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Particle physics and 
technological spin-off 

by John Dowell 

In these cost-conscious days, 
public sector activities are 
having to cope with reduced 
levels of funding, and with 
more candidates vying for 
less and less money, the 
knife is poised to cut still 
deeper. 

To defend themselves 
against such attack, particle 
physicists have been quick 
to point out that their area 
of Big Science is a highly 
fruitful source of technological 
development which has pro
duced a wealth of valuable 
spin-off across a wide area 
of modern high technology 
industry. 

In this article, John Dowell 
of the University of Birming
ham, UK, and a member of 
CERN's Scientific Policy Com
mittee, describes this impres
sive spin-off from particle 
physics, providing numerous 
examples. A longer version 
was prepared'by a group of 
UK physicists as part of the 
evidence to the Kendrew 
Committee currently investi
gating the case for UK parti
cipation in particle physics 
(see September 1984 issue, 
page 288). 

Techno log i ca l sp in -o f f f r o m f u n d a 
men ta l sc ience has severa l t i m e 
sca les . Shor t t e r m d e v e l o p m e n t s 
are t yp i f i ed by i m p r o v e m e n t s t o 
e q u i p m e n t manu fac tu red by f i r m s 
in c lose c o n t a c t w i t h the f ie ld . T h e 
high rate o f i nnova t ion in the par-

The CERN Task Force of the British 
Overseas Trade Board noted that particle 
physics requirements have had a significant 
impact on techniques for handling epoxy 
and plastics. 

(Photo CERN 55.4.84) 

t i d e phys i cs f ie ld p roduces t e c h 
n o l o g y avai lable t o indus t ry and 
appl icab le o v e r a ve ry w i d e range 
o f ac t iv i t ies . 

M e d i u m t e r m d e v e l o p m e n t is 
led by the need fo r f u n d a m e n t a l 
sc ience t o p ress t e c h n o l o g y t o the 
l imit . Here, phys ics is at an impo r 
tan t advan tage as its p rac t i t ioners 
are we l l qual i f ied t o invent and 
exp lo i t the i ns t rumen ta t i on re
qu i red . Such i ns t rumen ta t i on f re 
quen t l y f i nds ex tens ive app l i ca t ion 
in o the r areas o f sc ient i f ic research 
as we l l as in the commerc i a l and 
med ica l f ie lds . The d e v e l o p m e n t s 
a lso inc lude w h o l e areas o f app l i 
ca t ion ar is ing f r o m a part icu lar 
d i s c o v e r y such as , f o r ins tance , 
the m u o n sp in ro ta t i on techn ique . 

V e r y long t e r m sp in -o f f per
m e a t e s vas t areas o f t e c h n o l o g y 

1 and a f fec ts our w h o l e cu l ture ! Such 
d e v e l o p m e n t s f r o m f u n d a m e n t a l 
s tud ies are rare and unpred ic tab le 

* Economic Utility Resulting from CERN Con
tracts — a study by M. Bianchi-Streit, N. 
Blackburne, R. Budde, H. Reitz, B. Sagneli, 
H. Schmied and B. Schorr, available from 
CERN Publications, 1217 Geneva 23, Swit
zerland. 

and the t imesca le o f the resul t ing 
techno log i ca l i m p a c t is l ong . A n 
o u t s t a n d i n g examp le is the deve l 
o p m e n t o f the q u a n t u m t h e o r y t o 
accoun t f o r the behav iour o f ma t t e r 
at the a t o m i c level and w h i c h n o w 
under l ies all o f t he t echno log ies 
invo lv ing m a t t e r on the molecu la r , 
a t o m i c and nuclear sca les , inc lud
ing all o f m o d e r t i e lec t ron ics . 

Short term effects 

T o gauge sho r t t e r m t e c h n o l o g 
ical sp in -o f f , s tud ies at CERN have 
m e a s u r e d the ' e c o n o m i c 
u t i l i t y ' t o f i r m s w i t h CERN c o n 
t r ac t s * . Th is w a s assessed in hard 
cash t e r m s based on increased 
sales and c o s t sav ings ar is ing ou t 
o f the CERN c o n t r a c t s and add i 
t iona l t o the va lue o f the con t rac t 
i tsel f (see J a n u a r y / F e b r u a r y issue, 
page 8 ) . 

Shor t t e r m techno log i ca l sp in -o f f 
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A view of a positron camera developed at 
CERN being used for tomographic imaging 
at a major Geneva'hospital. 
(Photo CERN 419.2.82) 

f r o m CERN's w o r k c o v e r s an i m 
press ive range, inc lud ing c o m p u t 
e rs , e lec t ron ics , t e l e c o m m u n i c a 
t i o n s , p o w e r genera t ion and d is t r i 
b u t i o n , c r y o g e n i c s , v a c u u m t e c h 
n o l o g y , o p t i c s , p rec is ion m e c h a n 
ics , m a g n e t t e c h n o l o g y , s tee l and 
w e l d i n g , car des i gn , r a i lways , sh ip 
bu i ld ing , s u b w a y c o n t r o l , re f r igera
t i o n , oil p r o s p e c t i n g , mater ia ls 
s t o r a g e , te lev i s ion , and solar ener
gy-

Part icle phys ics requ i remen ts 
have also had a s ign i f icant i m p a c t 
in manu fac tu r i ng techn iques and 
the industr ia l app l i ca t ion o f n e w 
mater ia ls . The CERN T a s k Force 
o f the Br i t ish Overseas T rade 
Board no tes a n u m b e r o f e x a m p l e s : 
— c o n s t r u c t i o n o f l o w m a s s , h igh 
s t r e n g t h s t ruc tu res us ing g lass 

re in fo rced e p o x y and p last ics such 
as k a p t o n , my lar and kev la r ; 
— fab r i ca t ion o f epoxy - res in 
mou ld i ngs t o n e w s tandards o f 
reproduc ib i l i t y and u n i f o r m i t y ; 
— d e v e l o p m e n t o f e p o x y res ins 
fo r use as electr ical insu la tors ( n o w 
replac ing ce ramics in many app l i 
cat ions) ; 
— d e v e l o p m e n t o f conduc t i ng 
p las t ics w i t h m o d e r a t e res is t iv i t ies 
and prec ise ly de f ined charac te r i s 
t i c s ; 
— p r o d u c t i o n o f mu l t i co re super 
c o n d u c t i n g w i r e s us ing hyd ros ta t i c 
m e t h o d s ; 
— inven t ion o f the f lat cab l ing 
techn ique ( k n o w n w o r l d w i d e as 
the Ruther fo rd techn ique) n o w 
w i d e l y used f o r t r a n s f o r m e r coi ls 
as we l l as f o r supe rconduc t i ng 
c o i l s ; 
— d e v e l o p m e n t o f high qual i ty 
e lectr ical insulat ion fo r use at l o w 
t e m p e r a t u r e . 

Technology transfer 

W i t h the increas ing app l ica t ion 
o f par t ic le acce le ra to rs and ra
d ioac t i ve sou rces it is no t surpr is 
ing tha t par t ic le d e t e c t o r s have 
f o l l o w e d sui t . Th is k ind o f sp in -o f f 
e x t e n d s f r o m the ear l iest d e t e c t o r s 
d e v e l o p e d f o r nuclear research 
(Geiger coun te rs ) t h r o u g h all k inds 
o f sc in t i l la t ion coun te r s t o mu l t i -
w i r e p ropo r t i ona l c h a m b e r s . A l 
t h o u g h i m p o r t a n t d e v e l o p m e n t 
w o r k has t a k e n place in the f ie lds 
o f app l i ca t ion t h e m s e l v e s , the real 
i nnova t i ons in d e t e c t o r s have c o m e 
f r o m the nuc lear /par t i c le phys ics 
area. 

A g o o d examp le is the mult iyvire 
p ropo r t i ona l c h a m b e r ( M W P C ) , 
i nven ted in 1 9 6 8 by Georges Char-
pak w o r k i n g at CERN. It p rov ides 
a sens i t i ve , h igh p rec is ion , ve rsa 
t i le , t w o d imens iona l d e t e c t o r of 
rad ia t ion . The vas t range o f sizes 
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Fa st bu s, the new data acquisition 
electronics system standard for high energy 
physics, looks like following its 
predecessor, CAM AC, which was widely 
adopted in many other sectors. 

(Photo Dr. B. Struck) 

and t y p e s o f M W P C are one o f 
the pr inc ipal de tec t i on t echn iques 
in par t ic le phys i cs . In a d d i t i o n , 
app l i ca t ions in med ic ine , mater ia ls 
sc ience and b i ochem is t r y are s ta r t 
ing t o appear — p o s i t r o n t o m o g r a 
phy and X - ray imag ing be ing t w o 
g o o d examp les . 

T h e pos i t r on (ant ie lect ron) w a s 
one o f the ear l iest d i scove r ies o f 

ar t ic le phys i cs . It is e m i t t e d by 
ce r ta in rad ioac t i ve s u b s t a n c e s and 
is p r o d u c e d a long w i t h an e lec t ron 
by suf f ic ient ly energet ic g a m m a 
rays . Pos i t rons annihi late w i t h e lec
t r o n s in o rd inary m a t t e r t o p r o d u c e 
t w o g a m m a rays each o f ene rgy 
5 1 1 k e V , w h i c h f ly o f f in o p p o s i t e 
d i rec t i ons . De tec t i on o f the t w o 
g a m m a rays def ines a line t h r o u g h 
the po in t w h e r e the p o s i t r o n ann i 
h i la t ion occu r red . M e a s u r e m e n t o f 
a n u m b e r o f such a p p r o x i m a t e l y 
in te rsec t ing l ines def ines the p o s i 
t i on o f the pos i t r on em i t t e r in 
space . Sui table M W P C s p rov ide 
exce l len t t w o d imens iona l de tec 
t o r s f o r the annih i la t ion g a m m a 
rays . Coup led w i t h app rop r i a te 
e lec t ron ics (also d e v e l o p e d f o r 

ar t ic le phys i cs app l ica t ions) and 
readi ly avai lable smal l c o m p u t e r s , 
a 'user f r i end ly ' s y s t e m can be 
p r o v i d e d . 

In the med ica l sec to r , such s y s 
t e m s are n o w unde rgo ing cl inical 
t r ia ls . In vivo images can be p r o 
d u c e d in accep tab le scan t i m e s 
f r o m rad iograph ica l ly accep tab le 
rad ia t ion d o s e s . A p p l i c a t i o n s t o 
da te inc lude b l o o d f l o w in per ipher 
al l imbs and in the bra in , ar thr i t ic 
b o n e les ions , t h y r o i d s tud ies , bone 
m a r r o w s tud ies , and bone m e t a 
s tases and var ious research s tud ies 
us ing an imals . 

T h e M W P C has lately p r o v e d t o 
be a usefu l large area t w o d i m e n 
s ional X - ray imag ing d e t e c t o r w i t h 
app l i ca t ions in X - ray d i f f r ac t i on , 
med ic ine , non -des t ruc t i ve t e s t i n g , 

e tc . The high q u a n t u m ef f ic iency 
fo r 8 keV X - rays in a su i tab ly c o n 
s t ruc ted c h a m b e r reduced t o t w o 
hours the t i m e necessary f o r an 
X - ray d i f f rac t ion s tudy w h i c h 
w o u l d have t aken several days by 
t rad i t iona l m e t h o d s . In the area o f 
non -des t ruc t i ve t e s t i n g , a g a m m a -
ray imag ing de tec to r has been 
d e v e l o p e d us ing a c o b a l t - 6 0 
source f o r examina t i on o f large 
u n d e r w a t e r w e l d e d s t ruc tu res . 

These app l i ca t ions and o the rs 
use s tanda rd M W P C t e c h n o l o g y , 
but recent d e v e l o p m e n t s such as 
the mu l t i s tep ava lanche d e t e c t o r 
p rom ise add i t iona l poss ib i l i t ies . 

Electronics and Computing 

A no tab le fea tu re o f part ic le 
phys ics has been the d e v e l o p m e n t 
o f modu la r da ta acqu is i t ion sys 
t e m s w h i c h have subsequen t l y 
ga ined w i d e accep tance ou ts ide 

the f ie ld . A n init ial examp le w a s 
the Harwel l 2 0 0 0 ser ies o f the 
early 1 9 6 0 s , bu t th is has been f o l 
l o w e d by Nuclear I ns t rumen ta t i on 
M o d u l e s (NIM), C A M A C and n o w 
Fas tbus . N IM and C A M A C c ra tes , 
p o w e r supp l ies and m o d u l e s are 
avai lable f r o m m a n y manu fac tu re rs 
w o r l d - w i d e and C A M A C , in par t ic 
ular, is a natural cho ice f o r high 
qua l i ty , m e d i u m s p e e d , c o m p u t e r -
con t ro l l ed da ta acqu is i t ion s y s 
t e m s . 

A s we l l as the h a r d w a r e , part ic le 
phys ics g r o u p s have also deve l 
o p e d soph i s t i ca ted s o f t w a r e . For 
ins tance the Data Handl ing Div is ion 
at CERN has supp l ied C A M A C so f t 
w a r e t o at least 2 5 users ou ts ide 
the par t ic le phys i cs f ie ld (in as
t r o n o m y , med ic ine and o ther 
b ranches o f phys ics) ove r the last 
f e w years . Fas tbus has on ly been 
avai lable f o r a sho r t t ime but n e w 
m o d u l e s are appear ing on the mar-
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Cryogenics and superconductivity provide 
one of the most striking examples of 
spin-off from particle physics. Bottom right 
is a large superconducting magnet 
developed for use at the CERN Intersecting 
Storage Rings. 

(Photo CERN 397.9.80) 

ke t every m o n t h and it s e e m s l ikely 
t o b e c o m e the fu tu re s tanda rd f o r 
ve ry high p e r f o r m a n c e s y s t e m s . 

In o the r specia l ized areas o f da ta 
acqu is i t i on , such as the i m p l e m e n 
ta t i on o f e c o n o m i c a l , h igh s p e e d 
s y s t e m s w i t h t h o u s a n d s o f c h a n 
nels o f t ime- to -d ig i ta l o r amp l i t ude -
to -d ig i ta l c o n v e r s i o n , par t ic le p h y s 
ics has p layed a p ioneer ing ro le. 

Part ic le phys ic i s t s w e r e one o f 
the f i rs t g r o u p s o f sc ien t i s ts t o 
use on- l ine c o m p u t e r s f o r m o n i t o r 
ing the p e r f o r m a n c e o f appa ra tus 
and f o r da ta acqu is i t ion and have 
been in the f o r e f r o n t o f th is t e c h 
n o l o g y s ince the early s ix t ies . T h e 
c o m b i n e d s o f t w a r e and h a r d w a r e 
exper t i se at CERN has been r e c o g 
nized by Electr ic i té de France, 
w h i c h m a d e a deta i led s t u d y o f 
the m u l t i - c o m p u t e r s y s t e m used 
t o con t ro l the 4 5 0 GeV Super Pro
t o n S y n c h r o t r o n and has a d o p t e d 
severa l o f i ts fea tu res f o r the c o n 
t ro l o f i ts n e w genera t ion o f nu 
clear p o w e r s ta t i ons . E lements o f 
the SPS con t ro j s y s t e m have been 
e m p l o y e d in seven o the r L a b o r a t o 
r ies. 

Part ic le phys ic i s t s have been 
ma jo r users o f large c o m p u t e r s y s 
t e m s fo r of f - l ine da ta ana lys is f o r 
m a n y years . T h e y p ioneered t e c h 
n iques f o r ma in ta in ing su i tes o f 
p r o g r a m s w h i c h cou ld be used by 
m a n y phys ic i s t s in d i f fe ren t ins t i 
t u t i o n s and ye t be under s imu l t a 
neous d e v e l o p m e n t . A ve r y large 
n u m b e r o f rou t ines f o r ray t r a c i n g , 
da ta man ipu la t ion and d isp lay , 
cu rve f i t t i ng and pa t te rn r ecogn i 
t i on have been d e v e l o p e d and are 
w i d e l y used fo r app l i ca t ions 
b e y o n d the part ic le phys i cs f ie ld . 

In par t icu lar , UK part ic le phys i 
c is ts w e r e qu ick t o realize the need 
f o r a c o m m u n i c a t i o n s l ink b e t w e e n 
all un ivers i ty d e p a r t m e n t s w o r k i n g 
in the f ie ld and the Ru ther fo rd A p -
p le ton Labo ra to ry . Init ial ly on ly a 

m e a n s o f p rov id ing r e m o t e j o b 
en t ry t o the RAL ma in f rame c o m 
pu te rs , th is deve loped in to a net 
w o r k l ink ing mul t i -user c o m p u t e r s 
in the un ivers i t ies t o R A L , CERN 
and DESY. The UK part o f th is 
n e t w o r k w a s ex tended t o f o r m 
SRCNET. T h e i m m e n s e a d v a n t a g e s 
o f such n e t w o r k s have 'been r e c o g 
nized b o t h nat ional ly , w i t h the in t ro 
duc t i on o f the Jo in t A c a d e m i c 
N E T w o r k , and in ternat ional ly . 

Superconducting Magnet Technol
ogy 

Cryogen ics and supe rconduc t i v 
i ty p rov ide one o f the m o s t s t r i k ing 
examp les o f part ic le phys ics sp in 
of f . Kammer l i ngh Onnes d i s c o v 
ered the p roper t i es o f s u p e r c o n 
duc t i v i t y back in 1 9 1 1 . U n f o r t u 
nate ly the mater ia ls he w a s w o r k 
ing w i t h had a cr i t ical f ie ld level o f 
1 / 2 0 Tes la and it w a s s o m e 5 0 

years be fo re a n e w c lass o f mate r 
ial, n iob ium-z i r con ium al loy, w a s 
d e v e l o p e d in the US, capab le o f 
ope ra t i ng at h igh magne t i c f ie lds . 
In the early 1 9 6 0 s the high energy* 
phys i cs c o m m u n i t y s a w the value 
o f s u p e r c o n d u c t i v i t y and p ressed 
f o r the d e v e l o p m e n t and cons t ruc 
t i on o f spec ia l i sed m a g n e t s fo r thei r 
w o r k . V e r y i m p o r t a n t con t r i bu t i ons 
t o th is t e c h n o l o g y w e r e made at 
Ru ther fo rd A p p l e t o n Labo ra to ry . 

W h e n RAL en te red the f ie ld o f 
s u p e r c o n d u c t i n g m a g n e t cons t ruc 
t i on the on ly c o n d u c t o r avai lable 
w a s 0 .5 m m n iob ium-z i r con ium 
w i re w h i c h had t o be e m b e d d e d 
in to coppe r . Th is w a s a labor ious , 
d i f f icu l t and uncer ta in p rocess . In 
co l l abo ra t i on w i t h Imper ia l Me ta l 
Indus t r ies , R A L e m b a r k e d on a 
h igh ly success fu l p r o g r a m m e o f 
c o n d u c t o r d e v e l o p m e n t w h i c h has 
resu l ted in intr insical ly s tab le f o r m s 
o f c o n d u c t o r and cabl ing t e c h -
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Another example of particle physics 
ingenuity: a computer-aided digitized 
microscope for scanning tiny slices of 
exposed photographic emulsion. 

(Photo CERN 233.4.83) 

niques n o w used w o r l d - w i d e f o r 
c o n s t a n t and r a m p e d cu r ren ts . 

Specia l p r o b l e m s in the m e c h a n 
ical s tab i l i ty o f s u p e r c o n d u c t i n g 

i r f iagnets arise due t o the need f o r 
g o o d the rma l ma tch ing o f the m a 
ter ia ls in large s t ruc tu res coo led 
t o a f e w degrees Ke lv in . Ex tens ive 
w o r k by RAL in con junc t i on w i t h 
ou ts ide f i rms on the electr ical and 
mechan ica l p roper t i es o f mater ia ls 
in th is t empe ra tu re range has re
su l ted in ve ry s tab le s t ruc tu res . 

The requ i remen ts o f par t ic le 
phys i cs have f o r c e d the pace o f 
d e v e l o p m e n t o f s u p e r c o n d u c t i n g 
t e c h n o l o g y t o the subs tan t ia l a d 
van tage o f o ther users . Examp les 
are c o m p u t e r p r o g r a m s fo r m a g 
net ic f ie ld ca lcu la t ion , w i g g l e r m a g 
ne t s , industr ia l pur i f i ca t ion and 
separa t ion s y s t e m s , m a g n e t o h y -
d r o d y n a m i c s , p o w e r genera t ion 
and t r a n s m i s s i o n , f u s i o n , d.c . m o 
t o r s , and energy s to rage . 

Probab ly the m o s t success fu l 
and we l l k n o w n use o f s u p e r c o n 
duc t i v i t y is in medica l nuclear m a g 
net ic resonance imag ing , w h e r e 
O x f o r d Magne t i c T e c h n o l o g y has 
been very success fu l . 

New fields 

In add i t i on t o techno log ica l sp in 
o f f , actual d i scover ies in par t ic le 
phys ics and re lated sec to rs have 
o p e n e d up n e w areas. 

One such examp le is m u o n sp in 
ro ta t i on . Like the p o s i t r o n , the 
m u o n w a s one o f the early d i s c o v 
er ies o f par t ic le phys ics . A g i f t o f 
na tu re , revea led s o m e t w e n t y 
years af ter the d i scove ry o f the 
m u o n , is t ha t b o t h the p r o d u c t i o n 
and the decay o f the m u o n v io la te 
par i ty c o n s e r v a t i o n ( lef t - r ight s y m 
me t r y ) . Th is apparen t l y arcane and 
ve ry f u n d a m e n t a l p r o p e r t y m e a n s 
tha t w h e n a m u o n is p r o d u c e d in 

p ion decay it has sp in and m a g n e t 
ic m o m e n t po lar ized in a k n o w n 
d i rec t i on , and w h e n it decays the 
po lar iza t ion o f the decay e lec t ron 
tel ls us the po lar iza t ion o f the 
m u o n at the m o m e n t o f i ts dea th . 
T h u s the m u o n ac ts like a t a g g e d 
s u b a t o m i c m a g n e t . It l ives f o r 2 .2 
x 1 0 - 6 sec , long e n o u g h f o r it t o 
in terac t w i t h so l i ds , l iquids and 
even gases at m o d e r a t e p ressure . 
M a n y f u n d a m e n t a l phys ica l and 
chemica l i n te rac t ions occu r in th is 
1 0 ~ 6 t o 1 0 ~ 9 sec t imesca le . M a g 
net ic f o r c e s in the mater ia l act on 
the m u o n dur ing i ts l i fe t ime and 
ro ta te i ts sp in . T h e m u o n thus ac ts 
as a p robe o f the s t ruc tu re on the 
a t o m i c scale and the measu red 
m u o n sp in ro ta t i on is used as a 
t o o l in so l id s ta te phys i cs , c h e m 
is t ry and b i o p h y s i c s , especia l ly f o r 
the s t u d y o f sho r t l ived spec ies 
and the i r d y n a m i c s . The exp lo i ta 
t i on o f th is t echn ique has g r o w n 
remarkab l y o v e r the pas t t en years . 

W h i l e s o m e o f the med ica l uses 
o f p o s i t r o n s have a l ready been 
m e n t i o n e d in c o n n e c t i o n w i t h mu l -
t iw i r e p ropo r t i ona l c h a m b e r s , t hey 
are a lso be ing cons ide red f o r use 
in mater ia ls t e s t i n g , and app l ica
t i ons cou ld we l l emerge s o o n . 

Particle accelerators 

Part icle acce le ra to rs w e r e c o n 
ce ived and bui l t t o m a k e labora to ry 
part ic le phys i cs e x p e r i m e n t s p o s 
s ib le , but n o w t hey have a long 
list o f o the r app l i ca t ions . Rad io iso
t o p e p r o d u c t i o n fo r use in medica l 
research , d iagnos is and t r e a t m e n t , 
f o r m o n i t o r i n g and con t ro l o f th in 
f i lms , f o r industr ia l r ad iog raphy , 
e tc . has b e c o m e an indus t ry . The 
m a r k e t f o r t h a l l i u m - 2 0 1 a lone is 
cur rent ly $ 3 0 M per a n n u m in the 
U S A . 

Rad io therapy us ing X - rays f r o m 
l o w energy e lec t ron acce le ra to rs 
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Synchrotron radiation — a by-product of 
electron accelerators — is now a useful 
research tool in its own right. Seen here is 
one of the bending magnets of the 
Synchrotron Radiation Source at the UK 
Daresbury Laboratory, with an exit port for 
synchrotron radiation visible in the 
foreground. 

(Photo Daresbury) 

or rad ioac t i ve i s o t o p e s is a fami l iar 
and we l l es tab l i shed med ica l t e c h 
n ique. The use o f p r o t o n s , neu
t r o n s , a lpha par t ic les and p ions 
p r o d u c e d by acce le ra to rs has been 
under s t u d y f o r s o m e t i m e and has 
d is t inc t advan tages ove r m o r e 
conven t i ona l t echn iques in s o m e 
cases . Negat ive p ions s l o w d o w n 
as t hey pass t h r o u g h mater ia l and 
at rest are a b s o r b e d by nuclei t o 
release their rest m a s s energy in 
the f o r m of shor t range par t ic les 
e jec ted f r o m these nucle i . T h e p ion 
t hus ac ts as an a t o m i c size ' d e p t h 
cha rge ' , depos i t i ng pract ica l ly all 
i ts energy a round i ts s t o p p i n g po in t 
so t ha t , unl ike X - rays w h i c h a f fec t 
all t he t i ssue t h r o u g h w h i c h t hey 
pass , the p ions d e s t r o y the cancer 
cel ls w i t h m u c h less d a m a g e t o 
the su r round ing heal thy t i ssue . The 
e f fec t i ve cancer d e s t r o y i n g d o s e 
is m u c h higher than w i t h c o n v e n 
t iona l t echn iques . 

T h e use o f p ions in rad io the rapy 
w a s p r o p o s e d in the 1 9 5 0 s by 
t w o Br i t ish phys ic i s t s w h o f i rs t 
o b s e r v e d the p ion in nuclear e m u l 
s ions . The acce lera tor t e c h n o l o g y 
t o p roduce in tense p ion b e a m s 
su i tab le f o r t rea t ing pa t ien ts w a s 
d e v e l o p e d in the f o l l o w i n g 2 0 
yea rs . The number o f pa t ien ts 
t r ea ted at the SIN Labo ra to r y in 
Sw i t ze r land has increased by a 
f a c t o r o f t en s ince 1 9 8 1 . Clinical 
exper ience appears p r o m i s i n g : 
cer ta in t u m o u r s , in par t icu lar in the 
head and neck , r e s p o n d we l l t o 
such t r e a t m e n t . Th ick t u m o u r s 
near rad iosens i t i ve s t ruc tu res such 
as the eye (wh ich canno t be 
t r ea ted by conven t i ona l techn iques) 
can be t r ea ted by par t ic le b e a m s . 
Other t y p e s o f part ic le b e a m are 
a lso be ing eva lua ted . 

Synchrotron Radiation 

Perhaps one o f the m o s t su rp r i s 

ing sp in -o f f s f r o m acce le ra to r t e c h 
no logy has been the c o n s t r u c t i o n 
in recent years o f cus tom-bu i l t 
acce le ra to rs in the f e w GeV range 
t o p r o d u c e s y n c h r o t r o n rad ia t ion . 
The paras i t ic use o f the s y n c h r o 
t r o n rad ia t ion f r o m acce le ra to rs in 
use f o r par t ic le phys ics s tud ies 
w a s so success fu l as t o w a r r a n t 
the bui ld ing o f such mach ines . It 
is hard t o bel ieve tha t the neces 
sary acce lera tor d e v e l o p m e n t 
w o u l d ever have t aken place w i t h 
ou t the par t ic le phys ics input . 

S y n c h r o t r o n rad ia t ion , p r o d u c e d 
w h e n a b e a m of e lec t rons is ben t 
in a magne t i c f ie ld , p rov ides a c o n 
t i nuous s p e c t r u m w h i c h e x t e n d s 
f r o m X - r a y s t h r o u g h u l t rav io le t and 
v is ib le w a v e l e n g t h s t o the in f ra red. 
The source can be made ve ry in
t e n s e , h ighly co l l ima ted and po lar 
ized. These fea tu res m a k e s y n 
c h r o t r o n rad ia t ion a unique and 
invaluable t o o l in m a n y b ranches 

o f sc ience w h i c h cou ld easi ly f o r m 
the sub jec t f o r ano the r CERN Cou 
rier ar t ic le. 

Other acce le ra to r app l i ca t ions 
inc lude non -des t ruc t i ve t es t i ng ancfc 
s ter i l izat ion by e lec t ron b e a m s , ion 
imp lan ta t i on in s e m i c o n d u c t o r s , 
rad ia t ion p r o c e s s i n g , heavy ion 
fus ion research , and s tud ies us ing 
s e c o n d a r y neu t ron b e a m s . 

A f t e r such an impress i ve l ist o f 
conc re te a c h i e v e m e n t s , it is natural 
t o ask w h a t are l ikely t o be the 
long t e r m app l i ca t ions . It is d i f f i 
cu l t , if no t i m p o s s i b l e , t o a n s w e r 
th is ques t i on and it is w o r t h w h i l e 
t o repeat the o f t e n q u o t e d remark 
o f Ru ther fo rd w h e n he w a s asked 
abou t the poss ib i l i t y o f nuclear 
p o w e r — ' A n y o n e w h o expec t s a 
sou rce o f p o w e r f r o m the t rans 
f o r m a t i o n o f t hese a t o m s is ta lk ing 
m o o n s h i n e l ' T h e poss ib i l i t ies o f 
fu tu re app l i ca t ions ar is ing f r o m 
par t ic le phys i cs range f r o m fus ion 
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A tribute: the discovery 
of proton constituents 
by Jack Steinberger 

cata lys is us ing n e w s tab le par t i 
c les , w i t h all i ts imp l i ca t ions f o r 
p o w e r gene ra t i on , t o p r o s p e c t i n g 
f o r oil and minera ls us ing neu t r ino 
b e a m s . 

Part ic le phys i cs is c lear ly a par
t icu lar ly f ru i t fu l sou rce o f sp in -o f f 
at eve ry level f r o m sho r t t e r m f e e d 
back t o indus t ry t h r o u g h t o the 
seed ing o f w h o l e n e w t e c h n o l o -

ies. Th is success ar ises f r o m the 
fac t the f ie ld is c o n c e r n e d w i t h 
f u n d a m e n t a l sc ience and s t r e t ches 
high t e c h n o l o g y t o the l imi t . Pre
d i c t i on is no to r i ous l y unrel iable bu t 
h i s to ry d e m o n s t r a t e s h o w f re 
quen t l y d i scover ies w h i c h have 
been regarded at the t i m e as u t te r 
ly r e m o t e f r o m any k ind o f app l i 
ca t ion have t u rned ou t t o be o f 
the g rea tes t pract ica l i m p o r t a n c e . 
W e have no reason t o bel ieve tha t 
t he fu tu re wi l l be d i f fe ren t . 

Jack Steinberger (left), seen here with Klaus 
Tittel. 

It is sometimes profitable to 
turn away from the preoccu
pations of current research 
to relive the discoveries of 
yesteryear. Last year, the 
retirement of Wolfgang 
('Pief') Panofsky as Director 
of the Stanford Linear Accel
erator Center was marked 
by a special ' Pief-fest' when 
friends and colleagues from 
all over the world paid tribute 
(see November 1984 issue, 
page 389). 

One of the speakers was 

Jack Steinberger of CERN, 
who described the scientific 
achievements made with 
SLAC's electron beams and 
their context in current think
ing. This extract from his talk 
covers the realization that 
the proton, far from being 
an indivisible particle, has a 
definite composite structure. 
As with most physics break
throughs, this did do not 
happen overnight, at least 
for most people. 

' W e honou r ' P i e f Pano fsky be
cause w e are his f r i ends , and w e 
recognize and admi re his c o n t r i b u 
t i ons t o phys i cs and t o soc ie ty . 
A m o n g these ach ievemen ts is the 
c rea t ion o f the S tan fo rd Linear 
Acce le ra to r Center (SLAC). Under 
the d i rec t ion o f Pief, S L A C has 

b e c o m e a great L a b o r a t o r y , a f o 
cus and cen t re f o r par t ic le phys ics 
and phys i c i s t s . A n d S L A C can 
congra tu la te i tsel f on t w o f u n d a 
men ta l d i scove r i es , one o f w h i c h 
I w i l l cove r . T h e s e successes are 
no t on ly t o the c red i t o f the exper 
imen te rs respons ib le , bu t a lso in 
large measure t o the cred i t o f Pief, 
as fa the r o f the L a b o r a t o r y , as 
d i rec to r , as gu ru , and as a par t ic i 
pan t . In our early days Pief and I 
had the p leasure o f w o r k i n g t o 
ge ther , in the days w h e n in teres t 
ing phys i cs cou ld be d o n e in a f e w 
w e e k s by one or t w o peop le . 

Before e m b a r k i n g on the s t o r y 
o f the e lec t ron sca t te r ing exper i 
m e n t s at S L A C w h i c h are r e s p o n 
sible f o r our unde rs tand ing o f nu
c léon s t ruc tu re , it is necessary at 
least t o m e n t i o n the e lec t ron sca t 
te r ing e x p e r i m e n t s p e r f o r m e d here 
at S t a n f o r d by H o f s t a d t e r and co l 
leagues and w h i c h f o u n d the nu
clear f o r m f a c t o r s . 

A m o n g the ear l iest inelast ic lep-
t o n - h a d r o n e x p e r i m e n t s w e r e 
t h o s e o f Pano f sky and o the rs on 
e l e c t r o p r o d u c t i o n o f p ions at the 
S t a n f o r d Un ive rs i t y 8 0 0 M e V linear 
acce le ra to r in the m id 1 9 5 0 s . In 
the l ight o f s u b s e q u e n t d e v e l o p 
m e n t s , one o f the m o r e in te res t ing 
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resu l ts w a s the real izat ion tha t it 
is o f greater in teres t t o de tec t the 
( inclusive) f inal e lec t ron than the 
p r o d u c e d p ion , the m e t h o d f o l 
l o w e d p rev ious ly . 

In the ear ly s ix t ies the energy o f 
e lec t ron b e a m s w a s increased by 
a f ac to r o f t e n , t o 6 GeV w i t h the 
t u rn -on o f the Cambr i dge E lec t ron 
A c c e l e r a t o r (CEA) and o f the 
Deu tsches E lek t r onen -Synch ro t ron 
(DESY). The inelast ic e lec t ron sca t 
te r ing w o r k then cen t red on the 
d y n a m i c s o f the p r o d u c t i o n o f b a -
ryon resonances . 

Des ign o f the S L A C 2 0 GeV and 
8 GeV s p e c t r o m e t e r s began s o o n 
af ter cons t r uc t i on o f the t w o - m i l e 
2 0 GeV e lec t ron acce le ra to r had 
s ta r ted in 1 9 6 1 . These mass i ve 
and ve ry carefu l ly des igned ins t ru 
m e n t s ref lect the fac t t ha t f r o m 
the beg inn ing o f the p ro jec t it w a s 
an t i c ipa ted tha t inc lusive sca t te r i ng 
w o u l d p lay a d o m i n a n t role in the 
expe r imen ta t i on at th is mach ine , 
charac ter ized by high in tens i ty and 
smal l du t y cyc le . 

The discovery of proton consti
tuents 

Inelast ic m e a s u r e m e n t s at S L A C 
began in the s u m m e r o f 1 9 6 7 . T h e 
f i rs t i m p o r t a n t resu l ts w e r e pre
sen ted at the V ienna m e e t i n g in 
1 9 6 8 , s h o w i n g w h a t happens 
w h e n e lec t ron b e a m s p robe deep 
inside nuc léons . K inemat ic d e p e n d 
ence of the reac t ion rate is qui te 
f la t , in m a r k e d c o n t r a s t t o the 
f o r m - f a c t o r d e p e n d e n c e o b s e r v e d 
f o r elast ic sca t te r ing and resonance 
p r o d u c t i o n . Jus t such resu l ts had 
h o w e v e r been p red i c ted by 
J . D. B jo rken f o r nuc léons w i t h ' e l 
e m e n t a r y c o n s t i t u e n t s ' in 1 9 6 7 . 
T o quo te t w o o f his s e n t e n c e s : ' I 
a lso th ink the p r o b l e m s ra ised here 

are qui te f u n d a m e n t a l , dea l ing , in 
w h a t s e e m s t o be a d i rect w a y , 
w i t h the ques t i on o f w h e t h e r there 
are any ' e lemen ta ry c o n s t i t u e n t s ' 
w i t h i n the nuc léon . Use o f the lep-
t o n as a p robe is a unique and 
poss ib l y p o w e r f u l w a y o f a t t ack ing 
the p r o b l e m ' . 

Pano f sky , in his r appo r teu r ' s ta lk 
at the V ienna mee t ing s a i d : ' T h e r e 
fo re theore t i ca l specu la t ions are 
f o c u s e d on the poss ib i l i t y tha t 
these da ta m igh t g ive ev idence on 
the behav iour o f po in t l i ke , cha rged 
s t ruc tu res w i t h i n the nuc léon . ' 
H o w e v e r , the unders tand ing o f the 
impac t o f these early resul ts at the 
t ime o f the V ienna Confe rence w a s 
no t ye t clear. Recall ing later the 
c l imate o f t h o s e d a y s , R. Tay lo r 
w r o t e in 1 9 8 0 : 'Even by the t ime 
o f the L ive rpoo l Con fe rence in 
1 9 6 9 m a n y eminen t t heo r i s t s be
l ieved tha t ' V e c t o r D o m i n a n c e ' 
w a s the m o s t sensib le exp lana t ion 
o f th is deep sca t te r ing . The c o n 
f i rma t i on o f B jo rken ' s con jec tu re 
w a s gradual rather than a s u d d e n 
even t on a g iven da te . 

It w a s p robab l y R. Feynman w h o 
w a s the f i rs t t o see the mean ing 
o f these f i rs t resul ts in the w a y 
t hey are p resen t l y u n d e r s t o o d . 
B jo rken reca l ls : ' F e y n m a n v is i ted 
S L A C in the m ids t o f the f i rs t 
( 'sca l ing ' ) da ta p resen ted at V i e n 
na. He had been do ing the pa r ton 
m o d e l f o r had ron -had ron co l l i s ions 
and ins tan t ly (overn ight) recogn ized 
w h a t w a s beh ind the n e w ideas, 
and w e n t b e y o n d w h e r e I had gone 
(at least in s o m e d i rec t ions) . A f t e r 
he left , M a n n y Paschos and I d id 
our paper on pa r tons . I e x p e c t e d 
Feynman t o w r i t e s o m e t h i n g on 
his o w n , and w a s t o o shy t o s u g 
ges t a jo in t paper or call h im up 
and d i scuss w h a t t o d o . Feynman 
in tu rn d i d n ' t w r i t e up his ideas 
unti l la ter . ' 

For mo r ta l s the apprec ia t ion 

c a m e m o r e gradual ly . A t the Kiev 
Con fe rence in 1 9 7 0 , m o r e da ta 
w e r e s h o w n , p resen ted in a n e w 
w a y . T h e f ac t t ha t the p r o t o n c o n 
ta ins quas i - f ree po in t l i ke c o n s t i 
t u e n t s w a s f inal ly es tab l i shed and 
a c c e p t e d . ' 

J.D. Bjorken—predicting the outcome of 
experiments with electron beams probing 
deep inside nucléons. 
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Around the Laboratories 

HERA Experiments 
Letters of intent for experiments at the HERA electron proton collid
er should be submitted before the end of June for examination by 
DESY's Physics Research Committee. 

Construction work underway for the North 
Hall of the HERA electron-proton collider 
at the German DES Y Laboratory. In the 
background looms the 30 m-high HERA 
surveying tower. 

(Photos DESY) 

DESY 
Equipment 
for HERA 
A s the civi l eng ineer ing w o r k f o r 
the n e w HERA e l e c t r o n - p r o t o n 
col l ider ge t s u n d e r w a y in ea rnes t , 
o rde rs are be ing p laced f o r the 
f i rs t e q u i p m e n t and c o m p o n e n t s 
f o r th is 6 .5 k m u n d e r g r o u n d r ing 
to co l l ide 8 2 0 GeV p r o t o n s w i t h 
3 0 GeV e lec t rons . 

For the p r o t o n r ing , the t o o l i n g 
f o r the 9 m ' h y b r i d ' s u p e r c o n d u c t 
ing d ipo le m a g n e t s is c o m p l e t e 
(see O c t o b e r 1 9 8 4 issue, page 
3 3 0 ) . The des ign o f the hyb r id 
m a g n e t is c o m p l e t e and f ou r fu l l -
size uni ts w i l l be a s s e m b l e d at 
B r o w n Bover i . M e a n w h i l e a 1 m 
p r o t o t y p e is ready f o r t e s t i n g . Final 
dec is ion on d ipo le des ign is ex
p e c t e d s o m e t i m e th is s u m m e r . 

A n o rder has been p laced f o r 
4 6 5 k m o f s u p e r c o n d u c t i n g cable 
— enough f o r half t he d ipo les . Pro
duc t i on at a rate o f 10 k m per 
w e e k ( 1 9 2 2 m is needed f o r each 
magne t ) is schedu led t o s ta r t in 

December. 
T w o ' w a r m i ron ' quad rupo les 

have been measu red at DESY, 
a t ta in ing b o t h a round 1 2 0 T / m at 
4 . 3 8 K c o m p a r e d w i t h the des ign 
f igure o f 9 0 T / m . The c o n s t r u c t i o n 
o f t w o co ld i ron quad rupo les is 
p rog ress i ng we l l at Sac lay. 1 15 
k m o f s u p e r c o n d u c t i n g cable have 
been o rde red f o r c o n s t r u c t i o n o f 
the quad rupo les . T e s t s are a lso 
p rog ress ing f o r the co r rec t i on co i ls 
w o u n d round the b e a m p ipe . 

T o handle all t hese s u p e r c o n 
duc t i ng m a g n e t s wi l l require Eu
r o p e ' s b igges t re f r igera t ion p lant . 
Th ree ident ical p lan ts have been 
o rde red each p rov id ing 6 5 0 0 W 
i so the rma l at 4 . 3 K, 2 7 5 W non i -
so the rma l at 4 . 5 K, 2 0 . 5 g r / s o f 
he l ium fo r lead c o o l i n g , and 2 0 0 0 0 

W b e t w e e n 4 0 and 8 0 K f o r shie ld 
coo l i ng . 

The f i rs t p lant shou ld be ful ly 
opera t iona l in Oc tobe r 1 9 8 6 , p r o 
v id ing hel ium fo r a magne t m e a s 
u remen t fac i l i ty . The remain ing 
t w o p lants wi l l arr ive in 1 9 8 7 . A 
f ou r f o l d t rans fe r line t o d is t r ibu te 
the hel ium a round the HERA r ing 
is be ing d e v e l o p e d by the c r y o 
genic g r o u p at the Schwe ize rs i ches 
Inst i tu t fur Nuk lea r fo rschung (SIN), 

and a 1 0 0 m p r o t o t y p e shou ld be 
opera t i ona l t o w a r d s the end o f 
th is year . 

T o f eed the p r o t o n r ing , the ion 
sou rce (p rov id ing in f ac t negat ive 
h y d r o g e n ions) has been a s s e m 
b led at DESY. Preacce lera t ion wi l l 
be hand led by a rad io f requency 
quad rupo le , and the o rder has gone 
ou t f o r the th ree steel l inac t a n k s 
t o be c o p p e r p la ted at the GSI 
Labo ra to r y in D a r m s t a d t . 
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Above, arrival of the head of the drilling 
machine which soon starts boring the HERA 
tunnel. 

Below, the (negative hydrogen) ion source 
for the HERA injection linac being assembled 
by Alfred Stuben at DESY. 

For the e lec t ron r ing , des ign o f 
the bend ing m a g n e t s is c o m p l e t e 
and t es t s have been carr ied ou t 
on m a g n e t m o d u l e s . The 4 9 6 q u a -
d rupo les f o r the e lec t ron r ing have 
been o rde red and shou ld s ta r t t o 
arr ive later th is year . 

The des ign o f the mini r o t a t o r s 
w h i c h ro ta te the e lec t ron sp in so 
as t o p rov ide f o r long i tud ina l po lar 
izat ion at the in te rac t ion po in t s 
has been great ly i m p r o v e d . Ins tead 
o f w o r k i n g on ly at one f i xed ene rgy 
t hey n o w cove r the w h o l e ene rgy 
range f r o m 2 7 . 5 GeV t o 3 5 GeV. 
Dur ing the f i rs t c o m m i s s i o n i n g 
phase o f the HERA e lec t ron r ing 
these ro ta to r s can be rep laced by 
s ingle de f lec t ing m a g n e t s . The 
n e w b e a m op t i cs f o r the HERA 
s t ra igh t sec t i ons n o w fulf i l all sp in 
t r anspa rency cond i t i ons so tha t 
b e a m polar izat ion can hopefu l l y 
be ma in ta ined . 

STANFORD 
Milestones 
A s ign i f icant l andmark w a s passed 
in the c o n s t r u c t i o n o f the SLC 
S t a n f o r d Linear Col l ider last De
c e m b e r w h e n the ' b l o w t o r c h ' (the 
in ject ion s y s t e m and f i rs t acceler 
a t ion sec t ion up t o the d a m p i n g 
ring) put ou t 2 (S-band) bunches 
separa ted by 5 0 n a n o s e c o n d s and 
each con ta in ing 5 x 1 0 1 0 e l ec t rons 
w i t h em i t t ance at spec i f i ca t i on . 
The next s tep is t o s to re t w o such 
bunches in the d a m p i n g r ing , 
d a m p , e jec t , and acce lera te t o 
Sec to r 1 0 , abou t one - th i rd o f the 
w a y d o w n the mach ine . 

J u s t a f e w w e e k s be fo re , the 
f inal link in the SLC tunne l w a s 
c o m p l e t e d on schedu le . T h e t w o 
arcs w e r e bo red s imu l taneous l y 
and independen t l y w i t h t w o min ing 
mach ines . The 9 0 0 0 - f o o t tunne l 
d o e s no t lie in a plane but f o l l o w s 
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the c o n t o u r s o f the s i te , rema in ing 
unde rg round excep t f o r a 4 4 0 - f o o t 
sec t i on a long one arc. (The b e n d 
ing m a g n e t s in the col l ider arcs 
wi l l be ro ta ted a round the b e a m 
p ipe at app rop r ia te angles t o ma in 
ta in th is course. ) T h e j unc t i ons o f 
the arcs w i t h the linac tunne l are 
c o m p l e t e , and have been b l o c k e d 
o f f t empora r i l y so tha t w o r k can 
con t inue in the arcs wh i l e the l inac 
y S runn ing . 

M e a n w h i l e w h a t is p robab l y i ts 
last t rad i t iona l e lec t ron sca t te r i ng 
expe r imen t w a s recent ly a p p r o v e d 
f o r the t w o mile l inac. It i nvo lves 
a p rec is ion s t u d y o f the re lat ive 
con t r i bu t i ons o f long i tud ina l ly and 
t ransve rse l y po lar ized p h o t o n s 
exchanged in the sca t te r i ng p r o 
c e s s , us ing d i f fe rent t a r g e t s . T h e 
resu l ts wi l l p rov ide a f ine t e s t o f 
theore t i ca l ideas. 

Back in S e p t e m b e r the n e w Nu
clear Phys ics In jector (wh ich uses 
the last po r t i on o f the b ig l inac t o 
p rov ide l o w e r ene rgy , h igh in ten 
s i ty b e a m s — see D e c e m b e r 1 9 8 3 
issue, page 4 2 4 ) success fu l l y ac
ce le ra ted a 7 8 0 m A b e a m at 3 5 
YleV in to a t e m p o r a r y b e a m d u m p . 

S ince th is d u m p w a s u n c o o l e d , 
the high cur rent t es t used a sho r t 
1 6 0 nsec pu lse. T h e ful l pu lse 
w i d t h w a s then t e s t e d at a reduced 
cur ren t . 

Over at the PEP e lee t ron -pos i t r on 
col l ider , the Mark II e xpe r imen t is 
unde rgo ing a ma jo r ref i t , w i t h a 
n e w co i l , dr i f t chambe r , c o u n t e r s 
and endcaps mak ing an appear 
ance , ready f o r i ts n e w role as a 
d e t e c t o r f o r the SLC. 

There is a lot o f in teres t in run
n ing severa l o f the PEP in te rsec-

Outside the PEP electron-positron collider 
at Stanford, the Mark II detector is 
undergoing a major refit, in preparation for 
its new role as a detector for the SLC. 

(Photos Stanford) 

Late last year, the two tunnel arcs for the 
new Stanford Linear Collider (SLC) met. 
Work is on schedule for the machine to be 
complete in 1986. 
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t i ons at h igher luminos i t i es , requir 
ing n e w m a g n e t , p o w e r supp l y , 
v a c u u m and d e t e c t o r con f i gu ra 
t i o n s . Des ign w o r k is con t i nu ing 
and abou t 6 0 phys ic i s t s par t i c i 
pa ted in a w o r k s h o p on phys i cs 
on higher luminos i t ies at PEP, held 
last N o v e m b e r , w i t h a f o l l o w - u p 
mee t i ng in M a r c h . 

CERN 
New Collider 
experiment 
A n e w c o m e r on the scene at the 
b ig p r o t o n - a n t i p r o t o n Col l ider dur 
ing the 1 9 8 4 run w h i c h f in i shed in 
D e c e m b e r (see J a n u a r y / F e b r u a r y 
issue, page 2 3 ) , w a s the U A 6 
s t u d y by a CERN / Lausanrre / 
M ich igan / Rockefe l ler co l l abo ra 
t i o n . 

W h i l e the o ther b ig Col l ider ex
pe r imen ts m o n i t o r the resu l ts o f 
the co l l is ions b e t w e e n the c o n t r a -
ro ta t i ng 3 1 5 GeV p r o t o n and an t i -
p r o t o n b e a m s in the 2 . 2 k m d ia 
m e t e r SPS r ing , U A 6 w o r k s in a 
' f i xed t a rge t ' m o d e , the t a rge t be 
ing a high in tens i ty mo lecu la r hy
d r o g e n je t w h i c h squ i r t s p r o t o n s 
ac ross the pa th o f the c i rcu la t ing 
b e a m s . 

Such internal gas t a rge t s have 
a n u m b e r o f a t t rac t i ve fea tu res — 
high luminos i t y (col l is ion rate) due 
t o mul t ip le t raversa l o f the ta rge t 
by the c i rcu la t ing b e a m , e f f ic ient 
use o f the c i rcu la t ing par t i c les , 
paras i t ic ope ra t i on requi r ing no 
a l locat ion o f b e a m t i m e , and a 
sma l l , we l l de f ined sou rce . The 
p r o b l e m o f compa t i b i l i t y w i t h s to r 
age r ing v a c u u m w a s s o l v e d in 
1 9 8 0 us ing a large d i f ferent ia l 
p u m p i n g s y s t e m . 

The U A 6 je t f i res ac ross b o t h 
p r o t o n and a n t i p r o t o n b e a m s , and 
in pr inc ip le such an e x p e r i m e n t 
can m o n i t o r the deta i ls o f b o t h 

Fish-eye view of the machinery of the gas 
jet target of the UA6 experiment at CERN, 
used when the SPS machine is employed as 
a storage ring for protons and antiprotons. 
The use of such a gas jet in the delicate 
vacuum of a storage ring environment was 
an important breakthrough in experimental 
technology, and UA6's differential pumping 
system is one of the most impressive to be 
found anywhere in the world. 

(Photo CERN 420.9.84) 

p r o t o n - p r o t o n and p r o t o n - a n t i p r o 
t o n co l l i s ions at the s a m e t i m e . 
H o w e v e r m o s t o f the U A 6 de tec 
t o r s are o n one side o f the je t , and 
in i ts initial run last year , the e m 
phas is w a s on p r o t o n - a n t i p r o t o n 
in te rac t ions . 

Later , t he appara tus wi l l be re
con f i gu red t o po in t in the o p p o s i t e 
d i rec t ion in the SPS tunne l in o rde r 
t o s t u d y p r o t o n - p r o t o n sca t te r i ng . 
The e x c e p t i o n is a set o f s i l icon 

so l id s ta te d e t e c t o r s near ly at r ight 
ang les t o t he b e a m d i rec t i on . 
T h e s e can be m o v e d by r e m o t e 
con t ro l t o r eco rd the recoi l p r o t o n 
f r o m ei ther t y p e o f co l l is ion even 
w h e n the rest o f the appara tus is 
l ook ing at p r o t o n - a n t i p r o t o n inter
ac t i ons . 

T h e a ims o f the expe r imen t are 
t o c o m p a r e p r o t o n - p r o t o n and 
p r o t o n - a n t i p r o t o n in te rac t ions in 
the s a m e d e t e c t o r t h r o u g h a var i -
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A schematic diagram of the UA6 experiment 
at the CERN proton-antiproton Collider. To 
the left of the gas jet are arrays of multiwire 
proportional chambers (PC), ionization 
chambers (dE/dx), the spectrometer 
magnet, lithium-xenon transition radiation 
detectors and the electromagnetic 
calorimeter. 

On 77 Match, the S PS proton -
antiproton collider at CERN 
produced its first physics at 
a new world record collision 
energy of 900 GeV. More next 
month. 

e ty o f reac t ions . Elastic sca t te r i ng 
wi l l be measu red at the ve r y smal l 
m o m e n t u m t rans fe rs co r re 
s p o n d i n g t o the reg ion w h e r e inter-
e rence b e t w e e n C o u l o m b (charged 

part ic le) and nuclear sca t te r i ng 
occu rs . 

S tud ies o f d i rec t p h o t o n s ( c o m 
ing f r o m e lec t romagne t i c in terac
t i ons o f quarks) wi l l e x t e n d resu l ts 
ob ta i ned at the In te rsec t ing S to r 
age Rings and in f i xed t a rge t exper 
imen ts t o c o v e r the i m p o r t a n t p r o 
t o n - a n t i p r o t o n sec to r . Here, va lu 
able i n fo rma t i on can be o b t a i n e d 
o n the i m p o r t a n c e as a sou rce o f 
d i rec t p h o t o n s o f the annih i la t ion 
o f a quark and an an t iquark in to a 
g luon and a p h o t o n . Th is can a lso 
y ie ld a c lean samp le o f e v e n t s in
v o l v i n g a g l u o n , t hus a l l ow ing the 
p rope r t i es o f th is e lus ive par t ic le 
t o be s tud ied . 

It is a lso i n tended t o measu re 
the p r o d u c t i o n ra tes o f s ingle e lec

t r o n s and e lec t ron pairs p r o d u c e d 
t h r o u g h the 'D re l l -Yan ' m e c h a n i s m 
(annihi lat ion o f a quark and an an t i -
quark t h r o u g h a high energy p h o 
t o n ) , and the decay o f heavy re
sonances such as the J / p s i . T h e 
m o r e p lent i fu l neutra l p ions and 
eta m e s o n s wi l l a lso be r e c o r d e d . 

Final ly, t he p roduc t i on o f l a m b d a 
h y p e r o n s w i l l a lso be i nves t i ga ted . 
It is puzzl ing tha t these heavy b a -
r y o n s e m e r g e f r o m hard co l l i s ions 
w i t h a d is t inc t po lar iza t ion , w h i c h 
m o r e o v e r increases w i t h thei r 
t r ansve rse m o m e n t u m . 

T h e hear t o f the expe r imen t is 
the gas je t i tsel f w h i c h can p rov ide 
up t o 4 x 1 0 1 4 a t o m s c m - 2 . W i t h 
the bes t a n t i p r o t o n in tens i ty 
ach ieved s o far (5 x 1 0 1 0 an t i p ro 
t o n s ) , th is c o r r e s p o n d s t o a co l l i 
s ion l um inos i t y o f 8 x 1 0 2 9 c m - 2 

s _ 1 . H o w e v e r because o f w o r r i e s 
tha t the je t cou ld genera te a back 
g r o u n d in t he nearby U A 1 exper i 

m e n t , U A 6 lum inos i t y dur ing 1 9 8 4 
w a s l im i ted t o abou t 1 0 2 9 c m - 2 

Charged par t ic les are measu red 
in a doub le a r m s p e c t r o m e t e r c o n 
s is t ing o f a 2 T . m m a g n e t and 
mu l t iw i r e p ropo r t i ona l c h a m b e r s . 
T h e energy o f e lec t rons and p h o 
t o n s is m e a s u r e d in e l e c t r o m a g n e t 
ic ca lo r ime te rs m a d e o f lead and 
p r o p o r t i o n a l t u b e s . The 1 c m w i d t h 
o f the p ropo r t i ona l t u b e s y ie lds 
exce l len t spat ia l reso lu t ion f o r e lec
t r o m a g n e t i c s h o w e r s and d i f fe ren
t i a tes c lear ly b e t w e e n t rue s ingle 
p h o t o n s and t w o c lose p h o t o n s 
c o m i n g f r o m the decay o f a neutra l 
p i on . L i t h i um-xenon t rans i t i on rad i 
a t ion d e t e c t o r s ensure g o o d sep 
ara t ion b e t w e e n e lec t rons and 
cha rged p i o n s , wh i l e ion izat ion 
c h a m b e r s re ject u n w a n t e d neutra l 
m e s o n decay m o d e s . 

T w o poss ib le upg rades o f the 
expe r imen t are be ing c o n s i d e r e d . 
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Sketch of the apparatus of the NA 10 
experiment at CERN which has studied the 
behaviour of the quark constituents of nuclei 
over a wide kinematic range. 

T h e f i rs t w o u l d use a po lar ized 
a t o m i c h y d r o g e n je t w h i c h , w i t h 
h igh po la r iza t ion , w o u l d be usefu l 
in fu r ther s tud ies o f sp in e f fec ts 
in the p r o d u c t i o n o f l a m b d a par t i 
c les and neutra l p ions . T h e s e c o n d 
w o u l d use heavier gases t o s t u d y 
nuclear e f fec ts w i t h o u t the mul t ip le 
sca t te r ing w h i c h c o m p l i c a t e s such 
s tud ies us ing th ick t a r g e t s . 

W i t h a da ta samp le f r o m the 
1 9 8 4 Col l ider run , the e x p e r i m e n t 
cou ld s o o n be p r o d u c i n g i ts f i rs t 
eager ly a w a i t e d resu l ts . 

Special K 
Resul ts f r o m the N A 1 0 (CERN / 
Ecole Po ly techn ique / Naples / 
S t r asbou rg / ETH Zur ich) expe r i 
m e n t d e m o n s t r a t e the c o m p l e x i t y 
o f the deta i led sca t te r ing behav iou r 
o f the cons t i t uen t par t ic les deep 
inside nucle i . 

The expe r imen t l ooks carefu l ly 
at the m u o n pairs p r o d u c e d w h e n 
the high in tens i ty , h igh energy p ion 
b e a m (a f e w 1 0 9 p ions per pulse 
at 1 9 4 GeV) f r o m the SPS p r o t o n 
s y n c h r o t r o n s t r i kes a ( tungsten) 
ta rge t . 

A w a y f r o m sharp resonances 
(like the J / p s i and the ups i lons) 
w h i c h decay in to t w o m u o n s , 
these m u o n pairs are p r o d u c e d 
on ly by the so-ca l led 'Dre l l -Yan 
m e c h a n i s m ' — a quark and an 
ant iquark f r o m the col l id ing par t i 
c les annihi late e lec t romagne t i ca l l y 
in to a shor t - l i ved energet ic p h o t o n , 
decay ing in tu rn in to the m u o n pair. 

Us ing i n fo rma t i on on the 
q u a r k / g l u o n s t ruc tu re o f par t ic les 
g leaned f r o m prev ious exper i 
m e n t s , phys ic i s t s hope tha t t hey 
k n o w e n o u g h abou t quark behav 
iour t o ca lcu late the e x p e c t e d 
fea tu res o f m u o n pair p r o d u c t i o n . 
H o w e v e r o the r expe r imen ts at 

CERN and Fermi lab have d e m o n 
s t ra ted tha t the o b s e r v e d m u o n 
pair level is sys tema t i ca l l y h igher , 
the d i f fe rence be ing k n o w n in the 
t rade as the 'K f a c t o r ' . 

Th is K- fac to r has never had the 
benef i t o f a un iversa l ly a c c e p t e d 
exp lana t i on , and in s o m e ci rc les 
the idea o f accoun t i ng f o r the c o m 
plex i t ies o f quark in te rac t ions ove r 
any th ing m o r e than a l imi ted k ine-
mat ica l reg ion by s o m e t h i n g as 
s imp le as a numer ica l c o n s t a n t 
w a s no t c o n s i d e r e d a t t rac t i ve . 

W i t h i ts h igh b e a m energ ies and 
in tens i t ies , the N A 1 0 expe r imen t 
o p e n e d up the d i m u o n s p e c t r u m 
in a h i the r to l i t t le exp lo red energy 
range a b o v e the ups i lon r eson 
ances . 

Us ing conven t i ona l k inemat ic 
d e p e n d e n c e (scal ing — w h i c h be
haves qu i te we l l ove r a fa i r ly w i d e 
range) , the resu l ts o f quark ca lcu
la t ions d o no t agree w i t h the m u o n 
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pair s ignal o b s e r v e d by N A 1 0 
a b o v e the ups i lons . M o r e o v e r the 
d i f fe rence canno t be a c c o u n t e d 
f o r by a s ingle numer ica l K- fac tor . 

Ref ined quark ca lcu la t ions , us ing 
m o r e deta i led m e c h a n i s m s , have 
in the pas t been able t o a c c o u n t 
f o r o b s e r v e d scal ing v io la t i ons . 
Such ca lcu la t ions n a r r o w the gap 
b e t w e e n the N A 1 0 da ta and the 
p red i c t i ons , but fai l t o exp la in the 

1 w h o l e e f fec t . H o w e v e r t ak i ng all 
s y s t e m a t i c uncer ta in t ies in to ac
c o u n t , the o b s e r v e d m u o n pair 
level is no t tha t far a b o v e the p re 
d i c ted level . 

Prev ious expe r imen ts us ing p ion 
b e a m s have p r o d u c e d i n f o r m a t i o n 
on the qua rk -g luon c o n t e n t o f the 
p i o n , an unstab le par t ic le w h i c h 
canno t be f o r m e d in to t a rge t s f o r 
b e a m s and p r o b e d d i rec t ly . T h e 
n e w k inemat ica l reg ion o p e n e d up 
by the N A 1 0 expe r imen t a lso h in ts 
tha t the qua rk -g luon c o n t e n t (s t ruc

tu re func t ion ) o f the p ion d o e s no t 
f o l l o w the conven t i ona l (scaling) 
behav iour . 

KEK 
10 Tesla super
conducting dipole 
The Japanese KEK Labo ra to r y has 
been push ing its d e v e l o p m e n t p r o 
jec t f o r h igh f ie ld d ipo le m a g n e t s . 
T h e d e v e l o p m e n t o f s u p e r c o n d u c 
t o r s t o be used in super f lu id he l ium 
at 1.8 K has con t i nued ove r severa l 
years and te rnary and b inary a l loys 
based on n iob ium- t i t an ium w e r e 
i m p r o v e d t o carry 2 0 0 k A / c m 2 at 
10 T . A d ipo le m a g n e t (1 m long 
and w i t h b e a m bore 9 0 m m ) w i t h 
t i gh t ho ld ing s t ruc tu re w a s bui l t 
us ing the i m p r o v e d s u p e r c o n d u c 
t o r , the co i ls o f w h i c h w e r e i m 
m e r s e d in the amb ien t p ressure 
super f lu id in a 1.8 K c r yos ta t . 

Th ree exc i t a t i ons w e r e m a d e at 
4 . 2 K and the t e m p e r a t u r e b rough t 
d o w n t o 1.8 K. First exc i ta t ion at 
th is t e m p e r a t u r e b rough t 6 3 4 0 A 
o f cur ren t and a big quench . The 
f ie ld at the cen t re o f the b e a m 
aper tu re w a s 9 .3 T , c o r r e s p o n d i n g 
t o a reco rd m a x i m u m f ie ld o f ove r 
10 T . 

Spu r red by" th is success , the 
KEK high f ie ld m a g n e t g r o u p wi l l 
n o w go on t o bui ld m o r e m a g n e t s , 
w i t h the long t e r m a im o f c o n t r i 
bu t ing t o in ternat iona l co l l abora t ion 
in the c o n s t r u c t i o n o f fu tu re acce l 
e ra to rs . T h e s u p e r c o n d u c t o r used 
in t he la test m a g n e t w a s deve l 
o p e d par t ly at Fermi lab as par t o f 
the J a p a n - U S co l l abo ra t i on p r o 
g r a m m e . 

Diagram of the superconducting dipole 
developed at the Japanese KEK Laboratory 
which achieved a maximum field of over 
10 T. 
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Schematic of the new vertex detector for 
the CLEO experiment at Cornell's CESR 
electron-positron collider. 

i m p o r t a n t range f o r ident i fy ing D* 
d e c a y s in to D° p lus a l o w - m o m e n 
t u m p ion . T h e t r ack ing prec is ion 
w i l l a l l ow t ra jec to r ies t o be ex t ra 
po la ted t o the in te rac t ion po in t 
w i t h a reso lu t ion o f 175 m ic rons 
( rms) , a id ing in the m e a s u r e m e n t 
o f decay ve r t i ces and the ident i f i 
ca t i on o f rare c h a r m d e c a y s , and 
in the r econs t r uc t i on o f B-decays . 

W h i l e the ve r tex d e t e c t o r w a s 
be ing ins ta l led , the e lec t ron ics f o r 
t he main dr i f t c h a m b e r w a s up
g r a d e d t o a l l ow m e a s u r e m e n t o f 
ion izat ion loss . Th is e x t e n d s the 
range o f par t ic le ident i f i ca t ion t o 
l o w m o m e n t u m t r a c k s w h i c h d o 
no t pene t ra te the coi l t o the ou te r 
c h a m b e r s . 

Dur ing recent runn ing at the h igh
er energy o f the f o u r t h (4S) ups i lon 
resonance , the cur rent d r a w n f r o m 
the ve r tex d e t e c t o r w i r e s increased 
sharp ly due t o s y n c h r o t r o n rad i 
a t i on . T e s t s ind ica ted tha t these 

CORNELL 
A new vertex 
detector 
Last s u m m e r , a ten- layer p rec is ion 
dr i f t c h a m b e r and a th in bery l l ium 
b e a m pipe w e r e insta l led in the 
CLEO d e t e c t o r at Corne l l ' s CESR 
e lec t ron -pos i t r on co l l ider , rep lac ing 
a mu l t iw i re p ropo r t i ona l c h a m b e r 
as the i nne rmos t t r ack ing d e t e c t o r . 
Th is n e w d e t e c t o r w a s des igned 
and bui l t by m e m b e r s o f the CLEO 
co l l abo ra t i on f r o m Ohio S ta te Un i 
ve rs i t y and the Un ive rs i t y o f 
Roches ter . The cy l indr ica l dr i f t 
c h a m b e r is 0 .7 m long and 0 . 3 4 
m in d iamete r , con ta in ing 8 0 0 
sense w i r e s in c l ose -packed hex
agona l cel ls . The cel ls are smal l 
( 3 . 3 - 4 . 4 m m ha l f -w id th ) and the 
i soch rones o f dr i f t t i m e remain 
near ly c ircular in the 1 Tes la m a g 
net ic f ie ld . T h e z -coord ina te (a long 

the b e a m d i rect ion) is measu red 
b o t h us ing charge d iv is ion on each 
sense w i r e and w i t h ca thode s t r ips 
on the i nne rmos t and o u t e r m o s t 
layers . Ca rbon f i l ament t u b e s f o r m 
the inner and ou te r wa l l s o f the 
chamber . The bery l l ium b e a m p ipe 
is 0 . 7 5 m m th i ck , so tha t the to ta l 
a m o u n t o f mater ia l t r ave rsed by 
a par t ic le f r o m the in te rac t ion po in t 
t o the f i rs t layer is abou t one per 
cen t o f a rad ia t ion leng th . 

The c h a m b e r has been o p e r a t e d 
at a p ressure c lose t o one a t m o s 
phere w i t h an equal m ix tu re o f 
a rgon and e thane. 3 5 0 0 0 0 ha-
d ron ic e v e n t s have been a c c u m u 
lated at the g r o u n d s ta te ups i lon 
w i t h the c h a m b e r serv ing as the 
l owes t - l eve l e lement in the CLEO 
t r igger . W i t h a z- reso lu t ion o f 5 0 0 
m i c r o n s , the th ree d imens iona l 
t r ack ing w i l l a l l ow recons t ruc t i on 
o f t r a c k s w i t h 5 0 M e V / c t r ans 
ve rse m o m e n t u m , a par t icu lar ly 

CERN Courier, April 1985 



People and things 

hard X - ray p h o t o n s hit the be ry l 
l ium b e a m pipe af ter an initial 
bounce far u p s t r e a m ! The p r o b l e m 
w a s so l ved by inser t ing s h a d o w i n g 
r ings abou t one me t re a w a y f r o m 
the in te rac t ion po in t . 

The n e w ve r tex d e t e c t o r repre
sen ts the f i rs t s tep in the upg rad ing 
o f CLEO t o w a r d s the p r o p o s e d 
CLEO-II con f i gu ra t i on . CLEO-II w i l l 
have a n e w dr i f t c h a m b e r , t i m e -

t ) f - f l i gh t s y s t e m and caes ium iod ide 
c rys ta l ca lo r imete r , all ins ide a 
large d iamete r s u p e r c o n d u c t i n g 
co i l , and i ron sh ie ld ing w i t h m u o n 
c h a m b e r s ou ts ide the co i l . 

M e a n w h i l e the CESR col l ider has 
been reaching n e w he ights in p r o 
duc ing co l l is ion luminos i t y . Ope ra 
t i on w i t h seven bunches in each 
b e a m has b e c o m e rou t ine . CESR 
phys ic i s t s and o p e r a t o r s have 
w o r k e d ve ry hard t o del iver w h a t 
is h o p e d is a reco rd in peak lumi 
nos i t y at e l ec t r on -pos i t r on co l l iders 
- 3 .6 x 1 0 3 1 c m " 2 s ~ 1 w i t h 7 5 
m A per b e a m at 5 .3 GeV. T h e 
luminos i t y de l ivered t o each expe r i 
m e n t on a g o o d day w a s 1.3 p b _ 1 . 

CERN Council 

At the CERN Council session 
which ended on 22 February Her-
wig Schopper was unanimously re
appointed Director General of CERN 
for three years from January 1986. 
This ensures continuity in the man
agement of the Laboratory through 
to the completion of the 50 GeV 
stage of LEP construction. Council 
also appointed J.C. Kluyver (Ne
therlands) as the second Council 
Vice-President. At the same time, 
Council decided to set up a 'Work
ing Group on the Scientific and 
Technological Future of CERN' un
der the Chairmanship of Carlo Rub-
bia. Its terms of reference are 'to 
explore various options for the long 
term future of CERN, taking Into ac
count existing facilities, emphasiz
ing respective pros and cons; in 

working out these options, realistic 
boundary conditions concerning 
financial and manpower limitations 
should be taken into account'. 

Austria-CERN,-25 years 

As early as 1951, Austrian scien
tists and politicians were interested 
in the creation of the new CERN 
Laboratory. This early phase is 
associated with the names of Berta 
Karlik, Fritz Régler and Hans Thir-
ring. But it was in 1958 that final 
negotiations took place between 
Cornell's Bakker, CERN Director 
General at the time, and Régler. 
Austria became a member of CERN 
on 1 July 1959. 

First Austrian delegate to CERN 
Council was Walter Thirring who 

Four Presidents of CERN Council and two 
Directors General : left to right, Paul Levaux 
(President 1975-77), Jean Teillac (President 
1978-81), Leon Van Hove (Research Direc
tor General 1976-80), Herwig Schopper 
(Director General 1981-), Wolfgang Kum-
mer (President 1985- ) and Sir Alec Merri-
son (President 1982-84). Schopper has 
been reappointed Director General for a 
further three years from 1986. 

(Photo CERN 483.2.85) 
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Director of the Vienna Institute of High 
Energy Physics W. Majerotto (right) gives 
explanations to CERN Director General 
Herwig Schopper during the celebrations 
to mark the 25th anniversary of Austria's 
joining CERN and of the founding of the 
Vienna Institute. 

at the same time and under very 
difficult circumstances created a 
small group to analyse emulsion 
and bubble chamber film. A joint 
effort by Régler and Thirring man
aged, with the help of the late Pre
sident of the Austrian Academy 
of Sciences, E. Schmid, to found 
a special institute for high energy 
physics in Vienna. Its first Director 
was W. Kummer, now President 
of CERN Council, later followed by 
H. Pietschmann and W. Majerotto. 

Work in the early years concen
trated on the analysis of bubble 
chamber film, mainly together with 
Douglas Morrison and collabora
tors. In 1957 a small counter group 
was set up, followed by an elec
tronics and detector group. 

The Institute now employs about 
50 staff, 20 of them being physi
cists, who have contributed to 
many notable experiments. The 
biggest effort went into the famous 
UA 1 experiment at the CERN Col
lider which discovered the W and 
Z particles. A sizeable group is 
also already at work on the Delphi 
experiment for LEP at CERN. 

To commemorate the 25th an
niversary of Austria's joining CERN 
and the forming of the first high 
energy physics group in the 
country, a celebration took place 
last November in the Auditorium 
of the old University of Vienna (the 
same room where 170 years ago 
Beethoven first conducted his 7th 
symphony). Speeches were made 
by President of the Academy of 
Science E. Plôckinger, W. Majerot
to, Minister of Science and Re
search H. Fischer, W. Thirring and 
CERN Director General H. Schop
per. 

An Open Day with a big exhibi
tion (put together with the help of 
the CERN exhibition team) was 
organized at the Institute, and 
some 300 visitors were suitably 

impressed by the exotic equipment 
used in today's particle physics 
research. 

(From Gunther Neuhofer) 

Wire Chamber Meeting 

From 25-28 February next year, 
another (the fourth) Vienna Wire 
Chamber Conference will take 
place. This time it has been de
cided to widen the scope of the 
conference, so that as well as 
looking into the latest develop
ments in the application of wire 
chambers in high energy, nuclear 
and astrophysics, and in biology 
and medicine, comparisons would 
be made with alternative techno
logies. Further information from 
the Institut fur Hochenergiephysik, 
Nikolsdorfergasse 18, 1050 Vien
na, Austria. 

Pedro's progress 

Our correspondent at DESY, Pedro 
Waloschek, has published a book 
in German, together with Oskar 
Hôfling, a well known physics text
book author, entitled The World 
of the Smallest Particles 
(Vie Welt der kleinsten Teilchen', 
Rowohlt 1984, 512 pages, 210 
pictures and 68 tables, 42 DM). 

The book is intended for non 
physicists, uses no formulae and 
introduces the reader into atomic 
and subatomic physics, up to the 
level of the latest discoveries at 
CERN and the secrets of today's 
theoretical picture. It includes a 
semi-popular description of the 
quark model with colour forces 
and electroweak interactions. 

After the first edition was sold 
out in six months, a second one, 
including the news of the Rubbia 
and van der Meer Nobel Prizes and 
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This photograph was taken in the 
prestigious Deutsches Museum in Munich 
where a CERN exhibition was visited by 
many thousands of visitors last October 
and November. The presentation was 
organized in close collaboration with the 
Max Planck Institute and Munich University. (Photo CERN) 
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other recent data, came out last 
December. 

Pedro is particularly proud that 
the drawings (all made by Werner 
Knaut at DESY) and analogies in
cluded in the book are now used 
by colleagues to prepare talks and 
lessons... 

We wish Pedro all further suc
cess with his writing career. 

Accelerator Summer School 

The fifth US Summer School on 
High Energy Particle Accelerators 
is to be held at the Stanford Linear 
Accelerator Center from 15-26 
July. For the first time, the pro
gramme includes a symposium on 
research in the growing number 
of accelerator-based sciences in
cluding high energy physics, nu
clear physics, light source physics, 
heavy ion physics, free electron 
laser physics, and the physics of 

high intensity beams. Further infor
mation from the School Adminis
trator at SLAC, PO Box 4349, Bin 
11, Stanford, California 94305, 
USA. 

People s Republic of China member 
of the C11 Commission on Parti
cles and Fields of the International 
Union of Pure and Applied Physics 
(IUPAP) is Zhou Guangzhao. In the 
January/February issue (page 22) 
we got it wrong. Our apologies to 
all concerned. 

Soviet theoretician Dmitrij Volkov of the 
Kharkov Institute of Physics and Technology 
celebrates his sixtieth birthday this year. 

ACCELERATOR 
SCIENTIST 
NATIONAL SYNCHROTRON 
LIGHT SOURCE 
An oppor tun i ty exists at the Nat ional 
Synchrot ron Light Source at Brookhaven 
National Laboratory for an accelerator sc ien
tist exper ienced in exper imenta l or theoret ical 
part ic le beam physics. The research act iv i
t ies of the successfu l cand idate wil l be 
d i rected to the deve lopment of h igh intensity 
electron storage r ings for synchrot ron radia
t ion product ion, and of other methods of 
coherent radiat ion product ion f rom relativistic 
e lectron beams . 
Appl icat ions, inc luding a cur r i cu lum vitae 
wi th list of publ icat ions and the names of 
three references, should be sent to : Claudio 
Pel legrini , Nat ional Synchrot ron Light Source 
Depar tment , Bui ld ing 7 2 5 B , Brookhaven 
Nat ional Laboratory, Assoc ia ted Univers i t ies, 
Inc., Upton, New York 11973. Equal Oppor tu 
nity Employer m/f. 

Il 11 I BROOKHAVEN 
r i l l ! NATIONAL LABORATORY 
I l U I ASSOCIATED UNIVERSITIES INC. 

Experimental Physicist 
A posi t ion is available for an exper imenta l physic is t 
at the Swiss Inst i tute fo r Nuclear Research. 

SIN operates a 6 0 0 M e V isochronous cyc lo t ron 
w h i c h is used t o produce a number of meson beams. 
The posi t ion is init ial ly available fo r three years, w i t h 
a possible extension fo r a fu r ther t w o years. 

App l ican ts should have an interest in med ium energy 
nuclear physics, a l though d i rect experience in the 
f ield is no t essential . Apar t f r o m part ic ipat ion in 
act iv i t ies at SIN, it is expected tha t the oppor tun i t y 
t o take part in an exper iment at CERN wi l l be avai l 
able. 

Add i t iona l in fo rmat ion can be obta ined f r o m Dr. Q. 
Ingram (Telephone 0 5 6 / 9 9 3 2 58) or Dr. J . Domingo 
( 0 5 6 / 9 9 3 2 51) . 

Appl ica t ions, con ta in ing curr icu lum vitae, list of 
publ icat ions and references shou ld be sent as soon 
as possible, but no t later than Apr i l 3 0 , 1 9 8 5 t o 

S I N , P e r s o n n e l D i v i s i o n , 
C H - 5 2 3 4 V i l l i g e n / S w i t z e r l a n d , 
C o d e 5 2 3 . 
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INDIANA UNIVERSITY CYCLOTRON FACILITY 
STORAGE RING EXPERIMENTAL 
FACILITIES DEVELOPMENT 

The Indiana University Cyclotron Facility (IUCF) has an opening 
for a staff physicist to participate in developing experimental 
facilities in a dynamic accelerator laboratory of international 
reputation. This is a continuing ful l-t ime position and is 
included in the IUCF professional ranks. A PhD is required 
along w i th experience in basic physics research and experi
mental design. The salary and fringe benefits wil l be compe
tit ive and are dependent upon training and experience. 

This laboratory is engaged in a major facil ity upgrade consist
ing of the construct ion of a storage ring w i th electron cooling. 
The "Cooler" ring wil l offer novel possibilities for performing 
nuclear physics experiments w i th beams of unconventional 
and superior characteristics. 

Initial responsibilities for this posit ion involve participation in 
ongoing research and the development and construct ion of 
ultra-thin targets, in the form of gas jets, powder beams or thin 
whiskers, for use in the high-vacuum environment of the 
storage ring. Candidates should have experience in design of 
experimental equipment for nuclear physics research and 
should be capable of adapting existing technology as well as of 
undertaking research pertaining to ultra-thin targeting. 

Applications, including resume, bibliography, and the names of 
three persons as reference should be sent t o : 

Dr. Hans-Otto Meyer 
Indiana University Cyclotron Facility 
2401 Milo B. Sampson Lane 
Bloomington, Indiana 47405 

Indiana University is an Affirmative Action/Equal 
Opportunity Employer. 

POSTDOCTORAL POSITION 
IN EXPERIMENTAL 

INTERMEDIATE-ENERGY 
NUCLEAR PHYSICS 

T h e M e d i u m - E n e r g y Phys ics C r o u p o f Los A l a m o s 
[ .Na t i ona l L a b o r a t o r y ' s Phys ics D i v i s i on i n v i t e s a p p l i 
c a t i o n f o r p o s t d o c t o r a l p o s i t i o n s . The s u c c e s s f u l 

c a n d i d a t e w i l l p a r t i c i p a t e in an e x p e r i m e n t a t t h e 
LAMPF a c c e l e r a t o r t o m e a s u r e t h e ( v i ) r e a c t i o n o n 
n u c l e a r t a r g e t s a n d a n o t h e r e x p e r i m e n t a t AGS t o 
s t u d y h y p e r n u c l e i w i t h t h e ( T T % K + ) r e a c t i o n . W o r k 
c o u l d a l so i n c l u d e p a r t i c i p a t i o n in t h e d e v e l o p m e n t 
o f a h i g h - e n e r g y g a m m a - r a y s p e c t r o m e t e r . 
To app l y , s e n d r e s u m e p lus t h r e e l e t t e r s o f r e c o m 
m e n d a t i o n a n d a b r i e f l e t t e r d e s c r i b i n g y o u r research 
i n t e r e s t s t o : 

Dr.J.C. Peng,MSD456 
Phys ics D iv i s ion , DIV85-BG 
Los A l a m o s Na t i ona l L a b o r a t o r y 
Los A l a m o s , N e w Mex i co 87545 
505-667-9431 

A n A f f i r m a t i v e A c t i o n / E q u a l O p p o r t u n i t y E m p l o y e r 

UNIVERSITY 
OF CALIFORNIA 

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

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacanc ies f o r Research A s s o c i a t e s t o 
w o r k w i t h expe r imen ta l g r o u p s in h igh energy phy 
s ics . G roups f r o m the Ru ther fo rd A p p l e t o n Labo ra 
t o r y are w o r k i n g on e x p e r i m e n t s at CERN, DESY, 
SLAC and FERMILAB. 

Cand ida tes shou ld no rma l l y be less than 2 8 years 
o ld . A p p o i n t m e n t s are m a d e f o r 3 yea rs , w i t h p o s 
sible ex tens ions o f up t o 2 yea rs . R A s are based 
ei ther at the acce le ra to r l abo ra to ry w h e r e the i r ex
per imen t is c o n d u c t e d , o r at R A L d e p e n d i n g o n the 
requ i remen ts o f the expe r imen t . W e have in add i 
t i on h o m e - b a s e d p r o g r a m m e s o n d e v e l o p m e n t o f 
d e t e c t o r s , m i c r o p r o c e s s o r s y s t e m s , e tc . M o s t ex
pe r imen ts inc lude UK un ivers i t y pe rsonne l w i t h 
w h o m par t icu lar ly c lose co l l abo ra t i ons are ma in 
ta ined . 

Please w r i t e f o r an app l i ca t ion f o r m q u o t i n g V N 3 0 3 
t o 

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

ZURICH 

Postdoctoral Position 
in Experimental Intermediate 

Energy Physics 

A t t he Ins t i tu t fu r M i t t e l e n e r g i e p h y s i k o f t he ETH 
Zur ich a p o s t d o c t o r a l pos i t i on f o r an exper imen ta l 
phys ic i s t is avai lable. The success fu l cand ida te 
w i l l be a m e m b e r o f t h e ETH par t o f a co l l abo ra 
t i on w o r k i n g at t he S w i s s Ins t i tu te f o r Nuclear 
Research (SIN) in Rare Decay Exper iments . The 
pos i t i on is avai lab le m i d 1 9 8 5 f o r th ree years 
in i t ia l ly w i t h t h e poss ib i l i t y o f p r o l o n g a t i o n . 
A d d i t i o n a l i n f o r m a t i o n can be o b t a i n e d f r o m Dr. 
H. J . W a l t e r ( T e l e p h o n e 0 5 6 / 9 9 3 6 4 4 ) . 

A p p l i c a t i o n s , c o n t a i n i n g cu r r i cu l um v i tae, l ist o f 
pub l i ca t ions , cu r ren t i n te res ts and the names o f 
t w o o r th ree referees shou ld be sen t s o o n t o 

S I N , 
P e r s o n n e l D i v i s i o n , 
C H - 5 2 3 4 V i l l i g e n / S w i t z e r l a n d , 
C o d e : I M P / 1 9 E . 
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TRIUMF 
MESON RESEARCH FACILITY 

University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 

Competition No 483-025 

ELECTRONIC RF 
ENGINEER 

The RF Group at TRIUMF has a vacancy for an electronic RF 
engineer to participate in the design, development and reliable 
operation of high-powered RF systems, consisting of different 
resonating cavities and amplifiers for various existing and future 
applications. Power levels are typically in the 10 — 1000 kw 
range and frequencies up to 100 MHz. 

A degree in electrical engineering or equivalent and at least t w o 
years related experience acquired in an institutional or research 
environment and hands-on familiarity wi th electronic circuits is 
required. Knowledge of AC and DC power supplies and power 
distribution and/or digital control logic would be an asset. 

Please reply in writ ing outlining qualifications and experience 
t o : 

TRIUMF Personnel (Comp. No 483) 
4004 Wesbrook Mall 
Vancouver, B.C. 
V6T 2A3 

Applications will be accepted until May 3 1 , 1985. 

We offer equal employment opportunities 
to qualified male and female applicants. 

Partout où l'œil 
ne peut accéder... 

Endoscopes 
flexibles 
à fibres de verre 
pour l'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm, 
longueurs utiles 0,5-12 m. Eclairage 
de l'objet par lumière halogène intégrée. 
Alimentation par pile et secteur. 

For optical 
interior inspections. 

horoscopes, 
fiberscopes. 

Ask for details. 

TECHNOKONTROLLAG 
I i & 8 0 4 9 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 

ROHDE&SCHWARZ 

LOGIC ANALYSIS SYSTEM 
LAS 

Système d'analyse logique modulaire composé d'un calculateur 
à 16 bits 

Analyse de puissance par programme: 
Event-Timing-Analyse 

Représentation graphique programmable par: 
Software-Mapping 

L'appareil permet: Timing-Analyzer, Logic-Analyser, 
Analog-Recorder, Logic-Generator, 
CP/M-86-Calculateur, Disassembler, Basic-Processing 

Capacité: 300 MHz et jusqu'à 72 canaux 

Représentation générale 
et service 
pour la Suisse 

3 0 0 0 Berne 31 
ROSCHI Case postale 63 

Télex 911 759 
Télécommunication SA Téléphone 031 4 4 2 7 1 1 
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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides PMT's. Thus, the S1723 occupies a small 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec
tion in the fields of high energy physics, 
medical diagnostics and industrial instru
mentation. Hamamatsu engineers will 
modify the S1723 or other detectors to 
meet your needs. 

) 1983 Hamamatsu 

Call or write for product bulletin and prices. 

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

International Offices in Major Countries of Europe and Asia. 
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Deglrader f or I 
f ï High Voltage I 
/' ; J r Concerned in the case of this com- H 

j § - ponent is a voltage divider for the H 
# pilot experiment of «LEP-DELPHI» • 

g resp. BARREL RICH. • 

© Entire component from outside H 

f with visible electrode no. 30. • 

© Enlarged section through the H 

electrode parts. • 
In a series of preliminary development • 
stages it has been successful, • 
to break down a defined voltage of • 
210 KV over 30 graded built-in • 
electrodes. H 
Isolating distance between the elec- • 
trades is 0.7 mm, H 
The entire component was produced • 

P H ^ ^ ^ by the high-vacuum process, • 

Stesalit AG I 
fyfJM Kunststoffwerk I 
m^à^T CH-4249 Zullwil/SO I 
^ ^ ^ r Telefon 061/80 06 01, Telex 63182 • 



We've set the 
standard for over 20 years 

PHILIPS Electronic 
components 
and materials 

/ OÎÏSêr Philips advanced 
devices for imaging include: 

-X- ray Image Intensifies 
- TV Camera Tubes 
- CCD Imaging Devices 
- High-resolution Image 

Intensifiers 
- IR Thermal Imaging 

Devices 

With Philips you 
therefore get single - stop 
shopping for all your 
imaging needs. For more 
information contact: 

Philips Industries, 
Electronic Components 
and Materials Division, 

Eindhoven, 
The Netherlands 

Te lex : 3 5 0 0 0 / n l j e v e o 



POWER ELECTRONIC 
POWER SUPPLIES: 

m current up to 10.000 A. 

• voltage up to 150 KV. 

• precision up to 10 p.p. m,. 

FIBER OPTIC LINKS: 

• analogue signals 

• digital signals 

£.ip un 
^ C l W l % w l l I I U 

for Wire 
& Cable 

• Protects 
• Insulates 

• Waterproofs 
Bundles • Shields 

Z i p p e r t u b i n g J a c k e t s offer a simple ye t effective means 
of p ro tec t ing w i r e , cable and o ther lines f rom physical abuse, 
as we l l as electrical, shielding and temperature extremes. 
Easy t o install, it's simply w r a p p e d a round the line(s) and 
z ipped shut by means of a special closure trac. The trac can 
be r e o p e n e d for inspect ion or r e w o r k , or pe rmanen t l y 
sealed. 

Specifically designed for the most dif f icult appl icat ions, 
Z ipper tub ing is ideal for bund l ing and pro tec t ing Umbil ical 
Cables; Man ipu la to r A r m Lines; Robot and Remote Hand l ing 
E q u i p m e n t Cables; S imulator Cables; CCTV Cables; for 
shielding Inst rument and Cont ro l Cables; and dozens of 
o ther uses. 

Standard Z ipper tub ing Jackets come in a w i d e var ie ty of 
mater ia ls for a lmost any requ i rement , and w i t h var ious 
shielding materials available, laminated inside the jacket . In 
add i t ion , Z ipper tub ing can engineer a j acke t t o y o u r custom 
specif ications w h e n necessary. Find o u t for yourself, call or 
w r i t e for ful l details. 

THE ZIPPERTUBiNGi 
U^^j P.O. Box 61129, Los Angeles, CA 9006J 

(213)321-3901 • TWX: 910-346-6713 

I n W e s t G e r m a n y : ZIPPER-TECHNIK, GMBH, D-6078 

Neu-lsenberg Hugenotten Allée 129, West Germany 

Telephone: (06102) 2851 • Telex: (841) 0417699 

O T H E R P L A N T S I N : Japan/Australia 

S.P.A. 

Via II Agosto 1980, 11 - 40016 S. Giorgio di Piano (BO) - ITALIA 
Tel. (051) 897172/892022 r.a. - Telex 510893 I. 

BARNIER 
• RUBANS ADHÉSIFS TECHNIQUES 

simple et double face (tous supports). 

• RUBANS ADHÉSIFS ET ISOLANTS 
pour la construction électrique et électronique. 

• RÉSINES, COMPOSANTS ET ACCESSOIRES 
pour câbles d'énergie. 

Nous avons créé des produits spéciaux pour les 
différents laboratoires du C.E.R.N. 

• TECHNICAL ADHESIVE TAPES 
one side and two sides (all types of backing). 

• ADHESIVE AND INSULATING TAPES 
for electronics and electrical industries. 

• RESINS (epoxy, polyurethane), 
COMPONENT AND ACCESSOIRES 
for electrical cables. 

We have supplied special products for the various 
C.E.R.N. laboratories. 

B.P. 126 - 26001 F 
VALENCE Cédex 
0 75.44.05.00 
TELEX 345942 ISOBAR VALNC 
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PHOTOMULTIPLIER 

FOR FAST COUNTING APPLICATIONS 

A -
- H V 

G A I N Jfc* 
X P 2 2 3 0 î 

XP2230B-3C 

XP2232B-3C 

XP2020-3C 

XP 2020-3A 

P O W E R 

For counting scintillators or long decay 
time at counting rates up to 70MHz. This 
PM is also designed for XP 2262B as well. 
Gain adjustable 1 :100. 

For scintillators with long decay time and 
plastic scintillators at counting rates up 
to 100MHz. Gain adjustable 1 :100. 

For plastic scintillators at high counting 
rates up to125MHz. Gain adjustable 1:100. 
Build-in x10 Amplifier and Filter. 

XP 2230B-3 A For ultra-high speed applications up to 
150MHz. Build-in x10 Amplifier and 
100 Ohm Filter for best timing resolution. 

( g c ORBIT CONTROLS AG 
Zurcherstrasse 20 
CH-8952 SCHLIEREN 

Tel.: (01) 730-2753 
Tx.: 59834 orbt ch Licence l ^ l l i ' l 

«trical 
feedthroughs and 

insulating tubes 
High vacuum proof and 

pressure resistant electri
cal feedth roughs and in

sulating tubes, produced in 
series or according to 

customers' specific requi
rements; for high voltage, 

high current and measuring 
techniques in industry and 

research. 

3 9 o0. 
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ateliers 
Maître 
granits pour la métrologie 

Z.I. de S^Guénault 
BP 144 - 91005 EVRY Cedex 
Tél. : (6) 077.82.83 - Télex 691.105 F 

Table d'optique de 3.000 X 1.000 X 
400 mm munie de 630 inserts filetés, mon
tée sur amortisseurs en caoutchouc. 

RADIALL 

Tou t est b ien q u i f inît b ien ! 
, -al 

lb 

Les connecteurs coaxlaux RADIALL vous offrent un Notre grand choix en coaxial comprend les exêcu-
moyen de connection économique, sûr et rapide. tions les plus répandues: â baïonnette, coulissant, 
Veuillez nous consulter également pour les câbles à â vis, encliquetable ainsi que des modèles haute 
façon selon vos spécifications. | J | t 0 | « 0 | 0 Q t | - Q | * | J Q tenSi°n-

Interelectronic E. Oertli 8032 Zurich 
Kirchenweg 5 Telefon 01 / 252 10 32 
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THE RIGHT MATERIAL 
ENSURES PROGRESS 

The foundat ion of all VAC alloys is base metal . A 
laboratory employing over 200 scientists, engineers 
and technic ians provides the st imulus required for 
innovation. All our ef forts are a imed at creat ing 
certain propert ies in the material , such as thermal , 
magnet ic and/or electr ical behaviour. These ensure 
the op t imum funct ion of a part, which naturally 
contr ibutes to the effect iv i ty of the end product . 

The development of materials extends its inf luence 
beyond the f ield of technology.°For example — high 
permeabi l i ty magnet ic materials, and the know
ledge of how to handle t hem, have put VAC in a 
posit ion to build a "walk-about" shielded room for 
the Physikalisch-Technische Bundesanstal t in 
Berlin, which to date has the highest shielding fac tor 
in the wor ld. It provides facil i t ies for research work 
on new diagnost ic methods for heart and brain 
disease. 

As a producer of materials work ing on the initial 
stages of development , VAC not only plan fo the 
immediate but also for the distant future. Our 
superconductors are ohe such product . Following 
successful part ic ipat ion in several major research 

projects our superconductor VACRYFLUX® is 
increasingly being used for more pract ical appl i
cations, e.g. in medical technology, and modern 
analytical techniques. 

By compar ison our amorphous metal VITROVAC® 
is a relatively new product combin ing the different 
propert ies of crystal l ine metals in an ideal manner. 
Today it represents a novelty, in a few years it will 
be accepted as the norm, as are superconductors 
and other special materials. In fu ture these 
materials will all cont r ibute to the slogan "The right 
material ensures progress" — VAC is already 
working on it. 

V A C U U M S C H M E L Z E 

VACUUMSCHMELZE GMBH 
G r u n e r W e g 3 7 • D -6450Hanau1 West -Germany 
Phone: (061 81) 362-1 • Telefax: (061 81) 362 645 
Telex: 4 1 8 4 863 

A-5e 



©DS©©WEFi TUE EM©TÏÏ©M ©F ULTUA UmU~BPEED 
BATA ©©\miEUB\\©M WJÏÏTU 

^ Û Û - 7 4 2 3 - U H S 
TUE w©mmsB f a s t e s t m ADC 

3 jisec fixed dead time 

Integral non linearity: $10,02% 

Differential non linearity: ̂  0,15% 

SILENA S.p.A. France: INEL - Tel. 03-9563190 
Via Negroli 10/A - 20133 MILANO, ITALY England: J. CAUNT - Tel. 0865-880479 
Telephone Nos. 02/71.38.71 - 74.90.565 Netherland and Belgium: Intequip - Tel. 020-735413 
Tlx 322523 Austria: BAI - Tel. 0222-942251 
For details on Mod. 7423-UHS contact us Switzerland: Nucletron - Tel 021 -252423 
or your local SILENA Sales Representative: fpa.n: Instrumatic (1) 455.8112 

K India: Electronic Enterprises - Tel. 8827096 
Germany: SILENA GmbH - Tel. 06055-4021 South Africa: Williston Bin (011) 648-1040 



Multichannel Counter/Timer 
with RS232 Interlace 

Our new modular COUNTER/TIMER performs 
accurate frequency, t im ing and total iz ing 
measurements for multichannel applications. The 
flexible RS232 interface means easy interfacing to 
computer, printer or virtually any acquisition and 
control system. 

The Model 4604 features four 125 MHz channels, 
each having an 8-decade Liquid Crystal Display 
(LCD). The modular concept allows our instruments 
to match your application. Up to six modules or 

24 channels may be plugged into a rugged instru
ment housing. 

This COUNTER/TIMER even functions as a 
multichannel DIGITAL RATEMETER with sampling 
intervals from 100 /isec to days. 
The Model 4604 COUNTER/TIMER/RATEMETER 
joins a broad family of instruments for high-speed 
laboratory and industry process control that is de
signed to be integrated into a computer environ
ment. For more information, call or write us today. 

Route du Nant-dAvril 101, 1217 Meyrin 1-Geneva, Switzerland, 82 33 55. Offices: 
USA, (914) 425-2000; Heidelberg, W. Germany, (06221) 49162; Les Ulis, France, (6) 
907.38.97; Botley, Oxford, England, (0865) 72 72 75; Rome, Italy, (396) 320-0646. 

Representatives throughout the world. LeCroy 

When You Need 
MoreThanOne .̂ 
COUNTonUS 



p o w e r b o x © IEEE 488 Contro l le r 
- Steuert bis zu 4 Labornetz-

gerâte 
- RS 232C/V, 24 bis 19,2 KBdS 
- ideal fur aile «ATE»-Anwen-

dungen 
- Leistungsstark, preiswert 

Switchbox 
- Kompaktes Chopper-SNT 
- 300 w Ausgangslelstung 
- von 15 V/20A bis 500 V/0,6 A 
Trackbox 
- Obis ±25 V Tracking 
- Trackinggenauigkeit 1 %, 

3mv max. Ripple 
- Ideal fur Analogschaltungen 

bis max. 68 w 
3000-Series 
- Universelles Linearnetzteil 
-125 w Ausgangsleistung 
- 3 Ausgânge von 4 v bis 60 v 
3535 university 
- Preisgunstiges Linearnetz

teil 
- 3 Ausgânge bis max. 50 w 
- Fr. 695.-/stk. ab 10 stk. 

Anruf genugt... 
Kaffeetasse kommt! 

LT 
Muhlehald 
CH-8953 C 
Telefon 01 
Telex 56 11 
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KINETIC SYSTEMS 
INTERNATIONALS 

TENTH ANNIVERSARY 
MARCH 1975 - MARCH 1985 

We wish to thank all our good friends and clientele at 
CERN for having helped make this anniversary possible. 

«KINETIC», as most people like to call us, will carry on to 
further research, design and manufacture products in 

CAMAC 
FASTBUS 
SYSTEMS 
SOFTWARE 
A number of our more « popular » models are assembled 
and tested in our Geneva facility and bear the « Swiss-
made » label. 

Our 1985 /1986 catalogs have been mailed recently. 
Please call or write if you haven't received your copy. 

To keep abreast of the Dollar, KINETIC SYSTEMS INTER
NATIONAL has generally reduced its prices to an accept
able level over our previous international Dollar price list. 
Our new European price list in Swiss francs will be avail
able and mailed to our clientele as from 1 April 1985. 

THANK YOU AGAIN FOR MAKING OUR SUCCESS POSSIBLE 

K I N E T I C S Y S T E M S I N T E R N A T I O N A L S A 

T e l . ( 0 2 2 ) 9 8 , 4 4 , 4 5 / 4 7 

T e l . ( 0 6 5 ) 2 5 . 2 9 . 2 5 

3 , T a v e r n e y , C H - 1 2 1 8 G E N È V E / S U I S S E 

T e l e x 2 8 9 . 6 2 2 

Z U C H W I L / S O L O T H U R N T e l e x 3 4 9 . 4 9 5 

C o m p u t e r - A u t o m a t e d M o n i t o r i n g and Con t ro l f o r Sc ience and Indus t ry 
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ELECTRIC 
SURFACE HEATING 

Custom built Heating Jackets and 
Cut to Length Heating Tapes 

Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2AF,England.Tel01-953 6242.Tele* 261761 

SI VOUS EXIGEZ BEAUCOUP D'UN 
SOCLE IC - PARCE QUE VOUS SAVEZ QUE 

MEME EN ELECTRONIQUE L A CHAINE N'EST 
JAMAIS PLUS FORTE QUE SON 

MAILLON L E PLUS F A I B L E . . . . 

....VOUS TOMBEZ P I L E 
AVEC L E PRECI-DIP. 

IL A DES CONTACTS 
DECOLLETES. 
ETANCHES A L A 
SOUDURE. 

IL A L E CLIP DE 
CONTACT COURT. 
DONC PLUS SUR. 

IL EST JUXTAPO-
SABLE. DE TOUS 
LES COTES. AU PAS 
DE 2.54. 

ET IL LAISSE L A VUE 
LIBRE SUR L E CIR

CUIT. ALORS? 

m 

PRECI-DIP 

Société anonyme 

PRECIMATION 
Rue de l'Hôpital 12 - 2501 Bienne 
Tél. 032 223 223 Télex 34222 preci ch 

Socles IC: Isolant en Polyester 
thermoplastique stable jusqu'à 
205° C, auto-ext inguible UL 94 
V-0, résistant au bain de soudure. 
Barrettes de contact: 20, 32 et 64 
pôles, isolant cassable selon la 
longueur désirée. 
Contacts seuls: l ivrables sur de
mande; 6 versions différentes 
avec aff inage divers . 
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ELECTRONIC CHEMICALS 
AND MATERIALS 

C.E.R.N's FIRST CHOICE 
Johnson Matthey Chemicals was the first to provide in the quantity and 
time specified polycrystalline bismuth germanate to meet the exacting 

requirements of quality - purity, phase and stoichiometry -
demanded by CERN for the growth of the single crystals to 
be used in the core of the particle detector system at the 
heart of the LEP installation, the world's largest 
accelerator ring. 

This range is constantly under development to ensure that all the materials manufactured for electronics 
applications, whether they be in single crystals for semiconductors or lasers, in dopants for crystals, or in 

materials for epitaxy, meet the exacting specifications laid down by users. 

When quality matters specify -U= 
Johnson Matthey Chemicals Limited 
Orchard Road Royston Herts SG8 5HE England 
Telephone (0763) 44161 Telex 817351 JMC HQ G 
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NEW PUSH 
FOR ACCELERATION 

IN 
PARTICLE PHYSICS 
To get particles going faster, you 

need to push them harder. 
Thomson-€SF high power electron 

tubes supply the "push" for some of 
the world's largest particle 
accelerators. 
• CW klystrons = up to 1 MW at 
353 MHz, 50 kW at 2.45 GHz. 
• Pulsed klystrons : up to 35 MW 
peak at 3 GHz, 4.5 pis pulsewidth. 
• High power grid tubes : up to 
1.1 MW pulsed at 140 MHz. 
• Collaboration : new tubes for new 
accelerators. 

Thomson-CSF, helping to push 
back the frontiers of particle physics. 

THOMSON-CSF 
DIVISION TUBES ELECTRONIQUES 
38, rue Vauthier - BP 305 
92102 BOULOGNE-BILLANCOURT CEDEX 
FRANCE-Tél.: (1) 604.81.75. 
Télex: TH0MTUB 200 772 F 

O THOMSON-CSF 
E L E C T R O N T U B E S 

Belgique Brasil BRUXELLES SAO PAULO Tel (32-2) 648 64 85 Tel (55-111 542 4/ 22 Tx 23113 THBXLB Tx :(011) 24226 TCSF BR 

Deutschland Espana MUNCHEN MADRID Tel (49-89) ?8 79-0 Tel. (34-1) 405 1615 Tx 522 916 CSFD Tx 46033 TCCE E 

France Italia BOULOGNE-BILLANCOURT ROMA Tel. (33-1) 604 81 75 Tel. (39-6) 639 02 48 Tx : THOMTUB 200 772 F Tx : 620 683 THOMTEI 

Japan Sverige TOKYO STOCKHOLM Tel. (81-3) 264 63 46 Tel (46-8) 63 50 60 Tx : 2324241 THCSF J Tx : 12078 THCSF S 

United-Kingdom U.S.A. BASINGSTOKE RUTHERFORD, NJ Tel (44-256) 29155 Tel (1-201) 438 23 00 Tx 858865 TESAR G Twx 710989 7286 
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YK1240 YK1250 YK1300/1 YK1350 V107SK YK1320 

More Big Klystrons 
for Big Science 

Now Valvo present one of the largest 
high power klystrons ever made. 

One more significant example for 
state of the art technology in the field of 
pulse and cw-RF amplifiers. One more 
big klystron out of the wide range of high 
power klystrons for research applications 
developed and manufactured by Valvo. 

YK1320 operating at 224 MHz and 
delivering 3 MVV pulse power. Further 

c\j 
CD 
co 

<C PHOTO ŒW. 

main electrical parameters are: pulse 
width 0,01 -1 ms, duty cycle up to 12%, 
efficiency approx. 55%. Due to the 
relatively low frequency and the high 
output power the overall length of this 
klystron amounts to 5.5 metres. These 
tubes have been developed for a facility 
which consists of two incoherent scatter 
radar systems for the purpose of 
advancing our understanding of pro
cesses in the upper atmosphere. 
Significant results in high latitude 
ionospheric and atmospheric research 
have already been obtained. 

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

vAlvo 

Electronics, l^fll lfll 
^^We provide the components. W^^M U l i 



Fast Data Transfer 
via ECLbus 

speed data transfer is simple with the ECLbus. LeCroy offers a 
rse family of FASTBUS and CAMAC modules employing the 

ECLbus to interconnect them. Here are a few examples of what they 
can do for you 

Fast Data Acquisition 
Our tine includes an ultrafast FASTBUS Master with an 
ECLport and an extensive line of FASTBUS ADC's and 
TDC's. Our ECLport-based CAMAC fast conversion 
ADC's and Latch systems round out the line. 

Trigger Processing 
Our data handler modules or our programmable 
processor allow your trigger to perform calculations, 
comparisons, even iterative calculations in a 
few tens of ptsec! 

Event Buffering 
Our FASTBUS and CAMAC memories accept \ \ . ; \ \ \ \ t 
data and store variable-length records while m M jk^EftEEefa 
reading others. We offer single and multiple Jtc#M V ! ! 

The ECLbus allows high speed transfer of 
bits, bytes or even 32-bit words, using a 
worldwide standard. Use it to interconnect 
LeCroy modules for an integrated data 
acquisition system-data scanner-trigger 
processor which meets your needs. _ 
Contact your local LeCroy sales 
engineer for details. b 

L e C r o y 
700 S. Main St., Spring Valley, NY. 10977, (914) 

425-2000; Geneva, Switzerland, (022) 82 33 55; 
Heidelberg, West Germany, (06221) 49162; Les Ulis, 
France, (6) 907.38.97; Rome Italy, (396) 320-0646; 

Botley, Oxford, England, (0865) 72 72 75. 

APCf 1 -

TRIGGER 
PROCESSING 

TDC'S 


