




Fifty years ago — nuclear physics 
at Cambridge 

By W . E. Burcham 

This year marks the fiftieth 
anniversary of the discovery 
of the neutron by Sir James 
Chad wick at the Cavendish 
Laboratory, Cambridge. To 
commemorate this milestone 
in physics history, an inter
national conference is being 
held in Cambridge from 13— 
17 September. Fifty years 

ago, the Cavendish also saw 
the first nuclear transforma
tions using artificially accel
erated particles, and was 
soon to provide confirmation 
of the discovery of the posi
tron. In 1932, the Cavendish 
Laboratory under the guiding 
hand of Rutherford was a 
world focus for research and 
with these discoveries saw 
the birth of modern particle 
physics. 

W. E. Burcham is Emeritus 
Professor of Physics in the 
University of Birmingham. He 
began his research career at 
the Cavendish in 1934, where 
he collaborated in some of 
the last experiments with the 
original Cockcroft-Walton 
apparatus. 

On 16 June 1 8 7 4 , W i l l i a m C a v e n 
d i sh , Duke o f Devonsh i re and Chan
cel lor o f the Un ivers i t y o f C a m b r i d g e , 
un l ocked the d o o r o f a n e w l abo ra to 
ry f o r the teach ing o f expe r imen ta l 
phys i cs and handed the key t o t he 
V ice-Chance l lo r . T h e bu i ld ing had 
been pa id f o r by the Chancel lor h i m 
sel f and the name f inal ly a d o p t e d f o r 
the l abo ra to ry c o m m e m o r a t e d n o t 
on l y th is bene fac t i on bu t a lso t he 
w o r k o f the Chance l lo r ' s d i s t i n 
gu ished ances to r Henry Cavend i sh 
o n the inverse square l a w o f t he 
e lect r ic f o r c e and on the g rav i ta t iona l 
c o n s t a n t . 

Near ly s i x t y years later, at the be 
g inn ing o f t he 1 9 3 0 s , the Cavend ish 
Labo ra to r y had ach ieved a d is t inc 
t i on in phys i cs t ha t p laced it a m o n g 
the great labora to r ies o f Europe and 
tha t a t t r ac ted v i s i to rs and w o r k e r s 
f r o m all o v e r t he w o r l d . The f i rs t Pro
f e s s o r o f Exper imenta l Phys ics , in 
due cou rse re -named Cavend ish Pro
f e s s o r , w a s Clerk M a x w e l l ( 1 8 7 1 ) 
and he w a s f o l l o w e d by Rayleigh 
( 1 8 7 9 ) , and T h o m s o n ( 1 8 8 4 ) . Each 

The old Cavendish Laboratory, Free School 
Lane, Cambridge. 

(Photo Cavendish Laboratory) 

o f t hese m e n c o n t r i b u t e d f u n d a m e n 
ta l ly t o phys ica l sc ience and each 
nur tu red t he g r o w i n g research e f fo r t 
o f t he l abo ra to r y , bu t it w a s the ap 
p o i n t m e n t o f Ru the r fo rd ( 1 9 1 9 ) and 
the gen ius o f t ha t g rea t m a n tha t car
r ied t he Cavend ish in to t he n e w 
sc ience o f nuc lear phys i cs and ma in 
ta ined i ts leadersh ip in t he sub jec t f o r 
the g rea te r par t o f the per iod be 
t w e e n the t w o W o r l d W a r s . 

T h e f i rs t t en years or so o f Ruther-
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The historic group photograph taken at the 
Cavendish Laboratory, Cambridge, in 1932. 
Back row, left to right, N. S. Alexander, 
P. Wright, A. G. Hill, J. L. Pawsey, 
G. Occhialini, H. Miller. Third row, W. E. 
Duncanson, E. C. Childs, T. G. P. Tarrant, 
J. McDougall, R. C. Evans, E. S. Shire, 
E. L. C. White, F. H. Nicholl, R. M. Chaudhri, 
B. V. Bowden, W. B. Lewis. Second row, 
P. C. Ho. C. B. Mohr, H. S. W. Massey, 
M. L. Oliphant, E. T. S. Walton, C. E. 
Wynn-Williams, J. K. Roberts, N. Feather, 
Miss Davies, Miss Sparshott, J. P. Gott. 

Front row, J. A. Ratcliffe, P. Kapitza, J. 
Chadwick, R. Ladenberg, Prof. Sir J. J. 
Thomson, Prof. Lord Rutherford, Prof. 
C.T.R. Wilson, F. W. Aston, C. D. Ellis, 
P.M.S. Blacken, J. D. Cockcroft. At the 
time, the group already included four Nobel 
prizewinners (Thomson, Rutherford, Wilson, 
Aston), seated together in the middle of 
the front row. Subsequent Nobel laureates 
are Walton, Kapitza, Chadwick, Blacken 
and Cockcroft. 

(Photo Cavendish Laboratory) 

f o r d ' s tenure w e r e a pe r iod o f c o n 
so l i da t i on . He had d i s in teg ra ted the 
n i t rogen nucleus by a lpha par t ic le 
b o m b a r d m e n t in M a n c h e s t e r in 
1 9 1 9 and w h e n he m o v e d t o C a m 
br idge he b rough t C h a d w i c k w i t h 
h im t o help exp lo i t th is d i s c o v e r y as 
we l l as t o con t inue w o r k in c lass ica l 
rad ioac t i v i t y . It w a s the t a s k o f m o s t 
o f t he Cavend ish research s t u d e n t s , 
s o m e t i m e s reg is te red f o r the n e w l y -
es tab l i shed PhD deg ree , t o c o n t r i 
bu te t o th is genera l a t t ack o n the p r o 
b l em o f t he s t ruc tu re o f t he nuc leus . 
By 1 9 3 2 the s ta f f and research s t u 
d e n t s in the Cavend ish n u m b e r e d 
a b o u t 5 0 ; the f a m o u s annual p h o t o 
g raph o f the year s h o w s m a n y 
w h o s e n a m e s have an honourab le 
p lace in the h is to ry o f phys i cs and 
no t exc lus ive ly in nuclear p h y s i c s , 
because there w a s a s t r o n g g r o u p 
w o r k i n g on rad io and the i o n o s 
phere , and Kapi tza w i t h t he help o f 
C o c k c r o f t w a s deve lop ing h igh m a g 

net ic f ie lds and h y d r o g e n and he l ium 
l iquef iers. M o s t o f the s ta f f w e r e at 
the t i m e par t i c ipa t ing in the under 
g radua te teach ing w o r k o f the labo
ra to ry or o f t he Col leges o f t he Un i 
ve rs i t y and f e w had un in te r rup ted 
t i m e f o r research . T h e l abo ra to ry i t
sel f w a s f i nanced pr imar i ly by t he 
Un ive rs i t y and a l though no t lav ishly 
e q u i p p e d , p r o v i d e d the basic requ i 
r e m e n t s f o r the research p r o 
g r a m m e . 

For tuna te ly in the nuclear phys i cs 
o f the t i m e , m a n y o f the e x p e r i m e n t s 
w e r e o f a p ioneer nature and cou ld 
be a p p r o a c h e d in a s imp le and d i rec t 
w a y w i t h o u t t o o m u c h conce rn f o r 
c o m p e t i t i o n f r o m e l sewhere . Per
haps th is gave rise t o the pers is ten t 
t rad i t i on tha t the Cavend ish a l w a y s 
used the ' s t r i ng and seal ing w a x ' 
m e t h o d . O f ten o f course it d i d , bu t 
on ly w h e n such techn iques w e r e a d 
equate f o r the p r o b l e m in h a n d , as 
t h e y w e r e in the w o r k leading t o the 

d i s c o v e r y o f t he neu t ron . The nu
clear t echn iques used in the Caven
d ish in the years immed ia te l y p reced 
ing 1 9 3 2 de r i ved d i rec t ly f r o m Ru
t h e r f o r d ' s c lass ical w o r k in rad ioac
t i v i t y . Heavy cha rged par t ic les w e r e 
f o r m a n y years d e t e c t e d indiv idual ly 
main ly by sc in t i l la t ions o f a zinc su l 
ph ide sc reen and be ta and g a m m a 
rad ia t ion by t he go ld- lea f e lec t ro 
s c o p e or the p h o t o g r a p h i c p la te . En
e rgy m e a s u r e m e n t s w e r e m a d e by 
the a b s o r p t i o n m e t h o d . Cur ious ly 
e n o u g h , desp i te Ru the r fo rd ' s ear ly 
use w i t h Geiger o f the p ropo r t i ona l 
coun te r , ne i ther th is t y p e o f d e t e c t o r 
nor t he po in t (Geiger-Mul ler) coun te r 
w a s used m u c h in reac t ion s tud ies . 
On the o the r hand the c loud c h a m 
ber , b r o u g h t in to ope ra t i on by W i l 
s o n in 1 9 1 1 , w a s used ex tens ive ly 
and def in i t i ve ly t o g ive v isual conf i r 
m a t i o n o f par t ic le behav iour and in 
par t icu lar t o s t u d y the k inemat i cs o f 
ind iv idual p r o c e s s e s . 
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Sir James Chadwick (1891-1974), 
discoverer of the neutron in 1932. 

By 1 9 3 2 h o w e v e r , techn ica l deve l 
o p m e n t s w e r e t ak ing p lace. T h e 
sc in t i l la t ion d e t e c t o r w a s be ing re
p laced f o r s ingle par t ic le d e t e c t i o n 
by t he ion izat ion c h a m b e r w i t h a m 
pl i f ier and e lec t romechan ica l reg is ter 
o r osc i l l og raph reco rd ing . A n d s o o n 
t hese reco rde rs w e r e s u p p l e m e n t e d 
by t he f i rs t ve rs ions o f t he sca le-o f -
t w o coun te r i nven ted by W y n n - W i l -
l iams and i m p r o v e d by L e w i s . None 
o f t he nuclear phys ic i s t s at t ha t t i m e 
had a c a t h o d e ray osc i l l oscope and 
the poss ib i l i t y o f e lec t ron ic pu lse-
he igh t analys is m u s t have s e e m e d 
r e m o t e , imp robab le and pe rhaps in 
d e e d unnecessary . Magne t i c ana ly
s is o f cou rse w a s qu i te ano the r m a t 
te r , s ince it had been m u c h used in 
be ta par t ic le w o r k f r o m t he ear ly 
d a y s o f rad ioac t i v i t y and it s t o o d 
on ly in need o f re f i nemen t and o f 
app l i ca t ion t o heavy par t ic le s p e c t r a . 
Fo l l ow ing the w o r k o f Br iggs in C a m 
br idge and o f Rosenb lum in Par is, 
Ru ther fo rd ins is ted o n h igh reso lu 
t i o n magne t i c analys is o f a lpha pa r t i 
cle g r o u p s and C o c k c r o f t d e s i g n e d a 
l o w c o s t annular m a g n e t o f exce l len t 
p e r f o r m a n c e f o r t he p u r p o s e . Th i s 
w a s a large i ns t rumen t by t he s t a n 
da rds o f t he l abo ra to ry at t he t i m e 
bu t i ts d iamete r w a s on ly 0 . 8 m and 
f o r i ts m a x i m u m f ie ld o f 1 . 8 t e s l a a 
p o w e r o f on ly 2 . 2 k W w a s requ i red . 
A fu r the r d e v e l o p m e n t o f c o n s i d e r a 

ble i m p o r t a n c e w a s the app l i ca t ion 
o f Geiger coun te r con t ro l t o t he c l oud 
c h a m b e r b y B lacket t and Occhia l in i . 

T h e ach ievemen ts o f t he yea rs 
1 9 1 9 - 3 2 w e r e subs tan t ia l and 
w o r t h w h i l e bu t no t d rama t i c . W h a t 
m i g h t be d i s c o v e r e d w a s pe rhaps 
c learer t o Ruther fo rd t han t o a n y o n e 
else and the bes t k n o w n o f his p re 
d i c t i ons occu rs in his Baker ian lec
tu re t o the Royal Soc ie t y in 1 9 2 0 . He 
the re expl ic i t ly pos tu l a t ed t he ex is t 
ence o f a t i gh t l y b o u n d h y d r o g e n 
nuc leus and e lec t ron f o r m i n g a neu 
t ra l s y s t e m w h i c h ' w o u l d be able t o 

m o v e f ree ly t h r o u g h m a t t e r ' . S ta f f 
and s t u d e n t s w e r e encou raged t o 
look f o r th i s ob jec t in w a y s w h o s e 
d i ve rs i t y , and lack o f success , recall 
t he quark searches o f t o d a y . But 
such unf ru i t fu l ac t iv i t ies d id 
no t h inder t he genera l d e v e l o p m e n t 
o f nuclear s p e c t r o s c o p y and the 
1 9 2 0 s in t he Cavehd ish s a w no t on ly 
a genera l su rvey o f the p r o d u c t i o n o f 
p r o t o n s by a lpha par t ic les inc ident 
on l ight e l e m e n t s , us ing natura l 
sou rces o f a lpha par t ic les , bu t a lso a 
quan t i ta t i ve unde rs tand ing o f the 
comp lex i t i es o f the be ta and g a m m a 
ray em iss i ons o f the heavy e l emen ts . 
T h e a lpha par t ic le w o r k w a s c lear ly 
l im i ted by t he s t r eng th o f the avai la
ble sou rces and Ru the r fo rd ' s 
t h o u g h t s o f t e n t u rned t o the poss ib i l 
i ty o f us ing art i f ic ial ly acce le ra ted 
par t ic les a l t hough the techn ica l d i f f i 
cu l ty o f genera t ing the necessary 
h igh v o l t a g e s w a s fo rm idab le . Fo r tu 
nate ly n e w s o f G a m o w ' s t h e o r y o f 
the pene t ra t i on o f po ten t ia l barr iers 
by cha rged par t ic les reached t he 
Cavend ish t o w a r d s t he end o f 1 9 2 8 
and C o c k c r o f t a t once s a w tha t th is 
w o u l d b r ing t he p r o t o n ene rgy 
needed f o r t he t r a n s m u t a t i o n o f l ight 
e l emen ts d o w n b e l o w 1 M e V and 
m a k e a l abo ra to ry appara tus feas i 
b le. He immed ia te l y began t o a s s e m 
ble the necessary e q u i p m e n t , bu t 
m a n y p r o b l e m s had t o be s o l v e d and 
severa l yea rs passed be fo re success 
w a s ach ieved . For tu i tous ly th is hap 
pened a l m o s t s imu l taneous ly w i t h 
t he d i s c o v e r y o f the n e u t r o n , f o r 
w h i c h m a t t e r s m o v e d ve r y rap id ly 
t o w a r d s t he e n d , s o tha t 1 9 8 2 sees 
the f i f t i e th ann iversary o f b o t h ma jo r 
e v e n t s . T h e le t ters t o ' N a t u r e ' a n 
nounc ing t he d iscover ies w e r e d a t e d 
17 February and 16 Apr i l 1 9 3 2 re
spec t i ve l y . B lacke t t and Occhia l in i 's 
ver i f i ca t ion o f A n d e r s o n ' s d i s c o v e r y 
o f t he p o s i t r o n and thei r d e m o n s t r a 
t i on w i t h C h a d w i c k o f pair p r o d u c 
t i on by g a m m a rad ia t ion , t hus c o n -

(Photo Royal Society) 

f i rm ing D i rac 's t h e o r y o f t he e l ec t ron , 
w e r e pub l i shed in 1 9 3 3 and 1 9 3 4 . 

The neutron 

T h e neu t ron s t o r y is n o w par t o f 
m o s t e l emen ta ry cou rses in nuclear 
phys i cs and has been au thor i ta t i ve ly 
t o l d by C h a d w i c k h imsel f . W h i l e 
s t u d y i n g a lpha par t ic le reac t ions he 
had n o t b e e n , in his o w n w o r d s , ' u n 
mind fu l o f t he poss ib i l i t y o f the em is 
s ion o f n e u t r o n s , especia l ly f r o m 
t h o s e e l emen ts w h i c h d id no t em i t 
p r o t o n s ' . One o f t hese w a s bery l l ium 
w h i c h w a s f o u n d by Bo the and Beck
er in Berl in and b y W e b s t e r in C a m 
br idge t o em i t a neut ra l , pene t ra t ing 
rad ia t ion under a lpha par t ic le b o m 
b a r d m e n t . W e b s t e r s h o w e d tha t t he 
rad ia t ion w a s m o s t pene t ra t ing in t he 
d i rec t ion o f t he inc ident a lpha par t i 
c les and C h a d w i c k , reason ing tha t 
th is m igh t be exp la ined if t he rad i -
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The original Cockcroft-Walton apparatus. 

(Photo Cavendish Laboratory) 

at ion c o n s i s t e d o f neutra l par t i c les , 
w i t h poss ib l y a magne t i c m o m e n t , 
s o u g h t in 1 9 3 1 f o r l ight ly - ion ized 
t r a c k s o f such par t ic les in t he c loud 
c h a m b e r . No th ing o f t he s o r t w a s 
seen and the s i tua t ion rema ined o b 
scure . A f e w m o n t h s w e n t by and 
t h e n c a m e t w o s tar t l ing a n n o u n c e 
m e n t s f r o m Paris. Irene Curie had 
f i rs t f o u n d the bery l l ium rad ia t ion t o 
be m u c h m o r e pene t ra t i ng t han o r ig i 
nal ly r e p o r t e d and t h e n , w i t h her hus 
b a n d Freder ick Jo l i o t , had s h o w n 
tha t it cou ld e ject p r o t o n s f r o m a th in 
a b s o r b e r o f paraf f in w a x p laced in i ts 
p a t h . T h e au tho rs t h o u g h t t ha t t he 
e f fec t m igh t be due t o a C o m p t o n 
in te rac t ion o f h igh ene rgy p h o t o n s 
w i t h h y d r o g e n . Th is conc lus ion w a s 
rece ived (January 1 9 3 2 ) w i t h incre
du l i t y in the Cavend ish by C h a d w i c k , 
by Feather and m o r e r e m o t e l y by 
Ru ther fo rd h imsel f , because t he e n 
erg ies d id no t s e e m c o n s i s t e n t w i t h 
t he p ic ture o f nuclear s t ruc tu re t ha t 
w a s s l o w l y bui ld ing up . 

For tuna te ly the m a t t e r cou ld be 
pu t t o an immed ia te t e s t because 
Feather had b rough t f r o m the U S A a 
n u m b e r o f o ld radon t u b e s f r o m 
w h i c h C h a d w i c k h imse l f p repa red a 
su i tab ly s t r o n g p o l o n i u m a lpha pa r t i 
cle sou rce . He used th is sou rce t o 
repeat and c o n f i r m the Cur ie -Jo l io t 
e x p e r i m e n t s and qu ick ly a d d e d t o 
t h e m the o b s e r v a t i o n tha t no t on ly 
h y d r o g e n nuclei cou ld be p ro j ec ted 
f o r w a r d by the rad ia t ion bu t a lso t he 
nuclei o f o the r a t o m s , f o r ins tance 
n i t r ogen . Quant i ta t i ve ly the ve loc i 
t ies w e r e t h o s e e x p e c t e d if t he p r i 
m a r y rad ia t ion w a s a s t r e a m o f neu 
t ra l par t ic les w i t h a m a s s a b o u t equal 
t o t ha t o f the p r o t o n . T o c l inch t he 
m a t t e r , he re tu rned t o t he c loud 
c h a m b e r and th is t i m e , w i t h Fea th 
e r ' s he lp , sho r t heavi ly ion ized t r a c k s 
w e r e s e e n ; the let ter t o ' N a t u r e ' w a s 
sen t o f f on the f o l l o w i n g day w i t h t he 
p r o p o s a l t ha t t he bery l l ium rad ia t ion 
w a s due t o the reac t ion 9 B e ( a , n ) 1 2 C . 

There f o l l o w e d a per iod o f exc i te 
m e n t at Cambr i dge wh i le the Caven 
d ish t h o u g h t a b o u t i ts n e w par t ic le , 
bu t it w a s a per iod o f hard w o r k as 
we l l and w h e n C h a d w i c k ' s ful l paper 
appea red later in 1 9 3 2 it w a s a c c o m 
pan ied by a c c o u n t s o f Feather 's ex
pans ion c h a m b e r s t u d y o f the e last ic 
and inelast ic co l l is ions o f neu t rons 
w i t h nuclei and o f Dee 's h ighly i m 
p o r t a n t c loud c h a m b e r search f o r the 
neu t ron -e lec t ron in te rac t ion . In the 
space o f a f e w m o n t h s no t on ly the 
ex is tence o f t he neu t ron bu t s o m e o f 
i ts i m p o r t a n t p roper t i es had been es 
tab l i shed . 

Transmutations by protons 

There is s o m e c o n n e c t i o n be 
t w e e n the d i s c o v e r y o f the neu t ron 
and t he paral lel w o r k o f C o c k c r o f t 
and W a l t o n on p r o t o n acce le ra t ion , 
because C h a d w i c k had at one t i m e 
be l ieved tha t Ru the r fo rd ' s neu t ron 
m igh t be p r o d u c e d in an electr ica l 
d i scharge in h y d r o g e n at a vo l t age o f 
s o m e t h i n g l ike 2 0 0 k V . Direct v o l 
t a g e s up t o 2 8 0 k V w e r e in f ac t ap 
pl ied by C o c k c r o f t and W a l t o n , f o l 
l o w i n g earl ier w o r k by A l l i bone , t o a 
con t i nuous l y evacua ted g lass bu lb 
con ta in ing an acce lera t ing gap and 
par t o f the i r m o t i v a t i o n w a s the p o s 
s ib i l i ty o f s t imu la t ing ' a nuclear rad i 
a t ion o f t he t y p e d i scove red b y 
Bo the and Becke r ' . In f i rs t t e s t s , us 
ing p r o t o n b e a m s o f abou t 10 m i -
c r o a m p s , rad ia t ion f r o m t a rge t s o f 
bery l l ium and lead w a s s o u g h t us ing 
a go ld leaf e l e c t r o s c o p e , bu t y ie lds 
w e r e l o w and no nuclear e f fec t w a s 
es tab l i shed . Encouraged by Ga-
m o w ' s ca lcu la t ions and by Ruther
f o r d ' s in tu i t ion (and the m o d e s t f i 
nancial s u p p o r t t ha t he ex t r ac ted 
f r o m the Un ivers i t y ) , C o c k c r o f t and 
W a l t o n se t a b o u t ex tend ing the i r ac
ce lera t ing vo l t age t o 8 0 0 k V in a h igh 
r o o m su i tab le f o r the pu rpose . The i r 

i m p r o v e d appa ra tus e m p l o y e d t he 
vo l t age doub le r pr inc ip le w i t h a 
t r a n s f o r m e r , rect i f ie rs and c o n d e n s 
ers . T h e cent ra l c o m p o n e n t w a s a 
ta l l , con t i nuous l y p u m p e d rect i f ier 
t o w e r w h o s e g lass sec t i ons w e r e 
sea led t o e lec t rode p la tes us ing a 
p las t icene- l ike c o m p o u n d . T h e t w o -
sec t i on acce le ra t ing t u b e w a s a lso 
con t i nuous l y p u m p e d us ing an oil d i f 
f us i on p u m p o f gene rous d i m e n s i o n s 
(for t he t ime) capab le o f handl ing t he 
input o f h y d r o g e n gas f r o m the d is 
charge t u b e ion sou rce . The acceler
a ted p r o t o n s in th i s appara tus w e r e 
a l l o w e d t o pass o u t in to air t h r o u g h a 
mica w i n d o w bu t no m e n t i o n o f nu 
clear e f f ec t s w a s m a d e in a paper on 
the techn ique t ha t w a s s u b m i t t e d t o 
the Royal Soc ie t y o n 2 3 February 
1 9 3 2 . It s e e m s tha t C o c k c r o f t and 
W a l t o n ' s f i r s t c o n c e r n w a s t o m e a s 
ure t he range o f the i r p r o t o n s in air 
bu t t h e n , in C o c k c r o f t ' s o w n w o r d s , 
' a f te r w a s t i n g a cer ta in a m o u n t o f 
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t i m e in th is w a y , unt i l p r o d d e d by 
C h a d w i c k and Ru the r f o rd , w e d i 
rec ted it o n t o a l i th ium ta rge t and at 
once o b s e r v e d , w i t h a zinc su lph ide 
s c r e e n , t he br igh t sc in t i l la t ions w h i c h 
w e r e obv ious l y due t o par t ic le e m i s 
s ion f r o m the l i t h ium ' . Th i s d e t e c t i o n 
o f t he 7 L i ( p , a ) 4 H e reac t ion w a s a 
de l igh t t o Ru the r fo rd , espec ia l ly as 
the p r o d u c t s w e r e his b e l o v e d a lpha 
par t i c les , and as t h e y had been o b 
s e r v e d w i t h his f avou r i t e d e t e c t o r , 
t he sc in t i l la t ion sc reen , a l t hough t he 
ion izat ion c h a m b e r , ampl i f ie r and o s 
c i l lograph w e r e a lso used . A l t h o u g h 
the re w a s l i t t le d o u b t , t he f inal p r o o f 
w a s left t o the c loud c h a m b e r , and 
the beaut i fu l p ic tu res o b t a i n e d by 
Dee and W a l t o n c o n f i r m e d the t r a n s 
m u t a t i o n s c h e m e in k inemat i c de ta i l . 
For Dee ' s w o r k a t r ack c h a m b e r and 
acce lera t ing t u b e w e r e se t up in and 
a b o v e a hut in C o c k c r o f t ' s l abo ra to r y 
k n o w n as N e w n h a m C o t t a g e , a f ter 
Ru the r fo rd ' s res idence. 

... and afterwards 

T h e neu t ron d i scove ry has r ight ly 
a t t r ac ted w i d e r ann iversary recogn i 
t i on t han the C o c k c r o f t - W a l t o n ex
pe r imen t because o f the par t i c le ' s 
specia l ro le in b o t h t h e o r y and app l i 
ca t i on . T h e w o r k o f C o c k c r o f t and 
W a l t o n h o w e v e r had the m o r e p r o 
f o u n d e f fec t o n the Cavend ish and 
o the r nuclear labora tor ies because it 
inaugura ted t he age o f nuclear m a 
ch ines , o f w h i c h the apo theos i s m a y 
be seen in CERN t o d a y . A t C a m 
br idge n e w acce le ra to rs w e r e bui l t 
(or p r o c u r e d w h e n f u n d s b e c a m e av 
ailable) and Ruther fo rd h imse l f used 
a l o w v o l t a g e t r a n s m u t a t i o n equ ip 
m e n t c o n s t r u c t e d by Ol iphant f o r t he 
f i rs t s t u d y o f t he d e u t e r o n - d e u t e r o n 
reac t ions . W i t h the avai labi l i ty o f 
d e u t e r i u m , t he i m p o r t a n t p h o t o d i s i n -
t eg ra t i on reac t ion w a s o b s e r v e d b y 
C h a d w i c k and Go ldhaber and the 

neu t ron m a s s w a s c o n f i r m e d t o be 
grea ter t han t h a t o f the p r o t o n , c o n 
t ra ry t o the Ruther fo rd p roposa l o f 
1 9 2 0 . Ru ther fo rd d ied in 1 9 3 7 and 
the rea f te r t he in f luence o f the Caven 
d ish L a b o r a t o r y o n nuclear phys i cs 
inev i tab ly dec l i ned , a l t hough t he d e 
cl ine had indeed s ta r t ed earl ier w i t h 
the m ig ra t i on &f B lacke t t , C h a d w i c k , 
Ell is, M o t t and Ol iphant t o chairs 
e l s e w h e r e , par t l y at least because o f 
m isg i v i ngs a b o u t the l ikely fu tu re lev
el o f resources f o r nuclear phys i cs in 
C a m b r i d g e . T h e d i spe rs ion o f ta len t 
w a s g o o d f o r nuclear sc ience in the 
Un i ted K i n g d o m as a w h o l e , and 
t h o s e rema in ing in Cambr i dge w e r e 
no t s h o r t o f ideas , bu t the bes t t i m e s 
f o r nuclear phys i cs w e r e pas t and as 
the c l ouds o f w a r ga the red it w a s 
clear t ha t t he Cavend ish w a s t o be a 
radical ly d i f fe ren t p lace in the fu tu re . 
T h a t has indeed happened bu t n o t h 
ing has t a k e n p lace t o deny t o t he 
l abo ra to ry the spec ia l honou r in nu 
clear h i s to ry t ha t it ga ined s o m e f i f t y 
years ago . 
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1933 cloud chamber picture by Dee and 
Walton of a reaction using artificially 
accelerated protons. 
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Physics monitor 

Monopole sighting? 
Earlier th is year , a y o u n g S t a n f o r d 
Un ive rs i t y phys ic is t s a w S o m e t h i n g 
in t he response o f his s u p e r c o n d u c t 
ing m a g n e t o m e t e r . T h e s ignal ap 
pears t o c o r r e s p o n d t o w h a t w o u l d 
h a p p e n if a magne t i c m o n o p o l e had 
p a s s e d t h r o u g h the appa ra tus , a l 
t h o u g h m o r e m u n d a n e (and less in 
te res t ing ) exp lana t ions c a n n o t y e t be 
ru led ou t . 

T h e absence o f f ree magne t i c 
po les has long in t r igued phys i c i s t s , 
as t he equa t ions o f e l e c t r o m a g n e -
t i s m appear t o be s y m m e t r i c w i t h 
r espec t t o e lectr ic and magne t i c 
cha rge . Paul Dirac rev ived t he idea o f 
magne t i c m o n o p o l e s and p red i c ted 
t h a t t he magne t i c charge shou ld be 
s i m p l y re la ted t o o the r phys ica l c o n 
s t a n t s . 

Recent ly the search f o r f ree m a g 
net ic po les has been g iven add i t iona l 
i m p e t u s by the p red ic t i ons o f g rand 
un i f ied theor ies w h i c h a t t e m p t t o 
br ing t o g e t h e r e l e c t r o w e a k and 
s t r o n g in te rac t ions (see M a y 1 9 8 0 
issue, page 114 ) . 

S u p e r c o n d u c t o r s m a k e natura l 
magne t i c charge d e t e c t o r s . In t he 
S t a n f o r d expe r imen t , a f o u r t u rn 
2 0 c m 2 hor izonta l l oop is c o n n e c t e d 
t o t he s u p e r c o n d u c t i n g input coi l o f a 
SQUID (Superconduc t ing Q u a n t u m 
In ter fe rence Device) m a g n e t o m e t e r . 
B o t h the loop and the SQUID are 
enc losed in a magne t i c shie ld w i t h an 
a m b i e n t f ie ld o f 5 x 1 0 - 8 gauss . T h e 
s ignal f r o m the d e t e c t o r is c o n t i n 
uous ly m o n i t o r e d and dur ing s o m e 
1 5 0 d a y s o f ope ra t i on s h o w e d no 
d i s tu rbances o the r than t h o s e 
caused by per iod ic t r ans fe rs o f l iquid 

Bias Cabrera in his laboratory at Stanford 
University where his apparatus recently 
gave a signal compatible with the passage 
of a free magnetic monopole. 

(Photo Stanford University News and 
Publications Service) 

n i t rogen and l iquid he l ium. 
But on 14 February the appara tus 

h i c c u p p e d . A s ingle even t w a s re
c o r d e d w h i c h is cons i s ten t w i t h a 
s t ray magne t i c m o n o p o l e w i t h Dirac 
charge pass ing t h r o u g h the l oop . 

In such a sens i t i ve expe r imen t , 
care w a s t a k e n t o min imize e f fec ts 
w h i c h cou ld a lso p roduce such a s ig 
nal . T h e appara tus is con t inu ing t o 
t a k e da ta and larger d e t e c t o r s are 
a lso be ing bui l t . 

Computing the hadron 
spectrum 
One o f the bas ic p r o b l e m s in the t he 
o r y o f s t r ong l y in te rac t ing par t ic les is 
w h e t h e r the gauge t h e o r y o f g luons 
and qua rks (quan tum c h r o m o d y -
namics — QCD)»can indeed a c c o u n t 
f o r t he o b s e r v e d p roper t i es o f ha -
d r o n s . T o d o th i s , t he t h e o r y m u s t 
exp la in b o t h t he quas i - f ree behav iour 
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o f qua rks w h e n p r o b e d at smal l d i s 
t a n c e s and the i r appa ren t con f i ne 
m e n t ins ide had rons at re la t ive ly 
large separa t i ons . T h e behav iou r at 
smal l d i s tances (i.e. h igh energ ies) 
can be theore t i ca l l y s tud ied by per -
t u rba t i ve t echn iques , s ince it can be 
s h o w n tha t the s t r e n g t h o f t he in ter
ac t i on t hen b e c o m e s su f f i c ien t l y 
w e a k (a cond i t i on k n o w n as a s y m p 
to t i c f r e e d o m ) . T h e d o m a i n o f l o w 
ene rgy p h e n o m e n a , inc lud ing the 
p r o b l e m s o f had ron s p e c t r o s c o p y , 
lie ou t s i de the reach o f pe r t u rba t i on 
t h e o r y , and unti l recen t ly l o o k e d di f 
f icu l t t o a t t ack . 

A spec ia l w a y o f regular iz ing q u a n 
t u m c h r o m o d y n a m i c s , w i t h t he c o n 
t i n u u m o f space - t ime rep laced by the 
p o i n t s o f a d isc re te la t t i ce , has 
o p e n e d the w a y t o w a r d s p o w e r f u l 
n e w non -pe r tu rba t i ve t echn iques . 
T h e co r rec t m e t h o d o f de f in ing 
gauge theor ies o n the la t t ice has 
been g iven by Ken W i l s o n o f Corne l l . 
He w a s the f i rs t t o p r o p o s e t he app l i 
ca t i on o f d i f fe ren t non -pe r t u rba t i ve 
m e t h o d s , l ike s t r o n g coup l i ng e x p a n 
s i o n s , var ia t iona l m e t h o d s and 
M o n t e Car lo t echn iques , t o h igh e n 
e rgy s y s t e m s . 

T h e f i rs t spec tacu la r resu l ts o n the 
con f i n ing f o r c e b e t w e e n q u a r k s o b 
ta ined by M i ke Creutz at B r o o k h a v e n 
us ing M o n t e Car lo m e t h o d s w e r e f o l 
l o w e d by a burs t o f quan t i t a t i ve re
su l ts f r o m theo r i s t s at a n u m b e r o f 
d i f fe ren t cen t res . T h e s e s tud ies led 
t o ra ther conc lus i ve ev idence f o r 
quark c o n f i n e m e n t , a d e t e r m i n a t i o n 
o f the va lue o f the ' s t r i ng t e n s i o n ' 
( the pa rame te r charac ter iz ing the 
f o r c e b e t w e e n quarks) and p red ic 
t i o n s o n the gluebal l s p e c t r u m . T h e 
init ial t e m p e r a t u r e w h e n t he h a d r o n 
m a t t e r g o e s o v e r t o n o n - c o n f i n e d 
g luon (and quark) c o n s t i t u e n t s has 
a lso been d e t e r m i n e d . Recent ly a n u 
mer ica l de te rm ina t i on o f t he m a s s e s 
in t he s p e c t r u m o f had rons has been 
a t t e m p t e d . 

T h e M o n t e Car lo m e t h o d , s o m e 
t i m e s c o m b i n e d w i t h o the r t e c h n i 
q u e s , s e e m s t o be the m o s t e f fec t i ve 
w a y f o r s t u d y i n g lat t ice gauge t h e o 
r ies. M o n t e Car lo s imu la t ions have 
been used f o r severa l yea rs in t he 
analys is o f t h e r m o d y n a m i c a l s y s 
t e m s . T h e r m a l averages are ex
p ressed as s u m s ove r con f i gu ra t i ons 
w e i g h t e d by the Bo l t zmann f a c t o r 
(the quan t i t y exp (—E/kT ) , w h e r e E, 
T and k are respec t i ve ly the internal 
ene rgy , t e m p e r a t u r e and the Bo l tz 
m a n n c o n s t a n t ) . A l t h o u g h the n u m 
ber o f t e r m s in these s u m s is enor 
m o u s , it is a crucial p r o p e r t y o f the r 
m o d y n a m i c a l s y s t e m s tha t e f fec 
t i ve ly on ly a subse t o f all poss ib le 
con f i gu ra t i ons con t r i bu te t o t he 
ave rages . M o n t e Carlo s imu la t i ons 
w o r k by samp l i ng th is se t . A n a lgo 
r i t hm is d e v i s e d t o p roduce a (pseu-
do) s t ochas t i c sequence o f c o n f i g u 
ra t ions such tha t the p robab i l i t y o f 
encoun te r i ng any def in i te con f i gu ra 
t i on in t he sequence is p ropo r t i ona l 
t o t he Bo l t zmann fac to r . A v e r a g e s 
are t h e n c o m p u t e d as averages o v e r 
the con f i gu ra t i ons occur r ing in t he 
sequence . T h e cur rent va lues o f all 
dynamica l var iab les are s t o r e d in the 
m e m o r y o f t he c o m p u t e r . The bas ic 
s tep in g o i n g f r o m one con f i gu ra t i on 
t o the nex t cons i s t s o f a l ter ing the 
va lue o f one o f the dynamica l va r ia 
b les . If t he change l o w e r s the ene rgy 
it is a c c e p t e d and the n e w con f i gu ra 
t i on rep laces the o ld one . If t he ener
gy is i nc reased , t hen the change is 
a c c e p t e d w i t h a cond i t iona l p robab i l 
i ty . Th i s p r o c e s s s imu la tes the ther 
mal f l uc tua t i ons . 

In q u a n t u m f ie ld t heo r ies , the aver 
age (observed) va lues o f quan t i t i es 
are a lso e x p r e s s e d as averages o v e r 
all con f i gu ra t i ons , the w e i g h t i n g fac 
t o r be ing e x p ( — i S / h ) , w h e r e S is t he 
ac t i on o f t he con f igu ra t i on and h is 
Planck c o n s t a n t . The t r i ck o f ro ta t i ng 
t o imag inary t i m e c o n v e r t s th is f ac 
t o r in to t he be t te r de f ined measu re 

e x p ( — S / h ) — t i m e is ex t rapo la ted 
back t o real t i m e at the end o f t he 
ca lcu la t ions . Us ing lat t ice regular iza-
t i o n , the f o r m u l a e g iv ing the average 
q u a n t u m e x p e c t a t i o n va lues t a k e 
prec ise ly t he s a m e f o r m as t h o s e f o r 
the t he rma l a v e r a g e s : the rep lace
m e n t o f E / k T w i t h S / h and the fac t o f 
w o r k i n g in fou? d i m e n s i o n s be ing the 
on ly rem inder t ha t a q u a n t u m f ie ld is 
be ing hand led . 

Of c o u r s e , t he lat t ice is on ly a c o m 
pu ta t iona l t o o l . A t the end o f t he ca l 
cu la t ion the la t t ice d i s tance shou ld 
be ex t r apo la ted t o zero and a c o n t i n 
uous f ie ld t h e o r y r e c o v e r e d . T h e 
avai lable ev idence s e e m s t o c o n f i r m 
tha t th is i ndeed can be d o n e . In t he 
pe r tu rba t i ve r eg ime , la t t ice q u a n t u m 
c h r o m o d y n a m i c s is equ iva len t t o t he 
usual c o n t i n u u m f o r m u l a t i o n , and a 
l ink can be es tab l i shed b e t w e e n the 
pe r tu rba t i ve resu l ts o b t a i n e d earl ier 
in c o n t i n u u m Q C D and the n e w lat
t ice resu l ts . For t he non -pe r tu rba t i ve 
lat t ice ca lcu la t ions , renorma l i za t ion 
g r o u p a r g u m e n t s d i c ta te a ve r y d e 
f in i te behav iou r in t he c o n t i n u u m l im
it. C o n f r o n t i n g t he M o n t e Car lo da ta 
w i t h th is e x p e c t e d behav iour he lps 
t o dec ide w h e t h e r t he co r rec t c o n t i n 
u u m l imit is o b t a i n e d , assur ing t ha t 
t he m e a s u r e d quant i t i es are f ree o f 
la t t ice a r te fac t s . It is surpr is ing tha t 
on a la t t ice w i t h s o m e 1 0 4 la t t ice 
po in t s on l y , th i s c o n t i n u o u s behav 
iour can be s imu la ted ra ther cons i s t 
en t ly . 

Real ist ic m o d e l s f o r s t r o n g in terac
t i on m u s t t a k e a c c o u n t o f f e r m i o n 
(namely quark) deg rees o f f r e e d o m . 
M a n y o f t he m o s t recent d e v e l o p 
m e n t s in M o n t e Car lo s imu la t i ons 
have c o n c e n t r a t e d on i nco rpo ra t i ng 
the e f fec t s o f f e rm ion i c f ie lds in to t he 
a l g o r i t h m . Severa l s c h e m e s have 
been d e v i s e d : bas ica l ly t he qua rks 
are s tud ied in t h e p resence o f a f i xed 
gauge f ie ld b a c k g r o u n d and e x p e c t a 
t i on va lues o f f e r m i o n i c o b s e r v a b l e s 
are c o m p u t e d . T h e s e e x p e c t a t i o n 
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va lues are t hen fu r the r ave raged o v e r 
a large se t o f con f i gu ra t i ons o f t he 
gauge f ie ld . 

T h e p robab i l i t y d i s t r i bu t i on o f 
t hese con f i gu ra t i ons is on l y par t l y 
d e t e r m i n e d by the pure gauge f ie ld 
d y n a m i c s : v a c u u m f l uc tua t i ons m a y 
m o d i f y t he gauge f ie ld d i s t r i bu t i on . 
M e t h o d s t o deal w i t h th is dynam ica l 
f e e d b a c k f r o m the f e r m i o n s have 
been p r o p o s e d by severa l au tho rs 
and t e s t e d on l o w e r d imens iona l 
m o d e l s w i t h a reasonab le deg ree o f 
s u c c e s s . A r g u m e n t s can be g iven t o 
s u p p o r t t he idea tha t a g o o d a p p r o x 
ima t i on m a y be o b t a i n e d by neg lec t 
ing th is e f fo r t and le t t ing t he d is t r i 
bu t i on o f the gauge f ie lds be g o v 
e rned by i ts o w n ac t i on . Th i s a p p r o x 
ima t i on has been app l ied t o ob ta in 
e s t i m a t e s f o r the hadron ic m a s s 
s p e c t r u m f i rs t in SU(2) and t h e n in 
SU(3) . 

Hadron ic m a s s e s are d e t e r m i n e d 
by measur ing the co r re la t i on be 
t w e e n one t w o - q u a r k q u a n t i t y , 
w h i c h c rea tes a m e s o n at zero t i m e , 
and ano the r w h i c h annih i la tes it at 
t i m e t . In Eucl idean s p a c e - t i m e the 
l o w e s t rate o f decay o f t he co r 
re la t ion is e x p e c t e d t o be g iven by 
e x p ( — m t ) , w h e r e m is the m a s s o f 
t he s ta te . By m a k i n g t su f f i c ien t l y 
la rge, such a behav iour can be i so 
la ted and a value f o r m d e r i v e d . In 
b o t h SU(2) and SU(3) , t he m a s s o f a 
pseudosca la r s ta te g o e s t o zero 
w h e n the quark m a s s is se t t o ze ro , in 
a g r e e m e n t w i t h the no t i on o f s p o n t a 
neous s y m m e t r y b reak ing . For t he 
SU(2) case , the ' e x p e r i m e n t ' has 
been p e r f o r m e d by E. Mar ina r i , 
G. Parisi and C. Rebb i . 

Us ing the p ion m a s s t o f ix the 
quark m a s s and the i ndependen t l y 
de r i ved va lue o f the s t r ing t e n s i o n , 
one ob ta ins 8 0 0 ± 8 0 M e V f o r the 
m a s s o f the rho m e s o n , 9 5 0 ± 1 0 0 
M e V f o r t he m a s s o f the scalar de l ta 
m e s o n and 1 5 0 ± 10 M e V f o r t he 
p ion decay c o n s t a n t . S imi lar es t i 

m a t e s have been ob ta ined by D o n 
W e i n g a r t e n o f the Un ivers i t y o f In
d iana . A p p l y i n g the s a m e a p p r o x i 
m a t i o n t o the SU(3) gauge t h e o r y , 
w h i c h a lso c o v e r s b a r y o n s , Herber t 
Hamber o f the B r o o k h a v e n Sol id 
S ta te T h e o r y Group and G. Parisi 
have de r i ved rather encourag ing re
su l ts . 

Recent ly t he expe r imen t has been 
repea ted at CERN by a CERN / Rome 
g r o u p w i t h be t te r s ta t i s t i cs and a 
m o r e accura te analys is o f the e r ro rs . 
A l t h o u g h t he e r ro rs are rather large, 
the genera l pa t te rn t e n d s t o rep ro 
duce the expe r imen ta l da ta . The s t a 
t is t ica l f l uc tua t i ons are par t icu lar ly 
s t r o n g f o r b a r y o n s : ana logous d i f f i 
cu l t ies ar ise in th is case w i t h i n a di f 
f e ren t a p p r o a c h , based on a s e m i -
analy t ic m e t h o d recent ly d i scussed 
by a CERN g r o u p . The resul ts f o r t he 
m e s o n s p e c t r u m ob ta ined in t he lat
te r a p p r o a c h are o f the s a m e qual i ty 
as M o n t e Car lo resu l ts . T h e genera l 

t r e n d o f the p red i c t i ons is rather e n 
c o u r a g i n g , ma in ly if one cons ide rs 
t ha t a ra ther p o o r spat ia l r eso lu t i on , 
o f t he o rde r o f 0 . 2 f e r m i , has been 
used in the c o m p u t a t i o n . 

Given the a p p r o x i m a t i o n i n v o l v e d , 
th is b o d y o f resu l ts g ives ve r y s t r o n g 
s u p p o r t t o t he va l id i ty o f q u a n t u m 
c h r o m o d y n a m i c s as the t h e o r y o f 
hadron ic i n te rac t ions and leaves us 
w i t h s o m e o p t i m i s m tha t w e m a y 
arr ive at a c o m p l e t e unde rs tand ing 
o f had rons in t he no t t o o d is tan t 
f u tu re . 

(We are grateful to Claudio Rebbi, 
Peter Hasenfratz and Roberto Pe-
tronzio for their assistance in prepar
ing this article.) 

The Centre for Interdisciplinary Research 
at the University of Bielefeld, scene of the 
recent meeting on physics with heavy ion 
collisions. 

(Photo D. Penke, Bielefeld) 

2 2 2 CERN Courier, Ju ly /August 1982 



In search of quark 
matter 
There is a g r o w i n g bel ief t ha t m a t t e r 
at ve r y h igh dens i t ies and t e m p e r a 
t u res cou ld exh ib i t n e w p rope r t i es . 
F r o m 1 0 — 1 4 M a y , the Cent re f o r 
In terd isc ip l inary Research o f the Un i 
ve rs i t y o f Bie lefe ld, G e r m a n y , w a s 
hos t t o a mee t i ng w h i c h b r o u g h t t o 
ge the r ove r one hundred phys i c i s t s 
shar ing a s t r o n g c o m m o n in te res t in 
t he ques t f o r such n e w phys i cs in 
heavy ion co l l is ions. 

T h e quark dens i t ies c o n s i d e r e d 
are severa l t i m e s t h o s e f o u n d in n u 
clei and the t e m p e r a t u r e s t a l ked 
a b o u t are o f the o rder o f 2 0 0 M e V . 
A c c o r d i n g t o q u a n t u m c h r o m o d y -
nam ics (QCD) a n e w phase o f m a t t e r , 
cons i s t i ng o f a qua rk -g luon p l a s m a , 
w i l l appear under such c o n d i t i o n s 
(see D e c e m b e r 1 9 8 1 issue, page 
4 5 5 ) . 

A s the dens i t y a n d / o r t e m p e r a t u r e 
even tua l l y fa l l , t he p lasma c o n 
d e n s e s in to had rons t h r o u g h a phase 
t rans i t i on w h i c h theo r i s t s are t r y i ng 
t o unde rs tand t h r o u g h n o n - p e r t u r b a -
t i ve QCD ca lcu la t ions on a lat t ice 
(see p rev ious art ic le). 

It is reasonab le t o th ink tha t such 
c o n d i t i o n s cou ld be ach ieved in hea
v y ion co l l i s ions w i t h ion b e a m s o f 
inc ident energy o f the o rder o f 
1 0 0 G e V / n u c l e o n . Th is is t w o o r d 
ers o f magn i t ude above w h a t is p re
sen t l y cons ide red as 'h igh ene rgy ' 
heavy ion research (Bevalac, Sa turne 
I I , Dubna. . . ) bu t cou ld be e n v i s a g e d , 
in a no t t o o d i s tan t f u tu re , f r o m ions 
acce le ra ted in larger mach ines , such 
as t h o s e at CERN. 

Theore t i ca l p rog ress recent ly 
ach i eved , n e w k n o w l e d g e ga ined 
f r o m the w e a l t h o f da ta a l ready accu 
mu la ted at the Bevalac, and the p o s 
s ib i l i ty o f us ing ex is t ing p r o t o n m a 
ch ines f o r th is research at a l im i ted 
c o s t , ca l led f o r a mee t i ng t o su rvey 
the p resen t s ta te o f k n o w l e d g e and 
t o p rov ide a f o r u m f o r d i scuss ion . 

T h e Bielefeld mee t ing b r o u g h t t o 
ge ther an unusual even mix o f exper 
imenta l i s ts and theor i s t s f r o m par t i 
cle and nuclear phys i cs . A h ighly 
congen ia l and coope ra t i ve a t m o s 
phere , conduc i ve t o ve r y f ru i t fu l 
w o r k , preva i led t h r o u g h o u t . T h e 
m o r n i n g sess ions w e r e o rgan ized 
a round p lenary ta lks a imed at all par
t i c i pan ts . Th is i n fo rma t ion w a s par t 
o f the input f o r the a f t e rnoon ses 
s ions invo lv ing seven d i f fe rent s p e 
cial ized w o r k i n g g r o u p s . 

The last day o f the W o r k s h o p w a s 
g iven o v e r t o a genera l s ta tus repo r t , 
o rgan ized as an o p e n con fe rence 
w h i c h actual ly f i l led the aud i t o r i um. 
S. Nagamiya (Tokyo ) r e v i e w e d p res 
ent ene rgy heavy ion phys ics at the 
Bevalac. Mach ine p r o s p e c t s w e r e 
s u r v e y e d by H. Pugh (Berkeley) . 
H. G u t b r o d (Darmstad t ) t a l ked a b o u t 
t he ' m e d i u m ' energy p roposa l t o use 

o x y g e n 16 ions at the CERN PS. 
M . A l b r o w (Ruther ford) p resen ted 
the v e r y large a m o u n t o f w o r k w h i c h 
the va r ious exper imen ta l g r o u p s had 
d o n e w i t h s o m e ve r y conc re te p r o 
posa ls ve r y m u c h in line w i t h cur ren t 
theore t i ca l ideas. L. V a n Hove 
(CERN) c o n c l u d e d the mee t i ng w i t h a 
r e v i e w o f t he theore t i ca l s i tua t ion . 

Heavy ion co l l i s ions as d i scussed 
in Bielefeld cou ld we l l be the w a y t o 
rep roduce cond i t i ons w h i c h cou ld 
have preva i led in our ve ry early Un i 
ve r se , less than 1 0 ~ 4 s a f ter the 
initial 'Big B a n g ' . A f t e r tha t the vac 
u u m as w e k n o w it w a s c rea ted as 
the expand ing and coo l ing quark -
g luon p lasma c o n d e n s e d in to ha 
d r o n s . 

T h e th ink ing beh ind the use o f hea
v y ion co l l i s ions t o inves t iga te t hese 
n e w f ron t i e rs w a s e loquen t l y d e s 
c r ibed by Bill W i l l i s in the art ic le p u b 
l ished in our J a n u a r y / F e b r u a r y issue, 
page 17 . 

(We are grateful to Maurice Jacob 
for the report of the recent Bielefeld 
meeting.) 

Fly's Eye 
First resu l ts are be ing p r o d u c e d f r o m 
the Un ive rs i t y o f U t a h ' s 'F ly 's Eye ' 
c o s m i c ray d e t e c t o r , des igned t o 
s t u d y ex tens i ve air s h o w e r s in the 
ene rgy range 1 0 1 7 t o 1 0 2 1 eV . T h e 
idea is t o d e t e c t and measure the 
a t m o s p h e r i c f l uo rescence p r o d u c e d 
by these e x t r e m e energy par t ic les . 
A l t h o u g h the a t m o s p h e r e is in f ac t a 
p o o r sc in t i l la t ion m e d i u m , th is is 
c o m p e n s a t e d by the e n o r m o u s n u m 
bers o f s e c o n d a r y cha rged par t ic les 
p r o d u c e d . T h e expe r imen te rs c o m 
pare it t o t r ack ing a f i v e - w a t t blue 
l ight bu lb t rave l l ing t h r o u g h the s k y 
at t he s p e e d o f l ight . 

The re are t w o de tec t i ng s t a t i ons , 
sepa ra ted by a d is tance o f 3 .3 k m . 
The f i rs t s ta t i on (Fly 's Eye 1) c o n -

Uranium in Bevalac 
On 11 May, the Bevalac at 
the Lawrence Berkeley Labo
ratory successfully acceler
ated its first beams of ura
nium ions. The Berkeley Be-
vatron and its linac injector, 
the Super HILAC, have both 
undergone improvement pro
grammes to enable such 
heavy ions to be handled. 
The new ABEL ion source 
was commissioned late last 
year. The recent success fol
lows installation of a new 
Bevatron vacuum system. 
Many experiments are lined 
up to use the new heavy ion 
beams, including the 'Plastic 
Ball' and the HISS heavy ion 
spectrometer system (see 
November 1981 issue, page 
393). 
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Plan of the Italian Gran Sasso underground 
laboratory, showing the access and service 
tunnels leading off the main 10 km-long 
road tunnel. 

s is ts o f 6 7 6 2 - i n c h m i r ro rs t o g e t h e r 
w i t h 8 8 0 assoc ia ted p h o t o m u l t i -
p l iers and l ight co l l ec to rs a r ranged in 
c lus te rs in the foca l p lane o f each 
mi r ro r . Th is d e t e c t o r is able t o image 
the ent i re n ight s k y and p ick up the 
ex tens i ve air s h o w e r s p r o d u c e d by-
the i ncom ing p r imary c o s m i c pa r t i 
c les . T h e o the r d e t e c t o r is smal le r 
and con ta ins e ight m i r ro rs and p h o -
tomu l t i p l i e r c lus te rs . 

A s a check on the t r a c k i n g and 
measu r i ng p r o c e d u r e s , a f lash t u b e 
has been insta l led at F ly 's Eye II and 
is "per iodical ly f i red o v e r t he ma in 
d e t e c t o r (this f lash t u b e is s o o n t o be 
rep laced b y a n i t rogen laser). Th i s is 
a lso able t o e x t e n d k n o w l e d g e o f 
h o w the a t m o s p h e r e a t t enua tes and 
s c a t t e r s l ight . 

T h e exper imen ta l g r o u p h o p e s t o 
be able t o a n s w e r q u e s t i o n s in b o t h 
par t ic le phys i cs and a s t r o p h y s i c s , 
a n d t o d isen tang le par t ic le phys ics , 
a n d a s t r o p h y s i c s e f f ec t s . 

T h e l o w luminos i t ies p r o v i d e d b y 
Nature l imit t he d e t e c t o r t o t he s t u d y 
o f p r o c e s s e s w i t h re la t ive ly h igh 
reac t ion ra tes . Potent ia l t o p i c s f o r 
s t u d y inc lude to ta l c r o s s - s e c t i o n s , 
s e c o n d a r y mul t ip l i c i t ies , sea rches 
f o r unusual e v e n t s , and a s t u d y o f t he 
c o m p o s i t i o n and the s p e c t r u m o f 
c o s m i c rays . 

A samp le o f 1 5 0 0 e v e n t s g i ves a 
h igh ene rgy c o s m i c ray s p e c t r u m 
w h i c h is cons i s t en t w i t h m e a s u r e 
m e n t s f r o m o the r e x p e r i m e n t s . Inter
es t i ng ind ica t ions are f o u n d as t o t he 
d i rec t i on o f arr ival o f e x t r e m e ene rgy 
p r ima ry c o s m i c ray par t i c les . T h e a t 
t e n u a t i o n o f c o s m i c ray s h o w e r s 
g i ves a clue t o the p r o t o n - p r o t o n 
c r o s s - s e c t i o n at t hese energ ies . A 
p r o t o n - p r o t o n t o ta l c r o s s - s e c t i o n o f 
1 2 0 mi l l ibarns is e s t i m a t e d , bu t 
m o r e prec ise resu l ts cou ld be o b 
ta i ned f r o m a larger da ta s a m p l e . 

A n o t h e r poss ib i l i t y is t he s t u d y o f 
ex t raga lac t i c neu t r i nos . A t large a n 
g les , t he ea r th ' s a t m o s p h e r e is s o 

th i ck t ha t p r o t o n s canno t genera te 
s h o w e r s near e n o u g h the d e t e c t o r t o 
be p i cked up . Th i s large angle s e c t o r 
p r o v i d e s a g o o d p lace t o search f o r 
neu t r ino e v e n t s . The i r absence in t he 
init ial da ta samp le g ives a l imit o n the 
c o s m i c ray neut r ino f lux . 

Underground tremors 
T h e p red i c t i on o f the uns tab le p r o t o n 
con t i nues t o lure phys ic i s t s a w a y 
f r o m the i r habi tual w o r k i n g env i r on 
m e n t s at h igh energy phys i cs l abo ra 
to r i es t o n e w ' p a s s i v e ' e x p e r i m e n t s , 
under w a y o r under c o n s t r u c t i o n 
deep u n d e r g r o u n d t o shie ld o f f c o s 
m ic ray b a c k g r o u n d . 

T h e ' g rand un i f i ed ' t heor ies w h i c h 
a t t e m p t t o syn thes ize e l e c t r o w e a k 
and s t r o n g f o r c e s in to a s ingle c o n 
cep tua l f r a m e w o r k p red ic t t ha t t he 
p r o t o n shou ld l ive f o r s o m e 1 0 3 2 

yea rs , t he exac t e x p o n e n t d e p e n d i n g 
o n t he theore t i ca l input . T o ca t ch 

such rare d e c a y s needs b ig de tec 
t o r s . 

B road ly , t he expe r imen ta l p ro jec t s 
can be d i v i ded in to t w o c lasses , 
t h o s e us ing C h e r e n k o v rad ia t ion p r o 
d u c e d in a large v o l u m e o f w a t e r , and 
t h o s e us ing s labs o f heavy d e t e c t o r 
i n te rspe rsed w i t h e lec t ron ics . 

Examp les o f t he w a t e r Che renkov 
t y p e are at t he M o r t o n Salt M ine in 
Oh io (B rookhaven / Irvine / M i ch i 
gan) , t he Si lver K ing M ine in U tah 
(Harvard / Purdue / W i s c o n s i n ) , t he 
H o m e s t a k e Go ld M ine in S o u t h Da 
k o t a (B rookhaven / Pennsy lvania) 
and t he J a p a n e s e K a m i o k a p ro jec t 
(KEK / T o k y o / T s u k u b a ) . 

T w o e lec t ron ics e x p e r i m e n t s are 
a l ready ope ra t i ona l , a t t he Kolar Go ld 
Fields in S o u t h India ( B o m b a y / O s a 
ka / T o k y o ) a n d at the Soudan I ron 
M ine in M i n n e s o t a ( A r g o n n e / M i n n e -
s o t a / Ox fo rd ) . T h e Kolar Go ld Fields 
search p r o d u c e d i ts f i r s t p r o t o n 
d e c a y cand ida tes last year (see 
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J u l y / A u g u s t 1 9 8 1 issue, page 
2 5 3 ) . 

In Europe , w o r k is under w a y f o r 
add i t iona l e lec t ron ics e x p e r i m e n t s in 
t he M o n t Blanc tunne l (CERN / Fras-
cat i / Mi lan / Tur in) and in t he Frejus 
tunne l (Ecole Po ly techn ique / Orsay / 
Sac lay / W u p p e r t a l ) . T h e s e wi l l s o o n 
be j o i ned by the n e w Ital ian p ro jec t in 
t he Gran Sasso tunne l (Frascat i / M i 
lan / R o m e / Tur in ) . 

T h e Ital ian Gran Sasso p ro jec t is 
one o f t he n e w e r arr ivals on the 
s c e n e , and the bill f o r i ts c o n s t r u c 
t i o n has been a p p r o v e d by the Ital ian 
au thor i t ies in reco rd t i m e . It v o t e s 2 x 
1 0 1 0 I tal ian lire (about 15 mi l l ion d o l 
lars) f o r the c o n s t r u c t i o n o f t he n e w 
u n d e r g r o u n d l abo ra to ry 1 4 0 0 m be l 
o w g r o u n d o f f t he 10 k m - l o n g Gran 
Sasso road tunne l near R o m e . 

Unl ike o the r u n d e r g r o u n d labo ra 
to r i es us ing ex is t ing road t unne l s , 
t he Gran Sasso p ro jec t can ge t under 
w a y be fo re the road tunne l c o m e s 

in to regular ope ra t i on . Specia l ac
cess and serv ice tunne ls f o r t he labo
ra to ry are p l anned , so avo id ing s o m e 
o f the p r o b l e m s w i t h o the r under 
g r o u n d p ro jec t s . 

A s we l l as t he unde rg round labora 
t o r y i tsel f , b ig enough t o house a 
10 0 0 0 t o n de tec to r , add i t iona l ac
c o m m o d a t i o n near the en t rance t o 
t he tunne l w o u l d inc lude o f f i ces , l i 
b ra ry , gues t r o o m s , w o r k s h o p and 
lecture hal l . T h e l abo ra to ry w o u l d be 
o p e n t o al l . A modu la r d e t e c t o r is 
e n v i s a g e d , s o as t o encourage par t i 
c ipa t ion by smal ler g r o u p s . 

Unexpected results 
with polarized 
hyperons 
A l t h o u g h the A r g o n n e ZGS mach ine 
ceased ope ra t i on s o m e th ree years 
a g o , in te res t ing resul ts are sti l l 
e m e r g i n g f r o m the m a s s o f co l l ec ted 

Nobel prizewinners Steve Weinberg (left) 
and Sheldon Glashow with Paul Frampton 
(standing), organizer of the recent 
Workshop on Grand Unification held at the 
University of North Carolina, Chapel Hill. 
Following the prediction of an unstable 
proton by theories which attempt to unify 
strong and electroweak interactions, such 
meetings are now a regular feature of the 
current particle physics scene. 

(Photo Will Owens) 

d a t a . W h e n e v e r sp in phys i cs is d i s 
c u s s e d , the unexp la ined e f fec t s 
f o u n d w i t h po lar ized p r o t o n s at t he 
A G S (see O c t o b e r 1 9 7 8 issue, page 
3 4 7 ) sti l l f igure p r o m i n e n t l y , and u n 
der l ine the need f o r po lar ized p r o t o n 
s tud ies at h igher energ ies (see June 
issue, page 1 8 0 ) . N o w ano the r in ter
es t i ng A r g o n n e ZGS resul t has ap 
peared in the analys is o f the be ta 
(semi lep ton ic ) decay o f po lar ized hy 
p e r o n s . 

A n A r g o n n e / Ch icago / Ohio t e a m 
s tud ied the d e c a y s o f po lar ized ne
ga t i ve s i g m a par t i c les , p r o d u c e d in 
nega t i ve k a o n - p r o t o n reac t ions 
t u n e d t o t he neutra l Y * ( 1 5 2 0 ) re
s o n a n c e . T h e expe r imen t m e a s u r e d 
the u p - d o w n a s y m m e t r y (par i ty v i o 
lat ion) o f t he e m i t t e d e lec t rons w i t h 
respec t t o the sp in d i rec t ion o f t he 
paren t s i g m a s . 

One o f t he no tab le phys i cs suc 
cesses o f t he ear ly 1 9 6 0 s w a s t he 
d e v e l o p m e n t b y Nicola Cab ibbo and 
o the rs o f a s imp le f o r m a l i s m w h i c h 
exp la ins w h y cer ta in decay channe ls 
are f a v o u r e d and o the rs s u p p r e s s e d 
in t he w e a k d e c a y s o f par t ic les . T h e 
idea w a s t o ass ign SU(3) s y m m e t r y 
p rope r t i es t o t he w e a k cu r ren ts . It 
has b e c o m e a c o r n e r s t o n e o f par t ic le 
t h e o r y and has s ince been e x t e n d e d 
t o c o v e r c h a r m e d par t ic les . 

In be ta d e c a y s , the ' h a n d e d n e s s ' 
o f t he e m i t t e d par t ic les p r o v i d e s es 
sent ia l c lues t o t he nature o f the u n 
der ly ing w e a k f o r c e m e c h a n i s m s . It 
w a s t h r o u g h p rec is ion s tud ies o f t he 
a s y m m e t r i e s o f par t ic les e m i t t e d in 
nuclear be ta d e c a y tha t t he ve ry s p e 
cial charac te r i s t i cs o f the w e a k f o r c e 
w e r e d i s c o v e r e d . 

N o t on ly is t he n e w o b s e r v e d 
a s y m m e t r y in po lar ized s i g m a d e 
cays d i f fe ren t t o t ha t p red i c ted by 
the Cab ibbo t h e o r y , it is a lso in t he 
w r o n g d i rec t ion I H o w e v e r rad ia t ive 
c o r r e c t i o n s have ye t t o be m a d e and 
m o m e n t u m d e p e n d e n c e app l i ed , 
w h i c h cou ld a f fec t the resul t . 
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T h e Cab ibbo p ic ture is on l y s u p 
p o s e d t o be a p p r o x i m a t e , bu t t he 
e m e r g e n c e o f a resul t s o dras t ica l ly 
d i f fe ren t t o the p red i c ted va lue is 
puzz l ing. 

Sp in - re la ted h y p e r o n m e a s u r e 
m e n t s have a habi t o f g iv ing unex
p e c t e d resu l ts f r o m t i m e t o t i m e . 
H y p e r o n s p r o d u c e d in unpo la r ized 
h a d r o n co l l i s ions t e n d t o be po lar 
ized. S o m e o f the o b s e r v e d h y p e r o n 
magne t i c m o m e n t s d o n o t f i t o the r 
w i s e success fu l theore t i ca l m o d e l s . 

Anomalons 
Ev idence con t inues t o accumu la te 
f o r ' a n o m a l o n s ' — s o m e in te res t ing 
a n d as ye t unexp la ined behav iour o b 
s e r v e d in nuclear co l l i s ions . A n u m 
ber o f expe r imen ts have f o u n d ex
t r e m e l y react ive s e c o n d a r y nuclear 
f r a g m e n t s c lose t o the co l l i s ion 
po in t . T h e l i fe t ime o f t hese s t a t e s is 
o f t he o rde r o f 10~~ 1 1 s e c o n d s , cer 
ta in ly s tab le aga ins t s t r o n g nuclear 
d e c a y s and long- l i ved by any nuclear 
s t a n d a r d s . 

A n o m a l o n s (the name a rose a f te r 
a m i s t y p i n g o f the w o r d anoma lous ) 
are an o rde r o f magn i t ude m o r e reac
t i ve t han o rd inary nuclear m a t t e r o f 
t h e s a m e m a s s . Nuclear exc i t a t i ons 
w h i c h cou ld p roduce such behav iou r 
t yp ica l l y l ive f o r 1 0 ~ 2 3 t o 1 0 - 1 6 se 
c o n d s . T h e 1 0 " 1 1 s e c o n d a n o m a l o n 
l i fe t imes de fy c o m p r e h e n s i o n . 

H in ts o f such behav iou r had been 
seen in c o s m i c ray e v e n t s s o m e th i r 
t y years ago . N o w it has been o b 
s e r v e d by a n u m b e r o f t e a m s us ing 
heavy ion b e a m s w i t h energ ies 
a r o u n d 2 G e V / n u c l e o n at t he Berke 
ley Bevalac. A B e r k e l e y / O t t a w a c o l 
l abo ra t ion has ev idence f r o m the in 
t e r a c t i o n s o f i ron and o x y g e n ions in 
emu ls i on t a r g e t s , and a Buf fa lo (New 
Y o r k ) g r o u p has e x a m p l e s f r o m i ron 
and a rgon b e a m s . Th i s t e a m r e p o r t s 
no a n o m a l o n s w i t h i ron b e a m s at half 
t he ene rgy , and has m a d e a spec ia l 

search f o r a n o m a l o n alpha par t i c les , 
w i t h o u t success . M o r e a n o m a l o n 
ev idence c o m e s f r o m a M i n n e s o t a 
c o s m i c ray g r o u p us ing s a m p l e s 
f l o w n f r o m ba l loons . 

The re is no sho r tage o f theore t i ca l 
cand ida te m e c h a n i s m s . M a n y o f 
t hese invo lve unusual quark c o n f i g u 
ra t i ons , such as a ' d e m o n ' deu te ron 
invo lv ing th ree quark pai rs ins tead o f 
the conven t i ona l deu te ron o f t w o 
nuc leons , each con ta in ing th ree 
qua rks . 

Counting neutrinos 
A n e w e x p e r i m e n t by Los A l a m o s 
researchers cou ld g o on t o p rov ide 
n e w c lues in t he s t u d y o f t he neut r i 
nos e m i t t e d by the sun . 

A n apprec iab le f lux o f neu t r inos 
shou ld be p r o d u c e d by the in tense 
t he rmonuc lea r reac t ions deep in t he 
s u n ' s in ter ior w h i c h at ta in the enor 
m o u s t e m p e r a t u r e s able t o res is t t he 
huge g rav i ta t iona l c o m p r e s s i o n . T h e 
f lux o f t hese neu t r i nos , w h i c h shou ld 
be measurab le o n ea r th , p r o v i d e s in 
pr inc ip le a usefu l t h e r m o m e t e r t o 
measure the t empe ra tu re o f the 
s u n ' s in ter ior . 

For m a n y yea rs , a B r o o k h a v e n ex
pe r imen t led by Ray Davis has been 
us ing a neu t r ino de tec to r 5 0 0 0 fee t 
b e l o w g r o u n d in a Sou th D a k o t a lead 
mine t o in te rcep t these solar pa r t i 
c les. But th is s t u d y has on ly in ter
c e p t e d a f r ac t i on o f the e x p e c t e d 
neut r ino leve l . 

T h e B r o o k h a v e n expe r imen t l ooks 
f o r neu t r i no - induced reac t ions m o r e 
or less as t h e y occur . H o w e v e r the 
Los A l a m o s s t u d y p lans t o l ook f o r 
s igns o f neu t r ino in te rac t ions in foss i l 
o res in w h i c h the p r o d u c t s o f mi l l ions 
o f years o f exposu re t o so lar neut r i 
nos w o u l d be s t o r e d . 

Residues f r o m m o l y b d e n u m ore 
m ined a mi le b e l o w the ea r th ' s sur
face in C o l o r a d o ' s Red M o u n t a i n w i l l 
be b r o u g h t back t o the Labo ra to r y 

and e x a m i n e d f o r the p resence o f 
th ree i s o t o p e s o f t e c h n e t i u m , inc lud
ing t w o tha t resul t d i rec t ly f r o m the 
in te rac t ion o f neu t r i nos w i t h m o l y b 
d e n u m . T h e s e i s o t o p e s , w i t h half-
l ives rang ing f r o m 2 0 0 0 0 0 t o f ou r 
mi l l ion yea rs , shou ld p rov ide a re
c o r d o f neu t r ino abundances o v e r 
t he mi l lenia. 

A s we l l as f i nd ing any ' m i s s i n g ' 
neu t r i nos e m i t t e d by the s u n , such a 
s t u d y cou ld reveal s y s t e m a t i c va r ia 
t i o n s in the s u n ' s ac t i v i t y . 

A n o t h e r poss ib i l i t y n o w rece iv ing 
a t t en t i on is t he c o n s t r u c t i o n o f d i rec-
t iona l l y sens i t i ve neut r ino d e t e c t o r s 
con ta in ing large a m o u n t s o f mater ia l 
w i t h po lar ized nuclear sp ins . 

Muonium in a vacuum 
M u o n i u m is an a t o m i c s ta te cons i s t 
ing o f a pos i t i ve m u o n and an ' o rb i t a l ' 
e l ec t ron . For a t o m i c and chemica l 
p u r p o s e s it is ap t l y desc r i bed as a 
l ight i so tope o f h y d r o g e n w i t h abou t 
one n in th o f t he h y d r o g e n m a s s . Be
cause it is c o m p o s e d o f (supposed ly ) 
po in t l i ke par t ic les w i t h no s t r o n g in
t e r a c t i o n s , it is a po ten t ia l l y usefu l 
w a y o f t es t i ng exac t p red i c t i ons . 

M u o n i u m is usual ly f o r m e d by 
s l o w i n g d o w n b e a m s o f pos i t i ve ly 
cha rged m u o n s in ma t te r . T h e inter
ac t i on o f th i s m u o n i u m w i t h the ta r 
ge t mater ia l is exp lo i t ed in the m u o n 
sp in ro ta t i on t echn ique (see, f o r ex
a m p l e , M a r c h issue, page 6 4 ) . H o w 
ever th is in te rac t ion can be undes i r 
able if p rec is ion m e a s u r e m e n t s on 
m u o n i u m i tsel f are requ i red . Recent 
d e v e l o p m e n t s at L A M P F and at 
TR IUMF have s u c c e e d e d in p r o d u c 
ing m u o n i u m in a v a c u u m by pass ing 
l o w energy m u o n b e a m s t h r o u g h th in 
fo i l s . 

A c c o r d i n g t o re lat iv is t ic (Dirac) 
e lec t ron t h e o r y , cer ta in exc i ted 
a t o m i c s ta tes shou ld have exac t l y 
t he s a m e ene rgy . H o w e v e r th is is no t 
t he case , and t he t i ny ene rgy d i f fer -
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ence — the L a m b shi f t — is used as 
one o f t he s tanda rd t e s t s o f m o d e r n 
q u a n t u m e l e c t r o d y n a m i c s . Because 
it a vo i ds the c o m p l i c a t i o n s o f p r o 
t o n s , m u o n i u m p r o v i d e s a po ten t ia l l y 
g o o d l abo ra to ry f o r m a k i n g prec ise 
m e a s u r e m e n t s . Pre l iminary m e a s u 
r e m e n t s o f the L a m b shi f t in m u o n 
ium have been m a d e at T R I U M F , and 
are cons i s t en t w i t h t h e o r y . 

In the m o s t easi ly access ib le ex
amp le o f the L a m b sh i f t , t he l o w e r o f 
t he t w o ad jacent ene rgy levels c a n 
n o t decay d i rec t ly and is t h u s m e -
tas tab le . Th i s s ta te has been o b 
se rved at TR IUMF. W h e n a s t r o n g 
e lect r ic f ie ld is app l i ed , it is par t ia l ly 
c o n v e r t e d t h r o u g h the S ta rk e f fec t t o 
an ad jacent s t a t e , w h i c h rad ia tes 
d o w n t o the g r o u n d s ta te . T h e in ten 
s i t y o f t he e m i t t e d rad ia t ion d e p e n d s 
o n the degree o f c o n v e r s i o n 
ach ieved , and g ives an ind ica t ion o f 
t he L a m b shi f t . 

M e a s u r e m e n t s o f t he m u o n i u m 
f lux f r o m a va r ie ty o f d i f fe ren t fo i l s 
are under w a y at TR IUMF and m e t h 
o d s are be ing cons ide red f o r prec ise 
m e a s u r e m e n t s o f m u o n i u m L a m b 
sh i f t s . 

FERMILAB 
Tevatron II 
gets under way 

Th i s sp r ing Fermi lab w a s g iven the 
g o - a h e a d f o r T e v a t r o n I I , the p ro jec t 
t o upg rade t he Labo ra to r y b e a m 
s w i t c h y a r d and exper imen ta l areas 
f o r o p e r a t i o n at 1 0 0 0 GeV (1 T e V ) . 
B road unexp lo red energy reg imes 
w i l l o p e n f o r f i xed ta rge t phys i cs . For 
e x a m p l e , t he gain in the even t rate o f 
energet ic in te rac t ions and the d o u 
b led ene rgy o f the p r o p o s e d m u o n 
b e a m wi l l a l l o w e x p a n d e d measu re 
m e n t s o f the quark s t ruc tu re f unc 
t i ons o f t he nuc leons and sens i t i ve 
t e s t s o f q u a n t u m c h r o m o d y n a m i c s 
p red i c t i ons . Careful m e a s u r e m e n t o f 
h igh ene rgy neut r ino in te rac t ions w i l l 
t e s t t he uni f ied desc r ip t i on o f lep-
t o n s , inc lud ing the p red i c ted d a m p 
ing o f t he to ta l even t ra tes f r o m the 

an t i c ipa ted e f fec t o f t he in te rmed ia te 
v e c t o r b o s o n . T h e p r o d u c t i o n o f 
heavy qua rks is g rea t l y enhanced at 
h igher energ ies . A t the s a m e t i m e the 
c o m b i n a t i o n o f h igher b e a m energ ies 
and n e w d e t e c t o r t e c h n o l o g y w i l l 
m a k e it poss ib le t o s t u d y par t ic les 
w i t h l i fe t imes as sho r t as 1 0 ~ 1 3 se 
c o n d s . A s a resu l t , it m a y be poss ib le 
t o s t u d y c h a r m and b o t t o m m e s o n s 
in de ta i l , and t o s ta r t t o l ook at t au 
neu t r i nos . 

T e v a t r o n II is one leg o f the overa l l 
T e v a t r o n t r iang le . T h e base is t he 
Energy S a v e r / D o u b l e r — the c o n 
s t ruc t i on o f a s u p e r c o n d u c t i n g acce l 
e ra to r r ing in the p resen t main r ing 
t unne l . A fai r f r ac t i on o f the insta l la
t i o n o f t he Energy Doub le r is c o m 
p le te . T h e rema inder w i l l con t i nue 
th is s u m m e r . T h e s e c o n d par t o f t he 
overa l l p ro jec t , T e v a t r o n I, is t he 
c o n s t r u c t i o n o f an a n t i p r o t o n sou rce 
and o the r assoc ia ted fac i l i t ies t o per
m i t p r o t o n - a n t i p r o t o n co l l i s ions in 

Tom Kirk (left), Project Manager of 
Fermilab's Tevatron II, seen with Deputy 
Project Manager Roger Dixon. 

(Photo Fermilab) 
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t he n e w r ing w i t h 2 T e V t o ta l ene rgy . 
T h e a d d e d re f r igera t ion and acceler 
a t ion s y s t e m s p r o v i d e d under t he 
T e v a t r o n I p ro jec t w i l l m a k e it p o s s i 
ble t o acce lera te p r o t o n s t o 1 T e V at 
a rate c lose t o TOO G e V / s and t o 
p r o v i d e long b e a m spi l ls f o r expe r i 
m e n t s . T h e th i rd par t is T e v a t r o n I I , 
t he f i xed ta rge t areas ene rgy up 
g rade . 

The re w i l l be T e v a t r o n II ac t iv i t ies 
in b o t h the A c c e l e r a t o r and Research 
D iv is ions . Personne l f r o m the A c c e l 
e ra to r D iv is ion wi l l handle t he p r i m a 
ry b e a m ex t rac t i on and m o d i f i c a 
t i ons in t he s w i t c h y a r d wh i l e t he Re
search Div is ion wi l l car ry ou t t he up 
g rade on the expe r imen ta l a reas. 
T o m Ki rk , d e p u t y head o f t he Re
search D iv i s ion , is t he p ro jec t M a n 
ager o f T e v a t r o n II. Roger D ixon o f 
t he A c c e l e r a t o r D iv is ion is D e p u t y 
Pro jec t Manager . 

A g rea t deal o f w o r k has g o n e in to 
p lann ing t he T e v a t r o n II p ro jec t . A 
s u m m e r s t u d y in 1 9 7 6 d e v e l o p e d an 
init ial l ist o f poss ib le phys i cs ob jec 
t i v e s , des i rab le n e w fac i l i t ies , and 
m o d i f i c a t i o n s t o ex is t ing o n e s . In t he 
f o l l o w i n g years a n u m b e r o f w o r k 
s h o p s at the L a b o r a t o r y re f ined t he 
a p p r o a c h t o the va r ious e x p e r i m e n 
ta l a reas. In 1 9 8 0 a c o m p r e h e n s i v e 
des ign s t u d y w a s d e v e l o p e d f o r t he 
p r o g r a m m e . User in te res t and in 
v o l v e m e n t in these p lans have been 
in tense at eve ry s tage . 

A l l o f t he i m p r o v e m e n t s f o r t he 
cur ren t 4 0 0 GeV p r o g r a m m e in t he 
expe r imen ta l areas o v e r t he last sev 
eral yea rs have a lso t a k e n in to ac
c o u n t fu tu re T e v a t r o n o p e r a t i o n . Ex
a m p l e s inc lude t he ins ta l la t ion o f t he 
s u p e r c o n d u c t i n g left b e n d t o t he M e 
s o n A r e a in 1 9 8 0 and t he ins ta l la t ion 
o f i ron f r o m the A r g o n n e ZGS in t he 
neu t r ino m u o n sh ie ld . 

T h e b l o o d s t r e a m o f a f i xed t a rge t 
l abo ra to r y is the s w i t c h y a r d and t he 
assoc ia ted ex t rac t i on fac i l i t ies . T h e 
T e v a t r o n II des ign uses t he ex is t i ng 

A deliberate night 'quench' of a portion of 
the Fermilab superconducting ring, showing 
the effects of cold evaporating gas escaping 
through a safety valve. 

(Photo Fermilab) 

4 0 0 GeV s w i t c h y a r d enc losures t o 
the m a x i m u m ex ten t poss ib le . T h e 
T e v a t r o n w i l l have b o t h s l o w r e s o n 
ant ex t rac t i on and fas t resonan t ex 
t rac t i on w i t h a spil l o f 1 t o 3 m s . One 
a d v a n t a g e o f the s u p e r c o n d u c t i n g 
r ing is t he poss ib i l i t y o f an e x t r e m e l y 
long spi l l ex tend ing ove r m a n y sec
o n d s w i t h a c o n s e q u e n t i m p r o v e 
m e n t in d u t y f a c t o r o f the b e a m . 
H o w e v e r th is p laces add i t iona l de 
m a n d s o n b e a m ex t rac t i on . 

A n i m p o r t a n t par t o f the s w i t c h 
ya rd c o n s t r u c t i o n wi l l be a s u p e r c o n 
duc t i ng r ight bend f o r the P ro ton 
A r e a . T h e r ight bend is a 5 ° ho r i zon 
ta l b e n d t o t he east in the p r imary 
b e a m t r a n s p o r t t o the P ro ton A r e a . It 
w i l l be m a d e w i t h 12 Energy Doub le r 
d ipo les runn ing at 4 0 kG ( 1 0 0 0 
GeV) . Th is is a p p r o x i m a t e l y one half 
t he size o f the ex is t ing left b e n d 
c r yogen i c s y s t e m t o the M e s o n 
A r e a . 

Each o f t he exper imen ta l areas w i l l 

u n d e r g o a ma jo r upg rade and wi l l see 
the add i t i on o f n e w fea tu res . In t he 
P ro ton A r e a t he ex is t ing b r o a d - b a n d 
p h o t o n b e a m wi l l be rep laced w i t h a 
h igh in tens i t y e lec t ron b e a m . The d e 
s igners have a imed f o r a v e r y large 
m o m e n t u m a c c e p t a n c e , ± 15 per 
cen t , and a large so l id angle o f 4 
m ic ros te rad ians . T h e b e a m wi l l be 
able t o t r a n s p o r t e lec t rons up t o 8 0 0 
GeV. T h e s e w i l l be c o n v e r t e d t o p h o 
t o n s in a rad ia to r . T h e b e a m wi l l be 
o p e r a t e d pure ly as a b remss t rah lung 
b e a m w i t h no t a g g i n g o f the p h o t o n 
e n e r g y , p e r m i t t i n g high p h o t o n 
f l uxes up t o 5 0 0 GeV. It can a lso be 
used as a h igh ene rgy neutra l had ron 
b e a m . A sp l i t t i ng s ta t i on wi l l pe rm i t 
s imu l t aneous and independen t ope r 
a t ion o f th is b e a m w i t h the t a g g e d 
p h o t o n b e a m . A n e w d e t e c t o r enc lo 
sure w i l l be bui l t in the high in tens i ty 
e lec t ron b e a m capab le o f s u p p o r t i n g 
t w o e x p e r i m e n t s . 

In t he Neut r ino A r e a a c o m p l e t e l y 
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n e w 8 0 0 GeV m u o n b e a m wi l l be 
a d d e d t o the eas t o f t he ex is t i ng neu 
t r i no l ine. S t re t ch ing m o r e t h a n 8 0 0 0 
fee t f r o m the s w i t c h y a r d enc losu re 
t o we l l b e y o n d the ex is t ing bubb le 
c h a m b e r c o m p l e x , t he b e a m c o n 
s is ts o f th ree par ts — a had ron c a p 
ture s e c t i o n , a FODO quad rupo le d e 
cay channe l , and a m u o n t r a n s p o r t 
s e c t i o n . T h e quad rupo les f o r t he d e 
cay channe l are con ta i ned in f i f t een 
smal l bur ied enc losu res , each 
s p a c e d 2 0 0 fee t apar t . Conven t i ona l 
quad rupo les w i l l be used ra ther t han 
s u p e r c o n d u c t i n g o n e s because o f 
t he w i d e spac ing . T h e m u o n t r a n s 
po r t sec t i on f o l l o w s the s a m e pa t 
t e r n . A n e w exper imen ta l area w i l l be 
c o n s t r u c t e d at the end o f t he l ine. 
A n ac t i ve p r o m p t neu t r ino b e a m 
d u m p wi l l a lso be c o n s t r u c t e d . Th is 
w i l l be loca ted d i rec t ly u p s t r e a m o f 
t he ex is t ing Neut r ino A r e a expe r i 
m e n t s . A n e w high ene rgy d i ch ro 
mat i c neu t r ino t ra in w i l l be avai lable 
s o t ha t the increased ene rgy can be 
exp lo i t ed f o r neu t r ino phys i cs . 

T h e pr inc ipal n e w fea tu re in t he 
M e s o n A r e a wi l l be a po lar ized p r o 
t o n b e a m tha t w i l l c o v e r t he ene rgy 
range f r o m 7 0 t o 3 5 0 GeV. A r g o n n e 
Nat iona l Labo ra to r y w i l l supp l y t he 
d ipo le m a g n e t s f o r the p ro jec t , t o be 
bui l t as a jo in t A r g o n n e / F e r m i l a b 
p ro jec t . T h e b e a m is p r o d u c e d by 
us ing the po lar ized p r o t o n s f r o m the 
d e c a y o f l ambda par t ic les . A spec ia l 
ar ray o f d ipo les cal led a ' s n a k e ' w i l l 
m a k e it poss ib le t o ro ta te t he po la r i 
za t ion t o any o r i en ta t i on . 

T h e ta rge t i ng a r r a n g e m e n t s f o r 
t he u p g r a d e d M e s o n A r e a have been 
a sou rce o f in tense d i scuss ion . A 
n e w ph i l osophy has e v o l v e d so t ha t 
t he th ree p r imary b e a m s are h a n d 
led separa te l y , pe rm i t t i ng m o r e f lex 
ible ope ra t i on and s imp l i f y ing t he 
s w i t c h y a r d requ i remen ts . 

T h e T e v a t r o n II c o n s t r u c t i o n p r o 
j ec t w i l l last unt i l 1 9 8 5 . I m p r o v e 
m e n t s wi l l be m a d e f i rs t in t he p r i m a 

ry b e a m s . T h e seconda ry beaml ines 
w i l l benef i t f r o m the energy in 
c reases in t he p r imary b e a m even 
w h e n the s e c o n d a r y b e a m s ope ra te 
at p resen t ene rgy capabi l i t ies , s ince 
the y ie lds w i l l increase. 

Over t he pas t year the Fermi lab 
Phys ics A d v i s o r y C o m m i t t e e has re
c o m m e n d e d app rova l o f t w e l v e n e w 
e x p e r i m e n t s f o r T e v a t r o n runn ing , 
m a n y based o n ex is t ing e q u i p m e n t . 
T h e s e w o u l d s u p p l e m e n t severa l 
t rans i t i on e x p e r i m e n t s t ha t are n o w 
o n the f l oo r and w o u l d con t i nue 
ope ra t i on in an ear ly pe r iod o f t he 
T e v a t r o n . T h e p r o g r a m m e spans the 
ent i re g a m u t o f par t ic le phys i cs . 
H o w e v e r s o m e poten t ia l b e a m 
space is st i l l avai lable f o r par t icu lar ly 
i m p o r t a n t expe r imen t s . 

Energy Saver/Doubler 
progress 
Insta l la t ion o f the Fermi lab super 
c o n d u c t i n g acce lera tor r ing f o r g e s 
ahead . T e s t i n g o f th ree 4 0 - m a g n e t 
c r y o l o o p s in A - S e c t o r has con t i nued 
in paral lel w i t h the 4 0 0 GeV research 
p r o g r a m m e . T h e m a g n e t s y s t e m has 
reached 4 0 0 0 A , c o r r e s p o n d i n g t o 
o v e r 9 0 0 GeV. 

T h e m a g n e t s have been ramp ing 
con t i nuous l y at 4 0 0 0 A w i t h a 7 5 s 
cyc le s ince the end o f Ap r i l . T e s t s o f 
t he quench p r o t e c t i o n s y s t e m at ful l 
cur ren t ind icate tha t the insta l led 
m a g n e t s y s t e m s can success fu l l y 
sus ta in a ful l ene rgy quench . 

Cons iderab le exper t i se and c o n 
t r o l s soph i s t i ca t i on have been deve l 
o p e d dur ing t he running w h i c h began 
in January . Th i s i nvo lved no t on ly t he 
th ree sate l l i te re f r igera tors on the A -
Sec to r c r y o l o o p s , bu t a lso the Cen
t ra l He l ium Liqui f ier , and a f o u r t h s a 
te l l i te runn ing t he S y s t e m s Deve lop 
m e n t Faci l i ty at B -12 . A l l o f t hese 
c o m m u n i c a t e w i t h the conso le in the 
Ma in Con t ro l R o o m . 

M a g n e t p r o d u c t i o n is at o r a b o v e 

A portion of the new Fermilab 
superconducting magnet system has 
attained 4000 A, equivalent to acceleration 
to over 900 GeV. The step-like trace (upper 
left) is the voltage from the power supply 
(500 V per scale division). Note the zero 
voltage during the flat-top. The lower trace 
shows the current through the 
superconducting magnets, attaining 4000 A. 
Repetition rate is 75 seconds. 

levels p red i c ted in an in tens ive re
v i e w by t he D e p a r t m e n t o f Energy in 
February . M a g n e t measur ing is run 
n ing subs tan t ia l l y ahead o f t h o s e 
p ro jec t i ons . A s o f 10 M a y , 6 9 6 d i 
po les ou t o f 7 7 4 needed f o r the r ing 
w e r e c o m p l e t e and 6 3 1 w e r e m e a s 
u r e d ; 1 0 7 quad rupo les ou t o f 2 1 6 
w e r e c o m p l e t e and 8 0 w e r e m e a s 
u r e d ; and 1 4 7 spoo lp i eces w e r e 
c o m p l e t e and m e a s u r e d . 

T h e r ing cou ld be c o m m i s s i o n e d 
w i t h i n a year . 

Annual users meeting 
Th is y e a r ' s A n n u a l M e e t i n g o f t he 
Fermi lab Users Organ iza t ion w a s 
par t icu la ly i m p o r t a n t because 1 9 8 2 
is a year o f change f o r Fermi lab , w i t h 
a n e w mach ine in s igh t . T h e Users 
Execut ive C o m m i t t e e had s t r essed 
the need f o r users a t t end ing t he 
m e e t i n g . 

Dick G u s t a f s o n , as head o f t he 
Users Execut ive C o m m i t t e e , cha i red 
the t w o day m e e t i n g ; he o b s e r v e d 
tha t m o r e t han 3 0 0 users f r o m 
a round the c o u n t r y and w o r l d had 
r e s p o n d e d . T h e y w e r e a t t r ac ted by 
an impress i ve schedu le o f s p e a k e r s , 
coup led w i t h t he o p p o r t u n i t y t o help 
m o u l d the p r o g r a m m e and fu tu re d i 
rec t ion o f the Labo ra to r y . 

A b r o a d s p e c t r u m o f ou ts ide user 
par t i c ipa t ion f r o m un ivers i t ies and 
o the r i ns t i tu t i ons has been at t he 
heart o f Fermi lab ac t iv i t ies s ince i ts 
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i ncep t ion . Th is e x t e n d s we l l b e y o n d 
par t i c ipa t ion in the research p r o 
g r a m m e , inc luding i nvo l vemen t in 
the Phys ics A d v i s o r y C o m m i t t e e , 
m e m b e r s h i p in t he Board o f T r u s 
t e e s , p lann ing o f n u m e r o u s w o r k 
s h o p s , the Users Execut ive C o m m i t 
tee and o f course the Users A n n u a l 
M e e t i n g . 

High on th is yea r ' s l ist o f user c o n 
cerns w a s the basic sc ience p lann ing 
p r o c e s s . Dick Gus ta f son a n n o u n c e d 
a S u m m e r S tudy in A s p e n , C o l o r a d o , 
s p o n s o r e d by the Div is ion o f Par t i 
c les and Fields o f the A m e r i c a n Phy
sical Soc ie t y t o look at i n te rmed ia te 
and long range needs in par t ic le phy 
s ics . 

Severa l o f the speake rs at the 
mee t i ng he lped t o shed m o r e l ight o n 

Dick Gustafson, Chairman of the Fermilab 
Users Organization. 

(Photo Fermilab) 

t he sc ience po l icy p rocess . H. Guy-
f o r d S teve r , add ress ing the users f o r 
the f i rs t t i m e as the n e w URA (Uni
vers i t ies Research A s s o c i a t i o n — 
the gove rn i ng b o d y o f Fermilab) Pre
s iden t , r e v i e w e d the h is to ry o f 
sc ience adv ice in W a s h i n g t o n . Re
presen ta t i ve Don Fuqua, cha i rman o f 
the US House o f Representa t i ves 
C o m m i t t e e o n Science and T e c h 
n o l o g y , s t r essed the impo r tance o f 
g o o d sc ience educa t i on . He n o t e d 
tha t i ndus t ry s e e m s t o be a t t rac t ing 
po ten t ia l g radua te s tuden ts f r o m the 
eng ineer ing and scient i f ic f i e ld , c o m 
men t i ng tha t th is w a s ' l ike ea t ing 
o n e ' s seed c o r n ' . He also j u d g e d t he 
Reagan admin i s t ra t i on as w i s e in t he 
area o f bas ic research . Hugh L o w e t h , 
Depu ty D i rec to r f o r Energy and 
Science o f the US Off ice o f M a n a g e 
m e n t and Budge t (OMB), and M a r t h a 
K r e b s , S ta f f D i rec to r o f the US C o n 
g ress S u b c o m m i t t e e on Energy De
v e l o p m e n t and A p p l i c a t i o n , shed 
fu r ther l ight on the detai ls o f t he 
W a s h i n g t o n budge t p rocess . 

Leon L e d e r m a n ' s br ie f ing t o the 
users ranged as far as the year 2 0 0 1 . 
He p ic tu red a se t o f v i go rous imper 
a t i v e s : ope ra te the 4 0 0 GeV p r o 
g r a m m e , c o m p l e t e the Energy Sav
er, p r o d u c e an in tense source o f an t i -
p r o t o n s f o r co l l id ing b e a m exper i 
m e n t s , c o n s t r u c t the f i xed ta rge t ar
eas f o r the T e v a t r o n , and sti l l w o r k 
t o w a r d a long range fu ture w i t h a d 
v a n c e d research on such p ro jec ts as 
high f ie ld supe rconduc t i ng m a g n e t s . 
He n o t e d the pub l ica t ion list f r o m the 
Labo ra to r y f o r 1 9 8 1 w a s l o n g , var 
ied , and inc luded many PhD theses . 
St i l l , t he re has been a p r o b l e m w i t h 
avai lable acce lera tor t ime . There has 
been a s t e a d y d r o p ove r the years 
due pr inc ipal ly t o budge t s t r i c tu res . 
He ind ica ted tha t the Pres iden t ' s 
b u d g e t p roposa l f o r 1 9 8 3 ho lds 
p r o m i s e f o r the f i rs t real relief f r o m 
th is p r o b l e m in near ly f i ve years . 

Tai j i Y a m a n o u c h i and N o r m a n Gel-

f a n d r e v i e w e d the p resen t exper i 
men ta l p r o g r a m m e and the p r o p o 
sals t ha t have been rece ived . Peter 
Koeh ler ou t l i ned the ex tens ive p r o 
g r a m m e o f i m p r o v e m e n t s t ha t had 
been carr ied o u t in the research areas 
o v e r t he last year . In par t icu lar , a 
large n u m b e r o f c o n s t r u c t i o n p r o 
j ec t s have been junder w a y in t he Pro
t o n Labo ra to r y . In add i t i on severa l 
ma jo r n e w e x p e r i m e n t s have been 
ins ta l led. 

Rich Orr , J o h n Peop les , and T o m 
Kirk r epo r t ed o n the p rog ress o f the 
large n e w p ro jec t s n o w under w a y at 
Fermi lab. J o h n Peoples s h o w e d the 
u p d a t e d p lans f o r the Col l ider inc lud
ing a s t r i k ing n e w t r iangular de -
bunche r -accumu la to r ' r i ng ' . He an 
n o u n c e d tha t inv i ta t ions t o b id on 
c o n s t r u c t i o n f o r the exper imenta l 
area a round the co l l is ion reg ion w e n t 
ou t on 3 M a y . 

A n in te res t ing n e w p roposa l f o r an 
e l e c t r o n - p r o t o n col l ider w a s aired by 
a US /Canad ian g r o u p rep resen ted 
by Nathan Isgur and S teve Ho lmes . 
T h e p ro jec t w o u l d use a 5 GeV elec
t r o n r ing , near ly 5 0 0 me t res in cir
c u m f e r e n c e . It w o u l d be tangen t t o 
the Saver r ing and reach a luminos i t y 
o f 4 x 1 0 3 1 c m - 2 s _ 1 . 

J o h n Cumala t , head o f the Labora 
t o r y C o m p u t e r A d v i s o r y C o m m i t t e e , 
and A l Brenner , head o f the Fermi lab 
C o m p u t i n g D e p a r t m e n t , d i scussed 
the p resen t and fu tu re c o m p u t e r s i t 
ua t ion at the Labo ra to ry . Severa l 
r oads are avai lable f o r rel ieving the 
p resen t p r o b l e m w i t h sa tu ra t ion o f 
c o m p u t i n g capabi l i ty bu t Brenner 
s t r essed tha t a subs tan t ia l increase 
in capac i t y is no t b u d g e t e d unt i l 
1 9 8 4 . 

Mar t i n V e l t m a n gave his pe rspec 
t i ve o n the cur ren t s ta tus o f par t ic le 
phys i cs . He l is ted s o m e o f the exo t i c 
par t ic le poss ib i l i t ies t ha t have been 
s u g g e s t e d bu t s t ressed t he need f o r 
care fu l , d e t e r m i n e d p r o g r a m m e s t o 
a t t ack the m o r e p rosa ic p r o b l e m s . 

2 3 0 CERN Courier, Ju ly /August 1982 



SACLAY 
Polarized protons 
Before it w a s shu t d o w n in 1 9 7 9 , t he 
A r g o n n e ZGS mach ine success fu l l y 
p ionee red the acce le ra t ion o f po lar 
ized p r o t o n s in to t he G e V range . Th i s 
e f f o r t resu l ted in t he d i s c o v e r y o f 
in te res t ing phys i cs sp in e f f ec t s t h a t 
are sti l l n o t u n d e r s t o o d (see N o v e m 
ber 1 9 7 9 issue, page 3 5 1 ) . Th i s has 
fue l led the e f fo r t t o p r o v i d e m o r e 
acce le ra ted po lar ized p r o t o n b e a m s 
(see June issue, page 1 8 0 ) . M e a n 
wh i l e GeV po lar ized p r o t o n s have 
o n c e m o r e been p r o d u c e d , th i s t i m e 
at t he Saturne mach ine at Sac lay . 

T h e p r o b l e m in acce le ra t ing po lar 
ized par t ic les is t he c ross i ng o f t he 
va r i ous depo lar iz ing r esonances 
w h i c h occu r dur ing the acce le ra t ion 
cyc l e , w i t h o u t los ing the va luab le p o 
lar izat ion. There are t w o w a y s o f 
d o i n g th is in a smal l r ing . One is t he 
' f as t c r o s s i n g ' t echn ique , in w h i c h 
t he resonance is c r o s s e d s o rap id ly 
t ha t the par t ic les d o n o t ge t a g o o d 
chance t o b e c o m e depo la r i zed . Cor 
rec t i ons are t hen app l ied t o regain 
any los t po lar iza t ion . A l t e rna t i ve l y , 
t h e int r ins ic p o w e r o f t he resonance 
can be exp lo i t ed t o sys tema t i ca l l y 
s w i t c h all t he sp ins . T h o u g h the p o 
lar izat ion d i rec t ion is c h a n g e d , t he 
b e a m sti l l e m e r g e s in a h igh ly po lar 
ized s ta te . Th is is cal led 'ad iabat ic 
sp in reve rsa l ' . 

T h e po lar ized p r o t o n s in Sa tu rne 
c r o s s e d nine r e s o n a n c e s , o f b o t h 
c l o s e d o rb i t and b e t a t r o n t y p e , dur 
ing the i r acce le ra t ion t o a b o u t 
2 . 4 GeV. W e a k resonances w e r e 
n e g o t i a t e d us ing f a s t c r o s s i n g . 

Polarized protons have been accelerated 
to some 2.4 GeV in the Saturne machine 
at Saclay. The diagram shows how the 
various depolarizing resonances were 
negotiated. The weaker resonances were 
crossed quickly, while the power of the 
stronger resonances was exploited in 
'adiabatic spin reversal' in which the 
direction of polarization was switched. 

S t r o n g e r resonances requ i red ad ia 
bat ic sp in reversa l t o ma in ta in the 
h igh level o f po lar iza t ion . In s o m e 
cases the magne t i c f ie ld c o n d i t i o n s 
respons ib le f o r the resonance w e r e 
man ipu la ted t o m a k e the resonance 
s t r onge r . 

A f t e r t he app rop r ia te theore t i ca l 
w o r k had been d o n e severa l yea rs 
a g o , t he Saturne po lar izat ion expe r i 
m e n t s las ted f o r abou t a year . A 
carefu l cho ice o f ex t rac t i on ene rgy 
had t o be m a d e in o rde r t o s t u d y 
each resonance separa te ly . A c o n 
t ro l s y s t e m w a s d e v e l o p e d f o r t he 
pu lsed p o w e r supp l ies o f t he d ipo le 
and quad rupo le co r rec to r s used t o 
man ipu la te t he magne t i c f ie lds . 

T h e po lar iza t ion m e a s u r e m e n t s 
w e r e car r ied ou t w i t h an ex terna l 
p r o t o n po la r ime te r w i t h f ou r d i f fer 
en t t a rge t pos i t i ons and f ou r d e t e c 
t o r a r m s , t w o p ick ing up sca t t e red 
par t ic les and t w o f o r recoi l pa r t i 
c les . 

T h e po lar ized p r o t o n b e a m has 
been used in a n u m b e r o f expe r i 
m e n t s . T h e nuc leon-nuc leon in terac
t i o n is be ing s tud ied f r o m 6 0 0 M e V 
up t o 2 . 4 G e V t o measure the d i f fer 
ence in t he o b s e r v e d reac t ion ra tes 
f o r d i f fe ren t sp in con f i gu ra t i ons . T h e 
f o r m a t i o n o f d e u t e r o n s f r o m po lar 
ized p r o t o n s is be ing s t u d i e d , and 
ano the r e x p e r i m e n t is n o w under 
w a y us ing po lar ized d e u t e r o n s . 

For t he f u t u r e , a smal l b o o s t e r ( the 
M I M A S ring) cou ld subs tan t ia l l y i m 
p r o v e the po lar ized b e a m in tens i t ies . 
It w o u l d a lso e x t e n d the m a c h i n e ' s 
capabi l i t ies f o r hand l ing heavy ions . 

(A repo r t o f th is w o r k w a s g iven at 
t he recen t DESY Polar izat ion W o r k 
s h o p , c o v e r e d in our M a y issue, page 
1 3 9 . A n e r ro r c rep t in to our a c c o u n t 
o f t he m e e t i n g — t h e v i ta l in te res t in 
po lar ized e lec t rons is o f cou rse o f 
po ten t ia l bene f i t par t icu lar ly f o r e lec
t r o n - p r o t o n as we l l as e l ec t r on -pos i 
t r o n p ro jec ts . ) 
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Speaking at the recent Heavy Ion Fusion 
Symposium at GSI Darmstadt, John Lawson 
of Rutherford suggested that the gulf 
between concept and reality in this area 
should be attacked. 

(Photo GSI Darmstadt) 

DARMSTADT 
Symposium on Heavy 
Ion Fusion 
One rou te t o w a r d s inert ial con f i ne 
m e n t f us ion is the use o f heavy ion 
b e a m s f o r ign i t ion o f c r yogen i c pe l 
le ts o f a f e w mi l l imeters d i ame te r as 
deu te r i um- t r i t i um t a r g e t s . B e a m e n 
erg ies are o f the o rde r 10 G e V , t he 
cu r ren ts in the k i l oampere range and 
the b e a m pulse du ra t ion o n t he t a rge t 
a b o u t 2 0 ns , resu l t ing in a dr iver 
p o w e r de l ivery o f 1 0 0 t o 2 4 0 T e r a -
w a t t . T h e p r o p o s e d acce le ra to r c o n 
c e p t s are e i ther an induc t ion l inac o r 
a l inac-s to rage r ing c o m b i n a t i o n . 

A f t e r f ou r w o r k s h o p s on heavy ion 
f u s i o n in the pas t years (Berkeley 
1 9 7 6 , B r o o k h a v e n 1 9 7 7 , A r g o n n e 
1 9 7 8 , and again Berke ley 1 9 7 9 ) 
a b o u t 8 5 par t i c ipan ts f r o m 9 c o u n 
t r ies o f the c o m p a r a t i v e l y y o u n g HIF 

c o m m u n i t y m e t at GSI D a r m s t a d t 
f r o m 2 9 M a r c h t o 2 Ap r i l . The a im 
w a s t o r e v i e w the p rog ress and the 
actual s ta tus o f w o r k , t o g e t h e r w i t h 
ideas and p r o p o s a l s f o r fu tu re deve l 
o p m e n t s . A s e c o n d issue w a s a t h o r 
o u g h r e v i e w o f a par t icu lar 
l i n a c / s t o r a g e r ing heavy ion fus ion 
scena r io , p r o p o s e d by a co l l abo ra 
t i on o f Ge rman research cen t res and 
the Un ive rs i t y o f W i s c o n s i n , t o 
w h i c h w a s g i ven the a c r o n y m HI -
B A L L (Heavy Ion Beams and L i th ium 
Lead) . A l t h o u g h the s y m p o s i u m 
main ly c o v e r e d d e v e l o p m e n t s in ac
ce le ra to r phys i cs and eng ineer ing , 
t he par t i c ipa t ion o f the ta rge t e x p e r t s 
s t imu la ted s o m e usefu l exchanges . 

Su rveys o f the nat ional p r o 
g r a m m e s (US, UK, J a p a n , Germany) 
o f ac tua l heavy ion fus ion research 
w e r e f o l l o w e d b y specia l ized ta l ks 
and in fo rma l w o r k i n g g roup sess ions 
cove r i ng l inacs, s to rage r ings , b e a m 
t r a n s p o r t , f inal f o c u s s i n g and t a rge t 
s tud ies . Last ly there w a s a r e v i e w o f 
p lans f o r b e a m expe r imen ts in 
s t o r a g e r ings , cons ide red t o be o f 
ma jo r i m p o r t a n c e . These cou ld be 
real ized in t he nex t years at T A R N 
(Tes t A c c u m u l a t o r Ring f o r N u m a -
t ron ) a l ready in ope ra t i on at INS (To 
k y o ) as we l l as w i t h the SNS s y n 
c h r o t r o n under c o n s t r u c t i o n at t he 
Ru ther fo rd Labo ra to r y . 

Only a f e w poss ib i l i t ies are f o r e 
seen in t he near fu tu re f o r e x p e r i m e n 
ta l s tud ies o f beam- ta rge t in terac
t i ons w i t h heavy ions . T o exp lo re t he 
p red i c ted b e a m - p l a s m a in te rac t ion 
e f f ec t s , even the nex t genera t ion o f 
heavy ion acce le ra to rs wi l l no t de l iv 
er t he necessa ry energy dens i t y t o 
p r o d u c e h igh e n o u g h t e m p e r a t u r e s . 
T h e on ly poss ib le excep t i on cou ld be 
a p r o g r a m m e p r o p o s e d in the US t o 
bui ld an induc t ion linac capab le o f 
de l i ver ing in a b o u t 3 5 ns 2 . 8 k J o f 
1 0 0 M e V s o d i u m ions t o a plane ta r 
ge t . Th is so-ca l led High T e m p e r a t u r e 
Exper imen t shou ld lead t o a so l id 

dens i t y p l asma o f 5 0 — 1 0 0 e V t e m 
pera tu re . 

T h e m e e t i n g resu l ted in an in 
c reased con f i dence w i t h i n the HIF 
c o m m u n i t y t ha t t he acce le ra to r par t 
o f a l i n a c / s t o r a g e r ing Heavy Ion Fu
s ion p o w e r s ta t i on can be bui l t . Rea
s o n s f o r th is con f i dence a r e : 
— the e l im ina t ion o f s o m e f u n d a 

men ta l w e a k n e s s e s in p r o p o s e d 
s t o rage r ing des igns 

— an inc reased con f i dence tha t t he 
l inac and h igh ene rgy b e a m t r ans 
po r t s e e m t o g r o u n d e d on a t e c h 
no log ica l ly m a s t e r e d ter ra in 

— es tab l i shmen t o f a c o n s e n s u s 
v i e w o n h o w the va lues in pa ra 
m e t e r space can be n e w l y a d 
j u s t e d in a m o r e op t im i zed 
s c h e m e , and in a rap id ly conve r 
g ing des ign 

— the f o c u s o f a t t en t i on o n the ex
per imen ta l oppo r t un i t i e s w h i c h 
cou ld be exp lo red w i t h o u t t o o 
m u c h e f fo r t and c o s t in fac i l i t ies 
e i ther under c o n s t r u c t i o n or up f o r 
app rova l 

— the p r o m o t i o n o f in ternat iona l c o l 
l abora t ion—par t i cu la r l y in v i e w o f 
res t r i c ted f u n d i n g . 

RUTHERFORD 
Progress with 
neutron source 
It is s o m e t i m e s ince w e repo r t ed t he 
p r o g r e s s o f c o n s t r u c t i o n o f t he Spa l 
la t ion Neu t ron S o u r c e , SNS, at t he 
Ru the r fo rd Labo ra to r y . W e beg in 
t he re fo re w i t h a br ief recap o f the 
ma jo r a ims and mach ine fea tu res . 

T o ach ieve t he higher in tens i t ies 
needed f o r p resen t -day research 
w i t h neu t ron b e a m s it has been ne
cessa ry t o m o v e a w a y f r o m the t r a 
d i t iona l use o f nuclear reac to rs t o 
neu t ron sou rces based o n acce le ra
t o r s . Such b e a m s are used by p h y s i 
c i s t s , c h e m i s t s , mater ia ls sc ien t i s t s , 
b i o l og i s t s , e t c , t o inves t iga te the 
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A prototype SNS ceramic vacuum chamber 
section, 5 m long with a bending radius of 
7 m. A model bending magnet can be seen 
in the background. 

s t ruc tu re and p rope r t i es o f a w i d e 
range o f mater ia ls inc lud ing a l loys , 
de fec t so l i ds , l iquid c r ys ta l s , f e r r o -
e lec t r i cs , a m o r p h o u s p o l y m e r s , o r 
gan ic mo lecu les and m e m b r a n e s and 
m a c r o m o l e c u l e s such as p ro te ins 
and v i ruses . 

T h e Ruther fo rd L a b o r a t o r y has 
had cons iderab le exper ience in s u p 
p o r t o f these research f ie lds s ince it 
has been the UK f o c u s o f pa r t i c ipa 
t i o n in t he research p r o g r a m m e at 
t he reac to r o f t he Ins t i tu te Laue-Lan-
gev in at Grenob le . W i t h t he d e m i s e 
o f t he U K ' s na t iona l l y -based h igh e n 
e rgy p r o g r a m m e and the c los ing 
d o w n o f the N i m r o d p r o t o n s y n c h r o 
t r o n at Ru ther fo rd and the Nina e lec
t r o n s y n c h r o t r o n at Da resbu ry , re
sou rces b e c a m e avai lable f o r t he 
c o n s t r u c t i o n o f a h igh repe t i t i on - ra te 
h igh in tens i ty mach ine f o r neu t ron 
p r o d u c t i o n . 

T h e ma in des ign p a r a m e t e r s o f 
t he SNS are — p r o t o n ene rgy o f 
8 0 0 M e V , 2 . 5 x 1 0 1 3 p r o t o n s per 
pu lse at a repe t i t i on rate o f 5 3 Hz 
(1 .3 x 1 0 1 5 p r o t o n s per s e c o n d ) . 
Fired in to a heavy meta l t a r g e t , s o m e 
th i r t y f as t neu t rons are gene ra ted by 
spa l la t ion f r o m each p r o t o n . T h e 
neu t rons are s l o w e d d o w n t o a p p r o 
pr ia te energ ies f o r a t o m i c s tud ies in a 
m o d e r a t o r su r round ing t he ta rge t . 
W i t h t hese pa rame te rs t he SNS wi l l 
be the m o s t in tense spa l la t ion neu 
t r o n sou rce in the w o r l d — a f a c t o r o f 
t en up o n ex is t ing fac i l i t ies . 

T h e ma in SNS c o m p o n e n t is a ra 
p id cyc l ing p r o t o n s y n c h r o t r o n bui l t 
in t he hall o f t he N i m r o d mach ine at 
Ru the r fo rd . It w i l l use nega t i ve hy
d r o g e n ion in ject ion t o ach ieve h igh 
in tens i t ies f r o m a 7 0 M e V linac o r ig i 
nal ly f o reseen as a n e w in jec to r f o r 
N i m r o d . T h e s y n c h r o t r o n m a g n e t 
s y s t e m has ten m a g n e t superpe r -
i ods . The m a g n e t s are p o w e r e d f r o m 
the f o r m e r Nina p o w e r supp l y . T h e 
v a c u u m wi l l be sus ta ined b e t w e e n 
1 0 ~ 6 and 1 0 ~ 7 t o r r . Six r.f. acceler 

a t ing cav i t ies wi l l ope ra te at f r e q u e n 
c ies f r o m 1.3 MHz at in jec t ion t o 
3 .1 M H z at 8 0 0 M e V e jec t ion a f ter 
an acce le ra t ion t ime o f 10 m s . 

Up t o n o w the ion source has p r o 
v i d e d 3 0 m A o f ions c o m p a r e d t o 
the des ign a im o f 4 0 m A . T h e 6 6 5 
k e V p re in jec to r has o p e r a t e d at ful l 
vo l t age and acce le ra ted the nega t i ve 
h y d r o g e n ion b e a m . The f i rs t t a n k o f 
t he f ou r t a n k l inac has o p e r a t e d at ful l 
p o w e r . Large a lumin ium ox ide s t r i p 
p ing fo i l s ( 1 2 x 3 c m 2 , 0 . 2 5 m i c r o n 
th ick) t o c o n v e r t t he ions in to p r o 
t o n s have been m a d e and are ready 
f o r t e s t s w i t h b e a m t o ensure t ha t 
t h e y can w i t h s t a n d an ope ra t i ng 
t e m p e r a t u r e a round 8 0 0 C. 

S o m e p r o b l e m s w e r e encoun te red 
in the manu fac tu re o f the s y n c h r o 
t r o n bend ing m a g n e t s bu t n o w s e e m 
t o be s o l v e d . Quadrupo le f o c u s i n g 
m a g n e t s have been de l i vered and 
t e s t e d . Nove l ceramic v a c u u m c h a m 
ber sec t i ons 3 0 c m long have been 

rece ived f r o m the manu fac tu re rs and 
s t a c k e d and hea ted t o 1 1 0 0 C t o 
f o r m the t en 3 m- long c h a m b e r s f o r 
the quad rupo le sec t i ons . P r o t o t y p e 
c h a m b e r s f o r the quadrupo le s ing le t 
sec t i ons and the 5 m bend ing m a g 
net sec t i ons have a lso been bui l t suc 
cess fu l l y . T h e bend ing m a g n e t sec 
t i o n s are par t icu lar ly t r i c ky , i nvo lv ing 
a doub le s t a c k i n g and heat ing p r o 
cess o n un i ts w h i c h span a 3 6 degree 
angle w i t h a 7 m radius o f c u r v a 
tu re . 

A c o m p l e t e p r o t o t y p e r.f. s y s t e m 
has been bui l t and is be ing t e s t e d . 
Beam ex t rac t i on un i ts have been d e 
s igned and an ex t rac t i on k icker m a g 
net has ach ieved des ign f ie ld in 
0 . 2 2 ( is. W o r k con t i nues o n the c r u 
cial des ign o f the ta rge t s t a t i on . 

P repara t ions f o r the exper imen ta l 
p r o g r a m m e have reached the s tage 
w h e r e t he f i r s t de tec t i on s y s t e m s 
are be ing t e s t e d . Dur ing A p r i l , t e s t s 
w e r e car r ied o u t o n the f i rs t o f t w o 

CERN Courier, Ju ly /August 1982 2 3 3 



Layout of the Spallation Neutron Source, 
SNS, being built at the Rutherford 
Laboratory. A 70 MeV linac feeds negative 
hydrogen ions to an 800 MeV rapid cycling 
proton synchrqtron, to provide high neutron 
fluxes by spallation in a target. 

Extraction 
Extracted Proton Beam Line 

Target Stat ion and Shielding 

Injection Beam Line 

70 MeV Linac 
Ion Source and 6 6 5 KeV Pre-injector 

s y s t e m s , schedu led f o r t he S N S , t o 
be insta l led on the 1 3 6 M e V e lec t ron 
l inac pu lsed neu t ron sou rce at t he 
ne ighbour ing Harwe l l L a b o r a t o r y . It 
is a 'L iqu id and A m o r p h o u s Mate r ia l s 
D i f f r a c t o m e t e r ' (LAD) w h i c h w i l l 
m o v e t o SNS in 1 9 8 4 as a t o t a l sca t 
t e r i ng s p e c t r o m e t e r . S o m e usefu l re
search w i l l be done o n the l inac, be 
g inn ing a p r o g r a m m e o f m e a s u r e 
m e n t s o n the s t ruc tu re f a c t o r s o f 
l iqu ids and a m o r p h o u s mate r ia l s . 

GRENOBLE 
First beams at SARA 

One o f t he pr io r i t y i t ems in French 
nuclear research is heavy ion p h y s 
ics . A d i s t i nc t i on can be m a d e be 
t w e e n th ree ranges in th i s p h y s i c s , 
d e p e n d i n g o n the ene rgy o f t he inc i 
d e n t i o n s : up t o 10 M e V per nuc leon 
is t he l o w energy range in w h i c h a 

g rea t deal o f research has a l ready 
been d o n e ; f r o m 10 t o 1 0 0 M e V per 
nuc leon is t he t rans i t i on r a n g e ; and 
a b o v e 1 0 0 M e V per nuc leon is t he 
range o f re lat iv is t ic heavy ions . T h e 
t rans i t i on range is po ten t ia l l y v e r y 
r ich s ince it is here tha t t he l imi t m a y 
be f o u n d t o s o m e nuclear c o n c e p t s 
such as nuclear po ten t i a l , t he f us i on 
p r o c e s s and the e x t r e m e s o f phys i 
cal va lues l ike angular m o m e n t u m . It 
a lso c o v e r s t he Fermi t h r e s h o l d 
w h i c h de f ines the m o v e m e n t o f t he 
nuc leons in t he nuc leus ; it m a y be 
poss ib le t o see here e x t r e m e s ta tes 
o f nuclear dens i t y , t e m p e r a t u r e and 
in te rac t ion t i m e be fo re the phys ica l 
a s p e c t s o f t he par t ic les t h e m s e l v e s 
b e c o m e d o m i n a n t . 

T h e G A N I L acce le ra to r , c o n s t r u c 
t i o n o f w h i c h is near ing c o m p l e t i o n at 
Caen , w a s des igned f o r the overa l l 
s t u d y o f th i s t rans i t i on range. H o w 
ever it is in t he energy range a round 
3 0 M e V per nuc leon tha t the g rea tes t 

changes in t he behav iou r o f nuclear 
mater ia l are e x p e c t e d and th is range 
is t he m o s t p rom is i ng f o r t he 
appearance o f n e w p h e n o m e n a . 
S A R A (Sys teme Acce le ra teu r 
R h o n e — A l p e s ) , n o w c o m i n g in to ac
t i o n at Grenob le , acce lera tes ' l ight 
h e a v y ' ions up t o 4 0 M e V per n u 
c l e o n , p rov i d i ng exac t l y the r ight 
c o n d i t i o n s a n d , f o r a year , it w i l l be 
the on ly mach ine p rov id ing b e a m s in 
th is ene rgy range. It w i l l s u b 
sequen t l y s u p p l e m e n t G A N I L , w h i c h 
w i l l handle heav ier o r h igher ene rgy 
ions . 

S A R A is a heavy ion acce le ra to r 
s y s t e m cons i s t i ng o f t w o c y c l o 
t r ons . The f i r s t is o f c o m p a c t t y p e , 
ra ted at 9 0 M e V w h i c h has been 
ope ra t i ng s ince 1 9 6 8 . It has a PIG 
internal sou rce a n d an axial in jec t ion 
s y s t e m a lso w i t h a PIG sou rce w h i c h 
w i l l be rep laced in 1 9 8 3 by an ECR 
sou rce . 

T h e s e c o n d c y c l o t r o n is o f t he 
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Plan of the SARA twin-cyclotron heavy ion 
accelerator complex at Grenoble. 

Ta axpariaaatal 

araas 

' sepa ra te s e c t o r ' t y p e , ra ted at 1 6 0 
M e V . T h e ions acce le ra ted in the f i rs t 
c y c l o t r o n are s t r i pped and fu r the r 
acce le ra ted in t he s e c o n d . T h e p lans 
f o r th is s e c o n d c y c l o t r o n w e r e pu t 
f o r w a r d in 1 9 7 6 and the dec is ion t o 
bui ld w a s t a k e n a year later. It is a 
jo in t p ro jec t o f t w o reg ional l abo ra 
t o r i e s — t h e Nuclear Phys ics Ins t i tu te 
o f Lyon and the Ins t i tu te f o r Nuclear 
Sc iences o f Grenob le , w h i c h m a n 
a g e d t he p ro jec t . It w a s bui l t under 
t he superv i s ion o f a Sc ient i f ic Pro jec t 
C o m m i t t e e rep resen t ing b o t h labo
ra to r ies , wh i l e the c o n s t r u c t i o n i tsel f 
w a s c o m p l e t e d b y a g r o u p o f a b o u t 
f o r t y techn ic ians and eng ineers f r o m 
the t w o Ins t i tu tes . T h e p ro jec t has 
c o s t 9 mi l l ion f r ancs (at 1 9 7 6 
pr ices) . 

T h e f i rs t S A R A c y c l o t r o n acce ler 
a tes a b e a m o f heavy ions t o ener
g ies o f b e t w e e n 2 and 7 . 4 M e V per 
nuc leon . T h e b e a m is s t r i p p e d in a 
c a r b o n fo i l and is t hen gu ided f r o m 

the f i rs t c y c l o t r o n t o the cen t re o f t he 
s e c o n d acce le ra to r , w h e r e it is in 
j e c t e d in to t he f i rs t acce lera t ion o rb i t 
b y m e a n s o f m a g n e t s and an elec
t r os ta t i c k icker . A f t e r acce le ra t ion , 
t he b e a m is ex t rac ted and t a k e n t o 
the va r ious exper imen ta l s ta t i ons v ia 
the ex is t ing b e a m t r a n s p o r t s y s 
t e m . 

T h e s e c o n d c y c l o t r o n ac ts as an 
energy ampl i f ie r , g iv ing a gain o f a l 
m o s t 5 . 4 . T h e f r equency o f i ts acce l 
e ra t ing s y s t e m m u s t be p rope r l y 
synch ron i zed f o r the mach ine t o be 
able t o acce lera te all t he b e a m 
bunches p r o v i d e d by the f i rs t c y c l o 
t r o n . T h e f r equency o f the s e c o n d 
c y c l o t r o n is doub le tha t o f t he f i rs t 
and the ha rmon ic used is a lso doub le 
t ha t o f t he f i rs t . 

W i t h t he PIG sou rce , t he acce le ra
t i on l imi t in t he f i rs t c y c l o t r o n m a k e s 
it imposs ib le t o acce lera te ions w i t h 
m a s s o v e r 5 0 . W h e n the ECR sou rce 
is ins ta l led , t he pe r f o rmance w i l l be 

e x t e n d e d b o t h in t e r m s o f ene rgy 
and o f t he range o f ions w h i c h can be 
acce le ra ted (up t o a t o m i c m a s s e s o f 
1 0 0 and pe rhaps even 130 ) . 

Internal b e a m w a s ob ta i ned in t he 
s e c o n d c y c l o t r o n in M a r c h dur ing t he 
f i r s t t r ia l i n jec t ion . T h e b e a m w a s 
e x t r a c t e d w i t h an energy o f 3 0 M e V 
per nuc leon o n 6 Ap r i l and 3 8 M e V 
per nuc leon w a s a t ta ined t w o d a y s 
later. Pre l iminary e x p e r i m e n t s are 
under w a y , and ful l use o f the m a 
ch ine is schedu led t o s ta r t in S e p 
t e m b e r . 

EC0LE 
POLYTECHNIQUE 
Frozen detectors 
Light bubb le c h a m b e r l iqu ids, such 
as h y d r o g e n and d e u t e r i u m , p rov i de 
the s imp les t c o n d i t i o n s f o r the analy
s is o f par t ic le i n te rac t ions . On the 
o the r h a n d , heavier t a rge t mater ia ls 
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prov ide a m o r e ef f ic ient means o f 
ca tch ing the p r o d u c t s o f the in terac
t i ons . The p r o b l e m is t o ge t the bes t 
o f b o t h w o r l d s . 

One so lu t ion is the t rack sens i t i ve 
ta rge t techn ique in w h i c h a t ranspar 
ent box o f l iquid hyd rogen or deu te r 
ium is i m m e r s e d in a bubb le c h a m b e r 
con ta in ing a heavier l iquid. The b o x 
ac ts as the p r imary ta rge t f o r the 
b e a m wh i le the su r round ing heavy 
l iquid se rves t o in te rcept the p r o 
duced par t ic les. 

A n o t h e r poss ib i l i t y is t o pu t a ' l i 
qu id a r g o n ' t y p e ca lo r imeter ins ide 
the c ryogen ic bubb le chambe r , t o 
p rov ide add i t iona l ident i f i ca t ion o f 
p r o d u c e d e lec t rons and p h o t o n s . 
H o w e v e r l iquid a rgon f reezes at the 
opera t i ng t empera tu res o f b ig c r y o 
genic bubb le c h a m b e r s , and the b e 
hav iour o f these so l id de tec t i ng m e 
dia had t o be inves t iga ted . 

T e s t s w i t h de tec to r s m a d e o f a 
mul t i layer s a n d w i c h o f lead p la tes 
and so l id a rgon or neon w e r e carr ied 
ou t b o t h at CERN and us ing a b e a m at 
Saclay. These tr ia ls d e m o n s t r a t e d 
comparab le resul ts t o t h o s e o b 
ta ined w i t h l iquid a rgon . Further t e s t s 
w i t h a smal l neon -hyd rogen or ar
gon- f i l led assemb ly at Fermi lab w e r e 
sa t i s fac to ry . In part icu lar t hey 
s h o w e d h o w sol id a rgon d e t e c t o r s 
avo ided s o m e o f the t roub les e n 
coun te red w i t h l iquid a rgon de tec 
t o r s (see Oc tobe r 1 9 8 1 issue, page 
3 5 4 ) . 

A f t e r these tr ia ls w i t h smal l scale 
d e t e c t o r s , it remained t o t e s t a large 
ca lo r imeter . A 60- l i t re uni t , c o m p r i s 
ing 15 lead p lates and in te rmed ia te 
ion izat ion chambers t o c o p e w i t h e l 
ec t r omagne t i c s h o w e r s o f up t o 5 
G e V , has n o w been t e s t e d at CERN. 
T h e t e s t s w e r e carr ied o u t by a 
Bari / Brussels / Ecole Po ly techn i -
que / l l l i no is Inst i tu te o f T e c h n o l o 
g y / T u f t s / U n i v e r s i t y Col lege L o n d o n 
co l labora t ion w i t h t he CERN BEBC 
t e a m . 

No t all the tes t da ta has ye t been 
ana lysed , bu t a l ready it is clear tha t 
so l id neon or a rgon behaves simi lar ly 
t o l iquid a rgon . There is a l inear re
s p o n s e t o t he inc ident e lec t ron ener
g y , and the assemb ly is s tab le even 
in m u c h higher part ic le f luxes than 
w o u l d norma l l y be encoun te red in 
bubb le c h a m b e r s . Unl ike l iquid ar
g o n , t he pur i ty o f the samp le has l i t t le 
e f fec t . These t e s t s are encourag ing 
and the insta l la t ion o f internal f rozen 

Prototype solid argon or neon calorimeter 
built at the Ecole Polytechnique. Visible at 
the bottom are the alternate layers of lead 
and printed circuit boards, and the heat 
exchangers for cooling the rare gas in the 
surrounding vessel in which the apparatus 
is eventually mounted. 

(Photo Ecole Polytechnique) 

ca lo r ime te rs in c ryogen ic bubb le 
c h a m b e r s t hus b e c o m e s one s tep 
nearer. 
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People and things 

CERN on show. Continuing its journey round 
Europe, the CERN exhibition was recently 
at the Museu de la Ciencia in Barcelona. 
The title under the CERN logo is in the 
Catalan language. 

(Photo CERN 181.3.82) 

New upsilon 

The CUSB detector at Cornell's 
CESR electron-positron ring has 
seen evidence for a new upsilon-
like state in the decays of the third 
(3S) upsilon. As with charmonium, 
only certain types of quark-anti-
quark states can be formed directly 
in electron-positron annihilations. 
The others have to be sought in 
the subsequent decay processes. 
The new state seen at CESR ap
pears to correspond to one unit 
of rotational angular momentum 
in the heavy quark-antiquark sys
tem. The standard upsilons have 
no rotational angular momentum 
between the component quarks. 
This new enlargement of upsilon 
spectroscopy will be of particular 
interest to theorists looking at 
inter-quark forces. More details 
on the new upsilon in our next 
issue. 

DORIS II turns on 

After six months of rebuilding and 
reconstruction, the DORIS electron-
positron ring at DESY was 
switched on again on 9 May. The 
new single ring DORIS aims to 
reach energies of 5.6 GeV per 
beam to permit upsilon spectro
scopy, and with significantly re
duced power consumption. Lumi
nosity is expected to be boosted 
by a factor of twenty. After some 
initial runs for synchrotron radiation 
experiments, first electron-positron 
collisions are scheduled for mid-
July, when the Crystal Ball detec
tor, recently arrived from SLAC, 
will be installed in one of the two 
interaction regions. 

25 years of the Particle Data Group 

This year's edition of the Particle 
Properties Data Booklet, the high 
energy physicists' bible for many 
years, marks the 25th year of the 
'Particle Data Group'. 

Finnish Minister of Science and Cultural 
Affairs Kaarina Suonio inaugurated a physics 
exhibition at Helsinki on 19 May. A major 
part of the exhibition concerned particle 
physics and was prepared by CERN in 
collaboration with Finnish physicists led by 
Hannu Miettinen. The exhibition was a great 
success, attracting some 20 000 visitors 
during the week it was open. 

(Photo CERN 563.5.82) 

The style of the tabulation stems 
directly from a 1957 article in the 
Annual Review of Nuclear Science 
by Murray Gell-Mann and Al Rosen-
feld. At that time, many new par
ticles were being discovered, and 
even before the first 'Annual Re
view' was published, W. H. Barkas 
and Rosenfeld were working on 
the first update of the table of 
masses and mean lifetimes. 

In 1958, the first 'wallet card' 
appeared, containing six pages of 
vital information. This has since 
expanded by a factor of twenty 
into today's booklet. 

The full version of the tabulation 
contains some 35 000 data cards, 
and is published alternately by 
'Reviews of Modern Physics' and 
'Physics Letters'. 

A whole physics generation 
grew to know the listings by the 
name 'The Rosenfeld Tables'. 
However in 1968 the Rosenfeld 
team adopted the name 'Particle 
Data Group' (PDG) and called their 
periodic publication 'Review of 
Particle Properties'. 

The PDG is composed of three 
independent teams, one dealing 
with each of the three main tables 
— Stable Particles, Mesons and 
Baryons. The Meson team is CERN-
based and is mainly a European 
effort, while the other two are 
based at Berkeley and are domi-
nantly US efforts. Technical work 
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of tabulating and editing is done 
at Berkeley and printing and distri
bution is shared between Berkeley 
and CERN. 

This year's edition is a few 
months late due to severe budget 
problems which have reduced the 
manpower available at Berkeley 
by about half. At the same time 
the volume of work continues to 
grow. The increased information 
available demands adequate treat
ment. 

The level of future operations is 
uncertain, but it is clear that as 
long as spectroscopy remains an 
active field, the high energy phy
sics community expects its booklet 
to be updated at regular intervals. 
The Particle Data Group hopes that 
this need will be recognized by the 
funding authorities. 

Tom Walsh, new spokesman of the DESY 
Theory Group. He takes over from Hans 
Joos. 

Data Compilation Meeting 

Representatives of seven groups 
concerned with data compilation 
in particle physics met in April at 
the Rutherford Appleton Laborato
ry to discuss the present status 
of the numerical data services they 
provide for a large community of 
experimental and theoretical phy
sicists. The participants included 
from the CERN High Energy Reac
tion Analysis (HERA) Group, 
E. Flaminio (Pisa), G. Moorhead 
and D. R. O. Morrison; from the 
CERN Scientific Information Ser
vice, A. G. Hester; from DESY, 
P. Joos; from the Fachinforma-
tionszentrum, Karlsruhe, G. Ebel; 
from the Particle Data Group in the 
UK, R. L. Crawford (Glasgow), 
F. D. Gault (Durham) and R. G. 
Roberts (Rutherford and Appleton 
Laboratory); from the Rutherford 
Appleton Laboratory, B. J. Read; 
and from the Serpukhov COMPAS 
Group, N. E. Tyurin, V. V. Ezhela. 

The participants were brought 
up-to-date on the work of each of 
the groups and there was a discus
sion of standards in compilation 
and the exchange of data. The 
desirability was expressed of 
greater coordination in the work 
of particle physics compilation. 
The group members, who met 
previously at CERN in October 

1980, agreed to continue their 
discussions in about a year and 
anyone interested in contributing 
should contact one of the above. 

On people 

Nick Samios has been appointed 
Director of Brookhaven National 
Laboratory. 

After 11 years on the faculty of 
the University of California at Los 
Angeles, John P. McTague has 
come to Brookhaven to head the 
recently organized National Syn
chrotron Light Source Division. 

Stephen Hawking of Cambridge 
has been awarded the prestigious 
Franklin Medal 'for his revolution
ary contributions to, among others 
the theory of general relativity, 
astrophysics and cosmology, and 
the dynamics, thermodynamics 
and gravitational effects of black 
holes'. 

Signing of the new agreement between 
CERN and the Orsay Laboratoire de 
VAcce'terateur Lin&aire for the development 
of linacs for LEP. Director General Herwig 
Schopper (left) signs for CERN, and 
J. Yoccoz for the French Institut National 
de Physique Nucleaire et de Physique des 
Particules (IN2P3). In the background is 
Diether Blechschmidt of CERN. 

(Photo CERN 392.3.82) 
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sere 
SCIENCE AND ENGINEERING RESEARCH COUNCIL 

R U T H E R F O R D A P P L E T O N L A B O R A T O R Y 

High Energy Experimental Physicists 
There are vacanc ies f o r Research A s s o c i a t e s t o 
w o r k w i t h expe r imen ta l g r o u p s in h igh ene rgy 
phys ics . Groups f r o m t h e Ru the r fo rd A p p l e t o n 
Labo ra to r y are w o r k i n g o n e x p e r i m e n t s at CERN, 
DESY and SLAC. 

Cand ida tes shou ld in genera l be less t h a n 2 8 
years o ld . A p p o i n t m e n t s are made f o r 3 years , 
w i t h poss ib le ex tens ions o f up t o 2 years . RAs 
are based e i ther at t h e acce le ra to r l abo ra to ry 
w h e r e the i r e x p e r i m e n t is c o n d u c t e d , o r at RAL 
d e p e n d i n g on t he requ i r emen ts o f t he exper i 
m e n t . W e have in a d d i t i o n h o m e - b a s e d p r o g r a m 
mes on d e v e l o p m e n t o f d e t e c t o r s , m i c r o p r o c e s 
sor s y s t e m s , e tc . M o s t e x p e r i m e n t s inc lude UK 
un ive rs i t y pe rsonne l w i t h w h o m par t i cu la r l y c lose 
co l l abo ra t i ons are m a i n t a i n e d . 

Please w r i t e f o r ah app l i ca t i on f o r m t o : 

R e c r u i t m e n t O f f i c e , R 2 0 
R u t h e r f o r d A p p l e t o n L a b o r a t o r y 
C h i l t o n , D i d c o t O x f o r d s h i r e 0 X 1 1 O Q X 
E N G L A N D . 

CERN LIAISON 
PHYSICIST 

LeCroy Research Systems is looking for a business 
oriented scientist to interface with the CERN 
Physics Community. Major responsibilities include: 
developing and maintaining active dialog with 
CERN staff and collaborators; investigating and 
understanding CERN instrumentation and data ac
quisition needs; promoting LeCroy technology and 
products as solution to these data acquisition 
needs; and aiding in the conception and design of 
appropriate electronic systems and instruments for 
CERN's current and future research programs. 
Technical education, experience in high-energy 
physics instrumentation, and knowledge of CERN 
research programs and operations required. Swiss 
work permit desirable. Location: Geneva. 
Please describe your experience and qualifications 
by confidential letter or phone call to: 

R. CHEVALLEY 
LeCROY RESEARCH SYSTEMS SA 
8 1 , Avenue Louis Casai 
1216 Cointrin-Geneva, Switzerland 41-22-98-97 97 

R. EANDI 
LeCROY RESEARCH SYSTEMS CORP. 
700 South Main Street 
Spring Valley, New York 10977, U.S.A. (914) 425-2000 

LfiCroy 

INTRODUCTION TO ATOMIC 
AND MOLECULAR COLLISIONS 
by R. E. Johnson, University of Virginia 
This textbook allows the student to develop an understanding of 
atomic and molecular collision phenomena based on the classi
cal and semiclassical methods and approximations employed fre
quently in the literature. It makes clear the commonality of 
methods and approximations used in dealing with effects con
trolled by electrons, ions, atoms, and molecules. These features, 
along with bibliographies and appendixes for the reader who 
wishes to pursue the topic further, make this book a useful refer
ence for the professional, 
approx. 300 pp., illus., 1982 
$32.50 ($39.00/£20.48 outside US & Canada) 
text adoption price on orders of six or more copies: $22.50 

AN INTRODUCTION TO THE 
PHYSICS OF INTENSE 
CHARGED PARTICLE BEAMS 
by R. B. Miller, Sandia Laboratories, Albuquerque, 
New Mexico 
A detailed survey of the various phenomena associated with in
tense charged particle beams. Offers consistent, logical treatment 
of beam generation and propagation and covers important spe
cial topics including powerful sources of coherent radiation, col
lective ion acceleration, and particle beam fusion. A good 
textbook for the first-year graduate student or beginning researcher. 
362 pp., illus., 1982 
$45.00 ($54.00/£28.35 outside US & Canada) 
text adoption price on orders of six or more copies: $29.50 

NUCLEAR ENGINEERING FOR 
AN UNCERTAIN FUTURE 
edited by Keichi Oshima, Yoshitsugu Mishima, and Yoshio 
Ando, University of Tokyo 
A group of nuclear engineers from Japan, Europe, and North 
America explores the present status and future prospects of nu
clear engineering, both as a discipline and as practiced in the de
sign, management, and regulation of nuclear power generating 
plants. Nuclear safety, the breeder reactor, the nuclear fuel 
cycle, and nuclear engineering education are among the topics 
developed. 
295 pp., illus., 1982 
$45.00 ($54.00/£28.35 outside US & Canada) 
Available from Plenum outside Asia. 

forthcoming... 
THE HIGH-ENERGY LIMIT 
edited by Antonino Zichichi, European Physical Society, 
Geneva, Switzerland 
Frontier problems in subnuclear physics are presented in a peda
gogical format by an international group of authorities in the 
field. Together, their contributions provide a review of the very 
low energy corner as well as an idea of what the next twenty 
years could mean to the study of subnuclear physics. Volume 18 
in The Subnuclear Series, 
approx. 1100 pp., illus., 1982 
$125.00 ($150.O0/£78.75 outside US & Canada) 

• 1 ^ • THE LANGUAGE OF SCIENCE Plenum 
PUBLISHING CORPORATION 

PLENUM PUBLISHING CORPORATION 
233 Spring Street, New York, N.Y. 10013 
In United Kingdom: 88/90 Middlesex Street 
London El 7EZ, England 
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NEW 
precision photomultiplier tubes 

for high energy physics 
HEMISPHERICAL PMT's-
1/2" to 20" DIAMETER. 
These PMT's provide good 
quantum efficiency, cathode 
uniformity timing character
istics and light acceptance 
significantly greater than 
2 n solid angle. The cost 
per unit of cathode area is 
very economical, approxi
mately $0.50 per cm 2 on 
large tubes. 

ANGLE (Degrees) 

R1246X-Fast Response 1.6ns Rise Time PMT. 
Bialkali 2", 14 stages Sb-Cs head-on photo-
multiplier tube for high energy physics. 
Spectral response 300-700nm. 

Typical Spectral Response 
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50 
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^ V \ ' 
\ 
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Wavelength (nm) 

Typical Pulse Linearity 

LIGHT ACCEPTABILITY OF R1391X 
. . measured <>—« calculated 

R1262 — A GaAsP high gain first dinode PMT 
capable of excellent single and multi-photon 
discrimination. 

Single Photon PHD 

Photo Counts: 2700cps 
Dark Counts: 50cps 
Supply Voltage: 1850V 
Light Source: 400nm 

100 200 300 
Pulse Height (Channel Number) 

Multi Photon PHD 

4 6 10 20 40 100 
Anode Peak Current (mA) 

R1635 —Compact 
10mm PMT. 
Uses 35% of the cubic 
space required by a 1/2" 
tube. Fast response, 
good coincident timing, 
excellent for low light 
level detection where 
space is limited. 

R1564X— Proximity MicroChannel Plate PMT. 
For use in high magnetic field environments requiring 
magnetic field immunity and high speed response 
such as in hodoscopes and for decay time fluores
cence measurement. The R1564 provides 200 pico
second rise time plus excellent gain stability to 10~1 

coulomb accumulated 
charge and beyond 

Pr loto Counts: 9000cps 
irk Counts: 500cps 
jpply Voltage: 1850V D< 

Si 

loto Counts: 9000cps 
irk Counts: 500cps 
jpply Voltage: 1850V 

Li 
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SERIAL NQ. 5 
SUPPLr VQLTO G E V 
FWHP1 . 13 NS 

Fw-rn .17 4 ns 

TlHEt . 7 NSxDIV) 

Take advantage of Hamamatsu's state-of-the-art hemispherical photomultiplier tubes for 
precise detection of Cerenkov light in proton decay or neutrino-type experiments. Use 
our more traditional end-on PMT's in calorimeter, hodoscope and plasma applications. 

C A L L OR W R I T E FOR L I T E R A T U R E 

HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 
International Offices in Major Countries of Europe and Asia. 
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IL MURO DEL 
FUOCO 

II fuoco e sempre d'attualita. 
Pu6 provocare grossi problemi a cavi di vitale importanza 

in gallerie ferroviarie, metropolitane, autostradali, 
cinema, teatri, musei, alberghi, ospedali, scuole, 

per attrezzature, impianti e macchinari delicati e costosi. 
Pensiamo alia sicurezza di persone e cose. 

Abbiamo vlnto il fuoco con una nuova linea di cavi: 
FP 200, Afumex® Retox® 

FP 200 cont inua a funzionare anche nel fuoco, consentendo 
Palimentazione di luci di sicurezza, allarmi, apparecchiature antincendio. 

Afumex® non propaga I'incendio, 
non emette fumo e gas tossici e quindi non causa 

panico e danni alle persone. 
Retox® non propaga I'incendio e anche se emette fumo 

riduce notevolmente I'emissione di sostanze corrosive, evitando 
gravi danni alle attrezzature e agli impianti. 

ITRELLJ 
Societa Cavi Pirelli spa 

Gruppo Mercato Generale 
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SFERAX has been making 
ball-bearings for 2 5 years. 
They are used in mecha
nical engineering and in 
equipment construct ion 
where precision, quality 
and a long useful life are 
prized. They are, in other 
words, the ideal solution to 
your linear displacement 
problems. Our range in
cludes linear ball-bearings, 
linear and rotating move
ments ball-bearings, linear 
ball-bearings in plastic 
housing, 6 0 ° open ball
bearings, guideshafts, shaft 
supports, p lummer blocks 
for shafts and ball-bearings, 
standard componenttables, 
cross component tables 
and tables w i th open type 
ball-bearings. 

The Swiss precision 
ball-bearing 

SFERAX S.A. 
Axia l bear ings 

CH-2016 CORTAILLOD 
Tel. (038) 44 11 66 
Telex 35 306 sfeax ch 

RACK COOLER 19" - COLDRAK® 

Spec ia l l y bu i l t f o r c o o l i n g o f racks f o r t e l e c o m m u n i c a 
t i o n and e lec t ron ic e q u i p m e n t . 
For c o o l i n g w i t h w a t e r , b r ine or d i rec t expans ion . 
H igh coo l i ng p e r f o r m a n c e up t o 10 k W , a c c o r d i n g t o 
o p e r a t i n g c o n d i t i o n s . 
H igh e f f i c iency as no losses t h r o u g h c o n d e n s a t i o n . 
S imp le s e t t i n g - u p w i t h s tanda rd i zed d i m e n s i o n s o f 
coo le r and rack. 
H igh air f l o w and ex te rna l s ta t i c pressure, assur ing an 
equal d i s t r i bu t i on ove r t h e w h o l e rack. 
Safe ope ra t i on c o n d i t i o n s w i t h use o f bes t qua l i t y 
c o m p o n e n t s and e lec t ron i c con t ro l s . 
S w i s s made . 

APPELSA A P P L I C A T I O N S E L E C T R I Q U E S S .A . 
Rue du S t a n d 2 0 , 1211 Geneva , 0 ( 0 2 2 ) 2 9 4 6 2 2 

Te lex Nr. 4 2 2 4 7 2 
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C E R N . G E N E V E ( S U I S S E ) 

Installations a haute tension. 
Disjoncteurs MH Me - 4 V, a gas SFe, Tension nominale 420 kV 

m n G R i n i 
G A L I L E O 

MAGRINI GALILEO - Via L. Magrini, 7 - 24100 BERGAMO (ITALIA) 
Teiefono/Pftone; (035) 235.444 - Telegrammi/Ca£>/e: MAGRINI GALILEO BERGAMO - Telex: 301535 MAGGAL I 



KUNZLI - VOTRE PARTENAIRE 
POUR RESOUDRE VOS PROBLEMES 
DE A A Z 
Exemple: 
Installation de mesure a positions  
multiples 

Description du travail 
Projeter et fabriquer un dispositif de 
mesure pour boite d'engrenages -
mesure dans la ligne de production -
entraxes, diametre et parallelisme 
de forage ou concentricite des 
forages 

Solution # 

Processus de mesure automatique 
(a induction) et bilaterale, evaluation 
et impression des resultats des 
mesures par des dispositifs electro-
niques et par ordinateur avec 
programme statistique (duree du 
processus: environ 1 min.) 

Domaines de fabrication 
Construction d'appareils de tous 
types - Installations de montage et 
d'automation - Construction de 
machines speciales - Dispositifs a 
echange de palettes - Systemes a 
changement d'outil - Installations 
metrologiques - Dispositifs de ratio
nalisation 

CH - 8570 Weinfelden 
Telephone (072) 22 30 30 
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C A M A C 

# 

LIGHT f>W 

# 
LIGHT PiH 

VIDEO DISPLAY DRIVERS 

ONLY ONE CAMAC UNIT WIDTH 

BLACK AND WHITE (VDD 2118) or COLOR VERSION (CDD 2119) 

FAST WRITING SPEEDS UP TO 1'500'000 pixels/sec. 

HIGH RESOLUTION • 512 x 256 pixel DISPLAY IN 8 COLORS 

96 UPPER / LOWER CASE ASC II CHARACTER SET 

LIGHT PEN INTERFACE CONNECTOR 

75 Ohm/TTL OUTPUT FOR RASTER SCAN MONITORS 

393 k bit DISPLAY MEMORY (COLOR VERSION) 

FULL VECTOR PLOTTING (AT ANY ANGLE) 

COLOR DISPLAY MONITOR 
HIGH RESOLUTION BLACK MATRIX 
COLOR DISPLAY TUBE . 
(12" DIAGONAL & 76° DEFLECTION). 

8 COLOR DISPLAY 

R.G.B. DIRECT DRIVE SYSTEM 

SCANNING FREQUENCY: 
HOR.= 15.75 K H Z , 
VER. = 50 HZ . 

RESOLUTION HOR. = 690 
VER. = 280 

dots, 
lines. 

F r a n c e : ORTEC Sari; 7, rue des Solets; Tel. (1) 687 2571 - 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 916710 - 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 - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328 66744 GB KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

H e a d q u a r t e r s : 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 3 1 ; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 



CERH COURIER 

A unique advert is ing med ium for 
scientif ic and technical equ ipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the world active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad
ministrators, information media and buyers. Writ ten 
in simple language and published simultaneously 
in English and French it has become the natural 
communication medium for particle physicists in 
Europe, the USA, theSoviet Union, Japan — every
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
in the USSR, KEK in Japan, TRIUMF in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1 0 0 0 million Swiss francs. 
The expenditure in the USA is about $ 4 0 0 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
your products known than by advertising in CERN 
COURIER. 

All enquiries to : 
A d v e r t i s i n g M a n a g e r 
M i c h e l i n e Fa lc io la 
C E R N C O U R I E R 
C E R N 
C H - 1211 G E N E V A 23 
T e l . (022) 83 4 1 0 3 
T e l e x 2 3 6 98 

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

Space 
(page) 

7i 

7 4 

Actual size (mm) 
w id th by height 

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

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

Cost per insert ion (Swiss Francs) 

insert ion 

1550 

8 5 0 

4 8 0 

1500 

8 2 0 

4 5 0 

insert ions 

1450 

8 0 0 

4 3 0 

1 0 
insert ions 

1350 

7 5 0 

4 1 0 

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

1 4 5 0 S w F 

1750 SwF 
2 2 5 0 SwF 
1 st of month of cover date: 

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

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

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
These rates are effective for the year 1 982 . 

All enquiries to : 
Michel ine FALCIOLA / CERN COURIER -
CH-1211 Geneva 23 Swi t ze r land 
Tel. (022) 83 41 03 Telex 2 36 98 

CERN 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

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

Any enquiries regarding subscriptions 
should be addressed to: 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 
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2 0 5 0 - 2 0 8 8 Series 

our powerful 
CAMAC highway drivers 

This series of CAMAC highway drivers provides an efficient interface between a 
CAMAC highway and your host computer. Offering you the option of both serial 
or parallel highway interfaces, these drivers can be used in a variety of applications 
requiring distributed control, high-speed communication, or data acquisition. Com
patible software includes device drivers and FORTRAN-callable subroutines to 
support transparent communication between your computer and the remote crates. 

'• i t i t i t 

C O M I N G S O O N 
Look for FASTBUS interface capa
bi l i ty f rom Kinetic Systems wi th these 
new FASTBUS products now under 
development; 

• Active Segment Extender 

• Segment Display Module 

• Register and Scaler Modules 

• Test and Data Storage Modules 

• Data Filter and Processing Modules 

Watch for more information. 

HIGHWAY OPTIONS 

* Serial highway driver 

* Parallel highway driver 

* Combined serial/parallel highway 

drivers 

COMPUTER INTERFACES 

* Digital PDP-11, LSI-11, and V A X 

* Systems 32 

* Modcomp I I , I I I , IV, and Classic 

* Hewlett-Packard 1000 and 2100 

FEATURES 

* Offers D-port and U-port options 
for serial highway conditioning 

* Supports single command, Q-Scan, 
Q-Stop, Burst, and Execute List 
modes wi th full DMA 

* Controls up to 7 parallel and/or 62 

serial highway crates 

* Includes automatic error recovery 

* Provides FIFO storage for up to 64 
serial Demand messages 

_f~vX** Please c o n t a c t us fo r addi t ional i n fo rmat ion 

e > ^ e Kinetic Systems International S.A. 
D e p t . C C 7 2 * 3 C h e m i n d e T a v e r n a y * 1 2 1 8 G e n e v a , S w i t z e r l a n d * T e l . ( 0 2 2 ) 9 8 4 4 4 5 * T e l e x 2 8 9 6 2 2 
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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L 
PRECISIONPOTENTIOMETER 

TAKE ADVANTAGE OF THE WIDE 
VARIETY, THE HIGH QUALITY 
AND VERSATILITY OF THESE 
POTENTIOMETERS TO MEET YOUR 
INDIVIDUAL REQUIREMENTS 

• %", 1Vi6", 15/16", 2,0" DIAMETERS 

• BUSHING- OR SERVO MOUNT 

• WlREWOUND-, HYBRITRON- OR 
CONDUCTIVE-PLASTIC-ELEMENTS 

• LINEAR- OR NONLINEAR 
FUNCTIONS 

• GANGING UP TO 10 CUPS 
EACH ADDED CUP INCREASES 
THE HOUSING LENGTH BY 
0,2" ONLY. 

® 

Bourns (Schweiz) AG 
Tel. 042 / 33 33 33 

6340 Baar 
Telex 868 722 

En impression quadrichromie 
nous vous garantissons 

un resultat optimal 
si vous nous 

iaissez engager totalement 
notre responsabilite 

a votre egard 

Presses Centrales Lausanne S.A. 
7, rue de Geneve 

Tel . ( 0 2 1 ) 2 0 5 9 0 1 
1 0 0 2 Lausanne 

J 

] • { • • ^) A + D P R O D U C T S S A 
' * *~ S 2502 Bienne r. Albert Anker 23 

Tel. 032 23 6312 / 23 55 82 Telex. 34834 ADPRO 

CIM Modules 
A I D P R O D U C T S m a n u f a c t u r e s c u r r e n t l y C E R N 

I n s t r u m e n t s M o d u l e s ( C I M ) a n d c o m p a t i b l e 
P O W E R S U P P L I E S f o r use w i t h t h e C E R N c h a s s i s 

s y s t e m 8 9 0 5 

~7 PJF'^ iF ...» \ ,*>« _r ^ ̂  ^ ~ ' 1 1 # 4 * j ## #i f t f - t j 

TABLE of available models 
MODEL VOLTAGE RANGE 
1 5 1 / 5 V 2 A 
1 5 2 / 5 V 5 A 
153/ 5 V 5 A 
1 5 4 / 5 V 10A 
155 / ±15 V ±1 A 
156/ ±15 V ±1 A 
157 / 24 V 2 A 
158 / 24 V 2 A 
159/ 24 V 5 A 

4,8 
4,8 
4,8 
4,8 

.. 5 , 5 V 

.. 5 , 5 V 

.. 5 , 5 V 

.. 5 , 5 V 
±12 . . .±17 V 
± 1 2 . . . ± 1 7 V 

2 3 , 8 . . . 2 5 V 
2 3 , 8 . . . 2 5 V 
2 3 , 8 . . . 2 5 V 

Please contact us for addi t ional 
We also represent for Switzer land: 
Del ta E lekt ron ika BV (NL) 
Wal l is E lect ron ics L td (UK) 
E/M Electronic Measurements Inc. (USA) 

CURRENT LIMIT SIZE 
2,1 A 3 H x 1 L 
5,25 A 3 H X 2 L 
5 , 2 5 A 5 H X 2 L 

10,5 A 5 H X 2 L 
± 1 , 0 5 A 3 H X 2 L 
± 1 , 0 5 A 5 H X 2 L 

2,1 A 3 H X 2 L 
2,1 A 5 H X 2 L 
5 , 2 5 A 5 H X 2 L 

information 

Cl€ 
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Vacuum Systems 
and Components 

Vacuum 
Process Engineering 

TURBOVAC 150/360: Two new models 
of the large turbomolecular pump 

series from LEYBOLD-HERAEUS, 
both an advanced development of the well-

proved design concept first introduced in the 
TURBOVAC 120. 

The thoroughly revised design of the bearing 
geometry in combination with an improvement 

of the grease lubrication system increases 
operational reliability and doubles the intervals 

between servicing. 

The special features of the TURBOVAC 150/360 
turbomolecular pumps open completely new 

fields of application to the user in all 
cases where requirements such as independ

ence of mounting position, air cooling and 
little space are to be met. 

Equipment for 
Scientific and 

Technical Education 
LEYBOLD-HERAEUS 

LEYBOLD-HERAEUS GMBH 

PT 360/16 
Turbomolecular Pump System 

The important features of the 
TURBOVAC 150/360: 
• Can be mounted in any angular position 
• Compact size and high pumping speed 
• Very low noise and vibration level 
• Optional water or air cooling 
• Insensitive to accidental air admission 
• Reliable due to long bearing life 
• Virtually maintenance-free, low operating 

costs 

Of course, also the wide range of turbomole
cular pump systems was supplemented by the 
newly developed PT 150/4 and PT 360/16 
pump systems corresponding in design and 
styling to the well-proved open-type pump 
systems of this range. 

LEYBOLD-HERAEUS GMBH 
Postfach 510 760 • D-5000 Koln 51 

TURBOVAC 
150/360: 

They even 
work 

upside down 
UV 1910.06.82 GK E 
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Talking about g a s e s 

(not just a lot of hot air) 

Gases are a vital ingredient in any 
nuclear project - all the way from 
laboratory research to reactor 
construction and operation. And 
wherever you meet gases, you'll 
meet Messer Griesheim - providing 
top quality products and the 
equipment for getting the most out 
of them. That means the whole 
spectrum of high purity gases and 
liquid cryogenic gases, super-
insulated transport and storage 
vessels, fittings and fluid lines. Plus 
the sort of service our customers 
can depend on to stay cool when 
things start to get hot. If you want 
sound advice on gases and not just 
a lot of hot air, consult Messer 
Griesheim* for a cool, clear answer 
to your problem. 

Klaus Baumgartner 
Executive Technical Director 
Industrial Gases Division 

* Represented in Switzerland by 
Schwe i ss techn i k A G 
Langwiesenstrasse 12, 8108 Dailikon/Zurich 
Telephone 01/844 27 11 

G a s e s + Cryogenics 
Messer Griesheim m e s s e r g r i e s h e i m 
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03.004 E 

We provide easily built-in 
safety in Know-how. 

Stesalit resolves your individual 
problems in 

fiberglass 
construction 

for science and advanced 
technic. 
Please request detailed infor
mation. Mr H. Maueh will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil/SO 
Telefon 061/80 06 01, Telex 63182 

Q_ 
o3 

Corps de chauffe au silicone 
Nous utilisons le silicone pour fabriquer des rubans 
chauffants souples, des tissus chauffants et des 
corps de chauffe profiles. Physiquement stables, ils r6sistent a 
presque toutes les influences chimiques. Ils sont tres souples, 
etanches a I'eau et eMectriquement stirs. Ils conviennent 6galement 
pour tous usages jusqu'a 200°C. 

Tous les Elements chauffants: rubans, cables, tis
sus, plaques et tuyaux souples. Chauffage de 
futs, chauffe-ballons. Dispositifs de reglage, 
accessoires de montage. 

Oerlikonerstr. 88, CH-8057 Zurich 
Tel. 01/311 40 40 

Publicite dans le COURRIER CERN 
Format A 4 Publ icat ion mensuel le 
Les annonces paraissent simultanement dans chacune des deux 
editions anglaise et francaise. Les insertions dans la deuxieme 
langue sont publiees sans supplement. 

Espace 
(page) 

7i 
1 / 2  

1 / 4 

Surface utile (mm) 
largeur x hauteur 

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

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

Prix par insert ion (en francs suisses) 

insert ion 

1550 

8 5 0 

4 8 0 

1500 

8 2 0 

4 5 0 

insert ions 

1450 

8 0 0 

4 3 0 

10 
insert ions 

1350 

750 

4 1 0 

Supplement: 
— pour une couleur 1450Fr . s. 
— pages de couverture: 
Couverture 3 (1 couleur) 1 750 Fr. s. 
Couverture 4 ( 1 couleur) 2 2 5 0 Fr. s. 
Date de publication 1 e r d u m o i s 
Delai de reception des 
f i lms positifs et textes 1 e r du mois qui precede 

Les frais de fabrication des f i lms et 
de traduct ion des annonces sont 
factures a part. 

Trame offset 6 0 ou 54 Suisse (1 50 anglaise et 
francaise) 
Les annulations parvenues apres le 
1 e r du mois precedent ne sont pas 
prises en consideration. 

La publicite est limitee a 5 0 % du volume de la publication. 
Les commandes seront satisfaites dans I'ordre strict de leur 
reception. 
Ces tarifs sont valables pour I'annee 1982 . 
Pour toute demande de renseignements, s'adresser a: 
Michel ine F A L C I O L A / C O U R R I E R C E R N - C E R N 
CH-1211 GENEVE 23 SUISSE 
Tel. (022) 83 41 0 3 Telex 2 36 98 
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ElMAC's 4CW300,000G Power Tetrode. 
A new generation of high-performance 
power tubes. 

ElMAC's 4CW3Q0,000G com
bines all the desired features 
transmitter designers look for: 
high peak plate current, low grid 
emission, low internal capaci
tances and low internal induc
tance. This is the first of a new 
generation of high performance 
power tubes for LF, HF, VHF and 
pulse service. 

L a s e r f a b p y r o l y t i c 
g r a p h i t e g r i d s 
The control grid and screen 
structures of the 4CW300,000G 
are precision-cut by a laser 
beam. Each element is mono
lithic and combines extremely 
low coefficient of expansion 
with low structural inductance. 
These features permit the 
4CW300,000G to have a very 
high transconductance—106 

micromhos—and allow effi
cient, high-frequency operation. 

R u g g e d m e s h f i l a m e n t 
The EIMAC mesh filament pro
vides exceptionally high peak 
plate current and permits low 
plate voltage operation. This 
leads to power supply economy, 
making the 4CW300,000G the 
economic choice for 300 KWAM 
broadcast service or long-pulse 
switch service, each of which 
demands a reserve of peak 
emission. 
I m p r o v e d a n o d e s t r u c t u r e 
ElMAC's multi-phase cooling 
technique provides high plate 
dissipation to extract heat 
evenly and quickly from the an
ode, contributing to long tube 
life and operating economy. 
E I M A C e x p e r t i s e 
ElMAC's expertise in electron 
ballistics pyrolytic grid produc
tion, thermodynamics and cir
cuit techniques combine to 
bring tomorrow's tubes for to

day's transmitter designs. More 
information is available from 
Varian EIMAC. Or the nearest 
Varian Electron Device Group 
sales office. 

Electron Device Group 
Varian EIMAC 
Application Engineering 

Department 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: 415-592-1221, ext. 218 

Varian AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Telephone: (042) 23 25 75 
Telex: 78 841 

varian 
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