­
ican Association of Physics Teach­
ers, held in New York in January, 
retiring APS President Herman 
Feshbach awarded the Heinemann 
Prize to Jeffrey Go/dstone of MIT 
for his work in nuclear physics, 
condensed matter physics and quan­
tum field theory. 

The UK Institute of Physics has 
announced the award of the Glaze-
brook Medal and Prize for 1981 to 
Godfrey Stafford, Director General 
of the Rutherford and Appleton 
Laboratories and until recently 
Chairman of the CERN Scientific 

Policy Committee. The award was 
made in recognition of his 'out­
standing contribution to the organ­
ization of experimental high energy 
physics, particularly through the 
direction of the Rutherford Labo­
ratory/ 

R. Scrimaglio has been reappointed 
for another period of three years 
as Director of the Frascati National 
Laboratory of INFN (Italy). Professor 
Scrimaglio is a well-known experi­
mentalist in intermediate energy 
and nuclear physics. He is at pre­
sent collaborating in an experiment 
being prepared for the LEAR low 
energy antiproton ring at CERN. 

P. Spillantini has been nominated 
as successor to A. Reale as Leader 
of the Research Division at Frascati. 

He is an experimentalist working 
mainly in the fields of photoproduc-
tion and electron-positron annihila­
tion, and at present is involved in 
the NA1 andNA7 experiments at 
the CERN SPS. 

Frank Solmitz, physicist from the 
Lawrence Berkeley Laboratory, died 
on 28 August last year following 
five years of incapacity after a 
tragic accident. He made major 
contributions in the early days of 
bubble chamber physics in develop­
ing the associated computational 
techniques. These techniques were 
crucial to the many particle discov­
eries made by Luis Alvarez' group 
at Berkeley. Frank Solmitz had suc­
ceeded Alvarez as group leader in 
1970. 
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R. Scrimaglio (left) and P. Spillantinir Director 
and Research Division Leader respectively 
of INFN Frascati National Laboratory. 

(Photo Frascati) 

Second e+e~ Workshop 
at Cornell 

Following the first meeting held in 
November, the second in a series 
of Workshops on electron-positron 
physics at WO GeV was held at 
Cornell in January. About 75 phys­
icists from all over the US met for 
three days to discuss detectors for 
experiments at a WO GeV electron-
positron colliding ring. Working 
groups on track detectors, ca/ori-
metric detectors, specialized detec­
tors, etc. presented their findings 
after two days of discussions. These 
groups will come together again in 
April to present their reports after 
continuing their work at home insti­
tutes. Meanwhile a Z°-physics 
theory Workshop took place from 
6-8 February, where many theorists 
met at Cornell for discussions on 
the standard model, and beyond, 
of weak interactions. 

The General Meeting on LEP fore­
seen by ECFA (see January/ 
February issue, page 11) will be 
held from 1-7 June at Villars-sur-
Ollon in the Swiss Alps. Maurice 
Bourquin is Chairman of the Organ­
izing Committee, and further infor­
mation can be obtained from the 
Secretary, Christine Redman, ISR 
Division, CERN, 1211 Geneva 23, 
Switzerland. 

US-USSR Joint Coordinating 
Committee 

The US-USSR Joint Coordinating 
Committee on research on the fun­
damental properties of matter met 
in Moscow on 9-10 December. 
The purpose of the meeting was to 
seek reestablishment of collabora­
tion on new initiatives. Delegation 
heads were Jim Leiss of the US 
Department of Energy and I. V. Chu-
vilo of ITER. According to LAMPF 
Director Louis Rosen, who attended 
the meeting, areas of common inter­
est were neutrino, pi on and nucleon 
experiments, together with bio­
medical research, where new Soviet 
projects are understood to be immi­
nent with pion therapy beams at 
Dubna, and with biomedical proton 
beams at ITER and Gatchina. As a 
result of the meeting, resumption 
of personnel exchanges is expected. 
In particular, it is hoped that 
V. A. Nazarenko of Leningrad Nu­
clear Physics Institute and V. M. Lo-
bashov of the Institute for Nuclear 
Research will visit LAMPF this year. 

Darmstadt: Review meeting 
on Heavy Ion Fusion 

One year after a study programme 
of heavy ion inertia/ confinement 
fusion was started in the Federal 
Republic of Germany as a collabo­

ration of six university institutes 
and three national research centres, 
a review meeting was held at GSI 
Darmstadt on 4-5 December. After 
introductory talks on reactor design, 
pellet calculations and accelerator 
scenarios, the groups presented 
their progress reports on ion 
sources, accelerator experiments, 
storage ring problems, final focus­
ing layout and pellet-related physics 
and computational effort. 

Differing from some earlier con­
cepts where the layout started from 
the ion source and shortcomings 
became clear at the target end, a 
closer look was given to the high 
energy end of the accelerator (for 
example, the final lenses) which 
were felt to have been somewhat 
neglected in the past. 

The presented HI BALL (Heavy 
Ion Beam And Lithium-Lead) scen­
ario started from the reactor envi­
ronment and worked backwards 
through the accelerator aspects. 
The strong involvement of reactor 
issues came from the participation 
of the Nuclear Engineering Depart­
ment of the University of Wisconsin, 
which contributed expertise in 
fusion reactor design to the accel­
erator skills of the German groups. 

One of the GSI contributions to 
the programme is the study of a 
high current heavy ion low-velocity 
accelerator. After the start-up of a 
proton model, in cooperation with 
the University of Frankfurt, the de­
sign of a 30 mA, 50 keV per nu­
cleon, 13.5 MHz radiofrequency 
quadrupole structure has begun. 
This follows the successful opera­
tion of radiofrequency quadrupole 
structures in linacs at Los Alamos 
(see May 1980 issue, page 108). 
The construction of the first section 
will begin this year. It will be tested 
with beam in 1982 to learn whether 
the necessary field strengths can 
be reached. The intention is to use 
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Two views of a 62 GeV proton-proton 
collision in the CERN ISR as recorded in the 
six metre streamer chamber of the UA5 
Bonn / Brussels / Cambridge / CERN / 
Stockholm collaboration. The aim is to 
record the first proton-antiproton collisions 
in the ISR as a run-up to 540 GeV proton-
antiproton studies in the SPS later this year. 
The UA5 detector is thought to provide the 
longest sensitive volume for visual recording 
of particle tracks. 

the complete accelerator as a high 
current injector for the Darmstadt 
Unilac. 

Name changes 

As from 1 January the Los Ala­
mos Scientific Laboratory has 
assumed the name of Los Alamos 
National Laboratory. The Laboratory 
continues to be operated by Univer­
sity of California for the USA 
Department of Energy. 

Fermilab summer school 

A summer school on high energy 
particle accelerators will be held at 
Fermilab from 13 to 24 July. The 
school will offer lectures, seminars, 
and work study periods on basic 
physics of high energy particle ac­
celerators and colliders. Interested 
young scientists in particle physics 
and related fields should send re­

quests with a brief resume to 
F. R. Huson, Fermilab (Mail Stop 
306), Box 500, Batavia, Illinois, 
60510 USA before 1 April 

Tentative topics and lectures in­
clude: 

Introductory concepts — 
E. Courant, 

Superconducting magnets — 
A. Tollestrup, 

Radio-frequency power and 
linacs — P. Wilson, 

Non-linear orbit dynamics — 
A. Dragt, 

Collective-field acceleration — 
A. Sessler, 

Coherent instabilities — 
C. Pellegrini, 

Interaction of electromagnetic 
fields and beams — R. Pante/I, 

Polarized electron beams — 
A. Chao. 

Leon Lederman is director of the 
school. The organizing committee 
is M. Month — DOE, J. Bjorken — 

Fermilab, R. Huson — Fermilab, 
C Pellegrini — Brookhaven, 
B. Richter — SLAC, R. Schwitters 
— Harvard/Fermi/ab, A. Tollestrup 
— Fermilab, W. Willis — CERN/ 
Brookhaven. 

The school is sponsored by the 
United States Department of Energy 
and the National Science Founda­
tion. 
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IS A DETECTOR 
WITH SUB NANOSECOND 

RISE-TIME 
OF VALUE TO YOU? 

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

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

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

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

CALL OR WRITE FOR LITERATURE 

HAMAMATSU 
HAMAMATSU CORPORATION - 420 SOUTH AVENUE - MIDDLESEX, NEW JERSEY 08846 • PHONE: 201/469-6640 

International Offices in Major Countries of Europe and Asia. 

NAME 

TITLE_ D Quick, send complete 
information on the super speed 
detector. COMPANY 

D Not interested, but send the ADDRESS _ 
catalog anyway. 

O I T Y 

_PHONE_ 

_STATE_ _ZIP_ 
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Adaptable et 
avantageux: organes 
de levage a vis WORO 
Une alternative interessante a I'hydraulique, 
aux avantages surprenants. 
• Les organes de levage WORO 

sont disponibles en 
8 grandeurs pour des capacites 
de 0,5 a 50 tonnes. 

• Fonctionnement synchrone garanti 
meme pour plusieurs elements. 

• Totalement autobloquants 
a I'arret. 

• L'element de levage adapte 
a chaque cas d'application 

• Adaptables aux 
executions speciales. 

Eprouves, surs 
et avantageux! 
Demandez une 
documentation detaillee. 

Automation industrielle 
CH-8610 Uster, Ackerstrasse 42, Tel. 01 9407001 
CH-1033 Cheseaux s. L, Grands-Champs 4, Tel. 021 91 2641 

YOU NEED 
SHIELDS OR CONTAINERS 

FOR ABSORPTION OF 
HARD RADIATION 

CIME.BOCUZE 
can supply you with 

TUNGSTEN BASED ALLOYS 

DENAL 
BARYMETAL 
INERMET 

REDUCED DIMENSIONS 
FIRE.RESISTING 

BLANKS OR MACHINED COMPONENTS 

CIME-BOCUZE d i v i s i o n t u n g s t e n e 

ST. PIERRE EN FAUCIGNY, 74800 LA ROCHE/FORON 
Tel . ( 5 0 ) 03 I0 9 8 . Te lex : 3 8 5 0 2 7 FRANCE 

v 
X ^ 

D ie H e r s t e l l u n g v o n K o n t a k t f e d e r n v e r l a n g t u.a. 
h o c h s t e h e n d e 

B E R Y L L I U M - K U P F E R 
M a t e r i a l i e n in F o r m v o n B a n d e r n , D r a h t e n , S t a n -
g e n 

<M 73> Be—Cu v o n 

Johnson Mat they garant ier t Ihnen: 

- regelmassige und hochstehende Qual i ta ten in ver-
schiedenen Har ten /Zugfes t igke i ten 

- grosse Auswah l an kurzfr ist ig l ieferbaren Lagerab-
messungen 

- interessante Bedingungen 

Wei te re In format ionen durch Ihren Kontak tmater ia l -
und Edelmetal lspezial isten: 

JOHNSON MATTHEY & 

BRANDENBERGER AG 

Glattalstr. 18, 8 0 5 2 Zurich 
Tel. (01) 3 0 2 4 4 8 8 , Telex 5 3 0 7 2 jmbz 
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Space 
(page) 

Actua l size (mm) 
Cost per insert ion (Swiss Francs) 

Space 
(page) w id th by height 1 

insert ion 
3 

insert ions 
5 

insert ions 
10 

insert ions 

Vi 185x265 1450 1400 1350 1250 

1 / 2 
185x130 

9 0 x 2 6 5 800 770 750 700 

1 / 4 90 x 130 450 420 400 390 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

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

1350SwF 

1600SwF 
2100 SwF 
1 st of month of cover date 

1 st of month preceding cover date 
The cost of making films and of 
translation for advertisements are 
charged in addition. 

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advertisements cancelled after 1 st 
of month preceding cover date will 
be invoiced. 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1981. 
All enquiries to: 
Micheline FALCIOLA/CERN COURIER-CERN 
1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 
EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us k n o w 
in good t ime . Al l not ices of 
change of address mus t be 
accompan ied by old and n e w 
addresses. ( Include label f r o m 
magazine wrapper . ) 

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

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 

c c i t n COURIER 

A unique advertising medium for 
scientific and technical equipment 

CERN C O U R I E R is t h e i n te rna t i ona l l y recogn ized 
n e w s magaz ine of h igh energy phys ics . D i s t r i bu ted 
t o all t he ma jo r Labora to r ies of t h e w o r l d ac t i ve 
in th is d y n a m i c f ie ld of f u n d a m e n t a l research , it is 
c o m p u l s i v e read ing fo r sc ien t i s t s , eng ineers , a d ­
min is t ra tors , i n fo rmat ion media and buyers. W r i t t e n 
in s imp le l anguage and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e the na tu ra l 
c o m m u n i c a t i o n m e d i u m fo r par t i c le phys ic i s 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 of A r g o n n e , 
Berke ley, B r o o k h a v e n , Corne l l , Fermi , Los A l a m o s 
and S t a n f o r d in t h e U S A , D a r m s t a d t , DESY and 
Kar ls ruhe in G e r m a n y , Orsay and Sac lay in France, 
Frascat i in I ta ly, Da resbu ry and Ru the r f o rd in t he 
U.K. , S I N in S w i t z e r l a n d , D u b n a and Novos ib i r sk 
in t he U S S R , KEK in J a p a n , T R I U M F in Canada and 
Peking in China. 

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

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

All enquiries to: 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022) 83 4 1 0 3 
Telex 236 98 
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C A M A C 

R.W.C.C. 2113 
READ WRITE C C. 

I l l 

it « 0 
C ML \ / j » 

- 0 

RW.8.0. 2112 
READ WRITE BRANCH DRIVER 

The Read/Write REMUS System 
CERN NP283/NP284 

by SEN Electronique 

3 * 5 

m OUT 

CERN 

jiBl " 

CERN HP283 

* large ADC, TDC read-out systems 
* compatible with ROMULUS system 
* high data acquisition rates with buffered 

DMA operations 
* versatile scan procedures 

Description 
These modu les are in tended fo r use in large sys tems 
w h e r e large numbe rs of s im i la r t ype m o d u l e s are to be 
read as a block and w h e r e a m i n i m u m a m o u n t of p ro­
g r a m cont ro l is requ i red . 

The cont ro l le rs and branch dr ivers f o r m a subsys tem 
located w i t h i n a no rma l C A M A C con f i gu ra t i on . 

The data s t ruc ture is de f ined by po in te rs (wo rd counts) 
genera ted by the branch dr ivers , m i n i m i s i n g so f tware 
overheads. 

By us ing 40 w o r d FiFos in con t ro l le rs and branch dr ivers 
a h igh data acqu is i t ion rate is ob ta ined and data acqu i ­
s i t ion can occur before and du r i ng the open ing of the 
D M A channe l . A l l b ranches are act iva ted s imu l taneous l y , 
hence s l ow modu les e.g. ADCs w i t h long convers ion 
t imes can be s i tuated in the f a r m o s t branches. Ideal ly, 
the process resolves to one of sequent ia l l y read ing ou t 
the FiFos. 

Several read modes are ava i lab le : 
Repeat M o d e , S top M o d e , Adress Scan M o d e and L A M 
Scan Mode . 

S o m e wr i t e faci l i t ies have been added to a l l ow pedestal 
con t ro l in ADCs. 

The sys tem is o rgan ised as a t ree w i t h branches and 
subbranches and can thus process data of very large 
sys tems. 

F r a n c e : EG&G Ins t rumen ts ; Zone Silic 428; Tel. (1) 687 2571 - Tlx 202553F, F-94583 RUNGIS CEDEX - G e r m a n y \ SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Dig i ta l S y s t e m ; 
Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK A G ; Austrasse 4; Tel. (01) 94551 03; Tlx 58257ch -
CH-8604 VOLKETSWIL- U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

H e a d q u a r t e r s : 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 



The B-Hi VE accepts any combination of 16 
Plug in modules. Each standard module 
includes 2 high voltage power supplies 
with each output independently controlled 
and monitored by the 8-HiVE Positive and 
negative output SkV and T.SkV modules 
are available. All outputs include the high 
stability and tow noise for which BERTAN 
is recognized. 
Plug-in modules are also available to 
extend 8~HiV£ operation, including full 
control and monitoring capability, to the 
BERTAN standard catalog series of pro­
grammable high voltage power supplies. 

13 BERTAN A S S O C I A T E S , Inc. 

3 Aerial Way, Syosset, New York 11791 • (516) 433-3110 Contact factory for complete specifications 

ROHDE&SCHWARZ 

GENERATEUR-SYNTHETISEUR XPC 
• Generateur-Synthetiseur entierement programmable 
• Plage de frequence de 50 kHz a 1 3 6 0 MHz 
• Resolution de 0,1 3 1 Hz 
• Grande purete spectrale 

• Plage de niveau de sortie de - 143 dBm 3 + 1 3 dBm 
• Wobbulat ion numerique possible 
• Commutat ion rapide de frequence (10 3 15 ms) 
• Conservation des donnees en cas de panne du secteur 

ROHOE & SCHWAR2 SYNTHESIZER GENERATOR 

/ 0 0 0 ^ 0 0 0 0 Omhz 

lm%t I f 8F> M 

o 

1 i \ « 1 9 I, 

§ 5 • 8 T RCl . 

\ * 

o 1 

tan • powsr 

Representat ion generale 
et service 
pour la Suisse 

ROSCHI 3 0 0 0 Berne 3 1 , P.O.B. 6 3 
• O A T e l e x 3 2 1 3 7 

T e l e c o m m u n i c a t i o n S A Telephone 0 3 1 4 4 2 7 1 1 
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A basic source of numerical data and functional 
relationships in science and technology 

LANDOLT-BORNSTEIN-New Series 
Landolt-Bornstein is the only fully systematic and com­
prehensive collection of critically assessed DATA from 
all fields of physics, physical chemistry, geophysics, 
astronomy, material technology and engineering. 

The New Series provide exhaustive data reviews on 
selected topics and are designed to meet the needs of 
today's specialist requiring well coordinated, concise 
and up to the minute information in his field. Most of 
the New Series volumes cover areas which are at pre­
sent developing rapidly and in which new findings are 
reported continuously. 

The New Series are divided into 6 main groups, each 
of which is further divided into a series of volumes on 
particular topics. The number of volumes in each group 
is not fixed and is expanded to include new spheres of 
current scientific interest and/or revised appraisals and 
extensions of existing data as the need arises. At 
present 56 volumes of the New Series are available. 

The 6 main groups cover: 
I Nuclear and Particle Physics 
Energy levels, radii, decay, reactions of nuclei. Angular 
correlations. Properties, production and scattering of 
elementary particles, e t c . . . (up to now: 11 volumes). 
II Atomic and Molecular Physics 
Structure and molecular constants of free molecules, 
magnetic properties of free radicals and of coordina­
tion and organo-metallic transition metal compounds, 
luminescence, molecular acoustics, etc. . . (up to now: 
16 volumes). 
III Crystallography and Solid State Physics 
Crystal structure data of elements, intermetallic, 
inorganic and organic compounds. Linear and non­
linear elastic, dielectric, optic and coupled properties. 
Ferro- and antiferroelectric substances. Magnetic 
oxides and related compounds. Electron and phonon 
states of metals, e t c . . . (up to now: 23 volumes). 
IV Macroscopic and Technical Properties 
Thermodynamic properties of liquid systems. High 
pressure properties of matter (up to now: 5 volumes). 
V Geophysics and Space Research 
In preparation (2 volumes). 
VI Astronomy and Astrophysics 
(up to now: 1 volume). 
The following publications are available free of charge: 
Brochure "What is Landolt-Bornstein?" — an 
attractively presented, informative booklet. 
Landolt-Bornstein Reference Chart Poster 
Landolt-Bornstein Outline 

Springer-Verlag Berlin Heidelberg New York 
4005 - Marketing, Heidelberger Platz 3, D-1000 Berlin 33, Germany 
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PEARSON 
Wide Band, Precision 

Current Monitor 
With a Pearson current monitor and an oscilloscope you can 
make precise amplitude and waveshape measurement of ac 
and pulse currents from milliamperes to kiloamperes. Cur­
rents can be measured in any conductors beam of charged 
particles, including those at very high voltage levels. 

A typical model gives an amplitude accuracy of +1%, - 0 % , 
20 nanosecond rise time, droop of 0.5% per millisecond, and 
a 3 db bandwidth of 1 Hz to 35 MHz. 

Contact us and we will send you engineering data. 

PEARSON ELECTRONICS,INC. 
4007 Transport Street Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 Telex 171 -412 

PRECISION ENGINEERING FOR INDUSTRY 

N u m b e r o f e m p l o y e e s : 70 

Design Office and Inspection Dept. on site 

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

Lucien Durand Ltd. F 

Tel. : (75) 61 24 22 (several lines) 

07210 BAIX Telex: 345920 
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n«i nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK 

DANFYSIK A/S - JYLLINGE - DENMARK and WENZEL ELEKTRONIK -
WEST GERMANY 

are pleased to announce that they have concluded a licence 
agreement whereby Wenzel Elektronik will manufacture, 
distribute and service the Danfysik A/S Models 140 and 150 

DANFYSIK , — -

pĵ l series of Multichannel High Voltage Systems for Photo-
DANFYSIK _ , -, » . 

|P^| multipliers and Wire Chambers. 
DANFYSIK nd 
DANFYSIK This new agreement together with the Model Nil30 - 2 and 4 
DANFYSIK 

channel HV unit will give Wenzel Elektronik the most complete 
DANFYSIK range of computer controllable multichannel high voltage 
DANFYSIK instrumentation available from one company on the mar#ket today. 

; DANFYSIK 

nd 
DANFYSIK 

Al enquiries should in future be sent to: 
DANFYSIK 

• • I 
DANFYSIK 

Q l̂ WENZEL ELEKTRONIK, D-8 Miinchen 82, Schwedensteinstrasse 3, 
DANFYSIK 

West Germany, tel. 089-4302068, telex 5 24578 
DANFYSIK 

nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK 

nd 
DANFYSIK nd 
DANFYSIK n# 
DANFYSIK nd 
DANFYSIK nd 
DANFYSIK nd 
DANFYSIK nd 
DANFYSIK nd 

• DANFYSIK nd 
DANFYSIK nd 
DANFYSIK nd 
DANFYSIK nd 

_ DANFYSIK 
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LINEAR-
POSITION TRANSDUCERS 
5 mm to 500 mm 

MODEL 5175 
High temperature +260° C capability 
Standard ranges: 25/50/100/150 mm 
Power rating: 1 Watt / 25 mm at 40° C 

MODEL 5184 
Long life performance 
Standard ranges: 25 /50 /100 /1 50 mm 
Power rating: 0,5 Watt at 75°C 

MODEL 5194 
Long travel unit 
Standard 
ranges: 200 / 300 / 400 / 500 mm 
Long life performance 

MODEL 5141 
Short travel 5 mm to 12 mm 

® 

Bourns (Schweiz) AG 
Telefon 042 / 33 33 33 

6340 Baar 
Telex 868 722 

Throughout the World 
of Quality Optics 

SCHOTT-GLASS 

Working together, we will 
continue to change the world 
of optics. 
Our development, our exten­
sive range of products and, 
last but not least, our exacting 
quality demands will help us 
achieve this. 
The success of our partners is 
our main motivating factor. 

Optical glasses 
for lenses 

Special optical glasses 
Glasses for Cerenkov-
counters 
Bubble chamber windows 
Glasses for Faraday-rotators 
Laser glasses 
Radiation shielding windows 
Radiation resistant glasses 
Glasses for dosimetry 
IR-transmitting glasses 
IR-transmitting crystals 
Glass ceramics ZERODUR® 

Optical Filters 
Heat-absorbing glasses 
and filters 
Coloured glasses and filters 
Interference Filters 
Thin-film coatings on glass 

Fiber optical elements 
Optical fibers (uv-vis-ir) 
Light conductors 
Flexible image conductors 
Special fiber optical 
components 
Cold light sources 
Changeable message signs 

C3 SCHOTT 
Optics Division • RO. Box 2480 • D-6500 Mainz 

Phone: 06131/661 
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High Rate ADC's 
System 3500 Spectroscopy ADC Modules 
provide the low-Axed deadtime required by 
high-rate and multiple input experiments. A 5jusec 
conversion time for 8000 channels affords a 
150 KHz throughput rate which is equivalent to 
a Wilkinson-type ADC with a 1600 MHz clock 
frequency. Cascading ADC's virtually eliminates 
deadtime and can increase data acquisition rates 
to 1 MHz. Upper and lower discriminators have 
LED input monitors to facilitate resettability, and 
inputs can be peak detected or sampled with 
external or internal strobing. 

100 MHz 
Multichannel Scaling 
LeCroy's Multichannel Scaling Module is the ideal 
instalment for applications having high input rate 
and fast rate differential conditions. It accepts 
inputs separated by down to 10 ns with 1 ju-sec 
minimum dwell time per channel. Deadtime 
between channels is < 5 ns and scanning may be 
bi-directional to accommodate Mossbauer and 
similar applications or ramp up and return to zero 
for fast decay measurements. Channel advance 
may be externally synchronized and CAMAC 
programmability of many functions is provided. 

Up To 20 DMA 
Input Channels 
System 3500 accommodates many times the 
number of input channels of conventional 
instruments without deadtime-producing routers. 
Up to 8 individual ADC and MCS Modules can be 
housed in the built-in crate, and an external 
CAMAC crate permits expansion to over 20 
modules, each capable of simultaneous input. 
Special cabling or addressing is not required. The 
CAMAC dataway provides an ultra-reliable 
hardware connection while 3500 firmware guides 
light-pen configuration of the System. 

LeCroy 

Memory Expandable 
to 64K Channels 
Each high resolution A D C / M C S module can 
address a full range of memory without digital 
offset techniques. This allows for maximum 13-bit 
energy and time resolution in each of the 8 input 
channels. The 16-million count capacity per 
memory channel (rather than 1-million found in 
conventional instruments) accommodates the 
3500's high rate/data acquisition modules and 
offers improved statistics without concern for 
memory overflow. 

CAMAC Based 
CAMAC is the widely used IEEE I /O standard for 
research grade measurement instruments. Only 
System 3500 has CAMAC built-in, making it 
immediately compatible with over 600 modules. 
ADC's, TDC's, DAC's, Amplifiers, Discriminators, 
Transient Recorders, SCR Drivers, Stepping 
Motor Controllers, Computer Interfaces, Digital 
I/O Modules, Relay Drivers and Data Loggers 
are but a few of the units available for varied 
applications. Through CAMAC, the 3500 can 
monitor critical parameters and even control the 
experiment. And when you're done with one 
application, the addition of another module like a 
Transient Digitizer will convert your System 3500 
into a fast signal digitizer or data logger. Only 
System 3500 affords this exceptional flexibility. 

User Programmable 
System 3500 is a computer containing three 
microprocessors and dedicated firmware for MCA 
functions. The addition of an inexpensive floppy 
disc accessory (pictured) and disc operating 
system gives the user software access to the 
powerful processors and computer memory. 
Fortran, Basic (Compiled and Interpretive) and 
Assembly languages, supported by extensive 
realtime graphics, plotting and CAMAC I/O 

routines, are offered to fully automate data 
collection, analysis, and communication with 
other data processing equipment. An especially 
unique facility called User Analysis even allows 
user written high level language programs to be 
embedded in resident software and executed as 
an MCA function. 

Extensive Data 
Manipulation Firmware 
The 3500 provides powerful routines for operating 
on stored data. Peak search, channel calibration, 
smoothing, normalizing, stripping, background 
subtraction, overlays, etc., are among the basic 
functions available. In addition, the 3500 facili­
tates generation of I /O and analysis software to 
customize performance to specific experimental 
conditions. 

Exclusive "Screen Dump" 
Hard Copy Output 
Any combination of alphanumerics and graphics 
displayed on System 3500's CRT can be dumped 
directly to the Model 3931 Printer/Plotter Ac­
cessory (pictured). Whatever you see on the 
screen is reproduced in full detail with one key pad 
command. This eliminates slow and unreliable 
point plotters or expensive graphic subsystems. 

The 3500 offers extensive MCA features PLUS 
State-of-the-Art A D C / M C S performance and 
virtually unlimited system capabilities. A full 
description requires the 3500 Technical Data 
Brochure. To obtain a copy, call or write: 
LeCroy Research Systems Corp. 
700 South Main Street 
Spring Valley, New York 10977 
(914)425-2000 

700 S. Main Street, Spring Valley, N.Y 10977, (914) 425-2000; Geneva, Switzerland, 
(022) 98 97 97; Heidelberg, West Germany, (06221) 28192; Orsay, France, (6) 907.38,97; 
Botley, Oxford, England, 865 72 72 75. Representatives throughout the world. 
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C A M A C 
cont ro l and 
LSI-T1 
power 

Now you can realize all the advantages of a cost-
effective, compact LSI-11 microcomputer system 
within a CAMAC crate. Another total system 
concept, the 8033 can be used as an autonomous 
stand-alone system or as an integral part of a 
CAMAC serial highway. Its applications include 
laboratory automation, industrial process control, 
distributed systems, and software development. 

The 8033 CONCEPT offers you a unique I/CD-
addressable crate controller concept where four 
registers in the crate controller can be mapped 
anywhere in the LSI-11's I/O page. This concept 

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

In addition, the 8033 CONCEPT features: 

• full LSI-11 bus compatibility 

• four strap-selectable LSI-11/23 interrupt levels 

• support for multiple crates on a single LSI-11 
bus 

• software drivers and FORT RAN-callable 
subroutines available and supported by 
KineticSystems 

B 0 3 3 C O N C E P T s y s t e m 
This LSI-11/23 CAMAC system is an expandable modular 
device composed of these major components: 

• a 1500 25-slot powered CAMAC crate (housing your 
microcomputer system and process modules) 

• a 3923 CAMAC crate controller for LSI-11 (serving 
in either main or auxiliary mode) 

• a 3823 Processor Adapter Unit (housing an LSI-11/23 
CPU module)* 

• a 3824 Peripheral Adapter Unit (housing memory or 
peripheral interface modules) 

*This unit houses an LSI-1172 CPU module in our 8032 
CONCEPT system. 

Please contact us for additional information 

Kinetic Systems International S.A. 
Dept. CC31 * 6 Chemin de Tavernay • 1218 Geneva, Switzerland * Tel. (022) 98 44 45 * Telex 28 9622 
KineticSystems Corporation • 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel.8158380005 * TWX9106382831 



W.W. PISCHEH ing. 
CH -1143 Apples 

Telephone 021/77 3711 
Telex 24 259 fisch - ch 
Switzerland 

50 OHM MULTICOAXIAL CONNECTOR 

FISCHER electric connectors with 
self-locking satisfy the most exacting 
requirements of modern technolo­
gies, such as nuclear research, 
atomic energy, space research, etc. 
Their main characteristics are: 
- robust construction and 

high precision 
- dependable operation, self-locking 
- simple keying 
- simple and trouble-free mounting 
- reliable positioning on different 

elements guaranteed by two 
half-shell shaped metallic guides 

- high quality insulation, 
normally of P.T.F.E. 

- pressure tight and high vacuum 
sealed designs 

- sealed models resistant to 
radiation up to 1 0 8 Rad. and 
temperatures from 
- 60 to + 1 50 °C 

- construction with ceramic 
insulating material resistant to 
radiation and to high temperatures 

- special connectors for 
thermocouples 

FISCHER connectors with self-
locking can now be supplied in 8 
different sizes and come in a very 
wide range: 
- coaxial connectors for 

high frequencies 
- coaxial connectors for 

high voltages 
- multiple connectors 
- multiple connectors for 

high voltages 
- compound connectors: 

high frequency and low voltage 
- connectors for thermocouples 
- connectors for Camac-Modules 

Certain connectors for thermo­
couples can be supplied with con­
tacts of special materials, e.g. 
chromel, alumel, iron, constantan, 
copper, etc. 

Rapid and reliable construction of 
special connectors. 

TIGHT BUSMtm 

Residual leakage: 
< 10-9 m bar. I. sec.-1 

Connectors with CERAMIC insulating 
material resistant to radiation and to 
high temperatures 



Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames fo r 
p ropor t i ona l c h a m b e r s 
spark c h a m b e r s 
dr i f t c h a m b e r s 
coas t ing boxes fo r Cerenkov coun te rs 
space research 
and med ica l ass is tance. 
S u c h par ts can also be 
m a n u f a c t u r e d in c o m b i n a t i o n 
w i t h ca rbon f iber . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.001 
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Major features: 
• Capacity range 

Liquefaction: 
8 to 201/h without LN 
precooling 
15 to 40 1/h with LN precooling 
Refrigeration: 
35 to 130 Wat4.5K 

• Built-in helium-cooled purifier 
• Rotary cycle compressor of high 

efficiency, low vibration and 
noise level 

• Only two skid-mounted, works-
tested modules 

• No foundations required 

Sulzer Brothers Limited 
CH-8401 Winterthur, Switzerland 
Cryogenics Department 
Telephone 052 8137 28/813823 
Telex 76165 

(from June 1981: 896165) 

Sulzer Bros (UK) Ltd. 
Blackwater Way 
Aldershot/ Hampshire 
Great Britain GU12 4DR 
Telephone 0252-3313 51 
Telex 858400 

• Fully automatic, unattended 
operation—even during cool-
down and warm-up 

• Two gas-bearing turboexpand-
ers with dynamic (self-acting) 
bearing system—free of wear, 
no scheduled maintenance 

Easy, fast and low-cost instal­
lation 
Leakproof construction—pre­
vents costly helium losses 
Low maintenance, long service 
life, reliable and fast service 
organization 

SULZER! 6.118e-l 
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