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A POWERFUL TOOL TO DEBUG 
FASTBUS SYSTEMS 

Crate and Cable Segment Port (front panel switch selectable) 

8 kbyte high speed Data Memory in DSR (appr. to 120 ns DS/DK response). 
Able to be expanded into 32 kbyte 

Serial Output to LONG DISTANCE Coaxial Cable Connection 
for Remote Display Box (STR197/REM) 

Timer and Single Step WAIT function for FASTBUS Cycles 

2 K • 64-bit History Snoop Memory, organized as a last-in/first-out (LIFO) 
Memory to perform a protocol or real time trace of FASTBUS States. 

Able to be expanded into 8 K • 64 bit 

Synchronous and Asynchronous Sampling up to 12 MHz 

Selectable SS-Response, infinite data source/sink, FAST Data source/sink 

D - 2 0 0 0 T a n g s t e d t • B a c k e r b a r g 6 • P . O . B o x 
Telefon: (04109) 55 - 0 Telefax: (04109) 5533 

1147 * W - G e r m a n y 
Telex: 2 180 715 tegs 



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. Sutler 
DESY Laboratory, Fed. Rep. of Germany 

P. Waloschek 
Fermi National Accelerator Laboratory, USA 

M. Bodnarczuk 
KfK Karlsruhe, Fed. Rep. of Germany 

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

G. Siegert 
INFN, Italy 

A. Pascolini 
Institute of High Energy Physics, 
Beijing, China 

Wang Taijie 
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 
PSI Laboratory, Switzerland 

J . F. Crawford 
Rutherford Appleton Laboratory, UK 

A. D. Rush 
Saclay Laboratory, France 

Elisabeth Locci 
Stanford Linear Accelerator Center, USA 

M. Riordan 
Superconducting Super Collider, USA 

Rene Donaldson 
TRIUMF Laboratory, Canada 

M. K. Craddock 
Copies are available on request f r o m : 
China — 

Dr. Qian Ke-Qin 
Institute of High Energy Physics 
P.O. Box 9 1 8 , Beijing, 
People's Republic of China 

Federal Republic of Germany — 
Gabriela Martens 
DESY, Notkestr. 8 5 , 2 0 0 0 Hamburg 52 

Italy — 
INFN, Casella Postale 56 
0 0 0 4 4 Frascati 
Roma 

United Kingdom — 
Su Rooke 
Rutherford Appleton Laboratory, 
Chilton, 
Didcot 
Oxfordshire 0 X 1 1 0QX 

USA/Canada — 
Margaret Pearson 
Fermilab, P.O. Box 5 0 0 , Batavia 
Illinois 6 0 5 1 0 

General distribution — 
Monika Wi lson 
CERN, 1211 Geneva 23 , Switzerland 

CERN COURIER is published ten t imes yearly 
in English and French editions. The v iews 
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 61 1 1 , Telex 419 0 0 0 
(CERN COURIER only Tel. (022) 83 41 03) 
Telefax (022) 82 19 06 
USA: Controlled Circulation 
Postage paid at Batavia, Illinois 

V o l u m e 2 8 CERn COURIER r 

N o . 3 
A p r i l 1 9 8 8 

I n t e r n a t i o n a l J o u r n a l o f H i g h E n e r g y P h y s i c s 

Editors: Gordon Fraser, Brian Southworth, Henri-Luc Felder 
(French edition) / Advert isements: Micheline Falciola / Adviso­
ry Panel: P. Darriulat (Chairman), H. B0ggild, H. Lengeler, 
A. Martin 

1 Physics in the fast lane 
Richard Phillips Feynman 1918-1988 

3 Particle detection at the end of the earth 
Cosmic rays at the South Pole 

5 Recreating the aftermath of the Big Bang 

o Conference Report Looking for the fifth force 
New classical physics ? 

Around t h e Laboratories 

12 STANFORD: Mark-ll rolls in 
Detector in position at new linear collider 

14 DESY: Crystal Ball sees light/HERA progress 
New results from photon-photon interactions/ 
More equipment arrives 

19 KEK: New ion source 
Japanese Laboratory prepares for ion beams 

19 JULICH: New ion beams 
Making the most of a veteran machine 

20 FERMILAB: Big new computer/Homage to Bill 
More number crunching/Wallenmayer moves on 

25 COSMOLOGY: Baryonic bubbles 
New ideas on the birth of the Universe 

In the Dirac tradition 
Feynman and Weinberg salute the master 

People and th ings 

Yves Goldschmidt-Clermont, a tribute 

Cover photograph: 
Leeds postgraduate student Nigel Smith at the South Pole, scene of a 
new joint cosmic ray experiment by the Bartol Research Institute, Dela­
ware, US, and Leeds University, UK, see page 3. (Photo J . C. Perret) 

CERN Courier, Apri l 1988 III 

11 

31 
35 



Major new titles in physics 
from Harwood Academic 

Publishers 

"An indispensable 
reference for researchers 
in particle physics" 
—Physics Today 

Revised a n d u p d a t e d 

byT.D. Lee, Columbia 
University, USA 
Volume 7 in the Contemporary 
Concepts in Physics series 

"This v o l u m e will serve superb ly as a 
c o m p r e h e n s i v e course in e l e m e n t a r y 
par t ic le theory at the a d v a n c e d 
g r a d u a t e school level...The p a g e s are 
f i l led with his unique insights, 
p e d o g o g i c a l clari ty a n d thoroughness. 
The b o o k is a treasure." 

—Nature 

"Professor Lee is o n e of a handfu l of 
physicists whose discoveries, no tab ly 
pari ty v io lat ion, will endure . A major 
work b y such a m a n merits the at tent ion 
of any serious student on the subject 
a n d should be a v a i l a b l e in every 
physics library." 

—The Times Higher Educa t i on 
Supp lement 

This u p d a t e d first ed i t ion incorpora tes 
all the impor tan t discoveries m a d e in 
par t ic le physics since 1981; these inc lude 
the newly d i scovered W a n d Z part ic les, 
as wel l as the progress m a d e in h e a v y 
quark systems. The c h a p t e r o n Out look 
for the future has also b e e n rewri t ten. 

Partial Contents 
The Spin-O Field • The Spin-1/2 Field • 

The Feynman Diagrams • Q u a n t u m 
Elect rodynamics • Solutions • Particle 
Physics: Orde r -o f -Magn i tude Estimations 
• SU3 Symmetry • Time Reversal • W e a k 
a n d E lec t romagnet ic G a u g e Theory • 
Quark -Par ton M o d e l a n d High-Energy 
Processes • Chiral Symmetry • Out look 

1987 865 pp. 
hardcover 3-7186-0032-3 $75.00 
softcover 3-7186-0033-1 $22.00 
A Harwood book 

IV 

" A classic in its 
field..." 

by R.Z. Sagdeev, 
D.A. Usikov and 
G.ML Zaslavsky 
Space Research Institute, 
USSR Academy of 
Sciences, Moscow 
Translated f rom the Russian b y 
Igor R. Sagdeev 
Solid State Physics Institute, 
M o s c o w 

Volume 4 in the Contemporary 
Concepts in Physics series 

"The nonl inear d y n a m i c s 
c o m m u n i t y w o u l d f ind this work 
ex t remely va luab le if not 
indispensib le .J t is dest ined to 
b e c o m e a classic in the f ie ld ." 

—Roderick Jensen, Mason 
Laboratory , Yale University 

This un ique book gathers 
toge the r the basic ideas o f 
nonl inear theory essential for all 
b ranches of physics, inc lud ing 
m e c h a n i c s of cont inuous m e d i a , 
op t ics , radiophysics, solid s tate 
physics, as wel l as p lasma physics. 
Clear a n d conc ise , it covers all 
aspec ts of t he f ield w i th 
u n m a t c h e d thoroughness, a n d is 
addressed to physicists a t all 
levels, f rom u n d e r g r a d u a t e 
students upwards . It is h o p e d t h a t 
t he book ' s b r e a d t h o f c o v e r a g e 
a n d timeliness will m a k e it the 
def in i t ive tex tbook for all those 
w h o n e e d a comprehens ive v iew 
of nonl inear physics. 

The book includes co lor pho tos , 
a n d 2 sets o f user- interact ive 
so f tware tha t show the evo lu t ion 
o f d y n a m i c processes for several 

c o m p l e x m a p p i n g s chosen for 
their physical p h e n o m e n a . 

The first p a c k a g e is des igned 
for teachers a n d students, a n d 
compr ises six 5 1 /4 inch d o u b l e 
s i d e d / d o u b l e density IBM XT, AT 
c o m p a t i b l e diskettes. 

The s e c o n d p a c k a g e , i n tended 
for a d v a n c e d research workers, 
compr ises o n e diskette o n wh i ch is 
r e c o r d e d a n 'ATRS' p rog ram. 

Partial Contents 
The Elements of Dynamics • 

A p p r o x i m a t e Me thods • Special 
Me thods • Chaos in Detai l • 
Elements of Kinetics • Fractal 
Properties of Chaos • Nonl inear 
Stat ionary Waves • Hami l tonian 
Descr ipt ion o f Waves • Chaos in 
W a v e Fields • Exactiy In tegrable 
W a v e Equat ions • Mot ion o f 
Particles in W a v e Fields • Billiards • 
Nonl inear Opt ics • Structural 
Properties o f One-Dimensional 
Chains • Perturbat ions in Kepler's 
Prob lem • Numer ica l Simulation 

1988 656 pp. approx. 
hardcover 3-7186-4828-8 $98.00 (tent.) 
softcover 3-7186-4829-6 $39.00 (tent.) 
Student/Teacher Diskettes 3-7186-4830-X 
Research Diskette 3-7186-4831 -8 
Complete set 3-7186-4832-6 
Prices for software not yet set 
A Harwood set 

• Enter m y order for * 
• Particle Physics a n d 
Int roduct ion to Field Theory, 
Revised a n d u p d a t e d ed i t ion 
• hardcover $75.00 • softcover $22.00 
• Send m e m o r e in format ion o n 
Nonl inear Physics 

Payment 
• check • money order • Visa 
• MasterCard • American Express 

Account no 
Expiry date 
Signature 
Name 
Address 
City/State 
Country 
Postal code 
Return to: STBS, 
P.O. Box 197, London WC2E 9PX, UK 
or P.O. Box 786 Cooper Station, 
New York, NY 10276, USA 
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2.3 x 104 Gail l i 
10K Gauss Magnetic Fields 
Th i s n e w p h o t o m u l t i p l i e r t u b e 
( R 2 4 9 0 ) has an a m p l i f y i n g 
s t r u c t u r e o f f i n e m e s h d y n o d e s 
w h i c h p r o v i d e e x c e l l e n t 
p e r f o r m a n c e in h i g h m a g n e t i c 
f i e l ds . It is t h e f i rs t h i g h q u a l i t y 
d e t e c t o r f o r H i g h E n e r g y 
Phys ics t o o v e r c o m e t h e ga in 
k i l l i ng e f f ec t o f m a g n e t i c 
e n v i r o n m e n t s . 

Cal l o r w r i t e f o r Da ta S h e e t s 
o n t h e R 2 4 9 0 . 10* 

2 4 6 8 10 

MAGNETIC FLUX DENSITY (KG) 

Hamamatsu 
R2490 
Photomultiplier Tube 

HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, P. O. BOX 6910, BRIDGEWATER, NJ 08807 • PHONE: 201/231-0960 

UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992-769090) • FRANCE: Hamamatsu Photonics France (phone: 46 55 47 58) 
ITALY: Hesa S. P. A. (phone: [02] 34.92.679) • W. GERMANY: Hamamatsu Photonics Deutschland GmbH (phone: 08152-375-0) 
SWEDEN, NORWAY, FINLAND, DENMARK: Lambda Electronics AB (phone: 08-620610) • JAPAN: Hamamatsu Photonics K.K. 

'1986 Hamamatsu Corporation 
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SF6 HIGH VOLTAGE D.C. GENERATOR 

PERFORMANCE REQUIRED-OBTAINED 

1 - Voltage regulation mode 

a) Adjustment of output voltage 
continuous from 0,2 to 160 kV 

- from less than 0,1 to 180 kV 
accuracy better than ± 100 V 

- better than ± 50 V 

b) Response time constant 
less than 50 ms for a step 
of + 16kV (10%) 

- less than 15 ms 

c) Line regulation 
better than ± 2xl0~ 4 for a 
+ 10% variation of mains voltage 

-better than± l x l O 4 

d) Voltage ripple less than 
100 V peak-to-peak at 50% load 

- less than 80 V peak-to-peak-

e) Temperature coefficient 
less than lxlO-4/°C 

- less than lxlO-4/°C 

2 - Current regulation mode 

a) Continuous adjustment of output 
current, in three ranges: 
1 - 0 to 0,2 mA, accuracy ± 2 (xA 

- less than ± 1,5 ^A 
2 - 0 to 2 mA, accuracy ± 5 |JLA 

- less than + 3 ^A 
3 - 0 to 15 mA, accuracy + 50 |JLA 

- less than ± 20 |xA 
d) Current stability 

Drift less than + l x l O 2 after 8 h 
from 10% to 100% of nominal current 

- less t h a n ± 0,5xl0~ 2 

: 39 UNITS ORDERED BY CERN FOR LEP EXPERIMENT 

AASSOt* VHLA 
IMPULSE GENERATORS • D.C. STATIC GENERATORS 
TEST TRANSFORMERS • RESONANT TEST SYSTEMS 

STANDARD CAPACITORS • DIVIDERS, SHUNTS AND MEASURING EQUIPMENT 
BUSHINGS UP TO 1200 kV • CAPACITIVE VOLTAGE TRANSFORMERS 

POWER FACTOR CAPACITORS • GRADING CAPACITORS 
CAPACITORS FOR SPECIAL APPLICATIONS 

PASSONI & VILLA 
EXPERTS IN HIGH VOLTAGE V.le Suzzani, 229 - 20162 Milano (Italy) Tel. (02) 6421451 (r.a.) - 6473821 (r.a.) Telex 330420 PASVIL I - Telefax (02) 6423422 - Telegr. PASVILLA MILANO 



Physics in the fast lane 

Richard Phillips Feynman 1918-1988 

' W h a t I a m really t r y i ng t o d o is t o 
b r ing b i r th and c lar i ty , w h i c h is re­
ally a ha l f -assed ly t h o u g h t - o u t p ic ­
tor ia l sem i -v i s i on k ind o f t h i n g . 
O K ? ' T h u s Richard F e y n m a n o n c e 
d e s c r i b e d his o w n gen ius . 

A man w h o changed the w a y w e 
see the w o r l d , his charac te r i s t i c ir­
reverence b o t h f o r au tho r i t y and 
f o r d o g m a made h im a l w a y s seek 
his o w n so lu t i ons t o p r o b l e m s . N o ­
w h e r e w a s th is t o b e c o m e m o r e 
ev iden t than in his last ma jo r ro le , 
se rv ing on the US Pres ident ia l 
C o m m i s s i o n t o i nves t iga te t h e 
1 9 8 6 Chal lenger d isas te r , w h e r e 
his f a m o u s i ce -wa te r e x p e r i m e n t 
o n the behav iour o f t he rubber 
seals d ramat ica l l y d e m o n s t r a t e d 
t he inadequac ies o f t e c h n o l o g y 
w o r t h mi l l ions o f do l la rs . 

His u n o r t h o d o x br i l l iance rap id ly 
led t o g radua te s tud ies at P r ince ton 
w i t h J . A . W h e e l e r . W h i l e w o r k i n g 
on his f i r s t ass igned p r o b l e m s , he 
a lso g rapp led w i t h the d i f f i cu l t ies 
p lagu ing t he ugly c o n t e m p o r a r y 
f o r m u l a t i o n of "quantum e l e c t r o d y ­
nam ics . A PhD thes is on the c lass i ­
cal p r o b l e m s of t he in te rac t ion o f 
rad ia t ion e n s u e d , and in 1 9 4 0 at 
P r i nce ton , he w a s cal led t o p resen t 
his w o r k t o an aud ience o f ' m o n s ­
ter m i n d s ' inc lud ing E ins te in , Paul i , 
V o n Neumann and W i g n e r , a m o n g 
o t h e r s . T h e i m m a t u r e F e y n m a n 
lacked the con f i dence t o be i r rever­
en t . 

His w o r k on t he q u a n t u m f o r m u ­
la t ion o f t he rad ia t ion p r o b l e m w a s 
i n te r rup ted by a call t o jo in t he Los 
A l a m o s t e a m , w h e r e he b e c a m e a 
g r o u p leader in Hans Be the ' s T h e o ­
ry D iv i s i on , w o r k i n g on a va r ie t y o f 
p r o b l e m s . Here his charac te r i s t i c ir­
reverence b l o o m e d , w i t h Be the and 
Bohr be ing d e e m e d ' c razy ' . H o w ­
ever Feynman open l y a c k n o w l ­
e d g e d his o w n vo la t i l i t y , e x p r e s s ­
ing adm i ra t i on f o r Be the ' s d i sc i ­
p l ined t h i nk ing . 

Tu rn ing d o w n o f fe rs f r o m sev ­
eral o the r un ivers i t ies , he f o l l o w e d 
Bethe t o Cornel l a f ter t he w a r . T h e 
dea th o f his w i f e and his fa ther in i ­
t ia l ly s t e m m e d the f l o w o f ideas , 
a l t hough Bethe remarked at t he 
t i m e ' F e y n m a n d e p r e s s e d is a l i t t le 
m o r e cheer fu l than any o the r per­
s o n w h e n exube ran t ' . 

T h e f a m o u s ser ies o f con fe r ­
ences at Shel ter Is land, P o c o n o 
and O l d s t o n e he lped p rov ide t he 
necessary s t imu la t i on dur ing the 
years 1 9 4 7 - 4 9 , and in 1 9 4 9 his 
c lass ic pape rs p r o v i d e d a f resh 
n e w t e m p l a t e f o r q u a n t u m e lec t ro ­
d y n a m i c s , n o w one of the m o s t 
prec ise theo r ies ever f o r m u l a t e d . 
Feynman d iag rams - his t yp ica l 
w a y o f v isual iz ing the in t r icate m e ­
c h a n i s m s o f s u b - a t o m i c phys i cs -
w e r e b o r n . For th is w o r k he re­
ce ived t he Nobe l Phys ics Prize, 
w i t h Ju l ian S c h w i n g e r and Sin- i t i ro 

T o m o n a g a , in 1 9 6 5 . A s S c h w i n g e r 
r e m a r k e d later , ' j us t l ike t o d a y ' s 
s i l i con ch ip , F e y n m a n d iag rams 
b r o u g h t ca lcu la t ions t o the 
m a s s e s ' . 

T w e n t y yea rs a f ter his l andmark 
c o n t r i b u t i o n s t o q u a n t u m e lec t ro ­
d y n a m i c s , his ideas on ' p a r t o n s ' 
he lped f o r m our p resen t p ic ture o f 
t he deep in ter io r o f p r o t o n s and 
neu t r ons . 

His Ca l tech lec tures w e r e an in ­
sp i ra t ion t o s t u d e n t s , and in b o o k 
f o r m ' T h e F e y n m a n Lec tures on 
Phys i cs ' s t i m u l a t e d m a n y genera­
t i o n s o f phys i c i s t s . His anecdo ta l 
a u t o b i o g r a p h y 'Sure ly Y o u ' r e J o k ­
ing , Mr . F e y n m a n , ' w a s a bes t se l l ­
er w h e n it a p p e a r e d in the US in 
1 9 8 5 . 

His ideas rema in as a m o n u m e n t 
t o one o f t he w o r l d ' s g rea tes t in te l ­
l ec t s , bu t t he phys i cs s tage is 
p o o r e r w i t h o u t his f l a m b o y a n c e . 
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L a chaine S E R A P I D : 
une technique tres evoluee 

E x e m p l e d ' u n e r e a l i s a t i o n S E R A P I D p o u r le LEP d u 
C E R N 

Le Crayf ish (Ecrevisse) en t ra in de dep lacer sur rails une des 
7 4 4 uni tes de sec t i ons d ro i t es c o m p o s e e ici d 'un sex tupo le (a 
I 'avant-plan). 

Transferts et positionnements 
precis de charges de quelques 
kilos a 150 tonnes 

AVANTAGES SPECIAUX 
! • Puissance d 'un verin 

Souplesse d 'une chaine 
Encombrement tres reduit 

Jfr Fonct ionnement progressi f 
et precis 
Deplacement de grande 
envergure 
Entretien negligeable 
Economie 

• F R A N C E 

Zone industrielle B.P. 15 
Route de Dieppe 
76660 LONDINIERES (France) 
Te l . : 35 93 82 82 
Telex: 770672 
Telefax: 35 94 10 93 

D e m a n d e d ' i i n f o r m a t i o n s 
• Priere de m'envoyer votre documentation complete 
• Priere de m'envoyer votre document, sur les SUB-D SUB-D 

Contacts decolletes dores 
Prix "super' Demandez, a i'aide do ce coupon, la documen­

tation complete de nos composants electroniques ou 
oien telephonez-nous. Nous vous informerons 
dement. Aussi. rapidement que nous vouslivrerons.' * " 

Gpimecteurs subminiato'nes de tout genre. Compatibles hvec 
•aMr&$'fa!bricants. -Cppots (en autre $pec.,gGur V24/RS232). \ 

Nouveau! 
Contacts mixtes: Contacts 
haute tension (jusqu'a 2800 V), 
contacts arands courants 

Contacts decolletes (a sertir, 
souder, soudera la vague, coudes 
et nour Wire Wran) Dnran^ 

(jusqu'a 40 A), contacts min. 0,5 /x Au 

C O M P O N A H A G 
HOCHBORDSTR. 9, CH-8600 DUBENDORF TELEFON 01-821 37 37, TELEX 828 484, FAX 01-821 33 50 
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Particle detection 
at the end of the earth 

Setting up for science at the South Pole. 

(Photos J.C. Perret) 

Dur ing the A n t a r c t i c s u m m e r , a 
t e a m o f f i ve , led by Mar t i n P o m e r -
antz and A lan W a t s o n , has been 
insta l l ing an array o f par t ic le de tec ­
t o r s at t he A m u n d s e n - S c o t t base 
at t he S o u t h Pole. T h e s e f o r m t h e 
S o u t h Polar A i r S h o w e r Expe r imen t 
(SPASE) , a jo in t p ro jec t b e t w e e n 
the Bar to l Research Ins t i t u te , Dela­
w a r e , US and Leeds Un ive rs i t y , UK. 

T h e e x p e r i m e n t w i l l m o n i t o r ex­
t ens i ve air s h o w e r s f r o m ul t ra h igh 
ene rgy ( 1 0 0 T e V ) g a m m a rays f o r 
i n f o r m a t i o n on sou rces o f such 
g a m m a - r a y s in the s o u t h e r n sky . 
Of par t icu lar in te res t are t h e super ­
nova SN 1 9 8 7 a and the X - r a y b inar­
ies Vela X - 1 , LMC X - 4 and S M C 
X - 1 . 

Because the e x p e r i m e n t is o n 
t he ea r t h ' s ro ta t iona l ax is , c a n d i ­
da te sou rce o b j e c t s w h i c h are 
a b o v e the hor izon can be seen at 
t h e s a m e zeni th angle 2 4 hou rs per 
d a y , par t icu lar ly su i tab le f o r 
s t u d y i n g t rans ien t e m i s s i o n . A d d i ­
t i ona l l y , t he high a l t i tude ( 2 4 0 0 m ) 
m e a n s tha t the par t ic le cascade in 
t h e a t m o s p h e r e is c loser t o i ts 
m a x i m u m than is the case at sea-
leve l . 

T h e appara tus c o n s i s t s o f 16 
p last ic sc in t i l la tor d e t e c t o r s , each 
o f one square m e t r e , a r ranged o n a 
gr id w i t h a spac ing o f 3 0 m . Fast 
t i m i n g b e t w e e n the s igna ls f r o m 
d i f fe ren t d e t e c t o r s d e t e r m i n e s t he 
arr ival d i rec t ion o f t he s h o w e r t o 
w i t h i n one deg ree . 

W h e n the t e a m ar r i ved at t he 
Pole in N o v e m b e r 1 9 8 7 , t he t e m ­
pera tu re w a s - 4 5 C , r is ing t o a 
s w e l t e r i n g - 2 0 C at t he he igh t o f t he 
A n t a r c t i c s u m m e r ! Ins ta l la t ion 
w e n t acco rd i ng t o p lan and t h e ar­
ray r e c o r d e d i ts f i r s t e v e n t s o n 2 2 
D e c e m b e r . It w i l l be ma in ta ined 
t h r o u g h the f o r t h c o m i n g A n t a r c t i c 
w i n t e r by hardy Leeds p o s t g r a d ­
uate s t u d e n t Nigel S m i t h , endu r i ng 
t e m p e r a t u r e s d o w n t o - 8 0 C . 

A p a r t f r o m one m i d - w i n t e r mai l 
d r o p , c o m m u n i c a t i o n is res t r i c ted 
t o a l ink t h r o u g h N A S A ' s S P A N 
c o m p u t e r n e t w o r k . S o m e s a m p l e 
da ta w i l l be sen t ou t ove r th is l ink 
t h r o u g h o u t t he w i n t e r . T h e c o m ­
p le te da tase t f r o m the f i rs t s ix 
w e e k s o f e x p o s u r e has been 

b r o u g h t back o n t ape and is cur­
ren t ly be ing ana l ysed . No fu r the r 
t a p e s can be re tu rned t o the co l la­
bo ra t i ng i ns t i t u tes unt i l t he f i rs t 
p lane af ter t he A n t a r c t i c w i n t e r in 
N o v e m b e r 1 9 8 8 . 

From John McMillan 
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Recreating the aftermath of the Big Bang 

A f e w m i c r o s e c o n d s af ter t h e Big 
Bang , the Un iverse w a s m o s t l ikely 
a f ie ry s o u p o f qua rks and g l uons -
t he qua rk -g luon p l a s m a , o r ' q u a g -
m a ' - w i t h the g luons ca r ry ing the 
in te r -quark ' co lou r ' f o r c e . A s th i s 
c o o l e d , quarks f roze in to ' co lou r ­
less ' b r i cks o f nuclear m a t t e r -
p r o t o n s , neu t rons and o the r 
s t r o n g l y in te rac t ing par t ic les - and 
have rema ined th is w a y ever s ince . 

H o w e v e r in the pas t f e w y e a r s , 
B r o o k h a v e n and CERN began s u p ­
p ly ing e x p e r i m e n t s w i t h h igh ener­
gy b e a m s of heavy nuc le i . W h e n 
such heavy pro jec t i les s lam in to 
nuclear t a r g e t s , t he c o m p o n e n t 
qua rks m i g h t be squeezed t o g e t h e r 
and h e a t e d , b reak ing l oose and re­
c rea t i ng , f l ee t ing ly , s o m e t h i n g a p ­
p roach ing qua rk -g luon p l a s m a . 

Resul ts f r o m these e x p e r i m e n t s 
w e r e r e v i e w e d last year at t he 
Quark M a t t e r Con fe rence at 
Sch loss N o r d k i r c h e n , near D o r t ­
m u n d , W e s t Ge rmany (see N o ­
v e m b e r 1 9 8 7 issue, page 5 ) , bu t 
s ince then p r o g r e s s has been 
m a d e , par t icu lar ly at CERN, in 
o n g o i n g analys is and w h e r e expe r i ­
m e n t s have also p ro f i t ed f r o m a 
run w i t h su lphur 3 2 ions at 2 0 0 
GeV per nuc leon , supp l y i ng a re­
c o r d b e a m energy o f 6 4 0 0 G e V 
(see D e c e m b e r 1 9 8 7 i ssue , page 
13) . 

F r o m 8 - 1 2 February , an Inter­
nat iona l Con fe rence on Phys ics and 
A s t r o p h y s i c s o f Quark -G luon Plas­
ma at t he Ta ta Ins t i tu te o f Funda­
men ta l Research , B o m b a y , Ind ia, 
t o o k ano the r l ook at t he resu l ts 
f r o m these e x p e r i m e n t s , h o p i n g in 
par t icu lar tha t the inc reased ene rgy 
dens i t i es f r o m the su lphur run 
w o u l d have i m p r o v e d the chances 
o f see ing qua rk -g luon p lasma ef­
f e c t s . 

A l t h o u g h recreat ing c o n d i t i o n s 
s imi lar t o t h o s e o f t he d a w n o f t he 
Un ive rse , m i c r o s c o p i c a m o u n t s o f 

Experiments at CERN with high energy 
beams of heavy ions are playing a leading 
role in the search for new kinds of matter. 

Y The sodium iodide array backed by uran­
ium calorimetry of Experiment 814 at the 
Brookhaven Alternating Gradient Synchro­
tron should provide interesting informa­
tion about what happens to projectile 
nuclei after nuclear collisions, comple­
menting what is learnt from other experi­
ments about the target nuclei. 
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M.G.K. Menon, Scientific Adviser to the In­
dian Prime Minister, inaugurates the Inter­
national Conference on Physics and Astro­
physics of Quark-Gluon Plasma at the Tata 
Institute for Fundamental Research, Bombay. 
Seated, left to right, are Conference Conve­
nor Bikash Sinha, Organizing Committee 
Chairman B. V. Sreekantan, Tata Institute Di­
rector Virendra Singh and Organizing Com­
mittee Secretary Santanu Pal. 

qua rk -g luon p lasma d o n o t j u m p 
ou t at t he eager ly w a i t i n g expe r i ­
m e n t e r s . Ins tead , the s igna ls are 
sub t l e , requi r ing carefu l i n te rp re ta ­
t i o n . 

Summar i z i ng the expe r imen ta l 
s i t ua t i on , Hans G u t b r o d (GSI D a r m ­
s tad t and CERN) s k e t c h e d h o w the 
B r o o k h a v e n and CERN e x p e r i m e n t s 
had t aken over w h e r e earl ier 
s tud ies at the Berke ley Bevalac had 
s t o p p e d , and gave a f o r e t a s t e o f 
t he f i nd ings t o be c o v e r e d in deta i l 
in later sess ions . 

E.V. Shuryak o f N o v o s i b i r s k re­
ca l led tha t on ly t en years had 
p a s s e d s ince phys i c i s t s had f i r s t 
imag ined the ex i s tence o f a quark -
g luon p lasma , and pa id t r i bu te t o 
the expe r imen ta l i s t s and acce le ra­
t o r spec ia l i s ts w h o had been able 
t o r e s p o n d so qu ick ly , c rea t ing a 
l ively c o m m u n i t y o f s o m e 4 0 0 p h y ­
s i c i s ts . 

A t the o u t s e t , t he expe r imen ta l 
p r o g r a m m e had been haun ted by 
t he uncer ta in ty o f the nuclear s t o p ­
p ing p o w e r at t hese u n e x p l o r e d 
h igher energ ies . W o u l d a h igh ener­

gy b e a m lose a lot o f i ts ene rgy in 
the t a rge t , or w o u l d m o s t o f it 
sh ine t h r o u g h unpe r tu rbed? Shu ­
ryak and s u b s e q u e n t speakers av­
er red tha t t he s t o p p i n g p o w e r w a s 
g o o d , supp l y i ng enough c o n c e n t r a ­
t i on of ene rgy t o make in te res t ing 
phys i cs . 

Shuryak d r e w a t t en t i on t o the 
change o f s lope seen in the l o w 
t r ansve rse m o m e n t u m s p e c t r u m o f 
the N A 3 5 s t reamer c h a m b e r ex­
pe r imen t at CERN, an e f fec t a lso 
s ing led ou t by con fe rence s u m m a r -
izer Leon V a n Hove of CERN, po in t ­
ing ou t t ha t no th ing of t he k ind is 
seen w i t h p r o t o n b e a m s . 

He lmut Satz o f Bielefeld and 
B r o o k h a v e n desc r i bed h o w quarks 
can break l oose in dense m a t t e r , 
d r a w i n g an ana logy w i t h e lec t ro ­
magne t i c sc reen ing e f f ec t s , and in­
d i ca ted h o w c o m p u t a t i o n s , us ing 
an imag inary lat t ice t o o v e r c o m e 
ca lcu la t iona l p r o b l e m s , had g iven 

Hans Gutbrod of GSI Darmstadt and CERN 
gives an overview of the current experi­
ments using heavy ion beams. 

i ns igh ts in to t he t e m p e r a t u r e de ­
p e n d e n c e o f in te r -quark f o r c e s . 

W i t h t he in te r -quark f o r c e s l ook ­
ing ve ry d i f fe ren t ins ide p l asma , 
l ight quark b o u n d s ta tes break u p , 
w h i l e heavier qua rks may sti l l be 
able t o c l ing t o g e t h e r f o r a wh i l e . 

H o w e v e r even if p lasma is 
f o r m e d , it w i l l ex is t on ly ins ide a 
smal l reg ion and f o r a br ief in te rva l , 
so tha t escap ing quarks can sti l l 
b ind t o g e t h e r acco rd i ng t o the c o n ­
ven t i ona l ru les. T h u s s u p p r e s s i o n , 
ra ther t han d i sappea rance , o f t he 
J / p s i is t he c lue. Satz s ing led ou t 
t he s u p p r e s s i o n o f the J / p s i r e s o n ­
ance as t he m o s t re l iable, bu t no t 
t he on ly ind ica to r o f qua rk -g luon 
p lasma . 

T h e N A 3 8 e x p e r i m e n t at CERN 
bene f i t s f r o m high in tens i ty b e a m s 
and co l l ec ts a g o o d samp le o f 
J / p s i s . A . Romana (Ecole Po l y tech -
nique) p r e s e n t e d the J / p s i resu l ts 
seen us ing o x y g e n ion b e a m s on 
b o t h c o p p e r and uran ium t a r g e t s , 
p rov i d i ng t he f i rs t g l impse o f t he 
l o n g - a w a i t e d s u p p r e s s i o n , 'a beau­
t i fu l resu l t ' a c c o r d i n g t o V a n Hove . 
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Delegates at the Tata Institute meeting. 

C o m p a r i s o n of t he c o p p e r and 
u ran ium resu l ts is i n te res t i ng . 
W h i l e a J / p s i s p e c t r u m has been 
c o m p i l e d f r o m the la test run w i t h 
su lphur i ons , it w a s un fo r t una te l y 
t o o ear ly f o r Romana t o m a k e any 
c o m m e n t abou t t he inc reased J / p s i 
s u p p r e s s i o n e x p e c t e d . 

P. G o r o d e t z k y o f S t r a s b o u r g 
l o o k e d at N A 3 8 ' s m u o n pair spec ­
t ra a w a y f r o m the J / p s i a rea , in ­
c lud ing t h o s e f r o m the recen t run 
w i t h su lphur i ons , as a p r o b e o f 
p ion and kaon p r o d u c t i o n . 

M i n g Chu of M I T and J .P . Blaizot 
o f Sac lay s h o w e d h o w t o ex t rac t 
qua rk -g luon pa rame te rs f r o m the 
N A 3 8 J / p s i s igna ls . S. Raha o f Cal­
c u t t a ' s Saha Ins t i tu te p layed the 
he re t i c ' s ro le , po in t i ng ou t m o r e 
m u n d a n e exp lana t ions . A f t e r a l l , 
e x p e r i m e n t s us ing par t ic le b e a m s 
o n nuclear t a rge t s had f o u n d tha t 
t he d i s t r i bu t i ons o f qua rks and 
g luons in t h o s e heavy t a r g e t s l ook 
d i f fe ren t t o t h o s e o f h y d r o g e n or 

Quark-gluon plasma specialist Helmut Satz 
(left) of Bielefeld and Brookhaven with Con­
ference Convenor Bikash Sinha of Calcutta's 
Variable Energy Cyclotron Centre. 

deu te r i um - the 'EMC Ef fec t ' . W h y 
no t a ' H o t EMC Ef fec t '? asked 
Raha. 

T h e s e d i f f icu l t ies w e r e under ­
l ined by Frank Close o f T e n n e s s e e 
( 'quagma or quagmi re? ' ) . A l t h o u g h 
c o n c e d i n g tha t N A 3 8 had s o m e ­
th ing i n te res t i ng , Close sh ied a w a y 
f r o m any de f in i t i ve conc lus i on . 

V a n Hove a d v o c a t e d a search 
f o r a l te rna t i ve exp lana t ions o f m o d ­
i f ied J / p s i s igna ls , p red ic t ing a 
f l o o d o f p a p e r s , w i t h the exper ­
imenta l c o n d i t i o n s p rov id ing p len ty 
o f r o o m t o m a n o e u v r e . He a lso 
ca l led f o r carefu l c o m p a r i s o n o f t he 
e f f ec t s o b s e r v e d w i t h d i f fe ren t 
k inds o f bearr js. 

T h e success o f t hese higher e n ­
e rgy s tud ies has led t o a push f o r 
heavier nuclear p ro jec t i les at CERN, 
w h i l e B r o o k h a v e n is gear ing up f o r 
a w i d e r range o f b e a m s and is h o p ­
ing f o r t he RHIC re lat iv is t ic heavy 
ion co l l ider t o br ing a n e w look t o 
t he m i d 1 9 9 0 s . He lmut Hasero th o f 
CERN s k e t c h e d the h is to ry o f ion 
b e a m s at CERN and the a c c o m ­
p l i s h m e n t s o f t he GSI D a r m -
s t a d t / B e r k e l e y / C E R N co l l abora t ion 
and ou t l i ned t he o p t i o n s f o r t he f u ­
tu re . T o m Lud lam desc r i bed B rook -
h a v e n ' s p lans . 

M u c h o f t he B o m b a y m e e t i n g 
w a s g iven ove r t o deta i led r epo r t s 
f r o m the o the r ma jo r e x p e r i m e n t s 
at CERN - t he W A 8 0 'Plast ic Bal l ' 
(F. Plasil o f Oak Ridge and H. Gut -
b r o d ) , t he N A 3 4 'He l ios ' g r o u p (D. 
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Rahm of B r o o k h a v e n and I. R iccat t i 
o f Tu r in ) , and the N A 3 5 s t r e a m e r 
c h a m b e r (K. Pretzl and P. S e y b o t h 
o f M u n i c h ' s M a x Planck Ins t i tu te ) . 

M u c h p r o g r e s s has been m a d e in 
ana lys ing the c o m p l e x data g leaned 
by t hese s tud ies . B road ly , m o s t o f 
w h a t happens is seen as be ing due 
t o a s u m o f ind iv idual nuc leon in ter­
a c t i o n s , bu t th is is no t t he w h o l e 
p i c tu re . T h e e f fec t i ve i n te rac t i on 
v o l u m e f o r su lphur 3 2 is n o t s i m p l y 
t w i c e tha t o f o x y g e n 16 . A s w e l l 
as the in te res t ing b u m p in t he 
t r ansve rse m o m e n t u m s p e c t r u m , 
N A 3 5 exp lo res the c o n d i t i o n s f o r 
p i o n s t o in ter fere . T h e angular c o v ­
erage o f t he Plast ic Ball m e a n s tha t 
it is able t o look c lose ly at t he pa t ­
t e rn o f e m e r g i n g t r ansve rse ener­
g y , f i nd ing tha t t he s t r uck nuc leons 
are ' w o u n d e d ' , ' b l o w n t o p i e c e s ' , 
o r even ' t o r t u r e d ' , d e p e n d i n g on 
the e m o t i o n s o f t he speaker . 
W A 8 0 a lso f i nds an in te res t ing 
co r re la t i on in the angular d i s t r i bu ­
t i on o f t r ansve rse m o m e n t u m , 
w h i l e N A 3 4 repo r t s a f o r ­
w a r d / b a c k w a r d s a s y m m e t r y in the 
p r o d u c t i o n o f cha rged par t i c les . 

Leav ing as ide the smal l -sca le 
p r o d u c t i o n o f qua rk -g luon p lasma 
in the l abo ra to ry and tu rn ing t o 
a s t r o p h y s i c s , Ed Farhi o f M I T 
p o i n t e d ou t tha t quark m a t t e r cou ld 
be ho t e n o u g h t o con ta in s t r ange 
qua rks as we l l as the l ighter var ­
ian ts , and l ooked in to i ts imp l i ca ­
t i o n s f o r t he early Un ive rse and f o r 
neu t ron s ta rs , wh i l e Char les A l c o c k 
o f L i ve rmore t o o k a c lose l ook at 
h o w the qua rk -g luon p lasma o f t he 
ear ly Un iverse cou ld have f r ozen 
(see page 2 5 ) . 

In i ts exo t i c s e t t i n g , t he Con fe r ­
ence re f lec ted b o t h the v i ta l i t y o f a 
n e w f ie ld o f f u n d a m e n t a l p h y s i c s , 
and t he en thus iasm and ab i l i ty o f 
Indian researchers t o c o n t r i b u t e . 

Report by Gordon Fraser 

India call ing 

As well as highlighting the latest 
physics results, the International 
Conference on Physics and 
Astrophysics of Quark-Gluon 
Plasma, held at the Tata Institute 
for Fundamental Research, Bom­
bay, from 8-12 February, under­
lined India's enthusiasm for in­
creased collaboration in inter­
national physics, building on a 
long tradition of visual detector 
studies and currently spear­
headed by a Tata Institute team 
providing equipment for the big 
L3 experiment being built at 
CERN for the LEP electron-posi­
tron collider. 

Inaugurating the conference, 
M.G.K. Menon, scientific adviser 
to the Indian Prime Minister and 
a member of the national Plan­
ning Commission, pointed out 
the relevance of physics with 
heavy ion beams and of quark 
matter studies for Indian physi­
cists, and stressed the need for 
a policy of international collabo­
ration at large accelerator 
centres. 

Tata Institute Director Viren-
dra Singh emphasized the impor­
tance of the field because of its 
ties with so many branches of 
physics - particle, nuclear, and 
statistical studies as well as 
astrophysics and other areas. 
With the search for quark-gluon 
plasma well poised, Conference 
Organizing Committee Chairman 
B. V. Sreekantan recalled the 
success of the physics confer­
ence organized by Homi Bhaba 

in Bombay in 1950 - before big 
international particle physics 
meetings had a regular schedule, 
but when the subject was ripe 
for progress. With names like 
Blackett, Wentzel, Leprince-Rin-
guet, Bernardini, Amaldi, Rosen-
feld, Moller, Peierls, Perrin, 
Feather, Fowler and Raman pre­
sent, this hope had been ful­
filled. 

After declaring that in his 
view signals of the quark-gluon 
plasma were not far off and with 
world interest mounting, Confer­
ence Convenor Bikash Sin ha of 
Calcutta's Variable Energy Cy­
clotron Centre said that India is 
'keenly aware' of these develop­
ments. 'It is time that we parties 
pate in a meaningful way in this 
great adventure.' 

Important theoretical work 
has been carried out in India this 
decade, he pointed out, backed 
by a distinguished tradition in 
experimental work. 'It is time to 
break new ground,' he affirmed, 
with India taking a 'quantum 
leap' forward. 

The message was also ham­
mered home throughout the 
week of the conference, with 
delegates from abroad having 
the opportunity to inspect Indian 
facilities to see the progress 
which has been made. (In paral­
lel, Indian scientists working 
abroad who wish to return home 
are invited to contact P.K. Mal-
hotra at the Tata Institute, Bom­
bay.) 
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HYDRAULIC PUMPS 
GAS BOOSTERS • AIR AMPLIFIERS 

POWER PACS • T E S T STANDS 

f o r n u m e r o u s app l i ca t i ons o f h igh and ve ry h igh 
p ressu res up t o 14 0 0 0 bar 
Send f o r m o r e i n f o r m a t i o n s ta t i ng you r requ i re­
m e n t s ! 

AMMANN-TECHNIK AG CH-5742 KOLLIKEN 
P.O. Box 8 0 Te l . 6 4 4 3 4 9 3 9 
Te lex 9 8 2 1 7 7 Fax 6 4 4 3 8 8 4 3 

Manu fac tu re rs o f e q u i p e m e n t t o p r o d u c e , c o n t r o l 
and s to re high p ressure oi l (+ m a n y o the r f lu ids) and 
gas 

Our 21 sets of 

regulated power supplies 

work on a 24 hours basis 

to supply most of the parts 

of the cyclotron of 

Louvain- la-neuve. 

100W to 5 0 0 k W ; to ±1.10" 5 

some since 1975. 

tel . (02) 5 2 0 4 5 76 
telex 2 2 6 7 4 b 

rue doct De Meersman,37, B1070 Bruxelles 
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Looking for the fifth force 
Room for a fifth force. Strength of an addi­
tional composition-dependent force (vertical 
axis) plotted against the mixing angle relat­
ing the force charge to neutron and proton 
numbers. The shaded region is where the 
experiments are compatible, and the rectan­
gle is the prediction of the Peccei, Sola and 
Wetterich model. 

A f e w years a g o , phys i c i s t s w e r e 
s ta r t l ed by n e w s o f t i ny unex ­
p la ined e f fec ts in g rav i ta t iona l 
m e a s u r e m e n t s , hera lded by s o m e 
as t he harb ingers o f an as y e t u n ­
seen f o r c e in Nature (see A p r i l 
1 9 8 6 issue, page 9 ) . Th i s s p a r k e d 
a w a v e o f n e w m e a s u r e m e n t s , and 
par t o f t he 1 9 8 8 M o r i o n d W o r k ­
s h o p on N e w and Exot ic P h e n o m ­
ena held in Les A r c s , France, f r o m 
2 3 - 3 0 January h igh l igh ted p r o ­
g ress . 

In his f i f t h f o r ce s u m m a r y at t h e 
w o r k s h o p Bill Fai rbank Sr. (S tan­
fo rd ) sa id ' i f th is t u rns ou t t o be 
t r u e , it is t he m o s t i m p o r t a n t t h i ng 
n o w go ing on in p h y s i c s ' . 

P resen ta t ions inc luded s t a t u s re­
p o r t s o n n e w e x p e r i m e n t s and u n ­
pub l i shed resu l ts f r o m o n g o i n g 
s tud ies . 

Paul B o y n t o n ( W a s h i n g t o n ) p re ­
s e n t e d add i t iona l ev idence f o r a 
c o m p o s i t i o n - d e p e n d e n t f o r c e , 
w h i l e ano the r W a s h i n g t o n g r o u p , 
led by Eric A d e l b e r g e r , had n e w 
nega t i ve results* T h e s e t w o expe r i ­
m e n t s are at d i f fe ren t s i t es , t h e 
f i r s t at t he base o f a large cl i f f , t h e 
s e c o n d near a smal le r hill o n c a m ­
pus . 

B o y n t o n ' s e x p e r i m e n t l o o k s at 
t he w a y the f r e q u e n c y o f a t o r s i o n 
p e n d u l u m changes w i t h i ts o r i en ta ­
t i o n t o the cl i f f. H o w e v e r t h e d i rec ­
t iona l e f fec t is no t pe rpend icu la r t o 
t he cl i f f , and so far th is is n o t 
u n d e r s t o o d . 

T h e A d e l b e r g e r appa ra tus is a 
f o u r - m a s s t o r s i o n ba lance w h i c h 
r o t a tes re lat ive t o t he hil l . S o m e 
i m p r o v e m e n t s t o lessen t h e s e n s i ­
t i v i t y t o o rd ina ry g rav i t y g rad ien t s 
have been m a d e , and t e s t s w e r e 
a lso car r ied ou t us ing 9 7 0 k g o f 
lead as t he sou rce . B o t h W a s h i n g ­
t o n g r o u p s plan fu r the r i m p r o v e ­
m e n t s and t e s t s , and the A d e l b e r g ­
er g r o u p is i nves t iga t ing t he p o s s i ­
b i l i ty o f m o v i n g t o t he cl i f f s i te o f 

t he B o y n t o n g r o u p ' s t e s t s , or p o s ­
s ib ly t o t he cl i f f s i te used by Peter 
Th iebe rge r (Brookhaven) . T h i e b e r g -
er, w h o s e f loa t ing-ba l l appara tus 
p r o d u c e d pos i t i ve resu l ts a year 
a g o , p r e s e n t e d n e w resu l ts us ing 
the B r o o k h a v e n neu t r ino b e a m 
d u m p as a sou rce . Th is nega t i ve * 
resul t rules ou t any f o r ce d e p e n d ­
ent o n nuclear c o m p o s i t i o n w i t h a 
range o f less than 2 0 0 m . 

A n e w f l oa t i ng ball appara tus 
w a s d e s c r i b e d by Pier G iorg io Biz-
zet i (F lorence). He r e p o r t e d no ev i ­
dence f o r a c o m p o s i t i o n - d e p e n d e n t 
f o r c e a f ter t h e f i rs t t w o w e e k s o f 
runn ing , bu t emphas i zed tha t t he 
resu l ts w e r e ve ry p re l im inary and 
tha t a n u m b e r o f checks rema ined 
t o be car r ied ou t . 

Pre l iminary resu l ts w e r e a lso re­
p o r t e d by J i m Faller f r o m a n e w 
f l oa t i ng E o t v o s ba lance s e t u p ; t he 
resu l ts are n o t ye t su f f i c ien t ly p re ­
c ise t o i m p o s e n e w cons t ra i n t s o n 

c o m p o s i t i o n - d e p e n d e n t f o r c e s . 
T h e W o r k s h o p heard and d is ­

c u s s e d at l eng th t he recent ly a n ­
n o u n c e d f i n d i n g s f r o m the t o w e r 
e x p e r i m e n t o f D o n Eckhard t w h i c h 
f i nds dev ia t i ons f r o m N e w t o n i a n 
g rav i t y . M e a s u r e m e n t s in a 6 0 0 m 
te lev i s ion m a s t are c o m p a r e d w i t h 
the p r e d i c t i o n s o f an ex tens i ve 
g r o u n d su rvey o f g rav i t y ex tend ing 
2 0 0 k m f r o m t h e t o w e r base . The re 
is a h e i g h t - d e p e n d e n t e f fec t o f a 
f e w pa r t s in t en m i l l i on , and e x t e n ­
s ive d i s c u s s i o n s d id no t uncove r 
any s o u r c e s o f s y s t e m a t i c e r ror 
t ha t Eckhard t h a d n ' t a l ready ac­
c o u n t e d fo r . 

N e w m e a s u r e m e n t s w i l l re tes t 
t he g r a v i m e t e r ' s sens i t i v i t y . T h e re­
su l ts ind ica te an a t t rac t i ve f o r c e , 
bu t it is d i f f i cu l t t o a c c o u n t f o r t he 
de ta i led shape o f Eckha rd t ' s da ta . 
His b e s t f i t s u g g e s t s a n o n - N e w ­
ton ian a t t r ac t i on t o g e t h e r w i t h a 
smal le r r epu l s i on , w i t h the f o r m e r 

CERN Courier, Apri l 1988 1 1 



hav ing a l ready been bi l led in t he 
p ress as the S ix th Fo rce ! 

J i m T h o m a s (Caltech) r e p o r t e d 
n e w u n d e r g r o u n d g rav i t y m e a s u r e ­
m e n t s in Nevada , s h o w i n g d i sc re ­
panc ies s imi lar t o t h o s e or ig ina l ly 
r e p o r t e d by Frank S tacey (Queens­
land) . H o w e v e r T h o m a s ca l led f o r 
cau t i on because o f t he unce r ta in ­
t ies in de te rm in i ng the so -ca l l ed 
f ree-a i r g rav i t y g rad ien t . 

Cl ive Speake p r e s e n t e d t h e f i r s t 
resu l ts f r o m a n e w e x p e r i m e n t w i t h 
a f l exu re -s t r ip c o m m o n ba lance . T o 
search f o r any c o m p o s i t i o n -
d e p e n d e n t f o r c e , 2 . 3 k g c a r b o n and 
lead t e s t m a s s e s w e r e w e i g h e d 
near a 1 0 0 0 k g m a s s w i t h t he i m ­
p ress i ve p rec is ion o f 1 0 n g . Smal l 
i nc remen ta l i m p r o v e m e n t s w i l l ena­
ble Speake t o pu t l imi ts o n s h o r t -
range w e a k f o r c e s d e p e n d e n t o n 
nuclear c o m p o s i t i o n . 

In his i n t r o d u c t o r y lecture Eph-
ra im F ischbach (Purdue) n o t e d tha t 
m o r e t han 4 0 e x p e r i m e n t s are 
l ook ing f o r t he Fif th Force. M a n y 
are near t o be ing c o m m i s s i o n e d 
and tak ing da ta . The t echn iques in ­
c lude t o r s i o n ba lances , f ree- fa l l ex­
p e r i m e n t s , p u m p e d w a t e r expe r i ­
m e n t s , g rav i t y w a v e an tennae , ice 
b o r e h o l e s , 

Part ic le phys i cs e x p e r i m e n t s 
w e r e c o v e r e d by Richard Hughes 
(Los A l a m o s ) and Sam A r o n s o n 
(Brookhaven) . T w o CERN exper i ­
m e n t s , N A 3 1 on neutra l kaons and 
the e x p e r i m e n t at the LEAR l o w e n ­
e rgy a n t i p r o t o n r ing t o l ook f o r any 
p r o t o n - a n t i p r o t o n m a s s d i f f e rence , 
w i l l p lay i m p o r t a n t ro les . 

The c o n n e c t i o n w i t h a s t r o p h y s i -
cal o b s e r v a t i o n s (especial ly o f 
ec l ips ing b inary s tar s y s t e m s ) w a s 
d e s c r i b e d by Cliff Burgess (McGil l) 

and J o h n M o f f a t ( T o r o n t o ) . 
T h e con f l i c t i ng expe r imen ta l re­

su l ts d id no t de te r t heo r i s t s f r o m 
pu t t i ng f o r w a r d cand ida te m o d e l s . 
W h i l e it is t o o ear ly t o d i sc r im ina te 
b e t w e e n d i f f e ren t expe r imen ta l re­
su l ts and cand ida te t heo r i es , one 
c lear c o n s e n s u s e m e r g e d f r o m M o -
r i o n d : the search f o r sub t le n e w 
f o r c e s is a s ign i f i can t and rap id ly 
g r o w i n g f ie ld o f research and w i l l 
con t i nue t o have an impac t on phy ­
s ics regard less o f t he o u t c o m e of 
t he p resen t c o n t r o v e r s y . T h u s t he 
f i f t h f o r c e is schedu led f o r m o r e 
d i scuss i on at nex t yea r ' s M o r i o n d 
W o r k s h o p on N e w and Exot ic 
P h e n o m e n a . 

From Sam Aronson and Ephraim 
Fischbach 

Around the Laboratories 

STANFORD 
Mark- l l rolls in 

A f t e r a t h r e e - m o n t h s h u t d o w n , t h e 
c o m m i s s i o n i n g o f t he S t a n f o r d Li­
near Col l ider (SLC) began a n e w in 
m id -Janua ry . T h e mach ine had 
been t u r n e d o f f in ear ly O c t o b e r f o r 
t he 1 8 0 0 - t o n Mark - l l d e t e c t o r t o 
be ro l led in to pos i t i on at t h e m a ­
ch ine ' s in te rac t ion po in t . 

M e a n w h i l e , m a n y i m p r o v e m e n t s 
w e r e m a d e t o the SLC s u b s y s ­
t e m s . In par t icu lar , t he m a g n e t s in 
t he t w o arcs b r ing ing t h e e l ec t r ons 
and p o s i t r o n s r ound t o t h e co l l i s ion 
po in t w e r e ad jus ted t o reduce the 
sens i t i v i t y o f b o t h b e a m s t o op t i ca l 
m i s m a t c h e s b e t w e e n success i ve 

e l e m e n t s (see O c t o b e r 1 9 8 7 issue, 
page 2 3 ) . 

Dur ing m o s t o f February , t he 
SLC w a s rou t ine ly o p e r a t e d w i t h all 
t h ree bunches (pos i t r ons , e l ec t rons 
and e lec t rons f o r p o s i t r o n p r o d u c ­
t ion) in t he l inac s imu l taneous l y . 
Pulses o f 2 x 1 0 1 0 e lec t rons and 
1 0 1 0 p o s i t r o n s have been de l i ve red 
t o the a rcs . Bo th b e a m s have been 
t r a n s p o r t e d t h r o u g h the arcs t o t he 
f inal f o c u s , va l ida t ing the i m p r o v e ­
m e n t s m a d e t o the arc o p t i c s dur­
ing the s h u t d o w n . The e lec t ron 
(but no t t h e pos i t ron ) b e a m has 
been success fu l l y t r a n s m i t t e d 
t h r o u g h the in te rac t ion po in t and 
in to i ts d u m p . 

Emi t tance g r o w t h o f t he e lec t ron 
b e a m has p r o v e d a k n o t t y p r o b ­
l e m . Due t o smal l m i s a l i g n m e n t s 

and sub t le m i s m a t c h e s b e t w e e n 
mach ine e l e m e n t s , t he t i gh t l y 
p a c k e d e lec t ron bunches sp read* 
o u t as t h e y z o o m d o w n the l inac 
and t h r o u g h the arc. By the t i m e 
t h e y reach the f inal f o c u s , t he e m i t ­
t a n c e has g r o w n f o u r f o l d , and l o w 
ene rgy ta i ls o f t he b e a m are sc rap ­
ing b e a m p ipes and co l l ima to rs . 
W h e n e v e r th i s o c c u r s , a sp ray o f 
m u o n s h i ts t h e dr i f t c h a m b e r and 
ca lo r ime te rs in the Mark - l l . T h e s e 
and o the r b a c k g r o u n d s have been 
l im i t ing the cu r ren ts de l i ve red t o 
t he f inal f o c u s . 

A t t he e n d o f February , a n e w 
r e c o r d s p o t size w a s ach ieved at 
t he i n te rac t i on po in t , 3 m i c r o n s 
w i d e by 5 m i c r o n s h igh . W i t h a 
spec ia l l o w - i n t e n s i t y e lec t ron b e a m 
in the f inal f o c u s (1 % o f nomina l ) . 
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FROM SPECTRUM CONTROL GmbH 
To Enhance Your Data Collection System 

Q u a d F a s t b u s L i n e D r i v e r s 
• High speed driving of differential 

multidrop bus. 
• Extreme package density. 
• High speed - t r = 2ns- t f = 2.5ns. 
• Reliable hybrid circuit design. 
• Proven performance in high speed 

data collection systems at several 
nuclear research laboratories. 

• Off-the-shelf delivery. 

FOR MORE DETAILS, ASK FOR ENGINEERING BULLETIN 27-0027-73. 
Your Contact in the U.S.A.: SPECTRUM CONTROL, INC. 

2185 West Eighth Street, Erie, PA 16505 U.S.A. 
Phone (814) 455-0966. TWX 510-699-6871. FAX: (814) 455-2550. 

In Europe: SPECTRUM CONTROL GmbH, a subsidiary of Spectrum Control, Inc. 
Hansastrasse 6, D-8540 Schwabach, West Germany 
Telefon (09122) 795-0. Telex 625008. Telefax (09122) 795-58 SPECTRUM CONTROL GmbH 

Another example for our efficiency 

Cryogenic 3-way valves 

D o y o u h a v e a n y v a l v e p r o b l e m s ? 

W e can manage it. 

Efficient and reliable, since special valves 
are our special i ty. 

Al f red Bat t ig AG 
C H - 8 4 0 0 W i n t e r t h u r / S w i t z e r l a n d 
Phone: Te lex: Te le fax: 
0 5 2 / 2 5 2 7 69 8 9 6 3 7 1 valv ch 0 5 2 / 2 5 0 2 2 4 

SEMICONDUCTOR) HIGH TECHNOLOGY SUPPLIER OF 

MMHIMPBEIM 
FOR HIGH ENERGY PHYSICS & HEAVY ION PHYSICS 

VERTEX DETECTOR 
DATA NA14 CERN 
Imperial College, .London 
1000 CHANNELS 
100% READOUT 

EXPERIMENT PROVEN 
MAINTENANCE FREE 
TECHNOLOGY 
Total Depletion with over 
voltage operation. 
High Reliability & High 
Strip Yield. 
Sub micron posit ion High 
Resolution. 
Unbeatable two track 
operation. Large number 
charge tracks per event. 

CUSTOM AND STANDARD DESIGNS BOTH SINGLE 
AND VARIABLE PITCH DEVICES. 
SINGLE SIDED & DEVELOPMENT DOUBLE SIDED 
STRUCTURES. 
OPTIMUM SIGNAL TO NOISE WITH MINIMISING 
MULTIPARTICLE SCATTERING. 
CHOICE OF TOTALLY DEPLETED DETECTOR 
THICKNESSES.- 200u, 3O0U, 450u, 600u 

MICROSTRIP DETECTORS FABRICATED FROM 
BOTH 3 inch and 4 inch SIUCON FEATURE: 

1dAJtms."QBAY(MOIA1 

)S EVERYONE{MCAMCfTANCei 

1000 CHANNEL CAPACITANCE DIVISION 

Micron Semiconductor LM 
1 Royal Buildings 
Churchill Industrial Estate 
Lanting-Sussex-England 
Tel: 0903 755252 Telex; 8776986 

-

MICROSTRIP DETECTORS 
ARE SUPPLIED TO 
PHYSICISTS. . . 
Chip only 
Assembled on 
FanoutPCB 

Fanout Ceramic 
. Assembled on PCS 

or Ceramic with 

Interfaced with ULST 

Micron Semiconductor inc. 

Tel:30S-339-4366 Tetexi* 
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t he Mark - l l d e t e c t o r h igh v o l t a g e s 
w e r e t u rned on f o r t he f i r s t t i m e t o 
beg in s t u d y i n g b a c k g r o u n d s . 

A f t e r a sho r t s h u t d o w n in ear ly 
M a r c h and insta l la t ion o f t he re­
ma in ing f inal f o c u s c o l l i m a t o r s , t he 
SLC c o m m i s s i o n i n g began aga in . 
Emphas is is n o w u p o n fu r t he r i m ­
p r o v e m e n t s t o the f inal f o c u s o p ­
t i cs and on min im iz ing e m i t t a n c e 
g r o w t h in the l inac and arcs t o re­
duce the Mark - l l b a c k g r o u n d s . 
T h e s e upg rades shou ld raise b e a m 
in tens i t ies and a l l o w da ta - tak ing t o 
beg in . T h e p resen t schedu le cal ls 
f o r e l e c t r o n - p o s i t r o n co l l i s ions in ­
s ide the d e t e c t o r by Easter. 

DESY 
Crysta l Ball sees l ight 

Back in 1 9 6 0 Francis L o w s u g ­
g e s t e d measur ing the l i fe t ime o f 
t he neutra l p ion t h r o u g h i ts p r o d u c ­
t i o n in h igh energy p h o t o n - p h o t o n 
co l l i s ions . 

Only recen t ly have f i r s t resu l ts 
o n th is in te res t ing ' i nverse d e c a y ' 
been r e p o r t e d f r o m the DORIS e l ­
e c t r o n - p o s i t r o n s t o r a g e r ing at t he 
DESY Labo ra to r y in H a m b u r g by 
t h e Crys ta l Ball t e a m . A b o u t 1 2 0 0 
e v e n t s w e r e c o l l e c t e d , runn ing w i t h 
5 G e V b e a m s . T h e neutra l p ion l i fe­
t i m e , n o w we l l k n o w n t h r o u g h o t h ­
er e x p e r i m e n t s , w a s c o n f i r m e d . 

T h e t w o 'near ly rea l ' p h o t o n s 
p r o d u c i n g the neutra l p ion c o m e 
f r o m e lec t rons and p o s i t r o n s suf­
fe r ing ve ry smal l de f l ec t i ons and 
ex i t ing t h r o u g h the b e a m p ipe . T h e 

The three units of the helium refrigeration 
plant for the HERA electron-proton collider 
at the DESY Laboratory in Hamburg have 
been successfully put into operation. Under 
a special agreement, contractor Sulzer has 
taken over responsibility for the initial run­
ning of the complicated plant, the largest of 
its type in Europe. 

The Mark-ll detector in position at the point 
where electron and positron beams will col­
lide in the SLC Stanford Linear Collider. 

(Photo Joe Faust) 
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High Gain di 70% SER 
NewXP2262 facilitates multiplier noise discrimination 

A complete range of fast 2" PMTs for physics and industry 

P M T 
n u m b e r 

s ^ e s 

t r 
( n s ) 

t w 

( n s ) ( n s ) 
A t c e 

( n s ) 

p u l s e 
l i n e a r i t y 

( m A ) 

X P 2 2 6 2 12 2,0 3 ,0 0 ,50 0 ,70 2 5 0 

X P 2 2 4 2 B 6 1,6 2,4 - 0,70 3 5 0 

X P 2 0 2 0 12 1,5 2,4 0 ,25 0 ,25 2 8 0 

X P 2 2 3 0 12 1,6 2,7 0 ,35 0 ,60 2 8 0 

H i g h s e n s i t i v i t y b i a l k a l i 4 4 m m d i a m e t e r c a t h o d e 
X P 2 2 6 2 r e p l a c e s X P 2 2 3 2 . 

* S E R = S ing le E l e c t r o n R e s o l u t i o n 

O t h e r f as t t u b e s : 
3 / 4 " P M 1 9 1 1 3" P M 2 3 1 2 
1 " P M 2 9 8 2 5" X P 2 0 4 1 

t r = a n o d e p u l s e r ise t i m e f o r a 
d e l t a l igh t p u l s e 

t w = a n o d e p u l s e d u r a t i o n F W H M 
f o r a d e l t a l igh t p u l s e 

= t r a n s i t t i m e s p r e a d f o r s i ng le 
e l e c t r o n m o d e 

A t c e = t r a n s i t t i m e d i f f e r e n c e 
c e n t r e - e d g e 

Ph i l ips I n d u s t r i e s 
E l e c t r o n i c C o m p o n e n t s a n d 
M a t e r i a l s D i v i s i on 
E i n d h o v e n , T h e N e t h e r l a n d s 

We've set the standard for over 20 years 
PHIL IPS P H I L I P S Electronic 

Components 
and Materials 



ARBEIT 
Wtinschen Sie ein neues Leben? 

Suchen Sie eine Arbeit im Ausland? Dieses Buch ist was 
Sie brauchen. 

Hier bekommen Sie alle Auskunfte und Adressen zu etwa 
1000 Unternehmen und Stellenvermittlungen. Wir erlau-
ben uns, Ihnen gleichzeitig das Buch anzubieten, das fur 
jeglichen Bewerber einfach eine notwendige Vorausset-
zung ist. 

Es enthalt alles; von der Bewerbung bis zum Anstellungs-
vertrag, Auskunft uber Arbeitserlaubnis, Visa, 'Klima, 
Lohn- und Wohnverhaltnisse in Europa, den USA, Kana-
da, Westindien, Australien und dem Fernen Osten. Es 
gibt Arbeiten wie z.B. Metall, Olindustrie, Gartenbau, 
Fahrer, Reiseleiter, Hotel und Restaurant, Aupair, Luxus-
Kreuzfahrten. 

Wenn Sie interessiert sind, fragen Sie schriftlich nach 
unserer Freibroschure mit weiterer Auskunft, die in 
Deutsch und Englisch erscheint. Schreiben Sie an: 

• Freibroschure 

Q Buch « Arbeit im Ausland » 
Preis: DM 4 5 -

EUROPA BOKFORLAG AB 
Box 2 0 1 4 S - 1 3 5 0 2 Tyreso Sweden 

N.B. Wir vermitteln keine Arbeiten I 

MacVEE 
Direct access from * Macintosh 
to VME and CAMAC crates... 

Now, for Macintosh II as well I 

MICRON Card 

plugs into a NuBus slot 
VMEbus Master V370 and 
Mac-CC CAMAC Controller 
compatible 

MacVEE and Micron available from: 

Crozet - 01170 Gex - France 
Tel.: 50.41.00.89 
Fax: 50.41.01.99 

MacVEE was d e v e l o p e d a t CERN b y B.G.Taylor j 

cern COURIER 

A unique advertising medium for 
scientific and technical equipment 

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 the ma jo r Labora tor 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 , eng ineers , ad ­
min is 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 fo r par t ic le phys ic is ts in 
Europe, the U S A , t h e S o v i e 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 the Labora to r ies of A r g o n n e , 
Berkeley, B rookhaven , Cornel 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 I taly, 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 Japan , 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 . 
The expend i tu re in the 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 Unior 

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

All enquiries t o : 
Adver t i s ing Manager 
Miche l ine Falciola 
CERN COURIER 
CERN 
CH -1211 GENEVA 2 3 
Tel. (022) 8 3 41 0 3 
Telex 2 3 6 9 8 
Telefax (022) 8 2 1 9 0 6 
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prec i s ion t w o p h o t o n data are used 
t o iden t i f y the e v e n t s , separa te 
t h e m f r o m b a c k g r o u n d and f ina l ly 
f ix t he part ia l w i d t h f o r neut ra l p ion 
decay as (7 .7 ± 0 . 5 ± 0 .5 ) e V . 

Crys ta l Ball is we l l su i ted f o r 
measu r i ng reac t ions w h e r e on l y 
p h o t o n s are d e t e c t e d . A b o u t 9 3 % 
o f the so l id angle is c o v e r e d by 
8 1 2 s o d i u m iod ide c rys ta l c o u n t e r s 
p r o v i d i n g an energy reso lu t i on o f 
2 . 7 % at 1 GeV. Recent ly resu l ts on 
f inal s ta tes con ta in ing f ou r and six 
p h o t o n s have a lso been p r e s e n t e d . 

T h e f ou r p h o t o n s y s t e m , f r o m 
d e c a y s o f t w o neutra l p i ons or a 
neutra l p ion and an e ta , w a s a lso 
carefu l ly ana l ysed . T h e t w o p ion 
channe l s h o w s a d o m i n a n t peak f o r 
t he f 2<1270) . A n e n h a n c e m e n t at 
t he m a s s o f the fo (975 ) is n o t s ta ­
t is t ica l ly s ign i f i cant . (The m a s s o f a 
s ing le neutra l p ion is o b t a i n e d in 
t he Crys ta l Ball d e t e c t o r w i t h an ac­
cu racy o f b e t w e e n 7 and 12 M e V , 
d e p e n d i n g on the par t i c le ' s m o m ­
en tum. ) 

T h e m a s s s p e c t r u m o f t he t w o 
p ion s y s t e m w a s m e a s u r e d f o r t he 
f i r s t t i m e d o w n t o t he t h r e s h o l d o f 
2 7 0 M e V . A t such l o w energ ies 
t he iden t i f i ca t ion o f t w o cha rged 
p i ons in p h o t o n - p h o t o n co l l i s ions is 
ve r y d i f f icu l t and earl ier data d id 
n o t p r o v i d e conc lus i ve resu l ts . 

In the six p h o t o n s y s t e m , e v e n t s 
due t o th ree neutra l p i ons s h o w t h e 
712 (1680) peak fo r t he f i r s t t i m e in 
p h o t o n - p h o t o n co l l i s ions . T h e p r o ­
d u c t i o n rate is abou t o n e - t e n t h o f 
t ha t o f t he f 2<1270 ) . T h e k n o w n 
decay o f t he 712 in to an f 2<1270 ) 
and a neutra l p ion w a s a lso o b ­
s e r v e d , c o n f i r m i n g the a s s i g n m e n t 
o f t he resonance . 

A n a l y s i s is be ing c o n t i n u e d f o l ­
l o w i n g Crys ta l Bal l 's re turn t o S t a n ­
f o r d last S e p t e m b e r . Its ve r y suc ­
cess fu l gues t p e r f o r m a n c e at DESY 
las ted f o r abou t f i ve years and w a s 
ma in ly c o n c e n t r a t e d on beau ty 

Photon systems produced in photon-photon 
collisions, as seen by the Crystal Ball detec­
tor at the DORIS electron-positron collider. 
The peak in the middle plot corresponds to 
the f2(1270) resonance, that in the lower 
plot to the 712(1680) resonance. 

quark p h y s i c s . The d e t e c t o r w a s 
run at DESY by a ma jo r co l l abo ra ­
t i on inc lud ing ins t i tu t ions f r o m the 
US (SLAC, Ca l tech , Carneg ie -Me l ­
l on , Ha rva rd , Pr ince ton and S tan ­
f o r d ) , G e r m a n y (DESY, Er langen, 
H a m b u r g and W u e r z b u r g ) , I taly 
(F lorence), t he Nether lands (N i jmeg-
en) and Po land (Cracow) . 

HERA Progress 

T h e f i r s t t w o s u p e r c o n d u c t i n g qua-
d rupo le m a g n e t s p r o d u c e d by in­
d u s t r y f o r t h e HERA e lec t r on -p ro ­
t o n co l l ider be ing bui l t at DESY 
have ar r i ved and are be ing t e s t e d . 
One is f r o m Ge rman manu fac tu re r 
Noel l (Wue rzbu rg ) and the o the r 
f r o m French c o m p a n y A l s t h o m 
(Bel for t ) . A b o u t half o f the 2 4 6 s u ­
p e r c o n d u c t i n g HERA quad rupo les 
are a French c o n t r i b u t i o n and w i l l 
be bui l t in France. Des ign and t o o l ­
ing f o r t he indust r ia l p r o d u c t i o n o f 
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ORGANISATION EUR0PEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us k n o w 
in good t ime . Al l not ices of 
change of address must be 
accompan ied by old and new 
addresses. ( Include label f r om 
magazine wrapper . ) 

Any enquir ies regarding subscript ions 
should be addressed to : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 2 3 Switzerland 



The first French-built superconducting qua-
drupole arrives for HERA. Half the 246 qua-
drupoles for the 6.3 km HERA ring are being 
supplied by French industry. 

all t hese m a g n e t s w e r e d o n e at Sa-
c lay. 

T h e s e quad rupo les are o f t h e 
' h y b r i d ' HERA t y p e , w i t h t he co i l 
s u p p o r t e d by meta l co l la rs . A m e ­
chan ica l l y - i ndependen t i ron y o k e 
s u r r o u n d s t he coi l and is a lso kep t 
at l iquid he l ium t e m p e r a t u r e . Th i s 
' h y b r i d ' des ign saves coo l i ng p o w ­
er and has severa l o the r a d v a n ­
t a g e s . It w a s d e v e l o p e d at DESY 
and is n o w w i d e l y used f o r super ­
c o n d u c t i n g d ipo les and q u a d r u ­
po les . 

Beam profile of negatively charged gold ions 
produced by a new ion source at the Japa­
nese KEK Laboratory. 

KEK 
N e w ion source 

A n in tense sou rce o f negat ive ly 
cha rged heavy ions has been d e ­
v e l o p e d at t he Japanese KEK Na­
t iona l Labo ra to r y f o r High Energy 
Phys ics , hav ing p r o d u c e d nega t i ve 
ions o f g o l d , c o p p e r and nickel 
w i t h b e a m cu r ren ts o f 1 0 , 8 . 2 and 
5 .5 m A respec t i ve l y , a l m o s t a 
hund red t i m e s higher than cu r ren ts 
ob ta i ned w i t h conven t i ona l spu t ­
t e r e d sou rces o f such ions . 

T h e ion sou rce d e v e l o p m e n t 
g r o u p at KEK led by Yosh iha ru M o r i 
has been push ing t o w a r d s an in ­
t ense nega t i ve heavy ion sou rce in 
co l l abo ra t i on w i t h Gerald D. A l t o n 
f r o m the US Oak Ridge Labo ra to ry . 
T h e sou rce is s imi lar t o the nega­
t i ve h y d r o g e n ion sou rce cur ren t l y 
used t o s u p p l y par t ic les f o r t he 
KEK 12 GeV p r o t o n s y n c h r o t r o n , 
us ing h y d r o g e n a t o m s a b s o r b e d on 
a nega t i ve ly b iased meta l sur face in 
a h y d r o g e n p lasma d ischarge c o n ­
f i ned by a c u s p magne t i c f i e ld . Put­

t i ng caes ium in the p lasma b o o s t s 
the nega t i ve ion in tens i t y . 

Ref lec t ing i ts ped ig ree , the 
sou rce is ca l led BLAKE (Berkeley -
Los A l a m o s - KEK). T o p r o d u c e 
heavy i ons , t he h y d r o g e n p lasma 
w a s rep laced w i t h x e n o n , and an 
app rop r i a t e me ta l sur face w a s 
u s e d . 

T h e KEK L a b o r a t o r y has p lans 
f o r a n e w fac i l i t y p rov id i ng b o t h 
p r o t o n s and heavy ions (see 
J u l y / A u g u s t 1 9 8 7 issue, page 5 ) . 
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Spectrum of the KEK negative gold ions, 
showing how the addition of caesium to the 
plasma dramatically boosts the yield. 

JULICH 
N e w ion beams 

T h a n k s t o i ts n e w ion s o u r c e , the 
large i s o c h r o n o u s c y c l o t r o n JULIC 
of t he Ins t i tu te f o r Nuclear Phys ics 
at t he Ke rn fo r schungsan lage Ju l ich 
(KFA) n o w p r o v i d e s e x p e r i m e n t s 
w i t h a n e w range o f b e a m s . 

JULIC w a s or ig ina l ly des igned 
f o r t he acce le ra t ion o f l ight ions up 
t o 4 5 M e V / A f r o m an internal 
sou rce . S ince 1 9 6 9 it has de l i ve red 
t hese b e a m s f o r m o r e than 7 5 0 0 0 
hours f o r e x p e r i m e n t s main ly in nu ­
clear p h y s i c s , bu t a lso mater ia ls 
and life sc iences . 

CERN Courier, Apri l 1988 19 



Left to right, P. Wucherer, H. Beuscher, 
J. Reich and W. Brautigam with the 14 GHz 
electron cyclotron resonance ion source for 
the cyclotron at the Kernforschungsanlage 
(KFA) Julich, Germany. With its increased 
range of beams, the nearly 20-year-old cy­
clotron is serving additional nuclear physics 
experiments. 

T h e acce le ra t ion o f heav ier ions 
w a s no t poss ib le f o r a l ong t i m e 
because JULIC can on ly acce le ra te 
ions w i t h charge t o m a s s ra t ios 
larger t han 1 / 3 , bu t t he d e v e l o p ­
m e n t o f e lec t ron c y c l o t r o n r e s o n ­
ance (ECR) sou rces t o w a r d s t he 
end o f t he seven t ies o p e n e d n e w 
poss ib i l i t i es . T h e ISIS ( In jekt ion 
s c h w e r e r lonen nach EZR-St r ip -
p i n g : in jec t ion o f heavy ions a f ter 
ECR-Str ipp ing) p ro jec t t h e r e f o r e 
s ta r t ed in 1 9 8 2 . 

Its ma in c o m p o n e n t is a t w o -
s tage s u p e r c o n d u c t i n g 14 GHz ECR 
sou rce . A b e a m f o r m i n g s y s t e m 
t r a n s p o r t s the b e a m in to t h e m e ­
d ian plane of t he c y c l o t r o n . For the 
axial i n jec t ion , a n e w r a d i o f r e q u e n -
cy cen t re reg ion has been d e ­

s i gned . In t he c y c l o t r o n i tsel f , t he 
ma in t ask w a s the i m p r o v e m e n t o f 
t he tank v a c u u m by an o rde r o f 
m a g n i t u d e t o be t te r than 5 x 1 0 7 

m b a r by n e w c r y o p u m p s and by 
d i f fe rent ia l p u m p i n g o f t he large 
3 . 3 0 m d iame te r 0 - r i n g s . A t an 
ear ly s tage a s imp le r 5 GHz ECR 
sou rce w i t h no rma l co i ls w a s de ­
v e l o p e d as the l ight ion sou rce 
(LIS). Th i s t u rned ou t t o be a m o s t 
va luable dec is ion f o r day by day 
o p e r a t i o n . 

The c y c l o t r o n w a s r e c o m m i s -
s i oned f o r e x p e r i m e n t s in M a r c h 
1 9 8 7 w i t h a 4 0 3 M e V 1.4 m i -
c r o a m p b e a m of n i t r o g e n - 1 4 ( 6 + ) . 
Expe r imen ts have a lso used 0 . 6 1 
m i c r o a m p s of 3 4 4 M e V c a r b o n -
1 2 ( 5 + ) , 0 . 1 3 m i c r o a m p s o f 5 6 0 

M e V n i t r o g e n - 1 4 ( 7 + ) / 0 . 1 4 m i ­
c r o a m p s o f 5 3 0 M e V n i t r ogen -
1 5 ( 7 + ) , 0 . 1 m i c r o a m p s o f 5 3 5 
M e V o x y g e n - 1 6 ( 7 + ) and 0 . 0 1 m i ­
c r o a m p s o f 1 0 6 9 M e V su lphur-
3 2 ( 1 4 + ) . A r g o n 1 4 + is the heav ies t 
ion acce le ra ted so far. 

ISIS has t h u s cons ide rab l y 
b o o s t e d t he po ten t ia l o f t he a l m o s t 
2 0 - y e a r - o l d JULIC c y c l o t r o n . W i t h 
t he n e w b e a m s , in te rac t ions be ­
t w e e n nuclei at t he Fermi ve loc i t y 
can be s t u d i e d . Expe r imen ts cove r 
g ian t r esonances in h ighly exc i ted 
nuc le i , hard p h o t o n s up t o 1 0 0 
M e V f r o m b r e m s s t r a h l u n g m e c h a n ­
i s m s , f as t nuc leon and p ion p r o ­
d u c t i o n , f r a g m e n t a t i o n o f l ight and 
heavy nuc le i , X - r a y m i c ros t r uc tu re 
o f heavy e l e m e n t s and mu l t i nu -
c leon t rans fe r . 

For the f u t u r e , s i te c lear ing has 
s ta r t ed at Ju l i ch f o r the C O S Y -
Ju l i ch 2 . 5 GeV coo le r s y n c h r o t r o n 
(not t o be c o n f u s e d w i t h the COSY 
c o m p a c t s y n c h r o t r o n at t he BESSY 
s y n c h r o t r o n rad ia t ion Labo ra to ry in 
Berl in - see J a n u a r y / F e b r u a r y is­
sue , page 2 3 ) . T h e JULIC mach ine 
w i l l act as in jec tor . 

FERMILAB 
Big n e w c o m p u t e r 

W i t h the n e w Centra l C o m p u t e r 
Bui ld ing near c o m p l e t i o n (see CERN 
Cour ier D e c e m b e r 1 9 8 7 ) , one o f 
t he m o s t i m p o r t a n t p ieces o f Fer-
m i l a b ' s Cent ra l C o m p u t i n g Upg rade 
Pro jec t is fa l l ing in to p lace. A c o n ­
t r ac t w a s recen t l y s igned w i t h S y s -
t e m h o u s e , Inc. f o r de l ivery o f a 
n e w large gene ra l -pu rpose c o m p u t ­
er s y s t e m t o be housed in the n e w 
bu i ld ing . 

It c o n s i s t s o f an A m d a h l 5 8 9 0 
6 0 0 E w i t h f o u r cent ra l p r o c e s s o r s 
and 1 9 2 M b y t e s o f main s t o r a g e , 
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Large circuits for large jobs. 
The alternatives are s m a l l 

Large circuits can create more efficient and reliable systems 
operation and sometimes make impossible designs reality. 

Buckbee-Mears specializes in producing high quality, large 
size, close tolerance printed circuit boards. Some applications 
include super colliders and other high-energy physics projects. 
Our size capabilities and precision are unmatched in the 
industry. In fact, we've produced circuits up to 4' x 12' -
among the largest in the world. 

We work with any available clad materials and produce single-
sided, double-sided and multilayer layer circuits with plated 
through holes in boards up to 36" x 48". 

If you have an application that requires precisely built large 
size circuits, contact us. Put our capabilities to the test. 

Buckbee-Mears 
St. Paul 
A UNIT OF BMC INDUSTRIES, INC. 

245 E. 6th St. 
St. Paul, M N 55101 
612/228-6400 Telex 29-7080 
FAX 612/228-6572 

This 4 ' x 12'circuit is among the largest in the 
world. 
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Wandel &Goltermann 
Electronic Measurement Technology 

The first hand-held 
fiberoptic source 
in the world with 
two *¥: standard 
wavelengths 

Problems with matching wave lengths, 
f iber types , and /o r connec to rs? The 
O L S - 2 (850 nm and 1300 nm) prov ides a 
practical so lut ion. The inst rument is bat­
tery-operated and offers the fo l lowing 
features to ensure accurate and repro­
ducible measuremen ts : * constant, 
thermal ly stabl ized output level, * c lose 
wavelength to lerance, * opt imal mode 
distr ibut ion, and * precis ion connectors . 
Other features: * two swi tchable IR 
LEDs, * for mul t imode and m o n o m o d e 
f ibers. Single wavelength vers ions also 
available. The O L S - 2 compl iments the 
OLP-1 and OLP-2 optical level meters . 

Wandel&Goltermann (Schweiz) AG, Post!254,3000 Bern 25 
Tel. 031-426644, tlx. 912350wgch } Fax 031-426133 
Please check off your requirements; 

• Free color brochure of OLS-2/22/23 

• Free information on OLP-1 and OLP-2 

Name 

Company 

Street 

Town 

Telephone no E7411K 
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The inner radius of Fermilab's 
new Computing Centre. 

4 0 G b y t e s o f d isk s t o r a g e , 16 c o n ­
ven t i ona l t ape d r i ves , 8 c a s s e t t e 
t a p e d r i ves , 4 i m p a c t and 4 laser 
p r i n te rs , Decne t and Etherne t ga te ­
w a y l inks , and c o n n e c t i o n s f o r 2 5 0 
t e rm ina l s . M a y shou ld see de l i ve ry 
o f an init ial c o n s i g n m e n t inc lud ing 
t w o cent ra l p r o c e s s o r s w i t h 9 6 
M b y t e s o f ma in s t o r a g e t o g e t h e r 
w i t h m o s t o f t he per iphera ls . Del iv­
e ry o f t he rema in ing e q u i p m e n t w i l l 
d e p e n d o n avai lable f u n d s . 

Peter Coope r , p rev ious l y at Ya le , 
is n o w A s s o c i a t e Head o f Fe rm i -
lab ' s C o m p u t i n g D e p a r t m e n t , w i t h 
p r ima ry respons ib i l i t y f o r da ta ac­
qu is i t i on h a r d w a r e and s o f t w a r e . 
J a c k Pf is ter con t i nues as A s s o c i a t e 
Head w i t h respons ib i l i t y f o r cen t ra l 
c o m p u t i n g , w i t h Je f f A p p e l st i l l 
Head of t he D e p a r t m e n t . 

Homage t o Bill 

A S y m p o s i u m at Fermi lab o n 8 
Janua ry m a r k e d W i l l i a m W a l l e n -
m e y e r ' s m o v e t o t he Pres idency o f 
S o u t h e r n Un ivers i t ies Research A s ­
soc ia t i on (SURA, t he c o r p o r a t e a r m 
o f t he n e w CEBAF e lec t ron m a ­
ch ine be ing bui l t at N e w p o r t N e w s , 
V i rg in ia) a f ter ove r t w e n t y yea rs at 
t h e Un i ted S ta tes D e p a r t m e n t o f 
Energy , m o s t recen t l y as t he Di rec­
t o r f o r High Energy Phys i cs , Of f i ce 
o f High Energy and Nuclear Phy­
s ics . 

Open ing the S y m p o s i u m , Fe rm i ­
lab D i rec to r Leon L e d e r m a n re­
ca l led the init ial phases o f t he h igh 
e n e r g y phys i cs a d v i s o r y pane l (HE-
PAP) cha r te red by t he D iv is ion o f 
Research o f the US A t o m i c Energy 
C o m m i s s i o n in 1 9 6 7 , w i t h w h i c h 
W a l l e n m e y e r w a s d i rec t l y i n v o l v e d . 
First HEPAP cha i rman w a s V i k t o r 

Leon Lederman welcomes Bill Wallenmeyer 
to the platform. 
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Giant Read-Out Boards? 
Epoxy laminates FR-4 
1300x4400 mm 
produced by 

[ D I T R O N r 

have been chosen for the 
construction of the "Read-
Out Board" of the hadron 
calorimeters of the A L E P H 
and D E L P H I detectors. 

Standard production: 
• FR-4, G-10, G-11 rigid laminates 

for printed circuit boards 
• thin laminates and prepreg 

for multilayer boards 

D I T R O N srl 
Via Mul ino Vecchio, 85 - 28065 CERANO (NO) ITALY 
Tel.: 0321/728294 - 726548 - Telex: 331565 PENCO I 
Telefax: 0321/721645 

How to visit CERN 
Comment visiter le CERN 
Organized v is i ts take place only on Saturdays , at 9 . 3 0 a .m. , 
a n d / o r 2 . 3 0 p .m. The vis i ts last about three hours and are f ree. 
The m in imum age l imit is 16 years. 

Les v is i tes commen tees ont lieu seulement le samed i , a 9 h. 3 0 
e t / o u a 14 h. 3 0 . Elles durent env i ron t ro is heures et son t 
gratu i tes. La l imite d 'age m in imum imposee est de seize ans. 

Please w r i t e o r c a l l : C E R N 
Ecrire ou t 6 l 6 p h o n e r : V i s i t s O r g a n i z a t i o n / O r g a n i s a t i o n d e s V i s i t e s 

1211 G E N E V A 2 3 S w i t z e r l a n d 
T e l . 0 2 2 / 8 3 4 0 5 2 o r / o u 8 3 4 1 0 2 
T e l e x 2 3 6 9 8 
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W e i s s k o p f , f o l l o w e d by S idney 
Dre l l , Jack S a n d w e i s s , and cu r ren t ­
ly Francis L o w . A t the S y m p o s i u m , 
each cha i rman gave his o w n i m ­
p ress ions o f the d e v e l o p m e n t o f 
h igh ene rgy phys i cs in genera l and 
W a l l e n m e y e r ' s role in par t icu lar . 

The i r c o n s e n s u s w a s tha t W a l ­
l e n m e y e r ' s a s s i d u o u s n e s s and 
c o m m i t m e n t had c o n t r i b u t e d g rea t ­
ly t o the success o f h igh ene rgy 
p h y s i c s , a v i e w e c h o e d by m a n y 
o t h e r s , inc lud ing S a m T i n g and L. 
E d w a r d T e m p l e . 

T h e end o f t he S y m p o s i u m 
l o o k e d t o the f u tu re , w i t h p e r c e p ­
t i o n s f r o m w h a t L e d e r m a n , se t t i ng 
baby b o t t l e s f i l led w i t h mi lk in f r o n t 
o f each speaker , ca l led t he ' y o u n ­
ger g e n e r a t i o n ' . Bruce W i n s t e i n , 
M i k e W i t h e r e l l , E w a n Pa t te r son 
and Derek L o w e n s t e i n gave the i r 
i m p r e s s i o n s of w h a t f u tu re acce ler ­
a t o r s and i n s t r u m e n t s w o u l d need 
t o l ook l ike. 

HEPAP Cha i rman Francis L o w 
p a s s e d ou t s o n g - s h e e t s and s t e p ­
p e d t o the p iano t o lead t h e s ing ing 
o f an or ig inal s o n g - 'He ' l l A l w a y s 
Be Our Bi l l ' . 

A f t e r near ly f ou r hours o f p ra is ­
ing and p rank ing , W a l l e n m e y e r 
w a s a l l o w e d a f e w m i n u t e s t o re­
s p o n d . 

COSMOLOGY 
Baryonic bubb les 

A s t r o p h y s i c a l m e a s u r e m e n t s s h o w 
tha t the Un iverse is sti l l f l y i ng apar t 
(the Hubb le expans ion ) , s u g g e s t i n g 
tha t it all s ta r ted o f f w i t h a Big 
Bang . H o w e v e r the g rav i ta t iona l a t ­
t r a c t i o n b e t w e e n the e x p l o d i n g 

p ieces is p r e s u m a b l y s l o w i n g th is 
e x p a n s i o n , w h i c h w i l l eventua l ly 
s t o p if t he re is enough ma t t e r 
a round f o r the in te ra t t rac t ions t o 
be su f f i c ien t l y s t r o n g . 

E ins te in , w h o f o r m u l a t e d his t h e ­
o ry of genera l re la t iv i ty be fo re Hub-
b le ' s m e a s u r e m e n t s , real ized 
s o m e t h i n g had t o be coun te rac t i ng 
g rav i t y t o keep the p ieces o f t he 
Un iverse apar t , and put in his ' c o s -
mo log i ca l c o n s t a n t ' by hand . 

W i t h t he init ial Big Bang n o w 
p rov id i ng t he exp los ive f o r c e , th is 
m y s t e r i o u s c o n s t a n t has been put 
on the back burner . H o w e v e r 
ano the r d i l emma arose . T o d a y ' s 
a b u n d a n c e s o f l ight e l emen ts p r o ­
v ide a v i ta l c lue t o the f o r m a t i o n o f 
t he Un ive rse , and the exp lana t ion 
o f t he a s t r o n o m i c a l m e a s u r e m e n t s 
is one o f t he ma jo r a c h i e v e m e n t s 
o f t he Big Bang idea. H o w e v e r the 
conven t i ona l ca lcu la t ions a lso 
s h o w tha t t he a m o u n t o f nuclear 
ma t t e r f o r m e d in the w a k e of t he 
Big Bang is n o w h e r e near e n o u g h 
t o app ly t he grav i ta t iona l b rakes 
and halt t he Big Bang e x p l o s i o n . 

For eve ry th ing t o f i t t o g e t h e r 
n ice ly , m o s t o f the Un iverse has t o 
be inv is ib le - 9 0 per cen t o f t he s k y 
needs t o be ful l o f m y s t e r i o u s ' da rk 
m a t t e r ' supp l y i ng the add i t iona l 
g rav i ta t iona l t u g . 

T h u s o the r dark ma t te r cand i ­
da tes w e r e s o u g h t , b o t h k n o w n , 
l ike neu t r i nos , and u n k n o w n -
w e a k l y in te rac t ing mass i ve pa r t i ­
c les ( W I M P s ) , ax ions , e tc . H o w e v e r 
n e w ideas n o w s h o w tha t the d i ­
l e m m a cou ld be reso lved w i t h o u t 
recourse t o exo t i c dark ma t te r . 

A ma jo r m i l es tone in the h i s to ry 
o f t he Un iverse occu r red a f e w m i ­
c r o s e c o n d s af ter the Big Bang 
w h e n the see th ing gas o f quarks 
and g luons had c o o l e d d o w n su f f i ­
c ien t ly f o r p r o t o n s and n e u t r o n s , 
bui l t o f severa l qua rks , t o ' c r ys ta l ­
l ize ' . 

One o f t he au tho rs o f a n e w 
idea, Char les A l c o c k o f L i ve rmore , 
c o m p a r e s th is phase change t o a 
s imp le e x p e r i m e n t poss ib le in a 
d o m e s t i c f reezer . Take a d i lu te s o ­
l u t i on , p re fe rab ly w i t h a co lou red 
s o l u t e , l ike p o t a s s i u m p e r m a n g a ­
na te , and f reeze it. T h e l iquid t r ies 
t o res is t , f o r m i n g p o c k e t s o f s t r o n ­
ger s o l u t i o n , p r o d u c i n g in tu rn an 
i n h o m o g e n e o u s so l i d . 

In th is p i c tu re , t he coo l i ng Un i ­
ve rse w o u l d have p r o d u c e d h igh 
dens i t y bubb les o f p r o t o n s and 
n e u t r o n s coex i s t i ng w i t h the re­
ma in ing qua rk -g l uon p lasma , and 
w i t h o the r pa r t i c les , like e lec t rons 
and p o s i t r o n s . W i t h such an inher­
en t i n h o m o g e n e i t y , t he a m o u n t o f 
nuclear m a t t e r can n o w be su f f i ­
c ien t t o c lose t he Un ive rse , a l ­
t h o u g h the m e a s u r e d level o f l i -
t h i u m - 7 is n o t easy t o f i t . O ther au ­
t h o r s pre fer t o use nuclear a b u n ­
dances as the i r ya rds t i c k t o infer 
w h a t cou ld have happened af ter 
the Big Bang . 
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p 1 R E L L 1 S P E C 1 A L C A B L E S 

O n l y a g r e a t p a s t c o n c e i v e s 

a g r e a t e r f u t u r e . 

With technology advancing so 
rapidly, just how do you keep up 
with the latest developments! 

That's when you need the 
experience of the specialist with a 
proven track record. 

And in advanced cable 
technology that frontrunner is 
always Pirelli Special Cables. 

Backed by the know-how and 
resources of one of the world's 
leading industrial groups, Pirelli 
Special Cables are designed to 
perform in the most sensitive 
applications, in the most 
demanding conditions. 

In electronics, computing, 
telecommunications, nuclear 

industries, defence, and specialized 
installations, Pirelli Special Cables 
are synonymous with the utmost 
safety, security and reliability. 

Pirelli Special Cables -
available today, to meet the needs 
of tomorrow - in the tradition of 
all Pirelli Cables. 

Societa Cavi Pirelli spa 
Azienda Cavi Speciali 

20098 San Giuliano Milanese (Mi) 
Via Giovanni XXIII, 23 - Telephone (02) 9807.1 

Telex 321304 - Fax (02) 9807266 
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In the Dirac tradition 

The late Richard Feynman - 'a way of 
looking at things so they appear not so 
mysterious'. 

It w a s Paul Dirac w h o cas t q u a n t u m 
mechan i cs in to the f o r m w e n o w 
use , and m a n y gene ra t i ons o f t h e o ­
re t ic ians open l y a c k n o w l e d g e his in ­
f l uence on thei r t h i nk i ng . 

W h e n Dirac d ied in 1 9 8 4 , 
St . J o h n ' s Co l lege, C a m b r i d g e , his 
base f o r m o s t o f his l i f e t ime, i ns t i t u ­
t e d an annual lecture in his m e m o r y at 
C a m b r i d g e . The f i rs t l ec tu re , in 
1 9 8 6 , a t t r ac ted t w o h e a v y w e i g h t s -
Richard Feynman (see page 1) and 
S t e v e n W e i n b e r g . Far f r o m us ing t he 
lec tu res as a p l a t f o r m f o r the i r o w n 
w o r k , in the Dirac t r ad i t i on t h e y p re ­
s e n t e d s t imu la t i ng mater ia l o n d e e p 
under l y ing q u e s t i o n s . 

(The lec tures - 'E lemen ta ry Par t i ­
c les and the L a w s of Phys i cs ' by 
Richard P. Feynman and S t e v e n 
W e i n b e r g - are pub l i shed by C a m ­
b r idge Un ivers i t y Press.) 

Richard Feynman 

W h e n I w a s a y o u n g m a n , Dirac 
w a s m y hero . He m a d e a b reak­
t h r o u g h , a n e w m e t h o d o f d o i n g 
p h y s i c s . He had the cou rage t o 
s i m p l y guess at t he f o r m o f an 
e q u a t i o n , t he equa t ion w e n o w call 
t he Dirac e q u a t i o n , and t o t r y t o in ­
t e rp re t it a f t e r w a r d s . M a x w e l l in his 
day g o t his equa t i ons , bu t on l y in 
an e n o r m o u s m a s s o f 'gear 
w h e e l s ' and so f o r t h . 

I fee l ve r y h o n o u r e d t o be here . 
I had t o accep t the i nv i t a t i on , a f ter 
all he w a s m y hero all t he t i m e , and 
it is k ind o f w o n d e r f u l t o f i nd m y ­
sel f g iv ing a lecture in his honou r . 

Dirac w i t h his re la t iv is t ic equa ­
t i on f o r t he e lec t ron w a s the f i r s t 
t o , as he pu t i t , w e d q u a n t u m m e ­
chan ics and re la t iv i ty t o g e t h e r . A t 
f i r s t he t h o u g h t tha t t he s p i n , or 
t he int r ins ic angular m o m e n t u m 
tha t t he equa t ion d e m a n d e d , w a s 
the key , and tha t sp in w a s t h e f u n ­
d a m e n t a l c o n s e q u e n c e of re la t iv is ­

t ic q u a n t u m mechan i cs . H o w e v e r , 
t he puzzle o f negat ive energ ies t ha t 
t he equa t i on p r e s e n t e d , w h e n it 
w a s s o l v e d , eventua l ly s h o w e d 
tha t the crucia l idea necessary t o 
w e d q u a n t u m mechan ics and re lat i ­
v i t y t o g e t h e r w a s the ex is tence o f 
an t ipar t i c les . Once y o u have tha t 
idea, y o u can d o it f o r any s p i n , as 
Pauli and W e i s s k o p f p r o v e d , and 
t he re fo re I w a n t t o s tar t t he o the r 
w a y a b o u t , and t r y t o expla in w h y 
there m u s t be ant ipar t ic les if y o u 
t r y t o put q u a n t u m mechan i cs w i t h 
re la t iv i ty . 

W o r k i n g a long these l ines w i l l 
pe rm i t us t o expla in ano the r o f t he 
g rand m y s t e r i e s o f the w o r l d , na­
me ly the Pauli exc lus ion pr inc ip le . 
The Pauli exc lus ion pr inc ip le says 
tha t if y o u take the w a v e f u n c t i o n 
f o r a pair o f sp in one-ha l f par t ic les 
and then in te rchange the t w o par t i ­

c les , t hen t o ge t the n e w w a v e -
f u n c t i o n f r o m t h e o ld y o u m u s t pu t 
in a m inus s ign . It is easy t o de ­
m o n s t r a t e t ha t if Nature w a s n o n -
re la t iv is t ic , if t h i n g s s ta r t ed ou t tha t 
w a y t hen it w o u l d be tha t w a y f o r 
all t i m e , and s o t he p r o b l e m w o u l d 
be p u s h e d back t o Creat ion i tsel f , 
and G o d on l y k n o w s h o w tha t w a s 
d o n e . W i t h the ex is tence o f an t i ­
par t i c les , t h o u g h , pair p r o d u c t i o n 
o f a par t ic le w i t h i ts ant ipar t ic le be ­
c o m e s p o s s i b l e , f o r examp le w i t h 
e lec t rons and p o s i t r o n s . T h e m y s ­
te ry n o w is , if w e pair p roduce an 
e lec t ron and a p o s i t r o n , w h y d o e s 
the n e w e lec t ron tha t has jus t been 
m a d e have t o be a n t i s y m m e t r i c 
w i t h respec t t o the e lec t rons w h i c h 
w e r e a l ready a r o u n d ? Tha t is , w h y 
can ' t it ge t in to t he same s ta te as 
one o f t he o t h e r s tha t w e r e a l ready 
there ? Hence , the ex is tence o f par-
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Huntington 
V a c u u m P o s i t i o n e r s 

L A R G E S T S E L E C T I O N O F 
V A C U U M P O S I T I O N E R S 
Huntington offers the vacuum 
industry's largest selection of 
bellows-sealed and magneti­
cally coupled positioning de­
vices for ultrahigh-vacuum and 
high-vacuum applications. 

M U L T I M O T I O N 
P E R F O R M E R S 
The positioning possibilities 
include X-Y-Z precision manipu­
lators; rotary, linear, and an­
gular motion feedthroughs; 

and a variety of mounting de­
vices providing tilt, rotary, or 
linear motion for any flange-
mounted source. 

In addition, Huntington has de­
veloped a range of coaxial and 
multimotion feedthroughs and 
accessories for gripping, hold­
ing, heating, cooling, and 
transferring samples within the 
vacuum environment. 

P O S I T I O N I N G S O L U T I O N S 
If your positioning problem 
cannot be solved by any of the 
wide range of devices already 
on the shelf at Huntington, tell 
us about it. Whether the solu­
tion is an innovative modifica­
tion or an entirely new concept, 
Huntington is ready to help. 

For information on several 
newly patented positioning 
devices and for current prices, 
call Huntington today. 

Huntington* Laboratories, Inc. • 1040 LAvenida, Mountain View, CA 94043 • (415) 964-3323 • (800) 227-8059 
FAX (415) 964-6153 -Telex 592328 -TWX 910 379-6944 • Easylink 62-795443 
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Steven Weinberg - looking for principles 
with a greater sense of inevitability. 

t i d e s and ant ipar t ie les p e r m i t s us 
t o ask a ve ry s imp le q u e s t i o n : if I 
m a k e t w o pairs o f e l ec t rons and 
p o s i t r o n s and I c o m p a r e t he a m p l i ­
t u d e s fo r w h e n t h e y annih i la te d i ­
rec t ly or f o r w h e n t h e y exchange 
be fo re t h e y annih i la te , w h y is the re 
a m inus s ign ? 

A l l t hese th ings have been s o l ­
v e d long a g o , in a beaut i fu l w a y 
w h i c h is s imp les t in the sp i r i t o f D i -
rac w i t h lo ts of s y m b o l s and o p e r a ­
t o r s . I a m go ing t o g o fu r the r back 
t o M a x w e l l ' s 'gear w h e e l s ' and t r y 
t o tel l y o u as bes t I can a w a y o f 
l ook ing at t hese th i ngs so t h a t t h e y 
appear no t so m y s t e r i o u s . ' 

Steven Weinberg 

'I a m ve ry gra te fu l t o St . J o h n ' s 
Col lege and t o the C a m b r i d g e M a ­
t h e m a t i c s Facul ty f o r inv i t ing m e 
here t o speak in honou r o f Paul D i -
rac. I w a s m u c h in a w e o f h im 
w h e n as a s tuden t I learned o f his 
g rea t a c h i e v e m e n t s . Later I had the 
pr iv i lege o f mee t i ng Dirac a f e w 
t i m e s , and I sti l l a m ve ry m u c h in 
a w e of h i m . I t 's real ly qu i te a cha l ­
lenge t o g ive a ta lk in honou r o f s o 
g rea t a m a n , and in p lann ing it I fe l t 
t ha t it w o u l d no t be app rop r i a t e t o 
speak a b o u t any th ing less t han a 
g rea t sub jec t . I a m go ing t o j u m p 
ove r all de ta i l s , and speak a b o u t 
w h a t is f o r peop le w o r k i n g in m y 
o w n area o f phys i cs the g rea tes t 
q u e s t i o n o f a l l : ' W h a t are t he f inal 
l a w s o f phys i cs ?' 

W e l l , no t qu i te . M u c h as I w o u l d 
l ike t o honou r Dirac by p resen t i ng a 
t r a n s p a r e n c y on w h i c h I have w r i t ­
t e n t he f inal l a w s o f p h y s i c s , in f ac t 
I a m no t go i ng t o be able t o d o 
tha t . M y real t o p i c m u s t necessar i l y 
be m o r e m o d e s t . It w i l l have t o be 
' W h a t c lues can w e f i nd in t o d a y ' s 
phys i cs t ha t tel l us a b o u t t h e shape 
o f t he f inal under ly ing t h e o r y , t ha t 

w e w i l l d i s cove r s o m e day in the 
fu tu re ?' 

First o f a l l , let m e say w h a t I 
mean by a f inal under ly ing t h e o r y . 
Over the last f e w hundred years 
sc ien t i s t s have f o r g e d chains o f ex­
p lanat ion leading d o w n w a r d f r o m 
the scale o f o rd inary life t o the in ­
c reas ing ly m i c r o s c o p i c . So m a n y o f 
t he o ld q u e s t i o n s - W h y is the sky 
blue ? W h y is w a t e r w e t ? and s o 
on - have been a n s w e r e d in t e r m s 
o f t he p rope r t i es o f a t o m s and o f 
l ight . In t u r n , t h o s e p rope r t i es have 
been exp la ined in t e r m s o f t he p r o ­
per t ies o f w h a t w e call the e l e m e n ­
ta ry par t ic les : qua rks , l e p t o n s , 
gauge b o s o n s and a f e w o the r s . A t 
the s a m e t i m e there has been a 

m o v e m e n t t o w a r d greater s imp l i c i ­
t y . I t ' s no t t ha t t he m a t h e m a t i c s 
g e t s easier as t i m e passes , or t ha t 
t he n u m b e r o f s u p p o s e d e lemen ta ­
ry par t ic les necessar i l y dec reases 
every year , bu t rather tha t t he p r in ­
c ip les b e c o m e m o r e logical ly c o h e ­
rent ; t h e y have a greater sense o f 
inev i tab i l i ty a b o u t t h e m . M y co l lea­
gue at T e x a s , J o h n W h e e l e r , has 
p red i c t ed t ha t , w h e n w e eventua l l y 
k n o w the f inal l a w s o f p h y s i c s , it 
w i l l su rp r i se us tha t t hey w e r e n ' t 
o b v i o u s f r o m the beg inn ing . 

I d o n ' t k n o w if w e wi l l ever ge t 
t h e r e ; in f ac t I a m no t even sure 
tha t the re is such a th ing as a set 
o f s i m p l e , f i na l , under ly ing l a w s o f 
phys i cs . None the less I a m qu i te 
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hOte&hOtesse 
TUNON un metier different. 

drfferents metiers 
Tounsme 

*H6tellerie 
Relations publiques 
Salons internationaux 

• Stages pratiques durant 
la scolarite 
pres de 100 employeurs 
de stages en references 

• Aide au placement 
• Initiation a 

I'informatique 

• transfert entre nos 
23 ecoles 

A GENEVE 1967-1988 
ECOLE INTERNATIONALE 

GROUPE PONDE EN 1964 
ENSEJGNEMENT PRIVE 

Hermet isch gesch lossen 
Kein Stopf buchsarger 
Keine War tungsprob l em e 

2, rue Vallin 1201 Geneve Tel.(022) 32.83.20 J 

Die 
sichere 
Membran 
Dosierpumpe 
Fur alle umweltgefahrdenden, kritischen Fluide (ubelrie-
chende,giftige, radioaktive.aberauch sterile oder abrasive). 
In vielen Ausfuhrungen fur nahezu alle Betriebsanforderun-
gen. Auch mit "Remote-Head". Forderstrome von 5 ml/h bis 
uber 100 m 3/h, Drucke bis 3500 bar. 
Mit der patentierten LEWA-Sandwichmembran bietet sie 
ein HochstmaG an Betriebssicherheit. 
Weitere Informationen: Broschure D 2-200 bitte anfordern. 

HERBERT OTT AG 
Missionsstrasse 22, Postfach, CH-4003 Basel 
Telefon 061 / 25 98 00, Telex 964 562 (hoc) 

Accelerator 
Engineers & Technicians 
CEBAF, now under construction in Newport News, Virginia, 
will be a 4 GeV, high-intensity continuous wave electron ac­
celerator based on superconducting RF technology. The ac­
celerator will provide a unique capability for the detailed study 
of nuclei. 

The challenges of building this facility offer great potential for 
professional growth for engineers and technicians in thefol-
lowing areas: 

CRYOGENICS 
Construction of the two largest 2 K refrigeration systems in 
theworld. Projects include a 5 kW ,2 K refrigerator, 1.5 km 
of transfer line, contamination detection, and acryogenic test 
facility for production and R&D testing. 

ELECTRICAL 
Construction of a large RF power system, a state-of-the-art ac­
celerator control system, instrumentation and control for com­
plex experimental equipment, and power supplies for 
conventional and superconducting magnets. 

MECHANICAL 
Construction of cryogenic equipment for superconducting 
cavities, superconducting magnets for spectrometers, con­
ventional magnets for beam transport, and other complex ex­
perimental apparatus. 

CEBAF is located in a pleasant mid-Atlantic coastal location 
near Colonial Williamsburg and the Chesapeake Bay. For 
prompt consideration, please send resume along with salary 
history to: Employment Manager, CEBAF, 12070 Jefferson 
Avenue, Newport News, VA 23606. 

The Continuous Electron Beam Accelerator Facility 
An Equal Opportunity Employer, M/F/H/V 
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sure tha t it is g o o d f o r us t o search 
f o r t h e m , in the s a m e w a y t ha t 
Span ish exp lo re rs , w h e y t h e y f i r s t 
p u s h e d n o r t h w a r d f r o m the cent ra l 
pa r t s o f M e x i c o , w e r e search ing f o r 
t he seven go lden c i t ies o f C ibo la . 
T h e y d i d n ' t f i nd t h e m , bu t t h e y 
f o u n d o the r usefu l t h i n g s , l ike 
T e x a s . 

Let m e a lso say w h a t I d o n ' t 
m e a n by f ina l , unde r l y i ng , l a w s o f 
p h y s i c s . I d o n ' t m e a n tha t o the r 
b ranches o f phys i cs are in dange r 
o f be ing rep laced by s o m e u l t ima te 
ve r s i on o f e lemen ta ry par t ic le 
p h y s i c s . I th ink the e x a m p l e o f 
t h e r m o d y n a m i c s is he lpfu l here . 
W e k n o w an a w f u l lo t a b o u t w a t e r 
mo lecu les t o d a y . S u p p o s e t ha t at 
s o m e t i m e in the fu tu re w e c a m e 
t o k n o w eve ry th ing the re is t o 
k n o w a b o u t w a t e r m o l e c u l e s , and 
tha t w e had b e c o m e so g o o d at 
c o m p u t i n g tha t w e had c o m p u t e r s 
t ha t cou ld f o l l o w the t r a j ec to r y o f 
eve ry mo lecu le in a g lass o f w a t e r . 
(Nei ther w i l l p robab l y ever h a p p e n , 
bu t s u p p o s e t hey had.) Even 

t h o u g h w e cou ld p red ic t h o w every 
mo lecu le in a g lass o f w a t e r w o u l d 
behave , n o w h e r e in the m o u n t a i n 
o f c o m p u t e r p r i n tou t w o u l d w e f i nd 
the p rope r t i es o f w a t e r tha t real ly 
in te res t us , p rope r t i es l ike t e m p e r a ­
tu re and e n t r o p y . These p rope r t i es 
have t o be deal t w i t h in the i r o w n 
t e r m s , and f o r th is w e have the 
sc ience o f t h e r m o d y n a m i c s , w h i c h 
dea ls w i t h heat w i t h o u t at eve ry 
s t e p reduc ing it t o the p rope r t i es o f 
mo lecu les or e lemen ta ry par t i c les . 

The re is no d o u b t t o d a y t ha t , u l ­
t i m a t e l y , t h e r m o d y n a m i c s is w h a t it 
is because o f t he p rope r t i es o f 
ma t t e r in the ve ry smal l . But w e 
d o n ' t d o u b t t o d a y tha t t h e r m o d y ­
namics is de r i ved in s o m e sense 
f r o m deeper under ly ing pr inc ip les 
o f phys i cs . Y e t it con t i nues , and 
w i l l con t i nue t o g o on f o reve r , as a 
sc ience in i ts o w n r ight . T h e s a m e 
is t rue o f o the r sc iences tha t are 
m o r e l ively t o d a y and in a g rea ter 
s ta te of e x c i t e m e n t than t h e r m o d y ­
n a m i c s , sc iences like c o n d e n s e d 
ma t t e r phys i cs and the s t u d y o f 

c h a o s . A n d o f cou rse i t ' s even 
m o r e t rue f o r sc iences ou ts ide t he 
area o f p h y s i c s , espec ia l ly f o r 
sc iences l ike a s t r o n o m y and b io lo ­
g y , f o r w h i c h a lso an e lemen t o f 
h i s to ry en te rs . 

I 'm a lso n o t say ing tha t e l e m e n ­
ta ry par t ic le phys i cs is m o r e impo r ­
tan t t han o the r b ranches o f p h y s ­
ics. A l l I 'm say ing is t ha t , because 
o f i ts c o n c e r n w i t h under ly ing l a w s , 
e l emen ta r y par t ic le phys i cs has a 
spec ia l i m p o r t a n c e o f i ts o w n , even 
t h o u g h i t ' s n o t necessar i l y o f g reat 
i m m e d i a t e prac t ica l va lue. T h a t is a 
po in t t ha t needs t o be m a d e f r o m 
t i m e t o t i m e , espec ia l ly w h e n ele­
m e n t a r y par t ic le phys i c i s t s c o m e t o 
t he publ ic f o r f u n d s t o con t inue 
the i r e x p e r i m e n t s . 

T h e real ist ic h o p e of f i nd ing a 
smal l se t o f s imp le pr inc ip les tha t 
under l ie all o f phys ica l real i ty da tes 
back on ly s i x t y yea rs , t o the a d ­
v e n t o f t he g rea t revo lu t i on in 
phys i cs w h i c h Paul Dirac pu t in i ts 
f inal f o r m , t he revo lu t i on k n o w n as 
q u a n t u m m e c h a n i c s . ' 

People and things 
On people 

Julius Wess of Karlsruhe and Bruno 
Zumino of Berkeley receive this 
year's Dannie Heineman Prize for 
Mathematical Physics for 'crucial 
contributions to the discovery and 
development of supersymmetry, a 
profound extension of the notion of 
space-time symmetry, that may un­
derlie unification of the fundamental 
forces'. The two theorists collabo­
rated on this work in the CERN 
Theory Division in 1973. 

A.H. Wapstra has been appointed 
Knight of the Order of the Lion of 
the Netherlands. From 1970 to 
1983 he was Director of the Insti­
tute for Nuclear Physics Research 
(IKO), now the Nuclear Physics Di­
vision of NIKHEF, as well as being 
Professor at Delft Technical Univer­
sity. 

Quantum theorist John Stewart Bell 
of CERN receives an honorary 
D.Sc. from Queen's University, Bel­
fast, Northern Ireland. 

Physicist Bill Ash steps down as 
the CERN Courier's correspondent 
at the Stanford Linear Accelerator 
Center, where he took over the slot 
from Lew Keller in 1984, continu­
ing the West Coast tradition of en­
lightened but refreshingly informal 
despatches. He was also the first 
correspondent to communicate 
with us via electronic mail. His 
place is taken by physicist and au­
thor Michael Riordan, whose book 
'The Hunting of the Quark' was 
published by Simon and Schuster 
in the US last year. 
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Strengthening scientific and technological 
cooperation between CERN and the Com­
mission of the European Communities (CEC). 
CERN Director General Herwig Schopper 
looks on approvingly as Karl-Heinz Narjes, 
CEC Vice-President in Brussels and respons­
ible for industrial matters, information tech­
nology, science and research and the Centre 

commun de recherche, signs the visitors' 
book during his visit to CERN in February to­
gether with Herbert Allgeier, Director in the 
CEC Directorate-General for Science and 
Technology. 

(Photo CERN 0653.2.88) 

A lecture by Denys Wilkinson, a 
dinner and general festivities at 
the University of Durham, UK, in 
February marked the 80th birthday 
of G.D. Rochester. 

During the March meeting of the 
German Physical Society (DPG) in 
Karlsruhe the 'Physik Preis 1988' 
was awarded to Alfred Petersen 
for his contributions clarifying the 
'string effect' predicted by the 
Lund model for multihadron pro­
duction in quark-antiquark-gluon 
formation processes. This work 
was done for the analysis of three-
jet events produced at DESY's PE-
TRA electron positron collider. Pe­
tersen was then a member of the 
JADE collaboration and is now 
working in industry. 

Seth Neddermeyer 1907-1988 

Seth Neddermeyer, co-discoverer 
with Carl Anderson of the muon in 
cosmic ray studies in 1936, died in 
January. As Anderson's first re­
search student, Neddermeyer parti­
cipated in pioneer studies using a 
sophisticated counter-controlled 
cloud chamber. Most of his subse­
quent career was spent at the Uni­
versity of Washington, Seattle. 

Colin Fisher 

Experimentalist Colin Fisher from 
the UK Rutherford Appleton Labo­
ratory died tragically in February, 
aged 51. A classical bubble cham­
ber physicist with a flair for innova­
tion, he helped develop the 1970s' 
generation of rapid cycling cham­
bers, going on in the early 1980s 
to hone the technique to a peak of 
perfection with specially designed 
small detectors. Subsequently he 
turned his attention to newer tech­

niques using scintillating fibres and 
silicon microstrips in the study of 
short-lived particles containing hea­
vy quarks. 

Books 

'How Experiments End' by Peter 
Galison (University of Chicago 
Press) traces how the pattern of 
physics emerges from the laborato­
ry. By way of illustration, a sizeable 
chapter deals with the fascinating 
saga of the quest for the neutral 
current of weak interactions, dis­
covered at CERN in 1973 by the fa­
mous neutrino experiment using 
the Gargamelle bubble chamber. 

Meetings 

The 5th Workshop on Nonlinear 

Evolution Equations and Dynamical 
Systems (NEEDS '89) will be held 
in Kolymbari, near Chania, Crete, 
from 2-19 July 1989. Further infor­
mation from F. Calogero, Diparti-
mento di Fisica, Universita di Roma 
'La Sapienza', p. Aldo Moro, 
00185 Rome, Italy. 

This year's DESY Theory Work­
shop ('Flavor Physics') will be held 
in Hamburg from 28-30 Septem­
ber. Further information from Peter 
M. Zerwas, Institute for Theoretical 
Physics, RWTH-Aachen, D-5100 
Aaachen, W-Germany, bitnet: ZER­
WAS at DACTH51 

In conjunction with Daresbury Lab­
oratory, the CERN Accelerator 
School is organizing a course on 
synchrotron radiation and free elec­
tron lasers in Chester, UK, from 6-
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12 April 1989. Further information 
from Mrs. S. Wartburg, CERN Ac­
celerator School, LEP Division, 
CERN, 1211 Geneva 23, Switzer­
land. 

The topic for this year's SLAC 
Summer Institute is 'Probing the 
Weak Interaction: CP Violation and 
Rare Decays', The dates of the In­
stitute are July 18th - 29th, 1988. 
The Institute includes a 7-day Sum­
mer School and three days of topi­
cal conference. Further information 
from Eileen Brennan, SSI Coordina­
tor, SLAC, Bin 62, PO Box 4349, 
Stanford, CA 94309 

The 1988 Summer Study on High 
Energy Physics in the 1990s, spon­
sored by the Division of Particles 
and Fields of the American Physical 
Society, the US Department of En­
ergy, the National Science Founda­
tion, and Universities Research As­
sociation, will be held in Snow-
mass, Colorado, from 27 June to 
15 July. The aim is to examine and 
evaluate the opportunities for high 
energy physics in the 1990s, in­
cluding the possibilities with exist­
ing facilities, the proposed US Su­
perconducting Super Collider (SSC), 
new accelerator technology, non-
accelerator experiments, special 
purpose facilities, and innovations 
in instrumentation and detector 
technology. A sub-meeting on July 
5-7 will review progress of detec­
tor research and development for 
future proton-proton colliders. 
Working Groups cover Astrophy­
sics/Particle Physics (J. Cronin, E. 
Kolb), Electroweak Symmetry 
Breaking (A. Seiden, H. Georgi), 
Strong Interactions, (M. Shapiro, I. 
Hinchliffe), New Quarks, Leptons 
and Gauge Bosons (C. Baltay, G. 
Kane), Weak Decays (M. Witherell, 
R. Peccei), Accelerator Physics, B 
Factories (R. Siemann), Large Linear 

Italian high technology was on show at the 
German DESY Laboratory in Hamburg for 
one week in February, with one day given 
over to a symposium 'Scientific collabora­
tion between Germany and Italy' concentrat­
ing on basic research and accelerators, 
organized by DESY and the Italian Institute 
for Foreign Trade. 

Colliders (R. Ruth), SSC (A: Chao, 
R. Talman), and K Factories (M. 
Craddock). Further information 
from Joanne Day, Argonne Nation­
al Laboratory, Argonne, IL 60439, 
US, telephone (312) 972-6181, 
bitnet JSD at ANLHEP. 

At the exhibition, left to right, F. Venturini of 
the Italian Institute for Culture in Hamburg, 
DESY Director Volker Soergel, Italian Am­
bassador in Bonn Raniero Vanni d'Archirafi, 
Antonino Zichichi, Italian Consul General in 
Hamburg G. Germano, and organizer M. di 
Capua from the Italian Institute for Foreign 
Trade. 

Electronic Mail 
The CERN Courier editorial 
desk can be contacted 
through electronic mail using 
the EARN/BITNET communi­
cations network. The Editor's 
address is 

COURIER@CERNVM 

Contributions coming in 
through electronic mail are 
edited on the screen, and are 
now coded for typesetting 
before being sent to the print­
er through a telephone mod­
em link, making for increased 
flexibility. 

For subscriptions (free I), 
changes of address, etc. 
the contact is 

MONIKA @CERN VM 

Distribution in the USA, West 
Germany, Italy, the UK and 
China is handled from regional 
centres (see page III). 
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STAFF — 
PHYSICIST 
Relativistic Heavy 
Ion Physics 
The Los Alamos National Laboratory, 
a worldwide leader in technologies 
and scientific research, has an imme­
diate opening for a motivated profes­
sional in its Medium Energy Physics 
Group. We are looking for an out­
standing candidate with research 
interests in ultrarelativistic heavy ion 
collisions. The successful applicant 
will help define future experimental 
projects and is expected to contribute 
to currently approved experiments. 
The Group provides opportunities to 
interact with a team of 16 physicists, 
4-5 postdoctoral research fellows, 
and a significant technical support 
group. Current research activities 
cover a broad range of experimental 
nuclear and particle physics at 
LAMPF, IUCF, FNAL, BNL, and 
CERN. 

The appointment requires a Ph.D. 
degree in Experimental Physics and 
extensive experience in nuclear or 
high energy physics research, as 
evidenced by publication record, and 
the demonstrated ability to pursue a 
vigorous research program. Effective 
interactions within large international 
research groups are essential. A 
knowledge of high energy physics 
detector and data acquisition technol­
ogy is desirable. 

For additional information contact: Dr. 
Jules Sunier (MS D456), Los Alamos 
National Laboratory, Los Alamos, NM 
87545. (505) 667-5505. 

Los Alamos National Laboratory 
provides excellent compensation and 
benefits. To apply, submit detailed 
resume and publication record plus 
three letters of reference to: Richard 
O. Garcia (MS P205), Employment 
Group 80073-T, Los Alamos National 
Laboratory, Los Alamos, NM 87545. 

Affirmative Action/ 
Equal Opportunity Employer 
University of California 

High Energy Physics 
Safety Programs, 

Brookhaven National Laboratory 
Position is available in the Alternating Gradient 
Synchrotron Department for an individual to be 
responsible for the development and maintenance of 
Departmental safety programs affecting the accelerator 
and experimental areas. The position reports directly 
to the Department Chairman. 

Safety responsibilities are broad, including radiation, 
electrical, and general safety and fire protection. 

Physics/engineering background is necessary, and 
prior experience wi th high energy accelerators is 
desirable. 

Responses should be sent t o : 

J . Herbert , 
AGS Search C o m m i t t e e 
Bldg. 9 1 1 B , 
Brookhaven Nat ional Laboratory, 
Assoc ia ted Univers i t ies , Inc. 
Up ton , Long Is land, N e w York 1 1 9 7 3 . 

Equal opportunity Employer m/f. 

CORNING FRANCE 
OPTICAL DIVISION DIVISION OPTIQUE 
44, avenue de Valvins 
77210 AVON - F R A N C E 
Tel.: 33-1 60 72 50 00 
Telex: 690562 CORFOPH 
Fax: 33-1 60 72 58 00 
T h e w o r l d w i d e s p e c i a l i s t in g l a s s e s f o r C e r e n k o v 
c o u n t e r s . 
Le specialiste mondial des verres pour compteurs 
Cerenkov. 
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Yves Goldschmidt-Clermont, pictured here 
(left) with King Baudouin of Belgium at CERN 
in 1974, died in a skiing accident in Februa­
ry. He was one of CERN's first staff mem­
bers, joining in 1953, and retired only last 
year. 

Y v e s Go ldschmid t -
C le rmont 

On 2 2 February CERN w a s s t u n n e d 
t o hear the n e w s o f Y v e s 
G o l d s c h m i d t - C I e r m o n t ' s d e a t h . It 
s a d d e n e d e v e r y o n e , par t icu lar ly the 
f e w w h o w o r k e d w i t h h im f r o m the 
ve ry beg inn ing t o se t up the Labo ­
ra to ry . 

A s a g raduate o f t he Un ive rs i te 
l ibre, Brusse ls , Y v e s s ta r t ed his 
career at t he Col lege de France u n ­
der Jo l i o t . But his real d e b u t can be 
sa id t o da te f r o m his s tud ies in 
Br is to l in tha t hero ic age w h e n the 
p ion w a s d i s c o v e r e d and w h e n he 
b e c a m e a fa i th fu l d isc ip le , admi re r 
and f r iend o f B e p p o Occhia l in i . 
Y v e s w a s ve ry p r o u d t ha t , under 
B e p p o ' s leadersh ip , he he lped 
p ioneer the m e a s u r e m e n t o f 
m a s s e s by mul t ip le sca t te r i ng and 
tha t t he resu l t ing p i o n / m u o n m a s s 
rat io w a s much ' m o r e accura te than 
tha t genera l ly a c c e p t e d at t he t i m e . 

A f t e r a per iod at t he Labora to i re 
de Bruxe l les , he w e n t t o M I T in 
1 9 5 0 . He w a s one o f t he f i r s t t o 
s w i t c h f r o m c o s m i c ray phys i cs t o 
acce le ra to rs . A t t he 3 0 0 M e V 
s y n c h r o t r o n , w i t h L. O s b o r n e , he 
s tud ied neutra l p ion p h o t o p r o d u c -
t i on in h y d r o g e n in a p ioneer ex­
pe r imen t us ing emu ls i ons in a ve ry 
ingen ious and unconven t i ona l w a y . 

In 1 9 5 3 he j o ined CERN, t h e n 
on ly on a p rov is iona l f o o t i n g and 
m a d e up o f sca t t e red g r o u p s . A f t e r 
s o m e t i m e in Zu r i ch , he c a m e t o 
Geneva w h e n , in a hut at t he air­
p o r t . L e w K o w a r s k i w a s se t t i ng up 
the S T S Div is ion t o make techn ica l 
and sc ient i f i c e q u i p m e n t . Th i s 
w i d e - r a n g i n g and nebu lous t ask 
gradual ly t o o k the shape o f bu i ld ing 
bubb le c h a m b e r s ' w i t h all t he t r i m ­
m i n g s ' . It w a s the lat ter t ha t in ter-

e s t e d Y v e s G o l d s c h m i d t - C l e r m o n t . 
He real ized tha t the c h a m b e r s 
needed e q u i p m e n t t o measure p h o ­
t o g r a p h s qu ick ly and accura te ly , 
and c o m p u t e r s fo r b o t h measur ing 
and ana lys is , and w o r k e d ful l t i m e 
on CERN's analys is fac i l i t ies. Under 
his in f luence and gu idance the f i rs t 
i n s t r u m e n t s fo r measur ing p h o t o ­
g raphs w e r e d e v e l o p e d ; IEP, and 
f inal ly the HPD inven ted by Hough 
and P o w e l l . A l l th is w i t h i n the DD 
Div is ion ( fo rmer ly STS) as Depu t y 
Leader in (a lmos t per fec t ) t une w i t h 
his f r i ends and co l leagues bu i ld ing 
bubb le c h a m b e r s . (Yves k n e w tha t 
pe r fec t h a r m o n y is a t r i f le bo r i ng 
and tha t s o m e d i sco rd is o f t en 
m o r e f ru i t fu l . ) 

In 1 9 6 3 he changed d i rec t ion t o 
d e v o t e h imse l f t o bubb le chambe r 
e x p e r i m e n t s . He c o n c e n t r a t e d on 
the s y s t e m a t i c s t udy of s t range re­
sonances us ing pos i t i ve kaon 
b e a m s at increas ing ly h igher ener­
g ies in ever b igger c h a m b e r s . In his 
last e x p e r i m e n t at BEBC he d i s c o v ­
ered an a b n o r m a l p r o d u c t i o n o f 
so f t p h o t o n s . T o s t udy th is he 
t u rned his hand t o e lec t ron ics , and 
p r o p o s e d the Soph ie expe r imen t at 
t he O m e g a s p e c t r o m e t e r . He w a s 
w o r k i n g on the analys is o f the re­
su l ts r ight up t o his acc iden t . 

He w a s a l w a y s ac t ive f o r t he 
genera l g o o d . For m a n y years he 
c o o r d i n a t e d CERN's co l l abora t ion 
w i t h Sov ie t labora tor ies and f r o m 
1 9 7 9 t o 1 9 8 1 w a s secre ta ry o f t he 
Research Board and Depu ty Leader 
o f EP D iv is ion . 

A l l w h o k n e w Y v e s w i l l a l w a y s 
r e m e m b e r his engag ing persona l i t y . 
He w a s a b o v e all a g o o d phys i c i s t , 
w i t h t he rare d i s t i nc t i on o f hav ing 
success fu l l y c h a n g e d d isc ip l ines , 
f ie lds and techn ica l app roaches 
severa l t i m e s w i t h un f lagg ing ener­
gy desp i t e t h e pass ing years . His 
o u t s t a n d i n g qua l i t y w a s his e n t h u ­
s i asm f o r p h y s i c s , his un iversa l c u ­
r ios i ty f o r o the r s c i e n c e : he t augh t 
a s t r o n o m y at t h e Lycee in Ferney 
and lec tu red in phys i cs at t he Un i ­
ve rs i te l ibre, Brusse ls . Sens i t i ve 
and c u l t u r e d , his pass ion f o r mus ic 
w a s w e l l - k n o w n . In Y v e s G o l d s c h ­
m i d t - C l e r m o n t CERN m o u r n s a m a n 
o f a l m o s t naive e n t h u s i a s m , shy 
bu t c o u r a g e o u s , w h o , wh i l e d i sc re ­
t i on caused h im t o be re t i cen t at 
t i m e s , w a s unfa i l ing ly f r i end ly , d e s ­
p i te t he c o n v i c t i o n o f his o p i n i o n s , 
and w h o in f r i endsh ip , w a s gene ­
r o u s , h o n e s t and s tead fas t . 

From his colleagues 
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Argonne National Laboratory invites inquiries from distin­
guished scientists for the position of Director of the High 
Energy Physics Division. The Director has overall respon­
sibility for the leadership and management of the high 
energy physics program. This includes theoretical 
research, major experiments, numerical analysis, and ad­
vanced accelerator research. 

To qualify, candidates should possess a PhD, have exten­
sive experience in elementary particle physics, arid shall 
have demonstrated success in initiating and leading major 
projects in the field. Administrative experience and recog­
nized managerial skills are essential. 

All responses will be reviewed by a Search Committee 
chaired by Dr. J.D. Simpson. Credentials should be for­
warded to: 

Mr. R.A.Johns 
Appointment Officer 
Box D-HEP-31247-88 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

Argonne is an 
Equal Opportunity/Affirmative 
Action Employer 

Be im Deu tschen E l e k t r o n e n - S y n c h r o t r o n DESY in 
H a m b u r g w e r d e n im Rahmen e ines v o n der Deut ­
schen F o r s c h u n g s g e m e i n s c h a f t (DFG) f inanz ier ten 
S o n d e r p r o g r a m m s unter der Le i tung v o n Herrn 
Dr. T h o m a s W e i l a n d die Fo rschungsgeb ie te 
« l \ I e u e M e t h o d e n z u r B e s c h l e u n i g u n g g e l a d e -
n e r T e i l c h e n » und « N u m e r i s c h e V e r f a h r e n d e r 
E l e k t r o d y n a m i k » e r w e i t e r t . 

Gesuch t w e r d e n ; 

P h y s i k e r , Mathemat iker , 
Ingenieure oder Informatiker 

Die V e r g u t u n g e r fo lg t auf der Grund lage e ines Pri-
v a t d i e n s t v e r t r a g e s je nach Qua l i f i ka t ion in A n l e h -
nung an den B A T . Die V e r t r a g e s ind zei t l ich be f r i s -
t e t . Die soz ia len Le is tungen e n t s p r e c h e n denen des 
o f fen t l i chen D iens tes . 

Schr i f t l i che B e w e r b u n g e n m i t den ubl ichen Unter la -
gen und A n g a b e v o n Referenzen e rb i t ten w i r an 

H e r r n Dr . T h o m a s W e i l a n d 
p e r A d r . 
D e u t s c h e s E l e k t r o n e n - S y n c h r o t r o n D E S Y 
N o t k e s t r a s s e 8 5 , 2 0 0 0 H a m b u r g 5 2 

PHYSICS DEPARTMENT 
OF STANFORD UNIVERSITY 

announces an o p e n i n g for t h e pos i t ion of 

PROFESSOR 
in Theoretical Particle Physics 

and Quantum FiekJ Theory 

The Physics Department of Stanford University has an opening 
for a tenured faculty posit ion in theoretical particle physics and 
quantum field theory. 
The applicants must have demonstrated ability to do significant 
independent work and must show promise of making a major 
impact on the field in the years to come. Excellence in the 
teaching of physics at both the undergraduate and graduate 
levels is an important requirement for the posit ion. 
Stanford University is an equal opportuni ty employer. W e are 
specially intersted in having applications f rom women and mi­
nority persons. 
Interested persons are requested to send a resume containing 
curriculum vitae, a list of publications and names of at least three 
references to 

Professor Leonard Sussk ind 
C h a i r m a n , Theore t ica l Physics 
A p p o i n t m e n t C o m m i t t e e 
D e p a r t m e n t of Physics 
S t a n f o r d Un ivers i ty 
S t a n f o r d , Cal i fornia 9 4 3 0 5 - 4 0 6 0 
USA 

Those wishing to draw the committee's attention to potential 
candidates are invited to write to the same address. 
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Advertisements in CERN COURIER 
Format A 4 M o n t h l y pub l ica t ion 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

These prices include no entitlement to special placing. 
Supplement for: 
— one additional colour 
— Covers: 
Covers 2 and 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1 5 0 0 SwF 

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

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

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

These rates are effective for the year 1988. 

All enquiries t o : 
Miche l ine FALCIOLA / CERN COURIER -
CH-1211 Geneva 23 Swi t ze r l and 
Tel . (022) 83 41 03 Telex 2 3 6 98 
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AT EC A 
• V A C U U M H E A T T R E A T M E N T 
• V A C U U M BRAZING 
• CRYOGENIC T R E A T M E N T 
• HELIUM CONTROL 

• LASER Y A G - C F A O - 5 A X E S 
- SOLDERING 
- CUTTING 
- DRILLING 
- M A R K I N G 
- SUPERFICIAL LOCALISED T R E A T M E N T 

• C A O 
• S T U D Y I N G A N D R E A L I S A T I O N 

OF M E C H A N I C A L P A R T S 

Verlhaguet 
Tel . : (63) 63 78 97 

8 2 0 0 0 MONTAUBAN (FR) 
Telex: BSC - ATECA 306 254 F 

High Performance 
BaF> Scintillators 

MERCK - the authorized source! 

High quality BaF 2 Sc in ­
tillators p roduced under 
CEA* patents 

MERCK together with 
CRISMATEC is sole 
l icensee for such BaF 2 

Scintil lators 

Commissariat a I'Energie Atomique, 
Paris, France 

• MERCK is also a reliable 
suppl ier for Csl, NaF, 
B G O and other materials 
of interest to you 

For further information 
please contact E. Merck, 
Darmstadt 

M E R C K 

E. Merck 
VIC ELO 
P.O. Box 4119 
D-6100 Darmstadt 1 
Phone: (06151) 7 2 3 6 8 6 
Fax: (06151) 7 2 3 6 3 0 
Telex: 419328 -0 e m d 
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The World's 
Biggest Calorimeters. 

AMY KEK, Japan 

Use 
The World's 
Best ADC's 

L3 LEP/CERN, Europe 

New FASTBUS Instruments including the 1885FADC, 
2724 24-input preamp and LIFT™ Software Tools 

Large calorimeters need economic, 
high performance ADC's. 
LeCroy has been supplying our Series 
1880 FASTBUS ADC's to fixed target 
and colliding beam experiments for 
over three years.Many particle physics 
experiments in Japan, Europe and the 
United States have instrumented or are 
installing our cost effective systems. 
These ADC's are part of LeCroy's 
evolving family of FASTBUS data 
acquisition electronics for research. 
Call or write today for a complete 
FASTBUS Product Summary. 

The Series 1880F ADC's feature: 
• High Density: 96 chan/#1 FASTBUS 
• Wide Dynamic Range: to 15 bits 
• High Sensitivity: 50 fC/count 
• Short Conversion Time: 265 |nsec 
• Model 2724 pre-amp compatible 
• Fast Readout: 40 megabytes/sec 
• Multiple Event Buffer: 8 events 
• On-board Calibration: to ± 1.5% 
• Fast Clear: < 600 nsec 
• Trigger Outputs: 24 current sums 

700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013 
Route du Nant-d'Avril 101, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55 

Innovators in Instrumentation 


