




Paris 
Conference 

W h i l e th is issue w a s be ing p repa red 
t o g o t o p ress , the t w e n t y - f i r s t Inter­
na t iona l Con fe rence o n High Energy 
Phys ics t o o k place in Paris f r o m 2 6 -
3 1 Ju ly . A l t h o u g h no u n e x p e c t e d 
ma jo r n e w d i s c o v e r y w a s a n ­
n o u n c e d , a w e a l t h o f n e w resu l t s , 
da ta and ideas w a s p r e s e n t e d . 

Th i s w a s the f i rs t ma jo r inter­
na t iona l phys i cs mee t i ng t o hear d e ­
ta i led resu l ts f r o m the n e w l y ava i l ­
ab le 5 4 0 GeV reco rd co l l i s ion ener­
g ies at CERN's SPS p r o t o n - a n t i p r o -
t o n col l ider . These energ ies w e r e 
p rev ious l y a t ta inab le on ly in c o s m i c 
rays . A p lenary sess ion w a s g iven 
o v e r t o the phys ics resu l ts f r o m fou r 
e x p e r i m e n t s . These appear t o be 
largely cons i s ten t w i t h t he c o s m i c 
ray f i nd ings . A ma jo r e x c e p t i o n is t he 
unexp la ined ve ry h igh cha rged mu l t i ­
p l ic i ty c o s m i c Cen tauro p h e n o m e ­
n o n , w h i c h has ye t t o be f o u n d under 
SPS col l ider cond i t i ons . C o m p a r i s o n 
o f co l l ider resu l ts w i t h l o w e r ene rgy 
da ta m a k e s fo r in te res t ing ins igh ts . 
Of cou rse the a m o u n t o f da ta re­
c o r d e d by these e x p e r i m e n t s is st i l l 
v e r y l im i ted and m o r e a d v a n c e s 
c o u l d resul t f r o m higher p r o t o n - a n t i -
p r o t o n co l l is ion ra tes . 

The re w a s a ma jo r resu rgence o f 
in te res t in je t phys i cs , w i t h i m p r e s ­
s ive n e w ev idence f o r p r o d u c t i o n o f 
c o n f i n e d c lus ters o f s e c o n d a r y ha-
d r o n s n o w seen at b o t h t he CERN 
In te rsec t ing S to rage Rings and at t he 
SPS col l ider . 

T h e imp l i ca t ions o f p r o t o n decay , 
p red i c ted by lo f t y theore t i ca l as ­
p i ra t ions t o ex tend the un i f i ca t ion 
o f Na tu re ' s d i f fe rent f o r c e s , w e r e 
m u c h d i scussed . T h e expe r imen ta l 
searches f o r p r o t o n d e c a y , b ig pas ­
s ive e x p e r i m e n t s m o u n t e d d e e p u n ­
d e r g r o u n d , n o w p rov i de an in te res t ­
ing c o n t r a s t t o the c o n v e n t i o n a l ex ­
pe r imen ta l scene at t he ma jo r acce l ­
e ra to r cen t res . M o r e cand ida te p r o ­
t o n decay even ts w e r e r e p o r t e d , th is 
t i m e f r o m the n e w l y c o m m i s s i o n e d 

d e t e c t o r in t he Mon t -B lanc tunne l as 
we l l as t he Kolar Go ld Fields expe r i ­
m e n t in India, w h i c h repo r ted i ts f i r s t 
p r o t o n decay cand ida tes last year . 

W h i l e the poss ib le magne t i c m o -
nopo le s ignal o b s e r v e d recent ly at 
S t a n f o r d w a s no t r epo r t ed d i rec t l y , 
the re w a s m u c h ta lk o f the con t i nued 
search f o r t h e s e long p red i c ted m a g ­
net ic cha rges . No s ignals have been 
seen in o the r e x p e r i m e n t s . A n idea 
f o r p r o t o n decay t o be ca ta l ysed by 
magne t i c m o n o p o l e s w a s m u c h d is ­
cussed in theore t i ca l c i rc les. 

Q u a n t u m c h r o m o d y n a m i c s , t he 
cand ida te t h e o r y o f quark and g luon 
i n te rac t i ons , is sti l l labour ing uphi l l . 
H o w e v e r t he t h e o r y is no t ye t in c o n ­
f l ic t w i t h e x p e r i m e n t , even t h o u g h i ts 
p red ic t i ve p o w e r m igh t s o m e t i m e s 
be l im i ted . T h e recent successes o f 
gauge t h e o r y ca lcu la t ions o n a la t t ice 
s e e m t o po in t t o one poss ib le w a y 
ou t o f t he quagm i re . A t t he Confe r ­
ence , t he c o v e r a g e o f non -pe r t u rba -
t i ve QCD w a s less than init ial ly a d ­
ve r t i sed because of the inabi l i ty o f 
A . Po l yakov t o a t t e n d . 

In m a i n s t r e a m phys i cs , resu l ts 
f r o m e lec t r on -pos i t r on annih i la t ion 
and f r o m f i xed ta rge t e x p e r i m e n t s 
w i t h l ep ton and hadron b e a m s are 
largely in a g r e e m e n t and genera l ly 
we l l u n d e r s t o o d , a l though a f e w 
co rne rs rema in t o be t id ied up and 
s o m e exp lana t ions f o u n d . 

T h e s p e c t r o s c o p y o f n e w par t ic les 
is f i l l ing up n ice ly , t h a n k s in par t icu lar 

t o t he e x p e r i m e n t s at Corne l l ' s CESR 
e l e c t r o n - p o s i t r o n r ing . L i fe t ime 
m e a s u r e m e n t s t o o are c o n v e r g i n g . 
The re is st i l l no d i rec t ev idence f o r 
t h e s i x th quark f l avour , desp i te the 
accumu la t i on o f con f i dence in f avou r 
o f a t h e o r y b a s e d on six t y p e s o f 
quark and th ree t y p e s o f l ep ton . 
The re is no t y e t any def in i t i ve ev i ­
dence f o r g luebal ls — par t ic les 
m a d e up o f g l uons rather t han qua rks 
— a l t hough the re is no sho r tage o f 
cand ida te par t i c les f r o m a var ie ty o f 
e x p e r i m e n t s . 

T h e Con fe rence w a s impeccab l y 
o rgan i zed . Even w i t h 1 2 0 0 par t i c i ­
pan t s and up t o f i ve paral lel ses ­
s i o n s , e v e r y t h i n g c l i cked s m o o t h l y 
in to p lace . Desp i te the sheer size o f 
th i s b iennia l e v e n t t hese d a y s , w h i c h 
m a n y peop le f i nd daun t i ng , at Paris 
the re w a s never the less p len ty o f o p ­
p o r t u n i t y f o r peop le t o m e e t and d is ­
cuss m a t t e r s o f c o m m o n in teres t . 
A s we l l as t he phys i cs p resen ta ­
t i o n s , t he re w e r e sess ions on de tec ­
t o r s and n e w mach ines , pos te r d i s ­
p lays and m u c h , m u c h m o r e . A fu l l ­
er repo r t o f t he Paris Con fe rence w i l l 
be pub l i shed in our O c t o b e r issue. 

(Photo G. Benin) 
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The Pope comes to CERN 

CERN u n a c c u s t o m e d l y ba thed in the 
ful l g lare o f in ternat iona l pub l ic i t y o n 
15 June w h e n Pope J o h n Paul II 
chose t o include the European L a b o ­
ra to ry f o r Part icle Phys ics on his 
schedu le dur ing a l o n g - a w a i t e d v is i t 
t o Geneva . Closely f o l l o w i n g his s p e ­
cial m iss ion t o A rgen t i na dur ing the 
con f l i c t in the Sou th A t l a n t i c , t he 
S u p r e m e Pont i f f ' s v is i t t o Geneva 
w a s a r ranged a round t he 2 0 0 0 - d e l e -
ga te In ternat ional Labour Confe r ­
ence at t he Palais des Na t i ons , s p o n ­
s o r e d by the In ternat ional Labour Or­
gan iza t ion . 

A f t e r arr iv ing at Geneva a i rpor t at 
8 . 4 5 in the m o r n i n g , J o h n Paul de l iv ­
e red a m e m o r a b l e speech t o t he 
Con fe rence . He then e m b a r k e d o n a 
specia l ly a r ranged p r o g r a m m e w h i c h 
con t i nued a lmos t n o n - s t o p r ight in to 
t he even ing . Dur ing the day , t he Pope 
m a d e a number o f s p e e c h e s , inc lud­
ing one at CERN. Each speech 
t o u c h e d on a ser ious issue o f v i ta l 
c o n c e r n . 

His v is i t w a s a m o m e n t o f pa r t i cu ­
lar pr ide fo r CERN, as Geneva is t he 
h o m e of m a n y o ther o rgan iza t ions 
w h i c h at f i rs t s igh t cou ld appear 
m o r e su i tab le fo r a papal v is i t . CERN 
Di rec tor General H e r w i g S c h o p p e r 
had d i scove red the Pope ' s in te res t in 
sc ience s o m e t i m e be fo re , w h e n 
J o h n Paul had add ressed a m e e t i n g 
o n sc ience and re l ig ion in Co logne . 

T h e Geneva v is i t had in f ac t been 
schedu led fo r 1 9 8 1 , bu t w a s p o s t ­
p o n e d af ter the ugly assass ina t ion 
a t t e m p t in St . Peter 's Square last 
year . A papal v is i t n o w has t o c o n ­
t e n d w i t h e labora te secur i t y p recau ­
t i o n s , and CERN w a s no e x c e p t i o n . 
For w e e k s , the areas o f t he Labora ­
t o r y w h e r e he w a s t o v is i t had been 
t he scene o f carefu l p repa ra t i ons t o 
c o n t e n d w i t h b o t h the papal c o n t i n ­
gen t and the a t t endan t t h r o n g of 
j ou rna l i s ts and secur i t y m e n . T h e 
Geneva po l ice w e r e respons ib le f o r 
secur i t y t h r o u g h o u t t he v is i t . 

A f t e r an a f t e rnoon v is i t t o t he 
headquar te rs o f t he In ternat ional Red 
Cross , t he papal M e r c e d e s s a l o o n , 
f l anked by po l ice m o t o r c y c l i s t s , 
s w e p t in to the Labo ra to ry en t rance 
at 4 . 4 5 . J o h n Paul II w a s g ree ted by 
the D i rec tor General and rep resen ta ­
t i ves o f CERN m a n a g e m e n t and o f 
hos t s ta te (France and Swi tzer land) 
au thor i t ies . T h e Pope then e m b a r k e d 
on a spec ia l t o u r o f the In te rsec t ing 
S to rage Rings, a mach ine w h i c h has 
p r o d u c e d in te res t ing phys ics ove r 
m a n y yea rs . A s we l l as see ing t he 
ISR ins ta l la t ions , he w a s s h o w n 
s o m e e x a m p l e s o f CERN's t e c h n o l ­
og ica l ach ievemen ts and w a s g iven a 
sho r t br ie f ing o n the LEP pro jec t . 

A t abou t 5 . 3 0 , w i t h l ive te lev is ion 
cove rage o n S w i s s T V and speak ing 
in French , he add ressed CERN s ta f f , 
thei r fami l i es , and d is t ingu ished v is i ­
t o r s a s s e m b l e d on the l a w n in f r o n t 
o f t he A d m i n i s t r a t i o n Bui ld ing. In his 
speech at CERN (a large ex t rac t o f 

The Pope addressing CERN staff and their 
families and many distinguished visitors on 
the lawn outside the Administration Building. 

(Photo CERN 220.6.82) 

w h i c h is r e p r o d u c e d here), J o h n Paul 
m a d e s o m e inc is ive obse rva t i ons on 
t he mutua l ro les o f sc ience and fa i th 
in t he w o r l d t o d a y . 

T h e a t m o s p h e r e at CERN c o n ­
t r a s t e d w i t h the Pope ' s f o r m a l enga­
g e m e n t s earl ier in the day . W h i l e 
e l sewhe re the re had been severe ly 
res t r i c ted aud iences , the a t m o s ­
phere at CERN w a s re laxed and 
home ly . T h e S w i s s T V c o m m e n t a t o r 
c o m p a r e d the occas ion t o a ' ga rden 
pa r t y ' . T r y i n g t o min imize the publ ic 
impac t o f t he secur i t y a r rangemen ts 
w h i c h had been m a d e , the Pope 
chose t o e m b a r k on a min i ' w a l k a ­
b o u t ' s o t ha t he cou ld be seen by as 
m a n y peop le as poss ib le , s o m e o f 
w h o m had been pat ien t ly w a i t i n g fo r 
severa l hours f o r a g l impse o f the 
pont i f f . Proud m o t h e r s held their 
y o u n g ch i ldren ove r the secur i ty bar­
r iers as he p a s s e d . 

A t a b o u t 6 p . m . , t he Pope g o t back 
in his M e r c e d e s and left fo r a special 
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m a s s at t he v a s t n e w Palais des Ex­
pos i t i ons (Palexpo) nex t t o Geneva 
a i rpor t . T h e spec ia l t ra f f i c a r range­
m e n t s mean t t ha t t he on ly w a y t o ge t 
f r o m CERN t o the Pa lexpo m a s s in 
t i m e w a s t o ge t a r ide w i t h t he papa l 
pa r t y . T h e Pope had t he re fo re c l osed 
his v is i t t o CERN w i t h a spec ia l b e n ­
ed i c t i on . 

Unused t o the p r o t o c o l o f such a 
h igh level v is i t , t he large t e a m at 
CERN w h i c h had m a d e the pa in ­
s tak ing p repa ra t i ons co l lec t i ve ly 
b rea thed a s igh o f rel ief w h e n it w a s 
real ized t ha t eve ry th i ng had g o n e ac­
co rd i ng t o p lan . H o w e v e r t o g e t h e r 
w i t h the m a n y hund reds o f peop le 
w h o had b raved t he secur i t y a r ran­
g e m e n t s t o ge t a f i r s t hand g l i m p s e 
o f t he Pope , t hey w e r e left w i t h an 
indel ib le m e m o r y o f t he w a r m t h and 
s t r e n g t h o f c o n v i c t i o n o f the i r m o s t 
d i s t i ngu ished v is i to r . 

Speeches 

T h e Pope w a s w e l c o m e d by Direc­
t o r General H e r w i g S c h o p p e r : 

' Y o u r Ho l iness , you r p resence is a 
s ingular honou r and a g rea t pr iv i lege 
f o r the Organ iza t ion . It is w i t h a par­
t icu lar sense o f g ra t i t ude , o n behal f 
o f CERN, the CERN Counc i l , t he 
M e m b e r S ta tes and all t h o s e w h o 
w o r k at the Labo ra to r y e i ther as 
m e m b e r s o f t he s ta f f or as v i s i t i ng 
sc ien t i s t s , t ha t I w a r m l y and respec t ­
fu l ly w e l c o m e y o u t o our m i d s t . 

A l l o f us are a w a r e o f y o u r t i re less 
e f f o r t s in es tab l i sh ing c o n t a c t w i t h 
m e n o f all c o n d i t i o n s : t h o s e w h o t o i l , 
t h o s e w h o suf fer and t h o s e w h o 
s t r i ve f o r peace . W e have ga the red 
t o w e l c o m e y o u , our m i n d s seek ing 
t o g rasp the deep s ign i f i cance o f 
you r v is i t . 

I be l ieve tha t I a m r ight in regard ing 
y o u r p resence as p r o o f o f y o u r des i re 
t o f o s t e r a n e w re la t ionsh ip b e t w e e n 
re l ig ion and sc ience . A l t h o u g h 
p reoccup ied w i t h d i f fe ren t a s p e c t s 
o f real i ty , re l ig ion and sc ience are 

never the less un i ted by the i r c o m m o n 
pursu i t o f t r u th and represen t t he 
nob les t asp i ra t ions o f human e n ­
deavour . For cen tu r ies , h o w e v e r , re­
la t ions b e t w e e n the Church and m e n 
o f sc ience w e r e s t ra ined and s o m e ­
t i m e s de te r i o ra ted in to o p e n hos t i l i ­
t y . Subsequen t l y , there d e v e l o p e d a 
deg ree o f mutua l to le rance w h i c h re­
su l ted in a pe r iod o f re lat ive t r u c e , 
bu t m i sunde rs tand ings rema ined . 
T o d a y b o t h the Church and t he 
sc ient i f i c c o m m u n i t y recogn ize the 
need f o r a fa r - reach ing d ia logue in 
o rde r t o c rea te n e w and f ru i t fu l o p ­
po r tun i t i es f o r m a n k i n d . 

T h e t i m e n o w s e e m s r ipe f o r a d ia ­
logue o f th is k ind s ince it is b e c o m i n g 
s tead i l y c learer t ha t ob jec t i ve rea l i ty , 
w h i c h Gal i leo and N e w t o n p o s t u ­
la ted as the bas is o f t he exac t 
sc iences , in no w a y exc ludes t he ex­
i s tence o f a t r anscenden t real i ty ex­
pe r ienced t h r o u g h fa i th . Bo th real i ­
t ies c a n , in f a c t , coex is t . I ndeed , cur­
rent research w o r k in c o n n e c t i o n 
w i t h t he sma l les t s t ruc tu res o f m a t ­
te r ind ica tes tha t phys ica l p h e n o m - , 
ena , th.e l a w s o f nature and the o rde r 
o f t he mater ia l un iverse w h i c h t h e y 
d i sc lose imp ly an abs t rac t and t r a n s ­
cenden ta l i n te rp re ta t ion o f be ing 
rather t han pure ly mater ia l is t ic . 

T h e t ask o f CERN is t o f o s t e r t he 
d e v e l o p m e n t o f phys i cs research as 
a pure sc ience and t o ascer ta in t he 
f u n d a m e n t a l l a w s gove rn i ng t he ex­
is tence o f t he mater ia l w o r l d . W i t h 
i ts c o m p l e m e n t o f s o m e 2 3 0 0 re­
search w o r k e r s f r o m all co rne rs o f 
t he p lanet and i ts o w n s ta f f , CERN is 
the la rgest in ternat iona l l abo ra to ry in 
t he w o r l d and the s u p r e m e s y m b o l o f 
h o w sc ience can uni te human i t y and 
t r a n s c e n d barr iers . The Organ iza t ion 
is par t icu lar ly p r o u d t o have been 
c h o s e n as the place f r o m w h i c h y o u 
add ress t he sc ient i f ic c o m m u n i t y as 
a w h o l e . T h e impac t o f you r w o r d s 
w i l l e x t e n d far b e y o n d the con f i nes 
o f th is es tab l i shmen t . ' 

His Holiness Pope John Paul II 

' I w o u l d l ike t o t hank y o u fo r t he 
w e l c o m e y o u have g iven m e . T h e 
w o n d e r s y o u have s h o w n and ex­
p la ined t o m e , in so far as I cou ld 
u n d e r s t a n d t h e m , have g iven m e a 
be t te r idea o f w h a t has been CERN's 
ma in t ask f o t a l m o s t th i r t y years . 
M o r e t han t w o t h o u s a n d sc ien t i s t s 
f r o m a hund red and f o r t y un ivers i t ies 
or nat iona l l abora to r ies c o m e here t o 
use ins ta l la t ions f o r par t ic le phys i cs 
research w h i c h cou ld never have 
been p r o v i d e d f r o m the nat iona l re­
sou rces o f t he ind iv idual M e m b e r 
S ta tes . CERN is t he re fo re the ma in 
European cen t re d e v o t e d t o f u n d a ­
men ta l research in to t he c o m p o s i ­
t i o n o f m a t t e r and is one o f the lar­
ges t l abora to r ies in the w o r l d in th is 
f i e ld . 

Y o u are , a b o v e al l , research w o r k ­
ers . A s sc ien t i s t s and techn ic ians 
y o u w o r k t o g e t h e r f o r a cause 
b e y o n d any se l f ish in te res t , t ha t o f 
pure resea rch , w h o s e so le p u r p o s e 
is t o fu r the r sc ient i f i c k n o w l e d g e . T o 
d o t h i s , y o u need the i ns t r umen ts 
capab le o f reach ing ve ry h igh ener­
g ies t ha t are avai lable t o y o u here , 
name ly the par t ic le acce le ra to rs and 
the in te rsec t ing s t o rage r ings. But 
y o u r gu id ing s tar is you r pass ion f o r 
d i s c o v e r y . 

I shou ld l ike t o emphas ize the s p e ­
cial f ea tu res o f t he w o r k i n g a t m o s ­
phere at CERN — the w i d e par t i c ipa ­
t i o n , t he a t t i t ude o f c o - o p e r a t i o n and 
the o p e n m i n d e d n e s s . T h e y are a 
g rea t c red i t t o you r Organ iza t ion . 
Even the s i te o f you r l abo ra to ry is 
s y m b o l i c , ly ing as it d o e s ac ross t h e 
f ron t ie r b e t w e e n French and S w i s s 
te r r i t o ry . Y o u a lso w e l c o m e sc ien ­
t i s t s f r o m East and W e s t , f r o m c o u n ­
t r ies w i t h v e r y d i f fe ren t pol i t ica l o u t ­
l o o k s . Y o u all w o r k t o g e t h e r as a 
t e a m , se rv ing the s a m e f ie ld o f re ­
sea rch , and th is g i ves you r w o r k a 
t ru ly in te rnat iona l d i m e n s i o n . One o f 
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sc ience ' s g rea tes t mer i t s can be 
seen here in ac t ion — its p o w e r t o 
un i te m e n . 

Let m e d w e l l o n the spec i f i c na tu re 
o f t h e research in w h i c h y o u are e n ­
g a g e d . It a ims t o exp lo re in inc reas­
ing deta i l t he basic s t ruc tu re o f m a t ­
te r , w h a t m a y be ca l led the in f in i te ly 
sma l l , at t he f ron t ie r o f w h a t can be 
quan t i f i ed in the m i c r o c o s m ; a t o m s , 
e l ec t r ons , nuc le i , p r o t o n s , n e u t r o n s , 
q u a r k s . . . In sho r t , y o u are a t t e m p t ­
ing t o dec ipher the sec re ts o f m a t t e r , 
i ts c o m p o s i t i o n , i ts f u n d a m e n t a l e n ­
e rgy . T h a t is w h y no t on ly all s c i en ­
t i s t s bu t a lso all t h i nk ing peop le w h o 
re f lec t on t hese p r o b l e m s and all 
m a n k i n d , are in te res ted or at least 
c o n c e r n e d — it is a f ter all par t o f the i r 
o w n m y s t e r y t ha t is be ing re­
vea led . 

I say ' p a r t ' , f o r in t he face o f t he 
i m m e n s i t y and c o m p l e x i t y o f w h a t 
rema ins t o be d i s c o v e r e d , y o u are , 
as genu ine sc ien t i s t s , f i l led w i t h hu ­
mi l i t y . Is m a t t e r m a d e up o f f u n d a ­
men ta l ind iv is ib le c o m p o n e n t s ? 
W h a t f o r c e s g o v e r n the i r in te rac­
t i o n ? T h e a n s w e r s t o t hese q u e s ­
t i o n s s e e m t o re t reat as y o u a d ­
v a n c e . 

Fu r the rmore , t hese q u e s t i o n s 
raise o ther ques t i ons ye t m o r e f u n ­
d a m e n t a l f o r t he s u m o f h u m a n 
k n o w l e d g e , on the f r on t i e r s o f t h e 
' exac t s c i ences ' , t he natura l s c i ­
e n c e s , or even b e y o n d , in t h e rea lms 
o f ph i l osophy . Y o u r research p i n ­
p o i n t s t hese ques t i ons t o be pu t t o 
ph i l osophe rs and the f a i t h f u l : W h a t 
is t he or ig in o f t he un iverse ? W h y d o 
w e f i nd o rde r in na ture? 

The re w a s a t i m e w h e n s o m e 
sc ien t i s t s w e r e t e m p t e d t o t a k e re­
f u g e in an a t t i t ude i m b u e d w i t h 
' s c i e n t i s m ' , bu t t ha t w a s a p h i l o s o ­
phica l cho ice rather t han a sc ient i f i c 
a t t i t ude , as it t r i ed t o ignore o the r 
f o r m s o f k n o w l e d g e ; th i s t e n d e n c y 
n o w s e e m s t o be long t o t h e pas t . 
T h e ma jo r i t y o f sc ien t i s t s a d m i t t h a t 

The Pope with Director General Herwig 
Schopper and Vice-President of CERN 
Council U. Vattani (right) during a visit to 
the Intersecting Storage Rings. 

(Photo CERN 555.6.82) 

t he natura l sc iences and the sc ient i f i c e s t e d ques t . Y o u d e m o n s t r a t e his 
m e t h o d based on e x p e r i m e n t s , m y s t e r y t o o . But pe rhaps the a w e -
w h o s e resu l ts can be r e p e a t e d , c o v - insp i r ing nove l t i es o f pure research 
er on ly par t o f real i ty or rather re f lec t in to t he nature o f ma t t e r are less 
a par t icu lar aspec t o f i t . Ph i l osophy , i m p o r t a n t f ina l ly t han t he po ignan t 
art a n d , a b o v e al l , re l ig ion w h i c h is n o v e l t y o f m a n ' s a t t i t ude and his 
k n o w i n g l y insp i red by a t r a n s c e n - fee l ing o f ins ign i f i cance bes ide t hese 
denta l reve la t i on , perce ive o ther as - d i scove r i es . H o w d i f fe ren t is t he 
pec t s o f t he real i ty o f t he un iverse sc ient i f i c p ic tu re o f t he w o r l d t o - d a y 
and o f m a n k i n d . Pascal s p o k e , in f r o m tha t o f our f a t h e r s , and tha t 
ano ther sense it is t r ue , o f t h ree or - o f the i r p r e d e c e s s o r s in the great 
ders o f g rea tness in m a n , t he g rea t - h u m a n c o m m u n i t y . A t t he s a m e 
ness o f p o w e r , t he g rea tness o f in te l - t i m e , let m e as a bel iever s imp l y say 
l igence and the g rea tness o f l o ve , w h a t con t i nu i t y the re is in G o d t he 
each in f in i te ly exceed ing the o the r . C rea to r ' s des ign w h o m a d e m a n ' t o 
and spec i f i ed as thei r beg inn ing and His o w n image and l i keness ' , g iv ing 
end tha t Other w h o is t he Crea tor , h i m ' d o m i n i o n ' o v e r t he w h o l e w o r l d 
Father o f all m e n , f o r ' m a n is in f in i te ly w h i c h he c rea ted ou t o f love and at 
m o r e t han me re m a n ' . w h i c h t he au tho r o f t he f i rs t b o o k of 

Y o u t o o d e m o n s t r a t e the g rea t - t h e Bib le , Genes is , never ceases t o 
ness and m y s t e r y o f m a n . T h e g rea t - m a r v e l : ' G o d s a w all t he th ings tha t 
ness o f his p o w e r o f i nves t i ga t i on . He had m a d e and they w e r e very 
his r e a s o n , his capac i t y t o a t ta in g o o d ' (Genesis 1,4). 
g reater t r u t h , his w i l l t o c o m m i t h i m - A s p h y s i c i s t s , y o u have t o use 
self self less ly t o a long and d is in ter - y o u r ene rgy and ski l l acco rd ing t o the 
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The Pope signs the CERN 'livre d'or', 
specially decorated with the papal insignia 
for the occasion. 

(Photo CERN 197.6.82) 

sc ient i f ic m e t h o d s o f t he natura l 
sc iences . A s m e n , y o u c a n n o t a v o i d 
ask ing you rse l ves t hese o the r f u n d a ­
m e n t a l , ex is tent ia l q u e s t i o n s t o 
w h i c h I have re fer red and w h i c h are 
a n s w e r e d by the w i s d o m o f ph i l oso ­
phy and fa i t h . I h o p e tha t y o u a lso d o 
research in th is area, f o r , as y o u 
k n o w , these f ie lds are no t o p p o s e d 
t o each o ther bu t ra ther coex i s t in 
h a r m o n y . I w o u l d have y o u be recep ­
t i ve t o the fu l lness o f t r u t h . 

Love o f t r u t h , s o u g h t w i t h humi l i t y , 
is one o f the great f o r c e s capab le o f 
b r ing ing the m e n o f t o d a y t o g e t h e r 
ac ross the d i f fe ren t cu l tu res . Sc ience 
is no t o p p o s e d t o h u m a n i s m or m y s ­
t i c i s m . A l l genu ine k n o w l e d g e o p e n s 
t h e w a y t o the essence o f l ife and all 
t r u t h can b e c o m e un iversa l . A c c o r d ­
ing ly , I have recent ly es tab l i shed in 
R o m e a Papal Cul tural Counc i l , in t he 
bel ief t ha t th is f u n d a m e n t a l real i ty 
un i tes m a n k i n d , and it w a s m y exp l i ­
c i t w i s h tha t t he Counci l shou ld be 

o p e n t o all sc ien t i s ts and all research 
cen t res . Y o u can unde rs tand h o w 
p leased I a m tha t CERN is o p e n t o all 
t h o s e w h o w i s h t o t ake par t in i ts 
resea rch , even if t hey are no t m e m ­
bers o f i ts s taf f . T rue research , l ike 
cu l tu re , bu i lds up human c o m m u n i ­
t ies regard less o f f r on t i e rs . 

Let m e in conc lus ion refer t o the 
poss ib le app l i ca t ions o f you r re­
search even if t hey are no t d i rec t l y 
c o n n e c t e d w i t h you r w o r k , y o u r re­
spons ib i l i t i es and the p u r p o s e o f th is 
l abo ra to ry . H is to ry has s h o w n tha t 
t he d i s c o v e r y o f n e w p h e n o m e n a 
leads in t i m e t o w o n d r o u s app l i ca ­
t i o n s t ha t are o f t en c o m p l e t e l y unex­
p e c t e d . Y o u r M e m b e r S ta tes and 
the i r g o v e r n m e n t s and techn ic ians 
a l ready no d o u b t f o l l o w y o u r re­
search w i t h an in terest t ha t is all t he 
g rea te r because t hey an t ic ipa te ex­
p lo i t ing t h e m in tens ive ly s o o n e r or 
later. W h a t app l i ca t ions can be ex­
p e c t e d t o s t e m f r o m the k n o w l e d g e 

o f t he s t ruc tu re o f t he a t o m and t he 
poss ib i l i t y o f i ts d e c o m p o s i t i o n ? 

M e n m a y use the i r k n o w l e d g e f o r 
be t te r o r f o r w o r s e . T h e bes t use w i l l 
be t o se rve m a n k i n d and i ts d e v e l o p ­
m e n t , in t he f ie lds o f heal th ca re , 
f o o d resou rces , sou rces o f ene rgy 
and p r o t e c t i o n o f t he e n v i r o n m e n t . 
T h e w o r s t use w o u l d be t he des t ruc ­
t i o n o f t he eco log ica l ba lance , t he 
c rea t ion o f d a n g e r o u s levels o f ra­
d i oac t i v i t y a n d , w o r s t o f a l l , the p r o ­
d u c t i o n o f i n s t r u m e n t s o f des t ruc ­
t i o n w h i c h in p o w e r and quan t i t y are 
a l ready exceed ing l y dange rous . 

W e are f a c e d w i t h a great mora l 
cha l lenge — w e m u s t ha rmon ize t he 
f o r c e s o f t e c h n o l o g y , b o r n f r o m 
sc ience , w i t h t he f o r c e s o f c o n ­
sc ience . 'Consc ience m u s t be m o b i l ­
i z e d ! ' T h e cause o f m a n k i n d w i l l be 
s e r v e d if sc ience and consc ience g o 
hand in hand . In o the r w o r d s , g rea t 
a t t en t i on m u s t be pa id t o h o w m a n 
uses t hese d i scove r i es , and 
his m o t i v a t i o n w h e n m a k i n g t he 
cho i ce . 

T h e Church has s p o k e n o f t e n 
e n o u g h o f t he danger o f a t o m i c w e a ­
p o n s s o I shal l n o t d w e l l on th is s u b ­
j ec t here. H o w e v e r , even w h e n n u ­
clear ene rgy is used f o r peacefu l pur­
p o s e s t he Church h o p e s , t o g e t h e r 
w i t h so m a n y m e n o f g o o d w i l l , t ha t 
all t he imp l i ca t i ons o f nuclear ene rgy 
w i l l be fu l ly s tud ied — fo r i ns tance , 
t he i m p a c t w i t h regard t o rad ioac t i v ­
i t y , gene t i c s , po l lu t ion o f t he e n v i r o n ­
m e n t , s t o r a g e o f nuclear w a s t e — 
tha t t he sa feguards w i l l be r i go rous 
and tha t t he publ ic w i l l be adequa te l y 
i n f o r m e d o n these p r o b l e m s . T h e 
Ho ly See has a p e r m a n e n t rep resen ­
ta t i ve at t he In ternat iona l A t o m i c En­
e rgy A g e n c y in V ienna in o rde r t o 
m a k e plain i ts in teres t in t he peacefu l 
and safe use o f nuclear energy . 

T h a t is n o t y o u r d i rec t respons ib i l ­
i ty . H o w e v e r , y o u are m o r e a w a r e 
t han o the rs o f w h a t is at s take and 
c o n s e q u e n t l y it b e h o v e s y o u pa r t i cu -
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lar ly t o sp read i n f o rma t i on o n t hese 
m a t t e r s and a b o v e all t o i n f o r m t h o s e 
respons ib le f o r t he techn ica l app l i ca ­
t i o n s , u rg ing t h e m t o ensure t ha t t he 
resu l ts o f sc ient i f ic resea rch , h o w ­
ever remarkab le t h e y m a y be , are 
never t u rned aga ins t m a n and are 
used on ly f o r t he c o m m o n g o o d by 
m e n and w o m e n insp i red w i t h t he 
g rea tes t love f o r m a n k i n d . 

In conc lus ion I w a n t t o m a k e a 
w i s h . It is t ha t sc ien t i s t s in the i r p r o ­
f ess i on m a y be c o n s t a n t l y a w a r e o f 
t he t r a n s c e n d e n c e o f m a n k i n d in t he 
w o r l d and o f t he t r a n s c e n d e n c e o f 
G o d ove r m a n , and tha t the i r ac t i ons 
m a y be gu ided by the i r a w a r e n e s s o f 
t he un iversa l s ign i f i cance o f the i r 
o w n d isc ip l ine and the un iversa l s i g ­
n i f icance o f b ro the r l y l ove , a y e a r n ­
ing f o r w h i c h w a s inst i l led in us par­
t icu lar ly by J e s u s . I w o u l d l ike t o 
repeat the appea l I m a d e at U N E S C O : 
' Y e s , t he fu tu re o f m a n w i l l d e p e n d 
o n his cu l t u re ! Y e s , w o r l d peace w i l l 

d e p e n d o n the p r e d o m i n a n c e o f t he 
sp i r i t ! Y e s , peace f o r m a n in the 
fu tu re w i l l d e p e n d on I cve . ' 

Reply by U. Vattani, 
Vice-President of CERN Council 

' W e w h o are assoc ia ted w i t h th is 
Ins t i t u t i on , w h o s e p u r p o s e it is t o 
c o n d u c t sc ient i f ic research o f a 
s t r i c t l y peacefu l na ture , have f o l ­
l o w e d y o u r m e s s a g e w i t h the 
g rea tes t in te res t , based as it is on 
the v i e w tha t sc ience is ' one o f t he 
pa ths t o f o l l o w in the d i s in te res ted 
search f o r t r u t h ' . Th is indeed is t he 
a im t o w h i c h phys ic i s t s are s t e a d ­
fas t l y d e d i c a t e d and in CERN's labor ­
a to r ies is t r a n s f o r m e d in to dai ly rea l ­
i ty . 

T h a t is w h y eve ryone w a s so 
m o v e d by the w a y in w h i c h y o u have 
p resen ted and ana lysed these ideas , 
and w e fee l par t icu lar ly h o n o u r e d 
tha t y o u shou ld have c h o s e n CERN 
as the p lace f r o m w h i c h t o b r o a d c a s t 
you r m e s s a g e t o the w o r l d . On be ­
half o f all t h o s e p resen t , on behal f o f 
the L a b o r a t o r y , i ts s ta f f , i ts Counc i l 
and i ts M e m b e r S ta tes , I have the 
honour t o exp ress t o y o u our d e e p 
g ra t i t ude . A l l o f us — phys i c i s t s , e n ­
g ineers , t echn ic ians , a d m i n i s t r a t o r s , 
d i p l o m a t s and po l i t ic ians al ike — 
have reaped great benef i t f r o m y o u r 
w o r d s as we l l as s t r o n g encou rage ­
m e n t t o pursue our co l lec t i ve re­
search ac t iv i t ies in a spi r i t o f qu ie t 
c o n v i c t i o n and humi l i t y . ' 

T h e 2 n d in te rna t iona l con fe rence 
'Phys ics in Co l l i s ion ' t o o k place in 
S t o c k h o l m f r o m 2 — 4 June . S o m e 
1 6 0 de lega tes f r o m all ove r t he 
w o r l d ga the red t o g e t h e r t o learn and 
t o d i scuss a b o u t t he m o s t recent 
resu l ts f r o m p r o t o n - p r o t o n , p r o t o n -
a n t i p r o t o n and e l ec t r on -pos i t r on c o l ­
l iders . T h e firsft con fe rence in th is 
ser ies w a s held in M a y 1 9 8 1 in 
B l a c k s b u r g , V i rg in ia , and nex t y e a r ' s 
m e e t i n g is schedu led f o r Lake C o m o , 
I taly. 

T h e i m p o r t a n c e o f basic f u n d a ­
men ta l research w a s s t r essed by 
Jan-Er ik W i k s t r o m , S w e d i s h min is ­
te r o f educa t i on and cul tura l a f fa i rs , 
in his o p e n i n g add ress . It is su f f ic ient 
t o s t a t e , sa id Mr . W i k s t r o m , t ha t t he 
ques t f o r k n o w l e d g e o f t he s t ruc tu re 
o f m a t t e r is par t o f our cu l ture and 
t h u s pure sc ience is an inev i tab le par t 
o f cu l tura l ac t i v i t i es . He cou ld a lso 
p r o m i s e t o S w e d i s h sc ien t i s t s an in ­
c rease o f t he s u p p o r t o f basic 
sc ience f o r t he nex t f isca l year . 

Hard sca t te r i ng p r o c e s s e s , in 
w h i c h t w o c o n s t i t u e n t s sca t te r or 
in te rac t , w a s t he sub jec t o f the f i rs t 
ta lk by N o r m a n M c C u b b i n . Recent 
resu l ts f r o m the CERN In te rsec t ing 
S t o r a g e Rings w e r e r e v i e w e d . It has 
recen t l y b e c o m e poss ib le t o s t u d y 
p r o t o n - a n t i p r o t o n in te rac t ions at t he 
ISR and a c o m p a r i s o n w i t h p r o t o n -
p r o t o n in te rac t ions w a s m a d e by 
Maur i ce J a c o b . D i f fe rences on t he 
f e w pe rcen t level are e x p e c t e d and 
o b s e r v e d f o r t he d o m i n a n t hadron ic 
f ea tu res . M o r e s izable e f fec t s are ex­
p e c t e d t o s h o w up w h e n the lumi ­
nos i t y is inc reased e n o u g h t o s t u d y 
l ep ton pair p r o d u c t i o n , e last ic sca t ­
te r i ng e tc . 

M u c h t i m e w a s d e v o t e d t o the 
m o s t recent resu l ts f r o m the exper i ­
m e n t s at t he CERN SPS p r o t o n - a n t i ­
p r o t o n col l ider . A l t h o u g h no n e w 
da ta has been t a k e n s ince last De­
c e m b e r , subs tan t ia l p r o g r e s s has 
been m a d e in t he ana lys is o f the 
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Presented at the Stockholm conference 
were these results from the UA5 experiment 
at the CERN SPS proton-antiproton collider. 
For selected events (pseudorapidity greater 
than 2), the observed charged particle 
multiplicity is shown for different numbers 
of produced photons. The region which 
would be populated by Centauro events 
(many charged particles and few photons) 
is shown shaded, showing that no Centauro 
behaviour is seen at 540 GeV. 

d i f fe ren t e x p e r i m e n t s . M a r t t i Pimia 
s u m m a r i z e d the s ta tus o f t he U A 1 
e x p e r i m e n t and s h o w e d t ha t t he 
t r ansve rse m o m e n t u m s p e c t r u m o f 
cha rged had rons f o l l o w s c lose ly t h e ­
ore t ica l p red i c t i ons up t o 10 GeV 
(see June issue , page 178 ) . Qua l i ta ­
t i ve a g r e e m e n t has been o b s e r v e d 
w i t h c o s m i c ray e x p e r i m e n t s in t ha t 
t h e t r ansve rse m o m e n t u m spec t ra 
are s teeper f o r e v e n t s w i t h l o w e r 
mu l t ip l i c i t y . Cor re la t ions are o b ­
s e r v e d , b o t h o f l ong and sho r t 
range. 

T h e U A 2 data w a s p r e s e n t e d by 
Peter Jenn i . Inc lus ive eta m e s o n p r o ­
d u c t i o n at 9 0 ° w a s e s t i m a t e d t o be 
0 . 5 5 t ha t o f neutra l p i o n s , and no 
s ign i f i can t s ignal o f d i rec t p h o t o n s 
w a s o b s e r v e d . Pre l iminary da ta 
w a s p resen ted on inc lus ive cha rged 
par t ic le p r o d u c t i o n at 9 0 ° as w a s an 
upper l imi t o n t he p r o d u c t i o n o f f ree 
qua rks . 

W o r k i n g t o g e t h e r w i t h t he U A 2 is 

t he U A 4 e x p e r i m e n t and the i r resu l ts 
w e r e p resen ted by Ber tus Koene 
(see a lso page 2 7 1 ) . A n t i p r o t o n - p r o -
t o n e last ic sca t te r i ng has been m e a s ­
ured in t he squared* m o m e n t u m 
t rans fe r range f r o m 0 . 0 5 t o 0 . 2 0 
G e V 2 w i t h a behav iour w h i c h ex t ra ­
po la tes n ice ly f r o m l o w e r energ ies . 
T h e y a lso gave a f i rs t p re l im inary 
resul t o n t h e a n t i p r o t o n - p r o t o n t o t a l 
c r o s s - s e c t i o n o f 6 6 ± 7 m b at t he 
n e w l y avai lab le co l l i s ion ene rgy o f 
5 4 0 G e V (see page 2 7 1 ) . 

Dav id W a r d s u m m a r i z e d t he m o s t 
recen t resu l ts f r o m the U A 5 expe r i ­
m e n t . N e w data w e r e p resen ted o n 
p r o d u c t i o n o f p h o t o n s and o f 
s t range par t ic les . T h e excess o f p h o ­
t o n s o v e r cha rged par t ic les in t he 
cent ra l reg ion can be exp la ined by 
a s s u m i n g an eta t o neutra l p ion ra t io 
o f a b o u t 3 0 per cen t . T h e inc lus ive 
s t range par t ic le spec t ra s h o w e d 
average t r ansve rse m o m e n t a s ign i f i ­
can t l y h igher than at l o w e r energ ies . 

Th i s cou ld be due t o an increase in 
c h a r m p r o d u c t i o n . 

T h e last ta lk on co l l ider resu l ts w a s 
g i ven by Narendra Y a m d a g n i w h o 
c o m p a r e d even t s t ruc tu re in co l l ider 
and c o s m i c ray e x p e r i m e n t s . One o f 
t he m o s t exc i t i ng resu l ts seen in c o s ­
mic ray e x p e r i m e n t s is t he so-ca l led 
Cen tau ro p h e n o m e n o n , e v e n t s in 
w h i c h a large n u m b e r o f seconda r i es 
are p r o d u c e d bu t w i t h no or ve r y f e w 
p h o t o n s . T h e resu l ts ob ta i ned s o far 
by the U A 5 e x p e r i m e n t s h o w no ev i ­
dence f o r such p h e n o m e n a at 5 4 0 
GeV. One m a y specu la te tha t t he 
t h r e s h o l d f o r t he p r o d u c t i o n o f such 
s t r ange e v e n t s has no t ye t been 
reached . 

J . D. B jo rken s t a r t e d the s e c o n d 
d a y ' s ta l ks by t r y i ng t o a n s w e r ' w h a t 
have w e learnt a b o u t hadron ic in ter­
ac t i ons f r o m co l l iders and c o s m i c 
r a y s ? ' . He s t r e s s e d t he i m p o r t a n c e 
o f measu r i ng j e t s at t he co l l ider and 
ind ica ted t he poss ib i l i t y o f o b s e r v i n g 
qua rk -g l uon p lasma in co l l i s ions be ­
t w e e n u ran ium nucle i . 

T h e p r o d u c t i o n and decays o f 
s t a t e s con ta in ing heavy qua rks w e r e 
c o v e r e d in t w o t a l ks . Lucien M o n t a -
net r e v i e w e d heavy f l avour p r o d u c ­
t i o n in hadron ic co l l i s ions . A large 
n u m b e r o f e x p e r i m e n t s a im at d e ­
t e c t i n g b o t h c h a r m e d s ta tes and 
o p e n beau ty . Resul ts f r o m e lec t r on -
p o s i t r o n co l l iders o n the decays o f 
heavy f l avou r s ta tes w e r e r e v i e w e d 
by T h o m a s Fe rguson . W i t h the in ­
c reas ing s ta t i s t i cs avai lable on D-
m e s o n s , a n u m b e r o f b ranch ing ra­
t i o s have been m e a s u r e d and c o m ­
pared w i t h t heo r i es . Semi lep ton i c 
decay o f t he c h a r m e d l ambda b a r y o n 
has n o w been seen . T h e ca lcu la ted 
l i fe t ime o f B - m e s o n s , con ta in ing one 
beau ty qua rk , is even sho r te r t han 
t ha t f o r c h a r m e d m e s o n s , less t han 
1 0 " 1 3 s , and on ly upper l imi ts are 
ava i lab le . Semi lep ton i c and m o r e ex­
o t i c d e c a y s w e r e r e v i e w e d . 

A r e v i e w o f t w o - p h o t o n phys i cs 
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w a s g iven by Susan Coope r . In her 
conc lus ions she s t r e s s e d t h a t th is 
par t icu lar f ie ld is al ive and d o i n g w e l l 
at e l ec t r on -pos i t r on r ings . In pa r t i cu ­
lar, t he f i rs t resu l ts o n t h e p h o t o n 
s t ruc tu re f u n c t i o n are ve r y s u c c e s s ­
fu l . In add i t i on t o t he w e l l - e s t a b ­
l ished par t ic le s ta tes m a d e up o f 
q u a r k s , the re m a y ex is t pure g luon 
b o u n d s t a t e s , usual ly ca l led g luon ia 
or g lueba l ls . Exper imenta l ev idence 
f o r such s ta tes w e r e r e v i e w e d by 
El l iot t B l o o m . T w o poss ib le s t a tes 
are t he iota ( 1 4 4 0 ) and the ta ( 1 6 4 0 ) 
and pre l im inary resu l ts w e r e g i ven . 

M u r d o c k Gi lchr iese p r e s e n t e d 
n e w resu l ts on t he phys i cs o n t h e 
ups i l on reg ion . T h e n e w resu l ts p re ­
s e n t e d w e r e o n a search f o r n e w nar­
r o w s t a t e s , lep ton ic b ranch ing ra­
t i o s , and hadron ic and e l e c t r o m a g ­
net ic t r ans i t i ons b e t w e e n d i f fe ren t 
ups i l on s t a t e s . T h e i m p o r t a n c e o f 
inc reas ing the l um inos i t y o f t h e 
e l e c t r o n - p o s i t r o n mach ines w a s 
s t r e s s e d . A r e v i e w o n e l e c t r o w e a k 
e f f ec t s in e l e c t r o n - p o s i t r o n reac­
t i o n s by Beate Naroska e n d e d t h e 
s e c o n d day . She c o n c l u d e d t h a t t he 
p resence o f w e a k neut ra l cu r ren ts is 
c lear ly es tab l i shed in ann ih i la t ion in to 
m u o n pa i rs , w i t h d o m i n a n c e o f t he 
axial v e c t o r c o u p l i n g , w h e r e a s t he 
s i tua t ion is less clear in t he exper ­
imenta l l y m o r e d i f f icu l t ann ih i la t ion 
in to tau pa i rs . 

T h e last day w a s m o s t l y d e v o t e d 
t o j e t s , w i t h resu l ts f r o m PEP and 
PETRA and a theore t i ca l r e v i e w . 
Ho rs t Ober lack r e v i e w e d je t s tud ies 
at PETRA and cou ld repo r t on a smal l 
ave rage charge car r ied by j e t s in 
t w o - j e t e v e n t s , o n fou r - je t p r o d u c ­
t i o n and t ha t t he p resen t e s t i m a t e o f 
t h e s t r o n g coup l i ng c o n s t a n t s o m e ­
w h a t d e p e n d s on t he t y p e o f f r a g ­
m e n t a t i o n m o d e l u s e d . J o n a t h a n 
Do r fan r e p o r t e d t ha t da ta t a k e n s o 
far at PEP has been w i t h a t o t a l co l l i ­
s i on energy o f 2 9 GeV. M o s t da ta 
has been t a k e n w i t h t he M a r k II d e ­

t e c t o r . T h e ta l k inc luded d i scuss ions 
o f sca l ing v i o l a t i ons , energy co r re ­
la t ions , heavy quark f r a g m e n t a t i o n 
and resu l ts o n the tau l e p t o n . 

Bo A n d e r s s o n , in his r e v i e w o n je t 
f r a g m e n t a t i o n , p o i n t e d ou t t ha t t he 
expe r imen ta l i s t s d o no t see p a r t o n s 
bu t ' b ig f lu f f y h a d r o n s ' , and one 
shou ld c o m p a r e angular ene rgy f l o w 
on t he pa r ton i c and the hadron ic lev­
el . T h e conc lud ing lecture I s the re a 
deser t beh ind m o u n t a i n s ' w a s g i ven 
by Chr is L l e w e l l y n - S m i t h , w h o 
p o i n t e d ou t t ha t t he p resen t a r g u ­
m e n t s f o r a dese r t , w i t h no n e w p h y ­
s ics b e t w e e n cur ren t ly avai lable e n ­
erg ies and a p p r o x i m a t e l y 1 0 1 4 G e V , 
res t o n a t o w e r o f un tes ted — bu t 
appea l ing — ideas. The re are m a n y 
a l te rna t ive theo r ies w h i c h p red ic t i n ­
s t ead a lo t o f n e w phys i cs . 

(Report by Per Carlson. Some 
more recent physics results were 
subsequently presented at the Paris 
meeting. A detailed report will follow 
in our October issue.) 

A line-up of speakers at the recent 
Stockholm 'Physics in Collision' conference: 
left to right, B. Andersson, J. Dorfan, 
N. Yamdagni, P. Jenni, S. Cooper, D. Ward, 
M. Pimi8, C. Llewellyn-Smith and 
L. Montanet. 

(Photo Sten Hellman) 

The second international 'Physics in 
Collision' conference held in Stockholm 
from 2—4 June coincided with the 
celebrations for Gosta Ekspong's 60th 
birthday. He came from Uppsala to the 
newly created chair in physics at the 
University of Stockholm in 1960. He is a 
frequent visitor to CERN, where his duties 
have included being Chairman of the 
Scientific Policy Committee (1972—74). 
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Around the Laboratories 
Total reaction rate (cross-section) of 
proton-proton and proton-antiproton 
collisions plotted against collision energy. 
On the extreme right is the new result from 
the UA4 experiment at the CERN SPS 
proton-antiproton collider, showing how 
the cross-section continues to increase 
with energy. 

CERN 
More 540 GeV 
proton-antiproton 
results 
W h i l e t he e x p e r i m e n t s at t he SPS 
p r o t o n - a n t i p r o t o n co l l ider h o p e t o 
f i nd b igger f i sh , rou t ine m e a s u r e ­
m e n t s o f t he e last ic sca t t e r i ng o f 
p r o t o n s and a n t i p r o t o n s p r o v i d e a 
va luab le ins ight in to t he genera l be ­
hav iour o f t he p r o t o n (and an t i p ro -
ton ) at t hese n e w l y avai lab le ene rgy 
leve ls . 

A f t e r i ts init ial su rvey o f par t ic le 
p r o d u c t i o n , t he U A 5 s t r eamer c h a m ­
ber w a s r e m o v e d f r o m t h e under ­
g r o u n d ' c a t h e d r a l ' at L S S 4 t o m a k e 
w a y f o r t he U A 2 s p e c t r o m e t e r . Th i s 
i n te rsec t ion area is a lso t he h o m e o f 
t he smal ler U A 4 e x p e r i m e n t ( A m ­
s t e r d a m / CERN / Genoa / Nap les / 
Pisa). Unl ike the b igger genera l -pur ­
p o s e d e t e c t o r s , U A 4 is a d e d i c a t e d 
e x p e r i m e n t t o measu re e last ic and 
inelast ic i n te rac t ions us ing d e t e c t o r s 
h o u s e d in n a r r o w f o r w a r d c o n e s , 
c o m p l e m e n t e d by i n f o r m a t i o n f r o m 
t h e inner d e t e c t o r o f U A 2 . 

T h e f o r w a r d U A 4 d e t e c t o r s f o r 
e last ic sca t te r i ng exp lo i t t h e ' R o m a n 
Po t ' t echn ique , used s o success fu l l y 
at t he In te rsec t ing S to rage Rings t o 
m a k e a s imi lar s t u d y o f sma l l ang le 
e last ic sca t te r i ng in a n e w energy 
reg ion . In th is t echn ique , d e t e c t o r s 
are m o u n t e d ins ide m o v e a b l e sec­
t i o n s o f t he b e a m p ipe s o as t o inter­
cep t t he n a r r o w c o n e o f s l igh t ly d e ­
f l e c ted ( l ow m o m e n t u m t rans fer ) 
par t i c les . T h e U A 4 R o m a n Po ts w e r e 
m a d e by the Exper imenta l A r e a s 
Group o f SPS D iv is ion . U A 4 m e a s ­
ures f o r w a r d inelast ic sca t te r i ng w i t h 
t he help o f spec ia l ly c o n s t r u c t e d dr i f t 
c h a m b e r t e l e s c o p e s . 

First U A 4 resu l ts , c o m i n g f r o m 
da ta t a k e n in the f i rs t SPS col l ider 
runs late last year , c o v e r e last ic sca t -

te r ing in t he squared m o m e n t u m 
t rans fe r range 0 . 0 5 t o 0 . 1 9 G e V 2 . 
Elast ic sca t te r i ng in th is k inemat i ca l 
range is charac ter ized by a ' b pa ra ­
m e t e r ' w h i c h g ives the o b s e r v e d ex­
ponen t ia l fa l lo f f , and is p r o p o r t i o n a l 
t o t he square o f t he e f fec t i ve size o f 
t he co l l id ing par t ic les . T h e pa rame te r 
inc reases f r o m 13 G e V " 2 at t he m a x ­
i m u m energ ies avai lable at t he Inter­
sec t i ng S to rage Rings (the h ighes t 
p rev ious l y a t ta inab le l abo ra to ry e n ­

ergies) t o 17 G e V " 2 , and s h o w s t ha t 
t he p r o t o n (and an t ip ro ton ) are ge t ­
t i ng b igger at t hese n e w l y avai lab le 
energ ies . 

In a d d i t i o n , t he U A 4 expe r imen t is 
able t o p r o v i d e a f i rs t ind ica t ion o f 
t he t o ta l p r o t o n - a n t i p r o t o n reac t ion 
ra te (c ross-sec t ion) in th is n e w l y av ­
ai lable ene rgy range. Th i s is d o n e by 
m a k i n g s imu l t aneous m e a s u r e m e n t s 
o f t he e last ic and inelast ic reac t ion 
ra tes . T h e so-ca l led ' op t i ca l t h e o -
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The apparatus of the UA4 
(Amsterdam/CERN/Genoa/Naples/Pisa) 
experiment at the SPS proton-antiproton 
collider. This uses the 'Roman Pot' 
technique so successfully exploited for 
measuring small angle elastic scattering at 
the CERN Intersecting Storage Rings. Left 
and right are the flanges for connection to 
the SPS beam pipe. Above and below are 
the pots and the mechanism to move the 
detectors towards the beams. 

(Photo CERN 15.4.81) 

The LEAR Low Energy Antiproton Ring at 
the CERN PS, which recently had its first 
circulating beams (of protons). The 
programme of low energy antiproton 
experiments should soon get under way. 

(Photo CERN 133.7.82) 

r e m ' t hen enab les the t o t a l reac t ion 
ra te t o be ca lcu la ted w i t h o u t k n o w ­
ing t he rate o f SPS par t ic le co l l i s ions 
( luminos i ty ) . A l t h o u g h st i l l p re l im ina­
ry , th is da ta s h o w s tha t t he p r o t o n -
a n t i p r o t o n reac t ion rate is st i l l i n ­
c reas ing at t hese h igher ene rg ies , 
and f i t s in w i t h ex t rapo la t i ons f r o m 
o the r m e a s u r e m e n t s at l o w e r ener­
g ies . T h e ob ta i ned va lues f o r b o t h 
t he b pa ramete r and the t o t a l reac­
t i o n rate (c ross-sec t ion) ind ica te t ha t 
t he size o f t he p r o t o n inc reases by 
1 5 - 2 0 per cen t f r o m ISR t o SPS c o l ­
l ider energ ies . 

LEAR is near 
C o n s t r u c t i o n w o r k is n o w largely 
c o m p l e t e f o r t he LEAR L o w Energy 
A n t i p r o t o n Ring, w h i c h rep resen ts 
t h e f inal phase o f CERN's large an t i ­
p r o t o n p ro jec t . W h i l e t he ma jo r par t 
o f th i s p ro jec t is g i ven o v e r t o t h e 
acce le ra t ion o f a n t i p r o t o n s , t he 
LEAR r ing w i l l s l o w t h e m d o w n t o t he 

0 . 1 — 2 G e V / c range w h e r e a w i d e 
f ie ld o f phys i cs rema ins t o be ex­
p lo red in de ta i l . 

T h e LEAR ' r i n g ' is in f ac t a l m o s t 
squa re , s o as t o p rov ide long s t ra igh t 
sec t i ons f o r t he ins ta l la t ion o f ma jo r 
i t ems o f e q u i p m e n t . Its 8 0 m c i r c u m ­
fe rence is one-e igh th t ha t o f t he 
ne ighbour ing 2 8 GeV Pro ton S y n ­
c h r o t r o n , and one half o f the A n t i p r o ­
t o n A c c u m u l a t o r ( A A ) r ing . Four sec­
t o r m a g n e t s are p laced at t he co rne rs 
o f LEAR, w i t h quadrupo le d o u b l e t s in 
e i ther s i de , g iv ing long s t ra igh t sec­
t i ons o f 8 m b e t w e e n the d o u b l e t s . 
In jec t ion and e jec t ion o f a n t i p r o t o n s 
uses a c o m m o n s e p t u m m a g n e t . T h e 
a l l -meta l v a c u u m s y s t e m is d e s i g n e d 
w i t h a v i e w t o ach iev ing the s a m e 
h igh v a c u u m levels ach ieved in t he 
In te rsec t ing S to rage Rings (ISR) at 
CERN. ' A c c e l e r a t i o n ' is hand led by 
t w o fe r r i te cav i t ies . S tochas t i c c o o l ­
ing e q u i p m e n t has been ins ta l led t o 
ac t on t he c i rcu la t ing b e a m s . 

CERN's a n t i p r o t o n s are supp l ied 
b y t he A A at 3 .5 GeV. Th i s m e a n s 
t h a t t he a n t i p r o t o n s des t i ned f o r 
LEAR f i r s t have t o be dece le ra ted t o 
a b o u t 6 0 0 M e V in the PS. Th is has 
a l ready been success fu l l y d e m o n ­
s t r a t e d (see June issue , page 179) . 

Late in Ju l y , a f i r s t b e a m of 
5 0 M e V p r o t o n s in jec ted f r o m the 
l inac w a s s t o r e d in the LEAR r ing. 
T h e A n t i p r o t o n A c c u m u l a t o r is u n ­
d e r g o i n g a re f i t , s o no a n t i p r o t o n s 
w e r e avai lab le f o r t hese init ial t e s t s . 
LEAR shou ld s o o n have i ts f i rs t an t i ­
p r o t o n s . 

A w i d e range o f init ial e x p e r i m e n t s 
has a l ready been a p p r o v e d f o r f i xed 
t a r g e t o p e r a t i o n at LEAR (see Ap r i l 
1 9 8 1 issue , page 113) . For t hese in i ­
t ia l s t ud ies , t he dece le ra ted an t i p ro ­
t o n b e a m s w i l l be e x t r a c t e d . H o w ­
ever fu r the r o p t i o n s cou ld use c o -
ro ta t i ng a n t i p r o t o n and nega t i ve hy­
d r o g e n ion b e a m s , or co l l id ing an t i ­
p r o t o n and p r o t o n b e a m s . 
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Assembly of the new 12-m Cherenkov 
counter for the European Hybrid 
Spectrometer, designed and built mainly 
by the Junta de Energia Nuclear of Madrid. 

(Photo CERN 325.3.12) 

Spain rejoining CERN 
A t the CERN Counci l Sess ion in June 
t he de lega tes o f t he t w e l v e M e m b e r 
S ta tes v o t e d unan imous l y in f a v o u r 
o f t he reaccess ion o f Spa in t o the 
Organ iza t ion . A f t e r ra t i f i ca t ion o f t he 
CERN C o n v e n t i o n by the Span ish 
g o v e r n m e n t and d e p o s i t i o n o f t he 
' i n s t r u m e n t s o f a c c e s s i o n ' w i t h the 
D i rec to r General o f UNESCO, Spain 
w i l l b e c o m e CERN's t h i r t een th M e m ­
ber S ta te . 

Spain w a s p rev ious ly a m e m b e r o f 
CERN f r o m 1 9 6 1 t o 1 9 6 8 bu t w i t h ­
d r e w fo r f inancia l r easons and be ­
cause there w a s no t a s t r o n g e n o u g h 
base o f d o m e s t i c h igh ene rgy phy ­
s ics research t o a l l o w Span ish sc ien ­
t i s t s t o m a k e adequa te use o f t he 
fac i l i t ies at CERN. 

M o v e s t o w a r d s re -en t ry began 
abou t t w o years ago in the c o n t e x t o f 
Spa in ' s d e t e r m i n a t i o n t o increase 
t he nat ional e f fo r t in research and 

d e v e l o p m e n t ( n o w runn ing at a b o u t 
0 . 0 4 per cen t o f t he Gross Nat iona l 
P roduc t , w h i c h is cons ide rab ly be ­
l o w m o s t o the r European count r ies) 
and Spa in ' s w i s h fo r c loser in tegra ­
t i on in Europe. 

In t he p rev ious era o f Spa in ' s 
m e m b e r s h i p o f CERN a s t r o n g exper ­
imenta l phys i cs g roup w a s bui l t up at 
t he Jun ta de Energia Nuclear (JEN) in 
M a d r i d . Th i s g r o u p is n o w we l l 
e q u i p p e d w i t h bubb le c h a m b e r f i lm 
ana lys is e q u i p m e n t and is par t i c ipa t ­
ing in e x p e r i m e n t s at CERN and 
DESY (w i t h the M a r k J de tec to r ) . 
T h e g r o u p par t i c ipa tes in th ree co l la ­
bo ra t i ons us ing the European Hybr id 
S p e c t r o m e t e r at CERN, hav ing c o n ­
t r i b u t e d a large f o r w a r d Che renkov 
coun te r and is bu i ld ing a f o r w a r d and 
i n te rmed ia te had ron ca lo r imete r . 

A n o t h e r g r o u p o f ac t ive phys i c i s t s 
is at t he Un ive rs i t y o f Va lenc ia . T h e y 
w o r k e d f i rs t w i t h emu ls ions and t hen 
w i t h bubb le c h a m b e r s and are n o w 

i nvo l ved in t w o e x p e r i m e n t s us ing 
t he O m e g a s p e c t r o m e t e r at CERN. A 
th i rd g r o u p at t he Un ive rs i t y o f San -
tande r w o r k s in c lose co l l abo ra t i on 
w i t h Va lenc ia and has a lso been in ­
v o l v e d in e x p e r i m e n t s at Berke ley 
and Fermi lab . On t he theore t i ca l s ide 
an assoc ia t i on cal led Grupo Inter-
un i ve rs i t a r i d de Fisica Teor i ca (GIFT) 
w a s se t up in 1 9 6 8 and n o w invo l ves 
a b o u t 1 0 0 phys i c i s t s (about half o f 
t h e m w o r k i n g on h igh energy p h y ­
s ics p rob lems) in 14 un ivers i t ies . 
T h e p resen t t o t a l n u m b e r o f exper ­
imen ta l phys i c i s t s is a b o u t 4 0 . 

T h e a im is t o s t r eng then t he 
g r o u p s at M a d r i d and V a l e n c i a / S a n -
t ande r and t o c rea te a g r o u p at Bar­
ce lona . Other un ivers i t y pa r t i c ipan ts 
cou ld t hen be cen t red on t hese th ree 
s t r o n g g r o u p s . It is h o p e d tha t o v e r 
a b o u t a f ou r year pe r i od the e x p e n d i ­
tu re re la ted t o the nat iona l h igh ener­
gy phys i cs e f fo r t in Spain w i l l i n ­
c rease f r o m a round 6 mi l l ion S w i s s 
f r ancs per year t o abou t 16 mi l l ion 
wh i l e t he n u m b e r o f expe r imen ta l 
phys i c i s t s is d o u b l e d . 

T h e f inanc ia l con t r i bu t i on o f Spa in 
t o t he CERN b u d g e t w i l l r ise t o i ts fu l l 
a m o u n t o f 7 per cen t ove r a t r ans i ­
t i o n pe r iod unt i l 1 9 8 9 . 4 0 per cen t o f 
t he Span ish con t r i bu t i on w i l l be used 
t o reduce t he c o n t r i b u t i o n s o f o the r 
M e m b e r S t a t e s , wh i l e 6 0 per cen t 
w i l l f i nance e x p e r i m e n t s at LEP. 

It is a ve r y happy occas ion f o r t he 
h igh ene rgy phys i cs c o m m u n i t y t o 
w e l c o m e back our co l leagues f r o m 
Spa in t o CERN and t o see European 
co l l abo ra t i on in sc ience , o f w h i c h 
CERN is t he f i nes t e x a m p l e , fu r the r 
s t r e n g t h e n e d . 

Looking for 
vacuum refraction 
A c c o r d i n g t o c lass ica l e l e c t r o m a g ­
net ic t h e o r y , no th ing shou ld happen 
w h e n l ight passes t h r o u g h a m a g n e t ­
ic f ie ld in a v a c u u m . H o w e v e r th is is 
no longer t he case o n the q u a n t u m 
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Superconducting dipole which recently 
attained 7.6 tesla at CERN. A longer version 
could be used in experiments to look for 
quantum effects of magnetic fields on 
polarized light. 

(Photo CERN 448.5.82) 

sca le , w h e n p h o t o n - p h o t o n in terac­
t i o n s shou ld m a k e t he v a c u u m d o u ­
b ly re f rac t i ve (b i re f r ingent) . A l inearly 
po lar ized l ight b e a m e x p o s e d t o a 
magne t i c f ie ld t hus shou ld b e c o m e 
el l ipt ical ly po la r ized . 

H o w e v e r the e f fec t w o u l d be ex­
t r e m e l y sma l l , as the e f fec t i ve re f rac­
t i ve ind ices are on ly 1 0 " 2 1 d i f fe ren t 
f r o m un i ty . T o t r y t o d e t e c t t hese t i ny 
e f f ec t s due t o p h o t o n - p h o t o n inter­
ac t i ons requi res a long op t i ca l pa th in 
a h igh magne t i c f ie ld . 

T h e long op t i ca l pa th can be 
ach ieved by a s y s t e m o f m i r ro r s t o 
b o u n c e t he l ight back and f o r t h . 
T h e s e m i r ro rs have t o be o f e x t r e m e ­
ly h igh qua l i ty t o m in im ize pe r tu rba ­
t i o n s t o t he po lar ized l ight . T h e s y s ­
t e m d e v e l o p e d at CERN has d e m o n ­
s t r a ted tha t t he l inear po la r iza t ion o f 
a laser b e a m can be e f fec t i ve ly m a i n ­
ta ined dur ing mul t ip le re f lec t ions t o 
g ive an op t i ca l pa th leng th o f s o m e 
3 k m ! 

Evidence for a new upsilon state from the 
CUSB detector at the Cornell's CESR 
electron-positron ring. Left, single photons 
from radiative decays of an upsilon (3S) 
show an excess over the expected 
background. This is due to decays to a 
new (2P) upsilon state. Right, a scatter plot 
of the energies of the two photons released 
when 3S upsilons eventually decay into 
muon pairs. The data is grouped in two 
bands corresponding to 3S—2P—2S and 
3S—2P— 1S upsilon decays. 

CORNELL 
New physics results 
T h e exce l len t l um inos i t y n o w avai l ­
ab le at t he CESR e lec t r on -pos i t r on 
r ing ( f o l l ow ing ins ta l la t ion o f m in i -
be ta sec t i ons t o squeeze the co l l i d ­
ing beams) and the fea tu res o f t he 
t w o d e t e c t o r s have p r o d u c e d inter­
es t i ng n e w phys i cs resu l ts . In par t ic ­
ular, as r e p o r t e d br ie f ly in our 
J u l y / A u g u s t i ssue, t he d e t e c t o r s 
have seen t he ' o the r ' charge con ju ­
ga t i on ups i l ons . 

T h e ups i lon par t i c les , d i s cove red 
at Fermi lab in 1 9 7 7 , are u n d e r s t o o d 
as heavy (beauty) quark -an t iquark 
pa i rs . N o w a d a y s m o s t ups i lon 
searches are m a d e in e l ec t r on -pos i ­
t r o n ann ih i la t ion , bu t t he se lec t ion 
rules o f t hese reac t ions res t r ic t 
t h e quark -an t i qua rk con f i gu ra t i ons 
w h i c h can be p r o d u c e d d i rec t l y . O t h ­
er ups i l ons have t o be hun ted in the 
s u b s e q u e n t rad ia t ive decays o f t he 
paren t ups i l ons . A s imi lar s i tua t ion 
occu rs w i t h c h a r m o n i u m — c h a r m e d 
quark -an t i qua rk pairs (see M a r c h 
1 9 8 1 issue, page 6 8 ) . 

T h e s o d i u m iod ide and lead g lass 
coun te r s o f t he CUSB d e t e c t o r (Co­
lumbia / S t o n y B rook / Louis iana 
S ta te / MPI Munich) m a k e f o r g o o d 
p h o t o n reso lu t i on , and s o can m o n i ­
t o r c lose ly the p h o t o n s e m i t t e d in 
ups i lon d e c a y s . 

Prev ious ly , f ou r ups i lon s ta tes 

T o p r o d u c e the requ i red h igh m a g ­
net ic f i e lds , a s u p e r c o n d u c t i n g d i ­
po le m a g n e t has been d e v e l o p e d at 
CERN and has p r o d u c e d a cent ra l 
f ie ld o f 7 .6 tes la . N o w th is has been 
d e m o n s t r a t e d , w o r k can beg in o n 
the c o n s t r u c t i o n o f a s imi lar , bu t 
m u c h longer m a g n e t , f o r use in t he 
expe r imen t . 

T h e p r o t o t y p e d ipo le m a g n e t d e ­
v e l o p e d at CERN has a bo re o f 10 c m 
and overa l l l eng th 125 c m , and uses 
n iob ium- t i t an ium as c o n d u c t o r . T h e 
f i e l d , t h o u g h t t o be the h ighes t ever 
a t ta ined w i t h th is t y p e o f m a g n e t , 
w a s reached w i t h o u t any t ra in ing . 

The mirror system for the new experiment 
at CERN to measure the effects of a high 
magnetic field on the vacuum. By bouncing 
a laser beam back and forth between 
mirrors, perturbation-free optical paths of 
up to 3 km can be attained. 

(Photo CERN 314.6.80) 
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Representatives from six countries (Canada, 
France, Italy, the Netherlands, Norway and 
the United Kingdom) at a meeting at DESY 
to discuss international collaboration in the 
construction of the proposed HERA 
electron-proton collider. In the background 
on the left is a mock-up of the HERA tunnel. 

(Photo DESY) 

w e r e k n o w n — th ree n a r r o w reso ­
nances and a w i d e r f o u r t h s ta te 
w h i c h can decay in to beau ty m e ­
s o n s . A l l t hese s ta tes c o n s i s t o f a 
beau ty quark -an t iqua rk pair w i t h 
paral lel quark sp ins and no o rb i ta l a n ­
gular m o m e n t u m (S-ups i lons) . H o w ­
ever o the r quark -an t iqua rk s ta tes (P-
ups i lons) shou ld ex is t ca r ry ing one 
uni t o f o rb i ta l angular m o m e n t u m . 
T h e s e canno t be f o r m e d d i rec t l y in 
e l ec t r on -pos i t r on ann ih i la t ion , bu t 
shou ld s h o w up in t he rad ia t ive d e ­
cays o f S-ups i lons . F ind ing P-char-
m o n i u m w a s d i f f icu l t e n o u g h and the 
l o w e r p r o d u c t i o n ra tes and h igher 
had ron levels f o r t he heavier ups i lon 
s y s t e m d o n ' t m a k e t he hunt f o r P-
ups i l ons any easier. 

P-upsi lons have been seen at 
CUSB us ing t w o d i f fe ren t t e c h ­
n iques . A n ana lys is o f t h e ene rgy 
s p e c t r u m o f s ingle p h o t o n s f r o m 3 S 
ups i lon decays s h o w s a net excess 
ove r the p red i c ted b a c k g r o u n d , 
cen t red a round 9 8 M e V . Th i s s ignal 
is i n te rp re ted as be ing due t o ups i lon 
t rans i t i ons f r o m a 3 S t o a 2P c o n f i ­
gu ra t i on . T h e p h o t o n ene rgy g ives 
the 3 S - 2 P ups i lon m a s s d i f fe rence . 

T h e s e c o n d techn ique invo lves 
p ick ing up the t w o p h o t o n s f r o m an 
init ial ups i lon 3 S - 2 P t rans i t i on and 
subsequen t decay t o 2 S or 1S, and a 
f inal ups i lon decay in to t w o m u o n s . 
Th is m e a n s tha t f o r t hese e v e n t s all 
t he par t ic les in the decay chain are 
o b s e r v e d . T h e sca t te r p lo t o f the 
t w o p h o t o n energ ies s h o w s t w o d is ­
t i nc t b a n d s , c o r r e s p o n d i n g t o p h o ­
t o n s f r o m 3 S - 2 P - 2 S or 3 S - 2 P - 1 S de ­
cay cha ins . T h e sp read and pos i t i on 
o f t he 2P ups i lon is t he s a m e f r o m the 
t w o m e t h o d s . M e a n w h i l e the t w o -
p h o t o n ups i lon decays have a lso 
been seen by the CLEO (Cornel l / 
Harvard / I thaca / Roches te r / Rut­
gers / Sy racuse / Vanderb i l t ) g r o u p . 
Th is expe r imen t has in add i t i on ex­
p lo i ted the large so l id ang le and g o o d 
m o m e n t u m reso lu t ion o f the i r de tec ­

t o r t o l ook at c h a r m e d m e s o n p r o ­
d u c t i o n . T h e o r y says tha t s o m e 4 0 
per cen t o f the non - resonan t had ron 
p r o d u c t i o n in h igh energy e l e c t r o n -
p o s i t r o n annih i la t ion c o m e s f r o m 
c h a r m e d qua rks . A k n o w l e d g e o f 
h o w these quarks s u b s e q u e n t l y 
' f r a g m e n t ' in to c h a r m e d had rons is 
v i ta l t o fu r the r unde rs tand ing o f h igh 
ene rgy had ron p r o d u c t i o n . C h a r m e d 
m e s o n s c o m e in sp in zero (D) and 
sp in one var ie t ies (D*), and t h e CLEO 
g r o u p has measu red the p r o d u c t i o n 
o f cha rged D*s. W h e n c o m p l e ­
m e n t e d by data at o the r ene rg ies , 
th is w i l l p rov i de va luable i n f o r m a t i o n 
on t he f o r m a t i o n o f had rons f r o m 
c h a r m e d qua rks . 

DESY 
Turning on DORIS-II 
Dur ing t he six m o n t h s b e t w e e n N o ­
v e m b e r 1 9 8 1 and Ap r i l 1 9 8 2 , t he 
DORIS e lec t r on -pos i t r on s t o r a g e 
r ing w a s c o m p l e t e l y rebui l t (see N o ­
v e m b e r 1 9 8 1 issue, page 3 9 7 ) . 

Or ig inal ly DORIS w a s o p t i m i z e d f o r 
l o w ene rgy ope ra t i on at b e a m ener­
g ies b e l o w 2 .5 GeV. T o max im ize 
the space charge l im i ted l um inos i t y 
at such a smal l ene rgy , DORIS w a s 
bui l t as a t w o - r i n g mach ine w i t h 4 8 0 
bunches in each r ing and t w o inter­
sec t i on p o i n t s . A f t e r hav ing w o r k e d 
qu i te success fu l l y f o r a n u m b e r o f 

yea rs in th is m o d e , t he d i s c o v e r y o f 
t he ups i lon at Fermi lab t r i gge red t h e 
f i r s t rebu i ld ing o f DORIS in 1 9 7 8 : In 
o rde r t o reach t he requ i red energ ies 
o f up t o 2 x 5 .1 GeV fo r p r o d u c t i o n 
o f ups i lon and ups i lon p r ime pa r t i ­
c les , DORIS w a s c o n v e r t e d in to a 
s ing le r ing w i t h a ve r y m u c h b e e f e d -
up r.f. acce le ra t ion s y s t e m and on ly 
one p o s i t r o n and one e lec t ron 
b u n c h . Th i s m a d e it poss ib le f o r t h e 
f i rs t t i m e t o p r o d u c e and inves t iga te 
t he ups i lon resonance and i ts f i r s t 
exc i t ed leve l , t he ups i lon p r i m e , u n ­
der t he m u c h c leaner c o n d i t i o n s o f an 
e l e c t r o n - p o s i t r o n s t o r a g e r ing . 

But at t he ups i lon p r i m e , DORIS 
w a s at t he end o f i ts n e w range . 
M a g n e t s or ig ina l ly des igned f o r peak 
energ ies o f 3 .5 GeV sa tu ra ted s o 
bad ly , and the p o w e r c o n s u m p t i o n 
g o t s o large (c lose t o t ha t o f PETRA 
at 1 8 . 4 GeV) t ha t a dec is ion w a s 
m a d e in M a r c h 1 9 8 1 t o ' r e c y c l e ' 
DORIS. T h e ma in a ims w e r e : an e n ­
e rgy increase t o 2 x 5 .6 GeV (so as 
t o reach a lso t he h igher exc i t ed 
s ta tes o f t he ups i lon and p r o d u c e 
beau ty m e s o n s ) ; a l um inos i t y in ­
c rease by at least a f a c t o r o f 2 0 , 
m o s t l y t h r o u g h min i -be ta in te rac t ion 
reg ions , a be t te r in jec t ion s y s t e m , 
and a s m o o t h e r v a c u u m c h a m b e r t o 
increase ins tab i l i ty t h r e s h o l d s ; and a 
d ras t i c r educ t i on o f e lectr ica l p o w e r 
c o n s u m p t i o n . 

DORIS w a s t u rned o f f o n 2 N o v e m ­
ber last year . T h e tunne l w a s c o m -

CERN Courier, September 1982 2 7 5 



Posing around the last Fermilab Energy 
Saver dipole cryostat are prominent 
members of Fermilab's new Experimental 
Areas Department, with Department Head 
Ken Stanfield on the extreme left. 

(Photo Fermilab) 

ple te ly e m p t i e d and a n e w mach ine 
w a s bui l t and insta l led by m a k i n g use 
o f t he o ld par ts w h e r e v e r poss ib le . 
A f t e r six m o n t h s o f rebu i ld ing , m e a s ­
ur ing and instal l ing the DORIS m a g ­
ne ts , and cons t ruc t i ng a n e w v a ­
c u u m s y s t e m , n e w in jec t ion l ines, 
and n e w r.f. and con t ro l s y s t e m s , 
DORIS w a s s w i t c h e d on again on 
9 M a y . A f t e r f i ve hours o f d e b u g g i n g 
the b e a m w a s success fu l l y s t o r e d . 
First accumu la t i on w a s a c c o m ­
p l ished t w o hours later. 

Init ial l um inos i t y m e a s u r e m e n t s on 
1 A u g u s t gave a f igure o f a b o u t 4 x 
1 0 3 0 c m " 2 s " 1 , h igher t han tha t 
ach ieved w i t h the o ld DORIS. 

FERMILAB 
Successful spring run 
T h r o u g h the e f fo r t s o f eve ryone f r o m 
the US D e p a r t m e n t of Energy on 
d o w n , t he spr ing run at Fermi lab w a s 
e x t e n d e d f o r t w o w e e k s . T h e add i ­
t iona l runn ing w a s par t icu lar ly i m ­
po r tan t in v i e w of the e x t e n d e d shu t ­
d o w n tha t s ta r ted in June t o c o m ­
ple te the Energy Saver ins ta l la t ion . 
For th is reason the spr ing run had 
been c r o w d e d w i t h a s ign i f icant ef­
f o r t t o inc lude severa l w a v e s o f ex­
pe r imen ts . A s a resul t the add i t iona l 
w e e k s p r o d u c e d m u c h m o r e da ta -
t ak i ng t han w o u l d be ind ica ted on the 
bas is o f t i m e a lone. 

A c c e l e r a t o r pe r fo rmance w a s ex­
cel lent dur ing the spr ing run. A n e w 
in tens i ty reco rd o f 3 . 2 3 x 1 0 1 3 p r o ­
t o n s / p u l s e w a s set 3 0 M a y . Ext rac­
t i on losses w e r e rout ine ly a f a c t o r o f 
t w o l o w e r than a year ago . T h e s u ­

p e r c o n d u c t i n g left bend p e r f o r m e d 
s m o o t h l y t h r o u g h o u t t he f i ve and a 
half m o n t h pe r i od . 

T h e acce lera tor w a s f o r c e d t o n e w 
levels o f soph is t i ca t i on because o f 
t he d e m a n d s o f t he p r o g r a m m e . A t 
one po in t , a ' f r on t p o r c h ' gave 1 m i l ­
l i second , 2 5 0 GeV b e a m t o the neu­
t r i no e x p e r i m e n t s p reced ing the nor­
ma l o n e - s e c o n d f la t t o p in ter laced 
w i t h e leven min i and max i fas t p ings . 
T h e ' m a x i ' half o f t he p ings supp l ied 
m o r e fas t spi l ls t o the neut r ino exper ­
i m e n t s , wh i l e the ' m i n i ' p ings f e d t he 
had ron bubb le chamber exper i ­
m e n t s . 

In the last f e w w e e k s o f the spr ing 
run t w o ma jo r d i m u o n expe r imen ts 
w i t h n e w d e t e c t o r s g o t thei r f i rs t 
t a s te o f runn ing . T h e s e are E 6 1 5 
(Pr inceton / Ch icago / I o w a Sta te / 
Fermi lab) and E 6 0 5 (Columbia / S t o ­
ny B rook / W a s h i n g t o n / Fermi lab / 
Sac lay / CERN / KEK / K y o t o ) . T h e 
runn ing t i m e on E 6 2 3 , a mul t ipar t ic le 
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s p e c t r o m e t e r e x p e r i m e n t , d o u b l e d 
in the last severa l w e e k s . Th i s g r o u p 
inc ludes par t i c ipan ts f r o m A r i z o n a , 
Fermi lab , Flor ida S t a t e , No t re D a m e , 
T u f t s , Vande rb i l t and V i rg in ia Poly­
techn ic Ins t i tu te . S imi lar ly , E 4 0 0 , a 
n e w expe r imen t t o l ook f o r c h a r m e d 
p r o d u c t i o n by n e u t r o n s , began t o 
accumu la te da ta . Ins t i tu t ions w o r k ­
ing on t he expe r imen t inc lude I l l inois, 
C o l o r a d o , and Fermi lab . E 6 1 9 , a c o l ­
labora t i ve e f fo r t i nvo l v ing M i c h i g a n , 
M i n n e s o t a , Ru tgers , and W i s c o n s i n , 
m e a s u r e d the s i gma zero t o l ambda 
h y p e r o n t rans i t i on magne t i c m o ­
m e n t in t he last p o r t i o n o f t he sp r ing 
run . T h e s a m e appa ra tus w a s used 
earl ier in the runn ing pe r i od in the 
M e s o n Labo ra to r y . T o c o m p l e t e it in 
th is runn ing pe r iod and a d v a n c e the 
m e a s u r e m e n t by t w o yea rs or even 
m a k e the m e a s u r e m e n t poss ib le at 
a l l , it w a s necessary t o m o v e the 
e q u i p m e n t t o the P ro ton L a b o r a t o r y . 
Th i s t y p e o f m e a s u r e m e n t g i ves s i g -

Celebrations at SLAC after new performance 
records from the PEP electron-positron ring. 

(Photo Joe Faust) 

ni f icant ins igh ts in to c o n s t i t u e n t 
quark m a s s e s . 

A n o t h e r area w h e r e the add i t i ona l 
runn ing has been par t icu lar ly s ign i f i ­
can t is in t es t i ng e q u i p m e n t f o r t he 
Col l ider De tec to r Faci l i ty. Cons t ruc ­
t i on o f m u c h o f th is e q u i p m e n t m u s t 
be under w a y be fo re the nex t o p p o r ­
t un i t y f o r t e s t i n g . T h e Col l ider De tec ­
t o r Faci l i ty i nvo lves Ha rva rd , A r -
g o n n e , Berke ley , T s u k u b a , INFN (Ita­
ly), KEK, Fermi lab , T e x a s A & M , Chi ­
c a g o , Purdue, I l l inois, W i s c o n s i n , 
and Pisa. S imi lar ly , rad ia t ion d a m a g e 
s tud ies o n ben t c rys ta l s f o r an inter­
es t i ng n e w poss ib i l i t y f o r de f l ec t i ng 
cha rged par t ic le b e a m s w a s c o m ­
p le ted . Th i s e x p e r i m e n t , E 6 6 0 , in ­
v o l v e s A l b a n y , N e w M e x i c o , Fe rmi ­
lab, Chalk River, Dubna , and S t ras ­
b o u r g . 

STANFORD 
Vintage year for PEP 
T h e PEP e l ec t r on -pos i t r on r ing has 
s tead i l y i m p r o v e d s ince o p e r a t i o n s 
began in 1 9 8 0 , and an opera t i ona l 
pe r i od ear ly th is s u m m e r w e n t par­
t icu lar ly W Q I I . Part ic le co l l i s ions a t ­
t a i ned reco rd leve ls , w i t h l um inos i ­
t ies exceed ing 1 0 3 1 , and w i t h 
10 0 0 0 inverse nanoba rns be ing ac­
c u m u l a t e d in a m o n t h . 

Th i s has been ach ieved by lock ing 
o n t o ' g o l d e n o r b i t s ' , f o u n d by t r ia l 
and er ror t o g ive h igher luminos i t ies 
t han c o m p u t e r ca lcu la ted o n e s , even 
t h o u g h t hese o rb i t s l ook a bi t d i s ­
t o r t e d . Other i m p r o v e m e n t s have 
been m a d e by a l l ow ing t he o p e r a t o r s 
t o t une the mach ine by the seat o f 
the i r p a n t s , l ook ing f o r sub t le t un ing 
changes w h i c h pay l um inos i t y d i v i ­
d e n d s . 

A d d i t i o n a l m o t i v a t i o n c a m e f r o m 
gene rous o f fe rs o f w i n e f o r o p e r a ­
t o r s w h o cou ld ach ieve m o r e t han 
5 0 0 inverse nanoba rns in 2 4 hou rs , 
and f o r peak l um inos i t y r eco rds . 

Experiments for SLC 
Plans f o r t he p r o p o s e d n e w l inear 
e l e c t r o n - p o s i t r o n co l l ider (SLC) at 
S L A C con t i nue t o f o r g e ahead (see 
J a n u a r y / F e b r u a r y i ssue , page 8) . A l ­
t h o u g h the re is st i l l a lo t o f resea rch , 
d e v e l o p m e n t and c o n s t r u c t i o n w o r k 
st i l l t o be d o n e f o r th is revo lu t i ona ry 
n e w par t ic le co l l ider , le t te rs o f in ten t 
f o r p r o p o s e d e x p e r i m e n t s are n o w 
be ing i nv i t ed . 

SLC c o n s t r u c t i o n au thor i za t ion 
has been reques ted f o r t he 1 9 8 4 f i s ­
cal year , and a c o n s t r u c t i o n schedu le 
p r o p o s e d lead ing t o c o m p l e t i o n o f 
t he p ro jec t at t he end o f 1 9 8 6 . W h i l e 
t he re are st i l l m a n y ques t i ons t o be 
r e s o l v e d , the re is n o w suf f ic ient c o n ­
f i dence in t he p ro jec t t o e m b a r k o n 
se lec t ion o f e x p e r i m e n t s . Present 
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Right plan view of the ELSA project at 
Bonn. The stretcher ring will be placed in 
a tunnel (4 m below ground level). The 
2.5 GeV synchrotron will serve as injector. 
Two external electron beams (e-j and e2) 
pass through the hall of the 500 MeV 
synchrotron, which has to be shut down 
after more than 25 years of operation. 
Together with a tagging system T^ the low 
energy electron beam e 7 will be used for 
photon nuclear physics (PNP). The high 

energy beam e2 will be split: It will produce 
monoenergetic photons in T2 for a large 
acceptance dipole spectrometer (LAS) and 
will be used for electroproduction 
experiments (EP). The high energy photon 
beam (HEP) will be used for photoproduction 
experiments with polarized photons and 
targets and for Compton scattering 
experiments. A synchrotron radiation facility 
will also be installed. 

p lann ing a s s u m e s tha t s o m e 2 5 m i l ­
l ion do l la rs w i l l be avai lab le ove r f o u r 
yea rs f o r t he f i rs t e x p e r i m e n t s . 

T h e recent ly pub l i shed repo r t o f 
t h e Subpane l on L o n g Range Plan­
n ing f o r t he US High Energy Phys ics 
P r o g r a m m e o f t he High Energy Phy­
s ics A d v i s o r y Panel ( the 'T r i l l i ng Re­
p o r t ' ) has e n d o r s e d t he p ro jec t . 
H o w e v e r the f inal repo r t w a s carefu l 
t o under l ine the uncer ta in t ies in such 
a nove l s c h e m e , and p o i n t e d ou t a 
n u m b e r o f f a c t o r s w h i c h cou ld a f fec t 
t he l um inos i t y , f o r be t te r or f o r 
w o r s e . In v i e w o f t hese unce r ta in ­
t i es , t he repo r t r e c o m m e n d e d 
aga ins t ear ly dec i s ions o n n e w bu i l d ­
ings and tunne ls t o e x t e n d t he m a ­
ch ine ' s expe r imen ta l capab i l i t i es , 
and aga ins t ear ly au thor i za t ion o f a 
v e r y large scale d e t e c t o r p ro jec t . 

T h e SLC p ro jec t n o w env i saged 
invo l ves on ly a s ing le b e a m co l l i s ion 
p o i n t , and a ' p u s h - p u l l ' e xpe r imen ta l 
hall w i t h a cent ra l ly sh ie lded vau l t t o 
house an e x p e r i m e n t , and w i t h t w o 
large a s s e m b l y areas o n e i ther 
s ide . 

T o p r o p o s e on ly one SLC d e t e c t o r 
is cons ide red inadequate and r i sky . 
A l t h o u g h on ly a s ing le co l l i s ion area 
can be c o n s i d e r e d ini t ia l ly, a su i tab ly 
c o n s t r u c t e d expe r imen ta l hall us ing 
' p u s h - p u l l ' d e t e c t o r s cou ld a c c o m ­
m o d a t e t w o e x p e r i m e n t s as readi ly 
as a t w o co l l i s ion area d e s i g n , a l ­
t h o u g h w i t h s o m e sacr i f ice in t he 
s p e e d w i t h w h i c h e x p e r i m e n t s can 
be c h a n g e d . 

T h u s S L A C is n o w e m b a r k i n g o n a 
p r o g r a m m e leading t o a p p r o v a l o f 
t w o SLC e x p e r i m e n t s . One o f t hese 
is e x p e c t e d t o be a m o d e r a t e c o s t 
upg rade o f an ex is t ing d e t e c t o r f r o m 
t h e PEP e l e c t r o n - p o s i t r o n r ing . T h e 
s e c o n d e x p e r i m e n t is seen as be ing 
e i ther a rap id spec ia l sea rch , or t he 
usefu l co re o f a b ig d e t e c t o r t ha t can 
be subsequen t l y u p g r a d e d , o r an up ­
g rade o f a s e c o n d ex is t ing PEP d e ­
t e c t o r . 

Early phys i cs o u t p u t f r o m the SLC 
is c o n s i d e r e d t o be o f g rea t i m p o r ­
t a n c e , and the f i rs t d e t e c t o r shou ld 
have a l ready d e m o n s t r a t e d i ts c a p a ­
bi l i t ies. High b a c k g r o u n d c o u n t s 
cou ld p r o v i d e p r o b l e m s in the init ial 
runs and shou ld be an t i c i pa ted . 

BONN 
ELSA project 
T h e Phys ika l i sches Ins t i tu t o f t he 
Un ive rs i t y o f Bonn began e lemen ta ry 
par t ic le phys i cs w i t h the c o m p l e t i o n 
in 1 9 5 8 o f a 5 0 0 M e V e lec t ron 
s y n c h r o t r o n , t he f i rs t in Europe w i t h 
a s t r o n g f o c u s s i n g m a g n e t s y s t e m . 
Near ly 10 years later, in 1 9 6 7 , a lar­
ger mach ine o f 2 .5 GeV c a m e in to 
o p e r a t i o n . B o t h mach ines have a re­
pe t i t i on ra te o f 5 0 Hz and a d u t y 
cyc le o f a b o u t 5 per cen t . T h e y have 
c o n t r i b u t e d cons ide rab ly t o our 
k n o w l e d g e o f p h o t o - and e l e c t r o p r o ­
d u c t i o n in t he resonance reg ion . 

H o w e v e r m a n y i m p o r t a n t p r o b ­
lems in t ha t area remain u n s o l v e d 
and severa l n e w ques t i ons have 
c o m e up in recent years . A f t e r 12 
years o f expe r imen t s w i t h t he 
2 . 5 GeV s y n c h r o t r o n , a ma jo r u p ­
g rade is needed t o con t inue t h e in ­
v e s t i g a t i o n s in the f i e ld . A n i m ­
p r o v e d d u t y cyc le is necessary f o r 
n e w h igh p rec is ion co inc idence ex­
p e r i m e n t s as we l l as f o r a h igh i n ten ­
s i t y ' t a g g e d ' p h o t o n b e a m . In a d d i ­

t i o n , a s l igh t ly inc reased energy 
range w i l l c o v e r t he resonance re­
g ion m o r e c o m p l e t e l y and a l l ow the 
i nves t i ga t i on o f exc i t ed v e c t o r 
m e s o n s t a t e s . Such a p ro jec t is 
ELSA (shor t f o r ELec t ron S t re tcher 
A c c e l e r a t o r ) , n o w under c o n s t r u c ­
t i o n at B o n n . 

E lec t ron bunches f r o m the ex is t ing 
2 . 5 GeV s y n c h r o t r o n w i l l be in jec ted 
in to ELSA eve ry 2 0 m s and 
s t r e t c h e d un i f o rm ly in t i m e . Th i s 
s c h e m e a l l o w s f o r a near ly 1 0 0 per 
cen t d u t y cyc le up t o the h ighes t 
e jec t ion energy o f t he s y n c h r o t r o n o f 
2 . 3 GeV. In th is s t re tcher m o d e 
ELSA w i l l run w i t h a c o n s t a n t m a g ­
net ic f i e ld . 

T o reach energ ies b e y o n d 
2 . 3 G e V , ELSA m u s t be o p e r a t e d as 
an acce le ra to r . T h e e lec t rons w i l l be 
in jec ted at 1.8 GeV and acce le ra ted 
t o a m a x i m u m energy o f 3 .5 GeV in 
a b o u t 1 5 0 m s . T h e n t he e lec t rons 
w i l l be s t o r e d as in t he s t re tcher 
m o d e (for t i m e s b e t w e e n 5 0 and 
5 0 0 ms) and pee led o f f f o r t he exper ­
i m e n t s . 

T h e Bonn Ins t i tu te has bui l t t w o 
s y n c h r o t r o n s s o far , and s t u d e n t s 
have m a d e i m p o r t a n t c o n t r i b u t i o n s 
in the des ign and c o n s t r u c t i o n . Th i s 
f ru i t fu l t r ad i t i on w i l l be con t i nued 
w i t h ELSA. A c o n s t r u c t i o n t i m e o f 
th ree yea rs s e e m s t o be real ist ic . 

W i t h ELSA the p resen t research 
w i l l be e x t e n d e d t o mu l t ipar t i c le f inal 
s t a tes . T h e s t u d y o f t hese reac t ions 

ELSA p a r a m e t e r s 

c i r cumfe rence 1 6 4 . 4 m 
leng th o f one cell 1 0 . 3 m 
d ipo le bend ing radius 1 0 . 8 4 m 
b e n d o f a d ipo le 15 deg rees 
m a x . magne t i c f ie ld 1.1 T 
ene rgy loss per revo lu t i on at 3 .5 G e V 1.22 M e V 
n u m b e r o f cav i t ies 2 
r.f. f r e q u e n c y 4 9 9 . 6 7 MHz 
c i rcu la t ion f r equency 1.82 MHz 
ins ta l led r.f. p o w e r 2 5 0 K W 
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in p h o t o p r o d u c t i o n requ i res a t a g g e d 
p h o t o n b e a m t o d e t e r m i n e t he init ial 
s ta te k inemat ica l l y . Such a t a g g i n g 
s y s t e m can on ly handle l im i ted i n ten ­
s i t ies and the c o r r e s p o n d i n g loss o f 
coun t i ng ra tes has t o be c o m p e n ­
sa ted fo r . T h e r e f o r e a v e r y g o o d 
d u t y cyc le and a d e t e c t o r s y s t e m 
w i t h large so l id ang le c o v e r a g e (also 
under cons t ruc t i on ) are essent ia l in 
o rde r t o ach ieve mean ing fu l even t 
y ie lds . 

It is a lso i n tended t o s t o r e and 
acce lera te po lar ized e lec t rons in 
ELSA. A n e w sou rce f o r po lar ized 
par t ic les has been bui l t and w i l l be 
insta l led at t he 2 . 5 G e V s y n c h r o ­
t r o n . 

SYMPOSIUM 
Multiparticle 82 
T h e th i r t een th s y m p o s i u m in t he suc­
cess fu l ser ies on mu l t ipa r t i c le d y ­
namics w a s held f r o m 6 — 11 J u n e in 
t he p i c tu resque N o r t h Ho l land v i l lage 
o f V o l e n d a m . W h i l e or ig ina l ly c o n ­
f i ned t o h a d r o n - h a d r o n i n te rac t i ons , 
mu l t ipar t i c le d y n a m i c s is n o w o f in ­
t e res t in all t y p e s o f par t ic le co l l i s ion . 
Resul ts on p r o t o n - a n t i p r o t o n co l l i ­
s i ons at CERN, b o t h in t he SPS and 
t he ISR, are a ta l k ing po in t w h e r e v e r 
par t ic le phys i c i s t s m e e t , and V o l e n ­
d a m w a s no e x c e p t i o n (see page 
2 6 8 ) . A l s o p r o m i n e n t at V o l e n d a m 
w e r e u l t rare la t iv is t ic e f f ec t s in nu ­

c leus-nuc leus co l l i s ions (this g r o u n d 
had p rev ious l y been c o v e r e d at t he 
Bie lefe ld mee t i ng — see J u l y / A u g u s t 
i ssue , page 2 2 3 ) . H o w e v e r t he ma in 
a im o f th is yea r ' s mee t i ng w a s t o 
r e v i e w t h e c o m m o n fea tu res o f ha-
d r o n s p r o d u c e d in d i f fe ren t t y p e s o f 
co l l i s ion ( l ep ton - l ep ton , l ep ton -ha -
d r o n and hadron -hadron ) . 

S t r i k ing s imi lar i t ies in t he behav ­
iour o f had ron p r o d u c t i o n in all t h e s e 
co l l i s ions (' jet un iversa l i ty ' ) are seen 
f o r h a d r o n je t energ ies in t he range 
1 0 — 15 GeV. T h e rate o f increase o f 
m e a n t r ansve rse m o m e n t u m w i t h 
p r o d u c e d had ron energy near 10 
GeV appears t o be fas te r f o r e lec­
t r o n - p o s i t r o n annih i la t ion and fo r ­
w a r d l ep ton -had ron sca t te r i ng t han 
f o r had ron -had ron and b a c k w a r d 
l e p t o n - h a d r o n sca t te r i ng . Th i s m a y 
be due t o the e f fec ts o f d i qua rks 
a n d / o r because o f t he inc reased 
c o m p l e x i t y o f had ron -had ron in ter­
ac t i ons . A large a m o u n t o f da ta has 
n o w been co l l ec ted on je t un iversa l i ­
t y , bu t m o r e k n o w l e d g e on s t r a n g e ­
ness f l o w is requ i red , and t he genera l 
search f o r s y s t e m a t i c d i f f e rences 
shou ld be c o n t i n u e d . 

Q u a r k - p a r t o n m o d e l s , us ing re­
su l ts f r o m hard cons t i t uen t sca t te r ­
i ng , d o indeed exp la in so f t h a d r o n -
h a d r o n co l l i s ions . T h e s e m o d e l s are 
n o w b e c o m i n g ve ry re f ined . N o w in a 
su i tab ly m o d e r n d i sgu ise , Regge 
po les have recent ly m a d e a rev i va l , 
th is t i m e as a p r o p e r t y o f had ron c o n ­

s t i t uen ts ra ther t han o f had rons 
t h e m s e l v e s . 

W h i l e all o b s e r v a t i o n s appear t o 
be c o n s i s t e n t w i t h q u a n t u m c h r o m o -
d y n a m i c s , it is d i f f icu l t t o p r o v e or 
d i s p r o v e t ha t th i s is t he co r rec t t h e ­
o r y o f s t r o n g in te rac t ions . 

Equal ly i m p o r t a n t as the m a n y re­
su l ts p r e s e n t e d in s o m e t i m e s heav i ly 
l oaded sess ions w e r e the o p p o r t u n i ­
t ies f o r d i scuss ions and persona l 
c o n t a c t s . 

A c o n s e n s u s v i e w w a s tha t t h e 
in te res t ove r t he nex t f e w years w i l l 
t u rn t o h a d r o n - h a d r o n co l l i s ions at 
t he h ighes t avai lable energ ies , and t o 
t he spec ia l par t ic le p r o d u c t i o n p r o ­
per t ies o f k a o n b e a m s . In te res t ing 
resu l ts are e x p e c t e d at nex t y e a r ' s 
c o n f e r e n c e , m o s t l ikely t o be held at 
t h e Dav is c a m p u s o f t he Un ive rs i t y o f 
Cal i forn ia . 

(We are grateful to Wolfram Kittel 
for providing us with the material for 
this report.) 
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The Gustaf Werner Institute 
Magnetic field measurements under way 
at the rebuilt 200 MeV synchro-cyclotron 
of the Gustaf Werner Institute at Uppsala 
in Sweden. The performance of the machine 
is being greatly improved to support a 
programme of research in nuclear physics 
and many other disciplines. 

(Photo GWI) 

A r o u n d t he CERN M e m b e r S ta tes 
the re are m a n y research c e n t r e s , 
p r e d o m i n a n t l y based in t he un ive rs i ­
t i e s , w h i c h are p lay ing an i m p o r t a n t 
ro le in the i r na t iona l educa t iona l and 
research p r o g r a m m e s . T h e y benef i t 
f r o m i n v o l v e m e n t in t he f ron t i e r 
sc ience and t e c h n o l o g y w h i c h is e n ­
c o u n t e r e d in Labora to r i es such as 
CERN and th is s t imu lus he lps t o sus ­
ta in the i r in te l lectual and techn ica l 
s t a n d a r d s . T h e b r o a d in te r face w i t h 
the i r nat iona l s y s t e m s ach ieves a 
c ross- fe r t i l i za t ion o f d i f fe ren t d i sc i ­
p l ines and sp reads the exce l lence 
w h i c h c o m e s f r o m the i r na t iona l p r o ­
g r a m m e s and w h i c h is fu r the r nour ­
i shed by i n v o l v e m e n t w i t h t he in ter­
na t iona l Labo ra to r i es . 

Th i s m o n t h w e p resen t t he Gus ta f 
W e r n e r Ins t i tu te in S w e d e n as an 
e x a m p l e o f a nat iona l cen t re w h i c h 
has d e v e l o p e d a f ine nuclear phys i cs 
research p r o g r a m m e in i ts o w n r ight 
and has ex tens i ve i n v o l v e m e n t in t he 
h igh energy phys i cs research at 
CERN. M a n y o f t he t echn iques 
learned in t hese t w o areas are he lp ­
ing research and prac t ica l app l i ca ­
t i o n s in o the r f ie lds o f sc ience at t he 
Ins t i tu te . 

T h e Gusta f W e r n e r Ins t i tu te is s i t ­
ua ted cent ra l ly on the c a m p u s o f t he 
o l des t Un ive rs i t y in Scand inav ia at 
Uppsa la in S w e d e n . The re are chai rs 
in h igh energy phys i cs and phys ica l 
b i o l o g y and research g r o u p s in p h y ­
s i cs , c h e m i s t r y , b i o l ogy and m e d i ­
c ine . Ioniz ing rad ia t i on , i ts p r o d u c ­
t i o n and use are t he c o m m o n re­
search in te res ts . 

In the 1 9 4 0 s , T h e S v e d b e r g 
( a w a r d e d the 1 9 2 6 Nobe l Prize f o r 
his w o r k in co l lo ida l chemis t r y ) b e ­
c a m e in te res ted in t he e f f ec t s o f rad i ­
a t i on o n p ro te ins and o the r m a c r o -
mo lecu les . A i d e d f inanc ia l ly by Gus­
ta f W e r n e r , o w n e r o f a S w e d i s h t e x ­
t i le c o m p a n y , he in i t ia ted t he p lan ­
n ing o f a n e w acce le ra to r . Th i s c a m e 
at t he t i m e w h e n t he pr inc ip le o f 

phase s tab i l i t y w a s i n v e n t e d , m a k i n g 
it poss ib le t o acce lera te par t ic les 
b e y o n d 10 M e V w h i c h w a s the p rac­
t ica l l imi t o f o ld c y c l o t r o n s . It w a s 
t he re fo re dec i ded t o bui ld a s y n c h r o ­
c y c l o t r o n w i t h the h ighest poss ib le 
energy w i t h i n the avai lable f u n d s . 

T h e f i r s t b e a m of 185 M e V p r o ­
t o n s w a s o b t a i n e d in 1 9 5 1 and f o r a 
wh i l e Uppsa la had the h ighes t pa r t i ­
cle energ ies in W e s t e r n Europe (sur­
pass ing IKO in the Nether lands and 
Harwe l l in t he UK w h i c h had 5 0 and 
1 7 0 M e V respec t i ve ly ) . W i t h th i s ex ­
per ience beh ind t h e m , Uppsa la ac­
ce le ra to r phys i c i s t s pa r t i c ipa ted in 
the c o n s t r u c t i o n o f t he CERN s y n ­
c h r o - c y c l o t r o n w i t h the m a g n e t as 
the i r ma in respons ib i l i t y . 

A m o n g t h e sc ient i f ic h igh l igh ts in 
t he h i s to ry o f t he Ins t i tu te w a s t h e 
f i rs t d i rec t o b s e r v a t i o n in 1 9 5 6 o f 
p r o t o n ene rgy shel ls in nuc le i . T h e s e 
w e r e f o u n d in deta i led m e a s u r e ­
m e n t s o f (p ,2p) reac t ions f r o m l ight 

nuc le i . In 1 9 5 7 rad ia t ion su rge ry and 
cancer t h e r a p y us ing 1 8 5 M e V p r o ­
t o n s w e r e i n t r o d u c e d . P ro tons o f 
th i s ene rgy have a range o f 2 4 c m in 
t i ssue and are t he re fo re we l l su i ted 
f o r med ica l app l i ca t i ons . For e x a m ­
p le , rad ia t ion su rge ry w a s s u c c e s s ­
fu l ly m a d e o n 3 0 pa t ien ts su f fe r ing 
f r o m Pa rk inson ' s d isease and o the r 
bra in d i so rde rs . In the ear ly 7 0 s it 
w a s f o u n d t h a t p ions w e r e p r o d u c e d 
in p ro ton -nuc l eus co l l i s ions leading 
t o d i sc re te nuclear s ta tes . S ince t hen 
th i s t y p e o f nuclear reac t ion has been 
s t u d i e d in m a n y labora to r ies . 

T h e acce le ra to r w a s shu t d o w n in 
1 9 7 7 f o r a c o m p l e t e r e c o n s t r u c t i o n . 
T h e f l a t -po le g e o m e t r y has been 
c h a n g e d t o a th ree sec to r spi ra l r idge 
g e o m e t r y t o m a k e poss ib le a radial ly 
inc reas ing magne t i c f ie ld wh i l e m a i n ­
ta in ing axial f o c u s s i n g . W i t h th is n e w 
f ie ld c o n f i g u r a t i o n , p r o t o n s s ta r t i ng 
at a f r e q u e n c y o f 2 5 MHz reach a f inal 
k ine t ic ene rgy o f 2 0 0 M e V at a f r e -
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quency o f 2 3 MHz. T h e earl ier f re ­
q u e n c y range ( 3 3 - 2 6 M H z , supp l i ed 
by a ro ta t i ng condenso r ) resu l ted in 
an ex t r ac ted b e a m o f 1 8 5 M e V . T h e 
n e w acce le ra to r w i l l have e lec t ron i ­
cal ly t u n e d b r o a d - b a n d ampl i f i e rs fo r 
t he acce le ra t ion o f p r o t o n s . Other 
heavier par t ic les can be acce le ra ted 
in the c y c l o t r o n - m o d e w i t h c o n s t a n t 
f r equency . In tens i t ies o f b e t w e e n 10 
and 1 0 0 $iA w i l l be o b t a i n e d d e p e n d ­
ing on the par t ic le acce le ra ted and 
the c h o s e n energy . T h e n e w p roper ­
t ies are far super io r t o t h o s e o f the 
o ld mach ine w h i c h gave on ly p r o t o n s 
o f a f i xed energy and e x t r a c t e d b e a m 
in tens i t ies a t h o u s a n d t i m e s smal ler . 

T h e acce le ra to r w a s , t o a large 
ex ten t , bui l t by t he s ta f f o f t he Ins t i ­
t u t e . The re w a s c o n s u l t a n c y help 
f r o m CERN, par t icu lar ly f o r t he de ­
s ign o f t he rad io f requency s y s t e m 
and f o r t he ex t rac t i on channe l , as 
we l l as help w i t h the c o m p o n e n t s fo r 
t he m a g n e t s y s t e m f r o m the local 

i ndus t r y Scand i t ron ix . A s s e m b l y o f 
ma jo r c o m p o n e n t s and de ta i led 
magne t i c f ie ld m e a s u r e m e n t s are 
n o w in p rog ress . 

Final g o v e r n m e n t au thor iza t ion f o r 
the expe r imen ta l areas w a s g iven at 
the end o f 1 9 8 1 . One large hall f o r 
phys i cs and a smal ler one f o r b i o m e ­
dical p ro jec t s w i l l be c o n s t r u c t e d . 
T h e t o ta l area is abou t 1 8 0 0 m 2 . T h e 
halls w i l l be loca ted 7 m b e l o w t h e 
g r o u n d and w i l l receive b e a m s f r o m 
the acce le ra to r hall 5 m fu r the r 
d o w n . 

The re is a cons iderab le in te res t in 
us ing t he acce lera tor . Le t te rs o f i n ­
t e n t have been rece ived f o r 2 7 p h y ­
s ics p ro jec t s and 7 0 p ro jec t s in 
c h e m i s t r y , b io logy and med ic i ne . 
T h e s e lat ter p ro jec ts d e m a n d m u c h 
less t i m e and space than the phys i cs 
p r o j e c t s , bu t never the less a separa te 
expe r imen ta l area is f o reseen f o r t he 
n o n - p h y s i c s sc iences . 

M a n y o f the expe r imen t s in in ter-

One of the scintillation counter arrays 
prepared at the Institute for installation in 
the high energy muon beam at CERN. Each 
of the 144 scintillators has a 2 cm? 
cross-section facing the beam. 

(Photo CERN - 149.12.81) 

med ia te ene rgy phys i cs w i l l use a 
large 1 3 5 ° s p e c t r o m e t e r m a g n e t , 
e q u i p p e d w i t h pos i t i on sens i t i ve d e ­
t e c t o r s . D e t e c t o r s f o r p h o t o n s and 
neu t rons are a lso be ing d e v e l o p e d . 
T h e rad io the rapy and rad iosu rge ry 
p r o g r a m m e is be ing p repared in c o l ­
l abo ra t ion w i t h phys ic ians f r o m U p p ­
sala and S t o c k h o l m and phys i c i s t s 
f r o m ITEP in M o s c o w (where t h e y 
have exper ience in t a p p i n g 2 0 0 M e V 
p r o t o n s f r o m a s y n c h r o t r o n and use 
s imi lar spec ia l b e a m t r a n s p o r t and 
s te reo tac t i c i ns t rumen ts ) . 

In add i t i on t o the research us ing 
t he on -s i t e acce le ra to r , there is an 
ex tens i ve research p r o g r a m m e us ­
ing acce le ra to rs and reac to rs e lse­
w h e r e . Examp les f r o m the p resen t 
p ro jec t s g ive an idea o f t he research 
pro f i le o f t he Ins t i tu te . 

The re are t w o i m p o r t a n t p ro jec t s 
i nvo lv ing e l ec t r on -pos i t r on co l l i ­
s i ons . For severa l yea rs , phys i c i s t s 
f r o m Uppsa la have pa r t i c ipa ted in 
the d e v e l o p m e n t o f Ring Imag ing 
C h e r e n k o v (RICH) coun te r s (see 
M a r c h i ssue , page 4 9 ) . T h e s e n e w 
c o u n t e r s are used f o r par t ic le i den t i ­
f i ca t i on and are be ing p r o p o s e d f o r 
severa l h igh energy e x p e r i m e n t s . 

T h e o the r e l ec t r on -pos i t r on p r o ­
j ec t p resen t l y in p r o g r e s s i nvo l ves 
p o s i t r o n s o f ve r y l o w energ ies . It 
m a k e s use o f t he annih i la t ion reac­
t i on t o t w o g a m m a s us ing a p o s i t r o n 
camera . Th i s research is a j o in t u n ­
de r tak ing b e t w e e n the Ins t i t u te ' s 
nuclear c h e m i s t s , t he Ins t i tu te o f 
Chem is t r y and t he Un ive rs i t y h o s p i ­
ta l . T h e Ins t i tu te is here i nvo l ved in 
the p r o d u c t i o n o f nuc l ides , the i r s e p ­
ara t ion and f i xa t i on in o rgan ic m o l e ­
cu les . 

Phys ic is ts f r o m the Ins t i tu te pa r t i ­
c ipa te w i t h i n the European M u o n 
Co l labora t ion at CERN in the s t u d y o f 
quark and g luon p rope r t i es by i r ra­
d ia t ing nuclei w i t h m u o n s . By s t u d y ­
ing t he e f fec t s o f nuclear ma t t e r on 
the i r p r o p a g a t i o n it is h o p e d t o learn 
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The scanning technique to measure 
concentrations of lead in bone. The use of 
this technique is described in the text. 

m o r e abou t t hese f u n d a m e n t a l pa r t i ­
c les . For t hese s tud ies it is necessa ry 
t o d e t e c t m u o n s sca t t e red at smal l 
ang les w h i c h rema in in t he b e a m re­
g i o n . A t r igger s y s t e m us ing t he in ­
f o r m a t i o n f r o m 4 5 0 sc in t i l l a to rs 
p laced in f ou r d i f fe ren t p lanes be fo re 
and fou r p lanes af ter t he t a rge t w i l l 
be u s e d . Th is i n f o rma t i on w i l l be p r o ­
c e s s e d in 5 0 ns t o p ick ou t any d i f fer ­
ence f r o m a s t ra igh t b e a m t r ack . T h e 
t r i gger s y s t e m is a p i lo t s c h e m e f o r 
t he Fas tbus p ro jec t (see M a r c h i ssue , 
page 54 ) . 

In an ex tens i ve ser ies o f expe r i ­
m e n t s st i l l in p r o g r e s s at CERN and at 
S IN , Ins t i tu te phys i c i s t s pa r t i c ipa te in 
t h e de ta i led s t u d y o f m u o n - i n d u c e d 
f i s s i o n . Severa l f i r s t o b s e r v a t i o n s 
have been m a d e o n p h e n o m e n a re­
la ted t o t he m e c h a n i s m tha t p r o ­
duces f i ss ion and t he fa te o f t h e 
m u o n s su rv i v ing t he f i ss ion p r o ­
cess . 

In t h e o r y , in te res t ing resu l ts w e r e 
recen t l y o b t a i n e d in t he s t u d y o f sp in 
e f f ec t s in i n te rmed ia te ene rgy p r o t o n 
sca t te r i ng f r o m nucle i . 

Us ing t he in tense l o w ene rgy an t i ­
p r o t o n b e a m s w h i c h w i l l be avai lab le 
f r o m LEAR at CERN, a CERN/Greno -
b l e / S a c l a y / S w i e r k / U p p s a l a co l l abo ­
ra t ion w i l l s t u d y h o w heavy h y p e r n u -
clei are f o r m e d and h o w t h e y decay 
by f i s s i on . T h e l ambda par t ic le o f t he 
hypernuc leus is p r o d u c e d in k a o n 
nuclear in te rac t ions a f ter s t o p p i n g 
a n t i p r o t o n s in a heavy nuc leus . T h e 
k a o n s are a m o n g the f inal p r o d u c t s 
o f t he annih i la t ion p r o c e s s b e t w e e n 
a n t i p r o t o n s and nuc leons in t he tar ­
ge t nuc leus. 

(It is w o r t h in ter jec t ing in t he m i d s t 
o f our accoun t o f t he sc ient i f i c w o r k 
o f t he Ins t i tu te t ha t pa r t i c ipa t ion in 
research at CERN d o e s have pa r t i cu ­
lar c o m p l i c a t i o n s f o r t he m o r e re­
m o t e un ivers i t ies such as Uppsa la . 
T h e p r o b l e m s o f c o m m u n i c a t i o n are 
s t i l l , phys ica l ly and f inanc ia l ly , d i f f i ­
cu l t . Even such m u n d a n e m a t t e r s as 

the c o s t o f t rave l and t r a n s p o r t can 
have an inh ib i t ing e f fec t on the pa r t i ­
c ipa t i on o f research cen t res a long 
d i s tance a w a y . T h e de te rm ina t i on o f 
t he Gusta f W e r n e r Ins t i tu te t o bene ­
f i t f r o m the research fac i l i t ies at 
CERN has all t he m o r e mean ing be ­
cause o f t h e s e di f f icul t ies.) 

In the cel l research l abo ra to ry in 
Uppsa la in f i l t ra t ion o f d i f fe rent c y t o ­
s ta t i c s u b s t a n c e s in t u m o u r cel ls is 
s t u d i e d . T h e t u m o u r is s imu la ted by 
a cu l t i va t ion o f cell agg rega tes , and 
c y t o s t a t i c s and o ther t u m o u r - a f f e c t ­
ing c o m p o u n d s label led w i t h a rad io ­
nucl ide are g i ven t o the m e d i u m sur­
round ing t he s imu la ted t u m o u r . By 
m e a n s o f au to rad iog raphy , i n f o r m a ­
t i on on the pene t ra t i on o f t he va r ious 
s u b s t a n c e s in to the t u m o u r is o b ­
t a i ned . 

S tud ies are m a d e also o n h o w the 
f u n d a m e n t a l bu i ld ing b l o c k s o f l iv ing 
m a t t e r , espec ia l ly t he D N A mo lecu le , 
r e s p o n d w h e n e x p o s e d t o ion iz ing 
rad ia t ion . T o o m u c h d a m a g e t o t he 
D N A can lead t o cell dea th and it is 
i m p o r t a n t t o learn w h e n th is o c c u r s . 
Th is k n o w l e d g e is o f i m p o r t a n c e f o r 
unde rs tand ing the cause o f cancer 
and f o r op t im iz i ng i ts t r e a t m e n t . 

N e w w a y s t o use s l o w neu t rons in 
cancer research are d e v e l o p e d in c o l ­
l abora t ion w i t h the Inst i tu t Laue-Lan-
g e v i n , G renob le , and the Un ive rs i t y 
o f B r e m e n . A d v a n t a g e is t a k e n o f t he 
f ac t t ha t b o r o n - 1 0 has a ve r y h igh 
c r o s s - s e c t i o n f o r neu t ron cap tu re 

lead ing t o d i s in teg ra t ion o f t he c o m ­
p o u n d nuc leus in to t w o heav i ly ioniz­
ing f r a g m e n t s . T h e s e f r a g m e n t s are 
used t o t race t he l oca t i on o f b o r o n -
t a g g e d m a c r o m o l e c u l e s in t i ssue 
s p e c i m e n s by m e a n s o f so l i d -s ta te 
d e t e c t o r s . B o r o n - l o a d e d mo lecu les 
f o u n d t o accumu la te in t u m o u r t i ssue 
m a y then be used in c o m b i n a t i o n 
w i t h s l o w neu t rons as t o o l s f o r se ­
lec t ive ki l l ing o f ma l ignan t cel ls . 

A n e w m e t h o d t o t race heavy m e ­
ta ls in t he b o d y based o n t he PIXE 
(part ic le i nduced X - ray emiss ion) 
t echn ique has been d e v e l o p e d . Hea­
v y me ta l s in t he e n v i r o n m e n t are as ­
s im i la ted by m a n t h r o u g h f o o d , w a t ­
er and air. T h e y are d i s t r i bu ted t o the 
v iscera l o r g a n s w h e r e severe d a ­
m a g e m a y resul t . Lead d o e s n o t , 
h o w e v e r , rema in in the so f t t i ssues 
bu t accumu la tes in the b o n e . For d e ­
t e r m i n a t i o n o f t he lead c o n c e n t r a ­
t i o n , a u t o p s y s p e c i m e n s o f f e m u r 
w e r e co l l ec ted f r o m w o r k e r s w h o s e 
e x p o s u r e t o me ta l s had resu l ted in 
cl in ical lead p o i s o n i n g . T h e i n c o r p o ­
ra t ion o f lead in c o m p a c t bone f o l ­
l o w s the bu i ld ing b l o c k s cal led hav­
ers ian s y s t e m s or o s t e o n s , t he d ia ­
m e t e r o f w h i c h is a p p r o x i m a t e l y 2 0 0 
m i c r o n s . 

For t he a s s e s s m e n t o f t he lead d i s ­
t r i bu t i on w i t h i n ind iv idual o s t e o n s , a 
6 M e V p r o t o n b e a m , 5 m i c r o n s in 
d i ame te r , w a s used t o p r o d u c e X -
rays . F r o m ana lys is o f t hese X - ray 
spec t ra it has been f o u n d tha t lead 
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People and things 

accumu la tes c lose t o t he vascu lar 
canal w h i c h can be c lear ly d i s t i n ­
gu ished f r o m the su r round ing b o n e 
t i ssue f o r m e d as r ings . The re the 
lead c o n c e n t r a t i o n w a s f o u n d t o be 
185 ng per g , t en t i m e s g rea te r t han 
t he level in a m a n f ree f r o m o c c u p a ­
t iona l e x p o s u r e . 

W i t h the i m m i n e n t res ta r t o f the 
i m p r o v e d s y n c h r o - c y c l o t r o n and the 
i n v o l v e m e n t in s o m e o f t he m o s t 
l ively p ro jec t s at CERN, t he Gusta f 
W e r n e r Ins t i tu te s e e m s w e l l p laced 
t o con t i nue t o p lay an i m p o r t a n t role 
in nat iona l and in te rna t iona l re­
sea rch . 

Joan Bjorken puts the finishing touches to 
the upper tiers of the cake for the recent 
15th anniversary party at Fermilab. 

(Photo Fermilab) 

On people 

Former CERN Director General Sir 
John Adams was recently 
elected an Honorary Member of 
the European Nuclear Society. 

On 22 July, CERN Director General 
Herwig Schopper was awarded 
the degree of doctor honoris causa 
of Friedrich Alexander University, 
Erlangen-Nurnberg. Professor 
Schopper worked at Erlangen from 
1953-7. 

At a ceremony on 4 June, Erwin 
Gabathuler and Mats Lemne were 
made Doctors Honoris Causa at 
Uppsala University, Sweden. 

Currently research director at 
CERN, Erwin Gabathuler was pre­
viously Leader of CERN's Exper­
imental Physics Division. He played 

Mats Lemne (right) and Erwin Gabathuler 
were recently made Doctors Honoris Causa 
at the University of Uppsala, Sweden. The 
gun seen here was fired in salute during 
the ceremony. 

(Photo Uppsala) 

an important role in the formation 
and development of the European 
Muon Collaboration, one of the 
largest experiments currently under 
way at CERN. This study has 
proved to be a fine example of 
how fruitful international scientific 
collaboration can be. The award 
came in recognition of his scientific 
work and his interest in supporting 
university departments in CERN 
Member States. 

Mats Lemne, county governor 
of Sweden's Sodermanland dis­
trict, has played a major part in 
the administration of scientific re­
search in Sweden. After serving 
as chairman of Sweden's National 
Atomic Research Council, in 1977 
he became chairman of the Natural 
Science Research Council. He has 
also contributed significantly to 
many other Swedish scientific pro­
jects. He has served as Swedish 
delegate to the CERN Council and 
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During his recent visit to CERN, the Pope 
was greeted, in Polish, by theorist Jacques 
Prentki. Born in France, the former Leader 
of CERN's Theory Division was raised and 
educated in Poland. 

(Photo CERN 175.6.82) 

was chairman of the Finance Com­
mittee from 1973— 76. In award­
ing the doctorate, the Uppsala 
faculty expressed its appreciation 
for these important contributions 
to the furthering of research. 

H. Guyford Stever has been elected 
President of Universities Research 
Association, which operates Fer­
milab under a contract with the 
US Department of Energy. 

Jacques Prentki has left his posi­
tion as Leader of CERN's Theory 
Division after a six year mandate, 
and is succeeded by Maurice Ja­
cob. One of the first scientists to 
work at CERN, Professor Prentki 
has become one of the prominent 
figures in the Laboratory, where 
his leadership and warm personal­
ity are highly appreciated. He is 
also Professor at the College de 
France. 

As mentioned briefly in our 
July/August issue, Nicholas 
P. Samios has been named Director 
of Brookhaven National Laboratory. 
Associated with Brookhaven since 
1959, he had served as Acting 
Director following the resignation 
of George H. Vineyard at the end 
of last year. Together with Brook­
haven Senior Chemist Ray Davis, 
well known to physicists for his 
work on solar neutrinos, Samios 
has recently been elected to the 
US National Academy of Sciences. 

The seventieth birthday of Eugenii 
Lvovitch Fein berg was marked 
recently by a special seminar at 
the Lebedev Physical Institute in 
Moscow. 

Professor Fein berg is well known 
for his pioneering theoretical work 
on inelastic diffraction, the peri-

Eugenii Feinberg 

pheral model for particle produc­
tion, applications of thermodynam-
ical ideas to inelastic processes, 
the notion of formation length in 
hadronic interactions, etc. In addi­
tion to this work in particle phy­
sics, he has also made important 
contributions in radio wave propa­
gation and in neutron physics. He 
has been very influential in high 
energy physics and cosmic ray 
studies in the USSR. 

His wide range of interests is 
amply demonstrated by his newly-
published book 'Cybernetics, logic 
and art'. His great intellect, togeth­
er with an attractive personality 
and humanistic approach, has won 
him many worldwide friends. 

Professor Feinberg joined the 
Department of Theoretical Physics 
at the Lebedev Institute in 1935 
and has remained there ever since. 
He is a corresponding member of 
the USSR Academy of Science. 
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Addressing his fellow Nobel Laureates at 
the traditional Nobel meeting in Lindau, 
West Germany, is Alfred Kastler, who won 
the Physics Prize in 1966. 

(Photo Kemmer) 

been appointed Project Director 
for the proposed SLAC Linear Col­
lider (SLC). 

CERN elections and nominations 

At the CERN Council session in 
June, J. Andersson of Sweden 
was elected Chairman of CERN's 
Finance Committee, succeeding 
K.O. Nielsen of Denmark. Nomi­
nated members of the Scientific 
Policy Committee were J. D. Dow-
ell of Birmingham, UK, C. Jarlskog 
of Bergen, Norway, and G. Morpur-
go of Genoa, Italy. Within CERN, 
G. Drouet has been appointed 
Leader of Site and Buildings Divi­
sion for a period of three years 
from 1 January 1983, to succeed 
H. Laporte, who will take over full-
time direction of civil engineering 
work for LEP. 

Reorganization at Fermilab 

With the recent conclusion of 400 
GeV running in the Main Ring, Fer­
milab s traditional Meson, Neutrino 

and Proton Departments have been 
combined into a single Experimen­
tal Areas Department, headed by 
Ken Stanfield, operating as part of 
the Research Division under Peter 
Koehler. In this way the skills and 
resources of the three experimental 
areas are pooled in readiness for 
the new era of TeV (1000 GeV) 
physics (photo page 276). 

Reorganization at SLAC 

Burt Richter now holds the new 
position of Technical Director of 
SLAC as well as Associate Director 
of Technical Division, now includ­
ing the former PEP Division. Greg 
Loew is Deputy Director of this 
extended Technical Division. Joe 
Ballam remains Associate Director 
of Research Division, which now 
includes Experimental Facilities 
Department, transferred from 
Technical Division. John Rees has 

CERN 
Preparing 
for LEP experiments 
Earlier th i s year , t he f i rs t ses ­
s i ons o f t he n e w LEP Exper i ­
m e n t s C o m m i t t e e w e r e held t o 
p repare t he w a y f o r t he se lec­
t i o n o f e x p e r i m e n t s f o r CERN's 
n e w e l e c t r o n - p o s i t r o n r ing . 
W h i l e Phase I o f t he LEP p ro jec t 
f o r e s e e s f ou r b e a m in te rsec t ion 
a reas , seven expe r imen ta l 
g r o u p s ini t ial ly ind ica ted the i r in ­
t e res t . F r o m t h e s e , an o p t i m a l 
cho ice o f e x p e r i m e n t s has t o 
ca te r f o r b o t h as b r o a d a range 
o f phys i cs ob jec t i ves and as 
w i d e a user base as poss ib le . 
T h e se lec t ion p r o c e s s invo lves 
con t inua l f e e d b a c k so tha t t he 
init ial p r o p o s a l s can be a d a p t e d 
t o sa t i s fy add i t iona l phys i cs re­
q u i r e m e n t s and t o min imize 
ove r l ap o f i n te res ts , and the c o l ­
l abo ra t i ons can be e x t e n d e d s o 
t ha t as m a n y phys i c i s t s as p o s ­
s ib le w i l l have a chance of j o i n ­
ing an ac t i ve LEP expe r imen t . 
A n init ial se lec t ion o f f ou r exper ­
i m e n t s has been m a d e . Th is i n ­
c ludes t w o genera l p u r p o s e d e ­
t e c t o r s , one (ALEPH) c o n s i d e r e d 
t o be based on a d v a n c e d t e c h ­
n o l o g y , and the o the r (OPAL) 
us ing m o r e conven t i ona l t e c h ­
n iques . T h e m o r e spec ia l ized d e ­
t e c t o r s are DELPHI and S a m 
T i n g ' s p r o p o s a l , as ye t n a m e ­
less. M o d i f i c a t i o n s are be ing 
s u g g e s t e d f o r t hese last t w o . 
M o r e deta i ls s o o n . 
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To celebrate ten years of the four-ring CERN Participants at the recent Workshop on 
Booster — a four-tier cake and wine of 
appropriate vintage. 

(Photo CERN 126.6.82) 

Accelerator Orbits and Particle Tracking 
Programs, held at Brookhaven. 

(Photo Brookhaven) 

Ten years of boosting 

The tenth anniversary of Booster 
operations at CERN was celebrated 
on 7 June. Giorgio Brianti, who 
had led the construction team, 
paid tribute to the machine's con­
tributions to the CERN physics 
programme and to accelerator 
science (such as the analysis of 
instabilities by the late Frank Sa-
cherer). He also thanked outgoing 
Booster Group Leader Helmut 
Reich, associated with the machine 
from its beginnings in 1966, and 
the Booster staff for having ad­
apted the machine to new require­
ments for the SPS and the Anti­
proton Accumulator, more than 
doubling the design intensity en 
route. 

Orbits at Brookhaven  

A 'Workshop on Accelerator 
Orbits and Particle Tracking Pro­
grams' took place at Brookhaven 
National Laboratory from 3 — 6 
May. The workshop was attended 
by about 50 people, with represen­
tatives from the major high energy 
physics laboratories in Europe and 
the US 

The status of particle tracking 
programs was reviewed, and the 
participants had the opportunity 
of comparing the characteristics 

of each program, as well as the 
applications relevant to various 
kinds of beam dynamics. The need 
was recognized for aiming at 
standardized and modular input-
output structures, and for improved 
communications amongst the users 
and writers. 

The beam dynamics process 
over a relatively small number of 
revolutions is rather well under­
stood, and several programs were 
presented which satisfactorily des­
cribe the short term situations. 
The long term behaviour, typically 
of the order of millions of revolu­
tions, under the effect of random 
noise, periodic modulations and 
magnetic non-linearities, is less 
understood, and stimulated lively 
discussions both from the theore­
tical and computational points of 
view. The workshop ended with 
reports on the sources of magnetic 
imperfections in superconducting 
magnets, on the origin of noise in 
storage rings, and with discussions 
on the available experimental re­
sults. The need was recognized 
for collecting more experimental 
evidence on the effect of magnetic 
imperfections on the storage ring 
performance. With the present 
generations of superconducting 
storage rings, this topic has great 
practical relevance, since it impacts 
on the design and tolerances of 
the magnets. 

Conferences and meetings 

The 12th International Conference 
on High Energy Accelerators will 
be held at Fermilab from 11-16 
August 1983. The programme will 
include sessions on colliding beam 
straight sections and on detectors. 
More information from F. R. Huson, 
Fermilab, PO Box 500, Batavia, 
Illinois 60510, USA. 

A Workshop on Drell-Yan pro­
cesses is being held at Fermilab 
from 7-8 October this year. Em­
phasis will be given to recent de­
velopments in theory and experi­
ments on the production of mas­
sive lepton pairs. Those interested 
in participating should contact Ris-
to Orava, Fermilab, PO Box 500, 
Batavia, Illinois 60510, USA. 

A Workshop on SPS Fixed Target 
Physics for the years 1984—89 
will be held at CERN from 6 - 10 
December. More details next 
month, or in the meantime from 
I. Mannelli at CERN. 
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University of Bergen, Norway 
CHAIR OF PHYSICS 

(Electronics and Instrumentation) 

Applications are invited for a 
professorship in electronics 
and instrumentation at the 
Department of Physics. Du­
ties include the responsibility 
of building up a new educa­
tional program - primarily 
leading to the degree of Mas­
ter of Science - in electronics 
and instrumentation with em­
phasis on detectors, data 
acquisition and data trans­
mission. 

The Department of Physics 
has presently a scientific staff 
of 38. Experimental research 
groups are working in the 
fields of acoustics, atomic 
physics, cosmic physics, ele­

mentary particle physics, 
laser physics and nuclear 
physics. The new educational 
program will be established 
in close cooperation with 
these groups as well as with 
external institutions. A major 
part of the research activities 
at the department is based 
on cooperation with groups 
in Europe, USA and Canada. 
For further details call 
05-212040 ext. 2760. 
The present salary is NOK 
192 589 (approx. USD 
30 500) per year. A more 
detailed description of the 
rights and duties is available 
at the address below. 

Three sets of applications, addressed to H. M. The King, with 
curriculum vitae and bibliography, should be sent to: 

The Faculty of Science 
University of Bergen 
N - 5000 Bergen, Norway 

by October 15,1982. 

INDIANA UNIVERSITY 
CYCLOTRON FACILITY 

W o r l d ' s L a r g e s t M u l t i p a r t i c l e 
I s o c h r o n o u s C y c l o t r o n 

ENGINEERS 
IUCF has been in operation since 1975 and is now expanding. 
New projects include a Dual Spectrometer and a Beam 
Cooling Storage Ring. Opportunities exist in the following 
areas: 

Pulsed power supplies, deflection coils, RF systems, electron 
guns, digital electronics, power distribution. 

BSME 
Magnet design, vendor supervision, magnet assembly and 
testing, ultra high vacuum, cryogenics, probe design. 

Also: some engineering support for present three-stage 
accelerator (cyclotron) will be required. 

Send detailed resume to 
John W. Hicks 
IUCF 
Milo Sampson Lane 
Bloomington, IN 47405 
or call 812-335-2945 

Indiana University is an Affirmative 
Action/Equal Opportunity Employer. 
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CRYOGENIC & VACUUM 
TECHNOLOGY 

MANUFACTURERS OF SPECIAL UHV SYSTEMS 
STANDARD and SPECIAL UHV COMPONENTS 

PRODUCTS INCLUDE: 

Viton sealed gate 
valves 

Sample transfer 
mechanisms 

XYZ precision 
manipulators 

All metal through 
valves 

See our stand at 
Britain at CERN 
5-8th. October 

A T O M - SURFACE SCATTERING S Y S T E M 
Photograph by k ind permiss ion of Dr R. F. Wi l l i s , Cavendish Laboratory , Cambr idge 

C.V.T. ENGINEERING LTD 
4 Carters Lane, Kiln Farm, Milton Keynes, MK11 3ER, U.K. 
Telephone: Milton Keynes (0908) 563 267 Telex: 826140 

CVT 
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30 YEARS SUCCESS 
in anticipating and meeting the 
experimental and routine 
requirements of scientists 
worldwide is the proud record 
of the Nuclear Enterprises 
Scintillator Group. 
Unsurpassed Scintillator "know 
how" combined with excellent 
research and production 
facilities enables the Company 
to offer a range of plastic and 
liquid scintillators unrivalled 
in efficiency, size, transparency 
and speed. This includes world-
renowned Plastic Scintillators 
NE102A, NE110 and Pilot U; 
an extensive selection of 
unloaded and loaded liquid 
scintillators and particle 
detectors; and a comprehensive 
range of inorganic crystal 
scintillators and demountable 
assemblies. 
Full details on request. 

NUCLEAR 
ENTERPRISES 
LIMITED. 
Sighthill, Edinburgh EH11 4BY. Scotland. 
Tel: 031-443 4060 
Cables: Nuclear Edinburgh Telex: 72333. 
Associate Companies: 
N.E. Nuclear Enterprises, Geneva. 
Nuclear Enterprises GmbH, Munich. 
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NEW TECHNOLOGY 
REDUCES PRICES 33% 
ON STREAK CAMERAS 

Now industrial and universi ty laborator ies 
can af ford H a m a m a t s u cameras for t ime 
resolved spec t roscopy and other fast 
kinet ics research . 

New manufacturing technology and increased produc­
tion volume has permitted a 33% price reduction on 
fast and slow Temporaldisperser® Streak Cameras. 
These are the same precise, dependable cameras 
that have been consistently chosen over the competi­
tion in comparative performance tests. 

Each Hamamatsu streak camera features a streak 
tube with a built-in microchannel plate for weak signal 

amplification of greater than 3 X 103. Since no external 
image intensifier is needed, the camera is depend­
able, compact and easy to use. Precise shot-to-shot 
reproducibility is better than 95%. 

Your industrial or university R&D laboratory now can 
afford a streak camera, or an entire system, for fast 
kinetics research. With the entire Temporaldisperser® 
System, you'll be able to see results as they happen 
in the 3 dimensions of intensity vs. time vs. position. 

For immediate information about these versatile 
and affordable streak cameras and systems, call for a 
demonstration in our Fast Kinetics Applications Lab­
oratory. Or write for our new brochure and price lists. 

C A L L O R W R I T E F O R N E W B R O C H U R E 

H A M A M A T S U CORPORATION • 420 SOUTH A V E N U E • M IDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 

CERN Courier, September 1982 2 9 3 

















C A M A C / N I M 
SEN PRESENTS THE NEW MODULAR 

MOTOR D R I V E R S Y S T E M 
• AUTOMATIC P O S I T I O N I N G O F 4 STEPPER M O T O R S 

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

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

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

• COMPATIBLE W I T H 3 T Y P E S O F P O S I T I O N 

E N C O D E R S . 

• BUILT I N JJ PROCESSOR. 

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

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

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

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

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

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

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

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

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

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

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

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

EXTERNAL -
I N T E R R U P T S 

HANDSET 

H S 2 8 7 

A DC MOTORS 
or 
4 STEPPER MOTORS 

France: ORTEC SARI; 7, rue des Solets; Tel. (1) 6872571 -Tlx 202553F, F-94 RUNGIS - G e r m a n y : SEN ELEKTRONIK 
GMBH; Brandstucken 1 1 ; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS DIGITAL SYSTEM; Radspielstrasse 8 
Tel. 089 91 67 10 - 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 AG; Austrasse 4 ; Tel. (01) 9455103 
Tlx 58257ch - CH-8604 VOLKETSWIL - Un i ted K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328.66744 - GB - KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 
Headquar ters : 
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 
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