
Laboratory in Vancouver , and the 
p roposed Supe rLEAR ring at C E R N 
(January/February, page 7). 

Studies using high energy electron 
probes will be very important in 
open ing up access to this new 
physics. Op t imum use shou ld be 
made of exist ing cont inuous e lectron 
mach ines for the s tudy of the proper
t ies of hadrons in nuclei . 

The invest igat ion of quark dynamics 
in nuclei should be star ted wi th 
exploratory exper iments at exist ing 
high energy s torage r ings. 

N u P E C C recommends that a major 
init iative be launched now to deve lop 
a proposal for a European cont inu
ous -wave electron accelerator in the 
15 GeV region. Th is wou ld be a 
un ique facil i ty in the fundamenta l 
s tudy of quark propert ies in ex tended 
matter. N u P E C C proposes that a 
European project g roup be set up on 

a broad scienti f ic basis to: identi fy the 
key exper iments to be per fo rmed 
wi th such an accelerator; to deter
mine the initial energy and propose 
an op t imum design for the acce lera
tor; and to establ ish the ins t rumenta
t ion requi red to carry out the initial 
exper imenta l p rogramme. 

Low energy studies of fundamental 
interactions 

A n important aspect of nuclear 
phys ics is the invest igat ion at low 
energ ies of fundamenta l interact ion 
symmet r ies and part icle propert ies. 
T h e broad range of this f ield in
c ludes: precis ion exper iments in 
a tomic and nuclear physics; the use 
of in tense beams of neutr inos, 
muons and cold neutrons; the s tudy 
of extraterrestr ial neutr inos; and the 

search for rare events at large 
underg round faci l i t ies. 

N u P E C C recommends that s teps 
be taken to ensure that access to 
adequa te b e a m s of such part ic les is 
avai lable wi th in Europe and to 
faci l i tate the coord inat ion, on a 
European sca le , of large under
g round exper iments . 

N u P E C C , wh ich is cha i red by 
C laude Detraz of GANIL , Caen , 
France, is p repared to contr ibute 
wha tever ass is tance wil l be needed 
for the implementa t ion of the recom
mendat ions in its report. 

Cop ies of the report are avai lable 
f rom Gabr ie le-E l isabeth Koerner at 
the N u P E C C scienti f ic secretar iat , 
c/o Phys ikdepar tment E12 der 
Techn ischen Universi tat Munchen , 
D-8046 Garch ing , fax (+49 89) 
32 09 22 97 . 

Around the Laboratories 
CERN 
Peering into the 
Pomeron 

Jets - nar row c lusters of part ic les 
p roduced in v iolent col l is ions -
provide a very effect ive w indow on 
the elusive interact ions of the quarks 
and g luons h idden deep inside 
strongly interact ing part ic les. 

Predict ions of jet product ion in 
proton-ant iproton col l is ions depend 
on knowing the deta i led inner struc
ture of the proton, obta ined f rom 
deep- inelast ic lepton-proton interac
t ions. Such predict ions agree wel l 
wi th measuremen ts by the big 

exper iments at the C E R N and 
Fermi lab proton-ant iproton col l iders. 

However there is very little sensi t iv
ity to that 'soft' part of the proton 
structure carry ing only a smal l 
f ract ion of the total m o m e n t u m 
(cal led smal l x in the t rade). 

In 1984 Gunnar Ingelman and Peter 
Schle in sugges ted gett ing at this soft 
s t ructure by looking for jets in those 
col l is ion events where a proton stays 
c lose to the beam direct ion, carry ing 
off 9 0 % or more of the beam m o m e n 
tum. 

Such je ts wou ld be p roduced by the 
scat ter ing of the proton on the soft 
' remainder ' of the ant iproton, or v ice 
versa . Such interact ions have t radi 
t ional ly been cal led dif fract ion and 
are interpreted in te rms of the ex

change of a complex , and little 
unders tood , ent i ty ca l led a Pomeron . 

(The s a m e mechan i sm also dom i 
nates elast ic scat ter ing, where 
part ic les just bounce off each other. It 
w a s the Russ ian theor ist Isaak 
Pomeranchuk w h o deduced powerfu l 
t heo rems about this scatter ing.) 

Thus jet product ion wou ld involve a 
Pomeron radiated by the leading 
pro ton. It w a s pointed out that the 
observat ion of jets in these col l is ions 
wou ld show that the Pomeron itself 
has a deeper quark /g luon st ructure. 

T h e UA8 exper iment at C E R N ' s 
proton-ant iproton col l ider set out to 
search for jet product ion in dif frac
t ion . UA8 w a s a marr iage be tween 
the large UA2 detector and specia l 
'Roman pot' spec t rometers to look for 
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flies that catch trophies take two things. Fine materials and expert crafts
manship. We believe it takes the same things to build a Hamamatsu PMT 
That's why we too begin with the finest materials available. Like special glass 
made to strict Hamamatsu specifications for clarity and uniformity And 
pure nickel for lower noise and dark current.» Each tube is carefully hand
crafted under Class 1000 clean-room conditions. This reduces the chance 
of contamination that can affect performance or shorten tube life. Photo-
cathode material is then applied in a painstaking process using advanced 
vacuum technology Finally every PMT is tested to assure unparalleled 
accuracy So when you need the highest quality PMTs available, call on the 
people who put them together like no one else in the world. Hamamatsu. 

For assistance, call 1-800-524-0504..^^^^ 

HAMAMATSU 
HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, RO. BOX 6910, BRIDGEWATER, NJ 08807 
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Technopolis Thoiry 

Geneva Moves With The Times 

Geneva has been closely linked to science from the time it hosted crucial discussions 
on links between such diverse phenomena as light, chemical reactions and magnetism. 
Indeed, the city became the home of one of Europe's first major experimental facilities 
— a giant electrochemical pile designed to test Ampere's theories. This was built by 
de Saussure two decades after a visit by Volta to demonstrate a more famous, but much 
smaller, pile on his way to impress Napoleon. 

An International Role 

Geneva's role in providing a testbed for unified theories of matter continues to this day 
at CERN where the LEP collider probes nature at the 10r18 metre scale by colliding elec
trons and positrons circulating inside a high vacuum beam pipe buried up to 100 metres 
below the Swiss and French countryside in a 27 kilometre circular tunnel. 

CERN was conceived by scientists and politicians in the late-1940's as a step on the road 
to post-war reconciliation via a major collaboration on the neutral ground of pure 
research in a region with a long history of internationalism. With a staff of 3000 and a 
budget of some 900 million Swiss francs to provide facilities for scientists from 300 insti
tutes, CERN welcomes 6200 visitors each year. 

The Technopole Interface 

Geneva continues to adapt its role as we move towards the 21st Century. Science parks 
represent one development and there are now about 300 in the industrialized world. In 
offering a homogeneous blend of activities and facilities, they generally aim to enhance 
synergies in an increasingly competitive world. 

Unique among the science park concept is the Technopole approach where an outer 
circle of commercial, governmental and institutional interests come together to promote 
an inner core of activities providing interfaces between science, technology, new busi
nesses, and higher education. Each Technopolis thus comprises a homogeneous blend 
of facilities and ancilliary services. 

The Geneva region's Technopolis is situated just across the Franco-Swiss border from 
the main CERN campus. The 27 hectare green field site on the outskirts of the village 
of Thoiry is therefore ideally located to interface with the international physics community. 
Being only five kilometres by road from Geneva's international airport and main line 
station is an invaluable advantage. 

Looking across the main CERN campus to Geneva from Technopolis Thoiry, outlined 
as an artist's image. 

The Opus One building at Technopolis Thoiry. 

Focussing on Applied Physics 

LHC, CERN's next major collider, proposed for the LEP tunnel, follows on from past 
achievements in calling for state-of-the-art superconducting magnets, advanced mate
rials, sophisticated vacuum and cryogenic systems, high power electronics, and a wide 
range of computer-based facilities to serve all aspects of the machine — from resource 
management to the imaging of particle collisions in its mega-detectors. 

Technopolis aims to allow industry and institutes to participate in, and contribute to, the 
rich scientific and technical environment by serving as a closeknit interactive base for 
specialist organizations. In addition to enjoying a convenient window on CERN's exten
sive sub-contracted requirements, they will be able to arrange collaboration on a formal 
basis. Technopolis is also working to establish an Institute to provide an interface in 
applied physics between teaching and research staffs, postgraduates and high calibre 
technicians coming from industry and R. and D. centres. 

A Superb Environment 

Robert Hinterberger, Director of a Technopolis Thoiry based computer software com
pany, places great importance on the "perfect working environment". This will continue 
to be preserved in a balanced development comprising space reserved for accomoda
tion, technical and commercial companies, the technological institute, small scale R. and 
D. units, and hotels and conference services. 

By the same token, while Mr. Benier, the Mayor of Thoiry, is "obviously interested in pro
moting employment opportunities" he is "also concerned that we preserve the quality 
of our local environment". Hence recent agreements for a national park in the Jura moun
tains behind Thoiry, consolidation of road access from Switzerland through to the French 
motorway system, a cultural centre, a second international school, and the imminent 
construction of a major world-class shopping centre. 
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Organizations and companies wishing to set up at Technopolis Thoiry can 
choose between: 
- buying either complete buildings or office and technical space within a specific 

building; 
- renting floor space; 
- building to their requirements on a purchased plot. 

For further information or to explore possibilities, please contact: 

Technopolis Thoiry 
1, avenue du Mont-Blanc Tel.: +(33) 50 42 02 02 
F-01710 Thoiry, France Fax: +(33) 50 20 66 09 

on reader service form 

C E R N C o u r i e r , M a r c h 1 9 9 2 



Top: Clear signals for low energy jets in the 
UA2 calorimeter used in the UA8 experiment 
at CERN's proton-antiproton collider, where 
the proton (or antiproton) flies off carrying 95 
per cent of the momentum, while the 
antiproton (or proton) 'collides' with the 
residual soft ('Pomeron') structure. 
Bottom: Without triggering on the fast forward 
particles, the jets are almost indistinguishable 
from the background. 

protons or ant iprotons c lose to the 
beam di rect ion. 

A state-of- the-art data-dr iven tr igger 
processor ca lcu lated the proton 
m o m e n t u m in real t ime f rom the wi re 
chamber 'hits' and a signal passed to 
the UA2 control room to be comb ined 
wi th the convent iona l UA2 t r iggers. In 
this way the UA8 group w a s able to 
use the UA2 calor imeter to see and 
study jets assoc ia ted wi th a leading 
proton or ant iproton. If one part icle 
carr ies away a lot of m o m e n t u m , 
there is less avai lable for the interac
t ion, and the UA2 calor imeter sees a 
'quieter ' event . 

The f igure shows the ' unwrapped ' 
ca lor imeter s ignals for two events , 
each wi th two jets having t ransverse 

energy above 8 GeV. The lower plot, 
f rom UA2, is for a rout ine pro ton-
ant iproton col l is ion at 630 GeV, and 
the background is so pervas ive that 
the jets cannot be easi ly p icked out. 

However the upper plot, for a typical 
event whe re a recoil proton carr ies 
off 94 per cent of the avai lable 
energy, is remarkably dif ferent. Here 
the 'col l is ion energy ' be tween the 
ant iproton and the Pomeron is 150 
GeV. The calor imeter is much quieter 
and the jets are very clear. They are 
also az imuthal ly back- to-back, c lear 
ev idence for hard scat ter ing const i tu
ents inside the Pomeron . 

The Pomeron behaviour seen by 
UA8 sugges ts that it conta ins only 
two hard scat ter ing const i tuents. Th is 

and the jet product ion rate agree wi th 
predict ions by A. Donnach ie and 
P. Landshoff , w h o predict the 
Pomeron to be made up of quarks 
and ant iquarks. 

However simi lar measuremen ts at 
the new H E R A elect ron-proton 
col l ider at DESY, where smal l x 
proton k inemat ics wil l really be 
opened up, wil l help dec ide whether 
the Pomeron conta ins g luons or 
quarks , or both . 

New CP-violation 
experiment 

In 1964, Val Fitch and J im Cronin 's 
team at B rookhaven d iscovered 
someth ing new in neutral kaon 
decays . Cal led CP-v io la t ion, this 
effect is now an integral part of 
today 's part icle phys ics d o g m a , and 
could be related to deep quest ions of 
cosmology , part icular ly w h y the 
Universe, gove rned by equat ions 
symmet r ic be tween matter and 
ant imatter, appears to have a lmost 
no ant imat ter in it. 

Wi thout CP v io lat ion, the neutral 
kaon c o m e s in two immutab le var ie
t ies - a short - l ived vers ion decay ing 
into a pair of p ions, and a long- l ived 
one normal ly decay ing into three 
part ic les. Fitch and Cronin d iscov
ered that a f ract ion of a per cent of 
these neutral kaons decayed the 
wrong way . Th is tarn ished the 
hitherto go lden rule that all part icle 
interact ions shou ld be symmetr ic 
under a comb ined (CP) operat ion of 
charge con jugat ion (C) - swi tch ing 
part ic les to ant ipart ic les - and parity 
(P) - full ref lect ion in th ree-d imen
sional space . Despi te heroic efforts 
over the past 27 years , theor ists 
have not been able to f ind any 
def ini t ive c lue to the or igin of this 
subt le effect. 
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Immersed in liquid krypton, this prototype 
electromagnetic calorimeter for a new CP-
violation experiment at CERN gave excellent 
results (below, cell size 2x2 cm). 

However CP-v io la t ion can be 
conta ined in, but not exp la ined by, 
today 's S tandard Model of interac
t ions be tween six types of quark . 

In addi t ion to the c lassical C P -
vio lat ion due to asymmet ry in the 
w a y the two neutral kaons mix, C P -
violat ion can also occur in the decays 
of neutral kaons into a pair of p ions. 

Th is 'direct ' CP violat ion is meas 
ured by a parameter related to the 
'ratio of rat ios' - the relat ive decay 
rates of short- a n d long- l ived neutral 
kaons into neutral and charged pion 
pairs. In the last few years two major 
exper iments , NA31 at C E R N and 
E731 at Fermi lab, have a t tempted to 
fix this parameter , us ing di f ferent 
techn iques. 

After each amass ing severa l mil l ion 
neutral kaon decays , the results f rom 
the two exper iments do not neces
sari ly d isagree, but the ag reemen t 
cou ld be better. 

T h e new exper iment (NA48, a 
Cag l ia r i /Cambr idge/ C E R N / D u b n a / 
Ed inburgh/Mainz /Perug ia / P isa/ 
Sac lay /S iegen/Tur in col laborat ion) 
cont inues the basic approach of its 
predecessor , compar ing charged and 
neutral pion pair decays f rom dist inct 
long- l ived and short- l ived kaon 
b e a m s enter ing a c o m m o n decay 
region inside a long v a c u u m tube. 
T h e improvement wil l be to record 
the decays f rom the two di f ferent 
beams at the s a m e t ime and f rom the 
s a m e port ion of the detector, reduc
ing possib le sources of error. 

T o ach ieve this, the pr imary pro ton 
b e a m is first used to p roduce the 
long- l ived kaon b e a m , the remain ing 
charged part ic les be ing swept away 
by a magnet . A smal l f ract ion of the 
remain ing pr imary beam is then bent 
back into the kaon line to p roduce a 
col l inear short- l ived kaon b e a m . Th is 
bend ing will be done using a bent 
crystal (May 1990, page 5). 

A new e lect romagnet ic ca lor imeter 

NA48 Liquid Krypton Ca lor imeter Pro to type (e run, 120 GeV) 

AVFRAGF SHOWER PROF!! F (GFV) - MAX CFI..L 91 
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A NEW LEVEL 
OF VACUUM QUALITY 

... the new TURBOVAC 340 M with 

magnetic bearings 

In 1975, LEYBOLD introduced the world's 
first turbomolecular pump with magnetic 
bearings. 
New fields of application in research, de
velopment and industry have now 
prompted further development of this 
pump concept. 
The result: The TURBOVAC 340 M. A reli
able turbomolecular pump with multiple 
advantages: 
• maintenance-free • any mounting posi
tion • highly compact • highly versatile 
• completely hydrocarbon-free • low-
vibration, low-noise • attractive price 
Interested? 
Give us a call. We'd be happy to provide a 
consultation: 
(02 21) 347-14 42/12 42 

LEYBOLD AG 
Bonner Strasse 498 
D-5000 Cologne 51 

Magnetic bearing "System KFA Julich" 
Patents and applications for patents exist. 

Innovative Vacuum Technology 

L E Y B O L D 

A Degussa Company 
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We Go 
to Great 
Lengths... 

BICRON 
Bicron Corporation 
12345 Kinsman Road 

Newbury, Ohio 44065-9677 

Telephone: (216) 564-2251 

Telefax: (216) 564-8047 

Telex: 980474 BICRON NWBY 

European Office 
Markstraat 27A, P.O. Box 271 

2410 AG Bodegraven, The Netherlands 

Telephone: 1726-14243 

Telefax: 1726-14316 

Telex: 39772 BICIN NL 

Nippon Bicron 
Room No. 805 1-8, 1-Chome 

Shinyokohama, Kohoku-Ku 

Yokohama 222 Japan 

Telephone: 045 (474) 5786 

Telefax: 045 (474) 5787 
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...Producing 
Your Plastic 

Scintillating Fibers. 

• Blue scintillating fibers 
• Green scintillating fibers 
• Rad-hard fibers 
• Ribbons and arrays 
• Large cross-sections 
• Custom formulations 

Our tradition of advancing 
scintillation technology 
assures fiber properties 
which let you make 
the measurements 
you need. 

Contact us today for our 
latest technical and 

pricing information. 

)r service form 



E.J.N. (Ted') Wilson becomes Head of the 
CERN Accelerator School. 

wil l be used to pick up the neutral 
kaon decays . To handle the mil l ion 
result ing photons per second wi th 
good energy resolut ion and to p in
point t hem to wi th in less than a 
mi l l imetre and within one nanosec
ond needs special at tent ion. The 
initial proposal was to use l iquid 
x e n o n , but at tent ion soon turned to 
the cheaper l iquid krypton. 

T h e exper iment wil l a lso emp loy a 
new magnet ic spect rometer . The 
t r igger rate will be twenty t imes that 
of its predecessor , requir ing a three-
s tage approach and advanced 
'p ipel in ing' in the data handl ing. 

A prototype calor imeter conta in ing 
170 litres of l iquid krypton read out 
th rough copper -c ladded kapton foil 
s t re tched a long the beam direct ion 
has now been successfu l ly tes ted in 
an e lectron beam, giv ing the requi red 
spat ial and energy resolut ions. The 
exper iment wou ld need seven cubic 
met res of l iquid krypton. 

In another test, a bent crystal 
t ransmi t ted enough protons (a half 
per mil of the pr imary beam) to be 
used for product ion of short- l ived 
kaons. Prototypes have also been 
built of the large drift chambers for 
the magnet ic spect rometer . 

T h e new exper iment p lans to start 
tak ing data in 1994. 

Accelerator School 

The C E R N Accelerator School 
(CAS) , set up in 1983, a ims to make 
good the lack of universi ty courses in 
accelerator physics, and to train the 
staff needed to p lan, construct and 
man new mach ines . 

Kjell Johnsen , the first leader of the 
school (1983-5) set high s tandards , 
main ta ined by his successor Phil 

Bryant. So far the School has o rgan
ized twenty courses and workshops 
and f inds the d e m a n d as st rong as 
ever. Phil Bryant now moves over to 
the LHC project at C E R N and hands 
the C A S baton to E.J.N. ( T e d ' ) 
Wi lson . 

The first C A S course in 1992, on 
Magnet ic Measurement and A l ign
ment , wil l be held in Mont reux f rom 
16-20 March . A l though this spec ia l 
ized course is the first t ime C A S has 
set out to teach magnets , it is seen 
as hav ing broad appea l , s ince a lmost 
everyone in the accelerator wor ld has 
to bui ld a magnet somet ime. 

Th is will be fo l lowed by a two w e e k 
Genera l Course in Jyvasky la , Fin
land, f rom 7-18 September , the first 
in a two-year cycle of Accelerator 
Physics courses. 

Finally there will be a joint US-
C E R N Course on Factor ies with 

Elect ron-Posi t ron Rings in the 'Fron
t iers of Part ic le Beams ' ser ies. Th is 
will be in Bena lmadena (Spain) f rom 
29 October to 4 November . 

Further in format ion and appl icat ion 
fo rms f rom Mrs S. von War tbu rg , 
C E R N Acce lera tor Schoo l , 1211 
Geneva 23 , Swi tzer land, bitnet 
C A S U S at C E R N V M . C E R N . C H . 

BAKSAN 
Solar neutrinos 
more of a problem 

Initial results f rom the S A G E detec
tor, opera ted by a Russ ian-US 
col laborat ion in the Baksan under
g round Laboratory in the Caucasus , 
still f ind a dear th of solar neutr inos -
the 'solar neutr ino prob lem' . 

Al l exper iments moni tor ing the 
neutr ino f lux f rom the Sun have seen 
cons iderab ly less than the expec ted 
level . Th is has ser ious impl icat ions 
for our unders tand ing of neutr inos 
and of wha t goes on deep inside the 
Sun . However the first detectors to 
measure this f lux were only sensi t ive 
to a minor i ty of solar neutr inos. 

To cover a w ider spec t rum, new 
detectors were built, including S A G E 
(June 1990, page 16). Th is uses 30 
tons of ga l l ium, the neutr inos being 
detec ted th rough convers ions of 
gal l ium nuclei into ge rman ium, and is 
sensi t ive to the more cop ious neutr i 
nos f rom the fundamenta l pro ton-
proton fus ion react ion provid ing most 
of the Sun 's fue l . 

After go ing live in 1990, the detector 
w a s found to be contaminated wi th 
ge rman ium produced by cosmic rays 
whi le the gal l ium was wai t ing to be 
instal led underg round . 

By the beg inn ing of last year, these 
ge rman ium backgrounds were no 
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