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The goal of theoretical physics 

75 the end in sight for theoretical 
physics ?'This was the question posed 
by Stephen Hawking in his inaugural 
lecture * as incumbent of the presti
gious Lucasian Chair of Mathematics 
in the University of Cambridge. 
Among his many other accomplish
ments, Hawking has successfully 
brought together ideas from particle 
physics, from general relativity and 
from thermodynamics (see October 
1977 edition, page 334) which have 
greatly influenced thinking on the 
origin of the Universe. 

We are publishing the text of the 
lecture in two parts, the first dealing 
with the motivations for constructing 
unified theories in physics, and going 
on to describe current efforts to unify 
the electroweak picture with that of 
quark dynamics. As an influential phy
sicist not directly involved with parti
cle research, Hawking s views on par
ticle theory make interesting reading. 
In the second part, to be published in 
our March issue, Hawking goes on to 
cover the subject of gravity, where his 
pronouncements always provide sub
stantial food for thought. 

' I w a n t t o d iscuss t he poss ib i l i t y t h a t 
t h e goa l of t heo re t i ca l phys i cs m i g h t 
be ach ieved in t he no t t o o d i s tan t 
f u t u r e , say, by t h e end of t h e cen tu ry . 
By th i s I m e a n t h a t w e m i g h t have a 
c o m p l e t e , cons i s ten t and un i f ied 
t h e o r y of t h e phys ica l i n te rac t i ons 
w h i c h w o u l d descr ibe all poss ib le 
obse rva t i ons . 

Of course one has t o be ve ry 
c a u t i o u s abou t m a k i n g s u c h p red i c 
t i ons : w e have t h o u g h t t h a t w e w e r e 
on t h e br ink of t h e f ina l syn thes i s at 
least t w i c e before . A t t h e b e g i n n i n g 

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

of t h e c e n t u r y it w a s be l ieved t h a t 
eve ry th ing cou ld be u n d e r s t o o d in 
t e r m s of c o n t i n u u m mechan ics . A l l 
t h a t w a s needed w a s t o m e a s u r e a 
ce r ta in n u m b e r of coe f f i c ien ts of 
e last ic i ty , v iscos i ty , conduc t i v i t y etc. 
Th is hope w a s sha t t e red by t h e d i s 
cove ry of a t o m i c s t ruc tu re a n d q u a n 
t u m mechan i cs . A g a i n , in t h e late 
1 9 2 0 s M a x Born t o l d a g r o u p of 
sc ien t i s ts v i s i t i ng G o t t i n g e n t h a t 
'Phys ics , as w e k n o w it, w i l l be over 
in six mon ths . ' Th is w a s shor t l y a f te r 
t h e d i scove ry by Paul Dirac of t h e 
equa t i on w h i c h governs t he b e h a v 
iour of the e lec t ron . It w a s expec ted 
t h a t a s im i la r equa t i on w o u l d gove rn 
t h e p r o t o n , the on ly o the r s u p 
posed ly e l e m e n t a r y par t ic le k n o w n 
at t h a t t ime . H o w e v e r , t he d i scovery 
o f t h e neu t ron and of nuc lear f o r ces 
d i sappo in ted these hopes. W e n o w 
k n o w tha t ne i ther t he p r o t o n nor t h e 
n e u t r o n are e l e m e n t a r y bu t t h a t t h e y 
are m a d e up of sma l le r par t ic les . 
Never the less , w e have m a d e a lot of 
p rog ress in recen t years and the re 
are s o m e g r o u n d s fo r cau t i ous 
o p t i m i s m t h a t w e m a y soon see a 
c o m p l e t e theory . 

Even if w e d o ach ieve a c o m p l e t e 
un i f ied theory , w e shal l no t be able t o 
m a k e de ta i l ed p red ic t i ons in any bu t 
t h e s imp les t s i tua t ions . For examp le , 
w e a l ready k n o w t h e phys ica l l a w s 
t h a t gove rn eve ry th ing t h a t w e 
exper ience in eve ryday l i fe: as Dirac 
po in ted out , his equa t i on w a s t h e 
basis of ' m o s t of phys ics and all of 
chemis t r y ' . H o w e v e r w e have been 
able t o so lve t h e equa t i on on ly f o r 
t h e very s imp les t s y s t e m , t h e 
h y d r o g e n a t o m cons is t i ng of one 
p r o t o n and one e lec t ron . For m o r e 
c o m p l i c a t e d a t o m s w i t h m o r e e lec
t rons , let a lone fo r mo lecu les w i t h 
m o r e t h a n one nuc leus , w e have t o 
resor t t o a p p r o x i m a t i o n s and i n t u i 
t i ve guesses of d o u b t f u l va l id i ty . For 
m a c r o s c o p i c s y s t e m s cons i s t i ng of 
1 0 2 3 par t i c les or so, w e have t o use 

Paul Dirac, who discovered the equation 
which describes the behaviour of the 
electron. He has pointed out that this 
equation is the basis of 'most of physics 
and all of chemistry'. 

s ta t i s t i ca l m e t h o d s and a b a n d o n any 
p re tence of so l v ing t h e equa t i ons 
exact ly . A l t h o u g h in pr inc ip le w e 
k n o w t h e e q u a t i o n s t h a t gove rn t h e 
w h o l e of b io logy , w e have no t been 
able t o reduce t h e s t udy of h u m a n 
behav iou r t o a b ranch of app l ied 
m a t h e m a t i c s . 

W h a t w o u l d w e m e a n by a c o m 
p le te and un i f i ed t h e o r y of phys i cs? 
Our a t t e m p t s at mode l l i ng phys ica l 
real i ty no rma l l y cons is t of t w o 
p a r t s : 
1 . A se t of local l a w s t h a t are o b e y e d 
by t h e va r i ous phys ica l quan t i t i es . 
These are usua l ly f o r m u l a t e d in 
t e r m s of d i f fe ren t ia l equa t ions . 
2 . S e t s of b o u n d a r y cond i t i ons t h a t 
te l l us t h e s t a te o f s o m e reg ions of 
t he Un ive rse at a ce r ta in t i m e and 
w h a t e f fec ts p r o p a g a t e in to it s u b 
sequen t l y f r o m t h e rest of t h e U n i 
verse. 

M a n y peop le w o u l d c la im t h a t t he 
role o f sc ience w a s con f i ned t o t h e 
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f i r s t o f t hese and t h a t t heo re t i ca l 
phys ics w i l l have ach ieved i ts goa l 
w h e n w e have o b t a i n e d a c o m p l e t e 
se t of local phys ica l l aws . T h e y 
w o u l d regard t h e q u e s t i o n of t h e 
in i t ia l cond i t i ons fo r t h e Un ive rse as 
be l ong ing t o t h e rea lm of m e t a p h y 
s ics or re l ig ion. In a w a y th is a t t i t u d e 
is s im i la r t o t h a t of t h o s e w h o in 
ear l ier cen tu r ies d i s c o u r a g e d s c i e n 
t i f ic i nves t i ga t i on by say ing t h a t all 
na tu ra l p h e n o m e n a w e r e t h e w o r k of 
G o d and shou ld no t be inqu i red in to . 
I t h i nk t h a t t he ini t ia l cond i t i ons o f 
t h e Un iverse are as su i tab le a s u b 
j ec t fo r sc ien t i f i c s t udy and t h e o r y as 
are t h e local phys ica l l aws . W e shal l 
no t have a c o m p l e t e t h e o r y unt i l w e 
can d o m o r e t h a n mere l y say t h a t 
' T h i n g s are as t hey are because t h e y 
w e r e as t h e y we re . ' 

T h e q u e s t i o n of t h e un iqueness of 
t h e ini t ia l cond i t i ons is c lose ly 
re la ted t o t h a t o f t h e a rb i t ra r iness of 
t h e local phys ica l l a w s : one w o u l d 
no t regard a t heo ry as c o m p l e t e if it 
c o n t a i n e d a n u m b e r of ad jus tab le 
p a r a m e t e r s such as masses or c o u 
p l ing c o n s t a n t s w h i c h cou ld be g i ven 
any va lues one l iked. In f a c t it s e e m s 
t h a t ne i the r t h e in i t ia l cond i t i ons nor 
t h e va lues of t h e p a r a m e t e r s in t h e 
t h e o r y are a rb i t ra ry bu t t h a t t h e y are 
s o m e h o w chosen or p i cked o u t ve ry 
carefu l ly . For examp le , if t h e p r o t o n -
n e u t r o n mass d i f fe rence w e r e no t 
a b o u t t w i c e the m a s s of t h e e lec t ron , 
one w o u l d no t ob ta i n t h e coup le of 
h u n d r e d or so s tab le nuc l ides t h a t 
m a k e up t h e e l e m e n t s a n d are t h e 
bas is of c h e m i s t r y and b io logy . S i m 
i lar ly if t h e g rav i ta t i ona l m a s s of t h e 
p r o t o n w e r e s ign i f i can t l y d i f fe ren t , 
one w o u l d no t have had s ta rs in 
w h i c h these nuc l ides cou ld have 
been bu i l t up and if t h e in i t ia l e x p a n 
s ion of t he Un iverse had been 
s l igh t l y sma l le r or greater , t h e U n i 
ve rse w o u l d e i ther have co l l apsed 
be fo re such s tars cou ld have evo l ved 
or w o u l d have e x p a n d e d so rap id ly 

t h a t stars ' w o u l d never have been 
f o r m e d by g rav i ta t i ona l c o n d e n s a 
t i on . 

S o m e peop le have gone so fa r as 
t o e leva te t hese res t r i c t ions on t h e 
in i t ia l cond i t i ons and the p a r a m e t e r s 
t o t h e s ta tus of a pr inc ip le , t h e 
A n t h r o p i c Pr inc ip le, w h i c h can be 
pa raph rased as ' T h i n g s are as t h e y 
are because w e are ' . A c c o r d i n g t o 
one ve rs ion of t he pr inc ip le t he re is a 
very large n u m b e r of d i f fe ren t sepa 
rate un iverses w i t h d i f fe ren t va lues 
of t he phys ica l pa rame te rs and di f 
f e ren t in i t ia l cond i t i ons . M o s t of 
t hese un iverses w i l l no t p rov ide t h e 
r igh t cond i t i ons fo r t h e d e v e l o p m e n t 
of t h e c o m p l i c a t e d s t r uc tu res 
needed fo r in te l l igent life. On ly in a 
sma l l number , w i t h cond i t i ons and 
p a r a m e t e r s l ike our o w n un iverse, 
w i l l it be poss ib le fo r in te l l igen t l i fe t o 
deve lop and t o ask t h e q u e s t i o n 
' W h y is t h e Un iverse as w e observe 
it ?' The a n s w e r is, o f course, t h a t if it 
w e r e o t h e r w i s e the re w o u l d no t be 
anyone t o ask t he ques t i on . 

The A n t h r o p i c Pr incip le does p r o 
v ide s o m e sor t of exp lana t ion of 
m a n y of t h e remarkab le numer i ca l 
re la t ions t h a t are obse rved b e t w e e n 
t h e va lues of d i f fe ren t phys ica l p a r a 
mete rs . H o w e v e r , it is no t c o m 
p le te ly sa t i s fac to ry : one c a n n o t he lp 
fee l i ng t h a t t he re is s o m e deeper 
exp lana t ion . A l so , it c a n n o t a c c o u n t 
f o r al l t he reg ions of t he Un iverse . 
For examp le , our solar s y s t e m is 
cer ta in ly a p re requ is i te fo r our ex is 
t e n c e as is an earl ier genera t i on o f 
nearby s ta rs in w h i c h heavy e le 
m e n t s cou ld have been f o r m e d by 
nuc lear syn thes is . It m i g h t even be 
t h a t t he w h o l e of our ga laxy w a s 
requ i red . B u t the re does no t s e e m 
any necess i t y fo r o the r ga lax ies t o 
exist , let a lone the mi l l ion mi l l i on or 
so o f t h e m t h a t w e see, d i s t r i bu ted 
rough ly u n i f o r m l y t h r o u g h o u t t h e 
obse rvab le Un iverse . Th is la rge-
sca le h o m o g e n e i t y of t h e Un ive rse 

m a k e s it ve ry d i f f i cu l t t o ho ld an 
a n t h r o p o c e n t r i c v i e w or t o be l ieve 
t h a t t h e s t r u c t u r e of t h e Un iverse 
is d e t e r m i n e d by a n y t h i n g so 
per iphera l as s o m e c o m p l i c a t e d 
mo lecu la r s t r u c t u r e s on a m ino r p la 
net o rb i t i ng a ve ry ave rage s tar in t he 
ou te r s u b u r b s o f a fa i r ly t yp ica l spi ra l 
galaxy. 

If w e are no t g o i n g t o appea l t o t he 
A n t h r o p i c Pr inc ip le, w e need s o m e 
un i f y ing t h e o r y t o a c c o u n t fo r t h e 
ini t ia l c o n d i t i o n s o f the Un iverse and 
t h e va lues of t h e va r ious phys ica l 
pa rame te rs . H o w e v e r , it is t o o d i f f i 
cu l t t o th ink up a c o m p l e t e t heo ry of 
eve ry th i ng all a t one go ( t h o u g h th is 
does no t s e e m t o s t o p s o m e peop le ; 
I ge t t w o or t h ree un i f ied theor ies in 
t h e mai l each w e e k ) . W h a t w e d o 
ins tead is t o look f o r par t ia l t heo r ies 
t h a t w i l l desc r ibe s i t ua t i ons in w h i c h 
ce r ta in i n te rac t i ons can be ignored 
or a p p r o x i m a t e d in a s imp le manner . 
W e f i rs t d iv ide t h e mater ia l c o n t e n t 
o f t h e Un iverse in to t w o par ts , ' m a t 
ter ' par t i c les such as quarks , e lec 
t rons , m u o n s etc., and ' i n te rac t i ons ' 
s u c h as g rav i ty , e l e c t r o m a g n e t i s m 
etc. 

T h e m a t t e r par t i c les are desc r ibed 
by f ie lds o f ha l f - i n teger sp in and 
obey t h e Pauli Exc lus ion Pr inc ip le 
w h i c h p reven ts m o r e t h a n one p a r t i 
c le of a g i ven k ind f r o m be ing in any 
s ta te . Th is is t h e reason t h a t w e can 
have so l id bod ies t h a t do no t c o l 
lapse t o a po in t or rad ia te a w a y t o 
in f in i ty . The m a t t e r par t ic les are d i v 
ided in to t w o g roups , t he hadrons , 
w h i c h are c o m p o s e d of quarks , and 
t h e lep tons , w h i c h compr i se t h e 
remainder . 

T h e i n te rac t i ons are d i v ided p h e -
n o m e n o l o g i c a l l y in to f ou r c a t e g o 
ries. In o rder o f s t r e n g t h t h e y are : t he 
s t r o n g nuc lear f o r ces w h i c h in terac t 
on ly w i t h hadrons , e l e c t r o m a g n e 
t i s m w h i c h in te rac ts w i t h cha rged 
hadrons a n d lep tons , t h e w e a k 
nuc lear f o r c e s w h i c h in te rac t w i t h all 
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Murray Gell-Mann seen here lecturing at 
CERN on the 'Grand Unification' of the 
different forces in physics. In the audience 
is (top left) Stephen Hawking, whose own 
ideas on the subject are stimulating. 

(Photo CERN 263.3.79) 

had rons and lep tons and f ina l ly , t h e 
w e a k e s t by far, g rav i t y w h i c h in te r 
ac ts w i t h eve ry th ing . T h e in te rac 
t i o n s are rep resen ted by i n tege r -sp in 
f ie lds w h i c h d o no t obey t h e Paul i 
Exc lus ion Pr incip le. Th is m e a n s t h a t 
t h e y can have m a n y par t i c les in t h e 
s a m e s ta te . 

In t he case of e l e c t r o m a g n e t i s m 
and grav i ty , t h e i n te rac t i ons are a lso 
l ong - range w h i c h m e a n s t h a t t h e 
f ie lds p r o d u c e d by a large n u m b e r o f 
m a t t e r par t i c les can all a d d up t o 
g ive a f ie ld t h a t can be d e t e c t e d o n a 
m a c r o s c o p i c scale. For t h e s e rea 
sons t h e y w e r e t h e f i rs t t o have 
theo r i es deve loped fo r t h e m , g rav i t y 
by N e w t o n in t h e s e v e n t e e n t h c e n 
t u r y and e l e c t r o m a g n e t i s m by M a x 
w e l l in t h e n i n e t e e n t h cen tu ry . H o w 
ever t hese theo r ies w e r e bas ica l ly 
i n c o m p a t i b l e because t h e N e w t o n 
ian T h e o r y w a s invar ian t if t h e w h o l e 
s y s t e m w a s g iven any u n i f o r m v e 
loc i ty w h e r e a s t h e M a x w e l l T h e o r y 
de f i ned a p re fe r red ve loc i t y , t h e 
s p e e d of l ight . In the end it t u r n e d o u t 
t o be t h e N e w t o n i a n T h e o r y o f G r a v 
i ty w h i c h had t o be m o d i f i e d t o m a k e 
it c o m p a t i b l e w i t h t h e invar iance 
p rope r t i es of t h e M a x w e l l Theory . 
Th is w a s ach ieved by E ins te in 's 
Genera l Theo ry of Re la t i v i t y w h i c h 
w a s f o r m u l a t e d in 1 9 1 5. 

T h e Genera l Re la t iv i ty T h e o r y o f 
G rav i t y and t h e M a x w e l l T h e o r y o f 
E l ec t r odynam ics w e r e w h a t is ca l led 
Classical Theor ies — t h e y i nvo l ved 

quan t i t i es w h i c h w e r e con t i nuous l y 
var iab le and w h i c h cou ld , in p r inc ip le 
at least, be m e a s u r e d t o a rb i t ra ry 
accuracy . H o w e v e r a p r o b l e m arose 
w h e n one t r i ed t o use such theo r ies 
t o c o n s t r u c t a mode l of t h e a t o m . It 
had been d i scove red t h a t t h e a t o m 
cons i s ted o f a sma l l pos i t i ve ly 
cha rged nuc leus s u r r o u n d e d by a 
c l oud of nega t i ve ly cha rged e lec
t rons . The na tura l a s s u m p t i o n w a s 
t h a t t he e lec t rons w e r e in o rb i t 
a r o u n d t h e nuc leus l ike t he Earth is in 
o rb i t a r o u n d t h e Sun . H o w e v e r t h e 
Classical Theo ry p red i c ted t h a t t h e 
e lec t rons w o u l d rad ia te e l e c t r o m a g 
net ic w a v e s . These w a v e s w o u l d 
carry a w a y energy and w o u l d cause 
t h e e lec t rons t o spiral in to t h e 
nuc leus , p r o d u c i n g a co l lapse of t h e 
a t o m . 

Th is p r o b l e m w a s o v e r c o m e by 
w h a t is u n d o u b t e d l y t he g rea tes t 
a c h i e v e m e n t in theore t i ca l phys ics 
th i s cen tu ry , t he d i scovery of t h e 
Q u a n t u m Theory . The bas ic p o s t u 
late of th is is t he He isenberg ' U n c e r 
t a i n t y Pr inc ip le ' w h i c h s ta tes t h a t 
ce r ta in pa i rs of quan t i t i es , such as 
t h e pos i t i on and m o m e n t u m of a 
par t ic le , c a n n o t be m e a s u r e d s i m u l 
t aneous l y w i t h a rb i t ra ry accuracy . In 
t h e case o f t h e a t o m th i s m e a n t t h a t 
in i ts l o w e s t energy s ta te t he e lec
t r o n cou ld no t be at rest in t h e 
nuc leus because , in t h a t case, i ts 
pos i t i on a n d ve loc i t y w o u l d b o t h be 
de f i ned exact ly . Ins tead t h e e lec t ron 

w o u l d have t o be s m e a r e d o u t w i t h 
s o m e p robab i l i t y d i s t r i bu t i on a r o u n d 
the nuc leus . In t h i s s ta te the e lec t ron 
cou ld no t rad ia te energy in t h e f o r m 
of e l e c t r o m a g n e t i c w a v e s because 
the re w o u l d be no l o w e r energy 
s ta te fo r it t o g o to . 

In t h e 1 9 2 0 s a n d 1 9 3 0 s q u a n t u m 
m e c h a n i c s wa #s app l ied w i t h g rea t 
success t o s y s t e m s such as a t o m s or 
mo lecu les w h i c h have on ly a f i n i t e 
n u m b e r of deg rees of f r e e d o m . D i f f i 
cu l t ies arose w h e n peop le t r i ed t o 
app ly it t o t h e e l e c t r o m a g n e t i c f ie ld 
w h i c h has an in f in i te n u m b e r o f 
deg rees of f r e e d o m , rough ly speak 
ing, t w o fo r each po in t of s p a c e - t i m e . 
One can regard t hese degrees of 
f r e e d o m as osc i l l a to rs , each w i t h i ts 
o w n pos i t i on and m o m e n t u m . The 
osc i l la to rs c a n n o t be at rest because 
t h e n t h e y w o u l d have exac t ly 
de f i ned pos i t i ons and m o m e n t a . 
Ins tead each osc i l l a to r m u s t have 
s o m e m i n i m u m a m o u n t of w h a t are 
ca l led 'zero po in t f l u c t u a t i o n s ' and a 
non -ze ro energy . The energ ies of t h e 
zero po in t f l u c t u a t i o n s of all t h e 
in f in i te n u m b e r o f deg rees of f r e e 
d o m w o u l d cause t h e appa ren t mass 
and cha rge of t he e lec t ron t o 
b e c o m e in f in i te . 

In t he late 1 9 4 0 s , a p rocedu re 
ca l led reno rma l i za t i on w a s d e v e l 
o p e d t o o v e r c o m e th i s d i f f i cu l ty . It 
cons i s ted of t h e ra ther a rb i t ra ry s u b 
t r a c t i o n of ce r ta in in f in i te quan t i t i es 
t o leave f i n i te rema inders . In t h e 
case of e l e c t r o d y n a m i c s , it w a s 
necessary t o m a k e t w o such in f in i te 
sub t rac t i ons , one fo r t he mass and 
the o the r f o r t h e cha rge of t h e e lec
t r on . Th is reno rma l i za t i on p rocedu re 
has never been pu t on a ve ry f i r m 
c o n c e p t u a l or m a t h e m a t i c a l basis, 
bu t it has w o r k e d qu i te we l l in p rac 
t ice . I ts g rea t success w a s t h e p re 
d i c t i on of a sma l l d i sp l acemen t , t h e 
L a m b Shi f t , in s o m e l ines in t h e 
s p e c t r u m of a t o m i c hyd rogen . H o w 
ever it is no t ve ry sa t i s fac to ry f r o m 
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t h e po in t of v i e w of a c o m p l e t e 
t h e o r y because it does no t m a k e any 
p red ic t i ons of t he va lues o f t he f in i te 
rema inde rs lef t a f te r m a k i n g in f in i te 
sub t rac t i ons . T h u s w e w o u l d have t o 
fa l l back on t h e A n t h r o p i c Pr inc ip le 
t o exp la in w h y t he e lec t ron has t h e 
mass and charge t h a t it does . 

Dur ing the 1 9 5 0 s and 1 9 6 0 s it 
w a s genera l ly be l ieved t h a t t h e 
w e a k and s t r o n g nuc lear f o r ces w e r e 
no t renorma l i zab le and w o u l d re
qu i re an in f in i te n u m b e r of in f in i te 
sub t r ac t i ons t o m a k e t h e m f in i te . 
The re w o u l d be an in f in i te n u m b e r of 
f i n i te rema inde rs w h i c h w e r e no t 
d e t e r m i n e d by t h e theo ry . S u c h a 
t h e o r y w o u l d have no p red ic t i ve 
p o w e r because one cou ld never 
measu re all t h e in f in i te n u m b e r o f 
pa rame te rs . H o w e v e r , in 1 9 7 1 
' t Hoo f t s h o w e d t h a t a un i f ied m o d e l 
o f the e l e c t r o m a g n e t i c and w e a k 
in te rac t ions t h a t had been ear l ier 
p roposed by S a l a m a n d W e i n b e r g 
w a s indeed renorma l i zab le w i t h on ly 
a f i n i te n u m b e r of in f in i te s u b t r a c 
t ions . In t he S a l a m - W e i n b e r g t h e o r y 
t h e p h o t o n , t he sp in -1 par t i c le t h a t 
car r ies the e l e c t r o m a g n e t i c i n te rac 
t i on , is j o i ned by t h ree o the r sp in -1 
pa r tne rs ca l led W + , W ~ a n d Z° . 

A t ve ry h igh energ ies t hese f o u r 
par t i c les are all p red i c ted t o behave 
in a s imi la r manner . A t l o w e r ener 
g ies a p h e n o m e n o n ca l led ' s p o n t a 
neous s y m m e t r y b reak ing ' is i n 
v o k e d t o exp la in t h e f a c t t h a t t he 
p h o t o n has zero rest m a s s w h e r e a s 
t h e W + , W " and Z ° are all ve ry 
mass ive . The l o w energy p red i c t i ons 
o f t h i s t heo ry have ag reed r e m a r k a 
bly w e l l w i t h obse rva t i on and th i s led 
t h e S w e d i s h A c a d e m y in 1 9 7 9 t o 
a w a r d t he Nobe l pr ize t o S a l a m , 
W e i n b e r g and t o G l a s h o w , w h o had 
a lso c o n s t r u c t e d s im i la r un i f ied 
theor ies . 

The success of t he S a l a m - W e i n 
berg t heo ry led t o t h e sea rch fo r a 
s im i la r renorma l i zab le t h e o r y o f t h e 

The cupola which roofs over the experimental 
area at the CERN SPS housing apparatus 
for the UA1 experiment to study high energy 
collisions of protons and antiprotons. High 
on its agenda of priorities is a search for 
the intermediate bosons of weak interactions, 
long predicted but so far not seen. 

(Photo CERN 387.11.80} 

s t r o n g in te rac t ions . It w a s real ized 
fa i r ly ear ly on t h a t t h e p r o t o n and 
o the r had rons such as t h e p ion cou ld 
no t be t ru l y e l e m e n t a r y par t ic les , b u t 
t h a t t h e y m u s t be b o u n d s ta tes o f 
o the r par t i c les ca l led quarks . These 
s e e m t o have the cu r ious p rope r t y 
tha t , a l t h o u g h t hey can m o v e fa i r ly 
f ree ly w i t h i n a hadron , it appears t o 
be imposs ib le t o ob ta in j us t one 
quark on i ts o w n ; t hey a l w a y s c o m e 
e i ther in g roups of t h ree ( l ike t h e 
p r o t o n or neu t ron) or in pai rs cons i s t 
ing of a quark and an t iquark ( l ike t h e 
p ion) . T o exp la in th is , qua rks w e r e 
e n d o w e d w i t h an a t t r i bu te c o n v e 
n ien t ly ca l led 'co lour ' . The idea is 
t h a t qua rks c o m e in t h ree ' co lou rs ' , 
red, g reen and b lue, bu t t h a t any 
iso la ted b o u n d s ta te such as a 
had ron has to be ' co lour less ' , e i ther a 
c o m b i n a t i o n of red, g reen and b lue 
l ike t h e p r o t o n , or a m i x tu re o f red 
and an t i red , g reen and an t i g reen , 
and b lue and an t ib lue l ike t h e p ion . 

The s t r o n g in te rac t ions b e t w e e n 
t h e qua rks are s u p p o s e d t o be car 
r ied by sp in -1 par t i c les ca l led g l uons 
ra ther l ike t h e par t ic les t h a t car ry t h e 
w e a k in te rac t i on . The g luons a lso 
car ry co lou r and t hey and t h e qua rks 
obey a renorma l i zab le t h e o r y ca l led 
q u a n t u m c h r o m o d y n a m i c s or Q C D 
fo r shor t . A c o n s e q u e n c e of t h e 
reno rma l i za t i on p rocedu re is t h a t 
t h e e f fec t i ve coup l i ng c o n s t a n t of 
t h e t h e o r y d e p e n d s on t he energy at 
w h i c h it is m e a s u r e d and dec reases 
t o zero a t ve ry h igh energ ies. Th is 
p h e n o m e n o n is k n o w n as a s y m p 
to t i c f r e e d o m . It m e a n s t h a t qua rks 
ins ide a h a d r o n behave a l m o s t l ike 
f ree par t i c les in h igh energy co l l i 
s ions so t h a t the i r i n te rac t ions can 
be t r e a t e d success fu l l y by p e r t u r b a 
t i o n theory . 

The p red i c t i ons of p e r t u r b a t i o n 
t h e o r y are in reasonab le qua l i t a t i ve 
a g r e e m e n t w i t h obse rva t i on bu t one 
c a n n o t ye t real ly c l a im t h a t the t h e -

6 CERN Courier, January/February 1981 



Setting the scene for the hunting of the 
elusive intermediate bosons of weak 
interactions, which according to current 
theory should soon be within reach. This 
underground cavern at the CERN SPS will 
shortly house several of the experiments 
being prepared to exploit high energy proton-
antiproton colliding beams. 

(Photo CERN 189.12.80) 

ory has been expe r imen ta l l y ver i f ied . 
A t l o w energ ies t h e e f fec t i ve c o u 
p l ing c o n s t a n t b e c o m e s ve ry large 
and pe r tu rba t i on t h e o r y b reaks 
d o w n . It is hoped t h a t th is ' i n f ra red 
s lavery ' w i l l exp la in w h y qua rks are 
a l w a y s con f i ned in co lou r less b o u n d 
s ta tes bu t so fa r n o - o n e has been 
able t o d e m o n s t r a t e th is real ly c o n 
v inc ing ly . 

Hav ing o b t a i n e d one r e n o r m a l i z a -
ble t h e o r y fo r t he s t r o n g i n te rac t i ons 
and ano the r one fo r t h e w e a k and 
e l e c t r o m a g n e t i c i n te rac t i ons , it w a s 
na tu ra l t o look fo r a t h e o r y w h i c h 
c o m b i n e d t h e t w o . S u c h theo r i es are 
g i ven t h e ra ther e x a g g e r a t e d t i t le o f 
' G r a n d Un i f i ed Theor ies ' or G U T s f o r 
shor t . Th is is ra ther m i s l ead ing 
because t h e y are ne i the r all t h a t 
g r a n d , nor fu l l y un i f ied , nor c o m p l e t e 
theo r ies in t h a t t h e y have a n u m b e r 
of u n d e t e r m i n e d reno rma l i za t i on p a 
r a m e t e r s such as coup l i ng c o n s t a n t s 
and masses . Neve r the less t h e y m a y 

be a s ign i f i can t s tep t o w a r d a c o m 
p le te un i f ied theory . The basic idea is 
t h a t t he e f fec t i ve coup l i ng c o n s t a n t 
of t h e s t r o n g in te rac t ions , w h i c h is 
large at l o w energ ies, g radua l l y 
dec reases at h igh energ ies because 
of a s y m p t o t i c f r e e d o m . 

On the o the r hand , t he e f fec t i ve 
coup l i ng c o n s t a n t of t he S a l a m -
W e i n b e r g theo ry , w h i c h is sma l l at 
l o w energ ies , gradua l ly increases at 
h igh energ ies because th is t h e o r y is 
no t asymp to t i ca l l y f ree. If one ex t ra 
po la tes t h e l o w energy rate o f 
increase and decrease of t h e c o u 
p l ing cons tan ts , one f i nds t h a t t h e 
t w o coup l i ng c o n s t a n t s b e c o m e 
equa l at an energy of a b o u t 
1 0 1 5 GeV. The theor ies p ropose t h a t 
above th is energy t h e s t r ong i n te rac 
t i ons are un i f i ed w i t h t he w e a k and 
e l e c t r o m a g n e t i c i n te rac t i ons b u t 
t h a t at l o w e r energ ies the re is s p o n 
t a n e o u s s y m m e t r y b reak ing . 

A n energy of 1 0 1 5 G e V is w a y 

b e y o n d t h e s c o p e of any labo ra to ry 
e x p e r i m e n t : t h e p resen t gene ra t i on 
of par t ic le acce le ra to rs can p r o d u c e 
c e n t r e - o f - m a s s energ ies o f a b o u t 
1 0 G e V a n d t h e nex t gene ra t i on w i l l 
p roduce energ ies o f 1 0 0 G e V or so. 
Th is w i l l be su f f i c ien t t o i nves t iga te 
t h e ene rgy range in w h i c h t h e e lec 
t r o m a g n e t i c f o r ces shou ld b e c o m e 
un i f ied w i t h t h e w e a k fo rces a c c o r d 
ing t o t he S a l a m - W e i n b e r g t heo ry 
bu t no t t h e e n o r m o u s l y h igh energy 
at w h i c h t h e w e a k and e l e c t r o m a g 
net ic i n te rac t i ons w o u l d be p r e 
d i c t e d t o b e c o m e un i f ied w i t h t h e 
s t r o n g in te rac t ions . Never the less 
t he re can be l o w energy p red i c t i ons 
of t h e G r a n d Un i f i ed Theor ies t h a t 
m i g h t be t es tab le in t h e labora to ry . 
For examp le , t h e theo r ies p red ic t 
t h a t t he p r o t o n shou ld no t be c o m 
p le te ly s tab le b u t shou ld decay w i t h 
a l i f e t ime of o rde r 1 0 3 1 years . T h e 
p resen t e x p e r i m e n t a l l o w e r l im i t o n 
t h e l i f e t ime is a b o u t 1 0 3 0 years a n d it 
s h o u l d be poss ib le t o i m p r o v e th is . 

A n o t h e r obse rvab le p red i c t i on 
conce rns t he ra t io of ba ryons t o 
p h o t o n s in t h e Un iverse . The l a w s o f 
phys ics s e e m t o be t he s a m e f o r 
par t i c les and an t ipar t i c les . M o r e p re 
c isely, t h e y are t h e s a m e if par t i c les 
are rep laced by an t ipar t i c les , r i gh t -
h a n d e d is rep laced by l e f t - handed 
and t h e ve loc i t i es o f all par t ic les are 
reversed. Th is is k n o w n as t h e CPT 
T h e o r e m a n d it is a c o n s e q u e n c e of 
bas ic a s s u m p t i o n s t h a t shou ld ho ld 
in any reasonab le theory . Y e t t h e 
Ear th and indeed t h e w h o l e so lar 
s y s t e m is m a d e up o f p r o t o n s and 
n e u t r o n s w i t h o u t any an t i p ro tons or 
an t i neu t rons . I ndeed such an i m b a l 
ance b e t w e e n par t i c les and an t ipa r 
t i c les is ye t a n o t h e r a priori c o n d i t i o n 
fo r ou r ex i s t ence ; f o r if t h e so lar 
s y s t e m w e r e c o m p o s e d of an equa l 
m i x t u r e o f par t i c les and a n t i p a r t i 
c les, t h e y w o u l d all ann ih i la te each 
o the r and leave j us t rad ia t ion . 

F r o m t h e o b s e r v e d absence of 
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Synchrotron Radiation 
Source in action 

such ann ih i la t ion rad ia t ion w e can 
conc lude tha t our ga laxy is made 
ent i re ly of par t ic les rather t han an t i -
part ic les. W e do no t have d i rect 
ev idence abou t o ther galaxies bu t it 
seems l ikely t ha t t hey are c o m p o s e d 
of par t ic les and tha t in the Universe 
as a w h o l e there is an excess of 
par t ic les over an t ipar t i c les of abou t 
one par t ic le per 1 0 8 pho tons . One 
cou ld t ry to accoun t fo r th is by invok
ing the An th rop i c Pr inciple but 
Grand Uni f ied Theor ies ac tua l ly p ro 
v ide a possib le m e c h a n i s m for 
exp la in ing the imba lance. 

A l t h o u g h all in te rac t ions s e e m t o 
be invar iant under the c o m b i n a t i o n 
of C ( replace par t ic les by an t i pa r t i 
c les), P (change r i gh t -handed t o lef t -
handed) and T(reverse the d i rec t ion 
of t ime) , there are k n o w n to be 
in terac t ions w h i c h are no t invar iant 
under Talone. In the early Universe, 
in w h i c h there is a very marked 
a r r o w of t i m e g iven by t he expan 
s ion, these in te rac t ions cou ld p ro 
duce more par t ic les t h a n an t i pa r t i 
cles. However , t he n u m b e r they 
make is very mode l -dependen t , so 
t ha t ag reemen t w i t h observa t ion is 
hardly a con f i rma t i on of t he Grand 
Uni f ied Theor ies. ' 

The .wo r l d ' s f i rs t large purpose-bu i l t 
h igh energy source of synch ro t ron 
rad ia t ion is n o w in ac t ion at the 
Daresbury Laboratory. K n o w n as 
the SRS (Synchro t ron Radia t ion 
Source) , the 2 GeV e lec t ron s to rage 
r ing, w h i c h p roduces the rad iat ion, 
has i ts roots in the deve lopmen ts 
made in the early 1 9 7 0 s t o use the 
rad ia t ion emerg ing f r o m the 5 GeV 
high energy physics e lec t ron s y n 
ch ro t ron , N INA. This d e m o n s t r a t e d 
the po ten t ia l app l ica t ions of s y n 
chro t ron radiat ion research in the U. K. 
and, w h e n it became clear t ha t N I N A 
w o u l d be p rematu re ly ret i red, a p ro 
posal w a s made t o bui ld a ded ica ted 
rad ia t ion source us ing m a n y of the 
sys tems w h i c h w o u l d be left over 
f r o m N I N A . These sys tems inc luded 
p o w e r suppl ies and s o m e b e a m 
t ranspor t equ ipmen t t oge the r w i t h 
su i tab le bui ld ings. Bu t the m o s t 
i m p o r t a n t resource surv iv ing f r o m 
N IN A days w a s the exper ience at the 

Labora tory in all aspects of acceler
ator des ign and opera t ion and in 
compu te r i zed data handl ing. 

In 1 9 7 5 approva l w a s g iven fo r 
t he cons t ruc t i on of a 2 GeV e lec t ron 
s to rage r ing toge the r w i t h its in jec
t i on acce lera tors , namely a 12 M e V 
linac and a 6 0 0 M e V boos te r s y n 
ch ro t ron . "Fhe s torage r ing has been 
bui l t in the bu i ld ing w h i c h or ig inal ly 
held N I N A p o w e r suppl ies, and the 
in jectors in the f o rme r exper imenta l 
hall fo r h igh energy physics. A s a 
consequence of th is layout , c o n 
s t ruc t i on of the s to rage r ing cou ld 
no t s ta r t unt i l t he N I N A s h u t d o w n in 
1 9 7 7 , a l t hough in the m e a n t i m e the 
l inac and boos te r w e r e rapid ly put 
t oge the r and c a m e into opera t ion in 
1 9 7 8 . The s to rage r ing w a s ready in 
the s u m m e r of 1 9 8 0 . 

The l inac has a t rave l l ing w a v e 
s t ruc tu re opera t ing at a f requency of 
3 0 0 0 M H z . The e lec t ron gun is a 
t r iode and , w i t h 5 0 0 M H z appl ied t o 

During the inauguration ceremony of the 
Synchrotron Radiation Source at Daresbury 
Laboratory on 7 November, a bronze plaque 
was unveiled by Mark Carlisle, UK Secretary 
of State for Education and Science, seen 
here (second from right) congratulating Sir 
Geoffrey Allen, Chairman of the UK Science 
Research Council, with (right) Daresbury 
Director A lick Ashmore and (left) project 
head Jerry Tompson. 

(Photo Daresbury) 
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t h e gr id , t h e b e a m is p r e b u n c h e d t o 
ass is t s u b s e q u e n t c a p t u r e in t h e 
boos ter . D e p e n d i n g on t h e des i red 
o u t p u t cur rent , t h e f ina l ene rgy of t h e 
l inac may be se lec ted b e t w e e n 1 0 
and 1 5 M e V . It is no rma l l y set fo r 
1 2 M e V w h i c h resu l ts in an ana lysed 
pu lse cu r ren t of 3 0 m A w i t h i n a 
m o m e n t u m spread of ± 0 . 5 per cen t . 
The repe t i t i on rate is 10 Hz t o m a t c h 
t h a t of the booster . 

T h e boos te r uses c o m b i n e d f u n c 
t i o n magne t s . The repe t i t i on rate of 
1 0 Hz a l l ows the m a g n e t s t o be 
p o w e r e d by m e a n s of a resonant . 
W h i t e - c i r c u i t supp ly and also 
m a t c h e s t h e rate a t w h i c h in jec t ion 
can be m a d e in to t h e r ing. Th is ra te is 
l o w e n o u g h t o p e r m i t an a l l -me ta l 
v a c u u m c h a m b e r t o be used w i t h o u t 
t h e acce le ra ted b e a m be ing per
t u r b e d by t h e e f fec ts of eddy cur 
rents . Unde r n o r m a l cond i t i ons , 
t h e boos te r acce le ra tes 2 5 m A t o 
6 0 0 M e V but , a f ter f i ne t u n i n g , over 

4 0 m A has been measu red . The 
e lec t rons are d i s t r i bu ted un i f o rm ly 
a round t h e orb i t in 5 3 bunches . A s a 
p r i m e number , th is is an unusua l 
h a r m o n i c n u m b e r fo r an acce lera tor , 
bu t in c o n j u n c t i o n w i t h the h a r m o n i c 
n u m b e r of 1 6 0 in t he s to rage r ing it 
a l l o w s m a n y bunch- f i l l i ng s e 
quences t o be used. 

The s to rage r ing is a sepa ra ted 
f u n c t i o n la t t i ce of e igh t n o r m a l cel ls 
w i t h o u t long s t ra igh ts or inser ts . A t 
2 .0 G e V t h e f ie ld in these m a g n e t s is 
1.2 T w h i c h p roduces a s y n c h r o t r o n 
rad ia t ion s p e c t r u m w h o s e cr i t ica l 
w a v e l e n g t h is 3.9 a n g s t r o m s . The 
s to rage r ing has been des igned fo r a 
m a x i m u m s to red cu r ren t of 1 A at 
w h i c h level t he to ta l s y n c h r o t r o n 
rad ia t ion p o w e r w i l l be 2 5 0 k W . A t 
p resen t on ly half t he r.f. p o w e r is 
ins ta l led w h i c h l im i ts the cu r ren t t o 
abou t 3 5 0 m A at 2 GeV. 

The f i rs t e lec t rons w e r e in jec ted 
in to t he s t o rage r ing at t h e end of 

Drawing of the Synchrotron Radiation Source 
at Daresbury indicating the locations of the 
electron linac, the 600 MeV Booster 
Synchrotron, the SRS storage ring itself and 
several radiation beamlines. The Daresbury 
SRS is the first large purpose-built facility 
for synchrotron radiation research to come 
into action. 

J u n e 1 9 8 0 and th ree days later t h e 
b e a m w a s success fu l l y s to red at t he 
in jec t ion ene rgy of 6 0 0 M e V . S ince 
t h e n the s to rage r ing has been run 
fo r acce le ra to r s tud ies a f e w days a 
w e e k over t en w e e k s . The rema in ing 
t i m e has been used fo r f u r t he r i ns ta l 
la t ion and c o n s t r u c t i o n w o r k , pa r t i c 
u lar ly c o n n e c t e d w i t h the beam l i nes 
and e x p e r i m e n t a l hal l . 

The m a x i m u m observed s to red 
cu r ren t is 2 0 0 m A , even ly d i s t r i 
b u t e d over t h e 1 6 0 r.f. b u c k e t s ; no 
w o r k has been d o n e ye t t o es tab l ish 
t he reason fo r t he l im i ta t i on . In jec
t i on has been success fu l l y m a d e 
at a rate of 1 0 Hz w i t h h igh e f f i 
c iency and an a c c u m u l a t i o n rate of 
5 0 m A / s . 

The b e a m l i f e t ime up t o n o w is 
abou t t h i r t y m i n u t e s , l im i ted by t he 
average v a c u u m pressure of 3 x 10~ 8 

torr . Th is w a s w i t h t he v a c u u m 
c h a m b e r u n b a k e d and w i t h none of 
t h e d i s t r i bu ted ion p u m p s in o p e r a -
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A section of the 2 GeV electron storage ring 
of the SRS. An exit port for synchrotron 
radiation adjoining a bending magnet can 
be seen in the foreground. 

(Photo Daresbury) 

insta l l ext ra q u a d r u p o l e s t o increase 
t h e un i t cel l n u m b e r f r o m 8 t o 1 6 . 
Th is w o u l d lead t o a reduc t i on in t h e 
b e a m e m i t t a n c e by over an o rder of 
m a g n i t u d e and , if it w e r e car r ied o u t 
in a f e w years , w o u l d ensure t h a t t h e 
S R S r e m a i n e d c o m p e t i t i v e w i t h 
even the s e c o n d gene ra t i on o f pu r 
pose-des igned* s y n c h r o t r o n rad ia 
t i on sources . 

T h e S R S has been c o m p l e t e d 
c lose t o p r o g r a m m e and w i t h i n 
its f i nanc ia l t a r g e t of 5 . 4 mi l l i on 
pounds . Expe r imen ts are n o w s ta r t 
ing and s o m e f i f t y UK g roups are 
p repa r ing t o s ta r t w o r k at t h e 
mach ine . 

t i on . Dur ing N o v e m b e r t h e w h o l e 
c h a m b e r w a s baked in s i tu t o 2 0 0 ° C 
w h i c h resu l ted in a cons ide rab le 
reduc t i on in base p ressure and e n 
ab led the d i s t r i bu ted p u m p s t o be 
s w i t c h e d on . 

The s to red e lec t rons have been 
acce le ra ted above the 6 0 0 M e V 
in jec t ion energy w h i l e inc reas ing t h e 
f ie lds in all t he m a g n e t s , a p rocess 
w h i c h is car r ied o u t by t h e c o m p u t e r 
con t ro l s y s t e m . The m a x i m u m 
energy w h i c h has been ach ieved is 
1.4 G e V w i t h on ly one r.f. cav i t y in 
ope ra t i on . There are a t o t a l o f f o u r 
s ing le cel l cav i t ies in t h e s t o r a g e 
r ing and t h e r e m a i n i n g t h r e e are 
be ing b r o u g h t in to ope ra t i on . 

In i t ia l ly t he S R S w i l l supp l y t w o 
s y n c h r o t r o n rad ia t ion beam l i nes , 
one fo r v a c u u m u l t rav io le t phys ics 
e q u i p p e d w i t h t w o e x p e r i m e n t a l s t a 
t i ons , and the o the r f o r X - r a y 
research equ ipped w i t h f o u r expe r i 
m e n t a l s ta t i ons ( t w o be ing d u a l -

purpose) . It is p lanned t o open up 
o the r b e a m por t s as f i nances pe rm i t , 
up t o a m a x i m u m of a b o u t t w e l v e . 
The f i rs t s tage of t he p lan is t o have 
t w e l v e i ndependen t s ta t ions , f e d 
f r o m six por ts , opera t iona l by a b o u t 
M a y 1 9 8 2 . 

A l l acce le ra to rs are mod i f i ed and 
re f ined t o m e e t t he c h a n g i n g d e 
m a n d s of the i r users and t h e S R S 
w i l l be no excep t ion . In t h e i m m e 
d ia te f u tu re , s ing le b u n c h o p t i o n w i l l 
be d e v e l o p e d t o a l l o w va r ious b u n c h 
sepa ra t i on pa t te rns t o be f i l led , t h u s 
ca te r i ng fo r t h e users w h o need the i r 
rad ia t ion in d isc re te pu lses s e p a 
ra ted by w e l l - d e f i n e d dark spaces . 
A l s o i m m i n e n t is a h igh f ie ld super 
c o n d u c t i n g w i g g l e r m a g n e t w h i c h 
w i l l gene ra te hard X - rays in i ts 4 .5 T 
f ie ld . Th is m a g n e t is be ing a s s e m 
b led and is due fo r ins ta l la t ion 
t o w a r d s t h e end of 1 9 8 1 . 

A n o t h e r poss ib le d e v e l o p m e n t , 
w h i c h is be ing s tud ied , w o u l d be t o 
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EC FA prepares for LEP 

T h e European C o m m i t t e e f o r Fu tu re 
A c c e l e r a t o r s had i ts 2 8 t h Plenary 
M e e t i n g in N o v e m b e r and p r o m i 
nen t on t h e agenda w a s p repa ra t i on 
fo r t h e p r o p o s e d large e l e c t r o n - p o s i 
t r o n s to rage r ing, LEP. 

It w a s dec ided t o o rgan ize a ' G e n 
eral M e e t i n g on LEP' in t h e f i rs t hal f 
o f th is year w i t h t h e a ims of i n f o r m 
ing t h e h igh ene rgy phys ics c o m m u 
n i ty of t h e s ta tus of t he m a c h i n e 
des ign (g iv ing t h e o p p o r t u n i t y t o 
c o m m e n t on t h e p a r a m e t e r s o f t h e 
e x p e r i m e n t a l hal ls and all o t he r f e a 
t u r e s w h i c h a f fec t t h e use o f LEP by 
phys ic is ts ) and of d i scuss ing t h e par 
t i c i pa t i on by phys ic i s t s and e n g i 
neers in t h e M e m b e r S t a t e s in t h e 
bu i l d i ng o f LEP c o m p o n e n t s . In t h i s 
c o n t e x t ECFA s t rong l y e n d o r s e d a 
reso lu t i on of t h e CERN Sc ien t i f i c 
Pol icy C o m m i t t e e : 

' T h e Sc ien t i f i c Pol icy C o m m i t t e e 
s t resses t h a t t he research p r o 
g r a m m e fo r LEP shou ld n o t be p r e 
m a t u r e l y f rozen . S h o u l d LEP be 
a p p r o v e d in J u n e 1 9 8 1 , a cal l f o r 
e x p e r i m e n t a l p roposa ls w i l l be sen t 
o u t t o w a r d s t h e end of 1 9 8 1 . T h e 
f i r s t se lec t i on of e x p e r i m e n t s w i l l be 
m a d e by an app rop r i a te c o m m i t t e e 
t o w a r d s t h e end of 1 9 8 2 . T h e S c i e n 
t i f ic Pol icy C o m m i t t e e u rges t h a t 
spec ia l a t t e n t i o n be g i ven t o ensu r 
ing t h a t sma l l g r o u p s and y o u n g 
phys ic i s t s are g iven every o p p o r t u n 
i ty t o t a k e par t in LEP expe r i 
men ts . ' 

It is h o p e d t h a t t h e ' G e n e r a l 
M e e t i n g on LEP' w i l l t ake p lace at 
V i l l a rs -su r -O l lon in t h e S w i s s A l p s 
in t h e f i rs t w e e k o f J u n e . A W o r k i n g 
G r o u p has been se t up t o p repare 
fo r t he m e e t i n g w i t h t h e f o l l o w i n g 
m e m b e r s : J . Mu l vey , H. Bogg i l d , 
F. Bonaud i , M. Bou rqu in , W . B r a u n 
s c h w e i g , J . Buon , R. C a s h m o r e , 
M. Davier , P. Du inker , T. Ekelof, 
J .H . Field, A. K lovn ing , F. Pierre, 
P. S t ro l i n , G. W e b e r , G. W o l f and 
Ch. R e d m a n (Secre ta ry ) . 

Th is G r o u p w i l l w o r k in c o n t a c t 
w i t h t he LEP Project C o m m i t t e e at 
CERN w h i c h w i l l pu t f o r w a r d all t h e 
p r o b l e m s t h e y fee l shou ld be d i s 
cussed by the c o m m u n i t y . The 
G r o u p w i l l use t h e c o m m u n i t y as t h e 
sou rce of da ta t o so lve t hese p r o 
b lems . A n y o n e m a y c o n t a c t G r o u p 
m e m b e r s t o raise any o the r issues 
cons ide red impo r t an t . 

T o he lp t h e i n te rchange of ideas 
on LEP des ign , espec ia l ly as it a f fec ts 
t h e p e r f o r m a n c e of expe r imen ts , t h e 
Pro ject C o m m i t t e e i tsel f is ho ld ing 
t w o or t h ree o p e n m e e t i n g s at 
CERN. Each m e e t i n g is i n t ended t o 
c o n c e n t r a t e on a l im i ted n u m b e r of 
t op i cs and t h e y w i l l be usefu l in 
p repar ing f o r the Genera l M e e t i n g in 
J u n e . The f i rs t of t hese m e e t i n g s 
w a s he ld on 2 3 Janua ry , and 
inc luded d i scuss ion of t h e cho ice of 
i n te rsec t i on reg ions fo r t h e f i rs t f o u r 
e x p e r i m e n t a l areas. 

A m o n g o the r t op i cs d i scussed at 

New ECFA chairman John Mulvey (left), 
who succeeds Marcel Vivargent (right). 

t h e N o v e m b e r ECFA M e e t i n g , B ryan 
M o n t a g u e p r e s e n t e d p rospec t s f o r 
po la r ized b e a m s in LEP. Th is is a 
poss ib i l i t y w h i c h m u s t be c o n f r o n t e d 
at t h e s ta r t because if it is dec i ded t o 
a i m fo r po la r i zed b e a m , t he re are 
i m p l i c a t i o n s fo r t h e m a c h i n e des ign . 
The re w a s a cal l f o r all phys ic i s t s 
w h o have an in te res t in LEP expe r i 
m e n t s w i t h po la r i zed b e a m s t o m a k e 
the i r in te res t k n o w n so t h a t t h e d e c i 
s ion on po la r i za t ion can be t a k e n 
early. 

E. Lillestjzfl c o v e r e d p rogress in t h e 
ECFA W o r k i n g G r o u p on Data Pro
cess ing S t a n d a r d s in H igh Energy 
Physics. Th i s a lso is re la ted t o exper 
i m e n t a t i o n a t LEP w h e r e s t a n d a r d i 
za t ion w o u l d g rea t l y ease t h e p a r t i 
c i pa t i on o f na t i ona l g r o u p s in b ig 
co l l abo ra t i ons . S u b - g r o u p s are n o w 
tack l i ng spec i f i c t o p i c s (see N o v e m 
ber 1 9 8 0 issue, page 3 4 0 ) . 

Gus V o s s repo r t ed on t he s t a t u s of 
t h e p r o p o s e d e l e c t r o n - p r o t o n m a -
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Around the Laboratories 

Brookhaven's new neutrino detector in the 
assembly stage. Liquid calorimeter modules 
interspersed with proportional drift tube 
planes will provide a fine-grained 'live' target 
recording energy deposition by charged 
particles. 

ch ine , HERA, at t he D E S Y Labo ra 
t o r y (see M a y 1 9 8 0 issue, page 9 9 ) . 
T h e p ro jec t is n o w be ing eva lua ted 
a long w i t h severa l o t he r ma jo r p r o 
posed sc ient i f i c fac i l i t i es in t h e Fed
eral Repub l ic o f G e r m a n y by a c o m 
m i t t e e set up by t h e G o v e r n m e n t . 
The c o m m i t t e e is e x p e c t e d t o repor t 
in M a r c h and if i ts r e c o m m e n d a t i o n 
is f avou rab le , t h e G o v e r n m e n t can 
t h e n be a p p r o a c h e d f o r f i nance . A l l 
o the r p repa ra to ry s teps in t e r m s of 
local au tho r i za t i ons , app rova l by t h e 
H a m b u r g au tho r i t i es and , o f course , 
c o n t i n u i n g d e v e l o p m e n t o f t h e d e 
s ign , are under w a y . 

A t t he ECFA M e e t i n g , J o h n M u l 
vey o f Ox fo rd Un ive rs i t y w a s e lec ted 
C h a i r m a n of ECFA, t a k i n g o f f i ce 
f r o m 1 Janua ry . He s u c c e e d s Ma rce l 
V i v a r g e n t of t he LAPP Labo ra to ry at 
A n n e c y w h o s e cons ide rab le e f fo r t s 
as C h a i r m a n of ECFA in t h e cause of 
LEP have been a ma jo r c o n t r i b u t i o n 
t o t h e s t r o n g s u p p o r t g e n e r a t e d fo r 
t h e pro jec t w i t h i n t h e European h igh 
energy phys ics c o m m u n i t y . He in i 
t i a t ed severa l w o r k i n g g r o u p s on 
LEP, i nc lud ing t h e n e w one a n 
n o u n c e d at t h e b e g i n n i n g of th i s 
ar t ic le . He a lso i n t r o d u c e d in to 
ECFA's de l i be ra t i ons ve ry t h o r o u g h 
repo r t i ng of t h e dec i s i ons in t h e 
va r ious CERN C o m m i t t e e s w h i c h 
has he lped ECFA in f o r m u l a t i n g i ts 
o w n pol ic ies. J o h n M u l v e y n o w 
leads ECFA w i t h t h e exper ience 
beh ind h i m of cha i r i ng t h e ECFA 
W o r k i n g G r o u p w h i c h e x a m i n e d t h e 
h igh energy phys ics ac t i v i t i es and 
resources of Europe and e m e r g e d 
w i t h a very t h o r o u g h repo r t (see 
M a r c h issue 1 9 8 0 , page 11) . He 
w a s a lso D i rec to r a t C E R N fo r sev 
eral years be fo re re tu rn ing t o Ox fo rd 
Un ive rs i t y in 1 9 7 6 . 

BROOKHAVEN 
Bouncing neutrinos 
Dur ing t he pas t year a mass i ve and 
heav i ly i n s t r u m e n t e d n e w e lec t ron ic 
d e t e c t o r has been t ak i ng shape at 
B rookhaven . I ts p r ima ry pu rpose is 
t o i nves t iga te w i t h h igh p rec is ion t he 
e last ic sca t t e r i ng of neu t r i nos f r o m 
e lec t rons and p ro tons . A w i d e range 
of o the r reac t ions w i l l a lso be looked 
at, i nc lud ing a search fo r neu t r i no 
osc i l l a t ions (see page 2 1 ) . 

The n e w d e t e c t o r rep resen ts a 
ma jo r s t ep f o r w a r d in b o t h size and 
c o m p l e x i t y f r o m the ear ly e lec t ron ic 
e x p e r i m e n t s a t t he B r o o k h a v e n 
A l t e r n a t i n g Grad ien t S y n c h r o t r o n 
(AGS) . It is be ing c o n s t r u c t e d by a 
c o n s o r t i u m of phys ic i s ts f r o m 
B r o o k h a v e n , B r o w n Un ivers i t y , t he 
Un ive rs i t y of Pennsy lvan ia , t he S t a t e 
Un ive rs i t y of N e w Yo rk a t S t o n y 
Brook , KEK, Osaka Un ive rs i t y and 
I N S - T o k y o . A key des ign goa l w a s t o 
have a l m o s t all of t he d e t e c t o r l i v e ' , 
r eco rd ing all energy depos i t i on by 
c h a r g e d par t ic les as w e l l as se rv ing 
as a ta rge t . M o s t of t he m a s s (1 7 0 
t o n s in 1 2 8 modu les ) is in t h e f o r m 
of l iqu id sc in t i l l a to r w h i c h g ives g o o d 
energy reso lu t ion and l o w mu l t i p l e 
sca t te r i ng . The l iqu id is c o n t a i n e d in 
4 - m e t r e - l o n g acry l ic t u b e s w h i c h 
a lso serve as l i gh t -p ipes t o car ry t h e 
sc in t i l l a t ion l ight t o p h o t o t u b e s at 
each end . The w i d t h o f each t u b e in 
t h e b e a m d i rec t ion is on ly 7.5 c m , 
m e a n i n g t h a t p ro tons can be d e 
t e c t e d d o w n t o a b o u t 3 0 0 M e V and 
t h a t an e lec t ron can be t r a c k e d 
t h r o u g h a d is tance of th ree m o d u l e s , 
on average, be fo re it beg ins t o s h o 
w e r . Th i s la t ter f ea tu re is i m p o r t a n t 
fo r p rec ise m e a s u r e m e n t of t h e 
e lec t ron sca t t e r i ng angle. 

The t r ack i ng is d o n e by p ropo r 
t iona l dr i f t t u b e s s a n d w i c h e d b e 
t w e e n the ca lo r ime te r m o d u l e s . 
They measu re cha rged par t i c le l oca 
t i ons t o a p rec is ion of 0 .5 m m . The 

t u b e s a lso p rov ide d E / d x m e a s u r e 
m e n t s . Th is i n f o r m a t i o n , t o g e t h e r 
w i t h t h e g o o d angu la r reso lu t i on o f 
t h e dr i f t t ubes , w i l l be used t o d i s t i n 
gu ish e las t ica l ly s ca t t e red e lec t rons 
f r o m o t h e r cha rged par t i c les and 
p h o t o n convers ions . 

The A G S is ideal ly su i t ed fo r t h e 
s t u d y o f neu t r i no e last ic sca t te r i ng . 
The neu t r i no b e a m peaks near 
1 GeV, w i t h usefu l f l ux up t o a b o u t 
5 GeV. T h e y ie ld of neu t r i no on 
e lec t ron sca t t e r i ng even ts per t o n of 
d e t e c t o r is a p p r o x i m a t e l y t h e s a m e 
f r o m th i s b e a m as t h a t f r o m h igher 
energy acce le ra to rs , s ince t h e h igher 
repe t i t i on rate of t h e A G S c o m p e n 
sa tes f o r t h e l o w e r c ross -sec t i on . 
The hadron ic reac t ions of neu t r i nos 
at t h i s ene rgy have l o w mu l t i p l i c i t y 
and are w e l l u n d e r s t o o d , w i t h t he 
resu l t t h a t t h e b a c k g r o u n d fo r t h e 
e lec t ron sca t t e r i ng s igna l is ex
p e c t e d t o be on ly 1 0 per cent . A b o u t 
t w o even t s per day are an t i c i pa ted . 
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Tensioning sense wires in the proportional 
drift tube planes for the new Brookhaven 
neutrino detector. This is well-suited to study 
elastic neutrino scattering from both protons 
and electrons. 

(Photos Brookhaven) 

w h i c h shou ld y ie ld a m e a s u r e m e n t 
o f t h e W e i n b e r g ang le w i t h h igh 
p rec is ion (± 0 . 0 1 ) a n d no s y s t e m a t i c 
error. The s a m e a d v a n t a g e s a s s o 
c ia ted w i t h l o w energy app ly a for
tiori w i t h respec t t o t h e n e u t r i n o on 
p r o t o n e last ic sca t te r i ng , s ince t h e 
c ross -sec t i on fo r t h a t channe l d o e s 
no t r ise l inear ly w i t h ene rgy b u t 
qu i ck l y app roaches a m a x i m u m . 

C o n s t r u c t i o n o f t h e d e t e c t o r has 
p r o c e e d e d s m o o t h l y and t e s t i n g of 
c o m p o n e n t s has been h igh ly s u c 
cess fu l . A f t e r an in i t ia l t e s t run , p h y 
s ics d a t a - t a k i n g runs w i t h 8 0 m o 
du les in p lace are s c h e d u l e d fo r 
M a r c h and May . The fu l l a p p a r a t u s is 
e x p e c t e d t o be c o m p l e t e by t h e fa l l . 
One of t h e i n te res t i ng resu l ts a n t i c i 
p a t e d f r o m these f i rs t da ta runs is 
re la ted t o neu t r i no osc i l la t ions . A 
m e a s u r e m e n t of t h e ra t io o f neu t ra l 
cu r ren t t o c h a r g e d cu r ren t even t 
ra tes as a f u n c t i o n of ene rgy w i l l se t 
a l o w l im i t f o r any t r ans i t i on b e t w e e n 

m u o n and e lec t ron neu t r i nos . A 
cha rged par t i c le s p e c t r o m e t e r w i l l 
be a d d e d d o w n s t r e a m of t h e d e t e c 
t o r t o p rov ide a measu re o f t h e 
neu t r i no f lux by no rma l i z i ng w i t h 
h igh p rec i son t o the cha rged cu r ren t 
even t rate. 

CORNELL 
B mesons at CESR 
Ind i rec t ev idence fo r the p r o d u c t i o n 
and decay of m e s o n s con ta i n i ng t h e 
n e w b-quark ( 'beauty ' ) f l avou r has 
been obse rved at CESR by b o t h 
e x p e r i m e n t a l g roups , CLEO and 
C U S B . The p roper t i es of t he f o u r t h 
ups i lon (see J u n e 1 9 8 0 , page 1 5 1 ) 
and of t h e decays obse rved appear 
t o be in a g r e e m e n t w i t h p red i c t i ons 
of t h e ' s t a n d a r d ' t h e o r y o f e l ec t r o -
w e a k in te rac t ions . The bes t e v i 
dence c o m e s f r o m t h e n u m b e r o f 
h igh energy lep tons in the o b s e r v e d 
even ts at t h e f o u r t h ups i lon r e s o n 

ance. A s ign i f i can t increase in t h e 
n u m b e r o f l ep tons per even t a t t h e 
resonance ind ica tes a n e w w e a k 
decay channe l and t h u s t h e p r o d u c 
t i on o f a n e w ' f l avou r ' t h a t can on ly 
decay by f l a v o u r - c h a n g i n g w e a k 
decays . 

B o t h g r o u p s have obse rved a d r a 
ma t i c increase in t h e p r o d u c t i o n o f 
e lec t rons a b o v e 1 GeV. (The spec 
t r u m of e l ec t rons and m u o n s f r o m 
t h e decay of l igh ter had rons such as 
D m e s o n s is w e i g h t e d t o w a r d s 
l o w e r energies.) T h e to ta l hadron ic 
c ross -sec t i on s h o w s a 5 0 per cen t 
increase ove r t h e c o n t i n u u m at t h e 
resonance , w h i l e t h e e lec t ron y ie ld 
increases by a l m o s t a f ac to r of four . 
The m u o n c ross -sec t i on m e a s u r e d 
by CLEO s h o w s a s im i la r increase, in 
a g r e e m e n t w i t h t h e e lec t ron n u m 
bers. The b r a n c h i n g ra t io f o r naked 
beau t y B m e s o n s t o decay in to e lec 
t r o n s is 1 3 per cen t (CLEO), 1 5 per 
cen t ( C U S B ) , a n d in to m u o n s is 9 per 
cen t (CLEO), all o f t hese be ing 
cons i s t en t w i t h each o the r w i t h i n 
e x p e r i m e n t a l errors. 

T h e CLEO d e t e c t o r has a lso 
obse rved a s ign i f i can t increase in t h e 
kaon y ie ld at t h e resonance . Data 
f r o m t h e t i m e - o f - f l i g h t c o u n t e r s are 
used t o se lec t c h a r g e d kaons , and 
neu t ra l vees f r o m t h e dr i f t c h a m b e r 
are iden t i f i ed as neu t ra l kaons , g i v ing 
a c o m b i n e d rate o f a b o u t 1.6 kaons 
per B decay . Th is ind ica tes t h a t t h e B 
decays p r e d o m i n a n t l y t o c h a r m e d 
m e s o n s , w h i c h t h e n decay p r e d o m i 
nan t l y t o s t r a n g e m e s o n s (kaons) . 
Th is m o d e of d e c a y is expec ted t o 
d o m i n a t e , a c c o r d i n g t o the K o b a y a -
s h i - M a s k a w a s c h e m e ut i l iz ing six 
qua rk f l avours . (This s c h e m e , of 
cou rse , a lso pos tu l a tes t h e ex is tence 
of a s ix th ' t o p ' qua rk w h i c h has so fa r 
e l uded d e t e c t i o n a t PETRA.) 

T h e C U S B de tec to r , w h i c h is 
des i gned t o be sens i t i ve t o l o w 
ene rgy p h o t o n s , has no t obse rved a 
c lear s igna l o f 5 0 M e V p h o t o n s at 
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Tests at CERN with the small BIBC bubble 
chamber have demonstrated well the 
possibilities of using holographic techniques 
with bubble chambers. 

t h e resonance . S u c h a s igna l w o u l d 
be expec ted f r o m t h e d e c a y of 
exc i ted B m e s o n s w h i c h are t h o u g h t 
t o be 5 0 M e V heav ie r t h a n the i r 
g r o u n d - s t a t e coun te rpa r t s . The a b 
sence o f a 5 0 M e V p h o t o n peak 
ind ica tes t h a t t h e f o u r t h ups i lon 
resonance is less t h a n 1 0 0 M e V 
above t h e beau t y t h resho ld , s ince 
t h e C U S B d e t e c t o r is sens i t i ve 
e n o u g h t o see at least one o f t he t w o 
5 0 M e V p h o t o n s e x p e c t e d f r o m t h e 
p r o d u c t i o n o f exc i t ed B m e s o n s . 

FERMILAB 
Holographic track 
chamber workshop 
A n in fo rma l w o r k s h o p w a s he ld 
at Fermi lab in N o v e m b e r on h o l o 
g raph ic t r ack c h a m b e r s , w i t h e m 
phas is on h igh reso lu t i on bubb le and 
s t r e a m e r c h a m b e r ve r tex d e t e c t o r s 
fo r f i xed - t a rge t T e v a t r o n expe r i 
men t s . A b o u t 8 5 e x p e r i m e n t e r s par 
t i c i pa ted , w i t h a p p r o x i m a t e l y equa l 
n u m b e r s i n te res ted in app l i ca t i ons 
t o h a d r o n / p h o t o n i n te rac t i ons and 
t o n e u t r i n o / b e a m d u m p s tud ies . 

The poss ib i l i t y o f h o l o g r a p h y of 
f e r i ng advan tages ove r c o n v e n t i o n a l 
p h o t o g r a p h y of bubb le c h a m b e r s by 
p rov id ing d i rec t t h r e e - d i m e n s i o n a l 
record ing , as w e l l as h igh spat ia l 
reso lu t i on over m u c h larger d e p t h s 
of f ie ld , w a s exp lo red in t h e late 
1 9 6 0 s . Op t i cs sc ien t i s t s in Br i ta in , 
t h e Un i t ed S ta tes , and J a p a n pa r t i c i 
pa ted in t hese inves t i ga t i ons . H o l o 
g raph ic reco rd ing of spark and 
s t r e a m e r c h a m b e r t r ack res idues 
w a s d e m o n s t r a t e d in t he ear ly 
1 9 7 0 s in t h e Sov ie t Un ion . H o w e v e r 
it is ch ie f ly in t h e last t w o years t h a t 
ex tens ive p rac t i ca l i n te res t has d e 
ve loped in ho log raph i c t rack r e c o r d 
ing, p r inc ipa l l y f o r s tud ies o f s h o r t 
l ived c h a r m e d had rons a n d o f heavy 
l ep tons (see J u n e 1 9 8 0 issue, page 
1 5 4 ) . 

A t t he w o r k s h o p it appea red t h a t 
t h e goa l fo r m a n y e x p e r i m e n t e r s is t o 
ach ieve w i t h prac t ica l c h a m b e r s an 
o rder of m a g n i t u d e i m p r o v e m e n t in 
spat ia l reso lu t ion w i t h h o l o g r a m s as 
c o m p a r e d t o conven t i ona l p h o t o 
g raphs , It w a s e m p h a s i z e d by Leon 
L e d e r m a n in his w e l c o m i n g address 
t h a t t h e rea l izat ion of h igher spat ia l 
reso lu t i on d e t e c t o r s is b o t h i m p o r t 
an t f o r increased phys ics capab i l i t i es 
in T e v a t r o n e x p e r i m e n t s and w o u l d 
in m a n y cases a lso a l l o w t h e use o f 
sma l l e r and m o r e e c o n o m i c a l a p p a 
ra tus . 

In t h e f i rs t sess ion T. J e o n g (Lake 
Forest) p rov ided b a c k g r o u n d and 
d e m o n s t r a t i o n s of a va r ie t y of 
genera l ho log raph ic t echn iques . 
C. Fisher (Ru ther fo rd ) r e v i e w e d l i m i 
t a t i o n s of conven t i ona l h igh reso lu 
t i o n t rack c h a m b e r s and s p e c t r o 
me te rs , lead ing t o recen t European 
d e v e l o p m e n t s and p roposa ls f o r 
severa l var ie t ies o f sma l l h o l o 
g raph ic bubb le c h a m b e r s . P. Lecoq 
(CERN) s h o w e d r e c o n s t r u c t e d 
i m a g e s f r o m t h e f i rs t h igh reso lu t i on 
bubb le c h a m b e r h o l o g r a m s , t a k e n 
ear l ier th is year a t t h e C E R N S P S 
w i t h t he Berne f r e o n m i n i - c h a m b e r 
(B IBC) . V i d e o t a p e t es t resu l ts w i t h 
e igh t m i c ron bubb le d i a m e t e r t r acks 
w e r e par t icu lar ly d r a m a t i c . I m a g e 
reso lu t i on of th is qua l i t y appea rs t o 
be needed fo r e f f i c ien t o b s e r v a t i o n 
o f decay ve r t i ces fo r par t i c les w i t h 
l i f e t imes d o w n t o 1 0 ~ 1 3 s. 

The s e c o n d sess ion p rov ided add i 
t i ona l t echn i ca l pe rspec t i ves on the 
l im i t s f o r ho log raph ic t e c h n i q u e s b\ 
F. Eisler ( C U N Y ) , and on t h e charac 
te r i s t i cs of t h e requ i red lasers foi 
p rac t i ca l ho log raph ic t rack e h a m 
bers by R. M i l b u r n (Tuf ts ) . Aspec t * 
of h igh reso lu t ion p h o t o g r a p h y anc 
h o l o g r a p h y of s t r e a m e r c h a m b e 
t r acks w e r e r e v i e w e d by J . S a n d 
w e i s s (Yale) , and of b ig bubbl* 
c h a m b e r s by H. B i n g h a m (Berke ley ! 
Des igns of t w o nove l ho lographs 
f r e o n bubb le c h a m b e r p roposa l 
w e r e desc r i bed by I. Pless ( M I T ) . On 
des ign f e a t u r e d a ve ry sma l l ultra 
son ic c h a m b e r fo r had ron ic interac 
t i ons , a i m i n g at abou t 5 m i c ron 
bubb le size, t he o the r a 3 6 inc 
c h a m b e r fo r T e v a t r o n b e a m d u m 
e x p e r i m e n t s , a i m i n g at a b o u t 3 0 m 
c ron bubb les reso lu t ion . B o t h de 
s igns f e a t u r e d c lass ica l in- l ine hole 
g raph ic op t i cs w i t h t he add i t i on < 
aux i l ia ry lenses, p rov id ing imac 
m a g n i f i c a t i o n fo r t h e sma l l c h a m b 
and d e m a g n i f i c a t i o n fo r t h e larc 
c h a m b e r fo r s im i la r 7 0 m m f i l m fc 
m a t s . 

T w o paral le l sess ions w e r e he 
o n e on poss ib le ho log raph i c mir 
d e t e c t o r s fo r h a d r o n / p h o t o n inte 
ac t i ons and the o the r on b ig hoi 
g raph ic bubb le c h a m b e r s fo r neut 
n o / b e a m d u m p expe r imen ts . The 
sess ions s t i m u l a t e d l ively in e 
d ience pa r t i c i pa t i on and infr 
c h a n g e s o f n e w ideas. 
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Fermilab's electron cooling system installed 
in the cooling ring. Peter Mclntyre, leader 
of the group that built the system, is in the 
foreground. 

(Photo Fermilab) 

C. Fisher, ass is ted by the 'b ig 
c h a m b e r s ' c h a i r m a n V. Peterson 
(Hawa i i ) , e m e r g e d w i t h an ideal ized 
b ig cy l inder ho log raph ic c h a m b e r 
g e o m e t r y w i t h in terna l spher ica l 
m i r ro rs at t he ends, r e s e m b l i n g t h e 
op t i cs in s o m e f o r m s of a s t r o n o m i c a l 
te lescopes . It w a s later learned t h a t 
T. K i tagak i and o the rs in J a p a n had 
recen t l y c o m e t o s im i la r conc lus i ons 
fo r a poss ib le des ign of a p r o p o s e d 
M I T T o h o k u b e a m - d u m p h o l o g r a 
phic chamber . For t h e 1 5 f t c h a m 
ber, t h o u g h t s w e r e a i red o n laser 
speck le p rob lems , l iqu id t u r b u l e n c e 
and m a g n e t i c f ie ld op t i ca l po la r i za 
t i o n e f fec ts , w h i c h m a y be ser ious 
fo r ho log raph ic m e t h o d s us ing 
b r igh t - f i e ld Sco t ch l i t e and o f f -ax is 
re fe rence b e a m i l l um ina t i on . Poss i 
ble a l te rna te so lu t ions w e r e s u g 
ges ted , i nc lud ing t he i n t r o d u c t i o n of 
a su i tab le laser b e a m ins ide t h e 
c h a m b e r i ndependen t of t h e c a m e r a 
lens assembly . Th is m i g h t a lso a l l o w 
fo r da rk - f ie ld Sco tch l i t e i l l um ina t i on 
and m o r e near ly in- l ine i m a g e h o l o 
g r a m s . 

In the m i n i - d e t e c t o r sess ion , 
cha i red by J . S a n d w e i s s , it w a s g e n 
eral ly agreed t h a t t h e ho log raph i c 
op t i cs posed on ly m i n o r p r o b l e m s 
fo r sma l l t r anspa ren t c h a m b e r s . The 
ma in d i scuss ions c e n t r e d on c h a m 
ber t ypes , d u t y fac to rs , b e a m rates, 
laser and t r i gge r ing logic requ i re 
m e n t s , as w e l l as a br ie f look at t h e 
assoc ia ted p r o b l e m s of s c a n n i n g 
and da ta reduc t i on if m i l l i ons of h o l o 
g r a m s are t o be taken . C. Roos ( V a n -
derb i l t ) po in ted ou t t he axial op t i cs 
and h igh f ie ld so leno id f ea tu res o f 
t h e H Y B U C bubb le c h a m b e r as an 
a t t rac t i ve rap id cyc l i ng ho log raph i c 
t a rge t c h a m b e r fo r d e v e l o p m e n t and 
use w i t h T e v a t r o n s p e c t r o m e t e r s . 
R. Piano (Rutgers) desc r i bed an idea 
f o r a con t i nuous l y o p e r a t i n g sma l l 
ho log raph ic bubb le c h a m b e r , us ing 
t h e Bernou l l i p r inc ip le f o r e s t a b l i s h 
ing an app rop r ia te p ressure d r o p fo r 

sens i t i v i t y t o g e t h e r w i t h ve loc i t y 
f l o w fo r r e m o v i n g o ld bubb les . 

A s im i la r idea fo r c o n t i n u o u s c l oud 
c h a m b e r ope ra t i on had been d is 
cussed by R. Sch lu te r ( N o r t h w e s t 
ern) du r i ng t he p rev ious even ing ' s 
soc ia l ga the r ing . (A. Herve at CERN 
is at w o r k on a con t i nuous l y s e n s i 
t i ve Bernou l l i bubb le chamber , m a k 
ing use of le f tover Gargame l l e l iqu id 
p u m p i n g faci l i t ies.) On t h e s t r e a m e r 
c h a m b e r s ide, L. V o y v o d i c (Fe rm i 
lab) d i scussed recent p repr in ts f r o m 
a j o in t D u b n a / L e n i n g r a d t e a m w h o 
repo r ted ho log raph ic record ing of 
t racks in a pressur ized h y d r o g e n 
ava lanche chamber . He specu la ted 
on poss ib le ho lograph ic s t r e a m e r / 
c l oud c h a m b e r s if t hese ho log raph ic 
t echn iques w e r e c o m b i n e d w i t h an 
ava lanche -nuc lea ted d i f fus ion c l oud 
c h a m b e r m e t h o d repor ted severa l 
years ago by a g r o u p in Tbi l is i . 

The w o r k s h o p ended w i t h ove r 
v i e w s on d i rec t ions fo r f u t u r e e f fo r ts 

fo r p rospec t i ve T e v a t r o n ho log ra 
ph ic t r ack c h a m b e r s by V. Peterson 
and J . S a n d w e i s s , w i t h add i t i ona l 
t h e o r y - o r i e n t e d c o m m e n t s by 
J . B jo rken (Fermi lab) . A f t e r desc r i b 
ing his e s t i m a t e s fo r t h e cop ious 
a b u n d a n c e of T e v a t r o n - p r o d u c e d 
c h a r m and b o t t o m quarks , B jo rken 
s t ressed t h a t the i r e f fec t i ve s tudy 
w i t h su i tab le d e t e c t o r s y s t e m s m a y 
w e l l b r ing a b o u t a r ichness of p h y 
s ics c o m p a r a b l e t o t he d iscover ies 
t h a t have been p rov ided in t h e pas t 
by in tens ive and de ta i led s tud ies o f 
s t range par t ic les . 

Cooling scenario 
study week 
A s t u d y w e e k w a s he ld in N o v e m b e r 
t o cons ide r a n t i p r o t o n coo l i ng in t h e 
T e v a t r o n Phase J co l l id ing b e a m s 
pro ject . Co l l abo ra to rs f r o m W i s c o n 
s in , A r g o n n e a n d Berke ley pa r t i c i -
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A superconducting r.f. cavity which has been 
successfully tested at KEK. It is made of 
niobium and has external reinforcing ribs. 
The aim is to develop superconducting 
cavities for use in the proposed TRISTAN 
electron-positron storage ring. 

(Photo KEK) 

pa ted , as w e l l as v i s i to rs f r o m CERN, 
DESY and B r o o k h a v e n . 

Hea t i ng of t h e a n t i p r o t o n t a rge t 
du r i ng t h e b e a m pu lse can reduce 
the a n t i p r o t o n p r o d u c t i o n a n d sev 
eral ideas w e r e d i scussed t h a t cou ld 
reduce th i s hea t ing . Poss ib i l i t ies 
inc lude t a rge t i ng s e g m e n t s o f t h e 
p r o t o n b e a m sequent ia l l y , s t ack i ng 
t h e a n t i p r o t o n s f r o m sepa ra te s e g 
m e n t s t o g e t h e r a f ter p r o d u c t i o n and 
s o m e coo l ing . A s c h e m e i nven ted at 
an ear l ier t a r g e t i n g w o r k s h o p w o u l d 
m o v e the p r o t o n b e a m latera l ly 
ac ross t h e t a rge t f as te r t h a n t h e 
shock w a v e g e n e r a t e d by t h e b e a m 
( the to ta l m o t i o n is o f t h e o rder of 
1 m m ) . It m a y a lso be poss ib le t o 
t a rge t t h e ent i re b e a m on a mu l t i p l e 
t a rge t s y s t e m — a s e q u e n c e of cu r 
ren t - ca r r y ing t a rge t s i n te rspe rsed 
w i t h l i t h i um lenses s im i la r t o one 
d e v e l o p e d fo r Fermi lab by a g r o u p at 
Novos ib i rsk . C o m b i n a t i o n s o f t hese 
s c h e m e s are a lso i n te res t i ng and are 
be ing exp lo red fu r ther . 

Du r ing t h e s t u d y w e e k , coo l i ng 
scenar ios invo lv ing on l y s t ochas t i c 
coo l i ng w e r e cons ide red . These 
s c h e m e s are no t c o m p l e t e l y d i f fe r 
en t f r o m t h e CERN A A s y s t e m , b u t 
one of t he t a r g e t i n g - i n j e c t i n g sys 
t e m s d i scussed above is needed , 
because at Fermi lab t h e in i t ia l p r o 
t o n b e a m c o m e s in un i t s of M a i n 
Ring Leng th and m u s t be s e g m e n t e d 
t o f i t in a sma l l e r r ing. In add i t i on , any 
a l l - s tochas t i c s y s t e m needs ano the r 
s to rage r ing t o a c c u m u l a t e par t i c les 
or a shu t t e r s y s t e m a n d large aper 
t u re l ike t h a t a t C E R N . 

E lec t ron coo l i ng at h igher energ ies 
w a s exp lo red . It w a s s h o w n t h a t 
coo l i ng at 3 8 0 M e V , t h e l im i t o f t h e 
p resen t r ing at Fermi lab , is m o r e 
e f f i c ien t t h a n at 2 0 0 M e V . T h e in ter 
es t i ng poss ib i l i t y o f c o o l i n g a t 1 or 
2 G e V w a s a lso ra ised. In th is 
m e t h o d , a h i g h - v o l t a g e p o w e r -
supp ly s y s t e m , such as a V a n der 
Graaf f or C o c k c r o f t - W a l t o n , w o u l d 

be*used in t h e p r o d u c t i o n of a su i t 
able e lec t ron b e a m . 

One resul t of t he w e e k w a s t h a t 
m a n y s c h e m e s fo r t a r g e t i n g and 
coo l i ng invo lve p recoo le r r ings of 
s im i la r radius and aper tu re . The p o s 
s ib i l i ty of des ign ing a r ing t h a t cou ld 
a c c o m m o d a t e any of t hese s c h e m e s 
w i t h on ly sma l l m o d i f i c a t i o n s is 
be ing exp lo red . The s t u d y w e e k 
s h o w e d t h a t a n u m b e r of scenar ios 
can m e e t the T e v a t r o n Phase I goa l 
of 1 0 3 0 per c m 2 per s l um inos i t y , 
w i t h r o o m fo r i m p r o v e m e n t . 

KEK 
Superconducting 
cavity tested 
The s t u d y of s u p e r c o n d u c t i n g r.f. 
cav i t ies at KEK w a s s ta r ted severa l 
years ago by a sma l l g r o u p headed 
by Y. Ko j ima, and has been s t i m u 
la ted by an exchange of sc ien t i s t s 
w i t h g roups at Kar ls ruhe and S t a n 
fo rd . Last year t he w o r k f o c u s e d on 
t h e d e v e l o p m e n t of s u p e r c o n d u c t 
ing cav i t ies fo r use in t h e p r o p o s e d 
T R I S T A N s to rage r ing at KEK. The 
p lan is t ha t a r o u n d 1 9 8 5 , t h e c o n 
ven t i ona l cav i t ies in T R I S T A N w o u l d 
be rep laced by s u p e r c o n d u c t i n g 
ones so as t o increase t h e peak 
energy of t h e e lec t ron and pos i t r on 
b e a m s b e y o n d 3 5 G e V if a g rad ien t 
of 3 M V / m can be ach ieved . 

A spher ica l cav i t y w a s des igned 
w i t h a f r e q u e n c y of 5 0 0 M H z , and a 
Q-va lue of 4 8 0 0 0 . The peak su r face 
e lec t r ic f ie ld w a s m i n i m i z e d by 
a d o p t i n g an e l l ip t ica l t r ans i t i on f r o m 
the b e a m tube t o t h e endp la te . Th is 
cav i t y w a s m a d e f r o m 2 .5 m m th i ck 
n i o b i u m shee t by sp inn ing w i t h 
t w e l v e r e i n f o r c e m e n t r ibs w e l d e d t o 
each cav i t y sec t ion . The mate r ia l 
w a s of 9 9 . 6 per cen t pur i ty , t h e 
ma jo r cu lp r i t be ing t a n t a l u m 
( 1 7 0 0 p p m ) . 

Prior t o w e l d i n g (all t h e w e l d s are 
f r o m ins ide excep t fo r t he last one at 
t h e b e a m tube) t h e ind iv idua l sec
t i ons o f t he cav i t y have been e l ec t r o -
po l i shed , r e m o v i n g 8 0 m ic rons . 
A f t e r w e l d i n g , t h e cav i t y w a s s t ress -
re l ieved at 9 0 0 ° C at a v a c u u m of 
a b o u t 1 0 ~ 5 to r r and aga in e l ec t ro -
po l i shed fo r 2 0 m ic rons . W e t as 
s e m b l y w a s a c c o m p l i s h e d ; no h igh 
t e m p e r a t u r e degass ing w a s car r ied 
out . 

The f i rs t m e a s u r e m e n t s in a m u -
me ta l sh ie lded c r yos ta t resu l ted in a 
Q-va lue o f 3 . 4 x 1 0 9 a t 4 .2 K and l o w 
f ie ld level and of 1.8 x 1 0 9 a t t h e 
m a x i m u m acce le ra t i ng f ie ld of 
4 .1 M V / m . N o m u l t i p a c t i n g and 
on ly m o d e r a t e f ie ld em iss i on load ing 
above 3 .3 M V / m w e r e e n c o u n t e r e d 
w h i l e ra is ing t h e f ie ld in t h e cav i ty . 
By l o w e r i n g t h e t e m p e r a t u r e t o 2 K 
t h e Q-va lue i m p r o v e d t o over 1.1 x 
1 0 1 0 , w h i l e t h e acce le ra t i ng f ie ld 
g rad ien ts r e m a i n e d the same . 
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James Bradbury, Applications Group leader 
at LAMPF, Los Alamos, reporting to the 
annual LAMPF Users meeting in November. 
He was able to describe work in cancer 
therapy, radioisotope production, proton 
tomography and special instrumentation. 

(Photo Los Alamos) 

It is intended to confirm the results 
of this successful test with a second 
cavity of similar geometry. A third 
one will be equipped with all the 
necessary features (like main power 
coupling and higher mode coupling 
devices) for testing in the photon 
factory ring or the TRISTAN accu
mulator ring during this year. 

LOS ALAMOS 
Physics and 
biomedical reports 
Reviews of the physics and applica
tions programme highlighted the 
fourteenth annual LAMPF Users 
Group meeting held in November. 
Director Louis Rosen contrasted the 
'adventuresome' and 'bread-and-
butter' aspects of the nuclear and 
particle physics research pro
gramme now in full stride at the 
800 MeV accelerator. 

LAMPF's bread-and-butter is the 
structure and properties of nuclei 
and nuclear forces. Rosen discussed 
new ideas in this traditional field 
such as monopole isovector excita
tion (a breathing or compression 
mode of the nucleus with protons 
and neutrons out of phase). He also 
noted that only 20 per cent of the 
nuclei which we believe it is possible 
to form have been studied. A better 
picture of nuclear forces awaits an 
understanding of the short-range 
force, modification of the nuclear 
potential by resonance formation, 
quark effects, multibody correla
tions, and the complete spin-isospin 
analysis. Amongst the recent work 
mentioned were the experiments on 
dibaryon resonances using polarized 
beams and targets. 

In particle physics, Rosen cited 
recent precision experiments on 
quantum electrodynamics using 
muons, charge symmetry violation 
limits with the three gamma decay 
of the neutral pion, and conserved 
vector current (CVC) with pion beta 
decay. CVC has a close connection 
to unification theories, since it was 
the first successful theory of unifica
tion. 

Weak interactions and rare decays 
form a bridge between established 
and speculative physics. An example 
which has produced a new physics 
result is the neutrino experiment on 
lepton conservation, which gave a 
limit on antineutrino oscillations. 

Rosen suggested that an experi
ment with high physics impact is 
adventuresome if undertaken with 
odds against producing a positive, 
measureable effect. A list of such 
experiments performed or consi
dered at LAMPF includes rare decay 
modes of the muon, parity violation 
in the strong interaction, the search 
for precursors to pion condensation, 
measurement of the strong interac
tion shift in pionic atoms, neutrino 

oscillations, and neutron-antineu
tron oscillations (where it is not clear 
whether a suitable beam-stop neu
tron moderator is practical). 

A political topic of high current 
interest, re-establishment of US-
USSR scientific exchange, was also 
discussed by Rosen. A possible high-
level meeting this winter may 
address this issue. 

James Bradbury, Applications 
Group Leader, reviewed the LAMPF 
biomedical programme. To date, 
175 cancer patients have been 
given pion therapy and statistically 
significant trends are being noted. 
An extensive beam catalogue has 
been developed with transverse field 
sizes up to 14 cm x 1 9 cm and beam 
range in water up to 23 cm. Total 
doses are typically 4200 to 4500 
rads delivered in 35 fractions over 
six to seven weeks. Treatment plan
ning involves use of an on-site tomo
graphy scanner to determine tissue 
density and tumour location. Beam 
delivery may employ a collimator, 
bolus, and dynamic range shifter. 

Ninety-six patients, who almost 
certainly could not have benefitted 
from conventional techniques, re
ceived treatment. Treated sites in
cluded head and neck, brain, pros
tate, and pancreas. Local control of 
45 per cent has been achieved with 
follow-up from six to forty months. 
None of the patients with pancreatic 
carcinoma have local control, but all 
of the prostate cancer cases have 
local control. Moderate acute reac
tions and minimal chronic reactions 
have generally been observed. 

Bradbury also described a very 
straightforward application of the 
LAMPF high-intensity beam for 
radioisotope production for the bio
logical sciences. Many Curies of 
strontium and bismuth isotopes 
have been produced and a pricing 
procedure has been established for 
commercial sales. 
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Diagram of the circulating saline electrode 
developed at Los Alamos in the LAMPF 
Applications Group for the treatment of 
extreme refractive error in the eye. It allows 
r.f. heating of the cornea to correct the error 
under much more favourable conditions. 

A b i o m e d i c a l i n s t r u m e n t a t i o n p r o 
g r a m m e has g r o w n up in the A p p l i 
ca t i ons Group . One r e w a r d i n g i n 
nova t i on is a c i r cu la t i ng sa l ine e lec
t r o d e (CSE) fo r v i s ion co r rec t i on . 
Ex t reme cases of re f rac t i ve error in 
t h e eye are o f t en no t ab le t o be 
t r e a t e d w i t h ex terna l lenses. U p t o 
n o w t h e r m a l m o d i f i c a t i o n of co rnea l 
shape has been an a l t e rna t i ve t o 
co rnea l t ransp lan t , bu t t he t e c h n i q u e 
has been l im i ted by su r face d a m a g e 
caused in t h e hea t ing . T h e CSE per
m i t s r.f. hea t ing of t h e co rnea p lus 
ep i the l ia l coo l i ng w i t h t he c i r cu la t i ng 
sa l ine so lu t i on t o ach ieve a m o r e 
f avou rab le t e m p e r a t u r e prof i le . 

B radbu ry a lso r e p o r t e d c o n c l u 
s ions f r o m t h e p r o t o n c o m p u t e r 
t o m o g r a p h y (CT) e x p e r i m e n t , w h e r e 
p r o t o n and X - ray CT scans w e r e 
c o m p a r e d . A w e l l - c o l l i m a t e d 2 3 0 
M e V p r o t o n b e a m w a s de l i ve red on 
p h a n t o m ta rge t s and o r g a n samp les . 
A 3 2 - e l e m e n t range t e l escope c o l 

lec ted range i n f o r m a t i o n a n d a w i r e 
c h a m b e r recorded pos i t i on fo r a b o u t 
6 x 1 0 7 p r o t o n s in a scan. The p r o t o n 
CT recons t ruc t i ons w e r e c o m p u t e d 
us ing a s t anda rd f i l t e red b a c k - p r o 
j e c t i o n a l g o r i t h m . The e x p e r i m e n t e r s 
c o n c l u d e d t h a t t he p r o t o n scans are 
r emarkab l y s im i la r t o X - ray scans , 
w i t h s o m e w h a t poorer spat ia l reso 
lu t ion bu t a f i ve - fo ld dose advan tage . 
Th is w o r k w a s g iven s o m e p r o m i 
nence in A l l an C o r m a c k ' s 1 9 7 9 
Nobe l Prize accep tance speech . 

RUTHERFORD 
Heavy particle search 

A n e x p e r i m e n t at t h e Ru the r f o rd 
Labora to ry has set very l o w l im i ts o n 
t h e c o n c e n t r a t i o n of heavy s tab le 
cha rged par t i c les in wa te r . The 
e x p e r i m e n t w a s p roposed and led by 

Peter S m i t h and t h e t e a m cons i s ted 
o f G.J. H o m e r , J .D. Lew in , W . W a l -
f o r d and W . A . S m i t h . 

The e x p e r i m e n t w a s based on t h e 
pr inc ip le t h a t if such par t ic les exist , 
t h e y w o u l d be p resen t in m a t t e r as a 
resu l t o f e i the r a na tura l a b u n d a n c e 
c rea ted d u r i n g t h e ear ly phase o f t h e 
Un ive rse ( theore t i ca l e s t i m a t e s s u g 
ges t t h a t t h i s shou ld be ra ther h igh 
— typ ica l l y 1 0 ~ 1 2 or more , re la t ive t o 
hyd rogen) or an a c c u m u l a t e d c o n 
c e n t r a t i o n ar is ing f r o m c o s m i c ray 
p r o d u c t i o n p rocesses du r i ng t h e l i fe 
t i m e of t h e ear th . In t h e la t ter case 
cha rge + 1 par t i c les in par t i cu la r 
w o u l d f o r m heavy hyd rogen - l i ke 
a t o m s X , t h e ma jo r i t y of w h i c h 
w o u l d end up as a m i n u t e c o n c e n t r a 
t i o n of H X O in wa te r . D e p e n d i n g o n 
t h e p r o d u c t i o n process , t h e ex
p e c t e d c o n c e n t r a t i o n (af ter 3 . 1 0 9 

years) w o u l d be in the range 1 0 - 2 0 t o 
1 0 ~ 3 0 f o r s tab le par t i c les w i t h 
m a s s e s f r o m 1 0 t o 1 0 0 GeV. Th is 
m e c h a n i s m is c o n f i r m e d by t r i t i u m 
p r o d u c e d by c o s m i c rays ( w h i c h has 
a l i f e t ime of t w e l v e years) be ing 
o b s e r v e d as a fa i r ly u n i f o r m c o n c e n 
t r a t i on (abou t 1 0 ~ 1 7 ) o f HTO in 
w a t e r . 

Inheren t unce r ta in t i es cou ld 
a c c o u n t f o r l o w e r t h a n expec ted 
c o n c e n t r a t i o n s o f X par t i c les f r o m 
t h e ear ly Un iverse , bu t c o s m i c ray 
p r o d u c e d c o n c e n t r a t i o n s of t h e X 
par t i c les w o u l d be inescapab le . 

Severa l m a s s s p e c t r o m e t r y exper 
i m e n t s t o search fo r such s tab le 
cha rge + 1 par t i c les have been car 
r ied ou t , t h e t w o m o s t sens i t i ve c o m 
ing f r o m e x p e r i m e n t s at Berke ley 
a n d at P r ince ton , w h i c h ach ieved 
sens i t i v i t i es in t h e reg ion 1 0 ~ 1 8 t o 
1 0 - 1 9 f o r par t i c le masses up t o 
1 6 GeV. 

In t h e n e w expe r imen t , w h i c h 
used t i m e - o f - f l i g h t t e c h n i q u e s t o 
ana lyse a h igh ly en r i ched heavy 
w a t e r s a m p l e , it w a s poss ib le t o 
cove r a m u c h larger mass range (up 
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The time-of-flight system used in the 
Rutherford Laboratory experiment to search 
for stable heavy charged particles. None 
were found in water down to extremely low 
levels of concentration. 

t o a b o u t 1 3 0 0 GeV) and t o reach 
c o n c e n t r a t i o n levels in t h e reg ion 
1 0 - 2 9 t o 1 0 - 3 0 . S ince th i s is b e l o w 
t h e m i n i m u m w h i c h w o u l d resu l t 
f r o m c o s m i c ray pair p r o d u c t i o n of 
m a s s e s up t o a b o u t 8 0 GeV, t h e 
resu l t p rov ides s t r o n g ev idence t h a t 
no s tab le par t i c les can ex is t in t h i s 
m a s s range. 

The p r o d u c t i o n of t h e en r i ched 
w a t e r s a m p l e w a s i tsel f a ma jo r task , 
ach ieved in co l l abo ra t i on w i t h t h e 
U n i t e d K i n g d o m A t o m i c Energy 
C o m m i s s i o n (Ha rwe l l a n d W i n f r i t h ) 
by t h e e lec t ro lys is o f a b o u t six t o n s 
o f heavy wa te r . Over a t h ree -yea r 
pe r iod an in i t ia l 6 0 0 0 l i t res w a s p r o 
gress ive ly reduced t o 2 0 m ic ro l i t res . 
The inc reas ing t r i t i u m c o n c e n t r a t i o n 
w a s m o n i t o r e d t h r o u g h o u t t o check 
t h e p red i c ted e n r i c h m e n t f ac to r s . 
S ince heavy w a t e r i tsel f is m a n u f a c 
t u r e d f r o m 2 0 0 0 0 t i m e s i ts v o l u m e 
of na tu ra l wa te r , t h e overa l l e n r i c h 
m e n t f a c t o r w a s b e t w e e n 1 0 1 1 and 
1 0 1 2 . 

In 1 9 7 8 , a po r t i on of t h i s s a m p l e 
w a s e x a m i n e d by c o n v e n t i o n a l m a s s 
s p e c t r o m e t r y at t he A t o m i c W e a 
p o n s Research Es tab l i shmen t , A l -
d e r m a s t o n , g i v ing a heavy par t i c le 
c o n c e n t r a t i o n l im i t of a b o u t 1 0 ~ 2 2 , 
b u t ve ry m u c h l o w e r l im i ts have n o w 
been reached by a t i m e - o f - f l i g h t 
s p e c t r o m e t e r dev ised in c o l l a b o r a 
t i o n w i t h J . R . J . Benne t t . Heavy 
w a t e r m o l e c u l e s ( t oge the r w i t h i m 
pur i t i es a n d any DXO) w e r e ion ized 

in a h igh e f f i c iency ion source and 
acce le ra ted t o 1 3 0 kV. The c o m p o n 
en ts of t h e b e a m s w e r e f i rs t s e p a 
ra ted in m a s s t o r e m o v e t h e m a i n 
heavy w a t e r b e a m and o the r l o w 
m a s s c o m p o n e n t s . Every th ing re 
m a i n i n g w a s t h e n r e c o m b i n e d in to a 
s ing le b e a m , w h i c h passed t h r o u g h a 
ca rbon fo i l t o a t t e n u a t e impur i t i es of 
h igher charge . A n y su rv i v ing p a r t i 
c les w e r e ind iv idua l ly reco rded by a 
t i m e - o f - f l i g h t channe l f o r m e d by 
t h ree t h i n fo i l s and e lec t ron m u l t i 
p l iers. F r o m the f l i gh t t i m e s be fo re 
and a f ter passage t h r o u g h t h e c e n 
t ra l t h i n fo i l , even ts due t o res idual 
h igh ly cha rged ions or s c a t t e r e d 
d e u t e r i u m cou ld be d i s t i ngu i shed 
f r o m heavy par t ic le even ts , w h i c h 
w o u l d have a m u c h l o w e r energy 
loss rate. 

Recen t acce le ra to r searches fo r 
n e w c h a r g e d par t ic les , in par t i cu la r 
t h e da ta f r o m PETRA, p rov ide nul l 
resu l ts up t o a mass of 12 GeV. 
A c c o r d i n g l y , t he t i m e - o f - f l i g h t s ys 
t e m w a s des igned fo r m a x i m u m 
sens i t i v i t y over the range of 12 t o 
1 0 0 0 GeV. 

The f i gu re (p. 2 0 ) s h o w s t h e s e n -
s iv i ty ach ieved as a f u n c t i o n o f 
mass , t o g e t h e r w i t h the ca l cu la ted 
c o n c e n t r a t i o n s f r o m c o s m i c ray 
i n te rac t i ons over 3 . 1 0 9 years by t h e 
Dre l l -Yan pair p r o d u c t i o n m e c h a n 
i sm ( a s s u m i n g po in t l i ke par t ic les) 
and by t yp ica l hadron ic p r o d u c t i o n 
processes . Par t ic les p r o d u c e d by t h e 

Dre l l -Yan m e c h a n i s m w o u l d t h u s 
have been seen up t o m a s s 7 0 - 8 0 
G e V and par t i c les p r o d u c e d by t h e 
hadron ic m e c h a n i s m up t o at least 
3 0 0 GeV. 

A l s o s h o w n is a poss ib le l im i t on 
t h e c o n c e n t r a t i o n of masses f r o m 
1 0 3 G e V u p w a r d s , o b t a i n e d f r o m 
t h e o b s e r v a t i o n t h a t t he dens i t y o f 
t h e en r i ched s a m p l e d id no t d i f fe r 
s ign i f i can t l y f r o m unen r i ched con t ro l 
samp les . Th is par t i cu la r l im i t d e 
pends on t h e add i t i ona l a s s u m p t i o n 
t h a t t h e su r face w a t e r f r o m w h i c h 
t h e or ig ina l heavy w a t e r w a s ex
t r a c t e d w a s no t g rav i ta t i ona l l y d e 
p le ted in heavy par t i c les (g rav i ta 
t i ona l sepa ra t i on w o u l d beg in t o be 
s ign i f i can t in t h e mass reg ion 
1 0 0 - 1 0 0 0 GeV) . H o w e v e r , p r o 
v i ded the re is a reasonab le degree o f 
m i x i n g in t h e oceans every 
1 0 8 years , t h i s a s s u m p t i o n s h o u l d 
be sa t i s f ied . 

Rega rded as a c o s m i c ray expe r i 
m e n t , t he q u a n t i t y of w a t e r p r o 
cessed is equ i va len t t o a d e t e c t o r 
cove r i ng 5 0 m 2 o f t h e ea r th ' s sur 
f ace runn ing f o r 3 . 1 0 9 years . T h e 
sens i t i v i t y level o f 3 . 1 0 ~ 3 0 is e q u i v a 
lent t o one par t i c le in 1 0 m 3 o f 
w a t e r . 

Prior t o t h e s p e c t r o m e t e r runs, t h e 
s a m p l e w a s a lso t e s t e d fo r q u a s i -
s tab le heavy par t i c les w i t h l i f e t imes 
in t h e range 1 0 t o 1 0 1 0 years . In t h i s 
pa r t of t h e e x p e r i m e n t (car r ied o u t by 
Franz H e y m a n n a n d Dav id Imr ie of 
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The time-of-flight apparatus used in the 
heavy particle search. Comparisons between 
this experiment and a search made by Lord 
Rutherford over 40 years ago reflect the 
tremendous progress which has been made 
in experimental techniques. 

(Photo Rutherford) 

Unive rs i t y Col lege and P.T. T r e n t of 
B i rkbeck Col lege, London) a sma l l 
spark c h a m b e r ar ray w a s used t o 
d e t e c t any h igh ene rgy decay p r o 
d u c t s e m a n a t i n g f r o m t h e samp le . 
The e x p e r i m e n t w a s car r ied o u t in an 
u n d e r g r o u n d labo ra to ry t o reduce 
c o s m i c ray b a c k g r o u n d and no 
even ts a t t r i bu tab le t o par t i c le d e 
cays w e r e obse rved in six m o n t h s 
runn ing . 

A l t h o u g h all o f t hese e x p e r i m e n t s 
w e r e des igned p r imar i l y f o r heavy 
par t i c les of cha rge + 1 , t h e y are a lso 
re levant t o t he poss ib le ex i s tence of 
f ree f rac t i ona l l y c h a r g e d qua rks 
w h i c h w o u l d a lso be e x p e c t e d t o be 
p r o d u c e d by c o s m i c rays a n d t o f o r m 
cha rged w a t e r m o l e c u l e s w i t h f r ac 
t iona l cha rges (HQO) . These w o u l d 
have been s im i la r l y en r i ched by t h e 
e lec t ro lys is and w o u l d have been 
c lear ly obse rvab le in t h e t i m e - o f -
f l i gh t expe r imen t . H o w e v e r t he re is 
g rea te r unce r ta i n t y in t h e l ikely h is 
t o r y of w a t e r m o l e c u l e s w i t h net 
charge , fo r e x a m p l e in the i r e v a p o r a 
t i on m e c h a n i s m and the i r response 
t o t he ea r th ' s e lec t r ic f i e ld , g i v ing rise 
t o a poss ib le de f i c i ency in H Q O 
mo lecu les in the w a t e r f r o m w h i c h 
heavy w a t e r w a s ex t r ac ted . For f r ac 
t iona l l y cha rged par t i c les , t h e resu l ts 
t he re fo re d o no t necessar i l y imp l y a 
spec i f i c c o n c e n t r a t i o n l imi t , b u t do 
p rov ide s o m e f u r t h e r ev idence 
aga ins t the i r ex i s tence in t h e f o r m 
HQO. 

In recen t years t he re have been a 
n u m b e r of p red i c t i ons a n d s p e c u l a 
t i ons regard ing n e w s tab le par t i c les 
— in tegra l ly and f rac t i ona l l y cha rged 
quarks , s tab le heavy l ep tons and 

The sensitivity achieved in the Rutherford 
Laboratory experiment as a function of 
particle mass, with the calculated 
concentrations which could be anticipated 
from cosmic ray interactions during 
3. W9 years. The dotted lines show 
theoretical estimates while the solid lines 
show experimentally measured limits. 
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Physics monitor 

hadrons , and n e w ul t ra heavy p a r t i 
c les up t o 1 0 1 5 G e V in mass . The i r 
appa ren t absence in t h e f o r m of 
hyd rogen - l i ke a t o m s at t h e l o w c o n 
cen t r a t i on levels ach ieved in t h i s 
e x p e r i m e n t s e e m s t o p rov ide s t r o n g 
ev idence aga ins t t h e ex i s tence o f 
s tab le cha rged par t i c les w i t h 
masses g rea te r t h a n t h e p r o t o n . 

T h e e x p e r i m e n t has an i n te res t i ng 
h is tor ica l paral le l . In A u g u s t 1 9 3 7 , 
Ru the r fo rd ' s last paper appea red in 
'Na tu re ' . It desc r ibed a sea rch fo r 
na tu ra l t r i t i u m in an e lec t ro l y t i ca l l y 
en r i ched s a m p l e of heavy w a t e r 
us ing A s t o n ' s m a s s s p e c t r o m e t e r . 
The search w a s unsuccess fu l on l y 
because t r i t i u m is uns tab le , r educ ing 
i ts c o n c e n t r a t i o n t o less t h a n 1 0 - 1 7 

ra ther t h a n 1 0 - 9 if it had been s tab le . 
Na tu ra l H T O w a s later d e t e c t e d (in 
t h e s a m e sample ) by c o u n t e r t e c h n i 
ques. 

A c o m p a r i s o n b e t w e e n t h e 1 9 3 7 
e x p e r i m e n t and the la tes t m e a s u r e 
m e n t s is a n ice re f lec t ion on t h e 
e v o l u t i o n of our expe r imen ta l ab i l i 
t ies. Lord Ru the r f o rd b e g a n w i t h 
1 3 0 0 0 t o n s of w a t e r a n d expe r i 
m e n t e d on 1 1 ml of heavy w a t e r (an 
e n r i c h m e n t f a c t o r of 1 0 7 ) . The 
Ru the r f o rd Labora to ry b e g a n w i t h 
1 2 0 0 0 0 t o n s of w a t e r a n d expe r i 
m e n t e d on 0 . 0 2 m l of heavy w a t e r 
(an e n r i c h m e n t f a c t o r of ove r 1 0 1 1 ) . 
Lord Ru the r fo rd had a d e t e c t i o n s e n 
s i t i v i t y of 1 0 - 5 and an overa l l s e n s i 
t i v i t y of 1 0 - 1 2 . The c o r r e s p o n d i n g 
f i gu res fo r Ru the r f o rd Lab are be t t e r 
t h a n 1 0 ~ 1 7 and 1 Q - 2 8 . 

The continuing hunt 
for neutrino 
oscillations 
Last year, ev idence f r o m a n u m b e r of 
ve ry d i f fe ren t expe r imen t s spa rked 
of f a f lu r ry of in te res t in t h e poss ib i l 
i ty of neu t r i no 'osc i l la t ions ' . A f t e r t h e 
d i scovery in 1 9 6 2 t h a t neu t r i nos 
c o m e in d i f fe ren t k inds, all t h e e v i 
dence had been t h a t t hese d i f fe ren t 
neu t r i nos w e r e i m m u t a b l e and cou ld 
no t mix. T h e n sudden l y last year, 
e x p e r i m e n t s us ing l o w ene rgy n e u 
t r i nos f r o m f i ss ion reac tors , t o g e t h e r 
w i t h s tud ies on t he be ta -decay of 
t r i t i u m , gave p re l im ina ry resu l ts 
w h i c h p o i n t e d t o a poss ib le m i x i ng 
b e t w e e n e lec t ron and m u o n - t y p e 
neu t r i nos (see J u l y / A u g u s t 1 9 8 0 
issue, page 1 8 9 ) . S o m e ini t ia l h igh 
ene rgy neu t r i no resu l ts f r o m CERN 
also p rov ided p re l im ina ry ev idence 
fo r such an ef fec t , a l t h o u g h a s u b s e 
q u e n t s t u d y us ing t h e n a r r o w - b a n d 
neu t r i no b e a m s h o w e d n o t h i n g o u t 
of t h e ord inary . 

In c lass ica l neu t r i no theory , t h e 
par t ic le , no m a t t e r w h a t spec ies — 
e lec t ron , m u o n or t au — is mass less 
and t rave ls a t the speed of l ight. Th is 
a s s u m p t i o n m a k e s t he t h e o r y neat , 
bu t has ye t t o be p roved . The n e w 
ev idence , as yd t st i l l s l im , po in t s t o 
t h e poss ib i l i t y t h a t t he d i f f e ren t 
t y p e s of neu t r i no have d i f fe ren t 
masses and the re fo re t rave l a t d i f fe r 
en t speeds. If so, t h e c o m p o s i t i o n of 
a neu t r i no b e a m w o u l d appear t o 
change as it t rave ls a long. 

S o m e of last year ' s i nd ica t ions fo r 
s u c h neu t r i no osc i l la t ions c a m e f r o m 
a reac to r e x p e r i m e n t c o m p a r i n g t h e 
ra tes of d e u t e r o n d i ssoc ia t i on 
t h r o u g h the cha rged a n d neu t ra l 
w e a k cur ren t . Fred Reines ' g r o u p 
o b t a i n e d a resu l t w h i c h w a s no t in 
a g r e e m e n t w i t h t h e theo re t i ca l p re 
d i c t i ons us ing zero mass neu t r i nos . 

In t he m e a n t i m e , o the r exp lana 

t i ons have been p r o p o s e d w h i c h 
cou ld a c c o u n t f o r t h i s resul t . Nuc lear 
b i nd ing e f fec t s in the d e u t e r o n , 
t o g e t h e r w i t h unce r ta in t i es in d e t e c 
t i o n e f f i c ienc ies and in t h e reac to r 
neu t r i no s p e c t r u m , cou ld m e a n t h a t 
t h e e f fec ts seen in t he reac to r s t u 
d ies are no t ' c lean ' . In add i t i on , 
resu l ts f r o m A n o t h e r reac to r n e u 
t r i no expe r imen t , th i s t i m e at G r e n o 
ble, have g i ven resu l ts in a g r e e m e n t 
w i t h t h e s i m p l e non -osc i l l a t i ng 
theory . 

In t he sea rch fo r neu t r i no osc i l l a 
t i ons , e x p e r i m e n t s w h i c h m a k e the i r 
m e a s u r e m e n t s a t a f i xed d i s tance 
f r o m t h e sou rce of neu t r i nos are 
d i f f i cu l t t o ana lyse as t hey requ i re a 
prec ise k n o w l e d g e of t h e neu t r i no 
f lux — no to r i ous l y d i f f i cu l t t o q u a n 
t i f y w i t h con f i dence . M o r e re l iable 
i nd i ca t i ons are expec ted f r o m exper 
i m e n t s w h i c h c o m p a r e read ings at 
d i f fe ren t d i s t ances f r o m t h e neu t r i no 
sou rce , w h i c h s h o u l d be able t o 
d e t e c t any c h a n g e s in t he c o m p o s i 
t i o n of a n e u t r i n o b e a m . 

T o t ry and p rov ide a conc lus i ve 
a n s w e r t o t he neu t r i no osc i l l a t ion 
ques t i on , n e w e x p e r i m e n t s are be ing 
cons ide red . Ideal ly, osc i l l a t ion ef
f e c t s shou ld s h o w up bes t at l ong 
d i s tances f r o m t h e neu t r i no source , 
and at l o w n e u t r i n o energ ies , b u t 
because o f t h e d i f f i cu l t ies of w o r k i n g 
w i t h neu t r i nos , s o m e o p t i m u m s o l u 
t i o n has t o be reached . A t CERN t h e 
poss ib i l i t y o f us ing a l o w e r energy 
neu t r i no b e a m , der i ved f r o m t h e 
2 8 G e V p r o t o n s y n c h r o t r o n , is be ing 
l ooked at. Th i s w o u l d be t h e f i rs t 
e x p e r i m e n t spec i f i ca l l y des igned t o 
look fo r n e u t r i n o osc i l l a t ions in an 
ene rgy range w h i c h f avou rs the i r 
d e t e c t i o n . T h e idea is t h a t near t h e 
n e w neu t r i no source , t he CERN / 
D o r t m u n d / He ide lbe rg / Sac lay 
co l l abo ra t i on w o u l d have d e t e c t o r 
m o d u l e s iden t i ca l t o t h o s e used in 
the i r large W A 1 e x p e r i m e n t us ing 
neu t r i no b e a m s f r o m t h e SPS 
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400 GeV proton synchrotron. The 
new lower energy neutrinos would 
also pass through the main WA1 
detector some 1000 m down
stream, enabling the flux of muon-
type neutrinos to be measured in 
two places. The natural divergence 
of the neutrino beam over this dis
tance is known, and any oscillations 
changing the level of muon neutrinos 
would show up as an additional 
small effect. Another possibility with 

the same neutrino beam is to look for 
transformations of muon-type neu
trinos to electron-type neutrinos 
using a bubble chamber. 

A new low energy neutrino experi
ment is being assembled at Brook-
haven (see page 12) which could 
help shed more light on the question, 
while further evidence could come 
from continuing experiments both at 
reactors and using high energy 
beams. 

Whether successful or not, the 
search for neutrino oscillations looks 
as though it will add another inter
esting chapter to neutrino history, 
which already includes some of the 
most important discoveries in parti
cle physics. 

Modules of the CERN / Dortmund / 
Heidelberg / Sac/ay high energy neutrino 
experiment (WA1) at the SPS. Similar 
modules could be used in a new experiment 
using a low energy neutrino beam to look 
for signs of neutrino oscillations. 

(Photo CERN 77.6.76) 
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People and things 
On 31 December 1980, the five-year term 
of office of CERN Executive Director General 
John A dams (left) and Research Director 
General Leon Van Hove (right) came to an 
end. They hand over to Herwig Schopper 
(centre). In the United Kingdom New Year 
Honours List it was announced that the former 
Executive Director General is to receive the 
accolade of Knight Bachelor, becoming 
Sir John Adams. 

(Photo CERN 504.12.80) 

CERN elections 
and appointments 

At the CERN Council session in 
December, a number of elections 
or re-elections were made, all for 
a one-year period. Jean Teillac of 
France was re-elected as President 
of Council while Gunter Lehr of 
Germany and Wolfgang Kummer 
of Austria were re-elected as Vice-
Presidents. Karl Nielsen of Denmark 
was re-elected as President of the 
Finance Committee and Valentin 
Telegdi of the Ecole Polytechnique 
Federate in Zurich becomes Presi
dent of the Scientific Policy Com
mittee. Other new members of this 
committee are Paul Falk-Vairant of 
France, Erich Lohrmann of Germany 
and Donald Perkins of the United 
Kingdom. 

Within CERN, the appointment of 
Fritz Ferger as ISR Division Leader 
was extended for three years, while 

Alan Wether ell becomes Experimen
tal Physics Division Leader and 
Bastiaan de Raad SPS Division 
Leader, both for three-year periods. 

On people 

Volker Soergel has been appointed 
Director of the DESY Laboratory 
to succeed Herwig Schopper who 
became Director General of CERN 
at the beginning of 1981. Professor 
Soergel has a distinguished career 
in nuclear and particle physics, with 
major contributions particularly in 
the study of hypernuclei as leader 
of a team from Heidelberg Univer
sity. He is also Executive Director ' 
of the Physics Institute of the Uni
versity of Heidelberg. A t CERN, he 
was chairman of the Synchro-cyclo
tron Experiments Committee in 
1975 and has been a Directorate 

Volker Soergel 

Member since March 1979. At 
DESY, he served as Chairman of 
the Scientific Council from 1976 
to 1979. 

It is with deep regret that we have 
learned of the death of Carlo Fran-
zinetti of Turin University. He was 
a staff physicist at CERN from 1963 
to 1968, and was a very active 
member of the first large counter 
neutrino experiments which used 
massive spark chambers to study 
neutrino interactions with emphasis 
on the search for the Intermediate 
Boson. Following these pioneering 
experiments, he continued to study 
neutrino reactions using the 1.5 m 
heavy liquid bubble chamber and 
made important contributions in 
the study of single pion and strange 
particle production. In 1968, he 
was appointed to a Professorship 
at Turin and there he collaborated 
with the Milan group using the Gar-
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gamelle bubble chamber. He was 
also very interested in the 1960s 
in starting a muon physics pro
gramme at CERN but had to wait 
until the start of the SPS, where 
he participated with a group from 
Turin in the European Muon Colla
boration. In the intervening period, 
he carried out a successful experi
ment to measure the proton form 
factors in the time-like region. He 
was an excellent researcher and 
teacher, with a very good insight 
into basic physical processes, and 
he was always enthusiastic that 
CERN should undertake experiments 
of a fundamental nature. He was 
a man of high integrity, and will be 
sadly missed in the community of 
European particle physics. 

Collaboration agreement between 
Italian IN FN and the Sinic Academy 
of Sciences 

Following an official invitation of 
the Academy of Sciences of the 
People's Republic of China, 
Antonino Zichichi, President of the 
Italian Institute of Nuclear Physics 
(INFN), visited China in October. 

During his stay Zichichi, the first 
Italian high energy physicist to be 
officially invited by the Sinic Acad
emy of Sciences, delivered a series 
of lectures and visited the Research 
Centres and Laboratories of the 
Academy in Peking, Chekiang, Shan
ghai and Canton. A t the end of the 
visit, he signed a bilateral agree
ment for scientific collaboration 
between IN FN and the Academy 
with Tsien San-Tsiang, President 
of the Sinic Academy of Sciences. 

Going into history 

In 1979, the CERN Committee of 
Council invitedArm in Hermann of 
the University of Stuttgart to carry 

out a feasibility study, financed by 
the Volkswagen Foundation, on the 
writing of a history of CERN. On 
the basis of its findings, and a re-
cdmmendation of the CERN History 
Advisory Committee, the Committee 
of Council has now authorized the 
history study which will be carried 
out by three European Science his
torians, led by Professor Hermann 
based at CERN. The study will be 
financed outside the CERN budget 

A new experiment being prepared for the 
DORIS electron-positron storage ring at 
DESY. Seen here is the end view of the 
magnet yoke for the ARGUS detector of a 
DESY / Dortmund / Heidelberg / Lund / 
Moscow / South Carolina collaboration, 
which will be installed towards the end of 
the year. The holes are for the light guides 
of the end-cap counters. 

(Photo DESY) 

and it is intended to produce the 
history within the next five years. 

The study will cover the events 
which led to the setting up of CERN 
in the early 1950s and continue 
through the early years of the 
Organization to at least 1963. 
Alfred Gunther will be the coordi
nator between CERN and the histo
rians and the Scientific Information 
Service has set up Historical Ar
chives to bring together documen-
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The central section of the 'Big Mac' detector 
at intersection region 4 of the PEP electron-
positron storage ring at SLAC. The PEP 
vacuum pipe, the solenoid magnet the 
shower detectors, light pipes from the trigger 
counters and parts of the outer drift chamber 
can be seen. Latest news from PEP is that 
luminosity is pushing 1031 per cm2 per s. 
'Mini-beta' projects are under discussion to 
push the luminosity higher at some 
interaction points. 

(Photo Joe Faust) 

tat/on which will be of use in com
piling the history of CERN. 

Urged on by the American Insti
tute of Physics, several of the high 
energy physics Laboratories in the 
USA have fairly recently launched 
'history'projects. At Brookhaven, 
science historian Alan Needell be
gan to examine archival needs in 
1977 and last year a History Com
mittee was set up under the chair
manship of John Binnington. Bob 

Wilson set up a History Committee 
at Fermilab in 1977 and Lillian Hod-
deson joined as part-time historian/ 
archivist a year later. The Labora
tory has a lecture series on the his
tory of accelerator physics. At Ber
keley, Vicki Davis has been in place 
since 1978 as archivist and a His
tory Committee has been set up. A t 
Argonne, Helen Harman and Don 
Wood have been gathering data for 
a written history of the Laboratory. 

'Technical' visitors to CERN 

A few years ago the National Nor
wegian CERN Committee proposed 
that CERN might open its doors 
also to visitors from technical fields 
in the Member States. The idea is 
that visitors spending up to a year 
working in a CERN group, which is 
doing some front-line work in a 
technological field, will benefit per
sonally and will carry further exper
tise back to the home country. 

Two visitors, financed from Nor
way, have now had short stays at 
CERN. ArildJans en, the computer 
manager from the University of 
Oslo, spent a month in the Data 
Handling Division working in the 
computer centre. Erik Hoff-Hansen, 
from the Norwegian Central Insti
tute for Industrial Research, spent 
three months in the SPS Division 
working on advanced computer 
control systems. 

100 GeV e+e~ workshop at Cornell 

A two-day workshop was held at 
Cornell in November to introduce 
the high energy physics community 
to the design of Q new 50 GeV elec
tron-positron storage ring aimed at 
neutral intermediate boson physics. 
This new storage ring is being con
sidered as the next effort at Cornell. 
Potential users of such a facility 
were invited to Cornell to participate 
in the first of a series of workshops 
on experiments, detectors and ex
perimental services. Early involve
ment of the user community is 
sought so that machine design may 
be tailored as closely as possible 
to experimental needs. The storage 
ring design is optimized with the 
use of superconducting r.f. cavities 
to reach a centre-of-mass energy 
of just over 100 GeV and a peak 
luminosity of 3x 1031 per cm2 per 
s. The workshop was attended by 
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about 150 physicists from the USA 
and Canada. Chris Quigg from Fer
milab and Stan Brodsky from SLAC 
gave elegant previews of the phy
sics waiting to be explored at 
WO GeV. 

Meetings 

The 5th High Energy Heavy Ion 
Study will be held at the Lawrence 
Berkeley Laboratory from 18-22 
May. The Study will consist of 
a fairly relaxed schedule of talks 
and discussions, with the focus on 
recent experimental and theoretical 
results concerning heavy ion colli
sions from 20 MeV/nuc/eon up to 
colliding beam and cosmic ray ener
gies. Particular emphasis will be 
placed on defining the new direc
tions of research which will be 
opened up with the completion of 
the Bevafac upgrading to GeV/nu-
cleon uranium beams. Further infor-

A Bologna / CERN / Frascati collaboration 
working at the CERN SPS has searched 
200 000 neutrino interactions for signs of 
fractionally-charged quarks, which would 
show up as tracks with low ionization. 
Scanning was assisted by automatic devices 
which produced the pictures seen here. 
Charged particle tracks show up as a series 
of blobs on the film from the large avalanche 
chamber. The PEPR computer-assisted 
measuring device at Frascati produced these 
images of the blobs, each of which is in 
reality about 800 microns across. The 
analysis can be extended to produce a 
density profile of the blobs along a track 
(below). 

mation can be obtained by contact
ing Lee Schroeder, Bui/ding 70-257, 
Lawrence Berkeley Laboratory, Ber
keley, California 94720, USA. 

The 1981 CERNJINR School of 
Physics will be held at Hanho, Fin
land from 6-19 June. The aim of 
these schools, of which this will be 
the seventh in the series organized 
by CERN in collaboration with 
Dubna, is to teach various aspects 
of high energy physics, and espe
cially theoretical physics, to young 
experimental physicists mainly from 
the Member States of the Labora
tories. Further information can be 
obtained from Miss D. Caton, Scien
tific Conference Secretariat, CERN, 
CH-1211 Geneva 23, Switzerland 
or A.I. Romanov, Joint Institute for 
Nuclear Research, Head Post Office, 
P.O. Box 79, 101000 Moscow, 
USSR. 

More on proton scattering 

A very thorough polarization experi
ment for the direct determination 
of the amplitude in proton-proton 
elastic scattering has been carried 
out at the SIN cyclotron. At medium 
energy, these spin dependent ampli
tudes are large and of the same 
magnitude as the spin-independent 
amplitudes. The direct determina
tion, at several angles and several 
energies, of the five complex scat-
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Seasonal activities at CERN: (above) the 
traditional childrens' Christmas Party, and 
(below) Theory Division's Christmas Show, 
fast becoming traditional. 

(Photos CERN 216.12.80 and539.12.80) 

tering amplitudes without using any 
model such as a phase-shift analy
sis is a longstanding problem. The 
problem has become even more 
interesting in the light of the possi
ble existence of dibaryon reson
ances. 

An experimental programme on 
proton-proton scattering is presently 
being conducted at SIN by Geneva 
University. Fifteen different polari
zation parameters have been deter
mined at 579 MeV between 60° 
and 90°. These data give the scat
tering amplitudes up to an overall 
phase. 

DORIS workshop 

A workshop is being held at DESY 
on 10-11 February to discuss the 
physics with the 2x5 GeV electron-
positron DORIS storage ring and 
potential DORIS improvements. The 
latest experimental results on heavy 
quark systems including the B-
mesons will be presented together 
with the theory. Those wishing to 
participate should contact 
H. Schroder at DESY. 

More carbon ions 

Following improvements in the ion 
source of the CERN 600 MeV 
synchro-cyclotron, the operational 
intensity of the 1 2 C 4 + ion beam at 
an energy of 85 MeV/nucleon has 
been doubled since the previous 
run a year ago, to reach 5 x 1011 

ions per s. The first carbon ion 
beam was obtained in August 1979 
(see November 1979 issue, page 
355). 

Accelerator Conference Proceedings 

The proceedings of the 11th Inter
national Conference on High Energy 
Accelerators held at CERN from 
7-11 July 1980 have now been 
published. Edited by W.S. Newman, 
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the single 940-page volume con
tains over 120 invited and contri
buted papers and summaries of 
panel discussions. It can be ob
tained from the publishers Burk-
hauser Verlagf Elisabethenstrasse 
19, CH-4010 Basel (also at Boston 
and Stuttgart) at the price of 
SFr 174, DM186 or $112. 

Interregional use of accelerators 

As an appropriate 'Goodwill to all 
men' message in this first issue of 
the New Year we reproduce the 
guidelines proposed by the Inter
national Committee for Future Ac
celerators for the 'interregional util
ization of major regional experimen
tal facilities for high energy particle 
physics research'. This is one of 
the themes that ICFA has pursued 
for several years and it has been 
presaged for example by recom
mendations of the Fermilab Physics 
Advisory Committee and of the 
European Committee for Future 
Accelerators (see March 1980 
issue, page 12). 

ICFA made its proposal consider
ing that, in the future, major exper
imental facilities for high energy 
particle physics research (notably 
the large particle accelerators and 
colliding beam machines) are likely 
to be few in number. There will 
probably be only one of each type 
covering very high energies and the 
machines will be located in different 
regions of the world. Nevertheless 
experimental physicists from all 
regions may wish to gain access 
to any of these machines in order 
to pursue their particular interests. 
ICFA proposed that the regional 
Laboratories operating these facili
ties should adopt a common policy 
toward experimental physicists from 
other regions. The guidelines pro
posed are as follows: 

1. The selection of experiments 
and the priority accorded to them 
are the responsibility of the Labo
ratory operating the regional facility. 

2. The criteria used in selecting 
experiments and determining their 
priority are: 
(a) scientific merit 
(b) technical feasibility 
(c) capability of the experimental 

group 
(d) availability of the resources 

required. 

3. It is expected that teams from 
other regions will normally wish to 
join with local regional teams to 
form experimental groups in pro
posing and carrying out experiments 
using a regional facility. The national 
or institutional affiliations of the 
teams should not influence the sel
ection of an experiment nor the 
priority accorded to it. 

4. The availability of the resources 
needed for the experiment are ex
amined at the time of selection of 
the experiment. The contributions 
of each team and of the operating 
Laboratory to an experiment are 
the subject of agreements drawn 
up between the operating Labora
tory and the authorized leaders of 
the teams in the experimental 
group. When appropriate, realization 
of the proposals approved may be 
effected within the framework of 
bilateral and multilateral agreements 
in force or newly reached arrange
ments. 

5. Operating Laboratories should 
not require experimental groups to 
contribute to the running costs of 
the accelerators or colliding beam 
machines nor to the operating costs 
of their associated experimental 
areas. 

6. It is expected that averaged over 
a reasonable period of time the 
application of guideline 2. above 
will lead to a balanced use of the 

major new facilities by the regions 
concerned. However, if at any time 
an operating Laboratory finds that 
the participation of teams from 
other regions in their experimental 
programme is becoming excessive, 
the operating Laboratory may be 
obliged to limit that participation. 
Any such action should be accom
panied by discussions with the 
relevant authorities of the regions 
concerned and consultations with 
the other operating Laboratories 
subscribing to the guidelines.' 
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University of California 
Lawrence Berkeley Laboratory 

Announces an opening effective 1 July 1981 for 
Associate Laboratory Director And 

Head of the Physics, computer 
Science, and Mathematics Division 

The Lawrence Berkeley Laboratory is a multi-purpose 
research laboratory funded by the Department of 
Energy, its Physics, Computer Science, and Mathematics 
Division conducts a mult imil l ion dollar research 
program, chiefly in high-energy physics. The Associate 
Director and Head of the Division has primary 
responsibility for the leadership and management of 
this program under the general direction of the 
Laboratory Director. Candidates must have had 
significant experience as practicing high-energy * 
physicists and be of the general calibre of persons 
holding senior tenure positions in major research 
institutions. Appointed as a permanent Staff Senior 
Scientist, the successful applicant would be expected 
to serve in the administrative role of Associate Director 
and Head of Division for an initial te rm of 3 to 5 
years, subject to renewal for fur ther terms by 
mutual agreement 

The Laboratory is seeking a respected and energetic 
high-energy physicist willing to play a strong leadership 
role at a challenging t ime. Qualifications must be such 
that it will be natural to consider him or her for a 
tenured appointment in the Department of Physics on 
the Berkeley campus of the University of California, as 
well as at the Laboratory, interested applicants should 
submit a curriculum vitae, together wi th the names of 
three referees, to: Dr. J.D. Jackson, Chairman, Physics 
Search Committee, C /0 Director's Office, LAWRENCE 
BERKELEY LABORATORY, 1 Cyclotron Road, Berkeley, CA 
94720. An equal oppor tuni ty employer m / f / h . 

Deadline fo r applications: March 15,1981 

University of Stockholm 
Department of Physics 

A p p l i c a t i o n s are i nv i t ed fo r a pos i t i on as 

programmer/physicist 
in t h e h igh ene rgy g r o u p w h i c h is p resen t l y 
e n g a g e d in e x p e r i m e n t s at t h e European Hybr id 
S p e c t r o m e t e r and t h e SPS-co l l i de r ( U A 5 ) at 
CERN. 

The w o r k cons i s t s o f d e v e l o p m e n t and m a i n t e 
nance of c o m p u t e r p r o g r a m s fo r e x p e r i m e n t 
ana lys is and d e v e l o p m e n t and s i m u l a t i o n of n e w 
d e t e c t o r c o m p o n e n t s . 

W a n t e d q u a l i f i c a t i o n s : G o o d k n o w l e d g e and 
exper ience of s o f t w e r e and c o m p u t e r s . Exper
ience w i t h par t i c le phys i cs e x p e r i m e n t s . 

Sa lary a c c o r d i n g t o c o m p e t e n c e in t h e S w e d i s h 
sca le F 1 4 - F 1 8 ( 7 3 7 8 S w C r - 8 6 2 9 S w C r per 
m o n t h ) . 

Send c u r r i c u l u m v i t ae l ist o f pub l i ca t i ons and 
n a m e s of re ferees be fo re 1 6 February 1 9 8 1 t o 

Dr. S.O. H o l m g r e n 
D e p t . o f P h y s i c s 
U n i v e r s i t y of S t o c k h o l m 
V a n a d i s v a g e n 9 
S - 1 1 3 4 6 S t o c k h o l m 
S w e d e n 

Nuclear Power, 
Man and the Environment 
R. J . Pentreath 
Fisheries Radiobiological Laboratory, Lowestoft 

No. 51 in The Wykeham Science Series 

For better or worse, nuclear power is a reality in our 
society. In the vehement discussions taking place in many 
countries, a clear understanding of how radioactivity moves 
through the environment is essential. The book describes 
the nature of radioactivity, how it arises in the day-to-day 
running of nuclear reactors, how and why a small fraction 
is introduced into the environment in a controlled manner, 
and on what basis judgements on these processes 
should be made. 

0 85109 8401 250pp £6.00 Paper 
December 1980 

In 1977, Taylor & Francis published Europe's Giant 
Accelerator, by Maurice Goldsmith and Edwin Shaw, 
which describes the evolution and realization of the 
CERN 400 GeV SPS. Physics Bulletin describes it as 
'a magnificent book . . . a lavishly illustrated, enthralling 
account of this massive engineering project'. 

0 850661218 288pp £13.00 Cloth 1977 

Further details and a complete catalogue of books and 
journals may be obtained from the publishers. 

TAYLOR & FRANCIS LTD 
4 John Street, London WC1N 2ET 

Advertisements in CERN COURIER 
All advert isements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

1 / 1 

1 / 2 

1 / 4 

Actua l 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 130 

Cost per insert ion (Swiss Francs) 

1 
insert ion 

1 4 5 0 

8 0 0 

4 5 0 

1 4 0 0 

7 7 0 

4 2 0 

1 3 5 0 

7 5 0 

4 0 0 

10 
insert ions 

1 2 5 0 

7 0 0 

3 9 0 

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

1 3 5 0 S w F 

1 6 0 0 SwF 
2 1 0 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 
translat ion for advert isements are 
charged in addit ion. 

Screen (offset) 6 0 or 5 4 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wi l l 
be invoiced. 

Advert is ing space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rs t -come f irst-served basis. 
These rates are effective for the year 1 9 8 1 . 

All enquiries to : 
Miche l ine F A L C I O L A / CERN C O U R I E R - C E R N 
1 2 1 1 Geneva 2 3 S w i t z e r l a n d 
Tel . (022) 83 41 0 3 Te lex 2 3 6 9 8 
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DEUTSCHES 
ELEKTRONEN-

SYNCHROTRON DESY 
Hamburg 

has a pos i t i on ava i lab le fo r a 

Ph.D.-physicist for work 
in the 

Theoretical Group. 

The m a i n sub jec t is d o i n g research in t h e f ie ld of 
h igh ene rgy t heo re t i ca l phys ics . 
Cand ida tes are e x p e c t e d t o m a k e i n d e p e n d e n t 
c o n t r i b u t i o n s t o t h e research p r o g r a m m e of t h e 
t h e o r y g r o u p and s h o u l d have a c o r r e s p o n d i n g 
reco rd of sc ien t i f i c w o r k in t h i s f i e ld . 
Sa la ry and soc ia l se rv ices are equ i va l en t t o t h e 
c o n d i t i o n s of pub l i c a d m i n i s t r a t i o n in G e r m a n y . 
W r i t t e n app l i ca t i on i nc l ud ing c u r r i c u l u m v i tae , 
i nd i ca t i on of ear l ies t poss ib le ava i lab i l i t y , and 
re ferences, are t o be add ressed t o t he Persona l -
ab te i l ung 

D E S Y , N o t k e s t r a s s e 8 5 , D 2 0 0 0 H a m b u r g 5 2 , 
W e s t e r n G e r m a n y . 

Experientia Supplementum 40 

Just publ ished: 

1 lth International Conference on 
H i g h - E n e r g y A c c e l e r a t o r s 
Geneva, Switzerland, July 7-11, 1980 

Organized by the European Organization for 
Nuclear Research (CERN), Geneva 

Proceedings edited by 
W.S. Newman, CERN, Geneva 

1980. 940 pages, 200 illustrations, 100 tables. 
Hardcover 
sFr.l74.-/DM 186.-/$112.00 
ISBN 3-7643-1215-7 

High-energy accelerators, which are used to 
study the fundamental forces of nature, are 
among the greatest achievements of modern en
gineering. Sponsored by the International Union 
of Pure and Applied Physics (IUPAP), the con
ference devoted to them reviewed existing and 
projected accelerator installations, including 
those intended for special purposes. In addition, 
reports on novel techniques aimed at improving 
the performance and efficiency of these expen
sive machines were presented. Apart from the 
sections on accelerator techniques and technolo
gy, the book contains chapters on controls and 
beam diagnostics, beam dynamics, beam-beam 
effects, beam cooling, superconductivity, mini

mization of energy consumption and the applica
tions of accelerators in the physics of the future. 
The book will be of volue to those engaged in 
the research and development of magnets, 
superconductivity, RF power and vacuum tech
niques and computer control systems. 

Please order from your bookseller 
or Birkhauser Verlag, P.O. Box 34, 
CH-4010 Basel/Switzerland 
or Birkhauser Boston Inc., 380 Green Street, 
Cambridge, MA 02139/USA 

Birkhauser I 
Verlag 
Basel • Boston • Stuttgart 
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We are working on various layers; X.25, X.28, PAD(V-24) 

We can help your computer to communicate via: 
PRIVATE LINES 
SWITCHED TELEPHONE LINES 
INTERNATIONAL NETWORKS 
eg. EURONET, EDWP, TRANSPAC, etc 

CONTACT US! We have the HARDWARE 
SOFTWARE 
FIRMWARE 
EXPERIENCE 

BORER ELECTRONICS AG 
CH-4501SOLOTHURN/SWITZERLAND 
Tel : 065-31 11 31 Telex: 34228 
Suisse Romande: Tel. 0 2 2 - 7 6 38 4 6 

SUPERCOOL 
& LOW COST 
AT LEAST 60°C COOLER 
cathode operating 
temperature is provided by the 
new air- and water-cooled 
SUPERCOOL thermoelectric 
PMT chambers (Models 
TE-206 TSRFand TE-210 
TSRF). Eliminating bulky 
compressors, they provide 
excellent temperature stability 
and operating reliability. Both 
feature No-Dew Window 
Heaters, Front Mount ing 

Adapter and Fully Wired 
Socket Assembly for all 
standard PMTs. They accept 
options offered for all 
standard PFR housings. 

THERMOELECTRIC PMT 
CHAMBERS INCLUDE 
POWER SUPPLY — Low Cost 
Model TE-182 TSRF provides 
features noted above and 
replaces PFR Model TE-102. 

Ask about our new 
21-pin Ceramic Socket for 
cooling to dry ice temperatures Call (617) 774-3250 or write: 

Products for Research, Inc. 
88 Holten Street, Danvers, MA 01923 

CABLE: PHOTOCOOL TELEX 94-0287 
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Chamber Read-out 
Electronics from Plessey 

Investigate the potential of these circuits and 
evaluate the advantages to you. We would welcome 
the opportunity to discuss your specific project 
requirements. 
C o n t a c t : F. D e a c o n - S m i t h , Poo le (02013) 5161 E x t . 2 0 7 1 

I m p o r t a n t n e w d e v e l o p m e n t s 
f r o m P l e s s e y C o n t r o l s o f f e r 
a n u m b e r o f o u t s t a n d i n g 
f e a t u r e s . . . 

* Genuine multi-pulse resolution 
* Very high speed read-out 

capability 
He High reliability at low cost 

—by virtue of full monolithic 
integration 

* Compact construction—full 
discriminator/delay/read-out 
functions 'on chamber' 

* Low power consumption—250mW 
per channel from single 5.2V rail 

The increasing use of multi-wire propor
tional chambers in particle physics has 
stimulated attention to the read-out elec
tronics—in particular, the technique used 
to provide the necessary delay. Of the two 
methods currently in use—the very bulky 
cable delay and the monostable delay—the 
latter offers 'on chamber' compactness but 
lacks the capability of the cable delay to 
resolve multiple pulses during the delay 
period. In the Plessey system, however, the 
use of a surface acoustic wave delay line in 
conjunction with an expressly designed 
monolithic integrated circuit has achieved 
an advanced, no-compromise solution. 

Systems can be fabricated in many ways. 
Illustrated are: 
DDR8-01: a card containing 
8 complete channels of full 
discriminator/delay/read - out 
circuitry 
M64-01: the 64-channel module 
formed by building eight DDR-80 
cards on to one control card, thus 
providing high component density 
for 'on chamber' mounting 
Also available are discriminator only 
cards, RMH compatible delay and read-out 
modules, NIM or ECL standard multiple 
delay modules, and other special 
configurations. 

Plessey Controls Limited, Sopers Lane, Poole, 
Dorset, United Kingdom BH17 7ER. 
Tel: Poole (02013) 5161.Telex 41272. 

0600 2 0344 
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Ultra-sensitive camera tubes 
for scientific applications. 

THOMSON-CSF offers, ex-stock, Nocticon® and Super-
nocticon® camera tubes (respectively SIT and ISIT 
generic types) with input photocathode diameters of 
either 16 mm or 25 mm. The intensifier section of the 
Supernocticon may be gated or may have a non
standard spectral sensitivity (red- or blue-extended, 
for example). These tubes, which permit conventional 
low-light television techniques to be used at scene 
illuminations of down to 10^ 5 lux, are ideal for many 
scientific applications: 
• picking up the weak, instantaneous images from 
flash radiographic systems, 

• high speed cine for observing rapidely evolving phe
nomena (even though the total light may be high, the 
photons/second may be low), 

• photon counting in astronomy and nuclear science, 

• observation of ionisation chambers, 

• X-ray spectroscopy, 

• tomography. 

Our team of camera-tube specialists is at your disposal 
to discuss these or any other scientific applications 
that interest you. 

THOMSON-CSF 

THOMSON-CSF DIVISION TUBES ELECTRONIQUES 
38 RUE VAUTHIER / BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE / TEL. : (33.1) 604.81.75 - TELEX : 200772 F 

USA - Clifton NJ 
THOMSON-CSF ELECTRON TUBES 
TEL.: (201) 779 10 04 
BRAZIL - Sao Paulo 
THOMSON-CSF COMPONENTES 
DO BRASIL Ltda TEL: (11) 542 47 22 

GERMANY - Munchen 
THOMSON-CSF GmbH 
TEL.: (89) 7510 84 
UNITED KINGDOM - Basingstoke 
THOMSON-CSF COMPONENTS 
AND MATERIALS LTD. TEL.: (256) 29 155 

ITALY - Roma 
THOMSON-CSF TUBI ELETTRONICI SRL 
TEL.: (6) 638.14.58 
SPAIN - Madrid 
THOMSON-CSF COMPONENTES Y TUBOS S.A. 
TEL.: (1) 419 88 42 

SWEDEN - Stockholm 
THOMSON-CSF KOMPONENTER 
& ELEKTRONROR AB TEL: (8) 225815 
JAPAN-Tokyo 
THOMSON-CSF JAPAN K.K. 
TEL.: (3) 264 36 46 
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PETERLITE 
PRESENTE: 

sa 

SA CONTRIBUTION A U A 1 . . . 

PETERLIT 2000 
DANS UNE REALISATION 

DE CA LOR I METRES PAR LE LAPP 

Our current catalogue ksis cw«rr ;>00O orortucts incudinq 
m any unique or hard to get ite rtm. 

Foils, w i r e s . r o d s , p o w d e r s , t u b e s and compounds. 
Over 100 pure metals and alfoys afe available for immediate 

despatch, worldwide, in small quantities for research IMon-stc-mf lard 
items made to order fake a little longer. 

Write, telex or telephone for your copy now? 
Telephone Cambridge (0223) 69671 or from abroad, dial 
International Access Code +44+223+69671 Tetex 81683 
GOODMTG 
Goodfellow Metals Ltd. 
Cambridge Science Park, Milton Road • • i» *r«r ** >*~ 
Cambridge C84 40J, England L ! J M t l A L o 

for research and industry 
wimp" 

PETERLIT2000.. 
• u n e g a m m e de sc int i l la teurs acry l iques 

• une infinite de produits personnalises 

• des performances techniques serrees 

• des tolerances d'epaisseur etudiees. 

sa PETERLITE 
39 130 Clairvaux-les-Lacs 

FRANCE 
Tel. (84) 25 81 14 

COLOUR GRAPHIC DISPLAY SYSTEM 
FOR COMPUTER GRAPHICS 

AND IMAGING APPLICATIONS 
AED 512 

Easy to use - easy to connect - easy on your budget! 

• R e s o l u t i o n 5 1 2 x 5 1 2 , 8 to256co lou rs , ser ia lRS232C 
or high speed parallel interface 

• Microprocessor generates vectors and circles and 
supports a large set of graphic functions callable by 
ASCII-coded commands 

• Keyboard wi th funct ion keys includes a joystick 
• Controller contains Tektronix emulator 
• Provision to connect a graphic tablet 
• Attract ive price includes a high resolution 1 4 " monitor 

Please request for further details. 

14, rue de I'Ancien Port - Tel. (022) 32 97 2 0 
Telex 2 3 3 4 3 marli ch - 1201 Geneva, Switzerland 

marli s.a 
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H e r a e u s 
is your contact for 

Beryllium 
F o i l 

S h e e t 

V a c u u m h o t p r e s s e d b l o c k 

M a c h i n e d p a r t s 

F a b r i c a t e d c o m p o n e n t s 

R a d i a t i o n w i n d o w s 

S i n g l e c r y s t a l s 
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The world's fastest Wilkinson type ADC. 
The most compact 4096 channels NIM MCA. 

The most versatile Charge, Amplitude 
and Time Converter. 

1024, 2048, 4096 channels NIM MCA:s 
1 0 6 - 1 counts per channel 
X-axis expansion 
Roll 
Character generator 
Selection of any number of ROI's 
Spectra overlap 
ROI integration with or without background subtraction 
Wide range of interfaces for I/O peripheral devices and computers 
Internal t iming 
Automatic cycles 

2048 channels Charge, 
Ampli tude and Time 
converter 
0,125 p icocoulombs/ 
channel; 
50 picoseconds/channel 

8192 channels 
ADC, 400 MHz 
CLOCK RATE 
0 , 3 % di f feren
tial non linearity 
0 ,025% integral 
non linearity 

8192 channels ADC, 
100 MHz clock rate 

Sales agents in Benelux, Canada, France, Germany and Great Britain. 



Fundamental research is a dynamic 
science which must be supported by 
constantly improving associated 
technologies. 

The Hunting Hivolt range of high voltage 
DC supplies has now been enlarged to 
cover that requirement. 

We have sophisticated systems up to 
5000 watts with voltages up to 500Kv. 
They are being used for high energy 
physics applications for many customers, 
including the European Centre for Nuclear 
Research (CERN), NPL, UKAEAand 
several universities. 

If you need a high voltage system for a 
stringent application based on the latest 
technology, look us up. 

H U N T I N G 
H I V O L T L I M I T E D 

Riverbank Works, Old Shoreham Road 
Shoreham by Sea, Sussex BN4 5FL 
Tel: Shoreham (07917) 4511 
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CAMAC 
turn* t,mhi,m&-

STAND-ALONE CAMAC COMPUTER 
STACC 2107 

* Powerful 16 bit microprocessor 
* High speed CAMAC operations 
* CAMAC stations treated as memory addresses 
* 16 K - 1 6 bit RAM memory of which upto 12 K can be replaced 

by EPROM 
* Teletype and t w o RS 232 C interfaces 
* Al lows Auxiliary Crate Controllers connection for mult i 

processing application 
* Only t w o units wide 
* Powerful high-level interpreter either EPROM resident or 

floppy-disc resident w i t h disc file support 
* Software compatible w i t h ACC 2099/ACC 2103 

GENERAL DESCRIPTION 

T h e S T A C C 2 1 0 7 ( C e r n S P S 2 4 2 3 ) i s a n e w m i c r o 
p r o c e s s o r b a s e d u n i t u s i n g t h e 16 b i t t e x a s T M S 
9 9 0 0 m i c r o p r o c e s s o r . 
It p r o v i d e s a u t o n o m o u s c o m p u t i n g p o w e r at t h e 
C A M A C l e v e l f o r s t a n d - a l o n e s y s t e m s . 
A l i n k to a h o s t c o m p u t e r i s p r o v i d e d t h r o u g h 
R S 2 3 2 C I / O p o r t s . 
T h e C P U c a r d c o n t a i n s t h e C P U , t h e d u a l p o r t 
R A M m e m o r y , t h e T T Y i n t e r f a c e a n d t h e l / O b u s 
c o n n e c t o r s . T h e c o n t r o l s t a t i o n c a r d c o n t a i n s t he 
N / l _ d r i v e r s , t h e E P R O M s e c t i o n , t he t w o R S 2 3 2 C 
i n t e r f a c e a n d a p r o g r a m m a b l e L A M g r a d e r . 
D e b u g g i n g o f p r o g r a m s i s m a d e e a s y w i t h a f r o n t 
p a n e l d a t a / a d d r e s s d i s p l a y a n d a s t e p by s t e p p u s h 
b u t t o n . 

F o r e a s e a n d e f f i c i e n c y o f p r o g r a m m i n g , C A M A C 
s t a t i o n s a c c e s s e d as i f t h e y w e r e m e m o r y a d d r e s 
s e s o f t h e T M S 9 9 0 0 ' s 32 K w o r d a d d r e s s - r a n g e , 
a d d r e s s e s b e l o w 16 K a r e a l w a y s i n t e r p r e t e d as 
r e f e r e n c e s t o t h e p h y s i c a l m e m o r y , w h e r e a s t h o s e 
a b o v e 16 K a r e i n t e r p r e t e d as a d d r e s s e s a n d 
f u n c t i o n s o f C A M A C s t a t i o n s . 
A c o n s o l e f o r p r o g r a m c o n t r o l a n d l / O c a n b e c o n 
n e c t e d t h r o u g h a s e r i a l p o r t ( c u r r e n t l o o p ) o n t he 
f r o n t p a n e l . 
A f l o p p y d i s c c a n b e a t t a c h e d t o o n e o f t h e R S 2 3 2 C 
p o r t s . 
I n p u t s f o r u p to 4 r e a l t i m e s i g n a l s a r e p r o v i d e d 
o n t h e f r o n t p a n e l . 

SOFTWARE 

T h e s t a n d a r d s o f t w a r e c o n s i s t s o f a h i g h l e v e l 
N O D A L i n t e r p r e t e r w h i c h i s v e r y s i m i l a r t o B a s i c 
b u t p r o v i d e s m u c h m o r e f l e x i b l e l / O a n d c o n t a i n s a 
l i n e e d i t o r . T h i s i n t e r p r e t e r i s s u p p l i e d e i t h e r o n 
E P R O M o r as a f l o p p y d i s c i f t h e S T A C C 2 1 0 7 is 
u s e d w i t h a f l o p p y d i s c d r i v e c o n n e c t e d to o n e o f 
t h e R S 2 3 2 C a t t a c h m e n t s . 

A d e b u g g e r - l o a d e r i s a l s o a v a i l a b l e f o r a s s e m b l y 
w r i t t e n p r o g r a m s . 
T h e d e b u g g e r a l l o w s t h e u s e r t o e x a m i n e a n d / o r 
m o d i f y R A M m e m o r y , t o i n s e r t a b r e a k p o i n t a n d 
to s t a r t e x e c u t i o n o f p r o g r a m s s t o r e d i n R A M o r 
R O M . 

France : EG&G Ins t ruments ; Zone Silic 428; Tel. (1) 6872571 - Tlx 202553F, F-94583 RUNGIS CEDEX- G e r m a n y I SEN 

ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digi ta l S y s t e m ; 

Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA; CP 39; 

Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK A G ; Austrasse 4; Tel. (01) 94551 03; Tlx 58257ch -

C H - 8 6 0 4 V O L K E T S W I L - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - G B -

KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

H e a d q u a r t e r s : 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 
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To meet the demanding requirements of modern and future high-energy physics experiments, LeCroy engineers 
have developed monolithic technology as the solution. They have created a revolutionary drift chamber readout 
system, Series 4290, utilizing two LSI custom monolithic devices—one, a complete, self-calibrating TDC on a 
chip, and the other, a unique wire chamber discriminator. By exploiting monolithic technology to its fullest, 
LeCroy engineers have achieved significant advantages over conventional discrete and hybrid designs: 

SIMPLE = RELIABLE—All the complexity of the system's 
Model 4291B 32-channel TDC module—its calibration, 
readout, and control—are accommodated within one 
monolithic device per channel. As a result, the circuit 
board is simple with a minimum of parts. 
MONOLITHIC = ECONOMICAL—The system's mono-
lithics minimize both production and maintenance costs 
—to satisfy today's need for low, low cost per channel. 
MONOLITHIC = HIGH DENSITY—Monolithic design 
means low parts count and low power dissipation—mak
ing the highest CAMAC packing density possible, up to 
736 wires per CAMAC crate. 

LeCroy 

SELF-CALIBRATING—Only monolithic design makes it 
practical to include DAC's, registers, and all the 
associated electronics necessary to calibrate and test a 
TDC in THE SAME CHIP as the TDC. The OUTSTANDING 
FEATURE of the TDC is its self-calibration mode 
—AUTOTRIM.® On CAMAC command, AUTOTRIM can 
correct pedestal variations in cabling and preamplifiers 
AND compensate for gain variations. All channels in the 
system read the same at zero and full scale. 

LeCROY 4290 DRIFT CHAMBER 
READOUT SYSTEM OFFERS: 
• 736 wires per CAMAC crate 
• Resolution as low as 500 psec/count 
• Self-calibration (AUTOTRIM®) 

FAST BUS adaptability 
Individual outputs for fast trigger decisions 
Common start or common stop operation 

For further details on how monolithics and LeCroy 
engineering can solve your wire chamber encoding and 
readout problems, call or write your local LeCroy office. 

Innovators in Instrumentation 

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Geneva, Switzerland, (022) 98 97 97; Heidelberg, W. Germany, (06221) 28192; Orsay, France 
(6) 907.38.97; Botley, Oxford, England, 865 72 72 75. Representatives throughout the world. 
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LeCROY DISCRIMINATOR 
FRONT ENDS OFFER: 
• 16- or 32-channel cards 
• ON or OFF chamber mounting 
• Low minjmum threshold 
• Low interchannel crosstalk 
• Common mode noise rejection 
• Differential inputs 
• Differential ECL output 





CEIM COURIER 

A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is t h e in te rna t i ona l l y recogn ized 
n e w s magaz ine of h igh ene rgy phys ics . D i s t r i b u t e d 
t o all t he ma jo r Labora to r ies of t h e w o r l d ac t i ve 
in th is d y n a m i c f ie ld of f u n d a m e n t a l research, it is 
c o m p u l s i v e read ing fo r sc ien t i s t s , eng ineers , a d 
min is t ra tors , i n fo rmat ion media and buyers. W r i t t e n 
in s imp le language and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e t h e na tu ra l 
c o m m u n i c a t i o n m e d i u m fo r par t i c le phys i c i s t s in 
Europe, t he U S A , t h e S o v i e t U n i o n , J a p a n — eve ry 
w h e r e w h e r e t he f u n d a m e n t a l na tu re of m a t t e r is 
s tud ied . 

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

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

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

All enquiries to : 
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 

F L O W M E T E R S 

Calibrated and 
non-calibrated instruments ^ 
for liquids and gas 

Available from our stock 
in Zurich 

H e r a e u s 
W I T T M A N N 

Heating bands 

Heating cables 

Heating tubes 

Power and tension 
regulators 

Ask for further information 

type 1100 

Oer l i koners t rasse 8 8 
Te l . ( 0 1 ) 3 1 1 4 0 4 0 
8 0 5 7 Zu r i ch 
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renforce le systeme 
d'ordinateurs decentralise 

Un systeme informatlque decentral ise pour Norsk Data est 
fonde sur une relation homme-mach ine, dont I'axiome de 
base est que tout besoin de capacite de calcul est local. Nos 
systemes d'ordinateurs sont ainsi adaptes aux besoins locaux 
comme support et outil dans la product ion, la recherche et 
I'administration. 

La possibility de connecter plusieurs systemes locaux inde-
pendamment de leur emplacement permet la communicat ion 
entre systemes et la creation de puissants reseaux d'ordina
teurs. 

Les systemes N O R D sont ent ierement modulaires. Chaque 
materiel ou logiciel peut etre developpe et adapte aux besoins 
qui evoluent sans que des unites couteuses deviennent super-
f lues. Nos systemes s'etendent du mini-ordinateur16 bits aux 
complexe d'ordinateurs 32 bits avec une capacite de memoire 
virtuelle de 4,3 G-octets pour les donnees comme pour les 
instructions. 

Nos depliants d' information sur le N O R D 100, NORD 500, et 
sur le traitement decentral ise des donnees en relevent les pos
s i b l e s et les avantages. 

Les ordinateurs N O R D - element fondamental d'un traite
ment efficace des donnees. 

Norsk Data sari,» Le Brevent », Avenue de Jura, 01210 
Ferney-Voltaire 

Oui, je veux en savoir plus sur le systeme Nord 
de traitement« elargi » des donnees. 

Nom_ 

Entreprise_ 

Adresse_ 

Telephone. 

i_ . 

Norsk Data 
Siege: 

Paris: 

« Le Brevent », Avenue du Jura, 01210 Ferney-Voltaire 
Tel . : (50)408576 
120 Bureaux de la Colline, 92213 Saint-Cloud 
Tel . : (1)6023366 

NORD - Une alternative a etudier 
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