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Cover photograph: 
A beam's-eye view of the inner regions of the CDF detector at the 
Fermilab (US) Tevatron, showing particle tracks resulting from proton 
and antiproton beams smashing into each other at the world's highest 
laboratory particle collision energies (900 GeV/beam). The emerging 
tracks are bent by a magnetic field — the higher the momentum, the 
straighter the track. Bottom right is a very straight electron track, going 
on to deposit energy (pink) in the calorimeter beyond. Energy has to 
balance, and the apparent lack of a signal in the opposite direction 
suggests that energy is carried off by an invisible neutrino — the detec­
tor is 'seeing' the telltale energetic electron and neutrino from the decay 
of a W particle, the electrically charged carrier of the weak nuclear force, 
discovered in 1983 from a similar experiment at CERN. 
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2.3 x 104 Gail In 
10K Gauss Magnetic Fields 
T h i s n e w p h o t o m u l t i p l i e r t u b e 
( R 2 4 9 0 ) has an a m p l i f y i n g 
s t r u c t u r e o f f i n e m e s h d y n o d e s 
w h i c h p r o v i d e e x c e l l e n t 
p e r f o r m a n c e in h i g h m a g n e t i c 
f i e lds . It is t h e f i rs t h i g h q u a l i t y 
d e t e c t o r f o r H i g h E n e r g y 
Phys ics t o o v e r c o m e t h e ga in 
k i l l i ng e f f ec t o f m a g n e t i c 
e n v i r o n m e n t s . 

Cal l o r w r i t e f o r D a t a S h e e t s 
o n t h e R 2 4 9 0 . < 

MAGNETIC FLUX DENSITY (KG) 
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Wandel & Goltermann 
Electronic Measurement Technology 

Data testing -
the rapid solution: 
connect 
autoconfigure 
read results 

The DT-10 Data Tester for V.24/RS232C 
Interfaces, automatically sets itself to the 
right parameters (bit rate, code, parity 
etc.), it has no problems with printers or 
terminals. This and menu driven opera­
tion using softkeys make it fast. The large 
display gives you comprehensive results 
and battery operation makes field work 
easy. * 50 to 20000 bit/s * Async/ 
Sync/HDLC * Tristate display * BERT/ 
BLERT * Timing and Distortion 
Measurements * Monitoring * DTE/ 
DCE Simulation * Echo * Dump * Pol­
ling * Storage of Results and 8 Setups. 
Try the DT-10 yourself. 
Wandel & Goltermann (Schweiz) AG, Postfach 254 
3000 Bern 25, Tel. 31-426644, tlx. 912350 wgch 
I would like: 
• Your free DT-10 colour brochure 
• A visit from a sales engineer 

Name 

Company -, 

Street ........... . „ , 

Town ,. 

Telephone no CH 7390 K 
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Magnet attraction 

CERN Director General Herwig Schopper 
(right) shows the distinguished visitor's 
book to Swiss President Pierre Aubert 
(centre) and French Prime Minister Jacques 
Chirac. 

(Photo CERN 038.6.87) 

On 4 J u n e , CERN hit t he head l ines 
and p r ime t i m e T V s l o t s again 
w h e n French Premier J a c q u e s 
Chirac and S w i s s Pres ident Pierre 
A u b e r t ce remon ia l l y ins ta l led the 
f i rs t m a g n e t in the 2 7 k i l ome t re 
tunne l f o r the LEP e l e c t r o n - p o s i t r o n 
co l l ider , less t han f ou r yea rs a f te r 
French Pres ident Franço is M i t t e r ­
r a n d , w i t h Pres ident A u b e r t , c a m e 
t o CERN f o r LEP's of f ic ia l g r o u n d ­
b reak ing . 

A w a y f r o m the h o o p l a , LEP t u n ­
nel p ierc ing is near ing c o m p l e t i o n , 
and the remain ing civi l eng ineer ing 
w o r k is p rog ress ing w e l l . A v a s t 
p r o g r a m m e f o r the ins ta l la t ion o f 
the t h o u s a n d s o f LEP m a g n e t s w i l l 
s o o n ge t u n d e r w a y t o con t i nue 
w h e r e Chirac and A u b e r t left o f f . 

Mu l t i t on e l emen ts f o r 7 4 4 
s t ra igh t sec t i ons and 1 6 4 0 pai rs 
o f d ipo le m a g n e t s t o b e n d t he 
b e a m s are be ing pu t t o g e t h e r o n 
the sur face , and wi l l be t a k e n b y 
monora i l t o p i thead P M 1 8 f o r the i r 
descen t t o the tunne l 8 0 m e t r e s 
b e l o w . Here the LEP mono ra i l w i l l 
t ake the e l emen ts r ound t he r ing 
t o thei r f inal des t i na t i on . 

T h e t r i c ky bus iness o f p lac ing 
the heavy m a g n e t s t o a f r a c t i o n 
o f a mi l l imet re in the t i gh t con f i nes 
o f the tunne l (3 .8 m d iamete r ) w i l l 
be hand led by spec ia l l y^deve loped 
' L o b s t e r ' and 'C ray f i sh ' man ipu la ­
t o r s . 

W i t h the r o o m t o manoeuvre 
u n d e r g r o u n d necessar i l y l im i t ed , 
cer ta in c o m p o n e n t s are n e v e r t h e ­
less be ing bui l t as long as poss ib le 
(up t o 12 met res ) t o s p e e d up in ­
s ta l la t ion . T h e c runch c o m e s w h e n 
6 0 0 0 0 t o n s o f e q u i p m e n t have 

Flanked by LEP Installation Group Leader 
Gérard Bachy and LEP Project Leader Emilio 
Picasso on the left and by CERN Director 
General Herwig Schopper and French 
Research Minister Jacques Va lade on the 
right, Jacques Chirac and Pierre Aubert 
manipulate LEP's first magnet into position. 

(Photo CERN 068.6.87) 
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t o be l o w e r e d in to t he tunne l and 
ins ta l led. Ro ta t ing b e a m s on the 
gan t r y c ranes at f i ve sha f t s w i l l 
upend long un i ts so t ha t t hey can 
be eased d o w n the n a r r o w 
(6 .7 x 2 m) sha f t s . 

A s the f ou r large areas t o house 
LEP e x p e r i m e n t s a lso near c o m p l e ­
t i o n , w o r k on the f ou r c o m p l e x 
d e t e c t o r s pushes f o r w a r d , w i t h 
t h o u s a n d s o f c o m p o n e n t s f r o m all 
ove r the w o r l d ar r iv ing at CERN 
f o r f inal a s s e m b l y and ins ta l la t ion . 

On 2 J u n e , t w o days be fo re the 
m a g n e t ins ta l la t ion c e r e m o n y , t he 
b ig s u p e r c o n d u c t i n g coi l f o r t he 
ALEPH e x p e r i m e n t a r r i ved at CERN 
f r o m the French Saclay L a b o r a t o r y , 
w h e r e it had left th ree w e e k s ear­
lier (see page 14) . 

The s u p e r c o n d u c t i n g coi l f o r t he 
DELPHI e x p e r i m e n t w i l l s o o n be 
t e s t e d at the Ru the r fo rd A p p l e t o n 
L a b o r a t o r y in the UK. 

Prepara t ions f o r the b ig m a ­
ch ine ' s e lec t ron and p o s i t r o n 
b e a m s a lso ga ther m o m e n t u m as 
CERN's 2 8 GeV ' P r o t o n ' S y n c h r o ­
t r o n , t he hub o f CERN's un ique 
subnuc lear par t ic le s u p p l y s y s t e m , 
res ta r ted ope ra t i ons a f te r a s ix -
m o n t h s h u t d o w n and a ma jo r f ace ­
lift. 

LEP's par t i c les , supp l ied by the 
LEP In jector L inacs (LIL) v ia t he 
EPA E lec t ron -Pos i t ron A c c u m u l a ­
t o r , w i l l be p re -acce le ra ted in t he 
PS and the 4 5 0 GeV SPS Super 

' P r o t o n ' S y n c h r o t r o n be fo re be ing 
in jec ted in to LEP. T h e PS had i ts 
f i rs t t a s t e o f e lec t rons last year . 
W o r k on the p o s i t r o n supp l y c o n t i ­
nued dur ing the s i x - m o n t h shu t ­
d o w n o f the b ig m a c h i n e s , and the 
f i rs t p o s i t r o n b e a m w a s s t o r e d in 
EPA in Ap r i l . T h e nex t s tep is t o 
f eed p o s i t r o n s in to t he PS and 
f r o m the re t o t he SPS (see Ap r i l 
i ssue, page 13) . 

LEP's nex t ma jo r publ ic e x p o s u r e 
shou ld be in sp r i ng 1 9 8 9 , w h e n 
i ts co l l id ing b e a m s wi l l o p e n up a 
n e w d o m a i n o f phys i cs . M e a n w h i ­
le, p lans t o instal l a s e c o n d r ing in 
the LEP t unne l , f o r co l l id ing p r o t o n 
b e a m s , are be ing p u s h e d f o r w a r d . 

Jacques Chirac — synergies are possible 
between European and US projects. 

(Photo CERN 101.6.87) 

Caring about LEP 
The ceremonial installation of 
the first magnet for CERN's LEP 
electron-positron collider by 
French Prime Minister Jacques 
Chirac and Swiss President 
Pierre Aubert on 4 June re­
flected their pride in Europe's 
achievements in particle physics, 
and the strong motivation to 
maintain its position. 

CERN Director General Herwig 
Schopper underlined that the 
electron-positron collider was 
not the end of the road. ' This 
is why the new investment 
agreed by the CERN Member 
States, which is beginning to 
take shape as LEP, is worthy 
of all our care and attention and 
is of paramount importance for 

the future of European research. 
This is also why it is absolutely 
vital that this investment be 
exploited in the long term for 
all it is worth... Knowing that 
the LEP tunnel will probably be 
the last large ring to be excav­
ated in Europe, at least for some 
considerable time to come, we 
contrived to optimize LEP's di­
mensions so as to be able to 
install a new machine in the 
same tunnel at some future 
date. ' 

After referring to LEP and to 
the US Superconducting Collider 
project, Jacques Chirac declared 
'synergies are without doubt 
possible between the two pro­
jects'. 
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TRISTAN inauguration 

Tetsuji Nishikawa, Director General of the 
Japanese KEK Laboratory, addresses the 
official inauguration ceremony for the new 
TRISTAN electron-positron collider on 
7 April. 

On 7 A p r i l , the f l oo r o f t he T s u k u -
ba exper imen ta l hall at t he J a p a ­
nese KEK Labo ra to r y w a s f i l led 
w i t h p roud KEK s ta f f and w i t h o f f i ­
cial rep resen ta t i ves f r o m J a p a n 
and ove rseas f o r the f o r m a l d e d i ­
ca t ion o f the T R I S T A N e l e c t r o n -
p o s i t r o n col l ider . 

In N o v e m b e r last year , j us t f i ve 
years af ter g r o u n d b r e a k i n g f o r t he 
3 k i l omet re r ing , f i rs t e l e c t r o n -
pos i t r on co l l i s ions w e r e o b s e r v e d 
w i t h 2 4 GeV b e a m s , at t he t i m e 
the w o r l d ' s h ighes t e l e c t r o n - p o s i ­
t r o n co l l is ion energy . Th i s hero ic 
ach ievemen t p rope l led J a p a n and 
the KEK L a b o r a t o r y in to t he f r o n t 
rank o f w o r l d h igh ene rgy p h y s i c s , 
and the speeches at t he ded i ca t i on 
c e r e m o n y re f lec ted t he pr ide o f 
the mach ine ' s i ns t i ga to rs , bu i lders 
and users , and the a d m i r a t i o n o f 
the w o r l d high ene rgy c o m m u n i t y . 

KEK D i rec to r General Te tsu j i 
N i sh i kawa desc r i bed the long r oad 
leading t o T R I S T A N : ' C y c l o t r o n s 
bui l t in th is c o u n t r y by t he late 
P ro fesso rs Y o s h i o Nishina and 
Seishi K ikuch i and the i r c o w o r k e r s 
w e r e un fo r tuna te l y d e s t r o y e d and 
sunk in T o k y o and Osaka Bay 
respec t i ve ly r ight a f ter t he w a r , 
consequen t l y keep ing J a p a n e s e 
exper imen ta l phys i cs w i t h h igh 
energy acce le ra to rs beh ind the 
w o r l d f ron t ie r o f the f ie ld f o r a l ong 
t i m e . In 1 9 5 2 , the Peace T r e a t y 
w a s ra t i f ied , and in 1 9 5 5 , t h a n k s 
t o the zeal and e f f o r t s o f our se ­
n io rs , the Ins t i tu te f o r Nuclear 
S t u d y a t t ached t o the Un ive rs i t y 
o f T o k y o w a s f o u n d e d and c o n ­
s t ruc t i on o f a 1 GeV e lec t ron 
s y n c h r o t r o n f o l l o w e d . T h i s , I w o u l d 
say , in i t ia ted Japanese h igh ene rgy 
phys i cs . 

Since t h e n , a f ter m u c h d i s ­
cuss ion and e f fo r t , a t o ta l l y n e w 
t y p e o f research o rgan iza t ion w a s 
i n t r o d u c e d , the Nat iona l In te r -Un i ­
ve rs i t y Research Ins t i tu te , and ou r 

L a b o r a t o r y is i ts f i rs t e x a m p l e . It 
a lso is one o f the f i rs t research 
ins t i tu tes in the n e w l y f o u n d e d 
Sc ience Ci ty o f T s u k u b a . A p r o p o ­
sal f o r T R I S T A N w a s p r e s e n t e d 
in 1 9 7 3 , th ree years be fo re the 
l a b o r a t o r y ' s 12 GeV p r o t o n s y n ­
c h r o t r o n w a s c o m p l e t e d . A s inter­
d isc ip l inary co l labora t i ve research 
fac i l i t ies a r r i ved , en thus iasm 
m o u n t e d f o r an acce le ra to r capab le 
o f reach ing the ve ry f ron t i e r o f 
e l emen ta ry par t ic le phys i cs . In 
1 9 8 1 , on the t e n t h ann ive rsa ry o f 
KEK, w e w e r e able t o s ta r t c o n ­
s t ruc t i on o f a 3 k m c i r cumfe rence 
e l ec t r on -pos i t r on col l ider , a t ru ly 
nat iona l p ro jec t . 

C o n s t r u c t i o n o f T R I S T A N w a s 
c o m p l e t e d in jus t f i ve yea rs . W e 
thank deep ly the m e m b e r s o f the 
par l iament and the g o v e r n m e n t , 
the admin i s t ra t i ve o f f i ce rs w h o d id 
no t spare the i r s u p p o r t f o r pure 
f u n d a m e n t a l sc ience , desp i te na ­
t iona l f inancia l d i f f icu l t ies . C o n ­
s t r uc t i on w a s dr iven no t on l y by 
a un i ted research , eng ineer ing and 
admin i s t ra t i ve e f fo r t , bu t a lso by 
the s u p p o r t and c o o p e r a t i o n o f 

m a n y un ivers i t ies and research 
ins t i t u tes b o t h in our c o u n t r y and 
fu r the r a f ie ld . 

T R I S T A N requ i red a lot o f u l t ra -
large e q u i p m e n t bui l t w i t h u l t ra ­
h igh p rec i s i on . T o m e e t th is re­
q u i r e m e n t , J a p a n e s e indus t ry c o n ­
t r i b u t e d i ts bes t , and th is e f f o r t 
w a s beh ind the c o m p l e t i o n o f the 
mach ine o n schedu le . ' 

A f t e r cong ra tu l a t i ng the m a ­
ch ine ' s bu i lde rs . M in i s te r o f 
Educa t i on , Sc ience and Cul ture 
Masa ju ra S h i o k a w a under l ined his 
s u p p o r t f o r bas ic r e s e a r c h : T o d a y , 
w h e n s o c i e t y is b e c o m i n g m o r e 
and m o r e s o p h i s t i c a t e d and c o m ­
p lex , it has b e c o m e an u rgen t and 
i m p o r t a n t t a s k t o bui ld a f i r m bas is 
f o r eve ry academ ic d isc ip l ine w i t h 
t he a d v a n c e m e n t o f basic research . 
T h e M i n i s t r y o f Educa t i on , Sc ience 
and Cul ture has been ac t i ve ly s t r i v ­
ing t o p r o m o t e sc ient i f ic research . 
A b o v e al l , as one o f the ma jo r 
d i r ec t i ons f o r t he p r o m o t i o n o f 
i m p o r t a n t bas ic research , t he m i n ­
is t ry has g i ven a s t r o n g s u p p o r t 
t o acce le ra to r sc ience w h o s e pur­
p o s e is the e luc ida t ion o f the u l t i -
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Good track-fitting fast. The first example 
of electron-positron annihilation into hadrons 
seen at TRISTAN by the VENUS detector 
last November. 

Chief director of the TRISTAN project 
Satoshi Ozaki — 'the commissioning went 
smoothly with lots of difficulties!' 

m a t e s t ruc tu re o f the m a t t e r . 
W h e n one c o n s i d e r s the p r o s ­

pec t o f J a p a n , a p p r o a c h i n g t he 
2 1 s t cen tu r y , a f u r the r p r o m o t i o n 
o f a d v a n c e d and bas ic sc ient i f i c 
research is, need less t o say , t he 
m o s t v i ta l t a s k w h i c h t he ent i re 
c o u n t r y has t o t ack le f o r ach iev ing 
a m o r e p r o s p e r o u s s o c i e t y and 
nat iona l l i fe . ' 

For t he in te rnat iona l c o m m u n i t y , 
Karl S t r a u c h , Sec re ta ry o f t he C o m ­
m iss ion on Part ic les and Fields o f 
the In ternat iona l Un ion o f Pure and 
A p p l i e d Phys ics ( IUPAP), read a 
m e s s a g e f r o m Italo Manne l l i , t he 
Cha i rman o f b o t h the IUPAP C o m ­
m iss i on and CERN's Sc ient i f i c Pol ­
icy C o m m i t t e e . A f t e r recal l ing ear­
lier such i naugura t i ons , S t rauch 
emphas i zed t he in te rna t iona l as ­
pec t o f th is r e s e a r c h : ' A s h igh 
ene rgy p h y s i c i s t s , w e are m o s t 
f o r t u n a t e t o be able t o be i nvo l ved 
in one o f the m o s t exc i t i ng f ie lds 

A three-jet hadronic event seen by the 
multinational AMY group (Japan / US / 
Korea / China). 

o f h u m a n e n d e a v o u r a n d are d e e p ­
ly g ra te fu l t o our g o v e r n m e n t s and 
leaders w h o have the v i s ion t o 
s u p p o r t th is bas ic research . Our 
f an tas t i c p r o g r e s s has c o m e 
t h r o u g h the genu ine co l l abo ra t i on 
o f sc ien t i s t s f r o m m a n y coun t r i es 
w i t h d i f fe ren t soc ia l and pol i t ica l 
b a c k g r o u n d s — and sure ly ou r 
success m u s t inspi re all o f us t o 
a lso push f o r s imi lar s u c c e s s e s o n 
b roade r , m o r e soc ia l and pol i t ica l 
q u e s t i o n s . ' 

In init ial runs w i t h 2 5 GeV 
b e a m s , T R I S T A N ' S average co l l i ­
s ion l um inos i t y f igure w a s 
3 x 10 2 9 c m " 2 s " 1 , w i t h a m a x i m u m 
o f 2 x 1 0 3 0 . T h e m a c h i n e ' s v a c u u m 
s y s t e m has been i m p r o v e d t o re­
duce b e a m - g a s b a c k g r o u n d and 
e x t e n d the b e a m l i fe t ime. T i t a n i u m 
w i r e is n o w used ins tead o f a lu ­
m in i um o n the d i s t r i bu ted ion 
p u m p . S o m e heat ing p r o b l e m s in 
the e lec t ros ta t i c b e a m s e p a r a t o r s 
have a lso been i roned ou t . 

The p lan is t o con t i nue at 
2 5 GeV per b e a m us ing rad io f re -



New Japanese project 

Participants at a recent Inter­
national Workshop in Santa Fe, 
New Mexico, heard plans for a 
new Japanese Hadron Facility 
project to be sited at the nation­
al KEK Laboratory (see April 
issue, page 24). The plan envis­
ages a 1 GeV proton linac, a 
separate linac to handle heavy 
ions, a 2 GeV rapid cycling high 
intensity proton synchrotron, 
and a slow cycling stretch­
er/synchrotron hybrid ring capa­
ble of taking ions to 1 GeV per 
nucléon or protons to 3 GeV. 

After the demise of the Numa­
tron heavy ion project in the 
face of the buildup for the TRIS­
TAN electron-positron collider 
at KEK, Japanese nuclear phy­
sicists carefully prepared a new 
project for intermediate energy 
physics and for interdisciplinary 
science. It aims to capitalize on 

the pioneer work at KEK using 
pulsed meson and neutron 
beams as matter probes, and 
to continue the Japanese invol­
vement in radioactive beam 
physics initiated at the Berkeley 
Bevalac. 

The new scheme is also seen 
as a joint venture for KEK and 
Tokyo's Institute for Nuclear 
Study, the birthplace of Japa­
nese high energy physics, but 
which has been lacking a new 
project for some time. 

Although the JHF scheme is 
still a proposal, Japanese phy­
sicists are confident that an ini­
tial configuration, not necessarily 
the full project as proposed, 
could emerge and get underway 
fairly quickly, continuing the 
rapid rate of development in 
Japanese fundamental physics. 

q u e n c y acce lera t ing e q u i p m e n t in 
t w o o f the m a c h i n e ' s f o u r s t ra igh t 
sec t i ons , a l t hough s o m e add i t i ona l 
e q u i p m e n t has been ins ta l led t o 
underp in 2 5 GeV w o r k i n g . S u b ­
sequen t l y , r.f e q u i p m e n t w i l l be 
insta l led in a th i rd s t ra igh t sec t i on 
t o b o o s t b e a m ene rgy b y severa l 
GeV . 

For the f u tu re , s u p e r c o n d u c t i n g 
r.f. e q u i p m e n t is f o r e s e e n f o r t he 
f o u r t h s t ra igh t s e c t i o n , t a k i n g t o 
b e a m energy t o 3 3 GeV . A n y 
fu r the r increase in b e a m e n e r g y 
w o u l d require the r ep l acemen t o f 
conven t i ona l r.f. by s u p e r c o n d u c t ­
ing equ ipmen t . 

T h e f ou r T R I S T A N d e t e c t o r s are 
in g o o d shape f o r t he o n g o i n g p h y ­
s ics p r o g r a m m e . T h e b ig T O P A Z 

d e t e c t o r is in the r ing f o r t he f i r s t 
t i m e , wh i l e the VENUS d e t e c t o r 
w h i c h r eco rded the f i rs t T R I S T A N 
co l l i s ions is n o w a l m o s t c o m p l e t e . 
F rom the initial runs , V E N U S re­
c o r d e d 1.4 mi l l ion t r i gge rs , i nc lud­
ing 16 e v e n t s w h e r e the e l ec t r on -
p o s i t r o n co l l i s ions p r o d u c e d ha -
d ron ic (s t rong ly in teract ing) pa r t i ­
c les . 

Examp les o f hadron ic e v e n t s 
have a lso been reco rded by the 
A M Y d e t e c t o r o p e r a t e d by a m u l ­
t ina t iona l J a p a n / US / China / 
Ko rea g r o u p . A M Y i n s t r u m e n t a t i o n 
w a s prat ica l ly c o m p l e t e earl ier th i s 
year , and the plan is n o w t o use 
the ful l 3 T f ie ld o f the s u p e r c o n ­
duc t i ng m a g n e t . 

T h e f o u r t h exper imen ta l area 

con ta i ns a smal l d e t e c t o r f o r a 
par t ic le search (the SHIP expe r i ­
m e n t ) , bu t cou ld eventua l l y a c c o m ­
m o d a t e a n e w d e t e c t o r as and 
w h e n fu tu re research requ i remen ts 
b e c o m e clear. 

O ther n e w phys i cs o p p o r t u n i t i e s 
cou ld c o m e f r o m an as ye t unused 
expe r imen ta l area in the 3 7 7 m -
c i r cumfe rence A c c u m u l a t i o n Ring 
w h i c h t a k e s par t ic les t o b e t w e e n 
6 .5 and 8 GeV pr io r t o in jec t ion 
in to " T R I S T A N ' S ma in r ing . 
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Particles and nuclei 
in PANIC The opening addresses at the International 

Conference on Particles and Nuclei (PANIC) 
held in Kyoto from 20-24 April were given 
by (left to right) Y. Yamaguchi (Tokai, 
President of the Physical Society of Japan), 
H. Feshbach (MIT, Chairman of the Nuclear 
Physics Commission of the International 
Union of Pure and Applied Physics), and 
T. Yamazaki (INS Tokyo, the Conference 
Chairman). 

PANIC is the t r iennal In te rna t iona l 
Con fe rence on Part ic les and Nuc le i , 
and judg ing f r o m the la tes t P A N I C , 
held in K y o t o f r o m 2 0 - 2 4 A p r i l 
the re is no need f o r pan ic y e t . 

Faced w i t h t w o p ic tu res — one 
o f nuclei desc r i bed in nuc léon and 
m e s o n t e r m s , and ano the r o f n u ­
c léons con ta in ing qua rks and 
g luons — phys i c i s t s are in t r igued 
t o k n o w w h a t n e w ins igh ts f r o m 
the quark level can tel l us a b o u t 
nuclear phys i cs , o r v ice v e r s a . 

S u m m i n g up at K y o t o , Sir D e n y s 
W i l k i n s o n o f Sussex s u s p e c t e d it 
w a s t o o ear ly t o reconc i le t he t w o 
p ic tu res . Exp lanat ions f o r nuc lear 
e f fec ts d o no t ye t d e m a n d q u a r k s 
and g luons , he ma in ta i ned . A s l ong 
as t rad i t iona l a p p r o a c h e s w o r k , 
w e d o no t need t o reso r t t o 
q u a r k s , w h i c h ' m i n d the i r o w n 
bus iness inside h a d r o n s . ' A c c o u n t ­
ing f o r the appa ren t res i l ience o f 
nuc léons in nuclei is a m o r e p r e s s ­
ing p r o b l e m . 

Earlier in the c o n f e r e n c e the re 
had been m u c h deba te a b o u t p o s s ­
ible nuclear e f fec ts in nuc léon 
s t ruc tu re , but W i l k i n s o n s u b m i t t e d 
t ha t wh i le the nuc léon shou ld re­
s p o n d t o i ts e n v i r o n m e n t the re 
w a s ' no compe l l i ng ev idence f o r 
c h a n g e ' , w i t h s o m e p rope r t i es 
va ry ing by on ly a f e w per cen t 
ac ross a w i d e range o f nuc le i . 

Cover ing the c o m m o n g r o u n d 
b e t w e e n nuclear and par t ic le p h y ­
s ics and its poss ib le e x t e n s i o n , 
PANIC p lenary sess ions w e r e in ­
t e n d e d t o be w i d e l y c o m p r e h e n s i ­
b le , and genera l ly s u c c e e d e d . A l l 
sub jec ts w e r e a w a r d e d a q u e s t i o n 
m a r k t o under l ine tha t here w a s 
phys i cs in e v o l u t i o n , and p len t y o f 
t i m e w a s a l l o w e d f o r d i s c u s s i o n . 
T h e in tens i ty o f the resu l t ing d e ­
ba te f requen t l y d e p e n d e d o n t he 
ski l l o f t he sess ion cha i rmen as 
we l l as the phys i cs c o n t e n t . 

T h e ques t i on o f t he i m p a c t o f 

q u a n t u m c h r o m o d y n a m i c s (QCD 
— the f ie ld t h e o r y o f qua rks and 
g luons) on nuclear phys i cs w a s 
t a k e n up by R. Ja f fe o f M I T . He 
s u s p e c t e d tha t the b r idge b e t w e e n 
the q u a r k / g l u o n p ic ture and the 
m e s o n / b a r y o n a p p r o a c h m i g h t be 
a d i f f icu l t one t o c r o s s . Quark phy ­
s ics s e e m s t o be deep ly e m b e d d e d 
— 'even t o f l ip a quark sp in c o s t s 
3 0 0 M e V , he r emarked — s o tha t 
the m e s o n / b a r y o n a p p r o a c h can 
look ve r y se l f - con ta ined . ' N o w is 
no t t he m o m e n t t o ca lcu la te the 
magne t i c m o m e n t o f lead f r o m 
f i rs t p r inc ip les , ' he w a r n e d . 

Ja f fe a lso t o o k up the top i ca l 
ques t i on o f poss ib le s t range quark 
con t r i bu t i ons in the nuc léon . ' T h e 
fac t t ha t w e are ask ing t hese ques ­
t i ons in 1 9 8 7 s h o w s h o w fa r o f f 
a c o m p l e t e t h e o r y is , ' he c o m ­
m e n t e d . Th i s w a s a lso t a k e n up 
by W i l k i n s o n in his s u m m a r y , 
po in t i ng ou t tha t w e d o n ' t even 
k n o w ye t w h i c h qua rks have t o 
be inc luded in a desc r i p t i on o f ha ­
d r o n s . 

Ja f fe w a s the f i rs t t o c o n f r o n t 

t he ' E M C Ef fec t ' — a var ia t ion o f 
nuc léon qua rk s t ruc tu re w i t h t he 
s u r r o u n d i n g nuc lear e n v i r o n m e n t . 
'Qua rk p rope r t i e s d o v a r y , ' c l a imed 
J a f f e , bu t s u s p e c t e d tha t s o m e or 
m o s t o f t he o b s e r v e d e f fec t cou ld 
be exp la ined by nuclear b ind ing . 

D. v o n Har rach o f He ide lbe rg , in 
rep ly t o t he q u e s t i o n 'Do had rons 
keep the i r f ree iden t i t y in nuc le i? ' , 
ma in ta ined tha t a be t te r k n o w l e d g e 
o f t he c o n t r i b u t i o n s f r o m pr inc ipa l 
(valence) and the i r a c c o m p a n y i n g 
( 'sea') q u a r k s as we l l as g luons is 
requ i red . M o d e l s are a lso needed 
as the d a t a are 'a l ready r icher t han 
any s ing le p i c tu re ' . In r esponse t o 
t he s a m e q u e s t i o n , P. Mu lde rs o f 
NIKHEF ou t l i ned h o w nuclear m e a ­
s u r e m e n t s us ing e lec t ron b e a m s 
p r o v i d e ano the r p r o b e o f nuc léon 
ins ide nuc le i . 

T h e c o n t r o v e r s y a round the EMC 
Ef fect and i ts i n te rp re ta t i on w a s 
a lso h igh l igh ted in a paral lel ses ­
s i on . Frank C lose w a r n e d o f the 
dange rs o f t r y i ng t o r ewr i t e nuc lear 
phys i cs f r o m t h e s e m e a s u r e m e n t s , 
bu t p o i n t e d ou t t ha t an under ly ing 
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ft Jaffe of MIT — 'not the moment to 
calculate the magnetic moment of lead'. 

change o f scale d o e s s e e m t o be 
requ i red . 

In r e s p o n s e t o ' W h a t is a real is­
t ic p ic ture o f h a d r o n s ? \ G. B r o w n 
o f the S ta te Un ive rs i t y o f N e w 
Y o r k p r o p o s e d an 'eng ineer ing 
a p p r o a c h ' ra ther t han recou rse t o 
f i rs t p r inc ip les , wh i l e A . M igda l o f 
M o s c o w e x a m i n e d s o m e o f t he 
imp l i ca t ions o f g luon d y n a m i c s . 
Sess ion cha i rman A . T h o m a s o f 
Ade la i de a d v o c a t e d the d e v e l o p ­
m e n t o f m o d e l s t o gu ide the t r a n ­
s i t ion f r o m QCD t o t rad i t i ona l nu ­
clear p h y s i c s , 'an u rgen t t a s k ' , 
a c c o r d i n g t o W i l k i n s o n . 

S t rangeness p r o v i d e s an a d d i ­
t iona l lever o n quark p rope r t i es in 
nucle i . R. Hayano o f T o k y o recal led 
the p r o g r e s s m a d e s ince the f i r s t 
' hype rnuc leus (syn the t i c nuc leus 
con ta in ing a s t range part ic le) w a s 
m a n u f a c t u r e d 3 5 years ago . W h i l e 
in te res t ing e f fec t s have been 
n o t e d , m u c h m o r e i n f o r m a t i o n is 
needed be fo re the exac t quark 
p rope r t i es b e c o m e clear. Th is 
cou ld c o m e f r o m the ' k a o n f a c t o ­
r ies ' n o w be ing p r o p o s e d f o r sev ­
eral Labo ra to r i es . P. Barnes o f 
P i t t sbu rgh s h o w e d h o w hypernuc le i 
cou ld p r o v i d e add i t iona l i n f o r m a ­
t i on on se lec t ion rules t o supp le ­
m e n t w h a t has been learned f r o m 
w e a k d e c a y s bu t is n o t ye t c o m ­
p le te ly u n d e r s t o o d . 

Of un iversa l in te res t is the p o s s ­
ible phase change f r o m c o n v e n ­
t iona l nuclear m a t t e r t o a 
q u a r k / g l u o n p l a s m a , w h e n qua rks 
and g luons s u c c e e d in b reak ing 
loose f r o m the i r nuc léon con f i ne ­
m e n t . W . Wi l l i s o f CERN l o o k e d 
at h o w such a phase change cou ld 
be r ecogn i zed , and w e n t on t o the 
sugges t tha t init ial p h o t o p r o d u c t i o n 
s ignals f r o m the e x p e r i m e n t s us ing 
CERN's high ene rgy nuclear b e a m s 
hint at p r o d u c t i o n o f a ' m i x e d 
phase ' . A . U k a w a o f T s u k u b a c o v ­
ered c o m p u t e r s imu la t i ons o f such 

phase changes resu l t ing f r o m 
hund reds o f s u p e r c o m p u t e r hou rs . 
In te res t ing poss ib i l i t ies e m e r g e f o r 
the p rope r t i es o f f ree qua rks . 

A sess ion o n poss ib le in te rp lays 
b e t w e e n a s t r o p h y s i c s and c o s m o ­
logy o n one hand and p a r t i c l e / n u ­
clear phys i cs on the o the r gave 
the o p p o r t u n i t y f o r a r e v i e w o f t he 
s u p e r n o v a neu t r ino da ta r e c o r d e d 
by the b ig u n d e r g r o u n d K a m i o -
kande (Japan — Y. T o t s u k a ) and 
I r v i n e / B r o o k h a v e n / M i c h i g a n (US 
— J . Learned) d e t e c t o r s (see M a y 
issue, page 1). A s we l l as ca tch ing 
s u p e r n o v a neu t r i nos , t he u p g r a d e d 
K a m i o k a n d e d e t e c t o r shou ld s o o n 
s ta r t t o p rov ide usefu l i n f o r m a t i o n 
o n neu t r inos f r o m the sun . 

A n e l e c t r o n - p o s i t r o n sess ion 
gave the o p p o r t u n i t y f o r n e w s o f 
J a p a n ' s T R I S T A N col l ider (Y. Na-
gash ima — see a lso page 3 ) , wh i l e 
H. Schulz o f DESY desc r i bed the 
par t ic le m ix ing o b s e r v e d by the 
A R G U S d e t e c t o r at the Ge rman 
DESY L a b o r a t o r y (see June issue, 
page 16) . P. Kienle o f D a r m s t a d t 
(GSI) gave the la test resu l ts o n the 
m o n o e n e r g e t i c e l e c t r o n - p o s i t r o n 
s ignals seen in e x p e r i m e n t s at 
D a r m s t a d t us ing heavy ion b e a m s 
(see Ap r i l 1 9 8 6 issue, page 2 2 ) . 
W i t h inc reased sens i t i v i t y , severa l 
l ines are n o w seen , and n e w 
appara tus wi l l s o o n be ready t o 
ex tend these i nves t i ga t i ons . S u m ­
mary speake r W i l k i n s o n a d m i t t e d 
t o be ing ' b a f f l e d ' by t hese sha rp 
l ines. He is no t a lone. 

The high p rec is ion measu re ­
m e n t s needed t o t es t t he va l id i ty 
o f d isc re te s y m m e t r i e s and c o n ­
se rva t i on l a w s (such as the c o m ­
b ined CP charge c o n j u g a t i o n / s p a c e 
re f lec t ion opera t ion ) w e r e ou t l i ned 
by B. Ho ls te in (Massachuse t t s ) 
and V . L o b a s h e v ( M o s c o w ) . W h i l e 
e x p e r i m e n t s push the l imi ts o f o b ­
se rva t i on back , b o t h speake rs sus ­
p e c t e d tha t large e f fec t s m igh t 

s h o w up in as ye t u n t e s t e d areas . 
In add i t i on t o t he p lenary d i s ­

cuss ion s e s s i o n s , there w a s a w i d e 
range o f paral le ls , w h e r e deta i led 
resu l ts and ideas f l e w th i ck and 
fas t . Especial ly i n te res t ing w e r e 
the ' c i r cus ' sess ions o n c o n t r o v e r ­
sial t o p i c s . In add i t i on t o the EMC 
Ef fect , t hese inc luded neu t r ino 
phys i cs and h y p e r o n s in nucle i . 

Be fo re W i l k i n s o n ' s c o n c l u s i o n , 
s u m m a r y ta l ks on the f inal a f te r ­
n o o n l o o k e d at poss ib le fu tu re 
d i rec t ions in a t t e m p t s t o link t he 
par t ic le and nuclear sphe res . H. 
L ipk in o f the W e i z m a n n Ins t i tu te 
i l lus t ra ted th is in t e r m s o f mu l t i -
quark p h y s i c s , wh i l e J . W a l e c k a 
desc r i bed the po ten t ia l o f the US 
CEBAF e lec t ron mach ine s o o n t o 
be bui l t at N e w p o r t N e w s , and G. 
Garvey o f Los A l a m o s p o i n t e d ou t 
the need f o r n e w in tense sou rces 
o f had rons . 
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From the success o f t he J a p a ­
nese K a m i o k a n d e p ro jec t , M . K o -
sh iba o f T o k y o be l ieved t ha t b ig 
n e w u n d e r g r o u n d d e t e c t o r s are 
requ i red t o push f o r w a r d t he f r o n ­
t ie rs o f par t ic le phys i cs . Usefu l 
neut r ino s ignals w o u l d be o b t a i n e d 
f r o m larger such d e t e c t o r s , he 
c l a imed , and a d v o c a t e d se t t i ng up 
a w o r l d w i d e n e t w o r k o f t h e m . 

B. Povh o f He ide lberg l o o k e d 
f o r 'm iss ing l inks ' in t he ' had ron i c 
t r i n i t y ' e n c o m p a s s i n g nuc lear s t r uc ­
t u re , so f t hadron ic phys i cs (such 
as d i f f rac t ion sca t te r i ng ) , and hard 
hadron ic phys i cs (v io lent co l l i s ions 
w h e n a p r o b e par t ic le pene t ra tes 
deep inside a t a rge t n u c l é o n , 
reach ing the quark level) . W i t h 
ques t i on m a r k s sti l l hang ing o v e r 
each o f the th ree s e c t o r s , P o v h 
c la imed it w a s p r e m a t u r e t o l ook 
f o r the m iss ing l inks. 

T h e Con fe rence has r e m i n d e d 
us o f h o w m u c h w e d o n o t k n o w , ' 
c o n f e s s e d W i l k i n s o n as he e m ­
ba rked on his s u m m a r y . T h u s a 
shor t l i s t o f hope fu l b r e a k t h r o u g h s 
tab led at t he p rev ious PANIC (Hei­
de lbe rg , 1 9 8 4 ) has t o be car r ied 
ove r t o M I T in 1 9 9 0 . 

The Con fe rence w a s s p o n s o r e d 
by the In ternat iona l Un ion o f Pure 
and A p p l i e d Phys ics and the Phy­
sical Soc ie ty o f J a p a n , and s u p ­
p o r t e d by the Sc ience Counc i l o f 
J a p a n and the M in i s t r y o f Sc ience , 
Educat ion and Cul ture. Con fe rence 
Cha i rman w a s T . Y a m a z a k i o f INS 
T o k y o , and the Secre ta r ies w e r e 
M . Mo r i t a o f Osaka and K. Nakai 
o f KEK. The re w e r e s o m e 6 0 0 
par t i c ipan ts . 

Report by Gordon Fraser 

A. Thomas (left) of Adelaide — asking the 
question 'What is a realistic picture of 
hadrons ?' — with Frank Close of 
Rutherford/Appleton — 'reseating is a fact'. 

More useful overlap 

The overlap between nuclear and 
particle physics was also high­
lighted in a UK Institute of Physics 
conference held in Birmingham 
from 6-8 April. 

The conference was held under 
a lucky star, in the shape of the 
first nearby supernova for over 
200 years, which exploded about 
a month beforehand (see May is­
sue, page 1). The forethought of 
the organizers in inviting as a re­
view speaker Teg id Jones, freshly 
back from the 1MB underground 
experiment in the US which ob­
served bursts of neutrinos from 
the supernova, did not extend to 
the choice of room. A last-minute 
move was needed to accommo­
date the large and excited audience 
intent on the latest news! 

Cosmology and its relation to 
nuclear and particle physics was 
the subject of a lively and lucid 

presentation by Martin Rees of 
Cambridge. The rotation properties 
of galaxies and galactic clusters 
imply far more matter than is di­
rectly visible. Possible candidates 
for such 'dark matter' range from 
massive black holes via Jupiter-like 
planets to neutrinos, supersymmet-
ric particles, or other still undiscov­
ered weakly interacting massive 
particles ('wimps'). If dark matter 
is present in sufficient quantity 
outside galactic clusters, it could 
eventually halt the present expan­
sion of the universe. Particle phy­
sics measurements restrict these 
possibilities; on the other hand, 
measurements of the cosmic he­
lium abundance yield limits on the 
rate of expansion of the early uni­
verse and hence on the number of 
light neutrino species. 

W. Geist of Berkeley presented 
preliminary results from the studies 
at CERN with nuclear beams at the 
end of 1986. The events were 
often spectacular, with hundreds 
of particles produced, but with no 
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A feature of the recent UK Institute of 
Physics Joint Conference on Nuclear and 
Particle Physics held at Birmingham from 
6-8 April was the opportunity given to 
young researchers to present their work, 
much appreciated by Birmingham physicists 
(left to right) Mary Trainor, Andrew Kirk 
and Stephen ('Desperately seeking SUSY') 
Haywood. 

clear sign yet of the hoped-for 
phase transition from nuclear mat­
ter to a quark-gluon plasma. Still 
on extremes, in a talk emphasizing 
the importance of angular momen­
tum in high energy collisions, C. N. 
Yang pointed out that collider ex­
periments had reached a regime 
where the typical angular momen­
tum per collision was 2000 units. 

The high quality data now com­
ing from CERN's LEAR Low Energy 
Antiproton Ring were reviewed by 
Chris Batty of Rutherford. These 
have led to the demise of 'baryon-
ium ', but are yielding precision 
measurements in other fields such 
as antiproton-nucleus elastic scat­
tering and the effect of the strong 
interaction on the energy level 
structure in antiprotonic atoms. 

On the machine side, Simon van 
der Meer of CERN gave a compre­
hensive but realistic overview of 
present and future developments, 
and came down clearly in favour 
of a changeover to linear acceler­
ators. He pointed out that the re­
cent exciting developments in high 
temperature superconductors 
might find applications in super­
conducting radiofrequency cavities 
well before the technology for 
winding large dipole magnets could 
be mastered. Samples of the new 
superconducting materials were 
on display in the poster session, 
along with recent measurements 
by a Birmingham group of flux 
quantization demonstrating the 
pairing of electrons. 

The continuing physics from 
CERN's proton-antiproton collider 
were reviewed by Ian Kenyon of 
Birmingham. This includes new 
evidence from the UA 1 experiment 
for the production of the beauty' 
quantum number in the production 
of J/psi particles in confined 'jets ' 
of hadrons. 

Production of the W (the electri­

cally charged carrier of the weak 
force) is now so well understood 
that it has become a testing ground 
for quantum chromodynamics 
(QCD), the candidate field theory 
of quarks and gluons, according 
to James Stirling of Durham. The 
first W candidates from the Fermi-
lab Tevatron collider were pre­
sented by Chris Quigg (see May 
issue, page 18). 

Progress in the understanding 
of heavy quark-antiquark bound 
states (such as the upsilon parti­
cles) pleased Max Irvine of Man­
chester who in his closing talk 
stressed the relationship between 
bound states of quarks and bound 
states of nucléons in nuclei. 

The latest theoretical develop­
ments were given a cool appraisal 
by Mike Duff in 'Not the standard 
superstring review'. He warned 
that the undoubted attractions of 
superstrings might prevent us from 
looking critically at some of their 
claimed properties, particulary uni­
queness. And after superstrings 
in 10 dimensions, supermembranes 
in 11 are on their way! 

A large part of the nuclear phy­
sics programme concentrated on 
the exciting new developments on 
superdeformed nuclei following 
the first results from Daresbury 

last year (see March 1986 issue, 
page 14). Some nuclei are shaped 
like rugby balls with correspond­
ingly large moments of inertia, giv­
ing spins of up to 60 units. The 
identification of these states is 
leading to a rapid reassessment 
of the interplay between single 
particle and collective phenomena 
in nuclei. 

A second strong theme was the 
push to produce and study exotic 
nuclei with large proton or neutron 
excesses. These reveal new nu­
clear phenomena, providing in turn 
stringent checks on nuclear models 
based on conventional nuclei. One 
talking point was the discovery by 
a Manchester group at Daresbury 
of zirconium-80, the heaviest 'dou­
bly magic' nucleus yet studied, 
showing anything but the behav­
iour expected. 

The outlooks for nuclear and 
particle physics were reviewed by 
the chairmen of the respective 
committees of the UK Science and 
Engineering Research Council, Max 
Irvine and Erwin Gabathuler. The 
financial outlook is uncertain, the 
scientific outlook is bright and ex­
citing, as judged from a successful 
and invigorating conference. 

From Martyn Corden 
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Around the Laboratories 

Installation of the magnets is getting 
underway for the electron ring of the 6.3 km 
HERA eletron-proton collider at the German 
DES Y Laboratory in Hamburg. 

DESY 
HERA progress 

A t the end o f A p r i l , t he f i r s t m a g ­
ne ts f o r the 3 0 GeV e lec t ron s t o r ­
age r ing w e r e insta l led in t he u n ­
d e r g r o u n d tunne l be ing e x c a v a t e d 
f o r the HERA e l e c t r o n - p r o t o n c o l ­
l ider at the German DESY L a b o r a ­
t o r y in H a m b u r g . T h e s e m a g n e t s 
are m o u n t e d in 12 m e t r e m o d u l e s , 
and a hundred m o d u l e s are n e e d e d 
t o fill the cu rved par t o f each q u a ­
d ran t o f the r ing. M e a n w h i l e t he 
s u p e r c o n d u c t i n g m a g n e t s (d ipo les , 
quad rupo les and c o r r e c t i o n coi ls) 
f o r the 8 2 0 GeV p r o t o n r ing have 
been o r d e r e d . 

The e lec t ron in jec t ion tunne l 
f r o m the PETRA p re -acce le ra to r 
t o HERA is be ing c o m p l e t e d and 
f i rs t b e a m t e s t s are i m m i n e n t . T h e 
p r o t o n line f r o m PETRA t o HERA 
has a l ready been t e s t e d (w i t h p o s i ­
t r o n s — see M a y issue, page 18) 
w i t h par t ic les be ing r a m p e d f r o m 
7 t o m o r e than 12 G e V in PETRA. 

A f t e r p rog ress w i t h t he n e w 
linac t o p rov ide H E R A ' s p r o t o n s , 
w o r k is ge t t i ng u n d e r w a y f o r t he 
4 0 GeV p r o t o n acce le ra t ion s y s t e m 
fo r the PETRA pre -acce le ra to r . T h e 
Canadian TR IUMF and Chalk River 
Labora to r ies are co l l abo ra t i ng 
c lose ly w i t h DESY in th i s w o r k . 

HERA 's c r yogen i c p lant has n o w 
been ins ta l led. A s we l l as be ing 
the b igges t in Europe , i ts c o n s t r u c ­
t o r s c la im it t o be the m o s t e f f i ­
c ient coo l i ng s y s t e m o f i ts t y p e 
ever m a d e . It c o m p r i s e s th ree inde­
p e n d e n t c o m p r e s s o r and coo l i ng 
l ines each o f 6 . 4 k W at 4 . 3 K. T h e 
f i r s t w a s t e s t e d in Ap r i l and p r o ­
d u c e d 1 5 0 0 l i t res o f l iquid he l i um. 
T w o l ines wi l l be su f f i c ien t t o run 
HERA, leav ing one in rese rve . 

Th is c r yogen i c p lant a lso p r o ­
v i des the coo l i ng p o w e r f o r t he 

b ig m a g n e t t e s t hal l , n o w ready 
f o r ser ies t e s t s o f all indust r ia l 
m a g n e t s ar r iv ing . In a separa te hall 
p r o v i d e d w i t h an i ndependen t 
9 0 0 W coo l i ng p lan t , s y s t e m a t i c 
t e s t s o f a chain o f th ree d ipo le and 
t w o quad rupo le m a g n e t s began in 
A p r i l . 

Y The electron ring for the HERA 
electron-proton collider being built at 
the German DESY Laboratory envisages 
30 GeV beams, requiring 
superconducting radiofrequency 
accelerating cavities in addition to 
conventional equipment. 500 MHz 
four-cell niobium units such as this built 
by industry have performed well in tests 
at DESY. Beam tests (in the PETRA 
ring) should begin soon. 

(Photos DESY) 
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An impressive convoy (over 50 metres 
long and weighing 182 tons) left the French 
Centre d'études nucléaires at Saclay on 
11 May bound for CERN, carrying the 
superconducting magnet for the ALEPH 
experiment at CERN's LEP electron-positron 
collider. It arrived on 2 June. 

(Photo CEN Saclay) 

SACLAY 
ALEPH coil hits 
the road 
T h e size and p rec is ion o f c o m p o ­
nen ts f o r the f o u r b ig e x p e r i m e n t s 
be ing p repa red f o r CERN's n e w 
LEP e l e c t r o n - p o s i t r o n co l l ider m a k e 
spec ia l d e m a n d s on des igne rs and 
m a n u f a c t u r e r s . 

A n examp le is t he s u p e r c o n d u c t ­
ing so leno id f o r the ALEPH expe r i ­
m e n t at CERN's LEP e l e c t r o n - p o s i ­
t r o n co l l ider , c o n t r a c t e d t o t he 
Ins t i tu t de recherche f o n d a m e n t a l e 
o f the French A t o m i c Energy C o m ­
m iss i on (CEA) in 1 9 8 3 . 

It w a s d e s i g n e d and bui l t b y 
eng ineers and techn ic ians o f t he 
D e p a r t m e n t o f E lementa ry Part ic le 
Phys ics o f t he CEN's Sac lay L a b o ­
ra to ry . Recent t e s t s at Sac lay w e r e 
h ighly s u c c e s s f u l , w i t h cu r ren t 
a t ta in ing 6 0 per cen t o f i ts des ign 
va lue , t he ( t empora ry ) absence o f 
sh ie ld ing n o t p e r m i t t i n g it t o g o 

any h igher . 
W e i g h i n g 6 0 t o n s , 5 m e t r e s 

ac ross and 7 m e t r e s l o n g , t he 
ALEPH so leno id p r o d u c e s a m a g ­
net ic f ie ld o f 15 k i l ogauss (1 .5 t e s -
la) in a v o l u m e o f 1 3 0 m 3 . T h e use 
o f a s u p e r c o n d u c t i n g coi l r educes 
e lect r ic p o w e r r equ i r emen ts by a 
f a c t o r o f 4 0 and overa l l w e i g h t b y 
a f a c t o r o f f ou r . P roduc ing the re­
qu i red f ie ld i nvo l ves 9 mi l l ion a m ­
pere - tu rns and a s t o r e d m a g n e t i c 
ene rgy o f 1 3 0 mi l l ion j ou les . 

Specia l t e c h n o l o g y had t o be 
d e v e l o p e d f o r i ts manu fac tu re in 
v i e w o f the d i m e n s i o n s o f t he coi l 
and the cons t ra i n t s i m p o s e d by 
the d e t e c t o r des ign — m i n i m u m 
w e i g h t and a m i n i m u m o f mater ia l 
t o be t r a v e r s e d by the par t ic les 
p r o d u c e d by LEP. 

A p p l y i n g th is t e c h n o l o g y o n the 
requ i red scale cal led f o r spec ia l 
t oo l i ng f o r w i n d i n g , i m p r e g n a t i o n , 
f i t t i ng and t r a n s p o r t . T e s t s at Sa ­
clay c h e c k e d t ha t the a d o p t e d 
so lu t i ons cou ld reach t he requ i red 
p e r f o r m a n c e levels . 

Specia l f ea tu res o f t he coi l a lso 
inc lude : a l m o s t exc lus ive use o f 
a l u m i n i u m ; s u p e r c o n d u c t i n g n io ­
b ium- t i t an ium cab le c o e x t r u d e d 
in a pure a lumin ium shea th 
( 30 k i l ome t res t o handle a cu r ren t 
o f 5 0 0 0 amperes ) ; t he col lar c o n ­
s t ra in ing the magne t i c f o r c e s be ing 
used as the w i n d i n g mandre l — 
the c o n d u c t o r be ing w o u n d ins ide 
the co l l a r ; v a c u u m i m p r e g n a t i o n 
o f the c o i l ; and ind i rect coi l coo l i ng 
t h r o u g h t u b e s w e l d e d o n the col lar . 

M e a n w h i l e t he barre l y o k e f o r 
the ALEPH m a g n e t has been reas­
s e m b l e d at CERN af ter init ial as ­
s e m b l y by Fer r ie re-Cat taneo and 
INNSE in M i lan . 

The coi l f o r t he o the r s u p e r c o n ­
duc t i ng coi l f o r a LEP e x p e r i m e n t , 
t ha t f o r DELPHI, is unde rgo ing 
t e s t s at Ru the r fo rd A p p l e t o n Lab ­
o r a t o r y , UK, wh i l e the barrel y o k e 
us ing Sov ie t s tee l is be ing a s s e m ­
bled at CERN. 

CORNELL 
B meson masses 

T h e CLEO e x p e r i m e n t at the Cor ­
nell E lec t ron S t o r a g e Ring CESR 
has recen t l y m e a s u r e d m o r e a c c u ­
rate ly t he m a s s e s o f t he e lect r ica l ly 
cha rged and neut ra l B m e s o n s . 
T h e s e par t i c les , cons i s t i ng o f a 
' b e a u t y ' (b) qua rk (ant iquark) pa i red 
w i t h an ' u p ' (u) o r ' d o w n ' (d) an t i -
quark (quark) w e r e d i s c o v e r e d in 
1 9 8 3 , a lso b y the CLEO g r o u p . 

T h e ana lys is is based o n a s a m ­
ple o f s o m e 2 6 0 0 0 0 d e c a y s o f 
B m e s o n s f o r m e d in e l e c t r o n - p o s i ­
t r o n ann ih i la t ions at t he f o u r t h ups i ­
lon (4S) resonance at 1 0 . 5 8 G e V . 
T h e m a s s e s w e r e d e t e r m i n e d f r o m 
the ana lys is o f d e c a y s g i v ing a 
smal l n u m b e r o f par t ic les — a B 
g iv ing a c h a r m e d D o r D* m e s o n 
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Disintegration of B mesons into two or 
three particles, although rare, allow the 
decays to be fully reconstructed. This 
sample from the CLEO detector at the 
Cornell CESR electron-positron ring gave 
precision values for the masses of the B. 

* Last year the Proton Storage Ring at Los Ala­
mos reached 3.4 x 1013 protons per pulse, but 
this was not used for physics research. The 
ring will soon be back in action. » 
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plus one or t w o cha rged p i o n s , o r 
g iv ing a J / p s i m e s o n and a k a o n . 

The measu red m a s s e s are 
5 2 8 1 . 3 M e V f o r the neut ra l B a n d 
5 2 7 9 . 3 M e V f o r t he c h a r g e d B, 
w i t h the s ta t is t i ca l and s y s t e m a t i c 
e r ro rs in b o t h cases be ing ± 0 . 8 
and ± 2 . 0 respec t i ve l y . 

T h u s the neutra l B is on l y 
2 . 0 M e V ( ± 1.1 ± 0 . 3 ) M e V heav ier 
t han i ts cha rged c o u n t e r p a r t , c loser 
than the neutra l and c h a r g e d 
k a o n s , f o r ins tance . Th i s s u g g e s t s 
tha t the B m e s o n s are c o m p a c t 
quark s y s t e m s w h e r e e l e c t r o m a g ­
net ic e f fec ts are m o r e m a r k e d . 

The f ew-pa r t i c l e d e c a y m o d e s 
a l l ow the B d e c a y s t o be fu l ly re­
c o n s t r u c t e d , bu t are m e a s u r e d t o 

be less than one per cen t o f all t he 
poss ib le decay m o d e s , under l in ing 
the d i f f i cu l ty o f ob ta in ing such a 
samp le . These decays a lso invo lve 
the decay o f a b quark in to a c h a r m 
quark , e x p e c t e d t o be the d o m i ­
nant decay t rans i t i on . H o w e v e r 
there cou ld a lso be d e c a y s w i t h 
t he b quark s w i t c h i n g in to a 
u qua rk , such as the neut ra l B 
g iv ing a cha rged p ion pair. 

T h e CLEO g r o u p sea rched f o r 
such d e c a y s and w a s able t o 
es tab l i sh t ha t t h e y are less t han a 
f e w t en t h o u s a n d t h s o f all t he 
poss ib le d e c a y s , t hus c o n f i r m i n g 
theore t i ca l expec ta t i ons t ha t t he 
b t o u t rans i t i on is m u c h less l ikely 
than b t o c. 

RUTHERFORD 
APPLETON 
Improving ISIS 

A l t h o u g h it has ye t t o reach i ts 
des ign leve l , t he ISIS spa l la t ion 
neu t ron sou rce at the UK Ruther­
f o r d A p p l e t o n L a b o r a t o r y can a l ­
ready c la im t o be the m o s t p o w ­
erful acce le ra to r -based pu lsed neu ­
t r o n sou rce in the w o r l d . T h e h igh 
f lux o f n e u t r o n s , c o m b i n e d w i t h 
t he use o f a d v a n c e d neu t ron sca t ­
te r ing s p e c t r o m e t e r s , has a lso 
revea led the s t ruc tu re o f a n u m b e r 
o f the n e w high t e m p e r a t u r e super ­
c o n d u c t i n g mater ia ls . 

Dur ing M a r c h the ISIS acce le ra to r 
reached a peak cur ren t o f 5 0 m i -
c r o a m p s ( 6 . 2 5 x 1 0 1 2 p r o t o n s per 
pu lse at 5 0 Hz) at a p r o t o n ene rgy 
o f 5 5 0 M e V . A f o u r - w e e k research 
run w a s g iven o v e r t o neu t ron 
sca t t e r i ng s tud ies . Dur ing the last 
t w o w e e k s o f th is run an average 
o f 3 0 m i c r o a m p s w a s ach ieved 
and dur ing the last f ou r d a y s 
the ave rage cur ren t a t ta ined 
4 2 m i c r o a m p s . * 

T h e success fu l run resu l ted f i r s t ­
l y f r o m an i m p r o v e m e n t in the re­
l iabi l i ty o f t he acce le ra to r s y s t e m , 
no tab l y t he in jec tor . S e c o n d l y , t he 
increase in cu r ren t c a m e af ter l im­
i ta t ions w e r e o v e r c o m e due t o t he 
v o l t a g e induced in the f ou r rad io -
f r e q u e n c y cav i t ies by the b e a m . 
U n c o r r e c t e d , th i s vo l t age is a b o u t 
the s a m e as the r.f. vo l t age used 
f o r t r a p p i n g the p r o t o n s . A p re ­
v i o u s f e e d - f o r w a r d s y s t e m w a s 
runn ing at t he l imi t o f p e r f o r m a n c e 
at a b o u t 4 x 1 0 1 2 p p p . T h e cav i t y 
i m p e d a n c e and hence the i nduced 
v o l t a g e has been reduced by l o a d ­
ing the cav i t ies by a res is tance . A 
r ing ma in o f c o p p e r su lphate s o l u ­
t i on is used t o p rov ide the res is t i ve 
load capab le o f d i ss ipa t ing the 
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SCINTILLATORS 

NEUBERGER: THE PROMISE 
OF PRECISION 
Top quality 

Top reliability 

LS Display: f i t ted wi th ana­
log inputs measure voltage 
and current ( d . c , sinusoi­
dal a.c. and true r.m.s.), 
and temperature via a Pt 
100 probe and thermocou­
ples (including compensa­
t ion for cold welding). 

Technical specifications 
• Slim 144 x 4 8 mm for­

mat 
• Horizontal or vertical 

mounting 
• Scale markings in black 

or whi te 
• T w o galvanically separa­

ted inputs 
• Class 1 precision 
• Trigger or relay output 
• Button or electronically 

controlled parameter set­
t ings 

• Power supply: 12, 2 4 , 
1 1 , 2 2 0 V / 4 7 . . 4 0 0 Hz, 
24 V d.c. 

M E G A M E T R O S A 
Gentianes 24 
CH-2300 La Chaux-de-Fonds 

Te l : (039) 23 54 65 
Telex 952 263 

o 
E e o 

Manufacturing Line 
- Cryogenic Valves 
- Bellows seal Valves 
- Cryogenic Transferline 

Couplings 
- Cryostats and Ejectors 
- Tailor made Cryogenic 

Components 

Cryogenic On/Off Valve 
Manually operated 

with position indication 
and limit switches 

"Y" pattern 

WEKA Ltd. 
Hofstrasse 8, CH-8620 Wetzikon, Switzerland 
Phone 01/932 23 02, Telex 875 744 
Fax 01/932 43 03 
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'Fish-eye' view of the experimental hall of 
the ISIS spallation neutron source at the 
UK Rutherford Appleton Laboratory. As 
long as funds permit, the proton beam 
comes in from the bottom left towards the 
neutron target (centre). Beamlines for 
experiments fan out on either side. The 
stepped block on the left of the target is 
the Karlsruhe (KfK) neutrino experiment. 

(Photo RAL) 

p o w e r , so tha t the r.f. s y s t e m is 
n o w m u c h m o r e doc i le . 

Ease o f rou t ine o p e r a t i o n has 
been i m p r o v e d by the use o f 
beam- loss m o n i t o r s a long the l inac, 
a round the s y n c h r o t r o n and a long 
the t rans fe r line t o t he t a r g e t s t a ­
t i o n . These enable t he o p e r a t o r s 
t o de tec t the po ten t ia l o n s e t o f 
b e a m loss w h i c h cou ld d a m a g e o r 
i r radiate the mach ine . No m o r e 
than one per cen t b e a m loss is 
p e r m i t t e d af ter the t r a p p i n g p r o ­
cess — a ve ry t i gh t spec i f i ca t i on , 
bu t regular ly , ach ieved . 

M o r e than 9 0 per cen t , o n aver ­
age , o f b e a m f r o m the 7 0 M e V 
in jec tor is i n jec ted , t r a p p e d , acce l ­
e r a t e d , ex t r ac ted and t r a n s p o r t e d 
t o the n e u t r o n - p r o d u c i n g t a rge t . 
T h e ta rge t s t a t i o n , con ta i n i ng t he 
3 5 kg dep le ted u ran ium t a r g e t , 
f ou r m o d e r a t o r s t o s l o w d o w n t he 
1 M e V p r o d u c e d n e u t r o n s , and a 
re f lec to r s y s t e m has w o r k e d w e l l 
at 2 5 per cen t o f des ign leve l . 

T h e day f o l l o w i n g t he success fu l 
neu t ron run , the in te rna t iona l l y -
f u n d e d b e a m f o r m u o n sp in r eso ­
nance and ro ta t i on app l i ca t i ons in 
mater ia ls and o the r sc ience w a s 
success fu l l y c o m m i s s i o n e d w i t h 
pos i t i ve m u o n s . Even w i t h a v e r y 
th in m u o n p r o d u c t i o n t a r g e t and 
2 0 per cen t o f ISIS des ign cu r ren t , 
t he h ighest m u o n s t o p p i n g ra tes 
in the w o r l d f o r a pu lsed su r face 
channe l w e r e a c h i e v e d , and 
t hese ra tes cou ld ye t increase a 
h u n d r e d f o l d ! 

T h e beaml ine w a s a lso s u c c e s s ­
fu l ly t u n e d f o r nega t i ve m u o n s 
( 6 0 M e V ) t o run s o m e init ial t e s t s 
f o r po ten t ia l e x p e r i m e n t s in c a t a ­
lyzed m u o n fus ion and o t h e r 
sc ience . 

The nex t day the acce le ra to r 
w a s run at 7 5 0 M e V at l o w repe ­
t i t i on rate (mindfu l o f e lec t r i c i t y 
c o s t s ! ) . Th i s w a s the f i r s t t i m e 
t ha t all s ix r.f. cav i t ies had been 

run s imu l taneous l y w i t h b e a m . A l l 
w e n t we l l and 5 x 1 0 1 2 p p p w e r e 
acce le ra ted and ex t r ac ted f r o m 
the s y n c h r o t r o n t o a b e a m d u m p . 

Plans are t o run at 7 5 0 M e V 
w i t h f ou r w e e k s f o r users and t w o 
w e e k s f o r d e v e l o p m e n t unt i l t he 
end o f S e p t e m b e r w h e n , as t h i ngs 
s t a n d , the avai lable f u n d s run o u t ! 
It is e x p e c t e d tha t 1 0 0 m i c r o a m p s 
o f p r o t o n cur ren t wi l l be o b t a i n e d 
by S e p t e m b e r . 

A t p resen t there are 13 neu t ron 
sca t te r i ng i ns t rumen ts in o p e r a t i o n , 
c o m m i s s i o n i n g , d e v e l o p m e n t or 
c o n s t r u c t i o n . Of t h o s e in c o n s t r u c ­
t i o n , one is be ing p r o v i d e d by Italy 
and ano the r by Japan under in ter­
nat iona l co l l abora t ion a g r e e m e n t s . 

T h e b ig recent h ighl ight has been 
the inves t iga t ions o f the n e w high 
t e m p e r a t u r e s u p e r c o n d u c t o r s — 
a n u m b e r have been s tud ied w i t h 
t rans i t i on t e m p e r a t u r e s up t o 
1 0 0 K. The t e m p e r a t u r e d e p e n d ­
ence o f the i r c rys ta l s t ruc tu res has 
been d e t e r m i n e d us ing the High 
Reso lu t ion P o w d e r D i f f r ac tome te r , 
a un ique ly p o w e r f u l i ns t r umen t in 
t e r m s o f reso lu t ion and in tens i t y . 
Subt le s t ruc tura l e f fec ts have been 
f o u n d w h i c h m a y we l l be co r re la ted 
w i t h supe rconduc t i v i t y . In add i t i on 
the dens i t y o f s ta tes has been 
d e t e r m i n e d us ing an inelast ic sca t ­
te r ing s p e c t r o m e t e r , and s h o w s 
m a r k e d changes at a f e w t e n s o f 
M e V , again t h o u g h t t o be i m p o r t ­
ant . 

A m o n g the o the r un ique ins t ru ­
m e n t s at ISIS is a cr i t ical re f lec t ion 
s p e c t r o m e t e r des igned f o r sur face 
and in ter face s tud ies by measu r i ng 

the w a v e v e c t o r d e p e n d e n c e o f 
specu la r re f lec t ion . S t ruc tura l in for ­
m a t i o n can be o b t a i n e d , f o r e x a m ­
p le , on s t ruc tu res c o m p r i s i n g 
layers o f d i f fe ren t c o m p o s i t i o n and 
t h i c k n e s s (in the range 1 0 - 1 0 0 0 
a n g s t r o m s ) , on Langmu i r -B lodge t t 
f i l m s , and on a b s o r p t i o n at l iqu id-
v a p o u r in te r faces . The i ns t r umen t 
has recen t l y been e x t e n d e d t o 
inc lude a po lar ized neu t ron o p t i o n 
f o r the i nves t i ga t i on o f magne t i c 
f i lms and sur face m a g n e t i s m and 
a recen t s u c c e s s has been the 
d e t e r m i n a t i o n o f the magne t i c m o ­
m e n t o f coba l t a t o m s in f i lms on ly 
a f e w a t o m s th i ck . 

A s the p e r f o r m a n c e o f t he m a ­
chine increases t o w a r d s i ts des ign 
leve l , as the n u m b e r o f ope ra t i ona l 
i n s t r u m e n t s g r o w s , and as the 
m u o n fac i l i t y c o m e s in to o p e r a t i o n 
a lot o f i n te res t ing research is ex­
p e c t e d o v e r t he nex t f e w m o n t h s . 

CERN 
More nuclear effects 

In 1 9 8 3 , the European M u o n Co l ­
l abo ra t ion (EMC) us ing CERN's h igh 
ene rgy m u o n b e a m s d i s c o v e r e d 
tha t the in ternal quark s t ruc tu re o f 
nuc léons d e p e n d s on the s u r r o u n d ­
ing nuclear e n v i r o n m e n t . 

Th i s has s ince been c o r r o b o r a t e d 
by o the r e x p e r i m e n t s us ing m u o n 
and e lec t ron b e a m s , and m o r e 
da ta has enab led the e f fec t t o be 
be t te r m e a s u r e d (see M a r c h issue, 
page 10) . 
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REICHENBERGER AG 
Reuss-Strasse 9 
CH-6038 GISIKON 
Telefon 041/91 02 22 
Telex 868 288 RAG CH 
Telefax 041/91 35 65 
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A S B E S T E N T F E R N U N G 
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D E C O N T A M I N A T I O N P R O F E S S I O N N E L L E 
D E C O N T A M I N A Z I O N E P R O F E S S I O N A L E 
P R O F E S S I O N A L D E C O N T A M I N A T I O N 
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M A N T E N I M E N T O Dl INSTALLAZIONI I N D U S T R I A L I 
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C H E M I S C H E P R O D U K T E 
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REICHENBERGER AG 
Filiale Basel 
Gartenstrasse 63 
CH-4052 B A S E L 
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RAG-BELGIUM N.V. 
Kapucinessenstraat 19 
B-2000 A N T W E R P E N 
Telefon 0 3 / 2 3 1 26 5 2 + 
0 3 / 2 3 1 64 23 
Telex 72 887 RAGBEL B 

REICHENBERGER AG 
Filiale Zurich 
Gasometerstrasse 9 
CH-8005 ZURICH 
Telefon 0 1 / 4 2 74 05 

RAG-REICHENBERGER 
Brand- und Wasserschaden-
sanierungsgesellschaft m.b.H. 
Quellenstrasse 185 
A-1100 WIEN 
Tel. 0 2 2 2 / 6 2 7 28 8 0 + 
627 20 73 
Télétex ( 6 1 ) 3 2 2 1 3 8 2 = 
RAGWIEN 

REICHENBERGER AG 
Filiale Sargans 
Rheinstrasse 1132 
CH-7320 S A R G A N S 
Telefon 0 8 5 / 2 6 4 4 4 

RAG in FRANKREICH 
vertreten durch 
COUTHEILLAS S A 
185, Av. du Général Leclerc 
F-94700 M A I S O N S ALFORT 
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Telex 262 163 COUTHEI F 

REICHENBERGER S A 
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vertreten durch 
ELEC-SAN 
Brandschutz-Sanierung GmbH 
Kolping-Ring 12 
D-8024 OBERHACHING 
Telefon 0 8 9 / 6 1 3 4 8 9 3 + 9 4 
Telex 521 34 68 M E M O D 

RAG in GROSSBRITANNIEN 
vertreten durch 
MERRYHILL CONTRACTING LTD. 
Tanners Lane, East Wellow 
G B - R O M S E Y / H A M P S H I R E S 0 5 1 6 D P 
Telefon 0 7 9 4 / 5 1 58 48 
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Different production rates of muon pairs 
from tungsten (W) and deuterium (D) targets 
using 140 and 286 GeV pion beams as 
observed at CERN by the NA 10 
collaboration (CERN / Naples / Ecole 
Polytechnique / Strasbourg / ETH Zurich). 
This reflects the different quark structure 
of nucléons in the two targets (EMC Effect). 

Ind ica t ions o f the ' E M C Ef fec t ' 
have n o w been seen f o r t he f i r s t 
t i m e in the re la ted p r o c e s s o f d i -
m u o n p r o d u c t i o n us ing h a d r o n 
b e a m s (negat ive p ions) b y t he 
N A 1 0 expe r imen t at CERN (CERN 
I Ecole Po ly techn ique / Nap les / 
S t r a s b o u r g / Zur ich co l l abo ra t i on ) . 
M u o n s and e lec t rons are (sup­
posed ly ) po in t l i ke par t i c les , bu t 
had rons are c o m p o s e d o f q u a r k s , 
so tha t the N A 1 0 resu l ts re f lec t 
t he quark c o n t e n t o f t he pro jec t i le 
par t ic les as we l l as t h a t o f t he ta r ­
ge t nuc léons . 

The expe r imen t is h o u s e d in a 
specia l u n d e r g r o u n d area s o as t o 
be able t o exp lo i t t he h ighes t i n ten ­
s i ty b e a m s avai lable f r o m t he 
4 5 0 GeV Super P ro ton S y n c h r o ­
t r o n . Us ing 1 4 0 and 2 8 6 G e V 
p ions at up t o 2 x 1 0 9 par t i c les 
per pu lse , s e c o n d a r y par t i c les o t h ­
er than m u o n s are s t o p p e d b y a 
f ive me t re b e a m d u m p beh ind t he 
ta rge t zone . The m u o n s are m e a s ­
ured us ing a pu lsed t o ro i da l m a g ­
net and an array o f m u l t i w i r e c h a m ­
bers and sc in t i l la to rs . 

A w a y f r o m sharp r e s o n a n c e s in 
the J / p s i and ups i lon reg ions , t he 
p r o d u c t i o n o f m u o n pa i rs re f lec ts 
in te rac t ions o f the c o n s t i t u e n t 
qua rks (quark -an t iquark annih i la­
t i ons v ia an energet ic p h o t o n ) . 

T w o t a rge t s w e r e u s e d , o n e o f 
d e u t e r i u m , the o the r o f t u n g s t e n , 
and s imu l taneous e x p o s u r e o f b o t h 
m in im ized s y s t e m a t i c e r ro rs . T h e 
c o r r e s p o n d i n g d i m u o n s igna ls w e r e 
sepa ra ted by chang ing t he t r i gge r 
cond i t i ons . M u o n pai rs f r o m 
sou rces o the r t han d i rec t qua rk 
in te rac t ions b e t w e e n t he i n c o m i n g 
b e a m and the t a rge t w e r e carefu l ly 
e l im ina ted . 

T h e k inemat i c d e p e n d e n c e o f 
the relat ive p r o d u c t i o n rate o f 
m u o n pairs f r o m d i f fe ren t t a r g e t s 
re f lec ts the under ly ing quark be ­
hav iour . A s e x p e c t e d , t he qua rk 

c o n t e n t (s t ruc ture func t ion ) o f the 
i n c o m i n g p ions is no t a f f ec ted by 
nuclear c o m p o s i t i o n . 

H o w e v e r the nuc léon qua rk c o n ­
t e n t is seen t o va ry f r o m ta rge t t o 
t a rge t , t y i ng in w i t h w h a t is seen 
us ing m u o n and e lec t ron p r o b e s . 

A s we l l as a ta rge t d e p e n d e n c e 
o f t he nuc léon quark s t r uc tu re , t he 
t r ansve rse m o m e n t u m d i s t r i bu t i ons 
o f t he m u o n pairs a lso c h a n g e , 
under l in ing w h a t has been seen in 
e x p e r i m e n t s at Fermi lab l ook i ng 
at had ron p r o d u c t i o n . 

Th is is the f i rs t t i m e t ha t such 
a d e p e n d e n c e has been seen f o r 
m u o n pa i rs . Data t a k e n w i t h t w o 
d i f fe ren t leng ths o f t u n g s t e n t a rge t 
s h o w no s ign i f icant d i f f e rence , 
imp ly ing tha t the e f fec t is m o r e 
l ikely t o be due t o e f fec ts in t he 

ta rge t nuc leus w h e r e the qua rk -
an t iquark in te rac t ion t a k e s p lace , 
ra ther t han p ion sca t t e r i ng . T h e 
e x p e r i m e n t e r s s u g g e s t t ha t it is 
p r o b a b l y due t o the sca t te r ing o f 
the inc ident quark as it b u r r o w s 
in to t he t a rge t nuc leus. 
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Heraeus 
is your adress for 

B e r y l l i u m 
All compan ies have their special i t ies. 
We are no excep t ion w i th our long t rad i ­
t ion in manufac tu r ing specia l meta ls . 

Heraeus has a vast exper ience in 
mach in ing and fabr icat ion of specia l 
meta ls such as Bery l l ium. Our 
pu rpose des igned w o r k s h o p s 
are ful ly equ iped to enable 
us t o offer a comprehens ive 
range of tu rned , mi l led, 
spark e roded and 
brazed p roduc ts . 

We look fo rward 
to receiv ing 
your enquir ies. 

Heraeus 
Beryllium sphere system 
max. diam. 440 mm 

W.C. Heraeus GmbH • Department Material Technology 
D-6450 Hanau • Telex 415202-47 hud • Phone (6181) 355111 

Armoires et cellules 
normalisées en aluminium 

avec cadre pivotable sur un angle de 180° 

Entièrement 
en aluminium 

Construction 
robuste 

Livrables en 
toutes 
dimensions 

Délais courts 

Prix 
avantageux 

Demandez-nous la documentation détaillée. 

Wyser + Anliker 8052 Zurich 
Téléphone 01 -301 22 33 Grûnha ldens t rasse 41 
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Physics monitor 

Sketch of the B particle 'factory' idea 
prepared by a Swiss/German group. 
Electron and positron beams would be 
taken up to 7 GeV. 

hotll 

WORKSHOP 
B factories 

The phys i cs po ten t ia l o f B par t i c les 
(conta in ing the heavy ' b e a u t y ' 
quark) has been h igh l igh ted by t he 
w o r k on B par t ic le m ix ing by the 
U A 1 expe r imen t at CERN (see 
O c t o b e r 1 9 8 6 issue, page 17) and 
m o r e recent ly by the A R G U S g r o u p 
at the German DESY L a b o r a t o r y 
(see June issue, page 16) . 

In pr inc ip le the d e c a y s o f B 
m e s o n s p rov ide an add i t i ona l w i n ­
d o w on the v io la t i ons o f t he c o m ­
b ined CP s y m m e t r y (charge c o n j u ­
ga t ion p lus m i r ro r re f lec t ion) . CP 
v io la t ion has been s tud ied f o r a l ­

m o s t a quar te r o f a cen tu ry in t he 
d e c a y s o f the neutra l k a o n s , bu t 
is sti l l no t u n d e r s t o o d . 

H o w e v e r the re levant B m e s o n 
d e c a y s are rare, so tha t phys i cs 
w o u l d need a cop ious supp l y o f 
par t i c les . Bo th circular and l inear 
co l l id ing b e a m mach ines have been 
p r o p o s e d , and a w o r k s h o p at 
U C L A in January l ooked in par t i c ­
ular at the l inear co l l ider a p p r o a c h . 

W i t h circular co l l iders near ing 
the i r m a x i m u m y ie ld ( luminos i t y ) , 
l inear co l l iders ho ld ou t t he hope 
o f a t ta in ing h igher leve ls , a l t hough 
the re are ser ious techn ica l p r o b ­
lems t o be o v e r c o m e . T a r g e t 
luminos i t ies o f the o rde r o f 
1 0 3 4 c m " 2 s" 1 are s t a t e d , c o m p a r e d 
w i t h p resen t levels o f 5 x 1 0 3 1 in 

c i rcular e l e c t r o n - p o s i t r o n mach ines 
(see June issue, page 6 ) . 

High cur ren t l inear mach ines 
w o u l d need nove l p o s i t r o n 
s o u r c e s , t e n or even a hund red 
t i m e s m o r e in tense than the n e w 
SLC S t a n f o r d Linear Col l ider. In 
a d d i t i o n , n e w acce le ra t ing t e c h ­
n iques us ing s u p e r c o n d u c t i n g cav ­
i t ies or h igh g r a d i e n t / f r e q u e n c y 
r.f. s o u r c e s are be ing p r o p o s e d . 
A s we l l as su rvey ing t hese requ i re­
m e n t s , t he w o r k s h o p l o o k e d at 
the under l y ing phys i cs and the 
t y p e s o f d e t e c t o r s n e e d e d . 

A t t he end o f the m e e t i n g , w o r k ­
ing g r o u p s r e p o r t e d thei r f i n d i n g s , 
under l in ing the need f o r and f eas i ­
bi l i ty o f such a B f a c t o r y , p r o v i d e d 
ex tens i ve R and D g r o u n d w o r k 
w a s car r ied ou t . 

A S w i s s / G e r m a n g r o u p has p re ­
pa red a des ign f o r a B f a c t o r y 
based on a 7 GeV s to rage r ing f o r 
e lec t ron and p o s i t r o n b e a m s . Cal ­
cu la ted l um inos i t y is we l l in to t he 
1 0 3 2 c m " 2 s " 1 range , bu t fa l ls o f f 
w i t h increas ing b e a m energy . 

From D. Cline 

Quantum 
cosmology 

Phys ic is ts and as t r ophys i c i s t s f r o m 
t h r o u g h o u t the w o r l d c a m e t o Fer-
mi lab f o r the w e e k e n d o f 1-3 M a y 
f o r an in fo rma l w o r k s h o p on q u a n ­
t u m c o s m o l o g y w h i c h led t o a f r ee ­
w h e e l i n g exchange o f ideas and 
v i e w s . Car ry ing s o m e i m p o r t a n t 
n a m e s , the a t t endance list inc luded 
a b o u t 5 5 phys i c i s t s f r o m the U S , 
Europe , t he Sov ie t Un ion and J a ­
p a n , in add i t i on t o the Fermi lab 
pa r t i c i pan ts . T h e pr inc ipal o rgan izer 
w a s Chr is Hill f r o m the T h e o r y 
g r o u p , w i t h co -o rgan ize rs R o c k y 
Ko lb and M i k e Tu rne r f r o m the 
A s t r o p h y s i c s g r o u p . 
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Murray Gell-Mann — attacking deep 
issues. 

(Photo Fermilab) 

— i f 

The success o f any w o r k s h o p 
or con fe rence d e p e n d s u p o n the 
p lann ing and t h o u g h t t ha t g o e s 
in to the o rgan iza t i on , and on the 
pa r t i c ipa t ion . T h e Q u a n t u m C o s ­
m o l o g y W o r k s h o p w a s f o r t u n a t e 
t o a t t rac t a large n u m b e r o f ex ­
t r eme l y t a len ted peop le . A f t e r a l l , 
t he a im w a s t o t r y t o f i nd ou t w h y 
and h o w the Un ive rse w a s c rea ted 
— no t a sub jec t f o r t he fa in t o f 
hear t . 

Part o f the success o f t he m e e t ­
ing w a s the pa r t i c ipa t ion and c o n ­
t r i bu t i on o f M u r r a y Ge l l -Mann . Re­
cen t l y , w i t h J i m Hart le o f the 
Un ive rs i t y o f Cal i forn ia at Santa 
Barbara , he has been a t t ack i ng 
deep issues at t he f o u n d a t i o n o f 
q u a n t u m mechan i cs w h i c h m u s t 
be a d d r e s s e d in the c o n t e x t o f 
c o s m o l o g y . He o p e n e d the con fe r ­
ence w i t h the o b s e r v a t i o n t ha t 
' c r a c k p o t s d o doub le d a m a g e t o 
t he f ie lds t hey popu la te by s p r e a d ­

ing m i s i n f o r m a t i o n and by p re ­
ven t i ng ser ious peop le f r o m d o i n g 
hones t resea rch . ' 

Q u a n t u m mechan i cs con ta ins 
sub t le t ies w h i c h are amp l i f i ed as 
one de lves in to t he v e r y ear l iest 
i ns tan ts o f the Big Bang . In o r d i n a ­
ry t e x t b o o k q u a n t u m m e c h a n i c s 
t he s ta te o f a s y s t e m is in f luenced 
by the o b s e r v e r ; in t he ear ly Un i ­
ve rse w h o p lays the role o f 
o b s e r v e r ? 

Ge l l -Mann and Hart le p r o p o s e 
t ha t th is d i c h o t o m y b e t w e e n o b ­
server and s y s t e m ar ises on ly 
w h e n one res t r i c ts a t t en t i on t o a 
f e w o f the inf in i te deg rees o f f r ee ­
d o m o f t he w o r l d ; i ndeed it is 
m o r e than a prac t ica l necess i t y 
t ha t one d o e s s o . T h u s in any ana ­
lysis o f t he ear ly Un ive rse as a 
q u a n t u m mechan ica l s y s t e m in 
w h i c h o n e t r a c k s a s u b s e t o f t he 
ful l inf in i te deg rees o f f r e e d o m 
there w i l l be e f fec t i ve o b s e r v e r s , 

t e r m e d IGUs ( In fo rma t ion Gather ing 
and Ut i l izat ion S y s t e m s ) by Gel l -
M a n n , ac t ing t o d i s tu rb t he s ta te 
o f the s y s t e m , bu t ar is ing sel f-
cons i s t en t l y w i t h i n the larger 
f r a m e w o r k o f t he inf in i te n u m b e r 
o f phys ica l deg rees o f f r e e d o m . 

A n o t h e r no tab le c o n t r i b u t o r w a s 
Y a k o v Z e l ' d o v i c h , one o f the b e s t -
k n o w n and m o s t r e s p e c t e d o f S o ­
v ie t phys i c i s t s . Dur ing his long and 
d i s t i ngu ished career in phys i cs and 
c h e m i s t r y he has m a d e i m p o r t a n t 
c o n t r i b u t i o n s t o t he idea o f a 
' q u a n t u m b i r t h ' o f t he Un ive rse . 
A l o n g w i t h A lexe i S t a r o b i n s k y 
(also a t t end ing ) , he p r e s e n t e d a 
h is tor ica l pe r spec t i ve o f t he i m p o r t ­
ant c o n t r i b u t i o n s o f S o v i e t p h y s i ­
c i s t s t o q u a n t u m c o s m o l o g y . 

One o f the m o s t or ig ina l and t a l ­
en ted m i n d s in phys i cs b e l o n g s t o 
S t e p h e n H a w k i n g . Fermi lab w a s 
lucky t ha t H a w k i n g ' s s e c o n d v is i t 
t o the Lab w a s dur ing the W o r k ­
s h o p . In add i t i on t o his ta l k , t he 
w o r k s h o p bene f i t ed f r o m S t e p h ­
e n ' s d e e p and p r o f o u n d q u e s t i o n s 
and o b s e r v a t i o n s . H a w k i n g re­
c o u n t e d t ha t his d i s c o v e r y o f t he 
e v a p o r a t i o n o f b lack ho les f o l ­
l o w e d c o n v e r s a t i o n s w i t h Z e l ' d o ­
v i ch . H a w k i n g and Z e l ' d o v i c h had 
m u c h t i m e t o g e t h e r at F e r m i l a b ; 
pe rhaps s o m e t h i n g equal ly p r o ­
f o u n d w i l l resul t . 

Neutron riches 

One la t te r -day phys i cs i nnova t i on 
at t he venerab le Berke ley Beva lac 
(wh i ch in i ts or ig ina l B e v a t r o n f o r m 
c a m e in to ac t i on in 1 9 5 4 ) has been 
t he p r o d u c t i o n o f h igh ene rgy 
b e a m s o f exo t i c i s o t o p e s . Pro­
d u c e d w h e n nuc lear b e a m s hit a 
t a r g e t , t he i s o t o p e s are f i l te red 
magne t i ca l l y and fu r the r ident i f ied 
by ve loc i t y and e lect r ic charge 
m e a s u r e m e n t s . 
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Japanese t e a m s p lay a p r o m i ­
nent role in th is w o r k , par t o f t he 
f ru i t fu l J a p a n - U S J o i n t P r o g r a m m e 
f o r High Energy Phys ics . 

F rom m e a s u r e m e n t s o f t he in ter ­
ac t ion ra tes o f a range o f t hese 
i s o t o p e s , phys i c i s t s w e r e able t o 
deduce the e f fec t i ve nuc lear radi i . 

W h i l e the p rope r t i es o f re la t ive ly 
s tab le i s o t o p e s agree w i t h 
m e a s u r e m e n t s m a d e us ing e lec t ron 
b e a m s , the ve ry neu t ron - r i ch n u ­
c leus l i t h ium-11 ( three p r o t o n s and 
e ight neu t rons) appea rs t o be m u c h 
larger than ne ighbour ing i s o t o p e s , 
sugges t i ng tha t s o m e t h i n g n e w is 
happen ing . 

On the nuclear 'd r ip l ine ' , l i t h ium-
11 is sa tu ra ted w i t h n e u t r o n s and 
is the heav ies t dr ip l ine nuc leus 
ye t s tud ied in deta i l . In add i t i on t o 
t he i n f o rma t i on f r o m the Beva lac 
s tud ies , l i t h ium-11 p rope r t i es 
(mass , decay m o d e s , s p i n , m a g ­
net ic m o m e n t ) have been m e a s ­
ured in e x p e r i m e n t s at CERN. 

Back in 1 9 7 2 , A . M igda l o f M o s ­
c o w s u g g e s t e d t ha t a pair o f neu ­
t r o n s , a l t hough incapab le o f b i n d ­
ing t o g e t h e r una ided , cou ld per ­
haps s t i ck t o g e t h e r w h e n a nuc leus 
is a r o u n d . T h e smal l b ind ing ene rgy 
( 1 9 0 ± 1 1 0 keV) o f t he f inal l i ­
t h i u m - 1 1 neu t ron pair , and t he f a c t 
t ha t l i t h i um-10 c a n n o t s t i ck t o ­
ge the r , s u g g e s t e d t o Gregers 
Hansen o f A a r h u s (p resen t l y at 
CERN) and Bjorn J o n s o n o f C h a l m ­
ers Un ivers i t y o f T e c h n o l o g y , G o t e -
b o r g , t ha t l i t h ium-11 cou ld be 
l o o k e d at as a ' q u a s i - d e u t e r o n ' 
w i t h a l i th ium-9 co re loose ly c o u ­
p led t o a d i neu t ron . (The d e u t e r o n , 
cons i s t i ng o f a p r o t o n and a neu ­
t r o n , is the t e x t b o o k e x a m p l e o f 
a loose ly b o u n d nucleus.) 

A c c o r d i n g t o th i s m o d e l , t he 
w e a k b ind ing b r ings a b o u t a ' n e u -
t r on i za t i on ' o f the nuclear su r face , 
w i t h the l i th ium-9 co re s u r r o u n d e d 
by a neu t ron ha lo. It is th i s halo 

w h i c h pushes ou t the nuc lear ra ­
d ius , and an es t ima te agrees w i t h 
t he va lue measu red at Berke ley . 

Th i s s u g g e s t s t ha t o the r nuclei 
at o r near the neu t ron dr ip line 
shou ld s h o w in te res t ing behav iou r . 
T h e nuclei are so loose ly b o u n d 
tha t even a ve ry so f t i n te rac t ion 
w o u l d r e m o v e the neu t ron pa i rs . 

A d d i t i o n a l expe r imen ta l i n f o r m a ­
t i on c o m e s f r o m the French G A N I L 
heavy ion acce lera tor l ook ing at 
the reac t ion ra tes o f neu t ron - r i ch 
nuclei f r o m ca rbon t o m a g n e s i u m . 
T h e GANIL w o r k s h o w s t h a t t he 
a b s o r p t i o n radius increases rap id ly 
w i t h neu t ron excess ra ther t han 
w i t h a t o m i c (p ro ton) number . 

Th i s shou ld a lso p rov ide a d d e d 
research value f o r the SIS heavy 
ion s y n c h r o t r o n n o w under c o n ­
s t ruc t i on at the D a r m s t a d t heavy 
ion L a b o r a t o r y (GSI), schedu led t o 
b e c o m e opera t iona l in 1 9 8 9 , 
w h e r e a s p e c t r o m e t e r f o r w o r k 
w i t h f as t b e a m s o f rad ioac t i ve ions 
is f o r e s e e n . 

The projectile fragmentation mass separator 
planned with the siS/ESR heavy ion 
complex now being built at the GSI 
Darmstadt Laboratory. It follows a scheme 
used first at the French GANIL heavy ion 
machine, with an initial magnetic field 
removing the primary beam, and an 
absorber introducing an additional nuclear 
dependence, so that the second dipole can 
select specific nuclei. 

DETECTORS 
High resolution 
streamer chamber 

T h e p r o d u c t i o n o f par t ic les c o n ­
ta in ing heavy qua rks us ing had ron 
b e a m s p r e s e n t s severe cha l lenges 
because o f t he l o w p r o d u c t i o n 
ra tes and the t o p o l o g i c a l c o m p l e x ­
i ty o f t he e v e n t s . T h e s e p r o b l e m s 
are espec ia l l y seve re in t he h a d r o -
p r o d u c t i o n o f ' b e a u t y ' (b) quark 
s y s t e m s w h e r e p r o d u c t i o n ra tes 
are a b o u t one par t per mi l l ion o f 
t he t o t a l i n te rac t ion rate and a t y p i ­
cal e v e n t has f i ve separa te in ter­
ac t i on ve r t i ces . 

A p r o m i s i n g a p p r o a c h is the use 
o f a a s t r e a m e r c h a m b e r w i t h a 
se t t i ng e r ro r (per s t reamer ) o f 
s o m e t en m i c r o n s and a t w o - t r a c k 
reso lu t i on in t he 3 0 - 5 0 m i c r o n 
range. Such a c h a m b e r w o u l d 
se rve as t r i ggerab le high reso lu t ion 
ve r t ex d e t e c t o r w i t h exce l len t pa t ­
t e rn r ecogn i t i on and high rate c a p a ­
bi l i ty . Even w i t h c o n s e r v a t i v e as ­
s u m p t i o n s a b o u t the p r o d u c t i o n 
ra te , s a m p l e s o f 5 0 0 B m e s o n pair 
e v e n t s per e x p e r i m e n t appear rea­
sonab le . T h e t o p o l o g i c a l r e c o n ­
s t r u c t i o n capab i l i t ies o f the s t r e a m ­
er c h a m b e r w o u l d mean tha t near ly 

BEAM 
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MMO I 2 3 4 5 8 7 8 9 1 0 

all t he e v e n t s w i l l be usefu l f o r 
phys i cs ana lys is . 

For s o m e t i m e it has been 
k n o w n tha t smal l s t r e a m e r s ( less 
t han a b o u t 5 0 m ic rons ) can be 
o b t a i n e d us ing a h igh p ressu re 
c h a m b e r , bu t t he reso lu t i on has 
been severe ly l im i ted b y t he d i f f u ­
s ion o f the ion izat ion e l ec t rons 
dur ing the t r i gger de lay t i m e , t y p i ­
cal ly a f e w m i c r o s e c o n d s . For ex ­
a m p l e , an earl ier v e r s i o n o f t he 
Ya le-Fermi lab c h a m b e r o p e r a t i n g 
at 4 0 a t m o s p h e r e s and a 1.4 ns 
h igh vo l t age pulse gave t r a c k s o f 
1 2 0 m i c r o n s , leading t o t w o - t r a c k 
reso lu t i ons o f 2 2 5 m i c r o n s , a b o u t 
f o u r t i m e s the s ta t i s t i ca l s p r e a d o f 
t r ack w i d t h s . 

A Ya le-Fermi lab g r o u p has n o w 
d e v e l o p e d a t echn ique f o r s u p ­
p ress ing th is d i f f us ion . It i n vo l ves 
rap id cap tu re o f t he ion iza t ion e lec­
t r o n s on o x y g e n mo lecu les lead ing 
t o t he f o r m a t i o n o f (0 4~) i ons . T h e 
t i m e fo r an average e lec t ron t o be 
cap tu red d e p e n d s o n t he o x y g e n 
part ia l p ressure and o n t he 
s t r e n g t h o f the e lect r ic c lear ing 
f ie ld used . Capture t i m e s o f s o m e 
5 0 ns have been ach ieved w i t h 
4 psi o f o x y g e n in a n e o n / h e l i u m 
m ix tu re at 3 0 a t m o s p h e r e s . The re 
is no p r o b l e m in reduc ing t he c a p ­
tu re t ime t o 2 0 ns if d e s i r e d , t he 
d i f fus ion w i d t h o f t he t r a c k s d e ­
c reas ing rough ly as the square r o o t 
o f t he cap tu re t i m e . 

T h e t rack ion izat ion is t h u s 
s t o r e d in t he f o r m o f (0 4~) ions 
dur ing the t r i gger de lay t i m e . Be­
cause t hey are heavy , t h e s e ions 
d i f fuse less t han one m i c r o n du r ing 
a 3 m i c r o s e c o n d t r i gge r de lay . T o 
m a k e the t rack v is ib le , a pu lse o f 
u l t ra-v io le t l ight f r o m an e x c i m e r 
laser (wave leng th 3 5 1 nm) is 
passed t h r o u g h the c h a m b e r j us t 
be fo re the h igh vo l t age pu lse is 
app l ied . T h e t i m e de lay b e t w e e n 
the laser pulse and the h igh v o l t a g e 

pulse is a b o u t 3 0 ns . T h u s m a n y 
o f the pho to - l i be ra ted e lec t rons 
w i l l escape recapture and g r o w 
in to s t r e a m e r s . W o r k is p r o g r e s s ­
ing on i m p r o v i n g the t i m i n g s o t ha t 
cap tu re t i m e s o f 2 0 ns can be 
used . V e r y pure gas m u s t be e m ­
p loyed s ince t race a m o u n t s o f 
o rgan ic c o m p o u n d s can lead t o 
m u l t i p h o t o n ion izat ion in t he res id ­
ual gas and a subsequen t genera l 
b a c k g r o u n d . A con t i nous l y c i r cu ­
lat ing gas s y s t e m is used in w h i c h 
the gas passes t h r o u g h a ca ta ly t i c 
c o n v e r t e r o p e r a t e d at 5 0 0 ° C . 

Th i s s c h e m e w o u l d have a v e r y 
long (many mi l l i seconds) m e m o r y 
t i m e , unaccep tab le f o r t r i gge red 
ope ra t i on in an in tense b e a m . Th is 
ar ises because o f smal l a m o u n t s 
o f C 0 2 w h i c h in t roduce o the r ions . 
By con t ro l l i ng the C 0 2 c o n t e n t , 
m e m o r y t i m e s f r o m 1 t o 1 0 0 m i ­
c r o s e c o n d s have been o b t a i n e d . 
T h e C 0 2 level is con t ro l l ed by a 
c r yogen i c s y s t e m w i t h a co l d t r a p 
in t he gas l oop at an app rop r i a te 
t e m p e r a t u r e . 

Example of diffusion suppression of electron 
tracks in a high resolution streamer 
chamber. The top track is not diffusion 
suppressed and was taken at 33 atm in a 
neon/helium mixture with 1.2 microsecond 
trigger delay. The bottom track was taken 
with the same trigger delay but with 
diffusion suppression. Oxygen (4 psi) leading 
to 50 ns capture time was used as explained 
in the text. The scale applies to both tracks. 

M e a s u r e m e n t s o n a samp le o f 
d i f f u s i o n - s u p p r e s s e d t r a c k s 
s h o w e d t ha t t he s ta t is t i ca l sp read 
o f s t r e a m e r cen t res w a s less t han 
18 m i c r o n s and the average 
s t r eamer d i ame te r w a s 4 5 m i ­
c r o n s . Th i s d i ame te r m a y sti l l be 
l im i ted b y the reso lu t ion o f t he 
image in tens i f ie r used t o t a k e the 
p i c tu res . T h e n u m b e r o f s t r e a m e r s 
per m m can be va r ied at w i l l up 
t o a b o u t 15 by va ry i ng the laser 
in tens i t y . In a h igh ene rgy expe r i ­
m e n t , w h e r e t he ful l p ressure o f 
6 0 a t m o s p h e r e s can be u s e d , w i t h 
2 0 ns cap tu re t i m e the d i f fus ion 
sp read shou ld be less than 
10 m i c r o n s . 

T h e t e s t s have s o far been car­
r ied ou t at Ya le bu t t he c h a m b e r 
and i ts a s s o c i a t e d e q u i p m e n t is 
be ing m o v e d t o a Fermi lab t e s t 
b e a m f o r a c o m p l e t e set o f 
m e a s u r e m e n t s w i t h high ene rgy 
t r a c k s . Plans f o r us ing the c h a m b e r 
in a s u b s e q u e n t heavy par t ic le p r o ­
duc t i on e x p e r i m e n t are be ing p re ­
pa red . 



Insulating Materials with High Radiation 
Resistance 

The Swiss Insulating Works together with CERN 
carried out detailed tests about the radiation resis­
tance of numerous high voltage insulating ma­
terials. The results published in the "CERN Publi­
cation 85-02 of the Technical Inspection and Safe­
ty Commission" prove the usability of selected in­
sulation under working conditions with high radia­
tion. A radiation dose of 5xl0 7 Gy affects only very 
little the break down voltage of our conductor in­
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt­
age insulating material for motors and other elec­
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and 
epoxyresin withstands a dose of l x l 0 8 Gy and re­
tains at the same time 50% of its original flexural 
strength. 

Your reliable partner 
for electrotechnical insulation problems 

Our manufacturing programme includes also 
Varnishes and Resins for the manufacture of electri­
cal machines and for the electronic equipments 
with excellent dielectric and protective properties. 

We also obtained excellent results with our Lami­
nates Epoxy Glass Cloth VETRON1TE G-10 and 
VETRONITE G-ll as well as with Epoxy Glass Mat 
DELMAT. Radiation Doses of 10 7 Gy for example 
lead not to a substantial loss of the mechanical 
properties. 

The chambers in VETRONITE G-10 are manufactured and 
machined by Swiss Insulating Works. 

Your specialist in base materials for printed 
circuit boards 

• Base material for FR-4 
• Multilayer 
• Multiwire ® 
• Base material for CC-4 Additive Process ® 
• Flexible Copper Clad Laminates with modified 

epoxy adhesive (a Sheldahl product) 
• Base materials for microelectronics 

( ® Trade Mark of PCK-Technology) 

The Swiss Insulating Works Ltd 
CH-4226 Breitenbach/Switzerland 
Tel. 061/80 2121 Telex 62 479 
Fax 061/80 20 78 
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At the Conference at London's Imperial 
College in April marking the centenary of 
the birth of Erwin Schrodinger — 
Schrodinger's daughter Ruth Braunizer with 
Austrian theorist Walter Thirring, who 
celebrated his 60th birthday this year 
(see page 29). 

Schrodinger centenary 

The centenary of the birth of poly­
math Erwin Schrodinger was 
marked by a suitably multidiscipli-
nary conference in April at Lon­
don's Imperial College, reflecting 
the impact of the man's work on 
physics, chemistry, molecular biol­
ogy and the history and philosophy 
of science. 

Born in Vienna, Schrodinger had 
positions at Zurich, Berlin, Graz 
and Vienna but stayed longest in 
Dublin. E. T. S. Walton, from Dub­
lin, and the senior of the many 
Nobel laureates at the meeting (he 
shared the 1951 award with John 
Cockcroft) delightedly maintained 
that the grandfather of particle 
physics, J. J. Thomson, would 
have scorned modern theoretical 
ideas. 

Undeterred, Abdus Salam sum­
marized today's viewpoint while 
Steven Weinberg and Alexander 
Polyakov sketched the possibilities 
of unified 'string' theories. 

C. N. Yang drew attention to a 
1922 Schrodinger paper (predating 
the famous ones by several years) 
containing an embryo form of the 
path dependent phase factors so 
useful in modern gauge theory. 

In a grand finale, Linus Pauling 
illustrated the impact of the cele­
brated equation on molecular biol­
ogy. Although Schrodinger's fame 
rests on his equation, he was more 
an ideas man, claimed Pauling, 
who like Max Perutz, was never­
theless sceptical of the role of 

At the Schrodinger centenary meeting, 
Alexander Polyakov (left) covered ideas in 
string theory while cosmology benefited 
from Stephen Hawking. In the background 
is Tom Kibble, who spoke on topological 
defects in gauge theory. 

(Photos Imperial College) 
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THE UNIVERSITY I 
OF GRONINGEN I 
THE NETHERLANDS I 

SITEIT 
Applications with curriculum 
vitoe, bibliography and the 
names of three references, to 
be sent, within two weeks, to 
hethoofd van de afdeling 
Personele Zaken van de 
Universiteit Groningen, 
Postbus72, 9700AB 
Groningen, The Netherlands. 
Refer to the vacancy number 
in your letter and on the 
envelope. 
General information is 
provided by Karin Kaagman 
and Truida Olinga of the 
Personnel Departmant, 
phone 050-635353. 

According to our intentions 
we invite especially woman 
to apply to our vacancies. 

i 

The University of Groningen - founded in 1614 - is an innovative institution, 
based on an almost 400 years old tradition. 
A complete university with about 50 different fields of study, with first phase 
education for bachelor and master degrees. 
An increasing number of post-graduate studies. A varied offer for assistents 
in training. 
The University of Groningen has an annual turnover of 450 million guilders. 
In 1986 the university earned about 42 million guilders by rendering services 
to third parties, also to the business world. 
More than 17.000 students study here and more than 5000 people work here. 
Together with the municipality of Groningen the university is the biggest 
employer in the north of the country. A municipality, where life is good. 
A nice city in a beautiful landscape. 

We apply fora 

staff position in experimental nuclear 
physics (m/f) 
(vac.nr. 870509/3723) 

in the Kern fys isch Versnel ler Ins t i tuu t (KVI). 

The KVI w i shes to appo in t an exper imenta l nuc lear phys ic is t on a tenured 
s ta f f pos i t i on in a rank equ iva len t to tha t of Ass is ten t Pro fessor (UD). 
For a h igh ly qua l i f i ed and exper ienced app l i can t an a p p o i n t m e n t in the rank 
equ iva lent to Assoc ia te Professor (UHB) be longs to the poss ib i l i t i es . 

The Kern fys isch Versnel ler Ins t i t uu t is a na t iona l research ins t i t u te in 
nuc lear phys ics , j o in t l y sponso red by the Univers i ty of Gron ingen and the 
Ne the r lands Founda t ion for Fundamen ta l Research on Matter . It has broad 
exper imenta l and theore t i ca l research p rogram on nuc lear s t ruc tu re and 
heavy-ion phys ics . At present the main fac i l i t y of the KVI is a K=160 MeV 
AVF-cyc lo t ron for the acce le ra t ion of l ight and heavy ions. Funds have been 
made avai lab le for the des ign and c o n s t r u c t i o n of a K = 6 0 0 MeV 
s u p e r c o n d u c t i n g cyc lo t ron for l ight and heavy ions, w h i c h w i l l be bu i l t in 
Orsay (France) in co l l abo ra t i on w i t h the Ins t i tu t de Phys ique Nucléa i re . It 
w i l l rep lace the present cyc lo t ron in 1991. 

The cand ida te shou ld be in terested in the research tha t can be per fo rmed 
w i t h the ex is t ing and fu tu re f ac i l i t y /be w i l l i ng to wo rk in a t eam and to take 
on respons ib i l i t i es for new ins t rumen ta l deve lopments . He/she mus t be 
capab le of in i t ia t ing new l ines of research, have leadersh ip qua l i t i es and 
shou ld have teach ing sk i l ls . Several years of pos t -doc to ra l exper ience are 
requ i red. 

I n fo rma t i on abou t the pos i t i on can be ob ta ined f r o m Prof. R.H. S iemssen , 
te l . (0)50-633556. 
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People and things 

S c h r ô d i n g e r ' s w i d e l y - r e a d b o o k 
' W h a t is l i fe? ' in a d v a n c i n g m o d e r n 
mo lecu la r b i o logy . 

A 1 9 4 8 BBC reco rd ing ' D o e lec­
t r o n ' s t h i n k ? ' t es t i f i ed t o t he qua l ­
i ty o f S c h r ô d i n g e r ' s Eng l ish , a t t r i ­
b u t e d by h im t o his ma te rna l 
g r a n d m o t h e r . A n o t h e r v i v i d re­
m inde r c a m e f r o m his d a u g h t e r 
Ruth Braunizer, w h o w a s de l i gh ted 
by the cat ado rn ing the l ogo o n 
the con fe rence r o s t r u m . 

T h e Con fe rence w a s s u p p o r t e d 
by the A u s t r i a n g o v e r n m e n t , t he 
Dubl in Ins t i tu te f o r A d v a n c e d 
S tud ies and by m a n y g e n e r o u s 
d o n a t i o n s . 

From D. Olive 

On people 

After 25 years, distinguished So­
viet physicist V. N. Gribov recently 
revisited CERN. After recalling then 
having seen Murray Gell-Mann 
making his historic prediction of 
the omega-minus particle, Gribov 
presented his somewhat unortho­
dox views on the role of light 
quarks in the quark confinement 
mechanism. He also claimed that 
gluonium — matter made of gluons 
rather than quarks — should not 
exist. Despite vigorous efforts, no 
conclusive evidence for the exist­
ence of gluonium has yet been 
found. 

Earlier this year, the sixtieth birth­
day of Austrian theoretician and 
former CERN director and Scientific 
Policy Committee member Walter 
Thirring was marked by dedicating 
the 1987 sessions of the annual 
Universitâtswochen fur Kernphysik 
in the Austrian town of Schlad-
ming, with lectures given by his 
friends and collaborators. 

Alan Jeavons, Peter Frey, David 
Townsend and Alfred Donath have 
been awarded this yearfs Prix de 
Jubilae from the Swiss Society of 
Radiology and Nuclear Medicine 
for their work on the development 
of a positron camera for diagnostic 

V. N. Gribov (right), seen here with Tord 
Ekelof of Uppsala. 
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HEAD OF 
ENGINEERING GROUP 

Sincrotrone Trieste spa, an Italian limited company invi­
tes, applications for the position of Head of the Enginee­
ring Group in the Synchrotron Radiation Source Project. 
The Project, planned for construction in Trieste, Italy, 
consists of a 2 GeV electron storage ring and its injection 
system. The storage ring will produce beams of VUV and 
soft X-ray synchrotron radiation f rom wiggler and ondu-
lators with extremely high flux and brillance. When com­
pleted, it will provide outstanding research opportunities 
to a multi-disciplinary scientific community. 

The successfull candidate will report directly to the Pro­
ject Head, and will be responsible for the coordination of 
design, construction and operation of the magnets and 
power supplies, the survey system and the coordination 
of the electrical and mechanical installation. This is a 
senior position which requires advanced degree in elec­
trical or mechanical engineering and at least ten years' 
experience in the management, design and construction 
of large particle accelerators. 

To apply please send a complete curriculum vitae, a list of 
publications and the names of the referees to the atten­
tion of : 

Max Cornacchia Sincrotrone Trieste Area di Ricerca Padriciano 99 34 012 Trieste, Italy 
Réf. M /001 (to be indicate in the envelope) 

Experimental Physicist 
A position is available for an experimental physicist at the 
Swiss Institute for Nuclear Research. 

SIN operates a 600 MeV isochronous cyclotron which is 
used to produce a number of meson beams. The position 
is initially available for three years. 

The successful candidate will be expected to work pri­
marily in medium energy nuclear physics experiments at 
SIN, but the opportunity to also take part in an experiment 
at CERN may be available. 

Additional information can be obtained f r om: 

Dr. Q. Ingram (Tel. 0 5 6 / 9 9 32 58) 

or Dr. J . Domingo (Tel. 0 5 6 / 9 9 32 51). 

Applications, containing curriculum vitae, list of publica­
tions and references should be sent as soon as possible, 
but not later than July 31,1987 to 

SIN 
Personnel Division 
CH 5234 Villigen 
Switzerland 
Code 588 

High Energy 
Physics 
Research Associates 

T H E R E ARE V A C A N C I E S FOR R E S E A R C H A S S O C I A T E S TO W O R K 

W I T H G R O U P S I N H I G H E N E R G Y P H Y S I C S . G R O U P S F R O M T H E 

R U T H E R F O R D A P P L E T O N L A B O R A T O R Y ARE W O R K I N G O N 

E X P E R I M E N T S AT C E R N , D E S Y , I L L , A N D S L A C . T H E R E I S 

I N A D D I T I O N A V A C A N C Y I N T H E H E P T H E O R Y G R O U P . 

C A N D I D A T E S S H O U L D N O R M A L L Y B E N O T M O R E T H A N 28 

YEARS O L D . A P P O I N T M E N T S ARE M A D E FOR 3 Y E A R S , W I T H 

P O S S I B L E E X T E N S I O N S O F U P TO 2 Y E A R S . R A S ARE B A S E D AT 

T H E ACCELERATOR LABORATORY W H E R E T H E I R E X P E R I M E N T I S 

C O N D U C T E D , A N D AT R A L , D E P E N D I N G O N T H E R E Q U I R E M E N T S 

O F T H E W O R K . M O S T E X P E R I M E N T S I N C L U D E U K U N I V E R S I T Y 

P E R S O N N E L W I T H W H O M PARTICULARLY CLOSE C O L L A B O R A T I O N S 

ARE M A I N T A I N E D . 

P L E A S E WRITE FOR A N A P P L I C A T I O N F O R M Q U O T I N G V N 5 6 7 TO: 

Recruitment Office, R20, Rutherford Appleton 
Laboratory, Chilton, Didcot, Oxfordshire OX11OQX 
ENGLAND. 

sere Rutherford Appleton 
Laboratory 

U N I V E R S I T Y O F C A P E T O W N 

Chair of 
Theoretical Physics 

Applications are invited for the above tenured Chair in the 
Department of Physics, for appointment on 1 October 1987 or as 
soon as possible thereafter. The appointee will be expected to 
participate in teaching at undergraduate and graduate levels and 
to strengthen existing research interests. 
The University is seeking a theoretical physicist with an established 
research reputation at international level. Current research interests 
in theoretical physics involve quantum chromodynamics, chiral 
symmetry breaking and the confinement problem, superstrings, 
statistical mechanics of strongly interacting matter, nuclear 
structure and reactions, and approximation methods in quantum 
mechanics. The main thrust of research in experimental physics lies 
in the fields of nuclear and laser physics. 
Appointment, according to qualifications and experience will be 
made in the salary range R37 482-R45 069 per annum, with an 
annual bonus and attractive staff benefits. The University anticipates 
that salary ranges may be increased in the foreseeable future. 
Applicants should submit a full curriculum vitae and the names 
and addresses of three referees, not later than 11 September 1987 
to the Registrar (Attention: Appointments Office FH1687) University 
of Cape Town, Rondebosch, 7700, Republic of South Africa. Further 
information may be obtained from the above or from the Secretary, 
SA Universities Office, Chichester House, 278 High Holborn, London 
WC1V 7HE. 

The University's stand against apartheid and all racially 
discriminating legislation is on record. Information on this as 
well as on the University's policy not to discriminate in the 
appointment of staff or the selection of students on the grounds 
of sex, race or religion is obtainable on request. 

BATES WELLS RECRUITMENT CT @ 181R 
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Karl Lanius, Director of the Institute for 
High Energy Physics of the German 
Democratic Republic. 

'Cosmic Song' — visitors arriving at 
CERN can now admire Serge Morn's 
dynamic sculpture illuminated by 
fluorescent tubes responding to cosmic 
ray signals. The display was caught at 
its best by CERN photographers Gilbert 
Cachin and François Julliard. 

imaging. Development began at 

CERN in the late 1970s and con­

tinued in the Division of Nuclear 

Medicine of Geneva Cantonal 

Hospital. 

On 3 May, the Institute for High 
Energy Physics of the East German 
Academy of Sciences celebrated 
the 60th birthday of Director Karl 
Lanius. Besides playing a major 
role in the development of high 
energy physics research in the 
German Democratic Republic, 
Lanius has been also a member of 
several major international 
committees, and a vice-director 
of the Joint Institute for Nuclear 
Research, Dubna. 

The Institute for High Energy Physics, 
Zeuthen, German Democratic Republic, 
has been in existence for 25 years. Its 
researchers are presently collaborating 
in the neutrino physics programme at 
Serpukhov (USSR), in the L3 experiment 
for CERN's LEP electron-positron collider 
and the H1 experiment for the HERA 
electron-proton collider at the German 
DESY Laboratory. The statue is of Max 
Planck. 
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UNIVERSITY OF ILLINOIS 
at Urbana-Champaign 

ASSISTANT PROFESSOR 
The Department of Physics anticipates a faculty appointment 

in experimental particle physics beginning on August 2 1 , 1 9 8 8 . 
This would be a tenure-track posi t ion, although in exceptional 
circumstances an appointment directly to a tenured posit ion 
would be considered. Our principal interest is in the candidate's 
ability to teach effectively at both undergraduate and graduate 
levels, and to conduct a vigorous and significant research pro­
gram. Salary wou ld be commensurate wi th qualifications. 

The high energy physics group is large and diverse, including 
collaborations at SLAC (SLD), Fermilab (CDF), Brookhaven (neu­
trino oscillations), and DESY (/EUS). 

Appl icat ions, consisting of a C.V., list of publications, sum­
mary of research interests, and the names of at least three 
references should be sent to : 

Professor A.C. Anderson 
Head, Department of Physics 
University of Illinois 
1110 W. Green Street 
Urbana, IL 61801 
Telephone: 217-333-3760 

To receive full consideration, applications should be received 
prior to December 1,1987. Interviews may take place during the 
application period, but no final decision wil l be made until after 
December 1,1987. 

The University of Illinois is an Equal Opportunity/Affirmative 
action employer. 

HEAD OF VACUUM GROUP 
Sincrotrone Trieste spa, an Italian limited company, invi­
tes applications for the position of Head of the Vacuum 
Group in the Synchrotron Radiation Source Project. The 
Project, planned for construction in Trieste, Italy, 
consists of a 2 GeV electron storage ring and its injection 
system. The storage ring will produce beams of VUV and 
soft X-ray synchrotron radiation f rom wigglers and ondu-
lators with extremely high flux and brillance. When com­
pleted, it will provide outstanding research opportunities 
to a multi-disciplinary scientific community. 

The successfull candidate will report directly to the Pro­
ject Head, and will be responsible for the coordination of 
design, construction and operation of the vacuum system 
of the accelerator complex. Particular aspects of the tech­
nology involve the vacuum chamber, the pumping system 
and the study of gas desorption caused by synchrotron 
radiation. This is a senior position which requires advan­
ced degree in physics or mechanical engineering and at 
least ten years' experience in the design and construction 
of high vacuum systems. Previous experience in accele­
rator technology is desirable. 

To apply please send a complete curriculum vitae, a list of 
publications and the names of three referees to the atten­
tion of : 

M A X C O R N A C C H I A 
S I N C R O T R O N E T R I E S T E 
A R E A D I R I C E R C A 
P A D R I C I A N O 9 9 
3 4 0 1 2 T R I E S T E , ITALY 

Réf. V / 0 0 1 (to be indicate in the envelope) 

W E ARE L A B E N / I S C , a c o m p a n y i nvo l ved s ince 
1 9 5 8 , w i t h ve r y success fu l resu l t s , in nuclear and 
space i ns t r umen ta t i on and s y s t e m s . 

ISC is a ve r y d y n a m i c and rap id ly g r o w i n g indust r ia l 
Group w i t h f ac to r i es in t he U S A , UK and I ta ly, q u o ­
t e d on the S t o c k Exchange in L o n d o n . 

In our s t ra teg ic p lan the ac t iv i t ies re la ted t o the f ie ld 
o f e lec t ron ic i n s t r u m e n t a t i o n f o r High Energy Phy­
s ics Expe r imen ts have a ve r y i m p o r t a n t ro le. 

W e are seek ing t h e r e f o r e : 

Senior Engineer or Physicist w i t h : 

• 5 t o 7 years o f exper ience in h igh s p e e d ana log & 
dig i ta l t echn iques 

• K n o w l e d g e o f l o w no ise and h igh s tab i l i t y in 
ana log e lec t ron ic s y s t e m s 

• K n o w l e d g e o f m a s s manu fac tu r i ng p r o b l e m s 

• Exper ience in t he des ign in teg ra t ion f o r the l iai­
s o n b e t w e e n Ope ra t i ons and R & D 

Junior Analog Designers w i t h : 

• 2 t o 4 years o f des ign exper ience in l o w no ise 
and h igh s tab i l i ty ana log c i rcu i t ry 

• Capabi l i t ies in hyb r id and mono l i t h i c i m p l e m e n ­
ta t i on 

Junior Digital Designers w i th : 

• 2 t o 3 years o f des ign exper ience in h igh s p e e d -
dig i ta l t echn iques 

• A b a c k g r o u n d in in te rna t iona l n e t w o r k s y s t e m s 
is app rec ia ted 

If y o u agree t o accep t ve r y cha l leng ing j o b s and 
in te res t ing career p r o p o s a l s p lease send y o u r cur­
r icu lum t o : 

LABEN 
Industrie per lo spazio 

e le comunicazioni S. p. A. 
General Management 

S.S. Padana Superiore 290 
20090 VIMODRONE (Milano) 

Italy 
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HIGH SPEED ANALOGUE DESIGN 
IN 

THE U.S.A. AND SWITZERLAND 
FULL RELOCATION ASSISTANCE 

LeCroy S.A., a w o r l d leader in t he d e v e l o p m e n t o f h igh s p e e d t e s t and i n s t r u m e n t a t i o n s y s t e m s , has ach ieved a 
unique repu ta t ion f o r t he exce l lence o f i ts w i d e band ana log p r o d u c t s t ha t m e e t t he needs o f the t e s t and 
d e v e l o p m e n t c o m m u n i t i e s t h r o u g h o u t t he w o r l d . 

You ' l l need a degree o r p ro fess iona l eng ineer ing qua l i f i ca t ions and 3 t o 10 yea rs exper ience t ha t inc ludes high 
speed b road band amp l i f i e rs , f a s t samp l i ng rate A t o D c o n v e r t o r s or o the r ana log s u b - s y s t e m s , used in d ig i ta l 
osc i l l o scopes , f u n c t i o n g e n e r a t o r s or nuc lear i n s t r umen ta t i on . Y o u wi l l a lso p o s s e s s the f lair and de te rm ina t i on 
t o t ake p ro jec ts f r o m the i r c o n c e p t , t h r o u g h des ign and in to p r o d u c t i o n . 

W e o f fe r a t t rac t i ve e m p l o y m e n t c o n d i t i o n s , pa id re loca t ion f o r y o u and y o u r f am i l y , ful l ass i s tance w i t h t he legal 
and o the r d o c u m e n t a t i o n requ i remen ts f o r imm ig ra t i on and an excep t iona l l y f r i end ly e n v i r o n m e n t . 

T o jo in the i nnova to r s and en joy the cha l lenge and benef i t s o f l iv ing and w o r k i n g a b r o a d , p lease send y o u r CV o r 
t e lephone t o 

LeCroy s . a . 
101 f route du Nant-cTAvril 
1217 Meyrin/Switzerland 

Phone: (022) 82 33 55 

Please state which location you are interested in. 

From the specialist in high-density 
fast-NIM instrumentation 
FTA810 
Octal Fast Amplifier 
• <1 ns risetime 
• - 5 V output into 50 O 
• < 20 pV equiv input noise 
• gain up to 200 

CO 4010 
Quad 4-fold Logic Unit 
• Coin/anticoin/off settings 
• overlap and updating outputs 
• fast-NIM and TTL outputs 
• LED indicator 
• gate input 

DV 8000 
Octal Variable Logic Delay 
• adjustable delay 10-50 ns 
• 15 ns pulsu-pair resolution 
• 3 outputs/channel 
• fast-NIM logic signals 
• < 10 ps/°C drift 

RD 2000 
Dual Rate Divider 
• Dividing from 1000:1 to 1:1 
• 40 MHz maximum rate 
• propagation delay independent 

of ratio 
• inhibit input 
• 6 outputs/channel 
• fast-NIM logic signals 
For more information: 

n ^ E G S G ORTEC/ESN 

Hohenlindener Strasse 12 • D-8000 Munchen 80 
Telephone: 089/92 692-0 • Telex: 528257 • Telefax: 089-910 12 83 
(Distribued by EG+G Ortec representatives worldwide) 

CERN Courier, Ju ly /August 1987 3 3 



I N T R O D U C I N G 
O U R L A T E S T 
D E T E C T O R 
D E V E L O P M E N T 
T O O L 
Model 2262 Multi-Input, 10-Bit, 
40/80 Megasample/sec 
Waveform Digitizer 

Developed for Jet, Image and Time Projection 
Chamber (TPC) Systems in High Energy Physics and 
Heavy Ion experiments, LeCro/s Model 2262 
Waveform Digitizer offers precision analysis of both 
chamber performance and readout electronics. 

Bi-polar inputs permit simultaneous sampling from 
sense wires or pads. The DC-coupled 40 MHz 
analog bandwidth and 10-bit resolution means that 
the details of the chamber signals will not be lost. Up 
to four signals at 40 megasamples/sec or two signals 
at 80 megasamples/sec are captured by a single-
width CAMAC (IEEE-583) module. External 
timebases may also be used. 

The Model 2262 is compatible with GPIB (IEEE-488) 
operation and works with IBM PC™-based software 
for easy, user-oriented, waveform display and control. 
Support and accessory modules are available. Con­
tact LeCroy worldwide for more information and 
detailed specifications. 

L E C R O Y - F O R T H E P E R F O R M A N C E , S E R V I C E A N D S U P ­

P O R T Y O U C A N C O U N T O N T O D A Y A N D I N T H E F U T U R E . 

™IBM PC is a registered trademark of International Business Machines Corporation. 
"•CATALYST is a registered trademark of LeCroy Corporation 

D e t e c t o r D e v e l o p m e n 
a m p l i f i e r a n d t i m e b a s 
n e c t i o n t o a n I B M P C A T r u n n i n g 

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



The Kobold Handbook will be sent Sodener StraBe 120 
to you, free of charge, on request. D-6233 Kelkheim to you, free of charge, on request. 

Postfach 2052 
(0 61 95) 6911/69 72 

TX: 4 072 326 komr d 

1 Telefax (0 61 95) 65000 



Flow measurement 
Microvolume flowmeters 
with or without needle valve 
in polycarbonate, polysulfone and 
acrylic glass 

Microvolume flow controllers 
Explosion-proof iG 5 
Types: KSR and SVN 

Water: 0.1-1.5 l/h to 5 - 8 0 l/h 
Air: 0 .5 -5 L n / h to 0.2-2.6 N m 3 / h 

Water: 0.1-120 l/h 
Air: 2 l n / h - 2 N m 3 / h 

Microvolume flowmeter/ 
controllers 
Explosion-proof I 
Types: K D G / K D j 

Water: 0 .002-0.02 to 16 -160 l/h 

All-metal microvolume 
flowmeter/controllers 
Explosion-proof i| 
Type: KM 

PN 4 0 - P N 1 0 0 / - 2 0 . . . + 1 5 0 ° C 
Water: 0.1-1 l/h to 2 5 - 2 5 0 l/h 
Air: 4 . 5 - 4 5 l n / h to 0 .8 -8 N m 3 / h 

Flowmeter/controllers 
Explosion-proof iG 5 
Type: SV-R/S-R 

All-metal f lowmeter/control lers 
with analog output 
Explosion-proof iG 5 
Type: SMV-R/VKM-G 

Flowmeters and controllers 
with analog output independent 
of viscosity and location 
Types: VKG and VKM 

All-metal flowmeters and 
controllers with analog output 
Type: MC 

Water: 6 - 6 0 l/h to 0 . 5 - 9 m 3 / h 
Air: 0 .2 -2 N m 3 / h to 2 0 - 2 5 0 N m 3 / h 

PN 3 5 0 / - 5 0 ° C . . . + 160°C 
Water: 3 - 6 0 l/h to 0 . 5 - 1 5 m 3 / h 
Air: 3 - 3 5 l/h to 2 0 - 4 0 0 N m 3 / h 

Viscosity range: 1-5000 m m 2 / s 
e. g.: 0.01-0.07 to 8 - 8 0 l/min of oil 

PN 40 - PN 600 / - 5 0 . . . +300 °C 
Water: 2 .5 -25 l/h to 10-100 m 3 / h 

Trogamid and polysulfone 
flowmeter/controllers 
with analog output 
Type: KSM-R j m m 

I 1 f i 

Water: 16-160 l/h to 2 - 2 0 m 3 / h 
Air: 0.25-2.5 N m 3 / h to 5 8 - 5 8 0 N m 3 / h 

Electronic flow controllers 
for gases, l iquids and powders 
M e d i a : A p = 0 
Stainless steel, PVDF and poly­
propylene 
Type: EGE 

Flow sensors proportional to 
differential pressure 
Type: Beta-Probe 

A 

Liquids (incl. highly viscous): 
0.01-4 m/s. 
Gases: 0.1-15 m/s 
PN 3 0 0 / - 4 0 . . . + 9 0 ° C 

Paddle-bellows flowmeters and 
controllers for heavily contaminated 
media 
Types: HSW- DWU/-DWP/-DWS 

Error: ± 0.5% or ± 2 % 
R 1 / 2 " - R 2 7 D N 5 0 - 9 m lead dia 
Liquids, gases and steam 

Pipe connect ion 3 / 8 " - 2 " 
Flange connect ion DN 10 -DN 50 
Slip-on f lange for DN 4 0 - D N 1000 
1 -4 l /m in to 10000 m 3 / h 
P N 6 - P N 10/100 °C 

Paddle flow controllers 
Type: PSR Type: PPS-3S 
Brass and stainless Polysulfone 
steel 

Horizontal ball-type f low indicator 
Type: D A - K U 

\ 
Flow indicator, can be mounted in 
any position, with plastics rotor and 
automatic sight-tube cleaner 
Type: D A - R A 

Flow indicator, can be mounted in 
any posit ion, with Teflon rotor 
Type: D A - R 

3 - 5 l/min 
to 2 0 - 2 8 m 3 / h 
PN 16-PN 25/100°C 

10-110 l/min 
PN 10/110 °C 

Range 
Water: 0.3 l /m in -90 l/min 
Air: 0.015 N m 3 / m i n - 2 0 0 N m 3 / h 

R 1 / 4 " -R1 1 / 2" 
PN16/100°C 

R 1 /4" - R1 1 /2" / f lange DN 25/40/50 
suitable for both dark opaque liquids 
and for gases 



Measurement of level 
M a g n e t i c f l o a t s w i t c h e s 
Type: N 
180 different types in high-grade steel, 
titanium, brass, PPH, PVC, PVDF and 
PTFE 

PN 100/180 °C 
Den. | jq m in ^ 0.25 k p / d m 3 

M a g n e t i c f l o a t s w i t c h e s 
Type: NS 
for side-fitting 

PN 100 /180°C 
Den. | jq m in ^ 0 . 2 5 k p / d m 3 

M a g n e t i c f l o a t s w i t c h e s 
Type: NV V2" und NV 3M" 
for side-fitting 

PN18/110°C 
Den.|jq min ^ 0 . 8 k p / d m 3 

F l o a t s w i t c h e s w i t h s p r i n g 
c o n t a c t 
Type: FNS 
for side-fitting 

PN 1 6 / 3 5 0 ° C 
Den. |jq min ^ 0 . 8 k p / d m 3 

= 1 0 A b e i 2 2 0 V -

PTFE f l o a t s w i t c h e s 
Type: NST 
for side-fitting with m e r c u r y c o n t a c t 

B y p a s s f l o a t s w i t c h e s 
with spring contact 
Type: FNS 

B y p a s s m a g n e t i c f l o a t s w i t c h e s 
Type: NB-10 

A l l - p u r p o s e l i m i t s w i t c h e s 
for l iquids 
Type: FTL160 

1 ba r /160°C 
Den . | j g min > 0 . 7 k p / d m 3 

| m 3 Y = 4 A b e i 2 2 0 V -

PN 1 6 / 3 5 0 ° C 
Den.|jq min ^ 0 . 7 k p / d m 3 PN 10 /150°C 

= 1 0 A b e i 220 V ' Den.j jq min ^ 0 . 7 k p / d m 3 

Den.|jq min: independent 
max. viscosity: 2000 m m 2 / s 
P N 1 6 / - 4 0 . . . + 1 5 0 ° C 
G x 5 Cr Ni Mo Nb 1810 austenitic steel 

L i m i t s w i t c h e s f o r c o n d u c t i v e 
f l u i d s 

T h e r m a l r e s i s t o r s w i t c h e s for 
n o n c o n d u c t i v e l iquids 

Level i n d i c a t o r s 
Leve l p i c k - u p s 
Type: NM 

B y p a s s leve l i n d i c a t o r s 
with magnet ic transmitters 
Type: BMG 

6 
PN 100 /150°C 
single to quintuple electrodes max. viscosity 10 °E PN 2 5 / - 5 0 ° C . . . + 1 3 0 ° C PN 3 5 0 / 3 0 0 ° C 

V i b r a t o r y leve l s i g n a l l i n g d e v i c e s 
for heavy and viscous media with 
f l e x i b l e vibratory sensor 
Type: NBV 

D i a p h r a g m - t y p e leve l s i g n a l l i n g 
d e v i c e s for installation in silos, 
bunkers, etc. for coarse and fine b u l k 
g o o d s 
Type: NMF 

C a p a c i t i v e leve l s w i t c h 
for fine and powder bulk goods 
Type FTC 960 

T i m e - d e l a y s t a r t i n g r e l a y s 
C o n t a c t p r o t e c t o r r e l a y s 

P N 6 / 8 0 ° C / I P 55 
R1 1/2" or f lange DN 5 0 - D N 1 5 0 

- 3 0 ° C . . . + 2 0 0 ° C 
for Zone 11 explosion-proof rooms 
without ancillary equipment 

PN 6 / - 2 0 . . . + 8 0 ° C 
R1'7 adapter R1 1 /2" 

E x p l o s i o n - p r o o f r e l a y s -
Z o n e 0 
C o n t r o l s y s t e m s 



I f J M 
K S S 9 1MB Pressure 

S t a n d a r d l i n e 
Diameter 40, 50, 63, 80,100 and 
160 mm, 
Quality Class 2.5 
Measuring range 0-1 bar to 
0 - 4 0 0 bar 

80,100 and 
H i g h - q u a l i t y 
Diameter 52, 
160 m m , 
Quality Class 1.0 
Measur ing range 
0 - 6 0 mbar to 0 - 4 0 0 mbar 
0 -0 .6 bar to 0 -1600 bar 

G l y c e r i n e - f i l l e d p r e s s u r e g a u g e s 
Diameter 63,100 and 160 m m 
Quality Class 1.0 to 2.5 
Measuring range 
0 -0 .6 bar to 0 -1000 bar 

C h e m i c a l l i n e 
Diameter 40, 50, 63,100 and 160 mm, 
Quality Class 1.0 
Measur ing range 
0 -0 .6 bar to 0-1000 bar 

B e l l 0 I L 
p r e s s f f l ^ a u 
Diameter 100 < 
Quality Class " 
Measuring randj 
0 - 6 0 mbar to 0 - 4 0 0 mbar 
0 -0 .6 to 0 - 2 5 bar 

P r e c i s i o n p r e s s u r e g a u g e s 
Diameter 160 mm, Quality Class 0.6 
and 0.3 
Diameter 250 mm, Quality Class 0.3, 
0.2, 0.1 
Measur ing range 
0 -0 .6 bar to 0 -1600 bar 

P r e s s u r e a n d d i f f e r e n t i a l p r e s s u r e 
s w i t c h e s 
Adjustable differential setting 
Liquids, steam and gases 
Type: K D / K V 

C o n t a c t p r e s s u r e g a u g e s 
• Magnetic snap-act ion contacts 
• Crawl contacts 
• Inductive contacts 
• Pneumatic contacts 

- 2 5 0 mbar to 100 mbar 
15 bar to 63 bar 
250 V A C , 10 A 

Temperature 
D i g i t a l h a n d t h e r m o m e t e r s 
Type: 7 3 0 0 / 9 3 0 0 

- 2 0 0 ° C . . . + 600 °C 
- 4 0 ° C . . . + 1 2 0 0 ° C 

D i g i t a l h a n d t h e r m o m e t e r s 
For Z o n e 0 explosion-proof rooms 
Type 9500 

- 7 0 ° C . . . + 1 2 0 0 ° C 
- 5 0 ° C . . . + 1 7 5 0 ° C 

P r e c i s i o n d i a l t h e r m o m e t e r s 
Nitrogen-filled 
For food industry, etc. 
Error: ± 0 . 6 and ± 1 . 0 % of full-scale 
reading 
Dm 

- 2 5 0 ° C . . . + 6 5 0 ° C 

P r e c i s i o n d i a l t h e r m o m e t e r s 
Mercury-fi l led, 
error ± 1 . 0 % of full-scale reading 
Type: 610 
Diameter: 80,100 aasUû.O m m 

M a c h i n e t h e r m o m e t e r s 
Bimetal 
50, 63, 80,100,160, 250 m m 

D i g i t a l 4 8 x 2 4 t h e r m o m e t e r s f o r 
p a n e l m o u n t i n g 
Type: TT 4600 

T e m p e r a t u r e c o n t r o l l e r s 
with adjustable set point 
Type: KTAM/KTXM 

T e m p e r a t u r e c o n t r o l l e r s a n d 
m o n i t o r s with fixed set point 
Type: TWR 

- 3 5 ° C . . . + 5 0 ° C 
0 ° C . . . + 3 0 0 ° C 

0 ° C . . . + 99.9°C 
- 2 0 ° C . . . + 6 0 0 ° C 

- 3 0 ° C . . . + 10°C 
+ 8 0 ° C . . . + 1 3 0 ° C 

+ 3 0 ° C . . . + 1 2 0 ° C 
P N 1 6 / I P 6 5 
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