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LEP physics 

C o n s t r u c t i o n o f t he 2 7 k m LEP 
e l e c t r o n - p o s i t r o n Col l ider at CERN 
pushes re lent less ly f o r w a r d . Less 
ev iden t , bu t j us t as v i t a l , is t he 
w o r k f o r t he f ou r b ig d e t e c t o r s 
w h i c h w i l l be ready t o i n te rcep t 
LEP's f i rs t co l l id ing b e a m s t o w a r d s 
the end o f 1 9 8 8 (see M a y issue , 
page 1). Desp i te t h e s e d a y - t o - d a y 
"Veoccupations o f c o n s t r u c t i o n 
c«nd p repa ra t i on , t he u l t ima te a im 
o f th i s m a m m o t h p ro jec t is t o d o 
n e w phys i cs . 

T h e poss ib i l i t ies f o r o p e n i n g up 
n e w areas o f phys i cs f o r e x p l o r a ­
t i o n and m e a s u r e m e n t w e r e spe l led 
ou t in deta i l be fo re t he p ro jec t w a s 
a c c e p t e d by CERN Counc i l in 1 9 8 1 . 
H o w e v e r in t he m e a n t i m e t he W 
and Z par t i c les , the car r ie rs o f t he 
w e a k nuclear f o r c e , w e r e d i s c o v ­
e red at CERN in 1 9 8 3 , p r o v i d i n g 
d rama t i c c o n f i r m a t i o n o f e l ec t ro -
w e a k un i f i ca t ion . 

A t CERN and e l s e w h e r e , ev i ­
dence con t i nues t o accumu la te in 
f a v o u r o f t he Q u a n t u m C h r o m o d y -
nam ics (QCD) p ic tu re o f i n te r -quark 
*Qrces. T o g e t h e r , e l e c t r o w e a k un i -

j a t i o n and QCD are t h e t w i n p i l ­
lars o f the 'S tanda rd M o d e l ' o f 
t o d a y ' s phys i cs . 

E lec t ron -pos i t r on co l l i s ions at 
p resen t l y avai lable m a c h i n e s at 
t he German DESY L a b o r a t o r y in 
H a m b u r g and at S t a n f o r d in the 
US have revea led no s ign o f the 
l o n g - a w a i t e d s ix th ' t o p ' qua rk , t he 
b ig m iss ing l ink in t he S t a n d a r d 
M o d e l . H o w e v e r s o m e c lues are 
p r o v i d e d by the U A 1 e x p e r i m e n t 
w h i c h bene f i t s f r o m the h igher 
energ ies at CERN's p r o t o n - a n t i p r o -
t o n Col l ider. 

M e a n w h i l e t heo r i s t s have c o n ­
t i nued the i r e f f o r t s t o e x t e n d the 
S tanda rd M o d e l . No ev i dence f o r 
any o f t hese n e w ideas , s o m e o f 
t h e m ve ry appea l i ng , has been 
f o u n d , bu t t h e y w i l l s t a n d o r fal l 
by w h a t is f o u n d at LEP. 

Gunther W o l f , t hen cha i rman o f 
t he LEP Exper imen ts C o m m i t t e e , 
s u g g e s t e d t o J o h n Ellis and Rober ­
t o Pecce i , t he t w o t h e o r i s t s o n the 
C o m m i t t e e , tha t t he t i m e w a s r ipe 
f o r a fu r the r su rvey o f the phys i cs 
poss ib le w i t h the n e w mach ine . 
Five ma in areas w e r e iden t i f i ed , 
and w o r k i n g g r o u p s w e r e se t up 
con ta in ing expe r imen te rs f r o m 
the f ou r LEP co l l abo ra t i ons and 
t h e o r i s t s . 

T h e f i ve areas are — prec is ion 
s tud ies a round the Z (the carr ier 
o f the e lectr ica l ly neutra l par t o f 
t he w e a k nuclear f o r c e ) ; so -ca l led 
' t o p o n i u m ' cons i s t i ng o f a t o p 
quark b o u n d t o i ts an t i qua ry -
searches f o r n e w pa r t i c l es ; h igh 
ene rgy LEP running b e y o n d t he 
f o r e s e e n init ial level o f a r o u n d 
5 0 GeV per b e a m ; and Q C D and 
heavy quark phys i cs . 

Cal led 'Phys ics at LEP' , t he f i n d ­
ings o f the w o r k i n g g r o u p s have 
n o w been pub l i shed in t w o w e i g h t y 
t o m e s w h i c h shou ld se rve as a 
usefu l h a n d b o o k f o r the expe r ­
imen ta l i s t s once the da ta s t a r t s t o 
rol l in . 

Another breakthrough for the LEP 
electron-positron Collider at CERN. 

Z physics 

T h e w o r k i n g g r o u p c o m m i s ­
s i oned t o l ook at phys i cs a round 
the Z c a m e t o n u m b e r o f de f in i te 
c o n c l u s i o n s : 
— the m a s s and w i d t h o f t he Z 

peak shou ld be easi ly m e a s u r a ­
ble at LEP; 

— the use o f po lar ized (spin 
o r ien ted ) b e a m s is seen as a 
' na tu ra l ' r e q u i r e m e n t ; 

— in fer r ing t he n u m b e r o f t y p e s 
o f neu t r i no shou ld be e a s y ; 

— any n e w heavy par t ic les (fer-
m ions ) c o m i n g f r o m add i t iona l 
qua rk fami l ies shou ld have 
d e t e c t a b l e e f f e c t s ; 

— the e lus ive H iggs b o s o n (the 
s o u r c e o f m a s s in the e lec t ro -
w e a k t heo ry ) m i g h t remain so 
if t he par t ic le is heav ier t han 
a b o u t 5 0 G e V ; 

— the de l ica te f o r w a r d - b a c k w a r d 
a s y m m e t r i e s in th is s e c t o r 
shou ld g ive i m p o r t a n t p rec is ion 
m e a s u r e m e n t s . 
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After an epic journey from the Soviet Union 
by ship, barge and lorry, one of the modules 
for the magnet of the DELPHI experiment 
at LEP finally arrives at CERN. 

(Photo CERN 108.4.86) 

Toponium 

T h e s t u d y o f t he b o u n d s t a t e s 
o f t o p qua rks and the i r an t i qua rks 
is seen as an ideal l a b o r a t o r y f o r 
t he S t a n d a r d M o d e l , bu t a lo t d e ­
p e n d s o n j us t w h e r e t he s t a t e s are 
g o i n g t o be f o u n d . If t h e y fal l r ight 
o n t o p o f the Z near 9 3 G e V then 
a lot o f w o r k w i l l be requ i red t o 
unrave l t h e m . 

If t he t o p o n i u m g r o u n d s ta te 
t u r n s o u t t o be l ighter t han t h e Z 
(as U A 1 h in ts ) , cu r ren t e s t i m a t e s 
o f LEP p e r f o r m a n c e ind ica te t h a t 
it shou ld be poss ib le t o f i nd severa l 
h igher s t a t e s in e x p e r i m e n t s t a k i n g 
a f e w m o n t h s . 

If t o p o n i u m is h e a v y , it b e c o m e s 
m o r e d i f f icu l t t o m a n u f a c t u r e and 
i ts phys i cs b e c o m e s c o r r e s p o n d ­
ingly m o r e d i f f icu l t . 

T o p o n i u m phys i cs is seen as 
c o m p l e m e n t a r y t o Z p h y s i c s , p r o ­
v id ing inc is ive t e s t s o f m a n y cur ­
rent t heo re t i ca l ideas. 

New particles 

In the i r e f f o r t s t o un i fy all t he 
f o r c e s in Nature and t o co r re la te 
the i r v e r y d i f fe ren t s t r e n g t h s , t h e ­
o r i s t s have c o n j e c t u r e d m a n y di f ­
f e ren t n e w par t i c les . 

T h e w o r k i n g g r o u p e n t r u s t e d 
w i t h l ook ing at the imp l i ca t i ons f o r 
LEP o f t hese n e w par t ic les 
s t r e s s e d the i m p o r t a n c e in the i r 
v i e w o f the ' M a s s P r o b l e m ' — the 
or ig in o f m a s s in t he e l e c t r o w e a k 
s e c t o r t h r o u g h the 'H iggs m e c h a n ­
i s m ' . The i r r epo r t p r o v i d e s exper ­
imen te rs w i t h a c o m p r e h e n s i v e 
l is t ing o f m a n y o f t he p red i c t ed 
p rope r t i es o f t he H iggs and re la ted 
par t ic les and h o w t h e y m igh t be 
p i cked ou t f r o m the LEP d a t a , if 
t hey w e i g h less t han a b o u t 
1 0 0 GeV . 

Higher energies 

T h e t a s k o f t he f o u r t h w o r k i n g 
g r o u p w a s t o l ook in to the phys i cs 
imp l i ca t ions o f runn ing LEP b e y o n d 
the init ial ly p lanned level o f a b o u t 
5 0 GeV per b e a m . 

I n t he cou rse o f th i s s t u d y ' , the i r 
repo r t s t a t e s , ' i t b e c a m e ev iden t 
t o us t ha t t he phys i cs po ten t ia l o f 
runn ing LEP II ( i.e. h igher energ ies) 
is cons ide rab le , o f a level c o m p a r ­
ab le , if no t g rea te r , t o t ha t o f t he 
initial s tage o f LEP' . 

A s w e l l as o p e n i n g up the p o s ­
s ib i l i ty o f p r o d u c i n g n e w par t ic les 
(as l o o k e d in to by the th i rd w o r k ­
ing g r o u p ) , h igher energ ies c o u l d 
a lso f i nd ev idence f o r any deepe r 
subs t ruc tu re o f m a t t e r ins ide t he 
qua rks and l e p t o n s , c o n s i d e r e d as 
po in t l i ke and ind iv is ib le in t he 
S t a n d a r d M o d e l . T h e d i s c o v e r y o f 
a n e w layer o f m a t t e r w o u l d in 
i tsel f m a k e LEP a tu rn ing po in t in 
the h i s to ry o f phys i cs . 

In a d d i t i o n , h igher energ ies 

w o u l d exp lo re n e w areas o f t h e 
S tanda rd M o d e l , w h e r e the re are 
sti l l m a n y u n m e a s u r e d p a r a m e t e r s . 

In c o n c l u s i o n , t he g r o u p re i ter­
a tes ' i t is o f in te res t t o push t he 
b e a m ene rgy t o t he m a x i m u m 
poss ib le va lue ' . 

T h e i m p o r t a n c e o f h igher ener­
g ies at LEP has s t imu la ted a w o r k ­
s h o p o n th is phys i cs t o be held in 
A a c h e n f r o m 2 9 S e p t e m b e r t o 
1 O c t o b e r . (Further i n f o r m a t i o n 
f r o m W o r k s h o p LEP 2 0 0 , III. Phy-
s ika l isches Ins t i tu t R W T H A a c h e n , 
P h y s i k z e n t r u m , S o m m e r f e l d -
s t r asse , D - 5 1 0 0 A a c h e n , W e s t 
Germany . ) 

QCD and heavy quark physics 

The f i f t h w o r k i n g g r o u p under ­
l ined t he i m p o r t a n c e o f e l e c t r o n -
p o s i t r o n annih i la t ion as a w i n d o w 
o n quark d y n a m i c s , po in t i ng o u t 
the s u c c e s s e s o b t a i n e d at ex is t i ng 
( l ower energy) e lec t ron m a c h i n e s . 

T h e e x p e c t e d phys i cs a r o u n d 
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Around the Laboratories 

t he Z peak and the h igh e x p e c t e d 
Z y ie ld o f severa l mi l l ion a year 
( c o m p a r e d w i t h t he h u n d r e d or s o 
f o u n d in severa l yea rs at t he CERN 
p r o t o n - a n t i p r o t o n Col l ider) o p e n 
up deta i led QCD s tud ies . 

Th i s g r o u p a lso c o v e r e d p h o t o n -
p h o t o n co l l i s ions , w h e r e p h o t o n 
m e s s e n g e r par t ic les in te rac t w i t h 

ch o the r ra ther t h a n an e lec t ron 
o r p o s i t r o n t a rge t , p r o v i d i n g an 
add i t iona l phys i cs w i n d o w . 

A s we l l as p r o b i n g f o r t he t o p 
qua rk , LEP w o u l d o p e n up the 
s p e c t r o s c o p y o f t he f i f t h (beauty) 
q u a r k , o f w h i c h on l y t he sur face 
has been s c r a t c h e d s o far . 

Th i s cou ld p r o v i d e a f u r t he r 
b a t c h o f par t ic les w h i c h have u n ­
usual p rope r t i es under t he c o m ­
b ined CP o p e r a t i o n ( s w i t c h i n g par ­
t ic le t o ant ipar t ic le and lef t t o 
r igh t ) . CP v i o l a t i on , cu r ren t l y re­
s t r i c t ed t o t he neut ra l k a o n s , is 
n o t we l l u n d e r s t o o d . ' I t w i l l no t 
su rp r i se m a n y o f us if CP v io la t i on 
b e c o m e s the Ach i l l es heel o f t he 
S t a n d a r d M o d e l ' , t he g r o u p c o n -

*udes. 'LEP e x p e r i m e n t s are cer-
^mly we l l e q u i p p e d t o t a k e a im 

at t h a t ! ' . 
W h e n the da ta s t a r t s t o rol l i n , 

t he p r o n o u n c e m e n t s o f t he 'Phy­
s ics at LEP' s t u d y m a y re f lec t m o r e 
our cu r ren t i gno rance t h a n en l igh t ­
e n m e n t . But t ha t is w h y LEP is 
be ing bui l t — t o exp lo re t he 
u n k n o w n . 

Heavy ions 
CERN's venerable Linac 1, 
which normally provides 50 
GeV protons, accelerated in 
april a beam of oxygen 6+ ions 
to MeV (12.5 MeV/nucleon), 
the injection energy required 
for CERN's heavy ion research 
programme later this year. 
Meanwhile Brookhaven takes 
another step towards its long 
term project of a relativistic 
heavy ion collider (RHIC). In 
April, oxygen ions from the 
Tandem Van der Graaff were 
transferred to the AGS, Alter­

nating Gradient Synchrotron, 
the first time this venerable 
26-year old machine had seen 
anything other than proton 
beams. The heavy ion pro­
gramme will be helped by the 
advent of a Booster at the 
AGS (enabling, amongst other 
things, fully stripped ion spe­
cies beyond sulphur to be in­
jected into the AGS) for which 
construction has been autho­
rized (see January/February 
issue, page 21). A prototype 
magnet for the Booster is now 
under test. 

Inside the pressure vessel of one of 
Brookhaven s twin Van de Graaff machines 
which now provide heavy ions ready for 
acceleration in the Alternating Gradient 
Synchrotron. 
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Cross-section of a prototype 
superconducting dipole magnet for the 
Relativistic Heavy Ion Collider (RHIC) being 
proposed for Brookhaven. 

LONGITUDINAL ASSEMBLY 
RODS 

BROOKHAVEN 
RHIC rarirf to go 

W i t h heavy ions n o w avai lab le in 
the A l t e r n a t i n g Grad ien t S y n c h r o ­
t r o n (AGS — see b o x , page 3 ) , 
B r o o k h a v e n ' s d r e a m o f a Relat iv­
ist ic Heavy Ion Col l ider (RHIC) t a k e s 
a s t e p nearer t o real i ty . RHIC w o u l d 
o p e n up n e w phys i cs ho r i zons and 
w o u l d handi ly fil l t he tunne l left 
f r o m the a b a n d o n e d I s a b e l l e / C B A 
col l ider p ro jec t . 

A RHIC m i l es tone w a s recen t l y 
ach ieved w i t h t he success fu l t e s t 
o f a p r o t o t y p e s u p e r c o n d u c t i n g 
d ipo le . T h e m a g n e t w a s c o n s e r v a ­
t i ve ly des igned f o r a co l l ider ope r ­
a t ing w i t h heavy ions hav ing 
a t o m i c m a s s e s up t o 2 0 0 at ener­
g ies up t o 1 0 0 GeV per nuc leon 
per b e a m . 

For heavy ion o p e r a t i o n o v e r t he 

ene rgy range f r o m b e l o w in jec t ion 
t o 1 0 0 G e V per nuc leon , a large 
aper tu re is requ i red , bu t t he re­
qu i red cent ra l f ie ld in the ex i s t i ng 
tunne l is a re lat ive ly m o d e s t 3 . 4 T . 
For s u p e r c o n d u c t i n g m a g n e t s w i t h 
th i s cent ra l f i e ld , a s ingle layer coi l 
is su f f i c ien t . The d ipo le f ie ld needs 
t o be u n i f o r m t o a f e w pa r t s in 
10 0 0 0 ; th is is ach ieved b y the 
use o f space rs b e t w e e n t u r n s in 
t he m o u l d e d co i l . A n i ron y o k e 
p r o v i d e s b o t h f ie ld e n h a n c e m e n t 
and a m e t h o d o f ' co l l a r i ng ' o r 
c l a m p i n g the co i l . T h e sa tu ra t i on 
s e x t u p o l e i n t r oduced by c lose 
p r o x i m i t y o f the i ron is r e m o v e d 
w i t h t he s a m e co r rec t i on co i ls 
w h i c h cance l the natura l c h r o m a -
t i c i t y o f t he lat t ice and co r rec t t he 
magne t i za t i on o f t he s u p e r c o n d u c ­
t o r . (These c o r r e c t o r s w i l l be o u t ­
s ide o f t he d ipo le f ie ld.) T h e m a g ­
net is c u r v e d t o t he 2 5 0 m rad ius 
o f t he ex is t ing tunne l t o f u r t he r 
reduce c o s t , s ince a cu r ved m a g n e t 

uses less hor izon ta l aper tu re . 
T h e p r o t o t y p e 4 . 5 m d ipo le w a s 

bui l t and t e s t e d t o ver i f y t hese 
des ign c o n c e p t s . The f i r s t q u e n c h 
o f t he m a g n e t , 3 . 6 T , w a s a b o v e 
the requ i red ope ra t i ng f ie ld o f 
3 . 4 T . W i t h a l i t t le t ra in ing , the 
m a g n e t reached 4 . 5 T , a l l ow ing 
f o r a reasonab le sa fe t y marg in t h a t 
shou ld e l im ina te t he need f o r t r a i n ­
ing p r io r t o m a g n e t ins ta l la t ion . 
T h e a l l o w e d mu l t i po les w e r e sma l l , 
as d e s i g n e d , and the u n a l l o w e d 
t e r m s w e r e w i t h i n t he e s t i m a t e s 
d e v e l o p e d f r o m p rev ious expe r i ­
ence . 

Th i s t e s t f o l l o w s the exce l lent 
p e r f o r m a n c e o f th ree eng ineer ing 
m o d e l s bui l t t o s t u d y co l lar ing 
ideas and t o p rov i de an o p p o r t u n ­
i ty f o r indust r ia l i n v o l v e m e n t . 
B r o w n , Bover i et Cie (BBC) a s s e m ­
bled the m a g n e t s w i t h co i ls m a d e 
by Fermi lab , us ing s o m e par ts and 
t o o l i n g d e v e l o p e d f o r HERA m a g ­
ne ts at DESY, H a m b u r g . T h e s e 
eng ineer ing m o d e l s have b o t h 
magne t i c and n o n - m a g n e t i c co l lars, 
A l l t h ree exh ib i ted l i t t le o r no t r a i n ­
ing. T h e one w i t h i ron co l lars gave 
the des i red sa fe t y marg in w h i c h 
led t o es tab l i sh ing the cr i ter ia f o r 
the p r o t o t y p e m o d e l . The f o u r t h 
and last m a g n e t in th is ser ies wi l l 
be t e s t e d sho r t l y . 

Plans are be ing m a d e f o r the 
c o n s t r u c t i o n o f fu l l - length (9 m) 
d ipo les at B r o o k h a v e n and at 
B r o w n , Bover i et Cie, again us ing 
s o m e o f t he t o o l i n g bui l t f o r HERA. 
The coi l des ign has been s l ight ly 
a l te red f r o m tha t o f the 4 . 5 m m a g ­
net in o rde r t o m a k e use o f cable 
d e v e l o p e d f o r the ou te r coi l o f 
S u p e r c o n d u c t i n g Superco l l ider 
m a g n e t s . T h e longer m a g n e t s wi l l 
be used t o check reproduc ib i l i t y 
o f f ie ld s h a p e , quench p r o p a g a t i o n , 
c r yogen i c d e s i g n , a l i gnmen t and 
re la ted i t e m s . A f t e r ind iv idual t e s t ­
i ng , t hese long m a g n e t s w i l l be 
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a s s e m b l e d f o r a t e s t o f a ful l cell 
o f f o u r m a g n e t s . 

T h e plan f o r RHIC as a w h o l e 
w a s recen t l y r e v i e w e d by a t e c h ­
nical c o m m i t t e e headed by Bill 
W i l l i s o f CERN. T h e r e v i e w w a s 
t i m e d t o co inc ide w i t h the f inal 
p repa ra t i on o f an u p d a t e d p r o p o ­
sal . T h e repo r t o f t h e c o m m i t t e e 
w a s e x t r e m e l y f a v o u r a b l e , s u m ­
mar iz ing the level o f p repa ra t i on 
by s t a t i n g : T h e RHIC p ro jec t is 
n o w techn ica l l y ready t o p r o c e e d 
t o c o n s t r u c t i o n . ' 

Hot little bangs 
W h a t m i g h t happen w h e n t w o 
heavy nuc le i , such as u r a n i u m , 
s m a s h t o g e t h e r at energ ies as h igh 
as t h o s e n o w used b y par t ic le phy ­
s ic is ts — o f t he o rde r o f 1 0 0 G e V 
per nuc leon? 

N o b o d y k n o w s f o r sure w h a t 
w i l l h a p p e n , bu t t he re is no s h o r t ­
age o f o p i n i o n s on w h a t m i g h t 
h a p p e n . T h e s e ideas , and t he t e c h ­
n iques f o r i nves t i ga t i ng t h e m , w e r e 
t he sub jec t o f 'Qua rk M a t t e r 8 6 ' , 
t he f i f t h In te rnat iona l Con fe rence 
o n Ul t ra-Rela t iv is t ic Nuc leus-
Nuc leus Co l l i s ions , he ld f r o m 
1 3 - 1 7 Ap r i l in A s i l o m a r , Ca l i fo rn ia . 
Organ ized by Berke ley , the m e e t i n g 
b r o u g h t t o g e t h e r s o m e 1 6 0 p h y s i ­
c i s t s f r o m the nuc lear phys i cs and 
par t ic le phys i cs subcu l t u res . 

A l t h o u g h the re is p rec ious l i t t le 
da ta o n t hese co l l i s ions o t h e r t han 
a handfu l o f c o s m i c ray e v e n t s , 
th i s has n o t d e t e r r e d theo re t i ca l 
specu la t i on . T h e c o n s e n s u s c o n ­
c lus ion is t h a t if e n o u g h ene rgy is 
p u m p e d in to a nuc leus , no rma l l y 
c o n s i d e r e d as a l oose ly b o u n d c o l ­
lec t ion o f p r o t o n s and n e u t r o n s , 
it w i l l even tua l l y t r a n s f o r m in to a 
c o m p l e t e l y n e w s t a t e : t he p r o t o n s 
and n e u t r o n s w i l l lose the i r s e p a ­
rate iden t i t y and f use t o g e t h e r in to 
t he qua rk -g l uon p l a s m a or ' q u a g -

m a ' . T h e w h o l e Un ive rse cou ld 
have been in such a s ta te a f e w 
m i c r o s e c o n d s a f ter t he initial Big 
Bang , and q u a g m a m a y sti l l ex i s t , 
f o r examp le in t he c o r e s o f neu t ron 
s ta rs . 

Even if syn the t i c q u a g m a can be 
p r o d u c e d , it w i l l no t l ive l o n g , ex­
p lod ing in s o m e 1 0 ~ 2 3 s e c o n d s 
in to severa l t h o u s a n d (for u ran ium 
o n uranium) par t i c les , w h i c h w i l l 
car ry i n f o r m a t i o n t o t he w a i t i n g 
d e t e c t o r s a b o u t the h igh ly t rans ien t 
init ial s ta te . Expec ted s igna tu res 
inc lude an o v e r a b u n d a n c e o f 
s t range par t ic les and f lashes c o n ­
ta in ing severa l hund red p h o t o n s , 
as we l l as f l uc tua t i ons in par t ic le 
dens i t y ( 'hot s p o t s ' ) . Search ing 
f o r t hese e f fec ts in t he c o p i o u s 
debr is m a y no t be easy . 

Late in i ts career , t he CERN Inter­
sec t i ng S to rage Rings w e r e used 
t o s t u d y the co l l i s ions o f h igh ener­
gy a lpha par t ic les (hel ium nucle i ) , 
bu t t hese are t o o l ight t o p r o v i d e 
q u a g m a . H o w e v e r B r o o k h a v e n is 
p repar ing t o acce le ra te ions up t o 
su lphur in the A l t e r n a t i n g Grad ien t 
S y n c h r o t r o n w i t h energ ies up t o 
abou t 15 GeV per nuc leon , wh i l e 
CERN has schedu led the acce le ra ­
t i on o f o x y g e n ions t o 2 2 5 G e V 
per nuc leon . 

W h e t h e r or n o t t hese init ial 
s tud ies see any s igns o f q u a g m a , 
there is a s t r o n g case f o r push ing 
o n t o the u l t ima te c o n d i t i o n s p r o ­
v i d e d by the Relat iv is t ic Heavy Ion 
Col l ider , RHIC, be ing p u s h e d by 
B r o o k h a v e n f o r i ts st i l l vacan t 
tunne l bui l t f o r the Isabe l le -CBA 
p ro jec t (see page 5 ) . 

A RHIC w o r k s h o p w i l l be held 
at B r o o k h a v e n in a b o u t a year , and 
is e x p e c t e d t o ge t t o g r ips w i t h 
des ign ing e x p e r i m e n t s f o r t he RHIC 
p ro jec t . (Those i n te res ted shou ld 
c o n t a c t T . Lud lam at B rookhaven . ) 

From Mike AI brow 

LOS ALAMOS 
Proton milestone 

In D e c e m b e r , t he P r o t o n S t o r a g e 
Ring at t he Los A l a m o s M e s o n 
Phys ics Faci l i ty (LAMPF) p a s s e d 
a ma jo r m i l es tone w h e n it o p e r a t e d 
at up t o 3 0 m i c r o a m p s ave rage 
b e a m cur ren t t o serv ice the expe r ­
imenta l p r o g r a m m e at t he L a b o r a ­
t o r y ' s Neu t ron Sca t te r i ng Center . 

T h e P ro ton S t o r a g e Ring is a 
ma jo r add i t i on t o L A M P F ' s ex is t i ng 
h igh cur ren t p r o t o n l inear acce ler ­
a to r , accumu la t i ng large n u m b e r s 
o f p r o t o n s f r o m the l inac and de l iv ­
er ing t h e m t o t he n e u t r o n genera t ­
ing t a r g e t in in tense s h o r t pu lses . 

Ope ra t i on at 3 0 m i c r o a m p s w a s 
ach ieved by accumu la t i ng 1.5 x 
1 0 1 3 p r o t o n s per pu lse in t he s t o r ­
age r ing at a repe t i t i on rate o f 
12 pu lses per s e c o n d . C i rcu la t ing 
b e a m cur ren t l osses w e r e es t i ­
m a t e d t o be less t han t w o per cen t 
o n the bas is o f b e a m l i fe t ime 
m e a s u r e m e n t s a t r educed repe t i ­
t i on rate and long s t o r a g e t i m e s . 
Losses at ex t rac t i on are at a c o m ­
parable level . 

T h e p resen t a c h i e v e m e n t d e m o n ­
s t ra tes p e r f o r m a n c e at 3 0 per cen t 
o f the des ign goa l (at 12 Hz) and 
has been a c c o m p l i s h e d ear ly in 
the c o m m i s s i o n i n g cyc le . C o m m i s ­
s ion ing w o r k at t he Neu t ron Sca t ­
te r ing Center w i l l con t i nue w h e n 
b e a m r e s u m e s a f ter a s i x - m o n t h 
s h u t d o w n . M a j o r goa ls f o r t he nex t 
phase are t o increase cu r ren t , d e ­
c rease b e a m l o s s e s , and ach ieve 
s tab le use f o r t he n e u t r o n sca t te r ­
ing p r o g r a m . 

Expe r imen ts in p o w d e r d i f f rac ­
t i o n , chemica l s p e c t r o s c o p y , and 
c o n d e n s e d m a t t e r phys i cs are 
u n d e r w a y w i t h s o m e pub l i shab le 
resu l ts e x p e c t e d f r o m p resen t 
d a t a - t a k i n g . 
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STANFORD 
Collider pushes 
forward 

W o r k on the n e w S t a n f o r d Linear 
Col l ider (SLC) is on schedu le f o r 
f i r s t mach ine t e s t s at t he end o f 

le year . 
Cons t ruc t i on o f t he No r t h d a m p ­

ing r ing (to i m p r o v e t he qua l i ty o f 
the initial b e a m pr ior t o f inal acce l ­
era t ion d o w n the linac) is e s s e n ­
t ia l ly c o m p l e t e and the r ing has 
been in ope ra t i on . T h e n o w rebui l t 
Sou th d a m p i n g r ing has a lso han­
d led b e a m . 

T h e e lec t ron ex t rac t i on s y s t e m 
(to p r o d u c e the pos i t r ons ) has 
been insta l led ready f o r t e s t i n g . 
T h e pos i t r on re turn line is in p lace 
and under v a c u u m . Once the p o s i ­
t r o n ta rge t is c o m p l e t e , t he ' t h ree -
r ing c i r cus ' o f the t w o d a m p i n g 
r ings and the p o s i t r o n sou rce w i l l 
be pu t t h r o u g h i ts paces . 

P roduc t i on o f 5 0 - m e g a w a t t k l y s -
o n s is on schedu le , and s o m e 

130 o f t hese n e w k l y s t r o n s have 
been insta l led in the ma in l inac 
gal lery and are runn ing rou t ine ly . 
Fabr icat ion o f all a l te rna t ing g ra ­
d ien t m a g n e t s f o r t he arcs is c o m ­
p le te , and the m a g n e t s are be ing 
ins ta l led. 

T h e arc tunne ls have been c o m ­
plete f o r s o m e m o n t h s and ins ta l ­
la t ion o f the mechan ica l and e lec­
t r ica l ut i l i t ies in the tunne l s is near-
ing c o m p l e t i o n . 

The re have been de lays in t he 
c o n s t r u c t i o n w o r k f o r t he Col l ider 
Exper imenta l Hal l , bu t c o m p l e t i o n 
is i m m i n e n t ready t o rece ive the 
M a r k II d e t e c t o r , rebui l t a f te r ac t i on 
in t he SPEAR and PEP r ings f o r a 

Schematic diagram of the SLC Stanford 
Linear Collider, scheduled for first tests 
towards the end of the year. 
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th i rd lease o f life at a S t a n f o r d 
e l e c t r o n - p o s i t r o n co l l ider . 

W o r k t o w a r d s the S t a n f o r d Linac 
De tec to r (SLD) a lso pushes s tead i l y 
f o r w a r d , w h e r e p r o b l e m s t ha t had 
been bese t t i ng the C h e r e n k o v Ring 
Imag ing D e t e c t o r (CRID) or Ring 
Imag ing CHerenkov (RICH), d e ­
pend ing on w h i c h s ide o f t he A t ­
lant ic t he phys i c i s t s w o r k , have 
been s o r t e d o u t and the w a y n o w 
s e e m s t o be c lear t o w a r d s g o o d 
par t ic le iden t i f i ca t ion . 

Laboratory Director Volker Soergel, flanked 
by project leaders Gus Voss (right) and 
Bjom Wiik, pose in front of the tunnelling 
machine after its arrival at the West Hall 
of the HERA electron-proton Collider being 
built at DESY. Research Director Paul Soding 
(extreme right) shuns the camera, preferring 
to take a closer look at the machinery which 
had traversed 1530 metres of Hamburg 
underground. 

DESY 
HERA progress 
A t t he Ge rman DESY L a b o r a t o r y 
in H a m b u r g , c o n s t r u c t i o n o f t he 
HERA e l e c t r o n - p r o t o n Col l ider c o n ­
t inues t o p r o g r e s s a c c o r d i n g t o 
schedu le . A quar te r o f the 6 . 3 k m 
r ing tunne l has been bu i l t : on 
13 February t he tunne l l ing mach ine 
e m e r g e d in to t he W e s t Hall a f te r 
se t t i ng ou t f r o m the S o u t h Hall last 
s u m m e r . The mach ine is n o w cu t ­
t ing the s e c o n d quad ran t . A l s o 
c o m p l e t e n o w is the hall f o r t he 
p r o t o n l inac. 5 0 M e V par t ic les wi l l 
be f e d f r o m the l inac t o the p r o t o n 
r ing t h r o u g h an 8 0 m e t r e - l o n g 
beaml ine us ing m a g n e t s o r d e r e d 
by the Canadian TR IUMF L a b o r a ­
t o r y in V a n c o u v e r . L inac e q u i p m e n t 
shou ld be ready f o r s h i p m e n t t o ­
w a r d s the end o f t he year . 

The completed hall to house the proton 
linac which will feed HERA. 
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A weekend between two weeks of physics 
in the latest 'Moriond' meetings in the 
French Alps was devoted to future colliders. 
CERN Director General Herwig Schopper 
(left) gave the introductory talk. Right is 
Moriond organizer Jean Tran Thanh Van 
of Orsay. 

(Photo P. Franzini) 

WORKSHOP 
Collider sandwich 

S a n d w i c h e d b e t w e e n t w o c o n s e ­
cu t i ve w e e k s o f phys i cs s e s s i o n s 
at t he la test 'Rencon t re de M o ­
r i o n d ' in M a r c h at Les A r c s in t h e 
F r e n c h A l p s w a s a w e e k e n d d e ­
moted t o fu tu re co l l i de rs , a r ranged 
s o t ha t pa r t i c ipan ts f r o m b o t h 
ha lves o f t he M o r i o n d p r o g r a m m e 
cou ld a t t e n d . In a d d i t i o n , severa l 
peop le c a m e f r o m the US jus t f o r 
t he w e e k e n d p r e s e n t a t i o n s . 

T h e p r o g r a m m e w a s a r ranged 
by L a b o r a t o r y D i rec to rs H e r w i g 
S c h o p p e r o f CERN a n d Leon L e d -
e r m a n o f Fermi lab (the la t ter un fo r ­
tuna te l y cou ld n o t a t t e n d due t o 
Congress iona l hear ings in W a s h ­
ing ton ) . 

In his i n t r o d u c t o r y t a l k , S c h o p p e r 
desc r i bed the s ta tus o f d i s c u s s i o n s 
o n in ternat iona l c o o p e r a t i o n on 
fu tu re mach ines , and t r i ed t o peer 
t h r o u g h the p resen t f inanc ia l f o g 

jp see w h a t m igh t h a p p e n s o m e 
aars hence. 
D o n E d w a r d s c o v e r e d t he la tes t 

ideas f o r t he US S u p e r c o n d u c t i n g 
Superco l l ider (SSC) w h i c h had been 
s u b m i t t e d t o t he D e p a r t m e n t o f 
Energy w i t h a v i e w t o r e c o m m e n d ­
ing i ts inc lus ion in t he US b u d g e t 
f o r 1 9 8 8 . 

Roy S c h w i t t e r s t u r n e d t o the 
p r o b l e m s o f m a k i n g d e t e c t o r s 
w o r k at the h igh co l l i s ion ra tes 
needed t o ge t at ve r y rare h igh 
ene rgy p r o c e s s e s . H o w e v e r he fe l t 
t he re w a s no reason t o be pess i ­
m is t i c , w i t h t he l im i ta t ions be ing 
in t e r m s o f m o n e y and m a n p o w e r 
ra ther than techno log i ca l b reak ­
t h r o u g h s . 

Latest version of the 40 TeV (40 000 GeV) 
proposed US Superconducting Supercollider, 
SSC. 

0 5 10 km 
1 i i i i I i i i i—I 
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Ion source assembly of the Zurich 
experiment at the Swiss Institute for Nuclear 
Research (SIN) which finds no evidence for 
a (electron-type) neutrino mass, in 
contradiction with the findings of a study 
at Moscow's Institute for Theoretical and 
Experimental Physics (ITER). 

T o m Himel and B o b Palmer w e n t 
o v e r the research g o i n g o n in t he 
US f o r e l e c t r o n - p o s i t r o n l inear c o l ­
l iders. Earlier e f f o r t s t o f i nd n e w 
acce le ra t ion t echn iques s e e m t o 
have fa l te red w i t h t he g r o w i n g 
real izat ion tha t m o s t a p p r o a c h e s 
gave co l l is ion ra tes t o o smal l f o r 
usefu l phys i cs . G r o w i n g e m p h a s i s 
w a s n o w be ing p laced o n i m p r o v ­
ing p o w e r sou rces and e f f i c ienc ies , 
and a n e w US linac t e s t b e d is s o o n 
e x p e c t e d t o ge t the g o - a h e a d . 

On the European s i de , U g o 
A m a l d i deal t w i t h ideas f o r f u tu re 
co l l iders , b o t h f o r h a d r o n s and f o r 
e lec t rons on p o s i t r o n s . 

SIN/ZURICH 
New neutrino mass 
limits 
T h e neut r ino w a s d i s c o v e r e d in 
the 1 9 2 0 s w h e n it w a s real ized 
tha t no t all the ene rgy re leased in 
nuclear be ta decay w a s be ing 

^picked up — the f o re runne r o f t he 
'm iss ing m a s s ' t echn ique o f t o d a y . 
Di rect ev idence f o r t he neu t r ino 
w a s no t seen unt i l 1 9 5 3 . 

In the ear ly days it w a s w i d e l y 
be l ieved tha t the neu t r ino w o u l d 
be mass less . A l t h o u g h t h e y in ter­
act on ly feeb ly w i t h m a t t e r , neu t r i ­
nos are o m n i p r e s e n t in t he Un i ­
ve rse and any ev idence f o r a n o n ­
zero m a s s has i m p o r t a n t imp l i ca ­
t i ons f o r c o s m o l o g y as we l l as f o r 
par t ic le phys i cs . 

For severa l yea rs , an e x p e r i m e n t 
at t he Ins t i tu te f o r Theo re t i ca l and 
Exper imenta l Phys ics (ITEP, M o s ­
c o w ) has been repo r t i ng l imi ts f o r 
the m a s s o f the e l e c t r o n - t y p e neu ­
t r i n o , the la test range be ing be­
t w e e n 2 0 and 4 5 e lec t ron v o l t s . 
Th is is n o w be ing cha l lenged by 
a Un ive rs i t y o f Zur i ch t e a m w o r k ­
ing at the S w i s s Ins t i tu te f o r Nu ­

clear Research (SIN) at V i l l igen. 
J u s t as the m iss ing m a s s due 

t o the neut r ino w a s or ig inal ly d is ­
c o v e r e d in nuclear be ta d e c a y , 
e x p e r i m e n t s are re turn ing t o be ta 
decay in an e f fo r t t o pin d o w n the 
neu t r ino m a s s . 

T h e ITEP expe r imen t l o o k s at 
the be ta decay o f t r i t i um (hyd rogen 
3) b o u n d in large o rgan ic (valine) 
mo lecu les . The f inal resul t i nvo l ves 
c o m p l i c a t e d ca lcu la t ions t o es t i ­
m a t e molecu la r e f fec ts and the 
e x p e r i m e n t ' s conc lus ions have 
been cr i t ic ized (see N o v e m b e r 
1 9 8 5 issue, page 3 8 0 ) . 

T h e Zur ich s t u d y uses t r i t i um 
ions imp lan ted in to c a r b o n c leaned 
in a h y d r o g e n gas d i scharge t o 
r e m o v e w e a k l y b o u n d sur face t r i ­
t i u m . Init ial ly, the ca rbon w a s e v a ­
p o r a t e d o n t o a lumin ium fo i l s , bu t 
a later m e t h o d used an a s s e m b l y 
o f a lumin ium d iscs and an i m p l a n ­
t a t i on techn ique w h i c h sh ie lded 
the co l l ec to r f r o m the ho t f i l amen t 

p r o d u c i n g the init ial ion iza t ion . Th i s 
a lso a v o i d e d hav ing t o handle de l i ­
ca te i on - imp lan ted fo i l s . 

T h e r e s p o n s e o f the to ro ida l 
f ie ld m a g n e t i c s p e c t r o m e t e r w a s 
t he sub jec t o f a de ta i led ana lys is . 
Be fo re ca lcu la t ing the resu l t s , th i s 
r e s p o n s e had t o be c o m p o u n d e d 
w i t h t he ene rgy los t by e lec t rons 
in leav ing the s o u r c e , and al lo­
w a n c e m a d e f o r f inal s ta te e f f ec t s . 

T h e la tes t da ta c o m e f r o m f o u r 
runs w i t h th ree s o u r c e s , to ta l l i ng 
2 7 d a y s o f m e a s u r e m e n t . A f t e r 
carefu l ana lys is , t he resu l t ing uppe r 
l imi t f o r t he m a s s o f t he neu t r ino 
is 18 e lec t ron v o l t s . 

T h e e x p e r i m e n t e r s conc lude — 
' W e f i n d no ind ica t ion o f a nonze ro 
m a s s f o r t he e lec t ron an t i neu t r i no , 
w h i c h is in s t r o n g con t r ad i c t i on 
w i t h t h e resu l ts o f t he ITEP expe r i ­
m e n t . W e see no poss ib le sou rce 
o f e r ro r in ou r e x p e r i m e n t large 
e n o u g h t o a c c o u n t f o r th is d i sc re ­
p a n c y ' . 
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Accelerators 
at school 

Lates t sub jec t c o v e r e d b y the 
CERN A c c e l e r a t o r S c h o o l w a s ' A p ­
pl ied G e o d e s y o f Part ic le A c c e l e r ­
a t o r s ' , w h i c h a t t r a c t e d an i m p r e s ­
s ive n u m b e r o f o u t s i d e pa r t i c i pan ts 
t o CERN f o r a w e e k in A p r i l . 

S ince the f o re runne rs o f t o d a y ' s 
par t ic le acce le ra to rs w e r e d e m o n ­
s t ra ted o v e r 5 0 yea rs a g o , the 
pos i t i on ing o f acce le ra to r c o m p o ­
nen ts has p r o g r e s s e d f r o m the 
l abo ra to ry b e n c h - t o p t o tunne ls 
t e n s o f k i l ome t res l o n g . Desp i te 
th is p h e n o m e n a l g r o w t h in s ize, 
sub-mi l l ime t re accu racy is st i l l 
requ i red . 

Even w i t h n e w a ids such as s a ­
te l l i te -based pos i t i on i ng and t w o -
w a v e l e n g t h laser m e a s u r e m e n t , 
ensur ing such p rec is ion f o r b ig 
mach ines w i t h t h o u s a n d s o f s e p ­
arate c o m p o n e n t s has p o s e d s p e ­
cial p r o b l e m s . In i ts in imi tab le w a y . 

The course on geodesy for particle 
accelerators, arranged by the CERN 
Accelerator School, attracted an impressive 
number of participants from outside. Left 
to right, Helmut Moritz of Graz Technical 
University, Austria, and Claude Boucher 
and Henri-Marcel Dufour of the French 
National Geographical Institute. 

(Photo CERN 248.4.86) 

CERN has m a d e i ts o w n spec ia l 
m a r k on the t e c h n o l o g y o f g e o d e s y 
o v e r t he years . 

T h e schoo l a lso co inc ided w i t h 
the re t i rement o f Jean Gerva ise , 
d o y e n o f the CERN A p p l i e d G e o d ­
e s y / S u r v e y g roup . 

T h e nex t sess ion o f t he CERN 
A c c e l e r a t o r Schoo l is a bas ic 
cou rse on General A c c e l e r a t o r 
Phys ics f r o m 1 5 - 2 6 S e p t e m b e r 
at A a r h u s , D e n m a r k , and w i l l lead 
o n t o a m o r e a d v a n c e d cou rse in 
a b o u t a year . M o r e i n f o r m a t i o n 
f r o m M r s . S. v o n W a r t b u r g , CERN 
A c c e l e r a t o r S c h o o l , LEP D iv i s ion , 
CERN, 1 2 1 1 Geneva 2 3 , Sw i t ze r ­
land . 

Jean Gervaise 
retires 
High energy accelerators only 
function well if someone has 
taken the trouble to put them 
in the right place and ensure 
that all their thousands of 
components are precisely 
positioned. Thus on his retire­
ment in April, numerous tri­
butes were paid to Jean Ger­
vaise, a member of CERN's 
brilliant survey and alignment 
team from the days of the 
construction of the Proton 
Synchrotron in the 1950s. 
Under his leadership, the 
group has always been at 
the forefront of technology 
and has developed new ver­
sions of several instruments 
which have gone on to be 
used in other fields. In his 
meticulous work he retained 
the human touch and could 
regale his listeners with apo­
cryphal stories about Roman 
villas and toilet doors. 

Jean Gervaise — a remarkable professional 
reputation. 
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An unusual 'exploded' view of the detector 
used several years ago at Intersection 8 
of the CERN Intersecting Storage Rings, 
showing (left) a wall of uranium-scintillator 
hadron calorimeter. This experiment 
pioneered the use of several new detector 
techniques. 

(Photo CERN 306.1.82) 

DETECTORS 
Alternatives 

T h e ques t t o f i nd t he ' p e r f e c t ' d e ­
t e c t o r con t i nues . Cur ren t p r e o c c u ­
pa t i ons inc lude the co r re la t i on be ­
t w e e n m e a s u r e d e n e r g y d e p o s i t i o n 
due t o e lec t rons a n d due t o ha -
d r o n s , and the use o f a l te rna t i ve 
ac t i ve med ia such as s i l i con o r 
r o o m t e m p e r a t u r e l iqu ids ra ther 
t han the t rad i t iona l sc in t i l l a to rs o r 
l iquid a r g o n . 

Us ing a ca lo r ime te r c o n s i s t i n g 
o f a l te rna te layers o f iner t mater ia l 
and ac t i ve d e t e c t o r s , t he r e s p o n s e 
due t o e lec t rons is o f t e n larger 
t han tha t due t o h a d r o n s . Th i s is 
because o f the e n e r g y ' l o s t ' in 
inv is ib le l o w ene rgy nuc lear reac­
t i o n s . 

T o br ing the h a d r o n and e lec t ron 
r e s p o n s e s back in to line requ i res 
e i ther art i f ic ia l ly w e i g h t i n g the t w o 
t y p e s o f s ignal o r e lse f i nd ing s o m e 
w a y o f b o o s t i n g the m e a s u r e d 

J iad ron i c ene rgy . One idea on t he 
m a r k e t is t o use u ran ium p la tes , 
s o t ha t t he ene rgy re leased by 
i nduced f i ss ion cou ld c o m p e n s a t e 
f o r t he los t ene rgy . 

Th i s idea has w o r k e d , bu t t he 
resu l ts s e e m t o d e p e n d o n the 
runn ing c o n d i t i o n s . For e x a m p l e 
t he t e a m d e v e l o p i n g t he SLD d e ­
t e c t o r at S t a n f o r d d e c i d e d t o re ject 
u ran ium in f a v o u r o f c o n v e n t i o n a l 
lead p la tes (see J a n u a r y / F e b r u a r y 
i ssue , page 2 1 ) . 

T o t r y and u n d e r s t a n d be t t e r 
w h a t h a p p e n s , a CERN / INFN Fras-
cat i / M i lan / McGi l l / Te l A v i v 
t e a m recent ly l o o k e d at t h e behav ­
iour o f e l e c t r o m a g n e t i c s h o w e r s 
in the i r n e w s i l icon ca lo r ime te r (see 
S e p t e m b e r 1 9 8 5 i ssue , page 2 8 5 ) 
us ing b o t h u ran ium a n d t u n g s t e n 
a b s o r b e r s . 

T h e d e t e c t e d e n e r g y w i t h u ran ­

ium a b s o r b e r is f o u n d t o be a b o u t 
11 per cen t h igher t han w i t h t u n g ­
s t e n , and m a n y o the r s h o w e r char ­
ac te r i s t i cs w e r e i n v e s t i g a t e d , h in t ­
ing at add i t iona l ins igh ts in to t he 
c o m p l i c a t e d energy loss m e c h a n ­
i s m s . 

A t CERN, a Bari / Brusse ls / 
CERN / L o n d o n (B i rkbeck and Un i ­
ve rs i t y Col leges) / Rome / Tur in 
t e a m car r ied ou t t e s t s us ing 
1 3 5 - 3 5 0 GeV b e a m s w i t h i ron 
and u ran ium a b s o r b e r s , us ing sc i n ­
t i l la tor as t he ac t i ve d e t e c t i n g m e ­
d i u m . W i t h i ron , t he h a d r o n ene rgy 
s ignal is d e p r e s s e d , bu t w i t h u ran ­
i u m , t he had ron s ignal b e c a m e 
h igher t han f o r e l ec t r ons , s h o w i n g 
an ' o v e r c o m p e n s a t i o n ' . A m i x e d 
con f i gu ra t i on o f i ron and u ran ium 
gave a be t te r p e r f o r m a n c e . 

O the r s tud ies i nves t iga te t he use 
o f w a r m l iquids as the ac t i ve de ­
t e c t o r s , so as t o avo id t he c r y o g e ­
n ics requ i red t o handle l iquid a r g o n . 

T h e U A 1 co l l abo ra t i on at t he CERN 
p r o t o n - a n t i p r o t o n Col l ider is l ook ­
ing at u ran ium and r o o m t e m p e r a ­
tu re l iqu ids f o r i ts p lanned d e t e c t o r 
upg rade (see N o v e m b e r 1 9 8 5 
issue, page 3 8 4 ) . 

U A 1 recent ly t e s t e d a p r o t o t y p e 
e l e c t r o m a g n e t i c ca lo r ime te r c o n ­
s is t ing o f t w e n t y 10 c m 2 b o x e s , 
each 3 m m th i ck , f i l led w i t h T M P 
(Te t ra -me thy l -pen tane ) and s e p a ­
ra ted by 4 m m uran ium p la tes . 
T h e ene rgy reso lu t ion f o r 5 GeV 
e lec t rons w a s measu red at 9 .5 per 
cen t , in a g r e e m e n t w i t h e x p e c t a ­
t i o n s , and the use o f 2 m m uran­
ium p la tes , as p lanned f o r t he f inal 
ca lo r ime te r , w i l l i m p r o v e th is by a 
f a c t o r o f 1.4. 

A ful l e l ec t r omagne t i c and ha-
d ron ic ca lo r ime te r p r o t o t y p e is 
under c o n s t r u c t i o n w i t h 2 m m 
uran ium p la tes in t he e l e c t r o m a g ­
net ic s e c t i o n s and 5 m m p la tes in 
t he hadron ic . T M P has the a d v a n -
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Beam profile monitor developed by a 
CERN/LAPP (Annecy) group based on a 
high gain dynode. 

t age o f a h igher bo i l ing po in t t h a n 
the m o r e usual T M S ( 1 2 2 C c o m ­
pared w i t h 2 6 . 5 C ) and is t h e r e f o r e 
m u c h safer t o hand le . 

M e a n w h i l e a g r o u p at t he Kar ls ­
ruhe K e r n f o r s c h u n g s z e n t r u m has 
success fu l l y o p e r a t e d a ca lo r ime te r 
m o d u l e cons i s t i ng o f 4 0 0 k g s tee l 
p la tes i m m e r s e d in 3 5 l i t res o f 
T M S . It has been t e s t e d in an e lec­
t r o n b e a m at t he DESY L a b o r a t o r y 
in H a m b u r g , and the resu l ts are in 
ine w i t h e x p e c t a t i o n s . Desp i te t he 

smal l e lec t ron ic s ignal in a m o l e c u ­
lar l iqu id , even smal le r t h a n in l iquid 
a r g o n , sa t i s f ac to r y resu l ts have 
been o b t a i n e d . Encou raged by 
t hese resu l ts , t he g r o u p is c o n f i ­
den t tha t w a r m l iquid c h a m b e r s 
can f o r m par t o f large d e t e c t o r s , 
and the use o f c a r b o n i ron s h o w s 
t ha t even m a g n e t y o k e s cou ld be 
i n s t r u m e n t e d in th is w a y . 

For the L3 e x p e r i m e n t at LEP, a 
u ran ium-gas samp l i ng ca lo r ime te r 
is be ing d e v e l o p e d . P r o t o t y p e s 
cons i s t i ng o f p r o p o r t i o n a l c h a m ­
bers in ter leaved w i t h 4 . 5 m m 
p la tes o f dep le ted u ran ium ab ­
so rbe r and us ing severa l gas m i x ­
tu res have been t e s t e d in b e a m s 
at M o s c o w ' s Ins t i tu te f o r T h e o r e ­
t ica l and Exper imen ta l Phys ics 
(9 GeV p r o t o n s y n c h r o t r o n ) and 
at CERN. T h e r e s p o n s e t o p ions 

(but no t t o e lec t rons) d e p e n d s v e r y 
m u c h on the h y d r o g e n c o n t e n t o f 
t he gas . 

Beam profile monitor 

A CERN/LAPP (Annecy ) g r o u p has 
d e v e l o p e d a n e w t y p e o f b e a m 
prof i le m o n i t o r based o n a h igh 
gain d y n o d e d e v e l o p e d in a s s o c i a ­
t i on w i t h H a m a m a t s u Pho ton i cs . 
Th i s has a l ready d e m o n s t r a t e d i ts 
capabi l i t ies as a pos i t i on sens i t i ve 
pho tomu l t i p l i e r (see J u l y / A u g u s t 
1 9 8 3 issue, page 2 2 6 ) . 

A p r o t o t y p e b e a m m o n i t o r used 
13 s tages o f doub le layer g r id 
d y n o d e s 10 c m in d iamete r . A 
5 0 m i c r o n a lumin ium fo i l p laced in 
f r o n t o f the f i rs t d y n o d e re leased 
s e c o n d a r y e lec t rons w h e n t r a v ­
e rsed by the b e a m . A f t e r mu l t ip l i ­
ca t i on by the d y n o d e s y s t e m , t he 
co l l ec ted s e c o n d a r y e lec t rons hit 
an array o f 2 0 anode ce l ls , 3 m m 
w i d e and 1 m m apar t . 

Us ing a w e a k axial m a g n e t i c 
f ie ld o f a b o u t 4 0 0 g a u s s , t he na t ­
ural sp read o f t he s e c o n d a r y e lec­
t r o n s w a s con ta ined w i t h i n t w o 
ad jacen t anode cel ls , in l ine w i t h 
t he p e r f o r m a n c e s h o w n b y pos i t i on 
sens i t i ve pho tomu l t i p l i e r s o f the 

s a m e t y p e . Be t te r de f in i t ion w a s 
o b t a i n e d by hand l ing the cen t ro i d 
o f t he co l l ec ted s igna l . 

M o r e s tud ies o f b a c k g r o u n d are 
requ i red , bu t the i n s t r u m e n t ' s d e ­
s igners are c o n f i d e n t t ha t i ts h igh 
v a c u u m compa t i b i l i t y , res is tance 
t o rad ia t ion and abi l i ty t o handle 
b o t h l o w and h igh ene rgy h igh 
in tens i t y f ie lds m a k e it w o r t h y o f 
f u r the r a t t e n t i o n . 

CERN Review 
Group named 
Earlier this year a special 
CERN Council meeting voted 
for the formation of a Review 
Group to look at the way 
CERN runs (see April issue, 
page 25). The members of 
the Group are: Anatole Abra-
gam (Chairman) of the College 
de France in Paris and for a 
long time a director of the 
French Atomic Energy Com­
mission; Miguel Boyer, one­
time Spanish Economics Min­
ister and now President of 
the Banco Exterior de Espa-
na; Carlo de Benedetti, Ma­
naging Director of Olivetti in 
Italy; Brian Fender, Vice-
Chancellor of Keele Universi­
ty, UK, and one-time Director 
of the Institut Laue-Langevin 
in Grenoble; Wolfgang Paul 
of Bonn University, formerly 
Director of the DESY Labora­
tory in Hamburg; Haakon 
Sandvold, Director General 
of Ardal of Sunndal Verk 
A/S, Norway; and Jean Vo-
doz, President of Swiss engi­
neering concern AMYSA SA 
of Yverdon. The Group is 
expected to report to the 
CERN Council by June 1987. 
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C A M B R I D G E P H Y S I C S T I T L E S 
Spinors and Space-Time, 
Volume 2 
S p i n o r a n d T w i s t o r M e t h o d s i n S p a c e - T i m e G e o m e t r y 
ROGER PENROSE a n d WOLFGANG RINDLER 
The second v o l u m e of this w o r k introduces the theory of twistors, 
and studies in detail h o w the theory of twistors and 2 -spinors can b e 
applied to the study of space-t ime. This v o l u m e may b e read as an 
independent w o r k by those already acquainted with 2 -spinor 
methods. 
A review of Vo lume 1: 
" . . . very likely to b e c o m e a classic." Nature 
Cambridge Monographs on Mathematical Physics 

501 pp. 1986 0 521 25267 9 £ 4 5 . 0 0 n e t 

Semi-Classical Methods for 
Nucleus - Nucleus Scattering 
D.M. BRINK 
Semi-classical methods for analysing results and making predict ions 
in heavy ion coll is ions w e r e s tudied in the early days of quantum 
mechanics. Their application to heavy ion coll is ions has led to n e w 
advances and the aim Of this b o o k is to present a unified treatment 
of the various lines of deve lopment . 
Cambridge Monographs on Mathematical Physics 

220 pp. 1986 0 521 23940 0 £ 2 5 . 0 0 n e t 

From SU(3) to Gravity 
F e s t s c h r i f t i n h o n o r o f Y u v a l N e ' e m a n 

E d i t e d b y ERROL GOTSMAN a n d GERALD TAUBER 
This col lect ion of special ly writ ten essays and articles ce lebrates 
the sixtieth birthday of Professor Yuval Ne'eman. It pays tribute to 
him by report ing and reflecting on the recent deve lopments in the 
many areas of m o d e r n phys ics to which he has contributed. 

457pp. 1986 052130784 8 £ 4 0 . 0 0 n e t 

Now in paperback 

Supermanifolds 
BRYCE S. DEWITT 
This b o o k presents a detai led expos i t ion of the m o d e r n theory of 
supermanifolds. 
"Supermanifolds is des t ined to b e c o m e the s tandard w o r k for all 
serious study of super- symmetr ic theories of physics'' Nature 
Cambridge Monographs on Mathematical Physics 

316 pp. 1986 0 521 31176 4 P a p e r b a c k £ 1 2 . 9 5 n e t 

Detectors for Particle Radiation 
K. KLELNKNECHT 
This b o o k descr ibes the physical principles u s e d in dev ices for the 
detect ion of charged part ic les and g a m m a radiation, and the 
construction and per formance of part ic le detectors . T h e text is 
well-illustrated with e x a m p l e s from the many fields in which these 
devices are employed. 

206 pp. 1986 0 521 30424 5 £ 2 5 . 0 0 n e t 

Statistics for Nuclear and 
Particle Physicists 
L. LYONS 
Written by a non-statistician for non-statisticians, this b o o k 
emphasises the pract ical a p p r o a c h to those p r o b l e m s in statistics 
which arise regularly in data analysis situations in nuclear and high 
energy physics exper iments . Many of the techniques d i scussed are 
of relevance to physicists in other branches of the subject , as wel l as 
to data analysts. 226 pp. 1986 0 521 25540 6 £ 2 5 . 0 0 n e t 

For details of these and other Cambridge physics titles please 
contact Sally Seed. 

C a m b r i d g e U n i v e r s i t y P r e s s 
The Edinburgh Building, Shaftesbury Road, Cambridge C B 2 2RU, England 

NFA-1 Audio-Analyzer: 
One instrument for a whole range 

of audio tests 

Audio testing a problem? The 
user-friendly NFA-1 with over 
30 measurement modes will 
make all kinds of testing con­
siderably easier for you. 
Versatil ity: 
With the NFA-1 you can meas­
ure up to 60 kHz (200 kHz) well 
outside the "normal" audio 
range. No test problem is too 
hard for the NFA-1 which com­
bines the following test sets 
in one unit. 
* Selective level meter 
* Wideband level meter 
* Phase/frequency meter 
* Noise meter 

* Distortion and difference 
tone meter test instruments 
* Wow & flutter meter 
* Run-up time meter 
* Signal generator 
Why buy 10 test sets when one 
will do? Cabling problems are 
also eliminated. 

The NFA-1 makes acceptance 
testing, in-service testing and 
servicing in audio studios, radio 
stations and TV stations much 
easier and more economical. 
Easy operat ion: 
The NFA-1 is menu-driven test 
set and has a memory for up to 
49 front panel setups. 
* Paired, balanced inputs and 
outputs for 2-channel test items 
* End-to-end tests with inter­
nal/external generator 
* Graphic and alphanumeric 
result display 
* Remote control facilities by 
means of IEC/IEEE bus 

I >^ 
Information coupon 
I w o u l d l i ke : * 
• T h e N F A - 1 c o l o u r b r o c h u r e m 
• A v is i t f r o m a s a l e s e n g i n e e r w 

N a m e 

C o m p a n y 

S t ree t 

T o w n / C i t y 

"Tel 

Wandel&Goltermann 
( S c h w e i z ) A G 
P o s t f a c h 2 5 4 
C H - 3 0 0 0 B e r n 2 5 
Te l . (031) 4 2 . 6 6 . 4 4 
Te lex 3 2 1 1 2 w a g o c h 
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RUTHERFORD 
APPLETON 
CCDs for charm 

An article in our May issue 
(page 3) described the in­
creasing use of semiconduc­
tor image processing tech­
niques in particle physics. 
One aspect of this work is 
the use of Charge Coupled 
Devices (CCDs), on-chip am­
plifiers consisting of arrays 
of cascading capacitors. 

Five years a g o , a Ru the r fo rd A p p l e -
t o n L a b o r a t o r y g r o u p s t a r t e d t o 
app l y imag ing CCDs f o r p rec ise 
t r ack i ng o f h igh ene rgy par t i c les . 
T h e a im w a s t o d e t e c t t he d e c a y s 
o f t he sho r t - l i ved c h a r m par t i c les 
p r o d u c e d in h igh e n e r g y co l l i s ions . 
Th i s w o r k has c o m e t o f ru i t i on in 
an e x p e r i m e n t at CERN by the 

- A C C M O R co l l abo ra t i on ( A m s t e r -
d a m / B r i s t o l / C E R N / C r a c o w / M u -
n i ch /Ru the r f o rd ) . 

In t he f i rs t c h a r m d e c a y t o be 
f o u n d ( there are n o w m a n y ) , 
2 3 0 GeV p ions co l l ide w i t h nuclei 
in a 2 m m - t h i c k c o p p e r t a rge t . T h e 
t r a c k s o f the o u t g o i n g par t i c les 
are r e c o n s t r u c t e d by c o m p u t e r 
(A) . A d i s t o r t e d sca le is used f o r 
v isual c l a r i t y ; t he real t r a c k s are 
all in a ve r y smal l f o r w a r d c o n e . 
A l s o s h o w n are the CCD hi ts used 
in t he t r ack f i t t i ng (circles) and 
unused b a c k g r o u n d h i ts due t o o u t -
o f - t i m e b e a m t r a c k s (c rosses) . 
A p a r t f r o m the p r o d u c t i o n v e r t e x , 
a c lear decay ve r t ex is m a d e up 
o f t r a c k s 1 , 2 and 5 a n d p o s s i b l y 
3 , w h i c h l o o k s c o m p a t i b l e w i t h 
b o t h ve r t i ces . T h e b e a u t y o f CCDs 
is t h a t t h e y measu re space p o i n t s 
(be ing p ixe l -based dev ices ) and s o 

Three views of the production and decay 
of a charmed particle by an experiment at 
CERN using charge-coupled devices (CCDs) 
to pinpoint the particles emerging from 
230 GeVpion-nucleus collisions. (For 
details, see text.) 

COPPER CCD1 CCD2 
TARGET 

10 mm 
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Wiser U n t e r n e h m e n : K o n s e q u e n t e s 
Q u a l l t a t s d e n k e n , P l o n i e r g e i s t u n d e i n e a u f g e -
s c h l o s s e n e F u h r u n g s p o l i t i k p r a g e n das Leit -
b i l d e i n e s U n t e r n e h m e n s , das s i c h h e u t e m i t 
w e l t w e i t u b e r 3000 M i t a r b e i t e r n i n d e n Bere i -
c h e n V a k u u m t e c h n i k u n d D u n n e S c h i c h t e n 
a u f e i n e m e b e n s o e r f o l g r e i c h e n w i e z ie ls iche -
r e n Kurs i n d i e HICH-TECH-Zukunf t b e f i n d e t 

Serv i ce -
i n g e n i e u r e 

ihr zukunftiges 
Arbeltsgeblet 

Unser Kundenlaborfiir 
Beschichtungsanlagen 
organisiert und koordiniert 
unter anderem auch die 
internationalen Einsatze 
unserer speziell ausgebilde-
ten Service-lngenieure. 

ihre Aufgaben 
• inbetriebnahme von neuen 

Beschichtungsanlagen bei 
unseren Kunden 

• Wartungs- und Reparatur-
dienst im weltweiten 
Einsatz 

• Technische Beratung unse­
rer Kunden vor Ort und im 
Stammhaus Balzers 

ihre Ausbildung 
• Abgeschlossenes HTL-Stu-

dium in einer der Fachrich-
tungen Elektro-, Feinwerk-
oder System- und Regel-
technik 

• Cute engiische Sprach-
kenntnisse und eventuell 
weitere Fremdsprachen 

• Erwunscht, jedoch nicht 
Bedingung, sind praktische 
Erfahrungen als Service-
Ingenieur 

ihre persbnlichen 
Starken 
• Eigeninitiative und 

Selbstandigkeit 
• Improvisationstalent sowie 

Flexibility 
• Freude an einer intensiven 

Reisetatigkeit 

Unser Angebot 
Selbstverstandlich bilden 
wir Sie auf ihrem neuen 
Arbeitsgebiet umfassend 
aus, bieten ihnen eine viel-
seitige Aufgabenstellung 
und grosszugig ausgebaute 
Sozialleistungen. 
Wenn Sie daruber mehr 
erfahren mochten, wird 
ihnen unser Herr Fritz 
Bossard, Personalabteilung, 
gerne einen Termin fur Ihre 
erste Reise nach Balzers 
geben. Seine Telefon-
nummer (Direktwahl): 
075/44227. 
Wir freuen uns auf ein 
Cesprach mit Ihnen. 

E t i t w i c k l u n g s -
p h y s i k e r 

ihr zukiinftlges 
Arbeltsgeblet 

Unser rasch expandierende 
Bereich Diinnschicht-EIek-
tronik produziert fur die 
Halbleiter-industrie hoch-
wertige Chrom-Masken, die 
in qualitativer Hinsicht per­
manent weiterentwickelt 
werden. 

ihre Aufgaben 
• Entwicklung neuer 

Schichtsysteme fur Chrom-
blanks 

• Entwicklung von Masken-
blanks fur die IC-Technolo-
gie von morgen 

• Mitwirkung bei der Verfah-
rensverbesserung, der 
Blanks-Verarbeitung und bei 
der Prozessoptimierung 
unserer Beschichtungs­
anlagen 

ihre Ausbildung 
• Abgeschlossenes Hoch-

schulstudium der Richtung 
Physik Oder verwandter 
Disziplinen 

• Erfahrungen in der Halblei-
ter- Oder Dunnschicht-
Technologie sind 
erwunscht, aber nicht 
Bedingung 

• Engiische Sprachkenntnisse 

Ihre persdnllchen 
Starken 
• Ideenreichtum und Innova-

tionsfreudigkeit 
• Sinn fur das Teamwork 

innerhalb einer Entwick-
lungsgruppe 

• Verantwortungsbewusst-
sein und Selbstandigkeit 

Unser Angebot 
Nach einer grundlichen Ein-
fuhrung in Ihr zukunftiges 
Arbeitsgebiet wartet auf Sie 
eine nicht-alltagliche Auf-
gabe, die ihre beruflichen 
Ambitionen ebenso vielsei-
tig wie befriedigend fordern 
wird. 
Fur detailliertere Fragen 
steht Ihnen unser Herr Fritz 
Bossard, Personalabteilung, 
unter der Telefonnummer 
(Direktwahl) 075/44227 
gerne und jederzeit zur 
Verfiigung. 

P h y s i k e r Oder 
E l . ing . e t h 

ihr zukunftiges 
Arbeltsgeblet 

im Diinnschichtbereich 
«Prozessanlagen Optik/ 
Mikroelektronik» ist ein 
engagiertes Spezialisten-
team fur das moderne, 
marktorientierte Produkt-
management verantwort-
lich. 

ihre Aufgaben 
• Eingehende Analysen der 

Marktbedurfnisse und die 
sorgfaltige Umsetzung in 
Pflichtenhefte sowie in 
Marketing-Strategien 

• Projektkoordination in 
enger zusammenarbeit mit 
Entwicklung und Fertigung 

• Fundierte technische Bera­
tung einer anspruchsvollen 
Kundsehaft als auch unserer 
Verkaufsingenieure 

ihre Ausbildung 
• Abgeschlossenes Studium 

als Physiker Oder Elektroin-
genieur 

• Erfahrung in der industriel-
len Halbleiterfertigung Oder 
im Management von High-
Tech -Prod ukten 

• Cute Sprachkenntnisse d/e/ 
eventuell f 

Ihre persdnllchen 
Starken 
• Ein hohes Mass an Koopera-

tionsbereitschaft 
• Durchsetzungsvermogen 

und Entscheidungs-
freudigkeit 

• Dynamischer Arbeitsstil 

Unser Angebot 
Diese Position mit den ent-
sprechenden Kompetenzen 
bietet einem initiativen Be-
werber eine faszinierende 
Aufgabe im Cebiet der mo-
dernsten Hochtechnologie. 
weitere informationen uber 
unsere zeitgemassen 
Anstellungsbedingungen, 
Sozialleistungen sowie uber 
Ihre neue Tatigkeit gibt 
Ihnen gerne unser Herr Fritz 
Bossard, Personalabteilung, 
unter der Telefonnummer 
(Direktwahl) 075/44227. 
Wir freuen uns auf Ihren 
Anruf. 

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

Ihr zukunftiges 
Arbeltsgeblet 

innerhalb unserer Entwick­
lung befasst sich eine 
Gruppe mit Robotern und 
Handlingsystemen fur 
vakuumbeschichtungsan-
lagen und Reinraume. 

ihre Aufgaben 
• Recherchen in der Literatur 

und auf dem Markt mit 
anschliessender Know how-
Erarbeitung fur unsere 
Systeme 

• Konzeption und konstruk-
tive Bearbeitung von neuen 
Handlingsystemen 

• Betreuung der Entwick-
lungsprojekte vom Prototy-
penbau bis zur Serienreife 

ihre Ausbildung 
• Abgeschlossenes studium 

an der ETH Oder an einer htl 
der Fachrichtungen Maschi-
nenbau bzw. Feinwerk-
technik 

• Crundlagenkenntnisse im 
Gebiet der Automatisation 

• Erwunscht sind ebenfalls 
Englischkenntnisse 

Ihre persdnllchen 
Starken 
• Zielorientierte Arbeits-

methodik 
• Einsatzfreude und 

Selbstandigkeit 
• Kreativer innovationsgeist 

Unser Angebot 
Verbunden mit einer echten 
Herausforderung an ihre 
beruflichen Fahigkeiten bie­
ten wir Ihnen fortschritt-
lichste Anstellungsbedin­
gungen und ein ausge-
zeichnetes Betriebsklima. 
Wenn Sie sich also fur diese 
Position interessieren, wird 
unser Herr Fritz Bossard, 
Personalabteilung, gerne 
einen ersten Gesprachster-
min mit ihnen vereinbaren. 
Seine Telefonnummer 
(Direktwahl): 075/44227. 
Wir freuen uns auf ihren 
Anruf. 

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

Ihr zukunftiges 
Arbeltsgeblet 

Ein kleines, gut eingespiel-
tes Mitarbeiterteam betreut 
die technologische Ent­
wicklung von Elektronen-
strahl-Verdampfungs-
quellen fur unsere 
Beschichtungsanlagen. 

ihre Aufgaben 
• Technologische Verbesse-

rung bestehender Systeme 
• Grundlagenentwicklung im 

gesamten Bereich der Elek-
tronenstrahl-Quellen 

• Planung von Entwicklungs-
auftragen, Lancierung von 
Prototypen, Labortests und 
deren Auswertung 

Ihre Ausbildung 
• Abgeschlossenes HTL-stu-

dium der Richtung Fein-
werk- Oder Elektrotechnik 

• Erwunscht, aber nicht 
Bedingung, sind praktische 
Erfahrungen in den Berei-
chen Hochvakuumtechnik 
Oder Plasmaphysik 

ihre persdnllchen 
Stdrken 
• Ein ausgepragtes verstand-

nis fur physikalische Zusam-
menhange und Phanomene 
im Gebiet der Plasmaphysik 

• Die Fahigkeit, technische 
Probleme ganzheitlich zu 
betrachten und dement-
sprechend unkonventionell 
zu Ibsen 

unser Angebot 
Wir bieten ihnen mit dieser 
Position nicht nur eine aus-
sergewohnliche Aufgaben­
stellung an, sondern auch 
uberdurchschnittliche So­
zialleistungen und ein kol-
legiales Abteilungsklima. 
Uber alles Weitere wurden 
wir gerne mit Ihnen per-
sbnlich reden. Rufen Sie 
doch einmal unseren Herrn 
Fritz Bossard, Personalab­
teilung, kurz an. Seine Tele­
fonnummer (Direktwahl): 
075/44227. Erwird mit 
Ihnen einen ersten Termin 
vereinbaren. 

Balzers Aktiengesellschaft 
FL-9496 Balzers 
Furstentum Liechtenstein 
Tel. (075) 44111 

(see a lso p. 2 8 ) 
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one can ge t fu r the r i n f o r m a t i o n b y 
ro ta t i ng the v i e w i n g d i rec t i on a b o u t 
t he b e a m ax is , w h e r e o n e sees (B) 
t ha t t r ack 3 indeed c o m e s f r o m 
the p r imary ve r t ex . 

T h e c learest v i sua l i sa t ion (C) is 
t o l ook f a c e - o n at t h e CCDs a long 
the b e a m . V i r tua l ly all t he b a c k ­
g r o u n d hi ts d i sappear and the 
w e n t t o p o l o g y b e c o m e s o b v i o u s . 
No te tha t th is revea ls t w o a d d i t i o n ­
al t r a c k s (b roken l ines) f r o m the 
p r imary ve r t ex , w h i c h w e r e n o t 
f o u n d by the r e c o n s t r u c t i o n p r o ­
g r a m as t h e y e luded the res t o f 
the s p e c t r o m e t e r . 

T h e decay t r a c k s 1 , 2 and 5 are 
ident i f ied by C h e r e n k o v h o d o -
s c o p e s and the m a g n e t i c s p e c ­
t r o m e t e r t o be a 1 8 . 8 0 G e V n e g a ­
t i ve p i o n , a 2 2 . 3 5 G e V pos i t i ve 
k a o n and a 4 3 . 2 2 G e V nega t i ve 
p ion respec t i ve ly . Th i s c o r r e s p o n d s 
t o an e f fec t i ve m a s s o f 1 8 6 9 
± 6 M e V , a nega t i ve D m e s o n , 
d e c a y i n g w i t h a l i fe t ime o f 5 . 4 8 x 
1 0 " 1 3 s . 

N o t e t ha t CCD1 r e c o n s t r u c t s 
H h i ts w i t h i n 0 . 0 4 m m 2 , a d e n s i t y 
o f 2 0 0 h i t s / m m 2 . Such accu ra te 
d e t e c t o r s p laced s o c lose t o t he 
in te rac t ion po in t p r o v i d e a V e r t e x 
m i c r o s c o p e ' o f u n p r e c e d e n t e d 
p rec i s i on . It is h o p e d , us ing da ta 
a l ready o n t a p e , t o d e t e r m i n e a lso 
t he l i fe t imes o f t he s h o r t e r l ived 
c h a r m par t ic les . 

A m u c h larger CCD v e r t e x m i c r o ­
s c o p e , con ta in ing 2 0 0 ra ther t h a n 
j us t t w o d e t e c t o r s is be ing p re ­
pa red by R A L and Brunei Un i ve rs i t y 
f o r a s t u d y o f mu l t i - ve r t ex e v e n t s 
in t he SLD s p e c t r o m e t e r f o r t he 
n e w S t a n f o r d Linear Col l ider . T h e 
Z ° par t ic les p r o d u c e d at th i s m a ­
ch ine shou ld p r o v i d e a par t icu lar ly 
r ich sou rce o f n e w p h y s i c s v ia t h e 
d e c a y s o f all k i nds o f sho r t - l i ved 
par t i c les — heav ier qua rk f l a v o u r s 
b e y o n d c h a r m , t au l e p t o n s , and 
poss ib le n e w s t a t e s . T h e spec ia l 

l o w no ise CCDs used are p r o d u c e d 
by the GEC C o m p a n y o f Eng land . 

COMPUTERS 
On the right track 

Part ic le phys i cs e x p e r i m e n t s rely 
heavi ly o n w i r e c h a m b e r s t o p ick 
up the t r a c k s o f the i r par t i c les . 
Easier sa id than d o n e . One o f t he 
ma jo r t a s k s in any e x p e r i m e n t is 
t o c o n v e r t the ' h i t s ' f r o m the w i r e 
c h a m b e r s in to the actua l t r a c k s o f 
t he par t i c les , h o w e v e r o v e r t he 
years a var ie ty o f c o m p u t e r p r o ­
g r a m s have been d e v e l o p e d t o 
help in th is m a m m o t h t a s k . 

B e c o m i n g avai lable n o w are t he 
n e w b reed o f ' v e c t o r ' s u p e r c o m ­
pu te rs w h i c h o f fe r d rama t i c in ­
c reases in p rocess ing p o w e r o v e r 
t rad i t iona l sequent ia l mach ines . 

In a conven t i ona l c o m p u t e r , in ­
s t r uc t i ons are execu ted o n e by 
o n e , w i t h each s ingle i ns t ruc t i on 
dea l ing at m o s t w i t h a s ing le da ta 
o p e r a t i o n (e.g. an add i t i on ) . Mu l t i ­
ple da ta s t r e a m mach ines a l l o w a 
n u m b e r o f ident ica l da ta o p e r a t i o n s 
o n d i f fe ren t da ta . Even m o r e p o w e r 
is o b t a i n e d by 'p ipe l in ing ' in v e c t o r 
c o m p u t e r s w i t h s e g m e n t e d p r o ­
cess ing un i ts . Th is g ives a p r o d u c ­
t i on line a p p r o a c h : once the v e c t o r 
p ipel ine is fu l ly ope ra t i ona l , t he 
t i m e t o c o m p l e t e a t ask is on ly t he 
t i m e needed t o car ry ou t one 
sub - t ask . 

The re had been a w i d e s p r e a d 
c o n v i c t i o n tha t t r ack r e c o n s t r u c t i o n 
p r o g r a m s w o u l d n o t c o n v e r t eas i ly 
f o r v e c t o r p r o c e s s i n g . H o w e v e r a 
feas ib i l i t y s t u d y at Flor ida S ta te 
Un ive rs i t y (one o f the n e w US S u ­
p e r c o m p u t e r Centres) s h o w e d 
o t h e r w i s e , us ing as gu inea-p ig t he 
E 7 1 1 f i xed ta rge t e x p e r i m e n t re­
cen t l y run at Fermi lab. 

T w o gene ra t i ons o f t r ack r e c o n ­
s t r u c t i o n s o f t w a r e w e r e d e v e l o p e d . 
T h e f i r s t gene ra t i on c o n s i s t e d o f 
t w o sepa ra te a l g o r i t h m s , imp le ­
m e n t e d o n a V A X - 1 1 / 7 8 0 , w h i c h 
are numer ica l in na tu re , t ha t is t h e y 
d o local p o i n t - t o - p o i n t searches 
and requi re a lgebra ic ca lcu la t ions . 
T h e s e t w o a l go r i t hms are c o m ­
p le te ly d i f fe ren t and serve t o c r o s s ­
check t he e f f i c iency o f t he t r ack 
f i nd i ng . B o t h a l go r i t hms g ive the 
s a m e resu l t s , at a rate o f 1.6 CPU 
s per even t . 

T h e s e c o n d genera t i on o f s o f t ­
w a r e w a s d e v e l o p e d f o r a CYBER 
2 0 5 , is non -numer i ca l in na tu re , 
and uses t he v e c t o r fea tu res o f 
t he CYBER 2 0 5 t o i m p r o v e the 
p r o c e s s i n g s p e e d . A n a lgo r i t hm 
f o r g loba l t r ack f i nd ing uses bit 
p a t t e r n s ra ther t han local po in t 
sea rches . A l l t he numer ica l ca lcu ­
la t ions are d o n e jus t o n c e , pr ior 
t o t he ana lys is , w h i c h later f i nds 
all t he poss ib le t r a c k s in one 
s w e e p . 

W i t h th i s a l go r i t hm a fu l ly r e c o n ­
s t r u c t e d even t t a k e s a p p r o x i m a t e l y 
7 .7 m s e c , 2 0 0 t i m e s fas te r t han 
t he c o d e d e v e l o p e d f o r t he V A X -
11 / 7 8 0 . S ince the scalar ( c o n v e n ­
t iona l p rocess ing ) m o d e o f t he 
CYBER 2 0 5 is no m o r e than 
2 0 t i m e s f as te r t han tha t o f the 
V A X - 1 1 / 7 8 0 , vec to r i za t i on s p e e d s 
t h i n g s up t e n f o l d . 

Th i s m e t h o d o f non -numer i ca l 
ca lcu la t ions has severa l a d v a n ­
t a g e s : 
- t he CPU t i m e c o n s u m p t i o n d o e s 

n o t d e p e n d o n the n u m b e r o f 
pa r t i c les , wh i l e in scalar numer ­
ical m e t h o d s the t i m e c o n s u m p ­
t i o n inc reases d ramat i ca l l y w h e n 
t he re are m o r e par t ic les t o 
h a n d l e ; 

— c o d e d e v e l o p m e n t , ma in tenance 
and u n d e r s t a n d i n g is s imp l i f i ed , 
s ince v e c t o r i z e d logic is easier 
t o d e b u g due t o the h ighly 

CERN C o u r i e r , J u n e 1 9 8 6 2 7 



unser unfernehmen: Konsequentes 
Qualitatsdenken, Pioniergeist und eine aufge-
schlossene Fuhrungspolitik pragen das Leit-
bild eines Unternehmens, das sich heute mit 
weltweit uber 3000 Mitarbeitern in den Berei-
chen Vakuumtechnik und Dunne Schichten 
auf einem ebenso erfolgreichen wie zielsiche-
ren Kurs in die HlGH-TECH-Zukunft befindet 

Produkt -
m a n a g e r 

Das Arbeltsgebiet 
in unserem schnell wach-
senden Marktbereich 
«Dunnschicht-Metallurgie» 
ist ein klefnes Spezialisten-
team fur das Produktmana-
gement unserer neuen Ver-
schleissschutz-Schichten 
sowie der entsprechenden 
Prozessanlagen verant-
wortlich. 

Ihre zukiinfftlgen 
Aufgaben 
• Marktforschung, Konkur-

renzanalysen und Erschlies-
sung neuer Marktsegmente 

• Ausarbeiten von Facharti-
keln, Referaten, techni-
schen verkaufsunterlagen, 
Prospekttexten und Pflich-
tenheften fur Anlagen sowie 
fur die Schutzschichten 

• Kompetente unterstiitzung 
des Aussendienstes 

Ihre Ausbildung 
• Abgeschlossenes Hoch-

schulstudium der Richtung 
Maschinenbau, Produk-
tionstechnik Oder Physik 

• Industrie-Erfahrung von 
etwa drei Jahren ist 
erwiinscht 

• sprachen: deutsch und eng-
lisch (ev. franzosisch) 

ihre persdnlichen 
Stdrken 
• Weitbiick in Marketing-

fragen 
• Entscheidungsfreude und 

Selbstandigkeit 
• Dynamischer sowie koope-

rativer Arbeitsstil 

Unser Angebot 
Diese Aufgabe, die auch 
gelegentliche Geschaftsrei-
sen in Europa, den USA und 
den Fernen Osten bedingt, 
bietet einem initiativen 
Produktmanager eine viel-
seitige Herausforderung an 
sein berufliches Konnen. 
Fur weitere Fragen steht 
Ihnen unsere Frau Margrit 
Ritter, Personalabteilung, 
unter der Telefonnummer 
(Direktwahl)075/443 03 
gerne jederzeit zur verfu-
gung. 

Projekt -
ingenieur 

Das Arbeltsgebiet 
Zu den Hauptaufgaben einer 
unserer Sonderabteilungen 
gehoren Planung und Reali­
sation von schlusselfertigen 
Produktionslinien sowie 
weitere damit verbundene 
Aktivitaten wie Technolo-
gietransfer und organisato-
rische Betreuung der Pro-
jekte wahrend verschiede-
ner Phaser). 

ihre zukiinftlgen 
Aufgaben 
• Vorbereitung von Vertragen 

mit internen und externen 
Stellen sowie die Mitwir-
kung bei Vertragsab-
schlussen 

• Koordination zwischen 
internen und externen Lie-
feranten wahrend der Rea-
lisationsphase; Uberwa-
chung an Ort der installa-
tionsarbeiten, der Inbe-
triebnahme sowie des Tech-
nologietransfers 

• Kostenerfassung, Rentabili-
tatsberechnungen und Sta-
tistik 

ihre Ausbildung 
• Abgeschlossenes techni-

sches Hochschulstudium 
• Sprachen: deutsch und eng-

lisch in Wort und Schrift 
• Wenn moglich praktische 

Erfahrung im Projektmana-
gement 

ihre persdnlichen 
Starken 
• Uberdurchschnittlicher Ein-

satzwillen 
• Dynamik und sichere Ent-

scheidungsfahigkeit 
• Ausgesprochen gutes Orga-

nisationstalent 

Unser Angebot 
Diese Top-Position mit den 
adaquaten Kompetenzen 
wird ihnen in beruflicher 
und personlicher Hinsicht 
ungewohnliche Perspekti-
ven eroffnen. 
zur.Abklarung weiterer Fra­
gen wiirden wir mit Ihnen 
gerne einen ersten ce-
sprachstermin festsetzen. 
Dafur steht Ihnen unser Herr 
Fritz Bossard, Personalab­
teilung, gerne zur verfii-
gung. Seine Telefonnummer 
(Direktwahl): 075/44227. 
Wir freuen uns auf Ihren 
Anruf. 

Produkt-
ingenieur 

Das Arbeltsgebiet 
im Rahmen unseres moder-
nen Marketingkonzeptes 
befasst sich ein Stab jiinge-
rer ingenieure mit der 
marktgerechten Produkt-
betreuung von Partialdruck-
Messgeraten der neuen Ge-
nerationen. 

ihre zukiinftlgen 
Aufgaben 
• Systematisch geplante und 

kontrollierte Einfuhrung 
neuer Produkte auf dem 
Markt 

• Preisberechnungen, Erar-
beiten von Preislisten und 
Offerten 

• Beratung und Ausbildung 
von Kunden sowie Aussen-
dienstleuten 

• Mitwirkung bei Ausstellun-
gen, Seminarien und Publi-
kationen 

Ihre Ausbildung 
• Abgeschlossenes HTL-Stu-

dium der Fachrichtung 
Elektronik, Elektro- Oder 
verfahrenstechnik 

• Kenntnisse der vakuum-
messtechnik sind von 
Vorteil 

• Englische Sprachkenntnisse 

ihre persdnlichen 
Stdrken 
• Ausgesprochenes Interesse 

am Produktmanagement 
• initiative und Selbstandig­

keit 
• Dynamischer Arbeitsstil 

Unser Angebot 
Zusammen mit einer echten 
Herausforderung an ihre 
beruflichen Ambitionen bie-
ten wir Ihnen zeitgemasse 
Anstellungsbedingungen 
und ein ausgezeichnetes 
Betriebsklima. 
Wenn Sie sich fur diese 
Position interessieren, wird 
unser Herr Fritz Bossard, 
Personalabteilung, gerne 
ein erstes Gesprach mit 
ihnen arrangieren. Seine 
Telefonnummer (Direkt­
wahl) 075/44227. -Wi r 
freuen uns auf Ihren Anruf. 

Verkaufs-
m i t a r b e i t e r 

Das Arbeltsgebiet 
innerh'alb unserer Sparte 
Dunne Schichten betreut 
eine junge, dynamische 
Mannschaft den verkauf und 
das Marketing der entspre­
chenden Produkte fur die 
optische Industrie. 

ihre zukiinftlgen 
Aufgaben 
• Technische Beratung der 

Kunden aus aller Welt 
• Auftragsabklarungen und 

-abwicklung 
• Erschliessen neuer Markte 
• Mitarbeit bei der Marktfor­

schung, Planung, Budgetie-
rung und Produktgestal-
tung 

ihre Ausbildung 
• Abgeschlossene technische 

Berufslehre 
• Oder eine kaufmannische 

Ausbildung mit praktischer 
Erfahrung in einem techni-
schen Bereich 

• Sprachen: deutsch, englisch 
und italienisch 

Ihre persdnlichen 
Stdrken 
• verkaufs- und Organisa-

tionstalent 
• Eigeninitiative, verbunden 

mit einem flexiblen Arbeits­
stil 

• Sinn fur Teamwork 

unser Angebot 
Mit dieser anspruchsvollen 
Position bieten wir ihnen 
nicht nur ein selbstandiges 
Arbeitsgebiet und Verant-
wortung, sondern auch 
attraktive Anstellungsbe­
dingungen und ein sehr 
gutes Betriebsklima. 
Weitere Informationen uber 
ihre neue Tatigkeit und uber 
unsere aufgeschlossene 
Personalpolitik gibt Ihnen 
gerne unsere Frau Margrit 
Ritter, Personalabteilung, 
unter der Telefonnummer 
(Direktwahl) 075/44303. 

Sofftware-
Ingenieur 

Das Arbeltsgebiet 
Unsere Abteilung «Soft-
ware-Entwicklung» unter-
sucht die Einsatzmoglich-
keiten der BALZERS-Quadru-
pol-Massenspektrometer in 
der analytischen Messtech-
nik, bearbeitet entspre-
chende Kundenauftrage 
und verbessert die beste-
henden standardsysteme. 

ihre zukiinftlgen 
Aufgaben 
• Problemanalyse, Erarbei-

tung von Pflichtenheften 
sowie Programmentwurfen 

• Systemtests, inbetriebnah-
men (zum Teil auch bei 
unseren Kunden) und War-
tung 

Ihre Ausbildung 
• Abgeschlossenes Studium 

der Fachrichtung Elektro-
technik Oder Informatik 

• Erfahrung in der Pro-
grammgestaltung 

• Cute Englischkenntnisse 

Ihre persdnlichen 
stdrken 
• interesse fur numerische 

Mathematik und statistik 
• Kooperative Arbeitseinstel-

lung 
• Einsatzfreude und verant-

wortungsbewusstsein 

Unser Angebot 
Wir bieten Ihnen einen 
modern eingerichteten Ar-
beitsplatz mit den neuesten 
Software-Entwicklungsin-
strumenten. selbstver-
standlich fuhren wir Sie 
systematisch in Ihr Arbeits­
gebiet ein und garantieren 
uberdies grosszugige An­
stellungsbedingungen. 
Mehr daruber kan.n ihnen 
unser Herr Fritz Bossard, 
Personalabteilung, unter 
der Telefonnummer (Direkt­
wahl) 075/44227 mitteilen. 
Wir freuen uns auf ein erstes 
Gesprach mit Ihnen. 

Balzers Aktiengesellschaft 
fl-9496 Balzers 
Furstentum Liechtenstein 
Tel. (075) 4 4111 
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The unexplained U+ signal at 3.1 GeV seen 
by the CERN hyperon beam collaboration. 

People 
and things 

organ ized nature o f t he ca l cu ­
l a t i o n s ; 
unusual pa t t e rns o f h i ts and 
no ise can easi ly be recogn i zed 
and r e m o v e d . 

T h e techn ique shou ld be even 
m o r e va luab le f o r e x p e r i m e n t s at 
co l l id ing b e a m m a c h i n e s , w h i c h 
have t o handle v e r y h igh n u m b e r s 
o f p r o d u c e d par t i c les . 

O ther cand ida te p r o g r a m s f o r 
vec to r i za t i on are unde r s t u d y at 
F lor ida S ta te , inc lud ing t h e G E A N T 
s i m u l a t i o n / t r a c k i n g p a c k a g e f r o m 
CERN used by th ree o f t h e expe r i ­
m e n t s f o r t he LEP e l e c t r o n - p o s i t r o n 
Col l ider . 

CERN 
j for unconventional 

In t hese days o f q u a r k / g l u o n p h y s ­
ics and je t s p e c t r o s c o p y , ' b u m p 
h u n t i n g ' — the p rac t i ce o f l ook i ng 
f o r n e w par t ic le r e s o n a n c e s — is 
less fash ionab le t han it u sed t o 
be. H o w e v e r f r o m t i m e t o t i m e 
n e w b u m p s are f o u n d w h i c h have 
i m p o r t a n t imp l i ca t i ons . 

One o f the un ique f ea tu res o f 
the SPS w h e n it c a m e in to o p e r a ­
t i on in 1 9 7 6 w a s i ts b e a m o f h igh 
ene rgy h y p e r o n s — h e a v y par t i c les 
re la ted t o nuc leons bu t ca r ry ing 
the s t r angeness q u a n t u m n u m b e r 
— and used by severa l expe r i ­
m e n t s invo lv ing B r i s t o l / G e n e v a 
/ H e i d e l b e r g / L a u s a n n e / L o n d o n 
/ O r s a y / R u t h e r f o r d / S t r a s b o u r g 
t e a m s . 

Over the y e a r s , t h e s e co l l abo ra ­

t i ons a m a s s e d a w e a l t h o f in for ­
m a t i o n w h i c h c leaned up ou r 
unde rs tand ing o f h y p e r o n behav ­
iour , par t icu lar ly the i r w e a k (beta) 
decay (see D e c e m b e r 1 9 8 3 issue, 
page 4 1 9 ) . A n o t h e r h igh l ight w a s 
the d i s c o v e r y o f t he A + b a r y o n 
car ry ing b o t h the s t r a n g e n e s s and 
c h a r m q u a n t u m n u m b e r s (see 
M a r c h 1 9 8 3 issue, page 5 4 ) . 

Th is A + s ignal w a s seen at 
2 . 4 6 GeV in in te rac t ions p r o d u c i n g 
a l a m b d a and a nega t i ve k a o n , 
a c c o m p a n i e d by t w o pos i t i ve 
p ions . T o check t ha t it w a s no t 
due t o s o m e t h i n g e lse, t he co l la ­
bo ra t i on ana lysed all e v e n t s under 
d i f fe ren t a s s u m p t i o n s f o r t he f inal 
s ta te par t ic les . 

W h e n the kaon m a s s w a s re­
p laced by tha t o f t he a n t i p r o t o n , 
a p r o m i n e n t peak at 3 .1 G e V w a s 
s e e n , and the even t s m a k i n g up 
th is s ignal had no ove r lap w i t h 
t h o s e g iv ing the A + w i t h t he nega ­
t i ve k a o n a s s i g n m e n t / L o o k i n g at 
p r o d u c t i o n o f a l ambda and an 
a n t i p r o t o n t o g e t h e r w i t h up t o 
th ree cha rged p i ons , the t e a m 
f o u n d o the r peaks at 3 .1 G e V , 
s h o w i n g tha t w h a t e v e r it is ex i s t s 
in th ree charge s ta tes — p o s i t i v e , 
neutra l and negat i ve . T h e w i d t h s 
o f the s ignals are c o m p a t i b l e w i t h 
t he reso lu t ion o f the appa ra tus . 

T h e l i fe t ime o f t he s t a t e , cal led 
U, w a s f o u n d t o be less t han 2 x 
1 0 ~ 1 2 s. I ts m a s s is c o m p a t i b l e 
w i t h the f a m o u s J / p s i ' c h a r m o n -
i u m ' s ta te cons i s t i ng o f a b o u n d 
c h a r m quark -an t iquark pair . H o w ­
ever t he q u a n t u m n u m b e r s o f t he 
U are i ncompa t i b le w i t h c h a r m o n -
i u m , or w i t h any th ing e l se ! 

On people 

On his retirement from the Univer­
sity of Tokyo at the end of March, 
Yoshio Yamaguchi also stepped 
down as director of Tokyo's Insti­
tute for Nuclear Study and moved 
to Tokai University. One of the 
first Japanese theoreticians to visit 
CERN many years ago, Yamaguchi 
is one of the leading figures in Ja­
panese involvement in international 
physics. He is a member of the 
International Committee for Future 
Accelerators (ICFA), and in October 
will begin a one-year stint as Pre­
sident of the Physical Society of 
Japan. His place as Tokyo's INS 
Director is taken by T. Yamazaki 
from Tokyo's Meson Science Lab­
oratory. 

Among the new Fellows recently 
elected to the prestigious Royal 
Society in the UK are John Dowell 
of Birmingham, a member of 
CERN's Scientific Policy Committee 
and of the UA 1 experiment, and 
E. W. ('Bill') Mitchell, currently 
Chairman of the UK Science and 
Engineering Research Council. 

Bob Watt recently retired from 
SLAC at Stanford after a career 
spanning some twenty years. On 
arrival, he was commissioned with 
overseeing the move of the Law­
rence Radiation Lab's 72 inch bub­
ble chamber, which managed to 
grow by 10 inches in the process. 
Shortly afterwards he became head 
of the Bubble Chamber Operations 
Group at Stanford. He was widely 
regarded for his ability to nurse 
sick machines to full health. 
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Twenty years ago 

The theory of general relativ­
ity was fifty years old. Sites 
for the proposed next gener­
ation of accelerators were 
under study. CERN Director 
General Bernard Gregory was 
visiting a 300 GeV site at El 
Escorial in Spain, and Greece 
put forward a site near 
Athens. On the other side of 
the Atlantic, the list of pro­
posals for the US 200 GeV 
machine had narrowed to 
six, including Weston 
(Batavia) near Chicago. 
Amongst the rejected sites 
was South Barrington, also 
near Chicago, where an ob­
jection was that the influx of 
scientists would 'disturb the 
moral fibre of the communi­
ty'. 

Electrons were accelerated 
to 10 GeV in the two-mile 
linac at Stanford. The Swiss 
government authorized con­
struction of a 500 MeV cyclo­
tron at Villigen near Zurich, 
which became the SIN Labo­
ratory. The CERN PS linac 
accelerated a 100mA current 
for the first time following 
installation of a duoplasma-
tron source. 

Moves at Los Alamos 

Donald Hagerman becomes new 
Medium Energy Physics Division 
Leader at Los Alamos (US) National 
Laboratory, succeeding Louis 
Rosen as manager of the Los Ala­
mos Meson Physics Facility 
(LAMPF) organizational unit. Hag­
erman, along with Rosen and Dar-
ragh Nagle, was a member of the 
original LAMPF design team. This 

< Los Alamos line-up: (left to right) John 
Browne, the Laboratory's Associate Director 
for Research; Louis Rosen, who stepped 
down as Director of the Meson Physics 
Facility (LAMPF) last year (see 
January/February issue, page 31); new 
LAMPF Director Gerald Garvey; and Don 
Hagerman who takes over from Rosen as 
Division Leader for Medium Energy Physics. 

(Photo Los Alamos) 

move follows Gerald Garvey's ap­
pointment as LAMPF Director, also 
succeeding Rosen, an assignment 
which also moves LAMPF scientific 
policy development into the Central 
Laboratory's Directorate. 

Meanwhile Darragh Nagle leaves 
the post of Medium Energy Physics 
Research Group Leader to devote 
all his efforts to the Cygnus X3 
experiment. This incorporates two •, 
of the LAMPF neutrino detector 
cosmic ray shields into a wide area 
array to measure extensive air 
showers from the X-ray pulsar. 
Nagle's successor is Hywel White 
from Brookhaven. 

Over the last few winters more and more 
geese have been wintering over at Fermilab 
to enjoy the relatively mild Chicago 
Januaries. This year the population reached 
more than ten thousand. The open water 
from cooling ponds at Fermilab and other 
nearby developments may be a factor in 
their choice. 
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FOR SALE 

THE UA5 
LEAD-IRON 

CALORIMETER 
A c t i v e area 1 m (height ) . 4 m (w id th ) . S a n d w i c h 
t y p e w i t h sc in t i l l a to rs and BBQ readout . Lead par t 
approx . 3 0 rad ia t ion l eng ths (15 cm) , i ron par t 
approx . 3 i n te rac t i on l eng ths ( 5 0 cm) . S u p p o r t 
a l l o w i n g ope ra t i on at d i f fe ren t ang les t o t h e v e r t i ­
cal . W e l l ca l ib ra ted . 

For t echn i ca l i n f o r m a t i o n c o n t a c t D r C h r i s B o o t h , 
EP d i v i s i o n , C E R N , t e l . C E R N e x t . 2 3 8 1 . 

Offers shou ld be addressed t o 

D r J o h n R u s h b r o o k e 
C a v e n d i s h L a b o r a t o r y 
M a d i n g l e y R o a d 
G B - C a m b r i d g e C B 3 O H E 
T e l . ( 2 2 3 ) 3 3 7 2 41 

CERN ACCELERATOR SCHOOL 
The Institute of Physics, University of Aarhus, with the support of The University of Aarhus The Danish CERN Committee The Danish Ministry of Education 

w i l l j o i n t l y organize a basic course o n 

General Accelerator Physics 
15-26 SEPTEMBER 1986 

at the Scanticon Conference Centre, Aarhus, Denmark 

Lectures: 
His tor ica l I n t r o d u c t i o n and Present-

Day Accelerators 
Emi t tance and L iouv i l l e 's T h e o r e m 
Basic Course o n Accelerator Optics 
Transverse Beam Dynamics 
L o n g i t u d i n a l Beam Dynamics 
Insert ions 
Dynamics in L inear Structures 
I n t r o d u c t i o n to Coherent Instabi l i t ies 
Synchro t ron Radia t ion 
In jec t ion and Ex t rac t ion 
Rad ia t ion D a m p i n g 
Space-Charge D o m i n a t e d Beam Transpor t 
Image and Space-Charge Forces 
Neut ra l i za t ion Problems 
Diagnostics 
Beam Transfer Lines 
L u m i n o s i t y Measurement and Calcula t ion 

I n t r o d u c t i o n to In t ra -Beam Scattering 
Coo l ing Concepts 
Review o f Advanced Topics f o r Next Course 

Seminars: 
Part icle P r o d u c t i o n 
RF Systems 
R F Q 
Computer Programs f o r Accelerators 
M o d e r n Trends in Cyc lo t rons 
Future Accelerators 
Iner t ia l Fusion w i t h Accelerators 

Visit: 
Inst i tute o f Physics 
Univers i ty o f Aarhus 

F u r t h e r deta i ls a n d a p p l i c a t i o n f o r m s can be o b t a i n e d f r o m the C E R N A c c e l e r a t o r S c h o o l , 
c / o M r s . S. v o n W a r t b u r g , L E P D i v i s i o n , C E R N , 1211 G e n e v a 23 , T e l . (022) 83 .26 .23 . 

A V E N D R E 

V A X 7 8 0 

L 'Univers i te de Geneve (Dpt . de phys ique nuc le -
aire) m e t en ven te un V A X 7 8 0 

avec : 

FPA (« f l oa t i ng p o i n t acce lerator ) ) ) 
4 M e g a - b y t e s de m e m o i r e 

2 M A S S B U S «adap te rs ) ) 

2 T U 7 8 bandes m a g n e t i q u e s 
1 6 0 0 / 6 2 5 0 bp i ( 7 8 0 Kby tes / sec ) 

1 RP07 d isque W i n c h e s t e r 
(516 M b y t e s ) 

2 R M 0 3 d isques a m o v i b l e s 
(67 M b y t e s ) 

1 UNIBUS «adap te r ) ) 
(avec cab ine t ex tens ion) 

2 DZ11 (16 en t rees / so r t i es 
a s y n c h r o n e s R S 2 3 2 ) 

Priere d ' envoye r v o s o f f res a : 

P i e r r e C R I S T I N 
C E R N d i v . EP 
1211 G e n e v e 2 3 
T e l . ( 0 2 2 ) 8 3 2 3 3 4 
T e l e x : 4 1 9 0 0 0 C E R C H 
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Synchrotron radiation 
at Trieste 

The 'multi-undulator' being installed on the 
SPEAR ring at Stanford. Undulators crowd 
the emerging flux of radiation into particular 
spectral lines providing the highest possible 
radiation intensities. 

(Photo Brad Youngman, SSRL) 

T h e fas t deve lop ing f ie ld o f s y n ­
c h r o t r o n rad ia t ion has i ts o r ig ins 
in the m a s t e r y o f s t o r a g e r ings in 
h igh energy phys i cs a n d is a p r ime 
examp le o f sp ino f f f r o m pure 
sc ience . 

In tense e l e c t r o m a g n e t i c rad ia t ion 
s t r e a m s o f f w h e n b e a m s o f h igh 
ene rgy e lec t rons are ben t o r shak -

i . Th is s y n c h r o t r o n rad ia t ion w a s 
o n c e an annoy ing w a s t e o f ene rgy 
in par t ic le s t o rage r i ngs , bu t n o w 
the w h e e l has t u rned ful l c i rc le , 
w i t h ded i ca ted mach ines supp l y i ng 
th is rad ia t ion f o r a w i d e range o f 
sc ience . 

T h e as ton ish ing g r o w t h rate in 
th is f ie ld w a s h igh l igh ted at an 
In ternat iona l Con fe rence o n S y n ­
c h r o t r o n Rad ia t ion , he ld at t he 
In ternat iona l Cent re f o r Theo re t i ca l 
Phys ics (ICTP), T r i e s t e , I taly f r o m 
7 - 1 1 Ap r i l . 

T h e Con fe rence w a s a p p r o p r i a t e ­
ly s i ted s ince the c o n s t r u c t i o n o f 
a 1.5 t o 2 GeV ' th i rd g e n e r a t i o n ' 
s y n c h r o t r o n rad ia t ion sou rce has 
been a p p r o v e d f o r T r i es te . In a d d i -
^ n , t he prec ise venue o f ICTP 
. .ust rated the e x t e n s i o n o f t he 

in te res ts o f the Cent re in to f ie lds 
c o n s i d e r e d t o be o f m o r e i m m e ­
d ia te pract ica l use (see panel ) . 

The emphas i s w a s o n t he l o w e r 
ene rgy s to rage r ings , up t o 2 G e V , 
f o r research us ing rad ia t ion in t he 
v a c u u m u l t rav io le t (VUV) ra ther 
t han the h igher ene rgy r i ngs , up 
t o 6 G e V , f o r research us ing hard 
X - r a y s l ike t he European S y n c h r o ­
t r o n Radiat ion Faci l i ty , ESRF, t o 
be bui l t at Grenob le and i ts p r o ­
p o s e d A m e r i c a n equ iva len t w h i c h 
w o u l d p robab l y be bui l t a t A r -
g o n n e . T h u s the s ta rs o f t he C o n ­
fe rence w e r e the T r i es te mach ine 
p resen ted by Serg io Tazzar i and 
the L a w r e n c e Berke ley L a b o r a t o r y 
equ iva len t p resen ted b y M a x Cor-
nacch ia . T h e Berke ley p r o p o s a l is 
in t he US Pres iden t ' s b u d g e t f r o m 

Fiscal Year 1 9 8 7 but has y e t t o 
pass t h r o u g h Cong ress . The re are 
s imi lar mach ines in ges ta t i on e lse­
w h e r e , such as BESSY II f o r t he 
L a b o r a t o r y in Berl in. 

It is c lear tha t the m a x i m u m 
a m o u n t o f f lex ib i l i ty m u s t be bui l t 
in to the des igns o f the n e w gener ­
a t ion o f mach ines because the re 
is no s ingle f igure o f mer i t f o r m a ­
chine ope ra t i on — the de f in i t i on 
o f ideal cond i t i ons var ies t h r o u g h ­
ou t t he user c o m m u n i t y and the 
users have t o be i nvo l ved in t he 
mach ine des ign dec is ions . A l s o 
there is no t enough exper ience 
w i t h the ope ra t i on o f undu la to rs 
(around w h i c h the th i rd gene ra t i on 
mach ines are cons t ruc ted ) t o f ix 
pa rame te r s t o o r ig id ly. A lot o f 
w o r k is go i ng in to d e v e l o p i n g m a ­
chine m a g n e t la t t ices w i t h abi l i t ies 
b e y o n d the bes t p resen t l y avai lable 
(the lat t ice o f the late Rena Chas-
m a n and Ken Green w h i c h m a d e 
the V U V r ing at the B r o o k h a v e n 
Nat iona l S y n c h r o t r o n L ight Sou rce 
the b r i gh tes t in the w o r l d ) . 

G o o d b e a m m o n i t o r i n g and c o n ­
t ro l b e c o m e m o r e i m p o r t a n t be ­
cause the l o w em i t t ance mach ines 

wi l l be sens i t i ve t o ope ra te . Th is 
m e a n s a lso t ha t , t h o u g h in jec t ion 
o f t he b e a m at the s to rage r ing 
ope ra t i ng ene rgy is sti l l p r o b a b l y 
p re fe rab le , t he con t r o l s y s t e m s 
cou ld hand le in jec t ion at l o w e r 
energ ies and acce le ra t ion t o ope r ­
a t ing energ ies . It is c lear, h o w e v e r , 
t ha t the in jec t ion o f p o s i t r o n s 
ra ther t han e lec t rons wi l l g ive l ong ­
er l i fe t imes and m o r e s tab le b e a m s 
by avo id i ng the p r o b l e m s due t o 
ion t r a p p i n g . W h e n pos i t i ve i ons , 
l ibera ted by any m e c h a n i s m , are 
pul led in to t he negat i ve reg ion o f 
an o rb i t i ng e lec t ron b e a m t h e y can 
cause havoc w i t h b e a m stab i l i ty . 
Th is p h e n o m e n o n , w h i c h is sti l l 
n o t we l l u n d e r s t o o d or p red ic tab le , 
has caused t r oub le at m a n y m a ­
ch ines and p o s i t r o n in ject ion w o u l d 
c i r c u m v e n t it. 

One o f t he mach ines w h i c h suf­
f e red f r o m the d i s rup t i ve e f fec ts 
o f i on - t r app ing dur ing i ts c o m m i s ­
s ion ing phase w a s the A l a d d i n r ing 
at W i s c o n s i n w h i c h has been under 
sen tence o f dea th f o r the pas t 
year . T h e la test n e w s is t ha t b e a m 
cu r ren ts as h igh as 2 0 0 m A have 
been s t o r e d a n d , n o w tha t th is 
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GSI Darmstadt 
is a na t iona l acce le ra to r cen te r f o r nuc lear 
research. The ex i s t i ng heavy ion l inac w i l l be 
c o m p l e m e n t e d by a s y n c h r o t r o n and a s to rage 
r ing in t he c o m i n g years . GSI seeks an 

ELECTRICAL 
ENGINEER 

OR PHYSICIST 
(Kz. 60400-16) 

f o r t h e d e v e l o p m e n t o f b e a m p robes , p re - and 
p o w e r a m p l i f i e r s w i t h GHz b a n d w i d t h (s tochas t i c 
c o o l i n g sys tem) . 
The app l i can t shou ld have exce l len t s t u d y resu l ts 
in t heo re t i ca l f ie lds and shou ld c o n s e n t t o 
b e c o m e fami l i a r w i t h par t ic le d y n a m i c s in s to rage 
r ings. 
I n fo rma l c o n t a c t s t o Dr . - lng . D. Bonne, te l . 
0 6 1 5 1 - 3 5 9 4 1 1 or w r i t t e n app l i ca t i on t o 

G e s e l l s c h a f t 
f u r S e h w e r i o n e n f o r s c h u n g M B H 
P e r s o n a l a b t e i l u n g 
P l a n c k s t r . 1 
D : 6 1 0 0 D a r m s t a d t BR D e u t s c h l a n d 

RESEARCH ENGINEER/ 
SENIOR RESEARCH ENGINEER 

POSITIONS AVAILABLE 
T h e r e is an i m m e d i a t e o p e n i n g f o r t w o R e s e a r c h E n g i n e e r s in a 
N u c l e a r P h y s i c s L a b o r a t o r y . T h e p r i m a r y r e s p o n s i b i l i t y o f t h e s e 
p o s i t i o n s w i l l b e t h e d e s i g n , c o n s t r u c t i o n , t e s t i n g , a n d i n s t a l l a ­
t i o n o f r a d i o f r e q u e n c y p o w e r a n d c o n t r o l s y s t e m s t o be u s e d 
w i t h t h e l a b o r a t o r y ' s r a c e t r a c k m i c r o t r o n e l e c t r o n a c c e l e r a t o r . 
T h e s e a re U n i v e r s i t y p o s i t i o n s . 

R e s p o n s i b i l i t i e s w i l l i n c l u d e : t h e d e v e l o p m e n t o f 5 0 k W , 2 . 4 5 
G H z , c w , RF s o u r c e s ; t h e d e v e l o p m e n t o f d r i v e s y s t e m s f o r t h e 
p r e c i s e c o n t r o l ( f r o m c o m p u t e r s ) o f t h e s t r e n g t h a n d p h a s e o f 
t h e RF f i e l d s in l inac s t r u c t u r e s ; t h e t e s t i n g a n d i n s t a l l a t i o n o f 
h i g h p o w e r l i nac s t r u c t u r e s ; a n d t h e d e v e l o p m e n t o f RF i n s t r u ­
m e n t s f o r c h a r a c t e r i z i n g t h e i n t e n s i t y , p h a s e , a n d p o s i t i o n o f a 
c w e l e c t r o n b e a m . 

M i n i m u m q u a l i f i c a t i o n s i n c l u d e m a s t e r ' s d e g r e e in E lec t r i ca l 
E n g i n e e r i n g ; a t l eas t f i v e y e a r s e x p e r i e n c e as a r a d i o f r e q u e n c y 
e n g i n e e r . T h i s e x p e r i e n c e s h o u l d be in RF m e a s u r e m e n t s a n d 
t h e i n s t r u m e n t a t i o n o f a c c e l e r a t o r , c o m p u t e r c o n t r o l s y s t e m s 
a n d t h e d e s i g n a n d t e s t i n g o f h i g h v o l t a g e , h i g h c u r r e n t p o w e r 
s u p p l i e s . 

S a l a r y w i l l be b e t w e e n $ 3 7 , 0 0 0 a n d $ 4 2 , 0 0 0 d e p e n d i n g u p o n 
e x p e r i e n c e a n d q u a l i f i c a t i o n s . 

For t e c h n i c a l i n f o r m a t i o n c o n t a c t : P r o f e s s o r L. S. C a r d m a n , 
N u c l e a r P h y s i c s L a b o r a t o r y , U n i v e r s i t y o f I l l i no is a t U r b a n a -
C h a m p a i g n , 2 3 S t a d i u m Dr i ve , C h a m p a i g n , IL 6 1 8 2 0 U S A . 
( 2 1 7 ) - 3 3 3 - 4 5 4 1 . 

S e n d r e s u m e , i n c l u d i n g n a m e s o f a t l eas t t h r e e i n d i v i d u a l s w h o 
c a n b e a s k e d f o r r e f e r e n c e t o 

M r . R a y m o n d F. B o r e l l i , 
D e p a r t m e n t o f P h y s i c s , 
U n i v e r s i t y o f I l l i n o i s a t U r b a n a - C h a m p a i g n , 
1110 W e s t G r e e n S t r e e t U r b a n a , 
I l l i n o i s 6 1 8 0 1 U S A . ( 2 1 7 ) - 3 3 3 - 0 5 7 0 . 

T h e U n i v e r s i t y o f I l l i no is is an A f f i r m a t i v e A c t i o n / E q u a l O p p o r ­
t u n i t y E m p l o y e r . 

RESEARCH SCIENTISTS 
EXPERIMENTAL HIGH 

ENERGY PHYSICS 
Supercomputer Computations 

Research Institute 
Florida State University 

T h e S u p e r c o m p u t e r C o m p u t a t i o n s Research Ins t i ­
t u te o f t he Flor ida S ta te Un ive rs i t y is seek ing q u a ­
l i f ied cand ida tes f o r 2 ful l t i m e p e r m a n e n t research 
pos i t i ons in expe r imen ta l h igh ene rgy phys i cs . Pre­
fe rence w i l l be g i ven t o sc ien t i s t s w i t h s t r o n g s o f t ­
w a r e o r i en ta t i on w i l l i ng t o i nves t iga te t he use o f 
v e c t o r c o m p u t e r s in t he ana lys is o f h igh ene rgy 
phys i cs d a t a . H a r d w a r e exper ience is des i r ed . Suc­
cess fu l cand ida tes w i l l be i nvo l ved in t he ALEPH 
(LEP) o r DO (Fermilab) co l l ider e x p e r i m e n t s . A p p l i ­
can ts shou ld s u b m i t a cu r r i cu lum v i t ae , l ist o f pub l i ­
ca t i ons and ar range f o r th ree le t te rs o f r e c o m m e n ­
da t i on t o be sen t t o 

Dr. J o s e p h L a n n u t t i 
D i r e c t o r 
S u p e r c o m p u t e r C o m p u t a t i o n s 
R e s e a r c h I n s t i t u t e 
F l o r i d a S t a t e U n i v e r s i t y 
T a l l a h a s s e e , F l o r i d a 3 2 3 0 6 - 4 0 5 2 
U . S . A . 

The Florida State University is an Equal Opportuni­
ty, Affirmative Action Employer. 

( \ 
SALES ENGINEER 

FOR GERMANY 
A r e y o u l ook ing t o make a change in y o u r career? 

A s our ideal m a n , y o u are an e lec t ron i c or so f t ­
w a r e eng ineer , o r a phys i c i s t w h o s e m o t h e r 
t o n g u e is Ge rman . Y o u m a y be a G e r m a n na t iona l 
a lso, o r a Sw i ss . 

Y o u have an o u t g o i n g pe rsona l i t y and y o u l ike t o 
share y o u r w o r k t i m e b e t w e e n be ing o u t d o o r s 
(travel) and see ing peop le , ta lk , d iscuss , sugges t , 
f i n d so lu t i ons and... sell... 

Y o u w i l l be ca l led t o set you rse l f up i n d e p e n d e n t ­
ly in G e r m a n y t o serve ou r ex is t i ng c l iente le and 
deve lop n e w m a r k e t s in Sc ience and Indus t ry . 

A f t e r an in i t ia l pe r iod o f t r a i n i ng in Geneva , y o u 
w i l l s p e n d a n o t h e r f o u r w e e k s o f t r a i n i ng at ou r 
H o m e Of f ice in t he USA. 

Salary in S w i s s Francs, a t t r ac t i ve C o m p a n y bene­
f i t s , f i ve w e e k s v a c a t i o n s annual ly . 

If t he above is o f in te res t t o y o u , k ind ly send us 
y o u r C.V. and a br ie f h a n d w r i t t e n le t ter i nd i ca t i ng 
y o u r p resen t ea rn ings and y o u r sa lary p r e t e n ­
t i ons . Y o u r app l i ca t i on w i l l be t r ea ted w i t h t he 
s t r i c tes t con f i dence . A p p l y t o 

KINETIC S Y S T E M S I N T E R N A T I O N A L S A , 
3 , c h e m i n T a v e r n e y , 
1218 G E N E V A , S w i t z e r l a n d . 
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Food for a lifetime 
The International Centre for 
Theoretical Physics, ICTP, in 
Trieste was founded in 1964 
under the inspiration of Abdus 
Salam who combines a deep 
social commitment with his 
outstanding ability as a theo­
retical physicist. If CERN can 
be described as a centre of 
excellence in particle physics, 
ICTP can be described as a 
centre for the spread of excel­
lence. By now well over 2000 
visiting scientists attend the 
extended courses and work­
shops at the Centre every year, 
coming from some 130 na­
tions, more than 80 per cent 
of them being developing 
countries. 

In the early years the empha­
sis at ICTP was on particle, 
nuclear and plasma physics. 
Some ten years ago it swung 
towards 'applicable' physics 
to help the transfer of the 
science behind many of the 
important modern technolog­
ies. Thus topics such as con­

densed matter, energy 
sources, laser physics etc. 
have since figured prominently 
in the programme. Since 1981 
CERN has helped in preparing 
very popular courses on micro­
processor applications. 

The synchrotron radiation 
conference was well in line 
with this policy since it in­
volves physics close to appli­
cations. During the conference 
a 'North-South Roundtable on 
Synchrotron Radiation', chaired 
by J. Danon from Brazil, was 
held under the auspices of the 
Third World Academy of 
Sciences. During a debate on 
the extent of 'self-help' with 
such facilities, Xian Ding-
Chang, Director of the Beijing 
Synchrotron Radiation Centre 
quoted the proverb 'Give a 
man a fish, feed him for a day. 
Teach a man to fish, feed him 
for a lifetime'... a proverb 
which could be the motto of 
ICTP. 

level o f p e r f o r m a n c e has been 
reached , it is l ikely t h a t t he US 
Nat iona l Sc ience Founda t i on w i l l 
r esume f u n d i n g . 

Nei ther the T r ies te no r t he Ber­
ke ley t e a m s have f r o z e n the i r d e ­
s igns t h o u g h T r ies te i n tends t o 
have ideas f i xed f i rm ly e n o u g h by 
the end o f the s u m m e r t o p r o d u c e 
" d e t a i l e d c o s t e s t i m a t e . 

T h e s e n e w mach ines are ' th i rd 
g e n e r a t i o n ' : t he l ight in tens i t ies 
t h e y a im t o ach ieve w i l l reach 
b e y o n d the f i rs t gene ra t i on m a ­
ch ines (d raw ing rad ia t ion paras i t i -
cal ly f r o m the bend ing m a g n e t s o f 
h igh ene rgy phys i cs s t o r a g e r ings) 
and b e y o n d the s e c o n d gene ra t i on 
mach ines des igned as ' d e d i c a t e d ' 
s y n c h r o t r o n rad ia t ion s o u r c e s . 
T h e y advance in the l ight f l uxes 
t h e y can del iver t o e x p e r i m e n t s 
by us ing ' w i g g l e r s ' and ' undu la -
t o r s ' — n e w dense per iod ic m a g ­
net s t ruc tu res t o e x t e n d or amp l i f y 
the s p e c t r u m o f rad ia t ion w h i c h 
can be de l i vered t o e x p e r i m e n t s . 

He rman W i n i c k c o v e r e d expe r i ­
e n c e w i t h t hese dev i ces at t he 

canford S y n c h r o t r o n Radia t ion 
L a b o r a t o r y , w h i c h has p i onee red 
the i r use , and even m a n a g e d the 
ex t rao rd ina ry fea t o f exp la in ing t he 
d i f fe rence b e t w e e n w i g g l e r s and 
undu la to rs in less t han one hour . 
The re are t w o 8 -po le w i g g l e r s t o 
se rve th ree expe r imen ta l s t a t i o n s 
each (wh ich is poss ib le because 
o f t he w i d e e m e r g i n g b e a m ) , a 6 4 -
po le w i g g l e r and a 'mu l t i - undu la to r ' 
on the SPEAR r ing and an undu la -
t o r on the PEP r ing. SSRL has been 
he lped in f o r e f r o n t w o r k on w i g ­
g lers and undu la to rs by the c o m ­
para t ive ly re laxed ope ra t i ng c o n d i ­
t i ons on the SPEAR and PEP r ings 
— high energ ies and h igh om i t ­
t a n c e s . Life wi l l no t be easy w i t h 
t hese dev ices on the n e w l y p r o ­
p o s e d r ings. 

M u c h o f the Con fe rence w a s 

d e v o t e d t o the research at V U V 
r ings in so l id s ta te phys i cs . T h e 
in tens i ty and qual i ty o f t he s y n ­
c h r o t r o n rad ia t ion m a k e s it p o s ­
sible t o ex t rac t as ton i sh ing deta i l 
a b o u t bulk s t ruc tu res and t he in t r i ­
cac ies o f sur faces and in te r faces . 
(A reveal ing remark is tha t ' G o d 
p repa red the so l ids and the Devi l 
p repa red the sur faces ' . ) T h e C o n ­
fe rence c l osed w i t h the la tes t n e w s 
on ang iog raphy — d iagnos t i c hear t 
scans w i t h s y n c h r o t r o n rad ia t ion 
p r o m o t e d par t icu lar ly by E. Ruben-
s te in (see Ju ly 1 9 8 5 issue, page 
2 2 8 ) . H u m a n heart scans are i m m i ­

nent at t he S t a n f o r d S y n c h r o t r o n 
Radia t ion L a b o r a t o r y . 

T h e s e abi l i t ies have c o m e w i t h 
t he increase in l ight f lux f r o m 
s y n c h r o t r o n rad ia t ion s o u r c e s , 
c o m p a r e d t o t he X - ray t u b e s o f 
t w e n t y yea rs ago . W h e n the n e w 
fac i l i t ies d i s c u s s e d at the Confer ­
ence c o m e in to a c t i o n , th is in ­
c rease in f lux wi l l be o f f i f teen o r d ­
ers o f m a g n i t u d e and there is f u r t h ­
er increase o n the hor izon w i t h the 
p r o p o s a l o f Claudio Pellegrini t o 
a d d a f ree e lec t ron laser b y - p a s s 
t o s y n c h r o t r o n r ings . 
by Brian Southworth 
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CES presents: 

The fastest C A M A C ADC high-speed read-out system 
( and the one your programmer will enjoy ! ) 

Featuring: 
-100ns read-oufc on the ECL bus 
-list, sparse data-scan and histogramming modes 
-data manipulation software in DEC* Fortran-77 

Components: 
HSM 2170 16K 16-bit lOMhz triple-port memory; 

ECL 100ns input port, HM2161 500ns 
output port, port mapped directly 
onto the AGG2180 100ns memory. 

HM 2161 64K 24-bit 2Mhz dual-port memory, 
with list and histogramming modes. 

ACC 2180 DEC Jl l 15Mhz CPU, up to 512Kbyte 
100ns cache memory, with a direct 
window for the HSM2170. 

C B A 2136 ETHERNET port for the ACC2180 (1U) 

The MC68000-based C A M A C Auxiliary Crate Controller 

SMACC 2150 ( CERN 80363CO ) 
Featuring: 

- M C 68000 12Mhz CPU 
-up to 768Kbyte R A M 
-up to 896Kbyte EPROM 
-dual-port memory structure 
-two R S 232-C I/O ports 
-connection to a MACINTOSH* for display 

and file-handling. 

At CES, tomorrow's systems are available NOW 

For more information contact us, or your local CBS representative 

Creative Electronic Systems SA 
70 /oute du Pont -Butm Case Postale 107 
T e l : ( 0 2 2 ) 92 57 45 Fax (022) 95 57 48 

1213 Petit-Lancy 1 Switzerland 
Telex: 421320 CES-CH 

Germany: 
Japan: 
Italy: 

CES.D 
Toyo Corp, 
Silena 

Tel:(060)554021 
Tel:(03)2790771 
Tel:(02)7490565 

USA/Canada: 
France: 

Bytech/CES 
INEL 

Tel: (604) 9804131 
Tel: (13) 9563190 

• M A C I N T O S H i s a r e g i s t e r e d t r a d e m a r k o f A p p l e C o m p u t e r C o . / * D E C is a r e g i s t e r e d t r a d e m a r k o f D i g i t a l E q u i p m e n t C o r p 
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