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

Large calor imeters 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 (isec 
• 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 
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(technical documentation on request) 

• Coaxial connectors for • Flexible circuit 
wire gauge 26 connectors 
(Available on reels or loose) (For flexible PCB, Flexcable 

jumpers, membrane switches) 

Screw cutting and small mechanics againt drawings 
(Small, medium and high scale production) 

• Cutting off against • Cold drawning 
drawing • Extrusion 

• Deep stamping (study and of tools 
performing) 

More high-energy physics 
i n 

Journal of Physics G: 
Nuclear and Particle 
Physics 
# Increased commitment to high-

energy particle physics 

• Expanded Editorial Board 

# Introduction of an Advisory 
Committee 
C J Batty (Rutherford Appleton) • J Cronin (Chicago) • C Detraz 
(GANIL) • M B Green (London) • M Gyulassy (Lawrence Berkeley) • 
W D Hamilton (Sussex) • 0 Hansen (Frankfurt) • J M Irvine 
(Manchester) • B K Jain (BARC) • I Lovas (Budapest) • G Munzenberg 
(GSI) • W von Oertzen (Berlin) • R D Peccei (UCLA) • J D Walecka 
(CEBAF) • C Wilkin (London) 

• plus a new series of topical reviews 
Cosmic strings, inflationary universe models and the formation of 
structure by R H Brandenberger (Brown) 

Recent developments in string theory by P Ginsparg (Harvard) 

Finite temperature field theory by J I Kapusta (Minnesota) and P V 
Landshoff (Cambridge) 

New particles in strong fields? by A Schafer (Caltech) 

A new radioactivity by A Sandulescu (Bucharest) 

SPECIAL REDUCED SUBSCRIPTION 
offered to members of any European 
Physical Society. 

For further details and your FREE 
specimen copy, write to 

Journals Marketing Department 
IOP Publishing Ltd 
Techno House, Redcliffe Way 
Bristol BS1 6NX, UK 
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SCINTILLATING FIBRES? 
XP4702 reads them out 64 at a time! 
First of a new family, the XP4702 extends 
PMT talents into the realm of spatial as well 
as time resolution. Combined in a single 
envelope, 64 ten-stage multipliers with 
long-life CuBe dynodes produce an 8x8 
mosaic of discrete pixels. With uniform 
channel-to-channel gain and transit-time. 
The common anode supplies an 
additional signal that can be used 
for amplitude analysis or triggering. 

Sk e (X) 40 mA/W at 400 nm 

G 10 6 at 1400 V 

tr 4.8 ns at 1400 V 

output segmented last dynode, 8x8 matrix of 64 
independent 2.54 mm x 2.54 mm elements 

crosstalk < 5 % (scanned by 50 j im light spot) 

XP4702 opens new opportunities in fibre 
readout, hodoscopy, calorimetry and 
coarse imaging. Reference: NIM A269 

(1988) 246-260. 
Fibres courtesy of Optectron, France. 
For more information contact: Philips Components, 
Building BAF2, 5600 MD Eindhoven, The Netherlands. 
Telex 35000 phtcnl/nl jeveo. 

STILL SETTING THE STANDARD 

PS 



C A M B R I D G E = 
Now in paperback 

Speakable and Unspeakable 
in Quantum Mechanics 
Collected Papers in Quantum Philosophy 
J. S. BELL 
John Bell is one of the leading expositors and interpreters 
of modern quantum theory. This book contains all of his 
published and unpublished papers on the conceptual and 
philosophical problems of quantum mechanics. These have 
been reset, the references put in order, and minor 
corrections made. 

212 pp. 1988 0 521 36869 3 Pb £8.95 net 

Now in paperback 

Path Integral Methods in 
Quantum Field Theory 
R.J. RIVERS 
This book is a concise graduate-level introduction to 
analytic functional methods in quantum field theory. After 
introducing the basic mathematical background, the author 
goes on to study the varied applications and consequences 
of the formalism. 
Cambridge Monographs on Mathematical Physics 

339 pp. 1988 0 521 36870 7 Pb £15.00 net 

Now in paperback 

Group Structure of Gauge 
Theories 
LOCHLAINN ORAIFEARTAIGH 
'Altogether, the book is a welcome addition to the 
literature in this field, by a real expert, and will repay the 
closest study. It is especially an excellent book for graduate 
students in physics. ' Science 
Cambridge Monographs on Mathematical Physics 

172 pp. 1988 0 521 34785 8 Pb £9.95 net 

Kinetic Theory in the 
Expanding Universe 
JEREMY BERNSTEIN 
This is a self-contained exposition of the applications of 
kinetic theory to basic problems in modern cosmology, 
such as the role of stable and unstable massive neutrinos 
and the theory of cosmological helium production. The 
book begins with a brief survey of the necessary relativity, 
cosmodynamics and kinetic theory, before going on to 
discuss specific problems. 
Cambridge Monographs on Mathematical Physics 

149 pp. 1988 0 521 36050 1 £22.50 net 

Differential Geometry, Gauge 
Theories, and Gravity 
M. GÔCKELER and T. SCHÛCKER 
A self-contained but concise introduction to modern 
differential geometry for graduate students and researchers 
in applied mathematics or theoretical physics working in 
field theory, particle physics or general relativity. 
Cambridge Monographs on Mathematical Physics 

248 pp. 1988 0 521 32960 4 £30.00 net 

For further information please write to Jacqueline 
Arthurs at the address below. 

Cambridge University Press 
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU 

ROTA MAG2000 

débitmètre 

électromagn ét/'q ue 

M 

O version compacte 
O choix digitale de la plage de mesure 
O indication locale 
O sécurité intrinsèque 

Demandez la documentation 

Z I M M E R L I M E S S T E C H N I K A G 
Schlossgasse 10 4125 Riehen 

( 061 -675454 
Telex 965 135 Telefax 061/67 35 62 

S E R V I L E C , SOCIÉTÉ ANONYME 
^OUR LA RÉPARATION D'INSTRUMENTS DE MESURES 

17, ch. du Faubourg-de-Cruseilles 
1227 Carouge 

CONFIEZ-NOUS 
VOS INSTRUMENTS 

n é c F r T u c i i v 
mm <«. | W b W A 

0 2 2 

4 3 8 9 0 0 

N O U S RÉPARONS ET CALIBRONS : 
Oscilloscopes, multimètres, sondes, compteurs, générateurs de 
fonctions, de fréquences, moniteurs, alimentations, etc.. 

Dans les marques suivantes : 
T e k t r o n i x © - H P © - F l u k e © - S c h l u m b e r g e r 

A B B M e t r a w a t t © - P h i l i p s © - G o u l d © 
© marque déposée 
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CERN 1981-8 

In January Carlo Rubbia (right) took over 
from Her wig Schopper (left) as CERN's Di­
rector General. Centre is CERN Council Presi­
dent Josef Rembser. 

(Photo CERN 441.12.88) 

A t the CERN Counci l M e e t i n g in De­
c e m b e r , the D i rec to r General t r ad i ­
t iona l ly g ives an end -o f - yea r re­
v i e w . Th is t i m e the p resen ta t i on 
t o o k on a d d e d s ign i f i cance as it 
m a r k e d the end o f t he e igh t -year 
m a n d a t e o f H e r w i g S c h o p p e r , w h o 
handed ove r on 1 Janua ry t o Car lo 
(Rubbia. 

Look ing back ove r t h o s e e ight 
yea rs , S c h o p p e r p o i n t e d ou t sev ­
eral ma jo r t r e n d s . T h e d rama t i c 
g r o w t h in CERN ' u s e r s ' ( the sc ien ­
t i s t s c o m i n g t o the Labo ra to r y t o 
d o the i r research) has led t o 
CERN's research p r o g r a m m e be ­
c o m i n g really w o r l d w i d e . T h e a t t r i ­
t i o n o f hav ing t o ope ra te an ex­
pand ing Labo ra to r y under a c o n ­
s tan t b u d g e t has p r o d u c e d in i ts 
w a k e a hea l thy increase in the e f f i ­
c iency o f CERN's b ig mach ines and 
exper imen ta l fac i l i t ies . 

For t he manu fac tu re o f an t i p ro ­
t o n s , the g r o u n d had been p re ­
pared at the end o f t he 1 9 7 0 s , 
leading t o the w o r l d ' s f i r s t h igh e n -

f rgy co l l i s ions o f p r o t o n and an t i -
r o t o n b e a m s in Ju ly 1 9 8 1 . T h e 

a n t i p r o t o n p r o g r a m m e w a s c o n s i d ­
erab ly w i d e n e d by t he arr ival o f t he 
LEAR l o w energy a n t i p r o t o n r ing 
the f o l l o w i n g year . 

T o conso l i da te on the h is tor ic 
d i s c o v e r y o f the W and Z b o s o n s 
(the l o n g - a w a i t e d carr iers o f the 
w e a k nuclear fo rce) at t he b ig p r o ­
t o n - a n t i p r o t o n co l l ider in 1 9 8 3 , a 
ma jo r a n t i p r o t o n i m p r o v e m e n t p r o ­
g r a m m e w a s launched , a im ing t o 
increase b o t h t he supp l y o f an t i ­
m a t t e r and the s c o p e o f t he expe r i ­
m e n t s . 

Th is cu lm ina ted in t he ex t r ao rd i ­
nary p r o t o n - a n t i p r o t o n co l l i s ion 
sco re in t he la test run (Sep tembe r -
D e c e m b e r ) , t r ip l ing the to ta l o f t he 
seven p rev ious years c o m b i n e d , 
and m a t c h e d by Fermi lab in the US 
(December 1 9 8 8 , page 9 ) . Phys ics 
resu l ts shou ld no t be far o f f . 

T u r n i n g t o o ther phys i cs , S c h o p ­
per s t r e s s e d the e f fo r t t o measure 
the bas ic p rope r t i es o f quarks and 
l e p t o n s , and t o t e s t the va l id i ty o f 
d i f fe ren t poss ib le theo r ies . The av ­
ai labi l i ty o f h igher co l l is ion energ ies 
( tempera tu res ) has mean t tha t t he 
c o n d i t i o n s o f l abora to ry exper i ­
m e n t s have begun t o a p p r o a c h 
t h o s e o f t he 'Big B a n g ' , pos tu l a t ed 
as the or ig in o f the Un ive rse , and 
high ene rgy phys i cs n o w ove r laps 
a s t r o p h y s i c s and c o s m o l o g y . 

T h e o u t g o i n g D i rec to r General 
e n u m e r a t e d s o m e h igh l igh ts : the 
l imi ts o n t he n u m b e r o f neu t r ino 
t y p e s e m e r g i n g f r o m the p r o t o n -
a n t i p r o t o n col l ider s t u d i e s ; the de ­
t e r m i n a t i o n o f e l e c t r o w e a k para­
m e t e r s in f i xed ta rge t s t u d i e s ; p re ­
c is ion m e a s u r e m e n t s o f de l icate 
s y m m e t r y (CP) v io la t ion in the d e ­
cays o f neutra l k a o n s ; the push t o 
f i nd the d i s t r i bu t i on o f quarks and 
g luons (s t ruc ture func t ions ) in 
nuclei us ing neut r ino and m u o n 
b e a m s and the resu l tant d i scove r ­
i es ; t he n e w e f fec ts f o u n d us ing 

h igh ene rgy ion b e a m s ; exo t i c 
a t o m successes at L E A R ; and the 
unexp la ined ' s t a g g e r i n g ' o f ad ja ­
cen t i s o t o p e s o f m e r c u r y d i s c o v ­
ered at t he ISOLDE i s o t o p e sepa ra ­
to r . T h e s e e x a m p l e s re f lec ted the 
w i d e range o f CERN's research 
p r o g r a m m e , spann ing energ ies 
f r o m the e V range up t o 6 0 0 GeV . 

A n o t h e r n e w t r e n d is t he de tec ­
t o r d e v e l o p m e n t p r o g r a m m e , 
w h e r e the s t r i ngen t d e m a n d s o f 
phys i cs at t o m o r r o w ' s co l l iders has 
in i t ia ted a v i g o r o u s R and D e f f o r t , 
a l ready p r o d u c i n g i ts f i rs t f ru i t s . 

Tu rn ing w i t h ev iden t p leasure t o 
t he c o n s t r u c t i o n o f the LEP elec­
t r o n - p o s i t r o n co l l ider , S c h o p p e r 
s k e t c h e d h o w p lann ing f o r th is 
g iant mach ine had s ta r t ed ear ly , 
w i t h the f i r s t ideas be ing tab led in 
1 9 7 6 . A ser ies o f i n -dep th des ign 
s tud ies b r o u g h t mod i f i ca t i ons in 
b o t h mach ine des ign and l oca t i on , 
w i t h Counci l f inal ly a p p r o v i n g in 
O c t o b e r 1 9 8 1 a ' s t r i p p e d d o w n ' 
v e r s i o n , t o be bui l t under a b u d g e t 
reduced f r o m the or ig inal ly p r o -
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A new European plan 
to attack cancer 

p o s e d f igure and held cons tan t 
ove r a s t re t ched cons t ruc t i on per­
i od . W i t h the necessary civi l eng i ­
neer ing author iza t ions in hand in 
t he s u m m e r o f 1 9 8 3 , the huge civi l 
eng ineer ing opera t ion w a s 
launched. 

W i t h insta l lat ion n o w go ing ve ry 
we l l and f o l l o w i n g the success o f 
t he initial in ject ion s tud ies in Ju ly , 
S c h o p p e r l ooked f o r w a r d t o the 
f i r s t e lec t ron -pos i t ron co l l i s ions , 
hop ing f o r 5 0 , 0 0 0 Z par t ic les by 
the end o f 1 9 8 9 . (The Z , the elec­
t r ical ly neutral carr ier o f the w e a k 
nuclear f o r c e , w a s d i scove red at 
CERN in 1 9 8 3 . So far , on ly the h igh 
energy p r o t o n - a n t i p r o t o n co l l iders 
at CERN and Fermi lab p rov ide 
e n o u g h energy t o manu fac tu re 
these par t ic les - s o m e 4 0 0 hav ing 
been accumu la ted in f i ve years.) 

M o v i n g f r o m phys ics t o manage ­
m e n t , Schoppe r s h o w e d h o w 
CERN's m a p of M e m b e r S ta tes 
n o w cove rs Spain and Por tuga l . 
T h e task o f LEP cons t ruc t i on had 
b rough t abou t ma jo r reorgan iza­
t i ons - n e w d iv is ions have been 
se t up and large a m o u n t s o f m a n ­
p o w e r t rans fe r red . N e w techn ica l 
boa rds coo rd ina te c o m m o n inter­
es t s ac ross the d iv is ional s t ruc tu re , 
wh i l e t e c h n o l o g y t rans fe r and rela­
t i ons w i t h indus t ry have been g iven 
increased impo r tance . 

In thank ing eve ryone f o r thei r 
help dur ing a s o m e t i m e s di f f icu l t 
pe r iod and in w i s h i n g his successo r 
con t inu ing success , S c h o p p e r re­
m i n d e d his audience o f the 'CERN 
sp i r i t ' , bo rn dur ing the f o u n d a t i o n 
o f the Organ iza t ion , w h i c h has f o s ­
t e red CERN's c o m p e t i t i v e n e s s , 
wh i l e ensur ing fa i rness , pr io r i ty o f 
sc ient i f ic and technica l goa ls 
against nat ional or persona l inter­
e s t s , and to le rance and respec t f o r 
d i f fe rent cu l tures and a t t i t udes . 

W h i l e cancer remains the scourge 
o f m a n k i n d , a large p ropo r t i on o f 
cases these days are amenab le t o 
t r e a t m e n t by i r radiat ion. Br inging 
n e w i r radiat ion cent res t o large 
concen t ra t i ons o f popu la t ion is 
thus a vi ta l task . Th is w a s h igh­
l ighted at the f i rs t th ree-day w o r k ­
s h o p o f t he European Light Ion 
Med ica l Acce le ra to r (EULIMA) p r o ­
jec t t o assess the potent ia l value o f 
l ight ion b e a m therapy . Held in No ­
v e m b e r at the An to ine -Lacassagne 
Cent re , Nice, one o f t w e n t y cancer 
cen t res in France, the w o r k s h o p 
w a s a t t ended by s o m e 6 0 dele­
ga tes f r o m Europe, U S A , Canada 
and J a p a n , represent ing the f ie lds 
o f phys i cs , rad iob io logy , rad io ther ­
apy and med ic ine . 

The European acce lerator ini t ia­
t ive g o e s back t o Oc tobe r 1 9 8 5 , 
the resul t o f a p roposa l at a mee t ­
ing o f the heavy part ic le g roup o f 
the European Organizat ion f o r Re­
search and T r e a t m e n t o f Cancer 
(EORTC). A pre l iminary EUL IMA 

mee t ing at CERN in March 1 9 8 6 
de f ined the p ro jec t a ims (March 
1 9 8 7 , page 2 5 ) . In spr ing 1 9 8 8 , f i ­
nancial s u p p o r t f r o m the C o m m i t ­
tee f o r the European D e v e l o p m e n t 
o f Sc ience and T e c h n o l o g y (COD-
EST) enab led exper t s in the f ie ld 
(mainly f r o m Louva in- la -Neuve, Liv­
e rpoo l and Nice) t o get t oge the r . 
Subsequen t l y the C o m m i s s i o n o f 
the European Commun i t i es f u n d e d 
the w o r k s h o p in the f r a m e w o r k o f 
its 4 t h Med ica l and Heal th Research 
P r o g r a m m e , in parallel w i t h the 

At the recent EULIMA workshop in Nice, 
Mark Philips (Berkeley) showed how light 
ions and protons can be used other than for 
cancer therapy, for example against a surgi­
cally inaccessible arterial problem in the vi­
cinity of the brain - intracranial arterio­
venous malformation (A VM). Top left, the 
untreated A VM is the black mass in the 
centre of the photo; top right, after the 
beam therapy the A VM is smaller; bottom 
left and right, the arterial system to the brain 
has almost resumed its normal pattern. 

(Photo M. Philips, Berkeley) 
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STR330 CERN Host Interface and Processor System - CHIPS -
The STR330 CHIPS aims to provide: 

* Modular and versatile state of the art interfacing between FASTBUS segments and DECworld, VMEworld, 
PCworld, ...-world. 

* High performance, general-purpose FASTBUS processing. 

A user is able to adapt or vary his actual system configuration depending on his requirements: 
* FASTBUS to VAX-BI-bus interface * High-level trigger processor 
* FASTBUS to DEC Q-bus interface * Supervising controller 
* FASTBUS to VMEbus interface * Front-end multiprocessing 

A system consists of a single-width FASTBUS processor board which contains elements that are necessary in either application, and a 
couple of add-on, daughter or auxiliary boards. The diagram gives a system overview. 

STR330/B1P/Q AP/... STR33Q/CFU 
I Addon Module I I Main Module 

STR330/LAN 

Computer 
Link Port 

DMA Controller 

Processor 
System (68030) 
68030 Processor 
1 Mb stat ic RAM 
1 Mb EPROM 
2 RS232 Port 
1 parallel Port  

Buffer Memory 

1 Mb stat ic RAM 

FASTBUS 
Mas ter/Slave 

Interface 

Cable 

Fibre 

Host Computer 
Link Port 

DRB32 BI-Bus 
DRQ11 Q-Bus 
HVR8217 VME 

Optical 
68882 

Coprocessor 

Local Area 
Network 

Controller* 
(Cheapernet) 

T 

Sophisticated Interface Applications 

* } DRB32, DRQ11 arc devices from DEC 
DVR8217 is a module from CES 

General Purpose FASTBUS Processor Applications 

STR331 Optical Data Interconnect - ODI -
for DEC DRB32 Compatible Devices 

The STR331 ' ODI is designed to allow high speed point to point interfacing between two DEC DRB32 IO-register compatible IO-ports, 
separated by distance of up to several kilometers, with very high rehabihty. 

Applications: 

5 

Long distance connection of a DEC VAX 
host computer located in a control room and 
a STR330 CHIPS FASTBUS interface or a 
STR501 AEB/EVI located down an ex­
perimental pit. 

Long distance connection of two DEC VAX 
machines in a point to point arrangment uti­
lising all advantages of an optical trans­
mission system. 

} joint development of CERN, LIP(Portugal) 
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EULIMA project leader Pierre Mandril Ion: 
a new assault on cancer in Europe. 

C o m m i s s i o n ' s 'Europe aga ins t c a n ­
cer ' p r o g r a m m e . 

Protons and ions 

W h y p r o t o n s and l ight ions? 
Conven t i ona l t he rapy t e c h n i q u e s , 
such as X - r a y s ( typ ica l ly 2 0 0 kV) 
and c o b a l t - 6 0 g a m m a rays , kill 
ma l ignan t cel ls bu t c a n n o t be c o n ­
f i ned so le ly t o the t u m o u r and m a y 
d a m a g e su r round ing hea l thy t i ssue . 
C o m p o u n d e d w i t h th is is t he p r o ­
g ress ive ene rgy loss o f an X - r a y as 
it t rave ls t h r o u g h the b o d y , p r o d u c ­
ing m o s t ion izat ion at t he o u t s e t . 

On the o the r h a n d , p r o t o n s (or 
l ight ions) at a g iven ene rgy lose 
m o s t o f the i r ene rgy t h r o u g h ion i ­
za t ion near the end o f the i r t ra jec­
t o r y (about 16 c m f o r a 4 0 0 
M e V / n u c l e o n n e o n - 2 0 b e a m , 
a b o u t 2 6 c m fo r a 4 0 0 M e V / n u ­
c leon c a r b o n - 1 2 b e a m in t i ssue) . 
T h u s a g iven r a n g e - m o d u l a t e d 
b e a m can be f i red at a t u m o u r lo­
ca ted at k n o w n d e p t h b e l o w the 
sk in su r face , d u m p i n g m o s t o f i ts 
ene rgy in the t u m o u r near t he end 
o f t he t r a j ec to ry (the Bragg peak) 
w i t h m i n i m u m d a m a g e t o s u r r o u n d ­
ing hea l thy t i ssue . By deg rad ing the 
b e a m and sp read ing the Bragg 
peak , the b e a m ' s ene rgy is sp read 
o v e r a con t ro l lab le t u m o u r v o l u m e . 

In 1 9 4 6 , Bob W i l s o n at Harvard 
f i r s t real ized tha t th is t echn ique 
w a s a usefu l w e a p o n aga ins t ca n ­
cer (neu t rons w e r e a l ready be ing 
used in the late 1 9 3 0 s at Berke ley , 
bu t are c o m p a r a t i v e l y d i f f icu l t t o 
c o n t r o l because o f the i r e lect r ica l 
neut ra l i ty and s ign i f i cant sca t te r i ng 
in ma t te r ) . T h e d o s e local izat ion 
and b io log ica l a d v a n t a g e s o f 
cha rged par t ic les p r o m i s e be t te r 
c o n t r o l o f human cance rs , bu t u n ­
f o r t u n a t e l y prec ise t u m o u r local iza­
t i o n has n o t been poss ib le unt i l re­
cen t yea rs , and so cha rged par t ic le 

t h e r a p y has had t o w a i t f o r i ts day 
t o c o m e . 

Ca rbon and neon ions o f fe r g o o d 
d o s e local izat ion and increased 
cel l -k i l l ing p o w e r (b io logical e f fec ­
t i veness) due t o the i r high l inear e n ­
e rgy t rans fe r (LET). Because o f t he 
inc reased relat ive b io log ica l e f fec ­
t i veness (RBE) in the sp read Bragg 
peak , neon has a favourab le peak 
( tumour ) t o en t rance (normal t i s ­
sues) ra t io and can be d o s e d so 
tha t no rma l t i ssue a round the 
t u m o u r rece ives m u c h less i r radia­
t i on t han the t u m o u r . Si l icon ions 
have h igh LET all a long the i r pa th 
and t hus are m o r e su i ted t o t rea t ­
ing sur face t u m o u r s . Easiest t o use 
are p r o t o n s and hel ium ions be ­
cause o f the i r phys ica l p r o p e r t i e s ; 
h o w e v e r t h e y lack the b io log ica l 
a d v a n t a g e s o f heavier ions . 

Emerging from the Laboratory 

Unt i l n o w m o s t ion b e a m the rapy 
un i ts have been in part ic le phys i cs 
labora to r ies do ing f undamen ta l re­
search (Berkeley, D a r m s t a d t , Fe rm i -
lab, U p p s a l a , KEK, Dubna .. . . ) and 
t h e r a p y has had t o take a back 
seat . Th i s is chang ing , w i t h p r o ­
j ec t s in t he U S A , USSR, J a p a n , 
G e r m a n y , and n o w EUL IMA as a 
j o in t European in i t iat ive. 

Se t t i ng the pace is L o m a Linda in 
the US : Fermi lab is he lp ing t o bui ld 
a 6 - m e t r e d iamete r p r o t o n acceler­
a to r f o r t he L o m a Linda Med ica l 
Center in sou the rn Cal i forn ia. A f t e r 
t e s t s , t he var iable energy s y n c h r o ­
t r o n ( 7 0 - 2 5 0 M e V ) mach ine wi l l be 
m o v e d ou t w e s t in the s u m m e r t o 
b e c o m e the w o r l d ' s f i rs t med ica l 
acce le ra to r f o r deep -sea ted t u m o u r 
p r o t o n t he rapy . L o m a L inda, w i t h 
f i ve i r rad ia t ion po in t s ( three f i t t ed 
w i t h a gan t r y b e a m , t w o w i t h ho r i ­
zon ta l b e a m lines) shou ld handle 
1 0 0 0 pa t ien ts per year. 

(Photo CAL Nice) 

A t T s u k u b a in J a p a n , a t w o -
r o o m p r o t o n t r e a t m e n t cen t re has 
been opera t iona l s ince 1 9 8 3 w i t h 
b e a m d r a w n f r o m the nearby KEK 
s y n c h r o t r o n , d e g r a d e d f r o m 5 0 0 t o 
2 5 0 M e V by a g raph i te abso rbe r . 

A l s o in J a p a n , c o n s t r u c t i o n o f 
t he Heavy Ion Med ica l A c c e l e r a t o r 
(H IMAC) g o t under w a y at the Na­
t iona l Ins t i tu te o f Radio logica l 
Sc iences in 1 9 8 8 w i t h cl inical t r ia ls 
schedu led f o r 1 9 9 3 . T h e 3 1 0 mi l ­
l ion dol lar p ro jec t w a s backed by 
the Japanese g o v e r n m e n t in the 
c o n t e x t o f a 1 9 8 3 ten -year s t ra t ­
egy f o r cancer . 

In G e r m a n y the GSI D a r m s t a d t 
SIS heavy ion s y n c h r o t r o n (see 
page 24 ) w i l l acce lera te all heavy 
ions f r o m he l ium t o u ran ium t o e n ­
erg ies o f at least 1 G e V / n u c l e o n . 
S i tua ted in the dense ly popu la ted 
Rhein-Main area b e t w e e n Frankfur t 
and He ide lbe rg , it is an ideal reg ion 
f o r a t he rapy cen t re . A jo in t GSI-
St rah lenk l in ik (Un ivers i ty o f Heide l -
be rg ) -German Cancer Research 
Cent re (Heidelberg) p r o p o s a l f o r a 
rad io the rapy fac i l i ty on SIS has 
been s u b m i t t e d t o t he German g o v ­
e r n m e n t . 

In S w i t z e r l a n d , Hans B la t tmann 
and co l leagues at the Vi l l igen Paul 
Scher rer Ins t i tu te t o o k the p ion 
techn ique d e v e l o p e d at Los A l a -
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The emerging idea for the European Light 
Ion Medical Accelerator (EULI M A), with a 
four-sector magnet structure and a single 
cryostat and vacuum chamber. An external 
source of the ECR type with an axial injec­
tion for stand-alone operation of the ma­
chine, as an alternative to a radial injection 
system from an injector cyclotron, is also 
shown. 

m o s and es tab l ished a s p o t - s c a n ­
ning i r radiat ion t he rapy techn ique in 
1 9 8 1 ; s ince then m o r e than 3 8 0 
deep-seated t u m o u r pa t ien ts have 
• e e n t rea ted . N e w c o m p u t e r p r o ­
g rams give penci l b e a m p r o t o n 
scann ing addi t ional f lex ib i l i ty in 
dose shap ing , ca lcu lat ing an o p t i m ­
ized scan pa t te rn f o r a g iven th ree -
d imens iona l t u m o u r v o l u m e . T h e 
penci l beam scann ing techn ique 
wi l l be t e s t e d in a hor izonta l b e a m 
line w i t h a deg raded 5 9 0 M e V p r o ­
t o n beam f r o m the PSI acce lera tor . 

Joe Cast ro at Berkeley and the 
Un ivers i ty o f Cal i fornia Med ica l 
Center , San Franc isco , are co l l abo­
rat ing in cl inical t r ia ls w i t h he l ium 
and heavier charged par t ic les t o 
s t u d y the advan tages o f i m p r o v e d 
radiat ion dose local izat ion and e n ­
hanced b io logica l e f fec t i veness 
w i t h the main goal o f eva luat ing the 
need f o r high LET charged par t i ­
c les. 

Des ign pa ramete rs f o r a Light 
Ion B iomedica l Acce le ra to r (LIBRA) 

ad jacent t o f ive hosp i ta ls are n o w 
be ing f inal ized by the Berkeley 
g r o u p f o r the Mer r i t t Peralta East 
Bay Med ica l Center (Oakland, Cal i­
fo rn ia) . Initially the pro jec t has a 
fou r -year schedule fo r des ign , c o n ­
s t ruc t i on and ins ta l la t ion ; s w i t c h -
on date no t ye t f i xed . 

The EULIMA idea takes shape 

E U L I M A ' s key technica l c o n c e p t 
cons i s t s o f add ing a b o o s t e r t o an 
ex is t ing acce lera tor w i t h an es tab ­
l ished heavy part ic le (neut ron or 
p ro ton ) the rapy t rad i t i on . Pre l imina­
ry s tud ies have concen t ra ted o n a 
supe rconduc t i ng separa ted -sec to r 
c y c l o t r o n , s ince the des i red energy 
o f 4 0 0 M e V / n u c l e o n w i t h a b e a m 
o f o x y g e n - 1 6 is w i t h i n reach o f a 
t w o - s t a g e c y c l o t r o n . Pro ject leader 
Pierre Mandr i l l on (Nice) p resen ted 
the basic paramete rs o f th is ap ­
p roach and summar ized the th ink ­
ing . 

A n early s tage o f the feas ib i l i ty 
s t u d y exp lo red the poss ib i l i t ies o f 
opera t ing EUL IMA as a s tand-a lone 
ded ica ted fac i l i ty , or as a b o o s t e r 
c yc l o t r on f o r an ex is t ing mach ine 
w i t h an act ive the rapy p r o g r a m m e , 
such as t h o s e in Nice, Louvain- la-
Neuve and L ive rpoo l . In the f o r m e r 
case , due t ô i ts excel lent rel iabi l i ty 
and high in tens i ty , an ECR source 
m a y be used t o p roduce high 
charge ions m a t c h e d t o the f i rs t ac­
ce lerat ing o rb i t s in EUL IMA by a 
sui table axial in ject ion s y s t e m . 

Biological and bal l ist ic s tud ies o f 
l ight ions s h o w e d tha t a 4 0 0 
M e V / n u c l e o n o x y g e n - 1 6 beam is a 
g o o d benchmark . Bes ides i ts sa t is ­
f ac to r y rad iob io log ica l per fo r ­
mance , a l ight ion b e a m o f fe rs the 
poss ib i l i t y o f seconda ry b e a m s 
such as have been used at Berke ley 
f o r prec ise d o s e local izat ion, i m a g ­
ing and con t ro l o f the t r e a t m e n t 
sess ions . In e i ther case , a p re requ i ­
s i te fo r an ef f ic ient t he rapy p ro ­
g r a m m e is an in tens i ty o f s o m e 
1 0 9 par t ic les per s e c o n d in t i ssue . 

E U L I M A ' s des ign m a y be based 
on a s y n c h r o t r o n , as at Berke ley , 
NIRS (Japan) and L o m a L inda, or a 
c y c l o t r o n - as in neu t ron the rapy 
faci l i t ies. Bo th have advan tages 
and d r a w b a c k s . The c o m p a c t cy ­
c lo t ron w a s chosen as an o p t i o n 
f o r the feas ib i l i ty s t u d y , and p ro jec t 
leader Mandr i l l on and his t e a m set 
ou t t o s t u d y a separa ted sec to r o p ­
t i on w i t h a s ingle cy l indr ical super ­
conduc t i ng exc i ta t ion co i l , con t r i ­
bu t ing as m u c h as 5 0 % o f the nec­
essary average magne t i c f ie ld o f 
abou t 3 tes las . 

The EUL IMA feasib i l i ty s t u d y o f 
the pas t t w o years has c o n c e n ­
t ra ted on severa l impo r tan t issues 
o f the c y c l o t r o n concep t . It fu l f i ls 
the basic requ i rements f o r the re­
fe rence o x y g e n b e a m and leads t o 
a c o m p a c t , cos t -e f fec t i ve and ove r ­
all technica l ly feasib le des ign . Be-
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Spin symposium 

s ides p rov id ing requ i red b e a m in­
tens i t ies f o r s tandard t h e r a p y , the 
des ign a l l ows f o r the use o f sec ­
o n d a r y pos i t r on -em i t t i ng b e a m s fo r 
t u m o u r loca l izat ion, t hus i m p r o v i n g 
t he rapy p rocedu res cons ide rab ly . 
Higher energ ies o f at least 5 0 0 
M e V / n u c l e o n and heavier part ic le 
beams (mass n u m b e r at least 2 0 ) , 
even if r e c o m m e n d e d by fu tu re 
s tud ies , w o u l d be m o r e d i f f icu l t t o 
ob ta in th is w a y . Here a s y n c h r o ­
t r o n w o u l d be be t te r . 

Several des ign issues have been 
s tud ied in cons iderab le deta i l . A 
separa ted sec to r des ign w i t h a 
c o m m o n s u p e r c o n d u c t i n g coi l has 
a n u m b e r o f advan tages ove r re­
cen t l y bui l t c l osed y o k e s u p e r c o n ­
duc t i ng c y c l o t r o n s . The main a d ­
van tage o f the E U L I M A c o n c e p t 
lies in a s imp ler mechan ica l des ign 
w i t h axial (in i ron- f ree reg ions) , as 
o p p o s e d t o radial - t h r o u g h the 
c r y o s t a t - f e e d t h r o u g h s . Th i s , and 
a f i xed f r equency reg ime , ind ica tes 
tha t th is p i lo t mach ine cou ld be de ­
s igned and c o n s t r u c t e d w i t h o u t 
m a j o r techn ica l and i m p l e m e n t a t i o n 
p r o b l e m s . 

The W o r k s h o p c losed on an o p ­
t im is t i c no te w i t h re i tera t ion o f the 
phys ica l and b io log ica l advan tages 
o f l ight ion the rapy . Pierre Chauvel 
(Nice) and Ross Sealy (L iverpool) 
conc luded tha t Europe has t o ca tch 
up w i t h the rest o f the w o r l d (no ta ­
b ly the U S A and Japan) in high pre­
c i s ion , h igh LET charged part ic le ra­
d io the rapy . Hopefu l l y EUL IMA wi l l 
ful f i l th is a i m , handl ing s o m e 1 0 0 0 
pa t ien ts per year , w i t h m a n y o the r ­
w i s e in t ractab le t u m o u r s be ing 
cu red . 

By Seamus Hegarty 

Considering the future of accelerating polar­
ized particles during a coffee break. Left to 
right, Yu. Shatunov (Novosibirsk), J. Buon 
(Orsay), and K. Steffen (DESY). 

T h e recent 8 t h In ternat ional S y m ­
p o s i u m on High Energy Spin Phy­
s ics at the Univers i ty o f M i n n e s o t a 
in M inneapo l i s , M i n n e s o t a , o p e n e d 
w i t h a bang w h e n L. P o n d r o m 
( W i s c o n s i n ) , donn ing a hard hat 
b o r r o w e d f r o m cons t ruc t i on w o r k ­
e rs , ven tu red tha t ' sp i n , the n o t o ­
r ious inessent ia l comp l i ca t i on o f 
hadron ic phys i cs , is f inal ly te l l ing us 
w h a t real QCD (quan tum c h r o m o -
d y n a m i c s , the f ie ld t h e o r y o f 
quarks and g luons) l ooks l ike. ' 

He w a s referr ing t o an an ima ted 
d i scuss ion on the mean ing o f t he 
recent sp in o r ien ted (polarized) 
sca t te r ing resul ts f r o m the Euro­
pean M u o n Col labora t ion (EMC) at 
CERN and repo r ted at the S y m p o ­
s ium by R. Garnet (Liverpool) and 
P. Schuler (Yale) w h i c h s h o w tha t 
the p r o t o n spin is no t sirr iply a re­
f l ec t i on o f the sp ins o f i ts c o n s t i ­
t uen t quarks (June 1 9 8 8 issue, 
page 9 ) . 

Deba te a m o n g theo r i s t s had 
begun the p rev ious w e e k dur ing a 
f i ve -day sp in t h e o r y w o r k s h o p 
o rgan ized by J . Sof fe r (Marsei l le) 

and s p o n s o r e d by the Un ivers i t y o f 
M i n n e s o t a Theore t i ca l Phys ics In­
s t i tu te . Th is l ively d i scuss ion w a s a 
con t i nuous th read t h r o u g h all s ix 
days o f the subsequen t s y m p o s i u m 
w i t h theore t i ca l op in ions rang ing 
f r o m an a n n o u n c e m e n t o f the 
dea th o f QCD by G. Preparata (M i ­
lan) t o cau t ibus w a r n i n g s o f ove r i n -
te rp re t i ng the da ta by F. Close 
(Tennessee) . The imp l i ca t ions o f 
the EMC resu l ts f o r QCD w e r e i l lus­
t r a ted by the d i f fe ren t app roaches 
repo r t ed by R. Carlitz (Pi t tsburg) 
and E. Leader (London) . 

The EMC c o n t r o v e r s y w a s on ly 
one examp le o f the v i ta l i ty o f the 
f ie ld . The M i n n e s o t a Spin S y m p o ­
s i u m , w i t h a b o u t 3 0 0 phys ic i s t s 
f r o m a round the w o r l d , w a s the lar­
ges t ye t in th is biennial ser ies. N e w 
exper imen ta l resu l ts c o v e r e d a 
huge range o f l abora to ry energy . 
A t the l o w e s t end o f the sca le , t he 
s ta t ic p rope r t i es o f par t ic les , H. 
Dehme l t ( W a s h i n g t o n ) and Y u . 
Sha tunov (Novos ib i rsk) r epo r t ed o n 
d i f fe ren t e x p e r i m e n t s measur ing 
the pos i t r on magne t i c m o m e n t . 
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O.Chamberlain (Berkeley) and A. Krisch (Mi­
chigan) during a Symposium general ses­
sion. 

wh i le V . Hughes (Yale) c o v e r e d 
p r o g r e s s t o w a r d s the n e w m u o n 
magne t i c m o m e n t e x p e r i m e n t at 
B r o o k h a v e n . K. J o h n s (M inneso ta ) 
desc r i bed an i m p o r t a n t n e w resul t 
f r o m Fermi lab , the m e a s u r e m e n t o f 
t he magne t i c m o m e n t o f t he o m e ­
ga m inus h y p e r o n (June 1 9 8 8 , 
page 2 5 ) . 

A t the h igh ene rgy e n d , the 
S y m p o s i u m heard the f i r s t resu l ts 
f r o m the n e w Fermi lab 1 8 5 GeV 
po lar ized p r o t o n and a n t i p r o t o n 
b e a m s f r o m h y p e r o n decay (Oc to ­
ber 1 9 8 8 , page 2 5 ) , inc lud ing the 
a s y m m e t r y o f neutra l p ions p r o ­
d u c e d by p r o t o n s , and the k i n e m a ­
t i cs o f heavy h y p e r o n s . 

M e a n w h i l e B r o o k h a v e n ' s w o r k ­
horse A l t e rna t i ng Grad ient S y n ­
c h r o t r o n (AGS) has p r o v e d i tsel f t o 
be a rel iable sou rce o f po lar ized 
p r o t o n s . L. A h r e n s desc r i bed the 
m a c h i n e ' s a c h i e v e m e n t s , w i t h 4 0 % 
po lar ized p r o t o n s o f up t o 2 2 G e V , 
wh i l e D. L o w e n s t e i n c o n c l u d e d his 
p a n - A m e r i c a n s ta tus repo r t w i t h an 
o p e n inv i ta t ion f o r p r o p o s a l s t o use 
t he B rookhaven po lar ized b e a m . M . 
Ness i (Rice) c o v e r e d h igh ene rgy 
sp in t rans fe r m e a s u r e m e n t s in hy ­
pe ron p r o d u c t i o n ; da ta w h i c h 

shou ld help so lve the m y s t e r y o f 
w h y h igh ene rgy h y p e r o n s c o m e 
ou t po la r ized . S. Heppe lmann (Penn 
State) l ooked at the a s y m m e t r y in 
p ion and p r o t o n p r o d u c t i o n by p o ­
lar ized p r o t o n s . S o m e large and u n ­
e x p e c t e d e f fec ts in p r o t o n elast ic 
sca t te r i ng w e r e desc r i bed by D. 
Peaslee (Mich igan) . Th is m a r k e d 
sp in behav iour occu rs m o r e o v e r in 
a reg ion w h e r e the sp in -ave raged 
reac t ion rate is un remarkab le , u n ­
der l in ing once again h o w sp in can 
be a sens i t i ve p robe ( J u l y / A u g u s t 
1 9 8 8 , page 10) . 

In Eu rope , the h ighest ene rgy 
po lar ized p r o t o n acce lera tor is t he 
French Saturne mach ine . J . A r v i e u x 
c o v e r e d i ts n e w M I M A S accumu la ­
t o r - b o o s t e r r ing (May 1 9 8 8 , page 
5 ) . T h e Japanese KEK m a c h i n e ' s 
n e w po lar ized p r o t o n capabi l i t ies 
w e r e p o i n t e d ou t by A . Mas iake 
(Kyo to ) , and S. H i ramatsu (KEK) re­
p o r t e d t ha t b e a m has n o w reached 
5 G e V w i t h 2 5 % po lar iza t ion . 

A n in t r igu ing in ter im resul t f r o m 
the Ins t i tu t Laue-Langevin reac to r 
at Grenob le c a m e f r o m M . Pendle-
bu ry (Sussex) , w i t h a large ( 1 0 ~ 2 5 

e-cm) neu t ron electr ic d ipo le m o ­
m e n t , agree ing w i t h an earl ier 

Len ingrad m e a s u r e m e n t . 
Other n e w resu l ts s h o w e d no 

par i ty v io la t ion in p-d sca t te r i ng at 
t he 10~ 7 level f r o m a 4 5 M e V PSI 
expe r imen t r e p o r t e d by J . Lange 
(ETH, Zur ich) and an 8 0 0 M e V 
L A M P F expe r imen t r epo r t ed by R. 
M i s c h k e (LAMPF) . T h e s e resu l ts at 
l o w e r ene rgy are m o r e prec ise t han 
the ex is t ing 6 GeV par i ty v io la t ion 
f o u n d at A r g o n n e . S o m e t h i n g v e r y 
in te res t ing cou ld be happen ing be ­
t w e e n 1 and 6 GeV. 

Lively i n te rmed ia te ene rgy s e s ­
s ions inc luded m a n y n e w measu re ­
m e n t s o f sp in obse rvab les t o cha l ­
lenge t h e o r y . A s re i te ra ted by R. 
Si lbar (LAMPF) , the regular i t ies o b ­
se rved m a y p rov ide a h int . Big 
n e w s f r o m these sess ions w a s t he 
resur rec t ion o f d i b a r y o n s . Exper i ­
m e n t s at Sa tu rne , r epo r t ed by de 
Lesquen (Saclay), and L A M P F , Los 
A l a m o s , r e p o r t e d by M . Gazzaly 
(M inneso ta ) , have f o u n d n a r r o w 
s t ruc tu res in po lar ized p r o t o n sca t ­
te r i ng . H o w e v e r the in te rp re ta t ion 
o f t hese n e w resu l ts is sti l l c o n t r o ­
vers ia l . 

A s usua l , th is S y m p o s i u m h igh ­
l igh ted the c lose l inks b e t w e e n ex­
per imen ta l h igh ene rgy phys i cs and 
acce le ra to r t e c h n o l o g y , as e x e m ­
pl i f ied by the recen t c o n v e r g e n c e 
o f po lar ized ion sou rce and po lar ­
ized ta rge t t echno log i es . I m p o r t a n t 
n e w w o r k w a s r e p o r t e d in b o t h t he 
t rad i t iona l a t o m i c b e a m and the o p ­
t ical po lar iza t ion s e c t o r s app l ied t o 
sou rce and t a rge t d e v e l o p m e n t . 

E. S te f fens (MPI , Heide lberg) 
desc r i bed a p ro jec t t o i m p r o v e p o ­
larized a t o m i c b e a m s us ing a s t o r ­
age cell f o r use as an internal ta r ­
ge t . Y . M o r i r e p o r t e d o n the laser 
po lar ized ion sou rce in rou t ine use 
at KEK, wh i l e n e w s o f fu r the r d e ­
v e l o p m e n t s o f th is t echn ique c a m e 
f r o m A . Ze lensky (INR, M o s c o w ) 
and C. Levy (TRIUMF). D. B o w m a n 
(LAMPF) t o l d h o w a laser po lar ized 
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Exchanging spin views during a ride down 
the Mississippi during a break in the Sympo­
sium. Left to right M. Moreno (Mexico), P. 
Taxil (CERN), C. Joseph (Lausanne), and A. 
Gersten (Ben-Gurion). 

gas cell w a s used t o p r o d u c e p o ­
larized neu t rons in an e x p e r i m e n t 
t o o b s e r v e par i ty v io la t i ons in neu ­
t r o n sca t te r i ng . A n e w laser po lar ­
ized d e u t e r o n gas je t t a rge t deve l ­
o p e d by an A r g o n n e / N o v o s i b i r s k 
co l l abo ra t i on has been used in e l ­
e c t r o n sca t te r ing at t he Sov ie t 
V E P P - 2 M r ing at Novos ib i r s k 
(D. T o r p o k o v ) . 

T h e s ign i f icant p r o g r e s s in po lar ­
ized gas je t t a rge t s w a s s u m m a r ­
ized in a t w o - d a y w o r k s h o p at M i n ­
n e s o t a p reced ing t he S y m p o s i u m 
and o rgan ized by W . Haeber l i ( W i s ­
cons in ) and E. S te f fens (MPI , Hei ­
de lberg ) . 

Tak ing po lar ized p r o t o n b e a m s 
t o energ ies a b o v e t h o s e o f t he 
B r o o k h a v e n A G S requ i res f i ness ing 
so m a n y depo lar iz ing r esonances 
tha t m u c h e f fo r t has g o n e in to in ­
ves t i ga t i ng the 'S iber ian Snake ' 
m a g n e t con f i gu ra t i on f i rs t p r o ­
p o s e d by Derbenev and K o n d r a t e n -
k o . Va r i ous des igns and app l i ca ­
t i o n s w e r e p resen ted by E. Couran t 
(B rookhaven) , S. Y . Lee (B rookhav ­
en) , and K. S te f fen (DESY). A . 
Kr isch (Michigan) d e s c r i b e d the f i r s t 
expe r imen ta l snake t e s t s o o n t o be 
p e r f o r m e d at t he n e w l y c o m m i s ­
s i oned Indiana C y c l o t r o n Coo le r 
Ring ( J u l y / A u g u s t 1 9 8 8 , page 13) . 

T h e use o f S iber ian Snakes at f u ­
tu re acce le ra to rs w a s the sub jec t 
o f ano the r w o r k s h o p at M i n n e s o t a 
p reced ing the S y m p o s i u m and 
o rgan ized by T . Roser (Mich igan) . 
Roser p resen ted a n e w idea o f us ­
ing a part ia l ly exc i t ed snake t o c a n ­
cel w e a k l o w ene rgy r e s o n a n c e s ; 
th i s cou ld p rov ide po lar ized p r o t o n 
in jec t ion f o r p r o p o s e d n e w acceler ­
a t o r s . On a d i f fe ren t t a c k , R. Ross -
man i t h (CEBAF) p r o p o s e d us ing the 
Stern-Ger lach e f fec t t o polar ize a n ­
t i p r o t o n s in CERN's LEAR l o w ener­
g y r ing . 

T h e i m p o r t a n c e o f po lar iza t ion in 
h igh ene rgy e lec t ron acce le ra to rs 

w a s s t r e s s e d by D. Barber (DESY). 
K. M o f f e i t (SLAC) r epo r t ed tha t 
m o s t o f t he c o m p o n e n t s needed 
f o r e lec t ron polar izat ion at S t a n ­
f o r d ' s n e w SLC linac n o w ex is t , 
and po lar iza t ion shou ld f o l l o w s o o n 
a f te r t he mach ine beg ins phys i cs . 
K. S te f f en (DESY) desc r i bed the 
sp in r o t a t o r instal led f o r t e s t s at 
the HERA e l e c t r o n - p r o t o n col l ider 
be ing bui l t at the German DESY 
Labo ra to r y . For the LEP e lec t r on -
p o s i t r o n col l ider near ing c o m p l e ­
t i on at CERN, o n g o i n g po lar iza t ion 
s tud ies w e r e repo r ted by J . Kou t -
c h o u k . T h e cons iderab le p r o g r e s s 
in ca lcu la t ing depo lar iza t ion e f f ec t s 
w a s desc r i bed by S. M a n e (Fermi-
lab). N e w polar ized e l ec t r on -pos i ­
t r o n acce le ra to rs such as SLC and 
LEP wi l l have a great po ten t ia l t o 
t e s t s t a n d a r d phys i cs ideas , wh i l e 
HERA and CEBAF wi l l use po lar iza­
t i on t o p r o b e part ic le s t ruc tu re . 

N o v o s i b i r s k , w i t h severa l m a ­
ch ines in ope ra t i on or be ing bui l t , is 
ve r y ac t i ve in e l ec t ron -pos i t r on p o ­
lar izat ion s tud ies (Yu . S h a t u n o v , S. 
P o p o v , and A . Zho len ts ) . L. So lo -
v iev , t he d i rec to r o f the S e r p u k h o v 
L a b o r a t o r y , c o v e r e d po lar izat ion f a ­
ci l i t ies in t he Sov ie t U n i o n , inc lud­
ing ac t i ve sp in phys ics at N o v o s i ­
b i rsk , at t he 7 0 GeV S e r p u k h o v 
p r o t o n acce le ra to r , and at the 9 
G e V Dubna polar ized d e u t e r o n ac­
ce le ra to r . T h e fu tu re l ooks espe ­
cial ly exc i t i ng at the 4 0 0 GeV - 3 
T e V UNK mach ine n o w under c o n ­

s t ruc t i on at S e r p u k h o v , w h e r e the 
p r o g r a m m e inc ludes po lar izat ion 
e x p e r i m e n t s by the in ternat iona l 
NEPTUN co l l abo ra t i on . R. R a y m o n d 
(Mich igan) desc r i bed the ul t ra co ld 
M i c h i g a n - M I T po lar ized gas je t 
w h i c h m a y be used as an internal 
t a rge t f o r U N K ' s f i rs t expe r imen t , a 
s t u d y o f p r o t o n elast ic sca t te r ing 
a s y m m e t r y at large t ransve rse 
m o m e n t a . 

S y m p o s i u m par t i c ipan ts w e r e re­
m i n d e d tha t bas ic research can 
lead t o pract ica l app l i ca t ions even 
in t he q u a n t u m mechan ica l w o r l d o f 
sp i n . R. Damad ian (FONAR), one o f 
t he o r ig ina to rs o f magne t i c r e s o n ­
ance imag ing (MRI), d e m o n s t r a t e d 
in his ta lk o n the h i s to ry and p r o s ­
p e c t s o f MRI t ha t t he med ica l as ­
p e c t s o f sp in phys i cs have on ly 
b e g u n . Great p r o g r e s s in med ica l 
d iagnos is can be e x p e c t e d w h e n 
t he s t ruc tu re o f the nuclear sp in 
s ignal is mar r ied t o a d v a n c e d i m a g ­
ing t echn iques . 

Summar i z i ng the S y m p o s i u m , G. 
Bunce (Brookhaven) s t r essed the 
i m p o r t a n c e f o r sp in phys i cs o f 
c lose co l l abora t ion b e t w e e n phy ­
s ics and t e c h n o l o g y , and po in ted 
o u t the rap id advances ach ieved 
b e t w e e n success i ve biennial Sp in 
S y m p o s i a . Th i s b o d e s we l l f o r t he 
9 t h In ternat iona l S y m p o s i u m on 
High Energy Sp in Phys ics t o be 
held in S e p t e m b e r 1 9 9 0 in B o n n . 
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Linear colliders 
At the recent Linear Collider Workshop at 
the Stanford Linear Accelerator Center 
(SLAC) - left to right Pisin Chen of SLAC, 
Kaoru Yokoya of KEK (Japan), Norman Kroll 
of UC San Diego and Ron Ruth of SLAC. Be­
low - Karl Brown of SLAC with Joel Le Duff 
and Michel Davier of Orsay. 

(Photo SLAC) 

From N o v e m b e r 2 8 t o December 9 , 
the S t a n f o r d Linear A c c e l e r a t o r 
Center h o s t e d an In ternat iona l 
W o r k s h o p on Nex t Genera t ion Li­
near Col l iders . T h e a t t e n d a n c e , in­
c lud ing de lega t ions f r o m CERN, 
Frascat i ( I taly), KEK (Japan) , L iver-
m o r e (US), Novos ib i r sk (USSR), 
O r s a y (France) and S L A C i tsel f re­
f l ec ted the in ternat iona l in te res t in 
th is n e w a p p r o a c h t o h igher 
energ ies . 

The w o r l d ' s expe r t s o n l inear 
co l l iders had c o m e t o learn f r o m 
recent exper ience w i t h t he S t a n f o r d 
Linear Col l ider (SLC), t o d i scuss 
the i r research and d e v e l o p m e n t 
p r o g r a m m e s , and t o c o m p a r e 
n o t e s on the des ign o f poss ib le 
n e w mach ines . S L A C D i rec to r Bur­
t o n Richter o p e n e d the t w o - w e e k 
conc lave w i t h a r e c o m m e n d a t i o n 
tha t the var ious i n te res ted g r o u p s 
o f acce le ra tor phys i c i s t s poo l the i r 
ta len ts and co l labora te o n the 
R & D necessary f o r t he nex t l inear 
col l ider . 

Subsequen t p lenary speake rs 
ou t l i ned the cur ren t s ta te o f k n o w l ­
edge in such areas as des ign pa ra ­
m e t e r s , d a m p i n g r ings and 
s o u r c e s , acce le ra to r s t r u c t u r e s , 
b e a m d y n a m i c s , i n s t r u m e n t a t i o n 
and c o n t r o l , r ad io f requency p o w e r 
s o u r c e s , and f inal f o c u s d e s i g n . 

In his 'S t rugg le f o r High L u m i ­
n o s i t y ' ta lk , Rober t Palmer o f 
B r o o k h a v e n and S L A C exp la ined 
the th ink ing beh ind the T e V Linear 
Col l ider (TLC). Th i s 7 / 8 k i l o m e t r e , 
1 T e V col l ider i n tended f o r t he 
S L A C s i te m u s t p r o d u c e the 
1 0 3 3 - 3 4 c m - 2 S - 1 l uminos i t i es re­
qu i red f o r e l e c t r o n - p o s i t r o n phys i cs 
in th is ene rgy range. 

T h e n W o l f g a n g Schnel l ou t l i ned 
the cho ices m a d e by t he CERN 
t e a m des ign ing i ts CLIC l inear c o l ­
l ider, a 2 T e V mach ine t o g ive 1 0 3 3 

l um inos i t y and a poss ib le increase 
in a mu l t i bunch m o d e . Acce le ra t i ng 
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sec t i ons w o u l d be p o w e r e d by a 
s u p e r c o n d u c t i n g dr ive linac runn ing 
in paral lel . 

A l exande r Sk r i nsky desc r i bed 
the Sov ie t VLEPP p ro jec t , inc lud ing 
the 1 T e V e l e c t r o n - p o s i t r o n l inear 
co l l ider schedu led f o r c o n s t r u c t i o n 
at S e r p u k h o v in t he m i d - 1 9 9 0 s . 
Mazakasu Y o s h i o k a d i s c u s s e d pa ­
rame te rs f o r the Japan Linear Co l ­
l ider (JLC) and s u m m a r i z e d the ex­
tens i ve d e v e l o p m e n t u n d e r w a y at 
KEK. 

W o r k s h o p par t i c ipan ts t h e n 
b r o k e up in to smal ler g r o u p s f o r a 
w e e k o f in tens ive d i scuss ions on 
areas o f specia l i n te res t , r e c o n v e n ­
ing f o r the f inal t w o days o f s u m ­
m a r y ta lks f r o m the va r ious w o r k ­
ing g r o u p s . 

One o f the m o s t s ign i f i cant re­
su l ts t o e m e r g e c a m e f r o m the 
2 6 - s t r o n g g r o u p cons ide r i ng f inal 
f o c u s des igns . In d i scuss ions w i t h 
Va lé ry T e l n o v o f Novos i b i r s k , Pisin 
Chen o f S L A C recogn ized tha t c o ­
herent e l ec t r on -pos i t r on pair p r o ­
d u c t i o n - by beams t rah lung p h o -
l o n s in te rac t ing w i t h t he magne t i c 
f ie ld o f the o the r bunch - m a y g e n ­
erate in to lerab le b a c k g r o u n d s in the 
su r round ing d e t e c t o r . For TLC 
b e a m s w i t h 1 0 1 0 par t ic les per 
b u n c h , the cohe ren t p r o d u c t i o n 
d o m i n a t e s the incoheren t by abou t 
a f a c t o r o f 2 0 0 . W h a t ' s m o r e , 
b a c k g r o u n d par t ic les are gene ra ted 
w i t h t he same charge as the o p ­
p o s i n g b e a m , s o tha t t h e y can re­
ce ive a subs tan t ia l t r ansve rse k ick . 

The cohe ren t pair p r o d u c t i o n 
rate can f o r t una te l y be con t ro l l ed 
by reduc ing the magne t i c f ie lds o f 
t he b e a m s . Th is can be a c c o m ­
p l ished by reduc ing the charge d e n ­
s i ty per b u n c h , w h i c h in tu rn re­
qu i res increas ing the n u m b e r o f 
bunch c ross i ngs per s e c o n d in o r d ­
er no t t o lose l um inos i t y , o r by in ­
c reas ing the aspec t rat io o f t he 
b e a m s . A l l o w i n g a larger exhaus t 

po r t f o r the pairs ( th rough the f inal 
f o c u s quadrupo les ) m a y requi re use 
o f a larger c ross ing angle than p re ­
v ious ly an t i c ipa ted - 6 0 mi l l i radians 
ins tead o f 3 - w h i c h m a y require 
the so-ca l led ' c rab c r o s s i n g ' des ign 
t o reta in luminos i t y . W h a t e v e r t he 
even tua l o u t c o m e , all se ts o f pa ra ­
m e t e r s a d v o c a t e d in t he var ious l i ­
near co l l ider des igns w i l l have t o 
be r e v i e w e d and rev ised t o t ake 
a c c o u n t o f th is pa i r -p roduc t i on 
p h e n o m e n o n . 

O the r g r o u p s had s ign i f i can t , if 
less s ta r t l i ng , resu l ts t o repor t . 
T h o s e phys ic i s t s w o r k i n g on 
d a m p i n g r ings agreed tha t w i g g l e r 
m a g n e t s w e r e an a t t rac t i ve m e a n s 
o f p roduc i ng l o w - e m i t t a n c e b e a m s 
rap id ly - pe rm i t t i ng h igher repe t i ­
t i on ra tes . The f a v o u r e d acce le ra to r 
s t ruc tu re is the d i sk - l oaded w a v e ­
gu ide w i t h an iris radius o f 2 0 per­
cen t o f the r.f. w a v e l e n g t h -
2 - 6 c m in the des igns be ing c o n ­
s i de red . For mu l t i bunch ope ra t i on 
(many bunches per r.f. f i l l , as in t he 
S L A C des ign and as an a d d - o n f o r 
CLIC) s l o t t ed s t ruc tu res are needed 
t o d a m p the t ransve rse r.f. m o d e s 
tha t w o u l d o t h e r w i s e cause b e a m 
b reakup . BNS d a m p i n g (December 
1 9 8 8 , page 13) w a s a favou r i t e 
m e t h o d a d v o c a t e d t o con t ro l 
g r o w t h o f t ransverse tai ls on the 
b u n c h e s . 

One o f the key p r o b l e m s t o be 
s o l v e d is in the r.f. p o w e r sou rces 
needed t o dr ive the l inear co l l iders . 
No cur ren t so lu t i ons s imu l taneous l y 
m e e t all the requ i remen ts o f peak 
p o w e r , Repetit ion ra te , e f f i c iency 
and c o s t , a l though the f i rs t t h ree 
have been d e m o n s t r a t e d s e p a ­
rate ly . 

A l t h o u g h the p resen t se ts o f de ­
s ign pa rame te rs appear d i ve rse , 
t he re are c o m m o n p r o b l e m s tha t 
w i l l benef i t f r o m co l labora t ion on 
R & D, as under l ined in the w o r k i n g 
g r o u p s . For examp le , o n g o i n g c o l ­

labora t ion b e t w e e n KEK and S L A C 
has bene f i t ed r.f. p o w e r sou rce 
and acce le ra to r s t ruc tu re d e v e l o p ­
m e n t , as we l l as f inal f o c u s d e s i g n . 

One poss ib le in ternat iona l co l la ­
bo ra t i on is t he Final Focus T e s t 
Beam be ing cons ide red f o r S L A C . 
Th i s beaml ine w o u l d take the b e a m 
s t ra igh t ahead f r o m the end o f t he 
l inac and use T e V linear co l l ider o p ­
t i cs sca led d o w n t o 5 0 GeV t o p r o ­
duce in tense , s u b m i c r o n b e a m 
s p o t s . O p t i c s , c o m p o n e n t s , i ns t ru ­
m e n t a t i o n and p rec is ion a l i gnmen t 
t echn iques cou ld be t e s t e d . 

In s u m m a r y , w o r k s h o p organ izer 
E w a n Pa te rson o f S L A C o b s e r v e d 
tha t the p r o b l e m o f beams t rah lung 
pair p r o d u c t i o n had a l ready 
ushered in a ' n e w w a v e ' o f l inear 
co l l ider f ash ions . Mu l t i bunch o p e r a ­
t i o n , s l o t t e d acce le ra to r s t r u c t u r e s , 
large c ross i ng ang les , c rab c r o s s ­
ing , w i g g l e r s in d a m p i n g r ings , and 
BNS d a m p i n g w e r e all ' i n ' n o w . 
Co l l ima to rs in the f inal f o c u s w e r e 
dec ided ly o u t , and the need f o r 
m o r e r.f. p o w e r has no t c h a n g e d . 
' C o m p l e m e n t a r y l inear co l l ider de ­
s igns are ve r y i m p o r t a n t ' , Pa te rson 
a d d e d , ' because w e learn f r o m 
e v e r y b o d y ' s d i f fe ren t p r o b l e m s . ' 

From Michael Riordan 
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• bidirect ional 

• 12 to 16 bits 

• d i rect p rogramming 

in absolute values 

for vol tage and cur rent 

• potential f ree 

ask fo r the ca ta log 14 
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Around the Laboratories 

DESY's new proton linac supplies particles 
at 50 MeV. 

DESY 
Hamburger protons 

A s par t o f t he p repa ra t i ons f o r the 
HERA e l e c t r o n - p r o t o n co l l ider , p r o ­
t o n b e a m t e s t s have s t a r t ed at t he 
German DESY Labo ra to r y in H a m ­
b u r g . 

DESY s tands f o r Deu t sches Elek-
t r o n e n S y n c h r o t r o n , . a n d s ince i ts 
i ncep t ion in 1 9 5 9 , the Labo ra to r y 
has used e lec t ron and p o s i t r o n 
b e a m s . H o w e v e r t he arr ival o f the 
HERA p ro jec t cal led f o r a p r o t o n 
sou rce . 

First 5 0 M e V p r o t o n s (or m o r e 
accura te ly the nega t i ve h y d r o g e n 
ions usual ly used t hese days as the 
f i rs t s tage o f p r o t o n acce lera t ion) 
w e r e p r o v i d e d by the n e w Linac III 
on 18 N o v e m b e r . Th is n e w l inear 
acce le ra to r , des i gned t o supp l y 10 
m A o f 5 0 M e V ions , w a s bui l t in 
c lose co l labora t ion w i t h Labo ra to ­
ries w i t h ex tens ive p r o t o n b e a m 

(experience. T h e ion sou rce f o l -
o w e d a Fermi lab d e s i g n , wh i l e the 

A l va rez acce lera t ing t anks w e r e 
based o n CERN Linac II d r a w i n g s . 
T h e t a n k s w e r e c o p p e r p la ted at 
GSI D a r m s t a d t . 

Initial acce lera t ion f r o m 18 t o 
7 5 0 k e V is p r o v i d e d by a 1.2 
m e t r e rad io f requency quad rupo le 
(June 1 9 8 7 , page 1). Des ign and 
c o m p u t a t i o n s f o r th is RFQ, bui l t at 

Frank fur t , w e r e car r ied ou t by S .H. 
W a n g o f Bei j ing as par t o f Ch ina 's 
con t r i bu t i on t o t he linac in pa r t i cu ­
lar and HERA in genera l . 

A n o t h e r in ternat iona l c o n t r i b u ­
t i o n , th is t i m e f r o m the Canadian 
TR IUMF Labo ra to r y , is the 8 0 
me t re b e a m t r a n s p o r t s y s t e m t o 
take the ions f r o m the linac t o t he 
n e w DESY III s y n c h r o t r o n . A t in jec­
t i on in to DESY III, t he ions are 
s t r i pped o f the i r e lec t rons by an 
a lumin ium ox ide fo i l and con t i nue 
thei r w a y as p r o t o n s . A s y s t e m o f 
f ou r f as t k icker m a g n e t s (built at 
the Un ive rs i t y o f Hamburg ) s e n d s 
the b e a m t h r o u g h the s t r i pp ing fo i l 
wh i l e the s y n c h r o t r o n accumu la tes 
m o r e i ons , a p rocedu re repea ted 
every f ou r s e c o n d s . 

DESY III w a s bui l t in 1 9 8 7 us ing 
the i ron y o k e s o f the or ig inal DESY 
I bend ing m a g n e t s . T h e s e 4 . 6 
m e t r e un i ts n o w b e n d and f o c u s 
the b e a m , and have been c o m p l e -

Hamburger synchrotrons - DESY II on the 
inside handles electrons and positrons for 
HERA while the outer DESY III ring will take 
protons from 50 MeV to 7.5 GeV. 

(Photo Nick Wall) 
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The HERA electron-proton collider now be­
ing built at the German DESY Laboratory in 
Hamburg will handle polarized (spin-oriented) 
electron beams. Here are some of the mova­
ble supports for the complicated spin rotator 
magnets, which will have to be moved up 
and down for different beam optics. 

m e n t e d by add i t iona l quad rupo les 
and mu l t i po les . T h e 3 1 7 m e t r e cir­
c u m f e r e n c e DESY III, des i gned t o 
t ake p r o t o n s up t o a b o u t 7 .5 G e V , 
su r rounds the n e w DESY II m a ­
ch ine handl ing HERA e lec t rons and 
p o s i t r o n s . DESY I l l 's p r o t o n s w i l l 
be in jec ted in to the PETRA r ing t o 
be b o o s t e d t o 4 0 GeV be fo re be ­
ing t aken t o HERA and the re on t o 
a b o u t 1 0 0 0 GeV. 

Earlier (Oc tober 1 9 8 8 , page 2 0 ) , 
t he 6 .3 k m HERA r ing hand led i ts 
f i r s t e lec t ron b e a m s . M o s t t e s t s 
w e r e at 7 GeV , w i t h a f e w 1 0 1 0 

par t ic les per bunch s t o r e d , h o w ­
ever later 10 GeV s ingle bunches 
w e r e e jec ted f r o m the i n te rmed ia te 
PETRA r ing us ing a fas t k icker 

m a g n e t , t r ans fe r red t o the n e w r ing 
and accumu la ted there e i ther in a 
s ingle or nine equal ly spaced ' b u c k ­
e t s ' . 

T h e e lec t rons cou ld t hen be 
t aken up t o 14 GeV w i t h o u t l oss , 
the ene rgy be ing l imi ted at the t i m e 
by the w a t e r coo l ing s y s t e m . T h u s 
a l t hough the ful l c o m p l e m e n t o f 8 2 
rad io f requency acce lera t ing cav i t ies 
had been ins ta l led, on ly 14 cou ld 
be p o w e r e d f o r the t e s t s . 

Nex t t a s k is t o c o m p l e t e the 
m a g n e t w a t e r c o o l i n g , the lead 
s y n c h r o t r o n rad ia t ion sh ie ld ing , and 
the rad io f requency s y s t e m . W i t h 
the inc lus ion o f s u p e r c o n d u c t i n g 
acce le ra t ing sec t i ons , an energy o f 
3 3 GeV is on the ca rds . 

Except f o r s o m e m ino r w o r k , all 
HERA civi l eng ineer ing has been 
c o m p l e t e d , and the bill is w i t h i n 
one per cen t o f the or ig inal t a rge t 
f i gu re , u p d a t e d f o r in f la t ion . 

FERMILAB 
New neutrino 
directions 

A f t e r t w o success fu l f i xed ta rge t 
T e v a t r o n runs in 1 9 8 5 and 1 9 8 7 , 
the p resen t neu t r ino p r o g r a m m e at 
Fermi lab has d r a w n t o a c lose w i t h 
the e x p e r i m e n t s agree ing w i t h each 
o the r and w i t h the fa i th fu l S tanda rd 
M o d e l . 

T h e l ong -s tand ing d i sc repancy in 
the neu t r i no -nuc leon reac t ion rate 
b e t w e e n s tud ies at CERN and Fer­
mi lab has been reso l ved . M u o n 
pa i rs , w i t h each part ic le car ry ing 
the same e lect r ic charge , n o w ap ­
pear at the p resc r i bed ra te , and the 
n e w 1 9 8 7 da ta shou ld g o on t o 
p rov ide i m p o r t a n t n e w i n fo rma t i on 
on the quark c o n t e n t (s t ruc ture 
func t i ons ) o f nuc léons . T h u s it w a s 
an app rop r i a te t i m e t o r ev i ew the 
da ta and examine poss ib i l i t ies f o r 
t he fu tu re in a ' N e w D i rec t ions in 
Neut r ino Phys ics at Fermi lab ' m e e t ­
ing last fa l l . 

T h e m e e t i n g g o t o f f t o a g o o d 
s ta r t w h e n Fermi lab D i rec to r Leon 
Lede rman s u g g e s t e d t h r o w i n g t h e ­
o r i s t s (and the i r adv ice) ou t the 
w i n d o w . Before c o m p l y i n g , subse ­
quen t speake rs c o v e r e d the resu l ts 
accumu la ted so far . In par t icu lar J . 
M o r f i n (Fermilab) l ooked f o r agree­
m e n t and d i sag reemen t a m o n g the 
var ious m e a s u r e m e n t s o f s t ruc tu re 
f u n c t i o n s . A S n o w m a s s s t u d y 
g r o u p has been se t up t o c o o r d i ­
nate s t ruc tu re f u n c t i o n da ta . 

Paul Langacker (Pennsylvania) 
l ooked at the theore t i ca l bas is f o r 
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V E T R E S I T . 
T h e c o m p l e t e a n s w e r . 



M I C A F I L c o m p o s i t e s . 
W h y no t benef i t f r o m o u r e x p e r i e n c e ? 

Adaptable material properties for specific applications 
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HIGH MECHANICAL ST RE 
Appropriate fibre alignments ensure 
maximum strength along main axes, 
even at temperatures from 4 K...15I 
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The new Italian Advanced Computer Project 
system in Fermilab's Computing Centre with 
some of its owner/users and support staff. 
Left to right, Gian Alimonti, Dario Menasce, 
Margharitta Vittone (Milan), Paul LeBrun, 
Chip Kali her, Arnaldo Valderrama, Peter 
Cooper and Jim Meadows (Fermilab Com­
puting Department/Research Division). 

neut r ino osc i l la t ions ( ins tead o f i m ­
mutab le neu t r ino t y p e s ) , po in t i ng 
ou t d i f fe ren t poss ib i l i t i es . 

The s e c o n d day e x a m i n e d n e w 
o p t i o n s . For an o ld n e w idea - a 
m u o n s to rage r ing as a neu t r ino 
sou rce - W . Lee (Columbia) d e s ­
c r ibed phys i cs poss ib i l i t ies and D. 
iNeuffer (Los A l a m o s ) p r e s e n t e d de ­
s ign p a r a m e t e r s , m e n t i o n i n g tha t 
the Fermi lab a n t i p r o t o n s o u r c e / d e -
buncher is a l ready near ly ideal . O t h ­
er speakers exam ined fu r the r f i xed 
ta rge t neut r ino phys i cs a p p r o a c h e s 
f o r Fermi lab and f o r t he n e w UNK 3 
T e V r ing be ing bui l t at S e r p u k h o v 
near M o s c o w . Return ing t o resu l t s , 
T . Ki tagaki (Tohoku) had n e w re­
su l ts on the 'EMC e f f ec t ' (the de ­
pendence o f s t ruc tu re f u n c t i o n s on 
the su r round ing nuclear e n v i r o n ­
ment ) f r o m the heavy- l iqu id bubb le 
chamber . The e f fec t is seen in ev­
en ts w i t h nuclear b reakup , bu t no t 
in cohe ren t reco i ls . 

The f inal day began w i t h s o m e 
ideas f o r long-base l ine osc i l la t ion 
j n e a s u r e m e n t s . J . B jo rken (Fermi-
fab) desc r i bed an inexpens ive t w o -
d is tance expe r imen t us ing the ear th 
as a ta rge t and f l ee ts o f d e t e c t o r 
t r u c k s p laced hund reds o f mi les 
f r o m each o the r and f r o m the neu­
t r ino sou rce . ' A n y i m p r o v e m e n t o f 
the l imi ts by a f a c t o r o f t e n , be it in 
m ix ing angle or m a s s , is w o r t h the 
e f f o r t , ' he c la imed . M . Kosh iba (To -
kai) l ooked at the poss ib i l i t ies o f a 
m e g a t o n w a t e r t a rge t . 

In a f inal sess ion d e v o t e d t o 
p lans and resu l ts at o the r Labo ra to ­
r ies, A . Capone (CERN) p r e s e n t e d a 
s ta tus repor t f r o m the C H A R M II 
co l l abora t ion at CERN, w h i c h has 
the i m p o r t a n t goa l o f m a k i n g p rec i ­
s ion m e a s u r e m e n t s in t he sca t te r ­
ing o f neu t r inos o f f e l ec t rons . 
B rookhaven t o o has a long and 
con t inu ing neu t r ino t r a d i t i o n , and S. 
A r o n s o n s k e t c h e d a fu tu re scenar ­
io. 

S u m m a r i z i n g , W . Marc iano 
s t r e s s e d the i m p o r t a n c e o f p rec i ­
s ion m e a s u r e m e n t s o f e l e c t r o w e a k 
m ix ing pa ramete rs and o f t e s t i n g 
osc i l la t ion l imi ts in as m a n y w a y s 
as poss ib le . 

Advanced computing 
from Italy 

A n e w A d v a n c e d C o m p u t e r Pro jec t 
(ACP) c o m p u t e r s y s t e m w a s re­
cen t l y c o m m i s s i o n e d at Fermi lab. 
Purchased by the Italian Nat iona l In­
s t i t u te f o r Nuclear Research (INFN) 
t h r o u g h the Un ivers i ty o f M i l an , 
w h i c h co l labora tes in the heavy 
quark p h o t o p r o d u c t i o n e x p e r i m e n t 
E - 6 8 7 , the n e w 2 5 - n o d e s y s t e m 
wi l l be o p e r a t e d by Fermi lab 's 
C o m p u t i n g D e p a r t m e n t f o r t he 
INFN. First t a rge t is analys is o f E-
6 8 7 da ta f r o m the la test f i xed ta r ­
ge t run . 

Th i s is the th i rd p r o d u c t i o n A C P 

s y s t e m on- l ine at Fermi lab. T h e s e 
th ree s y s t e m s , to ta l i ng 1 4 2 n o d e s , 
are used t o ana lyse recent da ta 
f r o m f i xed t a rge t s tud ies and f r o m 
the CDF e x p e r i m e n t runn ing at t he 
T e v a t r o n col l ider . 

E - 6 8 7 ' s la test ba tch o f 2 0 0 0 
da ta t a p e s w i l l require t he equ iva l ­
en t o f 2 4 A C P n o d e s w o r k i n g ful l 
t i m e f o r one year f o r p r imary da ta 
ana lys is . T o g e t h e r , recent da ta 
f r o m all t he f i xed ta rge t exper i ­
m e n t s p lus t ha t f r o m the cur ren t 
co l l ider run a m o u n t s t o abou t 
4 0 , 0 0 0 t a p e s , requi r ing 4 0 0 n o d e -
years . T h e largest s ingle c l ient , t he 
c h a r m e d h a d r o p r o d u c t i o n expe r i ­
m e n t E - 7 6 9 , has 1 0 , 0 0 0 t a p e s and 
requi res 1 7 0 node -yea rs t o c o m ­
ple te i ts f i r s t pass . A l l e x p e r i m e n t s 
plan t o use A C P s y s t e m s f o r at 
least the i r p r imary da ta ana lys is , 
and s o m e plan a lso t o run large de ­
t e c t o r s imu la t i on p r o g r a m s th is 
w a y . 

T h e A C P s y s t e m s are based o n 
a g r o u p o f m i c r o p r o c e s s o r s run ­
n ing in paral le l . Each node is a 
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When you choose Brandenburg International, 
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output powers between 3KW and 60KW, 
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/ s (GeV) 

The variation with collision energy of the ex­
ponential slope parameter (b) in the elastic 
scattering of protons off protons (circles) 
and antiprotons off protons (x), showing 
how the forward diffraction peak shrinks 
with increasing energy. 

single boa rd c o m p u t e r w i t h e i ther 2 
or 6 m e g a b y t e s o f m e m o r y . T h e 
2 5 node INFN s y s t e m , f o r e x a m p l e , 
has m o r e than half t he c o m p u t i n g 
p o w e r o f the p resen t Fermi lab 
V A X c luster . W h e n a c o m p u t a t i o n 
can be b roken in to m a n y sma l l , 
s imi lar t a s k s , as in t he ana lys is o f 
indiv idual e v e n t s , the A C P is a ve ry 
c o s t e f fec t i ve so lu t i on . O the r p r o b ­
lems are less we l l su i ted f o r A C P 
handl ing - t he t echn ique is no t ne­
cessar i ly a rep lacemen t f o r genera l 
p u r p o s e c o m p u t e r s . 

Six A C P cent ra l c o m p u t i n g s y s ­
t e m s w i t h a to ta l o f 4 0 0 n o d e s 
shou ld s o o n be avai lab le, b o o s t i n g 
Fermi lab 's cent ra l c o m p u t i n g t o a 
to ta l o f 3 0 0 V E Q ( V A X 1 1 / 7 8 0 
EQuivalents) v ia A C P s y s t e m s , w i t h 
5 5 V E Q on V A X s y s t e m s , and 1 2 0 
V E Q o n the A m d a h l 5 8 9 0 / 6 0 0 E , 
wh i l e the th ree Con t ro l Data Cyber 
1 7 5 s wi l l be d e c o m m i s s i o n e d . 

Desp i te a f i ve - fo ld increase in 
the pas t f e w yea rs , near ly all avai l ­
able c o m p u t i n g p o w e r is ear­
m a r k e d . H o w e v e r n e w e x p e r i m e n t s 
n o w be ing ana lysed cou ld no t have 
been c o n t e m p l a t e d w i t h o u t t he 
k n o w l e d g e tha t such large c o m p u t ­
ing resources w o u l d be avai lable. 
T h e s e resources have b e c o m e a 
t o o l f o r do ing phys i cs w h i c h 
c o u l d n ' t be d o n e be fo re . 

CERN 
Elastic scattering 

Elastic sca t t e r i ng , w h e n t w o co l l id ­
ing par t ic les appa ren t l y ' b o u n c e ' 
o f f each o the r like bi l l iard bal ls , 
m a y no t be the m o s t exc i t i ng w a y 
o f s t udy i ng p h y s i c s , bu t can never ­
the less p rov ide deep and ve r y sa ­
t i s f y ing ins igh ts in to t he bas ic p r in ­
c ip les gove rn i ng par t ic le behav iour . 

Part icular ly inc is ive resu l ts c o m e 

f r o m a c o m p a r i s o n o f the e last ic 
sca t te r i ng o f p r o t o n s on p r o t o n s 
w i t h t ha t o f p r o t o n s o n the i r an t i ­
m a t t e r c o u n t e r p a r t s , a n t i p r o t o n s . 

CERN's In te rsec t ing (p ro ton) 
S to rage Rings (ISR), c l osed in 
1 9 8 4 , hand led a n t i p r o t o n s f r o m 
1 9 8 1 , and w e r e able t o c o m p a r e 
p r o t o n - p r o t o n and p r o t o n - a n t i p r o ­
t o n behav iour ove r co l l is ion ener­
g ies f r o m 3 0 t o 6 2 GeV. 

N e w elast ic sca t te r ing resu l t s , 
f o r the p r o t o n - a n t i p r o t o n case 
on l y , r epo r t ed last year f r o m the 
U A 4 expe r imen t at CERN's p r o t o n -
a n t i p r o t o n col l ider ( Janua ry /Feb rua ­
ry 1 9 8 8 issue, page 3 2 ) , h in ted 
tha t s o m e t h i n g u n e x p e c t e d hap­
pens at co l l is ion energ ies a r o u n d 
5 4 6 GeV . These e f fec ts cou ld g o 
on t o b e c o m e even m o r e s p e c t a c u ­
lar at t he higher co l l is ion energ ies 
env i saged at fu tu re b ig p r o t o n c o l ­
l iders. 

In par t icu lar , the U A 4 resu l ts d o 
no t necessar i ly under l ine the p o p u ­
lar c la im tha t the d i f fe rence be ­
t w e e n p r o t o n and a n t i p r o t o n be ­
hav iour decreases at h igher ener­
g ies , t he t w o eventua l ly m e r g i n g 
t o g e t h e r . 

E s c h e w i n g these h igh ene rgy ho ­
r i zons , the U A 6 expe r imen t 
( C E R N / L a u s a n n e / M i c h i g a n / R o c k e -

fel ler co l labora t ion) uses CERN's 
p r o t o n - a n t i p r o t o n col l ider in a di f ­
f e ren t w a y . Ins tead o f t he s t o r e d 
p r o t o n and a n t i p r o t o n b e a m s hi t ­
t i ng each o the r , one b e a m hi ts a je t 
o f h y d r o g e n gas squ i r ted a c r o s s i ts 
p a t h , m a k i n g f o r a h igh co l l i s ion 
rate at a co l l i s ion ene rgy o f 2 4 . 3 
GeV (Apr i l 1 9 8 5 issue, page 1 0 2 ) . 
P r o t o n - p r o t o n co l l i s ions are a lso 
s t ud i ed . 

T h e e last ic sca t te r ing par t o f the 
expe r imen t rel ies on an array o f 
so l i d -s ta te d e t e c t o r s 8 5 c m f r o m 
the beam- je t i n te rsec t ion t o p ick up 
the p r o t o n s recoi l ing ou t o f t he gas 
je t (a t echn ique p ioneered at t he 
Jo i n t Ins t i tu te f o r Nuclear Research 
at Dubna near M o s c o w ) ins tead o f 
the m o r e conven t i ona l ' R o m a n Po t ' 
m e t h o d w i t h d e t e c t o r s p laced as 
near t he b e a m as poss ib le . 

Key pa rame te r s are b, t he ex­
ponent ia l fa l lo f f o f the sca t te r i ng 
s p e c t r u m a w a y f r o m its cent ra l 
m a x i m u m , and rho , the rat io o f t he 
real and imag inary par ts o f t he u n ­
der ly ing sca t te r i ng amp l i t ude . 

T h e U A 6 resu l ts t ie in w i t h t he 
conven t i ona l v i e w o f p r o t o n s and 
a n t i p r o t o n s , and d o no t m i r ro r t he 
U A 4 f i nd ings f r o m m u c h h igher e n ­
erg ies . T h e accura te m e a s u r e m e n t s 
are par t icu lar ly usefu l . 
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T H E V E N E T C L E R J O U N I E 

T R A N S I T I O N J U N C T I O N S ^ 
F O R C R Y O G E N I C , V A C U U M , N U C L E A R A N D SPACE A P P L I C A T I O N S 

U N I V E R S I T Y O F V I R G I N I A 
E X P E R I M E N T A L H I G H E N E R G Y P H Y S I C S 

ASSISTANT PROFESSORSHIPS 

The Department of Physics at the University of Virginia 
is seeking qualified appl icants for tenure track assistant 
professor posi t ions for an experimental high energy 
physics group n o w in the process of fo rmat ion . 

This group has a major involvement at Fermilab in hea­
vy f lavor physics in exper iment E705 and in beauty 
physics in experiment E 7 7 1 . 

They also have a s t rong interest in future beauty phy­
sics opt ions at both Fermilab and /o r the SSC. 
Candidates should have compat ib le research inter­
ests. 

Interested parties should submit a resume and the 
names of at least three references t o : 

Pro fessor M i c h a e l Fow le r , C h a i r m a n 
D e p a r t m e n t o f Phys ics 
J . W . B e a m s Labora to ry o f Phys i cs 
Un i ve rs i t y o f V i r g i n i a 
M c C o r m i c k Road 
Cha r l o t t esv i l l e , V i r g i n i a 2 2 9 0 1 

Phone: 8 0 4 / 9 2 4 - 3 7 8 1 

The University of Virginia is an equal opportunity 
employer. 

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

T H E V E N E T C L E R J O U N I E • D E P A R T E M E N T J O N C T I O N S T C 
C O N T A C T : M . A R M A N D PI N E T , C O N S U L T I N G E N G I N E E R 
22, A V E N U E F R A N K L I N - R O O S E V E L T • 69S17 V A U L X - E N - V E L I N 
C E D E X F R A N C E . T E L E P H O N E : ( 7 ) 8 4 9 . 5 4 . 6 4 - T E L E X 3 8 0 5 4 4 F 

Réactifs de laboratoire 
(Analyse - Synthèse - Biologie etc.) 

Produits chimiques industriels 

Distributeur agréé de 

Fluka Chimie Fine 
Société mondialement connue 

Gamme très complète de produits inorganiques et organiques de haute qualité. 
Prix très compétitifs avec de plus des rabais de quantité. 

Spécialités: Dérivés de Silicium - Chelates - Catalyseurs, etc. 

Ventron Alfa Products 

Research chemicals and Materials 

Organics 
Inorganics 

Organo Metallic 
Analytical standards 

Pure Metals and Alloys 
Research grade gases 

Electronic grade chemicals 
Materials 

•AROlJf)F f)F SUISSF E LOTTI s a 
Tel. 022 42 57 65 66 
Telex 429 382 Loti CH 
Télégramme LOTICHIM 

. W e a r e m a n u f a c t u r e r s o f p u r p o s e 

bu i l t v e e c l a m p s , s p e c i a l l y p r o d u c e d in a 

r a n g e o f m a t e r i a l s t o s u i t v a r i o u s 

s t r e n g t h s , t e m p e r a t u r e s , w e i g h t s o r c o r r o s i v e 

r e s i s t a n t c h a r a c t e r i s t i c s . 

Illustrated is a heavy duty stainless steel 
and aluminium vacuum chamber vee clamp supplied by 

Smith & Johnson (Keighley) Limited to CERN. 

Smith & Johnson (Keighley) Limited 
Goulbourne Street, Keighley, Yorkshire, BD21 1PJ 

Telephone (0535) 6 6 5 1 8 1 / 2 / 3 / 4 • Telex 517420 
• Fax (0535) 665185 
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Collaboration between the German firm Hans 
Wiener and CERN in the development of 
switching power supplies such as this quick­
ly led to other power supplies for industrial 
applications. 

Electronics develop­
ment with industry 

A s h igh l igh ted in the specia l N o ­
v e m b e r 1 9 8 8 issue o f the CERN 
Courier, the role o f h igh ene rgy 
phys i cs as a ca ta lys t f o r i ndus t r y is 
b e c o m i n g increas ing ly i m p o r t a n t . In 
t he w a k e o f s t r i ngen t d e m a n d s f o r 
s ize, p e r f o r m a n c e , p rec i s i on , h igh 
da ta ra tes , e t c . , t e c h n o l o g y is 
p u s h e d t o n e w l im i ts , and sp ino f f 
bene f i t s f r o m the resu l tan t n e w ex­
per t i se are f r equen t l y qu ick t o f o l ­
l o w . 

Playing a specia l role in th is in­
dustr ia l co l l abora t ion is the T e s t 
and I ns t r umen ta t i on Group o f 
CERN's Exper imenta l Phys ics D iv i ­
s i on , t ak ing care o f manu fac tu r i ng 
d e v e l o p m e n t , and p r o t o t y p e and 
p r o d u c t i o n t es t i ng f o r n e w elec­
t r on i cs e q u i p m e n t , t o g e t h e r w i t h 
the ma in tenance o f a poo l o f 
3 8 , 0 0 0 e lec t ron ics i ns t r umen ts f o r 
phys i cs needs . 

A s n e w requ i remen ts e m e r g e , 
manu fac tu re rs are inv i ted t o t ende r 
on the bas is o f spec i f i ca t ions 
d r a w n up by CERN. D e v e l o p m e n t 
w o r k is d o n e part ia l ly at CERN, 

w h e r e spec ia l i s ts f r o m indus t ry are 
f ree t o w o r k in an equ ipped labora­
t o r y rese rved f o r t he p u r p o s e , and 
manu fac tu re rs can benef i t f r o m the 
avai labi l i ty at CERN o f soph i s t i ca ted 
i n s t r u m e n t s such as high s p e e d 
t rans ien t r e c o r d e r s , au toma t i c t e s t 
reg is te rs , f as t d ig i t i zers , and c l imat ­
ic c h a m b e r s . • 

Pro jec ts inc lude fas t e lec t ron ics 
f o r N IM and Camac s y s t e m s 
(CAEN, I ta ly) , h igh and l o w vo l t age 
supp l ies (Nove lec , F rance ; and 
CAEN) , and c ra tes f o r N I M , Camac , 
Fas tbus , and m o r e recent ly V M E 
m o d u l e s (Grenson , U K ; W E S , 
W i e n e r , G e r m a n y ; Pulsar, I ta ly ; 
OSL, France). Fas tbus supp l ies are 
par t icu lar ly in d e m a n d f o r n e w phy ­
s ics e x p e r i m e n t s . 

Recent e x a m p l e s o f jo in t deve l ­
o p m e n t p ro jec t s inc lude a mu l t i ­
channe l ana lyser (Si lena, I taly), a 
p r o g r a m m a b l e log ic unit (CAEN) 
and a s w i t c h i n g supp l y f o r use w i t h 
Camac ( W E S , W i e n e r ) . In th is w a y 
European indus t ry is s t imu la ted t o 
c o m p e t e w i t h o the r w o r l d m a r k e t s . 

New route 
to electron emission 

A n e w t y p e o f e lec t ron b e a m 
sou rce is under d e v e l o p m e n t by a 
C E R N / K a t o w i c e / S a l o n i k i t e a m 
look ing at fe r roe lec t r i c c rys ta ls 
(such as ba r ium t i tanate) or c e r a m ­
ics (such as PLZT) w h o s e t i ny uni t 
cell d ipo les line up t o p rov ide a 
s t r o n g e lect r ic po lar iza t ion f ie ld . 
Th is g i ves unpa i red pos i t i ve and 
negat i ve e lect r ic cha rges on o p p o ­
s i te f aces o f t he c r ys ta l , no rma l l y 
m a s k e d by sc reen ing e f f ec t s , bu t 
the t e a m has s h o w n tha t if t he p o ­
lar izat ion d i rec t i on is rap id ly 
s w i t c h e d us ing h igh vo l t age pu lses , 
the sc reen ing has no t i m e t o ge t 
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In the control room of the new BEPC Beijing 
Electron-Positron Collider at the Institute of 
High Energy Physics - left to right, former 
Institute Director Ye Minghan, new Director 
Fang Shouxian and Vice-Director Chen Shen-

gyu. 

es tab l i shed and local excess sur­
face charges can a t ta in a t h e o r e t i ­
cal l imit o f 1 Cb per s q . m . 

W i t h no th ing ho ld ing t h e m back , 
e lec t rons are expe l led and acce ler ­
a ted f r o m the sur face by t h e m ­
se lves - ne i ther heat ing ( thermion ic 
e f fec t ) , nor i l luminat ion (pho toe f -
f e c t ) , nor externa l ex t rac t i on f ie lds 
are needed and p r imary in to b e a m 
energy c o n v e r s i o n e f f i c iency is be ­
t w e e n 1 and 10 % ! Beam charac­
te r i s t i cs can be con t ro l l ed w i t h i n 
w i d e l imi ts by the t y p e o f ma te r ia l , 
i ts g e o m e t r y and the app l ied h igh 
vo l t age pu lses as we l l as by ex te r ­
nal f ie lds . T h e s e e lec t ron b e a m s 
have been rep roduc ib l y gene ra ted 
in t w o d i f fe ren t expe r imen ta l se t ­
ups . 

P rov ided s w i t c h i n g t i m e s can be 
s h o r t e n e d t o the s u b n a n o s e c o n d 
range , the n e w sou rce m a y readi ly 
m e e t the requ i remen ts o f h igh in ­
t ens i t y b e a m sou rces f o r poss ib le 
n e w m u l t i - T e V l inacs. A n o t h e r ap ­
p l ica t ion at CERN is t he d e v e l o p ­
m e n t o f an e l e c t r o n - b e a m - t r i g g e r e d 
h igh p o w e r s w i t c h . T h e avai labi l i ty 
o f h igh p o w e r e lec t ron b e a m s 
cou ld a lso g o o n t o m a k e a s u b -

Electron emission from a ferroelectric crys­
tal. The upper trace shows three electron 
current pulses measured on a transparent 
grid charged to -20 (smallest negative 
pulse), -10 and 0 volts. The total emitted 
charge is 0.4 Cb/sq. m, about a third of the 
spontaneous polarization in the crystal. Ver­
tical divisions represent 0.05A, horizontal 
divisions 200ns. 

stant ia l impac t in i ndus t ry , and fe r ­
roe lec t r ic e lec t ron em iss ion in ­
d u c e d by the impac t o f h igh ene rgy 
par t ic les m a y a lso be o f in te res t f o r 
f as t , h igh reso lu t ion par t ic le d e t e c ­
t o r s . 

BEIJING 
Luminosity and people 

S o o n af ter the f i rs t e l ec t r on -pos i ­
t r o n co l l i s ions w e r e ob ta i ned in t he 
2 4 0 m e t r e s to rage r ing o f t he n e w 
BEPC Bei j ing E lec t ron-Pos i t ron Co l ­
l ider ( N o v e m b e r issue, page 4 1 ) , 
t he 1.6 G e V b e a m s a t ta ined a l um i ­
nos i t y (a measure o f the co l l i s ion 
rate) o f 8 x 1 0 2 8 , w i t h v a c u u m be t ­
te r t han 10~ 9 t o r r . T h e nex t s t e p is 
t o b o o s t t he b e a m energy t o a b o v e 
2 GeV and the l um inos i t y t o 1 0 3 1 

ready f o r phys i cs a round the J / p s i 
r esonance . 

A de lega t ion o f Chinese leaders . 

inc lud ing Deng X i a o p i n g , v i s i ted 
the cen t re o n 2 4 O c t o b e r , j us t a f ter 
the f i r s t t e s t t r a c k s w e r e r e c o r d e d 
in t he n e w Bei j ing S p e c t r o m e t e r . 

T h e D i rec to ra te o f the Bei j ing In­
s t i t u te o f High Energy Phys ics 
(IHEP) has a lso been c h a n g e d . T h e 
t e a m under D i rec to r Y e M i n g h a n , 
w i t h V i ce -D i rec to r s X ie J ia l in , Fang 
Shoux ian and Z h a n g Houy in , 
n a m e d in February 1 9 8 4 , has ove r ­
seen the bu i ld ing o f BEPC, i ts suc ­
cess fu l o p e r a t i o n acco rd ing t o 
schedu le and w i t h i n the a l loca ted 
b u d g e t o f 2 4 0 mi l l ion yuan (about 
6 4 mi l l ion US do l lars) . Y e M i n g h a n 
and f o r m e r V i ce -D i rec to r X ie Jial in 
re turn t o research at the ins t i tu te . 
N e w D i rec to r is Fang Shoux ian , 
wh i l e n e w V i ce -D i rec to r s are Chen 
S h e n g y u (head o f BEPC), Z h e n g 
Z h i p e n g (head o f exper imen ta l h igh 
ene rgy phys i cs ) , X u S h a o w a n g 
(head o f d e v e l o p m e n t and p r o d u c ­
t i on ) , Li D e z h o n g (head o f adm in i s ­
t ra t ion) and M a T o n g j u n (head o f 
genera l s u p p o r t ) . 
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Oak Ridge's Holifield tandem accelerator, 
23.8 m high and with an active accelerating 
length of 16.5 m, has achieved a record ter­
minal voltage of 25.5 MV. 

In his inaugural s p e e c h , t he n e w 
D i rec to r l ooked ahead t o t he ex­
p lo i ta t ion o f the n e w mach ine , cal l ­
ing f o r Ins t i tu te s ta f f ' t o be u n i t e d , 
d e m o c r a t i c , h a r d - w o r k i n g and e n ­
te rp r i s ing t o bui ld IHEP in to a re­
search ins t i tu te o f in ternat iona l 
s t a n d a r d ' . 

SOVIET UNION 
Applications 
of accelerators 

A p p l i c a t i o n s o f t he t e c h n o l o g i e s 
e m e r g i n g f r o m par t ic le phys i cs 
have rece ived ex tens i ve CERN 
Courier cove rage in recen t 
m o n t h s , w i t h examp les f r o m Lab­
o ra to r ies in W e s t e r n Europe , t he 
U S A and J a p a n . Impress i ve e x a m ­
ples f r o m the Sov ie t Un ion c a m e in 
a ta lk at CERN by Igor M e s h k o v o f 
t he Ins t i tu te o f Nuclear Phys ics in 
N o v o s i b i r s k . 

Novos ib i r sk has a h i s to ry o f p r o ­
v id ing acce le ra to rs f o r use in S o ­
v ie t i ndus t ry da t ing back t o t he 
1 9 6 0 s and the insp i red leadersh ip 
o f Gersh Budker . A t p resen t t he re 
are t w o p o w e r f u l e lec t ron b e a m 
acce le ra to rs on t he m a r k e t each 
p rov i d i ng up t o 2 M e V b e a m ener ­
gy . One is a DC mach ine , ca l led 
ELV, p r o d u c e d under R. S a l m i n o v ; 
t he o the r is a pu lsed mach ine , 
cal led ILV, p r o d u c e d under V . A u s -
lander. A b o u t e igh ty o f t hese m a ­
ch ines have been m a d e . (A s imi lar 
n u m b e r o f e lec t ron mach ines o f d i f ­
f e ren t des ign have been p r o d u c e d 
at t he E f r e m o v Ins t i tu te in Len in ­
grad. ) 

Ma jo r app l i ca t ions are in rad i ­
a t ion mod i f i ca t i on o f p o l y m e r s , 
po l ymer i za t i on , gra in s te r i l i za t ion , 
and the c lean ing o f chemica l c o n ­
t a m i n a t i o n in coo l i ng w a t e r . A p p l i ­

ca t i ons under d e v e l o p m e n t inc lude 
the harden ing o f s tee l and i r on , t he 
s u p e r p o s i t i o n o f a p ro tec t i ve layer 
by d i f fus ing o the r meta l p o w d e r s 
in to s tee l , pur i f i ca t ion o f gases , 
specia l me l t i ng and w e l d i n g t e c h ­
n iques , and the p r o d u c t i o n o f m i n ­
ute ho les in ce ramics f o r the e lec­
t r on i cs i ndus t ry us ing ' need le ' e lec­
t r o n b e a m s . 

A n ion b e a m mach ine o f s imi lar 
d e s i g n , cal led LUI , has had i ts f i r s t 
t e s t s and w i l l be p r o d u c e d f o r in ­
dust r ia l use in ion imp lan ta t i on and 
the fab r i ca t i on o f n e w mater ia ls . 

T o push the app l i ca t ion o f acce l ­
e ra to r t e c h n o l o g i e s a Cent re o f 
Phys ics A p p l i c a t i o n s f o r Indus t ry 
has been se t up at L ipe tsk . Th i s is 
in assoc ia t i on w i t h the Novos ib i r s k -
S e r p u k h o v p ro jec t a im ing f o r e lec­
t r o n l inear co l l iders p rov id ing mu l t i -

T e V ( t housands o f GeV) energ ies 
( Janua ry /Feb rua ry 1 9 8 8 , page 3 ) . 
A r ecen t i nnova t i on is a cou rse o n 
par t ic le b e a m t e c h n o l o g i e s be ing 
g iven at t he L ipe tsk Po ly techn ic In­
s t i t u te . 

OAK RIDGE 
25.5 megavolts 
Last S e p t e m b e r , t he Hol i f ie ld Heavy 
Ion Research Faci l i ty t a n d e m acce l ­
e ra to r at Oak Ridge ach ieved a 
w o r l d r eco rd te rm ina l vo l t age o f 
2 5 . 5 M V , and o p e r a t e d f o r an ex­
pe r imen t at 2 5 M V . 

T h e i m p r o v e d vo l t age resu l ts p r i ­
mar i ly f r o m the insta l la t ion o f ' c o m ­
p ressed g e o m e t r y ' acce le ra t ion 
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One of the many hazards proton beams 
have encountered. 

t u b e s , the c o m p o n e n t s used in t he 
or ig inal t u b e s hav ing been recon f i ­
gu red t o increase the rat io o f insu­
lator length t o to ta l acce lera t ion 
leng th by 1 7 % . 

Used alone and as an in jec tor f o r 
Oak Ridge 's I soch ronous Cyc lo ­
t r o n , the Hol i f ie ld t a n d e m p lays an 
i m p o r t a n t role in t he L a b o r a t o r y ' s 
w i d e range o f a t o m i c and nuclear 
phys i cs s tud ies . It w o u l d a lso in ject 
in to the H ISTRAP heavy ion s y n ­
c h r o t r o n , s to rage r ing and coo le r 
p r o p o s e d f o r Oak Ridge. 

ACCELERATORS 
A fast clip 

M a n y part ic le phys i cs Labora to r ies 
a round the w o r l d have n e w m a ­
ch ines , b o t h large and sma l l , under 
c o n s t r u c t i o n and w h i c h , like 
CERN's LEP e lec t ron -pos i t r on c o l ­
l ider, shou ld s o o n be ready f o r 

c o m m i s s i o n i n g . 
T h u s the recent course 'Obse r ­

v a t i o n , D iagnos is and Cor rec t ion o f 
Part icle B e a m s ' , o rgan ized by the 
Jo i n t US-CERN Part icle A c c e l e r a t o r 
Schoo l in Capr i , I taly, f r o m 2 0 - 2 6 
O c t o b e r rece ived enthus ias t ic sup ­
po r t . 

The success fu l c o m m i s s i o n i n g 
and ope ra t i on o f a n e w mach ine re­
qu i res a b lend o f g o o d t e c h n o l o g y 
f o r i n s t r umen ta t i on , exper ience f o r 
i n te rp re ta t i on , and t heo ry f o r co r ­
rec t ion s t ra teg ies . In th is w o r k the 
human e lement is ve ry i m p o r t a n t , 
as i l lus t ra ted by Gus V o s s o f DESY 
us ing severa l anecdo tes . 

He recal led h o w m a n y years ago 
the b e a m at CERN's PS p r o t o n 
s y n c h r o t r o n w a s mys te r i ous l y los t 
in m i d - r a m p . By careful b e a m 
s tee r i ng , the o f fend ing o b s t r u c t i o n 
w a s loca ted and the v a c u u m c h a m ­
ber o p e n e d t o reveal a paper c l ip , 
w h i c h had been r is ing in the m a g ­
net ic f i e ld , eventua l ly in te r rup t ing 
the b e a m . 

A p p a r e n t l y a samp le o f s o m e 
n o w - f o r g o t t e n mater ia l had been 
p repared f o r s o m e equal ly f o r g o t ­
t en t e s t s inside the PS v a c u u m 
chamber . T h e sheet o f paper p in ­
ned t o t he sample s imp ly said 'Put 
th is in t he v a c u u m chambe r - H.G. 
H e r e w a r d ' , and such w a s the a w e 
insp i red by th is name tha t the o r d -

A good turnout for the Joint US-CERN Parti­
cle Accelerator School course at Capri. 

er w a s carr ied ou t p rec ise ly ! 
The CERN Acce le ra to r Schoo l 

n o w tu rns i ts a t t en t i on t o i ts nex t 
cou rse . S y n c h r o t r o n Radiat ion and 
Free E lec t ron Lasers , t o be held in 
Ches ter , UK, f r o m 6 - 1 3 A p r i l . 
Fur ther deta i ls f r o m M r s . S. v o n 
W a r t b u r g , LEP Div is ion , CERN, 
1 2 1 1 Genevcf 2 3 , o r b i tne t 
C A S D A R S at C E R N V M . 

DARMSTADT 
Christoph Schmelzer 
80 

On 2 4 N o v e m b e r , a f ter an even t at 
the GSI (Gesel lschaf t fur S c h w e r -
ionen fo rschung) Labo ra to ry , D a r m ­
s t a d t , t o mark his 8 0 t h b i r thday , 
Chr i s toph Schmelzer pushed the 
b u t t o n t o in ject nuclear par t ic les 
t h r o u g h a n e w t rans fe r line in to 
GSI 's n e w SIS heavy ion s y n c h r o ­
t r o n (Oc tober 1 9 8 8 issue, page 
2 7 ) , schedu led f o r c o m m i s s i o n i n g 
f r o m A p r i l . In th is w a y he w a s able 
t o span t w o genera t ions o f GSI 
ope ra t i ons - f r o m 1 9 7 6 , his UNI -
L A C (Universal Linear Acce le ra to r ) 
has p r o v i d e d a c o m p l e t e range o f 
nuclear par t ic le b e a m s f o r exper i ­
m e n t s . (The o the r s tage o f GSI 's 
n e w ins ta l la t ions , the ESR exper ­
imenta l s t o rage r ing , shou ld be 
c o m m i s s i o n e d in 1990 . ) 

A t the GSI c e r e m o n y , Schmelzer 
w a s w e l c o m e d by Paul Kienle, and 
CERN Counci l Pres ident J o s e f 
Rembser b r o u g h t g ree t ings f r o m 
the German M in i s t r y o f Research 
and T e c h n o l o g y , reading f r o m a 
le t ter f r o m Min is te r Heinz Riesenhu-
ber. Other speakers under l ined 
Schme lze r ' s p ioneer con t r i bu t i ons 
t o GSI and his role as a sc ien t is t 
and lecturer . 

Before f o u n d i n g GSI and b e c o m ­
ing i ts f i rs t D i rec to r , Schmelzer 
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L B 

FIVE YEAR F E L L O W S H I P 
I N N U C L E A R PHYSICS 

LAWRENCE BERKELEY LABORATORY'S Nuclear Science 
Division has a position open as Divisional Fellow for a 
person with outstanding promise and creative ability and 
an interest in experimental heavy-ion nuclear physics. 

. Thecentralfocusofthe Division's research program isthe 
production and study of nuclear matter at extreme con­
ditions; specific programs including: the investigation of 
heavy-ion collisions at low, medium and very high inci­
dent energies; nuclear structure studies, production and 
characterization of exotic nuclei and nuclear 
astrophysics. 

This research is carried out at LBL's Bevalac and 88-inch 
Cyclotron accelerators and accelerators at other labora­
tories. Instrumentation development is an integral part of 
the research program; for example, a TPC now under 
construction is expected to provide significant new 
research opportunities at the Bevalac. 

Candidates with a background in either nuclear or high-
energy physics or nuclear chemistry are welcome. The 
appointment will be for a term of five years with the 
intention of promotion to a senior staff position. 

Applicants are requested to submit a curriculum vita, list 
of publications, statement of research interest, and the 
names of three references (Specify Job B/5015), as early 
as possible and before the closing date of March 31,1989, 
to: T.J.M. Symons, Director, Nuclear Science Division, c/o 
Employment Office, 90-1042, #1 Cyclotron Road, Berkeley, 
CA 94720. We are an equal opportunity employer, M/F/H. 

L A W R E N C E 
B E R K E L E Y 
L A B O R A T O R Y 

T R I U M F 
MESON RESEARCH FACILITY 

University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competition # 580-118 

RADIO-FREQUENCY 
ENGINEER 

TRIUMF requires a Radio-Frequency Engineer for design and 
development of rf systems. The work involves both the upgra­
ding of existing systems and the creation of new apparatus, 
wi th strong emphasis on system reliability. 
These systems cover the range f rom less than 100 wat ts to 
1800 k W rf power output in the frequency range of 1 1.5 to 
92 MHz. All systems are highly regulated in voltage, frequency, 
and phase by means of high-performance control systems. 
Experience wi th high-power vacuum-tube amplifiers, as well 
as solid-state amplifiers is required. In addit ion, familiarity w i th 
cavity resonators arid precision control systems (both analog 
and digital) is necessary. 
Minimum requirements are a degree in Electrical Engineering 
and at least five years' related experience in a large research or 
industry environment. 
Please reply in wr i t ing, outlining qualifications and experience, 
wi th names of three referees t o : T R I U M F Personnel (Com­
p e t i t i o n 5 8 0 ) , 4 0 0 4 W e s b r o o k M a l l , Vancouver , B.C. 
C A N A D A , V 6 T 2 A 3 . 
Closing date for applications is February 2 8 , 1 9 8 9 . 
W e offer equal employment opportunit ies to 
qualified male and female applicants. 

DIRECTOR 
F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y 

The Fermilab Board of Overseers of Universities 
Research Association, Inc., (URA) has init iated a search 
for a n e w Director of t he Fermi Nat ional Acce le ra to r 
Laboratory. The posit ion will b e ava i lab le July 1,1989. 
The Search C o m m i t t e e is n o w in t he process of 
assembling a list of suitable cand ida tes a n d we lcomes 
appl icat ions a n d nominat ions f rom the commun i t y of 
high energy physicists. Commun ica t ions a n d resumes, 
wh ich must b e rece i ved by February 15,1989, should 
b e sent to : 

Dr. Harold K. Ticho, Cha i rman 
Search C o m m i t t e e 
Universities Research Associat ion, Inc. 
Suite 4 0 0 
1111 19th S t ree t N.W. 
Washington, D.C. 2 0 0 3 6 

URA is a n a f f i rmat ive a c t i o n / e q u a l oppor tun i t y 
employer . 

UNIVERSITY OF SOUTH CAROLINA 

Faculty Positions in 
HIGH ENERGY PHYSICS 

The D e p a r t m e n t o f Phys ics at t he Un ive rs i t y o f 
S o u t h Carol ina inv i tes app l i ca t i ons f o r t w o t enu re -
t rack p o s i t i o n s in t he area o f expe r imen ta l h igh 
energy phys i cs . T h e p o s i t i o n s are at the ass is tan t 
p r o f e s s o r level a l t hough a p p o i n t m e n t at a h igher 
level m a y be c o n s i d e r e d f o r an excep t iona l l y qual i ­
f ied cand ida te . T h e S o u t h Carol ina h igh ene rgy 
g r o u p cu r ren t l y pu rsues e + e" co l l ider phys i cs at 
KEK's TRISTAN r ing us ing the A M Y d e t e c t o r and an 
expe r imen t o n cha rm less t w o - b o d y B° decays at 
Fermi lab. T h e o n g o i n g p r o g r a m s w o u l d w e l c o m e 
n e w m e m b e r s , bu t cand ida tes w i t h o the r research 
in te res ts w i l l a lso be c o n s i d e r e d . A p p l i c a n t s shou ld 
s u b m i t a cu r r i cu lum v i tae and pub l i ca t ions l ist , a 
s t a t e m e n t o f research i n te res t s , and the n a m e s o f 
p ro fess iona l re fe rences t o 

P r o f . F r a n k T . A v i g n o n e , 
I I I , C h a i r m a n , 
D e p a r t m e n t o f P h y s i c s a n d 
A s t r o n o m y 
U n i v e r s i t y o f S o u t h C a r o l i n a 
C o l u m b i a , S C 2 9 2 0 8 

The University of South Carolina is an Affirmative 
Action / Equal Opportunity employer and solicits 
applications especially from qualified women and 
minorities. 
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The outer cylindrical shell of the liquid argon 
calorimeter slides into the magnet coil of the 
SLD detector at Stanford prior to insertion 
of another, smaller, shell and then the calori­
meter itself (see below). 

p layed an i m p o r t a n t role in t he p re ­
para t ions at CERN f o r the PS p r o ­
t o n s y n c h r o t r o n in the 1 9 5 0 s . In 
t he 1 9 6 0 s he w a s D i rec to r o f Hei ­
d e l b e r g ' s Ins t i tu te o f A p p l i e d Phy­
s i cs , w h e r e he se t up a s t u d y 
g r o u p t o prepare the g r o u n d f o r the 
UN ILAC. 

STANFORD 
Final SLD assembly 

A l m o s t t w o years a g o , 2 5 0 0 t o n s 
o f p re fab r i ca ted s tee l p ieces d e s ­
t i ned f o r the S t a n f o r d Linear A c c e l ­
e ra to r Center (SLAC) qu ie t l y e n ­
t e r e d San Franc isco Bay a b o a r d the 
sh ip Ruth Lykes . A b o u t six m o n t h s 
later , a 1 0 0 - t o n 6 - m e t r e a lum in ium 
coi l c a m e t rund l ing t h r o u g h Palo 
A l t o on a specia l t r u c k , headed f o r 
t he same des t i na t i on . 

By early 1 9 8 8 the coi l and 
hund reds o f s tee l par ts had been 
a s s e m b l e d in to t w o a rches , a bar­
rel and t w o e n d c a p s , m a k i n g a fair­
ly c o m p l e t e d e t e c t o r shel l f o r SLD, 
a n e w , s ta te -o f - t he -a r t d e t e c t o r be ­
ing bui l t f o r the SLC S t a n f o r d Linear 
Col l ider. Final a s s e m b l y has n o w 
begun o f the separa te c o m p o n e n t s 
ins ide th is shel l . 

Last year the e n d c a p s w e r e 
c losed on the barrel t o c o m p l e t e 
the i ron y o k e f o r SLD m a g n e t t e s t s 
- t he 6 -k i l ogauss f ie ld w a s f o u n d 
t o be m o r e un i f o rm than e x p e c t e d . 
T h e a lum inum co i l , p o w e r e d by 
6 6 0 0 a m p s at 5 m e g a w a t t s , e n ­
c loses all t he inner c o m p o n e n t s o f 

In the SLD pit, the liquid argon calorimeter 
(foreground) and its outer jacket await inser­
tion into the SLD magnet yoke (rear). 

(Photos SLAC) 
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People and things 

t he d e t e c t o r so as no t t o in ter fere 
w i t h the de tec t i on o f par t ic les p r o ­
d u c e d in SLC's e l e c t r o n - p o s i t r o n 
co l l i s ions . 

Each sec t i on o f the o c t a g o n a l 
s tee l barrel su r round ing the coi l is a 
w e l d - u p o f f ou r t een 5 c m - t h i c k 
s tee l p la tes w i t h 2 . 5 c m g a p s , each 
pilled w i t h f la t l im i ted -s t reamer 
c h a m b e r s t o de tec t pene t ra t i ng 
m u o n s and measure r e m n a n t s o f 
s h o w e r s f r o m the large l iquid a rgon 
ca lo r imete r . Th is s y s t e m t o g e t h e r 
w i t h ana logous c o m p o n e n t s in t he 
t w o e n d c a p s has a l ready been in ­
s ta l led . 

Once the large l iquid a r g o n ca lo ­
r imete r is c o m p l e t e l y insta l led by 
s p r i n g , the cy l indr ica l shel l o f t he 
Che renkov r ing- imag ing d e t e c t o r 
s l ides in , f o l l o w e d by the 2 - m e t r e 
d iame te r cent ra l dr i f t c h a m b e r . T h e 
i n n e r m o s t de tec t i on s y s t e m is t he 
ve r tex d e t e c t o r , t w o cy l indr ica l 
layers o f cha rge -coup led dev i ces 
(CCDs) a b o u t the size o f a t in can . 

T h e SLD co l l abo ra t i on , c o m ­
p o s e d o f ove r 2 0 0 phys i c i s t s and 
eng ineers f r o m S L A C and 3 0 re­
search cen t res in the Un i ted S t a t e s , 
I ta ly, Canada, the UK, and J a p a n , 
e x p e c t s t o c o m p l e t e the d e t e c t o r 
by the end o f 1 9 8 9 . 

During his recent trip, the distinguished So­
viet physicist Andrei Sakharov (centre) stop­
ped off in Paris, where his engagements in­
cluded an informal meeting with some mem­
bers of the French Adademy of Sciences. 
Left, with their backs to the camera, are ma­
thematician Henri Cartan and physicist Yuri 
Orlov. Right, mathematician Laurent 
Schwartz (seated), and physicist André 
Gui nier. The woman on Sakharov's right is 
an interpreter. 

(Photo André Martin) 

USSR Academy of Sciences 

The USSR Academy of Sciences 
has elected CERN Director General 
Carlo Rubbia, together with Sam 
Ting, leader of the L3 experiment 
for CERN's new LEP electron-posi­
tron collider, Wolfgang (Tief ) Pa-
nofsky, former Director of SLAC, 
and Zhou Guangzhao, Director of 
the Academia Sinica, Beijing, as 
Foreign Members. 

(below and page 1), Council Presi­
dent Josef Rembser announced 
that Federal German President Ri­
chard von Weizsàcker had 
awarded Schopper the Comman­
der's Cross of the Order of Merit of 
the Federal Republic of Germany 
(Grosses Verdienstkreuz des Ver-
dienstordens der Bundesrepublik 
Deutschland). 

CERN elections and appointments 

Honours for Schopper] 

Former CERN Director General Her-
wig Schopper has been awarded 
an honorary doctorate by Moscow 
State University for 'outstanding 
contributions to the development 
of high energy physics and further­
ing the cooperation between the 
USSR and CERN....'. 

At the conclusion of the Decem­
ber session of the CERN Council 

At its meeting in December, CERN 
Council elected A m finn Graue (Nor­
way) as Chairman of Finance Com­
mittee, replacing Jan Bezemer (Ne­
therlands). Georges Via nés (France) 
was appointed Director of Admin­
istration for three years, while 
André Naudi was appointed Head 
of Finance Division and David Wil­
liams as Head of Data Handling Di­
vision, both for one year, succeed­
ing Marcel Lazanski and Paolo Za-
nella respectively. 
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4, 
A C C E L E R A T O R S C I E N T I S T S A N D E N G I N E E R S 
Argonne National Laboratory will be entering the construction phase of its 7-GeV Advanced Photon Source (APS) Project. The 
APS is a state-of-the-art synchrotron x-ray source optimized to produce insertion-device radiation. APS accelerator facilities 
comprise a 7-GeV low-emittance positron storage ring 1100 m in circumference, a 7-GeV synchrotron, a 450-MeV positron 
accumulator ring, a 450 -MeV positron linac, and a 200-MeV electron linac. The challenges of building the facility offer great 
potential for professional g rowth for scientists and engineers in the fol lowing areas: 

ACCELERATOR SCIENTISTS 
Several positions at various appointment levels are available for candidate wi th experience and interest in accelerator design, 
including computer simulation of beam dynamics, calculation of coupling impedance and collective effects, particle tracking 
simulation, lattice design, vacuum and surface physics, beam diagnostics, and magnetics and magnet design. Appointment 
level will depend on the candidate's experience. Entry-level or postdoctoral positions will be available. 

ELECTRICAL ENGINEERS 
T w o senior positions are available, requiring an advanced engineering degree and at least ten years' experience in design and 
construction of large particle accelerators. W o r k experience in accelerator-type magnets and/or power supplies is highly 
desirable. W e also have several positions requiring BSEE and a minimum of five years' experience in the fol lowing areas: 
• Design and power electronics • Mult i -ki lowatt power supplies • Low-level fast electronics • Beam diagnostics. 

MECHANICAL ENGINEERS 
A senior-level position is available, requiring an advanced ME degree at least ten years' experience in mechanical engineering 
aspects, such as ultra-high vacuum and structural design, of the design and construction of large particle accelerators. W e 
also have several openings requiring a BSME and a minimum of five years' experience in the fol lowing areas: 
• Survey and alignment techniques • Ultra-high vacuum systems • Mechanical design of magnets •» Shop fabrication 
practices. 

You will receive a competit ive salary and a superior benefits package which includes medical/dental insurance, 9 % contri­
bution to your retirement annuity, 24 days paid vacation, and 10 paid holidays each year. Please forward your resume in 
confidence t o : R.A. JOHNS, Appointment Officer 

Box J-APS-88, Employment and Placement 
ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 
USA - ARGONNE IL 60 439 

Argonne is an equal opportunity/affirmative action employer. 

U N I V E R S I T Y O F V I R G I N I A 
E X P E R I M E N T A L H I G H E N E R G Y P H Y S I C S 

SENIOR PROFESSOR POSITION 
The Department of Physics at the University of Virginia 
is seeking qualified appl icants fo r a tenured posi t ion at 
the associate or full professor level for an experimental 
high energy physics group n o w in the process of for­
mat ion. 
The selected individual wou ld act as deputy head of the 
group. 
This group has a major involvement at Fermilab in hea­
vy f lavor physics in exper iment E705 and in beauty 
physics in experiment E 7 7 1 . 
They also have a s t rong interest in future beauty phy­
sics opt ions at both Fermilab and /o r the SSC. 
Candidates should have compat ib le research inter­
ests. 
Interested parties should submi t a resume and the 
names of at least three references t o : 

Pro fessor M i c h a e l F o w l e r , C h a i r m a n 
D e p a r t m e n t o f Phys i cs 
J . W . B e a m s Labora to ry o f Phys i cs 
Un i ve rs i t y o f V i r g i n i a 
M c C o r m i c k Road 
Cha r l o t t esv i l l e , V i r g i n i a 2 2 9 0 1 

Phone: 8 0 4 / 9 2 4 - 3 7 8 1 

The University of Virginia is an equal opportunity 
employer. 

MECHANICAL ENGINEER 
Laboratory For Nuclear Science 

M.I.T.'s Bates Linear Accelerator Center is looking for some­
one to be responsible for coordinating the design, fabrica­
t ion, and instal lat ion of magnetic, vacuum, and 
instrumentation hardware associated w i th a 1 GeV Pulse 
Stretcher Ring. Wil l document detailed mechanical design 
and analysis of the various systems components to verify 
their integrity and pre-operational checkout. Prepare 
mechanical layouts and detailed engineering designs for 
ultra-high vacuum systems, magnetic elements, various 
beamline instruments, support structures, etc. Set up test 
programs and quality assurance procedures to verify satis­
factory designs and fabrications. 
Requirements: B.S. in Mechanical Engineering or related 
field w i th a m i n i m u m of five years of experience. Must 
have knowledge of modern computerized design tech­
niques, drafting, machine shop, and welding practices. 
Preference w i l l be given to individuals w i th direct ex­
perience in accelerator technology. Experience w i th cryo­
genics and/or superconducting devices is desirable. M.I.T. 
is a non-smoking environment. 
Interested candidates should forward two copies of both 
resume and cover letter, referencing Job #R88-228 to: 
Mr. Richard Adams, c/o M.I.T. Personnel Office, 400 Main 
St. (Bldg. E19-239), Cambridge, MA 02139. 

A C O M M U N I T Y 
A T W O R K 

M.I.T. IS 
AN EQUAL 
OPPORTUNITY/ 
AFFIRMATIVE 
ACTION 
EMPLOYER MIT 

1» 
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A recent seminar at the Joint Institute for 
Nuclear Research, Dubna, near Moscow, 
marked the 60th birthday of distinguished 
Soviet theoretician Samoil Mikhelevitch 
Bilenky, who spoke on 'Future experiments 
on solar neutrino detection and problems of 
neutrino oscillations'. 

Neutrino line.-up: above, the Brookhaven/Co­
lumbia neutrino experiment group pictured in 
1962, and below 26 years later in Stock­

holm when Leon Lederman, Mel Schwartz 
and Jack Steinberger received the 1988 No­
bel physics prize. Left to right; Jack Stein­
berger, Dino Goulianos, Jean-Marc Gaillard, 
Nariman Mistry, Gordon Danby, Warner 
Hayes (missing in 1988 picture), Leon Leder­
man, Mel Schwartz. 

Dubna reshuffle 

In new senior staff appointments at 
the Joint Institute for Nuclear Re­
search (JINR), Dubna, near Mos­
cow, V.G. Kadyshevsky has been 
elected Director of JINR's Labora­
tory of Theoretical Physics, T. Vy-

(Bulgaria) Director of the Labo-
mJtory of Nuclear Problems, Yu. 
Oganessian Director of the Labora­
tory of Nuclear Reactions, and N.N. 
Govorun Director of Computing 
Techniques and Automation. I. 
Savin is Director of a new Labora­
tory set up to handle particle phy­
sics experiments at accelerators 
elsewhere (such as CERN and the 
Institute of High Energy Physics, 
Serpukhov). 

Jointly organized by CERN and UNESCO, a 
memorial meeting at CERN in November 
honoured Isidor Rabi, who played a seminal 
role in the foundation of CERN and who died 
last January. The speakers were (left), Nor­
man Ramsey of Harvard, a former research 
colleague of Rabi, and UNESCO Director 
General Federico Mayor Zaragoza. It was at 
a UNESCO meeting in Florence in 1950 that 
Rabi had proposed the idea which eventually 
led to the creation of CERN. 

(Photo CERN 554.11.88) 
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T R I U M F 
MESON RESEARCH FACILITY 

_ University of Alberta 
~ Simon Fraser University 

University of Victoria 
University of British Columbia 

RESEARCH ASSOCIATE POSITION 
A Research Associate is sought for a two-year position at the 
University of Victoria Physics Department and TRIUMF. The 
post will be wi th the Particle Physics group currently engaged 
in installing and calibrating the SLD barrel liquid argon calori­
meter. The work will be primarily a study of liquid ionization 
detector response to highly ionizing radiation. The existing 
programme includes experiments at Victoria and TRIUMF on 
the electron yield of 2 ,2 ,4 ,4 TMP and liquid argon as a function 
of deposited energy density. The results will be used to model 
the response of calorimeters to hadronic and electromagnetic 
showers. 
Candidates should have a Ph. D. in Particle or Nuclear Physics 
within the past three years and have experience wi th radiation 
detectors and associated electronics. Salary will depend on 
experience, wi th a minimum of $ 27 ,000 .00 per annum. 
Curriculum vitae, list of publications and names of three refe­
rees should be forwarded t o : Dr. R. Keeler, D e p a r t m e n t of 
Physics , Univers i ty of V i c t o r i a , V i c t o r i a , B.C. 
C A N A D A V 8 W 2 Y 2 . 
Applications will be accepted unt i l M a r c h 1 5 , 1 9 8 9 . 
W e offer equal employment opportunities to 
qualified male and female applicants. 

GEODESIST 
Fermi Nat ional A c c e l e r a t o r Labo ra to r y , a h igh ener­
gy phys i cs acce le ra to r research fac i l i ty l oca ted 4 0 
mi les w e s t o f Ch icago , I l l inois, is seek ing an analy­
t ical p ro fess iona l t o superv ise the d e v e l o p m e n t o f 
f ie ld p r o c e d u r e s and app l i ca t ions p r o g r a m s f o r " m i -
c r o g e o d e s y " and industr ia l a l i gnment . 

T o qual i fy , y o u m u s t have a M a s t e r ' s degree in 
geode t i c sc ience o r p h o t o g r a m m e t r y w i t h an e m ­
phasis on su rvey ing sc ience and s ta t is t ica l analy­
sis. M i n i m u m 2 years m a n a g e m e n t exper ience and 
exce l lent verba l and r e p o r t - w r i t i n g ski l ls are requ i ­
red . C o m p u t e r p r o g r a m m i n g abi l i ty and industr ia l 
a l i gnment b a c k g r o u n d are h ighly des i rab le . 

Further you r p ro fess iona l career in Fermi ' s d y n a m i c 
a t m o s p h e r e . W e o f fe r an a t t rac t i ve salary and be­
nef i ts package . For c o n s i d e r a t i o n , p lease send y o u r 
resume and salary h i s to ry to # : 

M r . J a m e s L. T h o m p s o n 
E m p l o y m e n t M a n a g e r 
F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y 
P .O. B o x 5 0 0 
B a t a v i a , I l l i n o i s 6 0 5 1 0 U . S . A . 

An Equal Opportunity Employer M/F. 

INDIANA UNIVERSITY 

Faculty Position in 
ACCELERATOR PHYSICS 

The Department of Physics at Indiana University-Bloomington 
invites applications for a tenure-track faculty position at the 
associate or full professor level in accelerator physics. The 
department is establishing a new graduate program in acceler­
ator physics and is inviting applications f rom PhD physicists wi th 
extensive experience in the theory and pratice of accelerator 
design who are interested in and capable of taking a leading role 
in building and guiding a strong academic and research program 
in accelerator physics. Responsibilities include developing and 
teaching an appropriate curriculum in accelerator physics and 
supervising graduate student research in accelerator physics at 
the Indiana University Cyclotron Facility or other major accelera­
tor facilities. Indiana University is a major reaserch institution 
wi th strong programs in accelerator-based nuclear and high 
energy particle physics and a 50-year history of forefront accel­
erator development and construction. Present facilities include a 
2 0 0 MeV separated-sector cyclotron and a 500 MeV storage 
r ing/synchrotron wi th electron cooling. Several senior faculty 
members in nuclear physics and IUCF staff members wi th expe­
rience in accelerator design will also be involved in the new 
accelerator physics program. 
To apply please send a complete vita (including a description of 
research interests, accomplishments, and a list of publications), 
and arrange for a minimum of three letters of reference to be sent 
to 

Professor J . M . C a m e r o n 
D e p a r t m e n t of Physics 

Indiana Univers i ty 
B l o o m i n g t o n , IN 4 7 4 0 5 

Applications must be received by the closing date of February 
15, 1989. 
Indiana University is an Equal Opportunity/Affirmative Action 
Employer. 

G A N I L 

G R A N D A C C É L É R A T E U R N A T I O N A L 

D ' I O N S L O U R D S 

C A E N ( F R A N C E ) 

INGÉNIEUR THÉORICIEN 
D ACCÉLÉRATEUR 

Un p o s t e es t ouve r t au G A N I L pour le r ec ru temen t 
d 'un ingénieur r é c e m m e n t so r t i d ' une g rande éco le , 
ou ayan t des d i p l ô m e s un ivers i ta i res équ iva len ts . 
Nat ional i té f rança ise ex igée. S ta tu t des agen ts du 
Commissa r i a t à l 'Energie A t o m i q u e (CEA). 

Cet ingénieur sera in tégré dans l 'équipe chargée 
d 'é labore r les p ro je ts de d é v e l o p p e m e n t de l 'accé­
lérateur, à m o y e n et à long t e r m e . Il sera auss i 
assoc ié aux é tudes à cou r t t e r m e en t repr i ses pour 
l 'amél io ra t ion des p e r f o r m a n c e s de l 'accé léra­
teur . 

A d r e s s e r les cand ida tu res avan t le 1 e r févr ier au 
Secrétar ia t Généra l . 

A d r e s s e : 

G A N I L 
B.P . 5 0 2 7 
1 4 0 2 1 C A E N C é d e x 
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Cesar Lattes of the Centro Brasileiro de Pes-
quisas Fisicas, Rio de Janiero, was awarded 
the 1987 Physics Award of the Third World 
Academy of Sciences for his fundamental 
contributions to high energy physics and in 
particular for his role in the discovery of nat­
ural and artificial mesons. 

Yuri Orlov, at Cornell since 1987, is spend­
ing a year in CERN's PS Division. 

Films and video 
material 
To promote public awareness 
of particle physics, the Inter­
national Committee for Future 
Accelerators (ICFA) has pro­
posed that the CERN Courier 
could advertise from time to 
time the availability of new 
books, films and video mater­
ial for non-specialist au­
diences. 

New books are already 
widely advertised, film and vi­
deo material less so. Sup­
pliers or sources of such ma­
terial are invited to send us 
details - title, summary, for­
mat, cost, etc. - for publica­
tion in a special CERN Courier 
slot. The CERN Courier will 
not itself act as a distribution 
centre for this material. 

DESY people 

Rio de Janeiro 

In November, Brazilian physicists 
celebrated the 70th birthday of J. 
Leite Lopez, Director of the Centro 
Brasileiro de Pesquisas Fisicas 
(CBPF-Brazilian Centre for Physics 
Research), Rio de Janeiro. As well 
p5 his pioneer work on field theory 
and particle physics in Brazil, he is 
well known for his contributions to 
weak interaction physics. 

Luigi Bernerdi Rossi (right), President of the 
Italian Consiglio Nazionale delle Ricerche 
(CNR), receives a souvenir tankard from Dav­
id Gray at the UK Rutherford Appleton Labo­
ratory following the inauguration of the 
PRISMA spectrometer at the Laboratory's 
ISIS pulsed neutron source. The result of a 
six-year Anglo-Italian collaboration and built 
at the CNR's Frascati Laboratories, the spec­
trometer (for measuring atomic vibrations) 
was installed at ISIS in November 1987. 

Ludwig Baumgarten, Division Lead­
er at the German Ministry of Re­
search, has been nominated Chair­
man of the DESY Administrative 
Council, taking over from Josef 
Rembser, now President of CERN 
Council. 

Roberto Peccei, speaker of the 
DESY Theory Group since 1984, 
has left DESY for UCLA. 

Theorist Guido Beck of CBPF died 
on 21 October following a car acci­
dent. Author of significant papers 
in theoretical and nuclear phyics, he 
came to Brazil in 1953 and had 
helped develop a whole generation 
of Brazilian physicists. 

Chinese ions 

The Lanzhou K450 heavy ion cy­
clotron has given an extracted 
beam of 50 MeV/N carbon 6+ ions. 
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ASSOCIATE LABORATORY 
DIRECTOR 

Join Fermi National Accelerator Laboratory in our exciting achie­
vements as a wor ld leader of "High Energy Physics Research". 
W e are seeking a dedicated Associate Laboratory Director to 
provide farsighted planning, coordination, and direction to va­
rious administrative support organizations of the Laboratory. 
Your responsibilities will also include major projects represen­
ting Fermilab and overall Laboratory budget planning and 
control . 

A strong background in both technical and administration mana­
gement of research and development is essential. An advanced 
degree in physics, engineering, or business administration is 
required. Prior exposure to high energy physics research or 
accelerator development is a plus. Familiarity wi th U.S. Depart­
ment of Energy procedures and regulations as they apply to a 
National Laboratory engaged in Research and Development is a 
plus. 

Located 48 kilometers west of Chicago, Illinois, our expansive 
28 square kilometers of land are host to some of the most 
challenging and instrumental projects facing science today. Chal­
lenge your potential while you realize your utmost career expec­
tations. W e offer an excellent salary and benefits package. Plea­
se send your resume and salary history t o : 

Warren F. Cannon 
Fermi National Accelerator Laboratory 
P.O. Box 500 
Batavia, Illinois, 60510 U.S.A. 

An Equal Opportunity Employer M/F. 

E X P E R I M E N T A L H E A V Y - I O N PHYSICS 

RESEARCH P O S I T I O N A T L A W R E N C E 

BERKELEY L A B O R A T O R Y 

The Lawrence Berkeley Laboratory's Nuclear Science 
Division has an opening for a Staff Physicist to par­
ticipate in the HISS TPC (Heavy Ion Spectrometer 
System Time Projection Chamber) Project at the 
Bevalac. This is a two year appointment wi th the 
possibility of a career appointment. 

Initial responsibilities involve the computer model­
ing required for design studies and thedevelopment 
of the software systems. Duties wil l include the 
planningof prototype tests and analyzingtest results 
while investigating existing analysis software and 
developing software for use in the final TPC for 
calibration, signal processing and track re-cons­
truct ion. The employee wil l be expected to partici­
pate in experiments using the detector and wil l 
contr ibute to the formulat ion and performance of 
the scientific program. 

The successful candidate wil l have a Ph.D. in 
nuclear or particle physics as well as research 
experience in this area as evidenced by a record of 
recent publications, wi th extensive background 
using large detectors, computers and electronic 
equipment. 

Applicants are requested to submit a curr iculum vita, 
list of publications and the name of at least three 
references (Specify Job B/5003) to: Dr. Hans-Georg 
Ritter, c/o Employment Office, #1 Cyclotron Road, 
90-1042, Berkeley, CA 94720. An equal opportuni ty 
employer, M/F/H. 

LB L A W R E N C E 

B E R K E L E Y 

L A B O R A T O R Y 

C E N T R E D E P H Y S I Q U E D E S P A R T I C U L E S 
D E M A R S E I L L E 

FACULTÉ DES SCIENCES DE LUMINY 

INGÉNIEUR PHYSICIEN 
POSTE CNRS 

• Par t i c ipa t ion , c o o r d i n a t i o n , d i rec t ion des réal isa­

t i ons t echn iques en i ns t r umen ta t i on sc ien t i f ique 

pour expé r iences haute énerg ie . 

• Conna issances i n s t r u m e n t a t i o n , é lec t ron ique et 

mécan iques app réc iées , expér ience dizaine d ' a n ­

nées souha i tée . 

• Niveau p o s t e a jus té en f o n c t i o n p ro f i l . 

• M u t a t i o n s d 'EPST f rança ise examinées . 

• Nat ional i té f rança ise non ex igée. 

• Lieu de t rava i l : Marse i l l e -Luminy . Doma ine d e s 

Calanques. 

C V . à : A . d ' A n c o n a 

C P P M c a s e 9 0 7 

F a c u l t é d e s S c i e n c e s 

d e L u m i n y 

1 3 2 8 8 M a r s e i l l e 

c e d e x 0 9 

U n s e r e U H V - V e n t i l e w e r d e n w e l t w e i t f u r A n l a -

g e n m i t h ô c h s t e n V a k u u m a n s p r ù c h e n ( z .B . 

B e s c h l e u n i g e r , S p e i c h e r r i n g e ) e i n g e s e t z t . 

Als 

PRODUKT MANAGER 
UHV-VENTILE 

h a b e n S ie v o r z u g s w e i s e e i n e A u s b i l d u n g in 

R i c h t u n g M a s c h i n e n b a u , s i n d e i n E x p e r i m e n -

t a l p h y s i k e r m i t e i n e m Flair f u r M e c h a n i k , h a b e n 

F r e u d e a m K o n t a k t m i t A u s s e n d i e n s t u n d K u n -

d e n , o f t in E n g l i s c h e r S p r a c h e . S ie h a b e n 

S p a s s , e i n e P r o d u k t g r u p p e k o m p e t e n t zu f ù h -

r e n u n d d i e E n t w i c k l u n g d i e s e r V e n t i l e w e i t e r -

z u t r e i b e n . 

W e n n S ie a n d i e s e r v i e l s e i t i g e n T â t i g k e i t i n t e r -

e s s i e r t s i n d , r i c h t e n S ie b i t t e Ih re B e w e r b u n g 

a n 

Dr. R. Fischer 
VAT AG, 
CH-9469 Haag 
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Meetings 

Jointly sponsored by Tel Aviv Uni­
versity and the Weizmann Institute 
of Science, the 9th International 
Conference 'Physics in Collision ' 
%/ill take place in the Kibbutz Ma'ale 
Hahamisha on the outskirts of Jeru­
salem from June 19-22. Informa­
tion and invitations from the Chair­
man of the Organizing Committee, 
Jacob Grunhaus, School of Phy­
sics, Tel Aviv Univ., 69978 Tel 
Aviv, Israel, bitnet: Physcoll at 
TAUNIVM. 

A Users' Meeting of the European 
Synchrotron Radiation Facility 
(ESRF) will be held in Grenoble 
from 20-23 March. ESRF construc­
tion began on 1 January 1988, and 
at least 7 experimental stations 
should be available in mid-1994, 
with 11 more the following year. 
pbs/gn work for the first stations 
should begin early next year. How­
ever it is already clear that there 
will be proposals for more than the 
total of 30 stations funded so far. 
The meeting will survey the needs 
of prospective users before decid­
ing the priority order for building 
the stations. Further information 
from the Director General, ESRF, 
BP 220, 38043 Grenoble Cedex, 
France. 

An Eloisatron Project Research 
Workshop 'Higgs Particle(s) - Phy­
sics Issues and Search Strategies 
in High Energy Collisions ' will be 
held at the Ettore Majorana Centre, 
Erice, Sicily, from 15-26 July. 
Further information from Ahmed 
AH, DESY (T), D-2000 Hamburg 
52, bitnet I02ALI at DHHDESY3. 

Electron cooled heavy ions 

On November 17 a beam of car­
bon- 12 6+ ions at an energy of 73 
MeV was successfully electron 
cooled at the Test Storage Ring 
TSR of the Max Planck Institut fur 
Kernphysik in Heidelberg (Septem­
ber 1988, page 17). A stack of 1.5 
x 109 particles with a momentum 
spread of 2% was cooled in less 
than a second to a final value of 
0.017%. Coldest beam so far has 
had a spread of 2.3 x 10~5. 

2 December saw the dedication of Fermi-
lab's new Feynman Computing Centre. 
Housing Digital Equipment VAX and Amdahl 
machines, together with the Advanced Com­
puter Program microprocessor array. The di­
stinctive building continues Fermilab's tradi­
tion of innovative, dramatic and practical ar­
chitecture initiated by founding director Ro­
bert. R. Wilson. Beyond, between the road 
and the synchrotron ring, can be seen the 
building housing the CDF proton-antiproton 
collider detector. 

(Photo Fermilab) 

v Participants at the 'Hadronic Matter in 
Collision' meeting held at Tucson, Arizona, 
from 6-12 October, sponsored by the Uni­
versity of Arizona, Tucson, and the US Na­
tional Science Foundation. 

(Photo Janet McCoy) 
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Erhard Fischer 

Inward bound in a new binding 

Abraham Pais' admirable book In­
ward Bound - Of Matter and 
Forces in the Physical World', first 
published by Oxford University 
Press in 1986, is now also avail­
able in paperback. The main part of 
this book deals with the period 
1895-1945, where the evolution of 
the science is followed in depth 
and the personalities nicely 
sketched. Pais never forgets that 
basic physics is the result of 
human endeavour. Especially poig­
nant is his description of the early 
career of George Uhlenbeck, pion­
eer of electron spin with Samuel 
Goudsmit, and who died in No­
vember, age 87. 

1988 Nobel prizewinner Jack Steinberger 
(left) was one of the speakers at an interdis­
ciplinary symposium in Bologna in October 
celebrating the 70th birthday of the distin­
guished Italian physicist Giampietro Puppi 
(right). 

(Photo P. Waloschek) 

A 'Superstrings' and quantum chromody-
namics, the emerging theory of inter-quark 
forces, were discussed last summer at a 
workshop at Nor-Amberd in Soviet Armenia 
organized by the Yerevan Physics Institute 
under the USSR-USA collaboration agree­
ment in particle physics. 

On 13 November 1988 Erhard 
Fischer died from cancer. After 
joining CERN in 1958 he began 
basic R and D on ultrahigh vacuum 
problems for the proposed CESAR 
storage ring's. When the Intersect­
ing Storage Rings (ISR) project be­
gan in 1965 he became head of 
the Vacuum Group and under his 
leadership the limits of large ultra­
high vacuum systems were pushed 
to world records, eventually reach­
ing 3 x 10~12 torr average pressure 
in a 2 km vacuum chamber, with­
standing also the effects of large 
stored proton currents. His was a 
key contribution to the success of 
the ISR. In 1979 he moved across 
to become head of CERN's Training 
and Education Service where he in­
troduced a popular scheme of man­
agement training. He retired in No­
vember 1986 after 28 years at 
CERN. Everybody who came in 
contact with him was attracted b)L 
his professional qualities and his 
deep human attitude. 
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coincidences' to correlate stopping 
particles with their decay products. 

This work paralleled some of the 
pioneer studies being done else­
where in the world, but unknown 
to the Italians in view of wartime 
communications problems. One 
such result was that some cosmic 
ray particles stopping in iron never­
theless underwent radioactive de­
cay, with a lifetime of a few micro­
seconds. 

Switching from iron to graphite 
absorbers, the 1946 experiment 
dramatically showed that the nega­
tively charged component of cos­
mic rays decayed radioactively 
rather than being captured by the 
graphite. The theories at the time 
held that the penetrating cosmic 
ray particles were the mesons pos­
tulated by Yukawa as the carriers 
of the strong nuclear force, sug­
gesting that the negative particles 
should immediately be captured by 
nuclei without decaying. However 
the Rome experiment clearly 
showed that the negatively charged 
cosmic particles (what we now call 
muons) behaved very differently. 
Continuing the great tradition of 
Fermi, Italian physicists had written 
another page of weak interaction 
physics history. 

Later his influential school, from 
1950 at Pisa and from 1958 at 
Rome, produced many famous Ital­
ian particle physics names (among 
them Paolo Franzini, Marcello Cres-
ti, Carlo Rubbia, Italo Mannelli and 
Luigi de Leila), and was a continual 
powerhouse of new ideas. 

Marcello Conversi 1917-1988 

Less than a year after his 70th 
birthday had been marked by a 
special seminar in Rome, the inge­
nious Italian experimenter Marcello 
Conversi died in September. He 
was best known for his historic 
cosmic ray experiment with Ettore 
Pancini and Oreste Piccioni in 1946 
which showed that the 'mesotron' 
particle seen in cosmic rays did not 
behave like a strongly interacting 
nuclear particle, and had to be 
something very different 

By the outbreak of the Second 
World War, Italian physics had 
Ween impoverished by the earlier 
departure of illustrious figures (Fer­
mi, Segré, Pontecorvo, Rasetti, 
Rossi, Wick, Bernardini) and the 
premature death of Ettore Majora-
na. Of the celebrated Rome school 
of the 1930s, only Edoardo Amaldi 
remained. 

Muted, the physics effort at 
Rome continued throughout the 
War, despite many great difficul­
ties. In 1943 Conversi and his col­
leagues wisely decided to move 
their apparatus from the university 
campus to a site near the Vatican 
less subject to air raids. 

With Gilberto Bernardini, he de­
veloped crude but effective mag­
netic lenses to separate positively 
and negatively charged cosmic ray 
particles, and in a pioneer applica­
tion of microsecond electronics 
with Piccioni, he used 'delayed 

Marcello Conversi (centre), with (left) Ettore 
Fiorini and Emilio Zavattini. 

In the 1950s, with Adriano Goz-
zini, he introduced the flashtube 
idea, a precursor of the spark 
chamber, which went on to be­
come a standard tool in particle 
and cosmic ray physics. In the ear­
ly 1970s, he showed how the rela­
tively delicate neon-filled glass 
flashtubes coukl be replaced by 
inexpensive extruded plastics, giv­
ing the technique a new lease of 
life. 

At Pisa, he also founded what 
was then called the Centro Studi 
Calcolatrici Elettroniche, where 
CEP, the first Italian electronic com­
puter, was built in the early 1950s. 
For this work he received the gold 
medal of the President of the Italian 
Republic in 1961. 

At CERN, Conversi was a mem­
ber of the Scientific Policy Commit­
tee from 1969-1975, becoming its 
Vice-President. From 1959, he par­
ticipated in a series of quests at 
the SC synchro-cyclotron for 'for­
bidden' processes in weak interac­
tions. When the new SPS proton 
synchrotron began operations in 
1976, he played a prominent role 
in searches for short-lived particles 
using a stack of nuclear emulsion 
coupled to the BEBC bubble cham­
ber. 

Margaret he Krammer 

Austrian theoretician Margaret he 
Krammer, well known at CERN, 
where she worked for several 
years in the mid-60s, and DESY, 
where she worked to 1984, died in 
her home town of Graz on October 
27 after a long illness. She had 
worked mainly on the vector domi­
nance model and on quark ideas, 
and was an excellent teacher and a 
sympathetic discussion partner for 
both experimentalists and theo­
rists. 
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SPAIN 
AT CERN 

Companies participating: 
• Ana Teresa, 13 
l l a U 28023 Aravaca. Madrid. Spain 

T: 34-1-357 21 42 
Service facilities: 
Quality management, reliability and safety. Risks 
analysis, industrial control, industrial safety and arti­
ficial intelligence labs. 

A n m i ^ A A c a Avda. Carlos V, 20 A b b l M u U A , b . A . 41004Sevilla. Spain 
T: 34-54-422011 

Service facilities: 
Control and distribution boards, MV switchgear, 
bus ducts and rectifier equipment, LV distribution 
boards, instalations in general. 

* A — Serrano, 27 
U A L 28001 Madrid. Spain 

T: 34-1-341 6034 
Service facilities: 
a) Industrial sector: advanced processing control, 

remote controls, online analysers, industrial com­
puter technology, safety engineering, electric de­
vices, instrumentation and mechanical devices, 
safety devices and maintenance of industrial 
plants. 

b) Administration services: urban and suburban 
traffic control, projects and instalations on ligth-
ning and environmental control. 

c) Defense: development of simulation software for 
defence and avionics, engineering and manufac­
turing of electronic equipment. 

A M P E R Torrelaguna, 75 
28027 Madrid. Spain 

T: 34-1-4043600 
Products: 
Telephonic terminals and supplementary equip­
ments, teleaction terminals, communications for 
companies, RDSI terminals, RDSI enterprise com­
munications, telematics, data processing, network 
administration, mobile communications, data net­
work commutation equipments, whitin each pack, 
intelligent public telephones. 

F I B E R T E C N I C 
Portal de Gamarra 

01013 Vitoria. Spain 
T: 34-45-27 91 00 

Products: 
Engineering, calculation and manufacturing of 
composites, using carbon fibers, aramide and 

glass with the various kinds of resins, fibertecnic 
has specialized in semi-structural and structural 
parts. 

T E L E S I N C R O 
Rocafort, 98-100 

08015 Barcelona. Spain 
T; 34-3-32541 00 

Products: 
Payment authorizes videotex terminals, transactio­
nal terminals with memory card. Portable payment 
terminals, micros, 100-500 W. power source, 
DC/DC converters. 

T R A T A M I E N T O S 
T E R M I C O S 

Ctra. de Elgueta,s/n. 
20570 BERGARA. Guipuzcoa. 

Spain 
T: 34-43-1648 44 

Products: 
a) Thermic treatments: recooking, standarization, 

improvements, carbonitruration, and nitruration 
of parts, high-vacuum, treatments, controlled at­
mosphere and by induction, aluminium treat­
ment and special alloys. 

b) Surface coatings: thermic projection by means of 
carbides and ceramics plasma, chemical nickel, 
P.T.F.E. 

A G U T 
Marqués de Comillas, 1 

08225 TARRASA, Barcelona. Spain 
T: 34-3-7881800 

Products: 
B.T. and M I contractors, thermic relays, starters, 
auxiliary and electronic relays control units, over-
runners, proximity detectors, electronic régulation 
of engine speed, engine centres and control of dis­
tribution for B.T. and M I 

S E N E R 
Raimundo Fdez. Villaverde, 65-20 

28003 Madrid. Spain 
T: 34-4-4636400 

Service facilities: 
— Prospections in advance, surveys of feasibility 

and detail, purchase management and supervi­
sing of manufacturing, assembling and starting up. 

— Sener enginners and supplies systems or com­
ponents with a high technological content, sub­
contracting their manufacturing. 

C M C A Rosario Pino, 14-16 
l - M * J i n 28020 Madrid. Spain 
n , . T: 34-1-4353046 
Products: 
— Specialized in the enginnering, manufacturing, 

assembling, maintenance and fixing of primary 
components for nuclear plants. 

— Quality control, laboratory, training and technical 
cooperation services related to its activity. 

— Manufacturing of large, thick walled, conventio­
nal components. 

not I D A H V C Llanos de Jerez, 8 
l a n U r U U Y f c 28820COSLADA, Madrid. Spain 
CTE. ELECTRONICA T: 34-1-67341 15 
Products: 
— Marketing, instalation and post-sales service of 

emerson uninterruptep power systems. 
— Engineering, manufacturing and post-sales ser̂  

vice of: converters, rectificators, voltage stabili­
zers, engine starters for helicopters. Sper'^l 
(60, 400 Hz.) with military specifications u n i i = l 
rupted military power systems. 

MASA 
Products: 
Ligth alloys, steel and titanium equipment (beams, 
coverings, ribs, ironworks, etc.) for aeronautical 
purposes. 
Engineering and manufacturing of equipment, en­
ginnering surveys, manufacturing of terrestrial and 
aerospace antenn. 
DYE 
Products: 
Large milling machines either alphanumerical con­
trolled or equiped with copying system from 3 to 5 
geometrical movements axes. S-shafted, high 
speed, alphanumerical controlled milling machines 
for compound materials, money comb, plastics, etc. 
Large vertical lathes tool rooms automation. Flexi­
ble manufacturing systems, special machinery. 

I N G O V I 
Ctra. Directa a Aldaya, s/n. 

46960 ALDAYA, Valencia. Spain 
_ , T: 34-6-15013 62 
Products: 
Special machinery and industrial plants, enginee­
ring, manufacturing, mechanization and assem­
bling in mechanisms, groups, mechanical transport 
and transmission sets, parts and spare parts in ma­
chinery and equipments. 

v CDTI 



W O R L D W I D E tf/GH T ^ H 

L e C r o y is a leader in h i gh s p e e d e l e c t r o n i c m e a s u ­

r e m e n t a n d d a t a a c q u i s i t i o n s y s t e m s f o r s c i e n t i f i c 

a n d i ndus t r i a l a p p l i c a t i o n s . Ou r G e n e v a d i v i s i o n has 

g a i n e d w o r l d - w i d e r e p u t a t i o n f o r d e s i g n i n g , m a n u ­

f a c t u r i n g a n d m a r k e t i n g h i gh p e r f o r m a n c e d ig i t a l 

o s c i l l o s c o p e s . 

T o m e e t t h e r e q u i r e m e n t s o f a r ap i d l y e x p a n d i n g 

m a r k e t , w e o f f e r v a r i o u s c h a l l e n g i n g p o s i t i o n s . 

If y o u are i n t e r e s t e d in w o r k i n g in a f a s t e x p a n d i n g 

c o m p a n y , are p h y s i c i s t o r e l e c t r o n i c e n g i n e e r w i t h 

a t l eas t f i v e y e a r s o f r e l e v a n t e x p e r i e n c e a n d are 

f l u e n t in Eng l i sh a n d F r e n c h , p l ease c o n t a c t o u r 

P e r s o n n e l D e p a r t m e n t . 

LeCroy SA 

PEARSON 
Wide Band , Precis ion 

C u r r e n t Mon i to r 
With a Pearson current monitor and an oscilloscope you can 
make precise amplitude and waveshape measurement of ac 
and pulse currents from milliamperes to kiloamperes. 
Currents can be measured in any conductor or beam of 
charged particles, including those at very high voltage levels. 

A typical model gives an amplitude accuracy of +1 %, - 0%, 
20 nanosecond rise time, droop of 0.5% per millisecond, and 
a 3 db bandwidth of 1 Hz to 35 MHz. Other models feature 2 
nanosecond rise time, or a droop as low as 1 % per second. 

Contact us and we will send you engineering data. 

PEARSON ELECTRONICS, INC. 
1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 • Telex 171 -412 • FAX (415) 494-6716 

RESEARCH AND DEVELOPMENT 
SR. A N A L O G DESIGN ENGINEER 

M A R K E T I N G 

P R O D U C T M A N A G E R 

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

OPERATIONS 
M A N U F A C T U R I N G ENGINEER 

E D P 

A N A L Y S T P R O G R A M M E R 

LeCrov 
Innovators in Instrumentation 

PEP Modular Computers 

C P U d e système C M O S pour d e s 

app l i ca t ions a v a n t a g e u s e s à b u s V M E 

VMPM68KA - 2 (8MHz), Prix: Fr. 890.-

Omni Ray SA, Industriestrasse 31, CH-8305 Dietlikon/Zurich 

tél. 01/835 21 11 

Omni Roil 
Tout ce qui a un avenir en technique. 
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LEYBOLD offers a wide range of cryorefrigerators for 
research and industrial purposes, covering the temperature 
range from 4 K to 330 K with closed-cycle helium refrigerators. 
These refrigerators are suitable for any application where 
liquid refrigerants are undesirable. 

Typical applications include: 
• Cooling of test specimens in cryostats, 

e.g. for high temperature superconductivity research 
• Shield cooling of superconductive magnets 
• Cooling of low-noise amplifiers and detectors 
• Hydrogen liquefiers for H 2 targets 
Our product line comprises 1,2 or 3-stage refrigerators with 
accessories, complete cryostats and - needless to say -
cryopumps for all high or ultra high vacuum applications with 
pumping speeds between 400 I-s-1 and 60,000 l-s~1. 

LEYBOLD 
Detailed information on request! 

L E Y B O L D A G - A D e g u s s a C o m p a n y 

LEYBOLD AG 
Oerlikonerstrasse 8 
CH-8057 Zurich 
Tel.: 01/311 57 57 

LEYBOLD AG 
Bonner Strasse 498 
D-5000 Cologne 51 


