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Get VISvN" In Your Budget! 

TDCs 

ADCs 

High Voltage 

The NEW LeCroy 
"Voltage & Current System 

on Network55 

The new LeCroy Model 1450 High Voltage 

system, known as VISyN, a l lows you to 

minimize your high vol tage expense - without 

sacrif icing per formance. 

VISyN has a modular architecture wi th standard 6U size 

cards. These cards operate in all the Model 1450 

mainframes, and feature vol tage and current ranges to fit 

nearly every exper iment. Wi th 3 mainframes and 8 different 

cards to chose f rom, you can tailor a system that fulfills your 

High Voltage and your budget needs! 

VISyN provides many benefits including improved 

communica t ions via standard networks. 

Addit ionally, VISyN has local intell igence for 

improved safety features, and stable outputs 

wi th current read back. 

Call, fax or e-mail LeCroy for 
the VISyN brochure which 
describes the Model 1450 
system in greater detail! 

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 Fax: (914) 578-5984 
2, rue du Pre-de-la-Fontaine, 1217 Meyrin 1, Geneva Switzerland Tel: (022) 719 2228 Fax: (022) 719 2230 LeCroy 

Our e-mail address is rsdsales@lecroy.com Innovators in Instrumentation 
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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 [iA to 10 mA with resolutions down to 10 nA. 
The most versatile and well-known System on 
the market. 

SY403 
4 slots with a system modularity of 64 channels. 

The compact solution with voltages 
from 600Vto3kV. 

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

SY 527 
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. 
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. • Now, you can combine vast data storage capacity with 

remarkable data transfer rates. 

y | The Sony DIR-1000 Series of high performance 

JE tape drives all conform to the ANSI X3.175-1990 (ID1) 

standard. They're part of a wide range of tape drives - which also 

inc ludes a comprehens ive l i ne -up of sys tem c o m p o n e n t s . 

Including automated cartridge handling systems, they suit a wide 

var iety of app l i ca t ions for both computer data storage and 

instrumentation. 

The range now includes a choice of two SCSI-2 controllers 

and a very versatile Variable Rate Buffer. 

F ind out more . Jus t cal l us on 

+44 1 2 5 6 4 8 3 2 0 3 or E - m a i l : 

allana @ adv. sbc. sony. co. jp - today. 

S O N Y 
SONY BROADCAST & PROFESSIONAL EUROPE, JAYS CLOSE, VIABLES, BASINGSTOKE, HAMPSHIRE, RG22 4SB, UNITED KINGDOM. 

SIMPLY CALL US ON: AMSTERDAM 020 6581911; BRUSSELS 02 7241819; BUDAPEST 012215048; COLOGNE 022159660; COPENHAGEN 043 995100; DUBAI 04 313472; HELSINKI 0 50291; ISTANBUL 0212 224 5961; LISBON 01720 4000; MADRID 01536 5700; MILAN 02 618381; MOSCOW 095 205 3867; 
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MIDDLE EAST/NORTH AFRICA - GENEVA 022 7336350; AFRICA - UK 01256 483248; JAPAN 0462 305298; USA 1800 829 7669. Sony is a registered trademark of the Sony Corporation. Japan. 



Il AKIN s VMliDus (jlobal 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. 

Ch. Charge-Integr. ADC 
H.S.CAENET Controller 
4 Ch. Peak-Sensing ADC 
Dual Gate Generator 

Ch. Multievent Charge ADC 
8 Ch. Gate and Delay Gener. 

Ch. Multievent TDC 
Dual Progr. Logic Unit 
8 Ch. 4 Fold Progr. Logic Unit 
16 Ch. Progr. I/O Register 
32 Ch. Pipeline Unit 

Ch. Flash ADC W. Memory 
8 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 

64 Channel Multievent Charge ADC 
VN1488 

64 Ch. Multievent TDC 
VN1688 

Ch. Multievent Multihit TDC 
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Top quark discovered 

Schematic of a decay pattern for the top 
quark-antiquark pair formed when a high 
energy proton and antiproton collide. Analys
ing the emerging particles, physicists can track 
back to the top quark dynamics. 

N ine months after a carefu l 
announcemen t of tentat ive 

ev idence for the long-awai ted sixth 
' top' quark, physic ists f rom the C D F 
and DO experiments at Fermilab's 
Tevat ron proton-ant iproton col l ider 
dec lared on 2 March that they had 
f inal ly d iscovered the top quark. 

Last year (June 1994, page 1), the 
C D F exper iment at the Tevat ron 
repor ted a dozen candidate top 
events . These , said C D F , had all the 
character is t ics expected of top, but 
the diff icult ies of extract ing the t iny 
s ignal f rom a tri l l ion proton-ant iproton 
col l is ions made them shy of c la iming 
a d iscovery. For its part, the c o m p a n 
ion DO Tevat ron exper iment reported 
a few simi lar events but were even 
more guarded about their interpreta
t ion as top quarks. 

Just after these hesitant announce 
ments , per formance at the Tevat ron 
improved dramat ical ly last summer . 
After the commiss ion ing of a new 
l inear accelerator and a magne t 
real ignment, the mach ine reached a 
new wor ld record proton-ant iproton 
col l is ion luminosi ty of 1.28 x 1 0 3 1 per 
sq c m per s, ten t imes that or iginal ly 
p lanned. Data began to pour in at an 
unprecedented rate and the data 
samp le grew to six tri l l ion col l is ions. 
Luminos i ty has subsequent ly c l imbed 
to 1.7 x 1 0 3 1 . 

T h e top quark is the f inal letter in 
the a lphabet of S tandard Model 
part ic les. Accord ing to this picture, all 
mat ter is composed of six strongly-
interact ing subnuc lear part ic les, the 
quarks , and six weak ly interact ing 
part ic les, the leptons. Both sextets 
are neat ly ar ranged as three pairs in 
order of increasing mass . 

The fifth quark, the 'beauty ' or 'b' 
quark, w a s also d iscovered at 
Fermi lab, back in 1977. S ince then 
physic ists have been eager ly wai t ing 
for the top to turn up, but have been 

f rustrated by its heav iness - the top is 
s o m e 40 t imes the mass of its ' beau
t i ful ' partner. Not only is the top quark 
the heaviest by far, but it is the only 
quark wh ich has been act ively 
hunted. After the quarry was 
g l impsed last year, the net has now 
been c losed. 

T h e painstak ing analysis of the top 
quark data was the highl ight at major 
meet ings last summer . At the Glas
gow conference (October, page 2), 
Hans Jensen of C D F caut iously sa id 
'This g ives ev idence for the top quark 
but does not f i rmly establ ish its 
ex is tence. ' For DO, Paul Grann is 
s tated their sample had a smal l 
excess over expected background , 

but never the less w a s consistent wi th 
no top product ion. W h e n other 
scienti f ic d iscover ies are c la imed on 
the basis of much more f l imsy ev i 
dence , the object iv i ty of these 
Teva t ron exper iment analyses was 
wide ly admi red . 

Meanwh i le a lot more Tevat ron 
proton-ant iproton col l is ion data have 
been scrut in ized. As wel l as the 
1992-1993 run (Run la) wh ich pro
v ided the initial samples , data f rom 
the subsequen t 1994-1995 run (Run 
lb) have become avai lable. 

After careful ly t r imming the raw 6 
tri l l ion col l is ion sample to 40 mil l ion 
promis ing events , this informat ion 
w a s painstak ingly s i f ted, looking for 
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T o p q u a r k d i s c o v e r e d 

Below, the CDF experiment (seen here in the 
'exploded' maintenance position) at Fermilab's 
Tevatron has seen 43 examples of top quark 
production in six trillion proton-antiproton 
collisions. 
(Photos Fermilab) 

signs of the daughter part ic les into 
wh ich the top quark decays . T h e two 
exper iments see these events 
distr ibuted a m o n g the dif ferent types 
of decay expec ted after a top quark-
ant iquark pair is fo rmed in a pro ton-
ant iproton annih i lat ion. 

There are several such decay 
s ignatures. One occurs w h e n both 
the top quark and ant iquark decay 
(each v ia a W boson) to produce an 
electron and an e lectron-neutr ino or 
a muon and a muon-neut r ino . The 
resultant e lectron and/or muon 
(di lepton) pairs provide a c lean 
source of top s ignals. 

More probable but less c lean is the 
process in wh ich one top quark (or 
ant iquark) decays as above whi le its 
partner g ives, v ia a W, another quark 
pair. These quarks produce charac-

Right, at Fermilab's Tevatron proton-antiproton 
collider, the DO detector (seen here in its 
assembly position) has, with its partner 
Tevatron experiment CDF, finally produced 
hard evidence for the long awaited sixth 'top' 
quark. 

terist ic conf ined ' jets' of part ic les. 
However this top decay channe l is 
easi ly pol luted by background , and to 
c lean up the sample the exper iments 
look for s igns of the b-quark or for 
specia l event pat terns expec ted f rom 
top product ion. The b-quark can be 
recognized ei ther by its character is t i 
cal ly shor t decay t ime (picked up as 
a short t rack stub be tween the 
original proton-ant iproton col l is ion 
and the secondary decay) or by its 
(semi leptonic) decay products . 

C D F found 43 top events , 6 wi th 
di lepton pairs, compared to an 
expec ted background of 8 events 
f rom other p rocesses wh ich cou ld 
' fake' a top quark s ignal . Recent C D F 
analys is has benef i ted f rom an 
improved microver tex detector wh ich 
picks up part icle t racks c lose to the 

proton-ant iproton col l is ion point. DO 
found 17 top events , including 3 
d i lepton pairs, against an est imated 
background of about 4. 

Carefu l analys is of the decay 
k inemat ics of a sui table subset of top 
events reveals the mass of the 
decay ing top quark. Finding the 
expec ted pat terns of top decay is one 
th ing, but the mass analys is is 
another. The decay patterns wou ld 
be mean ing less if they did not point 
to a narrow mass band . 

C D F reports a mass of 176 GeV, 
with an overal l uncerta inty of ± 13 
GeV. Th is over laps wi th the 174 GeV 
± 1 0 % c la imed last year, and is total ly 
compat ib le wi th the accumula ted 
Standard Model data (November 
1994, page 5). DO gives a sl ightly 
higher top quark mass of 199 ± 30 
GeV, but still bracket ing the Standard 
Model predict ion. 

In phys ics-speak, the stat ist ical 
s igni f icance of the new top quark 
measuremen t is expressed in l ikeli
hood units of about 4.7 s tandard 
deviat ions for each detector. Th is 
means that the overal l possibi l i ty of 
some f luctuat ion in the background 
count is less than about one part in a 
mil l ion for either exper iment . 

The exper iments expect to amass 
twice the current data by December , 
w h e n the Tevat ron wil l be temporar i ly 
shut d o w n for rout ine ma in tenance 
and to prepare for upgrades to the 
exper iments to work wi th the still 
h igher col l is ion luminosi t ies expec ted 
in the era of Fermi lab 's Main Injector. 
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LHC preparations change gear 
Simulated higgs bonanza. The decay of a 
higgs particle into 4 high energy muons, 
superimposed on the dense background of 
secondaries from LHC proton-proton colli
sions, as it would appear in the silicon pixels of 
the CMS central tracker. 
(Photo EX 20.10.1994/01) 

A fter the formal approva l by 
C E R N Counci l in December 

(January, page 1) of the LHC pro ton-
proton col l ider for C E R N ' s 27 -
k i lometre LEP tunnel , preparat ions 
for the new mach ine change gear. 
Lyndon Evans becomes LHC Project 
Leader, and CERN 's internal struc
ture wil l soon be reorgan ized to take 
account of the project becoming a 
def ini te commi tment . 

O n the exper imenta l s ide, the full 
Techn ica l Proposals for the big 
genera l purpose A T L A S and C M S 
detectors were aired at a major 
meet ing of the LHC Commi t tee at 
C E R N in January . These Techn ica l 
Proposals are impress ive documen ts 
each of some several hundred 
pages. (Summar ies of the detector 
des igns wil l appear in fo r thcoming 
issues of the C E R N Courier.) The 
A L I C E heavy ion exper iment is not 
far beh ind, and plans for other LHC 
exper iments are being deve loped . 

Playing an important role in this 
g roundwork has been the Detector 
Research and Deve lopment Commi t 
tee (DRDC) , founded in 1990 to 
foster detector deve lopment for the 
LHC exper imenta l p rog ramme and 
st ructured a long the l ines of a t radi 
t ional C E R N Exper iments C o m 
mit tee. 

Establ ished under the Director 
Genera lsh ip of Car lo Rubb ia and 
initially s teered by Research Director 
Wal ter Hoog land, the D R D C has 
done ster l ing work in b laz ing a trail 
for LHC exper iments . Acknow ledg ing 
that the chal lenge of LHC expe r imen
tat ion needs technologica l break
th roughs as wel l as speci f ic detector 
subsys tems, D R D C proposa ls have 
covered a w ide front, cover ing 
readout electronics and comput ing as 
wel l as detector techno logy. Its first 
Cha i rman was Enzo larocci , suc
ceeded in 1993 by Michal Tura la . 

D R D C ' s role was to evaluate 
proposals , and make recommenda
t ions to CERN 's Research Board for 
approva l and resource a l locat ion, not 
an easy task when the LHC project 
itself had yet to be formal ly approved . 

Over the years , a comprehens ive 
portfol io of detector deve lopment has 
been built up, much of wh ich has 
ei ther led to specif ic LHC detector 
subsys tems for tradit ional detector 
tasks such as t racking and 
calor imetry, or has fed th rough 
posit ively into the th inking beh ind 
new approaches . 

Over the years , this has covered 59 
separa te proposals , involving more 
than 2,000 physicists f rom s o m e 250 
insti tutes and industrial cent res, a 
third of wh ich are f rom non -Member 

States of C E R N . An 'average' project 
inc ludes 60 researchers and 11 
inst i tutes. 

Now, wi th LHC approved and wi th 
first Techn ica l Proposals for detec
tors tab led , the immediate task of the 
D R D C is seen as accompl ished , and 
very successfu l ly . After the f inal 
D R D C meet ing at C E R N on 26-27 
January , the task of oversee ing 
ongo ing LHC- focused R&D passes to 
the LHC Commi t tee (LHCC) , he lped 
by a new infrastructure. 

Th ree sub-commi t tees , LHC Re
v iew Boards for Comput ing , E lect ron
ics and Detectors (respect ively 
L C R B , L E R B and LDRB, the first two 
hav ing been fo rmed one year ago) 
wil l now share c o m m o n open ses
s ions. Thus the va luable R&D fo rum 
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L H C r e s e a r c h a n d d e v e l o p m e n t 

The ATLAS experiment for LHC has chosen a 
liquid argon route to the important task of 
electromagnetic calorimetry. The problems of 
signal transportation and shaping have been 
solved by arranging the plates in an 'accor
dion' pattern. 
(Photo CERN EX 32.9.1993/4) 

that D R D C prov ided will cont inue. As 
wel l as moni tor ing ongo ing R&D, 
these bodies wil l provide technical 
ass is tance to the LHCC, part icularly 
to referees of technical proposals . 

History 

W h e n plans for a new generat ion of 
proton supercol l iders began to be 
d iscussed in the 1980s, first in the 
US and then in Europe, it became 
clear that the exper iments that wou ld 
exploit these beams wou ld have 
someth ing to reckon wi th . 

The sheer scale of these exper i 
ments exp lored new terr i tory - even 
the mighty underground caverns 
const ructed for LEP were not big 
enough . On these sca les, the g ranu
larity and precis ion of detectors, and 
their instal lat ion (al ignment) and 
operat ion (cool ing), as wel l as the 
civil eng ineer ing itself, all pose 
specia l p rob lems. 

This ex tends across the who le 
detector front - part icle t racking and 
ident i f icat ion, calor imetry, and muon 
detect ion. Many prob lems are exac
erbated for work wi th the heavy ion 
beams wh ich wil l p roduce a thicket of 
thousands of tang led t racks f rom 
each col l is ion. 

In addi t ion to event complex i ty , the 
actual event rates needed to open up 
this physics had specia l impl icat ions. 
At the US Superconduct ing 
Supercol l ider, wi th a p lanned lumi
nosity of some 1 0 3 3 c m 2 s~\ phys i 
cists had to grit their tee th . But 
C E R N ' s LHC, const ra ined by the 
exist ing LEP tunnel to smal ler ring 
than the p lanned SSC, had to t rade 
its lower col l is ion energy for higher 
event rates, push ing for higher 
luminosi t ies, above 1 0 3 4 . 

It took the foresight and dr ive of 
Car lo Rubb ia to first shout LHC's 

high luminosi ty warcry , and the 
D R D C ensured that the initially 
daunt ing impl icat ions of this message 
fell on ferti le g round . 

To handle such event rates, wi th 
k i lowatts-worth of secondary part ic les 
p roduced in each detector, e lements 
must w i ths tand intense radiat ion 
levels. The t ight bunch ing (25ns) of 
the LHC beams means lots of 
events , wi th hundreds of part ic les in 
each cross ing of the beam bunches . 
To d isentangle separa te events and 
handle all this data needs electronics 
work ing rel iably in the high Mega 
hertz region and on- l ine process ing 
to d igest data on the Terabi t (10 1 2 ) 
scale. 

'At these event rates, it is like try ing 
to locate one person in the who le 
wor ld every few seconds, ' says 
Michal Tura la , now head of C E R N ' s 
ECP (Electronics and Comput ing for 
Physics) Div is ion, whe re much of this 
deve lopment work is now focused . 

Huge detectors pulsat ing wi th 
Megaher tz s ignals wou ld broadcast 
unwe lcome inter ference, and new 
signal swi tch ing and t ransmiss ion 

techn iques have to be sought . 
Whi le p lans for S S C detectors in 

the US pushed ahead , in Europe the 
I ta l ian-funded LAA scheme, launched 
in 1987, was the first new effort to 
focus speci f ical ly on the chal lenge of 
LHC physics. A specia l workshop 
organ ized by ECFA (European 
Commi t tee for Future Accelerators) 
in Barce lona in 1989 prov ided the 
first major gather ing of special is ts, 
soon fo l lowed by the mi lestone 
ECFA LHC workshops in Aachen in 
1990, and at Evian in 1992, wh ich 
prov ided the first ske tches of how 
LHC detectors might look. 

As wel l as technical goals such as 
new detect ion techn iques, radiat ion 
hardness and high process ing and 
t ransmiss ion rates, this work had to 
take in its str ide the rapid evolut ion of 
modern technology. Planning for 
exper iments to take the f loor ten 
years f rom now means forecast ing 
wi th s o m e conf idence how tech 
n iques will deve lop and exploi t ing 
how pr ice/per formance ratios wil l 
(hopeful ly) cont inue to work in users ' 
favour. 
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E N G I N E E R I N G SERVICES 
We're not too big to provide cost effective and quality solutions at Cern 

S Inspection Services 
% High Integrity Welding 
• Manufacture 
• Site Installation 
• Project Management 
• Support 

Through pur commitment to Research and 
Development we have developed a wide variety of 
services, ideal for research establishments. On 
going development is dedicated to the provision of 
industry leading technology It enables us to offer, 
for example, specialist self tempering weld 
procedures, negating the need for further heat 
treatment, or welding and machining equipment 
capable of remote operation in inaccessible and 
confined areas. 

Ultrasonic probe array for pipe weld inspection. 

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

Rolls-Royce Nuclear Engineering PO Box 31, Derby, DE24 8BJ. England. Tel: +44 1332 661461 Fax: +44 1332 622935 Contact:- Leeann Newman. 

SCINTILLATING FIBRES 
f 

- 0 ,2 - T - 2 m m diameter 
- head-to-head junct ion 

with* opt ical f ibres is poss ib le 

CERN Courier, April/May 1995 



L H C r e s e a r c h a n d d e v e l o p m e n t 

Application-Specific Integrated Circuit (ASIC) 
developed for the FERMI readout microsystem 
for LHC calorimetry, containing 930,000 
transistors on a chip 17x11 mm. This work has 
already aroused interest in other areas of 
nuclear instrumentation, as well as video 
systems and radar imaging. 
(Photo CERN EX 7.8.94) 

The D R D C effort so far has in
vo lved a total of 2 ,100 physic ists and 
eng ineers , represent ing s o m e 250 
research cent res. Bes ides tax ing the 
ingenui ty of physic ists to deve lop 
new detectors wh ich prov ide high 
precis ion and high speed , as wel l as 
being radiat ion resistant, this work 
also cal ls for c lose col laborat ion wi th 
industr ial special ists, and it is in this 
area where D R D C has been par t icu
larly inf luent ial . 

Such techno logy inc ludes revo lu
t ionary areas such as growing new 
crystals, exploi t ing new semiconduc
tor mater ia ls , e tch ing f ine detector 
s t ructures, the rep lacement of wi re 
conductors by opt ical f ibres, the 
deve lopment of appl icat ions-speci f ic 
in tegrated circuits (ASICs) , and a 
deep reappraisal of the role of 
sof tware, a lways very manpower -
intensive. 

Examples 

The terrain covered by the 40 -odd 
proposa ls on the D R D C books is so 

w ide and d iverse as to defy s u m 
mary. However the A T L A S and C M S 
Techn ica l Proposals include many 
lessons learned f rom the D R D C 
p rog ramme, together encompass ing 
the ou tcome of over 40 D R D C 
projects. In ca lor imetry for example , 
C M S is looking at crystals whi le 
A T L A S favours a l iquid argon ap
proach. The 'menu ' or iginal ly in
c luded 'spaghet t i ' and 'shashl ik ' 
calor imetry, us ing scint i l lat ing opt ical 
f ibres, but wh ich f ind l imited appl ica
t ion in the LHC env i ronment . 

Across a wider front, pixel and 
semiconduc to r str ip detectors, 
microstr ip gas chambers , s t raw tubes 
and many other des igns are no 
longer v iewed as audac ious and are 
avai lable virtual ly off- the-shelf for 
new requ i rements . 

For part icle t rack ing c lose to the 
beam pipe, semiconduc to r sensors 
and pixel techno logy can help p in
point individual part ic les fast and wi th 
micron precis ion inside dense jets. A 
promis ing newcomer is the microstr ip 
gas chamber des ign , wi th two-
d imens iona l or pixel readout. These 

des igns resemble semiconduc to r 
techno logy rather than convent iona l 
gas detectors and prov ide good 
space resolut ion, avo id ing the insta
bil it ies w h e n convent iona l chamber 
wi res become overc rowded . 

A l though so-cal led 'straw' tubes are 
still a lso cons idered somewha t 
innovat ive, they are based on the 
classic Geiger-Mul ler tube geometry , 
sui tably rescaled for today 's use. 
Wi th a radius of a few mi l l imetres and 
appropr ia te gas and electr ic f ield 
conf igurat ion, they prov ide a rela
t ively s imple solut ion to good and fast 
space resolut ion in a harsh radiat ion 
c l imate. 

Whi le many of the proposals at tack 
specif ic solut ions for LHC detector 
subsys tems, other s tudies are more 
gener ic. Microelect ronics is one such 
part icular t heme. Wi th the deve lop
ment of miniatur izat ion, more and 
more process ing power can be 
instal led on ch ips direct ly inside the 
sensi t ive detector e lements , obviat
ing the need to carry the s ignals 
outs ide for subsequen t p rocess ing , 
reducing both cabl ing and power 
d iss ipat ion. 

However in LHC these chips wil l 
have to operate in a very hosti le 
env i ronment , constant ly bombarded 
by high energy part ic les. Space 
research and mil i tary appl icat ions 
have pushed industr ial deve lopment , 
and attract ive new ranges of radia
t ion-resistant ch ips avai lable both in 
the US and in Europe could be 
explo i ted for part ic le physics. 

Handl ing the rapidly-arr iv ing LHC 
signals and coord inat ing and syn 
chroniz ing the t r igger ing procedures 
needs f resh approaches . Despi te the 
use of laser dr ivers, opt ical f ibre 
connect ions and optoelectronic 
receiver packag ing are too bulky for 
the conf ines of a part icle phys ics 
detector, and new, min iature so lu -
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As the subject of research and development 
work are the object-oriented software tech
niques required to handle the complexities of 
LHC collisions. This shows the subtasks of 
track reconstruction for the CMS central 
tracker. Each 'object' encapsulates specific 
tasks, or responsibilities, which are linked in a 
global architecture or 'object design'. The 
different responsibilities can be 'messaged' 
when requested. 

t ions have to be found . 
T h e detector readout cha in needs 

temporary data s torage (buffering) at 
a number of levels. M e m o r y manage 
ment for buffer ing uses micro-
p rogrammab le sequencers . 

Wi th a ten-year lead t ime, sof tware, 
and part icularly sof tware documen ta 
t ion, has addi t ional impl icat ions. T h e 
rout ines still have to be t ransparent 
and f lexible even if the sof tware 
author has depar ted long ago. 
Object -or iented languages and C o m 
puter A ided Sof tware Engineer ing 
(CASE) tools have to be extens ive ly 
used , and these skil ls are being 
in t roduced into the phys ics env i ron
ment . 

Overa l l , the size and complex i ty of 
both LHC exper imentat ion and the 
mach ine itself needs sophis t icated 
control sys tems to sa feguard opera
t ion and opt imize per fo rmance. 
Ongo ing R&D work at C E R N looks at 
the expert ise avai lable, or be ing 

deve loped for power plants, satel l i te 
moni tor ing and other comp lex auto
mat ion sys tems. This work , wh ich 
involves industry, fo resees a 'cortex' 
approach wi th a highly d ist r ibuted 
he terogeneous control sys tem. 

Five years down the l ine, the 
D R D C ' s goal of signif icant intel lec
tua l , professional and technolog ica l 
progress has been ach ieved . The 
cha l lenge of LHC exper imentat ion 
has been met, and plans for detec
tors are wel l advanced . Beyond LHC, 
the potent ial of some techn iques has 
been real ized for a w ide range of 
s tudies, including medical appl ica
t ions. 

(A detai led 316-page s u m m a r y of 
D R D C results - The C E R N Detector 
R & D Programme 1990-1994, C E R N / 
D R D C 94-48 is avai lable f rom M m e . 
A. An ton , C E R N AS/S I , CH-1211 
Geneva 23 , e-mail 
an ton@cernvm.cern .ch) 

Physics 
monitor 

CERN 
Energy amplifier 

Even under the heavy burden of 
responsibi l i ty as CERN 's Director 
Genera l f rom 1989-3 the ferti le mind 
of Car lo Rubb ia the scientist w a s 
never sti l l . A long-t ime Rubbia 
'hobby ' has been the search for new 
sources of nuclear energy, exploi t ing 
knowledge and skil ls f rom high 
energy phys ics. 

A n initial object ive was to adopt 
heavy ion techn iques to induce 
contro l led thermonuc lear fus ion, but 
in 1994 this quest changed di rect ion. 
Putt ing the prob lems of t he rmonu
clear fus ion as ide, Rubbia began to 
explore an al ternat ive route to energy 
product ion th rough control led nuclear 
f iss ion. 

T h e idea is to use a part icle acce l 
erator produc ing neutrons by 
spal lat ion ( interact ion of part ic les wi th 
a target) to feed a fue l /moderator 
assemb ly where the neutrons mul t i 
ply by f iss ion chain react ions. If the 
energy l iberated becomes subs tan
tially greater than that needed to 
dr ive the accelerator , the process 
has a net gain and becomes self-
suppor t ing . Hence the name "Energy 
Ampl i f ier" (EA). 

Simi lar sys tems for energy produc
t ion or for nuclear waste incinerat ion 
have been p roposed at Los A lamos 
and in Japan and Russia, but appear 
to require the prior deve lopment of 
innovat ive l inear accelerators. For 
Rubbia 's Ampl i f ier , the requisi te 
accelerator is a reasonable ext rapo
lation of an exist ing cyclotron such 
that at the Swiss Paul Scherrer 
Inst i tute. 

Moreover , the EA wou ld require fuel 
rods very simi lar to those of conven 
t ional reactors, rather than d e m a n d -
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A test using a beam from CERN's PS proton 
synchrotron underlined the potential of an idea 
of Carlo Rubbia to achieve controlled nuclear 
fission. A proton beam produces neutrons by 
spallation to feed a fuel/moderator assembly 
where the neutrons multiply by fission chain 
reactions. Seen here is part of the subcritical 

spallation target assembly used in the test with 
rods of natural uranium (contained in alu
minium sheaths) in a tank of demineralized 
water, with in the centre, the radioactive rod 
used as a calibration neutron source. 

(Photo CERN EX 76.9.94) 

ing new techno logy using l iquid fuel 
loops (mol ten salts) wi th on- l ine 
separat ion of radioact ive products . 

Unl ike a reactor, the EA's f iss ion 
react ion is not sel f -susta in ing: it is 
sub-cr i t ical and needs a cont inuous 
supply of neut rons f rom the acce lera
tor. Th is makes Chernoby l - type 
me l tdowns unl ikely: if the accelerator 
s tops, the react ion s tops too. Another 
major advan tage is that the old 
d ream of using thor ium as a fuel is 
now m ade possib le. Thor ium is not 
itself f issi le, but under neutron 
bombardmen t can be t rans formed 
into highly f issi le uran ium 233 . Th is 
f ission y ie lds neut rons wh ich , in 
addi t ion to mainta in ing the f ission 
cha in , in turn regenerate uran ium 
233 f rom thor ium. Th is cannot be 
ach ieved pract ical ly in a normal 
thermal reactor s ince the number of 
neut rons is too smal l . 

Calcu lat ions show that in the EA, 
uran ium 233/ thor ium equi l ibr ium is 
soon estab l ished. In this thor ium 
cycle very little p lu ton ium is p roduced 
- 1000 to 10,000 t imes less than in 

convent iona l reactors. Tho r ium, more 
abundant in the Earth 's crust than 
uran ium, is ful ly used in the cyc le 
(unl ike natural u ran ium where only 
the 0 . 7 % sl iver of isotope 235 is 
f iss ionable) . Thor ium energy re
serves appear to be pract ical ly 
inexhaust ib le. 

To i l lustrate the casex for a b e a m 
energy of 7 Megawat ts (7 mA pro
tons p roduced by a state-of- the-art 1 
GeV cyclotron) the EA wou ld pro
duce 280 M W of thermal energy, 
cor respond ing to about 100 M W of 
electr ical power. A s the power 
needed to operate the accelerator 
does not exceed about 20 MW, there 
wou ld thus be a net product ion of 
over 80 M W . (A normal nuclear 
power stat ion produces about a 
Gigawatt . ) Dur ing 1994 an irradiated 
sub-cr i t ical assembly has been 
tested in a b e a m f rom C E R N ' s PS 
proton synchro t ron at a very low 
power (of the order of one watt ) . 

Rubb ia has a lso s imula ted using 
lead as moderator . Th is involves 
work ing wi th neut rons of h igher 

energy than in normal fast neutron 
reactors where the less agreeab le 
l iquid sod ium is the moderator . 
Calculat ions show that reactivity 
using lead remains very constant 
s ince the effect of f ission products 
(poisons) is cons iderab ly reduced. 
This a l lows more comple te combus 
t ion before the fuel rods have to be 
reprocessed (they cou ld stay in p lace 
for four years instead of a year wi th 
the l ight-water var iant) . Moreover , the 
constant reactivity opens up the 
prospect of energy gain increasing 
f rom about 60 to 100 or 120, wi th the 
assembly remain ing sub-cr i t ical . 

Fast neut rons open up interest ing 
opportuni t ies for the reprocess ing of 
the i rradiated rods. Th is reprocess ing 
wil l be l imited to the separat ion of the 
f ission products s ince all act in ides 
become combust ib le , s idestepp ing 
the p lu ton ium prob lem. T h e only EA 
act in ide was te (0.5%) comes f rom 
imperfect ions in the separat ion 
process. 

Fission products can be recycled in 
the rods, the neutron f lux t rans form
ing t hem into non-radioact ive e le
ments . However , unl ike the f iss ion of 
act in ides, this t ransformat ion con 
sumes neut rons and reduces energy 
product ion. A compromise solut ion 
wou ld be to reserve this cost ly 
process ing to sensi t ive e lements 
such as ces ium 135, iodine 129, etc., 
wh ich are long-l ived (several mil l ion 
years) and potent ial ly pol lut ing. 

A s tudy carr ied out on the thermal 
vers ion (the fast neutron vers ion , 
probably even cheaper , has not yet 
been costed) cor roborated by exper ts 
f rom the Laborato i re d 'Economie de 
l 'Energie in Grenob le indicates a unit 
pr ice sl ightly h igher than that of 
French nuclear power stat ions, but 
much lower than other sources 
(German nuclear power stat ions, 
coa l , French natural gas) . 
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CES has designed a complete VME processor line based around the 
PowerPC architecture and the PCI bus. The family contains both 
Development processors (RTPC 8067 line) and T a r g e t processors 
(RI02 8060 line). All are fully compliant with the Prep standard and the 
CPUs are easily upgradable from 603 to 603+ and 604. The development 
platform has been optimized for power, the target platform for low-cost. 

They can be delivered with a 66 MHz PowerPC 603 up to a 100 MHz 
PowerPC 604 according to the performance requirements. They provide 
up to 160 SPECint92 and 165 SPECfp92 in a single slot 6U form factor. 

D e v e l o p m e n t P l a t f o r m : RTPC 8067 

• CPU on mezzanine with second level cache providing 
up to 185 SPECint92) 

• 2nd CPU for redundant operation and on-line diagnostics 
• VME D64 with High Speed List Processor 
• VSB Interface (on PMC) 
• Ethernet, SCSI II, 2 x serial lines 
• 1 x PMC Slot 
• Processor family: PowerPC 603, PowerPC 603+, 

PowerPC 604 
• Native Lynx or OS-9 with local disk on SCSI II Interface 

or remote disk through Ethernet 
• System Support Package (SSP) including drivers and C 

libraries for VME, VIC, FDL, CAMAC and FASTBUS 
interfaces 

• VxWorks Board Support Package (BSP) also available 

CPU 
Power-PC 
603/604 

SYSRAM 
32 up to 96 Mb 

DRAM 

SYSRAM 
Extension 
Mezzanine 

PCI 
Bridge 

Ethernet 
79C970 

Sub I/O 
- Timers 

- NVRAM 
- FEPROM 

- ÏNT Controller 
- Serial Lines 

PCÏ-VME 
Bridge 

I 10 Base T 

PMC#1 
(DSP, CPU high-power 
VSB ROC or special) 

PMC #2 
I (High Speed I/O Interface, CPU 
" or CUSTOM logic) 

PCI - VSB bridge 

DMAC 
(optional) 

- J , s 

i-V2 f 

T a r g e t P l a t f o r m : RI02 8060 / RI02 8061 

• Most compact PowerPC / PCI / VME combination 
• General purpose low-cost VME platform for PMC 

mezzanines (2 + 2 PMC slots) 
• CPU directly on mother board (up to 160 SPECint92) 
• VMED64 
• Optional high speed VME block mover 
• VSB Interface (on PMC) 
• Remote reset Input 
• Processor family: PowerPC 603, PowerPC 603+, 

PowerPC 604 
• Lynx / OS-9 entirely PROMed or down-line loaded via 

Ethernet from a server (RTPC 8067/x system or other) 
• Vx Works Board Support Package (BSP) available 

CES, at the leading edge in system conception 
For any additional information about this product or our complete VIC, VME, CAMAC and FASTBUS line, do not hesitate to contact us. 

t tEHHEE lE IUHI SISTER 

CES Geneva, Switzerland Tel: +41-22 792 57 45 Fax: +41-22 792 57 48 EMail: ces#lancy.ees.eh 
CESJD Germany Tel: +49-60 55 4023 Fax: +49-60 55 82 210 

CES Creative Electronic Systems SA, 70 Route du Pont-Butin, P .O. Box 107 
CH-1213 PETIT-LANCY 1 SWITZERLAND 



P h y s i c s m o n i t o r 

Th is may s e e m surpr is ing ("you're 
add ing a cyc lo t ron, how can you be 
cheaper?") , but the relat ive addi t ional 
investment is offset by the lower fuel 
cost (no isotope separat ion) and 
ease of operat ion, wi th less f requent 
fuel rod manipu la t ion. 

To dr ive the assembly wou ld 
require a 1 G e V cyclot ron wi th an 
intensity of 10 m A or more - an 
entirely feasib le prospect . The 
exper iment at C E R N , using a beam 
f rom the PS, shows that an energy of 
800 MeV to 1 G e V is opt imal . 

The main object ive of the test w a s 
to conf i rm computer s imulat ions. The 
Univers idad Pol i técnica of Madr id 
prov ided a subcri t ical assemb ly used 
for teach ing purposes wi th 3.6 tonnes 
of natural uran ium in a tank of 
deminera l ized water, wh ich cou ld be 
used wi th only minor modi f icat ions to 
take a spal lat ion target. Operat ion 
used low intensity (1 /100,000 of the 
PS proton product ion rate) to min i 
mize radioact ivi ty. 

In this test r ig, energy product ion 
w a s of the order of 1 wat t , g iv ing a 
tempera ture rise of the order of 1/100 
of a degree, requir ing careful ther
momet ry . To prove that the heat ing 
was due to f iss ion, plastic sheets 
(Lexan) were exposed in the thermo-
metr ic probe si tes. The character ist ic 
etch ing p roduced by f iss ion f rag
ments on such plastic can be deve l 
oped and observed under the micro
scope. T h e correlat ion w a s perfect. 

From these local measurements , 
carr ied out at four dif ferent d is tances, 
the rise in tempera ture cou ld be 
estab l ished f rom the f ission densi ty 
d istr ibut ion. Th is rel ied on the c o m 
puter s imulat ion and a deta i led 
mapp ing f rom 200 electronic f iss ion-
product detectors. These si l icon solar 
d iodes or ionizat ion counters in 
pressur ized argon count the f rag
ments emerg ing f rom thin cal ibrated 

deposi ts of u ran ium and show the 
t ime dependence of the f ission rate 
fo l lowing a short pulse of protons. 

The measured energy gain is of the 
order of 30, consis tent wi th the 
s imulat ion predict ions. 

The test rig w a s far f rom op t imum. 
Simulat ion shows that a larger dev ice 
wou ld g ive a gain of about 60, 
suff ic ient for 600 M W of thermal 
energy, i.e. about 200 M W of electr i 
cal power, f rom a 10 m A 1 G e V 
cyc lo t ron. 

The dependence of gain on incident 
proton energy has been studied 
be tween 600 MeV and 2.75 GeV. 
Above 1 GeV the gain hardly in
c reased whi le be low 800 MeV it 
dec reased markedly . By the end of 
the year, the C E R N group expects to 
have a deta i led feasibi l i ty report for a 
pilot energy product ion facil i ty. 

E lsewhere, severa l g roups - Los 
A lamos , Brookhaven , Japan (JAERI) 
and Russ ia (at least seven inst i tutes 
a round ITEP, Moscow) - are p lanning 
accelerator-dr iven f ission for a range 
of appl icat ions (waste and p lu ton ium 
destruct ion, t r i t ium product ion, 
energy product ion f rom thor ium, 
uran ium or p lu tonium). A joint report 
wil l be d rawn up this year under the 
aegis of the Internat ional A tomic 
Energy Agency . 

Wi th the heavy ecological impl ica
t ions of present nuclear and conven 
t ional energy sources , it is surpr is ing 
how little R&D work is be ing invested 
anywhere in this potent ial ly reward
ing al ternat ive energy solut ion. 

STANDARD MODEL 
The elephant, the tiger, 
the penguin and the 
unicorn 

Exper iments at Fermi lab 's Tevat ron 
proton-ant iproton col l ider have 
d iscovered the long-awai ted sixth -
' top'- quark (see page 1). The top 
quark w a s the only miss ing link in the 
f ramework of today 's S tandard Model 
of three pairs of quarks and three 
pairs of leptons (June 1994, page 4). 

Unl ike Fermi lab 's ant iproton-proton 
col l is ions, the e lectron-posi t ron 
col l is ions at C E R N ' s LEP mach ine do 
not make it possib le to produce and 
observe the top quark, for lack of 
energy. In the context of the S tand
ard Mode l (SM), however , LEP has 
prov ided a va lue for its mass wh ich , 
at the end of the 1993 season , w a s 
172 + 20 GeV, agree ing wel l wi th the 
average va lue f rom the Fermi lab 
exper iments , 180 ± 12 GeV. 

Whi le the S M includes the top 
quark, it g ives no indicat ion of its 
mass . T h e S M prov ides a math 
emat ica l f ramework mak ing it poss i 
ble, f rom three basic quant i t ies, to 
calculate all the observab le ef fects in 
the e lec t roweak interact ion sector. 
The three quant i t ies are se lected 
accord ing to the precis ion wi th wh ich 
they are known . The ones now 
adopted are the e lec t romagnet ic 
coupl ing constant , the muon decay 
coupl ing constant , and the mass of 
the Z, newly p romoted on account of 
the ex t reme precis ion wi th wh ich it 

Basic diet of CERN's LEP electron-positron 
collider - the formation of aZ from an electron-
positron pair and its subsequent decay. 
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The Z can be affected by a transient loop of a 
"virtual" top and antitop quark pair. Although 
the top quarks cannot be seen their presence 
can be felt in precision Z measurements. 

has been obta ined at LEP. 
It might thus be thought that, at LEP 

or lower energ ies, wel l be low the top 
quark product ion th resho ld , this 
quark could be forgot ten and the 
observed phenomena accoun ted for 
wi thout worry ing about it, by calculat
ing all the "observables" f rom the 
a forement ioned three basic va lues. 

Quan tum nature, however , is more 
comp lex and more interest ing! It acts 
like a bank wh ich lends energy, all 
the more if it is repaid quickly. Th is 
approx imate metaphor is a s imple 
paraphrase of He isenberg 's uncer
tainty relat ion. T h e " loan" makes it 
possib le for part ic les, a l though too 
heavy to be actual ly re leased in a 
react ion, to take part in the process 
just the same. 

For instance in the product ion of a Z 
at LEP, the intermediate state may 
f luctuate towards a top-ant i top quark 
pair. The top quark, wh ich be longs 
to the third fami ly of quarks and thus 
has pr iv i leged relat ions wi th the fifth 
(b, or beauty, quark) a lso affects the 
rate of decay of the Z part ic les 
conta in ing the b quark. A s wel l as 
the top quark, any object wi th suit
able quan tum numbers may contr ib
ute similar ly. 

Remarkably , these processes can 
be measured , for they sl ight ly modi fy 
the observed effects, in part icular the 
react ion rates. Here aga in , the 
S tandard Model prov ides the tools for 
calculat ing these modi f icat ions. 
These changes , however , now 
depend on the mass of the object 
cons idered , so that prec ise measure 
ments provide access to this mass . 
Thus the ul t ra-precise measu remen ts 
of the propert ies of the Z at LEP, 
supp lemented by other results, 
part icular ly f rom neutr ino scat ter ing 
and on the W mass , have made it 
possib le to obtain the mass of the top 
quark wi th in the context of the 

S tandard Model , wi thout actual ly 
produc ing one. 

It is natural to wonder whe ther the 
other great miss ing feature of the 
Standard Model , the higgs boson , 
cou ld be similar ly t racked d o w n . A s 
wel l as an outer f ramework of quarks 
and leptons, the S M has inner 
mechan isms that provide its mot ive 
power - the e lect roweak interact ion, 
the st rong quark-g luon force, and the 
myster ious 'h iggs' part icle wh ich 
g ives the essent ia l e lec t roweak 
symmet ry break ing. 

T h e higgs part icle may a lso take 
part in loop processes. Unfor tunately, 
the expec ted effects are very smal l . 
At LEP, for example , they are much 
weaker than those of the top quark. 
As long as the latter are not precisely 
known they will certainly mask the 
inf luence of the higgs boson . To 
deve lop an analogy of Gu ido Altarel l i , 
t rack ing the higgs boson a longs ide 
the top quark wou ld be like a bush 
hunter, wi th his ear to the g round , 
t ry ing to detect a t iger 's foots teps 
whi le an e lephant is t ramping a round 
nearby. 

A n essent ia l pre-condi t ion therefore 
is to determine the mass of the top 
quark precisely and make a l lowance 
for it. Once the e lephant has been 
st i l led, shal l w e be able to hear the 
t iger 's footsteps? 

T h e condi t ions required are, unfor
tunately, really strict. The mass of 

the top quark wou ld have to be 
de te rmined to an accuracy of about 
one per cent . It wou ld also be 
necessary to make at least one other 
measu remen t of equivalent qual i ty. 
For examp le , the va lue of the 
e lec t roweak mix ing angle parameter 
wou ld have to be obta ined wi th an 
accuracy of about one part in ten 
thousand or better. 

Both great ly outstr ip current poss i 
bil i t ies. T o reach them wou ld require 
new mach ines and p rog rammes (a 
l inear e lectron-posi t ron col l ider or a 
col l ider of the LEP type wi th high 
luminosi ty and highly polar ized 
beams) . At this level of precis ion w e 
even c o m e up against the residual 
uncerta inty of one of the basic va lues 
of the S M , the e lect romagnet ic 
coup l ing constant , or, more exact ly, 
its va lue at the scale of the Z mass . 
Obta in ing the necessary precis ion 
wou ld require a vast wor ld pro
g r a m m e of measur ing e lect ron-
posi t ron annihi lat ion into hadrons at 
low-energy mach ines , desirable but, 
a las, unl ikely. 

If all these measurements were 
made , w e wou ld obtain a we l come 
but only approx imate va lue for the 
h iggs mass . Fur thermore, such a 
deduct ion wou ld assume the strict 
val idi ty of the S M , and this is pre
cisely wha t w e want to prove. How is 
it possib le to ensure that any sl ight 
deviat ion is caused by the higgs 
boson and not by some new phys
ics? Are w e detect ing the foots teps 
of a t iger or of some as yet unknown 
beast? 

G iven the intr icacy and the unavo id 
able ambigui t ies and l imitat ions of 
such a p rog ramme of indirect meas 
urements , the real solut ion is the 
direct explorat ion of the mass range 
in wh ich the higgs part icle is ex
pec ted . Th is is the pr ime purpose of 
LHC, succeed ing LEP2. 
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However certain h igh-precis ion 
measuremen ts made at relat ively low 
energy may still be highly effect ive. 
They make it possib le to refute 
theor ies wh ich stray too far f rom the 
S M . Thus LEP measuremen ts g ive a 
hard t ime to a c lass of theor ies wh ich 
at tempt to go beyond the S M by 
advanc ing the hypothes is that ob 
jects like the h iggs boson are c o m 
posi te, built f rom deeper layers of 
const i tuents. These "Technicolour" 
theor ies predict greater deviat ions 
f rom the S M than those to lerated by 
the LEP measuremen ts and are 
therefore in ser ious diff iculty. These 
mode ls do , however , have a large 
number of var iants and it is not 
impossib le to concoct a v iable 
solut ion. 

Wha t can one say about super-
symmet ry f rom accurate measure 
ments? Supersymmet ry (SUSY) 
relates bosons (normal ly force-
carry ing part icles) and fermions 
(which normal ly feel the forces) . In 
supersymmet ry , bosons have 
fermion counterpar ts , and v ice versa. 

S U S Y , especia l ly in its min imal fo rm 
(MSSM) , is now cons idered the most 
at tract ive theory beyond the S M . 
Precis ion data f rom LEP added 
conf idence to ext rapolat ions to higher 
energy reg imes (April 1 9 9 1 . page 3). 
M S S M accounts for the present data 
as wel l as the S M does. S U S Y 
predicts the ex is tence of a new set of 
objects mirror ing that of the S M . 
These have not yet been observed 
because , it is c la imed, they are 
relat ively heavy. In addi t ion, S U S Y 
needs several h iggs bosons . Th is 
rich phenomeno logy makes LEP2 a 
promis ing mach ine , especia l ly to 
observe the l ightest of these bosons , 
whi le LHC will offer a horn of plenty if 
supersymmet ry is real. 

Wou ld it be possib le, however , to 

Just as the unicorn is a superposition of ideas 
not seen together but which nevertheless look 
appealing when combined, so in physics 
supersymmetry (SUSY) relates bosons 
(normally force-carrying particles) and 
fermions (which normally feel the forces). In 
supersymmetry, bosons could have fermion 
counterparts, and vice versa. SUSY could turn 
out to be a lot less mythical than the unicorn 

infer the ex is tence of these part ic les 
f rom their effects at low energy? 
There again the si tuat ion is not very 
promis ing. Due to the mathemat ica l 
s t ructure of S U S Y , the heavy part
ners have an annoy ing tendency to 
decoup le f rom lower-energy p h e n o m 
ena, and do not marked ly modi fy 
observab le quant i t ies like the proper
t ies of the Z. 

After lengthy studies, the conc lus ion 
is that any marked deviat ion can 
ar ise only f rom the ex is tence of light 
supersymmetr ica l par tners at the 
threshold of the f ield current ly be ing 
exp lored. These wou ld be observab le 
at LEP2 and the Teva t ron . 

This possibi l i ty of a direct look is 
we l come s ince measuremen ts at 
LEP1 have not yet at ta ined suff icient 
precis ion to give a f i rm answer , and 
probably never wi l l . 

At still lower energ ies , the precise 
measuremen t of rare ( 'penguin') 
modes , like the radiat ive decay of the 
B (October 1994, page 12), is gener
ally regarded as a w indow on poss i 
ble new phenomena . Th is and other 
remarkab le measuremen ts have set 
s t rong l imits on some unusual 
theor ies, such as those wh ich depar t 
f rom the S M by having two double ts 
of h iggs bosons. 

However , the supersymmet ry 
theory itself is more complex : sev
eral types of new objects are capab le 
of modi fy ing the radiat ive decay rate 
of the B and , accord ing to SUSY 's 
choice of f ree parameters , their 
effects may compensa te or be added 
to one another so that it has so far 
been impossib le to d raw any f i rm 
conc lus ion on supersymmet ry f rom 
this channe l . 

Precis ion measuremen ts of var ious 
e lec t roweak processes, of wh ich the 
famous anoma lous magnet ic mo

ment (g-2) of the muon is still the 
archetype and where LEP I is d ist in
guish ing itself, const i tute a rich and 
promis ing f ield to be explo i ted as 
thorough ly as possib le. 

They have made it possib le to 
conf i rm the internal coherence of the 
Standard Model in its subt lest points. 
For theory bui lders they prov ide 
guidel ines on what is a l lowed and 
even more on what is fo rb idden. It 
wou ld , however , be wrong to over
emphas ize t hem and overest imate 
their predict ive power. T h e direct 
explorat ion of the TeV mass f ield 
remains utterly essent ia l . 

Col l is ion energy in the T e V range 
be tween const i tuents - quarks and 
g luons - is high enough above the 
e lec t roweak sca le to ensure that a 
new f ield of physics is go ing to be 
exp lored. In relat ion to the 14 T e V of 
the col l is ions be tween protons in 
LHC, seen here as quark and g luon 
bags, this energy is still low enough 
for such col l is ions to occur at a 
sui table rate. 

Fol lowing LEP2, explor ing this f ield 
by means of LHC is the only w a y of 
provid ing a conv inc ing answer to the 
current p rob lems, and answer ing 
them by looking for the t iger and , as 
has so often happened before, 
f inding the equivalent of a unicorn in 
s o m e as yet unident i f ied spec ies. 

By Daniel Treille 
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In one of the opening lectures at the 11th 
International Conference on Ultra-relativistic 
Nucleus-Nucleus Collisions, held in January in 
Monterey, California ,T.D. Lee (Columbia) 
overviewed the physics expected at the RHIC 
collider now under construction at Brookhaven. 

CONFERENCE 
Quark Matter '95 

High energy heavy ion col l is ions 
have become one of the major 
growth areas of modern physics. 
Provid ing c o m m o n ground be tween 
part ic le and nuclear phys ics, it has 
p roduced a wave of new interest and 
a ser ies of major projects to prov ide 
beams of higher energ ies and in
creas ing nuclear complex i ty . 

Ref lect ing this interest, and despi te 
record rainstorms, over 450 enthus i 
ast ic high energy heavy ion fo l lowers 
met in Monterey, Cal i fornia, at the 
11th Internat ional Con fe rence on 
Ultra-relativist ic Nuc leus-Nuc leus 
Col l is ions. 

N a m e d Quark Matter '95, the 
meet ing was character ized by its o w n 
f lood of new results f rom exper iments 
s tudy ing col l is ions of go ld nuclei at 
the Brookhaven Al ternat ing Gradient 
Synchro t ron (AGS) and wi th si l icon 
b e a m s at the C E R N S P S synchro
t ron, as wel l as prel iminary results 
f rom the first run wi th lead beams at 
C E R N late last year (December 
1994, page 15). 

A str ik ing aspect of the Confe rence 
w a s the growth in a t tendance and , in 
part icular, the large number of young 
physic ists w h o a t tended the meet ing , 
under l in ing the vitality and appea l of 
this important f ield. 

CERN 

T h e new prel iminary data f rom 
C E R N exper iments NA44 , NA49 , 
NA52 , W A 9 7 , and W A 9 8 , made 
avai lable wi th remarkable speed 
fo l lowing the initial lead b e a m run in 
November and December 1994, 
represent a signif icant s tep in the 

s tudy of heavy ion col l is ions. Phys i 
cists have finally come c lose to 
condi t ions where it is possib le to 
cons ider event-by-event analys is of 
these very complex final s tates. The 
impor tance of this emerg ing ap
proach to relativistic heavy ion 
col l is ions was emphas ized by 
Reinhard Stock (Frankfurt) and other 
speakers in a pre-conference work
shop devoted to physics wi th the 
col l ider detectors at big new projects 
now in the pipel ine - RHIC at 
Brookhaven and LHC at C E R N . 

The study of col l is ions of heavy 
nuclei at relativistic energ ies is 
domina ted by the search for the 
Quark -G luon Plasma, the 'soup ' of 
f ree quarks and g luons expec ted to 
have p layed an important role in the 
ear ly Universe. Th is p lasma results 
f rom a phase transit ion and is pre
dicted by calculat ions using lattice 
quan tum chromodynamics . 

A l though the Quark-Gluon P lasma 
has not yet been found, the exper i 
ments reported a number of s igna
tures incompat ib le wi th the picture of 
s imple hadron-hadron interact ions in 
these nuclear col l is ions. The s igna
tures, enhanced s t rangeness and 
enhanced di lepton product ion, were 
rev iewed by Carl Dover 
(Brookhaven) and Itzhak Tser ruya 
(Weizmann) . 

Brookhaven AGS 

The results f rom the A G S , pre
sen ted by speakers represent ing 
exper iments E810, E859, E866, 
E877, and E878 indicate a consider
able level of nuclear s topping in go ld-
gold col l is ions at 10.9 GeV per 
nuc léon beam energy. As a result, 
there are a large number of mult ip le 
col l is ions between part ic ipat ing 
nuc léons leading to an intermediate 

state rich in baryonic resonances. 
T h e s tudy of this new form of matter 
will be the focus of a cont inuing 
p rog ramme of exper iments at 
B rookhaven . Prel iminary results f rom 
E859 also indicate a slight shift in the 
phi meson mass . If conf i rmed, this 
wil l be the first ev idence of the 
modi f icat ion of hadronic propert ies 
inside dense matter. 

These and other exper iments at 
B rookhaven and C E R N seek to 
unders tand the condi t ions created in 
col l is ions of heavy nuclei at relativis
tic energ ies . An understanding of the 
the rmodynamic and other propert ies 
of hot, dense hadronic matter under 
these condi t ions is a crit ical s tepping 
s tone towards the d iscovery and 
character izat ion of the Quark -G luon 
P lasma in heavy ion col l is ions at the 
future RHIC and LHC accelerators. 

Theory 

T h e conference included a number 
of excel lent ta lks by theor ists w h o 
descr ibed important deve lopments in 
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Helmut Satz (Bielefeld) who spoke on "Hard 
Probes of Dense Matter" at Monterey, also 
probed from the floor. 

the unders tand ing of hadronic and 
quark /g luon matter at the very high 
energy densi t ies that are and wil l be 
avai lable. These calculat ions are 
based on a w ide range of points of 
v iew including the rmodynamic , 
hadron cascade , and quark /g luon 
cascade mode ls that seek to de
scr ibe the creat ion and evolut ion of 
high energy densi ty hadronic and 
quark-g luon matter. 

In addi t ion, theor ists descr ibed a 
number of fasc inat ing p h e n o m e n a 
including the format ion of d isordered 
chiral condensa tes (coherent pion 
f ields) and s t range matter. The 
impor tance of an int imate interplay 
be tween theory and exper iments was 
emphas ized by a number of speak
ers and was an important aspect of 
intense hal lway conversat ion be
tween part ic ipants throughout the 
meet ing . 

Highlights 

Highl ights of the conference 's six 
plenary, six paral le l , and extens ive 
poster sess ions inc luded the intro
duct ion by Berndt Muel ler (Duke) 
descr ib ing the current state of the 
f ie ld, and T .D. Lee (Columbia) 
emphas iz ing the impor tance of the 
changes in the quan tum mechanica l 
v a c u u m state that cou ld be induced 
by heavy ion col l is ions at RHIC 
col l is ion energ ies and above . 

Also, there w a s a comprehens ive 
talk by Gordon Baym (Ill inois) de
scr ib ing the propert ies of high densi ty 
nuclear matter in neutron stars. 
Conc lud ing , Mik los Gyu lassy (Co lum
bia) reminded part ic ipants of the 
t remendous ach ievements the f ield 
has seen and pointed out the exci t ing 
future in store. 

(Photos LBL) 

Organization 

The conference, held every 1 1/2 
years , w a s impressive ly organ ized by 
Art Poskanzer (Lawrence Berkeley 
Laboratory) , and the local commi t tee . 
The pre-conference workshop w a s 
organ ized by T im Hal lman (UCLA) 
and J im T h o m a s (Lawrence 
L ivermore Nat ional Laboratory) . T h e 
Conference made extensive use of 
the Wor ld W ide W e b , where all 
abstracts were posted. 

The compan ions p rogram, a r ranged 
by Lucil le Poskanzer , inc luded a talk 
by a local Ste inbeck expert , a de 
scr ipt ion of the search for the Quark-
Gluon P lasma in layman 's te rms, and 
a d iscuss ion of the cha l lenges of 
"Living Wi th the Big Bra ined." (The 
C E R N Cour ier wou ld have apprec i 
ated receiv ing summar ies of these 
latter two talks.) 

Part ic ipants are eager ly looking 
ahead to the next Quark Matter 
meet ing wh ich wil l be hosted in May 
1996 by the Universi ty of Heidelberg 
and the GSI Laboratory, Darmstadt . 

From Jay Marx and Xin-Nian Wang 

Delayed neutrinos 

The K A R M E N (KAr lsruhe/Ruther ford 
Med ium energy Neutr ino) exper iment 
at the UK Rutherford Laboratory 's 
ISIS accelerator /neutron source 
began running in 1990, and a m o n g 
other contr ibut ions has prov ided the 
first examp les of nuclear exci tat ions 
v ia neutral current interact ions. As 
neutr ino stat ist ics cont inue to pile up, 
intr iguing new effects appear to 
emerge f rom the data. 

ISIS f ires a dense 800 MeV proton 
beam into a th ick target of heavy 
meta l , produc ing neut rons by 
spal lat ion. Whi le most of the ISIS 
protons conver t into neutrons, about 
one in twenty radiates a charged 
p ion, wh ich decays to produce a 
muon and a muon neutr ino. 

In contrast to a normal neutr ino 
exper iment , whe re the neutr inos are 
p roduced by the decay of secondary 
pions (and kaons) in f l ight, 
K A R M E N ' s p ions get no further than 
the dense neutron source/ target . Th is 
acts like a 'beam stop' , absorb ing 
most of the secondar ies usual ly seen 
in high energy react ions, leaving only 
highly penetrat ing part ic les, like 
neutr inos, wh ich pass th rough 
mater ia l relat ively unsca thed. 

Captu red in the neutron product ion 
target, the secondary charged pions 
decay at rest, produc ing muons and 
monoenerget ic (30 MeV) muon- type 
neutr inos. The former subsequent ly 
decay too, produc ing e lect rons and 
both m u o n - and e lectron- type neutr i 
nos. Wi th three emerg ing part ic les 
rather than two , the energy of the 
neutr inos f rom muon decay has a 
cont inuous spec t rum (as in beta 
decay) , cutt ing off at 53 MeV. 

K A R M E N ' s 56- tonne l iquid scint i l la
t ion calor imeter, 17.5 metres d o w n 
s t ream f rom the target assembly and 
swa thed in its 6000 tonne iron mant le 
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Zero-flux measuring systems 

made by Holec for high-precision measurement 

Z E R O - F L U X M E A S U R I N G 
S Y S T E M S 

• wide current range: up to 50,000 A 

• analog and VME-bus output 

• unequalled accuracy 

• low power consumption 

• true bipolar operation 

• fully magnetically screened 

• highly EMI protected 

• without any temperature control devices 

• high reliability: MTBF of 30 years 

H O L E C HH 
Holec Systemen en Componenten, P.O. Box 23, 7550 AA Hengelo, The Netherlands, 
tel.: +31.74.462850, fax: +31.74.464818 

DELTA ELEKTRONIKA BV ZIERIKZEE NETHERLANDS 

Delta 
Power Supplies 
These precision state-of-the-Art switch mode Power Supplies 
(made in Holland) are widely used at CERN. They supply day-
in day-out reliable DC-Power for Magnets, Electronics, Crates 
and Battery charging. Available from stock are models with 
output voltages from several volts up to 300 Volts and currents 
up to 200 Amps. They are designed for longlife at full output 
power and will operate at up to +50C Ambient without derating. 
SM-Series are offering high performance and reliability at low 
cost. Typical CV regulation is <5mV (20mV on the h.v. units) and 
ripple is <2mV on most units. TC of <50ppm/K is standard. 
(Lower TC on special order) 
SX-Series are now available of the shelf with output voltages 
ranging from 3,5V to 400V and currents up to 26A. The single, 
dual and triple-output units can be used as modules or as 
Eurocassettes (3U,6U height). 
Other very high reliability modular units at low cost are the 600W 
and 1200W S-Series with a MTBF of >500.000 hrs. Output 
voltages ranges from a low 12V to a high 60V at currents up to 
60 Amps. 
If you want Linear Power: look for the >1.000.000 hrs MTBF 
M-Series (Less than one repair per 1000 per year over the last 
10 years !) 

Please contact us at the address below for your free copy of 
the Delta Power Supply catalogue: 

A&D Products AG 
CH-2501 Blel/Bienne 
Tel. 032-23 63 12 Fax. 032-22 24 78 

CII4DIN€S 
a *** Hotel Res idence in 

Ferney-Voltaire 

Shor t / l ong t e r m f u r n i s h e d s tud ios & 

2 - room a p a r t m e n t s w i t h m o d e r n 
fac i l i t ies & fu l l y e q u i p e d k i tchen area, 

sate l l i te TV, p r iva te te l . l ine, mu l t i l i ngua l 
recep t ion , s w i m m i n g - p o o l . 

CIX4DINGS, y o u r f a v o u r e d par tner 
s ince it w a s bu i l t in 1990 by the 'CERN' 
pens ion f u n d , o f fers specia l RATES fo r 

CERN e m p l o y e e s . 

Visits & Reservations: 
34, rue de Genève 

01210 FERNEY-VOLTAIRE (France) 
Te l . : (33) 50 42 61 61 
Fax: (33) 50 40 91 24 

On ly m i n u t e s a w a y f r o m 
Geneva 's Centre 
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Around the 
Laboratories 

to screen off background effects, 
moni tors the emerg ing part ic les. 
Dur ing normal running, about 1 or 2 
neutr inos per day are in tercepted, 
wi th s o m e 1500 neutr ino counts 
hav ing been a m a s s e d so far. 

By compar ing the arr ival t ime of the 
neutr ino counts wi th the proton clock, 
neutr inos f rom the two dif ferent 
sources can be separa ted . The 
electron neutr inos f rom muon decay 
broadly reflect the 2.2 mic rosecond 
muon l i fet ime, but the exper iment 
sees a sl ight shou lder in the decay 
spec t rum, b roadened towards 2.7 
mic roseconds. 

Wi th neutr inos reluctant to interact 
with matter, neutr ino data are notor i 
ously difficult to amass , so that 
results are cont inual ly at the mercy of 
stat ist ical f luctuat ions. However the 
de layed shou lder in the K A R M E N 
spec t rum has now lasted for several 
years . It could mean that someth ing 
else, a mass ive neutr ino- l ike part icle 
p roduced in a rare form of pion decay 
beyond any convent iona l theory, is 
mak ing its p resence felt. Only severa l 
years more neutr ino running wil l tel l . 

Another object ive high on 
K A R M E N ' s list is the search for 
neutr ino osci l lat ions, whe re neutr inos 
wou ld per iodical ly swi tch roles, for 
examp le f rom e lect ron- to muon- type 
and back. K A R M E N is ex t remely 
sensi t ive to such effects, but so far 
has seen noth ing, d rawing va luab le 
front iers of neutr ino mass and other 
parameters beyond wh ich such 
osci l lat ions have to be conf ined. 

(This report is drawn from a story 
first published in the German Physi
cal Society's excellent monthly 
physics magazine Physikalische 
Blatter.) 

200 

[XS 

The arrival time of neutrino counts (horizontal 
axis) in the KARMEN experiment by a 
German/UK team at the UK Rutherford 
Appleton Laboratory's ISIS machine reflects 
their muon parentage, with a mean decay time 
around 2.2 microseconds. However a slight 
broadening of the spectrum near 2.7 microsec
onds suggests that something else could be 
happening too. 

PROTVINO 
U-70's first long run 

The Protv ino 70 G e V proton synchro
tron (U-70), commiss ioned in 1967, 
was for f ive years the wor ld 's largest 
proton mach ine . In al l , more than 170 
exper iments at U-70 have been 
carr ied out, more than 50 being joint 
exper iments wi th physic ists f rom the 
European , USA and Japan laborato
ries. 

Under the Russ ian government , the 
Protvino Institute for High Energy 
Physics ' high scienti f ic author i ty was 
last year accorded the tit le of State 
Scient i f ic Cent re , denot ing that it is 
the major laboratory in Russ ia 
carry ing out a h igh energy physics 
p rog ramme actual ly in the country. 

In keeping wi th this s tatus, U-70's 
tradi t ional running schedu le has been 
boos ted . Before 1994, U-70 w a s 
schedu led for four or f ive runs, each 
of about 40 days , each year. 

Meanwhi le a major upgrade of the 
IHEP mach ine had been launched. 
A m o n g its main goals we re the 
rep lacement of many U-70 sys tems 
to increase the proton beam intensity 
and the mach ine 's operat ional 
reliabil ity, to carry out a new physics 
p rog ramme at 70 GeV, and to obtain 
the beam condi t ions necessary for 
the big UNK mach ine under con 
struct ion. 

The U-70 upgrade inc ludes: total 
rep lacement of the gof fered v a c u u m 
chamber by a smooth one ; improve
ment of all 40 rad io f requency s ta
t ions; des ign and construct ion of a 
new diagnost ic and control sys tem; 
and des ign and construct ion of a new 
60 MeV radiof requency l inac to al low 
accelerat ion of negat ive hydrogen 
ions and charge exchange inject ion. 

At the same t ime U-70 was c o n -
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ver ted for longer running per iods, 
wi th two longer runs per year wi th a 
s u m m e r break for ma in tenance , 
upgrades and instal lat ion. 

In 1994, despi te the adverse f inan
cial s i tuat ion wh ich Russ ian sc ience 
and part icular ly high energy phys ics 
is undergo ing , the first s tage of the 
U-70 upgrade was comp le ted and , 
for the first t ime in IHEP's history, a 
th ree-month (October -December ) run 
w a s schedu led . Th is run y ie lded the 
full harvest of expected data and all 
accelerator sys tems opera ted rel iably 
under the new condi t ions. 

T h e exper imenta l p rog ramme 
inc luded: a study of the nuclear 
dependence of cha rmed baryon 
product ion ( E X C H A R M exper iment ) ; 
a s tudy of rare decay modes and 

precise measurements of cer ta in 
kaon decays with the ISTRA setup; 
fur ther s tudy of kaon physics at the 
MIS- ITEP setup; and initial a s y m m e 
try measurements wi th the FODS-2 
setup using a complete ly new U-70 
polar ized proton beam. 

In addi t ion, part icular at tent ion was 
paid to the Tagged Neutr ino C o m 
plex, an internat ional p rog ramme 
involv ing scient ists f rom IHEP, J INR 
Dubna , Germany , and Italy, whe re 
important progress has been made 
both in operat ions and in obta in ing 
initial physics data. 

A s wel l as its physics y ie ld, the 
successfu l run was of vital impor
tance because it gave an oppor tuni ty 
to susta in high energy physics all 
over Russia, develop ing its expen

s e Tagged Neutrino Facility at the U-70 
proton synchrotron, Protvino, near Moscow, 
one of the focal points of the recent major 
U-70 run. 

menta l basis and providing va luab le 
exper ience for young researchers. 

Awai t ing the turn of the t ide in 
Russ ian fund ing for high energy 
phys ics projects, the main IHEP 
object ives have to remain wel l 
de f ined. 

From A.Bougorski 

NOVOSIBIRSK 
New detector starts 
taking data 

A new nonmagnet ic Spher ical Neu 
tral Detector (SND) has started 
operat ion at the low energy V E P P -
2 M elect ron-posi t ron col l ider at the 
Budker Insti tute, Novosibi rsk. This 
comp lemen ts the C M D - 2 detector 
built at Novosib i rsk in col laborat ion 
wi th Brookhaven , Ya le , Boston and 
Pi t tsburgh (November 1994, page 9). 

SND 's main componen t is a 3.6 ton 
three- layer e lect romagnet ic calor i 
meter conta in ing 1680 separate 
Nal(TI) crystals cover ing 9 0 % of the 
sol id ang le . T h e spher ical shape 
prov ides uni form response over the 
sol id ang le , important for reducing 
sys temat ic errors. In many respects 
S N D looks simi lar to the famous 
Crysta l Ball detector (originally used 
at the S P E A R electron-posi t ron ring 
at S tan fo rd /SLAC and t ransferred in 
1981 to DORIS at DESY Hamburg) , 
but its three layer structure a l lows 
better e lectron/p ion and photon/kaon 
separat ion to be ach ieved and 
photon di rect ions to be measured . 

A ten layer drift chamber wi th 
charge div is ion readout provides 
good t rack ing for events wi th charged 
part ic les, whi le the outer sys tem 
faci l i tates select ion be tween muons 
and p ions. 
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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 

Opened up for inspection is the new nonmag
netic Spherical Neutral Detector (SND), which 
recently started operation at the low energy 
VEPP-2M electron-positron collider at the 
Budker Institute, Novosibirsk. SND's main 
component is a 3.6 ton three-layer electromag
netic calorimeter containing 1680 sodium 
iodide crystals. 

The physics p rog ramme of exper i 
ments wi th S N D in the col l is ion 
energy range 0.4 to 1.4 GeV is 
st rongly a imed at the invest igat ion of 
mul t iphoton f inal s tates and states 
wi th both charged part ic les and 
photons. Th is wou ld cont inue a 
fruitful ser ies of exper iments wi th the 
Neutral Detector per formed by the 
same group in 1982-1987 wh ich 
resul ted in precis ion measuremen ts 
of magnet ic d ipole radiat ive decays 
of rho, o m e g a and phi into an eta 
meson and a photon or into a neutral 
pion and a photon wh ich domina te 
the current data (Physics Reports , 
V o l . 2 0 2 , 1 9 9 1 , p.99). 

The new detector can improve the 
precis ion of these measuremen ts 
and per form a sensi t ive search for 
the decay phi into eta pr ime and a 
photon as wel l as electr ic dipole 
radiat ive decays of rho, o m e g a and 
phi . For heavier quarkon ium these 
decays have been s tud ied in detai l , 
whi le for their l ightest par tners none 

of these decays have been observed . 
The predic ted branch ing ratios for the 
decays of phi into a 0 (980) or f 0 (980) 
plus a photon are in the range 10~ 4-
1 0 6 . Observa t ion of these decays 
will clarify our knowledge of the 
l ightest scalar states and their 
possib le mix ing wi th four -quark 
states. 

Another highl ight is a careful s tudy, 
comp lement ing that of C M D - 2 , of 
hadron product ion in e lect ron-
posi t ron annih i lat ion, wh ich makes 
important contr ibut ions to the a n o m a 
lous magnet ic momen t of the muon 
(g-2), to decay wid ths and spect ra of 
the tau lepton, and to hadronic 
v a c u u m polar izat ion effects at the Z 
boson , as wel l as var ious quark-
g luon s u m rules. 

The vast doma in of kaon physics 
and ful ler invest igat ion of CP-v io la
t ion is left for the next generat ion 
exper iments at phi factor ies. 

AARHUS 
Exotic charge states in 
ASTRID 

Ions are a toms f rom wh ich one or 
more orbital e lect rons have been 
de tached . Th is removal can be done, 
for examp le , by impact of other 
e lect rons. Today beams of bare ions 
- nuclei wi thout any e lect rons - are 
avai lable, for examp le at the GSI 
heavy ion Laboratory, Darmstadt , 
even for the heaviest e lements . 

Molecu les too can be ionized by 
removal of one electron and these 
molecu les can be acce lera ted to form 
high energy beams . Molecu les are, 
however , general ly not expec ted to 
be stable w h e n more than one 
e lectron is miss ing, s ince there is too 
little negat ive charge to bind the 
posi t ive nuclei . 

It w a s therefore a surpr ise w h e n a 
stable doub ly -charged molecular ion 
w a s found at exper iments at the 
A S T R I D s torage r ing, Aarhus , Den
mark. T h e a im of the exper iment was 
to measure l i fet imes of expec ted 
metastab le states of doub ly -charged 
carbon monox ide , C O + + . The C O + + 

ions were produced in an ion source 
and the acce lera ted b e a m injected 
into the s torage r ing. T h e circulat ing 
intensity was then moni tored by 
detect ing neutral spec ies p roduced in 
restgas col l is ions at the end of a 
straight sect ion. 

For C O + + , a f ract ion of the b e a m 
surv ived for tens of seconds , wi th a 
l i fet ime a round 4 seconds . Th is 
l i fet ime w a s domina ted by restgas 
col l is ions. The base pressure w a s 
around 2 x 1 0 1 1 mbar. In order to 
avoid contaminat ion f rom molecu les 
wi th the s a m e mass /charge ratio, e.g. 
s ing ly-charged n i t rogen-14, the 
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Universi ty o f 

O x f o r d 
D e p a r t m e n t of Phys ics 

Research Assistants 

RSIAGrade 

Salary: £13 ,941 t o £20 ,953 

Applications are invited for a number of current or imminent 
Research Assistant vacancies within Particle Physics. The 
successful applicants will be assigned to one of the research 
groups in a large, international and varied programme of 
research. Experiments supported include DELPHI at CERN, 
ZEUS at HERA and Soudan II in the USA. Development work 
on Cryodetectors, Dark Matter and Neutrino experiments plus 
experiments for the LHC are also major parts of the programme. 
Appointments, funded by PPARC, will be to 30 September 1998 
initially. 

Applicants must have or are about to obtain a Ph.D and have 
experience in research in the field of Particle Physics. Letters 
of application, including a concise indication of research 
interests, supported by a full CV and the names and 
addresses of 2 referees should be forwarded to 
Mr P F Dobbs, Deputy Administrator, Department of Physics, 
Nuclear and Astrophysics Laboratory, Keble Road, Oxford, 
0X1 3RH (e-mail: p.dobbs@physics.oxford.ac.uk) to arrive by 
19 May 1995. 

The University exists to promote excellence in education and research, 
and is an equal opportunities employer. 

UNIVERSITY OF COPENHAGEN 
Niels Bohr Institute 

for 
Astronomy, Physics, and Geophysics 

Post Doc Position in 

Experimental High Energy Heavy Ion Physics 

A post doctoral position at the Niels Bohr Institute in Copen

hagen, Denmark, will be open from August 1, 1995, in high 

energy heavy ion experimental physics. The position is for two 

years, possibly renewable for a third year. 

The heavy ion group in Copenhagen counts three staff mem

bers in experiment, one in theory and a long term guest in theory. 

The group is involved in experiment NA44 at Cern, primarily 

concerned with two particle correlations. The group is responsi

ble for building a time-of-flight hodoscope aimed at the clean 

detection of two and three baryon and anti baryon systems. The 

group is also a member of the BRAHMS collaboration at the 

Relativistic Heavy Ion Collider at Brookhaven. 

The successful candidate should have a Ph.D. in experimental 

nuclear or high energy physics. Prior experience with high 

energy heavy ion physics is advantageous but not a requirement. 

Further information can be obtained from J.J. Gaardhoje 

(gardhoje@nbi.dk) or from H. B0ggild (boggild@nbi.dk). 

Application with a CV and three names for references should 

be sent to Gaardhoje , Niels Bohr Institute, Blegdamsvej 17, 

DK-2100 Copenhagen 0 , where they must be received before 
May 31, 1995, at 16:30 hours (Danish Time). 

R E S E A R C H A S S O C I A T E IN 

ESR A C C E L E R A T 0 R TECHNOLOGY 

CORNELL UNIVERSITY 

LABORATORY OF NUCLEAR STUDIES 

We anticipate an open ing for a Research Associate in 
accelerator technology to w o r k on the deve lopment , 
installation and opera t ion of the RF sys tems for the 
Cornell electron-posi tron colliding b e a m facility, CESR. 
Over the next few years , the major activities of the 
Laboratory will be the opera t ion and u p g r a d e of CESR 
wi th the goal of substant ial ly improving the luminosi ty of 
CESR. R&D is in progress on major componen t s such as 
klystron controls, RF p o w e r distr ibution, superconduct ing 
RF cavities, high p o w e r input power couplers , higher 
order m o d e d a m p e r s , cryostat, refrigeration and distribu
tion, high power RF componen ts , ins t rumenta t ion and 
controls. Research Associates generally part icipate in one 
or more of these activities. 

This is a 3-year appo in tmen t wi th the expectation of 
renewal, subject to mutua l satisfaction and the availability 
of funds under ou r NSF contract. A PhD in Phys ics / 
Engineering is required, wi th at least 3 years post -PhD 
experience in a combinat ion of the areas out l ined above. 
Cand ida tes wi th an MS degree in Phys ics /Engineer ing 
should have at least 7 years experience. Please send an 
application with at least two letters of reference to 
H. Padamsee , N e w m a n Laboratory, Cornell University, 
Ithaca, NY 14853. Electronic mail inquiries can be sent to 
HSP@CESR10.cornell.edu. Cornell Universi ty is an equal 
oppor tun i ty /a f f i rmat ive action employer. 

UNIVERSITAT DORTMUND 
Im Fachbereich Physik ist sofort eine 

Universitâtsprofessur (C3) 

mit der Fachrichtung Exper imented Elementarteilchenphysik 

wieder zu besetzen. Der Forschungsschwerpunkt der Bewerber/ 

innen sollte auf dem Gebiet 

»ZERFÀLLE DER ELEMENTARTEILCHEN« 

liegen. Eine entsprechende apparative Grundausstattung ist vor-

handen. Es wird erwartet, daB sich die Bewerber/innen an For-

schung, Lehre und Selbstverwaltung angemessen beteiligen so-

wie zu dem Graduiertenkolleg »Erzeugung und Zerfàlle von 

Elementarteilchen« beitragen. Zu den Lehrverpflichtungen gehôrt 

auBer der Ausbildung von Studenten im Studiengang Physik auch 

die Durchfuhrung von Lehrveranstaltungen fur andere, insbeson-

dere technische Fachrichtungen der Universitat Dortmund. 

Habilitation oder habilitationsadâquate Leistungen werden vor-

ausgesetzt. Die Einstellungsvoraussetzungen richten sich nach 

§49 UG des Landes NRW. 

Die Universitat Dortmund strebt eine Erhôhung des Anteils von 

Frauen in Forschung und Lehre an und bittet deshalb Wissen-

schaftlerinnen nachdriicklich um ihre Bewerbung. Die Bewer-

bung geeigneter Schwerbehinderter ist erwiinscht. 

Bewerbungen mit Lebenslauf, wissenschaftlichem Werdegang, 

Publikationsverzeichnis und Angaben iiber die bisherige Lehr-

tâtigkeit sind bis zum 30.5.1995 zu richten an den Dekan des 

Fachbereichs Physik der Universitat Dortmund, 44221 Dort

mund. 
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No sign of doubly-charged negative ions at the 
ASTRID storage ring, Aarhus, Denmark, using 
a stored beam of negative deuterium ions and 
measuring the electron impact detachment 
using electrons from the electron cooler, it 
shows a threshold at 0.75 electronvolts, but no 
indications of resonances elsewhere, indicat
ing the non-existence of D~. 
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metastab le negat ive ion of the 
hel ium-2 molecu le . These ions are 
p roduced by charge-exchange of a 
beam of posit ive hel ium-2 molecu les 
in a sod ium vapour . For this funda
menta l sys tem, a l i fet ime of a round 
0.1 mi l l iseconds was measu red . 
These studies, only feasib le in a 
s torage r ing, wil l cont inue. 

From Soren Pape Moller 

carbon monox ide used was based on 
the natural ly rare isotope carbon-13 
rather than the abundant carbon-12. 

Many a toms can also bind an 
addi t ional e lectron and form negat ive 
ions. Severa l negat ive ions are 
metastab le , and l i fet ime measure 
ments per fo rmed at A S T R I D and 
e lsewhere produce accurate results 
important for compar i sons wi th 
theory. Doub le-charged negat ive ions 
cou ld in pr inciple exist, and indica
t ions of metastab le states of H~ and 
0 ~ were seen some years ago as 
resonances in the e lectron bombard 
ment of negat ive hydrogen ions. 

This process w a s recent ly s tud ied 
at A S T R I D by stor ing a beam of 
negat ive deuter ium ions and measur 
ing the e lectron impact de tachment 
using e lect rons f rom the electron 
cooler. The heavier isotope deute
r ium w a s chosen to faci l i tate the ring 
operat ion, and the D" beam produced 
in a duop lasmot ron source. 

The product ion rate w a s measured 
f rom zero relat ive energy to 20 
electronvol ts. It shows a threshold at 
0.75 electronvol ts, but no indicat ions 
of resonances e lsewhere , indicat ing 
the non-ex is tence of D~. 

Molecu les may also exist as nega
t ive ions, and A S T R I D has a lso been 
used to measure the l i fet ime of such 
spec ies . An important examp le is the 

CERN School of Computing 

CERN's traditional annual two-week 
School of Computing, is held each 
year in a different member state of 
the Organization during August or 
September. The 1994 School, 
organized in collaboration with the 
KFKI Research Institute for Particle 
and Nuclear Physics in Budapest, 
took place at Sopron, Hungary, 
brought together 21 lecture and 48 
students from 12 countries. The 
1995 School will be held in Aries, 
France, from 20 August to 2 Sep
tember and will cover: Human 
Computer Interfaces; Collaborative 
Software Engineering; Information 
Super Highways; Trends in Compu
ter Architecture/Industry; Parallel 
Architectures (MPP); Mathematical 
Computing; Data Acquisition Sys
tems; WorldWideWeb for Physics. 
Up to date information is on 
WorldWideWeb URL 
http://www. cern. ch/Physics/Confer-
ences/C1995/CSC/ 
Application forms from J. Turner, 
CN Division, CERN, 1211 Geneva 
23, Switzerland, or via the Web 
(see above), tel. +41 22 767 5049, 
fax +41 22 767 7155 e-mail; school 
at cernvm.cem.ch. Applications, 
together with a letter of reference, 
must arrive by 31 May. 

People and 
things 

CDF spokesmen 

Spokesmen at the CDF experiment 
at Fermilab's tevatron proton-
antiproton collider serve two-year 
terms. Most recently Mel Shochet 
(Chicago) and Bill Carithers ( LBL ) 
were co-spokesmen. Before the 
recent round of elections, Mel de
clared that he did not want to run 
again, having served for six and a 
half years (following the departure of 
Roy Schwitters to the SSC). Bill 
Carithers (who replaced Alvin 
Tollestrup two years ago) did decide 
to run again. Through a complicated 
process, a long list of nominees was 
narrowed to six candidates and an 
election held via the World Wide 
Web. Results were announced on 
January 19: Bill Carithers was re
elected for another term, and Giorgio 
Bellettini (Pisa) becomes his new 
cospokesman. (see Top discovery' -
page 1) 

Career milestone - Lucien Montanet 

Officially 'retiring' from CERN is 
Lucien Montanet, whose impressive 
career spans a wide range of physics 
interests and is characterized by his 
ebullient enthusiasm. Joining CERN 
in 1957 for cosmic ray experiments, 
he went on to participate in pioneer 
CERN investigations using bubble 
chambers and using antiprotons, 
going on in the 1960s to play a 
prominent role in the discovery and 
investigation of hadron resonances, 
and becoming a key figure in the 
international Particle Data Group. 
His objective review talks on the 
complex hadron resonance scene 
became a feature at international 
meetings. In the 1970s he pushed 
the development of the European 
Hybrid Spectrometer project and 
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DATA SYSTEMS ANALYST 

The Continuous Electron Beam Accelerator Facility in Newport News, 
Virginia is searching for a Data Systems Analyst to lead the software 
developnjient and evaluation of state-of-the-art parallel batch systems 
for on-line and off line data replay and reduction for the experimental 
program at CEB AF. As a member of the CEB AF Computer Center, the 
successful candidate will design, implement, and manage batch process
ing facilities in a UNIX environment, monitor use of the systems and 
software, provide customizations as required to integrate the batch 
processing facilities with the computational and networking environ
ment at CEBAF, and provide support to users of the data reduction 
facility. A Bachelor's Degree in Computer Science or other related 
field and three to five years experience with code development/ 
maintenance in a UNIX environment is required. Preference will be 
given to those with previous experience developing and managing high 
end CPU farms and/or multi-processor environments in a scientific or 
engineering environment. Salary depends on the level of appointment 
and is commensurate with experience. Newport News is located in 
southeastern Virginia, a region of mild climate with quick access to the 
Chesapeake Bay, the Atlantic Ocean, Colonial Williamsburg, and 
Virginia Beach. For further information, contact Dr. Roy Whitney 
(804)249-7536, whitney@cebaf.gov. Applicants should submit a 
resume specifying postion #PR2010 to Employment Manager, CEBAF, 
12000 Jefferson Ave., Newport News, VA 23606, USA. An Equal 
Opportunity, Affirmative Action Employer. 

ÉCOLE P O L Y T E C H N I Q U E 
FÉDÉRALE DE LAUSANNE 

SWISS FEDERAL INSTITUTE OF TECHNOLOGY -
LAUSANNE (EPFL) 

Applications are invited for the following position at the 
Department of Physics: 

A s s i s t a n t - P r o f e s s o r 
of 

Theore t i ca l P h y s i c s 

The new Assistant-Professor will develop researches, and 
supervise doctoral thesis, in the field of Statistical Mechan
ics or Condensed Matter Physics. It is expected that his/her 
research activities will initiate and stimulate collaborations 
with experimental groups of the Physics Department and 
other Departments of the EPFL. 
Responsabilities include the teaching of basic and ad
vanced courses, at the undergraduate and graduate level. 
The candidate should have a record of successful original 
research and the capability to lead high standard projects. 

Women candidates are especially encouraged to apply. 

The deadline for the receipt of applications is: 
August 1st 1995 

Preferred start date on: to be discussed 
Interested candidates should ask for the application form 
to: Présidence de l 'EPFL, CE - Ecublens - CH-1015 
Lausanne, Switzer land 

The Physics Institute at the 
UNIVERSITY O F BONN 

has a 
Professorship (C4) for Theoretical Physics 

and a 
Professorship (C3) for Experimental Physics 

to be filled for the academic year 1996/97. In the case that the current 
hiring freeze is extended, the positions will be filled for the following 
academic year. 

The C4 professorship involves the usual teaching and research 
responsibilities in theoretical physics. The principle field of research is 
expected to be elementary particle physics. 

The teaching duties associated with the C3 professorship will 
involve courses for students who are not majoring in physics. The 
research activities of the Institute currently include experiments at 
HERA and LEP, medium energy physics and synchrotron light experi
ments with ELS A, and also atmospheric physics. Particularly adapted 
for this position are physicists who are interested in research at the 
electron-proton and the future proton-proton storage rings at CERN, 
are familiar with particle physics research techniques, and who have 
experience with the development of novel particle detection tech
niques. 

The conditions of employment are described in the §49 of 
the North Rhine-Westphalian University Law. The University of 
Bonn particularly encourages applications from qualified women. 
Applications from handicapped individuals will also be given priority. 

Applications with the usual documents should be sent before 
30.4.95 to. Vorsitzender der Fachgruppe Physik-Astronomie, 
Endenicher Allée 11-13, D-53115 Bonn. 

Associate Scientist 
F E R M I L A B A C C E L E R A T O R 

The Fermilab Accelerator Division is seeking an 
Associate Scientist for a three-year initial term appoint
ment with possible extension. The Associate Scientist 
will be focused on applications of accelerator physics 
required to further the Fermilab program, with some 
opportunity for self-directed research. The beam 
physics applications include the opportunity to under
stand and control the beams in the Tevatron, Main 
Ring, Main Injector or Antiproton Source. 

To be considered, applicants must have a Ph.D. in 
Physics or its equivalent and demonstrated excellence 
in post-graduate work. Previous experience in the field 
of accelerator physics, accelerator technology or a 
related field is desirable, but not required. 

We provide our employees with opportunities for per
sonal and professional growth, competitive salaries and 
an attractive benefits package. Applicants are request
ed to forward their curriculum vitae and a list of at least 
three references to: Dr. David A. Finley, FERMI 
NATIONAL ACCELERATOR LABORATORY, P.O. 
Box 500, MS-306, Batavia, IL 60510-0500 USA. 
Fermilab is an Equal Opportunity Employer M/F/D/V. 

Fermilab 
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Associate Scientists, 
Graduate Engineers 
FERMILAB SUPERCONDUCTING 
MAGNETS 

Two technical research positions are available at 
Fermi National Accelerator Laboratory, the world's 
most advanced high-energy physics and accelerator 
facility located 40 miles west of downtown Chicago. 
These positions are for 3-year initial terms, with the 
possibility of extension. The Technical Support 
Section is enhancing our world-class superconducting 
magnet R&D program, with the goal of developing 
state-of-the-art magnets for upgrading Fermilab 
and forging the way to the next generation of 
accelerators. The two successful applicants will 
join a team of physicists, engineers and technicians 
developing mechanical, magnetic and thermal 
designs, and leading magnet fabrication and testing 
efforts. Work may also lead to collaboration with 
CERN on the design and fabrication of magnets for 
the Large Hadron Collider. 

Qualifications for the first position include a Ph.D. 
in physics or engineering, and at least two years 
experience in experimental high-energy physics or 
superconducting magnet technology. The successful 
candidate will play a leading role in the design, 
fabrication, testing and analysis of data of super
conducting magnets and their associated systems. 
Demonstrated ability in managing medium-sized 
scientific or technical projects is required. Knowledge 
of the electromagnetic and thermodynamic properties 
of materials, especially those used in superconducting 
magnets is desired. 

Qualifications for the second position include a Ph.D. 
in physics or engineering and at least two years 
experience and demonstrated excellence in perform
ing complex analytical and numerical calculations 
in electromagnetism. The successful applicant will 
perform calculations relevant to superconducting 
accelerator magnets, including field strength and 
field quality; superconducting cable design; the 
effects of iron saturation, superconductor magnetiza
tion and eddy currents. The ability to perform com
plex thermal modeling is desired, but not required. 

All applicants should be able to perform in a team 
environment, and have good communication and 
planning skills. 

We provide our employees with opportunities 
for personal and professional growth, competitive 
salaries, and an attractive benefits package. Please 
forward CV and three letters of recommendation 
to: Dr. Peter J. Limon, FERMI NATIONAL 
ACCELERATOR LABORATORY, P.O. Box 500, 
MS-316, Batavia, IL 60510-0500 USA. Fermilab is 
an Equal Opportunity Employer M/F/D/V. 

UNIVERSITY OF GENEVA 

The Department of Nuclear and Particle Physics has an 

opening for two 

RESEARCH ASSOCIATES 
('Maître-assistants') 

One position is available for participation in the ATLAS 
experiment at LHC, the other one for the AMS project on 
the International Space Station Alpha and the L3 experi
ment at LEP. The positions are available for a maximum 
of 4 years. Candidates must have a PhD degree in 
physics with appropriate experience in Particle Physics. 
Candidates should not be more than 32 years of age. 
Applications should be sent before June 15th, 1995 to 

Prof. P. Extermann 
Head of Department 
Département de physique nucléaire 
et corpusculaire 
24, quai Ernest-Andermet 
C H - 1 2 1 1 Genève 4 

Fermilab 

YORK UNIVERSITY 
ZEUS Research Associate 

Applications are invited for a Research Associate 
position effective immediately for the ZEUS experi
ment at HERA. York faculty members are also in
volved in the BABAR and the ATLAS experiments. 
Applicants must have a recent Ph.D. in experimental 
particle physics. The successful applicant will be 
involved in ongoing York University projects con
cerning the development, maintenance, upgrade and 
operation of the ZEUS detector as well as the analysis 
of ZEUS physics data. The applicant should expect to 
reside at the experimental site for extended periods. 
Applicants should provide information establishing 
their competence in hardware and software develop
ment, and their potential for creative and independent 
research. Salary will be commensurate with experi
ence. Applications and, under separate cover, three 
reference letters, should be sent to Experimental 
Particle Physics, Department of Physics and As
tronomy, York University, 4700 Keele Street, North 
York, Ontario, M3JIP3, Canada. 
In accordance with Canadian Immigration regula
tions, this advertisement is directed to Canadian 
citizens and permanent residents. However, all quali
fied persons are encouraged to apply. 
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Sergei Kapitza of the Russian Academy of 
Sciences' Institute for Physical Problems 
visited CERN in February at the invitation of 
Gert Harigel to give a memorable series of 
lectures on the history of 20th century physics. 
With Kapitza's multidisciplinary background 
providing penetrating insight and his family 
background (his father was 1978 Nobel 
prizewinner Piotr Kapitza) ensuring a plentiful 
supply of anecdotes, these lectures captured 
the essence of an eventful century. 
(Photo CERN GE16.2.95/4A) 

went on to join the L3 and Crystal 
Barrel collaborations at LEP and 
LEAR respectively. As well as experi
mental physics, he has also contrib
uted to theoretical work (with Francis 
Low) and phenomenology (with Leon 
van Hove). In 1985 he became the 
CERN-Russia coordinator, a de
manding responsibility now inherited 
by Jim Allaby as coordinator of 
CERN Non-Member State affairs. 

More AGS protons 

En route to its declared goal of 60 x 
1012 protons per pulse, in February, 
Brookhaven's Alternating Gradient 
Synchrotron (AGS) set a new inten
sity record of 50.5 x 1012ppp, with an 
average intensity of 49.8 x 1012 ppp. 
The machine is routinely running at 
over 45 x 1012 ppp. (See November 
1994, page 12.) 
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Winding up in more ways than one 

The winding up of the 87-kilometre 
US Superconducting Supercollider 
(SSC) terminated by Congress in 
1993 is not completely destructive. 

A technique proposed to wind SSC 
correction coil magnets was seen as 
a way of maximizing the SSC invest
ment. Although no further funds were 
available, Billy Yager, using dis
carded material, was able to perfect 
the new system, which is well suited 
to complex winding patterns, such as 
those in 'Siberian Snake' magnets. A 
patent has been applied for, and the 
technology has been licensed to 
American Composite Education 
(ACE), Stuart, Florida. Further 
information from John Morena, phone 
+ 1 407288 9996. 

Bruno Pontecorvo Prize 

On August 22 the Joint Institute for 
Nuclear Research, Dubna, near 

On 8 March, UK Minister for Public Service 
and Science David Hunt was at CERN to open 
the CERN World Wide Web Days. World Wide 
Web (W3), developed at CERN and a 
remarkable spinoff from particle physics 
research, is now the largest single Internet 
system, dominating the explosion in electronic 
information traffic. A report on the W3 meeting 
by James Gillies will feature in our next issue. 

Moscow, will award the Bruno 
Pontecorvo Prize to the winner of a 
contest for outstanding research in 
particle physics. The contest is for 
individual participants only. The 
winner will also receive a cheque for 
US $500. 

Participants should send a brief 
abstract of their research, if possible 
enclosing copies of major papers, to 
be received no later than June 10, to: 
Dr. V. Bednyakov, Joint Institute for 
Nuclear Research, Laboratory of 
Nuclear Problems, Dubna, Moscow 
Region, 141980, Russia. Phone: 
(7 09621), 62121 Telex: 911 621 
DUBNA SU, fax (09621) 666 66 
e-mail: bedny@nusun.jinr.dubna.su 

Meetings 

The 6th International Symposium on 
Heavy Flavour Physics will be held at 
Palazzo del Congress!, Pisa, Italy, 
from 6-10 June, sponsored by the 
Istituto Nazionale di Fisica Nucleare 
(INFN), the Societa Italiana di Fisica 
(SIF), the European Physical Society 
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On 26 January, the first corrector-quadrupole-
sextupole magnet assembly for the RHIC 
Relativistic Heavy Ion Collider, RHIC, at 
Brookhaven was formally unveiled in the 3.8 
kilometre collider tunnel. Presiding were (left to 
right) RHIC Project Head Satoshi Ozaki (under 
sign), Cherri Langenfeld, Manager of the US 
Department of Energy's Chicago Operations 
Office, Brookhaven Director Nick Samios, and 
Dennis Kovar of DOE's Nuclear Physics 
Division. 

(EPS) and the University of Pisa, and 
will cover: - Top Quark Search -
Charm and Beauty Spectroscopy -
Production and Decays of Heavy 
Quarks and the Tau Lepton - Heavy 
Flavours in Z Decays - B Lifetimes -
Determination of CKM Matrix Ele
ments - Mixing - Rare Decays - CP 
Violation, LHC and Hadroproduction -
New Technologies for Heavy Flavour 
Physics. Attendance by invitation. 
Information from: Ms. Lucia Lilli 
INFN, Sezione di Pisa, Via 
Livornese 1291 1-56010 S. Piero a 
Grado (PI) tel. +39 50 880237 fax. 
+39 50 880317 e-mail: 
hfl95@pisa.infn.it 

A Workshop on the Development of 
Technologies and Machine Issues 
for Muon Colliders will be held from 
15-20 October in Montauk, Long 
Island, New York. It will include 
working groups on: Muon Production; 
Muon Cooling; Beam Dynamics; 
Detectors; and Physics (at 250 + 
250 GeV and 2 + 2 TeV). Further 

information from Robert Palmer, 
Chair 
(palmer@slacvm.slac.stanford.edu), 
Juan Gallardo 
(gallardo@bnlaxp.bnl.gov), Kathleen 
Tuohy, Secretary 
(tuohy@bnlcl1.bnl.gov). 

Journals for Viet-Nam 

Several science libraries of Viet-Nam 
(in Hanoi, Hue, Dalat and Ho Chi 
Minh city) are looking for collections 
of science journals from 1980 on
wards. Of particular interest are: 
Nuclear Physics A , B; Physics 
Letters A , B; Physics Reports; 
Zeitschrift fur Physik A to D; Physical 
Review A to D; Physical Review 
Letters; Reviews of Modern Physics; 
International Journal of Modern 
Physics A to E; Modern Physics 
Letters A , B; Nuclear Instruments 
and Methods; Astronomy and 
Astrophysics; Astrophysical Journal; 
Astronomical Society of the Pacific. 

External 
correspondents 

Argonne National Laboratory, (USA) 
D. Ayres 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Corneliussen 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

J. Cooper, J. Holt 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (Russia) 
B. Starchenko 

KEK National Laboratory, (Japan) 
S. Iwata 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffmann 

Novosibirsk, Institute, (Russia) 
S. Eidelman 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
R. Frosch 

Rutherford Appleton Laboratory, (UK) 
Jacky Hutchinson 

Saclay Laboratory, (France) 
Elisabeth Locci 

IHEP, Serpukhov, (Russia) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

TRIUMF Laboratory, (Canada) 
M. K. Craddock 
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LABORATORY OF NUCLEAR STUDIES 

The high energy physics group at Cornell University has 
an opening for a Research Associate to work on the CLEO 
experiment at the Cornell Electron Storage Ring (CESR). 
Our research concentrates on the physics of the B meson, 
as well as charm, tau, and two-photon physics. We are also 
designing a new drift chamber as part of a major detector 
upgrade, and anticipate that the person filling this 
position will contribute to this project. 

This is normally a three-year appointment with the 
possibility of renewal beyond that, subject to mutual 
satisfaction and the availability of funds under our NSF 
contract. A Ph.D. in experimental elementary particle 
physics is required. Please send an application including 
curriculum vitae and publication list and arrange for at 
least two letters of recommendation to be sent to: 

Prof. Ritchie Patterson 
Cornell University 
Newman Laboratory 

Ithaca, NY 14853-5001 

E-mail to: SEARCH@LNS62.LNS.CORNELL.EDU 

Cornell is an equal opportunity/affirmative action 
employer: women and minorities are encouraged to apply. 

Power Semiconductors 

With manufacturing facilities in the UK and France, 
and our enviable reputation in large area silicon 
realization built up continuously over more than 
30 years. Today, our high power portfolio overshadows 
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Europe's best range of GTXÏs, Power Transistors to KXX) 
amp, Fast Switching and Asymmetric Thyristors, fast 
recovery and converter diodes, plus extensive system 
experience in phase change cooling and user specific 
assembly techniques. We have high power solutions for 
your system control needs. 

D Specialists in hi-tech components for hi-tech systems. 

D Comprehensive technical support. 

D All products are wholly manufactured in Europe. 
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S E M I C O N D U C T O R S 

Power Division, 

Carholme Road, Lincoln LN11SG, England 
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At an imaginative wine-tasting to mark his 65th 
birthday, CERN physicist Douglas Morrison 
was presented with a book 'Life in Collabora
tion' containing 280 papers with his name 
prominent among the list of collaborators. Of 
the 811 researchers listed, almost 300 were 
located and were able to sign the book. As 
well as his contributions to physics, Morrison, 
a careful researcher of the conventional 
school, plays, and hopefully will continue to 
play, a valuable role as an independent and 
authoritative scientific 'policeman' who slaps 
parking tickets on results whose claims 
outweigh their credibility. 

Please contact Pham Xuan Yem 

(PHAM@LPTHEJUSSIEU.FR), 

LPTHE, Université Pierre et Marie 

Curie, Tour 16, 1er étage, 4 Place 

Jussieu, F-75252 PARIS Cedex 05. 

Proceedings available 

The Proceedings of the Summer 

School on Hadronic Aspects of 

Collider Physics, held in Zuoz 

(Engadin), Switzerland, last August, 

are available from Christine Kunz, 

Paul Scherrer Institut, ZG/C59, 5232 

Villigen PSI, Switzerland, Fax: 056 

99 32 94, e-mail: 

ckunz @ psiclu. cern. ch 

For many generations of theorists, Tatiana 
Fabergé was the CERN Theory Division 
Secretariat. After a lifetime looking after the 
more practical side of theory, Tatiana left 
CERN in March. Seen here with present and 
former colleagues at a memorable party are 
(standing, left to right) Jeanne Rostant, Helga 
Schmal, Maud Johr, Gisela Maus, Tatiana, 
Sheila Navach, Nanie Renault, Oksana 
Bilenky, and seated, Marie-Noëlle Fontaine. 
Visible in the background is distinguished 
theorist Marti nus Veltman, and less visible, 
hidden behind Tatiana, is Suzy Vascotto. 

(Photo G. Guichard) 
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CERN 
Laboratoire Européen pour la Physique 

des Particules 

Le CERN est le p lus g rand laborato i re du 
m o n d e pour la recherche sc ient i f ique. 

Avec ses 19 états m e m b r e s , il est ouve r t 
aux chercheurs en phys ique des 
par t icu les é lémenta i res de tous 

les pays. 

Vis i tes sur rendez-vous 
té l . 767 8484 

Expos i t ion M i c r o c o s m , 
lund i à samed i de 9 h à 17 h 

ent rée l ibre. 

Route de M e y r i n (bus 15). 

Pour une copie parfaite, 
le circuit papier le plus fiable est aussi le plus court. 

Océ=Q.I. 
Copier et imprimer avec une simple touche de génie. 

Océ-France S.A. - 32, Avenue du Pavé Neuf 
93160 NOISY-LE-GRAND - Tél. : (1 ) 45.92.50.00 

Dans un copieur, plus le cir
cuit papier est cour t et s imple, 
moins il y a de risques de bourra
ges. Evident ? Pas tant que cela. 

Il fallait le génie d ' O c é pour 
que l ' idée d e v i e n n e réal i té. Le 
s y s t è m e d ' O c é est unique : il 
t ransfère d i rectement l ' image 
sur le papier. Plus d e longs t ra
jets au cœur d e la mach ine ! 

Du robuste copieur "Libre-
service" à la très puissante O c é 
2 5 0 0 , tous les copieurs Océ , 
moyen , haut et t rès haut vo lume 
possèdent cet avantage uni
q u e . R é s u l t a t : u n e f iabi l i té 
excep t i onne l l e . 
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vous laisse présager 

des temps difficiles. 
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- face avant IP 54 
-8 + 4 slots 
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(en mm) L x H x P : 
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l'alimentation: 
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souvent un pur défi. S'il doit en être ainsi, 

intégrez le dans un boîtier Chasseleon. 
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mécanique, et le câblage proviennent d'une 
KnùrrS.A. 
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(fib 
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q u a l i t y 
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krarr 

Vente Suisse: 
Knurr S.A., Sarbachstr. 5 
6345 Neuheim/Zoug 
Tél. 042 52 33 44 
Fax 042 52 31 44 

Bureau de vente Suisse romande: 
Knùrr S.A., Rue de Lausanne 45 
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Fax 021 802 36 38 

Représentation Tessin: 
abicom di A. Zielke, Via Vicari 30 
6900 Lugano 
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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, 400 V - 50 Hz / 200 V - 60 Hz 

1-phase 100 V / 1 2 0 V / 2 2 0 V - 2 4 0 V-
50 Hz /60 Hz. 

Output power: Up to 3.500 W. 
Output modules: -2 V - 50 /1 OO/l 50 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/25 A/35 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. 

VMEbus-Crate/ 
CERN-Spec. in process/VME 64 

X I I X I I X J 
VMEbus-Crate with +5 V, -5,2 V, -2 V, +12 V, -12 V. Slot 1-4 for 
standard VME bus-boards, slot 5-21 for big size 9U x 460 mm. 

VXIbus-Crate with +5 V, -5,2 V, -2 V, +12 V, -12 V 

Every CERN-Spec. so far Custom Crates and Power Supplies 
has given rise to a CERN- WES-Crates is flexible because of modular 
approved Crate from: systems for crates and power supplies. 

LJE5-Crates 
Telefon 0461 - 77 41 77 
Telefax 0461 - 77 41 41 
International +49 461 

Wes-Crates GmbH 
Pattburger Bogen 33 
D-24955 Harrislee/Flensburg 
Germany 
Your contact in Geneva: HiTech Systems Sa, Abenue Wendt 16, 
1203 Geneva, Tel.: 022 / 3 4 4 77 88, Fax: 0 2 2 / 4 5 65 51 
Your contact at PSI and ETH Zurich: Dipl.-lng. Kramert AG, 
Villigerstr. 370, CH-5236 Remigen, Tel.: 056 /441555 , Fax: 445055 
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