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W ith its core business in defense 
and aerospace electronics, 
T H O M S O N - C S F 

S E M I C O N D U C T E U R S 
S P E C I F I Q U E S ( T C S ) 
has been involved for many years in 
radiation hardened technologies. 
The first one implemented at TCS 
was Silicon On Sapphire (SOS). 
However, with the need for complex 
radiation hardened digital IC 's requi
ring submicron goemetries, SOS pro
ved impractical to reach such litho
graphic levels due to the high defect 
density within the silicon layer, inhe
rent to the sapphire/silicon interface. 
This is why TCS developed the SOI 
technology (Silicon On Insulator) 
based on S IMOX (Separation by 
IMplantation of OXygen) substrates. 
The materiel compatibili ty between 
the active and insulating layers yields 
the high quality substrates required 
for submicron geometries from 
0,8 |um available today down to 
0,5 |um and 0,35 | im in the future. 

With regards to radiation performance, 
SOI is latch-up free by construction 
and, thanks to the low value of 
the active silicon layer thickness, 
it brings dramatic improvements 
over epi C M O S in terms of upset 
performance, both heavy ions and 
protons or prompt dose induced. 
On top of these intrinsic advantages, 
T C S ' S O I technologies have been 
hardened to total dose effects, 
thus providing effective solutions 
for any type of radiative environment. 

Achieving radiation performance 
goals and circuits electrical 
performance plus integration density 
is always the result of an optimization. 
F rom the starting S IMOX substrates, 
TCS has developed two types of 
SOI processes depending on 
the optimization factor : 

• HSOI3HD (1,2 urn) and HSOI4HD 
(0,8 |um) for applications requiring 
top performance total dose and /or 
upset behaviour. 

• HSOI4CB (0,8 vm) for radiation 
hardened complex IC ' s where electri
cal performance and integration 
density have to be similar to the epi 
C M O S ones : in that case, the 
process has been designed so that the 
physical design rules are compatible 
with conventional C M O S ones, 
thus allowing an easy hardening of 
an existing C M O S design by simply 
porting it on H S O I4 C B 
(as an example, TCS has ported 
the popular 68020 32-bit micropro
cessor on this technology to reach 
more than 100 kRads total dose 
performance together with 
a 100-fold upset rate improvement 
over its epi C M O S counterpart) . 

With such an approach, TCS offers 
state-of-the-art solutions for all 
applications ranging from space, 
strategic and tactical defense equip
ments , to high energy physics 
(particle accelerators) or nuclear 
power plants electronics. 
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THOMSON-CSF SEMICONDUCTEURS SPECIFIQUES (TCS) 
offers a wide range of radiation hardened devices on SOI technology 

( » l M R a d ) : 

• Asks 1 2 jim digital standard cell library TSRH3 

1,2 jam analog and full custom design kit TSRHFC 
0,8 JJÏÏI digital standard cell library TSRH4 
0,8 urn digital standard cell library TSRT4 
(rad-tolerant version > 100 kRad)) 

64 K and 256KSRAMs 

A/D converters 8 bits/20 MHz 

TS87H601 SPARC implementation 

TS68T020 and TS68T882 32 bits architecture 

(rad-tolerant version > 100 kRad) 

All these devices are dedicated for the applications such as : Space - defense -
high energy physics - nuclear power plant electronics - hostile environment 
robotics. 

• Standard parts 

• Microprocessors 

O THOMSON-CSF SEMICONDUCTEURS SPECIFIQUES 
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CAEN's High Voltage Global Solution 

The Systems 

SY 127 
10 slots with a crate capability of 40 channels. Over 
20 different types of freely intermixable modules of 
both polarities offer the widest choice of voltages, 
spanning from 200 V to 20 kV, and currents from 
40 |LiA to 10 mA with resolutions down to 10 nA. 
The most versatile and well-known System on 
the market 

S Y 4 0 3 
4 slots with a system modularity of 64 channels. 

The compact solution with voltages 
from 600 V to 3 kV. 

Ideal for Photomultipliers and Silicon 
Detectors in medium-size applications. 

S Y 5 2 7 
10 slots offer a crate capability of up to 320 

channels. The only system offering a choice of 
Floating Power Supply, High Voltage and 

Distributor boards for all kinds of detectors. 
The maximum density and lowest price 

per channel ever achieved by a 
commercial HV System. 

COSTRUZIONIAPPARECCHIATURE ELETTRONICHE NUCLEARI S.p.A. 
Iscritta all'Albo dei Laboratori di ricerca (Deer. Min. 25/3/90) 
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CAEN's VMEbus Global Solution 

Do you want 'em 
SMALL. . 

V258 8 Ch. Discriminator 
V 258 B16 Ch. Discriminator 
V 259 Multi-Hit Pattern Unit 

16 Ch. Scaler 
4xl6 Fan-In/Fan-Out 
Multipurpose I/O Reg. 
I Ch. Charge-Integr. ADC 

H.S.CAENET Controller 
4 Ch. Peak-Sensing ADC 
Dual Gate Generator 
l Ch. Multievent Charge ADC 
> Ch. Gate and Delay Gener. 
> Ch. Multievent TDC 

Dual Progr. Logic Unit 
\ Ch. 4 Fold Progr. Logic Unit 
16 Ch. Progr. I/O Register 
32 Ch. Pipeline Unit 
J Ch. Flash ADC W. Memory 
) Ch. NIM/ECL-ECL/NIM 

CAEN R.-OutAn. Mux. Sign. 
C-RAMS Sequencer 
) Ch. Multiev. Peak Sens. ADC 
16 Ch. Scaler 

CAEN's VMELine is becoming 
not only bigger, but also larger. 

Call CAEN today for your VME 6U 
and 9U requirements. 

V260 
V261 
V262 
V265 
V288 
V419 
V462 
V465 
V486 
V488 
V495 
V512 
V513 
V533 
V534 
V538 
V550 
V551 
V556 
V560 

OR LARGE? 
VN1419 

64 Ch. Multievent Peak Sensing ADC 
VN1465 

Channel Multievent Charge ADC 
VN1488 

64 Ch. Multievent TDC 
VN1688 

96 Ch. Multievent Multihit TDC 

COSTRUZIONIAPPARECCHIATURE ELETTRONICHE NUCLEARI S.p.A. 
Iscritta all'Albo dei Laboratori di ricerca (Deer. Min. 25/3/90) 

V i a M*™* 11. S0049 VTAREGGIO (ITALY) - Tel. (0584) 388398 - Fax (0584) 388959 - E- mail: CAEN® VM.CNUCE.CNR.1T 



Step up 
to the MacroTorr advantage 

Highest performance in 
an ultra-clean maintenance-free turbopump 
Varian Turbo-V pumps pack the highest 
speed/compression ratios, even at high 
pressures, into the smallest packages 
available today. Their patented 
MacroTorr design allows the use of 
oil-free, membrane-backing pumps 
for a system that meets the most 
stringent standards for cleanliness. 

Varian's exclusive, monolithic rotor and 
ceramic ball-bearings ensure outstanding 
reliability and maintenance-free 
operation. MacroTorr Turbo-V pumps 

perform in any position, giving you the 
flexibility to satisfy the most demanding 
application. Coupled with a compact, 
state-of-the-art controller that displays 
pump functions and self-diagnostic 
features, the pumps are extremely easy 
to operate and use. 

Step up to all these advantages, and 
choose from the broadest range of 
pump sizes offered by a single 
manufacturer. Call Varian today. 

9001 
R E G I S T E R E D 

Varian SpA (European HQ) 
Tel: (39) 11 - 9979 - 111 
Fax: (39) 11 - 9979 - 350 

Varian S.A. (France) 
Tel: (1) 69 86 38 38 
Fax: (1) 69 28 23 08 

Varian GmbH (Germany) 
Tel: (040) 6696033+34 
Fax: (040) 6682282 

Varian Ltd (UK) 
Tel: (1932) 898 000 
Fax: (1932) 228 769 

varian 
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LHC goes global At the June meeting of CERN's governing 
body, Council, Kaoru Yosano (left), Japan's 
Minister of Education, Science and Culture, 
and CERN Director General Chris Llewellyn 
Smith paint one eye of a 'daruma' talisman, 
marking commencement of Japanese 
collaboration in CERN's LHC proton-proton 
collider project. In Japan, daruma dolls are 
traditionally kept in a shrine awaiting the 
successful fulfilment of an ambition, when the 
remaining eye is painted. 

A s C E R N ' s major project for the 
future, the LHC sets a new scale 

in wor ld-wide scienti f ic co l laborat ion. 
As wel l as researchers and eng i 
neers f rom C E R N ' s 19 European 
Member States, preparat ions for the 
LHC now include scient ists f rom 
severa l cont inents. S o m e 50 per cent 
of the researchers involved in one 
w a y or another wi th preparat ions for 
the LHC exper imenta l p rog ramme 
now c o m e f rom countr ies wh ich are 
not C E R N Member States. 

Under l in ing this en larged interna
t ional invo lvement is the recent 
decis ion by the Japanese Ministry of 
Educat ion, Sc ience and Cul ture 
( 'Monbusho' ) to accord C E R N a 
generous contr ibut ion of f ive bil l ion 
yen (about 65 mil l ion Swiss f rancs) to 
help f inance the const ruct ion of the 
LHC. This money will be held in a 
specia l fund earmarked for const ruc
t ion of specif ic LHC componen ts and 
related act ivi t ies. 

To take account of the new s i tua
t ion, C E R N is propos ing to set up a 
total ly new 'Associate State ' s tatus. 
Th is is fo reseen as a f lexible bi lateral 
f ramework wh ich will be set up on a 
case-by-case basis to adapt to 
di f ferent c i rcumstances. Th is pro
posal was in t roduced to C E R N 
Counci l in June , and will be fur ther 
d iscussed later this year. T h e s e 
deve lopments reflect C E R N ' s new 
role as a focus of wor ld sc ience, 
const i tut ing a first s tep towards a 
w ider level of internat ional co l labora
t ion. 

At the June Counci l sess ion , as a 
first s tep, Japan was unan imous ly 
e lected as a C E R N Observer State, 
g iv ing them the right to a t tend C o u n 
cil meet ings. Introducing the topic at 
the Counci l sess ion, Director Genera l 
Chr is Llewel lyn Smi th ske tched the 
history of Japanese invo lvement in 
C E R N research. Th is began in 1957 

and has gone on to include an 
important exper iment at the LEAR 
low energy ant iproton ring using laser 
spec t roscopy of ant iprotonic he l ium 
a toms, the new Chorus neutr ino 
exper iment using an emuls ion target, 
and a major contr ibut ion to the Opal 
exper iment at the LEP e lect ron-
posi t ron coll ider. 

In we lcoming the deve lopment , 
many Counci l de legates looked 
forward to a fruitful new col laborat ion. 
They a lso pointed to the ach ieve
ments of Japan 's KEK Laboratory 
and its col laborat ive schemes , now a 
focal point of the wor ld part icle 
physics scene. 

A surpr ise i tem was the speech , in 
Japanese , by A. Herdina of the 
Aust r ian de legat ion. Strictly speak ing 
Mr. Herd ina w a s breaking the rules, 
as only Engl ish, French and G e r m a n 
are catered for at C E R N Counci l 
meet ings, but in this instance every
body w a s happy that the Aust r ian 
de legate made his point. 

Speak ing at the Counci l meet ing (in 

Engl ish) in his new capaci ty as 
Observer State spokesman , Kaoru 
Yosano , Japan 's Minister of Educa
t ion, Sc ience and Cul ture, recal led 
his count ry 's internat ional t radit ion of 
coopera t ion in part icle physics. 
Under a long-standing US/Japan 
agreement , Japanese teams are 
prominent in the C D F col laborat ion at 
the Fermi lab Tevat ron in the US, 
where the sixth ('top') quark w a s 
d iscovered earl ier this year. 

At the 'memorab le Counci l meet
ing' , Minister Yosanu pointed out that 
his count ry 's w ish to contr ibute to the 
LHC project at an early s tage. He 
said that large scienti f ic projects like 
the LHC 'capt ivated the imaginat ion 
of c i t izens' and looked forward to the 
open ing of new scienti f ic f ront iers. 

D iscuss ions wi th other major Non-
M e m b e r States, involved in the LHC 
p rog ramme, including the US, 
C a n a d a (see page 15), Russia, Israel 
and India, are underway and in s o m e 
cases negot ia t ions are at an ad 
vanced s tage. 
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L H C g o e s g l o b a l 

Proposed layout of the LHC ring, serving four 
experiments. 

A walk round the LHC 

To expedi te the c o m m e n c e m e n t of 
excavat ion and construct ion work for 
the LHC, the genera l layout of the 
tunnel has been essent ia l ly f ina l ized. 
The LHC and the LEP e lect ron-
posi tron col l ider share C E R N ' s 27 -
ki lometre tunnel wi th its eight s y m 
metr ical ly-p laced access shaf ts , 
where the even-numbered regions 2, 
4, 6 and 8 are current ly occup ied by 
LEP's L3, A leph , Opal and Delphi 
exper iments respect ively. 

The LHC layout fo resees four b e a m 
cross ing points, each one ta i lored for 
a p lanned exper iment , wi th serv ices 
such as power suppl ies and c ryogen
ics in the even-numbered points, 
whe re max imum use can be made of 
exist ing LEP faci l i t ies. 

At Point 1 , nearest the main C E R N 
site, the LHC beams will c ross in a 
low beta (compressed beam) inser
t ion and provide high luminosi ty 
col l is ions for the A T L A S detector 
(June, page 9) . 

Proceeding c lockwise round the 
mach ine , at Point 2 the b e a m s wil l 
c ross in a simi lar insert ion wh ich will 
be mainly used to prov ide the h ighest 
possib le luminosi ty ion- ion col l is ions 
for the AL ICE detector. The straight 
sect ion at Point 2 will a lso conta in the 
inject ion e lements for the c lockwise 
LHC proton ring - a hor izontal ly 
def lect ing current sep tum and a 
hor izontal fast kicker magnet . Th is is 
somewha t dif ferent to the sys tem 
initially env isaged but requires a 
more stra ight forward modi f icat ion of 
the tunnel . 

The inject ion l ines for both LHC 
rings will use normal conduct ing 
magnets rather than the prev iously 
p roposed superconduct ing ones . 
These injection l ines will only be 

required for a few hours per day and 
an expens ive cryogenic sys tem is 
unreal ist ic. 

At Point 3, the LHC beams will not 
cross, but wil l pass through a specia l 
insert ion wi th normal conduct ing 
d ipoles forming a double "dog- leg" on 
each beam. This will t rap any sec
ondary part ic les f rom a set of co l l ima
tors des igned to remove per ipheral 
protons wh ich might o therwise go on 
to str ike the vacuum chamber and 
risk quench ing neighbour ing super
conduct ing magnets . 

Another non-cross ing point is Point 
4, where the beams will be pushed 

further apar t (to a lmost 50 cm) to 
a l low room for superconduct ing 
rad io f requency cavi t ies on each 
b e a m . Th is recent innovat ion, wh ich 
is still under study, a ims to reduce 
the effects of beam loading, par t icu
larly diff icult to handle dur ing injec
t ion, and signi f icant ly reduces the 
overal l rad io f requency power require
ments . Separa te accelerat ing cavi t ies 
for the two beams will a lso increase 
flexibil i ty, a l lowing accelerat ion and 
col l is ion of di f ferent part ic les in each 
beam - for examp le protons against 
ions. 

After careful s tudy, it has been 
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L H C g o e s g l o b a l 

The LHC string test continues to give encour
aging results. As well as the superconducting 
magnets, interest focuses on such questions 
as quench protection system and propagation. 

dec ided that at Point 5 the beams will 
c ross in an identical layout to that of 
Point 1 to prov ide high luminosi ty 
col l is ions for the C M S detector (June, 
page 5) . 

At Point 6, the beams will not cross 
but wil l pass through a specia l 
insert ion with fast extract ion e le
ments to d u m p both beams if re
qui red into b locks wh ich absorb the 2 
x 334 MJ of s tored energy. 

At Point 7, another non-cross ing 
point, room tempera tu re magnets will 
be equ ipped wi th col l imators to 
remove part ic les wh ich wou ld escape 
the accelerat ion cycle. 

At Point 8, the beams will c ross in a 
simi lar insert ion to that of Point 2, this 
t ime for a ded icated B-physics 
exper iment . The upst ream straight 
sect ion of the ant i -c lockwise ring will 

be used for in ject ion. 
A l though as defini t ive as possib le, 

this scenar io retains s o m e flexibi l i ty 
for the exper imenta l p rog ramme at a 
relat ively modest cost. 

The LHC string test 

The LHC str ing test assemb led 
towards the end of last year (Janu
ary, page 2) cont inues to give en 
courag ing results. In the 1995 tests, 
nominal current was ach ieved 
(cor responding to a f ield of 8.36T) 
wi thout a quench and when the 
current was further increased, the 
first quench occur red at 12,773 A, 
equivalent to a dipole f ield of 8.64T. 
Operat ion and tests have regular ly 
used the region be tween nominal 

and m a x i m u m current (9 T m a x i m u m 
f ield). 

In this initial phase, the test str ing 
uses two 10m dipole prototypes and 
a 3 m quadrupo le prototype, together 
wi th d u m m y corrector magnets , 
mak ing a total length of 35 m. The 
110m suppor t beam cou ld eventual ly 
accommoda te a full cel l . It is 
moun ted on a 1.4% s lope, the 
s teepest gradient in the LHC ring, 
and , as in the LHC itself, the m a g 
nets are instal led in a s ingle cont inu
ous cryostat . 

Initial results have been so encour
aging that dur ing a schedu led inter
rupt ion to upgrade the cryogenic 
plant a third d ipole magne t wil l be 
added to the str ing, mak ing it look 
a lmost like a full 50 m half-cel l . Th is 
latest d ipole, f rom Ansa ldo , has 
a l ready been thoroughly bench-
tes ted. 

Later these test magne ts wil l be 
replaced by 14.2 m prototypes, a 
second generat ion quadrupo le 
prototype and a comple te set of 
corrector magnets to provide a full 
half-cell LHC prototype, with a t tend
ant serv ice sys tems very c lose to the 
final conf igurat ion. 

Each half-cell of the LHC's normal 
lattice wil l consist of four supercon
duct ing magnets - three twin-aper ture 
d ipoles and one twin aper ture 
quadrupo le - instal led in a short 
straight sect ion together wi th other 
e lements such as correct ion magne ts 
and beam observat ion p ickups. The 
total length of 53 m const i tutes the 
basic unit for the cryogenic feed , 
power ing etc. 

Bes ides test ing magnets , the str ing 
test assembly has now also become 
an excel lent tes tbed for the highly 
specia l ized cryogenics , power, 
v a c u u m and control sys tems needed 
to operate the LHC at superf lu id 
hel ium tempera tu res (1.8K), the first 
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Advertisement 

HOLLAND AT CERN 1995 marks the third national 
presentation of Dutch high-tech companies and institutes 

during a several-day event. 

This event includes product shows, technical and scientific 
seminars, cultural events as well as video presentations. 

HOLL 
T STATE OF THE ART 

IN DUTCH INDUSTRIES 

CERN GENEVA 
OCT. 17-20 1995 

Machinefabriek Boessenkool BV 
Manufacturing of custom-built machinery and assemblies, welding and 
machining of (bigger) parts from steel, stainless steel aluminium etc. 

Brandt Ffjnmechanische Industrie BV 
Precision components and (sub) assemblies in limited quantities (< 100} 
and mechanical tooling. Solver of difficult manufacturing problems. 

Cryovat International BV 
Design, engineering, manufacturing and installation of cryogenic storage-
and transport-systems, 

Delta Elektronika BV 
Development and manufacturing of regulated DC power supplies with 
a very high reliability. 

DeMaCo Cryogenics BV 
Specialist in cryogenics and vacuum technology 
Design, engineering, production and installation, 

DEP/Scientific 
Design, development, production and marketing of customised low 
light-level imagers and sensors including large format image intensifier 
chains for trackers, hybrid photomultipiier tubes for calorimeters and 
photon counters for astronomy and medical science, 

Drukker International BV 
Scientific and technical applications of natural and synthetic diamond, 
including CVD diamond, polishing, lasercutting, photolithography and 
metallisation. 

Feenstra's Technische Industrie 
Engineering and manufacturing from industrial precision components 
to complete machines and apparatus. 

Association FME/Dutch Scientific 
Both are associations of companies in the mechanical and electrical engi
neering industries, scientific equipment manufacturers and allied sectors. 

Holec Projects BV 
Design, production, construction and commissioning of installations for ge
neration, distribution, conversion, control and monitoring of electric power. 

Holec International BV 
Uninterruptable power supply systems and high precision AC and DC 
current-measuring systems (Zeroflux current transformers}. 

Holec Ridderkerk BV 
Designs, manufactures and services a wide range of rotating electrical 
machines and dedicated drive systems, special dc-switches, resistive and 
NbTi or Nb3$n based superconducting coils and magnets for industrial 
and scientific applications, 

INCAA Computers BV 
Research and development in the field of applied micro-electronics. 
These activities include consultancy, product development, product 
manufacturing and system integration. 

N.V. KEMA 
Independent organization for R&D, engineering, consultancy, certification 
and quality assurance, testing and inspection, In the fields of energy 
saving, power electronics, radiation and environment. 

Philips Machinefabrieken Nederland BV 
Machinefabriek Acht 
Highly accurate manufacturing of parts and assemblies, ultra-high 
precision and diamond machining, assembling under cleanroom 
conditions, heat treatment and brazing in vacuum or gas, 

Royal Schelde MT-Products 
ln-house design and engineering, advanced joining techniques as electro-
beam, laser- and plasma-welding, vacuum-brazing and heat treatment 

Signaal Special Products 
Design, engineering, manufacturing of; 
power supplies AC-DC/DC-DC (10-40 kW}. Converters DC-AC/AC-AC 
(500 VA-40 kW). HV power supplies, coils, transformers etc, 

N.V. Twentsche Kabel Holding 
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University of Twente, SMI a n d NIKHEF 
A collaboration between research institutes and industry for development 
of special high-field super-conducting magnets for LHC. 

Dutch industry the nucleus of countless products, 



Around the Laboratories 
Cryogenic modules containing superconduct
ing radiofrequency cavities being prepared for 
installation in CERN's LEP collider, where they 
will provide additional accelerating power to 
take the electron and positron beams to higher 
energies. 
(Photo CERN AC 17.4.95) 

t ime such cryogenic sys tems will 
have been used on such a large 
scale. 

W h e n this work is underway, the 
magnets of the str ing can take a back 
seat, and interest focuses instead on 
such quest ions as unders tand ing the 
behaviour of the quench protect ion 
sys tem and invest igat ing quench 
propagat ion f rom one magnet to the 
next. Because of the compl ica ted 
p lumbing , replacing an LHC magnet 
is not easy. However quenches due 
to b e a m losses may be inevi table 
dur ing commiss ion ing . The onset of 
smal l vo l tage d i f ferences can be 
used to tr igger the quench protect ion 
sys tem. Its f inal fo rm will depend on 
exper ience wi th the str ing tests. 

At its first coo ldown at C E R N on 
June 7, a 1-metre LHC mode l d ipole 
magnet using niobium-t in conductor 
and des igned and built by the Univer
sity of Twen te in the Nether lands in 
co-operat ion wi th C E R N , N I K H E F 
and H O L E C and suppor ted by the 
Nether lands Techno logy Foundat ion 
S T W ach ieved at its first quench a 
record central f ield of 11.1 T at 4.4 K. 

Niobium-t in operat ing at 4 .4K was 
initially invest igated as a possib le 
conductor for LHC magnets , but the 
pract ical p rob lems of handl ing this 
very britt le mater ia l and its very high 
cost led to a decis ion in favour of 
n iobium-t i tan ium at 1.8K. Niobium-t in 
has to be w o u n d and then processed 
to produce the superconduct ing al loy 
(the 'wind-and-react ' techn ique) . In 
addi t ion, the electr ical insulat ion 
wou ld have to w i ths tand this diff icult 
heat t reatment . However this 
ach ievement is interest ing for poss i 
ble high f ield magnets for special 
appl icat ions, such as low-beta 
quadrupo les to compress the beams 
at the interact ion regions. 

CERN 
A hinge between LEP 
and the LHC 

L ater this year, if all goes wel l , the 
beam energy of C E R N ' s LEP 

electron-posi t ron col l ider shou ld be 
increased to a round 70 GeV per 
beam (coll ision energy 140 GeV) , 
giving a foretaste of th ings to come . 
Since 1989, the 27-k i lometre ring has 
been operat ing around 45 G e V per 
beam to feed its four physics exper i 
ments wi th a s teady diet of Z part i 
c les, the electr ical ly neutral carr iers 
of the weak nuclear force. Th is has 
given precis ion results on vital 
parameters of the Standard Mode l . 

Meanwhi le work has been steadi ly 
pushing ahead to upgrade LEP to 
LEP2, install ing superconduct ing ra
d io f requency cavit ies (January 1994, 
page 6) and anci l lary cryogenics 
equ ipment to boost the mach ine 's 
energy and reach new areas of phy
sics interest. The initial goal is to pro
duce pairs of W part icles, the electr i

cally charged counterpar ts of the Z. 
As far as the mach ine is concerned , 

at these higher energ ies, the ' beam-
beam ' interact ion be tween the 
contra-rotat ing e lect rons and pos i 
t rons is reduced, so more part ic les 
can be pumped into the ring. To 
ach ieve this, LEP has swi tched to the 
new 'bunch t ra in ' s cheme (see page 
14) each train conta in ing several 
'carr iages' (bunches) of part ic les. 

To attain its physics object ives, 
LEP2 's target is 500 inverse 
p icobarns of integrated luminosi ty 
over the next few years . This is a 
cha l lenge as LEP's integrated lumi
nosity to date (since the mach ine 
w a s commiss ioned in 1989) is some 
160 inverse p icobarns, itself v iewed 
as no mean ach ievement . 

To reach higher energ ies, the 
accelerat ing power at LEP is being 
increased with instal lat ion of super
conduct ing rad iof requency cavi t ies. 
After initial tr ials with sol id n iob ium, 
LEP2 relies on the more rel iable 
per fo rmance prov ided by copper , 
with its better heat conduct ion prop
ert ies, coated wi th a superconduct ing 
f i lm of n iob ium. Even so heroic 
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preprocess ing is required to ensure 
opt imal per formance. After initial 
tr ials revealed weld ing weaknesses , 
the p lumbing for the power coup lers 
d e m a n d e d a specia l effort, but this 
has been overcome. Overa l l , the 
deve lopment and instal lat ion pro
g ramme for LEP2 cryogenics and 
assoc ia ted equ ipment has been 
especial ly demand ing . 

Towards the end of this year LEP is 
schedu led to run equ ipped wi th 14 
cryogenic modu les (of wh ich most 
are a l ready instal led), each modu le 
conta in ing four superconduct ing 
cavi t ies. These superconduct ing 
cavi t ies comp lement LEP's exist ing 
accelerat ing sys tem based on con 
vent ional copper cavi t ies operat ing at 
room temperature . If all goes wel l , 
this should enable the beam energy 
to reach 70 GeV. 

After an ex tended shu tdown to 
accommoda te the necessary instal la
t ion work, LEP2 is schedu led to 
recommence operat ions next June 
with 32 superconduct ing modu les . If 
all goes wel l , the beam energy cou ld 
then attain about 80 GeV, and later in 
1996, after instal lat ion of c ryogenic 
units in all the avai lable space in the 
ring (a total of 40 modu les) , the s tage 
wou ld be set for the beam energy to 
reach the threshold at wh ich pairs of 
W part icles will be p roduced . 

Resul ts at this higher energy will 
add to the list of precis ion S tandard 
Model results. However many phys i 
cists are conv inced that the predict
able behaviour of the S tandard 
Model is a ref lection of an under ly ing 
layer of as-yet und iscovered 
'supersymmetr ic ' part ic les, wh ich 
shou ld make their appearance as 
energ ies attain the necessary pro
duct ion threshold. 

After LEP, the next physics hor izon 
will open up at C E R N ' s LHC pro ton-
proton coll ider, schedu led to begin 

operat ions in about ten years . The 
LHC will surely uncover a rich new 
vein of physics, but it is important 
that no ferti le g round should be 
sk ipped in mov ing physics f rom LEP 
to the LHC. 

By judic iously replacing LEP's 
or iginal copper radiof requency 
accelerat ing cavi t ies with supercon
duct ing ones, the beam energy could 
be coaxed still higher, enabl ing LEP 
to explore a max imum of physics 
terrain. The exact strategy will be 
worked out over the coming months . 

A major goal at higher energ ies is 
the higgs mechan ism responsib le for 
symmet ry breaking in the electro-
weak picture and which thereby 
endows part ic les wi th mass . Whi le 
the higgs domain will certainly open 
up at the LHC, LEP2 and the LHC 
must over lap so that no threshold 
higgs effects slip through any inter
ven ing crack. 

The higgs mechan ism is suscept i 
ble to quan tum f luctuat ions - part icle 
exchanges classical ly not a l lowed but 
wh ich can never theless happen 
transient ly wi th energy 'bor rowed ' 
through the Uncertainty Principle. 

The precis ion results at LEP show 
that such higgs effects are not yet 
v is ib le, but, because the natural 
scale of e lec t roweak interact ions is 
so dif ferent to those of quarks and 
g luons, the effects should set in 
before energ ies reach a few TeV. 

As part of the world-wide effort to develop the 
technology for the next generation of electron-
positron linear colliders, the SBLC project at 
DESY is based on the well developed SLAC 
(Stanford) 3.0 GHz (S-band) approach. DESY 
in collaboration with SLAC, TH Darmstadt and 
industry has successfully developed a 
powerful S-band klystron yielding a peak 
power of 150 MW in a radiofrequency pulse 3 
microseconds long. First 6 m accelerating 
structures have been built and are now being 
tested. 

DESY 
Choosing an electron 
route 

n survey ing the current part icle 
phys ics scene, the European 

Commi t tee for Future Accelerators 
(ECFA) meet ing held at DESY, 
Hamburg , in June natural ly h igh
l ighted work at the host Laboratory. 
A part icular focus was deve lopment 
work for the next generat ion of l inear 
col l iders to accelerate electrons and 
posi t rons towards a total col l is ion 
energy of 0.5 TeV. 

Ow ing to the inherent simpl ici ty of 
the annihi lat ion process, the s tudy of 
e lect ron-posi t ron interact ions has 
y ie lded a weal th of informat ion on the 
basic const i tuents of matter and the 
forces wh ich act be tween them. 
Indeed, an electron-posi t ron col l ider 
wh ich covers the mass range be-
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At the meeting of the European Committee for 
Future Accelerators (ECFA) held at DESY, 
Hamburg, in June, Bjoern Wiik, (left) Chairman 
of DESY's Board of Directors, and Chris 
Llewellyn Smith, Director General of CERN, 
gave useful snapshots of current and ongoing 
activities at their respective Laboratories. 

(Photo M. Jacob) 

tween the W-pai r product ion th resh
old and 500 G e V with a peak lumi
nosity of order 5 x 1 0 3 3 crrr2s"1 wil l 
have a rich phys ics p rog ramme 
comp lementa ry to that at the LHC 
proton-proton col l ider to be built at 
C E R N . Driven by the physics poten
t ial , there is at present a st rong 
wor ld-wide effort d i rected at provid ing 
the technical basis for the const ruc
t ion of T e V electron-posi t ron l inear 
col l iders. 

DESY, in col laborat ion wi th more 
than 30 inst i tut ions f rom 9 countr ies, 
is explor ing two opt ions, T E S L A and 
SBLC, for a 500 GeV - 2000 G e V 
l inear coll ider. 

The T E S L A approach is based on 
1.3 G H z superconduct ing sol id 
n iob ium cavi t ies. There is genera l 
consent that a l inear col l ider based 
on superconduct ing accelerat ing 
st ructures in an ext remely attract ive 
opt ion. However , to be cost compet i 
t ive wi th al ternat ive approaches the 
accelerat ing gradient must be raised 
by a factor of f ive f rom the present 
va lue of s o m e 5 MV/m to 25 M V / m 
whi le at the s a m e t ime reducing the 
cost per metre of st ructure to 2 5 % of 
its present va lue. To reach such high 
gradients in superconduct ing cavi t ies 
the internat ional T E S L A Col labora
t ion (October 1994, page 22) has set 
up an impress ive cavi ty process ing 
facil i ty at DESY wh ich inc ludes 
hyper-c lean rooms and specia l 
process ing equ ipment . Indeed, the 
two first 9-cell n iob ium cavi t ies 
reached gradients wel l in excess of 
25 M V / m in a vert ical test cryostat at 
1.9 K under T E S L A operat ing cond i 
t ions. 

The S B L C approach is based on 
the wel l deve loped S L A C 3.0 G H z 
(S-band) technology. DESY in 
col laborat ion wi th SLAC, TH 
Darmstadt and industry has success
fully deve loped a powerfu l S-band 

klystron y ie ld ing a peak power of 150 
M W in a rad io f requency pulse 3 
mic roseconds long. First 6 m acceler
at ing st ructures have been built and 
are now being tes ted. 

At the momen t both approaches are 
being exp lored, but wi th in a year or 
so one of the projects will be ac
corded priority s tatus. 

A review of the impress ive progress 
made by var ious laborator ies in 
deve lop ing the basis for e lect ron-
posi t ron l inear col l iders was g iven by 
Sergio Tazzar i , the cha i rman of the 
ECFA Adv isory Panel . 

In v iew of this fast progress in 
accelerators, increasing at tent ion 
must now be g iven also to the des ign 
of exper iments . Bas ing itself on 
several act ive European work ing 
groups s tudy ing at present the 
physics potent ial of future l inear 
col l iders, ECFA dec ided to set up, 
together wi th DESY, a ser ies of 
workshops to deve lop conceptua l 
des igns of exper iments and exper i 
menta l areas. 

At the ECFA meet ing , DESY 
Director Bjoern H.Wiik pointed out 
that the laboratory now attracts some 
2600 users f rom 33 dif ferent coun 
tr ies, nearly even ly split be tween 
part icle physics and research based 
on synchro t ron radiat ion. To meet the 

needs of both commun i t i es in the 
future, Wi ik fo resees a TeV-sca le 
l inear col l ider for part icle physics 
capab le also of feed ing f ree electron 
lasers provid ing ext remely bright 
short bursts of coherent light at 
angs t rom wave lengths , real iz ing the 
old d ream of an X-ray laser. 

Meanwhi le DESY 's part icle physics 
cont inues to be cent red on the 
unique H E R A elect ron-proton 
coll ider. As work progresses (see 
fo l lowing story) to push H E R A 
towards its des ign luminosi ty of 1.5 x 
1 0 3 1 crrr2s"1, a task force is now 
invest igat ing the possibi l i ty of boost
ing the H E R A luminosi ty to several 
t imes its des ign va lue. They will a lso 
explore the opt ion of stor ing polar
ized protons. 

Comple t ing the European picture at 
the ECFA meet ing , C E R N Director 
Genera l Chr is L lewel lyn Smi th 
surveyed the status of C E R N ' s 
for thcoming LHC proton-proton 
coll ider, where the accent now is on 
accommoda t ing addi t ional nat ions 
into the C E R N fold (see page 1). 
C E R N Accelerator Director Kurt 
Hubner descr ibed the detai led work 
now in progress to install supercon
duct ing accelerat ing cavi t ies to 
double the col l is ion energy of 
C E R N ' s exist ing LEP e lect ron-
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'Mountain range' display for two of the eight 
bunches in the Brookhaven Alternating 
Gradient Synchrotron (AGS). Each horizontal 
trace spans 700 nanoseconds and is repeated 
every 200 microseconds. The beam intensity 
is 7 x 1012 protons per bunch. The picture 
shows transition and the subsequent 
quadrupole-mode bunch oscillations. 

posi t ron col l ider f rom its present level 

a round the Z resonance at 91 G e V to 

create pairs of W part ic les and 

explore new physics hor izons (see 

page 6) . 

Bjarne Stugu of Bergen int roduced 

the results of a recent ECFA survey 

on the soc io logy of large physics 

exper iments . W e will publ ish these 

interest ing results in a fo r thcoming 

issue. 

HERA progress 

W ith first interest ing physics 

results in hand, the immedia te 

goal at DESY 's H E R A elect ron-

proton col l ider is to push for the 

des ign luminosi ty of 1.5 x 1 0 3 1 per sq 

cm per s. A major deve lopment in 

this direct ion w a s a swi tch last year 

to running wi th posi t rons, rather than 

e lect rons, s idestepp ing prob lems due 

to ionic contaminat ion of the beam. 

Running this year cont inues wi th 

posi t rons, and peak luminosi ty is 

expec ted to improve due to larger 

s tored currents. However the goal is 

still to provide the adver t ised elec

t ron-proton physics, and new pump

ing solut ions, using ion getter pumps , 

simi lar to those used in C E R N ' s LEP 

r ing, are being invest igated. O n the 

proton s ide, the DESY III synchrot ron 

is supply ing its des ign current, but 

not all of this can be t ransferred to 

the H E R A ring yet. Improv ing the 

proton t ransfer l ines shou ld remove 

this bot t leneck. 

The major Zeus and H1 physics 

exper iments at H E R A have now 

been jo ined by the Hermes exper i 

ment employ ing a polar ized gas 

target to shed further light on the 

origin of the nuc léon spin (December 

1993, page 19). Spin rotator magnets 

act on the t ransverse ly polar ized 

H E R A electron beam to g room it for 

: 425:450 475 50O 52&550 57S600 625 65O67S7Q0 72£75tf 775 800 825 85tt 

Hermes col l is ions. Next year wil l see 

initial running in for componen ts of 

the H E R A - B detector (June, page 

20) . 

Zeus and H1 cont inue to probe 

deeply into the structure of the 

proton, showing that the g luon 

content of the proton still increases 

steeply as x (momen tum fract ion) 

decreases. Whi le this is interest ing, it 

is a lso puzz l ing, as eventual ly the 

rise has to s top. The two big exper i 

ments also cont inue to study the 

'rapidity gaps ' - suggest ing that the 

incoming electron 'bounces ' off a 

point l ike object inside the proton 

wh ich carr ies no colour. These 

events are of cons iderab le interest. 

(A fo r thcoming workshop will look at 

future H E R A physics - see page 54) . 

BROOKHAVEN 
Proton goal reached 

On March 30 the 35-year old 

Al ternat ing Gradient Synchro

tron (AGS) exceeded its updated 

des ign goal of 6 x 1 0 1 3 protons per 

pulse (ppp), by accelerat ing 6.3 x 

1 0 1 3 ppp, a wor ld record intensity. 

This goal was set 11 years ago and 

achiev ing it cal led for the const ruc

t ion of a new booster and the recon

struct ion of much of the A G S . 

The booster w a s comple ted in 

1 9 9 1 , and reached its des ign inten

sity of 1.5 x 1 0 1 3 ppp in 1993. The 

A G S reconstruct ion w a s f in ished in 

1994, and by July of that year the 

A G S c la imed a new US record 
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Brookhaven Alternating Gradient Synchrotron 
(AGS) peak intensity record. The intensity has 
increased largely through hardware improve
ments such as negative hydrogen ion injection, 
Booster injection, and AGS upgrades. 
The average operating intensity is only 5 or 10 
percent below the peak intensity. 

AGS Peak Intensity 
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intensity for a proton synchro t ron of 4 
x 1 0 1 3 ppp, using four booster pu lses. 
Reach ing the des ign intensity w a s 
schedu led for 1995. 

In 1994, the A G S had s e e m e d to be 
sol idly l imited to 4 x 1 0 1 3 ppp, but in 
1995 the operat ions crew, work ing on 
their own in the quiet of the owl shift, 
steadi ly improved the intensity, 
regular ly sett ing new records, much 
to the bemusemen t of the mach ine 
physic ists. The physic ists, however , 
did contr ibute. A second harmonic 
radiof requency cavi ty in the booster 
increased the rad io f requency bucket 
area for capture, raising the booster 
intensity f rom 1.7 to 2.1 x 1 0 1 3 ppp. 

In the A G S , new rad io f requency 
power suppl ies raised the avai lable 
vo l tage f rom 8 to 13 kV, great ly 
enhanc ing the beam loading capabi l i 
t ies of the sys tem. A powerfu l new 
t ransverse damp ing sys tem success 
ful ly control led instabil i t ies that 
o therwise wou ld have des t royed the 

beam in less than a mi l l isecond. 
A lso in the A G S , 35th harmonic 
octupole resonances were found . 
The f r inge f ield of the extract ion 
sep tum magnet , wh ich is opera ted dc 
to reduce mechanica l s t resses, 
contr ibutes about half of the st rength 
of these resonances. A full oc tupole 
correct ion sys tem will be instal led, 
but meanwhi le two very smal l 
octupole magnets were avai lable and 
for tunately reduced the losses until 
the des ign goal could be reached. 

The accompany ing 'mounta in 
range' f igure shows what is taken to 
be the next intensity limit. The 
picture starts short ly before t ransi 
t ion, wi th smooth and uni form 
bunches . After transit ion quadru -
po le -mode bunch osci l lat ions de
ve lop for the protons within the 
rad io f requency bucket. These 
osci l lat ions result f rom the rapid 
changes that must be appl ied to 
carry the beam cleanly th rough 

t ransi t ion. Whi le visual ly dramat ic 
and technical ly fasc inat ing, these 
osci l lat ions themse lves have no 
present effect on the beam intensity 
but the under ly ing phenomena 
caus ing t hem is expected to limit 
fur ther increases until it is removed . 

CORNELL 
Bunch trains provide 
higher luminosity 

T he new col l id ing beam techn ique 
- "bunch tra ins" - at Cornel l 's 

e lect ron-posi t ron Storage Ring 
(CESR) has led to a new wor ld 
record for col l id ing beam luminosi ty -
3.3 x 1 0 3 2 cr r r 2 s- 1 . 

In the bid to increase react ion rate 
for any part icular process, this 
luminosi ty is pushed as high as 
possib le. Once all other luminosi ty-
increasing cards have been p layed, 
the only pract ical way of mak ing a 
large gain in luminosi ty is to increase 
the f requency of bunch-bunch col l i 
s ions by increasing the number of 
bunches s tored in the r ing. 

However this is not wi thout its own 
prob lems: 

• If the two beams travel the same 
orbit, the n bunches in one beam 
col l ide wi th the n bunches of the 
other at 2n points around the r ing, 
and the result ing cumulat ive 
nonl inear b e a m - b e a m effect ( tune 
shift) severe ly l imits the luminosi ty 
at ta inable at any interact ion point. 

• The destabi l iz ing wakef ie ld effects 
of bunches on each other increase 
as the number of bunches increases 
and the spac ing between them 
decreases . 

• The synchrot ron radiat ion emi t ted 
by the beams becomes a severe 
prob lem as the total beam current is 
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CESR luminosity history on March 22, when 
CESR provided a new record integrated 
luminosity of 18 pb1. 
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ra ised: to ove rcome these effects 
means supply ing rad io f requency 
power to mainta in the beam energy, 
carry ing away heat f rom the v a c u u m 
chamber wal ls , pump ing out 
desorbed gases , and control l ing X-
ray backgrounds in the exper iment . 

In 1979, C E S R was des igned to run 
with a s ingle bunch of e lect rons and 
a s ingle bunch of posi t rons circulat
ing on the s a m e orbit and col l iding 
head-on at two diametr ical ly oppos i te 
points in the r ing, where the C L E O 
and C U S B exper iments were then 
located. 

Ideally one could store mult iple 
bunches and solve the mult iple 
col l is ion point p rob lem by using 
separa te r ings for the two beams , as 
in the C E R N ISR proton-proton 
col l ider and in the or iginal D O R I S 
two-r ing conf igurat ion at DESY, 
Hamburg , mak ing the two beams 

intersect only at the exper iments . 
A less expens ive vers ion of this 

two-r ing scheme was accompl ished 
at C E S R in 1983, us ing 'pretzel ' 
orbits in a s ingle r ing. The electron 
and posi t ron orbits were opposi te ly 
de fo rmed by electrostat ic f ie lds into 
sca l loped tra jector ies that m issed 
each other by about a cent imetre 
wherever unwanted bunch-bunch 
col l is ions wou ld otherwise have 
occur red. 

Th is eventual ly a l lowed 9 bunches 
(separated by 280 ns) in each beam 
to col l ide only at a s ingle point in the 
middle of the C L E O exper iment (the 
C U S B exper iment had been c o m 
pleted) to g ive a peak luminosi ty of 
2.9 x 1 0 3 2 at a beam energy of 5.3 
GeV, more than four t imes the C E S R 
des ign luminosi ty for that energy and 
a wor ld record for col l iding beams. 
The pretzel scheme has s ince been 

successfu l ly adop ted at Fermi lab 's 
Tevat ron proton-ant iproton col l ider 
and at C E R N ' s LEP electron-posi t ron 
ring (October 1992, page 17). 

The two C E S R beam orbits co in
c ided in the region be tween the 
electrostat ic separators c losest to the 
C L E O interact ion point, provid ing 
head-on col l is ions as in the original 
C E S R des ign . Thus to avoid mult iple 
interact ion points, the spac ing be
tween success ive bunches had to be 
greater than the d is tance be tween 
the separators , hence the m a x i m u m 
of nine bunches per beam. 

This barr ier has now been broken, 
thanks to a suggest ion by Cornel l 
accelerator physicist Robert Meller. 
In the new conf igurat ion, the beams 
cross at a smal l hor izontal ang le (± 2 
mil l i radians) at the interact ion point. 
Because the orbits d iverge f rom the 
cross ing point, success ive bunches 
can avo id each other on either s ide 
of the interact ion point. 

Such a cross ing s c h e m e w a s tr ied 
in the original DORIS two-r ing elec
t ron-posi t ron coll ider, wi th unsat isfac
tory results. The s ideways b e a m -
beam interact ion exci ted synchro-
betatron resonances that l imited the 
luminosi ty. A n analys is of the DORIS 
exper ience indicated that these 
effects are worse w h e n the product 
of cross ing angle and bunch length is 
more than the bunch wid th . 

Exper ience wi th the rather smal l 
angle of the new C E S R conf igura
t ion shows no signi f icant degradat ion 
of luminosi ty due to synchro-beta
tron resonances. In the first tr ials of 
18 bunches per beam, the peak 
luminosi ty has increased to the 
record level of 3.3 x 1 0 3 2 . The 18 
bunches travel in 9 bunch tra ins, 
each train consist ing so far of 2 
bunches 28 ns apart . An important 
factor in this success w a s a fast 
feedback sys tem to counter the 
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The time structure of bunch trains at Cornell's 
CESR electron-positron collider observed in 
the CLEO time-of-flight counters. Each of the 
9 trains contains 2 bunches separated by 
28 ns. 

mul t ibunch instabi l i t ies. Further 
progress in increasing the number of 
bunches depends on measures to 
ove rcome the increased synchrot ron 
radiat ion power. S o m e of these 
prob lems will be dealt wi th in the 
coming few months whi le C E S R is 
shut down for upgrad ing. W h e n the 
s torage ring resumes operat ion in the 
fal l , the Cornel l accelerator phys i 
cists expect to push to new luminos
ity records using 9 t ra ins of 3 
bunches . The C E S R Phase III 
upgrade, schedu led for comple t ion in 
1988, wil l make it possib le to util ize 5 
bunches in each of the 9 trains, 
provid ing a fur ther increase in lumi
nosity (CERN Courier, December 
1993, p. 22) . S ince progress in heavy 
quark and lepton phys ics at C E S R 
has a lways been paced by avai lable 
col l is ion rates, this shou ld open up 
new opportuni t ies in the C E S R 
exper imenta l p rog ramme. 

American Physical Society beams 
recognition 

Prestigious prizes recently awarded 
by the American Physical Society 
(APS) include the Robert R. Wilson 
Prize and the The Outstanding 
Doctoral Thesis in Beam Physics 
prize, both awarded at the 1995 
Particle Accelerator Conference, 
1-5 May, in Dallas, Texas. 

Established in 1986, the Wilson 
Prize recognizes and encourage 
outstanding achievement in the 
physics of particle accelerators, and 
is awarded this year to Raphael M. 
Littauer of Cornell: Tor his many 
contributions to accelerator technol
ogy, in particular his innovative 
conception and implementation of a 
mechanism to provide multifold 
increases in the luminosity of single-
ring colliding beam facilities by the 

establishment of separated orbits of 
opposing, many-bunch, particle 
beams. This work has enabled the 
Cornell Electron Storage Ring 
(CESR) to achieve record 
luminosities for electron-positron 
storage rings; the concept has been 
adopted, equally successfully, at the 
other major high energy facilities of 
the world." 

The 1995 APS award for Outstand
ing Doctoral Thesis research in 
Beam Physics goes to Dun Xiong 
Wang for his experimental and 
theoretical investigations in longitudi
nal beam dynamics. A native of 
Shanghai, Dun Xong Wang came to 
the US to pursue graduate studies at 
the University of Maryland at College 
Park, receiving his PhD in 1993. 
Since September 1993, he has been 
a staff scientist at CEBAF in Newport 
News, Virginia, working in the Accel
erator Performance Group and on 
the coherent synchrotron radiation 
detection project. 

CERN 
Bunch trains at LEP 

F ol lowing two years of very suc
cessful running wi th its pretzel 

s c h e m e (October 1992, page 17), 
C E R N ' s LEP electron-posi t ron 
col l ider star ted up this year wi th a 
complete ly new conf igurat ion. To 
boost luminosi ty still further, this 
des igned to a l low operat ion wi th four 
trains of up to four bunches of part i 
c les per beam. 

Both the pretzel and the bunch train 
schemes increase the number of 
bunches (beyond the original four) by 
separat ing the orbits of e lect rons and 
posi t rons in p laces where the add i -
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t ional bunches pass by the others. 
A l though the who le point of LEP is to 
col l ide beams, any unproduct ive 
col l is ions away f rom the exper iments 
are to be st renuously avo ided : the 
beams can only s tand so much 
beam-beam interact ion. 

Wi thout addi t ional investment in the 
detectors and because of features of 
the initial ( room-temperature) 
radiof requency sys tem, the pretzel 
scheme was l imited to eight bunches 
per beam, evenly spaced a round the 
r ing. The long-range hor izontal 
pretzel separat ion bumps in the arcs 
were replaced by short vert ical 
bumps on both s ides of each exper i 
ment. These create a few locat ions 
where bunches can pass each other 
wi th the relative impuni ty of the 
residual beam-beam force be tween 
wel l -separated beams. 

The scheme at Cornel l 's C E S R 
col l ider exploi ts a cross ing angle to 
subst i tute a train for each bunch 
a l lowed by the pretzels. The LEP 
scheme, on the other hand , does 
away with the pretzel separat ion and 
has no cross ing angle at the interac
t ion point. In all these schemes , the 
beams are separa ted by electrostat ic 
separators. 

In the LEP pretzel scheme , comp lex 
residual effects in the arcs of the 
mach ine l imited the s ing le-bunch 
current. However the currents at 20 
GeV injection were much more than 
could be col l ided at the Z resonance. 
The main mot ivat ion for the change 
to bunch trains was the expectat ion 
that the limits at inject ion wou ld be 
less severe, a l lowing higher s ingle-
bunch currents for LEP2. 

At the higher LEP2 energ ies , the 
beams become stiffer and b e a m -
beam effects will be weaker . The 
total beam current will instead be 
l imited by the rad io f requency power 
required to compensa te the energy 

lost by synchrot ron radiat ion. Max i 
m u m luminosi ty will be at ta ined by 
pack ing the current into as smal l a 
number of bunches as possib le. 
A l though four fat bunches wou ld be 
ideal, eight is likely to be the pract ica
ble op t imum. 

Fol lowing an encourag ing test at 
the end of 1994, LEP was star ted up 
in Apri l wi th the full bunch train 
conf igurat ion. Initial operat ion w a s 
hampered by mishaps related to 
hardware and electricity supply and it 
took t ime before the operat ions 
c rews and accelerator physic ists had 
any opportuni ty to confront the 
complex i t ies of the actual bunch train 
scheme. For the rest of this year, it 
has been dec ided to run wi th four 
trains of three bunches, and to do a 
precis ion energy scan a round the Z. 

Wi th LEP's role as a precis ion 
mach ine , there has been a rush of 
theoret ical activity which is helping to 
unders tand some newly d iscovered 
consequences of residual b e a m -
beam effects and the separat ion 
bumps . The combinat ion of the two 
un leashes a cause-and-ef fect cas
cade of subt le differential ef fects 
be tween bunches in a t ra in. Col l i 
s ions involving different bunches in 
the trains can have different d ist r ibu
t ions of cent re-of -mass energ ies. 
Substant ia l progress has a l ready 
been made to compensa te for these 
effects. 

TRIUMF 
Five-year plan 

T he Canad ian government re
cent ly announced approva l of a 

f ive-year-p lan for T R I U M F , giv ing the 
Vancouver Laboratory assured 
fund ing until the year 2000 . Bes ides 
cont inuat ion of the mult id iscipl inary 

sc ience p rog ramme at the 500 MeV 
cyc lo t ron, this will a l low construct ion 
of I S A C - 1 , a new on-l ine isotope 
separator . At the same t ime, 
T R I U M F will a lso be responsib le for 
Canad ian " in-k ind" contr ibut ions to 
internat ional sc ience at C E R N ' s LHC 
proton-proton col l ider (see page 1). 
The federal plan s t rengthens 
T R I U M F ' s role as a nat ional facil i ty, 
run by a consor t ium of universi t ies 
across Canada . In addi t ion, T R I U M F 
will have even st ronger internat ional 
l inks. 

The federal government has al lo
cated a total of $166.6 mil l ion to 
T R I U M F over the next f ive years . In 
addi t ion, the provincial Brit ish Co lum
bia government , a long-t ime sup
porter of T R I U M F , has a l ready 
agreed to provide approx imate ly $10 
mil l ion for convent ional const ruct ion. 

The nature of the accelerator 
contr ibut ions to the LHC has not 
been f inal ly dec ided, a l though two 
areas are under d iscussion - the 
upgrade of the accelerator cha in , and 
const ruct ion of the two 'beam c lean
ing' insert ions. The former wou ld 
involve provis ion of var ious new 
sys tems (radiof requency, magnets , 
power suppl ies, k ickers, etc) for the 
Booster, PS and S P S synchrot rons; 
indeed activi ty is a l ready underway in 
s o m e areas, such as model s tudies 
for a new 40 MHz sys tem for the PS. 

The ac ronym of the new facil i ty, 
I S A C - 1 , is short for Isotope Separa
tor & Acce le ra to r . A prototype first 
s tage a l ready exists in T R I U M F . 
ISAC-1 wil l use the intense proton 
beam f rom the T R I U M F cyclotron to 
create powerfu l beams of exot ic, 
shor t - l ived, radioact ive nuclei wh ich 
will be acce lera ted in a new struc
ture. 

The facil i ty will be of interest to an 
internat ional commun i ty of 
ast rophysic is ts , w h o will be able to 
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Full-scale model of a new 40 MHz 
radiofrequency cavity for the CERN PS, built 
and now being used at TRIUMF to study 
higher-order modes and damper designs. 

Photo P. Harmer, TRIUMF 

s imulate the format ion of e lements in 
stars and in the early universe; and 
to physic ists s tudy ing nuclear struc
ture and the behav iour of unusual 
a tomic nuclei . There will a lso be 
p rog rammes of condensed matter 
research and b iomedica l phys ics. 

T R I U M F ' s pr incipal funct ion as a 
meson factory is to provide intense 
beams of protons, p ions, muons and 
neutrons for part icle and nuclear 
physics research, start ing f rom the 
200 m ic roamp negat ive hydrogen ion 
beam in the cyc lo t ron. Cont inued 
suppor t wil l a l low full exploi tat ion of 
new inst ruments, such as the S A S P -
M R S dua l -arm spect rometer and the 
C H A O S large-sol id-angle pion 
spect rometer . Intense polar ized 
proton beams also suppor t exper i 
ments on sp in -dependent effects and 
par i ty-v iolat ion. 

Tradi t ional ly, muon beams at 
T R I U M F are used as a unique probe 
of the propert ies of matter. Th is 
muon spin rotat ion p rog ramme 
covers the study of new mater ia ls 

wi th commerc ia l potent ia l , such as 
h igh- temperature superconduc tors 
and semiconduc tors . The pro
g ramme, wh ich involves Canad ian 
scient ists in c lose col laborat ion wi th 
physic ists f rom Europe, Japan and 
the USA, will cont inue v igorous ly 
wi th in the new p lan. 

The T R I U M F life sc ience pro
g r a m m e will br ing innovat ions to 
var ious medica l f ie lds. For instance 
Canada 's first proton therapy cent re , 
wh ich uses a focused beam of 
protons to treat tumours of the eye, is 
ready for operat ion. Posi t ron emis 
sion tomography (PET) and the 
deve lopment of new isotopes for 
nuclear medic ine form an important 
part of this p rog ramme. 

T R I U M F will a lso be able to ma in 
tain its exist ing st rong p rog ramme in 
techno logy transfer, wh ich current ly 
inc ludes work on a novel type of 
detector for exp los ives or cont raband 
h idden in airport luggage. The 
cont inued on-si te commerc ia l pro
duct ion of isotopes for medica l use is 

a lso assured , as is a col laborat ive 
effort wi th a local c o m p a n y on the 
product ion of smal l medica l cyc lo
t rons for the internat ional market 
(January, page 11). 

Because the approved fund ing is 
1 5 % less than that requested, the 
ISAC-1 and C E R N p rog rammes wil l 
have to p roceed more s lowly than 
original ly p lanned, and there will be 
some reduct ion in staff. Never the
less, the new fund ing represents a 
sl ight increase over that received in 
recent years , and is a major success 
in the context of across- the-board 
cuts for other sectors of Canad ian 
sc ience and techno logy. 

BaBar - a new detector 
to study CP violation in 
the B system 

To expla in w h y the Universe is 
domina ted by matter and has so 

little ant imat ter needs a mechan i sm 
which d is t inguishes matter f rom 
ant imatter. This is accompl i shed , 
together wi th a few other condi t ions, 
by introducing the non-conservat ion 
of CP symmet ry in the theory de
scr ib ing the interact ions be tween the 
part ic les at the early s tage of the 
universe. 

CP violat ion - the subt le d isregard 
of phys ics for a comb ined part ic le/ 
ant ipart ic le and mirror ref lect ion 
symmet ry - was first observed in 
kaon decays 30 years ago by J .H . 
Chr is tenson, J .W. Cron in , V.L. Fitch 
and R. Tur lay but has def ied a 
unique and fundamenta l exp lanat ion 
ever s ince. 

However at the turn of the century 
w e shou ld begin to unders tand its 
origin as the next generat ion of kaon 
decay exper iments at C E R N and 
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The BaBar detector at the PEPII asymmetric B 
factory at SLAC, Stanford will study CP-
violation with B mesons containing the fifth ('b') 
quark, where the CP-violation effects are 
expected to be larger. The detector should be 
operational by 1999, about six months after 
the startup of the new collider, scheduled for 
the fall 1998. 

Fermi lab on the one hand and new 
detectors at the Fermi lab Teva t ron , 
at DESY 's H E R A col l ider and as B 
p rog rammes at Cornel l (December 
1993, page 22 , KEK in Japan (April 
1994, page 18) and S L A C , Stanford 
(PEPII - March 1994, page 10) on the 
other hand produce their first data. 
These new detectors will open up the 
study of CP-vio lat ion in another 
sys tem - B mesons conta in ing the 
fifth ('b') quark, where the CP-
violat ion effects are expec ted to be 
larger. 

For the latter, a major recent deve l 
opment has been the approval of the 
Techn ica l Design Report of the 
'BaBar ' detector by the S L A C Exper i 
menta l Program Adv isory Commi t tee . 

A large internat ional col laborat ion of 
about 480 physic ists and eng ineers 
f rom 10 countr ies (Canada, Ch ina, 
France, Germany , Italy, Norway, 
Russia, Ta iwan , UK and US) will 
inst rument the unique interact ion 

region of the PEP II asymmet r ic 
e lectron-posi t ron B Factory at SLAC. 
The BaBar detector is schedu led to 
be operat ional by 1999 about six 
months after the star tup of the new 
coll ider, schedu led for the fall 1998. 

BaBar 's ul t imate goal is to observe 
C P violat ion in the B meson sys tem 
in a large var iety of modes . Th is 
systemat ic s tudy should provide 
either a comprehens ive unders tand
ing of the phenomenon or eventual ly 
explore a new doma in . Many B 
decay modes involving J/psis and 
kaons, D-meson pairs and light 
meson pairs shou ld prov ide va lues 
for vital parameters wh ich are direct ly 
l inked to the origin of C P violat ion in 
the Standard Mode l . 

If only three fami l ies of quarks and 
leptons exist and no new mechan ism 
is generat ing CP v io lat ion, these 
parameters are related to the 
(Cab ibbo-Kobayash i -Maskawa) 
matr ix descr ib ing the mix ing of the 

six dif ferent quark spec ies . Whatever 
these quark mix ings are, their prob
abil i t ies have to add up to 1 0 0 % - the 
C K M matr ix has to be 'unitary' . Th is 
imposes condi t ions on the C K M 
matr ix e lements wh ich are conven
iently expressed in a 'unitarity t r ian
gle ' d iag ram. 

The sensit iv i ty of BaBar after one 
year of operat ion at PEPI I , dur ing 
wh ich an integrated luminosi ty of 30 
inverse femtobarns is expec ted , wil l 
result in sensit iv i t ies of 0.059 and 
0.085 for s i n2a and sin 2(3, where a 
and (3 are two ang les of the unitary 
t r iangle. Th is will constra in further 
the C K M matr ix and lead to a power
ful cons is tency test of the Standard 
Model in an as yet untested sector of 
the theory. 

High per fo rmance and robust 
detectors are needed to accompl ish 
this. The observat ion of CP 
asymmet r ies requires in part icular: 

- a large acceptance, a good 
eff ic iency and excel lent part icle 
identi f icat ion for the modes which 
need to be fully reconst ructed; 

- a good m o m e n t u m or energy 
resolut ion for the charged and neutral 
part ic les to overcome background ; 

- an eff icient and relatively pure 
tagg ing of the b-quark content of the 
second B meson wh ich is not ful ly 
reconstructed (electrons, muons and 
kaons will be used for this purpose) ; 

- a precise measu remen t of the 
d is tance be tween the 2 B meson 
decays (of the order of 0.25 m m for 
beam energ ies of 9 GeV against 3.1 
GeV as p lanned at SLAC) . 

The BaBar detector has been 
opt imized to fulfil these cri ter ia. It 
inc ludes: 

1 - A silicon vertex detector 

The d is tance be tween both B 
decays is measured by means of a 
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The cross shows the estimated sensitivity of 
BaBar after one year of operation at PEPH, 
during which an integrated luminosity of 30 
inverse femtobarns is expected, resulting in 
sensitivities of 0.059 and 0.085 for sin2cc and 
sin 2p, where a and p are two angles of the 
unitary triangle. This is compared with present 
measurements (shaded region). This will lead 
to a powerful consistency test of the Standard 
Model in an as yet untested sector of the 
theory. 
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double-s ided si l icon ver tex detector 

wi th str ips running paral lel and 

perpendicular to the b e a m di rect ion. 

Five layers of si l icon detector at a 

radius extending f rom 3.2 to 14.4cm 

f rom the interact ion region are used 

to provide suff icient measu remen t 

possibi l i t ies ("redundancy") and for 

eff icient t racking of the soft p ions 

over 9 1 % of the sol id ang le . 

2 - A transparent drift chamber in a 

1.5T magnetic field 

Charged part icle t rack ing is 

ach ieved in a cyl indr ical drift c h a m 

ber with a total of 40 layers of axial 

and stereo wires. The inner radius 

and outer radius are 22 .5cm and 

8 0 c m respect ively. The m o m e n t u m 

of the charged part ic les genera ted in 

B decays and reconst ructed in the 

drift chamber is in the range 0.1-4.5 

GeV/c . High resolut ion (120-140 

microns) is obta ined by operat ing the 

chamber in a magnet ic f ield of 1.5T 

genera ted by a superconduc t ing 

so lenoid and by using a light gas, 

main ly he l ium, for the ioniz ing me

d ium. 

3 - Excellent particle identification 

Particle ident i f icat ion, a key e lement 

of this detector, is necessary for good 

effect ive tagging eff ic iency. Electron 

identi f icat ion is done by comb in ing 

the ces ium iodide ca lor imeter (see 

below) and the drift chamber . Muons 

are identi f ied down to 0.5 G e V by 

inst rument ing the f lux return wi th 17 

to 21 layers of Resist ive Plate C h a m 

bers. This f ine segmenta t ion a l lows 

one also to identify long- l ived kaons , 

thus increasing the sensit iv i ty (to 

s in2B). Finally charged kaon identi f i 

cat ion is ach ieved over 9 0 % of the 

sol id angle wi th ded icated detectors 

based on Cerenkov light. 

A novel techn ique (DIRC) in the 

barrel region is based on the col lec

t ion of Cerenkov light p roduced by 

the part icle t ravers ing quartz bars. 

The light is internally ref lected in the 

4 .8m- long bars and detected outs ide 

the f lux return on an array of about 

13000 phototubes al lowing recon

struct ion of a t runcated Cerenkov 

cone. In the forward region, kaon 

identi f icat ion uses Aeroge l Thresho ld 

Counters (ATC) wi th a combinat ion 

of two different refractive indices 

(1^=1.006 and n 2 =1.055) possib ly 

read out by f ine mesh pho tomul -

t ipl iers or hybr id photod iodes. 

4 - Cesium iodide calorimeter 

The average photon energy in B 

decays is about 200MeV. It is there

fore very important to get a very low 

detect ion threshold (around 2 0 M e V ) . 

Fur thermore, excel lent energy 

resolut ion is required to suppress 

background . These cons iderat ions 

have led to a calor imeter made of 

about 6800 ces ium iodide crysta ls, 

present ly the best opt ion. Such a 

dev ice is operat ing very sat isfactori ly 

in the C L E O II detector at the Cornel l 

C E S R electron-posi t ron r ing. 

5 - Instrumented flux return 

As ment ioned above , Resist ive 

Plate Chambers are used to instru

ment the f lux return. Such chambers 

offer an eff icient, robust and eco

nomica l w a y to opt imize the accept

ance coverage. 

The BaBar detector promises to 

explore the C P violat ion mechan ism 

in unprecedented detai l . Th is c o m 

prehens ive s tudy of an effect as yet 

not unders tood, despi te having been 

d iscovered 35 years ago, wil l surely 

open up new direct ions in part icle 

phys ics. 

From RoyAleksan, DAPNIA, Saclay 

(An article on plans and progress at 

the PEPH collider at SLAC, Stanford, 

will appear in a forthcoming issue.) 
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A r o u n d t h e L a b o r a t o r i e s 

At the close of a workshop held earlier this 
year to discuss plans for future experiments at 
Italy's Gran Sasso Laboratory, Carlo Rubbia 
presents the proposed future activities of the 
Gran Sasso laboratory to Italian science 
minister Giorgio Salvini. Salvini, seated in the 
middle, is accompanied to his left by Giovanni 
Schippa, rector of L'Aquila University, Enrico 
Garaci, President of the CNR, and Enrico 
Bellotti. To his right are Luciano Maiani, 
Nicola Cabibbo, and Piero Monacelli. 

GRAN SASSO 
Reaching the parts that 
accelerators cannot 
reach 

W ith most of the current exper i 
ments at Italy's Gran Sasso 

Laboratory now wel l underway, a 
workshop held earl ier this year 
looked to the future. Gran Sasso 
was estab l ished in the late 1980s to 
s tudy low rate processes where the 
laboratory 's 1400 metre rock over
burden and low natural radioact iv i ty 
provide an ideal env i ronment . S ince 
then, it has become a major research 
centre, host ing several internat ional 
co l laborat ions. The workshop 
devoted half a day each to four key 
areas of underground physics, and 
clearly showed how the non-acce l 
erator approach comp lemen ts 
today 's accelerator phys ics ach ieve
ments . 

Solar neutr ino physics is one of 
Gran Sasso 's main act ivi t ies, wi th the 
Gal lex detector half f i l l ing one of the 
laboratory 's three exper imenta l halls. 
Gal lex has a l ready made important 
measuremen ts of the solar neutr ino 
f lux, provid ing first ev idence for the 
proton-proton fusion mechan i sm 
wh ich is the solar powerhouse . The 
next generat ion exper iment , 
Borex ino, will go one step further, 
measur ing the energy distr ibut ion of 
solar neutr inos as wel l as their f lux. 
The exper iment wil l a lso be sensi t ive 
to neutr ino osci l lat ions through its 
abil i ty to pick out muon and tau 
neutr inos. 

Borex ino uses boron instead of 
gal l ium as the act ive med ium, and is 
current ly in the trial phase. Bench
mark ing tests wi th the counter test 
facil i ty (CTF) have a l ready d e m o n 

strated the exper iment 's feasibi l i ty, 
pav ing the way for full scale con 
struct ion. Further ideas for future 
detectors based on severa l dif ferent 
act ive med ia were also d iscussed, 
and a proposal for a he l ium T P C 
detector, HELLAZ , was presented. 
Wi th a threshold of a round 240 keV, 
comparab le to that of Gal lex and 
Borex ino, H E L L A Z wou ld give 
another handle on neutr inos f rom the 
proton-proton react ion, the most 
abundan t source of solar neutr inos. 

Neutr inoless doub le beta decay, 
dark matter searches , and certain 
low rate processes in nuclear physics 
all require the quiet, low radiat ion 
sur round ings that only an under
ground laboratory can offer. The 
Gran Sasso workshop cons idered all 
of these, as wel l as an intr iguing 
proposal to install a low energy 
accelerator in the laboratory. 

Another key a rea of the Gran Sasso 
p rog ramme is high energy cosmic 
ray physics, wh ich prov ides the only 
foothold on energy sca les beyond the 
reach of current accelerators. The 
EAS-Top exper iment , s i tuated a lmost 
direct ly above Gran Sasso 's hal ls at 

C a m p o Imperatore, s tud ies extensive 
air showers in the 10 T e V - 1 0 PeV 
range and presents the oppor tuni ty of 
s tudy ing such events in co inc idence 
with the underground detectors . 

T w o other exper iments , the Large 
Vo lume Detector (LVD) , des igned to 
look for neutr inos f rom stel lar co l 
lapse, and the Monopo le Ast ro
physics and Cosmic Ray Observa
tory ( M A C R O ) also have the abil i ty to 
study high energy processes through 
the T e V muon componen t of cosmic 
rays. T h e high energy sector, how
ever, is only one aspect of cosmic 
ray physics. LVD will cont inue to 
look for neutr inos f rom dy ing stars, 
whi lst the search for a Grand Unif ied 
monopo le will cont inue at M A C R O . 
Meanwhi le , a proposal that the next 
generat ion of gravi ty wave detectors 
be built in the low noise underground 
env i ronment of Gran Sasso w a s 
presented. 

'Long basel ine ' neutr ino osci l lat ion 
exper iments ( two detectors a long 
d is tance apart in the s a m e neutr ino 
beam) were cons idered in Gran 
Sasso 's or iginal des ign, and fo rmed 
the subject of the f inal sess ion of the 

20 CERN Courier, September 1995 



Large Circuits for Large Jobs 

H-1 Calorimeter 
experiment 

3 4 " x 42 " 
detector board 

T h e alternatives are small. 

Buckbee Mears specializes in producing 

high quality, large size, close tolerance 

printed circuit boards such as this 34" x 

42" detector board. In fact, we produced 

over 1,000 of these boards defect free. And 

we've produced even larger boards—up to 

4' x 12—some of the largest in the world. 

If you have an application that requires 

precisely built large size circuits, put our 

capabilities to the test. 

Buckbee-Mears 
S t . Paul 
A UNIT OF BMC INDUSTRIES. INC 

245 E. 6th Street, 6th Floor 
St. Paul, MN 55101 
612/228-6400 • Telex 29-7080 
FAX 612/228-6572 

Problèmes de 

chauffage dans 

un espace 

très restreint? 

THERM0C0AX 
est juste 

ce qu'il vous 

faut! 

Lorsqu'il s'agit de faibles dimensions, de performances de 

chauffage élevées et de conditions extrêmes de mise en 

oeuvre, les éléments chauffants miniatures deTHERMO-

C O A X sont le bon choix. 

• Très faible rayon de courbure • Eléments chauffants aux extré

mités froids # Exécutions de 0 0,5 à 4,0 mm • Eléments chauffants 

standard livrables du stock • Eléments chauffants mono- et bifilaires 

Vous nous livrez vos spécifications - THERMOC0AX 
vous fournit la solution. 

Philips Industrial Electronics AG Postfach 360 -CH-8953 Dietikon Tel. 01 / 745 21 32- FaxOI / 745 22 50 PHILIPS 

Can you use all metal seals on standard KF /ISO flanges? 
Can you reach <10 1 0 mbar Vacuum with such seals? 

If the vacuum on your O-Ring sealed vacuum system is not clean or good 
enough, or if you are tired of bolting Confiât® flanges, don't despair - use 
EVAC Chain Clamps and Aluminium Seals to convert any manufacturer's 
standard KF / ISO flange to metal seals! 
For clean, particle free vacuum with one or two bolt convenience, 
consider the ease of EVAC chain clamps, flanges and seals, bakeable to 
150°C. If you need to bake higher, use the EVAC CF Chain clamps and 
flanges with the standard knife-edge and copper seal ring, bakeable to 
400°C. Sizes from KF 16 (0.5") to ISO 800 (32") 

[B/ÂC] Yes, you can! 

i-i/A »s> CONFIÂT IS A TRADEMARK OF VARIAN INC, PALO ALTO 
CVAO AOi 
P. O. Box 59, CH-9470 Buchs 3 (Switzerland), +41 81 785 29 25, Fax: +41 81 78518 72 
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A r o u n d t h e L a b o r a t o r i e s 

Portuguese high energy physics is centred on 
CERN, supported by a national hub at the 
Laboratory for experimental high energy 
physics and related R&D projects (LIP), with 
centres in Lisbon (Head, Jose Gago, right) and 
Coimbra (Head, Armando Policarpo). 

workshop . Piero Monacel l i , the 
laboratory 's director, rei terated Gran 
Sasso 's en thus iasm for the project, 
and descr ibed how present infra
structure might be adap ted , and new 
halls added to accommoda te such 
exper iments . 

Possib le des igns to steer a C E R N 
neutr ino beam to Gran Sasso , and 
two proposals for ded icated detectors 
were presented. Car lo Rubbia gave 
a status report on the ICARUS 
detector (April 1993, page 15), 
say ing that an in termediate half 
ki loton l iquid argon ca lor imeter wou ld 
be brought to Gran Sasso in the near 
future. Apar t f rom being an important 
test bed for ICARUS, this detector 
cou ld a lso per form interest ing re
search into a tmospher ic neutr inos 
and proton decay. For the long 
basel ine study, another 'Baby 
ICARUS ' detector cou ld be instal led 
at C E R N . 

CERN and Portugal 

i n its cont inual tour of C E R N M e m 
ber States, the European Commi t 

tee for Future Acce lera tors (ECFA) 
vis i ted L isbon, Por tugal , on 21-22 
Apr i l , where it met at the Instituto 
Super iore Tecn ico , a technica l 
universi ty with 9,000 s tudents . 

Por tuguese part icle physics is in a 
part icularly heal thy s i tuat ion, hav ing 
deve loped cons iderab ly fo l lowing 
Portugal 's admiss ion to C E R N in 
1985. Wi th suppor t f rom Brussels, 
scienti f ic infrastructure has deve l 
oped rapidly, a l though the sc ience 
base has yet to attain the levels seen 
in larger nat ions. 

The 45-s t rong populat ion of 
exper imenta l is ts in Por tugal , inc lud
ing 14 PhDs, represents a 2.5-fold 
increase s ince Portugal jo ined C E R N 
ten years ago and is in line wi th the 

goal s tated at the t ime. Th is success
ful deve lopment of exper imenta l 
part icle physics has benef i ted much 
f rom physic ists returning f rom abroad 
(mainly France and the UK) . 

The direct result of the efforts of a 
few indiv iduals (notably J .M. Gago) , 
this sp lend id ach ievement provides 
an excel lent role model for new and 
potent ial C E R N Member States. 

At present, part icle physics repre
sents some 3 0 % of all Por tuguese 
physics publ icat ions. Th is very 
specia l role (and the f inancial suppor t 
it impl ies) prov ides a visible target, 
but one which can be de fended as it 
prov ides a catalyst for other nat ional 
scienti f ic deve lopments . 

The nat ional hub is the Laboratory 
for exper imenta l high energy physics 
and related R&D projects (LIP), wi th 
cent res in L isbon (Head, J .M. Gago) 
and Co imbra (Head, A. Pol icarpo). 
LIP, wi th c lose links to two univers i 
t ies in L isbon and to the Universi ty of 
Co imbra , has deve loped into a centre 
of expert ise and tra in ing in e lect ron
ics, comput ing and sof tware eng i 
neer ing. 

Present LIP fund ing is some 2 
mil l ion Swiss f rancs/year ( 7 0 % in 

L isbon and 3 0 % in Co imbra) , cover
ing most of the salar ies of the non-
universi ty people, the remainder 
being suppor ted by grants f rom 
Por tuguese and European pro
g rammes . Portugal 's contr ibut ion to 
C E R N ' s 1995 budget is 10.3 mil l ion 
Swiss f rancs. Th is is 7 5 % of the 
eventual nat ional contr ibut ion, rising 
on a sl iding scale establ ished when 
Portugal jo ined C E R N ten years ago. 
Th is 'd iscount ' in Portugal 's cont r ibu
t ion to the C E R N budget goes into its 
nat ional effort. Hopeful ly this fund ing 
will not suffer once the C E R N contr i 
but ion reaches its cruis ing al t i tude. 

Wi th no nat ional accelerator , 
Por tuguese research in part icle 
physics is fully focused on C E R N , 
wi th prominent part ic ipat ion in LEP 
(Delphi) and in heavy ion research 
(NA 38) . Por tuguese researchers 
also co l laborate in the NA 50 and 51 
exper iments and in CP-LEAR, as 
wel l as some sol id state research 
based on the Isolde on- l ine isotope 
separator . 

For the future, there is s o m e in
vo lvement in both in A T L A S and 
C M S exper iments for the LHC 
proton-proton col l ider and in related 
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Physics monitor 

At Fermilab, construction is now underway for 
the new 150 GeV Main Injector. The pipe to 
the right of the tunnel is an abort line. 

research and deve lopment (gaseous 
detectors, R ICH techn iques , l iquid 
xenon calor imetry, scint i l lat ing f ibre 
calor imetry and read-out sys tems 
and data t ransfer) . LIP p lans to 
part ic ipate to both At las and C M S , 
contr ibut ing to the tile ca lor imeter 
and calor imetr ic t r igger respect ively. 
Because of this invo lvement in 
specif ic detector e lements , Portugal 
is able to make important cont r ibu
t ions to these two major LHC exper i 
ments . 

Theoret ica l part icle phys ics has 
a lso boomed , wi th the number of 
theor ists more than doub l ing . Cur
rently there are 36 researchers (26 
PhDs) in a nat ional ne twork based at 
L isbon's G T A E (Grupo Teor ico de 
Al tas Energia, Head G.C. Branco) 
and including CFIF (Study of Funda
mental Interact ions) at L isbon 's 
Instituto Super iore Tecn ico . G T A E 
also suppor ts ast rophys ics . 

Wi th the universi ty sys tem expand 
ing, there has been no p rob lem so far 
f inding posi t ions for good young 
researchers, but this expans ion 
cannot cont inue indefini tely. The 
need for stable research posi t ions, 
independent of those of fered by the 
universi t ies, is a l ready press ing. 

The Por tuguese-CERN Commi t tee , 
set up in 1986, has p layed an impor
tant role, and the va lue of cont racts 
for Por tuguese industry has in
c reased signif icant ly. Por tugal is 
exemplary in its wi l l ingness to de
ve lop its scienti f ic research as a 
suppor t to its budd ing h igh- tech 
industry. 

Accelerator update 

W hen the Accelerator Confer
ence, comb ined Internat ional 

High Energy and US Part icle ver
s ions, held in Dal las in May, was 
initially schedu led , progress nearby 
for the US Superconduct ing 
Supercol l ider was high on the pre
l iminary agenda. Wi th the S S C voted 
down by Congress in October 1993, 
this was no longer the case. However 
the content of the meet ing, in te rms 
of both its deep impl icat ions for 
ambi t ious new projects and the 
breadth of its scope, showed that the 
wor ldwide part icle accelerator f ield is 
far f rom being mor ibund. 

A tradit ional feature of such acce l 
erator conferences is the mult ipl ici ty 
of paral lel sess ions. No one person 
can at tend all sess ions, so that 
de legates can fol low complete ly 
dif ferent paths and emerge with 
total ly dif ferent impress ions. 

Despi te this over load, and despi te 
the S S C cancel la t ion, the genera l 

picture is one of encourag ing 
progress over a w ide range of major 
new projects throughout the wor ld . 
At the s a m e t ime, spinoff f rom, and 
appl icat ions of, accelerators and 
accelerator techno logy are becoming 
increasingly important. 

Big machines 

Cent res tage is now C E R N ' s LHC 
proton-proton coll ider, where a test 
str ing of superconduct ing magne ts is 
operat ing over long per iods at the 
nomina l LHC field of 8.36 tes la or 
more . The ass ignment of the under
g round areas in the exist ing 27-
k i lometre LEP tunnel is now quas i -
def ini t ive (see page 3) . 

For C E R N ' s exist ing big mach ine , 
the LEP electron-posi t ron col l ider, 
ongo ing work concent ra tes on 
boost ing per fo rmance using im
proved opt ics and bunch tra ins. 
But the main object ive is the LEP2 
s c h e m e using superconduct ing 
accelerat ing cavi t ies to boost the 
b e a m energy (see page 6) . After 
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P h y s i c s m o n i t o r 

23 kilometres in length - a possible scheme for 
a next-generation electron-positron collider. 

some initial teeth ing prob lems, 
product ion and operat ion of these 
cavi t ies appears to have been 
mastered, at least under test cond i 
t ions. 

A highl ight at C E R N last year was 
the first run wi th lead ions (December 
1994, page 15). Handl ing these 
heavy part icles wi th sys tems or igi
nally des igned for protons cal ls for 
ingenuity. The S P S has managed to 
accelerate them mak ing full use of 
the travel l ing wave propert ies of the 
SPS 200 MHz sys tem. 

For Fermi lab 's Tevat ron , the US 
f lagship mach ine, construct ion is now 
underway for the new 150 GeV Main 
Injector to provide an improved feed 
to the superconduct ing r ing. Th is will 
ul t imately boost Fermi lab 's proton 
supply to 6 x 1 0 1 3 protons per pulse 
for f ixed target work and , with add i 
t ional recycl ing and buffer r ings for 
precious ant iprotons, the proton-
ant iproton col l is ion luminosi ty cou ld 
c l imb to 1 0 3 3 per sq cm per s. A s wel l 
as feeding the Tevat ron , the new 
Main Injector will provide capabi l i t ies 
for neutral kaon studies and for 
neutr ino beams. 

Such a high col l is ion rate has much 
physics potential - CP-vio lat ion in the 
B particle sector and/or the d iscovery 
of supersymmetr ic part ic les. The 
improved Tevat ron and LEP2, as wel l 
as Cornel l C E S R electron-posi t ron 
col l ider and new B-factories be ing 
built at S L A C and at KEK, Japan , will 
ensure that no physics fal ls through 
any intervening energy gap between 
them and the LHC. 

At Europe 's other big mach ine, the 
HERA electron-proton col l ider at 
DESY, Hamburg , the emphas is is on 
gett ing the max imum proton supply 
f rom the DESY III synchrot ron to the 
H E R A proton r ing. On the electron 
side, tests will be made of getter 
pumps to improve H E R A electron 

Pnoposed Linear Collider Confjgunsfcn (Based on the JLC) 

1,54 Gev 
Injector 

1.54 GeV 
Pre-Damping 

Ring 

#2 Bunch 
Compressor 

4 GeV Pre-Acce:ercror 

0.25-0.75 TeVX-brand Una 
(50-150 MeV/m) 

0.25-C.75 TeV X-brand Linac 
(50-150 MeV/m) 

4 * H 
0.6 km -11 km 0.8 km -11 km 0,6 km 

ring condi t ions and permit high 
current running wi th e lectrons, rather 
than posi t rons (see page 10). 

At Brookhaven, the new booster 
has accompl ished what its name 
suggests , wi th proton levels c l imbing 
to new wor ld records beyond 6 x 1 0 1 3 

per pulse (see page 10), whi le 
preparat ions for the RHIC heavy ion 
col l ider are in full sw ing . 

Also relying on superconduct ing 
cavit ies are CEBAF ' s recirculat ing 
l inacs at Newpor t News , Virginia, 
wh ich have now reached their 
nominal energy wi th f ive passes 
(June, page 20) . However an in
crease in accelerat ing f ield in the 
superconduct ing cavi t ies should 
enable C E B A F to c l imb higher in 
energy. A full commiss ion ing report 
will appear in a fo r thcoming issue. 

Superconduct ing cavi t ies have 
been tested wi th high beam currents 
in Cornel l 's C E S R electron-posi t ron 
ring, wh ich has establ ished a wor ld 

record for col l is ion luminosi ty at 3.3 x 
1 0 3 2 (see page 11). The impor tance 
of Cornel l 's work in mach ine physics 
was under l ined by the award of the 
Amer ican Physical Society 's Robert 
R. Wi lson Prize to Raphael M. 
Littauer of Cornel l (see page 14). 

Linear accelerators 

With much effort now invested in 
deve lopment work for the next 
generat ion of e lectron-posi t ron l inear 
col l iders, the 2-mi le l inac at SLAC, 
Stanford, assumes increased impor
tance as a 'model ' mach ine . 

Col l is ion luminosi ty is near ing 1 0 3 1 , 
but the t rump physics card is polar i 
zat ion, where 8 0 % levels have been 
ach ieved in the electron beam. 

Laborator ies throughout the wor ld 
are contr ibut ing to the ongo ing effort. 
Many avenues are being exp lored, 
but the main chal lenge is the eff i-
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The strength of a chain is the strength of 
its weakest link. 

That is why SIGMAPHI attaches such importance 
to reliability in the equipment it supplies. 

Our new plant can supply any requirement from 
miniaturized electromagnets using printed circuit coils 
up to giant coil windings 

[?3 the best partnership on your projects; 

• Calculation,design and manufacture of beam transport 
systems 

• Solid or laminated electromagnets 
• Radiation resistant coils 

SIGMAPHI 
P.I.B.S. - Rue Louis de BROGLIE - CP n °47 
F - 56038 VANNES cedex 
Tel: (33) 97 42 55 55 . Fax (33) 97 42 43 31 

( METROLAB Instruments SA ^ 

1 to 50 Tesla FLIP COIL FC 5060 

VERY HIGH FIELD MEASUREMENTS 

• Operating temperature down to liquid Helium 
• Head diameter : 25 mm 
• Accuracy : better than 100 ppm 
• to be used with the precision digital integrator 

METROLAB PDI5025 or VME 5035 

Powered Crates 
Further to all our CERN approved CERN-Spec. Crates 

NIM-, CAMAC-, FAST BUS-, VMEbus 4 2 2 / 4 3 0 
Wes-Crates supplies other Crates based upon these Systems. 

Some applications with our well known, extremely low noise and ripple, 
and electromagnetical shielded FAST BUS and VME-Power Supplies: 
Power Supply Spec: 
Input voltage: 3-phase, 4 0 0 V - 50 Hz / 200 V - 60 Hz 

1 -phase 100 V / 1 2 0 V / 220 V - 240 V -
50 H z / 6 0 Hz. 

Output power: Up to 3.500 W . 
Output modules: -2 V - 5 0 / 1 0 0 / 1 5 0 A. +5V/-5,2 V -

7 5 / 1 5 0 / 2 0 0 / 3 0 0 A. +12 V/-12 V - 1 0 / 
2 5 / 4 0 A. +15 / -15 V - 10 A / 2 5 A / 3 5 A. 
Other voltage/current outputs on request. 

Output protection: Global Trip-Off of all voltage within 5msec. 
at any bad status, overload, overvoltage, 
overheat, line error and switch-off mains. 
(Outputs discharged with crowbars). 

VMEbus-Crate with +5 V, -5 V, +9 V, +12 V, -12 V. 
For supply of linear voltage regulators for external amplifiers. 

•FRIROFFLNIII^. , I . , ONKI' ' 
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c iency of t ransferr ing mains power to 
the beam. 

Wi th so many avenues under study, 
cover ing f requenc ies f rom 1.3 G H z 
(DESY S-band) to 30 G H z (CERN's 
CLIC scheme) the main quest ion is 
wh ich route to take. Test results over 
the next few years will help select an 
opt imal route. 

Factories 

Severa l new ' factor ies' - high 
luminosi ty col l iders provid ing a 
cop ious supply of new part ic les - are 
under const ruct ion. At S L A C , 
Stanford , the PEP-II B factory is 
being built by a Berke ley /L ivermore/ 
S L A C col laborat ion. Part ic les f rom 
the 2-mi le l inac will feed a high 
energy (11 GeV) and low energy (3 
GeV) r ing, g iv ing asymmet r ic col l i 
s ions wh ich faci l i tate v iewing the 
highly unstable B part ic les. Its des ign 
luminosi ty is 3 x 1 0 3 3 , wh ich cou ld 
c l imb to 1 0 3 4 wi th a ( low beta) beam 
squeeze . The BaBar detector (see 
page 16) wou ld benefi t f rom 1999. 

Also using an asymmet r ic approach 
is the Japanese KEK B-factory (April 
1994, page 18), with 8 and 3.5 GeV 
rings supply ing a col l is ion luminosi ty 
of 1 0 3 4 , wi th first col l is ions expec ted 
in 1998. These rings wou ld be built in 
the tunnel or iginal ly built for the 
Tr is tan e lectron-posi t ron ring, soon to 
be d ismant led . 

Using lower energ ies is the 
D A P H N E phi- factory ring at Frascat i , 
near Rome, where commiss ion ing 
shou ld begin late next year. 

Comple t ing the current e lect ron-
posi t ron col l ider picture are Bei j ing's 
B E P C mach ine ( luminosi ty 7 x 10 3 0 ) 
and Novosib i rsk 's V E P P 4 M ( looking 
for 7 x 10 3 1 ) . Both these laborator ies 
also have aspi rat ions to bui ld tau / 
charm factor ies. 

Synchrotron radiation 

Synchrot ron radiat ion, once a useful 
by-product of e lectron r ings, now has 
its own thr iv ing communi ty . The 
largest new ring to c o m e into opera
t ion is the Advanced Photon Source 
at A rgonne with 7 G e V beams. A 
'third generat ion ' mach ine, it has very 
low beam emi t tance des igned for 
opt imal exploi tat ion of beam wigglers 
and undulators in straight sect ions. 

Another third generat ion mach ine 
now operat ional is the Pohang 
Storage Ring in South Korea using 2 
GeV beams. The Russian 2.5 GeV 
ring in Moscow, named Siber ia II in 
recogni t ion of its des ign t eam, is 
another new arr ival . New synchrot ron 
radiat ion projects in the pipel ine 
include the Swiss Light Source and 
the French Solei l project, where 
beam emi t tances will be reduced to 
about 3 nm. The ring at Duke, North 
Caro l ina (March, page 8) , was 
specif ical ly deve loped to supply 
beams to a f ree electron laser. 

(In our art icle earl ier this year on the 
Duke instal lat ion, the injector w a s 
c la imed to be the second highest 
energy l inac in the US, after the 2-
mile S L A C mach ine . In fact C E B A F ' s 
l inacs and the Cornel l injector are 
more powerfu l than Duke.) 

In the f ree electron laser sector, 
many new projects are being invest i 
ga ted. Orsay 's CL IO a l ready del ivers 
many hours of infra-red radiat ion to 
users, whi le at the other end of the 
spec t rum the Linac Coherent Light 
Source , based on the S L A C beam, 
could reach wave leng ths down to 
0.15 nm ( g a m m a rays). C E B A F is 
also cons ider ing enter ing this f ield 
(September 1994, page 20) . Free 
electron lasers shou ld benefi t f rom 
ongo ing deve lopment work for l inear 
col l iders. 

Applications 

The Sep tember issue of the C E R N 
Cour ier h ighl ighted the growing 
range of appl icat ions to wh ich part i 
cle accelerators can be harnessed. 

This usefu lness was covered in 
special s t reams at the Dal las meet
ing. 

S o m e highl ights: Free electron 
lasers are used for precis ion work 
such as eye surgery and dental 
t reatment ; X-ray l i thography for 
microcircui t manufac ture is booming 
as the need for chips increases -
each person in the US al ready 
effect ively owns the equivalent of 30 
mil l ion t ransistors; X-ray ho lography 
is another expand ing f ie ld, where the 
t rend is to use higher energ ies (1-4 
keV) . 

Part icle beams have been used for 
cancer therapy for a lmost 60 years . 
In the past, th is work has been 
mainly conf ined to the s idel ines of 
major accelerator centres, but now 
purpose-bui l t cancer therapy centres 
are open ing their doors or be ing 
p lanned. Thousands of pat ients have 
now been t reated and success rates 
of up to 8 5 % are c la imed. 

The Japanese H IMAC (Heavy Ion 
Medical Accelerator in Chiba) using 
ions wi th energ ies up to 800 MeV per 
nuc léon began cl inical tr ials last year 
and GSI Darmstadt wil l soon fol low. 
Another new centre, this t ime with 
protons, cou ld be prov ided by a 
proposal to exploi t the l inac original ly 
built near Dal las for the defunct SSC. 
Spare capaci ty at the Fermi lab l inac 
could a lso be used for cancer 
therapy, a l though the general t rend is 
for purpose-bui l t centres. 

Less wel l exp lored but also wi th 
cons iderab le potent ial are ideas for 
high current proton mach ines to dr ive 
new energy sources, for radio-
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Georges Charpak (left), the inventor of the 
multiwire proportional chamber, in discussion 
with Vice-Director of Novosibirsk's Institute for 
Nuclear Physics Benyamin Sidorov at this 
year's Vienna Wire Chamber Conference. 

pharmaceut ica l product ion, or for 
nuclear waste t ransmuta t ion . 

A highl ight of the Dal las meet ing 
w a s Gus Voss ' ' farewel l ' speech 
fo l lowing his recent ret i rement f rom 
the DESY Laboratory in Hamburg , 
extracts f rom wh ich will be pub l ished 
in a for thcoming issue. 

(Information compiled by Daniel 
Dekkers, Helmut Haseroth, Albert 
Hofmann, Kurt Hubner, Eberhard 
Keil, Stuart Turner and Ted Wilson) 

DETECTORS 
Vienna - beyond the 
wire 

I n 1986, at the fourth V ienna Wi re 
Chamber Conference, Georges 

Charpak, the inventor of the mult iwire 
proport ional chamber , had conf i 
dent ly announced "Les funérai l les 
des chambres à fi ls". W a s this the 
wri t ing on the wal l for the con fe rence 
ser ies as wel l as this type of detector 
technology? 

The d e m a n d for detector innova
t ion, coupled with imaginat ive think
ing on the part of the organ izers , 
have kept the V ienna venue at the 
forefront of the physics ca lendar . A n 
addi t ional boost to the success of the 
ser ies was certainly the Nobel Prize 
awarded to Georges Charpak in 
1992. 

Whi le the major topic natural ly is 
still wire chambers , a l ternat ive tech 
nologies are also covered . However 
in f ields like calor imetry or ring 
imaging Cherenkovs , a samp le of 
only a few prominent detectors were 
presented, giving s o m e part ic ipants 

the impress ion of a b iased se lect ion. 
The fact that si l icon detectors, 

e lectronics and track reconstruct ion 
strategies were , with the except ion of 
the invited talks, restr icted to poster 
presentat ions led to the s a m e conc lu
s ion. As a result the organiz ing 
commi t tee saw that it will have to 
revise its brief for the next confer
ence. 

The conference opened with phi lo
sophical thoughts by Nobel Pr izewin
ner Georges Charpak. The first day 
at V ienna is tradit ional ly devoted to 
appl icat ions of gaseous detectors 
outs ide high energy physics. L. 
Shek tman gave an overv iew of wire 
chambers for medical imaging. 
Further appl icat ions in medic ine and 
in other f ields like biology and space 
sc ience were descr ibed by subse
quent speakers . The exci t ing idea of 
f ly ing a spect rometer on a bal loon to 
s tudy the fract ion of e lectrons and 

posi t rons in cosmic rays at t racted a 
lot of at tent ion. 

The next day covered wire c h a m 
bers in genera l . V. Po lychronakos 
presented appl icat ions of ca thode 
strip chambers in muon spectro
meters for exper iments at C E R N ' s 
LHC proton-proton detector. Cer
tainly the cha l lenges of LHC for 
detector deve lopment dominated 
many presentat ions. Both A T L A S 
and C M S demonst ra ted different 
approaches to master ing the dif f icul
t ies of cover ing large areas with 
precise detectors capable of resolv
ing consecut ive bunches. Proposed 
techn iques inc luded thin gap c h a m 
bers, s t raw drift tubes, pressur ized 
drift tubes, resist ive plate c h a m 
bers 

Next year will see the commiss ion 
ing of Frascat i 's D A F N E phi factory, 
and severa l presentat ions were 
made by the D A F N E F INUDA and 
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KLOE col laborat ions. Remarkab le is 
KLOE 's large vo lume drift chamber , 
wi th results f rom a 3 m 3 prototype. 

A l though si l icon detectors are 
strictly not wi th in the scope of the 
conference, it is t radi t ional to have an 
invited talk on this subject . This year 
G. Lutz gave an excel lent overv iew 
on s tandard detectors and new 
detector s t ructures. He reported on 
the deve lopment of monol i th ic 
detectors wi th integrated electronics 
to avoid connect ion capac i tances, 
imply ing the deve lopment of t ransis
tors built into detector technology. 

A new and promis ing mater ia l , 
d iamond f i lms, w a s featured in two 
talks (by H. Pernegger and W. 
Oul inski ) . Irradiat ion studies wi th 
these mater ia ls show an increase in 
the signal response at low doses , 
possibly due to the passivat ion of 
charge t raps and no degradat ion 
after irradiat ion wi th photons (10 
Mrad) , protons (5 x 1 0 1 3 c m 2 ) and 
pions ( 1 0 1 4 c m 2 ) . The second talk 
looked at the product ion of microstr ip 
detectors on d iamond f i lms and 
showed initial results f rom beam 
tests. 

Progress was also reported on the 
deve lopment of precis ion noble l iquid 
calor imeters. T h e large effort to bui ld 
the l iquid argon calor imeter for 
A T L A S to measure not only energy 
but also shower posi t ion with exce l 
lent t iming was shown by D. 
Fournier. Resul ts f rom the NA48 
(CP-violat ion exper iment ) co l labora
t ion at C E R N and f rom a group 
represented by V. Radeka showed 
that l iquid krypton has a lso been 
mastered . Prototypes of the NA48 
calor imeter ach ieved an energy 
resolut ion of 3.5 % and a t iming 
resolut ion be low 300 ps. 

Detectors based on Cherenkov light 
are cont inuously being improved and 
emp loyed in new appl icat ions. T h e 

presentat ions on Cherenkov detec
tors covered large work ing sys tems 
like the DELPHI R ICH, new deve lop
ments , for example for the H E R A - B 
RICH, and new concepts like the 
opt ical d iscr iminator shown by Y. 
Giomatar is . The pr inciple of the 
opt ical d iscr iminator is that only light 
f rom part ic les t ravers ing the detector 
under specif ic geometr ica l ang les 
and emit t ing light under specif ic 
Cherenkov ang les is gu ided to the 
photon detector. The geometr ica l 
angle can be a funct ion of the impact 
parameter of the part icle, thus 
a l lowing to B mesons to be tagged , 
for example . 

A long sess ion w a s devoted to 
microstr ip gas counters (MSGC) and 
similar dev ices. A. O e d , one of the 
inventors, descr ibed the propert ies of 
M S G C s and spoke on new deve lop
ments . LHC exper iments , where 
des igns soon have to be f ixed, are 
mak ing cons iderable efforts to 
unders tand and model the physics of 
M S G C s , an essent ia l part of ongo ing 
detector sys tems. 

A major concern is still t ime stabil i ty 
for high rate operat ion. The results 
on stabil i ty using dif ferent substrate 
mater ia ls, strip mater ia ls and gas 
mixtures show some c o m m o n ten
dency but not all the effects could be 
exp la ined. Controvers ia l d iscuss ions 
fo l lowed some of the presentat ions. It 
w a s fur ther s t ressed that a careful 
choice of mater ia ls in contact wi th the 
gas (boxes, g lue , . . . ) and the monitor
ing of the gas purity using a gas 
chromatograph is essent ia l . S o m e 
groups favour a sl ightly dif ferent 
geomet ry - the so-cal led micro-gap 
chamber (MGC) . Severa l M G C 
prototypes have been built to s tudy 
the propert ies. A M G C coup led to a 
UV photocathode w a s used to bui ld a 
photon detector wi th s ingle e lectron 
response. 

Genera l aspects of t rack ing at high 
intensit ies, including t r igger and 
sof tware, were covered by D. Saxon . 
He pointed out that, especial ly for 
t r iggers, w e are on a fast learning 
curve f rom Z E U S to H E R A - B and to 
LHC. The appeal ing features of 
neural networks for pattern recogni
t ion, for the determinat ion of masses , 
for energy and t rack parameters as 
wel l as for their implementat ion for 
t r iggers were s h o w n by H. Kolanosk i . 

The outs tand ing features of ces ium 
iodide as a secondary e lectron 
emit ter were explo i ted by several 
g roups. Ces ium iodide gaseous 
detectors are used in detectors for 
UV light and fast R ICH detectors to 
detect thermal neutrons and for 
imaging in var ious f ields. 

Requests for cop ies of t ransparen
c ies of individual talks ref lected the 
main interests of part ic ipants. It w a s 
no surpr ise that talks on M S G C s and 
M G C s were the most popular. These 
were c losely fo l lowed by d iamond 
detectors. 

Industry again took an act ive role in 
the conference, but the idea to limit 
the industr ial exhibi t ion to the first 
half of the week w a s wide ly apprec i 
a ted. In genera l contacts wi th indus
try have progressed to a new level , 
especia l ly when v iewing the cha l 
lenge of LHC. Th is chal lenge wil l 
require c lose l inks be tween the 
physics commun i t y and industry to 
provide a corners tone for future 
sys tems. 

The Wi re Chamber Confe rence was 
fo l lowed by a one-day workshop on 
the appl icat ion of gaseous and other 
radiat ion detectors in medic ine and 
biology, o rgan ized by W. Bart l . As 
wel l as s tandard appl icat ions in 
rad iography and posi t ron emiss ion 
tomography , wire chambers are also 
used to s tudy rapid ly-changing X-ray 
images. Th is opens new oppor tun i -
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M a g n e t s 

DIPOLES . QUADRUPOLES . CRYOSTATS • REMOTE H A N D L I N G • D I S M A N T L I N G 

NOELL GmbH is developing 
superconducting twin aperture 
prototype dipoles in cooperat ion 
with CERN for the Large Hadron 
Collider (LHC). These magnets a re 
designed for a nominal current of 
1 2 , 4 0 0 A and a magnetic field of 
8.4 Tesla. They a re at the forefront 
of superconducting magnet techno

logy and break new ground in 
the field of electromechanical 
engineering. All the materials used 
have to withstand the stresses 
arising from mechanical forces 
produced by the high magnetic 
field and from being cooled to 
-271 .3°C (1.8K), and guaran tee 
safe operation at this temperature 
near absolute zero . 

Two superconducting dipoles 
have a l ready been delivered and 
tested. The third dipole is now in 
fabrication and will be delivered 
soon. A press for the curing, colla
ring and welding of LHC dipoles is 
currently being commissioned. The 
1 8 m long press produces a total 
force of 2 7 0 MN. 

NOELL is also involved in 
the developement of components 
for nuclear fusion e.g. for JET, 
Wendelstein VII X, TJ II and TFTR. 

Please contact us for further 
information. 

NOELL G M B H 
Dept. V29 
97064 Wùrzburg 
Germany 
Phone: 09 3 1 / 9 03-13 18 
Fax: 09 3 1 / 9 03-10 16 

A Member of the 
Preussag Group ^^Sfr 
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t ies for phys ic ians and biologists. 
A specia l effort by the organiz ing 

commi t tee ensured a w ide a t tend
ance of scient ists f rom the states of 
the former Soviet Union and f rom the 
countr ies of the eastern parts of 
Centra l Europe, for wh ich V ienna is 
now the entry point to the European 
Union. 

This year the conference again 
broke the record for the number of 
part ic ipants, reaching 300, in spi te of 
the fact that the Internat ional Adv i 
sory Commi t tee had had to reject 
many submi t ted papers, not so much 
because of their qual i ty, but more 
because of l imited progress s ince the 
previous conference. 

Such ' re jected' contr ibut ions never
theless could be presented as 
posters in a specia l open area, now a 
dist inct ive character ist ic of the 
V ienna Conference . In the end , only 
a few appl icat ions had to be wi th
d rawn . 

The organizers were a lso reassured 
by the large number of young sc ien
tists a t tending. Hopeful ly this t rend 

will cont inue for the next meet ing (the 
8 t h ) , to be held in 1998. 

By Manfred Krammer and Meinhard 
Régler 

Although wire chambers are no longer the 
major subject of the Vienna Wire Chamber 
Conference, the central physics objectives, 
such as high performance particle tracking, 
remain the same. This shows the opto
electronics readout system for a tracker based 
on scintillating fibres for the Chorus neutrino 
experiment at CERN. Comprising more than a 
million fibres with a total length of about 2,500 
kilometres, it is claimed to be the largest fibre-
based tracker built so far. For calibration, the 
fibre ribbons are interleaved with 'flappers' -
spacers containing a few fibres - which are 
grouped and coupled to a LED puiser. 

light f r o m 

LED puiser 

Looking hard at the 
electroweak force 

W hile recent exper iments have 
beauti ful ly conf i rmed many of 

the predict ions of the e lec t roweak 
unif icat ion of e lec t romagnet ism and 
the weak nuclear force, s o m e direct 
consequences of the e lec t roweak 
symmet ry involve specia l propert ies 
of the three force carr iers - the 
electr ical ly charged W and neutral Z 
carry ing the weak force and the 
photon of e lec t romagnet ism. These 
specia l propert ies have yet to be 
measured accurate ly . 

In the e lec t roweak picture these 
force carr iers (vector bosons) can 
interact wi th each other. These 
propert ies are 'non-abel ian ' - they are 
dependen t on the order in wh ich they 
are app l ied. [Most operat ions can be 
appl ied in any order, for examp le 
s imple ar i thmet ic: 6x(3+2) = 
(6x3)+(6x2) . These are 'abel ian ' . An 
example of a non-abel ian operator is 
the logar i thm: log(x+y) does not 
equal log(x) + log(y).] 

Summar iz ing the current theoret ical 
and exper imenta l unders tand ing of 
these sel f - interact ions, and d iscuss
ing the prospects of measur ing t hem 
in future exper iments , w a s the 
purpose of the " Internat ional S y m p o 
s ium on Vector Boson Sel f - Interac
t ions" held earl ier this year at UCLA, 
the first meet ing entirely devoted to 
this topic. 

Progress in measur ing the self-
coupl ings of vector bosons has been 
fue led recent ly by the C D F and DO 
Col laborat ions at Fermi lab 's pro ton-
ant iproton coll ider. Using data f rom 
vector boson pair product ion, these 
studies are extract ing informat ion on 
the W W - p h o t o n , W W Z and ZZ-
photon interact ions, as wel l as the 
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magnet ic and electr ic quadrupo le 
momen ts of the W boson . 

At UCLA, Hiro A ihara (Berkeley) 
and Theresa Fuess (Argonne) 
summar i zed the C D F and DO results 
f rom the 1992-93 run. Informat ion on 
potent ial Z Z - g a m m a interact ions can 
also be ga ined f rom single photon 
product ion at C E R N ' s LEP e lect ron-
posi t ron col l ider, as deta i led by Peter 
Maett ig (Bonn) , and f rom rare B 
meson decays , rev iewed by Steve 
Playfer (Syracuse) . 

Theoret ical ly , the product ion of W -
g a m m a and W Z pairs in hadronic 
col l is ions is of specia l interest due to 
zeroes when effects cance l each 
other out. These cor respond to the 
absence of d ipole radiat ion by 
col l id ing part ic les with the s a m e 
charge /mass ratio, and are a sens i 
t ive test of the e lec t roweak picture. 
The theoret ical foundat ions of these 
zeroes were rev iewed by Robert 
Brown (Case Wes te rn ) , whi le T a o 
Han (Davis) d iscussed ideas and 
deve lopments to veri fy the effects 
exper imenta l ly . 

Wider theor ies give more scope for 
dev iat ions f rom the e lec t roweak 
picture. However , if the scale at 
wh ich new phys ics becomes appar
ent is of the order of 1 TeV, as is 
wide ly be l ieved, such deviat ions will 
be much smal ler than current exper i 
menta l l imits. 

Future exper imenta l da ta f rom 
vector boson pair product ion proc
esses, however , are expec ted to 
dramat ical ly improve the present 
l imits. Numer ica l s imulat ions, de
scr ibed by several speakers , indicate 
that new data at the Tevat ron and 
LEP2 will be able to provide a 1 0 % 
measuremen t of the sel f -coupl ings of 
W , Z and photons, whereas C E R N ' s 
LHC proton-proton col l ider and a 
l inear e lect ron-posi t ron col l ider wi th a 
col l is ion energy larger than 500 G e V 

wou ld reach sensit iv i t ies of better 
than 1 % and 0 . 1 % , respect ively. 
Important c ross-checks could a lso 
c o m e f rom H E R A elect ron-proton 
exper iments . 

Whi le probing the sel f - interact ions 
of W and Z bosons may not be the 
best w a y to d iscover new physics, as 
emphas ized by summar ize r Ian 
Hinchl i f fe (LBL) , it const i tutes a very 
important test of the e lec t roweak 
picture. Fur thermore, the exper imen
tal techn iques deve loped to per form 
these precis ion measuremen ts will 
be useful also in the search for the 
higgs boson and for new physics. 

From Ulrich Baur, Steven Errede and 
Thomas Mueller 

Primordial nuclei 

T he recent detect ion of intergalac-
tic hel ium by NASA 's Ast ro-2 

miss ion backs up two earl ier meas 
urements by ESA and the Universi ty 
of Cal i fornia, San Diego, using instru
ments aboard the Hubble Space 
Te lescope . Taken together, these 
results give s t rong ev idence that this 
he l ium is pr imordia l , conf i rming a key 
predict ion of the Big Bang theory. 
The amoun t of hel ium the results 
imply cou ld a lso account for s o m e of 
the Universe 's invisible dark matter -
mater ia l wh ich affects galact ic mot ion 
but is o therwise undetectab le . 

Accord ing to theory, hel ium nuclei 
f o rmed at a round 100 seconds after 
the Big Bang , but the amoun t of 
hel ium depended on even earl ier 
events . Initially, protons turned into 
neut rons wi th the s a m e probabi l i ty 
that neut rons turned into protons. 
But after about one second , the 
Universe had coo led down enough 
for the weak interact ion to f reeze out. 

Neut rons cont inued to decay into the 
sl ightly l ighter protons, whi lst the 
opposi te react ion became much 
more scarce. At a round 100 sec
onds , thermonuc lear fus ion react ions 
could begin , and all the neut rons that 
were left became absorbed into 
hel ium nuclei , leaving the remain ing 
protons locked up in hydrogen. 

The ratio of he l ium to hydrogen w a s 
therefore de termined by events 
occurr ing when the Universe w a s just 
one second o ld . S tandard mode ls of 
pr imordial nuc leosynthes is fix this 
ratio at sl ightly less than 2 5 % by 
mass . All heavier e lements were 
cooked up much later in the stars, 
and amoun t to less than 1 % of the 
Universe 's mass . These predict ions 
have been borne out remarkably wel l 
by observat ion, a l though proof of the 
pr imordial or ig ins of hydrogen and 
hel ium has remained elusive until 
now. Big Bang nuc leosynthes is goes 
on to est imate that pr imordial 
baryonic matter in the fo rm of l ight 
nuclei could account for a round 1 0 % 
of the Universe 's dark matter. 

All th ree recent measuremen ts 
used the same techn ique of looking 
at distant quasars , s o m e of the most 
luminous objects in the Universe, to 
search for the w ispy intergalact ic 
med ium. This w a s first appl ied 30 
years ago by J a m e s P. Gunn and 
Bruce Peterson to look for neutral 
hydrogen. They reasoned that if 
hydrogen ex is ted, it wou ld absorb 
character ist ic wave leng ths of the 
quasar 's spec t rum as the a tom's 
electron moved f rom orbit to orbit, 
remov ing spectral l ines. W h e n their 
search revealed noth ing, it w a s 
postu lated that in the ex t reme heat of 
the ear ly Universe, all the hydrogen 
wou ld have remained ionized, and 
therefore unable to absorb the 
quasar 's light. So the hunt then 
swi tched to he l ium.Whi le this nor-
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mally has two electrons, it cou ld have 
existed in a partial ly ionized state 
wi th just a single e lect ron. 

The first successfu l detect ion of this 
spectral absorpt ion c a m e in January 
1994 when an ESA group looked at 
quasar Q0302-003 using the Hubble 
Space Te lescope 's (HST) Faint 
Object Camera . The number of 
sui table quasars avai lable for Hubb le 
to study is l imited by the inst rument 's 
sensit iv i ty. Such quasars must be 
very distant, and therefore receding 
very fast, g iv ing a high redshift so 
that the quasar 's absorpt ion l ines are 
redshif ted into the range of the 
te lescope. To c o m p o u n d the prob
lem, they must a lso be unobscured 
by intervening galax ies. Quasa r 
Q0302-003 , wi th a redshift of 3.28 

(some 10 bil l ion l ight-years away) , 
appears to be just such an object, 
and the absorpt ion occurs exact ly 
where calculat ions predicted it wou ld . 

W h e n the ESA group 's results were 
first pub l ished, and later backed up 
by the San Diego measurement 
using HST 's Faint Object 
Spect rograph to observe another 
high redshift quasar, they were hai led 
as the first detect ion of the dif fuse 
intergalact ic med ium. But the case 
was not yet proven, s ince simi lar 
absorpt ion could have been caused 
by intergalact ic gas c louds. 

NASA 's Astro-2 measurement in 
March this year chose a nearer 
quasar , HS1700+64 , with a redshift 
of 2.73. This is a much br ighter 
quasar than those used in the two 

prev ious measurements , and so 
prov ided a c learer s ignal . Never the
less, the N A S A result suffers exact ly 
the s a m e d i l emma as ESA's ; is the 
absorpt ion due to gas c louds, or 
does it really c o m e f rom the 
intergalact ic med ium between the 
c louds? 

Accord ing to the Big Bang mode l , 
the more remote the galaxy, or 
equivalent ly , the higher the redshift, 
the more hel ium should be visible (up 
to a certa in l imit), because less of it 
wil l have been mopped up by nas
cent stars. Th is is precisely what the 
comb ined ESA and NASA results 
appear to show. There is still some 
debate about the precise nature of 
this he l ium, however . Could some , 
or even all of the absorpt ion be due 
to c louds of gas obscur ing distant 
quasars , or has the dif fuse 
intergalact ic med ium finally been 
d iscovered? The answer has impor
tant consequences for the amoun t of 
baryonic dark matter locked up 
be tween the galax ies, but ei ther way 
these results represent another 
feather in the cap of the Big Bang 
mode l . 

The Hopkins Ultraviolet Telescope, seen here 
aboard the Space Shuttle Endeavour, provided 
a clear detection of intergalactic helium during 
NASA's Astro-2 mission earlier this year. This 
result, combined with earlier measurements 
made by ESA and the University of California, 
San Diego, brings important evidence for the 
Big Bang origin of the Universe. 

(Photo Johns Hopkins University) 
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The challenge of neutrinos 
by Christine Sutton 

Neutrino pioneers - left to right, Paul Dirac, 
Wolfgang Pauli., Rudolf Peierls. 
(Photo MP Niels Bohr Library) 

Earlier this year, a team of 
physicists working at Los Alamos 
claimed a possible sighting of 
neutrino oscillations (June, page 
13). However even before the 
claim appeared in the scientific 
literature, newspaper reports had 
leaked the possible findings and 
their implications. 

Detecting particles which can 
pass unhindered through the 
Earth provides the ultimate 
physics challenge. Neutrinos 
have always captivated public 
imagination and make compelling 
reading. In the wake of the latest 
neutrino episode, Oxford physi
cist and science writer Christine 
Sutton looks back on the short 
but volatile history of the neutrino 
and its attendant publicity. 

With the availability of high 
energy neutrino beams in the 
1970s, physicists eagerly 
scoured each new batch of data 
for signs of exciting new physics. 
But few initial 'sightings' proved 
to be of substance. One of the 
major problems faced by such 
experiments, lies with neutrons 
produced outside the apparatus, 
either by beam particles or by 
cosmic rays. 

Further reading: Spaceship 
Neutrino, by Christine Sutton, 
Cambridge University Press, 
1992, ISBN 0-521-36404-3 (he), 
0-521-36703-3 (pb). 

Neutr inos", Maur ice Go ldhaber 
once remarked , "are remark

able part ic les: they induce courage in 
theoret ic ians and perseverance in 
exper imenters" . They are also no 

s t rangers to cont roversy, for they 
were in a sense born amidst it, and 
as recent work on neutr ino osci l la
t ions demons t ra tes they cont inue to 
fuel debate . Th is is of course largely 
to do wi th the fact that neutr inos have 
no electr ic charge and exper ience 
only the weak nuclear force, mak ing 
them supremely diff icult to detect . 

The debates sur round ing neutr inos 
began in the first decades of the 20th 
century, before the part ic le had even 
been thought of. Studies p ioneered 
by Lise Mei tner and Ot to Hahn 
sugges ted that the e lect rons emi t ted 
in beta-decay emerged with d iscrete 
energ ies. In these exper iments a 
spect rometer bent the e lect rons ac
cord ing to their energy, and a photo
graphic plate detected the e lectrons 
emerg ing through a movab le slit, so 
y ie ld ing " l ines" at var ious energ ies. 
But w h e n J a m e s Chadwick used a 
point counter instead of a photo
graphic plate, he could not f ind "the 
ghost of a l ine". Instead, he con 
v inced himself that the energy of the 

beta-decay e lect rons var ies cont inu
ously up to a m a x i m u m , with peaks 
("lines") at only a few energ ies. A n d 
he w a s able to expla in how the 
photographic techn ique could " fake" 
l ines through its great sensit iv i ty to 
smal l changes in intensity. 

The First Wor ld W a r interrupted 
these invest igat ions, but a f terwards 
a rguments be tween a cont inuous 
energy spec t rum and discrete l ines 
cont inued until 1927, w h e n Char les 
D r u m m o n d Ellis and Wi l l iam Woos te r 
at Cambr idge publ ished results f rom 
a def ini t ive exper iment in wh ich they 
measured the total e lectron energy in 
a s ingle decay process. If the elec
t rons a lways star ted out with the 
s a m e energy but lost vary ing 
amoun ts in subsid iary processes to 
give many l ines, as Mei tner be l ieved, 
then the result wou ld equal the 
m a x i m u m at the end of the spec t rum. 
However Ellis and Woos te r meas 
ured an energy equal to the average 
energy of the spec t rum, so conf i rm
ing that the e lect rons star ted out wi th 

36 CERN Courier, September 1995 



Photodetector Packages that Solve Low 
Light Level Detection Problems 

THORN EMI Electron Tubes, an ISO 9001 registered company, has introduced a 
range of ready-to-use photodetector packages. A typical package comprises a 
photomultiplier tube, high voltage power supply, voltage divider network and signal 
processing electronics, all encapsulated in a compact housing. 
The benefits of the package approach to OEM and volume users include optimized 
performance, lower manufacturing costs and reduced inventories. 
Photodetector packages are already finding use in laser spectroscopy, bio/chemi/ 
thermo luminescence, scintillation counting and high energy physics applications. 
The packages can be custom made to suit your application. 
Contact us for all your light detection needs. 

THORN EMI Electron Tubes, 
Bury Street, Ruislip, Middlesex HA4 7TA, England. 
Tel.: +44 (0) 1895 630771 Fax: +44 (0) 1895 635953, 
e-mail: pmtpack@ electron-tubes.co.uk 

Electron Tubes Inc., 
100 Forge Way, Unit F. Rockaway 07866 NJ, USA. 
Tel.: (800) 521 8382 Fax: (201) 586 9771, e-mail: phototubes@aol.com 
Visit us at Photonex '95 exhibition, stand A24, Kettering, England. 

HIGH VOLTAGE RELAYS 1KV TO 300KV 

Air insulated types for isolating, loads 
& tap select ions; safety d ischarge & 
g round ing to help mee t OSHA & other 
safety regulat ions. Ratings f r o m TMA 
to 200 a m p s cont inuous, to 100,000 
a m p s capac i tor d ischarge. Peak test 
vo l tages f r o m 5 to 300KV. Single or 
mult ipole. Auxi l iary contac ts opt ional 
on all types. Latching, ex tended life 
and tungs ten contacts available for 
high cur rent c los ing. Air p ressure ac
tuat ion available. Also usable in oil or 
insulat ing gas wi th increased rat ings. 

HV WIDE BAND PROBES 1KV - 900KV 

These stable high vol tage Probe Sys
t e m s f r o m Ross Engineer ing Corpora 
tion incorporate 1 K V - 3 0 0 K V P K H V w i d e 
band DC-10MHz p robes and digital m e 
ters. Wi th outputs for osc i l loscopes and 
recorders together these two p roduc ts 
prov ide accura te m e a s u r e m e n t and 
output for display of vol tage, wave or 
pulse shape. The Ross HV insulated 
col lapsible handles comp le te the hand
held m o d e l VMP Probe sys tem to insure 
proper personne l c learance accord ing 
to OSHA recommenda t i ons . 

HIGH VOLTAGE PROBES 
FOR 

OS>( I L L O S r O P c S 
DIGITAL METERS 
R E C O T D t R S 

P r o d u c t s a v a i l a b l e f r o m R o s s E n g i n e e r i n g C o r p o r a t i o n 
i n c l u d e : H.v. RELAYS , H.v. DIVIDERS & P R O B E S , ANALOG FIBER 
OPTIC TRANSMISSION S Y S T E M S DC TO 10MHz, HIGH CURRENT, 
H.V. S W I T C H E S , H.V. ROTARY SWITCHES, H.V. CIRCUIT BREAKERS, 
H.V. C O N T A C T O R S , H.V P O W E R LINE V O L T M E T E R S , H.V. DIGITAL 
MULTIMETERS, A D J U S T A B L E S P A R K G A P S . H.V. S A F E T Y DE
V I C E S . INDUSTRIAL AND MILITARY A P P L I C A T I O N S . 
Ross Engineering Corporation. 540 Westchester Dr. 

Campbel l , CA 95008. Ph:(408) 377-4621 - Fax:(408) 377-5182 

T H E M A N Y F A C E S O F P R I N T I N G 

L a n n o o has b e e n p r i n t i n g s ince 1 9 0 9 - m o r e t h a n 80 years of craf ts

m a n s h i p , e x p e r i e n c e and d y n a m i s m . 

L a n n o o P r i n t e r s is a fully i n t e g r a t e d c o m p a n y w i t h its o w n s t u d i o , 

p r e - p r e s s d e p a r t m e n t , p r i n t s h o p , b i n d e r y 

and d i s t r i b u t i o n o r g a n i s a t i o n . 

W e spec ia l ize in qua l i ty p r i n t i n g o f b o o k s , b r o c h u r e s , 

a n n u a l r e p o r t s , g r e e t i n g c a r d s , c a l enda r s a n d m a g a z i n e s , 

170 p ro fes s iona l s w i t h a pa s s ion for qua l i t y 

and n e v e r - e n d i n g c o n c e r n for c u s t o m e r r e q u i r e m e n t s are r eady 

t o answer y o u r specific q u e s t i o n s . 

l a n n o o 
L A N N O O P R I N T E R S • K A S T E E L S T R A A T 9 7 • 8 7 0 0 T I E L T • B E L G I U M • T E L . 32 5 1 / 4 2 4 2 11 • F A X 32 5 1 / 4 0 70 70 

CERN Courier, September 1995 37 

http://co.uk
mailto:phototubes@aol.com


T h e c h a l l e n g e o f n e u t r i n o s 

In 1953 Clyde Cowan and Fred Reines used a 
newly invented supply of copious numbers of 
neutrinos - a nuclear reactor - in the 'Project 
Poltergeist' experiment. This provided the first 
experimental evidence for interactions from a 
neutrino source. 
(Photo Los Alamos) 

a range of energ ies. 
But this raised a new prob lem. If the 

electron shares the decay energy 
with the nuc leus, this " two-body" 
process shou ld a lways yield elec
t rons of the s a m e energy - prov ided 
that energy and m o m e n t u m are 
conserved . No less a physicist than 
Niels Bohr sugges ted that these 
cher ished laws of physics might wel l 
break down within the conf ines of the 
nuc leus, but Wo l fgang Pauli wou ld 
have none of this. He sugges ted 
instead that an invisible third party 
was involved - the part icle Enr ico 
Fermi later dubbed the neutr ino, or 
"little neutral one" . In his f amous 
letter of 4 December 1930 to Mei tner 
and f r iends, in wh ich he proposed the 
idea of the neutr ino, Paul i said "For 
the t ime being I dare not publ ish 
anyth ing ... and address myself 
conf ident ia l ly first to you He 
remained caut ious, and a l though he 
presented the ideas at a meet ing in 
Pasadena in Ju ly 1 9 3 1 , he did not 
have his talk pr inted. However 
( interest ingly enough , in the light of 
more recent debates) a report did 
appear in the New York Times. 

Pauli real ized that his part icle wou ld 
be difficult to detect , and in 1934 
Hans Bethe and Rudolf Peierls 
ca lcu lated an interact ion cross-
sect ion of less than 10~ 4 4 c m 2 , sug 
gest ing that " there is no pract ical ly 
possib le way of observ ing the neu
tr ino". But as Peierls c o m m e n t e d 50 
years later, they were not a l lowing for 
"the ex is tence of nuclear reactors (or 
part icle accelerators) produc ing 
neutr inos in vast quant i t ies" or for 
"the ingenui ty of exper imental is ts" . 

A lmost any other part icle imagina
ble is easier to detect than the 
neutr ino. Being uncharged, it leaves 
no t racks in a detector such as a 
bubble chamber ; and unl ike the 
neutron it does not feel the s t rong 

nuclear force, so the probabi l i ty for 
interact ions is typical ly 20 orders of 
magn i tude smal ler . But anyth ing that 
is c reated can in pr inciple be de
tec ted. "Obviously" , as Leon 
Lederman has wr i t ten, "a part icle that 
reacted wi th nothing cou ld never be 
detec ted. It wou ld be a f ict ion. The 
neutr ino is just barely a fact." 

To be sure of detect ing even a few 
neutr ino interact ions you need as 
many neutr inos as possib le and as 
large a detector as possib le. But you 
also need to unders tand complete ly 
the backgrounds - the processes due 
to other part ic les that mimic the 
signal you expect for the neutr ino. 
Undoubted ly , in all cases where 
results in neutr ino exper iments 
d isagree wi th each other or do not 
s tand the test of t ime, it is because 
the backgrounds have not been 
proper ly unders tood. 

In their first a t tempt to detect the 
neutr ino in 1953 Clyde C o w a n and 
Fred Reines used a newly invented 
supply of cop ious numbers of neutr i 

nos - a nuclear reactor - together with 
what w a s then a large detector wi th 
300 litres of l iquid scinti l lator. At first 
it s e e m e d that the rate for the neu
tr ino signal w a s as high when the 
reactor was off as when it was on . 
But then they real ized that they had 
the hint of a s ignal above a back
ground f ive t imes greater. Later 
s tudies, with the detector under
g round, showed that the background 
was due mainly to cosmic rays. So 
C o w a n and Reines wen t to a more 
powerfu l reactor and built an im
proved detector to reduce the back
g round . Here they found counts of 
typical ly 1.6 per hour wi th the reactor 
on , and 0.4 w h e n it w a s off - and they 
dec lared the neutr ino d iscovered. 

Cosmic rays are a major prob lem 
with neutr ino exper iments , in part icu
lar because they give rise to neut rons 
outs ide the apparatus , wh ich then 
look like neutr inos when they interact 
inside the detector. Neutron back
grounds p layed a major role in the 
efforts to unders tand neutr ino inter-
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act ions in the bubble chamber 
Gargamel le , wh ich revealed "neutral 
currents" at C E R N in 1973. Th is 
d iscovery proved to be a keys tone in 
the deve lopment of the present 
S tandard Model of part icle interac
t ions, but for a whi le it too became 
the centre of controversy. 

The main diff icult ies arose wi th the 
classi f icat ion of events in wh ich a 
spray of hadrons (protons, p ions etc) 
appeared as if f rom nowhere and 
were not assoc ia ted wi th an identi f i 
able muon . Whi le these cou ld be 
neutral current events due to neutr i 
nos, they could also be due to 
neutrons, and the onus w a s on the 
Gargamel le team to show that they 
fully unders tood the ways in wh ich 
neutrons could enter the detector 
f rom the surrounding mater ia l . 

The team was put under addi t ional 
pressure when conf l ict ing s ignals 
c a m e f rom the H P W F (Harvard , 
Pennsy lvan ia , Wiscons in , Fermi lab) 
neutr ino exper iment at Fermi lab. 
A l though the prel iminary results f rom 
H P W F suppor ted Gargamel le ' s 
f indings of hadronic neutral currents , 
" improvements" to the H P W F detec
tor, led to the conc lus ion that the 
neutral currents were not there after 
al l , as the events now s e e m e d to 
include muons , indicat ive of cha rged 
currents. Th is "un-d iscovery" caused 
great concern at C E R N outs ide the 
Gargamel le co l laborat ion, but in the 
end it was the H P W F team w h o 
real ized that the muons were not in 
fact muons at al l , but hadrons that 
had managed to "punch th rough" a 
reduced shield into the muon-de tec-
t ion apparatus. 

The fo l lowing decade began wi th 
more exc i tement when in 1980 two 
exper iments sugges ted that the 
neutr ino might have a smal l but f inite 
mass . In Moscow, Valent in Lyub imov 
and co l leagues were using a 

spect rometer to measure precisely 
the high energy end of the spec t rum 
of e lectrons f rom beta decay. The 
shape here depends crit ically on 
whether the neutr inos that share the 
energy wi th the electrons have any 
rest -mass energy. Lyub imov and 
co l leagues c la imed to have ev idence 
for a mass be tween 14 and 46 eV -
an exci t ing prospect as it impl ied that 
neutr inos f rom the big bang might 
together have suff icient mass eventu
ally to halt the expans ion of the 
Universe! 

Meanwhi le , across the wor ld in 
Cal i fornia, Fred Reines c la imed 
ev idence of a different kind for 
neutr ino mass (which again made the 
newspapers before publ icat ion in the 
scienti f ic l i terature). In s tudy ing 
neutr inos f rom the Savannah River 
reactor, Reines and co l leagues 
bel ieved they had detected a smal ler 
ratio be tween charged current and 
neutral current events than theory 
predic ted. Th is suggested that the 
e lect ron-neutr inos emit ted by the 
reactor might have changed to muon -
neutr inos wh ich wou ld not take part 
in the charged-current events de

tected in the exper iment . To osci l late 
in this way, the two types of neutr ino 
wou ld have to differ sl ightly in mass , 
imply ing in turn that at least one type 
must have a f inite mass . 

Nei ther of these exper iments turned 
out to s tand the test of t ime. Nor did 
the exc i tement genera ted several 
years later by suggest ions of a neu
tr ino wi th a mass of 17 keV, again in 
an exper iment using a spect rometer 
to measure the energy spect rum of 
beta-decay. In this case, Andrew 
Hime and his co l leagues real ized 
eventual ly that scat ter ing effects 
were fak ing the appearance of this 
mass ive neutr ino in several exper i 
ments . 

So in a sense , the story comes full 
c ircle, echo ing the early prob lems 
that Hahn and Mei tner faced. But the 
important point to remember is that 
none of the "wrong" results wi th 
neutr inos is a was te of t ime. They 
inspire theoret ical work that may 
eventual ly lead to new insights and 
even new d iscover ies. Indeed, this is 
the w a y that any scienti f ic research 
works , wi th many wrong turns on the 
route to a proper unders tand ing. 

Leon Lederman - "a particle that reacted with 
nothing could never be detected, it would be a 
fiction. The neutrino is just barely a fact." 
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Preparing the Gargamelle bubble chamber at 
CERN in 1969. In 1973 the chamber took the 
first historic photographs of neutral current 
interactions. 
(Photo CERN 409.9.69) 

Neutrino book 

Gargamelle and Neutral Currents -
The Story of a Vital Discovery 
by André Rousset 

André Rousset 's book (in French -
Gargamelle et les Courants Neutres -
Ecole des Mines de Paris) tel ls the 
story of Gargamel le and the d iscov
ery at C E R N in 1973 of neutral 
currents, the corners tone of the 
e lec t roweak theory. Th is vital d iscov
ery helped to give c redence to the 
Standard Model of part icle physics. 

Rousset is both an observer and 
one of the key f igures in the story. 
His book is l ively and wel l docu 
mented ; in it he uses archive mater ial 
to ensure the accuracy of his infor
mat ion on dates, cho ices and dec i 
s ions. 

After an introduct ion to part icle 
physics wh ich puts into perspect ive 
the e lec t roweak theory unifying weak 
and e lect romagnet ic interact ions, 
Rousset comes straight to the point. 
From the late 1950s onwards he was 
involved in the construct ion of the 
first heavy l iquid bubble chambers by 
the B P 1 , BP2 and BP3 teams at the 
Ecole Poly technique in Paris. For 
Gargamel le a bigger laboratory was 
needed , and it was at the C E A 
(French Atomic Energy Commiss ion) 
in Sac lay that the chamber w a s 
des igned by teams f rom the Saturne 
accelerator and the Ecole Poly tech
nique. However , the decis ion to bui ld 
Gargamel le w a s taken in 1965 
through the impetus of André Lagarr i -
gue, in def iance of the normal C E R N 
procedures. Gargamel le was then in 
compet i t ion wi th the other big bubble 
chamber project, B E B C ; was it really 
necessary to build two big c h a m 
bers? The decis ion by Francis Perr in 
and the C E A to contr ibute "gener

ously" to the project w a s probably 
what swung the dec is ion. 

Const ruct ion took f ive years , dur ing 
wh ich many prob lems were encoun
tered, right up to the fault in the main 
part of the chamber wh ich caused 
delays and , a few years later, w a s to 
prove fatal to the detector. As 
Rousset correct ly s tates, Gargamel le 
was probably the first big detector 
des igned to be built on industr ial 
l ines, in direct cooperat ion wi th 
industry. The reward: the first neu
tr ino interact ion was pho tographed 
on 28 January 1 9 7 1 . 

Whi le it was clear that neutr ino 
physics was Gargamel le 's main goal 
f rom the start, it was not obv ious to 
all the physic ists in the col laborat ion 
once the detector had been built that 
the pr imary object ive w a s research 
into neutral currents. Rousset points 
out that the key role p layed by 
neutral currents in e lec t roweak 
unif icat ion did not c o m e to the fore 
until 1 9 7 1 , w h e n Gargamel le went 
into operat ion. Here, he emphas ises 

in an interest ing manner the theo
rists' "green light", g iv ing the go-
ahead to the exper imenta l is ts . In fact, 
the European col laborat ion (Aachen, 
Brussels , C E R N , Ecole Poly techni 
que, Mi lan, Orsay, UC London) was 
d iv ided be tween a s tudy of the quark-
parton mode l , research into the 
intermediate boson. . . and research 
into neutral currents. 

Gargamel le 's first da ta were taken 
at the C E R N PS (the S P S not yet 
being in operat ion) , and the average 
energy of the neutr inos was only a 
few GeV. In a muon-neut r ino interac
t ion, ei ther there is a muon a m o n g 
the f inal part ic les and it is sa id that 
there is a W exchange interact ion 
(charged current) , or there is a muon 
neutr ino in the f inal state and there is 
a Z exchange interact ion (neutral 
current) . Nei ther the W nor the Z 
part ic les were known in 1972 and 
one of Gargamel le 's goals w a s 
precisely the identi f icat ion of the W 
part icle (an impossib le task, as we 
now know, s ince the PS did not 
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produce the required energy) . 

The first neutral current event w a s 

identi f ied in ear ly 1973 in Aachen . 

This was a leptonic neutral current, 

where a muon neutr ino scat ters off 

an e lect ron, wh ich crosses the 

chamber in a very specif ic way. 

However , André Rousset somewha t 

d isregards leptonic neutral currents, 

to wh ich he cons iders history has 

paid too much at tent ion. May we be 

a l lowed to d isagree, s ince the beauty 

of the picture is undeniab le? 

Wi th perspicui ty, Rousset expands 

on research into hadronic neutral 

currents, where the f inal state c o m 

prises an escap ing neutr ino and 

hadrons. The diff iculty is in separat

ing such an interact ion f rom that 

wh ich could be p roduced by the 

interact ion of a neutron f rom the 

immedia te chamber sur round ings. 

Rousset g ives a descr ipt ive and 

detai led account of this compl ica ted 

and painstak ing work, wi thout losing 

sight of the main points. 

The first half of 1973 w a s highly 

emot ional ly charged for the co l labo

rat ion, wh ich took t ime to unders tand 

the data and f inal ize its ana lyses. 

The socio logical aspect of the co l 

laborat ion was also examined . The 

announcemen t of the d iscovery was 

f inally made by Paul Musset at 

C E R N on 19 July 1973 and the two 

papers were publ ished in Physics 

Letters on 3 September . Musset had 

been the central f igure dur ing the 

construct ion per iod and had p layed a 

coord inat ing role in the analys is 

work. 

André Rousset does not over look 

the compet i t ion : at Fermi lab, in the 

Uni ted States, the ' H P W F ' co l labora

t ion p laced its 60 tonne neutr ino 

detector a longs ide the new 400 GeV 

accelerator , wh ich went into opera

t ion in 1972. The neutr ino energy 

was several tens of G e V and a priori 

it was easier to di f ferent iate neutron 

interact ions, the great neutral current 

s imulators , f rom neutr ino interac

t ions. However , the detector w a s not 

easy to unders tand either. The 

H P W F ' s first results c a m e hot on the 

heels of the Gargamel le announce

ment . There were fewer neutral 

currents, wh ich d isappeared al to

gether a few w e e k s la ter . . . only to 

reappear at the beg inn ing of 1974. 

Th is ep isode of "a l ternat ing" neutral 

currents worr ied. . . or kept the c o m 

muni ty enter ta ined, for several 

months . 

It w a s at the London Confe rence in 

July 1974 that the ex is tence of 

neutral currents was conclus ive ly 

estab l ished and accepted by the 

scienti f ic communi ty . Even today 

Rousset asks whether neutral cur

rents had really been observed . Th is 

quest ion , wh ich is to his credit as a 

scrupu lous physicist , may seem 

surpr is ing; however , there was 

clearly no choice at the t ime: neutral 

currents had been predic ted, even 

expec ted , by theory, and were by far 

the most s imple interpretat ion of 

Gargamel le 's results. 

There are few reservat ions about 

Rousset 's work. The book conta ins a 

few minor but un impor tant errors (the 

chlor ine solar neutr ino detector w a s 

built in South Dakota and not Utah) . 

A little more informat ion on the 

d iscuss ion sur rounding the possib le 

ex is tence of neutral currents in the 

smal l chambers before Gargamel le 

wou ld have been we lcome, and a 

compar ison of Gargamel le 's results 

with the present parameter va lues 

wou ld have prov ided a useful per

spect ive. Fur thermore, it is perhaps 

regret table that Rousset does not 

a lways adopt the necessary de tach

ment , part icular ly when referr ing to 

the rival exper iment in the Uni ted 

States at Fermi lab (HPWF) , but is 

that really to be expec ted f rom such 

an enthusiast ic and ardent observer / 

part ic ipant? 

In conc lus ion , one may be sorry, 

like Rousset , that this important 

d iscovery was not rewarded by a 

Nobel Prize. Th is can probably be 

ascr ibed to the early death of André 

Lagarr igue, the father of Gargamel le , 

in 1974, fo l lowed by the death of 

Paul Musset in an acc ident in 1985. 

The col lect ive scienti f ic venture 

wh ich led to the d iscovery of neutral 

currents is a wonder fu l story, to 

wh ich André Rousset makes a very 

important contr ibut ion. Supp lemented 

by Peter Gal ison 's art icle ("How the 

first neutral current exper iments 

ended" , Rev iew of Modern Physics 

55 (1983) 477) , it will make a fasc i 

nat ing read (in French) for all those 

w h o wan t to know the detai ls of this 

f amous chapter in the history of 

con temporary physics. 

By Michel Spiro 

(Michel Spiro, Michel Cribier and 

Daniel Vigaud are the authors of a 

new book ta lumière des neutrinos', 

published by Editions du Seuil, Paris. 

A review of this book will appear in a 

forthcoming issue.) 
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Viewpoint 

Expecting the 
unexpected 

A t the biennial 'Rochester' interna-
/ttional conference on high energy 
physics, held last year in Glasgow, 
Don Perkins of Oxford was in fine 
form when he gave the address at 
the conference dinner. For those who 
did not attend the conference, or for 
those (like the Editor of the CERN 
Courier) who attended the Confer
ence but did not attend the dinner, 
the proceedings (including the full 
text of Perkins' speech, of which 
extracts are included here) are 
published as two volumes by the UK 
Institute of Physics Publishing (ISBN 
0-7503-0125-2). 

These proceedings are dedicated to 
the memory of Robert Marshak, who 
founded the Rochester meeting 
tradition in 1950 and who died in 
1992. 

A highl ight of the G lasgow meet ing 
had been the ev idence f rom the C D F 
exper iment at Fermi lab 's Teva t ron 
proton-ant iproton col l ider for the 
long-awai ted sixth ('top') quark. At 
G lasgow, C D F did not c la im that the 
top had been d iscovered. More 
modest ly , they c la imed that 'ev idence 
compat ib le with the ex is tence of the 
top quark ' had been found . The 
defini t ive news of the top d iscovery 
had to await more data and w a s 
announced by C D F and the c o m p a n 
ion DO Tevat ron exper iment earl ier 
this year (Apr i l /May issue, page 1). 
Tak ing a more posit ive approach 
towards the 1994 top quark ev i 
dence , Perkins said 'Let me take the 
opportuni ty of congratu lat ing our 
Amer ican co l leagues on mainta in ing 
their unbroken record of d iscover ing 
all the fundamenta l fe rmions (apart 

f rom the electron in 1897). The list is 
impress ive: the posi tron in 1933, the 
mesot ron (now the muon) in 1937, 
the electron neutr ino in 1956, the 
muon neutr ino in 1962, the tau lepton 
in 1975, the u, d, and s quark sub
structure in the mid- and late 60s, the 
c-quark in 1974, the b-quark in 1977 
and f inal ly the t-quark. A truly m a g 
nif icent record. ' 

Wi th the long-awai ted top quark 
p resumably in the bag, Perkins then 
turned to another long-awai ted 
part icle, the higgs, al legedly the 
origin of symmet ry breaking in the 
comb ined e lect roweak picture of 
e lec t romagnet ism and the weak 
nuclear force. 

'Even physic ists have taken the 
higgs so ser iously as to l iken the hunt 
for it to the search for the Holy Grai l . 
Th is cou ld be an unfortunate ana l 
ogy, s ince the Holy Grai l was sup
posed to be someth ing one could 
search for, but was dest ined never to 
f ind. In the past, such searches have 
somet imes led into wrong paths. 
W h e n I star ted research some 47 
years ago, the Holy Grail was the 
Y u k a w a quan tum al legedly responsi 
ble for the shor t - range nuclear force. 
The story was that, if one could only 
f ind this part icle, the secrets of 
nuclear forces wou ld be revealed 
(simplist ic perhaps, but people are 
equal ly naive today, c la iming that w e 
need to f ind the higgs to d iscover ' the 
secrets of mass ' - whatever that 
means) . 

In 1947, Powel l and his group at 
Bristol d iscovered a particle they 
chr is tened the p ion, which seemed to 
have all the right propert ies. Eureka! 
Today , 47 years older and wiser, the 
nuc leon-nuc leon potential is de
scr ibed by compl ica ted formulae wi th 
several te rms and arbitrary coeff i 
c ients. The exact form depends on 
where you are (there is a Paris 

Don Perkins - keep one's eyes open for the 
strange and unexpected 

potent ia l , a Bonn potent ia l , etc). In 
short it's a mess , as it should be, as 
protons and neutrons are messy 
objects. Nor is the pion fundamenta l , 
but just the l ightest quark-ant iquark 
molecu le . On the other hand no-one 
in those days knew what to do with 
the muon . Now we know that the 
muon is fundamenta l and p resum
ably was a star player in the first 
m ic rosecond or so of the Big Bang. 

In 1947, not only were we gett ing 
the wrong answers , but not even 
ask ing the right quest ions. But it d id 
not matter. Belief in the fundamenta l 
nature of p ions and st range part ic les 
led to the great era of accelerator 
bui ld ing and to higher energ ies and 
eventual ly to quarks . 

Aga in early Grand Unif ied Theory 
mode ls in the 70s predicted 
monopo les and proton decay at an 
access ib le level : neither were found , 
but instead, underground detectors 
recorded the 1987 supernova burst. 
The lesson of all this is that our 
predict ions are f requent ly wrong , in 
fact one f inds someth ing very differ
ent f rom wha t was expec ted , and 
even better! That is what makes 
part icle phys ics exci t ing: Nature is full 
of surpr ises. 

A detector that will only tr igger on 
the higgs may wel l f ind noth ing, so it 
is important to have general purpose 
detectors wi th the loosest possib le 
t r iggers, and keep one 's eyes open 
for the s t range and unexpected. ' 
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Bookshelf 

The Particle Garden, by Gordon 
Kane: Addison Wesley, ISBN 0-201-
40780-9 

'Our universe as unders tood by 
part icle physic ists ' is the subsid iary 
title of Gordon Kane 's attract ive new 
book. In sett ing out to present a 
ba lanced picture of part icle physics, 
Professor Kane has wri t ten the sort 
of book which could easi ly mot ivate a 
young student to turn to part icle 
physics research. (The author relates 
how he was turned on by reading a 
book about Einstein.) 

In expla in ing part icle physics 
w i sdom, especial ly instruct ive is the 
dist inct ion d rawn in the book be
tween 'Descr ipt ive Unders tand ing ' , 
' Input and Mechan ism Unders tand
ing' and 'Why Unders tand ing ' . The 
ana logy uses a v idéocasset te re
corder (VCR) : Descr ipt ive Under
s tanding cor responds to being able 
to work and handle a V C R wh ich did 
not c o m e with the appropr ia te docu
mentat ion; Input and Mechan ism 
Unders tand ing means the abil i ty to 
fix the V C R unaided if it goes w rong ; 
and W h y Unders tand ing confers the 
abil i ty to invent a V C R and make 
one. 

The book a lso rues the unfor tunate 
d isappearance of the US Supercon
duct ing Supercol l ider megapro ject . 

An Introduction to Cosmology, by 
Jeremy Bernstein: Prentice Hall, 
ISBN 0-13-110504-3 

Professor Bernste in is a successfu l 
physicist and sc ience writer, and 'An 
Introduct ion to Cosmology ' benef i ts 
f rom both these skil ls. It is both a 
tex tbook and a good read. The 
author expla ins that the book arose 
f rom a course he gave at the Stevens 
Institute of Cosmology . T e a c h i n g this 

course was one of the most p leasant 
tasks I have had as a professor, ' he 
admi ts in the int roduct ion. It shows. 
The physics a rguments are wel l 
const ruc ted, and the book is packed 
with anecdotes . The introduct ion is 
especial ly good , and a more general 
overv iew in Part 1, a l though very 
qual i tat ive, in t roduces many very 
useful numer ica l ideas wh ich help 
place terrestr ial physics in a more 
humble context . 

Fritz London: a scientific biography, 
by Kostas Gavroglu: Cambridge 
University Press, ISBN 0 521 43273 1 

Fritz London died in 1954 at the age 
of 54 . For thirty years he had made 
mi lestone contr ibut ions to theoret ical 
physics and chemist ry . As a student , 
London had exp lored the front ier 
be tween phi losophy and physics -
ferti le g round with the diff icult ies of 
interpret ing the new quan tum me
chanics. After work under Sommer -
feld in Mun ich , he moved in 1927 to 
Zur ich to work with Wal ter Heit ler, 
deve lop ing the famous quan tum 
theory of molecular bonds. After a 
per iod in Berl in with Schrôdinger , he 
f led Ge rmany for Ox ford , where wi th 
his brother Heinz he proposed the 
first phenomeno log ica l picture of 
superconduct iv i ty . From Oxford he 
moved to Paris, where he tu rned his 
at tent ion to the compan ion prob lem 
of superf luidi ty. These pictures were 
inf luential in the deve lopment of the 
ul t imate quan tum descr ipt ions, as 
acknowledged in an 'af terword ' to the 
book by John Bardeen. 

This is an informat ive book about 
an influential scient ist, whose per ipa
tetic career produces some start l ing 
reading jolts such as 'Von Laue knew 
London f rom Berl in ' , and 'In 1936 
London moved to Paris ' . 
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People 
and things 

Jean-Pierre Gourber will be Leader of the Miguel Virasoro becomes Director of the 
CERN's new LHC Division for three years from International Centre for Theoretical Physics 
1 January 1996. (ICTP), Trieste. 

CERN elections and appointments 

A t its meeting on 23 June, 
x i CERN's governing body, the 
Council, decided to create an LHC 
Division as from 1 January 1996. The 
LHC Division will focus on the core 
activities related to the construction 
of the machine, namely supercon
ducting magnets, cryogenics and 
vacuum together with supporting 
activities. Jean-Pierre Gourber was 
appointed Leader of the new LHC 
Division for three years from 1 
January 1996. 

Council also appointed Bo Angerth 
as Leader of Personnel Division for 
three years from 1 January 1996, 
succeeding Willem Middelkoop. Jiri 
Niederle (Czech Republic) was 
elected Vice-President of Council for 
one year from 1 July 1995. 

ICTP Trieste Director 

Distinguished theorist Miguel 
Virasoro becomes Director of the 
International Centre for Theoretical 
Physics (ICTP), Trieste, succeeding 
founding Director Abdus Salam, who 
continues to act as the Centre's 
President. 

Born in Buenos Aires, Virasoro has 
worked in many countries during his 
career, and comes to ICTP from La 
Sapienza, Rome, where he has 
worked since 1982. He was in 
CERN's Theory Division from 1979-
80, returning after a short summer 
break to stay until 1983. In elemen
tary particles, he is acknowledged as 
one of the founders of string theory. 
He has also studied complex sys
tems, statistical mechanics and 
neural networks. 

EPS Prizes 

The prestigious High Energy and 
Particle Physics Prize of the Euro
pean Physical Society for 1995 goes 
to Paul Sôding, Bjorn Wiik and 
Gunter Wolf of DESY and Sau Lan 
Wu of Wisconsin for their milestone 
work in providing 'first evidence for 
three-jet events in electron-positron 
collisions at PETRA' (DESY's elec
tron-positron collider). 

At DESY, Bjorn Wiik is now Chair
man of the DESY Board of Directors, 
Paul Sôding has special responsibil
ity for the high energy physics 
institute atZeuthen, Berlin, and 
Gunter Wolf is formerly spokesman 
of the ZEUS experiment at DESY's 
HERA electron-proton collider. 
He is also Chairman of CERN's 
Scientific Policy Committee. Sau Lan 
Wu is a member of the Aleph col
laboration at CERN's LEP electron-
positron collider. Their work, which 
was done in 1979 when all four were 
members of the TASSO collabora

tion, demonstrated that the gluons of 
the strong interactions were a physi
cal reality. 

The existence of such three-jet 
events in electron-positron collisions 
had been predicted in a pioneer 
CERN Theory Division paper by John 
Ellis, Mary K. Gaillard and Graham 
Ross. 

There has always been keen rivalry 
between the four 1979 PETRA colla
borations - JADE, MARK-J, PLUTO 
and TASSO. In recognition of this, 
and in an unprecedented move, the 
EPS Executive Committee has awar
ded a special complementary prize to 
the four collaborations 'for establish
ing the existence of the gluon in inde
pendent and simultaneous ways'. 

Also playing major roles in the 1979 
accomplishments were Herwig 
Schopper, Chairman of the DESY 
Board of Directors at the time, and 
PETRA project leader Gustav-Adolf 
Voss, who ensured that such an 
excellent machine was built on 
schedule and within the allocated 
budget. 

46 CERN Courier, September 1995 



P e o p l e a n d t h i n g s 

Gunter Wolf (right) of DESY (currently 
Chairman of CERN's Scientific Policy Commit
tee) and Sau Lan Wu of Wisconsin (currently a 
member of the Aleph collaboration at CERN's 
LEP electron-positron collider), share, with 
Paul Sôding and Bjorn Wiik, also of DESY, the 
prestigious 1995 High Energy and Particle 
Physics Prize of the European Physical 
Society for their 1979 work in providing 'first 
evidence for three-jet events in electron-
positron collisions at PETRA' (DESY's 
electron-positron collider) which demonstrated 
that the gluons of the strong interactions were 
a physical reality. 

WmÊ 

1995ICTP Prize 

The 1995 High Energy Physics Prize 

of the International Centre for Theo

retical Physics (ICTP), Trieste, in 

honour of Steven Weinberg, has 

been awarded to Spenta Wadia of 

the Tata Institute for Fundamental 

Research, Bombay, whose work has 

received international acclaim. From 

1978 to 1982, as a postdoctoral 

fellow at Chicago's Enrico Fermi 

Institute, he made important contribu

tions in the study of gauge theories, 

both on the lattice and continuum. 

Since joining TIER in 1982, his 

interests have included string theory 

and 2-dimensional quantum gravity, 

where he and his collaborators have 

made milestone contributions. He 

has also played an important role in 

the development of theoretical 

physics in India, having built up a 

TIFR research group which now 

constitutes one of the most important 

research centres in string theory and 

2-dimensional quantum gravity. The 

award was handed over on 14 June 

during the ICTP Summer School in 

High Energy Physics and Cosmol

ogy. Professor Wadia spoke on 

"Quark Confinement and Dual 

Representation of Yang-Mills Theory 

in 2+1 Dimensions". 

Gunther Plass retires 

After a 39-year career, Gûnther Plass 

retired from CERN at the end of May. 

He arrived at the new Laboratory in 

1956 while the PS was under con

struction and preparations for its 

magnet ring were in full swing. With 

the PS in operation, attention turned 

to physics requirements. With Berend 

Kuiper, Plass developed a fast 

ejection system for protons to bom

bard an external target and manufac

ture secondary beams. In 1965 he 

went on to lead the construction of a 

PS neutrino area which was to 

become the scene of CERN's first 

major physics achievement, the 

discovery of neutral currents in 1973. 

He then turned to the construction of 

Gunther Plass - planning for 'the tomorrow 
after tomorrow' 

the Linac 2 injector which ensured a 

plentiful supply of particles and 

prepared the ground for new 

projects. At the same time he was 

influential in ensuring that CERN's 

next machine, the SPS, would be 

built on the CERN site rather than 

somewhere else in Europe. During 

SPS construction he was PS repre

sentative on John Adams' SPS 

design committee. Later in the 

1970s, with the advent of CERN's 

antiproton scheme, he pushed plans 

for the LEAR low energy ring. Turn

ing from LEAR to a much larger 

machine, LEP, he played a vital role 

in deciding its definitive configuration, 

reducing its planned circumference 

from 30 to 27 kilometres and building 

it on a slant to minimize tunneling 

under the Jura mountains. This 

smoothed the way for LEP approval 

by Council in 1981, when he was 

appointed deputy to LEP Project 

Leader Emilio Picasso. In 1983 he 

became leader of the new LEP 

division. With the 27-kilometre ring 
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Honorary doctorates at Chalmers University of 
Technology, Gôteborg, Sweden, on 20 May. 
Left to right, Achim Richter of Darmstadt's 
Technische Hochschule and currently 
Chairman of CERN's ISOLDE Experiments 
Committee; author Marit Paulsen, who has 
played a major role in promoting environmen
tal concern and in pushing for Sweden to join 
the European Community; and Sven-Erik 
Andersson, formerly ASEA Director and Joint 
Professor of Production Engineering at 
Chalmers. 

which assured CERN's future com
plete, in 1990 he became Director of 
Accelerators. At a special retirement 
event on 24 May, Emilio Picasso paid 
tribute to Plass' contributions to LEP, 
from initial planning through con
struction and installation to final 
arbitration with contractors. Acknowl
edging his colleagues' tributes, Plass 
characteristically looked to the future, 
underlining the importance of plan
ning for 'the tomorrow after tomor
row'. 

On people 

Gerard't Hooft of Utrecht, who first 
demonstrated that the unified 
electroweak theory is renormalizable, 
is awarded the Franklin Medal. 

UK Royal Society 

New Fellows of the UK Royal Society 
include theoretician Richard Corrigan 
of Durham, experimentalist Robin 
Marshall of Manchester, and Joseph 

Rotblat, formerly professor of physics 
at a major London hospital medical 
school and prominent member of the 
wartime UK team at Los Alamos. 
New non-UK members include 
distinguished theorist and 
cosmologist John Wheeler of 
Princeton. 

Meetings 

The international workshop Diffrac-
tion-95 will be held in the Crimea 
(Ukraine) from September 7-11. The 
program will include lectures and 
contributions on hadron diffraction, 
polarization, small x physics, 
pomeron structure and collective 
properties of nuclear matter. Special 
seminars dedicated to advances in 
astroparticle and mathematical 
physics will be held outside the 
programme of the Workshop. Further 
information from: Galina V.Bugrij, 
BogoliubovInst.Theor.Physics, Kiev-
143, Ukraine; FAX: ++7-044-
2665998; Phone: ++7-044-2669123; 
e-mail: ABUGRIJ@GLUK.APC.ORG 

An International Workshop on Single 
Particle Effects in Large Hadron 
Colliders will be held from 15-21 
October in Montreux, Switzerland. 
Further information from E. Keil, 
CERN, CH-1211 Geneva 23, Tel: + 
41 22 767 3426, Fax: +4122 783 
05 52, e-mail: 

Honorary doctorates at the Ecole 
Polytechnique Fédérale de Lausanne (EPFL). 
Left to right - Edward Kramer of Cornell 
(structure of complex molecules), Elliott Lieb of 
Princeton (mathematical physics) and Marie-
Claude Gaudel of Orsay (software engineer
ing), with EPFL President Jean-Claude 
Badoux and Maurice Jacob of CERN, who 
gave the keynote speech - 'Scientific research 
- dawn or twilight?' 
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The International 'Physics in Collision' 
Conference held in pleasant surroundings in 
Cracow from 8-10 June was the 15th of the 
series, whose objective is to present objective 
plenary reviews, giving a compact overview of 
the field. The conference was agreeably 
organized by the Marian Miesowicz Centre of 
Particle Physics, involving particle physicists 
from the High Energy Physics Department of 
the Henryk Niewodniczanski Institute of 
Nuclear Physics, from the Faculty of Physics 
and Nuclear Techniques of the Mining and 
Metallurgy Academy and from the Physics 
Institute of the Jagellonian University. 

Ernest Walton 1903-95 
(Photo David O'Callaghan) 

LHC95@CERNVM.CERN.CH WWW 
http://hpariel. cern. ch/keil/LHC95. 
html 

The 12th International Symposium on 
High Energy Spin Physics - SPIN96 -
will be held from 10-14 September 
1996 in Amsterdam. For further 
information, contact: C. W. de Jager, 
NIKHEF, P.O. Box 4188, 1009 DB 
Amsterdam, The Netherlands, tel.: + 
31 20 592 2163, fax: + 31 20 592 
2165, email: spin96@nikhef.nl 

Ernest Walton 1903-95 

Irish physicist Ernest (E.T.S.) Walton, 
who shared the 1951 Physics Nobel 
Prize with John Cockcroft for their 
1932 experiment which 'split the 
atom', died on 15 June. After initial 
studies at Trinity College, Dublin, he 
went to the Cavendish Laboratory, 
Cambridge, in 1926, where 
Rutherford was calling for higher 
energy particles to induce nuclear 

reactions. A gifted craftsman, Walton 
initially looked at the possibility of 
accelerating protons in an induction 
machine, a precursor of the betatron. 
With Cockcroft, he then built the 
famous pioneer high voltage 
(700,000 volt) accelerator which 
enabled protons to tunnel into light 
nuclei and in 1932 produce the first 
synthetic nuclear transformations -
the first accelerator and the first 
accelerator experiment. 

He returned to Trinity College in 
1934 and became Professor in 1946. 
In his 1951 Nobel lecture, he said 'It 

Earlier this year, a special symposium marked 
the 30th anniversary of Tel Aviv University's 
School of Physics and Astronomy. Left to right 
are Yakir Aharonov of Tel Aviv ('who spoke on 
Recent developments in Quantum Theory'); 
Yuval Ne'eman of Tel Aviv ('Conceptual 
Advances in the New Cosmology'); Benoit 
Mandelbrot of Yale and IBM (Fractals in 
Physics'); K. Alex Muller of IBM and Tel Aviv 
('Technical Advances in High Temperature 
Superconducting Technology'); Dean of Tel 
Aviv's Exact Sciences David Horn; T.D. Lee 
('The Importance of Condensates'); and Tel 
Aviv Physics and Astronomy Chairman Asher 
Gotsman. The symposium also provided an 
opportunity to celebrate professor Ne'eman's 
70th birthday. 
(Photo Israel Sun) 
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is difficult to see how particles of 
energy greater than 10,000 MeV (10 
GeV) can be produced economically 
by existing methods. Further 
progress may have to await the 
introduction of new ideas"'. With the 
figure suitably redimensioned, this 
quote has subsequently been re
used on many occasions. 

William Fowler 1911-95 

William A. Fowler, winner (with 
Subrahmanyan Chandrasekhar) of 
the 1983 Nobel Prize in physics for 
his work on the formation of chemical 
elements inside stars, died in March, 
aged 83. 

A native of Pittsburgh, he pursued 
graduate studies on light radioactive 
elements at the California Institute of 
Technology, receiving his PhD in 
1936. He maintained an association 
with Caltech's Kellogg Laboratory for 
most of his career, becoming institute 
professor of physics in 1970, a 
position he held until his retirement in 
1982. 

During World War II, he helped 
develop proximity fuses, rocket and 
torpedo ordnance, and atomic 
weapons, for which he was awarded 
the US government's Medal of Merit 
in 1948. 

A sabbatical year in Cambridge 
pointed him towards nuclear 
astrophysics and it was his co-
authorship (with Fred Hoy le and 
Geoffrey and Margaret Burbidge) of a 
1957 seminal paper on the synthesis 
of the elements in stars that brought 
the greatest recognition. This classic 
paper helped create a basic model of 
star development, demonstrating that 
nuclear processes in stars could 
manufacture all the elements, start
ing with just the hydrogen and helium 
produced in the Big Bang. 

Horst Foelsche 

Horst Foelsche 

Horst W. J. Foelsche, whose 30-year 
career at Brookhaven covered major 
accelerator contributions, died on 
May 21, aged 57, from complications 
of lung cancer. 

Born in Darmstadt, he immigrated 
to the US with his family in 1958. He 
received his PhD from Yale in 1963, 
after coming to Brookhaven in 1960 
for a research experiment on the 3 
GeV Cosmotron. In May 1965, 
Foelsche joined the Lab's Accelera
tor Department. 

After being appointed Head of 
Experimental Planning and Support 
Division in 1974, Foelsche went on to 
lead the Injection and Extraction 
Systems Division for the Colliding 
Beam Accelerator (CBA) project from 
1977 to the project's cancellation in 
1982, when he became Head of 
Alternating Gradient Synchrotron 
(AGS) Division. 

In 1983 Foelsche was named 
Senior Physicist and took on the 

additional role of Project Manager for 
the Heavy Ion Transfer Line Project. 
In this effort, successfully concluded 
in three years, he was responsible for 
the heavy-ion transfer line from the 
Tandem Van de Graaff to the AGS, 
with an eye to injection into the 
proposed Relativistic Heavy Ion 
Collider (FtHIC). He also made major 
contributions to the vital Booster 
project. 

In 1986, he became Deputy Chair
man of AGS Department, where he 
helped develop the Linac as an 
intense proton source for isotope 
production and cancer therapy. 

In 1990, Foelsche became Assist
ant Head of the RHIC Project, also 
overseeing RHIC's Injection and 
Beam Dump System Division -
resuming the design of the beam-
transfer line from where it had been 
left when CBA was canceled. 

Named Head of Magnet Division in 
1993, Foelsche was appointed 
Associate RHIC Project Head the 
following year. Said RHIC Project 
Head Satoshi Ozaki, "As Magnet 
Division Head, Horst succeeded in 
the very difficult challenge of turning 
an R&D effort into highly effective 
production. Horst's efforts are to be 
seen everywhere in RHIC. Most 
important of all, however, he lives in 
the memory of so many who worked 
with and admired him. " 

Claude Itzykson 1938-95 

Distinguished French theorist Claude 
Itzykson died on 22 May, aged 57, 
after a struggle with cancer. From 
1963, he spent his career at Saclay 
but was a frequent traveller, with 
periodic visits to SLAC and CERN. 

He was a world-renowned expert in 
field theory and in many domains of 
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BROOKHAVEN 
NATIONAL LABORATORY 

PHYSICS DEPARTMENT 
The Physics Department is searching for the project leader for software for the STAR detector to be installed at RHIC, the 
Relativistic Heavy Ion Collider, currently under construction. The selected candidate will lead the software effort and 
contribute to the physics of the STAR detector. 

Candidates must have an understanding of the software needs of large physics detectors including infrastructure, on-line, 
off-line, detector stimulation and data analysis and have demonstrated leadership in software for physics collaborations. You 
should have the following attributes: strong interest in and understanding of the physics needs of STAR; demonstrated 
organizational skills for software projects; demonstrated significant contribution to High Energy or Nuclear physics, and the 
ability to represent the needs of the STAR software at reviews and work in team environments with colleagues widely dispersed. 

Candidates should also have good knowledge of structured software design, ability to develop project schedules and cost 
estimates, knowledge of C++, C and FORTRAN and knowledge of the implementation constraints of processors and net
works. 

Applicants should send a curriculum vitae and arrange to have three letters of reference sent to: Dr. Peter D. Bond, Physics 
Dept., Bldg. 510A, Brookhaven National Laboratory, Upton, Long Island, NY 11973-5000. Equal opportunity employer 
M/F/D/V. 
Brookhaven National Laboratory is a leading U.S. scientific research laboratory operated by Associated Universities, Inc. under contract with the 
US. Department of Energy. 
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at the center of science, beside the sea 

REVISED POLARIZED 
TARGET PHYSICIST mtoOMmtto: * » * * â r * w . FTTFAFR 

The Continuous Electron Beam Accelerator Facility (CEBAF) is 
located in the city of Newport News, Virginia, about 150 miles 
south of Washington, D.C. CEBAF has completed the construc
tion of a CW electron accelerator with an initial maximum energy 
of 4 GeV servicing three experimental areas with simultaneous 
beams of different energies and currents. The experimental areas 
are equipped with a variety of focusing spectrometers for coinci
dence experiments, and a large acceptance spectrometer for 
multiparticle detection. An important part of CEBAF's physics 
program requires the use of solid-state polarized targets. Experi
ments related to studies of the nucléon spin structure, the excita
tion of nucléon resonances, and the measurement of nucléon form 
factors utilizing such targets have already been approved. 
CEBAF is in the process of establishing a small group to support 
these targets. In this context, CEBAF invites applications for a 
Staff Scientist position in the Physics Division. The successfull 
applicant should have a Ph.D. in Experimental Physics or an 
equivalent combination of education and technical skills. Experi
ence in the construction, operation, and maintenance of solid-
state polarized target is required. The successful applicant is ex
pected to work initially with the polarized target group at the Uni
versity of Virginia in Charlottesville. (The UVA group is cur
rently involved in the development of polarized targets for 
CEBAF and in the spin structure function measurements at the 
Stanford Linear Accelerator Center). The position is intended to 
be at the Scientist I entry level; however, in exceptional cases, a 
more senior position may be considered. 
Applicants should submit a curriculum vitae to: CEBAF, Attn: 
Employment Manager, 12000 Jefferson Avenue, Newport News, 
VA 23606. USA. Please specify position #PR2132 and job title 
when applying. An Equal Opportunity, Affirmative Action Em
ployer. 

FACULTY POSITIONS IN PHYSICS 
University of California, Berkely 

The Physics Department of the University of California, 
Berkeley intends to make two faculty appointments effec
tive July 1,1996. Candidates from all fields of physics are 
encouraged to apply. Appointments at both tenure-track 
assistant professor and tenured levels will be considered. 

Please send a curriculum vitae, bibliography, statement of 
research interests, and a list of references to Professor 
Roger W. Falcone, Chairman, Department of Physics, 
366 LeConte Hall # 7300, University of California, 
Berkeley, CA 94720-7300, USA, by Monday, November 
27, 1995. Applications submitted after the deadline will  
not be considered. The University of California is an Equal 
Opportunity, Affirmative Action Employer. 
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Distinguished French theorist Claude Itzykson 

died on 22 May. 

mathematical physics. He was the 

author (with Jean-Bernard Zuber) of 

the influential textbook 'Quantum 

Field Theory' (McGraw Hill, New 

York, 1980), which pointed out the 

importance and special role of gauge 

theories. He was awarded the Prix 

Langevin in 1972, the Robin Prize of 

the French Physical Society in 1988 

and the Prix Ampère of the French 

Academy of Sciences in 1995. 

George Theodosiou 

George Theodosiou died in Athens 

on November 17, at the age of 48. 

His sudden death shocked his 

colleagues and friends in the physics 

community and in DELPHI in particu

lar, coming at a time when his contri

bution to his home Laboratory 

(NCSR Demokritos) and to science 

was very large. 

Born on the island of Lesbos, he 

graduated from Athens in 1969, 

received his Masters Degree from 

Notre Dame and his PhD from 

Cornell in 1977. The author of more 

than 110 publications, he was was 

also co-inventor of the technique 

"Reduction in Maximum Time Uncer

tainty of Paired Time Signals" (regis

tered US Patent), used in several 

high energy physics experiments. 

After working at Cornell and 

Fermilab, George Theodosiou joined 

DELPHI in 1987 and since 1988 had 

represented the Democritos Group at 

the DELPHI Collaboration Board. 

During the development and con

struction of DELPHI, he made 

important contributions to the RICHs 

such as the construction of field-wire 

frames for the Barrel RICH, and 

design and construction of the 

cooling system for the forward RICH 

preamplifiers. He supervised the 

theses of several graduate students, 

studying with them the electron-

compositeness scale parameter 

Lambda, the fluctuations of the 

phase space variables in the final 

state products ofZhadronic decays, 

and several decay modes of the tau 

lepton. 

George Theodosiou was highly 

motivated, dedicated to his work and 

had a passion to contribute to experi

mental high energy physics in 

Greece. The high energy physics 

community in Greece and CERN 

have lost an important partner. 

From his Greek colleagues 

Themis Kanellopoulos 1916-1995 

A remarkable man and had a remark

able career, distinguished Greek 

physicist Themis Kanellopoulos died 

of heart failure on 25 May, aged 79. 

After studying mathematics at Athens 

and subsequent prolonged military 

service, he went to Birmingham, UK, 

in 1953 at the age of 37 to work for 

his PhD. 

George Theodosiou 

In 1956 he became one of the first 

members of CERN's Theory Division, 

where he developed, with K 

Wildermuth, the cluster model of 

nuclei. From 1960, as Scientific 

Director of the Greek 'Demokritos' 

National Research Centre, he estab

lished the first graduate school for 

physics in Greece. His drive and 

judgment were highly influential in 

promoting Greek science policy and 

research. From 1967 to the end of 

his career he worked in Tubingen. 

Themis Kanellopoulos was a warm

hearted man of great personal charm 

and with a highly developed sense of 

humour - qualities which built many 

strong friendships. 

Roger F. Das hen 1938-1995 

Roger F. Dashen of the University of 

California, San Diego, and Depart

ment Chair there from 1988-1994, 

died suddenly on 24 May. Before 

going to San Diego in 1986, Dashen 

was for 20 years at Princeton's 

Institute for Advanced Study, first as 
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I B R O O K H A V E N N A T I O N A L L A B O R A T O R Y 

PHYSICS 
DEPARTMENT 

The Physics Department is seeking an experimental 

physicist with several years' experience in nuclear or 

particle physics, to join a group currently doing heavy 

ion experiments at Brookhaven's Alternating Gradient 

Synchrotron and p lann ing to par t ic ipa te in the 

BRAHMS experiment at the Relativistic Heavy Ion 

Collider in the future. Experience in relativistic heavy 

ion physics is preferred. 

Candidates should submit a curriculum vitae and the 

names of three references to: Dr. Chellis Chasman, 

Physics Department, Brookhaven National Laboratory, 

Associated Universities, Inc., P.O. Box 5000, Upton, 

Long Island, NY 11973-5000. 

Equal opportunity employer M/F/D/V. 
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BROOKHAVEN 
NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC. 
on the frontier of science and technology 

ISTITUTO NAZIONALE DIFISICA NUCLEARE I.N.F.N. 

Post-doctoral fellowships for non Italian citizens 
in the following research areas: 

THEORETICAL PHYSICS (N.10) 
EXPERIMENTAL PHYSICS (N.20) 

Applications are invited for one year fellowships, which will start 
from September to November 1996. 
Fellowships are intended for young post-graduates (candidates 
must not be more than 35 years of age at the time of application). 
Each fellowship is granted for one year, and may be extended for 
a second year. 
The annual gross salary is lit. 30,000,000, plus travel expenses for 
a return trip from home Institution to the I.N.F.N. Section or 
Laboratory. Lunch tickets will be provided during work days. 
Candidates should submit an application form and a statement of 
their research interests, including three letters of reference. 
Applications should reach I.N.F.N. not later than November 30, 

1995. 

A decision will be taken and candidates informed by the end of 
April 1996. 
The successfull applicants may carry on their research in Italy, at 
any of the following laboratories and sections of I.N.F.N.: 
National Laboratories of Frascati (Rome), National Laboratories 
of Legnaro (Padova), National Southern Laboratories (Catania) 
and National Gran Sasso Laboratory (LAquila). 
I.N.F.N. Sections in the universities of: 
Turin, Milan, Padua, Genoa, Bologna, Pisa, Rome 'La Sapienza', 
Rome II, Naples, Catania, Trieste, Florence, Bari, Pavia, Perugia, 
Ferrara, Cagliari, Lecce and National Institute for Health (Rome). 
Enquiries, requests for application forms, and applications should 
be addressed to: Fellowship Service - Personnel Office, Istitutio 
Nazionale di Fisica Nucleare (I.N.F.N.) - Casella Postale 56 -
00044 Frascati (Roma) Italy. 

DATA REDUCTION FARM MANAGER 

The Continuous Electron Beam Accelerator Fa
cility (CEBAF) is searching for an experienced 
person to head the development of state-of-the-
art parallel batch systems for data reduction 
and analysis. The CEBAF facility consists of a 
4 GeV superconducting accelerator capable of 
simultaneous delivery of continuous beams of 
independent energy and intensity to three large 
experimental halls. When the spectrometer fa
cilities in all three halls become operational in 
fall 1996, we expect data collection rates ex
ceeding one terabyte per day. To handle the re
duction and analysis of this large data flow, we 
are searching for an experienced person to de
sign, implement, and manage a state-of-the-art 
batch processing facility. The facility must pro
vide 10,000 SPECfp of CPU processing power 
and interface with 100-300 terabyte file systems 
by early 1997; it must also have the potential for 
significant expansion in the following years. 

We are searching for candidates with computa
tional experience in an experimental physics 
laboratory, a strong background in parallel 
batch systems, and the enthusiasm, energy, and 
vision to define and realize the computational 
environment supporting CEBAF physics re
search. 
Interested candidates should contact Dr. Roy 
Whitney (whitney@cebaf.gov) for more infor
mation and submit a curriculum vitae with at 
least two references to: CEBAF, Attn: Employ
ment Manager, 12000 Jefferson Avenue, New
port News, VA 23606. USA. Please specify po
sition #PR2011 and job title when applying. 
Proud to Be An Equal Opportunity, Affirmative 
Action Employer. 
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Long Term Member (on leave from 
Caltech) and then as Professor. 

A widely respected and much loved 
theorist, Dashen made important 
contributions to particle theory, 
statistical mechanics, and applica
tions of path integrals. He was 
involved in pioneering work on 
current algebras, on which he pro
duced, with Stephen Adler, an 
influential book. Dashen helped 
initiate use of chiral SU3 x SU3 as a 
strong interaction symmetry and was 
a coinventor of chiral Lagrangians. In 
recent work with collaborators at San 
Diego, he obtained important consist
ency conditions for the pion-baryon 
couplings in large-N QCD. 

In statistical physics, Dashen 
showed how to relate the partition 
function to S-matrix elements, and 
how simulation studies could be used 
to bound the higgs mass (or the 
energy scale for new physics). He 
applied path integrals both to uncov
ering the complex substructure of the 
vacuum in QCD, and to making 
seminal contributions to the theory of 
sound propagation in random media. 

He was elected to the US National 
Academy of Sciences in 1984 and 
was an active participant in the 
JASON summer study. To a genera
tion of colleagues, he will be remem
bered as a stimulating collaborator 
and a steady source of innovative 
ideas. 

From Stephen L. Adler 

Leonardo Castillejo 1924-95 

Leonardo Castillejo, who died sud
denly in May, was a theoretical 
physicist whose influence far out
weighed his publications. After not(!) 
getting his PhD at University College, 
London, he spent time at Birmingham 

and Oxford before returning as 
professor to UCL. He collaborated 
with Richard Dalitz and Freeman 
Dyson on the famous CDD ambiguity 
which had a major impact on the 
application of analyticity in particle 
physics in the 60s, with Mike Seaton 
on exchange effects in atomic 
scattering, and Gerry Brown on the 
electric dipole state in nuclei. 

More recently, with Andy Jackson, 
he initiated studies of the nucleon-
nucleon interaction in the Skyrme 
models and played an important role 
in establishing its connection to more 
familiar meson-exchange interac
tions. Possible relationships of 
Skyrmions with high-temperature 
superconductivity also fascinated 
him. 

For most of us, finishing a problem 
presents an opportunity to publish. 
For Leonardo, the pride lay in posing 
a good question and in understand
ing the answer. It was difficult, 
sometimes impossible, to convince 
him to share his insights with a wider 
audience. He wrote infrequently but 
with enormous care and clarity. 
Leonardo always showed great 
charm and a complete lack of arro
gance and it was a privilege to have 
known and worked with him. 

Colin Wilkin 

(Leonardo Castillejo was external 
examiner for many UK PhDs in 
theoretical physics. In 1967 his 
commissions included future CERN 
Director General Chris Llewellyn 
Smith and an embryonic CERN 
Courier Editor - Ed.) 

Paul Urban 1905-95 

Paul Urban died earlier this year 
aged 89. Long-serving head of 
Theoretical Physics at Graz, Austria, 
he is remembered also as founder of 
the successful Schladming Winter 
School in theoretical physics. He was 
also Editor of Physica Austriaca for 
many years. Unselfish and caring, he 
played a vital role in nurturing scien
tific culture in Central Europe during 
difficult times. 

HERA physics workshop 

After the successful startup of HERA 
and the first three HERA experiments 
H1, ZEUS and HERMES (see page 
10) a workshop on the "Future 
Physics at HERA" aims to study in 
detail HERA's physics potential as 
well as possible HERA upgrade 
plans, including luminosity increase, 
polarized electron and proton beams, 
and storage of nuclei. 

The workshop will start with a two-
day meeting on September 25 at 
DESY during which the status and 
upgrade possibilities of HERA, the 
status of the experiments H1, ZEUS, 
HERMES and HERA-B, the latest 
physics results from HERA and short 
term physics plans will be presented. 
After talks on "QCD at HERA" and 
"New physics and HERA" the work
ing groups will form. 

Groups are planned for: Structure 
Functions, Electroweak Physics, 
Beyond the Standard Model, Heavy 
Quark Production and Decay, Jets 
and High PT Phenomena, Diffractive 
Hard Scattering, Polarized Protons 
and Electrons, Light and Heavy 
Nuclei in HERA, and HERA upgrades 
and impacts on experiments. The 
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La première imprimante laser 
pour la couleur et le noir-blanc pour 
moins de Fr. 13 000. 

At the DESY - Institute for High Energy Physics 

in Zeuthen (Berlin) 

there is an opening for 
a staff member position in 

Theoretical Part icle Physics 

The activities of the theory group include high energy 

phenomenology (electroweak and strong interaction 

physics), lattice gauge theory and non-perturbative field 

theory. The extensive computer facilities available at DES Y-

Zeuthen include high performance APE/Qudarics systems 

(massively parallel computers of the SIMD type). 

The tenured position is offered with a salary corresponding 

to lb B AT-O. Applications and/or suggestions of candidates 

are invited until 

16 October 1995 

(later applications may also be considered). Applications 

and enquiries should be addressed to Professor P. Sôding, 

DESY-Zeuthen, Platanenallee 6, 15738 Zeuthen; fax +49-

33762-77 330, phone +48-33762-77 256, email 

soding@ifh.de. 

Female applicants are particularly welcomed. 

QMS magicolor LX 
• idéale en réseau 
• 300x300 ou 600x600 dpi 
• technologie polyvalente de gestion des couleurs 
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B R O O K H A V E N N A T I O N A L L A B O R A T O R Y 

ELECTRICAL ENGINEERS 
Brookhaven National Laboratory, a major R&D facility under 
contract with the U.S. Department of Energy, has two chal
lenging electrical engineering positions available in our 
National Synchrotron Light Source Department. 

One position requires a master's degree in electrical engi
neering or equivalent with emphasis on feedback control 
theory. Experience with DSP utilization in control circuits is 
desirable. Responsibilities will include the upgrade of power 
supplies, including a ramping supply used in the booster 
ring. Job # LS3918 

Another position requires a master's degree in electrical engi
neering or equivalent and several years experience in the 
design of beam diagnostic hardware and electronics. Strong 
analytical background in control systems, both analog and 
digital, is highly desirable. Technical challenges will include 
the improvement of synchrotron light monitors, state of the 
art beam position monitors, complex orbit feedback control 
systems, etc. to be utilized in a 800 MeV injector system and 
VUV/X-ray electron storage rings. Job #NSl6l63 

Brookhaven offers a stimulating environment and an excel
lent benefits package. For consideration, please forward your 
resume, referring to the appropriate Job #, to: Brookhaven 
National Laboratory, Associated Universities, Inc., Human 
Resources Division - Bldg. 185, P.O. Box 5000, Upton, Long 
Island, NY 11973-5000. We are an equal opportunity employ
er committed to workforce diversity. 

urn 
n u i 

BROOKHAVEN 
NATIONAL LABORATORY 

ASSOCIATED UNIVERSITIES, INC. 
on the frontier of science and technology 

LS FORTRAN 
The Macintosh Leader 

E n g i n e e r s , sc ien t i s t s , a n d s t u d e n t s a r o u n d t h e 

wor ld p r a i s e L S F O R T R A N for i t s ease of u se , 

r o b u s t code g e n e r a t i o n , a n d h i g h d e g r e e of 

compat ib i l i ty w i t h o t h e r s y s t e m s . 

• A N S I s t a n d a r d F O R T R A N 77 

• VAX & C r a y ex tens ions 

• Ex tens ive code op t imiza t ions 

• Fu l l - fea tu red o u t p u t w indow 

• User- f r iendly in ter face 

• B a c k g r o u n d execut ion 

• Advanced debugg ing 

• 32-bit p r o g r a m m i n g 

• N a t i v e P o w e r M a c & 68K 

SINGLE PRECISION LINPACK 

m 
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Full Moon Software 
PO Box 862 Maidenhead 
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United Kingdom 
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703-478-0181 
703-689-9593 FAX 
langsys@aol.com 
http ://www.langsys. com/langsys 

CERN Courier, September 1995 

mailto:soding@ifh.de
mailto:sales@fullmoon.com
mailto:langsys@aol.com
http://www.langsys


P e o p l e a n d t h i n g s 

start-up workshop will finish with 
reports from the working groups in 
the afternoon of September 26. A 
meeting to review the progress of the 
working groups is planned for Febru
ary 1996. The workshop will end with 
a meeting in May 1996. 

The organizers are Gunnar 
Ingelman (Chairman), Albert De 
Roeck and Robert Klanner. Further 
information, including contact per
sons for working groups can be 
found under WWW: 

http://www. desy. de/conferences/ 
hera-workshop95. html 

Persons interested in participating 
are asked contact the organizers via 
Email at HERA-
WORKSHOP95@DESY.DE or 
addressed to HERA-WORKSHOP95, 
Mrs. H. Haertel, Fax +49 40 8998 
3093. 

first scientists to work at CERN, and 
his physics experience and interna
tional background helped get the 
experimental programme at the 
Synchro-Cyclotron off the ground. 
During John Adams' 'emergency' 
mandate as CERN's Director Gen
eral in 1960-61, he and Victor 
Weisskopf were Directors of Re
search. He initially continued in this 
role when Weisskopf was appointed 
Director General in 1961, and played 
a prominent part in the early neutrino 
experiments at CERN. He returned to 
Pisa in 1964 to direct the Scuola 
Normale, a position he held until 
1977. He was the first President of 
the Italian Istituto nazionale di fisica 
nucleare (INFN), and served as 
President of the Italian Physical 
Society. He helped found the Euro
pean Physical Society, becoming its 
first President from 1968-70. 

CERN Courier 
contributions 

The Editor welcomes contribu
tions. These should be sent via 
electronic mail to 
courier@cernvm.cern.ch 

Plain text (ASCII) is preferred. 
Illustrations should follow by 
mail (CERN Courier, 1211 
Geneva 23, Switzerland). 

Contributors, particularly 
conference organizers, con
templating lengthy efforts 
(more than about 500 words) 
should contact the Editor (by 
e-mail, or fax +41 22 782 1906) 
beforehand. 

Gilberto Bernardini 1906-95 

Gilberto Bernardini, one of the elder 
statesmen of Italian physics, died on 
3 August, aged 89. Born in Florence 
and a graduate of Pisa's prestigious 
Scuola Normale, he went to Florence 
as assistant professor, where he 
worked with Bruno Rossi and G.P.S. 
Occhialini. He then followed Rossi to 
Padua, and subsequently played a 
central role in early cosmic ray 
experiments, particularly the historic 
Italian studies of the 1940s which 
made widespread use of magnetic 
lenses and which went on to estab
lish the existence of the mu meson. 

After Bologna, he spent time at 
Rome (to help fill the gap after 
Fermi's departure to the US). After 
the Second World War, he worked at 
Columbia (where Leon Lederman 
was one of his students), proceeding 
later to Champaign-Urbana (Illinois). 
In the mid-1950s, he was one of the Gilberto Bernardini 1906-95 
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Balzers-Pfeiffer 

Why our turbo-drags must be known 
as "enhanced value combination"pumps 

In 1955 Balzers-Pfeiffer invented 
the turbomolecular pump, a giant 
leap forward in the technology of 
vacuum generation. The TMH/U 
Turbo Drag Pump which, in view 
of the many advantages for the 
user, should really be called the 
"enhanced value combination" 
pump, represents the latest 
advance in its field. 
The TMH/U Series combines the 
turbomolecular and Holweck 
principles in such a way that both 
systems operate at their optimal 
efficiency levels. This means a 
more compact pump with fewer 
turbo stages and maximum 
operational reliability. 

Balzers-Pfeiffer GmbH 
Postfach 12 80 
D-35608 Asslar 
Tel. (0 6441) 8 02-0 
Fax (0 6 4 4 1 ) 8 02-202 

Balzers High Vacuum Ltd. 
Bradbourne Drive 
Tilbrook 
Milton Keynes, MK7 8 AZ 
Tel. (09 08) 37 33 33 
Fax (09 08) 37 77 76 

Balzers 
8, Sagamore Park Road 
Hudson, N.H.03051 
Tel. (6 03) 8 89-68 88 
Fax (6 03 )8 89-85 73 

The turbo drag pump can be 
operated with small dry backing 
pumps at no extra cost over the 
standard turbos. This allows the 
construction of attractively priced, 
high performance pumping 
systems which are both 
extremely economical and easy 
to operate. 
We should be pleased to send 
you more detailed information on 
the many "enhanced value 
combination" options of our turbo 
drag pumps. 
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150 ps at 1.5 tesla. 
Hamamatsu's Fine-Mesh PMTs for high-
magnetic fields incorporate a newly 
designed dynode structure. As a result* 
they operate stably without any special 
shielding even in magnetic environments 
up to 1.5 tesla. Time resolution on the 
order of 150 ps yields larger and more 
reliable TOF measurements. For detailed 
information on Fine-Mesh PMTs, just 
contact Hamamatsu Photonics at the office 
nearest you. 

H A M A M A T S U 
HAMAMATSU P H O T O N I C S KK., Electron Tube Center 
314-5, Shimokanzo, Toyooka-village, Iwata-gun, Shizuoka-ken, 438-01 Japan. 
TEL: 81-539-62-5248 FAX: 81-539-62-2205 TLX: 4289-625 
U.S.A.: Hamamatsu Corporation. T E L : 1 -908-231 -0960 FAX :1-908-231-1218 
Germany: Hamamatsu Photonics Deutschland GmbH. T E L : 49-8152-3750 FAX :49 -8 i52 -2658 
France: Hamamatsu Photonics France S.A.R.L. T E L : 33-( i ) 49 75 56 80 F A X : 33- ( i ) 49 75 56 87 
United Kingdom: Hamamatsu Photonics UK Limited. T E L : 44-81-367-3560 F A X : 44-81-367-6384 

North Europe: Hamamatsu Photonics Norden AB. T E L : 46-8-59032190 F A X : 46-8-59094567 
Italy: Hamamatsu Photonics Italia S.R.L. T E L : 39-(02) 935 81 733 F A X : 39-(02) 935 81741 
Spain: Hamamatsu Photonics Espana S.L. T E L : 34-3 699 65 53 F A X : 34-3 588 19 66 


