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HERA's welcome 

T h e f inal app rova l o f t he b ig HERA 
e l e c t r o n - p r o t o n col l ider p ro jec t w a s 
of f ic ia l ly a n n o u n c e d by Federal Ger­
m a n M in i s te r o f Research and T e c h ­
n o l o g y Heinz Riesenhuber in a ce re ­
m o n y at t he German DESY L a b o r a t o ­
ry o n 6 A p r i l . In a m e m o r a b l e s p e e c h 
in t he c r o w d e d expe r imen ta l hall o f 
t he DORIS s to rage r ing . M in i s te r Rie-
\3nhuber p o i n t e d ou t t he i m p o r t a n c e 

o f bas ic research f o r our f u tu re and 
t he abso lu te pr io r i ty o f f r e e d o m f o r 
sc ience . 

T h e f ron t i e rs o f our k n o w l e d g e 
are de f i ned by the sc ien t i s t s t h e m ­
se lves and the m e a n s t o exp lo re 
t h e s e f ron t i e r s m u s t be c h o s e n by 
t h e m t o o . T h e search f o r app l i ca ­
t i o n s shou ld never in ter fere w i t h bas ­
ic research . P r e p r o g r a m m e d re­
search on ly r ep roduces t he s t a t u s 
q u o ; it shou ld be t he ' u n k n o w n ' 
w h i c h fasc ina tes the sc ien t i s t s and 
d r i ves t h e m t o n e w i nves t i ga t i ons , 
and never s o m e eventua l l y e x p e c t e d 
prac t i ca l app l i ca t i ons . ' 

He emphas i zed the t echno log i ca l 
i m p o r t a n c e of the HERA p ro jec t and 
-jpe genera l c o n s e n s u s o b t a i n e d in 
I n e c i ty o f H a m b u r g and in t he ne igh ­
b o u r h o o d f o r i ts c o n s t r u c t i o n . T h e 
in te rna t iona l pa r t i c ipa t ion w a s a lso 
s t r e s s e d ; the t echno log i ca l and 
sc ient i f i c con t r i bu t i ons f r o m the 
coun t r i es tak ing par t in t he p ro jec t 
w i l l benef i t all o f t h e m . 'Once s c i e n ­
t i f ic and techno log i ca l p r o g r e s s has 
been ach ieved , once it is s h o w n tha t 
s o m e t h i n g w o r k s , t hen a lo t o f p e o ­
ple f i nd app l i ca t ions and n e w ho r i ­
zons o p e n u p . ' 

Sena to r f o r Sc ience and Research 
o f t he Ci ty o f H a m b u r g Hans joe rg 
S inn , an o ld f r iend o f DESY and 
en thus ias t i c s u p p o r t e r o f HERA, 
p o i n t e d ou t t he sc ient i f i c i m p o r t a n c e 
o f t h e w o r k d o n e at DESY and t he 
e c o n o m i c sp in -o f f , par t icu lar ly f o r 
t he H a m b u r g reg ion . S inn a lso re­
m i n d e d the aud ience o f t he p ioneer ­
ing w o r k o f W i l l i ba ld J e n t s c h k e , w h o 

The crowded experimental hall of the DORIS 
electron-positron ring at the German DESY 
Laboratory on 6 April for the ceremony to 
mark the official approval of the big new 
HERA electron-proton collider. 

(Photos J. Schmidt DESY) 

c a m e t o H a m b u r g t o d i scuss acceler ­
a to r p ro j ec t s f o r the f i rs t t i m e exac t l y 
3 0 years a g o . 

V o l k e r Soe rge l , cha i rman of t he 
DESY d i r ec to ra te , began the p r o ­
ceed ings by w e l c o m i n g the m a n y 
d i s t i ngu ished gues t s and t h a n k i n g 
the po l i t ica l au thor i t i es . He e m p h a ­
s ized , a m o n g o the r t h i n g s , t he i m ­
po r t ance o f t he Pinkau c o m m i t t e e 
w h i c h had adv i sed the Federal G o v ­
e r n m e n t and t o o k in to accoun t m a n y 
po in t s o f v i e w w i t h i n the sc ient i f i c 
c o m m u n i t y . Th i s w a s a lso p o i n t e d 
ou t by the o the r speake rs . It is a g e n ­
eral po l i cy o f the German Federal 
G o v e r n m e n t t o ask sc ien t i s t s f o r a d ­
v ice on the i r o w n p ro jec t s . 

One v e r y i m p o r t a n t d o c u m e n t 
s igned du r ing the c e r e m o n y at DESY 
w a s t he c o n t r a c t b e t w e e n the Ci ty o f 
H a m b u r g and the Federal G o v e r n ­
m e n t on HERA f u n d i n g . T h e c i ty o f 
H a m b u r g w i l l bear 2 0 per cen t o f t he 
c o s t s on t he civi l eng ineer ing s ide . 

and 10 per cen t f o r t he c o n s t r u c t i o n 
o f t he n e w mach ines . In add i t i on Lab­
o ra to r i es and research o rgan iza t ions 
in Canada , France, Israel , I ta ly, t he 
Ne the r lands and the Un i ted K i n g d o m 
have dec la red the i r i n ten t ion t o m a k e 
s ign i f i can t c o n t r i b u t i o n s , ma in ly in 
t he f o r m o f HERA c o m p o n e n t s t o be 
d e v e l o p e d and bui l t in co l l abo ra t i on 
w i t h h o m e indus t ry . 

T h e t o ta l i n v e s t m e n t s f o r HERA 
w i l l be o f t he o rde r o f 9 5 0 Mi l l ion D M 
(equ iva lent t o the or ig ina l ly q u o t e d 
f igu re o f 6 5 4 M D M in D e c e m b e r 
1 9 8 0 ) . A b o u t 3 0 per cen t o f t he 
f u n d i n g w i l l g o in bu i ld ing the 6 . 3 k m 
tunne l and the fou r expe r imen ta l 
hal ls , 2 3 per cen t w i l l go in to the 
e lec t ron r ing and 4 7 per cen t f o r t he 
s u p e r c o n d u c t i n g p r o t o n r ing . 

In t he b u d g e t p lans o f t he Federal 
G o v e r n m e n t and of t he Ci ty o f H a m ­
b u r g , a t o ta l o f 2 8 2 M D M have been 
a l l oca ted f o r HERA f o r t he nex t th ree 
yea rs . Of t h i s , ove r 5 0 M D M can be 
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The HERA project is funded by the Federal 
German Government and the City of 
Hamburg. Here Federal Minister of Research 
and Technology Heinz Reisenhuber, right, 
and Hamburg Senator for Science and 
Research Hansjoerg Sinn sign the official 
HERA agreement. 

s p e n t th is year , b o o s t i n g t he t o t a l 
b u d g e t o f DESY f r o m last y e a r ' s f i g ­
ure o f 1 4 2 M D M t o near ly 1 9 5 M D M 
th is year . 

A f t e r t he s igna ture o f t he f inanc ia l 
a g r e e m e n t , cong ra tu l a t i ons w e r e ex­
p r e s s e d by Cha i rman o f t he DESY 
Sc ient i f i c Counci l K laus Luebbe l s -
m e y e r (Technica l Un ive rs i t y o f A a ­
chen) , by European C o m m i t t e e f o r 
Future A c c e l e r a t o r s cha i rman Jean 
S a c t o n (Free Un ive rs i t y o f Brussels) 
and by Hans W o l f g a n g Lev i , Chair­
m a n o f t he assoc ia t i on o f t he 13 
ma jo r German research ins t i t u tes o f 
w h i c h DESY is a m e m b e r . 

T h e w o r k on HERA w i l l n o w acce l ­
e ra te . T h e tunne l and expe r imen ta l 
hal ls shou ld be f i n i shed by t he end o f 
1 9 8 7 , t he e lec t ron r ing a b o u t 
4 m o n t h s later and the p r o t o n r ing in 
t he m idd le o f 1 9 8 9 . D igg ing f o r t h e 
f i r s t expe r imen ta l hall has a l ready 
s t a r t e d , s ince m o s t o f t he a d m i n i s ­
t r a t i ve t a s k s , inc lud ing t e n d e r s , have 
been c o m p l e t e d . 

In the m e a n t i m e the f i r s t fu l l s ize 
s u p e r c o n d u c t i n g HERA d ipo le m a g ­
ne t , w o u n d and m o u n t e d at DESY 
and fu l ly equ ipped w i t h c r y o s t a t and 
all requ i red c o n n e c t i o n s , at i ts f i r s t 
c o o l d o w n reached a cu r ren t o f 
6 0 0 0 A w i t h o u t a s ing le q u e n c h , 
a b o u t 8 per cen t m o r e t han t h e cur­
rent requ i red fo r 8 2 0 GeV p r o t o n s . A 
f o r c e d quench at 6 0 6 0 A d id no t 
cause any d a m a g e . 

T h e t w o d ipo le a p p r o a c h e s f o l ­
l o w e d so far ( w a r m and c o l d i r on , 
see M a r c h issue, page 52) have each 
s h o w n g o o d fea tu res and t h i nk i ng is 
c o n v e r g i n g t o w a r d s a hyb r i d m o d e l 
w h i c h m a y inc lude a d v a n t a g e s o f 
b o t h p r o t o t y p e s . Cons ide rab le s i m ­
p l i f i ca t ion and e c o n o m y m a y a lso be 

DESY Director Volker Soergel welcomed 
the many distinguished guests to the HERA 
ceremony. Behind him were the flags of 
the countries (Canada, France, Israel, Italy, 
the Netherlands and the United Kingdom) 
which have pledged significant HERA 
contributions. 
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Large Hadron Collider 
workshop 

o b t a i n e d by m a k i n g t he m a g n e t s 9 
m e t r e s long ( instead o f t he or ig ina l 6 
me t res ) . Final dec i s ions on t h e s e 
m a g n e t s are schedu led t o be t a k e n in 
s u m m e r 1 9 8 5 . 

T h e e lec t ron and p r o t o n in jec t ion 
s y s t e m s , inc lud ing the n e w s y n c h r o ­
t r o n s DESY-I I (for e lec t rons) and 
DESY-II I ( for p r o t o n s — see M a y is-

j&ue, page 151) w i l l t hen be p r o g r e s s -
frig. T h e HERA e lec t ron r ing w i l l use 
par t o f t he r.f. s y s t e m cur ren t l y in ­
s ta l led in the PETRA e l e c t r o n - p o s i ­
t r o n r i ng , inc lud ing p o w e r supp l ies 
and cav i t i es . The bend ing m a g n e t s 
are o f ve r y s imp le des ign and requi re 
on ly 1 8 5 0 gauss f o r the 3 0 GeV 
e lec t rons . 

W i t h the f inal a p p r o v a l , Gus tav -
A d o l f V ô s s and B joern W i i k have 
been n o m i n a t e d p ro jec t leaders . Gus 
V o s s b e c o m e s respons ib le f o r c iv i l 
eng inee r i ng , the e lec t ron r ing and t he 
in jec t ion channe ls b e t w e e n PETRA 
and HERA. W i i k t a k e s ove r t he s u ­
p e r c o n d u c t i n g p r o t o n r ing , inc lud ing 
i ts re f r igera t ion s y s t e m , and the p r o ­
t o n in jec t ion s y s t e m ( inc luding a n e w 

p r o t o n l inac, the c o n v e r s i o n o f t he 
e x i s t i n g e lec t ron s y n c h r o t r o n in to 
t he DESY-II I p r o t o n m a c h i n e , and t he 
m o d i f i c a t i o n s requ i red on PETRA) . 

A t DESY, fu r the r HERA n e w s w i l l 
be pub l i shed in the n e w HERA Bul le­
t i n . 

Sketch of a cross-section of the 27 
kilometre circumference tunnel for the LEP 
electron-positron collider, now being built 
at CERN. On the floor are the LEP magnets, 
with above, the space available for the 
Large Hadron Collider (LHC) superconducting 
magnets. On the right is the monorail 
transport system. Although LHC would not 
come before the middle of the next decade, 
the construction of LEP requires LHC 
thinking to be coordinated well in advance. 

CERN is at p resen t bu i ld ing the LEP 
e l e c t r o n - p o s i t r o n col l ider and p re ­
par ing f o r i ts exp lo i ta t i on up t o the 
h ighest ene rgy n o w fo reseeab le . 
The phys i cs case fo r LEP n o w ap ­
pears even s t r onge r than in 1 9 7 8 - 7 9 
w h e n w o r k s h o p s and m e e t i n g s 
o rgan ized by the European C o m m i t ­
tee f o r Future A c c e l e r a t o r s (ECFA) 
and CERN d e m o n s t r a t e d the w i d e ­
sp read s u p p o r t and en thus iasm of 
the European high energy phys i cs 
c o m m u n i t y f o r the p ro jec t and led t o 
its app rova l in 1 9 8 1 . 

N o w the impress i ve resu l ts o f t he 
CERN p r o t o n - a n t i p r o t o n co l l ider , 
w i t h the d i s c o v e r y o f the W and Z 
w e a k i n te rmed ia te b o s o n s and t he 
clear e m e r g e n c e of hadron ic j e t s , 
have c o n f i r m e d the m o s t o p t i m i s t i c 
s t a t e m e n t s earl ier a d v a n c e d f o r LEP 
phys i cs . 

T h e ins ta l la t ion o f a had ron co l l ider 
in t he LEP t u n n e l , us ing s u p e r c o n ­
duc t i ng m a g n e t s , has a l w a y s been 

f o r e s e e n by ECFA and CERN as t he 
natura l long t e r m ex tens ion o f t he 
CERN fac i l i t ies b e y o n d LEP. I ndeed , 
such cons i de ra t i ons w e r e kep t in 
m i n d w h e n the rad ius and size o f t he 
LEP tunne l w e r e d e c i d e d . T h e recent 
successes o f t he CERN Col l ider n o w 
g ive c o n f i d e n c e tha t such a co l l ider 
w o u l d be an ideal mach ine t o exp lo re 
phys i cs in the f e w T e V range at 
t he par t ic le c o n s t i t u e n t (quarks and 
g luons) leve l . T h e p resen t e n t h u ­
s i asm fo r t he S u p e r c o n d u c t i n g Super 
Col l ider (SSC) in the US re f lec ts the 
imp ress i ve po ten t ia l o f such m a ­
ch ines . 

A l t h o u g h the ins ta l la t ion o f such a 
had ron co l l ider in t he LEP tunne l 
m i g h t appear st i l l a long w a y o f f (LEP 
is schedu led f o r init ial ope ra t i on in 
1 9 8 8 ) , it w a s st i l l an o p p o r t u n e m o ­
m e n t f o r ECFA, in co l l abo ra t i on w i t h 
CERN, t o o rgan ize a ' W o r k s h o p on 
the Feasib i l i ty o f a Hadron Col l ider in 
t he LEP T u n n e l ' f r o m 2 1 - 2 7 M a r c h . 
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T h e f i rs t f ou r days o f de ta i led w o r k 
w e r e held in Lausanne, at t he k ind 
inv i ta t ion o f the Un ive rs i t y , and w e r e 
f o l l o w e d by t w o days o f s u m m a r y 
t a l ks and d i scuss ion at CERN. 

T h e W o r k s h o p w a s in i t ia ted par­
t icu lar ly by the t hen ECFA Cha i rman 
J o h n M u l v e y in keep ing w i t h E C F A ' s 
role in s t imu la t ing and c o o r d i n a t i n g 
p lans f o r fu tu re par t ic le phys i cs fac i l ­
i t ies in Europe. T h e W o r k s h o p w a s 
t i m e d t o enable CERN t o c o m m u n i ­
ca te p resen t ideas on long t e r m p r o s ­
pec t s t o an ICFA ( In ternat iona l C o m ­
m i t t e e fo r Future Acce le ra to rs ) S e m ­
inar held in T o k y o f r o m 1 5 - 1 9 M a y 
and en t i t l ed 'Pe rspec t i ves in High En­
ergy Phys ics ' . 

In his open ing add ress at t he 
W o r k s h o p S u m m a r y S e s s i o n , CERN 
Di rec to r General H e r w i g S c h o p p e r 
emphas i zed tha t CERN's t o p p r io r i ­
t ies remain the c o m p l e t i o n o f LEP 
Phase I ( to ach ieve e l e c t r o n - p o s i t r o n 
co l l i s ions up t o 5 0 GeV per beam) , 
f o l l o w e d by Phase II ( tak ing t he b e a m 
energ ies t o a round 1 0 0 GeV) . T h u s 
the Large Hadron Col l ider (LHC) 
m e a n s l ook ing as far ahead as the 
m idd le o f the nex t decade . 

Neve r the less , LHC w o u l d have t o 
use the in f ras t ruc tu re p e r m i t t e d by 
LEP. Present ECFA Cha i rman Jean 
S a c t o n emphas i zed w h a t LEP and 
CERN w o u l d o f fer . Bes ides the LEP 
tunne l i tsel f , the PS and SPS p r o v i d e 
exce l len t p r o t o n (and an t i p ro ton ) in ­
j e c t o r s . In par t icu lar , w i t h the expe r i ­
ence of the In te rsec t ing S to rage 
Rings (ISR) and the p r o t o n - a n t i p r o ­
t o n Col l ider under i ts be l t , CERN can 
c la im unique exper ience and exper ­
t i se w i t h bunched b e a m had ron c o l ­
l iders . The European par t ic le phys i cs 
c o m m u n i t y is a lso we l l a w a r e o f t he 
c o m p e t i t i o n f r o m the SSC in t he US 
b rea th ing d o w n its neck . 

G io rg io Br iant i s u m m e d up t he o u t ­
c o m e of t he LHC mach ine s tud ies so 
far . A f t e r con f i rm ing tha t t he LEP 
tunne l w o u l d indeed be su i tab le f o r 

At the CERN Large Hadron Collider 
Workshop, Herman Grunder of Berkeley 
reported progress on US planning for the 
20 TeV Superconducting Super Collider 
(SSC). 

such a mach ine the next conc lus ion 
w a s tha t c o n s t r u c t i o n m o r e o v e r 
need no t in ter fere s ign i f i cant ly w i t h 
LEP o p e r a t i o n , g iven the f o reseen 
LEP ope ra t i ng schedu le . Four excav ­
a ted co l l id ing b e a m reg ions are st i l l 
v a c a n t , a l t hough th is m a y no t st i l l be 
the case by the t i m e o f LEP 
Phase II. 

T o be c o m p e t i t i v e , LHC has t o 
push f o r t he h ighest poss ib le ener­
g ies g i ven i ts f i xed tunne l c i r cumfe r -

US plans 
The US particle physics com­
munity is pushing for a 
20 TeV Superconducting 
Super Collider (SSC), and 
progress was reported^ at the 
CERN Large Hadron Collider 
Workshop by Herman Grun­
der of Berkeley. 

The US Department of 
Energy, via the US Laboratory 
Directors, launched the pre­
paration of a 'Reference De­
sign ' under Maury Tigner 
with an Advisory Group under 
Paul Reardon. This design 
aims to demonstrate the fea­
sibility of an SSC (but not to 
fix the design parameters) 
and to indicate the 'ballpark' 
machine cost within 30 per 
cent. 

The SSC circumference 
could be up to four times 
that of LEP, depending on 
the selected magnet design, 
with colliding proton beams, 
six collision regions and 
1 TeV injection. Three mag­
net designs, all based on nio­
bium-titanium superconduc­
tor, are under study — 3 T 
two-in-one superferric mag­
net based in Texas, 5 T one-

in-one 'no iron' magnet, 
based in Fermi lab, and 6.5 T 
two-in-one magnet based in 
Berkeley and Brookhaven. 

The Reference Design is 
going to the Department of 
Energy via the Laboratory 
Directors, and is scheduled 
to be with the Energy Secre­
tary in June. In August it is 
hoped that the decision can 
be taken to start Phase I of 
the project, foreseen as a 
three-year period of research 
and development to produce 
the detailed design. The Di­
rector for this stage of the 
project would be proposed 
by the Universities' Research 
Association, present opera­
tors of Fermilab, who were 
selected as 'prime contractor' 
for the SSC because of their 
wide representation amongst 
the universities and research 
centres involved in the US 
particle physics programme. 
Construction of Phase II 
would follow the completion 
of the detailed design, at an 
anticipated cost of over two 
thousand million dollars. 
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ence. T h u s the c o m p e t i t i v i t y l ives or 
dies w i t h the d e v e l o p m e n t o f h igh 
f ield s u p e r c o n d u c t i n g m a g n e t s . T h e 
long g e s t a t i o n pe r iod o f LHC f i t s in 
w i t h t h e research and d e v e l o p m e n t 
requ i red f o r 10 T m a g n e t s (p robab l y 
n iob ium- t i n ) , w h i c h w o u l d p e r m i t 
10 T e V co l l id ing b e a m s . T h e keen 
in te res t in hav ing such m a g n e t s ex -
| 3 n d s i n to t he t h e r m o n u c l e a r f u s i o n 
he ld , and d e v e l o p m e n t co l l abo ra ­
t i ons in the US , J a p a n and Europe 
l ook feas ib le . 

T h e r e are t w o ma in o p t i o n s — e i ­
ther t o bui ld a s ing le r ing and have 
p r o t o n - a n t i p r o t o n co l l id ing b e a m s , 
as in t he CERN SPS Super P r o t o n 
S y n c h r o t r o n and schedu led f o r Fer-
m i l a b ' s T e v a t r o n , or t o bu i ld t w o 
r ings ar id have co l l id ing p r o t o n 
b e a m s . T w o cons ide ra t i ons t u r n e d 
the t h i nk i ng f i rm ly t o w a r d s t h e se ­
c o n d o p t i o n . T h e f i r s t is t he a d v a n ­
tage o f t he h igher l um inos i t y (up t o 
10 3 3 per c m 2 per s) o f p r o t o n - p r o t o n 
co l l i s ions . T h e s e c o n d is t he c o m p l i ­
ca t i ons in separa t i ng t he m u l t i - b u n c h 
p r o t o n and a n t i p r o t o n b e a m s o u t -
j | d e t he co l l i s ion r eg ions , w h i c h 
w o u l d requi re c u m b e r s o m e sepa ra ­
t o r s . T h e s e cons ide ra t i ons o u t w e i g h 
the in t r ins ic e c o n o m y o f hav ing p r o ­
t o n s and a n t i p r o t o n s c i rcu la t ing in 
the s a m e r ing . A t t he W o r k s h o p , 
d e s i g n s w e r e p resen ted o f t w o - i n -
one m a g n e t s in s ing le c r y o s t a t s w i t h 
t he t w o p r o t o n b e a m channe ls less 
t han 2 0 c m apar t . 

A t such h igh energ ies , t he re are 
a s p e c t s o f mach ine o p e r a t i o n w h i c h 
need spec ia l a t t e n t i o n . For e x a m p l e 
— the e n o r m o u s s t o r e d ene rgy in t h e 
b e a m s m e a n s tha t t he b e a m - a b o r t 
s y s t e m w o u l d have t o c o p e w i t h 
6 0 M J , t he v a c u u m c h a m b e r des ign 
has t o t a k e a c c o u n t o f s y n c h r o t r o n 
rad ia t ion hea t i ng , t he re f r ige ra t ion 
s y s t e m has t o d i s t r i bu te l iqu id he l ium 
o v e r t e n s o f k i l ome t res and be able 
t o c o p e w i t h severa l s u p e r c o n d u c t ­
ing m a g n e t quenches at a t i m e . T h e 

g r o w i n g exper ience at the Fermi lab 
T e v a t r o n , w h e r e the w o r l d ' s f i r s t 
s u p e r c o n d u c t i n g s y n c h r o t r o n has 
c o m e so impress i ve l y in to o p e r a t i o n , 
w o u l d p r o v i d e i m p o r t a n t input in to 
des ign dec i s i ons . 

Preced ing t he w o r k s h o p , s tud ies 
o f mach ine d e s i g n , m a g n e t s and 
c r y o g e n i c s had been (and con t i nue 
t o be) u n d e r w a y at CERN, w i t h per­
iodic m e e t i n g s t o r e v i e w p r o g r e s s . 
Th is w o r k w a s s u m m a r i z e d at Lau­
sanne , inc lud ing a panel d i scuss ion 
on s u p e r c o n d u c t i n g m a g n e t des ign 
and t e c h n o l o g y . 

On t he expe r imen ta l s i de , e igh t 
w o r k i n g g r o u p s had been se t u p : 
J e t s ( convener P. Jenn i ) , E lec t ron 
and p h o t o n d e t e c t i o n (P. B loch) , 
M u o n d e t e c t i o n ( W . Bartel ) , T r a c k ­
ing c h a m b e r s (A. W a g n e r ) , Ve r ­
t ex d e t e c t i o n (G. Bell ini), T r i gge r i ng 
(J. Garvey ) , Data acqu is i t i on (D. 
Linglin) and F o r w a r d phys i cs 
(G. Ma t th iae ) . The re w a s a lso a g rea t 
deal o f inpu t f r o m t h e o r i s t s , and t he 
Lausanne t h e o r y ta l ks w e r e a lso a t ­
t e n d e d by m a n y expe r imen ta l i s t s . 

T h e r e p o r t s o f t hese w o r k i n g 
g r o u p s p r o v i d e d m u c h va luab le in ­
pu t , and severa l genera l conc lus i ons 
e m e r g e d . T h e h ighes t ene rgy w o u l d 
be a va luab le asse t bu t the re is no 
actual t h r e s h o l d k n o w n n o w . T h e 
key po in t is t o have at least 10 T e V 
co l l i s ion ene rgy in o rde r t o have t y p i ­
cal ly at least one T e V at t he had ron 
c o n s t i t u e n t leve l . The re is a lso a 
t r ade -o f f b e t w e e n energy and lum i ­
nos i t y , a ga in in l um inos i t y f o r a loss 
in ene rgy and v ice ve rsa . 

A c c o r d i n g t o p resen t w i s d o m , 
d i f f e rences b e t w e e n p r o t o n - p r o t o n 
and p r o t o n - a n t i p r o t o n reac t i ons 
w o u l d be in m o s t cases t o o smal l t o 
be d e t e c t a b l e . I n f o rma t i on f r o m p r o ­
t o n co l l i s ions shou ld hence be ade ­
qua te . 

P r o d u c t i o n ra tes f o r h i the r to u n ­
k n o w n o b j e c t s are ' e x p e c t e d ' t o d e ­
c rease qu i ck l y w i t h the m a s s o f 

t h e s e o b j e c t s , s o t ha t here h igh l um i ­
n o s i t y w o u l d be an a d v a n t a g e . M u l -
t i b u n c h e d b e a m s w e r e env i saged 
w i t h 3 5 6 4 bunches per r ing , g i v ing 
2 5 ns b e t w e e n bunches and an aver ­
age o f one in te rac t ion per bunch 
c r o s s i n g . M u c h t h o u g h t is g o i n g in to 
par t ic le d e t e c t o r p e r f o r m a n c e and 
the re is c o n f i d e n c e t ha t the h igh l um i ­
nos i t i es cou ld be hand led . 

A n o t h e r a t t r ac t i ve poss ib i l i t y w i t h 
b o t h p r o t o n and e lec t ron r ings in t he 
s a m e LEP tunne l is t he p rov i s i on o f 
h igh ene rgy e l e c t r o n - p r o t o n co l l i ­
s i ons ' f o r f r e e ' . 

No a t t e m p t w a s m a d e at t he 
W o r k s h o p t o ar r ive at even a t e n t a ­
t i ve c o s t e s t i m a t e f o r LHC in the LEP 
t u n n e l . T h e p ro jec t has on ly been 
under c o n s i d e r a t i o n f o r a f e w 
m o n t h s and a g rea t deal o f fu r the r 
s t u d y is n e e d e d . H o w e v e r as Car lo 
Rubbia e m p h a s i z e d in his conc lud ing 
r e m a r k s — the feas ib i l i t y o f t he LHC 
has been d e m o n s t r a t e d , a g o o d phy ­
s ics case has been ou t l i ned and 
CERN is able t o p r o m i s e a g rea t deal 
w h e n fu tu re p e r s p e c t i v e s in h igh e n ­
e rgy phys i cs are d i s c u s s e d . 
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Heavy ion fusion revisited 
The two schemes which remain under study 
as 'drivers' to achieve controlled 
thermonuclear fusion via heavy ion 
bombardment of deuterium-tritium pellets. 
On the left radio-frequency linacs and 
storage rings produce the high energy, high 
intensity bombarding ion beams. On the 
right, an induction linac, accelerating several 
beams simultaneously, produces the 
required beams. 

Enthus iasm fo r t he heavy ion rou te t o 
t h e r m o n u c l e a r f u s i o n has had i ts u p s 
and d o w n s s ince it f i r s t f l ou r i shed in 
1 9 7 6 . N o w it s e e m s t o be o n t he 
w a y u p , j udg ing b y t h e d i s c u s s i o n s 
at t h e 'Heavy Ion A c c e l e r a t o r s and 
the i r A p p l i c a t i o n s t o Inert ial Fus i on ' 
S y m p o s i u m held at t he Ins t i tu te f o r 
Nuclear S t u d y in T o k y o in Janua ry . 
( W e are g ra te fu l t o He lmu t Reich f o r 
c o m m u n i c a t i n g i n f o r m a t i o n f r o m 
th is S y m p o s i u m . ) 

T h e bas ic idea is t o b o m b a r d d e u ­
t e r i um- t r i t i um pe l le ts w i t h in tense 
b e a m s o f h igh ene rgy heavy ions s o 
as t o c o m p r e s s t he pe l le ts t o t he 
po in t w h e r e f us i on o c c u r s (and u l t i ­
m a t e l y , o f c o u r s e , t o use t h e ene rgy 
l ibera ted in t he d e u t e r i u m - t r i t i u m 
reac t ion t o p r o d u c e e lec t r ic i ty ) . De­
sp i t e t he f i end i sh c o m p l i c a t i o n s i n ­
v o l v e d in ach iev ing th is o b j e c t i v e , 
t he re are t h o s e w h o a d v o c a t e th i s 
t echn ique as be ing m o r e l ikely t o 
ach ieve con t ro l l ed t h e r m o n u c l e a r 
f u s i o n f o r p o w e r reac to rs t han any 
o the r cu r ren t l y under i nves t i ga t i on 
( inc lud ing the c o n v e n t i o n a l m a g n e t i c 
c o n f i n e m e n t t echn ique s t u d i e d , f o r 
e x a m p l e , at t he T o k a m a k Fus ion 
T e s t Reactor at P r ince ton in t h e US 
and t he J o i n t European T o r u s at Cu l -
h a m in t he UK). 

T o se t t h e scale o f t h e c o m p l i c a ­
t i o n s — the heavy ion b e a m ene rgy 
w o u l d need t o be in t he reg ion o f 
1 0 G e V and have an i n tens i t y o f 
s o m e 3 0 k A , b o m b a r d i n g t he fue l 
pe l le ts f r o m b o t h d i r ec t i ons . In for ­
m a t i o n on app rop r i a te pel le t des ign 
has b e c o m e m o r e o p e n t h a n it w a s 
s o m e years a g o , bu t a lo t o f t h o r o u g h 
w o r k on the phys i cs o f t h e s e t a rge t 
pe l le ts rema ins t o be d o n e ( s t o p p i n g 
p o w e r , e f fec t o f p re -hea t i ng , ene rgy 
t r a n s p o r t p a r a m e t e r s , poss ib l e in ­
s tab i l i t i es , e tc . ) . 

T o p r o v i d e t he necessa ry ion 
b e a m s , t w o s c h e m e s (usual ly k n o w n 
as 'd r i ve rs ' ) rema in under s t u d y , and 
all s y n c h r o t r o n s c h e m e s have been 

d r o p p e d a f ter it w a s real ized t ha t 
h igh cu r ren ts and l o w e r energ ies are 
i napp rop r i a te . 

One d r i ve r uses c o n v e n t i o n a l t e c h ­
no log ies , a l t hough a imed at l imi ts ye t 
t o be ach ieved . It has a cascade o f 
r.f. l inacs p rog ress i ve l y funne l l ing 
ions f r o m m a n y sou rces in to a s ing le 
b e a m as t h e energy is i nc reased . 
S t o r a g e r ings subsequen t l y ge t t he 
b e a m t o t he r ight in tens i ty and t h e 
r ight f o r m f o r b o m b a r d i n g t he pe l ­

le ts . Th is is t h e s c h e m e under s t u d y 
p r e d o m i n a n t l y in J a p a n and in t he 
Federal Republ ic o f Ge rmany . 

W o r k o n ion sou rces t o p r o d u c e 
in tense b e a m s and on rad io - f r equen ­
cy q u a d r u p o l e s f o r t he l inac i npu ts is 
qu i te w e l l a d v a n c e d . A t t he T o k y o 
Ins t i tu te f o r Nuclear S t u d y , a sma l l 
s t o r a g e r i ng , T A R N (Tes t A c c u m u l a ­
t i o n Ring f o r N U M A T R O N — a heavy 
ion p ro jec t ) , and LITL (L i th ium Ion 
T e s t Linac) are be ing used f o r b e a m 
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s tud ies . A larger (25 m d iamete r ) 
v e r s i o n , T A R N II , is p r o p o s e d t o ex­
t e n d t he ion energ ies t o 4 5 0 M e V per 
nuc léon t o inves t iga te such a s p e c t s 
as mu l t i t u rn in jec t ion at h igh cur­
r e n t s , b e a m bunch ing and ins tab i l i ­
t i e s , and the poss ib i l i t i es o f b e a m 
c o o l i n g . T h e J a p a n e s e have a lso p re ­
pa red a concep tua l des ign k n o w n as 
fHIBLIC (Heavy Ion Beam and L i th ium 
Cur ta in) . It has 16 ion s o u r c e s f o r 
s ing ly cha rged ions o f lead 2 0 8 and 
rad io - f r equency q u a d r u p o l e s p re ­
ced ing t h e l inac cascade . A l v a r e z 
l inacs c o m p l e t e acce le ra t ion t o 
15 G e V pr io r t o bunche rs and s to r ­
age r ings . 

In G e r m a n y , a s ix -year research 
and d e v e l o p m e n t p r o g r a m m e began 
in 1 9 7 9 , based at t he GSI L a b o r a ­
t o r y , D a r m s t a d t ( the h o m e o f t h e 
U N I L A C heavy ion l inac), Ga rch ing , 
Kar l s ruhe , and t he M a x Planck Ins t i ­
t u t e o f Q u a n t u m O p t i c s , t o g e t h e r 
w i t h severa l un ivers i t ies ( inc lud ing 
W i s c o n s i n ) . T h e y have a lso p re ­
pa red a concep tua l des ign k n o w as 
H I B A L L w i t h e igh t b i s m u t h ion 
i sou rces , l inacs and s t o r a g e r ings 
f i n i s h i n g up w i t h 10 G e V , 2 . 5 k A 
pu lses be ing f i red at t he pe l le ts . 
T h e r e are p lans t o e x t e n d t h e w o r k 
b e y o n d t he p resen t p r o g r a m m e 

(1985—90) w i t h a s t o rage r ing at 
D a r m s t a d t and w i t h t a rge t expe r i ­
m e n t s . 

Be fo re leav ing the r.f. l inac s c h e m e 
f o r t he d r i ve r o f a f us ion reac to r , it is 
w o r t h m e n t i o n i n g the w o r k at W e s -
t i n g h o u s e in t he US , w h e r e the t h i nk ­
ing has been car r ied all t he w a y 
t h r o u g h t o the even tua l e lect r ica l 
p o w e r genera to r . Other s tud ies at 
t h e Ru the r fo rd A p p l e t o n L a b o r a t o r y 
in t he UK have s h o w n tha t the i r Spa l ­
la t ion Neu t ron Sou rce , sho r t l y t o 
c o m e in to o p e r a t i o n , w i l l be usefu l 
(opera t ing in s t o rage r ing m o d e ) f o r 
s o m e i m p o r t a n t s imu la t i on s tud ies 
o n heavy ion b e a m d y n a m i c s . 

T h e s e c o n d dr iver s c h e m e under 
s t u d y is b a s e d o n the use o f l inear 
i nduc t i on acce le ra to rs (where t he ac­
ce le ra t ing field g rad ien ts are p r o ­
v i d e d b y chang ing the f lux in c o r e s 
a r o u n d t he beam) has been s u c c e s s ­
fu l ly used in e lec t ron acce le ra t ion bu t 
n o t y e t f o r heavy ions o the r t han in 
s ing le m o d u l e s . T h e s c h e m e has re­
ce i ved m o s t a t t en t i on at Berke ley in 
t h e US and the requ i remen ts f o r a 
fu l l -sca le d r iver have been s k e t c h e d 
ou t . Four 3 M e V ion b e a m s are e n ­
v i s a g e d at t h e l inac input and t he o u t ­
pu t is s o m e 3 k A o f ions at an ene rgy 
o f a b o u t 10 GeV. The re are p lans f o r 

a 'H igh T e m p e r a t u r e Expe r imen t ' b y 
t h e end o f t h e decade w i t h 6 . 5 A 
s o d i u m ion b e a m s t a k e n d o w n 
5 0 0 m o f i nduc t i on l inac t o an ene rgy 
o f 1 2 5 M e V . A m o n g s t t he ma in p re ­
p a r a t o r y s t u d i e s , co res o f t he n e w 
M e t g l a s mater ia l are be ing t e s t e d . 

T h e r e w a s one n e w idea f r o m A I 
M a s c h k e p r e s e n t e d at t he S y m p o ­
s i u m under t he n a m e ' m o m e n t u m 
r ich b e a m s ' . It s u g g e s t s t r y i ng t o 
ach ieve t h e necessa ry ene rgy t r a n s ­
fer t o t h e deu te r i um- t r i t i um p e l l e t s , 
n o t by ene rgy d e p o s i t i o n , as t he ions 
are b r o u g h t t o a halt in t he pe l le ts , 
bu t s i m p l y by m o m e n t u m t rans fe r o n 
co l l i s ion . T h e need is t hen f o r a b e a m 
o f neut ra l par t i c les o f t o ta l m a s s o v e r 
one mi l l i g ram (for examp le 1 M V , 
1 0 0 k A c a e s i u m beams) t rans fe r r i ng 
s o m e 2 5 per cen t o f the i r ene rgy o n 
co l l i s ion . 

T h e S y m p o s i u m s h o w e d t ha t t h e 
in te res t in pu rsu ing the c o n c e p t s o f 
heavy ion d r i ve rs f o r f us i on is st i l l 
v e r y m u c h al ive and a n u m b e r o f 
research p r o g r a m m e s w i l l c o n t r i b u t e 
m o r e i n f o r m a t i o n in t he c o m i n g 
yea rs . S c h e m e s t o reach t he s tage o f 
a H igh T e m p e r a t u r e Expe r imen t , 
w h e r e ion i n te rac t i ons in a ho t p las ­
ma can be c o n f i n e d , are o n the tab le 
in G e r m a n y , J a p a n and the US. 

Around the Laboratories 
CERN 
UA1 gets a refit 

A l t h o u g h st i l l bask ing in t he g lo r y o f 
last y e a r ' s epic d i scove r i es o f t h e W 
and Z par t i c les , and w i t h recen t i n ­
d i ca t i ons o f st i l l m o r e i n te res t i ng 
phys i cs t o c o m e (see M a y i ssue , 
page 1 3 9 ) , t he des ign c o n c e p t s b e ­
h ind t he b ig U A 1 d e t e c t o r at t h e SPS 

p r o t o n - a n t i p r o t o n Col l ider are never ­
the less s ix years o l d . 

S ince it r e c o r d e d i ts f i r s t e v e n t s 
back in 1 9 8 1 , t he m a m m o t h d e t e c ­
t o r has o p e r a t e d t o i ts des ign s p e c i ­
f i ca t i ons and schedu les , and m o s t o f 
t he phys i cs goa ls f o reseen in t he in i ­
t ia l des ign are n o w sc ience h i s to ry . 

H o w e v e r t echn iques at the SPS 
p r o t o n - a n t i p r o t o n Col l ider have 
e v o l v e d ove r the yea rs , and w i t h 
t he A n t i p r o t o n I m p r o v e m e n t Pro­

g r a m m e n o w a p p r o v e d (see J a n u a ­
r y / F e b r u a r y i ssue , page 2 3 ) , s u b ­
s tan t ia l inc reases in t he p r o t o n - a n t i -
p r o t o n co l l i s ion rate can be e x p e c t e d 
o v e r t h e nex t f e w yea rs . T h e d e t e c ­
t o r i tsel f is l o o k i n g t o w a r d s n e w p h y ­
s ics . T h u s t he U A 1 t e a m has e m ­
b a r k e d o n an a m b i t i o u s i m p r o v e ­
m e n t p r o g r a m m e , the f i rs t phase o f 
w h i c h is schedu led t o be ready f o r 
th i s y e a r ' s Col l ider run w h i c h beg ins 
in S e p t e m b e r . 
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Assembly at CERN of the new muon 
chambers which will be added to the giant 
UA 1 detector at the CERN proton-antiproton 
collider for the next run, scheduled to begin 
in September. 

(Photo CERN 687.4.84) 

T h e s e init ial i m p r o v e m e n t s inc lude 
t he ou te r m u o n sh ie ld ing and d e t e c ­
t i o n s y s t e m , the inner ' m i c r o v e r t e x ' 
d e t e c t o r and n e w da ta acqu is i t i on 
e lec t ron i cs and t r i gge r i ng . 

T h e U A 1 d e t e c t o r c o n s i s t s o f a 
cen t ra l cy l indr ica l t r ack i ng c h a m b e r , 
s u r r o u n d e d in tu rn by m o d u l e s w h i c h 
measu re t he d e p o s i t i o n o f e l ec t r o ­
m a g n e t i c ene rgy and hadron ic ener­
g y , and f inal ly t he ou te r d e t e c t o r t o 
p ick up the pene t ra t i ng m u o n s w h i c h 
t r ave r se the rest o f t he a p p a r a t u s . 

T o i m p r o v e the e f f i c iency o f m u o n 
d e t e c t i o n in the ou te r a r rays o f d r i f t 
c h a m b e r s , m o r e i ron sh ie ld ing and 
i n s t r u m e n t a t i o n is be ing a d d e d . Th i s 
is par t icu lar ly i m p o r t a n t in t he f o r ­
w a r d and b a c k w a r d s e c t i o n s o f t h e 
d e t e c t o r , w h e r e t he m u o n c o u n t e r s 
are hit m u c h m o r e f r e q u e n t l y t han 
t h o s e a round the s ides . W i t h t he 
ex i s t i ng m u o n d e t e c t i o n s y s t e m , 
the re w a s a r isk t ha t t h e s e c o u n t e r s 
w o u l d be s w a m p e d if (as is hoped) 
t he p r o t o n - a n t i p r o t o n co l l i s ion ra te 
in t he f o r t h c o m i n g runs w e n t m u c h 
a b o v e t he level ach ieved in 1 9 8 3 . 

T h e ex t ra sh ie ld ing be ing ins ta l led 
in t he f o r w a r d and b a c k w a r d sec ­
t i o n s o f t he d e t e c t o r a m o u n t s t o 
s o m e 8 0 0 t o n s o f i r on , o n ave rage 
1.2 m th i ck . M o r e i ron has been a d ­
d e d a r o u n d the s ides . Th i s sh ie ld ing 
w i l l be magne t i zed and i n t e r spe rsed 
w i t h spec ia l s t r e a m e r ( ' larocc i ' ) 
c h a m b e r s t o t r ack t he par t i c les as 
t h e y t r ave rse the ou te r s labs o f t he 
d e t e c t o r , and t o l ink back w i t h t r a c k s 
p i c k e d up in the cent ra l d e t e c t o r . 

A n o t h e r n e w fea tu re o f U A 1 , 
1 9 8 4 s t y l e , w i l l be t h e m i c r o v e r t e x 
d e t e c t o r e m b e d d e d ins ide t h e c e n ­
t ra l ca lo r ime te r , s u r r o u n d i n g t h e 
b e a m p ipe . Th is is d e s i g n e d t o 
ach ieve t he f ine reso lu t i on ( s o m e 
4 0 m ic rons ) requ i red t o p ick up t h e 
sma l l ' o f f s e t s ' f r o m the ma in in te rac­
t i o n ve r t i ces due t o t he p r o d u c t i o n 
and d e c a y o f sho r t - l i ved par t i c les . 

T h e b e a m p ipe ins ide w i l l be o f 

bery l l i um t o m in im ize s e c o n d a r y in ­
t e r a c t i o n s . T h e m i c r o v e r t e x d e t e c t o r 
is 8 5 c m l o n g , has inner and ou te r 
radi i 2 5 and 8 0 m m , and is f i t t e d w i t h 
2 5 6 sense w i r e s . W i t h th is in p lace , 
t he U A 1 t e a m h o p e s t o be able t o 
u n c o v e r s igns o f t he long a w a i t e d 
s i x th ( ' top ' ) qua rk , w h i c h has fa i led 
t o s h o w i tsel f conc lus i ve ly so far . 

It is in t h e d o m a i n o f e lec t ron ics 
and da ta hand l ing tha t t he rap id 
d e v e l o p m e n t o f m o d e r n t e c h n o l o g y 
real ly s h o w s i tsel f , and U A 1 is no 
e x c e p t i o n . One o f t he o u t s t a n d i n g 
fea tu res o f t he or ig ina l U A 1 des ign 
w a s t he br i l l iant da ta acqu is i t i on and 
t r i gge r ing s y s t e m w h i c h c o p e d 
sp lend id l y w i t h t he v a s t v o l u m e s o f 
a c c u m u l a t e d d a t a , p rov i d i ng f a s t o n ­
line se lec t i on t o enable the W and Z 
par t ic le s a m p l e s t o be i so la ted in 
r eco rd t i m e (see Ap r i l 1 9 8 3 i ssue , 
page 8 2 ) . 

Here aga in , if t he p r o t o n - a n t i p r o ­
t o n co l l i s ion ra tes i m p r o v e s ign i f i ­

can t l y , t h e n t h e u n m o d i f i e d e l e c t r o n ­
ics w o u l d b e c o m e sa tu ra ted by 
s igna ls . T o a v o i d t h i s , t he avai lable 
m e m o r y s p a c e in t he f as t d ig i t i z ing 
e lec t ron i cs o f t he cent ra l d e t e c t o r 
has been inc reased and t h e a l ready 
f a s t ana log t o d ig i ta l c o n v e r s i o n has 
been s p e e d e d up . In th is w a y t he 
' d e a d t i m e ' o f t h e cent ra l d e t e c t o r d i ­
g i t i za t ion (be fo re the da ta hand l ing 
e lec t ron i cs is ready f o r t he nex t ev ­
ent) is r educed f r o m 3 5 m s e c t o less 
t h a n f o u r m i c r o s e c . Th is ' d o u b l e buf ­
f e r i n g ' c o n v e r s i o n w a s a ma jo r h a r d ­
w a r e and s o f t w a r e en te rp r i se . 

In a d d i t i o n , ex t ra t r i gge rs have 
been p r o v i d e d ( these n o w c o v e r 
e l e c t r o n s , par t ic le j e t s and t o t a l 
t r a n s v e r s e ene rgy in the ca lo r ime te rs 
t o g e t h e r w i t h i m p r o v e d se lec t ion o f 
muons ) at an init ial leve l , wh i l e t h e 
c o m p l e m e n t o f 1 6 8 E e m u l a t o r s f o r 
f a s t on- l ine e v e n t se lec t ion has been 
c o n s i d e r a b l y i nc reased . T h e s e p r o ­
c e s s o r s p layed a va luab le ro le in t he 
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A model of the RICH (Ring Imaging 
Cherenkov Counter) installed in one of the 
endcap sectors of the UA2 detector at the 
CERN proton-antiproton collider. Later this 
year, the RICH will be for real. 

(Photo CERN 333.2.83) 

UA2 gets RICH 
When the run for proton-

antiproton collision physics 

gets underway at the SPS 

ring in September, one of the 

new features of the UA2 

detector will be a Ring Imag­

ing CHerenkov (RICH) counter 

in one of the endcap sectors. 

In this way, the detector's 

ability to distinguish electrons 

of intermediate energy (1-

15 GeV) previously achieved 

using lead/scintillator shower 

counters alone, should be 

significantly enhanced in this 

sector. 

The RICH technique is a 

refinement of the classic 

Cherenkov counter in which 

the angle of light emission is 

determined, giving a precise 

measurement of particle ve­

locity. The UA2 RICH uses 

the now commonly-used 

TMAE as light-sensitive ma­

terial and a Time Projection 

Chamber (TPC) to measure 

the ring of Cherenkov light. 

It was built by a CERN / 

Collège de France / Uppsala 

team (the 'RICH Group') 

which is also assisting with 

a similar, but much larger, 

high resolution detector for 

the DELPHI experiment at the 

LEP electron-positron collider 

now under construction at 

CERN. 

f as t da ta hand l ing car r ied ou t last 

year in t he d i scove r i es o f t he W and 

Z par t i c les . T h e 1 6 8 E ' s a l g o r i t h m s 

are a lso be ing e x t e n d e d t o c o v e r j e t s 

and m i ss i ng ene rgy as w e l l as t h e 

e lec t ron da ta hand led w i t h t he init ial 

v e r s i o n s . 

T h e pass i ve C A M A C da ta co l lec ­

t i o n t e c h n i q u e s have been largely re ­

p laced by t he ' in te l l igen t ' V M E s y s ­

t e m under m i c r o p r o c e s s o r c o n t r o l . 

Th i s w i l l a l l o w f o r easier i n c o r p o r a ­

t i o n o f n e w t r i g g e r s , wh i l e p r o v i d i n g 

genera l f lex ib i l i t y and modu la r i t y f o r 

f as t even t hand l ing and data f o r m a t ­

t i n g . A ' r eadou t supe rv i so r ' p r o c e s ­

so r w i l l l ook a f ter d ig i t i za t ion , t r i g ­

ge rs and i n p u t / o u t p u t , and an ' e v e n t 

m a n a g e r ' p r o c e s s o r w i l l t a k e care o f 

even t da ta reques t s . 

T o g e t h e r , t hese s h o r t - t e r m i m ­

p r o v e m e n t s p r o m i s e t o keep t he e f f i ­

c iency o f t h e da ta -hand l ing s y s t e m in 

s t e p w i t h t he env i saged increases in 

co l l i s ion ra tes . For t he longer t e r m , 

o the r p lans are be ing p r e p a r e d , s o 

tha t a f ter i ts f l y ing s ta r t , U A 1 l o o k s 

assu red o f a long and d i s t i ngu i shed 

phys i cs career . 

A wiggler for LEP 
In t he last f e w yea rs , so -ca l led 

' w i g g l e r ' m a g n e t s have been e x t e n ­

s ive ly used at e lec t ron mach ines t o 

ac t o n t he c i rcu la t ing b e a m s and 

p r o v i d e m o r e in tense sou rces o f 

s y n c h r o t r o n (e lec t romagnet i c ) rad i ­

a t i on t o f e e d e x p e r i m e n t s and m o r e 

recen t l y , t o t e s t f ree e lec t ron 

lasers . 

In the i r s i m p l e s t f o r m , w i g g l e r s 

c o n s i s t o f a f e w sec t i ons o f a l te rna t ­

ing po la r i t y m a g n e t s w i t h re la t ive ly 

h igh t r a n s v e r s e f i e ld . W h i l e the re is 

no net de f l ec t i on o f t he par t ic le 

b e a m , t he e lec t rons s w e r v e v io len t l y 

t o and f r o as t h e y pass t h r o u g h , e m i t ­

t i ng lo ts o f s y n c h r o t r o n rad ia t ion as 

t h e y d o s o . 
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The CERN prototype wiggler magnet 
installed in the ring of the DCI machine at 
Orsay for tests with positrons. 

H o w e v e r 3 0 years a g o , t he idea o f 
t h e late Ken Rob inson w a s n o t s o 
m u c h t o use th is rad ia t ion exp l i c i t l y , 
bu t t o exp lo i t t he resu l t ing d a m p i n g 
o f t h e s t o r e d e lec t rons t o o b t a i n 
m o r e s tab le b e a m s in c o m b i n e d 
f u n c t i o n mach ines . First t e s t s w e r e 
car r ied ou t at the C a m b r i d g e ( M a s s a ­
chuse t t s ) E lec t ron A c c e l e r a t o r . 

N o w the w i g g l e r w h e e l has t u r n e d 
ful l c i rc le . T o enab le it t o p r o v i d e 
c o m p a c t e lec t ron b e a m s f o r t h e LEP 

mach ine n o w be ing bui l t at CERN, t he 
CERN 2 8 GeV ' p r o t o n ' s y n c h r o t r o n 
(PS) is t o be equ ipped w i t h such a 
m a g n e t , and a p r o t o t y p e w a s bui l t at 
CERN last year . T h e e f fec t on p r o t o n 
b e a m o p t i c s w a s m e a s u r e d , us ing an 
add i t i ona l (f ifth) m a g n e t cyc le t o 
s imu la te t h e acce le ra t ion o f e lec­
t r o n s and p o s i t r o n s . 

A t t he beg inn ing o f th is year , t he 
m a g n e t w a s m o v e d t o the DCI e lec­
t r o n - p o s i t r o n r ing at Orsay in France 
t o measu re i ts abi l i ty t o d a m p real 
b e a m s o f e lec t rons . A t t he end o f 
February , t he p red i c ted d a m p i n g 
e f fec t s w e r e o b s e r v e d by a PS t e a m , 
w o r k i n g in c lose co l l abo ra t i on w i t h 
DCI pe rsonne l . 

The horizontal profile of a positron beam 
in the DCI machine at Orsay before and 
after excitation of the new CERN wiggler 
magnet, showing the damping achieved. 
Now that the magnet has shown its paces, 
three will be installed in the CERN 28 GeV 
'proton' synchrotron for damping the 
electron and positron beams required for 
the new LEP electron-positron collider. 

A f t e r t he s u c c e s s o f t hese t e s t s , 
t h ree m a g n e t s o f th is t y p e w i l l be 
ins ta l led ove r t he nex t t w o years s o 
t h a t e lec t ron and p o s i t r o n b e a m s 
(p rov ided by t he LEP In jec tor L inacs 
and t h e EPA E lec t ron -Pos i t ron A c c u ­
mula to r ) e m e r g i n g f r o m the PS w i l l 
be c o m p a c t e n o u g h f o r in jec t ion in to 
t h e SPS o n t h e nex t lap o f the i r j ou r ­
ney t o w a r d s the 2 7 k m LEP main» 
r ing . 

ELECTRONICS 
Fastbus gathers 
momentum 
Fas tbus , t he n e w phys i cs da ta acqu i ­
s i t i on e lec t ron i cs s y s t e m , has d e f i ­
n i te ly m o v e d ou t o f t he p r o t o t y p e 
s t a g e in to t he d o m a i n o f i m p l e m e n ­
t a t i o n and app l i ca t i on . A f t e r init ial 
p i lo t p r o j e c t s , severa l ma jo r Fas tbus 
app l i ca t i ons are e i ther a l ready in ac­
t i o n or be ing a s s e m b l e d . In pa r t i cu ­
lar, all t h e f o u r e x p e r i m e n t s be ing 
p repa red f o r t he LEP e l e c t r o n - p o s i ­
t r o n co l l ider n o w under c o n s t r u c t i o n 
at CERN w i l l have large p o r t i o n s , if̂  
n o t a l l , o f the i r da ta acqu is i t i on s y s ­
t e m s b a s e d o n Fas tbus . 

T h e de f in i t i on o f t he Fas tbus 
spec i f i ca t i on w a s a real in te rna t iona l 
e f f o r t , i nvo l v i ng t ask g r o u p s b o t h in 
Europe (ESONE A d v a n c e d S y s t e m s 
S t u d y Group) and in the US (NIM Fast 
S y s t e m s D e v e l o p m e n t Group) . 

T o fac i l i ta te i ts en t r y , s ta r te r k i t s 
have been p r o v i d e d , c o m p r i s i n g 
p o w e r s u p p l y and c o o l i n g , anci l lary 
log ic , C A M A C t o Fas tbus in te r face , 
e t c . , and s o m e th i r t y such k i t s have 
been i ssued in Europe. N o w c o m ­
merc ia l manu fac tu re r s are o f fe r i ng 
add i t i ona l o f f - the -she l f s y s t e m s . 
H o w e v e r t he re is st i l l a lo t o f g r o u n d 
t o be c o v e r e d be fo re t he s y s t e m 
ga ins a c c e p t a n c e as un iversa l as i ts 
C A M A C p redecesso r . 

A t t he S w i s s Ins t i tu te f o r Nuclear 
Research (SIN), a Fas tbus s y s t e m f o r 
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t h e S INDRUM e x p e r i m e n t (see M a y 
i ssue , page 106 ) , has been t a k i n g 
da ta s ince last A u g u s t . A t CERN, t he 
Fas tbus p i lo t p ro jec t f o r t h e Euro­
pean M u o n Co l l abo ra t i on e x p e r i m e n t 
(see J a n u a r y / F e b r u a r y 1 9 8 3 i ssue , 
page 9) con t i nues t o g ive exce l len t 
p e r f o r m a n c e . T h e CERN / D o r t m u n d 
/ Ed inburgh / Orsay / Pisa / S iegen 
^ x p e r i m e n t in t he N o r t h Exper imen ta l 
A r e a o f t he 4 5 0 GeV p r o t o n s y n ­
c h r o t r o n w i l l sho r t l y use n e w ins t ru ­
m e n t a t i o n , inc lud ing Fas tbus , t o 
m a k e n e w m e a s u r e m e n t s o f t h e (CP-
v io la t ing) d e c a y s o f neut ra l k a o n s . 
T h e init ial (real t ime) t r i gge r ra te is 
s o m e 5 x 1 0 4 per s , w h i c h s h o u l d be 
r e d u c e d t o s o m e 3 0 0 per s by t h e 
F a s t b u s - b a s e d mul t i leve l da ta acqu i ­
s i t i on and hand l ing s y s t e m . 

A m i c r o p r o c e s s o r - b a s e d genera l -
p u r p o s e C A M A C t o Fas tbus in ter ­
f ace has n o w been d e v e l o p e d , and 
o the r des igns are near ing c o m p l e ­
t i o n . Cra tes , p o w e r supp l ies and 

coo l i ng have been i n teg ra ted . S t i m u ­
la ted by t h e d e m a n d f r o m the s ta r te r 
k i t s , cons ide rab le e f fo r t at CERN has 
g o n e in to Fas tbus s o f t w a r e . 

H o w e v e r in Europe m o s t Fas tbus 
a t t e n t i o n cen t res on the f ou r g igan t i c 
e x p e r i m e n t s f o r t he LEP m a c h i n e , 
each o f w h i c h has b e t w e e n 1 0 0 0 0 0 
and 2 0 0 0 0 0 da ta channe ls . T h e 
A L E P H , DELPHI and L3 e x p e r i m e n t s 
have the i r da ta acqu is i t i on s y s t e m s 
c o m m i t t e d t o Fas tbus , wh i l e O P A L 
w i l l use Fas tbus f o r i ts cent ra l d e t e c ­
t o r r eadou t s y s t e m . 

A t Fermi lab t o o , a b ig e f f o r t is 
u n d e r w a y , and p r o t o t y p e s or sma l l 
p r o d u c t i o n quant i t i es o f severa l 
m o d u l e s have been c o m p l e t e d . A US 
/ CERN / TR IUMF (Canada) / KEK 
(Japan) co l l abo ra t i on is w o r k i n g on 
in ter face c i rcu i t ry . 

T h e Un ive rs i t y o f I l l inois is pa r t i cu ­
larly i n v o l v e d . Fermi lab e x p e r i m e n t s 
E 4 0 0 and E 4 0 1 (part ic le search and 
s t u d y o f p h o t o p r o d u c t i o n in t he Pro­

t o n East Lab) have h igh s p e e d da ta 
acqu is i t i on s y s t e m s us ing Fas tbus 
e l e m e n t s . 

E l sewhere at Fermi lab , t he CDF d e ­
t e c t o r f o r t he T e v a t r o n p r o t o n - a n t i -
p r o t o n co l l ider has a cons ide rab le 
i n v e s t m e n t in Fas tbus e lec t ron i cs 
(see J a n u a r y / F e b r u a r y i ssue , page 
13) . O ther e x p e r i m e n t s s u p p l e m e n t 
h o m e - g r o w n e q u i p m e n t w i t h o f f -
the -she l f Fas tbus m o d u l e s f r o m 
c o m m e r c i a l supp l ie rs . 

A t B r o o k h a v e n , an ear ly p r o t o t y p e 
Fas tbus s y s t e m has been in o p e r a ­
t i o n f o r severa l years (see O c t o b e r 
1 9 8 0 issue , page 3 0 1 ) , w h i l e at t h e 
M P S mu l t ipa r t i c le s p e c t r o m e t e r , a 
n e w e r Fas tbus des ign has been in 
o p e r a t i o n s ince 1 9 8 2 , and a rep lace­
m e n t is be ing bui l t . 

A t S t a n f o r d , m o r e h a r d w a r e is 
be ing d e v e l o p e d . T h e f i rs t Fas tbus 
app l i ca t i on at t he L a b o r a t o r y is t h e 
c o n t r o l s y s t e m f o r t he l iquid a rgon o f 
t he M a r k II d e t e c t o r , schedu led f o r 
ins ta l la t ion at t he n e w SLC l inear c o l ­
l ider. T h e upg rad ing o f t he d e t e c t o r 
w i l l a lso inc lude a Fas tbus -based 
da ta acqu is i t i on s y s t e m . 

Other Fas tbus app l i ca t ions are 
a f o o t at Los A l a m o s , Berke ley , 
T R I U M F (Canada), and KEK (Japan) . 
A t t he g ian t T R I S T A N e l e c t r o n - p o s i ­
t r o n co l l ider n o w be ing bui l t a t KEK, 
Fas tbus w i l l f ea tu re in the acce le ra to r 
c o n t r o l s y s t e m and the e x p e r i m e n t s ' 
da ta acqu is i t i on s y s t e m s . 

J u s t as C A M A C , the p rev ious 
s t a n d a r d phys i cs da ta acqu is i t i on 
s y s t e m , w e n t o n t o be a g rea t suc ­
c e s s , s o h o p e s are h igh tha t Fas tbus 
t o o w i l l ga in w i d e s p r e a d recogn i t i on 
and p r o m o t e in te rchange o f exper ­
imen ta l sk i l ls and t echn iques . 

A Fastbus crate (left) under the control of 
a CAMAC module. Fastbus, the new data 
acquisition electronics system standard for 
high energy physics experiments, is quickly 
becoming a way of life. 

(Photo Lecroy Research Systems) 
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Gerry Smith of Penn State was one of the 
summary speakers at the recent Brookhaven 
High Energy Discussion Group Meeting. 
He stressed the rich diversity of the particle 
physics programme and the importance of 
pushing for rapid upgrades. 

BROOKHAVEN 
'Smoking gun f 

A l r e a d y assured o f an i l lus t r ious h is­
t o r y , t he t w e n t y - f o u r yea r -o ld A l te r - , 
na t ing Grad ient S y n c h r o t r o n (AGS) 
at B r o o k h a v e n cou ld a lso have a 
b r igh t f u tu re . W i t h t rad i t i ona l s y n ­
c h r o t r o n s at m a n y Labo ra to r i es b e ­
ing p r e s s e d in to serv ice as in jec to rs 
f o r n e w e r , b igger m a c h i n e s , t he 
A G S , n o w tha t t he p lans f o r B r o o k -
h a v e n ' s Col l id ing Beam A c c e l e r a t o r 
have been s h e l v e d , has t he o p p o r ­
t un i t y t o m a k e add i t i ona l s ign i f i can t 
c o n t r i b u t i o n s t o phys i cs . 

H o w e v e r t o a c c o m p l i s h t h i s , it is 
c lear t ha t A G S h a r d w a r e i m p r o v e ­
m e n t s are requ i red , and an ' A G S II 
T a s k Fo rce ' w a s recen t l y se t u p , 
cha rged w i t h m a k i n g r e c o m m e n d a ­
t i o n s (at h igh speed) on w h a t needs 
t o be d o n e . T h e s e w e r e ex tens i ve l y 

d i s c u s s e d at a user m e e t i n g at 
B r o o k h a v e n at t he end o f M a r c h . 

T h e phys i cs areas ident i f ied as 
be ing r ipe f o r exp lo ra t i on w i t h a re­
v a m p e d A G S inc lude rare k a o n d e ­
c a y s , neu t r ino i n te rac t i ons , m u o n 
p h y s i c s , exo t i c a t o m s , d i b a r y o n s 
and hypernuc le i . In tense had ron 
b e a m s and po lar ized p r o t o n b e a m s 
w o u l d be usefu l in de ta i led s tud ies o f 
qua rk -g l uon d y n a m i c s . 

T o car ry ou t th is p r o g r a m m e , t he 
in tens i t y and int r ins ic rel iabi l i ty o f t he 
A G S w o u l d have t o be i m p r o v e d . A 
ful l ene rgy s t re tcher r ing c o u l d 
s m o o t h o u t t he supp l y o f e x t r a c t e d 
par t i c les . Fur ther in tens i t y inc reases 
(up t o 1 0 1 4 p r o t o n s per s) cou ld 
be a t ta ined w i t h a 2 . 5 G e V , 10 Hz 
b o o s t e r mach ine . In paral le l , m a n y o f 
t he ex i s t i ng A G S s y s t e m s (r.f., v a c u ­
u m , con t ro l , . . . ) w o u l d be u p g r a d e d . 
N e w beaml ines w o u l d be requ i red 
and the re w o u l d be a paral lel e f fo r t 
w i t h n e w d e t e c t o r s . 

W h i l e t h e r e c o m m e n d a t i o n s are 
seen as ' a m b i t i o u s ' , t he T a s k Force 
r e c o m m e n d e d tha t t he goa ls shou ld 
be a t t a c k e d ' agg ress i ve l y ' , t o ensure 
t ha t t he o n g o i n g phys i cs p r o g r a m m e 
at t he A G S is in keep ing w i t h i ts 
sp lend id t r ad i t i on . 

T h e s e r e c o m m e n d a t i o n s and 
o the r B r o o k h a v e n ac t iv i t ies w e r e re­
v i e w e d w h e n the L a b o r a t o r y ' s pa r t i ­
cle p h y s i c s c o m m u n i t y (High Energy 
D i scuss ion Group) had i ts annual 
m e e t i n g at t he end o f M a r c h . Par t ic­
ular ly i m p o r t a n t f o r t he f u tu re are 
b e a m s o f heavy ions and po lar ized 
p r o t o n s in t he A G S . A t t he m e e t i n g , 
t he po la r ized p r o t o n p r o g r e s s and 
p lans w e r e r e v i e w e d by A l a n Kr i sch 
(see A p r i l i ssue, page 100 ) , w h i l e 
A r t h u r Schwarzsch i l d c o v e r e d t he 
p ro jec t t o t rans fe r heavy ions f r o m 
the t a n d e m t o the A G S (see J a n u a ­
r y / F e b r u a r y issue, page 17). M e a n ­
w h i l e a B r o o k h a v e n heavy ion user 
g r o u p is be ing f o r m e d ( c o n t a c t m a n is 
Ole Hansen at B rookhaven ) . 

On t he heavy ion f r o n t , g rea t p r o ­
g ress has been m a d e . N e w f u n d i n g 
has been m a d e avai lable f o r t he c o n ­
s t r u c t i o n o f t h e t rans fe r l ine, and ions 
up t o su lphur w i t h energ ies o f 
15 G e V / n u c l e o n are e x p e c t e d by t he 
s u m m e r o f 1 9 8 6 . Five w e e k s o f 
heavy ion o p e r a t i o n are f o r e s e e n f o r 
t ha t year , inc reas ing t o a b o u t t e n 
w e e k s in s u b s e q u e n t yea rs . 

T h e m e e t i n g t hen t u r n e d t o t he 
A G S II T a s k Force r e c o m m e n d a ­
t i o n s . Paul Reardon u n d e r s c o r e d t h e 
c o m m i t m e n t o f t he L a b o r a t o r y o v e r 
t he nex t t h ree years t o i m p r o v i n g t he 
A G S rel iabi l i ty and d u t y f a c t o r , in ­
c reas ing in tens i t y by add ing a 1 G e V 
(rather t han 2 . 5 GeV) 'El C h e a p o ' 
b o o s t e r , and p rov id i ng mu l t ip le 
b e a m o p e r a t i o n . Fur ther in tens i t y i m ­
p r o v e m e n t s w o u l d c o m e later, p lus 
t he s t re t che r r ing . 

T h e n e w b o o s t e r w o u l d se rve 
b o t h the p r o t o n and heavy ion p r o ­
g r a m m e s and even in an init ial u p ­
g rade cou ld increase p r o t o n in tens i t y 
f o u r f o l d w h i l e a l l o w i n g the acce le ra­
t i o n o f heav ier ions (as far as ura­
n ium) . W i t h s o m e init ial f und ing nex t 
year , t he f i r s t phase o f t he b o o s t e r 
p ro jec t c o u l d be c o m p l e t e by late 
1 9 8 7 . 

L a b o r a t o r y D i rec to r Nick S a m i o s 
c o v e r e d t h e g loba l B r o o k h a v e n p r o ­
g r a m m e , w h i c h inc ludes the US Na­
t iona l S y n c h r o t r o n L ight Sou rce n o w 
c o m i n g in to o p e r a t i o n , a ma jo r e f f o r t 
o n research and d e v e l o p m e n t w o r k 
f o r t he p r o p o s e d US S u p e r c o n d u c t ­
ing Super Col l ider (SSC), t he o n g o i n g 
A G S p r o g r a m m e and the Relat iv is t ic 
Heavy Ion Col l ider (RHIC), w h i c h w i l l 
be p r o p o s e d th is s i m m e r . RHIC 
w o u l d be bui l t in t he tunne l cu t f o r t h e 
cance l led Isabel le / C B A Col l ider t o 
p r o v i d e all k i nds o f ions at 
1 0 0 G e V / n u c l e o n and a l um inos i t y 
o f 1 0 2 7 per c m 2 per s. Th i s w o u l d 
requi re a b o o s t e r s imi lar t o t ha t c o n ­
s ide red by t h e A G S T a s k Force . 

M a n y p resen ta t i ons c o v e r e d t h e 
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This 10 cm detector at GSI (Gesellschaft 
fur Schwerionenforschung) Darmstadt has 
now identified elements 107, 108 and 109, 
as well as discovering single proton 
radioactivity. 

(Photo GSI) 

p h y s i c s poss ib i l i t ies at t he A G S . 
Po in t ing o u t the m a c h i n e ' s po ten t i a l 
fer n e w d i scove r i es , J o h n D o n o g h u e 
o b s e r v e d I t w o u l d be f un t o f i nd t he 
s m o k i n g gun fo r 1 T e V phys i cs t e n 
yea rs be fo re the dead b o d i e s are 
f o u n d at t he S S C . 

DARMSTADT 
Element 108 

T h e GSI (Gesel lschaf t fur S c h w e r i o n ­
en fo rschung ) L a b o r a t o r y in D a r m ­
s t a d t has m a d e s o m e t h i n g o f a s p e ­
c ia l i ty ou t o f the d i s c o v e r y o f n e w 
heavy e l emen ts . A f t e r e l emen t 1 0 7 
in February 1 9 8 1 and e lemen t 1 0 9 in 
A u g u s t 1 9 8 2 , a g r o u p o f 14 p h y s i ­
c i s t s headed by Go t t f r i ed M u n z e n -
be rg has n o w seen e lemen t 1 0 8 (see 
J a n u a r y / F e b r u a r y i ssue , page 2 1 ) . 

A w e e k be fo re t he run f o r e l emen t 
1 0 8 , i s o t o p e s o f e l emen t 1 0 6 w e r e 
i n v e s t i g a t e d , a m o n g t h e m t h e a lpha 

decay p r o d u c t s o f e l emen t 1 0 8 . 
T h e n in a t w e l v e - d a y run at t he end o f 
M a r c h , e l emen t 1 0 8 w a s f o r m e d by 
f u s i o n o f i ron 5 8 pro jec t i les w i t h lead 
2 0 8 . T h e i ron b e a m w a s acce le ra ted 
t o 5 M e V per nuc léon in t he U N I L A C 
m a c h i n e , su f f i c ien t t o o v e r c o m e the 
C o u l o m b barr ier . W i t h a b e a m in ten ­
s i t y equ iva len t t o 2 0 0 n A , t h ree 
nuclei o f e l emen t 2 6 5 1 0 8 w e r e i den ­
t i f i ed . (The c o m p o u n d nuc leus 
2 6 6 1 0 8 e v a p o r a t e d one neut ron. ) 

T o d i s t r i bu te the heat ing due t o t he 
b e a m o v e r a larger su r face , t he lead 
t a rge t w a s con t i nuous l y r o t a t e d o n a 
w h e e l , and desp i t e th is and a d d i t i o n ­
al coo l i ng by c a r b o n layers on b o t h 
s ides o f t he t a rge t , the i so top ica l l y 
pure t a rge t had t o be changed eve ry 
t w o d a y s . 

T h e f u s i o n p r o d u c t s car ry on l y 
a b o u t a f i f t h o f t he b e a m ve loc i t y and 
are de f l ec ted by a ve loc i t y f i l ter in to 
s i l i con su r face barr ier d e t e c t o r s . 
S u b s e q u e n t ana lys is p ins d o w n the 

a lpha d i s i n teg ra t i on chain o f t he n e w 
e lemen t . Its hal f - l i fe is a p p r o x i m a t e l y 
t w o m i l l s e c o n d s and the alpha d e c a y 
ene rgy ( f o r 2 6 5 1 0 8 ) is 1 0 . 4 M e V . T h e 
hal f - l i fe aga ins t s p o n t a n e o u s f i ss ion 
appea rs t o be a b o u t an o rde r o f m a g ­
n i tude larger t han theore t i ca l p red ic ­
t i o n s , h in t ing at poss ib le n e w s t ruc ­
tu re e f f ec t s in nuclei b e y o n d t he c o n ­
ven t i ona l per iod ic tab le . 

CONFERENCE 
Physics in the Alps 

One o f t he annual fea tu res o f t he 
European par t ic le phys i cs scene is 
t he t rad i t i ona l 'Rencon t re de M o -
r i o n d ' o rgan ized by G. T ran T h a n h 
V a n at O rsay , w h i c h f o r a l m o s t t w e n ­
t y years has been a t t rac t i ng a ba l ­
anced b lend o f expe r imen ta l i s t s and 
theo re t i c i ans t o m o u n t a i n reso r t s in 
Haute Savo ie (French A lps ) in late 
Feb rua ry /ea r l y M a r c h . 

Th i s year t he con fe rence t o o k 
p lace at La P lagne-Be l lecô te , w i t h 
t he f i r s t w e e k g i ven ove r t o e lec t ro -
w e a k in te rac t i ons and un i f ied t h e o ­
r ies. A c o n f e r e n c e on a s t r o p h y s i c s (a 
m o r e recent arr ival t o the M o r i o n d 
ser ies) w a s held in paral le l , c o v e r i n g 
t he c o m p o s i t i o n , s p e c t r u m and 
or ig in o f c o s m i c rays . 

Summar i z i ng the phys i cs resu l t s , 
Ge rson Go ldhaber w a s able t o c o v e r 
t he phys i cs o f t he W and Z par t i c les 
w h i c h car ry the w e a k nuclear f o r c e , 
t he o b s e r v a t i o n o f t he F (car ry ing 
s t r a n g e n e s s and charm) m e s o n at 
1 9 7 0 GeV (see M a y issue, page 
1 5 7 ) , and t he n a r r o w ks i par t ic le 
seen at 2 2 0 0 M e V (see Ap r i l i ssue , 
page 9 9 ) . T h e s e , t o g e t h e r w i t h re­
cen t e s t i m a t e s o f t he l i fe t imes o f par­
t i c les ca r ry ing ' b e a u t y ' ( re lat ively 
l ong — see O c t o b e r 1 9 8 3 issue , 
page 3 1 2 ) and the n e w l imi ts o f p r o ­
t o n s tab i l i t y g i ven by the b ig I rv ine / 
M i ch igan / B r o o k h a v e n u n d e r g r o u n d 
e x p e r i m e n t , w e r e c o n s i d e r e d t o be 
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Physics 
monitor 

t he ma in resu l ts o f t he year . 
Desp i te m u c h e f f o r t , sea rches f o r 

n e w e f fec ts such as ' t o p ' and super -
s y m m e t r i c par t i c les , r i gh t -handed 
w e a k cu r ren ts and a n o m a l o u s m u o n 
d e c a y s on ly succeed in push ing back 
t he l im i ts . 

A f e w spec tacu la r e v e n t s e v o k e d 
m u c h in teres t — an unl ike s ign m u o n 
pair p lus j e t s seen at t he PETRA elec­
t r o n - p o s i t r o n r ing at t he G e r m a n 
DESY L a b o r a t o r y , and l ike s ign m u o n 
pai rs a c c o m p a n i e d by s t r ange pa r t i ­
c les in t he U A 1 d e t e c t o r at t he CERN 
p r o t o n - a n t i p r o t o n Col l ider . No 
u n a m b i g u o u s exp lana t i on is ava i l ­
ab le , and m o r e s ta t i s t i cs are needed 
b e f o r e t hese e f f ec t s can be ex­
p la ined . 

In the area o f k n o w n p h e n o m e n a , 
n e w da ta w i t h i nc reased p rec i s ion is 
p r o v i n g ve ry use fu l . T h e d e c a y s o f 
beau ty and c h a r m par t i c les n o w c o n ­
s t ra in the p a r a m e t e r s o f t h e s ix -
qua rk m o d e l ( K o b a y a s h i - M a s k a w a 
mat r i x ) . N e w d e t e r m i n a t i o n s o f t he 
e l e c t r o w e a k m ix ing angle c o m e f r o m 
e x p e r i m e n t s at t he PETRA (DESY, 
Germany) and PEP (Stanford) e lec­
t r o n - p o s i t r o n co l l i de rs , and f r o m 
s tud ies w i t h neu t r i no , e l e c t r o n , and 
m u o n b e a m s . In a d d i t i o n , t h e m e a ­
s u r e m e n t o f t he m a s s e s o f t h e W 
and Z par t ic les b y t he U A 1 a n d U A 2 
e x p e r i m e n t s at t he CERN Col l ider 
u p h o l d the va l id i ty o f t he e lec t ro -
w e a k p ic tu re . 

One p lace w h e r e the re w a s a p o s ­
s ib le hint o f a n e w e f fec t w a s in t he 
w o r k s h o p on neu t r ino m a s s e s and 
neu t r ino m i x i n g , w i t h a s u g g e s t i o n 
f r o m the A n n e c y / Grenob le t e a m 
w o r k i n g at the Bugey reac to r o f neu ­
t r i no osc i l l a t ions . T h e cand ida te s i g ­
nal is in an area n o t exc l uded by p re ­
v i o u s s tud ies (see M a r c h i ssue , 
pages 6 2 - 3 ) . 

One day in the f i r s t M o r i o n d w e e k 
w a s shared by par t ic le and a s t r o ­
phys i c i s t s . T h e exchange o f i n f o r m a ­
t i o n and ideas b e t w e e n t he t w o c o m ­

mun i t i es w a s fasc ina t ing at a t i m e 
w h e n t he d isc ip l ines are f o c u s i n g o n 
c o m m o n p r o b l e m s , and s u g g e s t a 
n e w v i s i on o f the phys ica l w o r l d . 

T h e s e c o n d w e e k at M o r i o n d w a s 
d e v o t e d t o the s t u d y o f n e w pa r t i ­
c les , par t icu lar ly at t he SPS Col l ider 
and at b ig e l ec t r on -pos i t r on r ings , 
w i t h spec ia l e m p h a s i s on t he search 
f o r m a s s i v e n e w s ta tes and ' g lue -
ba l l s ' (par t ic les con ta in ing g luons bu t 
no quarks) and heavy f l avou r spec ­
t r o s c o p y . T h e s u m m a r y ta lk at t he 
end o f t h e s e c o n d w e e k w a s g i ven 
by K. Be rke lman . 

Bes ides t he par t ic le phys i c i s t s and 
a s t r o p h y s i c i s t s the re w e r e a lso t he 
b i o l o g i s t s , w h o a lso have a l o n g ­
s t a n d i n g t rad i t i on o f M o r i o n d m e e t ­
ings . T w o remarkab le m o m e n t s o f 
th i s y e a r ' s mee t i ng w e r e , t h e j o i n t 
lec tu res f o r b io log i s t s and phys i c i s t s 
— Patr ic ia S i m p s o n on ' H o w d o an i ­
ma ls ge t the i r f o r m ? F rom a l inear 
gene t i c c o d e t o a th ree d imens iona l 
a n i m a l ' , and Frank Close on ' C o s m i c 
O n i o n s ' . 

In t he charac te r i s t i c M o r i o n d s t y l e , 
expe r imen ta l i s t s and t h e o r i s t s p re ­
s e n t e d and d i scussed the i r resu l ts 
and ideas t o g e t h e r , p rov i d i ng a fer ­
t i le g r o u n d f o r deba te and f o r n e w 
p o i n t s o f v i e w . T h e s e l ively d i s c u s ­
s ions are o f t e n the p lace w h e r e nove l 
ideas and a p p r o a c h e s are b o r n . Th i s 
year , o n c e again the M o r i o n d par t i c i ­
p a n t s lef t t he mee t i ng ful l o f f r esh 
ideas and shar ing the s p e a k e r s ' 
e n t h u s i a s m fo r such in te res t ing re­
su l t s . 

(From P. Musset and L. Montanet) 

Flowing nuclear 
matter* 

Bes ides t he nuclei ( c o m p o s e d o f 
p r o t o n s and neut rons) o f e v e r y d a y 
a t o m s , a d i f fe ren t t y p e o f nuclear 
m a t t e r is be l ieved t o ex is t in t he 
dense c o r e s o f neu t ron s ta rs a n t ^ 
o the r c o s m i c exo t i ca . 

Such c o m p r e s s e d m a t t e r w o u l d 
have p rope r t i es ve ry d i f fe ren t t o 
t h o s e o f o rd ina ry nuc le i , and ca lcu la­
t i o n s b a s e d on h y d r o d y n a m i c a l 
m o d e l s p red ic t t ha t any b l o b s o f 
d e n s e m a t t e r f o r m e d in h igh ene rgy 
co l l i s ions shou ld t ake on de f in i te 
shapes . Ins tead of sca t te r i ng o f f in 
m a n y d i f fe ren t d i r ec t i ons , t he par­
t i c les o f t he co l l id ing nuclei w o u l d 
s t i ck t o g e t h e r , and in the s u b s e q u e n t 
r e e x p a n s i o n , a b l ob o f m a t t e r w o u l d 
be de f l ec ted s i d e w a y s . 

So far , t he on ly w a y o p e n f o r 
phys i c i s t s t o c rea te such nuclear 
m a t t e r is in t he h igh energy co l l i s ions 
o f heavy nuclei ( ions). N o w in a c o l ­
l abo ra t i on b e t w e e n the GSI Dar r r 
s t a d t and L a w r e n c e Berke ley L a b o ­
ra to r ies , n e w behav iou r has been 
seen w h i c h cou ld be due t o c o m ­
p r e s s e d nuclear ma t te r . 

A t t he Berke ley Beva lac , ca lc ium 
and n i ob i um b e a m s w e r e acceler ­
a ted t o 4 0 0 M e V / n u c l e o n and t he 
p r o d u c t s o f t hese b e a m s h i t t ing ca l ­
c i u m or n i ob i um ta rge t s ana lysed in 
t he Plast ic Ball / Plast ic W a l l de tec ­
to r . 

Th i s i n s t r u m e n t is d e s i g n e d t o 
c o v e r a m a x i m u m so l id ang le . T h e 
Plast ic Ball is an in t r igu ing spher ica l 
ar ray o f py ram ida l sc in t i l la tor m o d ­
u les , w h i l e t he Plast ic W a l l is p laced 
6 m d o w n s t r e a m t o de tec t par t i c les 
w h i c h e m e r g e a f e w degrees f r o m 
the b e a m . (There are p lans f o r t he 
d e t e c t o r — w i t h a s t r eamer c h a m b e r 
— t o c o m e t o CERN fo r use w i t h n e w 
heavy ion b e a m s f r o m the 2 8 G e V 
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* Similar behaviour has also been 
seen in a GSI Darmstadt/ 
Berkeley experiment using 
a streamer chamber to study 
pion production. More next 
month. 

' p r o t o n ' s y n c h r o t r o n — see J u l y / A u ­
gus t 1 9 8 3 issue, page 2 2 3 ) . 

In each case , 5 0 0 0 0 e v e n t s w e r e 
ana lysed , and the ene rgy f l o w ca l cu ­
lated f o r each . F luc tua t ions due t o 
f ini te par t ic le e f fec ts are a b ig o b s t a ­
cle in ex t rac t i ng i n f o r m a t i o n f r o m 
such a f l o w ana lys is , so t h e ana lys is 
t o o k accoun t o f t he n u m b e r o f 
Charged par t ic les p r o d u c e d (mu l t i ­
p l ic i ty) . 

W i t h n i o b i u m , h igher mu l t ip l i c i t i es 
s h o w a def in i te de f l ec t i on o f t he 
energy f l o w ( t e rmed ' s ide -sp lash ' ) 
w h i c h m o r e o v e r inc reases w i t h m u l ­
t ip l ic i ty . No s ign o f th is is seen w i t h 
the l ighter ca l c ium. T h e e x t e n s i v e 
m o d i f i c a t i o n s t o t he Bevalac w h i c h 
enab led it t o w o r k w i t h heav ier ions 
such as n i ob ium t h u s s e e m t o have 
pa id d i v i dends . 

T h e def in i te f l o w ang les d e t e c t e d 
in t he co l l i s ions p r o v i d e a natura l 
reac t ion p lane f o r each even t . In a 
fu r the r ana lys is , t he p ro j ec t i ons o f 
t r ansve rse m o m e n t u m o n th i s p lane 
are ca lcu la ted and the i r angu lar d i s ­
t r i b u t i o n s c o m p a r e d f o r b o t h ca l c ium 
jpnd n i ob i um reac t ions . 

In a conven t i ona l sca t t e r i ng m o d ­
e l , such an ana lys is is s y m m e t r i c 
a b o u t t he b e a m ax is , bu t in t he 
GS I /Be rke ley e x p e r i m e n t t he re is a 
de f in i te a s y m m e t r y , w i t h t h e r e m ­
nan ts o f t he pro jec t i les p re fe r r i ng t o 
c o m e o f f at an angle ( ' bounce -o f f ' ) . 
Th i s appears t o be due t o a s l o w i n g 
d o w n o f t he pro jec t i le f r a g m e n t s t o ­
ge the r w i t h a s i d e w a y s d e f l e c t i o n . 
B o t h bounce -o f f and s ide -sp lash 
occu r in t he s a m e p lane. 

A l t h o u g h the n e w f i nd ings are 
e n c o u r a g i n g , no t all t he p r e d i c t e d 
behav iou r is seen . C o m p a r i s o n w i t h 
s imu la t i ons ind ica tes t ha t on l y a b o u t 

The 'Plastic Ball' detector used at the 
Berkeley Bevalac to study the products of 
heavy ion collisions. In the background is 
the Plastic Wall', which picks up the most 
forward particles. 

(Photo LBL) 

10 per cen t o f t he t o ta l k inet ic ener­
gy o f t h e co l l i s ion is con ta i ned in t h e 
co l lec t i ve nuclear m o t i o n , w h i c h 
m a k e s i ts d e t e c t i o n and ana lys is di f­
f icu l t . 

M o r e da ta has been t a k e n f o r n io ­
b i u m - n i o b i u m and g o l d - g o l d co l l i ­
s i ons at o the r energ ies , and resu l ts 
are eager ly a w a i t e d . 

Putting cosmic rays 
to work 

H o w m u c h d o e s the Bo lsho i T h e a t r e 
in M o s c o w w e i g h ? T h a t q u e s t i o n is 
no t as fu t i le as it m igh t s o u n d . W h e n 
an u n d e r g r o u n d ra i lway l ine, f o r in ­
s t a n c e , is t o be bui l t under a large 
bu i ld ing it is v i ta l t o k n o w the p res ­
sure t ha t t he bu i ld ing exer ts o n t he 
g r o u n d . But h o w can th is be d o n e 
w i t h o u t k n o w i n g the w e i g h t o f all t he 
bu i l d ing ' s c o m p o n e n t s and i ts c o n ­
t e n t s ? T h a t ' s w h e r e c o s m i c ray 

m u o n s c o m e in . Sc ien t i s t s at t h e 
M o s c o w Ins t i tu te o f Geo log ica l Re­
search are pu t t i ng t hese ex t ra te r res ­
tr ia l par t i c les t o w o r k f o r ve r y d o w n -
t o - e a r t h p u r p o s e s . 

Up t o t h e m o m e n t t h e y s t r i ke t h e 
ea r t h ' s a t m o s p h e r e , c o s m i c ray par­
t i c les have an ene rgy o f t h o u s a n d s 
o f mi l l ions o f e l ec t r on - vo l t s . A p a r t 
f r o m t h a t , t h e f lux is a lso r emarkab l y 
s t a b l e : i ts rad ia t ion in tens i t y var ies 
by less t han a per cen t . W h e n t h e 
p r ima ry rad ia t ion passes t h r o u g h t h e 
ea r t h ' s a t m o s p h e r e it c rea tes a sec ­
o n d a r y s h o w e r o f va r ious pa r t i c les , 
inc lud ing m u o n s capab le o f p e n e ­
t r a t i ng severa l k i l ome t res in to t he 
ea r t h ' s c rus t . T h e s e par t ic les can be 
used as natura l c o s m i c ' X - r a y s ' f o r 
exam in i ng r o c k s and f o r civi l eng i ­
neer ing app l i ca t i ons . 

T h e s e m e a s u r e m e n t s are car r ied 
o u t us ing a m u o n t e l e s c o p e — sev ­
eral paral le l r o w s o f coun te r s r e c o r d ­
ing par t i c les m o v i n g in a de f in i te d i -
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People 
and things 

r ec t i on . T h e dens i t y o f t h e sub jec t 
( target) can be ve ry accura te l y de te r ­
m i n e d f r o m the rad ia t ion in tens i t y 
reg i s te red by t hese c o u n t e r s in ­
s ta l led in tunne ls unde rnea th t he tar ­
ge t . 

M u o n t e l e s c o p e s have a l ready 
d o n e exce l len t w o r k du r ing t he c o n ­
s t r u c t i o n o f R A T A N - 6 0 0 , t h e la rges t 
rad io t e l e s c o p e o f t he USSR A c a d ­
e m y o f Sc iences . T h e land under t he 
rad io t e l e s c o p e is c o m p o s e d o f ir­
regular d e p o s i t s o f r o c k s , s a n d , c lay 
and g rave l , and t he w a t e r tab le w a s 
v e r y c lose t o t he su r face . T h u s it 
w a s imposs ib l e t o use c o n v e n t i o n a l 
m e t h o d s f o r assess ing t h e dens i t y 
and c o n d i t i o n o f t he soi l under t he 
f o u n d a t i o n s . It w a s d e c i d e d t o bo re 
a b o u t t w e n t y p i t s , in each o f w h i c h a 
c o m p a c t m u o n t e l e s c o p e w a s l o w ­
e red t o a d e p t h o f 10 m e t r e s . T h e 
inv is ib le par t ic les accura te l y ' d r e w ' a 
geo log i ca l c r o s s - s e c t i o n o f t he 
g r o u n d . 

T h e s a m e m e t h o d w a s used t o 
so l ve a s imi lar p r o b l e m w h e n a n e w 
u n d e r g r o u n d ra i lway line w a s be ing 
bui l t benea th t he M o s k v a ho te l in t he 
Sov ie t cap i ta l . A t e l e s c o p e w a s in ­
s ta l led in a tunne l under t he bu i ld ing 
t o r eco rd the m u o n f lux pass ing 
t h r o u g h . F rom th is da ta it w a s p o s ­
s ib le t o de te rm ine t he dens i t y o f t he 
bu i ld ing and hence i ts m a s s and t he 
p ressure it exe r ted on the g r o u n d — 
a m a s s o f near ly 4 5 0 0 0 t o n n e s and 
a p ressure o f 1.1 k g per square c e n ­
t i m e t r e . 

M u o n s a lso help t o d e t e c t cav i t ies 
in m o u n t a i n ranges f o r m e d w h e n s o ­
luble rock such as l i m e s t o n e is w o r n 
a w a y by u n d e r g r o u n d w a t e r . T h e re­
c o r d i n g pr inc ip le is t he s a m e : if t he re 
are cav i t ies in t he m u o n t e l e s c o p e ' s 
f ie ld o f v i s ion t he par t ic le f lux in ­
c reases immed ia te l y . T h e s e te le ­
s c o p e s are used t o m o n i t o r s y s t e m ­
at ica l ly t he f o r m a t i o n o f cav i t i es in 
s e a m s o f rock t o m a k e sure t ha t it is 
sa fe t o car ry ou t u n d e r g r o u n d w o r k . 

T e l e s c o p e s o f th is t y p e d e t e c t e d a 
lands l ide in a rock s e a m in the N o r t h 
Caucasus in t i m e t o p reven t an acc i ­
den t . 

T h e m u o n t e l escope can a lso be 
used t o p r o s p e c t f o r minera ls . W h e n 
a minera l (wh i ch is genera l ly m o r e 
dense t han the su r round ing rock) is 
' in t he w a y ' o f the par t i c les , t h e 
c o u n t e r s immed ia te l y s h o w a w e a k ­
en ing o f t he f lux . T h e c o n t o u r s o f t he 
s e a m and i ts v o l u m e can the re fo re 
be ca lcu la ted . 

A n o t h e r idea w h i c h c a m e up w a s 
t o use m u o n s t o es t ima te h o w m u c h 
w a t e r t he re w a s in a b lanke t o f 
s n o w . Such i n f o rma t i on is essent ia l 
t o p red ic t ava lanches in m o u n t a i n 
reg ions or t o es t ima te w a t e r re­
se rves in r iver bas ins . M e a s u r e ­
m e n t s car r ied ou t by sc ien t i s t s f r o m 
the Kha ram-Kou l Ins t i tu te o f A p p l i e d 
G e o p h y s i c s in Tad j i k i s tan have 
s fhown tha t a h igh degree o f p rec i ­
s ion and rel iabi l i ty can be o b t a i n e d , 
desp i t e t h e re lat ive ly l o w dens i t y o f 
s n o w . 

E l sewhe re , a rchaeo log i s t s are us ­
ing c o s m i c rays t o t r y and t race t he 
secre t p a s s a g e w a y s in the C h e p h -
ren p y r a m i d . Geo log i s t s are a lso p i n ­
n ing g rea t h o p e s on neu t rons f o r u n ­
d e r g r o u n d exp lo ra t i on . It is k n o w n , 
f o r i ns tance , tha t s o m e chemica l e le­
m e n t s , in par t icu lar t u n g s t e n , ac t i ve ­
ly a b s o r b s l o w neu t rons . T h u s even 
smal l d e p o s i t s o f t hese e l e m e n t s can 
be d e t e c t e d in rock by a w e a k e n i n g 
o f t he par t ic le f lux . 

Other ideas have been pu t f o r w a r d 
t o use neu t r ino d e t e c t i o n t o ' X - r a y ' 
large areas o f t he ea r th ' s c rus t . 

(Novosti) 

Piotr Leonidovich Kapitza 

With his scientific contributions 
spanning more than fifty years, 
physics lost one of its monumental 
figures when Piotr Kapitza died on 
8 April. He was born in Kronstadt, 
Russia, in 1894, and after initial 
training as an engineer became a 
lecturer at the Petrograd (Lenin­
grad) Polytechnical Institute in 
1919. However his research career 
began in earnest when he came 
to the Cavendish Laboratory, Cam­
bridge, UK, in 1921 to work with 
Rutherford. The story goes that 
Rutherford initially told Kapitza he 
could not take on another research 
student. However after pointing 
out that one extra student would 
change the research staff comple­
ment by less than the ten per cent 
accuracy inherent in Rutherford's 
own measurements, he was ac­
cepted. His early work at Cam­
bridge was on classical nuclear 
physics, however he soon dis­
played his strong flair for technical 
applications, in particular the gen­
eration of strong magnetic fields. 
During his later years at Cam­
bridge, Kapitza also turned to the 
work in low temperature physics 
that was to continue for much of 
his life. In 1933 he was appointed 
Director of the newly created Mond 
Laboratory at Cambridge, but the 
following year he returned to the 
USSR to become Director of the 
Institute of Physical Problems of 
the USSR Academy of Sciences 
in Moscow. There his work in phy­
sics continued to expand, leading 
to important contributions to cryo­
genics and to high power electron­
ics. From time to time he turned 
his attention to interesting topics 
in basic general physics. In 1978, 
he shared the Nobel Physics Prize 
with Arno Penzias and Robert Wil-
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On 17 April, the Joint European Torus (JET) 
nuclear fusion joint undertaking was formally 
opened at Culham, UK, by Britain's Queen 
Elizabeth II and France's President Francois 
Mitterrand. The two guests of honour are 
seen here being escorted by JET Council 
President Jean Teillac, formerly President 
of CERN Council. Two rows behind the 
Queen looms the large figure of Hans-Otto 
Wuster, JET Director and a former member 
of the CERN Directorate. 

(Photo JET Joint Undertaking) 

3 TT T 3 t 
son. In addition, this giant of mod­
ern physics was showered with 
awards from both his native 
country (the Order of Lenin no less 
than six times) and abroad, with 
recognition from the UK, USA, 
France, Sweden, Belgium, the Ne­
therlands, Yugoslavia, Finland, 
Czechoslovakia, India, Germany, 
Denmark... 

On people 

Louis Michel of the Institut des 
Hautes Etudes Scientifiques at 
Bures-sur-Yvette receives the 
Wigner medal for 1984. This 
award is made every two years 
for distinguished contributions to 
physics using group theory. 

Michel is well known for his 
work in beta decay (the 'Michel 
parameter') and for the introduction 
of G-parity. In addition, he has 
shown great inventiveness in 
applying abstract mathematical 
techniques, including group theory, 
over a wide range of physics. 

Previous recipients of the award 
have been E.P. Wigner and 
V. Bargmann (1978), I.M. Gel'fand 
(1980) and Y. Ne'eman (1982). 

Louis Rosen, leader of the Medium 
Energy Physics Division at Los 
Alamos National Laboratory, has 
been named vice-chairman of the 
Nuclear Physics Division of the 
American Physical Society. Rosen 
will succeed to the chairmanship 
in 1985. 

Final activity at the CERN Intersecting 
Storage Rings (ISR). After the end of 
colliding beam physics last year, the only 
task left for the ISR was to provide a beam 
of antiprotons for this Annecy / CERN / 
Genoa / Lyon / Oslo / Rome / Turin 
experiment studying charmonium 
spectroscopy. In the foreground are the 
two arms of the ISR beampipes, with the 
one on the right sealed off. 

(Photo CERN 116.3.84) 
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Secretary of State at the Federal German 
Ministry for Research and Technology 
Albrecht Probst (centre) being welcomed 
to CERN by Director General Herwig 
Schopper (right). 

(Photo CERN 329.3.84) 

Eta-c at Mark III 

In our report of physics from the 
Mark III detector at Stanford's 
SPEAR electron-positron ring (April 
issue, page 99), a few unfortunate 
errors crept in. The detector has 
been looking at the radiative de­
cays of J/psi particles, mesons 
composed of a charmed quark and 
antiquark. One possible outcome 
is the eta-c, where the charmed 
quarks' spins are aligned antiparal-
lel (spin zero), rather than parallel 
(spin one) as in the J/psi. After 
laboriously explaining this, the ar­
ticle went on to say that the eta-
c's spin was one, 'as expected'. 
Clearly this was wrong, as we 
hope alert readers would have 
spotted. The eta-c really has spin 
zero and negative parity, as ex­
pected! (See March 1981 issue, 
page 68.) 

The Stanford Linear Accelerator Center has 
become the 67th US National Mechanical 
Engineering Landmark of the American 
Society of Mechanical Engineers. 

The Second International Work­
shop on Atomic Physics for Ion 
Fusion will be held at the Ruther­
ford Appleton Laboratory, UK, 
from 10-14 September. Further 
information from J. H. Aram, Build­
ing R63, Rutherford Appleton Lab­
oratory, Chilton, Didcot, Oxford­
shire 0X11 OQX, UK. 

: ' l . . . .^ . ._NÀTÏÔNAO 
ENGINEERING -MNDMARK--

THE STANFORD LINEAR ACCELERA CENTER- -

S T A N F O R D , C A L I F O R N I A 

THE STANFORD t W O ^ MILE ACCELERATORvTHE L O N G E S T IN T H E WORLÔ^ : 

ACCELERATES ELECTRONS TO THE VERY HIGH ENERGY N E E D E D IN THE STUDY > 
OF SUBATOMIC PARTICLES AND FORCES.EXPERIMENTS P E R F Ô R W E D HERE H A V E -
SHOWN THAT THE PROTON, ONE OF THE BUILDING B L O C K S OF T H E ATOM,-IS l H -
TURN COMPOSED. OF SMALLER PARTICLES NOW CALLED Q U A R K S . OTHER RESEARCH 
H E R E HAS UNCOVERED NEW FAMILIES OF PARTICLES A N D DEMONSTRATED SUBTLE 
EFFECTS OF THE WEAK NUCLEAR FORCE. 

THIS RESEARCH REQUIRES THE UTMOST PRECISION IN THE L A R G E A N D UNIGtUE 
ELECTROMECHANICAL DEVICES AND SYSTEMS THAT A C C E L E R A T E , D E F I N E , D E L I V E R 
A N D STORE THE BEAMS OF PARTICLES, AND I N THE D E T E C T O R S T H A T A N A L Y Z E 
T H E RESULTS OF THE PARTICLE INTERACTIONS. 

THE AMERICAN S O C I E T Y OF MECHANICAL ENGINEERS -1984 
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TRIUMF 
MESON RESEARCH FACILITY 
University of Alberta 

1 Simon Fraser University 
I University of Victoria 

University of British Columbia 
Competition No. 446-044 

A C C E L E R A T O R P H Y S I C I S T S 
The Accelerator Research Division at TRIUMF has openings 
for physicists or engineering physicists with significant expe­
rience in the following areas: 

- Cyclotron beam dynamics - in support of improved cyclo­
tron performance, particularly towards higher beam intensi­
ties, short pulses, separated turn operation and extraction of 
FT ions. 

- Secondary channel optics - to design and assist in the 
commissioning and improvement of channels for pions, 
muons, kaons, neutrinos, etc. 

- Synchrotron Design - for beam dynamics, lattice design 
and hardware design studies of machines dealing with very 
high intensity beams. 

Candidates should have a Ph.D. or equivalent in physics or 
engineering and at least three years relevant experience in an 
accelerator laboratory. A good theoretical background is 
required, together with appropriate experimental abilities. 
Salary will depend on qualifications and experience. 

Please reply in writing by June 30, 1984, outlining qualifica­
tions and experience to: 

TRIUMF Personnel (Competition No. 446) 
Attention: Dr. M. Craddoek, 
Head, Accelerator Research Division 
4004 Wesbrook Mall 
Vancouver, B.C. V6T 2A3 

We offer equal employment opportunities to qualified male and 
female applicants. 

P O S T D O C T O R A L 
O P P O R T U N I T I E S 

AVAILABLE IN 
N U C L E A R P H Y S I C S 

The LAWRENCE BERKELEY LABORATORY'S 
Nuclear Science Division has postdoctoral oppor-

» tunities in experiment and theory appropriate to 
the basic research programs involving heavy-ion 
studies at low, relativistic, and ultra-relativistic 
energies. These programs are presently carried 
out at the Laboratory's 88-Inch Cyclotron and 
Bevalac/SuperHILAC facilities as well as at the 
CERN SPS. Those candidates with 0-3 years from 
Ph.D. in Nuclear or High Energy Physics who wish 
to be considered should provide two copies of a 
curriculum vitae and publication list, and arrange 
for three letters of recommendation to be sent to: 

Lawrence Berkeley Laboratory, 

^
LAWRENCE One Cyclotron Road, 

BERKELEY Employment Office 90-1042, 
LABORATORY Berkeley, 

CA 94720. 
Please specify Job No A/2830. 

T h e L a w r e n c e Berke ley Laboratory is a n 
Af f i rmat ive Act ion /Equa l Opportuni ty Employer 
M / F / H . 

ACCELERATOR E N G I N E E R OR PHYSIC IST 

JAMES R. MACDONALD LABORATORY, 
KANSAS STATE UNIVERSITY 

The James R. Macdonald Laboratory at Kansas 
State University is seeking an engineer or physi­
cist to be in charge of engineering and installa­
tion of a superconducting linear accelerator on 
the laboratory'sTandem.This person will be work­
ing directly with the project director on all as­
pects of the LINAC design, construction and in­
stallation. Applicants should have at least three 
years experience with accelerator design and op­
eration and have demonstrated ability to work ef­
fectively with support personnel and other physi­
cists. Cryogenics experience preferred but not 
required. Salary will depend on qualifications. 

To apply, send resume and three letters of ref­
erence to: 

Professor Pa t r ick R i c h a r d , D i rec tor 
J a m e s R. M a c d o n a l d Labora tory 
D e p a r t m e n t of Phys ics 
K a n s a s S t a t e Un ivers i ty 
M a n h a t t a n , KS 6 6 5 0 6 USA 

The closing date for applications is October 14, 
1984, or until position is filled. 

Kansas State University is an 
Equal Opportunity/Affirmative Action Employer. 

TRIUMF 
MESON RESEARCH FACILITY 
University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competition No. 449-044 

R E S E A R C H 
A S S O C I A T E S - E X P E R I M E N T A L 

P A R T I C L E P H Y S I C S 

The particle physics group at TRIUMF is seeking two post­
doctoral research associates to contribute their ideas and 
talents to an active experimental program. The group's major 
new project is a measurement of the decay K->rrvù recently 
approved for running at BNL Experiments performed at 
TRIUMF include the ongoing search for muon-electron 
conversion using the TRIUMF Time Projection Chamber, a 
new high precision study of the decay n-* ev and measure­
ments of other rare processes. 

Salary will be commensurate with experience. 

Interested candidates should reply to: 

TRIUMF Personnel (Competition No. 449) 
4004 Wesbrook Mall 
Vancouver , B.C. V6T 2A3 
or contact D. BRYMAN (604) 228-47 11 

We offer equal employment opportunities to qualified male and 
female applicants. 
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Analyst/Programmer 
T h e S w i s s Ins t i t u te fo r Nuc lear Research c o m ­
p u t i n g g r o u p has an o p e n i n g fo r an A n a l y s t / P r o ­
g r a m m e r t o c o n t i n u e d e v e l o p m e n t and t o m a i n ­
ta in i ts s t a n d a r d , rea l - t ime , da ta acqu is i t i on 
package . The ins t i t u te has a t r ip le V A X cen t ra l 
c o m p u t i n g fac i l i t y p lus m a n y PDP-11 m i n i ­
c o m p u t e r s used fo r da ta acqu i s i t i on , and is 
cu r ren t l y i m p l e m e n t i n g an E therne t local area 
n e t w o r k . Exper ience w i t h rea l - t ime s y s t e m s 
a n d / o r t echn i ca l - sc ien t i f i c app l i ca t i ons is des i red . 

SIN is a S w i s s na t iona l fac i l i t y s u p p o r t i n g f u n d a ­
men ta l research i n to nuc lear and par t ic le phys i cs 
and the i r app l i ca t i ons , and is l oca ted in a ve ry 
p leasant , semi - ru ra l area a p p r o x i m a t e l y 4 0 k m 
n o r t h - w e s t o f Zu r i ch . S t a r t i n g salary w i l l be in t he 
range £ 1 5 , 0 0 0 - 2 0 , 0 0 0 d e p e n d i n g u p o n qua l i f i ­
ca t i ons and age. 

A p p l i c a t i o n s i nc lud ing a CV shou ld be sen t be fo re 
J u n e 2 4 , 1 9 8 4 t o 

Personne l D e p a r t m e n t 
S w i s s Inst i tu te for N u c l e a r Research 
C H - 5 2 3 4 V i l l igen , S w i t z e r l a n d 

BUSINESS MANAGER 
FOR ACCELERATOR FACILITY 

The Southeastern Universities Research Association (SURA), a 
consortium of 31 universities, is planning to construct the 
Continuous Electron Beam Accelerator Facility (formely NEAL) 
for the U.S. Department of Energy. CEBAF will be a new 
laboratory for research in nuclear physics. Located in Newport 
News, Virginia, USA, it will be built in 1984-1990 at a cost of 
approximately $ 200 M, and it will eventually employ a staff 
of over 200. 

SURA seeks an 

A S S O C I A T E D IRECTOR 
FOR A D M I N I S T R A T I V E SERVICES 

who will report to the director and have responsibility for 
administrative services such as accounting, personnel, pur­
chasing, budgeting, buildings and grounds, security and the 
control of documentation. Senior management experience, 
including familiarity with computerized systems, is required. 
Scientific laboratory experience is desirable. The incumbent 
will have an opportunity to plan the management structure for 
a new facility, and will play a leading role in assembling the 
initial staff. Salary depends on experience. Application deadline 
is 1 July 1984. Please submit a letter of application, a com­
plete curriculum vitae, and the names of three references to 

Franz Gross, Chairman 
Personnel Search Committee 
CEBAF 
12070 Jefferson Avenue 
Newport News, VA, USA 23 606 
Tel.: (804) 877-9231 

NONIUS 

DISTIIMVAR 

d e s i g n e d and d e v e l o p e d by C E R N spec ia l i s ts f o r 
the i r spec i f i c need t o s u r v e y w i t h h ighes t p rec is ion 
the 2 7 k m LEP r ing 

m a n u f a c t u r e d by E N R A F - I M O N I U S , spec ia l i s ts in 
h igh p rec is ion i n s t r u m e n t a t i o n f o r sc ient i f i c and 
indust r ia l app l i ca t i ons 

E N R A F - I M O N I U S 
m a n u f a c t u r e and m a r k e t a c o m p l e t e l ine o f m o s t 
a d v a n c e d e q u i p m e n t f o r X - r a y d i f f rac t i on inc lu­
d i n g : 

• X - ray gene ra to r s 

• h igh p rec i s i on c a m e r a s f o r s ing le c r ys ta l and 

p o w d e r w o r k 

and t h e f a m o u s 

• C A D 4 Kappa A x i s s ing le c rys ta l d i f f r a c t o m e t e r 

• F A S T Fast A r e a Sens i t i ve Te lev i s i on d e t e c t o r 
d i f f r a c t o m e t e r 

r- A s t a te o f t he ar t [ M I E N R A F 

F A S T -r-w ^ N O N I U S T V d e t e c t o r BED E U F T 

2600 AL DELFT RÔNTGENWEG 1 P.O.B. 483 
Tel. 015-56 92 30 Telex 38083 

Offices in: Solingen, New York, London, Paris, Copenhagen 
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p, 

Kf K is looking for them 
with the XP3462 

X P 3 4 6 2 

t r = 3 ns, anode pulse rise time for delta-function light pulse 
R E = 10%, for 5 7 C o and a 3" x 3" Nal(TI) scintillator 
Sk = 8 5 m A / W ( 1 1 l 5 / i A / l m F ) 
G = 1 0 6 at 1500 V 
Pulse linearity within 2% up to 100 mA 

The KfK* experiment, in a 6000 ton neutrino 
blockhouse at the Spallation Neutron Source 
at RAL, calls for 2240 photomultipliers 
combining first-rate time response with good 
energy resolution. To their specification we 
developed the 3 inch, 8 stage XP3462. 

*KfK: Kernforschungszentrum Karlsruhe 

We've set the standard for over 20 years 
Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands. Telex 35000 phtcnl 

PHILIPS Electronic 
components 
and materials 

PHILIPS 



ELECTRON BEAM PROCESSING 

Besides our well known ELECTROCURTAIN® -Processors for industrial 
applications we manufacture the world 's most compact electron beam 
laboratory unit for scientific and industrial research and development. 

ELECTROCURTAIN-Processors are equipped with one or more linear cathodes 
emitting electrons uniformly and curtain-like over the entire width 

of the product to be treated. 
The absence of an accelerator tube and a beam scanner enabled the design and 

construction of small, compact and very efficient electron beam processors. 

CB-175 / 15 / 10 L ELECTROCURTAIN® Lab Unit 
Vol tage: 150-175 kV / Sample size: 24 x 15 cm or 15 cm wide webs. 

Equipped wi th integrated Selfshield® radiation shielding and LABCOAT coating / 
laminating machine 

The above unit is available for trials in our plant in Geneva 

ELECTROCURTAIN®-Processors are the most advanced electron beam 
processors in use today by more than 150 industries and research establishments. 

m 
DIVISION ENERGY SCIENCES INTERNATIONAL 

ATELIERS DES CHARMILLES S.A. GENEVE • 
CASE POSTALE 293 • CH-1211 GENÈVE 13 (SUISSE) • 109. RUE DE LYON 

DIVISION ENERGY SCIENCES INTERNATIONAL 
TÉL. 022/4588 21 • TÉLEX : 27 334 Charm CH • TÉLÉGR.: CHARMHYDRO 
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Evolution de premier ordre 
dans les mesures industrielles 
Le nouveau niveau de précision Wi ld 
N 3 est le frui t d 'une longue expé­
rience dans la construct ion d'appa­
reils de mesure opt ique de haute 
précision et des techniques de 
fabricat ion les plus modernes. Il a 
des caractéristiques qui vous aident 
à résoudre vos problèmes d 'hor i ­
zontali té, de planéité, d 'a l ignement, 
de différence de niveau lors de vos 
t ravaux de plus en plus précis et 
complexes de contrôle de fabrica­
t ion , de montage, d'assemblage. 
Avec sa lunette panfocale vous 
visez un objet déjà à 30 cm de l 'ob­
jectif dans un champ de 30 m m de 
diamètre. La constance de sa l igne 
de visée à toutes les distances lui 
donne les propriétés d'une lunette 
d'alignement. Avec le système de 
basculement à vis micrométr ique 
vous mesurez de petites différences 
d'inclinaison et avec le micromètre 
à lame planparallèle de faibles 

écarts verticaux. Avec des oculaires 
spéciaux en opt ion vous rendez 
visible la ligne de visée au moyen 
d'un faisceau laser, vous profitez de 
l'autocollîmation avec observat ion 
directe ou latérale pour vos mesures 
de planéité. 
La disposit ion des éléments de com­
mande et de lecture résulte d'une 
étude ergonomique poussée; vous 
aurez tout de suite bien en main ce 
nouveau niveau à nivelle. Avec sa 
précision du centième de mi l l i ­
mètre à quelque mètres le N 3 cons­
t i tue pour vous un outi l de premier 
ordre. 

| Commande du prospectus Wild N 3 
( Envoyez le coupon à la maison Wild Heer-

brugg SA, CH-9435 Heerbrugg, Suisse ou 
I directement au représentant Wild de votre 
[ pays-
I Nom 

| Maison 

I Adresse 

Wild Heerbrugg SA 
CH-9435 Heerbrugg, Suisse 

CERN Courier, June 1984 2 0 5 



Direction: 20124 MILAN - Italy Production: DC Generators Spark Gaps 
Via E. Oldofredi, 43 Impulse Generators Voltage Dividers 
Phone: 02/6887045 Filter and Discharge Equipments for test and 
Telex: 330420 PASVIL I Capacitors. research Laboratories 

for industrial applications, education 
and research. Made in Europe. 

Favourable prices, reliable service, short delivery. 

PL-505B 0.5 mW battery powered 

PL-605 0.5 mW integral power supply 

PL-610 1.5mW Integral power supply 

PL-710 1.5mW separate power supply 

PL-750 5.0 mW separate power supply 

PL-65QW 5.0 mW waterproof 

PL-810 1.2 mW head size (dia. x I) 25 x 240 mm 

PL-1000 m o m w Invar resonator with 
PL-2000 25.0 mW Brewster windows 

Advertisements in CERN COURIER 
Format A4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

1 / 2  

1 A 

Actual size (mm) 
width by height 

185x265 
185x130 

90x265 
90x130 

Cost per insertion (Swiss Francs) 

insertion 

1630 

900 

510 

3 
insertions 

1580 

870 

480 

1530 

850 

460 

10 
insertions I 

1430 

800 

440 

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

1 500 SwF 

1930 SwF 
2570 SwF 
1 st of month of cover date: 

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

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

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1984. 

All enquiries to: 
Micheline FALCIOLA / CERN COURIER -
CH-1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 

CERN 

Polarized versions are also available. Typical tube life time: 
15000 hrs. 

Ask for detailed laser data sheet and price information. 
Bleichistrasse 8 

© P o l y s c i e n c e AG ïïiïiïê&n 
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Hamamatsu detectors can help you use photons in 
ways never before thought possible. Many of our 
photomultiplier tubes offer theoretical sensitivity, 
resolution and repeatability. Our silicon photocells 
provide outstanding sensitivity, stability and linearity 
from 190nm to 1200nm. New detectors for high 
energy physics achieve high gain, high count rates 
and high energy resolution. Unique PMT's feature 
sub nanosecond rise time and internal image inten­
sification. New array detectors open photodetection 
capabilities never before possible. 

We offer the world's most complete line of photo-
multiplier tubes %" to 20" in diameter, but we are not 
limited by these sizes. We custom select detectors, 
custom modify detectors and design unique detec­
tors to meet special needs. In fact we need to know 
your special needs so that we can develop the 
detectors of the future. 

So, take a look at our detector brochure and tell 
us the kind of photons you want to count. The odds 
are we can help you do it extremely well. 

CALL OR WRITE FOR CATALOG 

HAMAMATSU CORPORATION - 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: 201/469-6640 
International Offices in Major Countries of Europe and Asia. 
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R É S O L V E Z V O S P R O B L E M E S DE N E U T R O N S  
G E T Y O U R N E U T R O N P R O B L E M S S O L V E D O U T 

A V E C 
W I T H c 

R 
A 

counter He  
compteur à 3 He 

reliable  
robuste 

autonomy : 30 hours wi th 12 V Ni-Cd accumulator  
autonomie : 30 heures sur accumulateur Cd-Ni 12 V 

A 
L 

microprocessor  
microprocesseur 

automatic reading  
automatique 

Système CE A Debit d equivalent de dose i r k 5 
p f û Quctom F — : — i 1 J 1 10 10 m-rem/h 
c e a by stem Equivalent dose rate  

Équivalent de dose 
Equivalent dose 

0 - 1 0 5 m-rem 

Temps de cumul  
Timing  

0 - 10 h 

n a p p j Q i Agence Commerciale : Z.A. de Courtabœuf - Av. d'Islande EVOLIC 4 - 91940 LES ULIS riEll U E U A Commercial Branch : Tél. (6) 928.59.46 - Télex : 691 259 F 

TREFICABLE PIRELLI 

C'est une gamme 
complète d'appareillages 
BT • MT • HT 
• Jonctions 
• Extrémités 
• Matériel embrochable 

pour transformateurs 
et cellules 

OU0À 

„ v g r o u p e a p p a r e i l l a g e 

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

DLDI n n n 38240 Meylan-FRANCE LL.LLziU Tél. : (76) 90-72-54 
Télex 980195 F 

POLIVAR S.p.A. 
Via Naro, 72 P.O. Box 111 
00040-POMEZIA (Roma) 
Tel. 06/912 1061 Telex 61 1227 PLVI 

Product line 
Cast acrylic sheets, bars, blocks, scintillators, 
light guides 
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Recorders for every application 
Common properties 
(SE 120, SE 420, SE 430) 
• Response time 0.5 s 
• Accuracy 0.5% 
• Voltage measuring ranges from 10 mV to 100 V 

(variable from 1 mV) and from 100 mV to 250 V. 
Current measuring ranges from 0.1 m A to 1 A. 
Temperature measuring ranges for thermocouples of 
types J and K (linearised characteristics, cold junction) 

• Electronic limit cut-out 
• Chart drive by quartz-controlled stepper motor 
• Chart speeds from 3 cm/h to 60 cm/h-electr. chart 

positioning 
• Recording with ink or felt pen at choice 
• Low power consumption 
• Low weight-integrated carrying-/tilting handle 

SE 120 
• Single- and dual-channel flatbed recorder 
• Recording width 250 mm 

SE 420 
• Single- and dual-channel vertical recorder 
• Recording width 250 mm 

SE 430 
• One-, two- and three-channel vertical recorder 
• Recording width 120 mm 

Pen Sync 
Compensation, controlled by micro­
processors, of pen displacement without 
loss of information in modular construc­
tion, with evaluation of maximum and 
minimum values and averaging (digital 
filter); can be subsequently built into 
recorder (no additional case). 

SE460-Series 
• VT- or X Y i . . . Y5-operation at your choice 
• Recording width 250 mm 
• Accuracy 0.3% 
• Response time 0.3 s, for X-axis 0.4 s 
• Electronic limit cut-out 
• Plug-in and module technique throughout, easy retro­

fit, extremely easy to service 
• Voltage ranges from 0.05 mV to 200 V-and from 10 

m V t o 2 0 m V 
• Current ranges from 1 mA-to 20 mA-to 2 A. 

Temperature measuring units for thermocouple (line­
arized cold junction compensation) and Pt]00 resis­
tance thermometer (2-, 3-, 4-core vable at choice). 
Calibrated zero, suppression manual and automatic, 
logarithmic recording 

• 12 chart speeds from 1 cm/h up to 60 cm/min; Quartz-
controlled stepper motor 

• Electronic Paper positioning, forward/reversed, 
progressive 

• Roll charts and folding pack generally provided, DIN-
paper, 32 cm long 

• Chart desk tilting out 45° for comfort of marking 
• Event marking (needle pulse) for each channel 

Printer (SE 462/463) 
Alphanumeric printer with display on thermosensitive 
paper, on left hand side of chart, of 60 mm width, up to 
24 signs per line, 5 x 7 point matrix, and marking trace. 
Printed display of the set measuring parameters and of 
the time, without external accessories, or respectively, of 
entered texts without interfering with the analog recor­

ding via serial inter-
face-V24 or 20 mA 

f~ \ p : current loop, also control 
\%—I \z \ pf—| and interrogating (sam-

aj^'-JU^*-!^pC ' -J 1 P , i n9) functions. 

Transient 
Recording 
Digital storage up to five 
channels allows recording 
of rapidly changing ana­
log signals up to 150 kHz. 
Transient recording with 
the SE 460 series is as easy 
as conventional recor­
ding-just plug-in a proper 
transient measuring unit. 

METRAWATT 
Felsenrainstrasse I • CH-8052 Zur ich • Tel . 01-302 35 35 

1700 Fribourg • Tel . 0 3 7 - 2 4 7 7 5 7 
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MOOR 
Electrotechnique 

Electronique 
Informatique 

'essionnels 
du QrBus 

Produits originaux de Digital Equipment Corp. 

Conseils 
Livraison du stock 
Support permanent 

© 

Distributeur mïï\s 

de nos 
prestations et faites 
nous confiance/ 

autorisé 

W. MOOR AG W. MOOR SA 

Bahnstrasse 58, CH-8105 Regensdorf 4, route de Préverenges, CH-1026 Denges/Lausanne 
Teiefon 01 8406644, Telex 52042, Telefax 01 8400619 Téléphone 021 710901, Télex 458237, Telefax 021710959 

W. MOOR Ges.m.b.H., Wien; \N. MOOR DATA Ges.m.b.H., Wien; W. MOOR GmbH Stuttgart, Dortmund et Munchen 



High Vacuum Chamber Section 

{ / ^ " m p b I \ [ 

H i g h v a c u u m c h a m b e r s . S p e c i a l s e c t i o n p i p e s . 
C r y o g e n i c s . E n g i n e e r i n g C o n s t r u c t i o n i n s t a i n ­
l e s s - s t e e l . T i t a n i u m , H a s t e l l o y , I n c o n e l , C o p p e r . 

S e n d e n q u i r i e s . 

P R O C U R A 
I M P I A I M T I S . R . l ~ 

V i a d e i G u a r n e r i 1 4 
I 2 0 1 4 1 M i l a n o , I t a l y . 
P h o n e 0 2 / 5 3 9 0 . 2 8 1 / 5 6 9 2 . 1 2 2 . 
C a b l e P R O C U R A M A , M I L A N O I T A L Y 

we b u i l d y o u r 
e l e c t r o n i c e q u i p m e n t 

B E R G O Z - C R O Z E T - 0 1 1 7 0 G E X , France (50 ) 4 1 0 0 8 9 
E l e c t r o n i c E q u i p m e n t M a n u f a c t u r i n g 

NUCLEAR 
ENGINEERING 

For ove r twenty years CERN has been plac ing its trust 
in ou r members , w h o a re specialists in such fields as: 

• precision machin ing 
• min iature components 
• electronics (hard a n d soft) 
• sheet-meta lwork 
• we ld ing fo r h igh-vacuum 
• precision industr ial optics. 

In add i t ion to technical expert ise, ou r firms guaran tee : 

• re l iable del ivery dates 
• Swiss precision 
• excellent va lue fo r money 
• a g o o d after-sales service. 

It is not mere chance that G e n e v a , the b i r thplace of 
ma jo r invent ions, is still in the fo re f ron t o f industr ial 
progress. 

Consult ou r specialists. They a re there to f ind you 
the best sub-contractor. 

Come to visit ou r pe rmanen t exhib i t ion open f r om 
M o n d a y to Friday 8 a . m . to 6 p .m. 

o p i 
OFFICE POUR LA PROMOTION 
DE L'INDUSTRIE GENEVOISE 

9, rue Boissonnas, CH-1227 Geneva 
Telephone: 022 / 424244; telex: CH 429080 opi 

HEINZINGER 
R e g e l - u n d MeBtechnik 

8200Rosenheim • HappingerStr71 
Tel, 0 8 0 3 1 / 6 4 1 41 • Telex: 05 25777 

H I G H V O L T A G E P O W E R S U P P L Y 

0 T O 300 k V D C 
0 T O 10 m A 
C U R R E N T A N D V O L T A G E 
S T A B I L I T Y 1 . 1 0 - 4 
O U T P U T R I P P L E A N D N O I S E 

i . i o - V p 
P O W E R I N P U T 380 V + 10% P H A S E 
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^ -
/̂ (S) Years of VAT Technology 

for Research and Industry 

During the last 20 yews, more than 
SOfOÙO VAT valves have proven 

i their reliability in practical use all 
I over the world 

• in high vacuum industrial and research installations (metallurgy, thin 

films, semi-conductors, space simulation, surface analysis)* in industrial 

isotope separation plants (centrifuges, dirîusion- and nozzle separation) 

• in nuclear research installations (particle accelerators, storage rings, 

ïusion research installations) 
~[- • nil metal valves • fast closing 

' * -w+romely low 

une gamme complète 
de câbles électriques isolés 

• Câbles d'énergie 
de 1 à 400 kV 

• Câbles pour 
installations 
domestiques et 
industrielles 

• Câbles de téléphonie, 
signalisation et 
de télécommande 

• Câbles souples de 
manutention, 

Appareillages pour 
câbles électriques 
isolés 

ouoi 

g r o u p e é n e r g i e 

agence de grenoble - 15, boulevard des alpes 
z.a.c. buclos grand pré - F-38240 meylan 

tél. : (76) 90.72.54 - télex : 980 195 F 

Poussière fine, particules 
en suspension peuvent 
être retenues par ies fil­
tres Luwa. Nous en 
avons une gamme com­
plète à votre disposition. 

S u c c u r s a l e s , l i c e n c i é s e t r e p r é s e n t a t i o n s d a n s p l u s d e 6 0 p a y s . 

Luwa 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Téléphone 01/8101010 
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ELECTRIC 
SURFACE HEATING 

Custom built Heat ing Jackets and 
Cut to Length Heating Tapes 

Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2AF,England.Teh01-953 6242.Tele* 261761 

PTFE-Teflon-Pumps 
for highly corrosive media 

and pharmaceutics 

s e l f p r i m i n g 

w i t h o u t s t u f f i n g b o x e s o r s e a l s 

ccnn courier 

A u n i q u e a d v e r t i s i n g m e d i u m f o r 

s c i e n t i f i c a n d t e c h n i c a l e q u i p m e n t 

C E R N C O U R I E R i s t h e i n t e r n a t i o n a l l y r e c o g n i z e d 
n e w s m a g a z i n e o f h i g h e n e r g y p h y s i c s . D i s t r i b u t e d 
t o a l l t h e m a j o r L a b o r a t o r i e s o f t h e w o r l d a c t i v e 
i n t h i s d y n a m i c f i e l d o f f u n d a m e n t a l r e s e a r c h , i t i s 
c o m p u l s i v e r e a d i n g f o r s c i e n t i s t s , e n g i n e e r s , a d ­
m i n i s t r a t o r s , i n f o r m a t i o n m e d i a a n d b u y e r s . W r i t t e n 
i n s i m p l e l a n g u a g e a n d p u b l i s h e d s i m u l t a n e o u s l y 
i n E n g l i s h a n d F r e n c h i t h a s b e c o m e t h e n a t u r a l 
c o m m u n i c a t i o n m e d i u m f o r p a r t i c l e p h y s i c i s t s i n 
E u r o p e , t h e U S A , t h e S o v i e t U n i o n , J a p a n — e v e r y ­
w h e r e w h e r e t h e f u n d a m e n t a l n a t u r e o f m a t t e r i s 
s t u d i e d . 

P u b l i s h e d f r o m C E R N , S w i t z e r l a n d , i t a l s o h a s 
c o r r e s p o n d e n t s i n t h e L a b o r a t o r i e s o f A r g o n n e , 
B e r k e l e y , B r o o k h a v e n , C o r n e l l , F e r m i , L o s A l a m o s 
a n d S t a n f o r d i n t h e U S A , D a r m s t a d t , D E S Y a n d 
K a r l s r u h e i n G e r m a n y , O r s a y a n d S a c l a y i n F r a n c e , 
F r a s c a t i i n I t a l y , D a r e s b u r y a n d R u t h e r f o r d i n t h e 
U . K . , S I N i n S w i t z e r l a n d , D u b n a a n d N o v o s i b i r s k 
i n t h e U S S R , K E K i n J a p a n , T R I U M F i n C a n a d a a n d 
P e k i n g i n C h i n a . 

T h e a n n u a l e x p e n d i t u r e o n h i g h e n e r g y p h y s i c s 
i n E u r o p e i s a b o u t 1 0 0 0 m i l l i o n S w i s s f r a n c s . 
T h e e x p e n d i t u r e i n t h e U S A i s a b o u t $ 4 0 0 ' m i l l i o n . 
T h e r e i s s i m i l a r e x p e n d i t u r e i n t h e S o v i e t U n i o n . 

C E R N C O U R I E R i s t h e w a y i n t o a l l h i g h e n e r g y 
p h y s i c s r e s e a r c h L a b o r a t o r i e s . I f y o u h a v e a 
m a r k e t i n t h i s f i e l d , t h e r e i s n o s u r e r w a y t o m a k e 
y o u r p r o d u c t s k n o w n t h a n b y a d v e r t i s i n g i n C E R N 
C O U R I E R . 

PETROLEUM TECHNICAL COMPANY SA 
4 7 , c h e m i n d e s M é s a n g e s 

C H - 1 2 2 5 C h ê n e - B o u r g G e n è v e 
T e l . N o . 0 2 2 4 8 6 7 4 9 , T e l e x 2 3 8 9 7 P T C 

A l l e n q u i r i e s t o : 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022) 83 41 03 
Telex 236 98 
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sophist icated magnet designs. 

VACUUMSCHMELZE GMBH • Gruner Weg 37 • D-6450 Hanau • Tel,: (06181) 362-1 

En impression quadrichromie 
nous vous garantissons 

un résultat optimal 
si vous nous 

laissez engager totalement 
notre responsabilité 

à votre égard 

Presses Centrales Lausanne S.A. 
7, rue de Genève 

Tél . ( 021 ) 2 0 5 9 0 1 
1 0 0 2 Lausanne 

SUPERCONDUCTING 
MAGNETS FOR 

PHYSICAL SCIENCE 
^ RESEARCH 
^Pj&flt j£j*> Innovation and excellence 

VK' in design, materials and 
- * 5 P f craftsmanship 

W'* Exclusive built-in cooling 
loop for high thermal 
efficiency 

Eight standard 
configurations available 

Custom-designed ^ 
configurations ' * 

v i \ i v m n w i i L i i v i i , i i ^ i v . 
I N N O V A TION A N D E X C E L L E N C E I N C R Y O M A G N E T I C S 

P.O. BOX 548, OAK RIDGE, TN 37831 USA Telephone (615) 482-9551 

Representatives in Europe: . 

KLAUS SCHAEFER, GmbH D-6070 Langen, Federal Republic of Germany 

Tel. 06103-79085 

KLAUS SCHAEFER & CO. CH-8050 Zurich, Switzerland Tel. 01-3112867 

SCHAEFER TECHNIQUES SARL F-91620 Nozay, France Tel. 6-9014973 

SCHAEFER INSTRUMENTS LTD Wantage, Great Britain Tel. 02357-3412 
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Heating, ventilation and air conditioning systems for 
civil and industrial facilities. 

Sanitary, 
units. 

firefighting systems and overpressure 

Fan coils systems for industrial building or combined 
systems for office building or dwell ing units. 

Fumes and vapors exhaust systems, ventilation sys­
tems for workshops, factories and tunnels. 

Refrigeration systems for general industrial users. 

Different systems for nuclear industry including air and 
fluids treatment and distribution. 

Heat exchangers. 

Pressure vessels. 

Filters for collection of foreign matters contained in 
fluids. 

Heat technology equipment approved by ISPESL — 
RINA - LLOYD REGISTER - BUREAU VERITAS. 

C I Z j I V I S I I C I 
nuivf isi\iic:ci s.r.i. 

H e a d Of f ice: C.so Orbassano , 4 0 2 / 1 4 - 1 0 1 3 7 Tor ino 

T e l . : 3 0 . 9 6 . 6 6 6 (5 l ines in automat ic selection) 

Te lex : 2 2 1 . 5 3 0 OLIDO I 

Partout où l'œil 
ne peut accéder.. 

Endoscopes 
flexibles 
à fibres de verre 
pour l'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm 
longueurs utiles 0,5-12 m. Eclairage 
de l'objet par lumière halogène intégrée. 
Alimentation par pile et secteur. 

For optical 
interior inspections... 

horoscopes, 
fiberscopes. 

Ask for details. 

K3 TECHNOKONTROLL AG 
I if^ 8049 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 
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"Mini'-Fastbus-Crate Type 102 

DR. B. STRUCK 

• Crate incl. 13 slots 
Backplane 

• Integrated Power Supply 
(2 versions available) 

• Integrated aircooling 

• Voltage/current display 
(switch selectable) 

• auxiliary board optional 

12 di f ferent FASTBUS -
m o d u l e s avai lable 

For additional information please contact: 
Dr. Struck - Tel.: 0 41 09 - 99 66 - Telex 21 80 71 5 tegs 
D-2000 Tangstedt, Hauptstr. 95 
or in Switzerland: 
Antares AG - Schulstrasse 3 
CH-5415 Nussbaumen/Baden 
Tel.: 056 - 82 37 83 - Telex 58703 

| «Nucléaire 
• Électronique 
• Haute Fréquence 
• Haute Température 

I • Opto Électronique 
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S C I N T I L L A T O R S 

• Polyvinyltoluene 
• Acrylic 
• Liquid 
• Custom Fabrication 
• Light Guides 
• Wavelength Shifters 
• Accessories 

FOR A COMPLETE CATALOG 
AND SPECIFIC DETAILS 

CONTACT 

n a t i o n a l . 
d i a g n o s t i c s 

198 R T E . 206 S O U T H S O M E R V I L L E , N.J. 08876 
T E L E X 6858083 ( 2 0 1 ) 8 7 4 - 8 6 9 6 



ESA-IRS 
NUMBER ONE IN EUROPE 

FOR INFORMATION 
is making avai lable to you 

• 60 ONLINE DATABASES .... 

representing 30 mil l ion bibl iographic 
references in all sectors of sc ience and 
technology. 

• OF WHICH A LARGE PART ... 

contain references on research in high 
energy physics, like for example INIS, 
NASA, NTIS, INSPEC, Chemica l Abst racts , 
Conference Papers Index, etc. 

• ACCESSIBLE WORLD-WIDE ... 

via TYM.NET, EURONET, and other national 
and international data t ransmission net­
works. The system is avai lable 20 hours a 
day. 

• AND 16 YEARS EXPERIENCE DEDICATED 
TO CUSTOMER SERVICE ! 

ESA-IRS, the European 
approach to Online Information 

The Information Retrieval Service of the European Space Agency 
ESA-IRS, via Gali leo Gali lei, 00044 Frascat i , (Italy) 

Tel. (39/6) 94011 Twx. 610637 esrin i 
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FASTBUS 1880 Series 
Event ADC's 
• 96 Channe l s , 12 a n d 15-bit 

ope ra t i on 
• Nega t i ve or pos i t i ve i npu ts 
• S i m u l t a n e o u s readou t a n d 

convers ion 
• Fast c lear < 6 0 0 nsec 
• A u t o m a t e d tes t ing 

FASTBUS Standard 

LeCroy 
FASTBUS 1870 Series 
Multihit TDC's 
• 96 Channel Pipeline TDC 
• Programmable resolution to 2 nsec/count 
• Fast clear <10 nsec 
• Pulse width encoding 
• Trigger Processor connection 

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Geneva, Switzerland, (022) 82 33 55; Heidelberg, West Germany, 
(06221) 49162; Les Ulis, France, (6) 907.38.97; Rome, Italy, (396) 320-0646; Botley, Oxford, England, (0865) 72 72 75. 
Representatives throughout the world. 



AMP-01 la maîtrise sur toute la ligne 
C'est vraiment l'amplificateur d'instrumentation 
monolithique idéal; 
Précis: U n e l i néa r i t é d e 16 b i t s e n g a i n d e 1000. U n e t e n s i o n d ' e r r e u r d e 
15 uV. 

S t a b l e : S a n s o s c i l l a t i o n s u r u n e c h a r g e c a p a c i t i v e d e 1 ^F. U n e d é r i v e d e 
t e n s i o n d ' e r r e u r d e 0,1 liV/°C. 

P e r f o r m a n t : Il r e m p l a c e la c o m b i n a i s o n « a m p l i f i c a t e u r d ' i n s t r u m e n t a t i o n + 
bu f f e r d e p u i s s a n c e » (I s o r t i e = 50 m A ) . 

Bourns (Schweiz) AG, 6340 Baar 
Tel. 042 / 33 33 33 Telex 868 722 

A BOURNS 
SUBSID IARY 
STA. CLARA 
CALIFORNIA 

Precision 
Mono l i t h i cs 
I n c o r p o r a t e d 

capacitors 
A DIVISION OF CSI TECHNOLOGIES, INC. 

BOX 2052, ESCONDIDO, CALIFORNIA 92025 / TLX 697832 / (619) 747-4000 
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vanan 

LEP - THE LARGEST 
ACCELERATOR RING IN THE WORLD 

IS PUMPED BY THE NEW VARIAN 
StarCell™ Vacloif PUMP 

5 x g 
For more information on our new StarCell Vaclon pump call us or send the coupon to: 

Varian S.p.A. 
Vacuum Products Operation 
Direzione Commerciale 
Corso Svizzera 185-10149 Torino 
Tel. (011) 741.22.69-Telex 213554 

Varian AG 
Steinhauserstrasse-CH-6300 ZUG 
Tel. (042) 232575 - Telex 868841 

Varian Associates Ltd. 
28 Manor Road 
GB-Walton-on-Thames-Surrey 
Tel. (09322) 43741 - Telex 928070 

Varian Benelux B.V. 
Jan Rebelstraat 21 
NL-1069 CA Amsterdam 
Tel. (020) 104705 - Telex 14099 

Please, send more information on the StarCell pumps 

NAME/POSITION. 

FIRM 

ADDRESS. 

IPO/84/2a-e/CC 



A step towards the future: 
The new 
Turbo 1500 
A total ly new turbo pump has been 
developed for universal use in high 
and ultra high vacuum. 

Accelerators, fusion experiments, se­
miconductor product ion, and metal­
lurgy are examples of the uses these 
vacuum pumps can be put to. In one 
case, efficiency is the decisive factor, 
and in other cases the technical de­
pendabil i ty and ease of handling. 

The Turbo 1500 is an ideal combina­
t ion of all these factors. 

The most economical turbo pump 
wi th high volume f low rate 

The volume f low rate of this pump is 
1300 to 1500 l/sec for N 2 , He and H 2 , 
w i th a H 2 pressure ratio of 2 5 0 0 . 
D N 2 0 0 a n d D N 2 5 0 flanges to ISO-K 
or CF are used. The installation angle 
can be selected f rom horizontal to 
vertical. 

The maintenance intervals of these 
pumps are approx. 10 0 0 0 hours; 
changing the oil is very easy The sta­
tor sett ing and balance are not affect­
ed by a bearing replacement, which 
can also be carried out by the cus­
tomer. 

A cost/benefi t ratio was able to be 
achieved for the Turbo 1500 which 
makes this pump truly competit ive. 

The '84 Turbo pump range 

Balzers offer a range of seven pump 
sizes. The proven dual f low pumps 
wi th their unsurpassed smooth run­
ning, and the high-eff iciency single 
f low pumps satisfy all user require­
ments. Several types of flanges and 
selection of the cooling medium al­
low the seven basic pumps to be ex­
panded to ten pumping speeds be­
tween 27 l/s and 6 5 0 0 l/s. 

PM 8 0 0 0 5 6 PE 

Balzers Akt iengesel lschaf t 
FL-9496 Balzers 
Furstentum Liechtenstein 
Tel ( 075 )44111 
Telex 77 841 bag f l 

Ar thur Pfeiffer 
Vakuumtechnik Wetzlar GmbH 
Postfach 1280 
D -6334 Asslar 
Tel (06441) 8021 

Balzers 
8 Sagamore Park Road 
Hudson, NH 03051 
Tel (603) 8 8 9 - 6 8 8 8 
T W X 7 1 0 2 2 8 7 4 3 1 
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Fast 16 Channel CAMAC ADC 
Faster Conversion Time 

Fastest Readout Speed 

Our New Fast Encoding and Readout ADC System 
for High Rate Analog Data Acquisition Applications, Real T ime Systems, 
Colliding Beam Diagnostics, and Energy Based Triggers in Particle Beam Experiments 

Now, an ADC system with enough precision (8 to 11 bits) to achieve high signal to noise ratios and wide dynamic range, 
but fast enough for real-time decisions: An ADC System that can be used for test and proto-type work and then expand 
to a full scale data acquisition systems. 

LeCroy introduces the System 4300 Fast Encoding and Readout ADC (FERA), our new high speed, low cost, high density, 
analog-to-digital conversion system. Flexible modular design permits growth from single 16-channel ADC modules in exist­
ing CAMAC systems, up to multi-crate buffered installations with programmable real-time data processing. 
The Model 4300 16 Channel FERA combines fast parallel conversion with an optimized readout scheme to achieve an 
extremely high data throughput rate. For example, if the 272 channels shown above contain 20% valid data, they can be 
digitized into 11 bits, have the pedestals subtracted, and be read out into the memory every 16 microseconds. 
The Model 4302 Memory holds 16K of 16-bit words and can be loaded at 100nsec/word. An optional FERA Driver, the 
Model 4301, distributes Gate, Clear and Test signals and includes a 12-bit DAC for calibration and testing. The crate may 
be controlled by a Series 4800 CAB, Programmable CAMAC Processor which can perform complex algebraic operations 
such as cluster finding on the data as well as further data compression. 
For more information on FERA, contact your local sales representative. 

IfiCroy RueCardinal-Journet27,1217 Meyrin 1-Geneva, Switzerland, 823355. Offices: USA, 
(914) 425-2000; Heidelberg, W. Germany, (06221) 49162; Les Ulis, France, 
(6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75. Representatives throughout 
the world. 



The world's best power tubes 
are used in the world's most 
important scientific programs. 
Since 1971, when Varian El MAC 
introduced the one megawatt X-
2159/8974, we have been the 
world leader in design and man­
ufacture of high power tubes for 
scientific and communcation 
applications. 
Among the many users of 
EIMAC tubes in high technology 
fusion research, particle accel­
eration and other state-of-the-
art investigations are: 
« European Organizations for 
Nuclear Research (CERN) * 
Fermi National Accelerator Lab­
oratory « Stanford Linear Accel­
erator Center « Lawrence 
Berkeley Laboratory • Los Ala­
mos National Laboratory 
(LAMPF and FM IT programs) • 

Oakridge National Laboratory « 
Princeton Plasma Physics Labo­
ratory • TRIUMF Laboratory 
(University of British Columbia) 
• GSI Darmstadt (FRG) « Culham 
Laboratory (England) « CEA 
Fountenay-au-Rose (France) • 
Textor-KFA Julich (FRG) • GA 
Technology (Doublet-3). 
Power tubes developed and 
manufactured by Varian EIMAC 
used in the facilities mentioned 
include the 8973,8974, X-2062K/ 
9009 and Y676A/9013. These 
tube types will be joined by oth­
ers in development to meet new 
program requirements. 
More information is available 
from Varian EIMAC. Or the near­
est Varian Electron Device 

Group sales office. Call or write 
today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, OA 94070 
415 • 592-1221 

VARIAN AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

varian 

CERN Courier, June 1984 


	vol24-issue5-covers.pdf
	vol24-issue5-toc.pdf
	vol24-issue5-p183-e.pdf
	vol24-issue5-p184-e.pdf
	vol24-issue5-p185-e.pdf
	vol24-issue5-p186-e.pdf
	vol24-issue5-p187-e.pdf
	vol24-issue5-p188-e.pdf
	vol24-issue5-p189-e.pdf
	vol24-issue5-p190-e.pdf
	vol24-issue5-p191-e.pdf
	vol24-issue5-p192-e.pdf
	vol24-issue5-p193-e.pdf
	vol24-issue5-p194-e.pdf
	vol24-issue5-p195-e.pdf
	vol24-issue5-p196-e.pdf
	vol24-issue5-p197-e.pdf
	vol24-issue5-p198-e.pdf
	vol24-issue5-p199-e.pdf
	vol24-issue5-p200-e.pdf
	vol24-issue5-p201-e.pdf
	vol24-issue5-p202-e.pdf
	vol24-issue5-p203-e.pdf
	vol24-issue5-p204-e.pdf
	vol24-issue5-p205-e.pdf
	vol24-issue5-p206-e.pdf
	vol24-issue5-p207-e.pdf
	vol24-issue5-p208-e.pdf
	vol24-issue5-p209-e.pdf
	vol24-issue5-p210-e.pdf
	vol24-issue5-p211-e.pdf
	vol24-issue5-p212-e.pdf
	vol24-issue5-p213-e.pdf
	vol24-issue5-p214-e.pdf
	vol24-issue5-p215-e.pdf
	vol24-issue5-p216-e.pdf
	vol24-issue5-p217-e.pdf
	vol24-issue5-p218-e.pdf
	vol24-issue5-p219-e.pdf
	vol24-issue5-p220-e.pdf
	vol24-issue5-p221-e.pdf
	vol24-issue5-p222-e.pdf
	vol24-issue5-p223-e.pdf
	vol24-issue5-p224-e.pdf

