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Nobel 1984 

7984 Nobel laureates Carlo Rubbia (left) 
and Simon van der Meer acknowledge the 
cheers. 

(Photo CERN 523.10.84) 

There was general jubilation at 
CERN following the announcement 
from Stockholm on 17 October 
that Carlo Rubbia and Simon van 
der Meer had been nominated for 
the 1984 Nobel Prize for physics 
by the Royal Swedish Academy 
of Sciences 'for their decisive con
tributions to the large project which 
led to the discovery of the field 
particles W and Z, communicators 
of the weak interaction'. 

These discoveries, made last 
year at CERN, rank among the 
greatest achievements in the his
tory of science. They confirmed a 
new picture of Nature which unifies 
electromagnetism with the weak 
nuclear force. This quest began 
exactly 50 years ago with the first 
formulation of the theory of the 
weak force by Enrico Fermi, and 
ultimately led to the elegant 'elec-
troweak' picture which earned the 
Nobel award for Sheldon G la s how, 
Abdus Sa la m and Steven Wein
berg in 1979. 

At CERN, the story began in 
1968 when Simon van der Meer, 
inventor of the 'magnetic horn' 
used in producing neutrino beams, 
had another brainwave. It was not 
until four years later that the idea 
(which van der Meer himself 
described as 'far-fetched') was 
demonstrated at the Intersecting 
Storage Rings. Tests continued at 
the ISR, but the idea — 'stochastic 
beam cooling' — remained a cu
riosity of machine physics. 

In the United States, Carlo Rub
bia, together with David Cline of 
Wisconsin and Peter Mclntyre, 
then at Harvard, put forward a bold 
idea to collide beams of matter 
and antimatter in existing large 
machines. At first, the proposal 
found disfavour, and it was only 
when Rubbia brought the idea to 
CERN that he found sympathetic 
ears. 

Stochastic cooling was the key, 
and experiments soon showed 
that antimatter beams could be 
made sufficiently intense for the 
scheme to work. With unpreced
ented boldness, CERN, led at the 
time by Leon Van Hove as Re
search Director General and the 
late Sir John Adams as Executive 
Director General, gave the green 
light. 

At breathtaking speed, the ambi

tious project became a magnifi-
cantly executed scheme for collid
ing beams of protons and anti-
protons in the SPS Super Proton 
Synchrotron, with the collisions 
monitored by sophisticated large 
detectors. 

The saga — for this is what the 
story is — was chronicled in the 
special November 1983 issue of 
the CERN Courier, with articles 
describing the development of the 
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electroweak theory, the accelerator 
physics which made the project 
possible, and the big experiments 
which made the discoveries * 

While it is Rubbia and van der 
Meer who go to Stockholm to 
receive the most prestigious scien
tific accolade of all, the CERN dis
coveries were only made possible 
by technological excellence and 
teamwork unparalleled in the 
domain of pure research. 

This was underlined at a celebra
tion at CERN on 19 October, when 
the two latest arrivals to the phy
sics hall of fame paid ample tribute 
to their colleagues and co-workers. 
There was special mention of the 
crucial roles played by Leon Van 
Hove and John Adams during their 
joint 1976-80 term of office. 

Recalling those days, Van Hove 
described the growing realization 
that something 'significant' had to 
be done for CERN. He reviewed 

the list of options open back in 
1978 — perhaps a superconduct
ing ISR, or an electron-proton col
lider in the SPS, and then the Anti-
proton Project. Van Hove admitted 
that he had never dreamt the 
choice of the Antiproton Project 
would turn out to be so successful. 

Van Hove paid tribute to the 
efforts of John Adams in pushing 
the beam cooling experiments and 
facing up to the problems of ma
chine building and transformation. 
At first, some Americans were 
confident that they could beat 
CERN, but the European Laboratory 
had the 'Adams factor' working 
in its favour, the technical perfec
tion which ensured the SPS per
formed so well that, as Carlo Rub
bia once put it, 'it became apparent 
that a storage ring was right there 
ready to be used'. 

Summing up, Director General 
Herwig Schopper ventured that 

CERN has now learnt how to make 
big discoveries and win Nobel 
Prizes, and it is important that this 
new skill be passed on to younger 
generations of physicists. 

The physics students of the 
future will surely read avidly of the 
deeds of Rubbia and van der Meer 
at CERN in the same way that pre
vious generations were stimulated 
by retracing the brilliant insights 
of Einstein and the subtle craft of 
Rutherford. 

* 'Achievements with Antimatter', available 
from Publications, CERN, 12 11 Geneva 23, 
Switzerland. 

Leon Van Hove, Research Director General 
at CERN when the decision to go ahead 
with the Antiproton Project was taken, 
explains how to pick winners in physics. 

(Photo CERN 596. 10.84) 
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25 years... 
and still going strong 

In the evening of 24 November 
1959, a jubilant crowd in the control 
room of the sparkling new CERN Pro
ton Synchrotron witnessed a proton 
beam accelerated to 24 GeV, at the 
time a new world record. The pride 
of Europe, the machine was the first 
to use the then new principle of alter
nating gradient focusing, and came 
into operation a full year ahead of its 
US counterpart, the Brookhaven 
Alternating Gradient Synchrotron. 

The availability of the wor ld 's 
most powerful accelerator was a 
good start for high energy physics at 
the wor ld 'sf i rst international Labora
tory. The PS has long since ceased to 
hold the world particle beam energy 
record, but thanks to the vision of its 
designers and a series of ingenious 
improvements which have provided 
increased performance and reliabili
ty, it remains the kingpin of CERN's 
installations, the largest and most 
versatile complex of high energy par

ticle accelerators in the world. 
After exploiting the original con

figuration to the full, the second de
cade of the machine's operation saw 
the arrival of the 800 MeV Booster 
synchrotron which increased the in
jection energy and hence the avail
able beam intensity, and a new radio-
frequency accelerating system. 
Later improvements included a new 
50 MeV linac alongside the old one, 
new pole face windings for the mag
nets, the replacement of the original 
mercury arc rectifiers by solid-state 
ones, a new modular control system 
to take care of the complicated new 
modes of operation of the machine, 
and a radiofrequency quadrupole to 
replace the classic Cockcroft-Wal-
ton electrostatic pre-injector at the 
'old ' linac. 

However the biggest change came 
in the role of the machine itself. Ori
ginally, the PS provided particle 
beams directly to the adjacent exper-

Beam exercises 
The evolution of the CERN 
PS. In blue, the proton circuit, 
including the two linac injec
tors (top) and the adjoining 
Booster. The principal ex
tracted beams fan out to the 
right, serving, from the top, 
the low energy neutrino 
beam, the Intersecting Stor
age Rings (ISR — now closed) 
and the 450 GeV Super Pro
ton Synchrotron (below, not 
visible on plan), and the anti-
proton target. 

In red, the antiproton cir
cuit. The secondary antipro
tons are stored in the Anti-
proton Accumulator (AA) 
and loop back to the PS. At 
the bottom, the extracted 
beam branches in two to 
serve the ISR and the SPS. 
At the top, the low energy 
antiprotons emerge for the 
LEAR ring. 

In green, the future. Top 
left, electrons and positrons 
arrive from the new LEP injec
tor. Before reaching LEP, the 
electrons pass to the SPS 
along the same path as the 
antiprotons, while positrons 
follow the proton path, along 
which the PS will also feed 
oxygen ions to the SPS. 
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On 5 February 1960, Niels Bohr presses 
the button at the formal inauguration 
ceremony of the CERN Proton Synchrotron. 
The machine attained its 24 GeV design 
energy on 24 November 1959. 

(Photo CERN 2129A) 

imenta l areas. But ove r the years it 
w a s increas ing ly cal led on t o supp ly 
par t ic les t o o the r mach ines , f i rs t the 
In te rsec t ing S to rage Rings in 1 9 7 1 
and t hen in 1 9 7 6 the SPS 4 0 0 GeV 
Super P ro ton S y n c h r o t r o n . 

W i t h the adven t o f t he CERN ant i -
p r o t o n p ro jec t , the PS b e c a m e in 
1 9 8 1 the w o r l d ' s f i rs t an t i p ro ton 
s y n c h r o t r o n . W o r k i n g in th is m o d e , 
the PS t akes 3 .5 GeV an t i p ro tons 
f r o m the A n t i p r o t o n A c c u m u l a t o r 
( A A ) , acce le ra t ing t h e m t o 2 6 GeV 
ready f o r in jec t ion in to the SPS. 

A s if th is w e r e no t e n o u g h , a n o t h 
er a n t i p r o t o n requ i rement e m e r g e d . 
For the LEAR L o w Energy A n t i p r o t o n 
Ring, t he PS has t o t ake on ye t a n o t h 
er ve ry d i f fe ren t ro le , t ha t o f a par t i 
cle dece le ra to r rather than an acce l 
era tor . T h e p rec ious an t i p ro tons 
f r o m the A A are s l o w e d d o w n f r o m 
3 .5 GeV t o a k inet ic energy near 
2 0 0 M e V . 

In a d d i t i o n , the re w e r e alpha par t i 
c les fo r t he ISR, n e w b e a m s fo r l o w 
energy neu t r ino e x p e r i m e n t s , n e w 
t e s t b e a m s . . . T h e val iant PS never 
fa i led t o r ise t o the o c c a s i o n . 

T h e m a c h i n e ' s b ig m o m e n t f o r 
phys i cs c a m e in 1 9 7 3 w i t h the d is 
c o v e r y o f t he neutra l cur rent in neu
t r i no in te rac t ions us ing the Garga-
mel le bubb le chamber . W i t h the 
arr ival o n the scene of t he SPS, m a n y 
of t he b ig d e t e c t o r s m ig ra ted t o the 
b igger mach ine . T h e PS re ta ined a 
fa i th fu l b a n d o f e x p e r i m e n t e r s , and in 
the last f e w years the nove l LEAR 
p r o g r a m m e has a t t r ac ted a f l ock o f 
severa l hund red phys i c i s t s t o the PS, 
m a n y o f t h e m n e w t o CERN. 

T h e PS p r o v i d e s per pulse ove r a 
t h o u s a n d t i m e s the in tens i ty de l iv 
e red back in 1 9 5 9 and w o r k s in c o m 
p l i ca ted ' s u p e r c y c l e s ' t o cater f o r i ts 

Another shot from the inauguration, 
showing left to right, John Adams, 
Niels Bohr, Ed McMillan, and J. Robert 
Oppenheimer. 

(Photo CERN 2065) 
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Evolution of CERN Proton Synchrotron parameters 
1 9 5 9 1 9 8 4 (* unde r d e v e l o p m e n t ) 

Intensity d e s i g n 1 0 1 0 p / p 
ach ieved 3 x 1 0 1 0 p / p 

2 . 2 x 1 0 1 3 p / p 

Pulse rate 

Energy 

1 per 3 t o 5 s 

d e s i g n 2 5 G e V 
a c h i e v e d 2 8 G e V 

1 per 1.2 t o 2 . 4 s 

0 . 2 t o 2 5 G e V (k inet ic) 

Injector 5 0 M e V Linac In jec to r 1 — 8 0 0 M e V f ou r - r i ng B o o s t e r 
(PSB) f e d b y n e w 5 0 M e V Linac 
In jec to r 2 — A n t i p r o t o n A c c u m u l a t o r 
In jec to r 3 * — E lec t ron Pos i t r on A c c u m u 
la tor 

Accelerated particles P r o t o n s P r o t o n s , d e u t e r o n s , a lphas , a n t i p r o t o n s , 
e l e c t r o n s * , p o s i t r o n s * , o x y g e n * 

Magnet Power Supply 

V o l t a g e 

Cur ren t 

Cyc le t y p e 

Accelerating systems 

A c c e l e r a t i n g cav i t i es 

RF p o w e r 

Vacuum System 

P u m p s 

A v e r a g e p ressu re 

V o l u m e under v a c u u m 

M o t o r g e n e r a t o r se t w i t h one m e r c u r y arc 

rect i f ie r 

5 4 0 0 V 

6 0 0 0 A 

s ing le cyc le w i t h 2 0 m s peak 

16 un i ts o f 1 0 k V each t unab le f r o m 2 . 5 
t o 9 . 5 M H z 

16 x 6 k W 

6 0 oi l d i f f us ion 

4 . 1 0 - 6 t o r r 

9 m 3 

M o t o r g e n e r a t o r se t w i t h t w o t h y r i s t o r 

rec t i f ie rs 

9 0 0 0 V 

6 0 0 0 A 

S u p e r c y c l e a d a p t e d t o t h e use r : 14 G e V 
fo r SPS, 2 6 f o r SPS Col l ider and A A , 2 4 
f o r e x p e r i m e n t a l p h y s i c s , and dece le ra 
t i ng c y c l e s f o r LEAR a n t i p r o t o n s 

10 un i ts o f 2 0 k V each t unab le f r o m 2 . 5 
t o 9 . 5 M H z 
8 un i t s o f 5 0 k V each t u n e d at 2 0 0 M H z , 
2 un i t s o f 5 0 0 k V each at 1 1 4 M H z 
10 x 1 0 0 k W (at 9 . 5 MHz) 

8 x 2 0 k W (at 2 0 0 MHz) 
2 x 1 6 0 k W (at 1 1 4 MHz) 

1 3 9 ion a n d 14 t u r b o m o l e c u l a r 

( N e w v a c u u m c h a m b e r * ) 

2 . 1 0 " 8 t o r r 

16 m 5 

Injection system 

5 0 M e V 

8 0 0 M e V p r o t o n s 

3 .5 GeV a n t i p r o t o n s 

6 0 0 M e V e l e c t r o n s * 

s ing le tu rn w i t h 1 e l ec t ros ta t i c i n f lec to r 
and 3 pu l sed in f l ec to rs 

s ing le t u r n w i t h s e p t a s , f a s t d e f l e c t o r s 
and o r b i t d e f o r m a t i o n 

Beam utilization systems 2 in terna l t a r g e t s f o r S o u t h Hall ( ta rget 1) 
and N o r t h Hall ( ta rget 6) 

S l o w Ex t rac t i on f o r East Hall 
Fast e x t r a c t i o n f o r S P S / A A and w i t h d e 
ce le ra ted pa r t i c les f o r LEAR 
C o n t i n u o u s e x t r a c t i o n f o r SPS 

Experiments 1 m a i n user p lus paras i te t e s t s , e m u l s i o n 
e x p o s u r e s and i r rad ia t ion c h e m i s t r y 
E x p l o r a t o r y c o u n t e r e x p e r i m e n t s , 3 2 c m 
h y d r o g e n b u b b l e c h a m b e r 

T e s t b e a m s in East A r e a . 
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An early aerial view (1962) of the CERN 
site showing the PS ring with its 
experimental halls to the south (right) and 
to the east. 

(Photo CERN 256.1.63) 

i ty o f th is fa i th fu l CERN w o r k h o r s e 
bear t r i bu te t o the s o u n d eng ineer ing 
w o r k o f t he t e a m w h i c h des igned 
and bui l t it in t h o s e fa r -o f f d a y s , and 
t o the imag ina t i on and resource fu l 
ness o f t h o s e w h o have d e v e l o p e d it 
in to the un ique fac i l i ty it is t o d a y . 

Left, in 1973 came the big physics 
discovery at the PS — the neutral current 
of the weak interaction, seen in neutrino 
interactions in the Gargamelle heavy liquid 
bubble chamber. 

w i d e var ie ty ç f users . W h i l e one cus 
t o m e r , the ISR, has d i s a p p e a r e d , f o r 
t he fu tu re the PS w i l l have t o handle 
b e a m s o f ' h e a v y ' ions (oxygen 16) 
f o r a n e w genera t i on o f e x p e r i m e n t s , 
and the e lec t ron and p o s i t r o n 
bunches fo r t he LEP co l l ider , n o w 
under c o n s t r u c t i o n . For t h i s , t he PS 
w i l l rece ive par t ic les f r o m the n e w 
EPA e l ec t r on -pos i t r on accumu la to r 
t ak ing shape in the sou th -eas t sec to r 
o f the mach ine . 

No p roposa l f o r a s u c c e s s o r t o the 
PS has ye t appea red on the ho r i zon , 
so tha t t he mach ine , n o w at t he hub 
o f a c o m p l e x par t ic le f a c t o r y o f t en 
i n te r connec ted acce le ra to rs , s e e m s 
l ikely t o be sti l l p rov i d i ng CERN's par
t ic les w h e n the 2 1 s t cen tu ry a r r i ves . 
T h e f lex ib i l i ty and a s t o u n d i n g re l iabi l -

The Antiproton Accumulator, the heart of 
the CERN antiproton scheme, which 
provides the PS with antiprotons at 
3.5 GeV. 

(Photo CERN 582.10.80) 
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A quarter century of DESY 

A l t h o u g h t he of f ic ia l b i r t hday fa l ls in 
D e c e m b e r , the Deu tsches E lek t ro -
nen S y n c h r o t r o n (DESY) L a b o r a t o r y 
at H a m b u r g ce leb ra ted i ts 2 5 t h a n 
n iversary in S e p t e m b e r t o t a k e a d 
v a n t a g e o f (hopeful ly) t he m o r e c le
m e n t wea the r . It is an ann ive rsa ry o f 
w h i c h DESY can be j us t l y p r o u d . 
W h i l e severa l nat iona l European h igh 
energy phys i cs Labo ra to r i es have 
s l i pped in to l o w e r gear o r rede
p l o y e d thei r r esou rces , t he H a m b u r g 
Labo ra to r y remains in t he w o r l d 
f r o n t rank o f h igh ene rgy p h y s i c s , 
and w i t h t he HERA e l e c t r o n - p r o t o n 
co l l ider n o w under c o n s t r u c t i o n and 
schedu led t o beg in o p e r a t i o n s at t h e 
end of the decade , it l ooks l ikely t o re
main there fo r a long t i m e t o c o m e . 

A s Europe s t rugg led t o ge t back 
on i ts fee t a f ter t he n i gh tma re o f 
W o r l d W a r I I , W e s t G e r m a n y w a s 
a m o n g the f o u n d e r M e m b e r S ta tes 
w h i c h s igned the CERN C o n v e n t i o n 
in 1 9 5 4 . But f o r a c o u n t r y w i t h such a 
d i s t i ngu ished her i tage in nuclear phy 
s i cs , th is c o m m i t m e n t t o an inter
nat iona l Labo ra to r y w a s far f r o m 
e n o u g h . 

In 1 9 5 4 , W o l f g a n g Paul in Bonn 
e m b a r k e d on a p ro jec t t o bui ld a 
smal l e lec t ron s y n c h r o t r o n , and 
th ink ing s o o n tu rned t o t he c o n s t r u c 
t i on o f a larger mach ine . W h i l e e lec
t r o n acce le ra to rs are natura l ly 
cheaper t o bui ld t han the i r p r o t o n 
c o u n t e r p a r t s , a n e w e lec t ron s y n 
c h r o t r o n w a s seen as p r o v i d i n g c o m 
p lemen ta ry phys i cs fac i l i t ies t o t he 
ma jo r p r o t o n acce le ra to r p ro jec t a l 
ready u n d e r w a y at CERN. 

A t the Geneva acce le ra to r con fe r 
ence in 1 9 5 6 , a g r o u p o f phys i c i s t s 
m e t at the h o m e o f W o l f g a n g Gent -
ner, t hen w o r k i n g at CERN, and 
l o o k e d at t he idea o f bu i ld ing a Ger
m a n 6 GeV e lec t ron s y n c h r o t r o n . 
A u s t r i a n Wi l l i ba ld J e n t s c h k e , w h o 
had recent ly re tu rned f r o m the US t o 
b e c o m e the d i rec to r o f t he H a m b u r g 
Ins t i tu te o f Phys ics , w a s n o m i n a t e d 

The German DESY Laboratory at Hamburg 
as it looks today, grouped around the 
faithful electron synchrotron ring (centre) 
with the outlying buildings marking the path 
of the 2.3 km circumference PETRA 
electron-positron collider. For the future, 
the aeroplane will have to fly higher. The 
HERA electron-proton collider now under 
construction requires a 6.5 km ring. Below, 
the DESY site in 1930. 

(Photos DESY) 

t o lead the p ro jec t . 
D iscuss ions w i t h the H a m b u r g Ci ty 

au thor i t ies and w i t h the Federal M i n 
is t ry fo r Research and T e c h n o l o g y 
(then under a d i f fe ren t name) began 
s o o n a f t e r w a r d s , and on the 18 De
c e m b e r 1 9 5 9 the of f ic ia l a g r e e m e n t 
b e t w e e n the federa l and local H a m 
burg g o v e r n m e n t s w a s s i gned . 
W h i l e the Labo ra to r y has g r o w n in 
s ta tu re ove r the yea rs , t he l ink be 
t w e e n the local and federa l g o v e r n 

m e n t s rema ins a charac ter is t i c 
fea tu re o f D E S Y ' s char ter . 

In t he m e a n t i m e a w o r k i n g g r o u p 
d r e w up a de ta i led spec i f i ca t ion f o r 
the n e w m a c h i n e , and in a se l f less 
w a y t he A m e r i c a n mach ine bu i lders 
f r o m C a m b r i d g e , M a s s a c h u s e t t s , 
he lped the i r H a m b u r g coun te rpa r t s . 
On 2 5 February 1 9 6 4 the DESY 
s y n c h r o t r o n began o p e r a t i o n , p r o 
v id ing f o r a t i m e t he h ighes t energy 
e lec t ron b e a m s in the w o r l d . 
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18 December 1959. Federal German Atomic 
Energy Minister Siegfried Balke (left) and 
Hamburg Mayor Max Brauer sign the official 
agreement setting up the German DESY 
Laboratory. These close links between local 
and federal governments remain a 
characteristic feature of DESY's charter. 

T h e exper imen ta l p r o g r a m m e w i t h 
the n e w mach ine began at an o p p o r 
t une t i m e as Rober t H o f s t a d t e r ' s 
g r o u p , w o r k i n g w i t h e lec t ron b e a m s 
at S t a n f o r d , had s h o w n tha t t he p r o 
t o n is no t po in t l i ke , bu t has d i m e n 
s ions . T h e nex t s t e p w a s t o i nves t i 
ga te w h a t w a s ins ide th is e x t e n d e d 
p r o t o n , and e x p e r i m e n t s at DESY d id 
va luab le w o r k . Un fo r t una te l y t h e s e 
init ial c lues w e r e insuf f ic ien t t o p r o 
v ide the ful l p i c tu re , and it needed the 
2 0 GeV energ ies o f t he n e w t w o -
mi le S t a n f o r d l inac t o u n c o v e r the 
granular s t ruc tu re o f t he p r o t o n . 

A s we l l as e x p e r i m e n t s w i t h e lec
t r o n s , beaut i fu l resu l ts w e r e o b 
ta ined us ing ' b r e m s s t r a h l u n g ' — 
s e c o n d a r y p h o t o n b e a m s — t o s t u d y 
p ion p r o d u c t i o n . 

W i t h the e lec t ron ene rgy reco rd 
w r e s t e d by the n e w S t a n f o r d l inac, 
DESY p r o p o s e d in 1 9 6 7 t o bui ld a 
n e w research t o o l , t he DORIS (Dop-
pe l -Ring-Speicheran lage) e l e c t r o n -

p o s i t r o n co l l ider t o p rov ide an e f fec 
t i ve co l l i s ion energy o f 9 GeV 
(4 .5 GeV per beam) , c o m p a r e d t o 
t he 5 .3 GeV e f fec t i ve co l l i s ion ener
gy p r o v i d e d by the 2 0 GeV S t a n f o r d 
b e a m h i t t ing a f i xed ta rge t . 

DORIS began ope ra t i on jus t t o o 
late t o m a k e a spec tacu la r d i s c o v e r y 
w h i c h cou ld have been easi ly in i ts 
g rasp . In N o v e m b e r 1 9 7 4 , an expe r i 
m e n t led by S a m T ing at B r o o k h a v e n 
and ano the r by Burt Richter at t he 
SPEAR e lec t r on -pos i t r on co l l ider at 
S t a n f o r d d i s c o v e r e d the J / p s i pa r t i 
cle — o p e n i n g the d o o r t o the ' n e w 
p h y s i c s ' o f cha rm and heavier 
qua rks . 

W h i l e ' j u s t m iss ing the init ial d i s 
c o v e r y , t he D A S P expe r imen t at DO
RIS w a s s o o n add ing i ts c o n t r i b u 
t i o n s t o th is n e w s p e c t r o s c o p y by 
s p o t t i n g t he g a m m a rays c o m i n g 
f r o m d e c a y s o f heavy qua rk -an t i -
quark b o u n d s ta tes . 

Severa l years later, t he SPEAR r ing 

at S t a n f o r d s c o r e d again w i t h the tau 
l e p t o n . Once again the DORIS exper 
imen te r s w e r e s o o n on the scene , 
add ing v i ta l i n f o r m a t i o n on th is n e w 
par t i c le , s h o w i n g tha t t he tau has 
ident ica l p rope r t i es t o the e l ec t ron , 
a l t hough 3 4 8 7 t i m e s heavier . 

T h e nex t b ig b r e a k t h r o u g h in pa r t i 
cle phys i cs w a s the d i s c o v e r y o f t he 
ups i lon par t ic le at Fermi lab in 1 9 7 7 , 
t he f i rs t s ign o f t he f i f t h ' b o t t o m ' 
quark . T h e co l l i s ion energy o f t he 
DORIS r ing w a s qu ick ly b o o s t e d t o 
m a k e an init ial su rvey o f th is ups i lon 
r eg i on , and t he e x p e r i m e n t s began 
t o unrave l t he s p e c t r o s c o p y o f t hese 
n e w par t i c les . 

T o p r o b e fu r the r in to the ups i lon 
reg ion , t he bo ld dec is ion w a s t a k e n 
t o rebui ld DORIS as a s ing le r ing m a 
ch ine , and a n e w d e t e c t o r , A R G U S , 
w a s c o n s t r u c t e d . In the n e w DORIS, 
co l l i s ion energ ies e x c e e d e d 11 GeV , 
co l l i s ion ra tes w e n t up by a f ac to r o f 
t w e n t y , and w i t h e lec t ron and p o s i 
t r o n b e a m s c i rcu la t ing in the s a m e 
v a c u u m v e s s e l , p o w e r c o n s u m p t i o n 
w a s ha l ved . 

T h e inc reased p e r f o r m a n c e of t he 
n e w DORIS r ing en t i ced a o n e - t i m e 
c o m p e t i t o r , t he Crys ta l Ball d e t e c t o r 
w h i c h had pa r t i c ipa ted in m a n y of t he 
ma jo r SPEAR d i scove r i es , t o qu i t 
S t a n f o r d and c h a r m phys i cs in 1 9 8 2 
and c o m e t o DORIS fo r ups i lon p h y s 
ics i ns tead . 

T h e dec is ion t o r e v a m p DORIS has 
pa id o f f h a n d s o m e l y , as the exper i 
m e n t s (a long w i t h the t e a m s w o r k i n g 
at t he CESR r ing at Cornel l) have 
c r e a m e d o f f t he bes t resu l ts in ups i 
lon s p e c t r o s c o p y and the s t u d y o f 
heavy quark -an t iqua rk b o u n d 
s ta tes . 

But DESY had ano ther card up i ts 
s leeve . Back in 1 9 7 4 , a b igger e lec
t r o n - p o s i t r o n co l l ider w a s p r o p o s e d . 
In 1 9 7 8 , t he 2 . 3 k m c i r cumfe rence 
PETRA (Pos i t r on -E lek t r on -Tandem-
Ring-An lage) s to rage r ing began 
o p e r a t i o n s , p rov i d i ng co l l is ion ener-
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Willibald Jentschke, leader of the initial 
DESY project and the Laboratory's first 
Director. 

(Photos DESY) 

gies init ial ly a round 3 8 GeV. T h o u g h 
the c o s t o f th is mach ine at f i r s t 
s e e m e d large, it w a s real ly no m o r e 
expens i ve than the or ig ina l DESY 
s y n c h r o t r o n , once in f la t ion had been 
t a k e n in to accoun t . A f t e r DORIS had 
been bea ten severa l t i m e s t o t he 
p o s t by SPEAR, the lesson had been 
learned. PETRA c a m e on- l ine a 
w h o l e nine m o n t h s be fo re t he ini t ial ly 
schedu led da te , and t w o years be 
f o re the c o m p a r a b l e PEP mach ine at 
S t a n f o r d . 

W i t h PETRA, a n e w c o n c e p t f o r 
exp lo i t i ng such mach ines w a s in t ro 
d u c e d . W h i l e the mach ine i tsel f w a s 
basical ly bui l t by W e s t G e r m a n y , ex 
pe r imen ts are f i nanced by m a n y 
coun t r i es . W h e n e x p e r i m e n t s in PE
T R A began in Ju ly 1 9 7 8 , t he PLUTO 
d e t e c t o r had been t r ans fe r red f r o m 
DORIS (later PLUTO w a s rep laced in 
PETRA by CELLO). T h e rema in ing 
th ree in te rsec t ion reg ions w e r e o c 
cup ied by the J A D E , M a r k - J and 

T A S S O e x p e r i m e n t s . A b o u t half o f 
the c o s t o f t hese PETRA expe r i 
m e n t s is c o n t r i b u t e d f r o m a b r o a d . 

In 1 9 7 9 came the pay-o f f . T h e 
T A S S O and M a r k - J d e t e c t o r s s a w 
e lec t r on -pos i t r on annih i la t ions p r o 
duc ing th ree sp rays ( ' jets ') o f pa r t i 
c les , t w o c o m i n g f r o m a p r o d u c e d 
quark -an t iquark pair and the th i rd 
f r o m an add i t iona l par t ic le — the 
l ong -sough t carr ier o f the in te r -quark 
f o r c e . The g luon had at last c o m e ou t 
in to the o p e n . 

W i t h i ts reco rd energ ies , PETRA 
e m b a r k e d o n a deta i led analys is o f 
m u o n p r o d u c t i o n , f i nd ing conv inc i ng 
ev idence f o r the n e w ' e l e c t r o w e a k ' 
t h e o r y , w h i c h rece ived expl ic i t c o n 
f i rma t i on f r o m CERN last year w i t h 
the d i s c o v e r y o f the W and Z pa r t i 
c les . A n a l y s i s o f the s t rong l y inter
ac t ing par t ic les p r o d u c e d in PE-
T R A ' s annih i la t ions gave v i ta l in for 
m a t i o n on the pa ramete rs o f the in 
te r -quark f o r c e . 

Guests of honour at the DESY 25th anni
versary celebrations were Federal German 
President Richard von Weizsâcker (left) and 
Hamburg Burgermeister Klaus von Dohnanyi. 

(Photo F. Becker) 

In a hero ic e f f o r t , t he co l l i s ion ener
gy o f t he PETRA b e a m s w a s c ranked 
up t o 4 7 GeV in a search (un fo r tu 
nate ly unsuccess fu l ) f o r t he s ix th 
( ' top ' ) quark . PETRA wi l l remain the 
w o r l d ' s h ighes t ene rgy e l e c t r o n - p o 
s i t ron r ing unt i l t he c o m p l e t i o n o f t he 
T R I S T A N p ro jec t at KEK in Japan 
and the LEP mach ine at CERN. 

A s we l l as con t i nu ing t o p rov ide 
s ter l ing phys i cs w i t h co l l id ing 
b e a m s , f o r a th i rd o f t he t i m e t he 
DORIS r ing is f i l led w i t h s ingle h igh 
cur ren t b e a m s t o exp lo i t the e lec t ro 
magne t i c s y n c h r o t r o n rad ia t ion 
w h i c h e m a n a t e s f r o m the c i rcu la t ing 
par t i c les . A spec ia l L a b o r a t o r y , H A -
S Y L A B , has been set up at DESY 
w h e r e each year abou t 5 0 0 sc ien 
t i s t s c o m e t o m a k e use o f th is rad i 
a t i on . A s u b s t a t i o n o f t he European 
L a b o r a t o r y f o r Mo lecu la r B io logy 
(based in Heidelberg) has a lso been 
set up at DESY. 

Over i ts imp ress i ve h i s to ry , t he 
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DESY Director Volker Soergei addresses 
the assembled guests at the official 
celebrations to mark the 25th anniversary 
of the signing of DESY's charter. 

DESY mach ine g r o u p has m a d e 
m a n y 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 
ar t o f bu i ld ing s t o rage r ings . T h e re
sou rce fu lness o f t hese spec ia l i s ts is 
a lso re f lec ted in the w a y t he DESY 
mach ines have g o n e on t o su rpass 
the i r init ial des ign a ims . 

On its t w e n t y - f i f t h b i r t hday , DESY 
can r e v i e w w i t h pr ide and sa t i s fac 
t i o n the a c c o m p l i s h m e n t o f an a m b i 
t i ous p r o g r a m m e o f mach ine c o n 
s t r uc t i on and p h y s i c s e x p e r i m e n t . 
But the Labo ra to r y l o o k s t o the f u 
tu re as we l l as the pas t . Earlier th is 
year , f o r m a l app rova l w a s rece ived 
and c o n s t r u c t i o n began f o r t he g ian t 
n e w HERA e l e c t r o n - p r o t o n col l ider . 

In the 6 . 3 k m HERA t u n n e l , ex 
t e n d i n g far b e y o n d t he bounda r i es o f 
t he p resen t DESY s i te , p r o t o n s w i l l 
be acce le ra ted t o 8 2 0 GeV and c o l 
l ided w i t h 3 0 GeV e lec t rons . W h i l e 
t he e a r t h m o v i n g f o r HERA ge t s u n 
d e r w a y in earnes t , t he t e c h n o l o g y 
f o r the p r o t o n r ing 's s u p e r c o n d u c t 
ing m a g n e t s l o o k s w e l l under c o n 
t r o l . For t hese c r yogen i c m a g n e t s , 
t he b igges t re f r igera t ion p lant in Eu
rope wi l l be c o n s t r u c t e d . Plans f o r 
t he e x p e r i m e n t s f o r th is n e w r ing are 
n o w be ing d r a w n up , a t t r a c t i n g 
phys i c i s t s f r o m all ove r t he w o r l d . 
DESY l o o k s set t o rema in a f o c u s o f 
ma jo r h igh energy phys i cs research 
at least unt i l t he end o f t he cen tu ry . 

Basic research — 
curse or blessing 
Wolfgang 'Pief Panofsky, former di
rector of the Stanford Linear Accel
erator Center, was a guest at the 
recent celebrations of the 25th an
niversary of the German DESY Labo
ratory. We publish here some ex
tracts from his stimulating keynote 
address. 

'We are gathered here in order to 
celebrate the 25th Anniversary of 
DESY. I am particularly pleased to 
participate in this celebration for sev
eral reasons. First, DESY is a sister 
institute to the Stanford Linear Ac
celerator Center — SLAC for short, 
which is a part of Stanford University 
in California, my place of work for the 
last 34 years. SLAC and DESY work 
on similar topics — we both operate 
electron accelerators and electron-
positron storage rings. Our institutes 
are of similar size and we have about 
the same number of staff members. 
We both are now starting to build 
colliding beam machines using new 
principles. 

Secondly, I am pleased to be here 
in order to congratulate DESY for the 
great progress in science which has 
been set in motion from here. But in 
addition this visit is for me a senti
mental occasion. I lived in Hamburg 
as a child from 1919 until 1934. I 
was educated at the Gelehrtenschule 
des Johanneums and my father 
taught at the University of Ham
burg. 

Particle physics is a great unifier of 
different topics of science. However, 
particle physics is also a unifier of 
people. Physicists and other scien
tists who throughout the world work 
on this subject know one another 
and share a mutual respect. There 
are no secrets in particle physics. All 
new results are published promptly. 
It is particularly important that the 
role of particle physics is not only 
recognized by specialists but that all 
citizens who share the required inter
est have the opportunity to under
stand this subject. After all, we are all 
paying the bill for the work on this 
topic. 

Keynote speaker at DESY's 25th anni
versary was former Stanford Director 
Wolfgang 'Pief Panofsky who spoke on 
'fundamental research — curse or blessing'. 
Panofsky spent his boyhood in Hamburg 
before emigrating to the US. 
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Laboratories which are active in 
this field exist in almost all countries 
of the world. There is not such a 
thing as "the best machine in the 
world" for particle physics. Labor
atories operate installations of many 
kinds : accelerators or storage rings, 
electron or proton machines, weak 
beams or intensive beams. Each ma
chine is particularly effective in ex
ploring a special topic; the ideal ma
chine for all purposes has not been 
invented and is not inventable. Inter
national collaboration in this field 
does not only serve international cul
ture and international peace and 
understanding but is also necessary 
for purely scientific reasons. 

Are the results of nuclear physics a 
curse or a blessing? Are the future 
results of particle physics generated 
by DESY or other fundamental re
search institutes a curse or a bless
ing? There are few questions which 
are more important for the future of 
the world than these. The laws of 
nature exist irrespective of whether 
man discovers them today, tomor
row, or the day after tomorrow. For 
example, we know today that the 
first nuclear reactor was not pro
duced by Fermi and his collaborators 
in Chicago during the war in 1943, 
but that a nuclear fission explosion 
was released by nature in Gabon on 
the west coast of Africa 2 billion 
years ago! This fact was discovered 
12 years ago by analyzing the ore 

produced in a uranium mine at that 
location. To deny knowledge to 
humanity is no answer to difficult 
questions. 

The future of civilization is to a 
large extent dependent on progress 
in technology. In turn, the progress 
of technology depends on progress 
in basic research. Therefore through
out the world in which we live there is 
no alternative to the duty of human 
society to carry out scientific re
search intensively — the only ques

tion is how intensively. 
Basic research requires money and 

work. When the economy or indus
try are in difficulty one often hears 
the question, 'Yes, but can we afford 
basic research?' The answer is that 
without basic research or technology 
the economy cannot be healthy. This 
would be a tree without roots which 
cannot thrive for any length of time. If 
money is short it often appears to be 
the simplest solution to defer every
thing which only serves the long-
range future. However whoever 
chooses such a course mortgages 
the future. 

Basic research is absolutely neces
sary for the future of civilization. 
With science it is at least possible 
that we can live in harmony with the 
natural world. However this can only 
become reality when our citizens lis
ten critically to scientific advice. In a 
fundamental sense science is not a 
curse but it can only become a bless
ing if it is treated and explored care
fully. The truth is inseparable: Man 
cannot pick out those laws of nature 
with which he feels comfortable and 
ignore those which he considers un
comfortable. 

In conclusion, research including 
basic research is a necessity of mod
ern society and makes possible the 
improvement of the quality of life 
within the whole world but it does 
not assure such improvement. DESY 
can be proud to have played a very 
important role in this undertaking. 
This statement applies not only to 
the past but also to the future. The 
new machine HERA will provide a 
unique opportunity to DESY to find 
new fundamental results in particle 
physics. 

The future of laboratories like 
DESY and my own institution SLAC 
depends on continuing renewal. 
When DESY was founded 25 years 
ago no one could imagine the future 
with DORIS, PETRA and HERA. The 

progress of high energy physics is 
paced by inventions of new means of 
acceleration. Each new method of 
acceleration of elementary particles 
makes it possible to raise the attain
able energy limit. Yet each one meth
od can only lead to a certain progress 
until it becomes too expensive; then 
a new technology has to be invented 
and introduced. DESY has contri
buted to many of these jumps; I be
lieve that DESY will also contribute 
to the subsequent advances. 

I conclude with congratulations to 
DESY, a Laboratory which has 
played such a large role through a 
quarter century in this great adven
ture of our time. ' 
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Around the Laboratories 
One of the 'two-in-one ' superconducting 
magnets designed and built at Brookhaven 
for the proposed US Superconducting Super 
Collider (SSC). In tests, the magnets 
performed successfully, promising that the 
SSC's exacting requirements can be met. 

(Photo Brookhaven) 

Supercollider 
The Superconducting Super 
Collider (SSC) — a proposal 
for a 20 TeV (20 000 GeV) 
colliding beam accelerator — 
has been recommended for 
construction in the US and 
design studies are well under
way. The University of Cali
fornia's Lawrence Berkeley 
Laboratory has been chosen 
as the home of the SSC 
Central Design Group (see 
November issue, page 391) 
but work is being carried out 
at a number of existing US 
Laboratories. 

To reflect the growing im
petus of the SSC proposal 
in the US, the CERN Courier 
is introducing the 'Supercol
lider' heading in its 'Around 
the Laboratories' section. 
The project has yet to be 
formally approved and 
funded, and even the site 
remains to be chosen. Mean
while by bringing develop
ments under a single heading 
we hope to provide a more 
coherent coverage of this 
ambitious and exciting new 
idea. 

SUPERCOLLIDER 
Super-magnets 

T h e f i rs t i t ems o f h a r d w a r e d e s i g n e d 
f o r t he p r o p o s e d US S u p e r c o n d u c t 
ing Super Col l ider (SSC) have 
e m e r g e d f r o m the B r o o k h a v e n SSC 
m a g n e t p r o g r a m m e , u n d e r w a y f o r 
t he pas t year . T w o 4 . 5 m s u p e r c o n 
duc t i ng d ipo les have been s u c c e s s 
fu l ly t e s t e d , d e m o n s t r a t i n g key c o n 
c e p t s d e v e l o p e d t o m e e t t he SSC 
requ i remen ts f o r e c o n o m y and f o r 

s t r eng th and un i f o rm i t y o f magne t i c 
f i e ld . 

Each o f t he ' t w o - i n - o n e ' m a g n e t s 
reached a f ie ld o f 6 tes la , the l imit o f 
the s u p e r c o n d u c t o r at 4 . 5 K, w i t h 
l i t t le or no t ra in ing . A t reduced t e m 
pera ture (2 .5 K), t he m a g n e t s t ra ined 
t o t he 7 T l imi t o f the c o n d u c t o r in 5 
t o 7 quenches . T h e shape o f t he 
magne t i c f ie ld in t he fou r bo res w a s 
the s a m e t o w i t h i n a f e w par ts in 
10 0 0 0 , t he genera l level o f r e p r o d u 
c ib i l i ty requ i red by the SSC, and 
agreed w e l l w i t h t he ca lcu la ted 
shape . T h e c o n s t r u c t i o n o f the m a g 
ne ts w a s exped i t ed by the use o f 
s u p e r c o n d u c t o r and m o d i f i e d t o o l 
ing f r o m the B r o o k h a v e n Col l id ing 
Beam Acce le ra to r (CBA, ex - ISA -
BELLE) d e s i g n , n o w in co ld s to r 
age. 

T h e m a g n e t co i ls w e r e m a d e w i t h 
the same t y p e o f n i ob ium- t i t an ium 
s u p e r c o n d u c t i n g cable used in t he 
C B A and Fermi lab T e v a t r o n m a g 

ne ts , and a s imi lar t w o - l a y e r coi l d e 
s ign w a s u s e d . H o w e v e r t he inner 
d i ame te r s w e r e 3 . 2 c m , m u c h sma l l 
er t han p rev ious m a g n e t s . Th is re
qu i red tha t t he cab le shape be m o d 
i f ied t o ach ieve the t igh te r f i t . T h e 
g o o d rep roduc ib i l i t y o f t he f ie ld 
shape a t t e s t s t o the ve ry un i f o rm 
spac ing o f t he ind iv idual t u rns in t he 
coi l (w i th in 0 . 0 5 m m ) , espec ia l ly i m 
press ive in v i e w o f t he smal l coi l d ia 
m e t e r s . 

In t he t w o - i n - o n e d e s i g n , t he co i ls 
needed f o r t he t w o m a g n e t r ings o f a 
p r o t o n - p r o t o n co l l ider are c l a m p e d 
in a s ing le i ron y o k e and c r y o s t a t . A s 
we l l as e c o n o m y o f manu fac tu re , t he 
c l oseness o f t he i ron t o the coi l a lso 
enhances t he f ie ld in the bo re . Perfor
m a n c e o f t h e c o n d u c t o r at i ts l imi t a t 
4 . 5 K w i t h m in ima l t ra in ing ind ica tes 
tha t t he requ i red c o m p r e s s i o n o f t he 
coi l w a s o b t a i n e d in b o t h bo res o f 
the y o k e . T h e smal l n u m b e r o f a d d i 
t iona l t ra in ing quenches requ i red t o 
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WA 1 results for the neutral-to-charged-
current ratio of neutrino and antineutrino 
scattering on heavy nuclei. The curve gives 
the expectation of the electroweak theory 
for different values of the electroweak 
mixing parameter. With this parameter 
known, the masses of the W and Z bosons 
could be accurately predicted. 

at ta in 7 T ind ica tes a marg in at 4 . 5 K 
and the po ten t ia l t o a c c o m m o d a t e a 
h igher cur rent c o n d u c t o r such as n io 
b ium- t i n . T e s t s w i t h n iob ium- t i n are 
schedu led fo r t he c o m i n g f e w 
m o n t h s . 

W i t h the ideas necessary f o r t he 
c o n s t r u c t i o n o f smal l bo re t w o - i n -
one m a g n e t s seem ing l y in g o o d 
shape , a t t en t i on has t u r n e d t o m a g 
ne ts fo r SSC Reference Des ign A , 
w o r k e d ou t in co l l abo ra t i on w i t h the 
Berke ley M a g n e t Group . T h e s e t w o -
in-one m a g n e t s w i l l use t he h igher 
cur ren t n i ob ium- t i t an ium n o w be 
c o m i n g avai lable and w i l l have an 
inner coi l d i ame te r o f 4 c m . T h e d e 
s ign w i l l be p r o d u c e d in b o t h 4 . 5 m 
and 17 .7 m leng ths , t he la t ter be ing 
t he fu l l -scale SSC d i m e n s i o n . 

CERN 
Last of the first 

It is pe rhaps a s ign o f t he c o m i n g o f 
age o f t he CERN 4 5 0 G e V Super Pro
t o n S y n c h r o t r o n w h e n af ter e igh t 
years o f pa ins tak ing w o r k i ts f i r s t 
a p p r o v e d e x p e r i m e n t — the W A 1 
s t u d y by a C E R N / D o r t m u n d / H e i d e l -
b e r g / S a c l a y / W a r s a w ( 'CDHS') c o l 
l abo ra t i on , led by J a c k S te inberge r , 
b o w s ou t . 

P r o p o s e d back in 1 9 7 3 , W A 1 , 
w i t h i ts 1 5 0 0 t o n d e t e c t o r c o n s i s t i n g 
o f 2 0 magne t i zed i ron m o d u l e s in 
s t r u m e n t e d w i t h sc in t i l la to r shee ts 
and in te rspersed w i t h dr i f t c h a m 
be rs , set a n e w scale f o r neu t r ino 
e x p e r i m e n t s . 

A t the t i m e , the h igh ene rgy behav 
iour o f t he w e a k in te rac t ion w a s u n 
der l ively d e b a t e , and the i m m e d i a t e 
ob jec t o f the e x p e r i m e n t , w h i c h 
m e a s u r e d the energy d e p o s i t e d by 
the in te rac t ing neu t r inos and s tud ied 
the resu l t ing m u o n t r a c k s , w a s t o 
see if the neu t r inos f r o m the SPS f o l 
l o w e d the s a m e rules as the i r l o w e r 

energy c o u n t e r p a r t s . 
A s the expe r imen t g o t u n d e r w a y , 

o the r e x p e r i m e n t s l ook ing at h igh 
energy neu t r ino in te rac t ions had re
p o r t e d s t range happen ings . Perhaps 
the high energy neu t r inos d id no t f o l 
l o w the ru les. Exp lo i t ing the unpara l 
le led qua l i ty o f t he SPS neu t r ino 
b e a m s and af ter amass ing m o r e da ta 
t han all t he rest o f t he w o r l d pu t 
t o g e t h e r , t he W A 1 expe r imen t pu t 
t he reco rd s t ra igh t . High energy neu 

t r i nos w e r e we l l b e h a v e d . T h e neu t r i 
no and an t ineu t r i no reac t ion ra tes 
(c ross -sec t ions ) w e r e cons i s t en t 
w i t h a l inear r ise w i t h energy , t he 
g r o s s fea tu res o f the d i f ferent ia l 
c r o s s - s e c t i o n s s h o w e d sca l ing be 
hav iour , and if a s e c o n d m u o n w i t h 
o p p o s i t e charge e m e r g e d f r o m the 
neu t r ino i n te rac t i on , i ts p rope r t i es 
w e r e c o n s i s t e n t w i t h the exc i ta t i on 
and sem i l ep ton i c decay o f s ing le 
c h a r m e d q u a r k s . 
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Once there were four 
When the neutrino physics 
programme at the CERN SPS 
Super Proton Synchrotron 
got underway in earnest, 
there were four major detec
tors at work — the BEBC and 
Gargamelle bubble chambers, 
the WA 1/CDHS counter 
experiment and the 
WA 18/CHARM counter ex
periment. (There are other, 
more specialized detectors, 
such as the WA 44 quark 
search by a Bologna/ 
CERN/Frascati'/Rome colla
boration.) Between them, 
these big detectors made 
impressive contributions to 
physics progress. 

For one reason or another, 
each of the four major detec
tors have retired from the 
scene, and for the moment 
only the new CHARM II ex
periment (see May issue, 
page 153) is scheduled for 
a full programme of neutrino 
physics at the SPS. 

The first detector to be 
retired was the five metre-
long Gargamelle heavy liquid 
bubble chamber, victim of a 
crack which curtailed its oper
ations at the SPS in 1979. 
Gargamelle was originally 
installed at the 28 GeV Proton 

Synchrotron where in 1973 
it was the scene of the fa
mous discovery of the neutral 
current of the weak interac
tion. 

Also first built for operation 
at the PS was the 3.7 m dia
meter Big European Bubble 
Chamber, BEBC, which 
ceased operation earlier this 
year after taking 6.3 million 
photographs of particle inter
actions from 13 million ex
pansions. As well as being 
used with neutrino beams, 
BEBC carried out valuable 
work in hadron physics. Dur
ing its working life, BEBC 
was exposed to PS and SPS 
beams with fillings of hydro
gen, deuterium and mixtures 
of neon and hydrogen. BEBC 
also became a hybrid detec
tor by adding an external 
muon identifier (EMI), internal 
picket fence (IPF), external 
particle identifier (EPI) and a 
track sensitive target (TST). 
BEBC was equipped with the 
largest superconducting mag
net in the world. Its twin coils 
produced a magnetic field of 
35 kilogauss over a volume 
of 55 cubic metres, repre
senting a stored energy of 
730 Megajoules. 

A n o t h e r ear ly ach ievemen t w a s 
the f i r s t p rec is ion m e a s u r e m e n t o f 
t he e l e c t r o w e a k m ix ing pa ramete r 
(the ' W e i n b e r g ang le ' ) . It w a s on ly as 
a resul t o f such m e a s u r e m e n t s t ha t 
c o n f i d e n c e in t he e l e c t r o w e a k t h e o r y 
began t o g r o w and f i r m p red i c t i ons 
cou ld be m a d e f o r t he m a s s e s o f t he 
W and Z b o s o n s , t hus pav ing t he 
w a y f o r t he spec tacu la r resu l ts f r o m 
the CERN p r o t o n - a n t i p r o t o n Col l ider 
in 1 9 8 3 . 

W i t h h igh energy w e a k in terac
t i o n s in g o o d s h a p e , t he e m p h a s i s 
c h a n g e d t o us ing the neu t r ino b e a m s 
as a p r o b e o f had ron s t ruc tu re . W A 1 
w e n t on t o m a k e c lassic e x p e r i m e n t s 
o f t he inner s t ruc tu re o f nuc léons , 
measu r i ng f o r t he f i rs t t i m e thei r c o n 
t e n t in t e r m s o f g luons as we l l as 
qua rks and an t i qua rks , and c o m p a r 
ing resu l ts f r o m i ron and h y d r o g e n 
t a r g e t s . Th i s w o r k a lso p r o v i d e d v a 
lues f o r v i ta l pa rame te r s in the q u a n 
t u m c h r o m o d y n a m i c s t h e o r y d e s 
cr ib ing the f o r c e s b e t w e e n qua rks 
and g luons . 

W A 1 , a long w i t h the BEBC bubb le 
c h a m b e r and t he W A 1 8 ' C H A R M ' 
(CERN / H a m b u r g / A m s t e r d a m / 
Rome / M o s c o w ) e lec t ron ic coun te r 
e x p e r i m e n t , w a s one o f t he pi l lars o f 
CERN's un ique SPS neut r ino phys i cs 
p r o g r a m m e . A s we l l as conven t i ona l 
s tud ies us ing the h igh energy b e a m s 
f r o m the SPS, a ser ies o f ' b e a m 
d u m p ' e x p e r i m e n t s w e r e m o u n t e d , 
w i t h the b e a m s t r i k ing a th i ck me ta l 
t a rge t t o a t t enua te c o m m o n sou rces 
o f neu t r i nos and iso la te any a d d i t i o n 
al c o m p o n e n t . 

In 1 9 8 3 , t he n e w l o w energy neu 
t r i no b e a m f r o m the 2 8 GeV P ro ton 
S y n c h r o t r o n c a m e in to a c t i o n , w i t h 
W A 1 and W A 1 8 m o d u l e s m o u n t e d 
u p s t r e a m o f t he ma in d e t e c t o r s in 
o rde r t o c o m p a r e the neu t r ino s i g -

A scene from the WA 1 end-of-experiment 
party at CERN with Jack Steinberger (right), 
Paolo Palazzi (centre) and a welcome 
interloper. 
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Groundbreaking for the new Brookhaven 
Heavy Ion Project. Wielding shovels are, 
left to right, Brookhaven Director Nick 
Samios, US Congressman William Carney, 
and Director of the US Department of 
Energy's Office of Energy Research Alvin 
Trivelpiece. A waiting their turn are Herman 
Feshbach (left) and Robert Hughes, 
Chairman and President respectively of the 
Board of Trustees of Brookhaven's parent 
organization, Associated Universities Inc. 

(Photo Brookhaven). 

nals at t w o po in t s in an a t t e m p t t o 
t rack d o w n neut r ino ' osc i l l a t i ons ' . 

A s W A 1 ret i res f r o m the SPS 
scene , neu t r ino phys i cs is a l t oge the r 
be t te r u n d e r s t o o d . H o w e v e r t he re 
are sti l l a f e w co rne rs st i l l t o be t i d i ed 
up — the osc i l la t ion q u e s t i o n has ye t 
t o be s e t t l e d / t h e b e a m d u m p s tud ies 
have pe rhaps no t been qu i te as e n 
l igh ten ing as had been h o p e d , and 
t he s igh t ing o f pai rs o f m u o n s ca r ry 
ing the s a m e elect r ic charge d e 
se rves s o m e fu r ther w o r k . 

T h e W A 1 e x p e r i m e n t is n o w 
s w i t c h e d o f f , bu t i ts m i l e s t o n e p h y 
s ics resu l ts and i ts m a s s o f a c c u m u 
la ted neut r ino da ta rema in as a m o 
n u m e n t t o w h a t w i l l sure ly g o d o w n 
as one of t he c lass ic phys i cs expe r i 
m e n t s ô f our t i m e . 

The fractional momentum of the nucléon 
carried by all quarks (F2), by valence quarks 
only (xFj), and by antiquarks (q). The WA 1 
measurements with neutrinos compare well 
with measurements using muon (EMC) and 
electron (SLAC-MIT) beams. 

BROOKHAVEN 
Heavy ion project 
underway 

Ground w a s b r o k e n f o r B r o o k h a v -
en ' s n e w Heavy Ion Pro ject o n 
16 O c t o b e r . T h e f i rs t phase of th is 
p ro jec t is t he c o n s t r u c t i o n o f a 
6 0 0 m e t r e beaml ine t o t rans fe r hea
v y ions f r o m the 16 M V t a n d e m V a n 
de Graaf f t o t he A l t e rna t i ng Grad ient 
S y n c h r o t r o n . The re t hey w i l l be ac
ce le ra ted t o a k inet ic energy o f 
1 4 . 6 G e V / n and e x t r a c t e d f o r f i xed 
ta rge t e x p e r i m e n t s . Ion b e a m s w i t h 
m a s s e s f r o m 12 t o 3 5 are e x p e c t e d 
t o be avai lab le beg inn ing in O c t o b e r 
1 9 8 6 . Five p r o p o s a l s f o r expe r i 
m e n t s us ing such b e a m s had been 
rece ived as o f O c t o b e r , and s o m e 
3 2 0 phys i c i s t s f r o m the US and 
a b r o a d had j o i n e d t he n e w Heavy Ion 
Users Group (HUG). 
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At the recent US Summer School on High 
Energy Particle Accelerators, held at 
Fermilab, Roy Billinge of CERN described 
what else could be put into the tunnel now 
being constructed at CERN for the LEP 
electron-positron collider. 

1 

Speakers at the br ief g r o u n d b r e a k 
ing c e r e m o n y w e r e US C o n g r e s s 
m a n W i l l i a m Carney , H e r m a n Fesh-
b a c h . Cha i rman of t he Board o f T r u s 
tees of A s s o c i a t e d Un ivers i t ies Inc. 
( B r o o k h a v e n ' s paren t o rgan iza t ion ) , 
B r o o k h a v e n D i rec tor Nick S a m i o s , 
and A l v i n T r i ve lp iece , D i rec to r o f t he 
US D e p a r t m e n t o f Ene rgy ' s Of f ice o f 
Energy Research. T h e y e m p h a s i z e d 
the s t r o n g en thus i asm fo r s ta r t i ng a 
n e w d i rec t ion in phys i cs research 

and the oppo r t un i t i e s f o r d i scove r 
ies, in par t icu lar 'an u n m a t c h e d abi l i 
t y t o exam ine nuclear ma t t e r under 
c o n d i t i o n s on ly p rev ious ly p resen t at 
t he c rea t ion o f t he un ive rse . ' 

W i t h the 1 GeV b o o s t e r p lanned 
f o r c o n s t r u c t i o n in 1 9 8 6 - 8 8 , ions up 
t o m a s s 2 0 0 wi l l be avai lable at t he 
A G S . T h e s e cou ld then be in jec ted 
in to the Relat iv is t ic Heavy Ion Co l l id 
er (RHIC) p r o p o s e d t o be bui l t in t he 
C B A tunne l f o r co l l i s ions at energ ies 
o f 1 0 0 G e V / n per b e a m . T h e O c t o 
ber g r o u n d b r e a k i n g c e r e m o n y m a y 
be the beg inn ing o f a ma jo r n e w p r o 
g r a m m e o f i nves t iga t ions in to t he 
nature o f ma t t e r at ex t reme ly h igh 
dens i t ies and t e m p e r a t u r e s , w h e r e 
qua rks and g luons are e x p e c t e d t o 
be d e c o n f i n e d f r o m thei r usual ha-
d ron ic s t a tes . 

FERMILAB 
Accelerator School 

Fermi lab o n c e again h o s t e d t he US 
S u m m e r Schoo l on High Energy Par
t ic le A c c e l e r a t o r s . Held b e t w e e n 1 3 -
2 4 A u g u s t , it w a s the f o u r t h in an 
annual ser ies o f Schoo l s on acceler 
a to r sc ience tha t w a s in i t ia ted at Fer
mi lab in 1 9 8 1 . Me l M o n t h o f B r o o k -
haven and Frank T u r k o t o f Fermi lab 
o rgan ized th is yea r ' s S c h o o l . S t i m u 
la ted in par t by the recent d i scus 
s ions o f t h e S u p e r c o n d u c t i n g Super 

Col l ider (SSC), s choo l a t t endance 
n u m b e r e d a b o u t 2 2 5 , a 5 0 per cen t 
increase ove r 1 9 8 1 . 

T h e cent ra l t h e m e o f th is yea r ' s 
s c h o o l w a s t he concep tua l des ign o f 
large acce le ra to rs ut i l iz ing co l l id ing 
b e a m s t o ach ieve par t ic le co l l i s ion 
energ ies 1 0 0 0 t i m e s larger t han t ha t 
avai lable w i t h cur ren t f i xed - ta rge t 
e x p e r i m e n t s us ing the T e v a t r o n 
b e a m . Near ly t w o - t h i r d s o f the lec
tu res w e r e d e v o t e d t o co l l ider acce l 
e ra to rs and re la ted t o p i c s . 

In a spec ia l s y m p o s i u m en t i t led 
' A c c e l e r a t o r s f o r t he 1 9 9 0 s ' , th ree 
p r o p o s a l s t o ach ieve these u l t ra-h igh 
energ ies w e r e p r e s e n t e d . Boyce 
McDan ie l f r o m Cornel l r e v i e w e d the 
SSC, the US p roposa l f o r a 2 0 - m i l e 
d i ame te r c i rcular acce le ra to r co l l i d 
ing p r o t o n s o n p r o t o n s , and Roy Bi l
l inge f r o m CERN p resen ted a des ign 
s t u d y o f a s imi lar mach ine w h i c h 
cou ld be p laced in the 6-mi le d i a m e 
ter LEP tunne l n o w under c o n 
s t r uc t i on at CERN. Burt Richter f r o m 
S t a n f o r d ou t l i ned an a l te rnat ive p r o 
posa l t o ach ieve the s a m e resul t w i t h 
e l e c t r o n - p o s i t r o n co l l i s ions us ing a 
3 0 - m i l e long l inear acce lera tor . 

The School featured a round-table 
discussion The world-wide growth of high 
energy physics — competition or 
collaboration ' with (left to right) Roy Billinge 
of CERN, Burt Richter of Stanford, Stan 
Wojcicki of Stanford University, Leon 
Lederman of Fermilab, Boyce McDaniel of 
Cornell and Martinus Veltman of Michigan. 

(Photos Fermilab) 
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Physics monitor 

T h e 1 9 9 0 s S y m p o s i u m w a s f o l 
l o w e d by an even ing round - tab le d i s 
cuss ion T h e W o r l d - W i d e G r o w t h o f 
High Energy P h y s i c s - C o m p e t i t i o n or 
Co l l abo ra t i on? ' T h e a b o v e speake rs 
w e r e j o i ned by Mar t i nus V e l t m a n o f 
M i c h i g a n , S tan W o j c i c k i o f S t a n f o r d 
and Fermi lab D i rec to r Leon Leder-
m a n . In the l ively exchange tha t e n 
s u e d , it w a s a rgued tha t (a) t he c o s t s 
o f t he n e w mach ines rule ou t dup l i ca 
t i on o f acce lera tor fac i l i t i es ; (b) t he 
c o n s t r u c t i o n o f the SSC and t he 
CERN o p t i o n cou ld be a dup l i ca t i on 
o f fac i l i t i es ; (c) the i n te res ted g o v 
e r n m e n t s are encou rag ing an inter
nat iona l co l l abo ra t i on as a m e a n s t o 
reduce the f inancia l bu rden t o any 
ind iv idual c o u n t r y ; (d) at p resen t 
the re is no m e c h a n i s m t o bui ld a 
w o r l d - w i d e c o n s e n s u s ; (e) the re d o 
ex is t m a n y examp les o f in te rna t iona l 
co l l abo ra t i on on R&D f o r acce le ra to r 
c o m p o n e n t s and d e t e c t o r s . 

A s e c o n d s y m p o s i u m o n 'Acce le r 
a to rs of t he 1 9 8 0 s ' r e v i e w e d the 
s ta tus and t i m e schedu les f o r t he f i ve 
n e w high energy acce le ra to rs under 
c o n s t r u c t i o n in the w e s t e r n w o r l d . 
A l l f i ve are co l l i de rs ; t he T e v a t r o n 
(TeV I) at Fermi lab ( c o m p l e t i o n in 
1 9 8 6 ) , SLC at S t a n f o r d ( 1 9 8 6 ) , 
T R I S T A N at the KEK L a b o r a t o r y in 
J a p a n ( 1 9 8 6 ) , LEP at CERN ( 1 9 8 8 ) , 
and HERA at DESY in G e r m a n y 
( 1 9 9 0 ) . Recent expe r imen ta l d i s c o v 
er ies and advances in par t ic le t h e o r y 
lead t o great e x p e c t a t i o n s f r o m 
t h e s e n e w fac i l i t ies . 

By Frank Turkot 

PANIC scene from the recent Particle and 
Nuclei International Conference at 
Heidelberg. Sir Denys Wilkinson (left), Chris 
Llewellyn-Smith and Gordon Baym (back 
to camera) presumably discuss the role of 
quarks in nuclei. 

PANIC at Heidelberg 

Earlier th is year in He ide lberg the re 
w a s PANIC — shor t f o r Part ic le and 
Nuclei In ternat iona l Con fe rence . Th i s 
is t he n e w name w h i c h has been 
a d o p t e d f o r a ser ies w h i c h in f ac t 
began in 1 9 6 3 , the a im be ing t o c o v 
er t he c o m m o n g r o u n d b e t w e e n the 
phys i cs o f nuclei and of e l emen ta ry 
par t ic les . 

M a n y years a g o , it w a s be l ieved 
tha t the p ion had s o m e pr iv i leged 
role t o p lay in nuclear phys i cs , bu t as 
e x p e r i m e n t s and unde rs tand ing 
have p r o g r e s s e d , th is has b e c o m e 
less ev iden t . 

N o w it is k n o w n tha t the so-ca l led 
' e l emen ta r y ' par t ic les (at least t h o s e 
f o u n d in a t o m i c nuclei) are c o m p o 
s i te , m a d e up o f smal ler ' g r a i n s , 
qua rks , w i t h the in ter -quark f o r c e s 
be ing b r o u g h t abou t by the exchange 
of g luons . 

Recent e x p e r i m e n t s have d e m o n 
s t r a ted tha t th is deeper level o f 
s t ruc tu re a lso has a role t o p lay o n 
the nuclear level . S tud ies , no tab l y 
t h o s e o f t he European M u o n Co l labo
ra t ion at CERN (see Ap r i l 1 9 8 3 issue, 
page 9 0 ) , have revea led tha t t he 
quark p rope r t i es o f ind iv idual nu 
c léons can d e p e n d on the i r s u r r o u n d 
ing nuclear e n v i r o n m e n t . A t PANIC, 
the re w a s a g rea t deal o f d i scuss ion 
on t he so -ca l led 'EMC e f fec t ' . Chr is 
L lewe l l yn S m i t h r e v i e w e d s o m e o f 
the m a n y m o d e l s w h i c h have been 
p r o p o s e d . T h e undec ided ques t i on 
is w h e t h e r an exp lana t ion w i t h p ions 
in nuclei is su f f i c ien t or w h e t h e r ex
p lana t ions based on q u a n t u m c h r o -
m o d y n a m i c s (QCD) have t o be c o n 
s ide red . 

J u s t as an unde rs tand ing o f m o l e 
cular s p e c t r o s c o p y requi res ins ight 
in to the s t ruc tu re o f t he a t o m , it is 
n o w clear t ha t t he desc r i p t i on o f t he 
nuc leus w i l l d e p e n d on the behav iour 
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More PANIC. CERN Research Director 
Robert Klapisch describes the new results 
emerging from CERN's Low Energy 
Antiproton Ring, LEAR. 

at a deeper , quark leve l . A t PANIC , 
Sir Denys W i l k i n s o n o rgan ized a 
round- tab le d i scuss ion on qua rks 
and nucle i . A quan t i t a t i ve desc r i p 
t i o n o f nuc léons in a quark p ic ture is 
d i f f i cu l t , and the role o f the p i o n , 
o n c e revered as the carr ier o f nuclear 
f o r c e s , n o w s e e m s t o be o b s c u r e . 
W h y is it so l ight c o m p a r e d t o o the r 
m e s o n s ? 

W h i l e our eve r yday w o r l d is c o m 
p o s e d of nuc léons con ta in ing on ly 
t he l ightest t w o qua rks ( 'up ' and 
' d o w n ' ) , heavier qua rks w e r e o n c e 
t h o u g h t t o be i r re levant t o nuclear 
phys i cs . N o w it appears t ha t t he nex t 
heavier (strange) quark w i l l help t o 
t race the role o f t he quark deg ree o f 
f r e e d o m in nucle i . One poss ib i l i t y 
c o m e s t h r o u g h the exc i t i ng d i s 
c o v e r y at CERN of l ong- l i ved s i gma 
hypernuc le i , r e p o r t e d at PANIC by 
T h o m a s W a l c h e r . 

Even fu r the r - reach ing specu la 
t i o n s on the role o f t he heavier 

quarks in nature w e r e p resen ted by 
A l v a r o de Rujula. In a t yp ica l l y en ter 
ta in ing ta l k , he p red i c ted the ex is t 
ence of m a s s i v e , e lectr ica l ly neut ra l 
ent i t ies m a d e of s t range and l ight 
q u a r k s , as ye t u n o b s e r v e d bu t w h i c h 
cou ld car ry s o m e of t he 'm i ss i ng 
m a s s ' o f t he Un iverse . 

N o w beg inn ing t o f i l ter ou t are the 
f i rs t resu l ts f r o m the LEAR L o w Ener
gy A n t i p r o t o n Ring at CERN, c o v e r e d 
at PANIC by CERN Research D i rec to r 
Rober t K lap isch . T h e f i rs t LEAR runs 
have p r o v i d e d in te res t ing g l impses 
in to th is n e w area o f phys i cs , w h i c h 
w i l l have sure ly d e v e l o p e d cons ide r 
ab ly by t he t ime the nex t PANIC 
occu rs . 

In his c los ing s p e e c h , Gisber t zu 
Putl i tz o f He ide lberg l o o k e d t o the 
fu tu re . N e w sou rces o f a n t i p r o t o n s , 
s t range par t ic les and l ep tons cou ld 
p rov i de m u c h m o r e i n f o rma t i on in 
th is mee t i ng g r o u n d of nuclear and 
par t ic le phys i cs . In par t icu lar , he a d 

v o c a t e d t he c o n s t r u c t i o n o f a n e w 
h igh in tens i t y p r o t o n mach ine p r o 
v id ing energ ies o f a round 3 0 GeV in 
Europe (see J u l y / A u g u s t i ssue, 
page 2 4 3 ) . 

PANIC at He ide lberg w a s a t t e n d e d 
by s o m e 6 0 0 sc ien t i s t s f r o m 
3 5 coun t r i es . T h e nex t mee t i ng is 
schedu led f o r J a p a n in 1 9 8 7 . 

High Field Workshop 

A W o r k s h o p w a s held in Frascat i at 
t he end o f S e p t e m b e r under the t i t le 
'Genera t ion o f High Fields f o r Part ic le 
A c c e l e r a t i o n t o V e r y High Energ ies ' . 
It w a s o rgan ized by the CERN A c c e l 
e ra to r S c h o o l , t he European C o m 
m i t t ee f o r Future A c c e l e r a t o r s 
(ECFA) and the Ital ian INFN and w a s a 
fu r the r s tage in the exp lo ra to r y 
m o v e s t o w a r d s n e w techn iques o f 
acce le ra t ion . Such techn iques m i g h t 
b e c o m e necessary t o r e s p o n d t o t he 
needs o f h igh energy phys i cs s o m e 
d e c a d e s f r o m n o w w h e n the app l i ca
t i o n o f c o n v e n t i o n a l t echn iques w i l l 
p r o b a b l y have reached the i r l im i ts . 

T h e W o r k s h o p w a s a f o l l o w - u p t o 
t he ECFA Con fe rence at O x f o r d (see 
D e c e m b e r issue 1982 ) w h e r e it be 
c a m e clear t ha t the m o s t p r o m i s i n g 
n e w ideas i n v o l v e d exper t i se in t e c h 
no log ies , such as p lasma phys i cs 
and laser p h y s i c s , w h i c h have no t 
been c o m m o n up t o n o w in the acce l 
e ra to r w o r l d . T h e reason f o r the ra th 
er c u m b e r s o m e t i t le o f the Frascat i 
m e e t i n g w a s t o p rov ide an umbre l la 
w h i c h w o u l d cove r t hese add i t iona l 
d isc ip l ines a lso . Th is p u r p o s e w a s 
ach ieved and the re w a s a g o o d mix 
o f acce le ra to r , laser and p lasma ex
pe r t s a m o n g s t t he n ine ty or so pa r t i 
c i pan ts at t he W o r k s h o p . 

It is poss ib le t o f o c u s rather c o n f i 
den t l y on w h a t ' t he M a c h i n e ' severa l 
d e c a d e s f r o m n o w cou ld be . It m u s t 
be a co l l id ing b e a m mach ine , be 
cause o f t he h igh requ i red cen t re -o f -

4 3 6 CERN Courier, December 1984 



m a s s energy (TeV range) , bu t one 
p rov id i ng l um inos i t y a round 1 0 3 2 per 
c m 2 per s. It m u s t be a l inear mach ine 
t o avo id the bu rden o f ene rgy loss by 
s y n c h r o t r o n rad ia t ion . T h e W o r k 
s h o p the re fo re c o n c e n t r a t e d on n e w 
t e c h n o l o g i e s w h i c h m i g h t o p e n up 
the poss ib i l i t y o f m u c h h igher ene rgy 
e l ec t r on -pos i t r on co l l iders at s ign i f i 
can t l y reduced cos t . T o ge t t he h igh 
l um inos i t y , b e a m f o c u s i n g w i l l need 
t o be s t ronge r than used up t o n o w 
and abi l i ty t o handle s u b - m i c r o n size 
b e a m s has no t ye t been d e m o n 
s t r a t e d . H o w e v e r S t a n f o r d w i l l be 
c o n f r o n t i n g a c o m p a r a b l e cha l lenge 
in a f e w yea rs ' t i m e at t he S L A C 
Linear Col l ider. 

T h e in ter re la t ion b e t w e e n the var 
ious pa ramete rs t ha t can be s p e 
c i f ied fo r such a mach ine is qu i te we l l 
u n d e r s t o o d and a l ist o f needs , in 
o rde r t o ach ieve m u c h h igher ener
g ies w i t h g o o d l um inos i t i es , can 
the re fo re be w r i t t e n d o w n . T h e y in 
c lude be t te r qual i ty par t ic le s o u r c e s , 
w a y s t o sus ta in b e a m qua l i t y , m u c h 
be t te r e f f ic ienc ies in c o n v e r t i n g 
p o w e r ' f r o m the wa l l p l u g ' t o p o w e r 
in the b e a m , h igher acce le ra t ing 
f ie lds . . . T h e last o f t hese requ i re 
m e n t s has been rece iv ing m o s t a t 
t e n t i o n so far in the search f o r n e w 
techn iques bu t , s o m e w h e r e a long 
the l ine, the o the rs w i l l need ser ious 
a t t en t i on a lso . 

A t the W o r k s h o p , t he t echn iques 
w e r e cons ide red under severa l h e a d 
ings . 'Near f i e l d ' dev i ces inc lude i m 
p r o v e m e n t s t o the c o n v e n t i o n a l l inac 
w h e r e w o r k is u n d e r w a y f o r e x a m p l e 
at S t a n f o r d and N o v o s i b i r s k . The re 
is par t icu lar in terest ( to push up the 
acce le ra t ing f ie lds b e y o n d t he 
1 0 0 M e V per m a l ready ach ieved) in 
g rea t l y i m p r o v e d p o w e r s o u r c e s . A n 
in te res t ing d e v e l o p m e n t has 
e m e r g e d in a p ro jec t f o r 1 T e V co l l i d 
ing l inacs w h i c h has w i d e par t i c ipa 
t i o n f r o m ins t i tu tes in J a p a n . T h e y 
are w o r k i n g on a n e w t y p e o f r. f. 

p o w e r sou rce cal led a laser t ron a i m 
ing f o r 10 G W . 

Other near f ie ld s c h e m e s are t w o -
b e a m acce le ra to rs (under s t u d y at 
Berkeley) and w a k e f ie ld acce lera
t o r s (DESY). T h e y b o t h act as t r ans 
f o r m e r s t a k i n g energy f r o m a c o m 
para t ive ly l o w energy , h igh cur ren t 
b e a m and pass ing it t o w h a t be 
c o m e s a l o w cur ren t , h igh energy 
b e a m . Severa l s t ruc tu res f o r t w o -
b e a m s c h e m e s are be ing d e v e l o p e d 
and a w a k e f ie ld s t ruc tu re shou ld be 
ready fo r t e s t s nex t year . A n e w idea 
in th is c a t e g o r y c o m e s f r o m Bob 
Palmer at B r o o k h a v e n w h o has i m a g 
ined b e a m pass ing t h r o u g h a s t ruc 
tu re m a d e o f sp ray d rop le t s ' p l a s m a -
f i e d ' by laser rad ia t ion . T e s t s w i t h 
ar rays o f synch ron i zed j e t s s h o w e d 
remarkab le d rop le t pos i t i ona l r egu 
lar i ty bu t , as one par t i c ipan t e legant 
ly pu t i t , ' t he techn ique is f raugh t w i t h 
po ten t ia l d i f f i cu l t ies ' . 

'Far f i e l d ' dev i ces , such as t he 
inverse f ree e lec t ron laser, d o no t 
s e e m t o have gone far . It l o o k s as if 
s y n c h r o t r o n rad ia t ion e f fec ts kil l 
t hese ideas. 

' M e d i a ' dev i ces w e r e the ones t ha t 
s t i r red up m o s t exc i t emen t at t he 
O x f o r d m e e t i n g and tha t e x c i t e m e n t 
is st i l l a l ive. The essence o f t he 
s c h e m e is t o beat t w o laser w a v e s 
t o g e t h e r , c rea t ing ve ry h igh acceler 
a t ing f ie lds in a p lasma. T h e p r o d u c 
t i on o f such beat w a v e s has been 
d e m o n s t r a t e d as has the feas ib i l i t y 
o f s o m e par t ic le acce le ra t ion . M a n y 
cen t res are i nvo l ved in theore t i ca l 
and expe r imen ta l w o r k a n d , t h o u g h 
the re are c lear ly m a n y p r o b l e m s 
ahead , no th i ng has been e n c o u n 
t e red so far t o d a m p the h igh e n t h u 
s i a s m . 

It w a s imp ress i ve at t he W o r k s h o p 
t o see the rate at w h i c h in teres t in 
n e w acce le ra t ion techn iques has 
t a k e n ho ld . In the t w o years s ince the 
real izat ion b e c a m e s t r o n g tha t c o n 
ven t iona l acce le ra to rs are h i t t ing up 

aga ins t t he s t o p s , a lot o f t h i nk ing 
has g o n e in to t he sub jec t . A t Frascat i 
it w a s even m o r e imp ress i ve t o see 
tha t expe r imen ta l c h e c k s on th is 
t h ink ing are a lso u n d e r w a y . 

Local equilibrium 

From 3 -6 S e p t e m b e r the First Inter
nat iona l W o r k s h o p on Local Equi l i 
b r i um in S t r o n g In te rac t ion Phys ics 
t o o k p lace in Bad -Honne f at t he Phy
s ics Cent re o f t he German Physical 
Soc ie ty . 

The re are c o m m o n p h e n o m e n a 
and m e t h o d s in d i f fe ren t ene rgy re
g i m e s o f s t r o n g in te rac t ion phys i cs 
(nuclear and par t ic le phys ics) w h i c h 
are in t ima te ly l inked w i t h local equ i 
l i b r ium, a c o n c e p t fami l iar in m a c r o 
scop i c p h y s i c s , bu t less popu la r in 
m i c r o s c o p i c phys i cs . T h e s imp les t 
examp le f r o m e v e r y d a y life is a s y s 
t e m in w h i c h the t e m p e r a t u r e is n o n 
u n i f o r m . Such a s i tua t ion is h o w e v e r 
a lso m e t in nuclear and par t ic le phy 
s ics in t he p h e n o m e n o n o f ' h o t 
s p o t s ' (see M a r c h 1 9 7 9 issue, page 
2 4 ) . But local equ i l ib r ium has a m u c h 
w i d e r range o f app l i ca t i ons . T h u s 
such t o p i c s o f h igh cur ren t in teres t 
as phase t rans i t i ons and qua rk -g luon 
p l a s m a , as w e l l as the app l icab i l i ty o f 
h y d r o d y n a m i c a l and s ta t is t i ca l m e t h 
o d s in genera l , w h i c h are so usefu l 
w h e n the n u m b e r o f par t ic les and 
deg rees o f f r e e d o m are large, as is 
the case in s t r o n g in te rac t ion phy 
s i cs , are d i f f icu l t t o conce i ve w i t h o u t 
the ex i s tence o f local equ i l ib r ium. 

T h a t is p r o b a b l y the reason tha t 
th is w o r k s h o p , c o n v e n e d by D. 
K. S c o t t (Mich igan) and R. M . W e i n e r 
(Marburg) cou ld a t t rac t so m a n y 
leading e x p e r t s f r o m all ove r t he 
w o r l d . 

A n u m b e r o f t a l ks c o v e r e d the ex
pe r imen ta l and theore t i ca l i nves t iga 
t i on o f t he ' h o t s p o t s ' e f fec t , b o t h in 
h igh energy par t ic le phys i cs and in 
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Some of the participants at the First 
International Workshop on Local Equilibrium 
in Strong Interaction Physics, which took 
place in September at Bad-Honnef, West 
Germany. 

i n te rmed ia te energy nuclear phys i cs . 
In th is last d o m a i n th is e f fec t has 
b e c o m e one of t he ma in t o o l s o f 
i nves t i ga t i on , be ing used by s o m e 
researchers even f o r ' a p p l i c a t i o n s ' , 
l ike the s t u d y o f phase t r ans i t i ons . 
A s a poss ib le m e c h a n i s m f o r t he fo r 
m a t i o n o f ho t s p o t s in nuclear m a t 
te r , so l i t ons w e r e s u g g e s t e d . 

Great in teres t cen t red o n the large 
f l uc tua t i ons o b s e r v e d by t he CERN 
U A 5 expe r imen t s t u d y i n g p r o t o n -
a n t i p r o t o n co l l i s ions at 5 4 0 GeV c o l 
l is ion energy in the n u m b e r o f p r o 
d u c e d secondar ies in n a r r o w ( rapid i 
ty) in te rva ls , w h i c h w e r e r e p o r t e d by 
K. B o c k m a n n (Bonn). T h e q u e s t i o n 
w h e t h e r t hese f l uc tua t i ons are on ly 
o f s ta t is t ica l nature or w h e t h e r t h e y 
are due t o ho t s p o t s in qua rk -g l uon 
p l asma , as s u g g e s t e d by L. V a n 
H o v e (CERN), has ye t t o be a n 
s w e r e d . Simi lar f l uc tua t i ons in p r o 
ton -nuc leus reac t ions at 3 0 0 GeV 
labo ra to ry energy w e r e r e p o r t e d f o r 

the f i rs t t i m e at th is m e e t i n g by 
E. M . Fr iedlander (Berkeley) . 

T h e de te rm ina t i on o f s izes and l i fe
t i m e s of sou rces (hot spo ts? ) b o t h in 
nuclear and par t ic le phys i cs w a s 
ano ther t o p i c o f d i scuss ion . T h e 
m e t h o d used fo r th is d e t e r m i n a t i o n 
is again insp i red f r o m m a c r o s c o p i c 
phys i cs , be ing essent ia l ly equ iva len t 
t o the in te r fe rence m e t h o d used f o r 
t he m e a s u r e m e n t o f radi i o f s t a r s ; 
t he role o f p h o t o n s (light) is p layed in 
m i c r o s c o p i c phys ics by m e s o n s , nu 
c léons or l ight nucle i . A n i m p o r t a n t 
p iece o f ev idence fo r ' ho t s p o t s ' in 
nuclei at i n te rmed ia te energ ies re
p o r t e d by Gelbke (Michigan) re fe r red 
t o the fac t t ha t t he in ter fe rence ( t w o -
b o d y cor re la t ions) e f fec t is o b s e r v e d 
on ly f o r t he high energy p r o t o n s , 
c o n f i r m i n g thus tha t t he em i t t i ng 
sou rce is indeed ' h o t ' . Simi lar obse r 
va t i ons w e r e repo r ted earl ier at h igh 
er energ ies in heavy ion co l l i s i ons ; 
t he s a m e in ter fe rence m e t h o d w a s 

used t o d e t e r m i n e the f reeze-ou t 
dens i t y o f nuclear ma t te r . 

T h e ana logy b e t w e e n a s t r o n o m y 
and par t ic le phys i cs g o e s h o w e v e r 
m u c h fu r ther . L ight b e a m s can be 
b o t h cohe ren t ( laser-l ike) and chao t i c 
( incoherent ) and the s a m e dual i ty is 
e x p e c t e d t o ho ld f o r m e s o n i c f i e lds , 
t o o . Th is m a y have i m p o r t a n t imp l i 
ca t i ons f o r our unde rs tand ing o f 
s t r o n g in te rac t ion d y n a m i c s , be ing 
poss ib l y c o n n e c t e d w i t h the ex is t 
ence f o r e x a m p l e o f g luon or quark -
an t iquark c o n d e n s a t e s in hadron ic 
and p ion c o n d e n s a t e s in nuclear 
ma t te r . 

T h e recen t m e a s u r e m e n t s in e lec
t r o n - p o s i t r o n reac t ions f r o m DESY 
r e p o r t e d by P. M â t t i g and f r o m S L A C 
r e p o r t e d by G. Go ldhaber s h o w 
s t r o n g ev idence tha t a ve ry large 
a m o u n t o f cohe rence (over 9 0 per 
cent) charac ter izes the p ion f ie lds in 
t hese reac t i ons . Th is ev idence is 
n o w based on t w o i ndependen t ex 
pe r imen ta l f a c t s : the Bose-E ins te in 
t w o - b o d y co r re la t i ons and the mu l t i 
p l ic i ty d i s t r i bu t i ons o f secondar ies . 

A s a po in t o f h is tor ica l in teres t it 
shou ld be m e n t i o n e d tha t t he Bose -
Einste in co r re la t i on e f fec t d i s c o v 
ered by G. Go ldhaber , S. Go ldhaber , 
Lee and Pais and k n o w n as the GGLP 
e f fec t had i ts 2 5 t h ann iversary at th is 
w o r k s h o p . G. Go ldhabe r ' s r e v i e w 
ta lk (p resen ted by P. Mat t ig ) s u m 
mar ized t he sub jec t b o t h in par t ic le 
and heavy - i on phys i cs . 

T h e re la t ionsh ip b e t w e e n had ron 
p r o d u c t i o n in e l ec t r on -pos i t r on and 
h a d r o n - h a d r o n reac t ions in genera l 
w a s the sub jec t o f severa l t a l ks . 
W h i l e Barshay (Aachen) t r ea ted th is 
re la t ionsh ip f r o m the po in t o f v i e w o f 
t he i m p a c t pa ramete r . P lumer et a l . 
(Marburg) i n t r oduced the ine last ic i ty 
d i s t r i bu t i on as an a l te rna t i ve , w h i c h 
has the a d v a n t a g e tha t it is no t 
d e p e n d e n t on g e o m e t r i c cons ide ra 
t i ons and is d i rec t l y access ib le t o 
m e a s u r e m e n t s . Th is phys ica l quan t i -
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t y has i m p o r t a n t imp l i ca t i ons in t he 
in te rp re ta t ion o f many -pa r t i c l e p r o 
duc t i on p r o c e s s e s , s ince it appea rs 
t ha t t hese p r o c e s s e s d e p e n d on t he 
actua l energy d e p o s i t e d in to the s y s 
t e m rather t han the t o ta l avai lab le 
energy . Th is ine las t ic i ty , w h i c h is 
a lso re la ted t o the lead ing par t ic le 
e f fec t in hadron ic i n te rac t i ons , can 
be d e t e r m i n e d even t by even t in ha
d ron ic in te rac t ions and re la ted t o t he 
behav iour in e l e c t r o n - p o s i t r o n reac
t i o n s at t he app rop r i a te ene rgy . 

One in te res t ing app l i ca t i on o f t he 
ine last ic i ty d i s t r i bu t i on d i s c u s s e d at 
Bad-Honne f is a poss ib le exp lana t i on 
o f t he cor re la t ion b e t w e e n t he aver
age t ransve rse m o m e n t u m o f 
secondar ies and the mu l t ip l i c i t y 
w i t h i n Landau ' s h y d r o d y n a m i c a l 
m o d e l . Th is is a sub jec t o f h igh cur
rent in terest s ince it m a y be c o n 
nec ted w i t h a phase t rans i t i on t o 
qua rk -g luon p lasma . W h i l e so far 
th is co r re la t ion w a s k n o w n on ly in 
p r o t o n - p r o t o n (ISR) and p r o t o n - a n t i -
p r o t o n (CERN Coll ider) r eac t i ons , at 
Bad-Honne f , M â t t i g p r e s e n t e d f o r 
t he f i rs t t i m e expe r imen ta l resu l ts on 
th is e f fec t in e l e c t r o n - p o s i t r o n reac
t i o n s . 

T h e m e e t i n g , s p o n s o r e d by t he 
Deu tsche F o r s c h u n g s g e m e i n s c h a f t , 
w a s a success . It cer ta in ly c lar i f ied 
severa l i m p o r t a n t p r o b l e m s c o n 
nec ted w i t h local equ i l ib r ium in 
s t r o n g in te rac t ion phys i cs and 
b r o u g h t up n e w resu l ts and v i e w 
po in t s . T h e p roceed ings are be ing 
pub l i shed by W o r l d Sc ient i f i c . 

(From Richard Weiner) 

Muon-catalyzed fusion 
revisited 

A nega t i ve m u o n can induce nuclear 
f u s i o n in the reac t ion o f d e u t e r o n and 
t r i t o n nuclei g iv ing a he l ium nuc leus , 

a neu t ron and an emerg ing nega t i ve 
m u o n . T h e m u o n f o r m s a t i gh t l y -
b o u n d d e u t e r o n - t r i t o n - m u o n m o l e 
cule and fus ion f o l l o w s in a b o u t 
1 0 ~ 1 2 s. T h e n the m u o n is f ree again 
t o induce fu r the r reac t ions . T h u s the 
m u o n can serve as a ca ta lys t f o r 
nuclear f u s i o n , w h i c h can p r o c e e d 
w i t h o u t t he need fo r the high t e m p e r 
a tu res w h i c h are needed in the c o n 
f i n e m e n t and inert ial f us ion 
s c h e m e s . A t r o o m t e m p e r a t u r e , up 
t o 8 0 f us i ons per m u o n have recent ly 
been o b s e r v e d at the L A M P F m a 
chine at Los A l a m o s , and it is c lear 
tha t th is n u m b e r can be e x c e e d e d . 
T h e s e and o ther resu l ts w e r e p re 
sen ted at a s u m m e r W o r k s h o p on 
Muon -Ca ta l yzed Fusion held in J a c k 
s o n , W y o m i n g . A p p r o x i m a t e l y f i f t y 
sc ien t i s ts a t t e n d e d f r o m A u s t r i a , Ca
nada , India, I ta ly, J a p a n , S o u t h A f r i 
ca , W e s t Ge rmany , and the Un i ted 
S ta tes . T h e W o r k s h o p i tsel f is s y m 
bol ic o f t he rev iva l o f in te res t in th is 
sub jec t . 

M u o n - c a t a l y z e d (p ro ton -deu te ron ) 
f us ion w a s f i rs t o b s e r v e d in 1 9 5 6 by 
Luis A l va rez and co l leagues in hy
d r o g e n bubb le chamber e x p e r i m e n t s 
at Berke ley , bu t the e f fec t had been 
p red i c ted as early as 1 9 4 8 by 
F. C. Frank and A . D. Sakha rov . Fo l 
l o w i n g a br ief f lur ry o f in teres t in t he 
m i d - 5 0 s , in te res t w a n e d f o l l o w i n g 
p red i c t i ons o f , at m o s t , on ly a f e w 
f us i on cyc les dur ing the m u o n l i fe
t i m e . 

M u o n ca ta lys is has rece ived re
n e w e d a t t en t i on dur ing the pas t six 
years or so pr imar i ly because o f t he 
w o r k o f t he Sov ie t t heo r i s t L. I. Pono -
marev and his co l leagues , w h o have 
d e v e l o p e d a m o d e l o f resonan t f o r 
m a t i o n o f t he m u o n mo lecu les . In th is 
m o d e l , a smal l neutra l t r i t o n - m u o n 
a t o m can pene t ra te a D 2 or DT m o l e 
cule and t h e n link w i t h a deu te ron t o 
f o r m a d e u t e r o n - t r i t o n - m u o n m o l e 
cular ion w i t h o u t b reak ing up the e l 
ec t ron ic hos t mo lecu le . T h e ion 

se rves as one o f t he nuclear cen t res 
o f t he e lec t ron ic mo lecu le . T h e ener
gy re leased as t he ion f o r m s m u s t be 
a b s o r b e d by the v ib ra t i on and ro ta 
t i on o f t he e lec t ron ic mo lecu la r c o m 
plex. Th i s m u o n - m o l e c u l a r f o r m a t i o n 
p r o c e s s d e p e n d s on the ex is tence o f 
a v e r y l oose ly b o u n d exc i ted s ta te o f 
t he mo lecu le . O b s e r v a t i o n s o f ve r y 
rap id mo lecu la r f o r m a t i o n ra tes 
(about 1 0 9 per s) and p r o n o u n c e d 
d e p e n d e n c e o f t ha t rate on the t e m 
pera tu re o f t he d e u t e r o n - t r i t o n m ix 
tu re lend s t r o n g s u p p o r t t o th is e x o t 
ic m o d e l . 

T h e f ie ld is n o w bu rgeon ing w i t h 
e x p e r i m e n t s at D u b n a , Gatch ina , Los 
A l a m o s , V a n c o u v e r , and Zur i ch . Eff i 
c ient m e a n s o f p r o d u c i n g m u o n s in a 
d e d i c a t e d fac i l i t y are be ing d is 
c u s s e d (for e x a m p l e , us ing rad io - f re 
q u e n c y quad rupo le p re -acce le ra to rs 
and neu t ron - r i ch pro jec t i les and tar 
ge ts ) . Based o n recent d e v e l o p 
m e n t s , severa l pa r t i c ipan ts o f t he 
W o r k s h o p b r o a c h e d the sub jec t o f 
p o w e r p r o d u c t i o n by m e a n s o f 
m u o n - c a t a l y z e d f u s i o n . Ev ident ly , 
th is l o n g - s t a n d i n g d r e a m o f h igh e n 
e rgy phys i c i s t s w i l l be r e - e x a m 
ined . 

Fur ther i n f o r m a t i o n on the W o r k 
s h o p can be o b t a i n e d f r o m the 
organ izer , S t e v e n J o n e s , Idaho Na
t iona l Eng ineer ing Lab . , P.O. Box 
1 6 2 5 , Idaho Fal ls, ID 8 3 4 1 5 . 

Shower Simulation 

A three-day meeting on the 
Simulation of Hadronic and 
Electromagnetic Showers 
will be held in the CERN Coun
cil Chamber beginning on 
Tuesday 29 January 1985. 
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People and things 

Paul Dirac 

Paul Dirac 

On 20 October, one of the few 
remaining links with the birth of 
quantum mechanics was broken 
when Paul Dirac died at the age 
of 82. In 1923, the young Dirac 
arrived in Cambridge after initial 
training as an engineer. Over the 
next few years, along with Heisen-
berg, Schrôdinger and others, he 
helped mould the new quantum 
mechanics from the old quantum 
theory. He recast the formalism in 
his own inimitable way, work 
which was included in his PhD the
sis and which was later to stimu
late many generations of theoreti
cal physicists through his monu
mental book The Principles of 
Quantum Mechanics', a work 
which has been compared in its 
stature with Newton's 'Principia'. 

Among these early results, he dis
covered how to handle systems 
containing many identical electrons 
— 'Fermi-Dirac' statistics. 

After visits to Copenhagen and 
Gôttingen, Dirac returned to Cam
bridge where his attention turned 
to the unification of the new quan
tum mechanics with special rela
tivity. His theory, including the 
famous equation which bears his 
name, soon appeared, explaining 
in an elegant way the newly-dis
covered 'spin' property of elec
trons, but it required the existence 
of puzzling negative energy solu
tions. He first assumed that the 
theory naturally encompassed both 
electrons and protons. This error 
was quickly rectified, and he pre
dicted the existence of 'anti-elec
trons'. In 1932, the positron was 
discovered. 

In 1933, he shared the Nobel 
prize with Erwin Schrôdinger. With 
the antimatter companion of the 
electron known, he alluded in his 
Nobel lecture to the possibility of 
'negative protons'. In further inves
tigations of quantum electromag-
netism, he proposed the existence 
of magnetic monopoles, a subject 
which remains controversial to this 
day. His later researches grappled 
with the creation and annihilation 
of particles, paving the way for 
the modern formulation of quantum 
electrodynamics. 

Also in 1933, he succeeded to 
the prestigious Lucasian Chair of 
Mathematics at Cambridge, and 
in 1937 he married Mar git Wigner, 
sister of the famous physicist. 
After his retirement from Cam
bridge, Dirac moved to the warmer 
climes of Florida State University, 
Tallahassee, but was frequently 
seen at international meetings and 
conferences. 

His work will surely be remem
bered for ever. 

On people 

Martin Blume has been named 
Deputy Director of Brookhaven 
National Laboratory. 

As Brookhaven's Associate Di
rector for Low Energy Physics and 
Chemistry since 1981, he has been 
responsible for the Laboratory's 
programmes in solid state, mate
rials, chemical and nuclear 
sciences. In addition, he has served 
as Acting Chairman of the US Na
tional Synchrotron Light Source 
Department since November 1983. 

In his new capacity, Martin 
Blume will work closely with 
Brookhaven's Director in the gen
eral administration of the Labora
tory. He will continue to have pri
mary responsibility for Brookhav
en 's research in the basic energy 
sciences, including work in such 
fields as chemistry, materials, engi
neering, mathematics, and geo-
sciences. He will also continue as 
Acting Chairman of the NSLS until 
a permanent chairman is desig
nated. 

Eminent theorist and former CERN 
Research Director General Leon 
Van Hove has been named as 
Brookhaven National Laboratory's 
first Leland J. Haworth Distin
guished Scientist. The nomination 
is in memory of Leland J. Haworth, 
Brookhaven Director from 
1948-61. 

At a simple ceremony on 2 Octo
ber at the University of Milan, the 
title of Prof essore Emirito was 
conferred on the Italian physicist 
Giuseppe Occhialini, well known 
as one of the leading researchers 
from the era of cosmic rays. He 
participated in several historic ex
periments, including the co-discov-
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ery of the positron with P. M. S. 
Blackett in 1933 and the 1947 
study with C. M. Lattes and 
CF. Powell which revealed that 
both pions and muons exist in 
Nature. 

Reorganization at Fermilab 

With the primary goal of exploiting 
the new Tevatron facilities for phy
sics, Fermilab Director Leon 
Lederman has announced a ma
nagement reshuffle, effective from 
1 October. 

Three new Associate Directors 
have been named — James Bjork-
en for Physics, Bruce Chrisman for 
Administration, and Dick Lundy 
for Technology. Phil Livdahl will 
continue to serve as Acting Deputy 
Director but will devote much of 
his time to technical problems in 
the Accelerator Division. 

Peter Koehler, formerly head of 
the Research Division, will join the 
Accelerator Division as Associate 
Division Head, responsible for pro
viding support for the DO project 
(see May issue, page 147) and 
Main Ring tunnel experiments other 
than the main Collider Detector. 
Ken Stanfield, formerly Head of 
the Business Office, will take 
Peter's place as Head of the Re
search Division. Jim Finks has been 
appointed Business Manager. 

Tom Kirk will succeed Drasko 
Jovanovic as Head of the Physics 
Department, in addition to continu
ing as Manager of the Tevatron II 
project. Tom's Deputy Head will 
be Dan Green. 

Paul Mantsch will replace Dick 
Lundy as the head of the Technical 
Support section. Paul has been 
concentrating recently on the de
sign of prototype magnets for the 
Superconducting Super Collider 
(SSC). In his new role, Paul will 

have responsibility for all conven
tional magnet work, drafting ser
vice, the machine shop, and mag
netic measurements as well. Gene 
Fisk will head the continuing SSC 
magnet work. 

Proton beam at Rutherford Apple-
ton machine 

The first 550 MeV proton bunches 
have been successfully extracted 
from the new Spallation Neutron 
Source at the Rutherford Appleton 
Laboratory, UK, at the first at
tempt. The extracted proton beam 
will soon be guided onto the uran
ium target to produce the first neu
trons. 

Synchrotron radiation in Taiwan 

Lee Ten g of Fermilab has been 
appointed Director of Taiwan's 
recently founded $30 million 
Synchrotron Radiation Research 
Centre, the island's first major 
large scale research project. Teng 
will be assisted by Thomas 
K. C. Liu as Deputy Director. 

The 96 m circumference electron 
storage ring will have an energy 
of about 1.5 GeV, with beam in
jected at 250 MeV from a 40 m 
linac, and is scheduled for comple
tion in five years. 

Chinese protocol 

A Protocol on cooperation be
tween CERN and the Chinese 
Academy of Sciences was signed 
at CERN on 18 October by Zhao 
Guangzhao, a Vice-President of 
the Academy, and CERN Director 
General Herwig Schopper. The 

new protocol continues the exist
ing collaboration with the Institute 
of High Energy Physics in Beijing 
and extends it to other Institutions, 
in particular those involved in the 
LEP experiments at CERN. It comes 
into force on 1 January 1985, for 
a period of three years. 

Symposium proceedings 

The Proceedings of the first ESO-
CERN Symposium on 'Large Scale 
Structure of the Universe, Cosmo
logy and Fundamental Physics', 
held at CERN in November 1983 
(see January/February issue, page 
3) are now available. The Proceed
ings were edited by G. Setti and 
L. Van Hove and copies can be 
obtained from K. Kjar, Publication 
Service, European Southern Obser
vatory, Karl-Schwartzschild-Strasse 
2, D-8046 Garching bei Munchen, 
Federal Republic of Germany, at 
DM 35 per copy including postage 
and packing. 

1985 Particle Accelerator 
Conference 

The next Particle Accelerator Con
ference will be held in Vancouver, 
Canada, from 13-16 May 1985, 
organized by the TRIUMF Labora
tory. Following the 1983 Santa Fe 
Conference, it will be the 11th in 
this biennial series devoted to all 
aspects of accelerator science, 
engineering and technology. Reg
ular attendees should note that 
the meeting has been extended to 
four days and is being held two 
months later than usual. Detailed 
information from the Arrangements 
Chairman, J. J. Bugerjon, TRIUMF, 
4004 Wesbrook Mall, Vancouver, 
BC V6T2A3, Canada. 
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A lighter moment during the CERN 
Accelerator School at Gif-sur-Yvette. 

Meetings 

The 1985 International Symposium 
on Lepton and Photon Interactions 
at High Energies will be held in the 
Kyoto International Conference 
Hall, Kyoto, Japan, from 19-24 
August 1985. It will be sponsored 
by IUPAP, the Science Council of 
Japan and the Physical Society of 
Japan. The host institutions are 
the Research Institute for Funda
mental Physics and Department 
of Physics, Kyoto University. Chair
man of the Organizing Committee 
is Yoshio Yamaguchi of INS, Uni
versity of Tokyo, and further infor
mation is available from the Con
ference Secretariat, Research Insti
tute for Fundamental Physics, Kyo
to University, Kyoto 606, Japan, 
telephone 075-711-1381, telegram 
RIFPKYOTOU, telex 542 3179 
RIFPK, facsimile 075-701-4247. 

Looking further ahead, the XXIII 
International ('Rochester') Confer
ence on High Energy Physics will 
be held at Berkeley (California) 
from 16-23 July 1986. Following 
the style of the most recent such 
meeting to be held in the US, at 
Madison, Wisconsin, in 1980, this 
will be an 'open ' conference, with 
a minimum of official invitations 
being issued. Organizer will be 
S. C. Loken, 50-137 Lawrence 
Berkeley Laboratory, University of 
California, Berkeley, California 
94720, USA. 

The CERN Accelerator School will 
organize a course on advanced 
accelerator physics, to be held at 
Oxford from 16-27 September 
1985. This will build on the Gen
eral Accelerator Physics course 
held at Gif-sur-Yvette, France, in 
September (see following story), 
but will be open to all suitably qual

ified people. Attendance, however, 
will be limited to about 130. Furth
er information from Mrs. S. Von 
Wartburg, Secretary of the CERN 
Accelerator School, CERN, 1211 
Geneva 23, Switzerland. 

1984 CERN Accelerator School 
A participant's view 

From 3-14 September, the CERN 
Accelerator School organized 
(jointly with the Laboratoire de 
l'Accélérateur Linéaire, Orsay and 
the Laboratoire National Saturne, 
Saclay) a course on General Accel
erator Physics at the Ecole Supé
rieure d'Electricité, Gif-sur-Yvette. 

Under the leadership of Kjell 
Johnsen, a two-week intensive 
course of excellent quality was 
given by more than twenty spe
cialists from nine European Labor
atories. The 148 participants came 
from a wide background — 21 
from CERN and the rest came from 
17 countries in Europe, North and 
South America, Africa and Asia. 
It must have been difficult to set 
the level to suit the varying needs 
but we were given an interesting 
course covering the essentials of 
accelerators. 

The course dealt with theory, 
starting with an introduction to 
weak and strong focusing and 
continuing with transverse and 

longitudinal beam dynamics. Some 
special topics were resonances, 
coupling, transition, injection, ex
traction, coherent instabilities, dy
namics of radiating particles and 
space-charge image forces. These 
were complemented by seminars 
on the advanced technology used 
in accelerators for magnets (con
ventional and superconducting), 
radio-frequency, vacuum and con
trol. 

To widen our appreciation of 
the accelerator field, seminars were 
also given on accelerator projects, 
synchrotron light sources, and 
medical and industrial applications. 
The sessions ended with lively 
discussions, where the participants 
could glean all the information they 
needed about regular applications. 

Part of the success of this course 
was due to the organizing commit
tee led by P. J. Bryant (CERN), 
J. Buon (Orsay), J. R. Le Duff (Or
say) and J. C. Laclare (Saclay). The 
social program included an excel
lent talk by G. Conforto on discov
eries and on what remains to be 
discovered in high energy physics. 
Visits to Saclay, Orsay and G A NIL 
laboratories as well as a tour of 
the old town of Rouen completed 
two very full weeks. 

Manfred Schmitt 
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Fellows In 
Accelerator Technology 
Brookhaven Nat ional Laboratory 
Applications are invited from individuals with a PhD 
degree and/or major training in the physical sciences or 
engineering who wish to launch careers in accelerator 
design and development. 
Successful candidates will be appointed Fellows in Accel
erator Technology in the Accelerator Department for a 
period of one year, renewable for a second year. Fellows 
are expected to select their investigations from among the 
general objectives of the accelerator physics program at 
Brookhaven National Laboratory. 
The Accelerator Department is responsible for the opera
tion of a 200MeV proton linac, and the 30GeV Alternating 
Gradient Synchrotron (AGS). New initiatives are underway 
in: the acceleration of polarized protons, and of heavy ions 
in the AGS; a proposal to build a relativistic heavy ion 
collider; a proposal to build a booster synchrotron for pro
tons and heavy ions; a study of a high intensity upgrade of 
the AGS (AGS II); and an extensive research and develop
ment effort directed towards the Super Superconducting 
Collider (SSC). 
Scientists and engineers of any nationality are eligible to 
apply. Salaries begin at $25,000 per year, and Fellows are 
eligible for comprehensive employee benefits, and reloca
tion al lowances. Candidates should send a detailed 
resume to: Dr. Derek I. Lowenste in , Accelerator 
D e p a r t m e n t , B r o o k h a v e n Nat iona l Labora tory , 
Associated Universities, Inc., Upton, Long Island, 
NY 11973 An Equal Opportunity Employer m/f 

Brookhaven 
National Laboratory 
Associated Universities, Inc. 

Dil l 
CI u I 

KERNFYSISCH VERSNELLER INSTITUUT 

G R O N I N G E N 
T H E N E T H E R L A N D S 

STAFF POSITION 
in 

EXPERIMENTAL NUCLEAR PHYSICS 
The KVI wishes to appoint a young experimental nuclear 
physicist as a member of the permanent staff of the 
institute. The appointment wi l l be w i t h the Foundation FOM, 
the Foundation for Fundamental Research on Matter. 
The Kernfysisch Versneller Inst i tuut is a national research 
institute in nuclear physics, joint ly sponsored by the Univer
sity of Groningen and by FOM. It has a broad experimental 
and theoretical research program on nuclear structure and 
heavy-ion physics. 
The main facil i ty of the KVI is a K=160 MeV AVF-cyclotron 
for the acceleration of light and heavy ions. A large variety of 
detectors like a magnetic spectrograph and various systems 
for the detect ion of light and heavy ions, electrons and 
Y-radiation is available. Appl icants must be interested in the 
kind of research that can be performed w i th the existing 
facil ity, especially w i th the heavy ion beams, and should be 
capable of taking the responsibil i ty for new instrumental 
developments. Several years of post-doctoral experience are 
required. 
Appl icants for the above-ment ioned posit ion are requested 
to submit a curr iculum vitae, list of publications and the ' 
names and addresses of three references, as early as 
possible but not later than January 15, 1985, t o : 

Prof. A. van der Woude 
Kernfysisch Versneller Instituut 
Zernikelaan 2 5 
9 7 4 7 AA Groningen 
The Netherlands 

T R I U M F 
M E S O N RESEARCH FACILITY 

University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 

Competition No. 4 6 7 - 1 0 4 

ACCELERATOR PHYSICISTS 

The Accelerator Research Division at TRIUMF has openings 
for physicists or engineering physicists as Research Associa
tes and Research Scientists to part icipate in design studies of 
fast cycling high intensity proton synchrotrons for a kaon 
factory. Beam dynamics studies are of particular interest, 
including magnet lattice design, beam instabilit ies, etc. 
Candidates should have a Ph.D. or equivalent in physics or 
engineering. 
Research Associate appointments are initially made for one 
year, renewable for a second year. Appl icants should have 
good theoretical abil i t ies; some experience w i th accelerators 
wou ld be desirable, especially in beam dynamics. 
Research Scientist posit ions are permanent staff appoint
ments. Appl icants should have some years of relevant exper
ience in an accelerator laboratory. Salary wi l l depend on 
qualif ications and experience. 
Please reply in wr i t ing by December 3 1 , 1 9 8 4 , enclosing a 
curr iculum vitae, a list of publications and the names of three 
referees to : 

T R I U M F Personnel (Competition No 4 6 7 ) 
At tn: Dr. M.K. Craddock 
Head, Accelerator Research Division 
4 0 0 4 Wesbrook Mal l , 
Vancouver, B.C. V 6 T 2 A 3 

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

S T A T I S T I C A L 
A N D PARTICLE P H Y S I C S 

Common Problems & Techniques 

Proceedings of the 2 6 t h Scottish Universities 
Summer School in Physics (Edinburgh 1983 ) . 

Editors ; K. C. BOWLER & A. J . Mc KANE 

5 0 0 pp. Cloth. ISBN 0 9 0 5 9 4 5 0 9 3 

Contents: 

Feigenbaum The Onset of Chaos 
Swendsen Monte Carlo Methods 
God dard Topological Excitations 
Zia Interfacial Problems 
Moore Random Systems 
Green String Theory 
Rebbi Monte Carlo Lattice Gauge Calculations 
Gunton Kinetics of First Order Transit ions 

Available f r o m : 

SUSSP Publications, Physics Department, 
Edinburgh University, J .CM.B. , Edinburgh EH9 3JZ, U.K. 

Price: £ 2 0 (or $ 30) for direct purchases. 
Book shop prices are £ 3 0 (or $ 45) . 
If possible please enclose cash w i t h order. 
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Imperial College - University of London 
Blackett Laboratory 
High Energy Physics 

The Physics Department of Imperial College invites 
cations for a 

appl i -

Lectureship in 
Experimental Particle Physics 

The present research programme of the group covers pro ton-
ant iproton collisions (UA1) and photoproduct ion experiments 
(NA14) at CERN, neutrino interactions using holography 
(E632) at Fermilab e+e~ physics (TASSO) at Petra and a 
search for free quarks and for magnetic monopoles carried 
out in the UK. 

The group is a major contr ibutor to the ALEPH experiment at 
LEP and has an interest in HERA. The experimental pro
gramme offers excellent opportuni t ies for a wide range of 
phenomenological analysis. 

Appl icat ions including a CV and the names and addresses of 
three referees should be sent by February 1 5th, 1 9 8 5 to 

Prof. D. M. Binnie 
Blackett Laboratory 
Prince Consort Road 

London S W 7 2BZ 
Te l : 0 1 - 5 8 9 5 1 1 1 ext 6 7 8 5 

f rom w h o m further particulars may be obtained. The appoint
ment wi l l be dated f rom 1 s t October 1 9 8 5 or by agreement at 
an earlier date. Salary wi l l be according to age and experience 
on the lecturer scale currently £ 8 3 7 6 to £ 15 3 1 1 per 
annum. 

UNIVERSITY OF H O U S T O N 
Houston, Texas 7 7 0 0 4 (713) 7 4 9 - 4 6 1 2 

Super-Collider 
Accelerator Physics 

a n d / o r 

Experimental Particle Physics 
Two programs are being expanded. Positions are available for 
Senior Scientists, Junior Scientists and graduate students to 
work in either program, or a combinat ion of both. 

Accelerator physicists and graduate students are sought to 
contr ibute to the design of the Superconduct ing Super 
Collider (theoretical workers preferred.) An experienced 
Director is also sought to develop a group involved in both 
advanced accelerator R&D, and graduate studies in accele
rator physics. 

In addit ion, Junior Faculty, Post Doctoral Research Asso
ciates, and graduate students are sought for experimental 
particle physics. 

Candidates are invited to apply for posit ions as: 

Graduate Research Assistant • Post Doctoral Research 
Associate • Accelerator Physicist • Mechanical or Electrical 
Accelerator Engineer • Visi t ing Faculty in Accelerator Physics 
• Faculty Position in Experimental High Energy Physics • 
Position of Institute Director 

Please address enquires to : 
Roy Weinstein 
College of Natural Sciences and Mathematics 
Room 2 1 4 SRI 
University of Houston 
Houston, Texas 7 7 0 0 4 

The University of Houston is an affirmative action/equal oppor
tunity employer. 

The theory group at DESY invites 
applications for two tenured posi
tions at the I a (Associate Profes
sor) level. 
Interested persons should send a 
curriculum vitae and arrange that 
three letters of reference are sent 
to: 
Deutsches 
Elektronen-Synchrotron DESY, 
personnel division, 
Notkestrasse 85 
D 2000 Hamburg 52, Germany. 
For further information please 
contact Dr. R. D. Peccei, theory 
group. 

I N D I A N A UNIVERSITY 
CYCLOTRON FACILITY 
ELECTRICAL ENGINEERS 

IUCF has openings for 

t w o Electrical Engineers 
to part ic ipate in expansion and suppor t of a dynamic accelerator 
laboratory of internat ional reputat ion. These are cont inuing fu l l - t ime 
posi t ions in the IUCF Professional ranks wh i ch provide excellent 
opportuni t ies for professional g row th . A BS degree in Electrical 
Engineering is required and some experience work ing in a scienti f ic 
laboratory is preferred. 
The laboratory is engaged in a major faci l i ty upgrade consist ing of the 
construct ion of a storage ring w i t h electron cool ing wh ich wi l l offer 
novel possibi l i t ies for per forming nuclear physics exper iments w i t h 
beams of unconvent ional and superior character ist ics. 
Long te rm responsibi l i t ies w i l l include design, development , instal la
t ion and t roub leshoot ing of some of the fo l low ing sys tems: high 
current power suppl ies, pulsed power suppl ies, high vol tage power 
supplies, RF power ampl i f iers, RF drive circuits, high power RF 
resonators, computer -based digi tal contro l systems, analog control 
systems, moto r drivers, AC power d is t r ibut ion and ground and 
shielding arrangements. Direct ing, teaching and leading technic ians 
wi l l be a signi f icant part of th is work . Other responsibi l i t ies include 
general engineer ing support for the present operat ing accelerator 
system and long te rm research and deve lopment projects. 
Send resume and names of three persons as reference t o : 

Robert Woodley, Asst. Director 
Indiana University Cyclotron Facility 
2 4 0 1 Milo B. Sampson Lane 
B L O O M I N G T O N , I N D I A N A 4 7 4 0 5 USA 
( 8 1 2 ) 3 3 5 - 9 3 6 5 

Indiana University 
is an Affirmative Action/Equal Opportunity Employer 
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Particles and Fields 

RENSSELAER 
POLYTECHNIC I N S T I T U T E 

T h e Phys ics D e p a r t m e n t a t Rensse laer Po ly 
t e c h n i c I ns t i t u te e x p e c t s t o d e v e l o p a g r o u p 
w i t h in te res t and expe r i ence in par t i c les and 
f ie lds over t h e nex t f o u r years . 
W e are l ook i ng p r ima r i l y f o r a pe rson w i t h 
severa l years o f expe r i ence and d e m o n s t r a t e d 
a c c o m p l i s h m e n t t o be t h e leader o f t h i s g roup . 
W e m a y a lso cons i de r o u t s t a n d i n g sc ien t i s t s 
w i t h less exper ience . 

Rank, sa lary and t e n u r e s t a t u s w i l l be c o m m e n 
su ra te w i t h expe r ience and a c c o m p l i s h m e n t . 
T h e D e p a r t m e n t p resen t l y has 3 0 f a c u l t y in 
as t rophys i cs , b i ophys i cs , c o n d e n s e d m a t t e r , 
e d u c a t i o n phys i cs and i n t e r m e d i a t e e n e r g y 
phys ics . The re are 8 5 g r a d u a t e s t u d e n t s and 
2 2 5 u n d e r g r a d u a t e s . 

Please send c u r r i c u l u m v i t ae , i n c l ud i ng a l ist o f 
pub l i ca t i ons and t h e n a m e s o f at least t h r e e 
re fe rences , t o 

G. L Salinger, Chairman, 
Physics Department, 

Rensselaer Polytechnic Institute, 
Troy, New York 12180-3590 . 

Rensselaer Polytechnic Institute is an Equal 
Opportunity/Affirmative Action employer. 

@) MOTOROLA 

T E C H N I C A L EDITOR 

ELECTRONICS 
The European Semiconductor Division of Motorola has an 
immediate opening for an experienced technical editor for its 
Marketing Communications Group based in Geneva. 

The successful candidate wi l l be responsible for the coordi
nation and copywri t ing of brochures, promotional material and 
data books covering a wide variety of semiconductor products, 
f rom power transistors to sophisticated integrated circuits. 

He/she wil l be work ing in conjunction w i th Design and Product 
Engineers in our operations in Europe. He/she should be able 
to stimulate and produce him/herself original wr i t ings on new 
semiconductor products and their applications in the market 
place. Interviewing and gathering information f rom people on 
new products represents an important aspect of the job. 

The ideal candidate would be an editor or journalist, familiar 
w i th electronics and semiconductor technology, of English 
mother tongue, w i th copywr i t ing skills, wi l l ing to travel 
moderately and able to work independently. 

For more information, wr i te or call 

Irène Maurer 
(022) 99 13 91 

MOTOROLA (SUISSE) S.A. 
Personnel Department 
16, chemin de la Voie-Creuse 
1211 GENEVA 2 0 

UNIVERSITY 
OF 

BASLE 

T h e nuc lea r and pa r t i c le phys i cs g r o u p o f t h e 

Ins t i t u te f o r Phys ics has an o p e n i n g fo r a 

Senior Ph. D. Physicist 
(position wi th tenure) 

C o m p l e t e d hab i l i t a t i on is des i rab le . 

T h e c a n d i d a t e is e x p e c t e d t o pa r t i c i pa te w i t h 

e n t h u s i a s m in t e a c h i n g a lso u n d e r g r a d u a t e 

l abo ra to r y cou rses in G e r m a n language . He is 

f u r t h e r e x p e c t e d t o c o n t r i b u t e ac t i ve l y in t h e 

i ns t i t u tes research p r o g r a m m e at S I N and 

even tua l l y a t C E R N . 

A p p l i c a t i o n s h o u l d be sen t un t i l t h e end of 1 9 8 4 

t o : 

Personalabteilung I 

des Erziehungsdepartementes, 

Munsterplatz 2 

Kennwort Physik, 

CH - 4 0 5 1 Basel 

Switzerland. 

Electrical Products 
and Services for CERN 

• High voltage and low voltage 
electrical installations. 

• Electric and electronic assemblies. 

• Engineering and construction. 

• Indoor and outdoor switchgear for 
all voltages. 

• Control and monitoring systems. 

• Instrumentation and process control. 

A 
NATIONAL ELEKTRO (Suisse) S.A. 
Suisse subsidiary of National Elektro A/S, Norway. 

8, Chemin Rieu Tel.: (022) 82 45 21 
CH-1208 Geneva Int. CERN: 2387 
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SOCIÉTÉ DE PROMOTION AVI CA 
EQUIPMENT England 

Hydroformed Bellows 
f \ vacum components 

CH. GABUS 

Quick connect patented 
clamps ovacum components 

REINHDLn 
CHARLES REINHOLD Ing. 

Edge welded 
diaphragm Bellows 

1, Chemin du Lac 
fiADVAr — CH-1290 VERSOIX, Switzerland 
^ ^ " ^ T e | ( 0 2 2 ) 5 5 2 4 2 3 

S.A. 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

7 i 
1 / 2 

7 4 

Actual size (mm) 
w id th by height 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
9 0 x 1 3 0 

Cost per insert ion (Swiss Francs) 

insert ion 

1730 

9 6 0 

5 5 0 

1680 

9 3 0 

5 2 0 

1630 

9 1 0 

5 0 0 

10 
insertions I 

1530 

8 6 0 

4 8 0 

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

1 5 0 0 SwF 

2 0 0 0 SwF 
2 7 5 0 SwF 
1 st of month of cover date : 

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

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
These rates are effective for the year 1985. 

All enquiries t o : 
Micheline F A L C I O L A / C E R N COURIER-
CH-1211 Geneva 23 Switzerland 
Tel. (022) 8 3 41 0 3 Telex 2 3 6 9 8 

CERN 

Spinors and Space-Time 
Volume 1 : Two-spinor Calculus and Relativistic Fields 

ROGER PENROSE and WOLFGANG RINDLER 

To be published in two parts, this important study seeks to provide an 
introduction to the calculus of two-spinors and the theory of twistors. The first 
volume systematically develops the calculus of two-spinors, a technique more 
applicable to the space-time of modern physics than the more traditional 
tensor calculus. • £45.00 net 

Cambridge Monographs on Mathematical Physics 

Classical General 
Relativity 
Proceedings of the Conference on Classical General Relativity 
held at City University, London 

Edited by W. B. BONNOR, J. N. ISLAM and M. A. H. MacCALLUM 

This volume is made up of nineteen papers submitted to this conference held 
in December 1983. These papers survey recent progress and identify future 
avenues of research in the area of classical general relativity. £25.00 net 

Now in paperback 

Theory and Experiment in 
Gravitational Physics 
CLIFFORD M. WILL 

A comprehensive survey of the intensive research and testing conducted in 
general relativity over the past two decades. 

'. . . a well argued and comprehensive treatment' 
The Times Higher Education Supplement 

Paperback £15.00 net 

S 
The Ideas of Particle 
Physics 
An Introduction for Scientists 

J. E. DODD 
A clear description of the development of ideas and theories about elementary 
particle physics that is pitched at a level between textbooks written for the 
serious student and popular accounts assuming no prior knowledge of 
physics. Dr Dodd's book provides an introduction to present theories, 
culminating in the recent discovery at CERN of the intermediate vector boson. 

Hard covers £22.50 net 
Paperback £8.95 net 

Quarks, Gluons 
and Lattices 
M. CREUTZ 

'I recommend the book in the strongest terms to all interested in the 
fundamental structure of nature and the surprises quantum field theory has in 
store.' Nature 

£17.50 net 

The Quest for Quarks 
BRIAN McCUSKER 

interesting to read and liberally interwoven with reflections of a man who 
has been intimately involved with many of the developments he describes. 

Physics Education 
£8.95 net 

A 

CAMBRIDGE UNIVERSITY PRESS 
T h e E d i n b u r g h B u i l d i n g , S h a f t e s b u r y R o a d , C a m b r i d g e C B 2 2 R U , E n g l a n d 
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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides PMT's. Thus, the S1723 occupies a small 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm 2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec
tion in the fields of high energy physics, 
medical diagnostics and industrial instru
mentation. Hamamatsu engineers wil l 
modify the S1723 or other detectors to 
meet your needs. 

© 1983 Hamamatsu 

Call or write for product bulletin and prices. 

HAMAMATSU 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 
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ES A-IRS 
NUMBER ONE IN EUROPE 

FOR INFORMATION 
is making available to you 

• 60 ONLINE DATABASES .... 

representing 30 million bibliographic 
references in all sectors of science and 
technology. 

• OF WHICH A LARGE PART ... 

contain references on research in high 
energy physics, like for example INIS, 
NASA, NTIS, INSPEC, Chemical Abstracts, 
Conference Papers Index, etc. 

• ACCESSIBLE WORLD-WIDE ... 

via TYMNET, EURONET, and other national 
and international data transmission net
works. The system is available 20 hours a 
day. 

• AND 16 YEARS EXPERIENCE DEDICATED 
TO CUSTOMER SERVICE ! 

ESA-IRS, the European 
approach to Online Information 

The Information Retrieval Service of the European Space Agency 
ESA-IRS, via Galileo Galilei, 00044 Frascati, (Italy) 
Tel. (39/6) 94011 Twx. 610637 esrin i 
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ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLÉAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

M O V I N G ? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed t o : 

M o n i k a W I L S O N 
CERN C O U R I E R / C E R N 
1211 Geneva 2 3 Swi tzer land 

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

B E R G O Z - C R O Z E T - 01170 G E X , France (50) 41 00 89 
Elect ron ic E q u i p m e n t M a n u f a c t u r i n g 

Electrical 
feedthroughs and 

insulating tubes 

High vacuum proof and 
pressure resistant electri

cal feedthroughs and in
sulating tubes, produced in 

series or according to 
customers' specific requi

rements; for high voltage, 
high current and measuring 

techniques in industry an^ 
research. 

<OQ 

Distributed m Swi „y; 

Degussa ~nweiz) AG 
Degussa (Suisse) SA 

Letzigraben 89 • 8003 Zurich 
Telefon 01-4913900- Telex 822 5. 

F157/1 e 

CERN Courier, December 1984 4 4 9 



4 5 0 CERN Courier, December 1984 



Our new FASTBUS crate is here! 

• precision engineered • rugged construction 

• quality performance • laboratory tes ted 

F u l l y meets y o u r needs f o r a T y p e A 

forced-a i r - coo led F A S T B U S cra te . 

Fea tu res . . . 

• s t anda rd , 19- inch re lay rack m o u n t i n g 

• rugged , m o l d e d card gu ide assemblies 

• m a x i m u m a i r - f l o w design 

• 26 -pos i t i on Segment backp lane 

• accurate m a t i n g connec to rs 

• pos i t i ve -ac t ion l o c k i n g R u n / H a l t bar 

• a u x i l i a r y backp lane o p t i o n s f o r rear 

I/O connec t i ons (130 o r 195 con tac ts ) 

• t e r m i n a l lug powe r connec t i ons 

Ava i lab le Anc i l la ry Logic Cards inc lude: 
S e g m e n t Termina to r , Geograph ic A d d r e s s 
Enable Generator , and Arb i t r a t i on T i m i n g 
Control ler . 

** 

-S- ^ 

This crate is jus t one o f a new KSC l ine o f F A S T B U S p roduc ts f o r h igh-energy physics 
e x p e r i m e n t s , image processing or t o m o g r a p h i c recons t ruc t i ons , f l i g h t o r o t h e r s i m u l a t i o n , 
adap t i ve c o n t r o l and a r t i f i c i a l in te l l igence requ i r i ng mu l t ip rocessors . For m o r e in fo r 
m a t i o n , w r i t e o r cal l us t o d a y . 

K i n e t i c S y s f c e m s Corporation 
Standardized Data Acquisition and Control Systems 

U.S.A. West Coast Off ice Europe (Service) Europe (Marketing) 

11 Mary kno l l Dr ive 3 9 1 75 L i b e r t y S t ree t , Su i te 2 4 5 3 C h e m i n de Tavernay Gewerbestrasse 13 
L o c k p o r t , I l l i no is 6 0 4 4 1 F r e m o n t , Ca l i f o rn i a 9 4 5 3 8 1 21 8 Geneva, S w i t z e r l a n d C H - 4 5 2 8 Z u c h w i l , S w i t z e r l a n d 
Phone: (815) 8 3 8 0 0 0 5 Phone: (415) 797 2 3 5 1 Phone: (022) 9 8 4 4 4 5 Phone: (065) 2 5 29 25 
TWX: 9 1 0 6 3 8 2 8 3 1 TWX: 9 1 0 9 9 7 0 5 4 4 Telex: 28 96 22 Telex: 8 4 5 / 9 3 4 6 4 8 
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Luwa UItrafiIters N 
The Space-Savers! 
Highly efficient filters for exhaust air filtration in 
nuclear industry: 

• Most compact design grants you 3x longer life and 
3 x less waste 

• Saving space means saving costs for waste treat
ment 

• Longer life means reduced costs for changing filters 

Group companies, licensees and representatives in more than 60 countries. 

Luwa 
Luwa Ltd. 
Filters + Shelter Equipment 
Kanalstrasse 5, CH-8152 Glattbrugg, Tel. 01/810 10 10 

Das kleinste digitale Panelmeter der Welt! 

Mini-Digital-Panelmeter MDPM-3 
Vergossenes Modul mit Abmessungen 10 x 30 mm, stapel-
bar und fur direkten Einbau hinter Frontrahmen bestimmt. 
Snap-ln-Typ mit Montagerahmen inkl. Polarisationsfilter, 
Aussenmasse 15x37 mm, Einbautiefe 48 mm. Die Mes-
sung kann extern getriggert oder auf 4 resp. 100 Messun-
gen pro Sekunde programmiert werden. Zusâtziich verfugt 
das Gérât standardmâssig uber Multiplex-BCD-Ausgang, 
Zur Speisung wird lediglich + 5 V benôtigt. Môgliche Mess-
bereiche sind: 1,10 oder 100 VDC. 

Grôssere Modelle ab Fr. 85 - sind ebenfalls lieferbar! 

ISELTI AG CH-8802 KILCHBERG 
STOCKENSTRASSE 5 
TELEFON 01/71527 45 

— N E W — N E W — N E W — 

FASTBUS CRATE 
OUTPUT POWER 1500 W ! ! ! 

For 2 6 F a s t b u s 
M o d u l s 

A i r c o o l i n g 

P o w e r s u p p l y 

Swiss made 

P o w e r s u p p l y s p e c i f i c a t i o n s : 

• 220 V ± 10 % 10 A 2200 VA 
• + 5 V 150 A 
• - 5 , 2 V 150 A • c o o l i n g s w i t c h : - O f f 
• - 2 V 5 0 A - H a l f 
• + 1 5 V 6 A - F u l l 

D i m e n s i o n : 1 9" Rack 480 x 800 x 530 

NITRONIC Weyernweg 35 
CH-2560 Nidau (032) 51 68 10 

Luwa NSC Housing 
The Safe Space ! 
Casings for highly efficient exhaust air filters in nuclear 
industry: 

• Safe because of 
device for 
contactless 
filter change 
(bag in/out 
method) 

~zrif • Safe because of 
perfect and 
controllable 
tightness 
(test groove 
for filter seal) 

Group companies, licensees and representatives in more than 60 countries. 

Luwa 
Luwa Ltd. 
Filters + Shelter Equipment 
Kanalstrasse 5, CH-8152 Glattbruggf Tel. 01/810 10 10 
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©Hirschmann •Steckverbinder 
• Labormaterial 
• Buchsen 
• Klemmen 

Rufen Sie uns an. Wir beraten Sie gerne. 

autronk autronic ag 
Schorli-Hus 
CH-8600 Dubendorî 
Telefon 01 821 20 22 
Telex 57 970 s-hus ch 

EXEMPLARY SPECIFICATIONS 

I G H E N E R G Y L O A D - W A V E G U I D I 

Application Missile detection radar 
Power 200kW avg. 
Frequency 2 2 5 M H z 

VSWR 1 0 3 

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

A FORTUNE 2 5 0 COMPANY 
TOWER HILL ROAD, RAYMOND, MAINE USA 0 4 0 7 1 

TEL. 2 0 7 - 6 5 5 - 4 5 5 5 8 0 0 - 3 4 1 - 9 6 7 8 TWX: 7 1 0 - 2 2 9 - 6 8 9 0 

Chosen by CERN 
to supply RF energy 

to the linear electron-positron 
injector for LEP 

the Thomson-CSF klystron 
T H 2 0 9 4 

is the only existing klystron 
in the world 

which offers at 3 GHz : 

• 3 5 M W 
minimum guaranteed peak power 

(37 MW obtained in factory tests) 

4 5 % 
minimum guaranteed efficiency 

(47.4 % obtained on the prototype) 

• 4.5 /xsec 

minimum pulse duration 

• S ingle-window RF output 

• Impregnated cathode 

• Proven reliability in operation at 
CERN : a prototype has been performing 
satisfactorily for nearly a year 

Series production is now underway 

TH0MS0N-CSF 
DIVISION TUBES ELECTRONIQUES 
38 rue Vauthier / BP 305 / 

9 2 1 0 2 BOULOGNE-BILLANCOURT CEDEX / FRANCE 

Tél. : (1 ) 604 .81 .75 / Télex : Thomtub 2 0 0 7 7 2 F 
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RÉSOLVEZ VOS PROBLEMES DE NEUTRONS  
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH C 

R 
A 

c o u n t e r He  

c o m p t e u r à 3 H e 

rel iable  
robus te 

a u t o n o m y : 2 5 hours w i t h 12 V l\M-Cd a c c u m u l a t o r 

a u t o n o m i e : 2 5 heures sur accumu la teu r Cd-Ni 12 V 

A 
L 

microprocessor  
m ic roprocesseur 

a u t o m a t i c reading  
a u t o m a t i q u e 

US'6-"»' 

S y s t è m e C E A D é b i t d 'équ iva len t de dose , n - i - i r , 4 m r „ ^ / u 
C E A S y s t e m Equ iva len t dose rate 1 0 a l 0 m " r e m / h 

Équiva lent de dose 
Equ iva len t dose 

0 à 1 0 4 m - r e m 

T e m p s de c u m u l 
0 - 10 h 

T i m i n g 
0 - 10 h 

n 3 p J g i | m j r Agence Commercia le : Z .A . de C o u r t a b œ u f - A v . d ' I s l a n d e E V O L I C 4 - 9 1 9 4 0 LES U L I S 
l l E l l U E = U J v Commerc ia l Branch : Té l . (6) 928 .59 .46 -Té lex : 691 259 F 

Op-amps? 347 options to pick from.. . ! 
Many of our or ig inal o p - a m p s have b e c o m e indust ry s tandards . L ike OP-05, OP-07, OP-27. 
But we have more — the indus t ry 's w ides t cho i ce . From 35 basic models , var ious e lect r ica l 
g rades and package sty les, we der ive a total of 347 vers ions. Not even coun t i ng d ice , w h i c h 
we offer too . We have — a lmost — every t ype : General pu rpose , p rec is ion , low input cur rent , 
micropower , p rogrammab le , h igh s p e e d , h igh load; s ing les , duals , quads ; mil i tary, industr ia l , 
commerc ia l tempera tu re range; 883 and JAN qual i f ied parts. We p ick the op t imum t e c h n o 
logy f rom our range of Bipolar, Superbe ta , Bifet, p lus Zener -Zap t r imming. A n d pro tec t each 
and every ch ip w i th our f amous Triple Passivation® for extra rel iabi l i ty and long- te rm stabi l i ty. 
Thanks to most carefu l and u l t ra -c lean p rocess ing , low noise and good radiat ion res is tance 
are inherent in our p roduc ts . We assemb le t hem in ce ramic DIP, plast ic, metal cans , or s p e 
cial packages , and we test t hem 100%. 
15 years of exper ience and per fo rmance , proven in many app l ica t ions f rom everyday i n d u 
strial use to the most d e m a n d i n g space miss ions, are at your d isposa l . 
One of our o p - a m p s wil l fit you r requ i rement too ! 

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

guff) Precision 
— Monolithics 

Incorporated 
A BOURNS 
SUBSID IARY 
STA. CLARA 
CALIFORNIA 
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DART 7000: 
FOR DATA ACQUISITION IN REAL TIME 

MAIN FEATURES 
• Powerful 16-bit Computer Housed 

in a Rugged C A M A C Crate 

• 512Kbyte Memory, Expandable up 
to 2Mbytes 

• 16 Free C A M A C Slots 

• 5 MB to 25 MB Winchester Disk 
+ 1.26 MB Floppy Disk Drive 

• Acquisition Rate : 
Programmed Transfers: 140Kbytes/s 
Data Channel (DMA): 200Kbytes/s 
With Optional BMC 2139: 3Mbytes/s 

• Innovative 32-bit Data Bus 
• 4 DMA Modes 

• Fast Interrupt Handling 

• Linear 300W or 1000W Switching Type 
Power Supply 

• System Expandable up to 10 Crates 

• Real-time Multi-tasking Operating System 
Supporting High-level Languages 

• Complete Set of C A M A C Subroutines 

APPLICATIONS 
• Data Acquisition 

• Signal Processing 

• Process Control 

• Automated Testing 

• Computer Simulation 

• Scientific and Medical Experimentation 

• Multi-parameter, Multi-channel Analysis 
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ù u r ï n q t h e last 2 0 y e a r s , m o r e t l 
50,000 V A T v a l v e s h a v e p r o v e n 

t h e h re l iabi l i ty i n practical use c 
o v e r t h e w o r l d 

- '•li atrial a n d research installations (metallurg 
- . ^ n r e analysis) • in ir 

than 

n 
>att 

o v e r t h e w o r m 
• in high vacuum Industrial a n d research installations (metallurgy, thin 

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

isotope separation plants (centrifuges, diffusion- a n d nozzle separation) 

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

fusion research installations) 

VAT's Production Line includes: • angle a n d gate valves with elastomer or plastomer seals • all metal valves • fast closing 
and control systems. - VAT special executions: • corrosion proof, radiation resistant, bakeable (up to 450°C) • extremely low 
magnetic permeability. - Significant features o f VAT valves: • long cycle life • high conductance • small leak rates, U H V 
compatibility • low degassing rates • easy servicing. O u r catalogue gives you ample information - Call for it! 

VAT A K T I E N G E S E L L S C H A F 
fur Vakuum-Apparate-Technik 
C H - 9 4 6 9 Haag /Swi t ze r land 
Phone -.085/7 0 1 6 1 - Telex: 8 5 5 1 6 2 va t ch 

A M P L I F I E R S F R O M P H I L L I P S 

AMPLIFIERS FROM PHILLIPS 
A M P L I F I E R S F R O M P H I L L I P S 

A M P L I F I E R S F R O M P H I L L I P S 

A M P L I F I E R S F R O M P H I L L I P S 

A M P L I F I E R S F R O M P H I L L I P S 
W e Have A Complete Line Of Amplifiers Ready To Plug Into Your Experiment 

Whether Your Requirement Is For NIM, CAMAC, or Single Channel (Jnits. 

M O D E L * P A C K A G E C H A N ' L S G A I N B W - M H z / t r n S M A X . O U T F E A T U R E S 

6931 6 x 7 X 4 c m 1 100 DC-100 / 3.5 • 2.2V <10uV Noise, DC Bal. Ad j . 

6950 6 X 7 X 4 c m 1 10 DC-300 / l . l •2.5V <5uV / ° C Stab, DC Bal. Ad j . 

6954 6 x 7 x 4 c m 1 5-400 20-1000 / .35 ±2.0V Inv. or Non-Inverting 

770 NIM 4 10 DC-300 / l . l ±2.5V <25uV Noise, DC Bal. Ad j . 

771 NIM 4 1-10 DC-300 / l . l • 2.5V Gain and Offset Control 

774 NIM 4 5-400 20-1000 / .35 ±2.0V uCP A m p , Inv. or Non-Inv. 

775 NIM 8 5-400 20-1000 / .35 ±2.0V uCP A m p , Inv. or Non-lnv. 

776 NIM 16 10 DC-275 / 1.3 - 3 . 5 V PMT A m p , <25uV Noise 

777 NIM 8 2-50 DC-200 / 1.7 - 3 . 5 V Var. Gain & Offset /Chan. 

7176 CAMAC 16 10 DC-275 / 1.3 - 3 . 5 V PMT A m p , Low Cost /Chan. 

7177 CAMAC 8 2-50 DC-200 / 1.7 - 3 . 5 V Var. Gain & Offset /Chan. 

To Learn More About Our Products Contact 

Phillip! Scientific 13 A c k e r m a n A v e n u e • S u f f e r n , N e w Y o r k 10901 * U S A • (914) 3 5 7 - 9 4 1 7 
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10.001 E 

Deaf ader for 
/ High Voltage 

If 
// M Concerned in the case of this com-
/ m ponent is a voltage divider for the 

JP pilot experiment of «LEP-DELPHI» 
resp, BARREL RICH. 

:m (7\ Entire component from outside 
..̂pT. Sly with visible electrode no. 30 . 

© Enlarged section through the 
electrode parts. 

F In a series of preliminary development 
r stages it has been successful, 

to break down a defined voltage of 
210 KV over 3 0 graded built-in 
electrodes. 
Isolating distance between the elec
trodes is 0.7 m m . 

g H | ^ ^ The entire component w a s produced 
p H ^ ^ ^ . by the high-vacuum process. 

mBSÊm Stesalit AG 
JkM Kunststoffwerk 
^ ^ â ^ r CH-4249 Zullwil/SO 
W^^^ Telefon 061 /80 06 01, Telex 63182 



48 channels 
camac ADC s 

Resolution 
Sensitivity 
Gate 
CMRR at 50 Hz 
Integral non-linearity S i 0.2% 
A utonomous module 

12 bit 
0.3p.C./ch 
50ns+10[\S 
>70db 

Digital Window, Threshold and 
Data Compression programmed 
from CAM A C dataway. 
Up to 0.5K-events stored 
in the memory for lowest 
dataway dead-time. 

# 

Div is ion of » m SI. EL sPa 

4 5 8 

20133 MILAN (Italy) - Via Bassini, 15 - Tel. (02) 2365551 - Tlx 312451 
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n A 7 U v 7 l gozj 
C E N T R E 
D ' I N F O R M A T I Q U E 
P E R S O N N E L L E 

If you are trying to shrink the size of your 
PCBs by using 

(Surface Mounted Devices) 

We can help in your choice of board size, 
components selection and layout, etc. We 
also assemble : 
O SMD Prototypes 
O Small series up to 5000 pieces 

Lets get together early on.. 

We have 3 years experience in the service of CERN and 
surface mounting / ref low soldering 

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

A L S O W I T H 5 1 2 K A N D E N G L I S H K E Y B O A R D 

i n C e n t r e d ' A u m a r d 
4 3 b i s a v e n u e d u J u r a 
a t F e r n e y - V o l t a i r e 
T e l ( 0 2 3 ) 4 0 - 5 0 - 5 9 

B E R G O Z - C R O Z E T - 0 1 1 7 0 G E X , France ( 5 0 ) 4 1 0 0 89 
Elect ron ic E q u i p m e n t M a n u f a c t u r i n g jcippkz 

© C o n c e s s i o n n a i r e agréé 

This is an example of our spec t rum of 
mul t icomposi te conductors for highfy 

sophist icated magnet designs. 

VACUUMSCHMELZE GMBH • Gruner Weg 37 • D-6450 Hanau - Tel.: (06181) 362-1 s-9 
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The general ideas are to... accumulate many cooled pulses, 
inject the intense antiproton beam into the big ring, 
accelerate protons and antiprotons together to energies of 
over 100 GeV, collide the beams and collect the Nobel prizes! 

CERN Courier No.12 Vol. 16 December 1976 

That was the idea, and you brought it off. 

C O N G R A T U L A T I O N S 
TO YOUR TWO NOBEL LAUREATES 
AND ALL THEIR COLLEAGUES WHO CONTRIBUTED! 

PHILIPS Electronic 
components 
and materials 

PHILIPS 
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