


Laboratory correspondents: 
Argonne National Laboratory, USA 

M. Derrick 
Brookhaven National Laboratory, USA 

N. V. Baggett 
Cornell University, USA 

D. G. Cassel 
Daresbury Laboratory, UK 

V. Suller 
DESY Laboratory, Fed. Rep. of Germany 

P. Waloschek 
Fermi National Accelerator Laboratory, USA 

R. A. Carrigan 
KfK Karlsruhe, Fed. Rep. of Germany 

M. Kuntze 
GSI Darmstadt, Fed. Rep. of Germany 

G. Siegert 
INFN, Italy 

M. Gigliarelli Fiumi 
Institute of High Energy Physics, 
Peking, China 

Tu Tung-sheng 
JINR Dubna, USSR 

V. Sandukovsky 
KEK National Laboratory, Japan 

K. Kikuchi 
Lawrence Berkeley Laboratory, USA 

W. Carithers 
Los Alamos National Laboratory, USA 

0. B. van Dyck 
Novosibirsk Institute, USSR 

V. Balakin 
Orsay Laboratory, France 

Anne-Marie Lutz 
Rutherford Appleton Laboratory, UK 

R. Elliott 
Saclay Laboratory, France 

A. Zylberstejn 
SIN Villigen, Switzerland 

J. F. Crawford 
Stanford Linear Accelerator Center, USA 

W.W. Ash 
Superconducting Super Collider, USA 

J. Sanford 
TRIUMF Laboratory, Canada 

M. K. Craddock 

Copies are available on request from: 
Federal Republic of Germany — 

Gerda v. Schlenther 
DESY, Notkestr. 85, 2000 Hamburg 52 

Italy — 
INFN, Casella Postale 56 
00044 Frascati 
Roma 

United Kingdom — 
Elizabeth Marsh 
Rutherford Appleton Laboratory, Chilton, 
Didcot 
Oxfordshire 0X11 0QX 

USA/Canada — 
Margaret Pearson 
Fermilab, P. 0. Box 500, Batavia 
Illinois 60510 

General distribution — 
Monika Wilson 
CERN, 1211 Geneva 23, Switzerland 

CERN COURIER is published ten times yearly 
in English and French editions. The views 
expressed in the Journal are not necessarily 
those of the CERN management. 
Printed by: Presses Centrales S.A. 

1002 Lausanne, Switzerland 

Published by: 
European Laboratory for Particle Physics 
CERN, 1211 Geneva 23, Switzerland 
Tel. (022) 83 6111, Telex 419 000 
(CERN COURIER only Tel. (022) 83 41 03) 
USA: Controlled Circulation 
Postage paid at Batavia, Illinois 

C E I M C O U R I E R 
InternationalJournal of the High Energy Physics Community 

Ed i t o r s : Br ian S o u t h w o r t h # G o r d o n Fraser , Henr i -Luc Felder (French edi t ion) / 
A d v e r t i s e m e n t s : Miche l ine Falciola / A d v i s o r y Pane l : J . Prentk i (Chairman), 
J . A l l a b y , H. Lengeler , E. L i l lest0 l 

V O L U M E 2 5 N° 5 JUNE 1 9 8 5 

A r o u n d the Labora to r ies 

D E S Y : HERAKLES s ta r t s i ts l abours 1 7 9 

Big machine for a big task 

D A R M S T A D T : N e w heavy ion p ro jec t 181 
275 million DM for accelerator complex 

DETECTORS: Rad ioac t ive heat 1 8 2 
Picking up particles by a rise in temperature 

W O R K S H O P : Nuclear phys i cs : ; £/JK- ? . . • . 1 8 3 
Relativity inside the nucleus 

Supers t r i ng feve r ^ ; ^ ^ » r , v . . . . 1 8 5 
Theorists optimistic about new ideas 

LEAR l o o k s ahead 1 ^ 
The future of CERN's Low Energy Antiproton Ring 

Science t rans fe r f o r d e v e l o p m e n t -y':.>. , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ £ } . . . . 1 8 9 
by Abdus Salam 

A t o a s t t o CERN . . . . .<i. j ^ w w j j - — — - • • 1 9 5 
Alexis C. Pappas says adieu 

People and th ings . . . . n i ^ J ^ ^ V 196 

Cover photograph: A 900 GeV proton-antiproton collision in the 
CERN SPS ring as captured by the UA5 Bonn / Brussels / Cambridge / 
CERN / Stockholm experiment, with the benefit of subsequent image 
processing by Werner Krischer at CERN of the directly-digitized data us­
ing a system developed in Cambridge, UK, by Chris Webber — see May 
issue, page 131 (Photo CERN X725.3.85). 

1 7 8 CERN Courier, June 1985 



Around the Laboratories 

DESY Director Volker Soergel launches 
Herakles (Hercules) — the tunnelling machine 
for the HERA electron-proton collider 
at DESY. 

(Photos DESY) 

DESY 
HERAKLES 
starts its labours 

On 19 Ap r i l DESY D i rec to r V o l k e r 
Soerge l re leased the t rad i t i ona l 
bo t t l e o f c h a m p a g n e at a c e r e m o n y 
t D launch t he mach ine w h i c h w i l l 

^Jbre t he tunne l t o house t h e e lec­
t r o n - p r o t o n co l l ider , HERA. T h e 
mach ine actual ly m o v e d o f f at t h e 
beg inn ing o f M a y f r o m t h e S o u t h 
expe r imen ta l hall w h e r e it w a s 
a s s e m b l e d , and is s chedu led t o 
reappear in t he s a m e loca t i on in 
t w o years af ter i ts 6.3 k i l o m e t r e 
j o u r n e y . T h e tunne l w i l l lie b e t w e e n 
10 and 20 m b e l o w g r o u n d ; t he 
inner d i ame te r is 5 m. 

V o l k e r Soerge l bap t i zed t h e m a ­
ch ine HERAKLES (Hercules) s ince 
it w i l l be ca l led on t o d i sp lay m a n y 
o f t he qual i t ies d i sp layed b y t h e 
Greek hero in c o n f r o n t i n g t h e 
t w e l v e labours se t f o r h im by K ing 
Eurys theus . T h e "machine HERA­
KLES wi l l cer ta in ly need s t r e n g t h 

r \ d , j us t as Hercules c leared o u t 
t he A u g e a n s tab les by d i ve r t i ng 
t w o r i vers , s o HERAKLES w i l l use 
a f l o w o f f lu id t o clear o u t t h e 
H a m b u r g sand as it m a k e s i ts w a y 
a r o u n d the r ing . In add i t i on Her­
cu les ( though his n a m e m e a n s ' g l o ­
ry o f Hera') w a s pu rsued t h r o u g h ­
o u t his life by the G o d d e s s Hera 
(he w a s the s o n o f Z e u s , her hus ­
b a n d , bu t his m o t h e r w a s 
A l c m e n e ! ) . T h e in ten t ion at DESY 
is t ha t HERA wi l l pu rsue HERA­
KLES t h r o u g h the r ing t unne l . In ­
s ta l la t ion o f t he s t o r a g e r ings w i l l 
f o l l o w o n t he heels o f t he t unne l l ­
ing mach ine be fo re t he ful l t unne l 
is b o r e d . T h e f i rs t quad ran t w i l l be 
ready f o r ins ta l la t ion nex t year . 

O ther aspec t s o f t he e l e c t r o n -
p r o t o n co l l ider , at th is ear ly s t a g e 
o f t he p ro jec t , are a lso g o i n g w e l l . 

T h e n e w 9 GeV e lec t ron s y n c h r o ­
t r o n in jec tor , k n o w n as DESY II 
(see M a y 1984 issue, page 151), 
had c i rcu la t ing b e a m in Ap r i l t a k i ng 
e lec t rons t h r o u g h e igh ty t h o u s a n d 
tu rns t o an ene rgy o f 180 M e V . 
Beam wi l l n o t be t a k e n t o ful l ener­
gy unt i l nex t year w h e n the p o w e r 
supp l ies o f t h e o ld s y n c h r o t r o n 
(DESY I) b e c o m e avai lable f o r c o n ­
nec t i on t o t he n e w mach ine . DESY 
I, w h i c h has o p e r a t e d s ince 1964, 
w i l l t hen be rebui l t t o se rve in t he 
p r o t o n in jec t ion chain and DESY 
II w i l l t a ke o v e r the ro le o f f eed ing 
e lec t rons and p o s i t r o n s t o PETRA 
and DORIS at 7 GeV. 

The re is a lso cons ide rab le e n t h u ­
s i asm a b o u t p r o g r e s s in b o t h s u ­
p e r c o n d u c t i n g rad io f requency cav ­
i t ies and s u p e r c o n d u c t i n g m a g n e t s . 
T h e cav i t ies are des i rab le t o reduce 
p o w e r c o n s u m p t i o n and increase 
the acce le ra t ing f ie ld g rad ien t in 
t he 30 GeV e lec t ron r ing and t he 
m a g n e t s are needed t o s t o re 
b e a m s at energ ies o f 800 GeV in 
t he p r o t o n r ing . T h e cav i t ies f o r 
t he e lec t ron r ing are p lanned t o be 
the c o n v e n t i o n a l t y p e m o v e d f r o m 
PETRA but t h e ex is t ing n u m b e r o f 
t hese cav i t ies w o u l d t ake the b e a m 
ene rgy on ly t o 27 GeV. It is h o p e d 
t ha t , f r o m t h e s ta r t o f mach ine 
o p e r a t i o n , a f e w s u p e r c o n d u c t i n g 
cav i t ies cou ld be a d d e d t o reach 
des ign energy . 

A f t e r s o m e p r o b l e m s , none o f 
t h e m f u n d a m e n t a l , a nine-cel l s u ­
p e r c o n d u c t i n g cav i t y , bui l t in i ndus ­
t r y , has been insta l led and suc­
cess fu l l y o p e r a t e d at a f r equency 
o f 1 GHz in PETRA. It reached a 
g rad ien t o f 2.7 M V per m bu t . 

The 'palm tree' produced by etching away 
the copper to reveal the 2400 
niobium-titanium superconducting filaments 
spilling out of a piece of cable for the 
magnets of the proton ring of the HERA 
electron-proton collider at DESY. Continuing 
developments in cable technology are 
making higher current densities possible. 
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m o r e s ign i f i can t ly , on l y s o m e 13 W 
o f p o w e r at l iquid he l ium t e m p e r ­
a ture w e r e los t by t h e cel ls and 
the i r c r y o s t a t wh i l e t r a n s m i t t i n g 
2 7 k W o f r.f. p o w e r t o t he b e a m . 
T h e r e w a s no de te r i o ra t i on o f qua l ­
i ty a f ter a m o n t h o f o p e r a t i o n w i t h 
t h e b e a m and nei ther w a s the re 
any de te r i o ra t i on a f ter a s e q u e n c e 
o f s w i t c h i n g the cav i t y on and o f f , 
i nd ica t ing tha t i n te rm i t t en t o p e r a ­
t i o n d o e s no t cause p r o b l e m s . 

A des ign has n o w been d e v e l ­
o p e d f o r a four -ce l l s u p e r c o n d u c t ­
ing cav i t y f o r HERA, i n te rchange­
able w i t h t he f ive-ce l l conven t i ona l 
t y p e f r o m PETRA. T h e s e cav i t ies 
are d e s i g n e d t o ope ra te at 5 0 0 
MHz . Feed ing l iquid he l ium t o such 
cav i t ies in t h e HERA r ing w i l l , o f 
c o u r s e , be no b ig p r o b l e m s ince 
he l ium w i l l be runn ing a round t he 
r ing in any case f o r the coo l i ng o f 
t he s u p e r c o n d u c t i n g m a g n e t s in 

t h e p r o t o n s t o r a g e r ings. 
T h e o p t i m i s m on t he s u p e r c o n ­

d u c t i n g m a g n e t s is g reat . First o f 
all t he re is t h e g o o d n e w s tha t t he 
con t i nu i ng i m p r o v e m e n t s in the 
t e c h n o l o g y o f s u p e r c o n d u c t i n g 
cab le p r o d u c t i o n by European in ­
d u s t r y has resu l ted in a sho r t s a m ­
ple cu r ren t charac te r i s t i c f o r t he 
cab le o f t he HERA m a g n e t s o f 
8 k A ra ther t h a n the des ign f igure w 

o f 6 . 3 k A t o ach ieve 5 T . Th is 
c o u l d push t h e peak magne t i c f i e l d , 
and hence t he peak energy o f t he 
p r o t o n r i ng , h igher . It ind ica tes 
t ha t f ie ld levels o f t he o rde r o f 7 T 
are n o w reasonab ly ob ta inab le in 
m a g n e t des igns w i t h n iob ium- t i t an ­
ium s u p e r c o n d u c t o r . T h e f i rs t 
4 6 5 k m o f cab le (enough t o run 
f r o m H a m b u r g t o Paris) are n o w 
under p r o d u c t i o n f o r t he w i n d i n g s 
o f half t h e HERA m a g n e t s . 

In add i t i on DESY has capi ta l ized 
o n t he expe r ience o f t he s u p e r c o n ­
d u c t i n g m a g n e t p ioneers at b o t h 
Fermi lab (co ld i ron des ign) and 
B r o o k h a v e n ( w a r m i ron des ign) . 
The i r so -ca l led ' h y b r i d ' m a g n e t s 
i n c o r p o r a t e des i rab le fea tu res o f 
b o t h — t h e i ron loca t ion w i t h res­
pec t t o t h e coi l g rea t l y reduces 
sa tu ra t i on e f f ec t s wh i l e sti l l c o n t r i ­
bu t i ng s o m e 2 2 per cen t t o the 
f i e l d ; c o n s t r u c t i o n is c o m p a r a t i v e l y 
s imp le and heat l osses shou ld be 
l o w ; a pass i ve q u e n c h s y s t e m can 
be used as in t h e co ld i ron s o l u ­
t i o n . A n ine m e t r e p r o t o t y p e w i l l 
be ready f o r t e s t i n g in the A u t u m n 
and it w i l l be v e r y in te res t ing t o 
see if all t he h o p e d - f o r a d v a n t a g e s 
are ach ieved . 

No, not another radio-telescope but the 
head of the tunnelling machine which has 
just started boring the 6.3 km tunnel for 
HERA. Adorning the head alongside one 
of the four arms carrying cutters are (left 
to right) Volkmer Grosse, who heads the 
civil engineering group, and two of the 
doyens of the DESY accelerator world — 
Gus Voss and Hermann Kumpfert. 

1 8 0 CERN Courier, June 1985 



Aerial view of the GSI Darmstadt 
Laboratory, showing how the recently 
approved heavy ion synchrotron and 
experimental storage ring project will be 
grafted onto the existing facilities. From 
the existing UNILAC linear accelerator 
building (right), the 15 MeV/nucleon heavy 
ion beam will be injected into the 206 m 
circumference SIS synchrotron. Beams will 

be extracted either directly onto targets or 
— up to energies of about half the maximum 
possible beam energy — to the ESR 
experimental storage ring. This ring will 
contain an electron cooling system, a slow 
extraction to the target area and a fast 
extraction for reinjection into the 
synchrotron. 

•IS. wr* 

DARMSTADT 
J e w heavy ion project 

Federal German M in i s te r o f Re­
search and T e c h n o l o g y Heinz Rie-
senhuber has a n n o u n c e d t he f inal 
app rova l o f t he heavy ion acceler ­
a to r t o be bui l t beh ind t he U N I L A C 
heavy ion l inear acce le ra to r at GSI 
D a r m s t a d t . It cons i s t s o f t w o ac­
ce le ra to r s tages . A rap id cyc l i ng 
(about 10 Hz) s y n c h r o t r o n SIS 
( S c h w e r l o n e n Synch ro t ron ) w i l l 
de l iver par t ic le energ ies o f 1.1 
G e V / n u c l e o n fo r t he heav ies t ions 
l ike u ran ium and up t o 2 G e V / n u ­
c leon f o r l ight ions w i t h a charge 
t o m a s s rat io o f 0 . 5 . A n a d d e d 
expe r imen ta l s t o rage r ing ESR w i l l 
c o v e r an energy range o f a b o u t 
half t he va lues g iven a b o v e . F r o m 
SIS a l o w ex t rac t i on m o d e t o g e t h e r 
w i t h a spec ia l r ad io f requency 

bunch ing p rocedu re is f o reseen t o 
f e e d the t a rge t area and by a f as t 
ex t rac t i on t he b e a m can be t r ans ­
fe r red t o the ESR, w h i c h w i l l c o n ­
ta in an e lec t ron coo l i ng s e c t i o n , a 
s t ra igh t sec t i on f o r internal b e a m 
e x p e r i m e n t s , a fas t ex t rac t i on f o r 
re in jec t ion in to the s y n c h r o t r o n 
and a s l o w ex t rac t i on fo r t he t r ans ­
fer t o the t a rge t area. 

T h e t w o r ing s y s t e m wi l l p r o v i d e 
— c o m p l e t e l y s t r i pped heavy ion 

b e a m s up t o u ran ium 
— b e a m s o f rad ioac t i ve nuclei by 

accumu la t i on and coo l i ng o f p r i ­
m a r y b e a m f r a g m e n t a t i o n p r o d ­
uc ts 

— internal t a r g e t s 
— l o w energy e x p e r i m e n t s by 

me rg i ng b e a m s 
— high p o w e r dens i t y b e a m s us ing 

a f as t buncher (8 G W fo r 4 0 ns) 
— ' n o r m a l ' t a rge t e x p e r i m e n t s . 

T h e poss ib le in terp lay b e t w e e n 
the t w o r ings — acce le ra t ion in 

SIS, t r ans fe r t o and s t o r a g e / a c c u ­
mu la t i on in ESR, re in jec t ion in to 
and acce le ra t i on /dece le ra t i on in 
SIS — enab les t h e w h o l e s p e c t r u m 
o f b e a m energ ies f r o m the p resen t 
U N I L A C ene rgy (15 M e V / n u c l e o n ) 
t o t he m a x i m u m va lues . 

W i t h t h e s e fea tu res a ve ry large 
e x p e r i m e n t a l f ie ld o p e n s up . For 
e x a m p l e nuc lear reac t ion und nu ­
clear s t r uc tu re s tud ies w i t h ex­
t r e m e l y exo t i c p ro jec t i l e - ta rge t 
c o m b i n a t i o n s w i l l b e c o m e poss ib le 
as w e l l as t he p r o b a b l y f ru i t fu l rev i ­
va l o f ' o l de r ' s tud ies p ro f i t i ng f r o m 
the h igh b e a m qua l i t y poss ib le by 
t he U N I L A C / S I S / E S R fac i l i ty . Other 
ideas c o n c e r n l o w energy s t r ange ­
ness and an t ipar t i c le p r o d u c t i o n . 
F r o m the a t o m i c phys i cs po in t o f 
v i e w a large va r i e t y o f n e w s tud ies 
w i l l be poss ib l e . 

T h e t o t a l i n v e s t m e n t s fo r 
S IS /ESR w i l l be 2 7 5 Mi l l ion D M , 
t w o - t h i r d s f o r t h e s y n c h r o t r o n s to r -
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Alpha particle energy spectrum of a mixed 
source of plutonium, americium and curium 
obtained by recording the thermal pulses 
induced by the alphas. 

age r i ng , beaml ines and exper ­
imen ta l se t -ups and t he res t f o r 
t h e t u n n e l , expe r imen ta l hal ls , and 
s u p p o r t fac i l i t ies . 

DETECTORS 
Radioactive heat 

T h e m e a s u r e m e n t o f r ad ioac t i v i t y 
by t he d i rec t c o n v e r s i o n o f nuc lear 
rad ia t ion in to a t e m p e r a t u r e r ise 
in a ca lo r ime te r is as o ld as nuclear 
phys i cs i tsel f . In 1 9 0 3 Pierre Curie 
used a ca lo r ime te r t o ve r i f y t ha t 
t he t i ny a m o u n t o f heat p r o d u c e d 
by a rad ioac t i ve s u b s t a n c e is due 
t o the a b s o r p t i o n o f i ts rad ia t i on . 

Dur ing the f o l l o w i n g y e a r s , such 
m i c r o c a l o r i m e t r y b e c a m e o f g rea t 
i m p o r t a n c e t h r o u g h t he d e t e r m i n a ­
t i o n o f t he 0 . 3 3 7 M e V ave rage 
beta energy o f b i s m u t h 2 1 0 by 
C D . Ellis and A . W o o s t e r in 1 9 2 7 . 
T h e d i f fe rence b e t w e e n th i s va lue 
and the m a x i m u m be ta d e c a y ener­
gy o f 1.17 M e V w a s one o f t he 
a r g u m e n t s w h i c h led Pauli t o p o s ­
tu la te the ex is tence o f t he neu t r i no . 

T h e s e ca lo r ime te rs d e t e r m i n e d 
the average f lux o f ene rgy due t o 
t he rad ioac t i ve d e c a y s . A n e w k ind 
o f t he rma l d e t e c t o r , capab le o f 
reso lv ing the energy o f a s ing le 
par t i c le , w a s s u g g e s t e d by T . 
N i in ikosk i and F. U d o in 1 9 7 4 , 
based on thei r earl ier expe r ience 
in de tec t i ng c o s m i c ray e v e n t s in 
u l t r a - l ow t e m p e r a t u r e t h e r m o ­
m e t e r s . 

Severa l g r o u p s a d v o c a t e d a rev i ­
va l o f in terest in th is idea, ma in l y 
because the ve ry l o w heat capac i ­
t ies o f t hese m i c r o c a l o r i m e t e r s , 
w h e n o p e r a t e d at c r yogen i c t e m ­
pera tu res , s u g g e s t e d n e w k inds 
o f s p e c t r o m e t e r w i t h be t te r ene rgy 
reso lu t ion than c o n v e n t i o n a l so l id 
s ta te d e t e c t o r s based o n cha rge 
carr ier co l l ec t i on . 

T h e f i rs t success fu l d e t e c t o r 
w a s d e v e l o p e d by a W i s c o n ­
s i n / N A S A co l l abo ra t i on a b o u t a 
year ago . Th is is able t o de tec t 
t he 6 k e V X - r a y s o f an i ron 5 5 
sou rce w i t h an energy reso lu t ion 
( 3 0 eV) c o m p a r a b l e t o , o r even 
be t te r t h a n , t he bes t s e m i c o n d u c ­
to r d e t e c t o r s based on charge c o l ­
lec t ion . The i r d e t e c t o r w a s s p e c i ­
f ical ly des igned f o r X - ray a s t r o n o ­
m y app l i ca t ions . A n earl ier p r o p o ­

sal by a CERN/Mi lan t e a m s u g ­
g e s t e d us ing t hese techn iques in 
the search f o r rare p r o c e s s e s , such 
as neu t r ino less doub le -be ta decay . 

A c o m p o s i t e b o l o m e t e r w a s 
d e v e l o p e d at t he Labora to i re de 
Phys ique Stel la i re et Planetaire 
(LPSP) near Paris w i t h an abso rbe r 
hav ing re la t ive ly large sur face area 
(several m i l l ime t res d iameter ) c o u ­
p led t o a sma l l ( f ract ion o f a mi l l i ­
m e t r e d iamete r ) s e m i c o n d u c t o r 
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t h e r m i s t o r ( thermal res is to r ) . In 
th i s w a y the a b s o r b i n g and d e t e c t ­
ing f u n c t i o n s are s e p a r a t e d , a l l o w ­
ing p e r f o r m a n c e t o be o p t i m i z e d . 
W i t h t he rad ioac t i v i t y co l l ec ted in 
t he abso rbe r par t , t he w h o l e i ns t ru ­
m e n t can a lso act as a t o t a l a b ­
s o r p t i o n s p e c t r o m e t e r w i t h o u t 
a f fec t i ng the t h e r m o m e t e r par t . 
^ Such un i ts are n o w used f o r 
p l e a s u r i n g a w i d e range o f rad ia­
t i o n s , ach iev ing g o o d reso lu t i ons . 
In a recent t e s t , an A a r h u s / CERN 
/ G o t e b o r g / LPSP / N e w Y o r k 
co l l abo ra t i on d e v e l o p e d a c o m p o ­
s i te b o l o m e t e r w h i c h s u c c e e d e d 
in p i ck ing up and reso l v ing t h e 
alpha e m i s s i o n f r o m a m i x e d 
sou rce o f p l u ton ium 2 3 9 , a m e r i -
c i um 2 4 1 and cur ium 2 4 4 . Us ing 
i m p r o v e d e lec t ron i cs , an o p e r a t i o n ­
al a lpha d e t e c t o r w i t h a reso lu t i on 
o f a b o u t 3 k e V is e x p e c t e d . 

T h e s e d e t e c t o r s w e r e capab le 
o f g o o d energy r eso l u t i on , bu t 
have a rate l im i ta t ion because o f 
t he rather s l o w t i m e s t ruc tu re o f 
pu l ses , ma in ly due t o c o n s t r u c t i o n ­
al de ta i l s . Recent t e s t s at CERN 
j^j j iow m u c h fas te r r e s p o n s e s . 

T h e w o r k at CERN is par t o f an 
o n g o i n g (ISOLDE group) p ro jec t at 
t he 6 0 0 M e V s y n c h r o - c y c l o t r o n 
t o measu re any ves t ig ia l m a s s o f 
t he neu t r ino by s t u d y i n g the spec ­
t r u m o f the rad ia t ion e m i t t e d a long 
w i t h e lec t ron -cap tu re be ta d e c a y 
(see June 1 9 8 1 issue, page 2 0 8 ) . 
T h e n e w t y p e o f d e t e c t o r c o u l d 
p ick up s igns o f neu t r ino m a s s e s 
o f j us t a f e w eV. 

T h e app l i ca t ion o f t h e s e n e w 
d e t e c t o r s in h igh reso lu t i on spec ­
t r o s c o p y o p e n s w i d e f ie lds in n u ­
c lear, a t o m i c , so l id s ta te and a s t r o ­
phys i cs . M o s t fasc ina t ing o f a l l , 
t hese i n s t r u m e n t s ge t a w a y f r o m 
the o ld s t ra i t jacke t o f cha rge c o l ­
lec t ion due t o ion iza t ion , and are 
t he re fo re capab le (in pr inc ip le) o f 
d e t e c t i n g par t ic les w h i c h are w e a k ­

ly ion iz ing , o r even no t ioniz ing at 
a l l , such as s l o w m o n o p o l e s or 
as t rophys i ca l neu t r inos . 

The time evolution of the thermal pulse of 
an 8 MeV alpha particle in a 3 x 4 mm2 

silicon detector at 270 mK temperature. 
The rise time of a few microseconds is 
limited by the speed of sound in the 
detector. The decay time of about 20 
microseconds is controlled by the heat 
capacity of the detector and outward heat 
conductivity. 

WORKSHOP 
Nuclear physics 
A w o r k s h o p 'Di rac A p p r o a c h e s 
t o Nuclear Phys ics ' w a s held at 
Los A l a m o s f r o m 3 1 January t o 
2 February , t he f i rs t mee t i ng ever 
on re la t iv is t ic m o d e l s o f nuclear 
p h e n o m e n a . T h e ob jec t i ve w a s t o 
cove r h is tor ica l b a c k g r o u n d as we l l 
as the m o s t recent d e v e l o p m e n t s 
in t he f i e ld , and c o m m u n i c a t i o n 
b e t w e e n t h e o r i s t s and expe r imen t ­
a l is ts w a s g i ven a h igh pr io r i ty . 

T h e p r o g r a m m e w a s o p e n e d by 
Dirk W a l e c k a o f S tan fo rd w h o 
ou t l i ned an a p p r o a c h t o nuclear 
ma t t e r and f in i te nucle i . W a l e c k a 
refers t o th is m o d e l as q u a n t u m 
h a d r o d y n a m i c s (QHD) because it 
a s s u m e s t ha t nuc leon ic and m e s o -
nic, no t qua rk , deg rees o f f r e e d o m 
are the ones re levant t o nuclear 
phys i cs . T h e f i rs t f o r m u l a t i o n in 
1 9 7 4 p r o v i d e d a s imp le and ele­
gan t p ic tu re o f the sa tu ra t ion o f 

nuclear m a t t e r as a re lat iv is t ic phe ­
n o m e n o n and s t a n d s as pe rhaps 
the m o s t i m p o r t a n t an teceden t t o 
t o d a y ' s f o r m u l a t i o n s , w h i c h have 
b e c o m e m u c h m o r e c o m p r e h e n ­
s ive . W a l e c k a c o n c l u d e d his p re ­
sen ta t i on by s h o w i n g h o w Q H D 
cou ld be e x t e n d e d in a natural w a y 
t o inc lude t he quark g luon p lasma 
as ano the r , h igh dens i t y , h igh t e m ­
pera tu re phase o f nuclear ma t te r . 

Gerry H o f f m a n n o f T e x a s t hen 
p r e s e n t e d an expe r imen ta l i s t ' s 
v i e w , emphas i z i ng t he role p layed 
by t he h igh p rec is ion Los A l a m o s 
p r o t o n - n u c l e u s e last ic sca t te r ing 
da ta t a k e n w i t h the High Reso lu t ion 
P ro ton S p e c t r o m e t e r (HRS) in the 
ear ly 1 9 8 0 s . A s H o f f m a n n p o i n t e d 
o u t , sp in m e a s u r e m e n t s at 5 0 0 
M e V w e r e or ig ina l ly m a d e t o ' ca l ­
i b ra te ' t he s t a n d a r d non- re la t iv is t i c 
t h e o r y w h i c h w a s e x p e c t e d t o 
w o r k ve r y we l l at t ha t energy . Sur­
p r is ing ly , t he s t a n d a r d t h e o r y d e s ­
c r ibed the n e w da ta qu i te p o o r l y 
and the lack o f a sa t i s f ac to r y ex­
p lana t ion caused cons ide rab le d e s ­
pair. In t he m e a n t i m e . Bunny Clark 
o f Oh io S ta te and her c o - w o r k e r s 
had been en joy ing impress i ve suc­
cesses w i t h a p h e n o m e n o l o g i c a l 
re la t iv is t ic m o d e l o f p ro ton -nuc leus 
e last ic s ca t t e r i ng . T h e s e successes 
p r o m p t e d o t h e r s , inc lud ing S teve 
W a l l a c e o f M a r y l a n d , t o d e v e l o p 
a re la t iv is t ic p ic tu re f o r e last ic sca t ­
te r ing in w h i c h ad -hoc po ten t ia l s 
w e r e rep laced by po ten t ia l s f r o m 
nuc leon -nuc leon sca t te r i ng da ta . 
A s e m p h a s i z e d by H o f f m a n n , and 
by W a l l a c e later , t he ex t rao rd ina ry 
a g r e e m e n t b e t w e e n the pa ramete r -
f ree ca lcu la t ions and the Los A l a ­
m o s da ta is largely respons ib le f o r 
t he upsu rge o f in te res t in re la t iv is ­
t ic m o d e l s . W a l l a c e a lso d i scussed 
recent r e f i n e m e n t s o f t he m o d e l . 

Ex tens ions t o inelast ic p r o c e s s e s 
exc i t i ng the t a rge t nuc leus w e r e 
d i s c u s s e d by J a m e s McNei l o f 
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Drexel and Ernest Ros t o f C o l o ­
rado . T h e s e f o r m u l a t i o n s are in 
the i r in fancy bu t p re l im inary ind i ­
ca t i ons are tha t even t he s imp le 
v e r s i o n s desc r ibe t he da ta as w e l l 
as m o r e re f ined non- re la t i v i s t i c 
m o d e l s . Gary Love o f Georg ia d i s ­
c u s s e d t he s imi lar i t ies and d i f fer ­
ences o f t he re la t iv is t ic and n o n -
re la t iv is t ic m o d e l s . McNe i l a lso 
emphas i zed tha t t he re la t iv is t ic 
m o d e l o f inelast ic sca t t e r i ng fac i l ­
i ta tes the c o m p a r i s o n o f p r o t o n 
da ta w i t h inelast ic sca t t e r i ng da ta 
us ing o the r p r o b e s such as t he 
e lec t ron . W a l l a c e V a n Orden o f 
M a r y l a n d a lso c o v e r e d e lec t ron 
sca t te r i ng and c o n c l u d e d t h a t no 
s t r i k ing s igna tu res o f re la t iv i ty 
w e r e p resen t in e l ec t r on - i nduced 
p r o t o n k n o c k o u t reac t i ons . 

J o h n McCle l land o f Los A l a m o s 
p r e s e n t e d an o v e r v i e w o f t h e p r o ­
t o n sca t te r i ng m e a s u r e m e n t s at 
Los A l a m o s , TR IUMF (Vancouve r ) , 
and t he B l o o m i n g t o n c y c l o t r o n . 
A l l t h ree Labora to r i es are t r y i n g 
t o measu re ful l p r o t o n sp in - t rans fe r 
da ta us ing high reso lu t i on s p e c ­
t r o m e t e r s equ ipped w i t h f o c a l -
p lane po la r ime te rs . It is h o p e d t ha t 
t h e s e n e w sp in m e a s u r e m e n t s f o r 
ine last ic sca t te r i ng w i l l be as g rea t 
a b o o n t o t heo r i s t s as t h e earl ier 
e last ic m e a s u r e m e n t s . 

N e w re lat iv is t ic m o d e l s o f n u ­
clear s t ruc tu re w e r e d i s c u s s e d by 
Franz Gross o f W i l l i a m and M a r y 

a n d , as an ex tens ion o f Q H D , by 
Brian Se ro t o f Indiana and Richard 
Furnstah l o f S t a n f o r d . 

Dav id S p a r r o w o f Pennsy lvan ia 
s p o k e a b o u t re lat iv is t ic m o d e l s o f 
an t i p ro ton -nuc leus sca t te r i ng and 
an t i p ro ton i c a t o m s . He and his 
co l leagues have f o u n d tha t the i r 
re la t iv is t ic t r e a t m e n t o f a n t i p r o t o n 
sca t te r i ng f i t s recent da ta f r o m the 
LEAR r ing at CERN. H o w e v e r , in 
c o n t r a s t t o p r o t o n sca t t e r i ng , t he 
desc r i p t i on is no t subs tan t ia l l y di f ­
f e ren t f r o m non- re la t iv is t i c ap ­
p roaches . 

T h e p r o g r a m m e c o n c l u d e d w i t h 
t he on ly non- re la t i v is t i c ta lk o f t he 
w o r k s h o p . Nathan Isgur o f T o r o n t o 
d i s c u s s e d his i nves t iga t ion o f t he 
nuc leon -nuc leon in te rac t ion as 
de r i ved f r o m a non- re la t iv is t i c 
quark m o d e l . Th i s ca lcu la t ion in ­
v o l v e s so l v i ng t he q u a n t u m m e ­
chanica l s i x - b o d y p r o b l e m . T h e 
resu l ts d i sp layed nuc leons in the 
s ix -quark s y s t e m o f t he d e u t e r o n . 
In add i t i on t o the c lus te r ing o f 
qua rks in to nuc leons , Isgur a lso 
f o u n d tha t t he sho r t range repu l ­
s ion and in te rmed ia te range a t t rac ­
t i o n o f t he nuc leon-nuc leon inter­
ac t i on appear natura l ly . In f a c t , 
w i t h a o n e - p i o n exchange m e c h a n ­
i sm g ra f t ed o n , his m o d e l g i ves 
an exce l len t accoun t o f t he m e a s ­
ured p rope r t i es o f t he d e u t e r o n . 

Scep t i cs o f re lat iv is t ic m o d e l s 
w e r e a lso heard . J o h n Negele o f 

First measurement of the spin-rotation 
parameter Q for 500 MeV elastic scattered 
polarized protons on calcium 40 taken with 
the High Resolution Spectrometer at LAMPF. 
The data are compared with full relativistic 
(solid line) and non relativistic (dashed line) 
calculations. 

M I T q u e s t i o n e d w h y local m e s o n 
f ie lds are n e e d e d t o desc r ibe the 
i n te rac t i ons o f e x t e n d e d nuc leons 
in nuclei and w h y re lat iv is t ic e f f ec t s 
shou ld be s ign i f i can t in nuclear 
g r o u n d s t a t e s w h e r e the charac­
te r i s t i c k ine t ic ene rgy is on ly 2 0 
M e V . He p o i n t e d ou t t ha t t he t h e ­
o r y shou ld ref tect t ha t it is harder 
t o c o n n e c t t h e d i s t r i bu ted qua rks 
in an e x t e n d e d nuc leon t o an a n t i - W 
nuc leon t han t o c o n n e c t a po in t 
e lec t ron t o a p o s i t r o n , and e m p h a ­
s ized t he uncer ta in t ies in re la t iv is t ic 
m a n y - b o d y ca lcu la t ions . He cau ­
t i o n e d aga ins t t ak i ng the successes 
t o o se r ious l y , s ince co r rec t i ons in 
t he nonre la t i v i s t i c a p p r o a c h have 
essent ia l l y t h e s a m e e f fec t as rela­
t i v i s t i c m o d e l s , and s ince ex t ra 
t e r m s are cruc ia l f o r sp in o b s e r v a -
b les . On t h e o the r h a n d , he ac­
k n o w l e d g e d t h a t t he re lat iv is t ic 
a p p r o a c h e s are in te res t ing and 
t ha t nuclear phys i c i s t s are n o w 
ask ing m a n y n e w ques t i ons . T h e 
s u c c e s s e s w e r e a c k n o w l e d g e d 
and Negele e m p h a s i z e d tha t t h e o ­
r is ts shou ld s t r i ve t o ident i fy n e w 
expe r imen ta l s igna tu res . He ex- ^ 
p ressed his p leasure , shared no 
d o u b t b y all pa r t i c i pan ts , in t ak i ng 
par t in a c o n f e r e n c e w h e r e n e w 
theo re t i ca l in i t ia t ives are so c lear ly 
and s t r o n g l y s t i m u l a t e d by exper i ­
m e n t . 

Con fe rence p r o c e e d i n g s w i l l be 
avai lab le f r o m t h e Los A l a m o s 
M e s o n Phys ics Faci l i ty. 

By Jim Sheepard and Olin van Dyck 
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Superstring fever 

The logo of the Symposium on Anomalies, 
Geometry and Topology, held at Argonne 
Laboratory and the University of Chicago 
in March. 

M a t h e m a t i c s and par t ic le p h y s i c s 
have o f t en g o n e the i r sepa ra te 
w a y s in an a t t i t ude o f mu tua l ' b e ­
n ign neg lec t ' , d i ve rg ing in b o t h 
m e t h o d o l o g y and language. Th i s 
u n c o m f o r t a b l e gap w a s b r i d g e d 
t o a un ique degree at t h e A r g o n n e -
Fermi lab-Ch icago s y m p o s i u m o n 
A n o m a l i e s , G e o m e t r y and T o p o -

Jogy , w h i c h t o o k p lace at A r g o n n e 
pnd t he Un ive rs i t y o f Ch icago f r o m 
2 8 - 3 0 M a r c h , and w h i c h h igh ­
l igh ted the n e w o p t i m i s m in s t r i n g , 
and par t icu lar ly s u p e r s t r i n g , t h e o ­
r ies. 

M o r e t han 3 0 0 theo re t i ca l p h y ­
s ic is ts and m a t h e m a t i c i a n s m e t 
t o g e t h e r t o d i scuss p r o b l e m s o f 
cu r ren t e x c i t e m e n t and t o r epo r t 

Superstrings 
As their name suggests, ma­
thematical strings are ex­
tended objects, rather than 
points. 

Supersymmetry is the new 
idea of pairing particles with 
supersymmetric partners. 

*W The known fundamental par­
ticles are conventionally di­
vided into two kinds. First 
there are the fermions 
(quarks, electrons, etc.) which 
make up matter. Then there 
are the bosons (photons, 
gluons, Ws and Zs) which 
carry the forces between the 
particles. Supersymmetry 
says that each matter fermion 
must have a supersymmetric 
counterpart boson, and vice 
versa. Superstrings are the 
supersymmetric partners of 
conventional strings, and 
have ten dimensions. These 
ten dimensions then have to 
be collapsed down to four 
by 'compactification'. 

on recent p r o g r e s s in an a t m o ­
sphere o f r emarkab l y ungua rded 
o p t i m i s m . In an o v e r v i e w , J o h n 
S c h w a r z o f Ca l tech desc r i bed h o w 
supe rs t r i ng theo r ies are n o w m a k ­
ing d rama t i c s t r ides t o w a r d s 
ach iev ing t h e u l t imate goa l o f a 
un i f ied q u a n t u m t h e o r y o f all in ter­
ac t i ons inc lud ing g rav i t y . 

Of c o u r s e , supers t r i ngs are n o t 
i so la ted theore t i ca l c o n s t r u c t s bu t 
si t natura l ly at t he peak o f a large 
p y r a m i d o f theore t i ca l c o n c e p t s 
d e v e l o p e d dur ing the pas t f e w 
yea rs , none s e e m i n g t o be the 
w h o l e t r u t h bu t each hgv ing e le­
m e n t s o f f o r m a l beau ty and as ­
pec t s o f phys ica l real i ty . Severa l 
speake rs at t he S y m p o s i u m ex­
p ressed t h e op in ion tha t w i t h t he 
arr ival o f supe rs t r i ngs , w i n n i n g t he 
theore t i ca l j a c k p o t is no longer a 
d r e a m . 

A un i fy ing t h e m e o f t he S y m p o ­
s ium w a s t he ma thema t i ca l d i sc i ­

pl ine o f t o p o l o g y , w h i c h has in t r i ­
g u e d par t ic le t h e o r i s t s f o r a long 
t i m e . H o w e v e r in t h e last f e w years 
t he genera l re levance o f t o p o l o g y 
t o t he u n d e r s t a n d i n g and c o m p u ­
t a t i o n o f so -ca l led ' a n o m a l i e s ' has 
b e c o m e m u c h m o r e apparen t . 
A n o m a l i e s are sub t le v io la t i ons in 
t he f u n d a m e n t a l s y m m e t r i e s used 
t o bu i ld t h e gauge f ie ld theor ies 
desc r i b i ng t h e f o r c e s o f Nature . 
A r r a n g i n g f o r t h e s e anoma l ies t o 
cance l is i m p o r t a n t in q u a n t u m 
f ie ld t heo r i es . H o w e v e r anoma l ies 
have m u c h b roade r imp l i ca t i ons . 
M o s t recen t l y t h e y have p layed a 
crucia l ro le in d e v e l o p i n g the n e w 
v e r s i o n s o f t h e q u a n t u m s t r ing 
m o d e l . T h e m a t h e m a t i c a l s t ruc tu re 
o f anoma l i es and t he n e w d e v e l ­
o p m e n t s in supe rs t r i ng theo r ies 
d o m i n a t e d d i s c u s s i o n s at t he S y m ­
p o s i u m . 

A n o m a l i e s w e r e d i s c o v e r e d ' l ong 
a g o ' by J a c k S te inberger w h e n he 
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w a s t r y i ng t o ca lcu la te t he d e c a y 
o f t he neutra l p ion in to t w o p h o ­
t o n s , us ing the l im i ted theo re t i ca l 
reper to i re avai lable at t he t i m e . 
A n o m a l i e s have s ince p r o c e e d e d 
f r o m p r o t o n s t o qua rks t o s t r i ngs . 
Relat ive ly s imp le ca lcu la t ions have 
led t o prec ise t h e o r e m s c o n c e r n i n g 
f u n d a m e n t a l phys ica l p r o c e s s e s . 
T h e or ig ina l m a t h e m a t i c a l f o c u s 
o f anoma l ies c o n c e r n e d p rope r t i es 
o f Dirac (hal f - in teger spin) o p e r a ­
t o r s and the re la ted index ( ' handed ­
ness ' ) t h e o r e m s d i s c o v e r e d by 
m a t h e m a t i c i a n s M.F. A t i y a h and 
M . Singer . 

V e r y recent ly it has b e c o m e 
poss ib le t o s t u d y anoma l i es us ing 
t h e s e p o w e r f u l t o p o l o g i c a l t e c h ­
n iques . A s a resu l t , anoma l i es have 
been c o m p u t e d ou t s i de (as in Ed 
W i t t e n ' s d i sc re te gauge anoma ly ) 
t he s t ra i t jacke t o f pe r t u rba t i on t h e ­
o r y w h i c h f o r s o long has h a m ­
pe red f ie ld t h e o r y ; a va r i e t y o f 
anoma l i es in d i f fe ren t s p a c e - t i m e 
d i m e n s i o n s w e r e co r re la ted us ing 
e legan t d i f ferent ia l g e o m e t r y c o n ­
s t r u c t i o n s ; and severa l n e w o n e s , 
inc lud ing the g rav i ta t iona l a n o m a ­
lies (the n o n c o n s e r v a t i o n o f t he 
e n e r g y - m o m e n t u m tenso r ) w e r e 
de r i ved in a genera l c o n t e x t . Th i s 
last d e v e l o p m e n t in t u rn p r o v e d 
cruc ia l in c o m p u t i n g a sub t le 
gauge-g rav i ta t i ona l a n o m a l y c a n ­
ce l la t ion in the in t r igu ing super -
s t r i ng t h e o r y o f J . S c h w a r z and 
M . Green . Th is recen t l y d i s c o v e r e d 
cance l la t ion o p e n e d t he d o o r t o 
t he d rama t i c d e v e l o p m e n t s and 
in tense ac t i v i t y w h i c h led t o t he 
n e w resu l ts r e p o r t e d at t he S y m ­
p o s i u m . 

W h i l e t he S y m p o s i u m c o n c e n ­
t r a t e d on supe rs t r i ngs , t he re w e r e 
a lso m a n y o ther h igh l igh ts . T h e 
in tense level o f i n te rac t ion b e t w e e n 
m a t h e m a t i c i a n s and phys i c i s t s w a s 
cer ta in ly a no tab le f ea tu re . A t i y a h 
r e m a r k e d 'I used t o t h i nk m a t h e -

Mathematician I. Singer delivers his plenary 
talk. The Symposium succeeded in getting 
mathematicians and physicists to talk the 
same language. 

mat i c ians and phys i c i s t s w e r e v e r y 
d i f fe ren t . Phys ic is ts w e r e inter­
e s t e d in f o u r d i m e n s i o n s on ly and 
never in unusual cases wh i l e m a ­
t h e m a t i c i a n s w e r e a l w a y s inter­
e s t e d in genera l n u m b e r s o f d i m e n ­
s ions and t he unusual c a s e s ' . He 
n o t e d t ha t th ree b ranches o f m a ­
t h e m a t i c s — index t h e o r e m s , c o m ­
plex m a n i f o l d s , and K a c - M o o d y 
a lgebras — are all p lay ing a ro le 
in cur ren t s t r i ng t heo ry . He a lso 
t r aced t he h i s to ry o f anoma l ies in 
re la t ion t o t he index t h e o r e m s , and 
gave a genera l d i scuss ion o f m a ­
thema t i ca l ideas (spect ra l f l o w ) 
needed f o r t he n e w phys i cs app l i ­
ca t i ons . 

A ma jo r f o c u s o f t he S y m p o s i u m 
w a s the ma thema t i ca l s t ruc tu re o f 
anoma l i es , w h i c h p r o v i d e d an inter­
es t i ng p o i n t - c o u n t e r p o i n t b e t w e e n 
phys i c i s t s and ma thema t i c i ans . 

Ed W i t t e n p resen ted an ana lys is 
o f g loba l (rather t han local) a n o m a ­

lies w h i c h c o u l d p r o v i d e add i t i ona l 
res t r i c t i ons o n t h e theo r ies . He 
s h o w e d t ha t t h e s e d o no t app ly 
t o t he supe rs t r i ng t h e o r y bu t m a y 
be i m p o r t a n t f o r t he ' c o m p a c t i f i - x 

c a t i o n ' o f t h e ex t ra d i m e n s i o n s o f 
t he t h e o r y . R o m a n J a c k i w s u m ­
mar ized t o p o l o g i c a l aspec t s o f 
anoma l i es in de f in ing q u a n t u m 
gauge f ie ld t heo r i es . 

J.R. Schr ie f fe r p r o v i d e d the c o n ­
d e n s e d - m a t t e r phys i c i s t ' s v i e w ­
po in t , and r e p o r t e d o n s o m e e x a m ­
ples (such as the so l i t ons o f po l y -
ace ty lene or t he f rac t iona l cha rges 
o f t he q u a n t u m Hall e f fect ) w h i c h 
are ac tua l ly o b s e r v e d . His ta lk 
s h o w e d t ha t here indeed w a s real 
phys i cs . (Fract ional charges are a 
charac te r i s t i c f i ngerp r in t o f a n o m a ­
lies). 

In a s o m e w h a t d i f fe ren t v e i n , 
G e r a r d ' t H o o f t p resen ted his w o r k 
on b lack ho les and a rgued tha t a 
n e w phys ica l p ic tu re o f t he ' in ter -
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Organizers Bill Bardeen (Fermilab) left, and 
Alan White (Argonne) resplendent in 
Symposium tee-shirts. Also on the 
organizing committee were P. Freund and 
Y. Nambu of Chicago and E. Braaten of 
Northwestern University. 

(Photos Argonne) 

ior ' o f a b lack hole m a y be neces ­
sary f o r a cons i s t en t i n t e rp re ta t i on 
o f H a w k i n g rad ia t ion . He a lso t o o k t t he role o f dev i l ' s a d v o c a t e in 

3 even ing panel d i s c u s s i o n by 
p o s i n g the ques t i ons a s k e d by t he 
' a v e r a g e ' phys ic i s t w h e n f i r s t ex ­
p o s e d t o s t r ing ideas. 

Th i s S y m p o s i u m m a y w e l l be 
r e m e m b e r e d as the f i r s t m e e t i n g 
w h e r e supers t r i ng phys i cs e m e r g e d 
as a t h e m e f o r t he ent i re p h y s i c s 
c o m m u n i t y . L ike m a n y o the r suc ­
cess fu l t heo r i es , s t r i ngs s t a r t e d 
o n t he w r o n g t rack . T h e e lec t ro -
w e a k gauge t h e o r y , f o r e x a m p l e , 
s t e m m e d f r o m the m o n u m e n t a l 
e f f o r t s o f Y a n g and Mi l ls w h o 
s o m e t w e l v e years p rev ious l y had 
t r i ed t o d e v e l o p a f o r m a l i s m f o r 
s t r o n g in te rac t ions . 

S t r ing theo r ies w e r e f o r m u l a t e d 
in 1 9 7 0 by Y . N a m b u and o t h e r s 
as an e legant cod i f i ca t i on o f t he 
dual resonance s t ruc tu re o f t he 

s t r o n g in te rac t ion m e c h a n i s m . O t h ­
er a t t e m p t s f o l l o w e d , but it s o o n 
b e c a m e clear tha t t he f u n d a m e n t a l 
s t r ing t h e o r y cou ld no t be rega rded 
as a sa t i s f ac to r y m o d e l o f s t r o n g 
in te rac t ions . 

T o c o m p r e s s u n w a n t e d d i m e n ­
s i ons , t he w o r k o f Kaluza and 
K le in , car r ied ou t 6 5 years a g o , 
w a s resu r rec ted . T h e n s u p e r s y m ­
m e t r y appea red on the scene (see 
the ar t ic le by Bruno Z u m i n o in t he 
J a n u a r y / F e b r u a r y 1 9 8 3 issue , page 
18). But s t r i ngs langu ished in t he 
w i l d e r n e s s . T h e y s e e m e d t o be 
w i t h o u t phys ica l app l i ca t ions . 

In 1 9 7 4 , J . Scherk and J o h n 
S c h w a r z dec ided t o app ly s t r i ngs 
t o a to ta l l y d i f fe ren t p r o b l e m , t he 
q u a n t u m t h e o r y o f g rav i t y . T h e 
re lat iv is t ic s t r i ng con ta ined a m a s s -
less , sp in t w o exc i ta t i on w h i c h 
w a s no g o o d f o r s t r o n g in terac­
t i o n s bu t cou ld be ident i f ied as t he 
g r a v i t o n , t h e q u a n t u m o f t he g rav ­

i ta t iona l f i e l d . T h e s imp les t t e r m s 
f o r ca lcu la t ing t he sca t te r i ng o f 
th is m a s s l e s s q u a n t u m w e r e 
s h o w n t o agree w i t h t h o s e de r i ved 
f r o m E ins te in ' s t h e o r y o f g rav i t y . 

In 1 9 7 6 , F. Gl iozzi , Scherk and 
D. Ol ive real ized tha t f e rm ion i c 
s t r i ngs cou ld p r o d u c e a s u p e r s y m ­
met r i c t h e o r y ifi t e n d imens iona l 
s p a c e - t i m e . Supe rs t r i ngs w e r e 
b o r n . The i r p rope r t i es s u g g e s t e d 
t ha t supe rs t r i ng t h e o r y m igh t suc­
ceed w h e r e f ie ld t h e o r y had fa i led . 
A c o m p l e t e s t r i ng t h e o r y is n o w 
env i saged as inc lud ing all in terac­
t i o n s o f t he un iverse — seen and 
unseen . 

T h e b r e a k t h r o u g h ach ieved in 
supe rs t r i ng t h e o r y and the impac t 
o f t h e S y m p o s i u m can pe rhaps be 
s u m m a r i z e d by t he f o l l o w i n g c o m ­
m e n t s . M i k e Green r e m a r k e d 'I 
fee l t he s y m m e t r y g r o u p s f o u n d 
fo r t he supe rs t r i ng are ve ry i m p o r t ­
ant bu t I a m no t ye t c o n v i n c e d tha t 
one par t icu lar supe rs t r i ng t h e o r y 
is c o r r e c t ' . Ed W i t t e n c o m m e n t e d 
' th is w a s t he f i r s t w i d e l y a t t e n d e d 
con fe rence s ince t he (superst r ing) 
r evo lu t i on . Be fo re th is mee t i ng the 
s ign i f i cance o f t he d e v e l o p m e n t s 
had no t real ly sunk in f o r m a n y 
p e o p l e ' . Dav id Gross e x p r e s s e d 
the g rea tes t o p t i m i s m and sa id ' i t 
is remarkab le h o w easi ly recogn iz ­
able f ea tu res o f phys i cs e m e r g e 
f r o m supe rs t r i ngs . W h i l e I d o n ' t 
be l ieve w e have ye t f o u n d the r ight 
r ou te , the re appear t o be no insu­
perab le o b s t a c l e s t o der iv ing all 
k n o w n phys i cs f r o m the E8 x E8 
he te ro t i c s t r i n g ' . 

From A.R. White and C.K. 
Zachos, Argonne, and W.A. Bar­
deen, Fermilab. 
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LEAR looks ahead 

The beam switchyard at CERN's LEAR Low 
Energy Antiproton Ring. Ideas for the future 
of the very popular LEAR project were aired 
recently at a meeting at Tignes in the French 
Alps. 

(Photo CERN 457.10.83) 

F r o m 19 t o 2 6 January in T i g n e s 
in the French A l p s , 1 8 0 m e m b e r s 
o f CERN's n e w e s t phys i cs c o m m u ­
n i ty m e t t o r e v i e w p r o g r e s s and 
d i scuss p lans f o r t he f u tu re . T h e s e 
phys i c i s t s use the LEAR l o w ener­
gy a n t i p r o t o n r ing w h i c h c a m e in to 
ac t i on in 1 9 8 3 and w h o s e un ique 
l o w energy b e a m s have a t t r a c t e d 
an unan t i c ipa ted level o f pa r t i c ipa ­
t i o n f r o m all ove r t he w o r l d . 

In February 1 9 8 4 , c o n s t r u c t i o n 
began f o r CERN's n e w A n t i p r o t o n 
A c c u m u l a t o r (ACOL) , w h i c h w i l l 
c o m p l e m e n t the p resen t A n t i p r o ­
t o n A c c u m u l a t o r ( A A ) r ing . A C O L 
is des igned t o p r o v i d e a t e n f o l d 
increase in the rate at w h i c h t he 
p rec ious a n t i p r o t o n s can be c o l ­
l ec ted (6 x 1 0 1 0 par t ic les per hour) . 

T h e T ignes m e e t i n g inc luded 
r e v i e w s o f t he mach ine s ta tus in 
and a round LEAR. Roy Bi l l inge 
k i c k e d o f f w i t h a genera l su r vey 
o f CERN's a n t i p r o t o n fac i l i t ies , and 
Ei f ion J o n e s f o l l o w e d up w i t h a 
p r o g r e s s repor t o n A C O L . C o n ­
s t r uc t i on shou ld t a k e a t o t a l o f 3Vi 
years and ins ta l la t ion a fu r the r 
e ight m o n t h s , so t ha t t he mach ine 
in schedu led t o be ready in 1 9 8 7 . 

A t t e n t i o n t hen t u r n e d t o LEAR 
i tsel f . Pierre Le fevre c o v e r e d t he 
cur ren t s ta tus o f t he m a c h i n e , 
wh i l e Daniel S i m o n dea l t w i t h t he 
expe r imen ta l areas. A t t he m o ­
m e n t , LEAR e x p e r i m e n t s are c o n ­
f i ned t o t he S o u t h Hall at t h e CERN 
P ro ton S y n c h r o t r o n (wh i ch dece l ­
e ra tes the a n t i p r o t o n s pr io r t o i n ­
j ec t i on in to LEAR). T o sa t i s f y t he 
b ig in te res t in LEAR, add i t i ona l 
beaml ines cou ld be p r o v i d e d in 
t he S o u t h Hal l , and users are h o p ­
ing t o gain a f o o t h o l d in o the r ex ­
pe r imen ta l areas. 

Dieter M 6 h l desc r i bed t he t e c h ­
nical a s p e c t s o f f u tu re LEAR o p ­
t i o n s such as in ternal t a r g e t s , c o -
ro ta t i ng b e a m s o f nega t i ve h y d r o ­
gen ions and a n t i p r o t o n s , co l l i d ing 

p r o t o n and a n t i p r o t o n b e a m s , and 
add i t iona l a n t i p r o t o n dece le ra t i on , 
and f o l l o w e d up w i t h a des ign f o r 
a s u p e r c o n d u c t i n g 'Supe r -LEAR ' . 

Other t a l ks c o v e r e d c o n t r o l and 
d iagnos t i c s y s t e m s , coo l i ng o f cir­
cu la t ing b e a m s (w i th i l lus t ra t ions 
f r o m o the r coo l i ng r ings) and ideas 
f o r coo l i ng and dece le ra t ion o f t he 
ex t r ac ted b e a m . 

A f t e r t he dai ly ra t ion o f mach ine 
s e s s i o n s , a t t en t i on t u rned t o t he 
w i d e va r ie ty o f phys i cs w h i c h has 
a t t r ac ted s o m a n y users . 

T h e f i rs t phys i cs sess ion w a s 
g iven ove r t o nuc leon-an t inuc leon 
in te rac t ions . A s we l l as the i m p o r t ­
ant and st i l l largely unexp lo red area 
o f par t ic le -ant ipar t ic le ann ih i la t ions 
at l o w ene rgy , ta l ks c o v e r e d r e s o n ­
ance sea rches , p r o t o n - a n t i p r o t o n 
a t o m s , sp in e f f ec t s , e last ic sca t ­
t e r i n g , and the poss ib i l i t y o f i n t ro ­
duc ing t he a d d e d a t t rac t i on o f an t i -
neu t rons . 

T h e s p e c t r o s c o p y sess ion c o v ­
ered the m e s o n s e x p e c t e d t o be 
access ib le in p r o t o n - a n t i p r o t o n 
ann ih i la t ions at LEAR and Super -
LEAR energ ies . N e w e f fec ts are 
o b s e r v e d at LEAR in m e s o n p r o ­
duc t i on m e c h a n i s m s f r o m annih i ­
la t ions at res t , bu t so far the re is 
no c o n f i r m a t i o n o f ' b a r y o n i u m ' 
s t a tes ( n a r r o w resonances seen 
on ly in annih i la t ion) . Exper imen ta l ­
is ts are keen t o d ig deeper in to 
t he r ich m e s o n g o l d mine o f ann i ­
h i la t ion , l o o k i n g f o r g luebal ls 
( m e s o n s m a d e o f g luons rather 
t han qua rks ) , hyb r i d q u a r k / g l u o n 
m e s o n s , and b a r y o n i u m , us ing 
n e w d e t e c t o r s and n e w ap ­
p r o a c h e s ( c o m p a r i s o n o f d i f fe ren t 
angular m o m e n t u m s ta tes in ann i ­
h i la t ion at res t , j e t t a r g e t s , po la r i ­
za t ion e x p e r i m e n t s , e tc . ) . T h e re­
cen t i nves t i ga t i on o f c h a r m o n i u m 
(cha rmed quark -an t iqua rk s ta tes) 
at t he ISR us ing a gas je t t a rge t 

1 8 8 CERN Courier, June 1985 



g i ves s u p p o r t t o P ie t ro Dalp iaz ' 
push f o r q u a r k o n i u m s p e c t r o s c o p y 
at Super -LEAR energ ies . 

In t h e sess ions o n rare d e c a y s , 
resu l ts o n the ann ih i la t ion in to an 
e lec t ron p o s i t r o n pair , and c h a r g e -
par i t y v io la t i on and t h e m y s t e r i e s 
o f t he neut ra l kaon s y s t e m g o t 
p l en t y o f c o v e r a g e . Here LEAR 
c o u l d p lay a v i ta l ro le in t e s t i n g 
^ n b i t i o u s n e w theo re t i ca l i deas , 
espec ia l l y w i t h the h igh in tens i t ies 
e x p e c t e d w i t h A C O L . 

In t he a n t i p r o t o n s and nucle i 
s e s s i o n , c lear resu l ts w e r e p re ­
s e n t e d f r o m exo t i c a t o m s p e c t r o s ­
c o p y , f r o m sca t te r i ng e x p e r i m e n t s . 

and ev idence has been seen f o r 
ann ih i la t ions o f a n t i p r o t o n s b o t h 
ins ide and o n the sur face o f nuc le i . 

In t he ' n e w ideas ' s e s s i o n s , p r o ­
posa l s w e r e a i red t o t es t t he g rav ­
i ta t iona l p rope r t i es o f an t ima t te r , 
w h e r e it is i m p o r t a n t t o check 
w h e t h e r an t ima t t e r fa l ls d o w n , o r 
w h e t h e r it ' fa l l s ' u p ! T r a p p i n g o f 
e x t r e m e l y l o w energy (a lmos t s t a ­
t ionary ) a n t i p r o t o n s in magne t i c 
' b o t t l e s ' w e r e d i s c u s s e d , t o g e t h e r 
w i t h ve r y h igh p rec is ion expe r i ­
m e n t s . T h e idea o f s t u d y i n g p r o -
t o n - a n t i p r o t o n a t o m s p r o d u c e d in 
f l igh t w a s a i red , and imag ina t i on 
w e n t as fa r as cons ide r ing t he p r o ­

d u c t i o n and s t o r a g e o f a n t i h y d r o -
gen (an a n t i p r o t o n nuc leus w i t h 
an o rb i ta l pos i t ron ) — w h i c h w o u l d 
be t he f i r s t e x a m p l e o f t he p r o d u c ­
t i o n o f s tab le neut ra l an t ima t te r . 

T h e d e t e c t o r sess ion began w i t h 
a s u r v e y b y ch ie f d e t e c t o r guru 
Geo rges Charpak , w h o c la imed 
' t he l im i ta t i ons -o f par t ic le d e t e c t o r s 
are usual ly n o t so le ly in t r ins ic bu t 
are a lso d e t e r m i n e d by the nature 
o f the i r i n te rac t i on w i t h the pa r t i ­
c les , t he g e o m e t r y , and the c o s t . 
V e r y o f t e n t he adve r t i sed l im i ts 
are i l l usory ' . T h e unusual phys i cs 
at LEAR is a lso ac t i ng as fer t i le 
g r o u n d f o r d e t e c t o r i nnova t i ons . 

Science transfer for development 
by Abdus Salam 

The author, who shared the 
Nobel Physics Prize in 1979 
with Sheldon Glashow and 
Steven Weinberg, is founder 
and Director of the Inter­
national Centre for Theoreti­
cal Physics in Trieste, Italy. 
A native of Pakistan, Abdus 
Salam has long advocated 
increased Third World parti­
cipation in first rate scientific 
research. The article pub­
lished here is extracted from 
a fuller text which first ap­
peared in Third World Affairs 
1985', published by the Third 
World Foundation for Social 
and Economic Studies, Lon­
don. 

Desp i te the recent real izat ion tha t 
sc ience and t e c h n o l o g y are the 
sus tenance and ma jo r hope f o r 
e c o n o m i c b e t t e r m e n t , t he th i rd 
w o r l d (barr ing a f e w coun t r i es — 
A r g e n t i n a , Brazi l , China, India...) 
has t a k e n t o sc ience — as d i s t i nc t 
f r o m t e c h n o l o g y — as on ly a mar ­
ginal ac t i v i t y . 

Th i s is a lso t rue o f the a id -g iv ing 
agenc ies o f t he r icher coun t r i es , 
o f t he agenc ies o f t he Un i ted Na­
t i o n s and a lso un fo r tuna te l y o f t he 
sc ient i f ic c o m m u n i t i e s o f t he deve l ­
o p e d coun t r i es w h i c h m igh t na tu ­
rally have been e x p e c t e d t o be the 
th i rd w o r l d sc ien t i s t s ' f o r e m o s t 
al l ies. 

Pol icy m a k e r s , p res t ig ious c o m ­
m iss i ons (l ike the Brandt C o m m i s ­
s ion) , as w e l l as a id -g ive rs , speak 

un i f o rm ly o f p r o b l e m s o f t e c h n o l ­
o g y t rans fe r t o t he deve lop ing 
coun t r i es as if t ha t is all t ha t is 
i n v o l v e d . V e r y f e w w i t h i n t he d e ­
v e l o p i n g w o r l d appear t o s t ress 
tha t f o r long term effectiveness, 
technology transfers must always 
be accompanied by science trans­
fers; t ha t t he sc ience o f t o d a y is 
t he t e c h n o l o g y . 

Sc ience t rans fe r is e f f ec ted by 
and t o c o m m u n i t i e s o f sc ien t i s t s . 
Such c o m m u n i t i e s (in deve lop ing 
count r ies ) need bu i ld ing up t o a 
cr i t ica l size in the i r human re­
sou rces and in f ras t ruc tu re . Th is 
bu i ld ing up cal ls f o r w i s e sc ience 
po l i c ies , w i t h l o n g - t e r m c o m m i t ­
m e n t , g e n e r o u s p a t r o n a g e , self-
g o v e r n a n c e and f ree in ternat iona l 
c o n t a c t s . Fur ther , in our coun t r i es . 
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Third World photographs by GSrard Bertin. 

t he h igh- level sc ien t i s t m u s t be 
a l l o w e d t o play a ro le in n a t i o n -
bu i ld ing as an equal pa r tne r t o t he 
p ro fess iona l p lanner , t he e c o n o m ­
ist and the t e c h n o l o g i s t . F e w d e ­
ve lop ing coun t r i es have p r o m u l ­
g a t e d such po l i c i es ; f e w aid a g e n ­
c ies have t aken it as the i r m a n d a t e 
t o encou rage and help w i t h t he 
bu i ld ing up o f t he sc ient i f i c in f ra­
s t ruc tu re . 

Why Science Transfer? 

First and f o r e m o s t , w e need 
sc ient i f i c l i teracy and sc ience 
teach ing — at all levels — and par­
t icu lar ly at the h igher leve ls , f o r 
eng ineers and t e c h n o l o g i s t s . Th is 
cal ls f o r insp i r ing t e a c h e r s , and no 
one can be an insp i r ing teacher o f 
sc ience un less he has expe r i enced 
and c rea ted at least s o m e m o d i ­
c u m o f l iv ing sc ience dur ing s o m e 
par t o f his career. Th i s cal ls f o r 
w e l l - e q u i p p e d teach ing labo ra to r ies 
and (in t he p resen t era o f f as t m o v ­
ing sc ience) , the p rov i s i on o f t he 
n e w e s t journa ls and b o o k s . Th is 
is t he m i n i m u m sc ient i f i c in f ra­
s t ruc tu re any c o u n t r y needs . 

Nex t shou ld c o m e d e m a n d s o n 
the i r o w n sc ient i f ic c o m m u n i t i e s 
— cons i s t i ng o f the i r o w n n a t i o n ­
als — f r o m the d e v e l o p i n g c o u n t r y 
g o v e r n m e n t agenc ies and the i r 
nascen t indus t r ies , f o r d i sc r im ina ­
t o r y adv ice on w h i c h t e c h n o l o g i e s 
w o u l d be re levant and w o r t h ac­
qu i r ing . 

Sti l l nex t , f o r a m i n o r i t y o f t he 
d e v e l o p i n g coun t r i es , t he re is t he 
need f o r basic sc ien t i s t s t o help 
the i r app l ied co l l eagues ' research 
w o r k . For any s o c i e t y , t he p r o b ­
l ems of i ts agr icu l tu re , o f i ts local 
p e s t s and d i seases , o f i ts local 
mater ia ls base , m u s t be s o l v e d 
local ly . One needs an unde rp inn ing 
f r o m a f i r s t -c lass base in bas ic 

sc iences t o car ry t h r o u g h app l ied 
research in t hese areas. T h e cra f t 
o f app l ied sc ience , in a d e v e l o p i n g 
c o u n t r y , is m u c h harder t han the 
cra f t o f bas ic sc ience , s imp l y be ­
cause one d o e s no t have avai lable 
expe r t i se . 

A n d f ina l ly , at the a d v a n c e d 
s tages o f a c o u n t r y ' s d e v e l o p m e n t , 
is t he need f o r basic sc ient i f ic re­
search f o r t he r iches it m i g h t unex­
pec ted l y y ie ld fo r t e c h n o l o g y . 

Cons ider s o m e o f the b reak­
t h r o u g h s in phys i cs . Faraday 's un i ­
f i ca t i on o f e lec t r ic i ty and m a g n e ­
t i s m , a c c o m p l i s h e d in the last c e n ­
t u r y , is cer ta in ly one of the m o s t 
s t r i k ing e x a m p l e s . W h e n Faraday 
w a s car ry ing ou t his e x p e r i m e n t s 
— s h o w i n g tha t wh i l e a stationary 
elect r ic charge p r o d u c e s an e lect r ic 
f o r c e on ano the r charge in i ts v i c i n ­
i ty , a moving e lectr ic charge p r o ­
duces a magne t i c f o r ce — no one 
cou ld have imag ined tha t th is s i m ­

ple d i s c o v e r y w o u l d lead eventua l l y 
t o t he w h o l e o f heavy e lectr ica l 
eng ineer ing . 

J u s t t o e m p h a s i s e h o w r e l a t i v e l y 
use less Fa raday ' s w o r k w a s 
t h o u g h t t o be by his c o n t e m p o r a ­
r ies, cons ide r t he a s s e s s m e n t by 
one o f t h e m , Char les Burney , o f 
e lec t r i c i t y v e r s u s mus ic . 'E lec t r ic i ty 
is un iversa l ly a l l o w e d t o be a ve r y 
en te r ta in ing and surpr is ing phe ­
n o m e n o n , bu t it has f requen t l y 
been l a m e n t e d tha t it has never 
y e t , w i t h m u c h ce r ta in t y , been 
app l ied t o any v e r y useful pur­
p o s e . . . (whi le) it is easy t o po in t 
ou t t he h u m a n e and i m p o r t a n t pur­
p o s e s t o w h i c h mus ic has been 
app l i ed . . . M a n y an o rphan is cher­
ished by i ts in f luence , and the 
pangs o f ch i ld -b i r th are s o f t e n e d 
and rende red less d a n g e r o u s . . . ' . 

A f t e r Faraday c a m e M a x w e l l , 
Her tz , lead ing t o the marve ls 
o f rad io , t e lev i s ion and the m o d e r n 

1 9 0 CERN Courier, June 1985 



c o m m u n i c a t i o n s y s t e m s , as w e l l 
as X - r a y s . 

T o see h o w the c l ima te has 
c h a n g e d in d e v e l o p e d coun t r i es 
s ince Faraday 's t i m e , w h e n a 
hund red years af ter M a x w e l l , in 
t he 1 9 6 0 s , m y co l leagues at Har­
v a r d , G l a s h o w and W e i n b e r g , and 
I i ndependen t l y t o o k t he nex t s t e p 
o f pos tu la t i ng a un i f i ca t ion o f t w o 
f u r t h e r f o r c e s o f na ture — o f e lec-
t r o m a g n e t i s m w i t h t h e w e a k n u ­
clear f o r c e o f rad ioac t i v i t y — even 
t he L o n d o n ' E c o n o m i s t ' t o o k n o t e 
and counse l led pe rcep t i ve bus i ­
n e s s m e n no t t o ignore t he l ikely 
e c o n o m i c c o n s e q u e n c e s o f th i s 
n e w d e v e l o p m e n t ! 

Last year , e x p e r i m e n t s at CERN 
p r o v i d e d d i rec t c o n f i r m a t i o n o f our 
t h e o r y . It d id so w i t h techn ica l br i l ­
l iance o f t he h ighes t o rder . I a m 
no t sugges t i ng tha t t he d e v e l o p i n g 
coun t r i es shou ld c rea te acce le ra to r 
l abora to r ies l ike CERN. H o w e v e r , 

even if t he ' E c o n o m i s t ' m a y have 
been o p t i m i s t i c in i ts f o r e c a s t o f 
d i rec t e c o n o m i c bene f i t s o f t he 
n e w un i f i ca t ion o f f o r c e s , the re is 
no ques t i on tha t t hese acce le ra to r 
labora to r ies are f o u n t s o f t he h igh ­
est t e c h n o l o g y in m i c roe l ec t r on i cs , 
in mater ia l sc iences , in s u p e r c o n ­
d u c t o r as w e l l as v a c u u m t e c h n o l ­
o g y . I re jo ice tha t Fermi lab in the 
US has d e c i d e d t o se t up a spec ia l 
Ins t i tu te t o m a k e th is area o f 
sc ience and re la ted t e c h n o l o g y 
avai lable t o Lat in A m e r i c a n p h y s i ­
c i s ts . A n d CERN has m a d e ava i l ­
able t o us — the T r ies te Cent re — 
the se rv i ces o f s o m e m e m b e r s o f 
the i r m i c r o p r o c e s s o r t e a m w h o 
have a l ready c o n d u c t e d t w o s ix-
w e e k co l leges on m i c r o p r o c e s s o r 
phys i cs and t e c h n o l o g y at T r i es te 
at t he h ighes t leve l , f o r 2 5 0 *of t he 
d e v e l o p i n g w o r l d ' s phys i c i s t s . 
Dur ing June 1 9 8 4 , th is t e a m held 
a f ou r w e e k m i c r o p r o c e s s o r c o l ­

lege in Sri Lanka f o r 6 2 phys i c i s t s 
f r o m S o u t h East A s i a ; t o be f o l ­
l o w e d in t he c o m i n g years by f ou r 
w e e k co l l eges in China, C o l o m b i a , 
Kenya and M o r o c c o . 

Science in the Third World 

I can i l lus t ra te t he s i tua t ion o f 
sc ien t i f i c research in m o s t o f t he 
th i rd w o r l d f r o m the examp le o f 
m y o w n c o u n t r y . In 1 9 5 1 w h e n I 
r e tu rned t o t e a c h in Pak is tan af ter 
w o r k i n g at C a m b r i d g e and Pr ince­
t o n , I c o u l d call o n j us t one p h y s i ­
c is t w h o had ever w o r k e d o n a 
l ike sub jec t . T h e m o s t recent is­
sues o f 'Phys ica l R e v i e w ' avai lab le 
w e r e d a t e d b e f o r e t he S e c o n d 
W o r l d W a r . The re w e r e no g ran ts 
w h a t s o e v e r f o r a t t end ing s y m p o s i a 
or c o n f e r e n c e s ; t he on ly t i m e I d id 
a t t e n d a c o n f e r e n c e in the Un i ted 
K i n g d o m I s p e n t a yea r ' s pe rsona l 
s a v i n g s . 

A f t e r 3 0 y e a r s , t he s i tua t ion in 
Pak is tan has i m p r o v e d . For a p o p u ­
la t ion o f a r o u n d 8 0 mi l l ion n o w , 
t he re are s o m e 4 6 research p h y s i ­
c i s t s , expe r imen ta l i s t s and t h e o r e ­
t i c ians in Pak i s tan ' s 19 un ivers i t ies . 
(On t he US n o r m s these n u m b e r s 
f o r th i s p o p u l a t i o n base m igh t have 
been o n e h u n d r e d - f o l d larger — 
i.e. f i ve t h o u s a n d ! ) T h e s e phys i ­
c i s t s st i l l f ace t h e s a m e p r o b l e m s 
regard ing j ou rna l s , pub l i ca t ion dues 
and a t t e n d a n c e s at c o n f e r e n c e s ; 
Pak is tan is st i l l n o t a m e m b e r o f 
t he In te rna t iona l Un ion o f Pure and 
A p p l i e d Phys i cs , s ince our sc ience 
a d m i n i s t r a t o r s d o no t th ink w e can 
a f f o r d $ 1 5 0 0 o f d u e s ; our p h y s i ­
c i s t s are st i l l t o l d t ha t all bas ic 
sc ience — even the s e g m e n t s nec­
essa ry f o r ' app l i cab le ' phys i cs — 
is a f r i gh t fu l luxury f o r a p o o r 
c o u n t r y . H o w e v e r , c o m p a r e d t o 
Pak is tan — and a pr iv i leged g r o u p 
o f s o m e 3 0 coun t r i es — the s i t u -
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at ion In t he remain ing 6 0 o d d o the r 
deve lop ing coun t r ies is as s ta rk 
as it w a s in Pak is tan o f 1 9 5 1 . First 
and f o r e m o s t is the p r o b l e m of 
n u m b e r s — of a cr i t ical s ize. The 
to ta l n u m b e r o f research t ra ined 
phys i c i s t s in m a n y of t hese c o u n ­
t r ies can be c o u n t e d on t he f i ngers 
o f one hand — the cho ice o f sub -
d isc ip l ines in w h i c h t hey m a y have 
rece ived t ra in ing has been c o n d i ­
t i o n e d m o r e by chance t han 
des ign . T h e y m a k e up no 
c o m m u n i t i e s . 

The c rea t ion at T r ies te o f the 
In ternat iona l Cent re fo r Theo re t i ca l 
Phys ics in the 1 9 6 0 s c a m e abou t 
w h e n s o m e of us f r o m the deve l ­
op ing coun t r ies u rged agenc ies o f 
t he Un i ted Na t ions , and in pa r t i cu ­
lar the In ternat iona l A t o m i c Energy 
A g e n c y ( IAEA) and the Un i ted Na­
t i ons Educat iona l , Sc ient i f ic and 
Cul tural Organ iza t ion (UNESCO), 
t o ass is t in amel io ra t ing th is s i tua­

t i on regard ing theore t i ca l phys i cs 
research . W e me t w i t h i n c o m p r e ­
hens ion even f r o m s o m e of t he 
d e v e l o p e d coun t r ies w h e r e phys ics 
f l ou r i shes . 

In 1 9 6 4 , f ou r years af ter t he 
p roposa l w a s f i rs t m o o t e d and 
af ter in tense l o b b y i n g , the I A E A 
d id agree t o create a phys ics ins t i ­
t u t e . UNESCO jo ined as equal 
par tner w i t h IAEA in 1 9 7 0 . T h e 
Cent re has f lou r i shed s ince t h e n , 
w i t h the s u p p o r t o f even t h o s e 
w h o d o u b t e d i ts va l id i ty at f i r s t . 
The bulk o f i ts f unds — n o w 
a m o u n t i n g t o 4 . 5 mi l l ion do l lars 
— c o m e f r o m Italy, I A E A and U N ­
ESCO. Smal ler ad-hoc g ran ts have 
c o m e f r o m t i m e t o t ime f r o m the 
Un i ted Na t ions D e v e l o p m e n t Pro­
g r a m m e (UNDP), the Un i ted Na­
t i ons Financing S y s t e m fo r Sc ience 
and T e c h n o l o g y fo r D e v e l o p m e n t , 
the Un i ted Nat ions Un ivers i t y , t he 
OPEC Fund , the US D e p a r t m e n t o f 
Energy, t he Ford Founda t i on , t he 
I n te rgove rnmen ta l Bureau f o r Infor­
ma t i cs (IBI), Canada, K u w a i t , L ibya , 
Qata r , S w e d e n , Germany , Sri Lan­
ka , Ne the r lands , Japan and D e n ­
mark . Over the 2 0 years tha t t he 
Cent re has ex is ted n o w , it has 
sh i f ted f r o m emphas i s on pure 
phys ics t o w a r d s basic d isc ip l ines 
on the in ter face of pure and app l ied 
phys ics — d isc ip l ines l ike phys i cs 
o f mater ia ls and m i c r o p r o c e s s o r s , 
phys i cs o f energy , phys ics o f f u ­
s i o n , phys ics of reac to rs , phys i cs 
o f solar and o ther non -conven t i ona l 
ene rgy , g e o p h y s i c s , b i o p h y s i c s , 
n e u r o p h y s i c s , laser phys i cs , phy ­
s ics o f oceans and dese r t s , and 
s y s t e m s analys is — th i s , in a d d i ­
t i on t o the s tap les o f h igh ene rgy 
p h y s i c s , q u a n t u m g rav i t y , c o s m o ­
logy , a t om ic and nuclear phys i cs 
and m a t h e m a t i c s . Such a sh i f t t o 
the in ter face o f pure and basic 
app l ied phys i cs w a s made s i m p l y 
because the re w a s no t and st i l l is 

no t any o ther in ternat iona l ins t i tu te 
respons i ve t o the sc ient i f ic hunger 
o f deve lop ing c o u n t r y phys ic i s t s . 

Stages and Growth of Sciences in 
the Third World 

Based on the exper ience ga ined 
in p h y s i c s , w e cou ld d iv ide the 
d e v e l o p i n g coun t r i es (other than 
A r g e n t i n a , Brazi l , China and India) 
in to th ree ca tego r i es . T h e f i rs t 
c a t e g o r y w o u l d cons i s t o f nine 
coun t r i es — Bang ladesh , Ko rea , 
Ma lays ia , Pak is tan , S ingapore and 
T u r k e y in A s i a , p lus Egypt in A f r i ca 
and M e x i c o and Venezuela in Lat in 
A m e r i c a . T h e s e coun t r ies have a 
popu la t i on of phys i c i s t s , cur ren t ly 
app roach ing cr i t ica l i ty , as we l l as 
a f e w cen t res o f h igh qual i ty fo r 
phys i cs w h e r e t e a m s of sc ien t i s ts 
can p e r f o r m i ndependen t research . 
By and large, t hese cen t res are 
capab le o f a w a r d i n g PhD degrees 
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f o r phys i cs w i t h i n the coun t r i es 
t h e m s e l v e s . 

In the s e c o n d c a t e g o r y , t he re 
w o u l d be s o m e 19 coun t r i es w h i c h 
c o n s i s t o f I ran, I raq, J o r d a n , and 
L e b a n o n in the M i d d l e Eas t ; I n d o n ­
es ia , Phi l ipp ines, Sri Lanka , T h a i ­
land and V i e t n a m in S o u t h East 
A s i a ; A lge r i a , Ghana, K e n y a , M o r ­
o c c o , Niger ia , S u d a n , Tanzan ia in 
A f r i c a ; and Chi le, C o l o m b i a and 
Peru in Lat in A m e r i c a . T h e s e c o u n ­
t r ies have a m o d e s t p o p u l a t i o n o f 
phys i c i s t s t h o u g h at any g i ven un i ­
ve r s i t y t he n u m b e r s w o r k i n g are 
ra ther sma l l . There are no research 
g r o u p s as s u c h , t h o u g h in s o m e 
cases ind iv idua ls are h igh ly ac t i ve . 
A s a ru le, PhD deg rees are no t 
a w a r d e d w i t h i n the coun t r i es c o n ­
c e r n e d . I m e n t i o n t h e s e t w o ca te ­
go r i es , because w i t h o rgan i zed 
help f r o m the r ich w o r l d ' s sc ient i f i c 
c o m m u n i t i e s , t hese coun t r i es m a y 
t a k e o f f in a sho r t span o f t i m e . 

T h e remain ing 6 0 coun t r i es are 
b e l o w the ' p o v e r t y l ine ' — s o m e 
excep t i ona l l y b r igh t ind iv idua ls , 
w h o m w e e lect as assoc i a t es o f 
g ie T r i es te Cent re f o r t he d a y 
w h e n ac t i ve research s ta r t s in the i r 
coun t r i es — but no o rgan ized phy ­
s ics research . I s t ress t ha t t h e s e 
are imp ress i ons b a s e d on our ex­
per ience . No o ther s ign i f i cance 
shou ld be read in to t h e m . 

Modalities for Growth of Sciences 

In t he e n d , the g r o w t h o f sc ience 
in our coun t r i es is our p r o b l e m . 
But the re is no d o u b t t ha t o u t s i d e 
help — par t icu lar ly if it is o rgan i zed 
— can m a k e a crucia l d i f f e rence . 
Fi rst , regard ing the w o r k o f ind i ­
v idua l phys i c i s t s , th is c o u l d t a k e 
va r ious f o r m s : f o r e x a m p l e , t he 
phys ica l soc ie t ies o f d e v e l o p e d 
coun t r i es cou ld help by d o n a t i n g 
2 0 0 - 3 0 0 cop ies o f the i r j ou rna l s 
t o dese rv i ng ins t i t u t i ons and ind i ­

v idua ls . T h e y cou ld w a i v e pub l i ca ­
t i o n and con fe rence charges . In 
th is c o n t e x t , the In ternat iona l Un ion 
o f Pure and A p p l i e d Phys ics (IU-
PAP) has he lped the T r ies te Cent re 
de f ray p o s t a g e c o s t s fo r d i s t r i bu ­
t i on o f o ld runs o f j o u r n a l s ; t he 
A m e r i c a n Physical Soc ie t y has 
he lped us w i t h shared subsc r i p ­
t i ons fo r 3 1 phys i c i s t s f r o m 13 
least d e v e l o p e d coun t r i es . 

T h e research labora to r ies and 
the un ive rs i t y d e p a r t m e n t s in d e ­
v e l o p e d coun t r i es cou ld a lso help 
by bu i ld ing up l inks w i t h the i r o p ­
pos i t e n u m b e r s and by f i nanc ing 
o rgan ized v is i t s o f the i r s ta f f s t o 
the ins t i t u t i ons in deve lop ing c o u n ­
t r ies . T h e y cou ld c reate s c h e m e s 
l ike the assoc ia tesh ip s c h e m e at 
the T r i es te Cent re ( w h e r e b y a h igh -
g rade phys ic i s t w o r k i n g in a* d e v e l ­
o p i n g c o u n t r y b e c o m e s par t o f our 
s ta f f by be ing a c c o r d e d the r ight 
t o c o m e t o us th ree t i m e s in six 

years ) , at least f o r the i r o w n ex-
a lumn i . 

Let m e n o w c o m e t o the ques ­
t i o n o f t he l o n g - t e r m help t he Un i ­
t e d Na t i ons agenc ies can g ive in 
bu i ld ing up sc ient i f i c i n f ras t ruc tu re . 
I w i s h t o e m p h a s i s e the role o f t he 
m o d a l i t y I a m persona l l y m o s t f a m ­
iliar w i t h — in te rna t iona l cen t res 
o f research . T h e r e is no ques t i on 
bu t t ha t t he d e v e l o p i n g w o r l d 
needs t o d a y in te rna t iona l research 
i ns t i t u t i ons , o n t he app l ied s ide , 
l ike the W h e a t and Rice Research 
I n s t i t u t e ; o n the sc ience s ide , 
cen t res l ike t he In ternat iona l Cent re 
f o r Insect Phys io l ogy (ICIPE) in Nai ­
rob i . W i t h o u t in te rna t iona l i za t ion , 
sc ience c a n n o t f l o u r i s h ; one c a n n o t 
guaran tee s t a n d a r d s , guaran tee 
keep ing ab reas t o f n e w ideas , gua ­
ran tee a con t inua l t rans fe r o f 
sc ience by m e n w h o c rea ted it and 
w h o c o m e t o such cen t res , m o v e d 
by the i r i dea l i sm. 

I1 
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Recent ly there have been c rea ted 
an in ternat iona l cen t re o f m a t h e ­
ma t i c s at Nice, an in te rna t iona l 
sc ience cen t re in Sri Lanka , one in 
T u r k e y and ano the r in Venezue la . 
A n in ternat iona l phys i cs c e n t r e , 
d i rec ted t o w a r d s Lat in A m e r i c a , 
w a s f o rma l l y i naugura ted in C o l o m ­
bia by i ts Pres ident s o m e m o n t h s 
ago . A l s o the Un i ted Na t i ons In­
dust r ia l D e v e l o p m e n t Organ iza t ion 
(UNIDO) is on the w a y t o c rea t ing 
t w o in ternat iona l cen t res in t he 
f ie ld o f b i o t e c h n o l o g y , one l o c a t e d 
in T r i es te and one in India. 

Bes ides educa t iona l p l ann ing , 
bes ides help w i t h d e v e l o p m e n t o f 
sc ient i f i c agr icu l tu re , I w o u l d a lso 
w i s h tha t t he W o r l d Bank c o u l d 
t a k e it u p o n i tsel f t o e m p h a s i s e t o 
t he deve lop ing coun t r i es t ha t t he 
f a s t e s t rou te t o f inanc ia l p r o s p e r i t y 
t o d a y lies w i t h areas o f sc ience 
— based on high t e c h n o l o g y — 
f o r e x a m p l e , m i c r o e l e c t r o n i c s , 
c o m p u t e r s o f t w a r e and t he l ike, 
and tha t t he ma jo r i n v e s t m e n t 
needed in t hese areas is i nves t ­
m e n t in c rea t ing sc ient i f i ca l ly h igh ­
ly - l i terate m a n p o w e r . 

T o s u m m a r i z e , m y fee l ing is t ha t 
a l m o s t eve ry d e v e l o p i n g c o u n t r y 
has a sc ient i f ic and t e c h n o l o g i c a l 
p r o b l e m w h i c h needs sc ient i f i c 
expe r t i se . I s t r o n g l y fee l t ha t t he 
Un i ted Na t ions s y s t e m m u s t t a k e 
a lead w i t h th is l eg i t ima te m o v e ­
m e n t t o w a r d s in te rna t iona l i za t ion 
o f sc ience w i t h i n the d e v e l o p i n g 
w o r l d f o r t he d e v e l o p i n g w o r l d . 

In sc iences , as in o the r s p h e r e s , 
th is w o r l d o f ours is d i v i d e d be ­
t w e e n the r ich and t he p o o r . T h e 
r icher half — the indust r ia l N o r t h 
and the cent ra l ly m a n a g e d c o u n ­
t r i es , w i t h an i n c o m e o f 5 t r i l l ion 
do l l a rs , s p e n d s t w o per cen t o f 
th is — m o r e than 1 0 0 bi l l ion d o l ­
lars — on non-m i l i t a ry sc ience and 
d e v e l o p m e n t research . T h e r e m a i n ­
ing half o f m a n k i n d — the p o o r e r 

S o u t h , w i t h one f i f t h o f th is i n c o m e 
o f a round one t r i l l ion do l la rs — 
s p e n d s no m o r e t han 2 bi l l ion d o l ­
lars on sc ience and t e c h n o l o g y . 
On the pe rcen tage n o r m s o f t he 
r icher coun t r i es , t h e y shou ld be 
s p e n d i n g t e n t i m e s m o r e — s o m e 
2 0 b i l l ions. A t the Un i ted Na t i ons -
run V ienna Con fe rence o n Sc ience 
and T e c h n o l o g y held in 1 9 7 9 t he 
poo re r na t i ons p leaded f o r in ter­
nat iona l f u n d s t o increase the i r 
p resen t annual expend i tu re o f 2 
b i l l ions t o 4 b i l l ions. T h e y o b t a i n e d 
p r o m i s e s , n o t o f t w o b i l l ions , no t 
o f one b i l l i on , bu t on ly one s e v e n t h 
o f th i s . A s w e k n o w , even th is 
has never been real ized and the 
Un i ted Na t i ons Funding S y s t e m 
f o r Sc ience and T e c h n o l o g y f o r 
D e v e l o p m e n t is w i t h o u t adequa te 
m e a n s . Con t ras t th is w i t h t he s i t ­
ua t ion in t h e mi l i ta ry sphere . Each 
nuclear submar i ne c o s t s 2 bi l l ion 
do l la rs and the re are at least 1 0 0 

o f t h e s e in t h e w o r l d ' s oceans . 
Five h u n d r e d cen t res l ike T r i es te 
c o u l d be f u n d e d f o r a year f o r t he 
pr ice o f one nuclear submar i ne . 

Let m e end by q u o t i n g f r o m a 
g rea t m y s t i c o f t he 17 th cen tu ry 
— J o h n D o n n e — a m a n w h o be ­
l ieved in the m o r a l s ta te o f m a n 
and t he in te rna t iona l i dea l : 'No 
m a n is an i s l and , ent i re o f i t se l f ; 
eve ry m a n is a p iece o f t he c o n t i ­
nen t , a par t o f t he m a i n ; if a c l od 
be w a s h e d a w a y by the sea , Eu­
r o p e is t h e less , as we l l as if a 
p r o m o n t o r y w e r e , as we l l as if a 
m a n o r o f t h y f r i ends or o f th ine 
o w n w e r e ; any m a n ' s dea th d i m i n ­
ishes m e , because I a m i nvo l ved 
in m a n k i n d ; and the re fo re never 
s e n d t o k n o w f o r w h o m the bell 
t o l l s ; it t o l l s f o r t h e e ' . 

Last December at the Annual General 
Assembly of the USSR Academy of 
Sciences, Abdus Salam was presented 
with the Lomonosov Gold Medal, the 
highest annual award of the Academy. 
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A toast to CERN 

Alexis C. Pappas — 'let the neutron-rich 
gather on one side of the valley and the 
neutron-poor on the other side'. 

(Photo Hans Chr. Erlandsen) 

Ret i r ing CERN Counci l De lega te 
A lex i s C. Pappas o f t he Un ive rs i t y 
o f Os lo w a s in spa rk l i ng f o r m f o r 
his adieu s p e e c h : 

F r o m t i m e s i m m e m o r i a l ex i s t ed 
t he va l ley o f Nuclear S tab i l i t y . But 
in t he beg inn ing d a r k n e s s w a s 
u p o n the face o f t he d e e p . A n d 
nuclei w e r e rush ing m a d l y o v e r 
Me s l opes o f t he va l ley . 

T h e n it w a s s a i d : 

'Le t t he rad ioac t i ve nucle i be d i ­
v i d e d in to neu t ron - r i ch and n e u ­
t r o n - p o o r . Let t he neu t ron - r i ch 
ga the r o n one s ide o f t he va l ley 
and t he n e u t r o n - p o o r o n t h e o p p o ­
s i te s i de . ' 

T h e n a c o m m a n d : 

'P rov ide a d iv id ing l ine b e t w e e n 
t he neu t ron - r i ch and t h e n e u t r o n -
p o o r . ' T h u s all s tab le nucle i t u r n e d 
up a long t he b o t t o m o f t he va l ley 
o f nuclear s tab i l i t y . 

A n d it w a s g o o d . 

M a n y years later t h e sc ien t i s t s 
>\/ere c o m m a n d e d : 

'Bui ld e q u i p m e n t , d e v e l o p m e t h o d s 
and inves t iga te t he va l ley o f n u ­
clear s tab i l i t y . ' 

A n d it w a s d o n e . 

A n d sc ien t i s t s w e r e rush ing up 
t he va l ley o f nuclear s tab i l i t y i nves ­
t i ga t i ng all s tab le nuc le i . W h e n th i s 
w a s d o n e , t hey s t a r t e d t o c l imb 
t h e s l opes o f t he va l ley , bu t t h e y 
d id n o t reach h igh up . 

T h e n it w a s s a i d : 

'Bu i ld acce le ra to rs a n d d e v e l o p 
n e w techn iques , th i s in o rde r t o 
a t ta in t he t o p o f t he s l o p e s . ' 

A n d it w a s d o n e . 

Sc ien t i s t s c l imbed h igher and 
higher w i t h o u t fa l l ing d o w n . But 

s o m e heard t he v o i c e : ' L o o k at t he 
heavens . ' 

T h e y s o d i d , and f o u n d c o s m i c 
rays . 

O thers w e r e anx ious t o l ook f o r 
t he en t rance t o the va l ley. 

T h e y a s k e d : 

' W h e r e is t h e en t rance? ' T h e n 
s o m e f a r s i gh ted m e n w i t h o p e n 
m i n d s heard a w h i s p e r i n g v o i c e : 
'S ince t i m e i m m e m o r i a l t he s i te o f 
M e y r i n in t h e land of t he S w i s s 
has been e m p t y and da rk . ' 
A n d , by l i s ten ing ve ry carefu l ly 
t h e y w e r e able t o hear : 
'Bu t u n k n o w n t o m a n k i n d t he k e y s 
t o t he sec re t s o f na ture are bur ied 
deep u n d e r g r o u n d , no t access ib le 
t o m a n . ' 

A n d t hese f a r s i gh ted m e n s a i d : 

' W e w i l l c rea te a cen t re f o r nuclear 
research . Th i s shal l b e c o m e a t e m ­

ple o f sc i ence , n o t on l y f o r Europe , 
bu t f o r t he w o r l d as a w h o l e . ' 

A n d t h e y c o n t i n u e d : 

' Le t us bu i ld CERN. ' A n d sc ien t i s t s 
and eng ineers f r o m all ove r Europe 
f o l l o w e d t h e cal l . T h e roads t o 
Geneva b e c a m e c r o w d e d . A n d 
t h e s e se t t l e rs s t a r t e d t o ga ther at 
t he S i te o f M e y r i n . T h e y bui l t acce l ­
e r a t o r s : t he SC and t he PS. T h e y 
bui l t ISOLDE and reached s o m e o f 
t h e p e a k s a b o v e t he va l ley . T h e y 
a lso co l l i ded in t he ISR. 

A n d all w a s w e l l . 

But s u d d e n l y a n e w c o m m a n d 
w a s h e a r d : 

'Go d e e p u n d e r g r o u n d ! ' A n d it 
c a m e t o pass t h a t t he SPS w a s 
bui l t . A n d t he sc i en t i s t s , l ike bees 
in a h i ve , c o n t i n u e d t o se rve the i r 
queen acce le ra to r . 
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People and things 

Discover ies w e r e m a d e , f r o n t i e r s 
w e r e m o v e d : 

But t he peop le s a i d : ' W h e r e are 
t h e sec re t s o f na tu re? ' A n d t h e 
eng ineers at CERN and t h e sc i en ­
t i s t s m a d e a m i g h t y n o i s e , and 
w i t h the help o f t he a d m i n i s t r a t i o n 
c o n v i n c e d the Counc i l o f CERN t o 
heed the i r d e m a n d : ' c rea te an t i ­
p r o t o n s . ' and ' le t p r o t o n s and an t i ­
p r o t o n s co l l ide , and see t h e f r u i t s . ' 

A n d s o t h e y d i d . 

A n d lo , t he re w a s o n e o f t h e se ­
c re t s o f na ture . A n d in t r i u m p h 
t h e y c a m e t o S t o c k h o l m , in t he 
land o f t he S w e d e s . 

But CERN wi l l no t res t o n i ts lau­
rels. 

T h e y ask a l ready : 

' W h e r e are the o the r k e y s t o t h e 
sec re t s o f na tu re? ' and ' H o w t o 
f i nd t hese k e y s ' A n s w e r s are s u g ­
g e s t e d . S o m e m a y be r igh t . S o m e 
m a y be w r o n g , bu t Seek and y o u 
w i l l f i n d ! 

A t CERN's l abo ra to r ies and ac­
ce le ra to rs y o u f i nd a s t r ange c lass 
o f m o r t a l s , impe l led b y an a l m o s t 
insane impu lse t o seek the i r p leas ­
ures a m o n g p r o t o n s , a n t i p r o t o n s , 
neu t r i nos and an t i neu t r i nos , 
s t r ange par t i c les , q u a r k s and an t i -
q u a r k s , rel ics o f c rea t i on i tsel f . 

T h e s e peop le w i l l , if t he CERN 
m e m b e r s ta tes a l l o w , d ig f u r the r 
and fu r the r in to t he sec re t s o f 
na tu re and one day f i nd t h e nex t 
k e y t o t he sec re ts o f na tu re . 

T h e r e f o r e , ladies and g e n t l e m e n ; 
A s i x fo ld t o a s t t o CERN and i ts 
exce l len t s ta f f , t o th i s T e m p l e o f 
t h e Future , t o t he w e a l t h and w e l l -
fa re o f f u n d a m e n t a l r esea rch , t o 
n e w successes o f t h e in te rna t iona l 
co l l abo ra t i on o f Sc ience , t o all 
sc ien t i s t s us ing t he CERN fac i l i t ies , 
t o t he e x c o m m u n i c a t i o n o f na t iona l 
p res t i ge here at CERN. 

On people 

CERN theoretician John Ellis, 38, 
has been elected a Fellow of 
the prestigious Royal Society of 
London. 

Among the distinguished scientists 
who received the US National Me­
dal of Science, the highest scien­
tific honour accorded by the US 
Government, this year were Mau­
rice Goldhaber of Brookhaven, 
Frederick Reines of the University 
of California at Irvine, and Bruno 
Rossi of MIT, 

The Center for Theoretical Studies 
at the University of Miami has 
awarded its annual J. Robert Op-
pen heimer Prize to John A. Wheel­
er of the University of Texas, 
Austin. 

The American Association of Phy­
sics Teachers' Oersted Medal goes 
to Sam Treiman of Princeton. 

Dirac medal 

To honour one of the greatest phy­
sicists of the century, who died 
last October, and a staunch friend, 
the International Centre for Theo­
retical Physics in Trieste has an­
nounced the Paul Adrien Dirac Gold 
Medal Award, to be given annually 
for highest achievement in theore­
tical physics. The 1985 Selection 
Committee consists of Stig Lund-
qvist of Goteborg, Robert Marshak 
of Virginia Polytechnic, Abdus Sal­
am (Director of ICTP Trieste), Ju­
lian Schwinger of UCLA, Leon Van 
Hove of CERN and Steven Wein­
berg of Austin. The 1985 an­
nouncement will be made on 8 
August. 

ICFA Meeting in India 

The International Committee for 
Future Accelerators, ICFA, held its 
twelfth meeting at the Tata Insti­
tute of Fundamental Research, 
Bombay, on 10 April. ICFA ap­
proved the programmes of the 
four international Panels set up at 
its previous meeting in Leningrad 
(see March issue, page 64). The 1 

Panel on Superconducting Magnets 
and Cryogenics will organize a 
Workshop on the present state of 
the art in March 1986, probably 
in the USr while the Panel on New 
Accelerator Schemes will partici­
pate in the organization of a Con­
ference on this topic already plan­
ned for the Autumn of next year, 
also in the USA. The next meeting 
of ICFA itself will be held in Brus­
sels in October this year. 

On 11 April a one-day seminar 
on Perspectives in High Energy 
Physics was held at the Tata Insti­
tute when some of the ICFA parti­
cipants presented the accelerator 
projects of various regions of the 
world. In India itself, the Depart­
ment of Atomic Energy has recent­
ly decided to create a Centre for 
Advanced Technology at Indore, 
Central India. The present plans 
are to build a 100 MeV proton 
linear accelerator, a synchrotron 
radiation source and, later, a 1 
GeV proton synchrotron. In exper­
imental high energy physics, a Tata 
Institute group is collaborating in 
the L3 LEP experiment at CERN 
and in an experiment at Fermilab. 

Meetings 

The CERN Accelerator School was 
greatly encouraged by the res­
ponse to the General Accelerator 
Physics Course organized last year 
in collaboration with the Orsay and 

1 9 6 CERN Courier, June 1985 



Saclay Laboratories in France. This 
year, the School offers the Ad­
vanced Accelerator Physics course, 
organized jointly with the Ruther­
ford Appleton Laboratory and the 
Department of Nuclear Physics, 
Oxford. This course, to be held in 
Oxford from 16-27 September, is 
the logical continuation of the ear­

ner one and requires prior knowl­
edge of accelerator physics. Furth­
er information from Mrs. S. von 
Wartburg, CERN Accelerator 
School Secretary, LEP Division, 
CERN, 1211 Geneva 23, Switzer­
land. 

The next in the series of IUPAP 
International Conferences on Nu­
clear Physics will be held in Harro­
gate, UK, from 25-30 August 
1986. Further information from 
Meetings Officer, Institute of Phy­
sics, 47 Belgrave Square, London 
SW1X 80X, UK. 

Trieste pays tribute 
to Alfred Kastler 

On 11 March, the International 
Centre for Theoretical Physics 
(ICTP) in Trieste paid tribute to the 
memory of Alfred Kastler, Nobel 
Laureate for Physics 1966 and 
Chairman of the ICTP Scientific 
Council from 1970 to 1982, who 
died on 7 January 1984. 

The ceremony took place in the 
context of one of the programmes 
initiated by him the cycle of ex­
tended courses on Atomic, Mole­
cular and Laser Physics, this year 
seeing the sixth of the series. The 
addition of Atomic, Molecular and 
Laser Physics to the multidiscipli-
nary curriculum of the ICTP was 
by itself an innovation; however 
the most striking feature had been 
Kastler's total intellectual and 

In bubble chamber experiments, neutrino 
interactions in the chamber walls are 
normally rejected. However by studying 
the tracks coming from these interactions, 
a neutrino 'tomograph' of the chamber can 
be obtained. The figure shows the 
distribution of neutrino events near the iron 
wall of the Fermilab 15 foot bubble chamber 
from an experiment by an Illinois Institute of 

human commitment to the success 
of the first course. Despite all his 
other responsibilities, he directed 
the course from the first to the 
last day, listening to all lectures, 
taking part in all scientific discus­
sions and taking an interest in 
young scientists from developing 
countries, not only in their individ­
ual difficulties relating to the course 
itself, but also in their day-to-day 
problems. Also he never missed 
the Italian lessons for course par­
ticipants. 

Another innovation of Kastler 
was the institution of courses in 
French for scientists from French-
speaking African countries. This 
led to biennial Summer Schools 
on Physics Teaching and on Non-
Conventional Energies. The cycle 
started in 1977 with the Physics 
Teaching School held in Trieste. 
The subsequent ones were held 
in Grenoble, France in 1979, Lou-

Technology/Maryland/Stony Brook/ 
Tohoku/Tufts group. A neutrino radiograph 
was obtained last year at CERN by the 
CERN'/Dortmund'/Heidelberg/Saclay neutrino 
experiment which clearly showed the iron 
walls of a liquid hydrogen target installed 
upstream of the detector {see July/August 
1984 issue, page 239). 

vain-la-Neuve, Belgium in 1981 
and Bizerte, Tunisia in 1983. Lou-
vain-la-Neuve will again welcome 
the 1985 School. The schools on 
Non-Conventional Energy have 
been held at ICTP. 

During the ceremony, ICTP Direc­
tor Abdus Salam and S. Lundqvist, 
Chairman of the ICTP Scientific 
Council, together with some of 
Kastler's former collaborators, des­
cribed his many contributions to 
science and the spread of scientific 
knowledge. 
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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 the r 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, 
S L A C a n d FERMILAB. 

Cand ida tes shou ld no rma l l y be less t han 2 8 years 
o l d . 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 ­
s ib le ex tens ions o f up t o 2 yea rs . R A s are based 
e i ther at the acce le ra to r l abo ra to ry w h e r e the i r ex­
pe r imen t is c o n d u c t e d , or at R A L d e p e n d i n g o n t he 
requ i remen ts o f t he e x p e r i m e n t . W e have in a d d i ­
t i o n h o m e - b a s e d p r o g r a m 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 t s inc lude UK un ive rs 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 m a i n ­
ta i ned . 

Please w r i t e f o r an app l i ca t i on 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 , 
Ruther ford A p p l e t o n Laboratory , 
C h i l t o n , D idcot , Ox fordsh i re 0 X 1 1 O Q X , 
E N G L A N D . 

THE UNIVERSITY OF GENEVA 
has an opening for a 

SENIOR 
RESEARCH ASSOCIATE 

(Maitre denseignement et de recherche) 
in t h e D e p a r t m e n t 

of N u c l e a r and Par t ic le Physics 

For th i s fu l l t i m e pos i t i on exper ience in par t ic le 
phys ics , da ta p rocess i ng and expe r imen ta l t e c h ­
n iques is requ i red . 

The cand ida te w i l l , f o r t h e t i m e be ing , j o in a g r o u p 
p e r f o r m i n g an e x p e r i m e n t at CERN SPS, t o de tec t 
d i rec t p h o t o n p r o d u c t i o n . 

The a p p o i n t m e n t m a y be e f fec t i ve as of O c t o b e r 
1 s t 1 9 8 6 or at any o t h e r da te u p o n mu tua l agree­
men t . 

A p p l i c a t i o n s s h o u l d be sen t be fo re J u n e 3 0 , 
1 9 8 5 , t o t he D i rec to r o f 

D e p a r t e m e n t de physique nucleaire 
e t corpusculaire 
Prof. E. H e e r 
2 4 , quai E r n e s t - A n s e r m e t 
1 2 1 1 G e n e v a 4 , 

f r o m w h o m fu r t he r i n f o r m a t i o n m a y be ob ta ined . 

K i n e t l c S y s t e m s C o r p o r a t i o n 
( K S C ) 

L C h a l l e n g e s Y O U 

P H Y S I C I S T 
The Medium-Energy Physics Croup, Physics Division, 
announces an opening for a staff physicist. Must have an 
unusual potential for accomplishments in nuclear or 
particle physics as evidenced by publications, invited talks, 
and letters of reference Experience in the medium-energy 
areas of meson or hypernuclear physics is desirable. 

Applicant is expected to provide ideas, technical expertise, 
and leadership that will benefit both existing and future 
research directions of the group. Research will be based 
at the "Clinton P. Anderson Meson Physics Facility (LAMPF) 
and other accelerator facilities which complement and 
extend Los Alamos capabilities. 

Los Alamos, located in the mountains of northern New 
Mexico, provides an unparalleled technicalenvironment. 
if you meet the above requirements and are interested, 
please submit a detailed resume, publication list, and three 
letters of reference to: 

Joel M. Moss 
DIV 85-CN Group P-2, MS D456 

Los Alamos National Laboratory 
LOS Alamos, NM 87545 

University of California 

U.S. Citizenship Required 
An Affirmative Action/Equal Opportunity Employer 

We have positions open for: 

+ DESIGN ENGINEERS 

^ S A L E S ENGINEERS 

^ MARKETING DIRECTOR 

If you are presently working in a laboratory, university, 
or research environment and have knowledge of CAMAC 
or FASTBUS, you are of particular interest to us. KSC 
uses the CAMAC and FASTBUS standards in designing 
and manufacturing computer-based data acquisition 
and control systems for the scientific, aerospace/defense, 
and industrial markets. 
When you join KSC you will f ind yourself in a friendly, 
stimulating, and creative environment. If you have the 
background knowledge, we will help you acquire the 
training you might need to design, market, or sell KSC's 
products. 
We offer you an excellent salary/benefits package. 
Please send your resume in confidence to : 

Laurie Pike 
Administrative Vice President 
KineticSystems Corporation 
11 Maryknoll Drive 
Lockport, IL 60441 

An Equal Opportunity Employer (M/H/F) 
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Accelerator 
Physics Head 
Brookhaven National Laboratory 
Brookhaven National Laboratory seeks a scientist to 
establish and to head an Accelerator Physics Branch 
within High Energy Facilities. The successful candi­
date will be responsible for building an organization 
from a nucleus of accelerator physicists now on the 
staff. The new Branch will provide a coherent frame­
work for theoretical and experimental studies on ques­
tions of general and long-term importance to accelera­
tor design, as well as for answers to specific problems 
relating to the design of the Superconducting Super 
Collider (SSC), the Relativistic Heavy Ion Collider, the 
Alternating Gradient Synchrotron (AGS) Booster, the 
AGS Beam Stretcher, etc. The Head of the Accelerator 
Physics Branch will report to the Associate Director of 
High Energy Facilities. 

Candidates should have a history of significant accom­
plishment in accelerator physics or related fields, and 
the demonstrated ability to organize and lead the work 
of experienced physicists, engineers, postdoctorals 
affiliated with the Accelerator Technology Fellows Pro­
gram, and support staff. Applications and inquiries 
should be directed to: Ernest D. Courant, Chairman, 
Search Committee, Building 902A, Brookhaven 
National Laboratory, Associated Universities, Inc., 
Upton, Long Island, NY 11973. Equal opportunity 
employer m/f. 

I l I I I BROOKHAVEN 

« • 1 1 NATIONAL LABORATORY 
I I I ASSOCIATED UNIVERSITIES INC 

The Max-Planck-Institut 
fiir Physik und Astrophysik, 

Munich, 

is o f f e r i ng t he p o s i t i o n f o r a 

Ph. D. Physicist 
in 

Elementary Particle Physics 

W e are l ook i ng f o r an e x p e r i m e n t a l phys ic i s t w i t h 
exper ience in h igh ene rgy par t i c le phys i cs t o pa r t i ­
c ipa te in t he ana lys is o f an e x p e r i m e n t on h igh 
energy m u o n p r o t o n sca t t e r i ng w h i c h w i l l be per­
f o r m e d w i t h a v e r t e x d e t e c t o r ( s t reamer chamber ) 
and a f o r w a r d s p e c t r o m e t e r at Fermi lab . 

T h e a p p o i n t m e n t w i l l no rma l l y be f o r th ree years 
w i t h a poss ib le e x t e n s i o n . 

A p p l i c a t i o n s ( inc lud ing cu r r i cu lum v i t ae , l ist o f p u ­
b l i ca t ions and t he n a m e s o f t w o referees) shou ld be 
sen t as s o o n as poss ib l e t o 

Prof. IM. S c h m i t z 
M a x - P lanck-1 n s t i t u t 
f i ir Phys ik u n d A s t r o p h y s i k 
Fohr inger R ing 6 
D - 8 0 0 0 M i i n c h e n 4 0 , W e s t G e r m a n y 

EUROPEAN SPACE AGENCY 

T h e European Space Agency offers a 

RESEARCH FELLOWSHIP IN X-RAY ASTRONOMY 
in its S p a c e Sc ience Department (Astrophysics Division) situated at the European S p a c e Research 
a n d T e c h n o l o g y Centre (ESTEC) , Noordwijk, the Netherlands. 

R e s e a r c h a n d deve lopment of focal plane instrumentation for future generat ions of X - ray imaging 
te lescopes is be ing undertaken, based on the Gas Scintillation Proport ional Counter deve lopment 
p ioneered wi th in the group. Observat ional data f rom the EXOSAT mission are being ana lysed . 

App l ican ts shou ld have research exper ience in the development of instrumentat ion, either in the 
s p a c e f ield or in nuclear physics, and be conversant with associated electronic sys tems and data 
hand l ing . K n o w l e d g e in astrophysics, whi le desirable, is not essential . 

App l ican ts shou ld also have a Ph.D. or equivalent degree. Good knowledge of Engl ish or French is 
requ i red; s o m e knowledge of the other language is desirable. 

T h e fe l lowship wil l be for a period of one or two years. 

Appl ica t ions should be directed to the Head of Personnel , ESTEC, Postbus 2 9 9 , 2 2 0 0 A G Noordwi jk , 
t h e Nether lands , including detai led curr iculum vitae. For enquir ies, phone 1719-83308 
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...but it's a proven nam 
in the world of advanced technology 

In photomultipliers and discrete dynode 
electron multipliers we've been among the front 
runners since the 50s. Our expertise in solid-state 
technology and surface physics goes back just as far. 
We've been in single-channel electron multipliers 
since the early 60s. In glass technology our 
experience goes back to the turn of the century. 
And we have one of the largest privately funded 
research establishments in the world. 

So we asked our research laboratories and our 
glass technologists to develop a range of SCEMs to 
meet the specific needs of Mass Spectrometry. 
SCEMs that would 
• handle count rates up to 10 7 per second 
• operate linearly in the analog mode at currents up 

to 5 pA and gains up to 10 7 

• have a useful life in vacuum of at least 3000 |jAh 
• deliver 10 pA for 10 minutes without lasting gain 

degradation 
• remain fully stable to atmospheric exposure and 

survive baking at up to 400 °C 

That's only part of the specification we set 
them - and they met it in every detail. 

So, if you're in Mass Spectrometry, either as an 
OEM or for the maintenance of existing equipment, 
we thought you'd be glad to know there's a new 
name in SCEMs. A new name for price competitive 
SCEMs with the quality you're entitled to expect 
from a proven name in advanced technology. 
For more information, contact: Philips Electronic Components and 
Materials Division, 5600 MD Eindhoven, The Netherlands 

Electronic 
components 
and materials 

PHILIPS 



Throughout the World 
of Quality Optics 

SCHOTT-GLASS 

In search of the structure of matter with optical glass 
from Schott 

Schott 's SF 57 glass possesses excel ­
lent propert ies for the detect ion of high 
energy particles in Cerenkov counters. 

• The high internal transmittance in 
the blue-violet spectral regions -
T, (400 nm) 0.30, T, (440 nm) ^ 0.80 
at 100 mm thickness - permits evalua­
t ion of the more intensive port ion of 
the Cerenkov cont inous spectrum at 
400 nm. 

• In addit ion to offering good transmis­
sion the high refractive index of 1.85 
guarantees a low threshold energy for 
the detectable particles. 

• The high density of p = 5.51 g / c m 3 

results in a short radiation length of 
15.4 mm which allows the glass block 
to be smaller thereby lowering costs. 

• Tight dimensional tolerances and 
angular accuracy allow for simplified 
assembly. 

We also supply scintil lating glasses, 
f iberoptic products and optical filters. 

ra SCHOTT 
SCHOTT GLASWERKE 
Opt ics Division 
Product Group "Optical Glass" 
HattenbergstraBe 10 
D-6500 Mainz 
Telephone (06131) 66-0 



CAMAC-IEEE 488/GPIB 
INTERFACE TYPE 1124 

Intelligent Camac interface for the 
autonomous control of an IEEE 488 Bus 

2 X 4k-byte buffer memory 

Secondary address capability 

Operates in multi-controller systems 

Full parallel and auto-serial 
polling features 

Autonomous task-handling 
command buffer 

Programmable terminating 
characters 

borer Borer Electronics AG 

CH-4501 SOLOTHURN/SWITZERLAND 
Tel . 065 • 31 11 31 Telex 934 228 

NUCLEAR 
ENGINEERING 

For over twenty years CERN has been placing its trust 
in our members, who are specialists in such fields as: 

• precision machining 
• miniature components 
• electronics (hard and soft) 
• sheet-metalwork 
• welding for high-vacuum 
• precision industrial optics. 

In addition to technical expertise, our firms guarantee: 

• reliable delivery dates 
• Swiss precision 
• excellent value for money 
• a good after-sales service. 

It is not mere chance that Geneva, the birthplace of 
major inventions, is still in the forefront of industrial 
progress. 

Consult our specialists. They are there to find you 
the best sub-contractor. 

Come to visit our permanent exhibition open from 
Monday to Friday 8 a.m. to 6 p.m. 

opi OFFICE POUR LA PROMOTION DE ̂ INDUSTRIE GENEVOISE 

9, rue Boissonnas, CH-1227 Geneva 
Telephone: 022 / 424244; telex: CH 429 080 opi 

BARNIER 
• RUBANS ADHESIFS TECHNIQUES 

simple et double face (tous supports). 

• RUBANS ADHESIFS ET ISOLANTS 
pour la construction electrique et electronique. 

• RESINES, COMPOSANTS ET ACCESSOIRES 
pour cables d'energie. 

Nous avons cree des produits speciaux pour les 
differents I a bo rat o ires 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 Cedex 
0 75.44.05.00 
TELEX 345942 ISOBAR VALNC 
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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 them, have put VAC in a 
posit ion to build a "walk-about" shielded room for 
the Physikalisch-Technische Bundesanstalt in 
Berlin, which to date has the highest shielding factor 
in the wor ld. It provides facil i t ies fot 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 appli­
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 
work ing on it. 

VACUUMSCHMELZE 

VACUUMSCHMELZE GMBH 
G r u n e r W e g 3 7 • D-6450Hanau 1 • West-Germany 
Phone: (061 81) 362-1 • Telefax: (061 81) 362 645 
Telex: 4 1 8 4 863 
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U f e W O R L D 
W S C I E N T I F I C 

P U B L I S H I N G C E I M C O U R I E R 

Superstrings: The First 15 Years of 
Superstrings Theories (2 Volume Set) 
J . H . SCHWARTZ (Caltech) 

Superstr ing uni f icat ion is a fast developing f ie ld new to almost all 

theoret ical physicists. This col lect ion of basic pre-1985 references 

should be very valuable, the two volumes containing over 9 0 0 pages of 

reprints plus some introductory comments by J . Schwarz. 

9971978660 (cloth) 950pp due Sept'85 £78.00/$89.70 
9971978679 (paper) 950pp due Sept'85 £36.00/$41.40 

Anomalies, Geometry and Topology: 
Proceedings of the Symposium on 
Anomalies, Geometry and Topology, 
Argonne, USA, March 1985 
Edited by A. WHITE (Argonne) 

These proceedings rev iew the most important developments in 

Anomal ies, Geometry and Topology. Perhaps this symposium may wel l 

be remembered as the f irst meet ing where superstr ing physics has 

emerged as a dominant theme for the entire physics community. This 

book is a must for all theoret ical physicists and mathemat ic ians. 

9971978695 540pp due Sept'85 £56.00/$64.40 

Quantum Theory of Many Variable Systems 
and Fields 
B. SAKITA (CUNY) 

Based on lectures given for graduate students at City College, this is an 

ideal text for a one-semester course for Quantum Field Theory. 

World Scientific Lecture Notes on Physics — Vol. 1 
9971978555 (cloth) due Summer'85 £28.00/$32.20 
9971978571 (paper) due Summer'85 £16.00/$ 18.40 

Quarks: Frontiers in Elementary Particle 
Physics 
Y. NAMBU (Chicago) 

A histor ical perspective of Elementary Particle Physics, containing 

some of the most recent topics in this excit ing f ie ld . Al though aimed at 

people wi thout knowledge of Elementary Particle Physics, experts w i l l 

f ind it most s t imulat ing. 

9971966654 (cloth) 250pp due June'85 £32.20/$37.00 
9971966662 (paper) 250pp due June'85 £18.40/$21.15 

Supersymmetry and Supergravity: Collected 
Articles from 'Physics Report' 
Edited by M. JACOB (CERN) 

This new volume presents a detai led survey of supersymmetry and 

supergravity theory that covers important research and endeavour in 

this f ie ld over the past decade. 

Contents: This volume consists of selected articles f rom the 'Physics 

Report' by M. Sohnius (1985) ; P. Fayet and S. Ferrara (1977) ; J . Ellis et 

al ( 1984 ) ; M. Haber and G. Kane (1985) ; P. Van Nieuwenhuizen 

(1981 ) ; H. Nilles (1984 ) . 

9971978741 (cloth) 600pp due Sept'85 £58.00 /$66JO 
997197875X (paper) 600pp due Sept'85 £26.00/$29.90 

A un ique adve r t i s i ng m e d i u m fo r 
sc ien t i f i c and t e c h n i c a l e q u i p m e n t 

CERN COURIER is t he in te rna t iona l l y recogn ized 
n e w s magaz ine of h igh energy phys ics . D is t r i bu ted 
to all t he ma jo r Labora to r ies of t he w o r l d ac t ive 
in th is d y n a m i c f ie ld of f u n d a m e n t a l research, it is 
compu l s i ve read ing for sc ien t is ts , engineers, a d ­
minis t rators, in fo rmat ion media and buyers. W r i t t e n 
in s imp le language and pub l i shed s imu l taneous l y 
in Engl ish and French it has b e c o m e the natura l 
c o m m u n i c a t i o n m e d i u m for par t ic le phys ic is ts in 
Europe, t he U S A , the Sov ie t Un ion , Japan — every­
w h e r e w h e r e the f u n d a m e n t a l na tu re of m a t t e r is 
s tud ied . 

Publ ished f r o m CERN, S w i t z e r l a n d , it also has 
co r responden ts in t he Labora to r ies of A rgonne , 
Berkeley, B rookhaven , Corne l l , Fermi , Los A l a m o s 
and S t a n f o r d in t he U S A , D a r m s t a d t , DESY and 
Kar lsruhe in Ge rmany , Orsay and Sac lay in France, 
Frascat i in Italy, Daresbury and Ru the r fo rd in the 
U.K., S IN in S w i t z e r l a n d , Dubna and Novos ib i rsk 
in the USSR, KEK in J a p a n , T R I U M F in Canada and 
Peking in China. 

The annual expend i tu re on high energy phys ics 
in Europe is abou t 1 0 0 0 mi l l ion S w i s s f rancs . 1 

The expend i tu re in t he U S A is abou t $ 4 0 0 mi l l ion. 
There is simi lar expend i tu re in the Sov ie t Un ion . 

CERN COURIER is t he w a y in to all h igh energy 
phys ics research Labora tor ies . If you have a 
marke t in th is f ie ld , t he re is no surer w a y t o make 
your p r o d u c t s k n o w n t h a n by adver t i s ing in CERN 
COURIER. 

All enquir ies to : 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022) 83 41 03 
Telex 236 98 ® M a r k e t e d b y 

J o h n W i l e y & S o n s L t d 
B a f f i n s L a n e , C h i c h e s t e r , S u s s e x P 0 1 9 1 U D , E n g l a n d 
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UP TO 1 x 104 

GAIN IN VERY HIGH 
MAGNETIC FIELDS 
NEW FINE MESH TYPE 
10 STAGE PMT 
The new R2063 fine 
mesh tube performs very 
well in high magnetic 
fields to about 10K gauss. 
This unique 2" tube is the 
first high quality detector 
for High Energy Physics 
to overcome the gain 
killing effect of magnetic 
environments. 

UP TO 15 GAIN 
IN HIGH 
MAGNETIC FIELDS 
NEW MESH TYPE, 
FLAT TRIODE PMT 
The R2046 mesh type 
tube provides enough 
gain (about 15) to pre­
serve your signal while 
operating in magnetic 
fields of up to 10K gauss. 
The compact flat geom­
etry with 3" diameter 
permits stacking large 
numbers of detectors 
with good volumetric 
efficiency. 

HIGH PULSE 
LINEARITY AT 
HIGH COUNT RATES 
IN MAGNETIC 
ENVIRONMENTS 
MESH DYNODE PMT 
The R1652 combines 
superior performance in 
magnetic fields, good 
gain and high count rate 
linearity. This 3 inch 
diameter, head on tube 
with 9-stage mesh-
dynodes uses a new 
proximity focus design 
for operation in magnetic 
fields up to a few 
hundred gauss. 

CALL OR WRITE FOR DATA SHEETS 

HIGH ENERGY 
RESOLUTION AND 
GOOD PULSE 
LINEARITY 
HYBRID MESH/BOX 
AND GRID PMT 
The R1911-01 uses box 
and grid dynodes at the 
front'end for high energy 
resolution and new mesh 
type dynodes in the final 
stages for excellent pulse 
linearity. Pulse linearity 
of less than 2% deviation 
at 50 mA 1500 V is 
significantly better than 
standard PMT's. This 3" 
tube is ideal for physics 
and medical diagnostic 
applications because of 
its reduced length. 

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

Hamamatsu Photonics K.K., 1126 Ichino-cho, Hamamatsu, Japan, 0 5 3 4 / 3 4 - 3 3 1 1 • HamamatsuTV E u r o p a G m b H , Postfach 1140, D-8031 Seefe ld 1, W. Germany, 0 8 1 5 2 / 7 7 0 5 
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C O M P O S A N T S 
EN H A U T E F R E Q U E N C E 

connecteurs et adaptateurs 
attenuateurs et antennes artificielles 
commutateurs coaxiaux et matrices 
coupleurs directionnels 
f i l t resHF 
ventilateurs de puissance 
composants pour guides d'ondes 

Representation generale fff 
et service \v 
pour la Suisse • 

m 

m 

^ 3 0 0 0 Berne 3 1 J % ROSCHI Case pos ta le 6 3 . J 
ir^/i Te lex 9 1 1 7 5 9 A 

a Telecommunication SA Telephone 0 3 1 4 4 2 7 1 1 ^ ^ f l 

TREFICABLE PIRELLI 
C'est une gamme 
complete d'appareillages 
BT • MT • HT 

• Jonctions 
• Extremites 
9 Materiel embrochable 

pour transformateurs 
et cellules 

POWER ELECTRONIC 
POWER SUPPLIES: 

current up to 10.000 A. 
voltage up to 150 KV. 
precision up to 10 p.p. 

FIBER OPTIC LINKS: 

• analogue signals 
• digital signals 

g r o u p e a p p a r e i l l a g e 
•-J agence de grenoble 

15, Boulevard des Alpes 
~) Z.A.C. Buclos Grand-Pre 

ELDzdD ~8240-Mey,an'FRANCE 
Tel. : (76) 90-72-54 
Telex 980195 F 

S .P.A. 

Via II Agosto 1980, 11 - 40016 S. Giorgio di Piano (BO) - ITALIA 
Tel. (051) 897172 /892022 r.a. - Telex 510893 I. 
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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.Teh01-953 6242.Tele* 261761 

Partout ou I'oeil 
ne peut acceder... 

Endoscopes 
flexibles 
a fibres de verre 
pour I'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm, 
longueurs utiles 0,5-12 m. Eclairage 
de I'objet par lumiere halogene integree. 
Alimentation par pile et secteur. 

For optical 
interior inspections. 

horoscopes, 
fiberscopes. 

Ask for details. 
• j a TECHNOKONTROLLAG 
I 8049 Zurich, lmbisbiihlstr.144 Telefon 01 56 56 33 

RESOLVEZ VOS PROBLEMES DE NEUTRONS 

0> nardeux 

^^DINEUTRON 

• tres leger (3,5 kg) 

• gamme d'energie 
0,025 eV a 15 MeV 

• choix de I'unite physique 

• affichage du facteur 
de qualite 

Renseignements : Agence Commerciale 
Z.A. de Courtabceuf - Av. d' ls lande 91940 LES ULIS - Tel. (6) 928.59.46 - Telex : 691 259F 

Si6ge Social : 72, rue Saint-Jacques 37602 LOCHES Cedex 
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We provide easily built-in 
safety in Know-how. 

Well-founded informations give 
you a personal lead in any 
project management. Take for 
example 

Sandwich 
elements 
of all types with various material 
combinations. 
Please request detailed infor­
mation. Mr H. Mauch will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

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

Q_ 
o 3 

Electrical 
feedthroughs and 
insulating tubes 

High vacuum proof and 
pressure resistant electri­

cal feedthroughs 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. 

The electrical feedthroughs can be delivered in non­magnetic version too. 

înbutei . owitzerland by: 

We will be Degussa (Schweiz) AG 
on show, a t Degussa (Suisse) SA 

ACHEMA '85' Letzigraben 89 • 8003 Zurich 
Hall 9, Stand BC 5 - 7 Telefon 01-4913900 • Telex 822577 
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3jjsec fixed dead time 

Integral non linearity: ^0,02% 

SILENA S.p.A. 
Via Negroli 10/A - 20133 MILANO, ITALY 
Telephone Nos. 02/71.38.71 - 74.90.565 
Tlx 322523 
For details on Mod. 7423-UHS contact us 
or your local SILENA Sales Representative: 
Germany: SILENA GmbH - Tel. 06055-4021 

France: INEL - Tel. 03-9563190 
England: J. CAUNT - Tel. 0865-880479 
Netherland and Belgium: Intequip - Tel. 020-735413 
Austria: BAI - Tel. 0222-942251 
Switzerland: Nucletron - Tel. 021-252423 
Spain: Instrumatic (1) 455.8112 
India: Electronic Enterprises - Tel. 8827096 
South Africa: Williston Elin (011) 648-1040 



Multichannel Counter/Timer 
with RS232 Interlace 

Our new modular COUNTER/TIMER performs 
accurate frequency, timing and totalizing 
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-d'Avril 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 



I l l ss i 

At CES, tomorrow's systems are available NOW 

For more information contact us, or your local CES representative: 
7 0 , route du Pont-Butin Case Poatale 122 1213 Petit-Lancy 1 Switzerland 
Tel:(022) 92 5 7 45 Telex: 421320 GES-CH 

Germany SILENA Tel:(06055)4021 North Germany: 
North America: BYTECH Eng. Vancouver Tel:(604)9804131 Japan: 
France: 1NEL Tel : (3)9563i90 Italy: 
England: Nuclear Enterprises Tel :(073)52i212l Netherlands: 

*PDP, Q22~bus are trademarks of Digital Equipment Corporation 

CREATIVE (UCIItllC SYSTEMS 
PCP 
TOYO Corp. 
SILENA 
Canberra Positronika 

Tel : (040)302046 
Tel : (03)2790771 
Tel :(02)7490566 
Tel (040)416355 



DISPLEX® 
MODEL CS-208LL CLOSED CYCLE 

REFRIGERATION SYSTEM 
FOR HYDROGEN LIQUEFACTION 

P E R F O R M A N C E S P E C I F I C A T I O N S 
FEATURES: 
# D e s i g n e d for h y d r o g e n l i q u e f a c t i o n 
ft Safe s o u r c e of l i q u i d h y d r o g e n 

Avo ids h a n d l i n g o f b u l k q u a n t i t i e s 
of l i q u i d h y d r o g e n 

ft Safe ty v e n t t u b e 
* Safe ty c o n t r o l t o m a i n t a i n 

l i qu id h y d r o g e n 

CAPACITY: 
First S t a g e - 35 w a t t s @ 77K 
S e c o n d S t a g e - 10 w a t t s @ 20K 

C O N D E N S I N G RATE: 
0.6 l i ter/hr. 

RECONDENSING RATE: 
1 l i ter/hr. 

Air P roduc ts a n d C h e m i c a l s , Inc. 
A d v a n c e d P roduc ts D e p a r t m e n t 

1919 V u l t e e Street 
A l l e n t o w a PA 18103 USA 

T e l e p h o n e : (215) 481-3927 Telex: 847416 

Lever, descendre, positionner, basculer, 
coulisser, ouvrir, commander... 

Entrainement Lineardo n° 3 

La f o r c e 

c o n c e n t r e e 
Des forces de levee et de poussee 
comprises entre 500 kg et 50 tonnes 
constituant le champ duplications 
ideal des elements de levee a vis 
Benzler. 
Ces puissants entramements lineaires 
a transmission a vis trapezo'idale ou a 
circulation de billes peuvent etre 
combines et synchronises avec preci­
sion pour constituer des installations 
de levage completes. ' 
Quel que soit le probleme de depla-
cement vous pouvez le resoudre 
avec differents moteurs, manivelles, 
boTtes de renvoi, freins, etc. Aussi 
bien dans I'industrie que dans les 
ouvrages hydrauliques. Courses at-
teignant plusieurs metres! 
Documents, experience, choix 
021-91 26 41 

Bachofen met 
en mouvement 

Automation industrielle 
B A C H O F E N - S A 
CH -8610 Uster Ackerstrasse 42 Tel. 01 / 940 70 01 
CH-1033 Cheseaux s. L Grands-Champs 4 Tel. 021 / 91 2641 

Metal lux AG 
Via A. Maspol i 10 

® M E T A L L U X 
C H - 6 8 5 0 Mendrisio 
Tel. 091 7 4 6 4 9 35 Telex 8 4 2 2 5 7 

High-voltage resistors 

Swiss quality 

- U i t f t i f l f f l 

Types 967 - 968 - 969 
Our extensive range of precision 
resistors is designed for uses 
where high ohmic values, stabili­
ty and reliability are essential. 

Resistance range: 
10 kohm — 5 0 Gohm 
Rated voltages: 10 - 75 kV 
Load capacity: 3 — 105 W 
Temperature coefficient: 
up to 10 ppm/°C 
Voltage coefficient: 1 — 10 ppm/V 
Stability: A R/R < 0 . 5 % , 1000 h, 70°C 
Ask for our data sheets. 

C O N X JET Im JETCT 
GROUP 
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T H E M O S T C O M P L E T E , S O P H I S T I C A T E D 
A N D VERSATILE 

ws\ mm WLTTfin MW& » m e v e r : 

A L S O T H E E A S I E S T 
A N D S A F E S T TO U S E . 

Dark and burst current limits 
Upper and lower voltage limits 
Remote hv inhibit 
Variable ramp-up and ramp-down 1 
Reversible polarity 

for 
PHOTOMULTIPLIERS 
WIRE CHAMBERS 
STREAMER TUBES 
SILICON DETECTORS 

w a isiiBiiiL e l w 
1 H I 

France 
INELrlNSTRUMENTATION 
ELECTRONIQUE 
1261,. rue Louis Bleriot, 
78530 BUC, 
France. 
Tel. (3) 956 31 90 
Telex 698 502 F 

Great Britain 
OAKFIELD INSTRUMENTS LIMITED 
Oakfield Industrial Estate 
Stanton Harcourt Road, 
EYNSHAM, Oxon 0X8IJA 
Great Britain. 
Tel. Oxford (0865) 880479 
Telex 83147 

Germany (West Germany) 
SILENA WISSENSCHAFTLICHE 
INSTRUMENTE GmbH 
Hanfig Strasse 7 
D-6467 HASSELROTH 2 
West Germany. 
Tel. (0 60 55) 40 21 
Telex 41 84 914 SIWI D 

Switzerland 
INSTRUMATIC SA 
5-7, rue du Clos 
CH-1207 Geneve 
Tel. (022) 360830 / Telex 28668 
Buro Zurich: 
Weingartenstrasse 9 
8803 Ruschlikon ZU 
Tel. (01) 724 14 10 / Telex 56 605 

TLX 580112 CAEN 

Via Aurelia Sud 39 — 55049 VIAREGGIO Italy Tel.(0584) 46110 



CERN Geneve: BEBC. Grande chambre a bulles europeenne. Dimensions du corps de la chambre: 3 m de hauteur, 3,7 m de diametre 
interieur, 39 000 litres de capacite. 

Le plus petit de nos joints 
tient au moins 50 ans... 
et le plus grand resiste a un 
dosage d'irradiation 166666 
fois superieur a ce qu'un 
etre humain peut supporter. 

Au CERN, a Geneve, on accelere des parti-
cules a charge electrique jusqu'a la vitesse 
cie la lumiere. On ne peut le faire que dans 
des conditions de vide pousse. Les joints 

Joints d'etancheite nor­
malises ou sur mesure, 

en caoutchouc, en ma-
tiere plastique, textiles 

ou metalliques, a l'amiante 
ou sans amiante, etc. Joints 

toriques. Garnitures meca-
niques FLEXIBOX. Bagues 
d'etancheite. Joints hydrauli-
liques et pneumatiques. Garni­
tures de presse-etoupe. 

d'etancheite de 7 m de circonference dont 
sont dotees les chambres doivent done 
presenter une precision et une qualite de 
surface elevees. Afin qu'ils puissent resister 
a un dosage d'irradiation a haute charge 
energetique representant 166 666 fois 
ce qu'un etre humain peut supporter, 
nous avons concu, chez Maag Technic, 
un melange de caoutchouc tout a fait parti-
culier. 

Bien sur, nous n'avons pas a resou-
dre des problemes aussi ardus tous les 
jours. Parfois, il s'agit «simplement» de 
minuscules joints d'etancheite destines a 
des arroseurs anti-incendie. Quoi qu'il en 
soit, chaque joint doit repondre a des 
imperatifs plus ou moins grands. Vous en 

trouverez chez nous un vaste assortiment. 
En plus, vous pouvez compter, sans 
aucune contrainte materielle, sur nos con-
seils fondes sur des annees d'experience 
portant sur tout le spectre de la technique. 

Maag Technic se fait fort de resoudre 
vos problemes de joints d'etancheite. 

maagtechnic 
CaoutchoucMaag 

Caoutchouc et matieres plastiques 
Elements d'etancheite Technique de 
transmission Oleohydraulique 
Pneumatique Graissage central 
Protection de travail 

Maag Technic SA, CH-1024 Ecublens, (021) 35 74 64 - Dubendorf - Berne-Wabern - Bale - St-Gall-Neudorf 



NEW PUSH 
FOR ACCELERATION 

IN 
PARTICLE PHYSICS 
To get particles going faster, you 

need to push them harder. 
Thomson-CSF high power electron 

tubes supply the "push" for some of 
the world's largest particle 
accelerators. 
• CW klystrons: up to 1 MW at 
353 MHzf 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 B0UL0GNE-BILLANC0URT CEDEX 
FRANCE - Tel.: (1) 604.81.75. 
Telex: TH0MTUB 200 772 F 

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

Belgique Brasil Deutschland Espana 
B R U X E L L E S SAO PAULO M U N C H E N M A D R I D 
Tel ( 3 2 - 2 ) 6 4 8 6 4 8 5 Tet (55-11) 5 4 2 4 7 2 2 Tel ( 4 9 - 8 9 1 ? 8 7 9 - 0 Tel . ( 3 4 - 1 ) 4 0 5 16 15 
Tx 23113 T H B X L B Tx (011) 2 4 2 2 6 TCSF BR Tx 5 2 2 916 C S F D T x : 4 6 0 3 3 TCCE E 

France 
B O U L O G N E - B I L L A N C O U R T 
Tel . ( 3 3 - 1 ) 6 0 4 81 7 5 
T x : T H O M T U B 2 0 0 7 7 2 F 

Italia 
R O M A 
Tel . ( 3 9 - 6 ) 6 3 9 0 2 4 8 
T x : 6 2 0 6 8 3 T H O M T E I 

Japan 
TOKYO 
Tel . ( 8 1 - 3 ) 2 6 4 6 3 4 6 
T x : 2 3 2 4 2 4 1 T H C S F J 

Sverige 
S T O C K H O L M 
Tel ( 4 6 - 8 ) 6 3 5 0 6 0 
T x : 1 2 0 7 8 T H C S F S 

United-Kingdom 
B A S I N G S T O K E 
Tel ( 4 4 - 2 5 6 ) 2 9 1 5 5 
Tx 8 5 8 8 6 5 TESAFI G 

U.S.A. 
R U T H E R F O R D , N J 
Tel (1 -201) 4 3 8 2 3 0 
Twx 7 1 0 9 8 9 7 2 8 6 
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• H i g h V o l t a g e * H i g h E n e r g y 

• N o n - i n d u c t i v e • R o b u s t 
• E a s i l y A s s e m b l e d S t a c k s 
• Air, O i l o r S F 6 E n v i r o n m e n t s . 

A c o m p r e h e n s i v e range of h igh t rans ien t 
p o w e r e d L inear C e r a m i c Res i s to r s , tha t 
m a k e light of h igh vo l tage s i tua t ions t i m e 
after t i m e in a d iverse r ange o f app l i ca t ions , 
s u c h as sw i t ch ing res is tors in air, oil a n d 
S F 6 E H V Circui t B r e a k e r s , D u m p a n d 
D u m m y L o a d s , I m p u l s e G e n e r a t o r W a v e 
S h a p i n g a n d Laser app l i ca t ions to n a m e 
bu t a few. 

T E C H N I C A L C H A R A C T E R I S T I C S 

Resistivity R a n g e : 
B u l k Densi ty : 
Spec i f i c Heat : 
T e m p e r a t u r e Coef f ic ient : 

Vol tage Coef f ic ient : 
M a x i m u m Energy : 
M a x i m u m T e m p e r a t u r e : 
M a x i m u m W o r k i n g K V r m s / c m (Free Air) 

M a x i m u m W o r k i n g I m p u l s e Vol tage 
• k V p k / c m 1 / 5 0 m i c r o s e c o n d s (Free Air) 

Size - s t a n d a r d d i scs ; 
( S t a n d a r d T h i c k n e s s : 2 5 . 4 m m ) 

5 o h m c m to 2 5 0 0 0 o h m c m s 
2 . 2 5 g r a m s per c c 
2 j o u l e s / c c / ° C r ise 
- 0 . 0 5 ° / o t o - 0 . 1 5 ° / o p e r ° C t e m p e r a t u r e rise, 
d e p e n d i n g o n resistivity va lue. 
B e t w e e n - 0 .5 to - 7 . 5 % / k V / c m d e p e n d i n g o n resistivity. 
3 0 0 j o u l e s per c c ( 6 0 0 j o u l e s / c c in f requent ) 
150°C c o n t i n u o u s ( 3 0 0 ° C in f requent ) 
0 . 8 7 x ( p / t ) ° 3 

p = Resist ivi ty of 2 5 to 2 5 0 0 o h m c m s 
t = T i m e of 1 0 t o 5 0 m i l l i s e c o n d s 

1.2/: 4 .3 x " V L o g 1 0 p / 2 . 5 4 
p = Resist ivi ty 2 5 to 2 5 0 0 o h m c m s 
D iame te r ( m m ) 3 2 51 7 6 9 4 
V o l u m e (cc) 17 41 8 5 1 5 3 

1 1 1 
2 2 4 

1 2 7 
2 9 7 

1 5 2 
4 3 0 

ALLEN-BRADLEY ELECTRONICS 
Edenbridge, Kent, TN8 5LY England. Tel: Edehbr idge (0732) 8 6 6 5 6 6 . Telex: 9 5 7 2 9 3 

FRANCE: Allen-Bradley Electronics 
2 3 avenue du General Leclerc 
9 2 3 4 0 Bourg la Reine Paris 
Tel: (1) 5 4 7 . 6 0 . 0 6 T l x : 2 0 5 4 6 5 F 

GERMANY: Allen-Bradley G m b H 
Unternehmensbereich Bauelemente 
Karl Hromadnik-Strasse 3 D - 8 0 0 0 Munchen 6 0 
Tel:(089) 8 3 4 8 0 5 6 T l x : 0 5 2 1 3 0 6 6 



T R A N S I T I O N J U N C T I O N S frM 
FOR CRYOGENIC, VACUUM, NUCLEAR AND SPACE APPLICATIONS 

THEY HAVE THE 
SAME MECHANICAL 
CHARACTERISTICS 
AS THE ALUMINUM 
TUBE AND CAN ALSO 
BE FABRICATED 
TO ANY MATERIAL 
SPECIFICATIONS 

TOTALLY RELIABLE BIMETALIC 

TRANSITION JUNCTIONS 

FOR TUBULAR ASSEMBLIES 

UP T O 0 600 MM (24") 

1 0 - 9 atm. cm 3 . S _ 1 

10MPa 

0 to 573 K 

UNDER RADIATION 

» COMMISSARIAT A L'ENERGIE ATOMIQUE 

C A L L O R W R I T E F O R D O C U M E N T A T I O N 

THEVENET CLERJOUNIE > DEPARTEMENT JONCTIONS TC 
CONTACT: M. ARMAND PINET, CONSULTING ENGINEER 
22, AVENUE FRANKLIN-ROOSEVELT . 69517 VAULX-EN-VELIN 
CEDEX FRANCE • TELEPHONE: (7) 849.54.64 - TELEX380544F 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

Vi 

7 4 

Actual size (mm) 
width by height 

185x265 
185x 130 
90x265 
90x130 

Cost per insertion (Swiss Francs) 

insertion 

1730 
960 
550 

3 
insertions 

1680 
930 
520 

1630 
910 
500 

10 
insertions 

1530 ^ 
860 
480 

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

1 500 SwF 

2000 SwF 
2750 SwF 
1 st of month of cover date: 

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

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

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1985. 

All enquiries to: 
Micheline FALCIOLA / CERN COURIER -
CH-1211 Geneva 2 3 Switzerland 
Tel. (022) 8 3 41 0 3 Telex 2 3 6 9 8 

CERN 
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c . f e pe//Y esf I'un des derniers-
nes de Bourns, un potentiomefre 

\Trimmer de la categorie compocte 
'Cermet, 6 mm X 6 mm: tres foible 
encombrement Oest a la loupe 
que ses avantages apparaissent le 
plus clairement. 

Vous pouvez I'inserrer automa-
tiquement ef le regler par le dessus 
ou le cote, au choix, meme auto-
matiquemenf. II est etanche ef son 
netfoyage ne pose vraiment aucun 
probleme, de plus, il est teste selon 
un NQA de 0,1 %, sans supplement 
de prix pour vous. La ou il a ete 
soude, il reste longtemps - con­
sequence de sa fiabilite. 

Comme tous les pofentiometres 
Trimmers de Bourns, le nouveau 
modele 3323, est livre en baretfes 
plastiques de 50 pieces. Impec­
cable, d'acces aise, il permet une 
protection parfaite des connexions 
sorties. Ipvitez done le 3323 chez 
vous. Son curriculum vitae est a 
votre disposition. i 

Bourns (Schweiz) AG, Zugerstrasse 74 
CH-6340 Baar, V 042333333 

file:///Trimmer



