


WHO'S AT THE SOURCE OF ENERGY FOR 
PARTICLE ACCELERATION AND FUSION? 
Thomson Tubes Electroniques! 

We're a world class supplier of very high energy 
sources for particle accelerators and plasma heating. 
Our innovative technologies and worldwide capability 
make us the right partner to meet your special needs in 
these areas, 

W e have the experience and expertise to design 
and manufacture solutions that perfectly meet your 
specifications: from tubes to amplifying chains and 
complete turnkey transmitters, as well as windows and 
other RF components. Of course, every solution 

benefits from advanced Thomson technologies guaran­
teeing high performance, reliability and long life. 

That's why Thomson Tubes Electroniques has been 
chosen for some of the world's most recent and 
demanding projects: LEP, JET, TORE SUPRA, ESRF, 
ALS, LNLS... and others. 
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Cover photograph: 
A still-life of concrete shielding blocks. If an experiment at CERN's LEP 
electron-positron collider were to be pulled back out of the ring into the 
"garage" posit ion, these blocks, each weighing up to 21 tonnes, could 
protect it so that modif ications or repair work could proceed while LEP 
continued to run (Photo CERN 24 .4 .90) . 
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C R Y S T A L B A L L S ? 
XP3462 The unique answer to crystal 

ball requirements. Developed 
for KfK's neutrino oscillation experiment, the 
XP3462 offers a combination of rise time and 
energy resolution unequalled by other 3" PMTs. 

= 3ns, anode pulse rise t ime for del ta- funct ion 
light pulse 

R E = 10% for 5 7 C o and 3"x3" Nal (Tl) scintil lator 

G = 10 6 at 1500 V 

Pulse linearity w i th in 2 % up to 100nnA. 

Plastic ball photo courtesy of LBL/GSI 
Philips Components, Building BAF2, 5600 MD 
Eindhoven, The Netherlands. Telex 35000 phtcnl/nl jeveo. 

STILL SETTING THE STANDARD 
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CES presents: 
The aM14iiii°(D)nn© Data Acquisition System for Physics 
CAMAC-FASTBUS-FERA-VXI-VME 

E C L b u S J H S M 8170 

A complete i rsadly 1© uns® 
OS-9 / VxWorks workstation line 
with: - CAMAC 

-FASTBUS 
- FERAbus 
- VMV/VICbus 
- DSP Drivers 

and:- UNIX Host Interface libraries 

from less than 20.000.- Sfr. 

CES NEWS 

lower processor prices 
volume shipment for FIC 8232 
R3000 based RAID 8235 "number cruncher" introduction 
Host PORTING KITS for : DECsystem 5000,SUN 3,SUN 4, 

APOLLO,HP 9000, SG-IRIS, MAC-II 

At CES, tomorrow's systems are available NOW ! 
All trademarks recognized. All rights reserved 

For these and our other VME , CAMAC and FASTBUS modules, contact us or your nearest distributor. 

Headquarters: CES Geneva, Switzerland Tel: (022) 792 57 45 Fax: (022) 792 57 48 
CES.D Germany Tel: (6055)4023 Fax:(6055)82 210 

CES Creative Electronic Systems SA 70, Route du Pont-Butin Case Postale 107 CH-1213 PETIT-LANCY 1 SWITZERLAND 



More light on dark matter 

The curved image is due to the 'gravitational 
tensing' of light from distant galaxies by the 
intervening matter. The effect is stronger 
than can be accounted for by visible matter 
alone, indicating that invisible 'dark matter' 
also plays a role. 

For half a cen tu r y , a s t r o p h y s i c i s t s 
have s u s p e c t e d tha t the re is m o r e 
t o t he Un iverse than m e e t s t h e 
eye . W i t h the g rav i ta t iona l pul l be ­
t w e e n bod ies d e p e n d i n g on the i r 
m a s s e s , t he re lat ive m o t i o n o f di f ­
f e ren t par ts o f the Un iverse is a 
po in te r t o the m a s s e s i n v o l v e d . 

In the 1 9 3 0 s , Fritz Z w i c k y m a d e 
the f i rs t specu la t i ons a b o u t s o -
cal led 'da rk m a t t e r ' , and Jan O o r t 
d i s c o v e r e d tha t the re w a s n o t 
e n o u g h v is ib le mater ia l s u r r o u n d i n g 
the sun t o exp la in the m o t i o n o f 
s ta rs a r o u n d our o w n ga laxy . 

Over a w i d e range o f a s t r o n o m i ­
cal s t r uc tu res , f r o m ind iv idual ga l ­
ax ies (the ' e l emen ta ry pa r t i c les ' o f 
c o s m o l o g y ) t h r o u g h t o c l us te rs , 
c lose ana lys is of re lat ive m o t i o n 
n o w s h o w s tha t t he m a s s e s i m ­
p l ied by g rav i ta t iona l f o r c e s are 
m u c h b igger than the a m o u n t o f v i ­
s ib le ma t te r . 

S ince t h e n , dark m a t t e r ev idence 
has c o n t i n u e d t o accumu la te , and 
desp i t e our p r o u d n e w under ­
s tand ing resu l t ing f r o m the 'B ig 
B a n g ' idea, it is b e c o m i n g inc reas­
ing ly clear tha t w e k n o w m o r e 
a b o u t less. 

Th i s susp ic ion has been c o n ­
f i r m e d by recent a s t r o n o m i c a l o b ­
s e r v a t i o n s , a n d , f o r t he f i rs t t i m e , 
p o w e r f u l cons t ra i n t s f r o m par t ic le 
p h y s i c s e x p e r i m e n t s are p r o v i d i n g 
va luab le n e w input . 

Last year , the e x p e r i m e n t s at t he 
b ig n e w e l e c t r o n - p o s i t r o n co l l iders 
at CERN (LEP) and S t a n f o r d (SLC) 
s h o w e d tha t the re are on ly t h ree 
k inds o f l ight neu t r inos in Na tu re , 
and tha t our l ist o f k n o w n bu i ld ing 
b l o c k s o f ma t t e r is n o w c o m p l e t e 
(December 1 9 8 9 , page 18) . T h e r e 
are six t y p e s o f quark , g r o u p e d 
pa i rw i se in to th ree fami l ies - ' u p ' 
w i t h ' d o w n ' , ' s t r a n g e ' w i t h 
' c h a r m ' , and ' b e a u t y ' w i t h ' t o p ' -
each fam i l y be ing assoc ia ted w i t h 
w e a k l y in te rac t ing par t ic les ( lep-

tons ) - respec t i ve l y the e l ec t ron , 
t he m u o n and the t a u , each par t ­
nered by i ts o w n b rand o f neu t r ino . 

S o m e f i f t een years ago such par­
s i m o n y w a s no t appa ren t , as n e w 
par t ic les w e r e be ing f o u n d each 
t i m e n e w acce le ra to rs pushed back 
the ene rgy f ron t ie r . A f o u r t h t y p e 
of qua rk , c h a r m , w a s d i s c o v e r e d in 
1 9 7 4 , and s o o n af ter the tau par t i ­
cle appea red on the scene , s h o w ­
ing tha t the re w a s an energy ladder 
f o r l ep tons t o o . W i t h the d i s c o v e r y 

in 1 9 7 7 o f the ups i lon part ic le 
ca r ry ing a f i f t h t y p e o f quark , beau­
t y , t he re w a s no compe l l i ng reason 
t o be l ieve w h y a l ist o f quarks and 
l e p t o n s shou ld be any shor te r , say , 
t han the Per iod ic Tab le o f e le­
m e n t s . 

M e a n w h i l e in a s t r o p h y s i c s , the 
Big Bang idea w a s en joy ing unpa­
ral leled s u c c e s s . T h e d i scove ry o f 
t he 3 K c o s m i c b a c k g r o u n d rad i ­
a t ion and the re lat ive abundances 
o f l ight e l e m e n t s p o i n t e d t o the 
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SCINTILLATION DETECTORS 
OFF THE SHEIF 

Mounted crystals and complete assemblies for 
x-ray and gamma ray detection. 
• Materials include Nal (Tl), Csl(TI), 

ZnW04BGO etc. 
• Standard sizes from stock. 
• Range of sizes and configurations. 
• Laboratory and industrial applications, 
• Specials to order, 
Hilger Analytical Limited 
Westwood Margate Kent CT9 4JL 
Tel: 0843 225131 Fax: 0843 224402 Telex: 96252 

HILGER 
Analytical 
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Together at the recent workshop 'LEP and 
the Universe' organized jointly by CERN and 
the European Southern Observatory (ESO) 
were CERN Theory Division Leader John Ellis 
(left) and Bernard Pa gel, now at Nordita, Co­
penhagen. At the workshop, Ellis spoke on 
the implications coming from LEP for the in­
visible 'dark matter' of the Universe. Paget, 
one of this year's recipients of the UK Royal 
Astronomical Society's gold medals, sum­
marized the status of knowledge on the light 
element content of the Universe. 

(Photo CERN 29.4.90) 

Unive rse be ing bo rn in a s ing le f i e ­
ry c a t a c l y s m . 

D r a w i n g on these ideas , Dav id 
S c h r a m m of Ch icago and J a m e s 
Gunn o f P r i nce ton , and Gary S t e i g -
m a n o f Ya le , l ook ing at ca lcu la t ions 
o f t he a m o u n t o f he l ium f o r m e d a 
f e w m i n u t e s af ter t he Big B a n g , 
s u g g e s t e d there has t o be a d e f i ­
n i te l imi t t o the n u m b e r o f par t ic le 
s p e c i e s , and hence the n u m b e r o f 
d i f fe ren t t y p e s o f l ight neu t r i nos . 

Cou rageous l y , t h e y p r e d i c t e d 
t ha t Nature had r o o m fo r at t h e 
m o s t f i ve k inds o f l ight neu t r i nos . 
(Init ial ly S c h r a m m and Gunn w e r e 
w o r k i n g i ndependen t l y , bu t at a 

chance encoun te r w i t h S te i gman at 
an a s t r o p h y s i c s mee t i ng t hey real­
ized tha t t h e y w e r e p lann ing t o 
w r i t e essent ia l l y t he same paper 
and d e c i d e d t o jo in fo rces . ) 

A s the a s t r o n o m i c a l measu re ­
m e n t s o f he l ium c o n t e n t i m p r o v e d , 
t h e y w e r e able t o br ing the neut r i ­
no l imi t d o w n in 1 9 8 0 t o a max i ­
m u m o f f ou r , and no m o r e than 3 .5 
by 1 9 8 8 . 

Ini t ia l ly, th is p red ic t i on d id no t 
fal l o n fer t i le g r o u n d , and f e l l o w 
Ch icagoan Bruce W i n s t e i n w a g e r e d 
S c h r a m m a case o f w i n e tha t the re 
w a s m o r e neu t r ino r o o m t o m a ­
neuver . In t h e w a k e o f the LEP re­
su l ts last year , S c h r a m m w a s one 
case o f w i n e be t te r of f . 

A w a i t i n g t hese neut r ino l im i t s , 
c o n f i d e n c e in the Big Bang had 
w a v e r e d s l igh t ly as a l te rnat ive c o s -
mo log i ca l ideas on the syn thes i s o f 
l ight e l e m e n t s w e r e pu t f o r w a r d . 
But t he r o b u s t p red ic t i ons o f t he 
s tanda rd Big Bang p ic ture f o r t he 
levels o f rare l ight e l emen ts such 
as l i t h ium-7 - on ly one par t in t en 
bi l l ion re lat ive t o h y d r o g e n - has 
he lped keep Big Bang mora le h igh . 
S teven W e i n b e r g has c la imed 'B ig 

Bang nuc leosyn thes i s is a par t o f 
par t ic le c o s m o l o g y w h i c h has n o w 
been expe r imen ta l l y p r o v e d ' . 

Speak ing at a w o r k s h o p 'LEP 
and the Un i ve r se ' o rgan ized jo in t l y 
by CERN and the European S o u ­
the rn O b s e r v a t o r y (ESO) t o under­
line t he i m p o r t a n c e o f the init ial LEP 
resu l t s , S c h r a m m s h o w e d h o w the 
l ight neu t r i no l imi t o f th ree p o w e r ­
fu l ly cons t ra i ns t he l ight e lement 
a b u n d a n c e s . T h e s e are the f i rs t 
par t ic le p h y s i c s t e s t s o f a c o s m o -
logica l m o d e l ' , he dec la red . 

T h e a m o u n t o f s t r ong l y nuclear 
in te rac t ing m a t t e r (baryons) in the 
Un ive rse can n o w be pu t at be ­
t w e e n t w o and t en per cen t tha t o f 
t he cr i t ical m a s s needed t o supp ly 
e n o u g h g rav i ta t iona l a t t rac t i on t o 
b rake t he Big Bang expans ion and 
' c l o s e ' t he Un ive rse . W i t h the 
a m o u n t o f v is ib le ma t t e r less than 
one per cen t o f th is cr i t ical m a s s , 
t he need f o r da rk baryon ic ma t te r 
b e c o m e s ev iden t . 

T h e g rav i ta t iona l lens ing o f d is ­
t an t b o d i e s p r o v i d e s an i ndepen­
den t handle on t he a m o u n t o f inter­
ven ing m a t t e r , s h o w i n g again tha t 
t he a t t r ac t i on is severa l t i m e s m o r e 
p o w e r f u l t han any th ing luminous 
s ta rs can mus te r . 

Th i s ba ryon ic dark ma t te r cou ld 
be Jup i t e r looka l i kes sca t t e red 
t h r o u g h o u t t he Un ive rse , or ' b r o w n 
d w a r v e s ' - smal l inv is ib le s ta rs . 

A m o n g a s t r o n o m e r s the re is 
w i d e s p r e a d c o n v i c t i o n tha t t he Un i ­
ve rse has exac t l y t he cr i t ical dens i ­
t y w h e r e the re is e n o u g h mater ia l 
a r o u n d t o s l o w , and u l t imate ly 
s t o p , t he e x p a n s i o n caused by the 
Big Bang . If th i s is s o , t hen as we l l 
as ba ryon ic da rk ma t te r , t he Un i ­
ve rse con ta i ns o the r k inds o f dark 
ma t t e r . 

Neu t r i nos w i t h m a s s cou ld f i t the 
b i l l , a l t hough the m a s s e s w o u l d 
have t o fal l in s l o t s a round 2 5 eV 
or a f e w GeV . Other poss ib i l i t ies 
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Q: What are Astec up to? 

A: 200kW 500kV and speed! 

Brandenburg, partof the Astec 
Group - the world's largest 
power supply manufacturer -
has changed its name. But 
that's all that has changed at 
Astec Very High Bower. The 
same standards of high quality 
and total reliability remain 
firmly in place. 
Marking the occasion, a new 
range ofO-350W to ground and 
0-5OOkV bipolar power 
supplies have been developed, 
providing a standard product 
range to enhance the 
company's strength in 
customised design. 
Using the latest in modern 
circuit topology, including 
microprocessor control, Astec's 

power supplies are capable of 
parallelling in multiples of 
30kW and offer response times 
better than 10ms. 
For more information on the 
complete range of products and 
services available from Astec 
Very High Bower,ring our 
technical department today. 

0384 393737 
Astec Very Hi$ti Power 
A Division of Astec Europe Ltd. 
High Street, Wollaston, 
Stourbridge, West Midlands DY8 4PG 

00000 
ASTEC 

PARTICLE DETECTORS 

- Streamer tubes chambers 
Read.out strips. 

f Portable modules for teaching purposes 
(made of streamer tubes chambers, H.V. 

: System, read out system and traces visual 
* ization) 7"' 

- Acrylic scintillators 
and light guides 

- W.LS. 

CD 
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are ' s u p e r s y m m e t r i c ' pa r tne rs o f 
ex is t ing par t i c les , or o the r feeb le 
i n te rac to r s , such as ax ions . 

W i t h the f i rs t w a v e o f LEP re­
su l ts no t see ing any u n k n o w n par­
t i c l es , t he l imi ts are p u s h e d up 
a w a i t i n g the nex t harves t o f da ta . 
Speak ing at the CERN/ESO w o r k ­
s h o p , CERN T h e o r y D iv is ion Leader 
J o h n Ellis sa id 'LEP has m a d e it 
m o r e d i f f icu l t t o f i nd w h a t da rk 
m a t t e r i s ' . W i t h ev idence f o r inv is i ­
ble mater ia l bu i ld ing up , l abo ra to r y 
phys i cs m i g h t on ly be ska t i ng 
a c r o s s the th in ice cove r i ng a ve r y 
d e e p lake. ' A r e w e m a d e o f t he 
s a m e s tu f f as the res t o f t he Un i ­
v e r s e ? ' w o n d e r e d Ellis. 

E m b o l d e n e d by t hese Big Bang 
s u c c e s s e s , s o m e c o s m o l o g i s t s 
have e m b a r k e d on a m b i t i o u s n e w 

dark m a t t e r cand ida te s c h e m e s 
w i t h l imi ts unheard o f in th is b ranch 
o f sc ience , w h e r e even the m o s t 
basic pa rame te rs are no to r i ous l y 
d i f f icu l t t o f ix . A t the CERN/ESO 
w o r k s h o p , Denis Sc iama en thused 
ove r s o m e o f t hese ideas. 

But w e m igh t no t be in the dark 
a b o u t da rk ma t te r f o r m u c h longer . 
W i t h t he Hubb le t e l escope in o rb i t , 
a s t r o n o m e r s are set fo r an unpre -
c e d e n t e d l y clear v i e w of t he Un i ­
ve rse . 

David Schramm - particle physics tests for 
cosmology. 

Buses at the crossroads 
W i t h d e m a n d i n g n e w p h y s i c s da ta 
hand l ing requ i remen ts on t he ho r i ­
z o n , t he V M E b u s W o r k i n g G roup 
o f ESONE (the European S t a n d a r d s 
On Nuclear E lec t ron ics c o m m i t t e e 
o f European labora tor ies) o rgan ized 
a f ru i t fu l mee t i ng en t i t led ' N e w 
Backp lane Bus A r c h i t e c t u r e s ' at 
CERN in M a r c h . 

Backp lane buses p r o v i d e t he 
phys ica l and logical f r a m e w o r k f o r 
bu i ld ing large par ts o f c u s t o m - b u i l t 
da ta hand l ing s y s t e m s f o r b o t h t he 
' f r o n t - e n d ' , and the par ts requ i r ing 
p r o c e s s i n g and data c o m m u n i c a ­
t i o n . T h e m e e t i n g r e v i e w e d t h e 
pas t and p resen t app l i ca t i ons , and 
the l essons learnt f r o m the d e v e l ­
o p m e n t o f bus s t a n d a r d s , bu t c o n ­
c e n t r a t e d on the la test d e v e l o p ­
m e n t s : Fu tu rebus+ , Scalab le Co ­
heren t In ter face (not even a back ­
p lane b u s ! ) , and e x t e n s i o n s t o 
V M E b u s , inc lud ing V X I b u s . 

T rad i t i ona l l y , m u c h of the data 
acqu is i t i on e lec t ron ics f o r par t ic le 
phys i cs e x p e r i m e n t s has been c o n ­
s t r u c t e d in the C A M A C and Fast-
bus s t a n d a r d s , b o t h o f w h i c h w e r e 
d e v e l o p e d in the phys ics w o r l d be ­
f o re be ing a d o p t e d by indus t ry . In 
the case o f V M E b u s and the re­
cen t l y a n n o u n c e d Fu tu rebus+ , the 
ro les have been reve rsed , never ­
t he less , ESONE keeps a w a t c h i n g 
br ief on t h e s e s t anda rds , and ac­
t i ve ly c o n t r i b u t e s t o thei r d e v e l o p ­
m e n t . 

B o t h t he ex is t ing and the n e w e r 
backp lane buses p rov ide fea tu res 
usefu l t o t he c o n s t r u c t i o n o f a c o ­
herent prac t ica l s y s t e m . S h l o m o 
Pri-Tal o f M o t o r o l a ' s C o m p u t e r 
G r o u p , and an inf luent ial f igure in 
m a n y e lec t ron ics s tanda rds o r g a n ­
izat ions m a d e the po in t tha t ' eve ry 
s y s t e m needs m o r e than one b u s ' . 

Open ing the m e e t i n g , Henk Ver -

w e i j , Leader o f CERN's E lec t ron ics 
D e v e l o p m e n t G roup and Secre ta ry 
o f ESONE, under l ined tha t readou t 
e lec t ron ics d e p e n d s on the use o f 
in te rna t iona l s t a n d a r d s , emphas iz ­
ing the ro le p layed by the c o n t i n u ­
ing h ighly success fu l m i n i c o m p u t e r -
o r i en ta ted C A M A C s t a n d a r d , and 
by V M E b u s , w h i c h e m e r g e d in the 
ear ly 8 0 s as a p l a t f o r m fo r 1 6 / 3 2 
bi t m i c r o p r o c e s s o r s . 

In his ta lk Chr is Eck, Leader of 
CERN's ' P R I A M ' p ro jec t f o r m i c r o ­
p r o c e s s o r s u p p o r t , pu t backp lane 
buses in to p e r s p e c t i v e , desc r ib ing 
t he a p p r o a c h e s be ing taken t o p r o ­
v ide ' n e w so lu t i ons t o o ld p r o b ­
l e m s ' . 

Phil Pon t ing o f CERN's E lec t ron­
ics Group r e v i e w e d the lessons 
learnt f r o m Fas tbus ( IEEE960), the 
h igh ly success fu l heir and c o m p l e ­
m e n t t o C A M A C , recal l ing h o w 
lack o f ins igh t and exper ience 
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caused a f e w b lunders on the w a y , 
bu t ma in ta in ing tha t ' a f te r - sa les ' 
s u p p o r t is t he key t o l o n g - t e r m 
s u c c e s s . 

T h e requ i remen ts o f f u tu re p h y ­
s ics app l i ca t ions w e r e c o v e r e d by 
J o h n Hansen o f C o p e n h a g e n ' s 
Niels Bohr Ins t i tu te , desc r i b ing ev ­
en t and data ra tes f o r e s e e n f o r t he 
nex t genera t i on o f h igh l um inos i t y 
had ron co l l i de rs , w h e r e a w h o l e 
n e w se t o f p r o b l e m s w i l l have t o 
be s o l v e d in the f r o n t - e n d e l e c t r o n ­
ics and data acqu is i t i on s y s t e m s . 

Pr i -Tal and A n a t o l Kaganov i ch o f 
Phi l ips gave the m e e t i n g ' s k e y n o t e 
p r e s e n t a t i o n : a de ta i led ' t u t o r i a l ' 
o n Fu tu rebus+ (IEEE 8 9 6 . n ) , ou t l i n ­
ing i ts o r ig ins and a ims as a w e l l 
a c c e p t e d , i n d u s t r y - w i d e , ' o p e n ' 
s t a n d a r d . In desc r ib ing i ts bas ic 

Chris Eck - looking for new solutions to old 
problems. 

6 

f u n c t i o n s , as we l l as the f u n d a m e n ­
tal l im i ta t i ons o f backp lane bus 
s y s t e m s , w h i c h are be ing reached 
w i t h th is n e w genera t ion backp lane 
bus , t h e y s h o w e d i ts a im o f a t e n ­
f o l d increase in b a n d w i d t h ove r 
V M E b u s t o be no idle boas t . 

A l t h o u g h a l m o s t ten years o l d , 
V M E b u s st i l l has a lo t t o o f fe r , and 
rep resen ts m u c h accumu la ted in ­
v e s t m e n t , b o t h in mater ia l and in 
exper t i se . Pri-Tal p resen ted w h a t 
he cal led a 'm id - l i fe k icker ' t o V M E ­
bus , enhanc ing i ts add ress ing and 
data b a n d w i d t h , as we l l as the use 
o f t he p resen t reserved line t o i m ­
p l emen t a re t ry f u n c t i o n . T h e m e e t ­
ing ' s ma in organ izer , Chris Parkman 
of CERN, t o o k the o p p o r t u n i t y t o 
p resen t V I C b u s , a s tanda rd V M E ­
bus c ra te i n te r connec t i on be ing d e ­
v e l o p e d by a w o r k i n g g r o u p o f t he 
In ternat iona l Organ iza t ion f o r S t a n ­
dard iza t ion and the In ternat iona l El-
ec t ro techn i ca l C o m m i s s i o n , bu t 
based on w o r k o r ig ina ted by 
ESONE. Sui tab le e x t e n d e d , V M E ­
bus w i l l have a lot t o o f fe r on i ts 
o w n c o u n t o r as a c o m p l e m e n t t o 
Fu tu rebus+ . 

T h e V M E b u s Ex tens ions f o r In­
s t r u m e n t a t i o n (VXIbus) w a s the 
sub jec t o f a ta lk by Chr i s toph Ender 
(Un ivers i ty o f He ide lberg) , w h o d e ­
m o n s t r a t e d i ts po ten t ia l in t r i gger 
p r o c e s s i n g and in de l i ca te , h igh-
p rec i s i on , f r o n t - e n d app l i ca t ions . 

M o v i n g a w a y f r o m backp lane 
b u s e s , Ernst Kr is t iansen o f Do lph in 
Server T e c h n o l o g y , Os lo , p re ­
s e n t e d t he Scalable Coheren t Inter­
face (SCI). T h e sub jec t o f w o r k 
w i t h i n a c o m m i t t e e o f the IEEE 
( P 1 5 9 6 ) , t he SCI desc r ibes po in t -
t o - p o i n t l inks w i t h a 1 G b y t e / s 
b a n d w i d t h , scalable t o 6 4 0 0 0 
n o d e s , and a s y s t e m - w i d e m e c h a n ­
i sm o f cache cohe rence . 

T h e s o f t w a r e aspec t s w e r e c o v ­
ered by A n d r e Bogaer ts o f CERN, 
w h o r e v i e w e d the techn iques be ing 

app l ied t o m i c r o p r o c e s s o r - b a s e d 
s y s t e m s in rea l - t ime app l i ca t ions . 

A l l t he speake rs t o o k par t in a 
panel d i s c u s s i o n , cha i red by Chris 
Eck, w h i c h p r o v i d e d fu r ther ins ight 
in to t he ro le o f backp lane buses in 
phys i cs app l i ca t i ons , and f inal ly 
Hans Mul ler o f CERN summar i zed 
t he w h o l e m e e t i n g in jus t half an 
hour , g i v ing his persona l v i e w s on 
t he sub jec t . 

Shlomo Pri-Tal - every system needs more 
than one bus. 
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0051 P r o j e c t . . . . ? F r o m s i m p l e m i n i m u m c h i p s o l u t i o n s 
t h r o u g h t o c o m p l e x t u r n k e y 
m u l t i p r o c e s s o r s y s t e m s , C a v e n d i s h 
A u t o m a t i o n h a s t h e h a r d w a r e a n d t o o l s t o 
a l l o w y o u o r u s t o d e s i g n r a p i d a n d 
p r o f e s s i o n a l i m p l e m e n t a t i o n s . 

Off - the-she l f ha rdware includes numerous 
D A C s , A D C s , bus-dr ivers and decoders, 
a n d m a n y other fo rms of ana logue and 
digi tal I/O cards , together with power 
supp l ies , backp lanes , card cages and 
e q u i p m e n t cases . 

Software development couldn't be easier. Our 7034 
card's text editor enables software development for the 
8051/2 in either assembler or MCS-52 BASIC. 
Programs are simply blown into EPROM or EEPROM 
on the card itself. When writing in assembler, both 
source and/or assembled code may be saved in this 
way. 

. S V 
For further information contact: 

Cavendish Automat ion 
C a v e n d i s h A u t o m a t i o n Limited 
Oak Park, Barford Road, 
St. Neots, Huntingdon, Cambs PE19 2SJ. 
Telephone: 0480-219457 
FAX: 0480-21 5300 TELEX: 32681 CAVCOMG 

T H E H V I O O O P U L S E R 
ECONOMICAL • VERSATILE 

ALL SOLID STATE 

S P E C I F I C A T I O N S (Measurements in to50a) 
• Rise Time: 6ns 900V (10-90%) • Pulse Width: 75ns to 10/xs 
• PRF: Single shot to 500KHz (CW), 1 MHz (Burst) 
• Over/undershoot: < 5 % • Jitter: < .1ns 

Generating fast voltage and current pulses that are virtually 
jitter and ring free, the HV1000 combines pulse width and 
frequency agility to optimize its performance as a 
pulser/modulator for laboratory use. Applications include 
spectrometry, beam steering, gating PMTs and MCPs, and 
driving power tubes. 

Call today for price and delivery or technical 
information on all DEI Fast Power™ products. 

Directed Energy, Inc. 
2301 Research Blvd., Ste. 101 

Fort Col l ins, Co lo rado 80526 
303/493-1901 FAX 303/493-1903 
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Now you can have your enterprise 
network and analyze it too. — 

Until now, no single protocol analyzer could handle all your current and 
future networking environments. That's why we developed the DA-30. 

It's the first multi-port dual protocol analyzer designed from the ground up to 
simultaneously test both your LAN and WAN environments. 

Even if you only need a LAN or WAN analyzer now, the innovative building 
block design of the DA-30 allows you to add interfaces and parallel 
processing power as your network changes. So as technology evolves you'll 
always have the right instrument and the power you need for multi-level 
protocol testing, data line monitoring, performance analysis and 
compliance testing. 

Analyze network topologies on both sides of your bridges and gateways by 
using softkeys, menus and quick-pick windows. The electroluminescent 
screen provides a glare-free, easy-to-read display in all lighting conditions. 

This lightweight, compact instrument comes in a rugged, cast aluminum case 
and shock-mounted frame to protect your investment. 

To put the versatile, cost-effective power of the DA-30 to work on your 
network, call our DA-30 Hotline. 

Hotline: 1 -800-346-6332 (in NC (919) 460-3300) 

COUPON 
• More information about the DA-30 
• Please arrange for a sales engineer to call 

Name 

Company 

Street 

Town/postcode 

Telephone no. 

x -
> :0 . 1 
I 
:8;' 

UJ 

W a n d e l & G o l t e r m a n n ( S c h w e i z ) A G 
P o s t f a c h , 3018 B e r n 18, T e l e f o n 0 3 1 - 5 5 6 5 4 4 
Fax 031 - 5 5 4 7 07, Te lex 912 350 w g c h 

Wandel & Goltermann 



Around the Laboratories 

DARMSTADT 
SIS/ESR inauguration 

On 2 3 Ap r i l Federal Ge rman Re­
search Min is te r Heinz R iesenhuber 
p r e s s e d the b u t t o n t o s ta r t t he ex­
pe r imen ta l p r o g r a m m e at t he n e w 
SIS heavy ion s y n c h r o t r o n and ESR 
s t o r a g e r ing c o m p l e x at t he GSI 
heavy ion research L a b o r a t o r y , 
D a r m s t a d t . 

Recal l ing his long i n v o l v e m e n t 
w i t h t he GSI p ro jec t , M in i s te r Rie­
senhuber p o i n t e d t o the lead ing in ­
te rna t iona l pos i t i on es tab l i shed by 
GSI w i t h i ts Uni lac mach ine , c o m ­
m i s s i o n e d in 1 9 7 5 , w i t h f o r e f r o n t 
sc ient i f i c resu l ts , such as the s y n ­
thes i s o f n e w heavy e l e m e n t s . 
W i t h S IS /ESR, c o n t i n u e d R iesenhu­
ber , t he Labo ra to ry is we l l se t t o 
exp lo re p r o m i s i n g n e w areas o f 
p h y s i c s , no tab l y the behav iou r o f 
nuc lear ma t te r under e x t r e m e c o n ­
d i t i o n s , w i t h its deep imp l i ca t i ons 
f o r a s t r o p h y s i c s , and f us i on re ­
s e a r c h , w h e r e the search c o n t i n u e s 
t o f i nd rou tes fo r con t ro l l ed ene rgy 
p r o d u c t i o n . 

A c h a m p i o n o f his cause , t h e 
M in i s te r under l ined the w i d e range 
o f sp ino f f bene f i t s s t e m m i n g f r o m 
f u n d a m e n t a l research , p ro f i t i ng 
areas as d iverse as p h i l o s o p h y and 
h igh t e c h n o l o g y . ' The re are t h o s e 
w h o have cr i t ic ized b ig sc ient i f i c 
p r o j e c t s , ' he r e m a r k e d , bu t w a s 
c o n f i d e n t tha t the t rack r e c o r d o f 
a c h i e v e m e n t s , cer ta in ly in his o w n 
c o u n t r y , shou ld m u t e such d i ssen t ­
ing v o i c e s . 'Sc ience is the b r i dge t o 
techn ica l p r o g r e s s ' , he dec la red . 

Tu rn ing t o the increas ing in ter­
nat iona l par t i c ipa t ion w h i c h is t h e 
ha l lmark o f m o d e r n Big Sc ience , 
R iesenhuber h igh l igh ted t he in ter­
p lay o f co l l abo ra t ion and c o m p e t i ­
t i on w h i c h p rov i des so m u c h d r i v ­
ing f o r c e . T h a n k s t o imag ina t i ve in -

Federal German Research Minister Heinz Rie­
senhuber presses the button to begin the 
experimental programme using the new 
SIS/ESR complex at the Darmstadt heavy 
ion Laboratory. 

s ight and cou rageous dec i s ions , 
' sc ience p o i n t s the w a y t o g o ' , he 
c la imed . ' W h a t happens in sc ience 
can a lso happen in o the r a reas . ' 

I n t roduc ing the p r o c e e d i n g s , GSI 
D i rec tor Paul Kienle s k e t c h e d ove r 
the h i s to ry o f t he SIS/ESR p ro jec t , 
w h i c h t o o k i ts f i rs t ma jor s t ep fo r ­
w a r d in N o v e m b e r 1 9 8 8 w h e n f i rs t 
in jec t ion in to the SIS co inc ided 
happi ly w i t h the 8 0 t h b i r thday o f 
GSI p ioneer Chr i s toph Schmelzer . 
T o w a r d s t he end o f last year SIS 
t o o k u ran ium ions t o 1 GeV per nu -
c l eon , and a rgon ions t o 1.7 GeV 
per nuc leon . 

D o w n s t r e a m f r o m the 2 1 6 
me t re c i r cumfe rence SIS r ing is 
ESR, exac t l y half the c i r cumfe rence , 
but w i t h a m u c h w i d e r b e a m p i p e , 
and e q u i p p e d w i t h coo l i ng equ ip ­

m e n t t o shr ink the m o m e n t u m 
sp read of i ts s t o r e d b e a m s . In p re ­
para t ion f o r t he of f ic ia l launch, ESR 
had had i ts f i r s t t as te o f heavy ions 
- a r g o n - 1 8 at 2 0 0 M e V / n u c l e o n -
earl ier in the m o n t h . 

Bes ides t he mach ine phys i cs and 
expe r imen ta l o b j e c t i v e s , D i rec tor 
Kienle a lso m e n t i o n e d the heavy 
ion poss ib i l i t i es f o r rad ia t ion ther ­
apy , and l o o k e d f o r w a r d t o n e w 
hor i zons w i t h co l l id ing b e a m s of 
c o o l e d heavy ions . Search ing f o r a 
t ime l y o p p o r t u n i t y , t he GSI D i rec to r 
i n v o k e d Mikha i l G o r b a c h o v ' s re­
mark - 'he w h o ar r ives late ruins 
l i fe ' . 

F o l l o w i n g Kienle, GSI Supe rv i so ­
ry Board Cha i rman J o s e f Rembser 
(also Pres ident o f CERN Counci l ) 
and Sc ient i f ic C o m m i t t e e Cha i rman 
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Dirk S c h w a l m w i s h e d the L a b o r a t o ­
ry c o n t i n u e d success w i t h S IS /ESR 
mark i ng t he s tar t o f a s e c o n d 
phase o f GSI ope ra t i ons . 

, W i t h the Labo ra to ry w e l l in te ­
g ra ted in to the local s c e n e , D a r m ­
s t a d t M a y o r Gunther M e t z g e r and 
Hesse Sc ience and Cul ture M in i s te r 
W o l f g a n g Gerhard t a d d e d the i r 
bes t w i s h e s and assurances o f 
c o n t i n u e d s u p p o r t . 

For t he heavy ion research c o m ­
m u n i t y , Claude Detraz o f t he French 
G A N I L Labo ra to r y , Caen , and chair­
m a n o f t he Nuclear Phys ics Euro­
pean Co l labora t ion C o m m i t t e e , 
t r a c e d the evo lu t i on o f heavy ion 
research , w i t h the increas ing d e ­
m a n d f o r heavier p ro jec t i les and 
m o r e energy . T h e c lose in ter ­
nat iona l co l l abo ra t i on o f m o d e r n 
phys i cs is we l l i l lus t ra ted by the 
T A P S p h o t o n d e t e c t o r f o r s t ud ies 
at G A N I L and GSI (May , page 10) . 

Beh ind the s c e n e s , the e x t e n d e d 
GSI expe r imen ta l p r o g r a m m e n o w 

g e t s under w a y in earnes t , a t t ack ­
ing a range o f phys ics and app l i ca­
t i o n s ob jec t i ves . 

A spec ia l area is the carefu l in ­
ves t i ga t i on o f u l t ra -co ld b e a m s , 
w h e r e t he min ima l m o m e n t u m 
sp read cou ld o p e n up m a n y n e w 
research avenues , b o t h f o r b e a m 
app l i ca t i ons and b e a m phys i cs 
( ' c rys ta l l ine ' beams) . Next year a 
t rans fe r l ine f r o m the n e w ESR 
back t o t he SIS r ing w i l l o p e n up a 
n e w range o f poss ib i l i t i es , and in 
t he m e a n t i m e p ioneer b e a m s tud ies 
are a lso con t i nu ing at the Heide l ­
be rg TSR r ing , c o m p l e t e d in 1 9 8 8 
w i t h GSI ass is tance . 

The wide aperture ESR storage ring at 
Darmstadt's GSI heavy ion Laboratory is 
now in operation. 

(Photos Achim Zschau, GSI) 

CERN 
B factory ideas 
A lo t o f n e w phys i cs cou ld c o m e 
f r o m the s t u d y o f B m e s o n s (carry­
ing the heavy b quark ) , w h i c h , l ike 
the i r cous ins t h e neutra l k a o n s , can 
s h o w de l ica te e f fec t s w h i c h p r o b e 
the ve ry f o u n d a t i o n s o f phys i cs . 

T h e t i ny v io la t i on ( typical ly a f e w 
e v e n t s per t housand ) o f t he c o m ­
b ined l e f t / r i gh t pa r t i c le /an t ipa r t i c le 
(CP) s y m m e t r y has been s tud ied 
us ing neutra l kaons f o r m o r e than 
2 5 yea rs , bu t is st i l l no t c o m p l e t e l y 
u n d e r s t o o d . A n exp lana t ion cou ld 
o p e n up a m u c h deeper under­
s tand ing o f t he under ly ing s t ruc tu re 
o f ma t te r . T h e late A n d r e i Sakha-
rov w a s one o f t he f i rs t t o realize 
tha t th is o b s c u r e bu t in t r igu ing s i g ­
nal cou ld be a po in te r t o w h y a Big 
Bang p r e s u m a b l y p roduc ing ma t t e r 
and an t ima t t e r in equal a m o u n t s re­
su l ted in a Un iverse w h e r e natural 
an t ima t te r is v i r tua l ly u n k n o w n . 

B m e s o n s w o u l d p rov ide a n e w 
thea t re f o r CP v io l a t i on , bu t a c o ­
p ious supp l y o f par t ic les w o u l d be 
needed t o be sure o f uncove r ing 
t hese p h e n o m e n a , hence the cur­
rent w o r l d w i d e in teres t in p lans f o r 
'B f a c t o r i e s ' . 

(CP v io la t i on w o u l d no t be the 
on ly cou rse o n the m e n u : o the r 
cho ices inc lude B m i x i n g , ana lo­
g o u s t o tha t seen w i t h neutra l 
k a o n s ; rare B decays and the spec ­
t r o s c o p y o f all par t ic les con ta in ing 
b q u a r k s ; w h i l e o the r heavy quark 
par t ic les and heavy l ep tons w o u l d 
a lso p ro f i t f r o m a deeper inves t iga ­
t i on at a h igh rate mach ine . T h e s e 
h igh p rec is ion s tud ies w o u l d a lso 
c o m p l e m e n t t he main l ine phys i cs 
a t tack at h igh energy p r o t o n co l l i d ­
ers.) 

European c o n v i c t i o n in such a 
mach ine has been s t r o n g f o r sev -

10 CERN Courier, June 1990 



Sketch of the two rings from a study for a 
'B factory' using the tunnel from CERN's In­
tersecting Storage Rings, phased out in 
1984. 

eral years and w a s e n d o r s e d by 
t he European C o m m i t t e e f o r Future 
A c c e l e r a t o r s (ECFA) in 1 9 8 7 . 

T h e B par t ic les w o u l d be p r o ­
d u c e d by co l l id ing in tense e lec t ron 
and p o s i t r o n b e a m s t u n e d t o t he 
ene rgy o f one o f t he ups i lon levels 
(b quark -an t iquark b o u n d s ta tes ) 
near 10 GeV. The idea n o w be ing 
i nves t i ga ted at CERN is t o bu i ld a 
n e w mach ine in the 3 0 0 - m e t r e cir­
c u m f e r e n c e tunne l f r o m the o l d 
p r o t o n In te rsec t ing S to rage Rings 
(ISR), phased ou t f o r phys i cs in 
1 9 8 4 , us ing e lec t rons and p o s i ­
t r o n s f r o m the LEP in jec t ion s y s ­
t e m . W i t h in tense b e a m s a ma jo r 
r equ i r emen t , the des ign f o r e s e e s 
an init ial co l l i s ion l um inos i t y o f 
1 0 3 3 per sq c m per s , r is ing e v e n ­
tua l ly t o 1 0 3 4 . 

B m e s o n f a c t o r y des igns usual ly 
i nco rpo ra te p rov i s i on f o r ' a s y m ­
m e t r i c ' co l l i s ions b e t w e e n b e a m s 
o f unequa l energ ies , t o re la t i v is t i -
cal ly b o o s t the B m e s o n s and g ive 
a be t t e r chance o f i n te rcep t i ng 
t h e m in t he mi l l ion th o f a m i l l i on th 
o f a s e c o n d be fo re t h e y decay . 
(Neutral kaons l ive at least a 

hund red t i m e s longer. ) 
T h e ISR tunne l s t u d y , w i t h t w o 

equal r ings and t w o b e a m in te rsec­
t i o n s , f o r e s e e s co l l id ing 3 .5 and 8 
GeV b e a m s , op t ima l f o r CP 
s tud i es , bu t as the use o f a s y m ­
met r i c b e a m s is a l m o s t unexp lo red 
and u n e x p e c t e d p r o b l e m s o f b e a m -
b e a m in te rac t ion cou ld m a k e life d i ­
f f i cu l t , a s y m m e t r i c equa l -energy 
o p t i o n is i nc luded . 

Pos i t r ons f r o m the LEP in jec tor 
w o u l d be t aken t o 3 .5 GeV in t he 
PS s y n c h r o t r o n , h o w e v e r the e lec­
t r o n b e a m s w o u l d need t o be 
passed t o t h e larger SPS s y n c h r o ­
t r o n t o be r a m p e d up t o 8 G e V , 
be fo re be ing in jec ted in to the n e w 
r ing (via the PS). No n e w civi l eng i ­
neer ing w o u l d be requ i red as all t he 
necessary tunne ls are a l ready in 
p lace , an inher i tance f r o m the ISR. 
Because o f t he un ique f lex ib i l i ty o f 
CERN's acce le ra to r cha in , the n e w 
mach ine w o u l d no t in ter fere in any 
w a y w i t h LEP ope ra t i ons , h o w e v e r 
the LEP in jec tor w o u l d have t o be 
u p g r a d e d t o p rov ide the requ i red 
level o f p o s i t r o n s . 

T h e mach ine des ign takes ove r 

m a n y o f t he fea tu res p r o p o s e d in 
an earl ier s t u d y at t he S w i s s Paul 
Scher rer Ins t i tu te ( J u l y / A u g u s t 
1 9 8 9 , page 2 7 ) , w i t h the race t rack 
layou t m o d i f i e d f o r t he circular ISR 
tunne l . T h e h igh p h o t o n a b s o r p t i o n 
o f a c o p p e r v a c u u m c h a m b e r w i l l 
c o p e w i t h t he abundan t s y n c h r o ­
t r o n r a d i a t i o n ' p r o d u c e d by the hef­
t y b e a m cu r ren t s . 

A l t h o u g h geared t o the l o w e r lu ­
m i n o s i t y g o a l , t he init ial des ign a l ­
ready i nco rpo ra tes m a n y o f the 
fea tu res n e e d e d t o a t ta in h igher 
co l l i s ion ra tes . Conven t iona l c o p p e r 
rad io f requency acce lera t ing cav i t ies 
w o u l d su f f ice f o r init ial o p e r a t i o n , 
h o w e v e r t he u l t ima te des ign w i t h 
ve ry s h o r t bunches w o u l d need s u ­
p e r c o n d u c t i n g rad io f requency . 

T h e 1 0 3 4 l um inos i t y goal is a 
cha l lenge t o mach ine spec ia l i s ts 
and m a n y o p t i o n s are pu rpose l y 
lef t o p e n . A l t h o u g h CERN's ma jo r 
mach ine ob jec t i ve f o r th is decade 
rema ins t he LHC p r o t o n col l ider in 
the LEP t u n n e l , a B f a c t o r y cou ld be 
bui l t in the vacan t ISR tunne l f o r a 
re lat ive ly m o d e s t ou t lay . 

RFQ2 
T h e s e c o n d rad io f requency q u a d r u ­
p l e (RFQ) c o n s t r u c t e d at CERN -
RFQ2 - is be ing p repared t o in ject 
p r o t o n s in to CERN's Linac 2 . A u ­
gur ing we l l f o r i ts fu tu re career , 
a f ter on ly an hour o f b e a m t e s t s it 
de l i ve red i ts nomina l p r o t o n b e a m 
o f 2 0 0 m A at 7 5 0 k e V , a t t es t i ng 
t o t he care pu t in to i ts d e s i g n , c o n ­
s t r u c t i o n , f ie ld a d j u s t m e n t and t u n ­
ing . 

RFQ2 p r o v i d e s by far t he h ighes t 
cu r ren t o f any such uni t des igned 
as an in jec tor t o o the r acce le ra to rs . 
So far it has acce le ra ted up t o 2 4 0 
m A , and i ts l im i ts have sti l l t o be 
p r o b e d in b e a m t e s t s pr ior t o f inal 
ins ta l la t ion in Linac 2 . 
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Mario Weiss (centre) with CERN's RFQ2 ra-
diofrequency quadrupole in its test area. So 
far currents of up to 240 mA have been at­
tained. 

(Photo CERN 109.4.90) 

Over the pas t d e c a d e , RFQs have 
rep laced the t rad i t iona l e lec t ros ta t i c 
C o c k c r o f t - W a l t o n h igh vo l t age g e n ­
era tor f o r hand l ing charged par t i ­
c les in the 1 M e V range. The init ial 
idea, f r o m I .M. Kapch insky and 
V . A . T e p l y a k o v o f ITEP M o s c o w , 
w a s s u b s e q u e n t l y d e v e l o p e d at 
Los A l a m o s in t h e US , and has 
g o n e on t o b e c o m e par t o f t he 
scenery at p r o t o n Labora to r ies 
t h r o u g h o u t t he w o r l d . 

T h e idea is t o use rad io f requen-
cy f ie lds t o p r o v i d e all the b e a m 
ope ra t i ons - f o c u s i n g , bunch ing 
and acce le ra t ion . Four long vane­
like e l ec t rodes a round the axis o f a 
cy l indr ica l t ank p rov i de the quad ru ­
po le f o c u s i n g , wh i l e the charac ter ­
ist ic w a v y vane sur face (vane m o ­
dula t ion) g i ves bunch ing and acce l ­
e ra t i on . 

CERN's RFQ p r o g r a m m e w a s 
launched in 1 9 8 1 . The f i rs t phase , 
c o m p l e t e d at t he beg inn ing o f 
1 9 8 4 , w a s t he 5 2 0 k e V , 8 0 m A 
RFQ1 fo r Linac 1 . For l o w in tens i ­
t i es , ano the r RFQ w a s bui l t at Ber­
ke ley t o handle heavy ions f o r a 
n e w range o f CERN e x p e r i m e n t s . A 
fu r the r RFQ is be ing bui l t at Frank­
fu r t f o r use in a CERN/Orsay ex­
pe r imen t at CERN's LEAR l o w ener­
gy a n t i p r o t o n r ing t o c o m p a r e the 
m a s s e s o f t he p r o t o n and the an t i -
p r o t o n . 

W h i l e des ign o f t he high in tens i ­
t y RFQ2 began in 1 9 8 3 and para­
m e t e r s f i xed by t he f o l l o w i n g year , 
the mul t ip le c o m m i t m e n t s at 
CERN's PS s y n c h r o t r o n mean t tha t 
p r o d u c t i o n cou ld no t s tar t in ear­
nes t unt i l 1 9 8 8 . A l l t he p rec is ion 
mechan ica l des ign and p r o d u c t i o n 
w a s d o n e i n -house , w i t h a numer i ­
ca l l y -con t ro l l ed mi l l ing mach ine 

CERN's RFQ2 radiofrequency quadrupole 
was produced entirely in-house. This numer­
ically-controlled milling machine was used to 
precision grind the vanes. 

(Photo CERN 61.4 89) 
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The Parametric Current Transformer from 
Bergoz, developed in collaboration with 
CERN. Technological advances have resulted 
in a compact, simple-to-use device which 
has been widely adopted for precision beam 
current measurement. 

p r o v i d i n g the de l ica te m o d u l a t i o n s 
o f t he vane t i ps . Fin ishing w a s 
carefu l ly con t ro l l ed by p rec is ion 
m e t r o l o g y , w i t h c o n s e q u e n t f e e d ­
back ensur ing the requ i red accu ra ­
cy . W h e n c o m p l e t e , t he vanes 
cou ld be p o s i t i o n e d t o w i t h i n a f e w 
h u n d r e d t h s o f a mi l l imet re o v e r 
the i r ent i re 1.7 m e t r e l eng th . 

T h e mi ld s tee l t ank w a s c o p p e r -
p la ted and techn iques such as 
b e a m and arc w e l d i n g as w e l l as 
braz ing w e r e used t o f ix t he v a n e s 
secure ly t o the tank . Cur ren ts as 
h igh as 7 0 0 0 A f r o m vane t o vane 
via t he t ank w e r e ach ieved , and 
f ie lds up t o 3 5 M V / m , a b o u t 2 .5 
t i m e s the Ki lpat r ick l imi t . 

Beam current monitor 
W i t h spec ia l is t areas increas ing ly 
seek ing CERN's expe r t i se , a w i d e 
range of ' t e c h n o l o g y t rans fe r ' 
a g r e e m e n t s have been se t up be ­
t w e e n CERN and i ndus t r y t o exp lo i t 
t h e s e ski l ls and d e v e l o p n e w t e c h ­
n iques and p r o d u c t s . 

A g o o d examp le is the Paramet ­
ric Cur rent T r a n s f o r m e r (PCT), d e ­
v e l o p e d jo in t l y by Klaus Unser o f 
CERN and e lec t ron ics f i r m Bergoz 
in nearby France in the f r a m e w o r k 
o f a spec ia l co l l abo ra t i on . 

N o w m a r k e t e d by Bergoz , t he 
PCT has b e c o m e a s t a n d a r d b e a m 
cur ren t m e a s u r e m e n t t o o l f o r a 
w i d e range of c i rcu la t ing b e a m m a ­
ch ines . Un i ts have n o w been s u p ­
p l ied by Bergoz f o r research and 
app l i ca t i ons phys ics mach ines in 
the US , UK, S w i t z e r l a n d , G e r m a n y , 
I ta ly, Canada, China, t he Nether ­
lands and Denmark . 

T h e n e w dev ice w a s d e v e l o p e d 
w i t h CERN's LEP e l e c t r o n - p o s i t r o n 
co l l ider in m i n d , w h e r e the par t i c les 
in each o f the t w o co l l id ing b e a m s 
are c o n c e n t r a t e d in f ou r regular ly 
s p a c e d bunches . A l t h o u g h peak 

cur ren t m a y be high (more than 1 
k A ) , mean cur ren ts are measu red in 
m i c r o a m p s . 

T h e techn ique uses fou r th in t o r ­
o ida l co res o f an a m o r p h o u s m a g ­
net ic a l loy as sensor . T o m e e t the 
s t r i ngen t p e r f o r m a n c e requi re­
m e n t s , t he magne t i c mater ia l (sup­
p l ied by V a c u u m s c h m e l z e o f Ha-
nau , W e s t Germany) w a s spec ia l ly 
se lec ted and subsequen t t rea t ­
m e n t s d e v e l o p e d . 

Beam cur ren t t r a n s f o r m e r s are 
a m o n g the o ldes t i ns t r umen ts f o r 
b e a m d i a g n o s t i c s , cons i s t i ng o f a 
t o r o i d o f magne t i c mater ia l t h r o u g h 
w h i c h a par t ic le b e a m passes , es ­
sent ia l ly f o r m i n g the s ingle tu rn p r i ­
m a r y w i n d i n g o f a t r ans fo rme r . 

T h e l o w f r equency l imit o f such 
a dev i ce is o f the o rder o f a f e w 
hund red Hz, g o o d enough f o r 
s h o w i n g t he high f r equency s t ruc ­
tu re o f a b e a m or the enve lope o f a 
s h o r t pu lse , but insuf f ic ient f o r 
m o n i t o r i n g a s to rage r ing w i t h a 
long cyc le t i m e and w h e r e b e a m 
m a y be held fo r hou rs , d a y s , or 
even w e e k s at a t i m e . 

T h e nex t s t e p , a d o p t e d s o m e 3 0 

years a g o , w a s t o pu t a b e a m cur­
rent t r a n s f o r m e r in to the f e e d b a c k 
l oop o f an ampl i f ie r , ex tend ing the 
f r e q u e n c y range t o b e l o w 0 .1 Hz. 
For t he ISR, w h i c h had t o c o n t e n d 
w i t h w i d e ranges o f b e a m cur ren t , 
t he t echn ique w a s e x t e n d e d by an 
auxi l iary magne t i c m o d u l a t o r c i rcu i t 
t o cor re la te p r imary and f e e d b a c k 
cu r ren ts . For LEP, the idea w a s 
t aken fu r the r by b o o s t i n g the m a g ­
net ic senso r s ignal be fo re app ly ing 
it t o the ampl i f ie r , t he reby i m p r o v ­
ing s ignal t o no ise ra t io , and in ­
c reas ing the m o d u l a t i o n f r equency . 

In th is w a y the to ta l numbe r o f 
par t ic les c i rcu la t ing can be m e a s ­
ured d i rec t l y w i t h o u t add i t iona l t i m ­
ing i n f o r m a t i o n and w i t h o u t spec ia l 
ca l ib ra t ion ove r a w i d e f r equency 
range , inc lud ing d.c. 

T h e n e w c i rcu i t ry drast ica l ly re­
duces the a m o u n t o f magne t i c m a ­
ter ia l requ i red , s o tha t t he s e n s o r s 
can be m a d e f r o m th in r i bbons o f 
a l loy. In a d d i t i o n , t he avai labi l i ty o f 
n e w magne t i c mater ia ls and the 
spec ia l t r e a t m e n t s make f o r i m ­
p r o v e d p e r f o r m a n c e . 
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What have all these accelerators in common ? 

JET, Joint European Taurus, Culham Laboratories, U.K. 
CESR, Cornell University, Ithaca, NY, U.S.A. 
LEP, CERN, Geneva, Switzerland 
TSR, Max Planck Institute, Heidelberg, F.R.Germany 
ADONE, LNF, Frascati, Roma, Italy 
Chalk River Laboratories, Ontar io, Canada 
HERA , DESY, Hamburg, F.R.Germany 
BEPC, Academia Sinica, Beij ing, P.R. of China 
CEBAF, Newport News, VA, U.S.A. 
Sincrotrone Trieste, Italy 
ELSA, University of Bonn, F.R.Germany 
COSY, KFA Forschungszentrum, Julich, F.R.Germany 
Loma Linda Cancer Therapy Center, U.S.A. 
AGS and Booster, Brookhaven, NY, U.S.A. 
NIKHEF-K Stretcher, Amsterdam, The Netherlands 
ASTRID, Arhus University, Denmark 
GANIL, Caen, France 
Indiana University, Indiana, U.S.A. 
CRYRING, Manne Siegbahn Institute, Stockholm, Sweden 
ESRF, Grenoble, France 
CAT Rajendranagar, Indore, India 

Parametric Current Transformer 

Bandwidth D C . 100kHz 

Resolution d o w n to 0.2|iA 

Ranges up to 10 Amps 

Dynamic range 2 x 1 0 ; in one range 

Torroidal sensor w i th 175mm aperture 

bergoz 
12.002 E 

Sandwich-type semi-chamber 
for 

We provide easily built-in 
safety in Know-how. 

CERN experiment UA.1 
composite 
construction type manufacture. 

Please request detailed infor­
mation. Mr H. Mauch will be glad 
to advise you personally. 

We offer a range that is based 
on 30 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4234 Zullwil SO Telefax 061 /80 06 04 
Telephone 061 /80 06 01 Telex 963 182 
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BAKSAN 
Solar neutrino study 
underway 

T h e rad iochemica l ga l l ium expe r i ­
m e n t at t he Baksan (Nor th Caucas­
us) Neu t r ino O b s e r v a t o r y o f t h e 
USSR A c a d e m y o f Sc iences Ins t i ­
t u t e fo r Nuclear Research a ims t o 
measu re the f lux o f l o w ene rgy 
neu t r i nos f r o m the sun . 

M e a s u r e m e n t s have begun w i t h 
3 0 t o n s o f metal l ic ga l l i um, and by 
the beg inn ing of nex t year t h e 
a m o u n t o f d e t e c t o r w i l l be d o u b ­
led . 

For m o r e than t w e n t y yea rs t he 
on ly expe r imen t capab le o f p i ck ing 
up solar neu t r inos w a s t he rad io ­
chemica l ch lor ine s t u d y led b y Ray 
Dav is in the H o m e s t a k e M i n e , 
S o u t h Dako ta . Sens i t i ve t o re la t ive­
ly h igh energy neu t r i nos , th is 
s h o w e d tha t b o r o n - 8 p r o c e s s e s 
d id n o t p rov ide the p r e d i c t e d neu ­
t r i no level . One of t he m y s t e r i e s o f 
m o d e r n phys i cs , th is ' so lar neu t r i ­
no puzz le ' has been c o n f i r m e d by 
t he Japanese K a m i o k a n d e d e t e c t o r 
w h i c h p icks up the C h e r e n k o v l ight 
p r o d u c e d by par t ic les t rave l l ing 
t h r o u g h w a t e r . 

Exp lanat ions fo r the puzzle in ­
c lude chang ing the basic a s t r o p h y ­
s ics ideas , neut r ino osc i l l a t i ons 
(conven t iona l or ma t t e r enhanced ) , 
neu t r ino sp in f l ip in the so lar m a g ­
net ic f i e l d , neu t r ino decay , and 
s t range p r o c e s s e s in the s u n ' s in ­
te r io r . 

T o c h o o s e b e t w e e n t hese al ter­
na t i ves , or t o f i nd w h e t h e r t h e puz­
zle is art i f ic ial because o f t he res­
t r i c t e d energy range s o far s t u d i e d , 
m o r e i n f o rma t i on is n e e d e d . M e a s ­
ur ing the f lux o f l o w energy neu t r i ­

nos f r o m solar p r o t o n - p r o t o n f u ­
s ion is par t icu lar ly i m p o r t a n t - if 
no th ing happens t o these par t ic les 
b e t w e e n the solar co re and the 
Ear th , the i r f lux is a d i rec t p r o b e o f 
t he s u n ' s l um inos i t y . 

T h e t rans i t i on t h resho ld f o r ga l ­
l i um-ge rman ium conve rs i on is 2 3 3 
k e V , we l l ins ide the s p e c t r u m o f 
neu t r i nos f r o m p r o t o n - p r o t o n f u ­
s ion . 

T h e Baksan neut r ino t e l escope is 
in a spec ia l ly -bu i l t unde rg round lab­
o r a t o r y , 3 .5 k i l ome t res ins ide 
M o u n t A n d y r c h i , w i t h 2 0 0 0 m e t r e s 
o f o v e r h e a d rock . Inside the 6 0 x 
1 0 x 1 2 m e t r e cave rn , a 6 0 c m -
th ick l o w rad ioac t i v i t y conc re te l in­
ing and a 6 m m steel shel l reduce 
b a c k g r o u n d ac t i v i t y . Cons t ruc t i on 
w a s f i n i shed in 1 9 8 8 . 

T h e e x p e r i m e n t invo lves a S o ­
v i e t - A m e r i c a n Gal l ium Exper iment 
(SAGE) co l l abo ra t ion inc lud ing 
g r o u p s f r o m Los A l a m o s , Pennsy l ­
vania and e l sewhe re . The 3 0 t o n s 
o f meta l l ic ga l l ium are e x p o s e d f o r 
abou t 3 0 days at a t i m e (the half l ife 
o f g e r m a n i u m - 7 1 is 11 days ) , f o l ­
l o w e d by a c o m p l i c a t e d r a d i o c h e m ­
ical ex t rac t i on p rocedure in w h i c h 

the g e r m a n i u m - 7 1 is c o n v e r t e d 
in to gaseous hyd r ide . 

T h e or ig inal meta l l ic gal l ium w a s 
ful l o f g e r m a n i u m i s o t o p e s p r o ­
d u c e d by c o s m i c rays , and it t o o k 
m o r e than t w e n t y ex t rac t i ons t o re­
duce th is ac t i v i t y t o an accep tab le 
level f o r phys i cs t o beg in , and 
s ince then b a c k g r o u n d has de ­
c reased fu r ther . First Baksan phy ­
s ics data shou ld s o o n emerge . 

T h e 6 0 - t o n t a rge t , af ter init ial 
pur i f i ca t ion o f t he add i t iona l ga l l ium 
and m o d i f i c a t i o n o f the ex t rac t ion 
s y s t e m , shou ld b o o s t s ta t i s t i cs 
f o u r f o l d . 

A ga l l ium solar neut r ino exper i ­
m e n t ( 'Gal lex') is a lso be ing pre­
pared at t he Ital ian Gran Sasso un ­
d e r g r o u n d l abo ra to ry (May 1 9 8 7 , 
page 2 6 ) . 

Dwarfed by the impressive installations are 
some members of the experimental group 
for the underground radiochemical gallium 
experiment to detect solar neutrinos at the 
Soviet Baksan laboratory. Left to right: A. V. 
Kalikhov, O.L. Anosov, O.E. Pikhulya, A.V. 
Ostrinsky, V.N. Gavrin (experiment spokes­
man), N.E. Revzin, A.M. Pshukov, N. Yu. Lu-
kashov. 
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DESY 
East German 
contribution 

T h e Ins t i tu te f o r High Energy Phy­
s ics o f t he East Ge rman A c a d e m y 
o f Sc iences w i t h labora to r ies at 
Z e u t h e n , near Ber l in , has a l ong t r a ­
d i t i on o f co l l abo ra t i on b o t h w i t h 
Eastern and W e s t e r n research 
cen t res . Current ac t iv i t ies inc lude 
e x p e r i m e n t s at CERN (the L3 g r o u p 
at t he LEP e l e c t r o n - p o s i t r o n co l l i d ­
er) and at t he German DESY Labo ­
ra to ry in H a m b u r g (the H1 g r o u p 
p repar ing f o r the HERA e l e c t r o n -
p r o t o n co l l ider) . 

Z e u t h e n ' s 5 0 sc ien t i s t s can p r o ­
f i t f r o m ex tens ive techn ica l and in ­
dust r ia l fac i l i t ies at Z W G , t he East 
Ge rman cen t re f o r sc ient i f i c i ns t ru ­
m e n t a t i o n . 

Z W G is bu i ld ing a f la t th ree- layer 
p r o p o r t i o n a l c h a m b e r f o r t he ' b a c k ­
w a r d ' (e lec t ron d i rec t ion) reg ion o f 

H1 under a con t rac t w i t h the 
Zeu then g r o u p . Cables f o r t he dr i f t 
c h a m b e r s and s t ruc tu re f o r t he 
b a c k w a r d e lec t romagne t i c ca lo r i ­
me te r w e r e a lso a s s e m b l e d f o r 
Zeu then at Z W G . 

In Ap r i l a ma jo r c o n s i g n m e n t o f 
e q u i p m e n t t o arr ive at DESY f r o m 
Zeu then w a s the p rec is ion z - c h a m -
ber f o r t he cent ra l H1 t rack ing s y s ­
t e m . Th is cy l indr ica l dr i f t c h a m b e r , 
2 . 2 m long and 1 m in d iamete r , 
shou ld f ix t r a c k s t o w i t h i n 0 . 2 m m 
and is n o w be ing t e s t e d in a DESY 
e lec t ron b e a m . 

T h e Zeu then z -chamber and a 
cy l indr ica l p ropo r t i ona l c h a m b e r 
f r o m the B r u s s e l s / A n t w e r p g r o u p 
w i l l be p laced b e t w e e n the t w o 
' cen t ra l ' t r ack ing dr i f t c h a m b e r s be ­
ing c o m p l e t e d at H a m b u r g . A se ­
c o n d z -chamber , f r o m Zur i ch , w i l l 
be p laced ins ide the cent ra l t racker . 
T h e f o r w a r d (p ro ton d i rec t ion) re-

East German collaborators with their z-
chamber for the H1 experiment at the HERA 
electron-proton collider nearing completion 
at the German DESY Laboratory. 

(Photo P. Waloschek) 

g ion w i l l be i n s t r u m e n t e d w i t h dr i f t 
c h a m b e r s , p ropo r t i ona l c h a m b e r s 
and t rans i t i on rad ia t ion d e t e c t o r s . 
T h e l iquid a r g o n ca lo r imete r sur­
round ing the t rack ing is be ing 
m o u n t e d in i ts c r y o s t a t , wh i l e c o n ­
s t ruc t i on o f t he hadron ca lo r imete r 
f o r g e s ahead . 

Z e u s , t he o the r expe r imen t be ing 
p repa red f o r HERA, is a lso p r o ­
g ress ing w e l l , w i t h i ts b ig cent ra l 
dr i f t c h a m b e r ar r iv ing f r o m O x f o r d 
on 2 5 A p r i l . 

DUBNA/SERPUKHOV 
Rare decays 

W h e n phys i c i s t s ta lk abou t ' rare 
d e c a y s ' , t h e y f r equen t l y mean d e ­
cays w h i c h are f o r b i d d e n by c o n ­
ven t iona l se lec t i on rules. H o w e v e r 
a s igh t ing o f any such f o r b i d d e n 
decay w o u l d immed ia te l y be ind ica­
t i ve o f n e w p h y s i c s , and t he search 
con t i nues (Apr i l 1 9 8 9 , page 16) . 

H o w e v e r the re are examp les o f 
a l l o w e d p r o c e s s e s w h i c h are ge ­
nuinely rare, f o r examp le w h e n 
pairs o f p r o d u c e d par t ic les uni te 
in to a tom- l i ke s t a t e s , as in the d e ­
cay o f a neut ra l p ion in to a p h o t o n 
and a p o s i t r o n i u m a t o m (e lec t ron-
p o s i t r o n b o u n d s tate) o b s e r v e d at 
the S e r p u k h o v p r o t o n s y n c h r o t r o n 
in a co l l abo ra t i on b e t w e e n the 
J o i n t Ins t i tu te f o r Nuclear Research 
(JINR, Dubna) and the Ins t i tu te f o r 
High Energy Phys ics (Serpukhov , 
M a r c h 1 9 8 9 , page 15) . 

T h e b ranch ing rat io f o r th is de ­
cay re lat ive t o t h e main decay 
channe l in to t w o p h o t o n s is m e a s ­
ured as (1 .8 ± 0 .3 ) • 1 0 " 9 . W h i l e 
searches f o r f o r b i d d e n decays have 
p r o b e d l o w e r , t he researchers 
c la im th is as the rarest ever de ­
t e c t e d par t ic le decay . 
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Phillips Scientific 
. . . At the leading e d g e of technology 

the logical choice for N I M - C A M A C - F A S T B U S products 
NIM 

DISCRIMINATORS LOGIC UNITS 
704 Leading Edge Discriminator,300MHz,4ch. 726 Level Translator NIM.TTL.ECL 
705 Leading Edge Discriminator,75MHz,8ch, 752 Two Input AND/OR 150MHz,4ch. 
706 Leading Edge Discriminator, 100MHz,16ch. 754 Four Input Majority Logic 300MHz,4ch. 
708 Leading Edge Discriminator,300MHz,8ch. 755 Four Input Majority Logic 150MHz,4ch. 
710 Leading Edge Discriminator, 150MHz,8ch. 756 Four Input Majority Logic 300/150MHz,4ch. 
711 Leading Edge Discriminator, 150MHz,6ch 757 Logic Fan In/Out 150MHz, 8ch. 
715 Constant Fraction Discriminator, 100MHz,5ch 758 Two Input AND/OR 150MHz,8ch. 
730 Dual Threshold Disriminator, 100MHz, 5ch. 
6904 Single Channel Discriminator Standalone300MHz GATE AND DELAY GENERATORS 
6915 Constant Fraction Discriminator Standalone 100MHz,1ch. 792 Delay module 2ch, 127ns • 
6930 Dual Threshold Discr, Standalone 100 MHz 1 ch. 794 Gate/Delay Generator 0.1 Hz-20MHz, 50ns-10s, 

4 channels,5 outputs(3NIM,1TTL,lECL) 

AMPLIFIERS 
770 Fixed Gain Amplifier 10,DC-300MHz,4ch. LINEAR PRODUCTS 
772 Fixed Gain Amplifier 10,DC-300MHz,8ch. 740 Linear Logic Fan In/Out DC-250MHz,4ch. 
771 Variable Gain Amplifier 1-10,DC-300MHz,4ch. 744 Linear Gate Fan In/Out DC-250M Hz, 4ch. 
774 Pulse Amplifier 100KHz-2GHz.Gain 5-100,4ch. 745 Linear Gate Fan Out DC-250 MHz,4ch. 
775 Pulse Amplifier 100KHz-2GHz.Gain 5-50,8ch. 748 Linear/Logic Fan Out DC-250 MHz,8ch. 
776 Photomultiplier Preamp DC-275MHz Gain10,16ch. NEW 782 Cable-Aid Receiver DC-300MHz,8ch. 
777 Variable Gain Amplifier 2-50,DC-200MHz,8ch. NEW 786 Cable-Aid Receiver DC-250MHz,16ch. 

NEW 778 Variable Gain Amplifier 2-50,DC-200MHz,16ch. NEW 6980 Cable-Aid Receiver DC-300MHz,single channel 
NEW 779 Photomultiplier Preamp DC-275MHz,Gain10,32ch. 

6931 Single Channel Standalone DC-100MHz Gain 100 ATTENUATORS 
- 6950 Single Channel Standalone DC-300MHz Gain 10 804 NIM Rotary Attenuator 0.1-1.0,DC-lGHz,4ch. 

6954 Single Channel Standalone 100KHz-2GHz. 5010 Single Channel Standalone Rotary Attenuator 
NEW 6955 Pick-off Preamplifier 20MHz-700MHz,Gain 5-100 Range:0.1-1.0 DC-1GHz 

CAMAC FASTBUS 
7106 Discriminator Latch 140MHz,16ch. 10C2 Charge ADC(QDC) 256pCoulombs Full scale 32ch. 

7120 Precision Charge Source Time Interval Gen. 10C6 TDC 25ps, tObits, res.32 ch. 
7126 Level Translator:ECL,TTL,NIM Common Features for 10C2-10C6: 
7145 Linear Gate Multiplexer DC-250MHz,8ch. *7us conversion per module *Pedestal Correction 
7157 Logic Fan In/Out 150MHz,8ch. *Megablock Readout(40Mb/s) *Upper and Lower Thresholds 

7176 Photomultiplier Preamp DC-275MHz,Gain10,16ch. ^Multiple Event Buffering 
7177 Variable Gain Preamp 2-50, DC-200MHz,8ch. *Common Start or Stop (10C6 only) 
7186 TDC 25ps res.,12us conversion, 16ch.lemo inputs 10C8 Latch/Memory 128ch.,2K Deep 
7187 TDC 25ps res.,12us conversion, 16ch.ECL inputs 10C9 Latch/Memory with Sparcification,128ch. 
7194 Gate/Delay Generator 0.1Hz-20MHz ,50ns-10s, 10C8and 10C9 feature: 

4 channels., 5 outputs (3NIM,1TTL,1ECL) *Megablock Readout ^Multiple Event Buffer 

QUALITY PRODUCTS AND SERVICE - THE CHOICE IS YOURS ! ! ! 
PHILLIPS SCIENTIFIC Tel: (201)934-8015 

305 ISLAND RD. Fax: (201)934-8269 
MAHWAH, N.J.07430 Tlx: 990982 PSI UD 

FOR SALES OFFICES IN YOUR AREA OR TO RECEIVE A FULL LINE CATALOG 
PLEASE TELEPHONE, FAX OR TELEX OUR MAIN OFFICE. 
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ACCELERATORS 
Power converters 

Part ic le acce le ra to rs t o u c h m a n y 
d isc ip l ines and t e c h n o l o g i e s and 
the cur r i cu lum of t he CERN A c c e l ­
e ra to r Schoo l (CAS) re f lec ts t h i s . 
T h e m o s t recent C A S c o u r s e , held 
in M o n t r e u x , S w i t z e r l a n d , f r o m 2 6 -
3 0 M a r c h , f o c u s e d on d.c. and 
s l o w pu lsed p o w e r c o n v e r t e r s f o r 
par t ic le acce le ra to rs . W i t h lec tu re rs 
c o m i n g f r o m acce le ra to r l abo ra to ­
r ies , un ivers i t ies and i ndus t r y , it 
w a s ve ry apparen t tha t t hese th ree 
c o m m u n i t i e s put a lo t o f e m p h a s i s 
on c o m m u n i c a t i o n s and t e c h n o l o g y 
t rans fe r . 

A c c e l e r a t o r s and p o w e r c o n v e r t ­
ers have a l w a y s been c lose ly as ­
s o c i a t e d . T h e f i rs t acce le ra to r ca ­
pab le o f nuclear phys i cs resea rch , 
bui l t by C o c k c r o f t and W a l t o n , w a s 
ma in ly an exerc ise in bu i ld ing a 
h igh -vo l t age p o w e r conve r te r . 
T h e y w e r e so success fu l t ha t the i r 
so lu t i on w a s the p re fe r red p re -
in jec to r f o r large acce le ra to rs f o r 
m a n y decades . 

T o d a y , p o w e r c o n v e r t e r s have 
d ive rs i f i ed and p ro l i fe ra ted in to all 
t he s u b - s y s t e m s of large acce le ra­
t o r s , unt i l in a mach ine like LEP 
the re are l i teral ly hund reds o f i nde­
p e n d e n t c o n v e r t e r s p o w e r i n g t h e 
gu ide f ie ld a lone. T h e c o n s e q u e n t 
d e m a n d s on rel iabi l i ty and pe r fo r ­
m a n c e have been a ma jo r d r i v ing 
f o r c e . 

T h e M o n t r e u x cou rse o p e n e d 
w i t h lec tures on the c lass i f i ca t ion 
and t o p o l o g i e s o f c o n v e r t e r s a n d 
o n the genera l gu ide l ines f o r 
ach iev ing h igh p e r f o r m a n c e , g o i n g 
o n t o c o v e r the m o r e de ta i led as ­
p e c t s o f f e e d b a c k t h e o r y , s imu la ­
t i o n , m e a s u r e m e n t s , c o m p o n e n t s , 
r e m o t e c o n t r o l , fau l t d i agnos i s and 
p r o t e c t i o n . T o ob ta in the ve ry h igh ­

es t p e r f o r m a n c e leve ls , t he p o w e r 
conve r t e r m u s t be cons ide red as 
an in tegra l par t o f i ts e n v i r o n m e n t 
and lec tures w e r e inc luded on s y s ­
t e m s and gr id - re la ted p r o b l e m s . 

T h e p r o g r a m m e also c o v e r e d 
c o n t r a c t spec i f i ca t ion and m a n a g e ­
m e n t , and l o o k e d at l ikely fu tu re 
d e v e l o p m e n t s in s e m i c o n d u c t o r 
c o m p o n e n t s . A l t h o u g h the cou rse 
w a s pr inc ipa l ly d i rec ted t o w a r d s 
d.c. and s l o w pu lsed supp l ies , lec­
tu res w e r e a d d e d on fas t c o n v e r t ­
ers and resonan t exc i t a t i on , and 
the p r o g r a m m e w a s r o u n d e d o f f by 
semina rs on T o k a m a k c o n v e r t e r s , 
ba t t e r y p o w e r s to rage fo r e lect r ic 
cars and the con t ro l o f shaf t gener ­
a to rs f o r sh ips . 

F rom 3 - 1 0 Ap r i l 1 9 9 1 , C A S and 
the UK Ru ther fo rd A p p l e t o n Labo ­

ra to ry w i l l j o i n t l y organize a cou rse 
at Exeter Co l lege , O x f o r d , on 'RF 
Engineer ing f o r Part ic le Acce le ra ­
t o r s ' and at a b o u t the same t i m e 
the f o l l o w i n g year one on ' M a g n e t 
M e a s u r e m e n t and A l i g n m e n t ' . 
M e a n w h i l e , a r r a n g e m e n t s are we l l 
a d v a n c e d f o r t he usual biennial 
cou rse on GenSral A c c e l e r a t o r Phy­
s i cs , t o be held f r o m 1 7 - 2 8 Sep­
t e m b e r th is year at KFA Ju l i ch . 
Fur ther i n f o r m a t i o n f r o m M s . S. 
v o n W a r t b u r g , CERN Acce le ra to r 
S c h o o l , CERN, SL D iv is ion , 1 2 1 1 
Geneva 2 3 , Sw i t ze r l and . 

The modern face of power conversion. Four 
37.5 kW switch-mode power converters in 
one cubicle for CERN's LEP electron-positron 
collider. 

(Photo CERN 64.2.88) 
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Giant Read-Out Boards? 
Epoxy laminates FR-4 
1300x4400 m m 
p roduced by 

[ P I T R O N r 

have been chosen for the 
cons t ruc t i on of the "Read -
Out Boa rd " of the hadron 
ca lor imeters of the A L E P H 
and D E L P H I detectors . 

Standard p roduc t i on : 
• FR-4, G-10, G-11 r ig id laminates 

for pr in ted c i rcu i t boards 
• th in laminates and prepreg 

for mul t i layer boards 

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

Istituto Nazionale di Fisica nucleare (INFN) 

Post-doctoral fellowships for non-Italian citizens in the following 
research areas: 

THEORETICAL PHYSICS (n. 8) 
EXPERIMENTAL PHYSICS (n. 14) 

One of the grants is reserved to a young Polish theoretical physicist in 
memory of Professor Grzenorz Bialkowski and his activity for the cooperation 

between Poland and Italy 
Applications are invited for 1 -year fellowships, starting on May-November 1991. 
Fellowships are intended for young postgraduates (candidates should not be 
more than 35 years of age at the time of application). 
Each fellowship is granted for one year, and may be extended for a second year. 
The annual gross salary is lit. 24,000,000, corresponding to lit. 1,600,000 net per 
month, plus travel expenses from home institution to INFN Section or Laboratory 
and return. 
Candidates should submit an application form and a statement of their research 
interests, including three letters of reference. 
Applications should reach INFN not later than September 30 1990. 
The successful applicants may carry on their research at any of the following 
laboratories and sections of INFN : National Laboratories of Frascati (Rome), 
National Laboratories of Legnaro (Padova), National Southern Laboratories 
(Catania) and National Gran Sasso Laboratory (L'Aquila). 
INFN Sections in the universities of: Turin, Milan, Padua, Genoa, Bologna, Pisa, 
Rome, la Sapienza', Rome II, Naples, Catania, Trieste, Florence, Bah, Pavia, 
Perugia, Ferrara, Cagliari, Lecce and National Institute for Health (Rome). 
Enquiries, requests for application forms, and applications should be addressed 
to: 

Fellowship Service - Personnel Office, 
Istituto Nazionale di Fisica Nucleare (INFN), 
Caselle Postale 56, 
I-00044 Frascati (Roma), 
Italy 

Our institute, formerly the Swiss Institute for Nuclear Research 
(SIN)', represents the largest national research centre and is 
situated in Northern Switzerland, not far from Zurich. The 
department for Nuclear and Pardcle Physics (Fl) operates a 
600 MeV isochronous cyclotron which is used to produce a 
number of pion-, muon-, and nucleon beams. The facility is 
presently being upgraded to deliver a 1.5 mA proton beam to 
feed a neutron spallation source and, in combination with new 
secondary beam lines, to provide the world's most intense low 
energy pion and muon beams. The F l research group also 
participates in experiments at CERN and other laboratories. 
On a contractual basis, we are looking for the 

H e a d o f t h e E x p e r i m e n t a l R e s e a r c h D i v i s i o n 
f o r N u c l e a r a n d P a r t i c l e P h y s i c s 

The ideal candidate is an experienced and a creative 
exper imen ta l nuc lea r and par t i c le physicis t who can 
enthusiastically lead a research group with 20 physicists and 
efficiently use the good infrastructure support of the division. 
He/She should be able and willing to a t t rac t external 
collaborators and to expand the contacts with Swiss and 
international universities and research laboratories. 

For further information or nomination of candidates, please 
contact: PD Dr. H.K. Walter (Tel. +4156 99 36 44 or 99 32 54). 

Formal applications for this position should be accompanied by 
a curriculum vitae, a list of publications, a statement of research 
interests and the names and addresses of referees and should 
be sent as soon as possible, but not later than 15 July 1990 to 

— 

J 
P A U L S C H E R R E R I N S T I T U T E , 
Personnel Division, ref.code 1100, 
CH - 5232 Villigen PSI, 
Switzerland 
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COMPUTING 
Lattice work 

One o f t he ma jo r recent d e v e l o p ­
m e n t s in par t ic le t h e o r y has been 
the use o f ve ry h igh p e r f o r m a n c e 
c o m p u t e r s t o ob ta in a p p r o x i m a t e 
numer ica l so lu t i ons o f q u a n t u m 
f ie ld t heo r ies by f o r m u l a t i n g t h e m 
o n a f in i te space - t ime la t t ice . T h e 
g rea t v i r tue o f th is n e w t e c h n i q u e 
is t ha t it avo ids the s t ra i t j acke t o f 
pe r t u rba t i on t h e o r y and can t h u s 
a t t ack n e w , but ve r y f u n d a m e n t a l , 
p r o b l e m s , such as the ca lcu la t ion 
o f had ron m a s s e s in qua rk -g luon 
f ie ld t h e o r y (quan tum c h r o m o d y -
nam ics - QCD) . 

On 7 February , m e m b e r s o f t he 
High Energy Part ic le Phys ics G roup 
o f t he UK Ins t i tu te o f Phys ics t o o k 
par t in a ha l f -day m e e t i n g ' P h e n o m ­
e n o l o g y f r o m the La t t i ce ' o rgan ized 
by Chr is Sachra jda at S o u t h a m p t o n 
Un ive rs i t y . 

T h e la t t ice f o r m u l a t i o n o f Q C D 
l o o k s like a p r o b l e m in s ta t i s t i ca l 
m e c h a n i c s , but in f ou r d i m e n s i o n s 
ins tead o f t he usual t h ree . Quark 
and g luon f ie lds are a s s o c i a t e d 
w i t h t he s i tes and l inks o f t he lat­
t i ce respec t i ve l y , and a s e q u e n c e 
o f con f i gu ra t i ons o f t hese la t t ice 
f i e lds is gene ra ted o n t he c o m p u t e r 
by a M o n t e Carlo a l g o r i t h m . Va r ­
ious obse rvab les can then be 
m e a s u r e d on each con f i gu ra t i on 
and ave raged over the se t o f c o n f i ­
gu ra t i ons t o y ie ld q u a n t u m m e ­
chanica l expec ta t i on va lues . 

T h e cur ren t s ta te o f t he ar t w a s 
r e v i e w e d by Richard K e n w a y o f 
Ed inbu rgh , w h o revea led tha t t he 
m o s t recen t ca lcu la t ions , in t h e s o -
cal led ' quenched a p p r o x i m a t i o n ' 
w h i c h ignores the poss ib i l i t y o f 
c rea t i on and annih i la t ion o f t r a n s ­
ient (virtual) quark -an t iquark pa i rs , 
s u g g e s t t ha t the s ta t is t i ca l e r ro rs 

Quark field theory simulations need powerful 
computers such as CERN's Cray X-MP/48. 

(Photo CERN 60.11.88) 

inherent in such M o n t e Carlo ca lcu ­
la t ions have been reduced su f f i ­
c ient ly t o e x p o s e any s y s t e m a t i c 
d i sc repanc ies . 

T h e resu l ts o f d i f fe ren t g r o u p s 
s e e m n o w t o be in ag reemen t w i t h 
one ano the r and w i t h the p red ic ­
t i ons o f quark po ten t ia l m o d e l s , bu t 
on ly appear t o w o r k at unrea l is t i -
cal ly large va lues o f the quark m a s s 
if f in i te la t t ice size e f fec ts are t o be 
kep t under c o n t r o l . Inc lud ing the 
d y n a m i c s o f t he quarks m a k e s the 
c o m p u t a t i o n s m u c h harder and w i l l 
cer ta in ly have t o a w a i t ve ry m u c h 
m o r e p o w e r f u l mach ines . 

One o f t h e remarkab le fea tu res 
o f n o n - A b e l i a n gauge theo r i es , 
such as Q C D , is tha t the gauge 
f ie lds t h e m s e l v e s in terac t , even in 
the absence o f quarks . Unl ike the 
e lect r ica l ly neutra l p h o t o n carr iers 
o f t he e l ec t romagne t i c f i e ld , t he 
g luons o f QCD t h e m s e l v e s carry 
(colour) cha rges . 

Lat t ice s imu la t i ons p rov ide t h e o ­
r is ts w i t h a t e s t b e d w h e r e th is hy­
po the t i ca l w o r l d o f g luons w i t h o u t 
qua rks can be exp lo red in an at ­
t e m p t t o u n d e r s t a n d the under ly ing 
d y n a m i c s . Chr is Michae l o f Liver­
poo l desc r i bed h o w th is pure 
gauge t h e o r y has been so l ved in 
the pas t f e w yea rs . The in te rac t ion 
b e t w e e n s ta t i c heavy quarks t u rns 
ou t t o be c o n s i s t e n t w i t h t h e o r e t i ­
cal e x p e c t a t i o n s based on spec ­
t r o s c o p i c m o d e l s . T h e lat t ice even 
p red i c t s b r o a d n e w c h a r m o n i u m 
(charm quark -an t iquark b o u n d 
s ta tes) a b o v e 4 G e V , b e y o n d the 
t h r e s h o l d f o r p r o d u c t i o n o f D 
m e s o n s . 

T h e g luon b o u n d s ta tes ( 'g lue-
bal ls ' ) have a lso been ex tens ive ly 
s t ud ied and the re is n o w agree­
m e n t tha t t he l o w e s t ly ing s ta te 
carr ies zero sp in and pos i t i ve quan ­
t u m n u m b e r s ( 0 + + ) w i t h a 2 + + nex t . 
Un fo r t una te l y , t he m ix ing b e t w e e n 
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The ESRF is constructing a state of the art storage ring for 
6 GeV electrons and/or positrons to be operated as a high 
brilliance synchrotron radiation source in the field of X-rays 
from 1994 on. The objectives of the ESRF are to support 
scientists in the implementation of fundamental and applied 
research on the structure of condensed matter. 

EUROPEAN 
SYNCHROTRON 
RADIATION 
FACILITY 
Grenoble - France 

• •••• • 
• • • • Z 

• • • • 

The Machine Division is in charge of the accelerator complex of the facility. As part of this Division, the Insertion Devices 
Group is in charge of all the design & construction of the Insertion Devices (IDs). IDs are essentially very precise magnetic 
systems made of permanent magnets and coils. 

The Machine Div is ion is recrui t ing an : 

Engineer specialized in Magnets 
for the design, procurement, magnetic field measurement, installation and commissioning of 

permanent magnet assemblies and mobile carriages. 
Qual i f icat ions & Exper ience : He/she should be educated to at least Chartered Engineering Degree level and have a 
sound knowledge in at least one of these fields : project management & electro-mechanical design of high precision 
devices, magnetic field design & computation. Experience in computer programming in C or any other language is essential. 

The working language in ESRF is English. Knowledge of French is desirable. 

ESRF offers you an opportunity in an international atmosphere, and with high technology equipment. Non-French staff 
benefit from Installation and Expatriation Allowances, and the salaries should be attractive. 
Write to us in Grenoble, stating your name, address and the reference number; we will send you an application form to be 
returned to us before 31 Ju ly 1990. 

ESRF 
Personnel Office - Ref. 4119/90 
BP 220 
F - 38043 GRENOBLE CEDEX 

i Bui/da Sc/ent/fic Europe i 

U n i v e r s i t a t B e r n 
Laboratorium fur Hochenergiephysik 

In the Laboratory for High Energy Physics 
of the University of Bern (Switzerland) 

a Postdoctoral position 

is opened for an 

EXPERIMENTAL PHYSICIST 

to take part in experiments at the SPS and in the 
detector development for the LHC at CERN. 
Experience in experimental particle physics is desired. 

Applications (including curriculum vitae, list of 
publications, and names of two referees) should be 
sent as soon as possible to: 

Prof. Dr. K. Pretzl 
Laboratorium fur Hochenergiephysik 
Universitat Bern 
Sidlerstrasse 5 
CH-3012 Bern 
Switzerland 

Tel. (031) 65 85 66 / 65 40 64 

Advertisements in CERN COURIER 
Format A 4 M o n t h l y pub l i ca t ion 
All advert isements are published in both English and French edi­
t ions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

7 i 
1 / 2 

1 / 4 

Actual size (mm) 
width by height 

185 x 265 
185 x 130 

90 x 265 
90 x 130 

Cost per insertion (Swiss Francs) 

insertion 

1980 

1170 

6 9 0 

insertions 

1900 

1100 

6 3 0 

insertions 

1830 

1040 

590 

10 
insertions 

1730 

9 6 0 

5 5 0 

These prices include no entitlement to special placing. 

Supplement for : 
— one additional colour 
— Covers: 
Covers 2 and 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1500 SwF 

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

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

Screen (offset) 60 or 54 Swiss (150 English) 
Advert isements cancelled after 
1st of month preceding cover 
date wil l be invoiced. 

These rates are effective for the year 1990. 

All enquiries t o : 
M iche l i ne F A L C I O L A / CERN C O U R I E R - C E R N 
C H - 1 2 1 1 Geneva 2 3 Sw i t ze r l and 
Te lephone : Te lex 4 1 9 0 0 0 CER CH 
(022) 7 6 7 41 0 3 Te le fax (022) 7 8 2 1 9 0 6 
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People 
and things 

t h e s e pure glue s ta tes and quark -
an t iquark s ta tes w i t h the s a m e 
q u a n t u m n u m b e r s has no t ye t been 
c o m p u t e d and so it is no t poss ib l e 
t o m a k e rel iable m a s s p red i c t i ons . 

T h e e l e c t r o w e a k sec to r has a lso 
rece ived a t t en t i on f r o m la t t ice t h e ­
o r i s t s . Brian Pend le ton , a lso f r o m 
Ed inbu rgh , exp la ined the p a r a d o x 
tha t non -pe r tu rba t i ve m e t h o d s can 
be needed t o s t u d y w e a k in te rac­
t i o n s , w h e r e pe r tu rba t i on is nor ­
mal ly a safe bet . T h e p r o b l e m is in 
the H iggs sec to r ( s y m m e t r y - b r e a k ­
ing d y n a m i c s supp l y ing mass) 
w h e r e the se l f - in te rac t ion o f t h e 
H iggs par t ic le can b e c o m e s t r o n g if 
t he H iggs par t ic le is heavy . 

Specu la t i on has been r i fe f o r 
s o m e t i m e tha t ve ry h igh ene rgy 
heavy ion co l l i s ions m i g h t be ab le 
t o p r o d u c e energy dens i t i es su f f i ­
c ien t t o induce a phase t rans i t i on 
f r o m the usual s ta te in w h i c h 
qua rks and g luons are c o n f i n e d in 
conven t i ona l nuclear ma t t e r t o a 
d e c o n f i n e d phase , c rea t ing t h e 
l o n g - a w a i t e d quark -g luon p l asma . 
Fr i th jo f Karsch f r o m CERN gave a 
r e v i e w of recent theore t i ca l d e v e l ­
o p m e n t s . Observab le c o n s e ­
q u e n c e s w o u l d be a large la tent 
heat at t he t rans i t i on t e m p e r a t u r e 
and sc reen ing o f t he heavy quark -
an t iquark po ten t ia l s o t ha t t he re 
w o u l d be no heavy quark b o u n d 
s ta tes in the p lasma phase . Recent 
la t t ice c o m p u t a t i o n s s u g g e s t t ha t 
t he t rans i t i on t e m p e r a t u r e is re­
d u c e d f r o m its value o f r ough l y 
2 0 0 M e V in the q u e n c h e d t h e o r y 
t o pe rhaps 1 5 0 M e V , lead ing t o a 
cr i t ica l energy dens i t y o f rough ly 1 
GeV per cub ic f e r m i . 

In t he f inal ta lk Chr is Sachra jda 
c o v e r e d the p rog ress t o w a r d s t he 
ca lcu la t ing hadron t rans i t i ons us ing 
la t t ice QCD. Notab le s u c c e s s e s in ­
c lude ob ta in ing va lues o f s o m e 
m e s o n decay c o n s t a n t s t o w i t h i n 
15 % o f exper imen ta l va lues , p ion 

f o r m f a c t o r and s t ruc tu re f u n c t i o n 
d e t e r m i n a t i o n s , w e a k f o r m f a c t o r s 
o f c h a r m e d m e s o n s , and p r o t o n 
decay p robab i l i t i es . M o r e d i sap ­
po in t i ng are e f fo r t s t o unde rs tand 
i sosp in se lec t i on ru les, w h e r e enor ­
m o u s numer ica l cance l la t ions in the 
ca lcu la t ions obscu re the resu l ts . 

H o w e v e r t he general m e s s a g e is 
an upbea t o n e ; m a n y f undamen ta l 
quant i t ies in s t r o n g in te rac t ion phy ­
s ics are be ing c o m p u t e d f r o m f i rs t 
p r inc ip les and mean ing fu l p h e n o m ­
e n o l o g y f r o m the lat t ice is beg in ­
n ing t o be poss ib le . Reduc t ion o f 
s y s t e m a t i c e r ro rs is the p r ime goa l 
and tha t requ i res c o m p u t a t i o n a l re­
sou rces far in excess o f w h a t is 
cur ren t l y avai lable t o indiv idual re­
search g r o u p s . The w a y f o r w a r d 
needs in ternat iona l c o o p e r a t i o n t o 
es tab l i sh fac i l i t ies c o m p a r a b l e t o 
t h o s e e n j o y e d by expe r imen ta l i s t s . 

By Ken Bowler 

Finland joining CERN 

At a specially-arranged session of 
CERN Council on 27 April, the dele­
gates of CERN's 14 Member States 
voted unanimously in favour of ad­
mitting Finland as the Organiza­
tion's 15th Member State. Ratifica-
tion should be complete in time for 
Finland's accession to be effective 
from 1 January 1991. The 
country's contributions to the 
CERN budget will increase on a 
sliding scale, eventually reaching 
their full level in 1995. In the mean­
time the Finnish Government in­
tends to increase substantially its 
support for the national programme 
in high energy physics research. 

On people 

Vernon Hughes of Yale has been 
selected for the 1990 Bonner Prize 
in recognition of his important 
work on polarized electron beams 
and his contributions toward meas­
uring the spin dependence of the 
nucleon quark content (structure 
functions). 

Erwin Gabathuler of Liverpool and formerly 
CERN Research Director has been elected a 
Fellow of the Royal Society, London. 
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Visiting CERN on 25 April, Vladimir Shatalov 
(right), Director of the Soviet cosmonaut 
preparation centre, and V.A. Denissenko, 
Vice-Director of the Institute of the Earth, 
Moscow, had an inside view of the Delphi 
experiment at the LEP electron-positron col­
lider. Accompanying them (left) was Delphi 
spokesman Ugo A ma Idi. 

(Photo CERN 135.4.90) 

Fred Reines of Irvine is to receive 
the 1990 Michaelson-Morley 
Award from Case Western Reserve 
University in recognition of his 
1956 discovery of the neutrino 
(with Clyde Cowan) and his contin­
ued forefront work in neutrino phy­
sics. 

New Director 
for Swiss PSI Laboratory 

On 1 April Anton Menth became 
Director of the Swiss Paul Scherrer 
Institute, Villigen - Wurenlingen, 
succeeding Jean-Pierre Blaser. 
After beginning his physics career 
with solid-state research at ETH, 
Zurich, Menth moved into Swiss in­
dustry, taking on a series of key 
roles with first the Brown Boveri 
and then the Oerlikon concerns. He 
is now also Professor of Physics at 
ETH Zurich. 

Jean-Pierre Blaser has been Di­
rector of the Schweizerische Insti-
tut fur Nuklearforschung (SIN) since 
its inception as a meson factory in 
1968. After presiding over the ini­
tial phase of the merger of SIN with 
the neighbouring Eidgenossiches 
Institut fur Reaktorforschung (EIR) 
he became first Director of the 
combined Laboratory, renamed the 
Paul Scherrer Institute, in 1988. For 
several years he was also Swiss 
representative to CERN Council. 

CEBAF injector operates at 5 MeV 

In an April 19 test, the initial 5 
MeV superconducting section for 
the injector of the Continuous Elec­
tron Beam Accelerator Facility be­
ing built at Newport News, Virginia, 

Anton Menth (left) becomes Director of the 
Swiss Paul Scherrer Institute, succeeding 
Jean-Pierre Blaser (right). 
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AVAX Processor on VME 
for Real Time applications* 
The AEON VME300 

SYSTEMS 
INCORPORATED 

To order, or for more product information, contact: 
AEON Systems Incorporated 

8401 Washington Place N.E., Albuquerque, New Mexico 87113 
Phone: 505/828-9120 Fax: 505/828-9115 

VAX, VAXELN, VMS and rtVAXSOO are trademarks of Digital Equipment Corporation. 

AEON Systems, Inc., a leader in the 
field of Real Time acquisition and 
licensed developer on VAXBI, brings 
you the first complete VAX processor 
on VME for Real Time applications. 

The AEON VME300 includes all 
the features necessary to support 
Real Time data acquisition and 
control applications in a VME 
environment. It incorporates the 
rtVAX 300 subassembly from Digital 
with a VMEbus interface, optional 
memory up to 8 Mbytes, plus: 

• Onboard memory dual ported 
to VME 

• Complete VME Interface 
• Real Time Clock 
• VAX processor and Floating 

Point Unit 
• Ethernet Controller 
• VAXELN Real Time Kernal 

(This Real Time environment 
from Digital executes on the 
VME300 and a development 
system which runs on the 
VMS host.) 

VMEbus System 
Also Available 
You can also get a total VMEbus 
solution combining a VME300, VME 
enclosure with backplane, and power 
supply. This assembly, the AEON 
8310 Model, has been specifically 
designed to meet your exacting, real 
world needs. 

Product Shipment 
Begins June 30/1990! 
Shipment of the VME300 will 
proceed based on when your order is 
received by AEON Systems. 

We are also actively seeking 
representatives familiar with the 
VME market in the U.S. and Europe. 
In Europe, contact: 
Horizon Technologies (France) 
Phone: +32 (1) 64.46.62.02 

HYTEC Electronics, LTD. (U.K.) 
Phone: +44 734697973 
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accelerated an electron beam to 
design energy. This superconduct­
ing quarter-cryomodule - of the 
same design as the full cryomo-
dules to be used in both the 4 GeV 
accelerator itself and the rest of the 
45 MeV injector - contains a her­
metically joined pair of accelerating 
cavities immersed in 2K helium. 
Continued 5 MeV operations will 
test beam current, position, and 
profile monitors as well as pre-pro­
duction radiofrequency control 
units and associated hardware. 

In another development earlier in 
April, Robert Gay Construction 
Company of Jacksonville, Florida, 
began building CEBAF's three end 
stations. Gay's $11.8 million con­
tract calls for circular, partially un­
derground concrete halls 30, 46, 
and 53 metres in diameter. 

Superconducting equipment for 
Brazil 

Thirteen superconducting niobium-
sheathed radiofrequency accelerat­
ing modules of the type developed 
at Argonne for ATLAS (Argonne 
Tandem Linear Accelerator Sys­
tem) are to be supplied to Sao Pau­
lo, Brazil, to upgrade the universi­
ty's electrostatic accelerator. 

Waiting for RHIC 

With construction of the RHIC Rela-
tivistic Heavy Ion Collider expected 
to get underway at Brookhaven in 
October 1991 (April, page 16), 
preparations for the experimental 
programme move into top gear. 

Oscar Sala (left) of Sao Paulo, Brazil, and 
Lowell Bollinger, head of Argonne s ATLAS 
accelerator, with one of the superconducting 
accelerating units developed at Argonne for 
ATLAS. 13 such units are to be supplied to 
upgrade Sao Paulo's electrostatic accelera­
tor. 

Construction work underway for the Contin­
uous Electron Beam Accelerator Facility 
(CEBAF), Newport News, Virginia. 
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Discussing heavy ion physics results from 
the Alternating Gradient Synchrotron at 
Brookhaven - (left to right) Ole Hansen, Mik-
los Gyulassy and Flemming Videbaek. 

The Fourth Workshop on Experi­
ments and Detectors is scheduled 
for Brookhaven from 2-7 July, im­
mediately following the Inter­
national Conference on Particles 
and Nuclei (PANIC) in Cambridge, 
Massachusetts (further information 
from the RHIC office, bitnet 
rhicuser at bnldag). 

Meanwhile accomplishments so 
far with heavy ion beams at Brook-
haven's Alternating Gradient 
Synchrotron (which will act as the 
RHIC injector) were surveyed at a 
workshop at Brookhaven from 5-7 
March. 

At Berkeley, the Nuclear Science 
Division has set up a Relativistic 
Nuclear Collision Group under Art 
Poskanzer to cover preparations 
for RHIC and ongoing heavy ion 
studies at CERN and at the local 
Bevalac. 

At CERN, supplier of the world's 
highest energy heavy ion beams 
(sulphur-32 ions at 200 GeV/nu-
cleon), plans are being groomed for 
an international project to supply 
beams of lead ions. In addition, the 
LHC idea for a proton collider using 
the existing 27-kilometre LEP tun­

nel (December 1989, page 1) could 
take heavy ion beams on board. 

Meetings 

A workshop on tau neutrino phy­
sics to be held at Orsay from 24-
27 September, organized jointly by 
the French IN2P3 (CNRS) and CEA, 
will cover experiment, theory, and 
ideas for the future. Attendance 
(about 100) is by invitation only. 
Contact Tau workshop, c/o Nicole 
Mathieu, Universite Paris-Sud, LAL 
Bat 200, 91405 Orsay Cedex, 
France, bitnet orsaytau at frcpn 11 

Top papers of the 1980s 

In the analysis of a decade of parti­
cle physics papers to find the most 
frequently cited results of the 
1980s (April, page 7), a big one 
unfortunately slipped through the 
net. The 1984 Reviews of Modern 
Physics paper by E. Eichten, I. 
Hinchliffe, K. Lane and C. Quigg 
stressed the importance of a phy­
sics programme exploring the 1 
TeV (1000 GeV) scale for interac­

tions at the quark and lepton level 
and looked at the probable out­
come, based on Standard Model 
physics. With 785 citations, this 
was the most referred-to phenom­
enology paper and should have 
been included in the top ten pap­
ers. 

A misprint which hindered some 
subsequent citations obscured re­
ferences to the 1985 Nuclear Phy­
sics B paper by L. Dixon, J.A. Har­
vey, C. Vafa and E. Witten on 
'Strings on orbifolds', which looked 
at the 'compactification' of un­
wanted dimensions in superstring 
theory. 

Our apologies to all the authors. 

The amended top twenty in full 

The init ial f igure is the c i ta t ion 
s c o r e : 

1 1 0 2 P. Candelas et a l : Nuclear 
Physics 6 2 5 8 ( 1 9 8 5 ) 4 6 
9 6 9 D.J . G ross et a l : Nuclear Phy­
sics 8 2 5 6 ( 1 9 8 5 ) 2 5 3 
9 2 5 A . M . P o l y a k o v : Physics Let­
ters 7 0 5 8 ( 1 9 8 1 ) 2 0 7 
8 9 7 D.J . G ross et a l : Phys. Rev. 
Letters 54 ( 1 9 8 5 ) 5 0 2 
8 9 3 Part ic le Data G r o u p : Physics 
Letters B170 ( 1 9 8 6 ) 1 
8 4 2 A . H . G u t h : Phys. Rev. D23 
( 1 9 8 1 ) 3 4 7 
8 2 8 M.B. Green , J . H . S c h w a r z : 
Physics Letters 7 4 9 8 ( 1 9 8 4 ) 117 
8 1 1 A . A . Belavin et a l : Nuclear 
Physics B241 ( 1 9 8 4 ) 3 3 3 
7 6 4 J . H . S c h w a r z : Physics Re­
ports 89 ( 1 9 8 2 ) 2 2 3 
7 5 4 E. E ichten et a l : Rev. Mod. 
Phys. 5 6 ( 1 9 8 4 ) 5 7 9 
6 5 2 E. W i t t e n : Nuclear Physics 
8 2 2 3 ( 1 9 8 3 ) 4 2 2 
5 9 8 D. Fr iedan et a l : Nuclear Phy­
sics B271 ( 1 9 8 6 ) 9 3 
5 9 2 G. A r n i s o n et al ( U A 1 ) : Phy­
sics Letters 126B ( 1 9 8 3 ) 3 9 8 
5 8 5 P. Bagnaia et al ( U A 2 ) : Phy­
sics Letters 7 2 9 8 ( 1 9 8 3 ) 1 3 0 
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5 8 2 G. A r n i s o n et al ( U A 1 ) : Phy­
sics Letters 7 2 2 6 ( 1 9 8 3 ) 1 0 3 
5 4 2 A . A l b r e c h t , P.J. S te inha r t : 
Phys. Rev. Letters 48 ( 1 9 8 2 ) 1 2 2 0 
5 3 7 A . D . L inde : Physics Letters 
108B (1982) 389 

5 2 3 M . Creutz : Phys. Rev. D21 
( 1 9 8 0 ) 2 3 0 8 
5 1 8 L. D ixon et a l : Nuclear Physics 
B261 ( 1 9 8 5 ) 6 7 8 
5 0 7 D.J. Gross et a l : Nuclear Phy­
sics 8 2 6 7 ( 1 9 8 6 ) 7 5 
5 0 5 E. W i t t e n : Nuclear Physics 
8 2 5 8 ( 1 9 8 5 ) 7 5 
4 9 5 M . Banner et al ( U A 2 ) : Phy­
sics Letters 122B ( 1 9 8 3 ) 4 7 6 
4 7 8 E. W i t t e n : Commun. Math. 
Phys. 92 ( 1 9 8 4 ) 4 5 5 
4 7 0 E. W i t t e n : Nuclear Physics 
6 2 6 8 ( 1 9 8 6 ) 2 5 3 
4 6 6 Part ic le Data G r o u p : Reviews 
of Modern Physics 52 ( 1 9 8 0 ) S1 
4 4 6 A . M . P o l y a k o v : Physics Let­
ters 7 0 3 8 ( 1 9 8 1 ) 2 1 1 
4 2 6 H.P. Ni l les: Physics Reports 
7 7 0 ( 1 9 8 4 ) 1 

4 2 3 D. Fr iedan et a l : Phys. Rev. 
Letters 52 ( 1 9 8 4 ) 1 5 7 5 
4 1 3 L. A l va rez -Gaume , E. W i t t e n : 
Nuclear Physics B234 ( 1 9 8 4 ) 2 6 9 
4 0 8 E. W i t t e n : Nuclear Physics 
8 2 2 3 ( 1 9 8 3 ) 4 3 3 
4 0 6 Part ic le Data G r o u p : Physics 
Letters B204 ( 1 9 8 8 ) 1 
4 0 4 P. van N i e u w e n h u i z e n : Phy­
sics Reports 68 ( 1 9 8 1 ) 1 8 9 

Posters for schools 

On the initiative of Meinhard Regler 
from the High Energy Physics Insti­
tute in Vienna, a series of thirteen 
posters on accelerators and parti­
cle physics have been printed for 
use in schools. They are in three 
sets: l-IV on Accelerators and Col­
liders, prepared by Brian South-
worth; V-VIII on Detectors, pre­
pared by Meinhard Regler; IX-XIII 

on Theory prepared by Wolfgang 
Lucha with Herbert Pietschmann. 
Marcel Sturzinger helped with gra­
phics and the posters were printed 
by Sappl in Kufstein, Austria. 

The posters on accelerators take 
the historical route to high energies 
to cover the different techniques of 
particle acceleration. They begin 
with 'General principles' - defini­
tion of the electronvolt, TV tubes 
as an example of the basic ele­
ments of an accelerator, and the 
distinction between fixed target 
and colliding beams. They move on 
to 'DC machines and cyclotrons' -
from Crookes' tube, via the Cock-
croft-Walton and Van de Graaff to 
the cyclotron. Next come the ma­
chines for relativistic particles 
'Synchro-cyclotrons, linacs, syn­
chrotrons' with illustration of the 
principles of alternating gradient 
and of phase stability. They con­
clude with 'Colliders' covering elec­
tron-positron, proton-proton and 
proton- antiproton machines. 

The posters on 'Detectors' con­
centrate on the most up-to-date 
techniques for particle detection. 
They begin with a comparison of 
'Fixed target/collider experiments' 
using schematic representations of 
both types. 'Wire chambers'are 
covered moving from the Geiger 
counter and proportional chamber 
to drift chambers and time projec­
tion chambers. 'Particle identifica­
tion' is illustrated via Cherenkov 
light devices and the energy loss 
methods. These posters conclude 
with 'Calorimeters' with diagrams 
of various types of such devices 
such as a sandwich structure calo­
rimeter and a hadron calorimeter 
for a fixed target experiment. 

The posters on 'Theory' begin 
with 'Fundamental particles' with 
their dual role as building blocks of 
matter and transmitters of force, 
their interactions via particle ex­

change, and the quantum mechani­
cal understanding of atomic struc­
ture. 'Elementary particles' classi­
fies particles into bosons and fer-
mions and introduces the concepts 
of quantum numbers and of anti-
particles. 'Standard theory' sum­
marizes present knowledge of par­
ticles in the standard model. 'Quark 
model' explains the properties of 
the strongly interacting particles, 
the hadrons, in terms of their quark 
and gluon constituents. The final 
poster on 'Fundamental interac­
tions' illustrates the fundamental in­
teractions found in nature. 

The posters are aimed at pre-
university school classes and could 
also be useful in postgraduate edu­
cation of teachers, introductory lec­
tures in physics courses and in 
popular science lectures. They can 
also serve in other general presen­
tations of particle physics and its 
associated technologies. 

The posters are 70 x 100 cm in 
full colour. The English version is 
available from CERN at a cost of 
350 Swiss francs for the full set. 
Requests should be addressed to 
Petra Pamblanco, Publications Sec­
tion, CERN, 1211 Geneva 23, Swit­
zerland. The German version is 
available from the printer at a cost 
of 4160 Austrian schillings for the 
full set. Requests should be sent to 
Paul Sappl, Eichelwang 15, 6332 
Kufstein, Austria. (Reduced costs 
could be negotiated for large ord­
ers for either language version.) It 
is probable that a French version 
will be produced before the end of 
the year. People interested in help­
ing to organize production in other 
languages should make contact 
with Brian Southworth at CERN. 
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Users' corner 
The May issue (page 27) out­
lined how the European Commit­
tee for Future Accelerators 
(ECFA) has set up nine detector 
and three physics working 
groups for exploring in detail the 
physics possibilities for the 
Large Hadron Collider (LHC) pro­
posed for CERN (December 
1989, page 1). 

To promote rapid dissemina­
tion of information from these 
working groups, a new news 
feature, LHCWG NEWS, will 
soon be installed on the 
CERNVM and CERNVAX com­
puter systems. 

LHCWG NEWS can be ac­
cessed at any time from 
CERNVM by typing NEWS 
(LHCWG To see this news regu­
larly, add the line 
'EXEC NEWS (LHCWG UNSEEN' 
at a suitable point in your PRO­

FILE EXEC file. This will show 
any such news issued since the 
previous login. On the central 
VAX cluster this news may be 
read by typing NEWS LHCWG 

Those interested but not hav­
ing an account on the CERN 
computers should send their el­
ectronic mail addresses to the 
CERN Users' Office - CERNUO 
at CERNVM or PA TTISON at 
CERNVM mentioning LHCWG 

Those without access to elec­
tronic mail should write to Bryan 
Pattison, Users' Office, CERN, 
1211 Geneva 23, Switzerland. 

T h e r e w i l l b e a n I n t e r m e d i a r y 
M e e t i n g o f a l l t h e E C F A L H C 
W o r k i n g G r o u p s in t h e C E R N 
A u d i t o r i u m o n 1 8 - 1 9 J u n e . 

Bernard D. Hyams 

At the end of April, Bernard D. 
Hyams 'retired' after 32 years at 
CERN, only to continue his normal 
activities the next day. Joining 
CERN in 1958 after cosmic ray 
work at Manchester, his first ex­
periment, conducted in the Lotsch-
berg tunnel, showed that the nu-
cleon lives longer than 2 x 1026 

years, the significance of which 
was only recognized many years 
later. In one of the first experi­
ments at the CERN PS, he demon­
strated that in pion decay the muon 
spin behaved as expected. After a 
study of vector meson decays into 
muon pairs, he spent several years 
on precision pion measurements. 
With the discovery of charmed par­
ticles, he pioneered the application 
of the silicon microstrip technique 
for high precision vertex measure­
ments, developing during a sabba­
tical year at SLAC the VLSI chip for 
microstrip readout. While continu­
ing his research work, he was 
Leader of CERN's Experimental 
Physics Division from 1984-87. 

From Peter W e i l h a m m e r 
and Fr iedr ich Dydak 

The European Southern Observatory's trav­
elling astronomy exhibition 'Discoveries in 
the Southern Sky' is spending six months at 
CERN's 'Microcosm' exhibition centre. The 
choice of ESO as Microcosm's first guest 
exhibitor is especially apt: new physics in­
sights are finding increasing common 
ground between astronomy - the study of 
the large-scale structure of the Universe -
and particle physics - which looks at the in­
finitely small; and ESO underlines its close 
links with CERN, where it had a temporary 
home while waiting for its Garching, near 
Munich, headquarters to be built. 

(Photo CERN 529.3.90} 
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CRYOREFRIGERATORS... 
. . . the solution for a wide range of 
cooling problems 
LEYBOLD offers a wide range of cryorefri-
gerators for research and industrial purpo­
ses, covering the temperature range from 
4 K to 330 K with closed-cycle helium re­
frigerators. These refrigerators are suitable 
for any application where liquid refrige­
rants are undesirable. 
Typical applications include: 
• Cooling of test specimens in cryostats, 
e.g. for high temperature superconductivi­
ty research • Shield cooling of supercon­
ductive magnets • Cooling of low-noise 
amplifiers and detectors • Hydrogen 
liquefiers for H 2 targets. 
Our product line includes 1, 2 or 3-stage 
refrigerators with accessories, complete 
cryostats and cryopumps for all high or 
ultra high vacuum applications with 
pumping speeds between 400 and 
60 000 I s 1 . 
Interested? Call: 01-302 36 36 

LEYBOLD AG 
Leutschenbachstrasse 55, 8050 Zurich 
Worldwide: 
LEYBOLD AG, Bonner Strasse 498, D-5000 Cologne 51 

L E Y B O L D 

Innovative Vacuum Technology A Degussa Company 
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